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22 .  T r a n s e c t s  74 and  7 6 ,  C o p p e r  Causeway a r e a ,  
sh o w in g  t h e  r e l a t i o n s h i p  b e tw e e n  b i o g e o c h e m i s t r y  
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S t l p a g r o s t l s  u n l p l u m l s  and  t h e  s h r u b  s p e c i e s
Grewia f l a v a  152

2 3 .  The d i s t r i b u t i o n  o f  v e g e t a t i o n  a s s o c i a t i o n s
i n  t h e  Copper  Causeway a r e a  154

2 4 .  The d i s t r i b u t i o n  o f  c o p p e r  i n  th e  s o i l s .
Copper  C ausew ay  a r e a  157

2 5 .  I n t e r p r e t a t i o n  o f  t h e  e x t e n t  o f  c o p p e r
m i n e r a l i z a t i o n  a t  t h e  Copper  Causeway f ro m  
g e o l o g i c a l ,  g e o b o t a n i c a l  and  g e o c h e m i c a l  d a t a  158

2 6 .  L o c a t i o n  o f  g e o b o t a n i c a l ,  b i o g e o c h e m i c a l  and  
g e o c h e m i c a l  t r a n s e c t s  a t  t h e  M a l a c h i t e  Pan
A r e a ,  on t h e  f a r m  E s k a d r o n  162

2 7 .  D i s t r i b u t i o n  o f  v e g e t a t i o n  a s s o c i a t i o n s ,
M a l a c h i t e  Pan  A r e a ,  E s k a d r o n  168
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3 0 .  P r o b a b l e  e x t e n t  o f  c o p p e r  m i n e r a l i z a t i o n
a t  t h e  M a l a c h i t e  Pan A r e a ,  E s k a d r o n  171
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r e l a t i o n s h i p  b e tw e e n  t h e  d i s t r i b u t i o n  o f  
p l a n t  s p e c i e s ,  g e o c h e m i s t r y ,  g e o l o g y  and
s o i l  p r o f i l e s  174

3 2 .  P a r t i c l e  s i z e  a n a l y s i s  and  mesh f r a c t i o n  
a n a l y s e s  f o r  c o p p e r  o f  b u l k  s o i l  s a m p le s  
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Pan 175
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r e l a t i o n s h i p  b e t w e e n  b i o g e o c h e m i s t r y ,
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r e l a t i o n s h i p  betw een  b i o g e o c h e m i s t r y ,
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3 6 . T r a n s e c t  3 8 , M a l a c h i t e  P a n ,  sh ow in g  t h e  
r e l a t i o n s h i p  b e tw e e n  b i o g e o c h e m i s t r y ,
g e o c h e m i s t r y  end  g e o l o g y  194

3 7 .  T r a n s e c t  4 2 ,  M a l a c h i t e  P a n ,  s h o w in g  t h e  
r e l a t i o n s h i p  b e tw e e n  b i o g e o c h e m i s t r y ,
g e o c h e m i s t r y  and g e o l o g y  197

3 8 . T r a n s e c t  4 5 ,  M a l a c h i t e  P a n ,  s h o w in g  t h e  
r e l a t i o n s h i p  b e tv /ee n  b i o g e o c h e m i s t r y ,
g e o c h e m i s t r y  and  g e o lo g y  199

3 9 .  L o c a t io n  o f  b i o g e o c h e m i c a l  a n o m a l ie s  i n  the  
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l i m e s t o n e  a t  1961m. T r e n c h  H .7 ,  n o r t h e r n
O k a t j i r u t e  Y.'est 215

4 2 .  P a r t i c l e  s i z e  a n a l y s i s  and mesh f r a c t i o n  
a n a l y s e s  f o r  c o p p e r  o f  b u l k  s o i l  s a m p le s  
c o l l e c t e d  f r o m  T r e n c h  H .7 .  n o r t h e r n
O k a t j i r u t e  V.’e s t  217

4 3 .  The c o p p e r  c o n t e n t  o f  t h e  l e a v e s  a n d  t w i g s  
o f  Grewia f l a v a  end t h e  c o p p e r  c o n t e n t  o f  
t h e  s o i l .  T r a n s e c t  6 7 ,  n o r t h e r n  O k a t j i r u t e
NVest 219

U4. L o c a t i o n  o f  T r a n s e c t s  99 -  1 0 4 ,  Daheim 224
4 5 .  L o c a t i o n  and  e x t e n t  o f  p r o b a b l e  z o n e s  o f

c o p p e r  m i n e r a l i z a t i o n  i n d i c a t e d  b y  wagon
d r i l l i n g ,  Daheim  G r i d  225

4 6 .  V e g e t a t i o n  a s s o c i a t i o n s  end t h e i r
d i s t r i b u t i o n  w i t h i n  t h e  Daheim G r i d  227
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5 3 . A c o m p a r i s o n  o f  t h e  d i s t r i b u t i o n  o f  s h r u b  
s p e c i e s ,  b i o g e o c h e m i s t r y  and g e o c h e m i s t r y
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5 4 . L o c a t i o n  o f  c a l c r e t e  end  m i n e r a l i z e d  o u t c r o p s
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5 5 .  A c o m p a r i s o n  o f  t h e  d i s t r i b u t i o n  o f  s h r u b  
s p e c i e s ,  b i o g e o c h e m i s t r y  end g e o c h e m i s t r y
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1 .  View w e s tw a r d s  f ro m  t h e  V / i t v l e i  a r e a  show ing  
i n s e l b e r g s  o f  K am tsas  Q u a r t z i t e s  r i s i n g  above  
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7 .  C a t o r h r a c i e s  a l e x a n d r i  s h r u b s  g r o w in g  o v e r  
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on q u a r t z i t e s .  76

8 . A s s o c i a t i o n  o f  A c a c i a  h e r e c r o e n s i s .
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1 1 .  A s s o c i a t i o n  o f  T a r c h o n a n t h u s  c a m p h o r a t u s  and 
P h a e o p t i l u m  sP in o su m  g r o w in g  i n  s e n d  and
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I’o s s o b  R i v e r ,  83
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1 6 . F c h l n o c h l o a  h o l u b i i  g r a s s  g ro w in g  i n  a p a n
on t h e  f a rm  G r U n e n t a l .  85

1 7 . L a r g e  p a n  on O k a t j e p u i k o  s u r r o u n d e d  b y  s h r u b s  
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17

P l a t e s  ( c o n t d . )

Page

2 4 .  View e a s t w a r d s  a c r o s s  t h e  m ain  g e o b o t a n i c a l
an o m a ly  o f  t h e  Copper  Causew ay .  130

2 5 .  View s o u t h - e a s t w a r d s  a l o n g  t h e  c o r r i d o r  
o f  Hellehr.ygurn l e p t o l e p l s  i n t e r s e c t e d  b y
T r a n s e c t  59 ,  C opper  C au sew ay .  147

2 6 . View n o r t h w a r d s  a l o n g  t h e  t r e n c h  s e c t i o n
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3 0 .  S t e e p l y  d i p p i n g  m i n e r a l i z e d  a r g i l l i t e  
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C h e p t e r  1 

INTRODUCTION

I n  t h e  K l e i n  Aub d i s t r i c t  o f  C e n t r a l  S o u th  
V.'est A f r i c a  economic  c o p p e r  -  s i l v e r  m i n e r a l i z a t i o n  o c c u r s  
w i t h i n  a s e r i e s  of c a l c a r e o u s  a r g i l l i t e s ,  w i t h i n  t h e  v a r i e d  
s e d i m e n t a r y  s e q u e n c e  o f  t h e  T sum is  F o r m a t i o n ,  Dr.  H.D, l e  Roex, 
a c o n s u l t i n g  g e o l o g i s t  o f  t h e  A n g l o - T r a n s v a a l  C o n s o l i d a t e d  
I n v e s t m e n t  Company L i m i t e d ,  r e g a r d e d  t h i s  o c c u r r e n c e  as  
s i m i l a r  t o  t h e  s t r a t i f o r m  d e p o s i t s  o f  t h e  Z a m b ia n - R h o d e s i a n  
C opper  B e l t ,  and t h a t  t h e  Tsum is  F o r m a t i o n  p r o v i d e d  a 
p o t e n t i a l  a r e a  f o r  c o p p e r  e x p l o r a t i o n .  I n  a d d i t i o n  o t h e r  
F r e - c a m b r i e n  m e ta  s e d i m e n t a r y  s e q u e n c e s  t r e n d i n g  n o r t h 
e a s t w a r d s  t h r o u g h  R e h o b o th ,  G o b a b i s  and beyond  t h e  S o u th  
V.’e s t  A f r i c a  -  Botswana  B o r d e r  w ere  a l s o  o f  i n t e r e s t  f o r  
r e g i o n a l  r e c o n n a i s s a n c e  work .

I n  I 9C6 and 1967 ,  u n d e r  t h e  d i r e c t i o n  o f  D r .  l e  Roex,  
p r o s p e c t o r s  were  e n g a g e d  t o  s e a r c h  g e o l o g i c a l l y  f a v o u r a b l e  
a r e a s  b e tw e e n  K l e i n  Aub and G o b a b i s  f o r  s t r a t i f o r m  t y p e  
c o p p e r  m i n e r a l i z a t i o n .  D u r i n g  t h i s  p h a s e  o f  e x p l o r a t i o n  
m a l a c h i t e  s t a i n i n g  was r e p o r t e d  i n  a r g i l l a c e o u s  r o c k s  
e x p o s e d  i n  t h e  f o u n d a t i o n s  f o r  f a r m  b u i l d i n g s  a t  t h e  
O k a t j i r u t e  West  H om estead  12 k i l o m e t r e s  n o r t h  o f  V / i t v l e i ,  
F u r t h e r  c o p p e r  m i n e r a l i z a t i o n  i n  a r g i l l i t e  was d i s c o v e r e d  
i n  a r o a d  m e t a l  p i t  b e s i d e  t h e  W indhoek  r o a d  a b o u t  15 
k i l o m e t r e s  w e s t  o f  W i t v l e i .

T h e s e  i n i t i a l  f i n d i n g s  e n c o u r a g e d  t h e  A n g l o v a a l  
Company t o  embark  upon a l a r g e  s c a l e  i n t e g r a t e d  e x p l o r a t i o n  
p r o g r a m  i n  C e n t r a l  S o u th  W est  A f r i c a  i n c o r p o r a t i n g  g e o l o g y ,  
p h o t o - g e o l o g y  and g e o c h e m i s t r y  i n  t h e  r e c o n n a i s s a n c e  p h a s e .

The s u c c e s s  o f  g e o b o t a n i c a l  t e c h n i q u e s  i n  t h e  
somewhat  s i m i l a r  e n v i r o n m e n t  o f  t h e  D u g a ld  R i v e r  A r e a ,  
C l o n c u r r y  D i s t r i c t ,  A u s t r a l i a ,  ( N i c o l l s ,  P r o v a n ,  C o le  a n d  
Tocms, 1 9 6 5 ) p r o m p te d  D r .  l e  Roex t o  i n v i t e  P r o f e s s o r  
H.H. C o l e ,  o f  B e d f o r d  C o l l e g e  London U n i v e r s i t y ,  t o  a s s e s s
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t h e  p o t e n t i a l  o f  g e o b o t a n y  i n  th e  e x p l o r a t i o n  f o r  
s t r a t i f o r m  c o p p e r  d e p o s i t s  i n  C e n t r a l  S o u th  West  A f r i c a .
Two r e s e a r c h  a s s i s t a n t s  o f  P r o f e s s o r  C o l e ,  H i s s e s  
L .C .  C oup land  and  J .  Cudmore,  w o r k in g  i n  S o u t h e r n  A f r i c a  
u n d e r  a  g r a n t  f ro m  t h e  N a t i o n a l  E n v i r o n m e n t a l  R e s e a r c h  
C o u n c i l  f o r  I n v e s t i g a t i o n s  o f  P l a n t  I n d i c a t o r s  o f  
M i n e r a l i z a t i o n ,  u n d e r t o o k  t h e  i n i t i a l  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 n  t h e  W i t v l e i  a r e a .  The g e o b o t a n i c a l  
r e c o n n a i s s a n c e  p r e p a r e d  f o r  t h e  a r e a  c o n s i s t e d  o f  l o n g  
w a l k i n g  t r a v e r s e s  a c r o s s  t h e  r e g i o n a l  s t r i k e  i n f e r r e d  
f ro m  a e r i a l  p h o t o g r a p h s  ( C o le ,  1 9 6 3 ) ,  E a r l y  i n  t h e  
p r o g r a m  c o m m u n i t i e s  o f  th e  s m a l l  c o m p o s i t e  p l a n t  
IZ e l lch ry su m  l e n t o l ^ r i s . o c c u r r i n g  i n  t h e  n a r r o w  z o n e s  
w here  t h e  b a c k g r o u n d  g r a s s e s  and  h e r b s  were a b s e n t ,  were  
r e c o g n i s e d  a s  a n o m a lo u s .  P i t s  made i n  t h e s e  a r e a s  r e v e a l e d  
c o p p e r  m i n e r a l i z a t i o n  i n  a r g i l l i t e  b e d r o c k  20 -  50 cm. 
b e lo w  t h e  s u r f a c e . S u b s e q u e n t  t r a v e r s e s  b o t h  a c r o s s  t h e  
r e g i o n a l  s t r i k e  and  a l o n g  t h e  z o n es  o f  H e l i c h r y s u m  
l e n t i l o n I s  l e d  t o  t h e  d i s c o v e r y  o f  c o p p e r  m i n e r a l i z a t i o n  
on t h e  f a r m s  O k a t j i r u t e  and  O k a t j i r u t e  W est  t o  t h e  n o r t h  
of  W i t v l e i .

F o l l o w i n g  t h e  s u c c e s s f u l  a p p l i c a t i o n  o f  g e o b o t a n i c a l  
t e c h n i q u e s  i n  t h e  W i t v l e i  a r e a  and t h e  d e t e c t i o n  o f  c o p p e r  
m i n e r a l i z a t i o n  b y  g e o c h e m i c a l  m e th o d s ,  g e o l o g i s t s  o f  
A n g l o v a a l  and  o t h e r  p a r t i c i p a t i n g  c o m p a n ie s  t o g e t h e r  w i t h  
P r o f e s s o r  C o le  and  t h e  r e s e a r c h  a s s i s t a n t s ,  c o n d u c t e d  a  
r e c o n n a i s s a n c e  s u r v e y  o f  t h e  r e g i o n  e x t e n d i n g  f ro m  Windhoek 
t h r o u g h  W i t v l e i ,  G o b a b i s  and G hanzi  t o  Maun i n  c e n t r a l  
B o t s w a n a .  The g e o lo g y  v e g e t a t i o n  and g e n e r a l  e n v i r o n m e n t a l  
f a c t o r s  w ere  r e c o r d e d  so  t h a t  t h e  more p r o m i s i n g  a r e a s  and  
t h e  m o s t  a p p l i c a b l e  e x p l o r a t i o n  t e c h n i q u e s  c o u l d  b e  
s e l e c t e d .

The im portant  r o l e  o f  g e o b o t a n i c a l  and r e l a t e d  
s t u d i e s  i n  an i n t e g r a t e d  e x p l o r a t i o n  program f o r  C e n t r a l  
South West  A f r i c a  and Botswana was r e c o g n i s e d  end i n  

September 19&7 th e  A n g lo -T r a n s v a a l  In v e s tm e n t  Company 
t h r o u g h  t h e i r  s u b s i d i a r y  Beta  Mining and P r o s p e c t i n g  
Company L im ite d  sp o n so re d  two P o s t g r a d u a t e  S t u d e n t s h i p s /  
R e s e a r c h  A s s i s t a n t s h i p s  f o r  g e o b o t a n i c a l  f i e l d  work.
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The r e s e a r c h  p r o g r a m  v/as t o  b e  c a r r i e d  c u t  a t  B e d f o r d  
C o l l e g e ,  London U n i v e r s i t y  u n d e r  t h e  g u i d a n c e  of  P r o f e s s o r  
C o l e .  The a u t h o r  o f  t h i s  t h e s i s  was aw ard e d  one o f  t h e  
R e s e a r c h  A s s i s t a n t s h i p s  and c a r r i e d  o u t  g e o b o t a n i c a l , 
b i o g e o c h e m i c a l  and g e o c h e m i c a l  s t u d i e s  i n  t h e  V / i t v l e i  A re a



C h a n t e r  2

PHYSICAL BACKGROUND

?h^ o f  C e n t r a l  S o u th  West A f r i c a

E x t e n d i n g  n o r t h e a s t w a r d s  from t h e  K l e i n  Aub a r e a ,  
t h r o u g h  R e h o b o th ,  b c r b a b i c ,  W i t v l e i  and G ob ab is  t o  t h e  
Botswana b o r d e r  ( B i g .  1) i s  an a s se m b la g e  o f  p r e - c a n b r i a n  
s e t a - s e d i n e n t s  end  a s s o c i a t e d  v o l c a n i c s  i n  which  s t r a t i f o r m  
c o p p e r  d e p o s i t s  hove rcc-n f o u n d .  Along t h e  LOG k i l o m e t r e  
b o l t ,  bounded  on t h e  n o r t h  by r o c k s  o f  t h e  Dar.ara Sys tem  
and  t o  t h e  s o u t h  by K ar ro o  s e d i m e n t s  and  v o l c a n i c s ,  t h e  
Z l t h o l c g y  and s u c c e s s i o n  h a s  b e e n  d e s c r i b e d  from s e v e r a l  
a r c  no .  R e g i o n a l  c o r r e l a t i o n s  were n o t  a t t e m p t e d  by t h e  
e a r l y  a u t h o r s  b e c a u s e  o f  t h e  s c a t t e r e d  n a t u r e  o f  t h e  o u t 
c r o p s  and t h e  i n c r e a s i n g  c o v e r  o f  K a l a h a r i  s a n d  t o w a r d s  t h e  
e a s t .  The g e o lo g y  o f  t h e  a r e a  i s  s t i l l  n o t  f u l l y  u n d e r s t o o d  
and b e c a u s e  o f  t h e  i s o l a t e d  form o f  t h e  b e l t  and  t h e  l a c k  
o f  ag e  d e t e r m i n a t i o n s  f o r  t h e  f o r s a t i o n s ,  no p o s i t i v e  c o r 
r e l a t i o n s  h ave  been  made w i t h  o c h e r  p r c - c a m b r i a n  s y s t e m s  
o f  S o u t h e r n  A f r i c a ,  how ever ,  t e n t a t i v e  c o r r e l a t i o n s ,  on 
g e o g r a p h i c a l  d i s t r i b u t i o n  and l i t h o l o g i c a l  s i m i l a r i t i e s  
have  b e e n  p r o p o s e d  by many a u t h o r s  and B augh ton  (1 9 69 )  
s u g g e s t s  t h a t  some s e r i e s  o r  f o r m a t i o n s  v . i t l i i n  t h e  b e l t  may 
be e q u i v a l e n t ,  and  t h a t  t h e  s e d i m e n t s  a r e  p o s s i b l y  c o e v a l  
v . i th  f o r m a t i o n s  i n  Botswana and Zambia.

The o l d e s t  r o c k s  o f  C e n t r a l  S o u th  West A f r i c a ,  
fo rm in g  t h e  b asem e n t  com plex ,  c o n s i s t  o f  p h y l l i t e s ,  am p h i -  
b o l i t c s  and  p u r e  m e t a - c u a r t n i t e s  and  o c c u r  i n  t h e  w e s t e r n  
p a r t  o f  t h e  R eh ob o th  d i s t r i c t  ( F i g .  1 ) .  T h i s  a s s e m b la g e  
was f i r s t  d e s c r i b e d  by W.P. de Kock ( 1 9 p i )  and  c o l l e c t i v e l y  
te rm e d  t h e  K a r i c n h c f  F o r m a t i o n .  An age  d e t e r m i n a t i o n  by 
B i c h o l a y s e n ,  on g a l e n a  from a  l e a d  p r o s p e c t  on t h e  farm 
K n r i e n h o f  ( K a r t i n  I F c p ) ,  guve a  v a l u s  o f  190C m .y .  Xuch
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o f  t n c  c : r i c c  h r s  oocn g r r - n i t i z c d  and i n  p l a c e s  t h o  metasa-d-  
mncrits and v o l c a n i c s  g r a c e  i n t o  and a r e  i n t r u d e d  by g r a n i t é  
g n n i c s  F ig# 1 ) .  S h e a r  z o n e s  and q u a r t s  s t r i n g e r s  n e a r
th e  g r a n i t e  c o n t a c t s  c o n t a i n  t r a c e s  o f  g o ld  and  c o p p e r  m in
e r a l i z a t i o n .

S u r r o u n d i n g  t h e  n o r t h e a s t e r n  s e c t i o n  o f  t h e  I d a r i e n -  
î:o:  s e r r a t i o n  i s  a n  a s s e m b la g e  o f  v o l c a n i c  and s e d i m e n t a r y  
r o c k s ,  which  were  g ro u p e d  by Goevers  (193A) a s  t h e  Lower a n d  
Upper L o r d a b i s  B e d s .  .Gubsoquent mapping by S c h a l k  ( I 9 6 0 )  
snowed t h a t  t h e  u p p e r  d i v i s i o n  b e lo n g e d  t o  a y o u n g e r  r o c k  s y s 
tem and t h a t  t h e  l o w e r  d i v i s i o n  c o u ld  be s u b d i v i d e d  i n t o  t h r e e  
f o r m a t i o n s ,  nam ely  t h e  Cpdan, Gkumok and D o o r n p o o r t .  m a r t i n  
( 1 9 6 5 ) p r o p o s e d  t h e  t e rm  L o r d a b i s  System f o r  t h e s e  t h r e e  f o r 
m a t i o n s .

The Crdrm F o r m a t io n  h a s  a  b a s a l  c o n g lo m e r a t e  w h ich  i s  
f o l l o w e d  by  a  s u c c e s s i o n  o f  p h y l l i t e s ,  c u a r t z i t e s  a n d  c o n g l o 
m e r a t e  l e n s e s ,  i n t e r b c d d c d  w i t h  e p i d o t i s e d  b a s a l t i c  and amyg- 
d a l c i d a l  l a v a s .  The s u c c e s s i o n  a t t a i n s  a maximum t h i c l i n e s s  
o f  13*00 m. i n  t h e  B c r d a b i s  a r e a .

B e s t i n g  d i s c o r d a n t l y  on t h e  b a s i c  l a v a s  o f  t h e  Cpdam 
a r e  a c i d  v o l c a n i c s  and  s e d i m e n t s  c f  t h e  Slrumok F o r m a t i o n ,
The s e r i e s  o f  r h y c l i t i c  and  f e l s i t i c  l a v a s ,  w i t h  i n t e r b e d d e d  
i g n i m b r i t c s  and  c u a r t z i t e s  h a s  a  b a s a l  s e d i m e n t a r y  b r e c c i a  
c o n s i s t i n g  .mainly o f  a n g u l a r  s l a b s  o f  m af ic  l a v a .  A long  t h e  
s o u t h e r n  m a r g in  th e  gkumok i s  i n t r u d e d  by g r a n i t e ,  and  q u a r t z  
p o r p h y r y  s i l l s  i n  t h e  Cpdam may be g e n e t i c a l l y  a s s o c i a t e d  
w i t h  t h i s  p h a s e  o f  i n t r u s i v e s .

A c id  v o l c a n i c s  a r e  a l s o  found i n  t h e  l o w e r  p a r t  o f  
t h e  D o o r n p o o r t  ( g c h a l k  I 9 6 0 )  s u g g e s t i n g  t h a t  t h e  Slrumok i s  
i n  p a r t  c o n te m p o r a n e o u s  w i t h  t h e  D o o r n p o o r t .  I n  t h e  B o r d a b i s  
a r e a  t h e  b a s a l  c o n g lo m e r a t e  o f  t h e  D o o r n p o o r t ,  c o n t a i n i n g  
p e b b l e s  o f  q u a r t z  p o r p h y r y ,  t r a n s g r e s s e s  t h e  Slrumok o n t o  
l o w e r  members c f  t h e  f o r m a t i o n .  The T o o rn p o o r t  c o n s i s t s  o f  
a  s u c c e s s i o n  c f  f i n e  g r a i n e d  and w e l l  bedded  c u a r t z i t e s  wmth 
h a r d  s h a l e  b a n d s  and  l i m e s t o n e  l e n s e s .  T h ro u g h o u t  t h e  s e 
q ue n ce  t h e  p r e s e n c e  c f  g r i t  b a n c s ,  rm pp le  m ark s ,  muu c rac .e s  
and  c l a y  r e l l e t a  s u g g e s t s  a  s h a l l o w  w a t e r  e n v i r o n m e n t  d u r i n g  
d e w o s i t i o n  and  B c h a l k  g i v e s  a  t i i i c - i n e s s  Ox - o^ ^ne
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f o r r ' c t l  on .

Iho g ro u p  o f  a r e n a c e o u s  s e d im e n t s  o u t c r o p p i n g  on 
t h e  s o u t h e r n  s l o e  o f  t h e  b a sem en t  complex ( F i g .  1) were  
l i r s t  t h o u g n t  t o  he t h e  b a s a l  beds  o f  t h e  Kama System (de  Kock 
193’0 .  Korn  and K a r t i n  (1 9 5 ? )  l a t e r  s e p a r a t e d  t h i s  g ro u p  
t o  t h e  s o u t h  and c a s t  o f  D o r d a b is  a s  t h e  Tsumis S e r i e s  on 
t h e  p r e s e n c e  o f  a n  u n c o n f o r m i t y  a t  t h e  b a s e  o f  t h e  
: c h \ . a r t r k a l k ,  a ty p e  r e g i o n  s u b d i v i s i o n  o f  t h e  Kama. The 
?s-am1s s u c c e s s i o n  c o n s i s t s  m a in ly  o f  c r o s s - b e d d e d  f e l d s p a t h i c  
c u a r t z i t e s ,  w i t h  l e n s e s  o f  c o n g l o m e r a t e s ,  s h a l e s  and l i m e 
s t o n e s  and a t t a i n s  a maximum t h i c k n e s s  o f  6 , 0 C0 m . , t h i n n i n g  
r a s i d l y  t o w a r d s  t h e  m a r g i n s  o f  d e p o s i t i o n .  The g e o l o g i c a l  
s u c c e s s i o n  h a s  been  s t u d i e d  i n  g r e a t e s t  d e t a i l  i n  t h e  K l e i n  
Aub Area  by K a n d ley  ( 1 9 6 5 ) ,  who r e c o g n i s e d  f o u r  m a jo r  s u b 
d i v i s i o n s  o r  s t a r e s ;

1. The Lower ^ ' u a r t z i t e  and C o n g lo m e ra te  S ta g e  
r e s t s  on an i r r e g u l a r  s u r f a c e  o f  Skumok and 
l o c a l l y  t h e  lo w e r  p a r t s  o f  t h i s  s t a g e  d i e  
o u t  a g a i n s t  t h e  p o r p h y r y  h i l l s .

K. Ti.e C a lc a r e o u s  S h a le  S t a g e ;  i n  w h ich  t e n
z o n e s  a r e  r e c o g n i s e d ,  i n c l u d i n g  a g r e e n  s h a l e  
c o n t a i n i n g  c o p p e r  m i n e r a l i z a t i o n .

j .  T ie  C a l c a r e o u s  ; u a r t z i t e  S t a g e  i s  a monotonous  
z e g u e n c e  o f  f i n e  g r a i n e d  p i n k  t o  maroon 
c u a r t z i t e s  i n  which  th e  l i m e s t o n e  c o n t e n t  
v a r i e s  from 2 -  SCp.

4 .  The Upper Q u a r t z i t e  and C o n g lo m e ra te  S t a g e
c o n s i s t s  o f  p in k  t o  g r e y ,  g r a n u l a r  f e l d s p a t h i c  
c u a r t z i t e s  w i t h  w e l l  ro u n d ed  p e b b l e s  s c a t t e r e d  
a t  random t h r o u g h o u t  t h e  r o c k .

The r o c k s  c f  th e  Tsumis Sys tem a r e  f o l d e d  a l o n g  a 
-  S'.v a x i s  and i n  t h e  K l e i n  Aub a r e a  d i s p l a y  open  f o l d s  

w i t h  a p p r o x i m a t e l y  e q u a l  d i p s  o f  l e s s  t h a n  4-0 • ahe p r e s e n c e  
o f  c h l o r i t e  and  s c r i c i t e  i n d i c a t e  a v e r y  low g r a c e  o,. 
r e g i o n a l  r . e t a ^ o r p h i s m  and m in o r  a l t e r a t i o n  o.  q u a r t s  cina 
c a r b o n a t e s  t o o k  p l a c e  d u r i n g  c o m p a c t io n  and i C i o i n ^  Ox une 

r o c k s .
To th-^ s o u t h  o f  K l e i n  Aub t h e  Tsumis i s  o v e r l a i n  by
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sO'i i mont  c , w; . ich  i n  p l a c e s  t r a n s g r e s s  t h e  Tsumis r o c k s  
op.tO v o l c a n i c s  0 i t!*:e ukumok# The c o n t a c t  i s  se ldom e x p o s e d  
b u t  w h e re  s e e n  t h e r e  I s  a s h a r p  d i v i s i o n  b e tw een  t h e  h a r d  
f l i n t y  w h i t e  t o  g r e y  c u a r t z i t e s  o f  t h e  Kama and t h e  p e b b l y  
c u a r t z i t e s  o r  c o n g l o m e r a t e s  o f  t h e  u p p e r  p a r t  o f  t h e  T su m is .

B a s t  and n o r t h e a s t  o f  D o rd a b is  s e d i m e n t s  o f  t h e  
T u s c h m a n n s k l ip p e  F o r m a t i o n  r e s t  w i t h  s l i g h t  d i s c o r d a n c e  on 
r o c k s  o f  t h e  T su m is .  The lo w e r  p a r t  o f  t h e  s e r i e s  c o n s i s t s  
o f  d o l o * ' j i t i c  and o o l i t i c  l im e s t o n e s . ,  s h a l e s ,  d o l o m i t e s  and  
s a n d s t o n e s  w i t h  a b u n d a n t  r i p p l e  marks on t h e  b e d d in g  p l a n e s  
i n d i c a t i n g  a s h a l l o w  w a t e r  o r i g i n .  I n  t h e  Kossob R i v e r  v a l l e y  
t o  t h e  s o u t h  o f  G o b a b i s ,  a t i l l i t e  o c c u r s  a t  t h e  b a s e  o f  
t h e  s e r i e s  and  h a s  a maximum t h i c k n e s s  o f  500 m. K a r t i n  
( 1 9 6 5 ) s u g g e s t s  t h a t  t h i s  m os t  p r o b a b l y  r e p r e s e n t s  a b a s a l  
m o r a in e  f rom t h e  e r o s i o n  o f  u n c o n s o l i d a t e d  Tsumis s e d i m e n t s  
by i c e .  I n  t h i s  r e g i o n ,  s o u t h  o f  G o b a b i s ,  t h e  R-aschimanns- 
k l i p r e  fo rm s  a l a r g e  s y n c l i n e  and i s  f o l d e d  w i t h  t h e  T su m is .

To t h e  n o r t h  o f  t h e  basem en t  complex  and  r o c k s  o f  
t h e  D o r d a b i s  S y s tem ,  l i e s  t h e  Damara B e l t  w h ich  i s  
composed o f  a s e r i e s  o f  i n t e n s e l y  f o l d e d  and m etam orph o sed  
e v . g e o s y n c l i n a l  s e d i m e n t s .  The Damara Sys tem  was f i r s t  
d e s c r i b e d  by l e v e r s  (193'*^) who made t h r e e  m a jo r  s u b d i v i s i o n s ;  
t h e  Q u a r t s i t e ,  b a r b i e  and j 'homas S e r i e s .  S u b s e q u e n t  s t u d i e s  
i n d i c a t e  t h a t  t h o s e  r o c k s  a r e  p r o b a b l y  c o e v a l  w i t h  t h e  C t a v i  
^ e d s  o f  N o r t h e r n  S o u th  V.'est A f r i c a  and t h r o u g h  a r e v i s i o n  
i n  n c m c n c l a t u r e  S a v e r ' s  s u b d i v i s i o n s  a r e  now te r m e d  t h e  
K o s ib ,  Kakos and  Khomas S e r i e s ,  fo rm in g  t h e  Swakop F a c i e s  
o f  t h e  Damara Sys tem .

The K o s ib  S e r i e s  c o n s i s t s  o f  c o a r s e  f e l d s p a t h i c  
c u a r t z i t e s  w i t h  c o n g lo m e r a t e  l e n s e s , l a i a  down i n  d i s c o n n e c 
t e d  b a s i n s  i n  a p r e - T a m a r a  t o p o g r a p h y .  The s e r i e s  i n c l u d e s  
t h e  K a m tsas  Q u a r t z i t e s  ( F i g .  1) t o  t h e  n o r t h  o f  D o r d a b i s ,  
o r i g i n a l l y  a s s i g n e d  t o  t h e  Upper  D o r d a b is  Beds by G e v e r s .

S ju c re n e t ic  c o p p e r  m i n e r a l i z a t i o n  o c c u r s  w i t h i n  some p a r ^ s  cx 
t h e  f o r m a t i o n .  The Kakos S e r i e s  i s  a p r e d o m i n a n t l y  c a l c a r e - '  
ous  s t a r e  and  h as  been  s u b - d i v i c e o  by t n e  p r e s e n c e  Ox a 
t i l l i t e .  Rocks o f  t h e  Khomas S c r i e s  c o v e r  l a r g e  a r e a s  o f  
t D a m a r a  F e l t  ana c o n s i s t  ox a monotonous se q u ^ ^ ^ e  Ox 
s c h i s t s  w i t h  s e v e r a l  p r o m i n e n t  q u a r t z i t e  z o n es  i n  t n e  Ic'.-.^^r
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paro*  plii b o l l  uO and s e r p e n t i n i t e  l e n s e s  w i t h i n  t h e  s e d i -  
m e n tn ry  s e q u e n c e  i n d i c a t e  m a f i c  and u l t r a - m a f i c  v o l c a n i s m
duri i^c  t h i s  p e r i o d .

The r o c k s  o f  t h e  Swakop F a c i e s ,  w i t h i n  t h e  e u g e o -  
s y n c H n a l  b e l t ,  have  b e en  s u b j e c t e d  t o  i n t e n s e  m etam orphism  
and a r e  i n t r u d e d  by th e  Salem g r a n i t e  and p e g m a t i t e  v e i n s ,  
si.owing b o t h  c o n c o r d a n t  and  d i s c o r d a n t  f e a t u r e s .  Age 
d e t e r m i n a t i o n  on p e g m a t i t e  m i n e r a l s  by b i c h o l a y s e n  (H augh ton  
19o9)  gave  J lO  -  4o  m .y .  f o r  t h i s  i n t r u s i v e  p h a s e .

S e v e r a l  o f  t h e  g e o l o g i c a l  f o r m a t i o n s  o f  C e n t r a l  
S o u th  b e s t  A f r i c a  have  b e e n  t e n t a t i v e l y  c o r r e l a t e d  w i t h  
o t h e r  s y s t e m s  o f  S o u t h e r n  A f r i c a .  The m e t a - s e d i m e n t s  and 
v o l c a n i c s  o f  t h e  K a r i e n h o f  a r e  c o r r e l a t e d  w i t h  t h e  A b b a b i s ,  
F ru p a  an d  haub  w h ich  form o t h e r  basem ent  com plexes  i n  S o u th  
b 'c s t  A f r i c a  ( F a r t i n  1 9 6 5 ,  S c h a lk  I 96O). The a c i d  v o l c a n i c s  
o f  th e  Skum.ok a r e  p o s s i b l y  e q u i v a l e n t  t o  t h e  Khoabendus 
F o r m a t i o n  o f  t h e  K ao ko v e ld  and t h e  U e g a t i s  and  S i n c l a i r  S e r i e s  
t o  t h e  s o u t h .

Du T o i t  ( 1 9 y - )  f a v o u r e d  th e  c o r r e l a t i o n  o f  t h e  
Tsumis  v.’i t h  t h e  V /a te rb e rg  -  F a t s a p  System o f  Botswana and 
S o u th  A f r i c a ,  h o n d lc y  (1 9 6 5 )  i n d i c a t e s  t h a t  t h e r e  a r e  s t r o n g  
l i t h o g i c a l  s i m i l a r i t i e s  b e tw e e n  t h e  Ts 'unis  and t h e  Beweras  
S e r i e s ,  a t  t h e  b a se  o f  t h e  Lomagundi Sys tem o f  R h o d e s ia  and  
t h a t  p o s s i b l y  e q u i v a l e n t  i n l i e r s  o c c u r  i n  B o tsw an a ,  t h u s  
f o r m i n r  a l o n g  FT -  SF t r o u g h  o f  s e d i m e n t a t i o n  o f  l o w e r
JL-/ '»»«■ » • • f ^  #

F a r t i n  (1965)  p r o v i d e s  s t r o n g  e v i d e n c e  f o r  t h e  
c o r r e l a t i o n  o f  t h e  Tsum is  w i t h  t h e  K os ib  S e r i e s  o f  t h e  Damara 
Sys tem  by i n d i c a t i n g  s i m i l a r i t i e s  i n  l i t h o l o g y ,  h e av y  
m i n e r a l  c o n t e n t ,  13 -  SV: f o l d  a x i s  and t h e  p r e s e n c e  o f  
s t r a t i f o r m  c o p p e r  m i n e r a l i z a t i o n .  The p r e s e n c e  o f  a t i l l i t e  
a t  t h e  b a s e  o f  t h e  B u sc h m a n n s k l ip p e  F o r m a t i o n ,  w h ic h  r e s t s  
on t h e  T s u m is ,  and a t i l l i t e  w i t h i n  t h e  Kakos S e r i e s ,  w h ic h  
o v e r l i e s  t h e  K os ib  would  s u p p o r t  t h e  e v id e n c e  t n a u  t h e  i s u m i s  
and K o s ib  a r e  o f  e q u i v a l e n t  a g e .  T h is  a l s o  s u g g e s t s  t h a t  
t h e  s e d i m e n t s  o f  t h e  F u s c h m a n n s u l ip p e  and Upper  . .cikos, w h ic h  
r e s t  on t h e  t i l l i t e ,  were  fo rm ed d u r i n g  t h e  same p e r i o d  and
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i v i rg in  ( 1 S'Viv) i r . - i i c a t o s  t h a t  t h e y  r o s t  p r o b a b l y  r e r r e s e n t  
s h o i r  and  e u g c o z y n c l l n a l  d e p o s i t s  o f  t h e  Damara.  The Kama 
System may a l s o  be e q u i v a l e n t  t o  th e  u p p e r  p a r t  o f  t h e  Damara 
and t h e  : u s c n m a n n s ; : ! !p p e  and a s  e v id e n c e  F a r t i n  i n d i c a t e s  
t ’le p r e s e n c e  o f  t h e  l.umees,  Chuos and b a s a l  B u sc h m an n sk l ip p e  
t i1 1 1  t e s  a s s o c i a t e d  w i t h  t h e  t h r e e  f o r m a t i o n s .  Du T o i t  
( 1 9 k O  nnd F a u g h to n  (1959)  i n d i c a t e  a p o s s i b l e  c o r r e l a t i o n  
o f  t h e  Far.a w i t h  t h e  F a t s a p  and  U a t e r b e r g  s y s te m s  o f  Botswana 
and S o u th  A f r i c a .

A more d e t a i l e d  c o r r e l a t i o n  o f  t h e  g e o l o g i c a l  
s u c c e s s i o n s  i n  t h e  K l e i n  Aub, Rehoboth  -  D o r d a b i s  and 
F’i t v l e i  a r e a s  was co m p i led  by Toens (T ab le  1) f rom t h e  work 
o f  K a n d ley  ( l y a T ) ,  S c h a lk  ( I 96O) and F a r t i n  (1965)  &nd g e o 
l o g i c a l  r e c o n n a i s s a n c e  i n  t h e  Rehoboth  -  W i t v l e i  r e g i o n .

Racks  o f  t h e  b a se m e n t  complex o c c u r  i n  b o t h  t h e  
K l e i n  Aub and R ih o b o th  -  D o r d a b i s  a r e a s  and A rch ean  g r a n i t e s  
o f  p r o b a b l y  e q u i v a l e n t  a r e  form i n s e l b e r g s  a b o u t  30 k i l o m e t r e s  
n o r t h  o f  W i t v l e i .  The p r e d o m i n a n t l y  v o l c a n i c  s e r i e s  o f  t h e  
Cq: dam and S'mumol: e x i s t  t h r o u g h o u t  th o  b e l t  and shows a m a x i 
mum d e v e l o p m e n t  t o  t h e  s o u t h e a s t  o f  D o r d a b i s ,  w h ich  i s  t h e  
ty p e  a r e a  f o r  t h e s e  f o r m a t i o n s .  To t h e  w e s t  o f  K l e i n  Aub 
o n l y  th'-  ̂ a c i d  p h a se  o f  t h e  Dkumok i s  p r e s e n t ,  w h e r e a s  i n  
t h e  W i t v l e i  a r e a  no c l e a r  d i v i s i o n  be tw een  t h e  b a s i c  and 
a c i d  p h a s e s  i s  a p p a r e n t  and  t h e  v o l c a n i c  se q u e n c e  h a s  b een  
g r o u p e d  a s  t h e  Cpdam. -  Dkumok F o rm a t io n  (T a b le  1 ) .

The s u c c e s s i o n  o f  s e d i m e n t s  f o l l o w i n g  t h e  v o l c a n i c s  
i n  t h e  W i t v l e i  a r e a ,  show a marked s i m i l a r i t y  t o  t h e  s e r i e s  ' 
d e s c r i b e d  by K and ley  (1965)  f o r  t h e  K l e i n  Aub r e g i o n  and 
t h e  t e r m  T su m is  h a s  b een  a d o p t e d  f o r  t h e  W i t v l e i  s e d i m e n t s  
r a t h e r  t h a n  D o o r n p o o r t  a s  shown i n  F i g .  1.  The Tsumis A, 
a b a s a l  c o n g l o m e r a t e  would  be e q u i v a l e n t  t o  t h e  Dower 
Q u a r t z i t e  and C o ng lo m e ra te  S ta g e  o f  t h e  K l e i n  Aub a r e a  an a  
t h e  T sum is  P ,  w hich  c o n t a i n s  h o r i z o n s  o f  s t r a t i x o r m  c o p p e r  
m i n e r a l i z a t i o n ,  e q u i v a l e n t  t o  t h e  C a l c a r e o u s  S n a le  S t ^ g e .
I n  t h e  R e h o b o th  -  T o r d a b i s  a r e a  t h e  D o o r n p o o r t ,  v .n ich 
f o l l o w s  t h e  v o l c a n i c  p n a s e  01 t h e  Cpoam and Skumok, i s  
p r o b a b l y  e q u i v a l e n t  t o  t h e  l o w e r  p a r t  o f  vhe Tsumis
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s u c c e s s i o n .  xhe C a l c a r e o u s  S h a le  S tage  o r  Tsuri is  B i s  n o t  
d e v e l o p e d  i n  t h i s  r e g i o n .  The Kamtsas q u a r t z i t e s ,  now 
r e g a r d e d  a s  p a r t  o f  t h e  I .o s ib  S e r i e s  o f  t h e  Damara S ys tem ,  
w h ich  fo rm  e x t e n s i v e  o u t c r o p s  t o  t h e  n o r t h  o f  D o r d a b i s  a r e  
c o r r e l a t e d  w i t h  t h e  Upper Q u a r t z i t e  and C ong lo m era te  S t a g e  
o r  t h e  Tsum is  C o f  t h e  V / i t v l e i  a r e a .  The B u sc h m an n sk l ip p e  
F o r m a t i o n  e x t e n d i n g  from R ehoboth  t h r o u g h  t h e  D o r d a b i s  
r e g i o n  t o  V / i t v l e i  and G obab is  ( F ig .  1 ) i s  c o r r e l a t e d  w i t h  
t h e  Kama s e d i m e n t s  s o u t h  o f  K l e i n  Aub.

T r e n d i n g  n o r t h - e a s t w a r d s  from t h e  S o u th  V/est A f r i c a  -  
Botswana b o r d e r  t h r o u g h  Ghanzi  t o  Lake Kgami, a r e  t h e  Ghanzi  
Beds o f  Botswana  which  form  th e  Kamona and Ghanzi R id g es  
p r o t r u d i n g  t h r o u g h  t h e  K a l a h a r i  s a n d s .  From l i t h o l o g i c a l  
s i m i l a r i t i e s  and g e o g r a p h i c a l  d i s t r i b u t i o n  s e v e r a l  w o r k e r s  
have  c o r r e l a t e d  t h e s e  s e d i m e n t s  w i t h  t h e  Tsumis Sys tem o f  
S o u th  V/est A f r i c a .  I n  t h e  Kwaku Pan a r e a  s t r a t i f o r m  c o p p e r  
m i n e r a l i z a t i o n  has  been  l o c a t e d  i n  g r e e n  a r g i l l i t e s ,  w i t h i n  
a s e r i e s  o f  s e d i m e n t s  o v e r l y i n g  th e  Kwebe P o r p h y r y ,  p r o v i d i n g  
f u r t h e r  e v i d e n c e  f o r  c o r r e l a t i n g  t h e  Ghanzi  and Tsum.is 
S y s t e m s .  T h i s  a l s o  s t r e n g t h e n s  t h e  p r o p o s a l  t h a t  t h e  c o p p e r  
b e a r i n g  s t r a t a  o f  th e  Tsumis and Kosib  s e r i e s  o f  C e n t r a l  
S o u th  V/est A f r i c a  a r e  c o e v a l  w i t h  t h e  Copper B e l t  f o r m a t i o n s  
o f  Zambia  end R ho d es ia  by i n d i c a t i n g  a c o n t i n u o u s  KE -  SV/ 
t r o u g h  o f  s e d i m e n t a t i o n  t h r o u g h  n o r t h e r n  Botswana .

C l im a te
The I n t e r i o r  o f  S o u t h e r n  A f r i c a  i s  warmed d u r i n g  

t h e  summer and c r e a t e s  t h e  s h a l lo w  K a l a h a r i  Low (Rumney 
1969)  w h i c h  c a u s e s  a n  i n f l o w  o f  m o is t  a i r  f rom t h e  I n d i a n  
Ocean and b r i n g s  t h e  b u l k  o f  t h e  y e a r s  no rm al  p r e c i p i t a t i o n

t o  S o u th  V/est A f r i c a .
The c e n t r a l  r e g i o n  o f  Sou th  V/est A f r i c a ,  f rom 

Windhoek t o  G o b a b is ,  h a s  a h o t  s e m i - a r i d  c l i m a t e  w i t h  t h e  
r a i n f a l l  o c c u r r i n g  i n  t h e  summer months from November t o

A p r i l .

The summer d ay s  a r e  h o t  w i t h  an  a v e r a g e  d a i l y  maximum
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u&mpcrauurc o f  D3-C ( o c h u l t z e  1 9 6 5 ) j and t h e  n i g h t s  a r e  warm 
w i t h  a n  a v e r a g e  minimum o f  loQC. The e x t r e m e s  r e c o r d e d  i n  
Windhoek d u r i n g  J a n u a r y  a r e  4220 and ?2C. D ur ing  t h e  w i n t e r  
months  t h e  d ays  a r e  warm w i t h  a  mean maximum o f  2220 b u t  t h e  
n i g n t  t e m p e r a t u r e s  may f a l l  c o n s i d e r a b l y  and  f r o s t s  may o c 
c u r  from mid J u n e  t o  e a r l y  A u g u s t .

T h ro u g h o u t  t h e  y e a r  t h e  r e g i o n  h a s  l o n g  h o u r s  o f  s u n 
s h i n e  ( T a b l e  2 )  w i t h  a n  a n n u a l  a v e r a g e  o f  9*9 h o u r s  p e r  d a y .  
D u r in g  t h e  w i n t e r  months t h i s  r e p r e s e n t s  o v e r  30% o f  t h e  p o s 
s i b l e  h o u r s  o f  s u n s h i n e ,  w i t h  a  maximum o f  37%o f o r  t h e  m onths  
o f  J u l y  and  Aug'ust .  I n  t h e  summer t h e  c lo u d  c o v e r  i n c r e a s e s  
b u t ,  t h e  h o u r s  o f  s u n s h i n e  s t i l l  r e p r e s e n t  65 -  85/o o f  t h e  
p o s s i b l e  t o t a l .

The a n n u a l  r a i n f a l l  f o r  t h e  Windhoek -  G obab is  a r e a  
i s  a p p r o x i m a t e l y  350 mm. ( T a b le  3 )  w i t h  t h e  h e a v i e s t  f a l l s  
from J a n u a r y  t o  1/arch .  T here  a r e  u s u a l l y  be tw een  AC -  60 
r a i n y  d a y s  p e r  annum w i t h  t h e  p r e c i p i t a t i o n  o c c u r r i n g  i n  h e a v y  
sh o w e rs  a n d  t h u n d e r s t o r m s .  M ai l  i s  i n f r e q u e n t  b u t ,  n a y  o c c u r  
once  o r  t w i c e  d u r i n g  t h e  r a i n y  s e a s o n  u s u a l l y  i n  November o r  
December,

V/ide v a r i a t i o n s  a r e  r e c o r d e d  i n  t h e  s e a s o n a l  r a i n f a l l  
t a l i e n  from A ugus t  t o  J u l y  t h e  f o l l o w i n g  y e a r .  The d a t a  f o r  
t h e  fa rm s  O k a t j i r u t e  V/est and  O k a t j i r u t e  Mast (T a b le  L) 
shows a n  a p p r o x i m a t e  t h r e e  f o l d  v a r i a t i o n  i n  t h e  s e a s o n a l  
marsLmxum and  minimum v a l u e s .  A l though  t h e  farms a r e  o n l y  6lmn. 
a p a r t  t h e  r a i n f a l l  r e c o r d e d  a t  t h e  two ho m es teads  f o r  one 
s p e c i f i c  s e a s o n  may v a r y  up t o  25%. The h e a v i e s t  r a i n s t o r m s  
can  be v e r y  l o c a l i s e d  and  r e p r e s e n t  a  l a r g e  p r o p o r t i o n  o f  
t h e  s e a s o n s  t o t a l  p r e c i p i t a t i o n .

T h ro u g h o u t  t h e  y e a r  t h e  mean r e l a t i v e  h u m i d i t y  and  
t h e  mean a n n u a l  r a n g e  o f  r e l a t i v e  h u m id i ty  i s  lo w .  The r e 
c o r d e d  v a l u e s  f o r  V/indhcek, o v e r  a  p e r i o a  o f  n i n e  y e a r s ,  a r e
l o s s  t h a n  30% an d  20  — 25% r e s p e c t i v e l y .  The a r e a  i s  c h a r 
a c t e r i s e d  by  l a r g e  d i u r n a l  and  c a s u a l  f l u c t u a t i o n s ,  e s p e 
c i a l l y  i n  t h e  r a i n y  s e a s o n .  D ur ing  t h u n d e r s to r m s  che r e l a 
t i v e  h u m i d i t y  may r e a c h  one hund red  p e r c e n t  (lOO/j) and
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Tat  l e  2

Konth
Kean D a i ly  

Hours
% p o s s i b l e  

t o t a l
J a n . 9 .3 70Feb. . 9 . 0 70
Karch 9 .1 74
A p r i l 9 .1 78
Kay 1 0 .0 91
June 10 .3 95
J u l y 1 0 .5 97
Aug. 1 1 .0 97
S e p t . 1 0 .7 90
C e t . 1 0 .3 82
Kov. 9 .9 75
Dec. 9 .2 69

î ' o n t h l y  s u n s h i n e  d u r a t i o n  showing t h e  mean 
d a i l y  h o u r s  o f  s u n s h in e  and th e  p e r c e n t a g e  
o f  t h e  p o s s i b l e  t o t a l .  Data  r e c o r d e d  o v e r  
an  82 y e a r  p e r i o d  a t  t h e  Windhoek Met. 
S t a t i o n .  ( S c h u l t z e ,  I 9 6 5 ) .

Konth Windhoek 
( 4 l  y r s . )

W i t v l e i  
(58 y r s . )

Gobabis 
(65 y r s . )

J a n . 6 7 .6 7 0 .6 7 7 .1
Fob. 7 3 . ^ 7 1 .9 8 1 .4
Karch 7 6 .9 6 6 .3 8 6 .2
A m i l 3 9 .9 3 0 .2 3 1 .2
Kay 7 .8 7 .2 6 . 1
Ju ne 1 .0 2 .2 2 . 1
J u l y 0 .7 4 . 9 0 . 4
Aug. 0 . 5 0 . 4 0 . 9
S e p t . 2 . 0 2 . 5 3 .7
O c t . 10.>4 1 2 .2 1 5 .3
Kov. 2 5 .7 3 2 .2 3 3 .5
Dec. 1+5.7 4 1 .6 4 1 .1

T o t a l 3 5 1 .6

■

342 .2 3 7 9 .0

T a b le  3 .  Kean m o n th ly  r a i n f a l l  i n  mm. r e c o r d e d  a t  
W indhoek,  W i t v l e i  and Gobab is .
(Windhoek K e t .  S t a t i o n ) .
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R a i n f a l l i n  mm.
S e a s o n O k a t j i r u t e  V.'est O k a t j i r u t e  E a s t

1 9 6 0 -6 9 3 4 7 .0 3 4 7 .0
1 9 6 7 -6 3 4 3 6 .5 3 1 3 .0
1 9 6 6 -6 7 5 7 7 .5 4 7 1 .0
1 9 6 5 -6 6 3 3 1 .0 3 3 9 .0
1 9 6 6 - 6 5 3 4 7 .0 2 5 3 .0
1 9 6 3 - 6 4 2 2 5 .5 2 5 1 .519 6 S-6 3 3 9 1 .5 3 9 0 .0
1 9 6 1 -6 2 2 1 0 . 5 2 1 1 .5
1 9 6 0 -6 1 4 7 8 .0 3 4 2 .5
1 9 5 9 -6 0 3 0 3 .5 3 3 9 .0
1 9 5 3 -5 9 2 0 5 .5 1 4 7 .0
1 9 5 7 -5 3 3 2 3 .5 3 3 3 .0
1 9 5 6 -5 7 2 2 3 .5 2 6 9 .0
1 9 5 5 -5 6 4 5 6 .5 3 8 3 .0
1 9 5 4 -5 5 3 4 2 .5
1 9 5 3 -5 4 — 52 2 .0
1 9 5 2 -5 3 - 4 5 1 .0
1 9 5 1 -5 2 — 3 1 0 .5
1 9 5 0 -5 1 — 3 1 8 .5
1 5 4 9 -5 0 _ 4 4 1 .0
loU3_49 _ 4 5 9 .0
1 9 4 7 -^ 3 - 2 0 3 .0

S e a s o n a l
a v e r a g e 3 4 7 . 0 (1 4  y r s . )  3 4 2 .5 ( 2 2  y r s . )

S e a s o n a l
n a x i n u n 5 7 7 .5 52 2 .0

S e a s o n a l
1 4 7 .0r . in ln .un 2 0 5 .5

Hi g b e s t
i n d i v i d u a l

f a l l 9 0 .0 7 7 . 0

T a b le  4 .  S e a s o n a l  r a i n f a l l  f o r  t h e  fa rm s  O k a t j i r u t e  
V.'est and O k a t j i r u t e  E a s t  s i t u a t e d  i n  t h e  
W i t v l e i  a r e a .
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cluriiin, t h e  d r y  v . i r ^ e r  months t h e  d a i l y  mean may be l e s s  
t h a n  10%,

i h e  w in a s  a r e  u s u a l l y  o f  v e r y  low v e l o c i t y  and  
s p e e c s  i n  e x c e s s  o f  15 m#p#h, a r e  r a r e .  They show a  
mar^wCd d i u r n a l  p a t t e r n ,  r i s i n g  i n  t h e  l a t e  m orn in g  and  
r e a c h i n g  a  v e l o c i t y  o f  a b o u t  8 m , p ,h ,  by 2 p ,m .  The w in d s  
t n e n  d i e  o u u s t e a d i l y  tov/ards  e v e n i n g .  D ur ing  t h e  w i n t e r  
m onths  ' d u s t  d e v i l s '  a r e  common, c a r r y i n g  f i n e  p a r t i c l e s  
i n t o  t h e  a tm o s p h e r e  t o  be t r a n s p o r t e d  by t h e  w ind .

P h v s l o ^ r a r h v  and  Geomornholory

The r e g i o n  e x t e n d i n g  n o r t h - e a s t w a r d s  from K l e i n  Aub, 
t h r o u g h  R e h o b o th ,  D o r d a b i s  t o  Gobabis  and t h e  Botswana b o r 
d e r  i s  p a r t  o f  t h e  G r e a t  A f r i c a n  P l a t e a u  ( W e l l i n g t o n ,  19A6) 
which  r i s e s  t o  a  g e n e r a l  l e v e l  o f  2200 m, ( a , s , l , )  i n  t h e  
IQicmashochland ( F i g ,  2 )  and s l o p e s  g e n t l y  e a s t w a r d s  t o w a rd s  
t h e  K a l a h a r i  B a s i n ,  A l l  t h e  r i v e r s  o f  t h i s  a r e a  have  t h e i r  
s o u r c e  i n  t h e  h i g h l a n d s  a ro u n d  Windhoek w i t h  t h e  main d r a i n 
age  t o  t h e  c a s t  and  s o u t h e a s t  i n t o  t h e  K a l a h a r i ,  The Nossob ,  
O l i f a n t s  a n d  Auob j o i n  t o  form th e  Kolopo which i s  a n  i n t e r 
m i t t e n t  t r i b u t a r y  o f  t h e  Orange F i v e r ,  None o f  t h e  r i v e r s  
a r e  p e r e n n i a l  and  f low  o n ly  f o r  s h o r t  p e r i o d s  f o l l o w i n g  p r o 
lo n g e d  r a i n f a l l  and  t h e n  o f t e n  d ry  up l o n g  b e f o r e  r e a c h i n g  
t h e  s e a .

The W hite  K ossob ,  B la c k  Kossob and  S e e i s  F i v e r s  i n 
i t i a l l y  f lo w  e a s t w a r d s  and  t h e  S e e i s  d i s a p p e a r s  c o m p l e t e l y  
on t h e  fa rm  C l iapan je  a f t e r  a  c o u r s e  o f  o n l y  80 km. The 
Kossob r i v e r s  u n i t e  s o u t h  o f  Gobabis  and k e ep  t h e  c h a n n e l  
c l e a r  a l m o s t  up  t o  t h e  Botswana b o r d e r .  The O l i f a n t s  F i v e r  
r i s e s  i n  t h e  Auas M ou n ta in s  s o u t h  o f  Windhoek a t  a n  a p p r o x i 
mate e l e v a t i o n  o f  1950 m. ( a . s , l , )  and c o n t i n u e s  a s  a  w e l l  
marked e r o s i o n  c h a n n e l  c u t  i n t o  s o l i d  b e c r o c k  (KarbU vt ,  19pp)# 
At K oanus ,  1680  m, ( a , s . l , ) ,  i t  e n t e r s  a  r e g i o n  o f  windblowm 
sand  a n d  e v e n t u a l l y  d i s a p p e a r s  a s  a  f e a t u r e  o f  t h e  l ^ n u s c ^ p e  
on t h e  f a rm s  O t j im u ko n a  and F a i n h c f  (G e v e rs ,  19-fF), xhe I Js ib ,
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RFPIBLIC OF SOUTH AFRICA

F i g ,  2 The main  r i v e r  c o u r s e s  of South  West A f r i c a  
and l e n d  above  1500m. a . s . l .  (from In d e x  Map, 
S o u th  V/est / d ' r i c R ,  T . S . O . ,  P r e t o r i a ) .
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R e hobo th  an d  o c h a f  R i v e r s ,  once t r i b u t a r i e s  o f  t h e  Auob r i s e  
i n  t h e  h i l l s  b e tw een  R ehoboth  and D o rd a b is  and f lo w  s o u t h -  
v .a ids  a c i o s s  t h e  s t r u c t u r a l  l i n e a t i o n s  and d i s a p p e a r  i n t o  
t h e  sa n d  c o v e r e d  r e g i o n  o f  th e  Rehoboth  D e p re s s io n *

The a 0p ana K u iseb  R iv e r s  have  t h e i r  s o u r c e  i n  
t h e  h i l l s  a r o u n d  ».inahoek and d e e p ly  d i s s e c t  t h i s  p a r t  o f  
t h e  r-hOi''.ashoc.-clci.nd fo rm in g  a maze o f  d r y  v a l l e y s #  The r i v e r s  
c u t  i m p r e s s i v e  canyons  and keep  t h e i r  c o u r s e s  open a c r o s s  
t h e  c o a s t a l  bamib D e s e r t  t o  r e a c h  th e  A t l a n t i c  Ocean n e a r  
V.’a l v i s  P a y .

F o s s i l  r i v e r  c h a n n e l s  show t h a t  t h e  Epulciro and 
O t j i s o n o u  (F ig*  2 )  once c o n t i n u e d  n o r t h - w e s t w a r d s  a c r o s s  
t h e  n o r t h e r n  K a l a h a r i  t o  j o i n  th e  r i v e r  sy s te m s  o f  t h e  
Okavango and  t h e  w a t e r s  o f  Lake Kgami*

A s t r i k i n g  f e a t u r e  o f  t h e  d r a i n a g e  sy s tem  i s  t h a t  
a l l  t h e  r i v e r s  r i s i n g  i n  t h e  h i l l s  t o  t h e  s o u t h  o f  Windhoek 
f lo w  s o u t h w a r d s  a c r o s s  t h e  g e o l o g i c a l  s t r u c t u r e  and have  c u t  
I m p r e s s i v e  g o r g e s  t h r o u g h  t h e  more r e s i s t a n t  f o r m a t io n s *
The U s ib  R i v e r  h a s  e ro d e d  t h e  m ass ive  q u a r t z i t e  s e r i e s  o f  
t h e  Damara S y s tem ,  t o  form t h e  Kauas P o o r t . t h r o u g h  t h e  Nauas 
R a n g e , t o  t h e  n o r t h  o f  Rehoboth* The K l e i n  Nauas Gap t o  t h e  
S o u th  o f  D o r d a b i s  shows t h e  c o u rs e  o f  a f o rm e r  r i v e r  w h ich  
d e e p l y  d i s s e c t s  c u a r t z i t e s  o f  th e  Doornpoor t*  The p r e s e n t  
r i v e r  s y s t e m s  p r o b a b l y  r e p r e s e n t  a sup e r im po sed  d r a i n a g e ,  
w i t h  t h e  a n t e c e d e n t  d r a i n a g e  o r i g i n a t i n g  on a s u r f a c e  above 
t h e  p r e s e n t  one* P a r t i n  (1965)  s u g g e s t s  t h a t  t h e  d r a i n a g e  
may h a v e  fo rm ed  on a K a r roo  s u r f a c e ,  r e s u l t i n g  f rom u p l i f t  • 
a lo n g  t h e  Khomas A x i s .  L a t e r  w a rp in g  p ro d u ce d  t h e  p a r a l l e l  
c o n s e q u e n t  s t r e a m s  o f  t h e  W hite  and B lack  Nossob and S e e i s  
f l o w i n g  e a s t w a r d s  a lo n g  t h e  s t r u c t u r e *

I n  t h e  Windhoek a r e a  numerous r a n g e s  o f  h i l l s  
fo r m in g  t h e  Khom.ashockland r i s e  400 -  600 m. above t h e  
g e n e r a l  p l a t e a u  s u r f a c e *  The r e g i o n  i s  formed o f  s t e e p l y  
f o l d e d  r o c k s  o f  t h e  Damara System c o n s i s t i n g  m a in ly  o f  b i o -  
t i t e ,  s e r i c i t e ,  q u a r t z o s e  and g a r n e t i f e r o u s  s c h i s t s  and 
q u a r t z i t e  l e n s e s *  The h i g h l a n d s  a r e  bounded on t h e  w e s t  by 
t h e  G r e a t  E sc a rp m e n t  and t h e  Namib D e s e r t  and e a s t w a r d s  s l o p e  
g e n t l y  t o w a r d s  t h e  K a l a h a r i  Basin* The summit l e v e l s  from
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2000 -  2200 m. ( a . s . l . )  and t o p o g r a p h i c a l  f e a t u r e s  i n d i c a t e  
s e v e r a l  e r o s i o n  s u r f a c e s  p la n e d  a c r o s s  t h e s e  f o r m a t i o n s  o f  
v a r y i n g  r e s i s t a n c e .  The h i l l s  d e c r e a s e  i n  e l e v a t i o n  e a s t 
w a rd s  and  t h e  B i s m a r k t e r g  and O t j o z o n j a t i  m o u n ta in s  30 -  4o 
km. e a s t  o f  Windhoek e v e n t u a l l y  d i s a p p e a r  b e n e a t h  t h e  
K a l a h a r i  s e d i m e n t s  (G e v e r s ,  194-2). F u r t h e r  e a s t w a r d s  
however  t h e  more r e s i s t a n t  Kamtsas Q u a r t z i t e s  o f  t h e  K o s ib  
S e r i e s  fo rm  i n s e l b e r g s  ( P l a t e  1) which  e x t e n d  n o r t h - e a s t w a r d s  
t h r o u g h  O m i t a r a .  The l a s t  r em n an ts  o f  t h e  fo rm er  l a n d  
s u r f a c e  a r e  shown by t h e  O tj ihaenena  I n s e l b e r g s ,  composed o f  
r o c k s  o f  t h e  b asem en t  com plex ,  30 km. n o r t h  o f  W i t v l e i .

To t h e  s o u t h  o f  Windhoek t h e  m o u n ta in s  a r e  l e s s  
d i s s e c t e d  and g r a d u a l l y  d e sce n d  t o  t h e  Rehoboth  a r e a .  The 
Auas F o u n t a i n s ,  b u i l t  up o f  a s e r i e s  o f  q u a r t z i t e  l e n s e s  
w i t h i n  t h e  b i o t i t e  s c h i s t s ,  form a ru g g e d  m o u n ta in  r a n g e  
w i t h  p e a k s  b e tw ee n  2200 and 2650 m. ( a . s . l . )  and t h e  h i g h e s t  
p o i n t  i n  S o u t h  West A f r i c a ,  t h e  F o l t k e b l i c k ,  o c c u r s  i n  t h i s  
r a n g e .

The Kharubeam H i l l s  t o  t h e  s o u t h - e a s t  and w e s t  o f  
D o r d a b i s  h av e  a g e n e r a l  e l e v a t i o n  o f  l 8 0 0  m. ( a . s . l . )  and 
a r e  fo rm ed  o f  t h e  more r e s i s t a n t  D o o rn po o r t  Q u a r t z i t e s .  To 
t h e  e a s t  o f  R ehoboth  a s e r i e s  o f  ja g g e d  h i l l s  o f  Skumok 
v o l c a n i c s  p r o t r u d e  t h r o u g h  t h e  m a n t le  o f  K a l a h a r i  s a n d s .
Low r i d g e s  o f  Kama and Buschm annsk l ippe  e x t e n d  n o r t h - e a s t 
w ards  f rom  t h e  R e h o b o th -D o rd a b i s  a r e a  t o w a rd s  Gobabis  and 
t h e  B o tsw ana  b o r d e r .  The b a s a l  c o n g lo m e ra te  o f  t h e  E u sc h -  
m a n n s k l i p p e  F o rm a t io n  a l s o  form s a p r o m in e n t  r i d g e  w h ich  
p a s s e s  t h r o u g h  t h e  town o f  W i t v l e i .

The p r e s e n t  l a n d s c a p e  h as  been  formed t h r o u g h  a 
s e r i e s  o f  g e o l o g i c a l  e v e n t s ,  i n c l u d i n g  f o l d i n g  and w a rp in g  
a l o n g  t h e  Khomas A x i s ,  w h ic h  caused  t h e  c y c l i c  e r o s i o n  o f  
t h e s e  r o c k s  o f  v a r y i n g  r e s i s t a n c e ,  o ve r  a long  p e r i o d  o f  
t im e  t h r o u g h o u t  c h a n g in g  c l i m a t i c  c o n d i t i o n s .  The f o rm e r  
p l a i n  shown by t h e  summit l e v e l s  o f  t h e  Khomas h i l l s  and  
i n s e l b e r g s  and t h e  p r e s e n t  K a l a h a r i  s u r f a c e  a r e  t h e  r e s u l t  
o f  p r o l o n g e d  d e n u d a t i o n  and p l a n a t i o n  o f  t h e  o l d e r  g e o l o g i c a l

f o r m a t i o n s .
I n  t h e  l a t e  C a r b o n i f e r o u s  -  e a r l y  Permian t h e  a r ^ a  

e x p e r i e n c e d  an  e x t e n s i v e  c o n t i n e n t a l  g l a c i a t i o n  v i t h  t h e  i c e
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P la te  1 View westwards from the W itvle i  Area
showing in se lb e rg s  of Kamtsas Q uartz ites  
r i s i n g  above the p la teau  surface planed  
across in c l in ed  s t r a t a  of the T^amis 
Formation. (Ref. MM/SWA, 22/ 1̂ . . )
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movement f rom  t h e  h i g h l a n d s  a round  Windhoek (Du T o i t ,  19 5 4 )•  
The T r i a s s i c  and J u r a s s i c  were warmer c l i m a t i c  p e r i o d s  w i t h  
t) ie  e r o s i o n  and  p l a n a t i o n  o f  th e  o l d e r  f o r m a t i o n s .  I n  t h e  
b a s i r . a l  a r e a s  t h e  o l d e r  s t r u c t u r e s  were b u r i e d  b e n e a t h  t h e  
a c c u m u l a t i n g  s e d i m e n t s .

U p l i f t  o c c u r r e d  a lo n g  th e  Khomas A xis  i n  t h e  l a t e  
C r e t a c e o u s  -  e a r l y  T e r t i a r y  p e r i o d ,  t h e  Gondwana e a r t h  
movements o f  King (1 9 4 3 ) ,  fo rm ing  th e  Gondwana S u r f a c e  
w h ic h  i s  shown by t h e  summit l e v e l s  i n  t h e  Khomashockland .  
Only t h e  Auas F o u n t a i n s  t o  t h e  so u th  o f  Windhoek r i s e  above  
t h i s  s u r f a c e .

The r i v e r  sy s te m s  d r a i n i n g  so u th w a rd s  from t h e  Khomas 
m o u n t a i n s  w ere  p r o b a b l y  i n i t i a t e d  d u r in g  t h i s  p e r i o d  on a 
h i g h e r  s u r f a c e  o f  Kama and Karroo  s e d i m e n t s .  C o n t in u e d  
d o w n - c u t t i n g  and e r o s i o n  i n  th e  h i g h l a n d s  has  s u b s e q u e n t l y  
removed t h o s e  s e d i m e n t s  t o  r e v e a l  th e  o ld  l a n d  s u r f a c e .

The K a l a h a r i  Beds c o n s i s t i n g  o f  m a r l s ,  s a n d s t o n e s  
and l i m e s t o n e s  were  d e p o s i t e d  d u r in g  t h e  T e r t i a r y  p e r i o d  and 
a r e  t h o u g h t  t o  be p a r t l y  f l u v a t i l e  and p a r t l y  formed by 
c h e m ic a l  p r e c i p i t a t i o n  i n  more a r i d  c l i m a t e s .  The c h a n n e l s  
o f  t h e  Auob and Kossob R i v e r s  a r e  i n c i s e d  i n t o  t h e  lo w e r  
s e d i m e n t s  o f  t h e  f o r m a t i o n ,  p ro b a b ly  a r e f l e c t i o n  o f  f u r t h e r  
a r c h i n g  a l o n g  t h e  Khomas Axis  ( F a r b u t t ,  1 9 5 5 ) .

The K a l a h a r i  s a n d s  form ing  dunes  and c o v e r i n g  th e  
p l a t e a u  s u r f a c e  p r o b a b l y  a cc u m u la te d  d u r i n g  t h e  l a t e r  a r i d  
c y c l e s  o f  t h e  T e r t i a r y  p e r i o d .  The a d v a n c in g  sa n d s  a r r e s t e d  
t h e  f l o w  o f  t h e  r i v e r s  and t r i b u t a r i e s  d r a i n i n g  so u th w a rd s  ' 
f rom t h e  h i g h l a n d  r e g i o n  and an  i n t e r n a l  d r a i n a g e  sy s te m

i n  t h e  fo rm  o f  pans  d e v e lo p e d .
Tow ards  t h e  end o f  th e  Caenoso ic  p e r i o d  an  u p l i f t  

o f  b e tw e e n  I 3OO -  I 6 OO m. o c c u r r e d  a lo n g  t h e  w e s t e r n  m a rg in  
o f  t h e  S o u t h  West A f r i c a n  H ig h lan ds  t o  form p a r t  o f  th e  G re a t  
A f r i c a n  P l a t e a u .  The deep  g o rg es  o f  t h e  Orange and  Cunene 
R i v e r s  r e s u l t e d  from t h e s e  e a r t h  movements (King 19"+^)*

O v e rb u rd e n  and S o i l s
The n a t u r e  and t h i c k n e s s  of  t h e  o v e rb u r d e n  t h r o u g h 
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o u t  t h e  r e g i o n  i s  e x t r e m e l y  v a r i a b l e  and t h e  s o i l s  which
a r e  o f  t h e  a r i d  r e d - c a r t h  ty p e  e x h i b i t  l i t t l e  o r  no p r o f i l e  
d i f f é r e n c i a t i o n .

I n  t h e  h i g h l a n d  a r e a s  and i n s e l b e r g s  t h e  w e a th e r e d  
m a t e r i a l  i s  r a p i d l y  removed d u r in g  p e r i o d s  o f  heavy r a i n f a l l  
and a n g u l a r  t o  s a s - a n r u l a r  g r a v e l s  o f  t h e  more r e s i s t a n t  
q u a r t z i t e s  and  v e i n  q u a r t z  a c c u m u la te  a t  t h e  f o o t  o f  t h e  
s l o p e .  The f i n e r  m a t e r i a l  i s  removed by s h e e t  wash i n t o  
th ' i  Sul cam c o u r s e s  and c a r r i e d  by t h e  r i v e r  sy s tem s  d u r i n g  
f l o o d s  o n t o  t h e  p l a i n s .  Thus i n  t h e  m o u n ta in o u s  a r e a s  t h e r e  
i s  a l a r g o  p r o p o r t i o n  o f  o u t c r o p  w i t h  a n g u l a r  f r a g m e n t s  o f  
w e a t h e r e d  r o c k  on th e  s u r f a c e  and no s o i l  d e v e lo p m e n t .

On t h e  p l a t e a u  s u r f a c e  t h e  o v e r b u r d e n  v a r i e s  from 
a t h i n  c o v e r  o f  p o s s i b l y  r e s i d u a l  r e d -b ro w n  sandy  s o i l  t o  
many m e t r e s  o f  K a l a h a r i  s a n d s  o r  c a l c r e t e .  T rench  s e c t i o n s  
have  shown t h a t  i n  a r e a s  o f  n e a r  s u r f a c e  b e d ro c k  a l a y e r  o f  
v a r i a b l e  t h i c k n e s s ,  o f  a n g u l a r  t o  s u b - a n g u l a r  g r a v e l ,  o f  
q u a r t z  and  q u a r t z i t e ,  i s  u s u a l l y  p r e s e n t ,  r e s t i n g  on th e  
u n e v e n  b e d r o c k  s u r f a c e  ( P l a t e  2 ) .  The c o n t a c t  be tw een  th e  
g r a v e l  and  t h e  o v e r l y i n g  sandy  s o i l  i s  g e n e r a l l y  d i s t i n c t  
and  p l a n a r .  The s o i l  h o r i z o n  may c o n t a i n  a s m a l l  p r o p o r t i o n  
o f  s m a l l  r o u n d e d  q u a r t z i t e  p e b b le s  b u t  t h e  b u lk  o f  t h e  
m a t e r i a l  i s  a f i n e  to  medium g r a i n e d  s a n d .  The s i l t  and 
c l a y  c o n t e n t  o f  th e  s o i l s  i s  v e r y  low and n e v e r  forms more 
t h a n  IC;^ o f  t h e  t o t a l .  D i s t i n c t  h o r i z o n s  a r e  n o t  d ev e lo p ed  
w i t h i n  t h e  s o i l  p r o f i l e s  and t h e  v a r y i n g  b e d ro c k  l i t h o l o g y  
a p p e a r s  t o  h av e  l i t t l e  e f f e c t  on t h e  c o m p o s i t i o n  and s t r u c - '  
t u r e  o f  t h e  o v e r l y i n g  s o i l s .  The s u r f a c e  m a t e r i a l  may 
r e p r e s e n t  a n  a d m i x t u r e  o f  windblown K a l a h a r i  s a n a s  and

w e a t h e r e d  b e d r o c k .
The K a l a h a r i  san ds  form b o th  e x t e n s i v e  p l a i n s  s o u t h  

and w e s t  o f  V / i t v l e i  and Gobabis  and lo n g  p a r a l l e l  dunes  
c o v e r i n g  a n  a r e a  o f  6 0 ,0 0 0  s q .  km. a c r o s s  t h e  Aoub, O l i f a n t s  
and  K o sso b  v a l l e y s .  V.'ell rounded  q u a r t z  g r a i n s  form more 
t h a n  90> o f  t h e  sands  and t h e  l i g h t  r e d - b r o w n  c o l o u r  i s  due 
t o  a c o a t i n g  o f  i r o n  o x i d e s  on t h e  g r a i n s .  P a r t i a l l y  rounded  
a c c e s s o r y  m i n e r a l s  o f  z i r c o n ,  g a r n e t ,  f e l d s p a r  t o u r m a l i n e  
and  i l l m e n i t e  have been  i d e n t i f i e d  (L ew is ,  1 9 3 6 ) .  The
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P la te  2 S o i l  in an area  of near surface  
bedrock. A la y e r  of angular to 
sub-angular g ra ve l  of quartz and 
q u artz i te  fo l lo w e d  by f in e  to  medium 
grained sands r e s t s  on the uneven 
bedrock s u r f a c e .  (Ref.  MMC/SV/A, 3 1 /5 . )



dunes  a r e  g e n e r a l l y  20 -  25  r .  i n  h e i g h t  and  sp a ce d  
IpO -  1000  r;* a p a r t .  The s a n d s  o f  t h e  dune  c r e s t s  a r e  
v e i l  s o r t e d  i n  t h e  r a n g e  50 -  90 mesh and  t h e  c o a r s e r  
m a t e r i a l  and  e x t r e m e  f i n e s  a r e  fou n d  i n  t h e  s t r a a t s  
be tw een  t h e  d u n e s .  V e g e t a t i o n  h a s  now a r r e s t e d  t h e  move
ment o f  t h e  d u n e s  b u t  t h e r e  i s  no d e v e lo p m e n t  o f  s o i l  
h o r i z o n s  i n  t h e  s u r f a c e  s a n d s .

C a l c r e t e  o c c u r s  t h r o u g h o u t  t h e  r e g i o n  and i s  
e x t r e m e l y  v a r i a b l e  i n  t h i c k n e s s  and e x t e n t .  I n  some a r e a s  
i t  fo rm s  o n l y  a t h i n  c a p p i n g  on th e  r i d g e s  w h e re a s  i n  o t h e r  
p a r t s  i t  o c c u r s  a s  e x t e n s i v e  s h e e t s  many m e t r e s  i n  t h i c k 
n e s s .  I n  t r e n c h  s e c t i o n s  c a l c r e t e  h a s  b e e n  o b s e r v e d  o v e r  
a l l  r o c k - t y r e s  a l t h o u g h  i n  p l a c e s  t h e r e  a p p e a r s  t o  be a 
s e l e c t i v e  r e p l a c e m e n t  o f  t h e  l i m e s t o n e s  and c a l c a r e o u s  
s h a l e s .  I t  o c c u r s  i n  b o t h  a m a s s iv e  and n o d u l a r  fo rm ,  
o f t e n  w i t h  v e i n  q u a r t z  p e b b l e s  cem en ted  i n  t h e  lo w er  s e c t i o n s  
o f  t h e  p r o f i l e .  V.’a g c n  d r i l l i n g  and t r e n c h i n g  has  shown 
t h a t  c a l c r e t e  i s  o f t e n  p r e s e n t  b e n e a t h  t h e  s u r f a c e  s o i l s  
and t h e  d e e p e r  a c c u m u l a t i o n s  o f  K a l a h a r i  s a n d s .  I n  s e v e r a l  
a r e a s  n e a r  '.‘i t v l e i  c a l c r e t e  i s  much more e x t e n s i v e  a lo n g  
f o s s i l  d r a i n a g e  l i n e s ,  m a rk in g  fo r m e r  t r i b u t a r i e s  o f  t h e  
White  K o s s o b ,  and fo rm s  t h e  f l o o r  o f  s e v e r a l  l a r g e  pans  
( P l a t e  1 7 ) .

The n a t u r e  and c h e m ic a l  c o m p o s i t i o n  o f  c a l c r e t e  
d e p o s i t s  i s  d e s c r i b e d  by Goudie (1972)  who d e f i n e s  c a l c r e t e  
a s  " t e r r e s t i a l  m a t e r i a l s  composed d o m i n a n t l y  b u t  n o t  e x c l u 
s i v e l y  o f  c a l c i u m  c a r b o n a t e ,  and i n v o l v i n g  t h e  c e m e n t a t i o n  
o f ,  a c c u m u l a t i o n  i n  a n d / o r  r e p l a c e m e n t  o f  g r e a t e r  o r  l e s s e r  
q u a n t i t i e s  o f  s o i l ,  r o c k  o r  w e a t h e r e d  m a t e r i a l  p r i m a r i l y  
w i t h i n  t h e  v a c o s e  z o n e . "  I t  i s  an  i m p o r t a n t  s u p e r f i c i a l  
a c c u m u l a t i o n  i n  c u r r e n t  s e m i - a r i d  a r e a s  and  i s  a l s o  b e i n g  
r e c o g n i s e d  i n  a l a r g e  number o f  a n c i e n t  s e d i m e n t a r y  e n v i r o n 
m e n t s .  The a n a l y s e s  f o r  62 S o u th  A f r i c a n  c a l c r e t e s  gave  a n  

a v e r a g e  c o m p o s i t i o n  o f  79.13a* CaCO^ sn d  11.83a Si02> w ùth  

m inor  q u a n t i t i e s  o f  AI2 O2 ) ^®2^3 FgCO^. One o f  t h e  
main  c o m p o n e n t s  o f  c a l c r e t e  i s  an i n s o l u b l e  r e s i d u e  c o n 
s i s t i n g  o f  am orp ho u s  s i l i c a ,  c l a s t i c  q u a r t z  g r a i n s  a n a  c l a y  
m i n e r a l s .  The v e r y  low p e r c e n t a g e  o f  i n s o l u b l e  m a t e r i a l  has



l c d  t o  t h e  t h e o r y  t h a t  c a l c i u m  c a r b o n a t e  n o t  o n ly  f i l l s  t h e  
v o id s  o f  t h e  p a r c n ^  ^ e d im e n t  b u t  t h a t  t h e  g ro w th  o f  c a l c i u m  
c a r b o n a t e  d i s p e r s e s  t h e  o r i g i n a l  sand g r a i n s  so t h a t  t h e y  
a r e  no l o n g e r  i n  c o n t a c t .

l o r e  K a l a h a r i  c a l c r e t e s ,  e s p e c i a l l y  i n  t h e  v l e i s  
and p a n s ,  c o n t a i n  a p p r e c i a b l e  am ounts  o f  d i a to m a c e o u s  
m a t e r i a l  w h ic h  i s  r i c h  i n  s i l i c a .  O t h e r s  have  a h i g h  c o n 
t e n t  o f  K a l a h a r i  -  t y p e  a e o l i a n  sand  w h ic h  d e c r e a s e s  a s  
one moves i n t o  w e t t e r  and  more humid c l i m a t i c  z o n e s .  The 
mean pH f o r  1CA+ s a m p le s  c f  c a l c r e t e  f rom t h e  K a l a h a r i  r e g i o n  
i s  3 .01  ( G o u d i e ,  1 9 7 2 ) .

V e re ta  t 1 o n

T h e r e  h av e  n o t  b e en  any  d e t a i l e d  s t u d i e s  o f  t h e  
v e g e t a t i o n  o f  C e n t r a l  S o u th  V.’e s t  A f r i c a  and  o n ly  b ro a d  
c l a s s i f i c a t i o n s  e x i s t .  F o l e - E v a n s  (1 9 3 6 )  c l a s s i f i e d  th e  
v e g e t a t i o n  o c c u r r i n g  e a s t  o f  t h e  Windhoek h i g h l a n d s  and 
e x t e n d i n g  i n t o  t h e  K a l a h a r i  a s  " T h o rn  C o u n t r y " ,  c o n s i s t i n g  
c f  t h o r n  b u s h  and t h e m  t r e e s  i n  deep  s a n d y  s o i l .  Adamson 
(193" )  A cocks  (1 95 3 )  i n c l u d e d  t h i s  a r e a  a s  a s u b 
d i v i s i o n  o f  Savanna  V e g e t a t i o n  u n d e r  t h e  t e r m s  Bush Savanna 
and K a l a h a r i  T h c r n v e l d  r e s p e c t i v e l y .

U n d e r  t h e  p r o p o s e d  sa v a n n a  t e r m i n o l o g y ,  on a  w o r ld
s c a l e ,  o f  Colo  ( I 9 6 3 ) t h e  v e g e t a t i o n  o f  t h e  r e g i o n  f a l l s
w i t h i n  two m a in  c l a s s e s ;

1) Low t r e e  and s h r u b  sa v a n n a  -  c o m m u n i t i e s  o f
w i d e l y  s p a c e d  low g ro w in g  p e r e n n i a l  g r a s s e s  
v i t h  a b u n d a n t  a n n u a l s  and s t u d d e d  w i t h  w i d e l y  
s p a c e d  low g row in g  t r e e s  and s h r u b s  o f t e n  l e s s  

t h a n  2 m e t r e s  h i g h .
2 )  Cavanna  p a r k l a n d  -  t a l l  m e s o p h y t i c  g r a s s l a n d  

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

Many s u b - d i v i s i o n s  o f  t h e s e  c l a s s e s  can  be 
e s t a b l i s h e d  f o r  t h e  r e g i o n  on t h e  s p e c i e s  c o m p o s i t i o n  o f  
th e  t r e e  an d  s h r u b  l a y e r ,  a s  shown f o r  t h e  h i u v l e i  a r e a  
C h a p te r  4 .  The s p e c i e s  c o m p o s i t i o n  o f  t h e  p l a n t  com m uni t ies  
i s  p a r t i c u l a r l y  d e p e n d a n t  u pon  t h e  n a t u r e  and  d e p t h  Ox ohe
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o v e r b u r d e n  and  r o i l s .

I n  tn*j a r c d S  o f  n e a r  s u r f a c e  b e d r o c k  s t r o n g  l l n e a -  
t i c n s  and b a n d i n g  i n  t h e  t r e e  and s h r u b  l a y e r  o u t l i n e  t h e  
g e o l o g i c a l  s t r u c t u r e ,  A l o v  t r e e  and s h r u b  sav ann a  o c c u r s  
t h r o u g h o u t  t h e s e  r e g i o n s  and i n  a r e a s  o f  l e v e l  t e r r a i n  t h e  
dom inan t  t r e e  and s h r u b  s p e c i e s  a r e  A c a c i a  r e l l i f e r a ,
A. h e r ^ r o ^ n r i s , A, h ^ V ^ c l a d a , G r e v la  f l a v a  and F h a e o n t l l u m  
s n i n o s u n  ( P l a t e  3 ) .  v r o s t j  s u n i r l u ^ i s  i s  t h e  r a i n
p e r e n n i a l  g r a s s  s p e c i e s  i n  t h i s  e n v i r o n m e n t  w i t h  numerous 
a n n u a l  g r a s s e s  and h e r b s  a p p e a r i n g  d u r i n g  th e  r a i n y  s e a s o n .

Over  t h e  e l e v a t e d  o u t c r o p s  o f  t h e  more r e s i s t a n t  
f o r m a t i o n s ,  w h e re  t h e r e  i s  v e r y  l i t t l e  s o i l  c o v e r ,  t h e  
s p e c i e s  Co".br^tum a r i c u l a t u m . A l b i z i a  a n t h e l m i n t i c s  and 
IrcvMa f l a v e r c ^ n s d o m in a t e  t h e  t r e e  and s h r u b  l a y e r .  The 
ground v e g e t a t i o n  i s  s p a r s e  I n  t h i s  e n v i r o n m e n t  and f e v e r  
s p e c i e s  a r e  p r e s e n t ,

V h c r e  t h e  b e d r o c k  i s  masked by c a l c r e t e  t h e  low 
t r e e  and s h r u b  s a v a n n a  i s  d o m in a t e d  by t h e  sh ru b  s p e c i e s  
C a t c r h r a c t e r  a l e z a r . i r i  , w i t h  A c a c ia  m p > l l l f e ra  and 
Tarc ! ; '^ n an thu s  c - ' - ^ h ^ r a t u s  and  i n  some a r e a s  r o s c i a  
n 1 r 1 t r u n - a . A3 eng t h e  d r a i n a g e  f e a t u r e s  and pans  f l o o r e d  
by c a l c r e t e  A c a c i a  k a r r m p  and A. h ^ b e c l a d a  a r e  t h e  main  
sh ru b  s p e c i e s .  Tb.e g r a s s  s p e c i e s  and h e r b s  i n  a r e a s  o f  
c a l c r e t e  a r c  g e n e r a l l y  s p e c i f i c  t o  t h i s  e n v i r o n m e n t ,
Tnn-^g^^ccn c n c h r o i c ^ s , b r a c h . v s t a c h u s  ̂F i n c e r h u t h r i a  
a f r i c a n a  and  S t i r a g r o s t i s  c l l l i a t a  a r e  g r a s s e s  commonly 
found  o v e r  a r e a s  o f  c a l c r e t e  and  t h e  h e r b s  L eu c o sp h e ra  
b a i n s i l , b c r - a m i a  d a ~ a r a n a  and L euchas  r e c h u e l l i i  o c c u r  

i n  a s s o c i a t i o n  w i t h  t h e  a b o v e  g r a s s  s p e c i e s .
I n  r e g i o n s  c o v e r e d  by d e e p  K a l a h a r i  s a n d s  t h e  

v e g e t a t i o n  i s  p r e d o m i n a n t l y  a low t r e e  and s h r u b  sav an n a  
w i t h  r e l a t i v e l y  m in o r  a r e a s  o f  s a v a n n a  p a r k l a n d .  The 
a s s o c i a t i o n  o f  t h e  t r e e  and  s h r u b  s p e c i e s  A c ac ia  g i r a f f a e ,  
Termina 11 a s ^ r i c ^ a . Tar c h o n a n t h u ?  cam .rhora tus  and .^•rewl_a 
f l a v a  i s  v e r y  ccmm.on t h r o u g h o u t  t h i s  e n v i r o n m e n t  and  t h e  
d o m in a n t  p e r e n n i a l  g r a s s  s p e c i e s  a r e  S t i n a g r o s t i s  u n i p l u m l s  
and Schm id t i .g  r a m r c r h o r o i d e s . I n  t h e  a r e a s  o f  s avan n a  parK- 
l a n d  A c a c i a  r i r a f f a c  i s  g e n e r a l l y  t h e  o n ly  t r e e  s p e c i e s



S î l a i i m

P l a t e  3 An a r e a  of low t r e e  and sh rub  savanna  in  a
reg io n  of near surface  bedrock. View southwards 
from the W itv le i  -  Windhoek road 15 km. west of  
V / i tv le i .  (Ref.  KKC/S.YA, 3 / 3 0 . )

/'r '.f.l

P la te  U An area of savanna parkland with the tr e e  s p e c ie s  
A cacia  r i r a f f a e  in a reg ion  of deep sand cover.  
View southwards from the Windhoek -  Gobabis road 
20 km, west of Gobabis, (Ref, MMC/SWA, 3 / 5 . )
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v a ry in g  i n  h o i j - l . t  up t o  10 m e t r e s  ( P l a t e  Many a n n u a l
g r a s s e s  and h e r b s  o c c u r  i n  t h e  sand co v e red  a r e a s  b u t  t h e  
v a r i e t y  o f  s p e c i e s  i s  more l i m i t e d  t h a n  i n  t h e  a r e a s  o f  
n ear  s u r f a c e  b e d r o c k .

T a l l  t r e e s  o f  A c a c i a  k a r r o o  and sometimes 

A. l ' i r a f f a e  o c c u r  a l o n g  t h e  m ain  w a t e r  c o u r s e s  t h r o u g h o u t  
the  r e g i o n  and  :M r i - ? -u s  m ucro na t a , D io s c y r o s  l y c i o i d e s  
and A c a c ia  h -b--^ l  a in  a r e  common a round  t h e  p a n s .

The p r o v i n g  p e r i o d  f o r  a l l  t h e  p l a n t  s p e c i e s  i n  
t h i s  r e g i o n  i s  c u r i n g  t h e  summer months from November t o  
A p r i l  when t h e  r a i n s  o c c u r .  Many o f  t h e  t r e e s  and l a r g e r  
sh rubs  f l o w e r  i n  l a t e  S e p te m b e r  and O c to b e r  b u t  do n o t  come 
i n t o  l e a f  u n t i l  a f t e r  t h e  f i r s t  r a i n s  w h ich  a r e  u s u a l l y  i n  
b o v e m le r .  The m a j o r i t y  o f  t h e  s h r u b s  r e a c t  q u i c k l y  t o  t h e  
r a i n s  and  come i n t o  l e a f  and f l o w e r  soon  a f t e r w a r d s .  The 
f l o w e r i n g  p e r i o d  f o r  a l l  t r e e s  and s h r u b s  i s  e x t r e m e l y  s h o r t  
bu t  t h e  l e a v e s  a r e  r e t a i n e d  t h r o u g h o u t  t h e  summer months 
u n t i l  t h e  n i g h t  t e m p e r a t u r e s  f a l l  r a p i d l y  and f r o s t s  o c c u r ,
which i s  g e n e r a l l y  i n  May o r  e a r l y  J u n e .

v-.^rbs and  g r a s s e s  f l o w e r  more t h a n  once 
d u r in ^  t h e  g ro w in g  r e a s o n  and  p ro d u ce  v a s t  am.ounts o f  s e e d .  
Tome s p e c i e s  n o t a b l y  T r i b u l u s  r ^ v h e r l  f l o w e r  a f t e r  e a c h  
p e r i o d  o f  h^.avy r a i n f a l l .  P u lb o u s  p l a n t s  su ch  a s
F r^u d '’ a 1 tr- n 1 a c l  a va t  a and M erine  l a t i c o m a  p roduce  a f l o w e r
and s e e d s  b e f o r e  t h e  l e a v e s  a p p e a r  and t h e n  d i e  bac.-c quiCKly 

to  form t h e  b u l b  f o r  t h e  f o l l o w i n g  s e a s o n .
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C h a p t e r  3

TiîE R0L3 C? VEGETATION IN MINER/-L EXPLORATION

V e g e t a t i o n  c h a r a c t e r i s t i c s  have  b e en  u s e d  i n  
s e v e r a l  ways a s  a g u i d e  t o  t h e  d i s c o v e r y  o f  o r e  b o d i e s .
The e a r l y  m e th o d s  o f  p r o s p e c t i n g  w ere  b a s e d  on t h e  p h y s i c a l  
a p p e a r a n c e  o f  t h e  v e g e t a t i o n  o r  on t h e  a b s e n c e  o r  p r e s e n c e  
o f  p a r t i c u l a r  p l a n t  s p e c i e s .  These  t e c h n i q u e s  fo rm  t h e  
b a s i s  o f  g e o b o t a n y .  S u b s e q u e n t  m ethods  w h ic h  i n c l u d e  t h e  
i d e n t i f i c a t i o n  o f  p l a n t  s p e c i e s  and t h e i r  c h e m i c a l  a n a l y s e s  
form t h e  s t u d y  o f  b i o g e o c h e m i s t r y .

The t o x i c  e f f e c t  o f  o r e  d e p o s i t s  and m i n e r a l i z a t i o n  
on t h e  v e g e t a t i o n  was r e c o g n i s e d  by M.V. Lomonosov i n  1763 
(M alyuga ,  1 9 6 4 )  who n o t e d  t h a t ,  " i n  m o u n t a i n s  w h ic h  o r e s  o r  
o t h e r  m i n e r a l s  a r e  p r e s e n t ,  g row ing  t r e e s  a r e  u s u a l l y  n o t  
h e a l t h y "  and  t h a t ,  " t h e  g r a s s e s  g row ing  o v e r  t h e  o r e  v e i n s  
a r e  p a l e  and  s h o r t e r " .  The d e p r e s s e d  n a t u r e  o f  t h e  f l o r a  
l e d  Tyson  t o  t h e  d i s c o v e r y  o f  chrome d e p o s i t s  i n  M a ry la n d  
and P e n n s y l v a n i a  i n  iB lS  (Cannon,  I 9 6 0 )  and  more r e c e n t l y  
" c o p p e r  c l e a r i n g s "  i n  t h e  Congo, where  t h e  sa v a n n a  w o o d la n d  
i s  r e p l a c e d  by s h r u b s  and g r a s s e s ,  have  b e e n  u s e d  a s  a  
g u i d e  f o r  l o c a t i n g  c o p p e r  o c c u r r e n c e s .  O th e r  more d i s t i n c t  
m o r p h o l o g i c a l  c h a n g e s  i n  t h e  v e g e t a t i o n  have  s i n c e  b e en  
d e s c r i b e d  i n  t h e  v i c i n i t y  o f  o r e  b o d i e s .

The h i g h  m e t a l  c o n t e n t  o f  t h e  s o i l s  may c a u se  
y e l l o w i n g  o r  m o t t l i n g  o f  t h e  l e a v e s  ( c h l o r o s i s ) ,  d w a r f i s m ,  
g i g a n t i s m  o r  a b n o rm a l  f l o w e r s  o r  f r u i t s .  C h l o r o s i s  i s  
u s u a l l y  a n  i n d i c a t i o n  o f  i r o n  d e f i c i e n c y  i n  t h e  p l a n t ,  
o f t e n  c a u s e d  by  t h e  a n t a g o n i s t i c  e f f e c t  o f  e x c e s s i v e  a m o u n ts  
o f  N i ,  Co, C r ,  ÎLn, Cu o r  Zn i n  a r e a s  o f  m i n e r a l i z a t i o n .  I n  
a n  a r e a  o f  c o p p e r  r i c h  s o i l s  i n  E ly ,  Vermont U . S . A . ,  Cannon 
( i 9 6 0 ) r e c o r d s  t h a t  t h e  l e a v e s  o f  maple  t r e e s  e x h i b i t  
c h l o r o t i c  symptoms w i t h  g r e e n  v e i n s .  S t u n t e d  v e g e t a t i o n



i s  a n o t h e r  commonly r e c o r d e d  phenomena b u t  c an  be t h e  r e s u l t  
o f  e i t h e r  t h e  d e f i c i e n c y  o r  e x c e s s  o f  one o r  s e v e r a l  e l e m e n t s  
The r e l a t i v e  s t u n t i n g  o f  P r o t e a  g o e t z e a n a  c an  be u s e d  a s  
a g u id e  t o  t h e  c o n c e n t r a t i o n  o f  c o p p e r  i n  t h e  s o i l s  o f  
K a tan g a  and  on e x t r e m e l y  t o x i c  g round  a c r e e p i n g  s t e r i l e  
form o f  t h i s  s p e c i e s  d e v e l o p s  (D uv igneaud ,  1 9 3 8 ) .  I n  a r e a s  
r i c h  i n  b o r o n  p l a n t s  2 . - 3  t i m e s  t h e i r  n o rm a l  s i z e ,  w i t h  
l a r g e r  g r e e n e r  l e a v e s ,  have  b e en  o b s e r v e d  (Cannon, I 96O) 
and g i g a n t i s m  i n  29 s p e c i e s  was r e c o r d e d  by V os to k ov a  e t  
a l  (B r o o k s ,  19 72 )  f rom  a n  a r e a  o f  b i t u m i n o u s  s o i l s .  The 
w h i t e  a p e t a l o u s  fo rm s  o f  two p l a n t  s p e c i e s  h a v e  b e e n  u s e d  
t o  l o c a t e  n i c k e l  -  c o b a l t  m i n e r a l i z a t i o n  i n  t h e  S o u t h e r n  
U r a l s  (Cannon ,  I 9 6 0 )  and  many a b n o r m a l i t i e s  i n  p l a n t  g r o w th  
and s t r u c t u r e  a r e  r e c o r d e d  f rom  a r e a s  r i c h  i n  r a d i o a c t i v e  
m i n e r a l s .

I n  t h e  v i c i n i t y  o f  c o p p e r  o r e s  Malyuga (1964)  n o t e d  
d i s t i n c t  c h a n g e s  i n  t h e  p e t a l s  o f  t h e  poppy  P a p a v e r  commuta-  
tum w h ic h  h a d  b l a c k  s p o t s  o f t e n  e l o n g a t e d  and  r e a c h i n g  t h e  
end o f  t h e  p e t a l .  The p l a n t s  showing t h e  a b n o rm a l  p e t a l s  
were  r e s t r i c t e d  t o  a r a v i n e  where  t h e  s o i l  had  b e en  e n r i c h e d  
i n  c o p p e r  a n d  molybdenum by g r o u n d w a te r .

I t  h a s  l o n g  b e e n  r e c o g n i s e d  t h a t  c h a r a c t e r i s t i c  
f l o r a s  o c c u r  o v e r  c e r t a i n  s p e c i f i c  r o c k  t y p e s  and t h a t  g e o 
l o g i c a l  b o u n d a r i e s  can  be d e l i n e a t e d  by o b s e r v i n g  t h e  c h an g e s  
i n  c o m p o s i t i o n  o f  t h e  v e g e t a t i o n .  L im es to n e  and d o l o m i t e  
b e d r o c k  o f t e n  g i v e  r i s e  t o  c a l c i p h i l o u s  f l o r a s  w h ic h  a r e  
u s u a l l y  v e r y  r i c h  and d i f f e r  m a r k e d ly  i n  s p e c i e s  c o m p o s i t i o n  
from  t h e  v e g e t a t i o n  o v e r  a d j a c e n t  r o c k - t y p e s .

U l t r a m a f i c  r o c k s  h ave  a n  e x t r e m e  e f f e c t  on t h e  v e g e 
t a t i o n  and  i n  d e n s e l y  f o r e s t e d  a r e a s  t h e i r  p r e s e n c e  can  be 
r e c o g n i s e d ,  an d  e x t e n t  o u t l i n e d ,  f rom  a e r i a l  p h o t o g r a p h s  
by t h e  l i g h t  t o n a l  a r e a s  due t o  t h e  s p a r s e n e s s  o f  v e g e t a 
t i o n .  The r e s u l t i n g  s e r p e n t i n i t e  f l o r a s  have  b e en  a t t r i b u 
t e d  t o  e x c e s s i v e  am ounts  o f  C r ,  Co and K i ,  Ni a l o n e  and  
a l s o  t o  t h e  low c a l c i u m  l e v e l  i n  t h e  s o i l s  ( B ro o k s ,  1 9 7 2 ) .
The v e g e t a t i o n  g row ing  i n  s o i l s  w i t h  a h i g h  Cu, Pb o r  Zn 
c o n t e n t  may show s i m i l a r i t i e s  t o  s e r p e n t i n i t e  f l o r a s .  The 
p l a n t  c o m m u n i t i e s  a r e  o f t e n  s p a r s e  and s t u n t e d  fo rm s  may 
be p r e s e n t .  Z in c  o r  g a lm e i  f l o r a s  were  r e c o g n i s e d  by t h e
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e a r l y  m i n e r s  i n  W e s te rn  Germany and B e lg ium  o v e r  100 y e a r s  
ago and  u s e d  i n  p r o s p e c t i n g  a s  a g u id e  t o  o r e  d e p o s i t s .

W i t h i n  t h e  c h a r a c t e r i s t i c  f l o r a s  i n d i v i d u a l  p l a n t  
s p e c i e s  may o u t l i n e  a r e a s  o f  m i n e r a l i z a t i o n  f o r  one o r  more 
o r e  m e t a l s .  These i n d i c a t o r  p l a n t s  have  b e e n  r e c o g n i s e d  
f o r  many e l e m e n t s  i n c l u d i n g  Cu, Pb, Zn, Ag, N i ,  ? e ,  B and 
Se and  t h e  l i t e r a t u r e  i s  m os t  e x t e n s i v e  f o r  Cu, Zn and Se .  
Vogt (M a ly u ga ,  1964)  r e c o r d s  t h a t  one o f  t h e  e a r l i e s t  
i n d i c a t o r s  was t h e  c o p p e r  p l a n t  ( k i s p l a n t ) ,  p r o b a b l y  
V i s c a r i a  a l n i n a , u s e d  by S c a n d i n a v i a n  m i n e r s  i n  m e d i e v a l  
t i m e s  i n  t h e  s e a r c h  f o r  c o p p e r  and  p y r i t e  o r e s .

I n d i c a t o r  p l a n t s  a r e  a s s i g n e d  t o  two g ro u p s  
d e p e n d i n g  on t h e i r  d i s t r i b u t i o n .  U n i v e r s a l  i n d i c a t o r s  
a lw a y s  show t h e  p r e s e n c e  o f  a s p e c i f i c  e l e m e n t  and  w i l l  
n o t  grow i n  u n m i n e r a l i z e d  r e g i o n s ,  w h e r e a s  l o c a l  i n d i c a t o r s  
have  a d a p t e d  t o  t o l e r a t e  m i n e r a l i z e d  g ro u n d  w i t h i n  t h e  l i m i t s  
o f  a g i v e n  d i s t r i c t  b u t  w i l l  grow e l s e w h e r e  p r o v i d e d  t h e r e  
i s  no g r e a t  c o m p e t i t i o n  f rom  o t h e r  s p e c i e s .  The i n d i c a t o r  
s p e c i e s ,  b o t h  u n i v e r s a l  and  l o c a l ,  w h ic h  have  b e e n  u s e d  i n  
t h e  e x p l o r a t i o n  f o r  c o p p e r  d e p o s i t s  a r e  shown i n  T a b le  5.

The c o p p e r  i n d i c a t o r s  b e lo n g  m a i n l y  t o  t h r e e  p l a n t  
g r o u p s  t h e  m o s s e s ,  t h e  p in l i  f a m i l y  C a r y o p h y l l a c e a e , and  t h e  
m in t  f a m i l y  L a b i a t a e .  E x a m in a t io n  o f  h e r b a r i u m  l o c a l i t i e s  
f o r  t h e  moss V i s c a r i a  a l n i n a , u s e d  by t h e  e a r l y  m i n e r s  f o r  
l o c a t i n g  c o p p e r  and p y r i t e ,  l e d  t o  t h e  d i s c o v e r y  o f  t h r e e  
c o p p e r  d e p o s i t s  i n  Sweden. F o l y c a r n e a  s p i r o s t y l i s , 
b e l o n g i n g  t o  t h e  p in k  f a m i l y ,  was f i r s t  d i s c o v e r e d  i n  
Q u e e n s la n d ,  A u s t r a l i a ,  i n  1858 by Babbage and  r e f e r r e d  t o  
a s  t h e  c o p p e r  p l a n t  by S k e r t c h l y  i n  1897 (B ro o k s ,  1972)  
who n o t e d  t h a t  t h e  p l a n t  was " a lw a y s  on o r e  o r  c l o s e  t o  
c o p p e r  d e p o s i t s ,  o r  a lo n g  w a t e r  c o u r s e s  c h a r g e d  w i t h  c o p p e r  
i n  s o l u t i o n " .  The s p e c i e s  was r e c e n t l y  r e c o g n i s e d  by 
K.M. Cole  i n  1962 (Cole  e t  a l ,  1968)  g ro w in g  i n  t h e  sa v a n n a  
w o o d la n d s  o f  t h e  Waimuna S p r i n g s  a r e a  o f  t h e  N o r t h e r n  
T e r r i t o r y .  A lso  i n  A u s t r a l i a ,  i n  t h e  C l o n c u r r y  D i s t r i c t  
o f  Q u e e n s la n d ,  T e o h r o s i a  s p .  n o v . was fo u n d  t o  be a u s e f u l  
i n d i c a t o r  o f  s o i l  c o p p e r  a n o m a l i e s  b e lo w  2000 ppm. ( N i c o l l s  
e t  a l ,  1 9 6 5 )  and i n  t h e  same a r e a  F o l y c a r p e a  g l a b r a  grows
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♦ S p e c i e s L o c a l i t y A u th o r Year

L Am eria  m a r i t i m a S c o t l a n d Henwood 1857
L F o l y c a r p e a  s p i r o s t y l i s A u s t r a l i a S k e r t c h l y

B a i l e y
1897
1899

U V i s c a r i a  a l p i n a Norway Vogt 19^2
U Merceya l a t i f o l i a Montana

Sweden
F e r r s o n 19^8

L E s c h s c h o l t z i a  m ex ican a A r i z o n a L e v e r in g 1950
U G y p s o p h i l a  p a t r i n i U . S . S . R . N e a v e t a y lo v a 1955
L E l s c h o l t z i a  h a i c h o w e n s i s China T sung-Shan 1957
U A c r o c e p h a l o u s  r o b e r t i K a tan g a Duvigneaud 1958
U Becium h o m b le i R h o d e s ia Anon 1959
L A s t r a l a g u s  d e c l i n a t u s Armenia Malyuga 1959
L T e p h r o s i a  s p .  nov . Q u eens land N i c o l l s  e t  a l 1965

* U -  u n i v e r s a l  
L -  l o c a l

T a b le  5« I n d i c a t o r  p l a n t s  w h ic h  have  b e e n  u s e d  i n  t h e
e x p l o r a t i o n  f o r  c o p p e r  d e p o s i t s ,  ( a f t e r  Cannon 
i 9 6 0 , Malyuga 1964  and  Brooks  1972)

o v e r  s o i l  c o p p e r  a n o m a l i e s  e x c e e d i n g  2000ppm. S t r o n g  l e a d  
and z i n c  a n o m a l i e s  a l s o  o c c u r  i n  t h i s  l o c a l i t y .

I n  t h e  S o v i e t  Union t h e  c o p p e r  i n d i c a t o r  G.ypsophila  
p a t r i n i . o f  t h e  p i n k  f a m i l y ,  was s t u d i e d  by N e s v e t a y l o v a  
(B r o o k s ,  1 9 7 2 ) who fo u n d  t h a t  t h e  s p e c i e s  f l o u r i s h e s  i n  s o i l s  
v a r y i n g  i n  c o p p e r  c o n c e n t r a t i o n  f rom  3OO -  1000 p p m . , and  i s  
t o t a l l y  a b s e n t  i n  s o i l s  a b ov e  1000 ppm. and  be low 30 ppm. 
c o p p e r .

The a s s o c i a t i o n  o f  Bec i urn h om b le i  w i t h  c o p p e r  d e p o s i t s  
i n  K a ta n g a  was f i r s t  i n v e s t i g a t e d  i n  1949 and  by 1954 o b s e r 
v a t i o n s  had  b e e n  made a t  32 c o p p e r  o c c u r r e n c e s  (Wehrmann, 
1 9 5 9 ) .  I n  a l l  b u t  two a r e a s  Becium ho m b le i  was p r e s e n t  and 
i n  t h e s e  two c a s e s  t h e  s o i l s  were  d e e p l y  l e a c h e d .  The d i s 
t r i b u t i o n  o f  t h e  p l a n t  was mapped and  t h e  " f l o w e r  c h a r t s "  
w ere  fo u n d  t o  be i d e n t i c a l  t o  t h e  u n d e r l y i n g  c o p p e r  d e p o s i t s .  
Seeds  o f  t h i s  s p e c i e s  w ould  n o t  g e r m i n a t e  i n  c u l t u r e s  o f  l e s s



t h a n  50 ppm. c o p p e r  and t h e  optimum c o n d i t i o n s  were  60 O ppm. 
The g row ing  p l a n t  n e e d s  a minimum o f  100 ppm. c o p p e r  i n  t h e  
s o i l  and  w i l l  t o l e r a t e  up  t o  JOOO ppm. ( H o r i z o n ,  1 9 5 9 ) .  
O c c u r r e n c e s  o f  Becium h o m b le i  n o t e d  d u r i n g  e x p l o r a t i o n  i n  
t h e  R h o d e s i a n  and Zambian Copper B e l t  have  l e d  t o  t h e  d i s 
c o v e r y  o f  s e v e r a l  o r e  d e p o s i t s .

E c o l o g i c a l  s t u d i e s  were  c a r r i e d  o u t  by D uvigneaud  
( 1 9 5 8 , 1 9 6 3 ) w i t h i n  t h e s e  e x t e n s i v e  a r e a s  o f  c o p p e r  f l o r a  
o f  K a t a n g a .  He was a b l e  t o  c l a s s i f y  p l a n t  s p e c i e s  i n t o  f o u r  
m a in  c a t e g o r i e s  by t h e i r  d i s t r i b u t i o n  i n  r e s p e c t  t o  c o p p e r  
c o n t e n t  o f  t h e  s o i l s .

1. C u p r o p h y te s  -  s p e c i e s  g rowing  on t h e  h i g h e s t
c o p p e r  v a l u e s  and  i n  some c a s e s  
c o n f i n e d  c o p p e r  s u b - o u t c r o p s .

2 .  C u p r o p h i l e  -  s p e c i e s  g rowing on lo w e r  c o p p e r
a r e a s  b u t  n o t  r e s t r i c t e d  t o  c o p p e r  
s o i l s .

3 . C u p r o r e s i s t a n t  -  s p e c i e s  t o l e r a n t  t o  a l l  l e v e l s  o f
c o p p e r  and have  a n  u b i q u i t o u s  d i s 
t r i b u t i o n .

4 .  C u p r i f u d e  -  s p e c i e s  w h ich  n e v e r  o c c u r  i n  c o p p e r
s o i l s .

S i m i l a r l y  W ild  ( I 9 6 8 ) e s t a b l i s h e d  t h r e e  m ain  g r o u p s  
f o r  t h e  c l a s s i f i c a t i o n  o f  p l a n t  s p e c i e s  o b s e r v e d  o v e r  28 
R h o d e s i a n  c o p p e r  d e p o s i t s ;  1 .  P o l y c u p r o p h i t e s ,
2 .  C u p r o p h i l e s ,  3* E u c u p r o r e s i s t a n t .

The t e rm  " g u i d e  p l a n t s "  h a s  b e en  a d o p t e d  by 
J a c o b s e n  (19 6 8 )  f o r  s p e c i e s  i n d i c a t i v e  o f  r a n g e s  o f  c o p p e r  
v a l u e s  i n  t h e  s o i l s  w i t h i n  t h e  Mangula A r e a ,  R h o d e s i a .  The 
s p e c i f i c  i n d i c a t o r  v a l u e  i s  c a l c u l a t e d  f o r  e a c h  s p e c i e s  f ro m  
c o p p e r  s o i l  v a l u e s  i n  w h ic h  t h e  p l a n t  was o b s e r v e d .
V e l l o s l a  t o r m e n t o s a  was f o u n d  t o  be an  e x c e l l e n t  g u id e  t o  
s o i l s  c o n t a i n i n g  3OO -  1200 ppm. c o p p e r .
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The b i o g e o c h e m i c a l  method o f  p r o s p e c t i n g  h a s  b e e n  
s u c c e s s f u l  i n  l o c a t i n g  s e v e r a l  o r e  d e p o s i t s  (Malyuga,  196 4 )  
and  t h e  m ethod  i s  p a r t i c u l a r l y  s u i t e d  t o  a r e a s  where  o v e r 
b u r d e n  masks t h e  b e d r o c k .  I n  t h e s e  r e g i o n s  t h e  deep  r o o t e d  
p l a n t s  o f t e n  p e n e t r a t e  t h e  l a y e r  o f  o v e r b u r d e n  and d e r i v e  
t h e i r  n u t r i e n t s  f rom  t h e  s o i l s  and m i n e r a l  s o l u t i o n s  i n  c o n 
t a c t  w i t h  t h e  b e d ro c k .

The f u n d a m e n ta l  r e s e a r c h e s  i n  b i o g e o c h e m i s t r y  w e re  
c a r r i e d  o u t  i n  t h e  U . S . S . R .  and  Sweden by V . I .  V e rn ad sk y  
A .P .  V in o g ra d o v  and V.M. G o ld s c h m id t ,  d u r i n g  t h e  p e r i o d  
1930 -  1 9 4 0 , who r e c o g n i s e d  t h e  v a l u e  o f  p l a n t  a n a l y s e s  i n  
t h e  s e a r c h  f o r  b u r i e d  m i n e r a l  d e p o s i t s .  N.H. B r u n d in  and
S. P a l m q u i s t  a p p l i e d  b i o g e o c h e m i s t r y  i n  p r o s p e c t i n g  f o r  Cu,
Pb, N i ,  Mo and Sn i n  Sweden and E n g land  and  i n  1939 B r u n d i n  
was i s s u e d  a U .S .  p a t e n t  f o r  "A method o f  l o c a t i n g  m e t a l s  
and  m i n e r a l s  i n  t h e  g r o u n d " ,  w h ich  d e s c r i b e d  t h e  c o l l e c t i o n  
o f  v e g e t a t i o n  sam p le s  a l o n g  t r a v e r s e  l i n e s  f o r  c h e m ic a l  
a n a l y s e s  (NASA, I 9 6 8 ) .

I n  Canada b i o 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  were  p i o n e e r e d  
by H.V. W arren  and h i s  c o - w o r k e r s  f rom  1945  o n w a r d s , r e s u l t 
i n g  from  W a r re n s  o b s e r v a t i o n s  o f  r o o t  s y s te m s  p e n e t r a t i n g  
t h r o u g h  o v e r b u r d e n  w h ic h  was b e in g  removed f rom a n  a r e a  o f  
p o s s i b l e  m i n e r a l i z a t i o n .  The m a j o r i t y  o f  t h e  more r e c e n t  
r e s e a r c h e s  i n  b i o g e o c h e m i s t r y  have  b e e n  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  t h e  U . S . S . R . ,  Canada and  t h e  U .S .A .  and  
U n i v e r s i t y  d e p a r t m e n t s  t h r o u g h o u t  t h e  w o r l d  b u t  t h e  m ethod  
h a s  n o t  r e c e i v e d  w ide  a p p l i c a t i o n  by e x p l o r a t i o n  c o m p a n ie s .

From t h e  e a r l y  work and  s u b s e q u e n t  s t u d i e s  i t  was 
a p p a r e n t  t h a t  many f a c t o r s  a f f e c t  t h e  e l e m e n t a l  u p t a k e  by 
p l a n t s  and  t h e  a c c u m u l a t i o n  i n  p l a n t  t i s s u e s .  The more s i g 
n i f i c a n t  f a c t o r s  a r e ;  t h e  s p e c i e s  s e l e c t e d ,  t h e  p a r t  o f  t h e  
p l a n t  c o l l e c t e d  f o r  a n a l y s e s ,  t im e  o f  c o l l e c t i o n  i n  r e l a t i o n  
t o  g ro w in g  s e a s o n ,  t h e  r o o t i n g  h a b i t s  o f  t h e  s p e c i e s ,  n a t u r e  
and  t h i c k n e s s  o f  t h e  o v e r b u r d e n  and t h e  pH o f  t h e  s o i l .
O th e r  f e a t u r e s  such  a s  r a i n f a l l ,  s o i l  t e m p e r a t u r e ,  a s p e c t  o f  
t h e  l o c a t i o n  s i t e ,  d r a i n a g e  w i t h i n  t h e  s o i l s  and t h e  h e a l t h
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o f  t h e  p l a n t  have  a m in o r  s i g n i f i c a n c e  i n  b i g e o c h e m i s t r y  
and can  o f t e n  be e l i m i n a t e d  by s e l e c t i v e  s a m p l in g .

Many w o r k e r s  have  i n v e s t i g a t e d  t h e  v a r y i n g  l e v e l s  
o f  e l e m e n t s  i n  d i f f e r e n t  p l a n t  s p e c i e s .  R ob inso n  e t  a l  
(1 9 4 3 ) f o u n d  t h a t  h i c k o r y  l e a v e s  c o n t a i n  g r e a t e r  l e v e l s  o f  
t h e  r a r e  e a r t h  e l e m e n t s  t h a n  t h e  l e a v e s  o f  any  o t h e r  s p e c i e s  
s a m p le d .  W ar ren  and D e l a v a u l t  (1949)  showed t h a t  t h e  
t h r e s h o l d  l e v e l  f o r  c o p p e r  v a r i e d  w i t h  t h e  s p e c i e s  s a m p le d ,  
b e in g  12 ppm. ( d r y  w t . )  f o r  t h e  c o n i f e r s  and  40 ppm. f o r  t h e  
a l d e r s .  The b a c k g ro u n d  l e v e l s  o f  s e v e r a l  e l e m e n t s ,  i n c l u d i n g  
c o p p e r ,  a r e  l i s t e d  by B rooks  (1972)  f o r  more t h a n  100 common
l y  o c c u r r i n g  s p e c i e s  i n  C an ada ,  A u s t r a l i a  and New Z e a l a n d .  
Cannon ( I 9 6 O) l i s t s  t h e  mean c o p p e r  c o n t e n t  o f  f i v e  t y p e s  
o f  v e g e t a t i o n  g row ing  i n  u n m i n e r a l i z e d  g rou n d  a s  119 ,  I I 8 ,
2 2 3 , 249 and 133 ppm. ( a s h  w t . )  f o r  g r a s s e s ,  h e r b s ,  s h r u b s  
( l e a v e s ) ,  d e c i d u o u s  t r e e s  ( l e a v e s )  and  c o n i f e r s  ( n e e d l e s )  
r e s p e c t i v e l y .

The v a r i a t i o n  i n  t h e  e l e m e n t a l  c o n t e n t  o f  p l a n t  
s p e c i e s  w i t h  t h e  l e v e l s  i n  t h e  s o i l  h a s  a l s o  r e c e i v e d  d e t a i l e d  
s t u d i e s .  N i c o l l s  e t  a l  (19 6 5 )  i l l u s t r a t e  t h e  v a r y i n g  r e s p o n 
s e s  o f  s e v e r a l  s p e c i e s  t o  i n c r e a s i n g  c o n t e n t s  o f  Cu, Pb and 
Zn i n  t h e  s o i l .  Some s p e c i e s  a r e  a b l e  t o  l i m i t  t h e  u p t a k e  
o f  c e r t a i n  t o x i c  e l e m e n t s  w h e r e a s  i n  o t h e r s  t h e r e  i s  a  
g r a d u a l  i n c r e a s e  i n  t h e  e l e m e n t  c o n t e n t  o f  t h e  p l a n t  w i t h  
t h e  i n c r e a s i n g  e l e m e n t  l e v e l  i n  t h e  s o i l .  From t h e  a n a l y s i s  
o f  m a tu r e  t w i g s  o f  t r e e s  and  s h r u b s  c o l l e c t e d  o v e r  a n  a r e a  
o f  c o p p e r  m i n e r a l i z a t i o n  i n  R h o d e s i a ,  J a c o b s e n  ( I 9 6 8 ) fo u n d  
t h a t  t h e  v a r i o u s  s p e c i e s  f o l l o w e d  f o u r  m ain  t r e n d s  i n  t h e  
c o p p e r  c o n t e n t  o f  t h e  t w i g s  w i t h  i n c r e a s i n g  v a l u e s  i n  t h e  
s o i l ;  a )  s t e a d y  r e f u s a l  t h r o u g h o u t ,  b)  s low  i r r e g u l a r  
i n c r e a s e , ,  c )  q u i c k  u n d u l a t i n g  i n c r e a s e  t o  a  maximum t h e n  
r e f u s a l ,  d )  d e c r e a s i n g  u p t a k e .  The s p e c i e s  o f  g r o u p s  a )  
and  c )  w ou ld  be o f  no u s e  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  a s  
t h e  c o p p e r  l e v e l  o f  t h e  t w i g s  i s  e i t h e r  c o n s t a n t  o r  d e c r e a s e s  
w i t h  i n c r e a s i n g  c o p p e r  v a l u e s  i n  t h e  s o i l .

E x t e n s i v e  s t u d i e s  have  b e en  c a r r i e d  o u t  i n  m in in g  
d i s t r i c t s  and  u n m i n e r a l i z e d  r e g i o n s  o f  B r i t i s h  Columbia  t o  
d e t e r m i n e  t h e  m ost  s u i t a b l e  p a r t  o f  t h e  p l a n t  f o r  b i o g e o -
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c h e m ic a l  work w i t h  r e g a r d  t o  t h e  m e ta l  c o n t e n t ,  c o n s i s t e n c y  
o f  v a l u e s  and  s t r o n g e s t  a n o m a l i e s  p r o d u c e d .  The i n i t i a l  work 
o f  W arren  and  Howatson (1 9 4? )  showed t h a t  t h e  f r u i t s ,  b u d s ,  
l e a v e s  and n e e d l e s  had a g r e a t e r  co p p er  c o n t e n t  t h a n  t h e  
t w i g s ;  t h e  b a r k  and young t w i g s  c o n t a i n e d  more c o p p e r  t h a n  
t h e  o l d  wood,  w h ich  was v e r y  low i n  m i n e r a l  c o n t e n t ,  and  t h a t  
t h e  g r e e n  m a t e r i a l  showed a much w id e r  v a r i a t i o n  i n  c o p p e r  
c o n t e n t .  They s u g g e s t e d  t h a t  t h e  most p r a c t i c a l  p a r t  o f  t h e  
p l a n t  f o r  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  was t h e  t w i g s  o f  3 -  & mm, 
i n  d i a m e t e r .  I n  more r e c e n t  work W arren  (1962)  i n d i c a t e s  
t h a t  t h e  l e a v e s  show a v e r y  wide s e a s o n a l  v a r i a t i o n  i n  c o p p e r  
and t h a t  t h e  young t w i g s  o f  t h e  p r o c e e d i n g  y e a r s  g ro w th  g i v e  
t h e  b e s t  r e s u l t s .  The a n a l y s e s  a l s o  showed t h a t  t h e r e  was 
no s i m p l e  r e l a t i o n s h i p  b e tw e e n  t h e  c o p p e r  c o n t e n t  o f  t h e  
l e a v e s ,  1 s t .  o r  2nd .  y e a r  t w i g s  o r  o t h e r  p a r t s  o f  t h e  p l a n t .

S a m p l in g  o f  t h e  l e a v e s  o r  f r u i t s  h a s  t h e  d i s a d v a n t a g e  
t h a t  t h e s e  p a r t s  a r e  o n l y  a v a i l a b l e  f o r  a l i m i t e d  p e r i o d  
t h r o u g h o u t  t h e  y e a r  and w ide  s e a s o n a l  v a r i a t i o n s  i n  t h e  
e l e m e n t  c o n t e n t ,  u s u a l l y  i n c r e a s i n g  up  t o  e x f o l i a t i o n ,  have  
b e en  r e c o r d e d .  M. Guha (B ro o k s ,  1972) s t u d i e d  t h e  v a r i a t i o n  
o f  n i n e  e l e m e n t s  i n  t h e  l e a v e s  o f  l 8  t r e e  s p e c i e s  t h r o u g h o u t  
a t w e l v e  m onth  p e r i o d  and fo u n d  i n c r e a s e s  i n  B, Fe and îki 
d u r i n g  t h e  g row ing  s e a s o n  w h e re a s  t h e  l e v e l s  o f  Cu, Ko and 
Zn d e c r e a s e d  i n  many c a s e s .  I n  New Z e a la n d  where  t h e r e  i s  
a t w e lv e  m onth  g rowing  s e a s o n  t h e  e le m e n t  c o n t e n t  o f  t h e  
l e a v e s  o f  e v e r g r e e n s  i s  much more c o n s i s t e n t  t h r o u g h o u t  t h e  
y e a r .

The rooting habit of a species will have a marked 
effect on the uptake of minor elements, especially in areas 
of overburden, and may be a deciding factor in the selection 
of a species for biogeochemical prospecting. Phreatophytic 
species derive their moisture from the zone of saturation 
below the water table and in arid areas these species often 
have a deeply penetrating tap root. Xerophytic species 
depend on surface water from rainfall and usually have a 
widely spreading lateral root system which effectively samples 
a large area around the base of the plant.

A lth o u g h  the  r o o t  sys tem s may p e n e t r a t e  d e e p ly  i n t o
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t h e  s u r f i c i a l  m a t e r i a l  t h e  n a t u r e  and d e p t h  o f  t h e  o v e r 
b u r d e n  can  s e v e r e l y  r e s t r i c t  t h e  s u c c e s s f u l  a p p l i c a t i o n  o f  
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 .  Impermeable  c l a y s  i n  g l a c i a l  
d e p o s i t s  g r e a t l y  r e s t r i c t  t h e  upward m i g r a t i o n  o f  m e t a l s  i n  
s o l u t i o n  and F o r t e s c u e  and Hornbrook (W olfe ,  1971)  fo un d  
t h a t  v e g e t a t i o n  sam ples  c o l l e c t e d  o v e r  t h e  -Texas G u lf  S u l p h u r  
Cu-Fb-Zn-Ag d e p o s i t  a t  Timmins O n t a r i o ,  masked by 6 -  20 m. 
o f  v a r v e d  l a c u s t r i n e  c l a y s ,  gave c o n s i s t e n t l y  n e g a t i v e  
r e s u l t s .  W olfe  s u g g e s t s  t h a t  b i o g e o c h e m i s t r y  would be m ost  
e f f e c t i v e  i n  a r e a s  o f  p e rm e a b le  g round  m o r a i n e ,  where  c o a r s e  
sa n d y  t i l l s  a l l o w  maximum d i s p e r s i o n  by m e t a l  b e a r i n g  g ro u nd  
w a t e r s .

The pH o f  t h e  s o i l s  c an  have  a s i g n i f i c a n t  e f f e c t  on 
t h e  a v a i l a b i l i t y  o f  e l e m e n t s  f o r  u p t a k e  by p l a n t s  and  W arren  
and Howatson  (194-7) r e p o r t  t h a t  much lo w e r  c o p p e r  v a l u e s  
i n  v e g e t a t i o n  may be s i g n i f i c a n t  i n  n e u t r a l  t o  a l k a l i n e  s o i l s ,  
However p r o v i d e d  t h a t  t h e  r a n g e  o f  pH i n  t h e  s o i l s  o f  t h e  
s u r v e y  a r e a  i s  n o t  t o o  g r e a t  t h e  b i o g e o c h e m i c a l  r e s u l t s  w i l l  
n o t  be s e r i o u s l y  a f f e c t e d .

Sample  c o l l e c t i o n ,  p r e p a r a t i o n  and  a n a l y s i s  p r o v i d e d  
many p r o b le m s  f o r  t h e  e a r l y  w o r k e r s  i n  b i o g e o c h e m i s t r y  and 
a r e  o f t e n  g i v e n  a s  a  s e r i o u s  drawback i n  i t s  a p p l i c a t i o n  t o  
e x p l o r a t i o n ,  b h i t e  (1950)  s t a t e s  t h a t  t h e  ano m a lou s  v a r i a 
t i o n  f o r  c e r t a i n  s p e c i e s  was w i t h i n  t h e  l i m i t s  o f  e x p e r i m e n 
t a l  e r r o r  a n d  f i e l d  a n a l y t i c a l  t e c h n i q u e s  u s e d  by W arren  e t  
a l  (1 9 4 9 ) showed a v a r i a t i o n  o f  u p t o  + 50%. Advances  i n  
a n a l y t i c a l  e q u ip m e n t  w i t h  im proved  p r e c i s i o n  have  g r e a t l y  
a l l e v i a t e d  t h e s e  p ro b lem s  and t h e  s t a g e s  i n  b i o g e o c h e m i c a l  
a n a l y s e s  u s u a l l y  c o n s i s t  o f  a s h i n g  p l a n t  m a t e r i a l  i n  a t h e r 
m o s t a t i c a l l y  c o n t r o l l e d  m u f f l e  f u r n a c e ,  a c i d  d i g e s t i o n  o f  
p l a n t  a s h ,  and  e le m e n t  d e t e r m i n a t i o n  by  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 .  D i g e s t i o n  o f  d r y  p l a n t  m a t e r i a l  by s t r o n g  
a c i d s  i s  a l s o  u s e d  and m u l t i - e l e m e n t  a n a l y s i s  can  be c a r r i e d  
o u t  on p l a n t  a s h  by X - r a y  f l u o r e s c e n c e  o r  e m i s s i o n  s p e c t r o -  
g r a p h y .

I t  i s  a p p a r e n t  t h a t  d e t a i l e d  o r i e n t a t i o n  s t u d i e s  a r e  
a n e c e s s a r y  p r e l i m i n a r y  s t a g e  t o  t h e  a p p l i c a t i o n  o f  b i o g e o 
c h e m i s t r y  i n  e x p l o r a t i o n  f o r  m i n e r a l  d e p o s i t s .  The s t u d i e s
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s h o u ld  d e t e r m i n e  i n  p a r t i c u l a r  t h e  most  f a v o u r a b l e  s p e c i e s  
f o r  s a m p l i n g  and t h e  b e s t  p a r t  o f  t h e  p l a n t  t o  c o l l e c t  f o r  
a n a l y s i s .  Fo r  r e g i o n a l  s c a l e  p r o j e c t s  s e a s o n a l  and e n v i r o n 
m e n t a l  f a c t o r s  sh o u ld  be c o n s i d e r e d  i n  t h e  i n t e r p r e t a t i o n  
o f  b i o g e o c h e m i c a l  r e s u l t s .

The method a p p e a r s  t o  have t h e  g r e a t e s t  u s e  i n  a r e a s  
o f  t r a n s p o r t e d  o v e r b u r d e n  where  c h e m ic a l  a n a l y s i s  o f  t h e  d eep  
r o o t e d  s p e c i e s  c o u ld  be e x p e c t e d  t o  r e f l e c t  t h e  b e d r o c k  g e o 
c h e m i s t r y  and  i n d i c a t e  a r e a s  o f  m i n e r a l i z a t i o n .
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P a r t  I I

THE WITVLEI AREA

C h a r t e r  4

THE PHYSICAL BACKGROUND

G e o lo ry

The s e v e n  fa rm s  o f  t h e  W i t v l e i  C o n c e s s io n  l i e  
w i t h i n  t h e  HE -  SV/ t r e n d i n g  b e l t  o f  t h e  D o r d a b i s  S y s tem ,  
Tsum.is and  E u s c h m a n n s k l ip p e  F o r m a t io n s  ( F i g .  1 ) .  S e e g e r  
and S c h a lk  ( 1 9 6 ? )  c a r r i e d  o u t  r e g i o n a l  mapping i n  t h i s  a r e a  
and d e f i n e d  t h e  b o u n d a r i e s  and  s t r u c t u r e  o f  t h e  m ain  f o r m a 
t i o n s ,  g r o u p i n g  t h e  r o c k s  w i t h  t h e  Opdam, D o o r n p o o r t ,  K am tsas  
and B u s c h m a n n s k l ip p e  f o r m a t i o n s .

A more d e t a i l e d  p h o t o g e o l o g i c a l  i n t e r p r e t a t i o n  o f  
t h e  r e g i o n  was co m p i led  by J a r s k i e  (19&9) f o r  t h e  A n g l o v a a l   ̂
Company and t h i s  i s  i n c o r p o r a t e d  i n  t h e  g e o l o g i c a l  map o f  
t h e  W i t v l e i  A rea  ( F i g .  3)* F o l lo w in g  t h e  d i v i s i o n s  s u g g e s t e d  
by Toens ( 1 9 7 0 ) ,  f o r  t h i s  p r e - c a m b r i a n  b e l t  o f  v o l c a n i c s  and-  
m e t a - s e d i m e n t s  t h e  W i t v l e i  s u c c e s s i o n  i s  a s s i g n e d  t o  t h e  
Opdam-Skumok, W i t v l e i  and  B u sc h m an n sk l ip p e  F o r m a t io n s  o f  t h e  
D o r d a b i s ,  Tsum is  and Nama Sys tem s r e s p e c t i v e l y .

The s e r i e s  o f  p r e d o m i n a n t l y  v o l c a n i c  r o c k s  o f  t h e  
Opdam-Skumok F o r m a t i o n  o c c u r  i n  t h e  w e s t e r n  s e c t i o n  o f  t h e  
fa rm  O k a t j e p u i k o  and e x t e n d  i n t o  n o r t h e r n  E sk a d ro n  and  
O k a t j i r u t e  W es t .  The v o l c a n i c s  fo rm  a domal  s t r u c t u r e  
e l o n g a t e d  a l o n g  a NE -  SW a x i s  and  a r e  o v e r l a i n  by and 
f a u l t e d  a g a i n s t  r o c k s  o f  t h e  Tsumis F o r m a t i o n .  T h ree  s u b 
d i v i s i o n s  o f  t h e  Opdam-Skumok a r e  r e c o g n i s e d  i n  t h i s  a r e a
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b u t  b e c a u s e  o f  t h e  s c a t t e r e d  n a t u r e  o f  t h e  o u t c r o p s  an d  t h e  
e x t e n s i v e  c o v e r  o f  c a l c r e t e  and s a n d  t h e  i n t e r - r e l a t i o n s h i p s  
h av e  n o t  b e e n  d e t e r m i n e d .

V o l c a n i c  and  m e t a - s e d i m e n t a r y  r o c k s  a r e  e x p o s e d  
a r o u n d  t h e  e d g e s  o f  a  l a r g e  pan  on O l ^ t j e p u i k o  ( P l a t e  1 7 ) .  
The l a v a s  c o n s i s t  o f  b l a c k  e p i d o t i s e d  b a s a l t s ^  i n t e r b e d d e d  
w i t h  a r e n a c e o u s  s e d i m e n t s ,  s e d i m e n t a r y  b r e c c i a s  a n d  t u f f s .  
M a l a c h i t e  and  s p e c u l a r i t e  o c c u r  f r e q u e n t l y  i n  t h e  b a s a l t s .  
S u r r o u n d i n g  t h e  b a s i c  v o l c a n i c s  a r e  s c a t t e r e d  o u t c r o p s  o f  
a c i d  p o r p h y r i e s  and  g r a n i t i c  r o c k s  and  on t h e  b o u n d a ry  o f  
O l i a t j c p u i k o  an d  O k a t j i r u t e  West s e v e r a l  o u t c r o p s  o f  d i o r i t e  
a r e  p r e s e n t .

Seeger and Schalk (1967) indicate that the Opdam 
series of basic volcanics also occurs to the north of this 
region and forms a much more extensive and continuous IŒ - 
SV/ belt.

Trending north-eastwards across the central part of 
the concession is a series of meta-sediments, consisting 
mainly of conglomerates, cuartzites and shales which form 
the Tsumis A and B of the V/itvlei Formation. As discussed 
in Chapter 2 this sequence is possible equivalent to the 
three lower stages of the Tsumis outlined by Handley (1963) 
and forms the Doornpoort Formation as mapped by Seeger and 
Schalk.

The r o c k s  d i p  a t  a n g l e s  from 33  -  70 d e g r e e s  a r o u n d  
t h e  v o l c a n i c  s e q u e n c e  b u t  f o r  t h e  m a jo r  p a r t  o f  t h e  b e l t  t h e  
s t r a t a  a r e  s t e e p l y  d i p p i n g  t o  v e r t i c a l  an d  o v e r t u r n e d  b e d s  
o c c u r  i n  s e v e r a l  p l a c e s .  I n  t h e  Copper Causeway and  Pos  
a r e a s  t h e r e  i s  e x l d e n c e  o f  t i g h t  i s o c l i n a l  f o l d i n g  a n d  a  
l a r g e  s ^ u i c l i n e  i s  a p p a r e n t  from t h e  s t r u c t u r a l  l i n e a t i o n s  
on t h e  farm  E s k a d r o n .

The c o n g l o m e r a t e s  o f  t h e  Tsumis A wrap  a r o u n d  t h e  
s o u t h e r n  p a r t  o f  t h e  Opdam -  Skumok F o r m a t io n  i n  n o r t h e r n  
E s l iad ron  an d  O k a t j i r u t e  W e s t .  The p e b b l e s  o f  t h e  c o n g lo m e r 
a t e  i n  t h e  M a l a c h i t e  Pan  a r e a  ( F i g .  3 )  a r e  s u b - a n g u l a r  t o  
r o u n d e d  and  v a r y  i n  s i z e  t o  a  maximum d i a m e t e r  o f  10 cm.
They c o n s i s t  o f  q u a r t z i t e s ,  s i l t s t o n e s  and a r g i l l i t e s ,  d a r k  
c o l o u r e d  m a f i c  v o l c a n i c s  a n d  q u a r t z  and  f e l d s p a r  p o r p h y r i e s .
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O t h e r  c o n g l o m e r a t e s ,  s i m i l a r  i n  c o m p o s i t i o n  and 
a p p e a r a n c e  t o  t h o s e  o f  t h e  M a l a c h i t e  Pan A r e a ,  fo rm  d i s 
t i n c t  o u t c r o p s  t o  t h e  n o r t h  o f  t h e  Copper Causeway and i n  
t h e  Pos A rea  (Fig* 3 S e c t i o n  AEG). The b r o a d  o u t c r o p s  o f  
c o n g l o m e r a t e  i n  t h e s e  tv;o a r e a s  may be e q u i v a l e n t  t o  Tsum is  A 
o r  r e p r e s e n t  d i s t i n c t  f a c i e s  changes  d u r i n g  Tsumis B s e d i 
m e n t a t i o n *

The Tsumis E s e r i e s  e x t e n d s  o v e r  m ost  o f  E s k a d ro n  
G r ü n e n t a l ,  O k a t j i r u t e  West and p a r t s  o f  O k a t j e p u ik o  and  
Daheira* The m a jo r  p a r t  o f  t h e  s e d i m e n ta r y  s e q u en c e  c o n s i s t s  
o f  c a l c a r e o u s  and f e l d s p a t h i c  s a n d s t o n e s ,  w i t h  m in o r  h o r i z o n s  
o f  i n t e r b e d d e d  s i l t s t o n e s ,  l i m e s t o n e s  and c a l c a r e o u s  a r g i l l 
i t e s .  The c o p p e r  m i n e r a l i z a t i o n  o f  t h e  M a l a c h i t e  Pan ,
Copper  Causeway and Pos a r e a s  o c c u r  w i t h i n  t h i s  s t a g e *

I n  n o r t h - w e s t e r n  E s k a d ro n  and t o  t h e  w e s t  o f  t h e  Pos 
a r e a  t h e  q u a r t z i t e s  form low h i l l s  o r  r i d g e s  w h ic h  r a n g e  i n  
e l e v a t i o n  f rom  10 -  30 m e t r e s  above t h e  g e n e r a l  l e v e l  o f  t h e  
t e r r a i n .  T r a v e r s e s  a c r o s s  t h e  o u t c r o p s  i n  t h e s e  a r e a s  show 
a m ono tonous  s u c c e s s i o n  o f  h a r d ,  w e l l  bedded  q u a r t z i t e s  w i t h  
o c c a s i o n a l  b a nd s  o f  g r i t  and p e b b le  w a s h e s .  C r o s s - b e d d i n g  
and h e a v y  m i n e r a l  l a y e r s  a r e  p a r t i c u l a r l y  w e l l  marked w i t h i n  
t h i s  s e q u e n c e .

M i c r o s c o p i c  i n v e s t i g a t i o n s  by Ross ( 1 9 6 8 ) ,  A n h a e u s s e r  
an d  B u t t o n  (1969)  showed t h a t  q u a r t z  was by f a r  t h e  m ost  
a b u n d a n t  c l a s t i c  m i n e r a l ,  f o l l o w e d  i n  i m p o r t a n c e  by f e l d s p a r s  
and  c a r b o n a t e s .  The g r a i n  s i z e  o f  t h e  c o n s t i t u e n t s  v a r i e s  
f ro m  0 .01  -  0 . 4 0  mm. w i t h  a n  a v e r a g e  d i a m e t e r  o f  O.OB mm.
The m a t r i x  o f  t h e  q u a r t z i t e s  c o m p r i s e s  o f  q u a r t z ,  c a r b o n a t e s  
and  c l a y  m i n e r a l s .  I n  some s a n d s t o n e s  t h e  c a r b o n a t e  c o n t e n t  
i s  m in o r ,  w h e r e a s  i n  o t h e r s  i t  forms t h e  m ain  c e m e n t in g  
m a t e r i a l .  F r a c t u r e s  and  c r a c k s  a r e  u s u a l l y  f i l l e d  w i t h  
c a l c i t e  b u t  n e a r  z o n e s  o f  movement v e i n  q u a r t z  i s  p r e s e n t .

The s i l t s t o n e s  have  a n  i d e n t i c a l  m i n e r a l  a s s e m b la g e  
t o  t h e  s a n d s t o n e s  and q u a r t z i t e s ,  b u t  a much f i n e r  g r a i n  s i z e  
and  f a l l  w i t h i n  t h e  s i l t  c a t e g o r y  o f  P e t t i j o h n  ( A n h a e u s s e r  
and  B u t t o n ,  1 9 6 9 ) .  They c o n s i s t  o f  d e n s e l y  p a ck e d  d e t r i t a l  
g r a i n s  o f  q u a r t z  and f e l d s p a r ,  cemented by c l a y  and  c a r b o n a t e
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m i n e r a l s .

The s a n d s t o n e s  and s i l t s t o n e s  show g r a d a t i o n s  i n t o  
i m p u r e ,  and i n  some c a s e s  p u r e ,  l i m e s t o n e s .  The im pure  
l i m e s t o n e s  c o n s i s t  o f  v a r i a b l e  amounts  o f  d e t r i t a l  q u a r t z  
and f e l d s p a r  g r a i n s  cem ented  by c a r b o n a t e .  C o n t o r t e d  l i m e 
s t o n e  b a n d s  o c c u r  i n  t h e  s u c c e s s i o n  and may r e p r e s e n t  a l g a l  
s t r u c t u r e s .

The t e rm  c a l c a r e o u s  a r g i l l i t e  was a d o p te d  by 
A n h a e u s s e r  and  B u t to n  f o r  t h e  copper  b e a r i n g  s e d i m e n t s  i n  
t h e  W i t v l e i  A r e a .  The r o c k s  c o n s i s t  o f  t h r e e  p h a s e s ;  s i l t  
s i z e d  d e t r i t a l  f r a g m e n t s ,  s i l t  and c l a y  s i z e d  f r a g m e n t s  o f  
p h y l l o s i l i c a t e s  and c a r b o n a t e .  The d e t r i t a l  p h ase  u s u a l l y  
c o m p r i s e s  jOys o f  t h e  r o c k  and i s  composed m a i n l y  o f  q u a r t z  
p l a g i o c l a s e  and  m i c r o c l i n e .  Graded s t r u c t u r e :  a r e  p r e s e n t  i n  
t h e  c a l c a r e o u s  a r g i l l i t e  t o g e t h e r  w i t h  c r o s s - b e d d i n g  m i c r o 
f o l d s  and m i c r o f a u l t s .  The c l a y  f r a c t i o n  o f  t h e  r o c k  h a s  
r e c r y s t a l l i z e d  t o  a m i x t u r e  o f  f i n e  g r a i n e d  s e r i c i t e ,  c h l o r i t e  
and  p o s s i b l y  p y r o p h y l l i t e .  A c a r b o n a t e  cement i s  n e a r l y  
a lw a y s  d e v e l o p e d  and c a l c i t e  i s  t h e  d om inan t  m i n e r a l .

A s t u d y  o f  6 ?  p o l i s h e d  s e c t i o n s  o f  m i n e r a l i z e d  
c a l c a r e o u s  a r g i l l i t e  ( /u ah a eu s se r  and B u t t o n ,  1969)  showed 
t h a t  c h a l c o c i t e ,  c h a l c o p y r i t e  and b o r n i t e  a r e  by f a r  t h e  most  
i m p o r t a n t  c o p p e r  b e a r i n g  m i n e r a l s  fo rm in g  an  a v e r a g e  o f  1.4-0, 
0 , 5 1  and 0 . 5 0  volume p e r c e n t  r e s p e c t i v e l y .  I n  a d d i t i o n  t o  
t h e s e  m i n e r a l s  c o v e l l i t e ,  d i g e n i t e ,  p y r i t e ,  c u p r i t e ,  m a l a 
c h i t e  and  n a t i v e  c o p p e r  w ere  o b s e r v e d  i n  t h e  s e c t i o n s  and  
c h r y s o c o l l a  ana  a z u r i t e  w e re  n o t e d  i n  t h e  sam p le s  f rom  t r e n c h  
s e c t i o n s .  Most o f  t h e  sa m p le s  c o n t a i n e d  i r o n  o x i d e s  and  

c a r b o n a t e s .
The o r e  m i n e r a l s  o c c u r  a s  d i s c r e t e  g r a i n s ,  m a s s i v e  

s u l p h i d e  a g g r e g a t e s ,  pseudom orphs  a f t e r  o t h e r  m i n e r a l s  and  
f i l l i n g s  i n  c r a c k s  an d  v e i n s .  Measurement o f  t h e  g r a i n s  
showed a w ide  v a r i a t i o n  f rom  a maximum o f  125  m ic r o n s  down 
t o  1 m i c r o n ,  w i t h  a m ed ian  g r a i n  s i z e  o f  4  -  8 m i c r o n s ,

A summary o f  t h e  a n a l y s e s  o f  58 o r e  sp e c im e n s  f ro m  
t h e  P o s ,  Copper  Causev:ay and  M a l a c h i t e  Fan a r e a s  i à  show-n i n  

T a b le  6 ,
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E lem en t Mean C o n te n t Range o f  v a l u e s

Copper 1.75%
- - S i l v e r 4 . 2 8  dwt. 0 .7 4  -  1 7 .3 6

Z in c 94 ppm. -

I r o n 1.95% 0 . 9 5  -  4 .4 9
C o b a l t 11 ppm. 0 - 1 + 5
N i c k e l 34 ppm. 15 -  80
Lead 18 ppm. 0 - 8 0

T a b le  6 .  Chem ica l  a n a l y s e s  o f  58 o re  s a m p le s  f rom  
t h e  V / i t v l e i  A r e a .  (A n h aeusse r  and  B u t t o n ,  
1 9 6 9 ) .

A n h a e u s s e r  and  B u t t o n  c o n c lu d e d  t h a t  o n l y  c o p p e r  and  
s i l v e r  a r e  c o n c e n t r a t e d  i n  t h e  V / i tv l e i  o r e s  and  t h a t  Zn,  F e ,  
Co, Ni and  Pb c o n c e n t r a t i o n s  a r e  s i m i l a r  t o  t h e  v a l u e s  q u o t e d  
by T u r e k i a n  and V/edepohl f o r  a n  a v e r a g e  s h a l e  and  a v e r a g e  
c a r b o n a t e .

A c r o s s  t h e  s o u t h e r n  p a r t  o f  t h e  V / i t v l e i  t o w n l a n d s ,  
O k a t j i r u t e ,  i s  a s e r i e s  o f  p i n k ,  f e l d s p a t h i c  q u a r t z i t e s  i n  
w h ic h  g r i t  b a n ds  and p e b b l e  beds  a r e  l o c a l l y  p r e s e n t .  The 
r o c k s  s t r i k e  NS -  SV/ and  d i p  s t e e p l y  t o  t h e  n o r t h  i n  t h e  
e x p o s u r e s  a l o n g  t h e  s o u t h e r n  m arg in  o f  t h e  Nossob R i v e r .
T h i s  s e r i e s  fo rm s  t h e  Tsumis C o f  t h e  V / i t v l e i  F o r m a t i o n  and  
was g ro u p e d  w i t h  t h e  Kam tsas  by Se e g er  and  S c h a l k .  T h i s  
u p p e r  s t a g e  o f  t h e  Tsumis i s  much more e x t e n s i v e  t o  t h e  
s o u t h  o f  t h e  V / i t v l e i  A rea  and may form t h e  c o v e r  t o  a b r o a d  
s y n c l i n e  o f  Tsumis s e d i m e n t s  i n  which  t h e  D o r d a b i s  -  V / i t v l e i  
b e l t  fo rm s  t h e  n o r t h e r n  l i m b .

The b a se  o f  t h e  B u sc h m ann sk l ipp e  F o r m a t i o n ,  o f  t h e  
Nama S y s tem ,  i s  r e p r e s e n t e d  by a s e r i e s  o f  r e d d i s h  brown 
q u a r t z i t e s ,  g r i t s  and c o n g lo m e r a t e s  w h ic h  form t h e  p r o m i n e n t  
NE -  SW f e a t u r e  o f  t h e  V / i t v l e i  Berg .  The p e b b l e s  and  
b o u l d e r s  i n  t h e  c o n g lo m e r a t e  a r e  w e l l  ro u n d e d  and  c o n s i s t  
m a i n l y  o f  w h i t e  v e i n  q u a r t z  and p in k  q u a r t z i t e s .  The q u a r t z -  
i t e  h o r i z o n s  i n  t h e  s e r i e s  show e v id e n c e  o f  c o n s i d e r a b l e
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m e ta m o rp h ic  r e c r y s t a l l i z a t i o n  (A n h a eu s se r  and  B u t t o n ,  I 9 6 9 ) 
w i t h  s u t u r e d  g r a i n s  i n t e r l o c k i n g  and w e ld ed  i n t o  m a s s iv e  
q u a r t z i t e .

The a r e n a c e o u s  f a c i e s  i s  f o l l o w e d  by a s e r i e s  o f  
l i m e s t o n e s ,  d o l o m i t e s  and s h a l e s  w h ich  a r e  e x p o se d  on t h e  
f a rm  G r ü n e n t a l  and a l o n g  t h e  n o r t h e r n  s i d e  o f  t h e  V / i t v l e i  
B e rg .

The n o r t h e r n  c o n t a c t  o f  t h e  B u sc h m a n n s k l ip p e  i s  
l a r g e l y  masked by s u p e r f i c i a l  g r a v e l s ,  s a n d  and  c a l c r e t e ,  
b u t  t h e r e  i s  e v i d e n c e  o f  a f a u l t  c o n t a c t  w i t h  t h e  Tsumis B 
on t h e  f a rm  G r ü n e n t a l  ( F i g .  3 ) where  s h a l e s  and  d o l o m i t e s  
o f  t h e  B u s c h m a n n s k l ip p e  a r e  s t r o n g l y  c o n t o r t e d  and  v e i n e d  
by q u a r t z .

O v e rb u rd en
I n  t h e  g r e a t e r  p a r t  o f  t h e  V / i t v l e i  A re a  o v e r b u r d e n  

o f  s a n d ,  g r a v e l  and c a l c r e t e ,  r a n g i n g  i n  t h i c k n e s s  u p t o  t e n s  
o f  m e t r e s ,  masks  t h e  b e d r o c k .  The p e r c e n t a g e  o f  o u t c r o p  i s  
s m a l l  and  t h e  m ain  f e a t u r e s  o f  ex p o sed  b e d r o c k  a r e  t h e  r i d g e s  
o f  c o n g l o m e r a t e  f o rm in g  t h e  V / i t v l e i  Berg  and t h e  h i l l s  o f  
q u a r t z i t e  on E s k a d ro n  and  t o  t h e  w e s t  o f  t h e  Pos a r e a .

F i g u r e  4 shows t h e  r e s u l t s  o f  a  s e i s m o g r a p h  s u r v e y  
c a r r i e d  o u t  i n  o r d e r  t o  d e t e r m i n e  t h e  d e p t h  and  e x t e n t  o f  
t h e  o v e r b u r d e n  t h r o u g h o u t  t h e  c o n c e s s i o n .  R e a d in g s  w ere  
t a k e n  a t  h a l f  k i l o m e t r e  i n t e r v a l s  a lo n g  t h e  r o a d s ,  f a rm  
b o u n d a r i e s  and  f e n c e  l i n e s  and  t h e  r e s u l t s  have  b e e n  g r o u p e d  
i n  5 m e t r e  d e p t h  i n t e r v a l s  f o r  F i g .  4 .

The w e s t e r n  p a r t  o f  t h e  c o n c e s s i o n  h a s  a  r e l a t i v e l y  
s h a l l o w  c o v e r  o f  o v e r b u r d e n  w h e r e a s  i n  t h e  s o u t h e r n  and 
e a s t e r n  s e c t i o n s ,  c o v e r i n g  O k a t j i r u t e ,  O k a t j i r u t e  E a s t  and  
Daheim, o v e r b u r d e n  i n  e x c e s s  o f  10 m e t r e s  i s  i n d i c a t e d  o v e r  
l a r g e  a r e a s .  The n a r r o w  NS t r e n d i n g  s t r i p  o f  0 -  5 m. o v e r 
b u r d e n  e x t e n d i n g  t h r o u g h  t h e  e a s t e r n  r e g i o n  o u t l i n e s  t h e  
o u t c r o p p i n g  r i d g e  o f  c o n g lo m e r a t e  o f  t h e  W i t v l e i  B e rg .

To t h e  s o u t h  o f  W i t v l e i ,  where  t h e  o v e r b u r d e n  e x c e e d s  
10 m. and  t h e  maximum r e c o r d e d  d e p t h  i s  30 m . , t h e  a r e a  i s  
c h a r a c t e r i s e d  by K a l a h a r i  s a n d s .  A c c u m u l a t i o n s  o f  sand  a r e  
a l s o  p r e s e n t  a lo n g  t h e  s o u t h e r n  s i d e  o f  t h e  V / i t v l e i  Berg 
where  a r e a s  o f  d e e p e r  o v e r b u r d e n  a r e  i n d i c a t e d .  Most o f
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F i g .  k T h ic k n e s s  o f  o v e r b u r d e n  r e c o r d e d  f ro m  a 
s e i s m i c  s u r v e y  o f  t h e  V / i t v l e i  A re a .

(The f i g u r e  i s  a s i m p l i f i e d  v e r s i o n  o f  t h e  
s e i s m i c  map p ro d u c e d  by  A n g lo v a a l  
g e o l o g i s t s .  )
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Daheim and  t h e  e a s t e r n  p a r t  o f  O k a t j i r u t e  E a s t  where  t h e  
o v e r b u r d e n  i s  5 -  10 m. i s  a l s o  c h a r a c t e r i s e d  by s u r f a c e  
K a l a h a r i  s a n d s .  T h ro u g h o u t  t h i s  a r e a  c a l c r e t e  r i d g e s ,  
f o l l o w i n g  t h e  IBS -  SW t r e n d  o f  t h e  b e d r o c k ,  p r o t r u d e  t h r o u g h  
t h e  sand  c o v e r  and may i n d i c a t e  t h a t  c a l c r e t e  i s  more w i d e 
s p r e a d  b e n e a t h  t h e  sand fo r m in g  t h e  m a jo r  p a r t  o f  t h e  o v e r 
b u r d e n .

 ̂ The d e e p e r  o v e r b u r d e n  o f  O k a t j i r u t e  E a s t ,  o v e r  10 m . , 
i s  due a l m o s t  e n t i r e l y  t o  c a l c r e t e  a s  t h e r e  i s  l i t t l e  s a n d  
o r  s o i l  c o v e r  i n  t h i s  a r e a .  Most o f  t h e  p a n s  and d r a i n a g e  
f e a t u r e s  a r e  f l o o r e d  by c a l c r e t e  and  e x p o s u r e s  o f  1 - 2  m e t r e s  
o f  c a l c r e t e  a r e  common a ro u n d  t h e  e d g es  o f  t h e  p a n s  ( P l a t e  5), 
A maximum o f  3 6 . 5  m. o f  o v e r b u r d e n  i s  r e c o r d e d  on a t r a v e r s e  
a l o n g  t h e  s o u t h e r n  b o u n d a ry  f e n c e  o f  O k a t j i r u t e  E a s t .

E x t e n d i n g  n o r t h w a r d s  f rom t h e  W i t v l e i  B e rg ,  on 
G r ü n e n t a l  and  O k a t j i r u t e ,  t h e  o v e r b u r d e n  i n c r e a s e s  r a p i d l y  
and  g e n e r a l l y  exceeds 10 ra. E x p o su re s  i n  r o a d - m e t a l  p i t s  
i n  t h i s  r e g i o n  show t h a t  t h e  o v e r b u r d e n  c o n s i s t s  o f  s u r f a c e  
g r a v e l s  o f  r o u n d e d  q u a r t z  and  q u a r t z i t e  p e b b l e s  r e s t i n g  on 
c a l c r e t e .  On t h e  f a rm s  G r ü n e n t a l ,  E s k a d ro n  and  O k a t j i r u t e  
West  t h e r e  a r e  l a r g e  a r e a s  where  t h e  o v e r b u r d e n  i s  e x t r e m e l y  
s h a l l o w  and  c o n s i s t s  o f  l e s s  t h a n  one m e t r e  o f  sand y  s o i l .
I n  t h e s e  a r e a s  i n t e r m i t t e n t  o u t c r o p s  o f  t h e  more r e s i s t a n t  
q u a r t z i t e s  and  g r i t s  o c c u r .  There  a r e  how ever  t h r e e  d i s t i n c t  
a r e a s  o f  d e e p e r  o v e r b u r d e n  i n  t h e  w e s t e r n  p a r t  o f  t h e  c o n 
c e s s i o n .  I n  n o r t h e r n  O k a t j i r u t e  West and  e x t e n d i n g  i n t o  
O k a t j e p u i k o  t h e  o v e r b u r d e n  r a n g e s  f rom  5 -  l 4  m. o v e r  a n  
a r e a  u n d e r l a i n  by t h e  v o l c a n i c  se q u e n c e  o f  t h e  Opdam -  
Slcumok F o r m a t i o n .  C a l c r e t e  o c c u r s  a t  t h e  s u r f a c e  and  fo rm s  
t h e  m a r g i n  o f  s e v e r a l  p a n s  i n  t h e  a r e a .  I n  s o u t h - w e s t e r n  
E s k a d r o n  a maximum o f  23 m. o f  o v e r b u r d e n  i s  r e c o r d e d  a c r o s s  
t h e  s y n c l i n a l  f e a t u r e .  C a l c r e t e  r i d g e s  f o l l o w  t h e  s t r u c t u r e  
o f  t h e  s y n c l i n e  and t h e  d e p r e s s i o n s  b e tw e e n  t h e  r i d g e s  a r e  
f i l l e d  w i t h  s a n d .  The t h i r d  a r e a  o f  d e e p e r  o v e r b u r d e n  o c c u r s  
i n  t h e  n o r t h e r n  p a r t  o f  G r ü n e n t a l  where  c a l c r e t e  5 -  12 m. 
i n  t h i c k n e s s  c o v e r s  t h e  r e g i o n  bounded by a n  i n t r a - f o r m a -  
t i o n a l  u n c o n f o r m i t y  ( F i g .  3)«

From t h e  s t a n d p o i n t  o f  e x p l o r a t i o n  f o r  c o p p e r  t h e
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P l a t e  5 E x p o s u r e  o f  c a l c r e t e  a t  t h e  ed g e  o f  a pan  
on t h e  farm O k a t j i r u t e  E a s t .  V e g e t a t i o n  

around t h e  pan c o n s i s t s  o f  Z i z i p h u s  
m ucronata  and A c a c i a  h e h e c l a d a  s l i r u h s .  
w i t h  Enneapogon h r a c h y s t a c h u s  g r a s s .
(Ref.  K!,!/3'.VA 2 2 /1 5A. )
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M a l a c h i t e  P a n ,  Copper Causeway and Pos Area  o c c u r r e n c e s  
a l l  l:^e w i t h i n  t h e  a r e a s  o f  r e l a t i v e l y  s h a l l o w  o v e r b u r d e n .  
The w e s t e r n  e x t e n s i o n  o f  t h e  Pos z o n e ,  e x t r a p o l a t e d  by 
G a r s k i e  ( F i g .  3)> i s  a l s o  a n  a r e a  where  t h e  o v e r b u r d e n  i s  
l e s s  t h a n  5 m . ,  w h e r e a s  t o  t h e  n o r t h e a s t  t h e  p r o j e c t e d  zone  
e n t e r s  an  a r e a  d e e p l y  c o v e r e d  by c a l c r e t e  and K a l a h a r i  s a n d .  
The Copper  Causeway zone o f  m i n e r a l i z a t i o n  i s  t r a c e d  a l o n g  
s t r i k e  t o  t h e  s y n c l i n e  on E s k a d ro n  where  t h e  o v e r b u r d e n  o f  
c a l c r e t e  and  sand  v a r i e s  f rom  5 -  23 m.

The e a s t e r n  p a r t  o f  t h e  W i t v l e i  A r e a ,  w h ich  h a s  t h e  
most  e x t e n s i v e  and t h i c k e s t  c o v e r  o f  o v e r b u r d e n ,  i s  m a i n l y  
u n d e r l a i n  by r o c k s  o f  t h e  Tsumis C an d  B u sc h m an n sk l ip p e  F o r 
m a t i o n  and  t h u s  n o t  r e g a r d e d  a s  a p o t e n t i a l  a r e a  f o r  c o p p e r  
m i n e r a l i z a t i o n .

V e g e t a t i o n

The v e g e t a t i o n  o f  t h e  W i t v l e i  Area  i s  d o m i n a n t l y  a 
low t r e e  and s h r u b  s a v a n n a  w i t h  m ino r  a r e a s  o f  s h r u b  s a v a n n a  
and s a v a n n a  g r a s s l a n d .  From a s t u d y  o f  a i r  p h o t o g r a p h s  and  
g ro un d  s u r v e y s  t e n  d i s t i n c t  v e g e t a t i o n  a s s o c i a t i o n s  a r e  r e c o g 
n i s e d  an d  t h e i r  e x t e n t  i s  o u t l i n e d  i n  F i g .  ? .  Marked c o r r e 
l a t i o n s  a p p e a r  f rom a s t u d y  o f  t h e  d i s t r i b u t i o n  o f  s a v a n n a  
v e g e t a t i o n  a s s o c i a t i o n s  i n  r e l a t i o n  t o  t h e  t h i c k n e s s  and  
n a t u r e  o f  t h e  o v e r b u r d e n  and  t h e  b e d ro c k  g e o lo g y .  L i n e a t i o n s  
i n  t h e  v e g e t a t i o n  c l e a r l y  d e f i n e  t h e  r e g i o n a l  s t r i k e ,  f o l d  
s t r u c t u r e s  and  f a u l t  l i n e s .

An a s s o c i a t i o n  o f  Combretum a n i c u l a t u m  and A l b i z i a  
a n t h e l m i n t i c s  t r e e s  w i t h  Grewia  f l a v e s c e n s  s h r u b s  o c c u r s  
a l o n g  t h e  c o n g lo m e r a t e  r i d g e  o f  t h e  W i t v l e i  Berg ( P l a t e  6 )  
and on t h e  q u a r t z i t e  h i l l s  o f  E s k a d ro n  and t h e  Pos a r e a .
The g ro u n d  v e g e t a t i o n  i s  s p a r s e  w i t h  a n n u a l  g r a s s e s  and  h e r b s  
a p p e a r i n g  d u r i n g  t h e  r a i n y  s e a s o n .  I n  t h e s e  a r e a s  t h e r e  i s  
a h i g h  p e r c e n t a g e  o f  o u t c r o p  w i t h  l i t t l e  o r  no s o i l  d e v e l o p 
ment  o r  s a n d  c o v e r  and  t h e  s u r f a c e  i s  u s u a l l y  s t r e w n  w i t h  
a n g u l a r  r o c k  d e b r i s .  The a i r  p h o t o g r a p h s  o f  such  a r e a s  show 
marked l i n e a t i o n s  and  d i s t i n c t  b a n d in g  o f  t h e  t r e e  and  s h r u b
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F i g .  5 V e g e t a t i o n  a s s o c i a t i o n s  o f  t h e  W i t v l e i  A r e a .  
(Key f o r  1 - 1 0  on f o l l o w i n g  p a g e s . )
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Key t o  F i r .  5.

f VEGETATION ASSOCIATIONS

1. D o m in a ted  by Combretum a p l c n l a t u m  ̂
A l b i z i a  a n t h e l m l n t i c a  t r e e s  and 
Grewla  b i c o l o r . G. f l a v e s c e n s ,
ComnInbora  p y r a c a n t h o l d e s . C ro to n  
r r a t l s s i m n s , Nundnlea  s e r i c e a  
s h r u b s .

2 .  C h a r a c t e r i s e d  by n i x e d  t r e e s  and 
s h r u b s  o f  A cac ia  h e r e r o e n s e ,
A. m e l l i f e r a . A. h e b e c l a d a . 
P h a e o n t i l u n  s r i n o s u n . Grev;ia f l a v a  
and T a r c h o n a n t h u s  c a n p h o r a t u s  
w i t h  S t l n a e r o s t l s  u n l p l u m i s  g r a s s .

3 .  D o m ina ted  by A c a c ia  p i r a f f a e  and 
T e r m i n a l j a  s e r i c e a  t r e e s  w i t h  
Grewia  f l a v a , T a r c h o n a n t h u s  carn-  
r h o r a t u s . Rhus n y r o i d e s  and 
Ozoroa n a n l c u l o s a  s h r u b s  and 
g r a s s e s  o f  S t i n a r r o s t i s  u n i r l u m i s  
and S c h m l d t l a  n a r n o n h o r o l d e s .

GENERAL HABITAT

Near s u r f a c e  b e d 
r o c k ;  e l e v a t e d  
r i d g e s  and h i l l s .

Near s u r f a c e  b e d 
r o c k ;  u n d u l a t i n g  
t e r r a i n .

Deep sand c o v e r .

4 .  C h a r a c t e r i s e d  by A c a c i a  n e l l l f e r a  
and  T a r c h o n a n t h u s  c a n o h o r a t u s  t r e e s  
and  s h r u b s  w i t h  s c a t t e r e d  S t i n a -  
p r o s t i s  u n l p l u m i s  and  A r i s t i d a  
c o n p e s t a  g r a s s e s .

5. A s s o c i a t i o n  o f  A c a c i a  p i r a f f a e  
t r e e s ,  A c a c i a  n e l l i f e r a , C a to -  
n h r a c t e s  a l e x a n d r l  and  Grewia 
f l a v a  s h r u b s ,  w i t h  L e u c o sp h e ra  
b a i n s i i , An tos inum  l e u c h o r r l z u m  
h e r b s  an d  F i n p e r h u t h r i a  a f r i c a n a  
and  E nneapopon  b r a c h y s t a c h u s  
g r a s s e s .

Sand and g r a v e l  
a c c u m u l a t i o n s .

R id g es  o f  c a l c r e t e .
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Key t o  F i r .  5 ( c o n t ' d . )

6 .  C h a r a c t e r i s e d  b y  B o s c i a  a l b i t r u n c a  
t r e e s  A c a c i a  n e l l i f e r a . C a to -  
p h r a c t e s  a l e x a n d r i  s h r u b s ,  vd.th 
L eu ch ac  p e c h u e l l l i  and  Hermajinla 
d a n a r a n a . Z y ro rh y l lu m  s u f f r u t i -  
00sum h e r b s  and E nnearopon  c e n -  
c h r o i d e s  g r a s s .

E x t e n s i v e  s u r f a c e  
c a l c r e t e .

7 .  D om ina ted  by  l a r g e  A c a c i a  k a r r o o  
t r e e s  \ ? i t h  m ixed  s h r u b s ,  h e r b s  and

Banks o f  V/hite 
ÎTossob R i v e r ,

8 ,  A s s o c i a t i o n  o f  A c a c ia  I c a r ro o ,
A, G i r a f f a e . A, h e b e c l a d a , Z i z i -  
r h u s  m u c r o n a ta  and  Grewia  f l a v a .

Remnant d r a i n a g e  
f e a t u r e s  f l o o r e d  
by  c a l c r e t e .

9 .

10,

C h a r a c t e r i s e d  by C a t o n h r a c t e s  
a l e x a n d r i  an d  Grewia  f l a v a  s h r u b s  
w i t h  L e u c o s p h e r a  b a i n s i i , Hermannia 
d a m a r a n a . P o ^ o l e t t i a  p i r n a t i l o b a t a . 
P s e u d o ^ a l t o n i a  c l a v a t a . J u s t i c i a  
ruerk-oana  h e r b s  and  F i n r e r h u t h r i a  
a f r i c a n a  g r a s s .
D om inated  by E r a p r o s t i s  n a l l e n s  and 
A r i s t i d a  s t i r i t a t a  w i t h  s c a t t e r e d  
t r e e s  o f  T e r m i n a l i a  s e r i c e a .

A r e a s  o f  c a l c r e t e  
and  s h a l e  a n d  
l i m e s t o n e  o u t 
c r o p .

Deep s a n d  c o v e r .

P a n s ,  Many o f  t h e  p a n s  a r e  c o v e r e d  v . l th  
E r a g r o s t i s  cur-yu la  and  D i a n d r o c h l o a  
p u s i l l a  g r a s s e s  and  a r e  s u r r o u n d e d  
by  t r e e s  an d  s h r u b s  o f  Z i z l p h u s  
m u c r o n a t a . D io s p y r o s  l y c i o i d e s  and 
A c a c i a  h e b e c l a d a .
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P l a t e  6 Combretum a p i c u l a t u m  ( f o r e g r o u n d )  on t h e  s o u t h e r n  
s l o p e  o f  t h e  V.’i t v l e i  B e r g ,  and T e r m i n a l i a  s e r i c e a , 
A c a c i a  p i r a f f a e  and Grewia  r e t i n e r v i s  g r o w i n g  on 
sand a c c u m u l a t e d  a t  t h e  f o o t  o f  t h e  s l o p e .
( R e f .  MN/S.VA. 6/ 31/ A )

m

u ^ la te  7 C a t o p h r a c t e s  a l e x a n d r l  s h r u b s  grow ing  o v e r  c a l c a r e o u s  
b e d r o c k  ( f o r e g r o u n d )  w i t h  an a s s o c i a t i o n  o f  A c a c i a  
m e l l i f e r a  and AJLbizia a n t h e l m i n t i c s  on q u a r t z i t e s  in  
t h e  b a c k g r o u n d .  ( R e f .  MW/SV/A, U./2A.)
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v é g é t a t i o n *  T h i s  r e f l e c t s  t h e  c o n t a c t s  b e tw ee n  r o c k  t y p e s  
and o u t l i n e s  t h e  b r o a d e r  l i t h o l o g i c a l  g ro u p s  w i t h i n  t h e  
s e d i m e n t a r y  s e q u e n c e  ( P l a t e  7 ) .  The f o l d  s t r u c t u r e s  o f  
t h e  S s k a d r o n  q u a r t z i t e  r i d g e  a r e  c l e a r l y  d i s p l a y e d  by t h e  
l i n e a t i o n s  o i  t h e  t r e e  and  s h r u b  l a y e r  and  l i n e s  o f  d e n s e r  
v e g e t a t i o n  c r o s s i n g  t h e  r e g i o n a l  s t r u c t u r e  mark p r o b a b l e  
f a u l t s .

A m ixed  t r e e  and s h r u b  a s s o c i a t i o n  o f  A c a c ia  
h e r e r o e n s i  s * A. m e l l i f e r a , A. h e b e c l a d a . Grewia f l a v a , 
F h a e o p t l l u m  sp inosum  and T a r c h o n a n t h u s  c am p h o ra tu s  ( P l a t e  8 
and F i g .  5 ,  A s s o c .  2 )  fo rm s  a b r o a d  n o r t h - e a s t  t r e n d i n g  b e l t  
f rom G r ü n e n t a l  t h r o u g h  O k a t j i r u t e  W es t ,  E s k a d ro n  and O k a t -  
j e p u i k o .  The p e r e n n i a l  g r a s s  S t i p a g r o s t i s  u n l p l u m i s  i s  t h e  
d o m in a n t  s p e c i e s  o f  t h e  g r o u n d  c o v e r  b u t  a wide v a r i e t y  o f  
b o t h  a n n u a l  and  p e r e n n i a l  h e r b s  and g r a s s e s  o c c u r  t h r o u g h o u t  
t h e  r e g i o n .

The a r e a  o u t l i n e d  by  t h i s  low t r e e  and  s h r u b  savan n a  
a s s o c i a t i o n  h a s  a r e l a t i v e l y  s h a l lo w  c o v e r  o f  o v e r b u r d e n  o f  
sa n d y  s o i l s  and  i s  u n d e r l a i n  by r o c k s  o f  t h e  Tsumis A and B 
F o r m a t i o n s  and  i n  p a r t  by t h e  v o l c a n i c s  o f  t h e  Opdan -  Skumok. 
Marked l i n e a t i o n s  i n  t h e  v e g e t a t i o n  a r e  a p p a r e n t  f rom  t h e  
a i r  p h o t o g r a p h s  and i n d i c a t e  t h e  r e g i o n a l  s t r i k e  and p o s s i b l e  
f a u l t s ,  b u t  t h e  l o c a l  s t r u c t u r e  i s  n o t  a s  c l e a r l y  r e v e a l e d  
by t h e  v e g e t a t i o n  a s  i n  t h e  a r e a s  o f  e l e v a t e d  o u t c r o p s .

To t h e  s o u t h  o f  W i t v l e i  and o v e r  much o f  Daheim and 
O k a t j i r u t e  E a s t  t h e  low t r e e  and s h r u b  sa v a n n a  i s  c h a r a c 
t e r i s e d  by A c a c i a  g i r a f f a e  and  T e r m i n a l i a  s e r i c e a  t r e e s  w i t h ,  
s c a t t e r e d  Grewia  f l a v a , T a r c h o n a n t h u s  c a m p h o r a t u s , Rhus 
p y r o i d e s  a n d  Ozoroa p a n i c u l o s a  s l i rub s  ( P l a t e  9)* The m ost  
common g r a s s  s p e c i e s  a r e  t h e  p e r e n n i a l s  S t i p a g r o s t i s  
u n l p l u m i s  and  S c h m id t l a  p a p p o p h o r o l d e s  b u t  many a n n u a l  g r a s s e s  
and  h e r b s  o c c u r  a f t e r  t h e  r a i n s .  These  a r e a s  a r e  c h a r a c 
t e r i s e d  by s u r f a c e  K a l a h a r i  s a n d s  and a s i m i l a r  v e g e t a t i o n  
a s s o c i a t i o n  o c c u r s  a l o n g  t h e  s l o p e s  o f  t h e  W i t v l e i  Berg 
w here  w in d  b low n sand  h a s  a c c u m u l a t e d .  T here  a r e  no d i s t i n c t  
l i n e a t i o n s  fo rm ed  by t h e  t r e e  and  s h r u b  v e g e t a t i o n  i n  t h e s e  
a r e a s  b u t  a s l i g h t l y  d e n s e r  v e g e t a t i o n  o v e r  o c c a s i o n a l  
c a l c r e t e  r i d g e s  i n  e a s t e r n  Daheim o u t l i n e s  t h e  r e g i o n a l
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P l a t e  8 A s s o c i a t i o n  o f  A c a c i a  h e r e r o e n s i s , A ~ m e l l i f e r a .

G rew ia  f l a v a  & P h a e o p t i l n m  s p in o s u m  t r e e s  and s h r u b s  
w i t h  S t i p a r r o s t l s  u n i n l u m i s  g r a s s  ( f o r e g r o u n d  -  
v e g e t a t i o n  anomaly  o v e r  m i n e r a l i z a t i o n ,  b a c k g r o u n d  -  

E sk a dr o n  q u a r t z i t e  r i d g e .  ( R e f .  MM/S.'.'A, 1 0 / 2 3 . )

P l a t e  9 T e r m i n a l i a  s e r i c e a  ( l e f t )  and A c a c i a  g i r a f f a e  t r e e s
w i t h  S t i p a g r o s t i s  u n i n l u m i s  and S c h m i d t l a  p a p a p o r o i d e s  

g r a s s e s  i n  an a r e a  o f  deep  s a n d  c o v e r ,  s o u t h e r n  

O k a t j i r u t e .  ( R e f .  MVC/SWA, 3 2 / 9 . )
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P l a t e  10 D e n s e  g row th  o f  A c a c i a  m e l l i f e r a  on g r a v e l s

a c c u m u l a t e d  on t h e  n o r t h e r n  s i d e  o f  t h e  W i t v l e i  

B e r g ,  which  fo r m s  t h e  h o r i z o n .  ( R e f .  MK/SV/A, 2 5 / 5 , 6 )

P l a t e  11 A s s o c i a t i o n  o f  T a r c h o n a n t h u s  cam ph oratus  and  

P h a e o p t i l u m  s p in o s u m  grow in g  i n  sand and g r a v e l ,  
G r ü n e n t a l .  F o r e g r o u n d  shows s u r f a c e  g r a v e l  o f  

rou n d ed  q u a r t s  and q u a r t z i t e  p e b b l e s .  ( R e f .  MM/SWA, 

2 2 / 2  A . )
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s t r i k e .

On t h e  n o r t h e r n  s i d e  o f  t h e  W i t v l e i  Berg and 
s u r r o u n d i n g  t h e  q u a r t z i t e  r i d g e  o f  E sk a d ro n  i s  an  a s s o c i a 
t i o n  o f  d e n s e  c a c l a me 111 f e r a  and T a r c h o n a n th u s  cam p h o ra tu s  
( F i g .  5) >iSSoc. 4 and P l a t e  1 0 ) .  I n  t h e s e  a r e a s  t h e  g round  
v e g e t a t i o n  i s  e x t r e m e l y  s p a r s e  c o n s i s t i n g  o f  a few s p e c i e s  
Ox a n n u a l  h e r b s  and g r a s s e s .  Large a r e a s  o f  b a re  g round  
o c c u r  b e tw e e n  t h e  s h r u b s  where  s u r f a c e  g r a v e l s  o f  ro u n d ed  
q u a r t z  and  q u a r t z i t e  p e b b l e s  have  a c c u m u la t e d  ( P l a t e  1 1 ) .
T h ere  a r e  no l i n e a t i o n s  i n  t h e  t r e e  and s h r u b  v e g e t a t i o n  o f  
t h e s e  r e g i o n s  t o  a s s i s t  i n  t h e  g e o l o g i c a l  i n t e r p r e t a t i o n .

Over  t h e  s y n c l i n a l  f e a t u r e  o f  s o u t h e r n  E sk a d ro n  a 
d i s t i n c t  v e g e t a t i o n  a s s o c i a t i o n  i s  p r e s e n t  o v e r  a s e r i e s  o f  
c a l c r e t e  r i s e s  and sand  f i l l e d  d e p r e s s i o n s .  S i m i l a r  a r e a s  
o c c u r  i n  c e n t r a l  G r ü n e n t a l ,  E skad ron  and O k a t j i r u t e  W es t .
The sand  f i l l e d  d e p r e s s i o n s  have  an open v e g e t a t i o n  w i t h  
s c a t t e r e d  low s h r u b s  o f  Grewia f l a v a  and a d ense  g r a s s  c o v e r  
o f  S t i p a g r o s t i s  u n l p l u m i s . The t r e e  and s h r u b  v e g e t a t i o n  i s  
much d e n s e r  o v e r  t h e  c a l c r e t e  r i s e s  c o n s i s t i n g  o f  A c a c ia  
p i r a f f a e . T a r c  h ona n t h u s  camph o ra  t u  s and C a t o p h r a c t e s  a l e x a n d r i  
( P l a t e  1 2 ) .  The g ro un d  v e g e t a t i o n  o v e r  t h e  c a l c r e t e  c o n s i s t s  
o f  S t i p a g r o s t i s  d i l a t a . Enneapopon b r a c h y s t a c h u s  and 
F i n r e r h u t h r i a  a f r i c a n a  g r a s s e s  w i t h  a v a r i e t y  o f  a n n u a l  and 
p e r e n n i a l  h e r b s .  I n  t h e  s y n c l i n e  where  t h i s  v e g e t a t i o n  i s  
b e s t  d e v e l o p e d  t h e  o v e r b u r d e n  v a r i e s  f rom  ? -  23 m. b u t  t h e  
s t r u c t u r e  o f  t h e  s y n c l i n e  i s  s t i l l  a p p a r e n t  from t h e  v e g e t a t i o n  
w h ic h  e m p h a s i s e s  t h e  c a l c r e t e  r i s e s .

A d e n s e  v e g e t a t i o n  c h a r a c t e r i s e d  by B osc ia  a l b i t r u n c a  
t r e e s ,  l a r g e  A c a c ia  m e l l i f e r a  and C a t o p h r a c t e s  a l e x a n d r i  
s h r u b s  ( F i g .  A s so c .  6 )  i s  r e s t r i c t e d  t o  a r e a s  o f  e x t e n s i v e  
s u r f a c e  c a l c r e t e .  T h is  v e g e t a t i o n  o c c u r s  on O k a t j i r u t e  E a s t  
e x t e n d i n g  s o u t h - w e s t w a r d s  i n t o  O k a t j i r u t e ,  and o c c u r s  o v e r  
s m a l l e r  a r e a s  i n  n o r t h e r n  E s k a d ro n  and c e n t r a l  Deheim. 
O c c a s i o n a l  l i n e a t i o n s  a r e  p r e s e n t  i n  t h e  v e g e t a t i o n  f o l l o w 
i n g  s l i g h t l y  e l e v a t e d  c a l c r e t e  f e a t u r e s  w h ich  p r o b a b l y
i n d i c a t e  t h e  r e g i o n a l  s t r i k e .

Two f u r t h e r  low t r e e  and sh r u b  savann a  v e g e t a t i o n  
a s s o c i a t i o n s  a r e  p r e s e n t  i n  t h e  W i t v l e i  Area and t h e s e  a r e
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c o n f i n e d  t o  t h e  r i v e r  c o u r s e  o f  t h e  W hite  Nossob and f o s s i l  
d r a i n a g e  l i n e s  f l o o r e d  by c a l c r e t e  w h ich  mark f o r m e r  t r i b u 
t a r i e s  o f  t h e  Nossob .

T a l l  A c a c i a  k a r r o o  t r e e s  form t h e  d o m in a n t  f e a t u r e  
o f  t h e  v e g e t a t i o n  a l o n g  t h e  banks  o f  t h e  W hi te  Nossob ( P l a t e  
1 3 )* The r i v e r  bed w h ic h  i s  50 -  100 m e t r e s  wide  h a s  a t h i c k  
sand  c o v e r  and  may s u p p o r t  a n n u a l  g r a s s  s p e c i e s  i n  t h e  r a i n y  
s e a s o n .  The f l o o d  p l a i n  o f  t h e  r i v e r  w h ic h  i s  a lm o s t  one 
k i l o m e t r e  w id e  on G r ü n e n t a l  i s  c h a r a c t e r i s e d  by s h r u b s  o f  
A c a c ia  h e b e c l a d a , E r a g r o s t i s  p o r o s a  and P o g o n a r t h r i a  f l e c k i i  
a n n u a l  g r a s s e s  and t h e  h e r b  T r i b u l u s  z e y h e r i .

A c a c i a  k a r r o o . A c a c ia  g i r a f f a e . A c a c i a  h e b e c l a d a  
Grewia f l a v a  an d  Z i z i p h u s  m u c ro n a ta  a r e  t h e  c h a r a c t e r i s t i c  
t r e e s  and s h r u b s  o f  t h e  f o s s i l  d r a i n a g e  l i n e s .  These  f e a t u r e s  
a r e  w e l l  d e f i n e d  on t h e  a e r i a l  p h o t o g r a p h s  a s  s l i g h t  d e 
p r e s s i o n s  w i t h  a n  open  v e g e t a t i o n  and s u r f a c e  c a l c r e t e .  The ,
l i l y  P s e u d o g a l t o n l a  c l a v a t a  and  t h e  h e r b  L e u c o s p h e ra  b a i n s i i  
form t h e  d o m in a n t  g ro u n d  s p e c i e s  a lo n g  t h e  f o s s i l  d r a i n a g e  
l i n e s  and many a n n u a l  h e r b s  and g r a s s e s  o c c u r  d u r i n g  t h e  
r a i n s .

The s h r u b  s a v a n n a  v e g e t a t i o n  c h a r a c t e r i s e d  by t h e  
a s s o c i a t i o n  Grewia f l a v a , P h a e o p t i l u m  sp in o su m  and 
C a t o p h r a c t e s  a l e x a n d r i  s h r u b s ,  w i t h  L e u c o s p h e ra  b a i n s i i  and  -r'
Hermannia  dam arana  h e r b s  and  t h e  l i l y  P s e u d o g a l t o n l a  c l a v a t a  
( P l a t e  ^h )  i s  c o n f i n e d  t o  t h e  n o r t h e r n  p a r t  o f  G r ü n e n t a l  
and  a l o n g  t h e  n o r t h e r n  m a r g i n  o f  t h e  W hi te  Nossob R i v e r .
These  a r e a s  d e f i n e  t h e  e x t e n t  o f  t h e  i n t r a - f o r m a t i o n a l  u n c o n 
f o r m i t y  and r o c k s  o f  t h e  B u sc h m a n n s k l ip p e  F o r m a t i o n  r e s p e c 
t i v e l y .

F our  d i s t i n c t  a r e a s  o f  g r a s s l a n d  d o m in a t e d  by t h e  
p e r e n n i a l  g r a s s e s  F r a g r o s t i s  p a l l e n s  and  A r i s t i d a  s t i p i t a t a  
( P l a t e  15) o c c u r  on t h e  b o u n d a ry  o f  O k a t j i r u t e  West  -  
O k a t j e p u i k o .  The g r a s s e s  fo rm  a dense  c o v e r  a b o u t  1 m e t r e  
h i g h  and T e r m i n a l i a  s e r i c e a  t r e 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  r e g i o n s .  The s u r f a c e  s o i l s  c o n s i s t  o f  c o a r s e  t o  medium 
g r a i n e d  q u a r t z  s a n d s  q u i t e  d i s t i n c t  f rom t h e  w i d e s p r e a d  
K a l a h a r i  s a n d s .

T h r o u g h o u t  t h e  W i t v l e i  Area a r e  s e a s o n a l  d r a i n a g e
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p a n s  w h ich  h ave  a  d i f f e r e n t  v e g e t a t i o n  a s s e m b la g e  t o  t h e  
s u r r o u n d i n g  r e g i o n s .  The p a n s  i n  a r e a s  o f  n e a r  s u r f a c e  bed 
r o c k  a r e  u s u a l l y  g r a s s e d  o v e r  w i t h  t h e  s p e c i e s  E r a g r o s t i s  
c u r v u l a  a n d  D i a n d r o c h l o a  p u s i l l a  an d  a r e  s u r r o u n d e d  by  l a r g e  
s l i r u b s  o f  Z i z i p h u s  m u c r o n a t a , D io s p y r o s  l y c i o d e s  and  A c a c i a  
h e b e c l a d a , E c h i n o c h l o a  h o l l u b i i . a  g r a s s  s p e c i e s ,  i s  o f t e n  
b a r e  f o r  t h e  m a jo r  p a r t  o f  t h e  y e a r  o r  h a v e  a  s p a r s e  c o v e r  
o f  t h e  g r a s s e s  Enneanoqon b r a c h y s t a c h u s  and  E,  c e n c h r o i d e s . 
A f t e r  t h e  r a i n s  many e innual  g r a s s e s  and  h e r b s  form t h e  g ro u n d  
v e g e t a t i o n  o f  t h e  p a n s .  On t h e  e d g e s  o f  p a n s  s h r u b s  o f  
A c a c i a  h e b e c l a d a  and  A, m e l l i f e r a  a r e  o f t e n  p r e s e n t  a n d  t h e  
l i l y  P s e u d o g a l t o n l a  c l a v a t a  a n d  Enneapogon  g r a s s e s  d o m in a te  
t h e  g ro u n d  v e g e t a t i o n  ( P l a t e  17 )#
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P l a t e  12 A l t e r n a t i o n  o f  S t i p a g r o s t i s  u n i n l u m i s  g r a s s  and
s c a t t e r e d  s h r u b s  ( c e n t r e )  w i t h  d e n s e r  v e g e t a t i o n  o f  
A c a c i a  g i r a f f a e . T a r c h o n a n t h u s  c a m p h o r a t u s . G rew ia  
f l a v a  and C a t o p h r a c t e s  a l e x a n d r i  on th e  c a l c r e t e  
r i s e s ,  E s k a d r o n  s y n c l i n e .  ( R e f .  MM/SWA, 2 2 / l O A . )

P l a t e  13 A c a c i a  k a r r o o  t r e e s  w i t h  a s s o c i a t e d  s h r u b s  and
g r a s s e s  a l o n g  t h e  b a n k s  o f  t h e  V/hite N o ss o b  R i v e r ,  
20 km.W. o f  W i t v l e i .  ( R e f .  MMC/SWA, 3 / 6 )



m

P l a t e  I h  G rewia  f l a v a . P h a e o p t i l u m  s p in o s u m  s l i r u b s ,

L e u c h o s p h a e r a  b a i n s i i . J u s t i c i a  p u e r k e a n a . Hermania
damarana h e r b s  and P s e u d o g a l t o n i a  c l a v a t a  l i l y ,
g r o w in g  o v e r  c a l c r e t e  i n  t h e  a r e a  bounded  b y  an
u n c o n f o r m i t y  on n o r t h - w e s t e r n  G r ü n e n t a l .
( R e f .  2 2 / 5 A )

P l a t e  15  Open g r a s s l a n d  o f  E r a z r o s t i s  p a l l e n s  and A r i s t i d a
s t i p i t a t a  and s c a t t e r e d  t r e e s  o f  T e r m i n a l i a  s e r i c e a . 
n o r t h e r n  Dahe im ,  ( R e f ,  IIM/SWA, 2 5 / H )



P l a t e  16 E c h i n o c h l o a  h o l u b l i  g r a s s  g r o w i n g  i n  a pan w h ic h  i s
eiu'Tounded by Z i z l p h y s  m u c r o n a t a . D i o s p y r o s  l y c i o i d e s  
and T a r c h o n a n t h u s  c a m p h o r a tu s  t r e e s  and s h r u b s ,  on 
t h e  farm  G r ü n e n t a l .  ( R e f ,  MM/SiYA, 22 /3A )

P l a t e  17 L a r g e  pan on O k a t j e p u i k o  s u r r o u n d e d  by  sh r u b s  o f  
A c a c i a  h e b e c l a d a  and A. m e l l i f e r a  and t h e  l i l y  
P s e u d o g a l t o n l a  c l a v a t a . The pan i s  f l o o r e d  by  
f-1-0 e r e d  by c a l c r e t e  and o u t c r o p s  o f  l a v a  o c c u r  
arou n d  t h e  p a n ,  ( R e f ,  MM/SV/A, 2 5 / 2 7 , 2 8 )
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Chapter 5

RECONNAISSANCE IN THE WITVXEI CONCESSION AND THE 
SELECTION OP AREAS FOR GEOBOTANICAL, BIOGEOCHEMICAL 

AND GEOCHEMICAL STUDIES

F o l l o w i n g  t h e  d i s c o v e r y  o f  s t r a t i f o r m  c o p p e r  
m i n e r a l i z a t i o n  a t  t h e  O k a t j i r u t e  West  Homestead i n  1 9 6 7 ,  
t h e  S igma M in in g  and P r o s p e c t i n g  Company, a s u b s i d i a r y  o f  
A n g l o v a a l  S o u t h  West  A f r i c a ,  a p p l i e d  f o r  and v/as g r a n t e d  
a p r o s p e c t i n g  l i c e n c e  c o v e r i n g  s e v e n  farm s  i n  t h e  W i t v l e i  
a r e a .

The i n i t i a l  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  
was c o n t r a c t e d  t o  E.W.B.  M i l l e r  and A s s o c i a t e s  and t h e  s o i l  
s a m p l e s  c o l l e c t e d  were a n a l y s e d  b y  t h e  A n g l o v a a l  l a b o r a t o r y  a t  
Rand L e a s e s  M ine .  The g e o c h e m i c a l  t r a v e r s e  l i n e s  were  
p l a n n e d  a t  1 km. i n t e r v a l s  t o  c r o s s  the  r e g i o n a l  s t r i k e  and  

u s e  was made o f  t r a c k s  and f e n c e  l i n e s  on t h e  farm s  ( F i g .  6 ) .  
S o i l  s a m p l e s  w ere  c o l l e c t e d  a t  30  m etre  i n t e r v a l s  and from  a 

d e p t h  o f  15  -  20  c m . ,  and t h e  c o a r s e r  f r a c t i o n  r e t a i n e d  on 
p l a s t i c  s i e v e s  o f  a p p r o x i m a t e l y  60  -  80  mesh was d i s c a r d e d .
The t r a v e r s e  l i n e s  w ere  marked i n  th e  f i e l d  a t  1 km. 
i n t e r v a l s  w i t h  m e t a l  p l a t e s  and a l s o  p l o t t e d  on a e r i a l  
p h o t o g r a p h s  w h i c h  w ere  u s e d  i n  t h e  f i e l d  f o r  l o c a t i o n .

G e o l o g i c a l  i n f o r m a t i o n  was r e c o r d e d  from  
o u t c r o p s  o c c u r r i n g  on t h e  t r a v e r s e  l i n e s  and c o p p e r  
m i n e r a l i z a t i o n  was d i s c o v e r e d  i n  a s e r i e s  o f  s t e e p l y  
d i p p i n g  s h a l e s  and q u a r t z i t e s  on t h e  n o r t h e r n  p a r t  o f  
O k a t j i r u t e ,  r e f e r r e d  t o  as t h e  P os  A r e a .

S tr e a m  s e d i m e n t  g e o c h e m i s t r y  and g e o p h y s i c a l  
t e c h n i q u e s  w ere  c o n s i d e r e d  i n  t h e  r e c o n n a i s s a n c e  p h a s e  
b u t  t h e  n a t u r e  o f  t h e  t e r r a i n  and d r a i n a g e  s y s t e m s ,  and th e  

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

The g e o c h e m i c a l  program e x t e n d e d  o v e r  a 2 -  3 month  

p e r i o d  d u r i n g  w hich  t im e  t h e  i n i t i a l  g e o b o t a n i c a l  s t u d i e s
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were undertaken by Misses L« Couplsmd and J, Cudmore on the 
farm Okaeewa, 15 km# west of Witvlei, where copper minerali
zation was exposed in a pit excavated for road metal# Geo
botanical reconnaissance traverses across the regional strike 
led to the discovery of narrow anomalous zones of the plant 
species Helichrysum.leptolenis (Plate 18) from which the 
background species were absent# Pits dug within these zones 
revealed the presence of copper mineralization in argillite 
bedrock#

Attention was then directed to northern Okatjirute 
where mineralized outcrops had been discovered on the geochem
ical traverses# Hellchrysum leptolepis was found growing 
over the outcrops and the mineralized zones could be traced 
for several hundred metres along strike by the anomalous veg
etation# A trench was dug across the strike, through several 
zones of Hellchrysum leptolepis. soil samples were collected 
for analyses and the dominant plant species were recorded#
The results of this work indicated that the zones of miner
alized bedrock were clearly defined by peak soil values, in 
the range 2.00 — 500 ppn. copper, and by the presence of Heli- 
chrysum leptolepis and associated Fimbristylis exllis (Plate 
19)^ The copper levels in the soil also appeared to have a 
marked effect on the distribution of the grasses and herbs#
The most common grass species Stipagrostis unlplumis and Po- 
gonarthrla fleckii and the majority of the herb species de
crease in abundance where the copper content of the soil ex
ceeds 200 ppm# The grass Aristida congesta and the herb Bar- - 
leria lanceolata were restricted to the zones of higher copper 
soil values#

A series of long walking traverses to record the veg
etation communities and possible anomalous associations was 
programmed for the Witvlei Concession# During this phase of 
reconnaissance several zones of Helichrysum leptolepis were 
discovered on the fsirm Okatjirute West in an area subsequent
ly called the Copper Causeway# Helichrysum leptolepis and 
Fimbristylis exllis were found as a distinct association form
ing both circular and corridor features from which the trees 
and shinibs and the normal background vegetation of grasses
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P l a t e  1 6  H e l i c hrysum l e p t o l e p i s  w h ic h  o c c u r s  i n  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 .  ( R e f .  MM/SVYA. I / 2 )

P l a t e  19 F i m b r i s t y l i s  e x i l i s  w h i c h  o c c u r s  i n  a s s o c i a t i o n  

v.'ith H e l i c h r y s u m  l e r t . o l e r i s  i n  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 .  ( R e f .  Ml.'/SWA 1 6 / 3 9 )
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and herbs are absent. The peak copper values for the soil 
samples were from areas of Hellchrysum lentolenis and pits 
in these areas showed mineralized bedrock 20 - 50 cm. below 
the surface.

As the geochemical results became available from the 
regional survey of the concession several anomalous areas be
came apparent. The majority of the samples contain 10 - 20 
ppm. copper and 20 ppm. is taken as a convenient background 
for the area. The sections of the traverse lines where the 
copper content of the soils exceeds 20 ppm. are shown in Fig. 
6 together with the peak values of the anomalies which are 
graded into three categories.

The most pronounced area of geochemical anomalies is 
north-western Okatjirute where values exceeding 100 ppm. cop
per occur within a broad belt extending over two kilometres 
of strike. Zones of Helichrysum leptolepis and outcrops of 
mineralized argillite occur within this area.

A concentration of anomalous values with peaks over 
200 ppm. copper occurs on the boundary of Okatjirute West 
and northern Eskadron. This area was investigated in March 
1968 and several zones of Hellchrysum leptolepis and asso
ciated anomailous vegetation were discovered. The zones could 
be traced for several hundred metres along strike and on one 
zone outcrops of mineralized argillite were located on the 
edge of a pan, referred to as the Malachite Pan.

Two further distinct groups of anomalous values oc
cur in western Okatjepuiko and north-western Daheim. Geobo— ' 
tanical reconnaissance in these two aresis did not locate any 
zones of Helichrysum leptolepis or associated anomalous vege
tation.

Throughout Okatjirute West, Grünental and eastern 
Eskadron there are several sporadic high values in the range 
30 — 200 pfmi. copper and many sections of the traverse lines 
where the soils contsiin 20-50 P P ® .  copper.

Several significant factors are apparent from a com
parison of the geochemical results of Fig. 6 with the geology, 
overburden and vegetation maps of the Witvlei Area of Figs.
3 f 4 and 5 respectively.
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The main geochemical anomalies occur over rocks of 
the Tsumis B Formation where the overburden is relatively 
shallow and the vegetation is characterised by a mixed asso
ciation of low growing trees and shrubs* The same geologi
cal and environmental factors apply for much of Okatjirute 
West where there are many soil values in the range 20 - 50 
ppm. copper and several peak values from 100 - 200 ppm. In 
western Eskadron and Grünental, also areas of Tsumis B and 
projected strike extensions of the Copper Causeway and Pos 
zones of mineralization, very few soil values exceed 50 ppm. 
copper. However, this region has a considerable cover of 
overburden especially the synclinal structure of Eskadron 
where calcrete and sand mask the bedrock.

North-eastwards the Pos zone of mineralization is 
projected through Okatjirute East, where there is a thick, 
extensive cover of calcrete, and into Daheim where the over
burden consists of both sand and calcrete. The soil samples 
collected across Okatjirute East all contain less than 20 
ppm. copper but in north-western Daheim peak values of upto 
120 ppm. are recorded, suggesting that the Pos zone of min
eralization does in fact continue north-eastwards but re
mains undetected on Okatjirute East because of the calcrete 
overburden.

The high copper soil values of western Okatjepuiko 
occur in an area of volcanic rocks of the Opdam - Skumok 
Formation. Geological investigations revealed the presence 
of malachite in the basaltic lavas exposed around the edges 
of a large pan and in pits dug across the geochemical anoma
lies.

The samples collected from the eastern part of the 
Witvlei Concession, covering most of Daheim, Okatjirute East 
and the southern part of Okatjirute, all show background cop
per values. This region is underlain by the Buschmannsklippe 
and Tsumis C Formations in which copper mineralization was 
not expected. However, most of this region is covered with 
extensive overburden of calcrete, sand and gravel which could 
also account for the lack of geochemical anomalies. There



are two areas of higher soil values over the Buschmajinsklippe 
on southern Grünental but they are within fossil drainage 
channels and most probably represent transported anomalies.

During the early reconnaissance phase of exploration 
copper mineralization, zones of anomalous vegetation and high 
copper soil values were recorded in the Pos Area, Copper Cause
way and Malachite Pan. These three areas of known mineraliza
tion (Fig. 7) were selected for orientation studies in geo
botany, biogeochemistry and geochemistry to determine the most 
effective techniques for locating and defining copper miner
alization prior to trenching and drilling stages.

Samples were also collected from these areas for stu
dies in seasonal biogeochemistry and to determine the preci
sion of the laboratory methods for geochemical and bio geo chem
ical analyses ( Appendix II A & B ).

The above areas are within regions of relatively near 
surface bedrock where the vegetation is a low tree and shrub 
savanna characterised by the species Acacia hereroensis.
A. mellifera. A. hebeclada. Grewia flava. Phaeoptilum spinosum 
and Tarchonanthus camphoratus (Figs. 4 and 5)# The results 
of the orientation studies should be applicable to large sec
tions of the Witvlei Area where similar environmental condi
tions exist.

The mineralized zones as projected on Fig. 3 also pass 
into areas of deep sand cover and surface calcrete where the - 
species composition of the tree and shrub vegetation and the 
ground cover varies significantly from the areas proposed for 
orientation studies* Thus, ideally additional orientation 
work should be carried out in areas of deep sand cover and cal
crete. Unfortunately, this phase could not be carried out 
satisfactorily as copper mineralization of potential ore grade 
was never discovered in a sand or calcrete environment through
out the exploration program.

Initially, biogeochemistry was thought to be the most 
favourable technique for exploration in these areas of exten—
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s i v e  o v e r b u r d e n ,  a s  th e  d e e p - r o o te d  t r e e  and  s h ru b  s p e c i e s  
s h o u ld  g iv e  a  b e t t e r  r e f l e c t i o n  o f  t h e  b e d ro c k  g e o c h e m is t r y  
t h a n  t h e  s u r f a c e  s o i l s .  However, p r e l i m i n a r y  s t u d i e s  o f  t h e  
r o o t i n g  h a b i t s  o f  t h e  common t r e e s  and  s h r u b s  (A ppend ix  I )  
and  t h e  s p e c i e s  d i s t r i b u t i o n  i n d i c a t e s  t h a t  b io g e o c h e m is t r y  
may n o t  be a s  w id e ly  a p p l i c a b l e  a s  a n t i c i p a t e d .

I n  t h e  s a n d  c o v e re d  a r e a s  o f  t h e  W i t v l e i  C o n c e s s io n  
A c a c ia  g i r a f f a e  i s  t h e  o n ly  common d e e p - r o o t e d  s p e c i e s  (T a b le  
7)#  Of t h e  o t h e r  commonly o c c u r r i n g  s p e c i e s  i n  t h i s  e n v i r o n 
m ent T e r m in a l i a  s e r i c e a  and A c a c ia  m e l l i f e r a  have  s h a l lo w  l a 
t e r a l  r o o t s  and  Grev.ia f l a v a  and T a rc h o n a n th u s  c am u h o ra tu s  
have  a  b r a n c h i n g  r o o t  sy s te m  o b s e rv e d  t o  d e p th s  o f  a b o u t  one 
m e t r e .  I n  r e g i o n s  o f  c a l c r e t e  t h e  two m ost commonly o c c u r 
r i n g  s p e c i e s  C a t o r h r a c t e s  a l e x a n d r i  and A c ac ia  m e l l i f e r a  h av e  
s h a l lo w  l a t e r a l  r o o t  sy s te m s  b u t  A c a c ia  h e b e c la d a  and  B o s c ia  
a l b i t r u n c a  h av e  more d e e p ly  p e n e t r a t i n g  t a p  r o o t s ,

Grevria f l a v a , T a rc h o n a n th u s  c a m p h o ra tu s  and  A c a c ia  
m e l l i f e r a  a r e  t h e  o n ly  s p e c i e s  f a i r l y  common i n  a l l  t h r e e  
e n v i r o n m e n ts .

R e g io n a l  e x p l o r a t i o n  was c o n t in u e d  i n  t h e  W i t v l e i  A rea  
by t h e  A n g lo v a a l  g e o l o g i c a l  s t a f f  and  b a s e d  m a in ly  on t h e  p h o -  
t o g e o l o g i c a l  i n t e r p r e t a t i o n  and r e c o n n a i s s a n c e  g e o c h e m is t r y ,
A p h a s e  o f  e x p l o r a t i o n  t r e n c h e s ,  e x c a v a te d  by  m e c h a n ic a l  d i g 
g e r ,  was p la n n e d  f o r  t h e  r e g i o n  t o  c r o s s  t h e  p r o j e c t e d  s t r i k e  
e x t e n s i o n s  o f  t h e  Pos and  Copper Causeway z o n es  o f  m i n e r a l i z a 
t i o n ,  To t h e  w e s t  o f  th e  Pos A re a ,  w i t h i n  O k a t j i r u t e ,  s e v e r a l  
n a r ro w  h o r i z o n s  o f  m i n e r a l i z e d  a r g i l l i t e  were ex p o sed  by t h e  
t r e n c h i n g  b u t  f u r t h e r  w estw ard s  on G rü n e n ta l  o n ly  q u a r t z i t e s  
and  s h a l e s  w ere  r e v e a l e d .  T re n c h e s  i n  O k a t j i r u t e  E a s t  an d  
Daheim f a i l e d  t o  l o c a t e  m i n e r a l i z a t i o n  and  i n  many s e c t i o n s ,  
b e c a u s e  o f  t h e  deep  sa n d  c o v e r  o r  c a l c r e t e ,  d id  n o t  ev en  e x p o se
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SPECIES

RELATIVE ABUÎÎDA1TCE ROOT SYSTEM

R ear
S u r f a c e
b e d ro c k

Sand
c o v e re d

S u r f a c e
c a l c r e t e

E a b i t D epth

A , g i r a f f a e 0* a 0 b r a n c h in g d eep

A , h e r e r o e n s i s a 0 r l a t e r a l s h a l lo w

A ,h e b e c la d a a o a t a p i n t e r m e d .

A , m e l l i f e r a a f a l a t e r a l s h a l lo w

B . a l b i t r u n c a f r  ■ f t a p deep

C , a l e x a n d r i 0 v r va l a t e r a l s h a l lo w

G , f l a v a va a f b r a n c h in g in t e r m e d .

P .s p in o s u m a r 0 t a p deep

R .p y r o i d e s f f r b r a n c h in g s h a l lo w

T ,c a m p h o ra tu s a f f b r a n c h in g i n t e r n e d .

T , s e r i c e a v r a v r l a t e r a l s h a l lo w

* v a  -  v e r y  a b u n d a n t ,  a  -  a b u n d a n t ,  f  -  f r e q u e n t ,  o -  o c c a 
s i o n a l ,  r  -  r a r e ,  v r  -  v e r y  r a r e .

T a b le  7 .  R e l a t i v e  ab und an ce  and r o o t  sy s te m s  o f  t h e  more 
common t r e e  and  sh ru b  s p e c i e s ,  i n  v a r i o u s  e n v i 
r o n m e n ts ,  ^T ith in  t h e  W i t v l e i  C o n c e s s io n ,
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the bedrock# A subsequent phase of exploration by wagon dril— 
liî̂ S across the geochemical highs indicated a zone of copper 
mineralization, several metres in thickness, on the northern 
boundary of Daheim# A trench over the drill section exposed 
mineralized shale beneath 1#5 metres of sand and gravel and 
this initiated the geochemical and biogeochemical surveys of 
the Daheim Grid (fig, 7),

The regional exploration trench H, 7 in northern Oka— 
tjirute West crosses the projected strike extension of the 
Copper Causeway, A narrow zone of mineralized limestone and 
several horizons of weakly mineralized shales.were exposed in 
the trench beneath sand and gravel overburden. Geochemical 
and biogeochemical samples were collected along a transect 
parallel to the trench to see if the mineralization could be 
detected by surface exploration#

From a geological standpoint and from photo-geological 
interpretation the syncline of Eskadron was thought to be a 
potential area for copper mineralization# A more detailed 
geochemical survey using a closer line spacing and sample in
terval did not produce any anomalies and the regional trench
ing program was abandoned in this area because of the thick 
calcrete overburden# A final phase of exploration by wagon 
drilling across the structure of the syncline also failed to 
indicate copper mineralization# This region had been selected 
for biogeochemical surveys because of the thick cover of over
burden but after negative results were obtained from drilling 
the biogeochemical work was not undertaken#

As stated above copper mineralization was never 
located beneath thick surface calcrete but geological mapping 
in the Malachite Pan and Okatjirute West Homestead areas out
lined narrow zones of mineralized argillite forming intermit
tent outcrops in areas of surface calcrete and along calcrete 
rises# Three transects 84 “ 86 (Pig* 7) were located in 
these areas for geobotanical studies and for the collection of 
geochemical and biogeochemical samples#
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Chapter 6

GEOBOTANICAL, BIOGEOCHEMICAL AND GEOCHEMICAL 
INVESTIGATIONS IN AREAS OF NEAR SURFACE BEDROCK,

A. THE POS AREA 

Introduction
The regional structure of the Pos Area is clearly- 

shown by the E — W lineations in the tree and shrub vegeta
tion (Fig. 8 ). Across the southern part of the area is a 
line of three hills rising 20 — 30 metres above the general 
surface. The vegetation on the hills is dominated by Albizia 
anthelnintica. Combretum aplculatum. Commiphora pyracantholdes, 
Grewia flavescens and Grewia blcolor and the presence of 
Catophractes alexandri over the more calcareous sequences in 
the bedrock gives a banded effect to the vegetation. A dense 
growth of Tarchonanthus camphoratus defines the drainage lines, 
cutting across the E - W strike, where sand has accumulated - 
(Fig. 8 ).

The vegetation for the remainder of the area is domin
ated by Acacia mellifera with associated Grewia flava. Tar
chonanthus camphoratus and Catonhractes alexandri shrubs, and 
Stipafrrostis unlplumis grass forms the major part of the 
ground cover. Throughout most of this region there is a cover 
of sand which increases in thickness from the base of the hills 
towards the stream courses.

The presence of copper mineralization in the Pos Area 
was indicated in the early stages of exploration by both geo
chemistry and geobotany. The geochemical reconnaissance sur
vey (Fig. 6 ) showed significant copper anomalies of over 
200 ppm. on most of the traverse lines passing through the area 
and the geobotanical transects revealed several zones of ano
malous vegetation characterised by Helichrysum leptolepis and 
Fimbristylis exilis.
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In order to establish the relationship between the • 
distribution of vegetation with respect to copper minerali
zation the tree and shrub and ground species were recorded 
along Transect 30 parallel to the trench section M.6(3)IT.
Soil samples and plant samples were also collected along the 
transect for geochemical analyses,to determine the most fa
vourable tree or shrub species for biogeochemical prospecting 
in this environment.

Transect 30.
The strata exposed in the trench section M.6.(3)N. 

(Fig. 9) dip steeply to the south and the succession con
sists of an alternation of quartzites and shales with occa
sional bands of limestone and mineralized argillite. There 
are no conglomerate horizons in the section but conglomerate 
outcrops occur to the north-east of the Transect. The quart
zites are generally fine grained and well sorted.and display 
both graded bedding and cross bedding structures. The lime
stone at 290 m.S shows contorted banding which may represent 
algal structures and several of the limestones contain pyrite.

Copper mineralization is generally confined to the 
argillites although some of the green shales contain upto 
0.20;o copper. Stringers of malachite, parallel to the bed
ding, and disseminated sulphides are present in the exposed 
argillite sections. The main zone of mineralization is from 
200 - 270 m.S where there are eight horizons of mineralized 
argillite varying in copper content, from 0.36 — 2.02%. Most 
of the argillites are less than 1 m. in thickness. Minerali
zation is also present in narrow bands of argillite at 39,
443, 495 &nd 553 m.S.

Along most of the transect there is a covering of sand
which does not exceed 50 cm. in  depth. As shown in  the s o i l  
p r o f i l e s  (F ig . 9) some o f the more r e s is ta n t  q u a r tz ite s  form 
outcrops and towards the southern end o f  the tr a n se c t , on the  
s lo p e  of th e  h i l l ,  there i s  an average o f  about 30% outcrop .
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The mineralized argillites appear to be fairly resistant to 
weathering' forming outcrops in several places (Plate 20) or 
masked by a very thin covering of sand. The shales and lime
stones are more deeply weathered and do not form outcrops.

The surface soils over the various rock types are very 
similar in composition and the results of sieve analyses are 
shown in fig. 10. The greater proportion of the soils consist 
of fine and medium grained sand which forms between 60 and 80% 
and the silt and clay fraction for all the samples is very 
small forming only 3 - 6% of the total. The gravel, consis
ting of angular and sub-angular quartz and quartzite, is the 
most variable fraction and forms from 1% in the sample from 
100 m.N to a maximum of 29% in the sample taken over the min
eralization at 496 m.S. The soils at 100 m.N and 00 m. are 
very well sorted, containing over 30% fine sand grade and may 
represent an accumulation of wind blown sand. Towards the 
southern end of the transect on the slope of the hill the soils 
show a wider range in particle size and contain a greater pro
portion of the coarser fractions.

The majority of the soils sampled along the transect 
show an acid reaction, with a pH variation between 3»3 and 6.7 
(Table 8 ), The soil directly over mineralization at 209 m. has 
a pH of 6.2. The two samples which give an alkaline reaction, 
with pH readings of 8.2 and 9*0, are from 365 and 370 m. where 
there is limestone bedrock and calcrete in the soil profiles.

Soil samples for geochemical analyses were collected 
from a depth of 13 - 20 cm. and sieved to -8 0 and -270 mesh.
The highest copper values for both mesh fractions occur direct
ly over the horizons of mineralized argillite. The main geo
chemical anomally extends from 200 — 280 m.S where the —80 mesh 
samples contain more than 200 ppm. copper and peak values ex
ceed 400 ppm. (lig. 9). The soils over the individual narrow 
zones of mineralized argillite at 39, 445 snd 496 m. have a 
high copper content and a minor peak is indicated at 120 m.S 
where a shale containing 0.18% copper, is exposed in the trench 
section. The samples from 20 — 100 m.N, with both the —80 
and —270 mesh fractions containing less than 10 ppm. copper, 
show that the background copper level in the soils is very low.
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1

a t

P l a t e  20 O utcrop  o f  m i n e r a l i z e d  a r g i l l i t e  a t  210m.S  
on T r a n s e c t  3 0 ,  Pos  A r e a .  P l a n t s  o f  
H e l i c h r v s u m  l e p t o l e p i s  o ccu r  a l o n g  t h e  s t r i k e  

o f  t h e  o u t c r o p .
( R e f .  Ml!/S;v.t 14. / 3A)
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D i s t a n c e
H.

pH o f  
S o i l

ppm .Copper 
- 8 0  mesh

. S o i l  C o lo u r
Dry Wet

lOOIT. 3 .3 5 3YR.3/6 3 1 3 .4 /4
301T. 3 .9 3 4/6 3 /4

0 6 .0 30 4 /4 3 /4
3 8 .s 3 .6 183 4 /6 4 /4

50 3 .6 130 3/6 4 /4
100 3 .6 33 4/6 4 /4
130 3 .3 10 3/6 4 /4
200 3 .3 260 3/6 4 /4
209 6 .2 470 3/6 4 /6
230 6 .3 202 3 /6 4 /4
300 3 .9 37 3/6 4 /4
330 6 .3 22 3/6 4 /4  .
400 6 .0 26 3/6 3 /4
443 3 .8 183 3 /6 4 /4
496 3 .6 271 3/6 3 /4
300 3 .7 30 3 /6 3 /4
330 3 .3 43 3/6 3 /4

363 8.2 - 3/6 4 /4
. 370 9 .0 102 6 /4 5 /4

6 0 0 .S 6 .7 18 3/6 3 /4

T a b le  8 pH, c o p p e r  c o n t e n t  and c o lo u r  o f  b u l k  s o i l  
s o i l  s a m p le s  from T r a n s e c t  3 0 ,  Pos A re a .
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The mesh fractions obtained from the sieving were 
analysed for copper content and the results are shown in Pig. 
10. The soils collected over quartzite bedrock have a rela
tively low copper content in all mesh fractions with the maxi
mum value for the -2?0 mesh. The samples 2035, 2067 and 210& 
from the soil profiles over mineralized argillites show a sim
ilar trend in the copper content of .the various mesh fractions. 
The coarser fractions from +10 to -30 mesh, which cover the 
ranges of coarse sand, very coarse sand and gravel, have high 
copper contents in the range 4-500 ppm. for the three samples. 
The -270 mesh fraction, of very fine ssind, silt and clay, also- 
contain over 400 ppm. copper and a maximum of 930 ppm. for sam
ple 2076. The four mesh fractions from 30 - 200 mesh, which 
consist, mainly of fine and medium.sand, have much lower copper 
levels of between 130 and 200 ppm.

Geobotany
The trees and shrubs form a fairly dense cover along 

the transect and are mainly less than 2 m. in height. Acacia 
mellifera shrubs from 2 - 3 high occur throughout the area 
and large Albizia anthelmintic a trees from 2 - 4 are present 
on the hillside towards the southern end of the transect.

On the slope of the hill from 350 - 600 m.S there is a 
distinct vegetation association formed by Albizia anthelmin- 
tlca and Combretum apiculatum trees with Grewia bicolor.
G. flavescens. Pichrostachys cinerea and Commiphora pyracan- 
thoides shrubs. This association is common on the elevated 
ridges in the Pos Area.

Along the remainder of the transect the most common 
shrub species are Acacia mellifera. Catophractes alexandri 
Grewia flava with frequent occurrences of Tarchonanthus cam- 
phoratus. Phaeoptilum spinosum and Boscia albitrunca. The 
species A. hebeclada. A. hereroensis. Ozoroa paniculpsa,
Phus pyroides ■ and Ziziphus mucronata have a very scattered 
distribution on the transect and form only a minor part of the 
vegetation.
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The vegetation banding observed on the air photo
graphs of this area is reflected in the tree and shrub re
cording (RLg. 9) which indicates changes in the density and 
species composition across strike. In some narrow sections, 
0 - 4 0  m.N, 20 - 40, 60 - 80 and 120 — I40 m.S shrubs are al
most absent and a greater area of the ground surface is ex
posed. Rhigosum brevispinosum shows a marked concentration 
from 40 - 100 m.N and 300 - 330 m.S and with the absence of 
other species in these areas forms a contrasting tonal strip 
along strike. Catophractes alexandri also shows a concen
tration on some parts of the transect especially from 340 - 
600 m.S where there is a wide zone of limestone which gives 
rise to calcareous soils. A third species Combretum apicu
latum, which occurs between 48O and 300 m.S on the hillside, 
produces a pronounced banding effect.

Directly over the mineralized argillites shrubs are 
absent. This is not revealed in the shrub cover diagram as 
the shrubs are recorded in 10 m. quadrats and.the open corri
dors in the shrub vegetation are only 1 - 4 m. wide. Across 
the main zones of mineralization, from 200 - 270 m.S where 
the soils have a high copper content. Acacia mellifera is the 
dominant species forming large shrubs 1 - 3 i& height. 
Catophractes alexandri and Grewia flava are also fairly com
mon in this area but the variety of shrub species is more 
limited.

Throughout the area there is a much greater.propor
tion of bare ground than area covered by vegetation. The plant 
species form an average cover of 23% and rarely exceed 30%.
Over the southern end of the transect on the hillside, the cov
er is generally less than 20% because of the increase of out
crop and the very shallow soils.

A total of 36 grass and herb species were recorded on 
transect 30 and the distribution of 32 species is shown in 
Pig. 9. The remaining species (Table 9) have only a scat
tered occurrence and are grouped together on the diagram as 
unplotted species.
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A distinct vegetation association, dominated by 
Helichrysum leptolepis. is present over the zones of minera
lized argillite. The grass species Aristida congesta and 
Anthephora pubescens ?d_th Plmbristylis ezilis. Mollugo cer- 
viana and the woody herb Barlerla lanceolata occur with 
Eelichrysun leptolepis but these species are also present in 
other parts of the transect.

Helichrysum leptolepis occurs over all the zones of 
mineralized argillite exposed in the trench section and al
though it is not recorded on the transect at 443 and 333 m.S 
it occurs on the strike extension of these mineralized zones, 
From 203 - 209 m.S, over a section of argillites and shales 

which average 1.67?o copper, Helichrysum leptolepis covers 
20 - 30/5 of the ground surface (Plate 21), FLmbristylis 
exills is associated with Helichrysum leptolepis on all the 
zones of mineralization forming upto 3% cover but it also 
occurs in the more sandy areas scattered among Stipagrostis

1 Acrotome inflate 13 Fockea angustifolia
2 Alternanthera pungens 14 Heliotropium ovalifolium
3 Aptosinum depressum 13 Hirpicium gorterioides
4 Aptosimum leucorrhizum 16 Limeum viscosum
3 Celosia linearis 17 Monechma nepta
6 Cenchrus ciliaris 18 Nelsia quadrangula
7 Chaseanum pinnatifidum 19 Neorautanenia amboensis
8 Commelina benghalensis 20 Portulaca grandiflora
9 Crotalaria argyraea 21 Pseudogaltonia clavata

10 Crotalaria spartioides 22 Pupalia lappacea
11 Cucumis africanus 23 Sida chrysantha
12 Cyphocarpa angustifolia 24 Solanum rautanenii

Table 9. Grass and herb species also occurring on Transect
30 and grouped as unplotted species cover in Fig. 9
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P l a t e  21 View westv /ards  a l o n g  t h e  v e g e t a t i o n  anomaly  
f o l l o w i n g  th e  main zone  o f  m i n e r a l i z a t i o n  

from 205 -  210m,S on T r a n s e c t  3 0 ,  Pos  A r e a .
The ground v e g e t a t i o n  c o n s i s t s  o f  an a s s o c i a t i o n  
o f  t h e  s p e c i e s  H e l i c h r y s u m  l e p t o l e p i s . P i m b r i s t y l i s  
e x i l l s  and A r i s t i d e  c o n g e s t a . Shrubs  o f  A c a c i a  
h e b e c l a d a  and A c a c i a  m e l l i f e r a  o c c u r  a l o n g  t h e  

m a r g in s  o f  th e  anom alous  z o n e .  ( R e f .  KMC/SWA 

38/27)
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uniplumis grass^ Mollugo cervlana and Aristida congesta are 
generally confined to the main section of mineralization and 
geochemical anomaly from 200 - 2?0 m.S and Aristida congesta 
also occurs around the mineralization at 39 m.S. Anthephora 
pubescens is not a common grass species in the area and only 
occurs directly over mineralization at three localities on 
the transect. Barlerla lanceolata (Plate 22) is mainly 
confined to the central zone of copper mineralization, with 
scattered occurrences on the hillside. It does not grow over 
the argillite with Helichrysum leptolepis but along the mar
gins of the areas under the larger shrubs.

The most common grass species in the area is Stipa- 
grostis uniplumis which shows a greater density from 30m.N 
to 170 m.S where the sand cover is deeper. It cuts out 
sharply on either side of the mineralization (Plate 21) and 
is also less frequent on the hillside. The grasses Aristida 
adscensionis and A. effusa are confined to the hill on the 
southern part of the transect and Enneapogon cenchroides is 
also common in this region especially from 340 - 600 m.S 
where limestone and calcrete occur. The annual species Era- 
grostis porosa and Pogonarthria fleckii occur throughout the 
transect forming upto 3% cover but are absent between 200 and 
270 m.S where the copper content of the soil is high. Phyn- 
cheletrum brevipilum and Aristida vestita which are fairly 
common on the transect are also absent from this zone.

The majority of the herbs do not occur across the 
main area of mineralization where the copper content of the 
soils is high and none are present in the Helichrysum lepto— 
lepis zones. Talinum arnotil. Platyoarpha carlinoides. Ipo- 
moea sinensis and Aptosimum arenarium occur between 200 and 
270 m.S but do not show any marked concentration. The asso
ciation Otoptera burchellii. Geigeria ornativa. Kohautia oma- 
hekensis occurs in the area of thicker sand cover with Stipa— 
grostls uuiplurais grass, and these species are absent fPom the 
rocky hillside.
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P la te  22 The woody herb B a r ler la  la n ceo la ta  which 
occurs w ith in  the m ineralized  se c t io n  of  
Transect 30.
(R ef. MK/S\VA 7 /2 )
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Biogeochemistry
The geobotanical recording shows a total of 20 tree 

and shrub species along the.transect and samples of 16 species 
were collected for analyses. The copper content for these 
samples is plotted in Fig. 11, Grewia flava. Acacia mellifera 
Catophractes alexandri. Tarchonanthus camphoratus. Phaeoptilum 
spinosum and Boscia albitrunca could be sampled along most of 
the transect and a direct comparison of copper values of back
ground samples and samples from the mineralized zone can be 
made. Of the other 10 species several are confined to the 
slope on the southern end of the transect and Barlerla lanceo
lata is confined to the main mineralized zone.

No comparative data was gained from the samples of 
Phigosum brevispinosum. Pichrostachys cinerea. Commiphora 
pyracanthoides and Ziziphus mucronata as all the samples are 
from low copper areas and the two samples of Combretum apicu
latum are from the same location. The Barlerla lanceolata sam
ples, which were all collected from sites of high copper soil 
content do not show any great variation.in their copper con
tent, with the ranges being 11 - 16 ppm. (Dry weight)* for 
the leaves and 4 - 9  ppm. for the twigs.

The samples of Acacia hereroensis from 211 m.S adja
cent to mineralization have a much higher copper content in 
both the leaves and the twigs than the remaining eight samples 
on the transect. This sample contains 20,ppm. leaves and 
15 ppm. tvfigs compared to less than 7 ppm. and 6 ppm. respec
tively for the remaining samples.

The samples of Albizia anthelmintica from 495 and 
496 m.S, near to copper mineralization show a marked increase 
in the copper content of the leaves, with values twice those 
of the other five samples. The twig samples, however, all 
have similar copper values of about 4 Ppm.

Five samples of Ehretia rigida were collected on the 
transect including one from background at 90. m.N and one from 
the main area of mineralization from 213 m.S. The sample from

♦ All copper content values quoted for plant samples refer to 
dry weight.
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the laineralized zone contained 19*4 ppm* leaves and 11*8 
ppm* twigs compared with 8*6 and 7*0 ppm* copper for the sam
ple from background* The remaining three samples have Inter
mediate copper values*

The samples of Grewia flavescens show a wide varia
tion In the copper content of both the leaves and the twigs*
The background samples from 70 m*N and 400 m*S have.less than 
10 ppm* copper In the leaves compared with 24*9 ppm* from the 
sample at 215 n*S near mineralization* The tvilgs from this 
site also show a two-fold Increase in the copper content com
pared to the samples from background*

The four GrevdLa bicolor samples from varying sites of 
copper content of the soils show little variation in the cop
per values for the leaves and twigs, with ranges of 17 - 20 
ppm* and 6 - 1 0  ppm* respectively*

The six most common species in the area were sampled 
at 10 - 20 m* intervals along the transect and the results of 
the analyses are shown on individual lines on Fig* 11* A di
rect comparison of the copper content of the plant, both leaves 
and twigs, and the soil from the sane location is shown in gra
phical form in Fig* 12*

Grewia flava
The leaf samples show a narked increase in copper con

tent across the main mineralized zone from 190 - 270 m.S* The 
values in this region vary from 17.7 - 2 9 .4 ppm. copper which 
is 2 - 3 times the background level of 9.8 ppm* calculated for 
21 samples (Table 10)* The only other sample on the transect 
which has a high copper content, 18*0 ppm*, occurs at 39 m*S 
where a horizon of mineralized argillite is present* The spe
cies distribution is poor towards the southern end of the trans
ect from 4 - 600 m* and hence the effect of the three narrow 
zones of mineralization on the copper content of the leaves 
cannot be determined*

The tvigs show a variation in copper content from 2*7 
— 8*7 ppm* with the higher values occurring across the main
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Shrub species N2 of ppm. Copper
Samples Leaves Tivigs

Grewia flava 21 9.8 4.1
Acacia mellifera 18 8*5 4.2
Catophractes alexandri 12 8*2 3.7
Tarchonanthus camphoratus 10 20*5 3.1
Phaeoptilum spinosum 8 7.0 3.0
Boscia albitrunca 13 3.4 3.3

Table 10. Mean copper content of the shrub samples, leaves 
and twigs, from the background sections of Tran
sect 3 0, Pos Area* »

mineralized section* However, there is no clear division 
between anomalous and background samples as shown in the 
leaves*

There appears to be a fairly linear relationship be"# 
tween the copper content of the leaves and.the corresponding 
soil value for that collection site (Pig* 12). In the areas 
of low copper soil content, less than 30 ppm*, the leaves show . 
a concentration of values around 10 ppm* There are very few 
samples in the intermediate range but where soil values are 
in excess of 200 ppm* the leaf values range from 20 - 30 ppm* 
forming a distinct anomalous group*

The scatter diagram for the twigs of Grewia flava 
indicates that there is a slight increase in the copper con
tent with the increasing soil values but the trend is not as 
clearly defined as for the leaves*

Acacia mellifera
The leaf samples from the main mineralized.zone have 

a range of copper values between 12*0 and 22*7 PPM#* appre
ciably higher tham the mean value of 8*7 PPM. for the . back
ground samples* Two high values of 15*0 and 13*8 ppm* from 
39 and 61 m.S, outside the main area of copper mineralization, 
reflect the narrow horizon of mineralized argillite at 39 m . S *
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Samples were also taken near the mineralization on the south
ern part of the transect at 440 and 494 m.S where the leaves 
contain 7.3 and 11.4 ppm. copper; values which do not indicate 
mineralization.

The copper content of the t%igs from the main minera
lized section varies from 5 .5 - 1 1 .2 ppm., with one low value 
of 3 .3  ppm. from 204 m.S. The mean copper content for the 
background samples is 4*2 ppm. The samples near to the minor 
zones of mineralization at 39 m.S and towards the southern 
end of the transect do not show any appreciable increase in 
the copper values above the background level.

Pig. 12 shows that the background leaf samples contain 
less than 10 ppm. with a gradual increase to 15 - 25 ppm. for 
the samples from areas of higher copper levels in the soil.
The twig samples corresponding to the background soils show a 
range of 3 - 6 ppm. copper with a slight increase in the sam
ples from areas where the soils contain over 200 ppm. copper.

Catophractes alexandri
The plotted values on the histogram for the leaves do 

not clearly define the main mineralized zone, but the five 
samples from 200 - 252 m.S ranging in values from 14.3 - 23.7 
ppm. copper are the highest values on the transect and consid
erably higher than the mean background of 8.2 ppm. At 120 m.S 
near to a weakly mineralized shale the leaves contain 13 .8 ppm, 
copper which is slightly in excess of the sample from 39 m.S, 
directly over a minerailized sirgillite. The samples taken adja
cent to the narrow bands of argillite towards the southern end 
of the transect contain 1 1 .3 and 1 2 .2 ppm. copper; similar val
ues to some of the background samples.

In the twig samples the only significant value is from 
240 m.S, where the sample contains 11.7 p p M .  copper, the max
imum value for the transect. Other samples from the mineral
ized area contain from 6 — 9 p p M .  copper and there are several 
samples from the background areas with up to 8 ppm.

The leaf samples show a slight increase in copper with 
the increasing content in the soils (Pig. 12) but, the twig 
samples do not show any trend with the variation of copper in



117

the soils. The values range from 3 - 1 1  ppm. in both back
ground and anomalous soils.

T archonanthus cam phoratus
The distribution of this species is fairly limited on 

the transect. There are very few occurrences in the main min
eralized zone and it is practically absent from the hillside 
on the southern end of the line. The three samples from the 
mineralized area contain from 2 9 .6 - 42.3 ppm. copper with the 
maximum value at 201 m.S, Other values considerably higher 
than the mean background of 20.5 ppm. occur at 53 and 420 m.S. 
These sites are 15 - 20 m. from a zone of mineralization but 
occur within the geochemical anomaly caused by the zone.

The twig samples from the main mineralized zone vary 
in copper content from 7.3 - 11.4 ppm. and those from the re
mainder of the transect from 3.3 - 7.3 ppm.

The leaf samples from the sites of less than 50 ppm. 
copper in the soils (Fig. 12) show a very wide range in cop
per content from 11 - 30 ppm., whereas the samples with cor
responding soil values from 50 - 330 ppm. only show a further 
increase from 3 0 - 4 2  ppm. In the twig samples two distinct 
groups are present. The samples from the background areas 
contain from 3 - 7  ppm. copper and the second group, where the 
soils range from 250 - 330 ppm., the twigs contain from 8 - 
12 ppm. copper.

P h aeon tilu m  sp inosum
This species also has a more scattered distribution on 

the transect and only one sample occurs in the main area of 
mineraiization. The leaves of this sample from 208 m.S con
tain 54.3 ppm. copper compared to the mean background value 
of 7.0 ppm. Other values several times the background are re
corded for the samples at 190, 50 and 430 m.S. The first sam
ple containing 2 5 .2 ppm. is from the edge of the main mineral
ized area and the sample at 50 m., with a value of 18.8 ppm. 
is within the area of the geochemical anomaly formed by the 
mineraiized argillite at 39 m.S. The higher copper content of 
the leaf samples from 430 m.S may be due to the narrow band
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of argillite at 443 m. containing 0 .64% copper.
The maximum value for the twigs is also from the sam

ple at 208 m.S and along the transect the higher twig values 
correspond with the high leaf vsilues. The diagrams of Fig. 12 
show that there is an apparent linear relationship between the 
copper content of the soil and plant for both leaves and twigs. 
However, there is only one sample from an area of very high 
copper content of the soil and no intermediate values.

Boscia albitrunca
Within the main mineralized zone the leaf values vary 

from 8 .6 — 2 1 .9 ppm. copper with the highest value from a sam
ple adjacent to a zone of mineralized argillite at 20? m.S.
The mean background value for the species is 5*4 ppm. One 
higher value of 11.0 ppm. at 93 m.S is unrelated to minerali
zation, whereas the samples from 41 and 440 m.S, very close to 
copper-bearing argillite, show no increase in copper content 
above the background level.

The twig samples do not show any marked increases in 
copper across the mineralized sections.

The scatter diagrams (Fig. 12) indicate that there 
is a gradual increase in the copper content of the leaves with 
the increasing copper values of the soil but, the twigs have 
a fairly constant copper content throughout the range of soil 
values.

Summary of the results for Transect 30 and follow-un work in
The Pos Area.

The zones of copper mineralization are most clearly de
fined by the anomalous vegetation association and the soil geo
chemistry.

Helichrysum leptolepis occurs over all the zones of 
mineralization and Fimbristylis exllis. Mollugo cervlana and 
Aristida congesta are commonly associated. The absence of 
herb species and the common background grasses Stipagrostis 
uniplumis. Pogonarthria fleckii. Eragrostis porosa and Hhyn^
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chelytrum brevipilum and the open corridors of the tree and 
shrub vegetation are also characteristic of the zones of min
eralization.

Peak copper soil values of 200 - 500 ppm. for the -80 
mesh occur over all the more significant zones of copper min
eralization but, there is a very limited lateral spread of 
copper in the soils.

The leaves of Phaeoptilum spinosum and Tarchonanthus 
camphoratus produce the most spectacular biogeochemical ano
malies but. the use of these species in exploration in this 
region is limited because of their sparse distribution. Gre
wia flava leaves also show clearly anomalous values in the 
range 20 - 30 ppm. copper over the main zone of mineraliza
tion and would be a more suitable species for biogeochemical 
prospecting because of its common occurrence and wide distri
bution.

To outline the strike extensions of mineralization 
exposed in trench M.6(3) a follow-up stage of geobotanical 
observations and geochemical sampling was undertaken. A grid 
wajS marked out extending over an area 1100 by 700 metres with 
the traverse lines 87 - 98 spaced at 100 metre intervals 
(Fig. 8). Soil samples were collected at 10 m. intervals 
from a depth of 15 cm. and the results of analyses of the 
-80 mesh fraction are shown in the copper isopleth map of 
Fig. 15.

The main features of the results are two parallel 
zones of +200 ppm. copper extending over strike lengths of 
800 and 500 metres. The northern zone outlines the strike 
extension of the main mineralized horizon in trench M.6(3)*N 
from 205 — 210 m.S. From the geochemical results the miner
alization would appear continuous to the eastern margin of 
the survey area but die out 200 — 300 metres west of the 
trench. The southern zone of +200 ppm. copper has a limit
ed extension to both the east and west following the miner
alized argillite exposed at 270 m.S in the trench.

A further strong anomaly occurs around 800W/160S 
where soil values exceed 300 ppm. copper. This shows the 
westward striks extension of the narrow zone of mineralized



120

argillite at 39 m.S in trench M.6(3)N.
On the southern section of the geochemical grid from 

300 - 700 m.S (fig. 1 3), covering the slope of the quartzite 
hill, narrow E - W zones of 100 - 200 ppm. copper follow the 
strike of the bedrock. Three zones are apparent and they cor
respond to the horizons of mineralized argillite and shale ex
posed in the trench at 443* 495 and 360 m.S.

The zones of copper mineralization shown in trench 
M.6(3)H and three further trenches M.3(l), M.6(6) and M.6(9) 
excavated during geological exploration, are more easily fol
lowed along strike by the presence of Helichrysum lentolepis 
and associated anomailous vegetation. The main zone of miner
alization in trench M.6(3)N from 203 - 210 m.S can be followed 
eastwards for 200 metres by the continuous corridor of Heli
chrysum lentolepis and directly correlates with a mineralized 
zone in trench M.6(6). Westwards the Helichrysum leptolepis 
zone (Plate 21) is continuous for over 200 metres and then 
the mineralization can be traced to trench M.3(l) and beyond 
by scattered occurrences of Helichrysum leptolepis.

The narrow mineralized argillite at 39 m.S in trench 
M.6(3)N can be followed westwards by an almost continuous ano
malous vegetation association to 8OOW/I3OS where there is an 
absence of shrubs over an area 40 by 20 metres and a dense 
ground cover of Helichrysum leptolepis. The strong geochem
ical anomaly exceeding 300 ppm. copper of fig. 13 corresponds 
to this area.

The three narrow zones of mineralization towards the 
southern end on the trench M.6(3)N at 443* 495 and 360 m.S 
can be traced along strike both east and west for several hun
dred metres on the vegetation characteristics (fig. I4). The 
wider zone of mineralized argillite and shales at 443m.S, con
taining 0.6% copper, is continuous for 800 metres and can be 
followed along strike by the narrow corridor apparent from the 
absence of shrubs, common herbs and grasses and the scattered 
occurrence of Helichrysum leptolepis and fimbristylis exilis
(Plate 2 3).

A comparison of the trench sections of fig. 14 clearly
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P l a t e  23 M i n e r a l i z e d  h o r i z o n  o f  a r g i l l i t e  and s h a l e s  
c l e a r l y  d e f i n e d  b y  t h e  a b s e n c e  o f  s h r u b s ,  
b a c k g r o u n d  g r a s s e s  and h e r b s .  H e l i c h r y s u m  

l e o t o l e p i s  and F i m b r i s t y l i s  e x i l i s  are  
s c a t t e r e d  a l o n g  t h e  an o m a lo u s  zone  w h i c h  

can  b e  f o l l o v / e d  c o n t i n u o u s l y  f o r  800  m e t r e s .  
V ie w  w e s t w a r d s  i n  t h e  s o u t h e r n  s e c t i o n  

o f  t h e  P os  P x - e a .  ( R e f .  MM/S'.VA, 1 U /16A )
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indicates that the mineralized argillites are not consistent 
in either grade or thickness when traced along strike. The 
6 metre zone grading 1.7% copper in trench M.6(3)N extends 
for probably only 400 m. thinning rapidly along strike and is 
correlated iTith a zone of less than 1 metre of 0.6% copper in 
trench M.3(l)*

The geobotanical observations and geochemical results 
indicate that the mineralization does not extend very far 
westwards beyond trench M.3(l). However, the sand cover in
creases towards the west, both in the drainage feature from 
350 - 430 m.S and along the base of the hills, and could mask 
mineralization. To investigate the possibility of minerali
zation beneath the sand cover and as a follow-up to the ini
tial biogeochemical studies of Transect 30, plant samples were 
collected along the western boundary of the geochemical grid 
on Tr. 87 (Pig. 8). The transect extended 200m. north and 
100m. south beyond the geochemical grid and leaf samples of 
Grewia flava were collected at approximately 10 m. intervals. 
The results of analyses and copper content of the soils (-80 
mesh) are shown in Fig. 15.

The geochemical profile indicates a broad zone of val
ues over 50 ppm. copper from H O  - 420 m.S, and three distinct 
peak values from 90 — 130 ppm. at 130, 220 and 260 m.S. A 
further zone of higher values from 370 - 410 m.S coincides with 
the drainage feature. All the soil values for the northern 
section of the transect from 200N — lOOS are less than 10 ppm. 
copper and values for the southern section are all less than  ̂
50 ppm.

The copper content of the leaf samples varies from 
8. 9  — 3 3 .8  ppm. with a mean value of 14.4 ppni. for those sam
ples collected in the background section of the transect from 
200H - lOOS. The standard deviation for this group of 30 sam
ples is 2.7 and the value for probably anomalous (Eawkes and 
Webb, 1962) samples 22.5 ppm. copper. The location and cop
per content of the 15 probably anomalous samples are shown in 
Table 11.
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L o c a t i o n
m.S

ppm.
c o p p e r

30 2 3 .0
127 26.4
171 26.4
190 33.8
199 2 2 .7
222 2 3 .8
241 2 4 .7
251 2 7 .7
278 27.3
299 2 3 .6
331 2 5 .8
342 2 3 .2
430 2 2 .9
590 2 3 .1
623 22.6

Table H .  Location and copper content of probably anomalous 
samples of Grewia flava leaves collected on Tran
sect 87, Pos Area.

All but four of the probably anomalous biogeochemical 
samples occur between I30 - 330 m.S (fig. 15) falling within 
the broader geochemical anomaly from 110 - 420 m.S. However, 
of the peak biogeochemical values from 127, 171, 190, 25I, 278. 
and 331 m.S only one sample coincides with a geochemical peak. 
The maximum value recorded for the leaves of Grewia flaya of 
33.8 ppm. copper from 190m., is from an area where the soils 
contain less than 50 ppm.

No probably anomalous leaf samples occur in the sec
tion 370 - 420 m.S, the drainage feature, and this suggests 
that the higher geochemical values are the result of sheet 
wash from the main mineralized zone higher upslope (fig. 13).

The two leaf samples from 20 and 30 m.S, an area of 
background from the geochemistry, have an extremely high copper 
content of 22.4 and 2 3 .0 ppm. respectively and may indicate



>-ocH
c/5

SU3
Xuowoo
ffi

>-ocHCT)
zw
Xuow'J

/

■ 2

o
3*2 3 2 I 2 °

j iddo j  'uidd

.  ^ o  o  o«9 »  «  etQ i*

C3
■P
CQ

X3

CO
ü
f—4
S
0)

ü
o
o
t o

c
w

rH
X
ü

«r4

<D cd
0 )

O Pj
O <
(V

t o co
o o

r - l
rÛ

U r -
O 00

C ■P
O ü
00 <ü

«r4 CQ
k C
id cd
A P4
E E-i
O
ü U

O

<< <p

miH

fcô
•Hfx,

jgddoj  'ludd



127

copper mineralization in depth, beneath the sand cover.
The probably anomalous samples from 590 and 620 m.S 

occur in the approximate region of a zone of mineralization 
projected from geobotanical and geochemical studies (fig. 14),

The strong biogeochemical anomalies between 120 - 350 
m.S, and the non-coincidence of biogeochemical and geochemical 
peak values warrants further investigation, to determine whe
ther copper mineralization is present in this section and if 
so which of the two exploration methods gives a better defini
tion of the mineralization.

B. The Corper Causeway Area 

Introduction
The surrounding region of the Copper Causeway is one 

of level to undulating terrain vrLth shallow sandy soils. Out
crops of quartzites and grits occur throughout the region and 
become more prominent towards the west, where individual hori
zons form continuous outcrops for several hundred metres. The 
regional strike, as shown by vegetation lineations on aerial 
photographs, swings from E - W to NE - S,V (Fig. 16).

The low tree and shrub savanna of this region is char
acterised by the species Grewia flava, Phaeoptilum spinosum. 
Acacia hereroensis. A. mellifera. A# hebeclada and Tarchonan- ■ 
thus camphoratus. Stipagrostis uniplumis. a perennial grass, 
dominates the ground vegetation but, a great variety of annual 
and perennial grasses and herbs occur throughout the area.
The drainage pans have a dense cover of the grass Eragrostis 
curvula with large shrubs of Ziziphus mucronata and Acacia 
hebeclada around the margins. Fossil drainage features lead
ing into and linking the pans are apparent from the denser 
shrub cover of Tarchonanthus camphoratus.

The initial geobotanical reconnaissance of the Copper 
Causeway outlined several distinct areas of anomalous vegeta
tion characterised by Eelichrvsum leptolepis and fimbristy—
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lis e}3.1i8 (Plate 24). A trench section located to cross 
several of the Helichrysurn leptolepis areas and the regional 
strike revealed mineralized argillite beneath each anomalous 
vegetation zone.

In order to study the distribution of plant species 
%ith respect to copper mineralization and the copper content 
of the soils geobotanical transects were recorded across the 
area. The principal transect 55 crosses several anomalous 
vegetaion zones and extends well into the background vegeta
tion (Fig* 16% and transects 56 - 59 each cross one distinct 
area of Helichrysurn leptolepis.

Plant samples were collected along the transects to 
investigate the relative uptake of copper by the various spe
cies in background and anomalous areas and to determine the 
most favourable species for biogeochemical prospecting.

The distribution of the anomalous vegetation was 
mapped end a geochemical survey carried out in the area to 
determine the extent of mineralization end aid the geological 
interpretation.

T r a n s e c t  55
The geobotanical transect is parallel to the trench 

E.6.(l), end 10 metres to the east, so that a direct compari
son cen be made between the vegetation end the bedrock. The 
geological section of the trench, soil profiles, geochemical 
and geobotanical data are shown in Fig. 17*

There is generally between 10 — 90 cm. of soil cover - 
along the transect and outcrop only occurs in a few locali
ties. It is apparent from the soil profiles and trench sec
tions that the mineralized argillites are more resistant to 
weathering than the quartzites and shales, as their subout
crops are much closer to surface. There are no distinct soil 
horizons formed but subdivisions can be made on the nature 
and percentage of gravel in the soil. A layer of angular to 
subangular gravel of quartz and quartzite is usually present 
resting on the bedrock and the surface material is composed
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P l a t e  2k  View e a s t w a r d s  a c r o s s  t h e  m a in  g e o b o t a n i c a l
an o m a ly  o f  t h e  Copper  Ceusev.-ay. The f o r e g r o u n d ,  
v o i d  o f  s h r u b s  an d  g r a s s e s ,  h a s  a d e n s e  c o v e r  
o f  H e l i c h r y s u r n  l e r t c l e p i s  and a s s o c i a t e d  
F i r . b r i s t . v l i s  e x l l i s . The  p e r e n n i a l  g r a s s  
S t î n a r r  o s t i s  u n i r  1 u n i s  . w i t h  t h e  s l i r u b s  A c a c i a  
h e r e r o e n s i s . A c a c i a  m e l l i f e r a  and A c a c i a  
h e b e c l a d a . o c c u r  i n  t h e  b a c k g r o u n d .
( R e f .  f.XC/SAA 12/ZSA-;,2A)
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of medium to fine sand with small quantities of gravel and 
other size fractions.

The mesh fraction analyses of bulk samples (Fig. 18) 
shows that the gravel content of the surface layer varies 
from 4 - 31/̂ and the coarse and very coarse sand from 11 « 23/̂. 
The major part of the soil is medium and fine sand forming 
46 - 63% and the very fine sand forms 9 - 28% of the sample.
The silt and clay fractions are small and form only 4 - 8% 
of the total. The surface material is poorly sorted and there 
does not appear to be any significant changes in the composi
tion over varying bedrock types.

The rocks exposed in the trench section comprise a 
sedimentary sequence of shales, quartzites, conglomerates and 
limestones and show rapid alternations of lithological units.
In some sections fine grained argillites are followed by con
glomerate bands containing rounded pebbles upto 3 cm. in dia
meter. }Iany of the argillaceous rocks are calcareous and one 
broad zone of limestone is present in the sequence from 24O - 
233 m. In the section from 220 - 420 m., where the minerali
zation occurs, the proportion of fine grained rocks increases. 
The copper mineralization is in the argillites and ten distinct 
zones are present which vary in copper content from 0.33 —
3•71%* Several shale and quartzite horizons within the main 
area of mineralization contain small amounts of copper, where
as the rocks sampled between 4IO - 600 m. have only trace 
values.

Soil samples, sieved to -80 and -2?0 mesh, were col- * 
lected at 10 metre intervals along the transect and a corres
ponding zone of anomalous copper content was revealed in each 
mesh fraction. The —80 mesh samples from background have 
3 - 2 0  ppm. copper whereas those samples in the minerals zed 
zone all contained over 130 ppm., with peak values in the 
range 200 - 400 ppm. The peak values of copper coincide with 
bands of mineralized argillite in all cases. The background 
copper content of the -270 mesh samples varies from 10 - 30 ppm. 
and the peak values of samples over mineralization exceed 300 
ppm. The graph of the -2?0 mesh copper values closely fol-
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lows th e  - 8 0  n e s h  g ra p h  and  t h e  v a l u e s  a r e  a p p r o x im a te ly  tw ic e  
the  -8 0  mesh v a l u e s .

The s i z e  f r a c t i o n s  s i e v e d  from t h e  b u lk  s o i l  saz rp le s  
were a l s o  a n a l y s e d  f o r  c o p p e r  and  t h e  r e s u l t s  shown i n  F i g ,  1 8 ,  
The fo u r  s a m p le s  from 5 0 , 1 50 , 450 and  550 m , , o u t s i d e  th e  min-f 
e r a l i z e d  z o n e ,  have  v e r y  low  c o p p e r  v a l u e s  i n  a l l  s i z e  f r a c 
t i o n s ,  a t t a i n i n g  a  maximum o f  50 ppm, i n  t h e  -2 7 0  m esh. The 
rem ain in g  sa m p le s  from 230  -  390 m , , w i t h i n  t h e  m i n e r a l i s e d  
zonej’ i n d i c a t e  t h a t  a l l  mesh f r a c t i o n s  have  a  h ig h  c o p p e r  con
t e n t  s e v e r a l  t im e s  t h e  b a c k g ro u n d .  The lo w e r  c o p p e r  v a lu e s  
a re  from t h e  30 -  120 mesh r a r g e  an d  t h e r e  i s  a  m arked i n c r e a s e  
i n  th e  f i n e r  f r a c t i o n s  u p to  a  maximum i n  t h e  -2 7 0  m esh .

The pH was m ea su re d  on t h e  b u l k  s o i l  s a m p le s  c o l l e c t e d  
a long  th e  t r a n s e c t  and  t h e  v a l u e s  r a n g e  from 5 .1  -  6 , 4  (T a
b le  1 2 ) ,  T h ere  d oes  n o t  a p p e a r  t o  be  a n y  d i r e c t  r e l a t i o n  b e 
tween th e  pH o f  t h e  s o i l  and  t h e  u n d e r l y i n g  r o c k  ty p e  o r  t h e  
copper c o n te n t  o f  t h e  s o i l .  The s o i l s  o v e r  t h e  m i n e r a l i z e d  
a r g i l l i t e s  show a lm o s t  t h e  c o m p le te  r a n g e  o f  pH from 5 .1  -  
6 ,3 .

Geobotany
The s p e c i e s  o f  g r a s s e s ,  h e r b s  and  f o r b s  form an  a v e r 

age ground  c o v e r  o f  20  -  30>o and  o n ly  o c c a s i o n a l l y  form more 
th an  50^ . The b a r e  g ro u n d  c o n s i s t s  o f  a r e a s  o f  s a n d y  s o i l  a s  
o u tc ro p  o n ly  form s a  m in o r  p a r t  o f  t h e  s u r f a c e ,

H e lich ry su rn  l e r t o l e r i s  i s  c o n f i n e d  t o  t h e  s e c t i o n  
where th e  s o i l s  a r e  h ig h  i n  c o p p e r  c o n t e n t  and  h a s  i t s  g r e a t 
e s t  c o n c e n t r a t i o n  d i r e c t l y  o v e r  t h e  z o n e s  o f  m i n e r a l i z e d  a r 
g i l l i t e ,  I n  t h e s e  a r e a s  i t  fo rm s from  20 -  40/^ o f  th e  g ro u n d  
cover and few o t h e r  s p e c i e s  o c c u r  i n  t h e  v i c i n i t y ,  F im b r i -  
s t y l i s  e x i l i s  i s  a l s o  c o n f i n e d  t o  t h e  zone  o f  h ig h  c o p p e r  v a l r
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Distance 
m. N

pH of Soil ppm. Copper Soil Colour
Dry Wet

5 5.7 7 5Y3.5/4 5YR.4/4
50 5.7 10 4/4 4/3
100 6.4 22 4/6 4/4
150 6.0 23 5/6 4/4
200 6.3 70 5/4 4/4
230 6.3 272 5/6 4/4
250 6.0 210 5/4 4/4
300 5.9 102 5/6 4/4
317 5.6 232 5/6 3/4
330 5.6 260 5/4 4/4
350 5.2 255 5/6 4/4
361 5.6 445 5/6 4/4
390 5.1 200 5/6 4/4
400 6.0 135 5/6 4/4
450 5.9 5 4/6 4/4
500 5.8 7 5/6 4/4
550 5.3 10 4/6 3/4
600 5.4 5 5/6 4/4

Table 1 2 .  pH, c o p p e r  c o n t e n t  and  c o l o u r  o f  b u B i  s o i l  sa m p le s  
from T r a n s e c t  5 5 ,  C opper C ausew ay.
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ues, forming upto cover in places. However, it does not 
show any marked increase directly over mineralized bedrock.

The species Molluro cerviana. Aristlda congesta and 
Erasrostis denudata occur throughout the transect but show a 
greater concentration in the areas of copper mineralization. 
Aristida contesta forms 2(% of the ground cover from 200 - 
250 m. and Era^rostis denudata is associated \7ith the areas 
of Helichrysurn lentolenis between 300 and 4OO m. However, 
these two grass species generally occur peripheral to Heli- 
chrysum lentolenis and the copper mineralization.

Stipagrostls uninlumis. the main perennial grass spe
cies of the area, forms an average cover of 10 - 30^ but is 
absent from all the areas of Helichrysurn lentolenis where the 
copper content of the soil is high. It is also absent from 
30 - 70 m. on the transect where a distinct vegetation asso
ciation occurs along a fossil drainage feature. In this zone 
the grass species are Eragrostis horizontalis. Hhyncheletrun 
brevipilum. Aristida congests and Era^rostls denudata and the 
creeping legume iistia heterophylla is also present forming 
upto 80% ground cover. This distinct association is possibly 
due to the very thin cover of soil, only about 3 cm., which 
rests on a coarse angular gravel of quartzite and forms a 
limiting factor for the rooting systems. The association 
Eragrostis horizontalis. E. denudata and Aristida contesta 
also occurs from 300 - 600 m. where there is gravel close to 
surface, but Stlpagrostis uniplumis is also present in scat
tered clumps. The other grass species recorded on the tran
sect are not very common. Pogonarthria fleckii occurs mainly 
in the background areas whereas the other species occur through
out the transect with the exception of the areas of Heliehry- 
sum lentoleTJis.

The majority of the herbs and forbs are present 
throughout the transect including the section from 200 — 400a# 
where there are higher copper values for the soils. However, 
these species with the exception of Cassia italica and Ocimum 
americanum do not occur in association with Helichrysurn lep- 
tolenis over the mineralized argillites. Pichôma capensis. 
Evolvulus alslnoldes. Eohautia omahekensis and Indigo fera
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f la v ic a n s  o n l y  o c c u r  i n  t h e  b a c k g ro u n d  a r e a s  o f  low c o p p e r  
c o n c e n t r a t i o n .  I n d i v i d u a l  s p e c i e s  r a r e l y  form  more t h a n  lO/o 
of th e  g ro u n d  c o v e r  a lo n g  t h e  t r a n s e c t .  ./*

S e v e n te e n  f u r t h e r  h e r b  s p e c i e s  an d  s i x  g r a s s  s p e c i e s  
l i s t e d  i n  T a b le  13 a l s o  o c c u r  i n  m in o r  p e r c e n t a g e s  on t h e  
t r a n s e c t  and  a r e  g ro u p e d  a s  u n p l o t t e d  s p e c i e s  on f i g .  1 7 .

1 . A n th e p h o ra  p u b e s c e n s 1 3 . C yphocarpa  a n g u s t i f o l i a
2 . A r i s t i d a  a d s c e n s i o n i s 1 4 . H erm annia  dam arana

3 . A r i s t i d a  e f f u s a 1 5 . H irp ic iu m  g o r t e r i o i d e s

4 . B r a c h i a r i a  n i s r o p e d a t a 1 6 . I n d l g o p h e r a  h e t e r o t r i c h a

5 . C en ch ru s  c i l i a r i s 1 7 . Limeum v isc o su m
6 . E raR T O stis  s u p e r b a 1 8 . O t o p t e r a  b u r c h e l l l

7 . A c ro to n e  i n f l a t a 1 9 . P l a t y c a r r h a  c a r l i n o i d e s
8 . A ptosim un l e u c o r r i z u m 2 0 . P o r t u l a c a  g r a n d i f l o r a

9 . Asparacrus a f r i c a n u s 2 1 . P u p a l i a  l a p p a c e a
1 0 . B l e p h a r i s  l e e n t e r t z i a e 2 2 . S i d a  c h r y s a n t h a
11 . Chaseanum p i n n a t i f i d u i n 2 3 . T r i ^ u l u s  z e y h e r i
12 . Commelina b e n g h a l e n s i s

Table 1 3 . G r a s s  s p e c i e s  ( 1 - 6 )  a n d  h e r b s  ( 7 - 2 3 )  a l s o  
o c c u r r i n g  on  T r a n s e c t  35  a n d  g ro u p e d  a s  U n p lo t -  
t e d  S p e c i e s  i n  l i g .  1 7 .

A c ro ss  t h e  a r e a  t h e  t r e e  a n d  s h r u b  c o v e r  i s  v e r y  open  
w ith  a p p r o x im a te ly  one s p e c i e s  p e r  t e n  s q u a r e  m e t r e s .  The ma
j o r i t y  a r e  from  30  cm. t o  2  m. i n  h e i g h t  a n d  t h e  m ost common 
sp e c ie s  a r e  G rew ia  f l a v a .  A c a c ia  h e b e c l a d a . A. h e r e r o e n s i s .
A. m e l l i f e r a  a n d  P h a e o n t i lu m  s n in o s u m .  C a to p h r a c t e s  a l e x a n d r i  
shrubs form  a  m arked c o n c e n t r a t i o n  from  40 — 80 m. b u t  t h e  sp e 
c ie s  i s  n o t  common i n  t h i s  r e g i o n .  A l l  s p e c i e s  o f  t r e e s  and  
shrubs a r e  a b s e n t  from  t h e  z o n e s  o f  m i n e r a l i z a t i o n .  T h i s  i s  
uot a p p a r e n t  i n  t h e  s h r u b  c o v e r  d ia g ra m  o f  f i g .  17 s l s  t h e  sp e 
c ie s  were r e c o r d e d  i n  10  m. q u a d r a t s  a n d  some o f  t h e  z o n e s  o f  
m i n e r a l i z a t i o n  a r e  o n l y  1 -  2  m. w i d e .  The s p e c i e s  com posi
t io n  does n o t  show a n y  m arked  c h a n g e s  a c r o s s  t h e  m i n e r a l i z e d  
Bection  from  200  -  40O m. b u t  t h e r e  i s  a  s l i g h t  c o n c e n t r a t i o n  
of t a l l  A c a c ia  h e r e r o e n s i s  from  2 0 0  — 2 5 0  m* .
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B io geochem istry
The most commonly occurring shrubs and grasses were 

sampled at 10 to 20 m. intervals along the tpansect and the 
less common species wherever present. The ash weight and dry 
7/eight copper values for all samples are shown in Fig. 19, and 
a graphical plot of the copper content of the plant v/ith the 
copper content of the soil is shown in fig. 20.

The samples of Stinagrostis uniplumis show a marked 
increase in copper content between 200 - 400 m. on the tran
sect. In this zone the copper content varies from 7 - 2 0  
ppm. dry weight, wheresLs the mean value for the background 
samples is 3*1 ppa. The samples with the highest copper con
tent of 2 0 .8 and 1 8 .6 ppm. occur at 230 and 362 m. respectively 
and border zones of Helichrysurn leptolepis over copper miner
alization. The graphical plot of plant and soil copper values 
(Fig. 20) indicates that the S. uniplumis samples from the 
background areas all contain less than 3 ppa. There is a 
linear relationship through the intermediate values to a max
imum of 20 ppm. copper in the grass where the soil values 
reach 230 - 300 ppm.

Fewer samples of the grass species Aristida con.resta 
could be collected because of its more scattered distribution 
in the area but a comparison of samples from background and 
near to mineralization can be made. The samples from back
ground have a very low mean copper content of 1 .6 ppm# and the 
values increase in the mineraiized section of the transect 
to a maximum of 6 .2 ppm. at 383 m., which is over copper min- • 
eralization. The graphical plot indicates two groups of sam
ples. The background samples contain 1 — 2 ppm. and those 
from the higher copper sites 4 — 6 ppm. The copper content 
of Aristida contesta is extremely low even where it is asso
ciated with Helichrysurn lentolepis over mineralization.

The leaf samples of Grewia flava show an increase in 
copper across the mineralized zone from 200 — 400 n. In this 
section the leaves contain more than 20 ppm. compared to the 
mean background value of 14 .6 ppm. The highest values in the 
range 23 - 31 ppm., from the locations 230, 320, 345 and 398m.,
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are all adjacent to horizons of mineralized argillite* The 
maximum copper content of the twigs of 13*6 ppm* is from the 
sample at 345 in# and the samples from the mineralized section 
generally exceed 8 ppm*, compared to 4*7 ppm* for the mean 
background value for the twigs* Figure 20 shows a linear re
lationship from background samples containing 12 - 17 ppm* to 
the anomalous leaf samples in the range 20 - 30 ppm*, where 
the soils contain more than 100 ppm* The twigs have 3 - 7  
ppm* copper from sites where the copper content of the soil 
is low, increasing to 7 - 10 ppm. where the soils exceed 200 
ppm* copper*

Acacia mellifera leaves show a very small range of 
copper values, 4#1 - 10*5 ppm*, and the higher values do not 
correspond with the areas of mineralization* The peak value 
of 10.5 ppm. is for the sample from 458 m. over barren quart
zite. The twig samples have a similar range of values to the 
leaves, 2.5 - 10.8 ppm., and only two samples from the miner
alized section exceed the background value. The graphical 
plot shows that the leaves from both high and low copper sites 
have the same range of values of 5 - 1 0  ppm. Similarly the 
twigs do not show any marked variation in copper content with 
the increasing values in the soils.

The samples of Acacia hebeclada have extremely low 
background levels of 1.7 and 1*9 ppm* copper for the leaves 
and twigs respectively. All the values above 2*5 ppm* are 
from samples in the mineralized section from 200 - 400 m*
The highest leaf values of 6 - 7 ppm* copper, about four 
times the mean background, occur at 390 m* adjacent to miner
alization* The twig samples from this location are also 4 - 5  
times the background value* The graphical plot (Fig* 20) 
shows a cluster, for leaf samples, around 2 ppm* for the back
ground areas, and the higher values of 5 ppm. are all from 
sites of 200 - 300 ppm. copper in the soil*. A similar distri
bution is shown for the twig samples which contain 1 — 3 ppm. 
for the background soils and over 5 ppm. with soils contain
ing more than 150 ppm. copper.

The highest copper values for the leaves of Acacia 
hereroensi R sure from samples adjacent to mineralization; 10.7
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ppm* at 232 m*, 10.8 ppm* at 332 m* and 18*2 ppm* at 397 m* 
However, the other samples from the mineralized section from 
200 - 400 m* do not show any appreciable increase in copper 
content above the mean background value of 6*7 ppm* The twig 
sample from 397 m. contains 34»0 ppm. copper, which is twice 
the content of the leaves and six times the mean background 
for twigs on the transect. The samples from 397 m. (9 m*W) 
and 393 m. (3 m.E) have greatly different copper contents al
though these samples are only 12 m* ĝ part and both adjacent 
to mineralization. In the graphical plot the leaf samples 
from background contain 3 - 7  ppm. copper and show increasing 
values as the copper content of the soil increases. The twigs 
of Acacia hereroensis have a wider variation of copper for the 
background samples, 3 - 9  ppm., but, do not show any marked 
increase with the high soil values*

The leaves of Tarchonanthus camphoratus have a very 
high copper content compared to the other species with a mean 
background value of I6 .4 ppm. The samples with the highest 
values are adjacent to mineralization; 30 ppm. from 395 m* 
and 36 ppm. from 330 m., and most of the samples between 200 - 
400 m. contain more than 23 ppm. copper. The twigs contain 
considerably less copper than the leaves and the mean back
ground value for the transect is 3#6 ppm. The higher values 
for the twigs, greater than 9 ppm*, do not all occur near to 
mineralization and do not correspond with the maximum values 
recorded for the leaves. The soil - leaf copper graph for 
Tarchonanthus camphoratus indicates that the background sam
ples contain I4 - 17 ppm. and there is a general increase to 
25 ppm. when the soils contain 200 ppm. copper. The twigs 
from background vary from 4 - 8  ppm* and the maximum values 
correspond to the soils containing 200 - 300 ppm. copper.

The leaf samples of Phaeoptilum spinosum collected be
tween 200 - 400 m. contain from 17.4 - 37.1 ppm. copper which 
is considerably higher than the mean background of 7.6 ppm. 
for the transect. The twig samples are also much higher in 
copper content across the mineralized section, ranging from 
9 - 1 2  ppm. compared with the mean background of 4.5 ppm.
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The leaf samples corresponding with low soil values containère
from 4 - 1 1  ppm. (Fig. 20) and^in the range 15 - 30 ppm. 
when the soils have more than 150 ppm. copper. Similarly the 
twigs show a general increase from 3 - 7  ppm. with background 
soils to greater than 10 ppm. where the soil contains 200 - 
300 ppm. copper.

Only twelve samples of Boscia alhitrunea were col
lected on the transect and the mean background value for the 
leaves is 8.0 ppm. copper. The maximum leaf value is 13.4 
ppm. from 226 m., which is near copper mineralization, and 
the twig sample from the same location shows the maximum con
tent for the species of 8.3 ppm. The mean background value 
for the twigs is 3*9 ppm. Both the leaves and the twigs show 
slight increases in copper content with increasing values in 
the soil (Fig. 20).

Eleven samples of Ziziphus mucronata taken from var
ious sites along the transect show very low copper values and
also a very small range; 4.9 - 6.6 ppm. for the leaves and 2.7
- 4.4 ppm. for the twigs. The graphical plot shows no detec
table increase in the plant content of copper %d.th increasing 
copper in the soils.

The highest values from the ten samples of Dichro- 
stachys einerea occur in the leaf and twig samples from 398 m., 
near to copper mineralization. These values are 13.1 and 9.1 
ppm. compared with a mean background of 7.0 and 3.5 ppm. for
the leaves and twigs respectively. The leaf samples in the
section 200 - 400 m. have greater than 10 ppm. copper, show
ing a slight increase over the background samples. The twigs 
however, do not show any increase wdth increasing copper in 
the soil.

Phus nyroides samples were collected from five sites 
along the transect. The leaf samples near to mineralization 
contain 17 — 25 ppm. copper compared to 8 — 12 ppm. for the 
samples from background* The twig samples from the mineral
ized section of the transect also contain more copper than 
those from background but the difference in values is not so 
great. The range in values for the twigs is 4 - 9 ppm.

Three samples of Ehretia rigida from 220, 226 and
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375 m., within the mineralized section, have a copper content 
of the leaves between 15 - 24 ppm. compared to 10 ppm. for the 
sample from background at 103 m. The tvd.gs do not show any 
great variation in copper content in the four samples with the 
range 9*8 — 11.5 PP&.

The six leaf samples of Lycium lancifolium from back
ground sites contain from 1 2 - 1 6  ppm. copper whereas the three 
samples from the mineralized section have 24 - 32 ppm. The 
range of values for the twigs is 7 - 11 ppm. copper with the 
higher values from samples near to mineralization.

T ransec ts  36. 57. 58 and 39
The ground vegetation was also recorded across four 

distinct zones of Helichrysurn leptolepis along the transects 
56 - 59, which vary in length from 50 - 80 m. The location 
of these transects is shown in Fig. 16. No outcrops occur 
on the transects but, the soil profiles (Fig. 2 1 )  indicate 
that only a thin cover of sand and gravel mask the mineral
ized argillites (Plates 25 and 26). Over the quartzites the 
soil cover is usually 80 cm. - 1 m. and consists of angular 
to sub-angular gravel of quartz and quartzite resting on 
blocks of weathered bedrock. The surface soil is medium to 
fine sand with small quantities of gravel, silt and clay. 
Particle size analyses for sample l8l8, taken from a 10 cm. 
depth on Transect 59# (Fig. 18) indicates that the soil con
tains 21% gravel, more than 50/o medium and fine grained sand 
and only 4% silt and clay combined.

The geological sections for Transects 56 and 57 are 
taken from trench E.6.(2) which is about 5 m. from the tran
sect lines. Short trenches, extending.just beyond the zones 
of Helichrysurn leptolepis. were opened to reveal the bedrock 
on transects 58 and 59# The trench section of Transect 59 
crosses the corridor feature (Plate 25) and the edge of the 
icain pan of the Copper Causeway (Plate 24) where Helichrysurn 
leptolepis is the dominant plant species. Mineralized argil
lite occurs in the trench below the corridor of Helichrysurn
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F lg ,  21 T r a n s e c t s  56,  57» 58 and 59,  v / i t h i n  t h e  
Copper  Causeway a r e a ,  show ing  t h e  
r e l a t i o n s h i p  b e tw e e n  t h e  d i s t r i b u t i o n  
o f  p l a n t  s p e c i e s ,  s o i l  g e o c h e m i s t r y ,  
g e o lo g y  and s o i l  p r o f i l e s .
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l e -p t o l e p i s ,  ( P l a t e  25) b u t  q u a r t z i t e  i s  p r e s e n t  on t h e  
edge of t h e  p a n .

Geobotany

The t r a n s e c t s  do n o t  e x t e n d  i n t o  t h e  r e g i o n a l  
background, b u t  t h e  g e o c h e m i c a l  p e a k s  f o r  c o p p e r  o f  t h e  
-60 mesh s o i l  f r a c t i o n  c o i n c i d e  w i t h  t h e  m i n e r a l i z e d  
a r g i l l i t e  e x p o s e d  i n  t h e  t r e n c h e s .  H e l ic h r y s u r n  l e n t o l e p i s  
has i t s  maximum o c c u r r e n c e  i n  t h e s e  a r e a s  f o r m i n g  up t o  
25^ of t h e  g ro u n d  c o v e r  on t h r e e  o f  t h e  t r a n s e c t s  and  
30fo on T r a n s e c t  59 .

F i m b r i s t y l i s  e x i l i s . A r i s t i d a  c o n g e s t s  and 
E r a r r o s t i s  d e n u d a t a  a r e  a s s o c i a t e d  w i t h  H e l ic h ry su rn  
l e p t o l e p i s  o v e r  t h e  m i n e r a l i z a t i o n  ( P i g  21) and  A n th e p h o ra  
pubescens b o r d e r s  t h e  c o p p e r  zone on T r a n s e c t  5 9 .  H o l l u r p  
ce rv iana  o c c u r s  t h r o u g h o u t  t h e  t r a n s e c t  b u t  shows a s l i g h t  
in c r e a s e  i n  d e n s i t y  o v e r  t h e  m i n e r a l i z a t i o n  on T r a n s e c t s  
56 -  58 . The m o s t  common g r a s s  s p e c i e s  o f  t h e  b a c k g r o u n d  
areas  i s  S t i p a r r r o s t l 5 u n i p l u m i s  w h ic h  fo rm s  20 -  40,^ c o v e r  
in  most p l a c e s .  T h i s  s p e c i e s  c u t s  o u t  c o m p l e t e l y  
d i r e c t l y  ove r  t h e  m i n e r a l i z e d  a r g i l l i t e .  The r e m a i n i n g  
sp e c ie s  p l o t t e d  on F ig .  21 and  r e c o r d e d  i n  T a b le  14  a r e  
absent  f rom t h e  z o n e s  o f  c o p p e r  m i n e r a l i z a t i o n ,  w i t h  t h e  
e x c e p t io n  o f  C a s s i a  i t a l i c a  w h ich  o c c u r s  w i t h  H e l ic h r y s u r n  
l e p t o l e p i s  a t  a p p r o x i m a t e l y  30  m.K on T r a n s e c t  56 .
Ocimum americanum i s  a d j a c e n t  t o  m i n e r a l i z a t i o n  on a l l  
t r a n s e c t s  and  Aptosimum a r e n a r i u m  o c c u r s  on e a c h  s i d e  o f  
the  m i n e r a l i z e d  zone  on T r a n s e c t  5 6 .

The s p e c i e s  c o m p o s i t i o n  o f  t h e  s h r u b  c o v e r  i s  
very s i m i l a r  a l o n g  t h e  t r a n s e c t s ,  c o n s i s t i n g  m a i n l y  o f  
Grewia f l a v a . A c a c i a  h e b e c l a d a . A . m e l l i f e r a . A. h e r e r o e n s i s . 
Phaeopti lum sp in o su m  and T a r c h o n a n t h u s  c a m p h o r a t u s . b u t  
the re  i s  a w ide  v a r i a t i o n  i n  t h e  s h ru b  d e n s i t y .
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P l a t e  25 View s o u t h - e a s t w a r d s  a l o n g  t h e  c o r r i d o r  o f
H e l ich ry su rn  l e n t o l e o i s  i n t e r s e c t e d  h y  T r a n s e c t  

5 9 ,  Copper  C ausew ay .  F i m b r i s t y l i s  e x i l i s . 
H o l l u q o  c e r v i a n a . A r i s t i d a  c o n g e s t s  and  
E r a q r o s t i s  d e n u d a t a  a l s o  o c c u r  w i t h i n  
t h e  c o r r i d o r  and A n t h e p h o r a  p u b e s c e n s  a l o n g  

t h e  m a r g i n s .  M i n e r a l i z e d  a r g i l l i t e  i s  
e x p o s e d  i n  t h e  t r e n c h  s e c t i o n  d i r e c t l y  
b e l o w  t h e  zone  o f  He1 i c h r y s u m  l e p t o l e p i s .
( R e f  . MK/S'.VA 2 5 / 5 1 ,  5 2 .  )
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P l a t e  26 V ie w  n or th v /ard s  a l o n g  t h e  t r e n c h  s e c t i o n  o f  

T r a n s e c t  58 ,  Copper C a u s ew a y .  The tw o  zo n e s  
o f  m i n e r a l i z e d  a r g i l l i t e  form more r e s i s t a n t  

h o r i z o n s  t h a n  t h e  q u a r t z i t e s .

( R e f .  M1,:/S',VA 2 5 / 2 9 , 3 0 )
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1. Enneaporon  c e n c h r o i d e s 1 1 . Dichoma c m n e n s i s
2. E r a ? r o s t i s  h o r i p o n t e l i s 12 . E v o l v u l u s  a l s l n o i d e s
5. E r a i r r o s t i s  p o r o s a 13 . E u p h o r b ia  i n a e n u i l a t e r ans
k . E r a g r o s t i s  s u p e r b a lU . G e i r e r i a  o r n a t i v a

5. Rh},nchely t rum  b r e v i p i l u m 1 5 . H i r n l c i u m  r o r t e r i o i d e s
6. S c h m id t i a  p a n a n o r o i d e s 16 . K o h a u t i a  o m ah e k en s is
7. Acrotcme i n f l a t a 1 7 . P l a t y c a r p h a  c a r l i n o l d e s
8. C e lo s i a  l i n e a r i s 1 8 . P o r t u l a c a  r r a n d i f l o r a

9. Cenchrus c i l i a r i s 19 . T a l in u m  a r r o t i i
10. Chaseanum p i n n a t i f i d u m 20. V e r n o n ia  f a a t i p i a t a

Table lU .  G r a s s e s  ( l  -  6 )  and  h e r b s  (7 -  20 )  a l s o
o c c u r r i n g  on T r a n s e c t s  56 -  59, C opper  Causeway, 
and  n o t  p l o t t e d  on F i g ,  21.

B i o g e o c h e m i s t r y

P l a n t  s a m p le s  were  c o l l e c t e d  a l o n g  t h e  t r a n s e c t s ,  
but  as t h e  t r a n s e c t s  o n l y  go a s h o r t  d i s t a n c e  on e i t h e r  
s ide  o f  t h e  m i n e r a l i z a t i o n  t h e  m a j o r i t y  of  t h e  s a m p le s  have  
an anomalous c o p p e r  c o n t e n t .  The a n a l y t i c a l  r e s u l t s  f o r  t h e s e  
samples a r e  shov/n i n  T a b l e s  IV. 22 -  26 (A p p e n d ix ) .

The s a m p le s  o f  S t i n a r r o s t i s  u n i p l u m i s  g e n e r a l l y  
show i n c r e a s i n g  c o p p e r  c o n t e n t  w i t h  i n c r e a s i n g  c o p p e r  i n  
the  s o i l s .  The g r a s s  s a m p l e s ,  f ro m  a r e a s  where  200 ppm. 
and g r e a t e r  i s  r e c o r d e d  f o r  t h e  s o i l s ,  v a r y  i n  c o p p e r  c o n t e n t  
from 1 3 .5  -  3 0 .3  ppm.

The Grev/ia  f l a v a  s a m p le s  show a wide  v a r i a t i o n  i n  
copper c o n t e n t  o f  t h e  l e a v e s  and  t w i g s ;  1 0 . 2  -  3 9 .7  Ppm.

3 .9  -  1 2 . 6  ppm. r e s p e c t i v e l y .  The maximum v a l u e s  f o r  
the l e a v e s  f rom  T r a n s e c t s  57 and 58 a r e  f r o m  s h r u b s  g ro w in g  
a d ja c e n t  t o  known m i n e r a l i z a t i o n  and  t h e  f i v e  s a m p le s  f rom  
k-3 -  79 m. on T r a n s e c t  59 which  b o r d e r  an  a r e a  o f  

Helichrvsum l e p t o l e p i s . The c o p p e r  c o n t e n t  o f  t h e  t w i g s  
of t h e s e  sa m p le s  i s  a l s o  c o r r e s p o n d i n g l y  h i g h .
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The mean c o p p e r  c o n t e n t  of  P h a e o r t i l u m  s p i n o s u m 
leaves f rom b a c k g r o u n d  on  T r a n s e c t  55 i s  7 . 6  ppm. The 
m a jo r i ty  of  t h e  s a m p le s  f ro m  T r a n s e c t s  57 -  59 c o n t a i n  
sev e ra l  t im e s  t h i s  b a c k g r o u n d  l e v e l  v / i th  p e a k  v a l u e s  i n  
the ran g e  32 -  UO ppm. and  110 ppm. The h i g h  v a l u e s  i n  
the p l a n t s  c o r r e s p o n d  t o  s i t e s  where  t h e  c o p p e r  c o n t e n t  
of the  s o i l  i s  a l s o  h i ^ .  The t w i g  s a m p le s  o f  P h e e o n t i l u m  
sninosum f r o m  t h e s e  t r a n s e c t s  h ave  2 - 5  t i m e s  t h e  c o p p e r  
con ten t  o f  t h e  b a c k g r o u n d  s a m p le s  c o l l e c t e d  f rom  T r a n s e c t  55 .

S i x  o f  t h e  A c a c i a  h e r e r o e n s i s  l e a f  s a m p le s  h a v e  a 
copper c o n t e n t  c o n s i d e r a b l y  h i g h e r  t h a n  t h e  mean b a c k g r o u n d  
fo r  t h e  a r e a  o f  6 . 7  p p m . , c a l c u l a t e d  f o r  T r a n s e c t  5 5 .  The 
copper c o n t e n t  o f  t h e  t w i g s  o f  t h e s e  s i x  s a m p le s ;  T r .  57, 30 m . ,  
Tr, 58 , 41 m. and  T r  59 ,  58 ra.,  68 m. an d  80 m. ; a r e  a l s o  
the h i g h e s t  v a l u e s  r e c o r d e d .  The s a m p le s  o f  A c a c i a  
h e r e r o e n s i s  f ro m  35 an d  48  m. on T r  58 and 45  m. on T r  59 ,  
from s i t e s  w h e re  t h e  s u r f a c e  s o i l  h a s  a h i g h  c o p p e r  c o n t e n t ,  
have o n ly  b a c k g r o u n d  l e v e l s  o f  c o p p e r  i n  th e  l e a v e s  end 
tw ig s .  The s h r u b  s a m p le s  a t  68 m. on Tr. 59 h a s  t h e  h i g h e s t  
l e v e l  o f  c o p p e r  i n  t h e  l e a v e s  ( 3 0 .3  p p m .)  and t w i g s  
(16.3  ppm.)  b u t  t h e  s u r f a c e  s o i l  i s  n o t  e x t r e m e l y  h i g h  
in  c o p p e r .

S i x  o t h e r  s h r u b  s p e c i e s  were sa m p le d  on  T r a n s e c t s  
57 -  59 and t h e  r e s u l t s  o f  a n a l y s e s  c l o s e l y  f o l l o w  t h e  
t ren ds  i n d i c a t e d  f ro m  T r a n s e c t  55 f o r  t h e s e  s p e c i e s .  The 
leaves  o f  A c a c i a  m e l l i f e r a  f r o m  4  a n d  30 m. on T r a n s e c t  57 
have t h e  h i g h e s t  c o p p e r  v a l u e s  f o r  t h e  s p e c i e s ,  t h e  l a t t e r  
s i t e  b e i n g  n e a r e r  t o  m i n e r a l i z e d  a r g i l l i t e .  T h r e e  l e a f  
samples o f  Lyclum l a n c i f o l i u m  h a v e  an e x t r e m e l y  h i ^ i  
copper c o n t e n t  r a n g i n g  f ro m  2 6 .0  -  3 4 . 8  p p m . , com pared  t o  
the  b a c k g ro u n d  r a n g e  o f  12 -  16 ppm. f o r  T r a n s e c t  55.
The h i g h e s t  v a l u e s  r e c o r d e d  f o r  t h e  l e a v e s  o f  Rhus p y r o l d e s  
and T a r  ch on an t h u s  camphor a t u s  a r e  f ro m  s h r u b s  g ro w in g  i n  
areas where  t h e  s o i l  i s  a l s o  h i g h  i n  c o p p e r .
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Transects  74 and  76
A d d i t i o n a l  s a m p le s  o f  S t i p a g r o s t l s  u n i n l u m i s  and  

Grewia f l a v a  l e a v e s  w ere  c o l l e c t e d  a l o n g  T r a n s e c t s  74 and  76 
at a p p ro x im a te ly  10 m. i n t e r v a l s *  On T r a n s e c t  7 4 ,  from 0 -  
150 m. and 470 -  600 m*, w h e re  t h e  s u r f a c e  s o i l s  c o n t a i n  v e r y  
l i t t l e  c o p p e r  t h e  g r a s s  s a m p le s  h av e  l e s s  t h a n  4 ppm, c o p p e r  
(Fig* 2 2 ) ,  B e tw een  21 0  -  3 OO m* S t i p a g r o s t i s  u n l r l u m i s  con
ta ins  more t h a n  6 ppm*, f o u r  s a m p le s  e x ce ed  10 ppm* a n d  t h e
maximum v a l u e  r e c o r d e d  i s  I 4 .8  ppm* c o p p e r  from 270  m* Tv/o 
fu r th e r  sa m p le s  e x c e e d  6 ppm*, f rom 420 and  430* ,  a n d  t h e  s o i l s  
for a l l  t h e s e  l o c a t i o n s  h a v e  more  t h a n  100 ppm* c o p p e r  i n  t h e  
-80 mesh f r a c t i o n *

The m a j o r i t y  o f  t h e  g r a s s  s a m p le s  from T r a n s e c t  76 
conta in  l e s s  t h a n  4  pp^i* cop p e r*  The s a m p le s  from 60 a n d  70 
m, a re  s l i g h t l y  a b ov e  t h e  b a c k g r o u n d  l e v e l  f o r  c o p p e r  a n d  
those from 3 5 0 ,  4 4 0 ,  360  a n d  370 m* e x c e e d  6 ppm* The s o i l
values f o r  t h e  s e c o n d  g r o u p  o f  l o c a t i o n s  a r e  i n  t h e  r a n g e
40 -  90 ppm* c o p p e r  b u t  a t  60 a n d  70 m* v a l u e s  o f  10 ppm* 
are r eco rded*

The l e a f  s a m p le s  o f  G rew ia  f l a v a  show a  wide  r a n g e  i n  
copper c o n t e n t  f rom 9*2 -  2 7 . 8  ppm* (F ig *  2 2 )  The h i g h e s t  
values i n  t h e  r a n g e  2 1  -  2 8  ppm* a r e  from s a m p le s  a t  3 0 3 ,  5 0 8 ,  
535, 365 and 375 m. The c o p p e r  c o n t e n t  o f  t h e  c o r r e s p o n d i n g  
s o i l  samples  v a r i e s  f rom  40  -  70 ppm*

Summary o f  t h e  r e s u l t s  o f  t h e  c e o b o t a n i c a l  t r a n s e c t s *
The z o n e s  o f  c o p p e r  m i n e r a l i z a t i o n  e x p o se d  by  t h e  

trenches on T r a n s e c t s  35 — 59 a r e  c l e a r l y  d e f i n e d  by  a  c h a r 
a c t e r i s t i c  a n o m a lou s  v e g e t a t i o n  a n d  a  h i g h  c o p p e r  c o n t e n t  o f  
the s o i l s *  The b r o a d e r  a r e a  o f  m i n e r a l i z a t i o n  i s  r e f l e c t e d  
hy b io g e o c h e m ic a l  h i g h s  i n  t h e  l e a v e s  an d  t w i g s  o f  s e v e r a l  
plant  s p e c i e s *  c o n r i r t i n g

The b a c k g r o u n d  v e g e t a t i o n  f o r  t h e  a r e a ^ o f  a  w ide  v a r 
i e ty  o f  low t r e e s  a n d  s h r u b s ,  g r a s s e s  and  h e r b s , c u t s  o u t  on 
e i th e r  s i d e  o f  t h e  m i n e r a l i z e d  zone*  The v e g e t a t i o n  o v e r
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mineralization consists of Helichrysuia lentolenis and Fimbri- 
stylis 6)3. lis v/ith scattered occurrences of Mo Hugo cerviana, 
Aristida congesta and Erarrostis denudata.

The soils over the zones of mineralization show peak 
copper values in the range 200 - 400 ppm. for the -80 mesh and 
all samples in the mineralized section from 200 - 400 m.N 
Tr. 35 exceed 100 ppm. compared to less than 10 ppm. for the 
background section of the transect. The -2?0 mesh copper val
ues are approximately twice the -80 mesh value in all cases.

The biogeochemical studies show that several species 
have contrasting copper values for leaf and twig samples col
lected in the mineralized areas and the background sections 
of the transects. A clearer division between anomalous and 
bacliground values, with more consistent results, is shown by 
the leaf samples of Grewia flava, Phaeontilum sninosum and Tar- 
chonanthus cannhoratus.

Geobotanlcal marring and interpretation of the copper miner
alization

Transect 35 was used as a base line for the mapping 
and a 30 o; grid was surveyed over an area of 600 x 400 m. 
Within this region the principal vegetation associations were 
determined and their extent outlined» (Fig. 23).

Many distinct areas of Helichrysum leptolenis occur 
in the central section, but collectively do not follow any 
specific pattern or structural trend. The larger areas are 
pan-shaped 10 - 13 m. across and one has a tail-like exten
sion for 40 m. to the southeast (Plate 24). Three areas 
are isolated from the main group; at 220 m.E/120 m.E inter
sected by Transect 38, 430 m.E/130 m.E and 350 m.N/l80 m.E 
in the extreme northwest corner. Fimbristylis exilis is as
sociated with Helichrysum leptolepis in all these areas and 
Mollu^o cerviana may be present. Shrubs, grasses and other 
herb species do not usually occur in this association.

In several locations areas of Helichrysum leptolepis 
are surrounded by, and linked by zones of Aristida contesta 
and scattered occurrences of Helichrysum lentolepis. The
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grasses Erogrostis denudata. Antherhora pubescens and the 
herbs Ocimiin a?.ericanura. Cassia itallca and Crotalaria argyrea 
may also be present within these areas.

The major part of the mapping area has a uniform cov
er of the perennial grass Stiparrostls nninlumis. The grasses 
Ehyncheletrum brevinilum. Schmidtia ranronhoroides, Eracros- 
tis •porosa and Pogonarthria fleckii ane also fairly common in
terspersed among clumps of Stinagrostis unlrlumis. The annual 
and perennial herbs, and additional grass species listed for 
Transect 55 occur in this association and together form the 
background vegetation of the area. Scattered Helichrysum lep- 
tolepis occurs among Stirarrostis uniplumis in the central 
region.

The shrub cover, consisting mainly of Grev/ia flava. 
Phaeoutilura suinosua. Acacia hebeclada. A. mellifera. A. here
roensis and Tarchonanthus camuhoratus. is very open where 
Stirarrostis uninlumis is the dominant ground species. The 
majority of the shrubs are 1 - 2 m. in height 'ivith occasional 
large Acacia mellifera (3 - 4 %«) scattered through the area.

The association of Listia heteronhylla. a creeping 
legume, and the grasses Eramrostis horisontalis and Aristida 
congesta form an extensive E ^ 17 zone in the southern section 
of the grid and outline a fossil drainage feature, which liniis 
two pans. The grasses Eragrostis denudata. Phyncheletrum bre- 
vlrilum. and herbs Platycarnha carlinoides. Antosimum arena- 
rium and Geigeria ornativa also predominate in this feature.
The shrubs tend to occur in groups with tall Tarchonanthus 
camnhoratus surrounded by Acacia hebeclada and Acacia melli
fera.

A similar vegetation association with Eragrostis ho- 
rizontalis the dominant species, occurs along the western 
margin of the area from 220 - 380 m.H around an area of den
ser shrub cover of Tarchonanthus camphoratus and Acacia here
roensis. This feature is also on a fossil drainage line 
linking two pans (Pig. 16) and from the air photograph ap
pears to extend into the pan on the eastern border of the 
vegetation map. The feature crosses the main mineralized
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area and the extensive zones of Aristida congesta. trending 
E - V/ between 200 — 300 m.E, may be a reflection of the 
drainage line.

An isopleth map of the copper content of the soils 
was prepared for the area of the vegetation map. Samples 
were collected at 10 m. intervals along traverses spaced at 
50 m. and parallel to Transect 55. The areas of high soil 
values, +150 ppm. in the -80 mesh fraction, include all the 
areas of Helichrysum leptolenis and associated Fi nbristylis 
exilis (fig. 24). However, the zones of high soil vailues 
do not extend significantly beyond the anomalous vegetation. 
In the region around 220 m.E/120 m.E the E - W spread of 
high values is caused by the drainage into the pan. There 
are no apparent east or west extensions, to the central zone 
of geochemical highs, along the direction of the regional 
strike.

The vegetation and soil geochemistry indicate that 
the surface expression of the mineralization is confined to 
the central section of the mapping airea and no significant 
strike extensions occur.

Very few outcrops occur in the area and the geology
observed was limited to the trench sections and the infor
mation available from wagon drilling (fig. 25). The rocks 
in trenches K.6(l) and K.6(2) strike east - west and dip 
steeply to the south yet although these trenches are only 
50 m. apart no distinct correlation of the sedimentary se
quence could be made. Several short trenches and wagon drill 
sections were completed but the exposed mineralization in the 
trenches could not be extended with any degree of certainty. 
Several features suggest tight isoclinal folding which could 
explsLin the drilling and trenching results. In the western
v/all of the trench K.6(l), within the broad mineralized sec
tion from 390 - 400 m., the nose of a westerly plunging fold 
was observed. Ten metres beyond the trench to the west, on 
a strilce extension of the mineralized argillite, quartz!te 
was exposed by trenching; to the east, two narrow zones of 
mineralized argillite were located from wagon drilling. This
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suggests that the broad mineralized zone of 10 metres is the 
duplication and thickening of one horizon by folding. Strike 
trenches along anomalous vegetation zones crossing Transect 
58 (220 m.IT/1 2 0 m.E), show that two horizons of mineralized 
argillite eicposed in the trench section come together in a 
fold structure which is outlined by an area of Helichr7/sum 
lentoleris.

C. THE MALACHITE PAH AREA

I n t r o d u c t i o n
Attention was first directed towards north-eastern 

Eskadron as geochemical anomalies were apparent from the 
regional reconnaissance survey (lig. 6). All five traverse 
lines in this area show anomalous values, vd.th many soil 
samples containing more than 200 ppm. copper. The region was 
visited in March I968 in order to locate the anomalies in 
the field and to assess the potential of geobotanical sur
veys in the follow-up phase.

Several large areas of Helichrysum lentolenis were 
discovered and certain zones could be followed continuously 
for several hundred metres. Tracing the Helichrysum lento— 
lewis zones led to the discovery of outcrops of mineralized 
argillite, with malachite staining, around the edges of a pan
(Plate 2 7).

An initial programme of soil geochemistry and geobo
tanical mapping was planned to outline possible zones of min
eralization for trenching and drilling phases. Geological 
information was also recorded from outcrops and the exposed 
bedrock in trenches, as additional sections were completed.

The regional strike, indicated from lineations in the 
vegetation on air photographs and the initial ground recon
naissance, is northwest - southeast. A base line following 
this trend was located along the fence line extending from
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the Oliatjirute West - Eskadron boundary (Fig. 26). A 100 
metre grid was surveyed from the baseline for 1 kilometre to 
the northeast. The traverse lines 33 - 47 were used for geo
chemical sampling and the grid stations for geobotanical and 
geological mapping by plane table.

In addition to the geobotanical capping the vegeta
tion distribution was recorded along Transect 48 wliich cros
ses several zones of Helichrysum lentolenis, and Transects 
49» 3 2, 33 and 54 which each intersect one main zone of ano
malous vegetation. Plant samples for analyses were collected 
along these transects. Additional recording transects could 
not be completed later in the programme as trenching and 
drilling had greatly destroyed the natural vegetation. How
ever, detailed biogeochemical studies were undertaken in 1970 
along Transects 33» 33, 42 and 43 when more information about 
the mineralization had been gathered.

Geobotanical Manning
In the initial phase of geobotanical mapping all the 

areas of Helichrysum lentolenis and associated zones of ano
malous vegetation were located (Fig. 27). Subsequent work 
outlined other vegetation associations within the Malachite 
Pan grid. Mapping was carried out by plane table from the 
100 m. grid stations using a scale of 1:1000.

In the areas of Helichrysum lentoleris and the asso
ciated species Fimbristylis e^rllis. Aristida conyesta and 
Eragrostis denudata. trees and shrubs are absent. The cen
tral parts of the zones are often barren of all vegetation 
(Plate 28), including Helichrysum lentolenls. The associated 
species Fimbristylis exilis. E. denudata and A. congesta. 
may be scattered throughout the area or restricted to the 
margin of the zone. Herbs and forbs are generally absent in 
this association but Vellozia humilis occurs over the bare 
central areas of the Helichrysum leptolenis zones around 
900/230 m.îŒ.

Many cf the Helichrysum lentolepis areas are surroun
ded by a characteristic association of the grass species Era- 
grostis denudata. Aristida congesta and Anthephora pubescens.
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P l a t e  27 V iew  e a s t w a r d s  a c r o s s  t h e  M a l a c h i t e  Fan .

The v e g e t a t i o n  i n  t h e  f o r e g r o u n d  c o m p r i s e s  

H e l i c h r y s u m  l e p t o l e p i s . A r i s t i d a  c o n g e s t a . 
M o l l u g o  c e r v i a n a  and F i m b r i s t y l i s  e x i l i s . 
Around t h e  pan  L i s t i a  h e t e r o n h v l l a .
V a h l i a  c a n e n s i s  and D i a n d r o c h l o a  n u s i l l a  

a r e  t h e  d o m in a n t  g r o u n d  s p e c i e s .  T r a n s e c t  
U8 i s  l o c a t e d  a c r o s s  t h i s  a r e a ,  f o l l o w i n g  
t h e  l i n e  o f  t h e  hammer.
O u t c r o p s  o f  m i n e r a l i z e d  a r g i l l i t e  o c c u r  on 
t l i e  e d g e s  o f  t h e  p a n .  ( R e f .  MKC/SWA 1 7 / 3 )
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Scattered groups of Helichrysum leptolepis may be present 
among the grasses but with the exception of Platycarnha car
linoides and Geigeria ornative herb species are usually ab
sent from these areas# Groups of tall Acacia hereroensis 
shrubs vd.th Grewia flava and Phus nyroides often occur with
in the area of the grass species and border the zones of Heli
chrysum lentolenis#

Several of the Helichrysum leptolepis zones can be 
traced continuously for upto 100 metres and individual areas 
may cover 200 - 300 square metres# All the principal areas 
of anomalous vegetation occur within a H - S belt approxi
mately 400 metres wide (Fig# 27) and two general trend di
rections are apparent in the vegetation# Several of the lar
ger areas of Helichrysum lentolenis and associated anomalous 
vegetation are aligned IT - S, parallel to the elongation of 
the belt# Other narrower zones follow a ir»V - SE trend which 
is parallel to the regional strilie#

The vegetation for the remainder of the area is ex
tremely varied and the only specific vegetation associations 
occur over areas of calcrete and the drainage pans#

An association of Ocimum americanum, Hidorella rese- 
difolia, and the grasses Enneanogon brachystachus and Fineer- 
huthria afrlcana occurs over the calcrete ridge, in the south
western section of the area, and in the areas around 350/330, 
300/430 and 880/80 m#NE, where calcrete is also present at 
the surface# The species Seddera suffruiticosa. Helinus 
srartioides and Cleome angustifolia are also common species 
over the calcrete ridge and the grass Aristida vestlta forms 
a significant part of the ground cover in the area around 
330/330 m#NE. The dominant shrub species in these areas 
are Acacia mellifera# Grewia flava and Tarchonanthus camnhora- 
tus and lineations in the shrub cover are apparent on the 
aerial photographs and indicate the regional strike#

The two large drainage pans in the northern part of 
the area have a dense uniform cover of the grass species Era- 
grostis curvula and in the areas surrounding the pans the 
ground vegetation is characterised by an association of Aris
tida adscensionis. Aristida congesta  ̂Vahlia canensis. Listia
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P l a t e  28 V iew  e a s t w a r d s  from 6 5 Dm. N',V/4 50m. ITE,

M a l a c h i t e  Fan g r i d  s h o w in g
1 .  Bare  a r e a  c a u s e d  by  t o x i c  s o i l  

c o n d i t i o n s  ;
2 .  A s s o c i a t i o n  o f  H e l i c h r y s u m  l e p t o l e p i s  

and F i m b r i s t y l i s  e x i l i s  f o r m i n g  
g e o b o t a n i c a l  anom aly;

3 .  A s s o c i a t i o n  o f  t h e  g r a s s  s p e c i e s  
A r i s t i d a  c o n g e s t a , E r a g r o s t i s  d e n u d a t a  
and A n th e p h o r a  p u b e s c e n s  s u r r o u n d i n g  
t h e  H e l i c h r y s u m  l e p t o l e p i s  z o n e ;

U. L a r g e  s h r u b s  o f  A c a c i a  h e r e r o e n s i s  and  
sui’r o u n d i n g  Rhus p \ T o i d e s  b o r d e r i n g  
th e  an om alou s  groun d  v e g e t a t i o n .
( R e f .  UMC/S'vVA 1 7 / 6 )
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h e t e r o p h y l l a  a n d  T r i b u l u s  zèhÇ .e r i# T a l l  t h i c k e t s  o f  Z i z i p h u s  
E u c r o n a t a . f i o s p y r o s  l y c i o d e s  an d  A c a c i a  h e b e c l a d a  s h r u b s  oc
c u r  on t h e  m a r g i n s  o f  t h e  p a n s .

A r e a s  o f  d e n s e  s h r u b  c o v e r  a l s o  o c c u r  i n  t h e  w e s t e r n  
m a r g in  o f  t h e  r e g i o n  where  l a r g e  A c a c i a  m e l l i f e r a  3  -  4 m. i n  
h e i g h t  a n d  T a r c h o n a n t h u s  c a m p h o ra tu s  a r e  t h e  m ain  s h r u b  s p e 
c i e s .  The g ro u n d  v e g e t a t i o n  i s  v e r y  s p a r s e  i n  t h e s e  a r e a s  and  
c o n s i s t s  l a r g e l y  o f  t h e  g r a s s e s  Cymbopogon c o n t o r t u s , Cymbo- 
pogon p l u r i n o i d e s . A r i s t i d a  a d s c e n s i o n i s  an d  A r i s t i d a  c o n g e s t a  
an d  t h e  low g ro w in g  h e r b s  P l a t y c a r p h a  c a r l i n o i d e s  and  V e l l o z i a  
h u m i l i s .

The b a c k g ro u n d  v e g e t a t i o n  o f  t h e  M a l a c h i t e  Pan  a r e a  
( F i g .  2 7 ,  u n s h a d e d  areaus) c o n s i s t s  o f  a  f a i r l y  d e n se  c o v e r  
o f  m ixed  g r a s s  s p e c i e s  w i t h  s c a t t e r e d  h e r b s  a n d  f o r b s .  E r a -  
g r o s t i s  d e n u d a t a ,  A n th e p h o ra  p u b e s c e n s  and  S c h m i d t i a  p a u u o -  
p h o r o i d e s  a r e  t h e  m ost  common g r a s s e s  w i t h  A r i s t i d a  c o n g e s t a . 
S t i p a g r o s t i s  u n i p l u m i s . Cymbopogon c o n t o r t u s  and  E r a g r o s t i s  
s u n e r b a  o f t e n  p r e s e n t  i n  m in o r  p r o p o r t i o n s .  Ocimum am e r ic an u m . 
S y l i t r a  b i f l o r a , Dichoma c a n e n s i s . T a l in um  a r n o t i i  an d  I p o -  
moea s i n e n s i s  a r e  t h e  more common h e r b  s p e c i e s  o c c u r r i n g  w i t h  
t h e  v e g e t a t i o n .  I n  s e v e r a l  a r e a s  d e n se  S t i p a g r o s t i s  u n i p l u m i s  
o c c u r s  t o  t h e  e x c l u s i o n  o f  most  o f  t h e  o t h e r  g r a s s e s  an d  h e r b s ,  
a n d  fo rm s  e x t e n s i v e  a r e a s  on  e ac h  s i d e  o f  t h e  c a l c r e t e  r i d g e  
an d  i n  t h e  e a s t e r n  p a r t  o f  t h e  g r i d .

The t r e e  a n d  s h r u b  v e g e t a t i o n  f o r  t h e  m a jo r  p a r t  o f  
t h e  a r e a  i s  g e n e r a l l y  open  and  d o m in a te d  by  t h e  s p e c i e s  A c a c i a  
h e r e r o e n s i s . Grewia  f l a v a  a nd P h a e o p t i l u m  s p i n o s u m . The s h r u b s  
a r e  m a i n l y  1 - 3  m e t r e s  i n  h e i g h t  b u t  t a l l e r  A c a c i a  m e l l i f e r a  
s h r u b s ,  B o s c i a  a l b i t r u n c a  a n d  A c a c i a  g i r a f f a e  t r e 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  a r e a .

G e o ch e m ic a l  S u r v e y
S o i l  s a m p l e s ,  from a  d e p th  o f  13  -  2 0  c m . ,  w ere  c o l 

l e c t e d  a t  13 m. i n t e r v a l s  a l o n g  t h e  T r a n s e c t s  33  -  47 ( F i g .  
2 6 ) .  A d d i t i o n a l  s a m p le s  were  c o l l e c t e d  from 0 -  300 m. NE 
on l i n e s  3 3 0 , 6 3 0 ,  7 3 0 ,  an d  823 and  from 0  -  1000 m. on  l i n e  
930 t o  p r o v i d e  more d e t a i l e d  i n f o r m a t i o n  w i t h i n  t h e  ano m a lou s  
a r e a s .  The r e s u l t s  o f  a n a l y s e s  o f  t h e  - 8 0  mesh f r a c t i o n  o f  
t h e  s o i l  s a m p le s  a r e  shown b y  t h e  i s o p l e t h  map o f  F i g .  2 8 .
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The samples from the northeast section, which repre
sent the background for the map area, are in the range 10 - 
30 ppm. copper and the peali values from the anomalous sections 
range from 430 - 960 ppm. The general trend of the geochemi
cal highs is NE - S'il following the regional strike but, the 
main areas of +200 ppm. copper form a north - south zone 3OO- 
400 m. vd.de»

Several correlations between the geochemical data and 
the geobotanical mapping are apparent from a comparison of 
Figs. 27 and 28 by the use of overlays (Back pocket).

1. The geochemical anomaly maxima coincide with the 
areas of Helichrysum lentolenis and associated 
species.

2. The soil values generally exceed 200 ppm. copper in 
The areas of the anomalous vegetation association
of Eragrostis denudata, Aristida congesta and Anthe
phora pubescens.

3* An area of background soil values in the range
10 - 20 ppm. copper is coincident with the area of 
Ocimum americanum and associated species over the 
calcrete ridge. Low soil values also occur around 
330/330 NE; and area characterised by similar vege
tation Sind calcrete.

4 . The N - S zone 3OO - 4OO m. wide and the NW/SE
trend is clearly defined by both the high soil val
ues and the areas of anomalous vegetation.

Geological manping
The surface geology and sections exposed in the 

trenches were mapped from the 100 metre grid by plane tabling. 
The outcrops are mainly restricted to reddish quartzites which 
exhibit graded bedding, cross-bedding, ripple marks and con
tain occasional heavy mineral layers and grit bands. Indiv
idual horizons can be traced for several hundred metres along 
a OT - SE direction, denoting the regional strike and the beds 
dip to the southwest at angles between 33 • 70 degrees. Several
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fold structures are apparent fron the quartzite outcrops in 
the zone from 700 - 1000 m. luV and quartz veining, brecela
tion and slickensides are indicative of faults within this 
zone.

In the east and northeast of the grid there are ex
tensive outcrops of massive conglomerate which is mapped as 
the basal conglomerate of the Tsumis System (Fig, 29), The 
pebbles of the conglomerate consist mainly of quartzites, ar
gillites Sind a variety of acidic and mafic volcanics. The 
contact of the basal conglomerate v/ith the bedded sediments 
is located from outcrops, exposures in the trenches and drill 
intersections.

The only other outcrops are those of mineralized ar
gillite around the pan which is close to the base line be
tween 700 and 800 m, 17/, All subsequent geological informa
tion of rock types, structure and near surface mineralization 
is from the trench sections.

The initial trenching program was guided by the geo
botanical and geochemical anomalies and further phases were 
designed to locate strike extensions to the known minerali
zation, Several strike trenches were opened along the zones 
of Helichrysum leptoleris to verify the continuity of the min
eralization, The results of the trenching showed that in all 
cases copper mineralization was revealed beneath the zones 
of anomalous vegetation. The subsequent trenching and exten
sive wagon drilling programs failed to indicate any additional 
areas of significant near surface mineralization,

A comparison of the geological, geochemical and geo
botanical data, of Figs, 2?» 28 and 29, by the overlays shows 
several significant inter-relationships. The zones of miner
alized argillite exposed by the trenching, are coincident with 
the geochemical highs of the soils and the areas of anomalous 
vegetation. The width and strike extent of the Helichrysum 
leptolepis zones closely reflect the width and extent of the 
mineralization,

The broad N - S belt of geochemical highs and geo
botanical anomalies, as noted in the proceeding section, is
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also a belt of faulting and more intense folding. The stron
ger mineralization is apparently confined to this region as 
complete wagon drill sections of lines 600 and 1200 17/ failed 
to locate any substantial zones of mineralization.

An interpretation of the probable extent of copper 
mineralization, from geological, geochemical and geobotanical 
data, is shown in Fig, 30,

Transect 48
The transect is orientated to intersect the three main 

zones of anomalous vegetation of the Malachite Pan area. The 
ground vegetation and shrub cover recorded along the transect 
is shown in Fig, 31, together with the soil geochemistry, geo
logy from trench sections and the soil profiles from pits and 
trenches.

Throughout the area the percentage of outcrop is very 
small. Pits and trench sections indicate that the bedrock is 
usually 30 cm, to 1 m, below surface, and in areas of miner
alized argillite the overburden is less than 40 cm. Soil 
horizons are not developed within the profiles but there is 
generally a sharp contact between the surface sandy layer and 
the angular to subangular gravel. The surface material con
sists mainly of medium and fine grained sand, forming 45 - 60% 
(Rig, 32), The shallow soils over the mineralized sirgillites 
contain a greater percentage of gravel; sample 3573 and 3590 
contain about 20%, whereas soils from the other profiles con

tain only 1 - 3% gravel. All the samples have similar a- 
mounts of coarse and very coarse sand, approximately 13%, 
and the silt and clay fraction varies from 4 - 9/̂ , The angu
lar to subangular gravel, lower in the profile, has an average 
size of about 2 cm, near the upper contact and becomes slight
ly coarser in depth. The gravel may rest directly on bedrock 
(Fig, 31, 300 m,) or on large angular blocks of weathered 
quartzite.

Several trench sections were made on the transect in 
order to expose the mineralized zones for sampling. The widest
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zone is from 35 - 50 m. where three horizons of mineralized 
argillite are separated by quartzite. In this section the ar
gillite contains 1,9 - 4.8/j copper. Two much narrower zones 
occur at 203 and 235 m, where the argillite also has a high 
copper content. The geology of the transect is not fully ex
posed but shales, calcareous shales, limestones and conglo
merate are present in the adjacent trenches, Ilany of the 
shales includh/ing those on Transect 48 from 130 - 14O m. con- 
tain up to 0,3/̂  copper, whereas the other rock types have only 
trace amounts.

The copper content of the soils, collected at 10 m, 
intervals and from 13 cm, depth, is several times the regional 
background throughout the transect. The majority of the -80 
mesh samples are in the range 100 - 200 ppm, copper with peak 
values upto 340 ppm, directly over the mineralized zones. The 
-270 mesh samples have approximately twice the -80 mesh value 
and also show pealcs, reaching 800 ppm,, over the mineraliza
tion, The copper content of the mesh fractions from the sam
ples over the mineralized argillites (fig, 3 2) show a de
crease in the 60 - 200 mesh sizes from the coarser fractions. 
It is possible that the coarse fractions contain fragments of 
weathered argillite as the bedrock is very close to the sur
face, The -2 7 0 mesh fraction of the sample has the highest 
copper content. The mesh fractions from the bulk samples col
lected over quartzites, numbers 3579» 3603 and 3623, have a 
similar copper content for the +10 - 120 mesh samples and in
creasing values in the finer fractions.

Geobotany
The vegetation forms an average of 40/a ground cover 

along the transect with a large number of grass species con- 
tributing the major portion.

The only species occurring directly over the mineral
ization are Hellchrysum lentolenis, limbristylis exilis, Mol- 
lugo cerviana, Aristida confresta and Era gros tis denudata, 
Hellchrysum le-ptolenis has its main occurrence from 35 - 50 m, 
and 230 - 260 m, coinciding with the geochemical peaks and 
zones of copper mineralization. In these two areas it forms 
from 20 - 40% of the ground cover. The mineralized zone at
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P l a t e  30 S t e e p l y  d i p p i n g  m i n e r a l i z e d  a r g i l l i t e  

o u t c r o p p i n g  a t  th e  s u r f a c e .  M a t e r i a l  
e x c a v a t e d  from  t h e  t r e n c h  s e c t i o n  

shown i n  t h e  hac lcground .  L o c a t i o n  
fî25/UOm,IÆ M a l a c h i t e  Fan g r i d ,

( R e f .  V .V :/S '< :A  1 0 / 3 3 )
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205 h a s  o n l y  a  s c a t t e r i n g  o f  H elichrysuim  l e n t o l e n i s  i n  t h e  
l i n e  o f  t h e  t r a n s e c t  b u t  t h e  p e r c e n t a g e  c o v e r  i n c r e a s e s  on 
t h e  s t r i k e  e x t e n s i o n s  o f  t h i s  z o n e .

E L m b r i s t y l i s  e x i l i s  shows a  m arked  i n c r e a s e  i n  t h e  
p e r c e n t a g e  c o v e r  on t h e  b o r d e r s  o f  t h e  H e l lc h ry su m  l e n t o l e n l s  
zone  from 35 -  50  m* a n d  a l s o  a t  210  m. an d  250  m. a d j a c e n t  
t o  m i n e r a l i z a t i o n .  M o l lu ro  c e r v i a n a  i s  found  a lo n g  t h e  e n -  
t i r e  t r a n s e c t  fo rm in g  a b o u t  1 -  5% c o v e r  b u t  i n c r e a s e s  t o  10  -  
ZOÇo b e tw e e n  10  -  70 n .  w h ich  s p a n s  t h e  m i n e r a l i z a t i o n .  The 
g r a s s  s p e c i e s  A r i s t i d a  c o n r e s t a  h a s  a  s c a t t e r e d  o c c u r r e n c e  a -  
l o n g  t h e  t r a n s e c t  from  0 -  3 00  m. b u t  shows a  g r e a t e r  f r e 
q u e n cy  o v e r  t h e  m i n e r a l i z e d  s e c t i o n  a t  40 m. I t  h a s  o n ly  a  
s p o r a d i c  o c c u r r e n c e  f o r  t h e  r e m a in d e r  o f  t h e  t r a n s e c t  from 
300  — 500  m. w h e re  t h e  c o p p e r  c o n t e n t  o f  t h e  s o i l s  i s  lo w .

The v e g e t a t i o n  f o r  t h e  m a jo r  p a r t  o f  t h e  t r a n s e c t ,  
e x c l u d in g  t h e  zzLnereLLized a r e a s ,  i s  d o m in a te d  by  t h e  g r a s s  
s p e c i e s  E r a r - r o s t i s  d e n u d a t a .  E . r l g l d l o r . A n th e n h o ra  n u b e s -  
c e n s . Rh.iu icheletrum  b r e v l n l l u m  a n d  S t l n a g r o s t i s  u n l r l u m i s ,  
S c h n l d t l a  p a r n o r h o r o l d e s  a n d  A r i s t i d a  a d s c e n s l o n l s  form  a  
g r e a t e r  p r o p o r t i o n  o f  t h e  g ro u n d  c o v e r  from  300  -  500  m. 
w here  t h e  c o p p e r  i n  t h e  s o i l s  d e c r e a s e s .

A d i s t i n c t  v e g e t a t i o n  a s s o c i a t i o n  o c c u r s  on  t h e  edge  
o f  t h e  p a n  from  50  -  80  n . E .  c h a r a c t e r i s e d  b y  I d s t i a  h e t e r o -  
n h y l l a . V a h l i a  c a u e n s l s . D ia n d ro c h lo a  n u s i l l a . w i t h  A r i s t i d a  
c o n c e s t a . E r a r r o s t i s  r i g l d l o r  a n d  M ollugo c e r v i a n a .

î-lany s p e c i e s  o f  h e r b s  a n d  f o r b s  o c c u r  on t h e  t r a n 
s e c t  a n d  t h e  m ore common a r e  p l o t t e d  i n  F i g .  31# A d d i t i o n a l  
s p e c i e s  o f  g r a s s e s  a n d  h e r b s  r e c o r d e d  on T r a n s e c t  48 a r e  l i s 
t e d  i n  T a b le  15# The h e r b s  a r e  g e n e r a l l y  a b s e n t  from  t h e  
a r e a s  o f  H e l lc h ry su m  l e n t o l e n i s . o v e r  t h e  m i n e r a l i z e d  z o n e s ,  
b u t  t h e i r  p r e s e n c e  on  t h e  t r a n s e c t  shows t h a t  t h e y  c a n  w i t h -  
s t a n d  f a i r l y  h i g h  l e v e l s  o f  c o p p e r  i n  t h e  s o i l .  B a r l e r i a  
l a n c e o l a t a  o c c u r s  on  t h e  t r a n s e c t  b e tw ee n  3 0 0  — 400 m.E w here  
t h e  c o p p e r  c o n t e n t  o f  t h e  s o i l  i s  100 -  150 ppm, b u t  t h e r e  
a r e  no h o r i z o n s  o f  m i n e r a l i z a t i o n  i n d i c a t e d ,  B a r l e r i a  l a n c e o 
l a t a  i s  c o n f i n e d  t o  t h e  m a in  zo n e  o f  m i n e r a l i z a t i o n  i n  t h e  
P os  A r e a ,
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1 . B r a c h i a r i a  n i r r o n e d a t a 1 2 . E i r n i c iu m  r o r t e r i o i d e s
2 , E r a r r o s t i s  n o r o s a 1 3 . I n d i r o n h e r a  h e t e r o t r i c h a
3 . A s p a r a tug a  f r i  c anus 1 4 . K o h a u t ia  om ah ek en s is
4 . B l e r h a r i s  l e e n d e r t z i a e 1 3 . K onechna n e n e t a
3 . C a s s i a  i t a l i c a 1 6 . Oxygonum d re rean um
6 , C e l o s i a  l i n e a r i s 1 7 . P l a t y c a r n h a  c a r l i n o i d e s
7 . Chascanum r i n n a t i f i d u m 1 8 , P o r t u l a c a  g r a n d i f l o r a
8 , C u c u n is  a f r i c a n u m 1 9 . S c i l l i a  s n .
9 . C>'T)hocar‘Da a n r u s t i f o l i a 2 0 , S i d a  c h r y s a n t h a

1 0 . Dichoma to r m e n to s a 2 1 . V e rn o n ia  f a s t i r i a t a
1 1 . E rio snerm um  r a u t a n e n i i

T a b le  1 5 .  P l a n t  s p e c i e s  a l s o  o c c u r r i n g  on  T r a n s e c t  43 and  
g ro u p e d  a s  U n p lo t t e d  S p e c i e s  i n  P i g .  5 1 .

The t r a n s e c t  h a s  a  f a i r l y  open  s h r u b  c o v e r  \7 i th  v e r y  
few s h r u b s  e x c e e d in g  2  m e t r e s  i n  h e i g h t .  O ver t h e  m i n e r a l 
i z a t i o n  from  3 0  — 50  m . ,  250  -  2 70  m. an d  a  n a r ro w  zo ne
a r o u n d  205  m . ,  t r e e s  a n d  s h r u b s  a r e  a b s e n t .  The m ost com- - 
n o n l y  o c c u r r i n g  s p e c i e s  a r e  A c a c ia  h e r e r o e n s i s . A, m e l l i f e r a ,
A. h e b e c l a d a . G re\? ia  f l a v a , T a rc h o n a n th u s  c a m n h o ra tu s  and  P h a e o -  
n t i l u m  s n in o s u m ,  Rhus r y r o i d e s  wh i c h  o c c u r s  i n  g ro u p s  l e s s  
t h a n  1 m e t r e  i n  h e i g h t ,  i s  a l s o  v e r y  common a n d  b o r d e r s  t h e  
z o n e s  o f  m i n e r a l i s a t i o n  a t  205  a n d  250  m. The s m a l l  s h r u b  
O zoroa  p a n i c u l o s a  w h ich  i s  n o t  f r e q u e n t l y  o b s e r v e d  i n  t h i s  
e n v i r o n m e n t ,  o c c u r s  a t  2 1 0  m, b o r d e r i n g  a  zone  o f  m i n e r a l i z e d  
a r g i l l i t e .

B io g e o c h e m is t r y
D e t a i l e d  p l a n t  s a m p l in g  on  T r a n s e c t  48 was l i m i t e d

by  t h e  p o o r  d i s t r i b u t i o n  o f  t r e e s  an d  s h r u b s  a n d  o n ly  f o u r  
s p e c i e s  c o u ld  be  c o l l e c t e d  a t  c l o s e  i n t e r v a l s  a lo n g  t h e  t r a n s e c t  

(P ig  #33*) Of t h e s e  s p e c i e s  o n ly  Phus p y r o i d e s  a n d  A c a c ia  h e r e -  
o e n s i s  o c c u r  c l o s e  t o  t h e  m i n e r a l i z a t i o n  a n d  a s  t h e  s o i l  v a l u e s  
a r e  m a in ly  +100 ppm, c o p p e r  no t r u e  b a c k g ro u n d  sa m p le s  c o u ld  
be  c o l l e c t e d .

The G rew !a  f l a v a  s a m p le s ,  b o th  l e a v e s  a n d  t w i g s ,  have  
t h e  h i g h e s t  c o p p e r  v a l u e s  b e tw ee n  15 -  70 m, a n d  230  -  250  m, 
w h ich  a r e  a r e a s  a d j a c e n t  t o  c o p p e r  m i n e r a l i z a t i o n  a n d  w here
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F ig .  33 T r o n s e c t  L8, M a la c h i t e  P a n ,  show ing th e  
r e l a t i o n s h i p  "between ‘b i o g e o c h e m i s t r y , 
g e o c h e m is t r y  and  g e o lo g y .
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t h e  s o i l s  h a v e  t h e  nazdLmmi c o p p e r  c o n te n t*  The l e a f  s a m p le s  
from  t h e s e  two z o n e s  c o n t a i n  b e tw e e n  pO -  40 ppm* c o p p e r  w h ere 
a s  t h e  s a m p le s  from 300  -  300 n . ,  w here  t h e r e  i s  no known mi
n e r a l i z a t i o n  r a n g e  i n  v a lu e  from 1 2 - 2 0  ppm* The m a jo r ity  
o f  t h e  tv /ig  s a m p le s  a r e  i n  t h e  r a n g e  3 - 8  ppm. and  t h e  pealc 
v a l u e s  14  -  16 ppm; n e a r  t o  m i n e r a l i z a t i o n *

The c o p p e r  c o n te n t  o f  A c a c ia  h e r e r o e n s i s  l e a v e s  v a r i e s  
from  4 . 1  -  22*3  ppm. The maximum v a lu e  i s  from  a  sam p le  a t  
2 7 0  m* w h ich  b o r d e r s  a  zone  o f  m i n e r a l i z a t i o n *  The c o p p e r  
c o n t e n t  o f  t h e  tw ig s  f o r  t h i s  sa m p le  o f  18*3 ppm. i s  a l s o  t h e  
h i g h e s t  r e c o r d e d  f o r  t h e  t r a n s e c t *  I n  t h e  s e c t i o n  300  — 300 
m*, w here  t h e  c o p p e r  c o n t e n t  o f  t h e  s o i l s  i s  l o w e r ,  t h e  l e a v e s  
c o n t a i n  4 - 8  ppm* c o p p e r  an d  t h e  t% ig s  2 - 7  ppm*, w h e re a s  
s e v e r a l  s a m p le s  e x c e e d  10 ppm. i n  t h e  s e c t i o n  0 -  300  m. The 
sa m p le  from  306  m. h a s  a  v e r y  h i g h  c o p p e r  c o n t e n t  i n  t h e  l e a v e s  
18*3 ppm* a n d  may i n d i c a t e  m i n e r a l i z a t i o n  a l t h o u g h  t h e  s o i l  
v a l u e s  a r e  lo w .

T h e re  a r e  no s h r u b s  o f  P h a e o n t i lu m  sn in o su m  g ro w in g  
a d j a c e n t  t o  m i n e r a l i z e d  a r g i l l i t e  on  T r a n s e c t  4 8 * The h i g h e s t  
v a l u e s  f o r  t h e  l e a v e s  a r e  from  s a m p le s  a t  90 m*, an d  b e tw ee n  
180  -  285  m*, w h ic h  c o n t a i n  from  2 3  -  30  ppm* c o p p e r  com pared  
t o  3  -  10  ppm* f o r  s a m p le s  i n  t h e  s e c t i o n  4OO -  300 m* The 
r a n g e  o f  v a l u e s  f o r  t h e  tw ig s  i s  3 . 4  -  1 7 .1  ppm* a n d  a l l  t h e  
s a m p le s  ab ove  13 ppm* o c c u r  -from 0 -  300  m* w here  t h e  c o p p e r  
c o n t e n t  o f  t h e  s o i l s  i s  h ig h e r *

T a rc h o n a n th u s  c a m n h o ra tu s  h a s  a  s c a t t e r e d  o c c u r r e n c e  
a l o n g  t h e  t r a n s e c t  a n d  few o f  t h e  s a m p le s  a r e  from s i t e s  
c l o s e  t o  m i n e r a l i z a t i o n *  The c o p p e r  c o n t e n t  o f  t h e  e l e v e n  ' 
l e a f  s a m p le s  i s  h i g h ,  r a n g i n g  from  I 4 -  35  ppm* c o p p e r .  I n  
t h e  t w i g s  t h e  c o p p e r  v a r i e s  from  3 - 1 3  Ppm. iv i th  t h e  maximum 
v a l u e  from  20 0  m*, n e a r  t o  a  zone  o f  m i n e r a l i z a t i o n  a n d  a  
g e o c h e m ic a l  h ig h *

T h e re  i s  v e r y  l i t t l e  v a r i a t i o n  i n  t h e  c o p p e r  c o n t e n t  
o f  Z iz ip h u s  m u c r o n a ta * r a n g i n g  from  3 - 7  ppm. f o r  b o t h  t h e  
l e a v e s  a n d  t w i g s  f o r  t h e  f o u r  s a m p le s  c o l l e c t e d *

The l e a f  sam p le  o f  Lycium l a n c i f o l i u m  from  135 m* h a s  
a  v e r y  h ig h  c o p p e r  c o n t e n t  o f  36*6  ppm* com pared  t o  t h e  sam
p l e  from  285  m .f  16*8 ppm*, w here  t h e  c o p p e r  c o n t e n t  o f  t h e  
s o i l  i s  i n  a  s i m i l a r  r a n g e .  The m i n e r a l i z e d  s h a l e  c o n t a i n i n g
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0 *48/0 c o p p e r  i n  t h e  v i c i n i t y  o f  t h e  f i r s t  sam p le  n ay  a c c o u n t  
f o r  i t s  h i g h e r  c o p p e r  c o n te n t*  The t \v ig  sa m p le s  from t h e s e  
two l o c a t i o n s  have  a  s i m i l a r  c o p p e r  c o n t e n t  o f  10*1 and  6 * 6 
ppm. co pper*

The sam p le  o f  O zoroa  n a n i c u l o z a * from 203 Bi* b e s i d e  
m i n e r a l i z e d  a r g i l l i t e ,  h a s  a  l e a f  a n d  t w i g  c o n t e n t  o f  12 ppm* 
w h ich  i s  n o t  p a r t i c u l a r l y  h ig h  f o r  t h i s  e n v iro n m en t*

T r a n s e c t s  h o , 5 2 , and  5 4 .
l a  a d d i t i o n  t o  t r a n s e c t  4 8 , t h e  v e g e t a t i o n  was r e -  

c o rd e d  a c r o s s  f o u r  z o n e s  o f  H e l lc h ry su m  l e n t o l e n i e  and  t r e n c h e s  
w ere  s u b s e q u e n t l y  open ed  t o  r e v e a l  t h e  b e d ro c k  i n  t h e s e  a r e a s *  
The d a t a  r e c o r d e d  f o r  t h e  t r a n s e c t s  i s  shown i n  f i g *  3 4 .
E ach  t r a n s e c t  c l e a r l y  shows t h e  z o n e  o f  H e l lc h ry su m  l e n t o l e -  
"Dis s e l e c t e d ,  t h e  a s s o c i a t e d  g e o c h e m ic a l  ano m aly  a n d  t h e  m in -  
e r a l i z e d  a r g i l l i t e  ex p o sed  i n  t h e  t r e n c h  s e c t i o n s *

The s o i l  p r o f i l e s  i n d i c a t e  t h a t  t h e  m i n e r a l i z e d  a r 
g i l l i t e s  a r e  much c l o s e r  t o  t h e  s u r f a c e  t h a n  t h e  q u a r t z i t e  
h o r i z o n s *  The o v e rb u rd e n  c o n s i s t s  m a in ly  o f  f i n e  and  medium 
s a n d  w i t h  s m a l l  p r o p o r t i o n s  o f  g r a v e l ,  s i l t  a n d  c la y *  B u lk  
sa m p le  1839 from  31 m* on T r a n s e c t  33 ( f i g *  3 2 )  c o n t a i n s  
62% f i n e  a n d  medium s a n d ,  6% g r a v e l  a n d  3% s l i t  and  c l a y  com- 
b in e d *  T h i s  c o m p o s i t io n  i s  v e r y  s i m i l a r  t o  t h e  b u l k  s a m p le s  
from  T r a n s e c t  48*

The c o p p e r  c o n t e n t  o f  t h e  m i n e r a l i s e d  a r g i l l i t e s ,  
beloTT t h e  z o n e s  o f  H e l lc h ry su m  l e p t o l e p i s ,  v a r i e s  from  1*7 -  
3*1% a n d  s o i l  s a m p le s  from  t h e  c o r r e s p o n d i n g  s i t e s  c o n t a i n  
u p to  600 ppm* i n  t h e  -SO mesh f r a c t i o n *  The s o i l s  s a m p le s  
a r e  t a k e n  a t  f i v e  m e tre  i n t e r v a l s  a lo n g  t h e s e  t r a n s e c t s  a n d  
t h e  c l o s e  s p a c i n g  i n d i c a t e s  t h a t  t h e  m i n e r a l i z a t i o n  c an  be 
l o c a t e d  v e r y  a c c u r a t e l y  f o r  t h e  s u b s e q u e n t  t r e n c h i n g  p h a se  o f  
e x p l o r a t i o n *  The p ea li  v a l u e s  i n  t h e  g e o c h e m is t r y  i n d i c a t e  
t h e  m i n e r a l i z a t i o n  on e a c h  t r a n s e c t  a n d  t h e  d o u b le  p e a k  f o r  
T r a n s e c t  33  d i s t i n g u i s h e s  two h o r i z o n s  o f  m i n e r a l i z e d  a r g i l 
l i t e *  The s i z e  f r a c t i o n  a n a l y s e s  f o r  s a m p le  1839 ( f i g .  3 2 )  
show s t h e  l o w e s t  c o p p e r  c o n t e n t  i n  t h e  60  — 120 mesh f r a c t i o n s ,  
o f  2 00  ppm*, w i t h  a  r a p i d  i n c r e a s e  i n  t h e  f i n e r  f r a c t i o n s  t o
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P ig .3 U  T r a n s e c t s  4 9 ,  52 , 53 and 54 , M a la c h i t e  Pan , 
Bhov/ing t h e  r e l a t i o n s h i p  b e tw e e n  t h e  
d i s t r i b u t i o n  of p l a n t  s p e c i e s ,  g e o c h e m is t r y ,  
g e o lo g y  and  s o i l  p r o f i l e s .



134

m t .

P l a t e  31 V iew  w e s t w a r d s  f r o m  9 0 0 / 6 3 0 m,ITE, M a l a c h i t e
P a n  g r i d ,  s h o w i n g : -
1 . Zone o f  n e l i c i i r y s u m  l e p t c l e n i s  a n d  

a s s o c i a t e d  F i  mhr i s t y 1 i s  e x i l i s ;
2 . The a s s o c i a t i o n  o f  t h e  g r a s s  s p e c i e s  

A r i s t i d a  c o n g e s t a , E r a c r o s t i s  d e n u d a t a  
a n d  An t i i e n h o r  a p u h e  s c e n s  o c c u r r i n g  
w i t h i n  and  b o r d e r i n g  t h e  K e l i c h r y s u m  
1e r t o l e r i s  z o n e ;

3 .  D e n s e  c en te r  o f  t h e  p e r e n n i a l  g r a s s  
S t i n a g r o s t i s  u n i p l u m i s  f o r m i n g  t h e

maj o r  u n i t  o f  t h e  b a c k g r o u n d  v e g e t a t i o n ;
U. The  s h r u b  s p e c i e s  A c a c i a  h e b e c l a d a  a n d  

Rhus  r y r o i d e s  on  t h e  l e f t  m a r g i n  o f  

t h e  a n o m a l ous  z o n e ,  v / i t h  l a r g e  s h r u b s  
o f  A c r e  l a  m . e l l i f  e r a  i n  t h e  b a c k g r o u n d .

5 .  The q u a r t z i t e  r i d g e  o f  Esk adron  h o m e s t e a d  
i n  t h e  d i s t a n c e .  ( R e f .  MM/S\VA 7 / 6 )
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1000 p p n ,  i n  t h e  -2 7 0  m esh .

G eobotany
Tho c p o c i e s  I l e l i c h r y s u n  l e n t o l e n i s . F i m b r i s t y l i s  e x i 

l i s . M o llu ro  c e r v i a n a  and  t h e  g r a s s e s  A r i s t i d a  c o n r e s t a . E ra 
r r o s t i s  d e n u d a t a . A n th e rh o r a  n u b e s c e n s  grow d i r e c t l y  o v e r  o r  
a d j a c e n t  t o  z o n e s  o f  m i n e r a l i z a t i o n .  On T r a n s e c t  53 E e l i c h r y -  
su n  l e n t o l e n i s  fo rm s o v e r  W o  o f  t h e  g ro u n d  c o v e r  o v e r  t h e  
s u b - o u t  c r o p p in g  a r g i l l i t e .  M o l lu ro  c e r v i a n a  o c c u r s  th r o u g h 
o u t  t h e  t r a n s e c t  l i n e  b u t  shows a  s l i g h t  i n c r e a s e  i n  t h e  p e r 

c e n ta g e  c o v e r  a c r o s s  t h e  m i n e r a l i z a t i o n  on T r a n s e c t s  52 a n d  
54» E r a r r o s t i s  d e n u d a ta  a n d  A n th e n h o ra  r u b e s c e n s  o c c u r  t h r o u g h 
o u t  t h e  t r a n s e c t  w h e re a s  A r i s t i d a  c o n t e s t a  i s  more c o n f i n e d  t o  
t h e  m i n e r a l i s e d  z o n e s .

S t i n a r r o s t i s  u n i n lu m i s  a n d  t h e  o t h e r  g r a s s  s p e c i e s  
shown i n  f i g .  5 4  a n d  T a b le  16 do n o t  o c c u r  i n  a s s o c i a t i o n  
w i th  H e l l c h r y sum l e n t o l e n i s  i n  t h e  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 .  C>mboporon c o n t o r t u s  a  p e r e n n i a l  g r a s s  t e n d s  t o  o c 
c u r  i n  a r e a s  o f  q u a r t z i t e  o u t c r o p  on T r a n s e c t  49# The T ra n 
s e c t s  52 a n d  53 ps-ss o n to  t h e  b a s a l  c o n g lo m e ra te  a t  a p p ro 
x i m a t e l y  60 n .E E  w here  t h e  v e g e t a t i o n  i s  c h a r a c t e r i s e d  b y  t h e  
g r a s s e s  S c h m id t i a  r a n r o n h o r o i d e s . A r i s t i d a  a d s c e n s i o n i s  a n d  
E r a r r o s t i s d e n u d a ta  a n d  t h e  a b s e n c e  o f  S t i n a r r o s t i s  u n ip lu m is ,

1 . E r a c h i a r i a  n i r r o r e d a t a 13» H erm annia  dam arana
2 . f le n c h ru s  c i l i a r i s 14» H irn ic iu m  r o r t e r i o i d e s

3» E r a r r o s t i s  r o r o s a 15» E y l l i n r a  a l b a

4» Antosimum a re n a r iu m 1 6 . r i d o r e l l a  r e s e d i f o l i a

5» B l e n h a r i s  l e e n d e r t z i a e 17» Ocimum am ericanum
6 . C a s s i a  i t a l i c a 1 8 . Oxyronum d re re an u m

7 . C e l o s i a  l i n e a r i s 19» P l a t y c a r p h a  c a r l i n o i d e s
8 . Chascanum r i n n a t i f i d u m 2 0 . S c i l l i a  s p .

9» C y n h ocarp a  a n r u s t i f o l i a 2 1 . S y l i t r a  b i f l o r a
1 0 . Dichoma t o r m e n to s a 2 2 . T alinum  a r n o t i i

11» E riosperm um  r a u t a n e n i i 23» T rag u s  b e r t e r o n i a n u s
1 2 . E u p h o rb ia  i n a e a u i l a t e r a 24» V e rn o n ia  f a s t i r i a t a

T a b le  1 6 .  P l a n t  s p e c i e s  o c c u r r i n g  on t h e  T r a n s e c t s  49» 52» 
53 a n d  5 4  a n d  n o t  shown i n  f i g .  34»
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T h e re  i s  a  w ide  v a r i e t y  o f  h e r b  s p e c i e s  l i s t e d  f o r  t h e  
t r a n s e c t s .  I n d i v i d u a l  s p e c i e s  r a r e l y  form more t h a n  10% o f  
t h e  g ro u n d  c o v e r  and  t h e  o c c u r r e n c e  o f  t h e  m a j o r i t y  o f  t h e s e  
s p e c i e s  i s  v e r y  s p o r a d i c .  However, none o f  t h e  s p e c i e s  o c c u r  
o v e r  t h e  z o n e s  o f  m i n e r a l i z a t i o n .

The s h r u b  c o v e r  c u t s  o u t  a c r o s s  t h e  m i n e r a i l i z a t i o n  b u t  
Rhus p y r o i d e s  an d  t a l l  A c a c ia  h e r e r o e n s i s  o f t e n  b o r d e r  t h e  
z o n e s  o f  H e l ic h ry su m  l e n t o l e r i s  ( p l a t e  2 8 ) .

B io m e o c h e n i s t r y
P l a n t  s a m p le s  w ere  c o l l e c t e d  from t h e  t r e e s  a n d  s h r u b s  

g ro w in g  a ro u n d  t h e  w e l l  d e f i n e d  zone  o f  H e l ic h ry su m  l e p t o l e 
p i s . w h ich  i s  i n t e r s e c t e d  b y  T r a n s e c t s  52 an d  53  ( P l a t e  5 1 ) .

A l l  t h e  s a m p le s  a r e  t h u s  from  a  s i m i l a r  e n v i r o n m e n t ,  a d j a c e n t  
t o  m i n e r a l i z a t i o n  a n d  grov.ûng i n  s o i l s  e x t r e m e ly  h ig h  i n  cop
p e r  c o n t e n t .  The r e s u l t s  o f  a n a l y s e s  shown i n  T a b le  1?  i n 
d i c a t e  t h a t  t h e r e  i s  a  n i  de  v a r i a t i o n  i n  t h e  c o p p e r  c o n t e n t  
o f  t h e  v a r i o u s  s p e c i e s  auid a l s o  a  v a r i a t i o n  o f  2  -  5  t im e s

V ii th in  one p a r t i c u l a r  s p e c i e s .  I n  t h e  f o u r  s a m p le s  o f  Aca
c i a  h e r e r o e n s i s  t h e  c o p p e r  c o n t e n t  r a n g e s  from  8 — 25 ppm. 
a n d  5 - 2 1  ppm. f o r  t h e  l e a v e s  and  tw ig s  r e s p e c t i v e l y .  F o r  
t h r e e  s a m p le s  t h e  l e a v e s  c o n t a i n  c o n s i d e r a b l y  more c o p p e r  t h a n  
t h e  t w i g s  a n d  i n  t h e  f o u r t h  sam p le  th e  tw ig  v a lu e  e x c e e d s  t h a t  
f o r  t h e  l e a v e s .  The c o p p e r  c o n te n t  f o r  b o th  t h e  l e a v e s  a n d  
tw ig s  o f  A c a c ia  r i r a f f a e  i s  v e r y  low  f o r  t h i s  e n v i r o n m e n t .
I n  b o t h  t r e e s  sa m p le d  t h e  l e a v e s  c o n t a i n  more c o p p e r  t h a n  t h e  
tT / ig s .  G rew !a  f l a v a  h a s  a  v e r y  h ig h  c o p p e r  c o n t e n t  f o r  t h e  
l e a v e s  a n d  i s  s i x  t im e s  t h e  v a lu e  r e c o r d e d  f o r  t h e  t w i g s .  I n  
t h e  s p e c i e s  Rhus p y r o i d e s  t h e  l e a v e s  hav e  a  l i i g h e r  c o p p e r  
c o n t e n t  t h a n  t h e  tw ig s  b u t  f o r  t h e  two s h r u b s  sa m p le d  t h e  one 
w i t h  t h e  h i g h e r  l e a f  v a l u e  d o e s  n o t  have  a  c o r r e s p o n d i n g l y  
h i g h e r  v a l u e  f o r  t h e  t w i g s .  The l e a f  s a m p le s  o f  T a rc h o n a n — 
t h u s  c a m n h o ra tu s  c o n t a i n  from  2 7  -  65 ppm. c o p p e r  a n d  a s  w i t h  
Rhus P y r o i d e s  t h e  h i g h e r  l e a f  v a l u e s  do n o t  c o r r e s p o n d  w i t h  
t h e  h i g h e r  v a l u e s  o f  t h e  t w i g s .
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SHRUB SPECIES LEAVES TÜIG3
ppm
a s h

ppm
d r y

ppm
a s h

ppm
d ry

1 .  A . h e r e r o e n s i s 132 8 .3 129 4 .9
2 .  A . h e r e r o e n s i s 327 2 0 .1 630 2 1 .7
3* A . h e r e r o e n s i s 267 1 6 .7 312 1 0 .0
4 .  A . h e r e r o e n s i s 450 2 5 .1 222 9 .9
5* A . g i r a f f a e 85 3 .0 90 4 .8
6 .  A . g i r a f f a e 49 3 . 8 65 3 . 2
7* G . f l a v a 644 5 6 .4 267 8 .9
8 .  P . p y r o i d e s 270 1 8 .7 338 1 4 .7
9 .  P . p y r o i d e s 335 2 7 .4 252 9 .2
1 0 • T * c a n p h o r a t u s 490 3 9 .0 345 1 4 .4
l l .T . c a m p h  o r a t u s 348 2 6 .8 182 8 . 4
1 2 . T .c a m p h o ra tu s 850 6 3 .3 262 9 . 8
1 3 • T. c a m p h o ra tu s 730 5 6 .9 238 1 1 .4

T a b le  17* C opper c o n t e n t  o f  p l a n t  s a m p le s  c o l l e c t e d  a ro u n d  
t h e  zone  o f  H e l ic h ry su m  l e n t o l e n i s  l in lzL ng  T ra n 
s e c t s  52 and  53*
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B lo g e o c h e m ic a l  S u rv ey
The i n i t i a l  b io g e o c h e m ic a l  s t u d i e s  a t  t h e  M a la c h i t e  

P a n ,  on T r a n s e c t  48 , i n d i c a t e d  t h a t  t h e r e  i s  a  vd.de v a r i a t i o n  
i n  t h e  c o p p e r  c o n t e n t  o f  t h e  s h r u b s  a c r o s s  t h e  m i n e r a l i z e d  
s e c t i o n s .  The h i g h e s t  v a lu e s  r e c o r d e d  f o r  t h e  t h r e e  m ost com
mon s p e c i e s  w ere from s h r u b s  g ro w in g  a d j a c e n t  t o  m i n e r a l i z a 
t i o n .  Hov/ever, i n s u f f i c i e n t  sa m p le s  w ere  c o l l e c t e d  f o r  s t a 
t i s t i c a l  e v a l u a t i o n  o f  t h e  r e s u l t s  and  a s  t h e  t r a n s e c t  d id  n o t  
e x te n d  s i g n i f i c a n t l y  beyond  t h e  m i n e r a l i z e d  a r e a ,  t h e  b a ck 
g ro u n d  l e v e l s  o f  c o p p e r  f o r  t h e  s p e c i e s  c o u ld  n o t  be c a l c u l a t e d .

I n  J a n u a r y  1970  a  more d e t a i l e d  b io g e o c h e m ic a l  s u r v e y  
was c o n d u c te d  a t  t h e  M a la c h i t e  Pan  t o  s e e  i f  t h e  m i n e r a l i z e d  
a r e a s  c o u ld  be c l e a r l y  d e f i n e d  by  p l a n t  a n a l y s e s  and  w h e th e r  
s t r i k e  e x t e n s i o n s  t o  t h e  w e s t  o f  t h e  known m i n e r a l i z a t i o n  
c o u ld  be d e t e c t e d .  From t h e  g e o c h e m is t r y  a n d  d e t a i l e d  g e o b o -  
t a n i c a J .  and  g e o l o g i c a l  m app ing  t h e  e x t e n t  o f  t h e  n e a r - s u r f a c e  
m i n e r a l i z a t i o n  h ad  b e e n  d e te r m in e d .  The a rea js  o f  b a s a l  c o n g lo 
m e r a te  t o  t h e  n o r t h e a s t ,  do n o t  c o n t a i n  a n y  z o n e s  o f  m i n e r a l 
i z a t i o n  a n d  a l l  s o i l  v a l u e s  i n  t h i s  r e g i o n  a r e  l e s s  t h a n  20  
ppm. c o p p e r .  The p l a n t  s a m p le s  c o l l e c t e d  from  t h i s  a r e a  
c o u ld  t h u s  be  t a k e n  t o  r e p r e s e n t  t h e  b a c k g ro u n d  f o r  t h e  M ala
c h i t e  Pan  r e g i o n .

The T r a n s e c t s  35» 38» 42 and  45» a lo n g  t h e  g r i d  l i n e s  
2 0 0 ,  5 0 0 ,  900 and  1 2 0 0 , r e s p e c t i v e l y ,  ( F i g .  2 6 )  w ere  s e l e c t e d  
f o r  a  d e t a i l e d  s a m p l in g  p rogram m e. The m a jo r  p a r t  o f  T ra n 
s e c t  33 i s  a c r o s s  t h e  b a s a l  c o n g lo m e ra te  a n d  o n ly  m in o r  z o n e s  
o f  m i n e r a l i z a t i o n  o c c u r  b e tw ee n  0 -  200  m. an d  a t  450 m. NE.
The s e c t i o n  o f  T r a n s e c t  38  from  600 -  1000 m. NE i s  a l s o  on 
t h e  b a s a l  c o n g lo m e ra te  a n d  s e v e r a l  h o r i z o n s  o f  m i n e r a l i z e d  a r 
g i l l i t e  a r e  p r e s e n t  from  0 -  220  m. and  a t  550 m. NE. T ra n 
s e c t  42 c r o s s e s  many a r e a s  o f  m i n e r a l i z a t i o n  a n d  z o n e s  o f  E e l i -  
chrysum  l e p t o l e p i s  i n  t h e  s e c t i o n  from 0 -  700 m. b u t ,  t h e  r e 
m a in in g  p a r t  u p to  1000 m. NE i s  o v e r  b a s a l  c o n g lo m e r a t e .  T h e re  
a r e  no z o n e s  o f  m i n e r a l i z a t i o n  c l e a r l y  i n d i c a t e d  from t h e  v e g e 
t a t i o n  o r  s o i l  g e o c h e m is t r y  a lo n g  th e  s e c t i o n  0 -  900 m. on 
T r a n s e c t  45 ( F i g .  3 0 )  and  t h e  b io g e o c h e m ic a l  s a m p l in g  c o u ld  

p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  f o r  t h e  l o c a t i o n  o f  m i n e r a l i z e d  
h o r i z o n s .
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The t h r e e  s h r u b  s p e c i e s  Grev.àa f l a v a . A c a c ia  h e r e r o e n 
s i s  and  P h a e o u t i lu m  su inosum  were s e l e c t e d  f o r  th e  s u r v e y  be 
c a u s e  o f  t h e i r  w ide  d i s t r i b u t i o n  an d  t h e  r e s u l t s  o b t a i n e d  f o r  
T r a n s e c t  4 3 .  L eav es  and  tw âgs  w ere  c o l l e c t e d  f o r  e a c h  s p e 
c i e s ,  and  s a m p le s  t a k e n  a t  10 -  20  m. i n t e r v a l s ,  from s h r u b s  
o c c u r r i n g  w i t h i n  10 m e t r e s  o f  th e  t r a n s e c t  l i n e .  A p p ro x im a te 
l y  600 s a m p le s  w ere  c o l l e c t e d  from t h e  f o u r  t r a j i s e c t s  and  th e  
r e s u l t s  o f  a n a l y s e s  a r e  p l o t t e d  i n  F i g s .  35 -  3 8 .  The c o p p e r  
c o n t e n t  o f  t h e  s o i l s  and  g e o lo g y ,  r e c o r d e d  from t r e n c h  s e c 
t i o n s  and  wagon d r i l l i n g ,  i s  a l s o  p l o t t e d  on t h e  d ia g ra m s  so  
t h a t  a  d i r e c t  c o m p a r iso n  o f  t h e  b io g e o c h e m ic a l  r e s u l t s  v / i th  
known m i n e r a l i z a t i o n  c an  be made.

I n  o r d e r  t o  make a  more s a t i s f a c t o r y  i n t e r p r e t a t i o n  o f  
t h e  b io g e o c h e m ic a l  r e s u l t s ,  t h e  mean c o p p e r  c o n t e n t  and  s t a n d 
a r d  d e v i a t i o n  was c a l c u l a t e d  f o r  t h e  l e a v e s  a n d  tw ig s  c o l l e c t 
ed  o v e r  t h e  b a s a l  c o n g lo m e ra te  on T r a n s e c t s  35  an d  38 (T a b le  
1 8 ) .  The t h r e s h o l d  f o r  anom alous  s a m p le s  i s  t a k e n  a s  t h e  mean 
p l u s  t h r e e  s t a n d a r d  d e v i a t i o n s .  The t h r e s h o l d  v a l u e s  c a l c u 
l a t e d  s e p a r a t e l y  f o r  t h e  two t r a n s e c t s  a r e  i n  c l o s e  a g re e m e n t .

T r a n s e c t  35
The m a jo r  p a r t  o f  t h e  t r a n s e c t  i s  i n  an  a r e a  o f  b a c k 

g ro u n d  a s  t h e  b a s a l  c o n g lo m e ra te  e x te n d s  from  200  -  400 and  
500 -  1000 m.NE. Over t h e  b a s a l  c o n g lo m e ra te  i n  t h e s e  s e c 
t i o n s  t h e  - 8 0  mesh s o i l  s a m p le s  c o n t a i n  l e s s  t h a n  2 0  ppm. 
c o p p e r  ( F i g .  3 5 ) .  T h e re  i s  one m arked  g e o c h e m ic a l  an om aly  
o f  170 ppm. a t  450 m. v /hich i s  d i r e c t l y  o v e r  a  2 m e t r e  zone  
o f  m i n e r a l i z e d  a r g i l l i t e .  The wagon d r i l l  s e c t i o n  660 i n t e r 
s e c t e d  t h i s  zone  a t  a  d e p th  o f  2 0  m. and  t h e  c o p p e r  c o n t e n t  o f  
t h e  a r g i l l i t e  i s  1 .07 /o . A w eaker g e o c h e m ic a l  anom aly  e x i s t s  
from  80 -  150 m. NE w i t h  p e a k s  o f  a b o u t  50  p p m ., w h ich  c o r r e 
sp o n d  w i t h  n a r ro w  b a n d s  o f  a r g i l l i t e  a t  105 a n d  I 40 m. e x p o se d  
i n  t r e n c h  s e c t i o n s .  The sa m p le s  o f  t h e  a r g i l l i t e  o b t a i n e d  
from  t h e  wagon d r i l l  s e c t i o n s  344  and  345 c o n t a i n  from  0 . 5  -  
0 . 6̂ 0 c o p p e r .

V e ry  few o f  t h e  p l a n t  s a m p le s  c o l l e c t e d  a lo n g  t h e  t r a n 
s e c t  e x c e e d  t h e  t h r e s h o l d  v a l u e s  f o r  t h e  s p e c i e s .  The l o c a 
t i o n s  o f  t h e  an om alou s  sa m p le s  a r e  shown i n  T a b le  1 9 .  The
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SHRUB SPECIES T r a n s e c t
number

Ho. o f  
s a m p le s

Kean
ppm.Cu

S ta n d a r d
d e v i a t i o n

T h r e s h o ld
ppm.Cu

G rew ia
f l a v a

L ea v es 35 57 1 3 .5 2 . 5 2 1 .0
33 24 1 3 .2 2 . 6 2 1 .0

tVfi gs 35 57 5 .7 1 . 0 8 .7
38 24 5 . 2 1 . 0 8 .2

P h a e o n t i lu m
sn inosu m

L eav es 35 54 6 .5 2 . 2 1 3 .1
38 25 6 .1 2 . 0 1 2 .1

Twigs 35 54 7 .9 2 . 1 1 4 .2
38 25 8 . 0 2 . 2 1 4 .6

A c a c ia
h e r e r o e n s i s

L ea v es 35 38 6 .6 1 . 7 1 1 .7
38 22 5 . 7 1 . 6 1 0 .3

Tw igs 35 38 4 . 9 1 . 2 8 . 3
38 22 3 . 9 1 . 1 7 .2

T a b le  1 8 .  Kean c o p p e r  c o n t e n t ,  s t a n d a r d  d e v i a t i o n  a n d  t h r e s 
h o l d  v a l u e s  f o r  s h r u b  s a m p le s  c o l l e c t e d  from b a ck 
g ro u n d  a r e a s  a t  t h e  M a la c h i t e  P a n .

s a m p le s  o f  Grevd.a f l a v a  from  1 1 1 , 133 a n d  4^0  m . ,  w hich  hav e  ' 
an o m a lo u s  c o p p e r  v a l u e s  f o r  t h e  l e a v e s ,  a r e  a l l  from  s i t e s  
v e r y  c l o s e  t o  m i n e r a l i z a t i o n  a n d  i n d i c a t e  t h e  t h r e e  h o r i z o n s  
o f  m i n e r a l i z e d  a r g i l l i t e  on l i n e  2 0 0 .  The sinomalous v a lu e  
i n d i c a t e d  f o r  308  m. may s i g n i f y  a n  e a s t e r n  s t r i k e  e x t e n s i o n  
o f  t h e  m i n e r a l i z e d  a r g i l l i t e  e x p o sed  i n  a  t r e n c h  s e c t i o n  a t  
304  m. ITE on  l i n e  300  ( P i g .  3 0 ) .  F ou r  s a m p le s  have  anoma
l o u s  v a l u e s  f o r  t h e  t \7 ig s  a n d  t h e  l o c a t i o n s  o f  t h r e e  o f  t h e  
s a m p le s  from  1 4 5 ,  445 a n d  450  b o r d e r  known z o n e s  o f  m i n e r a l 
i z a t i o n .  The h i g h e s t  v a l u e  o f  1 0 .9  ppm. c o p p e r  f o r  t h e  tw ig s  
i s  from  32 m. KE b u t ,  g e o c h e m ic a l  a n d  g e o l o g i c a l  s u r v e y s  d i d  
n o t  i n d i c a t e  c o p p e r  m i n e r a l i z a t i o n  i n  t h i s  s e c t i o n  o f  t h e  g r i d .
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SHRUB SPECIES Distance m. NE Leaves
ppm.Cu

Twigs 
ppm. Cu

G. flava 52 — 1 0 .9
111 2 5 .9 -
133 2 2 .6 -
145 - 9 .5
303 2 2 .9 -
445 - 8 .8
450 2 6 .9 9 . 1

P .  euinosum 90 1 5 .5 -
100 1 6 .6 -
140 1 4 .1 -
329 1 6 .8 -
430 1 7 .0 -
454 1 7 .9 2 0 .0
500 1 6 .7 -

A. Hereroensis 200 1 3 .3 -
250 1 2 .7 -
290 - 1 0 .7

T a b le  1 9 .  C opper c o n t e n t  o f  anom alo us  sa m p le s  from  T r a n s e c t  
3 5 ,  M a la c h i t e  P a n .

The o n ly  G rew ia f l a v a  s h r u b  a lo n g  t h e  t r a n s e c t  t h a t  
h a s  an o m alo us  v a l u e s  f o r  b o t h  t h e  l e a v e s  a n d  t h e  tw ig s  o c c u r s  
a t  450 m. KE c o r r e s p o n d in g  t o  a  zo n e  o f  m i n e r a l i z e d  a r g i l l i t e  
an d  a  g e o c h e m ic a l  anom aly  o f  170 ppm. i n  t h e  s o i l  ( P i g .  3 5 ) .

Most o f  t h e  an o m alou s  v a l u e s  r e c o r d e d  f o r  P h a e o n t i lu m  
sn in o su m  a r e  from  s h r u b s  g ro w in g  i n  t h e  v i c i n i t y  o f  m i n e r a l 
i z a t i o n .  The sa m p le s  from  1 0 0 , I 4 0 , 430 an d  454 n . ,  w h ich  
h a v e  an o m alou s  c o p p e r  l e v e l s  i n  t h e  l e a v e s  a r e  a d j a c e n t  t o  
t h e  t h r e e  z o n e s  o f  m i n e r a l i z e d  a r g i l l i t e  c r o s s i n g  t h e  t r a n s e c t ,  
The s h r u b  from  454 m .,  b o r d e r i n g  t h e  m ost s t r o n g l y  m i n e r a l i z e d  
h o r i z o n ,  a l s o  h a s  t h e  o n l y  anom alo us  v a lu e  f o r  t h e  tw ig s  r e 
c o rd e d  on t h e  t r a n s e c t .  Two f u r t h e r  l e a f  a n o m a l ie s  o c c u r  a t  

329 a n d  500 m . , w here  r o c k s  o f  t h e  bedded  s e d im e n ta r y  s e q u e n c e  
o v e r l y  t h e  b a s a l  c o n g lo m e r a t e .  T hese  h ig h  v a l u e s  may i n d i c a t e
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an  e a s t e r l y  e x t e n s i o n  o f  a r g i l l i t e  ex p o sed  by  t r e n c h i n g  on 
l i n e  3 0 0 .

The r e s u l t s  o f  a n a l y s e s ,  o f  b o th  l e a v e s  and  tv ,â g s ,  
f o r  A c a c ia  h e r e r o e n s i s  do n o t  shov/ any  anom alous  v a l u e s  f o r  
sa m p le s  c o l l e c t e d  n e a r  t o  known m i n e r a l i z a t i o n .  The l e a f  
sa m p le s  from 2C0 and  23 0  m. and  t h e  tv /ig  sa m p le s  from 2 9 O m.îîE 
w hich  have  a n  anom alous  c o p p e r  c o n t e n t  a r e  from a r e a s  u n d e r 
l a i n  by b a s a l  c o n g lo m e r a te .  Sam ples c o l l e c t e d  from 443 m . , 
w here  t h e r e  i s  n e a r  s u r f a c e  m i n e r a l i z a t i o n ,  c o n t a i n  o n l y  8 . 0  
and  7*6 ppm. c o p p e r  i n  t h e  l e a v e s  and  tw ig s  r e s p e c t i v e l y .

T r a n s e c t  38
The t r e n c h i n g  programme a lo n g  l i n e  300 i n d i c a t e d  n in e  

h o r i z o n s  o f  m i n e r a l i z e d  a r g i l l i t e  b e tw ee n  0 -  230  m. and  two 
f u r t h e r  z o n e s  a t  340and  360 m. ( F i g .  3 6 ) .  The m i n e r a l 
i z e d  a r g i l l i t e  sam p led  i n  t h e  t r e n c h e s  v a r i e s  i n  c o p p e r  con
t e n t  from  1 . 1  -  4 . 2% a n d  a l l  t h e  m i n e r a l i z e d  h o r i z o n s  w ere  
c o n f i rm e d  a t  d e p th  by  wagon d r i l l i n g .  S o i l  a n o m a l ie s  o c c u r  
o v e r  t h e  m i n e r a l i z a t i o n  a n d  t h e  p e a k  v a lu e  o f  200  ppm. c o p p e r  
from 40 El* c o i n c i d e s  w i th  a n  a r e a  o f  H e l ic h ry su m  l e n t o l e n i s . 
The i n d i c a t o r  s p e c i e s  i s  a l s o  p r e s e n t  on t h e  t r a n s e c t  a t  1 1 0 , 
1 3 0 , 340 and  360 m. KE w h ic h  a r e  a l s o  a r e a s  o f  g e o c h e m ic a l  
h i g h s .  The s o i l s  o v e r  t h e  b a s a l  c o n g lo m e ra te  g e n e r a l l y  con
t a i n  l e s s  t h a n  20  ppm. c o p p e r ,  w i th  s l i g h t l y  h i g h e r  v a l u e s  
a c r o s s  t h e  p a n  c a u se d  by  d r a i n a g e  from  t h e  m i n e r a l i z e d  s e d i 
m e n ts .

Most o f  t h e  l e a f  s a m p le s  o f  G rew ia  f l a v a  c o l l e c t e d  
from  0 -  20 0  m. have  a n  an om alou s  c o p p e r  c o n t e n t  and  a l l  t h e  
s a m p le s  b u t  one e x c e e d  t h e  mean baclcground l e v e l  f o r  t h e  s p e 
c i e s  by  two s t a n d a r d  d e v i a t i o n s .  The sam p le  from  90 m. h a s
t h e  maximum v a lu e  o f  3 2 .4  ppm. c o p p e r  an d  s e v e r a l  v a l u e s  a r e
g r e a t e r  t h a n  2 3  ppm. T h re e  sa m p le s  c o l l e c t e d  b e tw e e n  345 
-  355 m. a l l  hav e  a n  a n o m a lo u s  c o p p e r  c o n t e n t  r a n g i n g  from  
2 1 .4  -  2 7 .6  ppm. The l e a f  sam p le  from 430 m . ,  w here  a  
s l i g h t  g e o c h e m ic a l  h ig h  o c c u r s ,  c o n t a i n s  2 0 . 7  ppm. c o p p e r .

The tw ig s  o f  Grev/la  f l a v a  hav e  an o m a lo u s  v a l u e s  f o r
s i m i l a r  l o c a t i o n s  a s  t h e  aoiomalous l e a f  s a m p le s .  E le v e n  sam -
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p i e s  i n  t h e  s e c t i o n  from  0 -  230 m. e x ce ed  t h e  t h r e s h o l d  v a lu e  
o f  8 .2  ppm. w i t h  t h e  maximum v a lu e  o f  1 0 .2  ppm. i n  t h e  sam
p l e  from 132 m. ITE. The sa m p le s  a t  343 and  330 m. a r e  a l s o  
anom alou s  c o n t a i n i n g  9 .2  and  8 .7  ppm. c o p p e r  r e s p e c t i v e l y .

V ery  c l e a r l y  d e f i n e d  a n o m a lie s  o c c u r  i n  t h e  l e a f  sam
p l e s  o f  P h a e o n t i lu m  sn in osum  ?d.th t h e  c o p p e r  l e v e l  e x c e e d in g  
t h e  t h r e s h o l d  o f  1 2 .1  ppm, s e v e r a l  t i m e s .  A l l  th e  sa m p le s  
c o l l e c t e d  from  0 — 2 4 O m, have  an  anom alous c o p p e r  c o n te n t  
an d  t h e  h i g h e s t  v a l u e s  r a n g i n g  from 4I  -  62 ppm ,, o c c u r  b e 
tw e en  11 -  45 n .  T h is  s e c t i o n  c o n t a i n s  f o u r  z o n es  o f  m in e r a l 
i z e d  a r g i l l i t e  a n d  t h e  s o i l s  have  100 -  200  ppm, c o p p e r  i n  
t h e  - 8 0  mesh f r a c t i o n .  F u r t h e r  anom alous l e a f  v a lu e s  o f  2 1 ,7  
and  3 2 ,8  ppm, o c c u r  a t  475 and  350 m, w hich  a r e  s i t e s  a d j a 
c e n t  t o  known m i n e r a l i z a t i o n .

The tTrigs o f  P h a e o n t i lu m  sninosum  have  anom alous  v a l 
u e s  f o r  a l l  t h e  s a m p le s  c o l l e c t e d  be tw een  0 -  112 m, and  160 -  
20 0  m, an d  f o r  t h e  i n d i v i d u a l  s h r u b s  a t  232 an d  550m, KE, The 
h i g h e s t  v a lu e  o f  2 5 ,1  ppm, c o p p e r  i s  f o r  t h e  s h r u b  from  2 0  m ,,  
w h ich  a l s o  h a s  a  v e r y  h i g h  c o p p e r  c o n te n t  f o r  t h e  l e a v e s .

A l l  t h e  an o m alou s  sa m p le s  o f  b o th  l e a v e s  and  tw ig s  
f o r  P h a e o n t i lu m  sn inosum  a r e  from l o c a t i o n s  a lo n g  t h e  t r a n s e c t  
w here  c o p p e r  m i n e r a l i z a t i o n  i s  p r e s e n t .

The s i x  s a m p le s  o f  A c a c ia  h e r e r o e n s i s  c o l l e c t e d  b e 
tw e e n  3 ~ 48 m, KE have  anom alous v a lu e s  f o r  b o th  t h e  l e a v e s  
and  t h e  t w i g s .  F o r  two o f  t h e  sa m p le s  i n  t h i s  s e c t i o n  t h e  
c o p p e r  c o n t e n t  o f  t h e  tw ig s  e x c e e d s  t h a t  o f  t h e  l e a v e s .  The 
maximum v a l u e s  f o r  t h e  l e a v e s  a n d  tw ig s  a r e  2 6 ,0  and  4 2 ,0  ppm / 
r e s p e c t i v e l y  from  t h e  s h r u b  a t  40 m. The zone  o f  anom alous 
p l a n t  v a l u e s  c o r r e s p o n d s  t o  t h e  m ain g e o c h e m ic a l  anom aly  o f  
t h e  t r a n s e c t  a n d  a  s e c t i o n  w here  f o u r  h o r i z o n s  o f  m i n e r a l i z e d
a r g i l l i t e  o c c u r ,

A f u r t h e r  an om aly  i n  t h e  l e a v e s  o c c u r s  a t  188 m, an d  
t h e  tw ig s  from  375 m, a l s o  have  an  anom alous c o p p e r  c o n t e n t ,  
I H n e r a l i z a t i o n  i s  p r e s e n t  a t  I 8O m, b u t  an  a r e a  o f  b a s a l  con
g lo m e r a te  s u r r o u n d s  t h e  l o c a t i o n  o f  t h e  se c o n d  s a m p le .

The m i n e r a l i z e d  h o r i z o n s  a t  120 , 150 , 220 and  550 m, 
a r e  n o t  r e f l e c t e d  i n  t h e  c o p p e r  c o n te n t  o f  t h e  A c a c ia  h e r e r o —
e n s i s  s h r u b s  sam p led  n e a r b y .



T ra n s e c t  42
The t r a n s e c t  c r o s s e s  s e v e r a l  a r e a s  o f  anom alous g round  

v e g e t a t i o n  w i th  d i s t i n c t  zo n es  o f  H e lich rysum  l e p t o l e n i s . 
T re n c h in g  a c r o s s  t h e s e  z o n es  r e v e a l e d  s i x  h o r i z o n s  o f  m in e r a l 
i z e d  a r g i l l i t e  a t  2 3 0 ,  2 6 0 , 2 7 3 » 525 , 610 and  660 m* KE and  
th e  wagon d r i l l  s e c t i o n  a l s o  i n d i c a t e s  m i n e r a l i z a t i o n  a t  100 m. 
( F i g .  3 7 ) .  The g e o c h e m ic a l  p r o f i l e  shows t h a t  m ost o f  t h e  
s o i l  s a m p le s  from 200 -  700 m. c o n ta in  o v e r  ICO ppm. c o p p e r  
and  p e a k s  o f  150 -  420 ppm. o c c u r  o v e r  t h e  m i n e r a l i z a t i o n .
On t h e  b a s a l  c o n g lo m e r a te ,  a t  t h e  n o r t h e a s t  s e c t i o n  o f  th e  
t r a n s e c t ,  t h e  s o i l s  c o n t a i n  from 40 -  90 ppm. c o p p e r  w hich  i s  
s e v e r a l  t im e s  t h e  v a lu e s  o b ta in e d  f o r  T r a n s e c t s  35 and 3 8 .  The 
h i g h e r  v a lu e s  i n  t h i s  r e g i o n  a r e  m ost p r o b a b ly  c a u se d  by  t h e  
s u r f a c e  d r a i n a g e  from a r e a s  o f  m i n e r a l i z a t i o n  i n t o  th e  p a n ,  
w hich o c c u r s  b e tw ee n  830 -  1000 m. on t h e  t r a n s e c t .

The c o p p e r  c o n t e n t  o f  th e  m a j o r i t y  o f  Gre?.âa f l a v a  
l e a f  s a m p le s  c o l l e c t e d  b e tw een  114 and 700 m. e x c e e d s  th e  
t h r e s h o l d  v a lu e  o f  2 1 .0  ppm. The h i g h e r  v a lu e s  i n  th e  r a n g e  
30  -  40 ppm. a r e  from s i t e s  a d j a c e n t  t o  m i n e r a l i z a t i o n  and  t h e  
maximum v a lu e  o f  4 2 .6  ppm. i s  a t  286 m. F u r t h e r  anom alous 
l e a f  sa m p le s  o c c u r  a t  85 and  86 m. where t h e r e  i s  a  s l i g h t  
g e o c h e m ic a l  p e a k .  Fewer o f  t h e  tw ig  sam ples  a r e  anom alous b u t  
a l l  t h o s e  c o l l e c t e d  n e a r  t o  t h e  m ain zo n es  o f  m i n e r a l i z a t i o n  
e x c e e d  t h e  t h r e s h o l d  v a lu e  o f  8 .5  ppm. c o p p e r .  A l l  t h e  tw ig s  
b e tw ee n  220 -  314  m. and  490 -  680 m. a r e  anom alous w i th  a  max
imum c o p p e r  c o n t e n t  o f  1 5 .2  ppm. a t  557 m. 1 3 .  T h is  sam ple  
b o r d e r s  t h e  zone  o f  m i n e r a l i z e d  a r g i l l i t e  a t  560 m. and  th e  
S o i l s  i n  t h i s  a r e a  c o n t a i n  150 ppm. c o p p e r .  Anomalous tw ig  
sa m p le s  o u t s i d e  t h e  m ain  a r e a s  o f  m i n e r a l i z a t i o n  a i s o  o c c u r  
a t  85  aud  121m.

P h a e o p t i lu m  sp inosum  d oes  n o t  o c c u r  i n  t h e  i n i t i a l  
s e c t i o n  o f  t h e  t r a n s e c t  b u t  t h e  s i x  sam p le s  t a k e n  be tw een  175 
and  311 m. h av e  an om alous  c o p p e r  v a lu e s  f o r  b o th  t h e  l e a v e s  
and  t h e  t w i g s .  A maximum v a lu e  o f  133*2 ppm. w hich  i s  t e n  
t im e s  t h e  t h r e s h o l d  v a l u e ,  o c c u r s  i n  t h e  l e a f  sam ple  from 
238 m. W ith in  t h e  s e c t i o n  370 -  696 m. o f  t h e  t r a n s e c t  a l l  
t h e  l e a v e s  show anom alous  v a lu e s  and  m ost o f  t h e  tw ig  sam p le s  
e x c e e d  t h e  t h r e s h o l d  o f  14*5 ppni. c o p p e r .  Two o f  t h e  l e a f
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sam ples hav e  an  e x t r e m e ly  h ig h  c o p p e r  c o n t e n t  o f  1 0 7 .8  and  
69#4 ppm. from 675 and  532 m. r e s p e c t i v e l y ,  and  b o th  t h e s e  
sam ples a r e  from  s i t e s  b o r d e r i n g  z o n e s  o f  H e l ic h ry su m  l e p t o -  
l e p i s . The maximum v a lu e  f o r  t h e  tw ig  s a m p le s  i n  t h i s  a r e a  
i s  3 0 .0  ppm. from  510 m.

None o f  t h e  P h a e o n t i lu m  sp inosum  sa m p le s  c o l l e c t e d  
o v e r  t h e  b a s a l  c o n g lo m e ra te  have anom alous  c o p p e r  v a l u e s  d e s 
p i t e  t h e  h i g h e r  c o p p e r  c o n te n t  o f  t h e  s o i l s .

The A c a c ia  h e r e r o e n s i s  s a m p le s  w i th  anom alo us  v a lu e s  
Eire r e s t r i c t e d  t o  t h e  zone 240 -  310 m. and  th e  l o c a t i o n s  400 
and 512 m. a n d  t h e r e  a r e  a d d i t i o n a l  anom alou s  tw ig  sa m p le s  
from 5 7 0 , 600 and  670 m. The maximum l e a f  v a lu e  o f  2 4 .7  ppm. 
co p p er  o c c u r s  a t  285  m. a d j a c e n t  t o  a  h o r i z o n  o f  m i n e r a l i z e d  
a r g i l l i t e .

O nly  f i v e  s h r u b s  o f  A c ac ia  h e r e r o e n s i s  a r e  from t h e  
a r e a  o f  t h e  b a s a l  c o n g lo m e ra te  and  t h e  maximum c o p p e r  c o n t e n t  
o f  t h e s e  s h r u b s  i s  8 .8  and 7 .2  ppm. f o r  t h e  l e a v e s  and  tw ig s  
r e s p e c t i v e l y .

T r a n s e c t  43
T ow ards t h e  w e s t e r n  m arg in  o f  t h e  M a la c h i t e  Pan  t h e  

s o i l  c o v e r  i n c r e a s e s  i n  t h i c k n e s s  and  i n  s e v e r a l  a r e a s  t h e  
s h ru b s  hav e  a  much d e n s e r  d i s t r i b u t i o n .  The g e o b o t a n i c a l  
m apping i n d i c a t e d  o n ly  one a r e a  o f  p o s s i b l e  m i n e r a l i z a t i o n ,  
a t  930 m. w here  a  zone  o f  H e lic h ry su m  l e p t o l e p i s  o c c u r s .  
T re n c h in g  a c r o s s  t h i s  f e a t u r e  r e v e a l e d  two h o r i z o n s  o f  m in e r a l 
i z e d  a r g i l l i t e  ( P i g .  3 8 ) .  The s o i l  s a m p le s  c o l l e c t e d  a lo n g  , 
T r a n s e c t  45 v a r y  i n  c o p p e r  c o n te n t  from 5 - 6 0  ppm. w i th  o n ly  
one d e f i n e d  p e a k  a t  920 m. from t h e  m a rg in  o f  t h e  H e l ic h ry su m  
l e p t o l e p i s  z o n e .  A b ro a d  s e c t i o n  o f  h i g h e r  v a l u e s  o c c u r s  from 
250 -  330  m. a n d  a c r o s s  t h e  c a l c r e t e  r i d g e  b e tw e e n  100 -  200  
m. t h e  s o i l s  c o n t a i n  l e s s  t h a n  10 ppm. c o p p e r .

I n  a n  a t t e m p t  t o  t r a c e  t h e  w e s t e r n  e x t e n s i o n  o f  t h e  
s t r o n g l y  m i n e r a l i z e d  a r g i l l i t e s  e x p o se d  on l i n e s  9OO and 1000 , 
a  s e r i e s  o f  c l o s e l y  s p a c e d  wagon d r i l l  s e c t i o n s  w ere  com ple
t e d  a lo n g  l i n e  1 2 0 0 . Many g r e e n  s h a l e  h o r i z o n s  w ere  i n t e r 
s e c t e d  b u t  o n l y  f o u r  o f  t h e s e  c o n t a i n  a p p r e c i a b l e  c o p p e r  min
e r a l i z a t i o n .  The v a l u e s  v a r y in g  from 0 .3 5  -  0 .6 5  c o p p e r  o c c u r  
i n  t h e  wagon d r i l l  s e c t i o n s  394» 4 0 2 , 415 a n d  155  a n d  when ex
t r a p o l a t e d  t o  s u r f a c e  t h e  m i n e r a l i z e d  h o r i z o n s  w ould  form su b 
o u t c r o p s  a t  3 4 0 , 4 5 0 , 720 and  940 m. KE. How ever, i n t e r -



!'■

>oc
Hc/5

CO CJ ^
O O O O O O O O

oc
H
c/5

U
X
uo
wo

u o m g

ii

C/5
%
O

H
U
w
c/5

U
Ü
O

o
wÜ

? I

i !
I l

I

g

en
?:
O
HU
u
c/5

z
Q

Z
O
e

0

f
*

*<

«

saJisui ui

P4

Cl:
Co
•H
■PCJ
r H
Q)

<D

-P

tû
G

O
f :co

§
Ph
Q)
■P•rH
o
CDiHcü

m

-po
0
CD

§
G
H

00

tè
•H

OI—1
O
0tû
'd

>>
G
•P
ro
S
0jc|
8
0
bO

>5

Œ
•H

O
O
0
U)o

G
0
0

•p
0
P

j  a d d  o j  ' w d d



200

s e c t i o n s  o f  t h e  same h o r i z o n s  ir^ a d j a c e n t  wagon d r i l l  h o le ^  
do n o t  show co m p a rab le  a s s a y  v a l u e s .

S e v e r a l  b io g e o c h e m ic a l  a n o m a l ie s  a r e  i n d i c a t e d  i n  th e  
sam p le s  o f  G rew ia  f l a v a  c o l l e c t e d  a lo n g  T r a n s e c t  45 (T a b le  20 )  
The f i v e  l e a f  s a m p le s  b e tw een  884 -  943 n .  hav e  an  anom alous 
co p p er  c o n t e n t  w i th  a  maximum v a lu e  o f  3 3 «1 ppm. f o r  t h e  sam
p l e  from 943 m. T hese  sa m p le s  a r e  from t h e  zone  o f  m in e r a l 
i z a t i o n  o u t l i n e d  by t h e  o c c u r r e n c e  o f  H e llc h ry su m  l e n t o l e n i s . 
However, none o f  t h e  tw ig  sa m p le s  from t h i s  a r e a  show anoma
l o u s  v a l u e s .  The s a m p le s  from 1 0 0 , 210  an d  213  m. NE a r e  
anom alous  f o r  b o th  t h e  l e a v e s  a n d  t \7 ig s  a n d  p o s s i b l y  i n d i 
c a t e  t h e  w e s t e r n  e x t e n s i o n  o f  m i n e r a l i z a t i o n  l o c a t e d  on l i n e  
10 00 . The l e a f  s a m p le s  from 451 a n d  731 Q. a r e  a l s o  anoma
l o u s  and  o c c u r  n e a r  t h e  s u b - o u t c r o p s  o f  m i n e r a l i z a t i o n  i n d i c 
a t e d  by t h e  wagon d r i l l i n g .

P h a e o n t i lu m  sn in osum  d o es  n o t  o c c u r  i n  t h e  s e c t i o n  
from 100 -  2 00  m. a c r o s s  t h e  c a l c r e t e  r i d g e  b u t  t h e  s p e c i e s  
h a s  a  r e a s o n a b l e  d i s t r i b u t i o n  th r o u g h o u t  t h e  m a jo r  p a r t  o f  
th e  t r a n s e c t .  T h i r t e e n  o f  t h e  s h r u b s  sa m p le d  show a n  anoma
l o u s  c o p p e r  c o n t e n t  f o r  t h e  l e a v e s  and  t e n  o f  t h e s e  a l s o  
have  an o m alo us  tw ig  v a l u e s .  The s a m p le s  o c c u r r i n g  b e tw een  
930 and  975 b i . ,  w here  m i n e r a l i z a t i o n  i s  e x p o se d  i n  t r e n c h  
s e c t i o n s ,  a r e  anom alous  and  show t h e  maximum v a l u e s ,  o f  31*9 
and  2 5 .6  ppm. c o p p e r  f o r  t h e  l e a v e s  a n d  tw ig s  r e s p e c t i v e l y ,  
f o r  t h e  t r a n s e c t .  The l o c a t i o n s  o f  o t h e r  ano m alo us  sa m p le s  
i s  shown i n  T a b le  20  and  f o u r  sam p le  s i t e s  c o i n c i d e  w i th  a n o 
m alous  s a m p le s  o f  G rew ia  f l a v a .

The sa m p le s  o f  A c a c ia  h e r e r o e n s i s  do n o t  hav e  any  
c o p p e r  v a l u e s  e x c e e d in g  t h e  t h r e s h o l d  o f  11 an d  8 ppm. f o r  
t h e  l e a v e s  an d  tw ig s  r e s p e c t i v e l y .  The maximum v a l u e s  r e 
c o rd e d  f o r  t h e  s p e c i e s  w ere  1 0 .1  ppm. c o p p e r  f o r  t h e  l e a v e s  
from 965 m. an d  7*7 ppm. f o r  t h e  tw ig s  from  5 OO m. NE.

The l o c a t i o n  o f  an om alous  sa m p le s  f o r  t h e  s h r u b  s p e 
c i e s  G rew ia  f l a v a , P h a e o p t i lu m  sp in osu m  and  A c a c ia  h e r e r o e n 
s i s . c o l l e c t e d  on T r a n s e c t s  3 3 ,  3 3 ,  4 2 ,  45 a n d  4 8 , a r e  shown 
i n  F i g .  3 9 .  An o v e r l a y  o f  t h i s  map i s  p r o v i d e d  so  t h a t  t h e
b io g e o c h e m ic a l  i n f o r m a t i o n  c a n  be com pared d i r e c t l y  w i th  g e o -  
b o t a n i c a l  m ap p in g ,  g e o c h e m is t r y ,  g e o lo g y  an d  t h e  i n t e r p r é t a -
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SHRUB SPECIES D is t a n c e  
m. NS

L eaves  
ppm. Cu

Twigs 
ppm. Cu

100 2 5 .0 1 0 .9
2 7 3 * 2 7 .7 -

313 2 1 .8 8 . 4
320 2 2 .5 9 .6

431 * 2 0 .9 -
390 2 1 .5 -

G. f l a v a 731* 2 1 .5 -

837 - 8 . 7
884* 2 3 .3 -

896 2 2 .7 -
9 2 0 x 2 5 .0 -

9 3 4 S* 2 4 .6 -
043J 3 3 .1 —

22 1 9 .4 1 7 .3
225 2 4 .0 -
2 7 6 * 1 4 .2 2 3 .8
430* 1 9 .8 1 6 .0
340 1 3 .2 -

P .  sn inosum 560 1 3 .3 -

713* 2 4 .1 1 3 .3
765 1 3 .9 -

865 1 3 .4 1 7 .4
887* 2 0 .8 1 3 .6
93Ck 1 7 .0 1 4 .3
943 & 2 9 .7 2 5 .6

973J 3 1 .9 1 7 .1

T a b le  2 0 .  C opper c o n t e n t  o f  an om alous  p l a n t  sa m p le s  from  
T r a n s e c t  1+39 M a la c h i t e  P a n .
(♦ L o c a t i o n s  anom alou s  f o r  b o th  Gre-Râa f l a v a  and  
P h a e o p t i lu m  sp in o su m )

t i o n  o f  m i n e r a l i z a t i o n  o f  f i g s .  2 ?  -  3 0 .
I n  s e v e r a l  s e c t i o n s  o f  t h e  t r a n s e c t  a l l  t h r e e  s h ru b  

s p e c i e s  show anom alous  c o p p e r  v a l u e s  f o r  b o th  t h e  l e a v e s  an d



2 0 1

t h e  tw ig s  an d  f o r  t h e  f o l lo w in g  z o n e s  a t  l e a s t  f o u r  o f  th e  
s i x  p a r a m e t e r s  a r e  a n o m a lo u s :

T r .  33 430 n .
T r .  38 0 -  60 m .,  I 90 n . ,  330 m.
T r .  42 230 -  310  m .,  390  m .,  3OO -  700 m.
T r .  48 10 -  33 m . , 220 m .,  310  m.

T hese  l o c a t i o n s  a l s o  o u t l i n e  t h e  m ain  z o n e s  o f  cop
p e r  m i n e r a l i z a t i o n  w here  a s s a y  v a l u e s  f o r  t h e  m i n e r a l i z e d  
a r g i l l i t e s  a r e  h i g h e r .

T h e re  i s  an  a b s e n c e  o f  g ro u p s  o f  anom alous  v a lu e s  
f o r  t h e  t h r e e  f o l lo w in g  a r e a s .

G roups o f  an om alou s  v a l u e s  do n o t  o c c u r  o v e r  t h e  b a 
s a l  c o n g lo m e ra te  o f  T r a n s e c t s  33 (200  -  4OO m .)  an d  42 (700  -  
1000 m .)  o r  i n  t h e  s e c t i o n  o f  T r a n s e c t  38 from  230 -  430 n .  
w here  t h e r e  a r e  no i n d i c a t i o n s  o f  c o p p e r  m i n e r a l i z a t i o n .

On l i n e  1200 t h e  w eak er  m i n e r a l i z a t i o n  a t  940 m. i s  
r e f l e c t e d  b y  t h e  an o m alous  v a lu e s  o f  Gre^^ga f l a v a  and  P haeop
t i l u m  s p in o s u m . S i m i l a r  g ro u p s  o f  anom alou s  v a lu e s  f o r  t h e s e  
s h r u b s  o c c u r  a t  a p p r o x i m a t e ly  1 0 0 , 2 7 0 , 440 a n d  890 m. and  
w ould  i n d i c a t e  o t h e r  p r o b a b l e  z o n e s  o f  m i n e r a l i z a t i o n  on t h i s  
l i n e .

The c o p p e r  c o n t e n t  o f  t h e  l e a v e s  and  t w i g s ,  f o r  t h e  
s a m p le s  c o l l e c t e d  on T r a n s e c t s  3 3 ,  3 8 ,  42 a n d  4 3 ,  i s  p l o t 
t e d  a g a i n s t  t h e  c o p p e r  c o n t e n t  o f  t h e  s o i l  i n  t h e  s c a t t e r  
d ia g ra m s  o f  f i g .  4 0 .

The l e a f  s a m p le s  o f  G rew ia f l a v a  show a  c o n c e n t r a 
t i o n  o f  v a l u e s  i n  t h e  r a n g e  9 -  16 ppm. c o p p e r  w here t h e  cop
p e r  c o n t e n t  o f  t h e  s o i l  i s  l e s s  t h a n  30 ppm. E le v e n  s a m p le s  
h o w ev er ,  from  t h e  low  s o i l  a r e a s ,  e x c e e d  t h e  t h r e s h o l d  v a lu e  
o f  21  ppm. c o p p e r  f o r  t h e  l e a v e s .  T h is  g ro u p  o f  sa m p le s  may 
i n d i c a t e  t h a t  t h e  p l a n t s  a r e  o b t a i n i n g  c o p p e r  from  below  t h e  
l e v e l  o f  t h e  s u r f a c e  s o i l s  t h a t  w ere  sam pled*  The l e a v e s  
show a  g e n e r 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 th  t h e  i n c r e a s i n g  
s o i l  v a l u e s  a n d  m ost o f  t h e  p l a n t  s a m p le s  a r e  an om alous  i n  
s o i l s  o v e r  100 ppm. c o p p e r .  The m a j o r i t y  o f  t h e  tw ig  sa m p le s
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o f  G rew ia f l a v a  from s o i l s  o f  l e s s  t h a n  30 ppm. c o p p e r ,  con
t a i n  from  3 -  7 . 3  Ppm. c o p p e r  and  o n ly  f i v e  sa m p le s  o f  t h i s  
g roup  e x c e e d  th e  t h r e s h o l d  o f  8 .5  ppm. F o r  th e  s o i l s  con
t a i n i n g  o v e r  100 ppm, c o p p e r  t h e  m a j o r i t y  o f  t h e  tw ig  sa m p le s  
a r e  a n o m a lo u s .

The l e a f  s a m p le s  o f  P h a e o r t i lu m  s r in o su m  w i th  c o r 
r e s p o n d in g  s o i l  v a l u e s  o f  l e s s  t h a n  30 ppm ., show a  wide 
r a n g e  i n  c o p p e r  c o n t e n t  from  3 -  32 ppm. The m a j o r i t y  o f  
th e  s a m p le s  c o n t a i n  from  3 - 8  ppm. b u t  s i x t e e n  sa m p le s  ex
ceed  t h e  t h r e s h o l d  v a lu e  o f  13 ppm. and  may i n d i c a t e  t h e  p r e 
se n c e  o f  c o p p e r  a t  d e p th  b e low  t h e  s u r f a c e  s o i l s .  As t h e  
s o i l s  i n c r e a s e  i n  c o p p e r  c o n t e n t  t h e  l e a v e s  a l s o  show i n c r e a 
s i n g  v a l u e s  an d  f o r  s o i l s  c o n t a i n i n g  more t h a n  80 ppm. a l l  
t h e  l e a f  s a m p le s  a r e  a n o m a lo u s  i n  c o p p e r .  S e v e r a l  o f  t h e  
tw ig  s a m p le s  have  ano m alo us  c o p p e r  v a l u e s  w i th  s o i l s  o f  l e s s  
th a n  30 ppm. b u t ,  m ost o f  t h e  s a m p le s  a r e  i n  t h e  r a n g e  4 -
13 ppm. c o p p e r .  The tw ig s  show an  i n c r e a s e  i n  c o p p e r  w i th
th e  h i g h e r  s o i l  v a l u e s  b u t ,  t h e  r a n g e  o f  v a l u e s  i s  much more 
l i m i t e d  t h a n  f o r  t h e  l e a v e s .

The l e a v e s  o f  A c a c ia  h e r e r o e n s i s  do n o t  show any  
m arked  i n c r e a s e  i n  c o p p e r  c o n t e n t  v .â th  t h e  i n c r e a s e  o f  c o p p e r  
i n  t h e  s o i l s .  V a lu e s  o f  3 -  10 ppm. a r e  r e c o r d e d  f o r  t h e  ma
j o r i t y  o f  t h e  l e a f  s a m p le s  w i th  t h e  s o i l  v a l u e s  r a n g i n g  u p to  
100 ppm. c o p p e r .  I n  t h e  s o i l s  above  100 ppm. th e  l e a f  sam
p l e s  a r e  m a in ly  b e tw ee n  7 -  18 ppm. b u t ,  many o f  t h e s e  sam
p l e s  do n o t  e x c e e d  t h e  t h r e s h o l d  o f  1 1 .3  ppm. The tw ig  sam
p l e s  c o r r e s p o n d i n g  t o  t h e  s o i l  r a n g e s  0?30  an d  30 -  100 ppm. 
c o p p e r  h a v e  t h e  same g e n e r a l  c o p p e r  c o n t e n t  o f  3 -  8 ppm.
F o r  t h e  s o i l s  e x c e e d in g  100 ppm. t h e  tw ig s  c o n t a i n  from  3 -
16 ppm. a n d  t h e r e  a r e  t h r e e  h ig h  v a l u e s  from 2 3 - 4 2  ppm.
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Acacia hereroensis
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G r e w i a  flava
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P h x oplilum spinosum

100 200 300

p p m .  C u  (soil)

48

40 J

Acacia hereroensis

2 0 .

100 200 300

p p m .  C u  (soil)

P i g .  i4.0 The r e l û t ioriBhip b e tw ee n  t h e  c o p p e r  c o n t e n t  
o f  t h e  s h ru b  s p e c i e s  ( le & v e s  and tw ig s )  and 
th e  c o p p e r  c o n t e n t  o f  th e  s o i l  ( - 8 0  m esh), 
T r a n s e c t s  35 , 38 , U2 & U5 M a la c h i t e  Pan .

G. f l a v a  

P . sp inosum  

A. h e r e r o e n s i s

Mean B ackground 
ppm, co p p er

L eaves  1 3 .5
Twigs 5 .5
L eaves  6 ,5
Twigs 8 ,0
L e a v e s  6 ,5
Twigs U ,5

T h r e s h o ld  
ppm, c o p p e r

2 1 ,0
8 .5

13.0
1 4 .5
1 1 .5

8 .5
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D. S e a s o n a l  B io g e o c h e m is t r y
D u rin g  t h e  f i e l d  s e a s o n  November 1969 -  Ju n e  1970 

s e l e c t e d  s h r u b s  o f  G rew ia  f l a v a  a n d  A c a c ia  i r . e l l i f e r a  w ere  
sam pled  p e r i o d i c a l l y  t o  d e te r m in e  i f  t h e r e  was any  s i g n i f i 
c a n t  v a r i a t i o n  i n  t h e  c o p p e r  c o n t e n t  o f  th e  l e a v e s  and  tw ig s  
th r o u g h o u t  t h e  g ro w in g  s e a s o n .

F iv e  l a r g e  s h r u b s  o f  G rew ia  f l a v a , from b o th  b a c k 
ground  and  anom alou s  g e o c h e m ic a l  z o n e s ,  were m arked a t  t h e  
Copper Causeway a r e a  f o r  s e a s o n a l  s a m p l in g  and  e i g h t  A c a c ia  
m e l l i f e r a  s h r u b s  from t h e  C opper Causeway and  Pos A re a s  w ere  
s e l e c t e d .

The f i r s t  s a m p le s  w ere  c o l l e c t e d  i n  m id-Novem ber b e 
f o r e  commencement o f  t h e  r a i n s  and  no l e a v e s  o r  c u r r e n t  g ro w th  
were p r e s e n t  on  t h e  s h r u b s .  1 s t . ,  2 n d . ,  3 r d * ,  o r  3  -  3 t h .
y e a r  tw ig s  w ere  c o l l e c t e d .  I n  t h e  s u b s e q u e n t  r e s a m p l in g  i n
J a n u a r y ,  March and  May, l e a v e s  c u r r e n t  g ro w th ,  1 s t .  and  2 n d .  
y e a r  tw ig s  w ere  c o l l e c t e d .

E ach  sam p le  was s p l i t  by  cone an d  q u a r t e r i n g  an d  du
p l i c a t e  a n a l y s e s  c a r r i e d  o u t  f o r  a l l  s a m p le s .  The a v e r a g e  
o f  t h e  two v a l u e s  f o r  t h e  G rew ia  f l a v a  sa m p le s  a r e  sho\7n i n  
T ab le  21  a n d  f o r  A c a c ia  m e l l i f e r a  i n  T a b le  2 2 .

S e v e r a l  g e n e r a l  c o n c l u s i o n s  c an  be made from t h e  r e 
s u l t s  o f  t h e  s e a s o n a l  s a m p l in g .

G rew ia f l a v a
1 .  The l e a v e s  show a n  i n c r e a s e  o f  u p to  20/a th r o u g h  

t h e  g ro w in g  s e a s o n  a n d  t h e n  a  d e c r e a s e  o f  2 0  -  4 %  i n  m ost 
s a m p le s  to w a rd s  t h e  end  o f  t h e  s e a s o n .

2 .  The c o p p e r  c o n t e n t  o f  t h e  c u r r e n t  g ro w th  i s  f a i r 
l y  c o n s t a n t  t h r o u g h o u t  t h e  s e a s o n .

3 .  The c o p p e r  c o n t e n t  o f  t h e  com bined 1 s t .  a n d  2 n d .  
y e a r  tw ig s  i s  f a i r l y  c o n s t a n t  t h r o u g h o u t  t h e  s e a s o n .

4 .  The l e a v e s  c o n t a i n  2 - 6  t im e s  more c o p p e r  t h a n  
• t h e  t w i g s .

5 .  T h e re  i s  a  d e c r e a s e  i n  c o p p e r  w i t h  t h e  o l d e r  t w i g s .
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A cac ia  m e l l i f e r a
1 .  T h e re  i s  a  vd.de v a r i a t i o n  i n  t h e  c o p p e r  c o n t e n t  

o f  th e  l e a v e s  t h r o u g h  t h e  s e a s o n .  F our s a m p le s  show a  con
t i n u a l  i n c r e a s e  o f  u p t o  1 3 % ,  t h r e e  sa m p le s  i n i t i a l l y  show 
an  i n c r e a s e  a n d  t h e n  a  d e c r e a s e  o f  u p to  lOO^j.

2 .  The c o p p e r  c o n t e n t  o f  t h e  c u r r e n t  g ro w th  i s  f a i r 
l y  c o n s t a n t  t h r o u g h  t h e  s e a s o n .

3* No g e n e r a l  t r e n d  i s  a p p a r e n t  f o r  t h e  c o p p e r  con
t e n t  o f  t h e  1 s t .  y e a r  t w i g s  t h r o u g h  t h e  s e a s o n  b u t ,  t h e  sam
p l e s  a r e  m a in ly  w i t h i n  1  2 % .

4 .  M ost o f  t h e  2 n d .  y e a r  tw ig  s a m p le s  show v e r y  l i t 
t l e  v a r i a t i o n  th r o u g h  t h e  s e a s o n .

3 .  The c o p p e r  c o n t e n t  d e c r e a s e s  i n  t h e  o l d e r  wood.
F e - s a m p l in g  o f  t h e  l e a v e s  o f  G rew ia  f l a v a  a n d  P h aeo p -

t i l u m  sp in o su m  was c a r r i e d  o u t  a lo n g  T r a n s e c t  30  t o  com pare 
t h e  c o p p e r  l e v e l s  i n  t h e  l e a v e s  d u r in g  t h e  f o l l o w in g  g ro w in g  
s e a s o n .  T h ese  two s p e c i e s  had  shown a  c l e a r  c o n t r a s t  i n  cop
p e r  l e v e l s  b e tw e e n  s a m p le s  c o l l e c t e d  from b a c k g ro u n d  a n d  t h e  
sam p le s  o v e r  t h e  m i n e r a l i z a t i o n .  The r e s u l t s  o f  a n a l y s e s  f o r  
t h e  i n i t i a l  s a m p l in g  i n  A p r i l  1969 and  t h e  r e - s a m p l i n g  i n  J a n 
u a r y  1970 a r e  shown i n  T a b le s  23  and  2 4 .

F o r  G rew ia  f l a v a  l e a v e s  c o l l e c t e d  i n  A p r i l  1969 t h e  
b ack g ro u n d  v a l u e s  v a r y  from  6 - 1 3  p p a .  and  t h e  s a m p le s  from  
t h e  m i n e r a l i z e d  s e c t i o n  c o n t a i n  20  -  29  ppm. c o p p e r .  The 
r e s p e c t i v e  r e s u l t s  f o r  J a n u a r y  1970 a r e  I 4  -  23  ppm. a n d  32 -  
44 ppm. The r e s u l t s  o f  t h e  r e s a m p l in g  c l e a r l y  r e f l e c t  t h e  
m i n e r a l i z e d  s e c t i o n  o f  t h e  t r a n s e c t  b u t ,  i n d i v i d u a l  s a m p le s  
show i n c r e a s e s  i n  c o p p e r  c o n t e n t  from 20  -  2 3 O/0.  The i n c r e a s e  
i n  c o p p e r  c o n t e n t  f o r  t h e  anom alo us  g ro u p  o f  s a m p le s  c o v e r s  
a  s m a l l e r  r a n g e  o f  2 0  -  8O/0.

The r e s u l t s  o f  t h e  r e - s a m p l i n g  f o r  t h e  l e a v e s  o f  P h a e -  
o n t i lu m  sp in o su m  ( T a b le  2 4 )  a r e  g e n e r a l l y  c o m p a ra b le  b u t  t h e  
v a lu e s  a r e  2 - 3  t im e s  h i g h e r  i n  some c a s e s .  The p e a l i  v a l u e s  
from t h e  i n i t i a l  s a m p l in g  i n  A p r i l  1 9 6 9 , 23  -  34 ppm. c o p p e r  
from 1 9 0 , 2 0 8 , 448 a n d  437 m .S , show o n ly  m in o r  i n c r e a s e s  o f  
l e s s  t h a n  10}o from  t h e  r e - s a m p l i n g .

The t r e e s  and  s h r u b s  b o r d e r i n g  t h e  anom alous  v e g e t a 
t i o n  zone  b e tw e e n  t r a n s e c t s  32 and  3 3 ,  M a la c h i t e  P a n ,  w ere



: 0 ü

sam pled  i n  J u l y  p r i o r  t o  d e f o l i a t i o n  and  a g a i n  i n  December 
a f t e r  com ing i n t o  l e a f  f o r  t h e  f o l lo w in g  s e a s o n .  The r e 
s u l t s  o f  c o p p e r  d e t e r m i n a t i o n s  on t h e s e  sa m p le s  a r e  shown i n  
T a b le  2 3 .

The l e a v e s  o f  t h e  new s e a s o n s  g ro w th  show a  d e c r e a s e  
i n  c o p p e r  c o n t e n t  f o r  t h e  s p e c i e s  A c a c ia  h e r e r o e n s i s . Tarchon- 
a n th u s  c a m r h o r a tu s  and  G rew ia f l a v a  and  an  i n c r e a s e  f o r  Phus 
•p y ro id e s .  The v a r i a t i o n  i n  v a lu e s  f o r  one s h r u b  i s  u p to  1 0 %  
a s  i n  t h e  c a s e  o f  A c a c ia  h e r e r o e n s i s .  The tw ig s  show much 
more c o n s i s t e n t  v a l u e s  i n  t h e  r e - s a m p l i n g  an d  t h e  m a j o r i t y  
a r e  w i t h i n  i  2 %  o f  t h e  c o p p e r  c o n t e n t  r e c o r d e d  i n  J u l y .
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Sample
m

P a r t  o f  p l a n t

D ate  o f  ColL le c t i o n
num. Cu 
i O / U / 6 9

pnm. Cu 
1 3 / 1 /7 0

pnm.Cu
2 4 / 3 / 7 0

ppn .C u
7 / 3 / 7 0

L ea v es — 1 3 .4 1 6 .0 9 . 3

3339 C t .  g ro w th - - 8 .6 3 .2

CO. 1 s t . Y r.T w igs 6 . 0 3 . 4 6 .6 3 .1

2 0 n /1 0 E 2n d .Y r.T r .r ig s 3 .1 4 .2 - -
3 rd .Y r .T \ ' / ig s 3 .1 — — ••

L ea v es — 3 . 0 7 . 0 7 . 4
3360 C t .  g ro w th 6 . 9 \
CO. ls t .Y r .T v .r ig s 3 . 7 3 .2 3 . 6 4 .3
123N/13E 2 n d . Y r .T w ig s 3 . 6 - - -

3 r d . Y r .T w ig s

L ea v es 1 6 .1 1 8 .4 1 4 .8
3361 C t .  g ro w th - 8 .3 9 .5 8 .7
CO. 1 s t . Y r.T w ig s 9 . 1 ) 6 .2 6 . 4 6 .1
2 0 2 N /1 0 J 2 n d . Y r.T w igs 6 .1

3 r d .Y r .T w ig s 6 .1 - - -

L ea v es — 3 1 .1 3 7 .3 2 3 .8
3362 C t .  g ro w th - 7 .2 7 .8 8 .2
CO. 1 s t . Y r.T w ig s 9 . 6 \ 3 . 3 6 .1 6 . 0

243V33^7 2 n d . Y r.T w ig s 7 . 7
3 rd .Y r .T t7 ig s 6 .9 - - — '

L ea v es — 3 4 .0 3 3 .3 3 1 .9
C t .  Growth - 6 .8 6 .2 7 . 7
l s t .Y r .T v d .g s 6 .7 ) 3 . 3 4 .3 3 . 8
2 n d . Y r .T w ig s 7 . 0
3 rd .Y r.T v .r ig s 3 . 8 - - -

T a b le  2 1 .  V a r i a t i o n  i n  t h e  c o p p e r  c o n t e n t  o f  Grev/ia f l a v a  
l e a v e s  an d  t w i g s  t h r o u g h o u t  t h e  g ro w in g  s e a s o n .
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D ate  o f  C o l l e c t i o n
Sample

NO
P a r t  o f  p l a n t 1 0 /1 1 /6 9

ppm. Cu
13/ 1 /7 0
ppm. Cu

24 / 3 /7 0
ppm. Cu

7/ 3 /7 0
ppm.Cu

3331
T r .3 0
209/13%

L ea v es  
C t .  g row th  
1 s t . T r .T w ig s  
2 n d . Y r .T w ig s  
3 -  ^Yr.TH’d g s

9 .1
1 3 .1
1 2 .3

1 2 .2

1372
2 3 .3

1 3 .1
1 4 .6
1 9 .0
1 6 .8

2 0 .3
1 3 .6
1 9 .3  
2 2 .1

3332
T r .3 0
209/23%

L ea v es  
C t .G ro w th  
1 s t . Y r.T w igs  
2 n d . Y r.T w igs  
3 -3  .Y r .T w ig s

1 6 .6 .
2 2 .4

4 .8

1 8 .0
1 9 .2
2 2 .9
1 6 .3

3 2 .9

2 3 .2
1 6 .8

3 4 .7

1 9 .0
1 6 .6

3333 
T r .3 0  
130m.S

L ea v es  
C t .G ro w th  
1 s t . Y r .T w ig s  
2nd .Y r.T i 'd .g s  
3 - 3  - Y r .T v d g s

&
9 . 4
3 . 4

9 .2
9 . 1
9 .9

1 0 .3

1 0 .0
8 .8

1 0 .6
9 .9

1 2 .8

9 .3

3334
T r .3 0
60n.N

L e a v e s  
C t .G ro w th  
1 s t . Y r .T w ig s  
2 n d . Y r .T w ig s  
3 -3  .Y r.T w igs

4 :3
2 . 9
2 . 3

k i
4 . 1
3 . 9

9 .4
4 .3
3 . 3  
2 . 9

7 .3
3 . 4  
3 . 1
2 .9

3333
CO.
1 0 0 /8 3

L e a v e s  
C t .G ro w th  
1 s t . Y r,T w igs  
2 n d . Y r .T w ig s  
3 - 3  Y r .T w ig s

3T3
2 . 7
1 .3

6 . 3
3 . 0
4 .2
3 . 3

6 .1
4 .3
4 . 0

1 2 .4
3 . 1
4 . 1  
2 . 3

3336
CO.
2 9 4 /1 8 3

L e a v e s  
C t .g r o w th  
1 s t . Y r .T w ig s  
2 n d . Y r .T w ig s  
3 - 3 .Y r .T w ig s

4 . 4  
3 . 0
2 . 4

9 . 7  
7 . 0
4 . 8  
3 . 4

1 4 .3
6 .6
6 .7
3 . 6

7 .1  
3 . 4
4 .2  
4 . 0

3337
CO.
1 0 0 /3 0 3

L e a v e s  
C t .  Growth 
1 s t . Y r .T w ig s  
2 n d . Y r .T w ig s  
3 ^ 3  Y r .T w ig s

4 . 4
4 . 1
2 . 7

6 . 0
4 . 7
3 . 3
3 .6

6 .6
6 . 4
3 . 2

1 6 .4  ' 
7 .0
4 .6
2 . 3

3738
CO.
3 7 3 /3 0 3

L e a v e s  
C t .  Growth 
1 s t .  Y r .T w ig s  
2 n d .Y r .T w ig s  
3 - 5  Y r .T w ig s

678
6 .8
4 .2

7 .3
7 .9

1 6 .4
9 .4
8 .0
7 .3

1 4 .8
9 . 8
8 . 4
6 .1

T a b le  2 2 .  V a r i a t i o n  i n  t h e  c o p p e r  c o n t e n t  o f  A c a c ia  m e l l i 
f e r a  l e a v e s  and  tvd.gs t h r o u g h o u t  t h e  g ro w in g  s e a s o n ,
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L o c a t io n

DATE OF COLLECTION

14 - 4 -  69 1 4 - 1 -  70
ppm. a s h ppm. d ry ppm. a s h ppm. d ry

ICON 100 6 . 0 227 1 6 .8
79:; 87 3 .8 262 2 1 .3
57ÎÎ 130 8 .1 222 1 8 .0
W Î 172 1 0 .9 273 2 1 .0
18N 133 1 0 .3 222 1 8 .3

0 143 1 0 .4 162 1 4 .5
13s 143 1 0 .4 240 1 9 .8
38 227 1 8 .0 360 3 1 .4
63 183 1 1 .9 270 2 2 .1
80 218 1 3 .2 283 2 3 .4
93 107 7 .3 282 2 3 .7

120 207 1 4 .3 292 2 1 .3
140 120 8 . 0 273 2 0 .3
160 203 1 4 .1 232 1 8 .7
170 132 1 0 .1 230 1 7 .6
181 113 9 . 8 293 2 3 .0
190 237 1 7 .7 317 2 8 .3
198 343 2 2 .3 420 3 8 .1
206 403 2 9 .0 400 3 4 .6
206 393 2 4 .1 360 2 8 . 4
212 432 2 7 .9 460 4 1 .4
2 3 0 433 2 9 .4 310 4 4 .1
240 36 0 2 3 .7 373 2 7 .6
230 373 2 1 .8 337 3 1 .1
2 6 4 377 2 6 .1 443 36*8
270 28 8 2 0 .3 403 3 2 .8
2 9 4 132 1 0 .2 237 2 0 .0
302 212 1 3 .7 283 2 2 .9
310 133 9 .8 2 6 0 2 0 .3
318 147 1 0 .3 223 1 7 .3
332 130 1 0 .3 262 2 0 .0
342 142 1 0 .7 303 2 4 .8
36 4 180 1 0 .9 292 2 0 .3
379 107 7 .3 222 1 7 .9
399 132 9 . 1 2 3 0 2 2 .8
418 100 7 . 0 310 2 6 .0
442 127 9 .3 320 2 3 .6
463 190 1 2 .3 223 2 0 .7
346 263 1 4 .3 337 2 3 .4
382S 132 9 .3 273 2 3 .9

T a b le  2 3 .  A c o m p a r iso n  o f  t h e  c o p p e r  c o n t e n t  o f  t h e  l e a v e s  
o f  G rew ia  f l a v a  f o r  s a m p le s  c o l l e c t e d  on T r a n s e c t  
3 0 , P o s  A re a ,  i n  A p r i l  1969 a n d  J a n u a r y  1 9 7 0 .
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L o c a t io n

DATE OF COLLECTION
14 -  4 — 69 1 4 - 1 -  70

p p m .ash ppm. d ry pp m .ash p p m .d ry

62N 47 4 . 7 87 8 .3
37N 40 4 . 0 90 7 .1

7N 60 3 . 0 140 1 0 .7
2S 120 1 0 .7 217 I S . 6

30S 92 3 . 3 290 3 2 .6
30 138 1 9 .1 237 2 8 .9
93 73 9 . 2 130 1 7 .6

143 42 3 . 4 140 1 3 .2
190 21 0 2 3 .2 222 2 7 .8
203 490 3 4 .3 393 3 3 .1
309 113 1 1 .8 390 3 7 .1
342 70 7 .2 302 3 2 .8

418 60 9 . 8 187 1 8 .1
448 143 2 3 .8 202 2 3 .8

437 272 2 8 .3 290 3 0 .0

323 133 1 3 .3 210 2 2 . 4

338 190 2 1 . 4 313 3 0 .3
370 67 9 .8 80 8 . 9
388S 102 9 .2 117 1 1 .2

T a b le  24# A c o m p a r is o n  o f  t h e  c o p p e r  c o n t e n t  o f  t h e  l e a v e s  
o f  P h a e o p t i lu m  sp in o su m  f o r  s a m p le s  c o l l e c t e d  on 
T r a n s e c t  3 0 ,  P o s  A re a ,  i n  A p r i l  1969 a n d  J a n u a r y  
1 9 7 0 .
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DATE OF COLLECTION.
19 — 6 — 69 16 -  12 - 69

P la n t  s p e c i e s ppm • a s h ppm. d ry ppm. a s h ppm. d ry

A. c l r a f  f a e *L 83 8 . 0 83 3 .2
*T 90 4 .8 63 3 . 4

A. r i r a f f a e L 49 3 . 8 60 3 . 4
T 63 3 .2 42 2 . 7

A. h e r e r o e n s i s L 267 1 6 .7 228 1 4 .4
T 312 1 0 .0 173 7 .8

A. h e r e r o e n s i s L 327 2 0 .1 190 1 0 .4
T 630 2 1 .1 293 1 2 .2

A. h e r e r o e n s i s L 293 1 6 .8 115 8 . 3
T 230 8 .9 188 9 . 0

A. h e r e r o e n s i s L 730 3 6 .9 480 4 0 .3
T 222 9 .9 193 8 . 0

A. h e r e r o e n s i s L 132 8 .3 120 7 .8
T 130 4 .9 193 9 . 1

T. c a m rh o ra tu s L 330 6 3 .3 613 3 0 .0
T 262 9 .8 233 8 . 7

T. c a m rh o ra tu s L 730 3 6 .9 430 4 0 .3
T 238 1 1 .4 233 8 . 3

T. c a m rh o ra tu s L 490 3 9 .0 400 3 3 .4
T 343 1 4 .4 473 1 6 .8

T. c a m rh o ra tu s L 348 2 6 .8 120 3 4 .4
T 182 8 .4 243 8 . 3

P . r y r o i d e s L 270 1 8 .7 483 4 4 .7
T 338 1 4 .7 290 1 4 .9

P . r v r o i d e s L 333 2 7 .4 363 3 4 . 8
T 232 9 .6 210 8 . 9

G. f l a v a L 664 3 6 .4 333 3 2 .1
T 267 8 .9 293 1 1 .3

*L -  l e a v e s ,  T -  tw ig s  

T ab le  2 3 . A c o m p a r is o n  o f  t h e  c o p p e r  c o n t e n t  i n  J u n e  and  
Decem ber 1969 f o r  s e l e c t e d  t r e e s  a n d  s h r u b s  a t  
t h e  M a l a c h i t e  P a n .
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Chapter ?

INVESTIGATIONS IN AREAS OF SAND COVER

A. NORTHERN CKATJIKUTE V/EST

I n tr o d u c t io n
I n  J u l y  1968 A n g lo v a a l  b e g an  a  p h a se  o f  r e g i o n a l  

t r e n c h in g  u s i n g  a  m e c h a n ic a l  d i g g e r .  The programme was de
s ig n e d  t o  l o c a t e  a r e a s  o f  m i n e r a l i z a t i o n  w i t h i n  t h e  s t r i k e  
p r o j e c t i o n s  o f  known c o p p e r  o c c u r r e n c e s .  The i n i t i a l  t r e n c h e s  
u p to  two k i l o m e t r e s  i n  l e n g t h  w ere  a c r o s s  t h e  n o r t h e r n  e x t e n 
s io n  o f  t h e  zone  l in ld .n g  th e  C opper Causeway and  C k a t j i r u t e  
V/est h o m es te ad  ( F i g .  3 ) .  The o v e rb u rd e n  o f  t h i s  r e g i o n  i s  
l e s s  t h a n  3 m e t r e s  and s e v e r a l  m in o r  c o p p e r  a n o m a l ie s  a r e  i n 
d i c a t e d  from  t h e  r e g i o n a l  g e o c h e m ic a l  s u r v e y .  The v e g e t a t i o n  
i s  low t r e e  an d  s h r u b  sa v a n n a  c h a r a c t e r i s e d  by t h e  s p e c i e s  
A cac ia  h e r e r o e n s i s . A c a c ia  m e l l i f e r a , G rew ia f l a v a  and  P h a e o n -  
t i lu m  sp inosum  a n d  t h e  g ro u n d  c o v e r  i s  d o m in a te d  by  t h e  p e r e n 
n i a l  g r a s s  S t i p a g r o s t i s  u n i n l u m i s .

The e x c a v a t i o n  o f  T ren c h  H .7 ,  a b o u t  3km. n o r t h  o f  Dkat- 
j i r u t e  V/est h o m e s te a d ,  e x p o sed  m i n e r a l i z e d  l im e s t o n e  b e n e a th  
a  c o v e r  o f  s a n d  an d  g r a v e l .  T h is  was th e  f i r s t  i n s t a n c e  o f  
m i n e r a l i z a t i o n  m asked by w ind blow n sa n d  an d  o r i e n t a t i o n  s t u 
d i e s  were u n d e r t a k e n  t o  d e te r m in e  w h e th e r  t h e  c o p p e r  m i n e r a l 
i z a t i o n  c o u ld  be  d e t e c t e d  by  g e o c h e m is t r y  o r  b i o g e o c h e m i s t r y .  
P r o f i l e  s a m p le s  w ere  c o l l e c t e d  from  t h e  t r e n c h  f a c e  a c r o s s  
th e  zone o f  m i n e r a l i z a t i o n  and  s o i l  and  p l a n t  sa m p le s  w ere 
c o l l e c t e d  a lo n g  T r a n s e c t  6 7 ,  w h ich  i s  p a r a l l e l  t o  t h e  t r e n c h  
and 20 m e t r e s  t o  t h e  n o r t h .

P r o f i l e  s a m p le s  T ren c h  H .7
The m i n e r a l i z a t i o n  o c cu rs  i n  a l im e s t o n e  and two c h ip  

sam ples ta k en  a c r o s s  th e  zone from fr e s h  bedrock  gave a s s a y s  
o f  1 .3 0  and 0 . 28 % copper over  a combined w idth  o f  1 .6  m etres
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( F i g .  41)#  The q u a r t z i t e  a l s o  e x p o sed  i n  t h e  t r e n c h  c o n t a i n s  
o n ly  t r a c e  am oun ts  o f  c o p p e r .  C a l c r e t e  o c c u r s  o v e r  t h e  weak
l y  m i n e r a l i z e d  l im e s t o n e  and th e  q u a r t z i t e  and  th e  i r r e g u l a r 
i t i e s  i n  t h e  b e d ro c k  s u r f a c e  a r e  c o n c e a le d  by a  v a r i a b l e  
t h i c k n e s s  o f  g r a v e l  and  a  l a y e r  o f  f i n e  t o  medium grsLined 
s a n d .

P r o f i l e  s a m p le s ,  s p a c e d  a t  h a l f  m e tre  i n t e r v a l s  a c r o s s  
t h e  m i n e r a l i z e d  z o n e ,  were c o l l e c t e d  from t h e  s a n d  and  g r a v e l  
l a y e r s  e v e r y  20  cm. from t h e  s u r f a c e  down t o  b e d r o c k .  The 
c o p p e r  c o n t e n t  o f  t h e  - 8 0  mesh f r a c t i o n  f o r  t h e s e  sa m p le s  i s  
shown i n  F i g .  4 1 .

The d i s p e r s i o n  o f  c o p p e r  from t h e  m i n e r a l i z e d  l im e 
s t o n e  i s  e x t r e m e ly  l i m i t e d  b o th  l a t e r a l l y  and  v e r t i c a l l y .  The 
g r a v e l s  r e s t i n g  on t h e  b e d ro c k  c o n t a i n  o n ly  50 ppm. c o p p e r  
and  t h e  lo w e r  s e c t i o n  o f  t h e  s a n d  a b o u t  20  ppm. T h e re  i s  no 
a p p a r e n t  an om aly  from t h e  sa m p le s  c o l l e c t e d  from  a  d e p th  o f  
20  cm. d i r e c t l y  o v e r  t h e  m i n e r a l i z e d  b e d ro c k .  T hese  sa m p le s  
c o n t a i n  15 -  18 ppm. c o p p e r  com pared  t o  11 -  13 ppm. f o r  sam
p l e s  o u t s i d e  t h e  z o n e .  The n o rm al r e c o n n a i s s a n c e  g e o c h e m is t r y  
o f  c o l l e c t i n g  th e  - 8 0  mesh f r a c t i o n  from a  d e p th  o f  15 -  20 
cm. and  20  -  30  m. i n t e r v a l s  w ould  n o t  d e t e c t  t h i s  h o r i z o n  o f  
m i n e r a l i z e d  l i m e s t o n e .

P a r t i c l e  s i z e  a n a l y s i s  and  mesh f r a c t i o n  a n a l y s e s  
w ere  c a r r i e d  o u t  on two b u lk  s a m p le s  from t h e  p r o f i l e  above 
t h e  m i n e r a l i z a t i o n  and  a l s o  f o r  p r o f i l e  sa m p le s  from an  a r e a  
o f  b a r r e n  q u a r t z i t e .

The s u r f a c e  sa n d y  h o r i z o n  from t h e  two p r o f i l e s  a t  
1763 m# an d  1961 m . , r e p r e s e n t e d  by  t h e  s a m p le s  1 9 7 2 , 1971 and  
1965 o f  F i g .  42 i s  v e r y  u n ifo rm  i n  c o m p o s i t io n ,  c o n s i s t i n g  
o f  a p p r o x i m a t e ly  80% f i n e  and  medium g r a i n e d  s a n d  (5 0  -  5 0 0 u ) ,  
15% g r a v e l  a n d  c o a r s e  sa n d  and  5% s i l t  and  c l a y .  The sa m p le s  
1969 and  i 960 from  t h e  g r a v e l  l a y e r  o f  t h e  two p r o f i l e s  a l s o  
have  a  s i m i l a r  c o m p o s i t io n ,  c o n t a i n i n g  a p p r o x im a te ly  70% g r a 
n u l e  and  p e b b le  s i z e  m a t e r i a l  o f  q u a r t z  ^nd  q u a r t z i t e ,  lOfo 
c o a r s e  and  medium g r a i n e d  s a n d ,  20% f i n e  g r a i n e d  s a n d  and  l e s s  
t h a n  1% s i l t  and  c l a y  com bined .
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The n e s h  f r a c t i o n s  s i e v e d  from th e  p r o f i l e  s a m p le s  
were a n a l y s e d  f o r  c o p p e r  c o n te n t  and  t h e  r e s u l t s  shown i n  
F ig* 4 2 . I n  sam p le  19 7 2 , t a k e n  from a  d e p th  o f  2 0  cm* a t  
1763 n i.,  t h e  t o t a l  - 8 0  mesh f r a c t i o n  and  t h e  f r a c t i o n s  u p to  
200 mesh a l l  c o n t a i n  5 ppm. c o p p e r  o r  l e s s *  The - 2 7 0  mesh 
f r a c t i o n  h a s  t h e  h i g h e s t  v a lu e  o f  15 ppm. c o p p e r  a p p r o x i 
m a te ly  t h r e e  t im e s  t h e  t o t a l  -8 0  mesh v a lu e *  The sa m p le s  
from th e  e q u i v a l e n t  h o r i z o n  o v e r  t h e  m i n e r a l i z e d  l i m e s t o n e ,
20  cm. d e p th  a t  I 96I  m*, have  from 10 -  15 ppm. c o p p e r  i n  
t h e  f r a c t i o n s  u p to  200 mesh and  t h e  t o t a l  - 8 0  mesh f r a c t i o n s ,  
and  70 ppm. i n  t h e  -2 7 0  m esh .

I n  t h e  sam p le  19 6 9 , from t h e  g r a v e l  l a y e r  90 cm. b e 
low  t h e  s u r f a c e  a t  1763 m . , t h e  t o t a l  - 8 0  mesh an d  m ost o f  
t h e  o t h e r  f r a c t i o n s  c o n t a i n  l e s s  t h a n  15 ppm. and  th e  -2 7 0  
mesh f r a c t i o n  22 ppm. c o p p e r .  A l l  t h e  mesh f r a c t i o n s  f o r  
t h e  sam p le  I 9 6 0 ,  from t h e  g r a v e l  l a y e r  above t h e  m i n e r a l i z e d  
l i m e s t o n e ,  c o n t a i n  o v e r  40 ppm* c o p p e r ;  t h e  -2 7 0  sa m p le  h a s  
100 ppm* a n d  t h e  t o t a l  - 8 0  mesh f r a c t i o n  h a s  60 ppm. c o p p e r .

T h is  s i n g l e  c o m p a r is o n ,  o f  p r o f i l e  s a m p le s  o v e r  b a r 
r e n  q u a r t z i t e  a n d  m i n e r a l i z e d  l i m e s t o n e ,  shows t h a t  an  anoma
l o u s  c o n t r a s t  i s  p r e s e n t  i n  a l l  mesh f r a c t i o n s  f o r  t h e  sam
p l e s  t a k e n  from  t h e  g r a v e l  l a y e r  and  s h o u ld  be e a s i l y  d e t e c 
t a b l e  i n  r o u t i n e  a n a l y s e s .  I n  t h e  n e a r  s u r f a c e  s o i l s ,  2 0  cm. 
d e p th ,  a  b e t t e r  c o n t r a s t  i s  g iv e n  by t h e  -2 7 0  mesh f r a c t i o n  
( 1 5 :7 0  p p m .) .

T r a n s e c t  67
/ The t r a n s e c t  i s  l o c a t e d  p a r a l l e l  t o  t h e  t r e n c h  H .7  and  

2 0  m e t r e s  t o  t h e  n o r t h  t o  a v o id  an y  p o s s i b l e  c o n t a m i n a t i o n .
The p o i n t  o f  o r i g i n  o f  t h e  t r a n s e c t  i s  n o t  t h e  same a s  f o r  
t h e  t r e n c h  and  a s  shown i n  F i g .  4 2 ,  90 m*, T r .  67 = 1 9 6 1 . ,
H .7 .  The o v e r b u r d e n  and  g e o lo g y  f o r  T r a n s e c t  67 c a n  be ex
t r a p o l a t e d  from  t h e  t r e n c h .

The n a t u r e  and  t h i c k n e s s  o f  t h e  o v e rb u rd e n  i s  ex
t r e m e l y  v a r i a b l e .  C a l c r e t e  o c c u r s  i n  many p l a c e s  d i r e c t l y  
o v e r  b e d ro c k  a n d  i s  p r e s e n t  a t  t h e  s u r f a c e  from  I 40 -  150 m. 
and  from 5 OO -  530 m. SE w here i t  form s a  low  r i d g e .  F o r  
t h e  m a jo r  p a r t  o f  t h e  t r a n s e c t  t h e  o v e rb u rd e n  c o n s i s t s  o f
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two d i s t i n c t  h o r i z o n s  w hich  a r e  a  s u r f a c e  h o r i z o n  o f  f i n e  
t o  medium g r a i n e d  w in d -b lo w n  sa n d  an d  a  lo w e r  h o r i z o n  o f  a n 
g u l a r  t o  s u b - a n g u l a r  g r a v e l  o f  q u a r t z  and q u a r t z i t e .  The 
g r a v e l  may r e s t  on c a l c r e t e  o r  d i r e c t l y  on w e a th e re d  b e d r o c k .  
The com bined t h i c k n e s s  o f  t h e  s a n d  and  g r a v e l  h o r i z o n s  v a r i e s  
from l e s s  t h a n  30  cm. t o  2 -  3 m e t r e s  ( P l a t e .  3 2 ) .

The m a j o r i t y  o f  t h e  b e d ro c k  e x p o s u re s  i n  t h e  t r e n c h  
a r e  q u a r t z i t e s .  Mixed v o l c a n i c  r o c k s  a r e  p r e s e n t  i n  t h e  s e c 
t i o n  0 -  40 a .  SE, w hich  i n d i c a t e  th e  m a rg in  o f  t h e  Cpdam/ 
Ekumok F o r m a t io n .  S e v e r a l  h o r i z o n s  o f  l im e s t o n e  o c c u r  from 
30 -  100 m. a n d  t h e r e  i s  a  b ro a d  zone  o f  g r e y  t o  g r e e n  s h a l e s  
b e tw ee n  460 -  380 m. SB. The o n ly  c o p p e r  m i n e r a l i z a t i o n  oc 
c u r s  i n  a  l im e s t o n e  a t  a p p r o x im a te ly  90 n .  SE.

The v e g e t a t i o n  o f  t h e  a r e a  i s  v e ry  u n i fo rm  an d  t h e  
o n ly  v a r i a t i o n  i n  s p e c i e s  o c c u r s  o v e r  t h e  s e c t i o n s  o f  c a l 
c r e t e .  The t r e e  and  s h r u b  c o v e r  i s  e x t r e m e ly  open  an d  G rew ia  
f l a v a  i s  t h e  o n ly  commonly o c c u r r i n g  s p e c i e s .  T h e re  a r e  oc
c a s i o n a l  s m a l l  t r e e s  o f  A c a c ia  g i r a f f a e  and  s h r u b s  o f  A c a c ia  
h e b e c l a d a . A c a c ia  h e r e r o e n s i s  a n d  Z i z i r h u s  m u c ro n a ta  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  a r e a .  The g ro u n d  c o v e r  c o n s i s t s  o f  sin 
a s s o c i a t i o n  o f  S t i n a e r o s t i s  u n i n l u m i s . w hich  i s  th e  do m in an t 
g r a s s  s p e c i e s ,  A r i s t i d a  c o n t e s t a  an d  S c h m id t ia  n a r n o n h o r o i d e s . 
The m o s t  common h e r b s  r e c o r d e d  a l o n j t h e  t r a n s e c t  a r e  S y l i t r a  
b i f l o r a . T r ic h o d e s r .a  a n g u s t i f o l i u m . G e i g e r i a  o r n a t i v a  a n d  P o r -  
t u l a c a  g r a n d i f l o r a .

I n  t h e  a r e a s  o f  s u r f a c e  c a l c r e t e  t h e  d o m in an t s h r u b  
s p e c i e s  a r e  T a rc h o n a n th u s  c a m rh o ra tu s  and  A c a c ia  h e b e c la d a  
a n d  t h e  g ro u n d  c o v e r  c o n s i s t s  o f  a n  a s s o c i a t i o n  o f  t h e  g r a s 
s e s  E nn eaporon  c e n c h r o id e s  and  S t i n a F r o s t i s  c i l i a t a . w i t h  t h e  
h e r b s  Antosimum l e u c o r r h i z u m . H erm annia  dam arana  and  E v o lv u lu s  
a l s i n o i d e s .

S o i l  s a m p le s  w ere  c o l l e c t e d  a t  10 and  15 m e t re  i n t e r 
v a l s  from  a  d e p th  o f  2 0  cm. and  t h e  »80 mesh and  -2 7 0  mesh 
f r a c t i o n s  a n a l y s e d  f o r  c o p p e r  c o n t e n t .  G eo ch em ica l  h ig h s  
a r e  a p p a r e n t  i n  b o th  mesh f r a c t i o n s  f o r  t h e  sam p le  from  90 m. 
SE w i t h  v a l u e s  o f  37 an d  120 ppm. c o p p e r  f o r  t h e  - 8 0  a n d  -2 7 0  
mesh r e s p e c t i v e l y  ( F i g .  4 3 ) .  A se c o n d  zone  o f  h i g h e r  v a l u e s



221

i

P l a t e  3 2  V iew  n o r t h - w e s t w a r d s  a lo n g  T ren ch  H .7 ,  
n o r th e r n  Okat j i r u t e  W est .
The o v erb u rd en  i n  t h i s  a r e a  v a r i e s  f r a n  
l e s s  t h a t  3 0 cm. t o  3m. and c o n s i s t s  o f  
c a l c r e t e ,  q u a r t z  and q u a r t z i t e  g r a v e l  

and wind-bloiATi sa n d ,  ( R e f .  MMC/SWA 2 2 / 7 )
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f o r  t h e  -2 7 0  mesh f r a c t i o n  e x te n d s  from  450 -  480 m. w hich  
c o r r e s p o n d s  t o  a  s e c t i o n  o f  s h a l e s  i n  t h e  t r e n c h .  The c o p p e r  
c o n te n t  o f  t h e  - 8 0  mesh f r a c t i o n  f o r  t h i s  a r e a  v a r i e s  from  
25  -  30  ppm. com pared  t o  l e s s  t h a n  10 ppm. f o r  t h e  m a jo r  p a r t  
o f  t h e  t r a n s e c t .

Grew ia f l a v a  i s  t h e  o n ly  s h ru b  s p e c i e s  w hich  o c c u r s  
a t  r e a s o n a b l y  c l o s e  i n t e r v a l s  a lo n g  th e  t r a n s e c t  and  s a m p le s  
o f  l e a v e s  and  t r i g s  w ere  c o l l e c t e d  from a l l  t h e  Grew ia f l a v a  
s h r u b s  w i t h i n  20  m e t r e s  o f  t h e  t r a n s e c t  l i n e .  The r e s u l t s  
o f  a n a l y s e s  f o r  c o p p e r  a r e  p l o t t e d  i n  F i g .  4 3 .

The maximum v a lu e  r e c o r d e d  f o r  t h e  l e a v e s  o f  2 1 .3  ppm. 
i s  from t h e  s h r u b  a t  90 m. w hich  i s  on t h e  s t r i k e  e x t e n s i o n  
o f  t h e  m i n e r a l i z e d  l i m e s t o n e .  A l l  o t h e r  v a l u e s  f o r  t h e  l e a v e s  
a r e  w i t h i n  t h e  r a n g e  8 - 1 5  ppm. c o p p e r  and  two o f  t h e  h ig h 
e r  v a l u e s  a r e  from  450 -  460 m. w here t h e  s o i l s  a r e  s l i g h t l y  
h i g h e r  i n  c o p p e r  c o n t e n t .  The tw ig s  show a  v e r y  n a rro w  
r a n g e  f o r  c o p p e r ,  from  2 - 5  ppm ., and  t h e r e  i s  no a p p a r e n t  
r e l a t i o n  b e tw ee n  t h e  h i g h e r  v a lu e s  i n  t h e  tw ig s  and  t h e  h i g h 
e r  v a l u e s  i n  t h e  l e a v e s .

B. DAKEIK

I n t r o d u c t i o n
The i n i t i a l  g e o c h e m ic a l  r e c o n n a i s s a n c e  s u r v e y  o f  t h e  

V . i t v l e i  C o n c e s s io n  i n d i c a t e d  a n  a r e a  o f  anom alous  c o p p e r  v a l 
u e s  i n  n o r t h - w e s t e r n  Daheim ( F i g .  6 ) .  P eak  v a l u e s  o f  u p to  
130 ppm. c o p p e r  w ere  r e c o r d e d ,  and  v a lu e s  above  t h e  2 0  ppm. 
b a c k g ro u n d  o c c u r  f o r  s e c t i o n s  o f  s e v e r a l  h u n d re d  m e t r e s  a lo n g  
t h e  t r a v e r s e s .

The v e g e t a t i o n  f o r  t h e  m a jo r  p a r t  o f  t h i s  r e g i o n  i s  a  
low  t r e e  and  s h r u b  s a v a n n a  c h a r a c t e r i s e d  by  t r e e s  o f  A c a c ia  
r i r a f f a e ,  T e r m in a l i a  s e r i c e a  and  t h e  g roun d  v e g e t a t i o n  i s  com
p o s e d  m a in ly  o f  t h e  g r a s s e s  S t i n a g r o s t i s  u n i r l u m i s  a n d  S ch m id -  
t i a  ■Dannonhoroides. I n  s e v e r a l  a r e a s  s a v e n n a  g r a s s l a n d  p r e 
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d o m in a te s  w here  A r i s t i d a  s t i r i t a t a  and  E r a g r o s t i s  p a l l e n s  
a r e  t h e  m ost common s p e c i e s .  The s u r f a c e  s o i l s  c o n s i s t  o f  
medium t o  f i n e  g r a i n e d  s a n d ,  w hich  i s  m ost p r o b a b l y  w in d -  
b o r n e ,  and  s e i s m ic  r e a d i n g s  i n  t h e  a r e a  i n d i c a t e  t h a t  t h e  o v e r  
b u rd e n  e x c e e d s  f i v e  m e t r e s .

T h is  r e g i o n  i s  w i t h i n  t h e  s t r i k e  p r o j e c t i o n  o f  t h e  Pos 
A rea  m i n e r a l i z a t i o n  o u t l i n e d  by GarsldLe ( F i g .  3 )  an d  d u r i n g  
t h e  r e g i o n a l  t r e n c h i n g  program m e, i n  t h e  l a t t e r  p a r t  o f  1968 , 
tv/o t r e n c h e s  w ere  l o c a t e d  a c r o s s  t h e  a r e a .  One t r e n c h  v/as i n  
t h e  n o r t h e r n  s e c t i o n  o f  O k a t j i r u t e  E a s t  and  t h e  se c o n d  i n  
w e s t e r n  Daheim n e a r  t o  t h e  t r a v e r s e  l i n e s  t h a t  showed Anoma
l o u s  c o p p e r  v a l u e s .  No s i g n i f i c a n t  z o n e s  o f  m i n e r a l i z a t i o n  
w ere  d i s c o v e r e d  by  t h e  t r e n c h i n g  a n d  f u r t h e r  w ork  i n  t h i s  
a r e a  was s u s p e n d e d  u n t i l  F e b r u a ry  1970 when wagon d r i l l i n g  
was u n d e r t a k e n .  A s e c t i o n  l i n e  was d r i l l e d  a c r o s s  t h e  geo 
c h e m ic a l  an om aly  on t h e  Daheim -  O kasandu b o u n d a ry  and  s e v 
e r a l  z o n e s  o f  c o p p e r  m i n e r a l i z a t i o n  w ere  o u t l i n e d .  ( F i g .  45) 
The m ost s i g n i f i c a n t  was a n  i n t e r s e c t i o n  o f  f i v e  m e t r e s  g r a 
d in g  1 .3%  c o p p e r .  A t r e n c h  was l o c a t e d  o v e r  t h e  s u r f a c e  p r o 
j e c t i o n  o f  t h i s  zone  a n d  a  s e c t i o n  o f  m i n e r a l i z e d  s h a l e s  was 
e x p o se d  b e n e a th  a p p r o x im a te ly  1 . 5  m e t r e s  o f  g r a v e l  a n d  w ind
blow n s a n d .  A se c o n d  l i n e  o f  wagon d r i l l  h o l e s  w ere  com ple
t e d  100 m e t r e s  t o  t h e  s o u th  a c r o s s  t h e  s t r i k e  p r o j e c t i o n  o f  
t h e  m i n e r a l i z e d  s h a l e s  and  a  zone  o f  s e v e r a l  m e t r e s  g r a d in g  
2 .69%  c o p p e r  was i n t e r s e c t e d .  However, f u r t h e r  d r i l l i n g  a -  
c r o s s  s t r i k e  200  m e t r e s  from t h e  b o u n d a ry  f e n c e  f a i l e d  t o  l o 
c a t e  m i n e r a l i z a t i o n  ( F i g .  4 5 ) .

The wagon d r i l l i n g  was e x t r e m e ly  d i f f i c u l t  i n  t h e  o v e r 
b u rd e n  o f  s a n d ,  g r a v e l  and  o f t e n  c a l c r e t e  an d  a  b e t t e r  d e f i n 
i t i o n  o f  t h e  z o n e s  o f  m i n e r a l i z a t i o n  was n e e d e d  p r i o r  t o  d r i l 
l i n g .  G e o ch e m ic a l  a n d  b io g e o c h e m ic a l  s u r v e y s  w ere  c a r r i e d  
o u t  f o r  t h i s  p u r p o s e .  Work i n  t h e  a r e a  was r e s t r i c t e d  t o  t h e  
s o u t h e r n  s i d e  o f  t h e  b o u n d a ry  f e n c e  b e tw ee n  Daheim and  O ka- 
sa n d u  a s  t h i s  i s  a l s o  t h e  b o u n d a ry  o f  t h e  c o n c e s s i o n .  A ICO 
m e tre  g r i d  was s u r v e y e d  f o r  v e g e t a t i o n  m ap p in g , g e o c h e m ic a l  
an d  b io g e o c h e m ic a l  s a m p l in g ,  w i th  t h e  known m i n e r a l i z a t i o n  i n  
t h e  c e n t r a l  s e c t i o n  o f  t h e  g r i d .  The t r a n s e c t  l i n e s  99 -  104
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( F i g .  44) a r e  p a r a l l e l  t o  th e  b o u n d a ry  f e n c e  and  c r o s s  t h e  
r e g i o n a l  s t r i k e  a t  a p p r o x i m a t e ly  r i g h t - a n g l e s .

V e g e t a t i o n
The m a jo r  p a r t  o f  th e  a r e a  v .â th in  t h e  g r i d  h a s  a  low  

t r e e  a n d  s l i ru b  s a v a n n a  v e g e t a t i o n  c h a r a c t e r i s e d  by  t h e  s p e 
c i e s  A c a c ia  r i r a f f a e . T a rc h o n a n th u s  c a m r h o r a tu s  a n d  G rew ia  
f l a v a  ( F i g .  46 and  P l a t e  33 )*  The s h r u b s  A c a c ia  h e b e c l a d a . 
A c a c ia  m e l l i f e r a  and  PJius n y r o i d e s  a r e  a l s o  s c a t t e r e d  t h r o u g h 
o u t  t h e s e  s e c t i o n s .  The g ro u n d  l a y e r  o f  v e g e t a t i o n  i s  com
p o se d  o f  a  d e n se  c o v e r  o f  t h e  g r a s s  s p e c i e s  S t i r a m r o s t i s  u n l -  
n lu m is  and  S c h r d d t l a  n a r r o r h o r o i d e s  and  s c a t t e r e d  h e r b s  o f  
w hich  T r ic h o d e sm a  a n m u s t i f o l i u m . N e o r a u ta n e n la  a m b o e n s is  an d  
K o h a u t ia  o m a h e k e n s is  a r e  t h e  m ost common. I n  p l a c e s  t h e  v e g e 
t a t i o n  i s  d o m in a te d  by  A c a c ia  g i r a f f a e  t r e e s  7 -  10 m e t r e s  i n  
h e i g h t  and  one a r e a  fo rm s a  d e f i n e d  b e l t  w h ich  e x te n d s  n o r t h 
e a s tw a r d s  i n t o  O kasand u .  T a rc h o n a n th u s  c a m rh o r a tu s  s h r u b s  

a l s o  o c c u r  i n  t h e s e  a r e a s  and  S t i r a m r o s t i s  u n ip lu m is  i s  t h e  
m ost common g r a s s  s p e c i e s .

The n o r t h - w e s t e r n  p a r t  o f  t h e  g r i d  h a s  a  g r a s s l a n d  
v e g e t a t i o n  w h ich  becom es much more e x t e n s i v e  t o  t h e  n o r t h .
The s p e c i e s  A r i s t i d a  s t i r i t a t a  and  E r a g r o s t i s  r a l l e n s  form 
a  u n i fo rm  d e n s e  c o v e r  o f  g r a s s  a b o u t  one m e t r e  h i g h .  The 
s m a l l  s h r u b  Oz-oroa •o a n ic u lo s a  o c c u r s  i n  t h i s  g ra s s la in d  a s s o 
c i a t i o n .  Two f u r t h e r  v e g e t a t i o n  a s s o c i a t i o n s  a r e  r e c o g n i s e d  
i n  t h e  a r e a ;  one o c c u r s  i n  a r e a s  o f  s c a t t e r e d  s u r f a c e  c a l 
c r e t e  and  t h e  o t h e r  i n  t h e  v i c i n i t y  o f  d r a i n a g e  p a n s .  The 
d e n s e  c o v e r  o f  S t i r a g r o s t i s  u n in lu m is  a n d  S c h m id t i s  n a n p o -  
r h o r o i d e s  c u t  o u t  a c r o s s  t h e  a r e a s  o f  c a l c r e t e  a n d  t h e  v e g e 
t a t i o n  c o n s i s t s  o f  A c a c ia  h e b e c la d a  s h r u b s ,  E n n ea ro ^ o n  b r a -  
c h y s t a c h u s  a n d  E r a r r o s t i s  r o r o s a  g r a s s e s ,  w i th  P s e u d o g a l t o n i a  
c l a  v a t  a . a n d  Cro t a l a r i  a  a r^cyraea  ( P l a t e  3 4 )*  Around t h e  
p a n s  a n d  d r a i n a g e  f e a t u r e s  t h e  v e g e t a t i o n  c o n s i s t s  o f  Z i z i — 
p h u s  m u c ro n a ta  a n d  A c a c ia  h e b e c la d a  s h r u b s  ( P l a t e  3 5 )*  Ilany 
o f  t h e  d r a i n a g e  a r e a s  a r e  b a r r e n  o f  v e g e t a t i o n  ( P l a t e  3 5 )  
b u t  t h e  g r a s s  s p e c i e s  E c h in o c h lo a  h o l u b i i  o c c u r s  i n  t h e  p a n s  
w h ich  c o n t a i n  w a t e r .
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P l a t e  33 View  w e s tw a r d s  a lo n g  th e  Daheim -  Okasandu  

■boundary f e n c e ,  and th e  l i n e  o f  T r a n s e c t  99  
Daheim G r id ,  s h o w in g ;
1 .  F o r e g r o u n d : -  d r a in a g e  p an  s u r r o u n d e d  b y  

a s lirub v e g e t a t i o n  o f  Z iz in h u s  m u c r o n a ta . 
A c a c i a  h e b e c l a d a  and A c a c ia  m e l l i f e r a ;

2 .  M id d le  d i s t a n c e : -  an a r e a  o f  t r e e  and shrub  
s a v a n n a  c h a r a c t e r i s e d  b y  th e  s p e c i e s  
A c a c ia  r i r a f f a e . G rew ia  f l a v a  and  

T a r c h o n a n th u s  c a m p h o r a tu s ;
3 .  B a c k g r o u n d : -  a N -  S b e l t  o f  t a l l  

A c a c ia  c i r a f f a e  t r e e s .
( R e f .  MiysVVA 2 7 / 5 3 . )



P l a t e  3 k  V iew  s o u th w a r d s  from  th e  l o c a t i o n
9 2 0 / l 9 0 m .S  Daheim G r id  s h o w i n g : -
1 .  F o r e g r o u n d : -  v e g e t a t i o n  a s s o c i a t i o n  o f  

th e  g r a s s  s p e c i e s  E nneapogon h r a c h y s t a c h u s . 
th e  l i l y  P s e u d o g a l t o n i a  c l a v a t a  and t h e  
h erb  G r o t a l a r i a  arg^^rea i n  an a r e a  o f  
s c a t t e r e d  s u r f a c e  c a l c r e t e ;

2 .  B a c k g r o u n d : -  lo w  t r e e  and sh ru b  sa v a n n a  
c h a r a c t e r i s e d  b y  th e  s p e c i e s  A c a c ia  
g i r a f f a e , T a r c h o n a n th u s  ca m p h ora tu s  and 

Grewia f l a v a . w i t h  a ground  v e g e t a t i o n  
d o m in a te d  b y  t h e  g r a s s e s  S t i n a g r o s t i s  

u n ip lu m is  and S c h m id t ia  n a p p o p h o r o i d e s ;

3 .  L o c a t i o n  o f  p i t  No 6 a t  9 2 5 /2 0 5 m .S

(R e g .  MK/SV,'A 2 7 / 5 U . )
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P l a t e  35  V iew  n o r th w a r d s  from  l|l|.0/h20iii.S Daheim  G rid  
sh o w in g  an open d r a in a g e  f e a t u r e  s u r r o u n d e d  

b y  low  shrubs o f  A c a c ia  h e b e c l a d a . A c a c ia  
g i r a f f a e  t r e e s  o c c u r  i n  t h e  b a c k g r o u n d .  
( R e f .  MMC/SWA U8/ 28A . )



T h rou gh ou t t h e  a r e a  no p l a n t s  o f  Helichirysuzn l e n t o -  

l e n i s  w ere  d i s c o v e r e d  or  o t h e r  v e g e t a t i o n  a s s o c i a t i o n s  i n d i 
c a t i v e  o f  c o p p er  m i n e r a l i z a t i o n .

G e o c h e m is tr y

S o i l  s a m p le s  w ere c o l l e c t e d  a t  10  m e tr e  i n t e r v a l s ,  

and from a  d ep th  o f  2 0  cm .,  a lo n g  t h e  t r a n s e c t  l i n e s  99 -  
lO h .  The c o p p er  c o n t e n t  was d e te r m in e d  on t h e  - 2 7 0  mesh  
f r a c t i o n  and th e  r e s u l t s  shov.u by t h e  i s o p l e t h  map o f  F i g .
47* O nly one z o n e  o f  an om alou s  v a l u e s  i s  i n d i c a t e d  and  
t h i s  h a s  a  l i m i t e d  s o u t h e r n  s t r i k e  e x t e n s i o n .  The b r o a d e s t  
s e c t i o n  o f  t h e  anom aly  i s  on T r a n s e c t  9 9 ,  a l o n g  t h e  b ou n d ary  
f e n c e ,  w here  v a l u e s  e x c e e d  1 0 0  ppm. from ii20 -  610  m. E,  
S o u th w a rd s  t h e  an om alou s  z o n e  d e c r e a s e s  i n  w id th  and i n t e n 
s i t y  and on T r a n s e c t  1 0 1 ,  2 0 0  m e t r e s  t o  t h e  s o u t h ,  t h e  p e a k  
v a l u e  i s  o n l y  85  p p s .  A p o s s i b l e  e x t e n s i o n  t o  t h e  z o n e  o f  
m i n e r a l i z a t i o n  i s  i n d i c a t e d  a t  630  m. on T r a n s e c t  103  w here  
t h e  s o i l  v a l u e s  a r e  i n  t h e  r a n g e  4 0  -  60  ppm. w h ich  i s  s l i g h t 
l y  a b o v e  t h e  b a c k g r o u n d .

The s o i l s  c o l l e c t e d  a c r o s s  t h e  d r a in a g e  f e a t u r e ,  from  
3 8 0  -  3 3 0  m. E on T r a n s e c t  103  ( F i g .  4 6 ) do n o t  show an y  
i n c r e a s e  i n  c o p p e r  c o n t e n t .  I n  t h e  a r e a  o f  s a v a n n a  g r a s s 
l a n d  i n  t h e  n o r t h - w e s t e r n  p a r t  o f  t h e  g r i d  t h e  co p p er  co n 
t e n t  o f  t h e  s u r f a c e  s o i l s  i s  e x t r e m e l y  lo w  Vilth t h e  m a j o r i t y  
o f  t h e  v a l u e s  l e s s  th a n  10  ppm.

P r o f i l e  s a m p le s  from t h e  t r e n c h  s e c t i o n  and from p i t s  
w ere  a l s o  c o l l e c t e d  f o r  a n a l y s e s .  S a m p les  w ere  ta l ie n  a t  2 0  
cm. i n t e r v a l s  down t h e  f a c e  o f  t h e  t r e n c h  b e tw e e n  473  -  486  
m. on T r a n s e c t  9 9 ,  and t h e  - 2 7 0  and - 8 0  mesh f r a c t i o n s  w ere  
a n a l y s e d  f o r  c o p p e r  ( F i g .  4 8 ) .  Each p r o f i l e  sh ow s an  i n 
c r e a s e  i n  c o p p e r  v . l th  d e p th  and t h e  - 2 7 0  mesh v a l u e s  a r e  ap
p r o x i m a t e l y  t w i c e  t h e  - 8 0 .  At t h e  s u r f a c e  t h e  - 2 7 0  mesh  
f r a c t i o n s  v a r y  i n  c o p p er  c o n t e n t  from 1 2 0  -  160. ppm. and show  
an a p p r o x im a te  i n c r e a s e  o f  23%  i n  t h e  lo w e r  s e c t i o n s  o f  t h e  
w in d -b lo w n  s a n d .  The v a l u e s  i n c r e a s e  much more r a p i d l y  \wLth 
d e p th  i n  t h e  g r a v e l  l a y e r  and t h e  - 2 7 0  mesh f r a c t i o n s  s i e v e d
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-  2 7 0  mesh

D is ta nce  on T r . 99

N\

•c
5-Q

o
20 _  
40 _ 
60 _ 

80 _ 

100 _  

120 _ 
140 _ 
180 _ 

180 _ 

200 _ 
220 _

me t r es  ^8o  
I

486
1

s a n d
132 158 165
165 180 214

191 180 224

-224-------------214 ________-j
282 264 385 gravel

330 

630

Mi ne r a l i ze d ^
1*1 I p  \  »

572

742,

we a t h e r e d
b e d r o c k

-  8 0  mesh

D i s t a nc e  on Tr .  99

W me t r es

s-

O 
20 _ 
40 _ 
60 _ 
80 _ 

100 _  

120 _  

140 _ 
180 _ 
180 _ 
200 _  

220

72
82
82

485
_L
75
97
102

s a n d

.  97  ____130—J

120 175 g ra v e l
147
285

Mi ne ra l i ze d^  
sha l e  \ \ \ \

262 
3 3 7 J

w e a t h e r e d
b e d r o c k

P i g .  i|8 D i s t r i b u t i o n  o f  c o p p e r  i n  t h e  o v e rb u rd e n  
o f  s a n d  and  g r a v e l  o v e r l y i n g  m i n e r a l i z e d  
s h a l e ,  f rom  t h e  t r e n c h  s e c t i o n  on 
T r a n s e c t  5 9 ,  k? 0  -  U86 m.E, Daheim G r id .  
(D a ta  f o r  -SO and  -2 7 0  mesh f r a c t i o n s . )
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from  t h e  g r a v e l  r e s t i n g  on w e a th e re d  m i n e r a l i z e d  s h a l e  con
t a i n  620 -  740 ppm. c o p p e r .

Mesh f r a c t i o n  a n a l y s e s  f o r  c o p p e r  w ere  c a r r i e d  o u t  
on bnllc  s o i l  s a m p le s  from t h e  p i t s  ( î l g .  4 9 ) .  Sam ples 
6469 and  6 472 , from d e p th s  o f  30  and  90 cm. i n  P i t  1 ,  show 
i n c r e a s i n g  c o p p e r  v a l u e s  w i th  t h e  f i n e r  mesh f r a c t i o n s .  The 
f r a c t i o n s  c o a r s e r  th a n  60 mesh c o n t a i n  from 30  -  30 ppm. 
w h e re a s  t h e  - 2 7 0  mesh f r a c t i o n s  o f  t h e  sa m p le s  c o n t a i n  2 00  -  
230  ppm. c o p p e r .  A s i m i l a r  t r e n d  i s  a p p a r e n t  f o r  t h e  s a m p le s  
from  t h e  s a n d  h o r i z o n  o f  P i t s  2 and  3 \7 ith  t h e  f i n e r  f r a c t i o n s  
h a v in g  h i g h e r  c o p p e r  v a l u e s .  The sam ple  from  P i t  4 $ w h ich  i s  
i n  a n  a r e a  o f  s a v a n n a  g r a s s l a n d ,  hais a n  e x t r e m e ly  low  c o p p e r  
c o n t e n t  f o r  a l l  f r a c t i o n s ,  4 - 1 2  ppm ., w i t h  t h e  maximum v a l 
u e  f o r  t h e  -2 7 0  mesh# The sa m p le s  c o l l e c t e d  a b o v e  t h e  c a l 
c r e t e  from P i t s  3 and  6 h av e  l e s s  t h a n  10 ppm. c o p p e r  i n  a l l  
mesh f r a c t i o n s  e x c e p t  t h e  -2 7 0  w hich  c o n t a i n  35 ppm.

B io G e o c h e m is t ry
S e v e r a l  t r e e  a n d  s h r u b  s p e c i e s  o c c u r  w i t h i n  t h e  Da

he im  G r id  a r e a  a n d  sa m p le s  f o r  a n a l y s e s  w ere c o l l e c t e d  from 
A c a c ia  r i r a f f a e , T a r c h o n a n th u s  c a m n h o ra tu s , Phus n y r o i d e s . 
O zoroa  -p a n ic u lo s a  and  G rew ia  f l a v a . However, G rew ia f l a v a  
i s  t h e  o n ly  s p e c i e s  t h a t  h a s  a  s u f f i c i e n t  d e n s i t y  o f  d i s t r i 
b u t i o n  s o  t h a t  s a m p le s  c a n  be  t a k e n  a t  c l o s e  i n t e r v a l s  a lo n g  
a  t r a n s e c t .  L e a f  s a m p le s  o f  G rew ia  f l a v a  a n d  sa m p le s  o f  t h e  
g r a s s  S t i n a o r o s t i s  u n i u lu m i s  were c o l l e c t e d  a t  a p p r o x im a te ly  
10  m e t r e  i n t e r v a l s  a lo n g  T r a n s e c t s  9 9 ,  100 and  1 0 1 .  The b i o -  - 
g e o c h e m ic a l  d a t a  f o r  t h e s e  t r a n s e c t s  i s  shown i n  P i g s .  3 0 ,
31  a n d  3 2 .

The mean c o p p e r  c o n t e n t  an d  s t a n d a r d  d e v i a t i o n  was 
c a l c u l a t e d  f o r  t h e  s a m p le s  o f  G rew ia f l a v a  and  S t i n a g r o s t i s  
u n i n l u n i s  from  t h e  b a c k g ro u n d  s e c t i o n s  o f  t h e  t r a n s e c t s .  T h is  
i s  from  0 -  300  m. a n d  700 -  1000 m. E w here  t h e  c o p p e r  con
t e n t  o f  t h e  s o i l  i s  low  ( f i g .  4 7 ) .  The t h r e s h o l d  v a lu e  f o r  
p r o b a b l y  an o m a lo u s  s a m p le s  i s  ta l i e n  a s  t h e  mean p l u s  t h r e e  

s t a n d a r d  d e v i a t i o n s .
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SPECIES
Number o f  

c a m p le s .
Kean c o p p e r  
- . c o n te n t

S t a n d a r d
d e v i a t i o n

T h r e s h o ld  
p p m .co p p e r

G. f l a v a 98 1 0 .2 2 . 2 1 6 .8

S .  u n in lu m is 175 2 . 1 0 .8 4 .5

T a b le  2 6 .  K ean, s t a n d a r d  d e v i a t i o n  an d  t h r e s h o l d  v a l u e s  o f  
c o p p e r  f o r  bacle jro iind  sa m p le s  o f  Grevd.a f l a v a  a n d  
S t i n a r r o s t i s  n n in lu m is  from T r a n s e c t s  9 9 ,  100 a n d  
101 Daheim G r id .

Grevma f l a v a  l e a v e s  w i th  anom alous  c o p p e r  c o n t e n t  oc
c u r  from  590  -  505 n .  a n d  529 -  570 m. E on T r a n s e c t  99 ( F i g .  
5 0 ) .  T h ese  s e c t i o n s  o f  t h e  t r a n s e c t  c o i n c i d e  w i t h  t h e  m ain  
g e o c h e m ic a l  a n o m a ly .  The maximum v a lu e  r e c o r d e d  f o r  t h e  
l e a v e s  i s  5 0 . 1  ppm. c o p p e r  from  469 a .  E .  A l l  s a m p le s  from  
485 -  573 n .  on T r a n s e c t  100 ( f i g .  5 1 )  h a v e  ano m alous  cop
p e r  v a l u e s  w i t h  t h e  ma>sLmum o f  70 ppm. o c c u r r i n g  a t  550 m. 
w h ich  i s  a l s o  t h e  l o c a t i o n  o f  t h e  peal: g e o c h e m ic a l  v a l u e .  
F u r t h e r  a n o m a l ie s  on T r a n s e c t  100 o c c u r  a t  570  and  405 -  
455 m. E w here  t h e  s o i l  v a lu e s  r a n g e  from  40 -  60 ppm. c o p p e r .  
Done o f  t h e  s a m p le s  from T r a n s e c t  101 ( F i g .  5 2 )  show anoma
l o u s  v a l u e s  a n d  o n ly  two sa m p le s  e x c e e d  t h e  mean b y  two s t a n d 
a r d  d e v i a t i o n s .  T hese  s a m p le s  o f  15*7 2n d  1 6 .7  pp:=. c o p p e r  
a r e  from 575 2n d  580 m. E r e s p e c t i v e l y .

A t o t a l  o f  259 sa m p le s  o f  S t i r a c r o s t i s  u n ln lu m is  w ere  , 
c o l l e c t e d  on T r a n s e c t s  99 -  101 and  175 sa m p le s  a r e  from  t h e  
b a c k g ro u n d  s e c t i o n  o f  t h e  t r a n s e c t s .  The mean c o p p e r  c o n t e n t  
o f  t h e s e  s a m p le s  i s  2 . 1  ppm. and  o n ly  s i x  s a m p le s  from  t h e  
t r a n s e c t s  e x c e e d  t h e  t h r e s h o l d  ve ilue . On T r a n s e c t  99 t h e r e  
a r e  two a n o m a lo u s  sa m p le s  o f  5#7 2ind 8 . 1  ppm. c o p p e r  from  430 
a nd  490 m. E .  T h is  zo ne  i s  a  g e o c h e m ic a l  h i g h  an d  m in e r a l 
i s e d  s h a l e  o c c u r s  i n  t h e  t r e n c h  s e c t i o n  from  473 — 436 m. Sev
e r a l  s a m p le s  o f  S .  u n l r l u m i s  from T r a n s e c t  99 2r e  i n  t h e  r a n g e  
5 .7  - .  4 .5  ppm. w h ich  i s  t h e  mean p l u s  two s t a n d a r d  d e v i a t i o n s .
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T hese  sa m p le s  a r e  from  2 9 0 ,  3 3 0 , 120 , 340 m. and  f o u r  sam
p l e s  b e tw ee n  330 -  610 m. E* Four anom alous sa m p le s  iv i th  
a  ma^sLmum v a lu e  o f  6 .9  ppm. c o p p e r  o c c u r  on T r a n s e c t  100 
be tw een  330 a n d  380 m. E . The c o p p e r  c o n te n t  o f  t h e  s o i l s  
i n  t h i s  zone  v a r i e s  from  130 -  230  ppm. f o r  t h e  -2 7 0  mesh 
f r a c t i o n .  The h i g h e s t  c o p p e r  v a lu e  f o r  t h e  sa m p le s  c o l l e c t e d  
on T r a n s e c t  101 i s  4 . 1  ppm. from 300 m. and  o n ly  two o t h e r  
s a m p le s  from 330 and  490 m. e x c e e d  3 . 7  ppm ., t h e  mean p l u s  
two s t a n d a r d  d e v i a t i o n s .

S am ples  w ere  c o l l e c t e d  from a l l  t h e  t r e e s  a n d  s h r u b s  
o c c u r r i n g  w i t h i n  10  m e t r e s  o f  T r a n s e c t  99 , and  t h e  c o p p e r  
c o n t e n t  o f  t h e s e  s a m p le s  i s  shown i n  F i g ,  3 0 .  The l e a f  sam
p l e s  o f  A c a c ia  r i r a f f a e  v a r y  i n  c o p p e r  c o n t e n t  from 2 . 2  —
3*3 ppm. and  t h e  tw ig s  from  0 .8  -  4*3 ppm. The s a m p le s  from  
480 -  310 m . , a c r o s s  t h e  zo n e  o f  h ig h  g e o c h e m ic a l  v a l u e s  a n d  
n e a r  t o  linown m i n e r a l i z a t i o n ,  do n o t  c o n t a i n  a p p r e c i a b l y  more 
c o p p e r  t h a n  t h e  s a m p le s  from  t h e  re m a in d e r  o f  t h e  t r a n s e c t .

T a rc h o n a n th u s  c a m n h o ra tu s . l i k e  A c a c ia  g i r a f f a e . h a s  
a  l i m i t e d  d i s t r i b u t i o n  a lo n g  t h e  t r a n s e c t  and  sa m p le s  c o u ld  
o n ly  be  t a k e n  from  2 6 0  -  600 m. E . The l e a v e s  show a  w ide  
r a n g e  i n  c o p p e r  c o n t e n t  from  1 1 ,3  -  2 6 .6  ppm. w i t h  t h e  m axi
mum v a lu e  from  2 6 0  m. The t h r e e  sam p le s  from  423 — 483 m. 
v / i t h in  t h e  m ain  g e o c h e m ic a l  anom aly  v a r y  from  22 -  26 ppm, 
c o p p e r .  The tw ig  s a m p le s  from  t h e  t r a n s e c t  have  a  much lo w e r  
c o p p e r  c o n t e n t  a n d  r a n g e  from  3*1 -  9*3 ppm. The maximum 
v a lu e  i s  f o r  t h e  sa m p le  a t  470 m, w hich  i s  from t h e  zone  o f  
h ig h  s o i l  v a l u e s .

E i g h t  s a m p le s  o f  O zoroa  p a n ic u lo s a  w ere  c o l l e c t e d  
from  T r a n s e c t s  99 a u d  1 0 0 ,  A l l  t h e  sam p le s  a r e  from  t h e  
s e c t i o n  160  -  400 m, E w here  t h e  c o p p e r  c o n te n t  o f  t h e  s o i l s  
i s  lo w .  The c o p p e r  v a l u e s  f o r  t h e  l e a v e s  an d  tw ig s  v a r y  from
3 . 3  -  6 .3  a n d  4*4 -  9 . 3  ppm. r e s p e c t i v e l y  a n d  i n  a l l  c a s e s  
t h e  c o p p e r  c o n t e n t  o f  t h e  tw ig s  e x c e e d s  t h a t  f o r  t h e  l e a v e s .

H o s t  o f  t h e  Elius p^mroides sam p le s  c o l l e c t e d  on t r a n 
s e c t s  99 a n d  100 a r e  from  w i t h i n  t h e  b ro a d  g e o c h e m ic a l  anoma
l y  w here  t h e  s o i l s  c o n t a i n  30 -  130 ppm. c o p p e r  i n  t h e  - 2 7 0  
mesh f r a c t i o n .  How ever, t h e  sa m p le s  a d j a c e n t  t o  known m in e r -
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a l i z a t i o n  do n o t  have  a p p r e c i a b l y  h i g h e r  c o p p e r  l e v e l s .  The 
r a n g e s  o f  v a l u e s  a r e  3*9 -  1 3 .8  ppm. and  3 . 8  -  1 0 .8  ppm. cop
p e r  f o r  t h e  l e a v e s  and  t \7 ig s  r e s p e c t i v e l y .

The Z iz in h u s  m u cro n a ta  sa m p le s  a r e  a l l  from b ack g ro u n d  
s e c t i o n s  o f  t r a n s e c t  100 and  b o th  t h e  l e a f  a n d  ty /ig  sa m p le s  
h a v e  low  c o p p e r  v a l u e s .

Summary o f  r e s u l t s

The g e o c h e m ic a l  and  b io g e o c h e m ic a l  s u r v e y s  o f  t h e  
Daheim G r id  do n o t  i n d i c a t e  a n y  s o u t h e r n  s t r i k e  e x t e n s i o n s  
t o  t h e  Icnoym z o n e s  o f  m i n e r a l i z a t i o n  o r  r e v e a l  any  f u r t h e r  
a r e a s  o f  m i n e r a l i s a t i o n  i n  t h i s  r e g i o n .  However, t h e  geo
c h e m ic a l  a n o m a l ie s  n a r r o w ly  d e f i n e  t h e  m i n e r a l i z e d  h o r i z o n s  
sh o w in g  t h a t  t h e  d r i l l i n g  c o u ld  h av e  b e en  r e s t r i c t e d  t o  t h e  
s e c t i o n  460 -  370 m. on T r a n s e c t  99* S i m i l a r l y  t h e  p e a k  
g e o c h e m ic a l  v a lu e  on T r a n s e c t  100 d e f i n e s  a  d r i l l i n g  t a r g e t .

The b io g e o c h e m ic a l  a n o m a l ie s  shown b y  t h e  l e a v e s  o f  
G rew ia  f l a v a  d e f i n e  t h e  s e c t i o n s  400 -  370 m. T r .  99 2nd 470 
-  380 T r .  ICO w hich  c o r r e s p o n d  t o  t h e  g e o c h e m ic a l  a n o m a l ie s  
a n d  a r e a s  o f  Icnown m i n e r a l i z a t i o n .  Ho anom alous  v a l u e s  o c c u r  
on  T r a n s e c t  101 on t h e  p r o j e c t e d  s t r i k e  e x t e n s i o n  o f  t h e  min
e r a l i z e d  z o n e .
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IirV'ESTIGATIO’S  III A3EAS OF CALCRETE 

I n t r o d u c t i o n
D u rin g  t h e  e x p l o r a t i o n  programme i n  t h e  V / i tv l e i  Con

c e s s i o n  c o p p e r  m i n e r a l i z a t i o n  was n e v e r  d i s c o v e r e d  i n  an  a r e a  
w here  t h e r e  i s  a  t h i c k  c o v e r in g  o f  c a l c r e t e  o v e r  b e d r o c k .  
However, i n  s e v e r a l  p l a c e s ,  m i n e r a l i z e d  o u t c r o p s  w ere  l o c a t e d  
w here  c a l c r e t e  i s  a  dom inan t s u r f a c e  f e a t u r e .

The d i s t r i b u t i o n  o f  th e  t r e e  and  s h r u b  s p e c i e s  and  
t h e  g ro u n d  v e g e t a t i o n  a s s o c i a t i o n s  w ere s t u d i e d  i n  t h r e e  o f  
t h e s e  a r e a s  and  g e o c h e m ic a l  and  b io g e o c h e m ic a l  sa m p le s  w ere  
c o l l e c t e d  a lo n g  t r a n s e c t s  c r o s s i n g  th e  z o n e s  o f  m i n e r a l i z a 
t i o n .  The l o c a t i o n s  o f  t h e  t h r e e  t r a n s e c t s  84 -  86 a r e  showvi 
i n  P i g .  7 .

T r a n s e c t  84
D u r in g  t h e  p h a s e  o f  g e o l o g i c a l  m apping  i n  t h e  a r e a  

s u r r o u n d i n g  t h e  M a la c h i t e  Pan  c o p p e r  m i n e r a l i z a t i o n  was d i s 
c o v e re d  i n  an  a r e a  o f  c a l c r e t e  a b o u t  300 m. s o u th w e s t  o f  t h e  
E sk a d ro n  h o m e s te a d .  The m i n e r a l i z a t i o n  c o u ld  be  t r a c e d  f o r  
200  n .  a lo n g  s t r i k e  from  t h e  s c a t t e r e d  o u tc r o p s  o f  a r g i l l i t e .  
A s h o r t  t r e n c h  was made a c r o s s  t h e  o u tc r o p  and  c a l c r e t e ,  b u t ,  
o n ly  a  n a rro w  zo ne  o f  m i n e r a l i z a t i o n  was e x p o s e d .  ITo f u r t h e r  
t r e n c h i n g  o r  d r i l l i n g  was c a r r i e d  o u t  on t h i s  zo ne  o f  m in e r 
a l i z a t i o n .

The t r e e  and  s h r u b  v e g e t a t i o n  o f  t h e  a r e a  i s  domin
a t e d  by  l a r g e  A c a c ia  m e l l i f e r a  b u sh e s  2 -  4 c .  i n  h e i g h t .
I n  p l a c e s  young  A c a c ia  m e l l i f e r a  l e s s  t h a n  1 m. grow b e n e a th  
t h e  l a r g e r  s h r u b s .  Lycium l a n c i f o l i u m . A c a c ia  h e b e c la d a  and  
G rew ia  f l a v a  o c c u r  f a i r l y  f r e q u e n t l y  a lo n g  t h e  t r a n s e c t  ( P i g .  
33) w h e re a s  t h e  o t h e r  t r e e  and  s h ru b  s p e c i e s  have  m e re ly  a  
s c a t t e r e d  o c c u r e n c e .

The g r e a t e r  p a r t  o f  t h e  g ro u n d  s u r f a c e  i s  c o v e re d ,  
w i t h  c a l c r e t e  and  v e r y  l i t t l e  h e r b  o r  g r a s s  v e g e t a t i o n  o c c u r s .
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g e o c h e m is t r y  f o r  T r a n s e c t  8h, E sk a d ro n ,
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The f i r s t  $0 c ,  o f  t h e  t r a n s e c t  i s  i n  a  d r a i n a g e  f e a t u r e  w here
T

t h e r e  a r e  s c a t t e r e d  occurrences o f  A r i s t i d a  c o n r e s t a  and  B a r -  
l e r i a  l a n c e o l a t a  b e n e a th  t h e  A c a c ia  m e l l i f e r a  s h r u b s .  The r e 
m a in d e r  o f  t h e  t r a n s e c t  i s  o v e r  c a l c r e t e  w here  E n nean o ron  c e n -  
c h r o i d e s ^ a re  t h e  d o m in an t g r a s s  s p e c i e s .  T h ro u g h o u t t h i s  a r e a  
L cu cas  n e c h u e l l i i  and  Z yronhy llum  s u f f r u c t i c o s u m  a r e  t h e  m ost 
common h e rb  s p e c i e s  v û th  a s s o c i a t e d  Herm annia  d a r .a r a n a , L eu- 
c o s n h e ra  b a i n s i i , Oclmum am ericanum  and N o l l e t i a  y a r i e n i n a . 
D i r e c t l y  a f t e r  t h e  r a i n s  i n  J a n u a r y  1970 , T r i b u l u s  z e y h e r i  cov
e r e d  l a r g e  p a r t s  o f  t h e  c a l c r e t e  a r e a .  H ear t h e  m i n e r a l i z a 
t i o n  a t  150 m. t h e  s h r u b  c o v e r  i s  f a i r l y  open  a n d  an  a s s o c i a 
t i o n  o f  K e lo lo b iu m  c a n d i  c a n s . A ntosim un l e u c o r r h i z u m . Limeum 
a r g u t e - c a r i n a t u r n  and  C e l o s i a  l i n e a r i s  o c c u r s  ( P l a t e  3 6 ) .

The s o i l s  o v e r  t h e  c a l c r e t e  s e c t i o n  o f  t h e  t r a n s e c t  
a r e  v e r y  s h a l lo w  and  c o n s i s t  o f  3 -  10 cm. o f  s a n d  a n d  c a l 
c r e t e  r u b b l e .  I n  many p l a c e s  a n im a l  b u rro w s  h av e  d i s t u r b e d  
t h e  s u r f a c e .  I n  t h e  d r a i n a g e  a r e a  from 0 -  30 m. s o i l  p i t s  
show ed 40 -  30  cm. o f  r e d -b ro w n  s a n d  r e s t i n g  on c a l c r e t e .
The pH o f  t h e  s o i l s  on t h e  c a l c r e t e  v a r i e s  from  7*8  -  8 .6  and  
t h e  sam ple  from  132 m. a d j a c e n t  t o  t h e  known m i n e r a l i z a t i o n  i s  
8 . 2 .  I n  t h e  wash a r e a  t h e  s o i l  i s  s l i g h t l y  a c i d  w i t h  a  pH 
o f  6 .8  and  a t  t h e  s o u t h e a s t e r n  end o f  t h e  t r a n s e c t  w here  t h e  
v e g e t a t i o n  h a s  b e en  rem oved  f o r  c u l t i v a t i o n  t h e  pH o f  t h e  s o i l  
i s  7 . 3 .

The c o p p e r  c o n t e n t  o f  th e  s o i l ,  ( l i g .  33 )  shows a  
m arked  i n c r e a s e  i n  b o th  t h e  - 3 0  and  -2 7 0  mesh f r a c t i o n  o v e r  
t h e  m i n e r a l i z a t i o n  a t  I 30  m. The - 8 0  mesh sam p le  from  t h i s  
l o c a t i o n  c o n t a i n s  70 ppm. c o p p e r  w h e re a s  t h e  b a c k g ro u n d  l e v e l  
i s  l e s s  t h a n  10  ppm. The h i g h e r  v a lu e s  a r e  o n ly  o b t a i n e d  
w i t h i n  10  m. o f  t h e  m i n e r a l i z e d  o u t c r o p .

E io g e o c h e m ic a l  s a m p l in g  was l i m i t e d  t o  t h r e e  s p e c i e s  
an d  o f  t h e s e  o n l y  A c a c ia  m e l l i f e r a  c o u ld  be c o l l e c t e d  a t  r e 
g u l a r  i n t e r v a l s  a lo n g  t h e  t r a n s e c t .  The s a m p le s  o f  A c a c ia  
m e l l i f e r a  c o l l e c t e d  d i r e c t l y  o v e r  t h e  m i n e r a l i z a t i o n : c o n t a i n e d  
s l i g h t l y  more c o p p e r  t h a n  t h e  o t h e r  sam p le s  ( l i g .  3 3 ) .  The 
c o p p e r  c o n t e n t  o f  t h e  l e a v e s  from  t h e  b a ck g ro u n d  a r e a s  v a r i e d  
from  4 7 ppm. w h e re a s  f o u r  o f  t h e  f i v e  sa m p le s  n e a r  t o  t h e
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P l a t e  36 V iew  s o u th w e s tw a r d s  from  T r a n s e c t  8 4 ,
E s k a d r o n ,  sh o w in g  th e  v e g e t a t i o n  a s s o c i a t i o n  
o v e r  t h e  a r e a  o f  c a l c r e t e .  The sh r u b  
v e g e t a t i o n  c o n s i s t s  o f  l a r g e  A c a c ia  m e l l i f e r a  
w it h  A c a c i a  h e b e g la d a  and P h a e o p t i lu m  s p in o s u m , 
The g rou n d  v e g e t a t i o n  i s  c h a r a c t e r i s e d  b y  t h e  
h e r b  s p e c i e s  M e l lo lo b iu m  c a n d i c a n s . Aptosimum  

l e u c h o r r i z u m . C e l o s i a  l i n e a r i s  and Limeum 
a r r u t e - c a r i n a t u m  w i t h  Enneanogon h r a c h y s t a c h u s  

g r a s s .
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m i n e r a l i z a t i o n  w ere i n  t h e  r a n g e  8 -  10 ppm. w i t h  t h e  maximum 
v a lu e  f o r  t h e  sam p le  ,from 147 m. The tvzLg sa m p le s  v a r i e d  i n  
c o p p e r  c o n t e n t  from 2 . 8  -  6.4 Ppm. v / i th  t h e  maicimum v a lu e  
from t h e  sam p le  a t  147

One sam ple  o f  P h a e o n t i lu m  sp inosum  and  Grew ia f l a v a  
was c o l l e c t e d  a s  n e a r  a s  p o s s i b l e  t o  t h e  m i n e r a l i z a t i o n  a n d  
t h r e e  o t h e r  sa m p le s  w ere  t a l ie n  from th e  b a ck g ro u n d  a r e a  f o r  
c o m p a r is o n .  The P h a e o p t i lu m  sp ino sum  sam ple  from 130 m. con
t a i n e d  c o n s i d e r a b l y  more c o p p e r  i n  b o th  t h e  l e a v e s  and  t h e  
tw ig s  t h a n  t h e  o t h e r  s a m p le s .  The l e a f  sam ple  c o n ta in e d  2 9 .1  
ppm. com pared t o  6 -  7 ppm. f o r  t h e  o t h e r  t h r e e  b a c k g ro u n d  
s a m p le s .  The G rew ia f l a v a  sam p le  a l s o  from 130 m. h ad  t h e  
h i g h e s t  c o p p e r  c o n t e n t  w i t h  l e a f  a n d  tvd.g v a lu e s  o f  1 7 .3  a n d
7 .3  ppm. r e s p e c t i v e l y .  However, t h e  i n c r e a s e  i n  c o p p e r  con
t e n t  com pared  t o  t h e  b a c k g ro u n d  sa m p le s  i s  n o t  a s  m arked  a s  
P h a e o p t i lu m  s p in o su m .

T r a n s e c t  83
The mineralized argillites of the Kalachite Pan area 

continue eastwards into Okatjirute West and in places cross 
low calcrete ridges. Transect 83 was located to intersect 
two of these mineralized zones which formed outcrops in 
areas of calcrete (Fig. 34). Further horizons of argillite 
are present in tliis region and geological mapping indicates 
that copper mineralization may be present at 120, 183 and 230 
m. on the transect, in addition to the known occurrences at 
130 and 223 n. ITo trench sections were made in this area, 
but, the results of wagon drilling indicate that the miner
alized' argillites are narrow, varying between 30 cm. and I .3 0  
n. and have a copper content between 0.3 and 2.1 percent.

The a r e a s  o f  c a l c r e t e  a r e  d e f i n e d  by a  change  i n  b o t h  
t h e  s h ru b  v e g e t a t i o n  and  t h e  g ro u n d  c o v e r  s p e c i e s .  I n  t h e  
s u r r o u n d i n g  s a n d  c o v e re d  a r e a  t h e  m ost common s h r u b  s p e c i e s  
a r e  Grev/ia f l a v a , Phus p y r o i d e s . P h a e o p t i lu m  sp in osu m  a n d  
A c a c ia  h e b e c la d a  Y.âth o c c a s i o n a l  t a l l e r  s h r u b s  o f  A c a c ia  h e re -  
r o e n s i s .  Over t h e  c a l c r e t e  r i s e  from 223 -  260  m. ( F i g .  3 4 )  
and  c o n t i n u i n g  n o r t h e a s t w a r d s  a lo n g  t h e  f e a t u r e ,  t h e  s h r u b
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F i g .  55 A c o m p a r is o n  o f  t h e  d i s t r i b u t i o n  of 
sh ru b  s p e c i e s ,  b i o g e o c h e m i s t r y  and  
g e o c h e m i s t r y  f o r  T r a n s e c t  8 5 , 
O k a t j i r u t e  W est.



v e g e t a t i o n  i s  c h a r a c t e r i s e d  by A c a c ia  n e l l i f e r a , C a t o r h r a c t e s  
a l e x a n d r i  a n d  T a rc h o n a n th u s  c a r r h o r a t u s  w hich  f o r a  a  f a i r l y  
d en se  c o v e r .  C a t o r h r a c t e s  a l e x a n d r i  a l s o  o c c u r  from  ZSO -  
310 m. w here  c a l c r e t e  r a y  e x te n d  f r o n  t h e  r i d g e  b e n e a th  t h e  
c o v e r  o f  s a n d .

«he g ro u n d  v e g e t a t i o n  i s  composed m a in ly  o f  g r a s s  
s p e c i e s  o f  w liich  S t i n a r r o s t i s  u n l n l u n i s , A n th e n h o ra  r u b e s c e n s , 
A r i s t i d e ,  c o n g e s t a , A. a d s c e n s i o n i s ,  H h ynchele trum  b r e v i r i l u m  
and  Z r a r r o s t i s  r o r o s a  a r e  t h e  m ost common. T h e re  a r e  s c a t 
t e r e d  o c c u r r e n c e s  o f  t h e  h e r b s  G e ig e r i a  o r n a t i v a , K o h a u t ia  
o m ah e k en s is  a n d  K o l lu ^ o  c e r v l a n a .  On t h e  a r e a s  o f  c a l c r e t e  
t h e  dom in an t g r a s s  s p e c i e s  a r e  Enneanogon b r a c h y s t a c h u s  and  
E . c e n c h r o i d e s  a s s o c i a t e d  vn.th t h e  h e r b s  E erm ann ia  d a m a ra n a , 
J u s t i c i a  r u e r h e a n a . L e u c o s r h e r a  b a r n s i i  and  Honechma n e r t a .
On t h e  s m a l l e r  a r e a  o f  c a l c r e t e  from I 40 -  I 80 m. t h e  h e r b s  
a r e  d o m in a ted  by  Ocimum am ericanum . O to u te r a  b u r c h e l l i i  an d  
K e lo lo b iu m  c a n d i c a n s .  B etw een  t h e  a r e a s  o f  c a l c r e t e  a n d  t o 
w ards  t h e  end  o f  t h e  t r a n s e c t  t h e  g round  v e g e t a t i o n  i s  com
p o s e d  m a in ly  o f  S t i n a g r o s t i s  u n i n l u m i s .

On t h e  c a l c r e t e  r i s e s  t h e  s o i l s  a r e  v e r y  s h a l lo w  a n d  
c o n s i s t  o f  3 -  10  cm. o f  f i n e  t o  medium g r a i n e d  s a n d  a n d  c a l 
c r e t e  r u b b l e .  I n  p l a c e s  t h e  c a l c r e t e  c o v e r s  t h e  e n t i r e  s u r 
f a c e .  S o i l  p i t s  on  o t h e r  p a r t s  o f  t h e  t r a n s e c t  r e v e a l e d  10  
-  30 cm. o f  s a n d  r e s t i n g  on a  g r a v e l  o f  q u a r t z  a n d  q u a r t z i t e .  
The pH o f  t h e s e  s o i l s  v a r i e s  from 6 .2  -  6 .6  w h e re a s  a  sa m p le  
from  240  n .  on  t h e  c r e s t  o f  t h e  c a l c r e t e  r i s e  i s  7 .3 #  H ear  
t h e  m i n e r a l i z e d  o u t c r o p s  a t  I 30 a n d  223 ei. t h e  s o i l s  a r e  
wealmLy a c i d  a n d  pH v a l u e s  o f  6 .6  an d  6 .8  w ere  r e c o r d e d .

S o i l  s a m p le s  f o r  g e o c h e m ic a l  a n a l y s e s  w ere  c o l l e c t e d  
a t  10 m. i n t e r v a l s  a lo n g  t h e  t r a n s e c t  and  a  c l o s e r  s p a c i n g  o f  
3 m. o v e r  t h e  m i n e r a l i s a t i o n .  The sa m p le s  from  I 40 — 2 6 0  m. 
h a v e  a  h i g h e r  c o p p e r  c o n t e n t ,  v a r y i n g  b e tw ee n  40 a n d  130 ppm ., 
t h a n  t h e  s o i l s  from t h e  r e m a in d e r  o f  t h e  t r a n s e c t  ( l i g .  3 5 ) .  
M inor pealos a r e  p r e s e n t  a t  1 3 0 , 1 9 0 , 223 and  230  n .  w h ich  a r e  
d i s t a n c e s  w h e re  c o p p e r  m i n e r a l i z a t i o n  i s  i n d i c a t e d  from  t h e  
g e o l o g i c a l  m a p p in g .  Over t h e  m i n e r a l i z e d  a r g i l l i t e  a t  I 30 n .  
a  ma:d.mum v a l u e  o f  I 30 ppm. c o p p e r  was r e c o r d e d  from t h e  an 
a l y s e s  o f  t h e  - 8 0  mesh f r a c t i o n .  However, t h e  s a m p le s  from
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3 n .  on e i t h e r  e id e  o f  t h e  o u tc r o p  c o n ta in ,  o n ly  47 and  44 
ppm. c o p p e r .  The -2 7 0  mesh f r a c t i o n  show a  much h i g h e r  cop
p e r  c o n te n t  t h a n  t h e  - 3 0  mesh and  a l s o  o u t l i n e  t h e  s e c t i o n  
140 -  260  m. a s  an  a r e a  o f  p o s s i b l e  c o p p e r  m in e re L l iz a t io n .

Sam ples  o f  t h e  l e a v e s  and  tw ig s  o f  G rew ia  f l a v a  and  
P h a e o n t i lu m  sn inosum  w ere c o l l e c t e d  a lo n g  t h e  t r a n s e c t  and  
t h e  r e s u l t s  o f  c o p p e r  a n a l y s e s  a r e  shown i n  f i g .  3 5 .  The 
c o p p e r  c o n t e n t  o f  P h a e o n t i lu m  s r in o su m  l e a v e s  shows m ost 
c l e a r l y  t h e  a r e a  o f  m i n e r a l i z a t i o n  w i t h  a l l  t h e  v a lu e s  from 
145 -  277 z .  b e in g  h i g h e r  t h a n  t h e  r e m a in in g  s a m p le s .  The 
sa m p le s  from  t h e  m i n e r a l i z e d  a r e a  r a n g e  i n  c o p p e r  c o n te n t  
from  I S . 6 -  2 7 .2  ppm ., v . i th  t h e  mazcinum v a lu e  a t  2p0  m . , 
w h e re a s  t h e  o t h e r  s a m p le s  c o n t a i n  from 6 - 1 3  ppm. c o p p e r .
The t v i g  sam p le  from 2 3 O m. a l s o  h a s  t h e  maximum c o p p e r  con
t e n t  f o r  t h e  t r a n s e c t  o f  1 6 .9  ppm. and  t h e  tw ig  sa m p le s  from 
t h e  a r e a  o f  m i n e r a l i z e d  a r g i l l i t e  z o n e s  h av e  h i g h e r  c o p p e r  
c o n t e n t s  t h a n  t h e  o t h e r  s a m p le s .

The s a m p le s  o f  G rew ia  f l a v a  l e a v e s  show a  r a n g e  o f  
v a l u e s  from  1 2 .7  -  2 1 .9  ppm. c o p p e r  b u t  t h e  h i g h e r  v a l u e s  i n  
t h i s  r a n g e  a l s o  o c c u r  i n  s a m p le s  from  0 -  40 m. w here  t h e r e  
i s  no c o p p e r  m i n e r a l i z a t i o n .  The o t h e r  v a l u e s  o f  17 ppm. 
an d  o v e r  o c c u r  from sa m p le s  a t  1 50 , 172 a n d  212 m. w here  cop
p e r  m i n e r a l i z a t i o n  i s  s u g g e s t e d  from t h e  m ap p in g . The tw ig s  
o f  G rew ia  f l a v a  show a  s i m i l a r  t r e n d  i n  c o p p e r  c o n te n t  a s  
t h e  l e a v e s .  The sa m p le s  r a n g e  from  4 .6  -  9 .6  ppm. w i th  m ost 
o f  t h e  h i g h e r  v a lu e s  from  a r e a s  o f  Icnown c o p p e r  m i n e r a l i z a t i o n .

T r a n s e c t  86
C opper m i n e r a l i z a t i o n  was fo u n d  o r i g i n a l l y  i n  t h i s  

a r e a  from t h e  e x c a v a t io n  o f  t h e  f o u n d a t i o n s  f o r  farm  b u i l d 
i n g s  o f  t h e  C k a t j i r u t e  W est h o m e s te a d .  O u tc ro p s  o f  m in e r 
a l i z e d  a r g i l l i t e  a r e  p r e s e n t  i n  t h e  I c r a a l s  an d  can  be t r a c e d  
t o  t h e  s o u t h - w e s t  and  n o r t h - e a s t  o f  t h e  h o m e s te a d .  The o u t 
c ro p s  a r e  more num erous t o  t h e  n o r t h - e a s t  w here  f i v e  o r  s i x  
d i s t i n c t  h o r i z o n s  o f  m i n e r a l i z a t i o n  c a n  be r e c o g n i s e d  ( F i g .  
3 6 ) .  T r e n c h in g  o p e r a t i o n s  t o  f u l l y  ex p o se  t h e  m i n e r a l i z a -
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t i o n  p ro v e d  v e r y  d i f f i c u l t  b e c a u s e  o f  t h e  c a l c r e t e  l a y e r  on  
t h e  b e d ro c k  a n d  f u r t h e r  e x p l o r a t i o n  w ork was c a r r i e d  o u t  by  
wagon d r i l l i n g .  M i n e r a l i z e d  i n t e r s e c t i o n s  from t h e  d r i l l i n g  
v a r y  from  0.5/o c o p p e r  o v e r  2 . 0  m. t o  2 .0^ j c o p p e r  o v e r  4*3 ci.

The a r e a  a ro u n d  t h e  h o m es te ad  i s  h e a v i l y  o v e rg r a z e d  
and  t h e  v e g e t a t i o n  i s  now d o m in a ted  by A c a c ia  h e b e c la d a  
s h r u b s  an d  A r i s t i d e  c o n r e s t a  g r a s s  a l th o u g h  d i s t i n c t  v e g e 
t a t i o n  a s s o c i a t i o n s  s t i l l  o c c u r  on t h e  c a l c r e t e  r i d g e s .

T r a n s e c t  86 was l o c a t e d  a c r o s s  t h e  z o n e s  o f  m in e r 
a l i z a t i o n  w here  t h e y  a r e  g e n e r a l l y  m asked by  t h e  c a l c r e t e  t o  
s e e  i f  g e o c h e m ic a l  o r  g e o b o t a n i c a l  a n o m a l ie s  e x i s t  i n  t h i s  
e n v i r o n m e n t .  A re as  o f  c a l c r e t e  o c c u r  on t h e  t r a n s e c t  from  
245 -  293  D. a n d  310  — 300 m .,  w here  t h e r e  a r e  d i s t i n c t  r i d 
g e s ,  and  from  110 -  130 m. The s o i l s  o v e r  t h e s e  a r e a s  a r e  
v e r y  s h a l lo w  a n d  c o n s i s t  o f  r e d -b ro w n  sa n d  m ixed  v / i th  v a r y 
i n g  q u a n t i t i e s  o f  c a l c r e t e  r u b b l e .  I n  p l a c e s  t h e r e  a r e  b a r e  
c a l c r e t e  o u t c r o p s  a n d  a l s o  a r e a s  w here  l o o s e  c a l c r e t e  r u b b l e  
c o v e r s  more t h a n  3 %  o f  t h e  s u r f a c e .  The pH o f  t h e  s o i l s  
from  t h e s e  a r e a s  v a r i e s  from  7 . 3  -  8 .3  an d  t h e  sam p le  from  
230  m. n e a r  t o  c o p p e r  m i n e r a l i z a t i o n  i n  o u tc r o p  h a s  a  pH o f  
7 . 6 .

O ver t h e  r e m a in d e r  o f  t h e  t r a n s e c t  from  0 -  2 4 O m. 
an d  300  -  340  m. t h e r e  i s  a  c o v e r  o f  medium t o  f i n e  re d -b ro w n  
s a n d  w h ich  v a r i e s  b e tw ee n  30  and  60 cm. i n  d e p th .  The s o i l  
c a m p le s  from  t h e s e  l o c a l i t i e s  a l l  gave an  a c i d  r e a c t i o n  w i t h  
t h e  pH b e tw e e n  6 .4  a n d  6 . 8 .

T h e re  i s  o n ly  one o c c u r r e n c e  o f  m i n e r a l i z a t i o n  i n  
o u t c r o p  on t h e  t r a n s e c t  and  t h i s  i s  on t h e  c r e s t  o f  t h e  c a l 
c r e t e  r i d g e  a t  233 n . ,  w here  f i n e l y  d i s a m in a t e d  c h a l c o c i t e  i s  
v i s i b l e  i n  t h e  a r g i l l i t e .  M i n e r a l i s a t i o n  was a l s o  d e t e c t e d  
i n  tv;o wagon d r i l l  s e c t i o n s  a t  220  m. an d  330  m. w here  t h e  
s a m p le s  c o n t a i n e d  0 . 7  a n d  0.3%  c o p p e r  r e s p e c t i v e l y .  Out
c r o p s  o f  q u a r t z i t e ,  g r i t  and  l im e s t o n e  a l s o  o c c u r  on  t h e  
t r a n s e c t  a n d  d ip  s t e e p l y  t o  t h e  s o u t h - e a s t .

The c o p p e r  c o n t e n t  o f  t h e  s o i l s  i s  v e r y  low  ev en  a — 
c r o s s  t h e  m i n e r a l i z e d  o u t c r o p ,  w here  t h e r e  i s  a  maximum v a l 
ue o f  30  ppm. f o r  t h e  - 3 0  mesh f r a c t i o n  ( l i g .  3 7 ) .  However,
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F i g .  57 A c o m p a r is o n  of t h e  d i s t r i b u t i o n  o f  
sh ru b  s p e c i e s ,  b i o g e o c h e m i s t r y  and 
g e o c h e m is t r y  f o r  T r a n s e c t  66,
O k a t j i r u t e  ’Vest H o m es tead .
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from some p a r t s  o f  t h e  t r a n s e c t  t h e  s o i l  v a l u e s  a r e  l e s s  t h a n  
10 ppm. and  t h o s e  cam p le s  i n  th e  ra n g e  20  -  30  ppm. a r e  from 
a r e a s  w here  c o p p e r  m i n e r a l i z a t i o n  i s  i n d i c a t e d  from  t h e  ex
t e n s i o n  o f  o u t c r o p s  and  wagon d r i l l  i n t e r s e c t i o n s .  The h i g h 
e r  -2 7 0  mesh s a m p le s  a l s o  o c c u r  a t  233 m. and  from  340 -  430 
m . , w here  c o p p e r  m i n e r a l i s a t i o n  i s  m ost p r o b a b ly  p r e s e n t ,  b u t  
no c l e a r l y  anom alous  s a m p le s  a r e  a p p a r e n t .

The a r e a  a lo n g  t h e  t r a n s e c t  h a s  b e en  o v e r g r a z e d  a n d  
p r o b a b ly  many o f  t h e  n a t u r a l l y  o c c u r r i n g  s p e c i e s  o f  s h r u b s ,  
h e r b s  and  g r a s s e s  hav e  d i s a p p e a r e d  from t h e  a r e a .  A c a c ia  
g i r a f f a e  t r e e s  u p to  3 ni. i n  h e i g h t  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  r e g i o n  an d  t h e  s h r u b  v e g e t a t i o n  i s  d o m in a ted  by A c a c ia  
h e b e c l a d a , w i t h  a s s o c i a t e d  G rew ia f l a v a  and  T a rc h o n a n th u s  cam
p h o ra  t u s .  S m a l l  g ro u p s  o f  C a to n h r a c t e s  a l e x a n d r i  a r e  p r e 
s e n t  on some o f  t h e  c a l c r e t e  r i d g e s  o th e r w i s e  t h e  t r e e  and  
s h r u b  v e g e t a t i o n  i s  f a i r l y  u n i f o r m  t h r o u g h o u t  t h e  a r e a .  I n  
t h o s e  p a r t s  w here  s a n d  fo rm s t h e  s u r f a c e  c o v e r in g  t h e  g ro u n d  
v e g e t a t i o n  c o n s i s t s  m a in ly  o f  A r i s t i d a  c o n n e c ta  g r a s s  w i th  
C a s s i a  i t a l i c a , Ocimum am ericanum  a n d  A crotom e i n f l a t e ,  h e r b s .  
G t i n a ^ r o s t i s  u n i r l u m i s  g r a s s  i s  p r e s e n t  i n  t h e  a r e a  g ro w in g  
u n d e r  t h e  p r o t e c t i o n  o f  s h r u b s .

On t h e  c a l c r e t e  r i s e s  ( P l a t e  3 7 )  Ennearomon b r a c h y -  
s t a c h i i s  i s  t h e  m ost common g r a s s  s p e c i e s  and  i s  a s s o c i a t e d  
w i th  L e u c o s n h e ra  b a i n s i i , K e lo lob ium  c a n d i c a n s . J u s t i c i a  m uer- 
k e a n a  and  A crotom e i n f l a t a . S c a t t e r e d  o c c u r r e n c e s  o f  t h e  h e r b s  
P e g o l e t t i a  r i n n a t i l o b a t a  an d  L a s io s in h o n  m i c r o r h y l l u s  a r e  a l s o  
p r e s e n t  on  t h e  a r e a s  o f  c a l c r e t e .

L e a f  s a m p le s  o f  A c a c ia  h e b e c la d a  w ere  c o l l e c t e d  a -  
l o n g  t h e  t r a n s e c t  and  t h e  r e s u l t s  o f  t h e  c o p p e r  a n a l y s e s  a r e  
shovm i n  P i g .  3 6 .  The mean c o p p e r  c o n t e n t  o f  t h e  l e a v e s  i s  
2 . 6  ppm. w i t h  a  r a n g e  o f  v a l u e s  from  1 . 7  -  4 . 1  ppm. The 
f o u r  h i g h e s t  v a l u e s  o f  3#3 ppm. and  o v e r  o c c u r  a t  9 0 , 3 4 0 »
430 and  44O m. on t h e  t r a n s e c t ,  and  do n o t  c o i n c i d e  w i t h  
Imown c o p p e r  o c c u r r e n c e s .  The sa m p le s  from 232 a n d  2 3 4  m .,  
n e a r e s t  t o  t h e  m i n e r a l i z e d  a r g i l l i t e  o u t c r o p  c o n t a i n  3 . 1  and
2 .4  ppm. c o p p e r  r e s p e c t i v e l y .
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P l a t e  37 V iew  s o u t h - e a s t w a r d s  a lo n g  th e  c a l c r e t e  
r i d g e  o f  T r a n s e c t  86 to w a r d s  O k a t j i r u t e  
West H o m e ste a d .  T r e e s  o f  A c a c ia  c i r a f f a e  
and s h r u b s  o f  A c a c ia  h e b e c l a d a  o ccu r  on th e  

c a l c r e t e  r i d g e  a s s o c i a t e d  w i t h  E nneanogon  
b r a c h y s t a c h u s  g r a s s  and  t h e  h e r b  s p e c i e s  
L e u c o sp h e r a  b a i n s i i , J u s t i c i a  g u e r k e a n a . 

A crotom e i n f l a t a  and M e l lo lo b iu m  c a n d i c a n s .
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Summary o f  r e s u l t s

IIo d i s t i n c t  g e o b o t a n i c a l  a n o m a l ie s  w ere  r e c o g n i s e d  

a lo n g  t h e  o u tc r o p  o r  su b o u tc ro p  o f  z o n e s  o f  c o p p e r  m i n e r a l i z a t i o n  

w i t h i n  t h e  c a l c r e t e  e n v iro n m e n ts  s t u d i e d .  The g r a s s  and  h e rb  

s p e c i e s  r e c o r d e d  a r e  a l l  common to  c a l c r e t e  a r e a s  and  no m arked  

v a r i a t i o n  i n  s p e c i e s  o r  d e n s i t y  o f  t h e  s h ru b s  was o b s e r v e d .

The c o p p e r  c o n t e n t  o f  t h e  s o i l s  i s  e x t r e m e l y  low , b u t  

p e a l :  v a l u e s  w i t h  l i m i t e d  l a t e r a l  s p r e a d  o c c u r  d i r e c t l y  o v e r  

some z o n e s  o f  m i n e r a l i z a t i o n .

Ph a e o p t i l o n  so in o  sum and  Gre\n_a f l a v a  a p p e a r  t o  b e  th e  

m ore f a v o u r a b l e  s p e c i e s  f o r  b io g e o c h e m ic a l  s u r v e y s ,  a s  l e a f  

s a m p le s  c o l l e c t e d  from  s h ru b s  a d j a c e n t  t o  z o n e s  o f  m i n e r a l i z a t i o n  

h a v e  a  much h i g h e r  c o p p e r  c o n t e n t  t h a n  t h e  b a c k g ro u n d  sa m p le s .
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C h a p te r  9

AN ASSESSMENT OF GEOBOTANY, BIOGEOCKEI-'ISTRY 
AND GEOCHEMISTRY IN EXPLORATION FOR COPPER 

WITHIN THE WITVLEI AREA

G e o b o ta n ic a l s t u d ie s  in  th e  W itv le i  Area a s s i s t e d  th e  
e x p lo r a t io n  program in  b o th  th e  r e c o n n a is sa n c e  and fo l lo w -u p  
p h a se s .

The c o m p o sit io n  and d i s t r ib u t io n  o f  th e  m ajor v e g e t a t io n  
u n i t s  c l e a r l y  r e f l e c t s  th e  n a tu re  and e x te n t  o f  th e  overb u rd en . 
The savanna p ark lan d  a s s o c ia t io n  o f  A c a c ia  g i r a f f a e  and 
T e r m in a lia  s e r ic e a  c h a r a c t e r i s e s  a r e a s  o f  deep sand c o v er  
and th e  a s s o c ia t io n  Bo s c ia  a lb l t r u n c a , A c a c ia  m e l l i f e r a  and  
C a to p h r a c te s  a le x a n d r i i n d ic a t e s  a r e a s  o f  e x te n s iv e  c a lc r e t e  
d ev e lo p m en t. A m ixed  low  t r e e  and shrub savanna composed o f  
A c a c ia  m e l l i f e r a . A. h e r e r o e n s i s , A. h e b e c la d a , Grewia f la v a  
P h a e o p tllo n  srlnosum  and T archonanthus cam nhoratus d om in ates  
th e  a r e a s  o f  n ea r  s u r fa c e  b ed rock , and th e  s p e c ie s  Combretum 
a n ic u la tu m , A lb iz ia  a n th e lm in t ic a  ̂ Grewia f la v e s c e n s  and 
G. b i c o lo r  are  r e s t r i c t e d  to  ro ck y  e le v a t e d  o u tc r o p s . R ecog
n i t i o n  o f  t h e s e  v e g e t a t io n  u n i t s  b o th  in  th e  f i e l d  and on 
a e r i a l  p h otograp h s e n a b le s  a r a p id  r e g io n a l  a sse ssm e n t o f  
th e  en v iro n m en t. P h o t o - l in e a t io n s  form ed b y  d e n s i t y  and 
c o m p o s it io n  ch an ges in  th e  t r e e  and shrub v e g e t a t io n ,  d e f in e  
th e  r e g io n a l  g e o lo g i c a l  s t r ik e  and in  p la c e s  in d ic a t e  f o l d  
s t r u c t u r e s  and f a u l t s .

D e t a i l e d  g e o b o ta n ic a l  t r a n s e c t s  i n  a r e a s  o f  n ea r  su r fa c e  
b ed ro ck  show t h a t  th e  a s s o c ia t io n  o f  th e  s p e c ie s  H elich rvsu m  
l e n t o l e p i s  and F im b r i s t v l i s  e x l l i s  i s  an e x c e l l e n t  i n d ic a t io n  
o f  cop p er  m in e r a l iz a t io n .  Narrow c o r r id o r s  o f  H elich rvsu m  
l e o t o l e p i s  and F im b r i s t v l i s  e x i l i s , b o rd ered  b y  an a s s o c ia t io n  
o f  th e  g r a s s  s p e c ie s  A r i s t id a  c o n g e s ta , E r a g r o s t is  denu data  
and A nthephora p u b e se e n s , c l e a r l y  d e f in e  th e  su b -o u tcr o p  
o f  h o r iz o n s  o f  m in e r a l iz e d  a r g i l l i t e .  The herb s p e c ie s  
Ocimum americanum. C a s s ia  i t a l i c a , C r o ta la r ia  a r g y r a e a .
V e l i o s i a  h u m i l i s . M ollugo  c e r v la n a  and B a r le r ia  l a n c e o la t a
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may o c c u r  w i t h i n  t h i s  anom alous  v e g e t a t i o n  a s s o c i a t i o n ,  b u t  
a l l  t r e e s  and. s h ru b s  and  t h e  w id e  v a r i e t y  o f  h e r b s  and  
g r a s s e s ,  o f  t h e  low  t r e e  and  sh ru b  s a v a n n a ,  a r e  m a r k e d ly  
a b s e n t .

W ith in  t h e  W i t v l e i  A re a  a l l  o c c u r r e n c e s  o f  H e l ic h rv s u m  
l e p t o l e p i s  a r e  a s s o c i a t e d  w i t h  c o p p e r  m i n e r a l i z a t i o n .  R ecog
n i t i o n  o f  t h i s  i n d i c a t o r  s p e c i e s  and  t h e  anom alous  v e g e t a t i o n  
a s s o c i a t i o n  p r o v i d e s  im m e d ia te  t r e n c h i n g  o r  d r i l l i n g  t a r g e t s  
and  a  r a p i d  a p p r a i s a l  o f  t h e  m i n e r a l  p o t e n t i a l  o f  an a r e a .

T h ro u g h o u t  t h e  e x p l o r a t i o n  p ro g ram  i n  t h e  P o s ,
C opper C ausew ay and  M a l a c h i t e  Pan a r e a s  e x t e n s i v e  t r e n c h i n g  
and  d r i l l i n g  b eyon d  t h e  z o n e s  o f  anom alo us  v e g e t a t i o n  f a i l e d  
t o  l o c a t e  a n y  n e a r  s u r f a c e  s t r i k e  e x t e n s i o n s  o f  t h e  c o p p e r  
m i n e r a l i z a t i o n .

I n  t h e  a r e a s  o f  e x t e n s i v e  o v e rb u rd e n  o f  sand  an d  
c a l c r e t e  no anom alous  v e g e t a t i o n  a s s o c i a t i o n s  r e l a t e d  t o  
c o p p e r  m i n e r a l i z a t i o n  w ere  d e f i n e d .

The b io g e o c h e m ic a l  t e c h n i q u e  o f  m i n e r a l  e x p l o r a t i o n  
was i n i t i a l l y  t h o u g h t  t o  be  m o s t  a p p l i c a b l e  f o r  t h e  a r e a s  
o f  d e e p e r  o v e r b u r d e n .  However p r e l i m i n a r y  s t u d i e s  i n  s p e c i e s  
d i s t r i b u t i o n  and  r o o t i n g  h a b i t s  i n d i c a t e d  t h a t  no commonly 
o c c u r i n g  d e ep  r o o t e d  s p e c i e s  e x i s t e d  i n  t h e  sand  and 
c a l c r e t e  e n v i r o n m e n ts .

D e t a i l e d  b io g e o c h e m ic a l  t r a n s e c t s  w ere  c a r r i e d  o u t  
a c r o s s  z o n e s  o f  knovm m i n e r a l i z a t i o n  i n  r e g i o n s  o f  n e a r  
s u r f a c e  b e d ro c k  a t  t h e  P o s ,  C opper C ausew ay and M a l a c h i t e  
Pan a r e a s .  The b a c k g ro u n d  c o p p e r  v a l u e s  f o r  22 t r e e  and  
sh ru b  s p e c i e s ,  t h e  g r a s s  s p e c i e s  g t i p a v r o . s t i s _ u n i p l u m i s  
and  A r i s t i d a  c o n g e s t a  and  t h e  h e r b  B a r l e r i a  l a n c e o l a t a  
a r e  shown i n  T a b le  2 7 .

S e v e r a l  s p e c i e s  ^low a  good  c o n t r a s t  i n  c o p p e r  c o n t e n t  
b e tw e e n  t h e  anom alous  and b a c k g ro u n d  s e c t i o n s  o f  t h e  t r a n s e c t s .  
L e a f  sa m p le s  o f  G rew ia  f l a v a , P h a e o p t i l o n  sn inosum , A c a c ia  
m e l l i f e r a , A c a c ia  h e r e r o e n s i s , T a r c h o n a n th u s  c a m p h o r a tu s ,
Bo s c i a  a i b i t r u n c a ," Rhus p v r o i d e s . E r h i t i a  r i s i d a  and  Lvcium 
l a n c i f o l i u m . and  tw ig  sa m p le s  o f  G rew ia  f l a v a  and  P h a e o p t i l o n  
sp inosum  w o u ld  b e  s u i t a b l e  f o r  b i o g e o c h e m ic a l  s u r v e y s .
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More d e t a i l e d  b io g e o c h e m ic a l  s t u d i e s  w ere  c a r r i e d  o u t  
a t  th e  M a la c li i te  P an , in v o lv in g  th e  c o l l e c t i o n  o f  G rew ia  
f l a v a  (2 9 0  s a m p le s ) ,  P h a e o p ti lo n  sp inosum  (2 1 3  sa m p le s )  and  
A c a c ia  h e r e r o e n s l s  (2 0 1  sam p les) l e a v e s  an d  tw ig s .

The m ean, s ta n d a r d  d e v ia t i o n  and  t h r e s h o l d  v a lu e s  w ere  c a l c u l a t e d  
f o r  t h e  b a ck g ro u n d  sam p le s  and th e  b io g e o c h e m ic a l  a n o m a lie s  
(m ean + 3 s t d . )  th u s  i n d i c a t e d ,  e s p e c i a l l y  f o r  G rew ia  f l a v a  
l e a v e s  and  t \d .g s  and P h a e o p t i lo n  sP inosum  l e a v e s ,  c o r r e l a t e  
v e r y  w e l l  w i th  t h e  Icnown z o n es  o f  m i n e r a l i z a t i o n .

F o r  a r e a s  o f  n e a r  s u r f a c e  b e d ro c k  th e  r e s u l t s  i n d i c a t e  
t h a t  z o n e s  o f  c o p p e r  m in e r a l i z a t i o n  can  b e  d e t e c t e d  from  
b io g e o c h e m ic a l  a n o m a lie s .  However i n  su ch  a r e a s  th e  m in e r a l 
i z a t i o n  can  be l o c a t e d  and  o u t l i n e d  m ore e a s i l y  an d  r a p i d l y  
b y  g e o b o ta n ic a l  and  g e o c h e m ic a l s u r v e y s .

I n  sa n d  c o v e re d  a r e a s  th e  o n ly  common d eep  r o o t e d  
s p e c i e s  i s  A c a c ia  g i r a f f a e . A n a ly s e s  o f  l e a f  and  tw ig  sam p le s  
show e x tr e m e ly  low  c o p p e r  c o n te n t  \ r i t h  mean b a c k g ro u n d  
v a lu e s  o f  3.3 and  2.2 ppm. c o p p e r  r e s p e c t i v e l y .  Sam ples 
c o l l e c t e d  from  t r e e s  a d ja c e n t  to  m i n e r a l i z a t i o n  a t  t h e  
M a la c h i te  Pan show no a p p r e c ia b le  i n c r e a s e  i n  c o p p e r  v a lu e s .

T e r m in a l ia  s e r i c e a  and  A c a c ia  m e l l i f e r a  a r e  b o th  
common s p e c i e s  i n  san d  c o v e re d  a r e a s  b u t  h av e  a  sh a llo w  
l a t e r a l  r o o t  sy s te m . No c o m p a ra tiv e  d a ta  w as o b ta in e d  f o r  
T e r m in a l ia  s e r i c e a  a s  a l l  sam p le s  w ere  from  b a c k g ro u n d  r e g io n s .

GrpTTi a  f l a v a  and T a rc h o n a n th u s  cam phor a t  u s  a r e  common 
i n  sa n d  c o v e re d  a r e a s  and  h ave  a  r o o t  p e n e t r a t i o n  o f  a p p ro x 
i m a t e l y  one m e tr e .  The l e a v e s  o f  b o th  s p e c ie s  show good 
c o n t r a s t i n g  v a lu e s  f o r  anom alous and  b a c k g ro u n d  a r e a s  i n  
n e a r  s u r f a c e  b e d ro c k  e n v iro n m e n ts  an d  th e  c o p p e r  r e s u l t s  f o r  
G rew ia  f l a v a  l e a v e s  d e f in e  th e  m in e r a l i z e d  zone on Daheim  
G r id  w h e re  t h e r e  i s  1  -  2 m e tr e s  o f  o v e rb u rd e n .

The m o s t common sh ru b  s p e c ie s  i n  th e  c a l c r e t e  c o v e re d  
a r e a s  i n  C a to p h ra c t e s  a l e x a n d r i .' f o l lo w e d  b y  A c a c ia  m e l l i f e r a , 
A c a c ia  h e b e c la d a . T a rc h o n a n th u s  c a m p h o ra tu s  and  G rew ia  f l a v a . 
C a to p h r  a c t e s  a le x a n d r i  h a s  a  sh a llo w  b r a n c h in g  r o o t  sy stem  and 
w o u ld  n o t  b e  s u i t a b l e  f o r  b io g e o c h e m ic a l  s u rv e y s  i n  a r e a s  o f  
t h i c k  c a l c r e t e  d e v e lo p m e n t. H ow ever t h e  r e s u l t s  o f  c o p p e r  
a n a l y s e s  o f  l e a f  sa m p le s  from  T r a n s e c t  3 0 , show c o n t r a s t i n g
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v a lu e s  f o r  th e  m in e r a l i z e d  z o n e s  and  b a c k g ro u n d  s e c t i o n s  
o f  t h e  t r a n s e c t .  A c a c ia  m e l l i f e r a  h a s  a  s h a llo w  l a t e r a l  
r o o t  sy s tem  and  a l th o u g h  a  \n .de  ra n g e  o f  c o p p e r  v a lu e s  
w ere  r e c o r d e d  f o r  t h e  l e a f  sam p les  t h e  r e s u l t s  f o r  b a c k g ro u n d  
and  an o m alo u s a r e a s  a r e  somewhat e r r a t i c .  A c a c ia  h e b e c la d a  
h a s  a  s h a l lo w  t a p  r o o t  b u t  no s i g n i f i c a n t  v a r i a t i o n  i n  
c o p p e r  v a lu e s  w as r e c o r d e d  f o r  l e a f  sam p les  c o l l e c t e d  on 
T r a n s e c t  86 w here  s e v e r a l  z o n e s  o f  m i n e r a l i z a t i o n  a r e  
i n d i c a t e d  from  wagon d r i l l i n g .

P e r io d ic  sa m p lin g  o f  Grei-ria f l a v a , P h a e o p t i lo n  J 
sp inosum  and  A c a c ia  m e l l i f e r a  s h ru b s  i n d i c a t e d  t h a t  t h e r e  
i s  a  w id e  v a r i a t i o n  i n  t h e  c o p p e r  c o n te n t  o f  l e a v e s  and  
tw ig s  th ro u g h o u t  t h e  groihLng s e a s o n , and  from  one se a s o n  
t o  t h e  n e x t .  The m ore c o n s i s t e n t  v a lu e s ,  u s u a l l y  ^ T ith in  

w ere  o b ta in e d  f o r  th e  c u r r e n t  g ro w th , 1 s t .  and  2 n d . 
y e a r  t i^ ig s  b u t  v a r i a t i o n s  i n  th e  c o p p e r  c o n te n t  o f  th e  l e a v e s  
w ere  20-^0%  f o r  G rew ia f l a v a  and  u p to  130% f o r  A c a c ia  m e l l i f e r a . 
S h ru b s  w h ich  w ere  r e - s a m p le d  th e  fo l lo w in g  se a so n  r e c o r d e d  
v a r i a t i o n s  i n  c o p p e r  c o n te n t  u p to  230%, b u t  th e  b io g e o c h e m ic a l  
anom aly  on th e  t r a n s e c t  w as r e p e a t e d .

I t  i s  a p p a r e n t  t h a t  f o r  th e  u se  o f  b io g e o c l ie m is t ry  
a s  a  r e g i o n a l  e x p lo r a t i o n  m ethod  i n  th e  W i tv l e i  A re a , 
sa m p lin g  w o u ld  h a v e  to  be  l i m i t e d  to  a  n a rro w  tim e  p e r i o d  
o r  a  s e a s o n a l  c o r r e c t i o n  f a c t o r  a p p l i e d  to  th e  r e s u l t s  
t o  make a l l  v a lu e s  c o m p a ra b le .

Sam ple c o l l e c t i o n  o f  l e a v e s  and  t\dLgs i s  g e n e r a l l y  
a  tim e  consum ing  p r o c e s s ,  e s p e c i a l l y  f o r  t h e  th o r n e d  v a r i e t i e s ,  
and  c h e a p  f i e l d  l a b o u r  i s  a  n e c e s s i t y  f o r  l a r g e  s c a l e  
b io g e o c h e m ic a l  e x p l o r a t i o n .  The a d d i t i o n a l  s t a g e s  i n  
l a b o r a t o r y  p r o c e d u r e ,  i n v o lv in g  s e v e r a l  p h a s e s  o f  w e ig liin g  
and  a s h in g ,  a l s o  i n c r e a s e s  th e  c o s t  o f  b io g e o c h e m ic a l  
s u rv e y s  when com pared  to  g eo ch em ica l neth o d s .

The p r e c i s i o n  o b ta in e d  f o r  th e  b io g e o c h e m ic a l  
m e th o d s  ( s e e  A ppend ix  I I B ) ,  c a l c u l a t e d  from  th e  r e p e a t  
a n a ly s e s  o f  s p l i t  sa m p le s , w as w i th in  +10% a t  th e  93% 
c o n f id e n c e  l e v e l  f o r  t h e  l e a v e s  and  tivLgs o f  th e  m a j o r i t y  

o f  s p e c i e s .
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S o i l  g e o c h e m is try  p ro v e d  an e x c e l l e n t  e x p lo r a t i o n  
m ethod  i n  a r e a s  o f  n e a r  s u r f a c e  b e d ro c k  f o r  b o th  r e g i o n a l  
and  d e t a i l e d  s u rv e y s .

The c o p p e r  m i n e r a l i z a t i o n  o f  th e  W i tv l e i  A rea  o c c u r s  
w i t h in  a  c a l c a r e o u s  a r g i l l i t e  in te r b e d d e d  i n  a  m ixed  
s e d im e n ta ry  se q u en c e  o f  s a n d s to n e s ,  c u a r t z i t e s ,  c o n g lo m e ra te s  
s l i a l e s  and  l im e s to n e s .  The m in e r a l i z e d  z o n e s  o f  o re  g r a d e  
a r e  o f  l i m i t e d  s t r i k e  e x t e n t ,  l e s s  th a n  300 m e t r e s ,  and  
e x tr e m e ly  n a r ro w . The r e g i o n a l  b a c k g ro u n d  f o r  s o i l s  o v e r  
th e  b a r r e n  s e d im e n ts  i s  l e s s  th a n  20 p p m ..c o p p e r  f o r  th e  
-8 0  m esh f r a c t i o n .  In  a r e a s  o f  m in e r a l i z a t i o n  s o i l  v a lu e s  
a r e  g e n e r a l l y  i n  t h e  r a n g e  30 -100  ppm. c o p p e r  w i th  p e a k  
v a lu e s  u p to  300 ppm. o v e r  th e  z o n e s  o f  m in e r a l i z e d  a r g i l l i t e .

F o r  p h a s e s  o f  r e g io n a l  e x p l o r a t i o n ,  to  t r a c e  s t r i k e  
e x te n s i o n s  o r  l o c a t e  new a r e a s  o f  m i n e r a l i z a t i o n ,  t r a v e r s e  
l i n e s  c r o s s i n g  t h e  s t r i k e  sh o u ld  b e  a t  a p p ro x im a te ly  h a l f  
k i lo m e t r e  i n t e r v a l s  an d  sam ple  s p a c in g  3 0 -3 0  m e t r e s .  T h is  
w i l l  a l lo w  a  r a p i d  c o v e ra g e  o f  a r e a s ,  e l i m in a t i n g  b a c k g ro u n d  
s e c t i o n s  an d  i n d i c a t i n g  r e g io n s  o f  i n t e r e s t  w h ich  c an  b e  
f o l lo w e d  up i n  g r e a t e r  d e t a i l .

I n  th e  g e o c h e m ic a l e v a lu a t io n  o f  an anom alous a r e a  
th e  l i n e  s p a c in g  s h o u ld  n o t  e x c e e d  100 m e tr e s  and  sam ple  
i n t e r v a l  10 m e t r e s .  The l e s u i t s  f o r  t h i s  p h a s e , a s  f o r  th e  
P os A re a , C opper C ausew ay and  M a la c h ite  P an , ^vLll c l e a r l y  
l i m i t  t h e  a r e a  o f  i n t e r e s t  and  d e f i n e  i n d i v i d u a l  h o r i z o n s  
o f  m i n e r a l i z a t i o n  w h ic h  can  be t e s t e d  b y  t r e n c h in g  o r  

d r i l l i n g .
A c o m p a riso n  o f  th e  c o p p e r  v a lu e s  f o r  -8 0  and  -2 7 0  

m esh f r a c t i o n s ,  i n  a r e a s  o f  n e a r  s u r f a c e  b e d ro c k , show a  
s i m i l a r  anom aly  c o n t r a s t ,  w i th  th e  -2 7 0  m esh c o p p e r  v a lu e s  
a p p r o x im a te ly  tw ic e  t h e  -8 0  m esli.

I n  th e  sa n d  and c a l c r e t e  c o v e re d  r e g io n s  no s u i t a b l e  
o r i e n t a t i o n  a r e a s  w ere  a v a i l a b l e .  The g e o c h e m ic a l s t u d i e s  
c a r r i e d  o u t  i n  t h e s e  e n v iro n m e n ts  i n d i c a t e  t h a t  t h e  d i s p e r s i o n  
o f  c o p p e r  from  m in e r a l i z e d  b e d ro c k  i s  e x tre m e ly  l i m i t e d  
b o th  v e r t i c a l l y  and l a t e r a l l y .  T hus baclcground  v a lu e s  f o r  
c o p p e r  from  s o i l  s u rv e y s  do n o t  e l im in a te  th e  p o s s i b i l i t y  o f  
m i n e r a l i z a t i o n .
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The a c c u ra c y  and  c o n t r o l  o f  g e o c h e m ic a l  a n a ly s e s  i s  
p a r t i c u l a r l y  im p o r ta n t  d u r in g  th e  r e g i o n a l  p h a se  o f  e x p lo r a t i o n  
when c o p p e r  v a lu e s  a r e  e x tr e m e ly  lo w , and  a n o m a lie s  o n ly  t\^ro 

o r  t h r e e  t im e s  th e  b a c k g ro u n d . The l a b o r a t o r y  m eth o d  o f  
sam ple d i g e s t i o n  i n  n i t r i c  a c i d  and  d e te r m in a t io n  o f  c o p p e r  
b y  a to m ic  a b s o r p t io n  s p e c t r o p h o to m e tr y  p ro v e d  t o  b e  much 
m ore r e l i e a b l e  th a n  c o l o r i m e t r i c  t e c h n iq u e s  ( s e e  A ppend ix  I I A ) .

V e g e ta t io n  s t u d i e s ,  g e o b o ta n y  and  s o i l  g e o c h e m is try  
can  b e s u c c e s s f u l l y  a p p l i e d  i n  b o th  th e  r e g i o n a l  and  f o l lo w -  
up p h a s e s  o f  an i n t e g r a t e d  e x p lo r a t i o n  p rog ram  f o r  c o p p e r  
m i n e r a l i z a t i o n  i n  th e  W i tv l e i  A re a . The b io g e o c h e m ic a l  
t e c h n iq u e  how ever d id  n o t  show s u f f i c i e n t  en co u rag e m en t to  
b e  w id e ly  u se d  i n  m in e r a l  e c p lo r a t io n  i n  t h i s  e n v iro n m e n t.

F o r  a  r e g i o n a l  a s s e s s m e n t  o f  t h e  a r e a ,  v e g e t a t i o n  
a s s o c i a t i o n s ,  p h o to g e o lo g y , r e c o n n a is s a n c e  g e o lo g y  and  re c o n n 
a i s s a n c e  g e o c h e m is t ry  w ou ld  p ro v id e  th e  m o st c o m p re h e n s iv e  
d a t a  f o r  t h e  e l i m in a t i o n  o f  g ro u n d  an d  tiie  s e l e c t i o n  o f  
t a r g e t s  o f  f o l lo w -u p  s u r v e y s .  R e c o g n i t io n  o f  an o m alo u s 
v e g e t a t i o n  a s s o c i a t i o n s  and  th e  i n d i c a t o r  s p e c ie s  H e lic h rv su m  
l e p t o l e p i s . d u r in g  th e  r e g i o n a l  g e o lo g i c a l  and  g e o c h e m ic a l 
p h a s e s  w o u ld  p ro v id e  im m e d ia te  t r e n c h in g  o r  d r i l l i n g  s i t e s .

D e t a i l e d  e x p lo r a t i o n  wmlthin a r e a s  s e l e c t e d  f o r  
f o l lo w - u p  s u rv e y s  w o u ld  c o n s i s t  o f  s o i l  g e o c h e m is try ,  
g e o l o g i c a l  and  g e o b o ta n ic a l  m ap p in g . T h is  p h a se  w i l l  i n d i c a t e  
t h e  p ro b a b le  e x t e n t  o f  n e a r  s u r f a c e  c o p p e r  m i n e r a l i z a t i o n  
w h ic h  c o u ld  th e n  be  t e s t e d  b y  t r e n c h in g  and  d r i l l i n g .
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APPENDIX I

ROOTING SYSTEMS OP COMMON TREES AND SHRUBS

G rew ia f l a v a  o c c u r s  th ro u g h o u t  th e  W i tv le i  a r e a  i n  
r e g io n s  o f  near* s u r f a c e  b e d ro c k , w in d -b lo w n  sa n d  and  s u r f a c e  
c a l c r e t e #  The r o o t  sy s te m s  exam ined  f o r  s h ru b s  i n  a l l  t h r e e  
e n v iro n m e n ts  w ere s i m i l a r  c o n s i s t i n g  o f  b ra n c h in g  an d  d e sc e n d 
i n g  l a t e r a l  r o o t s  w ith  f i b r o u s  r o o t s  a ro u n d  th e  b a s e .  One 
sh ru b  from  th e  C opper Causew ay a r e a ,  1 .3  m. i n  h e ig h t  and  1 .5  
m. i n  d ia m e te r  f o r  th e  a e r i a l  p a r t s ,  h ad  tw e lv e  m ain  b ra n c h 
i n g  l a t e r a l  r o o t s  1 - 3  cm. i n  d ia m e te r .  The m a jo r i t y  o f  
t h e s e  r o o t s  d e sc e n d e d  i n t o  th e  g r a v e l  l a y e r ,  40 -  30 cm. b e 
low  s u r f a c e ,  w i th in  1 .5  m. o f  th e  b a se  o f  t h e  s h r u b .  A l a t 
e r a l  r o o t  was t r a c e d  f o r  a  d i s t a n c e  o f  3 a .  a t  a n  a p p ro x im a te  
d e p th  o f  30  cm. b e fo r e  t u r n in g  d o w n 'in to  th e  g r a v e l  h o r i z o n .  
Many f ib r o u s  r o o t s  10 -  20  cm. i n  l e n g th  o c c u r  a ro u n d  th e  b a se  
o f  th e  s h r u b .  The r o o t s  o f  two s h r u b s ,  g ro w in g  i n  th e  c o v e r  
o f  w in d -b lo w n  san d  on th e  Daheim G r id , w ere  a l s o  e x p o sed  f o r  
e x a m in a t io n .  The s h ru b  2 m. i n  h e ig h t  and  2 m. a c r o s s  h ad  
t h r e e  m ain  l a t e r a l  r o o t s  u p to  2 .3  m. i n  l e n g t h  and  10 s m a l l e r  
r o o t s  d e s c e n d in g  a t  a n g le s  o f  a b o u t 60 d e g re e s  w i th in  1 m. o f  
th e  b a s e .  A se co n d  s h ru b  a t  Daheim 1 .5  m. i n  h e ig h t  h ad  15 
r o o t s  b e tw een  1 - 3  cm. i n  d ia m e te r  m ost o f  w h ich  p a s s  th ro u g k  
th e  l a y e r  o f  sa n d  t o  a  d e p th  o f  80 -  100 cm. w i th in  1 m. o f  
th e  b a s e  o f  th e  s h r u b .  A few o f  th e  r o o t s  e x te n d  l a t e r a l l y  
f o r  3  21* and  th e r e  a r e  many g ro u p s  o f  f i b r o u s  r o o t s  be low  th e  
c e n t r a l  p a r t  o f  th e  s h r u b .

Phaeoptilum spinosum is most common in areas of near 
surface bedrock and has a scattered occurrence in the areas 
covered by sand, gravel and calcrete. The shrubs growing at 
the Malachite Pan and in deep sand, accumulated along the foot 
of the Witvlei Ridge, have a tap root with one or several lat-
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eral roots branching from the tap root, 20 - 40 cm. below 
the ground surface. One shrub, 1.5 m. in height and a spread 
of 2m., from the sand covered area had a tap root 10 cm. in 
diameter reducing to 6 cm. at a depth of 1.2 m. A root branched 
horizontally for 30 cm. from the tap root, at 60 cm. below the 
surface, and then descended vertically into the gravel horizon.

Acacia hereroensls usually occurs in areas of near 
surface bedrock and the root systems of several shrubs from 
the Copper Causeway and Malachite Pan areas were examined.
All roots extend laterally for 1 - 10 m. then, pass into the 
gravel layer above the bedrock. One shrub 3 m. in height, with 
four main stems about 10 cm. in diameter, had 20 lateral roots 
from 1 - 3  cm. in diameter. The longest root exposed was 7 m.
and within 10 cm. of the surface and was then traced vertical
ly to a depth of 50 cm. into the gravel horizon.

The root system of Acacia mellifera, examined in areas 
of near surface bedrock and regions of sand cover, is essen- 
sially one of long lateral roots 10 - 20 cm. below the ground 
surface. Observations were made for one shrub occurring in a 
sand covered area at the base of the Witvlei Ridge. The shrub
was 2 .5  m. in height with 9 main stems 7 - 1 0  cm. in diameter.
The roots were exposed for three of these stems which came to
gether below the surface, live main lateral roots 3 - 4  cm. 
in diameter, fanning out through 180 degrees, were traced for 
distances between 7#3 and 10.5 m. at a depth of 10 — 20 cm.
A second rooting system exposed on Daheim, for a shrub 2 m. 
in height and an aerial spread of 3 m., had 12 lateral roots 
3 - 4  cm. in diameter. One root was traced for 12.8 m., 20 - 
30 cm. below the surface.

Acacia giraffae most commonly occurs in the sand cov
ered areas of the Witvlei Concession but, small trees of the 
species are occas;Klonally found in areas of near surface bed
rock. The root system was exposed for several trees in the 
Daheim Grid area and generally consists of roots which extend
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horizontally from the base of the tree and then descend ver
tically# One tree 3 m. in height and 20 cm# in diameter at 
the base, had four main roots 5 - 7  cm. in diameter which in
itially spread laterally. Three of these roots then pass ver
tically through the sand into the gravel horizon and the fourth 
root spreads laterally for 2.4 m. before passing into the grav
el at 1.1 m. below the surface. Another tree of similsir size 
also had four main lateral roots all of v/hich turned to pene
trate vertically into the sand within 1 m. of the base. The 
roots were traced to the compact gravel layer at a depth of 
1 m., where the root diameter varied from 2 - 5  cm.

Terminalia sericea is only found in areas of deep 
sand cover and the rooting system was examined for trees grow
ing in the wind-blown sand accumulated at the base of the Witv
lei Ridge. One tree 3*3 m. in height and 25 cm. in diameter 
had six main lateral roots 8 - 1 0  cm. in diameter. The roots 
extended for 6 - 10 m. from the base of the tree, only 10 cm. 
below the surface, and branched several times. The tips of 
the roots descended vertically through the sand to a minimum 
depth of 1.2 m. A second tree 4 m* in height had seven bran
ching lateral roots, one of which was traced for 15.6 m. from 
the base of the tree.

Tarchonanthus camphoratus is fairly common in all en
vironments and the rooting systems were exposed for several 
shrubs occurring in the sand covered region of Daheim. A 
shrub with four main stems from 1.5 — 2 m. in height had one 
large root descending at an angle of about 60 degrees to a 
depth of 1.4 m. and five lateral roots upto 3*3 m. in length. 
The shrub also had many fibrous roots in the surface soils 
beneath the area covered by the aerial parts.

The root system of Rhus pyroides was also examined 
as this species occurs in areas of mineralization and is also 
common within the Daheim Grid. The shrubs less than 1 m. in 
height have both lateral and fibrous roots at the base. Some 
of the lateral roots 1 - 1.3 cm. in diameter were traced for
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distances upto 3*6 m. whereas others descended into the grav
el layer within 1 m. of the base of the plant.

Boscia albitrunca occurs as shrubs less than 1 metre 
in height and also as trees 4 - 3  metres high. The rooting 
system was exposed for shrubs growing in areas of near sur
face bedrock. The shrubs have a tap root which in some cases 
initially increases in cross-section with depth. One shrub 
60 cm. in height and 1 m. across had a tap root which was 7 cm, 
in diameter at the ground surface and 12 cm. at a depth of 
70 cm., where the root entered the gravel layer.

Catophractes alexandri. a shrub generally confined to 
areas of calcrete, has a branching lateral root system. The 
shrubs have several main roots upto 2 cm. in diameter extend
ing 3 - 3 m. from the base of the plant and descending to 
30 - 30 cm. below surface.
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APPENDIX I I

A. LABORATORY METHODS FOR GEOCHEMCAL SAMPLES

G eochem ical sam p les  c o l l e c t e d  i n  th e  W itv le i  a r e a  w ere  
i n i t i a l l y  s e n t  to  th e  A n g lo v a a l l a b o r a t o r y  a t  Rand L e a se s  Mine 
a n d  s u b s e q u e n t ly  to  t h e i r  g e o c h e m ic a l l a b o r a t o r y  i n  W indhoek. 
B o th  l a b o r a t o r i e s  u se d  a  p o ta s s iu m  b i s u l p h a t e  f u s io n  and  c o l 
o r i m e t r i c  d e te r m in a t io n  o f  c o p p e r  f o l lo w in g  th e  m ethod o f  S ta n 
to n  ( 1 9 6 6 ) .  The l a b o r a to r y  i n  W indhoek was g e a re d  to  p ro d u c in g  
1 ,0 0 0  c o p p e r  d e te r m in a t io n s  p e r  d a y .

S o i l  sa m p le s  c o l l e c t e d  a lo n g  th ^  g e o b o ta n ic a l  t r a n s e c t s  
w ere  a n a ly s e d  i n  th e  B e d fo rd  C o lle g e  G eography  L a b o ra to ry  u s in g  
a  n i t r i c  a c id  e x t r a c t i o n .  0 .2  gram s o f  s i e v e d  s o i l  sam p le  was 
d i g e s t e d  i n  IN HNO3 f o r  2  h o u rs  i n  a  w a te r  b a th  a t  93®C. The 
s o l u t i o n  was a llo w e d  t o  c o o l  an d  th e  c o p p e r  c o n te n t  d e te rm in e d ' 
by  a to m ic  a b s o r p t io n  s p e c t r o p h o to m e try .  The in s t r u m e n t  u se d  
was a  S o u th e rn  A n a ly t i c a l  A3 OOO and  th e  s e t t i n g s  f o r  c o p p e r  d e 
t e r m in a t io n  a s  fo l lo w s ;  w a v e le n g th  3321 1 , b u r n e r  h e ig h t  3 » 
s l i t  w id th  1 ,  c u r r e n t  7 .3  mA., a i r  p r e s s u r e  7 .1 »  a c e ty le n e  1 . 7 .  
U s in g  s t a n d a r d s  c o n ta in in g  1 - 1 0  m ic ro -g ra m s o f  c o p p e r  p e r  l i 
t r e  th e  in s t r u m e n t  gave a  r e a d in g  ra n g e  f o r  c o p p e r  from  0 -  300 
ppm.

I n  o r d e r  to  com pare th e  p r e c i s i o n  o f  th e  two l a b o r a t o r y  
m eth o d s and  to  c o n t r o l  th e  a n a ly s e s  th ro u g h o u t  th e  p r o j e c t ,  a  
s e r i e s  o f  s ta n d a r d  sam p les  was in c lu d e d  i n  th e  b a tc h e s  o f  s o i l  
sa m p le s  s u b m it te d  f o r  a n a l y s e s .  E ig h t  b u lk  s o i l  sa m p le s  ( -8 0  
m esh) A -  H w ere  c o l l e c t e d  a c r o s s  th e  C opper Causew ay m i n e r a l i 
z a t i o n  t o  g iv e  a  ra n g e  o f  c o p p e r  c o n te n t  from  b ack g ro u n d  o f  
l e s s  th a n  10 ppm. to  anom alous v a lu e s  o v e r  300 ppm. The sa m p le s  
A and  G w ere in c lu d e d  tw ic e  to  g iv e  th e  s t a n d a r d  s e r i e s  1 - 1 0  
an d  th e  sam p le  o r d e r  was r e v e r s e d  f o r  th e  s e r i e s  11 -  2 0 .  The 
s t a n d a r d  s e r i e s  was in c lu d e d  i n  b a tc h e s  o f  100 sa m p le s  su b m it
t e d  t o  th e  l a b o r a t o r i e s  f o r  c o p p e r  d e te r m in a t io n .  The r e s u l t s
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f o r  th e  s e r i e s ,  a n a ly s e d  s e v e r a l  t im e s  by th e  A n g lo v a a l Wind
ho ek  l a b o r a t o r y  and  th e  B e d fo rd  C o lle g e  l a b o r a t o r y  a r e  shown 
i n  T a b le s  I I . 1 ,  and  I I . 2 .  r e s p e c t i v e l y .

T a b le  I I . 1 .  C opper a n a ly s e s  f o r  th e  s t a n d a r d  s e r i e s  o f  s o i l
sam p le s  1 - 2 0  ( -8 0  m esh) in c lu d e d  i n  s i x  b a tc h e s  
o f  g e o c h e m ic a l sa m p le s  s u b m it te d  to  th e  A n g lo v a a l 
l a b o r a t o r y  i n  W indhoek f o r  c o lo r i m e t r i c  d e te rm in a 
t i o n ,  May 1 9 7 0 .

BSS SS KO I II III IV V VI
A 1 45 12 41 31 30 63
A 2 34 11 53 22 32 120
B 3 45 33 66 45 52 69C 4 90 58 87 60 73 80D 3 34 108 94 84 180 66E 6 140 168 96 160 126 132
F 7 138 231 368 147 336 105
G 8 176 189 120 176 352 132
H 9 69 332 88 94 320 58
H 10 352 320 322 160 352 48
H 11 368 308 320 112 308 126
H 12 368 336 115 135 368 100
G 13 336 192 100 160 368 99
F 14 161 168 84 63 336 80
E 15 115 138 125 160 69 140
D 16 126 87 87 100 41 126
C 17 99 55 66 33 69 100
B 18 84 31 37 77 88 88
A 19 30 11 21 54 30 84
A 20 21 13 20 45 30 66

BSS Mean S t d . %
A 38 44
B 60 32
C 72 25
D 91 33
E 130 20
F 166 73
G 200 46
H 227 44

BSS -  B u lk  s o i l  sam ple
SS N2 -  S ta n d a rd  s e r i e s  num ber
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T a b le  I I .  2 . C opper a n a ly s e s  o f  th e  s t a n d a r d  s e r i e s  o f  s o i l  
sa m p le s  1 -  20  ( -8 0  m esh) i n c lu d e d  i n  f i v e  b a t 
c h es  o f  g e o c h e m ic a l sam p le s  s u b m it te d  to  th e  
B e d fo rd  C o lle g e  l a b o r a t o r y ,  May 1 9 7 0 .

BSS SS N2 I I I I I I IV V

A 1 7 10 10 7 3
A 2 7 7 10 7 3
B 3 28 22 20 25 23
C k 63 60 60 65 63
D 3 93 93 97 93 90
E 6 163 165 165 167 165
F 7 212 197 205 210 202
G 8 207 193 195 197 192
H 9 410 410 447 437 420
H 10 422 433 433 405 420
H 11 427 393 402 402 405
H 12 427 427 387 393 365
G 13 212 207 207 202 193
F 14 215 210 207 202 185
E 13 170 177 177 165 165
D 16 87 87 92 87 87
C 17 37 33 33 33 33
B 18 25 20 25 22 25
A 19 10 10 10 7 10
A 20 7 10 10 3 10

BSS Mean S td .%

A 8 23
B 24 11
C 39 7
D 91 4
E 161 1
F 204 4
G 204 4
H 418 3

BSS -  5 u lk  S o i l  Sam ple
SS N2 -  S ta n d a rd  s e r i e s  num ber

The r e s u l t s  o f  th e  W indhoek l a b o r a t o r y ,  w here  a  b i s u l 
p h a te  f u s io n  a n d  c o lo r i m e t r i c  d e te r m in a t io n  was u s e d ,  show a n  
e x tr e m e ly  vd.de v a r i a t i o n  i n  th e  c o p p e r  c o n te n t  o f  th e  sa m p le s
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A -  H. The b ack g ro u n d  sam ple  A v a r i e d  from  11 -  120 ppm. cop
p e r  and  sam p le  H from  69 -  368 ppm. The p e r c e n ta g e  s t a n d a r d  
d e v ia t i o n  f o r  th e  sa m p le s  v a r i e s  from  20  -  73 and  th e  a v e ra g e  
v a lu e  f o r  th e  sa m p le s  i s  39%#

The g ro u p s  o f  sa m p le s  d ig e s te d  i n  n i t r i c  a c i d  and  a n a 
ly s e d  by  a to m ic  a b s o r p t io n  s p e c tro p h o to m e try  i n  th e  B e d fo rd  
c o l l e g e  l a b o r a t o r y  show a  much h ig h e r  d e g re e  o f  a n a l y t i c a l  a c 
c u r a c y .  The r e s u l t s  f o r  sam ple  A ra n g e  from  3 - 1 0  ppm. cop
p e r  an d  f o r  sam p le  H from  363 -  433 ppm. The s t a n d a r d  d e v ia 
t i o n  f o r  th e  sa m p le s  A -  H v a r i e s  from  1 -  23%. The r e a s o n  
f o r  th e  a p p a r e n t l y  p o o r  p r e c i s i o n  f o r  th e  sa m p le s  o f  lo w e r  cop
p e r  c o n te n t  i s  t h a t  w i th  th e  s e t t i n g s  l i s t e d  ab o v e  f o r  t h e  a t o 
m ic a b s o r p t io n  u n i t  one s c a l e  d i v i s i o n  r e p r e s e n t s  3 ppm. Ex
c lu d in g  sam p le  A th e  a v e ra g e  s ta n d a r d  d e v i a t i o n  f o r  th e  sa m p le s  

I s  3% i n d i c a t i n g  a  mean p r e c i s i o n  a t  th e  93% c o n f id e n c e  l e v e l  
o f  ± 1 % .

F o llo w in g  t h i s  t e s t  group o f  a n a ly s e s  th e  stan d ard  
s e r i e s  was p a sse d  through th e  Windhoek la b o r a to r y  a  fu r th e r  
t e n  t im e s  i n  two b a tc h e s  o f  100 sam p les to  s e e  i f  th e  p r e c is io n  
o f  c o lo r im e tr ic  a n a ly s e s  co u ld  be im proved . In  th e  f i r s t  b a tch  
th e  r e s u l t s  fo r  sam ple A v a r ie d  from 11 - 33 ppm. and sam ple ÏÏ 
from 34  -  3 8 4  Ppm; th e  p ercen ta g e  stan d ard  d e v ia t io n  fo r  sam
p l e s  A -  H ranged  from 12 -  44% w ith  an a v era g e  o f  23%. In  
th e  secon d  b a tch  o f  100 sam p les th e  copper v a lu e s  fo r  A v a r ie d  
from 20  -  32  ppm. and fo r  sam ple H from 113 -  488 ppm.; th e  
sta n d a rd  d e v ia t io n  fo r  sam p les A -  H was from 11 -  34% w ith  an  
a v era g e  v a lu e  o f  33%.

The c o lo r im e tr ic  method a s  o u t l in e d  by S ta n to n  i n d i 
c a t e s  th a t  a  mean p r e c i s io n  o f  b e t t e r  th an  + 2 3 % a t  th e  93% 
c o n f id e n c e  l e v e l  sh o u ld  be a t ta in e d  w hereas th e  r e s u l t s  o f  th e  
Windhoek la b o r a to r y  v a ry  from + 3 %  to  ±  78% a t  th e  93% c o n f i 
dence l e v e l .  The p r e c i s io n  o f  th e s e  r e s u l t s  was n o t a c c e p ta 
b le  fo r  g eo ch em ica l p r o sp e c t in g  i n  th e  W itv le i  a r ea  and a l l  
s o i l  sam p les c o l l e c t e d  on th e  g eo ch em ica l g r id s  were su b seq u en t
l y  a n a ly se d  i n  th e  B edford  C o lle g e  la b o r a to r y  by a c id  d ig e s t io n  
and atom ic  a b s o r p t io n  sp ec tro p h o to m e try .
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The samples collected during the initial geochemical 
reconnaissance of the Witvlei Concession were analysed by the 
colorimetric method in the Rand Leases laboratory and the 
samples were not retained. The analytical precision for this 
group of samples is not known,

A standard series of -270 mesh samples was also pre
pared to control the analyses of the -270 mesh soil samples 
collected on the transects and soil grids in areas of wind 
blown sand. The copper content of the standard series sam
ples included in five batches of soil samples are shown in • 
Table II,3• The precision attained for the -270 mesh samples 
was similar to that for the -80 mesh samples using the method 
of acid digestion and copper determination by the atomic ab
sorption unit. The copper content of bulk sample A varied 
from 10 - 20 ppm. and sample H from 840 - 910 ppm. Omitting 
sample A, the mean precision for the -270 mesh bulk samples is 
± 10% at the 93% confidence level.

The chemical attack using the bisulphate fusion should 
provide the total copper content of the soil sample whereas 
the nitric acid digestion will give only a partial extraction.
A comparison of the mean copper contents obtained for the bulk 
samples A - H (-80 mesh), by the two extractive methods shows 
that higher values were recorded for samples A - C using the 
bisulphate fusion. However, for the samples D - ÏÏ higher va
lues are recorded from the nitric acid digestion.

Tests were carried out with the nitric acid digestion 
using varying times of digestion from 1 / 4 - 8  hours. The re-* 
suits of Table II.4. show a gradual increase of detectible cop
per with the increasing digestion period. A 60 - 80% extrac
tion is obtained after two hours with the higher percentage 
extraction for the samples of greater copper content.
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T a b le  I I .  3 . C opper a n a ly s e s  o f  th e  s t a n d a r d  s e r i e s  o f  s o i l  
sa m p le s  1 -  2 0  ( -2 7 0  m esh) in c lu d e d  i n  f i v e  
b a tc h e s  o f  g e o c h e m ic a l sa m p le s  s u b m it te d  t o  th e  
B e d fo rd  C o lle g e  L a b o ra to ry  Ju n e  1 9 7 0 .

BSS SS N2 I I I I I I IV V

A 1 10 14 20 14 14
• A 2 10 10 2 0 2 0 20

B 3 34 30 54 64 54
C k 140 134 144 150 140
D 3 194 204 204 200 184
E 6 294 284 294 214 290
F 7 414 404 424 404 400
G 8 324 310 333 524 490
H 9 884 894 874 894 884
H 10 894 900 874 884 894
H 11 874 890 854 890 874
H 12 834 910 890 840 910
G 13 310 330 490 480 490
F 14 390 424 410 400 414
E 13 310 304 314 294 304
D 16 194 204 220 220 190
C 17 130 134 154 144 144
B 18 30 30 50 64 64
A 19 10 10 14 14 20
A 20 10 14 14 20 14

BSS Mean S td .%

A 15 2 5
B 55 12
C 145 4
D 210 5
E 290 3
F 416 3
G 510 4
H 866 4

BSS -  BuUi s o i l  sam p le
SS K2, -  S ta n d a rd  s e r i e s  num ber
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T a b le  I I .  4# V a r ia t io n  i n  t h e  r e c o r d e d  c o p p e r  c o n te n t  o f  th e
b u lk  sa m p le s  A -  G ( -8 0  m esh) w ith  th e  d i g e s t i o n  
t im e  i n  th e  w a te r  b a t h .

H ours i n w a te r  b a th  a t  95^ C
BSS 1 /4 1 /2 1 2 3 4 5 6 7 8

A 5 5 6 8 10 10 10 11 12 11
B 15 17 20 22  . 2 4 28 3 4 3 4 38 36
C 3 7 40 41 58 61 69 79 81 90 92
D 63 69 83 90 96 114 131 134 138 143
E 141 144 162 167 184 195 217 204 222 223
F 160 170 178 192 212 225 2 4 0 242 262 246
G 160 167 176 205 216 225 241 253 256 273
H 318 336 248 408 430 455 475 488 511 513

B. LABORATORY METHODS FOR BIOGEOCEQUCAL SAMPLES

The a n a ly s e s  o f  a l l  p l a n t  sa m p le s  l i s t e d  i n  th e  t e x t  
w ere  c a r r i e d  o u t  i n  th e  B e d fo rd  C o l le g e  l a b o r a t o r y  by  th e  f o l 
lo w in g  m e th o d .

10  -  15  gram s o f  a i r  d r i e d  p l a n t  m a t e r i a l  w ere w e ig h ed  
i n t o  a  50  Ell* b e a k e r  and  p la c e d  i n  b a tc h e s  o f  2 4  i n t o  a n  e l e c 
t r i c  m u f f le  fu rn a c e  t h e r m o s t a t i c a l l y  c o n t r o l l e d  a t  420 d e g re e s  
c e n t i g r a d e .  The sa m p le s  i n  t h e  c e n t r e  o f  th e  fu r n a c e  w ere  com
p l e t e l y  re d u c e d  t o  a s h  d u r in g  th e  14 h o u r  p e r io d  from  6 pm. -  
8 am. an d  th e  sa m p le s  a t  t h e  en d s o f  t h e  fu r n a c e  w ere  r e p l a c e d  
f o r  s e v e r a l  h o u rs  t o  c o m p le te  th e  a s h in g  p r o c e s s .  The p e rc e n 
ta g e  a s h  f o r  th e  sa m p le s  w as th e n  c a l c u l a t e d  from  th e  d ry  
w e ig h t  o f  th e  p l a n t  sam p le  and  th e  w e ig h t o f  a s h  p ro d u c e d .

0 .2  gram s o f  p l a n t  a s h  w ere  th e n  w e ig h ed  i n t o  a  t e s t -  
tu b e  an d  10  m is .  o f  H i HITÔ  w ere  a d d e d . The a s h  was d ig e s te d
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i n  th e  n i t r i c  a c id  f o r  1 h r .  i n  a  w a te r  b a th  a t  95^C . The s o 
l u t i o n  i n  th e  t e s t - t u b e  was a llo w e d  t o  c o o l  an d  th e  c o p p e r  co n 
t e n t  was d e te rm in e d  by  a to m ic  a b s o r p t io n  s p e c t r o p h o to m e tr y .
The c o p p e r  c o n te n t  o f  th e  p l a n t  a s h  an d  th e  d r y  p l a n t  m a t e r i a l  
c o u ld  th e n  be c a l c u l a t e d .

T e s ts  w ere c a r r i e d  o u t  to  d e te rm in e  th e  a n a l y t i c a l  a c 
c u ra c y  an d  r e p r o d u c a b i l i t y  f o r  p l a n t  sa m p le s  u s in g  th e  above  
m eth o d .

Bullc s a m p le s , w e ig h in g  a p p ro x im a te ly  100 g ram s, w ere  
c o l l e c t e d  f o r  th e  l e a v e s  an d  tv rig s  o f  t e n  common sh ru b  s p e c i e s .  
The sa m p le s  w ere  th o ro u g h ly  m ixed  an d  coned  a n d  q u a r t e r e d  i n  
t h r e e  s t a g e s  t o  g iv e  e i g h t  s a m p le s .

S ta g e  I  I I  I I I

B u lk
sam p le

The e i g h t  sa m p le s  w ere  a s h e d  a n d  a n a ly s e d  a n d  th e  r e 
s u l t s  shown i n  T a b le s  I I .  5 ~ 11* 14* The mean v a lu e s  a n d  
th e  s t a n d a r d  d e v ia t i o n  w ere  c a l c u l a t e d  f o r  t h e  l e a v e s  and  th e  
tw ig s  o f  t h e  t e n  s p e c i e s .

The a n a l y t i c a l  p r e c i s i o n  f o r  t h e  l e a v e s ,  ( a t  t h e  95% 
c o n f id e n c e  l e v e l  (2  s t d s . )  ) ,  v a r i e s  from  ± 4% f o r  G rew ia f l a v a . 
C a to p h r a c te s  a l e x a n d r i  and  B o s c ia  a l b i t r u n c a  t o  ± 9% f o r  T a r -  
c h o n a n th u s  c a c p h o r a tu s .

The ra n g e  o f  a n a l y t i c a l  p r e c i s i o n ,  a t  t h e  95% c o n f i 
d en ce  l e v e l ,  f o r  th e  tw ig s  i s  from  + 4% f o r  G rew ia  f l a v a  t o  
+ 29% f o r  O zoroa p a n ic u lo s a .  The much lo w e r  l e v e l  o f  a n a ly 
t i c a l  p r e c i s i o n  f o r  th e  O zoroa p a n ic u lo s a  tw ig s  i s  m ost p ro b a 
b l y  c a u se d  b y  in c o m p le te  a s h in g .

F o u r bu llc  sa m p le s  o f  H e lic h ry su m  l e p t o l e p i s  w ere  p r e 
p a re d  by  m ix in g  i n d i v i d u a l  sa m p le s  c o l l e c t e d  a t  t h e  M a la c h ite  
P an  an d  C opper C ausew ay. The c o m p o s ite  sa m p le s  w ere  th o ro u g h 
l y  m ixed  and  coned  an d  q u a r t e r e d  t o  g iv e  two sa m p le s  A a n d  B .
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A g ra b  sam p le  v/ao ta k e n  from  A f o r  a n a ly s e s  and  th e  r e 
m a in d e r  r e t a i n e d  f o r  s t o r a g e .  One sam ple  was ta k e n  from  sam
p l e  B and  th e n  th e  r e m a in d e r  o f  B was coned  an d  q u a r t e r e d  i n  
two s t a g e s  t o  g iv e  a  f u r t h e r  fo u r  sa m p le s  f o r  a n a l y s e s .

C om posite  
B u lk  sam p le B

%

S am p les f o r  
a n a ly s e s

P o u r g ro u p s  o f  sa m p le s  w ere  p r e p a re d  f o r  th e  l e a v e s  
and  one g ro u p  e ac h  f o r  th e  s te m s  and  f lo w e r s .  The r e s u l t s  o f  
a n a ly s e s  f o r  t h e s e  sa m p le s  a r e  shown i n  T a b le  1 1 ,1 5 .  F o r  th e  
fo u r  g ro u p s  o f  l e a f  sa m p le s  th e  v a r i a t i o n  from  th e  mean c o p p e r  
c o n te n t  i s  l e s s  th a n  lO^j and  f o r  th e  s te m s  and  f lo w e rs  a p p ro x 
im a te ly  Z3% and  15/o r e s p e c t i v e l y .

T a b le  1 1 ,5 C opper c o n te n t  o f  th e  8 i n d i v i d u a l  sa m p le s  p r e 
p a re d  from  a  b u lk  sam ple  o f  A c a c ia  h e r e r o e n s i s  
c o l l e c t e d  a t  t h e  C opper C ausew ay, 5 /7 /7 0

LEAVES TWIGS

% ppm ppm % ppm , ppm
a s h a s h d ry a sh a s h d ry

1 4 .6 0 300 1 3 .8 3 .2 4 444 1 4 .4
2 4 .3 0 313 1 4 .2 3 .0 9 434 1 3 .4

3 4 .6 7 322 1 5 .0 3 .0 7 444 1 3 .6

k 4 .3 9 313 1 4 .3 3 .0 9 420 1 3 .0

3 4 .3 9 305 1 4 .0 3 .1 4 390 1 2 .2

6 4 .6 2 305 1 4 .1 3 .2 4 424 1 3 .7

7 4 .4 8 310 1 3 .9 3 .1 3 420 1 3 .1
8 4 .3 2 310 1 4 .0 3 .1 2 414 1 2 .9

Mean V alue 1 4 .2 1 3 .3
S t d , 0 .3 0 .7
S td ^ 2 ,1 3 .3
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T a b le  I I .  6 . C opper c o n te n t  o f  t h e  8 i n d i v i d u a l  sa m p le s  p r e 
p a re d  from  a  b u lk  sam ple  o f  A c a c ia  m e l l i f e r a
c o l l e c t e d  i n  t h e  P os A re a , 5 /7 /7 0

LEAVES TV,T:GS
%

a s h
ppm
a s h

ppm
d ry

fb
a s h

ppm
a s h

ppm
d ry

1 8 ,3 4 173 1 4 .6 4 .7 0 337 1 3 .8
2 8 ,4 2 167 1 4 .1 4 .7 6 340 1 6 .2
3 8 ,4 7 165 1 4 .0 4 .6 7 373 1 7 .3
4 8 ,3 0 167 1 3 .9 4 .7 6 347 1 6 .5
3 8 ,3 6 172 1 4 .4 4 .7 3 332 1 5 .8
6 8 ,4 2 170 1 4 .3 4 .7 6 373 1 7 .3
7 8 ,4 4 165 1 3 .9 4 .9 4 337 1 6 ,6
8 8 .3 4 162 1 3 .7 4 .7 7 322 1 5 .4

Mean
V alu e 1 4 .1 1 6 .3

S t d . 0 .3 0 ,6
S td .% 2 ,1 3 .7

T a b le  I I .  7 . C opper c o n te n t  o f  th e  8 i n d i v i d u a l  sa m p le s  
p r e p a r e d  from  th e  c sam ple  • o f  B o s c ia  a l b i -  
t r u n c a  c o l l e c t e d  a t  th e  M a la c h ite  P a n , 7 /7 /7 0

LEAVES TWIGS

%
a s h

ppm
a s h

ppm
d ry

%
a s h

ppm
a s h

ppm
d r y

1 . 6 .8 3 290 1 9 .8 3 .2 3 202 1 0 ,6
2 , 7 .0 6 293 2 0 ,8 3 .2 9 200 1 0 ,6

3 . 6 .9 9 280 1 9 .6 4 .7 7 237 1 1 .3

4 . 7 .0 2 280 1 9 .7 3 .0 9 212 1 0 ,8

3 . 7 .1 0 280 1 9 .9 3 .4 1 205 1 1 ,1

6 , 7 .0 0 285 2 0 .0 5 .4 8 205 1 1 .2

7 . 6 .8 4 285 1 9 .3 5 .3 4 202 1 0 ,8

8 . 6 .8 4 282 1 9 .3 5 .3 3 197 1 0 ,5
Mean v a lu e  

S t d .  
S td .%

1 9 .8
0 .4
2 ,0

1 0 .9
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T a b le  I I .  8 . C opper c o n te n t  o f  th e  8 i n d i v i d u a l  sa m p le s  p r e 
p a re d  from  a  b u lk  sam ple  o f  C a to p h ra c te s  a le x a n -
d r i  c o l l e c t e d  i n  th e  P os A re a . 5 /7 /7 0

LEAVES TWIGS
%

a s h
ppm
a s h

ppm
d ry

%
a s h

ppm
a sh

ppn
d ry

1 . 3 .7 0 267 1 3 .2 3 .3 3 380 1 3 .4
2 . 3 .7 7 252 1 4 .3 5 . 4 S 382 1 3 .3
3 . 3 .6 9 257 1 4 .6 3 .5 4 350 1 2 .4
4 . 3 .8 2 262 1 3 .2 3 .5 3 382 1 3 .3
3 . 3 .7 2 262 1 3 .0 3 .4 3 397 1 3 .6
6 . 3 .6 9 260 1 4 .8 3 .4 7 382 1 3 .3
7 . 3 .7 7 250 1 4 .4 3 .4 6 375 1 3 .0
8 . 3 .9 1 242 1 4 .3 3 .4 6 387 1 3 .4

Mean V alu e 1 4 .8 1 3 .2
S t d . 0 .3 0 .4
S td .% 2 .0 3 .0

T a b le  I I . 9 . C opper c o n te n t  o f  th e  8 i n d i v i d u a l  sa m p le s  p re 
p a re d  from  a  b u lk  sa m p le s  o f  G rew ia f l a v a  c o l 
l e c t e d  a t  th e  M a la c h ite  P a n . 5 /7 /7 0

LEAVES T\7IGS

% ppn ppm % ppn ppm
a s h a s h d ry a s h a s h d ry

1 . 8 .7 4 360 3 1 .5 3 .6 4 285 1 0 .4
2 . 8 .7 2 365 3 1 .8 3 .4 9 282 9 .8

3 . 8 .9 3 362 3 2 .3 3 .7 3 285 1 0 .6

4 . 8 .8 6 375 3 3 .2 3 .6 1 285 1 0 .3

5 . 8 .7 3 360 3 1 .4 3 .6 5 282 1 0 .3
6 . 8 .9 5 365 3 2 .7 3 .6 5 285 1 0 .4

7 . 8 .9 9 365 3 2 .8 3 .7 0 280 1 0 .4
8 . 9 .0 9 345 3 1 .4 3 .6 0 290 1 0 .4

Mean V alu e 3 2 .1 1 0 .3
S td . 0 .6 0 .2

S td 1 .9 1 .9
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T a b le  I I .  1 0 . C opper c o n te n t  o f  th e  8 i n d i v i d u a l  sa m p le s  p r e 
p a re d  from  a  b u lk  sam ple  o f  O zoroa p a n ic u lo s a
c o l l e c t e d  a t  t h e  M a ia c h ite  P a n . 3 /7 /7 0

LEAVES TWIGS
ppm ppm % ppm ppm

a s n a s h d ry a sh a s h d ry
1 . 7 .3 3 170 1 2 .3 3 .1 3 193 6 .1
2 . 7 .4 8 167 1 2 .3 3 .3 0 193 6 .4
3 . 7 .3 3 170 1 2 .8 3 .7 6 202 7 .6
4 . 7 .4 1 137 1 1 .6 3 .1 8 177 3 .6
3 . 7 .4 8 170 1 2 .7 3 .7 3 193 7 .3
6 . 7 .3 3 172 1 3 .0 3 .1 6 192 6 .1
1 . 7 .4 4 160 1 1 .9 3 .0 7 183 3 .7
8 . 7 .2 1 163 1 1 .9 3 .0 7 190 3 .2

Mean V a lu e 1 2 .4 6 .3
S t d . 0 .3 0 .9
S td .% 4 .0 ' 1 4 .3

T a b le  I I .  1 1 . C opper c o n te n t  o f  t h e  8 i n d i v i d u a l  sa m p le s  
p r e p a r e d  from  a  b u lk  sam p le  o f  P h a e o n tilu m  
s r in o su m  c o l l e c t e d  a t  th e  C opper C ausew ay. 
3 /7 /7 0

LEAVES TnTGS

% ppm ppm % ppm ppa
a s h a s h d ry a s h a s h d ry

1 . 1 3 .6 9 314 8 0 .6 2 .4 9 673 16*8
2 . 1 3 .9 0 303 8 0 .3 2 .6 1 633 1 7 .1

3 . 1 3 .4 8 314 7 9 .6 2 .4 8 633 1 6 .2

4 . 1 3 .4 3 334 8 2 .3 2 .3 6 633 1 6 .3

3 . 1 3 .6 2 493 7 7 .3 2 .5 7 645 1 6 .6

6 . 1 3 .6 0 340 8 4 .2 2 .5 6 635 1 6 .3

7 . 1 3 .7 0 334 8 3 .8 2 .4 7 640 1 5 .8
8 . 1 3 .7 3 490 7 7 .1 2 .6 2 610 1 6 .0

Mean V alu e 8 0 .7 1 6 .4
S td . . 2 .3 0 .4
S td . % 2 .4
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T a b le  I I .  1 2 . Copper c o n te n t  o f  th e  8 i n d i v i d u a l  sa m p le s
p re p a re d  from  a  b u lk  sam p le  o f  Phus p y ro id e s
c o l l e c t e d  a t  th e  M a la c h ite  P a n . 7 /7 /7 0

LEAVES TWIGS

% ppn ppm % ppm ppm
a s h a s h d ry a s h a s h d ry

1 . 3 .9 0 255 1 5 .6 2 .9 6 322 . 9 . 3
2 . 5 .9 1 265 1 5 .7 2 .9 3 273 8 .1
3 . 5 .9 5 262 1 5 .6 3 .0 6 283 8 .7
4 . 5 .9 6 267 1 5 .9 3 .2 0 267 8 .3
3 . 5 .9 3 270 1 6 .0 3 .1 8  , 273 8 .3
6 . 5 .9 3 275 1 6 .3 3 .1 2 290 9 .1
7 . 6 .0 7 275 1 6 .7 2 .9 3 273 8 .1
8 . 6 .0 3 280 1 6 .9 3 .1 2 280 8 .7

Mean v a lu e s 1 6 .1 8 .7
S td . 0 .5 0 .4
S t d . % . J . - l

T a b le  I I .  1 3 . C opper c o n te n t  o f  t h e  8 i n d i v i d u a l  sa m p le s  
p re p a re d  from  a  b u lk  sam p le  o f  T a rc h o n a n th u s  
c a m rh o ra tu s  c o l l e c t e d  a t  t h e  M a la c h ite  P a n . 

7 /7 /7 0

LEAVES TWIGS

% ppm ppm % ppm ppm
a s h a sh d ry a s h a s h d ry

1 . 6 .8 1 830 3 6 .3 2 .6 4 300 7 .9
2 . 6 .7 2 830 3 3 .8 2 .7 1 283 7 .7

3 . 6 .7 4 734 3 0 .2 2 .8 4 310 8 .8

4 . 6 .3 3 763 3 0 .0 2 .7 7 300 8 .5

3 . 6 .8 7 800 3 3 .0 2 .8 3 285 8 .1

6 . 6 .6 9 820 3 4 .9 2 .7 6 300  ■ 8 .0

7 . 6 .8 6 793 3 4 .3 2 .3 1 305 8 .6

8 . 6 .9 0 820 3 6 .6 2 .9 0 290 8 .4

Kean V alue 3 4 .2 8 .2

S t d . 2 .4 0 .4
S td . % 4 .4 i t i i



232

T a b le  I I .  I 4 . C opper c o n te n t  o f  th e  8 i n d i v i d u a l  sa m p le s  
p re p a re d  from  a  b u lk  sam p le  o f  Z iz in h u s  mu- 
c r o n a ta  c o l l e c t e d  a t  t h e  M a la c h ite  P a n .
7/7 /7 0

LEAVES TWIGS
%

a s h
ppm
a s h

ppm
d ry

%
a s h

ppm
a sh

ppm
d ry

1 . 8 .2 3 87 7 .2 2 .5 6 262 6 .7
2 . 8 .3 9 87 7 .3 2 .6 1 262 6 .8
3 . 8 .3 0 92 7 .6 2 .6 4 250 6 .6
4 . 8 .4 2 83 7 .2 2 .5 4 243 6 .2

3 . 8 .2 4 87 7 .2 2 .7 2 262 7 .1
6 . 8 .3 3 92 7 .6 2 .7 0 262 7 .1
7 . 8 .2 9 90 7 .3 2 .7 3 265 7 .3
8 . 8 .0 0 92 7 .4 3 .0 3 262 7 .9

Mean V alue 7 .4 7 .0
S t d . 0 .2 0 .5
S t d . 6 jh
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T a b le  I I .  1 5 . C opper c o n te n t  o f  I n d i v i d u a l  sa m p le s  p re p a re d  
from  c o m p o s ite  b u lk  sa m p le s  o f  H e lic h ry su m  
l e n t o l e p i s .

Sam ple C o m p o s itio n P a r t  o f  
Sam ple

%
a s h

ppm
a s h

ppm
d ry

A 1 2 .7 0 643 78
B 1 1 .7 3 700 82

L eav es 2 0 8 0 -2 0 8 7 B ( i ) 1 1 .0 4 690 76
B ( i i ) 1 1 .6 9 700 82
B ( l i i ) 1 1 .2 9 690 80
B ( iv ) 1 1 .0 4 653 72

A 1 3 .7 2 900 123
B 1 3 .8 7 833 119

L eav es 2 0 8 8 -2092 B ( i ) 1 3 .2 5 1000 133
. 2100 -2102 B ( i i )

B ( i l i )
1 3 .7 3
1 3 .7 3

910
900

123
124

B ( iv ) 1 3 .6 7 890 122

A 1 2 .6 8 833 106
B 1 3 .3 9 733 105

L eav es 210 7 -2 1 1 6 B ( i ) 1 3 .6 0 843 113
B ( i i ) 1 3 .7 9 810 112
B ( i i i ) 1 3 .9 0 790 110
B ( iv ) 1 3 .8 6 810 112

- A 9 .1 3 600 35
B ( i ) 9 .3 7 p 3 61

L ea v es  3 5 0 5 -3 5 1 7 B ( i i ) 9 .3 3 620 38
B ( i i i ) 1 0 .4 7 610 64
B ( iv ) 1 0 .3 9 600 62

A 4 .7 7 380 18
B ( i ) 6 .1 1 443 27

S tem s 3505- 3 5 1 ? B ( i i ) 3 .3 6 390 21
B ( i i i ) 3 .1 1 400 20
B ( iv ) 4 .7 2 380 18

A 8 .2 1 333 28
B ( i ) 8 .0 0 400 32

F lo w e rs  3 5 0 5 -3 5 1 ? B ( i i ) 7 .8 5 333 26
B ( i i i ) 7 .9 7 313 23
B ( iv ) 8 .0 7 343 28
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APPENDIX I I I

L i s t  o f  p l a n t  S p e c ie s  R eco rded  i n  
th e  W itv le i  A rea

ACANTHACEAE

2 6 7 3 . B a r l e r i a  i r r i t a n s  Nees
2 5 3 3 # B a r l e r i a  l a n c e o l a t a  (S c h in z )  Cberm.
2 6 6 6 . B a r l e r i a  r i g i d a  Nees
2 6 7 8 . B le p h a r i s  l e e n d e r t z i a e  Oberm.
2 6 2 0 . J u s t i c i a  g u e rk e a n a  S c h in z
2 5 8 5 . Kcnechcia n e p e ta  (S . M oore) C .B . C l .
2 6 6 0 . P e r i s t r o p h e  g r a n d i b r a c t e a t a  L in d au

AIZOACEAE

2 5 2 5 . G is e k ia  p h a rn a c io id e s  L .

AKAPANTHACEAE

2 6 5 1 . A erva  l e u c u r a  Moq.
2 5 7 3 . A l t e r n a n th e r a  pungens H .B . & K.
2 6 8 4 . C e lo s ia  l i n e a r i s  (S c h in z )  S c h in z  
2 5 6 3 . C yphocarpa  a n g u s t i f o l i a  L o p r .
2 6 1 9 . L e u c o sp h a e ra  b a i n s i i  (H ook, f . )  G ilg
2 5 7 4 . N e l s i a  q u a d ra n g u la  ( E n g l . )  S c h in z  
2 3 7 3 . P u p a l ia  la p p a c e a  J u s s .
2 6 5 2 .  S e r ic o re m a  r e m o t i f l o r a  (M oq.) L o p r .

AMAPYLLADACSAE

2 6 1 0 . Buphane d i s t i c h a  H erb .
2 3 1 6 . C rinum  n e r in o id e s  B ak .
2 6 2 7 .  N e r in e  la t ic o m a  (K er) D ur. & S c h in z  
2 6 3 4 . P a n c ra t iu m  ch ap m an n ii H a rv .
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2 5 4 2 . O zoroa p a n ic u lo s a  (S o n d .)  R. & A, F e rn a n d e s  
2 6 2 2 , Rhus p y r o id e s  B u rch .

ASCLEPIAMCEAE

F ockea  a u g u s t i f o l i a  K. Schum.
2636. G om phocarpus f r u t i c o s u s L.

BIGNONIACEAE

2368. C a to p h ra c te s  a le x a n d r i D. Don
2 6 9 6 . Pvliigosum b re v isp in o su m K untze

BORAGi:KACEAE

2606 • E h r e t i a  r i g i d a  (T h u n b .) Druce

2333. E e l io t ro p iu m  o v a l i f o l iu m H a s s le r
2361. E e l io t r o p iu m  s t e u d n e r i V atke
2328. E e l io t ro p iu m  s tr ig o s u m W illd .

2341. T rich o d esn ia  a n g u s t i  fo liu m H arv .

BU2SEP ACEAE

2617. Commiphora p y ra c a n th o id e s E n g l. ,

CAPPA2IDACEAE

2398. B o s c ia  a l b i t r u n c a  (B u rc h .)  G i lg .
2632. Cleome a n g u s t i f o l i a  F o rs k .
2 6 3 0 . Cleome m o n o p h y lla  L.

CAPYOPHYLLACE-AE

2 6 7 7 . P o l l i c h i a  c a m p e s tr i s  S o la n d . i n  .

CMENOPODIACEAE

2309. Chenopodium  album  L.
2688. E o p h i0 c a rp u s  p o ly s ta c h y u s T u rc z .

2393. S e la g o  a l b i d a  C h o isy
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COMEPETACKAE

2 6 4 3 . Combretum a p ic u la tu m  S o n d .
2 6 3 3 . T e rm in a l ia  s e r i c e a  B u rc h . ex  DC.

C0M4ELINACEAE

2 3 6 2 . Com m elina b e n g h a le n s ie  L .

COMPOSITAE

2 6 8 2 . Dicoma c a p e n s i s  L e s s .
2 6 8 0 .  Dicoma s c h i n z i i  0 .  H offm .
2 6 7 1 .  Dicoma to rm e n to s a  C a s s .
2 3 6 7 .  G e ig e r ia  o r n a t i v a  0 .  H offm .
2 3 3 6 . H e lic h ry su m  l e p t o l e p i s  DC.
2 6 3 8 . H irp ic iu m  e c h in u s  L ess
2 6 9 3 * H irp ic iu m  g o r t e r i o i d e s  ( O l iv .  & H ie rn )  P o e s s l e r
2 3 9 7 . L aunaea  in ty b a c e a  ( J a c q . )  B eauv .
2 3 2 1 . K i d o r e l l a  r e s e d i f o l i a  DC.
2 3 8 1 .  N o l l e t i a  a r e n o s a  0 .  H offm .
2 3 0 8 .  N o l l e t i a  g a r i e p in a  (DC) M a t t f .
2 3 9 3 .  P e g o l e t t i a  p i n n a t i l o b a t a  ( K l a t t )  0 .  H offm . ex  D in te r  
2 3 9 4 # P la ty c a r p h a  c a r l i n o i d e s  O l iv .  & H ie rn
2 6 6 2 . T a g e te s  m in u ta  L .
2 6 9 3 * T a rc h o n a n th u s  c am p h o ra tu s  L .
2 3 1 1 * V e rn o n ia  f a s t i g i a t a  O l iv .  & H ie rn

CONVOLVULACEAE

2 3 1 4 * E v o lv u lu s  a l s i n o i d e s  ( L . )  L .
2 6 3 8 .  Ipom oea b o lu s ia n a  S c h in z
2 6 8 3 # Ipom oea s i n e n s i s  F i s c h .
2 6 4 8 .  Ipom oea v e rb a s c o id e a  C h o isy
2 6 3 0 .  S e d d e ra  s u f f r u t i c o s a  (S c h in z )  H a l l .  f .

CHCUPBITACEAE

2 3 7 1 .  Cucum ls a f r i c a n u s  L . f .
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CYPERACEAE

2 6 2 1 . C y p eru s e s c u l e n tu s  L .
2 6 4 6 # F i m b r i s t y l i s  e x i l i s  Roem. & S c h u l t .  ex  h i s p i d i i l a  K nnth
2 6 1 3 .  K y l l in g a  a lb a  N ees

EBENACEAE

2 6 2 8 .  D iosp^’TOs l y c i o i d e s  D e s f . s u b s p . l y c i o i d e s

EÏÏPHORBIACEAE

2 6 4 0 * C ro to n  g r a t i s s im u s  B u rc h .
2 3 7 8 .  E u p h o rb ia  i n a e q u i l a t e r a  S o n d .
2 3 6 6 .  P h y l la n th u s  p e n ta n d ru s  Schum . & T honn.

FICOIDACEAE

2 3 0 3 .  Limeum a r g u te - c a r in a tu m  Wawra & P e y r .
2 3 6 3 # Limeum v isc o su m  (G ay) F e n z l .  s u b s p .  v isco su m
2 3 3 8 .  M ollugo  c e r v ia n a  ( L . )  S e r .
2 3 0 3 . T e t r a g o n ia  s p i c a t a  L . f .

GRAMINEAE

2349# A n th e p h o ra  p u b e sc e n s  N ees
2 3 8 3 # A r i s t i d a  a d s c e n s io n i s  L . s u b s p .  g u in e e n s i s  ( T r i n .  &

R u p r .)  H e n r.
2 3 2 9 * A r i s t i d a  c o n g e s ts  Roem. & S c h u l t .
2 3 8 4 # A r i s t i d a  e f f u s a  H e n r.
2 6 8 3 . A r i s t i d a  s t i p i t a t a  H ack , ex  S c h in z
2 3 3 2 .  A r i s t i d a  v e s t i t a  T hunb .
2 3 3 9 . B r a c h i a r i a  n ig r o p e d a ta  (M unro) S t a p f
2 3 3 7 . C en ch ru s  c i l i a r i s  L .
2 3 4 8 . Cymbopogon p l u r i n o d i s  S t a p f  ex  B u r tt-D a v y
2 6 4 2 .  D a n th o n io p is  anom ala  (C .E . Hubb. & S ch w eick ) C la y to n
2 3 4 4 # D ia n d ro c h lo a  p u s i l l a  (H a c k .)  de V /in t.
2 3 8 2 . D i g i t a r i a  s m u t s i i  S t e n t
2 6 2 4 .  E c h in o c h lo a  h o l u b i i  ( S t a p f )  S t a p f
2 6 9 8 .  E nneapogon b r a c h y s ta c h u s  ( J a u b .  & S p a c h .)  S ta p h .
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( c o n t .  GRAïaiŒAE)

2 3 4 6 . E nneapogon c e n c h ro id e s  ( L ic h t* )  C .E , Hubb
2 3 3 6 . E r a g r o s t i s  c u rv u la  ( S c h r a d . )  N ees
2 6 3 9 . E r a g r o s t i s  d e n u d a ta  H ack , ex  S c h in z
2 6 9 1 * E r a g r o s t i s  h o r i z o n t a l i s  P e t e r .
2 6 3 4 . E r a g r o s t i s  p a l l e n s  H ack .
2 3 3 0 . E r a g r o s t i s  p o ro s a  Nees
2 3 3 8 . E r a g r o s t i s  r i g i d i o r  P i l g .
2 3 2 7 .  E r a g r o s t i s  s u p e rb a  P e y r .
2 6 3 3 .  E in g e r h u th ia  a f r i c a n a  Lehm.
2347# H e te ro p o g o n  c o n to r tu s  ( L . )  B eauv .
2 3 3 1 # P o g o n a r th r ia  f l e c k i i  (H a c k .)  H ack .
2 3 9 0 # P o g o n a r th r ia  s q u a r r o s a  ( L i c h t . )  P i l g .
2 3 4 3 # P h y n c h e ly tru m  b re v ip i lu m  (H a c k .)  C h io v .
2 3 2 2 .  S c h n i d t i a  p a p p o p h o ro id e s  S te u d .
2 3 S6 .  S p o ro b o lu s  f im b r i a tu s  N ees v a r .  l a t i f o l i u s  S t e n t
2 6 1 2 . S t i p a g r o s t i s  c i l i a t a  ( D e s f . )  de W in t. v a r .  c a p e n s i s

( T r i n .  & R u p r .)  de W in t.
2 3 4 3 # S t i p a g r o s t i s  u n ip lu m is  ( L i c h t . )  de W in t. v a r .  u n ip lu m is
2 6 3 9 # T ra g u s  b e r t e r o n ia n u s  S c h u l t .
2 6 7 9 # T r ic h o la e n a  m onachne S t a p f  & C .E . Hubb.

IRIDACEAE

2 3 9 6 .  B a b ia n a  h y p o g aea  B u rc h .
2644# L a p e y ro u s ia  s a n d e r s o n i i  Bali.

LABIATAE

2 3 3 3 # A crotom e i n f l a t a  B e n th .
2 3 1 3 # L eu cas  p e c h u e l l i i  (K u n tz e )  G uerke
2 3 1 9 * Ocimun am ericanum  L .

LEGUMINOSAE

2 6 9 7 # A c a c ia  g i r a f f a e  W il ld
2 6 2 3 .  A c a c ia  h e b e c la d a  DC. s u b s p .  h e b e c la d a
2 6 2 6 .  A c a c ia  h e r e r o e n s i s  E n g l .
2 6 1 8 . A c a c ia  k a r r o o  Hayne
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( c o n t .  LEGUMINOSAE)

2 6 0 0 .  A c a c ia  m e l l i f e r a  (V a h l)  B e n th .  s u b s p .  d e t i n e n s  ( B u r c h . )  
B ren an

2 3 9 9 .  A l b i z i a  a n t h e l m i n t i c a  (A. R i c h . )  B rongn .
2 3 1 8 . C a s s i a  i t a l i c s .  ( M i l l . )  Lam ex  S t e u d .  s u b s p .  a r a c h o i d e s  

( B u r c h . )  B renan
2 3 1 7 . C r o t a l a r i a  a r g y r a e a  Welw. ex  Bak.
2 6 3 3 # C r o t a l a r i a  s p a r t i o i d e s  DC.
2 6 1 4 . D ic h r o s t a c h y s  c i n e r e a  ( L . )  W ight u  Arn s u b s p .  a f r i c a n a

B renan  & E r u n m i t t  v a r .  a f r i c a n a  s e n s .  l a t .
2 6 7 0 . I n d i g o f e r a  f l a v i c s in s  Bali
2 6 9 0 .  I n d i g o f e r a  h e t e r o t r i c h a  DC.
2 6 6 7 . L i s t i a  h e t e r o p h y l l a  E . K ey.
2 3 0 4 .  M elo lob ium  c a n d i c a n s  E c k l .  & Z eyh .
2 6 4 1 .  M undulea s e r i c e a  ( W i l l d . )  A. C hev.
2 3 9 1 * N e o r a u ta n e n ia  a m b o e n s is  S c h in z
2 3 2 4 .  O t o p t e r a  b u r c h e l l i  DC.
2 3 8 0 .  R h y n c h o s ia  t o t t a  (T h u n b .)  DC.
2 3 2 3 . S y l i t r a  b i f l o r a  E .  K ey.
2 3 3 9 » T e p h r o s i a  b u r c h e l l i i  B u r t t  Davy

LILIACEAE

2 3 0 2 .  A sp a ra g u s  a f r i c a n u s  Lam.
2 6 4 3 . D ip c a d i  b a k e r ian u m  B o l .
2 6 7 6 . D ip c a d i  g laucum  Bali.
2 6 0 7 . E riosperm um  r a u t a n e n i i  S c h in z
2 3 3 0 . O rn i th o g a lu m  o r n i t h o g a l o i d e s  ( E u n t h . ) Oberm.
2 6 0 2 .  P s e u d o g a l to n i a  c l a v a t a  (B a li .)  P h i l l .
2 6 0 3 .  S c i l l a  s p .  (g e n u s  u n d e r  r e v i s i o n )
2 6 3 6 . T ra c h y a n d ra  l a x a  (N .E . B r . )  Oberm.

LORANTHACEAE

2 6 0 1 .  L o r a n th u s  o l e a e f o l i u s  Cham. & S c h l e c h t .

LYTHRACEAE

2 6 3 7 . N esaea  r i g i d u l a  ( S o n d . )  K oehne.
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MALVACEAE

2 3 7 0 .  H i b i s c u s  f l e c k i i  Gurke ex  S c h i n z .
2 6 8 9 * H i b i s c u s  m ic r a n th u s  L .
2 6 1 6 . P a v o n ia  c l a t h r a t a  M a s t .
2 6 8 1 . S id a  c h r y s a n t h a  U l b r .

MENISPERMACEAE

2 6 6 8 .  A ntizom a a n g u s t i f o l i a  ( B u r c h . ) M ie r s .

NYCTAGINACEAE

2 6 1 1 .  Commicarpus p e n ta n d r u s  ( B u r c h . )  Heim.
2 6 0 9 .  P h a e o p t i lu m  sp in o su m  P a d l k .

PAPAVEHACEAE

2 6 0 4 .  Argemone m ex ica n a  L.

PEDALIACEAE

2 6 3 7 .  D ice ro ca ry u m  z a n g u e b a r iu m  ( L o u r . )  M e r r i l l .
2 6 6 9 .  P t e r o d i s c u s  a u r a n t i a c u s  a u ra n t ic G U o - Welv;.
2 3 4 0 .  Sesamum t r i p h y l l u m  Welw. ex  A sch .

POLYGOITACEAE

2 3 6 4 .  Cbiygonum dregeanum  M e is sn .
2 6 4 9 .  Polygonum h y s t r i c u l u m  S c h u s t e r

POPTÏÏLACAGEAE

2 3 0 3 .  P o r t u l a c a  g r a n d i f l o r a  Hook.
2 3 0 1 .  T a linu m  a r n o t i i  H o o k . f .

RHAMNACEAE

2 6 3 1 .  H e l in u s  s p a r t i o i d e s  ( E n g l . )  S c h in z  ex  E n g l .
2 3 3 1 .  Z i s ip h u s  m u c ro n a ta  W i l l d .

RHBIACEAE

2 3 8 7 .  K o h a u t ia  o m ah e k en s is  (K. K ra u se )  Bremek.
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SCROPHULAPIACEAE

2 3 2 6 .  AptosiBum  a r e n a r iu m  Engl*
2 3 8 8 . Aptoslmmn d ep ress ion  ( L . f . )  B u rc h ,  v a r .  dep re ssu m  H ie rn
2 3 0 6 . Aptosimum l e u c o r r h iz u m  (E . K e y .)  P h i l l .
2 3 3 3 . ITemesia g r a c i l l i m a  D i n t e r
2 6 7 2 . S e la g o  n i n u t i s s i m a  C h o isy
2613* S u t e r a  a t r o p u r p u r e a  H ie rn
2 3 3 2 .  V /a la f r id a  d e n s i f l o r a  P o l f e

SOLAHACEAE

2 3 3 4 # D a tu ra  s tram o n iu m  L.
2 3 6 9 .  Lycium l a n c i f o l i u m  Damm.
2 6 2 3 # Solanum  incanum  L .
2 3 2 0 .  Solanum  r a u t a n e n i i  S c h i n z .

STERCÏÏLTACEAE

2 3 1 3 * E erm ann ia  a h r o t a n o i d e s  S c h r a d .
2 3 0 7 .  E erm an n ia  dam arana  B a k . f .
2 6 7 4 # E erm an n ia  m o d e s ta  P l a n c h .
2687* M e lh a n ia  didyma EcldL. & Z ehy .

THYMELAEACEAE

2 3 9 2 . L a s io s ip h o n  m ic r o p h y l l u s  K e i s n .

TILIACEAE

2 3 7 7 .  G rew ia  b i c o l o r  J u s s .
2 6 0 3 * G rew ia  f l a v a  DC.
2 3 7 6 .  G rew ia  f l a v e s c e n s  J u s s .
2 6 9 4 * G rew ia  r e t i n e r v i s  B u r r e t

VAHLIACEAE

2 3 3 4 .  V a h l i a  c a p e n s i s  Thunb

VELLOZIACEAE

2 3 0 0 .  V e l l o z i a  h u m i l i s  B ak .
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VERBENACEAE

2 6 9 2 .  Chascanum p i n n a t i f i d u m  E . Key,
2 3 6 0 # L a n ta n a  c i e a r n s i i  K oldenke  v a r .  l a t i b r a c t e o l a t a

Moldenlie

ZYGOPHYLLACEAE

2 3 7 2 .  T r i b u l u s  t e r r e s t r i s  L .
2 6 2 9 . T r i b u l u s  z e y h e r i  S o n d .
2 6 0 8 .  Z ygophyllum  s u f f r u t i c o s u m  S c h in z .
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L i s t  of  R e f e r e n c e s

A cocks , 1953,

Adamson, R . S . ,  1938 ,

A n h a e u s s e r ,  C .R , & 
B u t to n ,  A . ,  1969

B ro o k s ,  R. R . , 1972 ,

Cannon, H .L . ,  196O

C o le ,  M.M., 1 9 6 3 ,

C o le ,  M.M., 1968

C o le ,  M.M.,  1 9 6 8 ,

V e ld  t y p e s  o f  S o u th  A f r i c a ,
B o t .  S u r .  o f  S .A . Memo No. 28

The V e g e t a t i o n  o f  S o u th  A f r i c a ,
B r i t i s h  E m pire  V eg . Com m ittee  Kew

A p é t r o g r a p h i e  and m in e r a g r a p h ic  
s tu d y  o f  t h e  c o p p e r  b e a r i n g  f o r m a t i o n s  
i n  th e  W i t v l e i  A r e a ,  S ou th  W est A f r i c a ,  
U n p u b l is h e d  r e p o r t  o f  t h e  Econom ic 
R e s e a rc h  U n i t  U n i v e r s i t y  o f t h e  
Y / i tw a te r s r a n d ,  J o h a n n e s b u r g .  ( P r e p a r e d  
f o r  A n g lo v a a l  S .W .A .)

G eobo tany  and  B io g e o c h e m is t r y  i n  
M in e ra l  E x p l o r a t i o n ,  H a rp e r  a n d  Row 
p .  270

B o t a n i c a l  p r o s p e c t i n g  f o r  o re  
d e p o s i t s .  S c i e n c e ,  v .  1 3 2 , p 5 9 1 -5 9 8 .

V e g e t a t i o n  n o m e n c la tu r e  and  
c l a s s i f i c a t i o n  w i t h  p a r t i c u l a r  r e f e r e n c e  
t o  s a v a n n a ,  S .A . G e o g r a p h ic a l  J .
V. 45 p .  3 -1 4

G eobo tany , b i o g e o c h e m i s t r y  and  
g e o c h e m is t r y  i n  m in e r a l  e x p l o r a t i o n  
i n  t h e  Bulman -  Waimuna S p r i n g s  a r e a .  
N o r th e r n  T e r r i t o r y ,  A u s t r a l i a ,
T r a n s .  I.M .M . v .  7 7 ,  p . 8 1 -1 0 4

B io g e o g ra p h y ,  G e o b o tan y  and 
B io g e o c h e m is t r y  i n  m i n e r a l  e x p l o r a t i o n  
i n  S o u th  W est A f r i c a  and w e s te r n  
B o tsw a n a ,   ̂ (U n p u b l i s h e d  r e p o r t  
p r e p a r e d  f o r  A n g lo v a a l  S ,W ,A ,)
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L i s t  o f  R e f e r e n c e s  ( c o n t d )

De Kock, W .P . ,  193 4 ,

Dn T o i t ,  A .L . ,  1954,

D u v ig n eau d , P . ,  1958

D u v ig n e a u d ,  P . ,  and 
D e n ay e r  de Sm et, S . ,  I 963,

G e v e rs ,  T .V/., 1934,

G e v e r s ,  T .W ., 19 4 2 ,

G oud ie , A , ,  1 972 ,

H a n d ley ,  J . R . P . ,  1965 ,

H a u g h to n ,  S .H . ,  1969 ,

Hawke8 , H .E , & 
Webb, J . 8 . ,  1 9 6 2 ,

H o r iz o n ,  1 9 5 9 ,

J a c o b s e n ,  W .B .G ., I 968

The g e o lo g y  o f  t h e  W e s te rn  R eho bo th  
D i s t r i c t ,  S .Y /.A ,, Mem, D e p t .  Mines 
S .W .A ., 1 .

G eo logy  of S o u th  A f r i c a ,  3 r d  E d .
O l i v e r  & Boyd, E d in b u r g h ,

The v e g e t a t i o n  o f  K a ta n g a  and i t s  
m e t a l l i f e r o u s  o i l s  ( i n  F r e n c h ) ,
B u l l .  Roy. S oc . B o t .  B e lg .  v .  90 ,
p . 127- 2 8 6 .

C opper and  t h e  v e g e t a t i o n  o f  K a ta n g a , 
( i n  F r e n c h ) ,  B u l l .  S o c . Roy. B o t .
B e l g . ,  V .  9 6 , p . 9 3 - 2 3 1 .

The g e o lo g y  o f  t h e  W indhoek D i s t r i c t  
S .W .A ., T r a n s .  G e o l ,  S o c ,  S .A , v .  37
p . 221.
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Table IV.1

Copper content o f  Grewia f lava samples, leaves and twigs, co llected  on
Transect 30» Pos Area. 14 / 4 / 6 9 .

Sample
No.

D istance
m.

LEAVES : TWIGS SOIL

%
ash

ppm
ash

ppm
dry

%
ash

ppm
ash

ppm
dry

-80
mesh

2840 100N 6.04 100 6.0 3 .04 127 3 .9 5
2841 79N 6.65 87 5 .8 3.28 87 2 .9 4
2842 57N 5.37 150 8.1 2.49 110 2.7 4
2843 • 44N 6.35 172 10 .9 3 .27 104 3 .4 6
2844 18N 6.63 155 10.3 3.41 80 2.7 12
2845 00 7 .27 143 10.4 3.61 107 3 .9 30
2846 15s 7 .3 0 143 10.4 3 .6 6 110 4.2 25
2847 39s 7 .9 5 227 18.0 2.98 155 4 .6 147
2848 63s 6.52 182 11 .9 2 .7 3 145 4 .0 45
2849 80S 6.92 218 15 .2 2 .63 110 2 .9 30
2850 95s 6.97 107 7 .5 4.45 147 6 .5 38
2874 120s 6 .90 207 14 .3 3 .83 110 4.2 32
2875 140s 6 .64 120 8.0 2.87 165 4.7 18
2876 160s 6.88 205 14.1 3.80 173 6.6 5
2877 170s 7 .6 8 132 10.1 5.53 62 3 .4 10
2878 181S 8 .50 115 9 .8 4.19 127 5 .3 30
2879 190s 6.87 257 17.7 5 .74 152 8.7 72
2880 1983 6 .53 345 22 .5 3.92 197 7 .7 240
2881 2063 7 .1 5 405 2 9 .0 3 .25 167 6.0 325
2882 206s 6 .09 395 24.1 3.64 167 6.1 325
2883 2123 6.18 452 2 7 .9 4.22 127 5 .4 330
2884 230s 6 .50 453 2 9 .4 3 .25 155 5 .0 237
2885 240s 6 .59 360 23 .7 3 .56 110 3 .9 222
2886 250s 5.81 375 21.8 3 .34 112 3 .7 277
2887 264s 6.91 577 26.1 3.82 200 7 .6 310
2888 270s 7 .0 5 288 2 0 .3 3 .88 145 5 .6 355
2889 294s 6 .70 152 10.2 3.41 138 4 .7 100
2890 3023 6.45 212 13.7 3.52 152 5 .4 52
2691 310s 7 .2 6 135 9 .8 2.95 165 4 .9 40
2892 3183 7 .0 2 147 10 .3 3.67 127 4.7 36
2893 332s 6.89 150 10 .3 4 .0 2 125 5 .0 40
2894 3423 7 .5 3 142 10.7 4.71 112 5 .3 39
2895 3643 6.07 180 10.9 2 .9 5 117 3 .5 68
2896 3793 6.82 107 7 .3 3 .54 75 2.7 26
2897 3993 6.91 132 9.1 4.20 82 3 .4 25
2898 418S 7.01 100 7 .0 2 .6 5 102 2 .7 40
2899 4423 7 .32 127 9 .3 2.98 190 5.7 175
2900 462s 6.45 190 12.3 3 .05 120 3 .7 88
2901 546s 5 .49 265 14.5 2.81 165 4 .6 40
2902 5823 7 .22 132 9 .5 3.83 132 5.1 50
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Table IY.2
Copper content o f  Acacia m ellifera  samples, leaves and twigs, co llec ted
on Transect 3 0 » Pos Area, 14/4/6?.

Sample
No,

D istance
m.

LEAVES T'WEGS SOIL

-80
mesh

%
ash

ppm
ash

ppm
dry

%
ash

ppm
ash

ppm

2851 103N 7 .5 3 150 11 .3 3.52 120 4.2 5
2852 65N 10.11 60 6.7 4.83 82 4 .0 4
2853 44N 8 .7 8 60 5 .2 4 .7 6 50 2 .4 6
2854 20N 8.73 110 9 .6 4 .0 9 87 3 .6 10
2855 00 7 .5 4 102 7 .7 3.59 72 2 .6 30
2856 20s 8.66 92 8 .0 4 .1 6 92 3 .8 24
2857 39s 8.81 137 12.1 4.79 120 5 .7 150
2858 61s 10.98 137 1 5 .0 3 .34 132 4 .4 48
2859 823 10.86 127 1 3 .8 4 .2 4 127 5 .4 32
2860 1003 7.77 110 8 .5 4.21 152 6 .4 35
2505 115s 9.10 102 9 .3 4 .5 9 110 5 .0 54
2904 1433 9 .5 6 78 7 .5 2 .6 5 80 2.1 15
2905 160s 9.02 82 7 .4 4 .1 6 113 4 .7 5
2906 1703 7.48 135 10.0 3.46 95 3 .3 8
2907 1603 7.84 135 9 .9 3.27 92 3 .0 13
29O8 191s 9.97 175 1 7 .4 4 .27 147 6 .3 115
2909 196s 9 .60 125 12.0 4.87 115 5 .6 140
2910 2043 9 .5 4 147 14.0 3 .38 97 3 .3 276
2911 2123 9 .0 4 240 22 .7 2.99 252 7 .5 320
2912 216s 8.84 255 22 .5 4.49 250 11.2 225
2913 230s 7.83 272 21.3 4 .1 3 180 7 .4 237
2914 2413 8.86 127 12 .5 3.31 210 7 .0 220
2915 2493 9 .3 4 160 14.9 4.02 210 8 .4 204
2916 2593 8.77 145 12 .7 3 .39 162 5 .5 270
2917 2703 9 .5 8 152 14.6 4.77 162 7 .7 355
2918 2803 9.82 100 9 .8 3.82 122 4 .7 140
2919 2963 8 .4 6 110 9.3 4.44 117 5 .2 90
2920 303s 8.68 110 9 .5 6 .25 67 4 .2 52
2921 315s 5 .20 110 5 .7 4 .3 6 122 5 .3 38
2922 3223 9 .2 4 97 9.0 4.86 135 6 .5 36
2923 3303 9 .03 90 8.1 4.02 120 4 .8 35
2924 3533 7 .3 9 97 7 .2 5.60 100 5 .6 22
2925 362s 9 .1 0 72 6 .6 5 .46 75 4.1 22
2926 3803 7.94 125 9 .9 3.31 128 4 .2 29
2927 401s 10.08 87 8 .8 4.84 137 6 .6 27
2928 422s 5 .88 95 5 .6 4 .17 155 6 .5 51
2929 440s 8.86 82 7 .3 5 .23 132 6 .9 155
2930 4653 9.52 90 10.4 4 .2 9 117 5 .0 84
2931 4943 8.93 128 11.4 3.62 105 3 .8 271
2932 515s 8 .6 4 87 7 .5 6.81 127 8 .6 60
2933 5403 9 .5 4 87 8 .3 3 .64 105 3 .8 43
2934 6023 10.28 77 7 .9 5 .40 82 4 .4 18
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Table IV.3

Copper content o f  E oscia  a lb ltu n c a  sam ples, le a v e s  and tw igs  c o l l e c t e d  on 
Transect 30. Pos A r e a . 15 /4 /6 9 .

Sample
No.

D istance
m.

LEAVES TWIGS SOIL

-80
mesh

%
ash

ppm
ash

ppm
dry

%
ash

ppm
ash

ppm
dry

2935 60N 13.68 40 5 .5 3 .46 102 3 .5 4
2936 42N 4 .6 6 42 4.1 3 .5 8 60 2.1 7
2937 28 6 .69 72 4 .8 4 .2 5 47 2 .0 292938 11S 10.29 70 7.2 3 .13 162 5.1 26
2939 413 6 .69 82 5 .5 3.81 92 3 .5 108
2940 48S 9 .13 60 5 .5 4.10 92 3 .8 85
2941 70s 8 .09 60 4 .9 3 .94 152 6 .0 352942 93s 7.02 157 11.0 3.48 70 2 .4 36
2943 103 8.41 70 5 .9 3.21 172 5 .5 752944 150s 9.08 57 5 .2 3 .69 92 3 .4 10
2945 170s 11.30 65 7 .3 3.05 185 5 .6 8
2946 1843 8.21 72 5 .9 3 .20 110 3 .5 60
2947 2003 11.94 92 11.0 4.85 110 5 .3 216
2948 2073 10.84 202 21 .9 3.85 132 5.1 350
2949 232s 7.84 110 8.6 2 .72 155 4 .2 230
2950 242s 9 .26 117 10 .9 3.91 137 5 .4 220
2951 2493 10.17 73 9 .4 3.54 92 3 .3 206
2952 2593 11.16 82 9 .2 4 .07 127 5 .2 272
2953 265s 10.00 142 14 .0 5 .10 42 2.1 311
2954 2843 8.66 90 7 .8 3.51 110 3 .9 138
2955 293s 10.23 72 7 .4 4 .27 55 2 .3 112
2956 3123 10.28 52 5 .3 5 .13 42 2.2 38
2957 320s 9 .5 6 40 3 .8 4 .1 6 70 2 .9 37
2958 331s 10.70 33 3 .5 4 .2 7 92 3 .9 36
2959 3423 8 .26 45 3 .7 5.01 52 2 .6 432960 3613 7 .6 7 100 7.7 3 .10 195 6 .0 22
2961 3773 7 .6 6 80 6.1 4.87 87 4 .2 272962 3993 10.45 60 6 .3 7 .68 33 2 .5 26
2963 4163 7.99 82 6.6 6.32 40 2 .5 42
2964 4403 9.31 75 7 .0 7 .2 4 45 3 .3 155
2965 4693 7.38 72 6.1 2.86 210 6.2 652966 5243 7 .7 9 45 3 .5 5.57 50 2 .8 55
29t 7 5383 6 .9 0 70 4 .8 9 .15 25 2 .3 41
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Table IV.4

Copper content o f  Catophractea alexandri samples, leaves and twigs,
co llec ted  on Transect 3 0 , Pos Area. 16/ 4 / 6 9 .

Sample
No.

D istance
m.

LEAVES TWIGS SOIL

-80
mesh

%
ash

ppm
ash

ppm
dry

%
ash

ppn
ash

ppm
È S L

2987 4ON 5.45 120 6 .5 3 .10 187 5 .7 7
2988 20N 7.0 0 115 8 .0 2.84 185 5 .3 10
2990 0 5.89 110 10.0 3.32 170 5 .6 20
2991 20s 6.89 130 9 .0 2.98 177 5 .3 24
2992 39s 6 .50 197 12.8 3 .3 4 187 6.2 150
2995 50s 6 .50 193 12 .5 3 .3 8 170 5 .7 67
2994 85s 5 .94 195 11.6 3.11 262 8.1 33
2995 100s 5 .96 232 13 .8 3 .06 277 8 .5 35
2996 120s 6.10 213 13 .0 3.72 277 10 .3 32
2997 160s 7.74 112 8 .7 3.41 250 8 .5 7
2998 169s 5.62 135 7 .6 3 .4 4 150 5.2 8
2999 1843 5 .68 132 7 .5 3 .38 223 7 .5 60
3000 190s 6.45 135 8 .6 3 .36 172 5.8 112
3001 2003 7.58 213 16.1 3 .26 280 9.1 216
3002 2043 6.78 247 16.7 3 .15 290 9.1 280
3003 2203 6 .48 223 14.5 3 .60 167 6.0 282
3004 2403 7 .5 8 313 23 .7 3 .08 380 11.7 222
3005 252s 5 .39 282 15.2 2 .5 5 242 6.1 216
3006 2723 5.39 167 9 .0 3 .34 118 3 .9 315
3007 314s 6,68 162 10.8 3.51 195 6 .8 38
30O8 ' 3223 7 .1 6 140 10.0 2 .7 4 262 7 .2 37
3009 3303 8 .60 85 7 .4 4 .17 158 6 .6 35
3010 340s 9 .12 107 9.8 3 .55 195 6 .9 47
3011 355s 7 .32 135 9 .9 2.98 225 6 .6 22
3012 3723 6.67 158 10.5 2.28 230 5.2 24
3013 3983 6.01 108 6 .5 2.41 135 3 .3 25
3014 4193 6.52 113 7 .4 2.75 220 6.1 43
3015 4423 6 .96 162 11 .3 3 .04 217 6 .6 175
3016 443s 6 .50 162 10 .5 2.91 225 6 .5 185
3017 4523 7 .7 8 130 10.1 3.30 217 7 .2 99
3018 4973 8.32 147 12.2 2.98 225 6 .7 160
3019 5033 6 .93 162 11.2 2 .7 9 217 6.1 50
3020 520s 5.92 152 7 .8 3.60 125 4 .5 70
3021 5403 6.66 162 10.8 3.01 155 4.7 43
3022 5583 6.43 122 7 .8 3 .65 157 5 .7 70
3023 5783 7 .32 132 9 .7 3.21 178 5 .7 75
3024 6600s 4.78 80 3 .8 2 .92 207 6.0 18
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Table IV.S
Copper content o f  Phaeoptilum spinosnm samples,leaves and twigs,
co llec ted  from Transect 0̂, Pos Area. 16/ 4/ 6 9 .

Sample
No.

D istance
m.

LEAVES TWIGS SOIL

-80
mesh

%
ash

ppm
ash

ppm
d r y

%
ash

ppm
ash

ppm
dry

2968 62N 10.05 47 4.7 2 .5 9 40 1.0 4
2969 57N 10.04 40 4 .0 3.51 162 5 .7 5
2970 7N 8.25 60 5 .0 2 .9 0 115 3 .3 27
2971 2S 8 .90 120 10 .7 5 .49 100 5 .5 29
2972 30s 5.78 92 5 .3 3.80 177 6.7 42
2973 5OS 13.13 138 18.1 2 .5 8 295 7 .6 67
2974 95s 12.28 75 9 .2 3 .95 150 5 .9 36
2975 143s 12.83 42 5 .4 4.87 110 5 .4 16
2976 190s 12.01 210 25 .2 3.41 290 9.9 112
2977 208S 11.15 490 54 .5 3.77 352 13 .3 400
2978 309s 10.29 115 11.8 3 .57 255 9.1 41
2979 3423 10.28 70 7 .2 5 .79 115 6.7 43
2980 4183 16.27 60 9 .8 5 .30 125 6 .6 43
2981 4483 16.62 145 23 .8 4 .0 7 275 ia>2 120
2982 4573 10.51 272 28.6 6 .3 3 167 10.6 99
2983 523s 9.98 135 13 .5 3.74 197 7 .4 58
2984 5383 11.28 190 21.4 3 .79 250 9 .5 40
2985 5703 14.57 67 9.8 3 .45 190 6.6 102
2986 5883 8 .9 9 102 _ 9 . 2_ . 5 . 9 6 ^ 100 ___ 6 , 0_ _30

Table IV. 6

Copper con ten t o f  Tarchonanthus camphoi^tus samples, le a v e s  
c o l l e c t e d  on Transect ^ 0 ,  Pos Areaê 17/ 4/ 69*

and tw igs

Sample
No,

D istance
m.

LEAVES TWIGS SOIL

-80
mesh

%
ash

ppn
ash

ppm
iSL

%
a ^ h

ppm ppm
dry

2865 80N 4 .9 3 367 18.1 2 .9 0 157 4 .6 4
2866 55N 4.94 223 11.0 2 .5 4 173 4 .4 4
2867 34N 5.70 362 20.6 2.38 157 3 .7 7
2868 12N 6.20 342 21.2 3.32 140 4 .6 18
2869 33 5.45 465 25 .3 2.98 173 5 .2 28
2870 543 8.82 405 35.7 2.66 223 5 .0 59
2871 65s 6 .29 360 22.6 2 .40 192 4 .6 42
2872 823 6 .37 460 2 9 .3 3.01 170 5.1 31
2873 943 7 .1 5 292 20.1 2 .52 242 6.1 36
3025 1203 6.83 363 24 .7 3 .29 155 5.1 32
3026 1243 7.84 305 23 .9 3433 167 5 .6 18
3027 1533 6 .34 317 20.1 3 .04 187 5 .7 8
3028 165s 7 .0 7 250 17 .6 2 .4 0 162 3 .9 7
3029 1823 7 .0 4 397 2 7 .9 2.81 223 6 .3 33
3030 201s 8.14 520 42 .3 3 .54 322 11.4 228
3031 206s 7 .3 7 402 2 9 .6 2 .9 5 255 7 .5 330
3032 261s 6 .85 520 35 .6 2 .6 4 367 9 .7 285
3033 3O8S 7 .10 325 23.1 3 .46 210 7 .3 42
3034 3173 7 .6 3 310 23 .7 2.82 227 6 .4 38
3035 3493 7 .5 9 185 14.0 3.01 212 6 .4 216
3036 4203 7 .6 4 450 34.4 2.80 212 5 .9 45
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Table IV.7

Copper content of leaves and twigs for the l e s s  common trees  and shrubs
sampled on Transect 30, Pos Area. 17 -  24/ 4 /6 9

LEAVES TWIGS SOIL

S p ec ie s
Sample
Number

D is t .
m.

%
ash

ppm
ash

ppm
dry

%
ash

ppm
ash

ppra
dry

-80
mesh

Acacia 2861 88N 4 .3 113 5 3 .9 110 5 4
h e rer o en s is 2862 7ON 4 .9 132 7 3 .8 117 5 42863 9N 4 .7 142 7 2 .4 117 3 20

2864 78S 4.7 162 8 4 .9 132 6 30
3037 130s 5 .7 135 7 3.2 75 2 18
3038 170s 6 .3 105 7 4 .6 75 4 10
3039 211s 5.1 380 20 4.1 380 15 390
3040 475s 5 .2 110 6 2 .4 95 2 58
3041 4853 5 .7 205 12 4 .5 125 6 50

A lb iz ia 3042 495s 6.7 300 20 3 .4 125 4 271
anthelm intics, 3043 496s 6 .0 300 23 2 .9 145 4 240

3044 512s 8 .2 135 11 5 .5 90 5 60
3045 5333 6 .4 215 14 2.8 135 4 373046 5433 6 .0 165 10 3 .3 95 3 44
3047 4793 7 .3 90 7 3 .4 95 3 67
3048 460s 6.7 115 8 2 .5 135 3 104

D ichrostachys 3916 9IN 5.2 135 7 2 .3 133 3 5
c in e rea 3921 59N 5 .4 130 7 3 .0 128 4 4

3924 20s 6.1 150 9 3 .3 148 5 24
3940 4853 5 .8 213 12 2 .9 250 7 50

E hretia 3917 90N 11.0 78 9 3 .7 190 7 5r ig id a 3927 140s 11.4 113 13 3 .5 223 8 18
3929 2153 1 3 .8 140 19 4 .6 255 12 212
3931 250s 10.1 168 17 3 .6 308 11 202
3936 443s 11.0 135 15 3 .4 285 10 185

Ehigosum 3918 6 .0 95 6 2 .9 250 7 4
brevispinosum 3920 63N 6 .0 108 7 3 .5 170 6 4

3923 20N 5.1 93 5 3 .5 210 7 10
3933 325s 6.1 100 6 3 .2 195 6 36

Grewia 3919 7ON 8 .8 115 10 3 .6 105 4 4
f la v e s c e n s 3925 95s 9 .3 185 17 3 .3 213 7 36

3928 215s 9 .6 260 25 4 .8 283 14 212
3932 265s 8 .3 228 19 4 .3 265 11 320
3935 4OOS 8 .9 123 11 4 .2 165 7 26
3938 480s 8 .3 185 15 3 .9 223 9 57

Grewia 3926 120S 7 .4 243 18 4 .6 135 6 32
b ic o lo r 3930 230s 7 .7 270 21 5 .3 200 11 237

3934 370s 7 .5 230 17 4.1 153 6 22
3939 480S 6 .6 263 17 3 .9 173 7 57

Commiphora 3937 465s 9.0 130 12 5 .0 185 9 82
pyrocanthoides 3943 5OOS 9 .5 113 11 5 .9 173 10 50

3944 525s 8 .8 105 9 4 .3 183 8 52
3945 590s 9.1 123 11 5 .3 123 7 23

Combreturn 3941 4853 6 .9 145 10 4.1 128 5 50âplculatura 3942 4953 5 .9 165 11 3 .7 113 6 220
Ziziphus

mucronata
3922 20N 7 .7 105 a 3 .5 210 7 10
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Table 17.8

Copper content o f  the herb s p e c ie s  B a r le r ia  la n c e o la ta  f o r  samples o f  
le a v e s  and tw igs  c o l l e c t e d  on Transect 30 , Pos Area. 22/ 4/ 69 .

Sample
No.

D istance
m.s

LEAVES TWIGS SOIL

-80
mesh

%
ash

ppm
ash

ppm
dry ash

ppra
ash

ppm

3049 156 13 .6 75 12 2 .8 170 5 7
3050 178 1 3 .7 80 11 2 .8 155 4 17
3051 195 13 .2 105 14 3 .3 150 5 188
3052 205 15 .0 100 15 4.2 210 9 282
3053 216 16 .0 95 15 2.7 175 5 212
3054 243 14 .6 110 16 3.2 205 7 215
3055 255 15 .0 105 16 3 .6 186 7 240
3056 268 12.7 125 16 2 .9 280 8 335
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Table IV.9

Copper content o f  Grewia f la v a  le a v e s  c o l l e c t e d  on Transect 87* 
Pos Area. 4/ 2/ 70 .

Sample
No.

L i s t .
m.

%
ash

ppm
ash

ppm
dry

Sample
No.

L i s t .
m.

%
ash

ppm
ash

ppm
dry

5181 5143 7 .6 180 13 .8 5231 303 7 .3 315 2 3 .0
5182 510s 8 .8 202 16 .5 5232 203 7.1 317 22.4
5185 4993 6.4 240 15 .4 5233 83 8.1 165 13 .3
5184 490s 6 .7 244 16.1 5234 IS 6 .7 190 12 .7
5185 4773 7 .4 202 15 .0 5235 13N 6 .2 245 15.25186 470s 7 .6 230 17 .5 5236 18N 7 .6 137 10.4
5187 460s 7 .4 200 14 .9 5237 3ON 7 .0 225 15 .8
5188 4493 7 .6 285 2 1 .6 5238 4ON 7 .6 117 8 .9
5189 4373 7 .8 275 2 1 .4 5239 5ON 7 .6 190 14.4
5190 4303 9 .3 245 2 2 .9 5240 60N 8.0 197 1 5 .8
5191 420s 7 .4 252 18 .5 5241 72N 6 .9 225 1 5 .5
5192 410s 7 .5 280 21.0 5242 80N 8 .3 145 12.1
5193 4003 7.7 270 2 0 .7 5243 92N 7.2 250 1 6 .6
5194 3913 7 .5 270 20.0 5244 100N 7 .8 175 13 .7
5195 3783 8.6 275 2 3 .5 5245 144N 7 .6 127 9 .6
5196 3713 7 .2 295 21.4 5246 120N 7 .3 155 11.4
5197 3573 7 .3 257 18.7 5247 I3ON 7 .0 220 1 5 .5
5198 3503 7 .8 245 19.1 1548 I4ON 6 .4 215 1 3 .8
5199 342s 7 .5 310 23 .2 5249 155N 6.6 190 12.6
5200 3313 8.1 317 2 5 .8 5250 I6ON 7 .5 180 1 3 .6
5201 320s 7 .5 265 19.8 5251 I65N 7 .3 170 12.2
5202 3113 7 .6 222 17.2 5252 180N 7.1 195 13 .8
5203 2993 6 .3 372 23 .6 5253 530s 7 .3 295 21 .4
5204 2893 7 .6 252 19.1 5254 540s 7 .5 262 1 9 .7
5205 2783 7.7 355 2 7 .3 5255 5493 7 .3 265 20.8
5206 2693 6 .5 345 22.4 5256 560s 7.2 280 20.1
5207 2673 6.6 350 2 2 .9 5257 5703 6 .4 290 18.6
52O8 2603 7.1 305 21.6 5258 5803 7 .0 267 18.7
5209 251s 7 .5 372 2 7 .7 5259 5903 8 .3 277 23.1
5210 2413 7 .6 322 2 4 .4 5260 600s 6 .2 310 19.2
5211 2303 6.6 337 22.2 5261 6133 10.6 222 2 2 .3
5212 2223 7 .3 327 2 3 .8 5262 623s 7 .9 285 22 .6
5213 2073 7 .9 245 19.4 5263 630s 7 .3 250 18.5
5214 1993 7 .6 300 22 .7 5264 6403 Sample M iss ing
5215 1903 7.1 475 33.8 5265 650s 7 .7 167 12.9
5216 1803 6 .8 262 17.8 5266 6603 7.1 262 I 8 .5
5217 1713 7 .8 337 2 6 .4 5267 670s 7 .0 257 18.0
5218 160s 7 .4 265 19 .6 5268 6813 7 .8 240 18.7
5219 1483 8 .9 252 2 2 .3 5269 690s 7 .9 222 1 7 .6
5220 1403 8.2 260 2 1 .3 5270 7013 7 .3 257 18.7
5221 1273 7.1 372 2 6 .4 5271 7103 7 .9 265 20.8
5222 1103 6.6 270 17 .9 5272 7203 8.1 210 17 .0
5223 105s 7.2 172 12 .5 5273 7303 7 .3 275 20.0
5224 1003 7 .3 212 15 .5 5274 7393 7 .5 235 17.6
5225 90s 6.7 212 14 .3 5275 7513 7 .7 185 14.2
5226 823 8.1 142 11.6 5276 7603 7 .7 207 1 6 .0
5227 683 7 .4 217 16.1 5277 7713 8 .6 190 1 6 .4
5228 60s 6 .8 207 14.1 5278 7803 8 .4 237 1 9 .6
5229 513 7.1 260 18.6 5279 7893 8.0 210 16 .8
5230 383 7 .6 200 15.2 5280 8O43 7 .3 240 1 7 .5
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Table IV .10
Copper content of Grewia f l a v a , leaves  and tw ig s ,  c o l le c t e d  on Transect
55f Copper Causeway. IO/1 / 7 O.

Sample
No.

D is t a n c e  
mlN .

LEAVES TWIGS SOIL
-80
mesh

Jo
ash

ppm
ash

ppm
dry

%
ash

ppm
ash

ppm
dry

3O6O 10 8 .0 160 12 .8 3 .3 105 3 .5 5
3O6I 28 7 .9 205 1 6 .3 4 .1 150 6 .2 10
5062 49 7 .8 210 1 6 .5 3 .8 130 5 .0 10
3065 73 7 .0 218 1 5 .4 4 .1 113 4 .6 ,16
3064 93 7 .9 335 18 .6 4 .4 140 6 .2 19
3O65 112 7 .3 205 1 4 .9 3 .6 120 4 .4 14
3066 127 7 .5 223 16 .8 3 .8 158 6 .0 16
3067 140 8 .3 195 16 .4 3 .8 123 4 .7 40
3O68 159 8 .2 175 14*4 3 .5 140 5 .0 19
3069 179 7 .2 190 1 3 .7 3 .7 138 5 .1 28
3070 191 7 .7 175 1 3 .6 3 .2 150 4 .9 71
3071 200 7 .7 255 1 9 .4 3 .5 205 7 .2 70
3072 209 7 . 6 218 1 6 .7 3 .7 170 6 .4 136
3073 223 7 .7 288 2 2 .3 2 .9 235 7 .0 240
3074 230 6 .9 375 26 .1 3 .8 210 8 .2 272
3075 243 8 .2 283 2 3 .2 5 .4 180 9 .8 215
3076 260 7 .9 235 1 8 .6 3 .5 145 5 .1 222
3077 270 7 .9 260 20 .7 3 .6 175 6 .3 195
3078 285 7 .8 278 2 1 .9 2 .7 285 7 .9 114
3079 292 7 .1 250 1 7 .6 3 .2 118 3 .8 106
3080 301 6 .5 345 22 .7 3 .3 188 6 .3 106
3081 316 8 .3 278 2 3 .3 4 .6 185 8 .7 210
3082 320 8 .7 360 3 1 .5 4 .6 190 8 .8 182
3083 340 8 .3 273 22 .7 3 .8 205 7 .9 150
3084 345 8 .2 365 3 0 .0 4 .1 328 1 3 .6 224
3085 358 7 .4 300 2 2 .4 3 .5 195 6 .8 250
3O86 372 7 .7 248 1 9 .3 3 .7 180 6 .8 85
3087 398 9 .0 278 2 5 .3 3 .9 210 8 .4 180
3O88 418 7 .8 173 1 3 .6 4 .0 118 4 .8 42
3089 430 8 .1 185 1 5 .2 3 .5 145 5 .2 7
3090 443 7 .7 218 1 7 .0 3 .5 163 5 .8 5
3091 454 7 .8 168 1 3 .2 3.3 113 3 .6 5
3092 473 7 .4 225 1 6 .8 4 .0 108 4 .4 7
3093 488 8 .5 150 12 .8 3 .9 130 5.1 7
3094 510 7 .2 123 9 .0 3 .8 120 4 .7 7
3095 530 7 .6 150 1 1 .5 2 .9 113 3 .3 7
3096 555 7 . 0 225 1 5 .9 3 .8 123 4 .7 10
3097 573 7 .2 205 1 4 .8 2 .9 118 3 .5 5
3098 590 7 .0 173 12 .1 3 .9 98 3 .9 7
3099 599 7 .1 185 1 3 .2 2 .9 100 3 .0 5
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Table IV .11
Copper content of Acacia hebeclada, lea v es  and tw ig s ,  c o l l e c t e d
on Transect 55» Copper Causeway. I I / 1 / 7 O.

Sample
No.

D is ta n c e  
b .N ■

LEAVES TWIGS SOIL

—80
mesh

io
ash

ppm
ash

ppm
dry

io
ash

ppm
ash

ppm
dry

3252 10 7 .2 25 1 .8 6 .9 35 2 .5 5
3233 30 5 .4 28 1 .5 5 .3 28 1 .5 10
3234 63 6 .2 28 1 .7 7 .1 25 1 .8 15
3235 82 6 . 8 28 1 .9 6 .5 28 1 .8 18
3236 100 7 .5 25 1 .9 6 . 8 28 1 .9 22
3237 134 6 .2 18 1 .1 7 .3 25 1 .8 30
3238 152 6 .5 30 2 .0 6 .3 38 2 .4 21
3239 161 6 .3 30 1 .9 5 .6 50 2 .8 18
3240 190 6.6 18 1 .2 7 .7 23 1 .8 77
3241 200 6.6 38 2 .5 7 . 3 25 1 .8 70
3243 236 6 .3 30 1 .9 6 .7 40 2 .7 250
3244 254 6 .4 58 3 .7 5 .2 75 3 .9 215
3245 267 5.6 50 2 .8 4 .7 68 3 .2 205
3246 275 7 .2 65 4 .7 5 .9 138 8 .2 150
3247 292 7 .7 40 3 .1 5 .2 40 2 .1 110
3248 302 7 .8 30 2 .4 7 .4 35 2 .6 110
3249 316 6 .6 48 3 .2 6 .4 58 3 .7 210
3250 324 5 .7 55 3 .1 5 .9 75 4 .4 147
3251 333 5 .6 58 3.3 5 .0 80 4 .0 190
3252 343 6 .5 110 7 .2 7 .3 195 1 4 .3 175
3253 346 7 .3 53 3 .9 5 .8 95 5 .5 250
3254 369 5 .4 58 3 .2 7 .1 58 4 .2 80
3255 387 5 .9 113 6 .7 4 .1 193 7 .9 172
3256 394 6.(7 115 7 .0 5 .5 195 1 0 .8 215
3257 418 6 .6 30 2 .0 7 .2 25 1 .8 40
3258 463 5 .7 25 1 .4 5 .1 35 1 .8 5
3259 478 6 .9 25 1 .7 6 .2 35 2 .1 7
3260 515 5 .8 28 1 .6 6 .5 18 1 .2 6
3261 535 6 . 6 30 2 .0 7 .3 25 1 .8 8
3262 578 5 .4 33 1 .8 4 .3 35 1 .5 5
3263 598 7 .8 18 1 .4 7 .1 18 1 .3 6
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Table IV .12
Copper content of Acacia h e r e r o e n s is , lea v es  and tw ig s ,  c o l le c t e d
on Transect 55, Copper Causeway. I I / 1/ 7 O,

Sample
No.

D is t a n c e
m.N/

LEAVES TWIGS SOIL

—80
mesh

I0
ash

ppm
ash

ppm
dry

io
ash

ppm
ash

ppm
dry

3189 44 4 .3 160 7 .0 3 .0 290 8 .9 10
3190 46 4 .9 118 5 .9 3 .6 113 4 .1 10
5191 70 4 .4 135 6 . 0 3 .1 103 3 .3 15
3192 115 5 .1 108 5 ,6 2 .6 180 4 .7 12
3193 153 4 .9 113 5 .6 3 .7 135 5 .0 20
3194 172 4 .9 113 5 .6 3 .5 130 4 .7 22
3195 201 5 .2 148 7 .7 4 .5 110 5 .0 80
3196 210 5 .1 130 6 .7 5 .7 123 7 .1 143
3197 220 3 .9 230 9 .1 6 .3 165 10 .5 227
3198 220 5 .3 143 7 .6 5 .5 125 6 .9 227
3199 252 5 .1 210 1 0 .7 3 .5 260 9 .2 265
3200 250 5 .5 145 8 .1 4 .2 148 6 .3 210
3201 276 5 .8 113 6 .6 4 .3 135 5 .8 140
3202 299 4 .7 170 8 .1 3 .9 170 6 .7 102
3203 317 5 .5 133 7 .4 3 .7 133 5 .0 232
3204 332 4 .9 220 1 0 .8 2 .8 293 8 .5 190
3205 355 6 .1 130 8 . 0 3 .4 163 5 .5 137
32O6 361 5 .2 148 7 .8 3 .8 185 7 .0 300
3207 393 4 .4 140 6 .3 3 .6 165 6 .0 210
3208 395 5 .3 173 9 .3 4 .0 500 1 2 .1 220
3209 397 6 .2 293 18 .2 4 .4 815 34 .0 180
3210 403 5.1 120 6 .2 4 .1 273 1 1 .4 110
3211 450 5 .8 113 6 . 6 5 .4 113 6 .1 5
3212 472 5 .4 158 8 .6 3.7 193 7 .2 7
3213 482 5 .1 113 5 .8 3 .4 125 4 .4 7
3214 503 4 .7 135 6 .3 3 .2 125 3 .9 7
3215 520 6 .0 65 4 .0 4 .0 205 8 .2 5
32I6 552 5 .6 130 7 .3 4 .5 85 3 .9 10
3217 562 4 .6 113 5 .2 3 .0 103 3 .2 10
32I8 585 5 .1 125 6 .4 3 .6 83 3 .0 5
3219 600 5 .4 125 6 .9 3 .8 120 6 .9 5
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T a b le  IV . 13
Copper c o n te n t  o f  A ca c ia  m e l l i f e r a  and B o s c ia  a l b i t r u n c a . l e a v e s  

and t w i g s ,  c o l l e c t e d  on T r a n s e c t  5 5 , Copper Causeway, IO /1 /7O .

A c a c ia  m e l l i f e r a
LEAVES TWIGS SOIL

Sample D is ta n c e io ppm ppm i ppm ppm -80
No. m.N ' ash ash dry ash ash dry mesh

3168 26 7 .8 78 6 .2 6 .1 105 6 .5 10
3169 45 7 .0 78 5 .5 3 .3 83 2 .7 10
3170 57 6 . 8 78 5 .4 4 .6 88 4 .1 14
3171 74 8 .1 103 8 .4 4 .1 95 3 .9 16
5172 105 8 .7 100 8 .7 5 .3 95 5 .1 20
3173 155 8 , 6 78 6 .7 3 .9 98 5 .9 20
3174 168 7 .0 63 4 .4 5 .2 63 3 .3 18
3175 210 8 .7 78 6 .8 4 .2 88 3 .7 143
3176 220 8 .3 100 8 .3 5 .5 168 9 .2 227
3177 249 8 .4 55 4 .6 4 .1 60 2 .5 210
3178 281 8 .0 85 6 .8 4 .3 90 3 .9 120
3179 290 7 .1 115 8 .3 4 .1 165 6 .9 107
3180 305 7 .7 110 8 .5 3 .8 145 5 .6 120
3 I8 I 317 8 .7 95 8 .3 3 .9 93 3 .7 252
3182 333 6 .9 143 1 0 .0 3 .7 2)0 8 .7 170
3183 370 7 .3 98 7 .2 4 .3 153 6 .7 80
3184 405 7 .6 80 6 .1 5 .0 215 1 0 .8 95
3185 419 8 .1 78 6 .3 4 .9 108 5 .4 37
3I8 6 448 9 .3 78 7 .3 4 .7 135 6 .4 5
3187 458 8 .7 120 1 0 .5 4 .5 130 6 .0 5
3188 593 5 .4 80 4 .1 3 .9 98 3 .8 5

B o s c i a a l b i t r u n c a

3220 14 7 .0 78 5 .5 4 .0 58 2 . 4 10
3221 70 9 .6 85 8 .2 4 .5 93 4 .0 15
3222 108 9 .0 85 7 .7 3 .4 128 4 .4 17
3223 111 10 .6 90 9 .5 3 .8 135 5 .2 15
3224 146 7 .8 120 9 . 4 3 .4 95 3 .5 30
3225 202 8 . 0 125 10 .1 3 .7 125 4 .7 84
3226 226 7 .6 175 1 3 .4 3 .1 268 8 .3 250
3227 331 8 .0 113 9 .1 3 .3 148 5 .0 250
3228 376 8 .9 130 1 1 .6 4 .0 155 5 .4 92
3229 402 8 .7 120 1 0 .4 4 .2 125 5 .3 120
3230 420 9 .3 93 8 .7 2 .8 108 3 .1 37
5231 435 8 .2 85 7 .0 3.5 95 3 .2 6
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T a b le  IV. 14

Copper c o n te n t  o f  T archonanthus cam p h oratu s , l e a v e s  and t w i g s ,

c o l l e c t e d  on T r a n s e c t  55 , Copper Causeway. I I / 1/ 7O.

Sample
No.

D i s t a n c e
m.N

LEAVES TWIGS SOIL

-80
mesh

io
ash

ppm
ash

ppm
É i y

io
ash

ppm
ash

ppm
dry

3100 30 7 . 7 230 17 .7 3 . 7 195 7 . 4 10
3101 45 6 . 9 328 2 2 . 8 2 . 6 198 5 . 3 10
3102 60 6 . 7 290 19 .6 3 . 3 180 6 . 0 15
5103 154 7 . 6 218 1 6 . 7 3 . 6 190 6 . 8 21
3104 176 7 . 8 305 23.9 4 . 1 168 7 . 0 26
5105 204 9 . 0 205 1 8 . 6 3 . 6 163 5 . 9 105
3106 240 8 . 4 278 2 3 .4 4 . 1 305 1 2 . 6 217
3107 246 7 . 8 310 24 .4 3 . 2 278 9 . 2 212
3IO8 252 8 .3 315 2 6 . 4 4 . 0 253 1 0 . 2 212
3109 260 7 . 6 223 17 .2 3 . 5 260 9 . 2 222
3110 268 7 . 1 340 24 .3 2 . 8 260 7 . 4 200
3111 279 8 . 4 210 17 .8 3 . 4 210 7 . 3 130
3112 314 7 . 6 328 25 .2 3 . 1 210 6 . 7 190
3113 319 8 . 7 295 25 .8 3 . 4 273 9 .4 200
3114 330 8 . 8 410 36 .5 3 .1 350 1 0 . 9 260
3115 339 6 . 9 365 25 .5 3 . 1 260 8 . 2 150
3116 349 7 . 1 275 19 .8 3 . 0 250 7 . 7 250
3117 362 8 . 1 175 14 .2 5 . 1 150 4 . 8 200
3118 392 7 . 7 388 30 ,2 3 . 5 168 6 . 0 210
3119 401 8 . 2 365 29 .9 3 .7 238 9 . 0 125
3120 411 7 . 5 223 1 6 . 8 3 . 5 155 5 . 5 52
3121 436 8 . 2 195 1 6 . 1 3 . 9 173 6 . 8 6
3122 450 6 . 7 228 1 5 .3 2 . 8 190 5 . 4 5
3123 464 7 . 7 200 15 .6 4 .3 130 5 . 6 6
3124 476 7 . 1 115 8 . 3 3 . 7 115 4 . 3 7
3125 490 7 . 6 180 13 .8 3 . 4 120 4 . 1 7
3126 516 7 . 9 208 1 6 . 6 3 . 6 163 6 . 0 6
3127 552 7 . 5 200 15 .1 3 .3 155 5 .2 10
3128 573 7 . 4 190 14 .1 3 .2 120 3 . 9 5
3129 584 7 . 6 185 14 .1 4 . 0 130 5 .2 6
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T a b le  I V .15

Copper c o n te n t  o f  P haeoptilum  sp in o su m , l e a v e s  and t w i g s ,

c o l l e c t e d  on T r a n s e c t  55 , Copper Causeway. I 2/ 1/ 7O,

Sample
No.

D i s t a n c e  
m.N ■

LEAVES TWIGS SOIL

-80
mesh

io
ash

ppm
ash

ppm
dry

io
ash

ppm
ash

ppm
dry

3150 10 9 . 1 45 4 . 1 5 .6 35 2 . 0 5
3151 27 1 0 . 7 40 4 .3 3 . 7 55 2 . 0 10
3132 50 1 5 .7 50 7 . 9 4 .7 95 4 .5 10
3133 70 1 1 . 1 65 7 . 2 3 . 8 118 4 . 6 15
3154 102 1 0 . 0 80 8 . 0 4 .6 75 3 . 5 20
3135 114 1 3 .8 35 4 . 8 4 . 5 83 3 . 8 12
3156 130 1 0 . 2 65 6.6 3 . 6 120 4 . 4 18
3137 143 1 1 . 3 43 4 . 8 4 . 0 115 4 . 7 35
5138 159 8 . 5 100 8 . 5 3 .2 145 4 . 8 18
3159 182 1 2 . 8 190 11 .7 4 .5 150 6 . 9 40
3140 195 10 .4 82 8 . 7 3 . 9 237 9 . 3 72
3141 210 1 0 . 9 160 1 7 . 5 3 . 4 270 9 . 2 143
3142 218 1 0 . 9 150 16 . 4 3 . 9 300 1 1 . 8 205
3143 228 1 3 . 6 140 1 9 . 1 3 .7 233 8 . 8 262
3144 243 1 1 . 1 213 2 3 . 7 4 . 6 275 1 2 . 8 215
5145 255 1 0 . 5 288 2 9 . 7 3 .3 293 9 . 8 216
3146 264 1 3 . 3 225 3 0 . 0 4 . 0 293 1 1 . 8 210
3147 278 1 5 . 2 243 37.1 4 . 2 410 1 7 . 4 130
3148 294 9 . 5 310 2 9 . 6 3 . 8 270 10 . 5 105
3149 320 1 1 . 0 158 1 7 . 4 4 .2 273 11 .7 182
3150 320 1 0 . 8 183 1 9 . 8 3.2 340 1 1 . 0 182
3151 342 10 .5 240 2 4 . 8 2 . 9 343 1 0 . 0 180
3152 349 1 1 . 6 293 3 4 .1 3 . 2 350 11 .4 250
3153 375 8 . 9 158 1 4 . 1 3 . 6 275 1 0 . 0 90
3154 385 1 1 . 1 198 2 2 . 1 1 . 9 500 6 . 0 150
3155 401 11 .3 215 2 4 . 4 4 . 5 225 10 .2 130
3156 410 11.1 155 1 7 . 5 3 . 9 265 1 0 . 4 57
3157 426 12 .5 80 10.1 3.5 165 5 . 9 15
3158 449 12 .8 78 10 .0 4 . 2 215 9 . 1 5
3159 459 12 .5 43 5.2 5 . 3 43 2 . 3 7
3160 477 1 3 . 1 35 4 . 6 6 . 5 55 3 .6 7
3161 487 11 . 0 50 5.5 5 . 2 55 2 . 9 7
3162 505 1 3 . 3 63 8 . 4 5.1 78 4 . 0 7
3163 538 11 .9 70 8 . 4 5 .3 133 7 . 0 8
3164 549 12 .8 120 1 5 . 4 6 . 2 83 5 . 2 10
3165 575 10 .7 80 8 .6 4 . 5 100 4 . 5 5
3166 587 11 .8 83 9.9 4 . 9 100 4 . 9 6
3167 597 11 .0 95 10 .5 3 . 5 178 6 . 4 5
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Table  I V . l6

Copper c o n t e n t  o f  th e  shrub s p e c i e s  D i c h r o s t a c h y s  c i n e r e a , Z iz ip h u s  m u cron ata , 

Lycium l a n c i f o l i u m , Rhus p y r o i d e s  and E h r e t i a  r i g i d a , f o r  sam ples  c o l l e c t e d  on 

T r a n s e c t  55 ,  Copper Causeway, I 6/ 1/ 7O,

S p e c i e s Sample
No.

D i s t a n c e
m.N

LEAVES TWIGS SOIL

io
ash

ppm
ash

ppm
dry

i
ash

ppm
ash

ppm
dry

-80
mesh

D i c h r o s t a c h y s 3264 47 5 . 1 178 9 . 0 3 . 2 105 3 . 3 10
c i n e r e a 3265 66 7 . 3 93 6 . 8 4 . 0 93 3 . 7 15

3266 257 6 . 0 175 1 0 . 6 3 .6 125 4 . 5 215
3267 265 5 . 6 220 1 2 . 4 3 . 0 175 5 . 3 210
3269 311 6 . 1 170 1 0 . 5 3 .5 165 5 . 7 155
3270 314 5 . 0 195 9 .8 2 . 7 160 4 . 2 190
3271 398 6 . 2 210 13 .1 3 . 7 250 9 . 1 169
3272 4O8 6 , 6 153 1 0 . 1 3 . 2 148 4 . 7 70
3273 447 6 .3 143 9 . 0 4 . 4 122 5 . 4 5
3274 458 6 . 3 128 8 . 1 4 . 7 85 4 . 0 5

Z iz ip h u s 3275 557 1 2 . 4 45 5 .6 3 . 6 78 2 . 8 10
mucronata 3276 540 9 . 8 60 5 . 9 4 . 3 105 4 . 4 10

3277 463 8 . 4 53 4 . 5 3 . 8 93 3 .5 6
3278 381 8 . 6 60 5 .1 3 . 8 95 3 .6 120
3279 290 9 . 4 70 6 , 6 4 .3 83 3 . 5 107
3280 256 8 . 8 60 5 3 2 9 95 2 , 8 215
3281 218 8 . 8 70 6 . 2 2 . 5 108 2 . 7 200
5282 158 8 .4 65 5 . 5 4 . 5 45 5 . 0 19
3285 101 1 0 . 9 45 4 . 9 6 . 6 48 3 . 2 20
3284 70 9 .7 55 5.3 4 . 8 58 2 . 8 15
3285 38 8 . 3 70 5 . 8 3 .2 138 4 4 10

Lycium 4855 590 14 .6 97 14 .2 4 .6 187 8 . 5 7
l a n c i f o l i u m 4856 480 14 .9 100 14 .9 4 . 3 162 7 . 0 7

4841 520 19 .3 125 24 .2 4 .5 240 1 0 . 8 182
4844 250 1 7 .6 182 52 .0 3 . 7 265 9 . 9 210
4847 190 17 .5 145 25 .3 5 . 9 187 1 1 . 0 77
4849 102 17 .7 75 13 .3 4 . 9 205 10 .1 20
4850 85 1 3 .2 102 1 3 .5 5 . 5 145 7 . 9 18
4851 70 17 .1 95 1 6 . 5 4 . 7 172 8 . 0 15
4852 20 19 .7 65 1 2 . 8 4 . 7 205 9 . 7 10

Rhus 4856 560 7 . 3 110 8 , 0 4 . 1 100 4 . 1 10
p y r o i d e s 4857 490 9 . 3 130 1 2 . 0 4 .1 97 4 . 0 7

4840 350 7 . 9 247 1 9 . 5 4 . 7 115 5 . 3 225
4842 522 8 . 5 295 25 .2 5 . 0 192 9 . 6 160
4843 280 1 1 . 2 155 17 .1 5 . 0 130 6 . 4 120

E h r e t i a 4859 375 1 0 . 2 140 1 4 .3 5 . 4 182 9 . 8 90
r i g i d a 4845 226 9 . 8 247 24 .2 4 . 1 285 1 1 . 5 240

4846 220 1 0 . 9 178 1 9 .3 4 . 5 215 9 . 6 277
4848 103 8 .4 125 1 0 . 4 4 . 2 265 1 1 . 2 20
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Table I V , 17

Copper c o n t e n t  o f  S t i p a g r o s t i s  u n ip lu m is  samples  c o l l e c t e d  on T r a n s e c t  55,  
Copper Causeway . I 4/ 1/ 7O

Sample
No

D i s t a n c e  
m. N ash

ppm
ash

ppra
dry

Sample 
N o.

D i s t a n c e  
m N

io
ash

ppm
ash

ppm
dry

3395 0 5 . 7 55 3 . 2 3433 315 6 . 1 138 8 . 5
3396 10 6 , 6 35 2 . 3 3434 317 5 . 6 185 10 4
5597 20 7 . 8 38 3 . 0 3435 320 5 . 9 143 8 . 5
3398 28 7 . 4 35 2 .6 3436 325 5 . 9 80 4 . 8
3399 32 5 . 6 43 2 . 4 3437 330 5 . 9 135 8 . 1
5400 52 7 . 6 33 2 .5 3438 335 5 . 7 148 8 . 5
5401 62 6 . 1 68 4 .2 3439 340 6 . 3 178 1 1 .4
3402 71 6 . 7 65 4 .4 3440 347 6 . 3 215 1 3 .7
3403 80 6 . 5 58 3 . 8 3441 351 6 . 2 185 1 1 .5
3404 90 5 . 9 45 2 . 7 3442 355 6 . 4 288 1 8 . 6
5405 99 7 . 9 48 3 . 8 3443 362 5 .3 165 8 .9
5406 110 6 . 2 55 3 . 4 3444 365 5 .3 118 6 .3
3407 118 6 .0 43 2 .6 3445 370 5 . 1 123 6 .4
3408 130 7 . 0 50 3 .5 3446 375 5 .4 140 7 . 7
3409 140 6 . 7 60 4 . 0 3447 385 6 .0 153 9 . 3
3410 150 6 . 3 65 4 . 1 3448 390 5 . 7 148 8 .6
3411 160 5 .0 90 4 .5 3449 395 6 .2 170 10 .6
3412 170 4 .5 70 3 . 2 3450 400 4 .3 180 7 . 8
3413 180 5 . 9 75 4 . 5 3451 410 6 . 7 78 5 . 2
3414 190 8 .6 65 5 . 6 3452 420 6 . 9 80 5 . 6
3415 200 5 . 6 85 4 . 8 3453 430 5 . 8 70 4 . 1
3416 212 1 0 . 7 90 9 . 7 3454 440 5 . 8 50 2 . 9
3417 222 7 . 1 218 15 .6 3455 450 6 . 5 35 2 . 3
5418 225 8 . 9 103 9 . 2 3456 460 5 . 9 25 1 . 5
3419 250 8 . 3 248 2 0 .8 3457 470 6 .2 25 1 ,6
3420 235 6 . 6 138 9 .2 3458 480 6 .1 35 2 2
3421 240 7 . 5 120 9 . 0 3459 490 5 8 35 2 .0
3422 245 5 9 180 10 .6 3460 500 i . 8 55 2 .6
3425 248 7 . 6 215 1 6 . 5 3461 510 6 .0 53 3 . 2
3424 257 6 .4 130 8 . 4 3462 520 5 .4 63 3 5
3425 259 6 .0 130 7 . 8 3463 530 5 . 9 38 2 .2
3426 265 7 . 1 115 8 .2 3464 540 5-3 40 2 .1
3427 270 8 . 5 110 9 . 4 3465 550 5 . 9 53 3 . 1
3428 274 5 . 4 133 7 .2 3466 560 4 -7 53 2 .5
3429 280 5 . 5 138 7 . 6 3467 570 6 .2 48 3 . 0
3430 290 7 . 0 128 9 . 0 3468 580 6 .0 55 3 . 3
3431 300 5 6 75 4 . 3 3469 590 6 .2 48 3 . 0
3432 310 5 . 4 103 5 .6 3470 600 5 . 9 58 3 . 4
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T a b le  I V . 18

Copper c o n te n t  o f  A r i s t i d a  c o n g e s t a  sam ples c o l l e c t e d

on T r a n s e c t  55 , Copper Causeway. I 4/ 1/ 7O,

Sample
No.

D i s t a n c e  
m. N

io
ash

ppm
ash

ppm
dry

SOIL

-80
mesh

3471 591 7 . 3 20 1 . 5 7
3472 584 5 . 0 35 1 . 8 5
3473 571 4 . 9 35 1 7 5
3474 560 4 2 35 1 .5 10
3475 545 4 . 0 37 1 .5 10
3476 495 5 4 28 1 5 7
3477 385 5 .2 117 6 . 2 150
3478 355 5 7 77 4 .4 135
3479 348 4 . 0 77 3 1 235
3460 342 4 .0 135 5 4 235
3481 335 4 .7 60 2 . 9 122
3482 330 4 . 0 111 4 .5 260
3485 317 5 .2 65 3 . 4 232
3484 280 5 . 3 49 2 .6 120
3485 275 5 . 4 72 3 . 9 152
3486 270 5 .3 55 3 .0 195
3487 265 5 .6 46 2 . 6 205
3488 260 6 . 0 43 2 . 6 222
3489 255 6 .3 37 2 . 4 215
3490 250 6 . 4 43 2 . 8 210
3491 245 6 . 0 43 2 . 6 215
3492 240 6 . 1 43 2 . 7 217
3493 235 5 . 4 67 3 . 6 240
3494 230 4 . 5 82 3 .7 272
3495 215 6 . 4 49 3 . 1 180
3496 210 4 .6 28 1 . 3 143
3497 138 7 . 6 28 2 . 1 36
3498 100 6 . 9 25 1 . 7 22
3499 80 5 . 1 37 1 . 9 18
3500 70 5 .2 32 1 .7 15
3501 63 5 . 9 35 2 . 1 15
3502 50 5 . 8 28 1 . 6 10
3503 42 5 .5 35 1 . 9 10
3504 20 8 . 0 25 2 . 0 10
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Table I V . 19

Copper c o n t e n t  o f  S t l p a g r o s t i s  u n ip lu m is  samples  c o l l e c t e d  on T r a n s e c t  74 ,  
Copper Causeway. 3/ 2/ 7O.

Sample
No.

D i s t a n c e
m.N

io
ash

ppa
ash

ppra
dry

Sample
No.

D i s t a n c e  
m N

io
ash

ppra
ash

ppra
dry

5001 0 25 2 . 1 8 . 5 5033 320 92 8 . 2 8 . 9
5002 8 35 2 . 3 6.  5 5034 330 65 4 . 2 6 .3
5005 50 32 3 .6 1 1 . 2 5035 340 37 2 . 6 6 . 9
5004 50 35 2 . 6 7 . 5 5036 350 55 3 . 7 6 . 8
5005 60 22 1 . 9 8 . 6 5037 360 62 4 . 6 7 .3
5006 70 15 1 . 2 7 . 7 5038 370 62 4 . 0 6 . 4
5007 80 25 2 . 2 8 . 7 5039 380 75 5 5 7 . 3
5OO8 90 25 2 . 1 8 . 5 5040 390 47 3 . 2 6 . 7
5009 100 32 2 . 1 6 . 6 5041 400 80 9 .2 1 1 . 5
5010 110 27 2 .3 8 . 3 5042 410 67 4 . 8 7 . 1
5011 120 18 1 . 8 1 0 . 4 5043 415 67 4 .5 6 . 7
5012 130 25 2 . 6 1 0 . 3 5044 420 117 6 . 7 5 7
5015 140 25 2 . 2 8 . 7 5045 425 57 3 . 3 7 .5
5014 150 32 2 . 4 7 . 5 5046 430 87 6 .3 7 . 2
5015 160 27 2 . 6 9 . 5 5047 440 25 2 .7 1 0 .9
5OI6 170 20 2 . 6 1 3 .2 5048 450 37 3 . 0 8 . 1
5017 180 25 2 . 0 8 . 0 5049 460 25 1 . 8 7 . 2
5018 190 42 2 . 7 6 . 0 5050 470 57 3 . 4 6 . 0
5019 200 35 3 . 5 9 . 9 5051 480 32 2 . 2 6 . 9
5020 210 62 7 . 0 1 1 . 3 5052 490 57 2 .9 5 . 0
5021 220 82 7 . 0 8 . 5 5053 500 47 3 . 2 6 . 7
5022 230 70 5 .8 8 .3 5054 510 72 4 .1 5 . 6
5023 240 125 7 . 2 5 7 5055 520 50 2 .9 5 . 8
5024 245 125 6 . 4 5 . 1 5056 530 62 3 .6 5 .7
5025 250 137 8 . 3 6 . 0 5057 590 35 2 . 2 6 . 3
5026 260 120 6 . 8 5 . 6 5058 550 32 1 . 8 5 .1
5027 265 142 1 0 . 3 7 . 2 5059 560 18 1 . 1 6 . 1
5028 270 220 1 4 .8 6 . 7 5O6O 570 22 1 . 6 7 . 2
5029 280 105 6 . 8 6 . 4 5O6I 580 15 1 . 0 6 . 9
5030 290 125 1 2 . 6 1 0 . 0 5062 590 20 1 .3 6 . 3
5031
5032

300
310

110
60

1 1 . 1
14 .1

1 0 . 0
6 . 9

5O63 600 28 2 . 4 8 . 5



319

Table I V . 20

Copper c o n t e n t  o f  S t l p a g r o s t l s  u n ip lu m is  c o l l e c t e d  on T r a n s e c t  7 6 , Copper  
Causeway, 5/ 2/ 7O.

Sample
No.

D i s t a n c e  
m. N

io
ash

ppm
ash

ppm
dry

Sample
No.

D i s t a n c e  
m, N

io
ash

ppm
ash

ppm
dry

5065 590 7 . 5 40 3 . 0 5095 273 9 . 2 18 1 . 7
5066 580 6 . 5 42 2 . 7 5096 268 7 . 1 32 2 . 3
5067 570 7 . 7 95 7 . 4 5097 260 5 . 7 35 2 . 0
5068 560 6 . 2 102 6 .4 5098 250 8 . 3 18 1 . 5
5069 550 6 .4 75 4 . 8 5099 240 7 . 0 35 2 . 5
5070 540 6 . 3 60 3 . 8 5100 230 8 .1 20 1 .6
5071 530 5 . 8 60 3 . 5 5101 225 7 . 1 18 1 . 3
5072 520 5 . 2 62 3 . 4 5102 215 7 . 7 28 2 .2
5073 510 5 . 6 47 2 . 7 5103 210 6 . 4 35 2 . 3
5074 500 7 . 2 37 2 .7 5104 200 7 . 8 20 1 . 6
5075 490 6 . 8 42 2 . 9 5105 190 6 . 5 47 3 . 1
5076 480 6 . 0 60 3 . 6 5106 180 7 . 2 27 2 . 0
5077 470 7 . 0 42 2 . 9 5107 170 8 . 0 42 3 4
5078 460 9 . 0 25 2 . 3 5108 160 5 . 8 42 2 .5
5079 450 6 . 3 35 2 . 2 5109 150 7 . 1 32 2 . 3
5O8O 4/10 6 . 4 102 6 . 6 5110 140 7 . 2 47 3 . 4
5O8I 430 6 . 8 55 3 . 8 5111 130 6 . 0 67 4 .0
5082 420 6 . 9 55 3 . 8 5112 120 6 . 9 32 2 . 2
5083 410 6 .5 47 3 .1 5113 110 8 . 0 50 4 . 0
5084 400 5 .6 45 2 . 5 5114 100 6 . 2 35 2 . 2
5085 390 7 . 3 65 4 . 8 5115 90 5 . 9 47 2 . 8
5O86 380 6 . 9 25 1 . 7 5116 80 5 . 9 50 3 . 0
5087 370 7 .7 47 3 . 6 5117 70 6 . 5 75 4 . 8
5O88 360 7 . 2 47 3 . 4 5118 60 6 . 9 82 5 . 7
5089 350 6 . 8 92 6 . 3 5119 50 5 . 7 32 1 . 8
5090 340 6 . 9 62 4 . 3 5120 40 5 . 8 35 2 . 0
5091 330 7 . 3 42 3 . 1 5121 30 8 . 1 35 2 . 8
5092 320 7 . 4 57 4 .3 5122 20 7 . 8 47 3 . 4
5093
5094

310
300

8 , 1
6 .3

35
25

2 . 8
1 . 6

5123 0 7 . 7 32 2 . 7
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Table IV.21
Copper c o n t e n t  o f  Grewia f l a v a  l e a v e s  c o l l e c t e d  on T r a n s e c t  76 ,  Copper Causeway

5/ 2/ 7 0 .

Sample Dis ta n c e io ppm ppm Sample D i s t a n c e i ppm ppm
No. m.N ash ash dry No m N ash ash dry

5124 00 7 . 1 165 11 .8 5153 300 6 . 7 212 14 .3
5125 20 7 . 4 152 1 1 .2 5154 305 7 . 5 307 23 .0
5126 30 8 .1 172 1 4 .0 5155 315 7 .5 175 13 .3
5127 40 7 . 9 170 13 .6 5156 330 7 . 4 242 1 8 . 0
5128 50 7 . 1 165 1 1 . 9 5157 345 7 . 3 140 1 0 . 3
5129 60 7 . 9 155 1 2 . 3 5158 360 6 . 4 247 15 .9
5150 70 8 . 3 130 1 0 . 9 5159 375 6 .5 220 14 .4
5151 80 8 .1 152 1 2 . 4 5160 390 6 . 9 197 13 .6
5152 95 7 . 8 147 11 .5 5161 410 6 .1 212 13 .0
5155 100 6 . 7 170 1 1 . 4 5162 415 7 . 5 217 1 6 . 4
5154 110 8 . 6 130 1 1 . 3 5163 430 6 . 5 165 1 0 . 7
5135 120 7 . 6 120 9 . 2 5164 440 7 . 5 240 1 8 . 1
5136 130 7 . 3 185 1 3 .6 5165 450 8 .1 175 14 .2
5137 145 6 . 6 207 1 5 .8 5166 460 7 . 6 240 1 8 . 4
5138 150 7 . 3 120 8 . 8 5167 470 7 . 1 257 1 8 . 2
5139 160 9 .1 112 1 0 . 5 5168 480 7 . 4 202 1 5 .0
5140 170 8 . 3 115 9 . 5 5169 495 6 . 5 287 1 8 . 8
5141 180 6 . 9 165 1 1 . 5 5170 500 8 .1 202 1 6 .4
5142 190 7 . 5 115 8 . 9 5171 5O8 7 . 0 310 2 1 . 7
5143 200 8 . 6 142 1 2 . 5 5172 520 7 . 1 240 17 .2
5144 215 7 .5 222 1 6 . 8 5173 540 7 . 2 207 1 4 .9
5145 220 6 .8 152 1 0 . 5 5174 547 6 .2 250 1 4 .4
5146 250 5 . 2 192 1 1 . 9 5175 555 7 . 3 325 23 .7
5147 240 8 .2 170 14 .1 5176 560 5 . 9 267 15 .9
5148 247 7 . 4 217 1 6 . 2 5177 565 6 . 3 337 2 1 . 3
5149 253 7 .6 150 11 .1 5178 580 6 . 5 227 1 8 . 2
5150 260 8 . 2 202 1 6 . 7 5179 600 9 . 0 220 19 .9
5151 280 7 . 1 257 1 8 . 4 5I 8O 575 6 . 9 400 27 .8
5152 290 8 . 4 222 1 8 . 1
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T ab le  IV 22

Copper c o n te n t  o f  S t i p a g r o a t i s  u n ip lu m is  sam ples

from T r a n s e c t  5 6 -5 9 ,  Copper Causeway.

D i s t a n c e
m.N

ppm Copper

S . u n i p l u m i s  
Dry w t .

S o i l
-80  mesh

T r .  56 0 8 . 6 140
5 7 . 6 127

10 5 . 8 110
15 3 . 4 134
20 7 . 2 164
25 6 . 1 191
30 1 6 . 1 366
35 7 . 4 162
40 9 . 5 117
45 7 . 3 117
50 5 . 7 107

Tr.  57 0 3 .1 120
5 5 . 8 89

10 6 . 8 90
15 7 . 8 66
20 2 . 9 80
25 8 . 4 96
30 9 . 3 140
35 5 . 3 92
40 3 . 3 45
45 4 . 4 29
50 5 . 5 14
55 4 . 3 10
60 5 . 0 12

T r .  58 0 3 . 6 32
5 4 . 3 40

10 6 . 1 67
15 5 . 2 68
20 6 . 7 96
25 7 . 0 93
30 8 . 3 152
35 1 4 . 1 310
40 1 6 . 1 313
45 3 0 . 5 464
57 3 . 3 88
62 3 . 7 62
77 2 . 0 40
80 3 . 9 42

T r,  59 0 6 . 5 39
5 6 . 1 58

10 5 . 0 90
15 4 . 1 98
20 5 . 2 96
25 5 . 5 75
30 8 . 0 90
35 7 . 2 152
40 1 3 . 5 210
50 6 . 9 107
55 8 . 2 192
65 6 . 9 89
70 5 . 1 91
75 6 . 0 116
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T a b le  I V . 23

Copper c o n t e n t  o f  Grewia f l a v a  samples  from 

T r a n s e c t  57 ,  58 and 59 Copper Causeway,

ppm Copper

D i s t a n c e Leaves Twigs S o i l
m. N Dry wt. Dry wt . -80  mesh

T r .  57 6 2 0 . 1 5 . 8 90
10 2 0 . 0 8 . 6 90
22 1 6 . 0 7 . 5 85
30 1 6 . 7 6 . 5 140
33 2 4 . 9 6 . 6 112
40 1 2 . 7 5 . 8 45
47 1 4 . 9 5 . 3 24
50 1 7 .0 5 . 2 14
59 1 1 . 4 5 .3 12

Tr .  58 0 1 6 . 6 4 . 7 32
5 2 1 . 0 4 . 6 40

10 2 1 . 3 7 . 7 67
20 1 5 . 9 3 . 9 96
30 2 1 .1 5 . 5 152
45 2 6 . 8 9 . 4 460
48 2 1 . 2 5 . 0 200
64 1 0 . 2 3 . 5 60
78 1 6 . 4 5 . 4 41

T r .  59 0 1 2 . 4 5 . 4 39
5 1 2 . 3 4 . 9 58

16 1 3 . 2 7 . 7 98
26 1 5 . 7 6 . 3 80
45 1 2 . 3 8 . 0 275
49 3 9 . 7 1 0 . 7 150
58 3 0 . 3 9 . 1 165
71 2 9 . 5 1 1 . 5 95
75 3 1 .3 1 1 . 7 116
79 3 1 . 0 1 2 . 6 200
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T able  I V .24

Copper c o n te n t  of  P h aeop tilu m  spinosum  from T r a n s e c t s

5 7 ,  58 and 59, Copper Causeway.

ppm. Copper

D i s t a n c e Leaves Twigs S o i l
m. N Dry w t . Dry w t . -80  mesh

T r .  57 0 3 1 .8 1 6 . 9 120
12 1 7 . 3 1 6 .0 82
22 4 0 . 1 1 6 . 8 88
38 1 0 .6 1 5 . 1 62
48 7 . 8 10 .1 20
60 3 . 4 6 .0 12

Tr.  58 2 5 . 6 7 . 0 34
14 1 1 . 4 10 .2 67
32 3 9 . 1 1 8 . 1 205
42 38 .6 1 8 . 1 350
48 2 5 . 4 9 . 7 212
63 21 .0 8 . 7 60
70 1 9 . 2 1 1 . 9 46

T r .  59 0 1 0 .5 8 .8 39
6 1 0 .0 9 . 5 65

16 1 0 .8 9 .7 98
25 2 4 . 7 1 2 . 3 75
80 1 1 0 . 4 2 1 .0 205

T ab le  I V . 25
Copper c o n t e n t  o f  A cac ia  h e r e r o e n s i s  from T r a n s e c t s  

57 ,  58 and 59 Copper Causeway
ppm Copper

D i s t a n c e Leaves Twigs S o i l
m N. Dry wt. Dry w t . -80  mesh

T r .  57 30 1 1 . 5 1 1 . 4 147
40 5 . 0 2 . 9 45
59 5 .5 5 . 3 59

T r .  58 35 7 . 8 8 . 5 306
41 1 6 . 5 1 6 . 5 350
48 7 . 3 5 . 1 250
63 7 . 0 6 .1 58
80 5 . 0 3 . 6 42

T r .  59 0 6 . 3 5 . 0 39
38 1 0 .6 8 , 9 180
45 6 . 5 9 . 0 275
58 1 6 . 3 1 2 .8 165
68 3 0 .3 1 6 . 3 90
80 1 5 . 3 11 .2 205
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Table  IV. 26

Copper c o n t e n t  of  the  shrub s p e c i e s  A cac ia  m e l l i f e r a , 

B o s c i a  a l b i t r u n c a , Lycium l a n c i f o l i u m , Rhus p y r o i d e s  , 

Tarchonanthus  ca m p h o ra tu s , Z iz ip h u s  mucronata f o r  

sam ples  c o l l e c t e d  on T r a n s e c t s  57 ,  58 and 59 Copper  

Causeway.

D i s t a n c e
m.N

ppm. Copper
Leaves  
Dry w t .

Twigs  
Dry wt .

S o i l
-80  me£.h

A. m e l l i f e r a
T r .  57 4 15 .6 7 . 8 89

15 7 . 1 3 . 4 66
25 7 . 1 4 . 6 96
29 9 . 3 4 . 1 140
50 13 .6 8 . 4 140
50 7 . 8 3 . 3 14

B. a l b i t r u n c a

T r .  59 59 1 1 . 6 7 . 2 155

L. l a n c i f o l i u m

Tr.  57 40 27 .8 1 0 . 0 45
Tr.  58 14 1 2 . 0 8 . 2 65

51 2 6 . 0 4 . 0 140
57 3 4 .8 3 . 9 85

R. p y r o i d e s

Tr.  58 44 2 1 . 0 4 . 6 400
70 9 . 2 5 . 5 46

T. camphoratus

Tr.  57 10 1 7 . 3 6 . 1 90
17 1 5 . 8 7 . 8 70
27 27.2 8 . 8 120
32 2 4 . 9 5 .5 125
41 1 7 . 9 6 . 1 42
47 1 8 . 6 6 . 1 22
60 1 8 . 4 5 . 7 12

T r .  59 0 1 5 . 1 6 . 2 39
45 3 1 . 9 6 . 3 275
75 3 2 . 7 6 . 8 116

Z. mucronata

T r .  57 37 4 . 7 2 . 7 84
T r .  58 30 5 . 8 6 . 2 152
T r .  59 21 5 . 3 3 . 6 90
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Table IV .27

Copper con ten t  o f  A cacia  h e r e r o e n s i s , le a v e s  and tw igs  c o l l e c t e d  on
Transect 48 , M alachite  Pan, 2 9 /1 /7 0

LEAVES TWIGS SOIL
Sample D is tance % ppm ppm % ppm ppm -8 0

No. m.N/m. ash ash dry ash ash dry mesh
4651 7 6 .3 95 6 .0 3 .7 120 4 .5 155
4652 7 5 .8 136 8 .0 5.0 151 7 . 6 155
4653 33 5.4 197 10 .6 3 .8 202 7.7 300
4654 36 6 . 0 141 8 .6 4 .9 156 7 . 8 215
4655 42 5.4 130 7.1 3 .3 151 5.0 200
4656 100 5.3 125 6.7 2 . 6 166 4 . 4 100
4657 108 4 .9 125 6 .2 3.4 156 5.3 130
4658 134 7 . 0 125 8 . 8 4 .9 136 7 . 0 94
4659 146 6 . 0 89 5.4 3.7 120 4 .5 110
4660 155 6.4 125 8 .0 4 .3 156 6.7 130
4661 180 6.3 146 9.2 4.1 251 10.3 195
4662 182 4 . 8 161 7 . 8 4 .5 173 7 . 8 180
4663 190 5.1 238 12.2 3 .9 213 8.4 115
4664 195 6.3 156 9 .9 4.1 187 7.7 195
4665 200 5.3 278 14.8 4 .3 343 18 .6 260
4666 205 5.6 187 10.5 3.3 173 5.7 155
4667 233 6 . 0 156 9.5 3.5 208 7 .3 190
4668 240 4 .5 182 8 .2 3.2 125 4 . 0 155
4669 253 4 .9 187 9.2 3.2 242 7 . 8 260
4670 258 4 . 8 141 6 .8 2 .6 166 4 . 4 210
4671 270 6.1 385 22.3 4 . 2 438 18.5 180
4672 275 5.0 338 16.9 2 .6 431 11.3 215
4673 290 5.2 110 5.8 3 .4 182 6 .2 150
4674 306 5.3 348 18.5 3.8 256 9 .8 75
4675 317 4 . 8 125 6 .0 3.5 125 4 . 4 90
4676 330 5 . 8 78 4 .5 4 . 0 74 3.0 65
4677 340 5 .0 156 7 . 8 4 .2 105 4 . 4 65
4678 365 5 .9 110 6 .5 4.1 125 5.2 100
4679 380 6.3 90 5.7 4 . 5 185 8 . 4 170
4580 393 6.1 87 5.4 4 .7 90 4 .3 105
4681 403 7.1 97 7 .0 4 . 9 90 4 .5 110
4682 415 5.2 77 4.1 3.4 82 2 . 8 110
4683 425 6 . 0 117 7 . 0 3 .6 205 7 . 4 110
4684 440 6.1 115 7 . 0 4 .3 157 6 .9 90
4685 452 5.3 117 6 .2 3.4 145 5.0 102
4686 462 6 .3 137 8 .7 5.2 42 2 .2 120
4687 483 6 .7 82 5.6 4 .3 120 5.2 116
4688 500 7 . 3 120 8 .9 4 .3 195 8 . 4 70
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Table I V .28
t

Copper con ten t  o f  Grewia f l a v a . le a v e s  and tw igs  c o l le d e d  on Transect 4 8 ,
M alach ite  Pan. 2 9 /1 /7 0 .

Sample
No.

Dis tance
m.N./m,

LEAVES TWIGS SOIL
%

ash
ppm
ash

ppm
dry

%
ash

ppm
ash

ppm
dry

- 8 0
mesh

4689 498 8.3 152 12 .6 4 . 2 157 6 .8 754690 488 8.4 185 15.6 3 .5 145 5.1 1054691 475 8.9 172 15.3 4 .9 147 7 .3 1304692 460 7 . 8 232 18.1 4 . 4 130 5.7 1154693 440 8.1 220 17.9 3 .9 170 6.7 90
4694 425 8.1 177 14.4 4 . 2 165 7.1 110
4695 415 8 .8 182 16.0 3.6 117 4 .3 1104696 405 9.2 190 17.6 3.7 155 5.7 110
4697 395 8.9 130 11.6 4 .3 145 6.3 1074698 380 8 .5 187 16.0 3 .6 125 4 .5 170
4699 365 8 .7 160 14.0 4 .5 187 8.4 100
4700 353 8.2 235 19.3 3.9 102 4 . 0 854701 340 7 .5 215 16.1 3.4 160 5.5 654702 330 7.7 295 22.8 3 .5 195 7 . 0 65
4703 317 7 . 8 280 22.0 4 . 0 130 5.3 84
4704 306 8.2 160 13.2 3.7 137 5.1 80
4705 290 9 .0 217 19.7 3 .8 112 4 .3 1504706 276 9.5 247 23.5 5 .0 190 9.5 225
4707 245 8 .4 320 26.9 3.3 317 9.6 185
4708 240 8.5 437 37.1 4 .5 345 15.6 155
4709 230 8 .4 500 42.1 3 .6 235 8.5 210
4710 216 7 .8 290 22.7 3 .8 200 7.7 145
4711 207 8 .2 287 23.6 3.9 190 7 .5 146
4712 No Sample
4713 166 8.6 225 19.5 3 .9 130 5.2 160
4714 142 7 .7 262 20.4 4.1 262 10.9 103
4715 95 8.3 237 19.7 3.7 130 4 . 8 102
4716 60 7.7 410 31.6 3 .8 190 7 .4 300
4717 35 9.7 375 36.4 5.2 280 14.7 205
4718 30 10 .0 277 27.7 3 .9 245 9.6 300
4719 15 9.2 370 34 .0 4 .5 332 15.1 163
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Table IV .29

Copper con ten t  o f  Ipius p y ro id es . le a v e s  and tw igs  c o l l e c t e d  on Transect 48 ,
M alachite  Pan, 2 9 /1 /7 0 ,

Sample Dis tance
LEAVES TWIGS SOIL

%
ash

ppm
ash

ppm
dry

%
ash

ppm
ash

ppm
dry

- 8 0
mesh

4720 3 8 .6 147 12.7 4 .9 77 3 .8 152
4721 12 7 . 6 197 15.0 4 . 4 165 7.3 162
4722 No Sample
4725 55 11 .0 190 20.9 5.1 180 9.3 300
4724 70 8 .0 275 22.1 5.0 222 11 .2 237
4725 85 8 .5 155 13.2 6.1 142 8 .8 130
4726 102 8 .5 157 13.4 4 .5 95 4 .3 112
4727 112 7 . 6 110 8 .4 3.7 92 3.5 130
4728 120 9.1 117 10.7 4 .7 87 4 .2 100
4729 132 6 .6 110 7 .4 5.0 60 3.1 92
4730 146 7.7 147 11 .4 3.9 120 4.7 111
4751 153 7 .3 165 12.2 5.0 87 4 . 4 125
4732 164 7 .7 157 12.2 4.1 157 6 .5 162
4733 180 7 . 6 185 14.1 4 .5 175 7 .9 195
4734 190 6 .6 230 15.3 3.1 207 6 .4 115
4735 200 9 .3 320 30.0 3 .5 170 6 . 0 260
4736 206 8 .2 290 24 .0 4 .2 235 9 .9 150
4737 222 6 .2 212 13.3 3 .3 247 8.3 165
4738 242 6.5 310 20.3 2 .9 147 4 . 0 172
4739 246 5.4 340 18 .5 3 .0 110 3.3 190
4740 260 7 .3 267 19.7 3 .3 122 4 . 0 180
4741 276 5.7 232 13.4 3 .6 190 6.9 220
4742 285 6.4 157 10.1 4 . 4 112 5.0 200
4743 294 7 .5 175 13.0 4 . 6 137 6.3 135
4744 305 6 .5 140 9.1 4 . 4 97 4 .4 85
4745 No Sample
4746 330 8.3 190 15.8 5.1 157 8.1 65
4747 340 8 .0 157 12.7 5 .8 82 4 . 8 65
4748 350 7 .7 157 12.1 5.6 130 7 .3 80
4749 360 7 . 9 182 14.5 5 .4 112 6.1 90
4750 No Sample
4751 380 6 .0 175 10 .6 3.6 142 9 . 0 170
4752 395 7 . 0 90 6.3 4 . 8 105 5.1 108
4753 405 7 .6 152 11.5 5.7 77 4 .5 108
4754 410 7 .3 97 7.1 5.2 65 3 .4 100
4755 420 9 .6 122 11.7 5.9 97 4 .9 115
4756 440 6.9 142 9.9 5.1 55 2 .9 90
4757 450 7.1 152 10 .8 4 .2 157 6 ,6 100
4758 462 7 .6 90 6 .9 4 .6 75 3 .5 120
4759 480 6 .9 115 8 .0 4 .3 115 5.0 125
4760 500 6 .4 132 8 . 4 3.4 110 3.8 70
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Table 17 .30

Copper con ten t  o f  Phaeoptilnm spinosum, le a v e s  and tw ig s ,  c o l l e c t e d  on
Transect 48, M alachite  Pan. 2 /2 /7 0 .

Sample
No.

Distance
m.N/m.

LEAVES TV/IGS SOIL
%
ash

ppm
ash

ppm
dry

%
ash

ppm
ash

ppm
dry

-80
mesh

4761 500 13.7 62 8.5 3.8 275 10.7 70
4762 492 18.2 32 5.8 3.8 165 6 . 4 95
4763 475 13.5 70 9.5 4.1 217 8 .9 130
4764 465 13.3 65 8 .7 3.1 345 10.8 125
4765 425 16.5 47 7 . 8 3.7 145 5.4 110
4766 420 15.4 32 4 .9 4.1 265 10.9 115
4767 415 14 .8 97 14.3 5.4 235 10.1 108
4768 400 13.8 102 14.1 3.9 320 12.7 115
4769 390 13.9 70 9.7 3.5 320 11.4 100
4770 380 12.0 115 13.9 3.6 247 9.1 170
4771 365 15.5 62 9 .4 3.6 350 12.6 100
4772 350 15.7 65 10.2 2 .8 427 12.1 80
4773 340 18 .4 55 10.1 3.8 220 8 .6 65
4474 310 17.2 82 14.2 3.7 160 6 .8 65
4475 290 15.3 122 18 .8 4 . 6 245 11 .4 150
4476 285 11 .8 230 27.3 3.6 380 13.8 200
4477 225 13.3 217 29.0 5.7 457 1T.1 280
4478 215 11.9 257 30.8 3 .3 462 15.4 142
4479 180 12 .0 217 26.2 4 . 0 292 13.7 195
4780 160 18.5 120 22 .2 4 . 6 280 13.0 140
4781 145 16.9 110 18 .6 4 .4 300 13.2 108
4782 122 25.7 60 15.4 5.2 307 16.0 98
4783 110 14.2 97 13.9 6 .6 202 15.4 135
4784 90 15.6 190 29.5 4.1 300 12.3 105
4785 15 13.8 115 15.9 4 .8 290 13.9 163
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Table I V .30 A
Copper con ten t  o f  the shrub s p e c i e s  Tarchonanthus camphoratus, E h re t ia  r i g i d a . 
Lycium la n c i f o l i u m ,  Ozoroa paniculoaa  and Ziz iphus  mucronata f o r  samples  
c o l l e c t e d  on Transect 48,  Malachite  Pan. 2 0 / 2 / 7 0 .

LEAVES TWIGS SOIL
Sample Dis tance % ppm ppm % ppm ppm -8 0

No, m.N ash ash dry ash ash dry mesh

Tarchonanthus  camptloratus

4786 35 8.17 442 34.4 3.92 300 11 .8 205
4788 85 6 .06 410 24.6 3.41 300 10 .2 130
4790 160 7.11 490 34 .8 3.61 180 6 .5 140
4791 175 7 .22 202 14.6 2 .8 5 375 T0.1 190
4792 200 8.65 395 33,4'. 3.36 395 13.3 200
4794 215 7 .6 6 322 25.8 3 .8 4 217 8.3 142
4796 235 6.92 420 29.2 3 .12 290 9 .0 180
4798 315 6.51 420 27.3 3 .18 280 8 . 9 80
4799 330 7.12 400 28 .5 3.41 212 7 . 2 65
4801 353 7.25 240 17.4 3 .08 215 6 . 6 82
4802 385 7.62 245 18 .7 2 .8 6 255 7 .3 135
4803 500 6.74 260 17.5 3.21 157 5.0 70

Ehret ia r i g i d a

4787 80 12.44 130 16,2 5.49 210 11.1 130
4795 225 14.16 132 18 .7 5.19 210 10.9 160
4800 335 10.04 92 9.2 5.54 217 9.9 70
Lycium la n c i fo l iu m

4789 135 14.95 245 36.6 3 .80 265 10.1 140
4797 285 15.00 112 16,8 3 .89 222 8 . 6 200

Ozoroa paniculosa

479Î 205 7.09 157 11.3 4.26 282 12 .0 155
Ziziphus mucronata

4804 500 8 .88 45 4 . 0 3.23 105 3 .4 70
4805 350 12.00 60 7 .2 3.94 120 4 . 7 80
4806 290 9 .35 57 5.3 3.08 165 5.1 150
4807 265 10.64 47 5.0 3.07 182 5.6 180
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Table I V .51

Copper conten t o f  Grewia f la v a  le a v e s  and tw ig s ,  f o r  samples c o l l e c t e d  on
Transect 35, M alach ite  Pan. 2 0 /1 /7 0 .

Sample
No.

Locat ion
m.N/m,

LEAVES TWIGS SOIL

%
ash

ppm
ash

ppm
dry

%
ash

ppm
ash

ppm
dry

- 8 0
mesh

4019 19 8 .8 177 10 .4 4 .3 165 7.1 15
3946 30 9 .0 127 11.5 3 .5 180 6 .3 17
3947 37 8 .4 177 14.9 4 . 0 180 7 .3 16
3943 43 7.7 180 14 .0 3 .9 222 8 .7 17
3949 52 9.5 167 15.9 4 .3 250 10 .9 16
3950 70 7 . 6 230 17.6 3 .4 177 6.1 12
3951 79 8 .4 250 21.1 4 .6 162 7 . 6 32
3952 90 9 .5 175 16.6 3 . 7 . 230 8 .6 25
3953 100 8 .8 165 14 .6 5.2 165 8 .7 37
3954 111 9 .9 262 25.9 4 . 2 175 7 . 4 42
3955 133 8 . 8 255 22 .6 4.1 165 6 . 8 32
3956 140 8.7 195 17.1 4 . 0 187 7 .5 47
3957 145 8.3 195 16.3 4 . 8 195 9.5 41
3958 152 7 .3 187 13.7 3 .5 155 5.5 30
3959 170 8 .9 175 15.6 5 .0 132 6 .6 17
3960 181 9 .5 182 17.4 4 .3 165 7.1 14
3961 192 7 .3 165 12.1 3 .3 152 5.1 10
3962 199 7 .2 157 11.3 3 .6 127 4 . 6 10
3963 215 8.9 190 16.9 3 .8 105 4:0 10
3964 226 7 . 2 202 14Z7 3.2 187 3 . 5 10
3965 240 7 . 2 182 13.2 3.7 162 6.1 10
3966 261 1 .1 170 13.2 3 .2 165 5 .4 15
3967 282 7.1 197 14 .0 3 .0 187 5 . 8 19
3968 294 7 . 6 240 18 .4 4.1 182 7 .5 16
3969 3O8 8.1 280 22.9 3 .8 157 6.1 17
3970 322 7 .5 190 14.3 3 .4 187 6 . 4 14
3971 340 8 .3 142 11 .8 3.9 117 4 . 6 10
3972 360 8 . 0 152 12 .2 3 .4 187 6 .5 12
3973 370 7 . 8 215 16.9 3.3 157 5.2 15
3974 376 8 .6 160 13.9 4 .9 140 6.9 15
3975 390 8 .7 242 21.1 3 .4 210 7.3 12
3976 400 7 . 6 157 12.0 3 .6 132 4 .5 20
3977 412 7 .9 167 13.2 3.2 155 5.1 28
3978 421 8 .0 155 12.5 4 .5 110 5.0 35
3979 433 8 .0 177 14.3 4 .7 142 6 . 8 62
3980 445 8 .8 227 20 .0 4.1 212 8 . 8 123
3981 450 8 . 8 305 26.9 4.1 222 9.1 170
3982 465 7 . 6 222 17.0 3 .8 200 1 .1 38
3983 470 8 .2 177 14.6 3.9 155 6.1 22
3984 485 6 . 4 295 19.1 4 . 9 160 7 . 8 18
3985 502 7 .5 215 16.5 4 . 2 132 5 .6 7
3986 517 7 . 6 155 12.0 3 .8 155 5.9 10
3987 528 7 . 9 157 12.4 3 .5 170 6.1 5
3988 540 8 .5 125 10.7 4.1 155 6.4 7
3989 550 9 .4 120 11 .4 3 .6 185 6 . 8 5
3990 570 7 .5 210 15.9 3 .9 214 8.3 6
3991 584 7.1 262 18.8 3 .9 117 4 . 4 10
3992 598 8 .4 137 11.6 4 .3 150 6 .5 8
3993 614 8 .4 100 8 .4 4 .3 100 4 .3 7
3994 630 7 . 3 167 12.3 3 .8 135 5.1 7
3995 648 8.1 180 14.7 3.5 167 6 .0 7

Cont'd.



331

Table I V .31 cont*d

Sample
No.

Location
m.N/m.

LEAVES TWIGS SOIL
%

ash
ppm
ash

ppm
dry

%
ash

ppm
ash

ppm
dry

-80
mesh

3996 660 7 . 8 187 14.8 4 . 0 - . 0 5 4.3 7
3997 680 8 .0 142 11.5 3.5 165 4 . 0 8
3998 695 8 .4 117 9.9 3 .8 135 5.2 7
3999 708 7 . 4 150 11 .2 3 .8 122 4 .7 7
4000 722 6.7 220 ■ 14.8 3.1 155 4 . 9 5
4001 736 8.9 145 12.9 4 . 6 127 5 .9 c
4002 750 8 .3 130 10 .8 No Sample
4003 767 7 .2 165 12 .0 3 .5 105 3.7
4004 778 7 . 0 170 12.0 3.1 122 3.8 5
4005 797 7.7 145 11.3 4.1 125 5.1 5
4006 812 7 . 6 150 11.5 2 . 9 145 4 .3 5
4007 828 7.1 192 13.8 No Sample
4008 841 7 . 0 127 8 . 9 3 .6 150 5.4 4
4009 862 8 .2 150 12.3 3.9 130 5.1 4
4010 877 7.3 205 15.1 3 . 8 135 5.2 5
4011 894 7 .7 167 12 .6 3.7 125 4.7 8
4012 907 7 . 4 127 9.5 3 .8 117 4 .6 5
4013 926 7.7 167 12.9 3.9 150 5.9 5
4014 945 8 . 8 97 8.5 3 .6 122 4 .5 5
4015 960 7 . 0 175 12.3 3.6 130 4 . 8 5
4016 975 8.1 145 11 .8 3.3 132 4 .5 6
4017 990 7 . 2 180 13.0 3 .4 182 6 .2 5
4018 TOOO 8 .5 117 9.9 4 . 4 102 4 .6 5
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Table I V .32

Copper con ten t  o f  P haeoptilon  spinosum le a v e s  and tw igs collected,, on T r a n s e c t  35
Mal ac h i t e  Pan

Sample
No.

Locat ion
m.N/m.

LEAVES TV/IGS SOIL
%

ash
ppm
ash

ppm
dry

%
ash

ppm
ash

ppm
dry

-80
meeh

4233 7 12.3 42 5.2 3.0 140 4 .3
4234 26 16.3 47 7.7 5.2 237 1 2 .4 16
4235 46 17.3 37 6 .4 4 . 0 147 6 .0 18
4236 49 16.7 65 10.9 4 . 2 197 8 .4 20
4237 73 13.2 75 9 .9 3.6 235 8 .6 204238 79 14 .7 57 8 . 4 4.1 235 9 . 6 324239 90 18 .9 82 15.5 3 .6 302 10.9 254290 100 14.2 117 16.6 3 .5 217 7.7 374291 116 13.4 97 13.0 3 .3 260 8.7 404292 140 14 .8 95 14.1 2 .5 355 9 .0 47
4293 145 14.5 72 10 .4 4 .4 185 8.3 40
4294 156 14.2 42 6 .0 4 . 8 92 4 . 4 16
4295 168 14 .9 35 5.2 4 . 6 147 6 . 8 17
4296 160 18.1 47 8.5 5 .5 175 9.7 154297 190 13.3 60 8 .0 4.1 215 8 .9 10
4298 200 15.1 32 4.^8 3 . 4 202 6 . 9 10
4299 212 13.4 47 6.3 4 . 2 120 5.1 10
4250 222 12.7 45 5.7 4 .3 295 12.9 10
4251 232 14.5 35 5.1 3 .6 175 6 . 4 10
4252 255 14.5 32 4 .7 3 .6 275 10.1 13
4253 270 12 .6 37 4 .7 3.8 182 7 . 0 10
4254 282 14.7 47 6 . 9 3.1 217 6 .7 20
4255 300 11.5 110 12 .8 4 . 0 337 13.8 174256 310 12.5 97 12.2 3 . 4 337 11 .6 17
4257 329 12.7 132 16.8 3 .4 130 4 . 4 10
4258 No Sample
4259 355 10.7 62 6.7 6.3 137 8 .7 12
4260 375 15.9 60 9 .6 3 . 6 270 9.9 154261 387 14.1 55 7 . 8 5.1 180 9 .2 14
4262 405 13.7 80 11 .0 5.1 205 10 .6 234263 414 12.7 60 7 . 6 3.5 235 8.3 29
4264 430 18 .5 92 17 .0 3 .9 327 12.9 554265 454 17.0 105 17.9 4 . 9 405 20 .0 116
4266 466 14.8 72 10.7 3 .3 332 11.1 30
4267 479 16.3 60 9 .8 5 .8 262 15.4 25
4268 490 12 .8 45 5.8 3.2 257 6 . 0 10
4269 500 15.9 105 16.7 4 . 0 290 11.7 7
4270 512 13.6 55 7 .5 3 . 0 230 6 .9 10
4271 530 16.2 47 7 .6 4 . 6 202 9 .5 7
4272 547 14.1 32 4 .5 4 . 0 165 6 .7 6
4273 567 19.3 20 3 .9 3 .4 195 6.7 7
4274 578 13.9 35 4 .9 4.1 150 6 .2 7
4275 592 12.2 32 3.9 3 .0 140 4 .3 7
4276 609 12 .0 25 3.0 4 .2 157 6 .7 10
4277 632 13.0 30 3.9 3.1 185 5.8 7

Cont'd
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Table IV .32 cont’d

Sample
No.

Locat ion
m.N/m.

LEAVES TWIGS SOIL
%
ash

ppm
dry

ppm
ash

%
ash

ppm
ash

ppm
dry

- 8 0
mesh

4278 650 12.8 45 5 . 8 6.3 145 9 .2 7
4279 660 15.5 57 8 . 9 3 .8 230 8 ,8 74280 674 13.4 42 5 .6 4.1 212 8 . 8 124281 688 12.3 60 7 . 4 4 . 6 212 9 .8 10
4282 698 14.5 35 5.1 4 . 9 165 7 . 9 74283 725 14.3 50 7 . 2 4.1 167 6.9 6
4284 733 13»1 32 4 . 8 4 . 2 152 6 .4 54285 750 11 .8 42 5 .9 4 . 6 185 8 .5 54286 770 9 .6 65 6 .3 5.2 165 8 .7 5
4287 785 14 .0 35 4 .9 4 .5 152 6 . 8 54288 802 14.2 32 4 .6 3 .6 157 5.7 7
4289 812 12 .2 42 5 .2 3.9 197 7 .9 54290 825 10.7 45 4 . 8 3 .4 185 6 .4 5
4291 842 15.1 47 6 .2 3 .8 170 6.5 5
4292 655 16.5 37 6.1 3.8 225 8.7 5
4293 872 14.3 55 7 .9 4 . 8 127 6 .2 5
4294 885 16.2 22 3.6 4.1 120 4 .9 7
4295 898 15.8 47 7 . 4 3.4 295 10 .0 5
4296 912 15.3 47 7 .5 4.1 200 8 .2 5
4297 930 13.5 45 6.1 4 . 6 180 8.3 7
4298 945 13.6 37 5.0 4 .7 165 7 . 9 7
4299 970 13.1 45 5.9 3 .6 117 4 .2 54300 990 11.3 35 4 . 0 4 . 4 207 9 .2 5
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Table 17 .31
Copper con ten t  o f  Acacia
Traiiseot 35- 2 7 / 1 / 7 0

h e r e r o e n s is  l e a v e s  and tw igs  c o l l e c t e d  on

Sample
No.

Location
m.N/m.

LEAVES TV/IGS SOIL
%

ash
ppm
ash

ppm
dry

%
ash

ppm
ash

ppm
dry

-8 0
mesh

44448 11 7 .2 120 8 .7 4 .3 195 8 . 4 25
4449 28 6.5 100 6.5 4 . 9 140 6 .9 16
4450 50 5.5 150 8 .4 4 . 9 125 6.1 20
4451 65 5.9 122 7 .2 4 . 3 105 4 . 7 174452 80 6 .9 70 4 . 9 4 .5 120 5.4 32
4453 90 6 .5 152 9 .9 3.7 142 5.3 25
4454 111 6 .7 97 6.5 4.1 120 4 . 9 37
4455 125 6.1 157 9.7 4 . 9 147 7.3 38
4456 142 6.7 92 6.2 4.1 145 6 .0 45
4457 146 6 .2 105 6.5 4 .9 152 7 .5 40
4458 170 5.7 110 6.3 3 .8 112 4 .3 17
4459 200 6 .4 207 13.3 4 . 4 157 6.9 10
4460 220 7 . 4 117 8.7 4 . 0 150 6 .0 10
4461 235 6 .2 100 6 .2 4.1 172 7.1 10
4462 250 7 .2 175 12 .7 4 . 0 120 4 .9 10
4463 265 7 . 4 73 5 .4 4 . 4 89 4 . 0 12
4464 270 6.1 100 6 .2 3 .4 110 3.8 10
4465 290 7 .5 137 10.3 5.4 197 10.7 154466 315 6 .2 120 7 .5 3 .9 120 4 .7 17
4467 335 5 .3 175 9.3 5.0 105 4 .2 10
4468 360 4 . 4 110 4 . 9 3.9 120 4 .7 12
4469 412 5.2 95 5.0 4 . 0 152 6.1 28
4470 440 6.1 78 4 . 8 3 .0 83 2.5 70
4471 445 7 .2 110 8 .0 5.0 152 7 . 6 123
4472 460 5.7 105 6 .0 4 . 7 95 4 .5 45
4473 470 5.7 115 6 .6 4 . 7 73 3.5 22
4474 500 4 .7 95 4.5 4 . 0 135 5.5 7
4475 520 5.7 100 5.8 5.2 105 5.6 10
4476 530 6.1 115 7 . 0 3.3 95 3 .2 7
4477 555 5.3 105 5.6 4 .2 115 4 .9 7
4478 580 5.6 73 4.1 4 . 4 110 4 .9 5
4479 600 6 .0 100 6 .0 3.5 110 3 .9 10
4480 630 5.5 89 4 . 9 4 . 4 110 4 . 9 7
4481 640 5.9 105 6 .2 . 4 . 8 120 5 .8 10
4482 665 5.3 115 6.1 3.5 140 4 . 9 10
4483 678 6 .6 73 4 . 8 4 . 9 95 4 .7 12
4484 700 5.9 89 5.3 4 .7 105 5.0 7
4485 720 5.1 95 4 . 9 4 .7 95 4 .5 7
4486 750 4 . 8 69 4.3 3.2 105 3.4 5
4487 775 5.7 100 5.7 4.1 100 4.1 5
4488 795 6 .7 78 5.3 4 .4 120 5.3 7
4489 No Sample
4490 660 5.8 120 7 . 0 4 .7 83 3.9 4
4491 880 5.3 115 6.1 3 .8 120 4 . 6 5
4492 896 5.0 95 4 . 8 4 . 4 78 3.5 6
4493 915 5.1 115 5.9 3.6 115 4 .2 5
4494 945 5.1 120 6 .2 4 . 4 89 3.9 7
4495 960 4 . 9 105 5.2 3.4 115 4 . 0 5
4496 980 6 .0 83 5.0 5.7 52 3.0 7
4497 995 5.0 180 9.1 3.1 135 4 .2 5
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T-Thle IV.  I/I

C o p p e r  c o n t e n t  o f  G-r^wie f l a v a , l e e v e s  enil t w l g p .  c o l l e c t e d  on
Tre f i RPc t  38 At t h e  h e l A c h i t e  Pan K s k a h r o n .  ? l / l / 7 0

oemple
Tvo ,

Lo c a t  i  0 n
> ■. 8.

I >E A V K S T VIGO SOIL

i -

a eh
pprn 
a eh

ppm
d r y a eh

ppm 
a eh

ppm 
d r y

- 8 0
me eh

40?0 6 7 . 9 285 22 .5 3.6 242 8 .7 125
/10?1 16 6 . 8 295 2 6 . 0 3.7 215 8 . 1 128
4022 27 9 .1 335 3 0 .8 4 .4 222 9 . 9 172
AO23 60 6 . 9 377 2 6 .9 3 .6 245 9 . 7) 55
d02d 75 7 . 9 285 2 2 .5 4 . 2 145 6 . 2 52
4025 90 8 .7 372 32.4 4 .4 167 7 . 3 45
4026 98 9 . 0 257 23 .1 4 .1 195 8 . 1 74
4027 111 7 . 5 340 23 .6 4 .4 205 9 . 2 65
4028 112 8 . 8 250 2 2 .0 4 .0 192 7 . 8 63
4029 138 8 . 0 227 18 .4 3.7 192 7 . 3 68
4030 147 8 . 3 182 15 .2 3 .9 222 8 . 6 92
4031 150 9 . 0 212 1 9 .2 4 . 2 190 8 . 2 105
4032 152 8 . 2 310 22 .5 4 .7 217 1 0 ,2 96
4033 159 8 .1 245 20 .1 3 .9 212 8 . 5 64
4034 168 7 . 3 267 19 .6 3 .9 212 8 . 3 66
4035 179 8 . 9 217 1 9 .3 4 . 0 157 6 . 4 85
4036 187 9 . 1 280 2 5 .5 4 . 1 217 8 . 9 82
4037 195 7 .7 300 2 3 . 3 4 . 2 185 7 . 8 76
4038 203 8 . 0 272 21 .9 4 . 2 217 9 . 3 91
4039 221 8 . 0 155 12 .5 3 .9 132 5 . 2 70
404 1 233 7 . 0 262 18.4 4 . 0 240 9 . 6 57
4 041 245 8 . 6 112 9.7 3.7 190 7 . 1 30
4042 258 8 . 0 162 1 3 .1 3 . 2 160 5 . 2 26
4043 270 6 . 6 182 15.7 4 . 6 145 6 .7 25
4044 283 8 . 9 112 10 .1 3 .8 117 4 .5 24
404 S 313 9 .1 177 16 .1 4 . 2 137 5 .9 20
4046 326 7 .4 143 10.7 3 .8 180 6 . 3 15
4047 340 7 . 5 177 1 3 . 3 3 .6 185 6 . 8 20
4048 3,18 8 . 6 170 14 .7 4 . 2 175 7 . 4 20
404 0 361 7 . 9 172 13.7 3 .0 210 6 . 3 31
405Ô 370 7 . 7 202 15 .7 4 .0 145 5 .9 25
4051 39- 8 . 0 180 14.4 4 . 6 180 8 . 4 23
4052 412 10 .0 192 1 9 .3 4 . 3 132 5 .7 42
4053 431 7 . 8 265 20 .7 4 .0 172 7 . 0 55
4054 443 8 . 3 185 15 .5 3 .3 132 4 . 3 28
4053 463 8 . 2 175 1 4 .3 4.7 162 7 . 7 16
4036 477 8 . 4 172 1 4 .6 3.7 190 7 . 1 28
40 c^ 4 00 9 . 1 200 18 .4 3 .3 117 3 .9 35
4038 501 8 . 4 162 13.7 3 .8 135 5 . 2 30
4039 509 8 . 5 157 1 3 .5 3 .1 127 4 , 0 18
4060 322 8 .7 130 13 .1 3 .6 187 6 . 9 22
4061 544 7 . 1 223 15 .8 3 .8 162 6 . 3 93
4062 545 8 . 2 337 2 7 .6 4 . 1 223 9 . 2 92
4063 550 8 . 0 267 2 1 .4 4 . 5 190 8 .7 87
4 06-1 555 7 . 8 315 2 4 .8 4 .0 190 7 . 8 77
4063 364 6 .9 200 1 4 .0 3 .4 215 7 .4 47
4066 374 7 . 9 145 11 .5 3 .4 115 3 .9 23
4067 390 7 . 4 147 10 .9 3 .2 1̂ 5̂ 4 .7 22
4068 600 7 . 5 202 15 .2 3 .3 180 6 . 0 17
4069 61" 8 . 2 157 13 .0 3.3 150 5 . 1 15
4070 636 7 . 9 120 9 .6 3.6 140 5 .1 13
4.071 660 7 . 3 182 13.4 3.7 125 4 . 6 25
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T EAVG0 TVTOO SOIL

Sample Locnt  ion <7 ppm pp.in <y ppm pprn - 8 0
En . 7".  0 , a eh A eh d rv a eh A eh d T V me eh

4072 670 8 .2 192 15 .7 3.5 157 5 .6 3?
407 3 740 7 . 9 162 1 ? .9 4 . 3 120 5 .9 3
4074 750 7 . 1 19o 19 .9 4 . 1 107 9 .2 7
4075 760 7 .4 102 7 . 6 3.7 110 4 .1 7
4076 775 9 . 9 2 1 0 16 .6 3.2 115 9.4 6
7077 7C9 7 . 9 170 19 .4 3.1 170 9 . 8 5
4179 709 7 . 6 195 14 . 0 2 .0 115 3.1 5
4070 91" 6 .7 22? 15 .0 ' . 7 147 5 .9 7
41-0 "40 7 . 0 1"7 10 .1 3.4 142 4 . 0 5
4 0 9 l 904 9 . 0 140 1 1 .2 4 .1 130 6 .4 c
4 y 0 f"' 9 /7 p 0 140 12.4 3.4 110 9.8 6
4 ^" 9 9"6 " ! i 149 11 .0 4 .7 12" 5 .7 74 1 n i l 7 . 4 101 9 . 6 9.4 14 9 5 .0 10

019 7 . 0 15? 10 .6 0.1 17" 9 .6 Ü
/  p 0 r 900 7 14" 10 .3 9.4 157 9.4 6

n i l 7 .7 17 9 13 .6 112 3 . -
-7

. 0 0 7 . " 937 17 .9 0 . n I " " 5 . 9 l'^
f c O n -7 ,4

4 ♦ • ; I " . - " 3.4 1"" 4 . 2 1"
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9 .1 ; p-'-r '
m:, Tr.-.r.r

: ;-! i 0 " 
' - ; t  3" a t

}■'’> •■* e 11^
the  ■ -1

i 1 i ' '-I T-
an’; 1 i  H

■- i 1 J c • M -
pan Kn

: 1 -
:* 23,

1
/ 1 / 7 0 .

(-■l i e

TrAVpn rp' T O'" TOT I,

P ' 11 ■. r 1 p T_. : " A t  in r; ppm I PT €■ " r-m IPTI - " 0
. a oh A - h 4 I'-i.' V T  ' - ri p. c; h

1301 11 1 5 .0 235 35 .3 4*5 505 22 .8 135
430? "0 1 B. 9 300 94 .8 5 .0 500 2 9 .1 122
4 303 30 14 .0 4 4 6 2 .0 -1.1 410 17*0 202
A 1 ", /IT 13 .4 •947 <0.1 2 .8 <00 17*1-1 '. ", r 05 19.4 2 <7 4 1 .2 ■1. 5 515 23.4 l " 9
■ I 116 60 11.6 189 2 1 .5 2 . 9 500 14 . 8 55
4307 80 19 .0 105 18 .8 5*4 260 14 .1 62
,.1 ]10 99 17 .2 M 2 24 ,5 9.4 315 17 .2 <3
■ i ro 112 17 .3 1 12 2 4 . 6 6 .0 1 9 . " r  A

/311 115 14 . " 180 26 .7 4 . 4 267 11*9 '^2

4311 1?" 12.7 195 2 4 . 9 2.7 357 10 .6
4 31 V 130 1 6 . " "7 1 ' .7 3*5 289 1 0 .2 70
4 "13 1 /11 11 .3 119 13.1 3.^ 325 11.7 ' -0
4 314 170 16 .2 195 31.7 4 . 290 12 .9 109
‘ 315 1"1 17 .0 IT? 17 . '' 9 .7 320 1 7 .3 61

190 "1 .9 1/7 17 .6 4 ,6 305 11 ,2 79
4317 2 00 13 ,9 pp a 31 .0 4 . 6 3" 5 14 .2 75
/ 31 0 210 11.4 130 14 .9 4*6 1.4? 6 * 6 120
.'1 31 n -19 " 0 . 2 130 26 .9 6 .1 l " 5 10 .1 70

23" 1 . - 195 32.4 4 .2 520 21 .2 60
4301 2-'10 13 .9 122 19 .9 3*0 i n i 10 .9 32
4 3"? 9 90 I ' . O 37 5 .2 3*/) 290 I T . l 27
4 3^3 260 13.7 95 7 . 5 3 .9 260 10 .1 25
A 300 970 15" 3 35 5.4 3.4 210 7 . 2 25
4 3": 290 19 .6 35 6 . 0 4 . 6 1":5 8 . 6 27
/I 3 " .6 305 12 .9 72 9 . 3 2 .5 340 8*7 22
A 307 331 17 .5 3" 5 .6 2 .7 295 8 . 2 16
4328 359 14.7 35 5 ,2 3*9 207 8 . 2 20
<399 395 19.4 53 7 . 7 6 .7 142 9*5 28
1333 390 19 .0 47 7 . 1 5 , 2 202 10 .6 20
4331 410 19.7 55 1 0 . 3 3 .3 257 8 . 6 42
433^ A 17 17 .7 62 11 .0 3 .8 245 9*4 42
4 333 430 13 .8 65 9 . 0 4 , 8 212 1 0 .3 60
4334 /] 4 5 19 .0 67 10 .7 3.6 310 1 1 . 3 28
4335 460 13 .0 45 5*9 4 . 4 175 7*8 15
4336 - 475 15 ,8 137 21.7 3 .5 355 12 .7 26
4 337 500 13 .5 65 8 . 8 4 .1 222 9 . 2 T9
4339 510 1 4 .0 37 5 ,2 3 .1 285 8 . 9 17
4 339 990 16 .1 97 1 9 .6 5*5 310 17*1 87
4340 550 13 .8 237 32 ,8 3 .1 437 13.7 90
4311 560 15 .4 60 9 .2 4 . 1 289 1 1 .8 67
4312 979 14 .8 57 8 . 5 3 .6 202 7 . 4 22
4343 996 15 .8 32 5*1 4 . 3 167 7 . 2 18
4 344 606 13 .1 62 8 . 1 4 . 0 202 8 . 1 17
4 345 6I5 1 1 .0 55 6 .1 3 .5 157 5 . 6 16
4346 62S 15 .9 75 12 ,0 4 . 1 222 9 . 6 18
4347 635 14.1 50 7*1 5*0 257 12 .9 18
4348 665 12 .0 72 8 .7 2 .9 232 6 . 0 30
4349 680 12 .6 62 7 . 8 4 . 8 195 9*4 32
4350 745 13.7 32 4 . 4 3 .8 102 6 . 9 6
4351 755 12.7 62 7 . 9 4 . 2 187 7*9 7
435? 775 1 5 .0 70 10 .5 5*4 217 1 1 .8 6
4 353 790 1 5 . 5 47 7 . 3 4 .7 1 6 5 7*8 5
4354 803 1 2 . 0 40 4 . 8 3 .6 137 4 . 9 7



Tapi] ft IV.  33» ( c o n t . )

338

Sample 
Po .

Loca t  ion 
M.S.

LEAVES ryi' 'TSS SOTL

a eh
ppm 
a eVj

pprn
d T V

9
a eh

ppm
a eh.

ppm
d pir

-8 0
p-ic- ch

4 333 818 12 .4 42 5 .2 3.1 327 10 .4 7
4 356 8 37 1 4 .3 43 6 .6 4 . 1 115 1 K 9 8
4 337 860 1 0 . q 35 3 .9 4 .1 125 5 . 2 5
'1 33" 87? 12.7 47 6 .0 3 .5 255 9-0 6
4 "39 8"3 13 .0 35 4 .7 3.5 235 8 . 3 6
4 160 806 12 .1 37 6 . 9 5 .6 K o 9 . 0 8
4 161 913 1 1 .9 57 6 .8 3.9 232 9 .1 7
4 362 9?2 1 4 .3 30 4 . 3 4 . 1 172 7 . 1 6
4363 010 13.7 30 4 .7 4 . 9 95 4 .7 7
4364 967 14.4 32 /1.6 4 . 0 135 5-5 10
4365 980 13 .2 35 4 . 6 3.5 14 0 4 . 9 7
4366 998 14.1 27 3 .8 3 .3 150 5 . 0 10
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Tahlft  IV.  36

Copper c o n t e n t  o f  A.oqcia l i e r e r n e n e i .q , l e a v e e  a?
on Tran s e n t  18 a t the V a l a c h i t e pen Or t, a I r o n .  2 7 / 1 / 7 0 •

IVAVEO T’"T09 8ETL

Sa;'nple Laos t i o n ppm pa rn y ppm T'P -8 0
Vn*. a -h a eh -T a eh a cp '1 T rr,p :̂h

449" 3 c 7 241 13 0 4 4 268 11 4 126
/MOO 2 0 5 9 197 11 7 4 283 12 5 138
4060 33 5 q TOO 12 2 9 0 208 15 0 204
'301 / o 5 9 000 ?6 0 / 0 1057 4 2 0 205
4 00T / n 2 4 275 17 6 9 A 050 32 7 206
1303 P" /! 9 31? 16 p 3 0 4 T T 1< p 139
100.-Î <1 y 0 1" 8 1 6 I'^O a 66
A r r 78 c 5 1]-^ < 1 9 140 4 0 ç c n

' r 0 111 r. 1 13" r n 9 1 "T 5 0 67• “ ' " " 9 1 r 9 3 3 ; -, - r  "
' r p 0 1 a-> c: 191 9 2 1 0 130 r 9 70
/  ̂0 0 I K ■' 1 13'5 r / a r 137 ,1 6 60
/ r 1 ", 157 r 1 0,9 c 1 a C 100 a 9 105

170 10 3 0 9 0 6 r 115 1 67/ r 1 " r " IT 9 175 13 7 a 1 19T 4 8 81
r 1 : 1ST 5 135 7 r, 9 162 7 77

K K TO 3 0 / 125 0 1 9 7 115 4 3 88
4313 "10 0 9 29 / 7 4 3 135 c 0 120

, ' ■ TO? t 73 9 1 c 3. 95 9 0 69
'517 9 :0 /I 2 120 5 1 4 1 175 d a 39
A  ̂1 T. 757 /T 0 ■1 7 4 2 110 4 6 27
4 3 1 0 97 0 < 0 100 7 5 •1 2 146 6 1 25
4020 99 1 3 95 0 0 .1 1 100 / 1 22
Ô3"i 3 6 y 9 105 7 8 5 169 7 7 22
4-T? 31" c r 100 q c; a p 130 d 6 16
,1 fl ̂  1 3<7 5 7 120 6 9 3 1 125 a 9 2 0
K M 3 r n r 7 120 0 1 3 9 137 5 i 20
4525 360 0 5 115 7 4 1 120 5 0 32

37 a ̂i 0 1 14 0 8 6 4 1 147 5 7 17
1527 d i p c 7 125 7 1 9 7 149 5 42
■ 3 2 8 1 <7 6 0 175 6 9 3 9 14.6 9 8 1<

i ; 2 q 175 C' 9 95 p 9 4 0 115 6 2 5
4330 <"5 6 9 1 1 5 8 0 3 9 120 7 33
4 5 3 1 5^ 4 5 5 78 4 3 3 2 89 2 9 26
4 5 3 2 52 1 .4 0 100 /I 0 3 1 73 CL 3 22
6533 537 6 1 105 6 /j 4 4 146 6 5 75
4534 555 5 o 152 0 0 4 7 110 5 2 77
4535 C 7 9 6 5 115 7 9 5 208 11 0 22
4536 <37 3 9 100 3 9 3 3 115 3 8 20
4537 <55 7 110 5 2 9 4 83 ? 0 23
4538 710 5 7 73 3 7 5 9 105 9 5
4 5 3 9 7 K 4 9 68 3 ,1 3 9 73 9 6
4 5 1 0 760 p 5 63 3 4 4 7 95 4 5 7
4541 770 5 6 120 6 3 3 2 100 3 2 7
4542 804 4 9 89 4 4 4 1 83 3 9 6

4 5 1 3 Q l O 6 0 115 6 9 3 4 80 3 i 7
4 5 4 4 830 4 9 110 5 4 3 4 73 2 7 10
4 5 4 5 850 6 1 89 9 5 4 3 100 4 3 5
4546 892 5 4 100 5 5 4 6 105 4 9 7
4 5 4 7 005 5 6 120 6 7 3 8 105 4 0 10
4548 9 2 5 4 3 89 3 8 3 4 63 ? 2 6

4 5 4 9 957 4 8 I69 8 2 9 110 3 7



Tah l p  IV.  36 . ( e o n t . )

3 ^

s amp l e  
Vn.

L o c a t io n  
'G S.

L'Eî Vpq T'KOO or)iL

9'
a sh

ppm 
a eh

ppm 
d ry

cP
i'~

a ??’'!
Lpm 
A c'a

ppm
d T'ir

- 8 0
rr|o ch

4991 960 6 .4 83 5 . 3 4 .1 73 3 .0 10
4551 995 6 . 0 89 5 .3 4 .5 95 4 . 3 10
4992 lOTO 5 .9 68 KO 3.7 56 2 .1 10
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Tnhi» IV. yj
C o p p e r  c o n t e n t ,  o f  Cr-ewjA f l a v a , l e a v e s  and t v i i g s ,  c o l l e c t e d  o - .  f  / e e c t
a t  t h e  M a l a c h i t e  Pan E s k a d r o n .  2 1 / 1 / 7 O .

LEAVES rVTGS SOIL

Sample
No.

Lo c a t i o n
a eh

pprn 
a sh

ppm 
d T V

% 
a Sh

ppm
a eh

ppm 
4 T - y

- 8 0
me eh

Ci'ewia f

4090

l a v a

2 8 .4 289 2 4 . 0 3 .3 177 5 .9 59
4091 16 8 . 6 240 2 0 . 6 3.7 111 4 . 1 50
4192 24 8 .7 182 1 6 .0 3.9 131 5 . 1 47
4193 41 7 . 1 232 16 .9 2-9 IR5 5-4 60
4191 4 6 7 . 8 262 2 1 .9 4 .0 140 5 . 6 40
4195 55 9 .1 185 17 .0 5 . 2 85 4 . 5 37
4196 70 8 . 8 191 16 .8 3 .2 187 6 .1 62
4157 77 8 . 2 219 17 .6 3.4 200 6 .9 80
48)9 ' B5 8 . 1 33/ 2 7 . 5 3-5 262 9 .2 67
4099 06 9 . 3 290 2 7 . 2 4 . 2 152 6 . 4 62
4111 95 8 . 6 135 11.7 4 .7 131 6 . 1 61
4111 117 7 . 9 225 17-9 4 .0 160 6 .4 111
4 M ? 114 8 . 2 229 1 8 .5 3.6 185 6 .7 98
4103 121 8 . 1 290 2 5 . 3 3-9 210 8 . 3 79
4114 137 7 . 9 232 18 .4 3 .2 207 6 .7 50
4115 151 7 . 4 2? 7 24 .4 3 .5 175 6 . 1 60
4116 163 8 ,4 329 2 7 . 5 3.1 191 6 . 0 62
4117 177 7 . 6 291 19 .1 3-6 200 7 . 2 72
411" 211 8 . 5 290 21 .4 3-4 209 7 . 0 85
4 111 214 7 . 5 410 30 .8 2-9 240 7 . 0 120
4 1 M 226 7 .7 409 71-3 4 . 9 190 9 .4 216
4111 229 7 . 3 511 37.6 3-4 299 1 1 .2 264
411? 240 7 . 3 365 2 6 . 8 3.7 269 9-9 145
4113 292 8 . 0 32? 29 .8 3.5 291 10 .4 197
4114 260 7 . 2 382 27 .7 2 .4 285 7 . 0 299
4115 270 7 . 9 382 31 .3 3 .4 275 9-5 212
4116 226 7 . 8 531 41 .6 4 ,0 232 9-4 108
4117 311 8 . 2 290 2 3 .8 3.7 267 1 0 .0 130
4118 314 8 . 3 375 31-2 4 .7 229 1 1 .0 53
4119 335 7 -0 275 19 .4 4 . 1 125 5 .2 52
4121 345 7 . 8 315 2 4 .6 4 .0 130 5-2 37
4121 360 7 . 1 360 2 5 . 3 3 .1 217 6 . 8 50
4122 370 8 . 2 362 29 .7 4 . 3 152 6 .6 47
412 3 3" 5 9 . 1 375 34 .4 4 . 2 2 9 0 1 2 .4 72
4124 397 7 . 5 322 2 4 .4 3-2 209 6 . 6 86
4125 418 9 .7 195 1 9 .1 3-7 190 7 . 1 96
4126 430 7 . 9 217 17-1 3.6 i P o 6 . 6 117
4127 450 7 . 8 38/ 30 .3 3.7 140 5 . 3 70
4128 460 8 . 6 420 36 .3 3 .6 217 7 . 8 115
4129 427 8 . 8 217 19 .1 3 .1 220 6 . 9 95
4131 490 7 . 2 262 18 .9 3.7 217 8 . 2 87
4131 501 7 . 9 4" 5 33.7 3.5 245 8 . 8 97
4 1 3 2 910 7 . 9 310 23.7 3.9 240 9 . 5 145
4133 518 7 . 1 395 28 .4 4 . 1 257 10 .7 149
4134 533 7 . 8 367 2 8 .9 4 . 3 329 1 4 .0 192

4135 541 8 . 6 345 29 .7 4 -2 255 1 0 .8 187

4136 947 8 .4 300 25 .3 4 . 3 235 10 .2 134
4137 " 5 64 8 . 3 315 2 6 . 2 3-0 24 0 7 . 3 107
4138 970 7 . 5 275 20 .8 3 .8 155 5 .9 142



3^2

T a b l e  TV. 37 ( c o n t , )

Î.EAV T"'TGS SOT T..

Sample l o c a t i o n ppm ppm ppm ppm - 8 0
Mn. a ph a p’n d ry a sb a wh d T V rpo ph

Gj-m-jf 1 a c 1 o V a

d l 39 984 9 .6 300 2 8 .8 4 . 6 230 10 .7 108
4140 600 8 .7 230 21 .1 4 .1 269 1 1 .1 150
4141 <00 3 .7 395 34 .5 4 .0 305 1 2 .2 155
414? 617 3 . 3 455 33 .2 3.4 255 8 . 9 125
4 14 3 630 7 . 3 462 36 .4 4 . 0 -95 1 1 .9 127
4144 690 8 . 5 367 31 .5 3.5 300 10 ,7 190
4145 657 8 . 4 360 30 .3 3 .9 385 1 5 .2 188
4146 662 7 . 6 415 32.2 4 . 3 255 1 1 .0 230
4147 670 8 . 3 345 2 8 . 9 3 .5 270 9 . 5 300
414.3 660 7 . 3 322 2 3 .5 3 .7 245 9 . 2 242
4149 693 7 .4 352 2 5 .6 2 . 9 235 6 . 9 159
4150 711 8 . 3 152 13 .4 4 . 2 162 6 . 9 56
4151 747 7 . 2 K 5 10 .5 5 .1 180 9 . 3 34
419? 975 7 . 2 207 15.1 4 . 0 152 6 . 2 32
4153 790 7 . 9 165 13 .2 4 .8 152 7 . 4 42
4194 795 7 .4 145 10 .3 5 .4 160 8 . 8 47
4155 305 6 . 3 157 13 .2 4 . 0 115 4 . 6 44
4156 316 9 . 2 112 10 .3 3 .6 97 3 .6 34
4157 330 7 . 3 195 14 .3 3 .1 157 6 . 1 70
4193 350 3 . 4 180 15 .2 3 .3 210 7 . 0 57
4159 365 9 . 0 190 1 7 .3 3 .8 155 5 . 9 43
416.0 333 8 . 2 135 15 .2 3.7 175 6 . 5 49
4161 396 3 .4 142 1 2 .0 3 .8 l<5 5 . 6 43
4 16? 914 8 . 4 180 1 5 .2 4 .0 155 6 . 2 52
4163 930 9 . 2 152 14 .1 4 . 3 147 6 .4 42
4164 953 3 . 3 162 13 .5 4 . 3 152 6 .7 37
4169 972 2 .0 147 11 .9 3 .8 169 6 . 4 50
4166 1000 8 . 5 175 15 .0 3 .9 162 6 . 5 35



3^ 3

T a b l e  TV. ?8

C o p p e r  c o n t e n t  o f  Pb a e n p t i l n  -n p r, j. n o eu rn, l e a v e s  and t w i g s ,  ( T r a . i e e c t  42)
c o l l e c t e d  a t  t h e  M a l a c h i t e  Fan E s - a ' r n n . 23 / 1/ 7 0 .

LEAVES T'-'ICS SOIL

Sample M e a t  ion A ppm ppm ? ppm ppm - 8 0
No . a eh a eh d r y a eh a eh d T V trie eh

P b aeo p t l il ni'i spif iosi ni

4367 175 11 .6 262 30 .5 4 .1 550 2 2 . 8 72
4 368 253 17 .7 285 5 0 . 6 3 .2 560 1 8 .1 215
1369 257 1 6 . 3 360 5 8 .8 K 9 575 2 8 .3 255
4370 258 1 3 .3 lOOO 133 .2 4 . 3 535 2 3 . 3 290
4371 poo 13 .0 187 24 .4 5 . 9 337 19 .8 137
4372 311 13.4 140 1 8 .8 4 . 3 345 14 .9 52
4 37 3 34 8 17 .5 65 11 .4 4 . 8 230 11 .1 34
4374 360 1 9 .0 35 6 .7 3.7 267 9 . 9 50
4375 370 1 5 .8 82 13 .0 4 . 2 257 12 .1 47
4376 400 11.4 167 24 .1 4 . 3 370 16 .1 87
4377 437 15 .2 140 2 1 . 3 4 . 6 237 1 1 .0 100
4378 A 6 8 11 .4 270 39 .0 3 .8 440 17 .1 147
4 3 /9 478 1 4 .8 222 33 .0 4 .0 297 1 2 .0 125
A X - r ) . 4 00 14 .5 262 38 . 1 4 .1 355 15 .9 87
4381 510 13 .5 315 4 2 . 6 ,1. 8 600 30.0 145
4302 532 13 .8 500 60 .4 3 .6 465 17 .9 192
4323 550 1 5 .4 262 4 0 .6 5 .6 417 24 .4 110
4TP4 18 .0 217 39 .1 3 .9 620 2 4 .5 120
4 3"5 600 1 3 .0 220 28 .7 4 . 2 297 12 .5 150
4 106 610 1 3 . " 172 2 3 .9 5 . 5 230 12 .7 157
4387 <25 19 .5 180 35 .1 5 .5 302 16 .7 118
.4 328 675 17 .0 630 107 .2 3.5 525 18 .5 325
4389 685 13 .9 207 2 8 . 8 4 . 2 385 16 .2 220
4390 696 1 5 .0 97 14 .6 4 .4 280 12 .5 138
4391 708 11 .0 55 6 . 1 5 .1 135 9 .5 65
4392 720 17 .7 20 3.5 5 . 0 130 6 . 5 60

4393 736 12 .2 75 9 . 2 4 . 2 2"5 12 .1 39
4394 758 9 .7 58 4 . 0 3 .1 267 8 . 4 26
4395 775 1 5 .3 82 1 2 .6 4 . 5 245 1 1 .2 32
439S 790 17 .6 47 8 . 3 4 . 3 202 8 . 8 12
4397 800 11 .2 67 9 . 9 4 .4. 200 8 . 9 55
439G "10 15 .4 40 6 . 2 3 .9 K 5 6 .9 32
4399 "25 K . 2 55 1 0 ,0 4 .7 240 1 1 .3 52
/MOO 880 1 7 .3 50 8 .7 4 . 1 2 9 0 11 .0 57
' / O l 875 17 . 6) 70 1 2 .3 3.4 395 1 3 .5 47
/M 02 890 1 3 .3 35 4 .7 3 .8 177 6 . 8 47
4 103 002 15 .5 ■ 47 7 . 3 4 . 5 195 6 . 0 44
4404 910 1 3 .6 57 7 . 8 2 .4 397 9 . 6 55
4 105 000 12 .7 50 6 . 4 -'.9 305 9 . 1 47
4 406 010 19 .3 57 1 1 . 0 4 . 3 2 4 5 1 0 .6 52
4107 9 6 0 19 .3 62 12 .0 3.8 205 1 1 .4 4T
4108 0"0 14 .2 47 6 .7 4 . 2 170 7 . 2 50
4 4 0 9 o c o 14 .8 67 9 . 9 1 . 3 2 0 2 8 . 8 37



T'f. ->n
3 ^

n ... -r. r t  r n t  ^ ' • i  -i. >1 .1 -/".TT l r - = v c  Y q .j'i (  T-'-'q n 0
r: ' ]  .] '■:: hr fl r it  f.’ .<- -1 -1'.‘ '.if..''» P'*i) Of X r o i 1 .  2 3 / 1 / 7 0

T,7 \r-■;0 7*n;T 00 2 ,2  TT

•-■ "I'll r- t  lo." c' tM-ri J’ '■■’2 0 r i m - 8 0
rC  . -) c- Vi 0 r- V-, A T‘ • 1 q cV, A 7"t/ rriC o’l

'.' ? r p T*0 F y '̂ -1 ''

/ |DD3 1 c 3 1 3 0 6 . 9 3 . 0 1 6 2 4 . 9 60
10 9 1 1 9 2 7 . 8 1 . 1 1 3 5 5 . 6 57

' 1 3 3 ? 5 c; 8 1 2 0 7 . 0 4 . 1 1 1 0 1 . 5 17
t  C .< 47 A 1 1 3 0 2 . 0 3 . 6 2 0 3 7 . 3 4 2
/!5 : 7 - 0 p 1 1 1 0 6 . 7 1 , 3 1 0 5 5 . 0 ' 9‘ 1 r.p

7 5 7 1 84 6 , 0 4 . 0 1 1 5 4 . 6 7 4
p. 3 2 7 1 1 0 7 . 4 1 . 1 1 3 0 5 . 4 87

/ i c / n 94 5 1 1 5 1 7 . 7 1 . 2 1 4 6 9 . 9 5 9
M 5 7 24 6 . 0 3 . 8 11 5 4 . 4, 9 8
1 3 '^ q 9 1 2 9 7 . 1 3.-4 1 2 0 4 . 1 7 5

3 1 ^ ^ K 2 1 " 0 " . 3 'I . 3 I ’ l 6 . 2 56
1 " ; 5 0 1 1 5 5 . 8 3 . 5 115 ■’ . 0 ■60

. ' ''. n 2 n S c 7 2 0 0 1 2 . 1 3 . 3 2 4 6 8 . 2 92
2 2 1 c, 1 8 3 1 0 . 1 4 . S 1 3 6 6 . 1 1 4 7

d C f ? 2 4 2 .4 2 •J 0 1 6 . 1 3 . 2 5 3 0 1 7 . 2 1 9 1
McfR 2 9 3 c 9 1 - 8 1 1 . 1 3 . 5 2 9 6 1 0 . 4 2 0 2

2 = 4 7 2..' 0 1 6 . 2 3 . 1 5 3 " 1 6 . 9 2 2 0
2 < f 2 1 1 7 3 9 . 1 3 . 7 2 ° S 1 0 . 6 2 2 9

' : - 7 1 O'O 0 " S 3 I S . 2 3 . 2 2 9 8 ° . 3 2 1 4
0 0 r '■ 4 / c 0 2 1 . 7 3 . 2 4 0 5 . ' " 1 1 1

/ r - T 2 n 1 9 3 1 1 . " /  r.- '  V 1 3 0 9 . 9 1 3 2
I D f '

*1 T -' 0 2 4 6 1 1 . " ^ . 5 2 : 9 9 . 7 53
< : 7 : 3 " 0 c; i 1 2 9 6 . 4 3 . 8 12 5 4 . 8 7 0
^ ; 7 " 3 3 5 5 1 3 6 5 . 1 3 . 4 11 9 3 . 9 92
■ i n 3 5 3 6 0 1 3 0 n 0 i ' 3 . 9 1 1 6 9 . 7 32
/ ; 7 " 3 ^ 9 1 1 2 0 7 . 3 3 . 9 1 4 6 9 . 7 60
1 ^ 7 ? 3.22 /t 7 1 3 0 6 . 1 3 . 4 1 0 0 3 . 4 8 1
/  ^ n 1 4 2 0 2 9 1 7 3 1 2 . 1 1 . 3 19,6 6 . 8 "7

4 :2 6 5 1 3 0 8 . 5 4 . 9 16 6 8 . 2
/ ^ 7 ? / SO c 5 1 5 6 8 . 6 3 . 5 1 9 6 5 . 5 7 0
4 R0 2 4 7 0 n 2 1 6 1 1 0 . 0 5 . 2 1 9 6 8 . 2 1 5 2
/!5 ? 4 4 ^ 0 5 A 15 1 8 . 2 3 . 8 15 6 6 . 0 1 2 0

5 3 0 r< 7 1 5 1 1 0 . 1 4 .  : 1 ' 6 4 . 5 97
d s n ç 5 1 2 < 2 0 3 1 3 . 5 4 . 7 2 4 6 1 1 . 6 1 1 6
d : " 7 5 3 '] .< .'1 1 9 6 1 0 . 0 4 . 1 1 7 8 7 . 4 1 9 2
458% 5 5 2 s A 1 0 9 5 . 7 4 . 2 1 2 5 5 . 3 1 0 8
/IG^Q 5 7 0 6 1 2 5 8 . 3 4 . 9 1 8 8 8 . 5 1 4 2

4 5 ^ 0 5 2 5 4 3 1 3 0 8 . 2 4 . 1 1 9 6 6 . 4 1 0 6
4 ^ 9 1 ^ 0 0 6 I 11 1 8 . 7 4 . 0 2 1 9 8 . 8 151^
/,9 9 ? 6 2 0 5 •1 1 2 0 6 . 5 5 . 1 11 5 6 . 2 1 1 0
4 5 9 3 6 7 0 5 7 1 3 8 1 0 . 8 3 . 7 2 2 9 8 . 4 3 0 0
4 9 9 4 6 9 0 9 6 15 1 8 . 5 4 . 1 1 2 0 4 . 9 1 8 0

4 5 9 5 7 6 0 4 3 1 6 6 7 . 2 6 . 0 1 2 0 7 . 2 27
4 5 9 6 7 8 0 1 4 1 0 5 3 . 6 6 . 4 1 0 0 6 . 5 32
4 9 9 7 7 9 0 5 3 1 0 5 S . 6 3 . 3 1 0 5 3 . 5 42

4 5 9 - 8 4 0 6 0 1 4 1 8 . 5 4 . 0 1 2 9 5 . 0 9 0
4 5 9 9 8 9 0 6 0 1 4 6 3 . 8 3 . 8 1 5 6 6 . 0 5 7

t



TilOt» IV,  /1,

Cotli.-e. c o n 'o■?I f. o 4" 0T-F4",i_q f  1 q v 1  e  '1 VP' c

q 1 t O i p  t 'h ; ! I i  f ,p P o n  rP'— q i ’ r n n  ,  2 2 / 1 / 7 0 .
c o l l e c t e ^  O ’T T r ^ n q p c t  4 S

1 2AV20 T 7100 SOIL
2q"'n] e Lo c A110 n i pom ppm 9 ppm 14pm - 8 0

y n  . V.O. A s ’' l A c-'h 8 ry q rVi q Ap 4 rv rn.o qV)

O '" A VT1 q f 1 q vq

II67 4 8 2 209 18 5 3 9 150 5 9 37
4168 16 8 6 82 7 1 5 5 90 cV 0 45
4169 29 9 7 210 20 5 2 180 7 6 30
4170 50 8 1 175 14 2 3 9 157 6 1 25
4171 68 9 0 102 9 2 3 9 185 7 4 22
417? Bo 8 9 162 13 9 3 8 152 7 0 17
4173 100 0 3 300 85 0 4 2 257 10 9 10
4174 110 7 4 190 14 2 9 9 175 5 2 15
4175 120 7 9 175 13 8 1 2 125 n 0 : 5
4176 133 Q 0 175 14 0 3 5 ISO 6 3 6
4177 142 8 7 120 10 5 3 9 122 4 8 7
4178 161 3 1 137 11 2 3 4 170 5 9 7
4179 172 n

{ 7 177 n 7 3 5 195 6 p 12
41^0 126 9 2 87 7 5 4 0 9? 3 8 14
4181 193 8 3 112 9 4 3 3 117 0 13
4182 " i o 7 3 120 8 8 4 0 137 5 6 20
4183 7 7 175 13 6 3 6 125 4 6 26
41-4 233 7 8 180 14 1 2 9 150 A A 43
4188 O'P 7 / 2^2 16 6 3 6 202 6 2 52
4186 278 7 3 375 27 7 3 9 147 5 0u 46
4187 202 c 4 188 15 7 4 s 142 6 9 55
41"o 813 8 4 297 21 3 4 5 1"5 p 4 52
41°9 3^0 7 6 295 22 5 4 1 232 9 42
41 no 34 8 7 4. 155 12 0 3 4 150 5 2 36
4121 868 p 8 175 15 8 4 0 170 6 8 34
4102 3^0 7 4 155 11 5 c 3 80 A 3 32
4103 393 7 A 112 8 4 4 1 135 5 6 34
4104 414 7 5 275 20 8 3 Q 100 7 3 45
4108 f" 5 Q 8 217 10 2 4 ? 1"5 7 0 32
4106 4:'0 7 7 172 13 3 2 ■7 7 0 5 6 55
4107 491 7 q 9.<ro 20 0 3 1 130 7 9 04
• 1 «-X 0 7 9 1 : 7 147 6 2 4 3
■■'18: ' : 3 7 .1 15 0 3 7 157 c> 7 37
1200 90? 2 1 157 12 c 2 207 C'

Q 32
r '21 517 0 2 1^9 10 ■3 3 7 227 •7 7 32
'120 0 930 7 1 ?17 15 5 i 175 9 .1

-r 45
4203 585 7 q 130 10 4 4 132 q 7 4 3
1004 990 6 9 977 15 9 3 t; 175 6 2 42
4009 cr C n 7 6 P I C 17 6 3 6 14 2 5 6 32
4 2" 6 c in 0 3 230 21 9 3 9 l-O 7 1 77
1207 630 6 6 2 in 14 1 9 125 4 2 77
4208 617 p i 175 14 7 Ô 5 14- 6 5 24
4209 627 7 11 189 14 3 3 3 200 6 7 24
4010 639 6 7 297 17 3 3 3 147 ■•1 9 20
4211 682 7 6 20 n 15 3 3 6 160 9 9 22
4012 672 5 132 15 5 3 3 192 p 1 24
4213 688 9 1 189 16 9 4 0 192 ? 22
4214 704 q ' ' 118 10 7 5 7 117 6 7 22
4-19 770 8 p 188 16 7 3 7 135 5 0 20



3 4 6

Tqb1e IV. '11 '  11

"A.
T ' r  q ;•. ion

 ̂’. 2,

IiSAVO' T-'T.OS 2, T J.

A c h
po-n 
a 1: h

pp'n 
4 T- V

0 
q <̂2

pprr, 
rt c ]-|

Pi"'' 
4 T' '1

- ? 0
n-A- c V,

rj T T 11 j  ̂ AI

' i? l6 731 2 .9 29,2 " 1 .9 4 . 2 1/7 7 . 5 20
'"17 745 P, P 212 IP .P 3 .6 12P 6.7 22

780 8 .5 212 I P . I 4 . 9 142 7 . 9 21
/ s i o 795 7 ' " 777 16.  5 3.7 122 4 . 8 254"21 910 7 .7 157 12 .2 n 0 r-P'^r.l c, 9
/ " " I 077 2 . 2 137 1 1 .3 ■' . P 195^ 5 .1 15

2 " 7 ^37 7 . 3 ? 2 2 1-6.4 4 .0 175 8 .7 14
. ' 3 P S7 7 . 1 7 77 1 4 . P 3 .2 142 4 .5 13
4924 PP'1 7 . 6 3^5 2 3 .3 3.5 170 6 . 0 18
42-5 "96 0 .7 248 62.7 3 .9 137 5.4 36
4226 927 2 .4 1PQ 15 .3 3 .0 177 5.4 294277 922 7 .5 3 3? 25.9 3.4 222 7 . 7 654 " j 2 934 7 . 5 3"5 24 .6 3.3 177 5 . 6 32
4229 943 7 . 6 432 33 .1 3 .5 217 7 .7 20
423.2 9"7 7 . 9 1 ' 2 14 .3 3 .8 137 5 . 3 16
4231 9"0 9 .8 17? 15.4 3.7 172 6.4 22
■'1 7 3 ? 955 P . 0 195 15.7 4 .6 1-5 3 .6 16
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TahiA IV.  41.

C o p p p p  c o n t e n t  o f  Pb q a  o p t, j ] i > ,n o p % p n r-1 nn, leqvepi qru 
c o l l ^ c  t  I t  M e V q 1 e c h i t e  Pen S e ,< a 4 ru n . ? 6 / l  / 'f D .

( T r a n s e c t  4S)

LVAVTIS Tl'IOS s o i l

Sa-rtple Looa t  inn 5 ppm i Î-n < pr.rn ppm -0:0
Vn . " . 5 . a eb A eb T V A cb A «b A j>v me eb

pb s p n n t, n  n m en i'TO A11 rr,

4 410 1000 13 .0 67 8 . 8 1 2 .3 12
4411 975 1 5 .2 210 31 .9 5 . 3 321 17 .1 20
4^12 945 15.4 19s 29 .7 5 . 3 475 25 .6 28
4413 930 15.4 110 17 .0 4 . 9 290 1 4 .3 32
4 414 920 1 4 .6 P'O 11.7 4 .7 ?55 12 .1 65
4415 907 14 .1 42 5 .9 4 . 2 320 13.7 27
4416 p y q 17 .3 120 2 1 .8 4 .6 340 15 .6 20
4 417 P65 1 5 . 3 100 15.4 5.4 322 1 7 .4 18
4 4 IP p. 55 16 . 8 10 11 .8 4 . 2 365 15 .6 14
4 4 IQ 24 3 1 6 .0 47 7 . 5 3.4 345 11 .9 11
4420 810 14 . 8 37 5 .5 3.1 320 10 .2 15
4421 7P5 15 .5 55 8 . 5 4 . 0 185 7 . 5 24
44Q2 765 16 .7 95 15 .9 4 . 5 257 11 .7 18
4423 759 13 .7 65 12 .2 4 .6 277 1 3 .0 20
4 4 2 4 715 15 .0 160 24 .1 5 . 5 280 15 .5 21
4425 6M; 14.4 37 5 . 3 4 . 6 172 8 . 0 22
4426 625 16.4 45 7 . 4 4 , 4 175 7 . 8 22
4427 605 13 .9 55 7 .7 4 .7 180 8 . 5 27
4423 585 16 .0 37 5 . 9 5 . 0 115 5 . 8 32
4429 575 1 6 .2 22 3.6 4 . 1 177 7 . 3 34
4430 560 15 .9 35 13 .5 5 . 9 212 12 .5 37
4431 540 2 2 .1 60 13 .2 5 .4 212 11 .5 45
44 3? 515 15 .6 42 6 .6 5 . 1 195 i n . l 32
4433 675 19 .1 65 12 . 4 7 . 0 95 6 .7 32
A A 34 450 15 .2 130 19 .8 4 .8 327 16 . 0 32
4435 6 35 17 .1 47 8 . 0 4 .4 220 9 . 9 40
4436 ■110 15.4 77 1 1 .9 4 .5 240 1 0 .3 47
4437 4 00 15 .1 77 11 .7 6 .8 180 1 2 .3 37
/II. 3? 333 2 0 .1 47 1 0 .2 6 .4 150 9 . 6 32
4439 370 15 .8 50 7 . 9 4 , 6 217 1 0 .1 32
4440 330 1 4 . 3 77 11 .0 5 .6 212 1 2 .0 35
44 n 30? 15 .3 70 10 .7 6 .4 170 1 0 . 9 56
4442 290 13.7 4 2 5 .8 5 . " 202 1 1 .8 55
4443 276 2 1 .8 65 14 . 2 5 . 0 470 2 3 . 8 47
4 4 4 4 225 1 3 .3 180 2 4 .0 5 . 3 175 9 . 3 26
4445 105 14 .2 35 5 . 0 5 . ? 150 7 . 8 12
4446 95 15 .8 35 5 . 6 6 . 1 232 1 4 . 2 15
4447 22 13 .8 140 19.4 5 . 5 317 1 7 .5 4 0



3 ^

c a ;  I'f'-T- n, t  f)f A 0  a c  t  A }i A PA r o e !

0 o 11 e c t A 4 on T r a n s e c t  'IS q t  f,n
leaveV. AMi'l t "i y e

i  t  A F Ü n F  n /  n F v-f;, f 1 , '■/1/70

TO-AVFl T ' T l s S/'T I,
S'nripl A 1.0ca I  Ion 6 PI m i.iprn Ï- X)prri I) pm -8 0

:f-, . V . s . A A a t ;’n fl r A aVi ftiP eb

/ Son 905 5 .4 178 9 .6 3.7 141 5 .2 16
4611 985 6 . 5 95 6 .2 4 . 8 130 6 . 3 21
460? 965 5 . 8 173 10 .1 3 .6 125 6 . 5 16
.1603 945 6.4 130 8.4 3.4 156 5 .4 23
4614 925 5 .9 1.41 8 . 3 3.7 120 '^.5 46
4617 P91 6 .2 53 3.3 3.9 125 4 , 9 25
461P 17 5 5 .8 105 6 .1 3 .5 105 3.7 16
4619 '■51 5 . " 121 7 . 0 3.7 120 ^U5 1?
/ 6 I I 810 5 .7 "9 4 .0 3.8 74 2 . 8 15
'6 1 1 799 5 .9 78 4.7 4 . 3 7'i 3 .2 25
461? 7?9 6 . 0 111 6 . 2 3 .5 89 3.1 23
461 3 771 5."> 95 4 .8 3 .2 111 3 .5 20
4 6 ] 4 796 6.7 111 6 .7 3 .^ 125 4 .8 18
4615 7 41 6 . 2 100 6 . 2 3.5 95 3.4 20
4616 701 5 .9 89 5 .3 3.7 136 5 .1 22
4617 690 5 . 8 78 4 . 5 4 .1 125 5 . 2 22
4 61 671 ■' . ? 125 5 . 3 3 .5 120 4 .2 22
4 61 q 665 6 .5 78 5 .1 4 . 6 105 4 . 9 25
46?0 639 6 . 3 73 4 . 9 3.4 125 4 . 3 20
'601 615 5 . 5 121 6 .7 4 . 2 130 5 .5 24
4600 611 6.7 105 7 . 1 4 . 2 84 3.6 32
4 6?3 9" 5 5 .6 14 6 8 . 2 3 .6 105 3 .8 32
4624 930 5 .5 95 5 . 3 3 .3 105 3.5 45
4605 500 5.7 100 5 . 8 3 .8 95 3 .6 32
4606 511 6 . 3 95 6 .1 4 . 6 166 7 .7 32
46?7 470 5 . 6 130 7 . 3 4 . 0 105 4 . 2 32
4628 451 4 . 1 141 5 . 8 3 .3 100 3 .3 32
46?q 4 41 5 .5 73 4 . 3 4 .1 125 5 . 2 55
4 6 31 4 ?o 5 .7 115 6 . 0 3.4 84 2 . 9 42
4631 '09 4 . 9 115 6 .2 3 .9 105 4 .1 42
46 ;? 370 6 .1 115 7 . 0 3.8 84 3 .2 32
4633 350 4 . 8 74 3.6 4 .1 125 5 . 2 37
4631 '35 6 ,8 58 4 . 0 3 .3 84 2 . 8 35
" 0 5 3'^9 6 .0 95 5 .7 4 .4 1 '16 6 . 5 42
4 6 36 301 5 .8 89 5 . 2 3.7 105 3 .9 57
4 6 3 7 ? 8 0 5 . 9 89 5 . 3 3 .6 125 4 .5 45
4633 24 5 4 . 8 105 5 .1 4 . 0 14 6 5 . 9 51
4639 205 5 .6 105 5 . 9 4 . 3 130 5 .6 16
4 6 41 l<5 5 .5 100 5 .5 3 .3 100 3 . 3 10
4641 148 5 . 8 115 6 .7 4 .1 105 4 . 3 7
4 64? 140 5 .2 100 5 . 2 3 .8 125 4 . 8 7
4643 130 5 . 8 89 5 . 2 4 . 1 110 4 . 5 5
464 4 95 5 .7 105 6 . 0 3 .8 115 4 .4 15
4645 75 6 . 5 89 5 . 8 3 .9 120 4 .7 18
4 6 /! 6 50 6 .7 74 5 .0 3 .4 84 2 . 9 25
4647 25 7 . 0 115 8 . 1 3 .9 136 5 . 4 37
4648 20 5 .4 74 4 . 0 3 .8 89 3 . 4 47
4649 12 5 .6 74 4 . 2 3 .9 95 3 . 7 40
4650 5 6 , 6 110 7 . 3 4 .4 115 4 . 9 37
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Table  I V . 43.
Copper c o n t e n t  o f  G-rewia f l a v a  and Acacia  h e r e r o e n s i s  
l e a v e s  and t w i g s ,  f o r  samples  c o l l e c t e d  on Tr an se c t  67 ,  
O k a t j i r u t e  West.
1 1 / 2 / 6 9

Sample
No.

L o c a t io n
m.SO/m.

LEAVES TWIGS SOIL
lo

ash
ppm
ash

ppm
dry

1o
ash

ppm
ash

ppm
dry

- 8 0
mesh

2bOO 0 6 . 5 115 9 . 8 4 . 0 8 65 3 . 5 10
2801 10 7 . 3 172 1 2 . 6 3 . 7 4 87 3 . 3 10
2602 22 6 . 5 127 1 0 . 8 3 . 62 127 4 . 9 10
2803 28 1 0 . 1 120 1 2 . 2 4 . 6 0 75 3 . 5 12
2804 40 6 . 3 167 1 3 . 9 4 . 2 2 72 3 . 0 14
2807 60 8 . 9 142 1 2 . 7 6 . 2 1 185 5 . 3 17
2608 78 7 . 7 180 1 3 . 9 5 .7 1 78 4 . 5 14
2810 90 8 . 8 242 2 1 . 5 6 . 2 0 78 4 . 8 37
2611 103 7 . 7 142 1 1 . 0 4 . 0 1 82 3 . 3 14
2612 110 7 . 8 145 1 1 . 4 5 .04 50 2 . 5 8
2613 119 7 . 9 132 1 0 . 5 4 . 8 1 55 2 . 6 8
2614 129 8 , 6 104 9 . 0 5 . 1 0 62 3 . 2 7
2615 140 7 . 8 120 9 . 4 4 . 5 6 55 2 . 5 6
2616 150 7 . 4 132 9 . 9 5 .4 6 55 3 . 0 7
2617 169 7 . 6 160 1 2 . 3 4 . 3 4 65 2 . 8 8
2618 168 7 . 1 180 1 2 . 8 4 . 2 2 92 3 . 9 8
2819 210 6 . 7 195 1 3 . 3 5 . 0 4 68 3.- -̂ 8
2620 235 7 . 7 155 1 2 . 0 5 .06 55 2 . 8 8
2621 252 8 . 2 124 8 . 5 6 . 2 5 60 3 . 8 8
2822 269 8 . 2 120 9 . 9 4 . 7 8 58 2 . 8 8
2823 289 7 . 6 150 1 1 . 5 4 . 7 0 62 2 . 9 6
2624 307 7 . 0 152 1 1 . 1 4 . 9 7 50 2 . 5 6
2625 334 6 . 4 132 8 . 5 4 . 3 3 65 2 . 8 8
2826 348 7 . 6 143 1 0 . 9 4 . 1 9 60 2 . 5 6
2827 375 7 . 7 160 1 2 . 4 5 . 3 3 57 3 . 0 10
2629 405 6 . 9 196 1 3 . 6 3 .7 7 77 2 . 9 13
2631 454 7 . 7 177 1 3 . 6 3 . 3 3 82 2 . 7 27
2832 462 6 . 1 182 1 4 . 6 4 . 8 0 65 4 . 1 30
2833 470 6 . 3 132 1 0 . 9 4 . 6 3 72 3 . 3 30

: 2834 480 6 . 9 162 1 1 . 2 6 . 2 9 75 4 . 7 25
! 2836 500 7 . 8 140 1 0 . 9 4 . 7 2 60 2 . 8 17
' 2637 508 7 . 5 157 1 1 . 6 4 . 3 9 60 2 . 6 17
1 2838 520 8 . 1 160 1 3 . 0 4 . 1 5 87 3 . 9 17
: 28391 530 6 . 7 135 9 . 1 2 . 8 0 76 2 . 2 17

1
Acacia  he rer oen s i? 3

2605 50 6 . 6 60 4 . 0 4 . 6 1 130 6 . 0 18
2806 60 5 . 3 98 5 .4 4 . 1 7 100 4 . 2 17
2630 430 6 . 2 205 1 6 . 9 3 .4 6 110 3 . 8 17
2635 480 7 . 5 120 9 . 0 4 . 4 6 82 3 . 6 25
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Table  I V . 44.
Copper  c o n t e n t  o f  A c a c ia  g i r a f f a e , T a r c h o n a n t h u s  c a m o h o r a tn s  
and O zoroa  n a n i c n l o s a , l e a v e s  and t w i g s  f o r  s a m p le s  c o l l e c t e d  
on t h e  Daheim G r i d .
2 4 / 4 / 7 0

Sample
No.

L o c a t i o n
m.E/m.S

LEAVES TWIGS SOIL

a s h
ppm
a s h

ppm
d r y

10
a s h

ppm
a s h

ppm
d r y

- 8 0
mesh

A cac ia g i r a f f a e

4915 5 8 0 / 5 0 6 . 2 37 2 . 3 4 . 3 0 62 2 . 7 32
4917 570 /1 5 6 . 2 57 3 . 6 5 . 2 0 50 2 . 6 42
4918 560 / 5 6 . 0 50 3 . 0 4 . 3 5 50 2 . 2 22
4919 545 / 5 5 . 8 62 3 . 6 5 . 0 0 60 3 . 0 35
4920 505 / 5 5 .5 37 2 . 0 5 . 4 0 45 2 . 4 37
4921 4 8 5 / 0 5 .5 82 4 . 6 3 . 7 5 92 3 . 5 65
4923 4 8 5 / 1 0 5 . 9 65 3 . 8 5 . 2 0 82 4 . 3 62
4925 4 7 0 / 2 0 7 . 1 62 4 . 4 5 . 7 0 25 1 . 4 15
4927 4 2 0 / 1 5 5 . 8 72 4 . 2 4 . 2 8 62 3 . 5 5
4929 58 0 /5 6 . 3 55 3 . 5 3 . 6 4 47 1 . 8 7
4930 560 /2 5 7 . 0 45 3 . 2 6 . 2 5 17 1 . 1 15
4931 54 0 / 2 0 1 0 . 2 22 2 . 2 7 . 7 2 22 1 . 7 5
4932 5 2 0 / 1 0 7 . 0 75 5 . 3 5 . 7 6 50 2 . 9 5
4933 2 9 5 / 1 0 5 .7 55 3 . 2 4 . 0 5 20 0 . 8 7
4934 26 0 /1 5 6 . 1 60 3 .7 5 .4 9 50 2 . 7 10
4935 2 5 0 / 1 0 9 . 4 45 4 . 3 3 .4 9 50 1 . 7 10

T a r c h o n a n t h u s  camp h o r a t u s

4914 60 0 / 1 0 6 . 0 187 1 1 . 3 3 . 4 3 253 8 . 6 35
4916 580 / 10 7 . 2 247 1 7 . 8 2 . 9 6 295 8 . 7 35
4922 4 8 5 / 0 7 . 4 345 2 5 . 8 3 . 1 4 217 6 . 8 60
4924 4 7 0 / 1 0 6 . 1 360 2 2 . 2 3 . 3 6 282 9 . 5 10
4926 42 5 / 5 6 . 3 347 2 4 . 2 3 . 2 8 215 5 . 1 10
4928 595 / 15 6 . 8 270 1 6 . 6 2 . 7 9 255 7 . 1 5
4939 5 7 5 / 1 0 7 . 2 245 1 7 . 7 2 . 7 7 247 6 . 8 15
4938 560 / 25 8 . 7 155 1 2 . 6 2 . 9 8 210 6 . 1 12
4937 5 5 0 / 5 0 6 . 9 310 2 1 . 4 2 . 7 5 230 6 . 3 15
4936 26 0 / 1 5 6 . 5 400 2 6 . 6 2 .3 6 240 5 .6 15

O zoroa ■nanicu losa

4946 4 0 5 / 1 5 6 . 0 107 6 . 5 3 . 7 6 215 8 . 1 s
4950 5 0 0 / 5 0 6 . 5 70 5 .2 4 . 2 3 175 7 . 4 104952 2 6 0 / 5 0 6 . 3 60 3 . 8 4 . 7 2 177 8 . 4 s
4953 2 2 0 / 2 0 5 . 8 60 3 . 5 3 . 3 1 132 4 . 4 5
4954 2 0 0 / 2 5 6 . 1 57 3 . 5 3 . 5 9 162 5 . 8 54956 1 6 0 / 1 0 7 . 8 55 4 . 3 3 .1 7 157 5 . 0 5
4959 2 5 0 / 1 0 0 6 . 2 52 3 . 3 4 . 1 7 222 9 . 3 4
4963 5 4 5 / 1 1 0 7 . 3 60 4 . 4 3 . 3 0 ISO 5 . 9  . I S
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Table  IV. 45
C opper  c o n t e n t  o f  Rhus p y r o i d e s  and Z i z i p h u s  m u c r o n a t a  
l e a v e s  and t w i g s ,  f o r  s a m p le s  c o l l e c t e d  on t h e  Daheim G r id  
2 4 / 4 / 7 0

LEAVES TWIGS SOIL
Sample L o c a t i o n io ppm ppm lo ppm ppm - 8 0

No. m.E/m.S ash ash dry ash ash dry mesh

Rhus py]ro ides

4940 54 0 /2 0 7 . 5 162 1 2 . 2 4 . 8 0 182 8 . 7 55
4941 520 /1 5 8 . 0 125 1 0 . 0 4 . 4 3 150 6 • 6 47
4942 5 1 0 / 1 0 7 . 4 170 1 2 . 6 4 . 2 3 230 5 .6 57
4943 4 7 0 / 2 0 8 . 5 142 1 2 . 0 4 . 6 4 232 1 0 . 8 20
4944 4 5 0 / 1 0 9 . 4 120 1 1 . 3 4 . 5 6 187 7 . 6 20
4945 4 5 5 / 1 0 1 0 . 1 103 1 0 . 4 4 . 2 0 165 6 . 9 20
4947 3 6 0 / 1 0 8 . 2 132 1 0 . 9 4 . 3 7 125 5 .5 5
4949 335 /5 8 . 1 122 9 . 9 4 . 6 1 145 6 . 7 5
4957 1 6 0 / 1 0 0 5 . 3 72 3 . 9 3 . 8 1 100 3 . 8 5
4958 2 1 5 / 1 0 0 7 . 6 132 1 0 . 1 4 . 2 5 107 4 . 5 7
4960 2 6 0 / 1 0 0 5 . 8 137 8 . 0 3 . 8 3 110 4 . 2 5
4961 3 0 0 / 1 0 0 7 . 1 177 8 . 4 3 .7 4 142 5 . 3 10
4962 33 5 / 1 0 0 6 . 1 137 8 . 4 3 . 2 0 177 5 . 7 10
4965 44 5 / 1 0 5 7 . 0 145 1 0 . 2 4 . 5 8 155 7 . 1 7
4966 4 9 0 / 1 0 0 6 . 5 162 1 0 . 6 4 . 5 5 192 8 . 7 35
4967 51 5 /1 0 0 6 . 7 205 1 3 . 8 4 . 2 0 200 8 . 4 35
4968 580 /9 5 6 . 3 130 8 . 3 5 . 5 7 162 9 . 0 35

Ziziphuî3 mucronata

4948 3 5 0 / 1 5 9 . 7 90 8 . 8 3 . 9 1 170 6 . 6 5
4955 2 0 0 / 4 0 9 . 7 50 4 . 9 3 . 4 1 157 5 . 4 10
4951 2 7 0 / 3 0 7 . 9 45 3 . 6 3 . 1 2 150 4 . 7 10
4969 8 0 0 / 1 0 8 . 9 55 4 . 9 4 . 0 4 150 6 . 1 25
4970 8 0 5 / 1 5 9 . 4 40 3 . 8 2 . 6 2 112 2 . 9 5
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T a o l e  I V . 46

Copper  c o n t e n t  o f  Grew ia  f l a v a  l e a f  s a m p le s  c o l l e c t e d  
on T r a n s e c t  99 ,  Daheim G r i d .
6 / 2 / 7 0

Sample
No.

D i s t . 
m. SE

pjim
ash

ppm
dry

io
a s h

Sample  
No.

D i s t .  
m, SE

ppm
a s h

ppm
dry a s h

5283 6 165 9 . 3 5 .6 5321 582 177 1 3 . 6 7 . 7
5264 23 165 1 2 . 6 7 . 6 5322 590 87 6 . 7 7 . 7
5285 56 185 1 4 . 1 7 . 6 5323 605 147 9 . 5 6 . 4
52b6 102 147 1 1 . 0 7 . 4 5324 617 157 1 3 . 1 8 . 3
5267 152 191 1 2 . 1 6 . 4 5325 626 147 1 3 . 4 9 . 1
5288 195 125 9 . 2 7 . 4 5326 637 147 1 1 . 1 7 . 5
5269 205 145 1 1 . 1 7 . 6 5327 6 56 165 1 1 . 9 7 . 2
5290 220 92 7 . 4 8 . 0 5328 675 167 1 1 . 8 7 . 0
5291 275 195 1 2 . 9 6 . 6 5329 680 165 1 0 . 8 6 . 5
5292 . 304 137 1 0 . 7 7 . 8 5330 700 160 1 0 . 9 6 . 8
5293 317 215 1 5 . 8 7 . 3 5331 725 202 1 2 . 7 6 . 3
529A 324 207 1 5 . 9 7 . 6 5332 733 157 1 0 . 3 6 . 5
5295 340 175 1 3 . 5 7 . 7 5333 760 182 1 2 . 0 6 . 5
5296 370 202 1 5 . 4 7 . 6 5334 777 170 1 0 . 3 6 . 0
5297 379 195 1 2 . 1 6 . 3 5335 783 170 1 1 . 7 6 . 8
5298 390 240 1 7 . 2 7 . 1 5336 800 170 1 1 . 2 6 . 5
5299 398 237 1 7 . 5 7 . 3 5337 814 112 8 . 4 7 . 4
5300 403 267 1 7 . 0 6 . 3 5338 826 120 9 . 2 7 . 6
5301 413 260 2 0 . 6 7 . 9 5339 837 155 1 2 . 8 8 . 2
5302 423 337 2 6 . 5 7 . 8 5340 860 110 8 . 7 7 . 9
5303 430 240 1 8 . 0 7 . 5 5341 870 87 5 .7 6 . 5
5304 437 240 2 0 . 9 8 . 7 5342 880 165 1 0 . 9 6 . 6
5305 440 245 1 6 . 1 6 .  5 5343 890 170 1 2 . 6 7 . 3
5306 443 275 2 0 . 5 7 . 4 5344 909 95 7 . 0 7 . 4
5307 460 275 2 0 . 3 7 . 3 5345 916 160 1 1 . 2 7 . 0
5308 465 280 2 0 . 4 7 . 3 5346 930 132 8 . 3 6 . 3
5309 469 410 3 0 . 1 7 . 3 5347 950 115 8 . 9 7 . 7
5310 475 390 2 9 . 0 7 . 4 5348 955 87 6 . 4 7 . 4
5311 480 157 1 4 . 2 9 . 0 5349 990 177 1 1 . 8 6 . 6
5312 495 280 2 0 . 0 7 . 0 5350 1000 137 1 0 . 1 7 . 4
5313 505 262 2 0 . 9 7.9!
5314 513 202 1 4 . 3 7 . 0
5315 519 165 1 2 . 0 7 . 2
5316 529 242 2 0 . 1 6 . 3
5317 540 195 1 4 . 0 7 . 1
5318 551 157 1 2 . 0 7 . 6
5319 560 152 1 2 . 6 8 . 3
5320 570 247 1 7 . 1 6 . 9
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Table  IV. 47
Copper c o n t e n t  o f  Grewia f l a v a  l e a f  samples  c o l l e c t e d  
on T r a n s e c t  100 ,  Daheim Grid.  9 / 4 / 7 0

Sample
No.

D i s t ,
m.SE

ppm
ash

ppm
dry ash

Sample
No.

D i s t
m.SE

ppm
ash

ppm
dry

%
ash

5607 995 87 7 . 0 7 . 9 5641 540 262 1 9 . 0 7 . 2
5608 984 142 1 1 . 1 7 . 8 5642 530 337 2 4 . 2 7 . 1
5609 973 130 9 . 2 7 . 0 5643 520 327 2 3 . 8 7 . 3
5610 963 145 1 1 . 4 7 . 8 5644 508 195 1 5 . 6 8 . 0
5611 956 102 7 . 3 7 . 1 5645 500 310 2 3 . 0 7 . 4
5612 940 110 9 . 0 8 . 1 5646 485 262 1 8 . 4 7 . 0
5613 933 97 6 . 8 7 . 0 5647 477 155 1 0 . 9 7 . 0
5614 915 120 9 . 6 8 . 0 5648 468 127 9 . 3 7 . 3
5615 900 120 8 . 8 7 . 3 5649 450 142 1 0 . 9 7 . 6
5616 870 167 1 3 . 0 7 . 8 5650 435 267 1 8 . 9 7 . 0
5617 847 170 1 2 . 8 7 . 5 5651 427 290 1 8 . 9 6 . 5
5618 815 100 7 . 4 7 . 4 5652 405 322 2 1 . 3 6 . 6
5619 800 115 9 . 2 8 . 0 5653 393 217 1 6 . 7 7 . 6
5620 783 147 1 0 . 7 7 . 2 5654 380 222 1 5 . 1 6 . 8
5621 767 92 7 . 1 7 . 6 5655 370 302 1 8 . 1 6 . 0
5622 756 92 7 . 4 8 . 0 5656 332 172 1 1 . 5 6 . 6
5623 730 130 9 . 3 7 . 1 5657 285 225 1 5 . 6 6 . 9
5624 717 137 1 0 . 8 7 . 8 5658 250 185 1 2 . 6 6 . 8
5625 710 122 8 . 5 6 . 9 5659 240 122 9 . 1 7 . 4
5626 700 97 7 . 7 7 . 8 5660 210 170 1 0 . 5 6 . 1
5627 695 142 9 . 2 6 . 5 5661 200 260 1 5 . 8 6 . 0
5628 685 127 9 . 4 7 . 4 5662 190 212 1 3 . 9 6 . 5
5629 674 140 8 . 8 6 . 3 5663 150 217 1 3 . 9 6 . 4
5630 665 102 7 . 4 7 . 2 5664 30 157 1 2 . 3 7 . 8
5631 642 152 1 0 . 8 7 . 1 5665 20 137 9 . 3 6 . 7
5632 622 160 1 1 . 9 7 . 4 5666 15 150 1 0 . 4 6 . 9
5633 615 122 9 . 1 7 . 4 5667 5 112 8 . 3 7 . 4
5634 595 170 1 1 . 7 6 . 8 5668 0 137 9 . 4 6 . 8
5635 566 185 1 3 . 5 7 . 2
5636 582 185 1 4 . 1 7 . 6
5637 578 267 1 9 . 0 7 . 1
5638 563 195 1 5 . 1 7 . 7
5639 557 280 2 2 . 4 8 . 0
5640 550 730 7 0 . 1 9 . 6
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Tab l e  I V . 48
Copper c o n t e n t  o f  Grewia f l a v a  l e a f  samples  c o l l e c t e d  on 
T r a n s e c t  101 ,  Daheim Grid.  6 / 2 / 7 0

Sample
No.

D i s t
m.SE

ppm
ash

ppm
dry

lo : 
ash

Sample
No.

D i s t
m.SE

ppm
ash

ppm
dry

lo
ash

5351 1000 137 9 . 3 6 . 8 5381 600 180 1 2 . 4 6 . 9
5352 993 115 8 . 4 7 . 3 5382 575 222 1 5 . 7 7 . 0
5353 981 152 1 0 . 1 6 . 5 5383 565 237 1 4 . 4 6 . 0
5354 973 120 1 0 . 0 8 . 3 5384 558 187 1 3 . 5 7 . 2
5355 960 200 1 2 . 4 6 . 2 5385 542 145 1 0 . 3 7 . 1
5356 950 120 8 . 1 6 . 7 5386 530 142 9 . 2 6 . 5
5357 930 105 8 . 3 7 . 9 5387 520 187 1 4 . 4 7 . 7
5358 920 75 5 . 3 7 . 0 5388 510 192 1 3 . 7 7 . 1
5359 906 125 1 0 . 0 8 . 0 5389 470 170 1 1 . 9 7 . 0
5360 898 137 1 3 . 1 9 . 5 5390 460 180 1 3 . 6 7 . 5
5361 885 137 9 . 5 6 . 9 5391 452 157 1 2 . 5 7 . 1
5362 870 137 9 . 9 7 . 2 5392 425 195 1 3 . 4 6 . 8
5363 850 127 9 . 8 7 . 7 5393 380 267 1 6 . 7 6 . 2
5364 840 105 7 . 6 7 . 2 5394 370 217 1 3 . 8 6 . 3
5365 830 97 7 . 3 7 . 6 5395 360 170 9 . 9 5 . 8
5366 818 110 7 . 1 6 . 4 5396 350 185 1 2 . 3 6 . 6
5367 808 147 1 0 . 4 7 . 0 5397 310 180 1 1 . 4 6 . 3
5368 782 210 1 4 . 1 6 . 7 5398 300 187 1 1 . 9 6 . 3
5369 770 160 8 . 8 5 .4 5399 290 170 1 1 . 4 6 . 7
5370 759 152 9 . 9 6 . 5 5400 160 127 9 . 3 7 . 3
5371 745 142 9 . 3 6 . 5 5401 145 145 8 . 9 6 . 1
5372 733 115 8 . 5 7 . 4 5402 120 190 1 0 . 8 5 .7
5373 720 155 1 1 . 2 7 . 2 5403 110 222 1 3 . 5 6 . 0
5374 706 120 8 . 8 7 . 3 5404 93 130 9 . 7 7 . 4
5375 690 190 1 2 . 0 6 . 3 5405 72 142 9 . 5 6 . 7
5376 680 137 8 . 4 6 . 1 5406 60 165 1 2 . 2 7 . 4
5377 665 167 1 0 . 4 6 . 2 5407 40 185 1 3 . 1 7 . 0
5378 650 150 1 0 . 7 7 . 1 5408 25 195 1 2 . 1 6 . 2
5379
5380

627
610

140
167

8 . 9
1 1 . 0

6 . 3  
6 . 6

5409 5 187

A

1 1 . 9 6 . 3
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T a b l e  I V . 49
Copper  c o n t e n t  o f  S t i p a g r o e t l s  t m l p l t u n i s  s a m p le s  c o l l e c t e d
on T r a n s e c t  99 ,  Daheim G r i d .  9 / 4 / 7 0

Sample D i s t , ppm ppm Sample D i s t . ppm ■ ppm %
No, m.SE ash dry ash No, m.SE ash dry ash

5410 1000 50 2 . 9 5 . 7 5461 450 32 2 . 0 6 . 2
5411 990 60 4 . 1 6 , 8 5462 440 20 1 . 1 5 . 4
5412 980 42 2 . 4 5 . 7 5463 430 42 2 . 3 5 . 3
5413 970 37 1 . 9 5 . 0 5464 420 87 4 . 1 4 . 7
5414 960 42 3 . 4 8 , 0 5465 410 60 3 . 0 5 . 0
5415 950 42 2 . 4 5 .6 5466 400 50 2 . 1 4 . 2
5416 940 45 2 . 5 5 .4 5467 390 60 2 . 6 4 . 3
5417 930 32 2 . 0 6 . 2 5468 380 - - 4 . 8
5418 920 57 3 . 9 6 . 7 5469 370 65 3 . 6 5 . 6
5419 910 37 1 . 8 4 . 9 5470 360 67 2 . 5 5 . 2
5420 900 37 2 . 1 5 . 7 5471 350 75 2 . 8 3 . 6
5421 690 50 2 . 6 5 . 1 5472 340 70 3 . 1 4 . 0
5422 680 45 2 , 3 5 . 1 5473 330 115 4 . 3 3 . 7
5423 870 47 2 . 3 4 . 9 5474 320 105 3 . 5 3 . 8
5424 820 50 3 . 8 7 . 5 5475 310 105 3 . 8 3 . 6
5425 810 57 3 . 7 6 . 5 5476 300 82 3 . 2 3 . 9
5426 800 42 2 . 0 4 . 6 5477 290 112 4 . 2 3 . 7
5427 790 55 3 . 0 5 . 4 5478 280 100 3 . 6 3 . 6
5428 780 57 3 . 3 5 . 7 5479 270 57 1 . 9 3 . 2
5429 770 32 2 . 1 6 . 4 5480 260 72 3 . 5 4 . 9
5430 760 37 2 . 2 5 . 9 5481 250 70 3 . 5 4 . 9
5431 750 20 1 . 1 5 .5 5482 240 42 1 . 7 4 . 0
5432 740 25 1 . 3 5 . 1 5483 230 27 1 . 0 3 . 6
5433 730 32 2 . 0 6 . 2 5484 220 45 1 . 5 3 . 4
5434 720 20 1 . 3 6 . 4 5485 210 67 2 . 4 3 . 5
5435 710 20 1 . 0 4 . 9 5486 200 25 1 . 0 3 . 8
5436 700 32 1 . 6 5 . 0 5487 190 22 1 . 1 4 . 9
5437 690 27 1 . 5 5 . 4 5488 180 32 1 . 1 3 . 4
5438 680 60 3 . 1 5 . 1 5489 170 37 1 . 5 3 . 9
5439

u s
45 2 . 2 4 . 9 5490 160 55 2 . 0 3 . 5

5440 32 2 . 0 6 . 2 5491 150 32 1 . 3 4 . 0
5441 650 22 1 . 3 5 . 8 5492 140 32 1 . 5 4 . 5
5442 640 32 1 . 6 5 . 0 5493 130 37 1 . 7 4 . 7
5443 630 42 2 . 4 5 . 8 5494 120 65 2 . 6 3 . 9
5444 620 65 3 . 6 5 . 5 5495 110 62 2 . 2 3 . 6
5445 610 70 4 . 2 5 . 9 5496 100 57 2 . 4 4 . 1
5446 600 77 3 . 9 5 .1 5497 90 57 2 . 1 3 . 7
5447 590 70 3 . 9 5 .6 5498 80 67 2 . 9 4 . 3
5448 580 65 3 . 9 6 . 0 5499 70 55 2 . 9 5 .2
5449 570 55 3 . 1 5 . 6 5500 60 55 3 . 0 5 . 5
5450 560 47 2 . 4 5 .1 5501 50 32 1 . 8 5 . 5
5451 550 50 2 . 8 5 .5 5502 40 50 2 . 4 4 . 8
5452 540 65 4 . 1 6 . 2 5503 30 60 2 . 8 4 . 6
5453 530 60 3 . 2 5 . 3 5504 20 45 1 . 5 3 . 2
5454 520 57 3 . 1 5 .5 5505 10 20 0 . 7 3 . 7
5455 510 42 2 . 5 5 . 9 5506 00 35 1 . 5 4 . 2
5456 500 32 1 . 8 5 .9
5457 490 117 8 . 1 6 . 9 I
5458 480 92 5 . 7 6 . 1
5459 470 32 1 . 7 5 .2
5460 460 25 1 . 5 5 . 9
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T a b le  IV. 5 0

C opper  c o n t e n t  o f  S t i p a g r o s t l s  u n i p l u m i s  s a m p le s  c o l l e c t e d
on T r a n s e c t  1 00 ,  Daheim G r i d .  9 / 4 / 7 0

Sample D i s t ppm ppm % Sample D i s t ppm ppm
No. m.SE ash dry ash No, m.SE ash dry ash

5507 00 32 1 . 5 4 . 6 5560 530 102 5 .6 5 . 4
5508 10 27 2 . 0 7 . 3 5561 540 92 5 .6 6 . 0
5509 20 32 2 . 0 6 , 1 5562 550 67 3 . 6 5 . 3
5510 30 37 2 , 0 5 . 4 5563 560 125 6 . 6 5.2.
5511 40 15 0 , 7 4 . 9 5564 570 115 5 .7 4 . 9
5512 50 35 1 . 7 4 . 9 5565 580 197 1 0 . 0 6 . 0
5513 60 32 1 , 2 3 . 6 5566 590 92 4 . 5 4 . 8
5514 70 22 0 , 8 3 . 6 5567 600 65 3 . 7 5 .6
5515 80 77 3 . 6 4 . 6 5568 610 60 3 . 7 6 . 1
5516 90 47 1 . 7 3 . 5 5569 620 42 2 . 4 5 .7
5517 100 35 1 . 7 4 . 8 5570 630 55 3 . 2 5 . 8
5518 110 60 2 . 5 4 . 1 5571 640 50 3 . 1 6 . 2
5519 120 45 1 . 9 4 . 1 5572 650 82 4 . 1 5 . 0
5520 130 55 2 , 2 3 . 9 5573 660 55 2 . 0 5 .6
5521 140 37 1 . 8 4 . 8 5574 670 60 2 . 6 4 . 3
5522 150 32 1 . 8 5 . 5 5575 680 75 3 . 3 4 . 4
5523 160 32 1 , 8 5 . 6 5576 690 47 2 . 3 4 . 7
5524 170 50 2 , 7 5 . 3 5577 700 50 2 . 8 5 .5
5525 180 47 2 , 0 4 . 3 5578 710 55 2 . 8 5 .1
5526 190 65 2 , 7 4 . 2 5579 720 47 2 . 6 5 .4
5527 200 42 2 , 2 5 . 3 5580 730 42 2 . 3 5 . 4
5528 210 77 2 , 9 3 . 7 5581 740 35 1 . 7 4 . 7
5529 220 50 1 . 9 3 . 7 5582 750 37 2 . 4 6 . 4
5530 230 70 2 . 8 4 . 0 5583 760 37 2 . 2 5 . 9
5531 240 67 2 . 5 3 . 7 5584 770 32 2 . 4 7 . 6
5532 250 60 2 . 8 4 . 5 5585 760 32 2 . 0 6 . 8
5533 260 37 1 . 6 3 . 9 5586 790 55 3 . 3 6 . 0
5534 270 110 4 . 4 4 . 0 5587 800 35 2 . 0 5 . 8
5535 280 50 2 . 0 3 . 9 5588 810 42 2 . 2 5 .2
5536 290 65 3 . 2 4 . 9 5589 820 32 2 . 0 6 . 4
5537 300 47 2 . 3 4 . 9 5590 830 47 2 . 0 4 . 2
5538 310 35 2 . 4 6 . 9 5591 840 45 2 . 8 6 . 2
5539 320 32 1 . 9 5 . 8 5592 850 50 2 . 4 4 . 8
5540 330 35 1 . 8 5 .1 5593 860 42 2 . 3 5 .4
5541 340 25 1 . 5 5 . 8 5594 870 57 2 . 9 5 . 0
5542 350 45 2 . 3 5 .2 5595 880 47 2 . 8 5 . 8
5543 360 45 2 , 6 5 .7 5596 890 37 1 . 6 4 . 4
5544 370 45 2 . 7 5 . 9 5597 900 45 2 . 1 4 . 5
5545 380 50 2 . 5 5 . 0 i  5598 910 32 1 . 7 5 .2
5546 390 65 3 . 3 5 . 0 i 5599 920 32 2 . 0 6 . 1
5547 400 92 2 . 9 3 .1 1 5600 930 42 2 . 7 6 . 4
5548 410 77 3 . 6 4 , 6 i 5601 940 25 1 . 6 6 . 3
5549 420 47 2 . 0 4 . 2 : 5602 950 37 2 . 3 6 . 1
5550 430 75 3 . 5 4 . 7 5603 960 25 1 . 5 6 . 0
5551 440 65 3 . 4 5 .1 5604 970 57 4 . 5 7 . 9
5552 450 50 2 . 7 5 .4 5605 980 32 1 . 9 6 . 0
5553 460 82 4 . 0 4 . 9 5606 990 32 1 . 8 5 .7
5554 470 47 2 . 5 5 .2
5555 480 65 3 . 0 4 . 6
5556 490 70 2 . 6 3 . 6
5557 500 45 1 . 9 4 . 3
5558 510 57 2 , 0 3 . 4
5559 520 60 2 . 6 4 . 3
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T a b l e  IV. 51
Copper  c o n t e n t  o f  S t l p a g r o s t i s  u n i p l u m i s  s a m p le s  c o l l e c t e d
on T r a n s e c t  1 0 1 , Daheim G r i d .  9 / 4 / 7 0
Sample

No.
D i s t ,
m, SE

ppm
ash

ppm
dry

io
ash

Sample  
No,

D i s t .
m.SE

ppm
ash

ppm
dry

%
ash

5659 1000 42 2 , 2 5 . 3 5721 490 87 3 . 9 4 . 5
5670 990 35 2 , 1 6 , 1 5722 480 72 3 . 3 4 . 6
5671 980 32 1 . 8 5 . 4 5725 470 37 1 . 5 3 . 9
5672 970 60 2 . 9 4 . 8 5724 460 35 1 . 5 4 . 2
5673 960 37 2 , 1 5 .6 5725 450 35 1 . 5 4 . 2
5674 950 42 2 , 1 5 . 0 5726 440 45 2 , 1 4 . 7
5675 940 32 2 , 1 6 , 6 5727 430 32 1 . 4 4 . 2
5676 930 55 3 . 7 6 , 7 5728 420 35 1 . 7 4 . 8
5677 920 55 3 . 7 6 , 7 5729 410 32 1 . 6 5 . 0
5678 910 60 3 . 1 5 . 0 5730 400 35 1 . 6 4 . 5
5679 900 50 2 , 4 4 . 8 5731 390 32 1 . 5 4 . 8
5680 890 42 2 , 5 5 . 9 5732 380 35 1 . 7 4 . 8
5681 880 28 1 . 4 4 . 9 5733 370 47 2 , 3 4 . 8
5682 870 35 2 , 2 6 , 4 5734 360 70 2 . 9 4 . 1
5683 860 25 1 . 3 5 . 1 5735 350 60 3 . 0 5 .1
5684 850 25 1 . 4 5 .7 5736 340 45 2 . 4 5 . 3
5685 840 25 1 . 4 5 . 7 5737 330 70 4 . 0 5 .7
5686 830 40 2 . 8 6 , 9 5738 320 35 1 . 4 4 . 1
5687 820 27 1 . 4 5 . 3 5739 310 55 2 . 5 4 . 4
5688 810 35 2 . 4 6 . 8 5740 300 25 1 . 2 4 . 9
5689 800 45 2 . 7 6 . 0 5741 290 42 2 , 4 5 . 7
5690 790 37 2 . 2 5 . 9 5742 280 32 1 . 6 5 .1
5691 780 55 2 . 9 5 . 2 5743 270 22 1 . 1 4 . 9
5692 770 50 2 , 3 4 . 5 5744 260 22 1 . 3 5 .7
5693 760 35 1 . 6 4 . 6 5745 250 25 1 . 3 5 .2
5694 750 3 . 8 5746 240 25 1 . 4 5 .7
5695 740 22 1 . 0 4 . 6 5747 230 32 1 . 6 5 .1
5696 730 20 0 . 8 4 . 0 5748 220 25 1 . 3 5 .2
5697 720 25 0 , 8 3 . 3 5749 210 32 1 . 9 5 . 6
5698 710 37 1 . 6 4 . 3 5750 200 20 1 . 1 5 .4
5699 700 32 1 . 3 3 . 9 1 5751 190 25 1 . 4 5 .6
5700 690 22 0 . 7 3 . 2 5752 180 32 1 . 5 4 . 6
5701 680 20 1 . 0 4 . 9 5753 170 32 1 . 2 3 . 8
5702 670 27 1 . 5 5 . 4 5754 160 25 0 . 9 3 . 7
5703 660 42 2 . 3 5 . 4 5755 150
5704 650 25 1 . 0 3 . 8 5756 140 50 2 . 0 3 . 9
5705 640 27 1 . 4 5 . 0 5757 130 35 1 . 6 4 . 6
5706 630 42 2 , 0 4 . 6 5758 120 37 1 . 5 4 . 1
5707 620 35 1 . 6 4 . 5 5759 110 57 2 . 7 4 . 7
5708 610 60 2 . 3 3 . 9 5760 100 47 2 . 3 4 . 8
5709 600 57 1 . 9 3 . 3 5761 90 55 2 , 4 4 . 3
5711 590 35 1 . 4 3 . 8 5762 80 57 2 . 8 4 . 9
5712 580 55 2 , 4 4 . 3 5763 70 62 2 . 4 3 . 9
5713 570 55 2 . 9 5 .2 5764 60 42 1 . 0 2 . 4
5714 560 72 3 . 4 4 . 7 5765 50 60 1 . 7 2 . 9
5715 550 32 1 . 6 4 . 9 5766 40 42 2 . 1 4 . 8
5716 540 47 2 , 0 4 . 2 5767 30 67 2 . 1 3 . 2
5717 530 25 1 . 4 5 .4 5768 20 57 1 . 2 2 . 0
5718 520 55 3 . 1 5 .6 5769 10 50 1 . 4 2 . 8
5719 510 42 2 . 3 5 .4 5770 0 35 1 . 1 3 . 2
5720 500 82 4 . 1 4 . 9
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Table TV.52
Co-per c o n t e n t  o f  Acacia n e l l i f e r a , Pha eonti lur. i  
r^incaun and Grewia f l a v a  l e a v e s  and t w i g s  c o l l e c t e d
on 'ranse c t  f 4 ,  Eskadron Homestead Area.  2 5 / 1 1 / 6 9 .

lEAVES T"'IGT S O IL

T a m a l e P i s t a n c  e ppm a-pn r" / “ ppm ppm - 2 0
T'o. ^ . E " S l l a s h Airy a s h a s h r i r y m e s h

< c - c i a ^ e l l i f e r r

3 6 2 3 2 7 . 7 4 92 7 . 1 4 . 7 0 1 0 2 4 . 2 1 0
3624 23 7 . 9 6 90 7 . 2 4 . 4 0 95 4 . 2 1 1
3 6 2 5 40 6 . 9 6 7 2 5 . 0 3 . 5 7 9 0 3 . 2 1 1
"6 26 60 7 . 9 1 75 5 . 9 5 . 6 7 6 2 3 . 5 7
3 6 " ? 72 2 . 9 1 67 5 . 9 4 . 6 9 7 2 3 . 4 7

1 0 0 7 . 2 0 60 4 . 7 6 . 2 9 40 2 . 8 6
3 6 2 9 1 1 2 2 . 3 3 60 5 . 0 6 . 9 7 40 2 . 8 6
3 6 3 0 1 3 2 7 . 2 6 50 3 . 9 5 . 3 2 6 2 3 . 3 12
3 6 3 1 1 4 7 2 . 1 2 1 1 2 1 0 . 0 7 . 1 3 90 6 . 4 6 5
3 6 3 2 1 5 0 9 . 1 9 1 0 0 9 . 2 6 . 5 5 7 5 4 . 9 7 3
3 6 3 3 1 5 3 9 . 6 2 7 2 6 . 9 4 . 9 0 2 0 3 . 9 64
3 6 3 4 1 5 0 2 . 6 2 95 2 . 2 5 . 1 7 1 0 5 5 . 4 7 3
3 6 3 5 1 5 2 2 . 4 2 1 0 2 2 . 6 6 . 6 2 9 2 6 . 3 42
3 6 3 6 1 7 0 2 . 7 9 67 5 . 9 5 . 3 2 60 3 . 2 1 9
3 6 3 7 1 2 2 9 . 2 9 60 5 . 6 6 . 3 0 1 0 0 6 . 3 23

v h a e a n t i l n m  s n i n o  sum

3 6 3 P 1 2 5 1 2 . 0 5 60 7 . 2 3 . 5 2 1 0 5 3 . 7 30
" 6 / 0 1 5 0 1 6 . 0 0 1 2 2 2 9 . 1 4 . 3 9 3 35 1 4 . 9 7 3
3 6 4 3 72 6 . 2 9 27 6 . 1 4 . 7 7 2 4 0 1 1 . 4 7
3 6 4 5 41 1 3 . 4 0 52 7 . 0 3 . 2 2 2 75 9 . 0 1 1

O r p ’v i p f l  FV"

3 6 3 9 1 2 5 2 . 5 3 1 2 5 1 5 . 2 4 . 2 5 27 3 . 7 3 0
3 6 4 1 1 5 0 2 . 5 2 2 05 1 7 . 5 3 . 9 0 1 2 7 7 . 3 7 3
3 6 4 2 1 1 5 9 . 0 2 1 0 7 9 . 7 4 . 5 6 6 7 3 . 1 1 0
: 6 4 4 50 9 . 2 2 142 1 3 . 1 3 . 7 7 1 2 7 4 . 2 1 0
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Table I V . 53
Ton-oer c o n t e n t  o f  frev/ ia  f l a v a  end The e o n t i l n n  
painopiim somnler ,  l e a v e s  ;nd t w i g s ,  c o l l e c t e d  on 
Transec t  85,  ^ k a t j i r u t e  T e s t .  1 1 / 1 2 / 6 9 .

LE1VE; A TTI03
^ovnle Lo c a t io n r ) T } n n n m p p m - 8 0

n.T p  sh a s h dry ash ash dry mesh

Gre"'ia f l a v a
3646 0 8 .2 240 2 0 . 4 3 .9 197 7 . 8 37
3647 22 9 . 3 225 2 1 . 0 4 .8 195 9 .4 41
3648 41 7 . 8 270 2 1 . 0 3 . 8 155 5 .9 40
3649 60 7 . 8 215 1 6 . 9 3 .7 117 4 .3 31
3650 80 9 . 4 187 1 7 . 6 4 .6 170 7 .8 36
3651 95 8 . 7 197 1 7 . 3 3 . 3 175 5 .9 31
365? 107 7 . 1 243 1 7 . 4 3 .4 162 5 .6 42
3653 120 7 . 8 260 2 0 .4 3 .8 192 7 . 3 46
3654 135 8 . 5 170 1 4 . 4 3 .2 145 4 .6 30
?655 149 8 .4 162 1 3 . 6 3 .4 182 6 . 3 141
^656 151 7 . 3 244 1 7 . 7 3 .0 205 6 . 2 130
3657 150 8 . 5 225 1 9 . 1 4 . 1 147 6 . 1 150
3658 150 8 . 7 250 2 1 . 9 4 .4 217 9 . 6 150
■5 -- tr OJ  V y 157 8 . 9 142 1 2 . 6 4 .5 142 6 . 5 43
T660 172 8 . 2 265 2 1 . 9 / -.O 202 8 . 1 69
3661 191 8 . 3 222 1 8 . 5 4 .4 105 4 . 6 100
?662 202 9 . 4 210 1 9 . 7 3 .8 157 5 .9 64
3663 210 8 . 2 212 1 7 . 4 3 .7 222 8 . 3 56
3664 223 8 . 3 192 1 8 . 8 3 . 7 170 6 . 4 72
3665 227 7 . 7 217 1 6 . 8 4 . 0 150 6 . 0 56
3666 242 8 . 0 257 2 0 . 5 3 .5 182 6 . 4 50
3667 260 8 . 5 177 1 5 . 1 4 . 0 135 5 .4 44
3668 278 8 . 0 207 1 6 . 9 3 .9 117 4 . 6 38
3669 290 7 . 8 192 1 5 . 1 3 . 0 175 5 .2 31
3670 310 7 . 8 182 1 4 . 2 4 . 0 150 6 . 0 20
3671 323 7 . 0 202 1 4 . 2 3 .4 135 4 .6 17
3672 341 7 . 4 172 1 2 . 7 3 .8 137 5 .2 20
3673 350 8 . 6 182 1 5 . 7 4 .6 135 6 . 2 12

Tbaeon-b i I n n  sninc  ̂sum

3674 350 1 5 . 8 102 1 6 . 1 2 .8 307 8 . 8 12
3675 325 1 3 . 5 85 1 1 . 5 3 . 5 202 7 . 1 17
3676 310 15 .6 110 1 7 . 2 5 . 5 182 1 0 . 0 20
3677 277 1 0 . 0 192 1 9 . 2 4 . 2 275 1 1 .5 38
3678 249 1 2 . 6 215 2 7 . 2 4 .8 355 1 6 .9 80
3679 203 1 1 . 3 175 1 9 . 8 3 . 4 315 9 . 9 61
3680 180 1 1 . 3 165 1 8 . 6 4 . 3 217 9 . 2 65
3681 155 9 . 6 282 2 7 . 1 3 . 2 315 1 0 . 1 44
3682 151 1 1 .8 185 2 1 .9 5 . 1 257 1 3 . 2 132
3683 14 3 1 1 . 4 100 1 1 . 4 4 .9 145 7 . 1 40
3684 130 1 3 . 6 95 1 2 . 9 4 . 3 187 8 . 2 35
3685 107 1 1 . 5 80 9 . 2 4 . 3 150 6 . 5 48
3686 80 1 0 . 5 97 1 0 . 2 3 . 5 177 6 . 4 36
3687 64 11 .4 77 8 . 8 4 . 4 180 7 . 9 32
3688 45 1 0 . 6 65 6 . 9 3 .7 162 6 . 1 40
3689 30 1 2 . 4 57 7 . 1 3 . 8 165 6 . 2 47
3690 12 1 2 . 6 90 1 1 . 4 3 . 9 245 9 . 6 40
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T a b le  I V . 54
Copper  c o n t e n t  o f  A c a c ia  h e b e o l a d a  l e a v e s  c o l l e c t e d
on T r a n s e c t  8 6 ,  O k a t j i r u t e  W e s t ,  1 1 /1 2 /6 9 ,

Samnle 
No.

D i s t a n c e
m.SE aslL

pnm
ash

ppm
d r y

- 8 0
mesh

3691 9 5 .6 40 2 . 3 18
3692 22 6 . 2 40 2 . 5 16
3693 31 7 . 3 37 2 . 7 16
3694 42 6 . 3 40 2 . 5 19
3695 55 6 . 9 28 1 . 9 20
3696 62 4 . 9 37 1 . 8 17
3697 70 6 . 6 40 2 . 7 14
3698 81 6 . 1 47 2 . 9 14
3699 90 7 . 4 47 3 . 5 14
3700 100 6 . 6 40 2 . 6 10
3701 110 7 . 5 42 3 . 2 10
3702 120 6 . 4 45 2 . 9 10
3703 133 6 . 8 32 2 . 2 17
3704 141 6 . 6 32 2 . 1 14
3705 152 7 . 1 40 2 . 8 21
3706 161 6 . 2 40 2 . 5 25
3707 170 5 . 8 40 2 . 4 24
3708 180 7 . 0 45 3 . 2 24
3709 190 7 . 6 28 2 . 1 18
3710 200 8 . 3 25 2 . 1 19
3711 210 7 . 0 32 2 . 3 14
3712 220 6 . 9 40 2 . 8 13
3713 230 6 . 7 50 3 . 5 14
3714 240 6 . 7 22 1 . 7 14
3715 252 6 . 8 45 3 . 1 24
3716 253 7 . 5 32 2 . 4 28
3717 260 7 . 3 42 3 . 1 15
3718 272 7 . 1 35 2 . 5 10
3719 280 7 . 0 35 2 . 5 9
3720 290 6 . 5 32 2 . 1 9
3721 300 7 . 2 32 2 . 3 7
3722 310 5 . 6 42 2 . 3 6
3723 320 6 . 0 40 2 . 4 9
3724 330 7 . 1 55 3 . 9 10
3725 340 7 . 5 45 3 . 4 28
3726 350 6 . 9 40 2 . 8 15
3727 360 7 . 8 35 2 . 7 18
3728 370 6 . 4 32 2 . 1 18
3729 381 6 . 4 40 2 . 6 24
3730 392 7 . 2 35 2 . 5 29
3731 401 6 . 7 50 3 . 5 25
3732 410 6 . 4 47 3 . 0 25
3733 420 6 . 5 45 2 .9 25
3734 430 8 . 7 47 4 . 1 16
3735 440 7 . 5 47 3 . 5 13
3736 450 7 . 2 45 3 . 3 9
3737 460 8 . 0 37 3 . 0 8
3738 470 8 . 1 37 3 . 0 5
3739 480 7 . 4 40 3 . 0 8
3740 490 7 . 9 40 3 . 2 8
3741 500 6 . 6 30 2 . 0 j

8
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T a b le  I V . 55
Copper c o n t e n t  o f  t h e  l e a v e s ,  s tems and f l o w e r s  f o r  
Hel i chrysum l e n t o l e p i s  samples  c o l l e c t e d  a t  th e  Copper  
Causeway,  2 0 / 5 / 6 8 .

LEAVES STEMS FLOWERS SOIL
Sample  

No.
CO.Grid 
Coords ,

io
ash

ppm
ash

ppm
dry

lo
ash

pom
ash

ppm
dry

io
ash

ppm
ash

ppm
dry

mesh
- 8 0

2117
2118
2119
2120
2131
2132
2133  
2134-
2135
2136  
2138
2139
2140

215.210E  
220.215E  
395.5W 
3 7 0 . 50E 
2 2 0 . 0  
3 1 7 . 5E 
360 .0  
262.62V  
260.50V  
257.58V  
250.53V  
242.42V  
230.25V

1 6 . 6
1 9 . 4
2 3 . 9  
1 8 . 6  
1 6 . 2
1 9 . 3  
2 1 . 6
1 7 . 4
1 6 . 9
2 4 . 6
1 6 . 7
2 0 . 4
2 1 . 8

830
626
320
655
350
535
300
715
785
750
580
695
525

1 3 8 . 4
1 2 1 . 3  

7 6 . 5
1 2 2 . 3  

5 6 . 7
1 0 3 . 3  

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

9 7 . 2
1 4 1 . 8
1 1 4 . 9

8 . 6
7 . 8
9 . 1  
8 . 5
8 . 9  
7 . 7
9 . 9
9 . 4
7 . 4  

1 0 . 0
12 .5

9 . 1
1 0 . 5

975
660
365
655
275
494
420
680
770
885
635
795
660

8 4 .5
5 1 .7
3 3 . 4
56 .3
24 .6
38 .5
4 1 .6
6 4 . 3
5 7 .4
8 9 . 1
7 9 . 4
7 3 . 1
6 9 . 8

2 0 .3  
1 4 . 0
1 4 . 2
1 6 . 2  
1 7 . 2
1 5 . 5
1 6 . 7
1 3 . 5
1 2 . 4
1 8 . 7
1 3 . 6
1 4 . 5  
1 6 . 4

775
330
300
400
420
300
240
375
465
545
420
445
205

1 5 7 .5
4 6 . 2
4 2 . 9  
6 4 . 8
7 2 . 2  
4 6 . 5
4 0 . 3
5 0 .9  
5 8 . 0

1 0 2 . 3
5 7 . 4
6 4 . 9  
3 3 . 7

240
510
308
460
280
350
280
432
294
360
480
528
504

Minimum v a l u e 5 6 . 7 24 . 6 3 3 . 7
-------- p

Maximum v a l u e 1 8 5 . 2 8 9 . 1 1 5 7 .5

MEAN VALUES 1 1 3 . 9 5 8 . 7 6 4 . 0
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Table  I V . 56
Copper c o n t e n t  o f  t h e  l e a v e s ,  s tems and f l o w e r s  o f  
Hel i chrysum l e p t o l e n i s  samples  c o l l e c t e d  a t  t h e  
M a la ch i t e  Pan Area.  2 0 / 5 / 6 8 .

Samnle  
No. MP.Grid

r n .m 7 .NE

LEAVES STEMS FLOWERS SOIL
i

a s h
ppm
a s h

ppm
dry

i
a s h

ppm
a s h

ppm
dry a s h

ppm
a s h

ppm
dry

ppm
- 8 0

2080 7 3 8 .2 3 5 1 1 . 5 795 9 1 . 6 8 . 3 770 6 4 . 6 7 . 5 515 3 8 .6 335'
2081 7 3 0 . 2 3 0 9 . 6 515 4 9 .5 7 . 9 505 4 0 . 0 7 . 0 400 2 8 . 2 310
2082 7 3 4 . 1 6 7 1 1 . 2 675 7 5 . 9 7 . 9 565 4 5 . 1 7 . 6 515 3 9 . 1 265
2083 7 4 0 .1 4 2 1 2 . 3 550 6 7 . 8 7 . 9 580 4 5 . 4 8 . 7 525 4 6 . 0 290
2084 7 8 0 . 2 3 8 1 1 . 1 515 5 7 .3 9 . 1 535 4 8 . 9 8 . 3 385 3 2 . 1 352
2085 8 3 0 . 2 8 6 1 3 . 8 1240 1 7 1 .2 9 . 7 445 4 3 . 2 8 . 2 300 24 .5 275
2086 7 3 2 .2 7 0 1 2 . 2 605 7 4 . 2 8 . 1 580 4 7 . 3 8 . 0 450 3 6 . 1 240
2087 7 7 6 . 3 3 2 1 5 . 5 415 6 4 . 6 8 . 6 410 3 5 . 5 9 . 8 320 3 1 .6 285
2088 7 8 8 . 3 8 0 1 3 . 0 980 12 7 . 9 8 . 3 795 6 5 . 9 8 . 5 605 5 2 . 3 320
2089 7 9 6 .3 8 8 1 4 . 6 900 13 1 . 7 8 . 7 665 5 8 . 2 1 0 . 1 590 5 8 . 7 410
2090 8 1 3 .3 9 0 1 3 . 3 965 12 8 . 9 9 . 6 840 8 0 . 7 8 . 7 700 6 1 . 2 270
2091 9 0 0 .6 6 4 1 7 . 4 705 1 2 3 . 1 9 . 6 465 4 5 . 1 9 . 9 465 4 6 . 2 580
2092 94 8 .6 7 5 9 . 1 1060 9 7 . 0 8 . 8 785 6 9 . 2 1 1 . 8 625 7 4 . 9 620
2100 9 8 7 .7 1 0 2 6 . 7 490 1 3 1 . 1 7 . 5 330 2 5 . 0 1 6 . 0 425 6 8 . 2 310
2101 887 .6 0 6 1 7 . 6 505 8 9 . 1 8 . 9 590 5 2 .8 1 0 . 5 300 3 1 . 7 195
2102 918 .5 3 5 2 0 . 1 785 1 5 8 . 3 1 0 . 4 365 3 8 . 1 1 1 . 7 330 38V6 420
2107 91 2 . 2 5 0 1 5 . 6 1400 21 8 . 9 9 . 8 885 8 6 . 9 9 . 1 705 6 4 . 3 280^
2108 91 3 .2 7 0 1 5 . 3 705 1 0 7 . 1 8 . 8 555 4 8 . 9 1 2 . 1 470 5 7 . 2 295
2109 815 .4 5 1 8 . 1 705 1 2 7 .8 8 . 3 635 5 3 . 2 1 2 . 3 350 4 3 . 2 300
2110 80 2 .4 5 1 4 . 4 910 1 3 1 . 3 7 . 8 785 6 1 . 5 1 4 . 3 535 7 6 . 6 335
2111 7 1 5 . 2 2 1 6 . 6 660 1 0 9 .7 7 . 5 545 4 1 . 3 1 3 . 4 495 6 6 . 5 270
2112 6 9 1 .5 5 1 7 . 5 680 1 1 9 . 0 1 0 . 2 575 58 . 6 1 3 . 6 430 58 . 5 265
2113 6 6 7 , 7 0 1 6 . 4 645 1 0 5 . 9 8 . 7 635 5 5 . 2 1 3 . 9 510 7 1 . 3 310
2114 5 5 0 . 4 2 1 5 . 1 545 8 2 . 7 9 . 8 545 53 .6 1 3 . 8 405 5 6 . 0 360
2115 50 5 .4 8 1 7 . 7 555 9 8 . 2 8 . 4 505 4 2 . 7 1 2 . 2 475 5 8 . 1 320
2116 6 2 6 . 7 3 23 .9 625 1 4 9 . 8 1 1 . 0 785 8 6 . 8 1 8 . 5 475 8 8 . 3 295

Minimum v a l u e  

Maximum v a l u e  

MEAN VALUES

4 9 .5

21 8 . 9

111.1

2 5 . 0

8 6 . 9

5 3 .6

2 4 .5

8 8 . 3

5 1 . 8
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T a b le  I V . 57
C opper  c o n t e n t  o f  F i m b r i s t y l i s  e x i l i s  c o l l e c t e d  a t  t h e  
Pos  and C opper  Causeway A r e a s .

Sample
No.

Lo c a t io n i
Ash

ppm
Ash

ppm
Dry

- 8 0
Mesh

4902 Tr .30 ,2 08m ,S 1 5 . 3 345 5 3 . 1 325
4903 T r . 3 0 , 208.10V 1 5 . 5 362 4 0 . 7 290
4904 T r . 3 0 , 2 0 8 . 1 5 E 1 1 . 9 335 4 0 . 1 275
4905 T r .3 0 ,4 43 m .S 1 0 . 5 217 2 2 .9 185
4906 Tr .30 ,4 95m .S 1 2 . 6 225 2 8 . 4 225
4907 Tr .30 ,2 65 m.S 1 4 . 6 262 3 8 . 2 280
4908 T r . 3 0 , 39m.5 1 5 . 1 168 2 5 .5 120
4909 C.C,266.50W 1 1 .8 252 29 .8 294
4910 C. 0 ,2 57 .5 8 . 7 1 6 . 4 325 5 3 .3 360
4911 C . C , 242.42,7 1 7 . 7 222 38 . 4 528
5816 Tr .30 ,208 .20W 1 7 . 7 262 43 .8 360
5817 T r . 3 0 , 2 0 8 . 2 5 E 1 5 . 2 312 4 7 . 6 310
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Table  I V . 58
C opper  c o n t e n t  o f  s p o t  s a m p le s  o f  A c a c i a  g i r a f f a e , 
A c ac ia  h e r e r o e n s i s , A l b i z i a  a n t h e l m i n t i c a , B a r l e r i a  
l a n c e o l a t a  and B o s c i a  a l b i t r i m c a .

Sample
No.

L o c a t i o n
LEAVES TV/I OS COIL

i
a s h

ppm
a s h

ppm
dry

i
a s h

ppm
a s h

ppm
dry

- 8 0
mesh

A cac ia g i r a f f a e

4912 OkJ.W 6 . 8 37 2 . 5 4 . 5 57 2 . 6 4
5 7 9 8 t T .  9 6 0 .1 5 0 5 . 5 77 4 . 3 7 . 5 55 4 . 1 15
5799 IT.  99 0 .1 3 0 6 . 3 60 3 . 8 6 . 0 27 1 .6 10
5fOO ÎT.  99 5 .1 6 0 8 . 9 37 3 . 3 9 . 9 27 2 . 7 15
5777 ÎT .  9 0 0 .6 5 0 6 . 5 54 3 . 5 5 .6 60 3 . 4 130
5782 IT .  9 8 0 . 8 5 0 4 . 8 38 1 . 9 7 . 1 44 3 . 1 315

A cac ia h e r e r o e n s i s
3518 TT. 8 2 6 . 4 0 5 . 8 157 9 . 1 3 . 6 260 9 . 5 210
3519 IT .  8 3 1 . 4 9 6..8 116 7 . 9 3 . 9 137 5 . 3 185
3520 IT .  8 3 0 .5 3 7 . 3 140 1 0 . 2 4 . 6 170 7 . 7 190

A l b i z i a a n t h e l m i n t i f îa
f

3785 Esk.  r i d g e 6 . 3 103 6 . 5 4 . 7 45 2 . 1 4
3786 I f  I f 5 . 7 143 8 . 3 5 .5 57 3 . 0 4
3787 I t  II 6 . 1 120 7 . 3 7 . 2 110 3 . 6 4
3788 I I  II 6 . 6 130 8 . 6 3 .8 78 3 . 0 4
3789 I I  I t 6 . 0 128 7 . 7 4 . 7 73 3 . 4 4
4860 Okj.W-Esk.B. 5 . 7 80 4 . 6 3 . 1 130 4 . 0 4
4861 I I  I f 5 . 1 168 8 . 6 3 . 7 60 2 . 2 4

B a r l e r i a  l a n c e o l a t a
4996 I T .  9 3 0 .3 3 0 1 6 . 9 95 1 6 . 0 5 .7 162 9 . 3 55
4997 I T .  9 2 5 .3 3 5 1 6 . 0 105 1 6 . 8 6 . 9 162 1 1 . 2 35
4998 IT .  9 1 5 .3 5 0 1 7 .0 70 1 2 . 0 7 . 7 142 1 1 . 0 57
4999 I T .  940 .3 65 1 9 .7 77 1 5 . 1 9 . 7 130 1 2 . 1 42
5787 IT .  7 1 0 .2 9 5 1 9 .2 81 1 5 . 5 8 . 5 144 1 2 . 2 65
5788 IT .  7 0 5 .2 9 0 1 8 . 6 81 1 5 . 1 8 . 1 123 1 0 . 0 50
4853 CO. a r e a 17»6 55 9 . 7 3 .8 162 6 . 3 7
4854 CO. a r e a 1 4 . 0 75 1 0 . 5 3 . 7 145 5 . 4 7
4862 Okj.W-Esk.B 1 3 .7 6 8 9 . 3 3 .9 115 4 . 5 4
4863 Okj.W-Esk.B 1 5 . 3 55 8 . 4 2 . 3 182 4 . 7 4

B o s c i a a l b i t r u n c a

4979 I T . 6 3 5 . 6 0 6 . 9 275 1 8 . 9 5 . 1 215 1 1 . 0 92
4980 I T . 6 5 0 . 6 0 7 . 2 230 1 6 . 3 7 . 0 107 7 . 3 230
4981 IT .  65 0 . 7 0 1 0 . 5 72 7 . 6 3 .9 295 1 1 . 4 180
4984 HP. 6 5 0 . 5 0 8 . 4 122 1 1 . 2 3 . 4 275 9 . 2 217
4985 IT .  6 9 0 .7 0 7 . 7 157 1 3 .1 5 . 0 130 6 . 6 142
4995 IT .  8 7 5 .1 7 5 1 0 . 7 105 1 1 . 2 8 . 4 197 1 6 . 5 35
5790 IT.  11 1 0 . 8  20 1 2 . 7 185 2 3 .5 5 .8 115 6 . 7 28
5791 IT .  1 3 0 0 . 180 7 .4 195 1 4 . 4 7 . 9 87 6 . 8 32
5792 I T . 1 3 0 0 . 200 1 0 . 4 67 7 . 0 6 . 4 72 4 .6 35
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Table I V . 59
Copper c o n t e n t  o f  sp o t  samples  o f  C at op hr ac t e s  a l e x a n d r i , 
Combreturn a p i c u l a t u m . Commiphora p y r a c a n t h o i d e s , D ic hr o -  
s t a c h y s  c i n e r e a ,  Grewia b i c o l o r  and Grewia f l a v e s c e n s .

Sample  
No.

L o c a t i o n
LEAVES TWIGS SOIL

i
a s h

ppm
a s h

ppm
d r y

i
a s h

ppm
a s h

ppm
d r y

- 8 0
mesh-

C a to p h r a c t e s  a l e x a n d i ''i
“  ■ pi

5793 IT .  18 0 . 14 5 8 . 3 142 1 1 . 8 3 . 7 400 1 4 . 8 20
5794 17 5 . 14 5 6 . 8 142 1 0 . 0 3 . 0 315 9 . 5 32
5795 1 6 0 .1 4 0 5 .9 157 9 . 3 3 . 4 295 9 .9 25
5797 2 0 0 .1 9 0 7 . 6 112 8 . 5 3 .6 280 1 0 . 4 40
4966 7 7 0 . 6 0 9 . 7 162 1 6 . 2 3 . 2 275 8 . 7 175
5779 9 5 0 .7 1 0 7 . 2 144 1 0 . 3 3 .5 208 7 . 2 110
5760 96 0 .7 3 0 6 . 4 160 1 0 . 2 3 .9 160 6 . 2 77
5781 9 6 0 . 8 1 0 7 . 2 150 1 0 . 8 2 .7 160 4 . 2 77
5783 98 8 .8 6 0 7 . 0 202 1 4 . 1 2 . 9 265 7 . 6 220

Combret \im p r i c u l e t u r n
5820 '•'■tv.Berg- 8 . 2 42 3 .5 8 . 9 92 4 . 5 5
5623 t t  I t 7 , 9 70 5 .4 4 . 1 90 3 . 6 5
5824 I I  II 8 . 0 42 3 .5 3 . 7 95 3 . 5 5
3790 E s k . r i d g e 7 . 3 113 8 . 2 4 . 9 100 4 . 9 4
3791 I I  I I 6 . 2 102 6 . 4 3 .7 98 3 . 6 4
3792 I I  II 6 . 4 88 5 .6 4 . 3 85 3 .6 4
3793 II  I I 6 . 1 105 6 . 4 5 .6 80 4 . 6 4
3794 II  II 6 . 2 78 4 .8 6 . 2 60 3 .7 4

Commiph o r a  p y r a c a n t l l o i d e s
4855 Okj.W-Esk.B 1 1 . 2 50 5 .6 3 .3 82 2 . 7 4
4856 I I  II 1 4 . 4 37 5 .3 3 .6 172 6 . 2 4

D i c h r o s t a c h y s  c i n e r i ?a
4988 MP. 5 4 0 .4 5 5 . 0 307 1 5 . 5 2 . 8 310 9 . 0 152
4989 ÎGP. 7 4 0 .2 9 0 6 . 4 223 1 4 .3 3 . 2 259 7 . 9 82
3799 E s k . r i d g e 5 . 6 78 4 . 3 3 .5 75 2 . 6 4
3800 I I  I I 7 . 1 80 5 . 7 3 . 3 100 3 . 3 4
3801 I I  II 6 . 3 70 4 . 4 3 .5 85 3 . 0 4
3802 I I  I I 6 . 6 108 7 . 1 4 . 2 65 2 .7 4
3803 I t  II 5 . 7 103 5 . 9 3 . 1 92 2 . 9 4

Grewia b i c o l o r
3795 E s k . r i d g e 7 . 8 90 7 . 2 4 . 6 85 3 . 9 4
3796 I I  I I 7 . 6 80 6 . 0 4 . 7 74 3 . 5 4
3797 I I  II 7 . 6 95 7 . 3 3 . 6 110 4 . 0 4
3798 I I  I I 8 . 3 70 5 . 8 5 . 3 48 2 . 5 4
4860 Okj.W-Esk.B 7 . 6 87 6 . 6 4 . 0 102 4 . 1 32

Grewia f l a v e s c e n s
4857  j Okj.W-Esk.B 7 . 4 120 8 . 8 3 . 3 140 4 . 5 25
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Table I V . 60
Copper c o n t e n t  o f  spo t  samples  o f  Ozoroa p a n i c u l o s a , 
Rhigosum b r e v i s p i n o s u m , Rhus p y r o i d e s , Te rm ina l i a  s e r i c e a  
and Z iz ip h us  mucronata .

LEAVEB TWIGS SOIL
Sample Lo c a t io n i ppm ppm ppm ppm - 8 0

No. ash ash d r y ash ash dry mesh

Ozoroa ■naniculosa
3531 HP. 507 .5 6 9 . 8 80 7 . 5 3 .8 140 5 .4 185
4982 HP. 6 5 0 . 7 0 7 . 3 180 1 1 . 3 2 . 3 187 5 .6 195
4989 IT .  52 0 . 5 0 7 . 8 175 13 .6 . 4 . 5 242 10;  8 360
4990 MP. 51 0 . 5 0 7 . 2 120 8 . 6 3 . 7 200 7 . 4 157
4991 I'P. 505 .5 5 9 . 9 92 9 . 1 3 . 1 120 3 . 7 315
4992 I T .  50 1 . 5 2 7 . 7 200 1 5 . 4 3 . 5 227 9 . 6 190
4993 I T .  4 8 5 . 5 0 6 . 7 90 6 . 0 5 . 1 165 8 . 5 70
4994 IT .  7 8 0 . 2 5 0 1 0 . 5 242 2 5 .5 4 . 3 25^ 1 1 . 1 125

Rhigosum b r e v i s n i n o sum
5819 'Vtv. Berg 7 . 8 55 4 . 3 2 .8 190 5 .3 4
5820 f l  If 6 . 1 42 2 . 6 2 . 5 102 2 . 5 4

Rhus p y r o i d e s
3524 ÎT .  7 2 5 . 3 0 5 . 8 260 1 5 . 1 2 . 4 253 7v3 265
3526 ' T .  7 5 0 .1 9 5 5 . 8 220 1 2 . 7 2 . 9 247 7 . 0 192
3527 ÎT .  7 5 5 .1 8 6 5 .4 117 6 . 4 3 . 0 117 5 .3 155
3528 7 3 0 . 1 8 2 6 , 0 252 1 5 . 1 3 . 4 207 7 . 1 212
3529 MP. 7 8 0 .1 9 5 5 . 1 315 1 6 . 0 3 . 0 165 4 . 9 245
3530 7 20 .2 65 5 .6 315 1 7 . 7 3 .2 167 5 . 3 185

Termin a l i a  s e r i c e a
4971 Daheim 6 . 4 100 6 . 4 3 .8 85 3 . 3 4
4972 I I 6 . 3 80 5 . 0 7 . 4 95 7 . 1 4
4973 II 5 . 1 107 5 . 5 6 . 7 85 5 .7 4
4974 II 9 . 5 47 4 . 4 7 . 4 95 7 . 0 4
4975 II 5 . 9 107 6 . 3 5 .5 85 4 . 7 4
4976 II 6 . 3 85 5 . 4 4 . 0 82 3 . 3 4
4977 II 6 . 6 80 5 .3 7 . 1 105 7 . 5 4
4978 II 5 .5 117 6 . 4 7 . 1 112 7 . 9 4
5818 Western Okj. 4 . 9 70 3 . 4 6 . 7 110 7 . 0 4
5822 I I  II 4 . 9 65 3 . 2 6 . 9 32 2 . 2 4
5814 Wtv.  Berg 5 . 5 87 4 . 8 8 . 1 87 7 . 0 4
5815 I I  II 5 .6 75 4 . 2 6 . 2 102 6 . 4 4
5816 Okat j epuiko 5 . 2 118 6 . 1 5 .8 107 6 . 2 4

Ziziph' us mucronata
3522 IT.  8 1 0 . 5 1 9 . 0 '63 5 .6 2 . 7 103 2 . 9 185
3523 I T .  7 7 5 . 7 5 8 . 5 130 7 . 2 2 . 6 654 1 7 . 2 245
5796 IT .  13 0 .1 5 0 9 . 0 47 4 . 2 3 .5 190 6 . 4 20
4983 I T .  6 5 0 . 5 0 9 . 2 122 1 1 . 2 3 . 4 275 9 . 2 190
5000 I T .  8 9 0 .6 5 0 8 . 9 77 6 . 9 3 . 7 202 7 . 4 185
5778 IT.  990 .7 05 1 0 . 5 60 6 . 3 2 . 9 223 6 . 5 365
5784 IT .  87 0 . 9 1 0 1 0 . 8 54 5 . 8 3 . 7 139 5 .2 45
5786 IT .  7 4 0 .4 2 0 1 1 . 0 65 7 . 2 4 . 3 175 7 . 5 110


