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A COMPARATIVE STUDY OF THE GEOCHEMISTRY 

OF ARCHAEAN BEDROCK 

I N  PART OF 

T H E  NORTHEAST Y I L G A R N  BLOCK 

b y  

R .  L .  Davy 

ABSTRACT 

Approximately 1 200 ' f r e s h '  and 300 a l t e r e d  o r  weathered samples of Archaean 

bedrock, from p a r t s  of t h e  Leonora, Laverton and Rason 1:250 000 Sheet a r e a s ,  have 

been analysed f o r  seventeen elements and oxides .  This  work has  allowed d e f i n i t i o n  

of t h e  chemical a t t r i b u t e s  of most of t h e  major rock  types  w i t h i n  t h e  a r e a  sampled, 

and has  a ided t h e  r ecogn i t ion  of sub-groups no t  r e a d i l y  i d e n t i f i e d  i n  t h e  f i e l d .  

P o i n t s  of s i g n i f i c a n c e  which have been drawn out  from t h e  d a t a  include:  

i )  t h e  presence of two main types  of mafic rock; a low-K t h o l e i i t e  which comprises 

most of t h e  mafic rock of t h e  greenstone b e l t s ,  and a 'high'-K t h o l e i i t e  which i s  

r e s t r i c t e d  a r e a l l y ,  and occur s  i n  a s s o c i a t i o n  wi th  c a l c - a l k a l i n e  vo lcan ic  and 

subvolcanic  f e l s i c  rocks;  i i )  t h e  r ecogn i t ion  of p rev ious ly  unreported u l t r a m a f i c  

rocks i n  t h e  D i o r i t e  H i l l  a r e a  (Laverton s h e e t ) ;  iii) t h e  r ecogn i t ion ,  from K/Rb 

and Rb/Sr r a t i o s ,  t h a t  p a r t s  of d i f f e r e n t  c y c l e s  of greenstones may be p re sen t ;  

i v )  a demonstrat ion t h a t  t h e  M t .  Venn layered s i l l ,  though of a low-K t h o l e i i t e  

magma type is composi t ional ly  d i f f e r e n t  from o t h e r  low-K mafic  rocks;  v)  t h e  recog- 

n i t i o n  of r e g i o n a l  t r e n d s  i n  g r a n i t o i d s  and of l o c a l i z e d  t r e n d s  i n  mafic rocks i n  

t h e  M t .  Scot t -Rut ter  Soak a r e a  (Rason s h e e t ) ;  and v i )  t h e  r ecogn i t ion ,  i n  some 

p laces ,  of more than  one c y c l e  of g r a n i t o i d  i n t r u s i o n ,  each c y c l e  of which i s  

cha rac t e r i zed  by an  i n c r e a s e  i n  potassium as t h e  rocks g e t  younger. 

Regional geochemical t h re sho ld  v a l u e s  have been e s t a b l i s h e d  f o r  base  me ta l s  

and uranium, and on t h e  b a s i s  of known m i n e r a l i z a t i o n  and t h e  d i s t r i b u t i o n  of 

anomalous va lues  a r e a s  wi th  p o t e n t i a l  f o r  f u r t h e r  p rospec t ing  have been recognized.  

I N T R O D U C T I O N  

I n  1 9 7 2  t h e  G e o l o g i c a l  S u r v e y  o f  W e s t e r n  A u s t r a l i a  i n i t i a t e d  a p rogramme 

o f  r e g i o n a l  r o c k  s a m p l e  a n a l y s i s  t o  i n v e s t i g a t e  t h e  p o t e n t i a l  o f  A r c h a e a n  

b e d r o c k  g e o c h e m i s t r y  a s :  
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i )  a n  a d j u n c t  t o  r e g i o n a l  m a p p i n g ,  

ii 

iii 

i v  

The 

L a v e r  t o n  

a r e c o n n a i s s a n c e  p r o s p e c t i n g  t o o l ,  

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

p r o v i n c e s ,  and 

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

t r e n d s .  

a r ea  c h o s e n  f o r  t h i s  s t u d y  c o n s i s t e d  of p a r t s  of  t h e  L e o n o r a ,  

and  Rason 1:250 000 map s h e e t s  ( F i g u r e  1) i n  t h e  n o r t h e a s t  p a r t  of  

t h e  Y i l g a r n  b l o c k .  Most  s a m p l e s  c o l l e c t e d  were o f  A r c h a e a n  i g n e o u s  r o c k s  and  

t h e i r  metamorphosed  e q u i v a l e n t s ,  b u t  a f e w  r e R r e s e n t a t i v e s  of  s e d i m e n t s ,  i n  

p a r t i c u l a r  c h e r t s  and  c o n g l o m e r a t e s  w e r e  a l s o  c o l l e c t e d .  D u r i n g  t h e  programme,  

some 1 200 ' f r e s h '  s a m p l e s  and 300  a l t e r e d ,  o r  w e a t h e r e d ,  s a m p l e s  w e r e  

c o l l e c t e d ;  e m p h a s i s  w a s  g i v e n  t o  t h e  c o l l e c t i o n  of  s a m p l e s  f r o m  m a j o r  o u t c r o p  

z o n e s  w i t h  t h e  p r o v i s o  t h a t  t h e  s a m p l e s  s h o u l d  b e  a s  r e p r e s e n t a t i v e  o f  t h e  

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

p r i m a r i l y  f o r  a n  e x a m i n a t i o n  of  t h e  e f f e c t s  of a l t e r a t i o n ,  a n d  t h e  e x a m i n a t i o n  

of p o s s i b l e  a s s o c i a t e d  movement of o r e  m e t a l s .  

S e p a r a t e  r e p o r t s  h a v e  a l r e a d y  b e e n  p r e p a r e d  f o r  e a c h  s h e e t  (Davy,  1 9 7 6 a ;  

1 9 7 6 b ;  and 1 9 7 6 ~ ) .  T h i s  p a p e r  i s  i n t e n d e d  t o  p r o v i d e  a s y n t h e s i s  of t h e  m a i n  

r e s u l t s  and  c o n c l u s i o n s ,  and  t o  p r o v i d e  some c o m p a r i s o n  w i t h  s i m i l a r  r o c k s  of  

s i m i l a r  a g e  f r o m  d i f f e r e n t  p a r t s  o f  t h e  w o r l d .  

P l o t s  s h o w i n g  t h e  d i s t r i b u t i o n  of  t h e  s a m p l e s  c o l l e c t e d  a r e  i n c l u d e d  w i t h  

t h e  i n d i v i d u a l  s h e e t  r e p o r t s .  S e v e n t e e n  e l e m e n t s  and  o x i d e s *  w e r e  d e t e r m i n e d  

by  x - r a y  f l u o r e s c e n c e  a n a l y s i s  on c o m p r e s s e d  powder  b r i q u e t t e s ,  and o n e  

e l e m e n t ,  u r a n i u m ,  was d e t e r m i n e d  by  p a p e r  c h r o m a t o g r a p h y  ( P l a m o n d e n ,  1 9 6 8 ) .  

A l l  analyses were c a r r i e d  o u t  by  t h e  W.A.  Government  C h e m i c a l  L a b o r a t o r i e s .  

D e t a i l s  of  t h e  s a m p l e  p r e p a r a t i o n  a n d  o f  t h e  x - r a y  f l u o r e s c e n c e  a n a l y t i c a l  

m e t h o d s  a r e  g i v e n  i n  Davy ( 1 9 7 6 a ,  b ) ,  t o g e t h e r  w i t h  a s t a t e m e n t  and  d i s c u s s i o n  

of  t h e  a c c u r a c y  and  p r e c i s i o n  of  t h e  r e s u l t s .  S i l i c a  was  n o t  d e t e r m i n e d  f o r  

s a m p l e s  f r o m  t h e  Rason  S h e e t .  

T h i n  s e c t i o n s  of 238 s p e c i m e n s  w e r e  p r e p a r e d ,  a n d  t h e s e  h a v e  b e e n  u s e d  i n  

t h e  c l a s s i f i c a t i o n  of t h e  s a m p l e s ,  a n d  i n  t h e  d e t e r m i n a t i o n  of  t h e i r  s t a t e s  of 

a l t e r a t i o n .  

* Ba, CaO, C r ,  Cu, t o t a l  i r o n  as Fe20g, K20, MgO, Na20, N i ,  Pb, Rb, Si0 (Laverton and 
2 

Leonora shee ts  only), Sr,  Ti02, V,  Zn and Z r .  
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Figure 1 Sketch map of t h e  area sampled, from the  Leonora, 

Laverton, and Rason shee ts .  



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

g i v e n  i n  Davy ( 1 9 7 6 a ,  b ,  a n d  c ) ,  a n d  a r e  n o t  r e p r o d u c e d  he re .  S u m m a r i e s  o f  

t h e  d a t a  f o r  v a r i o u s  r o c k s  a r e  g i v e n  i n  t h e  a p p e n d i x .  T h e  d a t a  w e r e  s t o r e d  o n  

m a g n e t i c  t a p e  ; a n d  c o m p u t e r - d r a w n  h i s t o g r a m s ,  m e a n s ,  s t a n d a r d  d e v i a t i o n s ,  

c o r r e l a t i o n  c o e f f i c i e n t s ,  and  s c a t t e r  p l o t s  ( a l l  b a s e d  o n  a l o g - n o r m a l  d i s t r i -  

b u t i o n  o f  t h e  e l e m e n t s )  h a v e  b e e n  u s e d  f o r  i n t e r p r e t a t i v e  p u r p o s e s .  T h e s e  

p r i n t - o u t s  a r e  s t o r e d  i n  t h e  W e s t e r n  A u s t r a l i a n  G e o l o g i c a l  S u r v e y  f i l e s .  

E x t e n s i v e  i n t e r p r e t a t i v e  u s e  h a s  a l s o  b e e n  made o f  c u m u l a t i v e  f r e q u e n c y  c u r v e s  

p l o t t e d  o n  l o g  p r o b a b i l i t y  p a p e r ,  e l e m e n t a l - r a t i o  p l o t s ,  a n d  AFM* a n d  Na20- 

CaO-K20 t r i a n g u l a r  d i a g r a m s .  

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

T h e s e  d i a g r a m s  h a v e  b e e n  i n c l u d e d  i n  t h e  

T h e  g e o l o g y  o f  t h e  a r ea  s a m p l e d  h a s  b e e n  d e s c r i b e d  b y  Gower a n d  B o e g l i  

( 1 9 7 3 ) ,  Gower ( 1 9 7 4 ) ,  a n d  Thom a n d  B a r n e s  ( 1 9 7 4 ) .  T h e  g e n e r a l  p i c t u r e  i s  o f  

l a r g e  c o m p l e x  masses  o f  g r a n i t o i d s  ( i n c l u d i n g  b o t h  m i g m a t i t e  a n d  i n t r u s i v e  

g r a n i t o i d )  o f  v a r i o u s  a g e s , s e p a r a t e d  b y  g r e e n s t o n e  b e l t s  ( F i g u r e  1) .  T h e  

g r e e n s t o n e  b e l t s  c o n s i s t  o f  m i x t u r e s  o f  u l t r a m a f i c ,  m a f i c ,  f e l s i c - v o l c a n i c  

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

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

g r a n i t o i d s .  A l a y e r e d  m a f i c - u l t r a m a f i c  s i l l  c o m p l e x  o c c u r s  a t  Mount Venn 

( R a s o n  s h e e t ) .  W i l l i a m s  ( 1 9 7 4 )  d i v i d e d  t h e  E a s t e r n  G o l d f i e l d s  P r o v i n c e  i n  

t h r e e  s u b p r o v i n c e s .  T h e  c e n t r a l  ( K a l g o o r l i e )  a n d  e a s t e r n  ( L a v e r t o n )  s u b -  

p r o v i n c e s  a r e  r e l e v a n t  t o  t h i s  p a p e r .  W i l l i a m s  c o n s i d e r s  t h a t  a number  o f  

m a j o r  l i n e a r  d i s r u p t i o n - z o n e s  (known as  l i n e a m e n t s )  r u n  i n  a g e n e r a l l y  n o r t h -  

n o r t h w e s t  d i r e c t i o n  t h r o u g h  t h e  a r e a  s t u d i e d .  T h e  m a j o r  l i n e a m e n t s  r e c o g n i z e d  

i n  t h e  a r e a  a r e ,  f r o m  e a s t  t o  w e s t :  

i) S e f t o n ,  

ii) L a v e r t o n ,  

iii) C e l i a ,  

i v )  K e i t h - K i l k e n n y ,  a n d  

v )  I d a .  

T h e  p o s i t i o n s  a n d  c o n f i g u r a t i o n s  o f  t h e s e  a p p e a r  o n  F i g u r e  1. 

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

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

c h a n g e d  o n l y  when l a t e r  w o r k  h a s  m o d i f i e d  t h e  f i e l d  i d e n t i f i c a t i o n .  

S a m p l e s  h a v e  b e e n  g i v e n  c o - o r d i n a t e s  o n  t h e  A u s t r a l i a n  T r a n s v e r s e  

M e r c u t o r  G r i d  (ATM), t o  f o u r  f i g u r e s .  T h e r e  may b e  e r r o r  i n  t h e  f o u r t h  f i g u r e .  

t t where FeO * AFM diagrams a r e  p l o t s  of Na 0 + K 0, MgO, and FeO is t o t a l  i r o n  expressed as FeO 2 2  

4 



a n d  t h e  W e s t e r n  p a r t  of  t h e  Rason  s h e e t  f a l l  i n  t h e  same z o n e  ( z o n e  2 ) .  E a s t  

of a l i n e  t h r o u g h  Mount Venn however  t h e  b a s e  and d i r e c t i o n  of  t h e  g r i d  i s  

changed  ( z o n e  3 ) ,  n e c e s s i t a t i n g  r e c a l c u l a t i o n  f o r  c o m p u t e r  m a n i p u l a t i o n  of  

RESULTS 

z o n e  3 c o - o r d i n a t e s  i n  t e r m s  of  t h o s e  of  z o n e  2 .  

Many of t h e  s a m p l e s  c o l l e c t e d  r e t a i n  r e l i c t  i g n e o u s  t e x t u r e s ,  and  t h e i r  

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

s a m p l e s  h a v e  b e e n  r e c o n s t i t u t e d  w i t h  l o s s  of  i g n e o u s  t e x t u r e s ,  b u t  t h e i r  com- 

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

n o  r e a s o n  t o  e x c l u d e  them f r o m  a n y  d i s c u s s i o n  of  t h e  r e s u l t s .  B o t h  t y p e s  of  

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

r o c k s .  

S a m p l e s  w h i c h  h a v e  b e e n  r e c o g n i z a b l y  a f f e c t e d  by  s e c o n d a r y  p r o c e s s e s  h a v e  

b e e n  e x c l u d e d  f r o m  s u b s e q u e n t  d i s c u s s i o n .  P r o c e s s e s  r e c o g n i z e d  h a v e  i n c l u d e d :  

i )  s i l i c i f i c a t i o n ,  

i i )  f e r r u g i n i z a t i o n  ( l a t e r i t i z a t i o n ) ,  

i i i )  k a o l i n i z a t i o n ,  and 

i v )  c a r b o n a t i o n .  

Worden and  Compston ( 1 9 7 3 )  h a v e  made a s t u d y  of  w e a t h e r i n g  i n  t h e  D o d g e r ' s  

H i l l  ( M e r t o n d a l e )  ' g r a n i t e '  on t h e  L e o n o r a  s h e e t .  T h i s  i s  t h e  o n l y  f o r m a l  

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

ULTRAMAFIC R O C K S  

G e o l o g i s t s  who h a v e  mapped t h e  a r e a  h a v e  d i v i d e d  t h e  u l t r a m a f i c  r o c k s  

i n t o  t h e  f o l l o w i n g  g r o u p s ,  m a i n l y  on t h e  b a s i s  of t h e i r  t e x t u r e  and a p p a r e n t  

p r i m a r y  m i n e r a l o g y :  

i )  Aup S e r p e n t i n i t e  a f t e r  c o a r s e - g r a i n e d  o l i v i n e - r i c h  r o c k ;  

i i )  Aus s e r p e n t i n i t e  a f t e r  f i n e - g r a i n e d  u l t r a m a f i c  r o c k ,  

commonly e x h i b i t i n g  s p i n i f e x  t e x t u r e ;  

i i i )  & a l t e r e d  m a f i c - u l t r a m a f i c  r o c k s ,  f o r m e r l y  h i g h  magnes ium 

b a s a l t s ;  

i v )  fi c h l o r i t e  t r e m o l i t e  ( t a l c - c a r b o n a t e )  r o c k s  of  u n c e r t a i n  

o r i g i n ;  

v )  & p y r o x e n i t e ;  and 

v i )  & u n a s s i g n e d  u l t r a m a f i c s ,  i n c l u d i n g  a l l  r o c k s  of u n c e r t a i n  

o r i g i n  whose t e x t u r e  h a s  b e e n  d e s t r o y e d  by  d i a g e n e s i s  o r  
metamorphism.  
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Of t h e s e  g r o u p s  o n l y  h a s  b e e n  r e c o g n i z e d  on a l l  t h r e e  s h e e t s ,  and  o n l y  &, 
- A e  and  & on b o t h  t h e  L a v e r t o n  and  L e o n o r a  s h e e t s .  E a c h  g r o u p  i s  f o u n d  t o  b e  

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

m a f i c  r o c k s ,  p r o b a b l y  fi, h a s  b e e n  i d e n t i f i e d  i n  t h e  D i o r i t e  H i l l  a r e a  

( L a v e r t o n ) .  

T a b l e  1 shows a d i v i s i o n  i n t o  two m a i n  c h e m i c a l  g r o u p s :  t h o s e  w i t h  

m o d e r a t e  CaO ( 7 - 1 5 % )  a n d  MgO (10-26%);  and t h o s e  w i t h  low CaO ( < 5 % )  and h i g h  

MgO (>26%). The f i r s t  g r o u p  c o r r e s p o n d s ,  by  and  l a r g e ,  t o  t h e  &, &, &, 
and t h e  more m a g n e s i a n  t h o l e i i t e s  ( n o t  l i s t e d  i n  T a b l e  11,  t h e  s e c o n d  t o  e, 
and &. O v e r l a p  b e t w e e n  g r o u p s  o c c u r s .  T h i s  i s  n o t  s u r p r i s i n g  when t h e  

p o s s i b i l i t i e s  f o r  c u m u l a t e  f o r m a t i o n  i n  p y r o x e n i t e s  (u), and t h e  w i d e  v a r i -  

a t i o n s  known w i t h i n  d i f f e r e n t  l a y e r s  o r  z o n e s  of  h i g h  magnes ium b a s a l t s  

( B a r n e s  and  o t h e r s ,  1 9 7 4 )  a r e  c o n s i d e r e d .  & r o c k s  a r e  s p l i t  b e t w e e n  t h e  

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

u s i n g  h i s t o g r a m s  and Ca0-FeOt-Mg0 and  AFM t r i a n g u l a r  d i a g r a m s .  

S e p a r a t i o n  on t h e  b a s i s  o f  r a t i o s  of  e l e m e n t s  w i t h  A1203 c o u l d  n o t  b e  

c o n s i d e r e d  a s  a l u m i n a  w a s  n o t  d e t e r m i n e d .  I t  i s  n o t  p o s s i b l e  t o  s e p a r a t e  

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

G l i k s o n  ( 1 9 7 2 )  and  o t h e r s  who a r g u e  t h a t  h i g h  magnes ium b a s a l t s  a r e  t h e  

v o l c a n i c  e q u i v a l e n t s  o f  p y r o x e n i t e s .  

H i s t o g r a m s  ( F i g u r e  2 )  show t r o u g h s  of c o m p o s i t i o n  i n  MgO ( b e t w e e n  2 6  and 

2 9 % ) ,  i n  N i  ( b e t w e e n  1 300 and  1 800 ppm) a n d  i n  C a O  ( b e t w e e n  3 a n d  5%). 
Rocks  w i t h  MgO i n  e x c e s s  o f  30%, N i  i n  e x c e s s  of 1 800 ppm, and  CaO l e s s  t h a n  

1% a r e  a l l  s e r p e n t i n i t e s .  Most s a m p l e s  w i t h  MgO v a l u e s  o f  22-29% a r e  p a r t l y  

s e r p e n t i n i z e d  p y r o x e n e - r i c h  r o c k s .  The more h i g h l y  m a g n e s i a n  members of  t h e  

pyroxene-h igh-magnes ium b a s a l t  s e q u e n c e  were a l s o  p r e s e n t  c h e m i c a l l y ;  b u t ,  

b e l o w  a b o u t  13% MgO, t h e r e  i s  a p p a r e n t  c h e m i c a l  i n t e r m i x i n g  w i t h  t h e  more 

m a g n e s i a n  members o f  t h e  t h o l e i i t e  s e q u e n c e .  T h e r e  i s  a t r o u g h  i n  t h e  h i s t o -  

grams b e t w e e n  1 2 . 5 %  a n d  1 3 . 5 %  MgO, and  b e l o w  t h i s  t r o u g h  s e p a r a t i o n  of  h i g h -  

magnesium b a s a l t s  a n d  p y r o x e n i t e s  f r o m  t h o l e i i t i c  b a s a l t s  and  g a b b r o s  by  

c h e m i s t r y  a l o n e  i s  t e n u o u s .  I n  g e n e r a l  t h e  &, k, a n d  & r o c k s  c o n t a i n  more 

n i c k e l  (commonly o v e r  4 0 0  ppm, a g a i n s t  a maximum of a b o u t  300  ppm i n  t h o l e i -  

i t e s )  a n d ,  on  o v e r a l l  b a l a n c e ,  t h e y  c o n t a i n  l e s s  s t r o n t i u m ,  t i t a n i u m  and 

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

u s e d  b e c a u s e  of  c o n t a m i n a t i o n  f r o m  a chrome-s tee l  g r i n d i n g  m i l l .  
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Figure  2 Histograms f o r  t h e  u l t r a m a f i c  rocks  (MgO >lo%).  
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F o r  t h e  m o s t  p a r t  & r o c k s  h a v e  s i m i l a r  c o m p o s i t i o n s  t o  t h e  h i g h -  

magnesium b a s a l t s ,  b u t  t h e  o r i g i n a l  t e x t u r e  h a s  b e e n  o b l i t e r a t e d .  

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

p o t a s s i u m  t e n d  t o  b e  v e r y  low.  Bar ium i s  commonly l ess  t h a n  100 ppm, and  K20 
less  t h a n  0 . 3 % .  Sodium v a l u e s  a r e  v e r y  low i n  s e r p e n t i n i t e s  (<0 .5%) ,  b u t  a r e  

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

t e n d s  t o  b e  h i g h e r  i n  t h e  Aux and A r / A e  r o c k s  t h a n  i n  t h e  s e r p e n t i n i t e s .  

S i l i c a  v a l u e s  show a w i d e  s c a t t e r ,  r e f l e c t i n g  t h e  o r i g i n a l  m i n e r a l o g y  o f  t h e  

r o c k s .  

t h a n  i n  t h e  t r u e  u l t r a m a f i c  r o c k s .  
T i 0 2 ,  V ,  a n d  Z r  a l l  t e n d  t o  b e  h i g h e r  i n  t h e  m a g n e s i a n  t h o l e i i t e s ,  

The d o m i n a n t  u l t r a m a f i c  r o c k s  i n  t h e  Lawlers-Agnew a rea  a r e  & a n d  &. 
An a t t e m p t  was made t o  c l a s s i f y  t h e  & r o c k s  i n t o  o n e  o r  more  o f  t h e  b e t t e r  

r e c o g n i z e d  r o c k  t y p e s ,  b u t  t h e y  show a w i d e  r a n g e  o f  c o m p o s i t i o n .  A few& 

r o c k s  i n  t h e  L a w l e r s  Agnew a r e a  h a v e  h i g h  s i l i c a  v a l u e s ,  a n d  a r e  p r o b a b l y  

s e d i m e n t s  d e r i v e d  f r o m  u l t r a m a f i c  r o c k s .  U l t r a m a f i c  s e d i m e n t s  a r e  known 3 

k i l o m e t r e s  n o r t h w e s t  o f  t h e  Agnew a i r s t r i p  ( B u n t i n g  a n d  W i l l i a m s ,  1 9 7 6 ) .  

I n  t h e  m a i n  g r e e n s t o n e  b e l t ,  w h i c h  r u n s  f r o m  W i l d a r a  t o  L e o n o r a  a l l  

u l t r a m a f i c  t y p e s  e x c e p t  & a r e  r e p r e s e n t e d .  

d i a g r a m s  f o r  r o c k s  of  t h e s e  two a reas  show t h a t  t h e r e  i s  a g r e a t e r  p r o p o r t i o n  

of h i g h l y  m a g n e s i a n  r o c k s  i n  t h e  m a i n  g r e e n s t o n e  b e l t  t h a n  i n  t h e  L a w l e r s -  

Agnew b e l t ,  and  t h a t  t h e  t r e n d  f r o m  t h e  m a g n e s i u m - r i c h  members t o  t h e  c a l c i u m -  

i r o n - r i c h  members f o r  t h e  two a r e a s  f o l l o w s  a d i f f e r e n t  c u r v e .  T h i s  s u g g e s t s  

t h a t  p r i m a r y  d i f f e r e n c e s  o c c u r  i n  t h e  c o m p o s i t i o n  of  t h e  u l t r a m a f i c  r o c k s  i n  

t h e  two a r e a s , a n d  t h a t  t h e  r o c k s  of  t h e  two a reas  h a v e  f o l l o w e d  s l i g h t l y  

d i f f e r e n t  f r a c t i o n a t i o n  p a t h s  ( F i g . 3 a ,  3 b ) .  The d i a g r a m s  show some d e g r e e  of  

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

d i v i s i o n s  b e t w e e n  t h e  r o c k  t y p e s  a r e  n o t  d i s t i n c t ,  a n d  i t  i s  c o n c e i v a b l e  t h a t  

a s i n g l e  c o n t i n u o u s  s e r i e s  i s  p r e s e n t  f r o m  t h e  most  m a g n e s i a n  u l t r a m a f i c  r o c k s  

t h r o u g h  t o  t h o l e i i t e s .  The r o c k s  f r o m  t h e  two a r e a s  a r e  p r o b a b l y  s t r a t i g r a p h i -  

c a l l y  d i f f e r e n t ,  and  t h e  v a r i a t i o n  i n  t r e n d s  may b e  r e a l .  

C a O  - FeOt -MgO t r i a n g u l a r  

The h i g h  a v e r a g e  MgO c o n t e n t  of  t h e  W i l d a r a - K u r r a j o n g  u l t r a m a f i c s  i s  most  

s i g n i f i c a n t  when c o n s i d e r e d  w i t h  t h e  h i g h  d e g r e e  o f  c o r r e l a t i o n  of  MgO w i t h  N i  

(+0 .69  L e o n o r a  s h e e t ;  + 0 . 7 6  L a v e r t o n  s h e e t ) .  

I t  h a s  b e e n  shown e m p i r i c a l l y ,  a s  a r e s u l t  of  e x p l o r a t i o n ,  t h a t  n i c k e l  

o r e  b o d i e s  a r e  more common i n  t h e  more  m a g n e s i a n  u l t r a m a f i c  r o c k s .  I f  t h i s  i s  

s o  ( a n d  t h e  c o r r e l a t i o n  b e t w e e n  t h e  two t e n d s  t o  s u p p o r t  i t ) ,  t h e  W i l d a r a -  

K u r r a j o n g  g r e e n s t o n e s  s h o u l d  b e  more  p r o s p e c t i v e  f o r  n i c k e l  t h a n  t h e  L a w l e r s -  



a) ultramafic rocks 
Lawlers- Agnew area 

FeO' 

b) Ultramafic rocks 
Mount Clifford area 

Aus 

CaO 

t Figure 3 CaO-FeO -MgO diagrams f o r  u l t ramaf ic  rocks. 

Agnew r o c k s ;  

f o r m e r  a r e a ,  w h e r e a s  no s i g n i f i c a n t  m i n e r a l i z a t i o n  i s  known i n  t h e  l a t t e r .  

a n d  i n  f a c t ,  t h e  Weebo and  M a r r i o t t  p r o s p e c t s  a r e  known i n  t h e  

C o r r e l a t i o n  c o e f f i c i e n t s  show t h a t  c o p p e r  and  n i c k e l  i n  u l t r a m a f i c  r o c k s  

a r e  n o t  c l o s e l y  r e l a t e d  (+0 .05 ) ,  a n d  t h a t  t h e  r e l a t i o n s h i p  b e t w e e n  c o p p e r  a n d  

magnesium o x i d e  i s  e v e n  l e s s  ( - 0 . 2 ) .  The c o r r e l a t i o n  of  c o p p e r  w i t h  c a l c i u m  

o x i d e  i s  n o t  h i g h  ( + 0 . 1 2 )  on t h e  L e o n o r a  s h e e t ,  b u t  i s  much h i g h e r  (+0.70)  on 

t h e  L a v e r t o n  s h e e t ,  ( t h e r e  a r e  n o t  e n o u g h  u l t r a m a f i c  r o c k s  on t h e  Rason  s h e e t  

f o r  a c o r r e l a t i o n  c o e f f i c i e n t  t o  b e  s i g n i f i c a n t ) ,  a n d  m o s t  of  t h e  h i g h e r  v a l u e s  

o f  c o p p e r  i n  u l t r a m a f i c  r o c k s  f r o m  a l l  t h r e e  s h e e t s  a r e  f o u n d  i n  p y r o x e n i t e s  

and  r e l a t e d  r o c k s .  

9 



MAFIC ROCKS 

M a f i c  r o c k s  o c c u r  i n  a l l  g r e e n s t o n e  b e l t s  a n d  a s  e n c l a v e s  of  v a r y i n g  s i z e  

w i t h i n  g r a n i t o i d s  e l s e w h e r e .  I n  o n l y  t h r e e  a r eas  a r e  m a f i c  e x t r u s i v e  r o c k s  

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

r o c k s .  T h e s e  a r eas  a r e :  

i )  F o r d  Run P l a t e a u  ( L e o n o r a  s h e e t ) ,  

i i )  M t .  S c o t t - R u t t e r  Soak  (Rason  s h e e t ) ,  a n d  

i i i )  Yamarna (Rason  s h e e t ) .  

The g r e a t  m a j o r i t y  of  t h e  m a f i c  r o c k s  a r e  r e g i o n a l l y  m e t a m o r p h o s e d  b a s a l t s  and  

d o l e r i t e s  (AJ and r e s p e c t i v e l y ) ,  t h e i r  t h e r m a l l y  m e t a m o r p h o s e d  e q u i v a l e n t s  

(& and & r e s p e c t i v e l y ) ,  p i l l o w  b a s a l t s  (Ai), a n d  o v e r t l y  c a r b o n a t e d  b a s a l t s  

(a) - 
B a s a l t s  a n d  d o l e r i t e s  (Ab and Ad) 

The m o s t  common m a f i c  r o c k  i s  a l o w - p o t a s s i u m  ( 0 . 2  - 0 . 3 %  K20) t h o l e i i t e ,  

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

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

t a b u l a t e d  i n  T a b l e  2 .  The c h i e f  d i f f e r e n c e  b e t w e e n  Ab and Ad r o c k s  f r o m  t h e  

s a m e  a rea  i s  t h a t  t h e  b a s a l t i c  r o c k s  c o n t a i n  s l i g h t l y  m o r e  a l k a l i s ,  i n  p a r t i -  

c u l a r  s o d i u m  ( T a b l e  2 ) .  The mean v a l u e s  f o r  m o s t  e l e m e n t s  a r e  q u i t e  s i m i l a r ,  

and t h e  s t a n d a r d  d e v i a t i o n  i s  a l m o s t  t h e  same.  S i m i l a r l y ,  f r o m  one  g r e e n s t o n e  

b e l t  t o  a n o t h e r ,  ( T a b l e  3 )  t h e r e  seem t o  b e  n o  m a j o r  d i f f e r e n c e s .  However ,  

o n e  s i g n i f i c a n t  d i f f e r e n c e  o c c u r s  a t  D i o r i t e  H i l l  on  t h e  L a v e r t o n  s h e e t  w h e r e  

t h e  r o c k s  c o n t a i n  h i g h e r  MgO, and l e s s  V and  Z r  t h a n  c o m p a r a b l e  r o c k s  f r o m  

o t h e r  p a r t s  o f  t h e  r e g i o n .  

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

i n  s e l e c t e d  a r e a s  (Agnew, Mount C l i f f o r d ,  Mount V a r d e n  and  L a v e r t o n ) ,  h a s  

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

M a f i c  r o c k s  o c c u r  a t  t h e  same l o c a l i t y  a s  h igh-magnes ium b a s a l t s  ( e . g .  a t  

Mount V a r d e n ) .  T h e s e  r o c k s  a r e  u n i f o r m l y  low-K t h o l e i i t e s  v e r y  s i m i l a r  t o  t h e  

r o c k s  d i s c u s s e d  a b o v e .  Most of t h e  b a s a l t s / d o l e r i t e s  w h i c h  c o n t a i n  more  t h a n  

0 . 4 %  K 0 b e l o n g  t o  m a f i c - f e l s i c  v o l c a n i c  c o m p l e x e s  ( n e x t  s e c t i o n ) .  However, 

e l e v a t e d  v a l u e s  o f  K20 a r e  found n o r t h  of  Ten M i l e  w e l l  a n d  e a s t  o f  West 

T e r r a c e  ( b o t h  L e o n o r a  s h e e t ) .  

s a m p l e s ,  t h e  f o r m e r  0 . 7 %  f o r  two s a m p l e s .  O t h e r w i s e  t h e i r  c h e m i s t r y  i s  c l o s e  

t o  t h e  l o w - p o t a s s i u m  m a f i c  r o c k s .  One s a m p l e  f r o m  West T e r r a c e  i s  a n  

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

r o c k  w h i c h  d i s p l a y s  a r e l i c t  i g n e o u s  t e x t u r e .  

2 

The l a t t e r  r o c k s  a v e r a g e  0 .55% K20 f o r  two 

10 



I n  a l l  o t h e r  a r e a s ,  i s o l a t e d  s a m p l e s  w i t h  h i g h  K 2 0  v a l u e s  a r e  c o n s i d e r e d ,  

f r o m  hand s p e c i m e n  o r  t h i n  s e c t i o n  e x a m i n a t i o n ,  t o  h a v e  b e e n  c o n t a m i n a t e d  by 

c o n t a c t  w i t h  g r a n i t o i d s ,  o r  t o  h a v e  b e e n  p a r t l y  s e r c i t i z e d .  

M a f i c  components  of  t h e  m a f i c - f e l s i c  a s s o c i a t i o n s  

M a f i c - f e l s i c  v o l c a n i c  a s s o c i a t i o n s  o c c u r  dt Ford  Run P l a t e a u  ( L e o n o r a  

s h e e t )  Mount S c o t t - R u t t e r  Soak  (Rason  s h e e t )  and  ? a t  Yamarna (Rason  s h e e t ) .  

The c h a r a c t e r i s t i c  of t h e  m a f i c  r o c k s  of t h e s e  a s s o c i a t i o n s  i s  t h a t  t h e y  

c o n t a i n  more p o t a s s i u m  t h a n  t h e  ' l o w  p o t a s s i u m '  t h o l e i i t e s .  I n  t h e  F o r d  Run 

P l a t e a u  a r e a ,  t h e  K 0 c o n t e n t  of & and r o c k s  ( j o i n t l y ,  i s  0 .50% a n d  f o r  

r o c k s  i s  0 . 4 5 %  ( T a b l e  3 ) .  O t h e r w i s e  t h e i r  c h e m i s t r y  i s  f a i r l y  n o r m a l  f o r  

t h o l e i i t e s ;  t h u s ,  C a O  i s  i n  t h e  r a n g e  8-13%,  MgO 6-9 .5%,  Na20 1 . 2 - 2 . 3 2  and  

( t o t a l  i r o n  a s )  F e 2 0 3  8-13%. 

2 

The m a f i c  r o c k s  of  t h e  Mount S c o t t - R u t t e r  Soak a r e a  show a d i s t i n c t i v e  

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

c r e a s i n g  K 2 0 ,  and d e c r e a s i n g  Fe203 a n d  MgO ( T a b l e  2 ) .  

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

f rom d o m i n a n t  d o l e r i t e s  i n  t h e  s o u t h w e s t  t o  b a s a l t s  i n  t h e  n o r t h e a s t .  

D i f f e r e n c e s  i n  o t h e r  

A ' t '  t e s t  w a s  u s e d  (Davy 1 9 7 6 a ,  Appendix  A l )  t o  d e t e r m i n e  i f  t h e  populaC 

t i o n s  i n  t h e  two a r e a s  were s i g n i f i c a n t l y  d i f f e r e n t .  The d i f f e r e n c e s  i n  F e 2 0 3  

and  MgO were s i g n i f i c a n t  a t  t h e  99% c o n f i d e n c e  l e v e l ,  and  i n  Pb ,  Zn and  Z r ,  a t  

t h e  95% c o n f i d e n c e  l e v e l .  Though t h e  mean v a l u e s  f o r  o t h e r  components  d i f f e r  

m a r k e d l y ,  t h e  h i g h  d e g r e e  of s c a t t e r  of t h e  v a l u e s  i n d i c a t e s  t h a t  t h e  d i f f e r -  

e n c e s  b e t w e e n  t h e  means  a r e  n o t  s i g n i f i c a n t  a t  t h e  95% l e v e l .  Gower and  

B o e g l i  ( 1 9 7 3 ,  p . 5 ) ,  c o n s i d e r e d  t h a t  t h e  b a s a l t s  had  s u f f e r e d  s u r f a c e  s i l i c i -  

f i c a t i o n .  

of K 0 o r  Na20 i s  a p p a r e n t ,  a n d  t h e  c h e m i s t r y  s u g g e s t s  p e t r o g e n e t i c  c h a n g e  2 
r a t h e r  t h a n  s u r f a c e  a l t e r a t i o n .  

Though n o  S i 0 2  v a l u e s  h a v e  b e e n  d e t e r m i n e d  on t h e s e  r o c k s ,  no  l o s s  

Yamarna l i e s  25-30 km e a s t - s o u t h e a s t  o f  t h e  Mount S c o t t - R u t t e r  Soak a rea .  

A t  Yamarna,  s m a l l  a r e a s  of  m a f i c  r o c k  c r o p  o u t  s p o r a d i c a l l y  round t h e  p e r i -  

m e t e r  of a n  a r ea  of f e l s i c  t u f f s  and  a g g l o m e r a t e s ;  a n d  a r e ,  i n  p a r t ,  s e p a r a t e d  

f r o a  them by m e t a s e d i m e n t s .  The m a f i c  r o c k s  a r e  b a s a l t s  (qb) n o r t h e a s t  and 

s o u t h e a s t  of Yamarna,  b u t  ' a m p h i b o l i t e s '  (Ah and &) t o  t h e  s o u t h w e s t .  The 

b a s a l t s  s e e m  c l o s e l y  r e l a t e d  t o  e a c h  o t h e r ,  a n d  a r e  of  t h e  low p o t a s s i u m  ( K 2 0  

0 . 2 - 0 . 3 % )  t y p e  u n l i k e  t h o s e  of t h e  Mount S c o t t - R u t t e r  Soak  g r o u p .  The amphi- 

b o l i t e s  a r e ,  on t h e  w h o l e ,  more p o t a s s i c  ( u p  t o  0 . 9 %  K 2 0 ) ,  a n d  a l s o  c o n t a i n  

more sodium ( 2 . 6  - 3 . 3 %  N a 2 0 ) ,  i r o n  ( 1 2  - 
T i 0 2 ) ;  a n d  l e s s  magnesium ( 5 . 4  - 6 . 7 %  MgO) t h a n  t h e  s u b a d j a c e n t  m a f i c  r o c k s .  

1 2 . 6 %  F e 2 0 3 ) ,  a n d  t i t a n i u m  ( 0 . 9  - 1 . 8 %  
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The a n a l y s e s  o f  t h e  a m p h i b o l i t e s  compare  q u i t e  c l o s e l y  w i t h  t h o s e  o f  t h e  

b a s a l t s  f r o m  R u t t e r  S o a k ,  y e t  some d o u b t  e x i s t s  a b o u t  t h e  c l o s e n e s s  of  t h e  

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

The c l o s e  s p a t i a l  a s s o c i a t i o n  of high-K m a f i c  r o c k s  w i t h  f e l s i c  v o l c a n i c  

r o c k s  a t  F o r d  Run P l a t e a u  and R u t t e r  S o a k ,  s u g g e s t s  t h a t  t h e  r o c k s  may a l s o  b e  

g e n e t i c a l l y  r e l a t e d .  A g e n e t i c  r e l a t i o n s h i p  i s  l e s s  l i k e l y  a t  Yamarna w h e r e  

t h e r m a l l y  metamorphosed  m a f i c  r o c k s  o c c u r  a d j a c e n t  t o  t h e  f e l s i c  r o c k s ,  

b e c a u s e  of  t h e  p o s s i b l e  c o n t a m i n a t i o n  of t h e  m a f i c  r o c k s  by  p o t a s s i u m  m o b i l -  

i z e d  d u r i n g  metamorphism.  

The Mount Venn l a y e r e d  i n t r u s i o n  ( A j )  

A c c o r d i n g  t o  Gower and  B o e g l i  ( 1 9 7 3 ,  p . 6 )  t h e  Mount Venn l a y e r e d  i n t r u -  

s i o n  i s  " ... a n  a r c u a t e ,  s o u t h  p l u n g i n g  s y n f o r m a l  s t r u c t u r e .  T h e r e  i s  a 

c h a n g e  f r o m  d o m i n a n t l y  u l t r a m a f i c  r o c k s  a t  t h e  n o r t h e r n  end  t o  l e u c o g a b b r o  a t  

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

c e n t r a l  and  s o u t h e r n  p a r t s  of  t h e  body.  I n d i v i d u a l  l a y e r s  commonly show 

g r a v i t y  s t r a t i f i c a t i o n  of  m i n e r a l s " .  

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

t h e  c h e m i s t r y  i s  t h e  low p o t a s h  v a l u e  of  a b o u t  0 . 2 %  K20 i n  a l l  s a m p l e s ,  

e x c e e d e d  i n  r a r e  c o n t a m i n a t e d  r o c k s .  V a l u e s  f o r  b a r i u m  (50-200 ppm) a n d  

t i t a n i u m  ( 0 . 2 - 0 . 5 %  T i 0 2 )  a r e  c o n s i s t e n t l y  low e x c e p t  i n  m a r g i n a l  p h a s e s  (Ea)  

and o t h e r  i s o l a t e d  s a m p l e s  ( T i 0 2 ) .  

chromium a n d  n i c k e l  a r e  a l s o  low.  A n i c k e l  v a l u e  as  low a s  4 ppm o c c u r s  i n  

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

t h e  more  common t h o l e i i t e s ,  w h i c h  c o n t a i n  a p p r o x i m a t e l y  t w i c e  a s  much. 

o n l y  

Most r u b i d i u m  v a l u e s  a r e  l e s s  t h a n  10  ppm; 

T h r e e  o f  t h e  4 8  s a m p l e s  a r e  s u b s t a n t i a l l y  s e r p e n t i n i z e d ;  t h e s e  t h r e e  

c o n t a i n  25-26% MgO, a n d  low t o  m o d e r a t e  C a O  ( 3 . 9 - 7 . 1 % ) .  They c o n t a i n  r e l a -  

t i v e l y  low C r  ( < 1 4 0 0  ppm) and  N i  ( < 6 8 0  ppm),  a n d  a r e  d e r i v e d  f r o m  p y r o x e n e -  

r i c h  r o c k s  r a t h e r  t h a n  f r o m  p e r i d o t i t e .  The MgO c o n t e n t  v a r i e s  f r o m  23% t o  

2 . 0 % ,  and o n l y  m i n o r  g a p s  i n  t h e  p r o g r e s s i o n  o c c u r ,  f o r  e x a m p l e  b e t w e e n  1 8 . 6 %  

and 1 5 . 3 %  MgO. The h i g h l y  m a g n e s i a n  s a m p l e s  c o n t a i n  l e a s t  C a O ,  t h o u g h ,  e x c e p t  

f o r  t h e  h i g h l y  s e r p e n t i n i z e d  r o c k s  t h e  l o w e s t  v a l u e  o f  C a O  i s  7 . 7 % .  T h e r e  i s  

n o r m a l l y  b e t w e e n  10 a n d  1 4 . 5 %  C a O .  The i r o n  c o n t e n t  i s  low compared w i t h  t h e  

more common b a s a l t s  a n d  d o l e r i t e s ,  and  o n l y  n i n e  of  t h e  s a m p l e s  h a v e  t o t a l  

i r o n  ( a s  F e  0 ) e x c e e d i n g  10%.  Most  of t h e  r e m a i n d e r  a r e  i n  t h e  r a n g e  4 - 8 % ,  

Fe203.  
2 3  

Sodium, t o o ,  i s  l o w e r  t h a n  i n  t h e  low-K b a s a l t s f d o l e r i t e s .  

T r a c e  e l e m e n t s ,  t h o u g h  commonly l o w ,  show a w i d e  s c a t t e r  of  v a l u e s ,  and 

t h e  s t a n d a r d  d e v i a t i o n  o f t e n  e x c e e d s  t h e i r  mean v a l u e s  b y  o v e r  100%.  
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I t  i s  n o t  p o s s i b l e  t o  i d e n t i f y  a n y  f r a c t i o n a t i o n  t r e n d s  w i t h  c e r t a i n t y .  

The c h e m i s t r y  d o e s  n o t  s u g g e s t  r e s t r i c t i o n  of  more  m a g n e s i a n  r o c k s  t o  t h e  

b a s a l  z o n e  (somewhat  c o n t r a r y  t o  Gower and  B o e g l i ,  1973), and a n  AFM d i a g r a m  

( F i g . 4 )  shows i n d i c a t i o n s  of  s e v e r a l  n e b u l o u s  f r a c t i o n a t i o n  t r e n d s .  One 

p o s s i b l e  e x p l a n a t i o n  may b e  t h e  p r e s e n c e  of  two o r  more  magma s t e m s .  

Small dots indicate 
MgQ 10% 

I 
GSWA 1605' 

Figure 4 AFM diagram f o r  the  layered i n t r u s i o n  of Mount Venn. 

T h i s  body c o n t a i n s  m i n o r  c o p p e r  m i n e r a l i z a t i o n  a n d  o n e  n i c k e l  v a l u e  o v e r  

1 000 ppm. The h i g h e s t  c o p p e r  r e p o r t e d  ( 0 . 3 4 % )  o c c u r s  i n  a t r e m o l i t e - b r i t t l e  

m i c a - c h l o r i t e  r o c k .  T h i s  r o c k  c o n t a i n s  n o  s u l p h i d e ,  and  i t  i s  c o n s i d e r e d  t h a t  

c o p p e r  i s  p r e s e n t  w i t h i n  t h e  l a t t i c e  o f  e i t h e r ,  o r  b o t h ,  t h e  p h y l l o s i l i c a t e s .  

C h a l c o p y r i t e  h a s  b e e n  i d e n t i f i e d  e l s e w h e r e  i n  t h i s  r o c k .  

A m p h i b o l i t e s  (Ah and  Am) 

F i n e  and c o a r s e - g r a i n e d  a m p h i b o l i t e s  (a a n d  Am r e s p e c t i v e l y )  a r e  f o u n d  i n  

a l l  g r e e n s t o n e  a r e a s .  I n  a d d i t i o n ,  r a f t s  o f  s i m i l a r  m a t e r i a l  o c c u r  w i t h i n  t h e  

m a i n  g r a n i t o i d  masses.  T h e s e  a m p h i b o l i t e s  a r e  c o n s i d e r e d  t o  b e  t h e r m a l l y  meta- 

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

and &J r o c k s .  The m a j o r  e l e m e n t  c h e m i s t r y  o f  a l l  t h e s e  b o d i e s  i s  b a s i c  (<55% 

SiO,) i n  c h a r a c t e r ,  b u t  t h e  p r e s e n t  c o m p o s i t i o n  of  some o f  t h e  b o d i e s  d i f f e r s  

s h a r p l y  i n  some e l e m e n t s  f r o m  b o t h  low-K a n d  high-K b a s a l t s  and  d o l e r i t e s  

( T a b l e  2 ) .  I n  g e n e r a l ,  t h e  l a r g e r  b o d i e s  r e t a i n  t h e  c h e m i c a l  c h a r a c t e r i s t i c s  

of  t h e  s u p p o s e d  p a r e n t  m a f i c  r o c k s ,  b u t  many of  t h e  s m a l l e r  o n e s  d i f f e r  i n  some 

way. Some o f  t h e s e  r o c k s  h a v e  s u b s e q u e n t l y  b e e n  t e n t a t i v e l y  i d e n t i f i e d  a s  

s e d i m e n t s  on  t h e  b a s i s  o f  t h e i r  f i e l d  r e l a t i o n s h i p s  a n d f o r  t h e i r  t e x t u r a l  

p r o p e r t i e s .  
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Examples  of  p o s s i b l e  s e d i m e n t a r y  a m p h i b o l i t e s  i n c l u d e  & r o c k s  a t  D o r o t h y  

H i l l s  (Rason  s h e e t ) ,  a t  T h a t c h e r s  S o a k  (Rason  s h e e t )  a n d  & r o c k s  i n  t h e  

LawLers-Agnew a r e a  ( L e o n o r a  s h e e t ) .  T h e s e  r o c k s  e x h i b i t  some c h e m i c a l  d i f f e r -  

e n c e s  f r o m  t h e  low-K i g n e o u s  m a f i c  r o c k s .  The & r o c k s  f r o m  Lawlers-Agnew 

h a v e  h i g h e r  S i 0  

n o r m a l  b a s a l t s .  The  t race-element  c o n t e n t s  of some o f  t h e  @ r o c k s  a t  D o r o t h y  

H i l l s  a r e  low ( N i  2 8  ppm, Zn 43 ppm, and  Cu 1 2  ppm); w h e r e a s  B a  (1327 ppm),  

K 0 ( 0 . 4 % ) ,  Pb ( 1 5  ppm), and  Z r  ( 1 5 0  ppm) a r e  a l l  h i g h .  T h e s e  r o c k s  c o n t r a s t  

w i t h  o t h e r  s i m i l a r  r o c k s  f r o m  t h e  same a r e a  whose  c o m p o s i t i o n  i s  i n d i s t i n g u i s h -  

a b l e  f r o m  n o r m a l  low-K b a s a l t s .  

and l o w e r  c o p p e r  ( 2 8  ppm) a n d  n i c k e l  ( 3 4  ppm) ,  t h a n  
( 5 6 % )  ,/ 

2 

Many o t h e r  & a n d  @ r o c k s  have t h e  c o m p o s i t i o n  of  low-K t h o l e i i t e s ,  b u t  

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

p o s s i b l y ,  s i l i c a  compared  w i t h  t h e  low-K m a f i c s .  I t  i s  h a r d  t o  d e t e r m i n e  

w h i c h  e l e m e n t s ,  i f  a n y ,  h a v e  b e e n  l o s t .  Magnesium may b e  s l i g h t l y  l o w e r ,  b u t  

w a s  n o t  shown t o  b e  s t a t i s t i c a l l y  d i f f e r e n t  when s u b j e c t e d  t o  a I t '  t e s t .  The 

p o t a s s i u m  c o n t e n t  v a r i e s  f r o m  0 . 4 %  K20 (Mount Z e p h y r ,  W i n d a r r a ,  and  R e d c l i f f e ;  

a l l  on  t h e  L a v e r t o n  s h e e t )  t o  2 . 3 %  K20 (Woolshed w e l l ,  L a v e r t o n  s h e e t ) ;  and  

t h e  d e g r e e  of  i n c r e a s e  i n  K20 seems t o  v a r y  w i t h  t h e  s i z e  o f  t h e  m a f i c  b o d i e s  

and t h e i r  d e g r e e  of  e n c l o s u r e  by  g r a n i t i c  r o c k s .  (The  & r o c k  a t  Woolshed 

w e l l  c o n s i s t s  of  a s m a l l  r a f t  o f  m a f i c  r o c k  t o t a l l y  e n c l o s e d  by  p o r p h y r i t i c  

a d a m e l l i t e ) .  The o r i g i n s  of t h e s e  r o c k s  a r e  n o t  c l e a r ;  c o n t a m i n a t i o n  o f  a 
m a f i c  magma by a d j a c e n t  f e l s i c  m a t e r i a l  i s  a p o s s i b i l i t y .  

Eas t  of W i l d a r a  ( L e o n o r a  s h e e t ) ,  two s a m p l e s  o f  & i n  c l o s e  j u x t a p o s i t i o n  

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

h o r n b l e n d e ,  c o n t a i n i n g  1 7 . 2 %  F e 2 0 3  compared w i t h  t h e  more  n o r m a l  9 . 9 %  F e 2 0 3  

o f  t h e  o t h e r .  I n  c o n t r a s t  MgO i s  5 . 2 %  when i r o n  i s  h i g h ,  1 2 . 4 %  when i r o n  i s  

' l o w ' .  T h i n - s e c t i o n  e x a m i n a t i o n ,  h o w e v e r ,  s u g g e s t s  t h a t  b o t h  t h e s e  s a m p l e s  

were  b a s a l t s .  

I s o l a t e d  u l t r a m a f i c  r o c k s ,  p o s s i b l y  o n c e  h i g h  magnesium b a s a l t s ,  a l s o  

o c c u r  w i t h  & r o c k s .  An e x a m p l e  o f  t h i s  comes f r o m  t h e  4 o f  t h e  L a w l e r s  a r e a  

w h e r e  t h e  h i g h  MgO v a l u e  ( 2 2 % )  of  o n e  s a m p l e  a t t r a c t s  i m m e d i a t e  a t t e n t i o n .  

P i l l o w  B a s a l t s  ( A i )  

Rocks c o n s i d e r e d  t o  b e  p i l l o w  b a s a l t s  h a v e  b e e n  c o l l e c t e d  f r o m  t h e  L e o n o r a  

a r e a ;  and  f r o m  D i o r i t e  H i l l ,  Mount V a r d e n ,  and L a v e r t o n  on  t h e  L a v e r t o n  s h e e t .  

The r o c k s  a r e  f i n e  g r a i n e d ,  a m p h i b o l i t i c  i n  h a n d  s p e c i m e n ,  and  show n o  s i g n i -  

f i c a n t  d i f f e r e n c e  i n  c o m p o s i t i o n  f r o m  low p o t a s s i u m  b a s a l t s  ( T a b l e  2 ) .  T h e r e  

i s  no e n h a n c e m e n t  of  s o d i u m .  
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C a r b o n a t e d  B a s a l t s  (Ak) 

Rocks  of  t h i s  t y p e  were c o l l e c t e d  f r o m  w e s t  o f  Mount Amy a n d  s o u t h w e s t  of 

Mount V a r d e n  on  t h e  L a v e r t o n  s h e e t .  The a l k a l i  c o n t e n t  of  t h e  r o c k s  n e a r  

Mount Amy (0.3% K 2 0  a n d  2 . 9 %  Na20) i s  r a t h e r  h i g h e r  t h a n  t h e  a v e r a g e  f o r  t h e  

low p o t a s s i u m  b a s a l t s ,  b u t  t h e  d i f f e r e n c e  i s  n o t  c o n s i d e r e d  s i g n i f i c a n t ;  and  

a n a l y s e s  of  b o t h  o u t c r o p s  o f  t h i s  r o c k  show n o  d i f f e r e n c e  f r o m  t h e  n o r m a l  low- 

K b a s a l t s  ( T a b l e  2 ) .  T h e s e  r o c k s  w e r e  n o t  s e c t i o n e d  b u t  t h e  s a m p l e s  d i d  n o t  

r e a c t  w i t h  1:l h y d r o c h l o r i c  a c i d .  

C a r b o n a t e d  r o c k s  u n d o u b t e d l y  o c c u r  w i t h i n  many of  t h e  m a f i c  s u i t e s .  A l l  

r o c k s  w i t h  C a O  i n  e x c e s s  of  15%, and m o s t  w i t h  C a O  o v e r  1 3 %  c o n t a i n  some c a r -  

b o n a t e .  I n  a d d i t i o n ,  a number o f  d o l o m i t e - r i c h  r o c k s  w e r e  a l s o  i d e n t i f i e d .  

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

However ,  e x a m i n a t i o n  of  t h e  c o m p o s i t i o n  o f  r o c k s  w h i c h  h a v e  u p  t o  5% c a l c i t e  

i n  t h i n  s e c t i o n  showed t h a t  t h e  a n a l y s e s  of  t h e s e  r o c k s  ( w h i c h  d i d  n o t  i n c l u d e  

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

r o c k s .  I n  c o m p a r i s o n  w i t h  e s t a b l i s h e d  n o n - c a r b o n a t e d  r o c k s ,  t h e r e  a p p e a r s  t o  

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

e a r l y  s t a g e s  of  c a r b o n a t i o n .  I n  t h e  a b s e n c e  o f  t o t a l  p e t r o g r a p h i c  k n o w l e d g e  

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

h a v e  b e e n  i n c l u d e d  i n  e a c h  a p p r o p r i a t e  c a t e g o r y .  
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V O L C A N O G E N I C  AND FINE-GRAINED FELSIC R O C K S  

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

r o c k s  i s  a s  f o l l o w s :  

- Al - ac id  lavas ,  r h y o l i t e ,  d a c i t e ,  and f i n e  grained tuf f  lavas;  

i& - porphyr i t ic ,  in t rus ive ,  hypabyssal, mainly dyke, rocks; and 

- Ax - pyroclast ics :  t u f f s ,  agglomerate, breccias .  

E x t e n s i v e  o u t c r o p s  o f  l a v a s  a n d  p y r o c l a s t i c s  o c c u r  a t  F o r d  Run P l a t e a u  

( L e o n o r a  s h e e t )  a n d  i n  t h e  R u t t e r  Soak  a n d  Yamarna a r eas  ( R a s o n  s h e e t ) .  I n  

t h e  two f o r m e r  a r e a s ,  t h e  f e l s i c  r o c k s  o c c u r  i n  c l o s e  p r o x i m i t y  t o ,  o r  i n t e r -  

b e d d e d  w i t h  m a f i c  r o c k s .  The  r e l a t i o n s h i p  o f  m a f i c  t o  f e l s i c  r o c k s  i s ,  a s  

i n d i c a t e d  e a r l i e r ,  l ess  c l e a r  a t  Yamarna.  

F o r d  Run P l a t e a u  

I n  t h e  F o r d  Run P l a t e a u  a r e a ,  b o t h  & a n d  2 r o c k s  h a v e  b e e n  s a m p l e d  

( T a b l e  4 ;  and Davy, 1 9 7 6 ~ )  t o g e t h e r  w i t h  a f e w  v a r i a n t s  of unknown o r i g i n .  

U n l i k e  m o s t  d y k e s ,  AJ r o c k s  f r o m  t h i s  a rea  a r e  a d a m e l l i t i c ,  h i g h l y  s i l i c e o u s ,  

and n o t  s o d a  r i c h .  



I n  t h i s  a r e a ,  r o c k s  may b e  p o s t - m e t a m o r p h i c  i n  c o n t r a s t  w i t h  o t h e r  more 

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

z o n e s .  Towards  W i l s o n s  P a t c h  g r o c k s  a r e  s i m i l a r  t o  t h e  p o r p h y r i e s ,  b u t  

f u r t h e r  n o r t h  a t  F o r d  Run P l a t e a u  i t s e l f ,  t h e  r o c k  i s  d a c i t i c .  A p a r t  f r o m  

h i g h e r  v a l u e s  of  S r ,  T i 0 2 ,  and  ? V ,  t h e  

a r e  c l o s e l y  s i m i l a r  t o  t h e  AJ r o c k s  w h i c h  s u g g e s t s  t h a t  t h e  d y k e s  may b e  

f e e d e r s  f o r  t h e  e x t r u s i v e  r o c k s .  

r o c k s  of  t h e  W i l s o n s  P a t c h  s u b - a r e a  

T h e s e  r o c k s  i n  t u r n  show a f a m i l y  r e s e m b l a n c e  i n  t h e i r  c h e m i s t r y  t o  

n e a r b y  b i o t i t e  ' g r a n i t e '  (e), s u g g e s t i n g  t h a t  t h i s  r o c k  m i g h t  b e  a h i g h  

l e v e l  i n t r u s i o n .  

The a c i d  v o l c a n i c s  of t h e  F o r d  Run P l a t e a u  a r e a  a n d  a s s o c i a t e d  m a f i c  r o c k s  

a r e  p l o t t e d  on a n  AFM d i a g r a m  ( F i g . 5 a ) .  T h i s  d i a g r a m  shows a n  a p p a r e n t  c a l c -  

a l k a l i n e  t r e n d  a c c o r d i n g  t o  t h e  s e p a r a t i o n  c u r v e  of  c a l c - a l k a l i n e  r o c k s  f r o m  

t h o l e i i t e s  of Kuno ( 1 9 6 8 ) .  A gap  c a u s e d  b y  t h e  v i r t u a l  a b s e n c e  of  i n t e r m e d i a t e  

r o c k s ,  i s  p r e s e n t  on t h i s  d i a g r a m .  

R u t t e r  Soak  a n d  Yamarna 

I n  c o n t r a s t ,  a t  R u t t e r  Soak  and  Yamarna,  t h e  AJ r o c k s  a r e  n o t  s i m i l a r  i n  

c o m p o s i t i o n  t o  t h e  v o l c a n i c  and p y r o c l a s t i c  r o c k s .  The AJ r o c k s  a r e  c h a r a c t e r -  

i z e d  by  h i g h  a b s o l u t e  a m o u n t s  of  Na20 and  S r ,  and by a h i g h  Na20/K20 r a t i o  

( > 1 . 5 ) .  They c o n t a i n  r e l a t i v e l y  h i g h  CaO ( 3 . 5 - 4 . 5 % )  and  MgO ( 2 . 5 % ) .  

A t  b o t h  R u t t e r  Soak  a n d  Yamarna, t h e  p y r o c l a s t i c  r o c k s  c a n  b e  d i v i d e d  I n -  

t o  medium-gra ined  a n d  f i n e - g r a i n e d  r o c k s  (Davy,  1 9 7 6 a ) .  The c o a r s e r  r o c k s  

a p p e a r  more  l i k e  g r a n o d i o r i t e s  commonly w i t h  a g n e i s s i c  t e x t u r e .  F i n e - g r a i n e d  

r o c k s  i n c l u d e  e v e n - g r a i n e d  l a v a s ,  p o r p h y r i t i c  l a v a s ,  and t h i n l y  bedded  t y p e s  

of p r o b a b l e  t u f f a c e o u s  n a t u r e .  

- Ax o r  r o c k s  a t  R u t t e r  Soak  a r e  h e t e r o g e n e o u s ,  and v a r y  f r o m  u l t r a -  

p o t a s s i c  ( 9 . 9 %  K 2 0 )  t o  d a c i t i c  ( 6 . 5 %  N a 2 0 ) ,  and  i n c l u d e  a s u b s t a n t i a l  number 

of  i n t e r m e d i a t e  r o c k s  o f  a n d e s i t i c  c o m p o s i t i o n  ( T a b l e  4 ,  column 2 ) .  The 

m a j o r i t y  o f  s a m p l e s ,  h o w e v e r ,  a r e  d a c i t i c  w i t h  1-3% K 2 0  and  3 - 5 . 5 %  Na20. I n  

t h e s e  v o l c a n i c  r o c k s  i r o n ,  c a l c i u m ,  and  magnes ium v a r y  f r o m  l e s s  t h a n  1% t o  

8 . 5 %  C a O ,  5 . 8 %  MgO, a n d  1 9 . 9 %  Fe203.  

s i u m  (0 .1-2 .6% K 2 0 ) ,  a n d  a r e  a l l  s o d i c  d a c i t e s  o r  a n d e s i t e s .  

The l a v a s  a r e  p a r t i c u l a r l y  low i n  p o t a s -  

By c o n t r a s t ,  t h e  Yamarna r o c k s ,  25-30 km t o  t h e  s o u t h e a s t ,  f o r m  a r e m a r k -  

a b l y  c o m p a c t  c o m p o s i t i o n  g r o u p  f o r  r o c k s  d e s c r i b e d  a s  ' t u f f s ,  a g g l o m e r a t e s  and 

b r e c c i a s ' .  The r o c k s  a r e  a g a i n  d a c i t e s  and  s u b o r d i n a t e  r h y o d a c i t e s ,  h a v i n g  
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a) Ford Run Plateau; mafic and felsic extrusive 
and shallow intrusive rocks 

M 

b) Rutter soak ; mafic and felsic rocks 

A 

M 

c) Yamarna area : mafic and felsic rocks 

GSWA 1605 

Figure 5 AE'M diagrams. 

17 



K 0 i n  t h e  r a n g e  1-4% a n d  Na20 2 .5-5 .5%.  

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

i n  t h e  f i n e r  g r a i n e d  r o c k s .  I n  g e n e r a l  t h e  r o c k s  a r e  c h a r a c t e r i z e d  b y  h i g h  

S r  (x = 645 ppm, a b s o l u t e  maximum = 1 263 ppm) a n d  low Rb. A f e w  s a m p l e s  h a v e  

a t o t a l  a l k a l i  c o n t e n t  of  a b o u t  5 % ,  and  i t  i s  p o s s i b l e  t h a t  m i n o r  s i l i c i f i -  

c a t i o n  of  t h e s e  r o c k s  h a s  t a k e n  p l a c e .  U n l i k e  t h e  R u t t e r  S o a k  a r e a ,  t h e r e  a r e  

few i n t e r m e d i a t e  members .  

P o t a s s i u m ,  i r o n ,  a n d  magnes ium 
2 

Compared w i t h  t h e  R u t t e r  Soak  r o c k s ,  t h e  Yamarna r o c k s  c o n t a i n  v e r y  much 

more s t r o n t i u m ;  t h e y  a l s o  c o n t a i n  more  c a l c i u m ,  i r o n ,  magnes ium,  a n d  n i c k e l ;  

and  l e s s  z i r c o n i u m .  AFM d i a g r a m s  h a v e  b e e n  p r e p a r e d  f o r  b o t h  t h e  R u t t e r  Soak  

and t h e  Yamarna r o c k s  ( F i g . 5 b ,  c ) .  The c u r v e  f o r  t h e  R u t t e r  Soak  s a m p l e s  

shows a w i d e  s c a t t e r  b u t  f o l l o w s  a n  o v e r a l l  c a l c - a l k a l i n e  t r e n d .  The Yamarna 

r o c k s  show l e s s  s c a t t e r ,  b u t  a l s o  f i t  a c a l e - a l k a l i n e  t r e n d  a l t h o u g h  i t  i s  n o t  

c o n t i n u o u s ,  a n d  t h e r e  a r e  f e w e r  m a f i c  r o c k s .  

F i n e - g r a i n e d  f e l s i c  r o c k s  f r o m  o t h e r  a r e a s  

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

c a l l y  t h r o u g h  t h e  g r e e n s t o n e  b e l t s  f r o m  L e o n o r a  t o  Agnew, f r o m  L a v e r t o n  t o  

Mount V a r d e n ,  and i n  t h e  R u f u s  H i l l - M o u n t  R e d c l i f f e - M o u n t  Z e p h y r  a r e a  on  t h e  

L a v e r t o n  s h e e t ,  a n d  i n  t h e  g r e e n s t o n e  of  t h e  n o r t h e a s t  c o r n e r  of  t h e  same 

s h e e t .  The f i n e - g r a i n e d  r o c k s  of t h e  Mount V a r d e n  a rea  a l s o  h a v e  c a l c -  

a l k a l i n e  a f f i n i t i e s .  

The g r e a t  m a j o r i t y  of t h e s e  f e l s i c  r o c k s  a r e  d a c i t e s  o r  t o n a l i t i c  

d a c i t e s ,  w i t h  r a r e  i n t e r m e d i a t e  ( a n d e s i t i c )  and u l t r a p o t a s s i c  t y p e s .  Most  

d a c i t e s  a r e  p o r p h y r i t i c ;  

t h a n  2 % ;  C a O  i s  commonly l e s s  t h a n  1%; a n d  MgO i s  i n  t h e  r a n g e  1-3%.  F u l l  

d e t a i l s  a r e  g i v e n  i n  Davy (197613, c ) .  A f e w  r o c k s  ( e . g .  a t  Mount R e d c l i f f e  

and Mount V a r d e n )  a r e  r h y o d a c i t e s  w i t h  a K 2 0  c o n t e n t  o f  3 . 3 - 5 . 1 %  and a N a p O  

c o n t e n t  of  3 . 7 - 5 . 1 % ,  b u t  t h e  ra re  h i g h - p o t a s s i u m  s a m p l e s  a r e  o f  i n t e r e s t .  

T h e s e  r o c k s ,  w h i c h  h a v e  K 2 0  i n  e x c e s s  of  7 % ,  a r e  c o n s i d e r e d  t o  h a v e  b e e n  

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

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

(Grim and  o t h e r s ,  1 9 5 4 ;  Bowie and  o t h e r s ,  1 9 6 6 ) ,  w i t h  m e t a m o r p h i s m  p r o d u c i n g  

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

number o f  s a m p l e s  of i n t e r m e d i a t e  c o m p o s i t i o n .  T h e s e  a r e  c h a r a c t e r i z e d  by 

S i 0 2  v a l u e s  r a n g i n g  b e t w e e n  5 5  and 65%.  

a d d i t i o n  o f  s i l i c a  a n d  s o d a ,  a n d  by  r e d u c t i o n  i n  C a O ,  MgO a n d  F e 2 0 3 .  They a r e  

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

c o n t r a s t  w i t h  s o d i u m  loss i n  s i l i c i f i e d  r o c k s .  T h e s e  r o c k s  p r o b a b l y  r e p r e s e n t  

t h e s e  r o c k s  c o n t a i n  5-9% Na20;  K 2 0  i s  commonly l e s s  

Some a r e  d e r i v e d  f r o m  t h e  b a s a l t s  by  
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d i f f e r e n t i a t e d  r e s i d u e s  of  t h e  m a f i c  s e r i e s ,  b u t  i t  i s  c o n s i d e r e d  u n l i k e l y  

t h a t  t h e  m a i n  o u t c r o p s  of  a c i d / f e l s i c  r o c k s ,  w h i c h  o c c u r  w i t h i n  m a f i c  r o c k s  i n  

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

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

( 2 . 7 - 8 . 2 %  Na20)  a n d  m o d e r a t e  i r o n  (5-8% F e  0 ) o v e r l a p p i n g  i n  c o m p o s i t i o n  s o d a  

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

r o c k s  by t h e i r  p o r p h y r i t i c  t e x t u r e  a s  d i s t i n c t  f r o m  t h e  g e n e r a l l y  u n i f o r m  

t e x t u r e  o f  i n t e r m e d i a t e  members  of  m a f i c  s u i t e s .  

2 3  

GRAN I T 0 I D  S 

The g r a n i t o i d s  of  t h e  a rea  s a m p l e d  f a l l  i n t o  s e v e r a l  e a s i l y  r e c o g n i z a b l e  

t y p e s  i n  t h e  f i e l d :  

&, & - m i g m a t i t e  and gne iss ,  

425 - sheared g r a n i t e ,  

- porphyr i t ic  microgranite-microgranodiorite, 

h - even-grained adamell i te ,  

- b i o t i t e  granite-granodiorite-adamellite, and 

A@ - porphyr i t ic  granodiorite-adamellite. 

Of t h e - s e ,  t h e  & has t h e  s m a l l e s t  d i s t r i b u t i o n  o c c u r r i n g  o n l y  on  t h e  L a v e r t o n  

and  C e l i a  L i n e a m e n t s .  I t  i s  r e c o g n i z e d  t h a t  t h e  m i g m a t i t e  g n e i s s  and  t h e  

' s h e a r e d  g r a n i t e s '  may i n c l u d e  some r e c o n s t i t u t e d  s e d i m e n t s .  

The o v e r w h e l m i n g  m a j o r i t y  of  g r a n i t i c  r o c k s  a r e  g r a n o d i o r i t e s  and  adamel-  

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

s y e n i t i c  r o c k  o c c u r s  w i t h i n  & o f  C h a r l e s t o n  w e l l  on t h e  L a v e r t o n  s h e e t .  An 

o u t s t a n d i n g  f e a t u r e  of t h e  g r a n i t o i d s  i s  t h e  c o n s i s t e n t l y  h i g h  N a  0 c o n t e n t .  

T h i s  i s  r a r e l y  l e s s  t h a n  3.5%, i s  commonly b e t w e e n  4 and 6 % ,  a n d ,  on o c c a s i o n s ,  

r e a c h e s  7 . 5 % .  

2 

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

by t h e  mapping  g e o l o g i s t s ;  h o w e v e r ,  t h e  t e x t u r a l  t e r m s  u s e d  by  t h e s e  g e o l o g i s t s  

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

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

u s e d  as  a n  o m n i b u s  te rm ( T a b l e  5 ) .  

A s  e x p e c t e d ,  t h e  c h e m i s t r y  h a s  c o n f i r m e d  t h e  mixed n a t u r e  o f  m i g m a t i t e  

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

i n t o  t h e  r a n g e  o f  2480  - 30 m.y. (Mount  B o r e a s )  t o  2 6 1 5  2 2 5  m.y. ( B o r o d a l e  

C r e e k ) ( J . C .  R o d d i c k ,  q u o t e d  b y  Gower 1 9 7 4 )  w i t h  n o  r e g i o n a l  y o u n g i n g .  

+ 

E m p l a c e m e n t  s e q u e n c e s  

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

w o r k i n g  i n  t h e  a r e a :  i t - c o m m e n c e s  w i t h  p r i m i t i v e  p r e -  o r  e a r l y  t e c t o n i c  

g r a n i t o i d s  (now s t r o n g l y  s h e a r e d  a n d  f o l i a t e d )  w h i c h  w e r e  i n t r u d e d  b e f o r e  

m e t a m o r p h i s m ;  s y n t e c t o n i c  g r a n i t o i d s  (now w e a k l y  f o l i a t e d )  w h i c h  d e v e l o p e d  t o -  

w a r d  t h e  c l o s e  o f  t h e  m a i n  m e t a m o r p h i c  p h a s e ;  a n d  l a t e  t e c t o n i c  g r a n i t o i d s  

( e s s e n t i a l l y  n o n  f o l i a t e d )  i n t r u d e d  a f t e r  t h e  m a i n  m e t a m o r p h i c  e v e n t s  h a d  

f i n i s h e d .  I n  terms o f  t h e  r o c k  g r o u p i n g s  u s e d  i n  t h e  f i e l d ,  t h e  f i r s t  t y p e  

wou ld  i n c l u d e  Agg a n d  &, t h e  s e c o n d  & a n d  some e, a n d  t h e  l a s t  a n d  

some e. 
Some c h e m i c a l  d e v e l o p m e n t  h a s  a l s o  b e e n  p o s t u l a t e d  a s  c o m p l e m e n t a r y  t o  

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

l i t e s  ( f r o m  s o d a  r i c h  t o  ' p o t a s s i u m - r i c h '  r o c k s ) .  T h i s  s i m p l e  h y p o t h e s i s  

h o l d s  t r u e  i n  many p l a c e s ,  b u t  i s  n o t  u n i v e r s a l .  T h u s ,  t h e  m a i n  b a t h o l i t h  

o f  &, i n t r u d e d  ( o n  f i e l d  e v i d e n c e )  i n t o  a n d  & r o c k s  i n  t h e  z o n e  

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

t h e  r o c k s  i t  i n t r u d e s .  

By t h e  same h y p o t h e s i s  t h e  Agp a t  E r l i s t o u n  a n d  t h e  ilgp w e s t  o f  L a v e r t o n  

Downs ( b o t h  L a v e r t o n  s h e e t )  s h o u l d  b o t h  b e  p r i m i t i v e  h i g h l y  s o d i c  r o c k s .  

I n d e e d  t h e  r o c k  w e s t  o f  L a v e r t o n  Downs i s  h i g h l y  s o d i c  a n d  l o w  i n  p o t a s s i u m  

(5 .1% Na20 ;  1 . 8 %  K 2 0 ) .  

Na20 ;  4 . 9 %  K 2 0 ) ,  a n d  a n  i s o l a t e d  s a m p l e  f r o m  a n  o u t c r o p  w e s t  o f  W i n d a r r a  i s  

g r a n i t i c  ( 3 . 3 %  Na20 ;  7 . 4 %  K 2 0 ) .  

However  t h e  r o c k  a t  E r l i s t o u n  i s  a d a m e l l i t i c  ( 4 . 8 %  

What c a n  b e  s e e n  i n  a f e w  p l a c e s  i s  a f a m i l y  r e l a t i o n s h i p  w i t h  e v o l u t i o n  

o f  d i f f e r i n g  g r o u p s  a l o n g  p a r a l l e l  l i n e s .  I n  t h e  E r l i s t o u n  a r e a  c i t e d  a b o v e ,  

& i s  i n t r u d e d  b y  &&. West  o f  L a v e r t o n  Downs t h e  ilgp o c c u r s  w i t h  

( r e l a t i o n s h i p s  n o t  f u l l y  e s t a b l i s h e d ) ,  a n d  i s  i n t r u d e d  b y  a f e a t u r e l e s s  e v e n -  

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

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

a n d  l e a d  v a l u e s .  
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Southwest of 
Laverton Downs Er l i s t o u n  

& & &  &&&Ago 

CaO% 0.4 0.8 1.6 1.9 1.4 

1 .0  1.2 2.6 2.5 1.3 Fe203% 

K20% 4.9 4.8 1.8 2.2 2.7 

Na20% 4.8 4.6 5.1 5.0 3.3 

23 

Rb PPm 107 278 59 52 251 

12 11 Pb PPm 21 44 

I t  seems c l e a r  t h a t  t h e  p r i m a r y  magma o f  t h e  two a r e a s  w a s  q u i t e  d i f f e r e n t  

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

d i f f e r e n t  a g e s  a c y c l i c  p a t t e r n  o f  i n t r u s i o n  a n d  e v o l u t i o n  may b e  p o s t u l a t e d .  

A s i m i l a r  t y p e  o f  e v o l u t i o n a r y  t r e n d  i s  s u p p o r t e d  a t  Mount  Adamson w h e r e  

a s t o c k  o f  ' g r a n i t e '  i n t r u d e s  f o l i a t e d  g r a n o d i o r i t e  t h a t  h a s  l o w e r  v a l u e s  o f  

B a ,  F e 2 0 3 ,  K20,  MgO, Rb,  Zn a n d  Z r  c o m p a r e d  w i t h  t h e  i n t r u d i n g  r o c k .  

R e g i o n a l  v a r i a t i o n s  

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

s u b j e c t  o f  a s e p a r a t e  p a p e r  (Davy 1 9 7 6 d )  a n d  i s  s u m m a r i z e d  a s  f o l l o w s .  When 

t h e  g r a n i t o i d s  a r e  g r o u p e d  w i t h i n  i n t e r l i n e a m e n t  z o n e s ,  t h e r e  i s  a s t e a d y  

f a l l  o f  MgO f r o m  w e s t  t o  e a s t  a n d  a c o r r e s p o n d i n g  r i s e  o f  K20.  

e l e m e n t  r e a c h e s  a maximum i n  t h e  S e f t o n - L a v e r t o n  i n t e r l i n e a m e n t  z o n e  b u t  

s t a r t s  t o  f a l l  e a s t  o f  t h e  S e f t o n  l i n e a m e n t .  A t a b l e ,  m o d i f i e d  f r o m  T a b l e  1 

o f  Davy ( 1 9 7 6 d ) ,  i s  r e p r o d u c e d  b e l o w .  

T h e  l a t t e r  

In t e r l i neamen t  zone (1) (2) (3) (4) (5) ( 6 )  

K,O% MgO% 

East  of Sef ton 58 15  4.4 4.2 0.27 0.25 

Sefton-Laverton 71 23 4.9 5.0 0.51 0.58 

Laver ton-Celia 58 15 3.5 3.3 1.2 1.3 

Celia-Keith-Kilkenny 53 12  3.2 3.5 1 .5  1 .4  

Keith-Kilkenny-Ida 8 4 2.3 2.0 1.8 2.0 

(1) Number of samples (n) 

(2) Number of groups of samples (t) (5) Overa l l  mean MgO 

( 3 )  Overa l l  mean K20 

(4) Mean of group means K20 

(6) Mean of group means MgO 
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G r a n i t o i d s  w i t h i n  t h e  K e i t h - K i l k e n n y  g r e e n s t o n e  b e l t  (n  = 15 : t = 7 )  

f a l l  i n t o  t h e  s e q u e n c e  a s  f a r  a s  K20 i s  c o n c e r n e d  ( 2 . 5 % ,  2 . 2 %  r e s p e c t i v e l y )  

a n d ,  a r e  s i m i l a r  f o r  MgO ( 1 . 7 % ,  2 . 4 % )  t h o u g h  t h e  s i t u a t i o n  f o r  MgO i s  c o m p l i c -  

a t e d  b y  o n e  s m a l l  d i o r i t i c  o u t c r o p  (a) w h i c h  c o n t a i n s  6 . 5 %  MgO. T h i s  i n t e r -  

m e d i a t e  r o c k  s h o u l d  p o s s i b l y  n o t  h a v e  b e e n  i n c l u d e d  as  a g r a n i t o i d ,  i n  w h i c h  

case t h e  v a l u e s  would b e  K20 2 . 6 % ;  2 . 5 %  : MgO 1 .5%;  1 . 9 % .  

may, i n  a n y  c a s e ,  n o t  b e  a n o r m a l  p a r t  of  t h e  r e g i o n a l  p a t t e r n  a s  c o n t a m i n a -  

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

T h e s e  g r a n i t o i d s  

I n  t h e  r e g i o n a l  c o n t e x t  r u b i d i u m  f o l l o w s  p o t a s s i u m ;  a n d  n i c k e l  and 

v a n a d i u m ,  f o l l o w  magnesium. 

Some s y s t e m a t i c  c h e m i c a l  v a r i a t i o n  h a s  a l s o  b e e n  e s t a b l i s h e d  i n t e r n a l l y  

w i t h i n  t h e  i n t e r l i n e a m e n t  z o n e s .  P l o t s  f o r  i n d i v i d u a l  e l e m e n t s  i n  g r a n i t o i d s  

h a v e  b e e n  p r e s e n t e d  i n  Davy ( 1 9 7 6 b ,  c )  f o r  L a v e r t o n  a n d  L e o n o r a .  T h e s e  p l o t s  

h a v e  r e v e a l e d  some f e a t u r e s  of n o t e  b u t ,  e x c e p t  i n  o n e  i n s t a n c e  n o t e d  b e l o w ,  

show n o  r e g u l a r  z o n a t i o n .  

' Z o n a t i o n '  o c c u r s  b e t w e e n  t h e  L a v e r t o n  a n d  C e l i a  l i n e a m e n t s .  The Mount 

B o r e a s  a d a m e l l i t e  h a s  b e e n  e s t a b l i s h e d  by  a g e  d a t i n g  as y o u n g e r  t h a n  g r a n o -  

d i o r i t e  a t  B o r o d a l e  C r e e k  ( s e e  p . 1 5 ) .  

From t h e  c h e m i s t r y ,  p a r t i c u l a r l y  o f  K20, i t  a p p e a r s  t h a t  t h e  Mount B o r e a s  

r o c k s  e x t e n d  s o u t h  a s  o n e  l a r g e  complex  b a t h o l i t h  t o  i n c l u d e  t h e  & and & 
r o c k s  of  t h e  E r l i s t o u n  a rea  (Davy 1 9 7 6 b ,  f i g . 2 e ) .  S e p a r a t i n g  t h e s e  r o c k s  f r o m  

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

Of t h e s e  two z o n e s ,  t h e  o l d e r  i s  s o d i c  a n d  g r a n o d i o r i t i c  i n  c o m p o s i t i o n ,  t h e  

y o u n g e r  i s  p o t a s s i c  and  a d a m e l l i t i c .  The same i s  shown a n t i p a t h e t i c a l l y  i n  t h e  

d i s t r i b u t i o n  o f  C a O  (Davy 1 9 7 6 b ,  F i g . 2 b ) .  

The ' b i o t i t e  g r a n i t e '  (e) b e t w e e n  t h e  K e i t h - K i l k e n n y  L i n e a m e n t  and  t h e  

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

Near D o g e r s  H i l l  ( L e o n o r a  s h e e t ) ,  w e s t  o f  M e r t o n d a l e ,  t h e  r o c k  i s  a t r u e  a d a -  

m e l l i t e  w i t h  s u b e q u a l  p r o p o r t i o n s  o f  Na20 and  K20. 

d i s c r e t e  body o f  g r a n o d i o r i t e  w h i c h  i s  c h a r a c t e r i z e d  b y  h i g h  S r  ( 8 6 0  ppm),  low 

S i 0 2  ( 6 8 % ) ,  and N a  0 w e l l  i n  e x c e s s  o f  K20. 
c o n s i d e r a b l y ,  b u t  i s  m a i n l y  g r a n o d i o r i t e .  A g r e a t e r  f i e l d  d i s c r i m i n a t i o n  of  

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

E a s t  of  W i l s o n ' s  P a t c h  i s  a 

E l s e w h e r e ,  t h i s  g r a n i t o i d  v a r i e s  2 

&& n e a r  I s o l a t e d  H i l l  on t h e  Rason  s h e e t  h a s  b e e n  r e s o l v e d  i n t o  a g r a n o -  

d i o r i t e  a n d  a n  a d a m e l l i t e  p h a s e  o n  t h e  b a s i s  o f  t h e  c h e m i s t r y .  
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One f u r t h e r  f e a t u r e  o f  n o t e  i s  t h e  p o s s i b l e  p e n e t r a t i o n  of  magnes ium f r o m  

t h e  g r e e n s t o n e s  o f  t h e  L a v e r t o n  g r e e n s t o n e  b e l t  i n t o  t h e  g r a n i t i c  r o c k s  l y i n g  

i m m e d i a t e l y  e a s t .  Though t h e  z o n e  b e t w e e n  t h e  L a v e r t o n  and  S e f t o n  L i n e a m e n t s  

i s  i n h e r e n t l y  low i n  MgO (x = 0 . 5 1 % ) ,  most  s a m p l e s  w h i c h  e x c e e d  t h i s  v a l u e  l i e  

w i t h i n  5-10 km o f  t h e  L a v e r t o n - M o u n t  V a r d e n  g r e e n s t o n e s .  T h e s e  h i g h  magnesium 

v a l u e s  show no n e g a t i v e  c o r r e l a t i o n  w i t h  p o t a s s i u m  a l o n g  t h i s  z o n e .  I n d e e d ,  

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

r o c k  i s  c a l l e d  a n d ,  i n  o u t c r o p s  f u r t h e r  e a s t ,  t h e  same r o c k  t y p e  c o n t a i n s  

n e g l i g i b l e  MgO; T h i s  r a t h e r  u n u s u a l  c h e m i s t r y  may 

b e  d u e  t o  c o n t a m i n a t i o n  o f  t h e  m a r g i n a l  p h a s e  of  a s i n g l e  g r a n i t o i d  body by 

t h e  a d j a c e n t  g r e e n s t o n e s ,  o r  i t  may i n d i c a t e  t h a t  t h e  s h o u l d  b e  d i v i d e d  

i n t o  two o r  more  s e p a r a t e  b o d i e s .  

a n d  l o w e r  K20,  P b ,  a n d  Rb. 

T r a c e - e l e m e n t  r a t i o s  

Low K/Rb and  h i g h  R b / S r  r a t i o s  a r e  c o n s i d e r e d  t o  d e m o n s t r a t e  t h e  e x i s t e n c e  

o f  f r a c t i o n a t e d  r o c k s ,  ( S t a v r o v ,  1 9 7 1 ;  and G r o v e s ,  1 9 7 2 ) .  Most  K/Rb r a t i o s  

e x c e e d  2 0 0 ,  w i t h  o n l y  i s o l a t e d  s a m p l e s ,  n o t  n e c e s s a r i l y  r e p r e s e n t a t i v e  o f  

e i t h e r  t h e  r o c k  t y p e  o r  e v e n  a l o c a l i z e d  o u t c r o p ,  l o w e r  t h a n  t h i s  v a l u e .  The 

c h i e f  r o c k  t y p e s  o f  r e g i o n a l  i m p o r t a n c e ,  h a v i n g  K/Rb less  t h a n  2 0 0 ,  a r e  & 
s o u t h w e s t  of  E r l i s t o u n  ( 1 4 3 ,  f o u r  s a m p l e s ) ,  t h e  Mount B o r e a s  a d a m e l l i t e  ( 1 3 1 ,  

f o u r  s a m p l e s ) ,  & r o c k s  on t h e  S e f t o n  L i n e a m e n t  (100 ,  t h r e e  s a m p l e s ) ,  and  t h e  

i n  t h e  Mount Venn g e n e r a l  a r e a  ( 1 4 9 ,  s i x  s a m p l e s ) .  The  & o n  t h e  S e f t o n  

L i n e a m e n t  i s  t h e  o n l y  s t r o n g l y  f o l i a t e d  g r a n i t e  w i t h  a "young" s i g n a t u r e .  

Rubid ium and s t r o n t i u m  v a l u e s  a r e  a l s o  l o w ,  b o t h  i n  t h e  a b s o l u t e  amount  of  

r u b i d i u m  and i n  t h e  R b / S r  r a t i o .  The Rb v a l u e s  i n  t h e  a d a m e l l i t e  a r e  100-300 

ppm, and  l e s s  t h a n  1 0 0  ppm i n  g r a n o d i o r i t e .  S t r o n t i u m  v a l u e s  c a n  b e  h i g h  i n  

some r o c k s ;  v a l u e s  e x c e e d  500  ppm ( m a i n l y ,  b u t  n o t d w a y s ,  i n  t h e  more  s o d i c  

r o c k s ) .  F o r  most  g r a n i t o i d s  t h e  R b / S r  r a t i o  i s  0 . 1 - 0 . 2 .  V a l u e s  o v e r  u n i t y  a r e  

r a r e .  Most r o c k s  w i t h  h i g h  R b / S r  r a t i o s  a r e  t h o s e  w i t h  low K/Rb, b u t  t h i s  d o e s  

n o t  n e c e s s a r i l y  f o l l o w .  F o r  i n s t a n c e  t h e  Mount B o r e a s  a d a m e l l i t e  h a s  a K/Rb 

r a t i o  o f  1 3 1  b u t  a R b / S r  r a t i o  of  0 . 6 3 .  C o n v e r s e l y  t h e  m i n e r a l i z e d  a d a m e l l i t e  

a t  D o d g e r s  H i l l  ( L e o n o r a  s h e e t )  h a s  a mean K/Rb r a t i o  o f  222 w i t h  a Rb/Sr  r a t i o  

of  3 . 5 .  

The o n l y  f i n e - $ r a i n e d  f e l s i c  r o c k  t o  c o n f o r m  t o  t h i s  g r o u p i n g  i s  a n  & 
r o c k  f r o m  Mount V a r d e n  whose  v a l u e  i s  K/Rb 1 2 7 ;  R b / S r  1 2 . 1 .  S e v e r a l  o t h e r  

i n d i v i d u a l  f i n e  g r a i n e d  r o c k s  h a v e  a K/Rb r a t i o  of  l ess  t h a n  200 b u t  f o r  none 

of  t h e s e  d o e s  t h e  R b / S r  r a t i o  e x c e e d  u n i t y .  

The c o n c e p t s  of u s i n g  K/Rb and  R b / S r  r a t i o s  a s  a b s o l u t e  i n d i c e s  of f r a c -  

t i o n a t i o n  may n e e d  r e v i s i o n  i n  v i e w  of t h e  r e l a t i v e l y  h i g h  p r o p o r t i o n  of 
' p r i m i t i v e '  r o c k s  i n c l u d e d  i n  t h e  a b o v e  l i s t .  

f r a c t i o n a t i o n  t r e n d s  w i t h i n  a s i n g l e  r o c k  g r o u p .  

They may, h o w e v e r ,  i n d i c a t e  
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R o c k s  w i t h  b o t h  l o w  K/Rb a n d  h i g h  R b / S r  r a t i o s  a r e  a s  f o l l o w s .  

L o c a t  i o n  
Number o f  R a t i o  

K/Rb R b f S r  s a m p l e s  

L e o n o r a  &, J i n d a r d i e  w e l l  2 9 8  4 

&, A n d e r s o n s  b o r e  1 88 3 3  

L a v e r t o n  &, s o u t h w e s t  of  
E r l i s t o u n  

4 1 4 3  1 . 4  

&, e a s t  o f  R e i c h e l l  1 1 9 5  2 .5  

,Aq%l, S e f t o n  L i n e a m e n t  3 100 5 . 6  

F i n d  

%, n o r t h w e s t  o f  
D i o r i t e  H i l l  

&, n o r t h e a s t  o f  
S w i n c e r  s 

1 1 1 5  1 4 . 5  

1 1 4 9  2 . 2  

R a s o n  &, Mount Venn a r e a  6 1 4 9  1 . 3  

P l o t s  of  K v s  Rb; e a c h  o f  K/Rb v s  K 2 0  a n d  Rb; Rb v s  S r ;  R b / S r  v s  e a c h  of  

K20,  Na 0 a n d  C a O  h a v e  b e e n  d r a w n  f o r  t h e  v a r i o u s  r o c k s  b u t  m o s t  g r o u p s  d i s p l a y  

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

t r e n d s  b e t w e e n  t h e  L a v e r t o n  a n d  C e l i a  L i n e a m e n t s  d o  d i s p l a y  l i n e a r  t r e n d s  f o r  

K/Rb v s  Rb p l o t s  ( F i g . G a ) ,  a n d  s o  d o  t h e  B a i l e y  R a n g e ,  r o c k s  (&) when R b / S r  

i s  p l o t t e d  a g a i n s t  K 2 0  ( F i g . 6 b ) .  F u r t h e r  work  i s  n e e d e d  t o  e s t a b l i s h  t h e  

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

g r o u p s  . 

2 

An a t t e m p t  w a s  made t o  u s e  K/Ba r a t i o s  on  a s i m i l a r  b a s i s .  However ,  

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

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

i n c r e a s e  f r o m  w e s t  t o  e a s t ;  b u t ,  t h o u g h  t h e r e  i s  a r e a s o n a b l e  c o r r e l a t i o n  w i t h  

K20 ( + 0 . 4 ) ,  a n d  t h e  h i g h e s t  v a l u e s  a r e  f o u n d  i n  t h e  m o r e  p o t a s s i c  r o c k s ,  t h i s  

24  



i )  Laverton - Celia interlineament zone 
loo0 

~ 

%b 
- 

100 
10 

0 Age Charleston Well X Agp Laverton Downs 
m Agb Laverton Downs A Agb Mount Boreas 
@ Granite intruding 0 Agp Erlistoun 

Agp Laverton Downs 0 Agb Erlistoun 

ii) Sefton-Laverion interlineament zone 
io00 

- 

- 

%b . 

100 - 
10 

-1 - -.-k . 

ppm Rb 
8 Agb 

GSWA 1605 
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r e l a t i o n s h i p  d o e s  n o t  h o l d  i n  d e t a i l .  The s t a n d a r d  d e v i a t i o n  f o r  b a r i u m  i s  

commonly 50-100% o f  i t s  mean v a l u e  e v e n  w i t h i n  t he  o n e  r o c k  g r o u p .  All p l o t s  

w h i c h  h a v e  i n v o l v e d  K and  Ba h a v e  g i v e n  a w i d e  s c a t t e r  and  a r e  n o t  r e p r o d u c e d .  

R e l a t i o n s h i p s  o f  g r a n i t o i d s  a n d  f i n e - g r a i n e d  f e l s i c  r o c k s  

C o m p a r i s o n  b e t w e e n  t h e s e  r o c k s  i s  o n l y  p o s s i b l e  on  g e o g r a p h i c  g r o u n d s .  

The  v o l c a n i c  and  s u b v o l c a n i c  r o c k s  o f  t h e  c a l c - a l k a l i n e  a s s o c i a t i o n s  show 

some r e s e m b l a n c e  t o  n e a r b y  g r a n i t o i d s .  I n  t h e  Mount V e n n - R u t t e r  Soak  a rea  t h e  

c o a r s e  & r o c k s  show some c h e m i c a l  s i m i l a r i t y  t o  w h i c h  c r o p s  o u t  a r o u n d  

t h e  p e r i m e t e r  o f  t h e  f e l s i c - m a f i c  r o c k s .  The c o n t a i n s  more  N a  and  Rb l e s s  

Ba, Cu, N i ,  a n d  V. I n  t h e  Yamarna a r e a  t h e  g r a n i t o i d  w h i c h  m o s t  c l o s e l y  com- 

p a r e s  w i t h  t h e  v o l c a n i c s  i s  & s o u t h w e s t  o f  Yamarna.  The g r a n i t o i d  c o n t a i n s  

more p o t a s h ,  and  i s  l o w e r  i n  b a s e  m e t a l s ,  b u t  b o t h  g r o u p s  c o n t a i n  c o n s p i c u -  

o u s l y  h i g h  S r .  

G r a n i t o i d s  i n  t h e  F o r d  Run P l a t e a u  a r e a  h a v e  a l r e a d y  b e e n  n o t e d  a s  s i m i l a i  

i n  c o m p o s i t i o n  t o  & and r o c k s .  I n  t h i s  a r e a  f i n e  and  c o a r s e - g r a i n e d  r o c k s  

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

R h y o l i t i c  81 m o s t  c l o s e l y  r e s e m b l e s  e a t  G a r d e n  w e l l ;  d a c i t i c  and t h e  & 
r o c k s  compare  w e l l  w i t h  v a r i e t i e s  o f  f r o m  t h e  F o r d  Run P l a t e a u  a r e a .  

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

g r a n i t o i d s ,  a n d  a n  e q u a l  number a p p e a r  t o  h a v e  no r e l a t i o n s h i p s .  

I n  t h e  K e i t h - K i l k e n n y  g r e e n s t o n e  b e l t  b o t h  g r a n i t o i d s  and  f i n e - g r a i n e d  

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

magnes ium,  a n d  many t r a c e  e lements .  

A t  e a c h  o f  t h e  Mount R e d c l i f f e ,  R u f u s  H i l l ,  and  t h e  Mount V a r d e n  a r e a s ,  

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

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

r o c k s  w h i c h  a r e  s i m i l a r  t o  n e a r b y  w e s t  o f  L a v e r t o n  Downs, t h e  f i n e  g r a i n e d  

r o c k s  of  t h e  Mount V a r d e n - L a v e r t o n  a r ea  show l i t t l e  c o m p o s i t i o n a l  s i m i l a r i t y  

w i t h  n e a r b y  g r a n i t e s .  One r e a s o n  f o r  t h i s  d i f f e r e n c e ,  compared  w i t h  t h e  K e i t h -  

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

t h e  g r e e n s t o n e s .  

The p h y s i c a l  s e p a r a t i o n  o f  f i n e - g r a i n e d  f e l s i c s  a n d  g r a n i t o i d s  i s  common11 

2-10 km. Though g e n e t i c  r e l a t i o n s h i p s  a r e  p o s s i b l e ,  t h e y  c a n n o t  b e  d e t e r m i n e d  

s o l e l y  f r o m  t h e  c h e m i s t r y .  

74711-3 
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METASEDIMENT S 

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

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

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

t o  f e l s i c ,  t o g e t h e r  w i t h  c h e r t .  

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

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

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

COMPARISON W I T H  OTHER PUBLISHED DATA 

ULTRAMAFIC ROCKS 

C o m p a r i s o n  h a s  b e e n  made d i f f i c u l t  b y  i n a d e q u a t e  s a m p l i n g ;  i n  many c a s e s ,  

e x a m i n a t i o n  o f  t h e  c o l l e c t i n g  g e o l o g i s t s  f i e l d  n o t e  b o o k  h a s  shown  t h a t  n o  

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

r o c k s  a s  a w h o l e .  P a p e r s  b y  W i l l i a m s  ( 1 9 7 2 )  a n d  B a r n e s  a n d  o t h e r s  ( 1 9 7 4 )  h i g h -  

l i g h t  t h e  v a r i a t i o n s  p o s s i b l e  w i t h i n  o n e  u n i t  o f  a n  i n t r u s i v e  u l t r a m a f i c  o r  

w i t h i n  o n e  f l o w  o f  a n  e x t r u s i v e  e q u i v a l e n t .  

I n  t h i s  s t u d y  A1203 w a s  n o t  d e t e r m i n e d  a n d  C a / A 1  r a t i o s  c a n n o t  b e  u s e d  

f o r  c o m p a r a t i v e  p u r p o s e s .  

M e t a p e r i d o t i t e s  a n d  s e r p e n t i n i t e s  h a v e  r e l a t i v e l y  l o w  MgO/FeOt r a t i o s  

( 1 . 5 - 4 ) .  Some h a v e  h i g h  Na/K r a t i o s ,  t h o u g h  a s  s e r p e n t i n i z a t i o n  n e a r s  com- 
t p l e t i o n ,  N a  a n d  K b o t h  t e n d  t o  d i s a p p e a r  c o m p l e t e l y .  T h e  s c a t t e r  o f  MgO/FeO 

i s  h i g h e r  t h a n  t h e  r a n g e  s u g g e s t e d  b y  G l i k s o n  ( 1 9 7 2 )  f o r  A r c h a e a n  m e t a p e r i d o -  

t i t e s .  

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

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

S o u t h  A f r i c a  ( V i l j o e n  a n d  V i l j o e n ,  1 9 7 1 )  a n d  C a n a d a  ( B r o o k s  a n d  H a r t ,  1 9 7 2 )  a s  

w e l l  a s  f r o m  f u r t h e r m u t h  o f  t h e  Y i l g a r n  b l o c k  o f  W e s t e r n  A u s t r a l i a  ( L e w i s  a n d  

W i l l i a m s ,  1 9 7 3 ;  a n d  W i l l i a m s ,  1 9 7 2 ) .  I n  V i l j o e n  a n d  V i l j o e n ' s  t e r m s ,  m o s t  o f  

t h e  h i g h  m a g n e s i u m  b a s a l t s  f r o m  t h e  L e o n o r a - L a v e r t o n  a r e a  w o u l d  b e  c a l l e d  

b a s a l t i c  k o m a t i i t e s ,  t h e  q u e n c h - t e x t u r e d  m o r e  p e r i d o t i t i c  r o c k s  w o u l d  b e  

p e r i d o t i t i c  k o m a t i i t e s .  M c C a l l  a n d  L e i s h m a n  ( 1 9 7 1 )  a n d  G l i k s o n  ( 1 9 7 2 )  c o n s i -  

d e r  t h a t  t r e m o l i t e - c h l o r i t e  r o c k s  a n d  a m p h i b o l e  r i c h  a s s e m b l a g e s  h i g h  i n  Mg 
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( h i g h  magnesium b a s a l t s )  a r e  e x t r u s i v e  a n d / o r  s h a l l o w  i n t r u s i v e  e q u i v a l e n t s  

of  p y r o x e n i t e s .  

MAFIC ROCKS 

The m a f i c  r o c k s  of  t h i s  a r e a  f o r m  two w e l l  d e f i n e d  g r o u p s  ( T a b l e  3 ) ,  

namely  low p o t a s s i u m  t h o l e i i t e s  of w i d e s p r e a d  o c c u r r e n c e ,  a n d  h i g h e r  p o t a s s i u m  

r o c k s  o f  r e s t r i c t e d  o c c u r r e n c e .  T a b l e  6 shows a c o m p a r i s o n  o f  t h e  low p o t a s -  

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

H a l l b e r g  ( 1 9 7 2 ) ,  H a l l b e r g  and W i l l i a m s  ( 1 9 7 2 ) ,  and  H a l l b e r g  and  o t h e r s  ( 1 9 7 6 ) .  

The m a i n  d i f f e r e n c e s  shown by  t h e  p r e s e n t  w o r k ,  compared  w i t h  t h a t  o f  t h e  

a b o v e  a u t h o r s ,  i s  t h a t  mean v a l u e s  o f  Na20,  Cu, N i ,  a n d  V a r e  a l l  s u b s t a n t i a l -  

l y  l o w e r  ( b y  a f a c t o r  o f  a t  l e a s t  2 0 % )  w h i l s t  Ba and  S r  a r e  h i g h e r .  K 0 i s  

h i g h e r ,  on  a v e r a g e ,  t h a n  f o r  t h e  d o l e r i t e s  d e s c r i b e d  i n  H a l l b e r g  ( 1 9 7 2 ) .  

T h e s e  may r e p r e s e n t  s u b t l e  b u t  r e a l  c h e m i c a l  v a r i a t i o n s  o f  w h a t  a t  f i r s t  

s i g h t  a p p e a r s  t o  h a v e  b e e n  a v e r y  u n i f o r m  low-K t h o l e i i t e  magma. 
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T a b l e  7 a f f o r d s  a c o m p a r i s o n  o f  t h e  low-K W e s t e r n  A u s t r a l i a  d o l e r i t e s  and 

b a s a l t s  w i t h  p u b l i s h e d  d a t a  f o r  s i m i l a r  r o c k s  f r o m  I n d i a ,  S o u t h  A f r i c a ,  and  

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

r o c k s  c l a s s i f i e d  by  o r i g i n .  The o v e r a l l  s i m i l a r i t y  of  t h e  a n a l y s e s  f r o m  t h e  

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

I n  t h e  p r e s e n t  s t u d y ,  t h e  n o r m a l  c u t - o f f  f o r  S i 0 2  f o r  b a s i c  r o c k s  h a s  

b e e n  t a k e n  a s  5 5 %  ( D i c t i o n a r y  of  G e o l o g i c a l  T e r m s ,  D o l p h i n  Books ,  A . G . I .  1 9 5 7 )  

t h o u g h  f n  p r a c t i c e ,  m o s t  a r e  b e l o w  5 4 % .  

W i l s o n  and  o t h e r s  ( 1 9 6 5 )  h o w e v e r ,  d i s t i n g u i s h  i n  name b e t w e e n  a g r o u p  o f  

b a s a l t s  w i t h  S i 0 2  c o n t e n t  4 9 . 8 3 % ,  a n d  a g r o u p  of  a n d e s i t e s  w i t h  S i 0 2  c o n t e n t  

of  5 1 . 8 3 % .  E s s e n t i a l l y  t h e  a n a l y s e s  f o r  t h e s e  g r o u p s  a r e  t h e  s a m e  e x c e p t  t h a t  

t h e  s o d a  c o n t e n t  i s  a p p r e c i a b l y  h i g h e r  i n  t h e  a n d e s i t e s  ( 3 . 4 0 % )  t h a n  i n  t h e  

b a s a l t s  ( 2 . 0 2 % ) .  Though t h e  p o t a s s i u m  v a l u e s  a r e  h i g h e r  i n  t h e  a n d e s i t e s  

( 0 . 2 9 %  K20) t h a n  i n  b a s a l t s  ( 0 . 2 3 %  K20) ,  b o t h  a r e  low when c o n s i d e r e d  i n  con-  

j u n c t i o n  w i t h  o t h e r  p u b l i s h e d  a n a l y s e s  of  b a s a l t s .  I n  t h e  p r e s e n t  r e p o r t  b o t h  

g r o u p s  would b e  c a l l e d  b a s a l t s .  M i y a s h i r o  (1975) would  a p p a r e n t l y  c a l l  t h e  

a n d e s i t e s  o f  W i l s o n  a n d  o t h e r s '  b a s a l t s ,  b u t  h e  p u t s  a n  u p p e r  l i m i t  f o r  t h e  

S i 0 2  c o n t e n t  o f  b a s a l t s  a s  52 .5%.  

The low-K c o n t e n t  i s  t h e  o n e  c o n s i s t e n t  f e a t u r e  w h i c h  l i n k s  t h e  r o c k s  

f r o m  t h e  f o u r  c o n t i n e n t s .  O t h e r  e l e m e n t s  show more  v a r i a t i o n .  The o v e r a l l  
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low Na20 c o n t e n t  of t h i s  g r o u p  o f  W e s t e r n  A u s t r a l i a n  r o c k s  i s  d i s t i n c t i v e ,  

t h o u g h  n o t  f a r  b e l o w  t h e  Na20 c o n t e n t  of  C a n a d i a n  K e e w a t i n  b a s a l t s  

o t h e r s ,  1 9 6 5 ) .  

( W i l s o n  a n d  

The K 0 v a l u e s  a r e  l o w e r  t h a n  t h o s e  c i t e d  f o r  ' b a s i c '  r o c k s  by  Manson 2 
( 1 9 6 7 ,  p . 2 2 2 f f ) .  

W i l s o n  a n d  o t h e r s  ( 1 9 6 5 )  c o n s i d e r  t h e  r o c k s  t h e y  s t u d i e d  t o  h a v e  b e e n  

p a r t l y  s u b - a e r i a l  and  p a r t l y  s u b m a r i n e  a n d ,  a s  t h e  l a v a s  a r e  i n t e r s p e r s e d  w i t h  

s e d i m e n t s ,  t o  h a v e  formed i n  s h a l l o w  w a t e r  r e l a t i v e l y  c l o s e  t o  a c o n t i n e n t a l  

s h o r e l i n e .  

The a n a l y s e s  h a v e  t h e  c l o s e s t ,  m a j o r  e l e m e n t  s i m i l a r i t i e s  t o  o c e a n i c  o r  

a b y s s a l  t h o l e i i t e s  ( E n g e l  and  o t h e r s ,  1 9 6 5 ;  Cann,  1 9 7 1 )  and  t o  i s l a n d  a r c  

t h o l e i i t e s  ( J a k e s  and W h i t e ,  1 9 7 1 ) .  

The W e s t e r n  A u s t r a l i a n  r o c k s  c o n t a i n  more i r o n  t h a n  i s l a n d - a r c  t h o l e i i t e s ,  

and  l e s s  sodium a n d  p o t a s s i u m .  On t h e  o t h e r  hand t h e  W e s t e r n  A u s t r a l i a n  r o c k s  

c o n t a i n  t h e  same p o t a s s i u m  and i r o n ,  b u t  l o w e r  sodium and t i t a n i u m  t h a n  t h e  

o c e a n i c  t h o l e i i t e s  c i t e d .  

C o m p a r a t i v e  s t u d i e s  of  t r a c e  e l e m e n t s  a r e  g i v e n  i n  T a b l e  7 a n d  a d d i t i o n a l  

v a l u e s  of  Rb, S r  and Ba a r e  l i s t e d  b e l o w .  

Rb PPm 7 9 4.7 6 1.1 3.2 5 33 

Ba  ppm 215 194 63 70 11 1-0 75 49% 

Sr ppm 135 127 146 175 136 250 200 815 

Explanation: (1) Low-K d o l e r i t e s  ( t h i s  study) 

(2) Low-K b a s a l t s  ( t h i s  study) 

(3) Vermillion greenstones, Minnesota (John and o thers ,  1973) 

(4) Canadian Archaean Basal ts ,  a composite of 70 samples from 
Noranda, Kirkland Lake, and Michipicotin greenstone b e l t s  
(Hart and o thers ,  1970) 

(5) Ocean f l o o r  b a s a l t s  (Hart and o thers ,  1970) 

(6) Low-K i s l a n d  a r c  (Hart and o thers ,  1970) 

(7) Is land arc (Jakes and White, 1972) 

(8) Oceanic a l k a l i  b a s a l t s  (Engel and others ,  1965). 
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Once again there is no exact comparison w i t h  e i t h e r  oceanic or  with is land-arc  

t h o l e i i t e s .  A s  f a r  a s  c a n  b e  d e t e r m i n e d ,  c o p p e r ,  ? n i c k e l ,  l e a d ,  s t r o n t i u m ,  an 

z i n c  a r e  a l l  q u i t e  s i m i l a r  t o  t h e  d e e p  o c e a n i c  r o c k s .  However ,  n i c k e l ,  b a r i u u  

and r u b i d i u m  a r e  t o o  h i g h ,  w h e r e a s  v a n a d i u m  and z i r c o n i u m  a r e  t o o  low.  Though 

t h e  b a r i u m  a n d  r u b i d i u m  ( a s  w e l l  a s  t h e  p o t a s s i u m )  c o n t e n t  of  i s l a n d - a r c  

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

t h e  Leonora-Rason a r e a  a r e  s t i l l  h i g h e r .  The v a n a d i u m  of  t h e  W e s t e r n  A u s t r a l -  

i a n  r o c k s  i s  v e r y  c l o s e  t o  t h e  f i g u r e  g i v e n  f o r  i s l a n d  a r c  r o c k s  b y  J a k e s  a n d  

W h i t e  ( 1 9 7 1 ) .  

H a r t  a n d  o t h e r s  ( 1 9 7 0 )  s u g g e s t  t h a t  o c e a n  f l o o r  and  i s l a n d - a r c  t h o l e i i t e s  

a r e  r e l a t e d ,  a n d  f u r t h e r  s u g g e s t  t h a t  h i g h  Rb a n d  B a  ( a n d  P b )  i m p l y  c o n t a m i n -  

a t i o n  by s e d i m e n t s .  

It s e e m s  p o s s i b l e ,  t h e r e f o r e ,  b u t  i t  i s  by  n o  means p r o v e n ,  t h a t  t h e  

Leonora-Rason b a s a l t s  a n d  d o l e r i t e s  c a n  b e  c o n s i d e r e d  t o  b e  e i t h e r  o c e a n i c  o r  

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

m a t e r i a l  i n t o  t h e  magma. 

I f  t h e  l a t t e r  h a s  o c c u r r e d ,  t h e  r o c k s  a r e  l i k e l y ,  i n  t h e  terms of  H a r t  a n  

o t h e r s ,  t o  b e  b a s a l t s  f r o m  t h e  o c e a n i c  s i d e  of  i s l a n d  a r c  t r e n c h e s .  F u r t h e r  

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

The b a s a l t s  and d o l e r i t e s  o f  t h e  F o r d  Run P l a t e a u  a r e a ,  and  t h e  Mount 

S c o t t - R u t t e r  Soak  a r e a  a r e  o f  t h e  h i g h e r  p o t a s s i u m  t y p e ,  T a b l e  8 c o m p a r e s  

t h e  c o m p o s i t i o n  o f  t h e s e  r o c k s  w i t h  o t h e r  p u b l i s h e d  f i g u r e s .  Da ta  on compar-  

a b l e  A r c h a e a n  r o c k s  a r e  a p p a r e n t l y  n o t  e x t e n s i v e .  I n  g e n e r a l  terms,  t h e s e  

r o c k s ,  t h o u g h  c o n t a i n i n g  h i g h e r  a m o u n t s  of  p o t a s s i u m  t h a n  t h e  low-K t h o l e i i t e s  

h a v e  a c o m p o s i t i o n  c l o s e  i n  o t h e r  r e s p e c t s  t o  t h e  low-K t y p e  t h o l e i i t e .  The 

AFM d i a g r a m s ,  however  ( F i g s . 4 a - c )  r e l a t e  t h e s e  r o c k s  ( a n d  t h e  Yamarna r o c k s )  

t o  c a l c - a l k a l i n e  t r e n d s ,  and  t h e  f e l s i c  v o l c a n i c  and  s u b v o l c a n i c  r o c k s  

a s s o c i a t e d  w i t h  them a r e  more  c l e a r l y  c a l c - a l k a l i n e .  

One u n u s u a l  f e a t u r e  o f  t h e s e  m a f i c  r o c k s  i s  t h e  h i g h  b u t  v e r y  e r r a t i c  

c o n c e n t r a t i o n  o f  b a r i u m .  The  mean v a l u e  f o r  F o r d  Run P l a t e a u  m a f i c s  i s  o v e r  

300 ppm, i n  t h e  Mount S c o t t - R u t t e r  S o a k  area i t  i s  o v e r  400 ppm. Most  low-K 

b a s a l t s  ( i n c l u d i n g  b o t h  o c e a n i c  a n d  i s l a n d - a r c  t y p e s )  h a v e  B a  c o n t e n t s  l e s s  

t h a n  100 ppm, w h e r e a s  v a l u e s  i n  t h i s  s t u d y  a r e  3 - 4  t i m e s  h i g h e r .  The r e p o r t e d  

v a l u e s  a r e  a l s o  3 t i m e s  t h e  b a r i u m  c o n t e n t  e x p e c t e d  i n  c a l c - a l k a l i n e  b a s a l t s  

( J a k e s  and  W h i t e ,  1 9 7 2 ) .  
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E l e m e n t - r  a t  i o  s t u d i e s  

K/Rb, K / B a  a n d  R b / S r  s t u d i e s  h a v e  b e e n  made o f  t h e  L e o n o r a - R a s o n  m a f i c  

r o c k s .  R e s u l t s  a r e  p r e s e n t e d  i n  T a b l e  9 .  Areas  w i t h  f e w e r  t h a n  5 s a m p l e s  

h a v e  b e e n  o m i t t e d .  

K/Ba r a t i o s .  T h e r e  a r e  n o  c o n s i s t e n t  p a t t e r n s  f o r  K/Ba,  and n o  d i f f e r e n c e  

i s  e v i d e n t  b e t w e e n  "high"-K a n d  low-K t y p e s .  The v a l u e s  r a n g e  f r o m  5 . 4  t o  22 .  

T h e s e  compare  w i t h  v a l u e s  f o r  c o n t i n e n t a l  t h o l e i i t e s  ( A n t a r c t i c a )  of  2 7  and 

f o r  c o n t i n e n t a l  a l k a l i  b a s a l t s  ( A n t a r c t i c a  a n d  N e w  Z e a l a n d )  of  23 (Gunn,  1 9 6 5 ) .  

V a l u e s  of  24 .4  a n d  95 h a v e  b e e n  c a l c u l a t e d  f o r  A r c h a e a n  m e t a b a s a l t s  f r o m  

Timmins-Noranda and  o c e a n i c  t h o l e i i t e s  r e s p e c t i v e l y  ( T a b l e  7 ) ,  and  of  30 f o r  

C a n a d i a n  A r c h a e a n  b a s a l t s  d e s c r i b e d  by H a r t  and o t h e r s  ( 1 9 7 0 ) .  The K/Ba r a t i o  

o b t a i n e d  i n  t h i s  s t u d y  i s  e v i d e n t l y  low compared  w i t h  r e s u l t s  o b t a i n e d  e l se -  

w h e r e .  

R b / S r  r a t i o s ,  R u b i d u m - s t r o n t i u m  r a t i o s  a r e  b e l o w  0 . 1 3 .  H i g h  r a t i o s  

( 0 . 0 6 - 0 . 1 2 )  o c c u r  i n  t h e  g r e e n s t o n e s  w e s t  o f  t h e  K e i t h - K i l k e n n y  L i n e a m e n t ,  

b u t  f u r t h e r  e a s t w a r d ,  t h e  r a n g e  i s  0 . 0 3 - 0 . 0 5  f o r  g r o u p i n g s  o f  7 o r  more  

s a m p l e s .  The more h i g h l y  p o t a s s i c  m a f i c - r o c k s  r a n g e  f r o m  0 .07-0 .10 .  

H a l l b e r g  and  W i l l i a m s  (1972)  g i v e  t h e  r a t i o  a s  0 . 0 9  f o r  337 b a s a l t s  f r o m  

t h e  s o u t h e r n  p a r t  o f  t h e  Y i l g a r n  b l o c k  ( t h e  E a s t e r n  G o l d f i e l d s ) ,  H a r t  a n d  

o t h e r s  ( 1 9 7 0 )  0 . 0 3  f o r  C a n a d i a n  A r c h a e a n  b a s a l t s .  Cann ( 1 9 7 0 )  shows t h a t  t h e  

r a t i o  f o r  r e c e n t  o c e a n  f l o o r  b a s a l t s  v a r i e s  f r o m  0 . 0 4  i n  t h e  Gul f  o f  Aden t o  

0 .13  i n  t h e  P a l m e r  R i d g e  of  t h e  N o r t h  A t l a n t i c .  I s l a n d - a r c  t h o l e i i t e s  a v e r a g e  

0 . 0 3  ( J a k e s  and  W h i t e ,  1 9 7 2 ) .  

K/Rb r a t i o s .  K/Rb r a t i o s  a r e  a l s o  d i s t i n c t i v e l y  low w e s t  of  t h e  K e i t h -  

K i l k e n n y  l i n e a m e n t .  V a l u e s  i n  t h i s  r e g i o n  r a n g e  f r o m  1 8 7  t o  259 i n  c o m p a r i s o n  

w i t h  a r e a s  f u r t h e r  e a s t  w h e r e  t h e  r a n g e  i s  259-498,  and m o s t  b e l o w  4 0 0 .  A 

d i r e c t  c o m p a r i s o n  b e t w e e n  g r e e n s t o n e  b e l t s  i s  a f f o r d e d  by c o m p a r i n g  t h e  Mount 

C l i f f o r d  a r e a  ( K e i t h - K i l k e n n y )  w i t h  t h e  Mount V a r d e n  a r e a  ( L a v e r t o n ) .  I n  t h e  

f o r m e r  a r e a  K/Rb r a t i o s  f o r  and  a r e  2 1 4  a n d  1 8 7  f o r  49 and 29 s a m p l e s  

r e s p e c t i v e l y ;  i n  t h e  l a t t e r  a r e a  t h e  f i g u r e s  a r e  385  and  415 f o r  45  and  3 1  

s a m p l e s  r e s p e c t i v e l y .  

O p i n i o n  i s  somewhat d i v i d e d  a b o u t  t h e  s i g n i f i c a n c e  o f  t h e s e  r a t i o s ,  

t h o u g h  much h a s  b e e n  w r i t t e n  a b o u t  them.  



Some reported K/Rb r a t i o s  

Rock type 

'Lowish'-K t h o l e i i t e s  
(K <2%) 

Oceanfloor t h o l e i i t e s  

Bus hv e Id c omp 1 ex 

Karroo d o l e r i t e s  

Continental t h o l e i i t e s  

Alka l i  b a s a l t s  

Doler i tes  

Is land a r c  t h o l e i i t e s  

Is land a r c  t h o l e i i t e s  

Is land a r c  tho l e i  i t  es 

Calcalkal ine rocks from 
is land  a r c s  

Ocean f l o o r  b a s a l t s  

Deep ocean t h o l e i i t e s  

Olivine t h o l e i i t e s  

Olivine b a s a l t s  
(p ic r  i t  e s )  

All mafic rocks except 
oceanic t h o l e i i t e s ,  
pegmatites 

Oceanic t h o l e i i t e s  

Pegmatites 

Vermillion greenstone 
b e l t  

Eastern Goldfields  
t h o l e i i t e s  

Place 

H a w a i i  

Various 

South Afr ica  

South Afr ica  

Antarct ica  

Antarct ica  and 
New Zealand 

Tasmania 

New B r i t a i n  

South Sandwich 

F i j i  

F i j i  

New Zealand 

Solomon Is lands  

Midocean Ridges 

Baf f i n  Is land 

Minnesota 

Western 
Austral ia  

K/Rb 

512 

<zoo0 

<loo0 

383- 609 

- 

237 

335 

188- 222 

440-1160 

450 

1070 

310- 565 

250- 470 

335- 420 

328- 350 
(-930) 

1440 

278 

446 

230 

>500 
( t o  3000) 

<150 

580 

430 

The mean v a l u e s  i n  t h i s  r e p o r t  a r e  2 6 1  a n d  249 

Author 

Lessing and o thers  

Erlank and Hofmeyr 

Erlank and Hofmeyr 

Erlank and Hofmeyr 

Gunn 1965 

Gunn 1965 

Erlank and Hofmeyr 

1963 

1966 

1966 

1966 

1966 

Lowder and Carmichael 1970 

Jakes and White 1970 

Jakes and White 1970 

Jakes and White 1970 

Jakes and White 1970 

Jakes and White 1970 

Cann 1970 

Engel and o t h e r s  1965 

Jamieson and Clarke 1970 

Jamieson and Clarke 1970 

Shaw 1968 

Shaw 1968 

Shaw 1968 

Jahn and o thers  1973 

Hallberg and W i l l i a m s  1972 

€ o r  low-K a n d  r e s p e c  

t i v e l y ,  a n d  2 0 1  and  323 f o r  t h e  v a r i o u s  h i g h e r  p o t a s s i u m  g r o u p s .  T h e s e  r a t i o s  

a r e  c l o s e  t o  Shaw's  (1968), v a l u e  of  230 f o r  a l l  m a f i c  r o c k s  e x c l u d i n g  o c e a n i c  

t h o l e i i t e s .  

The r a t i o s  a r e  l o w e r  t h a n  o t h e r  W e s t e r n  A u s t r a l i a n  t h o l e i i t e  ( H a l l b e r g  a n  

W i l l i a m s  1 9 7 2 ) ,  t h o u g h  i t  i s  t h e  low r a t i o  of r o c k s  f r o m  t h e  K e i t h - K i l k e n n y  

g r e e n s t o n e s  w h i c h  c a u s e  t h e  o v e r a l l  r a t i o  t o  b e  s o  f a r  be low t h a t  f o u n d  by  

H a l l b e r g  a n d  W i l l i a m s .  

33 



D i f f e r e n c e s  b e t w e e n  t h e  K e i t h - K i l k e n n y  ( i n c l u d i n g  t h e  Lawlers-Agnew r o c k s )  

and t h e  L a v e r t o n  g r e e n s t o n e s  may b e  e x p l a i n e d  i f  t h e s e  r o c k s  b e l o n g  t o  d i f f e r -  

e n t  m a f i c  c y c l e s  ( W i l l i a m s ,  1 9 7 4 ) .  

THE MOUNT VENN LAYERED I N T R U S I O N  

No a c c e p t a b l e  a v e r a g e  c o m p o s i t i o n  c a n  b e  d e r i v e d  f o r  t h e  Mount Venn 

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

i s  t h r o u g h  t h e  AFM d i a g r a m  ( F i g . 4 ) .  T h i s  d i a g r a m  shows a w i d e  s c a t t e r ,  w i t h  

a number o f  p o o r l y  d e v e l o p e d  f r a c t i o n a t i o n  t r e n d s .  

Compar ison  of t h i s  d i a g r a m  w i t h  t h o s e  o f  McCal l  ( 1 9 7 3 ,  p . 2 4 6 ,  247)  shows 

t h e  Mount Venn s i l l  t o  h a v e  l i t t l e  o r  no r e s e m b l a n c e  w i t h  t h e  G o l d e n  M i l e  

D o l e r i t e  o r  w i t h  t h e  Mount S i n g l e t o n  r o c k s .  T h e r e  i s  a c l o s e r  c o r r e s p o n d e n c e  

w i t h  t h e  M i s s i o n  S i l l  a n d  t h e  Y i l m i a  S i l l ( s ) .  

The Mount Venn g a b b r o  ' s c a t t e r '  on  t h e  AFM d i a g r a m  o v e r l i e s  t h e  m a f i c  end 

of  t h e  e q u i v a l e n t  p l o t  f o r  t h e  B i n n e r i n g i e  Dyke (McCal l  and  P e e r s ,  1 9 7 1 ,  p .  

1 2 5 0 ) ,  t h o u g h  u l t r a m a f i c  members a r e  a b s e n t  f r o m  t h a t  b o d y .  The J i m b e r l a n a  

dyke  r o c k s  (McCal l  and  P e e r s ,  1 9 7 1 ,  p . 1 2 5 1 )  a l s o  a p p r o x i m a t e  a t  t h e i r  m a f i c /  

u l t r a m a f i c  e n d s  t o  t h e  Mount Venn v a l u e s .  The s c a t t e r  shown by  t h e  Mount Venn 

i n t r u s i o n  s u g g e s t s  a m a j o r  d i f f e r e n c e  of  b e h a v i o u r  compared  w i t h  t h e  S k a e r g a a r d  

I n t r u s i o n ,  t h e  D i l l s b u r g  S i l l ,  and H a w a i i a n  d o l e r i t e s  ( M c C a l l  and  P e e r s ,  1 9 7 1  

p . 1 2 5 1 ) ,  and  w i t h  t h e  B u s h v e l d  complex  ( C o e r t z e , l 9 6 9 ) .  

The Mount Venn r o c k s  a r e  a p p a r e n t l y  d i f f e r e n t  f r o m  t h e  W e s t e r n  A u s t r a l i a n  

s i l l s  d e s c r i b e d  b y  W i l l i a m s  a n d  H a l l b e r g  ( 1 9 7 3 ) ,  i n  t h a t  l i t t l e  o r  n o  p e r i d o -  

t i t e  i s  p r e s e n t ,  a n d  t h e  m a i n  u l t r a m a f i c  r o c k  i s  ? o r t h o - p y r o x e n i t e .  However, 

p e r i d o t i t i c  r o c k s  may b e  p r e s e n t  a t  Mount Venn, b u t  n o t  e x p o s e d  a t  t h e  s u r f a c e .  

The Mount Venn complex  a l s o  d i f f e r s  i n  t h a t  c l e a r - c u t  z o n a t i o n  i n t o  a n  u p p e r  

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

A C I D  AND I N T E R M E D I A T E  ROCKS 

G r a n i  t o i d s  

O ' B e i r n e  ( 1 9 5 8 )  d i s c u s s e d ,  f o r  t h e  m o s t  p a r t ,  p o r p h y r i t i c  f i n e - g r a i n e d  

f e l s i c  r o c k s  f r o m  p a r t s  of  t h e  K a l g o o r l i e  g e n e r a l  a r ea .  H e  a l s o  r e f e r r e d  t o  

g r a n i t o i d s ,  d i v i d i n g  them i n t o  three m a i n  g r o u p s :  

i )  e x t e r n a l  g r a n i t o i d s  ( b e t w e e n  t h e  g r e e n s t o n e  b e l t s ) ,  

i i )  i n t e r n a l  g r a n i t o i d s  ( w i t h i n  t h e  g r e e n s t o n e  b e l t s ) ,  and 

i i i )  ' s o d i c  g r a n i t e s ' ,  r e l a t e d  t o  s o d i c  p o r p h y r i e s  ( w i t h i n  t h e  
g r e e n s t o n e  b e l t s ) .  
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A f e a t u r e  o f  O ' B e i r n e s '  s o d i c  g r a n i t e s  i s  t h e i r  h i g h  s t r o n t i u m  v a l u e  

(658-1312 ppm f o r  g r a n i t o i d s )  a n d  low r u b i d i u m  c o n t e n t ( l 6 - 9 0  ppm),  R b / S r  

r a t i o s  of  t h e s e  g r a n i t o i d s  a n d  t h e i r  r e l a t e d  p o r p h y r i e s  a r e  commonly b e l o w  0 . 2  

I n  t h e  i n t e r n a l  g r a n i t e s ,  on  t h e  c o n t r a r y ,  s t r o n t i u m  i s  commonly b e l o w  200 ppm 

and r u b i d i u m  o v e r  1 5 0  ppm ( u p  t o  a b o u t  450  ppm). R b / S r  r a t i o s  f o r  t h e s e  r o c k s  

a r e  i n  t h e  r a n g e  0 .6-5 .  O ' B e i r n e ' s  c o n c l u s i o n s  a r e  l i m i t e d  b y  t he  r e l a t i v e l y  

s m a l l  number o f  g r a n i t o i d s  d e t e r m i n e d .  

T h i s  r e p o r t  h a s  shown t h a t  s u c h  a c h a r a c t e r i z a t i o n  i s  o v e r  s i m p l i f i e d ,  

and t h a t  t h e  t e r m s  ' i n t e r n a l '  a n d  ' e x t e r n a l '  g r a n i t o i d s  n e e d  amended d e f i n i -  

t i o n s .  G r a n i t o i d s  b e t w e e n  t h e  g r e e n s t o n e  b e l t s  a r e  composed .of a v a r i e t y  of  

g r a n o d i o r i t e  t o  a d a m e l l i t i c  r o c k s ,  w i t h  a much w i d e r  r a n g e  of  a n a l y s e s  t h a n  

O ' B e i r n e  f o u n d .  

The r o c k s  m o s t  c l o s e l y  c o m p a r a b l e  i n  c o m p o s i t i o n  w i t h  t h e  ' s o d i c  

g r a n i t e s '  of O ' B e i r n e  w i t h  t h e i r  h i g h  S r  v a l u e s ,  a r e  b i o t i t e  g r a n i t e s  (&) 

e a s t  o f  W i l s o n s  P a t c h  and a t  G a r d e n  w e l l ,  a n d  t h e  o u t e r  p a r t  of  t h e  & s o u t h  

of  L a w l e r s  on t h e  L e o n o r a  s h e e t .  O t h e r  s i m i l a r  i s o l a t e d  s a m p l e s  on t h e  

L a v e r t o n  s h e e t  o c c u r  n e a r  R u f u s  H i l l  (a), a t  D a v i d  w e l l  (a), i n  t h e  s o u t h -  

e a s t  p a r t  of  t h e  s h e e t  (Age), n o r t h  of Mount R e d c l i f f e  (Age) a n d  a t  Dwyn w e l l  

(m). ( I n  some o f  t h e s e  r o c k s  t h e  Rb c o n t e n t  e x c e e d s  1 0 0  ppm, b u t  d o e s  n o t  

e x c e e d  200 pprn). On t h e  Rason  s h e e t  s i m i l a r  r o c k s  i n c l u d e  & a t  M a l l e e  Hen 

R o c k s ,  & s o u t h w e s t  of  Yamarna ,  & s o u t h w e s t  of Yamarna,  a n d ,  p o s s i b l y ,  t h e  

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

r o c k s  o c c u r  a t  t h e  m a i n  f e l s i c  v o l c a n i c  c e n t r e s  - a t  Yamarna ( R a s o n  s h e e t ) ,  

Ford  Run P l a t e a u  ( L e o n o r a  s h e e t )  a n d  n e a r  Rut te l r  Soak  ( R a s o n  s h e e t )  i n  o r d e r  

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

a r e  s i m i l a r  t o  O ' B e i r n e ' s  s o d i c  p o r p h y r i e s  i n  h a v i n g  low r u b i d i u m  and a h i g h  

Na/K r a t i o ,  b u t  d i f f e r  i n  h a v i n g  o n l y  m o d e r a t e  S r  v a l u e s  ( u s u a l l y  i n  t h e  r a n g e  

100-400 pprn). An e x c e p t i o n  o c c u r s  a t  Mount R e d c l i f f e  w h e r e  o n e  d y k e  r o c k  

c o n t a i n s  94 ppm Rb a n d  1 1 4 0  ppm S r .  

O ' B e i r n e  i d e n t i f i e d  a s m a l l  g r o u p  o f  e x t r u s i v e ,  p o r p h y r i t i c  r h y o l i t e s .  

A p p a r e n t  a n a l o g u e s  of  t h e s e  r o c k s  h a v e  b e e n  f o u n d  a t  a number of  s i t e s  i n  t h e  

a r ea  u n d e r  s t u d y  (Mount C l i f f o r d ,  t h e  F o r d  Run P l a t e a u  i n  t h e  g r e e n s t o n e  b e l t  

s o u t h e a s t  o f  Agnew, a n d  i n  t h e  Mount V a r d e n  a r e a ) .  

3 5  



O v e r  t h e  y e a r s  G l i k s o n  h a s  w r i t t e n  e x t e n s i v e l y  a b o u t  t h e  r o c k s  o f  t h e  

Y i l g a r n  b l o c k  ( e . g .  G l i k s o n  1 9 7 1 ,  1 9 7 2 ,  G l i k s o n  a n d  S h e r a t o n  1 9 7 2 ;  a n d  G l i k s o n  

a n d  L a m b e r t  1 9 7 6 ) .  I n  t h e s e  p a p e r s ,  G l i k s o n  a n d  h i s  c o - a u t h o r s  d i s c u s s  v a r i -  

a t i o n s  o f  c o m p o s i t i o n  w i t h  t i m e ,  a n d  i n  t h e i r  l a t e r  p a p e r s ,  a t t e m p t  c o r r e l a -  

t i o n s  o v e r  l a r g e  t r a c t s  o f  c o u n t r y .  I n  h i s  1 9 7 1  p a p e r ,  G l i k s o n  c o m p a r e s  t h e  

S i O z ,  N a 2 0 ,  K20 ,  Rb a n d  S r ,  C r ,  a n d  N i  o f  v a r i o u s  W e s t e r n  A u s t r a l i a n  g r a n i t o i d s  

a n d  p o r p h y r i e s  ( h i s  own w o r k  t o g e t h e r  w i t h  d a t a  f r o m  O ' B e i r n e  (1968))  w i t h  

s i m i l a r  g r a n i t i c  r o c k s  f r o m  T r a n s v a a l ,  S o u t h  A f r i c a ,  a n d  w i t h  w o r l d  a v e r a g e s  

a s  g i v e n  b y  N o c k o l d s  ( 1 9 5 4 )  a n d  T a y l o r  ( 1 9 6 5 ) .  C o m p a r a b l e  a n a l y s e s  a r e  f o u n d  

i n  t h e  g r a n i t o i d s  a n d  f i n e - g r a i n e d  f e l s i c  r o c k s  i n  t h e  L e o n o r a - R a s o n  a r e a .  

A c c o r d i n g  t o  G l i k s o n  a n d  S h e r a t o n  ( 1 9 7 2 ) ,  i n t r u s i v e  g r a n i t o i d s  c a n  b e  

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

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

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

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

T u r e k i a n  a n d  W e d e p o h l  (1961), a s  w e l l  a s  N o c k o l d s  ( 1 9 5 4 ) ,  a n d  T a y l o r  ( 1 9 6 5 ) .  

G l i k s o n  a n d  S h e r a t o n  u s e d  t h e  same a n a l y s e s  a s  G l i k s o n  ( 1 9 7 1 )  b u t  e x p a n d e d  t h e  

t r e a t m e n t  t o  c o v e r  a l l  a n a l y s e d  e l e m e n t s .  

One g e n e r a l  f e a t u r e  o f  W e s t e r n  A u s t r a l i a n  g r a n i t o i d s  s t a n d s  o u t .  Com- 

p a r e d  w i t h  t h e  s u g g e s t e d  a v e r a g e s  o f  T u r e k i a n  a n d  W e d e p o h l  ( 1 9 6 1 )  n o  m a j o r  

o u t c r o p  o f  W e s t e r n  A u s t r a l i a n  g r a n i t i c  r o c k s  s o  f a r  e x a m i n e d  w h e t h e r  p o t a s s i c  

o r  s o d i c ,  c a n  b e  c o n s i d e r e d  a s  ' h i g h  c a l c i u m '  g r a n i t e ,  t h o u g h  i s o l a t e d  s a m p l e s  

d o  a p p r o a c h  t h i s  r o c k  t y p e .  

G l i k s o n  a n d  S h e r a t o n  g r o u p  a n a l y s e s  known t o  t h e m  i n t o  t h r e e  m a i n  g r o u p s :  

p regeosync l ina l ,  syngeosyncl inal  and L a t e  Kinematic (approximately equ iva len t  t o  what are now 

c a l l e d  e a r l y  t e c t o n i c ,  s y n t e c t o n i c ,  a n d  p o s t  t e c t o n i c  r e s p e c t i v e l y )  a n d  s u p p l e -  

m e n t  t h e i r  d i s c u s s i o n  w i t h  a g e  d a t a  p r o v i d e d  c h i e f l y  b y  T u r e k  ( 1 9 6 4 ) .  G l i k s o n  

a n d  S h e r a t o n  ( 1 9 7 2 )  h a v e  p o s t u l a t e d  t r e n d s  o f  i n c r e a s i n g  K20 v a l u e s  a n d  d i m i n -  

i s h i n g  Na 0 v a l u e s  p r o g r e s s i v e l y  o v e r  a p e r i o d  o f  t i m e  w i t h  g r a n i t o i d  e m p l a c e -  

m e n t .  Key f e a t u r e s  o f  t h e i r  d i s c u s s i o n  a r e  o v e r a l l  l o w  B a  v a l u e s ,  a t r e n d  t o  

m a r k e d l y  i n c r e a s i n g  Rb a s  K 0 i n c r e a s e s  ( l o w e r i n g  t h e  K/Rb r a t i o ) ,  a n d  h i g h  

a b s o l u t e  S r  v a l u e s  i n  s y n g e o s y n c l i n a l  r o c k s .  R b / S r  r a t i o s  a r e  v e r y  l o w  e x c e p t  

i n  l a t e  k i n e m a t i c  r o c k s .  O t h e r  p o i n t s  n o t e d  a r e  a n  i n c r e a s e  o f  c o p p e r  t e m p o r -  

a r i l y  t o w a r d s  l a t e  k i n e m a t i c  r o c k s  a n d  t h e  h i g h  o v e r a l l  c o n t e n t  o f  n i c k e l  

c o m p a r e d  w i t h  T a y l o r ' s  ( 1 9 6 5 )  f i g u r e s .  Vanad ium a n d  z i r c o n i u m  w e r e  m e a s u r e d  

i n  p r e g e o s y n c l i n a l  r o c k s  o n l y .  

2 
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T h i s  c l a s s i f i c a t i o n  i n t o  p r e g e o s y n c l i n a l ,  s y n g e o s y n c l i n a l  and  l a t e  k i n e -  

m a t i c  t i m e  g r o u p s  w a s  d i s c u s s e d  f o r  t h e  L e o n o r a  t o  R a s o n  a r e a  e a r l i e r ,  w h e r e  

i t  w a s  s u g g e s t e d  t h a t  t h e  c o n c e p t  w a s  somewhat  s i m p l i s t i c .  Some c o m p a r i s o n  

c a n  b e  made w i t h  G l i k s o n  and  S h e r a t o n ,  h o w e v e r ,  i f  i t  i s  p o s t u l a t e d  t h a t  m o r e  

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

s i g n i f i c a n t  t i m e  b r e a k s  i n  g r a n i t o i d  i n t r u s i o n ,  t o g e t h e r  w i t h  c y c l i c i t y  in 

e v o l u t i o n ,  i s  r e c o g n i z e d  by G l i k s o n  ( G l i k s o n ,  1 9 7 2 ;  G l i k s o n  and  L a m b e r t ,  1 9 7 6 )  

t h o u g h  n o w h e r e  d o e s  h e  make e x p l i c i t  t h e  p o s s i b i l i t i e s  of  a r e c u r r e n t  c y c l i c  

p a t t e r n  of  i n t r u s i o n .  

O t h e r  w r i t e r s  ( K r u p i c k a ,  1 9 7 5 ) ,  by  i m p l i c a t i o n  a t  l e a s t ,  a l l o w  f o r  

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

( h i t s o q  gneiss)  i n  G r e e n l a n d  and  K-r ich p e b b l e s  i n  t h e  Moodies  Group of  t h e  

B a r b e r t o n  M o u n t a i n  l a n d  of  S o u t h  A f r i c a .  

E v i d e n c e  f o r  two m a j o r  p h a s e s  of i n t r u s i o n ,  e a c h  w i t h  a s i m i l a r  e v o l u -  

t i o n a r y  t r e n d  o c c u r s ,  a s  d i s c u s s e d  e a r l i e r ,  i n  t h e  z o n e  b e t w e e n  t h e  L a v e r t o n  

and C e l i a  L i n e a m e n t s  w h e r e  p a r a l l e l  p a t t e r n s  of  d e v e l o p m e n t  o c c u r  i n  ' o l d e r '  

and  ' y o u n g e r '  g r a n i t o i d s .  I n  t h i s  a r e a  b o t h  o u t c r o p s  of  & may r e p r e s e n t  

a p r e t e c t o n i c  r o c k  s t a g e  and  t h e  l a t e r  & a l a t e  s y n t e c t o n i c  o r  e v e n  l a t e  

t e c t o n i c  s t a g e .  No o t h e r  a r e a s  s t u d i e d  show a s  c l e a r l y ,  t h i s  t w o - s t a g e  

s e q u e n c e  o f  e v e n t s ,  b u t  f u r t h e r  e v i d e n c e  may b e  f o u n d  when more  d e t a i l e d  

mapping  i s  c o m p l e t e d .  

I t  i s  d i f f i c u l t ,  t h e r e f o r e ,  t o  compare  a n a l y s e s  of  r o c k s  f r o m  Rason-  

L e o n o r a  w i t h  t h e  d a t a  o f  G l i k s o n  f o r  r o c k s  f r o m  t h e  C o o l g a r d i e  a n d  K a l g o o r l i e  

a r e a s .  G l i k s o n  p r e s e n t s  t o o  f e w  a n a l y s e s  f o r  c o m p a r i s o n s  t o  b e  v e r y  meaning-  

f u l ,  I t  c a n  b e  s a i d ,  h o w e v e r ,  t h a t  b a r i u m  i s  much more  v a r i a b l e ,  and commonly 

h i g h e r  z h a n  t h e  f i g u r e s  p r e s e n t e d  i n  G l i k s o n  a n d  S h e r a t o n  ( 1 9 7 2 ) .  N i c k e l  i s  

c o n f i r m e d  a s  b e i n g  t o l e r a b l y  h i g h  w i t h i n  m o s t  g r o u p s  o f t e n  e x c e e d i n g  20 ppm. 

As i n  G l i k s o n ' s  s t u d i e s ,  t h e r e  a r e  t r e n d s  t o  i n c r e a s i n g  K20 a n d  Rb i n  t h e  a r e a  

s t u d i e d  i n  t h e  r e g i o n s  w h e r e  e v o l u t i o n a r y  t r e n d s  a r e  r e c o g n i z e d .  F o r  t h e  most  

p a r t ,  Rb/Sr  r a t i o s  a r e  q u i t e  low t h o u g h  r a r e l y  a s  low a s  i n  G l i k s o n ' s  and  

S h e r a t o n ' s  p r e g e o s y n c l i n a l  o r  s y n g e o s y n c l i n a l  r o c k s .  

A s  a c o m p a r i s o n  w i t h  o t h e r  p a r t s  o f  t h e  Y i l g a r n  B l o c k ,  a n a l y s e s  o f  g r a n i -  

t o i d s  f r o m  t h e  Cue 1 : 2 5 0  000 s h e e t  a r e a  may b e  u s e d .  F i f t y - f o u r  c o m p l e t e  

s i l i c a t e  a n a l y s e s  of s a m p l e s  r e p r e s e n t a t i v e  of  t h e  v a r i o u s  r o c k  t y p e s  f r o m  

t h e  P o o n a - D a l g a r a n g a  b a t h o l i t h  h a v e  b e e n  made. (W.A. Government  C h e m i c a l  

L a b o r a t o r i e s ,  u n p u b l i s h e d  d a t a . )  The c h i e f  f e a t u r e s  t o  emerge  f r o m  t h e s e  

r o c k s  a r e  t h e  p r e p o n d e r a n c e  of a d a m e l l i t e s  compared w i t h  g r a n o d i o r i t e s ,  t h e  

v i r t u a l  a b s e n c e  of  t o n a l i t e s ,  a n d  t h e  r e l a t i v e l y  h i g h  R b / S r  r a t i o  w h i c h  common 

l y  e x c e e d s  u n i t y  (P .  M u h l i n g ,  p e r s .  comm.). Rocks  f r o m  t h i s  b a t h o l i t h  h a v e  
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+ + b e e n  d a t e d  a t  2605 - 5 1  m.y.  f o r  t h e  o u t e r  g r a n i t o i d s  a n d  2590 - 23 m.y. f o r  

t h e  g r a n i t o i d s  of  t h e  c o r e  (Muhl ing  and d e  L a e t e r ,  1 9 7 1 ) ,  s o  t h a t  t h e y  a r e  

a p p r o x i m a t e l y  e q u i v a l e n t  i n  a g e  t o  t h e  r o c k s  o f  t h e  Leonora-Rason a r e a ,  i n  

p a r t i c u l a r ,  t o  t h e  g r a n o d i o r i t i c  a of  B o r o d a l e  C r e e k ,  ( L a v e r t o n  s h e e t )  and  

t h e  & o f  I s o l a t e d  H i l l  (Rason  s h e e t )  w h i c h  i s  g i v e n  a s  2592 2 2 5  m.y. i n  

Gower and  B o e g l i  ( 1 9 7 1 ) .  

The Cue r o c k s  show t r e n d s  s i m i l a r  t o  t h e  L e o n o r a - R a s o n ' a r e a ,  and  t h e  Rb/ 

S r  i n c r e a s e s  as t h e  r o c k s  g e t  y o u n g e r .  None o f  t h e  Cue r o c k s  show p a r t i c u l a r l y  

h i g h  v a l u e s  of  S r  ( a  maximum o f  600  pprn S r ) ,  c o n t r a s t i n g  w i t h  Leonora-Rason 

w h e r e  p o r p h y r i e s  r e a c h  1 2 0 0  ppm S r  and  g r a n i t o i d s  900 ppm S r .  I n  c o n t r a s t  

w i t h  t h e  Leonora-Rason r o c k s ,  t h e  P o o n a - D a l g a r a n g a  Rb v a l u e s  e x t e n d  up  t o  560- 

600 ppm, a concentrat ion reached by only one sample of t h e  gran i to ids  from t h e  f i r s t  named area. 

The i n f e r e n c e  f r o m  t h i s  c o m p a r i s o n  i s  t h a t  t h e r e  a r e  w i d e  c o m p o s i t i o n a l  

v a r i a t i o n s  w i t h i n  t h e  g r a n i t o i d  t e r r a i n  of  t h e  Y i l g a r n ,  and  t h a t  r e g i o n a l  

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

J u s t  a s  t h e  two s e p a r a t e  i n t r u s i v e  s e q u e n c e s  h a v e  b e e n  r e c o g n i z e d  b e t w e e n  

t h e  L a v e r t o n  a n d  C e l i a  l i n e a m e n t s ,  s o  i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a s i m i l a r  

o v e r a l l  p a t t e r n  of  e v e n t s  h a s  b e e n  f o u n d  i n  t h e  B a r b e r t o n  a r e a  o f  S o u t h  A f r i c a  

( V i l j o e n  a n d  V i l j o e n ,  1 9 6 9 ) .  The o l d e s t  r o c k s  a r e  b i o t i t e  o r  h o r n b l e n d e -  

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

(homogeneous)  g r a n i t e s ,  a n d ,  f i n a l l y ,  by  y o u n g e r  g r a n i t e s .  The r o c k s  g e t  

p r o g r e s s i v e l y  r i c h e r  i n  K 0 r e l a t i v e  t o  Na 0 f r o m  t h e  t o n a l i t e  t o  t h e  homogen- 

e o u s  g r a n i t e .  Rubid ium s e q u e n t i a l l y  i n c r e a s e s  w h i l e  s t r o n t i u m  d e c r e a s e s .  The 

n o r m a l  K/Rb r a n g e  i s  120-480,  a n d  V i l j o e n  and V i l j o e n  c o n s i d e r  t h e  r o c k  f r a c -  

t i o n a t e d  when K/Rb f a l l s  b e l o w  225.  V i l j o e n  a n d  V i l j o e n  r e l a t e  t h e  y o u n g e r  

g r a n i t e s  t o  a s e p a r a t e ,  l a t e r  e v e n t ,  and n o t e  t h a t ,  f o r  g i v e n  S r  v a l u e s  i n  

t h e s e  r o c k s ,  t h e  Rb c o n t e n t  i s  a p p r e c i a b l y  h i g h e r .  T h i s  f e a t u r e  i s  a l s o  shown 

b e t w e e n  t h e  L a v e r t o n  and C e l i a  L i n e a m e n t s  w h e r e  t h e  y o u n g e r  a d a m e l l i t e s  h a v e  

a Rb/Sr  r a t i o  o f  0 . 6 3 - 1 . 4  compared w i t h  a r a t i o  of  0 . 1 3  i n  t h e  o l d e r  g r a n o -  

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

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

2 2 

A t t e m p t s  h a v e  b e e n  made t o  compare  t h e  Y i l g a r n  B l o c k  w i t h  t h e  P i l b a r a  

B l o c k  ( G l i k s o n  a n d  L a m b e r t  1 9 7 6 ) ,  b u t  t h e  g e o l o g y  and  g e o c h e m i s t r y  of  t h e  p o s t  

t e c t o n i c  g r a n i t o i d s  o f  t h e  a r e a  s t u d i e d  f o r  t h i s  r e p o r t  compared  w i t h  p o s t  

t e c t o n i c  g r a n i t o i d s  o f  t h e  P i l b a r a  (Hickman and  L i p p l e ,  1 9 7 5 )  a r e  s o  d i f f e r e n t  

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

The c o m p o s i t i o n s  of  p o r p h y r i t i c  r o c k s  f r o m  Mount Z e p h y r ,  Mount V a r d e n  a n d  

D o r o t h y  H i l l s  r e s e m b l e  t h o s e  o f  s o d i c  f e l s i c  p o r p h y r i e s  r e p o r t e d  by  M u h l i n g  

a n d  Low ( 1 9 7 3 )  f r o m  t h e  s o u t h e r n  p a r t  of  t h e  Y a l g o o  1 : 2 5 0  000 s h e e t ,  t h o u g h  

t h e  Y a l g o o  r o c k s  c o n t a i n  l ess  s t r o n t i u m ,  A n a l y s e s  o f  two ' a n d e s i t e s '  f r o m  t h e  

Y a l g o o  s h e e t  r e s e m b l e  t h o s e  f o r  i s o l a t e d  s i m i l a r  r o c k s  f r o m  Mount C l i f f o r d ,  

Ford  Run P l a t e a u  a n d  Mount V a r d e n .  

-k A r c h a e a n  v o l c a n i c  r o c k s  h a v e  b e e n  d a t e d  a t  2635 - 80 m.y. a t  Marda 1 2 0  km 

d u e  n o r t h  of  S o u t h e r n  C r o s s  ( H a l l b e r g  and  o t h e r s ,  1 9 7 6 ) .  The r o c k s  a r e  ande-  

s i t e s ,  d a c i t e s ,  r h y o l i t e  p o r p h y r i e s  ( d y k e s )  a n d  r h y o l i t e  i g n i m b r i t e s .  A 

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

M e e k a t h a r r a  ( H a l l b e r g  and o t h e r s ,  i n  p r e s s ) .  

The r h y o l i t e s  of  Marda l o o s e l y  r e s e m b l e  r h y o d a c i t e s  f r o m  t h e  F o r d  Run 

P l a t e a u  a r e a .  The F o r d  Run p l a t e a u  r o c k s  c o n t a i n  more  c a l c i u m ,  magnes ium,  

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

s t r o n t i u m ,  and  z i r c o n i u m  a r e  s i m i l a r .  S o d a - r i c h  d a c i t e s  o f  t h e  F o r d  Run 

P l a t e a u  a r e a  a r e  n o t  r e p r o d u c e d  a t  Marda.  On t h e  o t h e r  h a n d ,  M a r d a - t y p e  a n d e -  

s i t e s  h a v e  n o t  b e e n  c o n f i r m e d  i n  t h e  F o r d  Run P l a t e a u  a r e a .  

The i n t e r m e d i a t e  l a v a s  and  p y r o c l a s t s  a t  R u t t e r  S o a k  more c l o s e l y  r e s e m b l  

t h e  a n d e s i t e s  o f  Marda .  They h a v e  s i m i l a r  s o d i u m ,  p o t a s s i u m ,  b a r i u m ,  r u b i d i u n  

s t r o n t i u m ,  i r o n  and  magnes ium c o n t e n t s ,  b u t  t h e r e  a r e  v a r i a t i o n s  i n  o t h e r  

e l e m e n t s .  The m o r e  a c i d  members a t  Mount S c o t t - R u t t e r  Soak  and  Yamarna a r e  

n o t  d i r e c t l y  c o m p a r a b l e  t o  t h e  r h y o l i t e s  of  Marda.  

The m a j o r - e l e m e n t  c h e m i s t r y  o f  t h e  P o l e l l e  a n d e s i t e s  a l s o  r e s e m b l e s  t h a t  

o f  i n t e r m e d i a t e  r o c k s  i n  t h e  Mount S c o t t - R u t t e r  Soak  a r e a ,  t h o u g h  b a r i u m  i s  

l o w e r ;  a n d  c o p p e r ,  n i c k e l ,  a n d  s t r o n t i u m  a r e  a l l  h i g h e r .  

The d a c i t e s  f r o m  P o l e l l e  d o  n o t  r e s e m b l e  t h e  a c i d  r o c k s  of e i t h e r  R u t t e r  

Soak  o r  Yamarna ( e x c e p t  f o r  s t r o n t i u m  w h i c h  i s  c l o s e  t o  t h a t  i n  t h e  Yamarna 

r o c k s ) .  Compared w i t h  t h e s e  r o c k s  t h e  P o l e l l e  r o c k s  c o n t a i n  l e s s  p o t a s s i u m  anc 

more c a l c i u m .  

The f e l s i c  r o c k s  f r o m  t h e  t h r e e  m a i n  c e n t r e s  show l i t t l e  r e s e m b l a n c e  t o  

i s l a n d  a r c  o r  c a l c - a l k a l i n e  d a c i t e s  s u g g e s t e d  by J a k e s  and  W h i t e  ( 1 9 7 2 )  excepi  

f o r  t h e  d a c i t i c  r o c k s  of  W i l s o n s  P a t c h  ( F o r d  Run P l a t e a u ) .  

C o n d i e  a n d  H a r r i s o n  ( 1 9 7 6 )  c o m p a r e  a n a l y s e s  of  ' m o d e r n '  r h y o l i t e s  and  

d a c i t e s  w i t h  t h e  A r c h a e a n  M i d l a n d s  B e l t  o f  R h o d e s i a  and  w i t h  A r c h a e a n  f e l s i c  
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v o l c a n i c s  of  t h e  C a n a d i a n  S h i e l d  ( B a r a g a r  a n d  Goodwin, 1 9 6 9 ) .  The W i l s o n s  

P a t c h  d a c i t e s  a r e  v e r y  d i f f e r e n t  i n  c o m p o s i t i o n  f r o m  modern  d a c i t e s  c i t e d  by 

C o n d i e  and  H a r r i s o n ,  e s p e c i a l l y  on  t h e i r  low i r o n  and  c a l c i u m  c o n t e n t .  

C o r r e s p o n d e n c e  o f  F o r d  Run P l a t e a u  a n d  R u t t e r  Soak  r h y o l i t e s  w i t h  ' m o d e r n '  

r h y o l i t e s  ( C o n d i e  and H a r r i s o n , i b i d ,  2 6 2 )  i s  c l o s e r  b u t  n o t  e x a c t .  

S a l i c  v o l c a n i c  r o c k s  r e p o r t e d  by B a r a g a r  and Goodwin ( 1 9 6 9 )  a s  p a r t  of  

t h e i r  p a p e r  on a n d e s i t e s  o f  t h e  C a n a d i a n  S h i e l d  a r e  N a - r h y o l i t e  o r  d a c i t e .  

A s  s u c h ,  t h e i r  m a j o r  e l e m e n t  c h e m i s t r y  c o m p a r e s  f a v o u r a b l y  w i t h  t h e  d a c i t i c  

r o c k s  a t  F o r d  Run P l a t e a u ,  t h o u g h  c a l c i u m ,  i r o n ,  magnes ium and t i t a n i u m  a r e  

a l l  l o w e r  i n  t h e  F o r d  Run P l a t e a u  a r ea .  Of t h e  t r a c e  e l e m e n t s ,  b a r i u m  and 

s t r o n t i u m  a r e  h i g h e r  i n  t h e  F o r d  Run P l a t e a u ,  t h o u g h  c a l c i u m ,  i r o n ,  magnesium 

and t i t a n i u m  a r e  a l l  l o w e r  i n  t h e  F o r d  Run P l a t e a u  a r ea .  Of t h e  t r a c e  e l e m e n t s  

b a r i u m  and s t r o n t i u m  a r e  h i g h e r  i n  t h e  F o r d  Run P l a t e a u ,  c o p p e r ,  v a n a d i u m ,  and 

z i n c  a r e  l o w e r .  T h e r e  a r e  w i d e  d i f f e r e n c e s  b e t w e e n  t h e  C a n a d i a n  f i g u r e s ,  and 

t h e  R u t t e r s  S o a k ,  a n d  t h e  Yamarna r o c k s .  

The W e s t e r n  A u s t r a l i a n  r o c k s  a r e  a l l  more  p o t a s s i c  t h a n  t h e  i n t e r m e d i a t e -  

f e l s i c  r o c k s  d e s c r i b e d  by  J a h n  a n d  o t h e r s  ( 1 9 7 3 )  f r o m  t h e  V e r m i l i o n  g r e e n s t o n e  

b e l t ,  M i n n e s o t a .  

D i f f e r e n c e s  i n  c o m p o s i t i o n  f r o m  a r e a  t o  a r e a  a r e  n o t  u n e x p e c t e d  and  

r e f l e c t  f u n d a m e n t a l  d i f f e r e n c e s  i n  t h e  n a t u r e  of t h e  p a r e n t a l  magma, i t s  

d e g r e e  o f  c o n t a m i n a t i o n  a n d  i t s  mode o f  e v o l u t i o n .  

E C O N O M I C  CONSIDERATIONS 

The p u r p o s e s  o f  t h i s  p r o j e c t  i n c l u d e d :  

i )  

i i )  

the  use of rock geochemistry as a prospecting t o o l ,  and 

t h e  provis ion of da ta  f o r  t h e  determination of poss ib le  

metallogenic provinces. 

T h i s  s e c t i o n  i s  d e v o t e d  t o  a n  e x a m i n a t i o n  o f  t h e s e  two i t e m s .  

M E T A L L O G E N I C  PROVINCE 

The te rm m e t a l l o g e n i c  p r o v i n c e  n o r m a l l y  r e f e r s  t o  a r e g i o n  w i t h  s e v e r a l  

m i n e s f p r o s p e c t s  of  t h e  same m e t a l ,  o r  t o  a r e g i o n  w h i c h  p o s s e s s e s  m a r k e d l y  

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

w h i c h  r u n s  f r o m  W i d g i e m o o l t h a  t o  W i l u n a  i n  what  W i l l i a m s  ( 1 9 7 4 )  c a l l e d  t h e  

K a l g o o r l i e  s u b p r o v i n c e  of  t h e  E a s t e r n  G o l d f i e l d s .  S e v e r a l  n i c k e l  d e p o s i t s  a r e  

known a l o n g  t h i s  l i n e  i n c l u d i n g  Kambalda t o  t h e  s o u t h ,  and  Mount K e i t h  and 

P e r s e v e r a n c e  t o  t h e  n o r t h .  T h i s  z o n e  of  g r e e n s t o n e s  c r o p s  o u t  on  t h e  L e o n o r a  

s h e e t  and  c o n t a i n s  t h e  n i c k e l  p r o s p e c t s  o f  Weebo i n  t h e  n o r t h  ( W i l l a r e e  

C l i f f s  a r e a )  and  M a r r i o t t  ( n e a r  Mount C l i f f o r d ) .  M i n e r a l i z a t i o n  h a s  b e e n  

d e t e c t e d  i n  t h e  Mount C l i f f o r d  a r e a  i n  t h i s  s t u d y  b u t  n o t  a t  W i l l a r e e  C l i f f s .  

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

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

s e r p e n t i n i t e s  h a v i n g  h i g h  magnesium v a l u e s ;  n i c k e l ,  s h o w i n g  a h i g h  c o r r e l a t i o n  

w i t h  magnes ium,  a l s o  a p p e a r s  g e n e r a l l y  h i g h e r  i n  t h e  u l t r a m a f i c  r o c k s  of  t h i s  

z o n e  t h a n  e l s e w h e r e .  The d o l e r i t e s  of t h i s  z o n e  c o n t a i n  r a t h e r  more  magnes ium 

and n i c k e l  t h a n  t h e  a s s o c i a t e d  b a s a l t s  and  more  t h a n  b o t h  d o l e r i t e s  and  b a s a l O  

of n e a r b y  g r e e n s t o n e  b e l t s .  

The K e i t h - K i l k e n n y  z o n e ,  t h e r e f o r e ,  o n l y  shows m e t a l l o g e n i c  p r o v i n c e  

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

i n  t h e  p r e s e n c e  o f  s l i g h t  e n h a n c e m e n t s  of  b o t h  magnes ium and n i c k e l  i n  a s s o -  

c i a t e d  d o l e r i t e s .  

The i s o l a t e d  d e p o s i t s  of  W i n d a r r a  and  W o o d l i n e  W e l l  i n  no way s u g g e s t  

w i d e s p r e a d  m i n e r a l i z e d  p r o v i n c e s .  No o t h e r  z o n e s  w h i c h  c o u l d  b e  c o n s i d e r e d  

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

KNOWN PROSPECTS AND SHOWINGS 

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

d i s t r i b u t i o n  of r o c k  t y p e s  known a s  f a v o u r a b l e  h o s t  r o c k s  f o r  c e r t a i n  t y p e s  

of m i n e r a l i z a t i o n ,  o r  by c o n s i d e r i n g  t h e  d i s t r i b u t i o n  of  a n o m a l o u s  a m o u n t s  of 

i n d i v i d u a l  m e t a l s .  The f o r m e r  e s t i m a t e  r e l i e s  on  t h e  p r e s e n c e  of  known show- 

i n g s  o r  on  p a t t e r n s  of  b e h a v i o u r  known f r o m  e l s e w h e r e .  

I n  t h e  a r e a  s t u d i e d  t h e  f o l l o w i n g  p r o s p e c t s  a r e  known. 

i )  N i c k e l  a )  W i n d a r r a  

b )  S o u t h  W i n d a r r a  

c )  W o o d l i n e  Well  

d )  Weebo 

e )  M a r r i o t t  

i i )  Copper  a )  Mount Venn 
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b )  D o r o t h y  H i l l s  ( w i t h  l e a d )  

c )  M i t i k a  W e l l  ( S e f t o n  L i n e a m e n t ,  L a v e r t o n  s h e e t )  

d )  S w i n c e r s  

e )  B u n d a l e e r  

iii) Lead  a )  W i l s o n s  P a t c h  

A d d i t i o n a l  m i n e r a l i z a t i o n  c o n s i s t s  o f  g o l d  i n  many p l a c e s ,  t u n g s t e n  a t  

O g i l v i e s  F i n d ,  a n d  molybdenum a t  D o d g e r s  H i l l .  

Of t h e s e  p r o s p e c t s / m i n e s  i n d i c a t i o n s  o f  t h e i r  e x i s t e n c e  h a v e  b e e n  

r e v e a l e d  a t  W i n d a r r a  a n d  M a r r i o t t  ( n i c k e l ) ,  Mount Venn ,  M i t i k a  Well ,  S w i n c e r s  

a n d  B u n d a l e e r  ( c o p p e r ) .  M i t i k a  W e l l  i s  shown n o t  b y  i t s  c o p p e r  v a l u e s  b u t  b y  

a n o m a l o u s  z i n c .  I n  a d d i t i o n  t h e  t u n g s t e n  p r o s p e c t  o f  O g i l v i e s  F i n d  h a s  b e e n  

f o u n d  a n o m a l o u s  i n  c o p p e r  and  z i n c .  S e v e r a l  p r o s p e c t s  were n o t  i d e n t i f i e d  by  

t h i s  p r o j e c t  ( S o u t h  W i n d a r r a ,  a t  l e a s t ,  d i d  n o t  c r o p  o u t  i n  i t s  n a t u r a l  s t a t e ) .  

T h e  r o c k  t y p e s  h o s t i n g  t h e s e  p r o s p e c t s  a r e :  

h i g h l y  m a g n e s i a n  u l t r a m a f i c  r o c k s  ( n i c k e l ) ,  

l a y e r e d  g a b b r o  ( c o p p e r )  , 
s h e a r  z o n e s  a t  m a r g i n s  o f  d o l e r i t e s / b a s a l t s  ( c o p p e r ) ,  

a c i d  v o l c a n i c s  ( c o p p e r )  a n d  r e l a t e d  r o c k s  ( t u n g s t e n ) ,  and  

g r a n i t e  (molybdenum, l e a d ) .  

ANOMALIES OF METAL DISTRIBUTION 

A d d i t i o n a l  p r o s p e c t i v e  r o c k  t y p e s  may b e  s u g g e s t e d  by  e x a m i n a t i o n  o f  

a n o m a l i e s  o f  t h e  v a r i o u s  o r e  m e t a l s .  Anomalous  v a l u e s  h a v e  b e e n  d e t e r m i n e d  f o r  

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

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

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

r e l a t i o n  t o  a s s o c i a t e d  e l e m e n t s .  No f i x e d  p r o p o r t i o n  of  a n o m a l o u s  s a m p l e s  i s  

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

9 3 %  a n d  98% o f  t h e  t o t a l  p o p u l a t i o n s  s u g g e s t  t h r e s h o l d s  f o r  a n o m a l i e s .  

G e n e r a l  t h r e s h o l d  v a l u e s  

T h e  r o c k s  were s p l i t  i n t o  t h r e e  g r o u p s  f o r  t h e  L e o n o r a  a n d  L a v e r t o n  

s h e e t s  a s  f o l l o w s :  f e l s i c ,  m a f i c ,  and  u l t r a m a f i c .  As t h e r e  w e r e  r e l a t i v e l y  

f e w  u l t r a m a f i c  r o c k s  c o l l e c t e d  f r o m  t h e  R a s o n  s h e e t  o n l y  two g r o u p i n g s  were 

u s e d :  i )  f e l s i c ,  a n d  ii) m a f i c  a n d  u l t r a m a f i c .  
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Sheet 

Element 

cu 

Pb 

u 
Zn 

cu 

Pb 

V 

Zn 

cu 

N i  

Pb 

Zn 

Leonora Laver ton Rason 

F e l s i c  rocks 

40 35 (a)  50 

40 60 50 

5 5 5 

65 120 50 

Mafic rocks 

140 140 (b) 350 

50 10 6 )  20 

340 350 (b) 250 

250 125 (b) 125 

Ultramafic rocks 

200 140 

2750 2000 (c)  300 

50 10 

2 50 90 

(a)  few anomalous samples found 

(b) includes ul t ramafic  rocks 

(c)  includes mafic rocks. 

The t h r e  h o l d  f o r  Cu, N i ,  and  Zn i n  u l t r a m a f i c  r o c k s  i s  h i g h e r  on  h e  

L e o n o r a  s h e e t  t h a n  on  t h e  L a v e r t o n  s h e e t  s u g g e s t i n g  a w i d e r  s c a t t e r  of  v a l u e s  

i n  u l t r a m a f i c s  on  t h a t  s h e e t .  Z i n c  h a s  a h i g h e r  t h r e s h o l d  i n  t h e  L e o n o r a  

m a f i c  r o c k s  compared  w i t h  L a v e r t o n  o n e s  b u t  r e f e r e n c e  t o  T a b l e  3 shows t h e  

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

t h e  Rason  s h e e t  i s  c a u s e d  by  t h e  p r e s e n c e  of  a w i d e  s c a t t e r  o f  v a l u e s  b o t h  i n  

t h e  Mount Venn g a b b r o  a n d  i n  t h e  d o l e r i t e s l b a s a l t s  of  Mount S c o t t - R u t t e r  Soak .  

N i c k e l  

N i c k e l  v a l u e s  o v e r  0 . 2 %  o n l y  o c c u r  i n  t h e  L a v e r t o n  g r e e n s t o n e  b e l t  a t  

Mount V a r d e n ,  t h e  K e i t h - K i l k e n n y  g r e e n s t o n e s ,  a n d  a t  Mount W i n d a r r a .  The 

h i g h e s t  v a l u e s  o f  n i c k e l  o b t a i n e d  f r o m  f r e s h r o c k s  h a v e  b e e n  0 . 6 2 %  i n  a n  & 
r o c k  f r o m  Mount C l i f f o r d  and  0 . 8 3 %  f r o m  Mount W i n d a r r a .  The maximum i n  t h e  

Mount V a r d e n  g r e e n s t o n e s  i s  0 . 2 8 % .  On t h e  b a s i s  of  f r e q u e n c y  and a b s o l u t e  
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v a l u e  o f  a n o m a l o u s  s a m p l e s ;  t h e  m o s t  p r o m i s i n g  p r o s p e c t i n g  a r ea  a p p e a r s  t o  b e  

t h e  u l t r a m a f i c  r o c k s  o f  t h e  Mount  C l i f f o r d - K u r r a j o n g  s u b z o n e .  M o s t  n i c k e l  

d e p o s i t s  c o n t a i n  m i n o r  a m o u n t s  o f  c o p p e r ,  b u t  o n l y  a t  Mount  C l i f f o r d  a n d  

W i n d a r r a  were s a m p l e s  c o l l e c t e d  c o n t a i n i n g  b o t h  a n o m a l o u s  c o p p e r  a n d  n i c k e l .  

C o p p e r  

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

v o l c a n i c s  a t  B u n d a l e e r  ( 0 . 6 9 % ) ,  g a b b r o  a t  Mount  Venn ( 1 ) . 3 4 % ) ,  d o l e r i t e / b a s a l t  

a t  R u t t e r  S o a k  (0 .32%) ,  a n d  s e r p e n t i n i t e  e a s t  o f  W i l d a r a  ( 0 . 1 1 % ) .  

O t h e r  v a l u e s  o f  c o p p e r  o v e r  500 ppm o c c u r  i n  a m p h i b o l i t e  a t  Two S i s t e r s ,  

i n  g o s s a n o u s  s e r p e n t i n i t e  a t  Mount C l i f f o r d ,  a s s o c i a t e d  w i t h  h i g h  l e a d  ( 0 . 1 2 % ) ,  

i n  a ? s e d i m e n t  d e r i v e d  p a r t l y  f r o m  u l t r a m a f i c  r o c k s  n e a r  L a w l e r s ;  i n  a m i n e r a l -  

i z e d  a c i d - i n t e r m e d i a t e  l a v a  a t  Mount C l i f f o r d ;  a n d  i n  t h e  d o l e r i t e s f b a s a l t s  

b e t w e e n  Mount  S c o t t  a n d  R u t t e r  S o a k .  

S a m p l e s  w i t h  l o w e r ,  b u t  s t i l l  i n t e r e s t i n g , v a l u e s  i n c l u d e :  c h e r t s  e a s t  o f  

W i l d a r a  (200-500 pprn); s c h i s t s  b o t h  e a s t  o f  W i l d a r a  a n d  n e a r  Mount  C l i f f o r d  

(100-200  ppm) a s s o c i a t e d  w i t h  e l e v a t e d  l e a d  a n d  z i n c ;  m a f i c  r o c k s  i n  t h e  Mount  

V a r d e n  a r e a  ( p a r t i c u l a r l y  n e a r  t h e  O g i l v i e s  F i n d  p r o s p e c t ;  w h e r e  c o p p e r  o c c u r s  

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

f e l s i c  ? v o l c a n i c  r o c k  f r o m  a c o n g l o m e r a t e  a t  Mount Z e p h y r  ( 1 7 0  ppm) ;  a n d  a n  

a l t e r e d  f e l s i c  v o l c a n i c  r o c k  f r o m  Y a m a r n a .  

I n  t h e  u l t r a m a f i c  r o c k s ,  e x c e p t  w h e r e  c o p p e r  o c c u r s  w i t h  n i c k e l ,  t h e  

h i g h e r  v a l u e s  ( > 2 0 0  ppm Cu) a r e  f o u n d  i n  p y r o x e n i t e  (&) a n d  g a b b r o - n o r i t e -  

p y r o x e n i t e  a t  Mount  Venn .  

No g r a n i t i c  r o c k s  show a n y  s i g n  o f  a n o m a l o u s  c o p p e r .  

Z i n c  - 
Z i n c  o c c u r s  a s s o c i a t e d  w i t h  c o p p e r  i n  t h e  s c h i s t s  n o t e d  a b o v e ,  i n  a c i d  

v o l c a n i c s ,  a t  B u n d a l e e r ,  a n d  a t  M i t i k a  W e l l .  

The  h i g h e s t  v a l u e s  o f  z i n c ,  o c c u r  i n  two s a m p l e s  o f  u l t r a m a f i c  r o c k  f r o m  

t h e  Mount  C l i f f o r d  a r e a  ( > 0 . 1 % ) ,  a n d  i n  s a m p l e s  o f  m a f i c  a n d  u l t r a m a f i c  r o c k  

f r o m  t h e  Mount  V a r d e n  a r e a  ( t o  630  ppm) .  

I n  f e l s i c  r o c k s ,  t h e  h i g h e s t  v a l u e s  o f  z i n c  o c c u r  w i t h  c o p p e r  i n  a c i d  

v o l c a n i c s ,  a t  B u n d a l e e r  (360  a n d  7 2 0  ppm) ,  a n d  i n ' g r a n i t e '  a t  F o u r t e e n  M i l e  

w e l l  ( L e o n o r a  s h e e t )  w h e r e  t h e  v a l u e  i n  o n e  s p e c i m e n  i s  320  ppm. 
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Lead  

T h e r e  a r e  no  t r u e  a n o m a l o u s  l e a d  v a l u e s  e x c e p t  f o r  t h e  s i n g l e  s a m p l e  o f  

? s e d i m e n t  n e a r  L a w l e r s ,  n o t e d  e a r l i e r ;  t h i s  r o c k  c o n t a i n s  0 . 1 2 %  Pb a n d  670  ppm 

Cu. A l l  o t h e r  h i g h  l e a d  v a l u e s  o c c u r  i n  t h e  u r a n i u m  b e a r i n g  g r a n i t o i d s  a n d  t h e  

l e a d  may b e  d e r i v e d  f r o m  t h e  d e c a y  o f  u r a n i u m .  The  o f  B a i l e y  R a n g e  

( L a v e r t o n  a n d  R a s o n  s h e e t s )  c o n t a i n s  t h e  h i g h e s t  o v e r a l l  l e a d  v a l u e s .  

Uranium 

Most  g r a n i t i c  a n d  f i n e - g r a i n e d  f e l s i c  r o c k s  a r e  l o w  i n  u r a n i u m .  Abou t  

h a l f  t h e  s a m p l e s  c o n t a i n  l e s s  t h a n  1 ppm. The  l i m i t s  o f  n o r m a l  b a c k g r o u n d  

a r e  a b o u t  5 ppm, t h o u g h ,  a n y  r o c k s  w h i c h  a v e r a g e  m o r e  t h a n  2 ppm s h o u l d  b e  

c o n s i d e r e d  a n o m a l o u s .  The  m o s t  f r a c t i o n a t e d  g r a n i t o i d s  (K/Rb <200)  c o n t a i n  

t h e  m o s t  u r a n i u m ;  t h e s e  r o c k s  a r e  m a i n l y  t h e  a d a m e l l i t i c  g r a n i t o i d s .  

The  h i g h e s t  v a l u e  o f  u r a n i u m  i s  9 8  ppm f r o m  Mount Adamson a r e a ,  L e o n o r a  

s h e e t .  T h i s  r o c k ,  t h e  B a i l e y  Range  a d a m e l l i t e ,  a n d  t h e  Mount B o r e a s  a d a m e l l i t e  

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

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

u r a n i u m .  

rh /U  ( u n p u b l i s h e d )  r a t i o s  a r e  h i g h e r  t h a n  i s  e x p e c t e d  compared  w i t h  

f i g u r e s  f r o m  o t h e r  p a r t s  o f  t h e  w o r l d ,  s u g g e s t i n g  t h a t  much o f  t h e  n e a r  s u r -  

f a c e  u r a n i u m  may h a v e  b e e n  l e a c h e d .  S e c o n d a r y  u r a n i u m  i s  known f r o m  t h e  c a l -  

C r e t e  d r a i n a g e s  s o u t h  a n d  e a s t  o f  Mount Venn ,  and  t h e  c a t c h m e n t  s y s t e m s  w h i c h  

d r a i n  t h e  ' h o t '  g r a n i t o i d s  m u s t  b e  c o n s i d e r e d  a s  p o s s i b l e  p r o s p e c t i n g  a r eas .  

O t h e r  e l e m e n t s  

Bar ium a n d  s t r o n t i u m  r e a c h  q u i t e  h i g h  v a l u e s  (up  t o  0 . 4 7 %  a n d  0 .13% r e s -  

p e c t i v e l y )  p a r t i c u l a r l y  i n  t h e  Mount S c o t t - R u t t e r  S o a k  a n d  Yamarna a r e a s .  

Though p r i m a r y  d e p o s i t s  a r e  u n l i k e l y  i t  i s  p o s s i b l e ,  by  a n a l o g y  w i t h  

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

f r o m  Mount Venn t o  b e  e n r i c h e d  i n  t h e s e  e l e m e n t s .  

F l u o r i n e  was  n o t  s o u g h t  b u t  f l u o r i t e  h a s  b e e n  o b s e r v e d  i n  t h i n  s e c t i o n s  

of  t h e  Mount B o r e a s ,  B a i l e y  Range  and  Mount S c o t t - T h a t c h e r s  Soak  a d a m e l l i t e s .  

T h e s e  r o c k s  a r e  w o r t h y  o f  f u r t h e r  i n v e s t i g a t i o n  f o r  commonly r e l a t e d  o r e  

e l e m e n t s  s u c h  a s  l i t h i u m ,  n i o b i u m - t a n t a l u m ,  t i n ,  t u n g s t e n ,  a n d  molybdenum. 

I s o l a t e d  h i g h  v a l u e s  o f  v a n a d i u m  i n  m a f i c  r o c k s ,  a n d  t i t a n i u m  a n d  z i r c o n i u m  

i n  s i l c r e t e s  (up t o  1 7 . 4 %  T i 0 2  i n  o n e  s i l c r e t e  ( L e o n o r a  s h e e t ) )  a r e  n o t  con-  

s i d e r e d  o f  e c o n o m i c  i n t e r e s t .  
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OTHER PROSPECTIVE AREAS 

The c a l c - a l k a l i n e  f e l s i c - m a f i c  a s s o c i a t i o n s  may b e  a d d e d  a s  a r e a s  s u i t a b l e  

f o r  f u r t h e r  e x p l o r a t i o n .  The C a n a d i a n  G e o l o g i c a l  S u r v e y  ( H u t c h i n s o n  a n d  o t h e r s ,  

1 9 7 1 ;  R i d l e y ,  1 9 7 3 )  h a s  f o r m u l a t e d  a n  " e x h a l i t e  c o n c e p t "  i n  a s s o c i a t i o n  w i t h  

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

o f  t h e  Mount S c o t t - R u t t e r  Soak  a r e a ,  c o n t a i n  enough  c o p p e r  f o r  t h e r e  t o  b e  

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

t o  b e  i n  t h e  p o s s i b i l i t i e s  o f  v e n t  s u l p h i d e  d e p o s i t s ,  o r  r e l a t e d  e x h a l a t i v e  

s u l p h i d e s ,  a s s o c i a t e d  w i t h  s e d i m e n t s  a n d  f e l s i c  members of  t h e s e  r o c k s .  Such  

e x h a l a t i v e  d e p o s i t s  a r e  commonly r e l a t a b l e  t o  c h e r t  w h i c h  i s  p r e s e n t  a t  b o t h  

Ford  Run P l a t e a u  and  Mount S c o t t ,  and  t o  compound p i l e s  o f  f e l s i c  and  m a f i c  

r o c k s .  L a c k  of  m a f i c  r o c k  a t  Yamarna may downgrade  t h i s  a r ea  a s  a p r o s p e c t .  

P r o s p e c t i n g  t h e  f e l s i c  v o l c a n i c  and  s e d i m e n t a r y  s e q u e n c e s  i n  t h e s e  a r eas  

i s  l i k e l y  t o  b e  made m o r e  d i f f i c u l t  b e c a u s e  of  t h e  h i g h l y  w e a t h e r e d  and  l e a c h e d  

s t a t e  o f  many o f  t h e  r o c k s .  

DISCUSSION 

The p r o j e c t  was u n d e r t a k e n  b e c a u s e  o f  a l a c k  of g e o c h e m i c a l  d a t a  o n  a 

1 : 2 5 0  000 s h e e t  s c a l e ,  a n d  p r i m e  a i m ,  w a s  t o  e s t a b l i s h  i f  b e d r o c k  g e o c h e m i c a l  

s a m p l i n g  wou ld  b e  u s e f u l  t o  f i e l d  g e o l o g i s t s ,  and  t o  d e t e r m i n e  t h e  c o n s t r a i n t s  

on  i t s  u s e f u l n e s s .  

T h i s  s t u d y  h a s  a s s i s t e d  i n  r e g i o n a l  mapp ing :  

i )  by confirming o r  r e f u t i n g  the  f i e l d  geo log i s t s  

c l a s s i f i c a t i o n ,  

by iden t i fy ing  rock groups not detected as d i s t i n c t i v e  

i n  t h e  f i e l d ,  

by sepa ra t ing  c l a s s i f i e d  rocks i n t o  v a l i d  subgroups 

(e.g.  t h e  l o w 4  t h o l e i i t e s  and the  ' ca lc -a lka l ine '  

i i )  

i i i )  

group),  

types , 
by providing f igu res  f o r  comparison with d a t a  obtained 

from o the r  a reas ,  and 

by suggesting a reas  where n a t u r a l  contamination of 

rock types has occurred. 

i v )  by suggesting r e l a t ionsh ips  between rocks of d i f f e r e n t  

v )  

v i )  
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I n  many c a s e s  t h e  c h e m i c a l  d a t a  by  t h e m s e l v e s  h e l p  t o  p r o v i d e  a c l a s s i f i -  

c a t i o n  o f  t h e  r o c k s ,  b u t  i n  o t h e r  c a s e s  t h e  c h e m i s t r y  o f f e r s  n o  i n f o r m a t i o n  

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

q u e s t i o n  of  t h e  p r e - m e t a m o r p h i c  p r e c u r s o r s  of  a n d  & r o c k s ,  o r  t h e .  d i f f e r -  

e n c e s  b e t w e e n  h igh -magnes ium b a s a l t s  a n d  o l i v i n e  b a s a l t s  o r  p i c r i t e s .  I n  

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

hand  s p e c i m e n ,  and  t h i n  s e c t i o n  e x a m i n a t i o n s .  

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

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

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

C o v e r a g e  i s  b e l i e v e d  t o  b e  a d e q u a t e ,  i f  n o t  i d e a l ,  f o r  d e f i n i n g  r e g i o n a l  

t r e n d s  i n  g r a n i t o i d s  (Davy,  1 9 7 6 d ) .  The number of  s a m p l e s  a n a l y s e d  may b e  

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

t i o n  t o  t h e  amount  of  e a c h  r o c k  t y p e  e x p o s e d ,  however  s u c h  b u l k i n g  would  c a u s e  

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

N e i t h e r  t h e  d e g r e e  o f  m a p p i n g ,  t h e  q u a l i t y  of  s a m p l i n g ,  n o r  t h e  f r e q u e n c y  

of s a m p l i n g  a p p e a r s  a d e q u a t e  i n  d e t e r m i n i n g  v a r i a t i o n s  on  a l o c a l  s c a l e ,  

p a r t i c u l a r l y  i n  t h e  compound p i l e s  o f  m a f i c  and  u l t r a m a f i c  r o c k s .  E x t r a  c a r e  

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

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

b e t w e e n  n e i g h b o u r i n g  u n i t s  become p o s s i b l e .  

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

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

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

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

f o r  r e g i o n a l  p r o s p e c t i n g  i s  l e s s  e a s y  of  s o l u t i o n .  Some a reas  h a v e  b e e n  e x t e n -  

s i v e l y  s a m p l e d .  F o r  i n s t a n c e  4 8  s a m p l e s  were t a k e n  f r o m  t h e  Mount Venn i n t r u -  

s i o n ,  e x p o s e d  o v e r  20  km . The r e m a i n i n g  r o c k s  f r o m  t h e  Mount Venn a r e a  

(Mounts  S c o t t  and  G r a n t - R u t t e r  S o a k )  h a v e  a l s o  b e e n  q u i t e  c l o s e l y  s a m p l e d .  

( 1 2 6  s a m p l e s  f r o m  1 0 0 - 1 5 0  km .). The r e m a i n d e r  o f  t h e  Rason  s h e e t  h a s  b e e n  

s a m p l e d  a t  a n  e q u i v a l e n t  r a t e  o f  o n e  s a m p l e  p e r  35-40  km . S i n c e  however  

o u t c r o p  i s  o n l y  o f  t h e  o r d e r  of  5-10% of  t h e  t o t a l  a r e a ,  t h e  s a m p l e s  h a v e  b e e n  

2 

2 

2 

t a k e n  a t  t h e  e q u i v a l e n t  o f  1 p e r  2-4 km' o f  r o c k .  Though m i g m a t i t i c  r o c k s  

c r o p  o u t  i n  t h e m u t h w e s t  p o r t i o n  o f  t h e  s h e e t  many o u t c r Q p s  a r e  u n a v a i l a b l e  
f o r  s i l i c a t e  a n a l y s i s  b e c a u s e  of  t h e  s e v e r e  s u r f a c e  a l t e r a t i o n .  
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The L a v e r t o n  s h e e t ,  w i t h  some e x c e p t i o n s ,  h a s  b e e n  b e t t e r  s e r v e d .  A t  

l e a s t  o n e  s p e c i m e n  h a s  b e e n  t a k e n  f r o m  m o s t  o u t c r o p s  t h o u g h  o n e  o r  two l a r g e r  

a r e a s  w e r e  o m i t t e d .  C o l l e c t i o n  i n  t h e  L e o n o r a  s h e e t  c o n c e n t r a t e d  on  t h e  

g r e e n s t o n e  b e l t s  t o  t h e  e x c l u s i o n  o f  much of  t h e  ' g r a n i t e ' .  

The  o r i g i n a l  a n t i c i p a t e d  c o v e r a g e  was  a n  a v e r a g e  of  1 s a m p l e  p e r  s q u a r e  
2 m i l e  ( o n e  s a m p l e  p e r  2 . 5  km ) i . e .  a p p r o x i m a t e l y  600  s a m p l e s  p e r  c o m p l e t e  

s h e e t .  

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

of  t h e  e f f e c t i v e n e s s  o f  t h e  s a m p l i n g  f o r  p r o s p e c t i n g  p u r p o s e s .  It w a s  n o t e d  

e a r l i e r  t h a t  n o t  a l l  p r o s p e c t s  w e r e  i d e n t i f i e d .  I t  i s  w o r t h  e x a m i n i n g  how 

many s a m p l e s  were n e e d e d  t o  e s t a b l i s h  t h o s e  t h a t  w e r e  f o u n d .  

I n  t h e  Mount Venn g a b b r o  f o u r  s a m p l e s  o u t  o f  4 8  were a b o v e  t h r e s h o l d  f o r  

c o p p e r ,  two o f  t h e s e  s a m p l e s  b e i n g  d i s t i n c t l y  h i g h  ( > l o 0 0  ppm) w i t h  t h e  o t h e r  

two c o n c e i v a b l e  a s  b e i n g  a t  t h e  u p p e r  end  of  n o r m a l i t y .  

I n  t h e  a d j a c e n t  ' c a l c - a l k a l i n e '  complex  f i v e  o u t  o f  65 m a f i c  r o c k s  c o n -  

t a i n e d  ' a n o m a l o u s '  c o p p e r  ( a b o v e  200  ppm) i n c l u d i n g  t h r e e  a b o v e  350  ppm. I n  

t h e  i n t e r m e d i a t e  and  f e l s i c  r o c k s  two o u t  o f  57 s a m p l e s  c o n t a i n e d  o v e r  5 0  ppm 

Cu w i t h  a maximum o f  9 5  ppm Cu. 

I n  t h e  Mount C l i f f o r d - K u r r a j o n g  g r e e n s t o n e  b e l t  n i c k e l  m i n e r a l i z a t i o n  w a s  

i n d i c a t e d  d i r e c t l y  by o n e  s a m p l e ,  w h i c h  c o n t a i n e d  0 . 5 7 %  N i  t o g e t h e r  w i t h  7 0 0  

ppm Cu, o u t  o f  65  u l t r a m a f i c  r o c k s .  I n  a d d i t i o n ,  two s a m p l e s  showed a n o m a l o u s  

z i n c  c o n c e n t r a t i o n s  ( o n e  w i t h  c o p p e r ) ,  and  o n e  o t h e r  s a m p l e  c o n t a i n e d  anomalous  

c o p p e r .  I n  t h e  same a r e a  two s a m p l e s  of  m a f i c  r o c k s ,  o u t  o f  8 8  a n a l y s e d ,  were 

w e a k l y  a n o m a l o u s  i n  c o p p e r  w i t h  a maximum o f  1 8 0  ppm a g a i n s t  a t h r e s h o l d  o f  

140  ppm. One c u r i o u s  s i l i c i f i e d  s a m p l e  c o n t a i n e d  4 7 0  ppm N i .  T h e r e  were n o  

z i n c  a n o m a l i e s .  

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

n i z e d  i n  t h e  o n l y  two s a m p l e s  s e l e c t e d  a t  t h i s  s i t e .  

I t  seems c l e a r  t h a t  i f  l o c a l i z e d  m i n e r a l i z a t i o n  i s  t o  b e  r e c o g n i z e d ,  

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

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

F o r  g e n e r a l  c h a r a c t e r i z a t i o n  o f  r o c k  g r o u p s  t h e  w i d e r  s p a c i n g  of  o n e  

s a m p l e  p e r  3-5 km2 a p p e a r s  s a t i s f a c t o r y  e x c e p t  when t h e r e  a r e  r a p i d l y  c h a n g i n g  
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l i t h o l o g i e s  o r  s e q u e n c e s ,  

s a m p l e  p e r  km2 i s  d e s i r a b l e .  

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

U l t i m a t e l y  a c h o i c e  h a s  t o  b e  made b e t w e e n  t h e  p u r p o s e  o f  t h e  e x e r c i s e ,  

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

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

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

r o c k s  f o r  a s s i s t i n g  mapp ing  g e o l o g i s t s ,  f o r  e s t a b l i s h i n g  p r o v i n c e s  of  h i g h  

c h e m i c a l  b a c k g r o u n d ,  and  f o r  e s t a b l i s h i n g  t h e  p r e s e n c e  o r  a b s e n c e  of  r e g i o n a l  

t r e n d s :  i t  i s  l e s s  s u i t a b l e  f o r  d i r e c t  p r o s p e c t i n g  p u r p o s e s .  

The p u r p o s e  of  t h e  p r o j e c t  was  t o  d e t e r m i n e  i f  t h i s  t y p e  of  b e d r o c k  

s a m p l i n g  a n d  a n a l y s i s  was  o f  d i r e c t  u s e  i n :  

i )  a s s i s t i n g  mapping, 

i i )  explora t ion  f o r  economic minera ls ,  

i i i )  determining t h e  presence o r  absence of 

metallogenic provinces,  and 

i v )  determining t h e  presence o r  absence of 

reg iona l  geochemical t rends .  

The m a j o r  c o n c l u s i o n  i s  t h a t  t h e  m e t h o d ,  a s  p r a c t i s e d ,  h a s  some f a i l i n g s ,  

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

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

h i s t o r y  o f  t h e  r o c k s ,  and  i n  d e l i n e a t i n g  r e g i o n a l  t r e n d s .  

S e v e r a l  p r e v i o u s l y  u n r e c o r d e d  a r e a s  h a v e  b e e n  i d e n t i f i e d  a s  w o r t h y  of  

f u r t h e r  e x p l o r a t i o n  ( a s  n o t e d  l a t e r ) ,  b u t  t h i s  m u s t  b e  o f f s e t  a g a i n s t  t h e  

f a c t  t h a t  o n l y  s e v e n  o u t  o f  e l e v e n  known p r o s p e c t s f d e p o s i t s  h a v e  b e e n  i d e n t i -  

f i e d .  O f  t h e s e  two h a v e  o n l y  b e e n  i d e n t i f i e d  b y  i n d i c a t o r  e l e m e n t s .  

I t s  s u c c e s s  l i e s  i n  t h e  f a c t  t h a t  u s e f u l  g e o c h e m i c a l  i n f o r m a t i o n  h a s  

b e e n  o b t a i n e d  w h i c h  h a s  l a r g e l y  c o n f i r m e d  d i v i s i o n s  mapped by  r e g i o n a l  

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

r e a d i l y  r e c o g n i z a b l e  i n  t h e  f i e l d .  I n  a d d i t i o n ,  r e g i o n a l  t r e n d s  i n  g r a n i t o i d s ,  

and  l o c a l i z e d  t r e n d s  i n  o n e  o f  t h e  ‘ c a l c a l k a l i n e ‘  m a f i c - f e l s i c  c o m p l e x e s  
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(Mount S c o t t - R u t t e r  S o a k )  h a v e  b e e n  r e c o g n i z e d .  N o  p r o v i n c e  o r  r o c k  g r o u p  

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

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

wh ich  c a n  b e  r e c t i f i e d  i n  a n y  s u b s e q u e n t  e x e r c i s e .  

A g e n e r a l  c o n c l u s i o n  i s  t h a t  f i e l d  mapp ing  c o u p l e d  w i t h  j u d i c i o u s  geo -  

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

and g e o l o g i c a l  h i s t o r y  of  a n  a r e a  t h a n  e i t h e r  t e c h n i q u e  a l o n e .  

G E O L O G I C A L  CONCLUSIONS 

More d e t a i l e d  g e o l o g i c a l  c o n c l u s i o n s  a r e  l i s t e d  as f o l l o w s .  

T h i s  s t u d y  h a s  d e l i n e a t e d  u l t r a m a f i c  r o c k s  a t  D i o r i t e  H i l l  ( L a v e r t o n  

s h e e t )  n o t  i d e n t i f i e d  d u r i n g  mapp ing .  I t  h a s  a l l o w e d  s e p a r a t i o n  of  

b i o t i t e  ' g r a n i t e '  (e) on  t h e  e a s t e r n  p a r t  o f  t h e  L e o n o r a  s h e e t  i n t o  a t  

l e a s t  t h r e e  s e p a r a t e  u n i t s ,  a n d  & a t  I s o l a t e d  H i l l  ( R a s o n  s h e e t )  i n t o  

two u n i t s .  

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

some a m p h i b o l i t e s  i n  t h e  D o r o t h y  H i l l s  ( R a s o n  s h e e t )  Mount V a r d e n  

( L a v e r t o n  s h e e t )  W i l d a r a  and  Lawlers -Agnew a reas  ( L e o n o r a  s h e e t )  a r e  con-  

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

c h e m i s t r y  a l o n e .  Some a p p a r e n t  u l t r a m a f i c  r o c k s  (&) n e a r  Agnew may a l s o  

b e  s e d i m e n t s .  

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

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

g r o u n d s  a l o n e ,  h igh -magnes ium b a s a l t s  f r o m  p y r o x e n i t e s .  I t  i s  a l s o  

d i f f i c u l t  t o  s e p a r a t e  c h e m i c a l l y  t h e  l o w e r  magnes ium members of t h e  h i g h -  

magnes ium b a s a l t  s e r i e s  f r o m  t h e  more  m a g n e s i a n  members  o f  t h e  t h o l e i i t e  

s e r i e s  t h o u g h  t h e  h igh -magnes ium b a s a l t s  n o r m a l l y  a p p e a r  t o  c o n t a i n  

r a t h e r  m o r e  n i c k e l  ( > 4 0 0  ppm) a n d ,  p o s s i b l y ,  chromium.  

Compar i son  o f  t h e  b u l k  c o m p o s i t i o n  o f  u l t r a m a f i c  r o c k  u n i t s  h a s  p r o v e d  

i m p o s s i b l e  b e c a u s e  o f  i n a d e q u a t e  s a m p l i n g  t h o u g h  t h e  d i v i s i o n  i n t o  h i g h  

magnes ium t y p e s  ( > 2 6 %  MgO) a n d  low magnes ium t y p e s ( < 2 6 %  MgO) i s  r e a d i l y  

d e t e c t a b l e .  However ,  th 'e  t r e n d  d i s p l a y e d  by  u l t r a m a f i c  r o c k s  i n  t h e  

W i l l a r e e  C l i f f s - K u r r a j o n g  a r e a  when v a l u e s  a r e  p l o t t e d  on  a Ca0-Mg0-Fe0 

t r s a n g u l a r  d i a g r a m ,  shows a d i f f e r e n t  t r e n d  w i t h  a marked  d i s p l a c e m e n t  

t o w a r d s  MgO f r o m  t h a t  d i s p l a y e d  b y  u l t r a m a f i c  r o c k s  i n  t h e  Lawlers -Agnew 

t 
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a rea .  I f  t h e  u l t r a m a f i c  r o c k s  a s  g r o u p s  a r e  r e l a t e d ,  s e p a r a t e  e v o l u t i o n -  

a r y  p a t t e r n s  a p p l y  i n  t h e  two a r e a s .  

C h e m i c a l  a n a l y s i s  h a s  d e m o n s t r a t e d  t h e  p r e s e n c e  of  two m a i n  t y p e s  o f  m a f i c  

r o c k s ,  a low-K t h o l e i i t e  a n d  a ' h i g h ' - K  t h o l e i i t e .  A m o r e  m a g n e s i a n  v a r i -  

a n t  o f  t h e  low-K t h o l e i i t e  o c c u r s  l o c a l l y  a t  D i o r i t e  H i l l  ( L a v e r t o n  s h e e t ) .  

The low-K t h o l e i i t e  c o n f o r m s  i n  i t s  o v e r a l l  c o m p o s i t i o n  t o  r e c e n t  i s l a n d -  

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

a r c s ,  however  t h e  h i g h  b a r i u m  a n d  s t r o n t i u m  f i g u r e s  s u g g e s t  some contam-  

i n a t i o n  o f  t h e  magma by  s e d i m e n t a r y  m a t e r i a l .  

D i f f e r e n c e s  o f  K/Rb a n d  R b / S r  r a t i o s  f o r  d i f f e r e n t  g r e e n s t o n e  b e l t s  

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

p r e s e n t .  

The low-K t h o l e i i t e s  a r e  s i m i l a r  i n  c o m p o s i t i o n  t o  e q u i v a l e n t  r o c k s  f r o m  

t h e  Kalgoorlke-Coolgardie-Widgiemooltha a r e a ,  e x c e p t  t h a t  Na20,  

and  V a r e  a l l  l o w e r  i n  t h e  Rason-Leonora  a r ea  compared  w i t h  r o c k s  f u r t h e r  

s o u t h .  P o t a s h  i s  m a r g i n a l l y  h i g h e r .  

Cu, N i  

No m a j o r  f r a c t i o n a t i o n  t r e n d s  h a v e  b e e n  e s t a b l i s h e d  f o r  t h e  low-K 

t h o l e i i t e s ;  h o w e v e r ,  i n c i p i e n t  f r a c t i o n a t i o n  may h a v e  o c c u r r e d  b e t w e e n  

d o l e r i t e s  a n d  b a s a l t s  i n  some g r e e n s t o n e  a r e a s .  Minor  f l u c t u a t i o n s  a l o n g  

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

The Mount Venn l a y e r e d  s i l l  i s  d e r i v e d  f rom a magma w h i c h  d i f f e r s  f r o m  

t h a t  o f  t h e  low-K t h o l e i i t e s ,  t h o u g h  t h e  p o t a s s i u m  c o n t e n t  i s  e q u a l l y  

low.  

a b o u t  h a l f  t h a t  o f  t h e  low-K t h o l e i i t e s .  No c l e a r  f r a c t i o n a t i o n  t r e n d s  

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

l a t t i c e  o f  p h y l l o s i l i c a t e s .  The Mount Venn r o c k s  a r e  s i m i l a r  i n  compos i -  

t i o n  t o  t h e  M i s s i o n  S i l l  a n d  t h e  more  m a f i c  v a r i e t i e s  o f  t h e  Y i l m i a  S i l l s .  

The  Mount Venn s i l l  h a s  c h e m i c a l  a f f i n i t i e s  w i t h  t h e  B i n n e r i n g i e  and  

J i m b e r l a n a  d y k e  r o c k s .  

The p r i n c i p a l  d i f f e r e n c e  l i e s  i n  t h e  v e r y  low T i 0 2  c o n t e n t  w h i c h  i s  

The h i g h ' - K  t h o l e i i t e s  a r e  g e o g r a p h i c a l l y  a s s o c i a t e d  w i t h  f e l s i c  l a v a s ,  

p y r o c l a s t i c s ,  and  h y p a b y s s a l  i n t r u s i v e s .  AFM p l o t s  of t h e s e  r o c k s  show 

them t o  f o l l o w  a c a l c - a l k a l i n e  fractionation/differentiation t r e n d .  The 

t h r e e  a r eas  w h e r e  t h e s e  c a l c - a l k a l i n e ,  m a f i c - f e l s i c  a s s o c i a t i o n s  h a v e  b e e n  

i d e n t i f i e d  a r e  F o r d  Run P l a t e a u  ( L e o n o r a  s h e e t ) ,  Mount S c o t t - R u t t e r  Soak  

5 1  



(Rason  s h e e t )  a n d  Yamarna (Rason  s h e e t ) .  F e l s i c  r o c k s  w i t h  c a l c - a l k a l i n e  

a f f i n i t i e s  a l s o  o c c u r  i n  t h e  Mount V a r d e n  ( L a v e r t o n  s h e e t )  a r e a .  

The d o m i n a n t  f e l s i c  r o c k s  a t  b o t h  R u t t e r  Soak  and  Yamarna a r e  p y r o -  

c l a s t i c  i n  o r i g i n ,  and  a t  F o r d  Run P l a t e a u , v o l c a n i c .  Rocks  of  i n t e r m e d i -  

a t e  c o m p o s i t i o n  o c c u r  w i t h  some f r e q u e n c y  i n  t h e  Mount S c o t t - R u t t e r  Soak  

a r e a ,  b u t  a r e  v i r t u a l l y  a b s e n t  e l s e w h e r e .  R h y o d a c i t e s  a r e  common a t  F o r d  

Run P l a t e a u ,  b u t  d a c i t e s  a r e  more  common a t  b o t h  Yamarna and  R u t t e r  S o a k .  

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

t h r o u g h  t h e  a r e a .  Most o f  t h e s e  r o c k s  a r e  s o d a  r i c h ,  h o w e v e r ,  a f e w  

r h y o d a c i t e  a n d  e v e n  r h y o l i t i c  r o c k s  a r e  known. U l t r a - p o t a s s i c  r o c k s  may 

b e  d i a g e n e t i c a l l y  a l t e r e d  t u f f s .  

G r a n i t o i d s  of  i n t e r m e d i a t e  c o m p o s i t i o n  a r e  a l m o s t  a b s e n t .  I s o l a t e d  

s a m p l e s  of  s y e n i t e  ( C h a r l e s t o n  w e l l ,  L a v e r t o n  s h e e t )  and  d i o r i t e  (Mount 

C l i f f o r d ,  L e o n o r a  s h e e t )  h a v e  b e e n  a n a l y s e d .  

G r a n i t o i d s  a r e  u n i v e r s a l l y  s o d a  r i c h  w i t h  a minimum of  a b o u t  3 . 5 %  Na20 

a n d  a maximum o f  a b o u t  7% Na20.  Most a r e  g r a n o d i o r i t e s  o r  a d a m e l l i t e s .  

T h e r e  a r e  f e w  t o n a l i t e s  and  r a r e  t r u e  g r a n i t e s .  The g r a n i t o i d s  a r e  a l l  

low i n  c a l c i u m  (maximum c a  3 . 2 %  CaO). 

More t h a n  o n e  c y c l e  o f  g r a n i t i c  i n t r u s i o n  h a s  b e e n  d e t e r m i n e d .  W i t h i n  

a n  o l d e r  c y c l e ,  t h e r e  i s  i n c r e a s e  of  p o t a s s i u m  a s  t h e  r o c k s  become youn-  

g e r .  W i t h i n  o n e  y o u n g e r  c y c l e  ( b e t w e e n  t h e  C e l i a  a n d  L a v e r t o n  L i n e a m e n t s )  

t h e  same t r e n d  t o  i n c r e a s i n g  p o t a s s i u m  i s  s u g g e s t e d .  The  f i r s t  fo rmed  

members of  t h i s  y o u n g e r  s e q u e n c e  a r e  more  p o t a s s i c  t h a n  t h e  l a s t  members 

o f  t h e  e a r l y  s e q u e n c e .  

The g r a n i t o i d s  show r e g i o n a l  t r e n d s  i n  i n t e r l i n e a m e n t  z o n e s  (Davy ,  1 9 7 6 d ) .  

Magnes ium,  n i c k e l ,  and  v a n a d i u m  d e c r e a s e  f r o m  w e s t  t o  e a s t .  P o t a s s i u m  and 

r u b i d i u m  i n c r e a s e  f r o m  w e s t  t o  e a s t  reaching a maximum b e t w e e n  t h e  

L a v e r t o n  and  S e f t o n  L i n e a m e n t s .  

T h e r e  i s  no  g e n e r a l  c h e m i c a l  p r o g r e s s i o n  f r o m  e a r l y  t e c t o n i c r o c k s  ( s u c h  

a s  &, m), t h r o u g h  s y n t e c t o n i c  r o c k s  (&, @) t o  p o s t  t e c t o n i c  r o c k s  

(m) t h o u g h  d e f i n i t e  t r e n d s  may a p p l y  w i t h i n  l o c a l i z e d  g r o u p s .  

The  g r e a t e r  number  of  g r a n i t o i d s  a r e  p r i m i t i v e  i n  n a t u r e  w i t h  h i g h  K/Rb 

v a l u e s  ( > 2 0 0 )  and  low R b / S r  r a t i o s  ( l e s s  t h a n  u n i t y ) .  F r a c t i o n a t e d  
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g r a n i t e s  w i t h  K/Rb <200 a r e  r e p r e s e n t e d  by  t h e  & o f  B a i l e y  Range ,  t h e  

i n  t h e  v i c i n i t y  o f  t h e  Mount S c o t t - M o u n t  Venn a r e a  ( b o t h  Rason  s h e e t )  

a n d  Agb o f  Mount B o r e a s  ( L a v e r t o n  s h e e t ) .  T h e s e  r o c k s  h a v e  e n h a n c e d  

v a l u e s  o f  u r a n i u m ,  a n d  f l u o r i t e  i s  a common a c c e s s o r y .  

A number  of  f i n e - g r a i n e d  f e l s i c  r o c k s  h a v e  s i m i l a r  c o m p o s i t i o n s  t o  n e a r b y  

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

t i c u l a r l y  a t  F o r d  Run P l a t e a u  w h e r e  t h e  f i n e  a n d  c o a r s e  r o c k s  c r o p  o u t  

t o g e t h e r .  E l s e w h e r e  g e o g r a p h i c  s e p a r a t i o n  h i n d e r s  i n t e r p r e t a t i o n  of t h e  

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

h a v e  no  c o m p o s i t i o n a l  c o u n t e r p a r t s  i n  t h e  g r a n i t o i d s  a n a l y s e d .  

I n t e r - r e g i o n a l  c o m p a r i s o n s  c a n  b e  m i s l e a d i n g  b e c a u s e  o f  p r o b l e m s  of  

g e n e r a l i z i n g  f r o m  t o o  l i t t l e  d a t a .  However ,  t h e  u l t r a m a f i c  r o c k s ,  t h e  

low-K t h o l e i i t e s ,  and  t h e  g r a n i t o i d s ,  a t  l e a s t ,  f i n d  c o u n t e r p a r t s  i n  

r o c k s  of  A r c h a e a n  a g e  i n  S o u t h  A f r i c a ,  CanadaIUSA and I n d i a .  T h e r e  a r e  

l o c a l i z e d  r e g i o n a l  d i f f e r e n c e s .  

AREAS OF POTENTIAL FOR PROSPECTING 

On t h e  b a s i s  o f  p r e s e n t l y  known m i n e r a l i z a t i o n ,  and  t h e  d i s t r i b u t i o n  of  

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

o f  m i n e r a l i z a t i o n ,  a n d  w o r t h y  of  a d d i t i o n a l  p r o s p e c t i n g :  

i )  

i i )  

i i i )  

i v )  

The s e r p e n t i n i t e s  and o the r  u l t r amaf i c  magnesiumrich rocks of t he  

Keith-Kilkenny greenstone b e l t  (Ni),  

The ca lc -a lka l ine  maf ic - fe l s ic  complexes of Ford Run Pla teau?  Mount 

Scott-Rutter Soak, and Yamarna (Cu, Zn), i n  p a r t i c u l a r  t h e  Mount Scott-Rutter 

Soak area .  

The mafic,  f e l s i c ,  and sedimentary rocks of t h e  Mount Varden a rea  of t h e  

Laverton greenstone b e l t  (Cu-Zn), 

The Mount Venn layered s i l l  (Cu), 

*Since t h i s  paper was w r i t t e n  s i g n i f i c a n t  copper-zinc minera l iza t ion  has  been 
repor ted  from t h e  Ford Run Pla teau  area. 
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v)  The f r ac t iona ted  g ran i to ids ,  e spec ia l ly  t h e  Mount Boreas and Bailey 

Range adamel l i tes  (U-F - and r e l a t e d  me ta l s ) ,  

v i )  Calcre te  zones dra in ing  urani fe rous  g ran i to ids ,  i n  p a r t i c u l a r  t h e  dra inage  

downstream from t h e  Mount Grant (Rason shee t )  a r ea ,  and those  bas ins  

dra in ing  t h e  Mount Boreas and Bailey Range rocks. 
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TABLE 1. Ranges of values to typical ultramafic rocks of the various groups. Examples taken from specific areas. 
- 
Au P Rock Type Ar Ae Aus Aus Au Au Au Aux Ar Ar 

Leonora Laverton 

Agnew Mt Varden 

2 8 

70-95 26-290 
10.4-14.9 5.0-10.1 
1206-1427 1533-2662 
59-67 14-109 
7.7-14.0 9.9-1 3.2 
0.2 0.1-0.2 
11.8-13.9 12.1-21.2 
0.8-1.1 0.1-1.4 
227-391 433-749 
5-8 1 0-8 
5-12 3-7 
47.0-50.0 42.3-53.9 
43-75 15-154 
0.4-0.6 0.4-0.6 
186-21 1 148-189 
62-206 56-81 
24-35 16-36 

Ae 

Sheet Rason Leonora Laverton Leonor 

Wildan 

- 
Leonora Leonora Leonora Leonora Laverton Leonora 

Locality Mt Sefton Mt Clifford Mt Varden Wildara Mt Clifford Agnew Mt Clifford Mt Varden Agnew 

No. of Samples 1 

64 
2.8 
2056 
10 
11.4 
0 
34.4 
0 
1012 
0 
4 
42.0 
30 
0.2 
91 
62 
9 

- 

- 

18 2 

58-2867 
2.8-1 0.0 
1425-29 10 
13-64 
8.4-1 2.5 
0.1 
1 1 .I - 1 9.7 
0-0.6 
1001- 1035 
2-7 
0 

13-43 

73-170 
0.1-0.3 

75-1 97 
0-18 

2 

68-404 
8.5-9.5 
537-2128 
56-58 
11.2-1 1.6 
0.1-0.8 
10.1- 15.4 
0.7-1.5 
97-520 
4-7 
5-31 
48.1-48.8 
40- 183 
0.5-0.6 
170-173 
89- 1 09 
45-62 

13 

4-358 
0.1-9.1 
1970-4854 
0-1148 
7.1- 14.9 
0-0.1 
22.7-37.5 
0-1.1 
848-2453 
0-9 
0-7 
41.0-45.7 
0-5 1 
0.1-0.5 
73- 173 
45-161 
4-32 

4 

19-80 
1 .l-10.6 
1238-3280 
30-1 10 
9.3-1 2.7 
0.1 
12.0-27.3 
0-1.2 
366-901 
0 
1-9 
43.8-50.1 
4-100 

139-248 
60-125 
13-48 

0.3-0.6 

17 

0-784 
0.1 -9.9 
681 -5678 
0-261 
4.4-144 
0-0.2 
13.9-36.6 
0-4.0 
373-6186 
0-34 
2-8 
30.9-56.6 
2-85 
0.1-0.6 
47-188 
35-2220 
5-104 

25 

12-212 
0.3-14.3 
51 2-7093 
0-82 
7.3-15.0 
0-0.4 
13.9-36.9 
0-1.1 
249-2029 
0-19 
0-14 
38.1-58.8 
3-129 
0.1-0.7 
49-2 19 
30-249 
6-50 

8 

17-192 
0.1-0.5 
1544-1.27% 
10-59 
10.3-14.2 
0-0.1 
15.0-42.4 
0-1.6 
372-2175 
0-16 
2-10 
41.6-47.3 
2-55 
0.2-0.7 
74- 1 82 
53- 104 
7-82 

4 

38-31 5 
7.4-14.7 
291-3093 
28-223 
6.6-14.7 
0.1-0.3 
12.7-22.9 
0-1.3 
246-1022 
0-6 
0-10 
44.2-54.7 
7- 170 
0.2-0.9 
109-217 
43-249 
9-39 

8 a  
CaO 
Cr 
cu 
Fe203 
K20 
MgO 
Na20 
Ni 
Pb 
Rb 
SiOz 
Sr 
Ti O2 
V 
Zn 
Zr 

0- 1006 
0.1-14.1 
873-5527 
0-234 
7.8-15.8 
0-0.6 
12.1-43.6 
0-1.7 
191 -2831 
0-8 
0-18 
28.2-51 .O 
0-224 
0-1.2 
14-263 
32-94 
0-56 



TABLE 2 .  Examples of typ ica l  mafic rocks 

Rock Typi 

L o c a l i t y  

Sheet 

No. of 
Samples 

CaO 

Fe203 

K20 
MgO 
Na 2O 

T i 0 2  

sio2 

Ba 

cu 
N i  

Pb 

Rb 

Sr 

V 

Zn 

Z r  

Ad Ad Ab Ab Ah Ah Ah Am Am A i  Ak 

Lawlers-Agnew M t  S c o t t  M t  Varden R u t t e r  Soak Karara Mt R e d c l i f f e  M i t i k s  Well D ~ ~ ~ ~ ~ ~ a ~ ~ l l  Woolshed Well ME Varden M t  Varden 

Leonora Rason Laverton Rason Laverton Laverton Laver t o n  Laver t on Laverton Laverton Laver ton  

41 10 45 14 4 14 2 9 4 8 3 

10.8l" 9.8l  1 0 . 9  - 0  1 0 . 0 2 - '  9 . 7 ' * '  10.71'8 6.4 10.12.' 7 . 0 2 * 9  1 1 . 1 1 - 5  12.4 

0.25° '11 0 . 5 5 0 . 2 2  0 , 2 3 ° " o  0.70' * 3 2  O . 2 9 * O s  0 . 3 7 ° ' 2 2  1.8 

11.93 13.43.' 1 3 . 4 2 * 6  7 . 8 ' ~ '  1 1 . 7 ' * '  12 .82 '5  11.7 14.1' a 9  5.82 * 7  1 2 . 7 l S 5  11.9 

7 .6  '" 7 . 1 2 * '  6.22.O 4.5 6.8' 5.9' 4.4 6 . 9 . 6  6.4 3 - 0  5.21.0 6.6 
1 . 8 ' ~ ~  2.30'9 2 . 2 ° ' 9  2.1"o 2.4"' 1.9O" 4.0 2.03.4 3 .41  * J  1.60 1 6  1.9 

52.2 ' * '  49.72 .7 52 .9  * '  51.52'8 52.9 52.92 '7  59.4 . 6  50.2' * Ir 50.8 

0.140 s o 7  2.3 * 6  0.25 '  0.17 
1 .e 

1.0"'5 1 . 1 ° ' 5  I.3"6 0.9°*5 1.4 * 3  o.9°'1 2.6 1.3' . 5  0.5 *' 1.29 * =  1.0 

1 7 ~ ' ~ ~  

6 3 4 9  

3 3  

a 6  
120 5 8  

101 " 

85 4 7  

116 7 1  

232 ' 

4412" 229"' 428265  5 0 4 2 2 0  1 7 G Z 3  

92' 'I 832 ' 6d 4322 4324 

63 23 19 3 3 ' 34 

2 5 > '  5 5  181 l 8 86 

1 3 1 7 6  10764 10568  130 2 2  126l 3 6  

308'"'  13a5' 269' 6 s  10621 13g7' 

2 6 4 i 0 2  309'05 1 5 6 9 0  344 3 2  25327 

9723 go2 7322 9 6 1 3  98" 

845 3 86' ' 1212 5 70 64' 
~ 

Low K 'High' K Low K 'High' K Law K 

1293 546' ' 1055 " 297'" 433 

41 673 4 341 a 103' 107 

52 7r?o 86 1021 a 116 

0 21 lz l= l2 3 

37 31 535' b5 2 

265 161164 68225'  11229 147 

240 3489 3 850° 303' ' 251 

141 93' 7117  1021 5 84 

338 742 7 105 74l 56 

?contam- Icontam- Low R Low K 
i n a t e d  i n a t  ed 

Oxides i n  percentage ;  t r a c e  elements in ppm. S u p e r s c r i p t s  i n d i c a t e  s tandard  d e v i a t i o n  ( 4  o r  more samples).  



TABLE 3. Comoarison o f  mean values of tholeiitic locksgrouped by greenstone belt 

Keith-Kilkenny Redcliffe-Rufus Mt  Zephyi Laverton Diorite Hill 1 Seftoii Lineament All samples Ford Run 
Plateau 

Mt scott- 
Rutrer Soak 

Laverton Rason Laverton 1 Laverton and Rasonl Sheet Leonora Leonora Lave! toi l  
___ 

Ad Ab Ad Ab 

33 74 5 13 

1 1 1  10.8 12.0 1 0 7  
10.9 11.7 10.9 12.5 
0.26 0.32 0.29 0.22 
8 7 7.4 7.0 6.3 

50.4 51.3 

Laverton Leonora 

Ad Ab 

14 14 

10.9 8.9 
11.8 12.6 
0.45 0.40 
8.2 6.4 
1.7 2.3 
50.0 51.9 
0.7 1.1 

313 333 
79 80 
116 95 
6 5  
16 13 
153 133 
210 236 
90 83 
82 89 

__ 
____ 
Ab 

___ 
Ab 

193 

10.9 
12.3 
0.27 
7.0 
1.7 
50.6 
1 .o 

194 
74 
120 
3 
9 
127 
259 
90 
7 1  

__ 

-_ 

- 

___ 

RockType 1 Ab 1 Ad Ad Ad Ad Ab 

48 14 

Ab Ad Ab Ad 

4 8 6  143 

12.6 1 2 . 4 1 1 . 8  11.1 
10.9 1 0 . 9 1 2 . 2  11.7 

-.__._____ - 

7.7 

82 86  57 
151 
3 5 1  
3 5 9  
148 97 90 
199 235 250 
73 71 92 
29 57 61 68 

37 61 7 No. of  Samples 25 46 

CaO 12.1 11.0 
11.8 11.6 
0.213 0.24 

Fe203 

7.9 7.6 
Na20 1.4 1.8 
sio2 51.6 51.8 

K 2 0  
MgO 

T i 0 2  0.9 1.0 

Ea 130 164 
€u 57 65 

~ 

Ni 114 122 1 
Pb 4 ( 4 3  
Rb 10 8 
Si 107 119 
v 239 226 
Zn 93 97 
ZI 63 1 81 

10.3 
1 2 8  
0.20 
7.0 
2.0 
49.2 
1.1 

10.4 
13.2 
0.23 
6.4 
2.0 
49.7 
1.2 

13.1 
10.1 
0.17 
10.0 
1.2 
49.6 
0.5 

10.3 10.0 
10.2 7.8 
0.58 0.70 
7.9 4.5 
2.1 2.1 

1.2 0.9 

287 
77 
151 
4 
11 
148 
217 
78 
55 

427 253 ir 
~ 56 

~ 57 
123 100 97 

0 1  5 
13 15 5 
127 151 131 
237 
91 

' 

244 
81 
99 
1 
4 
142 
272 
97 
77 

199 
h i 7 8  
115 
2 
5 
136 
296 
lb i89 
80 

83 
69 
148 
0 
6 
218 
172 
73 
20 

462 428 
8 0  60 
119 105 
9 15 
24 18 
239 269 
258 156 
97 73 
82 121 

Oxides in percentages, tiace elements 111 ppm, a-45 samples, b-60 samples, C-2 samples. d -4 samples 



TABLE 4. Comparison of selected fine-grained felsic rocks 

&/AI Ax AP AI AP Ax AI ? AP 

Locality Rutter Soak Yamarna Ford Run 
Plateau 

Leonora Ford Run 
Plateau 

Laverton Mt Zephyr Mt Varden 

Sheet Rason Rason Leonora Leonora Leonora Laverton Laverton Laverton 

No. of Samples Medium Grain 
17 

Fine Grair 
22 

5.7 18 
7.6 4.8 
1.7 22 
3.4 1.4 
3.8 1.5 

0.8 O S  

1 1 1 2 4 25 

2.5 

2.3 0.7 
4.5 1.5 

2.2 0.8 
4.2 1.1 

0.5 O.’ 

4 

0.3°.1 
1.80.7 
3.6 l.0 
1.0 0.2 
3.9 0.7 
75.3 3.0 
0.1 0.1 

20 

0.8 
2.8 
3.3 15 
1.9 1.2 
4.1 2.2 
71 .O s.o 
0.3 o.l 

CaO 

Fe203 
K20 
MgO 
Na20 
Si02 
Ti02 

0.3 
1 .o 
0.1 
1.2 
9.9 
69.9 
0.2 

0.2 
1.8 
9.7 
1.1 
0.4 
74.2 
0.2 

0.1 
3.4 
2.5 
1.2 
2.9 
73.4 
0.2 

1.9 
2.5 
1.7 
1.6 
5.5 
69.3 
0.4 

1.3 0.3 
2.2 0s 
2.0 0.3 

5.3 0.5 
1.8 0.4 

69.4 
0.4 0.1 

Ba 
cu  
Ni 
Pb 
Rb 
Sr 
U 
V 
Zn 
Zr 

1522 1°18 

25 12 
19 8 
81 67 
209 171 
1 ‘  
39 31 
36 25 
15246 

26 23  
790 649 

51 47 
13 8 
39 39 
230 180 
12 
95 36 
74 39 

20 14 

150 

1527 947 
23 23 
44 16 
24 l3 
69 23 
646 220 
1 1  
73 24 
73 27 
117 

1082 345 
128 
20 5 
52 
103 42 
63 28 
1 
7 3  
225 
252 

1429 
24 21 
30 23 
19 11 
91 44 
409 409 
1 
38 25 

193 
57 40 

23 
11 
51 
9 
5 
173 
1 
10 
15 
79 

1240 
74 
19 
8 
165 
34 
1 
16 
11 
137 

489 
9 
22 
18 
89 
54 
1 
18 
32 
190 

760 
79 
57 
5 
68 
333 
1 
37 
54 
126 

619 76 
5 3  
23 
10 3 
54 8 
313IE9 
1 
29 l5 
54 14 
129 37 

KIBa 
KfRb 
RbISr 

18 
338 
0.39 

18 
392 
0.17 

13 
277 
0.1 1 

28 
290 
1.6 

19 
30 1 
0.22 

36 
166 
0.03 

65 
488 
4.9 

42 
233 
1.7 

19 
207 
0.20 

27 
307 
0.1 7 

Oxides in percentages; trace elements in ppm. Superscripts indicate standard deviations (four or more samples). 



TABLE 5. Comparison of coarse-grained felsic rocks, examDles to 

show typical compositions 

Locality N.W David 
Well 

.averton Downs Woolshed 
Well 

3orothy 
Yil ls 

Bailey 
Range 

Laverton 

Isolated 
Hill 

Rason 

Erlistoun 

5 

2.70.4 
3.00.8 
2.1 0.5 
1 .o 0.6 
4.6 0.6 
N.D. 
0.4 0.2 

Garden Well 

Rason Leonora 

6 10 

0.80.3 1.3I.O 
1.80.2 3.0 
5.30.1 2.6 
0.1 0.1 1.4 0.5 
3.8 o.2 4.2 0.9 
N.D. 72.2 33  
0.3 o.l 0.3 o.2 

J.E. of 
A t  Varden 

.averton 

awlers 

.eonota Laverton Sheet Rason Laverton .averton Rason 

4 5 
-- 

0.90.6 

4.9 1.1 
0.1 0.1 

0.2 0.1 

1.7 

4.0" 
72.6 o.8 

10 7 5 No. of Samples 

CaO 

4 

0.80.3 
1.10.2 
4.6 0.4 
0.1 0.1 
3.70.4 
N.D. 
0.1 0.1 

1 

2.3 
2.3 
2.7 
0.9 
5.4 
N.D. 
0.4 

1 

2.6 
0.9 
1 .o 
0.9 
6.5 

71.2 
0.1 

2 

2.3 
1.7 
1.4 
1.1 
5.5 

70.7 
0.3 

6 

1.2 0.5 
2.1 0.8 
5.3 0.5 
1.5 0.3 

3.8 0.3 
71.0 2.8 
0.4 O 3  

1.3 0.5 

3.4 0.7 
1.4 OS 

1.3 O2 
5.2 o.* 

72.3 2.2 
0.1 0.1 

1.3 0.7 
2.6 
2.5 
0 0  

4.7 0.6 
N.D. 
0.4 O.1 

0.4 0.3 1 
1.00.2 2.6°.6 
4.90.8 1.8°.5 
090.1 1.50.3 
4.8O.6 5.1 

72.7 l.o 68.2 1.7 
0.1 0.3 0.1 

Na20 
Si02 
Ti02 

Ba 
cu 
Ni 
Pb 
Rb 
Sr 
U 
V 
Zn 
Zr 

1032 
13 
22 
30 

171 
706 

1 
32 
66 

147 

1613 
11 
17 
8 

19 
595 

1 
12 
5 

66 

14526s4 

1 5 l  

146 28 
274 44 

2 

9 4  

35 2s 

106 
37 20 

123 68 

706437 
11 8 
38 41 
409 

19290 
146 94 

42 
75 

24 
72 l 3  

883 288 
4 5  

198 

81 22 

2 1  
33 16 
65 l 3  

159 39 

16 4 

490 187 

1323 398 686 214 
8 4  109 

21 12 7 
173 21 

107 22 59 l9 
249 203 340 g2 

10 42 l 1  

58 l4 147 

c1 c 1  

9 7 43 17 

482 
17 
29 
26 
51 

444 
5 

18 
32 
93 

1068147 631 
1210 13 
17 195 
39 5 9 5  

2 1  e 1  
15 21 14 
51 2o 39 27 

295 76 59 
226 35 128 93 

196 l7 215 77 

298 206 
124 
20 6 
31 

18225 
315 84 

1 1  
25 l2 
50 26 

180 145 

34 
242 
D.58 

818 554 
11 * 
21 5 

94 25 
475 250 
c 1  
17 
31 l5 

24 

74 13 

34 
300 
0.20 

967 428 
56 

114 
14 

78 32 
203 
e 1  

66 62 
262 84 

11 7 

21 
266 
0.38 

I 

KIBa 
KIRb 
RbISt 

5.1 
437 
0.03 

27 
278 

0.53 

54 
199 
1.3 

31 22 
380 253 
0.43 0.17 

22 
131 

0.24 

20 
215 
D.17 

24 
228 
0.1 1 

Oxides in percentages: trace elements in ppm. Superscripts indicate standard deviations (four or more samples). N.D. = Not determined. 



Group 

No. of Samples 

Si02 

A1203 
Fe203 
FeO 
MgO 
CaO 
Na20 

K20 
H20 
c o 2  
Ti02 

'2'5 
MnO 

Ba 
Cr 
cu  
Ni 
Pb 
Rb 
Sr 
V 
Zn 
Zr 

TABLE 6. Comparison of representative mafic rocks from the present study 
compared with other published analyses from Western Australia 

143 

50.4 

a10.5 

7.7 
11.1 
1.8 
0.22 

0.9 

215 

73 
125 
2 
7 
135 
237 
89 
68 

193 

50.6 

a11.1 

7.0 
10.9 
1.7 
0.27 

1 .o 

194 

74 
120 
3 
9 
127 
259 
90 
71 

(3) 

123 

51.4 
14.8 
a10.4 

6.7 
10.7 
2.7 
0.18 

0.92 

395 
98 
161 

9 
105 
320 
112 
60 

(4) 

84 

50.8 
14.5 
a11.7 

6.9 
9.9 
2.7 
0.25 

1.16 

314 
111 
145 

9 
91 
307 
107 
54 

(5) 

337 

51.3 
14.8 
a10.5 

6.7 
10.8 
2.7 
0.18 

0.96 

367 
107 
170 

9 
105 
320 

61 

8 

52.2 
14.1 
2.4 
7.9 
7.3 
10.1 
2.1 
0.10 
2.5 
0.3 
0.65 
0.08 
0.17 

30 
181 
96 
102 

3 
79 
269 
83 
40 

Oxides in percentage; elements in ppm. 
(1) Average of 143 low-K dolerites 

from the Leonora, Laverton and 
Rason sheets (this study). 

(3) Average values 123 basalts, 
Coolgardie - Norseman area. 
Hallberg (1972). 

(2) Average of 193 low-K basalts 
from the Leonora, Laverton and 
Rason sheets (this study). 

(4) Average values 84 dolerites/ 
gabbros. Coolgardie - 
Norseman area. Hallberg 
(1972). 

( 5 )  Average tholeiitic basalt. 
Eastern Goldfields, W A .  
Hallberg &Williams (1972). 

(6) Average basalt in association 
with Marda Complex. Hallberg 
and others 1976. 

a - Total iron as FeO 

6 0  



TABLE 7. Comparison of low-K tholeiites of the studied area with other published analyses 

(13) Group (5) 

53 

(3) 

5 

52.70 
13.13 
1.20 
9.1 6 
7.98 
10.70 
2.38 
0.16 

0.40 
0.77 
0.13 

(4) 

4 

(8) 

10 

49.9 
17.2 
2.0 
6.9 
7.2 
11.8 
2.7 
0.16 

1.51 

0.17 

(2) 

193 

50.6 

11.1' 
7.0 
10.9 
1.7 
0.27 

1 .o 

82 - 
49.0 
14.8 
2.36 
8.20 
6.36 
9.75 
2.07 
0.25 
3.52 
0.85 
1.09 
0.1 1 
0.19 

No. of Samples 20 

5 1.83 
14.53 
2.96 
8.46 
6.22 
8.42 
3.40 
0.29 
1.56 
0.29 
1.11 
0.22 
0.18 

- 

51.6 
15.9 

9.5+ 
6.7 
11.7 
2.4 
0.44 
0.45 

0.80 
0.1 1 

% 
Si02 

A1203 
Fe203 
FeO 
MgO 
CaO 
Na20 

K20 
H20 
c02 
Ti02 

'2'5 
MnO 

51.1 
16.2 
3.1 
7.6 
6.2 
9.9 
2.5 
0.7 
0.7 

I .6 
0.22 
0.17 

50.4 

10.5' 
7.7 
11.1 
1.8 
0.22 

0.9 

- 

215 

73 
125 
2 
7 
135 
237 
89 
68 

52. t 3 
13.33 
2.24 
9.94 
6.35 
8.98 
2.97 
0.26 
2.08 

I .09 

0.21 

49.6 
16.0 

1 1.5' 
7.8 
11.3 
2.8 
0.22 

1.43 
0.14 

47.0 
15.8 
3.3 
7.9 
7.1 
10.1 
3.2 
1.4 
1 .o 

2.5 
0.5 
0.2 

444 
168 
108 
98 

41 
774 
236 

138 

50.6 
16.3 

8.4' 
9.0 
9.5 
2.9 
1.07 
0.81 

1.05 
0.21 

49.83 
14.64 
3.03 
8.77 
7.36 
10.46 
2.02 
0.23 
1.81 
0.33 
0.94 
0.19 
0.21 

ppm 
Ba 
Cr 
cu 
Ni 
Pb 
Rb 
Sr 
V 
Zn 
Zr 

85 
175 
115 
85 
2.4 

124 
362 
99 
103 - 

14 
297 
77 
97 

1 
130 

95 

244 
160 
123 
85 

17 
450 
251 

108 

194 

74 
120 
3 
9 
127 
259 
90 
71 

200-40C 

30-200 

0.2-5 
70-1 50 

300 

850 

50 

30 

5 
200 
270 

70 

40 

25 

10 
330 
255 

100 

99 
112 

159 

110 

( 1  Average values dolerites, this stud) 
(2) Average values basalts. this study 
(3) Orthoamphibolites, Chitaldrug 

amphibolite belt, India. 

(6) Average Canadian Keewatin Archaean andes- 

(7) Metabasalts from Timmins-Noranda, Canada. 
ites, Wilson and others (1965). 

Baragar and Goodwin (1969). 

( I O )  Island arc tholeiites. Jakes and White (1971) 
(11) Island arc cabalkaline rocks. Jakes and White 

(1971). 
(12) All tholeiitic basalts, Manson (1967). T.E. from 

Prinz (1967). 
(13) All alkali basalts. Manson (1967). T.E.from Prinz 

(1967). 

Satyanarayana and others (1974). 
(4) Metabasalts. L. Onverwacht Series, 

Transvaal. Viljoen and Viljoen. 
(1969). 

(5) Average Canadian Keewatin Archaean 
basalts, Wilson and others (1965). 

(8) Oceanic tholeiites. Engel and others (1965). 
(9) Abyssal tholeiites. Data cited in Hallberg 

and Williams (1972, p. 197) 



TABLE 8. Comparison of the high-K tholeiites with other published analyses 

(7) (5) (6) Group 

Location Lake of the Woods 
- Wabigoon 
greenstone belt 
basalts Canada 

Average 
tholeiite 
basalt 

Island 
arc 
tholeiite 

Mt Scott- 
Rutter Soak 
Dolerite Basalt 

Ford Run Plateau 
Dolerite Basalt 

No. of samples 14 14 48 14 134 

% 
Si02 

A1203 
Fe203 
FeO 
MgO 
CaO 
Na20 

K20 
H20 
co2 
Ti02 

'2'5 
MnO 

50.0 
14.7 
2.70 
8.96 
6.11 
8.93 
2.21 
0.39 
2.01 
1.81 
0.97 
0.25 
0.21 

50.83 
14.07 
2.88 
9.00 
6.34 
10.42 
2.23 
0.82 
0.91 

2.03 
0.23 
0.18 

51.57 
15.91 
2.74 
7.04 
6.73 
11.74 
2.41 
0.44 
0.45 

0.80 
0.11 
0.17 

50.0 

(a) 10.6 
8.2 
10.9 
1.7 
0.45 

0.7 

31 3 
79 
116 
6 
16 
153 
210 
90 
82 

51.9 

(a) 11.3 
6.4 
8.9 
2.3 
0.40 

1.1 

333 
80 
95 
5 
13 
133 
236 
83 
89 

9.2 
7.9 
10.3 
2.1 
0.58 

1.2 

- 
462 
80 
119 
9 
24 
239 
258 
97 
82 
- 

7.0 
4.5 
10.0 
2.1 
0.70 

0.9 

- 
428 
60 
105 
15 
18 
269 
156 
73 
121 
- 

250 
100 
150 
5 

465 
250 
100 
110 

8a 
cu 
Ni 
Pb 
Rb 
Sr 
V 
Zn 
Zr 

75 

30 

5 
200 
270 

70 

122 
91 
110 
3.6 

217 
384 
89 
133 

1 - 2 Leonora Sheet W.A. This study 
3 - 4 Rason Sheet W.A. This study 
5 Barragar and Goodwin. (1969) 

6 Major elements Nockolds. (1954); Trace elements 
(7 analyses) from Barragar and Goodwin 1969. 

7 Jakes and White 1972 
(a) Total iron as FeO 
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TABLE 9. Comparison o f  various elemental ratios in mafic rocks in the Leonora, Laverton and Rason areas. 

Rock Type 

Greenstone Group n 

Lawlers-Agnew 25 
East of Wildara 22 
Mt Clifford 49 

Mt Redcliffe 7 
Rufus Hill 6 

Mt Zephyr 10 

Southwest of 
Laverton 10 
Northeast of 
Laverton 6 
Mt  Varden 45 

(Diorite Hill) 4 

Mt Sefton (48 
East of Mt Hickox (a)8 

Ford Run Plateau 14 

Mt  Scott area 
Rutter Soak 14 

- 
K/& 

17 
15 
12 

9.3 
5.4 

13 

- 

13 

22 
8.3 

8.4 

14 
5.5 

12 

14 - 

Ab 

K/Rb 

216 
194 
214 

360 
498 

373 

277 

259 
382 

360 

353 
259 

255 

323 

RblSr 

.09 
0.12 
.09 

.04 

.02 

.04 

.04 

.07 

.04 

.02 

.04 

.05 

.10 

.07 

n 

29 

5 

7 

6 

31 

7 

14 

48 

41 

7.3 

3.9 

8.6 

21 

6 

17 

15 

19 

~ 

K/Rb 

15 

187 

111 

31 5 

273 

41 5 

277 

233 

20 1 

- 

Ad 

R blSr 

259 .06 

.OB 

.10 

.05 

.06 

.03 

.03 

-10 

.10 

(a) Dolerites and basalts not differentiated 

6 3  
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APPENDIX A - Analyses of granitoids grouped by interlineament zone 

Inter 
Lineament 
Zone 

KEITH-KILKENNY 
GREENSTONES 

KEITH-KILKENNY 
- IDA 

Age 

Mt Laden 14Mile E of 
Adamson Well Joe's Fault 

Age 
___. 

Area 

Rock Type 

Locality 

Agb 

Leonora 

Agb 

SE of 
Little 
Bore 

Age 

Victory 
Well 
(Mt Clifford) 

E of 
Wildara 

34/50 34-35/51 36/50 37/51 38-39/50 39/50 39-40/45-46 40146 44/43 43/41 38-39/49 

3 

Coordinates 

No. of 
Samples 4 2 1 1 3 1 3 3 1 1 

1.9 
2.4 
3.6 
1.6 
4.5 

69.2 
0.4 

2.6 
3.4 
2.6 
2.8 
4.6 

66.8 
0.5 

0.4 0.2 
1.4 3.4 
0.3 2.4 
2.3 1.5 
7.8 8.3 

70.9 64.2 
0.3 0.4 

2.9 
2.8 

1.9 
5.7 

73.9 
0.3 

487 
64 
27 
17 
BO 

336 
c l  
25 
39 

115 

1.9 

- 

2.30.5 2.3 3.6 2.0 
2.7O.8 1.7 3.1 1.8 
3.1°.s 1.4 0.2 3.1 
1.6°.9 1.1 5.6 0.6 
4.40.4 5.5 5.2 4.8 

69.01) 70.7 64.2 70.4 
0.4O.l 0.3 0.7 0.3 

0.7 6.5 
0.8 6.5 
4.4 0.2 
0.4 6.5 
4.7 7.0 

74.2 58.1 
0.03 0.8 

Be 
cu 
Ni 
Pb 
Rb 
Sr 
U 
V 
Zn 
Zr 

482 37 
17 5 
29 47 
26 2 
51 5 

444 103 
5 1 

18 102 
32 319 
93 165 

889 
12 
20 
29 

113 
477 

2 
22 
75 

112 

516 566 
18 20 
30 226 
32 t. 

115 0 
116 927 

2 c l  
6 112 

22 58 
50 203 

1226 
19 
58 
30 

103 
400 

3 
38 
61 

154 

(909) 
17 
40 
23 
59 

(541) 
c 1  
55 
81 

141 

90 1066 
4 15 

55 23 
5 49 
6 100 

23 1 401 
c l  8 
34 43 
22 67 

121 676 

1086577 
M7 
22 8 
334 

12119 
382 93 
2847 
331' 
7412 

18831 

24 
213 

0.32 

K/Ba 
K/Rb 
Rb/Sr 

24 45 
228 332 

0.1 1 0.05 

29 
226 
0.05 

24 
290 

0.26 

24 
313 

0.13 

28 11 
415 199 

0.03 0.25 

32 
263 

0.18 - 

71 2.9 
317 - 
1 .o - 

(a) Including 1 U value of 92 ppm; Without this 
Oxides in percentaaes: elements in ppm - 
Figures given are mean values: Superscripts (for 4 or more samples) are standard deviations 

(n = 3) = 55, S = 6 
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APPENDIX A - cont'd 
I 

lnter- 
Lineament 
Zone 

CELIA - LAVERTON .averton 
ireenstone 

Age I Agn 

Agg i Agg 

GRANITE 
INTRUDING 

ASP 

Rock Type 

Locality ;reenstones 7 David N of Erlistoun W of 
Laverton Windarra 
3owns 

SW of Dwer  Windarra 8orodale 
Laverton Well Creek 
Downs 

Nof SWof Eof  Mt 8orodale 
Nincers Erlistoun Windarra 8orear Creek 

lorodaie N of Mt 
:reek Zephyr 

54-55 51-52 52 
46-47 47-48 46 

52 47 
51 50 

54 51-52 53-54 50 52 
51 49 47 46 51-52 

Co-ord - E 
inates N 

No of 
Samples 

53 53 
46 51-52 

7 10 1 1 4 2 (a) 4 1 1 8 1 14 

1.6°.5 0.4"' 0.5 
2.6°.6 l.0°.2 0.8 

1.5°.3 0.90.' 1.0 
5.1 '3 4.6°.6 3.3 

69.2''7 72.7'" 75.0 
0.3 O.lo,l 0 

1.803 4.903 7.4 

1 .o 0.8O.' 1.9 1.00.2 1.0 

0.5 4.8°.4 2.2 4.5°.4 5.1 
1 .o 1.O0" 1.7 0.3°'1 1.5 

4.6O.' 5.0 4.3O.' 4.9 6.4 
74.2 73.21.7 69.3 72.7°.9 71.5 
0.1 0.2'l" 0.4 0.2°.1 0.3 

1.1 1.20.3 2.5 1.90.6 2.0 
1.2 0.70.4 
1.6 l.8°.6 
4.1 4.80.4 
1.5 1.20.2 
5.1 4.90.9 

70.8 69.~? 
0.3 0.30.2 

1.4 2.7 1.5l.O 2.8 
1.3 1.9 2.6 1.7'" 
2.7 1.3 1 .o 3.0 l.* 

5.7 6.0 6.0 5.0 
1.3 3.2 1.2 1.20.4 

0.2 0.3 0.20.2 
70.3 68.7 68.9 71.8 2.2 

0.2 

7.0 6.5 
70.7 71.2 
0.2 0.1 

8a 
CU 
Ni 
Pb 
Rb 
Sr 
U 
V 
Zn 
Zr 

6&14 1323395 491 
109 84 16 

1046 
2 

12 
40 
78 

509 
1 

10 
44 
86 

205 
3 

100 
26 
50 

315 
<1 
44 
57 

125 

636337 
1313 
2 0 7  
22t5 
8047 

1916 
3733 
97 60 

286198 
< l  

192 
8 

17 
9 
20 

149 
C l  

25 
3 

56 

75ZZa9 626 
5' 15 

17' 20 
44'2 11 

278lI8 52 
19648 (400) 
67 c l  

154 43 
32" 56 
11955 158 

603253 881 
ib) 28 
(b) 22 
(b) 51 
28ti3' 260 

1281 1460735 
3 137 

17 17' 
46 3312 

129 16127 
630 444256 

52 47% 
174 $ 8 ~ ~ ~ '  

C l  <1 
22 25" 

367 
6 

84 
9 

36 
495 
< l  
32 
29 
E4 

216 173 19 

5919 10722 251 
3408' 24gZo3 92 
< l  <1  < 1  
4211 l o 5  7 
4317 g7 13 

1478 58'* 24 

1z7 211' 23 
43 

528 
< 1  
36 
20 
98 66 

20 5.1 
521 437 

0.03 0.08 1 

453 290 
6337 2 

(b) 15 
(bl 64 
(b) 225 

K/8a 
KIRb 
RbfSr 

27 27 
264 243 

0.19 0.37 

22 31 125 
253 380 245 
0.17 0.43 2.7 

22 53 29 62 48 
207 143 351 131 163 

0.13 1.4 0.13 0.63 0.90 0.16 0.28 

(a) Raw data fmm Gower. 11973). table 2. (except uranium) (b) Not determined 
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OE 
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1.0 
69 
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LO 
91 

E6 1 
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91 
L 
9OE 
891 
SP 
61 
ZL 
EZPL 

LPl 
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1 
ZL L 
LEZ 
OE 
PZ 
oz 
EEL 1 

9EZ 
LZ 
61 
1' 
01 L 
4LP 
PZ 
PL 
ZL 
PlSl 

PLP sp[ 081 LL8 
EO1 9E w 98 
9 21 9z E& 
E IL 9 
1% pi SLE WE 
EL L sz ZLE 

9 02 
OE P ZL 

L98Z 9028621 Eo2 

90 2.0 P'o E'O 
8'89 8.c 0LL ZL9 
@E E.0 8'E 9'L 
60 f.09'1 60 
L'9 $0 E'S L'9 
62 8.0 L'Z 9Z 

ELL 
LL 
ZL 

P EL 
EL 

91 s'o 21 8'0 

E'O 
E'LL 
6E 
9.0 
1'9 
61 
P'L 

1'0 
6ZL 
L'E 
0 
69 
L' L 
E'O 

E'O 
0ZL 
L '0 
Z' 1 
1'6 
9E 
L '0 

Z P 1 L L raldwg $0 'ON 

LP 
09 

19 
6s 

6P 
L9 

60-Lt 
99 
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LP Lb-5P 
19 b8- 19 

L'Z 
6t.l 
LL 

9'CL 
911 
6E L 

05.0 
ZLZ 
61 

!SO 
69 1 
86 

1'9 
001 
9zz 

88'0 
E&& 
LE 

61 
LL 
EL 
9 
09 1 
05E 
101 
EL 
ZL 
LE1 

091 
01 
6 
1 
PZ 
LPE 
1 
PL 
6 
L9Z 

PL 1 
LZ 
LE 
Z 
197: 
8Z L 
LZ 
91 
8 
061 I 

LPL 
9z 
5P 
l> 
99 1 
1st 
01 
81 
01 
ffil 

8t 
zz 
9 
E 
69 
862 
E& 
PZ 
9Z 
ZE 1 

89 
ZL 
9 
P 
992 
z9 1 
05 
PI 
E 
Z9E 1 

1'0 1'0 EO Z'O 0 L '0 
L'EL OPL Vi1 9'EL L'EL E'ZL 
L'C E'P 5'E &9 2'9 9'E 
OL L'O 4'0 Z' 1 0 0 
E'9 9.9 Z'P OE 9E 1'9 
1'0 ti0 L'Z L'Z ti0 1'1 
9'0 1'0 91 VO 90 P'O 

L L E 1 E 1 

6b LP Pt 9P 19 LP 
59 99 89 99 09 19 

NOlU3hVl N0133S 

9'Z E9'O 
961 8LZ 

6VO 5E'O 1 '0 
L5E 60E LLZ 
LZ 81 oz 89 LZ 

111 
01 
ZL 
Z 
9PZ 
LZ 1 
EL 
LL 
EZ 
699 L 

E9P 
16 
9E 
1 

6aE 
911 
b& 
11 
91 
8001 

b8 19 
8E zz 
LZ b 
L L> 
b9JP 68 
8P LZZ 
EZ 6& 
11 zz 
11 6 
199 ZPL 



APPENDIX A - cont'd 

Interlineament Zone EAST OF SEFTON 

Rock Type 
I I I 

;W NEYamarna NE 
lamarna I (i) (ii) 1 Dorothy 

Hills 

NW 
Sheet 

Punjadda 
Mason 

Locality 1 l iyated Hill 
(ii) 

Dorothy 
Hills 

Co-ordinates E 1 l66) 169) 
N 43 

168) 1 (69) 171) 
49 52 52 

62 
52 

62-65 
48-52 

(71) 
51 

1 NO. of samples 1 4 5 3 1 1  2 1  1 21 

CaO 

Fe203 
K20 
MgO 
Na20 
S O 2  
Ti02 

2.8 
2.5 
3.2 
1 .o 
4.3 

0.3 
- 

0.7 0.3 
0.6 1.5 
6.0 3.1 

0 0 
0 5.1 

0.1 0.2 
- - 

1 .l 
0.8 
3.8 

0 
5.0 

0.1 
- 

2.3 
2.3 
2.7 
0.9 
5.4 

0.4 
- 

0.90,) 
1 .5°.5 
5.30.6 
0.10.1 

0.20.1 

3.8°.6 
la) 79.1 

0.8 
1 .E 
5.9 

0 
4.0 

0.3 
- 

0.5 
0.3 
4 .O 

0 
4.3 

0.4 
- 

1.3°.6 0.8°.3 0.4 0.9 

4.70.7 5.30.1 5.7 5.2 
2.4l.) 1.8O.l 1.4 1.4 

0.4°.4 O.lo.l 0 0 
4.1°5 3.8°.2 3.4 3.7 

0.8 0.3 2.7 0.4 
1.1 o.2 3.0°.8 
4.6 0.4 2.1 O3 

00.1 1.00.6 
3.70.4 4.6°'6 
- - 

0.1 0.4°.2 

Ba 
cu 
Ni 
Pb 
Rb 
Sr 
u 
V 
Zn 
Zr 

818 
5 

15 
31 

1 74 
164 
<1 

4 
8 

127 

58 
272 
1.1 

~ 

1150 
6 

17 
41 

250 
21 1 

5 
15 
46 

233 

1055 
11 
15 
22 

125 
447 

1 
20 

1 
137 

883288 
45 

198 
164 
81 22 

490 
2 '  

3316 
65 l3  

15939 

20 
215 
0.17 

10792980 
12 
1S6 

207" 
255'" 

13' 

179'l 

40 
212 
0.81 

3911 

2' 

4520 

706 437 
118 
3841 
40 

19290 
146 94 

42  
75 

24 
7213 

54 
199 
1.3 

1068147 
1210 
174 
395 

295$O 
22635 

21 

5120 
16917 

41 
149 
1.3 

1032 
13 
22 
30 

171 
706 

1 
32 
66 

147 

22 
131 
0.24 

1039 1667 337 
21 4 7 
23 20 11 
16 18 10 
73 388 71 

562 41 43 
2 < 1  <1 

34 4 9 
55 12 23 

120 130 237 

26 30 76 
364 265 365 
0.13 9.5 1.7 

769 
0 

10 
36 

303 
154 

7 
12 
53 

182 

56 
142 
2.0 

4717 

261 
0.50 

10 
23 

70 
444 
0.43 

KlBa 
KIRb 
RbiSr 

43 
177 
1.2 

31 
266 
0.28 

(a) 3 analyses only. Bracketed co-ordinates are in zone 3 but expressed as zone 2 equivalents. 



APPENDIX B - Analyses of the felsic rocks of the mafic-felsic association 

Interlineament Zone East of Sefton I Keith-Kilkenny-Celia 

Locality Ford Run Plateau Yamarna I Mt. Venn area 

40 
49-60 

40 
50 

40-41 
47-49 

Co-ordinates E 
N 

40 41 66 
50 47 51 

? 7 Ax (cse.g.r 

1 1 6 

7.8 0.2 1.4 0.9 

0.6 9.7 3.61.9 

4.7 0.4 2.91.5 

0.6 0.2 0.4°.2 

200 1240 17531544 

95 19 2711 

6.3 1.8 2.00.7 

4.7 1.1 0.804 

61.2 74.2 - 

51 74 2216 

8 8 19s 
25 165 82 17 

24 1 34 221 220 
C l  1 11 
102 16 4533 
92 11 5Z31 

126 137 155 32 

25 65 17 
199 488 338 
0.10 4.9 0.31 

I 

AP AI AI 

No. of Samples 4 9 20 9 I 22 
I 

0.3°,1 

3.6l.O 
1.80.7 

1.00.2 
3.90.7 

75.33.0 
0.10J 

1.4 0.4 
2.51.3 
1.90.8 
1.00.8 
5.00.9 

72.03.2 
0.3O.l 

0.6 
2.81,2 
3.313 
1.91.2 
4.1 2.2 

71.O5.O 
0.3O.’ 

CaO 

Fe203 

MgO 
NaZO 
SiOz 
TiO:, 

K20 

1 3 1 . 5  5.7 1.8 
2.1 2.0 7.64.8 
2.72.0 1.6 2.2 
0.4°.5 3.4l,‘( 
3.71.6 3.813 

0.3°,2 0.803 

3129 2014 

- - 

1427696 790a9 

2613 514’ 
21 5 138 
6253 3g3’ 

231I5O 23O1O0 
10 12 

22140 9536 
2817 7439 

13439 15080 

17 17 
336 392 
0.31 0.17 

1.9O.’ 2.61.2 
4.6l.O 3.7”’ 

2.2°.6 1.7 O.’ 
2 d 7  2.10.1 

3.71.2 4.70.6 
- - 

0.5O.l 0.5 

1495980 1246 468 
1910 1810 
4314 39 9 
21 33 16 
80 22 5921 

11  1 1  
7314 6423 

-208 727255 

7116 7Z3’ 
116’’ 113” 

14 14 
270 296 

0.14 0.08 

Ea 
cu  
Ni 
Pb 
Rb 
Sr 
U 
V 
Zn 
Zr 

1082345 
128 
205 
52 

10342 
63 28 

C l  
7 3  

22 
25Z80 

I209 852 
6 7  

19 
76 

4716 

2215 

319231 
4 1  

2g21 
239 135 

1492Iw3 
24 2’ 
3023 

9144 
40g409 
C l  

1922 

38 25 
6740 

1931°6 

K/Ba 
KIRb 
Rb/Sr 

28 
290 
1.6 

13 
335 

0.15 

19 
30 1 
0.22 

Oxides in percent. Elemena in ppm. Suprscripts indicate standard deviation. 
Grid Reference in parentheses is Zone Ill transformeQ to Zone II 



APPENDIX C - Analyses of other fine-grained rocks 

Zone KEITH-KILKENNY- 
IOA 

CELIA - LAVERTON 
KEITH-KILKENNY CELIA 

u. of 10 Mt. Redcliffe Rufus Hills Mt. Zephyr 
W e  Well 

41 45 45 47 47 48 
51 48 48 47 46 48 

KEITH-KILKENNY 
GREENSTONES 

Leonora Area Mt. Clifford Area Locality Lawlers- Agnew 

Coordinates E 
N 

34 34 35 
51 52 52 

3940 42 40 
41 1 43 44 46 46-48 

Rock Types AI 41 AI AxIAI AI AP 'Ao'IAx AXPAP' Ap 

1 1 1 1 3  

0.3 0.3 0.1 0.3 2.2 
1.6 1 .o 1.7 2.7 4.0 
0.9 0.1 7.6 2.0 0.3 
1 .o 1.2 2.1 1.9 3.5 
7.7 9.9 0.3 6.2 8.2 

71.2 69.9 73.0 67.5 62.6 
0.3 0.2 0.1 0.5 0.6 

IP AP 

1 1  1 1 

6.5 7.0 5.0 1.3 
8.9 2.9 5.1 1.9 
0.8 0.2 3.3 4.9 
4.2 0.4 4.7 1.5 
2.9 2.5 4.0 4.8 

62.7 75.7 62.2 70.8 
0.6 0.3 0.8 0.3 

368 137 1225 1182 
24 25 20 8 
66 30 65 26 
3 2  10 19 

28 1 94 103 
187 114 1138 552 

1 c l  2 1 
100 30 104 30 
65 68 63 22 

140 87 150 99 

1 1 2 1 1 1 No. of Samples 

GI0 0.6 2.4 0.5 
0.8 2.0 0.7 
0.2 1.3 4.5 
1.3 0.5 0 
7.3 5.8 4.6 
1.9 69.7 73.6 

0 0.3 0.1 

8.5 1.5 
7.8 2.4 
0.2 1.8 
5.2 1.7 
3.6 5.0 

55.9 69.9 
0.9 0.4 

1.9 
2.5 
1.7 
1.6 
5.5 

69.3 
0.4 

Fe203 
K20 
MSO 
Na20 
SiOz 
TiO, 

8a 
cu 
Ni 
Pb 
Rb 
Sr 
Ll 
V 
Zn 
Zr 

91 784 69 
7 11 9 

16 25 18 
20 15 26 
23 56 166 
49 389 29 
6 1 4 

13 32 5 
4 21 15 

!02 104 42 

364 23 
54 11 
22 51 
9 9 

24 5 
365 173 

2 C l  
24 10 
4 15 

197 79 

1297 332 
9 14 15 

24 31 59 
18 14 10 

120 132 13 
53 813 439 

c l  < l  cl 
9 43 14 

16 54 36 
115 148 165 

1415 397 606 
71 18 
65 20 
3 0 
6 96 

292 297 
C l  c l  
117 40 
76 30 
98 139 

760 
79 
57 

5 
68 

333 
1 

37 
54 

128 

K/Ba 
K/Rb 
RbISr 

18 14 541 
72 193 225 
.47 0.14 5.7 

2: 16: I 2:; 3 2  
0.08 0.19 0.14 0.01 

4.2 15 
277 156 
0.20 0.32 

19 
207 
0.20 

21 36 45 13 7.5 
31 1 166 526 126 191 
0.07 0.03 2.3 0.16 0.03 

Oxides in percentage. Elements in ppm 



A P P E N D I X  D - Analyses of mafic rocks grouped by lineament zone 

W 

Area 

Rock Type 

Co-ordinates E 
N 

Number of Samples 

CaO 

Fe203 
K20 
MgO 
Na20 
Si02 
T i 0 2  

8a 
cu 
Ni 
Pb 
Rb 
Sr 
V 
Zn 
Zr 

K/8a 
K/Rb 
RbISc 

Lawlers - Agnew 

Ab 

35 34 34 35-36 Total 
51 51 52 50-51 

6 6  5 8 25 

3.11'6 12.71.2 11.42.3 11.51.812.1'.9 
1.4°'7 9.82.0 14.1 3 A  12.23,311.82.9 
I. 72°'0%.420,44 0.2Z0,O8 0.280%.26°.24 
9.31.9 9.32.7 4.81.4 7.71,9 7.92,7 
0.9O.' 1.00.5 1.7°,7 1.9°,8 1.4°,4 
11.1 3.5 53.4'.* 51 .42.2 50.7',l51 .63.5 
0.7' 0.7°,2 1.3°.5 1.00.5 0.9°-4 

8149 19419q122)'02 9 1 ~ ~  130'06 
4820 4937 6346 5736 

16765 10335 7547 10727 114 52 
23 3 4  9 '7  35 49 
33 84 5 3  11'' 108 

10236 12842 10324 10731 
21316 21g30 26ij60 25784 23gS4 
8740 8020 10844 9338 
4831 50j8 8g3' 6871 6332 

12 18(16) 28 18 17 
332 436(249) 365 211 216 
1.03 0.08 0.04 0.11 0.09 

Ad 

35 34 34 36 
51 51 * 52 50 

7 9 12 13 

11.6°.8 10.21.8 1OJ2.O 10.7 2.0 
9:92.9 13.43.3 11.53.0 12.23.3 

3. 17°~080,270~08 0.28°.14 0.25°,08 
7.52.3 6.72.7 8.32.8 7.52.7 
2.1°.7 1.6'" 1.7°.6 1 

53.54,5 50.74.6 51.93,5 52.83,3 
0.9°'4 1.20.6 0.9°.5 0.9°.5 

12742 192149 
39'7 5556 

11252 i391I4 

4 3  87  
44 1*44) 

11825 156'06 
219*' 178'' 

7160 147lI2 
9140 10672 

21$79(143'73 1 4 3 ~ ~  
7037 7463 

12575 9564 
23 2253 4 

io7 67 
1 1727 10037 
22548 283177 

8427 1 0oX5 
7239 8032 

11 41 11(16) 15 
353 280 232 346 
3.03 0.05 0.09 0.06 

Two Sisters 

Ab/Ad 

Total 

I 

17217' 9443 

1??33) 46 
86 1214 

1 0 1 ~ ~  66 35 

6349 8345 
1 1671 167'17 

12058 11322 
232' 176 l4 

8547 4814 

12 12 
259 97 

0.07 0.11 

.awlers - Agnew 

Am Ah 

34 35-37 
52 49-51 

5 4 

9.21.6 12.8°,8 
11.23.2 

D.23°.05 (a)0.71.0 
4.2O.' 8.42.8 
2.3I.l 1.2°'6 

51.61.6 50.1 1.2 
1.90.6 0.90.6 

17 21 (6.1) 
636 187 (830) 

17 21 (6.1) 

Bracketed values indicate mean values and standard deviations when one anomaious sample has been removed. Oxides in percentage : Elements in ppm 
(a) including 1 value of K 2 0  of 2.1%, and R 8  of 116 ppm. Without these2 ( K 2 0 ) ,  (n = 3) = 0.2096, S ( K 2 0 )  = 0% 

Y (Pb) = 2 p p m ,  S(Rb) = 3 p p m  
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KEITH - KILKENNY GREENSTONES Area 

Willaree Cliff East of Wildara Leonora Locality 

Type 

Co-ordinates E 
N 

- 
Ah Ab I Ad 

Ab Ah 

38 39 
50 50 

Ab Ad 

43 41-42 42-43 
41 43-44- 42 

38 
52 

38 
38-39 50 I Total I 50 

8-39 39 
50 50 

43 
41 

2 

- 
No. of samples 1 3 1 1 1 1 2 1  16 3 

10.71'5 10.5 

0.24°.11 1.2 

1.80.7 1.5 
51.93.6 51.9 
0.8 O.' 0.7 

10.92,3 10.2 

7.8 2.5 8.0 

I 

CaO 

Fe203 
K20 
MgO 
Na20 
Si02 
TiOZ 

12.4 
8.0 
0.2 
7.4 
1 .o 

55.7 
0.7 

15.31'2 
9.7 ).O 

0.100 
6.9I.l 
0.20.1 

51.83.6 
1.00.4 

12.5 
9.6 
0.3 

11.8 
1.4 

48.7 
0.6 

10.1 13.9 
17.2 9.9 
0.3 0.2 
5.2 12.4 
2.1 0.7 

48.3 52.3 
1.5 0.5 

11.6 
11.3 
0.15 
9.2 
1.7 

48.8 
0.7 

5.6 6.9 11.1 
8.3 12.8 11.7 
1.6 0.15 0.20 

11.6 6.7 8.0 
2.5 2.7 2.3 

54.7 52.7 50.9 
0.4 1.4 0.8 

8s 
cu 
Ni 
Pb 
Rb 
Sr 
v 
Zn 
Zr 

375 
24 

210 
0 

11 
142 
233 
62 
45 

227 2f18 

117 35 
5811 

5 9  
23 

253296 
24Zf13 
.70 fl 
67 

141 75 

13ES1 
84 33 

45 
10 

101 93 

91 26 
226 26 

51 l6 

397 
80 

134 
8 

60 
159 
21 5 
87 
64 

188 

13454 

15" 
130112 
227 36 

80 40 

45 

88 26 
55 'O 

402 240 
44 64 

160 264 
3 0 

40 8 
118 102 
220 198 
69 61 
55 53 

49 
45 

159 
1 
7 

58 
238 
105 
48 

25 
178 
0.12 

____ 

171 75 
113 64 
103 200 
12 0 
7 8 

116 92 
330 190 
111 50 
133 35 

15 22 
356 207 
0.06 0.09 

402 99 214 
21 49 46 

278 83 143 
11 4 3 
48 10 8 

287 103 91 
104 332 250 
61 91 85 
77 102 59 

33 12.8 3.9 
277 124 138 
0.17 0.10 0.07 

K/Ba 
K/Rb 
Rb/St 

4.4 
151 
0.08 

3.7 14 10 
415 199 1:; I 1:: I 3:; 311 
0.01 0.10 0.38 0.12 0.34 0.08 



APPENDIX D - cont’d 

Area 

Locality 

Type 

Co-ordinates E 
N 

No. of Samples 

CaO 

Fe203 
K20 
M9O 
Na20 
Si02 
Ti02 

Ba 
cu 
Ni 
Pb 
Rb 
Sr 
V 
Zn 
Zr 

KBa 
KlRb 
RbISr 

KEITH - KILKENNY GREENSTONES 

Mi. Clifford - Kurrajong Area 

Ab 

39 40-41 39-40 39-40 40 
47 46-48 46 45-46 44 

6 11 13 5 14 

10.3°.7 9.21.9 10.42.3 11.51.8 12.61,2 
13.52,8 12.g2.I 12.12.9 11.61,1 10.9°-7 
0.24°,6 0.32°.20 0.350.29 0.27°.23 0.35 0.40 
5.924 6.9 6.9 2.4 7.6 ’.’ 9.3l.* 
1.9°.4 1.8°.6 1.7I.O 1.2°.6 1.3°.8 

51.22.9 50.72.9 50.14.3 51.7’.’ 50.92.8 
1.10.4 1 .0°.2 1 .O O5 1 .O 0.4 0.7 OJ 

197 
69 23 
74 44 
4 6  

10 

258 54 
102 2 

115” 

66 33 

10 
199 
0.09 

263210 

86 39 
66  

141 37 

10120 

1 z4 

299 25 
10121 
8328 

10 
22 1 
0.09 

247Igo 17491 
WZ5 7643 

11ZS6 16lS6 
E 5  4 5  

168 108 
12767 10224 
23290 26O4I 
6620 9ZZ1 
7845 7l4I 

12 13 
194 224 
0.12 0.10 

157Iy 
59 35 

14919 
7 3  

108 
138 77 
220 22 
80 24 
55 7 

19 
290 
0.07 

Total 

49 

10.7 
12.2 2.2 
0.31°.25 
7.2 2‘2 
1.6 0.7 

50.9 3.2 
1 .o 0.4 

21916’ 

11EJ6 
6’ 

12650 

83 32 

1z7 

23855 
93 22 
7638 

12 
214 
0.09 

Ad 

39 39 39-40 40-41 40-41 
46 47-48 17-49 47 46 

12 1 7 3 6 

10.92J 12.2 ll.02‘o 12.5 10.8 l.0 

6.4’.’ 12.9 8.91.2 9.5 8.323 

0.8 o.2 

11.62’6 9.3 10.72.8 8.5 11 .41.7 
0.280.09 0.1 0.33°.26 0.23 0.23°.1 

1.6’.’ 1.6 1.9°,8 1.3 1.9 0.3 
49.82.7 50.4 48.g2.3 56.2 50.7 25 

0.7 0.3 0.4 0.8 0.4 1.0 

330189 
7828 

12955 
12 

114 
15156 
22447 

53 

6.5 
196 
0.07 

84 28 

133 
52 

138 
9 
4 

112 
154 
43 
29 

6.2 
207 
0,m 

30417 
96 27 

14238 
77 

14 
171 58 
20557 
78 29 
6524 

9.1 
196 
0.08 

496 
91 

295 
7 

13 
134 
222 
88 
67 

3.9 
147 
0.13 

__ 

206160 
87 Z8 

1 2 4 ~ ~  
35  

1z7 
16183 
20628 

66 31 

9.3 
159 
0.07 

7714 

otal 

29 

11 .o 
10.9 2.5 
0270.16 
8.7 2J 
1.7 0.9 

0.8°.3 
50.4 3.3 

308 203 
81 32 

1 4 8 ~ ~  
4 5  

126 
155@ 
21446 
78 29 
5525 

7.3 
187 
0.08 



APPENDIX D - cont'd 

KEITH - KILKENNY - CELIA INTERLINEAMENT ZONE Area 

Locality Ford Run Plateau Mt. Redeliffe Ten Mile 

(in N.E. Agbl 
41-51 

ast of W. 
errace 

,b/d I Ad Ab & Ah Rack Type 

Co-ordinates E 
N 

Ab 

5-46 
47 

7 

10.01.3 
13.41.3 
0.26 0.05 
6.2 

50.0 2s7 
1.00.1 

54 26 
i o 3  346 

13 
6 3  

25853 
94 $4 

232171 

139 68 

60 25 

9.3 
360 
0.04 

Ah 

45-46 
47-48 

Am 

15-46 
17-46 

40 40-41 
50 47-48 

45 
45 

4 0 4 6  41 
48-49 46-49 

rota1 

No. of samples 2 12 14 2 14 7 5 2 7 1 14 1 2 

10.910.9 13.1 
15.5 6.3 
0.3 0.7 
5.8 6.9 
0.9 2.3 

50.4 51.4 
1.1 0.7 

162 163 
59 43 
57 99 
0 3 

11 23 
110 168 
303 164 
97 66 
76 132 

15 36 
226 253 
0.10 0.14 

CaO 9.9 8.82.0 
10.9 12.93.2 
0.50 0.36O.l9 
8.3 6.1 2J 
1.9 2.4'.'( 

51.9 51.91,3 
0.9 1.1°.3 

8.92.0 
1 2.612.6 
0.40°.19 
6.4 
2.31,2 

51.9 5.4 
1.10.3 

6.7 
12.6 
0.55 
9.3 
1.3 

46.5 
0.8 

10.7 
12.6 2.5 
0.37 o.22 
5.9 1.5 
1 

0.90.1 
51.5 2.8 

10.8°.7 8.8 77.22.6 10.g2.' 
13.1 12.0 10.62.7 11.611.8 
0.40 '2' 1 .O 0.32°.26 0.45 0.32 
6.11.3 6.2 6.5 8.21.8 
1.6°.6 2.1 1.70A 1.7O.' 

49.1 51.5 50.61.8 50.01.8 
0.80.1 1.0 0.5 0.3 0,7°.2 

193Iy6 941 20Z2% 3133s1 
76 702' 7934 

131 gl:",l 73 11061 11674 
7 4  7 77 6' 

16 * 31 136 1ii9 
16684 259 12039 15391 
22850 217 iwS7 2 1 0 ~ ~  
9933 103 8724 9028 

114'O0 87 63" 6266 

17 6.8 12 12 
207 286 191 233 
0.10 0.12 0.11 0.10 

10.61'3 
12.7 
0.53°.37 
6.1 
1.7 OS 

50.2 2.9 
0.90.2 

308252 

99 39 
00 

51 l2 

16'* 
151a1 
24656 
84 
67 l4 

Fe203 

MSO 
K20 

Na20 
Si02 
TiOZ 

Ba 
cu  
Ni 
Pb 
Rb 
Sr 
V 
Zn 
Zr 

00 
N 

284 (a) 341371 
71 61 31 

131 8934 
2 6 6  

15 13 
148 13030 
2 0  242# 

91 68 36 
1M 79 33 

:b)333342 
80 Zg 
9541 
56 

135 
13337 
236 62 

6937 
83 33 

243 
96 

331 
0 

19 
142 
201 
EO 
61 

176Iz3 
43 24 

123136 
3 4  
S 6  

13978 
25327 
9S21 
64 

15 9.3 
277 243 
0.10 0.10 

10 
255 
0.10 

19 
240 
0.13 

17 
384 
0.06 

14 
275 
0.1 1 

K/Ba 
K/Rb 
RbBr 

(a) Including 1 8a value of 1446 ppm. Without this P (n= l l I  = 241 ppm, S = 134 ppm (b) Without the Ea value of 1445 ppm, P(n=131 = 247 PPm. s = 124 Ppm 
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00 
w 

I Area I KEITH-KILKENNY-CELIA INTER LINEAMENT ZONE 

Locality Rufus Hill I 
Co-ordinates E 

~- 
CaO 12.01.9 11.51.7 

“0 
MgO 

TiOZ 0.80.2 0.90.2 

10.9°,8 11.5l.’ 

7.0°.8 6.4’.O 
Na20 1.2°.8 1.4l.l 
Si02 50.41° 52.04.0 

0.200.10 0.180.08 
Fe203 

Ea 427400 277356 
cu 5613 6OZ1 
Ni 100Z5 9043 
Pb 01 11  
Rb 1511 32 

Zn 7311 75B 
Zr 53 8 57 

K/Ba 3.9 5.4 
K/Rb 111 498 
Rb/Sr 0.10 0.02 

Sr 15140 122g7 
V 23E28 256” 

Noolshed Two Bills Well 
Well 

Am Ad 

46 49 48 
49 47 47-48 

4 3 7 

7.02.9 12.0 11.21.1 

2.31.6 0.23 0.190.11 
6.4”’ 6.2 5.30.9 
3.4l” 1.5 1.40.2 

59.46.6 49.7 49.22.4 
0.5O.’ 0.9 1.10.3 

1055358 468 1 8 3 ~ ~ ~  
3418 80 74 33 

1211 0 00 
5351 4 54 

6 8 ~ 2 5 ~  122 9933 
85*O 256 291 76 

93 9419 
10526 57 7217 

18 4.1 8.6 
360 477 315 
0.08 0.03 0.05 

5.8’.’ 12.3 1 3.01.’ 

8638 129 117% 

Mt. Zephyr Nambi 

7-48 48 I 47 
7-48 48 48 

10 6 1 2  

11.51.4 11.02,8 13.9 
12.82.2 10.42.0 10.1 
0.27°.15 0.37°.28 0.65 
5.714 5.93.4 5.4 
1.5°,4 1.5l.l 0.8 

49.42.2 52.84.9 50.1 
l .00.3 0.9°.9 0.7 

178lZ9 646’63 601 
5118 83 

12445 169lZ1 94 
13 2 5  0 
65 96 28 

13435 178ll1 126 
270s4 22468 215 
9014 9311 69 
65” BO1‘ 55 

13 4.8 9.0 
373 341 207 
0.04 0.05 0.21 

I 
Valair Erlistoun 
Well 

Ah Ah 

50 52 
47 48 

1 1 

11.4 10.3 
12.7 13.6 
0.4 1 .o 
4.2 6.3 
1.4 2.1 

50.7 48.6 
1 .o 0.8 

617 1097 
38 46 
97 90 
3 3 
4 25 

129 163 
294 242 
97 100 
63 41 

5.4 7.6 
830 332 
0.03 0.15 

Windarra 

Ah Am 

53 53 
46 46 

9.2 11.20.9 
14.2 11.02.3 
0.4 0.33°,21 
9.1 6.3 1.6 
2.9 0.9°.4 

48.6 51.6 5.5 
0.9 0.6°.2 

123 17Ol3O 
91 64 

171 114 30 
6 3 4  

12 97 
113 96 33 
281 191 I9 
113 73 1s 
60 4912 

27 16 
311 304 
0.12 0.09 
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Area LAVERTON GREENSTONES 

Localiiv Laverton area 

~~ 

’Ar’ E of 

Laverton 
Downs 

Tholeiite 

within Ar 
Mi. Varden 

M i  Varden Mi Varden Mi. Varden 

Ai Rock Type Ad Ab Ak Am Ab 

Grid Co-ordinates E 
N 

55-56 
46 

6-56 
46 

55 
45 

55 
47 

55 
49 

54-65 
49-50 

53 54 
61 50 

53 54 55 55 
52 49 50 51 

No. of Samples 1 2 3 9 3 3 2 6 

10.21.1 

7.7 1.3 

12.3 26 
0.23°,10 

1.6 0.3 
46.6 2.4 

0.80JJ 

6 

10.80.9 
13.0°,8 
0.25 0.3c 
7.8°.9 
1.4 0.3 

48.1 1.9 
0.90.2 

4 

10.0 0.4 
13.1 o.5 
0.30°.08 
5.2 o.5 

50.1 0,9 

1 .go.$ 

1.10.1 

8 

11.11.5 
12.7 
0.25°.11 
5.2I.O 
1.6 o.6 

50.21.4 
1.203 

CaO 

Fe203 
K20 
MsO 
NaZO 
Si02 
Ti02 

10.4 
12.8 
0.2 
6.7 
2.6 

49.5 
1 .o 

8.6 12.4 
12.6 11.9 
0.30 0.17 
7.4 6.6 
2.9 1.9 

50.6 50.6 
0.9 1 .o 

10.3°.9 10.9 8.3 11.2 

0.27°,16 0.60 0.27 0.20 
11.33.2 10.9 17.4 13.4 

7.61.4 7.7 4.5 6.0 
2.20.4 1.3 2.6 1.4 

49.92.9 51.0 49.0 49.1 
0.80.3 0.4 2.0 1 .o 

8a 
c u  
Ni  
Pb 
lilb 
Sr 
V 
Zn 
Zr 

93 73 
78 36 

101 37 
0 0  
74 

11227 
236” 
69 Is 
54 13 

124 59 
56 21 

12416 
45  
6 4  

14Z7’ 
26331 

6516 
6911 

96103 
79 8 

1 2  
87 

10924 

16Z60 

225 26 
68 l1 
54 5 

101 
37 

129 
0 
0 

98 
279 
90 
54 

222 93 
79 24 

11011 
01 

104 
11719 
3138 

83 
68 

297245 
10379 
10218 

12 
6 5  

112 
30341 
102 IO2 
7416 

126 433 
58 107 

115 116 
1 3 
9 2 

147 147 
242 251 

85 84 
62 56 

13775 430 

11840 70 

54 16 
83 

24356 185 
73 21 65 

77 40 49 

2 2  2 

5317 39 

356 
103 
57 
0 
6 

177 
508 
107 
116 

734 
51 

113 
0 

13 
97 

281 
92 
54 

KI8a 
KIRb 
RbISi 

21 
273 
0.06 

13 
277 
0.04 

22 
259 
0.07 

11 
249 
0.09 

7.0 
346 
0.05 

20 3.2 
277 705 
0.06 0.0 

~ 

16 12 6.3 2.3 
448 31 1 373 128 
0.04 0.19 0.03 0 08 
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Area 

Locality 

LAVERTON GREENSTONES 

M t  Varden Mt Varden 

Rock Type 

Grid Co-ordinates E 
N 

No. of Samples 

Ba 
c u  
Ni 
Pb 
Rb 
Sr 
V 
Zn 
Zr 

Ki8a 
K/Rb 
Rb/Sr 

Ad 

55 55 54 54 53 
50 49 50 51 52 

3 3 15 8 2 

9.8 10.5 10.41.4 9.70.8 12.1 

0.23 0.2 0.19°.05 0.23°.09 0.15 
5.9 7.8 6.Z2.l 8.1:9 7.6 
1.8 2.2 2.2O.I 2.1°..) 2.4 

48.8 49.1 49.22,3 49.52,9 50.1 

14.6 12.6 12.82.5 13.52.7 9.1 

1.7 0.9 1.4°.6 ~ . o O . ~  0.8 

936 
95 
86 
0 
8 

163 
297 
123 
113 

163 
62 

112 
0 
4 

98 
270 
74 
58 

260236 
73 z7 
89 
23 
4 3  

17295 

99 35 
9442 

13068 189 
9678 84 

1121° 125 
23 1 
42 4 

1313' 108 
2721°9 221 
1mlm@633)61 
6317 47 

2.0 10 6.1 15 6.8 
239 415 394 477 31 1 
0.05 0.04 0.02 0.03 0.04 

All 

31 

10.31.4 
12.9 2.7 

0.2oOJO 
5.9 2.4 

2.1 0.6 
49.32.2 

1.204 

278 301 
81 46 

99 41 

1 2  
43 

148~ '  

81 40 

279" 
10259 

6 
415 
0.03 

Ab 

55 56 54 54 53 All 
50 49 50 51 52 

5 11 10 9 10 45 

8.Ci2.' 9.9l" 11.12.0 9.71'8 10.61.5 10.224 
15.83.2 13.03.0 12.52.5 14.1 1.7 13.1 1.7 13.4"' 
0.22°.11 0.23°,13 0.200.1° O.24O.O7 0.25°'12 0.23°.16 
4.5 l.o 6.6 2ii 6.1 23 5.7 1.4 7.1 l.l 6.Z2.0 

50.74.2 51.Z3.l 49.7l.' 48.13.0 49.1 0.4 49.72.7 
2.61.0 1.9l.l 2.2l.O 2.4l.O 2.0°.5 2.2 0.9 

1.7O.' 1.2°.6 1.1°.5 1.8°,6 1.1°.4 1.3 o.6 

266124 
9Z31 
7Z40 
01 
6 4  

13OS3 
304 156 
11220 
144" 

268 '12 

138 IO9 
79 26 

12 
87 

13149 
309 90 
98 30 
79 39 

135* 
7330 

10227 
2 2  
3 3  

276'l 
7921 
6734 

245 224 

69 27 

85 38 

5 5  
43 

1&1@ 
399134 
87 29 
98 38 

247 242 

9014 
130 30 

00 
6 3  

13446 

83 1' 
73 30 

26ES2 

229 192 

10764 
937418@e) 

2 3  
5 4  

309 105 

102%30~5 
8648 

138s9 

69 7.1 12 8.1 
304 239 553 498 
0.05 0.06 0.03 0.02 0.04 0.04 

Values in brackets are for samples less one anomalous value 



Area 

Locality Diorite 
Hill 

Diorite Diorite SE of Diorite SE of 
Hill Diorite 

Hill 

Karara Well 
Hill Diorite 

Hill 
Hill 

Area 

Ad 

57-58 
44-46 

Ab Am Ah Am Rock Type Ai 

Grid 
Co-ordinates E 

N 
57-58 59 
44-45 44 

58 58 
45 44 

59 
43 

59 
43 

58 
45 

4 1 3 9 4 2 No. of Samples 1 7 

13.1 o.l 
10.1 2.3 

10.0 2.0 

1.2 0.6 

0.17O.l6 

49.6 
0.5 o.2 

__ 

12.6 1.3 12.8 
10.9 3.4 6.1 
0.13Ol0 0.9 
8.2 1 2 3.0 
1.3 0.4 4.0 

48.7 1.4 55.3 
0.6 1.3 

13.5 10.12.1 
8.7 14.1 2.9 

0.20 O.14O.O7 
6.7 6.5 1.6 

1.7 2.0 1.4 

49.2 52.9 
0.5 1.3 0.3 

10.8 
14.4 
0.30 
7.2 
1.6 

49.9 
1 .l 

CaO 
Fe203 

W K20 
o\ Ma0 

Na20 
Si02 
Ti02 

13.1 
11.4 
0.1 
8.9 
1 .o 

46.9 
0.5 

9.7 0.8 

11.72.1 
0.23 
6.8 0.8 

2.4 0.4 

52.9 2.0 
1.4 0.3 

504 220 

43 22 

130 22 

3 4  
8 6  

344 32 

106 2 1  

96 l 3  

70 

134 
99 

130 
1 

11 
97 

300 
97 
68 

248 546 595 

62 67 34 

191 72 2o 

1 2 3  
9 3 3  

204 348 93 

63 93 ' 5  

19 74 27 

25 1 161 164 

77 
59 

126 
0 
5 

73 

236 
75 
11 

83 53 

69 j3 

148 6 2  

6 7  
0 '  

218 '4' 

73 8 

2 0 5  

17284 

129 lo1 846 
82 22 51 

151 68  14 1 
3 3  7 
3 2  28 

148 105 292 

19986 162 
73 15 138 
29 16 78 

Ba 
cu 
Ni 
Pb 
Rb 
Sr 
V 
Zn 
Zr 

K/Ba 
K/Rb 
RbBr 

1.1 
166 

0.07 

17 
277 

0.03 

8.4 8.8 
360 267 
0.02 0.10 

6.7 2.1 
184 387 

0.04 0.02 

3.8 
239 

0.08 

19 
226 

0.1 1 

Values in brackets are sample means minus one anomalous value. 



APPENDIX D - cont’d 

I 
East of Sefton Lineament Area 

Locality 

Sefton Greenstones 
I 

efton Scott Mt Grant 
Mitika Well E of 

ut scon 
Yamarna (iil I Yamarna 1 Dorothy Hills 

iii) MtVenn ( i l  il 
;E of 
?utter 
soak 

4b 
’ 

Rock Tvw 4d - 
60 
52 

2 
- 

4d AbIAd 

62.9 
0.7 

Ab 

60 
52 

Am 

(691 1681 
50 51 

5 2 2 

10.3°.6 11.2 13.7 
9.51‘7 12.3 4.1 
0.28°,M 0.90 0.15 
7.9°,9 6.0 6.5 
2.0°,8 3.0 1.7 

0.1 0.7°.1 1.3 

332168 556 515 
2lZ1 1919 172 
879 131 71 

- - - 

87 4 8 
82  20 1 

23239 418 212 

7!i6 145 9 

1635s 243 65 
71” 135 23 

70 13 2.4 
290 373 1245 
0.03 0.05 - 

Grid Co-ordinates E 66 
51 

(711 
52 

62 
52 

66 
52 

13 No of Samples 4 2 2 2 

10.9 
13.4 
0.55 
1.7 
1.7 

1.1 

217 
72 
134 

17 
103 
301 
65 
66 

21 
268 
0.17 

____ 

- 

- 

1 ‘  

- 

- 

14 

10.0 2.2 
7.84.4 

4.5 1.8 
0.70°.4 

2.1 

0.9°,5 
- 

11.9 
12.3 
0.20 
9.3 
2.0 
48.9 
0.8 

10.1 
11.9~.O 
0.62°.32 
6.5 
2.5°.9 - 
1.20.5 

9.9 11.6 
8.0 11.5 
0.40 0.20 
35 8.6 
2.3 1.6 

1.2 0.7 
- - 

030 

NaZO 
Si02 
TO:, 

Ba 
cu 
Ni 
Pb 
Rb 
Sr 
V 
Zn 
Zr 

195219 
64 z7 
1 9 0 ~ ~  

22 
112 
9217 

22866 
7438 
4330 

91 
30 
163 
2 
6 
85 

266 
76 
50 

407 273 
8l7I 
9ZZ3 
96 
1914 
281% 

79 29 
2411@ 

85 

1327 170 
12 52 
28 140 
15 1 1  
10 1 
296 76 
225 244 
43 71 
150 144 

2.5 9.8 
332 1860 
003 0.01 

K/Ba 
K/Rb 
RbISr 

12 
21 1 
0.12 

18 
277 
0.07 
- 
-ordinate 

13 
271 
0.07 

5.5 

I brackets are Zone 3 tran 

14 
323 
0.07 

363 

rmed to Zone 2 values. Oxides in percentage Elements in ppm. ( 



APPENDIX D - cont'd 
Area 

Localitv 

Rock Type 

Coordinates E 
N 

No. of Samples 

CaO 

Fe203 
K20 
MBO 
Na20 
Si02 
Ti02 

8a 
Cr 
cu 
Ni 
pb 
Rb 
Sr 
V 
Zn 
Zr 

KEITH KILKENNY GREENSTONES 

:ord Run 
'lateau 

Au 

40 
19-50 

2 

5.7-11.7 
10.1-11.0 

0.1 
16.2-30.3 

0.2-0.3 
44.046.1 

0.4 

49-69 
I961 -2226 

16-46 
330-1054 

0 
5-6 

7-26 
124-1 56 

52-59 
27-36 

NW of 
Sturts 
Meadows 

?Ar Ae 

39 38-39 
44 47-48 

2 2 

10.0-10.2 6.5-9.5 
11.5-12.4 11.2-1 1.6 

0.1-0.2 0.1-0.6 
8.9-1 1.6 10.1-1 5.4 
0.7-1.9 0.7-1.5 

43.8-45.1 46.1-48.6 
0.5-0.6 0.5-0.6 

133-264 68-404 
369-558 537-2126 
95-111 56-58 

261-281 97-520 
6-12 4-7 
8-9 5-31 

90-122 40-183 
144-147 170-173 

69-73 69-109 
29-31 45-62 

Mt Clifford - Kurrajong 

Au 

36 40-41 39 40 39 
49 47-48 47 46 46 

1 1  6 1 2  2 

1.219.5 0.1-10.5 0.1 0.1-5.0 6.5-6.9 
6.0 0.9 10.3-14.2 10.0 6.7-14.2 14.5-14.9 
0.1 1.5 0-0.1 0.1 0-0.1 0.1 
!4.0 14.8 15.0-42.4 42.8 26.2-36.8 20.9-22.6 
0.2 0 0-1.6 0 0 0-0.4 
16.6 39.3 41.6-47.3 43.7 43.6-43.9 42.5-43.1 
0.5 0.2 0.2-0.7 0.2 0.2-0.7 0.5-0.6 

19 
405 
59 

420 
0 
6 

20 
106 
112 
25 

156 
61 

154 
72 
29 
57 

119 
46 

57 1 
56 

17-192 
1544-1 2 7 %  

10-59 
372-2175 

0-16 
2-10 
2-55 

74-182 
53-104 

7-62 

21 
3000 

46 
3000 

1 
9 
1 

71 
62 
17 

6-33 
3054-4454 

11-56 
930-2162 

1-6 
2-4 

0-87 
43-165 
61-63 
11-36 

11-60 
1151-3366 

19-39 
389-7 10 

0-3 
2-6 

6-31 
168-199 

78-95 
29-42 

39 39-40 
46 46-47 

1 21 

7.1 0-8.2 
12.0 6.7-21.1 

0 0-1.0 
!4.9 15.3-49.7 
0.2 0-2.1 
16.6 24.5-46.7 
0.3 0-0.6 

46 0-395 
432 784-3833 
64 0-701 

791 496-5665 
1 0-23 
6 2-30 

15 0-432 
126 7-187 
66 35-1017 
12 0-93 

Aus 

39-40 40 
46 47 46 

6 17 1 

0.2-8.4 0.1-9.9 6.0 
7.1-13.9 4.4-14.4 11.6 

0-0.1 0-0.2 0.1 
20.1-41.4 13.6-39.6 27.0 

0-0.2 0-4.0 0.1 
40.1-49.0 30.9-56.6 45.6 

0.1-0.4 0.1-0.6 0.5 

0-64 0-784 134 
1619-2962 661-5678 2190 

1-59 0--261 24 
566-3547 373-8186 989 

0-8 0-34 6 
3-11 2-8 7 
0-14 2-85 66 

55-173 47-188 144 
39-75 35-2220 73 
1-33 5-104 26 

89-40 

- 
Aux 

39 
46 

1 

14.3 
10.6 
0.1 

12.6 
1.3 
50.3 
0.7 

102 
420 
63 

301 
3 
5 

25 
171 
76 
67 

- 
I__ 

- 

- 

- 

aonora 

Ae 

42 
43 

1 

0.3 
12.3 

0 
38.1 

0 
41.1 
0.2 

21 
7016 

10 
1015 

0 
5 
0 

97 
94 
11 

Oxides in Per cent. Elements in ppm 



Area 

Rock Type 

Locality 

Coordinates E 
h 

No. of Sample! 

CaO 

Fe203 

Ma0 
5 0  

NaZO 
SiOz 
T i02 

Ea 
Cr 
cu  
Ni 
Pb 
Rb 
Sr 
V 
Zn 
Zr 

APPENDIX E - Analyses of non-tholeiitic ultramafic rocks group by 
lineament zones 

Ranges of Composition 

? 

rwo 
Iisters 

34 
49 

3 

9.1-10.8 
12.0-17.0 
0.1-0.2 

13.5-19.9 
0.4-0.5 

44.7-47.8 
0.4-0.6 

46-64 
!382-2567 

38-830 
598-939 

0-14 
2-8 

20-28 
151 -209 
94-190 
34-43 

Ar Ar 

35 36 
52 50 

1 1  

10.4 14.9 
14.0 7.7 
0.2 0.2 

11.8 13.9 
0.8 1.1 

17.0 50.0 
0.6 0.4 

95 70 
427 1206 

87 59 
391 227 
81 5 
12 5 
43 75 

211 186 
208 62 
35 24 

LAWLERS- AGNEW 

Lawlers-Agnew 

0.1-14.4 0-2.0 0.1-14.3 0.3-14.3 
7.2-14.4 4.8-21.2 7.9-15.7 7.3-15.0 

0-0.3 0-0.1 0-0.3 0-0.4 
3.1-37.4 11.5-33.9 14.2-37.0 13.9-36.9 

0-1.1 0-0.1 0-1.5 0-1.1 
2.4-55.4 23.7-51.5 41.7-54.4 38.1-58.8 

0-0.7 0-2.0 0.1-0.5 0.1-0.7 

2.4 
15.2 
0.1 

31.8 
0 

42.8 
0.4 

2-763 
155-6414 

2-94 
207-2419 

0-4 
0-12 
0-183 

33-199 

0-53 
36-120 

0 - i i  1 
227-3147 

0-1 14 
514-1902 

0-4 
0-4 
0-53 
7-427 

78-100 
2-238 

0-200 
1654-8341 

0-59 
251-2205 

0-3 
0-9 
2-73 

67-199 
46-214 
0-80 

12-212 120 
512-7093 4847 

0-82 0 
249-2029 1493 

0-19 0 
0-14 5 
3-129 18 

49-219 134 
30-249 73 
6-50 51 

KEITH KILKENNY GREENSTONES 

\ux Aux Au Aup Aus Aus Aux Ar 

East of Wildara 

34 35 35 38 38-39 39 38 39 38 38 
51 52 51 49 50 49 49-50 50 50 50 

15 2 2 1 5 1  1 1  13 2 

1.8-14.8 9.8-14.7 7.4-13.6 
6.7-16.4 7.1-14.7 6.6-14.5 

0-0.2 0.2-0.3 0.1-0.3 
13.6-35.5 12.7-13.8 19.6-22.9 

0-0.8 1.3 0-0.8 
39.5-52.9 44.8-50.7 44.2-54.7 
0.2-0.6 0.3-0.9 0.2-0.4 

10.7 0.3-12.9 
9.5 10.5-12.3 
0.7 0-0.2 

14.1 14.6-38.4 
1.1 0-0.8 

58.9 42.1-51.7 
0.3 0.2-0.6 

2.8 0.1-9.1 0.3-5.5 9.4 10.8 
11.4 7.1-14.9 10.6-t3.3 13.3 11.8 

0 0-0.1 0 0 0.1 0.2 
34.4 22.7-37.5 23.4-38.0 11.2 10.7 

0 0-1.1 0 4.7 1.7 
42.0 41.0-57.7 42.345.4 49.1 50.2 

0.2 0.1-0.5 0.2-0.5 0.8 0.6 

10-121 
516-6019 

4-66 
187-1546 

0-10 
0-7 
1-99 

96-210 
44-185 

5-52 

82-123 
291465  

28-223 
246-428 

4-6 
0-10 

1 1 5-1 70 
143-217 
48-249 
9-39 

38-315 289 
2425-3093 1073 

35-60 31 
399-1022 262 

0 1 
0-2 21 
7-38 74 

109-135 95 
43-93 112 
11-38 147 

20-938 64 
1036-2359 2056 

9-103 10 
251-2315 1012 

1-11 0 
1-8 4 
0-81 30 

81-207 91 
51-69 62 
6-33 9 

4-358 33-63 27 
1970-4854 2188-2434 748 

0-1148 8-27 78 
848-2453 1677-1889 138 

0-9 0 0 
0-7 6 0 
0-51 1-28 133 

73-173 101-160 225 
45-161 79-93 76 
4-32 7-33 57 

87 
875 

55 
224 

0 
3 
86 

247 
76 
18 



APPENDIX E - cont’d 
AST OF 
EFTON 

It Venn 

LAVERTON GREENSTONES LAVE RTON-SE FTON 
INTERLINEAMENT 

CELIA- 
LAVERTON 
INTER- 
LINEAMENT 

CELIA 

STONE 
GREEN- 

Locality 
Zephyr 

SEFTON 

Nof Mt N;;f ~ Di; 
Diorite Hill 
Hills 

;E of 
3iorite 
+ills 

Au 

Windarra 

Ae 

53 
46 

Laverton Mt Varden Laverton 

Ae 

56 
45 

Ar A1 

61 66 
47 52 

2 3 

2.0-10.8 4.3-13.0 
8.4-12.5 9.3-12.6 

0.1 0.1-0.7 
1 1.1-19.7 10.3-25.4 

0-0.6 0.1-2.9 

0.1-0.3 , 0.3-0.4 

58-2867 39-140 
13-64 9-38 

1001-1035 456-1260 
2-7 0-1 1 

0 0-33 
13-43 8-138 

73-170 146-184 

0-18 15-25 
75-197 69- 123 

1425-2410 1594-2881 

Ai 

(67) 
51 

45 

3.9-14.5 
14-19.4 
0.1-0.6 

0.7-26.5 
0.1-4.7 

0.1-2.0 

Rock Type 

ordinates N 

No. of Samples 

I 

53 I 55 54-55 53-55 58 
44 

56 58 
47 45 

2 4 

(a) 1.7 10.725 
13.2 13.92.8 
0.15 0.18°.22 
19.1 14.22.8 
0.3 0.5°.4 

58.4 48.22.6 
0.3 0.7°.2 

(a) 257 434Is8 
23 6QS3 

1129 412’06 
4 22 
4 gll 

45 78’l 

45 49 49-50 48-52 

1 8 4 18 

0.2 8.11.’ 7.14.1 0.1-14.1 
11.3 72.1l.O 11.71,6 7.8-15.8 

0 0.1 10.04 0.100 0-0.6 
35.4 16.83.3 20.06.2 12.1-43.6 

44.4 46.23.5 46.6*.’ 28.2-51.0 
0 0.7°.4 0.6°.6 0-1.7 

0.3 0.5O’’ 0.4O.l 0-1.2 

4 

9.503 
12.8l.’ 
0.23O.l’ 
19.51.0 
0.6O.l 

0.5O.l 
50.81.3 

579373 
7456 

22 
58 

685140 

821° 

6 

4.7 7.7 

0.020.04 
29.57.8 
0.1 O2 

0.20.2 

7568 

45 

10.4 ’” 

45.05.’ 

3611 

25 t 4 1694 

2Q61 
2s3l 

6356 
49 30 
2025 

2847832 

1 

0.5 
14.2 
0.1 

30.8 
0.1 

41.1 
0.2 

20.7 
Na20 
Si02 
Ti02 

34-686 
3-3430 
4-1189 

0-43 

0-469 
0-27 

Ba 
cu 
Ni 
Pb 
Rb 
Sr 

0-1006 
0-234 

191-2831 
0-8 

0-1 8 
0-244 

141112 56” 
5328 6434 

577llo 683226 
23 o 
52 54 

6649 3446 

16514 16524 
6811 8130 
27l 3214 

2082536 2407874 

34 
5 

1282 
0 
2 
6 

86 
85 
12 

5288 

72 
0 

1877 
0 
4 
8 

96 
45 
36 

3498 

14-263 
32-300 

0-56 
8 7 3 - 5 5 2 7 

14-806 
13-114 

0-78 
95-1366 

V 
Zn 
Zr 
Cr 

18434 
85 
237 - 

2.9 
322 
0.14 

167 
60 
23 

2528 

4.6 
5.7 
1.2 5 1  5 24 

41 5 
0.33 

range. Ca 

RbISr 0.25 0.50 0.08 0.15 

linates ih brackets are zone 111 given as Zone II 
I 

Oxaes in per cent; elements in ppm. (a) wi 


	Abstract
	Introduction
	Re su It s
	Ultramafic rocks
	Mafic rocks
	Basalts and dolerites
	Mafic components of the mafic-felsic associations
	The Mount Venn layered intrusion
	Amphibolites
	Pi 1 low bas a 1 ts
	Carbonated basalts

	Volcanogenic and fine-grained felsic rocks
	Ford Run Plateau
	Rutter Soak and Yamarna

	Granitoids
	Emplacement sequences
	Regional variations
	Trace-element ratios
	Relationships of granitoids and fine-grained felsic rocks

	Metasediments

	Comparison with other published data
	Ultramafic rocks
	Mafic rocks
	Element-ratio studies

	The Mount Venn layered intrusion
	Acid and intermediate rocks
	Granitoids
	Fine-grained felsic rocks


	Economic considerations
	Metallogenic Province
	Known prospects and showings
	Anomalies of metal distribution
	General threshold values
	Nickel
	Copper
	Zinc
	Lead
	Uranium
	Other elements

	Other prospective areas

	Discussion
	Conclusions
	Geological conclusions
	Areas of potential for prospecting

	Acknowledgements
	References
	Laverton and Rason 1:250 000 sheets
	Histograms for the ultramafic rocks (MgO >lo%)
	CaO-FeO -MgO diagrams for ultramafic rocks
	AFM diagram for the layered intrusion of Mount Venn
	(c) Mafic-felsic rocks Yamarna area
	(ii) Sefton-Laverton interlineament zone
	trend

	various groups Examples taken from specific areas
	grouped by greenstone belt
	4 Comparison of selected fine-grained felsic rocks
	examples to show typical compositions
	lyses from Western Australia
	area with other published analyses
	published analyses
	rocks in the Leonora Laverton and Rason areas
	zone





