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EXPLANATORY NOTES 

ON THE 

PRECAMBRIAN OF THE PINJARRA 1:250 000 GEOLOGICAL SHEET 

by 

S .A. Wilde 

INTRODUCTION 

GENERAL 

The P i n j a r r a  1:250 000 Geo log ica l  Sheet  (SI/50-2 and p a r t  gf 
SI/50-1 of t h e  I n t e r n a t i o n a l  S e r i e s ) o i s  bounded by l a t i t u d e s  32 S and 
33's and l o n g i t u d e s  115'25'E and 117 OO'E. 
w i t h  t h e  area east of t h e  Dar l ing  F a u l t  (i .e. approximate ly  east of 
l o n g i t u d e  115'54'E). 
of t h e  Dar l ing  F a u l t  has  p r e v i o u s l y  been d e s c r i b e d  by Low (1972a).  

This  Record d e a l s  on ly  

The geology of t h e  P e r t h  Bas in  area t o  t h e  w e s t  

The a r e a  l ies  a lmost  e n t i r e l y  w i t h i n  t h e  " Ja r r ah"  n a t u r a l  r e g i o n  
of C la rke  (1926).  The land i s  l a r g e l y  unc lea red  i n  t h e  w e s t ,  b u t  east 
and s o u t h e a s t  of Boddington and Wandering e x t e n s i v e  c l e a r i n g  f o r  a g r i -  
c u l t u r e  has  taken  p l a c e ,  w i t h  p a r t i a l  c l e a r i n g  n o r t h  from Wandering t o  
t h e  Brookton Highway. The s t r i p  of coun t ry  i n  t h e  n o r t h e a s t  p a r t  of 
t h e  area, between Brookton, Beverley,  and F l e a y s ,  forms p a r t  of t h e  
Wheat Belt" n a t u r a l  r e g i o n  and has  been c l e a r e d  f o r  a g r i c u l t u r a l  

purposes ,  

I t  

The town of P i n j a r r a  l i e s  on t h e  c o a s t a l  p l a i n ,  some 8 km w e s t  of 
t h e  Dar l ing  F a u l t ;  Fremantle  and t h e  sou the rn  suburbs  of t h e  P e r t h  
M e t r o p o l i t a n  Area a l s o  l i e  t o  t h e  w e s t  of t h e  desc r ibed  area. Set t le-  
ment i s  concen t r a t ed  a long  t h e  major highways, and t h e  main p o p u l a t i o n  
c e n t r e s  are a t  Armadale, Waroona, Dwellingup, Boddington, and Beverley.  
Three major highways r a d i a t e  southwards from t h e  m e t r o p o l i t a n  area ( t h e  
Southwestern,  Albany, and Brookton Highways), and t h e  Great Southern 
Highway l i n k s  Beverley w i t h  York i n  t h e  n o r t h  and Brookton i n  t h e  sou th .  
I n t e r c o n n e c t i n g  sea l ed  and unsea led  r o a d s  are numerous i n  t h e  e a s t e r n  
p a r t  of t h e  Sheet area, b u t  t h e r e  are  fewer roads  i n  t h e  wes te rn ,  
n o r t h e r n ,  and c e n t r a l  areas (except  f o r  f o r e s t r y  t r a c k s ) .  

Geo log ica l  mapping w a s  c a r r i e d  o u t  by S.A. Wilde and K . J . B .  
Hi rschberg  d u r i n g  1974 and 1975. 
J . D .  L e w i s  and S.A. Wilde. 

The p e t r o g r a p h i c  work w a s  done by 

CLIMATE 

The Sheet  area has  a dry-summer, s u b t r o p i c a l  (Mediterranean)  
climate. R a i n f a l l  i s o h y e t s  t r end  g e n e r a l l y  nor th-south ,  and annual  
p r e c i p i t a t i o n  r anges  from 421 mm a t  Beverley i n  t h e  n o r t h e a s t  t o  
around 1000 mm a long  t h e  Dar l ing  Scarp;  h i g h s  above 1300 mm are c e n t r e d  
on Canning Dam,  Mount W i l l i a m ,  and Dwellingup (1306 mm). Most of t h e  
r a i n  f a l l s  d u r i n g  t h e  c o o l  w i n t e r  months of May t o  September. 
summer months of December t o  March are h o t  and d r y ,  whereas October ,  
November and A p r i l  are w a r m  and changeable .  

The 
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VEGETATION 

R a i n f a l l  and geology e x e r t  a s t r o n g  c o n t r o l  o v e r  t h e  v e g e t a t i o n .  
A s c l e r o p h y l l o u s  f o r e s t  of j a r r a h  (Eucalyptus  margina ta)  i s  c h a r a c t e r -  
i s t i c a l l y  developed on t h e  l a t e r i t e  of t h e  D a r l i n g  Range (Gardner,  
1944).  Sandy areas c o n t a i n  abundant marrf (E. c a l o p h y l l a ) ,  and wandoo 
(E. wandoo) i s  l o c a l l y  prominent ,  e s p e c i a l l y o v e r  d o l e r i t e  dykes.  
Sheoak (Casuar ina  f r a s e r i a n a )  o c c u r s  on g r a n i t e  o u t c r o p s ,  o r  where o n l y  
a t h i n  mant le  of l a t e r i t e  o v e r l i e s  rock .  Marri, wandoo, and powder 
b a r k  wandoo (E. accedens)  become more prominent i n  t h e  d r i e r  areas t o  
t h e  east ,  and-the f o r e s t  g i v e s  way t o  a tempera te  savannah woodland. 
N a t u r a l  v e g e t a t i o n  h a s  been l a r g e l y  c l e a r e d  from t h e  e a s t e r n  p a r t  of 
t h e  s h e e t  area, a l t h o u g h  Dryandra S t a t e  F o r e s t  and Boyagin Rock Reserve 
are  e x c e p t i o n s .  Here, powder b a r k  wandoo and brown mal le t  (E. 
a s t r i n g e n s )  are dominant,  t o g e t h e r  w i t h  a n  u n d e r s t o r y  of Dryandra s p . ,  
w h i l s t  j a m  (Acacia acuminata)  and mallee (3. drummondii) a re  l o c a l l y  
prominent .  Throughout t h e  s h e e t  area, a n  u n d e r s t o r y  of s c l e r o p h y l l o u s  
shrubs  and ground p l a n t s  i s  p r e s e n t .  

GEOMORPHOLOGY 

The area f a l l s  e n t i r e l y  w i t h i n  t h e  South West Phys iographic  Divi- 
s i o n  (Swanland) of  J u t s o n  (1950).  It forms p a r t  of t h e  D a r l i n g  P l a t e a u  
and is  s e p a r a t e d  from t h e  Swan C o a s t a l  P l a i n  by t h e  D a r l i n g  Scarp  
(Saint-Smith,  1912).  The D a r l i n g  P l a t e a u  i s  a n  a n c i e n t  e r o s i o n  s u r f a c e  
t h a t  h a s  a n  average  e l e v a t i o n  of about  300 m above s e a - l e v e l .  Bedrock 
i s  capped by e x t e n s i v e  l a t e r i t e  t h a t  h a s  been p a r t i a l l y  d i s s e c t e d  by 
later d r a i n a g e .  I n  t h e  west n e a r  t h e  D a r l i n g  F a u l t  t h e  l a t e r i t e  
s u r f a c e  i s  f a i r l y  i n t a c t ,  b u t  east  of a l i n e  ex tending  from Mount 
Saddleback northwestward t o  Bickley ,  i t  i s  s t r o n g l y  d i s s e c t e d  by t h e  
Murray and Avon d r a i n a g e  systems.  

P l a t e a u  r e s i d u a l s  remain a l o n g  t h e  d r a i n a g e  d i v i d e s ,  and remnants 
of a n  a n c i e n t  d r a i n a g e  system ( p o s s i b l y  T e r t i a r y )  are  l o c a l l y  p r e s e r v e d ,  
e s p e c i a l l y  n e a r  t h e  d i v i d e  s e p a r a t i n g  t h e  Avon, Canning and Darkin  
Rivers. The t r e l l i s e d  d r a i n a g e  p a t t e r n ,  d i s t r i b u t i o n  of a l luv ium,  and 
e x t e n s i v e  areas of preserved  l a t e r i t e  sugges t  t h a t  r iver c a p t u r e  h a s  
occurred  a long  t h e  Murray-Hotham-Williams system between Marradong and 
t h e  s o u t h e r n  margin of t h e  s h e e t .  

A prominent r a n g e  of h i l l s  ex tending  northwestward from Mount 
Cooke (582 m) t o  Eagle  H i l l  forms t h e  d i v i d e  between t h e  Canning and 
S e r p e n t i n e  d r a i n a g e  systems,  and,  t o g e t h e r  w i t h  Mount Dale on t h e  
Canning-Darkin River watershed,  may r e p r e s e n t  monadnocks t h a t  pro t ruded  
above t h e  D a r l i n g  P l a t e a u  p e n e p l a i n  ( J u t s o n ,  1950).  

PREVIOUS INVESTIGATIONS 

There are a number of e a r l y  r e p o r t s  d e a l i n g  w i t h  dam s i t e  i n v e s t i -  
g a t i o n s  and m i n e r a l  occur rences  i n  t h e  Y i l g a r n  Block, t h e  more impor tan t  
of which are l i s t e d  i n  t h e  r e f e r e n c e s .  P r i d e r  (1943),  Davis  (1943) and 
Thomson (1943) mapped and d e s c r i b e d  t h e  Archaean and P r o t e r o z o i c  r o c k s  
of t h e  D a r l i n g  Scarp  i n  t h e  Kelmscot t  and Armadale areas; P r i d e r  (1945) 
a l s o  d e s c r i b e d  t h e  g r a n i t i c  r o c k s  a t  t h e  Canning Dam. Several y e a r s  
l a t e r ,  a number of honours t h e s e s  a t  t h e  U n i v e r s i t y  of Western A u s t r a l i a  
were compiled on o t h e r  areas c l o s e  t o  t h e  D a r l i n g  Scarp,  i n c l u d i n g  t h o s e  
of Singh (1958) ,  Appleyard and B u r d e t t  (1962),  M i e z i t i s  (1963) and Tian  
(1963) . 

Details of m i n e r a l  o c c u r r e n c e s  and some comments on t h e  geology are 
conta ined  w i t h i n  Simpson (1948, 1951 and 1953) .  
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The D a r l i n g  Scarp  area between l a t i t u d e s  32's and 33OS, and as f a r  
east as approximate l o n g i t u d e  116°07'E w a s  mapped by Baxter and Doepel 
(1973) as p a r t  of t h e  P e r t h  Basin mapping programme (Low, 1972a) .  

Bouguer anomaly and t o t a l  magnet ic  i n t e n s i t y  maps of t h e  P i n j a r r a  
Sheet  have been prepared  by t h e  Bureau of Minera l  Resources .  

ARCHAEAN GEOLOGY 

REGIONAL SETTING 

The area east of t h e  Dar l ing  F a u l t  forms p a r t  of t h e  Y i l g a r n  Block. 
Th i s  i s  a s t a b l e  Archaean nuc leus  which is composed mainly of g r a n i t e s  
and g n e i s s e s ,  b u t  which enc loses  a number of e l o n g a t e  "greenstone" 
b e l t s .  
and c o n s i s t  of l a y e r e d  s u c c e s s i o n s  of f e l s i c ,  maf i c ,  and u l t r a m a f i c  
igneous r o c k s ,  and s u b o r d i n a t e  amounts of sed imentary  material .  These 
b e l t s  appear  t o  d e c r e a s e  i n  abundance westwards from t h e  E a s t e r n  Gold- 
f i e l d s  r e g i o n .  

The "greenstone" b e l t s  have a g e n e r a l  no r th -nor thwes te r ly  t r e n d  

I n  t h e  P e r t h  s h e e t  area of t h e  southwes tern  Yi lga rn  Block, t h e  
l aye red  r o c k s  occur  i n  two metamorphic b e l t s  (Wilde and Low, 1975).  
These c o n t r a s t  w i t h  t h e  "greenstone" b e l t s  t o  t h e  east i n  t h e  h ighe r  
g rade  of r e g i o n a l  metamorphism, t h e  complete  l a c k  of f e l s i c  v o l c a n i c  
r o c k s ,  t h e  s u b o r d i n a t e  amount of maf ic  ? v o l c a n i c  material ,  and t h e  over- 
a l l  abundance of metasedimentary rocks .  

I n  t h e  P i n j a r r a  s h e e t  area, t h e  Y i l g a r n  Block i s  composed l a r g e l y  
of g r a n i t i c  rocks  w i t h  smaller enc losed  p a t c h e s  of migmat i te ;  meta- 
morphic rocks  are s u b o r d i n a t e  and conf ined  t o  t h r e e  d i s t i n c t  areas. 
The g r a n i t e s  form p a r t  of a l a r g e  b a t h o l i t h  t h a t  ex tends  n o r t h  t o  t h e  
Swan/Avon Rive r  on t h e  P e r t h  s h e e t ,  and southwards on to  t h e  C o l l i e  
s h e e t  area. I n d i v i d u a l  g r a n i t e  t ypes  occupy f a i r l y  l a r g e  areas i n  t h e  
w e s t  and c e n t r a l  p a r t s  of t h e  s h e e t ,  b u t  r e l a t i o n s h i p s  become i n c r e a s -  
i n g l y  complex t o  t h e  east where a zone, 30 t o  50 km wide,  of small, 
complexly in t e rdeve loped  g r a n i t e  t y p e s  and migmat i te  f l a n k s  t h e  
sou the rn  c o n t i n u a t i o n  of t h e  J imperding Metamorphic B e l t .  

I n  t h e  n o r t h e a s t  co rne r  of t h e  s h e e t ,  t h e  J imperding Metamorphic 
Belt ex tends  south-southwestward from t h e  York area of t h e  P e r t h  s h e e t  
and c o n t a i n s  s imilar  l i t h o l o g i e s .  I n  t h e  sou the rn  p a r t  of t h e  s h e e t  
area nea r  Boddington, a p r e v i o u s l y  unrecorded b e l t  of weakly metamor- 
phosed s e d i m e n t a r y , f e l s i c  and maf ic  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  
ex tends  north-northwestward from Mount Saddleback t o  Mount Wells. These 
r o c k s  have been fo rma l ly  named t h e  Saddleback Group (Wilde, 1976) .  A 
narrow, d i scon t inuous  b e l t  of metamorphic r o c k s  c rops  ou t  a long  t h e  
Dar l ing  Scarp .  South of P i n j a r r a ,  t h e  b e l t  is more cont inuous  and 
widens t o  t h e  s o u t h e r n  margin of t h e  s h e e t .  
named, owing t o  i t s  fragmented n a t u r e  and more e x t e n s i v e  development 
on t h e  C o l l i e  Shee t ,  where g e o l o g i c a l  mapping is  s t i l l  i n  p r o g r e s s .  
b e l t  is  r e f e r r e d  t o  i n  t h e  t e x t  as  ' ' g n e i s s i c  rocks  nea r  t h e  Dar l ing  
Scarp". 

It  has  no t  been fo rma l ly  

The 

LAYERED SEQUENCES 

JIMPERDING METAMORPHIC BELT 

Th i s  b e l t  ex t ends  north-northwestward f o r  25 km i n  t h e  extreme 
n o r t h e a s t  of t h e  area,  n e a r  Beverley;  i t  has  an  ave rage  wid th  of 12 km, 
a l though  t h e  e a s t e r n  l i m i t  of t h e  metamorphic b e l t  l i e s  beyond t h e  
s h e e t  boundary. 
Low, 1975) and southeas tward  on to  C o r r i g i n .  

It extends  northward on to  t h e  P e r t h  s h e e t  (Wilde and 
The s t ra ta  have a r e g i o n a l  
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n o r t h - n o r t h w e s t e r l y  t r e n d  and moderate  e a s t e r l y  d i p s ,  a l t h o u g h ,  n o r t h  
of Beverley,  f o l d i n g  h a s  produced a l o c a l  e a s t e r l y  t r e n d  and sha l low 
d i p s  t o  t h e  s o u t h .  
B e l t  occur  i n  t h e  Dale Bridge area,  up t o  10 km w e s t  of t h e  main b e l t .  
These r o c k s  are  enc losed  i n  migmat i te  and g r a n i t e ,  and i n d i c a t e  t h a t ,  
p r i o r  t o  g r a n i t e  i n t r u s i o n ,  t h e  b e l t  extended much f u r t h e r  t o  t h e  
w e s t .  A small i s o l a t e d  area of r e l a t e d  r o c k s  a l s o  c rops  o u t  n e a r  t h e  
Brookton Highway, 5 km w e s t  of Brookton. T h i s  area i s  s e p a r a t e d  from 
t h e  main b e l t  by about  15 km of migmat i te  and p o r p h y r i t i c  g r a n i t e .  
The metamorphic g r a d e  of t h e  J imperding Metamorphic B e l t  r a n g e s  from 
a m p h i b o l i t e - g r a n u l i t e  t r a n s i t i o n  f a c i e s  t o  g r a n u l i t e  f a c i e s .  

I s o l a t e d  remnants  of t h e  J imperding Metamorphic 

Gneiss es 

In  t h e  w e s t e r n  p a r t  of t h e  b e l t ,  t h e  predominant r o c k  t y p e  i s  a 
f i n e  t o  medium-grained q u a r t z - f e l d s p a r - b i o t i t e  g n e i s s  (Anb). - 
c h i e f l y  well-banded w i t h  d i s t i n c t  b i o t i t e - r i c h  l a y e r s ,  a l t h o u g h  it  is 
l o c a l l y  more massive and h a s  a d i s c o n t i n u o u s  b i o t i t e  f o l i a t i o n .  Both 
p l a g i o c l a s e  ( a n d e s i n e / o l i g o c l a s e )  and m i c r o c l i n e  are p r e s e n t ,  though 
t h e  r e l a t tve  p r o p o r t i o n  var ies .  Some u n i t s  c o n t a i n  abundant g a r n e t .  

It i s  

L e u c o c r a t i c ,  q u a r t z - m i c r o c l i n e - o l i g o c l a s e  ( - g a r n e t - b i o t i t e )  g n e i s s  
(Anl) - forms t h e  e a s t e r n  p a r t  of t h e  b e l t .  It i s  in te rbanded  w i t h  
a t  Mount Amy and Mount S tone ,  and becomes predominant t o  t h e  east .  
Thin u n i t s  of q u a r t z i t e  and g a r n e t - f e l d s p a r  q u a r t z i t e  are  l o c a l l y  
in te rmixed .  The main r o c k  t y p e  i s  medium t o  c o a r s e  g r a i n e d ,  and 
c o n s i s t s  of long  s t r i n g e r s  and l e n s e s  of q u a r t z  i n t e r l e a v e d  w i t h  
g r a n u l a r  a g g r e g a t e s  of m i c r o c l i n e  and o l i g o c l a s e .  
lozenges  of f e l d s p a r  are  commonly inc luded  i n  t h e  q u a r t z  s t r i n g e r s .  
Both m i c r o c l i n e  and o l i g o c l a s e  may form megacrys ts ,  and g a r n e t  i s  a 
common a c c e s s o r y  m i n e r a l .  
may c o n t a i n  hypers thene  and abundant o l i g o c l a s e .  C e r t a i n  u n i t s  have 
fewer f e l s i c  s t r i n g e r s ,  and are a l l o t r i o m o r p h i c  g r a n u l a r  t o  g r a n o f e l s i c  
i n  t e x t u r e .  

S t r o n g l y  d e l i n e a t e d  

B i o t i t e - r i c h  bands occur  l o c a l l y  and t h e s e  

P o r p h y r i t i c  g r a n i t e  g n e i s s  (&) c r o p s  o u t  e x t e n s i v e l y  n e a r  
B i l b a r i n  H i l l ,  immediately n o r t h e a s t  of Beverley;  and a l s o  o c c u r s  i n  
a s s o c i a t i o n  w i t h  - Anb, about  5 km s o u t h  of Dale Bridge.  
H i l l ,  t h e  g n e i s s  i s  f l a t - l y i n g  and o v e r l i e s  a prominent e a s t - t r e n d i n g  
q u a r t z i t e  u n i t .  
b i o t i t e  (-hornblende-garnet)  g n e i s s  w i t h  t a b u l a r  megacrys ts  of m i c r o c l i n e .  
It is  s imilar  t o  p o r p h y r i t i c  g r a n i t e  i n  g e n e r a l  appearance ,  b u t  always 
h a s  a s t r o n g  g n e i s s i c  f o l i a t i o n ,  I ts  o u t c r o p  does n o t  e x a c t l y  conform 
t o  t h e  l o c a l  t r e n d  of t h e  o t h e r  l a y e r e d  u n i t s  and i t  may p o s s i b l y  have 
been formed by l o c a l  metasomatism. 

A t  B i l b a r i n  

The r o c k  i s  a coarse-gra ined  quar tz -microc l ine-o l igoc lase-  

Other  Rock U n i t s  

I n  c o n t r a s t  w i t h  t h e  P e r t h  Sheet  area, u n i t s  of s c h i s t  are  v i r t u a l l y  
a b s e n t  from t h i s  s o u t h e r n  c o n t i n u a t i o n  of t h e  J imperding Metamorphic B e l t .  
A p o o r l y  exposed band of quartz-mica-garnet s c h i s t  (4) c r o p s  o u t  
s p o r a d i c a l l y  north-northwestward from B i l b a r i n  H i l l .  
q u a r t z i t e  t o  t h e  w e s t ,  and can  b e  t r a c e d  f o r  about  7 km. 
c o n t a i n i n g  a l u m i n o - s i l i c a t e s  have n o t  been found i n  t h e  area. 

It o v e r l i e s  
S c h i s t s  

Amphibol i te  (&) o c c u r s  as t h i n  bands w i t h i n  t h e  g n e i s s i c  sequence,  
o f t e n  i n  a s s o c i a t i o n  w i t h  q u a r t z i t e  o r  where & and & are  f i n e l y  
i n t e r b a n d e d .  
composed of xenomorphic g r a n u l a r  a g g r e g a t e  of hornblende and p l a g i o c l a s e  
(andes ine  l a b r a d o r i t e ) .  

A t  several l o c a l i t i e s  t h e  hornblende  i s  olive-brown and a s s o c i a t e d  w i t h  
c o l o u r l e s s  c l inopyroxene .  
w i t h  r e l i c t  pyroxene c o r e s ,  are p r e s e n t  l o c a l l y .  

The r o c k s  are t y p i c a l l y  f i n e  t o  medium g r a i n e d ,  and are  

Quartz  r a n g e s  up t o  15 p e r  c e n t  i n  c e r t a i n  bands.  

Minor l e n s o i d  u n i t s  of hornblende rock ,  o f t e n  
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Q u a r t z i t e  (@) forms f a i r l y  narrow u n i t s  t h a t ,  owing t o  t h e i r  
r e s i s t a n c e  t o  e r o s i o n ,  u s u a l l y  s tand-out  as r i d g e s .  They form t h e  most 
u s e f u l  marker ho r i zons  i n  t h e  g n e i s s i c  t e r r a i n ,  and h e l p  d e f i n e  t h e  
r e g i o n a l  s t r u c t u r e ,  The most s o u t h e r l y  ou tc rop  is  a t  Mount Kokeby, and 
t h e  wides t  u n i t  i s  a t  Mount Amy. Q u a r t z i t e  bands are most numerous 
where - Anb and - An1 are  in t e rbanded .  
q u a r t z i t e s ,  and are c o a r s e r  g ra ined  and less f l a g g y  t h a n  i n  t h e  P e r t h  
s h e e t  area. They c o n s i s t  of i n t e r l o c k i n g  g r a i n s  of q u a r t z  w i t h  only  
minor amounts of f e l d s p a r ,  g a r n e t ,  o r  muscovi te .  Green chrome musco- 
v i t e  is  o f t e n  p r e s e n t ,  b u t  i t  forms f i b r o u s  groups  and does n o t  coa t  
t h e  f o l i a t i o n  s u r f a c e s  ( a s  i n  t h e  Toodyay a r e a ) .  A q u a r t z i t e  band, 3 km 
n o r t h  of Mount Kokeby, c o n t a i n s  n e e d l e s  of c o l o u r l e s s  amphibole t o g e t h e r  
w i t h  abundant c l inopyroxene ,  and appea r s  t o  be a more c a l c a r e o u s  
v a r i e t y  . 

The rocks  are metamorphosed or tho-  

An unusual  f e a t u r e  i s  t h e  p re sence  of undeformed r egu la r ly -d ipp ing  
q u a r t z i t e  l e n s e s  e n t i r e l y  enc losed  w i t h i n  complex migmat i te  and g r a n i t e  
w e s t  of Dale Bridge.  Here, v a r i a b l y  p o r p h y r i t i c  g r a n i t e  is i n  d i r e c t  
c o n t a c t  w i t h  q u a r t z i t e  w i thou t  any ev idence  of d i s t u r b a n c e  d u r i n g  emplace- 
ment Of t h e  g r a n i t e .  

U n i t s  of banded i ron- format ion  (BIF) are much less common than  on 
t h e  P e r t h  Sheet  (Wilde and Low, 1975).  They are l e n s o i d  and cannot  be  
t r a c e d  over  any g r e a t  d i s t a n c e .  A banded magnet i te -bear ing  q u a r t z i t e  (a) c rops  ou t  n e a r  Wyalgima H i l l .  Th i s  is somewhat t r a n s i t i o n a l  t o  

A l l  o t h e r  occur rences  are  shown on t h e  map as unassigned BIF (Ai),  and 
i n c l u d e  t h e  assemblages quartz-magnetite-garnet, quartz-magnet i te-  
g r u n e r i t e ,  quartz-grunerite-clinopyroxene and quartz-magnet i te-  
clinopyroxene-orthopyroxene. 

b u t  has  c e n t i m e t r e - s c a l e  banding due t o  c o n c e n t r a t i o n s  of magne t i t e .  

A u n i t  of maf ic  g r a n u l i t e  (a) c rops  out  7 km s o u t h e a s t  of 
Beverley.  It i s  a hypersthene-diopside-brown hornb lende -p lag ioc la se  
g r a n u l i t e  and h a s  a x e n o b l a s t i c  t e x t u r e .  A t h i n  band, 5 km w e s t  of 
Brookton, h a s  a similar mineralogy,  a l though  t h e  hype r s thene  i s  mos t ly  
a l t e r e d .  A number of t h e  amph ibo l i t e  (Aa) u n i t s  have maf ic  g r a n u l i t e  
a f f i n i t i e s ,  b u t  are always devoid of hypers thene .  

U l t r amaf i c  r o c k s  (Au) occur  as small  pods o r  l e n s e s  w i t h i n  t h e  
g n e i s s i c  sequence. T h e y c r o p  out  poor ly  and are o f t e n  r e p r e s e n t e d  
by p i l e s  of r u b b l e .  Thei r  r e l a t i o n s  t o  t h e  a d j a c e n t  u n i t s  are  n o t  
c lear ,  b u t  they  probably  c o n s t i t u t e  a l a t e r  i n t r u s i v e  phase  t h a t  h a s  
become subconcordant ly  i n f o l d e d  w i t h  t h e  l aye red  success ion  (Wilde and 
Low, 1975).  The r o c k s  are v a r i o u s l y  a l t e r e d  t o  t a l c - t r e m o l i t e ,  t a l c -  
c h l o r i t e ,  and c h l o r i t e - s e r p e n t i n e  g r e e n s c h i s t  f a c i e s  assemblages,  A 
f ragment  ob ta ined  a d j a c e n t  t o  A i  on Mount Stone i s  a f r e s h e r  per ido-  
t i t e  c o n s i s t i n g  of o l i v i n e ,  or thopyroxene and abundant p a l e  g reen  
amphibole,  t o g e t h e r  w i t h  secondary s e r p e n t i n e  and t a l c .  

Thin u n i t s  of c o r d i e r i t e - b e a r i n g  g n e i s s  (Ci)  occur  a t  two l o c a l i -  
t ies,  and are shown as m i n e r a l  occu r rences  on the map. 
g n e i s s i c  area, 5 km w e s t  of Brookton, a cordierfte-quartz-garnet- 
b i o t i t e  g n e i s s  c rops  ou t  a g a i n s t  a c h l o r i t e - s e r p e n t i n e  u l t r a m a f i c  u n i t .  
O r i g i n a l  c o r d i e r i t e  i s  now l a r g e l y  a l t e r e d  t o  masses of c r y p t o c r y s t a l -  
l i n e  s e r i c i t e  w i t h  abundant q u a r t z  i n c l u s i o n s .  The g a r n e t  i s  a l s o  
e x t e n s i v e l y  a l t e r e d  t o  i r o n - s t a i n e d  c h l o r i t i c  material. I n  a n o t h e r  
small area of g n e i s s e s  enc losed  by g r a n i t e ,  2 km east  of F leays ,  a 
t h i n  band of a l t e r e d  cordierite-quartz-biotite g n e i s s  occur s .  

I n  t h e  small 

SADDLEBACK GROUP 

A 5 t o  1 2  km-wide b e l t  of weakly metamorphosed sed imentary ,  f e l s i c  
and maf ic  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  ex tends  43  km nor th-nor thwes t  
from Mount Saddleback,  near  Boddington, t o  Mount Wells (F ig .  1). 
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T h i s  sequence h a s  been f o r m a l l y  named t h e  Saddleback Group, and h a s  
been subdivided i n t o  t h e  Hotham, Wells, and Marradong Formations (Wilde, 
1976).  
Even-grained a d a m e l l i t e  (Age) i n t r u d e s  a l l  t h r e e  format ions  i n  t h e  
southwes tern  p a r t  of t h e  b e l t ;  e l sewhere  t h e  c o n t a c t s  w i t h  g r a n i t i c  
r o c k s  appear  t o  b e  f a u l t - c o n t r o l l e d .  

The rocks  are  p o o r l y  exposed and e x t e n s i v e l y  f a u l t e d  ( F i g . 1 ) .  

The Saddleback Group c o n s t i t u t e s  t h e  o n l y  d e f i n i t e  vo lcanogenic  
I t  greens tone"  b e l t  as y e t  recorded  from t h e  southwes tern  Y i l g a r n  Block. 
The metamorphic g r a d e  is  g r e e n s c h i s t  t o  lower a m p h i b o l i t e  f a c i e s ,  and 
o r i g i n a l  t e x t u r e s  i n  t h e  m a f i c  r o c k s  have n o t  been t o t a l l y  d e s t r o y e d .  
I n t r u s i v e  r e l a t i o n s  i n d i c a t e  t h a t  t h e  group pre-da tes  t h e  g r a n i t e ,  
which is presumably r e l a t e d  t o  t h e  2660 m.y. e v e n t  ( A r r i e n s ,  1971) .  
However, t h e  r o c k s  are  less deformed and metamorphosed t h a n  g r a n i t i c  
g n e i s s e s  t h a t  are f a u l t e d  a g a i n s t  t h e  group 4 km s o u t h  of Wuraming. 
These f e a t u r e s  s u g g e s t  t h a t  t h e  Saddleback Group is  a younger Archaean 
seq,uence, perhaps comparable t o  s u c c e s s i o n s  i n  t h e  E a s t e r n  G o l d f i e l d s  
r e g i o n .  

The r o c k s  of t h e  Saddleback Group have undergone a t  least  one 
p e r i o d  of deformat ion ,  accompanied by t h e  development of a s c h i s t o s i t y ,  
a l t h o u g h  no major  f o l d s  have been d e t e c t e d .  However, a l t h o u g h  t h e  pre-  
dominant d i p  of t h e  pr imary f o l i a t i o n  i s  s t e e p  t o  t h e  east ,  r e v e r s a l s  
have been recorded  and t h e  f o r m a t i o n s  a r e  s t r i c t l y  i n  s t r u c t u r a l  and 
n o t  s t r a t i g r a p h i c  o r d e r .  

Hotham Formation 

T h i s  format ion  i s  named a f t e r  t h e  Hotham River and c o n s i s t s  of 1 .6  
km (maximum h o r i z o n t a l  e x t e n t )  of well-banded, s i l t y  metasediments  w i t h  
minor p y r o c l a s t i c  u n i t s  ( A s t ) .  It is  t e least e x t e n s i v e  of t h e  form- 
a t i o n s ,  and crops  o u t  over  about  2.5 km , 3 km east of George H i l l .  
The pr imary f o l i a t i o n  h a s  a g e n e r a l  n o r t h  t o  n o r t h w e s t e r l y  t r e n d  and 
moderate  t o  s t e e p  e a s t e r l y  o r  w e s t e r l y  d i p s .  A t  t h e  t y p e  area, on a 
r i d g e  4.6  km e a s t - s o u t h e a s t  of George H i l l ,  a 60 m wide se uence of 
grey  and cream m e t a s i l t s t o n e  u n i t s  t r e n d s  141 and d i p s  75 E. The 
u n i t s  range  from a few m i l l i m e t r e s  t o  0 .2  m t h i c k ,  and c o n s i s t  of 
extremely f ine-gra ined  aggrega tesof  q u a r t z ,  f e l d s p a r ,  and abundant 
se r ic i te .  A few t h i n  bands c o n t a i n  ovoid l e n s e s  and f e l s i c  f ragments;  
t h e s e  probably  r e p r e s e n t  deformed agglomerate  h o r i z o n s .  
of quartz-mica s c h i s t ,  m e t a - t u f f ,  and meta-greywacke are p r e s e n t  i n  t h e  
southwes t ,  and are o f t e n  r i c h  i n  b i o t i t e  and e p i d o t e .  A number of t h i n  
g r a n i t e  v e i n s  l i e  a l o n g  f o l i a t i o n  s u r f a c e s ,  and are l o c a l l y  t r a n s g r e s -  
s ive.  These presumably emanated from t h e  nearby i n t r u s i v e  g r a n i t e .  

9 - 

0 a 

Minor u n i t s  

Wells Formation 

The format ion  i s  named a f t e r  Vount Wells, 1 7  km nor thwes t  of 
Boddington. 
a t t a i n s  a maximum t h i c k n e s s  of 5 .5  km. The r o c k s  c o n s i s t  of i n t e r -  
bedded lavas, t u f f s ,  b r e c c i a s ,  agglomera tes ,  and minor amounts of 
sed imentary  r o c k s ,  a l l  v a r i o u s l y  deformed and metamorphosed. I n  g e n e r a l  
lavas predominate  i n  t h e  n o r t h e r n  p a r t  of t h e  b e l t  around Mount Wells, 
b u t  p y r o c l a s t i c  rocks  are  more abundant s o u t h  of t h e  B a n n i s t e r  River. 
The format ion  conformably o v e r l i e s  t h e  Hotham Formation n e a r  t h e  Hotham 
R i v e r ,  and t h e  c o n t a c t  is  marked by a r a p i d  i n c r e a s e  i n  t h e  s i z e  and 
number of t h e  agglomera t ic  and t u f f a c e o u s  h o r i z o n s .  Elsewhere,  t h e  
w e s t e r n  c o n t a c t  of t h e  format ion  is  f a u l t  bounded, 
rocks  are i n t r u d e d  by a d a m e l l i t e  (&) 6 km e a s t - s o u t h e a s t  of George 
H i l l .  A 10 m wide c o n t a c t  zone c o n s i s t s  of e l o n g a t e  f e l s i c - v o l c a n i c  
x e n o l i t h s  enc losed  i n  an  extremely v a r i a b l e  g r a n i t i c  m a t r i x .  I r r e g u l a r  
areas and v e i n s  of g r a n i t e  occur  i n  t h e  Wells Formation f o r  up t o  200 m 
from t h i s  zone. 

It extends  f o r  32 km i n  a north-northwest  d i r e c t i o n ,  and 

F e l s i c  p y r o c l a s t i c  
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The f e l s i c  lavas (Af l )  - c o n s i s t  of u n i t s  of a n d e s i t e ,  d a c i t e ,  and 

area on Mount Wells, metamorphosed d a c i t e s  and r h y o d a c i t e s  are i n t e r -  
banded w i t h  t u f f s  and minor amounts of sedimentary rock .  The lavas 
c o n t a i n  prominent q u a r t z  phenocrys ts  i n  a f a i r l y  t u r b i d  m a t r i x  of 
q u a r t z ,  f e l d s p a r ,  and w h i t e  mica, w i t h  secondary e p i d o t e  and c l i n o z o i -  
s i te .  A n d e s i t i c  lavas w i t h  r e l i c t  phenocrys ts  of p l a g i o c l a s e  and 
amphibole i n  a f ine-gra ined  polygonal ,  o r  d r u s y ,  q u a r t z o - f e l d s p a t h i c  
matrix occur  e l sewhere  i n  t h e  sequence.  

c i t e ,  t h a t  are v a r i o u s l y  p o r p h y r i t i c  and s c h i s t o s e .  A t  t h e  t y p e  

P y r o c l a s t i c  r o c k s  (Afp) are r e a s o n a b l y  w e l l  exposed a t  Farmers 
Cross ing  and n e a r  t h e  Hotham River. They c o n s i s t  c h i e f l y  of agglomer- 
a te  c o n t a i n i a g  c l a s t s  of f e l s i c  lava, which are o f t e n  i n  excess of 
several metres long .  These agglomera tes  are  in te rbanded  w i t h  f i n e -  
g r a i n e d  t u f f s ,  b r e c c i a s  and volcanogenic  sediments  which are o f t e n  
d i f f i c u l t  t o  d i f f e r e n t i a t e  i n  t h e  f i e l d .  C e r t a i n  u n i t s  of t u f f  n e a r  
t h e  Hotham River c o n t a i n  a p p r e c i a b l e  p y r i t e .  I n  t h i n  s e c t i o n ,  s m a l l  
t o  l a r g e ,  a n g u l a r  f e l s i c  v o l c a n i c  f ragments  occur  i n  a matrix of 
f i n e - g r a i n e d  q u a r t z ,  f e l d s p a r ,  and w h i t e  mica. Hornblende and g r e e n  
b i o t i t e  are  common i n  c e r t a i n  u n i t s ,  a s  are  p y r i t e ,  c l i n o z o i s i t e ,  and 
a p a t i t e .  

A s i n g l e ,  10 m-thick band of c h l o r i t o i d  s c h i s t  (Afo) - u n d e r l i e s  
p o r p h y r i t i c  d a c i t e ,  4.6 km s o u t h  of Mount Wells. It is a g r e e n i s h  
rock  c o n t a i n i n g  t a b u l a r  c h l o r i t o i d  up t o  3 mm long.  The c h l o r i t o i d  
h a s  d i s t i n c t  lamellar twinning and h a s  grown a c r o s s  a n  e a r l y  f o l i a t i o n  
d e f i n e d  by b i o t i t e  and q u a r t z ,  
s l i g h t l y  r o t a t e s  t h e  c h l o r i t o i d  g r a i n s .  The u n i t  probably r e p r e s e n t s  
a p e l i t i c  o r  t u f f a c e o u s  h o r i z o n  i n  t h e  lava sequence.  

A l a te r  s t r a i n s l i p  c l e a v a g e  c u t s  and 

A small, s e r p e n t i n i z e d  u l t r a m a f i c  body (&) o c c u r s  4 . 2  km nor th-  
w e s t  of Farmers Cross ing .  It c r o p s  o u t  over  50 m and l i es  s u b p a r a l l e l  
t o  t h e  l a v a s .  

Marradong Formation (Aba) - 

The format ion  i s  named a f t e r  t h e  t o w n s i t e  of Marradong, 7.5 km 
south-southwest of Boddington. It c o n s i s t s  of 3 t o  8 km of m e t a b a s a l t ,  
w i t h  minor i n t e r c a l a t i o n s  of d a r k  metasediment and m e t a d a c i t e .  The 
r o c k s  are  p o o r l y  exposed, b u t  appear  t o  extend a lmost  t h e  whole l e n g t h  
of t h e  b e l t .  The format ion  conformably o v e r l i e s  t h e  Wells Formation 
a t  Mount Wells and t h e  c o n t a c t  i s  s h a r p ,  a l though a few bands and 
l e n s e s  of m e t a d a c i t e  occur  i n  t h e  m e t a b a s a l t  n e a r  t h e  c o n t a c t .  The 
e a s t e r n  boundary of t h e  format ion  is everywhere f a u l t e d ,  so i t s  t o t a l  
t h i c k n e s s  is unknown. The t y p e  area is  a 400 m l o n g  s e c t i o n  on t h e  
Mount Saddleback range ,  2 km s o u t h  of Marradong. Here, f i n e - g r a i n e d ,  
s c h i s g o s e  m e t a b a s a l t  (Aba), - having a g e n e r a l  t r e n d  of 166' and a d i p  
of 81 E i s  c u t  l o c a l l y  by t h i n  q u a r t z o - f e l d s p a t h i c  v e i n s  t h a t  have been 
deformed i n  t h e  s c h i s t o s i t y ,  The b a s a l t  c o n s i s t s  of a ragged mosaic 
of hornblende and p l a g i o c l a s e ,  and a s m a l l  q u a n t i t y  of q u a r t z .  The 
b a s a l t  i s  e x t e n s i v e l y  a l t e r e d  t o  e p i d o t e  and c l i n o z o i s i t e ,  b u t  t h e  
less a l t e r e d  r o c k s  have a n  igneous r a t h e r  t h a n  a metamorphic t e x t u r e .  
A t  4 km nor thwes t  of Mount Saddleback, m e t a b a s a l t  i s  i n t e r c a l a t e d  w i t h  
d a r k ,  ex t remely  f i n e - g r a i n e d  m e t a p e l i t e  and m e t a s i l t s t o n e ,  t o g e t h e r  
w i t h  minor amounts of f e l s i c  v o l c a n i c  r o c k s ,  Owen and Hargreaves 
(1975) r e f e r  t o  t h e  m a f i c  r o c k s  on Mount Saddleback as gabbro.  

GNEISSIC ROCKS NEAR THE DARLING SCARP 

With t h e  e x c e p t i o n  of two s m a l l  areas of well-banded, q u a r t z -  
f e l d s p a r - b i o t i t e  g n e i s s  (Anb) near t h e  w e s t e r n  boundary of t h e  Saddle- 
back Group, a11 g n e i s s i c  r o c k s  o u t s i d e  t h e  J imperding Metamorphic B e l t  
l i e  w i t h i n  10 km of t h e  D a r l i n g  F a u l t .  
f o r  d e s c r i p t i v e  purposes ,  a l though i t  i s  n o t  impl ied  a t  t h i s  s t a g e  t h a t  

___ 

These have been grouped t o g e t h e r  
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t h e y  r e p r e s e n t  a s i n g l e  metamorphic b e l t  e q u i v a l e n t  i n  s t a t u s  t o  t h e  
J imperding Metamorphic B e l t .  However, l i t h o l o g i c a l  d i f f e r e n c e s  i n d i -  
cate t h a t  t h e  rocks  are n o t  a s o u t h e r n  c o n t i n u a t i o n  of t h e  C h i t t e r i n g  
Metamorphic B e l t  (Wilde and Low, 1975) .  

The g n e i s s e s  occur  i n  t h r e e  main areas: around Roleystone,  
between Mundijong and North Dandalup, and from n e a r  P i n j a r r a  south-  
wards t o  Cookernup and t h e n c e  o n t o  t h e  C o l l i e  Shee t .  These areas a re  
c h a r a c t e r i z e d  by a complex m i x t u r e  of l i t h o l o g i c a l  t y p e s ,  and i t  w a s  
g e n e r a l l y  i m p o s s i b l e  t o  s e p a r a t e  them a t  t h e  map scale. Many of t h e  
r o c k  t y p e s  a re  t h e  r e s u l t  of ca tac las t ic  deformat ion  of p r e - e x i s t i n g  
g r a n i t i c  r o c k s  ( o r t h o g n e i s s e s ) .  However, d e f i n i t e  p a r a g n e i s s e s  are 
p r e s e n t  as w e l l ,  a l t h o u g h  t h e  r e l a t ive  p r o p o r t i o n s  could n o t  be 
determined.  A l l  t h e  unassigned g n e i s s e s  have been grouped as & on 
t h e  map. 

Roleystone Area 

2 An i r r e g u l a r  g n e i s s i c  area of approximate ly  35 km i s  c e n t r e d  j u s t  
east of Roleystone,  and is  bounded on a l l  b u t  t h e  n o r t h e r n  s i d e  by 
migmat i te ;  even-grained g r a n i t e  i n t r u d e s  t h e  g n e i s s e s  i n  t h e  n o r t h .  
The l i t h o l o g i e s  and f o l i a t i o n  t r e n d s  a re  similar i n  t h e  g n e i s s e s  and 
migmat i te ,  and i t  a p p e a r s  t h a t  i n t r u s i o n  of g r a n i t i c  material  h a s  
conver ted  a n  o r i g i n a l l y  more e x t e n s i v e  area of g n e i s s  t o  migmat i te  
( F i g . 2 ) .  The g n e i s s e s  d i p  westward a t  low t o  h i g h  a n g l e s ,  and were 

w e l l  exposed d u r i n g  t h e  c o n s t r u c t i o n  of t h e  Canning Tunnel between 
Canning D a m  and Roleystone.  They c o n s i s t  of c l o s e l y  in te rbanded  
maf ic  and f e l s i c  u n i t s ,  w i t h  m a f i c  g n e i s s e s  predominat ing.  The f e l s i c  
g n e i s s e s  c o n s i s t  of q u a r t z - f e l d s p a r - b i o t i t e  assemblages which v a r y  
from well-banded t o  massive, and which have a wispy b i o t i t e  f o l i a t i o n .  
The m a f i c  u n i t s  are c h i e f l y  a m p h i b o l i t e  and b i o t i t e - a m p h i b o l i t e ,  w i t h  
some amphibole-bearing s c h i s t s .  C e r t a i n  u n i t s  have a g r a n o f e l s i c  
t e x t u r e .  A d a r k  g n e i s s  w i t h  d i s t i n c t  p o r p h y r o b l a s t s  of a l b i t e  
o l i g o c l a s e  i s  commonly in te rbanded  i n  t h e  sequence. Several zones 
r i c h  i n  u l t r a m a f i c  pods,  5 t o  40 c m  long ,  were encountered i n  t h e  
Canning Tunnel.  
w i t h  c e n t r a l  c o r e s  of r a d i a l  o r  massive t r e m o l i t e ,  and/or  t a l c  (Drake, 
1976) .  

These pods are zoned and have a b i o t i t e - r i c h  margin 

Gneisses  occupy a narrow s t r i p  about  22 km by 2 km down t h e  
D a r l i n g  Scarp  from Mundijong, s o u t h  t o  North Dandalup; a s m a l l  b r e a k  
of 2 km o c c u r s  a t  S e r p e n t i n e .  Several s h e a r  zones are  p r e s e n t ,  and 
t h e  predominant s t y l e  of deformat ion  i s  ca tac las t ic .  The g n e i s s e s  
have a n o r t h e r l y  t r e n d  and d i p  westward a t  moderate  t o  s t e e p  a n g l e s .  
The c h i e f  rock-types are q u a r t z - f e l d s p a r - b i o t i t e  g n e i s s  (E), por- 
p h y r i t i c  g r a n i t e  g n e i s s  (a), and augen g n e i s s  (&). The augen 
g n e i s s  i s  c o a r s e  g r a i n e d ,  and c o n s i s t s  of q u a r t z ,  m i c r o c l i n e ,  o l i g o -  
clase, b i o t i t e ,  and c o n t a i n s  l a r g e  m i c r o c l i n e  augen. The t e x t u r e  
i s  ca tac las t ic ,  and t h e  r o c k d i f f e r  from Anp i n  having a much more 
i n t e n s e  f o l i a t i o n ,  w i t h  s t r o n g l y  a l i g n e d  augen. Indeed,  augen g n e i s s  
has o f t e n  r e s u l t e d  from t h e  cataclasis  of Anp, and o c c u r s  i n  d i s t i n c t  
s h e a r  zones.  
myloni te .  
and appear  t o  b e  deformed g r a n i t e s  ( o r t h o g n e i s s e s ) .  However, c e r t a i n  
of t h e  q u a r t z - f e l d s p a r - b i o t i t e  g n e i s s e s  are in te rbanded  w i t h  amphibole- 
r i c h  bands and probably r e p r e s e n t  v e s t i g e s  of a n  ear l ie r  l a y e r e d  
sequence. 

I n t e n s e  s h e a r i n g  h a s  r e s u l t e d  i n  t h e  format ion  of b l a s t o -  
Many of t h e  r o c k s  i n  t h i s  area are unbanded and massive, 
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P i n j a r r a  - Cookernup Area 

A cont inuous  band of g n e i s s e s ,  1 t o  7 km wide,  e x t e n d s  southward 
from n e a r  P i n j a r r a  t o  Cookernup and beyond t h e  s h e e t  area (a  d i s t a n c e  
of 48 km on t h e  P i n j a r r a  S h e e t ) .  I n  t h e  n o r t h e r n  p a r t ,  t h e  r o c k s  are 
c h i e f l y  augen g n e i s s e s  w i t h  some maf ic  wisps .  They t r e n d  p a r a l l e l  t o  
t h e  D a r l i n g  Scarp  and d i p  s t e e p l y  westward. These g n e i s s e s  appear  t o  
r e p r e s e n t  c a t a c l a s t i c a l l y  deformed g r a n i t e  and migmat i te .  An 11 km- 
long  zone of p o r p h y r i t i c  g r a n i t e  g n e i s s  (Anp) which ex tends  from n e a r  
t h e  P i n j a r r a  a lumina r e f i n e r y  t o  east of Coolup h a s  been d e l i n e a t e d .  
It is  m i n e r a l o g i c a l l y  and t e x t u r a l l y  s imilar  t o  r o c k s  d e s c r i b e d  pre-  
v i o u s l y  which c rop  o u t  n e a r  B i l b a r i n  H i l l ,  and c o n t a i n s  narrow zones 
of augen g n e i s s .  These g n e i s s e s  r e s u l t e d  from cataclasis  of porphyr i -  
t i c  g r a n i t e ,  from which t h e y  are  s e p a r a t e d  by a m y l o n i t i z e d  s h e a r  zone 
i n  t h e  east .  F u r t h e r  s o u t h  n e a r  t h e  Murray River, augen g n e i s s  i s  
in te rbanded  w i t h  q u a r t z - f e l d s p a r - b i o t i t e  and amphibole-bearing 
g n e i s s e s ,  and t h e  predominant d i p  is e a s t e r l y .  A s m a l l  i s o l a t e d  
area of augen g n e i s s  (Ana) - o c c u r s  n e a r  t h e  Murray R i v e r ,  7 km s o u t h  
of Dwellingup. It a p p e a r s  t o  have formed by s h e a r i n g  of g r a n i t i c  
r o c k s  

A t  Waroona, broad zones,  up t o  1 km wide,  of banded g n e i s s e s  
a l t e r n a t e  w i t h  u n i t s  of f a i r l y  homogeneous augen g n e i s s .  I n  t h e  
s o u t h e r n  bank of t h e  Waroona Dam, a banded i ron- format ion  (Ai) t r e n d s  
063' and d i p s  65'N. 
g r a n u l a r  a g g r e g a t e  of q u a r t z ,  m a g n e t i t e  and g r u n e r i t e .  A few f r a g -  
ments of q u a r t z i t e  occur  u p h i l l  t o  t h e  s o u t h .  
d e f i n i t e  metasedimentary r o c k s  i n  t h e  whole of t h e  D a r l i n g  Scarp  b e l t ,  
b u t  s u g g e s t  t h a t  many of t h e  a s s o c i a t e d  banded r o c k s  are i n  f a c t  para-  
g n e i s s e s .  

It i s  o n l y  0 .3  m t h i c k  and c o n s i s t s  of a n  equi-  

These are  t h e  o n l y  

South of Wagerup, well-banded g r a n i t i c  and maf ic  g n e i s s e s  occur  
c l o s e  t o  t h e  D a r l i n g  Scarp.  They d i p  s t e e p l y  eastward o r  westward and 
a re  o f t e n  b l a s t o m y l o n i t i c .  The g n e i s s e s  become more homogeneous t o  
t h e  east ,  b u t  b l a s t o m y l o n i t e  zones s t i l l  occur .  A t  Cookernup, t h e r e  
i s  a g r a d u a l  eastward change from homogeneous augen g n e i s s  i n t o  
deformed p o r p h y r i t i c  g r a n i t e ,  and f i n a l l y  i n t o  undeformed porphyr i -  
t i c  g r a n i t e .  Most of t h e  augen g n e i s s e s  i n  t h i s  s e c t i o n  t h u s  r e p r e -  
s e n t  deformed g r a n i t e ,  b u t  i t  is u n c e r t a i n  whether t h e  well-banded 
b l a s t o m y l o n i t i c  g n e i s s e s  are t h e  r e s u l t  of more e x t e n s i v e  cataclasis  
of o r i g i n a l  p o r p h y r i t i c  g r a n i t e .  

MIGMATITE 

The term migmat i te  i s  used h e r e  t o  d e s c r i b e  g n e i s s i c  r o c k s  i n t i -  
mate ly  admixed w i t h  a g r a n i t i l c  component. 
v e i n s  s u b p a r a l l e l  t o  t h e  f o l i a t i o n  o r  as more extensive areas t h a t  
c u t  i r r e g u l a r l y  a c r o s s  t h e  g n e i s s i c  palaeosome. The p r e - e x i s t i n g  
metamorphic f o l i a t i o n  i s  o f t e n  s t r o n g l y  c o n t o r t e d  and d i s r u p t e d .  The 
g r a n i t i c  component i s  n o t  everywhere obvious ly  i n t r u s i v e  and may form 
d i f f u s e  v e i n s  t h a t  t r a n s g r e s s  a wispy metamorphic f o l i a t i o n .  Some of 
t h i s  material h a s  formed -- i n  s i t u  and h a s  o f t e n  developed f i r s t  i n  t h e  
h i n g e s  of minor f o l d s .  

The g r a n i t e  may occur  as 

Migmati te  (Am) i s  p r e s e n t  as a n  i r r e g u l a r ,  d i s c o n t i n u o u s  zone 
developed b e t w e e r t h e  g r a n i t i c  r o c k s  and t h e  J imperding Metamorphic 
B e l t .  
g n e i s s e s  w i t h  d i f f u s e  areas of g r a n i t e .  The f o l i a t i o n  t r e n d  i s  
f r e q u e n t l y  similar t o  t h a t  i n  t h e  a d j a c e n t  g n e i s s e s  and t h i s  i s  w e l l -  
i l l u s t r a t e d  n e a r  Dale Bridge where l a r g e  l e n s e s  of q u a r t z i t e  are 
comple te ly  enc losed  i n  migmat i te  r i c h  i n  a m p h i b o l i t e  streaks.  

It c o n s i s t s  of well-banded o r  more homogeneous, b i o t i t e - s t r e a k e d  

Migmatite o c c u r s  a l o n g  t h e  margin of t h e  s o u t h e r n  p a r t  of t h e  
Saddleback Group. 
- Ana w i t h  ve ins  of g r a n i t e  t o  more e x t e n s i v e  areas c o n t a i n i n g  remnant 
b l o c k s  of g n e i s s ;  some g n e i s s i c  areas were p a r t i a l l y  mobi l ized .  

It varies from well-banded t o  massive Anb, Anp and 
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Amphibolite pods and s t r e a k s ,  w i t h  some hornblende r o c k  a re  numerous 
i n  t h i s  a r e a .  
sur rounding  t h e  g n e i s s e s  a t  Roleystone,  and t h e  r o c k s  a t  Armadale and 
Canning Dam were r e f e r r e d  t o  as "hybrid gne iss ' '  by P r i d e r  (1943 and 
1945) .  

S i m i l a r  f e a t u r e s  are  p r e s e n t  i n  t h e  migmat i te  area 

A narrow s t r i p  of migmat i te  s e p a r a t e s  p o r p h y r i t i c  from even- 
g r a i n e d  g r a n i t e  i n  t h e  southwest  p a r t  of t h e  s h e e t  area. 
t r e n d s  north-northwestward and i s  a l i n e  of r e l a t i v e  weakness t h a t  h a s  
been fol lowed by t h e  Murray River. 

The u n i t  

S m a l l ,  enclosed areas of migmat i te  occur  w i t h i n  t h e  main g r a n i t i c  
b a t h o l i t h ,  and are most abundant s o u t h  of Che J imperding Metamorphic 
B e l t .  The r o c k s  a re  predominant ly  mixed g r a n i t e  phases  w i t h  b i o t i t e  
c l u s t e r s  and wisps  r i c h  i n  e i t h e r  b i o t i t e  o r  amphibole.  F4ina-r Pumphrey 
Br idge ,  d a r k  s l a b s  of b i o t i t e  q u a r t z  d i o r i t e f t o n a l i t e  form p a r t  of t h e  
palaeosome. 
p l u t o n i c  component caught-up i n  t h e  g r a n i t e .  

These a re  o n l y  weakly f o l i a t e d  and may r e p r e s e n t  a n  ear l ier  

GRANITIC ROCKS 

LITHOLOGIES 

The p l u t o n i c  g r a n i t i c  r o c k s  were d i s t i n g u i s h e d  i n  t h e  f i e l d  on t h e  
b a s i s  of t h e i r  t e x t u r e .  Each t e x t u r a l  s u b d i v i s i o n  varies somewhat i n  
composi t ion,  w i t h  a maximum r a n g e  from g r a n o d i o r i t e ,  through a d a m e l l i t e ,  
t o  g r a n i t e .  However, most r o c k s  are w i t h i n  t h e  a d a m e l l i t e  f i e l d .  

The l e u c o c r a t i c  a d a m e l l i t e  (Agg) i s  f i n e  t o  c o a r s e  g r a i n e d ,  w i t h  

The t e x t u r e  i s  a l l o t r i o -  
marked v a r i a t i o n s  i n  t h e  g r a i n  s i z e .  It c o n t a i n s  abundant v e i n s  and 
more d i f f u s e  areas of p e g m a t i t e  and a p l i t e .  
morphic g r a n u l a r ,  and t h e  r o c k  c o n s i s t s  of o l i g o c l a s e ,  m i c r o c l i n e , q u a r t z ,  
s m a l l  amounts of b i o t i t e ,  and a c c e s s o r y  muscovi te  and e p i d o t e .  The 
g r a n i t e  c r o p s  o u t  i n  s m a l l  areas o n l y ,  and is  g e n e r a l l y  a s s o c i a t e d  w i t h  
migmat i te .  It i s  o f t e n  r i c h  i n  g n e i s s i c  x e n o l i t h s ,  and may have a weak 
b i o t i t e  f o l i a t i o n ,  I n  t h e  Brookton t o  D a t t e n i n g  areas,  t h i s  t y p e  of 
g r a n i t e  i s  o f t e n  i n t i m a t e l y  admixed w i t h  b o t h  migmat i te  and porphyri-  
t i c  g r a n i t e .  
Brookton. 

Regular  g r a i n - s i z e  banding h a s  been observed w e s t  of 

The even-grained g r a n i t i c  r o c k s  (Age) are m e s o c r a t i c ,  f i n e  t o  
coarse-gra ined ,  and r a n g e  i n  composi t ion from g r a n o d i o r i t e  t o  g r a n i t e ,  
a l t h o u g h  a d a m e l l i t e  is t h e  c h i e f  v a r i e t y .  
s u b t l e ,  and t h e  r o c k s  are r e g i o n a l l y  f a i r l y  homogeneous. 
most e x t e n s i v e  g r a n i t i c  phase.  
and t h e  r o c k s  c o n s i s t  of a n d e s i n e  o l i g o c l a s e ,  m i c r o c l i n e ,  q u a r t z ,  and 
b i o t i t e ,  w i t h  l o c a l l y  developed hornblende.  
occur  most f r e q u e n t l y  c l o s e  t o  g r a d a t i o n a l  migmat i te  c o n t a c t s ,  o r  
n e a r  s h a r p  c o n t a c t s  w i t h  t h e  l a y e r e d  sequences,  Pegmat i te  and a p l i t e  
ve ins  are common, but  are  g e n e r a l l y  n o r  prominent.  However, c l o s e  t o  
migmat i te  areas and nor thwes t  of Crossman, t h e y  are ext remely  abundant .  
A weak f e l s i c - m i n e r a l  f o l i a t i o n ,  o c c a s i o n a l l y  enhanced by b i o t i t e ,  can  
b e  d i s c e r n e d  i n  most g r a n i t e  o u t c r o p s .  An i n c r e a s e  i n  t h e  i n t e n s i t y  
of o r  a l a te r  second f o l i a t i o n  i s  o f t e n  e v i d e n t  n e a r  s h e a r  and f a u l t  
zones.  S m a l l  v a r i a t i o n s  i n  g r a i n - s i z e  occur  i n  proximi ty  t o  & and 
t h e  r e l a t i o n  between Age and Agg a p p e a r s  t r a n s i t i o n a l ,  

Composi t ional  v a r i a t i o n  i s  
They form t h e  

The t e x t u r e  i s  a l l o t r i o m o r p h i c  g r a n u l a r ,  

X e n o l i t h s  are  rare, and 

P o r p h y r i t i c  g r a n i t e  (&) c r o p s  o u t  over  two l a r g e  areas i n  t h e  
southwest  p a r t  of t h e  map, i n  a b r o a d l y  cont inuous  b u t  i r r e g u l a r  zone 
c l o s e  t o  t h e  w e s t e r n  margin of t h e  Simperding Metamorphic B e l t ,  and 
a l s o  i n  a number of s m a l l ,  i r r e g u l a r l y  shaped areas w i t h i n  &. It 
forms t h e  prominent range  of h i l l s  n e a r  t h e  Canning River (Mount 
Vincent ,  Mount Cuthber t  and Eagle  H i l l ) .  The r o c k s  c o n t a i n  t a b u l a r  
megacrys ts  of m i c r o c l i n e  m i c r o p e r t h i t e  (average  l e n g t h  2 cm) i n  a n  
a l l o t r i o m o r p h i c  g r a n u l a r  a g g r e g a t e  of m i c r o c l i n e ,  o l i g o c l a s e ,  q u a r t z ,  
and b i o t i t e ,  l o c a l  hornblende.  The megacrys ts  v a r y  i n  abundance and 
are g e n e r a l l y  a l i g n e d .  Contac ts  w i t h  & are  normally s h a r p ,  a l t h o u g h  
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r e l a t i o n s  a re  g r a d a t i o n a l  w i t h  & i n  the D a t t e n i n g  area. Here, t h e  
g r a i n - s i z e  of t h e  p o r p h y r i t i c  g r a n i t e  var ies  as much as t h a t  of A_gg. 
South of Brookton, & and Agg are i n t i m a t e l y  mixed and t h e  porphyr i -  
t i c  g r a n i t e  h a s  a s t r o n g ,  a lmost  g n e i s s i c ,  f o l i a t i o n .  Near Quanamining 
H i l l  and Punine,  hornblende-bearing p o r p h y r i t i c  g r a n i t e  h a s  a d i s t -  
i n c t i v e  t e x t u r e ;  i t  c o n t a i n s  megacrys ts  of q u a r t z ,  a lmost  s q u a r e  
m i c r o c l i n e ,  and d a r k ,  zoned p l a g i o c l a s e  c r y s t a l s  are common. 

F i n e  t o  medium-grained g r a n i t i c  r o c k s  w i t h  s c a t t e r e d  megacrys ts  
of p o t a s h  f e l d s p a r  (e) occur  between many areas of Age and &. 
most e x t e n s i v e  development i s  around t h e  Canning River, southward t o  
North B a n n i s t e r .  
margin of t h e  J imperding Metamorphic Belt .  This  g r a n i t e  t y p e  w a s  
f i r s t  d e s c r i b e d  from t h e  P e r t h  Shee t  (Wilde and Low, 1975),  and h a s  
f e a t u r e s  t r a n s i t i o n a l  between Age and &. 
and r a n g e  from a d a m e l l i t e  t o  g r a n i t e .  
Age, e x c e p t  f o r  t h e  o c c u r r e n c e  of s c a t t e r e d ,  ragged megacrys ts  of 
m i c r o c l i n e  w i t h  numerous i n c l u s i o n s  of p l a g i o c l a s e .  
& w i t h  a n  i n c r e a s e  i n  b o t h  s i z e  and abundance of megacrys ts ,  and 
i n t o  Age a s  t h e s e  d e c l i n e .  
g r a n i t e  varies t e x t u r a l l y  from t o  &. However, several o u t c r o p s  
reveal t h a t  t h e s e  a re  s e p a r a t e  phases  which are almost  comple te ly  
mixed. 

The 

It is  a l s o  a prominent phase  a l o n g  t h e  w e s t e r n  

The r o c k s  are m e s o c r a t i c  
They a re  t e x t u r a l l y  s imi la r  t o  

They g r a d e  i n t o  

A t  Quanamining H i l l ,  hornblende-bearing 

A few s m a l l  areas of i n t i m a t e l y  admixed g r a n i t e  whose components 
cannot  b e  d e l i n e a t e d  a t  t h e  map scale,  occur  i n  t h e  e a s t e r n  p a r t  of 
t h e  s h e e t  area and are shown as mixed g r a n i t e  (d). 
commonly c o n t a i n  Age and & i n  roughly  e q u a l  amounts and i n  s h a r p  
c o n t a c t  w i t h  one a n o t h e r .  It i s  u s u a l l y  i m p o s s i b l e  t o  de te rmine  t h e  
o r d e r  of i n t r u s i o n  o r  else the evidence  from a d j a c e n t  areas i s  cont ra -  
d i c t o r y .  
a p l i t e ,  and t h e r e  is o f t e n  a l a r g e  & component. 
and r a f t s  are abundant n e a r  migmat i te  and t h e s e  mixed g r a n i t e  areas 
may b e  t h e  resu l t  of complex i n t e r a c t i o n  between i n t r u s i v e  g r a n i t e  
and mobi l ized  g n e i s s .  

These areas 

Most mixed g r a n i t e  areas c o n t a i n  e x t e n s i v e  p e g m a t i t e  and 
G n e i s s i c  x e n o l i t h s  

DISTRIBUTION AND RELATIONS 

The g r a n i t i c  r o c k s  c o n s t i t u t e  p a r t  of a l a r g e  b a t h o l i t h  t h a t  
ex tends  northward beyond t h e  s h e e t  area t o  t h e  Avon River and south-  
ward o n t o  t h e  C o l l i e  Shee t .  The g r a n i t e  i s  much more v a r i a b l e  t h a n  
t o  t h e  n o r t h  (Wilde and Low, 1975), and a r e g i o n a l l y  complex i n t e r -  
development of t e x t u r a l  t y p e s  t a k e s  p l a c e ,  p a r t i c u l a r l y  a long  t h e  
western and s o u t h e r n  margins  of t h e  J imperding Metamorphic Belt 
(F ig .  2 )  . 

Overall, t h e  predominant f o l i a t i o n  d i r e c t i o n  i n  t h e  g r a n i t i c  
r o c k s  is northwestward t o  north-northwestward.  However, t h e r e  a re  
l o c a l  v a r i a t i o n s ,  e s p e c i a l l y  around t h e  J imperding Metamorphic B e l t  
and c l o s e  t o  t h e  D a r l i n g  Scarp ,  
and F l e a y s ,  a n o r t h e a s t e r l y  t o  e a s t - n o r t h e a s t e r l y  t r e n d  i s  common 
w i t h i n  a l l  g r a n i t e  t y p e s .  
H i l l ,  Boyagin Rock and Mount Cole h a s  a marked e a s t e r l y  a l ignment  of 
megacrys ts ,  and a f e l s i c  f o l i a t i o n  i n  Age near B i t t l e y o n g  Rocks h a s  a 
similar t r e n d .  The l a r g e ,  d i s c r e t e  body of & i n  t h e  Logue Brook-  
Murray River area a l s o  h a s  a s t r o n g  e a s t e r l y  f o l i a t i o n ,  a l t h o u g h  
megacrys ts  l i e  s u b p a r a l l e l  t o  t h e  c o n t a c t  n e a r  t h e  margins  of t h e  
p l u t o n .  
Scarp i n  & a t  Oakley D a m  and Dwellingup and i n  & and Age east of 
P i n j a r r a .  Close  t o  t h e  D a r l i n g  Scarp ,  t h e  r e g i o n a l  n o r t h - n o r t h e a s t e r l y  
t r e n d  i n  t h e  g r a n i t e s  becomes more n o r t h e r l y ,  and i s  perhaps t h e  
r e s u l t  of s h e a r i n g .  

Near Coolar ing  H i l l ,  Goonaping Swamp 

The h o r n b l e n d i c  Agp/Agv n e a r  Quanamining 

- 

Local  eas tward- t rending  f o l i a t i o n s  occur  n e a r  t h e  D a r l i n g  
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There i s  a marked tendency towards t h e  development of hornblende 
i n  t h e  zone of complex g r a n i t e s  w e s t  of t h e  J imperding Metamorphic B e l t .  
Hornblende o c c u r s  w i t h i n  &, Agv and 4ge, b u t  i s  rare i n  t h e  l a t t e r .  
It h a s  been recorded  as  f a r  w e s t  as L i t t l e  Darkin Swamp and Beraking 
Brook, b u t  t h e  main area of hornblende-bearing g r a n i t e s  i s  w i t h i n  40 km 
of  t h e  metamorphic b e l t .  Around Mount Cole ,  t h e  hornblende g r a n i t e  
var ies  r a p i d l y  from a t o  Agv, and is  t e x t u r a l l y  d i s t i n c t  from o t h e r  
g r a n i t e s  of t h i s  t y p e  ( L i t h o l o g i e s  s e c t i o n ) .  The occurrence  of 
hornblende around t h e  western margin of t h e  J imperding Metamorphic Belt 
i s  a l s o  a f e a t u r e  of t h e  g r a n i t e s  on t h e  P e r t h  Sheet  between York, 
Northam and C l a c k l i n e .  

The r a p i d  v a r i a t i o n s  i n  t e x t u r e  made c l a s s i f i c a t i o n  d i f f i c u l t  i n  a 
number of  areas. 
& and &, and t h e s e  t h r e e  t y p e s  a l s o  v a r y  a p p r e c i a b l y  n e a r  migmati te .  

A t  Boyagin Rock, t h e r e  i s  a g r a d a t i o n  between &, 

Close  t o  t h e  J imperding Metamorphic B e l t ,  t h e r e  i s  some evidence  
f o r  t h e  r e l a t i v e l y  p a s s i v e  emplacement o r  development of t h e  g r a n i t e .  
Near Dale Br idge ,  G r a n i t e  o f t e n  h a s  a s u b h o r i z o n t a l  c o n t a c t  w i t h  t h e  
c o u n t r y  r o c k s ,  and i s  s t r u c t u r a l l y  o v e r l a i n  by g n e i s s e s .  Although 
t h e  f o l i a t i o n  i n  t h e  g n e i s s e s  i s  t r u n c a t e d ,  t h e r e  h a s  been no obvious 
deformat ion  of t h e s e  r o c k s  by emplacement of g r a n i t e .  S i m i l a r l y ,  
g n e i s s i c  r o c k s  i n  t h i s  area seem t o  g r a d e  a lmost  i m p e r c e p t i b l y  i n t o  
& o r  AggfAm w i t h  pegmat i te .  
u n i t s  w i t h i n  Agp and Agv a t  Andrews T r i g  a l s o  i n d i c a t e s  a r e l a t ive  
l a c k  of d i s t u r b a n c e  d u r i n g  g r a n i t e  emplacement. 

The presence  of uncontor ted  q u a r t z i t e  

The r e l a t i o n s  between, and r e l a t ive  a g e s  o f ,  t h e  v a r i o u s  g r a n i t i c  
r o c k s  is ext remely  u n c e r t a i n  owing t o  c o n f l i c t i n g  f i e l d  ev idence .  
g e n e r a l ,  a l l  t y p e s  s h a r p l y  c u t  t h e  r o c k s  of t h e  metamorphic b e l t s ,  
a l t h o u g h  t h e r e  a re  g r a d a t i o n s  i n  t h e  migmatite zones.  
o f t e n  g r a d a t i o n a l  t o  t h e  g n e i s s i c  r o c k s ,  w h i l s t  & a t  Dale Br idge  i s  
p e r v a s i v e  i n t o  b o t h  g n e i s s e s  and migmat i te .  
a re  everywhere complex, and,  f o r  every  example showing a r e l a t ive  age ,  
t h e  o p p o s i t e  case can  b e  found. 
d i s t i n c t  phases  of &. South of Boyagarr ing H i l l ,  a f i n e ,  even- 
g r a i n e d  g r a n i t e  i n t r u d e d  a medium-grained phase:  however, t h e  reverse 
r e l a t i o n s h i p  o c c u r s  n e a r  Crossman. Other  s p e c i f i c  examples are: 
v e i n s  of & c u t &  a t  Bald H i l l ,  Youral ing and Annandale Pool ;  
whereas - Agp c u t s  Age a t  Bald H i l l ,  Goonaping Swamp, and s o u t h  of 
Crossman; & c u t s  lz_gg near  B i t t l e y o n g  Rocks; whereas Agp o c c u r s  as  
b l o c k s  and x e n o l i t h s  w i t h i n  Agg n e a r  T a l b o t ;  Agv o c c u r s  as bands w i t h i n  
- Age n e a r  Dabaderry Swamp, b u t  they  are i r r e g u l a r l y  admixed n e a r  Wander- 
i n g ;  and ,  n e a r  Bar t le t t  T r i g ,  a l l  t h e  main g r a n i t e  t y p e s  a r e  mixed up 
t o g e t h e r  w i t h o u t  any i n d i c a t i o n  of t h e i r  emplacement o r d e r .  

I n  

However, & i s  

I n t e r - g r a n i t e  r e l a t i o n s  

I n  s e v e r a l  l o c a l i t i e s  t h e r e  are two 

U n t i l  t h e r e  i s  d e f i n i t e  ev idence  t o  t h e  c o n t r a r y ,  t h e  above rela- 
t i o n s  s u g g e s t  t h a t  t h e  g r a n i t e s  are  b e s t  cons idered  as b e i n g  penecon- 
temporaneous phases  of t h e  same g e n e r a l  i n t r u s i o n .  

PROTEROZOIC GEOLOGY 

CARDUP GROUP 

A sequence of weakly metamorphosed, s h a l e ,  s i l t s t o n e ,  s a n d s t o n e  
and minor amounts of conglomerate  c r o p s  o u t  s p o r a d i c a l l y  a long  t h e  
D a r l i n g  Scarp from Maddington s o u t h  t o  S e r p e n t i n e ,  a t o t a l  d i s t a n c e  of 
37 km. The group a t t a i n s  a maximum w i d t h  of 1 km, and forms a narrow 
s t r i p  t h a t  t r e n d s  p a r a l l e l  t o  t h e  p r e s e n t  s c a r p .  The r o c k s  w e r e  f i r s t  
recorded  by Gregory (1849) and o r i g i n a l l y  named t h e  "Armadale Shales"  
by Honman (1912).  A f t e r  several changes of name, t h e y  were f i n a l l y  
r a i s e d  t o  group s t a t u s  f o l l o w i n g  t h e  work of W i l l i a m s  and McKellar 
( i n  - P l a y f o r d  and Wil lmot t ,  19581, Singh (1958) and Low (1972) .  
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The Cardup Group unconformably o v e r l i e s  Archaean g r a n i t e  and 
migmat i te ;  however, t h e  c o n t a c t  i s  normally obscured ,  and t h e  o n l y  
exposure i s  i n  a c l a y  q u a r r y ,  4 km east of Maddington. There,  a 3 m 
t h i c k  u n i t  of pebble  conglomerate  and in te rbedded  g r i t  rests unconfor- 
mably on f o l i a t e d  Archaean g r a n i t e .  Pebbles  of q u a r t z ,  1 c m  average  
d i a m e t e r ,  are set i n  a g r i t t y  m a t r i x  of q u a r t z  and f e l d s p a r ,  w i t h  
i n t e r s t i t i a l  s i l t .  Thin bands of s i l t s t o n e  and s a n d s t o n e  a re  p r e s e n t ,  
and t h e s e  predominate  a f t e r  3 m. The s i l t s t o n e s  p a s s  upward i n t o  p a l e  
cream-grey s h a l e s  a f t e r  5 m.  
62 W; i t s  s u r f a c e  i s  g e n t l y  u n d u l a t i n g .  

The unconformity t r e n d s  146' and d i p s  
0 

I n  most o u t c r o p s ,  t h e  bedding d i p s  a t  moderate  t o  s t e e p  a n g l e s  t o  
t h e  w e s t ,  a l t h o u g h  l o c a l l y  s t e e p  e a s t e r l y  d i p s  were recorded  a t  Cardup. 
A s l a t y  c l e a v a g e  i s  normally s u b - p a r a l l e l  t o  t h e  bedding and a s t r o n g  
bedding/c leavage  l i n e a t i o n  developed.  
Cardup, t h e  l i n e a t i o n  p lunges  n o r t h  a t  low t o  moderate  a n g l e s ,  b u t  i n  
between i t  plunges s t e e p l y  t o  t h e  s o u t h .  A s t r a i n - s l i p  c l e a v a g e ,  2 km 
s o u t h  of Cardup, is  ax ia l  p l a n a r  t o  minor f o l d s ,  and i n d i c a t e s  t h a t  t h e  
r o c k s  l i e  on t h e  e a s t e r n  l i m i t  of a north-plunging a n t i c l i n e .  P l a y f o r d  
and o t h e r s  ( i n  p r e s s )  r e p o r t  t h a t  s t r u c t u r a l  ev idence  e l sewhere  i n d i -  
cates t h a t  t h e  r o c k s  l i e  on t h e  e a s t e r n  l imb of a s y n c l i n e .  

North of Wungong and s o u t h  of 

The Cardup Group h a s  been subdiv ided  i n t o  t h r e e  f o r m a t i o n s  (Low, 
1972a) .  I n  s t r a t i g r a p h i c  o r d e r ,  t h e s e  are t h e  Whitby Sandstone,  
Neerigen Formation and t h e  Armadale Shale .  

The Whitby Sandstone which r a n g e s  up t o  40 m t h f c k  (Singh, 1958) 
i s  named a f t e r  Whitby F a l l s  on Manjedal Creek. The t y p e  s e c t i o n  is i n  
a r a i l w a y  c u t t i n g ,  3 km east  of Mundijong (32 18'20"S, 116°00'40"E); 
i t  c o n s i s t s  of conglomerate  and f i n e  t o  coarse-gra ined  s a n d s t o n e  
t h a t  unconformably o v e r l i e  Archaean migmat i te .  The u n i t  i s  l e n t i c u l a r  
and r e p r e s e n t s  t h e  b a s a l  p o r t i o n  of a t r a n s g r e s s i v e  marine sequence.  

0 

The Neerigen Formation which conformably o v e r l i e s  t h e  Whitby 
Sandstone o r  unconformably o v e r l i e s  Archaean g r a n i t i c  r o c k s  (P layford  
and Wil lmot t ,  1958) is  named a f t e r  t e e r i g e n  Brook. 
t h i c k ,  and a t  t h e  t y p e  l o c a l i t y  (32 08'45"S, 116°01'08"E), 300 m n o r t h  
of t h e  "Olde Narrogin Inn" a t  Armadale, i t  c o n s i s t s  of in te rbedded  f i n e  
t o  medium-grained micaceous s a n d s t o n e  and ripple-marked s h a l e ,  

It i s  up t o  73 m 

The Armadale S h a l e  ( P l a y f o r d  and WilJmott, 1958) is 483 m t h i c k  a t  
t h e  t y p e  s e c t i o n  i n  t h e  Cardup Quarry (32 14'35"S, 116 00'55' 'E). It 
conformably o v e r l i e s  t h e  Neerigen Formation b u t  is  o v e r l a i n  by 
Quaternary piedmont d e p o s i t s  and i ts  t o t a l  t h i c k n e s s  i s  unknown. The 
format ion  c o n s i s t s  of b l a c k  s h a l e  o v e r l a i n  by w h i t e  s h a l e  w i t h  lesser 
amounts of sands tone  and o r t h o q u a r t z i t e .  

The age  of t h e  Cardup Group i s  u n c e r t a i n ,  though c i r c u m s t a n t i a l  
ev idence  s u g g e s t s  t h a t  i t  i s  Middle t o  Late P r o t e r o z o i c .  The r o c k s  are 
c u t  by d o l e r i t e  dykes ( P r i d e r ,  1943 ) of b e l i e v e d  Late P r o t e r o z o i c  age ,  
and o v e r l i e  t h e  more deformed and metamorphosed Archaean g n e i s s e s  and 
migmatites. They a l s o  have f e a t u r e s  i n  common w i t h ,  and occupy a 
s imilar  s t r u c t u r a l  p o s i t i o n  t o  t h e  P r o t e r o z o i c  Moora Group, 200 km t o  
t h e  n o r t h  (Low, 1972b). F a i r b r i d g e  (1953) r e p o r t e d  t h e  f o s s i l  C o l l e n i a ,  
from t h e  Armadale Quarry,  a l t h o u g h  t h i s  is now i n  d i s p u t e  (P layford  and 
o t h e r s ,  i n  p r e s s ) .  
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PRECAMBRIAN UNDETERMINED 

MINOR INTRUSIVE ROCKS 

GRANITIC DYKES AND VEINS 

Veins and small dykes up t o  a few metres wide of  f i n e  t o  medium- 
gra ined  a d a m e l l i t e  and g r a n i t e  occur  i n  t h e  g r a n i t i c  r o c k s  around 
Wandering. 
and v e i n s  i n  t h e  P e r t h  Shee t  area (Wilde and Low, 1975).  

They have a g e n e r a l  e a s t e r l y  t r e n d ;  as do similar dykes 

PEGMATITE AND APLITE VEINS 

Veins and more i r r e g u l a r  areas of pegmat i te  w i t h  minor a p l i t e  
occur  throughout  t h e  s h e e t  area, and probably  make up between 5% and 
10% of t h e  g r a n i t i c  b a t h o l i t h .  They are p a r t i c u l a r l y  abundant n o r t h  
of Crossman and c l o s e  t o  migmat i te  areas. The v e i n s  have a g e n e r a l  
e a s t e r l y  t r e n d ,  s imilar  t o  t h e  g r a n i t e  v e i n s  t o  which t h e y  may b e  
g e n e t i c a l l y  r e l a t e d .  However, a v e i n  of f i n e  g r a i n e d  g r a n i t e  c u t s  a 
p e g m a t i t e  ve in  n e a r  Dwarda. 
e a s t e r n  p a r t  of t h e  area around t h e  w e s t e r n  and s o u t h e r n  margins  of 
t h e  J imperding Metamorphic B e l t .  

Pegmat i te  and a p l i t e  a re  abundant i n  t h e  

They are  most numerous w i t h i n  &. 

DOLERITIC DYKES 

T h o l e i i t i c ,  q u a r t z  d o l e r i t e  dykes i n t r u d e  a l l  t h e  Precambrian 
rock-types exposed on t h e  P i n j a r r a  S h e e t ,  i n c l u d i n g  t h e  P r o t e r o z o i c  
Cardup Group. The dykes a v e r a g e  about  10 m ,  b u t  r a n g e  from a few 
centimetres t o  200 m t h i c k .  They a r e  commonly f i n e - g r a i n e d  and 
m e l a n o c r a t i c ,  a l t h o u g h  some c o a r s e r  g r a i n e d  gabbro ic  va r i e t i e s  are 
p r e s e n t .  
g r a i n e d  material ,  o r  remain c o a r s e  g r a i n e d  over  t h e i r  e n t i r e  wid th .  
F r e s h  dykes a r e  rare,  and most are e x t e n s i v e l y  a l t e r e d  and/or  sheared .  
The pr imary mineralogy c o n s i s t s  of p l a g i o c l a s e  ( a n d e s i n e - l a b r a d o r i t e ) ,  
a u g i t e ,  hornblende,  minor q u a r t z ,  and a c c e s s o r y  e p i d o t e ,  sphene,  and 
a p a t i t e .  
margins  ( s e e  Klenowski, 19751, b u t ,  east of P i n j a r r a ,  whole dykes have 
been sheared  and conver ted  t o  a m p h i b o l i t e .  

The g a b b r o i c  t y p e s  may have a c h i l l e d  margin of f i n e r  

Near t h e  D a r l i n g  Scarp ,  a number of dykes have sheared  

D i s t i n c t i v e  f i n e - g r a i n e d ,  m a l a n o c r a t i c ,  p l a g i o c l a s e - p h y r i c  
d o l e r i t e s  are  p r e s e n t  w i t h i n  and around t h e  J imperding Metamorphic 
B e l t  (Wilde and Low, 1975).  They are  n o t  abundant and no o v e r a l l  t r e n d  
was observed ,  These d o l e r i t e s  are f r e s h  and c o n s i s t  of e l o n g a t e  l a t h s  
of l a b r a d o r i t e  and a u g i t e  p h e n o c r y s t s ,  i n  a n  a p h a n i t i c  t o  f i n e - g r a i n e d  
groundmass of p l a g i o c l a s e ,  a u g i t e ,  q u a r t z ,  d e n d r i t i c  i r o n  o r e  and 
o c c a s i o n a l  d e v i t r i f i e d  g l a s s .  

Only one x e n o l i t h - b e a r i n g  d o l e r i t e  dyke (+), s i m i l a r  t o  t h o s e  
recorded  from t h e  P e r t h  Sheet  (Lewis, 1970; Wilde and Low, 19751, w a s  
d i s c o v e r e d .  It o c c u r s  17 km s o u t h  of Congel in  and h a s  a n  east- 
n o r t h e a s t e r l y  t r e n d .  
f i n e - g r a i n e d  p l a g i o c l a s e - p h y r i c  d o l e r i t e  w i t h  abundant quar tzo-  
f e l d s p a t h i c  x e n o l i t h s  i n  v a r i o u s  s t a g e s  of d i g e s t i o n .  The dyke 
b i f u r c a t e s  and e n c l o s e s  e n c l a v e s  of p a r t i a l l y  remel ted  g r a n i t e .  

It r e a c h e s  400 m maximum width  and c o n s i s t s  of 

Cross-cu t t ing  r e l a t i o n s  s u g g e s t  several re la t ive  a g e s  of d o l e r i t e  
emplacement, though t h e  dykes are  o f t e n  similar and t h e r e  may have been 
only  one g e n e r a l  p e r i o d  of i n t r u s i o n .  
Cardup Group, and t h e s e  dykes must b e  upper P r o t e r o z o i c  o r  younger.  
Confirming t h i s  is a Rb-Sr a g e  of 560 t o  590 m.y. ob ta ined  from 
sheared  and metasomatized dyke margins  (Compston and A r r i e n s ,  1968) .  

D o l e r i t e  c u t s  t h e  P r o t e r o z o i c  
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However, a d o l e r i t e  dyke exposed i n  t h e  w a l l  of t h e  S e r p e n t i n e  Dam i s  n e t -  
ve ined  by g r a n i t e .  This  is  e i t h e r  a n  Archaean d o l e r i t e  ( s e e  Appleyard and 
B u r d e t t ,  1962) o r  t h e  r e s u l t  of l a t e - s t a g e  m o b i l i z a t i o n  of t h e  g r a n i t e .  

Dykes n e a r  t h e  D a r l i n g  Scarp have a g e n e r a l  n o r t h e r l y  t r e n d  which is 
emphasized by s h e a r i n g .  
predominant ly  westward t o  west-northwestward. T h i s  i s  a l s o  t h e  t r e n d  of 
photo l ineaments  i n  t h e  massive l a t e r i t e  area f u r t h e r  w e s t ,  and o c c a s i o n a l  
r o c k  fragments  i n d i c a t e  t h a t  most of t h e s e  l ineaments  a re  d o l e r i t e  dykes.  
Northward from Dat ten ing  t o  t h e  Beverley area, t h e  o v e r a l l  t r e n d  i s  
north-northwestward, b u t  a number of coarse-gra ined  dykes have a n  east- 
n o r t h e a s t e r l y  t r e n d .  Between Brookton and Beverley (and f u r t h e r  n o r t h  
around York),  many of t h e  d o l e r i t e s  have metamorphosed t h e  hornblende 
g r a n i t e  h o s t .  The metamorphosed p o r t i o n s  are more r e s i s t a n t  t o  e r o s i o n ,  
and s t a n d  o u t  l i k e  p a r a l l e l  w a l l s ,  t h e  more eroded d o l e r i t e  between l o o k s  
l i k e  man-made t r a c k s .  

The t r e n d  i n  t h e  s o u t h e a s t  p a r t  of t h e  area i s  

QUARTZ DYKES RND VEINS 

There are numerous s m a l l  q u a r t z  v e i n s  throughout  t h e  Precambrian area. 
These have only  been shown on t h e  map where they  a re  numerous and have a 
f a i r l y  c o n s t a n t  t r e n d .  Larger  q u a r t z  dykes are less f r e q u e n t .  I n  t h e  
e a s t e r n  p a r t  of t h e  s h e e t  area, prominent dykes occur  n e a r  T a l b o t ,  Dale 
Br idge ,  and Dat ten ing;  t h e s e  have a g e n e r a l  n o r t h e r l y  o r  n o r t h e a s t e r l y  
t r e n d .  Quartz  dykes are  most numerous a l o n g  t h e  D a r l i n g  Scarp ,  where t h e y  
t r e n d  north-northwestward o r  northward;  t h e y  o f t e n  mark t h e  j u n c t i o n  
between r o c k  t y p e s ,  and some are m y l o n i t i z e d .  Quartz  dykes and v e i n s  are 
numerous i n  t h e  Cardup Group and o f t e n  mark t h e  c o n t a c t  w i t h  t h e  under ly-  
i n g  Archaean r o c k s .  

METAMORPHISM 

The obvious e f f e c t s  of r e g i o n a l  metamorphism are  conf ined  t o  d i s t i n c t  
metamorphic b e l t s ,  and are l a r g e l y  a b s e n t  from t h e  g r a n i t i c  t e r r a i n s .  
Garnet o c c u r s  i n  t h e  migmat i te  i n  t h e  Mount Cooke-Mount Solus  area,  and ,  
more r a r e l y ,  n e a r  Dale Bridge.  Elsewhere,  o n l y  later cataclastfc  e f f e c t s  
were observed l o c a l l y  i n  t h e  g r a n i t e ,  a s  n e a r  t h e  D a r l i n g  Scarp.  

The r o c k s  of t h e  J imperding Metamorphic B e l t  have a m p h i b o l i t e - g r a n u l i t e  
t r a n s i t i o n  f a c i e s  t o  g r a n u l i t e - f a c i e s  m i n e r a l  assemblages.  These f a c i e s  
appear  t o  b e  i r r e g u l a r l y  admixed and r e f l e c t  l o c a l  and minor changes i n  
c o n d i t i o n s .  
a l l y  broken-down t o  c l u s t e r s  of b i o t i t e .  Although d l a g n o s t f c  s c h i s t  u n i t s  
are  rare,  o t h e r  m i n e r a l  assemblages a re  similar t o  t h e  n o r t h e r n  e x t e n s i o n  
of t h e  b e l t  (Wilde and Low, 19751, and i n d i c a t e  low p r e s s u r e  c o n d i t i o n s  i n  
t h e  a n d a l u s i t e - s i l l i m a n i t e  f a c i e s  series (Miyashiro,  1961) .  

Garne ts  w i t h i n  mobi l ized  An1 5 km w e s t  of Brookton, have p a r t i -  - 

The Saddleback Group r o c k s  have been metamorphosed t o  g r e e n s c h i s t -  
f a c i e s  assemblages,  w i t h  a p o s s i b l e  e x t e n s i o n  t o  lower a m p h i b o l i t e  f a c i e s ,  
The b a s a l t i c  r o c k s  c o n s i s t  mainly of a c t i n o l i t e - a l b i t e - e p i d o t e ,  a c t i n o l i t e -  
a l b i t e - e p i d o t e - c h l o r i t e - s p h e n e  and a l b i t e - e p i d o t e - c l i n o z o i s i t e  assemblages.  
The amphibole is u s u a l l y  ragged ,  and o n l y  rare examples of hornblende  are 
p r e s e n t .  The t e x t u r e  of t h e  b a s a l t s  i s  igneous ,  n o t  metamorphic. The 
p e l i t i c  r o c k s  and some of  t h e  f i n e r  g r a i n e d  f e l s i c  v o l c a n i c  r o c k s  have 
undergone more e x t e n s i v e  r e c r y s t a l l i z a t i o n .  
a re  quartz-muscovite-chlorfte-albite, quar tz -muscovi te -b io t i te -a lb i te -  
e p i d o t e ,  w h i l s t  q u a r t z o - f e l d s p a t h i c  s c h i s t s  c o n t a i n  quar tz -a lb i te -muscovi te  
( - b i o t i t e - e p i d o t e ) .  
s o u t h  of Mount Wells h a s  an  assemblage of chloritoid-biotite-quartz 
(-muscovite- e p i d o t e ) .  The a s s o c i a t i o n  of c h l o r i t o i d  and b i o t i t e  p l a c e s  
t h e s e  r o c k s  f i r m l y  i n  t h e  q u a r t z - a l b i t e - e p i d o t e - b i o t i t e  s u b f a c i e s  of t h e  

T y p i c a l  p e l i t i c  assemblages 

The d i s t i n c t i v e  c h l o r i t o i d - r i c h  band o c c u r r i n g  4.6 km 
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g r e e n s c h i s t  f a c i e s  (Turner  and Verhoogen, 1960).  A s i n g l e  sample of 
s c h i s t  from t h e  Hotham Formation h a s  a n  assemblage of q u a r t z - a l b i t e -  
biotite-almandine-epidote, i n d i c a t i n g  a n  e x t e n s i o n  i n t o  t h e  q u a r t z -  
albite-epidote-almandine s u b f a c i e s .  

U l t r a m a f i c  r o c k s  i n  t h e  J imperding Metamorphic B e l t  and Saddleback 
G r o u p h v e  r e t r o g r a d e ,  g r e e n s c h i s t - f a c i e s  assemblages,  and c o n s i s t  t y p i -  
c a l l y  of t r e m o l i t e - c h l o r i t e  and t a l c - t r e m o l i t e  ( - s e r p e n t i n e ) .  

The metamorphic g r a d e  of t h e  g n e i s s i c  rocks  n e a r  t h e  D a r l i n g  Scarp 
There are few d i a g n o s t i c  r o c k  t y p e s  p r e s e n t  and i s  a m p h i b o l i t e  f a c i e s .  

most a m p h i b o l i t e s  have a hornblende-andesine ( - b i o t i t e - q u a r t z - e p i d o t e )  
p a r a g e n e s i s .  
assemblage of  quartz-magnetite-grunerite. 
D a r l i n g  F a u l t  h a s  r e s u l t e d  i n  r e t r o g r e s s i o n  t o  g r e e n s c h i s t  f a c i e s  ( v i z .  
g r a n i t i c  r o c k s  t o  q u a r t z - s e r i c i t e  s c h i s t  and m a f i c  r o c k s  t o  a n  a l b i t e -  
epidote-chlorite-actinolite assemblage) . 

The BIF a t  t h e  Waroona Dam h a s  t h e  a m p h i b o l i t e  f a c i e s  
Later s h e a r i n g  a l o n g  t h e  

STRUCTURE 

The s t r u c t u r e  and s o l i d  g e o l o g i c a l  i n t e r p r e t a t i o n  of t h e  area are 
i l l u s t r a t e d  i n  F i g u r e  2.  R e l a t i o n s  between g r a n i t e  t y p e s  i n  t h e  batho- 
l i t h  have a l r e a d y  been d i s c u s s e d .  

FOLD I NG 

The s t r u c t u r e  w i t h i n  t h e  J imperding Metamorphic B e l t  a p p e a r s  more 
uniform t h a n  i n  t h e  P e r t h  s h e e t  area (Wilde and Low, 1975) .  Bands of 
q u a r t z i t e  p r o v i d e  t h e  o n l y  r e l i a b l e  marker h o r i z o n s ,  a l t h o u g h  b r e a k s  i n  
o u t c r o p  and boudinaging make i t  d i f f i c u l t  t o  t race and c o r r e l a t e  i n d i v i -  
d u a l  h o r i z o n s .  Q u a r t z i t e  o c c u r s  i n  two d i s t i n c t  areas, and h a s  a 
gener  a1 n o r  t h-nort  hwes t e r l y  t r e n d .  

I n  t h e  w e s t ,  t h e  u n i t s  extend n o r t h  from Mount Kokeby t o  t h e  Dale 
Bridge area. However, t h e  J imperding Metamorphic Belt i s  e x t e n s i v e l y  
d i s r u p t e d  a l o n g  t h i s  w e s t e r n  margin by t h e  development of b o t h  migmat i te  
and g r a n i t e .  
i n  g r a n i t e ,  t h e y  have a f a i r l y  c o n s t a n t  and r e g u l a r ,  low t o  moderate  
w e s t e r l y  d i p .  

Although some of t h e  q u a r t z i t e  u n i t s  are p a r t i a l l y  enc losed  

The e a s t e r n  zone of q u a r t z i t e s  is more cont inuous ,  and e x t e n d s  
northward from t h e  Babbyal la  H i l l s  t o  Wyalgima H i l l .  The u n i t s  d i p  
eastward a t  low t o  moderate  a n g l e s ,  and t h i s  may i n d i c a t e  t h a t  t h e y  
r e p r e s e n t  t h e  same bands which are  exposed t o  t h e  w e s t ,  b u t  f o l d e d  
a n t i c l i n a l l y  about  a north-northwestward t r e n d i n g  a x i s  approximate ly  
a l o n g  t h e  l i n e  of t h e  Avon River. 
as t h e  low d i p s  i n d i c a t e  a n  open s t y l e  which i s  a t  v a r i a n c e  w i t h  t h e  
r o o t l e s s  i s o c l i n a l  f o l d s  observed r a r e l y  i n  t h e  q u a r t z i t e s  and t h e  
a d j a c e n t  g n e i s s e s .  

T h i s  would b e  a l a t e  phase  of f o l d i n g ,  

The e a s t e r n  zone of q u a r t z i t e s  is asymmetr ica l ly  f o l d e d  n e a r  Mount 
S tone .  
swinging north-northwestward,  
a n g l e s ,  and s u g g e s t  t h a t  t h e  whole zone r e p r e s e n t s  t h e  w e s t e r n  l imb of a 
southward p lunging  r e g i o n a l  s y n c l i n e .  Several k i l o m e t r e s  n o r t h  of Mount 
S tone ,  l i n e a t i o n s  plunge a t  s h a l l o w  a n g l e s  t o  t h e  n o r t h  and i n d i c a t e  
la ter  minor ,  open s t y l e  r e f o l d i n g  of t h e  sequence. 

The l i t h o l o g i e s  t r e n d  eastward i n  t h i s  area f o r  about  5 km b e f o r e  
L i n e a t i o n s  p lunge  s o u t h  a t  low t o  moderate  

No o v e r a l l  f o l d  p a t t e r n  i s  e v i d e n t  i n  t h e  Saddleback Group, and t h e  
r e g i o n a l  d i p  is  s t e e p l y  westward. However s t e e p  e a s t e r l y  d i p s  are 
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p r e s e n t  n o r t h  of Mount Saddleback and n e a r  t h e  Hotham R i v e r ,  i n d i c a t i n g  
t h a t  some c o n t o r t i o n  h a s  o c c u r r e d ,  P ink  q u a r t z o - f e l d s p a t h i c  v e i n s  are 
l o c a l l y  abundant i n  t h e  m e t a b a s a l t  and are t i g h t l y ,  b u t  i r r e g u l a r l y ,  
f o l d e d  i n  t h e  s c h i s t o s i t y .  The u n i t  o f  c h l o r i t o i d  schis t  n e a r  Mount 
Wells h a s  a n  e a r l y  series of c r e n u l a t i o n s  d e f i n e d  by b i o t i t e  and 
t h e s e  are  overgrown by t h e  c h l o r i t o i d .  A l a t e r  s t r a i n - s l i p  c l e a v a g e  
i s  developed a l o n g  t h e  a x e s  of t h e s e  c r e n u l a t i o n s ,  and h a s  d i s r u p t e d  
t h e  c h l o r i t o i d .  The f e l s i c  v o l c a n i c  r o c k s  are o f t e n  c u t  by a b r a i d e d  
s c h i s t o s i t y  t h a t  c o n f i n e s  "eyes" of q u a r t z  o r  q u a r t z o - f e l d s p a t h i c  
a g g r e g a t e s ,  b u t  f o l d i n g  h a s  n o t  been observed.  

Only o c c a s i o n a l  minor,  t i g h t  t o  i s o c l i n a l  f o l d s  are p r e s e n t  i n  
t h e  g n e i s s i c  r o c k s  n e a r  t h e  D a r l i n g  Scarp  and no p a t t e r n  i s  e v i d e n t .  
However, t h e r e  i s  f o l d i n g  of t h e  ca tac las t ic  f o l i a t i o n  a t  Waroona, 

The P r o t e r o z o i c  Cardup Group h a s  undergone a t  least  one p e r i o d  of 
deformat ion ,  a l t h o u g h  c l e a v a g e  and bedding are s u b p a r a l l e l  i n  most 
o u t c r o p s ,  and ,  a l t h o u g h  t h e r e  i s  ev idence  of f o l d i n g ,  no major  f o l d  
a x e s  were d i s c o v e r e d .  

FAULTING 

A marked f e a t u r e  i s  t h e  abundance of f a u l t s  i n  t h e  Boddington 
area. These c o n t r o l  t h e  o u t c r o p  of t h e  volcanogenic  Saddleback Group, 
as w e l l  as d i s p l a c i n g  f o r m a t i o n s  w i t h i n  t h e  group. The major boundary 
f a u l t s  t r e n d  from west-northwestward t o  north-northwestward,  and have 
themselves  been d i s p l a c e d  by l a te r  f a u l t s  which t r e n d  nor th-nor thegs t -  
ward t o  nor theas tward .  The f a u l t  a l o n g  Mooradung Brook ( t r e n d  150 ) i s  
marked by e x t e n s i v e  s h e a r i n g  and a l t e r a t i o n  of t h e  a d j a c e n t  g r a n i t i c  
r o c k s .  There i s  l i t t l e  d i r e c t  ev idence  f o r  many of t h e  o t h e r  f a u l t s ,  
except  f o r  l i n e a m e n t s  ( o f t e n  fol lowed by stream c o u r s e s )  and a b r u p t  
changes i n  r o c k  t y p e .  
e r l y  t r e n d s  a l s o  occur  i n  t h e  g r a n i t i c  r o c k s  east of t h e  Saddleback 
Group, e s p e c i a l l y  n e a r  Wandering and D a t t e n i n g .  They sometimes mark 
t h e  c o n t a c t  between d i f f e r e n t  rock  t y p e s ,  b u t  o f t e n  t h e r e  is no ev idence  
of d i sp lacement .  A few f a u l t s ,  a g a i n  of similar t r e n d ,  occur  else- 
where i n  t h e  s h e e t  area, b u t  are mainly r e c o g n i z a b l e  by d isp lacement  
o r  t r u n c a t i o n  of u n i t s ,  

Rela ted  f a u l t s  w i t h  n o r t h w e s t e r l y  t o  n o r t h e a s t -  

DARLING FAULT ZONE 

The D a r l i n g  F a u l t  s e p a r a t e s  Precambrian r o c k s  of t h e  Y i l g a r n  Block 
from Phanerozoic  s t r a t a  of t h e  P e r t h  Bas in .  I t s  p o s i t i o n  h a s  been d e t e r -  
mined from g r a v i t y  d a t a  and modif ied s l i g h t l y  from Low (1972) ,  because 
of t h e  o c c u r r e n c e  of  more w e s t e r l y  exposures  of Archaean rock  a t  North 
Dandalup, Waroona, and Cookernup. The f a u l t  h a s  a n  e s t i m a t e d  maximum 
disp lacement  of 15 km and,  owing t o  e r o s i o n ,  l ies  approximately 1 t o  2 
km w e s t  of t h e  p r e s e n t  s c a r p .  Several f a c t s  s u g g e s t  t h a t  t h e  f a u l t  
zone w a s  i n i t i a t e d  d u r i n g  t h e  Archsean, and t h a t  subsequent  p e r i o d i c  
movement o c c u r r e d ,  as w a s  e v i d e n t  f u r t h e r  n o r t h  on t h e  P e r t h  s h e e t  
(Wilde and Low, 1975) .  

A t  Cookernup, p o r p h y r i t i c  g r a n i t e  h a s  undergone p r o g r e s s i v e l y  
i n c r e a s h g  cataclasis  westward toward t h e  D a r l i n g  Scarp ,  
s i g n s  of deformat ion  are  e v i d e n t  n e a r  Sampson Brook Dam and Mount 
W i l l i a m ,  where o c c a s i o n a l  zones of ca tac las i s ,  30 c m  wide,  have reduced 
t h e  g r a n i t e  t o  augen g n e i s s  w i t h  a c e n t r a l  1 t o  3 c m  wide r i b b o n  of 
myloni te .  These zones become more abundant w e s t e r l y  toward Cookernup 
where t h e  p o r p h y r i t i c  g r a n i t e  is t o t a l l y  a l t e r e d  f i r s t  t o  p o r p h y r i t i c  
g n e i s s ,  t h e n  t o  augen g n e i s s ,  and f i n a l l y  t o  b l a s t o m y l o n i t e  and m y l o n i t e ,  
It is  u n c e r t a i n  whether  t h e  banded b l a s t o m y l o n i t e  sequence a t  Cookernup 
(shown as An on t h e  map) i s  e n t i r e l y  d e r i v e d  from sheared  g r a n i t e ,  o r  
whether p r g e x i s t i n g  g n e i s s e s  extended s o u t h  i n t o  t h i s  area. 
metamorphic grade ,  as shown by t h e  maf ic  u n i t s ,  i s  a m p h i b o l i t e  f a c i e s .  

The f i r s t  

However, t h e  
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A similar p r o g r e s s i v e  sequence from p o r p h y r i t i c  g r a n i t e  t o  porphyr i -  
t i c  and augen g n e i s s  o c c u r s  east of P i n j a r r a .  However, a narrow m y l o n i t i c  
shear-zone s e p a r a t e s  deformed g r a n i t e  from u n a f f e c t e d  r o c k s  t o  t h e  east .  

Several s h e a r  zones and m y l o n i t i z e d  q u a r t z  v e i n s  occur  w i t h i n  t h e  
g r a n i t i c  r o c k s  n e a r  North Dandalup. 
w i t h  o n l y  a weak f e l s i c  f o l i a t i o n  o c c u r s  on t h e  s c a r p  between Keysbrook 
and S e r p e n t i n e :  t h e r e  i s  no cataclasis,  

However, even-grained g r a n i t e  (Age) 

F u r t h e r  n o r t h ,  t h e  P r o t e r o z o i c  Cardup Group (Low, 1972a) c rops  o u t  
s p o r a d i c a l l y  a long  t h e  s c a r p .  The r o c k s  show evidence  of a t  least  one 
p e r i o d  of  deformat ion ,  and a number of q u a r t z  v e i n s  w i t h i n  t h e  group and 
a d j a c e n t  Archaean r o c k s  are  m y l o n i t i z e d .  Furthermore,  d o l e r i t e  dykes 
o f t e n  have sheared  margins  c l o s e  t o  t h e  D a r l i n g  Scarp  (Klenowski, 1975) .  

The a m p h i b o l i t e - f a c i e s  metamorphic grade  of t h e  b l a s t o m y l o n i t e  
sequence s u g g e s t s  t h a t  t h i s  deformat ion  occurred  d u r i n g  t h e  Archaean, 
as i t d i d  i n  t h e  n o r t h e r n  p a r t  of t h e  C h i t t e r i n g  Metamorphic Belt (Wilde 
and Low, 1975) .  However, deformat ion  of t h e  P r o t e r o z o i c  Cardup Group, 
s h e a r i n g  of t h e ,  presumably,  l a t e  P r o t e r o z o i c  d o l e r i t e  dykes,  and 
s h e a r i n g  of ? P r o t e r o z o i c  p e g m a t i t e  v e i n s  (Compston and A r r i e n s ,  1968) 
a t  P i n j a r r a  and Waroona, i n d i c a t e s  r e - a c t i v a t i o n  d u r i n g  t h e  P r o t e r o z o i c  
o r  l a t e r .  The o c c u r r e n c e  of undeformed g r a n i t e  n e a r  Keysbrook i s  
d i f f i c u l t  t o  e x p l a i n ,  though t h e  ca tac las t ic  f o l i a t i o n  i n  t h e  g r a n i t i c  
g n e i s s e s  4 km s o u t h  of Waroona i s  i t s e l f  f o l d e d  about  n o r t h - t r e n d i n g  
axes .  Fold ing  of t h e  Archaean cataclast ic  f o l i a t i o n  could  t h u s  account  
f o r  t h e  p r e s e n t  s p o r a d i c  d i s t r i b u t i o n  of m y l o n i t i c  r o c k s  a l o n g  t h e  
p r e s e n t  l i n e  of t h e  D a r l i n g  Scarp:  t h e  D a r l i n g  F a u l t  i s  t h e r e f o r e  
o n l y  s u b p a r a l l e l  t o  t h e  ear l ie r  Archaean deformat ion  zone. 

CAINOZOIC GEOLOGY 

GENERAL 

The Cainozoic  d e p o s i t s  have been mapped p r i m a r i l y  on t h e  b a s i s  of 
t h e i r  morphologica l  f e a t u r e s .  
e l u v i a l ,  c o l l u v i a l  o r  a l l u v i a l ,  and h a s  n o t  been d i s t i n g u i s h e d  as a 
l i t h o l o g i c a l  t y p e ,  Genesis  of t h e  d e p o s i t s  is complex and t h e  d i s -  
t i n c t i o n  between T e r t i a r y  and Quaternary d e p o s i t s  i s  o f t e n  d o u b t f u l  
i n  t h e  f i e l d .  
t h e  second l e t t e r  of a "Q" u n i t  symbol. Many of t h e  Quaternary u n i t s  
are a s s o c i a t e d  i n  what appear  t o  b e  remnants of a n  ear l ier  d r a i n a g e  
system. Although re-worked d u r i n g  t h e  Quaternary ,  t h e  d e p o s i t s  
probably  formed i n  t h e  T e r t i a r y .  
i l l u s t r a t e d  i n  F i g u r e  3 .  

Thus sand h a s  been c l a s s i f i e d  as 

No s u b d i v i s i o n  of t h e  Quaternary P e r i o d  i s  impl ied  by 

The r e l a t i o n s h i p  of t h e  u n i t s  i s  

TERTIARY AND UNASSIGNED UNITS 

The most e x t e n s i v e  T e r t i a r y  d e p o s i t  i s  l a t e r i t e  (x). I n  t h e  
w e s t  i t  forms a n  e x t e n s i v e  capping over  g r a n i t i c  and g n e i s s i c  r o c k s .  
The s u r f a c e  is f l a t  t o  u n d u l a t i n g  and h a s  o n l y  been modera te ly  d i s -  
s e c t e d ,  c h i e f l y  by t h e  Canning and Murray Rivers. 
s e c t i o n  i s  much more complete ,  and p l a t e a u  r e s i d u a l s  are  o f t e n  i s o l a t e d  
o r  e lse  form i r r e g u l a r  r i b b o n s  t h a t  are b e s t  p reserved  a t  watersheds  
( e s p e c i a l l y  between t h e  Dale/Avon and Murrah River  sys tems) .  
l a t e r i t e  i s  c h i e f l y  massive and cemented; and may b e  e i t h e r  p i s o l i t i c  
o r  v e s i c u l a r .  It a v e r a g e s  about  4 t o  5 m i n  t h i c k n e s s ,  and t h e  upper 
p o r t i o n s  may l o c a l l y  c o n s i s t  of l o o s e ,  uncemented p i s o l i t e s .  
t h i c k n e s s  of 14 m h a s  been recorded  i n  b a u x i t e  p i t s  a t  D e l  P a r k ,  
P i n j  arra.  

F u r t h e r  east ,  d i s -  

The 

A maximum 
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Most of t h e  l a t e r i t e  h a s  developed i n  s i t u  by weather ing  of under- 
l y i n g  r o c k s ,  and p a s s e s  downward through a p a l l i d  zone of  v a r i a b l e  
t h i c k n e s s  i n t o  weathered bedrock.  D i f f e r e n c e s  i n  c o l o u r ,  t e x t u r e  and 
composi t ion can b e  observed between l a t e r i t e  developed over  f e ls ic  
and maf ic  r o c k s ,  w h i l s t  t h e  f o l i a t i o n  i n  t h e  m e t a b a s a l t s  of t h e  
Saddleback Group i s  o f t e n  preserved  i n  t h e  o v e r l y i n g  l a te r i te .  
Chemical changes i n  t h e  l a t e r i t e  p r o f i l e s  are a l s o  c o n s i s t e n t  w i t h  
f o r m a t i o n  i n  s i t u  ( S a d l e i r  and G i l k e s ,  1975; Davy, i n  p r e p . ) .  These 
views are a t  v a r i a n c e  w i t h  Grubb (1971),  who p o s t u l a t e d  t h e  l a t e r i t e  
developed from a sedimentary  l a y e r  o v e r l y i n g  t h e  g r a n i t e ,  and Mulcahy 
(1967),  who grouped t h e  a r e a  i n  h i s  zone of " d e t r i t a l  la ter i tes" .  
There is  no sedimentary l a y e r  and,  a l t h o u g h  t r a n s p o r t e d  l a t e r i t e  
does  occur ,  i t  i s  p r i n c i p a l l y  conf ined  t o  s t e e p  s l o p e s ,  where i t  
forms c o l l u v i a l  f a n s .  Many t r a n s p o r t e d  la ter i tes  appear  t o  have 
undergone f u r t h e r  l a t e r i t i z a t i o n  a f t e r  t r a n s p o r t .  
t h e  e a s t e r n  p a r t  of t h e  s h e e t  o v e r l i e s  e l u v i a l  and c o l l u v i a l  sand 
t h a t  have been l a t e r i t i z e d  i n  s i t u .  

Some l a t e r i t e  i n  

S p o r a d i c a l l y  o v e r l y i n g  t h e  l a t e r i t e  are  s m a l l  d e p o s i t s  of yel low,  
g r e y  o r  w h i t e  sand (*) which are a s s o c i a t e d  w i t h  p r e s e n t  o r  a n c i e n t  
d r a i n a g e  c o u r s e s .  They are  a b s e n t  from t h e  massive la ter i tes  n e a r  
t h e  D a r l i n g  Scarp.  The sand o f t e n  p a s s e s  downslope i n t o  c o l l u v i a l  
sand o r  sandy a l luv ium.  
Avon and Dale Rivers n e a r  Mount Kokeby where t h e y  are a s s o c i a t e d  w i t h  
p o s s i b l e  T e r t i a r y  d r a i n a g e  systems.  

The d e p o s i t s  are b e s t  developed between t h e  

A few s m a l l  d e p o s i t s  of u n s o r t e d  conglomerate  (&) occur  n e a r  
t h e  f o o t  of t h e  D a r l i n g  Scarp  a t  Kelmscot t ,  Armadale, and North 
Dandalup, and on t h e  f l a n k s  of v a l l e y s  i n c i s e d  i n t o  t h e  s c a r p  a t  
Roleys tone  and w e s t  of J a r r a h d a l e .  
need n o t  b e  e q u i v a l e n t  i n  age.  They c o n s i s t  of i r r e g u l a r  t o  rounded 
c l a s t s  up t o  l a r g e  b o u l d e r  s i z e  i n  a m a t r i x  r a n g i n g  from c l a y  t o  
c o a r s e  sand. The m a t r i x  i s  f a i r l y  c o h e r e n t ,  except  n e a r  J a r r a h d a l e ,  
The d e p o s i t s  are  s imilar  t o  t h e  Harvey Beds (P layford  and o t h e r s ,  i n  
p r e p . )  of presumed T e r t i a r y  a g e ,  a l t h o u g h  Churchward and Bet tenay  
(1973) s u g g e s t  t h a t  t h e  d e p o s i t s  may b e  of Mesozoic age.  

The d e p o s i t s  appear  s imilar  but  

QUATERNARY UNITS 

Alluvium (*) i s  p r e s e n t  i n  t h e  upper  r e a c h e s  of t h e  major  
r ivers i n  t h e  e a s t e r n  p a r t  of t h e  s h e e t  area, b u t  i s  n o t a b l y  a b s e n t  
from t h e  more y o u t h f u l  r ivers  and streams t h a t  d i s s e c t  t h e  D a r l i n g  
Range. Here, and f u r t h e r  w e s t  n e a r  L i t t l e  Dark in  Swamp, p o r t i o n s  of 
a l luv ium are  s e p a r a t e d  from t h e  p r e s e n t  d r a i n a g e  channels  and asso-  
c i a t e d  w i t h  swamps and reworked sand.  These f e a t u r e s  s u g g e s t  t h a t  
much of t h e  a l luv ium formed p r i o r  t o  t h e  development of t h e  p r e s e n t  
d r a i n a g e .  

A s i n g l e  area of hummocky, b r i g h t  ye l low sand ( 9 s )  occurs6  km 
south-southeas t  of Mount Kokeby. 
s imilar  t o  presumed e o l i a n  d e p o s i t s  on t h e  P e r t h  s h e e t .  Areas of 
reworked sand (Qas) are  conf ined  t o  t h e  n o r t h e a s t e r n  p a r t  of t h e  s h e e t ,  
and appear  t o  r e p r e s e n t  o l d e r  stream c h a n n e l s .  The d e p o s i t s  have a n  
undulose  s u r f a c e ,  and o f t e n  l ink-up s e p a r a t e d  areas of a l luv ium.  
They appear  t o  d e f i n e  a n  ear l ier  Cainozoic  d r a i n a g e  p a t t e r n .  

It i s  m a r g i n a l  t o  a l l u v i u m  and is  

Swamp and l a c u s t r i n e  d e p o s i t s  (e) occur  i n  rounded c l a y  pans 
and sandy swamps i n  t h e  n o r t h e a s t e r n  p a r t  of t h e  area. They a re  
p r e s e n t  w i t h i n ,  o r  m a r g i n a l  t o ,  t h e  broad areas of o l d e r  reworked 
a l luv ium a t  Mount Kokeby and a t  L i t t l e  Darkin Swamp. 
are p r e s e n t  i n  i n  t h e  Mount Kokeby area. 

S m a l l e r  swamps 

I n  t h e  D a r l i n g  Range, col luvium (Qrc), c o n s i s t i n g  of scree o r  
f i n e r - g r a i n e d  p r o d u c t s ,  o f t e n  f i l l s  t h e  heads of v a l l e y s  whose streams 
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are  a c t i v e l y  i n c i s i n g  t h e  l a t e r i t e  s u r f a c e .  S i m i l a r  d e p o s i t s  are 
abundant between l a t e r i t e  and a l l u v i u m  n e a r  Boddington. 
e a s t e r n  p a r t  of t h e  area, col luvium o f t e n  o c c u r s  i n  broad v a l l e y s  
upstream from a l luv ium,  o r  as a s p o r a d i c  development between a l luv ium 
and r o c k  o u t c r o p .  

I n  t h e  

D i s t i n c t i v e  u n i t s  of sandy col luvium (Qrcs) are a s s o c i a t e d  w i t h  
t h e  o l d e r  d r a i n a g e  d e p o s i t s  n e a r  Mount Kokeby and L i t t l e  Darkin Swamp, 
and a l so  occur  i n  t h e  upper p a r t  of t h e  Canning River system and 
around F o u r t e e n  Mile Brook, n e a r  Congel in .  These are  v a l l e y - f i l l  
d e p o s i t s  t h a t  r e p r e s e n t ,  a t  l eas t  i n  p a r t ,  e x t e n s i v e l y  reworked 
d r a i n a g e  d e p o s i t s .  
watershed and may i n d i c a t e  t h a t  t h e s e  were once p a r t  of t h e  same 
system. 
i n t o  sand o v e r l y i n g  l a t e r i t e  (&). 

They b r i d g e  t h e  DalelAvon and DarkinIHelena River 

The u n i t  o f t e n  p a s s e s  downslope i n t o  a l luv ium and u p s l o p e  

Thin r i b b o n s  of a l luv ium w i t h  minor col luvium (Qa) o v e r l i e  t h e  
l a t e r i t e  of t h e  D a r l i n g  Range and form t h e  heads of p r e s e n t  v a l l e y  
systems.  
o r  r o c k  outcrop .  O c c a s i o n a l l y ,  t h i n  m a n t l e s  of sand extend over  
minor d r a i n a g e  d i v i d e s  and l ink-up s e p a r a t e  areas of @. 
d e p o s i t s  are well-developed i n  t h e  North and South Dandalup catchment 
areas 

They are f l a t  d e p o s i t s  t h a t  p a s s  downstream i n t o  co l luv ium 

Such 

Areas where bedrock i s  l a r g e l y  o r  a lmost  comple te ly  obscured by 
s o i l  are denoted by a n  o v e r p r i n t  on t h e  map. 
r o c k  fragments  e n a b l e  t h e  u n d e r l y i n g  r o c k  t y p e s  t o  b e  determined.  
These areas are more abundant east of t h e  massive zone of l a t e r i t e  
and away from areas of s t r o n g  active e r o s i o n .  

Occas iona l  o u t c r o p  o r  

ECONOMIC GEOLOGY 

METALLIC MINERALS 

GOLD 

S e v e r a l  s h a f t s  and a d i t s  were sunk f o r  g o l d  i n  q u a r t z  v e i n s  a l o n g  
t h e  D a r l i n g  Scarp  a t  G o s n e l l s ,  Armadale, Mundijong, S e r p e n t i n e  and 
North Dandalup. E x t e n s i v e  work w a s  c a r r i e d  o u t  a t  North Dandalup and 
t h e  area w a s  d e c l a r e d  a g o l d f i e l d  i n  1896. 
p r o d u c t i o n  from any of t h e  s h a f t s  i n  t h e  area. 
of go ld  d i s c o v e r e d  i n  a c r e e k  6 km east of t h e  t o w n s i t e  l e d  Honman 
(1916) t o  s t a t e  t h a t  "I cannot  arrive a t  any o t h e r  c o n c l u s i o n  t h a n  
t h a t  t h e  gold  w a s  pu t  i n  t h e  creek"!  
molybdeni te  i n  some of t h e  s h a f t s .  

There are  no r e c o r d s  of 
Indeed,  a n  examinat ion 

Later work i n d i c a t e d  traces of 

Small  p i t s  f o r  gold were dug i n  a q u a r t z  v e i n  a t  Marradong and 
n e a r  an  u l t r a m a f i c  r o c k  a t  Edwards Cross ing ,  Beverley.  
g o l d  were d e t e c t e d .  

No traces of 

LEAD 

Galena and a s s o c i a t e d  s p h a l e r i t e  are p r e s e n t  i n  a q u a r t z  v e i n  

The p r o s p e c t  w a s  worked s p o r a d i c a l l y  from 1846 ( i t  w a s  t h e  

The main workings a re  a long  a 450 m s e c t i o n  of a 

w i t h i n  migmat i te  3 km s o u t h e a s t  of Mundijong (Esson, 1927; Blockley,  
1971) .  
f i r s t  l e a d  mine i n  t h e  S t a t e )  a l t h o u g h  t h e r e  is  no r e c o r d  of t h e  amount 
of o r e  produced. 
major q u a r t z  v e i n  t h a t  t r e n d s  northwestward and d i p s  eas tward .  
copper  m i n e r a l i z a t i o n ,  i n  t h e  form of m a l a c h i t e  and a z u r i t e ,  i s  e v i d e n t .  
Simpson (1948) r e c o r d s  occurrences  of g a l e n a  and s p h a l e r i t e  a t  Armadale, 
Cardup and S e r p e n t i n e ,  b u t  t h e  exact l o c a l i t i e s  a re  unknown. 

Minor 
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. 

VANADIUM 

A small e a s t - t r e n d i n g  d o l e r i t e  dyke n e a r  t h e  Murray River, 10 km 
e a s t - s o u t h e a s t  of Spion Kop, c o n t a i n s  vanadium-bearing t i t a n i f e r o u s  
m a g n e t i t e .  
(Davy, i n  p r e p . ) ;  t h e y  s e e m  t o  b e  members of t h e  d o l e r i t e  s u i t e ,  and 
u n r e l a t e d  t o  t h e  Coates  S i d i n g  gabbro (Wilde and Low, 1975).  

S e v e r a l  dykes i n  t h e  s h e e t  area have h i g h  vanadium c o n t e n t s  

BAUXITE 

B a u x i t i c  l a t e r i t e  is e x t e n s i v e  o v e r  t h e  g r a n i t i c  r o c k s  of t h e  
D a r l i n g  P l a t e a u .  
and t h e  A l w e s t  Agreement Area occur  on t h e  s h e e t ,  and t h e  main ore-  
b o d i e s  d e f i n e d  t o  d a t e  are i n  t h i s  area. Mining of b a u x i t e  s t a r t e d  
a t  J a r r a h d a l e  i n  1960 and 32 800 066 t have been produced t o  t h e  end 
of 1975. The b a u x i t e  i s  t r a n s p o r t e d  by r a i l  t o  t h e  alumina r e f i n e r y  
a t  Kwinana, on Cockburn Sound. A second b a u x i t e  o p e r a t i o n  commenced 
a t  D e l  Park ,  Dwellingup i n  1972 and p r o d u c t i o n  t o  t h e  end of 1975 
amounted t o  8 834 891 t .  The o r e  is t r a n s p o r t e d  by conveyor b e l t  t o  a 
r e f i n e r y  a t  P i n j a r r a .  
h a s  amounted t o  11 806 002 t up t o  t h e  end of 1975. Publ i shed  o r e  
reserves amount t o  500 M t  of b a u x i t e  a t  a n  a v e r a g e  g r a d e  of 32 p e r  
c e n t  a v a i l a b l e  a lumina.  

The major p o r t i o n s  of t h e  Alcoa m i n e r a l  lease ML1 SA 

T o t a l  alumina p r o d u c t i o n  from b o t h  r e f i n e r i e s  

The main o r e  b o d i e s  i n  t h e  A l w e s t  Agreement Area are a t  Mount 
Saddleback, n e a r  Boddington. These are developed o v e r  t h e  m e t a b a s a l t  
of t h e  Marradong Formation of t h e  Saddleback Group. Reserves are  
e s t i m a t e d  a t  over  200 M t  of b a u x i t e  a t  around 32 p e r  c e n t  a v a i l a b l e  
a lumina, 

INDUSTRIAL ROCKS AND MINERALS 

BARITE 

Barite o c c u r s  i n  v e i n s  and a l o n g  j o i n t  s u r f a c e s  i n  t h e  Cardup 
P i t s  w e r e  opened up a t  Armadale, Group a t  Armadale and Mundijong. 

b u t  t h e r e  is  no r e c o r d  of product ion .  

CLAY 

B r i c k ,  p i p e ,  and t i l e  c l a y  is obta ined  from k a o l i n i z e d  g r a n i t i c  
r o c k s  c l o s e  t o  t h e  D a r l i n g  Scarp  a t  Bickley ,  Byford,  and Cardup. It 
forms i n  l o c a l i z e d  pockets  of deep weather ing  over  Archaean g r a n i t e  
and migmati te .  
t o  558 105 t t o  t h e  end of 1975. I n  t h e  same p e r i o d ,  t o t a l  recorded  
p r o d u c t i o n  from t h e  Archaean r o c k s  of t h e  Cardup area w a s  439 797 t .  

T o t a l  recorded  p r o d u c t i o n  from t h e  Byford area amounted 

P i s o l i t i c  l a t e r i t e  g r a v e l ,  which i s  used i n  cement manufacture  
f o r  i ts  alumina c o n t e n t ,  is mined a t  several l o c a l i t i e s  i n  t h e  G o s n e l l s  
t o  Byford area. This  material is  o f t e n  r e f e r r e d  t o  as cement c l a y .  
No a t t e m p t  h a s  been made t o  d i s t i n g u i s h  p i t s  of t h i s  t y p e  from g r a v e l  
p i t s  on t h e  map. 

KAOLIN 

A s m a l l  d e p o s i t ,  13 km southwest  of Mount Kokeby t o w n s i t e ,  h a s  
It w a s  f i r s t  worked i n  

The main k a o l i n  h o r i z o n  is  3 
produced 5 363 t of k a o l i n  up t o  J u n e  1976. 
1941 by s h a f t s  and l a t e r  by open c u t .  
m t h i c k  and covered by up t o  6 m of l o o s e  sandy overburden.  
d e p o s i t s  are  l a c u s t r i n e  i n  o r i g i n  and a s s o c i a t e d  w i t h  a n  e a r l y  
Quaternary,  o r  T e r t i a r y  d r a i n a g e  system. 

The 
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SHALE 

The P r o t e r o z o i c  Cardup Group sediments  are worked e x t e n s i v e l y  a long  
t h e i r  l e n g t h  f o r  brick-making s h a l e .  
Maddington, Armadale, Byford,  Cardup, and Mundijong. T o t a l  annual  pro- 
d u c t i o n  from t h e  Cardup Group i s  around 233 k t  (Archer ,  1975). 

Q u a r r i e s  have been opened up a t  

BUILDING STONE 

Cemented l a t e r i t e ,  and g r a n i t i c  r o c k s  have been used i n  t h e  p a s t  
f o r  home c o n s t r u c t i o n  and are o c c a s i o n a l l y  used f o r  f o u n d a t i o n s  a t  t h e  
p r e s e n t  t i m e .  F l a t  s l a b s  have o f t e n  been removed from g r a n i t e  out-  
c r o p s  f o r  t h i s  purpose.  P o r p h y r i t i c  g r a n i t e  h a s  been obta ined  f o r  
b u i l d i n g  purposes  from 4 km north-northwest  of Bald H i l l ,  
u s e  is  made of l a t e r i t e  and g r a n i t e  i n  landscape  gardening .  

E x t e n s i v e  

A q u a r t z  v e i n ,  5 km east of S e r p e n t i n e ,  w a s  q u a r r i e d  f o r  ornamental  
s t o n e .  

AGGREGATE, BALLAST AND ROAD METAL 

Abundant s u p p l i e s  of r o c k  s u i t a b l e  f o r  crushed a g g r e g a t e  a re  
a v a i l a b l e .  Q u a r r i e s  w i t h i n  g r a n i t e  (&) have been opened up a long  
t h e  D a r l i n g  Scarp between Maddington, and G o s n e l l s  and w i t h i n  m i g m a -  
t i t e  (Am) a t  Armadale, Wungong, Byford,  and Mundijong. F i l l  material 
f o r  t h e m a j o r  dams was obta ined  on s i t e ,  w h i l s t  r a i l w a y  b a l l a s t  w a s  
provided from t h e  Dale Bridge Quarry.  

Smal le r  workings i n  weathered g r a n i t i c  and g n e i s s i c  r o c k s  have 
provided g r a v e l  f o r  l o c a l  road making i n  t h e  e a s t e r n  p a r t  of t h e  area. 
E x t e n s i v e  u s e  of uncemented p i s o l i t i c  l a t e r i t e  f o r  road g r a v e l  h a s  
been made throughout  t h e  area and many p i t s  a re  opened up from t i m e  
t o  t i m e .  

SAND 

S m a l l  amounts of ye l low sand have been o b t a i n e d  from d e p o s i t s  
a s s o c i a t e d  w i t h  t h e  Hotham River a t  Boddington, Dwarda, and Pumphrey 
Bridge.  
t h e  area where t h e r e  are l a r g e  s u p p l i e s  of v a r i a b l e  q u a l i t y  sand 
a v a i l a b l e .  

A few small p i t s  have been worked i n  t h e  n o r t h e a s t  p a r t  of 

WATER SUPPLIES 

SURFACE WATER 

Rivers and streams i n  t h e  e a s t e r n  p a r t  of t h e  P i n j a r r a  Sheet  area 
are i n t e r m i t t e n t  and b r a c k i s h ,  and are u n s u i t a b l e  f o r  domest ic  u s e  o r  
i r r i g a t i o n .  However, t h e  more y o u t h f u l  d r a i n a g e  systems a c t i v e l y  
e r o d i n g  t h e  D a r l i n g  Scarp  and P l a t e a u  have u n c l e a r e d  catchments  and 
are f r e s h .  Most of t h e  l a r g e r  r ivers  have been dammed f o r  domest ic  
water supply  o r  i r r i g a t i o n .  
Helena R e s e r v o i r ,  and water i s  pumped from Mundaring by p i p e l i n e  t o  
the E a s t e r n  G o l d f i e l d s  r e g i o n .  D a m s  on t h e  Canning, S e r p e n t i n e  and 
South Dandalup Rivers supply  a major  p a r t  of the P e r t h  M e t r o p o l i t a n  
water, and are supplemented by t h e  o l d e r  Bickley Brook and V i c t o r i a  
R e s e r v o i r s .  
Dandalup Rivers and on  Wungong Brook. 
D a r l i n g  Scarp ,  t h e  Waroona, Drakes Brook, Samson Brook, and Logue Brook 
D a m s  supply  water f o r  domest ic  purposes  and f o r  t h e  Harvey-Waroona 
I r r i g a t i o n  Scheme. 

The Helena/Darkin system f lows  i n t o  t h e  

F u r t h e r  dams are proposed on t h e  Upper Canning and North 
Along t h e  s o u t h e r n  p a r t  of t h e  
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I n l a n d  from t h e  D a r l i n g  Scarp ,  t h e  towns are s u p p l i e d  by t h e i r  
own dams, a l t h o u g h  Beverley is l i n k e d  t o  a branch of t h e  E a s t e r n  
G o l d f i e l d s  p i p e l i n e  and Brookton i s  s u p p l i e d  from t h e  Wel l ing ton  Dam. 

GROUNDWATER 

Groundwater o c c u r r e n c e  varies w i t h  r a i n f a l l  and geomorphology. 
Along t h e  D a r l i n g  Scarp,  a r e l i a b l e  s e a s o n a l  r a i n f a l l  of 800 t o  1 300 
mm p e r  y e a r  f a l l s  o n t o  t h e  l a t e r i t e  s u r f a c e  and s u p p l i e s  p e r e n n i a l  
streams and r ivers ,  S m a l l  amounts of p o t a b l e  groundwater are  a v a i l a b l e  
from b o r e s  and w e l l s  sunk through t h e  l a t e r i t e  t o  bedrock,  a l t h o u g h  
y i e l d s  are o f t e n  less t h a n  15 k l / d a y .  L a r g e r  y i e l d s  of more s a l i n e  
water (up t o  3 000 mg/l ,  t o t a l  d i s s o l v e d  s o l i d s )  may b e  a v a i l a b l e  i n  
v a l l e y s  d i s s e c t i n g  t h e  l a t e r i t e  s u r f a c e .  

L i t t l e  is known concern ing  t h e  hydrogeology of t h e  D a r l i n g  P l a t e a u  
area, because  much of t h e  land  is  u n c l e a r e d  and l a c k s  b o r e s  o r  w e l l s .  
A number of b o r e s  are b e i n g  monitored i n  areas of b a u x i t e  mining 
(Bestow, 1976) c l o s e  t o  t h e  D a r l i n g  Scarp.  I n  t h e  e a s t e r n  p a r t  of 
t h e  s h e e t  area, e x p e r i e n c e  is needed i n  s i t i n g  b o r e s ,  s i n c e  t h e  d i s -  
t r i b u t i o n  of s a l i n e  and p o t a b l e  water i s  ex t remely  v a r i a b l e ,  R e s i d u a l  
sands  i n  t h e  Brookton t o  Beverley area and southwest  of T a l b o t  p r o v i d e  
a l o c a l  s o u r c e  of p o t a b l e  water which i s  recharged  from s u r f a c e  runoff  
and d i r e c t  i n t a k e .  Many of t h e s e  sands  are  a s s o c i a t e d  w i t h  a n  o l d e r  
? T e r t i a r y  d r a i n a g e  system. 
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