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EXPLANATORY NOTES 

ON THE 

K I N G S T O N  1:250 000 GEOLOGICAL SHEET 
WESTERN AUSTRALIA 

by 
J . A .  Bunting 

INTRODUCTION 

GENERAL 

The Kingston 1:250 000 Shee t  ( I n t e r n a t i o n a l  Grid 
Reference S G  51-10) i s  bounded by l a t i t u d e s  26°00'S and 
27°00 'S ,  and l o n g i t u d e s  121°30'E and 123°00'E. The area i s  
loca ted  w i t h i n  t h e  Eas t e rn  Land Divis ion ,  and forms p a r t  of 
t h e  Mount Margaret and E a s t  Murchison Go ld f i e lds .  The 
nor thern  boundary of  t h e  s h e e t  forms t h e  no r the rn  l i m i t  o f  
both Go ld f i e lds .  

The only permanent popula t ion  i n  t h e  area i s  involved i n  
running t h e  p a s t o r a l  s t a t i o n s  of  Windidda, Wongawol, and 
Lorna Glen*. A t  t h e  t i m e  of  t h i s  s tudy ,  P r e n t i  Downs  home- 
s t e a d  w a s  t emporar i ly  unoccupied, and Old Windidda and Y e l m a  
w e r e  abandoned. A s m a l l  t r a n s i e n t  popu la t ion  is  occupied i n  
kangaroo shoo t ing ,  vermin c o n t r o l ,  and sandalwood c u t t i n g .  

The graded,  g r a v e l  road from Wiluna t o  Warburton Mission, 
v i a  Carnegie S t a t i o n  and t h e  Gunbarrel  Highway, crosses t h e  
northwest p a r t  of t h e  area. S i m i l a r  roads  l i n k  P r e n t i  Downs 
and Windidda w i t h  t h i s  road,  and Lorna Glen w i t h  Wiluna. 

* Coordinates  o f  l o c a l i t i e s  mentioned i n  t h e  
t e x t  are p resen ted  i n  Table 1. 
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T r a c k s  southwards l i n k  P r e n t i  Downs w i t h  Laverton v i a  C o s m o  
Newbery Mission, and t h e  Wiluna t o  Carnegie  road ( n e a r  Mount 
Eureka) w i t h  Leonora v i a  Wonganoo. S t a t i o n  t r a c k s  i n  t h e  
n o r t h e r n  two-thirds  of t h e  area p rov ide  moderate access t o  
m o s t  areas. Away from t h e s e  t r a c k s ,  v e h i c l e  access v a r i e s  
f r o m  good on sheetwash and f l o o d  p l a i n s ,  t o  ve ry  d i f f i c u l t  
i n  rocky h i l l s .  I n  t h e  sou the rn  p a r t  of t h e  area, t r a v e l  is 
hampered by sand dunes and s p i n i f e x .  

The climate i s  semi-arid t o  a r i d ;  summers are hot  and 
w i n t e r s  cool t o  m i l d .  Mean annual  r a i n f a l l  i s  between 200 
and 250 mm, b u t  u n r e l i a b l e ;  and t h e  area is  s u b j e c t  t o  
drought  as w e l l  a s  l o c a l i z e d  short- term f loods .  The wet tes t  
pe r iod  i s  December t o  May. Annual p o t e n t i a l  evapora t ion  i s  
about  2800 mm. 
and minimum 23OC. J u l y  i s  t h e  coolest month: average 
maximum 2OoC, and minimum 6 C. 

January i s  the  ho t tes t  month: average maximorm 38OC, 

0 

Subdiv is ions  of v e g e t a t i o n  communities (Beard, 1 9 7 4 )  
l a r g e l y  correspond t o  phys iographic  u n i t s .  Stony h i l l s  and 
ranges  suppor t  l o w ,  mulga (Acac ia  a n e u r a )  sc rub  and o t h e r  
s m a l l  shrubs  ; sheetwash p l a i n s  and f l o o d p l a i n s  , contain low woodland 
of mulga and a ground cover of g r a s s e s .  T h e  l a r g e r  w a t e r -  
cou r ses  suppor t  l i n e s  of  e u c a l y p t s  a long  t h e  banks. The 

margina l  f l a t s  around s a l t  l a k e s  are c h a r a c t e r i z e d  by halo- 
phytes  such as  s a l t b u s h  ( A t r i p l e x ) ,  bluebush (Koch ia )  , and 
samphire (Arthrocnemum).  Sand p l a i n  i n  t h e  southern  t h i r d  
of t h e  area is  dominated by s p i n i f e x  ( T r i o d i a )  a s s o c i a t e d  
w i t h  scattered mallee ( E u c a l y p t u s ) ,  mulga, and marble gum 
( E u c a l y p t u s  gongy Locarpa) .  

PHYSIOGRAPHY 

E l e v a t i o n s  range from 440 m t o  600 m above sea l e v e l ;  
local relief i s  s m a l l .  Drainage i s  towards Lake Carnegie and 
Lake W e l l s  i n  t h e  n o r t h e r n  and e a s t e r n  p a r t s  of t h e  area. 
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Some d ra inage  l i n e s  i n  t h e  southern  p a r t  of  t h e  area are now 
i n a c t i v e ,  and, t o g e t h e r  w i t h  t h e  major s a l t - l a k e  systems,  
they form p a r t  o f  an e x t e n s i v e  pa laeodra inage  system which . 
ceased s i g n i f i c a n t  f low i n  t h e  middle Miocene (Bunting and 
o t h e r s ,  1974). The i n a c t i v e  d ra inages  are preserved  on a 
l a t e r i t i z e d  T e r t i a r y  e r o s i o n  s u r f a c e  ( t h e  'Older  P l a t e a u '  o f  
Ju t son ,  1 9 3 4 ) .  The a c t i v e  d r a i n a g e s ,  which flow on ly  a f t e r  
heavy r a i n ,  occur  on a more r e c e n t  e r o s i o n  s u r f a c e .  Larger  
c reeks  have i n c i s e d  channels  up t o  4 m deep and 30 m wide 
which are f lanked  by e x t e n s i v e  f lood  p l a i n s  ( e .g .  Wongawol 
Creek) ,  and which are mainly confined t o  a r e a s  u n d e r l a i n  by 
t h e  Earaheedy Group. 

F o r  t h e  purpose of  t h i s  r e p o r t ,  t h e  physiography (F ig .1)  
has  been d iv ided  i n t o  t h r e e  groups: 1) d e g r a d a t i o n a l  areas, 
2)  i n t e rmed ia t e  areas and 3)  aggrada t iona l  areas. 

Degrada t iona l  areas inc lude  a l l  t h o s e  of  r e l a t i v e l y  h igh  
r e l i e f ,  such as h i l l s ,  breakaways and c u e s t a s ,  and t h e i r  
a s s o c i a t e d  pediments. Archaean greens tone  bel ts  form e l o n g a t e  
ranges of  l o w  h i l l s .  Chert  and banded i ron-formation form 
long,  r e s i s t a n t  s t r i k e - r i d g e s .  I n  much of t h e  area u n d e r l a i n  
by t h e  Earaheedy Group, topography is  c o n t r o l l e d  by t h e  
g e n t l y  north-dipping,  r e s i s t a n t  bands of c h e r t ,  i r o n  form- 
a t i o n  and q u a r t z  a r e n i t e .  These have produced south-facing 
c u e s t a s ,  which are sepa ra t ed  by low-lying ground corresponding 
t o  sha ley  i n t e r v a l s  (e .g .  P r i n c e s s  Ranges, Well ington Range, 
Von Treuer  Tab le l and) .  Breakaways, up t o  30 m h igh ,  are 
b e s t  developed i n  Permian rocks  capped by si lcrete o r  l a t e r i t e  
(e.g.  Tooloo B l u f f ,  Panton B l u f f ) .  Low breakaways a r e  charac- 
t e r i s t i c  o f  deeply weathered g r a n i t i c  rocks i n  t h e  southwestern 
p a r t  of  t h e  area, and are  a l so  common i n  f l a t - l y i n g  s h a l e s  i n  
t h e  Earaheedy Group. 

The in t e rmed ia t e  areas can be subdivided i n t o  t w o  u n i t s :  
(a) sheet-wash p l a i n s  and v a l l e y  f l o o r s ,  and (b )  e o l i a n  sand 
p l a i n .  Unit  (a)  i n c l u d e s  f l a t ,  mulga-covered o r  ba re  p l a i n s  
of colluvium and al luvium, which have broad,  i l l - d e f i n e d  



d r a i n a g e s  c h a r a c t e r i z e d  by t h i c k  v e g e t a t i o n .  Eo l i an  sand 
p l a i n  o c c u r s  over  t h e  g r a n i t o i d  rocks i n  t h e  southwest p a r t  
of t h e  area, and over  Permian rocks  i n  t h e  n o r t h e a s t  and 
s o u t h e a s t  c o r n e r s ,  b u t  i s  l a r g e l y  a b s e n t  f r o m  t h e  area 
u n d e r l a i n  . d i r e c t l y  by t h e  Earaheedy Group. The sand p l a i n  
is  g e n t l y  undu la t ing ,  and c o n t a i n s  patchy development o f  
l o n g i t u d i n a l  dunes 3 t o  5 m h igh  and up t o  5 km long  which 
have been s t a b i l i z e d  by growth o f  s p i n i f e x .  

Aggrada t iona l  areas are c h a r a c t e r i z e d  by t h e  i n f i l l i n g  
of t r u n k  d r a i n a g e s  i n  t h e  Cre taceous-Ter t ia ry  pa laeodra inage  
system. Three physiographic  u n i t s  a r e p r e s e n t :  (a)  f l a t ,  bare 
s a l t  lakes con ta in ing  s a l i n e  c l a y ,  which col lect  shal low 
s a l i n e  w a t e r  a f t e r  heavy r a i n ;  (b) dunes and sheets of 
e o l i a n  and a l l u v i a l  mater ia l  margina l  t o  s a l t  lakes and con- 
t a i n i n g  numerous s m a l l  s a l t  lakes and claypans;  and 
(c) c a l c r e t e d  v a l l e y  f l o o r s  i n  which l o w  mounds of rubbly  
calcrete are sepa ra t ed  by s o i l - f i l l e d  dep res s ions .  I n  some 
areas t h e  calcrete i s  be ing  eroded by present-day d ra inage ,  
l e a v i n g  remnants of calcrete above t h e  newly eroded v a l l e y  
f l o o r .  

PREVIOUS INVESTIGATIONS 

The ear l ies t  r e p o r t s  are by e x p l o r e r s ;  Lawrence Wells 

t r a v e r s e d  the area f r o m  east  t o w s t  i n  1892, and c rossed  t h e  
nor thwes t  c o r n e r  i n  1896; David Carnegie  c ros sed  t h e  south- 
east c o r n e r  i n  1897 on h i s  r e t u r n  journey from Halls Creek 
t o  Coolgardie .  

The f i rs t  g e o l o g i c a l  s t u d i e s  w e r e  by Talbot ( 1 9 2 0 ,  1 9 2 6 1 ,  

who produced r e g i o n a l  maps showing t h e  e x t e n t  of t h e  sedimen- 
t a r y  rocks  ( 'Nulhgine Ser ies ' ) ,  g reens tones  and g r a n i t e .  H e  

recognized t h e  g l a c i a l  o r i g i n  of t h e  Permian beds ( b u t  m i s -  
t a k e n l y  called them Cre taceous ) ,  and noted the  occurrence  of 
l imes tone ,  j a s p e r ,  g l a u c o n i t i c  sands tone ,  and d o l e r i t e ,  i n  
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PHYSIOGRAPHY AND DRAINAGE 
KINGSTON SHEET SG 51 - 10 

10 0 10 20 30 40 km 

R E F E R E N C E  

DEGRADATIONAL AREAS 

0 silcrete capped mesas and associated pediments 

INTERMEDIATE AREAS (material derived from 1)  _- - Ancient drainage 

AGGRADATIONAL AREAS (material derived from 1 and 2 )  ---- Modern drainage (ephemeral) Upland areas low hills cuestas laterite and Flat bare lake surface 

Dunes and sheets of eolian and alluvial material 
marginal to salt lakes and in maior valley floors consisting of alluvium and colluvium 

Flat sheet wash plains and valley floors 
~~~~k~~~~ 

2 a m  

-4 i i l -  Topographic contour in metres 
Calcrete filled valley floors, 
low lying with hummocky surface 3c Eolian sand plain with patchy 

cover o f  longitudinal dunes 





t h e  P r o t e r o z o i c  success ion .  

Mabbutt and o t h e r s  (1963) inc luded  t h e  Kingston Shee t  . 
i n  an i n t e g r a t e d  s tudy  of t h e  geology, geomorphology, 
cl imate,  s o i l s ,  v e g e t a t i o n ,  p a s t o r a l  a s p e c t s  and w a t e r  supply 
of t h e  Wiluna-Meekatharra area. The s e c t i o n  on geology (by 
J. S o f o u l i s  and J . A .  Mabbutt) b r i e f l y  d e s c r i b e s  t h e  s t r a t i -  
graphy of t h e  P ro te rozo ic  rocks.  

Sanders and Harley ( 1 9 7 1 )  b r i e f l y  desc r ibed  t h e  geology 
i n  a r e p o r t  on t h e  r e g i o n a l  hydrogeology. They noted  a l g a l  
s t r u c t u r e s  and o o l i t e s  i n  t h e  carbonate  rocks,  and recognized 
t w o  pe r iods  of  f o l d i n g  i n  t h e  P ro te rozo ic  sequence. 

H o r w i t z  and Daniels  ( 1 9 6 7 ,  p.51) r e p o r t e d  ". .. a grouping 
of rocks  t h a t  o v e r l i e  t h e  Archaean, south  and w e s t  o f  Lake 
Carnegie i n  t h e  Kingston Sheet  area, where f o u r  bands of 
r h y o l i t e  have been recognized ,  i n t e r l a y e r e d  w i t h  sediment 
and p o s s i b l e  t u f f s " .  No l o c a t i o n  d e t a i l s  w e r e  g iven ,  and 
subsequent surveys have n o t  found t h e s e  r h y o l i t e s .  I t  is  
probable  t h a t  some p e l l e t a l  c h e r t s  were m i s i d e n t i f i e d  (R.C.  

Horwitz, p e r s .  comm.). 

H a l l  and Goode (1975) d i s t i n g u i s h e d  t h e  Lower  P ro te rozo ic  
rocks of  t h e  Nabberu Basin from t h o s e  of t h e  Middle P ro te rozo ic  
Bangemall Basin,  and proposed s t r a t i g r a p h i c  s u b d i v i s i o n s ,  which 
w e r e  modified s l i g h t l y  and formal ly  de f ined  by H a l l  and o t h e r s  
( 1 9 7 7 ) .  Horwitz (1975a, b )  a l so  recognized t h e  e x i s t e n c e  of 
a L o w e r  P ro te rozo ic  b a s i n  i n  t h i s  reg ion .  H e  d iv ided  t h e  
rocks below t h e  Bangemall Group i n t o  two u n i t s  s epa ra t ed  by 
a major unconformity corresponding t o  a per iod  of g r a n i t i c  
i n t r u s i o n .  N o  evidence f o r  t h i s  unconformity w a s  found i n  
t h e  p r e s e n t  s tudy .  

Aeromagnetic d a t a  have been compiled by t h e  Bureau of 
Mineral  Resources, and i n t e r p r e t e d  by Lambourn ( 1 9 7 2 ) .  A 

Bouguer-anomaly map has  been compiled by t h e  Bureau of  Mineral 
Resources. 
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ARCHAEAN 

LAYERED SUCCESSION 

G r a n i t i c  and metamorphic rocks  of t h e  Yi lgarn  Block 
occupy t h e  southwest p a r t  of  t h e  s h e e t  ( F i g . 2 ) .  These rocks  
are poor ly  exposed and commonly deep ly  weathered. The 
t e r r a n e  is  predominantly g r a n i t o i d ,  b u t  t w o  greens tone  b e l t s  
are p r e s e n t .  The westernmost b e l t ,  c e n t r e d  on Mount Eureka, 
forms t h e  n o r t h e r n  end o f  t h e  Dingo Range greens tone  b e l t  
which has  been mapped on t h e  S i r  Samuel Shee t  (Bunting and 
W i l l i a m s ,  1 9 7 6 ) .  The e a s t e r n  b e l t  i s  p a r t  of  a s m a l l ,  
g reens tone  b e l t  which, t o  t h e  sou th ,  t e r m i n a t e s  a g a i n s t  
g r a n i t o i d  rocks  on t h e  Duketon Shee t  (Bunting and Chin, 1 9 7 5 ) .  

Mount Eureka greens tone  b e l t  

This  b e l t  con ta ins  s t e e p l y  eas t -d ipping ,  metamorphosed 
maf ic ,  u l t r a m a f i c ,  sedimentary,  and p o s s i b l e  f e l s i c  vo lcan ic  
rocks.  N o  f a c i n g  evidence w a s  found, b u t  t h e  sequence prob- 
a b l y  occur s  onthe e a s t e r n  l imb of t h e  Wonganoo A n t i c l i n e  
(Bunting and W i l l i a m s ,  1 9 7 6 ) .  

The predominant rock t y p e ,  p a r t i c u l a r l y  southwest of  
Red B l u f f ,  i s  f ine-gra ined  me tabasa l t  ( A b )  which commonly 
l a c k s  a s t r o n g  f o l i a t i o n ,  b u t  which has  a l i n e a t i o n  de f ined  
by i n t e r s e c t i n g  f r a c t u r e  c leavages .  The me tabasa l t  con ta ins  
t h i n  bands of c h e r t  , s h a l e ,  and c h l o r i t e  s c h i s t .  Medium- t o  
coarse-gra ined  metagabbro (Ad) i n t r u d e  t h e  b a s a l t .  The 
metagabbro i s  a l s o  u n f o l i a t e d ,  and has  stumpy pr isms of 
metamorphic amphibole set i n  an a c t i n o l i t e - p l a g i o c l a s e  

groundmass. 

- 

- 

Ult ramaf ic  rocks (Au) are r e p r e s e n t e d  a t  t h e  s u r f a c e  
mainly by b u f f ,  s i l i c i c ,  f e r r u g i n o u s  cap-rock Only 
r a r e l y  have a l t e r e d  u l t r a m a f i c  rocks ,  i n  t h e  form o f  ta lc-  

- 
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REFERENCE 
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carbonate  ( s i d e r i t i c ) - s e r p e n t i n e - c h l o r i t e  s c h i s t  and serpen-  
t i n i z e d  p e r i d o t i t e ,  surv ived  weather ing.  The o r i g i n a l  n a t u r e  
of t h e s e  u l t r a m a f i c  bod ie s  i s  u n c e r t a i n ;  they  appear  t o  be 

concordant w i t h  t h e  surrounding l aye red  success ion .  

A few s c a t t e r e d  fragments of p h y l l i t e  and k a o l i n i z e d  
s c h i s t  i n  t h e  areas of non-exposure around Mount Eureka, and 
i n  s m a l l  go ld  workings,  i n d i c a t e  t h a t  much of t h e  unexposed 
sequence may be f ine-gra ined  metasediments (As). Kaol in ized ,  
fe l s ic  v o l c a n i c  rocks ( A f )  - sou th  of I rwin  B o r e  are poor ly  
bedded; and d i s p l a y  vague shard  t e x t u r e s ,  flow laminae,  and 
i r r e g u l a r  fragments 1 t o  2 c m  i n  s i z e ,  which i n d i c a t e  a 
tu f f aceous  o r i g i n .  The fe l s ic  v o l c a n i c  rock i s  g e n e r a l l y  
coarse g ra ined ,  c o n t a i n s  about 30 p e r  c e n t  q u a r t z ,  and is 
in te rbedded  w i t h  sha l ey  l a y e r s .  

Banded i ron-formation and associated fe r rug inous  
banded chert (Ai) form an i n t e r m i t t e n t  s t r i k e - r i d g e  20  km 
long,  extending from sou th  of  Doyle W e l l  t o  20 km s o u t h e a s t  
of I rwin  B o r e .  Weathered magnet i te  bands,  1 t o  3 mm t h i c k ,  
a l t e r n a t e  w i t h  whi te  q u a r t z  o r  grey c h e r t  bands 2 t o  20 mm 
t h i c k ;  r a r e l y ,  t h e  chert bands are r ed  and j a s p i l i t i c .  

Eas t e rn  greens tone  b e l t  

The main exposures i n  t h i s  greens tone  b e l t  form a c o m -  
p l ex  s t r ike-r idge of banded i ron-formation,  f e r rug inous  
chert, and in te rbedded  s h a l e ,  35 km south-southeas t  of O l d  

Windidda. Red-and-black banded j a s p i l i t e  predominates on t h e  

e a s t e r n  s i d e  of t h e  r i d g e .  Bands are 5 t o  40  mm wide, and 
f a i n t  microbanding, less than  1 mm t h i c k ,  is  preserved  i n  
some bands. Grey chert-breccia, i n  which no primary banding 
i s  preserved ,  forms t h e  wes tern  s i d e  of t h e  r i d g e .  

A few k i lome t re s  n o r t h e a s t ,  below breakaways i n  Permian 
g l a c i a l  rocks ,  are poor exposures  of f e l s i c  v o l c a n i c ,  and 
banded sha ley  rocks  w i t h  minor c h e r t .  The f e l s i c  vo lcan ic  
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rocks  are w h i t e ,  k a o l i n i t i c ,  and c o n t a i n  s p a r s e  f e l d s p a r  
l a t h s  and sub-rounded q u a r t z  g r a i n s .  Where t h e  rock i s  
c o a r s e  g r a i n e d ,  it c o n t a i n s  angu la r  b locks  of  p o s s i b l y  
flow-banded l a v a  up t o  20 c m  a c r o s s ,  and shows a crude  banding 
1 t o  2 m wide. 

GRANITOID ROCKS 

M o s t  ou t c rops  of  g r a n i t o i d  rock are deeply  weathered 
( k a o l i n i z e d )  and poor ly  exposed: t hey  have been inc luded  
under t h e  g e n e r a l  symbol a. Where f u r t h e r  s u b d i v i s i o n  is  
p o s s i b l e ,  t h r e e  l i t h o l o g i c a l  t y p e s  have been recognized.  
Of t h e s e ,  t h e  most abundant i s  a f i n e -  t o  medium-grained 
a d a m e l l i t e  (*I, con ta in ing  sub-equal amounts of p l ag io -  
clase, m i c r o c l i n e ,  and  q u a r t z ,  w i t h  minor b i o t i t e .  The 
rock commonly e x h i b i t s  a weak g n e i s s i c  f o l i a t i o n  due t o  
p a r a l l e l  a l ignment  of q u a r t z  and b i o t i t e ,  and, i n  p l a c e s ,  
v a r i a b l e  g r a i n s i z e  causes  a f a i n t , i r r e g u l a r  banding. 

Adjacent  t o  t h e  l aye red  success ion  sou th  of Doyle W e l l  
i s  a 2- t o  3-km-wide zone of f i n e -  t o  coarse-gra ined ,  
deeply weathered g r a n i t o i d  having a s t r o n g  g n e i s s i c  f o l i a t i o n  
(a). This  zone g rades  eas twards  i n t o  t h e  poor ly  f o l i a t e d  

medium-grained a d a m e l l i t e  (Age). C l o s e  t o  t h e  c o n t a c t  w i t h  
t h e  l a y e r e d  success ion ,  t h e  g r a n i t o i d  c o n t a i n s  i r r e g u l a r  
r a f t s  of deep ly  weathered metasediments.  A s i m i l a r ,  f o l i a t e d  
g r a n i t o i d  t h a t  i n t r u d e s  t h e  l a y e r e d  success ion  w e s t  of Mount 
Eureka c o n t a i n s  a l k a l i  f e l d s p a r  s l i g h t l y  i n  excess  of p l ag io -  
clase, as w e l l  a s  minor b i o t i t e ,  and abundant muscovite on 
f o l i a t i o n  p l anes .  

Coarse-grained b io t i t e  a d a m e l l i t e  (s) i n  a s i n g l e  
exposure 9 km nor thwes t  of Y e l m a  i s  u n f o l i a t e d  and c o n t a i n s  
s m a l l  c lots  of f l u o r i t e  which weather  as dark  s p o t s .  The 
a d a m e l l i t e  i s  s i m i l a r  t o  t h e  Mount Boreas Adamell i te  which i s  
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shown on t h e  Duketon Shee t  t o  t h e  sou th  (Bunting and Chin, 
1 9 7 6 ) .  The Mount Boreas Adamell i te  has  a l k a l i n e  a f f i n i t i e s ,  
and has  been da ted  a t  about  2 480  m.y. The exposure north-  . 
w e s t  of  Y e l m a  is  d i r e c t l y  i n  l i n e  w i t h  t h e  north-northwest  
t r e n d  of  t h e  Mount Boreas Adamell i te .  

STRUCTURE 

I n  both  greens tone  b e l t s ,  t h e  rocks d i p  s t e e p l y  and 
s t r i k e  no r th  t o  north-northwest .  P e n e t r a t i v e  s l a t y  c leavage  
or s c h i s t o s i t y  is  developed i n  m o s t  rocks ,  and t h i s  deform- 
a t i o n a l  f a b r i c  i s  s u b - p a r a l l e l  t o  t h e  bedding i n  m o s t  cases. 
Ne i the r  b e l t  r e v e a l s  f a c i n g ,  o r  s t r u c t u r a l  and s t r a t i g r a p h i c  
evidence t o  i n d i c a t e  t h e  presence  of  major f o l d s .  Minor 
asymmetrical f o l d s  are well-developed i n  t h e  banded i ron-  
formations sou th  of  Doyle W e l l ,  b u t  t h e  sense  of asymmetry 
is  c o n t r a d i c t o r y  a long  s t r i k e , w h i c h  may i n d i c a t e  t i g h t  f o l d i n g  
of t h e s e  rocks.  The a x i a l  s u r f a c e s  are p a r a l l e l  t o  t h e  
r e g i o n a l  f o l i a t i o n .  

PROTEROZOIC 

EAmHEEDY GROUP 

The L o w e r  P r o t e r o z o i c  Earaheedy Group occupies  80 p e r  
cen t  of  t h e  s h e e t .  S t r a t i g r a p h i c  terminology i s  as de f ined  
by H a l l  and o t h e r s  ( 1 9 7 7 ) ;  t h i s  i s  a re f inement  of  t h e  unde- 
f i n e d  terminology o f  H a l l  and Goode (1975).  

. 
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Y e l m a  Formation 

The Y e l m a  Formation is  t h e  b a s a l  u n i t  o f  t h e  Earaheedy 
Group a long  m o s t  of t h e  unconformity w i t h  Archaean rocks .  
I n  t h e  type  s e c t i o n ,  5 km nor thwes t  o f  Y e l m a ,  t h e  formatirtrl 
is about  130  m t h i c k ,  b u t  it t h i n s  r a p i d l y  southeastwards;  
and near  t h e  southern  s h e e t  boundary, it is on ly  1 t o  2 m 
t h i c k .  I t  may be absen t  over  t h e  e a s t e r n  Archaean greens tone  
area. 

The predominant l i t h o l o g y  i s  f i n e -  t o  coarse-grained 
q u a r t z  a r e n i t e .  Grains  are g e n e r a l l y  well-rounded, and 
cemented by a u t h i g e n i c  s i l i ca .  Loca l ly ,  quartz-pebble  
conglomerate o r  pebbly a r e n i t e  may be p r e s e n t  as d i s c o n t i n -  
uous bands close t o  t h e  unconformity. A r k o s i c  bands are 
common. Glauconi te  p e l l e t s  occur  s p a r s e l y  i n  s o u t h e a s t e r n  
exposures ,  and g l a u c o n i t e  from t h e  Duketon Sheet  gave a K / A r  

age of 1 696 m.y. (Preiss and others, 1975) .  

The unconformity w i t h  t h e  under ly ing  g r a n i t i c  rocks  can 
be seen  a t  several l o c a l i t i e s  i n  t h e  v i c i n i t y  of  Y e l m a ,  
i n c l u d i n g  a t  t he  type  s e c t i o n  and nea r  t h e  southern  boundary 
of t h e  s h e e t .  Regional ly  it is  very  f l a t ,  b u t  local  irre- 
g u l a r i t i e s  of  a f e w  metres do occur .  The rock i n  c o n t a c t  w i th  
t h e  g r a n i t e  i s  t y p i c a l l y  a c l e a n ,  we l l - so r t ed  q u a r t z  a r e n i t e ,  
except  where t h e  b a s a l  beds are l o c a l l y  conglomerat ic .  Th i s ,  
combined w i t h  t h e  g e n e r a l  f l a t n e s s  of t h e  unconformity 
s u r f a c e ,  i n d i c a t e s  d e p o s i t i o n  on a mature peneplain.  

Ripple  marks (predominantly symmetr ical ,  b u t  i nc lud ing  
l i nguo id  and c r e s c e n t i c  t y p e s ) ,  t rough cross-bedding, and t h e  
presence  of g l a u c o n i t e  i n d i c a t e  a sha l low marine environment. 
The Y e l m a  Formation r e p r e s e n t s  a s t r a n d - l i n e  d e p o s i t  associa- 
ted  w i t h  an e x t e n s i v e  marine t r a n s g r e s s i o n .  
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Frere Formation 

The F r e r e  Formation l ies  conformably between t h e  under- 
l y i n g  Y e l m a  Formation and t h e  o v e r l y i n g  Windidda Formation. 
N e a r  t h e  sou the rn  boundary of t h e  s h e e t  t h e  Frere Formation 
may rest on Archaean basement. 

Rock t y p e s  inc lude  p e l l e t a l  and o o l i t i c  i ron- format ions ,  
c h e r t ,  s i l t s t o n e ,  f ine-gra ined  sands tone ,  and l imes tone ;  b u t  
s i l t s t o n e  forms over  9 0  pe r  c e n t  of  t h e  sequence. The nex t  
m o s t  abundant rock i s  i ron- format ion  which occur s  as 1- t o  
2-m bands w i t h i n  t h e  s i l t s t o n e .  These bands are r e s i s t a n t  
t o  weather ing  and form t h e  t o p s  of  h i l l s  i n  t h e  c u e s t a - s t y l e  
topography. The r a t i o  of i ron - fo rma t ion  t o  s h a l e  i n c r e a s e s  
s l i g h t l y  towards t h e  northwest  c o r n e r  of  t h e  s h e e t ,  b u t  
i n c r e a s e s  d r a m a t i c a l l y  f u r t h e r  nor thwes t  on t h e  Nabberu 
Sheet .  

On t h e  1:250 000  map, t h e  u n i t  - EEf refers t o  t h i s  a l te r -  
n a t i o n  of  s i l t s t o n e  and i ron- format ion .  Thick sequences of 
s i l t s t o n e  w i t h  s p a r s e ,  t h i n  bands of c h e r t  and f ine-gra ined  
sands tone ,  are des igna ted  BEfs. The s i l t s t o n e  i s  t y p i c a l l y  
wel l - laminated,  b u f f ,  whi te ,  o r  maroon, and commonly d i s p l a y s  
small-scale cross lamina t ion .  The cross lamina t ion  occur s  
e i t h e r  as s i n g l e  sets of r i p p l e s ,  o r  as m u l t i p l e  sets of  
c l imbing r i p p l e s .  

The i ron- format ions  va ry  f r o m  v i r t u a l l y  i r o n - f r e e ,  
greyish-green c h e r t ,  through f e r r u g i n o u s  c h e r t  t o  r e d ,  
j a s p e r o i d a l  i ron-formation c o n t a i n i n g  secondary s p e c u l a r  
hemat i te .  Apart  from t h i n  ( 2 c m )  c h e r t  bands,  which are 
commonly fragmented, t h e s e  rocks are c h a r a c t e r i z e d  by a 
g ranu la r  t e x t u r e  which may be e i t h e r  p e l l e t a l ,  o o l i t i c  or  a 
mixture  o f  bo th .  The p e l l e t s  are rounded, sub-spher ica l  
g r a i n s  c o n s i s t i n g  of f e r rug inous  c h e r t  w i t h  red  hemat i te  
d u s t i n g ,  and abundant s t e e l - g r e y  s p e c u l a r  hemat i te  a l t e r a t i o n .  
The o o l i t h s  c o n s i s t  of  c o n c e n t r i c  l a y e r s  of  hemat i te  and 
c h e r t ,  and show a complex h i s t o r y  of  f ragmenta t ion  and re- 
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growth. Both p e l l e t s  and o o l i t h s  range from 1 t o  2 mm i n  
diameter  and are enclosed i n  a ma t r ix  of c h e r t .  Shrinkage 
c racks  are common i n  t h e  p e l l e t s  and o o l i t h s .  I n d i v i d u a l  
beds of i ron-formation range from a few c e n t i m e t r e s  t o  1 m 
t h i c k ,  and commonly d i s p l a y  wavy bedding due t o  d i f f e r e n t i a l  
compaction of t h e  bands. The t e x t u r e s  and sedimentary 
s t r u c t u r e s  of t h e s e  i ron-formations a r e  comparable t o  t h e  
Superior- type i ron-formations of North America (Gross, 1965; 
Dimroth and Chauvel, 1973) .  

Sparse  l e n s e s  of ca rbona te  ( l imes tone  and d o l o m i t i c  
l imes tone)  occur  i n  t h e  F r e r e  Formation. Near t h e  sou the rn  
boundary of t h e  s h e e t  a 4-m-thick band of grey-pink,  
laminated,  and l o c a l l y  b r e c c i a t e d  l imes tone  marks t h e  base  
of t h e  formation.  Carbonate bands occur a t  t h e  same 
hor izon  on t h e  Nabberu Sheet  (Ha l l  and Goode, i n  p rep . ;  
Bunting and o t h e r s ,  i n  prep . )  and Duketon Sheet  (Preiss,  

1 9 7 6 ;  Bunting and Chin, 1975) .  About 300 m above t h e  base ,  
8 km west-southwest of Old Windidda, t h e r e  i s  a 10-m-thick 
l e n s  of pink t o  g rey ,  poor ly  laminated l imestone.  A s i m i l a r  
l imes tone  forms a 5-m-thick l e n s  n e a r  t h e  top of t h e  f o r m -  
a t i o n  a t  t h e  western end of t h e  Wellington Range. 

Pale green-grey, non-ferruginous,  massive t o  p e l l e t a l  
c h e r t  (EEfc) forms a d i s t i n c t i v e ,  b u t  i n t e r m i t t e n t ,  marker 
band a t  t h e  t o p  of t h e  formation from a p o i n t  3 km south  of 
Lorna Glen t o  Tooloo B l u f f .  The c h e r t  t y p i c a l l y  c o n t a i n s  
abundant r a d i a l  anastomosing c r a c k s ,  probably d e s s i c a t i o n  
s t r u c t u r e s ,  which are f i l l e d  wi th  white  ve in-quar tz .  

Wind idda Formation 

The Windidda Formation, which l i e s  conformably on t h e  
F r e r e  Formation, c o n s i s t s  of interbedded ca rbona te s  and sha ley  
mudstone. It i s  about  1 2 0 0  m t h i c k  a t  t h e  type  s e c t i o n  near  
Windidda homestead, b u t  t h i n s  eastward and westward. On t h e  
Kingston Shee t ,  t h e  formation i s  disconformably o v e r l a i n  by 
t h e  Wandiwarra Formation, b u t  t o  t h e  northwest  i t  probably 
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grades laterally into the Wandiwarra Formation. 

The lower contact with the Frere Formation is well- 
exposed near Tooloo Bluff where striped, pink and grey lime- 
stone interfingers with grey pelletal chert. Hall and Goode 
(in prep.) report chamositic chlorite in ankeritic carbonate 
rock near the base of the Windidda Formation. Thin shale 
bands are rare in the lower part of the formation, but become 
more abundant in the central part. In the type section, this 
central part, from about 400 m to 1 100 m above the base, 
consists of green or maroon micaceous mudstone with thin 
bands of grey, stromatolitic limestone, and limestone breccia. 

The top of the formation is well-exposed north of Wongawol 
Creek, where ferruginous sandstone (Wandiwarra Formation) 
overlies limestone and limestone breccia. The contact is 
marked by a small scarp which can be followed intermittently 
for some 30 km. The breccia contains flat, angular clasts 
of laminated limestone in a micritic carbonate matrix. The 
contact with the overlying sandstone is sharp, and is probably 
an erosional disconformity between the limestone and the 
transgressive sandstone. 

Stromatolites are common in the lower part of the form- 
ation. The predominant forms are bulbous domes 5 to 20 cm 
high which are rarely interconnected. Preiss (1976) des- 
cribed stromatolites from the Windidda Formation at Mount 
Elisabeth, just off the eastern boundary of the Kingston 
Sheet. Principal forms present are Tungussia heterostroma, 
a bulbous branching form, and Minjaria granulosa which occurs 
as elongate columns, rarely branching. Jackson (in press) 
describes the regional setting of this locality. 

Wandiwarra Forma tion 

The Wandiwarra Formation, on the Kingston Sheet, dis- 
conformably overlies the Windidda Formation. It consists of 

- 14 - 



c la s t i c  rocks  ranging  from coarse sands tone  t o  s h a l e .  The 
sands tone  i s  a moderately we l l - so r t ed ,  pa le -grey ,  f e r r u g i n o u s  
q u a r t z  a r e n i t e  which l o c a l l y  c o n t a i n s  g l a u c o n i t e  p e l l e t s .  
Sedimentary s t r u c t u r e s  i n c l u d e  sha ley  or sandy i n t r a c l a s t s ,  
r i p p l e  marks, cross beds,  and rare f l u t e  casts. 

A t  t h e  type  s e c t i o n ,  nea r  Cork T r e e  W e l l ,  t h e  format ion  
is  about  350 m t h i c k .  Northwestward it t h i c k e n s  t o  abou t  
500 m ,  and southeastward i t  t h i n s  and d i sappea r s ,  as it 
grades  l a t e r a l l y  i n t o  t h e  o v e r l y i n g  P r i n c e s s  Ranges Q u a r t z i t e .  

North of  Wongawol Creek, t h e  basal u n i t  of  t h e  format ion  
i s  a t h i n ,  f e r rug inous  and g l a u c o n i t i c  sands tone ,  which s i ts  
disconformably on ca rbona te  breccia o f  t h e  Windidda Formation. 
The sands tone  d i s p l a y s  l u s t r e  m o t t l i n g  due t o  ' b o i k i l i t i c "  
ca lc i te  c r y s t a l s .  
Wellesley t h i s  basal u n i t  c o n t a i n s  abundant sub-angular 
fragments of  t h e  under ly ing  Windidda Formation l imes tone ,  
up t o  30 cm ac ross .  

A t  a p o i n t  1 0  km bea r ing  060° from Mount 

A 150- t o  200-m-thick u n i t  o f  s h a l e  and f ine -g ra ined  
sandstone nea r  t h e  t o p  of t h e  format ion  u n d e r l i e s  a s t r i p  o f  
l o w  ground between S k u l l  Soak and Two M i l e  Creek. The sand- 
s t o n e  i s  grey  brown, micaceous, and c h l o r i t i c .  The s h a l e ,  
which i s  best exposed a t  S k u l l  Soak, i s  green-grey and f i n e l y  
laminated.  I t  probably i s  t h e  deepes t  marine f a c i e s  i n  t h e  
Earaheedy Group. A t  t h e  t o p  of  t h e  format ion ,  a shal lowing 
o f  t h e  vater is  i n d i c a t e d  by tongues and t h i c k  l e n s e s  of  
mature q u a r t z  a r e n i t e  - t h e  p r e c u r s o r s  of the o v e r l y i n g  
P r i n c e s s  Ranges Q u a r t z i t e .  

H o r w i t z  (1975b) r e p o r t e d  a K / A r  age o f  1 685 m.y. from 
g l a u c o n i t e  i n  sandstone from t h e  P r i n c e s s  Ranges. The 
l o c a l i t y  c i t e d  (121O57 ' E ,  26O14 ' S)  p l a c e s  t h i s  sample nea r  
t h e  base o f  t h e  Wandiwarra Formation. 
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Princess Ranges Quartzite 

The Princess Ranges Quartzite is a clean, white, well- . 
sorted quartzite. The grains are rounded, and cemented by 
authigenic silica, which is commonly in optical continuity 
with the overgrown grain. Glauconite and tourmaline are 
scarce accessories. Rhomboid, ferruginous spots, up to 3 

cm long, form up to 30 per cent of the rock, and are probably 
weathered-out rhombs of carbonate cement. 

The formation typically forms rugged hills and cuestas 
covered with quartzite rubble. Where major creeks have cut 
through the ranges (for example, at the type section 6 km 
east-southeast of Skull Soak) the quartzite is seen to form 
bands from 1 to 20 m thick, interbedded with white, kaolini- 
tic siltstone and clayey sandstone. The quartzite bands 
are thick bedded, and show a 1- to 2-cm lamination. Sedimen- 
tary structures are abundant and include trough cross-bedding, 
ripple marks (mostly symmetrical), sandy intraclasts, and 
enigmatic, vermiform flute- or load-casts. In the type 
section, some beds show evidence of intraformational folding, 
ball and pillow structures, and injection of material into 
the overlying bed. 

The Princess Ranges Quartzite is about 250 m thick in 
its type section, but thickens southeastward, at the expense 
of the Wandiwarra Formation, the upper part of which becomes 
more mature. Near the sheet boundary east of Prenti Downs, 
the Princess Ranges Quartzite overlies WindiddaFormation. 

Wonaawol Formation 

The Wongawol Formation (Hall and others, 1977) is a 
combination of the Wongawol Sandstone and Sholl Creek Form- 
ation originally proposed by Hall and Goode (1975). The 
Sholl Creek unit was given member status (Hall and others, 
1977). It forms a carbonate-bearing unit at the top of the 
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Wongawol Formation, b u t ,  because t h e  f i r s t  ca rbona te  band, 
marking t h e  base of t h e  u n i t ,  is  too d iscont inuous  t o  map 
i n  d e t a i l ,  t h e  member i s  n o t  d i s t i n g u i s h e d  on t h i s  map. 

The Wongawol Formation i s  conformable on t h e  P r i n c e s s  
Ranges Q u a r t z i t e ,  and marks t h e  t r a n s i t i o n  from coarse c l a s t i c  
t o  carbonate  depos i t i on .  The lower p a r t  of t h e  format ion  i s  
a monotonous sequence of  grey  t o  pinkish-brown, f ine -g ra ined  
sandstone and s i l t s t o n e .  The sandstone i s  a r k o s i c ,  micaceous, 
and d i s p l a y s  s p e c t a c u l a r  convolu te  bedding. Small-scale 
cross beds,  r i p p l e  marks and load  casts are common. About 
1 km southwest  of  t h e  p o i n t  where Wannabooline Creek crosses 
t h e a l u n a  t o  Carnegie road ,  a band of f e r rug inous  and mangani- 
f e r o u s  b r e c c i a  i s  in te rbedded  w i t h  t h e  s h a l e .  The b r e c c i a  
c o n t a i n s  c h e r t  and s h a l e  fragments set  i n  a mat r ix  o f  q u a r t z ,  
g l a u c o n i t e ,  carbonate ,  and i ron-oxide  mine ra l s .  Adjacent  t o  
t h e  l a r g e  fragments,  g l a u c o n i t e  and carbonate  g r a i n s  have 
been smeared o u t  and moulded a g a i n s t  each o t h e r  and a g a i n s t  
q u a r t z  g r a i n s ,  i n  a compaction t e x t u r e  s i m i l a r  t o  t h e  
'accommodation sha rds '  desc r ibed  by Dimroth and Chauvel ( 1 9 7 3 ) .  
Much of t h e  o r i g i n a l  g l a u c o n i t e  and carbonate  have been 
rep laced  by c o a r s e l y  c r y s t a l l i n e  ca l c i t e ,  g i v i n g  a l u s t r e -  
mot t led  appearance t o  t h e  rock.  

The formation i s  l a r g e l y  obscured by Lake  Carnegie  b u t  
on t h e  S tan ley  Sheet  it becomes f i n e r  upwards and i n t e r m i t -  
t e n t  carbonate  bands appear  (Commander and o t h e r s ,  i n  prep.  ) . 
The upper p a r t  of t h e  format ion  i s  w e l l  exposed i n  t h e  north-  
e a s t  p a r t  of  t h e  s h e e t  near  B u l l j a h  Pool, where it c o n s i s t s  
of ve ry  f i n e  micaceous sands tone  and s h a l e  w i t h  rare l imestone 
and l imes tone  b r e c c i a  beds.  

T o t a l  t h i c k n e s s  i s  probably 1 500 t o  2 0 0 0  m ,  b u t  shallow 
d i p s  and abundant g e n t l e  f o l d s  make p r e c i s e  c a l c u l a t i o n s  
d i f f i c u l t .  The formation i s  conformable on t h e  P r i n c e s s  
Ranges Q u a r t z i t e ,  and t h e  t r a n s i t i o n  between t h e  t w o  formations 
i s  r a p i d .  South of Wongawol homestead t h e  c o n t a c t  i s  marked 
by s e v e r a l  metres of a l t e r n a t i n g  q u a r t z i t i c  and f ine-gra ined  
impure sandstone beds.  
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Kulele  Limestone 

The Kule le  Limestone conformably o v e r l i e s  t h e  Wongawol . 
Formation, and is  about  300 m t h i c k .  I t  c o n s i s t s  of  r epea ted  
bands of l imes tone ,  breccia, c a l c a r e n i t e ,  and shale.  Minor 
b u t  prominent sandstone bands occur  between 150 and 200  m 
above t h e  base. T h e  l imes tone  can  be e i the r  p l a n a r  lamina ted ,  
s t romatol i t ic ,  massive c r y s t a l l i n e ,  o r  o o l i t i c .  The s t romato-  
l i t e s  f o r m  e l o n g a t e  domes s e v e r a l  metres across, each of 
which c o n t a i n s  abundant s t romato l i te  columns, 2 t o  3 c m  i n  
diameter. The c a l c a r e n i t e  c o n s i s t s  of q u a r t z  and ca rbona te  
g r a i n s  i n  a ca rbona te  ma t r ix ,  and d i s p l a y s  abundant t rough 
and her r ingbone  cross bedding. 

Mulgarra Sandstone 

The Mulgarra Sandstone l i e s  w i t h  s h a r p ,  and probably d i s -  

conformable c o n t a c t ,  on t h e  unde r ly ing  Kule le  Limestone. The 
dominant l i t h o l o g y  i s  a medium-grained, grey  t o  brown, f e r r u -  
g inous  q u a r t z  a r e n i t e  w i t h  minor g l a u c o n i t e .  The middle p a r t  
of t h e  format ion  con ta ins  minor s h a l e  and ca rbona te  bands; on 
t h e  S t a n l e y  Shee t  t h i s  i n t e r v a l  i s  o v e r l a i n  by sandstone 
s i m i l a r  t o  t h a t  i n  t h e  l o w e r  p a r t  of the formation.  

The Mulgarra Sandstone is  t h e  youngest  known formation 
of t h e  Earaheedy Group. To t h e  east  it i s  o v e r l a i n  by 
Phanerozoic  sediments  o f  t h e  O f f i c e r  Basin.  

STRUCTURE 

On t h e  Kingston S h e e t ,  t h e  Earaheedy Group d i p s  g e n t l y  
nor th-nor theas twards  on t h e  sou the rn  side of t h e  Nabberu 
Basin.  The main s y n c l i n o r i a l  a x i s  of t h e  b a s i n  l i e s  some 
1 0  t o  20 k m  n o r t h  of the  sheet boundary, on t h e  S tan ley  Sheet .  
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Dips va ry  from about  5 O  i n  t h e  northwest  co rne r  o f  t h e  
This  s t a b l e  area f o r m s  s h e e t  t o  about  2O i n  t h e  s o u t h e a s t .  

p a r t  of  t h e  Kingston Pla t form (Bunting and o t h e r s ,  1 9 7 7 ;  
H a l l  and Goode, i n  p r e p . ) ,  which is  c h a r a c t e r i z e d  by g e n t l e  
d i p s ,  1ack .o f  p e n e t r a t i v e  deformation,  and l a c k  o f  m e t a m o r -  
phism. 

Despi te  t h e  absence of  p e n e t r a t i v e  deformation,  t h r e e  
pe r iods  of  minor f o l d i n g  are recognized.  I n t e n s i t y  and 
abundance o f  f o l d s  dec rease  from northwest  t o  s o u t h e a s t .  

The e a r l i e s t  and dominant f o l d i n g  took p l a c e  a long  
roughly west-northwest-trending axes ,  p a r a l l e l  t o  t h e  r e g i o n a l  
s t r i k e .  Folds  a r e  g e n e r a l l y  asymmetrical, w i t h  s h o r t ,  
s t e e p l y  southward-dipping limbs and long,  g e n t l y  northward 
d ipping  l imbs;  some are almost  monocl inal .  Axial  s u r f a c e s  d i p  
moderately t o  s t e e p l y  northward. These f o l d s  are commonly 
a s s o c i a t e d  w i t h  s m a l l  r e v e r s e  o r  high-angle  t h r u s t - f a u l t s ,  
and probably r e f l e c t  r e v e r s e  f a u l t i n g  i n  t h e  Archaean base- 
ment. This  s t y l e  of  f o l d i n g  is b e s t  i l l u s t r a t e d  i n  t h e  
Wellington Range and w e s t  of  Banjo W e l l .  

A second pe r iod  of  f o l d i n g ,  a long  nor th-nor theas t -  
t r end ing  axes took p l a c e  i n  t h e  northwest  co rne r  of t h e  
sheet. These f o l d s  are g e n e r a l l y  asymmetrical ,  have s t e e p l y  
d ipping  a x i a l  s u r f a c e s ,  and produce complex f o l d - p a t t e r n s  
where they  a f f e c t  t h e  ear l ier  asymmetrical f o l d s .  

The l a s t  pe r iod  of f o l d i n g  w a s  a g e n t l e  warping a long  
north- t rending axes.  Examples can be seen near  Lynne B o r e  

and Boondin. T o  t h e  w e s t  and n o r t h e a s t  of Lake Carnegie 
t h e s e  l a t e r  f o l d s  have produced a dome-and-basin i n t e r f e r e n c e  
p a t t e r n  where they  i n t e r s e c t  e a s t - t r e n d i n g  asymmetrical  f o l d s  
of t h e  ear l ies t  per iod .  

Fau l t ing  
a1 h i s t o r y  of  
f a u l t s  i n  t h e  

has  played only  a minor p a r t  i n  t h e  deformation- 
t h e  group, a l though s t e e p  t h r u s t ,  o r  r e v e r s e ,  
g r a n i t i c  basement may have been r e s p o n s i b l e  f o r  
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some of t h e  asymmetric and monocl inal  fo lds .  Most f a u l t s  
t r e n d  090 - 200  and have a downthrow t o  t h e  south .  I n  t h e  

Y e l m a  area, one such f a u l t  i s  i n f e r r e d  t o  have repea ted  t h e  

Y e l m a  Formation on t h e  sou th  s i d e  of a wedge of g r a n i t e .  

+ 

DEPOSITIONAL HISTORY 

The Y e l m a  Formation records a major marine t r a n s g r e s s i o n  
across a peneplained s u r f a c e  of  Archaean rocks. Although some 
arkosic material w a s  de r ived  f r o m  t h e  under ly ing  g r a n i t o i d  
rocks, t h e  ma tu r i ty  of much of  t h e  sands tone  is  i n d i c a t i v e  
of a l eng thy  period of t r a n s p o r t a t i o n  p r i o r  t o  d e p o s i t i o n .  
T h i s  w a s  followed by a long pe r iod  of sha l low-water  sediment- 
a t i o n ,  i n  which i r o n  format ions ,  c h e r t s ,  s i l t s t o n e s  and car- 
bonates  w e r e  depos i t ed .  The presence  of  abundant r i p p l e  
cross- laminae,  i nc lud ing  cl imbing r i p p l e s ,  i n  t h e  s i l t s t o n e s  
and fragmentary t e x t u r e s  and oo l i th s  i n  t h e  i r o n  format ions ,  
i n d i c a t e  c u r r e n t  or wave a c t i o n  i n  sha l low water. The 
Windidda Formation marks a r e g r e s s i o n  of t h e  sea, accompanied 
by t h e  development of  t i d a l  f l a t s  (mudstones) and carbonate  
banks, which  culminated i n  a short  p e r i o d  of emergence. 

This  emergence and t h e  subsequent t r a n s g r e s s i o n  
(Wandiwarra Formation) w e r e  probably restricted t o  t h e  south- 
e a s t e r n  p a r t  o f  t h e  Nabberu Basin.  To t h e  northwest  (Nabberu 
S h e e t ) ,  there w a s  an appa ren t ly  cont inuous  d e p o s i t i o n  of 
s h a l e  and sands tone  du r ing  t h e  pe r iod  of Windidda and Wandi- 
warra sed imenta t ion .  T h e  Wandiwarra Formation i n d i c a t e s  a 
g radua l  deepening of t h e  b a s i n  which w a s  t e rmina ted  by a 
p a r t i a l  r e g r e s s i o n  wi th  t h e  incoming of mature ,  shal low w a t e r  
a r e n i t e s  o f  t h e  P r i n c e s s  Ranges Q u a r t z i t e .  T h i s  p a r t i a l  re- 
g r e s s i o n  appeared ear l ie r  i n  t h e  s o u t h e a s t  p a r t  of t h e  sheet 
and g r a d u a l l y  worked i t s  way northwestwards,  ei ther as a 
d e l t a i c  f r o n t  o r ,  more l i k e l y ,  as  a series of sand bars.  
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The Wongawol Formation i s  a s l i g h t l y  deeper  w a t e r  f a c i e s  
t han  t h e  under ly ing  a r e n i t e .  A f u r t h e r  sha l lowing ,  w i t h  
reduced sediment i n p u t ,  produced t h e  ca rbona te / sha le  i n t e r v a l ,  
a t  t h e  t o p  of the Wongawol Formation, and came close t o  
emergence wi th  t h e  appearance of s t romato l i t i c  ca rbona te  i n  
t h e  Kulele  Limestone. F l u c t u a t i o n s  i n  sea l e v e l  and amount 
of  coarse, c las t ic  m a t e r i a l  r e s u l t e d  i n  t h e  a l t e r n a t e  sand- 
s tone ,  s h a l e ,  and ca rbona te  bands of t h e  upper p a r t  of  t h e  
Kulele  Limestone. The Mulgarra Sandstone r e p r e s e n t s  a minor 
t r a n s g r e s s i o n ,  p o s s i b l y  fo l lowing  a b r i e f  pe r iod  o f  emergence. 

I n  summary, t h e  Earaheedy Group r eco rds  a v a r i e t y  of  
marine,  s h e l f ,  and s h o r e l i n e  environments,  c h a r a c t e r i z e d  by 
v a r i a b l e  amounts of c l a s t i c  i n p u t ,  and f l u c t u a t i n g ,  b u t  pre-  
dominantly shal low,  w a t e r .  

DOLERITE I N T R U S I O N S  

Fine-grained d o l e r i t e  s i l ls  i n t r u d e  t h e  Earaheedy Group 
on t h e  e a s t e r n  p a r t  of  t h e  s h e e t .  Upper c o n t a c t s  d i s p l a y  
s l i g h t  d i scordance  and c h i l l e d  margins a g a i n s t  t h e  country 
rock. The do le r i t e  c o n s i s t s  of a sub-ophi t ic  i n t e rg rowth  of 
pyroxene and s a u s s u r i t i z e d  p l a g i o c l a s e ,  and shows l i t t l e  
v a r i a t i o n  i n  t e x t u r e  o r  mineralogy i n  outcrop .  
a l l  formations from t h e  Frere Formation t o  t h e  P r i n c e s s  Ranges 
Q u a r t z i t e ,  and is  known t o  i n t r u d e  t h e  Kulele  Limestone and 
Mulgarra Sandstone on t h e  a d j a c e n t  S t an ley  Shee t .  

I t  i n t r u d e s  

+ 
Compston ( 1 9 7 4 )  r eco rds  a Rb/Sr age of  1050 - 50 m.y. 

f o r  s imi l a r  d o l e r i t e  from t h e  c e n t r a l  Robert Shee t  a r e a .  
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PERMIAN 

The e a r l y  Permian Pa te r son  Formation (Lowry and o t h e r s ,  
1 9 7 2 )  is a mixed u n i t  of conglomerate (d i .amic t i te ) ,  sands tone ,  
and c l a y s t o n e  r e p r e s e n t i n g  g l a c i a l ,  f l u v i a t i l e ,  and g l ac io -  
l a c u s t r i n e  environments. The format ion  is  exposed i n  break- 
aways where it is  seen t o  be f l a t - l y i n g  and undeformed; o n l y  
r a r e l y  i s  t h e r e  a measurable d i p .  

The g l a c i a l  rocks  ( X I  are d iamic t i tes  i n  which pebbles  
and bou lde r s  are set  i n  a sandy c l a y  ma t r ix .  S t r a t i f i c a t i o n  
i s  a b s e n t  o r  i l l - d e f i n e d .  C l a s t s  i n c l u d e  p e l l e t a l  i ron -  
format ion ,  c h e r t ,  q u a r t z i t e ,  q u a r t z ,  a v a r i e t y  o f  g r a n i t o i d  
rocks ,  and rare maf ic  and f e l s i c  rocks  f r o m  t h e  Archaean 
l aye red  success ion .  Scarce  s t r i a t e d  boulders  t e s t i f y  t o  a 
g l a c i a l  o r i g i n .  C l a s t  s i z e  ranges  from a few cen t ime t re s  t o  
over 2 m. The d i a m i c t i t e  commonly weathers  t o  l e a v e  areas 
of col luvium strewn wi th  bou lde r s .  The d i s t r i b u t i o n  of  rock 
types  i n  t h e s e  boulder  f i e l d s  sugges t s  i ce  movement i n  a 
n o r t h e r l y  o r  n o r t h e a s t e r l y  d i r e c t i o n ,  o f f  t h e  Yi lgarn  Block. 
Boulders of Frere Formation are common immediately ove r ,  and 
n o r t h  o f ,  t h e  a r e a  u n d e r l a i n  by Frere Formation, whereas 
bou lde r s  from t h e  e q u a l l y  d i s t i n c t i v e  and r e s i s t a n t  P r i n c e s s  
Ranges Q u a r t z i t e  are absent  sou th  of t h e  P r i n c e s s  Ranges, b u t  
p r e s e n t  northwards i n  t h e  v i c i n i t y  of  Boondin and Mount 
Draper. 

Lacus t r ine  and g l a c i o - l a c u s t r i n e  rocks  ( P a l )  occur  - 
in te rbedded  w i t h ,  and o v e r l y i n g ,  t h e  g l a c i a l  rocks .  The 
c l a y s t o n e  and s i l t s t o n e  o f  t h i s  u n i t  are whi t e ,  k a o l i n i t i c ,  
t h i n l y  laminated and c o n t a i n  rare drops tones .  A t  Mount 
Wellesley,  laminated s i l t s t o n e  c o n t a i n s  f r i a b l e  carbonaceous 
beds 1 0  t o  15 c m  t h i c k .  

The f l u v i a t i l e  d e p o s i t s  (Pa f )  g e n e r a l l y  occur  a t  t h e  t o p  - 
of t h e  Pa te r son  Formation b u t  may be in te rbedded  wi th  e i t h e r  
t h e  g l a c i a l  o r  t h e  g l a c i o - l a c u s t r i n e  f a c i e s .  The t y p i c a l  
f l u v i a t i l e  d e p o s i t  i s  poor ly  sor ted,  k a o l i n i t i c ,  coarse-grained 
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sandstone which is poorly bedded and occasionally trough 
cross-bedded. Lenses of siltstone and quartz pebble conglo- 
merate are common. Five kilometres west of The Jump Up wel- . 
exposed outwash plain (sandur) deposits are exposed in a 20-m- 
high breakaway. These consist of alternate sandstone and 
conglomerate beds which are better sorted than the glacial 
diamictite, but less well-sorted than the fluviatile deposits. 
Bedding is very irregular. Scour structures and single sets 
of trough and planar cross-bedding are abundant. 

CAINOZOIC 

UNDIFFERENTIATED 

Except for calcrete (Czk), the undifferentiated Cainozoic 
units are restricted to the deep weathering profile, which 
consists of siliceous or ferruginous duricrust passing down- 
ward into mottled and pallid zones. Silcrete (Czb) forms a 
siliceous duricrust on top of deeply weathered granitic 
rocks, Phanerozoic rocks, and sediments of the Earaheedy 
Group. It is a hard, grey-green rock consisting of angular 
to rounded grains (mostly quartz) set in a matrix of micro- 
crystalline silica. 

- 

Ferruginous duricrust, or laterite (Czl), - occurs mainly 
over rocks of the Archaean layered succession, but it can 
occur over Permian rocks, Proterozoiciron-rich or shaley 
sediments, and dolerite. It varies from pale-brown, pisolitic 
limonite and goethite, to dark-brown, massive hematite and 
goethite. On ultramafic rocks, the equivalent of laterite is 
a capping of ferruginous opaline silica (x) which varies 
from pale buff over talc-carbonate rocks to dark brown over 
serpentinite. 

Silcrete and laterite generally pass downward into the 
mottled and pallid zones of the weathering profile ( C z o ) ,  - 
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al though i n  some areas (e .g .  t h e  d o l e r i t e  s o u t h e a s t  of P r e n t i  
Downs) t h e  l a t e r i t e  p a s s e s  a b r u p t l y  i n t o  f r e s h  bedrock. Deep- 
weather ing  i n  t h e  mot t led  and p a l l i d  zones invo lves  t h e  break, 
down o f  f e l d s p a r ,  m i c a  and maf i c  mine ra l s  t o  form c l a y  
mine ra l s  (mostly k a o l i n )  and ox ides .  Many of t h e  o r i g i n a l  
s t r u c t u r e s  are preserved ,  and i t  i s  u s u a l l y  p o s s i b l e  t o  
i d e n t i f y  approximately t h e  o r i g i n a l  rock type .  

Calcrete (Czk) - i s  a d e p o s i t  o f  l imes tone  and o p a l i n e  
s i l i ca ,  formed by p a r t i a l  replacement  of s o i l  mater ia l  i n  
major d ra inages .  I t  formed a f t e r  t h e  t runk  v a l l e y s  of  t h e  
pa laeodra inage  system had been f i l l e d ,  probably i n  t h e  l a t e  
T e r t i a r y ,  and i s  now be ing  eroded i n  t h o s e  d ra inage  l i n e s  
which are s t i l l  active (e .g .  Banjo Creek) .  The calcrete  may 
be nodular ,  massive or  laminated and i s  t y p i c a l l y  cavernous.  
On t h e  a d j a c e n t  Robert Sheet  d r i l l i n g  shows t h a t  t h e  calcrete 
is up t o  4 0  m t h i c k  (Jackson and o t h e r s ,  1 9 7 5 ) ,  b u t  m o s t  of 
t h e  calcrete i n  t h e  Kingston Shee t  i s  probably under 1 0  m 
t h i c k .  

QUATERNARY 

C o l l u v i a l  d e p o s i t s ,  which c o n s i s t  o f  unconsol ida ted  
rock and q u a r t z  fragments i n  l o a m  (Qc) ,  form a b l a n k e t  of 
d e b r i s  ex tending  from scree s l o p e s  below outcrop ,  through 
g e n t l y  s l o p i n g  pediments,  t o  e x t e n s i v e ,  f l a t ,  low-lying 
p l a i n s ;  a v a r i a t i o n  c o n s i s t s  of c l ayey  and sandy loam wi th  
no coarse fragments ( Q z ) .  Over much o f  t h e  s h e e t ,  bo th  u n i t s  
pas s  downward, a t  very  shal low dep th ,  i n t o  an iron-cemented 
hardpan, termed t h e  Wiluna Hardpan by Bet tenay and Churchward 
( 1 9 7 4 ) .  Hardpan may be absen t  i n  low-lying areas o f  colluvium 
f l a n k i n g  s a l t  l a k e s ,  major d ra inage  washes, and i n  scree 
areas close t o  outcrop.  

- 

- 

Alluvium (Qa) - occurs  i n  broad,  i l l - d e f i n e d  d ra inage  l i n e s  
ranging  from s m a l l  c r eeks  w i t h  t h i c k  mulga growth, t o  wide 
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f lood  p l a i n s  i n  t h e  l o w e r  reaches  of  t h e  d r a i n a g e  systems. 
The d e p o s i t s  are poor ly  s o r t e d  and c o n t a i n  material  ranging 
from c l a y  t o  pebble  s i z e .  

Eol ian  q u a r t z  sand (Qs) __. forms one of  t h e  m o s t  e x t e n s i v e  u n i t s  
on t h e  s h e e t ,  p a r t i c u l a r l y  over  Archaean and Permian rocks .  
The q u a r t z  is  we l l - so r t ed  and has  an i ron-oxide p a t i n a  which 
g i v e s  t h e  sand a pale-yellow t o  red-brown co lour .  

Two u n i t s  r e l a t e d  t o  t h e  s a l t - l a k e  system are recognized.  

Clay and s i l t  form b a r e  expanses of l a c u s t r i n e  material (2) 
which c o n t a i n s  sand ,  s a l t ,  and gypsum. This  u n i t  i s  u s u a l l y  
covered by a few cen t ime t re s  of  s a l i n e  w a t e r  a f t e r  heavy 
r a i n .  Marginal t o  t h e  l a c u s t r i n e  u n i t ,  and i n  p l a c e s  c o m -  
p l e t e l y  cover ing  it, is  a mixed u n i t  (a) c o n t a i n i n g  e o l i a n  
dunes and s h e e t s  of  gypsum o r  q u a r t z  sand. A l l u v i a l  f l a t s  
and s m a l l  c laypans  t h a t  may con ta in  f r e s h  w a t e r  are s c a t t e r e d  
between t h e  dunes.  Some dunes i n  t h e  Lake Carnegie area 
con ta in  sand d e p o s i t s  s imi l a r  t o  - Qs, b u t  because t h e  deposi-  
t i o n  of t h e  sand w a s  c o n t r o l l e d  by t h e  presence  o f  t h e  b a r e  
l ake  s u r f a c e ,  t h e s e  sand d e p o s i t s  are inc luded  i n  t h e  - Qg u n i t .  

ECONOMIC GEOLOGY 

GOLD 

The only  minera l  p roduct ion  recorded f o r  t h e  s h e e t  i s  
from t h e  Mount Eureka gold-mining c e n t r e .  Between 1932 and 
1 9 3 7 ,  2 997  g of  go ld  w a s  won from 144.5 t o f  ore a t  an 
average grade  of  2 0 . 7 4  g / t .  The gold  occur s  i n  q u a r t z  v e i n s  
i n  s i l i c i f i e d  t a l c -ca rbona te  s c h i s t ,  o f t e n  a t  t h e  c o n t a c t s  
wi th  t h i n  c h e r t  bands. Some occurrences  east  of  Mount Eureka 
are i n  q u a r t z  r e e f s  i n  deeply  weathered metasediment. 
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I RON 

S ince  1973, t h e  i r o n  format ions  o f  t h e  F r e r e  Formation 
have been explored  f o r  i r o n  ore.  T o  d a t e ,  no o r e  bod ies  
have been r e p o r t e d ,  and on t h e  Kingston Shee t ,  t h e  beds o f  
i r o n  formation are too t h i n  (1-2 m)  and show i n s u f f i c i e n t  
secondary enrichment t o  provide  any p rospec t  of  an orebody. 

GROUNDWATER 

Aquifers  i n  s u p e r f i c i a l  d e p o s i t s  supply most of t h e  
e x i s t i n g  bores  and w e l l s ,  and are t h e  only  p o t e n t i a l  sou rces  
of  u s a b l e  groundwater. The Permian f l u v i o - g l a c i a l  d e p o s i t s  
are n o t  e x t e n s i v e  enough t o  p rov ide  a catchment area. The 
Proterozoic  and Archaean rocks are g e n e r a l l y  too impervious 
t o  make s u i t a b l e  a q u i f e r s ,  a l though s m a l l  amounts o f  water 
may be ob ta ined  from j o i n t s  and f r a c t u r e  systems. 

Most areas, wi th  t h e  excep t ion  o f  t h e  s a l t  l a k e s  and 
s a l i n e  d ra inages  where t h e  s a l i n i t y  i s  too h igh ,  and t h e  
s a n d p l a i n  areas where t h e r e  i s  i n s u f f i c i e n t  concen t r a t ion  
of run-off t o  produce r echa rge ,  w i l l  supply smal l  q u a n t i t i e s  
of s t o c k  w a t e r .  Calcrete and a l l u v i a l  v a l l e y - f i l l s  are t h e  
b e s t  p o t e n t i a l  groundwater s o u r c e s ,  and t h e s e  have been 
d i scussed  by Sanders ( 1 9 6 9 )  and Sanders and Harley ( 1 9 7 1 ) .  
Both t h e s e  r e p o r t s  g i v e  s a l i n i t y  in fo rma t ion ,  and d e l i n e a t e  
t h e  e x t e n t  of  t h e  u s a b l e  d e p o s i t s .  Three recommended 
a q u i f e r  areas are a t  Lorna Glen, Banjo Creek between Beru 
Pool and A l f  B o r e  ( s a l i n e  i n  i t s  lower p a r t ) ,  and between 
Lake J e f f e r i e s  and Miningarra Creek. The hydro log ica l  
c h a r a c t e r i s t i c s  o f  t h e  Lorna Glen a q u i f e r  w e r e  i n v e s t i g a t e d  
i n  some d e t a i l  by Chapman ( 1 9 6 2 )  who concluded t h a t  0 . 4 5  x 
1 0  k l  o f  i r r i g a t i o n  water p e r  y e a r  w a s  a v a i l a b l e  from a 
catchment area of about  130 km . 

6 

2 
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Brookf ie ld  ( i n  - Mabbutt and o t h e r s ,  1963) r e l a t e d  t h e  

d i s t r i b u t i o n  and y i e l d  o f  groundwater t o  a v a r i e t y  o f  

phys iographic  u n i t s .  
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TABLE 1: Co-ordinates  of l o c a l i t i e s  mentioned i n  t e x t  

Alf B o r e  

Banjo Creek 

Banjo W e l l  

Beru Pool 
Boondin 

Bu l l j ah  Pool 

Cork Tree W e l l  

Doyle W e l l  

I r w i n  B o r e  

Jump-up 

Lake Carnegie  

Lake J e f f e r i e s  

Lake W e l l s  

Lorna Glen 

Lynne Bore 

Miningarra  Creek 

Mount Draper 

Mount Eureka 

Mount Wellesley 

Old Windidda 

Panton Bluff 

Parson Bluff  

P r e n t i  D o w n s  
Pr incess  Ranges 

Red Bluff  

S k u l l  Soak 

Tamhree Pool 

Tooloo Bluff 

Two M i l e  Creek 

Von Treuer  Tableland 

Wannabooline Creek  

Well ington Range 

Windidda 

Wongawol 

Wongawol Creek 

L a t i t u d e  

26O27' 

26O20' 

26O29' 

26O25'  

26O2 8 

26O03' 

26O23 ' 
26O34' 

26O44 ' 
26O37' 

26O10 ' 
26O37' 

26O40' 

26O13 

26O21'  

26O19 ' 

26O19 ' 
26O34'  

26O16 

26O38'  

26O39 ' 
26O49' 

26O31' 

26O07 

26O23' 

26O02' 

26O02 

26O26 ' 
26O12 

26O37 ' 
26O02' 

26O18' 

26O23'  

26O07' 

26O14 

Longitude 

121O58 '  

122O04 '  

121O47 '  

121O 3 8 ' 
122O47 '  

122O39'  

122O21 '  

121O34'  

121O31'  

122O48 '  

122O25'  

122O04 '  

122O59 

121O33 '  

122O32 

122O14 ' 

122O53'  

121O32 '  

121O41 '  

122O03'  

122O43'  

122O59 ' 
122O48'  

121O50 

1 2 1 O 3 1  ' 
121O40'  

121O55 ' 
122O13'  

121O56 ' 
122O50 ' 
122O01'  

121O47 ' 
122O13'  

121O56 I 

121O49'  

. 

. 
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