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EXPLANATORY NOTES ON THE B E L E L E  1:250 000 

GEOLOGICAL SHEET, WESTERN AUSTRALIA  

by 
M. E l i a s  

I NTROD U CT I ON 

The BELELE" 1:250 000  Geological Sheet ( r e fe rence  SG 
50-11 of t h e  I n t e r n a t i o n a l  Series) i s  bounded by l a t i t u d e s  
26OS and 27OS, and longi tudes  117OE and 118°30'E. 

The area i s  taken up e n t i r e l y  by p a s t o r a l  leases, which 
run predominantly sheep. The town of Meekatharra (populat ion 
829, 1 9 7 6  census ) ,  which l ies on t h e  e a s t e r n  margin of 
BELELE, is  a s e r v i c e  c e n t r e  f o r  t h e  p a s t o r a l  i n d u s t r y ,  and 
for  mineral  exp lo ra t ion .  Ear ly  i n  t h e  century ,  t h e  town 
supported a s t rong  gold mining i n d u s t r y ,  which subsequently 
dec l ined ,  b u t  i s  now undergoing a revival.  

The sea l ed  Great Northern Highway c rosses  t h e  sou theas t  
corner  of t h e  s h e e t  and passes  through Meekatharra. A 

graded road from Cue, 1 1 0  km south-southwest of Meekatharra, 
s e r v i c e s  p a s t o r a l  homesteads i n  t h e  western h a l f  of 
BELELE. Graded roads and s t a t i o n  t r a c k s  allow access  t o  most 
o t h e r  areas. 

The climate i s  semi-arid.  Meekatharra has an average 
annual r a i n f a l l  of 215  mm, bu t  t h e  usefu lness  of t h i s  i s  
diminished by i t s  i r r e g u l a r i t y  and by t h e  excess ive  evapor- 
a t i o n  r a t e .  Winters are cool t o  m i l d ;  summers are h o t ,  and 
temperatures f r equen t ly  exceed 4 0  C .  0 

* Sheet names are p r i n t e d  i n  upper case le t ters  t o  avoid 
confusion w i t h  s i m i l a r  p l ace  names. 
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H I STORY OF GEOLOG I C A L  INVESTIGATIONS 

The discovery of gold a t  Nannine i n  1 8 9 1 ,  and a t  Garden 
Gully and Meekatharra soon af te rwards ,  qu ick ly  l ed  t o  t he  

es tab l i shment  of t h r i v i n g  mining c e n t r e s .  Consequently, 
most e a r l y  geo log ica l  r e p o r t s  d e a l t  wi th  t h e  gold mines. 
The most comprehensive s t u d i e s  w e r e  by Gibson ( 1 9 0 4 )  on 
Nannine, Meekatharra and Abbotts; and by Clarke ( 1 9 1 6 )  on 
Meekatharra, Yaloginda and Garden Gully.  These works, as 
w e l l  a s  providing va luab le  information on t h e  now- 
i n a c c e s s i b l e  gold mines, conta in  r e fe rence  t o  numerous 
earlier r e p o r t s .  The Mindoolah and Weld Range (Hercules) 
gold mines w e r e  examined by Woodward ( 1 9 1 4 ) ,  who also 
examined t h e  i r o n  d e p o s i t s  of t h e  Weld Range and gave an 
informative r e p o r t  on t h e  h i s t o r i c a l  Wilgie M i a  ochre 
depos i t .  The Abbotts gold mining c e n t r e  w a s  t h e  s u b j e c t  
of an i n v e s t i g a t i o n  by E l l i s  (1936).  

The f i r s t  r eg iona l  s tudy n o t  s p e c i f i c a l l y  d i r e c t e d  
towards mineral  d e p o s i t s  w a s  c a r r i e d  o u t  by Johnson (1950); 
h i s  map, which inc ludes  most of BELELE, showed g n e i s s i c  
rocks ,  only r e c e n t l y  confirmed a s  being p a r t  of a r eg iona l  
gne i s s  t e r r a i n ,  i n  t h e  nor thern  ha i f  of BELELE. BELELE w a s  
included i n  a r e g i o n a l  geochemical s tudy of p a r t  of t h e  

Yilgarn Block by Hallberg ( 1 9 7 6 ) ,  who presented s e v e r a l  
chemical analyses  of mafic and u l t r amaf i c  volcanics .  

Aeromagnetic, rad iometr ic  and g r a v i t y  surveys of BELELE 

have been carried o u t  by t h e  Bureau of Mineral Resources, 
and Waller and B e a t t i e  (1971)  have i n t e r p r e t e d  t h e  aero- 
magnetic and rad iometr ic  d a t a  over a l a r g e  reg ion  t h a t  
inc ludes  BELELE. 
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PHYSIOGRAPHY AND CAINOZOIC GEOLOGY 

BELELE l i es  on t h e  i n t e r i o r  p l a t e a u  of Western A u s t r a l i a ,  
and has  e l e v a t i o n s  ranging from 355 m i n  t h e  northwest corner  
t o  538  m near  Meekatharra. The r e g i o n a l  topography i s  domin- 
a t e d  by t h e  no r the r ly  flowing Hope-Yalgar River ,  and 
Pindabarn - Whela Creek system (Fig.  l), which connect with 
t h e  e x t e r n a l l y  d ra in ing  Murchison R i v e r .  

Plateaux of l a t e r i t e  and s i lcrete  bounded by breakaways 
occur on t h e  i n t e r f l u v e s  and a t  t h e  head of t h e  main drainage 
systems. These are remnants of a once continuous l a t e r i t i c  

d u r i c r u s t ,  which formed i n  t h e  Ear ly  T e r t i a r y ,  bu t  which i s  
now almost completely s t r i p p e d  o f f  by headward e ros ion  of t h e  

e x t e r n a l  drainage system. 
Range, t h e  d u r i c r u s t  s u r f a c e  s lopes  upward t o  t h e  r i d g e s  of 
iron-formation, i n d i c a t i n g  t h a t  t h e  Weld Range was a topo- 
graphic  f e a t u r e  be fo re  t h e  T e r t i a r y .  
on t h e  geologica l  map r e f e r  t o  t h e  remnants of l a t e r i t i c  
d u r i c r u s t ,  Later i te  ( C z l )  over greenstone c o n s i s t s  of f e r ru -  
ginous c l a y  and indura ted  l imoni te  p i s o l i t h s ,  
p l aces  capped by g o e t h i t i c  i rons tone .  

l a t e r i t e  ( C z j ) ,  developed on u l t r amaf i c  rocks and f i n e -  
grained f e l s i c  volcanogenic d e p o s i t s ,  i s  a fawn and cream- 
coloured, s i l i c e o u s  and l i g h t l y  fe r ruginous  capping. Over 

g r a n i t o i d s ,  l a t e r i t e  i s  p a l e  brown, commonly p i s o l i t i c ,  and 
c o n s i s t s  of angular  qua r t z  and opa l ine  s i l i c a  g r a i n s  cemented 
by fe r ruginous  c lay .  
s h e e t s  of p a l e  brown sand ( C z s )  der ived  from reworking of the 

exposed d u r i c r u s t  sur face .  
sand i n t o  broad, low banks. 

A t  t h e  e a s t e r n  end of t h e  Weld 

The u n i t s  C z l  and C z s  - - 

- 
and i s  i n  

A p a r t i c u l a r  so r t  of 

- 

Later i te  over g r a n i t o i d s  i s  covered by 

Wind action has  accumulated t h e  

S t r ipp ing  of t h e  l a t e r i t i c  d u r i c r u s t  i n  t h e  Quaternary 
exposed t h e  underlying bedrock. Topography over areas of 
outcrop v a r i e s  according t o  rock type.  
exposed a s  l a r g e  'whalebacks' i n  t h e  southwestern p a r t  of 
BELELE, and as ex tens ive  uplands d i s s e c t e d  by i n c i s e d  

Grani to ids  are 
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watercourses i n  t h e  c e n t r a l  and e a s t e r n  p a r t s .  B a s a l t  forms 
rugged rounded h i l l s  such as i n  t h e  Murrouli  Range, i ron-  
formation and me tape r ido t i t e  form prominent s t r i k e  r i d g e s  
(Weld Range, Jack H i l l s  and Mingah Range), and sediments and 
fe ls ic  volcanics  are poor ly  exposed i n  low-lying f l a t s .  

Erosion products  of t h e  l a t e r i t i c  d u r i c r u s t  and t h e  
underlying bedrock form t h e  Quaternary c o l l u v i a l  and a l l u v i a l  
depos i t s .  These grade downslope from scree s lopes  and 
a l l u v i a l  f ans  (Qc) - f r i n g i n g  outcrop,  t o  broad, g e n t l y  s lop ing ,  
sand and s i l t  sheetwash p l a i n s  ( Q w ) ,  - t o  alluvium (Qa) _. 

depos i ted  along dra inage  l i n e s  and i n  ad jacen t  f loodp la ins .  
These u n i t s  are unde r l a in  a t  shallow depth by a poorly s t r a t i -  
f i e d ,  ferruginous,  indura ted ,  poorly s o r t e d  c o l l u v i a l  and 
a l l u v i a l  d e p o s i t ,  which probably r e p r e s e n t s  t h e  d e t r i t u s  from 
t h e  e ros ion  of t h e  fe r ruginous  d u r i c r u s t .  The d e p o s i t  i s  
exposed i n  t h e  banks of i n c i s e d  creeks; f o r  i n s t a n c e  a t  
Koonmarra Pool,  where a th i ckness  of 1 0  m i s  exposed. 

The main dra inages  are broad f lood-p la ins ,  which have 
been d iscont inuous ly  i n c i s e d  by narrow channels.  Elongate 
s h e e t s  of v a l l e y  calcrete (Czk) - occupy p a r t s  of t h e  t runk  
d ra inages ,  p a r t i c u l a r l y  along t h e  Hope and Yalgar Rivers. 
The calcrete s h e e t s  a r e  commonly 1-2 m above t h e  p r e s e n t  
ground l e v e l ,  i n d i c a t i n g  t h a t  some e ros ion  has taken p l ace  
s i n c e  t h e i r  formation. The calcrete i s  formed by t h e  
replacement of v a l l e y - f i l l  sediment by calcium carbonate  
p r e c i p i t a t e d  from groundwater. The p r e s e n t  Hope - Yalgar 
River t runk  dra inage  fol lows palaeodrainage l i n e s  t h a t  
developed on t h e  a n c i e n t  l a t e r i t i c  d u r i c r u s t  during t h e  
e a r l y  T e r t i a r y .  Fu r the r  t o  t h e  sou theas t ,  t h e  palaeo- 
dra inage  sys t em i s  represented  by s a l t  lakes and s a l i n e  
dra inages .  North of Lake Annean t h e  dra inage  becomes less 
s a l i n e .  The s a l t  l a k e s  con ta in  ba re ,  s a l i n e  and gyps i fe rous  
mud f l a t s  (Ql) - i n t e r s p e r s e d  w i t h  cuneiform banks of e o l i a n  
ca lcareous  and gyps i fe rous  sand j a g ) .  - The lakes a r e  
surrounded by e o l i a n  sand s h e e t s ,  a l l u v i a l  s a l i n e  f l a t s  

e 
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conta in ing  numerous s m a l l  claypans (both included i n  t h e  

u n i t  a), and expansive sheets of calcrete (Czk). - 

ARCHAEAN 

FIEGIONAL SETTING 

BELELE i s  s i t u a t e d  i n  t h e  nor thern  p a r t  of the 

Murchison Province (Geological Survey of Western A u s t r a l i a ,  
1975) ,  i n  the northwestern p a r t  of t h e  Yilgarn Block. The 

area inc ludes  two d i s t i n c t  geo log ica l  t e r r a i n s  of Archaean 
age: gneiss ;and grani toid-greenstone.  The gne i s s  i n  t h e  
northwestern corner  of BELELE i s  p a r t  of an ex tens ive  t e r r a i n  
t h a t  e n c i r c l e s  t h e  western Yilgarn Block and con ta ins  ortho- 
g n e i s s  and paragneiss  of high metamorphic grade.  Granitoid- 
greenstone t e r r a i n  occupies t h e  rest of BELELE, and 
c o n s i s t s  of s u p r a c r u s t a l  greenstone b e l t s  se t  i n  expanses 
of g r a n i t o i d .  

The Jack H i l l s  b e l t ,  which occurs  i n  t h e  gne i s s  t e r r a i n ,  
d i f f e r s  from t h e  metavolcanic greenstone b e l t s  i n  t h e  g ran i to id -  
greenstone t e r r a i n  i n  conta in ing  mainly metasedimentary rock, 
b u t  it i s  s i m i l a r  t o  t h e  metavolcanic b e l t s  i n  s t r u c t u r a l  
style and metamorphic grade. 

Gran i to ids ,  which i n t r u d e  t h e  greenstones and g n e i s s ,  
gene ra l ly  occur as ovoid o r  c i r c u l a r  bodies;  a s i n g l e  body 
occupies almost t h e  e n t i r e  western h a l f  of BELELE. Although 
g r a n i t o i d s  from BELELE have n o t  been da ted ,  they probably 
belong t o  a s u i t e  of g r a n i t o i d s  da t ed  a t  about 2 6 0 0  m.y. 
(Muhling and de  Laeter, 1 9 7 1 )  on ad jo in ing  CUE. The age of 
t h e  gne i s s  i s  unce r t a in  bu t  i s  be l ieved  t o  be o lde r  than 
t h a t  of t h e  g r a n i t o i d s ;  an estimate of 2 900 m.y. is  given 
by Arr iens  ( 1 9 7 1 )  f o r  rocks from t h e  gne i s s  t e r r a i n  t o  t h e  
south  near  Mullewa. 
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The southern margin of the Glengarry Sub-basin (Bunting 
and others, 1977) a major Proterozoic sedimentary basin, 
crosses the extreme northeast corner of BELELE. 

GREENSTONE BELTS 

Although all greenstones on BELELE are metamorphosed 
and, in many cases, deformed, the original rock types are 
usually identifiable. Accordingly, a system of terminology 
based on original rock types has been used. Metamorphism is 
generally of low grade, and the original textures are 
preserved. Chief metamorphic indicators are mafic rocks, in 
which<pyroxene is altered to pale-green actinolite, and 
plagioclase is saussuritized. 
serpentine-talc-chlorite-tremolite(-actinolite). Variations 
to this general pattern are detailed in the relevant sections. 

Ultramafic assemblages are 

M a f i c  voZcanics 

Thick sequences of mafic volcanics occur in all green- 
stone belts. Two types of volcanics are distinguished by 
their textural features, which reflect slight mineralogical 
and chemical differences. Tholeiitic metabasalt (Abb) is 
best seen in the Murrouli Range. 
intergranular-textured rock consisting of amphibole 
(pseudomorphing pyroxene) and saussuritized plagioclase. 
Some basalt south of Meekatharra is virtually unmetamorphosed 
and shows primary mineralogy. Metabasalt from the Murrouli 
Range forms a featureless succession, but south of 
Meekatharra, abundant pillow structures are seen; and 
northwest of Beebyn, vesicular flowtops are developed. 

- 
It is a dark-green, hard, 

' I  
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Metabasal t  wi th  s k e l e t a l  o r  s p i n i f e x  t e x t u r e  (Abu) i s  
t h e  o t h e r  b a s a l t  type;  t h e  t e x t u r e  i s  r e a d i l y  i d e n t i f i a b l e  
wi th  t h e  unaided e y e  or a handlens. 
formed during c r y s t a l l i z a t i o n  by r a p i d  growth of clinopyro- 
xene, o r ,  i n  some cases ,  o l i v i n e ,  producing a mesh of 
i n t e r l o c k i n g  d e n d r i t i c ,  a c i c u l a r ,  o r  p l a t y  crystals .  These 
phenocrysts ,  measuring 2 t o  1 0  mm long,  a r e  se t  i n  a g l a s sy  
o r  f ine-grained groundmass c o n s i s t i n g  of mafics, p l a g i o c l a s e ,  

ep ido te  and qua r t z .  
b a s a l t  near  t h e  e a s t e r n  margin of BELELE, which i s  p a r t  of 

t h e  upper mafic u n i t  of t h e  Meekatharra b e l t  descr ibed  by 
E l i a s  and o t h e r s  (19791,  a l l  sp in i f ex - t ex tu red  b a s a l t  has 
primary clinopyroxene pseudomorphed by amphibole. 
s t r u c t u r e s  ( l e u c o c r a t i c  ovoid segrega t ions  resembling 
v e s i c l e s )  have developed i n  p l aces ,  notably between Conroy 
Bore and a p o i n t  2 km northwest of Mount Obal, where they 
occur over a width of about 75 m ,  poss ib ly  r ep resen t ing  a 
s i n g l e  f l o w .  

Sp in i fex  t e x t u r e  i s  

With t h e  except ion of sp in i fex- tex tured  

Ocellar 

On t h e  b a s i s  of t h e  s p i n i f e x  t e x t u r e ,  it i s  thought t h a t  

these b a s a l t s  belong t o  t h e  k o m a t i i t i c  s u i t e  of mafic and 
u l t r amaf i c  vo lcan ic s .  T h i s  s u i t e ,  represented  i n  many 
Archaean greenstone b e l t s ,  i s  def ined  mainly on chemical 

- grounds. However, s p i n i f e x  t e x t u r e  i s  h ighly  c h a r a c t e r i s t i c  
of t h i s  class of rocks ,  and se rves  as a u s e f u l  f i e l d  c r i t e r i o n  
i n  t h e  absence of chemical d a t a  t o  d i s t i n g u i s h  k o m a t i i t i c  
from t h o l e i i t i c  b a s a l t s  (Arndt and o t h e r s ,  1 9 7 7 ) .  The 
c o r r e c t  i d e n t i f i c a t i o n  of s p i n i f e x  t e x t u r e  may be d i f f i c u l t :  
a t  Murromochin H i l l ,  s t a t i c  metamorphism of a magnesium-rich 
b a s a l t  has  caused random growth of metamorphic amphibole, 
producing a t e x t u r e  c l o s e l y  resembling s p i n i f e x  t e x t u r e .  

Samples analyzed by Hallberg ( 1 9 7 6 )  from areas of 
sp in i f ex - t ex tu red  b a s a l t  on BELELE show some of t h e  

chemical f e a t u r e s  of t h e  k o m a t i i t i c  s u i t e .  The most 
important  of t h e s e  chemical parameters ,  according t o  Arndt . 

and o t h e r s  ( 1 9 7 7 ) ,  a r e  low T i 0 2  (gene ra l ly  less than  0.7 
- 
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per  c e n t ) ,  and low (FeO( to ta l ) /FeO( to t a l )  -k Mg) compared wi th  

t h o l e i i t i c  b a s a l t s  of s i m i l a r  A1203 con ten t .  Analyses of 
t h o l e i i t i c  b a s a l t  from t h e  Meekatharra b e l t  (Hal lberg and 
o t h e r s ,  1 9 7 6 )  have been used f o r  comparison. 

I n  areas of dynamic metamorphism, such as nea r  g ran i -  
t o i d  c o n t a c t s  and major f o l d  c l o s u r e s ,  t h o l e i i t i c  and 

sp in i f ex - t ex tu red  metabasa l t  are a l t e r e d  t o  .amphibolite (Aba) 
by t h e  development of a p l ana r  o r  l i n e a r  f a b r i c  r e s u l t i n g  

- 

from t h e  nuc lea t ion  and growth i n  p r e f e r r e d  o r i e n t a t i o n s  of 
metamorphic amphibole. Ves t iges  of s p i n i f e x  t e x t u r e  can 
s t i l l  be discerned i n  t h e  amphibol i te  w e s t  of Wadda Wadda 
B o r e .  Dynamic metamorphism of more u l t r a m a f i c  k o m a t i i t i c  
var ie t ies  produced amphibole-chlorite sch is t  (Aur) which 
l acks  s i g n i f i c a n t  f e l d s p a r .  

- 

Fe Zsic vo Zcanics and i n t r u s i v e s  

Felsic volcanics  range from clinopyroxene-phyric a n d e s i t e  
t o  quartz-phyric  d a c i t e  and r h y o l i t e .  
phenocrysts occur only i n  t h e  e a s t e r n  greenstone b e l t s ,  near 
Abbotts and south of Meekatharra. 

Rocks without  qua r t z  

South of Meekatharra, a n d e s i t i c  rocks ( A z )  a r e  p a r t  of - 
t h e  upper f e l s i c - v o l c a n o c l a s t i c  u n i t  of the  Meekatharra b e l t  
( E l i a s  and o t h e r s ,  1 9 7 9 ) .  The a n d e s i t i c  rocks ,  comprising 
l ava ,  t u f f  and subord ina te  sedimentary rocks ,  conta in  
una l t e red  clinopyroxene, s a u s s u r i t i z e d  p l ag ioc la se ,  ande- 
s i t i c  l i t h i c  fragments,  and a c h l o r i t i c  groundmass. Coarse- 

gra ined  agglomerate (Azv) con ta ins  angular  and rounded 
clasts of a n d e s i t i c  l a v a  up t o  0 .3  m a c r o s s  s e t  i n  a fragmen- 
t a l  mat r ix  of s i m i l a r  composition t o  t h e  clasts.  These 
coarse fragmental  rocks occur near  t h e  base of t h e  upper 
f e l s i c - v o l c a n o c l a s t i c  u n i t  on GLENGARRY and they a r e  be l ieved  
t o  r e p r e s e n t  p y r o c l a s t i c  d e p o s i t s  ( E l i a s  and o t h e r s ,  1 9 7 9 ) .  

- 
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Andes i t i c  rock a lso occurs  immediately east  of t h e  main 
mafic  u n i t  south of Abbotts.  Coarse agglomerate (Azv) i s  
p r e s e n t ,  b u t  h e r e  amphibole i s  t h e  mafi.c minera l .  W e s t  and 
sou th  of Garden Gully,  quar tz -phyr ic  s c h i s t o s e  f e l s i c  rock 
(Af) ,  - probably r e p r e s e n t i n g  f e l s i c  t u f f ,  occurs  over a l a r g e  
area. 

- 

Other areas of f e l s i c  vo lcan ic s  on BELELE c o n t a i n  
g e n e r a l l y  f ine-gra ined  t u f f  ( A f t )  - and l a c k  both l ava  and 
coarse-grained agglomerate. These t u f f s  t y p i c a l l y  con ta in  
1 mm-sized q u a r t z  c r y s t a l s  and P i t h i c  c las t s .  Fine-grained 
volcanogenic sediments are commonly interbedded i n  f e l s i c  
t u f f .  D r i l l  co re  provided by Amoco Explora t ion  from an area 
south  of Weebacarry Bore shows predominantly d a c i t i c  t u f f  
c o n s i s t i n g  of medium-grained euhedra l  clasts of q u a r t z  and 
p l a g i o c l a s e  set  i n  a f ine-gra ined  groundmass of q u a r t z ,  
p l a g i o c l a s e ,  muscovite,  c h l o r i t e  and a l k a l i  f e l d s p a r .  Other 
rocks  inc lude  meta-andesi te  and g r a p h i t e  schis t .  Coarser 
g ra ined  f e l s i c  l a p i l l i  t u f f  (Afx) - con ta in ing  l i t h i c  clasts 
up t o  5 mm across occurs  i n  f ine-gra ined  fe ls ic  t u f f  south 
of Weebacarry Bore and t h e  Mingah Range. 

F e l s i c  porphyry (Ap) - occurs  i n  t h e  Mindoolah area and 
i n t r u d e s  d o l e r i t e  and banded i ron-formation i n  t h e  e a s t e r n  
Weld Range. N e a r  Mindoolah, it i s  in t ruded  a d j a c e n t  t o  t h e  
mafic  vo lcan ic  b e l t  of Mardoonganna H i l l  and along t h e  
no r the rn  edge of t h e  Weld Range, and a l s o  appears  t o  be 
a s s o c i a t e d  wi th  ra f t s  of mafic rocks i n  g r a n i t o i d .  C l a s t s  

of f e l s i c  porphyry i n  conglomerate i n d i c a t e  t h a t  t h e  porphyry 
was i n t ruded  a t  a h igh  l e v e l ,  and w a s  probably related t o  t h e  
fe l s ic  volcanism i n  t h e  area. The porphyry con ta ins  corroded 
phenocrysts  of q u a r t z  and s a u s s u r i t i z e d  f e l d s p a r  set i n  a 
grey-green, qua r t z - f e ldspa r  groundmass. 

1 0  



Sedime n t s  

Sediments a r e  common only i n  t h e  e a s t e r n  greenstone 
b e l t s ,  i n  t h e  v i c i n i t y  of Abbotts,  and between Meekatharra 
and Nannine. They a r e  gene ra l ly  f ine-grained shale and s i l t -  
s tone  ( A s s ) ,  - mostly k a o l i n i t i c ,  and conta in ing  a volcanogenic 
component. Because of t h e i r  g r a i n  s i z e  and composition, they 
weather e a s i l y  and a r e  poorly exposed. I d e n t i f i c a t i o n  of 
bedding i s  d i f f i c u l t  because of a s t rong  s c h i s t o s i t y ,  bu t  
r e g i o n a l  bedding t r ends  may be o u t l i n e d  by c h e r t  and banded 
iron-formation marker beds. A good exposure of these sedi- 
ments may be seen  i n  t h e  road c u t t i n g  a t  Nannine. 

White, cross-bedded, c leaved qua r t z  sandstone (3) 
occurs  i n  a t i g h t  sync l ine  near  J i l lewarra .  The sandstone 

i s  under la in  by qua r t z  wacke conta in ing  qua r t z  g r a i n s  s e t  i n  
a s c h i s t o s e  f e l s i c  groundmass, and i s  o v e r l a i n  by cleaved 
s h a l e .  
b e l t s .  I t  r e q u i r e s  a s t a b l e ,  near-shore environment and a 
s i a l i c  provenance, and it shows a marked c o n t r a s t  t o  t h e  
surrounding rocks ,  which are mafic volcanics .  Although it 
w a s  n o t  seen, an unconformity i ssuspec ted  between the  mafic 
volcanics  and t h e  sandstone. The sandstone could be der ived  
f r o m  f e l s i c  volcanics  which o v e r l i e  mafic volcanics  elsewhere 
i n  t h e  greenstone b e l t .  I f  t h e  sandstone w e r e  der ived  from 
a g r a n i t i c  provenance, it would imply t h e  ex i s t ence  of exposed 
g r a n i t i c  c r u s t  dur ing  greenstone b e l t  development. 

The sandstone i s  an unusual rock type  f o r  greenstone 

Minor occurrences of sediment inc lude  p e l i t i c  s c h i s t  
conta in ing  a n d a l u s i t e ,  ga rne t  and qua r t z  ( A l m )  nor th  of Beebyn, 
and c h l o r i t e ,  carbonate  and qua r t z  ( A l c )  a t  t h e  Maranoa gold 
mine. Sediments c l o s e l y  a s soc ia t ed  wi th  f e l s i c  volcanics  

- 

occur along t h e  no r th  side of t h e  Weld Range, near Mindoolah. 
The sediments a r e  of f e l s i c  composition and range from 
conglomerate with f e l s i c  clasts t o  f i ’nely laminated sha le .  

Graded bedding and load - s t ruc tu res  i n d i c a t e  f ac ing  t o  t h e  
south.  

- 
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Banded i r o n - f o r m a t i o n  

Some greenstone b e l t s  show t h e  development of banded 
iron-formation ( A i l  - over s t r i k e  l eng ths  of 40  t o  50 k m  (Weld 
Range, Meekatharra-Nannine),  w h i l e  o the r  b e l t s  (Abbotts 
b e l t ,  Mingah Range b e l t )  a r e  almost devoid of banded i ron-  
formation. T h i s  i r r e g u l a r  d i s t r i b u t i o n  may be p a r t l y  r e l a t e d  
t o  s t r a t i g r a p h i c  l e v e l ,  al though t h e r e  may a l s o  be a sedimen- 
t a t i o n a l  c o n t r o l  on t h e  development of banded iron-formation. 
Banded iron-formation occurs interbedded w i t h  mafic volcanics ,  
f e l s i c  volcanic- re la ted  sed iments ,  and mafic i n t r u s i v e s .  I n  
t h e  Jack H i l l s ,  banded iron-formation occurs i n  p e l i t i c  and 
psammitic metasediments (rocks of t h e  Jack H i l l s  are d i s -  
cussed i n  a sepa ra t e  s e c t i o n ,  a l though t h e  banded i ron-  
formation i s  similar t o  t h a t  i n  t h e  o the r  greenstone b e l t s ) .  

Banded iron-formation and r e l a t e d  rocks ( A i )  c o n s i s t  of - 
s i l i ca ,  hemati te  , magnetite and i r o n  s i l icates  i n  var ious  
propor t ions .  Rocks wi th  t h e  symbol(Aiw) - conta in  bands of 
white  c h e r t  o r  very f ine-grained qua r t z  a l t e r n a t i n g  w i t h  

black, f ine-grained magnetite.  C h e r t  ( A i c )  - conta ins  less 
than 20 per  c e n t  magnet i te .  

J a s p i l i t e  @ i j )  i s  cha rac t e r i zed  by r ed  c h e r t  bands i n  
conjunct ion with e i t h e r  o r  both w h i t e  and black bands. The 

red  co lou ra t ion  i s  due t o  f i n e  hemati te  d u s t .  Most of t h e  
iron-formations i n  t h e  Weld Range are of t h i s  type.  
J a s p i l i t e s  appear t o  be restricted t o  a reas  of low metamor- 
ph ic  grade; towards t h e  no r theas t e rn  end of t h e  Weld Range, 
i nc reas ing  metamorphic grade causes t h e  red co lou ra t ion  t o  
d isappear  and t h e  g r a i n  s i z e  t o  inc rease .  The Weld Range 
conta ins  t h r e e  l a t e r a l l y  p e r s i s t e n t  u n i t s  of j a s p i l i t e ;  from 
nor th  t o  south these a r e  informal ly  known as t h e  Madoonga, 
Lulworth and Wilgie Mia beds. Most of the  j a s p i l i t e s  i n  t h e  
Weld Range have a g r a i n  s i z e  of 1 0  t o  30 pm.and conta in  20 t o  
60 pe r  cen t  magnet i te  (Jones,  1 9 6 3 ) .  

-- 

i 
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I n  t h e  region between Meekatharra and Nannine, banded 
iron-formation occurs a t  two l e v e l s  i n  t h e  greenstone sequence. 
Black and white banded iron-formation i s  interbedded with 
f ine-grained sediments  ad jacen t  t o  t h e  Murrouli Range mafic 
sequence, and j a s p i l i t e  occurs  t o  t h e  e a s t ,  near  t h e  margin 
of t h e  shee t .  The westernmost banded iron-formation i n  
p laces  con ta ins  metamorphic i r o n  s i l icates .  

Aligned r a f t s  of banded iron-formation i n  g r a n i t e  
extending no r th  from t h e  end of the  Weld Range t o  t h e  Mingah 
Range b e l t  poss ib ly  s i g n i f y  a former l i n k  between t h e  two 
greenstone b e l t s .  The banded iron-formation i n  t h e  r a f t s  
i s  r e c r y s t a l l i z e d  t o  a g r a n o b l a s t i c  mosaic of qua r t z  and 
magnet i te  g r a i n s  up t o  0 . 5  mm ac ross .  

Mafic arLd uZtramafic intrusives 

Ultramafic (Au) and mafic s i l l s  (Ad) i n t r u d e  a l l  major 
rock types  i n  t h e  greenstone b e l t s .  The smal le r  i n t r u s i v e s  
are unlayered, bu t  l a r g e r  bodies show d i f f e r e n t i a t i o n .  
Areas of more abundant maf i c  and ultramaf i c  in t rus ions  occur 
i n  t h e  Abbotts b e l t  a t  t h e  con tac t  between t h e  mafic volcanic  
and f e l s i c  vo lcanic  sequences; i n  t h e  Weld Range; and i n  t h e  

f e l s i c  vo lcanic  sequence of t h e  Mingah Range b e l t .  I n  t h e  
Abbotts b e l t  and t h e  Mingah Range, i n t r u s i v e s  s t a n d  o u t  as 

- - 

prominent r idges  and have an outcrop width of 0 . 1  t o  0 . 3  km. 

The s i l l s  commonly have a b a s a l  l a y e r  of p e r i d o t i t e  ( A u p )  o r  
pyroxeni te  (Aux) - underlying maf i c  gabbro ( A d o )  o r  d o l e r i t e  
(Add). Each of t hese  rock types may a l s o  occur a lone  i n  a 
s i n g l e  s i l l .  One s i l l  i n  t h e  Mingah Range b e l t  southwest of 
Maranoa has an upper s e c t i o n  of granophyre (Adr).  The layer -  
ing  i n  t h e  s i l l s  of t h e  Mingah Range and Abbotts b e l t s  
appears t o  have formed by c r y s t a l  s e t t l i n g  i n  s i t u ,  and, 
t h e r e f o r e ,  t h e  a spec t  of t h e  l aye r ing  has  been used t o  

- 

-- 

\ 
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determine facing in the sequences. A thick, undifferentiated 
dolerite body forms a huge detached fold core at Barloweerie 
Peaks. 
limbs of the fold. 

This body has an outcrop width of about 1.2 km on the 

Dolerite and banded iron-formation are the only rocks 
present in the Weld Range. Dolerite, which intruded the 
banded iron-formation with minimal disruption to bedding, 
occurs as multiple sheets which range from 'less than 50 m to 
over 150 m in outcrop width. Exactly how this intrusion 
took place is problematical because dolerite accounts for 
about 90 per cent of the thickness of the sequence in the 
Weld Range. 
rocks are of anything but intrusive origin. 

There is no evidence to suggest that the mafic 

A large, triangular, unexposed ultramafic intrusive 
occurs to the north of the Weld Range, north of Mount Lulworth. 
Exploratory drilling has outlined a layered body of variably 
altered olivine and olivine-clinopyroxene cumulates. 
clinopyroxene cumulates occur to the south of olivine 
cumulates, implying southward facing if the body is a single 
intrusive. 

Olivine- 

Dolerite (Add) and gabbro (Ado) consist of pale-green - 
amphibole (tremolite-actinolite), either as single large 
grains or aggregates of small grains replacing original 
clinopyroxene, and saussuritized and albitized plagioclase. 
Occasionally, zoning in original pyroxene is reflected in the 
amphibole pseudomorphs by a core of chlorite or remnant 
pyroxene. 
present in some places, such as in the sill east of Mount 
Obal. Pyroxenite (Aux) consists of amphibole which replaces 
interlocking clinopyroxene and orthopyroxene prisms, and 
contains only minor plagioclase. Peridotite (%) contains 
serpentine aggregates which replace equant oxvine, variable 
amounts of amphibole which replace pyroxene, and interstitial 
carbonate, talc, chlorite and op-aques. 

Partially or completely altered orthopyroxene is 

- 
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I n  m o s t  cases, o r i g i n a l  t e x t u r e s  are  w e l l  p reserved .  
Dolerite and gabbro show sub-oph i t i c  and o p h i t i c  t e x t u r e s ,  and 
p e r i d o t i t e  shows r e l i c t  cumulus t e x t u r e .  However, i n  areas 
of dynamic metamorphism a f a b r i c  may be developed by growth 
of new m i n e r a l s ,  forming amphibol i te  (Ada) - f r o m  d o l e r i t e  and 
gabbro. Where p e r i d o t i t e  i s  deformed, b u t  t h e  s e r p e n t i n e -  
amphibole assemblage e s s e n t i a l l y  r e t a i n e d ,  t h e  t e r m  Aup_ i s  
used. P e r i d o t i t e  may be a l t e r e d  t o  t a l c - c a r b o n a t e  s c h i s t  

(Aue) - by more extreme dynamic metamorphism; an  example of t h i s  
occu r s  w e s t  of t h e  Munarra Gully mine. P e n e t r a t i v e  deform- 
a t i o n  of py roxen i t e  forms amphibole-ch lor i te  s c h i s t  (Aur) .  7 

Regional structure of the greenstones 

Major s t r u c t u r a l  e lements  are shown on F i g u r e  2 .  

A r e g i o n a l l y  heterogeneous deformat ion  p a t t e r n  i n  t h e  

g reens tones  can be  r e l a t e d  t o  t h e  d i s t r i b u t i o n  of v a r i o u s  
t y p e s  of surrounding g r a n i t o i d s .  I n  g e n e r a l ,  a p e n e t r a t i v e  
t e c t o n i t e  f a b r i c  i n  g reens tones  n e a r  g r a n i t o i d  c o n t a c t s  
d e c r e a s e s  i n  i n t e n s i t y  away from c o n t a c t s .  T h e  f a b r i c  i s  
m o s t  widely developed where t h e  g r a n i t o i d  c o n t a c t s  are p a r a l -  
l e l  t o  l i t h o l o g i c a l  l a y e r i n g  i n  t h e  g r e e n s t o n e s ,  and p a r t i c u l a r l y  
so where t h o s e  g r a n i t o i d s  are s y n t e c t o n i c .  Away from t h e  

c o n t a c t s ,  effects  of deformation are non-penet ra t ive ,  and are  

marked by j o i n t i n g  i n  massive rocks such as b a s a l t  and 
d o l e r i t e ,  and as a spaced c leavage  i n  incompetent rocks .  

P e n e t r a t i v e  f a b r i c s  are i n v a r i a b l y  p a r a l l e l  t o  g r a n i -  
t o i d  c o n t a c t s ,  and where t h e r e  i s  a f a b r i c  i n  t h e  a d j a c e n t  
g r a n i t o i d  it i s  congruent  w i t h  t h e  g reens tone  f a b r i c .  The 
margina l  greens tone  f a b r i c s  appear  t o  be u n r e l a t e d  t o  any 
major f o l d  s t r u c t u r e s  i n  t h e  g reens tones ,  a f e a t u r e  common 

t o  many o t h e r  g reens tone  b e l t s  i n  t he  Yi lga rn  Block. On t h e  

o t h e r  hand, t h e  spaced c l eavages  seen  i n  t h e  i n t e r i o r s  of t h e  
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SOLID GEOLOGY AND STRUCTURAL INTERPRETATION 
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greenstone belts are commonly axial planar to regional fold 
structures. Examples of this can be seen in the anticline 
in the Mingah Range, and in the syncline west of Beebyn. 
The relationship between the two types of deformation is 
clearly displayed in the Mingah Range Anticline, where they 
can be seen to be contemporaneous. Between the Big Ben mine 
and Wadda Wadda Bore, the mafic volcanics have a penetrative 
east-west metamorphic schistosity, which, away from the 
granitoid contact and towards the axial plane of the anticline, 
becomes a south-plunging lineation, parallel to the axis of 
that fold. Therefore, the two types of deformation could be 
responses at different structural levels to a single tectonic 
event. The penetrative deformation at low structural levels 
results from the ductility of granitoid-greenstone contacts, 
during or after granitoid emplacement. Higher structural 
levels do not show contact effects; instead, fold geometry 
determines the orientation of structures. 

A number of structural and stratigraphic irregularities 
in the greenstones require the existence of large-scale 
faults. To explain the discordance of lithological trends, 
a major strike fault is postulated south of Meekatharra near 
the extreme eastern margin of BELELE. This fault, when 
extended northwards along strike, passes through the Meekatharra 
gold deposits. The fault must have existed early in the 
structural history of the greenstones because it is folded 
by the intrusion of a granitoid to the west. 

The occurrence of unusual clastic sediments near Jillewarra 
appears to be related to faulting. The structure could be a 
synclinal keel infolded into a narrow graben in the basement. 

PossibZe stratigraphy in the greenstones 

- 

On BELELE, there is no consistent pattern of regional 
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stratigraphy in the greenstones similar to that described on 
adjacent GLENGARRY (Elias and others, 1 9 7 9 ) .  However, there 
are some similar lithological associations, which may be 
significant in a stratigraphic sense. The most important of 
these is the association of komatiitic volcanics lacking 
banded iron-formation. On GLENGARRY, this association forms 
an upper mafic unit, in contrast to a lower mafic unit at the 
base of the greenstone sequence which contains banded iron- 
formation. On BELELE, komatiite-dominated sequences without 
banded iron-formation occur in the Abbotts Belt, the Mingah 
Range Belt west of Wadda Wadda Bore and in the area south of 
the Weld Range. It is possible, therefore, that in the 
Abbotts and Mingah Range Belts the stratigraphically lower 
parts have been removed by faulting or granitoid intrusion. 
Alternatively, they may be isolated basins, in which banded 
iron-formation did not develop. 
a mafic-to-felsic development. 

Both greenstone belts display 

The komatiitic mafic volcanics south of the Weld Range 
are continuous with the Ryansville Formation (de la Hunty, 
1973) on adjacent CUE, which is the upper mafic unit of a 
similar stratigraphic sequence to that described on 
GLENGARRY. 

Jack HiZls Metasedimentary B e l t  

Because of lithological differences between this and the 
other greenstone b e l t s ,  it is convenient to describe the 
Jack Hills Belt separately. These differences, together with 
the spatial separation of the Jack Hills Belt from the other 
belts, suggest that the Jack Hills Belt developed independently. * 

However, structural style and metamorphic grade are similar 
to the other greenstone belts, and therefore it is thought 
that the Jack Hills Belt formed during the same tectonic 
phase of crustal evolution. 
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Pelitic and psammitic metasediments predominate in the 
sequence. Quartz-mica schist and phyllite (Alm) are green 
in colour, and contain quartz with variable amounts of seri- 
cite, muscovite and chlorite. A strong lepidoblastic texture 
is developed by alignment of mica. Towards the west, biotite 
and snowball-structured garnet have developed where the 
schists have reached higher metamorphic grade. Chlorite, 
green muscovite, and iron oxides indicate that the sediments 
were iron rich. Intercalated in the pelitic schist are 
beds of orthoquartzite and micaceous quartzite (A-), con- 
taining conglomerate bands. The conglomerate has clasts of 
quartzite, banded iron-formation and chert in a schistose 
quartz-sericite matrix. Poikiloblastic andalusite has 
developed in the matrix of pebble conglomerate 5 km east of 
Mount Hale. 

-- 

Banded iron-formation and chert form units several 
centimetres to several hundred metres thick in prominent 
strike ridges. Banded iron-formation (Aiw) contains 1 mm to 10 
mm-thick laminae of finely recrystallized quartz and magne- 
tite. Jaspilite is rare. Chert (Aic) is generally colour- 
banded; the dark bands contain iron oxide dust. Banding in 
both chert and banded iron-formation may be continuous, wavy, 
folded or brecciated. Banded iron-formation may be supergene 
enriched to form lenses of massive hematite or quartz-hematite 
rock. 

- 

- 

Metavolcanic rocks are rare in the Jack Hills, only 
occurring west of Yarrameedie; some poorly outcropping 
chloritic schists east of Yarrameedie, however, could be 
volcanic in origin. Metavolcanics include amphibolite (Aba) 
and tremolite-chlorite schist (Aur). Lenses of serpentinized 
peridotite (Aup) intrude the volcanic sequence. Serpentin- 
ized peridotite intruding gneiss northeast of Seven Mile Well 
may be related to these; they lack the high-grade metamorphic 
textures seen in ultramafics forming part of the gneissic 
sequence. 

- 
- 

- 
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Metamorphism i n  t he Jack H i l l s  Belt: Metamorphic grade 
increases from east to west in the Jack Hills belt. Pelitic 
schist, containing muscovite, chlorite and quartz in the 
east gives way to quartz-biotite-garnet assemblages in the 
west. There is a concomitant slight increase in grain size 
of banded iron-formation and chert. Andalusite occurs in the 
groundmass of micaceous quartzite east of Mount Hale, indi- 
cating a temperature in excess of 4OO0C (Winkler, 1976). 
Garnet forms at slightly higher temperatures and it may 
require slightly higher pressure. However, its formation 
may be influenced by composition. What relationship this 
pattern of increasing metamorphic grade may have to a 
parallel increase in grade in the gneiss to the south of 
the Jack Hills (see: Metamorphism i n  the gneisses) is 
unknown. Metamorphic grade is higher in the gneiss, and the 
two rock suites are thought to have separately reached their 

metamorphism evident,in the gneiss could be related to the 
lower grade, prograde metamorphism in the Jack Hills sequence. 

_ I  metamorphic peaks. However, the widespread retrograde 

GNEISS TERRAIN 

Gneisses (An) occur in the northern and northwestern 
parts of BELELE. Quartz-feldspar-biotite gneiss (Anb) is 
the major rock type; it is a granoblastic to lepidoblastic 
rock with plagioclase content exceeding alkali feldspar, and 
with aligned biotite. 
a scale of 5 to 50 mm is aligned parallel to the gneissic 
fabric. Where the banding is isoclinally folded, the 
gneissic fabric is axial planar to those folds. Leucocratic 
bands alternate with darker, finer grained bands containing 
biotite. 
differentiation, but in places the leucocratic bands are 
discontinuous and vary in thickness; these have probably 

- 
- 

Continuous compositional banding on 

Banding is thought to result from metamorphic 
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formed by partial melting during metamorphism. 

Occurring as enclaves and lenses within banded quartzo- 
feldspathic gneiss are metamorphic rocks of mainly sedirnen- 
tary origin. Calc-silicate paragneiss (Anc) is a well-layered 
rock consisting of pale bands of quartz, plagioclase andalkali 
feldspar, and mafic bands containing clinopyroxene, amphibole, 
garnet, epidote and sphene. This assemblage suggests a 
calcareous sedimentary origin, and the layering perhaps re- 
flects bedding, now enhanced by metamorphic differentiation. 
Calc-silicate gneiss is commonly associated with quartz- 
magnetite rock, quartzite, and amphibolite. Quartz-magnetite 
rock (hi) -- represents metamorphosed banded iron-formation; 
it contains bands of various proportions of quartz, magnetite 
and amphibole. Complex flow-folding is common. Quartzite 
(Anq)'consists of a granoblastic mosaic of quartz and sub- 
ordinate amphibole or magnetite, and may represent a clastic 
sediment 'or recrystallized chert. Its laminae are folded like 
those of the quartz-magnetite rock. Amphibolite (Ana) is a 
granoblastic to scliistose rock containing hornblende, calcic 
plagioclase, and, in places, clinopyroxene. Amphibolite may 
be igneous or sedimentary in origin. A minor rock type is 
metamorphosed ultramafic rock (Anu) - containing serpentine, 
tremolite, chlorite, clinopyroxene and spinel. 

Pelitic schist and granofels (Any) form a band about 1 
km wide, which extends from north of Mount Hale homestead to 
the western sheet margin. It is a bluish-grey, medium- to 
coarse-grained aluminous rock containing quartz, feldspar, 
muscovite, biotite, garnet, cordierite, andalusite and kyanite. 
Pegmatitic segregations about 30 mm thick contain coarse 
garnet. Layers of micaceous quart-zite (Anl) occur in the 
pelite. These are strongly foliated and lineated rocks 
containing coarse muscovite flakes on the foliation. This 
sequence represents metamorphosed sediments rich in 
magnesium and aluminium, and the co-existence of kyanite and 
andalusite can be used to determine metamorphic conditions 

- 
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(see: Metamorphism in the gneisses) . 
The association of quartz-feldspar-biotite gneiss and 

its metamorphic enclaves is thought to represent a highly 
metamorphosed sequence of sediments and intrusive granitoids, 
which formed the basement on which the younger sediments of 
the Jack Hills were deposited. 
probably includes a significant proportion of paragneiss, but 
no attempt has been made to distinguish orthogneiss from para- 
gneiss on the map. 
(Ang) -- intrudes the gneisses, and lacks metamorphic enclaves; 
it is thought to represent the precursor of the voluminous 
granitoids, and is therefore discussed with the granitoids. 

Quartz-feldspar-biotite gneiss 

Compositionally-banded granitoid gneiss 

Metamorphism in the gneisses 

Metamorphic conditions in ,he gneissic terra,n are deduced 
from mineral assemblages in the igneous and sedimentary enclaves. 

In pelitic rocks (Any_ and Anl), a metamorphic gradient 
_I 

increasing from east to west i s  indicated. North of Mount 
Hale homestead, co-existing andalusite and kyanite in the 
presence of quartz, muscovite and biotite, indicates a temper- 
ature of about 55OoC at a pressure of 500 MPa. 
of cordierite in another sample nearby confirms this estimate. 
Near the western margin of BELELE, co-existing cordierite and 
garnet indicate higher temperature and intermediate pressure, 
near the transition from medium to high metamorphic grade 
(Winkler, 1976). Further confirmation of high-grade metamor- 
phism is provided by the pegmatite segregations, which suggest 
the onset of anatexis. 

The presence 

Amphibolite contains hornblende and calcic plagioclase, 
indicating medium-grade metamorphism. 
idioblastic clinopyroxene suggests middle or upper amphibolite 
grade in places. No orthopyroxene was noted. 

The presence of sub- 
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All of the prograde assemblages in the gneiss terrain 
show the effects of a later, low-grade thermal event. The 
effects are best seen in calc-silicate gneiss and amphibolite, 
where clinopyroxene and prograde hornblende are altered to 
pale-green amphibole. The event is thought to be related to 
the emplacement of the voluminous granitoid to the south. 

GRANITOIDS 

To demonstrate the relationship of granitoid to gneiss 
terrain, it is convenient to discuss the granitoids in terms 
of their degree of homogeneity. 

Rocks that are wholly granitic in character comprise two 
types. Homogeneous granitoids are, as the term implies, 
uniform in texture and composition in hand-specimen and at 
outcrop scale. The other type is banded igneous granitoid 
with compositional variation on the outcrop scale, but with a 
granitic texture. Transitional granitoids are heterogeneous, 
and texturally they are intermediate between granitoid and 
gneiss. Included in the group of transitional granitoids are 
mixtures of granitoid and gneiss, on a scale too small to be 
separately shown on the map, and granitoid gneiss (Ang). - 

Although no definite age relationships are implied between 
granitoids of different degrees of homogeneity, it appears that 
the discrete bodies of homogeneous granitoid that occur in 
banded granitoid are younger than the banded granitoid. Some 
foliated granitoids of syntectonic character, such as in the 
strip between the Meekatharra and Abbot-ts greenstone belts, are 
probably older than tne adjoining unfoliated granitoids. 
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Homogeneous g r a n i t o i d s  

Homogeneous g r a n i t o i d s  occur  i n  ovoid- or i r r e g u l a r -  
shaped bodies  of 15  t o  5 0  km2, g e n e r a l l y  w i t h  wel l -def ined 
margins.  
commonly t o n a l i t e  and g r a n i t e  (Agb) are a l l o t r i o m o r p h i c  or 
hypidiomorphic,  and c o n t a i n  q u a r t z ,  o l i g o c l a s e ,  mic roc l ine ,  
b i o t i t e ,  and accesso ry  sphene and opaques. P o r p h y r i t i c  

g r a n i t o i d  (Agl) d i f f e r s  from Agb i n  con ta in ing  euhedra l  
phenocrys ts  of m i c r o c l i n e .  
g r a n i t o i d  and even-grained g r a n i t o i d  may share a d i s t i n c t i v e  
c h a r a c t e r i s t i c .  For i n s t a n c e ,  southwest  of Barloweerie Peaks ,  

d i s t i n c t i v e  even-grained g r a n i t e ,  sensu s t r i c t o ,  w i t h  smoky- 
g r e y  anhedra l  q u a r t z  g r a i n s ,  i s  p a r t l y  surrounded by porphyri-  
t i c  g r a n i t e  of s imi l a r  appearance.  
f i ne -g ra ined  groundmass of a p o r p h y r i t i c  a d a m e l l i t e  resembles 

t h e  a d j o i n i n g  f ine -g ra ined ,  even-grained a d a m e l l i t e .  

Even-grained b i o t i t e  g r a n o d i o r i t e ,  a d a m e l l i t e ,  less 

- I_ 

Adjoining bodies  of p o r p h y r i t i c  

West of Koonmarra, t h e  

Leucograni te  (Agf) i s  a d i s t i n c t i v e  g r a n i t o i d  t y p e  
i n t r u d i n g  g n e i s s  n o r t h  of C u n j a r r i e  Bore. 
composi t ion and c o n t a i n s  a l t e r e d  p l a g i o c l a s e  and c h l o r i t i z e d  
b i o t i t e ,  g i v i n g  the rock pink and green  c o l o u r s .  
g r a n i t o i d  has  been dated on ROBINSON RANGE a t  2 4 6 0  m.y. 
( W i l l i a m s  and o t h e r s ,  1 9 7 8 ) .  

- 
It  i s  of a d a m e l l i t e  

T h e  same 

Muscovite a l k a l i  g r a n i t e  (Agu) occurs  northwest  of - 
Barloweerie Peaks and sou th  of Munarra Gully mine. It i s  

q u a r t z - r i c h ,  c o n t a i n s  coarse, anhedra l  books of muscovite 
commonly intergrown w i t h  c o a r s e  q u a r t z  g r a i n s ,  and t h e  
p l a g i o c l a s e  i s  a l b i t e  (An5). 
c o n s t i t u e n t s .  

B i o t i t e  and f l u o r i t e  are minor 

T o n a l i t e  and g r a n o d i o r i t e  w i t h  hornblende (Agh) occur  
northwest  of Barloweerie  Peaks (where they  are in t ruded  by 

muscovi te  a l k a l i  g r a n i t e ) ,  and a l o n g , t h e  western side of t h e  

Murroul i  Range. 
c o n t a i n  rounded amphibol i te  x e n o l i t h s  from 1 0  t o  1 0 0  mm a c r o s s .  

- 

The t o n a l i t e  and g r a n o d i o r i t e  i n v a r i a b l y  

The r o c k s  are composed of r e c r y s t a l l i z e d  q u a r t z ,  s a u s s u r i t i z e d  
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p l a g i c c l a s e ,  hornblende,  minor m i c r o c l i n e  and c h l o r i t i z e d  
b i o t i t e .  

Homogeneous g r a n i t o i d s  r a r e l y  c o n t a i n  f low s t r u c t u r e s  o r  
a metamorphic f a b r i c .  The p o r p h y r i t i c  g r a n i t e  body near  
Q u a r t z i t e  H i l l ,  however, has  a narrow se lvage  i n  which 
m i c r o c l i n e  phenocrys ts  are a l i g n e d  and q u a r t z  g r a i n s  f l a t t e n e d .  
T h i s  f a b r i c  i s  regarded  as p r o t o c l a s t i c ,  and as r e s u l t i n g  from 
d i f f e r e n t i a l  f l o w  of t h e  magma b e f o r e  complete s o l i d i f i c a t i o n .  
A s imilar  f a b r i c  i n  p o r p h y r i t i c  g r a n i t o i d  nea r  Coobina B o r e  

i s  developed over  t he  e n t i r e  width of t h e  g r a n i t o i d  body, and 
s u g g e s t s  t h a t  t e c t o n i c  movement w a s  involved du r ing  i n t r u s i o n .  
The g r a n i t o i d  could  t h e r e f o r e  be regarded  as s y n t e c t o n i c .  
S t rong ly  f o l i a t e d  g r a n i t o i d  w e s t  of t h e  Chunderloo mine has  

a metamorphic t e x t u r e  which a l so  i n d i c a t e s  tectonisrn dur ing  
o r  a f t e r  i n t r u s i o n .  A narrow s t r i p  of b i o t i t e  t o n a l i t e  (Agt) 
occu r s  a long  t h e  nor thwes tern  edge of t h e  g r a n i t o i d / g n e i s s  
corridor between t h e  Abbotts  and Meekatharra g reens tone  be l t s .  

Rectangular  micro-porphyroc las t s  of p l a g i o c l a s e  ( p o s s i b l y  
remnant phenocrys ts )  are s e t  i n  a m y l o n i t i c ,  f i ne -g ra ined ,  

- 

dark-green groundmass of q u a r t z ,  p l a g i o c l a s e  and c h l o r i t i z e d  
b i o t i t e .  T h i s  rock i s  similar t o  e a r l y  t e c t o n i c  g r a n i t o i d s  
found margina l  t o ,  o r  w i t h i n ,  g reens tone  b e l t s  on GLENGARRY 

( E l i a s  and o t h e r s ,  1 9 7 9 ) .  

Homogeneous g r a n i t o i d s  bea r ing  a f a b r i c  t h a t  i s  a t  l eas t  
p a r t l y  t e c t o n i c  i n  o r i g i n ,  are  i n d i c a t e d  on t h e  map by an 
o v e r p r i n t .  

Banded i g n e o u s  g r a n i t o i d s  

I n  c o n t r a s t  t o  t h e  homogeneous g r a n i t o i d s  which occur 
as d i s c r e t e ,  wel l -def ined  bod ies  of compara t ive ly  s m a l l  area, 

banded g r a n i t o i d s  occupy v a s t  areas i n  t h e  wes tern  and 
n o r t h e r n  p a r t s  of BELELE. The u n i f y i n g  c h a r a c t e r i s t i c  t h a t  
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sets t h e s e  g r a n i t o i d s  a p a r t  from t h e  homogeneous q r a n i t o i d s  
i s  t h e  v a r i a b l e  development of  mine ra l  banding on a s c a l e  of 

0 . 1  t o  1 m .  

These g r a n i t o i d s  are i n v a r i a b l y  b i o t i t e  g r a n o d i o r i t e  and 
a d a m e l l i t e ,  and t w o  main t e x t u r a l  t y p e s  a r e  recognized:  even- 
g ra ined  t o  ser ia te ,  i n  p l a c e s  c o n t a i n i n g  s p a r s e  mic roc l ine  
megacrysts  (Agbn); and p o r p h y r i t i c  (Agln) .  These t w o  t ypes  
commonly merge, and t h e  d i s t i n c t i o n  i s  i n  p l a c e s  a r b i t r a r y .  
Near K a l l i ,  t h e  two t y p e s  a r e  mixed on a s m a l l  scale,  and t h e  
symbol Agm - i s  used. I n  t h i s  area, pegmat i te  and a d a m e l l i t e  
dykes abound, i n d i c a t i n g  a c o n c e n t r a t i o n  of late-stage 
igneous a c t i v i t y .  

Banding i n  t h e  g r a n i t o i d s  i s  commonly a dark  and l i g h t ,  
d i f f u s e  o r  n e b u l i t i c  banding caused by r epea ted  v a r i a t i o n  
i n  b i o t i t e  c o n t e n t .  Fe ldspa r  and q u a r t z  are a l l o t r i o m o r p h i c ,  
and b i o t i t e  i s  i n  randomly o r i e n t e d  i n d i v i d u a l  books and 
f l a k e s  c h a r a c t e r i s t i c  of igneous c r y s t a l l i z a t i o n .  B i o t i t e  i s  

o f t e n  e n t r a i n e d  w i t h i n  and p a r a l l e l  t o  t h e  banding. 
i s  g e n e r a l l y  cont inuous and has  a p e r s i s t e n t  t r e n d  a t  outcrop  
scale. 

Banding 

Another form of  banding which 'occurs  i n  t h e  p o r p h y r i t i c  

g r a n i t o i d s  i s  d e f i n e d  by v a r i a t i o n  i n  megacryst  con ten t .  The 
meqacrysts  commonly have a p l a n a r  a l ignment  p a r a l l e l  t o  t h e  

banding. 

The banded igneous q r a n i t o i d s  c o n t a i n  synp lu ton ic  dykes 
and i r r e g u l a r  bodies  of f ine -g ra ined  q r a n i t o i d s .  Most common, 
i s  a d a r k e r ,  more b i o t i t e - r i c h ,  banded adamellite and qrano- 
d i o r i t e  t h a t  occurs  as cont inuous and boudinaqed dykes con- 
co rdan t  t o  banding i n  t h e  h o s t  g r a n i t o i d .  Dykes of f ine -g ra ined  
g r a n o d i o r i t e  and adamell i te  con ta in ing  l e u c o c r a t i c  e l l i p s o i d s  

e longated  along t h e  dykes (Ago) occur  i n  t h e  western p a r t  of 
t h e  area. 
f ine-gra ined  q r a n i t o i d  c o n t a i n  a l i g n e d  p o i k i l o b l a s t s  of 
mic roc l ine .  

I n  t h e  area around Madoonga Outcamp Well, dykes of 

A l l  of t h e s e  f ine -g ra ined  g r a n i t o i d  dykes have 
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swirling,.irregular margins indicating that they were intruded 
while the host F I ~ S  still mobile, and at an elevated tempera- 
ture, possibly in the final stages of crystallization. 

Some brief points can be made about the origin and 
significance of the banding in the banded igneous granitoids. 
The general- concordance of banding with megacryst alignment, 
and the igneous texture of the rock which shows no evidence 
of metamorphic differentiation, indicate that banding is of 
igneous origin, probably the result of flowage in semi- 
consolidated magma. Generalized trend lines are drawn on 
Figure 2; these define a single, large cell-like structure. 
Trend lines are generally concordant with surrounding green- 
stone belts, although they may be discordant on a local 
scale. The gradual lithological variations within the banded 
granitoids, and the local discordance of these variations 
with flowage trends, suggest that the major granitoid area in 
the western half of BELELE is a single heterogeneous body 
intruded in essentially a single event. Another, smaller 

body may have developed in the area northeast of the Mingah 
Range greenstone belt: 

T r a n s i t i o n a Z  and gneissic g r a n i t o i d s  

Rocks with textures and fabrics transitional between 
granitoid and gneiss (Agn) occur between the gneiss terrain 
and the granitoid.-greenstone terrain in the northern part of 
the area. 
adamellitic composition, which are conspicuously banded on a 
scale of 10 to 50 mm; the banding is commonly flow-folded. 
The texture varies from lepidoblastic or gneissic with 
aligned biotite flakes, to granoblastic or allotriomorphic 
with entrained but non-aligned biotite books. 
bands on these transitional granitoids have sharper boundaries 

These are quartz-feldspar-biotite rocks of generally 

Compositional 

i 
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than the banded igneous granitoids. Banding defined by 
grain size variation is also seen. There is some development 
of flow-folded pegmatite veins. Further evidence of the 
transitional nature of these rocks is given by the occurrence 
of euhedral microcline phenocrysts in gneissic-textured rock. 

Near the western margin of BELELE, a different sort of 
transitional rock contains distinct phases of recrystallized 
gneiss and nebulitic granitoid (Agx), - the two components 
occurring as alternating sheets. This is considered to be a 
marginal facies of the major granitoid body, produced by lit- 
par-lit injection of granitoid into gneiss, large areas of 
which occur immediately to the west on BYRO. 

Compositionally-banded adamellite and granodiorite gneiss 
(Ang) has a better-developed gneissic texture than Agn, with 
schlieren of aligned biotite separating elongate composite 
grains of granoblastic quartz and feldspar. Augen of deformed 
microcline are common, such as near Barloweerie Peaks. 
Compositional banding occurs on both the granular scale, 
where it results from metamorphic differentiation, and on a 
50 mm scale (e.g. variation in biotite content), which may 
reflect heterogeneity in the parent rock. These rocks are 
thought to be early syntectonic granitoids, which were affected 
by the main metamorphism of the greenstone belts. Concordant 
inclusions of amphibolite occur in granitoid gneiss southwest 
of Meekatharra, suggesting that the granitoid originally 
intruded the greenstones. 

-~ 

RELATIONSHIP OF GNEISS AND GRANITOID TERRAINS 

Comment on the relationship between gneiss and granitoid 
terrains is based on an interpretation of the origin of the 
transitional granitoids, and their spatial relationship with 
the large body of nebulitically-banded granitoid. 
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The transitional granitoids show the seemingly paradoxical 
combination of distinct compositional banding characteristic of 
gneisses, and granoblastic or allotrionorphic-granular$ non- 
directional fabric characteristic of granitoids. It is 
suggested that the transitional granitoids were derived from 
compositionally banded gneiss that has undergone a static 
annealing process which destroyed the directional fabric on 
a granular scale by recrystallization, yet preserved the larger 
scale compositional handing. The parent gneiss is represented 
by the banded gneiss to the north. In support of this sugges- 
tion is the occurrence of metamorphic enclaves similar to 
those in the banded gneiss terrain, in the transitional 
granitoid southeast of Mount Hale homestead. Local movement 
during recrystallization is inferred from the presence of 
mylonitic, early-healed shears, and, on a much larger scale, 
the angular discordance of trends at the gneiss - transitional 
granitoid contact sast of Mount Hale homestead. 
blastic, gneissic fabric is developed in transitional grani- 
toid south of the discordance; this fabric is superimposed 
on the gneissic banding and results from transposition of the 
banding from a north-northeast to an easterly trend ( s e e  a l s o :  
Structures in t h e  transition z o n e ) .  

A lepido- 

The nebulitically-banded granitoids of the main body 
resemble the transitional granitoids in the development of 
compositional banding, but there is no evidence to suggest 
that the banding in both rocks has a common origin. 
Generalized trends in banded granitoids (Fig. 2) suggest that 
the orientation of banding is related to the shape of the 
batholith, and therefore controlled by flowage of crystal 
mush. The origin of the banding is uncertain, but may also 
be caused by flowage of a heterogeneous crystal mush during 
emplacement. 

The homogeneous granitoids are uniform in texture and 
composition over a large area, suggesting that they were 
derived from a uniform source, or that they underwent 
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complete mixing before emplacement, 

The general progression from north to south of gneiss to 
transitional granitoid to nebulitic granitoid to homogeneous 
granitoid, is interpreted as representing a sequence of 
progressively increasing recrystallization and homogenization, 
with an increase in magmatic character, from a source 
represented by the gneiss terrain, This interpretation lends 
support to the posulate, made elsewhere (Gee, 1979), that the 
granitoids of the Yilgarn Block are remobilized, by anatectic 
and solid-state processes,fmn a sialic crust, the remnants of 
which are represented by the gneiss terrain. 

Structures in t h e  transition zone 

The transition zone marks an important division between 
two regional geological terrains. The area of best exposure 
is north of Koonmarra, where it is accompanied by various 
minor structures which may assume some significance when 
considered in the regional context. 

In the northern part of the transition zone, the trans- 
position of structural trends from north-northeast to east- 
west (mentioned earlier) is associated with a zone of shearing, 
about 4 km wide. Muscovite has developed on the foliation, 
which is axial planar to folds of compositional banding. In 
places, lenses of quartz-muscovite schist, and narrow, 
muscovite-bearing quartz mylonite zones are developed. 

Further south, in the zone of transitional granitoids, 
as far as Quartzite Hill and Xoonmarra, shearing has occurred 
in discrete zones parallel to the regional boundary between 
gneiss and granitoid terrains. Many of these shear zones are 
filled with vein quartz and dolerite,' which, themselves, show 
no evidence of shearing. The shears, which acted as loci of 
weakness in subsequent tensional fracturing and dyke intrusion, 

- 
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are cons idered  t o  be of Archaean age.  

PROTEROZOIC 

GLENGARRY SUB-BASIN 

B a s a l  sediments of t h e  P r o t e r o z o i c  Glengarry Group, a 
t h i c k  sequence of t e r r i g e n o u s  sediments  and v o l c a n i c s ,  which 

were depos i t ed  i n  t h e  Glengarry Sub-basin, are exposed i n  t h e  
extreme n o r t h e a s t  co rne r  of BELELE. 

Saccharo ida l - tex tured  mature q u a r t z  a r e n i t e  w i t h  conglo- 
merate bands ( E G f )  forms t h e  base  of t h e  sequence. Th i s  i s  

c o r r e l a t e d  wi th  t h e  F in layson  Sandstone, de f ined  on a d j a c e n t  
GLENGARRY. ( E l i a s  and o t h e r s ,  1 9 7 9 ) .  The a r e n i t e  i s  o v e r l a i n  
by poorly-exposed p e l i t i c  p h y l l i t e  w i t h  minor sands tone  bands 

con ta in ing  magnet i te  (EGs)  . 
The coiltact between t h e  sediments  and t h e  under ly ing  

Archaean g r a n i t o i d  i s  a sheared  unconformity,  which i s  
f a u l t e d  i n  p l a c e s .  

MINOR INTRUSIVES 

P o s t - t e c t o n i c  p lugs  and dykes of  probable  P r o t e r o z o i c  
age (Ed) i n t r u d e  t h e  Archaean rocks .  Two rock types  are 
r ep resen ted :  f i n e -  t o  coarse-gra ined  b l ack  d o l e r i t e  and 
gabbro c o n s i s t i n g  of c l inopyroxene ,  p l a g i o c l a s e ,  and minor 
b i o t i t e ,  opaques, and o l i v i n e ;  and p ink  q u a r t z  d i o r i t e  o r  

t o n a l i t e  c o n s i s t i n g  of  g r a p h i c a l l y  intergrown q u a r t z ,  p lag io-  
clase, and minor b i o t i t e  and opaques. 

- 

The i n t r u s i v e s  are concen t r a t ed  i n  t w o  east-west t r end ing  
zones. One of t h e s e  i s  n o r t h  of Koonmarra i n  t h e  t r a n s i t i o n  

zone between g n e i s s  and g r a n i t o i d  t e r r a i n ,  where t h e r e  are 
abundant t o n a l i t e  and d o l e r i t e  dykes and q u a r t z  v e i n s  occupying 
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s h e a r  and f a u l t  zones i n  t h e  Archaean bedrock. One of t h e  

dykes,  sou th  of Coodabubba Bore, has a th ickened  p o r t i o n  which 
c o n t a i n s  a core of coarse-gra ined  gabbro surrounded by tona- 
l i t e .  C i r c u l a r  p lugs  of b l ack  d o l e r i t e  about  1 0 0  m a c r o s s  
occur  nea r  Willyoga Bore and a t  Murdabool H i l l ;  these unusual  
forms of d o l e r i t e  c o i n c i d e  w i t h  t h e  zone of t r a n s p o s i t i o n  of 

g n e i s s i c  banding from nor th -nor theas t  t o  east-west t r e n d s .  

N o  obvious s t r u c t u r a l  c o n t r o l  i s  e v i d e n t  i n  t h e  o t h e r  
zone of minor i n t r u s i v e s ,  nea r  Barloweerie  Peaks .  Most of 

t h e s e  dykes are of p ink  t o n a l i t e ,  and t r e n d  080-090°. 

ECONOMIC GEOLOGY 

GOLD AND SILVER 

To ta l  product ion  f i g u r e s f o r  go ld  and s i lver  from c e n t r e s  
on BELELE are quoted i n  Table  1. 

TABLE 1: SUMMARY OF REPORTED GOLD AND SILVER PRODUCTION - 

Local i ty  or 
c e n t r e  

Abbot ts 
Big Ben 
C a r w e l l  
Ches t e r f i e ld  
Garden Gully 
Hercules 
J i l l e w a r r a  
Maranoa 
Mindoolah 
Munarra G u l l y  
Nannine 
Wanganui 
Yaloginda 

BELELE 

Doll ied 01 

specimen 
Al luvia l  

- 
- 
- 
903 
820 

5 382 

95 

5 793 

2 517 

- 

- 

- 

- 

I 
987 

~ 1 583 

12 870 
2 913 
857 

43 967 

990 
1 065 
66 726 

' 81 483 

- 

- 

- 

15 510 1 213 441 

Ore Gold 
t r e a t e d  therefrom 

(t) (9) 

41 450 1 279 442 
311 15 459 
100 1 208 

13 033 278 483 
33 831 733 751 
8 939 158 745 
2 383 122 278 

30 1 004 
7 621 161 409 
14 523 215 661 
136 329 2 503 884 
2 146 23 960 
51 384 708 751 

312 08016-.204 035 

Tota l  
Iv. grade gold 

(g / t )  recovered 
(9) 

30.87 1 280 429 
49.71 17 042 
12.08 1 208 
21.37 292 256 
21.69 737 484 

159 602 17.76 
51.31 171 627 
33.47 1 004 
21.18 162 494 
14.85 216 726 
18.37 2 576 403 
11.16 23 960 
13.79 792 751 

16 432 986 

S i l v e r  
recovered 

(9) 

- 
- 
- 
842 

34 306 
- 
- 
- 
1 337 

5 350 

396 

- 

- 

42 231 

Note: Production from BELELE p a r t  of Meekatharra c e n t r e  no t  included (see E l i a s  
and o t h e r s ,  1979, Table 4). Sundry p a r c e l s  from Meekatharra and Cue 
d i s t r i c t s  no t  considered. 

32 



Gold occur s  i n  pos t -deformat iona l  q u a r t z  reefs and v e i n s  
i n  t h e  g reens tones ,  and,  i n  two cases, i n  g r a n i t o i d .  Most of 
t h e  go ld  has been mined f r o m  t h e  oxidi.zed zone where it has 
undergone supergene enrichment ,  and a small p r o p o r t i o n  
(probably g r e a t e r  t han  i s  shown i n  Table  1, due t o  some of i t  
be ing  inc luded  as specimen material)  has  come from ' a l l u v i a l '  
d e p o s i t s  shed from outcropping  r e e f s .  

By f a r  t h e  g r e a t e s t  p r o p o r t i o n  of gold  ( 7 2  p e r  c e n t )  i s  
associated w i t h  sediments ,  e i t h e r  c l a s t i c  o r  chemogenic. The 

l i n e  of  banded i ron- format ion  in t e rbedded  w i t h  f i ne -g ra ined  
sed iments ,  ex tending  between Nannine and Yaloginda, accounts  
fo r  much of t h i s  p r o p o r t i o n .  A t  Abbot t s ,  t h e  h o s t  sequence 
c o n s i s t s  of f ine -g ra ined  metasedimentary and t u f f a c e o u s  
s ch i s t ,  i n t r u d e d  by m e t a d o l e r i t e .  

G o l d  a s s o c i a t e d  w i t h  mafic metavolcanics  and i n t x u s i v e s  
accounts  f o r  2 2  p e r  c e n t  of t h e  t o t a l  p roduct ion .  T h e  most 
impor t an t  c e n t r e s  are Garden Gul ly ,  where t h e  sequence 
i n c l u d e s  k o m a t i i t i c  basa l t  and p e r i d o t i t e ;  Ches t e r f i e ld ;  and 
Munarra G u l l y ,  A t  Munarra Gul ly  and Chunderloo, copper accom- 
p a n i e s  go ld  i n  t h e  q u a r t z  r e e f s .  The Hercules  mining c e n t r e  
i s  i n  a q u a r t z  reef c u t t i n g  a c r o s s  a j a s p i l i t e  and i n t r u s i v e  
d o l e r i t e  sequence. A t  bo th  C h e s t e r f i e l d  and Hercules ,  c h e r t y  
s e d i m e n t s  i n  t h e  sequence may have a b e a r i n g  on t h e  o r i g i n  of 

t h e  g o l d  d e p o s i t s .  

G o l d  f r o m  f e l s i c  porphyry a t  Mindoolah and J i l lewarra-  
C a r w e l l  accounts  f o r  5 p e r  c e n t  of t h e  t o t a l  product ion .  

A small amount of go ld  has  been produced from t h e  

hornblende t o n a l i t e  body which f l a n k s  t h e  wes tern  edge of t h e  

Murroul i  Range mafic sequence. A t  Wanganui go ld  occur s  i n  
q u a r t z  v e i n s  wholly w i t h i n  t h e  g r a n i t o i d ,  and a t  Nannine a 
number of gold mines are s i ted a t  t h e  c o n t a c t  of t h e  
g r a n i t o i d  and t h e  maf ic  sequence. Th i s  unusual  occur rence  of 

go ld  could  be related t o  a r e l a t i v e  enrichment of go ld  i n  t h e  
g r a n i t o i d  due t o  c r u s t a l  contaminat ion  by basa l t i c  material .  
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Abundant maf ic  x e n o l i t h s  i n  t h e  g r a n i t o i d  provide  independent 

ev idence  t h a t  contaminat ion has  t aken  p l a c e .  

COPPER 

Copper m i n e r a l i z a t i o n  occur s  a t  Chunderloo i n  s t r o n g l y  

l i n e a t e d  b a s a l t i c  amphibol i te .  The m i n e r a l i z a t i o n  i s  a s soc i -  

a t e d  w i t h  r e e f  q u a r t z ,  and c o n s i s t s  of  c h r y s o c o l l a ,  ma lach i t e ,  

a z u r i t e  and c u p r i t e  (Marston, 1 9 7 9 ) .  The ore appears  t o  be 

s t r a t abound ,  and t h e  mine ra l i zed  u n i t  i s  fo lded  a long  axes 
congruent  wi th  t h e  m i n e r a l  l i n e a t i o n  which plunges about  20 0 

t o  t h e  n o r t h e a s t .  To ta l  product ion  from Chunderloo was 1 020.39 

t of ore con ta in ing  2 7 . 7 1  t of copper;  however, most of t h e  

ore produced i n  t h e  y e a r s  1955-1962 w a s  used f o r  f e r t i l i z e r  

manufacture.  Gold w a s  a l s o  e x t r a c t e d  from t h e  o r e .  De ta i l ed  

product ion  f i g u r e s  are  g iven  by Marston ( 1 9 7 9 ) .  

North of Abbot t s ,near  Government W e l l ,  1 8 . 1 6  t of cupreous 
ore has  been produced (1964-1965) from a s m a l l  open p i t .  

M i n e r a l i z a t i o n  occur s  i n  a b l ack  s h a l e  i n t e r b e d  i n  s c h i s t o s e  

k o m a t i i t i c  v o l c a n i c s  near  t h e  n o r t h e r n  ' c l o s u r e '  of t h e  

Abbotts  g reens tone  b e l t .  

Copper m i n e r a l i z a t i o n  i s  a s s o c i a t e d  wi th  gold a t  t h e  
Munarra Gully gold  mine, b u t  t h e r e  i s  no r e p o r t e d  product ion .  

Traces of  copper have a l so  been seen  i n  me tabasa l t  about  3 km 
n o r t h e a s t  of t h e  mine. 

I R O N  ORE 

S i g n i f i c a n t  r e s e r v e s  of i r o n  o r e . o c c u r  i n  t h e  Weld Range 

and t h e  Jack  H i l l s .  Although no product ion  has  t aken  p l a c e ,  

f e a s i b i l i t y  s t u d i e s  are con t inu ing  on t h e  p o s s i b i l i t y  of 
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developing a mining p r o j e c t ,  perhaps  i n c o r p o r a t i n g  t h e  t w o  
areas. 

I r o n  ore formed, i n  bo th  areas, by supergene e n r i c h l e n t  

of banded i ron- format ion  du r ing  t h e  T e r t i a r y  l a t e r i t i z a t i o n  

pe r iod .  The ore i s  p r e s e n t  i n  a number of small l e n s e s .  I n  
t h e  Weld Range, e s t ima ted  r e s e r v e s  from about  20  o r e  l e n s e s  

are 1 5 2  & I t  ( con ta in ing  6 0  p e r  c e n t  i r o n )  (1973 f i g u r e s ) .  

The l e n s e s  are  r e s t r i c t e d  t o  t h e  Madoonga and Wilgie M i a  beds.  

The m o s t  r e c e n t  publ i shed  in fo rma t ion  on t h e  ore bodies  i s  
g iven  by Jones  (1963) ,  b u t  subsequent  work by t h e  company 

ho ld ing  t h e  d e p o s i t s  (Northern Mining Corpora t ion  N . L . )  has  

d i s c l o s e d  more o r e  l e n s e s .  

O r e  l e n s e s  i n  t h e  Jack  H i l l s  extend from Noonie H i l l  

on BYRO t o  Mount Taylor  and Mount Gould on ROBINSON RANGE. 

On BELELE, t h e  o r e  l e n s e s  are i n  t h e  v i c i n i t y  of Mount H a l e  

and Mount Matthew. T o t a l  o r e  r e s e r v e s  f o r  t h e  whole of t h e  

Jack  H i l l s  area are e s t ima ted  t o  be almost  9 4  M t ,  about  h a l f  

of which i s  be l i eved  t o  come from t h e  Mount Hale-Mount 

Matthew area. 

OTHER MINERALS 

Uranium 

Extens ive  d e p o s i t s  of v a l l e y  calcrete  occupy t h e  t runk  

d ra inages  of t h e  Hope and Yalgar R ive r s  i n  t h e  e a s t e r n  p a r t  

of  BELELE, and are p r o s p e c t i v e  f o r  Y e e l i r r i e - t y p e  uranium 

m i n e r a l i z a t i o n .  Traces of c a r n o t i t e  occur  i n  p a r t s  of t h e  

calcrete  bodies ;  however, d e s p i t e  v igorous  e x p l o r a t i o n  by 

mining companies no p r o s p e c t s  have emerged. 
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B a r i t e  

The C h e s t e r f i e l d  b a r i t e  workings are 4 8  km west-northwest 

of Meekatharra.  The b a r i t e  occurs  as s t e e p l y  d ipp ing  v e i n s  i n  
gabbro and b a s a l t i c  t u f f .  Although some t h i n  seams and l e n s e s  

of  coun t ry  rock contaminate  t h e  v e i n ,  most of t h e  b a r i t e  i s  of 
good whi t e  q u a l i t y .  P r i o r  t o  1 9 7 1 ,  when product ion  ceased,  

a t o t a l  of 5 845 tonnes  had been e x t r a c t e d .  C u r r e n t  r e s e r v e s  

are n o t  known. 

Ba r i t e  occurs  i n  a q u a r t z  v e i n  occupying a s h e a r  zone i n  
g r a n i t o i d  11 kin eas t  of Q u a r t z i t e  H i l l .  B a r i t e  occurs  over a 

wid th  of about  4 0  m;  a 'core '  c o n t a i n i n g  a number of l m  

t h i c k  massive b a r i t e  v e i n s  i s  surrounded by zones of t h i n n e r  

b a r i t e  v e i n s  and q u a r t z - b a r i t e  b r e c c i a .  The d e p o s i t  extends 
over  a l e n g t h  of no more than  200  m ,  b u t  i t s  s i t u a t i o n  i n  a 
q u a r t z - f i l l e d  s h e a r  zone t h a t  ex tends  f o r  about  25 km from 
Q u a r t z i t e '  H i l l  t o  Eanal ly  Bore s u g g e s t s  t h e  p o s s i b i l i t y  of 
more pockets  of b a r i t e  be ing  p r e s e n t .  The b a r i t e  occur rence  
does n o t  appear  t o  have been p r e v i o u s l y  i n v e s t i g a t e d .  

Ochre 

Ochre d e p o s i t s  of h i s t o r i c a l  as w e l l  as i n d u s t r i a l  
i n t e r e s t  have developed i n  t h e  j a s p i l i t e s  of t h e  Weld Range. 

A t  Wilgie M i a ,  a d e p o s i t  of r e d  och re  has been used by 
Aborigines  f o r  over  1 000  y e a r s  
pigment which was t r a d e d  as f a r  as e a s t e r n  A u s t r a l i a .  A 

smaller d e p o s i t  of r e d  ochre  occur s  a t  L i t t l e  Wilgie M i a .  

P roduct ion  of r e d  ochre  by Europeans s t a r t e d  i n  1945, and up 
t o  t h e  end of 1978 9 1-31 t w a s  produced. A s m a l l  d e p o s i t  of 

yel low ochre  a t  t h e  wes tern  end of t h e  Weld Range, sou th  of 
Mindoolah, has  y i e l d e d  403.47 t .  

as a source  of h igh  q u a l i t y  
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WATER RESOURCES 

Because of low r a i n f a l l  and a h igh  evapora t ion  r a t e ,  
s u r f a c e  w a t e r  i s  non-exis ten t ,  excep t  €or s h o r t  p e r i o d s  a f t e r  
heavy r a i n f a l l .  Consequently,  domest ic  and s tock-water  
requirements  are m e t  e n t i r e l y  from groundwater*. 

Most groundwater i s  drawn from sl?ailow a q u i f e r s  of 
col luvium, v a l l e y - f i l l  a l luvium and calcrete.  The e x t e n s i v e  
c o l l u v i a l  f l a t s  u n d e r l a i n  by hardpan on e i t h e r  side of t h e  
main d ra inages  (des igna ted  Qw - on t h e  g e o l o g i c a l  map) provide  
a r e l i a b l e  source  of sha l low,  good q u a l i t y  groundwater.  The 
water t a b l e  i s  g e n e r a l l y  less than  1 5  m below ground l e v e l  
and s a l i n i t i e s  are commonly 800-1  2 0 0  mg/L. S a l i n i t i e s  are  
s l i g l i t l y  h igher  nea r  t h e  main d ra inage  l i n e s .  The y i e l d ,  
a l though s l i g h t ,  i s  s u f f i c i e n t  f o r  s t o c k  requi rements .  Far 

g r e a t e r  y i e l d s  a r e  o b t a i n a b l e  from t h e  h igh ly  permeable v a l l e y  
c a l c r e t e  which occurs  i n  t h e  t r u n k  d r a i n a g e s ,  such as  i n  t h e  
Hope and Yalgar Rivers .  S a l i n i t i e s  i n c r e a s e  markedly towards 
t h e  s a l t  l a k e s ,  wi th  v a l u e s  of g r e a t e r  t h a n  3 0 0 0  mg/L common 
around Lake Annean. 

Away from t h e  major dra inages ;  l i m i t e d  s u p p l i e s  are 
ob ta ined  from c o l l u v i a l  a q u i f e r s  margina l  t o  rock ou tc rop ,  

and i n  some cases from weathered or f r a c t u r e d  bedrock. Depth 
t o  water t a b l e  i s  g r e a t e r  t han  i n  t h e  v a l l e y s  of t h e  main 
d ra inages ;  however, it r a r e l y  exceeds 25 m .  Q u a l i t y  v a r i e s  
accord ing  t o  rock  type ;  i n  g reens tone  a r e a s ,  s a l i n i t i e s  are 
g e n e r a l l y  h igher  t han  i n  g r a n i t o i d  areas. Kaol in ized  g r a n i -  
t o i d  i s  u n r e l i a b l e  as an a q u i f e r ,  b u t  groundwater s a l i n i t y  
may be a s  low as 200 mg/L. Near Nor ie ,  water i s  ob ta ined  
from colluvium immediately upstream from outcropping  s t e e p l y -  

d ipp ing  banded i ron- format ion ,  which b a r s  t h e  passage of 
groundwater and consequent ly  r a i s e s  t h e  water t a b l e .  
_____-____----_----I____I_______________-------------------- 

* During t h i s  survey ,  some 4 2 0  bores and w e l l s  w e r e  f i e l d -  
tested f o r  t o t a l  d i s s o l v e d  s o l i d s ;  t h e  r e s u l t s  are ob ta in -  
a b l e  from t h e  Geologica l  Survey hydrogeology d i v i s i o n .  
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APPEfJDIX 1: CO-ORDINATES OF SOME LOCALITIES MENTIONED I N  TEXT 

Abbotts  

Barloweerie Peaks 

Beebyn 

Big Ben mine 
C a r w e l l  mine 
C h e s t e r f i e l d  m i n e  
Chunderloo mine 
Coobina B o r e  

Conroy B o r e  

Eana l ly  Bore 

Garden Gul ly  
Government W e l l  (Abbot ts)  

Hercules mine 
J i l lewarra  mine  
K a l l i  

L i t t l e  Wilgie  Mia 

Maranoa mine 
Mardoonganna H i l l  

Meekatharra 

Mingah Range 

Mindoolah mining centre 
Mount H a l e  

Mount Hale homestead 

Mount Obal 

Mount Matthew 

Munarra Gully mine  
Murdabool H i l l  

Murroul i  Range 

Nannine 
Norie 

Q u a r t z i t e  H i l l  

Seven M i l e  W e l l  

Wadda Wadda B o r e  

L a t i t u d e  ( S )  

26°19'20" 
26"47 '15" 
26°58'10" 
26O26 '45" 
26O20 '40" 
26O30 '10" 
26O42 '40" 
26O51' 25" 
26O30 '35" 
26O20 ' 0 0 "  

26O27 '25" 
26O16 50" 
26O58'10" 
26O19 '50" 
26O53 '40" 
26"56'50" 
26°22'15" 
26°54'40" 
26O35'30" 
26O29 '30" 
2 6O5 7 "0 0 
26O02 '35" 
26O06 '45" 
26°34'30" 
26°03'45" 
26O59 '20" 
26O05 '20" 
26°51'30" 
26O53 '30" 
26O46'30" 
26O18 ' 0 0 "  

26°05'40" 
26O26 '25" 

Longitude ( E )  

118'23 '10" 
117O59 '30" 
117O54' 20" 
112°00'10" 
117O46 '35" 
117O59 '20" 
118"21145" 
1 1 8 O 0 4  ' OO" 
1 1 8 O 1 9  '20" 
117O40 '00" 
118O28 ' 0 0 "  

118O22 ' 0 0 "  

117O37 ' 00" 
117O44 ' 3 0 "  

117O07 ' 3 0 "  

117O40' 30" 
117O53 ' 40" 
117°25'40" 
118"29 '30" 
117O59 '30" 
117°28'30" 
117OJ-5 ' 25" 
117°30'30" 
118O20 ' 0 0 "  

127'14 '30" 
118°08'20" 
117O53 ' 20" 
118O20 ' 0 0 "  

118O20 '35" 
118°21'10" 
117O26 ' 0 0 "  

117°01'50" 
118O03 '45" 

38 



Weebacarry Bore 
Wanganui mine 
Willyoga Bore 
Yaloginda 
Yarrameedie Cairn 

26°55 '50 "  1 1 8 ° 0 4 1 5 0 "  

2 6 O 4 7 ' 3 0 "  118O18 ' 0 0 "  

26°10 '20 "  1 1 7 ° 4 3 ' 1 0 "  

26O39 ' 4 5 "  118O25 ' 0 0 "  

26O06 ' 2 5 "  117O12  ' 0 5 "  
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