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EXPLANATORY NOTES ON THE BYRO 1:25Q 000 

GEOLOGICAL SHEET, WESTERN AUSTRALIA 

by 

I . R .  W i l l i a m s ,  I . W .  Walker,  R.M. Hocking and S.J. W i l l i a m s  

INTRODUCTION 

The BYRO* 1:250 000 Sheet,  SG 50-10 of t h e  I n t e r n a t i o n a l  
Series, i s  bordered by l a t i t u d e s  26OOO'S and 27OOOvS and 
longi tudes  115°30'E and 117°00'E. 
a p a s t o r a l  s t a t i o n  s i t u a t e d  along i t s  northwestern margin. 

BYRO t akes  i t s  name from 

There are no towns i n  t h e  a r e a ,  and t h e  small  r e s i d e n t  
populat ion r e l a t e s t o  t e n  p a s t o r a l  leases (mainly sheep) and 
t h e  Murchison Shi re  O f f i c e ,  loca ted  8 km nor th  of Meeberrie 
Homestead. The s t a t i o n  homesteads are l inked  by unsealed 
roads t o  Gascoyne Junc t ion  i n  t h e  no r th ,  Mullewa and Yalgoo 
i n  t h e  south,  and Cue t o  t h e  sou theas t .  Weekly m a i l  services 
are maintained f r o m  Mullewa, Yalgoo and Cue t o  t h e  p a s t o r a l  
s t a t i o n s .  S t a t i o n  t r a c k s  a f f o r d  reasonable  access t o  most 
areas except  h i l l y  country around Meegea H i l l  and i n  t h e  
Weiragoo and Tching Ranges. 

The climate is  semi-arid; summers are h o t  and win te r s  
mild. The annual r a i n f a l l  i s  g e n e r a l l y  less than  200 mm, and 
the annual evaporat ion ra te  is  g r e a t e r  than  2 400 mm. 
R a i n f a l l  is  der ived  f r o m  s c a t t e r e d  summer thunderstorms, 
remnants of t r o p i c a l  cyclones,  and southeast-moving win ter  
f r o n t a l  systems. 

* Sheet names are p r i n t e d  i n  upper case letters t o  avoid 
confusion with like-named loca l i t i es ,  
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Extensive open woodlands of mulga ( A c a c i a  aneura )  
dominate t h e  vege ta t ion ,  p a r t i c u l a r l y  on t h e  broad washes 
and ped ip la ins ,  A mixed acacia scrub  covers t h e  l o w  h i l l s  
and i s  t h e  n a i n  vege ta t ion  along t h e  western margin of BYRO. 

Vegetat ion d e n s i t y  decreases  n o r t h e a s t e r l y  i n  response t o  
diminishing r a i n f a l l ,  

EucaZyptus  sp.  i s  mainly r e s t r i c t e d  t o  t h e  l a r g e  drain-- 
ages such as t h e  Murchison River.  More s a l i n e  dra inages ,  
such as t h e  ex tens ive  sa l t -pan  and dune t e r r a i n  w e s t  of 
Curbur Homestead, are covered wi th  mixed acacia scrub,  
toge ther  w i t h  herbs,  grasses, s a l t b u s h  and samphire communi- 
t i es ,  Open g ras s l ands  cover t h e  Byro p l a i n s .  

Geological d a t a  w e r e  p l o t t e d  on aer ia l  photographs 
(approximate scale 1:80 000)  flown i n  1972.  

The earliest  d e s c r i p t i o n s  of t h e  country are found i n  
j o u r n a l s  and records  of t h e  exp lo re r s  who t r ave r sed  t h e  
Larchison River va l l ey :  R.  Austin i n  185 , F.T. Gregory i n  

1858 and J. F o r r e s t  i n  1874. Maitland (1898) ,  on a t r i p  from 
Northampton t o  Peak H i l l  commented on the  gne isses  along t h e  

Murchison River v a l l e y  and t h e  u a r t z i t e s  a t  Mount Marryer. 
H e  a lso discovered a s m a l l ,  high-grade i ron-ore d e p o s i t  
(weathered banded iron-formation) j u s t  w e s t  of Mount Narryer. 
Maitland and ontgomery ( 1 9 2 4 )  summarized t h e  e a r l y  geologi- 
ca l  work, and Talbot  ( 1 9 2 6 )  i n  uded t h e  region i n  a 
geo log ica l  ske tch  map of t h e  a a between t h e  Ashburton and 
Murchison Rivers .  

From t h e  1 9 2 0 ' s  a t t e n t i o n  w a s  focussed on t h e  p o t e n t i a l  
o i l  bear ing Phanerozoic sedimentary rocks  ly ing  i n  t h e  

western ha l f  of BYRO (Raggatt ,  1936). The Bureau of Mineral 
Resources ( R )  included t h e s e  rocks i n  geologica l  and 
geophysical i n v e s t i g a t i o n s  of t h e  Carnarvon Basin i n  t h e  
mid-1950's (Konecki and o t h e r s ,  1958, Condon, 1 9 6 7 ) .  Perry 
and Dickens ( 1 9 6 0 )  i nves t iga t ed  t h e  Pro terozoic  sediments of 
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t h e  Badgeradda Group i n  t h e  southwest corner  of BYRO. 

Reconnaissance mapping of t h e  e a s t e r n  (Precambrian) ha l f  of 
BYRO w a s  c a r r i e d  o u t  by t h e  Geological Survey between 1 9 4 6  and 

The dichotomic i s i o n  between Phan and Precam- 
a i n s  i s  r e f l e c t e d  i n  t 

e l e v a t i o n  across BYR 

(ASL) on t h e  western margin t o  over 4 0 0  m i n  t h e  southeas te rn  
t h e  remarkably l i n e a r  Murchison River 
r n  e x t e n t  of Phanerozoic rocks (Byro 

Sub-basin) ro  corresponds t o  t h e  300 m contour.  

face expression of t he  Phanerozoic rocks 
( r e l i e f  less than  70  m )  t h e  Prec 
t i n g  and has v a r i e d  topography w 

local r e l i e f  g r e a t e r  than  200 m. The d i s t r i b u t i o n  of t h e  
main physiographic u n i t s  i s  given i n  F igure  1. 

The landscape over Phanerozoic rocks i s  marked by 
s c a t t e r e d ,  l o w  rocky h i l l s  and i s o l a t e d  mesas of d u r i c r u s t  
( l a te r i te  and s i lcrete)  surrounded, and ove r l a in ,  by mono- 
tonous sand p l a i n .  An ex tens ive  t e r r a i n  of dunes and p layas  
occupies a broad palaeodrainage w e s t  of Byro and Curbur 
Homesteads. T h i s  v a l l e y  i s  p a r t  of t h e  south-flowing Yarra 

Yarra C r e e k  system ( W i l l i a m s  and o t h e r s ,  1 9 8 0 ) .  

Topographic highs and l o w s  are c l o s e l y  r e l a t e d  t o  the  
Phanerozoic bedrock s t r u c t u r e .  
A n t i c l i n e  i s  topographica l ly  high whereas t h e  Byro P l a i n s  
and palaeodrainage w e s t  of Byro Homestead occupy r e g i o n a l  
sync l ines .  

T h e  Ballythanna H i l l  

The Precambrian t e r r a i n  i s  cha rac t e r i zed  by broad a l l u -  
v i a l  v a l l e y s  t h a t  pass  l a t e r a l l y  t o  g e n t l y  r i s i n g ,  sheet-  
wash ped ip la ins .  These, i n  t u r n ,  rise t o  low rocky h i l l s  i n  

3 
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bedrock, or breakaways i n  deeply weathered d u r i c r u s t -  
covered bedrock. Some bedrock h i l l s ,  as i n  t h e  Weiragoo and 
Tching Ranges, which oc r along dra inage  d i v i d e s ,  are capped 
by mesas of d u r i c r u s t .  Extensive areas of l a t e r i t i c  du r i -  
c r u s t  and sandplain l i e  w e s t  of t h e  Murchison River.  I n  
c o n t r a s t ,  east of t h e  Murchison River,  i s o l a t e d  remnants of 
d u r i c r u s t  are preserved along t h e  dra inage  d i v i d e s  (Fig.  l), 
T h e  d u r i c r u s t  su r f ace  may by equ iva len t  t o  t h e  o l d  high- 
l e v e l  peneplain s u r f a c e  of Ju t son  (1950).  

The h ighes t  h i l l s  and ranges,  such a s  Mount Narryer 
(510 m ASL), Mount Murchison (520 m A S L )  and t h e  Jack H i l l s  

(>500 m ASL), c o n s i s t  of r e s i s t a n t  q u a r t z i t e  and banded iron- 
formation. 

The dra inage  on BYRO i s  exorheic  and, except f o r  t w o  
small  areas along t h e  nor thern  boundary which d r a i n  t o  the  

Wooramel River ,  belongs t o  t h e  Murchison dra inage  b a s i n  
(F ig .1) .  All streams are ephemeral, a l though t h e  Murchison 
River may flow f o r  a long per iod a f t e r  heavy r a i n .  

The Murchison River fol lows,  f o r  m o s t  of i t s  length ,an  
unusual ly  l i n e a r  course ( t r end  040O). 
s e c t i o n  i s  a subsequent stream, almost c e r t a i n l y  f a u l t  
c o n t r o l l e d  ( t h e  Manfred Lineament). This  f e a t u r e  i s  f u r t h e r  
emphasized by t h e  unusual junc t ion  between t h e  Murchison and 
t h e  Roderick Rivers,  25 km e a s t  of Meeberrie Homestead. The 
Roderick River f l o w s  northwards t o  m e e t  head on t h e  south- 
flowing Murchison River .  A t  t h i s  p o i n t  a gorge,  10-15 m 
deep, runs  southwest ( t h e  normal consequent d i r e c t i o n )  
through semi-consolidated hardpan and old r i v e r  d e p o s i t s  
("Murchison cement"). I t  is  suggested t h a t ,  a t  some earlier 
per iod,  a f a u l t  with a west-block-up movement dammed the 

Roderick and Murchison Rivers ,  forming Lake Wooleen on t h e  
MURGOO 1:250 000 Sheet (Baxter,  1 9 7 4 ) .  The r ive r  l a t e r  broke 
through t h i s  b a r r i e r  4 km south of Meeberrie Pool. 

The r iver ,  i n  t h i s  

The reg ion  i s  known t o  be se i smica l ly  a c t i v e  as shown by 
r e c e n t l y  recorded earthquakes and t h e  discovery of degraded 
f a u l t  s ca rps  near Mount Narryer ( W i l l i a m s ,  1 9 7 9 ) .  
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All west-flowing t r i b u t a r i e s  of t h e  Murchison River ,  
p l u s  t h e  Murchison River n o r t h  of Mi l ly  Mi l ly  Homestead and 
east of Meeberrie Homestead, Yarra Yarra Creek ,  and s h o r t  
streams emptying i n t o  t h e  dune and p laya  t e r r a i n  w e s t  of 
Curbur Homestead, are consequent streams. However, t h e  
southern  con t inua t ion  of t h e  Y a  

system is  a subsequent stream. W e s t  of Muggon Homestead, 
i s  confined t o  a major palaeodrainage v a l l e y  which is  con- 
t r o l l e d  by t h e  Dar l ing  and. Wood r rung  F a u l t s .  

The s h o r t ,  east-f lowing t r i b u t a r i e s  of t h e  Murchison 
River are obsequent streams, These have removed t h e  d u r i -  
c r u s t  cover with t h e  r e s u l t  t h a t  t h e r e  are e x c e l l e n t  bedrock 
exposures i n  t h e  h i l l s  w e s t  of t h e  Murchison River .  

TECTON 1 C SETT H NG 

YILGARN BLOCK 

The e a s t e r n  th ree -qua r t e r s  of BYRQ is occupied by rocks 
of t h e  Archaean Yi lgarn  Block. 
t e r r a i n  are present.,  
g n e i s s  and m i g m a t i t e ,  t h e  low- t o  medium-grade Jack H i l l s  

Greenstone B e l t ,  and t h e  Yilgarn c r a t o n i c  g r a n i t o i d s  of t h e  

Murchison Province.  The l a t t e r  i n t r u d e  both t h e  g n e i s s  and 
t h e  greens tone  b e l t .  The age r e l a t i o n s h i p  between t h e  Jack 

H i l l s  Greenstone B e l t  and t h e  gneiss-migmatite t e r r a i n  i s  
unc lea r  due t o  subsequent shear ing  and d i s r u p t i o n  by t h e  

la ter  i n t r u s i v e  g r a n i t o i d s .  

Three types  of Archaean 
They are a medium- t o  high-grade 

PROTEROZOIC ROCKS 

The predominantly shal low-water  arenaceous Badgeradda 
The group i s  Group occupies  t h e  southwest corner  of BYRO. 

e s s e n t i a l l y  unmetamorphosed and only  g e n t l y  fo lded .  
occupies  an i n t r a - c r a t o n i c  bas in ,  unconformably over ly ing  
Archaean gneiss-migmati te ,  and u n d e r l i e s  a t  least p a r t  of 
t h e  Byro Sub-basin. 

I t  
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CARNARVON BASIN 

Sedimentary ocks of t h e  Phanerozoic By Sub-basin of 
t h e  Carnarvon Basin occupy m o s t  of t h e  western q u a r t e r  of 
BYRO. Permian and Permo-Carboniferous sediments,  ranging 
from Upper Carboniferous t o  Sakmarian f l u v i o g l a c i a l ,  marine 
g l a c i a l  and marine d e p o s i t s  t o  Ar t insk ian  marine and d e l t a i c  
deposits,occupy t h e  sub-basin. 
phosed, bu t  a r e  g e n t l y  fo lded  and f a u l t e d .  

These  rocks are unmetamor 

* YILGARN BLOCK 
GNEISS-MIGMATITE TERRAIN 

T h e  Archaean gneiss-migmatite t e r r a i n  occupies most of 
t h e  reg ion  between t h e  Meeberrie F a u l t  System ( e a s t e r n  margin 
of t h e  Byro Sub-basin) (van d e r  Graaff and o t h e r s ,  1977)  and 
t h e  Murchison River (Manfred Lineament) as w e l l  as t h e  area 
nor th  of Whela Creek .  E a s t  and south of t h e s e  reg ions  t h e  
gneiss-migmatite i s  ex tens ive ly  in t ruded  by la ter  ( 2  600 

m.y.) g r a n i t o i d s .  The propor t ion  of migmatite t o  gne i s s  
i nc reases  southwards and eastwards across BYRO, 

Rock  t y p e s  

Quartzo-feldspathic gneiss and migmatite: Banded 
quartz-microclhe-ol igoclase-biot i te  g n e i s s  (Anb) i s  t h e  
dominant rock type.  
pink, f i n e  t o  coarse gra ined ,  and ranges from t o n a l i t e  t o  
g r a n i t e  i n  composition. Minor muscovite, hornblende and 
ga rne t ,  secondary sericite,  c h l o r i t e  and ep idote ,  and 
accessory sphene, z i rcon ,  a p a t i t e  and opaques are p resen t .  

- 
The gne i s s  may be banded grey,  cream or 

The  banding i s  e i  er a continuous l aye r ing  def ined  by 
quar tz - fe ldspar - r ich  l a y e r  up t o  10 mm wide,separated by 
b i o t i t e  f i l m s  (laminae), o r  l a y e r s  up t o  1 m wide i n  which 
l e u c o c r a t i c  quar tz - fe ldspar  bands a l t e r n a t e  with mesocrat ic  
b i o t i t e - r i c h  quar tz - fe ldspar  bands. 
band t o  band, and f e l d s p a r  augen may be p resen t  i n  some bands. 
This type  of banding has been t r aced  cont inuously for  over 
1 0 0  m along s t r i k e ,  and t h e  con t inu i ty  c o n t r a s t s  with t h e  

Grain s i z e  may vary  from 
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discont inuous ,  l enso id  banding found i n  t h e  more homogeneous 
g n e i s s i c  g r a n i t o i  o r  or thogneiss  (Agla, Agbs). 

Good exposures of banded gne i s s  occur 8 km sou theas t  of 
Mil ly  Mil ly  Homestead, 7 km northwest of Mount Dugel, and 
along t h e  dra inage  d i v i d e  east of Stone Hut W e l l .  

A l e u c o c r a t i c ,  f a i n t l y  banded, medium-grained quartz-  
microcline-oligoclase-muscovite-bioti~e-magnetite g n e i s s  

(Anf) i s  common w e s t  and south of Byro Homestead. 
adamel l i t e  t o  g r a n i t e  composition and i s  commonly s t r o n g l y  
l i n e a t e d .  I ts  a s s o c i a t i o n  wi th  q u a r t z i t e ,  quartz-magnetite 
rock and calc-sil icate g n e i s s  sugges ts  t h a t  it may be der ived 
from impure sandstone or arkose,  

I t  has an - 

Minor q u a r t z - b i o t i t e  ( - c h l o r i t e )  -muscovite-feldspar- 
g a r n e t  paragneiss  and s c h i s t  (Anl) occurs  i n  t h e  Meeg 
Mount Dugel and Deep W e l l  areas. 

- 

I n  t h e  f i e l d ,  t h e  banded gne i s s  can be t r aced  through 
i n c i p i e n t  migmatization t o  m i g m a t i t e ,  a change t h a t  r e f l e c t s  
i nc reas ing  degrees  o f  melt ing.  T h e  symbol (Amb) i s  only 

used where 30 per c e n t  or more of t h e  outcrop i s  a n a t e c t i c  
- 

g r a n i t o i d .  

An example of t h e  gradual  development of migmatite from 
banded gne i s s  occurs  between Mil ly  Mi l ly  Homestead and Jack 
H i l l s ,  

southeastwards i n t o  a banded g iss w i t h  leucosome v e i n s ,  
Most of t h e  leueosomes have b i  
have formed in s i t u  from t h e  gne i s s .  A t  Sharpe B o r e ,  t h e  
m i g m a t i t e  (Amb) - o n s i s t s  of banded gne i s s  w i t h  patches of 
newly generated g r a n i t o i d .  
t i o n a l l y  i n t o  t h e  
of vague banding and b i o t i t e  schl- ieren.  The ne 
phase event  
n e h u l i t i c  h eneous g r a n i t o i d  (Agbs, Agla 

Simple banded g n e i s s  around Mi l ly  Mil ly  passes  

i t e  se lvages  and appear t o  

The banded g n e i s s  passes  t r a n s i -  
n i t o i d  phase by way of a nebulous zone 

y dominates and t h e  migmatite pas 

-- 
Most m i g m a t i t e  and a n a t e c t i c  g r a n i t o i d  have s t rong  

g n e i s s i c  f o l i a t i o n  although some i s o t r o p i c  
b l a s t i c  t e x t u r e ,  

8 
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O t h e r  ex tens ive  areas of migmatite occur no r theas t  and 
southwest of Coobbooroo W e l l ,  w e s t  and nor th  of t h e  Weiragoo 
Range, and i n  a l i n e a r  zone extending from near E a s t  Noola 
W e l l  southwest t o  Coodawa W e l l .  Lenses of calc-sil icate 
gne i s s  and amphibolite occur i n  t h e  l i n e a r  zone. 

A m p h i b o Z i t e :  Lenses and s m a l l  pods of banded amphi- 
b o l i t e  (Ana) __. are s c a t t e r e d  throughout t h e  banded quartzo- 
f e l d s p a t h i c  gne i s s  (Anb). L_ They are f o l i a t e d ,  f i n e -  t o  
coarse-grained, dark-green nematoblast ic  o r  g r a n o b l a s t i c  
rocks. Assemblages c o n s i s t  of brown-green hornblende, 
p l ag ioc la se  (mainly andes ine) ,  minor ( d i o p s i d i c )  clinopyro- 
xene, secondary tremolite-actinoli te and ep idote ,  and 
accessory sphene, a p a t i t e  and opaques. Quar tz  and b i o t i t e  
may be present .  Amphibolites of t h i s  type  are considered t o  
be of mafic igneous o r i g i n .  

Assemblages with h igher  qua r t z  and b i o t i t e  and lesser 
hornblende conten t  are poss ib ly  metamorphosed mafic sediments. 

CaZc-silicate gneiss: Sca t t e red  pods of calc-sil icate 
g n e i s s  (Anc) - occur wi th in  t h e  banded quar tzo- fe ldspa th ic  
gne i s s  (Anf, - -  Anb). They are g r a n o b l a s t i c  assemblages of 
green hornblende, qua r t z ,  p l ag ioc la se ,  b i o t i t e ,  t remol i te -  
a c t i n o l i t e ,  ep idote ,  and lesser clinopyroxene, g a r n e t  and 
sphene. A prominent outcrop of green- and white-banded 
calc-sil icate g n e i s s ,  i n  l e u c o c r a t i c  banded g n e i s s  (Anf) i s  
exposed 6 km w e s t  of Byro Homestead. 

- 

Carbonate-rich rocks have n o t  been found with t h e  calc- 
s i l icate  gne i s s  on BYRO. 

t i o n a l  i n  composition t o  amphibolite.  
Many assemblages appear t r a n s i -  

Quartzite and meta-conglomerate: Q u a r t z i t e  and micaceous 
q u a r t z i t e  (%) form prominent s t r i k e  r i d g e s  i n  t h e  banded- 
gne i s s  t e r r a i n .  They are mainly g r a n o b l a s t i c ,  coarse-grained 
quar tz - r ich  rocks w i t h  minor muscovite (a lso green f u c h s i t e )  
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and accessory sphene, z i rcon  (some rounded) and opaques . 
B i o t i t e ,  hornblende, c h l o r i t e ,  ga rne t  and s i l l i m a n i t e  may 
also be p re sen t .  

A remarkable high-grade q u a r t z i t e  ( s i l l iman i t e -ga rne t -  
qua r t z  rock)  is exposed a t  Mount Narryer,  where it i s  i n t e r -  
l ayered  with meta-conglomerate, sillimanite-garnet-cordierite 
paragneiss  and qua r t z  magnet i te  rock. These rocks extend 35  

km nor th  t o  Mount Dugel, where t h e  q u a r t z i t e  has been strong- 
l y  sheared and f i n e l y  r e c r y s t a l l i z e d .  This  sequence may be 

p a r t  of  an even l a r g e r  metasedimentary b e l t  which can be 
t r aced  d iscont inuous ly  across  shear  zonesp f r o m  east of 
Coodawa W e l l  i n  t h e  south  t o  1 2  3un nor theas t  of Far Cargarra  
W e l l  i n  t h e  nor th ,  a d i s t a n c e  of over 1 0 0  km, T h i s  b e l t  

inc ludes  t h e  q u a r t z i t e  of Mount Murchison. 

Two ki lometres  no r th  of Mount Narryer t h e r e  i s  a poly- 
mictic conglomerate (Anqc) conta in ing  l a r g e  (up t o  0 4 m )  
clasts of banded quartz-magnetit.e rock,  banded r e c r y s t a l l i z e d  
chert, and q u a r t z i t e  se t  i n  a mat r ix  of q u a r t z ,  g a r n e t ,  minor 
amphibole, opaques and occas iona l  z i rcon .  Small l enses  of 
quartz-pebble conglomerate also occur i n  t h e  region.  The 
arenaceous sequence, toge ther  with ex tens ive  c o r d i e r i t e -  
sillimanite-garnet-bearing gne i s s ,  has  been c a l l e d  t h e  

Narryer Metamorphic B e l t ,  Prominent q u a r t z i t e s  a l s o  crop 
o u t  between Maradagee Woolshed (BYRO) and I n i  i W e l l ,  south 
of Dal lah Creek, and 5 km n o r t  s t  of t h e  Murchison S h i r e  

Off ice .  

Banded q u a r t z  m a g n e t i t e  r o  k: Banded qua r t z  magnet i te  
rock (Ani ) ,  - which is  a metamorphic d e r i v a t i v e  of banded iron- 
formation, occur throughout t h e  ed gne i s s  t e r r a i n  
although t h e  frequency of occur diminishes  southwards 
ac ross  BYRO. I t  i s  most abundant i n  t h e  eegea H i l l  a rea .  

They are medium- t o  coarse-grained g r a n o b l a s t i c  rocks i n  

which qua r t z - r i ch  bands a l t e r n a  w i t h  bands of magnet i te  and 
f e r r o a n  s i l i ca tes  on t h e  s c a l e  m i l l i m e t r e s .  Associated 
metamorphic minerals  inc lude  hy r s t h e n e ,  clinopyroxene 
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( f e r rohedenberg i t e ) ,  g r u n e r i t e ,  hornblende, a c t i n o l i t e ,  and 
minor ga rne t ,  b i o t i t e ,  p l ag ioc la se  and sphene. 

P e l i t i c  g r a n o f e l s  and r e l a t e d  r o c k s :  Pe l i t i c  g ranofe l s  
are medium- t o  coarse-grained, dark-grey t o  pink,  xenob las t i c  
g ranu la r  rocks which may be banded and g n e i s s i c ,  They conta in  
patchy ve ins  of a leucograni to id’  ca r ry ing  g a r n e t  and b i o t i t e  
c lots .  The assemblages conta in  varying propor t ions  of qua r t z ,  
p e r t h i t i c  microcl ine,  o l i g o c l a s e ,  red-brown b i o t i t e ,  cord ier -  
i t e  (some p i n i t i z e d )  , s i l l i m a n i t e  (some f i b r o l i t e )  , almandine 
ga rne t ,  minor hypersthene, and accessory sphene, z i rcon  and 
opaques . 

Such amphibolite-granulite-facies rocks are thought t o  
have o r i g i n a l l y  been sedimentary. 

A b e l t  of p e l i t i c  g ranofe l s ,  paragneiss  and minor mafic 
g ranofe l s  extends fo r  30 km south-southwest of Mount Narryer,  
with t h e  b e s t  exposures 3 km southwest of Dingo W e l l .  These 
rocks are included i n  t h e  Narryer Metamorphic B e l t .  

S i m i l a r  rocks have been found i n  t h e  Taccaba W e l l  area 
where semi -pe l i t i c  g ranofe l s  (quar tz ,  b i o t i t e ,  p l ag ioc la se ,  
hypersthene) occurs ad jacen t to  a l a r g e  body of mafic 
g ranofe l s .  

S m a l l  bodies  of s i l l i m a n i t e - c o r d i e r i t e  g ranofe l s  are 
s c a t t e r e d  throughout t h e  banded-gneiss t e r r a i n ;  t h e  more 
important are 3 km east of Thoolmugga W e l l  and 5 km south- 
east of Wandarrie W e l l .  

M a f i c  g r a n o f e l s :  The mafic g ranofe l s  (Ano) are upper- 
amphibolite-to-lower-granulite-facies metamorphic rocks ,  
der ived mainly from mafic-ultramafic igneous bodies.  Gross 
igneous l aye r ing  and primary igneous t e x t u r e  are preserved i n  
p laces .  O t h e r  rocks are higher  grade equ iva len t s  of t h e  
amphibolites.  Most rocks  a r e  p a r t l y  sheared and show va r ious  
degrees  of r e t rog rade  metamorphism mainly t o  amphibol i te  
f acies . 

- 
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Assemblages c o n s i s t  of p l ag ioc la se  (andesine t o  bytown- 
i t e  composi t ion) ,  brown and! ol ive-green hornblende, 
thene,  clinopyroxene (d iops ide  and a u g i t e )  b i o t i t e ,  and minor 
o l i v i n e  with accessory he rcyn i t e ,  z i rcon ,  sphene and opaques. 
Secondary minerals  inc lude  ta lc ,  s e rpen t ine ,  c h l o r i t e ,  
sericite and t r e m o l i t e - a c t i n o l i t e .  

Metamorphosed, layered  mafic-ul t ramafic  bodies occur 3 

km east  of Thoolmugga W e l l ,  around I n i a g i  W e l l ,  and near 
Taccabba W e l l  ( recovered i n  d r i l l  cores).  The l a s t  two 
loca l i t i es  conta in  segregated chromite l enses .  
types  inc lude  p e r i d o t i t e ,  l h e r z o l i t e ,  n o r i t e ,  gabbro, 
a n o r t h o s i t i c  gabbro and anor thos i t e .  

Or ig ina l  rock 

A metamorphosed, layered gabbroic  body, with a 
hypersthene-plagioclase-clinopyroxene-amphi~ole-olivi~e- 
he rcyn i t e  assemblage, and well-preserved igneous t e x t u r e  
crops o u t  1 0  km nor th-nor theas t  of Mount Narryer i n  high- 
grade g n e i s s  * 

UZtramafic b o d i e s  in gneiss: Discrete u l t r amaf i c  bodies 
(Anu) are s c a t t e r e d  through t h e  neiss-migmatite t e r r a i n .  
The rocks are g e n e r a l l y  schis t0  and a l l  primary t e x t u r e  
has been destroyed.  They c o n s i s t  of f i n e -  t o  coarse- 
grained ta lc ,  s e rpen t ine ,  c h l o r i t e ,  t r e m o l i t e - a c t i n o l i t e ,  
minor anthophyllite , carbon.ate and opaques. 

- 

The discrete u l t r a m a f i c  bodies  are un re l a t ed  t o  t h e  
layered mafic-ultramafic bodies a s  they  appear t o  p o s t  d a t e  
t h e  per iod  of migmatization i n  t h e  banded gne i s s .  

M o s t  bodies are concentrated i n  t h e  area between Meegea 
H i l l  and Melun B o r e  and between Number 1 3  B o r e  and t h e  
Weiragoo Range. 

Gneiss ic  granitoids: The g n e i s s i c  g r a n i t o i d  (ortho- 
gne i s s )  of t h e  gneiss-migmatite t e r r a i n  i s  t h e  f i n a l  ana tec t ic  
product of a migmatization eventwhich p reda te s  emplace 
t h e  Yilgarn c r a t o n i c  g r a n i t o i d s .  
grained g n e i s s i c  or g r a n o b l a s t i c  rocks i n  which t h e  igneous 

They are medium- t o  c 
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t e x t u r e s  have been l a r g e l y  destroyed.  They have both sharp  
i t i o n a l  con tac t s  with t h  ded gne i s s .  

moderate-grade m e t  phism, which produced t h e  g n e i s s i c  
f a b r i c  and discont inuous l e n s i c  nding, w a s  followed by 

ograde metamorphism. T h i s  la t ter  event  i s  
poss ib ly  r e l a t  t o  t h e  emplacement of t h e  Yilgarn c r a t o n i c  
g r a n i t o i d s .  

Medium- t o  coarse-grained b i o t i t e  adamel l i te  t o  
g r a n o d i o r i t e  gne i s s  (Agla) conta in ing  l a r g e  microc l ine  (more 
r a r e l y  p l ag ioc la se )  augen is  common nor th  of Sharpe B o r e .  

I t  a l s o  forms a mob i l i za t e  phase i n  t h e  migmatite (Amb) i n  
t h i s  region.  A number of s m a l l  d i e s  of augen or thogneiss  
(A*) i n t rude  ban d g n e i s s  i n  t h e  Stone Hut W e l l  area. A 

l a r g e  pendant of augen g n e i s s  (with fo lded  g n e i s s o s i t y )  occurs 
i n  t he  marginal facies ( A s )  of t h e  Yilgarn c r a t o n i c  g ran i -  
t o i d s ,  2 km nor th  of Joorong 5 Bore. 

- 

Grey t o  pinkish-grey medium- t o  coarse-grained b i o t i t e  
(-ferrohastingsite-muscovite) adamel l i t e  g n e i s s  (Agbs) w i t h  

lesser g r a n i t e  and g r a n o d i o r i t e  gne i s s  are a s soc ia t ed  wi th  
migmatite (Amb) - between Number 1 5  and Muckeringa W e l l s  and 
t h e  Bilga Rock area .  The p l ag ioc la se  i s  o l i g o c l a s e  or sod ic  
andesine; a l l a n i t e  i s  a common accessory,  Where f e r r o h a s t -  
i n g s i t e  i s  p resen t ,  minor f l u o r i t e  has been found i n  t h i n  
sec t ion .  

Two bodies  of grey,  medium- t o  coarse-grained qua r t z  
s y e n i t e  ( A s )  i n t r u d e  t h e  gneiss-migmatite t e r r a i n .  A 

hornblende-diopside-bearing quar t z  s y e n i t e  with prominent 
sphene occurs  4 .5  km northwest of Dallah B o r e .  I t  i s  
p e t r o l o g i c a l l y  s i m i l a r  t o  t h e  Katr ine Syeni te  descr ibed 
from gne i s ses  near Northam (Wilde and Low, 1978), The second 
body l ies  2 km northwest of No.13 Bore. 
r e c r y s t a l l i z e d  (moderate-to-low-grade) amphibole-microcline- 
a lb i t e -qua r t z  syen i t e .  
migmatite i s  t r a n s i t i o n a l .  

I t  i s  a s t r o n g l y  

C o n t a c t  with surrounding gneiss-  
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Metamorphism 

The earliest  metamorphism, i d e n t i f i e d  i n  t h e  gne iss -  
m i g m a t i t e  t e r r a i n ,  i s  medium t o  high grade. It i s  charac 
ized  by t h e  development of s c a t t e r e d ,  discrete a r e a s  of 
g r a n u l i t e  f a c i e s  surrounded by middle t o  up 
f a c i e s .  The  j u x t a p o s i t i o n  of g r a  l i t e  and migmatite ( w i t h  

a n a t e x t i c  g r a n i t o i d s )  i s  a t t r i b u t  t o  t h e  Same metamorph-jc 
event ,  The g r a n u l i t e s  (hypersthene zones) probably r e p r e s e n t  
areas where t h e  water pressu  
high-temperature, moderate-t h-pressure regime. 

Granu l i t e  facies i s  ide i e d  i n  f i f t e e n  l o c a l i t i e s .  
The l a r g e s t  b e l t  extends from Mount Narryer southwards 30 

km t o  near Christmas W e l l .  O t  

t h e  v i c i n i t y  of Mil ly  Mil ly ,  I Meegea H i l l ,  Mount 
Dugel and Middado W e l l .  

Primary p e l i t i c  assemblages on BYRO d i a g n o s t i c  of 
g r a n u l i t e  f a c i e s ,  w i th  minera ls  l i s t e d  i n  decreasing o rde r  of 
abundance,. are: 

Mil ly  MiPly quartz-biotite-plagioclase- 

Meegea H i l l  quartz-cordierite-biotite- 
orthopyroxene 

oligoclase-sillimanite-microcline 
( -garnet)  

a lmandine-biot i te  
Mount Narryer quartz-cordierite-sillimanite- 

Dingo Well-Chris tmas W e l l  ( a )  quartz-rnicrocline-biotite- 
co rd ie r i t e -p l ag ioc la se -  
s i l l i m a n i t e  

(b )  quartz-s i l l i rnani te-garnet-  
cordierite-biotite-hypersthene 

i t e  from Mount Narryer were Co-existing g a r n e t  and cor 
analyzed and a pressure-temperature estimate of 510 MPa a t  
785OC w a s  c a l c u l a t e d  (D. Bl igh t ,  1 9 7 9 ,  pe r s .  corn.). T h i s  
would be equiva len t  t o  c r u s t a l  depths  of around 1 7  km. 
presence of s i l l i m a n i t e  and K-feldspar, and lack  of 
a l d a l u s i t e  and muscovite suggests  temperature i n  excess  of 

68OoC and p res su re  g r e a t e r  than 420  MPa ( H e s s ,  1 9 6 9 ) .  The 
abundant c o r d i e r i t e  i n  t h e  p e l i t i c  assemblages suggests  
p re s su res  less than 650 MPa. 
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Mafic g r a n u l i t e  i s  recorded from I n i a g i  W e l l ,  Mi l ly  
Mi l ly ,  Mount Dugel, Middado W e l l  and Dingo W e l l  areas. All 
assemblages are var ious  combinations of t h e  following: 

Plagioclase-(labradorite-bytownite)-hornblende (olive-brown 
t o  ol ive-green)-hypersthene-cl inopyroxene-he~c~nite-  
b i o t i t e  ( -o l iv ine )  . 
A very high-grade anhydrous assemblage of bytownite, 

hypersthene and a u g i t e  occurs  3 km northwest of Mount 
Dugel. 

Primary amphibol i te  facies assemblages f o r  t h e  banded 
gne i s s  t e r r a i n  are: 

Maficlhornblende (green t o  o l i v e  green) -p lag ioc lase  
(-andesine)-clinopyroxene-quartz 

Calc-si1icate;yuartz-hornblende-clinopyroxene-plagioclase- 
ep idote .  

The p l ag ioc la se  of t h e  quar tzo- fe ldspa th ic  g n e i s s  i s  
e i t h e r  o l i g o c l a s e  o r  sod ic  andesine,  B i o t i t e  and microc l ine  
are nea r ly  always present ;  muscovite, g a r n e t  and hornblende 
are minor components. 

The genera t ion  of a n a t e c t i c  g r a n i t o i d s  from banded gne i s s  
has been discussed by W i l l i a m s ,  S . J .  and o t h e r s  ( 1 9 8 0 ) .  

Many rocks have assemblages i n d i c a t i v e  of a l a t e  Archaean 
retrograde m orphism. However, r e t rog res sed  assemblages 
i n  narrow zones of high s t r a i n  ( shear  zones) ,  which occur i n  
t h e  nor thern  ha l f  of BYR ( s e e :  S t r u c t u r e ) ,  are be l ieved  to 
be Pro terozoic .  

An upper-amphibolite-facies r e t rog rade  metamorphism is  
evident  i n  some g r a n u l i t e  t e r r a i n s ,  f o r  example a t  I n i a g i  
W e l l .  The orthopyroxene and t o  a lesser e x t e n t  t h e  c l ino -  
pyroxene may be rimmed o r  replaced by green o r  blue-green 
hornblende, and s o m e t i m e s  c o l o u r l e s s  ?cummingtonite. These 
rocks a r e  mildly sheared. 

Secondary muscovite has been observed i n  some c o r d i e r i t e -  
bear ing gne isses .  
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The a n a t e c t i c  g r a n i t o i d s  (Agla, Agbs) and migmatite 
(Amb) 7 have a weak t o  s t rong  g n e i s s i c  f a b r i c  and mineral  
assemblages t h a t  are s t a b l e  i n  t h e  amphibolite facies. 
Whether t h i s  amphibol i te-facies  event  r ep resen t s  t h e  main- 
tenance of t h e  primary prograde medium- t o  high-grade event  
which generated t h e  a n a t e c t i c  g r a n i t o i d s  o r  i s  a s e p a r a t e  
metamorphic event  a f t e r  t h e  g r a n i t o i d  genera t ion  i s  n o t  
clear 

Patchy g reensch i s t - f ac i e s  r e t rog rade  metamorphism occurs  
throughout t h e  gneiss-migmatit t e r r a i n  p a r t i c u l a r l y  i n  t he  

e a s t e r n  ha l f  o f  BYRO where t h i  t e r r a i n  i s  ex tens ive ly  
in t ruded  by t h e  2 600 m.y. Yilgarn c r a t o n i c  g r a n i t o i d s ,  

Granu l i t e - f ac i e s  assemblages near Mil ly  Mil ly  show 
g reensch i s t - f ac i e s  r e t rog rade  metamorphism. The p l ag ioc la se  
i s  s a u s s u r i t i z e d ;  c h l o r i t e  r ep laces  b i o t i t e ;  clinopyroxene i s  
replaced by f i b r o u s  amphibole; orthopyroxene i s  replaced by 
c h l o r i t e  and serpent ine ;and  hornblende by f i b r o u s  t r emol i t e -  
a c t i n o l i t e .  Fine-grained ragged t e x t u r e s  are a s soc ia t ed  w i t h  

r e t rog rade  metamorphism. 

S t r u c t u r e  

S t r u c t u r a l  t r ends ,  de l inea ted  by g n e i s s i c  banding, 
f o l i a t i o n s ,  and l i t h o l o g i c  u n i  i n  t h e  gneiss-migmatite 
t e r r a i n ,  vary between a nor the  y and n o r t h e a s t e r l y  d i r e c t i o n  
and d i p  s t e e p l y  east  and w e s t .  T h e  o l d e s t  recognizable  
s t r u c t u r a l  su r f ace  i n  t h e  g n e i s s  i s  t h e  compositional banding 
which p a r a l l e l s  t h e  s t r i k e  of l i t h o l o g i c  u n i t s  s 
q u a r t z i t e .  T h i s  poss ib ly  r e p r e s e n t s  a composite 
r e s u l t i n g  from both deformation and primary l aye r ing .  

A s t rong  g n e i s s i c  f a b r i c  roughly p a r a l l e l s  t h e  banding 
and is  a x i a l  p lanar  t o  i n t r a f o l i a l  and very t i g h t  i s o c l i n a l  
f o l d s  developed by t h i s  sur face .  Large-scale f o l d s  a r e  
probably p re sen t  bu t ,  because of later superposed fo ld ing ,  
they are d i f f i c u l t  t o  recognize.  

The g n e i s s i c  banding has  been re fo lded  by a second 
genera t ion  of i s o c l i n a l  f o l d s  which a l s o  have a s t rong  
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axia l -p lanar  fabric.  This  deformation i s  thought t o  be  syn- 
t e c t o n i c  t o  t h e  development of t h e  a n a t e c t i c  g r a n i t o i d s  (Agla, 
Agbs). The g n e i s s i c  f a b r i c  i n  both t h e s e  g r a n i t o i d s  and t h e  
neosomes of t h e  migmatite i s  t h e  product of t h e  second 
deformation. 

The south-plunging Mount Narryer synform, o u t l i n e d  by 
high-grade q u a r t z i t e s ,  may be a second-generation f o l d .  A t  

l e a s t  t w o  f o l d  per iods  can be seen i n  banded g n e i s s  5 km 
southwest of Duff ies  W e l l .  

A t h i r d  genera t ion  of open, g e n e r a l l y  south-plunging 
f o l d s  i s  ev ident  i n  t h e  g n e i s s i c  g r a n i t o i d s .  The r e l a t i o n -  
s h i p  of these  f o l d s ,  which must have a lso a f f e c t e d  t h e  gneiss-  
migmatite t e r r a i n ,  t o  t h e  deformation of t h e  Jack H i l l s  

Greenstone B e l t  is  n o t  known. However, t h e  la ter  f o l d  
are probably r e l a t e d  t o  t h e  progress ive  emplace- 
voluminous YiPgarn c r a t o n i c  g r a n i t o i d s  t o  t h e  

southeas t .  

North of Mount Narryer s e v e r a l  s t r o n g l y  def ined  shear  
zones, containing prominent qua r t z  r i d g e s ,  c u t  ac ross  a l l  
Archaean s t r u c t u r e s  inc luding  t h e  Yilgarn c r a t o n i c  g r a n i t o i d s .  
E a s t  of t h e  Murchison River ,  d i s c r e t e  shear zones, up t o  1 
km wide, t r end  west-southwest. Although deformation wi th in  
the  shear  zone i s  heterogeneous, t h e r e  i s  o v e r a l l  a s t rong  
d e x t r a l  (n  th-block-east)  movement. T h e  Cargarra  and 
Nookawarra Shears are the main zones. 

W e s t  of t h e  Murchison River,  t h e  discrete zones s p l i t  up 
i n t o  a series of p a r a l l e l  shears, which northwest of Number 
15  w e l l  becomes a zone 11 km w i d e  of discont inuous shears and 
laminated mylonite zones. Refolding of myloni t ic  laminae 
i n t o  t i g h t  asymmetric f o l d s  ( Z  vergence) p o i n t  t o  a long 
h i s t o r y  of d e x t r a l  movement i n  t h i s  reg ion .  

The progress ive  change from d i s c r e t e  q u a r t z - f i l l e d  shear  
zones i n  t h e  e a s t  t o  a w i d e  zone of p a r a l l e l  shears and 
mylonite zones i n  t h e  w e s t  may r e p r e s e n t  a change from a more 
b r i t t l e  ' shal low'  l e v e l  environment t o  a 'deeper '  l e v e l  
d u c t i l e  environment. 
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These shear  zones are be l ieved  t o  be Pro terozoic  and t o  
r e p r e s e n t  t h e  f i n a l  impr in t  of t e c t o n i c  events  t h a t  w e r e  
generated i n  t h e  Gascoyne Province, which l i es  about 35 km 
t o  t h e  north.  

The western e x t e n t  of exp sed Archaean gneiss-migmatite 
t e r r a i n  i s  c o n t r o l l e d  by t h e  Meeberrie F a u l t  System (van de 

Graaff and o t h e r s ,  1 9 7 7 ) .  This  system has a l a r g e  downthrow 
t o  t h e  w e s t .  
bas in .  

I t  is  also t h e  e a s t e r n  edge of t h e  Byro Sub- 

The f a u l t  system has been c t i v e  p e r i o d i c a l l y  Over a 
long t i m e  i n t e r v a l .  I t  con t ro  ed depos i t i on  of t h e  
Phanerozoic Byro Sub-basin sediments and poss ib ly  a l s o  t h e  
Proterozoic Badgeradda Group. 

About 40  km t o  t h e  east  of t h i s  f a u l t  system, pa r t i cu -  

l a r l y  i n  t h e  southern ha l f  of BYRO, t h e r e  is  a roughly 
p a r a l l e l  zone of f a u l t s ,  wi th  downthrow t o  t h e  east. This  
i s  a c u r r e n t l y  a c t i v e  seismic zone, t h e  Meeberrie-Onslow 
Zone (Denham, 1 9 7 6 ) .  I t  inc ludes  t h e  r e c e n t l y  a c t i v e  Mount 
Narryer f a u l t s  ( W i l l i a m s ,  1 9 7 9 ) ,  t h e  Manfred Lineament (which 
c o n t r o l s  t h e  l i n e a r  course of t h e  Murchison River)  and t h e  
White H i l l  F a u l t .  I t  i s  t h e  s i t e  ( n o r t h e a s t  of Meeberrie 
Homestead) of t h e  largest earthquake on t h e  Aus t r a l i an  
mainland, t h e  Meeberrie ea r thq  ke of 1 9 4 1  (Denham, 1 9 7 6 ) .  

The west-block-down d i s p l  
system and east-block-down d i s  
f a u l t s  etc.  de f inea  h o r s t - l i k e  

Recent f a u l t i n g  of t h e  Qu 
area f u r t h e r  t o  t h e  no r th  a l s o  
movement. 

ement on t h e  Meeberr-e F a u l t  
a c m e n t  on t h e  Mount Marryer 
t r u c t u r e  f o r  & h i s  reg ion .  

e rnary  i n  t h e  F r a z e r  W e l l  

A s t r u c t u r a l  ske tch  map of BYRO i s  given i n  F igure  2.  

JACK HILLS GREENSTONE BELT 

The Jack H i l l s  Greenstone B e l t  extends from t h e  e a s t e r n  
boundary of BYRO t o  7 km west-northwest of Nookawarra 
Homestead. I n  t h i s  r eg ion  it i s  a narrow, n o r t h e a s t e r l y  
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t rending ,  c u r v i l i n e a r  b e l t  of prominent s t r i k e  r i d g e s  which 
resembles o t h e r  Archaean greenstone b e l t s  i n  s t r u c t u r a l  s t y l e  
and metamorphic grade.  

However t h e  l a r g e  volumes of vo lcanic  m a t e r i a l ,  t y p i c a l  
of o t h e r  greenstone b e l t s ,  are lacking,and t h e  Jack H i l l s  

B e l t  i s  l a r g e l y  a metasedimentary sequence. The r eg iona l  
s e t t i n g  of t h i s  b e l t  w i th in  a high-grade g n e i s s  and migmatite 
t e r r a i n  a l s o  sets it a p a r t  from t h e  grani te-greenstone 
t e r r a i n  more t y p i c a l  of t h e  Yilgarn Block. 

The t e c t o n i c  s e t t i n g  and l i t h o l o g i c  conten t  are similar 
t o  a metasedimentary greenstone b e l t  descr ibed from t h e  
T a l l e r i n g  Peaks  area over 260 km t o  t h e  south (Baxter,  1971:  
Muhbing and Low, 1 9 7 7 ) .  

Addi t ional  d e s c r i p t i o n s  of t h e  Jack H i l l s  B e l t  are given 
i n  t h e  BELELE ( E l i a s ,  i n  p r e s s )  and ROBINSON RANGE explanatory 
notes  (EEias and W i l l i a m s ,  1977)  where it has been c a l l e d  t h e  

ount Taylor B e l t .  

L a y e r e d  sequence 

The metamorphosed layered  sequence c o n s i s t s  of banded 
iron-formation, q u a r t z i t e ,  and minor quartz-pebble conglomer- 
a te  separa ted  by a v a r i e t y  of p e l i t i c  sch is t s  and p h y l l i t e .  

Two types  of banded iron-formation a r e  recognized, 
These are a f i n e l y  r e c r y s t a l l i z e d  banded quartz-magnetite 
(hemati te)  rock ( A i w )  which i s  common east of Erawondoo H i l l  

and a f i n e l y  banded dark-grey quartz-amphibole ( p a l e  
hornblende o r  g r u n e r i t e ) - g a r n e t  rock ( A i m )  which i s  more 
common southwest of Noonie H i l l .  S m a l l ,  enriched pods of 
massive hemat i t e  a r e  a s soc ia t ed  w i t h  the  iron-formations.  

I_ 

- 

The p e l i t i c  s c h i s t s  and p h y l l i t e  ( A l m )  c o n s i s t  of quartz-  - 
chlorite-muscovite-biotite-garnet assemblages. 

Quar t z i t e  and micaceous q u a r t z i t e  ( A x )  ( w i t h  minor 
f u c h s i t e )  form a prominent r i d g e  through Noonie H i l l .  A 

quartz-pebble conglomerate ( A s c )  w i t h  a schistose matr ix  
occurs  3 km eas t -no r theas t  of Erawondoo H i l l .  Thin quartz-  
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pebble horizons i n  q u a r t z i t e  w e r e  a lso found 2 km nor th  of 
Racecourse W e l l .  

A sequence has been in t ruded  by concordant metamorphosed 
d o l e r i t e  (Ada) - , se rpen t in i zed  p e r i d o t i t e  (w) , and m e t a -  
pyroxeni te  (Aux) - bodies .  Narrow low-grade metamorphosed 
u l t r amaf i c  dykes found i n  t h e  ad jacen t  gne i s s  and g n e i s s i c  
g r a n i t o i d  t e r r a i n  are p o s s i b l e  feeder  dykes for  t h e  u l t r a -  
mafic bodies i n  t h e  Jack H i l l s  Greenstone B e l t .  

The b e l t  i s  a l s o  in t ruded  by l e n s e s  of f i n e -  t o  medium- 
grained b i o t i t e  adamel l i t e  (A*) and a coarse-grained b i o t i t e  
(-muscovite) adamel l i t e  (s) . Both g r a n i t o i d s  are s i m i l a r  
t o  t h e  widespread homogeneous Yilgarn c r a t o n i c  g r a n i t o i d s  
south of Whela Creek.  

S t r u c t u r e  and Metamorphism 

N o  major s t r u c t u r e  can be o u t l i n e d  wi th in  t h e  Jack H i l l s  

Greenstone B e l t  on BYRO. The b e l t  appears  t o  be a moderately 
s t eep ,  north-dipping sequence which. i s  concave southwards. 
A t  least  two per iods  of fo ld ing  are ind ica t ed  i n  t h e  p e l i t i c  
s c h i s t s  which have t h e  main f o l i a t i o n  s t rong ly  c renula ted .  
The g e n t l e  bowing of t h e  b e l t  northwards i s  poss ib ly  r e l a t e d  
t o  t h e  f o r c e f u l  emplacement of t h e  l a r g e  g r a n i t o i d  m a s s  
south of Whela Creek.  

The s t r u c t u r a l  r e l a t i o n s h i p  between t h e  Jack Bills 
Greenstone B e l t  and t h e  ad jacen t  gneiss-migmatite t e r r a i n  i s  
unclear .  Strong shearmg i s  p resen t  along t h e  c o n t a c t s .  
T h i s  would have destroyed pre-ex is t ing  d e f i n i t i v e  evidence 
for i n t r u s i v e  or  unconformable r e l a t i o n s h i p s ,  However, it is  

poss ib l e  t h a t  t h e  sedimentary rocks of t h e  Jack H i l l s  w e r e  
deposi ted o r i g i n a l l y  i n  a f a u l t - c o n t r o l l e d  bas in  wi th in  t h e  
gneiss-migmatite t e r r a i n .  Shearing, roughly p a r a l l e l  t o  t h e  
Jack H i l l s  t r end ,  p e r s i s t e d  i n t o  t h e  Pro terozoic  ( s e e :  
S t r u c t u r e ) .  

The Jack H i l l s  Greenstone b e l t  on BYRO Is a prograded 
metamorphic sequence which a t t a i n s  upper-cpeenschist  to-lower- 
amphibolite f a c i e s ,  E l i a s  ( i n  p r e s s )  pointed ouk on adjo in ing  
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BELELE t h a t  t h e r e  i s  a p a t t e r n  of inc reas ing  metamorphism 
from l o w  t o  moderate grade,  westwards along t h i s  be l t .  

Metamorphic assemblages on BYRO are: 
(i) Pe l i t i c  rocks;  garnet(-ch1orite)-biotite-muscovite- 

quar t z  . 
B i o t i t e  i s  commonly re t rograded  t o  c h l o r i t e  i n  t h e  p e l i t i c  
rocks.  

(ii) Metamorphosed banded iron-formation; garnet-  
biotite-amphibole(-hornblende or g r u n e r i t e ) -  
magnetite-quartz.  

The low t o  moderate prograde metamorphic sequence of t h e  

greenstone b e l t  c e n t r a s t s  w i t h  t h e  moderate t o  high-grade 
assemblages i n  t h e  ad jo in ing  gneiss-migmatite t e r r a i n .  

T h e  d i f f e r e n c e  i n  metamorphic grade between t h e  two 
t e r r a i n s  suggests  t h a t  t h e  metamorphic peak was reached 

independently,  
i n  some gneisses  may correspond t o  t h e  prograde metamorphism 
of t h e  Jack S i l l s  Greenstone B e l t .  

The low-grade r e t rog rade  metamorphism p resen t  

N CRATONIC G R A N I T O I D S  

The Yilgarn c r a t o n i c  g r a n i t o i d s  are t h e  voluminous 
g r a n i t o i d s  t h a t  record Rb-Sr i s o t o p i c  ages of around 2 . 6  t o  
2 - 7  b.y. ,  an event which Led t o  t h e  eventua l  s t a b i l i z a t i o n  of 
t h e  YiPgarn Block. 
t h e  reg ion  east  of t he  Murchison River and south of Whela 

Creek .  A number of s m a l l ,  discrete p lu tons  w i t h  weak 

f o l i a t i o n  and p a r t l y  r e c r y s t a l l i z e d  igneous t e x t u r e s  t h a t  
i n t r u d e  t h e  banded-gneiss - migmatite t e r r a i n  and Jack S i l l s  

Greenstone B e l t ,  and a l a r g e  e longate  g r a n i t i c  body emplaced 
i n  high-grade gne i s s  between Meeberrie shear ing shed and t h e  

Murchison River (Manfred Lineament), are a l s o  bracketed with 
t h e  Yilgarn c r a t o n i c  g r a n i t o i d s .  

On BYRO these g r a n i t o i d s  occupy m o s t  of 

The g r a n i t o i d s  inc lude  t h e  western extension of t h e  l a r g e ,  
n e b u l i t i c a l l y  banded, domal b a t h o l i t h  descr ibed  on BELELE 

( E l i a s ,  i n  p r e s s ) ,  and t h e  i n t e r n a l  and marginal f a c i e s  
g r a n i t o i d s  of ad jo in ing  MURGOO (Baxter,  1 9 7 4 ) .  
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The g r a n i t o i d s  show a wide v a r i e t y  of composition, 
t e x t u r e ,  superimposed or primary f a b r i c s ,  and homogeneity or 
he te rogenei ty .  T h e  least  a l t e r e d  types ,  wi th  a l lo t r imorph ic  
o r  hypidiomorphic t e x t u r e s ,  are medium-to-coarse, even- 
grained b i o t i t e  adamellite, g r a n i t e  and minor g r a n o d i o r i t e  
with occas iona l  microc l ine  phenocrysts ( A g b ) .  Po rphyr i t i c  
(some seriate phases) adamel l i t e  ( A S ) ,  and s m a l l  bodies  of 
f ine -  t o  medium-grained equigranular  b i o t i t e  adamel l i t e  
( A g e )  are less common. A l l  assemblages c o n s i s t  of varying 
amounts of qua r t z ,  microc l ine ,  o l i g o c l a s e ,  b i o t i t e ,  and 
accessory sphene, z i r c o n ,  a p a t i t e  and opaques, They are 
found i n  t h e  Weiragoo and Tching Ranges and Balloo H i l l  area. 
S m a l l  p lu tons  also i n t r u d e  t h e  banded-gneiss - m i g m a t i t e  
t e r r a i n .  

Spheroidal t ex tu red  (now ? r e c r y s t a l l i z e d )  b i o t i t e  
adamel l i te  and granodior i te  (A%) crops o u t  7 km w e s t  of Mount 
Murchison. 

I 

More heterogeneous i n  outcrop a r e  medium- t o  coarse- 
grained hornblende( -b io t i te )  g r a n o d i o r i t e  and adamel l i t e  
(A&) toge ther  wi th  p o r p h y r i t i c  v a r i a n t s  conta in ing  micro- 
c l i n e  phenocyrsts (Aghl).  They occupy t h e  a r e a  around 
Geigies  W e l l  and south of Joorung 5 B o r e .  

S m a l l  bodies of m e d i u m -  t o  coarse-grained b i o t i t e  
(-hornblende) t o n a l i t e  and g r a n o d i o r i t e  ( A S )  i n t r u d e  t h e  
banded-gneiss t e r r a i n  i n  t h e  Meegea H i l l  area, 

I n  some outcrops s e v e r a l  g r a n i t i c  types  may be p resen t .  
Where they cannot be  d i s t ingu i shed  a t  map s c a l e  t h e  symbol 
( A s )  i s  used. 

I n  a l l  cases t h e  presence of a s t rong  f o l i a t i o n  o r  
shear ing i s  ind ica t ed  on t h e  map by an ove rp r in t .  

Most g r a n i t o i d s  show some degree of r e c r y s t a l l i z a t i o n  
and a l t e r a t i o n  sugges t ive  of very low-grade metmorphism, f o r  
example, i n c i p i e n t  s a u s s u r i t i z a t i o n  of feldspa-r and c h l o r i t i -  
za t ion  of b i o t i t e .  A p o r p h y r i t i c  b i o t i t e  g r a n o d i o r i t e  ( A S ) ,  
emplaced i n  banded g n e i s s  6 km northwest of 
conta ins  pwnpel lyi te  and polygonized q u a r t z ,  which are 
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i n d i c a t i v e  of very low-grade metamorphism. 

Banded g r a n i t o i d s ,  w i t h  igneous t e x t u r e s ,  a r e  common i n  
some marginal areas of t h e  Yilgarn c r a t o n i c  g r a n i t o i d s .  The 
banding (up t o  1 m wide) i s  r e g u l a r  and may be def ined  e i ther  
by b i o t i t e  con ten t ,  which occurs  as en t r a ined  books and no t  
as metamorphic f o l i a e ,  o r  by the  s i z e  and frequency of micro- 
c l i n e  c r y s t a l s .  Good examples of banded p o r p h y r i t i c  adamel- 
l i t e  ( A A )  occur 2 . 5  km northwest of Mooninew W e l l .  Pos s ib l e  
o r i g i n  and s i g n i f i c a n c e  of t h i s  banding has been discussed i n  
d e t a i l  by E l i a s  ( i n  p r e s s ) .  

The r e l a t i o n s h i p  between t h e  Yilgarn c r a t o n i c  g r a n i t o i d s  
and the  gneiss-migmatite t e r r a i n  i s  complex, and no s i n g l e  or 
simple r e l a t i o n s h i p  can be e s t ab l i shed .  The g ross  r eg iona l  
shape of t h e  c o n t a c t  i s  given i n  F igure  2. 

Long, narrow tongues of banded gneiss-migmatite can be 
t r aced  w e l l  i n t o  t h e  g r a n i t o i d  t e r r a i n  and bulbous appendages 
of g r a n i t o i d  pro t rude  i n t o  t h e  gneiss-migmatite t e r r a i n .  
Complex mixed g r a n i t o i d s ,  including schlieric,  n e b u l i t i c ,  
banded, and f o l i a t e d  var ie t ies  toge the r  with enclosed l enses ,  
pendants, and x e n o l i t h s  of banded g n e i s s  i n  var ious  s t a g e s  
of a s s i m i l a t i o n  occur ad jacen t  t o  t h e  gneiss-migmatite 
t e r r a i n .  This  u n i t  has  been mapped as  a marginal f a c i e s  
( A s 1  

The gneiss-migmatite appears ,  i n  some p laces ,  t o  pass  
t r a n s i t i o n a l l y  i n t o  t h e  n e b u l i t i c a l l y  banded g r a n i t o i d s  of 
t h e  marginal f a c i e s ,  Examples ccur between Coodawa South 
W e l l  and Dickons W e l l  and w e s t  f Mount Murchison. Tectonized 
con tac t s  and ' l i t - p a r - l i t '  i n t r u s i o n s  a lso e x i s t  between t h e  
banded gne i s s  and t h e  more homogeneous g r a n i t o i d s  of t h e  
marginal f a c i e s .  Examples occur i n  t h e  Weiragoo and Scrubby 
Range a reas .  An agmat i te  a t  Meroula Pool c o n s i s t s  of l a r g e  
blocks of dismembered, d i s o r i e n t e d  banded gne i s s ,  with 
pegmatoid leucosomes (earlier i n c i p i e n t  migmatization) 
surrounded by a neosome of u n f o l i a t e d  pegmatoid leucograni te .  

The t i m e  r e l a t i o n s h i p  between t h e  rnigmatite t h a t  is  
marginal i n  p l aces ,  t o  t h e  Yilgarn c r a t o n i c  g r a n i t o i d s  and 
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t h e  banded gneiss-migmatite t h a t  a n a t e c t i c a l l y  produced 
t h e  g n e i s s i c  g r a n i t o i d s  (Agla, Agbs) is unce r t a in .  

I t  i s  p o s s i b l e  t h a t  t h e  former migmatite r e p r e s e n t s  a 
younger and s e p a r a t e  event  and formed p a r t  of t h e  gene ra t ive  
zone of t h e  Yilgarn c r a t o n i c  g r a n i t o i d s .  

The Manfred Lineament may be s i g n i f i c a n t .  I f  t h e  i n t e r -  
p r e t a t i o n  of a h o r s t  s t r u c t u r e  t o  t h e  w e s t  of t h i s  Lineament 
i s  correct then thebanded-gneiss - migmatite - g r a n u l i t e  
t e r r a i n  i n  t h i s  reg ion  r e p r e s e n t s  a l o w e r  c r u s t a l  p r o f i l e  
than t h e  gneiss-migmatite-granitoid t e r r a i n  east of t h e  
lineament ( s e e :  S t r u c t u r e ) .  

Fur ther  d i scuss ion  on t h e  gne iss -grani to id  c o n t a c t  can 
be found i n  E l i a s  ( i n  p r e s s ) .  

PROTEROZOI C ROCKS 

BADGERADDA GROUP 

Coarse- t o  f ine-grained arenaceous sediments of probable 
l a t e  Pro terozoic  age are mainly confined t o  t h e  southwest 
corner  of BYRO. Smal l  outcrops a l s o  extend i n  a narrow zone 
f r o m  Mount Rebecca, 15.5 km w e s t  of Byro Homestead, no r th  
t o  t h e  sheet boundary. They a l s o  occur around Mowry H i l l  

northwest of Mount Narryer Homestead. 

The group w a s  i n i t i a l l y  descr ibed a s  t h e  "Badgeradda 
Beds" (Konecki and o t h e r s ,  1 9 5 8 ) .  A d e t a i l e d  s tudy by Perry 
and Dickins ( 1 9 6 0 )  la ter  l e d  t o  t h e  d e f i n i n g  of f o u r  form- 
a t ions :  t h e  b a s a l  B i l i l l y  Formation, followed by t h e  

Woodrarrung, Coomberarie, and Yarrawolya Formations. A f i f t h  
formation, t h e  Errabiddy Sandstone, was thought t o  be a 
correlate of t h e  lower p a r t  of t h e  Woodrarrung Sandstone. 
These formations comprised t h e  Badgeradda Group. 
t h e  b a s a l  B i l i l l y  Formation,  a l l  formations crop ou t  on BYRO. 

Except f o r  

S t r a t i g r a p h y  

Woodrarrung  S a n d s t o n e :  The Woodrarrung Sandstone (BUw) - 
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Perry and Dickins,  1 9 6 0 )  is  a grey-white, medium- t o  coarse- 
grained massive qua r t z  sandstone, f e l d s p a t h i c  i n  p a r t .  I t  

crops o u t  south of Mongolia Bore i n  t h e  extreme southwest of 
BYRO and 6 km sou theas t  of Moogla W e l l .  Cross-bedding i s  
rare, although some examples occur near Moogla W e l l ,  

Errabiddy Sandstone: The Errabiddy Sandstone ( W e )  - 
(Perry and Dickins,  1 9 6 0 )  i s  exposed i n  t h e  Errabiddy W i l l s  

1 6  km northwest of Meeberrie Homestead, The sandstone i s  
shallow dipping,  p a l e  brown t o  grey white ,  medium grained and 
o f t e n  f e l d s p a t h i c .  Thin, pebble conglomerate bands occur 
wi th in  t h e  sandstone. Macroscale cross-beds up t o  1 0  m t h i c k  

are exposed i n  t h e  north-facing sca rp  of t h e  Errabiddy H i l l s .  

A s y m m e t r i c  r i p p l e  marks and c u r r e n t  l i n e a t i o n s  a r e  a l s o  
p re sen t .  

Fine- t o  medium-grained f e l d s p a t h i c  sandstone, cropping 
ou t  around Mowry H i l l  and Mount Rebecca, is considered t o  be 
equiva len t  t o  t h e  Errabiddy Sandstone. 

Per ry  and Dickins ( 1 9 6 0 )  suggested t h a t  t h e  Errabiddy 
Sandstone w a s  equiva len t  t o  t h e  l o w e r  p a r t  of t h e  Woodrarrung 
Sandstone. However, t h e  p re sen t  survey has found t h a t  t h e  
Errabiddy Sandstone conformably o v e r l i e s  Woodrarrung Sandstone 
6 km sou theas t  of Moogla W e l l .  Nevertheless ,  t h e  Errabiddy 
Sandstone may poss ib ly  be a coarse-grained f a c i e s  equiva len t  
of t h e  Woodrarrung Formation t h a t  developed along t h e  e a s t e r n  
margin of t h e  Pro terozoic  d e p o s i t i o n a l  bas in .  

Coomberarie Formation: The Coomberarie Formation (EUc) 

(Perry and Dickins,  1 9 6 0 )  i s  a t h i c k  sequence of shallow- 
dipping,  l i g h t  fawn-brown and reddish-white, thin-bedded 
s i l t s t o n e  and f ine-grained sandstone. 
crop o u t  i n  a prominent r idge  nor th  of Coombrarri W e l l .  

Good f laggy exposures 

Small-scale cross-bedding is  common. The r e l a t i o n s h i p  
between t h e  Coomberarie Formation and t h e  underlying 
Woodrarrung Sandstone i s  unclear  on BYRO. Although they a r e  
apparent ly  conformable t h e  con tac t  i s  no t  exposed. 
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Yarrawolya Format ion :  Perry  and Dickins ( 1 9 6 0 )  d i v i d e  
t h e  Yarrawolya Formation (sV_rr) i n t o  two u n i t s ,  an upper f ine -  
grained hemati t ic  sandstone and a lower s i l t s t o n e ,  For 

purposes of t h i s  compilation, they have been combined. The 
dark purple-grey sediments crop ou t  no r th  and south of 
Yarrawolya Pool where they conformably o v e r l i e  t h e  Coomberarie 
Formation. Small-scale cross-beds, c u r r e n t  l i n e a t i o n s  and 
drop pebbles are common. 

The Permian Lyons Formation unconformably o v e r l i e s  t h e  

Yarrawolya Formation east of Come Back W e l l .  

Structure and Metamorphism 

An asymmetric shallow nor th-nor theas te r ly  plunging 
sync l ine ,  i n  Coomberarie and Yarrawolya Formations, occurs  
5 km sou theas t  of Yarrawolya Pool. This  i s  t h e  core of t h e  
Badgeradda Syncl ine a s  def ined by Per ry  and Dickins ( 1 9 6 0 ) .  

The w e s t e r n  limb of t h i s  s t r u c t u r e  i s  d i s rup ted  by t r ans -  
c u r r e n t  f a u l t i n g  which has  juxtaposed Woodrarrung Formation 
a g a i n s t  t h e  Coomberarie and Yarrawolya Formations. The 
s i g n i f i c a n c e  of t h e  i n t e n s e  t r a n s c u r r e n t  f a u l t i n g  and dynami- 
c a l l y  metamorphosed Badgeradda Group of t h e  Woodrarrung 
Range and areas westwards has been d iscussed  by van dexGraaff 
and o t h e r s  ( 1 9 8 0 ) .  

South of Twelve M i l e  W e l l ,  shear ing  s u b p a r a l l e l  t o  t h e  
a x i a l  su r f ace  o f t h e  Badgeradda Syncl ine has developed a 
f r a c t u r e  cleavage a t  a high angle  t o  the bedding. However, 
s m a l l  contor ted f o l d s  i n  t h e  same a r e a  are slumps and are 
not  r e l a t e d  t o  t h e  r e g i o n a l  fo ld ing .  

The e a s t e r n m n t a c t  between t h e  Errabiddy Sandstone and 
t h e  Archaean gne i s s  i s  a n t r o l l e d  by t h e  complex Meeberrie 
Fault system (van de Graaff and others, 1977) which has a large d m t h r w  
t o  t h e  w e s t .  However, e a s t  of Mount Rebecca t h e  n a t u r e  of 
t h e  poorly exposed c o n t a c t  i s  unce r t a in  and an unconformity 
between t h e  Errabiddy Sandstone and Archaean gne i s s  can no t  
be r u l e d  out .  
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Post -depos i t iona l  a l t e r a t i o n  of t h e  Badgeradda Group on 
BYR0,unlike t h a t  & t h e  dynamically metamorphosed equiva len ts  
on t h e  ad jo in ing  YARINGA Sheet (van de  Graaff and o t h e r s ,  

1 9 8 0 )  i s  regarded a s  d i a g e n e t i c  r a t h e r  than metamorphic. 

MAFIC DYKES 

A series of unmetamorphosed mafic dykes t r end  east- 
no r theas t  across BYRO. They are thought t o  be Pro terozoic  

as they  i n t r u d e  homogeneous Yilgarn c r a t o n i c  g r a n i t o i d s ,  
p a r t i c u l a r l y  i n  t h e  Weiragoo Range area. Severa l ,  smal l ,  
weathered d o l e r i t e  dykes w e r e  a l s o  found i n  t h e  Pro terozoic  
Badgeradda Group. 

C A R ~ A R V O ~  BAS I PI 

STRATIGRAPHY 

Rocks assigned t o  t h e  Carnarvon B a s i n  on BYRO c o n s i s t s  
of Lower  Permian and T e r t i a r y  sediments. The s t r a t i g r a p h y  

of t h e s e  i s  summarized on Table 1. 

Permian 

The Lyons Formation ( P l )  - i s  a f l u v i o g l a c i a l  and m a r i n e  
g l a c i a l  sequence which rests unconformably on Precambrian 

rocks,  I t  i s  exposed mostly as boulder f i e l d s  of weathered- 
o u t  g l a c i a l  errat ics  of numerous Precambrian rock types;  and 

a s  s c a t t e r e d  low r i d g e s  of poorly s o r t e d ,  f e l d s p a t h i c  sand- 
s tone  and s i l t s t o n e .  Konecki and o t h e r s  (1958) es t imated 

t h e  t h i c k n e s s  of t h e  Lyons Formation south of Byro S t a t i o n  

t o  be of t h e  order  of 1 200 m; t h a t  e s t ima te  has not  been 

a l t e r e d  by l a t e r  geophysical  d a t a  (Stanley and S t i l l e y ,  1965; 
S tan ley ,  1 9 6 7 ) .  Marine f o s s i l s  and p l a n t  f o s s i l s  from a reas  

t o  t h e  nor th  i n d i c a t e  t h a t  t h e  Lyons Formation i s  p r imar i ly  

of Sakmarian age (Dickins ,  1 9 5 6 ,  1957, 1963; Dickins and 
Thomas, 1959) ,  although it i s  probably L a t e  Carboniferous a t  
t h e  base (Hocking and o t h e r s ,  1980).  
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TABLE 1 CARNARVON BASIN - S T R A T I G W H Y  I N  THE BYRO SHEET AREA 

Maximum 
Thick- 

Symbol and,rock u n i t  ness(m) Lithology 
S t r a t ig raph ic  
re la t ionships  Remarks 

Tp Pindilya Formation 

Py Coyrie Formation 

Pk Keogh Formation 

Pm Moogooloo 
Sandstone 

P r  Carrandibby 
Formation 

'1 Lyons Formation 

5 

68 

? 80 

?350 

00 

1200 

? 

Sandstone, conglomerate, Unconformably overl ies  
minor s i l t s t o n e ;  commonly older  u n i t  
s i l c r e t e d  

Generally bioturbated Conformably ove r l i e s  
s i l t s t o n e  t o  fine-grained older un i t s  
sandstone; commonly 
exposed as  ferruginized 
scree and gibber 

S i l t s tone ,  sandstone, Conformably ove r l i e s  
minor claystone and Moogooloo Sandstone , 
carbonaceous shales;  some boundary gradational 
herringbone cross- 
lamination 

? f l u v i a t i l e  environment; 
age by inference; great- 
est  thickness i n  solut ion 
pipes i n  underlying bed- 
rock 

Basal u n i t  of Byro Group; 
Quiet shelf  environment; 
thickness i n  Deep Bore, 
Byro 

Thickness estimated from 
dip measurements;subtidal 
environment 

Quartzose t o  f e l spa th i c  Disconformably ove r l i e s  Thickness estimated from 
sandstdne, s i l t s t o n e ,  older  rocks 
minor claystone and carb- 
onaceous shale;  some 
herringbone cross-bedding 

Micaceous claystone, silt- Conformably v e r l i  S 

stone, sandstone; t h i n  t o  Lyons Formation 
medium-bedded;fossilif- 
erous and calcareous i n  
the type area 

Immature sandstone, s i l t-  Disconformably overl ies  
stone,  shale  and f i l l i t e ;  Badgeradda Beds o r  
contains numerous g l a c i a l  older Precambrian 
erratics 

dip measurements; cool t o  
cold d e l t a i c  t o  sub t ida l  
environments; Wooramel 
Group 310 m thick i n  Deep 
Bore, Byro S ta t ion  

Thickness estimated from 
dip measurement; p a r t l y  
eroded p r i o r  t o  Moogooloo 
Sandstone deposit ion; l oca l  
f ac i e s  va r i an t  of ~yons o r  
Callytharra F0rmations;cold 
shallow-marine deposit ion 

?glaciolacus t r ine,  
?f luvioglacial  and marine 
g l a c i a l  environments; poor 
exposure - a s  boulder 
f i e l d s  and sca t t e red  boul- 
ders ,  minor sandstone ridges 



The Carrandibby Formation ( P r )  _. is a marine, f ine-grained 
u n i t  which i s  t r a n s i t i o n a l  between t h e  Lyons and C a l l y t h a r r a  
FQIXiatiOnS. On BYRO, mapped Carrandibby Formation i s  unfoss- 
i l i f e r o u s ,  and it is  unconformably o v e r l a i n  by Moogooloo 
Sandstone, Dickins (1963) da ted  t h e  formation i n  t h e  type 
area as Sakmarian. 

The Wooramel Group i s  a t r a n s g r e s s i v e ,  sandy and s i l t y  
sequence which, on BYRO, c o n s i s t s  of t h e  Moogooloo Sandstone 
and Keogh Formation. Scarce marine foss i l s  from areas t o  
t h e  n o r t h  i n d i c a t e  an Ar t in sk ian  age (Condon, 1 9 6 7 ) .  The 

Moogooloo Sandstone ( P m )  - w a s  deposi ted on t h e  C a l l y t h a r r a ,  
Carrandibby and Lyons Formations a f t e r  an e ros iona l  break, 
which i n  some areas removed a l l  of t h e  C a l l y t h a r r a  and 
Carrandibby Formations. The Moogooloo Sandstone i s  a high- 
energy, d e l t a i c  t o  s u b t i d a l  u n i t ,  which on BYRO was mapped 
by Konecki and o t h e r s  (1958) a s  'Curbur Formation' ,  bu t  t h i s  
name w a s  dropped by van de  Graaff and others ( 1 9 7 7 ) .  South 
of Mintahal la  Bore, t h e  th ickness  of t h e  Moogooloo Sandstone, 
c a l c u l a t e d  f r o m  d i p s ,  i s  about 350 m .  The s e c t i o n  measured 
by Konecki and others (1958) as t h e  type  s e c t i o n  of t h e  'Curbur 
Formation' i s  96 m t h i c k ,  b u t  i t  i s  incomplete because of 
f a u l t i n g .  The Keogh Formation (Pk)  _I conformably o v e r l i e s  t h e  

Moogooloo Sandstone and was deposi ted i n  a q u i e t e r ,  s u b t i d a l  
environment. Thicknesses ca l cu la t ed  from d i p s  i n d i c a t e  t h e  

formation i s  50 t o  80 m t h i c k  near Mintahal la  Bore. 

The Coyrie Formation i s  t h e  only u n i t  of t h e  Byro Group 
exposed on BYRO. I t  i s  of Ar t insk ian  age (Condon, 1 9 6 7 1 ,  

and i n  m o s t  p l aces ,  it i s  exposed as f e r rug in ized  s i l t s t o n e  
scree. Hocking and o t h e r s  (1980) s impl i f i ed  t h e  Byro Group 
S t r a t ig raphy  and abandoned t h e  name 'Madeline Formation' .  

T e r t i a r y  

The P ind i lya  Formation (2) is  an ex tens ive ly  si lcreted 
? f l u v i a t i l e  sandstone and conglomerate unconformably overlying 
Permian rocks.  A r ev i sed  type  s e c t i o n  of t h i s  u n i t ,  3 km 
southwest of S w e l t  Bore, was proposed by van de Graaff and 
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others  ( 1 9 7 7 ) .  T h e  P i n d i l y a  Formation is probably of Miocene 
age (van de Graaff and othersl  19801 and w a s  l a i d  down on a 
subdued land  s u r f a c e .  Some si lcrete,  l a te r i te  and exhumed 
pre-Pindi lya  e r o s i o n  s u r f a c e s  w e r e  n o t  d i f f e r e n t i a t e d  from 
t h e  P i n d i l y a  Formation i n  mapping, because t h e i r  r e s p e c t i v e  
a i r -pho to  p a t t e r n s  are i n d i s t i n g u i s h a b l e .  

STRUCTURE 

The Byro Sub-basin of t h e  Carnarvon Basin i s  a down- 
f a u l t e d  s y n c l i n a l  zone, which on BYRO is s t r a t i g r a p h i c a l l y  
cont inuous w i t h  t h e  Mer l in l e igh  Sub-basin and t h e  
Coolaca la laya  Sub-basin of t h e  P e r t h  Basin.  I n  t h e  east ,  t h e  

Byro Sub-basin i s  bounded by t h e  Meeberrie F a u l t  System, and 
only  s m a l l  o u t l i e r s  of Lyons Formation occur  east of t h e  
f a u l t .  I n  t h e  southwest  t h e  sub-basin i s  bounded by the  

Dar l ing  F a u l t ,  a s u b s i d i a r y  f a u l t  of which may con t inue  as 
the  large west-block-down f a u l t  immediately east  of t h e  

Bal lythanna H i l l  A n t i c l i n e .  The Woodrarrung F a u l t ,  which may 
a l so  j o i n  t h i s  f a u l t ,  has  l i t t l e  e f f e c t  on t h e  Permian 
sequence. 

Two l a r g e ,  g e n t l e  s y n c l i n e s ,  s e p a r a t e d  by t h e  Bal lythanna 
H i l l  A n t i c l i n e ,  are mapped i n  t h e  area. 

GEOLOGICAL HISTORY 

T h e  f i r s t  Phanerozoic  even t  recorded i s  t h e  L a t e  

Carboniferous-Early Permian g l a c i a t i o n .  During t h e  Sakmarian, 
t h e  climate w a s  f r i g i d ,  and a cold climate p e r s i s t e d  d u r i n g  
much of t h e  Ar t in sk ian .  The r e g i o n a l  d i sconfo rmi ty  a t  t h e  

base of t h e  A r t i n s k i a n  probably r e f l e c t s  i sos ta t ic  u p l i f t  
a f t e r  me l t ing  of m o s t  of t h e  ice  sheet i n  t h e  L a t e  Sakmarian. 
A widespread t r a n s g r e s s i o n  fol lowed,  du r ing  which t h e  
Wooramel and Byro Groups w e r e  depos i t ed .  N o r m a l  f a u l t i n g  i n  
t h e  ? L a t e  Permian and ? T r i a s s i c  shaped t h e  Byro Sub-basin as 
a s e p a r a t e  s t r u c t u r a l  u n i t .  I n  t h e  e a r l y  T e r t i a r y ,  f l u v i a t i l e  
d e p o s i t i o n  occurred  on a subdued land  s u r f a c e ,  f o l l o ~ e d  by, 
and ?contemporaneous w i t h ,  l a t e r i t i c  weather ing.  
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SUPERFICIAL DEPOSITS 
S u p e r f i c i a l  Cainozoic u n i t s  are separa ted  i n t o  o l d e r  

cemented l i t h i f i e d ,  o r  semi-consolidated f l u t i a t i l e ,  r e s i d u a l  
or e o l i a n  d e p o s i t s  ranging from T e r t i a r y  t o  Quaternary age,  
p ref ixed  ( C z ) ,  - and younger Quaternary, unconsolidated 
a l l u v i a l ,  c o l l u v i a l  and e o l i a n  s u r f i c i a l  d e p o s i t s  pref ixed  

(2, - 
Remnants of a once ex tens ive  d u r i c r u s t  su r f ace ,  now 

represented  by si lcrete ( C z b ) ,  - l a t e r i t e  ( C z l )  - , fe r ruginous  
j a s p e r o i d a l  cappings on weathered u l t r amaf i c  rocks (a) and 
deep weathered bedrock, a r e  preserved as mesas and s c a t t e r e d  
remnants bordered by breakaways, along t h e  major dra inage  
d i v i d e s  east of t h e  Murchison River.  The d u r i c r u s t  su r f ace  
i s  more ex tens ive  w e s t  of t h e  Murchison River where it 
i n t e r s e c t s  and co inc ides  more c l o s e l y  with t h e  p re sen t  e ros ion  
su r face ,  

A n  o l d e r  e o l i a n i t e  ( C z s )  - forms l o w  rises on t o p  of some 
breakaways overlying Permian rocks.  I t  i s  a moderately 
indura ted  reddish  sandstone w i t h  ub iqui tous  s o i l  s t r u c t u r e s  
such as r o o t  casts,  and probably c o r r e l a t e s  w i t h  t h e  ? e a r l y  
P le i s tocene  Peron Sandstone of t h e  Shark Bay a rea .  

Calcrete ( C z k ) ,  I which i s  l a r g e l y  a chemical p r e c i p i t a t e  
from groundwater of calcium and magnesium carbonates ,  crops 
out  d i scont inuous ly  along t h e  Murchison and Roderick Rivers  
and Yarra Yarra, Whela and Karbar Creeks.  Although t h e y  are 
t runk v a l l e y  calcretes, t h e i r  p a r t l y  d i s s e c t e d  na tu re  would 
p lace  them i n  t h e  d i s s e c t e d  c a l c r e t e  category of But t  and 
others ( 1 9 7 7 ) .  D e l t a i c ,  p a r t l y  buried calcretes occur i n  
t h e  Mount Narryer and Curbur homesteads a rea .  These calcretes 
occupy fan-shaped reg ions  ad jacen t  t o  s a l i n e  dune and playa 
t e r r a i n  (Ql). _I 

T h e  p o s i t i o n  of these c a l c r e t e s  appears  t o  be r e l a t e d  t o  
t h e  l i n e a r ,  ? f a u l t - c o n t r o l l e d  con tac t  between Permian and 
Precambrian rocks.  A s i m i l a r  de l ta ic  c a l c r e t e  l ies j u s t  
no r th  of Coolyun H i l l  on t h e  e a s t e r n  margin of a broad dune 
and p laya  t e r r a i n ,  C a l c r e t e  a l s o  occurs  i n  t h e  palaeodrainage 
v a l l e y  northwest of Muggon Homestead. 
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P a r t l y  d i s s e c t e d  hardpan (Czc) i s  found i n  a l l  main 
dra inages ,  p a r t i c u l a r l y  t h e  Murchison River and marginal t o  
t h e  dune and playa t e r r a i n  occupying the  palaeodrainage 
v a l l e y  w e s t  of Curbur Homestead. I t  i s  commonly covered by 
t h i n  sheet wash (Qw) - i n  areas ad jacent  t o  t h e  main drainage.  
T h e  hardpan ( C z c )  - i s  a mixed a l l u v i a l - c o l l u v i a l  u n i t  of 
f l u v i a t i l e  o r i g i n .  I t  cons is t sof  red-brown poorly bedded 
c l a y ,  s i l t ,  and very f i n e  t o  coarse  sand w i t h  scattered 
pebbles and conglomerate l enses .  T h e  Murchison River ,  down- 
stream from t h e  junc t ion  w i t h  t h e  Roderick River has c u t  a 
shallow gorge 10-15 m deep i n  t h i s  m a t e r i a l .  This  u n i t  
inc ludes  t h e  'Murchison cement' which, on t h e  ad jacen t  Murgoo 
Shee t ,  near Bi l laba long ,  has y ie lded  Aboriginal  a r t i f a c t s  and 
bone fragments of e x t i n c t  Holocene marsupials  (Merrilees, 
1 9 6 8 ) .  

The r e c e n t  s u r f i c i a l  depos i t s  inc lude  l a r g e  claypans 
(fresh) and playas ( s a l i n e )  Q1) , gyps i fe rous  dunes (Qe) 

marginal t o  t h e  l a r g e r  playas and a dune and playa t e r r a i n  
( Q l e )  i n  which ind iv idua l  playas are too  small  and numerous 
t o  d i s t i n g u i s h  on t h e  map. All these u n i t s  a r e  concentrated 
i n  a broad palaeodrainage system, an extension of Yarra 
Yarra C r e e k ,  over Permian bedrock w e s t  of Mount Narryer and 
Curbur Homesteads. Some of t h e  e o l i a n  material i s  der ived  
from t h e  su r face  of t h e  pans and l akes  b u t  the bulk i s  
probably der ived from t h e  reworking of t h e  ad jacent  sand- 
p l a i n  u n i t  (Qs).  T h e  playa-dune u n i t  (Qle)  has a very charac- 
t e r i s t i c  s t i p p l e d  photo-pattern.  A s i m i l a r  u n i t  has  been 
mapped along t h e  Murchison and Roderick River dra inages  i n  
a r eas  of very low g rad ien t .  

_. - 

- 

- - 

The playa-dune u n i t  (Qle)  a l s o  resembles, and grades i n t o ,  - 
a mixed eolian-colluvium wash u n i t  (Qw) which l i es  ad jacen t  
t o  t h e  main drainage l i n e s .  However,the wash ( Q n ) ,  which 
c o n s i s t  of sinuous c l a y  and s i l t  pans separa ted  by low 
anastornosing banks of sand, i s  a low-slope u n i t .  The 
photo-pattern i s  mott led and s t r i p e d  rather than s t i p p l e d ,  
a s  f o r  t h e  playa-dune u n i t  (Qle)  

- 
- 

- 
T h e  wash (Qw) passes  t o  unconsolidated a l l u v i a l  s i l t ,  - 
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sand and g r a v e l  (Qa) - i n  t h e  main dra inage  channels o r  up- 
s lope  t o  c o l l u v i a l  scree d e p o s i t s  (Qc) - adjacent  t o  bedrock 
outcrop. The _. Qc g e n e r a l l y  has  a qua r t z ,  ironstone-pebble,  
o r  rock veneer. 

The sandplain u n i t  (Qs) _. i s  probably reworked from a pre- 
e x i s t i n g  o l d e r  sandpla in  overlying t h e  d u r i c r u s t  su r f ace .  
I t  i s  ex tens ive ly  developed over Pe rmian  rocks l  bu t  i s  r a r e  
east of t h e  Murchison River.  

ECBNBM I C GEOLOGY 

MINERAL DEPOSITS 

Go Zd 

Gold has been repor ted  from high-grade gne i s s  near Mount 
Dugel (Johnson, 1 9 5 0 ) .  However, t h e  p r e s e n t  survey w a s  
unable t o  locate any workings i n  t h i s  area. 

Copper  

A very  s m a l l  copper prospec t ,  a qua r t z  reef containing 
malachi te-s ta ined,  l i m o n i t i c  gossan, has been p i t t e d  2 km 
nor th  of Byro Homestead i n  a banded g r a n i t i c  gne i s s .  
Malachite-stained gossanous m a t e r i a l  has  a l s o  been found i n  
a l a t e r i t e - cove red  and weathered u l t r amaf i c  l e n s  5 km north- 
e a s t  of Melun Bore (Byro P rospec t ) .  

A t  least  twelve small  u l t r amaf i c  bodies ,  mainly c h l o r i t e -  
tremolite-talc-serpentine assemblages a f t e r  p e r i d o t i t e ,  occur 
i n  banded gne i s s  and g n e i s s i c  g r a n i t o i d  t e r r a i n  northwest and 
w e s t  of Meegea H i l l .  Explorat ion of t h e s e  bodies i n  t h e  l a t e  
1 9 6 0 ' s  and e a r l y  1 9 7 0 ' s  loca ted  s e v e r a l  n i c k e l i f e r o u s  gossans,  
a l l  of which proved t o  be  uneconomic. Ultramafic  bodies ,  i n  
banded g n e i s s  t e r r a in ,  8 km southwest of Mount Dugel, 4 km 
northwest of Pa r tne r sh ip  Bore, and 2 km nor th  of Deep W e l l  

have a l s o  been inves t iga t ed  without  success .  
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A l a r g e , d i f f e r e n t i a t e d  u l t r amaf i c  body, now mainly a c h l o r i t e -  

amphibole-serpentine (-talc) assemblage, has been unsuccess- 
f u l l y  prospected near Noonie H i l l ,  i n  t h e  Jack H i l l s  Green- 
s tone  B e l t .  

A c l u s t e r  of talc-carbonate-chlorite-serpentine bodies  
i n  banded gne i s s  and migmatite ad jacen t  t o  homogeneous 
g r a n i t e  i n  t h e  reg ion  roughly 1 8  km southwest of Nookawarra 
Homestead, between Number 13  and Number 20 Bores have been 
unsuccessful ly  explored. 

C hr omi t e 

E l u v i a l  chromite has  been recorded from r e s i d u a l  s o i l s  
overlying a l a r g e l y  concealed layered mafic-ul t ramafic  complex 
i n  t h e  I n i a g i  W e l l  area. T h i s  n o r t h e a s t e r l y  fac ing  layered  
body conta ins  s l i v e r s  of paragneiss  w i th in  it, suggest ing 
t h a t  more than one i n t r u s i o n  may be involved. I t  has been 
metamorphosed t o  an upper-amphibolite-to-lower-granulite- 
f a c i e s  assemblage. 

Recent exp lo ra t ion  of t h i s  body (Western Mining Corpor- 
a t i o n  L t d ,  1 9 7 8 )  has shown t h a t  s m a l l  c h r m i t e  lenses are 
a s soc ia t ed  w i t h  t h e  u l t r amaf i c  po r t ion  of t h e  western s i d e  
of t h e  body- I ron- r ich  chromite l a y e r s  a150 occur w i t h  a 

meta-norite higher  i n  t h e  body near I n i a g i  W e l l .  However, 
t h e  gene ra l ly  poor q u a l i t y  of t h e  chromite and l imi t ed  tonnage 
make t h e  d e p o s i t  uneconomic. 

A s i m i l a r ,  concealed, metamorphosed mafic-ul t ramafic  
body, w i th in  g r a n u l i t e  f a c i e s  t e r r a i n ,  has  been inves t iga t ed  
2 km nor th  of Mil ly  Mil ly  Homestead i n  t he  Taccabba W e l l  a r ea .  
D r i l l i n g  has loca ted  a magnetite-chromite band 1 . 5  km long 
marginal t o  a meta- lherzol i te .  Traces of p y r i t e  and chalco- 
p y r i t e  w e r e  also noted (Horseley, 1 9 7 4 ) .  

I r o n  Ore 

Maitland (1898)  noted s m a l l  bodies  of hemat i t i c  i r o n  o r e  
((10 k t ) ,  j u s t  w e s t  of Mount Narryer,  i n  banded i r o n  formation. 
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The hemati te  d e p o s i t s  of t h e  Jack H i l l s  a r e  confined t o  t h e  

ad jacen t  BELELE Sheet ( E l i a s ,  i n  p r e s s )  * 

Corundum 

Severa l  e l u v i a l  corundum occurrences w e r e  found overly- 
ing high-grade (upper-amphibolite-to-lower-granulite f acies) 
banded g n e i s s ,  calc-sil icate gne i s s  and mafic g ranofe l s  
( a f t e r  layered  m a f i c  bod ie s ) .  However, the source rock f o r  
t h e  corundum could n o t  be e s t ab l i shed  i n  t h e  f i e l d .  The 
l a r g e s t  d e p o s i t ,  which covers about 0 . 5  ha,  l i es  4 km e a s t  of 
Thoolmugga W e l l  nor th  of t h e  Byro-Milly H i l l y  road. Corundum 
f l o a t  has also been found 1 km nor th  of t h i s  p o s i t i o n  and 4.5 
km north-northeast  of Thoolmugga W e l l ,  

The corundum c r y s t a l s  are up t o  80 mm long, have a 
bronze chatoyance and are s t rong ly  zoned, Many a r e  rimmed 
by he rcyn i t e  (iron-aluminium s p i n e l )  . Weak magnetism, 
exh ib i t ed  by t h e  c r y s t a l s ,  i s  a t t r i b u t e d  t o  minute inc lus ions  
of i l m e n i t e  and magnet i te  c r y s t a l s  w i t h i n  t h e  he rcyn i t e  
margin. Hercynite i s  an accessory minera l  i n  t h e  mafic 
g ranofe l s .  I t  i s  p o s s i b l e  t h i  rock is  t h e  source of t h e  
corundum, poss ib ly  as x e n o l i t h s  caught up i n  t h e  layered 
mafic body (now m a f i c  g r a n o f e l s ) .  R e a d  (1931) has described 

similar occurrences of corundum-spine1 xeno l i th s  from n o r i t e  
i n  Scotland. 

Twinned, blue-grey corundum i n  colluvium overlying 
g r a n i t i c  g n e i s s  has a lso been found 5.5 km nor th-nor theas t  
of Byro Homestead. 

Gemstones 

Simpson ( 1 9 0 4 ,  1952) d e s c r i b e s  t h e  occurrence of t i g e r -  
eye and cats-eye opal, discovered i n  1899,. from somewhere 
along Yarra Yarra Creek. The l o c a l i t y ,  known as t h e  Bulgarro 
( o r  Bulgaroo) Opal Mine, i s  probably t h e  same one f r o m  which 
54.4 kg of t iger -eye  opa l  was produced i n  1 9 6 0 .  T h i s  prospect  
l i es  6 km south-southeast  of C o o n t r a b i l l i l y  W e l l  on t h e  south- 
e r n  s i d e  of T a t h i r e  Creek, a major t r i b u t a r y  of Yarra Yarra 
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Creek.  The material is derived f r o m  an opa l ized  s i l i c a  
capping on deeply weathered u l t r amaf i c  rock. 

S m a l l  amounts of p o t e n t i a l l y  gem-quality opa l ine  s i l i ca  
have been found nor th  of Meegea H i l l  and near Iniagi W e l l .  

All a r e  found i n  j a s p e r o i d a l  s i l i c a  cappings on u l t r amaf i c  
rocks 

B a r i t e  

A number of t h i n  b a r i t e  ve ins  have been prospected over 
a length  of 300 m ,  2 . 5  km north-northwest of Badgeradda 
Claypan. The bar i te  v e i n s  l i e  i n  a f r a c t u r e  cleavage, which 
d i p s  v e r t i c a l l y  t o  80° w e s t  and s t r i k e s  360.  

i s  a shallow, east-dipping (less than so)  laminated t o  th in-  
bedded, khaki-green micaceous s i l t s t o n e  belonging t o  t h e  

Yarrawolya Formation of t h e  Pro terozoic  Badgeradda Group. 
Although a number of v e i n s  a r e  p re sen t  t h e  d e p o s i t  i s  very  
small. 

T h e  h o s t  rock 

B u i l d i n g  s t o n e  

Perry  and Dickins ( 1 9 6 0 )  record t h e  use of Elaggy f ine -  
grained sandstone of t h e  Yarrawolya Formation as a bu i ld ing  
and f lagging  s tone  a t  Muggon Homestead. T h i s  material has 
been qua r r i ed  f r o m  a s i t e  1 . 5  km south of Yarrawolya Pool. 

Local ly  qua r r i ed  g n e i s s  and g n e i s s i c  g r a n i t e  have been 
used i n  bu i ld ings  a t  Meeberrie, Mount Narryer and Boolardy 
Homesteads. 

Economic p o t e n t i a l  of Phaneroxo ic  r o c k s  

NO s i g n i f i c a n t  mine ra l i za t ion  i s  recorded from t h e  

Phanerozoic sediments .  P o t e n t i a l  t a r g e t s  f o r  coa l  explor- 
a t i o n  a r e  t h e  Keogh Formation and Moogooloo Sandstone, b u t  
t h e  s u b l i t t o r a l  environmentof depos i t i on  i n t e r p r e t e d  f o r  most 
of t h e s e  t w o  u n i t s  (where exposed) makes t h e  sequence a poor 
prospect .  I n i t i a l  exp lo ra t ion  i n  t h e  e a r l y  1 9 7 0 s  i nd ica t ed  
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, 
only very minor sha ly  c o a l  w i th in  mudstones, and low-grade, 
sub-bituminous coal f l a k e s  wi th in  sandstone. The area has ,  

however, seen a r e c e n t  upsurge i n  i n t e r e s t ,  p r imar i ly  f o r  
steaming coa l .  

The Byro Group, Carrandibby Formation and C a l l y t h a r r a  
Formation are p o t e n t i a l  petroleum source rocks.  Seismic work 
has shown t h e  Ballythanna H i l l  Anticline to persist a t  depth 
(S tan ley ,  1 9 6 7 )  bu t  no p o t e n t i a l  r e s e r v o i r s  remain unbreached, 
and no other p o t e n t i a l  s t r u c t u r e s  a r e  known. A s  w e l l ,  t h e  
low rank of coa l  f lakes  suggests  t h a t  maturat ion was t o o  low 
f o r  petroleum genera t ion .  

Very r e c e n t l y ,  a diamond search has been c a r r i e d  o u t  i n  
t h e  Muggon Homestead a r e a .  The search  is  concentrated along 
deep-seated f a u l t s  which are known t o  occur i n  t h i s  a r ea ,  i n  
Pro terozoic  and Phanerozoic sediments. 

Water 

A t o t a l  of 4 1 8  w e l l s  and bores ,  supplying domestic and 
stock water, w e r e  t e s t e d  f o r  water q u a l i t y .  These ranged 
from 157 mg/L t o  over 1 0  000 mg/L TDS. However, 67% of tested 

w e l l s  and bores  conta in  water with less than 2 000  mg/L 
w h i l s t  24% conta in  less than 1 000 mg/L TDS. 

Overa l l  BYRO has ex tens iv  areas of reasonable  q u a l i t y  
groundwater ( < 2  000 mg/L) i n  t dra inage  d i v i d e  areas (see 
F i g . l ) ,  b u t  there i s  a marked s a l i n i t y  inc rease  towards t h e  
major drainages.  I n  Precambrian bedrock areas t h e  more 
s a l i n e  groundwater i s  r e s t r i c t e d  t o  narrow zones along t h e  

Murchison River and Whela Creek, and t o  a lesser e x t e n t  along 
t h e  Roderick River ,  p a r t i c u l a r l y  t h e  lower reaches. All 
t hese  drainages t a p  the  s a l i n e  h in t e r l and  t o  t h e  e a s t .  

Although t h e  Murchison and Roderick Rivers  flow f r e sh -  
water a f te r  heavy r a i n s ,  t h e  Mu hison River ,  i n  p a r t i c u l a r ,  
r a p i d l y  becomes s a l i n e  wi th  decreas ing  flow. S a l i n i t y  
measurements t aken  i n  May 1978, a t  t h e  beginning of w i n t e r  
r a i n s  r e g i s t e r e d  6 240  mg/L a t  Minnawarra Crossing and 
1 2  474  mg/L a t  Mine M i l e  Crossing. A f u r t h e r  reading,  

38  



obtained i n  August a f t e r  t h e  win ter  r a i n s  s t i l l  r e g i s t e r e d  
9 1 8 0  mg/L a t  Mindle W e l l  Crossing w e s t  of Manfred Homestead., 
Although groundwater along t h e  Roderick River i s  f a i r l y  
s a l i n e  (ranging up t o  7 000  mg/L) t h e  s h o r t  d u r a t i o n  su r face  
flow measured i n  August r e g i s t e r e d  only 1 600 mg/L. 

Permanent pools  a r e  probably r e s t r i c t e d  t o  t h e  Murchison 
River,  which during t h e  p re sen t  surveyI  flowed i n t e r m i t t e n t l y  
s o u t h  from t h e  Manfred Homestead a rea .  Large semi-permanent 
pools occur along t h e  Roderick River and Whela and Yarra 
Yarra C r e e k s .  Ephemeral fresh w a t e r  l ies f o r  months i n  s o m e  
l a r g e  claypans i n  t h e  Curbur and Mount Narryer Homestead 
areas. 

Yarra Yarra C r e e k  (mainly downstream from Byro Homestead), 
t h e  broad dune and playa t e r r a i n  w e s t  of Curbur Homestead, 
most of t h e  Wael sub-drainage bas in  (Fig.11, and the  palaeo- 
dra inage  system of Muggon Homestead all con ta in  f a i r l y  s a l i n e  
groundwater ( > 2  000 mg/L) although most i s  s u i t a b l e  fo r  s tock .  

Although most of t h e  above-mentioned areas o v e r l i e  
Phanerozoic rocks of t h e  Byro Sub-basin, reasonable  q u a l i t y  
groundwater can be obtained f r o m  t hese  rocks i n  t h e  northwest 
corner  of BYRO and from narrow dra inage  d i v i d e s .  

Stock-qual i ty  water i s  obtained from t h e  Moogooloo 
Sandstone and Lyons Formation. The former produced l a r g e  
q u a n t i t i e s  of po tab le  water.  Suppl ies  from t h e  Lyons 
Formation vary i n  both quant i tyand q u a l i t y .  
is  too  f ine-grained and impermeable t o  provide a good 
a q u i f e r  

The Byro Group 

Cainozoic calcrete provides  moderate q u a n t i t i e s  of 
po tab le  water f o r  domestic supp l i e s  a t  Mount Narryer,  Curbur, 
Byro, Meeberrie and Nookawarra Homesteads. 
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A P P E N D I X  I 

L O C A L I T I E S  M E N T I O N E D  I N  TEXT 

P l a c e  Name L a t i t u d e  Long i tude  

Badgeradda Claypan 
Balloo H i l l  
Ballythanna W i l l  
Bilga Rock 
Boolardy Homestead 

Bulgarro Opal Mine 
Byro Homestead 
Byro Plains 

Christmas W e l l  
Come Back W e l l  
Coobbooroo Well 
Coodawa W e l l  
Coodawa South Well 

Coolyun H i l l  
Coombrar ri W e  11 
Coontrabillily Well 
Curbur Homestead 

Dallah Bore 
Deep Well 
D i  ckons We 11 
Dingo Well 
Duffies W e l l  

East Noola Well 
Erawondoo H i l l  
Errabiddy H i l l s  

Frazer We 11 

G e  i g  i e s We 11 

Iniagi W e l l  

Jack H i l l s  
Joorong No. 5 Bore 

Manfred Homestead 
Maradagee Woolshed 
Meeberrie Homestead 
Meeberrie Pool 
Meeberrie Woo 1 shed 

Meegea H i l l  
Melun Bore 
Meroula Pool 
Middado We 11 
Milly Milly Homestead 

26O52 p45" 
260046 ' 28" 
26003 "30" 
2605 7 5 4" 
26 58'50" 

260007 '26" 
26004'50" 
26 03'00'' 

26z44 ' 00" 
26054'46" 
26 35r33" 
26z50 '48" 
26 54'38" 

50" 
00" 
08" 
00'' 

26O12 14" 
26'42 ' 54" 
26O47 '12" 
26z40 10" 
26 31'25" 

26z45 ' 34" 
26011 '07" 
26 55'30" 

26°15'08" 

2 6O5 6 0 2 I* 

26O12 '19" 

260010 '00" 
26 38'37" 

26:26 ' 48" 
26009 '39" 
26 57'30" 
26z5 4 2 2 'I 
26 50'39" 

26:O 7 ' 3 O t P  
26003 '22" 
26 17r14'' 
2 6 O  2 5 ' 3 7 I' 
26°04r29" 

116z20 ' 18" 
116009 1. 15" 
115 34'00" 

116O16 ' 12" 
115z36 10" 
116004 38" 
116029 '50" 
116 27'54" 

115O48 ' 42" 
115z36' 11" 
116017 12'' 
115 56'06" 

116:36 I. 35" 
116013 ' 56" 
116034'18" 
116 18'04" 
116O16 '06" 

116z34 ' 38" 
116056 ' 32" 
115 49'20" 

116 '2 1 2 3 'I 

116O43 2 8" 

l l6O12 ' 15" 

1160057 00" 
116 43'48" 

116O32' 24" 
116z14'  36" 
1 1505 8 ' 2 2 'I 
116014' 00" 
116 03'43" 

116:26 50" 
116020 12" 
116058'28" 
116 08'05'' 
116°41r 27" 
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A P P E N D I X  I continued 

LOCALITIES M E N T I O N E D  I N  TEXT 

. - .  . . 

P l a c e  Name La tit ude L o n g i t u d e  -- 

Mindle W e l l  
Minnawarra Crossing 
Mintahalla Bore 
Mongolia Bore 
Moogla W e  11 

Mooninew W e l l  
Mount Duge 1 
Mount Murchison 
Mount Narryer 
Mount Narryer Homestead 

Mount R e h e  cca 
Mowry H i l l  
Muckeringa W e l l  
Muggon Homestead 
Murchison Shire Office 

Nine Mile Crossing 
Nook aw a r r  a Homestead 
Noonie H i l l  
No. 13 Bore 
No. 15 Bore 
No. 20 B o r e  

Partnership Bore 

Scrubby Range 
Sharpe Bore 
Stone Hut W e l l  
S w e l t  Bore 

Taccaba W e l l  
Tching Range 
Thoolmugg a W e  11 
Twelve M i l e  W e l l  

Wandarri e W e 1  1 
Weiragoo Range 
White Hill 

Yarxawolya Pool 

26O28' 37" 
26Z47 ' 56" 
2601 3 ' 22 " 
26050 '52" 
26 57'34" 

26:56 '43" 
26020 '04" 
26045 33" 
26031r18" 
26 35'00" 

26O05 ' 36" 
26z31 39" 
26 4OtO2" 
260036 '55" 
26 33'31" 

26:33 '17" 
26 18'07" 
26:12 '23" 
26 22'56" 
260023 ' 16" 
26 26'11" 

26O14' 29" 

26O47 '55" 

116'26' 53" 
116z16 ' 15" 
115057 '23" 
115030 '45" 
115 45'36" 

116:22 ' 30" 
116 27'09" 
116Z25 ' 18" 
116 22'44" 
115O55 '23" 

116000 '02" 
115"52 25" 
115056 ' 55" 
115:32 '42" 
115 57'16" 

116z24' 37" 
116052 ' 25" 
11605 3 10" 
116046 32" 
11S018'52" 
116 39'55" 

116O32 '15'' 

116E30 '58" 
116051 ' 38" 
116013' 28" 
115 47'24" 

116O37 ' 53" 
1160054 ' 00" 
11602 1 ' 32" 
115 32'24" 

115z59'25" 
116047 ' 00" 
116 22'53" 

115O32 ' 42" 

41 



APPENDIX I1 

SELECTED DENSITY CALCULATIONS OF' GRANITE AND GNEISS 

GSWA Dens 3 ty 
Sample No Rock Type La t i tude  Longitude (t/m. 

57293 B i o t i t e  g r a n i t e  26°38'0011 116O52'45" 2.68 Yilgarn 

60103 Porphyr i t i c  b i o t i t e -  26°28'30" 116°48'30" 2.65 grani-toids 
c ra ton ic  

muscovite adamelli te 

57241 B i o t i t e  adamelli te 26O39 '15" 115O58' 15" 2 a 63 o lde r  

57221 Banded adamelli te 26 00 1 15'1 1x6~27 '30" 2.63 gne iss  

57238 B i o t i t e  hornblende 26O42 * 45" 115O55 ' 45" 2.73 t e r r a i n  

57268 Cordier i te -b io t i te -  26O40' 30" 116O15 '45" 2.73 

57265 Hornblende-olivine 26O39 '30" 116'16 ' 15" 3 29 

gne iss  

gne iss  

adamelli te gneiss 

microcline gne iss  

g r a n u l i t e  

0 
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