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P R E F A C E 

T h e r e p o r t o n t h e G e o l o g y of t h e C a r n a r v o n Bas in is i s sued in t h r e e s e p a r a t e 
a n d re la t ively i n d e p e n d e n t P a r t s . E a c h P a r t t r ea t s a n i n d i v i d u a l sec t ion of t h e 
sub jec t a n d is a c c o m p a n i e d b y a S u m m a r y a n d a n a p p r o p r i a t e list of R e f e r e n c e s . 

P a r t I dea l s w i t h t h e P r e - P e r m i a n S t r a t i g r a p h y a n d a l so inc ludes a G e n e r a l 
S u m m a r y a n d o t h e r i n t r o d u c t o r y i n f o r m a t i o n . P a r t I I dea l s w i t h t h e P e r m i a n 
S t r a t i g r a p h y a n d P a r t I I I deta i ls t h e P o s t - P e r m i a n S t r a t i g r a p h y a n d a l so c o n t a i n s 
i n f o r m a t i o n o n R e g i o n a l S t r u c t u r e , P a l a e o g e o g r a p h y a n d E c o n o m i c G e o l o g y . 

89785—(3) vii 



G E N E R A L S U M M A R Y 

T h e C a r n a r v o n Bas in is a n e p i c o n t i n e n t a l ba s in of P r o t e r o z o i c , P a l a e o z o i c , 
M e s o z o i c , a n d T e r t i a r y sed imen t s . O n l a n d it ex tends f r o m O n s l o w in t h e n o r t h 
t o n e a r G e r a l d t o n i n t h e s o u t h a n d e a s t w a r d f r o m t h e c o a s t for a b o u t 130 mi l e s . 

P r o t e r o z o i c a n d L o w e r P a l a e o z o i c s ed imen t s c r o p o u t a t t h e s o u t h e n d of t h e 
b a s i n . S i lu r i an d o l o m i t e h a s b e e n f o u n d in b o r e s ; m a r i n e D e v o n i a n s a n d s t o n e , 
l i m e s t o n e , a n d s i l t s tone c r o p o u t a t t h e n o r t h - e a s t e r n edge of t h e b a s i n a n d a r e 
f o u n d in b o r e s in t h e cen t r a l coas t a l a r e a . L o w e r C a r b o n i f e r o u s m a r i n e l i m e s t o n e 
a n d g r e y w a c k e over l ie t h e D e v o n i a n in o u t c r o p ; t h e l i m e s t o n e is doub t fu l ly r e c o g ­
n ized in c o a s t a l b o r e s . P e r m i a n m a r i n e s ed imen t s , i n c l u d i n g m a r i n e g lac ia l sedi ­
m e n t s , res t u n c o n f o r m a b l y o n L o w e r C a r b o n i f e r o u s , D e v o n i a n , a n d P r e c a m b r i a n 
r o c k s . J u r a s s i c r o c k s a r e k n o w n in o u t c r o p on ly o n t h e far n o r t h e r n a n d s o u t h e r n 
m a r g i n s , b u t f o r m a n i m p o r t a n t p a r t of t h e subsur face s e q u e n c e in t h e n o r t h e r n 
c o a s t a l a r e a . C r e t a c e o u s m a r i n e s e d i m e n t s res t u n c o n f o r m a b l y o n P r e c a m b r i a n , 
P e r m i a n , a n d Ju ra s s i c r ocks , m a i n l y i n t h e wes t e rn p a r t of t h e ba s in . T e r t i a r y 
s a n d s t o n e res ts u n c o n f o r m a b l y o n P e r m i a n a n d C r e t a c e o u s r o c k s in a be l t r u n n i n g 
n o r t h - s o u t h in t he cen t re of t h e b a s i n ; T e r t i a r y l imes tones cove r t h e C r e t a c e o u s 
r o c k s n e a r t h e coas t . M a x i m u m k n o w n th icknesses a r e : P r o t e r o z o i c , a b o u t 
30 ,000 feet ; L o w e r Pa l aeozo i c , 10,600 feet p lus poss ib ly 10,000 fee t ; D e v o n i a n , 
4800 fee t ; L o w e r C a r b o n i f e r o u s , 2300 feet; P e r m i a n , 15,200 feet ( S a k m a r i a n 
7200 feet, A r t i n s k i a n 5500 feet, a n d K u n g u r i a n 2500 fee t ) ; Ju rass ic , 11,460 fee t ; 
C r e t a c e o u s , 2670 feet ; a n d T e r t i a r y , 1500 feet. 

T h e P a l a e o z o i c s e d i m e n t s w e r e l a id d o w n o n a surface of P r e c a m b r i a n r o c k s 
w i t h s t r o n g relief. M i n o r ba s in s s agged as s ed imen t s were l a id d o w n , a n d i n c r e a s e d 
t h e o r ig ina l m a j o r s t r u c t u r a l relief. N o ev idence h a s b e e n f o u n d of t a n g e n t i a l 
s t ress in t h e s e d i m e n t s of t h e b a s i n : al l s t ruc tu re s f r o m t h e la rges t t o t h e sma l l e s t 
a r e d e p o s i t i o n a l s t r u c t u r e s affected o n l y b y large-sca le d o w n - w a r p i n g . 

T h e geo log ica l h i s to ry of t h e b a s i n is r e l a t ed t o i n t e r m i t t e n t t r a n s g r e s s i o n a n d 
regress ion of t h e sea w h i c h m a y h a v e b e e n c a u s e d by l a rge eus t a t i c r ises of sea level 
o r b y epe i rogen i c m o v e m e n t s of t h e c o n t i n e n t o r i ts m a r g i n . 

T h e b a s i n is r e g a r d e d as l ikely t o c o n t a i n c o m m e r c i a l a c c u m u l a t i o n s of 
p e t r o l e u m , b e c a u s e of t h e c o m b i n a t i o n of sou rce b e d s in D e v o n i a n , P e r m i a n , 
Ju ra s s i c , a n d C r e t a c e o u s f o r m a t i o n s , r e se rvo i r b e d s in D e v o n i a n , P e r m i a n , Ju r a s s i c , 
a n d C r e t a c e o u s f o r m a t i o n s , a n d s t r u c t u r a l relief w h i c h h a s b e e n p r e s e n t s ince 
d e p o s i t i o n of t h e s e d i m e n t s . 

T h e u n d e r g r o u n d w a t e r r e sou rce s of t h e ba s in a r e i n d i c a t e d : severa l g o o d 
a r t e s i an aqu i fe rs a r e es tab l i shed . 
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PRE ^PERMIAN STRATIGRAPHY 
S U M M A R Y 

P r e - P e r m i a n , m a i n l y m a r i n e , s ed imen t s of C a r b o n i f e r o u s , D e v o n i a n , S i lu r ian , 
? O r d o v i c i a n , a n d P r o t e r o z o i c age , rest o n a c rys ta l l ine b a s e m e n t of P r e c a m b r i a n 
( A r c h a e a n ) age a n d a r e u n c o n f o r m a b l y over la in b y P e r m i a n , M e s o z o i c , a n d T e r t i a r y 
s e d i m e n t s . O u t c r o p s a r e conf ined t o t h e n o r t h - e a s t e r n a n d s o u t h e r n m a r g i n s of 
t h e Bas in , b u t a w i d e subsur face d i s t r i b u t i o n of p r e - P e r m i a n s ed imen t s is i n d i c a t e d 
b y o c c u r r e n c e s i n b o r e s . 

A r e g i o n a l n o r t h w a r d p l u n g e is sugges ted by t h e o c c u r r e n c e of t h e o lde r sedi­
m e n t s i n t h e s o u t h a n d t h e y o u n g e r in t h e n o r t h . 

T h e severa l m i n o r b a s i n s w i t h i n t h e C a r n a r v o n Bas in a p p a r e n t l y s t a r t e d t o 
d e v e l o p as d o w n w a r p s a t different t i m e s : B y r o Bas in in t h e P r o t e r o z o i c , G a s c o y n e 
a n d M e r l i n l e i g h Bas ins ( a n d t h e C o o l c a l a l a y a Bas in a t t h e n o r t h e n d of t h e P e r t h 
Bas in ) in t h e L o w e r P a l a e o z o i c , a n d B i d g e m i a a n d O n s l o w Bas ins in t h e D e v o n i a n . 

M a r i n e sha les a n d l imes tones p r o v i d e p r o b a b l e s o u r c e b e d s for p e t r o l e u m , 
a n d s a n d s t o n e s , l imes tones , a n d d o l o m i t e s h a v e a d e q u a t e p o r o s i t y t o f o r m p e t r o l e u m 
rese rvo i r s i n su i t ab l e l oca t i ons . N o pos i t ive i n d i c a t i o n s of p e t r o l e u m h a v e b e e n 
f o u n d in t h e p r e - P e r m i a n s e d i m e n t s a p a r t f r o m a sma l l s h o w of gas in W A P E T ' s 
R o u g h R a n g e N o . 1 Wel l , poss ib ly in C a r b o n i f e r o u s . 

T h e geo logy of t h e p r e - P e r m i a n is desc r ibed i n s o m e deta i l a n d subsu r face 
o c c u r r e n c e s a r e d i scussed . 
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I N T R O D U C T I O N 

I n 1947, an a r r a n g e m e n t was m a d e be tween the C o m m o n w e a l t h G o v e r n m e n t 
a n d t he G o v e r n m e n t of Wes t e rn Aus t r a l i a for the Bureau of Minera l Resources , 
G e o l o g y a n d G e o p h y s i c s t o ca r ry ou t regional geological a n d geophys ica l surveys 
in the s e d i m e n t a r y bas ins of Wes t e rn Aus t r a l i a . As a result , the regional geological 
survey of t he C a r n a r v o n Basin was s tar ted by a shor t r econna i s sance in 1948, a n d 
c o m p l e t e d in 1956 (F ig . 1). 
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fig. I  Localit y ma p and referenc e t o 1 : 250,000 sheet s 

In the in te rvening per iod , the fol lowing geologis ts have been engaged in field 
w o r k in the b a s i n : M . A . C o n d o n (in c h a r g e f rom 1949 o n w a r d s ) , C. Te icher t (1948 
t o 1950, in c h a r g e 1948), D . J o h n s t o n e (1948 t o 1953), C . E. P r i cha rd (1949 t o 1952), 
M . H . J o h n s t o n e (1950 t o 1953), G . A . T h o m a s (1948 t o 1950), W. J. Perry (1949, 
1950, a n d 1956), M . C. K o n e c k i (1954 a n d 1955), J. M . Dick ins (1955 a n d 1956), 
T . Q u i n l a n (1954 a n d 1955), S. D . H e n d e r s o n (1954), D . J. Belford (1954), J. G . 
Best (1950), W . M . Burne t t (1955), D . M o o r e (1955), P . E. Playford (1953), a n d 
K . G . Smi th (1955). J. M . Pulley, W. J. Perry , C . R . Merce r , a n d R. A . M c T a v i s h 
were well-site geologis ts on the s t ra t ig raph ic bores . 

Pa l aeon to log ica l , pe t ro logica l , a n d chemica l e x a m i n a t i o n of spec imens col­
lected by t he field par t ies is con t inu ing . T h e fol lowing pa laeon to log i s t s have 
examined ma te r i a l col lected by Bureau geologis ts f rom the C a r n a r v o n Basin : 
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I r ene Cre sp in , D . J . Belford a n d H . S. Edgel l ( fo ramin i fe ra ) ; C . Te iche r t (cal-
ceo l i spong ids a n d gon ia t i t e s ) ; G . A . T h o m a s , P. J. C o l e m a n a n d B. J . G len i s t e r 
( b r a c h i o p o d s ) ; J . M . D ick ins a n d L. R. C o x (pe l ecypods ) ; A . A . O p i k ( inve r t eb ra t e 
t ra i ls a n d t r i lob i t e s ) ; a n d M a r y E. W h i t e ( l ycopod p lan t s ) . T h e fol lowing p e n o ­
logis ts h a v e e x a m i n e d rock s p e c i m e n s : W . B. Dal lwi tz , A . B. E d w a r d s a n d R. D . 
S tevens . 

The Carnarvon  Basin 

T h e C a r n a r v o n Basin was first n a m e d ' N o r t h W e s t (Ar tes i an ) Basin ' by 
M a i t l a n d (1919). C l a r k e (1926) used the n a m e C a r n a r v o n ( N a t u r a l ) R e g i o n , wh ich 
he s t a ted co inc ided wi th M a i t l a n d ' s N o r t h - W e s t Ar t e s i an Bas in . Gent i l l i & Fa i r -
b r idge (1951) first used the t e r m C a r n a r v o n (o r N o r t h - W e s t ) Bas in for t he large 
bas in o f ma in ly P e r m i a n sed imen t s , u n d e r l a i n by C a r b o n i f e r o u s a n d D e v o n i a n , 
a n d over la in by Ju rass i c ( u n i m p o r t a n t ) a n d by C r e t a c e o u s s ed imen t s . C o n d o n 
(1954) d r o p p e d the t e r m N o r t h - W e s t comple t e ly a n d referred on ly t o t he C a r n a r v o n 
Basin . 

A l t h o u g h the n a m e is es tab l i shed , t he l imits of the bas in h a v e n o t been defined 
excep t by C o n d o n (1956b) in a m a p . T h e C a r n a r v o n Basin m a y be defined as 
t h e c o m p o u n d bas in of s e d i m e n t a t i o n , c o n t a i n i n g P ro t e rozo i c , Pa l aeozo i c , M e s o -
zoic , a n d Te r t i a ry s ed imen t s o n a b a s e m e n t of P r e c a m b r i a n gneiss , schist , a n d 
g r an i t e , t h a t ex tends f rom n e a r O n s l o w in t he n o r t h t o nea r G e r a l d t o n in t he s o u t h , 
a n d f rom t h e coas t i n l and t o t he P r e c a m b r i a n rocks as far as 130 mi les eas t , a n d 
s e a w a r d for an u n k n o w n d i s t ance . 

In t he n o r t h , t he bas in c o n t i n u e s o n t o t h e c o n t i n e n t a l shelf. In t h e . s o u t h , 
it is c o n t i n u o u s wi th t he Pe r th Basin a n d the b o u n d a r y be tween the t w o m u s t b e 
s o m e w h a t a r b i t r a r y . T h e on ly s t r o n g s t ruc tu ra l fea ture be tween the t w o bas ins 
is t he A j a n a R i d g e , which sepa ra t e s t h e sou th -wes t e rn e n d of t h e C a r n a r v o n Basin 
f rom t h e n o r t h e n d of the Pe r th Bas in . T h e s o u t h - e a s t e r n e n d of t he C a r n a r v o n 
Basin is s e p a r a t e d f rom t h e n o r t h e n d of t he Pe r th Basin by t h e Y a l l a l o n g R i d g e . 
Be tween these t w o r idges , a t a b o u t L a t i t u d e 26° 2 0 ' S., r e c o n n a i s s a n c e g rav i ty indi­
ca tes a sadd le o r si l l ; th is , t he M u g g o n R i d g e , is r ega rded as t he n o r t h e r n b o u n d a r y 
of t he Pe r th Basin a n d p a r t of t he s o u t h e r n b o u n d a r y of t h e C a r n a r v o n Basin . 

T h e C a r n a r v o n Basin m a y be subd iv ided ( C o n d o n , 1956b) i n t o a n u m b e r of 
re la t ively m i n o r b u t still l a rge bas ins s e p a r a t e d by r idges of s t ruc tu ra l ly h igh b a s e ­
m e n t r o c k which c r o p s o u t in a few p laces a l o n g these r idges (F ig . 2) . T h e m a i n 
b a s e m e n t r idge is t h e A j a n a - W a n d a g e e R i d g e , which divides t he C a r n a r v o n Bas in 
in t w o mer id iona l ly . T h e bas in t o t h e wes t of th is r idge is cal led t he G a s c o y n e 
B a s i n ; th i s is l imi ted a t its n o r t h e r n e n d by the Bul la ra R idge r u n n i n g s o u t h - s o u t h ­
wes t f rom eas t of R o u g h R a n g e to t he coas t be tween N i n g a l o o a n d C a r d a b i a . T o 
t h e n o r t h a n d west of t he Bu l l a ra R idge is t he E x m o u t h Basin , t h e l imi ts of wh ich 
a p a r t f rom t h e Bu l l a ra R i d g e a r e b e y o n d t h e coas t l ine . T o t h e eas t of t he A j a n a -
W a n d a g e e Ridge the re a re a n u m b e r of bas ins a n d r idges ; f rom n o r t h t o s o u t h 
these a r e : O n s l o w Basin , Y a n r e y R i d g e , Mer l in le igh Bas in , W e e d a r r a R idge , 
B idgemia Basin , C a r r a n d i b b y R i d g e , Byro Bas in , M u g g o n R i d g e , a n d Y a l l a l o n g 
R i d g e . 
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Physical Conditions 

Access.—Most of t h e surface of t h e bas in is a gent ly u n d u l a t i n g p l a i n ; t he 
on ly s t rong ly dissected a r e a s a r e C a p e R a n g e in t h e far no r th -wes t a n d t h e west 
side of K e n n e d y R a n g e in t he cen t r a l p a r t of t he Bas in . 

A n e t w o r k of mai l r o a d s ( s h o w n on P la te 2) a n d s t a t i on r o a d s gives r e a s o n a b l e 
access t o a l m o s t all the bas in except t he s t rong ly d issec ted a reas a n d the u n d e v e l o p e d 
a r ea of th ick s c r u b be tween the W o o r a m e l a n d M u r c h i s o n Rive r s . T h e y a r e ma in ly 
u n f o r m e d d i r t r o a d s w h i c h a r e untraff icable for several d a y s d u r i n g a n d after heavy 
r a in . T h e m a i n r o a d be tween G e r a l d t o n a n d C a r n a r v o n is f o r m e d a n d sealed. 
T h e r o a d f rom C a r n a r v o n t o O n s l o w a n d t h a t f rom C a r n a r v o n to M u l l e w a via 
G a s c o y n e J u n c t i o n a re f o r m e d b u t n o t sealed. 

C a r n a r v o n is the supp ly cen t r e of m o s t of t he a r e a ; suppl ies a re b r o u g h t t o 
C a r n a r v o n by sea, r o a d , a n d air , a n d d i s t r i b u t e d by r o a d . O n s l o w suppl ies t he 
far n o r t h e r n p a r t of t he a r e a , M u l l e w a the s o u t h - e a s t e r n pa r t , a n d G e r a l d t o n a n d 
N o r t h a m p t o n t h e s o u t h e r n pa r t . 

Airfields su i tab le for l a rge a i rcraf t h a v e been es tab l i shed a t C a r n a r v o n , Lea r -
m o n t h , O n s l o w , L y n d o n , M o u n t S a n d i m a n , G a s c o y n e J u n c t i o n , a n d H a m e l i n P o o l . 
A i r s t r ips su i tab le only for l ight p l anes h a v e been p r e p a r e d o n m a n y of t he s t a t i o n s . 

Climate.—The c l ima te of t h e a r e a is semi-a r id in sp i t e of i ts pos i t i on o n t h e 
edge of t he t rop ica l z o n e . Ra in fa l l ave rages a b o u t 10 inches per a n n u m a t W i n n i n g 
P o o l , 9 inches a t C a r n a r v o n , 11$ inches a t G a s c o y n e J u n c t i o n , 9 inches a t O n s l o w , 
a n d 18 inches a t G e r a l d t o n . M o s t of t h e r a in falls in F e b r u a r y - M a r c h a n d M a y -
J u n e . Ra infa l l is very u n r e l i a b l e , in to ta l a m o u n t , n u m b e r of falls, a n d m o n t h of 
m a x i m u m fall. T e m p e r a t u r e s a r e genera l ly h i g h : w in t e r t e m p e r a t u r e s a re m o d e r a t e 
(frosts a r e a l m o s t u n k n o w n except i n l a n d ) ; s u m m e r t e m p e r a t u r e s a r e very h i g h ; 
l eng thy pe r iods h a v e dai ly m a x i m a a b o v e 100"F. H u m i d i t y is genera l ly l ow except 
d u r i n g a n d after ra in . D u r i n g the s u m m e r m o n t h s t he h u m i d i t y is very low, a n d 
e v a p o r a t i o n r a t e c o n s e q u e n t l y very h igh . 

Vegetation.—The vege ta t ion is genera l ly well a d a p t e d t o t he semi -a r id c l ima te . 
M o s t p l an t s h a v e smal l h a r d a r o m a t i c leaves , phy l lodes , sp ines o r t h o r n s , o r soft 
fleshy wa te ry leaves. A r e a s of s a n d s u p p o r t ma in ly spinifex (Triodia)  in t he n o r t h e r n 
p a r t of t he bas in a n d Acacia  s c rub s o u t h of t he W o o r a m e l . A r e a s of o u t c r o p o r 
w a s h a r e cove red wi th l o w sc rub , m a i n l y Acacia.  C h a n n e l s of r ivers a n d larger 
c reeks a r e l ined wi th Eucalyptus. 

Development.—Much of t he bas in is subd iv ided i n t o p a s t o r a l leases of large 
size, ave rag ing a b o u t 300 ,000 ac re s . O n m o s t of t he se on ly M e r i n o sheep a r e 
ra i sed . A l o n g t h e lower p a r t of t h e G a s c o y n e River , a smal l b u t i m p o r t a n t agr i ­
cu l tu ra l d e v e l o p m e n t is in p r o g r e s s . O n t h e r iver de l t a , b a n a n a s a n d vege tab les 
a r e g r o w n u n d e r i r r iga t ion , us ing w a t e r o b t a i n e d f r o m t h e s a n d s of t he r iver bed 
a n d f rom s a n d aquifers in t h e de l ta ic m a t e r i a l . 

S h o r e - b a s e d w h a l i n g is e s t ab l i shed a t C a r n a r v o n . A b o u t 1,000 wha le s a r e 
t a k e n each yea r a n d p rocessed . 
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Previous Work 

F . T . G r e g o r y (1861) p u b l i s h e d a sec t ion e a s t w a r d f r o m B a b b a g e I s l a n d ( C a r ­
n a r v o n ) s h o w i n g a r e g i o n a l wes t d i p in P a l a e o z o i c s e d i m e n t s , w h i c h w e r e s h o w n 
as D e v o n i a n ( ? ) , C a r b o n i f e r o u s (? ) , a n d P e r m i a n ( ? ) , a n d t h e over ly ing C r e t a c e o u s 
( ? ) , w h i c h w a s t h o u g h t t o i nc lude t h e s a n d s t o n e of t h e K e n n e d y R a n g e . 

W . H . H u d l e s t o n (1883) desc r ibed a co l l ec t ion of r o c k a n d fossil spec imens 
f o r w a r d e d t o E n g l a n d b y J o h n F o r r e s t . Foss i l s ( f rom t h e C a l l y t h a r r a F o r m a t i o n 
b e t w e e n t h e G a s c o y n e a n d M i n i l y a Rivers) were desc r ibed , a n d re fe r red t o t h e 
L o w e r C a r b o n i f e r o u s . 

A . G i b b M a i t l a n d (1898) desc r ibed t h e j u n c t i o n b e t w e e n t h e ( T u m b l a g o o d a ) 
s a n d s t o n e a n d P r e c a m b r i a n n e a r H a r d a b u t P o o l o n t h e M u r c h i s o n R ive r . H e 
(1901) d i s cove red t h e ( L y o n s G r o u p ) glacial s ed imen t s a n d r ecogn ized t h e poss i ­
bi l i ty of o b t a i n i n g a r t e s i an w a t e r in t h e ' c o a s t a l p a r t of t h e ba s in . H e w a s in s t ru ­
m e n t a l in h a v i n g a d e e p b o r e dr i l led n e a r C a r n a r v o n , t h e Pe l i can Hi l l B o r e , w h i c h 
s t ruck a r t e s i a n w a t e r w i th a flow of 520,000 ga l lons a d a y a t a d e p t h of 3011 feet 
( M a i t l a n d , 1903 a n d 1904). M a i t l a n d in 1901 m a d e a t r a v e r s e a l o n g t h e t e l e g r a p h 
l ine b e t w e e n N o r t h a m p t o n a n d C a r n a r v o n a n d desc r ibed ( M a i t l a n d , 1907) t h e 
( T u m b l a g o o d a ) s a n d s t o n e n e a r M o u n t C u r i o u s . M a i t l a n d e x a m i n e d t h e P a l a e o z o i c 
s ed imen t s in t h e G a s c o y n e , Min i lya , a n d L y n d o n R ive r val leys (1909) . H e des ­
c r ibed a n d n a m e d t h e L y o n s C o n g l o m e r a t e a n d desc r ibed l imes tones (of t h e Cal ly­
t h a r r a F o r m a t i o n a n d M o o g o o r e e L i m e s t o n e ) a n d s a n d s t o n e ( K e n n e d y G r o u p ) . 
H e desc r ibed sec t ions in t h e M i n i l y a R ive r n e a r W a n d a g e e , n e a r M o o g o o l o o P e a k , 
a n d in K i a l a w i b r i C r e e k ( L y n d o n R i v e r a r ea ) . I n 1919 h e n a m e d t h e ' N o r t h -
W e s t A r t e s i a n B a s i n ' a n d s h o w e d t h e ou t l ine of t h e b a s i n o n a very smal l - sca le 
m a p of W e s t e r n A u s t r a l i a . 

F . G . C l a p p (1925) u n d e r t o o k a r e c o n n a i s s a n c e t h r o u g h t h e N o r t h - W e s t 
( C a r n a r v o n ) a n d D e s e r t ( C a n n i n g ) Bas ins . H e a d d e d l i t t le t o t h e k n o w l e d g e of 
t h e P a l a e o z o i c a n d M e s o z o i c s t r a t i g r a p h y a n d s t r u c t u r e , b u t d i scovered t h e C a p e 
R a n g e A n t i c l i n e in T e r t i a r y l i m e s t o n e . H i s ex t r eme ly pess imis t ic o p i n i o n of t h e 
oil poss ib i l i t ies of t h e b a s i n ( C l a p p , 1926a a n d b ) w a s b a s e d m a i n l y o n h is fa i lure 
t o find a n y sha les t h a t c o u l d ac t as c a p r o c k s — t h i s in spi te of t h e ev idence of effective 
c a p r o c k s in t h e a r t e s i an b o r e s . T h e views of th i s expe r i enced A m e r i c a n oil geo logis t 
c aused a c o m p l e t e cessa t ion of in te res t in t h e sea rch for oil i n W e s t e r n A u s t r a l i a 
for a b o u t six y e a r s , a n d w a s p r o b a b l y t h e m a i n f ac to r in d i s s u a d i n g m a j o r c o m p a n i e s 
f rom u n d e r t a k i n g e x p l o r a t i o n for a b o u t 15 yea r s , w h e n Ca l t ex t o o k u p concess ions . 

I n 1928, H . W . B . T a l b o t e x a m i n e d t h e c o u n t r y i n t h e W o o r a m e l R i v e r a r e a 
(Ta lbo t , 1929), a n d r e p o r t e d a n an t ic l ina l s t r u c t u r e w h i c h w a s l a te r n a m e d T a l b o t ' s 
D o m e . D r . W . G . W o o l n o u g h a n d F . R . F e l d t m a n n in spec t ed t h e a r e a w i th 
T a l b o t , a n d W o o l n o u g h r e p o r t e d t h a t m o r e de ta i l ed inves t iga t ion w a s necessary . 
I n 1930 R . A . H o b s o n su rveyed T a l b o t ' s D o m e ( H o b s o n , 1931). I r e n e C r e s p i n 
(1930b, 1931) desc r ibed fossils f r o m t h e W o o r a m e l R i v e r a r ea . I n 1931, T a l b o t , 
H o b s o n , a n d P . Hoss f e ld in spec ted t h e W o o r a m e l a r e a a n d Hoss fe ld (1931 , u n ­
pub l i shed ) r e p o r t e d t h a t m o r e w o r k w a s r e q u i r e d . 

I n 1932, T . W . E. D e e a n d E . A . R u d d c a r r i e d o u t semi-de ta i l ed m a p p i n g in 
t h e W o o r a m e l R i v e r a r e a a n d , in a n u n p u b l i s h e d r e p o r t t o Oi l Sea rch L t d , first 
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s u b d i v i d e d t h e P e r m i a n s e q u e n c e i n t h a t a r e a a n d n a m e d f o r m a t i o n s . T h e i r n a m e s 
w e r e u s e d b y R a g g a t t (1936) for t h e e q u i v a l e n t f o r m a t i o n s in t h e n o r t h e r n p a r t 
o f t h e Bas in . C r e s p i n (1932) desc r ibed fossils co l lec ted b y D e e a n d R u d d . 

C r e s p i n (1930a) desc r ibed fossils f r o m n e a r t h e m o u t h of t h e M u r c h i s o n R i v e r , 
co l l ec ted b y M r L . G l a u e r t . 

T h e first rea l ly sys t ema t i c geo log ica l w o r k in t h e C a r n a r v o n Bas in w a s c a r r i e d 
o u t f r o m 1932 t o 1935 b y geologis t s of Oi l S e a r c h L t d . C o n d i t (1935) gave a b r i e f 
s u m m a r y of t h e resu l t s . R a g g a t t (1936) a n d C o n d i t , R a g g a t t , & R u d d (1936) 
p r e s e n t e d t h e de ta i l s o f t h e s t r a t i g r a p h y a n d s t r u c t u r e as o b t a i n e d d u r i n g a s h o r t 
r e c o n n a i s s a n c e f r o m t h e G a s c o y n e R i v e r n o r t h w a r d s . R a g g a t t w a s m a i n l y r e ­
s p o n s i b l e for t h e e s t a b l i s h m e n t o f t h e ou t l i nes of t h e P e r m i a n s t r a t i g r a p h y a n d 
a r e a l g e o l o g y n o r t h of t h e G a s c o y n e Rive r . T h e p re sence of D e v o n i a n a n d C a r ­
b o n i f e r o u s s ed imen t s w a s n o t r ecogn ized , a l t h o u g h t h e C a r b o n i f e r o u s ( M o o g o o r e e 
L i m e s t o n e ) w a s e x a m i n e d a n d desc r ibed . R a g g a t t e s t ab l i shed t h e p r e s e n c e o f 
C r e t a c e o u s s e d i m e n t s in t h e n o r t h e r n p a r t of t h e b a s i n . C r e s p i n (1934a , b , c ; 
1935a, b , c ; 1936a, b ; 1937a) desc r ibed fossils col lec ted b y geologis t s of Oi l S e a r c h 
L t d . 

H o b s o n (1936) r e p o r t e d t h e o b s e r v a t i o n by F o r m a n in 1932 of C r e t a c e o u s 
s e d i m e n t s over ly ing P e r m o c a r b o n i f e r o u s ( T u m b l a g o o d a S a n d s t o n e ) a l o n g t h e l o w e r 
M u r c h i s o n R ive r . F o r m a n e x a m i n e d t h e u n d e r g r o u n d w a t e r poss ibi l i t ies o n 
W o o d l e i g h S t a t i o n i n 1934 ( F o r m a n , 1937). I n th is p a p e r h e e q u a t e s t h e ( T u m b l a ­
g o o d a ) s a n d s t o n e w i t h t h e K e n n e d y S a n d s t o n e of R a g g a t t (1936) . H e a l so desc r ibes 
t h e C r e t a c e o u s of t h e L o w e r M u r c h i s o n a n d gives a list of fossils co l lec ted f r o m 
t h a t s equence . 

W a t e r f o r d , i n a b o u t 1937, c a r r i e d o u t a r e c o n n a i s s a n c e su rvey of t h e e a s t e r n 
p a r t o f t h e b a s i n b e t w e e n M e r l i n l e i g h a n d B y r o P la ins . H e a d d e d l i t t le t o p r e v i o u s 
m a p p i n g , b u t m a d e a g o o d co l l ec t ion o f fossils f r o m t h e C a l l y t h a r r a F o r m a t i o n 
a n d B y r o G r o u p . 

S i m p s o n (1934) , a n d C l a r k e & T e i c h e r t (1948) r e p o r t e d o n t h e C r e t a c e o u s 
s e q u e n c e of t h e L o w e r M u r c h i s o n R i v e r . C l a r k e & T e i c h e r t d id t h e m o s t c o m ­
p le t e w o r k t o d a t e , b u t c o n s i d e r e d t h e w h o l e sequence , i n c l u d i n g t h e T u m b l a g o o d a 
S a n d s t o n e (wh ich t h e y n a m e d ) , t o b e l o n g t o t h e C r e t a c e o u s . 

R a g g a t t & F l e t c h e r (1937) l i s ted t h e species t h e n k n o w n f r o m t h e C a r n a r v o n 
B a s i n a n d e x a m i n e d t h e p r o b l e m of t h e C a r b o n i f e r o u s - P e r m i a n b o u n d a r y i n A u s ­
t r a l i a a n d a r o u n d t h e I n d i a n O c e a n genera l ly . T h e y c o n c l u d e d t h a t t h e S p e c k l e d 
S a n d s t o n e a n d A g g l o m e r a t i c S la te of I n d i a , t h e L o w e r M a r i n e series of N e w S o u t h 
W a l e s a n d t h e L y o n s series of t h e C a r n a r v o n Bas in a r e L o w e r P e r m i a n , a s s u m i n g 
t h e b a s e of t h e P e r m i a n t o b e a t t h e b a s e of t h e Schwagerina-Uddenites  Z o n e . S u b ­
s e q u e n t w o r k h a s conf i rmed t h i s . 

C o n r a d & M a y n a r d (1948) m a d e a r a p i d r e c o n n a i s s a n c e a l o n g t h e M u r c h i s o n 
R i v e r a n d a l o n g t h e n o r t h c o a s t a l p a r t o f t h e bas in . 

I n 1948, C r a i g (1950) su rveyed t h e R o u g h R a n g e An t i c l i ne a n d p a r t o f t h e 
G i r a l i a An t i c l i ne a n d e x a m i n e d t h e P e r m i a n sequence a l o n g t h e M i n i l y a R i v e r . 
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B e t w e e n 1940 a n d 1950, T e i c h e r t c a r r i ed o u t several r e c o n n a i s s a n c e t r i p s i n 
t h e ba s in a n d m a d e s o m e de ta i l ed su rveys in t h e W a n d a g e e a r ea . H e a l so d i d 
v a l u a b l e p a l a e o n t o l o g i c a l w o r k o n t h e ca lceo l i spong ids , gon ia t i t e s , a n d severa l o t h e r 
fossil g r o u p s . H i s w o r k w a s m a i n l y conf ined t o t h e u p p e r p a r t of t h e B y r o G r o u p , 
i n w h i c h h e w a s ab le t o c o r r e c t R a g g a t t ' s s equence . H e f o u n d fossils in t h e 
(Mer l i n l e igh ) s a n d s t o n e a n d o n t h e bas i s of h is d e t e r m i n a t i o n of Aturia  australis 
g a v e a M i o c e n e a g e t o th i s f o r m a t i o n . W h e n t h e p r e v i o u s d a t i n g of t h i s fossil 
w a s f o u n d t o b e i nco r r ec t t h e age w a s revised t o E o c e n e , wh ich w a s c o n f i r m e d b y 
l a t e r w o r k d o n e b y D i c k i n s a n d C r e s p i n . Te i che r t (1940b) f o u n d m a r i n e fossils 
w h i c h h e c o n s i d e r e d of Ju ra s s i c age . 

M c W h a e , P a r r y , a n d H a n l e y of W e s t A u s t r a l i a n P e t r o l e u m P t y L t d c a r r i e d 
o u t r e c o n n a i s s a n c e a n d de ta i led su rveys in t h e Mer l in l e igh a n d B y r o Bas in s i n 
1952 a n d 1953 . D . J o h n s t o n e a n d P l a y f o r d of t h e s a m e c o m p a n y s u r v e y e d t h e 
a r e a b e t w e e n S h a r k Bay a n d t h e M u r c h i s o n R i v e r ( J o h n s t o n e , C o n d o n , & P l a y -
fo rd , 1958). W e s t A u s t r a l i a n P e t r o l e u m C o m p a n y has dr i l led 52 b o r e s ( t o D e c e m ­
b e r 1963) r a n g i n g in d e p t h f r o m 815 feet t o 15,180 feet. T h e a u t h o r h a s h a d access 
t o s o m e of t h e i n f o r m a t i o n o b t a i n e d in these b o r e s . W h e r e th i s i n f o r m a t i o n is 
u s e d in t h i s Bul le t in it is w i th t h e a p p r o v a l of t h e C o m p a n y a n d is specifically 
a c k n o w l e d g e d . 

G r a v i t y surveys des igned t o give a r e c o n n a i s s a n c e cover of t h e b a s i n , w i t h 
s t a t i ons a t a b o u t 5-mile in te rva l s a l o n g m a i n r o a d s a n d m a n y m i n o r r o a d s , w e r e 
c o m p l e t e d b y geophys ic i s t s of t h e B u r e a u of M i n e r a l R e s o u r c e s b e t w e e n 1950 a n d 
1956 ( C h a m b e r l a i n , D o o l e y , & Va le , 1954). Se ismic ref lect ion surveys h a v e b e e n 
ca r r i ed o u t b y t h e B u r e a u of M i n e r a l R e s o u r c e s a t C a p e R a n g e , G i r a l i a A n t i c l i n e , 
a n d W a n d a g e e ( C h a m b e r l a i n et a l . , o p . c i t . ) . T h e B u r e a u c a r r i e d o u t a e r o m a g n e t i c 
surveys o f t h e b a s i n in 1956, 1957, 1959, 1960, a n d 1961 . 

M a n y specia l is t inves t iga to r s h a v e d o n e p a l a e o n t o l o g i c a l a n d pe t ro log i ca l w o r k 
o n spec imens f r o m t h e C a r n a r v o n Bas in . T h e s e a re re fe r red t o specifically i n t h e 
b o d y of t h e r e p o r t . 

Survey Method 

Mapping.—Air-photographs t a k e n b y t h e R o y a l A u s t r a l i a n A i r F o r c e i n 1948 , 
1949, 1952, a n d 1953, a t scales of 1 t o 30,000 a n d 1 t o 50,000, were u s e d b y t h e 
D e p a r t m e n t of L a n d s a n d Surveys of W e s t e r n A u s t r a l i a t o c o m p i l e p l a n i m e t r i c 
b a s e m a p s b y t h e s lo t t ed t e m p l e t m e t h o d , u s ing t r i a n g u l a t i o n p o i n t s ident i f ied o n 
t h e p h o t o g r a p h s for p o s i t i o n c o n t r o l . M a i n l y b e c a u s e of i n a c c u r a t e iden t i f i ca t ion 
of t r i a n g u l a t i o n p o i n t s o n t h e p h o t o g r a p h s , t h e a b s o l u t e a c c u r a c y of t h e c o m p i l e d 
m a p s is p o o r : a p o i n t on t h e m a p m a y b e a s m u c h as ha l f a mi le o u t of p o s i t i o n . 
T h e s e e r r o r s , w h e r e p resen t , a r e d i s t r i b u t e d over qu i t e l a rge a r ea s , so t h a t t h e 
re la t ive p o s i t i o n s of fea tures a r e m o r e co r r ec t t h a n th i s . G e o l o g i c a l b o u n d a r i e s 
a r e in co r r ec t r e l a t i o n s h i p t o t h e t o p o g r a p h y as c o m p i l e d w i th in t h e l imi ts of defin­
i t i o n of t h e geo log ica l f e a t u r e : a n e s t ab l i shed b o u n d a r y accu ra t e ly p l a c e d is m a p p e d 
re la t ive t o t h e t o p o g r a p h i c f e a t u r e s : a p p r o x i m a t e o r in fe r red b o u n d a r i e s , of c o u r s e , 
a r e n o t a c c u r a t e in the i r p o s i t i o n s . 
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I n t h e field, t h e i nd iv idua l p h o t o g r a p h s w e r e u s e d , w i t h s t e reoscope , t o l o c a t e 
o u t c r o p s , t o p l a n access r o u t e s , a n d t o ident i fy o b s e r v a t i o n p o i n t s . T h e o b s e r v a ­
t i o n p o i n t s w e r e m a r k e d o n t h e p h o t o g r a p h a n d n u m b e r e d o n i ts b a c k . T h e 
o b s e r v a t i o n s a t t h e p o i n t were r e c o r d e d in a field n o t e b o o k . 

F o r m a t i o n b o u n d a r i e s w e r e l o c a t e d o n t h e g r o u n d a n d identif ied o n t h e p h o t o ­
g r a p h . W h e r e b o u n d a r i e s c o u l d b e fo l lowed c lear ly o n t h e p h o t o g r a p h o n l y a few 
c o n f i r m a t o r y o b s e r v a t i o n s w e r e m a d e . W h e r e b o u n d a r i e s were n o t c lear o n t h e 
p h o t o g r a p h t h e y w e r e e i ther fo l lowed o n t h e g r o u n d a n d l o c a t e d o n t h e p h o t o g r a p h , 
o r l o c a t e d o n t h e g r o u n d in e n o u g h p laces t o e n a b l e t h e b o u n d a r y t o b e m a p p e d . 
I n t h e office, geo log ica l b o u n d a r i e s were t r a n s f e r r e d t o t h e p l a n i m e t r i c b a s e , a t 
p h o t o - s c a l e , s u b d i v i d e d t o one -mi l e sheet a r e a s , w h i c h c o u l d b e u s e d a s s u c h o r 
r e d u c e d t o f o r m sma l l e r scale m a p s . F r o m t h e o n e - m i l e sheets , t h e q u a r t e r - m i l l i o n 
shee ts a n d t h e b a s i n m a p (PI. 1) were c o m p i l e d . T h e 1:250,000 m a p shee ts a r e 
b e i n g p u b l i s h e d sepa ra t e ly . 

A r e a s of s t r a t i g r a p h i c o r s t r u c t u r a l c o m p l e x i t y w e r e m a p p e d a t l a rge scale 
b y p l a n e t a b l e o r b y cha in , c o m p a s s , a n d A b n e y Leve l . 

Stratigraphic Sections. —Many s t r a t i g r aph ic sec t ions w e r e m e a s u r e d in de ta i l 
t o d e t e r m i n e v a r i a t i o n s in t h i c k n e s s a n d l i t ho logy of f o r m a t i o n s . T w o m a i n 
m e t h o d s w e r e u s e d : in s t r a t a d i p p i n g less t h a n a b o u t 15°, t h e d i p w a s d e t e r m i n e d 
as a c c u r a t e l y a s poss ib le , p re fe rab ly by su rvey ing a b e d ove r a l a rge a r e a b y c h a i n , 
c o m p a s s , a n d A b n e y Level , b y p l a n e t ab l e , o r b y p h o t o - m a p p i n g c o m b i n e d w i t h 
a c losed a n e r o i d h e i g h t survey . U s i n g t h e p e r s o n a l h e i g h t t o eye-level o r r a n g i n g 
po les five feet l o n g , a n d a n A b n e y set a t t h e d e t e r m i n e d d ip , t h e s e q u e n c e w a s 
m e a s u r e d f r o m t h e b a s e u p w a r d s , a n d t h e l i tho logy , b e d d i n g , t ex tu r e , s t r u c t u r e s , 
a n d fossils w e r e n o t e d in the i r c o r r e c t ver t ica l p o s i t i o n i n t h e field n o t e b o o k a t a 
scale of 5 o r 10 feet t o 1 i n c h . Spec imens for p a l a e o n t o l o g i c a l o r p e t r o l o g i c a l 
e x a m i n a t i o n w e r e col lec ted a n d l o c a t e d in t h e ver t ica l s e q u e n c e . I n s t r a t a d i p p i n g 
m o r e s teeply t h a n 15°, t h e sec t ion w a s t r ave r sed , u s i n g a p l a n e t a b l e a n d t a c h e o -
m e t r i c a l i d a d e , o r cha in , c o m p a s s , a n d c l i n o m e t e r . D i p s were m e a s u r e d b y c l i n o ­
m e t e r w h e r e v e r pos s ib l e a n d n o t e s o n t h e s t r a t a w e r e m a d e a p p r o p r i a t e l y . A 
sec t ion w a s d r a w n a t l a rge scale (e.g. 40 feet t o 1 inch ) in t h e ave rage d i p d i r e c t i o n ; 
o n th i s sec t ion t h e surface profi le w a s d r a w n , al l d i p s w e r e p l o t t e d a t o b s e r v e d 
pos i t i ons , a n d t h e ver t ica l sec t ion w a s deve loped f r o m t h a t . 

I n b o t h m e t h o d s t h e f ac to r chiefly l imi t ing t h e a c c u r a c y of t h e m e a s u r e m e n t 
is t h e d e t e r m i n a t i o n of t h e d i p of t h e b e d over a l a rg e a r e a . Th i s is genera l ly l ikely 
t o b e less a c c u r a t e t h a n t h e c l i n o m e t e r m e a s u r e m e n t of t h e ang le of d i p . W i t h 
th i s in m i n d t h e l ikely e r r o r i n t h e th i ckness d e t e r m i n a t i o n s m a d e b y t he se m e t h o d s 
is a b o u t 5 p e r c e n t . 

W h e r e o n l y t h e t h i cknes s of a f o r m a t i o n w a s r e q u i r e d , o r w h e r e o u t c r o p w a s 
n o t g o o d e n o u g h f o r de ta i l ed m e a s u r e m e n t o f t h e sec t ion , f o r m a t i o n t h i cknes s w a s 
d e t e r m i n e d b y o b t a i n i n g as m a n y re l iab le d i p m e a s u r e m e n t s as poss ib le a n d m e a s ­
u r i n g t h e o u t c t o p d i s t a n c e b y c h a i n a n d pace , o r b y sca l ing f r o m t h e p h o t o g r a p h . 
T h e t h i cknes se s d e t e r m i n e d in t h i s w a y h a v e a l ikely e r r o r of 10 pe r cen t , excep t 
w h e r e o t h e r w i s e s t a t ed . 

T h e a u t h o r d i d m o s t o f t h e s t r a t i g r a p h i c s e c t i o n i n g ; sec t ions m e a s u r e d b y 
o t h e r p a r t y m e m b e r s a r e specifically a c k n o w l e d g e d . 
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P H Y S I O G R A P H Y 

T h e sur face of t h e C a r n a r v o n Bas in is a ma jo r phys iog raph ic un i t cha rac t e r i zed 
by l ow relief, o p e n d r a i n a g e pa t t e rn , a n d large gent ly u n d u l a t i n g sand-p la ins (F ig . 
3). T h i s c o n t r a s t s s t rongly wi th t he a r ea of P r e c a m b r i a n rocks t o the eas t ( U n i t VI) 
w h i c h h a s m o d e r a t e l y high relief, close dendr i t i c d r a i n a g e p a t t e r n , a n d m a t u r e 
val ley t o p o g r a p h y . T h e surface of t he basin is d o m i n a t e d by p la ins a t t w o levels, 
s e p a r a t e d in m o s t places by a sca rp r ang ing in he igh t u p t o a b o u t 400 feet. 

T h e lower p la in is ma in ly a coas ta l plain of m a r i n e a b r a s i o n a n d depos i t i on . 
It inc ludes t he U p p e r Te r t i a ry depos i t s ( U n i t I ) , t he wave-cu t p l a t fo rm e r o d e d in 
C r e t a c e o u s s ed imen t s ( U n i t I I ) , o u t c r o p p la ins in P e r m i a n sed imen t s ( U n i t I I I ) , 
a n d r iver de l t a s ( U n i t V) . T h e u p p e r p la in consis ts of r e m n a n t s of the Eocene 
d e p o s i t i o n a l coas t a l plain ( U n i t IV) . 

T h e sur face of t h e bas in s lopes very gent ly t o the wes t a n d is d r a ined by the 
fo l lowing m a i n r ive r s : A s h b u r t o n , Y a n n a r i e , L y n d o n , Mimi lya , G a s c o y n e a n d its 
t r i b u t a r y L y o n s , W o o r a m e l , a n d M u r c h i s o n , all of wh ich have the i r h e a d w a t e r s 
in t he P r e c a m b r i a n rocks t o the eas t . T h e valleys of the r ivers n o r t h of t he W o o r a m e l 
a r e o p e n , b u t t he val leys of t he L o w e r W o o r a m e l a n d L o w e r M u r c h i s o n Rivers 
a r e e n t r e n c h e d in g o r g e s : the gorge of the Lower W o o r a m e l is a b o u t 100 feet d e e p 
a n d t h a t of t he L o w e r M u r c h i s o n a b o u t 300 feet deep . 

M u c h of t he bas in n o r t h of the W o o r a m e l River is covered by s a n d d u n e s of 
t w o k i n d s : l ong i tud ina l d u n e s which r u n fairly s t r a igh t for several mi les , a n d 
b r a i d e d d u n e s which cover large a reas wi th an a n a s t o m o s i n g p a t t e r n . M u c h of 
t h e bas in s o u t h of t he W o o r a m e l is covered by sand , b u t d u n e s a r e r a r e he re . 

T h e coas t l ine has several large fea tu res—the N o r t h - W e s t C a p e Pen in su l a in 
t h e n o r t h a n d t h e pen insu las a n d is lands a t t he s o u t h a n d west sides of S h a r k Bay. 
A p a r t f rom these , t he coas t l ine is fairly regular . A l o n g m u c h of the coas t , sea-
cliffs r a n g e in he ight u p to 800 feet. N e a r P o i n t C loa te s , nea r t he s o u t h e n d of 
Sal t L a k e , a n d n e a r t he m o u t h of M u r c h i s o n River , large coas ta l s a n d d u n e s have 
bu i l t b a c k f r o m the b e a c h . 

T h e con t i nen t a l shelf is n a r r o w off C a p e R a n g e b u t fairly wide t o n o r t h a n d 
s o u t h . C o r a l reefs a r e deve loped off the C a p e R a n g e coas t a n d s o u t h w a r d t o 
G n a r r a l o o . 

T h e m a i n r anges in the C a r n a r v o n Basin a r e the C a p e R a n g e — a y o u n g fold 
m o u n t a i n wi th very youthfu l c o n s e q u e n t d r a i n a g e ; the Gi ra l i a R a n g e — a d ip s ca rp 
in T e r t i a r y a n d C r e t a c e o u s s ed imen t s on t he west flank of t he Gi ra l i a A n t i c l i n e ; 
t h e M o o g o o l o o R a n g e — a d ip scarp a n d d ip s lope in P e r m i a n s t r a t a ; the K e n n e d y 
R a n g e — a n e ros ion r e m n a n t of the high pla in unde r l a in by p e r m e a b l e a n d res i s tan t 
P e r m i a n s a n d s t o n e ; t he C a r r a n d i b b y R a n g e — a m o n a d n o c k of P r e c a m b r i a n r o c k ; 
a n d t h e E r r a b i d d y Hills a n d W o o d r a r r u n g a n d B a d g e r a d d a Ranges—res i s t an t 
s e d i m e n t s of poss ib ly P ro t e rozo i c age . 

S T R A T I G R A P H Y 

T h e m a i n fea tures of the s t r a t i g r aphy of the C a r n a r v o n Basin a r e set o u t in 
P l a t e 1. P r e - P e r m i a n rock uni t s a re listed in T a b l e 1. 
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F i g . 3 P h y s i o g r a p h i c s u b d i v i s i o n s . C a r n a r v o n 
B a s i n 
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A t t h e e a s t e r n m a r g i n of t h e Bas in , t h e s ed imen t s lie u n c o n f o r m a b l y o n P r e ­
c a m b r i a n schis t s , gne iss , g r an i t e , a n d s ed imen t s , w h i c h c o n s t i t u t e t h e f loor of t h e 
b a s i n . S e d i m e n t s p r o b a b l y of P r o t e r o z o i c age res t o n c rys ta l l ine P r e c a m b r i a n 
r o c k s i n t h e s o u t h e n d o f t h e b a s i n ; D e v o n i a n s ed imen t s f o r m t h e b a s e of t h e 
s e d i m e n t a r y s e q u e n c e in t h e n o r t h - e a s t e r n p a r t of t h e b a s i n ; P e r m i a n s e d i m e n t s 
cove r t h e P r e c a m b r i a n a l o n g m o s t of t h e ea s t e rn m a r g i n ; a n d i n t h e far n o r t h - e a s t 
t h e P r e c a m b r i a n is c o v e r e d b y a t h i n venee r of C r e t a c e o u s s e d i m e n t s . 

T h e r e a r e severa l m a j o r a n d m a n y m i n o r b r e a k s i n t h e p r e - P e r m i a n sedi ­
m e n t a r y s e q u e n c e ; t h e m a j o r g a p s a r e b e t w e e n t h e L o w e r P a l a e o z o i c a n d P e r m i a n , 
a n d b e t w e e n L o w e r C a r b o n i f e r o u s a n d S a k m a r i a n . A m i n o r b r e a k (d isconfor rn i ty) 
is k n o w n b e t w e e n t h e D e v o n i a n a n d L o w e r C a r b o n i f e r o u s . 

T e r r i g e n o u s s e d i m e n t s of p r o b a b l e P r o t e r o z o i c age c r o p o u t i n t h e B a d g e r a d d a 
R a n g e a r e a a t t h e s o u t h - e a s t e r n m a r g i n of t h e b a s i n . T h e y r e s t u n c o n f o r m a b l y 
o n P r e c a m b r i a n b a s e m e n t a n d a r e over la in u n c o n f o r m a b l y b y P e r m i a n s e d i m e n t s . 
T h e y h a v e n o t b e e n identif ied i n a n y d e e p b o r e s i n t h e b a s i n . 

T e r r i g e n o u s s e d i m e n t s poss ib ly of O r d o v i c i a n age c r o p o u t in t h e L o w e r 
M u r c h i s o n R i v e r a r e a a n d a r e k n o w n in subsur face i n W A P E T ' s W a n d a g e e N o . 1 
a n d Q u a i l N o . 1 wells . T h e y a r e u n c o n f o r m a b l e o n P r e c a m b r i a n b a s e m e n t a n d 
a r e over la in u n c o n f o r m a b l y b y P e r m i a n , Ju rass ic , a n d C r e t a c e o u s s ed imen t s a n d , 
p r o b a b l y d i s c o n f o r m a b l y , b y ?Si lur ian s ed imen t s . 

S e d i m e n t s of poss ib le S i lu r i an age a r e k n o w n on ly f r o m b o r e s : W A P E T ' s 
D i r k H a r t o g N o . 17B, W a n d a g e e N o . 1, a n d Q u a i l N o . 1. C a r b o n a t e s a r e d o m ­
i n a n t ; fine-grained t e r r i g e n o u s s ed imen t s a r e inc luded . T h e r e l a t i onsh ip s of t he se 
r o c k s a re n o t wel l e s t ab l i shed : t h e y a r e over la in by C r e t a c e o u s a n d D e v o n i a n sedi­
m e n t s a n d over l ie t h e ? O r d o v i c i a n s ed imen t s . 

D e v o n i a n s e d i m e n t s r a n g i n g in age f r o m p r o b a b l e G i v e t i a n t o p r o b a b l e F a m -
e n n i a n c r o p o u t in t h e cen t r a l e a s t e rn p a r t of t h e b a s i n a n d h a v e b e e n f o u n d i n 
b o r e s n e a r C a r n a r v o n , a t W A P E T ' s W a n d a g e e N o . 1, a t W A P E T ' s Q u a i l N o . 1, 
a n d poss ib ly i n W A P E T ' s R o u g h R a n g e N o . 1. T h e y res t u n c o n f o r m a b l y o n 
?Si lur ian s e d i m e n t s o r o n P r e c a m b r i a n b a s e m e n t . T e r r i g e n o u s s e d i m e n t s a r e 
d o m i n a n t , b u t c a r b o n a t e s e d i m e n t s a r e a l so inc luded . 

L o w e r C a r b o n i f e r o u s s e d i m e n t s a r e k n o w n f r o m W A P E T ' s R o u g h R a n g e N o . 1 
Wel l a n d f r o m o u t c r o p i n t h e c e n t r a l e a s t e r n p a r t of t h e b a s i n , w h e r e t h e y a r e u n ­
c o n f o r m a b l y o v e r l a i n b y P e r m i a n ( S a k m a r i a n ) s ed imen t s a n d res t d i s c o n f o r m a b l y 
o n U p p e r D e v o n i a n s e d i m e n t s ; t e r r i g e n o u s sed imen t s a r e d o m i n a n t , b u t c a r b o n a t e s 
f o r m a n i m p o r t a n t p a r t of t h e sequence . 

U p p e r C a r b o n i f e r o u s t e r r i g e n o u s a n d ca l ca reous s e d i m e n t s a r e k n o w n o n l y 
f r o m t h e O n s l o w Bas in , in W A P E T ' s M i n d e r o o N o . 1 Wel l , w h e r e t h e y a r e ove r ­
la in , p r o b a b l y u n c o n f o r m a b l y , b y C r e t a c e o u s s e d i m e n t s . 

NOMENCLATURE 

Stratigraphical.—Stratigraphical n o m e n c l a t u r e a c c o r d s w i t h t h e A u s t r a l i a n C o d e 
( A . N . Z . A . A . S . , 1956 ; G .S .A . , 1959). N e w n a m e s h a v e b e e n a p p r o v e d b y t h e 
S t a t e S u b - C o m m i t t e e o n S t r a t i g r a p h i c a l N o m e n c l a t u r e . 
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Geographical.—Place n a m e s s h o w n o n W e s t e r n A u s t r a l i a n D e p a r t m e n t of 
L a n d s a n d Surveys p l a n s h a v e b e e n accep ted in cases of o b v i o u s i n c o n s i s t e n c y o r 
d u p l i c a t i o n . W i t h i n t h e C a r n a r v o n Bas in t h e s a m e n a m e h a s in severa l cases b e e n 
used , o n L a n d s a n d Surveys D e p a r t m e n t p l a n s , for different fea tu res of t h e s a m e 
t y p e ; e.g. B i n t h a b o o k a C r e e k , s o u t h - w e s t of K e n n e d y R a n g e f lowing s o u t h i n t o 
G a s c o y n e R ive r , a n d eas t o f K e n n e d y R a n g e f lowing s o u t h i n t o L y o n s R i v e r . 
T h e s e difficulties h a v e all b e e n o v e r c o m e wi th t h e c o - o p e r a t i o n of t h e G e o g r a p h i c a l 
N a m e s C o m m i t t e e of t h e D e p a r t m e n t of L a n d s a n d Surveys . I n p laces w h e r e n o 
L a n d s D e p a r t m e n t n a m e s a r e ava i l ab l e , use w a s m a d e of s t a t i o n n a m e s of b o r e s , 
wells a n d p a d d o c k s . 

W h e r e t h e r e m a y b e s o m e d o u b t a b o u t t h e p r o n u n c i a t i o n of p l ace n a m e s , 
t h e loca l p r o n u n c i a t i o n is i n d i c a t e d . T h e s y m b o l s u sed a r e t h o s e e m p l o y e d i n t h e 
C o n c i s e O x f o r d D i c t i o n a r y , 4 t h E d i t i o n , 1951 , w i t h t h e fo l lowing d i f ferences : t h e 
s h o r t v o w e l is u n m a r k e d , t h e i n d e t e r m i n a t e vowe l is u n d e r l i n e d , a n d t h e syl lables 
a r e s e p a r a t e d b y h y p h e n s . 

Lithological.—Names o f s e d i m e n t a r y r o c k s h a v e l i t t le m e a n i n g un less a d e ­
q u a t e l y def ined. T h e fo l lowing g los sa ry sets o u t briefly t h e w a y in w h i c h r o c k 
n a m e s a n d t e r m s a r e u s e d i n th i s Bul le t in . 

Arenite: G r a i n s i z e class n a m e ( G r a b a u , 1904, p . 242) for f r a g m e n t a l s e d i m e n t a r y 
r o c k s h a v i n g a g r a i n s i z e b e t w e e n 0 . 0 6 a n d 4 . 0 m m ( D a p p l e s , K r u m b e i n , & 
Sloss, 1950). Sub-c lasses a r e : very c o a r s e — 2 . 0 t o 4 . 0 m m ; c o a r s e — 1 . 0 t o 
2 . 0 m m ; m e d i u m — 0 . 2 5 t o 1 . 0 m m ; f i n e — 0 . 1 2 t o 0 . 2 5 m m ; ve ry f ine— 
0 . 0 6 t o 0 . 1 2 m m . 

Arkose: A r e n i t e c o m p o s e d of f e ldspa r (20 t o 60 pe rcen t ) , q u a r t z (20 t o 75 p e r c e n t ) , 
a n d h e a v y m i n e r a l s of t h e g ran i t i c sui te (2 t o 4 p e r c e n t ) , w i th u p t o 30 p e r c e n t 
kao l in i t i c c lay, 20 p e r c e n t m i c a , a n d / o r 40 p e r c e n t f r a g m e n t s of s l a te , q u a r t z i t e , 
g r an i t i c o r hornfe l s ic r o c k a n d / o r schis t (Or ie l , 1949). 

Bentonite: A lu t i te cons i s t i ng m a i n l y of t h e c lay m i n e r a l s m o n t m o r i l l o n i t e a n d 
be ide l l i t e . 

Calcarenite: F r a g m e n t a l c a l c i u m c a r b o n a t e r o c k c o m p o s e d of f r a g m e n t s ( b e t w e e n 
0 . 0 6 a n d 4 . 0 m m ) of c a r b o n a t e o r g a n i c tes t s , crys ta l l ine l i m e s t o n e , c l eavage 
f r a g m e n t s of c a r b o n a t e s a n d / o r c a l c a r e o u s oo l i ths . 

Calcilutite ( N a m e a d a p t e d f r o m G r a b a u , 1904) : F r a g m e n t a l l i m e s t o n e of pa r t i c l e 
size less t h a n 0 . 0 6 m m cons i s t ing m a i n l y of c a r b o n a t e . 

Clay stone:  M a s s i v e lu t i t e of g ra ins ize less t h a n 0 . 0 0 4 m m . 

Coquinite: A b e d d e d o r g a n i c r o c k cons i s t ing m a i n l y of tests of b e n t h o n i c o r g a n i s m s . 
T h e p r o p o r t i o n of fossils m a y b e re la t ive ly smal l , b u t if t hey f o r m t h e f r a m e ­
w o r k of t h e r o c k it m a y b e c o n s i d e r e d a c o q u i n i t e ( C o n d o n , 1954, p . 9 ) . 

Greywacke: A r e n i t e cons i s t ing of a n g u l a r a n d / o r s u b r o u n d e d q u a r t z a n d / o r r o c k 
f r agmen t s , w i t h o r w i t h o u t f e ldspar a n d w i t h a fine-grained m a t r i x w h i c h is 
genera l ly m i c a c e o u s a n d / o r ch lo r i t i c ( C o n d o n , 1952). (See a l so Mengwacke 
a n d Quartzwacke). 
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Laterite: M a t u r e soil profi le d e v e l o p e d b y w e a t h e r i n g , p r o b a b l y u n d e r h u m i d 
t r o p i c a l c o n d i t i o n s , i nvo lv ing t h e r e m o v a l of l ime , i r o n , a n d silica f r o m t h e 

. p a r e n t r o c k . 

Limestone: D e n s e c rys ta l l ine s e d i m e n t a r y r o c k c o m p o s e d d o m i n a n t l y of c a l c i u m 
c a r b o n a t e . 

Lutite: G r a i n s i z e class n a m e ( G r a b a u , 1904) for f r a g m e n t a l r o c k s of gra ins ize 
less t h a n 0 . 0 6 m m . 

Mengwacke: (F i scher , 1933) : G r e y w a c k e h a v i n g 33 t o 90 p e r c e n t ' u n s t a b l e ' r o c k 

o r m i n e r a l f r agmen t s . 

Oihand: A n y r o c k c o n t a i n i n g p e t r o l e u m r ecove rab l e b y d r a i n a g e o r o t h e r h y d r a u l i c 

m e t h o d s . 

Oolite: R o c k cons i s t ing d o m i n a n t l y of oo l i ths . 

Oolith: Sphe r i ca l o r o v o i d i n o r g a n i c par t ic le smal le r t h a n 2 m m , w i t h c o n c e n t r i c 

l a m i n a t e d s t r u c t u r e (Twenhofe l , 1932, p . 757) . 

Oolitic: A p p l i e d t o r o c k c o n t a i n i n g u p t o 50 p e r c e n t oo l i t h s . 
Quartz Sandstone:  A r e n i t e c o m p o s e d p r e d o m i n a n t l y ( m o r e t h a n 75 p e r c e n t ) of 

f r a g m e n t s of q u a r t z , u sua l ly s u b r o u n d t o r o u n d . 
Quartzite: Q u a r t z s a n d s t o n e w i t h si l iceous c e m e n t , f o r m i n g a h a r d r o c k t h a t b r e a k s 

evenly t h r o u g h g ra in s a n d c e m e n t . 

Quartzwacke ( f rom F i sche r , 1933) : G r e y w a c k e c o m p o s e d of q u a r t z (50 t o a b o u t 
75 p e r c e n t ) , f ine-gra ined m a t r i x , usua l ly m i c a c e o u s , w i t h o r w i t h o u t , fe ldspar . 
I n C o n d o n (1954) th i s r o c k t y p e was ca l led q u a r t z g r e y w a c k e , b u t a n Engl i sh 
f o r m of F i s c h e r ' s n a m e is p re fe r red ( E d w a r d s , 1950). 

Radiolarite: Si l iceous o r g a n i c r o c k cons i s t ing m a i n l y of tes ts a n d f r a g m e n t s of 
r a d i o l a r i a , w i th o r w i t h o u t d i a t o m s , fo ramin i fe ra , s p o n g e spicules , o t h e r pe lag ic 
fossils, t e r r i g e n o u s pa r t i c l es , a n d o r g a n i c res idues ( a d a p t e d f r o m M u r r a y & 
R e n a r d , 1891 , p . 203) . D i s t i n g u i s h e d b y l igh t c o l o u r a n d we igh t , re la t ively 
h i g h p o r o s i t y a n d p e r m e a b i l i t y , a n d ab ra s ivenes s . 

Shale: L a m i n a t e d lu t i t e of g ra ins ize less t h a n 0 . 0 0 4 m m . 

Siltstone: L u t i t e of g ra ins ize b e t w e e n 0 - 0 0 4 a n d 0 . 0 6 m m cons i s t i ng m a i n l y of 
t e r r i g e n o u s f r a g m e n t s . 

Tillite: A gene t i c n a m e for r o c k s depos i t ed b y ice . S o m e a u t h o r i t i e s res t r ic t t h e 
t e r m t o t h e m a t e r i a l of g r o u n d m o r a i n e , b u t h e r e t h e n a m e is used for m a t e r i a l 
d e p o s i t e d f r o m ice w h e t h e r t h e ice b e a va l ley o r shee t glacier , a n ice sheet , 
i ceberg , o r ice floe, a n d w h e t h e r t h e m a t e r i a l b e g r o u n d m o r a i n e , l a t e r a l m o r ­
a ine , e n d m o r a i n e , o r mar ine -g lac i a l s e d i m e n t . 

Travertine: D e n s e f ine-gra ined t o m e d i u m - g r a i n e d c rys ta l l ine c a l c i u m c a r b o n a t e 
d e p o s i t e d f r o m s o l u t i o n in g r o u n d o r sur face w a t e r s ( F a y , 1920). 

Varve: S e d i m e n t r e g a r d e d as h a v i n g b e e n d e p o s i t e d d u r i n g o n e y e a r . D i s t i n ­
g u i s h e d b y g r a d e d b e d d i n g r e l a t ed t o s e a s o n a l d e p o s i t i o n ( s a n d t o silt, o r silt 
t o c lay) a n d b y r egu l a r r epe t i t i ons w i t h m i n o r f luc tua t ions in th i ckness . M a y 
b e u p t o 2 m e t r e s t h i ck b u t genera l ly t h i n (2 t o 5 m m ) . 
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PRECAMBRIAN 

P r e c a m b r i a n r o c k s c r o p o u t ea s t of t h e P a l a e o z o i c s e d i m e n t s o f t h e b a s i n , i n 
severa l in l iers i n t h e e a s t e r n p a r t o f t h e b a s i n , a n d a t t h e s o u t h e n d of t h e b a s i n . 
F o u r m a i n g r o u p s of l i t ho logy a p p e a r t o b e r e p r e s e n t e d , a n d these m a y r e p r e s e n t 
r o c k sequences of significantly different a g e s : gneiss , schist , g r an i t e , a n d i n d u r a t e d 
s e d i m e n t s . 

GranuHte and  Gneiss 

I n t h e a r e a f r o m 40 mi les n o r t h of A j a n a s o u t h w a r d p a s t G e r a l d t o n t h e r e is 
a n in l ie r of c rys ta l l ine ga rne t i f e rous g r a n u l i t e a b o u t 20 miles w ide . T h i s is a s t r o n g l y 
b a n d e d pa r agne i s s , a p p a r e n t l y s teeply fo lded . T h e r o c k , b e c a u s e of i t s d e n s e 
t e x t u r e a n d p r o m i n e n t c o m p o n e n t of g a r n e t , h a s a h i g h dens i ty w h i c h r e su l t s i n 
a pos i t i ve g rav i ty a n o m a l y of 50 mil l igals ( C h a m b e r l a i n , D o o l e y , & Va le , 1954) . 
T h i s r o c k is wel l e x p o s e d on ly in t h e val leys of t h e M u r c h i s o n River , H u t t R i v e r , 
a n d o t h e r s t r e a m s , a n d i n t h e m i n e w o r k i n g s a t G a l e n a , w h e r e l e a d o r e is m i n e d 
f r o m ve ins in t h e g r a n u l i t e . 

I t is poss ib le t h a t t h e l inea r t r e n d of t h e re la t ively h igh g rav i ty a n o m a l y r u n n i n g 
n o r t h f r o m A j a n a ind ica te s t h e n o r t h w a r d ex tens ion of g r anu l i t e u n d e r t h e sed i ­
m e n t s o f t h e ba s in . T h e m a r k e d c h a n g e i n g rav i ty g r a d i e n t a b o u t 30 mi les ea s t 
o f A j a n a m a y i n d i c a t e t h e j u n c t i o n of t h e g r anu l i t e a n d t h e schis t of l o w e r dens i t y 
a n d of m u c h l o w e r g r a d e of m e t a m o r p h i s m . 

G r a n u l i t e s imi la r t o t h a t in t h e A j a n a inl ier does n o t c r o p o u t a n y w h e r e i n t h e 
e a s t e r n m a r g i n of t h e b a s i n . 

T h e m e t a m o r p h i c r o c k s of t h e C a r r a n d i b b y R a n g e a n d of a n a r e a eas t of D a i r y 
C r e e k H o m e s t e a d , s h o w n o n P l a t e 2 as schis t , a r e b a n d e d pa ragne i s se s o n a s imi l a r 
n o r t h - s o u t h s t r u c t u r a l t r e n d t o t h e A j a n a gneiss . I n these a r eas t h e r o c k s a r e 
qua r t z - f e ld spa r -b io t i t e gneiss . A s t h e y a r e p r o b a b l y c lose t o t h e d a t u m dens i ty 
for g rav i ty a n o m a l y ( 2 . 6 7 ) t h e y s h o w n o s t r o n g grav i ty a n o m a l y . 

Schist 

T h e P r e c a m b r i a n r o c k s i m m e d i a t e l y t o t h e eas t of t h e s ed imen t s of t h e B a s i n 
a r e m a i n l y schist . Q u a r t z schis t a n d b io t i t e schis t a r e d o m i n a n t , b u t h o r n b l e n d e 
schis t , ch lo r i t e schist , a n d serici te sch is t a r e c o m m o n in s o m e p laces . T h e v a r i o u s 
t ypes c o m m o n l y a r e in t e r l aye red , p r o b a b l y i n d i c a t i n g m e t a m o r p h i s m of t h i n - b e d d e d 
s e d i m e n t s , fn s o m e p laces , for i n s t a n c e t h e a r e a n o r t h - e a s t of L y n d o n H o m e s t e a d , 
t h e sch is t is i n t e r l aye red w i t h g r a n i t e . A p a r t f r o m the m a i n l a rge a r e a of P r e ­
c a m b r i a n , schis ts c r o p o u t a l so in t h e inl iers eas t of L y o n s R ive r H o m e s t e a d a n d 
n o r t h - w e s t of D a i r y C r e e k H o m e s t e a d , a n d in t o n g u e s n o r t h - w e s t of W i l l i a m b u r y 
a n d n o r t h of M o u n t S a n d i m a n H o m e s t e a d . * 

N o w h e r e is t h e r e l a t i o n s h i p b e t w e e n t h e schists a n d t h e g r anu l i t e of t h e A j a n a 
in l ier e x p o s e d . T h e schis ts m a y g r a d e i n t o t h e g ranu l i t e , o r m a y b e faul ted aga in s t , 
o r u n c o n f o r m a b l y o n i t . I n t h e sec t ions (PL 2) t h e schis t is s h o w n t o lie o n t h e 

* Moun t Sandima n Statio n i s no t name d o n th e Ma p (Plat e 2) . I t i s th e statio n betwee n Merlin -
leigh o n th e wes t an d Eudamulla h o n th e eas t (se e Condon , 1962b , map) . 
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granu l i t e , b u t t h e r e is n o d i rec t ev idence of t h e r e l a t i o n s h i p . T h e r e is a s t r o n g 
s t r u c t u r a l d i s c o r d a n c e b e t w e e n t h e gneiss eas t of D a i r y C r e e k H o m e s t e a d a n d t h e 
ad jo in ing sch i s t : t h e fold axes in t h e gneiss t r e n d n o r t h - n o r t h - w e s t , w h e r e a s t h o s e 
in t h e schis t t r e n d n o r t h of eas t a n d cu rve a r o u n d t h e gne iss . 

Granite 

G r a n i t e is of t w o t y p e s : o n e in te r l ayered w i t h schis t , t h e o t h e r s t rong ly d is ­
c o r d a n t t o t h e fo l ia t ion of t h e schist . T h e g r an i t e i n t e r l aye red w i th schis t m a y 
h a v e o r i g i n a t e d e i the r b y l i t -par- l i t in jec t ion o r b y g r a n i t i z a t i o n of t h e s ch i s t—the 
r e l a t i onsh ips h a v e n o t b e e n e x a m i n e d . T h e m a i n o u t c r o p s of th i s t y p e a r e n o r t h ­
eas t of L y n d o n H o m e s t e a d a n d eas t of G l e n b u r g h H o m e s t e a d . T h e d i s c o r d a n t 
g ran i t e c r o p s o u t in severa l smal l a reas eas t of T o w e r a . T h e s e g ran i t e s a r e p r o b a b l y 
of t w o ages , t h e in t e r l aye red of t h e s a m e age as t h e m e t a m o r p h i s m of t h e schis t 
a n d t h e d i s c o r d a n t m u c h y o u n g e r . 

Indurated Sediments 

I n a be l t a b o u t 30 mi les l o n g t r e n d i n g n o r t h - w e s t , a b o u t 20 miles eas t of L y n d o n 
H o m e s t e a d , in a l a rge a r e a a t G i l fo rd Creek , in a be l t 38 mi les l o n g t r e n d i n g n o r t h ­
wes ter ly b e t w e e n M o u n t Phi l l ips a n d Y m n i e t h a r r a , a n d i n a n a r e a a r o u n d M o u n t 
C o o r d e w a n d y , * i n d u r a t e d s ed imen t s , i nc lud ing q u a r t z i t e , l i m e s t o n e , s la te , a n d 
g r e y w a c k e , o c c u p y syncl ina l a r ea s in t h e P r e c a m b r i a n schis t . T h e s t r u c t u r a l r e ­
l a t i o n s h i p wi th t h e schists h a s n o t b e e n d e t e r m i n e d , b u t t h e m a p p e d ou t l ines of t h e 
s ed imen t s sugges t a n u n c o n f o r m i t y b e t w e e n t h e schis ts a n d t h e s e d i m e n t s . T h e s e 
s e d i m e n t s a r e c u t b y q u a r t z reefs, b u t , so far as is k n o w n , t h e y a r e n o t i n t r u d e d 
b y t h e b a s i c d y k e s t h a t cu t t h e schis ts . 

Basic Dykes 

T h r o u g h o u t t h e a r e a of P r e c a m b r i a n r o c k s , b o t h gneiss a n d schist , t h e r e a r e 
n u m e r o u s b a s i c dykes , s o m e m o r e t h a n 100 feet w i d e a t o u t c r o p . T h e y t r e n d i n 
t w o m a i n d i r e c t i o n s — o n e nea r ly n o r t h , t h e o t h e r e a s t - n o r t h - e a s t . A r a d i o a c t i v e 
age d e t e r m i n a t i o n o n g a l e n a g r o u n d in o n e d y k e i n t r u d i n g t h e g r anu l i t e of t h e 
A j a n a inl ier g a v e a n a g e of 500 mi l l ion yea r s (Pr ider , 1954) ; s o t h e dykes a r e p o s s i b l y 
of C a m b r i a n r a t h e r t h a n P r e c a m b r i a n age . A s t h e y a l so i n t r u d e t h e s e d i m e n t s of 
t h e B a d g e r a d d a G r o u p ( P e r r y & D i c k i n s , 1960), t h e y fo l low t h e b e g i n n i n g of t h e 
d e v e l o p m e n t o f t h e C a r n a r v o n Bas in . 

PROTEROZOIC 

I n t h e s o u t h e n d of t h e C a r n a r v o n Bas in a n d t h e n o r t h e n d of t h e P e r t h B a s i n 
t w o s e p a r a t e s e q u e n c e s of s e d i m e n t s o lde r t h a n P e r m i a n res t u n c o n f o r m a b l y o n 
crys ta l l ine P r e c a m b r i a n r o c k s : t h e B a d g e r a d d a G r o u p a n d t h e T u m b l a g o o d a 
S a n d s t o n e . T h e r e l a t i o n s h i p b e t w e e n t h e t w o is n o t o b s e r v e d i n o u t c r o p ; b u t t h e 
B a d g e r a d d a G r o u p a l m o s t ce r t a in ly is t h e o lder , a s i t is i n t r u d e d b y b a s i c d y k e s 

* Moun t Coordewand y i s no t show n o n Plat e 2 . I t i s 1 3 mile s east-south-eas t o f Coordewand y 
Homestead (se e Condon , 1962b , map) . 
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a n d sills, w h e r e a s t h e T u m b l a g o o d a S a n d s t o n e res ts u n c o n f o r m a b l y o n s i m i l a r 
d y k e s , a n d t h e T u m b l a g o o d a S a n d s t o n e h a s m a n y i n v e r t e b r a t e t ra i l s a n d b u r r o w s , 
w h e r e a s t h e B a d g e r a d d a G r o u p a p p a r e n t l y h a s n o n e . 

U n d e r l y i n g t h e B a d g e r a d d a G r o u p a n d c r o p p i n g o u t t o t h e wes t a n d s o u t h 
o f i t s o u t c r o p a r e a is a s teeply fo lded , r eg iona l ly m e t a m o r p h o s e d s e q u e n c e of 
phy l l i t e , s la te , a n d a l t e r ed q u a r t z w a c k e t h a t w a s m a p p e d (Pe r ry & D i c k i n s , 1960, 
p i . 1) a s P r e c a m b r i a n schis t . M . C . K o n e c k i ( p e r s o n a l c o m m u n i c a t i o n ) sugges t ed 
t h a t th i s s e q u e n c e m i g h t b e s e p a r a t e f r o m t h e crys ta l l ine P r e c a m b r i a n r o c k s a n d 
f r o m t h e B a d g e r a d d a G r o u p , a n d i t is h e r e n a m e d Y a r r a m u l l a B e d s . P e r r y & 
D i c k i n s (1960) g a v e t h e n a m e N i l l i ng Beds t o a s equence of s a n d s t o n e loca l ly u n ­
c o n f o r m a b l e b e n e a t h t h e B a d g e r a d d a G r o u p a n d in i so l a t ed o u t c r o p s t o t h e s o u t h ­
e a s t of t h e B a d g e r a d d a Syncl ine . T h e Ni l l i ng Beds m a y b e p a r t of t h e Y a r r a m u l l a 
B e d s , equ iva l en t o f p a r t o f t h e m , o r q u i t e s e p a r a t e f r o m t h e m . O u t c r o p s w o u l d 
a p p e a r t o b e insufficient t o revea l t h e r e l a t i o n s h i p . 

Yarramulla Beds 

T h e Y a r r a m u l l a Beds a r e t h e r eg iona l ly m e t a m o r p h o s e d s e d i m e n t s , m a i n l y 
phy l l i t e , w i t h s o m e s la te a n d a l t e r e d q u a r t z w a c k e , c r o p p i n g o u t t o t h e wes t a n d 
s o u t h of t h e B a d g e r a d d a G r o u p . T h e s e d i m e n t s a r e s t rong ly fo lded a n d de t a i l s 
o f t he i r r e l a t i onsh ip s w i t h t h e B a d g e r a d d a G r o u p a n d w i t h t h e c rys ta l l ine P r e ­
c a m b r i a n r o c k s h a v e n o t b e e n o b s e r v e d . T h e d o m i n a n t t r e n d s in t h e b e d s a r e 
pa ra l l e l t o t h e b a s e of t h e B a d g e r a d d a G r o u p : th is is p e r h a p s pa r t i cu l a r ly s ignif icant 
n o r t h of B u t c h e r s T r a c k (wh ich r u n s o u t t o t h e coas t ) , w h e r e t h e t r e n d s of b o t h 
t h e B a d g e r a d d a G r o u p a n d t h e Y a r r a m u l l a Beds swing f r o m n o r t h t o n o r t h - n o r t h ­
eas t . N o a t t e m p t h a s b e e n m a d e t o m e a s u r e t he th i ckness of th i s s e q u e n c e ; i t 
m a y b e as m u c h as 17,000 feet t h i c k if t h e r e a r e n o fold o r faul t r epe t i t i ons . 

T h e n a m e is t a k e n f r o m Y a r r a m u l l a P a d d o c k , w h i c h ex t ends n o r t h - w e s t f r o m 
W a i l O u t c a m p , Y a l l a l o n g S t a t i o n , a b o u t 25 miles n o r t h of t h e h o m e s t e a d ; t h e 
m o s t ex tens ive o u t c r o p a r e a of t h e b e d s is f o u n d in Y a r r a m u l l a P a d d o c k . 

T h e r a t h e r m e a g r e ev idence ava i l ab l e suggests t h a t t h e Y a r r a m u l l a Beds a r e 
i n s e q u e n c e w i t h t h e B a d g e r a d d a G r o u p a n d p e r h a p s a re a s t ruc t iona l ly i n c o m p e t e n t 
f o r m a t i o n b e t w e e n t h e c o m p e t e n t B a d g e r a d d a G r o u p a n d t h e c rys ta l l ine b a s e m e n t . 
L i k e t h e B a d g e r a d d a G r o u p , t h e Y a r r a m u l l a Beds a r e i n t r u d e d b y bas i c r o c k s , 
w h i c h c r o p o u t r o u g h l y pa ra l l e l t o t h e s t r uc tu r a l t r e n d of t h e Y a r r a m u l l a B e d s ; 
t h e y m a y b e e i the r dykes o r sills. 

Badgeradda Group 

T h e B a d g e r a d d a G r o u p ( n a m e d B a d g e r a d d a Beds by K o n e c k i , D i c k i n s , & 
Q u i n l a n , 1958, p . 10 ; defined b y P e r r y & D i c k i n s , 1960, p . 9) res ts , poss ib ly c o n ­
f o r m a b l y , o n t h e Y a r r a m u l l a B e d s , a n d u n c o n f o r m a b l y o n t h e P r e c a m b r i a n sch is t 
a n d gneiss . I t is ove r l a in u n c o n f o r m a b l y b y P e r m i a n L y o n s G r o u p . T h e N i l l i n g 
B e d s a r e exc luded f r o m t h e B a d g e r a d d a G r o u p b y P e r r y & D i c k i n s . T h e l o c a l 
u n c o n f o r m i t i e s b e t w e e n t h e N i l l i ng Beds a n d t h e Bililly F o r m a t i o n (Pe r ry & D i c k i n s , 
fig. 1) r e la te m a i n l y t o t h e relief of t h e c rys ta l l ine b a s e m e n t floor. T h e l o w e r p a r t 
o f t h e Bililly F o r m a t i o n is s imi la r ly t r u n c a t e d a b o v e t h e P r e c a m b r i a n r idge n o r t h -
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eas t f rom D e e p Bore . As t he Ni l l ing Beds (as he re in te rp re ted) a n d the B a d g e r a d d a 
G r o u p a re p r o b a b l y p a r t of a c o n t i n u o u s sed imen ta ry sequence a n d as the Ni l l ing 
Beds inc lude r o c k s of s imi lar l i thology to t hose of t he B a d g e r a d d a G r o u p , they 
s h o u l d be inc luded in it. 

In t he B a d g e r a d d a Syncl ine the d o w n w a r d sequence of the B a d g e r a d d a G r o u p 
i s : 

Y a r r a w o l y a F o r m a t i o n 
C o o m b e r a r i e F o r m a t i o n 
W o o d r a r r u n g S a n d s t o n e 
Bililly F o r m a t i o n 
Ni l l ing Beds 

T h e E r r a b i d d y S a n d s t o n e a n d the unde r ly ing q u a r t z w a c k e a n d s i l t s tone c a n n o t 
b e identified wi th a n y of these fo rma t ions bu t a re inc luded in the G r o u p (F ig . 4) . 

Nilling Beds 

T h e Ni l l ing Beds a re descr ibed by Perry & Dick ins (1960, p . 6) as cons i s t ing 
' p r e d o m i n a n t l y of s a n d s t o n e a n d q u a r t z g r eywacke . ' Ac tua l ly there is n o evidence 
of t h e p r e d o m i n a n t l i thology of the full s equence of the Ni l l ing Beds in t he a r ea 
of the i r o u t c r o p as m a p p e d by Perry & Dick ins (1960, p i . 1), s ince on ly a smal l 
p a r t of t he likely sequence is exposed there . I cons ide r t h a t t he Ni l l ing Beds a re 
p r o b a b l y inc luded in t he o u t c r o p m a p p e d by Per ry & D i c k i n s as u p p e r Bililly 
F o r m a t i o n in t he a rea 1} miles sou th -eas t of Bililly c l aypan . T h e sect ion is 4025 feet 
th ick , w h e r e a s t he grea tes t th ickness of the who le of t he Bililly F o r m a t i o n e lsewhere 
is 1200 feet. T h e u p p e r pa r t of t he sequence consis ts of a lower uni t of coa r se 
q u a r t z s a n d s t o n e a n d a n u p p e r un i t of fine-grained q u a r t z s a n d s t o n e , toge the r 
h a v i n g a th ickness of 925 feet. These s a n d s t o n e un i t s cer ta in ly can be identified 
wi th t h e Bililly F o r m a t i o n as defined by Perry & Dick ins . Below the s a n d s t o n e 
un i t s I r e co rded 3100 feet of red s i l t s tone a n d fine-grained q u a r t z w a c k e . I con ­
sider t h a t t h e q u a r t z w a c k e of this un i t is t he finer-grained la tera l va r i an t of t he 
coa r se -g ra ined q u a r t z w a c k e of the Ni l l ing Beds as descr ibed by Perry & Dick ins , 
a n d t h a t t h e a reas of n o o u t c r o p be tween t h e o u t c r o p s of Nil l ing Beds m a p p e d 
by t h e m a re unde r l a in by the s i l t s tones revealed in th is un i t . If this is so t he Ni l l ing 
Beds cons i s t d o m i n a n t l y of s i l ts tone, b u t inc lude q u a r t z w a c k e as beds a n d m e m b e r s . 
I have a d o p t e d this view in t he m a p (F ig . 4) a n d in t he s t r a t ig raph ic c o l u m n s (Fig . 5). 

It seems likely t h a t t he Ni l l ing Beds a r e equ iva len t t o t he u p p e r p a r t of t h e 
Y a r r a m u l l a B e d s : t he u p p e r par t of b o t h sequences is a b o u t t he s a m e s t ra t ig raph ic 
d i s t ance be low the base of t h e W o o d r a r r u n g S a n d s t o n e a n d they include s imi lar 
types of r o c k ( s o m e w h a t m e t a m o r p h o s e d in t he Y a r r a m u l l a Beds) . 

Bililly Formation 

T h e Bililly F o r m a t i o n (Per ry & Dick ins , 1960, p . 9) consis ts of a lower m e m b e r 
of m e d i u m t o coa r se -g ra ined q u a r t z s a n d s t o n e a n d a n u p p e r m e m b e r of fine-grained 
silty s a n d s t o n e a n d i n t e r b e d d e d micaceous s i l t s tone to ta l l ing 1200 feet in th ickness 
a t t he s o u t h e r n end of t he B a d g e r a d d a Syncl ine . 
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F i g . 5  S t r a t i g r a p h i c a l c o l u m n s , B a d g e r a d d a Grou p 
( S e e F i q 4  fo r format ions ) 

T h e Bililly F o r m a t i o n is k n o w n to c r o p o u t on ly a r o u n d the s o u t h end of 
B a d g e r a d d a Syncl ine , f rom Y a r r a m u l l a P a d d o c k ( n o r t h of Wai l O u t c a m p ) t o D e e p 
B o r e . T h e a r ea o n e t o t w o miles sou th -eas t of Bililly C l a y p a n m a p p e d by Per ry 
& D i c k i n s (1960, pi . 1) as Bililly F o r m a t i o n is d o m i n a n t l y s i l t s tone a n d the re fore 
ce r ta in ly d o e s n o t be long in t he Bililly F o r m a t i o n . O n the west f lank of the syn­
cl ine t h e th ickness of t he Bililly F o r m a t i o n is near ly c o n s t a n t ( a b o u t 950 feet), b u t 
o n t he sou th -eas t e rn flank it var ies . N o r t h - e a s t of D e e p Bore t he Bililly F o r m a t i o n 
is a p p a r e n t l y ove r l apped by the W o o d r a r r u n g S a n d s t o n e . 

Woodrarrung Sandstone 

T h e W o o d r a r r u n g S a n d s t o n e (Per ry & Dick in s , 1960) consis ts of a lower 
m e m b e r of m e d i u m - g r a i n e d t o coa r se -g ra ined s a n d s t o n e a n d a n u p p e r m e m b e r of 
f ine-grained t o m e d i u m - g r a i n e d kaol in i t ic s a n d s t o n e . I t is c o n f o r m a b l e be tween 
the Bililly F o r m a t i o n be low a n d the C o o m b e r a r i e F o r m a t i o n a b o v e . Eas t of 
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M o u n t V i n d e n the u p p e r p a r t of t he W o o d r a r r u n g S a n d s t o n e a p p e a r s t o g r a d e 
la tera l ly i n t o t h e C o o m b e r a r i e F o r m a t i o n a n d poss ib ly is t he equ iva len t of, a n d 
p e r h a p s is c o n t i n u o u s wi th , t h e E r r a b i d d y S a n d s t o n e . 

T h e W o o d r a r r u n g S a n d s t o n e is a b o u t 3350 feet th ick 2J miles ea s t - sou th -eas t 
of W o l a r r y B o r e ; 3000 feet th ick s o u t h of Wai l O u t c a m p ; a b o u t 2150 feet t h i ck 
nea r t he axis of t he B a d g e r a d d a Sync l ine ; a b o u t 2500 feet th ick n o r t h of D e e p 
B o r e ; a n d a b o u t 3700 feet th ick in the Mel ia Syncl ine ( inc lud ing the la te ra l equ iva ­
lent of t h e lower p a r t of t he C o o m b e r a r i e F o r m a t i o n ) . In t e r m s of t he def ini t ions 
of t he f o r m a t i o n , t h e sec t ion of t he W o o d r a r r u n g S a n d s t o n e (Pe r ry & D i c k i n s , 
1960, A p p e n d i x p . iv) a p p e a r s t o inc lude Bililly F o r m a t i o n in t h e l o w e r 594 feet, 
a n d the ' t ype sec t ion ' of t he C o o m b e r a r i e F o r m a t i o n (Ibid.,  p . v) inc ludes 1940 feet 
of t he W o o d r a r r u n g S a n d s t o n e a t t he b o t t o m . 

T h e q u a r t z g r a in s of t he W o o d r a r r u n g S a n d s t o n e a r e r o u n d e d a n d well s o r t e d ; 
c ro s s -bedd ing is cha rac t e r i s t i c of t h e f o r m a t i o n . T h e W o o d r a r r u n g was depos i t ed 
in sha l low w a t e r o n a quie t ly a n d slowly s ink ing floor. 

Coomberarie Formation 

T h e C o o m b e r a r i e F o r m a t i o n (Per ry & Dick ins , 1960, p . 13) cons is t s of silt­
s t one a n d fine-grained q u a r t z w a c k e , c o n f o r m a b l e be tween the W o o d r a r r u n g S a n d ­
s tone b e l o w a n d the Y a r r a w o l y a F o r m a t i o n a b o v e . I ts l o w e r p a r t g r a d e s la tera l ly 
i n t o t h e W o o d r a r r u n g S a n d s t o n e a n d E r r a b i d d y S a n d s t o n e . T h e C o o m b e r a r i e 
F o r m a t i o n is 4985 feet t h i ck in its t ype sec t ion in t he n o r t h e r n p a r t of t he wes t 
flank of t h e B a d g e r a d d a Syncl ine ( n o t 6925 feet (Pe r ry & D i c k i n s , 1960, A p p . , v) 
as th is inc ludes p a r t o f t he W o o d r a r r u n g S a n d s t o n e ) ; a b o u t 5000 feet t h i ck west 
a n d n o r t h of M o u n t V i n d e n ; 5000 feet th ick 5 mi les n o r t h - e a s t of M o u n t V i n d e n ; 
a n d a b o u t 3500 feet t h i c k in t h e E r r a b i d d y Hills a r ea ( i nc lud ing the E r r a b i d d y 
S a n d s t o n e ) . 

Errabiddy Sandstone 

T h e E r r a b i d d y S a n d s t o n e (Pe r ry & Dick ins , 1960, 13) w a s n a m e d as a s e p a r a t e 
f o r m a t i o n because of d o u b t s a b o u t its ident i f ica t ion wi th a n y o t h e r f o r m a t i o n of 
t h e B a d g e r a d d a G r o u p . 

A l t h o u g h its l i tho logy is s imi la r t o t h a t of t he W o o d r a r r u n g S a n d s t o n e it is 
n o t d e m o n s t r a b l y c o n t i n u o u s wi th t he f o r m a t i o n . S t r u c t u r a l t r e n d s sugges t t h a t 
t h e E r r a b i d d y S a n d s t o n e is equ iva l en t t o p a r t of t h e C o o m b e r a r i e F o r m a t i o n , a n d 
t h e unde r ly ing q u a r t z w a c k e a n d s i l t s tone s u p p o r t th i s . 

Yarrawolya Formation 

T h e Y a r r a w o l y a F o r m a t i o n (Per ry & D i c k i n s , 1960, p . 15) is t he u p p e r m o s t 
f o r m a t i o n (in o u t c r o p ) o f t he B a d g e r a d d a G r o u p . It cons i s t s of l a m i n a t e d silt­
s t one a n d fine-grained q u a r t z w a c k e c o n f o r m a b l y over ly ing t h e C o o m b e r a r i e F o r m a ­
t i on . A l t h o u g h the P e r m i a n L y o n s G r o u p h a s n o t b e e n o b s e r v e d in c o n t a c t w i th 
t h e Y a r r a w o l y a F o r m a t i o n t h e r e g i o n a l d i s t r i bu t i on of t h e t w o sequences s t rong ly 
sugges ts t h a t t h e L y o n s G r o u p is u n c o n f o r m a b l e o n t h e Y a r r a w o l y a . A s t h e 
Y a r r a w o l y a F o r m a t i o n is p r o b a b l y t r u n c a t e d by a n u n c o n f o r m i t y n o c o m p l e t e 
th ickness is k n o w n ; t h e t h i cknes s in t he syncl ine is a b o u t 1435 feet. 
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Structure.—The B a d g e r a d d a G r o u p is fo lded i n t o a l a rge n o r t h - p l u n g i n g syn­
c l ine w i t h s teep ly d i p p i n g t o o v e r t u r n e d wes t f lank a n d gen t ly d i p p i n g eas t flank; 
i n t h e e a s t e r n p a r t o f t h e o u t c r o p of t h e g r o u p t h e n o r t h - p l u n g i n g M i r g a A n t i c l i n e 
a n d M e l i a Sync l ine a p p e a r t o b e r e l a t e d t o t o p o g r a p h i c relief o f t h e su r face o f 
c rys ta l l ine r o c k s (gneiss a n d g r a n i t e ) t h a t f o r m t h e floor of t h e b a s i n . T h e o u t c r o p 
t r e n d c h a n g e s s h a r p l y a l o n g a l ine b e t w e e n M a r l o o a n d D e e p B o r e s . T h i s m a y 
reflect a h inge- l ine b e t w e e n a she l f a r e a t o t h e eas t a n d a b a s i n a r e a t o t h e wes t . 

T h e j o i n t d i a g r a m (Pe r ry & D i c k i n s , 1960, fig. 4) c lear ly i nd i ca t e s t w o shea r -
j o i n t sys t ems w i t h o b t u s e b isec t r ices a t a b o u t 17° a n d 330° . 

T w o s t ress ep i sodes a r e i n d i c a t e d , o n e d i rec ted n o r t h - s o u t h , p e r h a p s r e l a t e d 
t o d o w n w a r p i n g d u r i n g s e d i m e n t a t i o n ; t h e o the r , d i r ec ted n o r t h - w e s t , p r o b a b l y 
p r o d u c e d t h e o v e r t u r n e d wes t l i m b . N e i t h e r o f these is r e l a t e d t o a n eas t -wes t 
t e n s i o n d i r e c t i o n ; th i s sugges ts t h a t t h e t e n s i o n j o i n t i n g w i t h w h i c h t h e b a s i c d y k e s 
a r e a s s o c i a t e d w a s p r o d u c e d b y a s e p a r a t e s t ress ep i sode p e r h a p s r e l a t e d t o upl i f t . 

T h e l a rge pos i t ive g rav i ty a n o m a l y (17 mil l igals) n e a r t h e axis of t h e B a d g e r ­
a d d a Sync l ine ( B . M . R . G e o p h y s i c a l B r a n c h m a p N o . G 9 8 - 3 7 , u n p u b l i s h e d ) m u s t 
b e r e l a t e d t o a l a rge m a s s , in t h e b a s e m e n t , of ve ry d e n s e r o c k ; t h i s m a y o r m a y 
n o t f o r m a b a s e m e n t r i dge . T h e s h a r p c h a n g e eas t of t h e ax is f r o m v e r y s t eep d i p 
t o ve ry gent le d i p suggests a subsu r f ace b u t t r e s s b e l o w t h e ax i s . 

T h e s t r u c t u r e of t h e wes t l i m b of t h e B a d g e r a d d a Sync l ine r e s u l t e d f r o m u p -
t h r u s t i n g of a w e s t e r n b l o c k , i n c l u d i n g P r e c a m b r i a n crys ta l l ine r o c k s . I t is pos s ib l e 
t h a t t h e p l a n e of th i s t h r u s t p r o v i d e d t h e w e a k z o n e a l o n g w h i c h l a t e r s u b s i d e n c e 
f o r m e d t h e C o o l c a l a l a y a Bas in . S e d i m e n t s equ iva len t t o t h e B a d g e r a d d a G r o u p 
w o u l d h a v e b e e n r e m o v e d b y e r o s i o n f r o m t h e u p f h r u s t b l o c k : t h e r e m a y b e n o 
s u c h s e d i m e n t s i n t h e C o o l c a l a l a y a Bas in , t h e subs idence of w h i c h m u s t h a v e s t a r t e d 
m u c h l a t e r t h a n t h e t h r u s t i n g o n t h e wes t s ide of t h e B a d g e r a d d a Sync l ine . T h e 
o u t c r o p p i n g B a d g e r a d d a G r o u p is c o n s i d e r e d , a t p r e sen t , t o o c c u p y t h e s o u t h e r n 
e n d o f t h e B y r o Bas in a n d poss ib ly t o c o n t i n u e i n t o t h e d e e p e r p a r t o f t h a t Bas in , 
n e a r W o o r a m e l R ive r . T h e s e d i m e n t s of M o u n t C o o r d e w a n d y m a y b e e q u i v a l e n t 
t o t h e B a d g e r a d d a G r o u p . T h e u p t h r u s t b a s e m e n t wes t of t h e B a d g e r a d d a Syn ­
cl ine m a y b e r e p r e s e n t e d a t t h e n o r t h e n d of t h e B y r o Bas in b y t h e c rys ta l l ine m e t a -
m o r p h i c r o c k s of t h e C a r r a n d i b b y R a n g e ( C o n d o n , 1962b, m a p ) . 

O n t h e bas i s of t h e t e c t o n i c h i s t o r y i t s eems un l ike ly t h a t t h e r e is a n y e q u i v a l e n t 
of t h e B a d g e r a d d a G r o u p b e t w e e n t h e o u t c r o p of t h e Y a r r a m u l l a B e d s a n d t h e 
wes t s ide of t h e A j a n a R i d g e . 

Age.—The bas i c d y k e s i n t r u d i n g t h e B a d g e r a d d a G r o u p a p p e a r r e l a t e d b y 
l i t h o l o g y a n d t r e n d t o t h o s e of t h e A j a n a a r e a d a t e d a s 500 m i l l i o n y e a r s o ld 
(i.e., C a m b r i a n ) ( P r i d e r , 1954, p . 7 3 ) ; t h e y a r e y o u n g e r t h a n t h e m a i n t h r u s t -
f au l t ing of t h e b a s e m e n t a n d B a d g e r a d d a G r o u p . T h e t h r u s t - f a u l t i n g is n o t r e l a t e d 
t o a n y o b v i o u s pre-exis t ing s t r u c t u r e in t h e s ed imen t s . T h u s a m a j o r c o m p r e s s i o n 
c a u s i n g la rge-sca le reverse f au l t ing fo l lowed t h e d e p o s i t i o n of 30 ,000 feet o f sedi ­
m e n t s ( B a d g e r a d d a G r o u p a n d Y a r r a m u l l a Beds) , al l be fo re 500 m i l l i o n y e a r s a g o . 
T h e s e d i m e n t s a r e ev iden t ly P r e c a m b r i a n , the re fo re , a n d a s t h e y res t u n c o n f o r m a b l y 
o n c rys ta l l ine m e t a m o r p h i c P r e c a m b r i a n r o c k s t h e y a r e p r o b a b l y u p p e r r a t h e r t h a n 
l o w e r P r e c a m b r i a n , i.e. P r o t e r o z o i c ; b u t n o finer a p p r o x i m a t i o n c a n b e m a d e . 
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Palaeogeography.—The B a d g e r a d d a G r o u p w a s d e p o s i t e d o n a floor o f P r e ­
c a m b r i a n c rys ta l l ine r o c k s (gneiss a n d g ran i t e ) w i t h fair ly s t r o n g t o p o g r a p h i c relief. 
T h e s u p p l y o f s e d i m e n t w a s f r o m t h e eas t a n d sou th - ea s t . D u r i n g s e d i m e n t a t i o n 
t h e floor s u b s i d e d . I n t h e e a s t e r n p a r t o f t h e b a s i n w a t e r r e m a i n e d sha l low, a n d 
t h e s ed imen t s d e p o s i t e d w e r e m a i n l y c l ean s a n d s . W e s t of a h inge- l ine b e t w e e n 
D e e p B o r e a n d t h e w e s t s ide of E r r a b i d d y Hi l l s s u b s i d e n c e w a s genera l ly fas ter 
a n d m o r e i r r egu l a r . Af t e r a n in i t ia l d e e p subs idence t h e Y a r r a m u l l a B e d s w e r e 
l a id d o w n a n d t h e b a s i n filled b y s e d i m e n t a t i o n , so t h a t t h e W o o d r a r r u n g S a n d s t o n e 
w a s d e p o s i t e d i n s h a l l o w w a t e r . T h e b a s i n t h e n subs ided t o m o d e r a t e d e p t h a n d 
t h e finer-grained s e d i m e n t s of t h e u p p e r p a r t of t h e e x p o s e d s e q u e n c e w e r e d e p o s i t e d . 
I t is l ikely t h a t s e d i m e n t a t i o n finished w i t h a regress ive s a n d s t o n e , b u t th i s is n o t 
seen i n o u t c r o p . 

Economic Geology. —The s a n d s t o n e s of t h e s e q u e n c e a r e g o o d aqu i fe r s t h a t 
h a v e b e e n d e v e l o p e d a t o n l y a few b o r e s a n d t o s h a l l o w d e p t h . 

Problems.—The subsu r f ace d i s t r i b u t i o n of t h e Y a r r a m u l l a B e d s a n d B a d g e r a d d a 
G r o u p is q u i t e u n k n o w n . T h e s e q u e n c e is q u i t e u n p r o s p e c t i v e for oil, b u t i t w o u l d 
b e h a r d t o d i s t i n g u i s h i n geophys i ca l d a t a : i t w o u l d p r o d u c e a nega t ive g r av i ty 
a n o m a l y s imi la r t o t h e p r o s p e c t i v e s ed imen t s , i t w o u l d h a v e l o w m a g n e t i c in tens i ty , 
a n d w o u l d give n o r m a l s e d i m e n t a r y se ismic ref lect ions a n d p r o b a b l y m o d e r a t e 
veloci t ies . I t w o u l d b e des i rab le a n d m a y b e necessa ry t o es tab l i sh i ts subsu r face 
ex t en t b y r u n n i n g a se i smic t r ave r se n o r t h w a r d f r o m t h e o u t c r o p a r ea . 

T h e l o c a t i o n a n d n a t u r e of t h e w e s t e r n th rus t - f au l t a n d i ts p r o l o n g a t i o n w o u l d 
i n d i c a t e t h e l ikely w e s t w a r d l imi t of these s ed imen t s . T h e r e m a y b e e q u i v a l e n t 
s e d i m e n t s t o t h e wes t of t h e A j a n a - W a n d a g e e R i d g e , b u t t h i s c o u l d on ly b e in fe r red 
f r o m t h e t o t a l s e q u e n c e es t ab l i shed b y se ismic su rvey a n d c o m p a r i s o n o f veloci t ies 
w i t h t h o s e of t h e B a d g e r a d d a G r o u p in a s imi la r s t r u c t u r a l p o s i t i o n ( in t h e d e e p e r 
p a r t o f t h e B y r o B a s i n ) . 

I n t h e C a p e R a n g e a r e a , c o n f o r m a b l e reflect ions u n d e r n e a t h P e r m i a n s e d i m e n t s 
i n d i c a t e a t h i c k n e s s o f a t leas t 18,000 feet o f p r e - P e r m i a n s e d i m e n t s . A s t h e r e 
a r e n o t l ikely t o b e m u c h m o r e t h a n 7000 feet of D e v o n i a n a n d C a r b o n i f e r o u s 
s ed imen t s , t h e B a d g e r a d d a G r o u p o r T u m b l a g o o d a S a n d s t o n e , o r b o t h , m a y well 
b e r e p r e s e n t e d t h e r e . 

LOWER PALAEOZOIC 
Tumblagooda Sandstone 

T h e T u m b l a g o o d a S a n d s t o n e w a s n a m e d b y C l a r k e & T e i c h e r t (1948) , w h o 
desc r ibed t h e f o r m a t i o n i n s o m e de ta i l , b u t gave n o f o r m a l def in i t ion o r t y p e sec t ion 
a p a r t f r o m t h e r e fe rence t o T u m b l a g o o d a Hi l l * w h e r e a t yp i ca l (pa r t ) sec t ion is 
e x p o s e d . ' T h e T u m b l a g o o d a S a n d s t o n e is def ined a s t h e f o r m a t i o n of q u a r t z 
s a n d s t o n e w i t h m i n o r s i l t s tone a n d c o n g l o m e r a t e w h i c h , i n t h e t y p e loca l i ty o n the 
l o w e r M u r c h i s o n R i v e r , res t s u n c o n f o r m a b l y o n P r e c a m b r i a n gneiss a n d is over ­
l a in u n c o n f o r m a b l y b y C r e t a c e o u s s a n d s t o n e of t h e B i r d r o n g F o r m a t i o n . 

T h e n a m e is t a k e n f r o m T u m b l a g o o d a Hi l l (La t . 27° 4 0 £ ' S., L o n g . 114° 0 9 i ' E.) 
o n t h e wes t s ide of t h e M u r c h i s o n R i v e r n e a r i ts m o u t h . T h e t y p e local i ty (F ig . 6) 
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is a l o n g t h e M u r c h i s o n R ive r gorge f rom o n e mile wes t of H a r d a b u t P o o l (7 mi l e s 
n o r t h - w e s t of A j a n a ) t o S e c o n d G u l l y (4 mi les wes t of M u r c h i s o n H o u s e ) . T h e 
t y p e sec t ion (F ig . 7) was m e a s u r e d by S. D . Henderson, . D . J . Belford, a n d myself 
a l o n g t h a t g o r g e ; t h e b a s e of t he sec t ion is a t L a t . 27° 5 2 ' S., L o n g . 114° 3 2 ' E., 
7 miles n o r t h - w e s t of A j a n a , a n d t h e t o p is 1J miles n o r t h - e a s t of T u t u l a Wel l , 
a t L a t . 27° 3 6 i ' S., L o n g . 114° 8 J ' E. 

T h e c o n t a c t be tween t h e T u m b l a g o o d a S a n d s t o n e a n d the P r e c a m b r i a n gneiss 
in t h e M u r c h i s o n River w a s r e g a r d e d as a faul t by M a i t l a n d (1898, p . 15), C l a r k e 
& Te iche r t (1948), a n d J o h n s t o n e & P layford (1955). C lose e x a m i n a t i o n o f t h e 
vicini ty of t he c o n t a c t r evea l s t h a t t h e c o n t a c t is n o t e x p o s e d ; t he neares t a p p r o a c h 

25 



Loose pale  red-brown  quartz  sandstone  of  the  Birdrong  Formation 
unconformably overlying 

150 feet  red  and  white  thm-oedded  and  laminated  quortz  sandstone  and  red 
laminated siltstone 

700feet massive  to  thick-bedded  cross-laminated  medium  and  coarse-grained  quortz 
sandstone with  beds  2  to  9 inches  thick  of  quortz  pebbles  up  to  I  inch  In  diameter 

400 feet  red-brown  mossive  cross  -lommoted  medium-gramed  quartz  sandstone 
' U  with  several  beds  containing  numerous  worm  burrows 

2lO feet  massive  cross-laminated  medium-grained  quartz  sandstone  w  'n  small 
round pebbles  of  quartz  and  quartztte  to  3  inches  in  diameter 

450 feet  interbedded  fine  -  groined  and  medium  -  grained  light  brown 
and dark  red-brown  quartz  sandstone 

690 feet  mterbedded  massive  medium-grained  and  cross  -  laminated  medium-grained  to  fine  -  grained 
quorty sandstone  with  numerous  beds  containing  abundant  invertebrate  tracks 

GOO feet  cross-bedded  medium-grained  quartz  sandstone  with  many  Leds of  fine-grained  laminated 
quartz sandstone  and  very  coarse-grained  quartz  sandstone  with  c arty  pebbles 

300 feet  massive  to  thick-bedded  cross-rammoted  medium  -  grained,  coarse-groined  ond  very  coarse-

grained quartz  sandstone  with  beds  of  round  to  sub-angular  quartz  pebbles  up  to  ij  inches  m  d-amerer 

unconformably overlying 

Precambrian gneiss  and  basic  dyke 

3500 feet'  thickness  of  Tumb/agoodo  Sandstone  >n  type  section 

F I G . 7 . T Y P E S E C T I O N , T U M B L A G O O D A S A N D S T O N E 

of s a n d s t o n e t o P r e c a m b r i a n gneiss o r d y k e r o c k is a b o u t 10 feet, o n t h e left ( sou th ) 
b a n k o f t h e r ive r ; t h e s a n d s t o n e f o r m s a n eas t - fac ing s c a r p r u n n i n g b a c k f r o m t h e 
r iver for 2\  mi les n o r t h a n d 1 mi le s o u t h ; t h e r e a r e i so l a t ed smal l ou t l i e r s of T u m b l a ­
g o o d a S a n d s t o n e res t ing u n c o n f o r m a b l y o n t h e P r e c a m b r i a n gneiss eas t of t he 
m a i n c o n t a c t s o u t h a n d n o r t h o f t h e r ive r ; in de ta i l t h e c o n t a c t is i r r egu la r—i t 
is n o t t h e o u t c r o p o f a p l a n e su r f ace ; several smal l folds , in t h e T u m b l a g o o d a 
S a n d s t o n e n e a r t he c o n t a c t , t r e n d i n t o it a n d a r e t he re c o i n c i d e n t w i th smal l sa l ients 
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a n d fe -en t ran t s of t h e c o n t a c t — t h e s e folds a r e obv ious ly deve loped over hills a n d 
valleys of t h e o ld sur face of t he P r e c a m b r i a n . S o m e of these re la t ionsh ips a re 
s h o w n o n t h e m a p of t he c o n t a c t (F ig . 8) . 

T h e c o n t a c t o n t h e eas t side of t he P r e c a m b r i a n gneiss (a t Y a n d i ) is m u c h 
s teeper b u t is n o t well exposed . T h e t race is i r r egu la r ; b e d s s t r ike i n to i t ; s and­
s tone is b recc ia ted a n d slightly silicified nea r i t . T h e r e has obvious ly been s o m e 
m o v e m e n t of t h e s a n d s t o n e a l o n g t h e con t ac t , b u t the i r regular t r ace suggests t h a t 
t h e c o n t a c t is a s teep u n c o n f o r m i t y a l o n g which the s a n d s t o n e h a s m o v e d , e i ther 
by fau l t ing o r c o m p a c t i o n s l iding. P r ide r (1958) r ega rds t he Y a n d i c o n t a c t as a n 
u n c o n f o r m i t y . 

Fig. 8 - C o n t a c t betwee n Tumblagood a Sandston e an d Precambr ia n Gneis s 
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C l a r k e & Te iche r t (1948) r e g a r d e d the T u m b l a g o o d a S a n d s t o n e as b e i n g c o n ­
f o r m a b l e wi th t h e over ly ing ' Bu t t e S a n d s t o n e ' ( B i r d r o n g F o r m a t i o n ) a n d of t he 
s a m e a g e (Cre t aceous ) . I n fact t h e r e is a n a n g u l a r u n c o n f o r m i t y of a b o u t 2° , in 
t h e a r e a b e t w e e n T o o l o n g a P o i n t a n d T h i r i n d i n e P o i n t , a n d t h e base of t h e B i r d r o n g 
F o r m a t i o n rests o n obv ious ly different p a r t s of t he T u m b l a g o o d a S a n d s t o n e t h r o u g h ­
o u t the i r c o n t a c t a rea . 

T h e c o n t a c t be tween t h e T u m b l a g o o d a S a n d s t o n e a n d t h e L y o n s G r o u p is 
n o t genera l ly exposed . T h e T u m b l a g o o d a S a n d s t o n e d ips a t a b o u t 12° e a s t w a r d 
a t i ts e a s t e r n m o s t o u t c r o p , a n d t h e L y o n s G r o u p , wh ich c r o p s o u t t o t h e eas t of 
t h e T u m b l a g o o d a S a n d s t o n e , a l so d ips e a s t w a r d b u t a t a b o u t 5° . O n th is bas i s 
it is a s s u m e d t h a t t he re is a n a n g u l a r u n c o n f o r m i t y be tween the L y o n s G r o u p a n d 
t h e T u m b l a g o o d a S a n d s t o n e . A t o n l y o n e p lace , a b o u t 10 miles n o r t h - e a s t of 
Y a n d i H o m e s t e a d a n d a b o u t 2000 y a r d s eas t of t he M u r c h i s o n River , soft t i l l i t ic 
c l a y s t o n e of t h e L y o n s G r o u p di rec t ly overl ies i n d u r a t e d T u m b l a g o o d a S a n d s t o n e 
d i p p i n g 13° eas t (Pe r ry & D i c k i n s , 1959). T h e c o n t a c t c a n n o t b e seen a n d n o 
d i p can b e m e a s u r e d in t he L y o n s G r o u p , b u t t he d i spos i t ion o f t h e ou t l i e r s of 
L y o n s G r o u p indica tes t h a t t h e sur face of u n c o n f o r m i t y is nea r ly h o r i z o n t a l , 
a l t h o u g h i r r egu la r in de ta i l . 

A s b o t h b o t t o m a n d t o p of t h e e x p o s e d s equence a r e u n c o n f o r m i t i e s , t he full 
s equence of t he T u m b l a g o o d a S a n d s t o n e is no t k n o w n . 

Lithology.—The T u m b l a g o o d a S a n d s t o n e cons is t s p r e d o m i n a n t l y of q u a r t z 
s a n d s t o n e r a n g i n g in gra ins ize f rom very coa r se t o fine. M e d i u m - g r a i n e d s a n d ­
s t o n e is d o m i n a n t . T h e c o l o u r b o t h a t t he surface a n d in b o r e s is o r a n g e , r ed -
b r o w n , c r e a m , a n d purp l i sh . 

T h e q u a r t z is c o m m o n l y c lear , t he g ra ins a r e s u b r o u n d e d t o s u b a n g u l a r . 
C rys t a l o v e r g r o w t h is seen in s o m e spec imens . Q u a r t z m a k e s u p 75 to 90 pe rcen t 
of t h e r o c k . M o s t spec imens c o n t a i n a little c l o u d y fe ldspar (1 t o 3 pe rcen t ) , s o m e 
of wh ich is p r o b a b l y microc l ine . S o m e spec imens c o n t a i n u p t o 3 pe rcen t of b io t i t e . 
A silty m a t r i x is p resen t in s o m e spec imens , cons i s t ing of q u a r t z , fe ldspar , m i c a 
silt, a n d u n d e t e r m i n e d clay mine ra l s . Ca lc i t e c e m e n t o r f e r rug inous c e m e n t is 
p resen t in a few spec imens . F e r r u g i n o u s s ta in ing of q u a r t z g ra ins a n d a fine d u s t 
of o p a q u e m i n e r a l , poss ib ly h e m a t i t e , a r e c o m m o n . 

R e d s i l t s tone is c o m m o n as pa r t ings be tween s a n d s t o n e beds in t he lower p a r t 
o f t he s equence a n d as beds u p t o a b o u t 3 feet th ick in t h e u p p e r p a r t . T h e silt­
s t o n e h a s n o t been examined pe t rog raph ica l ly . 

Thickness.—The T u m b l a g o o d a S a n d s t o n e is b o u n d e d over a n d be low b y u n ­
confo rmi t i e s . T h e only t w o th icknesses m e a s u r e d a r e t h e t ype t h i c k n e s s of 3500 
feet a n d t h e s equence a l o n g the M u r c h i s o n River n e a r Y a n d i H o m e s t e a d , w h e r e 
a t h i cknes s of 5600 feet was m e a s u r e d (Pe r ry & Dick ins , 1959), a n d a n a d d i t i o n a l 
15,000 feet is ind ica ted by p o o r l y o u t c r o p p i n g T u m b l a g o o d a S a n d s t o n e over a 
w i d t h n o r m a l t o s t r ike o f I3i  miles a n d by a d ip , m e a s u r e d in several p laces ove r 
th is w id th , of 12°. Pa r t s of t h e s e q u e n c e m a y b e r e p e a t e d in th i s bel t , b u t t h e 
r e c o n n a i s s a n c e gravi ty su rvey s h o w s a dec rease of a b o u t 50 mil l igals in g rav i ty , 
f rom the wes te rn c o n t a c t t o t h e ea s t e rn edge of o u t c r o p of t h e T u m b l a g o o d a S a n d ­
s t o n e ; th is indica tes t h a t t h e e s t ima ted to t a l th ickness of T u m b l a g o o d a S a n d s t o n e 
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a t the eas t e rn edge (20,600 feet) is of t h e r ight o r d e r . A l t h o u g h the subsur face 
ex ten t of t he T u m b l a g o o d a S a n d s t o n e is a l m o s t c o m p l e t e l y u n k n o w n it m a y b e 
p resen t in t h e deepe r p a r t s o f t he m i n o r bas ins , w h e r e it w o u l d a c c o u n t for p a r t 
of t he nega t ive grav i ty a n o m a l y in , for e x a m p l e , t h e cen t r a l p a r t of t h e Mer l in le igh 
Bas in , t h e B y r o Pa l l ins a r e a of t he B y r o Bas in , a n d t h e cen t r a l p a r t of t he G a s c o y n e 
Bas in (see F ig . 9) . I t h a s been found wi th ce r t a in ty in b o r e s on ly very close t o 
t h e o u t c r o p a r e a . M c W h a e e t a l . (1958, p . 17) r e p o r t e d a s a n d s t o n e un i t , wh ich 
t h e y c o r r e l a t e d wi th t he T u m b l a g o o d a , b e l o w the S i lu r ian D i r k H a r t o g L i m e s t o n e 
in W A P E T ' s D i r k H a r t o g N o . 17B b o r e . N o fossils w e r e f o u n d in t he s a n d s t o n e , 
wh ich m a y o r m a y n o t b e p a r t of t he T u m b l a g o o d a S a n d s t o n e . 

Fossils.—The on ly o r g a n i c r e m a i n s f o u n d t o d a t e in th i s f o r m a t i o n a r e in te r ­
tw ined b u r r o w s , a n d t ra i ls ( O p i k , 1950). T h e t ra i l s , f o u n d by P . E. P lay fo rd a n d 
J . M a c l n t y r e of W e s t A u s t r a l i a n P e t r o l e u m Pty L t d a n d J. M . D i c k i n s o f t he B u r e a u 
of M i n e r a l R e s o u r c e s , cons is t of a s inuous fiat dep re s s ion a b o u t 1 inch wide wi th , 
o n e i ther s ide a n d d i rec t ly o p p o s e d , m a r k s cons i s t ing of a ho l l ow a n d r idge of a 
s h a p e t h a t is r e p e a t e d f rom m a r k to m a r k . O p i k r e p o r t s h a v i n g f o u n d s imilar 
t r a c k s in C a m b r i a n a n d L o w e r O r d o v i c i a n s e d i m e n t s of C e n t r a l A u s t r a l i a a n d 
T a s m a n i a . 

Age.—The p o o r fossil r e co rd gives on ly a d o u b t f u l i nd i ca t i on of C a m b r i a n 
o r L o w e r O r d o v i c i a n age ( O p i k , o p . ci t . ) . F r o m its r e l a t i onsh ip s wi th o t h e r r o c k s 
t h e T u m b l a g o o d a S a n d s t o n e is cer ta in ly o lde r t h a n C r e t a c e o u s , o lde r t h a n t h e 
S a k m a r i a n L y o n s G r o u p , p r o b a b l y y o u n g e r t h a n t h e B a d g e r a d d a G r o u p (as i t is 
u n c o n f o r m a b l e o n the do le r i t e dykes which i n t r u d e t h e B a d g e r a d d a G r o u p ) , a n d 
cer ta in ly y o u n g e r t h a n the gneiss ( and do le r i te ) of A j a n a . F o r t h e p resen t it is 
t en ta t ive ly r ega rded as O r d o v i c i a n . 

Correlation.—It h a s been sugges ted ( M c W h a e e t a l . , 1958, p p . 17, 31) t h a t t he 
T u m b l a g o o d a S a n d s t o n e ex t ends , b e n e a t h t h e C r e t a c e o u s , f rom the M u r c h i s o n 
R ive r t o t h e v ic in i ty of C a r n a r v o n . Th i s o p i n i o n h a s been based o n i n f o r m a t i o n 
(dr i l ler ' s logs a n d a few b o r e co res ) o b t a i n e d f rom w a t e r b o r e s be tween the M u r ­
ch i son R ive r a n d C a r n a r v o n . I n m y o p i n i o n the l i tho logy of t h e T u m b l a g o o d a 
S a n d s t o n e c a n n o t b e r ecogn ized in b o r e s n o r t h of M e a d o w H o m e s t e a d . T h e 
s e d i m e n t s n o r t h of th is , wh ich h a v e been r e g a r d e d as hav ing the l i tho logy of t he 
T u m b l a g o o d a S a n d s t o n e , a r e q u a r t z g reywacke , m u c h of wh ich is of c o a r s e r m e a n 
gra ins ize t h a n is c o m m o n in t he T u m b l a g o o d a S a n d s t o n e . T h e y a r e m o r e l ike 
t h e N a n n y a r r a G r e y w a c k e in l i t ho logy a n d , w h e r e they under l i e t h e fossil iferous 
s ed imen t s equ iva len t t o t h e G n e u d n a F o r m a t i o n , a re equ iva l en t t o t he N a n n y a r r a . 

I n t h e a r ea be tween M e a d o w a n d P imbie , t he re is p r o b a b l y a n u n c o n f o r m i t y 
be tween t h e N a n n y a r r a G r e y w a c k e a n d t h e u n d e r l y i n g T u m b l a g o o d a S a n d s t o n e . 
I n m a n y p laces in t he deepe r p a r t s of t he C a r n a r v o n Bas in t he N a n n y a r r a G r e y ­
w a c k e p r o b a b l y res ts wi th l i t t le a n g u l a r u n c o n f o r m i t y o n the D i r k H a r t o g L i m e ­
s t o n e o r t he T u m b l a g o o d a S a n d s t o n e . T h e o n l y n e i g h b o u r i n g f o r m a t i o n s of 
s imi lar l i tho logy a n d a p p r o x i m a t e l y s imi la r s t r a t i g r aph ic pos i t ion a r e t h e E n o k u r r a 
G r i t a n d the B i n d o o Hil l Beds ( J o h n s o n , D e L a H u n t y , & G l e e s o n , 1954) in t he 
I r w i n Bas in , 30 miles s o u t h of A j a n a H o m e s t e a d . T h e B i n d o o Hill Beds a r e 
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i m m e d i a t e l y t o t h e eas t of t h e P r e c a m b r i a n of t h e N o r t h a m p t o n b l o c k , w h i c h c o n ­
t i n u e s t o t h e M u r c h i s o n R ive r a t A j a n a ; i t is l ikely t h a t t h e y a r e t h e s o u t h e r n 
ex t ens ion o f t h e T u m b l a g o o d a S a n d s t o n e t h a t c r o p s o u t a t Y a n d i . 

O r d o v i c i a n s e d i m e n t s a r e k n o w n in t h e B o n a p a r t e G u l f Bas in , i n t h e e a s t e r n 
F i t z r o y B a s i n , a n d , subsu r f ace , i n t h e wes t e rn C a n n i n g Bas in . T h e T u m b l a g o o d a 
S a n d s t o n e m a y b e t h e equ iva l en t in t h e C a r n a r v o n B a s i n of t h o s e s e d i m e n t s ; i t 
is q u i t e l ike ly t h a t t h e O r d o v i c i a n Sea t r ansg re s sed t h e C a r n a r v o n Bas in , as wel l 
a s t h e n o r t h e r n b a s i n s . 

Structure.—Regionally t h e o u t c r o p p i n g T u m b l a g o o d a S a n d s t o n e f o r m s a l a rg e 
b r e a c h e d an t i c l i ne p l u n g i n g n o r t h w a r d a n d s o u t h w a r d . I n t h e g o r g e of t h e M u r ­
c h i s o n R ive r , t h e an t i c l ine is a s y m m e t r i c a l , w i t h gen t l e w e s t d ip s a n d s t eep e a s t w a r d 
d ips . T h e T u m b l a g o o d a S a n d s t o n e is p r o b a b l y c o n t i n u o u s ac ro s s t h e c res t of 
t h e an t i c l ine f r o m 40 t o a b o u t 80 mi les n o r t h of A j a n a , b u t is o b s c u r e d b y a cove r 
of superf ic ia l depos i t s . 

T h e T u m b l a g o o d a S a n d s t o n e is s t rong ly j o i n t e d ; i n t h e w e s t e r n o u t c r o p a r e a 
t h e m a i n j o i n t d i r ec t i on is 110° t o 120° a n d t h e m i n o r d i r e c t i o n 030° t o 0 4 0 ° ; i n 
t h e e a s t e r n o u t c r o p a r e a t h e t w o m a i n j o i n t d i r e c t i o n s a r e 80° t o 110° a n d 350° t o 
010° . T h e j o i n t s genera l ly a p p e a r t o b e a p p r o x i m a t e l y n o r m a l t o t h e b e d d i n g . 

T h e r e a r e sma l l an t ic l ines a n d syncl ines n e a r t h e c o n t a c t o f t h e w e s t e r n o u t c r o p 
w i t h t h e P r e c a m b r i a n gne i s s ; I i n t e r p r e t t h e s e a s b e i n g d e v e l o p e d b y d e p o s i t i o n 
over hil ls a n d val leys in t h e sur face o f t h e P r e c a m b r i a n gne i s s . I n t h e gen t ly d i p p i n g 
w e s t e r n s e q u e n c e t h e r e a r e several u n d u l a t i o n s p r o d u c i n g t e r r a c e s t r u c t u r e a t t h e 
su r f ace ; t h e s e t e r r aces m a y d e v e l o p d o w n w a r d i n t o an t i c l ines . I n t h e e a s t e r n 
s equence , u n d u l a t i o n s a r e ev iden t i n a r c u a t e s t r ike t r e n d s , b u t t h e r e a r e n o fold 
s t r u c t u r e s . Severa l b r e a k s in s equence a r e p r o b a b l y n o r m a l - fau l t s , b u t n o n e of 
t hese h a v e b e e n f o u n d exposed . 

T h e r e g i o n a l an t ic l ine is r e g a r d e d as b e i n g f o r m e d m a i n l y b y d e p o s i t i o n ove r 
a p re -ex i s t ing r i dge o n t h e sur face of t h e gneiss . T h e r e g i o n a l s t r u c t u r a l relief 
h a s b e e n i n c r e a s e d b y d o w n w a r p i n g of t h e C o o l c a l a l a y a B a s i n d u r i n g d e p o s i t i o n 
of t h e T u m b l a g o o d a S a n d s t o n e a n d poss ib ly a l so b y s o m e d o w n w a r p i n g o f t h e 
w e s t e r n a r e a . 

T h e d i r ec t i ons of j o i n t i n g a r e n o t cons i s t en t w i t h t h e d e v e l o p m e n t o f a c o m -
p re s s iona l a n t i c l i n a l fo ld in t h e s e d i m e n t s over t h e A j a n a R i d g e , n o r d o t h e y ind i ­
c a t e s t ress i n t h e s a m e d i r ec t i on o n e i the r s ide of t h e r i dge . A s t h e y a r e r o u g h l y 
pa ra l l e l t o d i p a n d s t r ike d i r ec t i ons in t h e s e d i m e n t s i t is m o r e l ikely t h a t t h e y a r e 
t h e effect o f t e n s i o n a l forces ( such a s m a y b e p r o d u c e d b y d o w n w a r p i n g o r c o m ­
p a c t i o n ) . 

Palaeogeography.—As even t h e p re sen t ex t en t of t h e T u m b l a g o o d a S a n d s t o n e 
is n o t k n o w n , l i t t le c a n b e i n d i c a t e d of i ts o r i g ina l ex t en t . 

A s m a l l s a m p l e o f o b s e r v e d d i rec t ions of c r o s s - b e d d i n g , s u p p o r t e d b y gene ra l 
o b s e r v a t i o n , i nd ica te s t h a t t h e c r o s s - b e d d i n g d ip s in t h e s a m e d i r e c t i o n a s t h e 
b e d d i n g (wes t -no r th -wes t ) o n t h e wes t s ide o f t h e A j a n a P r e c a m b r i a n gneiss a n d 
t h a t t h e fo rese t t ing is i n th i s d i r e c t i o n ( t h a t is , t h e d i p o f t h e foresets is i n t h e s a m e 
gene ra l d i r e c t i o n a s , b u t a t ang les g rea te r t h a n , t h e d i p o f t h e beds ) . O n t h e eas t 
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s ide o f t h e P r e c a m b r i a n gneiss , t h e b e d s d i p e a s t w a r d a t ang les f r o m 45° t o 12° 
a n d t h e foresets d i p in t h e s a m e d i r ec t i on a t s teeper ang les . A s t h e f o r e s e e i n g 
is a w a y f r o m t h e P r e c a m b r i a n o n b o t h s ides t h e s e d i m e n t m u s t h a v e m o v e d a w a y 
f r o m t h e p r e s e n t a r e a of t h e P r e c a m b r i a n , a n d the re fo re t h a t a r e a w a s p r o b a b l y 
h i g h e r t h a n t h e a r e a s of d e p o s i t i o n o n e i the r s ide. T h e A j a n a R i d g e p r o b a b l y 
s u p p l i e d s o m e s e d i m e n t t o t h e l o w e r p a r t o f t h e f o r m a t i o n , p a r t i c u l a r l y t o t h o s e 
p a r t s o v e r l a p p e d b y t h e o u t c r o p p i n g s eq u en ce , b u t ce r ta in ly w a s n o t t h e m a i n 
s o u r c e of t h e s e d i m e n t . T h e p r e s e n c e of mic roc l ine a n d b io t i t e sugges ts t h a t t h e 
s e d i m e n t w a s de r ived f r o m e l sewhere t h a n t h e m e t a m o r p h i c r o c k s of t h e N o r t h a m p ­
t o n b l o c k a n d a l m o s t ce r ta in ly c a m e f r o m t h e m a i n P r e c a m b r i a n m a s s of W e s t e r n 
A u s t r a l i a . T h e A j a n a R i d g e w a s p r o b a b l y a s u b m a r i n e r idge , a t s o m e d i s t a n c e 
f r o m t h e sho re l i ne , w h e r e w a v e a n d c u r r e n t a c t i o n w a s effective in c l e a n i n g t h e 
s e d i m e n t a n d r o u n d i n g t h e q u a r t z g r a in s . T h i s is con f i rmed b y t h e a p p e a r a n c e 
o f a s ignif icant p r o p o r t i o n of s i l t s tone b e d s o n l y h i g h i n t h e s equence a n d far a w a y 
f r o m t h e A j a n a R i d g e . I t s eems l ikely t h a t t h e wes t e rn s equence w a s d e p o s i t e d 
a t t h e d ips a t p r e s e n t d i sp l ayed b u t t h a t t h e wes t e rn s equence w a s t i l ted f r o m a n 
or ig ina l ly gen t le ea s t d i p t o t h e p r e s e n t s t eeper d ips d u r i n g s e d i m e n t a t i o n : t h e 
forese ts w i t h a c t u a l d ip s u p t o 54° i n d i c a t e t h a t these l o w e r beds m u s t h a v e b e e n 
t i l t ed a t leas t 10° a n d p r o b a b l y 25° , s ince t h e m a x i m u m foreset d i p d e t e r m i n e d 
expe r imen ta l l y is 45° a n d t h e c o m m o n o b s e r v e d n a t u r a l m a x i m u m is a b o u t 3 0 ° ; 
h o w e v e r , s ince t h e p r e s e n t d i p o f t h e h i g h e r b e d s is on ly 12° t h e t i l t ing of t h e l o w e r 
b e d s m u s t h a v e o c c u r r e d m a i n l y d u r i n g d e p o s i t i o n of t h e f o r m a t i o n a n d w a s p r o b ­
a b l y p r o d u c e d b y a d o w n w a r p i n g of t h e C o o l c a l a l a y a Bas in d u r i n g d e p o s i t i o n of 
t h e T u m b l a g o o d a S a n d s t o n e . T h i s d o w n w a r p i n g of t h e b a s e m e n t a n d ove r ly ing 
b e d s p r o d u c e d s o m e m o v e m e n t of t h e T u m b l a g o o d a S a n d s t o n e a t t h e u n c o n f o r m i t y . 
I n t h e M u r c h i s o n R i v e r a r e a t h e A j a n a R i d g e p r o b a b l y w a s n o t cove red b y a g r e a t 
t h i c k n e s s of T u m b l a g o o d a S a n d s t o n e : s t r o n g w a v e a n d c u r r e n t a c t i o n o n t h e r i d g e 
w o u l d p r e v e n t s e d i m e n t a t i o n i n t h a t a r e a . 

T h e l i tho logy of t h e T u m b l a g o o d a S a n d s t o n e p r o b a b l y c o n t i n u e s on ly a l o n g 
e i the r s ide of t h e A j a n a - W a n d a g e e R i d g e a n d o n i ts c res t for a s h o r t d i s t ance n o r t h — 
t o w h e r e t h e r i d g e a t t h e t i m e o f d e p o s i t i o n of t h e T u m b l a g o o d a S a n d s t o n e w a s 
s u b m e r g e d sufficiently deep ly t o b e b e y o n d s t r o n g w a v e a n d c u r r e n t a c t i o n . B e y o n d 
t h i s , t h e T u m b l a g o o d a S a n d s t o n e m a y b e expec ted t o c h a n g e i n t o s e d i m e n t s o f 
different l i tho logy , poss ib ly q u a r t z w a c k e a n d s i l t s tone . F r o m grav i ty i n d i c a t i o n s 
o f t h e s h a p e of t h e A j a n a - W a n d a g e e R i d g e , a n d a s s u m i n g t h a t i t h a s n o t b e e n 
c h a n g e d significantly s ince t h e T u m b l a g o o d a S a n d s t o n e w a s depos i t ed , t h e f o r m a ­
t i o n p r o b a b l y e x t e n d s o n l y as far n o r t h a s M e a d o w S t a t i o n ; i ts s t r a t i g r a p h i c e q u i v a ­
l en t s m a y o c c u p y l a rge p a r t s of t h e C a r n a r v o n Bas in n o r t h of th i s . 

T h e very g r e a t v o l u m e of c o a r s e s e d i m e n t i nd i ca t ed b y t h e o u t c r o p p i n g s e q u e n c e 
o f t h e T u m b l a g o o d a S a n d s t o n e r e q u i r e s a n act ively e r o d i n g h i n t e r l a n d . T h i s 
imp l i e s uplif t o f t h e h i n t e r l a n d a t t h e t i m e o f t h e m a r i n e t r a n s g r e s s i o n ; t h e d o w n ­
w a r p i n g of t h e C o o l c a l a l a y a B a s i n ( a n d pos s ib ly of t h e m i n o r b a s i n s w i t h i n t h e 
C a r n a r v o n Bas in) m a y h a v e b e e n a s s o c i a t e d w i t h t h e c r u s t a l i n s t ab i l i t y t h u s i n d i ­
c a t e d . 
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As it s eems likely t h a t t he T u m b l a g o o d a m a y c h a n g e in to a m o r e shaly m a r i n e 
facies in t h e d e e p e r pa r t s of t he bas in , oil m a y h a v e m i g r a t e d l a te ra l ly ; t he T u m b l a ­
g o o d a is the re fore qu i t e prospec t ive for oi l in a n y c losed t r a p , pa r t i cu la r ly o n t h e 
b a s e m e n t r idges w h e r e t he s t ruc tu re was p r o b a b l y in exis tence d u r i n g s ed imen ta t i on . 

SILURIAN 

N o r o c k s of Si lur ian age a r e k n o w n in o u t c r o p in t he C a r n a r v o n Bas in , b u t 
several b o r e s h a v e cu t S i lur ian sed iments . 

T h e first r ecord of Si lur ian rocks in t he C a r n a r v o n Basin ( a n d indeed in W e s t e r n 
A u s t r a l i a ) was f rom W A P E T ' s D i r k H a r t o g N o . 17B b o r e . M c W h a e et a l . (1958, 
p . 31) p r o p o s e d the n a m e ' D i r k H a r t o g L i m e s t o n e ' for t he sequence of d o l o m i t e 
wi th m i n o r l imes tone , s i l ts tone, a n d a n h y d r i t e be tween 2183 feet a n d 4608 feet 
d e p t h . A p a r t f rom the undes i rab i l i ty of es tab l i sh ing formal s t r a t ig raph ic un i t s 
o n t he bas i s of a single subsur face in te rsec t ion , t h e use of ' L i m e s t o n e ' for a d o m ­
inan t ly d o l o m i t i c r o c k is unsa t i s fac tory . 

D o l o m i t i c sed iments of Si lur ian age h a v e been p e n e t r a t e d in W A P E T ' s W a n d a ­
gee N o . 1 b o r e (1308 to 2660 feet d e p t h ) . These h a v e been identified as ' D i r k 
H a r t o g L i m e s t o n e ' (Pudovsk i s , 1962), b u t m a y o r m a y n o t be co-extensive wi th 
t h e d o l o m i t e in t he D i r k H a r t o g b o r e . 

A f o r m a t i o n of s a n d s t o n e , wi th m i n o r shale , c l ays tone , a n d si l ts tone, w a s 
p e n e t r a t e d b e n e a t h t he G n e u d n a equ iva len t in W A P E T ' s W a n d a g e e N o . 1 b o r e 
f r o m 912 to 1308 feet d e p t h . C o n o d o n t s f rom this in terva l h a v e been identified 
by M c T a v i s h (1962) as be long ing t o gene ra s o m e of wh ich h a v e r anges t h a t a r e 
n o t k n o w n t o o v e r l a p ; if t he ident if icat ions a r e co r rec t t he gener ic r anges m u s t 
b e revised, b u t first t h e age of the u n i t m u s t be es tab l i shed . A l t h o u g h the ava i lab le 
ev idence mere ly indica tes a poss ib le age be tween L o w e r O r d o v i c i a n a n d U p p e r 
D e v o n i a n P u d o v s k i s (1962) referred it, tenta t ively , t o t he N a n n y a r r a G r e y w a c k e . 
Because it is do lomi t i c in pa r t s , th is un i t is m o r e likely t o b e c o n f o r m a b l e wi th t h e 
u n d e r l y i n g ' D i r k H a r t o g L i m e s t o n e ' a n d d i sconfo rmab le b e n e a t h t he G n e u d n a 
equ iva l en t . 

I n W A P E T ' s M a r r i l l a N o . 1 b o r e , 75 feet of vuggy d o l o m i t e , m e d i u m a n d 
coa r se -g ra ined s a n d s t o n e , choco la t e s i l t s tone, a n d b lue shale is t h o u g h t ( J o h n s t o n e 
e t a l . , 1963) t o represen t beds o f ' D i r k H a r t o g L i m e s t o n e . ' T h e few microfossi ls 
a r e r e g a r d e d by Edgel l (1963) as p r o b a b l y ind ica t ing Si lur ian age , b u t t he ev idence 
is very w e a k a n d the sequence m a y be D e v o n i a n . 

A t p resen t the f aunas ava i lab le c a n n o t be re la ted t o t h o s e in o t h e r A u s t r a l i a n 
S i lu r i an sequences a n d a r e n o t sufficiently d iagnos t i c t o a l low cer ta in co r r e l a t i on 
w i t h overseas sequences . I t a p p e a r s des i rable t o es tabl ish t he A u s t r a l i a n m i c r o -
fossil s equence in s t r a t ig raph ica l ly es tabl ished o u t c r o p sequences before a t t e m p t i n g 
t o co r r e l a t e these subsurface occur rences . 

Unsa t i s f ac to ry age d e t e r m i n a t i o n s c a n p reven t a n y firm conc lus ions be ing 
d r a w n a b o u t t he reg iona l d i s t r ibu t ion , s t ruc tu re , a n d p a l a e o g e o g r a p h y of t h e p a r t s 
of t h e t o t a l p r e - D e v o n i a n sequence of t h e C a r n a r v o n Basin likely t o b e affected. 

T h e ' D i r k H a r t o g L i m e s t o n e ' is l ikely t o fo rm a g o o d reservoir for oil in 
su i t ab le t r a p s ; it h a s n o t been dri l led in a n es tabl i shed closed s t ruc tu ra l o r s t ra t i ­
g r a p h i c t r a p . I ts ex ten t e a s t w a r d a n d s o u t h w a r d f rom D i r k H a r t o g I s l and m a y 
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poss ib ly b e i nd i ca t ed by de ta i led grav i ty s u r v e y ; u n c o n f o r m i t y t r a p s m a y b e p resen t 
a t i ts e a s t e rn edge , e i the r b y la te ra l v a r i a t i o n i n t o a sha ly equ iva len t o f t h e T u m b l a ­
g o o d a S a n d s t o n e o r by t r u n c a t i o n a n d cove r by t h e J u r a s s i c W o o d l e i g h Beds . 

Because it is p resen t a t D i r k H a r t o g I s l and a n d a t W a n d a g e e it is l ikely t h a t 
it o c c u r s in subsu r face over a l a rge p a r t of t h e G a s c o y n e B a s i n ; it m a y o r m a y 
n o t be p r e s e n t in t h e eas te rn bas ins . I t is wi th in easy r e a c h of t h e surface a l o n g 
t h e W a n d a g e e R i d g e a n d p r o b a b l y a lso a l o n g t h e c o n t i n e n t a l shelf be tween D i r k 
H a r t o g a n d C a p e R a n g e . 

DEVONIAN 

T h e N a n n y a r r a G r e y w a c k e , G n e u d n a F o r m a t i o n , M u n a b i a S a n d s t o n e , a n d 
W i l l a r a d d i e F o r m a t i o n a r e t h e o u t c r o p p i n g f o r m a t i o n s r e g a r d e d as D e v o n i a n , 
a l t h o u g h fossils d i agnos t i c of D e v o n i a n age h a v e been f o u n d on ly in t h e G n e u d n a 
F o r m a t i o n . 

F ig . 10 - Typ e l o c a l i t y , N a n n y a r r a G r e y w a c k e ( D m n ) a n d G n e u d n a F o r m a t i o n ( D u g ) . 

D u m -  M u n a b i a S a n d s t o n e ; Qrs — S a n d p € —  P r e c a m b r i a n s c h i s t a n d g r a n i t e 
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Nannyarra Greywacke 

T h e N a n n y a r r a G r e y w a c k e ( C o n d o n , 1954a) is t he o ldes t of t he o u t c r o p p i n g 
D e v o n i a n f o r m a t i o n s . I t cons is t s of g reywacke , q u a r t z w a c k e , a n d s i l t s tone, a n d 
res ts u n c o n f o r m a b l y o n a m a t u r e l y d issec ted surface of P r e c a m b r i a n schist a n d 
g r a n i t e ; it h a s a t r ans i t i ona l , c o n f o r m a b l e c o n t a c t wi th t h e over ly ing G n e u d n a 
F o r m a t i o n . 

T h e n a m e ( p r o n o u n c e d n a n ' - e - a ' - r a ) is t a k e n from N a n n y a r r a P a d d o c k o n 
M o o g o o r e e S t a t i o n ; t h e no r th -wes t c o r n e r of this p a d d o c k is 4 | miles sou th - sou th ­
eas t of M o o g o o r e e H o m e s t e a d . T h e type sect ion of t he f o r m a t i o n , a t t h e s o u t h 
e n d of G n e u d n a P a d d o c k , W i l l i a m b u r y , a t La t . 23° 5 8 ' S., L o n g . 115 14 ' E. (F ig . 
10), was m e a s u r e d by G . A . T h o m a s , C . E. P r i cha rd , a n d myself. F igu re 11 shows 
t h e t ype sec t ion . T h e th ickness of t he t ype sect ion is 193 feet. 

T h e u p p e r b o u n d a r y of t he N a n n y a r r a G r e y w a c k e is p laced a t t he c h a n g e 
of l i tho logy f rom q u a r t z w a c k e t o calci lut i te o r ca l ca reous s i l t s tone . T h i s b o u n d a r y 
is ra re ly well exposed , b u t c a n be loca ted for m a p p i n g p u r p o s e s b y reference t o t h e 
l o w e r m o s t h a r d l imes tone b e d of the G n e u d n a F o r m a t i o n , wh ich in t he t ype sec t ion 
is 72 feet a b o v e the b a s e of t h e G n e u d n a F o r m a t i o n . I n 1954, I p laced th is 72 feet 
o f ' c a l c a r e o u s s i l t s tone ' in t h e N a n n y a r r a G r e y w a c k e , b u t s u b s e q u e n t w o r k s h o w e d 
t h a t w h e r e o u t c r o p w a s g o o d e n o u g h to s h o w t h e l o w e r m o s t h a r d l imes tone b e d 
t h e t r ans i t i on f rom g reywacke t o calci lut i te cou ld also b e m a p p e d . T h i s is t he 
be t t e r b o u n d a r y , as i t is the m a i n c h a n g e in l i thology f rom a r e n a c e o u s t o c a l c a r e o u s 
a n d w o u l d b e m o r e easily p icked in bo res , in b o t h cu t t ings a n d electr ic logs . 

T h e lower b o u n d a r y of t he f o r m a t i o n is t he u n c o n f o r m i t y wi th t h e P r e c a m b r i a n 
crys ta l l ine r o c k s . Because of t h e relief of the surface of t he P r e c a m b r i a n rocks , 
t h e u n c o n f o r m i t y m a y be a t a n y p a r t of t he fo rma t ion . 

Lithology.—The basa l beds of t h e N a n n y a r r a G r e y w a c k e a r e r a t h e r a rkos i c 
in a p p e a r a n c e , pa r t i cu la r ly whe re they overlie grani t ic r ock , b u t c o n t a i n t o o litt le 
fe ldspar t o b e classified as such ( E d w a r d s , 1952). T h e y cons is t of 40 t o 60 pe rcen t 
of a n g u l a r t o s u b a n g u l a r g ra ins of q u a r t z r ang ing in size f rom a b o u t 50 m m t o 
0 . 5 m m ; 5 t o 20 percen t of a n g u l a r t o s u b r o u n d f ragments of qua r t z i t e , schist , 
a n d g ran i t e , r a n g i n g in size f rom a b o u t 75 m m to 10 m m ; 5 t o 10 pe rcen t fe ldspar 
(main ly mic roc l ine a n d o r t h o c l a s e ) ; 3 t o a b o u t 5 pe rcen t mica (ma in ly b io t i te , 
s o m e muscov i t e , serici te, a n d chlor i te ) a n d u p t o 25 percen t fine-grained ma t r ix . 

T h e l a rge r p a r t of t he f o r m a t i o n consis ts of m e d i u m - g r a i n e d g reywacke m a d e 
u p of 50 t o 60 pe rcen t a n g u l a r t o s u b r o u n d q u a r t z f rom 2 m m to 0 . 1 m m ; 5 t o 
10 pe rcen t fe ldspar ; a b o u t 3 percent mica (main ly b io t i t e ) ; few gra ins of q u a r t z i t e ; 
a n d u p t o 35 pe rcen t of fine-grained ma t r ix . 

T h e u p p e r b e d s cons is t of t h in -bedded to l a m i n a t e d m e d i u m - g r a i n e d a n d fine­
g ra ined q u a r t z w a c k e cons is t ing of 60 t o 70 percent s u b a n g u l a r t o s u b r o u n d q u a r t z ; 
a b o u t 5 pe rcen t fe ldspar ; a b o u t 3 pe rcen t b io t i te a n d a litt le whi te mica (possibly 
leached b io t i t e ) ; a n d a b o u t 30 percent of pale fine-grained m a t r i x . 

Distribution.—The N a n n y a r r a G r e y w a c k e c rops ou t a l o n g the eas te rn m a r g i n 
of t he C a r n a r v o n Basin f rom five miles sou th -wes t of L y n d o n H o m e s t e a d to o n e 
mile n o r t h of M o u n t S a n d i m a n H o m e s t e a d ; a n d a long the n o r t h - e a s t e r n m a r g i n 
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Hard grey-brown  fine-r,roined  crystalline  limestone  (some  beds  sandy),  with  small 
gastropods and  small  crinoid  stem  ossicles 

Poorly exposed  soft  pole  green  calcilutite  at  the  base  of  the 
GNEUDNA FORMATION 

Conformable boundary  between  GNEUDNA  FORMATION  and  NANNYARRA  GREYWACKE 

61 feet  of  thin  bedded  firm  light  grey-green  quartzwacke  ,  some  beds 
fine-grained and  laminated 

22 feet  of  friable  grey-green  laminated  fine-grained  quartzwacke 
with thin  siltstone  beds 

14 feet  of  thin  bedded  friable  greenish-grey  greywacke-,  few  fine-grained  beds 

22 feet  of  thin  bedded  friable  greenish-grey  medium-grained  greywacke 

2 feet  of  firm  light  greenish-grey  very  coarse-grained  greywacke 

42 feet  of  thin  bedded  firm  light  grey  medium-grained  greywacke  with  few  beds 
to I  foot  thick  of  very  coarse-groined  greywacke 

30 feet  of  bedded  firm  light  grey  coarse  to  very  coarse-grained  greywacke; 
some angular  to  subangular  fragments  of  quartz  to  I inch 

Unconformable boundary  between  NANNYARRA  GREYWACKE  and  PRECAMBRIAN 
GRANITE; Soft  red-brown  decomposed  coarse  granite 

F ig I I - T y p e s e c t i o n , N a n n y a r r a G r e y w a c k e 



of t h e B idgemia Basin for a b o u t 1 | miles o n e a c h s ide of the M o o g o o r e e / M o u n t 
S a n d i m a n b o u n d a r y fence. I t is n o t exposed in t h e D e v o n i a n out l iers eas t of 
M o o g o o r e e H o m e s t e a d o r in m o s t of t he o u t c r o p s of D e v o n i a n west of W i l l i a m b u r y 
H o m e s t e a d . T h e r e is a smal l o u t c r o p 1J miles sou th - sou th -wes t of W i l l i a m b u r y 
a n d o t h e r smal l o u t c r o p s occu r in t h e a r e a 8 mi les wes t - sou th-wes t of L y n d o n . 
A r e n a c e o u s sed iments possibly equ iva len t t o t he N a n n y a r r a G r e y w a c k e a re r e p o r t e d 
f r o m t h e Pe l i can Hi l l Bore a t 2307 t o 3011 feet d e p t h , f rom Br i ckhouse B o r e N o . 1 
f r o m 1917 t o 2147 feet, f r o m W A P E T ' s W a n d a g e e N o . 1 Bore (912 t o 1308 feet) 
a n d f rom W A P E T ' s Q u a i l N o . 1 B o r e (10,110 to 10,513 feet). M c W h a e et a l . 
(1958 , p . 44) cons ide red th is s equence in t he Pe l ican Hil l Bore t o be T u m b l a g o o d a 
S a n d s t o n e , b u t t he l i tho logy ( q u a r t z w a c k e , n o t q u a r t z s a n d s t o n e ) is c loser t o N a n n y ­
a r r a t h a n T u m b l a g o o d a . 

Thickness.—The s t r o n g relief of t he surface of t he P r e c a m b r i a n r o c k s o n which 
t h e N a n n y a r r a G r e y w a c k e rests resul ts in g rea t a n d r a p i d va r i a t ion in the th ickness 
of t h e f o r m a t i o n . Very few sect ions were m e a s u r e d because of th i s . O n e mile 
n o r t h of M o u n t S a n d i m a n H o m e s t e a d , t he N a n n y a r r a G r e y w a c k e p inches o u t a n d 

Fig .12 
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t h e G n e u d n a F o r m a t i o n res ts d i rec t ly o n t h e P r e c a m b r i a n schist . T h e m a x i m u m 
m e a s u r e d th i ckness in o u t c r o p is a b o u t 200 feet, 10 miles n o r t h - n o r t h - w e s t of 
M o u n t S a n d i m a n H o m e s t e a d ( c o l u m n 1, fig. 12). S o m e o u t c r o p s w h i c h h a v e b e e n 
s t a ted ( T h o m a s & P r i c h a r d , 1953) t o c o n t a i n th icknesses u p t o 400 feet, such as 
t h e o u t c r o p 2 J miles eas t of W o o d c o c k ' s B o r e , M o u n t S a n d i m a n ( C o n d o n , 1962a), 
i nc lude l a rge forese ts res t ing o n a gent ly s lop ing surface of t h e P r e c a m b r i a n . If 
these forese ts a r e r e g a r d e d as d ips , even g rea t e r th icknesses t h a n 400 feet w o u l d 
b e m e a s u r e d . I n t h e sou th -eas t c o r n e r of M o o g o o r e e a n d t h e ad jo in ing c o r n e r of 
M o u n t S a n d i m a n ou t ly ing o u t c r o p s of t h e coa r se b a s a l g r e y w a c k e f o r m hills c o m ­
pletely s u r r o u n d e d b y o u t c r o p p i n g sch is t ; t h e g r e y w a c k e b e d s ' d i p ' a t 20 t o 28° 
w e s t w a r d . T h e s e b e d s a r e in fact l a rge forese ts . 

I n t h e a r e a a b o u t 8 miles n o r t h of M o u n t S a n d i m a n H o m e s t e a d t h e th ickness 
of t h e N a n n y a r r a , e s t i m a t e d f rom d i p a n d o u t c r o p w i d t h , is a b o u t 500 feet. 

Fossils.—No fossils h a v e b e e n f o u n d in t he N a n n y a r r a G r e y w a c k e . 

Age.—The N a n n y a r r a G r e y w a c k e is over la in c o n f o r m a b l y b y t h e G n e u d n a 
F o r m a t i o n , t h e fossils in t he u p p e r p a r t of w h i c h ind i ca t e a F r a s n i a n age . A s t h e 
co ra l s (Hi l l , 1954) h a v e G i v e t i a n affinities a l so , it is l ikely t h a t t h e l o w e r p a r t of t h e 
G n e u d n a F o r m a t i o n is G i v e t i a n a n d t h a t t h e c o n f o r m a b l e N a n n y a r r a F o r m a t i o n 
is a l so of t h a t age . 

Correlation.—It is poss ib le t h a t t h e N a n n y a r r a G r e y w a c k e is of t h e s a m e age 
as t h e l o w e r p a r t o f t he P i l l a r a F o r m a t i o n o f t h e F i t z r o y Bas in o f W e s t e r n A u s t r a l i a 
a n d t h a t t h e t r ansg re s s ion r e su l t i ng in t h e d e p o s i t i o n of these t w o f o r m a t i o n s t o o k 
p lace a t a b o u t t he s a m e t i m e in t h e t w o b a s i n s . 

Structure.—In its a r e a of o u t c r o p t h e N a n n y a r r a G r e y w a c k e d ips s o u t h o f 
wes t a t b e t w e e n 30° a n d 4 0 ° ; it a p p e a r s t o c o n t i n u e i n t o t h e sync l ines 5 miles a n d 
11 miles sou th -wes t of L y n d o n H o m e s t e a d . T h e r e is s o m e i n d i c a t i o n o f an t i c l ina l 
s t r uc tu r e w h e r e t h e N a n n y a r r a G r e y w a c k e c r o p s ou t l i miles s o u t h - s o u t h - w e s t of 
W i l l i a m b u r y H o m e s t e a d a t t h e s o u t h e n d o f t h e r idge of P r e c a m b r i a n schis t im­
m e d i a t e l y wes t of t h e h o m e s t e a d . 

A l o n g t h e o u t c r o p f r o m t h e n o r t h e r n b o u n d a r y of M o u n t S a n d i m a n t o n e a r 
M o u n t S a n d i m a n H o m e s t e a d t h e r e a r e severa l offsets o f t h e t r e n d of t h e o u t c r o p . 
T h e s e w e r e a t first t h o u g h t t o b e c a u s e d b y faul t ing , b u t careful e x a m i n a t i o n of 
several a n d m a p p i n g of o n e s h o w e d t h a t t h e offsets were p r o d u c e d by d e p o s i t i o n 
over a n d a r o u n d a s y m m e t r i c a l r idges a n d val leys in t h e surface of t h e P r e c a m b r i a n 
(F ig . 13). T h i s r idge a n d valley surface h a s a relief of a b o u t 500 feet a n d h a s 
sca rps fac ing eas t a n d s o u t h - e a s t a n d m o r e gen t le s lopes fac ing w e s t w a r d . T h e 
N a n n y a r r a G r e y w a c k e is depos i t ed pa ra l l e l t o t h e gen t l e r s lope a n d a b u t s t h e s c a r p 
s lope w i t h m i n o r r u n - u p . T h e r e is s o m e c o m p a c t i o n s l id ing aga ins t t h e s ca rp 
s lope . 

T h e p re sen t g e o m e t r y sugges ts t h a t t h e m a x i m u m w e s t w a r d t i l t ing is a b o u t 
2 0 ° : a t th i s t i l t t h e r idge of schis t (F ig . 13) w o u l d h a v e h a d a w e s t w a r d s lope o f 
a b o u t 1 0 ' a n d a n e a s t w a r d s ca rp w i t h a s l o p e of a b o u t 50°. 
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Palaeogeography.—Large-scale c ros s -bedd ing indica tes t h a t a t t he t i m e of 
depos i t i on o f t h e N a n n y a r r a G r e y w a c k e , i t s o u t c r o p a r ea w a s in a de l ta ic e n v i r o n ­
m e n t . T h e m a t e r i a l f o rming t h e sed imen t s w a s der ived f rom n e a r b y P r e c a m b r i a n 
r o c k s : t h i s m a y ind ica te t h a t s o m e of t h e sed imen t s of t h e f o r m a t i o n were e r o d e d 
a n d d e p o s i t e d b y m a r i n e a c t i o n d u r i n g a t r ansgress ion . I t is unl ike ly t h a t t h e 
h i n t e r l a n d w a s s t rong ly e levated a t th i s s tage , as t he th in t ransgress ive N a n n y a r r a 
G r e y w a c k e is fo l lowed by the G n e u d n a F o r m a t i o n , in wh ich ca l ca reous ma te r i a l , 
i nc lud ing m a r i n e fossils, is d o m i n a n t a n d t e r r igenous m a t e r i a l s u b o r d i n a t e . T h e 
a b s e n c e of N a n n y a r r a G r e y w a c k e f rom t h e b a s e of t he D e v o n i a n sed imen t s in t he 
ou t l i e r s ea s t of M o o g o o r e e sugges t t h a t t he shore l ine d id n o t r e a c h the re d u r i n g 
depos i t i on of t h e N a n n y a r r a G r e y w a c k e . T h e s h a p e of t h e u n c o n f o r m i t y b e t w e e n 
t h e N a n n y a r r a G r e y w a c k e a n d t h e P r e c a m b r i a n r o c k s s h o w s t h a t t h e M i d d l e 
D e v o n i a n sur face of t he P r e c a m b r i a n r o c k s in t he a r ea be tween W i l l i a m b u r y a n d 
M o u n t S a n d i m a n was genera l ly of m a t u r e relief, b u t in p laces t he re were r idges a n d 
valleys of m o d e r a t e relief. 

Gneudna Formation 

T h e G n e u d n a F o r m a t i o n ( n a m e d Teicher t , 1949a, defined C o n d o n , 1954a, 
p . 13) cons i s t s of ca lcaren i te , q u a r t z w a c k e , calci lut i te , a n d c a l c a r e n o u s s i l t s tone , 
general ly very fossil iferous, res t ing c o n f o r m a b l y a b o v e t he N a n n y a r r a G r e y w a c k e 
a n d b e n e a t h t h e M u n a b i a S a n d s t o n e a n d in p a r t g r ad ing lateral ly i n t o t h e M u n a b i a 
S a n d s t o n e . 

39 



SAMPLE NO . 7 
P n l n TP . \ 

196 ft  1 
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600 

Q_ TPL69- 1 
TP 1 6 6 -

TP 166, 1 
TP 1 6 4 , 1 6 3 -

TP 163- J 

WQ- T P I S Z _ 
TP i e n 
TPI60-" 

[84 * . - w - * -

Medium hard  to  friable  medium  to  fine  -  grained  quartz  sandstone 
(MUNABIA SANDSTONE) 

•CONFORMABLE BOUNDARY 
35 feet  of  friable  grey-green  medium  to  fine-grained  greywacke  (50%), 

hard brownish-grey  sandy  fine-grained  crystalline  limestone  (4 5%) 
and hard  white  calcareous  quartz  sondstone  (5%); 

10 feet  of  hard  grey  sandy  medium-grained  crystalline  limestone, 
48 feel  of  medium  -  hard  to  friable  while  fine-grained  sandstone-, 

• 15  feet  of  friable  green  fine-grained  quartzwacke-. 
7 feet  of  hard  grey  medium-grained  crystalline  limestone; 

63 feet  of  friable  green  fine-grained  quartzwacke; 

~30 feet  of  friable  greenish-grey  laminated  fine  to  medium-grained  quartzwacke 
and hard  Crystalline  limestone, 

_20 feet  of  hard  grey  medium-  grained  crystalline  limestone  with  solitary 
tabulate corals  and  stromotoporoids; 

80 feel  of  medium-hard  grey-green  laminated  fine-groined  quortzwcke 
and thm  -  bedded  crystalline  limestone; 

110 feet  of  friable  greenish  -  grey  medium  -  grained  to  fine-grained  and  coarse-
grained quartzwacke  (90%)  and  hard  grey  medium-  grained  to  fine-
grained crystalline  limestone,  both  containing  brochiopods, 
tabulate corals,  and  stromatopo roids; 

170 feet  of  friable  to  firm  greenish  -  grey  fine  -  groined  to  medium  -  gramed 
shelly quartzwacke  and  hard  brownish  grey  medium  -  grained  to  coarse  -
groined crystalline  limestone  (10%)  with  many  bratM.opods-, 

105 feet  of  friable  greenish  grey  fine-grained  to  medium-grained  shelly 
quartzwacke in  beds  up  to  10  feet  thick,  and  hard  brownish  grey 
sheliy medium-grained  crystalline  limestone  in  beds  to  2  feet  thick, 
both containing  brochiopods,  pectmids,  and  few  straight  nautitoids; 

~63 feet  of  friable  yellow-  brown  shelly  calcarenite,  medium-hard  grey 
laminated fine-  grained  crystalline  limestone,  and  hard  thm-bedded 
grey coarse  -  groined  crystalline  limestone-, 

' 40  feet  of  medium  -  hard  brownish  grey  medium  -  grained  to  coarse  -  grained 
crystalline limestone,  some  beds  sandy; 

\5 feet  of  soft  grey-green  laminated  siltstone; 
50 feet  of  medium-  hard  green-grey  medium  -  grained  crystalline  limestone 

with many  (amellibronchs  and  brochiopods; 
" 35  feet  of  friable  yellow  -  brown  calcarenite  with  brochiopods  and  straight 

nautitoids; 

80 feet  of  thin-  bedded  medium-hard  medium-  groined  to  coarse-grained 
grey crystalline  limestone  with  many  nauliloids  and  brochiopods; 

~25 feet  of  friable  yellow-  brown  calcorenite; 
25 feet  of  thin-  bedded  medium-  hard  grey  medium-  groined  crystalline  limestone-, 

'25 feet  of  friable  yellow-brown  colcarenite  and  hard  grey  fine-  grained 
crystalline limestone  crowded  with  lamellibranchs; 

50 feet  of  thin-bedded  medium-hord  to  friable  light  grey  fine-groined  to 
medium -  groined  crystalline  limestone  crowded  with  brochiopods 

„ ond  tameliibranchs; 
75 feef  of  thin-bedded  to  thick-  bedded  hard  to  medium-hard  medium  -  grained 

to1 fine  -  grained  crystalline  limestone; 
43 feet  of  friable  yetlow^brown  laminated  calcorenite  and  hard  light  grey 

laminated fine  -  grained  crystalline  limestone  with  small 
brochiopods and  crmoid  stem  ossicles-, 

30 feet  of  thin-  bedded  hard  to  medium-hard  grey  crystalline  limestone  and 
medium -  hard  to  friable  yellow  -  brown  crmoidat  calcarenite-, 

60 feet  of  massive  to  laminated  hard  grey  crystalline  limestone,  some  sandy  . 
and friable  yellow  -  brown  calcarenite; 

~_20 feet  of  medium-hard  laminated  sandy  limestone,  ferruginous  at  the  surface; 
65 feet  of  medium-hard  grey  laminated  fine-grained  crystalline  limestone, 

some beds  containing  brochiopods,  nautitoids,  and  crmoid  ossicles, 

75 feet  of  poorly  outcropping  friable  grey-green  calcareous  quartzwacke  and  thin 
hard brown  fme-gramea  to  medium  -  grained  crystalline  limestone  with  shell 
fragments and  crinotd  stem  ossicles-,  few  brochiopods  and  nautitoids-, 

I/O feet  not  exposed; 

55 feet  of  poorly  outcropping  calcareous  greywacke  and  thin  hard  brown  sandy 
crystalline limestone  with  smalt  gastropods  and  small  crinoid  stem  ossicles; 

72 feet  of  poorly  exposed  soft  pale  green  calcareous  siltstone  ond/or 
calcilutite 

-CONFORMABLE BOUNDARY 
Firm light  grey-green  quartzwacke  of  the  NANNYARRA  GREYWACKE 

F i g . 1 4 - T y p e s e c t i o n , G n e u d n a F o r m a t i o n 
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T h e n a m e ( p r o n o u n c e d n u d ' - n a ) is t a k e n f rom G n e u d n a P a d d o c k , wh ich is 
i m m e d i a t e l y s o u t h - e a s t of W i l l i a m b u r y H o m e s t e a d . T h e t ype sec t ion is a t t he 
s o u t h e n d o f G n e u d n a P a d d o c k , 3 J miles s o u t h of G n e u d n a Wel l , a t La t . 23° 5 8 ' S., 
L o n g . 115° 1 3 ' E., a n d is c o n t i g u o u s wi th t h e t ype sec t ion of t he N a n n y a r r a G r e y ­
w a c k e (F ig . 10). De ta i l s of t h e type sec t ion , m e a s u r e d by G . A . T h o m a s , C . E . 
P r i c h a r d , a n d myself, a r e s h o w n in F igu re 14; t h e th ickness is 1696 feet. 

T h e l o w e r b o u n d a r y of t he f o r m a t i o n is t a k e n a t t h e c h a n g e f rom d o m i n a n t l y 
a r e n a c e o u s t o d o m i n a n t l y ca l ca reous sed imen t s . T h e u p p e r b o u n d a r y is a t t h e 
t o p o f t h e u p p e r m o s t h a r d l imes tone b e d over la in by fr iable q u a r t z s a n d s t o n e ; 
th i s b o u n d a r y is t r a n s i t i o n a l a n d the re a r e m a n y beds of q u a r t z s a n d s t o n e in t h e 
t o p 100 feet of t h e G n e u d n a F o r m a t i o n . 

T h e G n e u d n a F o r m a t i o n fo rms p la ins w i t h low para l le l r idges of l imes tone 
wh ich a p p e a r o n a i r - p h o t o g r a p h s as para l le l n a r r o w d a r k l ines o n a l ight g r o u n d . 
Vege t a t i on is spa r se acac ia s c rub a n d smal l h e r b a c e o u s p l an t s . 

T h e G n e u d n a F o r m a t i o n c r o p s o u t in a c o n t i n u o u s bel t a b o u t hal f a mile 
wide f rom five miles sou th -wes t of L y n d o n H o m e s t e a d t o t w o mi les n o r t h of M o u n t 
S a n d i m a n H o m e s t e a d ; in a bel t of d i s c o n t i n u o u s o u t c r o p f rom immed ia t e ly n o r t h 
of t h e L y n d o n R ive r a b o u t 25 miles n o r t h - w e s t of L y n d o n H o m e s t e a d , s o u t h w a r d 
for a b o u t 37 miles t o t h e a r ea 4£ miles s o u t h of west of W i l l i a m b u r y H o m e s t e a d ; 
in a bel t 1 1 ^ miles l o n g f rom 10 mi les n o r t h - n o r t h - w e s t t o 1 | miles s o u t h - s o u t h - w e s t 
of W i l l i a m b u r y ; in a n ou t l i e r 6 J miles l ong a n d u p t o 1 mile wide o n P r e c a m b r i a n 
schist , 9£ mi les eas t of M o o g o o r e e ; in a smal l out l ie r 1 mile fa r the r s o u t h ; in a 
smal l a r e a a r o u n d Howe l l s Bore , 14 miles sou th -eas t of M o o g o o r e e H o m e s t e a d ; 
in a n a r r o w bel t t r e n d i n g s o u t h - s o u t h - e a s t for 9 miles f r o m the a r ea 12 miles n o r t h 
of M o u n t S a n d i m a n H o m e s t e a d ; a n d in a smal l o u t c r o p 2 miles sou th -eas t of t h e 
s o u t h e r n e n d of t h i s be l t . T h e o u t c r o p s ex tend over a t o t a l l eng th of 70 miles 
a n d a m a x i m u m w i d t h of 10 mi les (F ig . 15). A subsur face equ iva len t of t h e 
G n e u d n a F o r m a t i o n h a s been f o u n d in t h e Pe l ican Hil l B o r e 10 miles n o r t h of 
C a r n a r v o n f r o m 1406 t o 2307 feet d e p t h , w h e r e fossiliferous l imes tone a n d ca l ­
c a r e o u s sha le c o n t a i n b r a c h i o p o d s , pe lecypods , a n d os t r acods of t h e s a m e species 
as t hose f o u n d in t h e G n e u d n a F o r m a t i o n , o r species d iagnos t i c of U p p e r D e v o n i a n 
age (F ig . 16). A l t h o u g h Glen i s t e r h a s identified f ragments s imilar t o Cyrtospirifer 
f r o m W A P E T ' s R o u g h R a n g e N o . 1 Bore , be tween 10,700 feet a n d 14,607 feet 
( M c W h a e , e t al . , 1958), it is unl ike ly t h a t t he b o r e h a d en te red t h e equ iva len t of t h e 
G n e u d n a F o r m a t i o n ; t h e f o r m a t i o n s dri l led be low t h e L y o n s G r o u p c a n b e c o m ­
p a r e d l i thologica l ly wi th o u t c r o p p i n g f o r m a t i o n s a n d o n this bas is it w o u l d a p p e a r 
t h a t a t t o t a l d e p t h th is b o r e was in a f o r m a t i o n a p p r o x i m a t e l y equ iva len t t o t h e 
M u n a b i a S a n d s t o n e . 

M c W h a e et a l . (1958, p . 44) cons ide r t h a t ca l ca reous sed iments en te red b e n e a t h 
t he M e s o z o i c in W A P E T ' s C a p e Cuv ie r a n d G r i e r s o n Bores a r e equ iva len t t o t h e 
Pe l i can Hi l l Bore U p p e r D e v o n i a n , a l t h o u g h fossil conf i rma t ion is l a c k i n g ; I h a v e 
seen t h e cores a n d , o n t h e bas is of l i thology, ag ree t h a t t h e Cuvie r Bore en te red a 
f o r m a t i o n s imi lar t o t he G n e u d n a F o r m a t i o n equ iva len t in Pel ican Hill B o r e , b u t 
w o u l d sugges t t h a t t h e d o l o m i t e en te red in G r i e r s o n Bores is different. W A P E T ' s 
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Fig.15 Outcro p o f Gneudn a Formatio n showin g thicknesses . 
Numbers 2  t o 5  ar e location s o f strat igraphica l column s 
shown i n Fig . 17 . 

W a n d a g e e N o . 1 B o r e p e n e t r a t e d s ed imen t s e q u i v a l e n t t o t he G n e u d n a F o r m a t i o n 
( l imes tone , d o l o m i t e , s i l t s tone , a n d sha le) b e t w e e n 591 a n d 912 feet ( P u d o v s k i s , 
1962). 

Lithology.—The m a i n rock - types in t h e G n e u d n a F o r m a t i o n a r e ca l ca ren i t e 
(45 pe rcen t ) , q u a r t z w a c k e (30 pe rcen t ) , ca lc i lu t i te (10 pe rcen t ) , q u a r t z s a n d s t o n e 
(3 pe rcen t ) , a n d s i l t s tone (1 pe rcen t ) . 

T h e r e a r e f o u r m a i n types of c a l ca r en i t e T h e d o m i n a n t r o c k is t h i n - b e d d e d 
t o l a m i n a t e d , f r iable t o m e d i u m - h a r d , m e d i u m - g r a i n e d , coa r se -g ra ined , a n d fine­
g r a i n e d ; it cons is t s o f c leavage f r agmen t s of ca lc i te , f r a g m e n t s of shells a n d c r i n o i d 
s t ems , a n d sca t t e r ed fossils. T h e m o s t c o m m o n l y o u t c r o p p i n g r o c k is l a m i n a t e d 
h a r d m e d i u m - g r a i n e d a n d fine-grained ca l ca ren i t e w h i c h is very s imi lar in c o m ­
p o s i t i o n t o t he a b o v e r o c k b u t h a s a n in ters t i t ia l c e m e n t of calc i te . T h i s in t e r ­
st i t ia l ca lc i te is very fine-grained a n d c l o u d y a n d w a s p r o b a b l y a l ime m u d d e p o s i t e d 
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F i g 1 6 

C A R N A R V O N 
B A S I N 
Dis t r ibu t ion o f 

G N E U D N A F O R M A T I O N 
A N D I T S E Q U I V A L E N T S 

SCALE. O F M I L E S 
0 2 0 *0  6 0 8 C 

R e f e r e n c e 
- Outcrop  ofGneudna Formation. 
- Limit  of  Gneudna  fm, definite 
- .  .  ,  appro*. 

. inferred 
Bore establishing presence of 

Gneudna Formation. 
Bore establ/shing absence  of 

Gneudna Formation. 
|3 Approximate  extent of Gneudna 
3 Formation 

Possible extent  of Sneudna 
L = 3 Formation 
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wi th t h e c o a r s e r f r agments . T h i s r ock genera l ly occu r s in sets ( M c K e e & Weir , 
1953) n o t m o r e t h a n 3 feet th ick , w h e r e a s t he d o m i n a n t rock is in sets u p t o 50 feet 
th ick . A m i n o r va r ia t ion of t he a b o v e t w o types is p r o d u c e d by the p resence o f 
t e r r i g e n o u s g r a i n s ; these r a n g e in size f rom a b o u t 4 m m d o w n t o c l ay ; they c o m ­
m o n l y f o r m a b o u t 20 pe rcen t o f t he rock , a l t h o u g h t h e r e a p p e a r s t o be a n a l m o s t 
c o m p l e t e r a n g e f rom q u a r t z w a c k e to ca lca ren i t e . T h e t e r r i genous ma te r i a l is o f 
t h e s a m e c o m p o s i t i o n as t h a t in t he q u a r t z w a c k e beds . A very m i n o r rock - type 
is t h e c o q u i n o i d ca lca ren i te in wh ich fossils fo rm t h e f r a m e w o r k of a th in bed wi th 
a m a t r i x of ca lca ren i t e . 

T h e q u a r t z w a c k e is t h i n - b e d d e d t o l a m i n a t e d in sets u p t o 20 feet th ick , fr iable, 
m a i n l y m e d i u m - g r a i n e d a n d f ine-grained wi th few b e d s coa r se -g ra ined , a n d c o m ­
m o n l y g rey-green o r d a r k greenish grey. It cons is t s of q u a r t z ( a b o u t 50 t o 60 
pe r cen t ) in s u b a n g u l a r t o s u b r o u n d c lea r o r mi lky g ra ins , fe ldspar (0 t o a b o u t 10 
p e r c e n t ) in a n g u l a r c leavage f r agmen t s c o m m o n l y o p a q u e because of a l t e r a t i on , 
p e r h a p s b y w e a t h e r i n g , mica (1 t o a b o u t 5 pe rcen t b io t i t e a n d whi t e mica wh ich 
m a y b e l eached b io t i te ) , ch lo r i t e (2 t o 10 pe r cen t , a p a r t f rom t h a t in t he fine-grained 
m a t r i x ) , a n d fine-grained m a t r i x w h i c h a p p e a r s t o inc lude q u a r t z , ch lo r i t e , a n d 
c lay m i n e r a l s . H e a v y m i n e r a l s h a v e n o t been d e t e r m i n e d . A few beds c o n t a i n 
a calc i te c e m e n t wh ich m a k e s t h e m res i s tan t t o wea the r ing , a n d several sets c o n t a i n 
a p p r e c i a b l e a m o u n t s of de t r i t a l ca lc i t e ; th is r o c k c o m m o n l y a l so c o n t a i n s a b u n d a n t 
fossils. 

T h r e e m a i n variet ies of calc i lu t i te were o b s e r v e d : a t t h e b a s e o f t h e f o r m a t i o n 
is a set 72 feet t h i ck of l a m i n a t e d soft pa le green ca lc i lu t i t e ; it has n o t been ana ly sed 
quan t i t a t i ve ly , b u t qua l i t a t ive ac id t r e a t m e n t ind ica tes t h a t t h e r o c k is p r e d o m ­
i n a n t l y c a l c a r e o u s , wi th a b o u t 10 t o 20 pe rcen t t e r r i g e n o u s silt. I n t h e m i d d l e of 
t h e f o r m a t i o n a r e sets u p t o 30 feet t h i ck of t h i n - b e d d e d h a r d a n d m e d i u m - h a r d 
calc i lut i te c o n t a i n i n g a b u n d a n t ca lc i spheres . Cresp in , T h o m a s , & Dal lwi tz ( in 
p r e p a r a t i o n ) cons ide r t h a t these a r e definitely o r g a n i c a n d n o t mere ly oo l i t h s . 
T h e y a r e set in a very fine-grained g r o u n d m a s s of ca lc i te , wh ich was p r o b a b l y 
depos i t ed as a l ime m u d . T h e ca lc i spheres a r e 0 . 4 t o 0 . 5 m m in d i a m e t e r a n d 
cons i s t m a i n l y of c h a l c e d o n i c silica, a p p a r e n t l y r ep lac ing calc i te o r a r a g o n i t e , o f 
w h i c h res idua l par t ic les a r e p resen t . In t h e u p p e r p a r t of t h e f o r m a t i o n a re t h i n 
b e d s of h a r d ool i t ic calc i lu t i te . T h e oo l i ths , r a n g i n g in d i a m e t e r f rom 0 5 t o 
a b o u t 1.0 m m , h a v e c o n c e n t r i c s t r u c t u r e ; t hey a r e set in a n ex t remely fine-grained 
g r o u n d m a s s p r o b a b l y of ca lc i t e ; t h e oo l i ths cons t i t u t e a b o u t 60 pe rcen t of t h e r o c k . 

Q u a r t z s a n d s t o n e is f o u n d on ly in t h e u p p e r p a r t of t h e f o r m a t i o n ; it is l a m i n ­
a t ed t o t h i n - b e d d e d , m a i n l y fr iable , a n d fine-grained, a n d cons is t s of s u b a n g u l a r 
a n d s u b r o u n d q u a r t z g ra ins of even size, m a n y wi th q u a r t z c rys ta l o v e r g r o w t h s , 
a very smal l a m o u n t of ch lo r i t e a n d very l i t t le m a t r i x of q u a r t z silt a n d c lay . A 
few beds h a v e a c lear calc i te c e m e n t . M o s t of t h e s a n d s t o n e is inters t ra t i f ied wi th 
s a n d y ca lca ren i t e , b u t a few b e d s a r e i n t e r ca l a t ed wi th q u a r t z w a c k e t h a t s h o w s 
n o ind i ca t i on of r e m o v a l d u r i n g s e d i m e n t a t i o n of m a t r i x o r o t h e r non - r e s i s t an t 
f r a g m e n t s ; t he p re sence of ch lo r i t e in t h e s a n d s t o n e a n d t h e s h a p e of t h e q u a r t z 
g r a in s sugges t t h a t t he s a n d s t o n e w a s der ived f rom q u a r t z w a c k e s e d i m e n t before 

44 



depos i t i on by r e m o v a l of t he ma t r i x , feldspar, a n d mica by wave a n d c u r r e n t ac t ion . 
I t ind ica tes t he c h a n g e of cond i t i ons which resul ted in t he depos i t ion of t he M u n a b i a 
S a n d s t o n e . 

A very litt le s i l t s tone is p resen t in the f o r m a t i o n , as sets r ang ing f rom 3 to 6 feet 
t h i ck of l a m i n a t e d soft s i l t s tone. Th i s r ock h a s n o t been examined in deta i l . 

T h e l i tho logy indica tes a mode ra t e ly d e e p m a r i n e e n v i r o n m e n t of c o n t e m ­
p o r a n e o u s ca l ca reous a n d t e r r igenous depos i t ion . A n a b u n d a n t o rgan ic p o p u l a t i o n 
supp l ied s o m e of t he ca lca reous ma te r i a l in t h e fo rm of tests , s o m e of wh ich dis­
i n t eg ra t ed t o fo rm ca lca ren i te a n d l ime m u d . S o m e of the l ime m u d m a y have 
b e e n p r o d u c e d by the life processes of mic ro -o rgan i sms . T h e t e r r igenous mate r ia l 
a p p a r e n t l y c a m e f rom rocks like t hose c r o p p i n g o u t immedia te ly t o t he eas t— 
crys ta l l ine schists a n d g ran i t e . T h e a p p e a r a n c e of q u a r t z s a n d s t o n e der ived f rom 
t h e q u a r t z w a c k e sed imen t in the u p p e r m o s t p a r t of the f o r m a t i o n indica tes t h a t 
t h e sea sha l lowed , a l lowing waves a n d cu r r en t s t o r e m o v e the fine ma t r i x , mica , 
a n d easily b r o k e n fe ldspar f rom the sed imen t s . 

T h r o u g h o u t t h e o u t c r o p a r ea there a r e n o significant changes in l i thology 
a l t h o u g h t h e a b u n d a n c e of fossils varies f rom place t o p lace . I n t h e Pel ican Hil l 
B o r e t h e equ iva l en t of t he G n e u d n a F o r m a t i o n consis ts of fossiliferous d a r k h a r d 
ca lca ren i te a n d d a r k shale, s o m e of which a l so is fossiliferous. T h e ca lcaren i te 
ind ica tes a d e p t h of wa te r n o t m a r k e d l y different f rom t h a t in t h e o u t c r o p a rea , 
a n d t h e shale , t h o u g h it cou ld have been la id d o w n in deeper water , m a y r a the r 
ind ica te d i s t ance f rom the source of supply of t h e t e r r igenous ma te r i a l , so t h a t 
on ly t h e very fine-grained m u d reached the a rea . 

Thickness.—The G n e u d n a F o r m a t i o n general ly c r o p s o u t very poor ly . Even 
in a r ea s w h e r e t he h a r d b e d s c r o p ou t fairly well , t he o u t c r o p consis ts main ly of 
b l o c k s of l imes tone obvious ly no t in p lace , m a k i n g m e a s u r e m e n t of d ip qui te u n ­
re l iab le . A s a resul t re l iable m e a s u r e m e n t s of th ickness a r e very few, a n d the 
fo l lowing s t a t e m e n t m u s t be read wi th this in m i n d ; all b u t t h e t ype sect ion a n d sec­
t i on 3 , F i g u r e 17, a r e figures c o m p u t e d f rom the bes t d i p i n f o r m a t i o n avai lab le 
a n d f rom d is tances scaled f rom a i r - p h o t o g r a p h s . T h e th ickness a t o u t c r o p r a n g e s 
f rom 520 feet t o 2700 feet; t he grea tes t th icknesses , a n d th icknesses g rea te r t h a n 
t hose in t he immedia te ly s u r r o u n d i n g a rea , a r e found in t he axial reg ions of syn-
cl ines. T h e th ickness va r i a t ion a l o n g the l o n g o u t c r o p belt ind ica tes a wes tward 
d ivergence of a b o u t 400 feet per m i l e ; in the a r ea be tween the L y n d o n a n d Min i lya 
Rivers n o reg iona l d ivergence c a n be es t imated , a l t h o u g h a local d ivergence of 
a b o u t 500 feet per mile i n to t he ind iv idua l syncl ines is ind ica ted . 

T h e grea te r th icknesses in t he synclines m a y h a v e resu l ted f rom a c c u m u l a t i o n 
in o r ig ina l valleys in the b a s e m e n t o r by bu lk ing of the relatively i n c o m p e t e n t sedi­
m e n t s of t he G n e u d n a F o r m a t i o n d u r i n g folding. 

Fossils.—The G n e u d n a F o r m a t i o n is very fossil iferous. I n m o s t o u t c r o p s , 
o r ig ina l test ma te r i a l is p resen t . T h e r e is a r o u g h a b u n d a n c e - z o n i n g in t he fossi ls: 
in t h e lower p a r t b r a c h i o p o d s a r e d o m i n a n t ; in a scend ing o r d e r c r ino id s t ems , 
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pe lecypods , nau t i l o id s , b r a c h i o p o d s , a n d co ra l s a n d s t r o m a t o p o r o i d s a r e d o m i n a n t . 
P a l a e o n t o l o g i c a l w o r k is still c o n t i n u i n g o n the f a u n a s , b u t t h e fo l l owing species 
h a v e been d e t e r m i n e d : 

C o r a l s (Hil l , 1954): 

Disphyllum virgatum  ( H i n d e ) var . variabile  Hi l l 

Hexagonaria gneudnensis  Hi l l 

Thamnopora cf. polyforata  (Sch lo the im) 

Alveolites caudatus  Hi l l 

46 



B r a c h i o p o d s : 

C o l e m a n (1951) : 
Atrypa aspera  prideri  C o l e m a n 

Glen i s t e r (1956) : 
Austrospirifer variabilis  G len i s t e r 
Cyrtospirifer minilyaensis  G len i s t e r 
C. australis  G l e n i s t e r 
C. gneudnaensis  G len i s t e r 
C. brevicardinis  G len i s te r 

Veeve r s (1959) : 
Productella accidua  Veevers 
Camarotoechia puteana  Veevers 
cf. Ladjia  saltica  Veevers 
Spi r i fe r idae gen . e t sp . i n d . 

Age.—Hill (1954) s t a tes t h a t t h e a s s o c i a t i o n of t h e f o u r g e n e r a of co ra l s is 
c h a r a c t e r i s t i c of t h e G i v e t i a n a n d F r a s n i a n . G l e n i s t e r (1956) s ta tes t h a t Cyrto-
spirifer is r e s t r i c t ed t o t h e F r a s n i a n , b u t Veeve r s (1959) p o i n t s o u t t h a t i t is k n o w n 
f r o m t h e F a m e n n i a n a l s o . A l t h o u g h t h e fossil ev idence is n o t ve ry c l ea r i t is 
l ikely t h a t t h e G n e u d n a F o r m a t i o n is F r a s n i a n i n a g e . Foss i l s f r o m t h e l o w e r 
p a r t h a v e n o t b e e n d e t e r m i n e d , so t h a t a t p r e s e n t i t is n o t poss ib le t o g ive a p rec i se 
a g e t o t h e l o w e r m o s t p a r t of t h e f o r m a t i o n ; t h e a b s e n c e of Cyrtospirifer  m a y b e 
a n i n d i c a t i o n t h a t t h e l o w e r m o s t p a r t of t h e f o r m a t i o n is G i v e t i a n . 

Correlation.—The G n e u d n a F o r m a t i o n m a y b e c o r r e l a t e d w i t h t h e f o r m a t i o n 
of l i m e s t o n e a n d sha le c o n t a i n i n g Cyrtospirifer  i n t h e Pe l i can Hi l l B o r e b e t w e e n 
1406 feet a n d 2307 feet ( T h o m a s & D i c k i n s , 1954). T h i s f o r m a t i o n d i rec t ly 
u n d e r l i e s t h e L o w e r C r e t a c e o u s B i r d r o n g F o r m a t i o n a n d t h e co res s h o w d ip s o f 
a b o u t 8° . A l t h o u g h M c W h a e e t a l . (1958) c o n s i d e r t h a t s t r a t a e q u i v a l e n t t o t h e 
G n e u d n a F o r m a t i o n m a y b e p r e s e n t in R o u g h R a n g e B o r e N o . 1 6 b e t w e e n 10,700 
feet a n d 14,607 f e e t ' I s h o u l d c o m p a r e t h e l i t ho logy o f t h e f o r m a t i o n i n th i s i n t e rva l 
w i t h t h e o u t c r o p p i n g f o r m a t i o n s a b o v e t h e G n e u d n a F o r m a t i o n . C a p e C u v i e r 
B o r e N o . 1 c u t d o l o m i t e , l i m e s t o n e , s i l t s tone , a n d c o n g l o m e r a t e i m m e d i a t e l y b e l o w 
t h e M e s o z o i c . A l t h o u g h n o fossils w e r e f o u n d , t h e l i t ho logy sugges ts t h a t i t m a y 
b e o f t h e s a m e f o r m a t i o n as t h a t in t h e Pe l i c an Hi l l B o r e a n d t he r e fo r e e q u i v a l e n t 
t o t h e G n e u d n a F o r m a t i o n . 

I n t h e F i t z r o y Bas in , t h e u p p e r p a r t of t h e P i l l a r a L i m e s t o n e , t h e Sad le r F o r ­
m a t i o n , t h e M o u n t P i e r r e G r o u p , t h e O s c a r F o r m a t i o n , a n d t h e G e i k i e F o r m a t i o n 
( G u p p y , L i n d n e r , R a t t i g a n , & Casey , 1958) a r e F r a s n i a n a n d the re fo re t o b e c o r r e ­
l a t e d w i t h t h e G n e u d n a F o r m a t i o n (Veevers , 1959). O t h e r m a r i n e F r a s n i a n sedi ­
m e n t s t h a t m a y b e c o r r e l a t e d t en ta t ive ly w i t h t h e G n e u d n a F o r m a t i o n i n c l u d e t h e 
S t a r B e d s , H o d g k i n s o n Beds , a n d T h o m s o n Clas t i cs of Q u e e n s l a n d . 

Structure.—The m a i n be l t of o u t c r o p of t h e G n e u d n a F o r m a t i o n d ip s w e s t w a r d 
a t 30° t o 45° . N o r t h of t h e l a t i t u d e of W i l l i a m b u r y , t h e G n e u d n a F o r m a t i o n is 
fo lded i n t o l a rge syncl ines w i t h eas t flank d ips of 25° t o 40° , s o u t h w a r d p l u n g e s b e ­
t w e e n 10° a n d 30°, a n d n a r r o w s teep wes t flanks. T h e F o r m a t i o n is fo lded i n t o a 
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s o u t h - p l u n g i n g an t ic l ine 1£ miles s o u t h - s o u t h - w e s t of W i l l i a m b u r y . W e s t of L y n d o n 
seve ra l sma l l syncl ines c o n t a i n on ly G n e u d n a F o r m a t i o n a n d N a n n y a r r a G r e y ­
w a c k e . Ou t l i e r s in syncl ines eas t of M o o g o o r e e a n d n o r t h o f M o u n t S a n d i m a n 
c o n s i s t m a i n l y of G n e u d n a F o r m a t i o n w i t h s o m e M u n a b i a S a n d s t o n e . I n a s o u t h -
p l u n g i n g syncl ine 30 mi les n o r t h o f M o u n t S a n d i m a n , t h e G n e u d n a F o r m a t i o n 
d i p s 30° wes t . 

I n m u c h of t h e o u t c r o p a r e a t h e b e d s a r e i r regu la r ly c o n t o r t e d a n d f a u l t e d 
i n a m a n n e r t h a t sugges t s s l u m p s t r u c t u r e s ; s o m e of these a r e o n a sca le sufficiently 
l a r g e t o b e visible o n t h e a i r - p h o t o g r a p h s (e.g. , in t h e ou t l i e r 8 | mi les s o u t h of w e s t 
o f L y n d o n ) . 

I n t h e a r e a five mi les s o u t h - w e s t o f L y n d o n , t h e wes t flank of a n a r r o w sync l ine 
is s een t o b e fau l ted a g a i n s t P r e c a m b r i a n silicified q u a r t z b recc ia . A fau l t z o n e 
w i t h i n t h e s ed imen t s d ip s 65° eas t - sou th -eas t . T h e faul t a p p e a r s t o c o n t i n u e n o r t h 
i n t o t h e P r e c a m b r i a n , a l ongs ide t h e silicified q u a r t z brecc ia , w h i c h is a sea led p r e -
D e v o n i a n a n d p r o b a b l y P r e c a m b r i a n faul t . 

Palaeogeography.—The G n e u d n a F o r m a t i o n w a s d e p o s i t e d in s h a l l o w s ea 
w a t e r c o n t a i n i n g a b u n d a n t l i m e ; t e r r i g e n o u s sed imen t s w e r e i n t r o d u c e d i n t e r ­
m i t t e n t l y . T h e sea floor h a d a b a t h y m e t r i c relief of several h u n d r e d feet a t l ea s t 
a n d i ts s lopes w e r e sufficient t o c a u s e s l u m p i n g of t h e l i m e - m u d s e d i m e n t s . T h e 
s h o r e l i n e w a s p r o b a b l y n o t far t o t h e eas t o f t h e p r e s e n t o u t c r o p a r e a a n d w a s 
s t r o n g l y i n d e n t e d w i t h gulfs a n d p e n i n s u l a s t r e n d i n g m a i n l y n o r t h . N e a r C a r n a r v o n 
( P e l i c a n Hi l l Bo re ) , t h e fossils of t h e G n e u d n a equ iva l en t i nd i ca t e sha l l ow w a t e r , 
b u t t h e s e d i m e n t s i nd i ca t e t h a t t h e sho re l i ne w a s far a w a y : th i s a r e a w a s p r o b a b l y 
a s u b m a r i n e b a n k . A n o t h e r w a s p r o b a b l y p r e s e n t in t h e a r e a of t h e W a n d a g e e 
R i d g e f r o m a b o u t t h e L y n d o n R i v e r t o t h e G a s c o y n e R i v e r ; s t r o m a t o p o r o i d - c o r a l 
reefs m a y h a v e d e v e l o p e d o n p a r t s of i t . 

Economic Geology. —Brackish g r o u n d - w a t e r su i tab le for s t o c k is d r a w n f r o m 
t h e o u t c r o p of t h e G n e u d n a F o r m a t i o n , b u t i t c a n n o t b e r e g a r d e d as a g o o d s o u r c e 
o f g r o u n d - w a t e r . T h e fact t h a t useful quan t i t i e s of w a t e r a r e p r o d u c e d i n d i c a t e s 
m o d e r a t e p o r o s i t y a n d p e r m e a b i l i t y in t h e f o r m a t i o n a t o u t c r o p . 

T h e subsur face e q u i v a l e n t of t h e G n e u d n a (as seen in Pe l i can Hi l l B o r e ) is 
o f oi l s o u r c e - b e d t y p e . T h e f o r m a t i o n e q u i v a l e n t h a s b e e n dr i l led in s t ruc tu ra l l y 
h i g h l o c a t i o n s (a t W a n d a g e e N o . 1 a n d Q u a i l N o . 1), b u t s t r u c t u r a l c lo su re h a s 
n o t b e e n e s t ab l i shed a t t hese p laces . T h e G n e u d n a is a m a i n t a r g e t for oi l ex­
p l o r a t i o n , s ince i t is l ikely t o inc lude b o t h s o u r c e b e d s a n d rese rvo i r s in i ts e q u i v a ­
l e n t s . P rospec t ive a r e a s for e x p l o r a t i o n for c losed s t ruc tu res i n c l u d e t h e W a n d a g e e 
R i d g e b e t w e e n L y n d o n a n d G a s c o y n e R ive r s , t h e s o u t h w a r d ex t ens ion of b a s e m e n t 
r i d g e s f r o m W i l l i a m b u r y , a n d poss ib ly t h e c o a s t a l a r e a b e t w e e n C a r n a r v o n a n d 
R o u g h R a n g e . S t r a t i g r a p h i c t r a p s , i n c l u d i n g u n c o n f o r m i t i e s , m a y b e f o u n d i n 
t h e o u t c r o p a r e a ( L y n d o n t o M o u n t S a n d i m a n ) , o n t h e s t eep e a s t e r n flank of t h e 
W a n d a g e e R i d g e b e t w e e n L y n d o n a n d G a s c o y n e R ive r s a n d , p e r h a p s , o n t h e 
w e s t e r n flank of t h e r idge n o r t h of M a r r i l l a . 

Problems.—The l imi t s of t h e ex t en t of t h e G n e u d n a a n d i ts equ iva l en t s a r e 
n o t y e t e s t ab l i shed even a p p r o x i m a t e l y : se ismic surveys c o m b i n e d w i t h d r i l l ing 

4 8 



a re r equ i r ed t o ind ica te this , as well as facies va r i a t ions t h a t m a y lead t o s t ra t i ­
g r aph i c p r o s p e c t s . Such w o r k will a lso he lp t o es tabl ish t h e s t ruc tu re a n d th ick­
ness va r i a t i ons of t h e uni t . 

T h e shaly pa r t s of t he G n e u d n a equiva len ts sh o u l d b e examined t o de t e rmine 
the i r w o r t h as oil source -beds . 

Munabia Sandstone 

T h e M u n a b i a S a n d s t o n e was n a m e d by Te icher t (1949a) a n d defined a n d 
descr ibed by C o n d o n (1954a) . A s a resul t of a d d i t i o n a l field w o r k it is a p p a r e n t 
t h a t t h e defini t ion needs t o be revised s o m e w h a t , as fo l lows: t he M u n a b i a S a n d ­
s tone is the f o r m a t i o n of q u a r t z s a n d s t o n e res t ing c o n f o r m a b l y on a n d in p a r t 
va ry ing la teral ly i n to t he G n e u d n a F o r m a t i o n a n d over la in c o n f o r m a b l y by the 
Wi l l a r add i e F o r m a t i o n , d i sconfo rmab ly by the M o o g o o r e e L i m e s t o n e , or u n c o n ­
f o r m a b l y by t h e L y o n s G r o u p . 

T h e n a m e ( p r o n o u n c e d m u - n a - b i ' - a ) is t a k e n f rom M u n a b i a P a d d o c k , Wi l l i am­
b u r y S t a t i on , wh ich is immed ia t e ly no r th -eas t of t h e h o m e s t e a d . T h e f o r m a t i o n 
c r o p s o u t in a n o r t h - s o u t h bel t c ross ing the p a d d o c k . T h e type sect ion, in G n e u d n a 
P a d d o c k , five miles sou th -eas t of W i l l i a m b u r y H o m e s t e a d a n d o n e mile no r th - ea s t 
of G n e u d n a Wel l , a t La t . 2 3 ' 5 5 ' S., L o n g . 115° 12 ' E. (F ig . 18), w a s m e a s u r e d by 
G . A . T h o m a s a n d C . E. P r i c h a r d ; it is s h o w n in F igu re 19. 

T h e G n e u d n a F o r m a t i o n g rades in to t he M u n a b i a S a n d s t o n e a n d the b o u n d a r y 
is t a k e n a t the t o p of t he u p p e r m o s t h a r d l imes tone bed . I n the type locali ty the re 
is m u c h q u a r t z s a n d s t o n e in t he u p p e r m o s t p a r t of the G n e u d n a F o r m a t i o n , a n d 
in t h e a r e a west of Howel l s Bore , M o o g o o r e e S ta t ion (Lat . 24° 13 ' S., L o n g . 115° 
19' E.) , these l imes tones a r e n o t deve loped a n d the l o w e r m o s t p a r t of t h e M u n a b i a 
S a n d s t o n e is a la tera l va r i an t of t he u p p e r m o s t p a r t of t he G n e u d n a F o r m a t i o n 
fa r ther n o r t h . T h e u p p e r b o u n d a r y of t h e M u n a b i a S a n d s t o n e is t a k e n a t t he 
m a i n c h a n g e of l i thology f rom q u a r t z s a n d s t o n e t o pebbly q u a r t z w a c k e . In t he 
a r ea be tween 4 a n d 9§  miles sou th - sou th -eas t of M o o g o o r e e H o m e s t e a d , t he M o o ­
gooree L imes tone res ts direct ly, d i sconformably , on t he M u n a b i a S a n d s t o n e : f rom 
10 t o 19 miles sou th - sou th - ea s t of M o o g o o r e e a n d f rom 31  miles slightly s o u t h of 
east t o 5 i miles sou th -eas t of Howel l ' s Bore t he Aus t in G r e y w a c k e rests uncon ­
fo rmab ly o n t h e M u n a b i a S a n d s t o n e . 

Distribution.—The M u n a b i a S a n d s t o n e c r o p s o u t in a c o n t i n u o u s bel t except 
for a l luvial cove r f rom 6 miles sou th - sou th -wes t of L y n d o n H o m e s t e a d t o 7 miles 
slightly west of no r th of M o u n t S a n d i m a n H o m e s t e a d ; in a bel t 11 miles long f rom 
9 miles n o r t h - n o r t h - w e s t t o 3 miles sou th -wes t of Wi l l i ambury H o m e s t e a d ; in a 
bel t 3 \ miles long 5 J miles west of W i l l i a m b u r y ; in a n out l ie r 10 miles slightly 
s o u t h of east of M o o g o o r e e ; in a belt r u n n i n g 3 miles sou th -eas t f rom 3 \ miles 
eas t of H o w e l l ' s Bore , M o o g o o r e e S t a t i o n ; a n d in a n out l ie r 1 \ miles n o r t h of 
M o u n t S a n d i m a n H o m e s t e a d (F ig . 20). 

Lithology.—The M u n a b i a S a n d s t o n e consis ts d o m i n a n t l y of q u a r t z s a n d s t o n e 
r a n g i n g f rom clear q u a r t z s a n d s t o n e (90 percent q u a r t z , 5 pe rcen t feldspar , 2 percent 
cher t f r agmen t s a n d 3 pe rcen t clay mat r ix ) t o silty q u a r t z s a n d s t o n e (80 percen t 
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q u a r t z , 15 percen t c lay m a t r i x , 5 pe rcen t fe ldspar , che r t , a n d whi t e m i c a ) . T h e 
q u a r t z is c o m m o n l y o v e r g r o w n a n d t h e resu l t ing crys ta l faces give a s p a r k l e t o 
t h e surface of t he r o c k . M i c a is c o m m o n in s o m e b e d s b u t a l m o s t a b s e n t in o t h e r s ; 
it is c o n c e n t r a t e d a l o n g b e d d i n g p l anes . T h e gra ins ize r a n g e s f rom fine t o very 
c o a r s e ; w i th in t he i nd iv idua l b e d s so r t ing is g o o d a n d po ros i t y m o d e r a t e t o h igh 
(10 t o a b o u t 20 pe rcen t ) . Pe rmeab i l i t y is e s t i m a t e d t o b e m o d e r a t e l y h igh ( a b o u t 
50 t o 100 mi l l idarc ies) , a l t h o u g h n o tes ts h a v e been m a d e . C r o s s - b e d d i n g is c o m ­
m o n , wi th sets r a n g i n g f rom smal l (6 inches) t o very la rge ( a b o u t 100 feet) . 

I n t h e u p p e r p a r t of t h e f o r m a t i o n the re is a m e m b e r of s i l t s tone , q u a r t z w a c k e , 
a n d l i m e s t o n e . 

Thickness.—In t h e m a i n o u t c r o p bel t t h e M u n a b i a S a n d s t o n e r a n g e s f r o m 
4450 feet th ick t o a b s e n t (F ig . 2 1 ) ; in t he a r e a n o r t h of L a t . 24° 0 6 ' S. , w h e r e t h e 
f o r m a t i o n rests c o n f o r m a b l y be tween the G n e u d n a F o r m a t i o n a n d the W i l l a r a d d i e 
F o r m a t i o n , t h e t h i cknes s r a n g e s f rom 1300 t o 1820 fee t ; s o u t h of t h a t l a t i t ude 
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Laminated soft  micaceous  quartz  siltstone  and  thin-  bedded  friable  fine  medium  and  coarse-grained 
silly quartzwacke  with  scattered  pebbles  (WILLARADDIE  FORMATION) 

• CONFORMABLE  BOUNDARY 
46 feet  of  bedded  friable  fine  and  medium-grained  silty  quartz  sandstone  with  pebbly  and 

fine -  grained  conglomerate  beds-, 
23 feet  of  bedded  cross-laminated  friable  medium  and  coorse-gromed  quartz  sandstone  with  few  pebbles, 
19 feet  of  thin-bedded  medium-  hard  fine-groined  sparkling'  quartz  sandstone  > 

_ 15  feet  of  bedded  fine-grained  and  pebble  conglomerate-,  pebbles  of  quartzite,  quartz  and  chert; 

100 feet  of  bedded  cross  -  laminated  friable  fine-grained  quartz  sandstone, 

30 feet  of  bedded  cross-laminated  medium-hard  medium-groined  micaceous  quartz  sandstone-, 

20 feet  of  bedded  cross-laminated  medium-hard  fine-grained  'sparkling'  quartz  sandstone; 

40 feet  of  thick-bedded  cross-laminated  medium-hard  fine  and  medium-grained  quortz  sandstone, 

50 feet  of  thin-bedded  cross-laminated  friable  friobte  fine  and  medium-grained  quartz  sandstone 
with coarse-  grained  beds; 

137 feet  of  laminated  soft  micaceous  sandy  siltstone,  thin-bedded  triable  tine  and  medium-grained  silty 
quartzwacke with  few  pebble  beds,  few  thin  beds  of  silty  quartz  sandstone,  few  thin  beds  of  hard 
calcareous greywacke,  and  few  beds  to  I  foot  thick  of  hard  yellow  colloidal  siliceous  limestone-, 

135 feet  of  thin-bedded  cross-laminated  medium-hard  fine  and  medium-grained  quartz  sandstone  with 
beds of  coarse  and  very  coarse-grained  quortz  sandstone,  fine  conglomerate  and  cloy  galls-, 

70 feet  of  thin-bedded  hard  medium-groined  quartz  sandstone  with  few  coorse-grained  beds, 

5 feet  of  soft  sandy  siltstone', 

76 feet  of  thin-bedded  friable  and  medium  -hard  medium-grained  quartz  sandstone  with  fine  and 
coarse-grained beds; 

23 feet  of  thin-bedded  cross-laminated  medium-hord  fine-groined  quartz  sandstone  with  thin  soft  siltstone; 

43 feet  of  thin-bedded  friable  fine-grained  quartz  sandstone  with  hard  silicified  beds  and  soft  siltstone; 

20 feet  of  thin-bedded  friable  fine-grained  micaceous  quortz  sandstone; 

30 feet  of  thin-bedded  friable  fine-to  coarse-grained  quortz  sandstone; 

25 feet  thin-bedded  friable  fine-groined  quortz  sandstone  with  hard  silicified  bed*; 

133 feet  of  thin-bedded  friable  very  fine  and  medium-grained  quartz  sandstone  with  few  hard 
silicified beds  and  few  thin  soft  siltstone  beds-, 

185 feet  of  thin-bedded  friable  fine-grained  quartz  sandstone  with  thin  hard  silicified  and  ferruginous 
beds, thin  beds  of  laminated  soft  siltstone,  and  thi.t  beds  of  fine  conglomerate  and  of  pebbles-, 

106 feet  of  bedded,  cross-laminated  and  cross-  bedded,  friable  fine-grained  quartz  sandstone,  micaceous 
m parts,  with  few  thin  hard  silicified  beds  and  few  thin  fine  conglomerate  beds-, 

86 feet  of  thin-bedded  (some  beds  cross-laminated)  friable  fine-grained  quartz  sandstone, 
micaceous In  parts,  with  thin  hard  silicified  beds  and  thin  beds  of  cloy  galls-, 

60 feet  of  bedded  cross-laminated  hard  fine-grained  quartz  sandstone  with  a  little  mica; 

I/O feet  of  bedded  and  thin-bedded,  cross-laminated,  friable  fine  and  medium-grqined  micaceous  quartz 
sandstone with  few  thin  hard  ferruginous  beds; 

155 feet  of  thin-bedded  cross-laminated  triable  fine  and  medium-groined  quartz  sandstone  with  white 
mica-, some  beds  of  pebbly  coarse-groined  quartz  sandstone  and  some  hard  silicified  beds; 

80 feet  of  thin-bedded  medium-hard  to  friable  medium  and  fine-grained  quartz  sandstone  with  white  mico; 

• CONFORMABLE  BOUNDARY 
Thin-bedded friable  medium  to  fine-groined  greywacke,  bedded  hard  sandy  fine-grained  limestone, 

and thin-bedded  hard  fine-grained  calcareous  quartz  sandstone  (GNEUDNA  FORMAT/ON) 

Fig. 19 Typ e section , Munabi a Sandston e 



Fig 2 0 Munabi a Sandstone : distributio n o f outcrops , inferre d 
shoreline, ( locatio n o f section s show n i n Fi g 21 ) 
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t h e v a r i a t i o n in th i ckness is c o n t r o l l e d b y the e r o s i o n of t he t o p of t he f o r m a t i o n 
a n d b y t h e l a t e ra l v a r i a t i o n o f t h e u p p e r p a r t o f t h e G n e u d n a F o r m a t i o n i n t o s a n d ­
s t o n e : t h e t h i cknes s r e a c h e s 4450 feet in o n e sec t ion 12 miles s o u t h - s o u t h - e a s t 
o f M o o g o o r e e H o m e s t e a d , b u t is on ly 1600 feet o n e mi le t o t h e n o r t h , 2400 feet 
t w o mi les t o t h e s o u t h , a n d a b s e n t a l t oge the r a n o t h e r five miles s o u t h w a r d . 

Fossils.—The o n l y fossils s o far f o u n d in t h e M u n a b i a S a n d s t o n e a r e l ep ido -
d e n d r o i d p l a n t r e m a i n s in t h e basa l b e d s 7 i miles n o r t h - n o r t h - w e s t of W i l l i a m b u r y 
H o m e s t e a d ; t h e y a r e p o o r l y p rese rved a n d h a v e n o t been identif ied. 

Age.—As t h e M u n a b i a S a n d s t o n e is g r a d a t i o n a l b o t h ver t ical ly a n d la tera l ly 
w i t h t h e u p p e r p a r t of t h e G n e u d n a F o r m a t i o n it m u s t b e very nea r ly of t h e s a m e 
age , a n d the re fo re is p r o b a b l y F r a s n i a n o r F a m e n n i a n , o r b o t h . 

Structure.—The M u n a b i a S a n d s t o n e eve rywhe re fol lows t h e s t ruc tu r e of t he 
G n e u d n a F o r m a t i o n , c o m m o n l y wi th sl ightly l o w e r d ips . On ly syncl inal s t r uc tu r e s 
a r e k n o w n in o u t c r o p , a l t h o u g h it m a y b e an t ic l ina l over t he subsur face ex tens ions 
of t h e n o r t h - s o u t h b a s e m e n t r idges in t h e W i l l i a m b u r y a r ea . 

Palaeogeography.—The M u n a b i a S a n d s t o n e w a s depos i t ed in sha l low sea w a t e r 
o n a very s lowly subs id ing b o t t o m ; t h e t e r r i g e n o u s s ed imen t w a s subjec ted t o t h e 
a c t i o n o f w a v e s a n d c u r r e n t s a n d a c lean q u a r t z s a n d s t o n e w a s depos i t ed in c ross -
l a m i n a t e d b e d s . A s t h e r e is l i t t le v a r i a t i o n in l i tho logy a n d th i ckness in t h e for­
m a t i o n a b o v e e a c h of t h e b a s e m e n t r idges n e a r W i l l i a m b u r y , t h e p re sen t o u t c r o p 
a r ea s m u s t h a v e h a d s imi la r d e p t h s of w a t e r a n d s imi lar d i s t ances f r o m s h o r e a n d 
the re fo re t he b a s e m e n t r idges p r o b a b l y exis ted a t t h a t t i m e (see F i g . 20) . I t is 
l ikely t h a t t he f o r m a t i o n c h a n g e s w i th in a s h o r t d i s t ance d o w n - d i p t o a m u c h less 
c lean l i tho logy , e i the r q u a r t z w a c k e o r s i l t s tone o r b o t h . T h e th in s i l t s tone m e m b e r 
in t h e u p p e r p a r t of t h e f o r m a t i o n suggests a t e m p o r a r y d e e p e n i n g of t he s ea ; t h e 
c h a n g e o f l i tho logy i n t o t h e Wi l l a r add i e F o r m a t i o n m o s t p r o b a b l y ind ica tes deepe r 
w a t e r a n d a m o r e r ap id ly subs id ing floor. 

Economic Geology.—The  M u n a b i a S a n d s t o n e w o u l d be a very g o o d g r o u n d ­
w a t e r aqui fer , b u t as i ts h igh pe rmeab i l i t y p r o b a b l y d o e s n o t e x t e n d very far d o w n 
d i p it is n o t l ikely t o be a g o o d a r t e s i an aqui fer . T h e H a r r i s Wel l , 4 miles wes t 
of W i l l i a m b u r y , m a y p e r h a p s be d u g in t he M u n a b i a S a n d s t o n e . T h e c h a n g e of 
w i d t h a n d t ype o f c h a n n e l o f t he la rge s t r e a m s , i nc lud ing the M i n i l y a R ive r a n d its 
S o u t h B r a n c h , i nd ica te s r echa rg ing of th i s aquifer . 

A n y a reas , such as p a r t s of t h e W a n d a g e e R i d g e , t h a t w e r e c lose t o sea level 
a t t he t i m e of d e p o s i t i o n of t he M u n a b i a S a n d s t o n e m a y have s imilar c lean s a n d ­
s t o n e wh ich w o u l d fo rm a f avou rab l e reservoi r r o c k for p e t r o l e u m . 

Problems.—The M u n a b i a S a n d s t o n e is a g o o d reservoi r bed b o t h for w a t e r 
a n d p e t r o l e u m , b u t its subsur face d i s t r i bu t i on is q u i t e u n k n o w n a n d c a n on ly b e 
es tab l i shed by dr i l l ing. A s it c o n t a i n s p l a n t r e m a i n s a t o u t c r o p , t he f o r m a t i o n 
m a y c o n t a i n a mic ro f lo ra of va lue in ident i fying it a n d its equ iva l en t s in b o r e s . 
Su i t ab le m a t e r i a l m a y b e ava i l ab le f rom W A P E T ' s Q u a i l N o . 1 B o r e . 
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Willaraddie Formation 
T h e W i l l a r a d d i e F o r m a t i o n ( C o n d o n , 1954a) consis ts of q u a r t z w a c k e , s i l t s tone, 

q u a r t z s a n d s t o n e , a n d c o n g l o m e r a t e ; it rests c o n f o r m a b l y o n the M u n a b i a Sand­
s t o n e a n d is over la in d i s con fo rmab ly by the M o o g o o r e e L i m e s t o n e . T h e n a m e 
is t a k e n f rom Wi l l a r add i e Creek , wh ich flows sou th -wes twa rd t h r o u g h M u n a b i a 
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Laminated soft  calcilutite,  and  hard  calcilutite  with  fossils 
(MOOGOOREE LIMESTONE) 

CONFORM ABL  E  BOUNDARY  _ 

34 feet  of  thin-bedded  friable  medium-  and  fine-grained  quartzwacke-, 

56 feet  of  bedded  cross-laminated  friable  and  medium-  hard  medium  -
grained quartzwacke  with  pebbles  of  quartzite-, 

67 feet  of  thin-bedded  friable  fine  and  very  fine-grained  quartzwacke-, 

~28 feet  of  bedded  friable  conglomeratic  quartzwacke-, 

~_8 feet  of  thin-bedded  hard  very  fine-gramed  quartzwacke-, 

31 feet  of  thick-bedded  friable  fine-grained  quartzwacke-, 

36 feet  of  bedded  friable  coarse-grained  quartzwacke  with  pebbles-, 

56 feet  of  thin-bedded  friable  medium  -  grained  quartzwacke  with  few 
pebbles and  cloy  galls; 

14 feet  of  thin-bedded  friable  fine-grained  quartzwacke-, 
Z^t4 feet  of  bedded  friable  pebbly  coarse  -  grained  quartzwacke-, 

3 — \ / 7 " feet  of  thm-bedded  soft  fine-grained  quartzwacke, 
48 feet  of  bedded  friable  medium  and  fine-grained  quartzwacke  with 

pebbles, and  thin-  bedded  soft  very  fine-grained  quartzwacke-, 
29 feet  of  bedded  friable  medium  -  grained  quartzwacke-, 

31 feet  of  thm-  bedded  friable  to  soft  fine-grained  quartzwacke', 

~^8 feet  of  bedded  friable  pebbly  coarse-grained  quartzwacke} 
32 feet  of  laminated  soft  siltstone-, 
32 feet  of  bedded  friable  fine-grained  quartzwacke  with  thin  beds  of 

ferruginous (Icafcareous)  pebbly  quartzwacke; 
\ / / feet  of  laminated  soft  very  fine-grained  quartzwacke; 

30 feet  of  bedded  friable  pebbly  coarse-grained  quartzwacke; 
45 feet  of  thin-  bedded  friable  fine  -  groined  quartzwacke  with  thin 

hard ferruginous  beds; 
45 feet  of  thm-bedded  friable  medium-groined  quartzwacke  with  thin 

beds of  soft  laminated  micaceous  siltstone-, 
—'15 feet  of  bedded  friable  coarse-grained  quartzwacke  with  pebbles; 
- 9  feet  of  laminated  soft  very  fine  -  grained  micaceous  sandstone*, 

39 feet  of  bedded  friable  coarse-grained  quartzwacke  with  pebbles 
and soft  siltstone; 

70 feet  of  bedded  cross  -  laminated  coarse  and  very  coarse  -  grained 
quartzwacke with  conglomeratic  beds-, 

~24 feet  of  laminated  soft  very  fine-grained  quartzwacke; 
'20 feet  of  cross  -  bedded  friable  pebbly  coarse  quartzwacke-, 
'23 feet  of  laminated  soft  fine-grained  quartzwacke  containing 

poorly preserved  bryozoa  and  A  thy rid  brochiopods; 
45 feet  of  bedded  friable  pebbly  coarse-grained  sandstone  and 

thin-bedded friable  fine-grained  sandstone-, 
.16 feet  of  bedded  friable  coarse-grained  quartzwacke  with  pebbles; 
J5 feet  of  laminated  soft  siltstone  and  very  fine-grained  quartzwacke; 

~\ 17  feet  of  thin  bedded  friable  medium-grained  quartzwacke,  pebbly  at  base. 
^CONFORMABLE BOUNDARY  • 

Bedded friable  fine  and  medium-grained  silly  quartz  sandstone 
with pebbly  and  fine  -  groined  conglomerate  beds 

(MUNABIA SANDSTONE) 

F i g . 2 2 T y p e s e c t i o n , W i l l a r a d d i e Fo rma t io n 
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P a d d o c k , W i l l i a m b u r y S t a t i on , a n d j o i n s t he Min i lya River t h r ee miles e a s t w a r d 
of W i l l i a m b u r y H o m e s t e a d . T h e f o r m a t i o n c r o p s o u t immed ia t e ly west of t h e 
m o u t h of t h e c reek . T h e t ype local i ty a n d type sec t ion (F ig . 18) is in G n e u d n a 
P a d d o c k , fou r miles sou th -eas t of W i l l i a m b u r y H o m e s t e a d . T h e type sec t ion 
s ta r t s n e a r t h e h e a d of a west-f lowing w a t e r c o u r s e a mi le a n d a hal f n o r t h - w e s t 
of G n e u d n a Wel l ( C o n d o n , 1954b) ( c o n t i n u i n g f rom t h e t o p of t he M u n a b i a S a n d ­
s tone t ype sec t ion) a n d c o n t i n u e s a l o n g the s o u t h side of t h e valley for 1600 fee t : 
as t he t o p of t h e f o r m a t i o n is n o t exposed a l o n g th is l ine t h e t r ave r se is t r ans fe r red 
1600 feet s o u t h , a l o n g a west- facing s t r ike s ca rp , a n d the sect ion c o n t i n u e s west­
w a r d a l o n g t h e s o u t h side of a d r a i n a g e d iv ide a n d smal l b u t t e t o t he base of t h e 
M o o g o o r e e L i m e s t o n e in a smal l s o u t h - d r a i n i n g gul ly o n the sou th -wes t side of 
the b u t t e . T h e t ype sec t ion , m e a s u r e d by G . A . T h o m a s a n d C . E. P r i c h a r d , is 
s h o w n in F igu re 22 . I h a v e m a d e s o m e modi f i ca t ions t o the i r l i tho logica l des­
c r ip t ions ( C o n d o n , 1954a, p . 19). 

Boundaries.—The base of t he W i l l a r a d d i e F o r m a t i o n is p laced a t t he c h a n g e 
in l i tho logy f rom q u a r t z s a n d s t o n e t o pebb ly q u a r t z w a c k e : t h e r e a r e b e d s of q u a r t z 
s a n d s t o n e in t h e l o w e r p a r t of t h e W i l l a r a d d i e F o r m a t i o n , b u t n o q u a r t z w a c k e 
in t h e M u n a b i a S a n d s t o n e ( a p a r t f rom th in b e d s in t h e s i l t s tone m e m b e r ) . T h e 
t o p of t he f o r m a t i o n is p l aced a t t he s h a r p c h a n g e in l i tho logy f r o m q u a r t z w a c k e 
t o calc i lut i te . I n t he type local i ty , t h e u p p e r m o s t p a r t of t he W i l l a r a d d i e is fer ru­
g i n o u s a n d leached . Th i s m a y represen t a P r e - C a r b o n i f e r o u s w e a t h e r e d surface . 

T o t h e n o r t h a n d west of t h e t y p e local i ty t h e r e l a t ionsh ips of t h e W i l l a r a d d i e 
F o r m a t i o n wi th t he unde r ly ing M u n a b i a S a n d s t o n e a n d the over ly ing M o o g o o r e e 
L i m e s t o n e r e m a i n c o n s t a n t . A b o u t t w o miles s o u t h of t h e type local i ty , t he t o p 
of t h e f o r m a t i o n is miss ing a n d , s o u t h w a r d , m o r e a n d m o r e of t h e f o r m a t i o n is 
a b s e n t ; t h e w h o l e f o r m a t i o n is miss ing fou r miles s o u t h - s o u t h - e a s t of M o o g o o r e e 
H o m e s t e a d . T h e b o u n d a r y wi th t h e M o o g o o r e e L i m e s t o n e s o u t h of t he t y p e 
local i ty is very i r r egu la r a n d is p r o b a b l y a n e ros ion surface wi th a relief of a b o u t 
400 feet. 

Lithology.—The f o r m a t i o n cons is t s of four m a i n r o c k t y p e s — p e b b l y q u a r t z ­
w a c k e ( a b o u t 40 pe rcen t ) , q u a r t z w a c k e ( a b o u t 20 pe rcen t ) , q u a r t z s a n d s t o n e ( a b o u t 
30 pe rcen t ) , a n d s i l t s tone ( a b o u t 10 pe rcen t ) . 

T h e pebb le s of t he pebb ly q u a r t z w a c k e a r e r o u n d to s u b a n g u l a r , m a i n l y o v o i d , 
a n d u p t o a b o u t 4 inches l o n g , a n d cons is t of b lack che r t , l ight g rey cher t , mi lky 
q u a r t z , qua r t z i t e , a n d j a spe r . T h e q u a r t z w a c k e a n d t h e m a t r i x of t h e pebb ly 
q u a r t z w a c k e a r e u n e v e n (mos t ly m e d i u m gra ins ize r a n g i n g f rom a b o u t 1 m m 
d o w n w a r d s ) , cons i s t ing of s u b a n g u l a r mi lky a n d c lear q u a r t z , qua r t z i t e , q u a r t z 
schist , q u a r t z - m i c a schist , r ed j a spe r , b l a c k a n d grey che r t , phyl l i te , m u s c o v i t e 
a n d b leached b io t i te , l i t t le o r n o fe ldspar , a n d few heavy mine ra l s (b lue t o u r m a l i n e 
a n d leucoxene) , in a silt-clay ma t r ix c o n t a i n i n g m u c h a n g u l a r q u a r t z . T h e p r o ­
p o r t i o n s of t h e c o n s t i t u e n t s a r e very va r i ab l e , b u t t h e silt-clay m a t r i x fills all in te r ­
stices a n d fo rms a b o u t 20 t o 40 pe rcen t of t h e q u a r t z w a c k e . T h e rocks , excep t 
w h e r e i n d u r a t e d by surface silicification, a r e qu i t e fr iable . 

T h e q u a r t z s a n d s t o n e is ma in ly c l e a n e d - u p q u a r t z w a c k e ; it cons is t s of p o o r l y 
so r t ed s u b a n g u l a r g ra ins of q u a r t z a n d cher t (50 t o 70 pe rcen t ) , fe ldspar (0 t o 10 
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percen t ) , whi te mica (muscov i t e a n d b l eached biot i te) a b o u t 2 percent , a n d quar t z i t e , 
phyl l i te , a n d mica schist (10 t o a b o u t 25 percen t ) , wi th a mat r ix , a m o u n t i n g t o a b o u t 
10 t o 15 percen t , of q u a r t z silt, c lay, a n d serici te. 

T h e s i l t s tone beds consis t of silt-size a n g u l a r q u a r t z , feldspar, a n d little mica 
wi th c lay a n d a la rge p r o p o r t i o n ( u p t o a b o u t 40 percent ) of sand-size a n g u l a r 
g ra ins of q u a r t z a n d mica , a n d a l i t t le cher t , qua r t z i t e , a n d b lue t o u r m a l i n e . 

Distribution and  Thickness. —The o u t c r o p of t he Wi l l a radd ie F o r m a t i o n is 
genera l ly para l le l t o a n d west of t he o u t c r o p of t he M u n a b i a Sands tone , b u t d o e s 
no t e x t e n d as far s o u t h . T h e m a i n o u t c r o p bel t , 27 miles long a n d u p t o H miles 
wide , r u n s f rom 10 miles n o r t h by eas t of Wi l l i ambury t o 4 miles sou th - sou th -ea s t 
of M o o g o o r e e ; a l o n g th is bel t the th ickness r anges ma in ly be tween a b o u t 950 feet 
(a t t he type local i ty) a n d a b o u t 1300 feet, wi th a fairly even n o r t h w a r d d ivergence 
of a b o u t 50 feet per mi l e ; a t the n o r t h e n d of this bel t , in the syncl ine, exposures 
a re p o o r , b u t t he few d ips ava i lab le ind ica te a very m a r k e d increase in th ickness 
in to t he sync l ine : a l o n g the axis of the syncl ine t he th ickness is n o t less t h a n 3000 
feet a n d m a y be as m u c h as 4000 feet. S o u t h of t h e type locali ty t h e o u t c r o p 
n a r r o w s rap id ly t o p inch o u t 4 miles sou th - sou th -ea s t of M o o g o o r e e . 

T h e second m a i n o u t c r o p bel t , 8 miles long a n d half a mile wide , r uns f rom 
7 miles no r th -wes t t o 2J miles sou th -wes t of Wi l l i ambury . E x p o s u r e is very p o o r 
a l o n g th is bel t , which is recognized ma in ly by typica l pebbles s t r ewn over t he surface 
be tween the o u t c r o p s of M o o g o o r e e L imes tone a n d M u n a b i a S a n d s t o n e . Only 
in t he syncl inal a r ea a re exposu re s g o o d e n o u g h for d ip r e a d i n g s ; th icknesses based 
ma in ly o n d ips m e a s u r e d in t he ad jo in ing f o r m a t i o n s vary f rom a b o u t 1000 feet 
a t t he s o u t h e n d t o a b o u t 500 feet in t h e midd le pa r t , a b o u t 850 feet t o w a r d s t he 
n o r t h e n d a n d a b o u t 1500 feet in t he syncl ine. 

T h e wes te rn a r e a of o u t c r o p is ma in ly covered by a th in layer of s a n d ; however , 
t he b o u n d a r i e s wi th t he ad jo in ing fo rma t ions c a n be es tabl ished a t t he s o u t h e n d 
a n d fo l lowed o n a i r - p h o t o g r a p h s as t r ends showing t h r o u g h the sand . T h e indi­
ca t i ons a re t h a t a t t he s o u t h e n d the Wi l l a r add ie F o r m a t i o n is a b o u t 1000 feet 
( ± 200 feet) a n d t h a t it t h i ckens apprec iab ly n o r t h w a r d (at least t he o u t c r o p wid th 
increases f rom 1700 feet a t t he m a i n M i d d a l y a - W i l l i a m b u r y r o a d t o 5500 feet 
4 miles n o r t h ) ; fa r ther n o r t h t h e o u t c r o p wid th n a r r o w s gradua l ly t o 4500 feet 
a t the n o r t h e n d of o u t c r o p , whe re the C r e t a c e o u s B i r d r o n g F o r m a t i o n laps over t he 
Wi l l a r add ie F o r m a t i o n . T h i s wes te rn o u t c r o p bel t is a b o u t 10 miles l ong . 

T h e subsur face ex ten t of t h e Wi l l a radd ie F o r m a t i o n a n d its equ iva len t s is 
a l m o s t comple te ly u n k n o w n . M c W h a e e t a l . (1958, p . 44) place t he sed iments 
be tween 10,700 a n d 14,607 feet in R o u g h R a n g e N o . 1 in the D e v o n i a n ; t he l i tho logy 
a n d the s ta ted poss ible r a n g e of t he p o o r l y p rese rved spiriferids ( Ibid . , p . 51) suggest 
t h a t t h e sed imen t s f rom 9740 t o 13,540 feet a r e C a r b o n i f e r o u s a n d the sed iments 
f rom 13,540 t o 14,607 feet ( in descend ing o rde r 300 feet of fine-grained q u a r t z ­
w a c k e , 370 feet of d a r k ca l ca reous sha le , a n d 397 feet of fine-grained q u a r t z w a c k e ) 
a r e t h e equ iva len t of t h e Wi l l a r add ie F o r m a t i o n . 

S o u t h of t h e Min i lya River , t he m a i n o u t c r o p bel t consis ts of a succession of 
l o n g mesas c a p p e d by la ter ized Wi l l a r add ie F o r m a t i o n ; exposures a re f o u n d on ly 
in the lower s lopes of t he mesa s c a r p s ; n o r t h of the Min i lya River th is belt cons is t s 
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of i so la ted b u t t e s of la ter ized W i l l a r a d d i e F o r m a t i o n wi th a n u n d u l a t i n g sur face 
of p o o r l y exposed sed imen t s be tween . T h e m i d d l e o u t c r o p bel t is m a i n l y a pebb le -
s t r ewn p la in wi th n o exposu re s in m i n o r w a t e r c o u r s e s . I n t h e wes te rn o u t c r o p 
bel t t he sur face is ma in ly a s a n d p la in wi th pebb le s . 

Fossils.—Fossils h a v e been f o u n d in on ly o n e p lace in th is f o r m a t i o n : p o o r l y 
p rese rved b r y o z o a a n d b r a c h i o p o d s were f o u n d a b o u t 100 feet a b o v e the base , 
3 J miles ea s t - sou th -ea s t of W i l l i a m b u r y H o m e s t e a d . 

Age.—The p o o r l y p re se rved fossils d o n o t h e l p in d e t e r m i n i n g the age of t h e 
Wi l l a r add ie F o r m a t i o n ; i ts age c a n be d e t e r m i n e d on ly by reference t o t h e F r a s ­
n i a n G n e u d n a F o r m a t i o n a b o u t 1900 feet s t r a t i g r aph ica l l y be low it a n d the L o w e r 
C a r b o n i f e r o u s M o o g o o r e e L i m e s t o n e i m m e d i a t e l y a b o v e . A s the re is a n e ro s iona l 
u n c o n f o r m i t y be tween the W i l l a r a d d i e F o r m a t i o n a n d M o o g o o r e e L i m e s t o n e , t h e 
Wi l l a r add i e F o r m a t i o n a l m o s t ce r ta in ly b e l o n g s in t h e D e v o n i a n r a t h e r t h a n t h e 
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C a r b o n i f e r o u s . A b o u t 3000 feet of c las t ic s e d i m e n t s e p a r a t e t h e e s t ab l i shed 
F r a s n i a n f r o m t h e t o p of t h e W i l l a r a d d i e F o r m a t i o n , so it is m o s t l ikely t o b e o f 
F a m e n n i a n a g e . 

Correlation.—The W i l l a r a d d i e F o r m a t i o n m a y b e t h e s a m e age a s t h e lower ­
m o s t s e d i m e n t s i n R o u g h R a n g e N o . 1, a l t h o u g h t h o s e s ed imen t s a r e m u c h finer-
g r a i n e d a n d c o u l d n o t b e re fe r red t o t h e s a m e f o r m a t i o n . 

I n t h e F i t z r o y Bas in , t h e Fair f ie ld F o r m a t i o n a n d Bugle G a p L i m e s t o n e ( G u p p y 
et a l . , 1958) a r e p r o b a b l y of a b o u t t h e s a m e age as t h e W i l l a r a d d i e F o r m a t i o n . 
I n t h e B o n a p a r t e G u l f Bas in , t h e B u r t R a n g e L i m e s t o n e m a y b e of a b o u t t h e s a m e 
age . 

I n e a s t e r n A u s t r a l i a , t h e D o t s w o o d Beds , H o d g k i n s o n ' Ser ies , ' S t a r ' Ser ies , ' 
a n d p a r t of t h e D r u m m o n d ' S e r i e s ' of Q u e e n s l a n d , t h e B a r r a b a G r o u p , L a m b i e 
Beds , a n d M u l g a D o w n s F o r m a t i o n of N e w S o u t h W a l e s , a n d t h e T a g g e r t y Beds 
of V ic to r i a a r e of a b o u t t h e s a m e age as t h e W i l l a r a d d i e F o r m a t i o n . 

Structure.—The W i l l a r a d d i e F o r m a t i o n eve rywhere overl ies t h e M u n a b i a S a n d ­
s t o n e a n d fol lows it s t ruc tu ra l ly , genera l ly w i t h sl ightly l ower d ips . R e g i o n a l l y 
t h e o u t c r o p p i n g W i l l a r a d d i e F o r m a t i o n f o r m s t w o s o u t h - p l u n g i n g syncl ines a n d 
t w o w e s t - d i p p i n g h o m o c l i n e s ( o n e of w h i c h is t h e s o u t h w a r d c o n t i n u a t i o n of t h e 
eas t l i m b of t h e eas t e rn syncl ine) . 

T h e very g rea t t h i c k e n i n g of t h e f o r m a t i o n in t h e syncl ines is r e g a r d e d as ind i ­
c a t i n g t h a t t h e y a r e t o p o g r a p h i c bas ins o r val leys d u r i n g t h e d e p o s i t i o n of t h e 
W i l l a r a d d i e F o r m a t i o n . T h e excess th ickness (be tween 2000 a n d 3000 feet in 
o n e syncl ine) ind ica tes t h e m i n i m u m relief of t h e b o t t o m of t h e f o r m a t i o n a t t h e 
e n d of t h e d e p o s i t i o n of t h e f o r m a t i o n . T h i s relief m a y h a v e b e e n o r ig ina l , b u t 
as th i s w o u l d r equ i r e b o t t o m s lopes of a b o u t 15° it is m o r e l ikely t o b e p a r t l y o r ig ina l 
a n d p a r t l y s t ruc tu ra l , p r o d u c e d b y d o w n w a r p i n g d u r i n g s e d i m e n t a t i o n . 

T h e west flank of e a c h of t h e syncl ines is in c o n t a c t w i t h P r e c a m b r i a n sch i s t ; 
t h e c o n t a c t is n o t exposed . I n t h e W i l l a r a d d i e F o r m a t i o n n e a r t h e c o n t a c t d ip s 
a r e v a r i a b l e in d i rec t ion a n d a m o u n t ; th is h a s b e e n i n t e r p r e t e d ( T h o m a s & P r i c h a r d , 
1953) as c a u s e d b y faul t m o v e m e n t , b u t t h e a p p e a r a n c e of t r e n d s o n a i r - p h o t o g r a p h s 
sugges ts s l u m p fo ld ing r a t h e r t h a n f au l t i ng : th is w o u l d b e cons i s t en t w i t h a s t eep 
a b u t m e n t u n c o n f o r m i t y b e t w e e n t h e W i l l a r a d d i e F o r m a t i o n a n d t h e P r e c a m b r i a n 
schis t . 

A l t h o u g h b o t h M u n a b i a S a n d s t o n e a n d M o o g o o r e e L i m e s t o n e a r e e x p o s e d 
o n t h e an t i c l ina l n o s e 3 | mi les s o u t h - s o u t h - w e s t of W i l l i a m b u r y , t h e r e is n o s ign 
of t h e p re sence of W i l l a r a d d i e F o r m a t i o n t h e r e . T h i s a l so w o u l d b e cons i s t en t 
w i t h o r ig ina l t o p o g r a p h i c relief if t h e sea w e r e very s h a l l o w over t h e r i d g e n o w 
o c c u p i e d b y t h e an t ic l ina l n o s e , so t h a t t h e s e d i m e n t s w e r e c l eaned u p i n t o t h e 
l i t ho logy of t h e M u n a b i a S a n d s t o n e , r e m o v e d b y waves a n d c u r r e n t s , o r n o t d e ­
pos i t ed . 

Palaeogeography.—The s e d i m e n t s of t h e W i l l a r a d d i e F o r m a t i o n s h o w li t t le 
ev idence of t h e a c t i o n of w a v e s a n d c u r r e n t s : th i s m a y ind ica te t h a t t h e y w e r e 
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d e p o s i t e d in d e e p w a t e r o r bu i l t u p r ap id ly o n a sha l low b o t t o m subs id ing equa l ly 
r a p i d l y so t h a t t h e r e w a s l i t t le t i m e for t h e s ed imen t s t o b e s o r t e d . T h e genera l ly 
p o o r e x p o s u r e h a s n o t p r o v i d e d d a t a t o i n d i c a t e w h i c h is m o r e l ikely. 

T h e p o o r c o n s o l i d a t i o n of t h e s ed imen t s ind ica tes t h a t t h e f o r m a t i o n h a s n o t 
b e e n sub jec ted t o l a rge s tresses e i ther b y s u p e r i m p o s e d l o a d of s ed imen t s o r b y 
t a n g e n t i a l , t e c t o n i c s t ress . Th i s a l so conf i rms t h a t m u c h of t h e s t r u c t u r a l re l ief 
w a s o r ig ina l o r p e n e - c o n t e m p o r a n e o u s w i t h s e d i m e n t a t i o n , a n d ind ica tes t h a t t h e 
coas t l ine c o n t i n u e d t o b e s t rong ly i n d e n t e d , b u t w a s p r o b a b l y l o c a t e d f a r the r i n l a n d 
t h a n d u r i n g d e p o s i t i o n o f t h e M u n a b i a S a n d s t o n e , r e su l t i ng in shgh t ly deepe r w a t e r 
ove r t h e p r e s e n t o u t c r o p a r e a . 

T h e n a t u r e of t h e s e d i m e n t s ind ica tes r a p i d e r o s i o n of a t e r r a i n m a i n l y o c c u p i e d 
b y s e d i m e n t a r y r o c k s ( s a n d s t o n e s , cher t , qua r t z i t e ) w i t h s o m e m e t a m o r p h i c r o c k s 
(phyl l i te a n d q u a r t z - m i c a schis t) . T h e m a i n difference b e t w e e n t h e p r o v e n a n c e s of 
t h e M u n a b i a S a n d s t o n e a n d t h e W i l l a r a d d i e F o r m a t i o n m a y h a v e b e e n h i g h e r 
e l eva t ion a n d relief d u r i n g d e p o s i t i o n of W i l l a r a d d i e F o r m a t i o n , o r mere ly h ighe r 
ra infa l l a n d r e su l t i ng s t r o n g e r d issec t ion , o r p e r h a p s a c o m b i n a t i o n of b o t h . 

Af te r t h e W i l l a r a d d i e F o r m a t i o n h a d b e e n la id d o w n , t h e sea regressed sl ightly 
a n d exposed i t t o e r o s i o n ; in o n e p lace six miles s o u t h - s o u t h - e a s t of M o o g o o r e e , 
a val ley w a s c u t c o m p l e t e l y t h r o u g h t h e W i l l a r a d d i e F o r m a t i o n a n d well i n t o t h e 
M u n a b i a S a n d s t o n e . A sl ight t i l t ing of t h e sed imen t s w i t h a n u p w a r d c o m p o n e n t 
t o t h e s o u t h m u s t h a v e a c c o m p a n i e d t h e regress ion , as t h e e r o s i o n of t h e W i l l a r a d d i e 
is p rogress ive ly g r e a t e r s o u t h w a r d s . 

Economic Geology—The  W i l l a r a d d i e F o r m a t i o n is a n a q u i c l u d e a b o v e t h e 
M u n a b i a S a n d s t o n e o r poss ib ly a c a p r o c k t o t h e M u n a b i a S a n d s t o n e if i t occu r s 
i n a s t ruc tu ra l ly f a v o u r a b l e pos i t i on for oil a c c u m u l a t i o n . 

I t w o u l d p r o v i d e g o o d r o a d - b u i l d i n g ma te r i a l , pa r t i cu l a r l y fo r t h e b a s e cou r se , 
a n d w o u l d b e easi ly excava ted . 

CARBONIFEROUS 

T h e o u t c r o p p i n g C a r b o n i f e r o u s f o r m a t i o n s in t h e C a r n a r v o n Bas in c o m p r i s e 
M o o g o o r e e L i m e s t o n e , W i l l i a m b u r y F o r m a t i o n , a n d Y i n d a g i n d y F o r m a t i o n . 
T h e y f o r m a c o n f o r m a b l e s equence b e t w e e n u n c o n f o r m i t i e s . T h e C a r b o n i f e r o u s 
s ed imen t s a r e k n o w n on ly f r o m t h e n o r t h e r n ha l f of t h e C a r n a r v o n Bas in (F ig . 24) , 
b u t r eg iona l s t r u c t u r e sugges ts t h a t t h e y p r o b a b l y ex tend s o u t h o f t h e W o o r a m e l 
R i v e r in t h e G a s c o y n e Bas in , p e r h a p s ac ross t h e W o o r a m e l Sill i n t o t h e B y r o Bas in 
a n d C o o l c a l a l a y a Bas in a n d f r o m t h e r e i n t o t h e P e r t h Bas in ( a l t h o u g h t h e r e is n o 
r e c o r d of C a r b o n i f e r o u s t h e r e yet ) . 

N o U p p e r C a r b o n i f e r o u s sed imen t s a r e k n o w n in o u t c r o p . T h e H a r r i s S a n d ­
s t o n e h a s b e e n desc r ibed , o n t h e bas i s of p l a n t fossils a n d microfoss i l s , as poss ib ly 
U p p e r C a r b o n i f e r o u s , b u t i t is c lear ly p a r t of t h e P e r m i a n s e q u e n c e ; i t is a l a t e r a l 
v a r i a n t of t h e m a r i n e sequence . T h e on ly sed imen t s l ikely t o b e U p p e r C a r b o n ­
i fe rous a r e t h o s e f o u n d in W A P E T ' s M i n d e r o o N o . 1 W e l l b e t w e e n 1270 feet a n d 
t o t a l d e p t h (2000 feet) ( J o h n s t o n e e t al . , 1963). 
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2 0 0 

Fr'oble mediuT<-  groined  end  coorse-  groined  quortzwace  anq  pebble 
conglomerate (  WILLIAMBURY  FORMATION  J 

- C O N F O R M A B L E B O U N C A R Y 

100 feet  of  laminated  soft  light  grey-green  calcareous  siltstone  with 
thin hard  beds  of  calcilutite,  (not  exposed  in  type  sect,on  but  welt 
exposed about  I  mile  north,  in  type  locahty  cf  WiHiambury  Formation) 

£35 feet  of  bedded  end  thick-bedded  hard  l.ght  grey  to  yellow 
brown recr f stal'ized  ire-Hum-grained  calcarenite 

I foot  of  hard  light  grey  coqumoid  medium-grained  calcarenite 
with silicified  fossils  including  bryozio  c'-,a  trscrziopods 

139feet of  thick-bedded  hard  light  grey  recrys'al'ized 
medium- gramed  coicarer.ite 

€Ofeet cf  tedded  friable  nedturn  or.d  tine,  -  a-amed  caicarei  fft 
and few  t.'nck  beds  of  hard  siliceous  rr,ediL--n-grained  calcaren,te 

. 5  feet  of  beaded  hard  silicevus  fine-grained  calcarenite 

25 feet  of  bedded  friable  medium-grained  colcaremle 

85 feet  of  thick-bedded  h-jrd  tight  grey  re  crystallized  medium-grained 
catcaienite with  severoi  coquinoid  beds  contoning  brochiopods 
and crinoid  stem  ossicles 

115 feet  of  poorly  exposed  thin-Kedaed  medium  and  fine-groined  calcarenacesus 
quartzwacke with  few  thin  hard  beds  ot  rei'ystcll.zed  medium-groined  calcarenite 

100 feet  of  bedded  fricbie  medi-.m-grained  calcarenite  with  few  thick  beds  of  hard 
Siliceous calcarenite  wiln  cherty  lenses  up  to  6'x3'x2' 

45 feet  of  bedded  friable  fine  ond  medium-groined  calcorenaceous  quartzwacke 

70 feet  of  laminated  friable  calcilutite  with  few  tiuck  beds  of  hard  calcilutite; 
contains several  fossiliferous  beds  with  peiecypods  and  brochiopods 

70 feet  of  laminated  soft  calcilutite  wi.ti  few  thin  beds  of  hard  ca'Cilutite 

"2Qfeet of  thin-bedded  ha.-d  r.jtcarenite.fj.r.inated  so't  cats.lutite 
and friable  silty  sandstone 

- C O N F O R M A B L E B O U N D A R Y 
Thin-bedded friable  medium  -  o*d  fine-  g-aint-d  quartzwacke 

{'nV'Li-ARADDt£ FORMATION) 

F i g . 2 5 . - T y p e sect ion , M o o g o o r e e L imeston e 
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Moogooree Limestone 

T h e M o o g o o r e e L imes tone (Teicher t , 1949a) was defined by C o n d o n (1954a) . 
A d d i t i o n a l w o r k requi res t he revision of t h a t definit ion t h u s : the M o o g o o r e e L ime­
s tone is t he f o r m a t i o n , cons is t ing largely of recrystallized  calcarenite  wi th coquinoid 
b e d s c o n t a i n i n g L o w e r C a r b o n i f e r o u s m a r i n e fossils, res t ing disconformably  or 
unconformably o n Wi l l a r add ie F o r m a t i o n or  Munabia  Sandstone  a n d over la in c o n ­
f o r m a b l y by W i l l i a m b u r y F o r m a t i o n or  unconformably  by  formations  of  the  Lyons 
Group. (Revis ion i talicized.) 

T h e n a m e ( p r o n o u n c e d moog ' -oo - r ee ) is t a k e n f rom M o o g o o r e e S ta t ion . T h e 
f o r m a t i o n c r o p s o u t in a r idge t o the east of the creek t h a t flows n o r t h pas t M o o ­
g o o r e e H o m e s t e a d . T h e type sect ion (F ig . 25) was measu red by G . A . T h o m a s 
in G n e u d n a P a d d o c k , Wi l l i ambury S ta t ion , 3{  miles sou th -eas t of t he h o m e s t e a d 
a n d 2b  mi les no r th -wes t of G n e u d n a Wel l , a t La t . 2 3 3 5 3 J ' S., Long . 115° H i ' E . 
(F ig . 18.) 

T h e base of t he f o r m a t i o n , which is no t exposed in the type sect ion, b u t is 
e x p o s e d west of t he Wi l l a radd ie type sect ion (a t La t . 23° 54 ' 34" S., L o n g . 115° 
1 1 ' 2 0 " E.) (F igs . 18 a n d 26), is t aken a t the c h a n g e f rom the a r e n a c e o u s t o t h e 
d o m i n a n t l y ca l ca reous l i thology. T h e t o p a lso is n o t exposed in the type sect ion, 
b u t is exposed a t t he east end of the type section of t he Wi l l i ambury F o r m a t i o n 
(F ig . 26, c o l u m n 7). T h e t o p of t he f o r m a t i o n is revised t o inc lude all the cal­
c a r e o u s s e d i m e n t s a n d is t hus t o be placed a t t he change f rom ca lca reous t o a ren ­
a c e o u s l i tho logy . T h e type sect ion h a s been re -examined a n d the c o m p u t a t i o n of 
th icknesses c h e c k e d ; as a result the detai ls of t he type sect ion (as s h o w n in C o n d o n , 
1954, p p . 22, 23) h a v e been revised. 

Lithology.—The p r e d o m i n a n t rock type of the M o o g o o r e e L i m e s t o n e is cal­
c a r e n i t e ; in t h e lower p a r t of t he fo rma t ion it is ma in ly friable, b u t in t he u p p e r 
p a r t it is p r e d o m i n a n t l y recrystal l ized, si l iceous, a n d h a r d , a n d con ta ins beds of 
d o l o m i t e . T h e lower p a r t con ta ins a b o u t 35 percen t of beds of t e r r igenous sedi­
ments—fine-gra ined t o m e d i u m - g r a i n e d q u a r t z w a c k e c o m m o n l y wi th a p r o p o r t i o n 
of f r agmen ta l c a r b o n a t e , a n d ca lca reous s i l t s tone . T h e u p p e r pa r t con ta ins a b o u t 
25 pe rcen t fr iable ca lcaren i te a n d , in t he u p p e r m o s t 100 feet, soft calci lut i te . Fossi ls 
occu r as beds of coqu in i t e a n d scat tered sparsely t h r o u g h the ca lcareni te . 

I n t he lower p a r t the bedd ing is th in t o l a m i n a t e d ; in t he u p p e r p a r t it is 
genera l ly th ick (6 inches t o 2 feet) a n d u n d u l a t e . 

Distribution and  Thickness. —The M o o g o o r e e L i m e s t o n e general ly c rops o u t 
t o t h e west of a n d rough ly paral le l t o the D e v o n i a n f o r m a t i o n s . In the ma in ou t ­
c r o p bel t , r u n n i n g for 28 miles f rom 4 J miles no r th by east of Wi l l i ambury to 9b 
miles s o u t h - s o u t h - e a s t of M o o g o o r e e , only t he u p p e r p a r t of the fo rma t ion is 
genera l ly exposed , a n d forms a r o u n d e d r i dge ; the lower p a r t fo rms a p la in in 
w h i c h exposures a r e ra re . Th ickness ranges be tween 820 a n d 1260 feet a l o n g 
m o s t of th is be l t ; a t the s o u t h end the fo rma t ion p inches ou t by e ros ion be low 
the P e r m i a n ; a t t he n o r t h end , in t he syncl ine, the lower b o u n d a r y is very poor ly 
exposed b u t t he th ickness is a b o u t 1400 feet. In t he midd le belt , r u n n i n g for 
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9 | mi les f rom 6i m i l e s n o r t h - w e s t t o 3 J mi les sou th -wes t of W i l l i a m b u r y , t h e for­
m a t i o n is genera l ly p o o r l y exposed in a l o w r idge . T h e t h i c k n e s s increases genera l ly 
f r o m a b o u t 500 feet i n t h e syncl ine t o a b o u t 820 feet n e a r t h e M i n i l y a River . T h e 
w e s t e r n be l t is ve ry p o o r l y e x p o s e d a n d d ips c a n b e m e a s u r e d i n o n l y a few p l a c e s ; 
t h e b o u n d a r i e s c a n b e p l a c e d qu i t e accu ra t e ly in a few p laces a n d e x t e n d e d b y 
m e a n s of t r e n d s s h o w i n g t h r o u g h t h e s a n d i n a i r - p h o t o g r a p h s . T h e be l t is a b o u t 
12 mi les l o n g ; t h e o u t c r o p w i d t h increases s lowly n o r t h w a r d . T w o mi les n o r t h 
of t h e M i d d a l y a - W i l l i a m b u r y r o a d , w h e r e d ips were m e a s u r e d , t h e th ickness is 
a b o u t 1000 feet. 

F e w subsur face i n d i c a t i o n s of t h e M o o g o o r e e L i m e s t o n e a n d its equ iva len t s 
a r e k n o w n . I n R o u g h R a n g e B o r e N o . 1 t h e d a r k grey l i m e s t o n e , a rg i l l aceous 
l imes tone , a n d calc i lu t i te b e t w e e n 12,280 a n d 13,540 feet m a y b e equ iva len t t o t h e 
M o o g o o r e e L i m e s t o n e . M c W h a e et al . (1958) inc lude th i s in t h e D e v o n i a n b u t 
s ta te t h a t t h e fossil ev idence does n o t p r ec lude L o w e r C a r b o n i f e r o u s . T h e u n -
fossil iferous s i l iceous d o l o m i t e b e n e a t h t h e C r e t a c e o u s in t h e G r i e r s o n Bores (Wes t 
A u s t r a l i a n P e t r o l e u m C o . L t d ) a n d in t h e B r i c k h o u s e B o r e N o . 1 a r e l ikely t o b e 
equ iva l en t s of t h e M o o g o o r e e L i m e s t o n e because of the i r r e g i o n a l p o s i t i o n re la t ive 
t o t h e es tab l i shed D e v o n i a n of C a p e Cuv ie r B o r e a n d Pe l ican Hi l l B o r e . M c W h a e 
et a l . (1958) c o n s i d e r t h e G r i e r s o n p r e - C r e t a c e o u s s e d i m e n t s D e v o n i a n a n d t h e 
B r i c k h o u s e p r e - C r e t a c e o u s Si lur ian . T h e m a p s h o w i n g t h e poss ib le ex ten t of 
t h e C a r b o n i f e r o u s in t h e C a r n a r v o n Basin (F ig . 24) is b a s e d very largely o n t h e 
a s s u m p t i o n t h a t t h e s e d i m e n t s in t h e a b o v e th ree bo re s a r e C a r b o n i f e r o u s . 

Fossils.—Fossils h a v e n o w b e e n f o u n d t h r o u g h o u t t h e M o o g o o r e e L i m e s t o n e ; 
a t leas t twelve s e p a r a t e fossi l iferous b e d s a r e k n o w n a p a r t f r o m sca t t e red fossil 
occu r rences . M o s t of t h e fossil iferous b e d s y ie ld m a n y spec imens b u t few spec ies . 
I n t h e l ower p a r t of t h e f o r m a t i o n t h e fossils (pe lecypods , g a s t r o p o d s , a n d b r a c h i o -
p o d s ) a r e p re se rved m a i n l y as i m p r e s s i o n s ; in t h e u p p e r p a r t t h e fossils ( b r a c h i o -
p o d s a n d b r y o z o a ) a r e r ep l aced i n t i m a t e l y b y silica a n d a r e easi ly s e p a r a t e d o u t b y 
d issolv ing t h e l i m e s t o n e in d i lu te ac id . 

O n l y t h e spir i fer ids h a v e b e e n d e s c r i b e d ; Glen i s t e r (1956) desc r ibed t h r e e 
n e w spec ies : Spirifer  fluctuosus, Punctospirifer  plicatosulcatus,  a n d Syringothyris 
spissus. T h o m a s (in M c W h a e et a l . , 1958) revised t he f a u n a l list of Te i che r t ( in 
C o n d o n , 1954a, p . 2 5 ) ; i n a d d i t i o n t o t h e spir i fer ids , he inc ludes t h e c o r a l Syringopora 
a n d b r a c h i o p o d s Rhipidomella,  Linoproductus,  Schellwienella,  Composita,  Cleiothy-
ridina, Camarotoechia,  a n d cf. Eomartiniopsis.  J. M . D i c k i n s ( p e r s o n a l c o m m u n i ­
ca t i on ) h a s identif ied P a r a l l e l l o d o n t i d a e gen . (cf. Leptodesmd)  sp . n o v . ; th is f o r m 
a p p e a r s t o be t h e s a m e species as t h a t o c c u r r i n g in t he G n e u d n a F o r m a t i o n , in t h e 
Pe l i can Hil l B o r e a t 2293 t o 2307 feet a n d in t h e C o c k a t o o S a n d s t o n e of t h e B o n a ­
p a r t e G u l f Bas in . 

Age.—From t h e k n o w n r a n g e s of t h e d e t e r m i n e d g e n e r a , t h e r e is n o d o u b t 
t h a t t h e M o o g o o r e e L i m e s t o n e is of L o w e r C a r b o n i f e r o u s a g e . T h o m a s (1962) 
cons ide r s t h a t a T o u r n a i s i a n age is i n d i c a t e d . 
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Correlation.—No defini te c o r r e l a t i o n c a n b e es tab l i shed w i t h subsu r f ace sedi­
m e n t s i n t h e C a r n a r v o n Bas in , b u t , o n t h e bas i s of s t r a t i g r aph ic p o s i t i o n a n d l i th­
o logy , equ iva l en t s of t h e M o o g o o r e e L i m e s t o n e a r e c o n s i d e r e d t o b e p r e s e n t in 
R o u g h R a n g e B o r e N o . 1, G r i e r s o n Bores , a n d B r i c k h o u s e B o r e N o . 1. 

T h e M o o g o o r e e L i m e s t o n e a l m o s t ce r ta in ly c a n b e co r r e l a t ed w i t h t h e L a u r e l 
F o r m a t i o n of t h e F i t z r o y B a s i n a n d w i t h t h e S e p t i m u s L i m e s t o n e of t h e B o n a p a r t e 
G u l f Bas in ( T h o m a s , 1962). 

I n E a s t e r n A u s t r a l i a , t h e l o w e r p a r t of t h e R o c k h a m p t o n ' Series ' in Q u e e n s ­
l and , t h e l o w e r p a r t of t h e B u r i n d i G r o u p of N e w S o u t h W a l e s , a n d t h e G r a m p i a n s 
Beds a n d M a n s f i e l d / M o u n t W e l l i n g t o n Beds of Vic to r ia m a y b e c o r r e l a t e d w i t h 
t h e M o o g o o r e e L i m e s t o n e . 

Structure.—In t h e o u t c r o p a r e a , t he M o o g o o r e e L i m e s t o n e is gene ra l ly s t ruc ­
tu ra l ly c o n f o r m a b l e w i t h t h e u n d e r l y i n g D e v o n i a n s e d i m e n t s , a n d l ike t h e m f o r m s 
t w o s o u t h - p l u n g i n g a s y m m e t r i c a l syncl ines a n d t w o wes t -d ipp ing h o m o c l i n e s . A n 
an t i c l ina l n o s e is d e v e l o p e d b e t w e e n the t w o syncl ines . A l o n g t h e e a s t e r n h o m o -
cl ine , m a n y s t r u c t u r a l c o m p l i c a t i o n s a re p r o d u c e d b y t h e i r r egu la r e r o s i o n sur face 
o n w h i c h t h e f o r m a t i o n w a s depos i t ed . 

T h e M o o g o o r e e L i m e s t o n e d o e s n o t s h o w very g rea t t h i c k e n i n g in t h e syn­
c l ines ; th i s ind ica tes t h a t , d u r i n g t h e d e p o s i t i o n of t h e M o o g o o r e e L i m e s t o n e , 
t h e b o t t o m h a d b u t l i t t le m a j o r relief. 

Palaeogeography.—The n a t u r e s of t h e s ed imen t s a n d of t h e b e d d i n g i n t h e 
M o o g o o r e e L i m e s t o n e i n d i c a t e a sha l low m a r i n e e n v i r o n m e n t of d e p o s i t i o n w i t h 
a b u n d a n t l ime b u t l i t t le c las t ic t e r r i genous m a t e r i a l . T h e t h i n - b e d d e d l o w e r p a r t 
w a s d e p o s i t e d in s o m e w h a t d e e p e r wa te r t h a n t h e u n d u l a t e - b e d d e d u p p e r p a r t : 
a l m o s t ce r ta in ly i nd i ca t i ng a q u i t e s tab le b o t t o m , w i th t he d e p o s i t i o n of s ed imen t s 
c a u s i n g sha l lowing of t h e sea . 

T h e d e p o s i t i o n of t h e M o o g o o r e e L i m e s t o n e fo l lowed a m i n o r t r a n s g r e s s i o n 
of t h e sea ove r t h e l a n d r e su l t i ng f r o m a smal l epe i rogen ic subs idence o r a n eus t a t i c 
r ise of sea level. T h e l a t t e r c a u s e is sugges ted b y t h e p resence of l o w e r m o s t C a r ­
b o n i f e r o u s sed imen t s sca t t e red a r o u n d t h e A u s t r a l i a n c o n t i n e n t a l m a r g i n . A s t he 
c o n t i n e n t a l a r e a p r o b a b l y w a s n o t t i l ted, t h e r e d u c t i o n in t h e a m o u n t of t e r r i g e n o u s 
m a t e r i a l e n t e r i n g t h e sea p r o b a b l y resu l ted f r o m a m a r k e d r e d u c t i o n i n ra infa l l . 

T h e coas t l ine w a s m u c h less i n d e n t e d t h a n former ly , a l t h o u g h t h e r e w e r e smal l 
es tuar ies in t h e recent ly d issec ted val leys in t h e D e v o n i a n s e d i m e n t s . T h e l i t to ra l 
w a s p r o b a b l y l o c a t e d i n t h e a r e a of p r e sen t o u t c r o p of D e v o n i a n s e d i m e n t s ; i t 
is un l ike ly t h a t t h e t r a n s g r e s s i o n r e a c h e d o n t o t h e P r e c a m b r i a n r o c k s . T h e A j a n a -
W a n d a g e e R i d g e p r o b a b l y f o r m e d a s u b m a r i n e b a n k o n w h i c h shel l b a n k s o r 
o r g a n i c reefs m a y h a v e d e v e l o p e d ( the p resence of Syringopora  i n t h e o u t c r o p a r e a 
s h o w s t h a t reef d e v e l o p m e n t w a s poss ib le ) . T h e deepe r p a r t s of t h e m i n o r bas ins 
p r o b a b l y rece ived c a l c a r e o u s a n d si l iceous o r g a n i c m u d s t h a t w o u l d n o w b e d a r k 
c a r b o n a c e o u s o r b i t u m i n o u s c a l c a r e o u s shale , calci lut i te , o r che r t . 

T h e p r e s e n t wes t e rn l imi t o f t h e C a r b o n i f e r o u s sed imen t s (F ig . 24) w a s de­
t e r m i n e d b y t h e p r e - C r e t a c e o u s e ro s ion of t h e t i l ted wes t e rn side of t h e G a s c o y n e 
B a s i n ; t h e r e is n o ev idence of a shore l ine in th i s a r e a d u r i n g t h e C a r b o n i f e r o u s . 
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T h e w h o l e a r ea of C a r b o n i f e r o u s s e d i m e n t a t i o n in t he C a r n a r v o n Basin was 
m o s t p r o b a b l y p a r t of the con t i nen t a l shelf. 

Economic Geology. —The M o o g o o r e e L imes tone is n o t exploi ted a t present . 

T h e u p p e r p a r t of the f o r m a t i o n is eminen t ly sui table for aggrega te for r o a d 
bu i ld ing a n d concre te . Pa r t s of it wou ld be sui table for l ime-burn ing , a l t h o u g h 
the p resence of silica w o u l d m a k e m u c h of it useless for this p u r p o s e . P a r t s of 
t h e l o w e r p a r t of the f o r m a t i o n m a y be su i tab le for m a n u f a c t u r e of P o r t l a n d cemen t , 
b u t n o con f i rma to ry tests have been car r ied ou t . 

O n l y o n e wa t e r well , R a m P a d d o c k Wel l , M o o g o o r e e S ta t ion , p r o d u c e s w a t e r 
f rom the M o o g o o r e e L i m e s t o n e , bu t it shou ld be capab l e of m u c h grea ter exp lo i t a ­
t i o n for g r o u n d wa te r . 

T h e wes t e rn equ iva len t s of t he M o o g o o r e e L imes tone (e.g. in R o u g h R a n g e 
B o r e N o . 1) a r e sou rce rocks for p e t r o l e u m , a n d it is possible t h a t l imes tone o r 
d o l o m i t e wi th jo in t o r so lu t ion po ros i ty m a y be deve loped in a reas of c o n t i n u i n g 
s t r u c t u r a l e leva t ion such as t he W a n d a g e e R idge , the W e e d a r r a R i d g e , a n d t h e 
u n - n a m e d r idge a b o u t 12 miles west of t he Bul la ra Ridge (Fig . 2). A s t he M o o ­
g o o r e e L imes tone was fol lowed by t e r r igenous sed iments it wou ld have been p r o ­
tec ted by t h e m from eros ion d u r i n g the U p p e r Ca rbon i f e rous regress ion . 

Williambury Formation 

T h e W i l l i a m b u r y F o r m a t i o n was n a m e d by Te icher t (1949), a n d defined by 
C o n d o n (1954a) as t h e f o r m a t i o n consis t ing of pebbly g reywacke , s i l t s tone, a n d 
c o n g l o m e r a t e , c o n f o r m a b l e be tween t h e M o o g o o r e e L imes tone be low a n d the 
Y i n d a g i n d y F o r m a t i o n a b o v e . T h e n a m e is t a k e n f rom W i l l i a m b u r y S ta t ion , 
a b o u t 120 miles no r th -eas t of C a r n a r v o n . T h e fo rma t ion c r o p s o u t ma in ly o n 
W i l l i a m b u r y S ta t ion . T h e type sect ion (Figs . 27, 28) is in G n e u d n a P a d d o c k , 
2i mi les sou th -eas t of W i l l i a m b u r y H o m e s t e a d , a t La t . 23d 52Y S., L o n g . 1 1 5 ' 
1 0 f E., a l o n g the u p p e r s lopes of a n a r r o w mesa . T h e lower b o u n d a r y is well 
exposed , b u t t he u p p e r b o u n d a r y is poor ly exposed in the plain s o u t h of t he wes t 
e n d of t he mesa . T h a t th i s b o u n d a r y is n o t seriously in e r ro r is conf i rmed by 
c o m p a r i n g the pos i t ions of t he exposed l imes tone beds here wi th pos i t ions of t he 
l imes tone beds in t h e type sect ion of the Y i n d a g i n d y F o r m a t i o n . 

T h e base of the Wi l l i ambury F o r m a t i o n is revised u p w a r d s f rom t h a t p r o p o s e d 
by C o n d o n (1954a, p . 26) t o the m a r k e d c h a n g e in l i tho logy f rom the p r e d o m i n a n t l y 
c a l c a r e o u s sed iments t o t he pebb ly q u a r t z w a c k e a n d c o n g l o m e r a t e ; the or ig inal 
b o u n d a r y is n o t sat isfactory, par t icu la r ly for subsurface co r re l a t ion . T h e t o p of 
t h e f o r m a t i o n is p laced a t t he base of t he l o w e r m o s t th in h a r d s andy l imes tone 
b e d of t he Y i n d a g i n d y F o r m a t i o n . 

A l m o s t everywhere t he W i l l i a m b u r y F o r m a t i o n is c o n f o r m a b l e be tween t h e 
M o o g o o r e e L i m e s t o n e a n d the Y i n d a g i n d y F o r m a t i o n . Only a t t he p r e - P e r m i a n 
u n c o n f o r m i t y , a t t h e s o u t h end of t he o u t c r o p bel ts , is it over la in u n c o n f o r m a b l y 
by f o r m a t i o n s of t he Lyons G r o u p , a n d a t t he p r e -Cre t aceous u n c o n f o r m i t y a t t he 
n o r t h e n d of t he wes tern bel t of o u t c r o p it is over la in u n c o n f o r m a b l y by the Cre ­
t a c e o u s B i r d r o n g F o r m a t i o n . 
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F i g . 2 7 . T y p e l o c a l i t y , W i l l i a m b u r y F o r m a t i o n 

Q r a - A l l u v i u m C l y - Y i n d a g i n d y F o r m a t i o n 

Q r s - S a n d C l w - W i l l i a m b u r y F o r m a t i o n 

Q r w - W a s h C l m - M o o g o o r e e L i m e s t o n e 

T l - L a t e n t e D u w - W i l l a r a d d i e F o r m a t i o n 

P s l - L y o n s G r o u p D u m - M u n a b i a S a n d s t o n e 
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Poor outcrop  of  thin  hard  fotS'li  ferOUS  COlCilut'te  with  scattered 
small pebbles  (  YINDAGINDY  FORMATION) 

• C O N F O R M A B L E B O U N D A R Y -
t9 feet  covered  by  scree 

3lfeet of  bedded  friable  medium-and  coarse-grained  quartzwacke  with  few  pebble  beds 

70feet of  bedded  friable  medium-  ana  coarse-grained  quartzwacke  m  beds  up  to  5  feet  thick 
and bedded  friable  pebbly  quartzwacke  m  beds  up  to  3 feet  thick;  few  scattered  cobbles 

90 feet  of  mteroedded  friable  medium-grained  quartzwacke  and  thm  brown  siltstone,  few 
pebble beds 

23feet of  friable  mterbedded  quartzwocke,  pebbly  quartzwacke  and  conglomerate 

14 feet  of  laminated  soft  dark  red-brown  siltstone 

42feet of  friable  mterbedded  quartzwacke  and  , 
few thm  beds  of  siltstone 

i pebble  conglomerate, 

31 feet  o'  bedded  friable  pebble  conglomerate  with  cabbies,  m 
beds tO  feet  thick,  and  thin-bedded  fnabie  quartzwacke 

15 feet  of  bedded  medium-hard  pebble  conglomerate 

32 feet  of  laminated  firm  dark  rea-brown  calcareous  siltstone 

20 feet  of  friable  pebbly  quartzwacke  and  conglomerate 

12 feet  of  laminated  medium-hard  red-brown  calcareous  siltstone 

24 feet  of  thick-bedded  pebbly  quartzwacke  and  bedded  conglomerate 

20 feet  of  lammated  medium-hard  red-brown  calcareous  sandy  siltstone 

12 feet  of  bedded  quartzwocke  and  laminated  sutstone 
_ 13 feet of  lammated  medium-hard  calcareous  sandy  siltstone 
Z6feet of  friable  coarse-grained  quartzwacke 
_ 5feet of  fnabie  pebble  conglomerate 

40 feet  of  oedded  and  thm-pedded  friable  and  medium-hord  quartzwacke 
with pebble  beds  and  few  thm  siltstone  beds 
6 feet  of  friable  pebote  conglomerate 

23 feet  of  laminated  friable  medium  -  and  fine  -  grained  quartzwackes 

42feel of  thm-bedded  friable  oebbly  quartzwacke 

'ifoot of  hard  brown  silty  calcilutite 
.9feet of  friable  pebbly  quartzwacke 

150 feet  of  rhin-bedded  friable  medium  and  coarse-grained  quartzwacke  with 
many very  small  pebbles  and  few  scattered  larger  pebbles,  many  beds 
have biscuits  of  sltts'one  (intraformotionol  conglomerate) 

20feet of  bedded  friable  medium  -  and  coarse-
ond pebble  conglomerate 

- C O N F O R M  A B L E 

•ned quartzwacke 

B O U N D A  R Y  1 

Laminated soft  light  grey-green  calcareous  siltstone  with  thin 
hard beds  of  calcilutite  {  MOOGOOREE  LIMESTONE  ) 

F i g . 2 8 T y p e s e c t i o n , W i l l i a m b u r y F o r m a t i o n 
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Lithology.—The W i l l i a m b u r y F o r m a t i o n is m a d e u p of a b o u t 55 percent q u a r t z ­
w a c k e , 30 pe rcen t c o n g l o m e r a t e a n d pebbly q u a r t z w a c k e , a n d 15 pe rcen t s i l t s tone . 

T h e d o m i n a n t q u a r t z w a c k e a n d the a r e n a c e o u s ma t r ix of the c o n g l o m e r a t e 
cons is t of 30 t o 60 pe rcen t s u b a n g u l a r t o a n g u l a r q u a r t z g ra ins , 20 t o 40 pe rcen t 
s u b a n g u l a r t o r o u n d e d f r agmen t s of b lack cher t , u p t o 10 pe rcen t s u b a n g u l a r t o 
s u b r o u n d f r agmen t s of qua r t z i t e , m i n o r a m o u n t s of mica (muscov i t e a n d biot i te) 
inc lud ing s o m e la rge flakes, red j a s p e r , b lue t o u r m a l i n e , a n d fe ldspar , a n d a silt-
clay m a t r i x a m o u n t i n g t o 20 t o 30 pe rcen t of c lay ( ? kao l in i t i c ) a n d q u a r t z . T h e 
gra ins ize so r t ing is p o o r a n d p o r o s i t y l o w ; t he m e d i a n gra ins ize r anges f rom 
a b o u t 0 . 1 m m t o 2 . 0 m m ; the s ed imen t s a re very litt le i n d u r a t e d . 

Fig.29. STRATIGRAPHICA L COLUMNS , WILLIAMBUR Y FORMATIO N 

T h e pebb le s of t he c o n g l o m e r a t e a n d pebb ly q u a r t z w a c k e a r e ma in ly b l ack 
c h e r t a n d whi t e q u a r t z wi th few qua r t z i t e , phyl l i te , a n d red j a s p e r p e b b l e s ; t hey 
a r e s u b r o u n d t o r o u n d a n d m a i n l y o v o i d ; a few are s u b s p h e r i c a l . T h e y a r e est i ­
m a t e d t o m a k e u p a b o u t 30 t o 50 pe rcen t of t he c o n g l o m e r a t e b e d s a n d f rom 10 
t o 30 pe rcen t of t h e pebb ly q u a r t z w a c k e beds , a n d they o c c u r as sca t t e red pebbles 
in s o m e of t h e q u a r t z w a c k e . T h e y r a n g e in size f rom a b o u t 9 inches d o w n w a r d s ; 
t he m o s t a b u n d a n t size r a n g e a p p e a r s t o b e a b o u t £ inch t o 2 inches . 
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T h e s i l t s tone is d a r k , r e d - b r o w n , l a m i n a t e d , a n d c a l c a r e o u s , r a n g i n g f r o m sets 
u p t o 32 feet t h i c k d o w n t o t h i n p a r t i n g s b e t w e e n t h e a r e n a c e o u s b e d s . T h e g ra in -
size is m a i n l y b e t w e e n 0 . 0 2 a n d 0 . 0 6 m m , b u t t h e r e is c o m m o n l y s o m e c lay a n d 
s o m e s a n d g r a i n s ; m i c a is p r e s e n t o n s o m e b e d d i n g p l a n e s . 

T h e w h o l e f o r m a t i o n is c r o s s - b e d d e d o n a very la rge sca l e : t h e sets a r e u p 
t o 50 feet th i ck . T h e s i l t s tone f o r m s m a i n l y t h e b o t t o m s e t s , t h e q u a r t z w a c k e a n d 
c o n g l o m e r a t e m a i n l y forese ts . T h e foresets face b o t h d o w n t h e d i p a n d u p it , 
a n d s o m e , p r o b a b l y , a r e o b l i q u e . 

A l t h o u g h o u t c r o p is p o o r a l o n g t h e w e s t e r n o u t c r o p be l t s t h e r e a p p e a r f r o m 
t h e p e b b l e s s t r ewn over t h e sur face t o b e fewer a n d smal le r p e b b l e s in these a r ea s 
t h a n i n t h e e a s t e r n be l t . 

I t m a y b e expec ted t h a t t h e f o r m a t i o n m a i n t a i n s its l i tho log ica l c h a r a c t e r for 
on ly a s h o r t d i s t ance i n t o t h e b a s i n f r o m t h e o u t c r o p ; it is l ikely t o g r a d e i n t o a n 
i n t e r b e d d e d q u a r t z w a c k e - s i l t s t o n e f o r m a t i o n , a n d f r o m t h a t i t p r o b a b l y g r a d e s 
i n t o a c a l c a r e o u s s i l t s tone o r sha le , such as t h a t f o u n d in R o u g h R a n g e B o r e N o . 1 
b e t w e e n 10,705 a n d 12,280 feet. 

Distribution and  Thickness. —The W i l l i a m b u r y F o r m a t i o n c r o p s o u t pa ra l l e l t o 
a n d wes t of t h e M o o g o o r e e L i m e s t o n e . T h e m a i n (eas te rn) o u t c r o p be l t r u n s for 
1 3 i mi les f r o m 4 miles s l ight ly eas t of n o r t h of W i l l i a m b u r y t o 4 J mi les n o r t h of 
M o o g o o r e e . I t is i n t e r r u p t e d in several p laces t o w a r d s i ts s o u t h e r n e n d by over ­
l a p of t h e L y o n s G r o u p . T h e m i d d l e o u t c r o p be l t is 9 mi les l o n g , f r o m 6i  mi les 
n o r t h - w e s t t o 4 miles s o u t h - w e s t of W i l l i a m b u r y . T h e wes t e rn o u t c r o p be l t is 
very p o o r l y exposed , b u t c a n b e t r a c e d as t r e n d s s h o w i n g t h r o u g h t h i n s a n d for 
9 i mi les n o r t h - n o r t h - w e s t f r o m t h e M i d d a l y a / W i l l i a m b u r y R o a d 6i  mi les wes t of 
W i l l i a m b u r y . 

Because of t h e p o o r e x p o s u r e of t h e f o r m a t i o n genera l ly , re l i ab le t h i cknes s 
m e a s u r e m e n t s a r e few; t h e fo l lowing th icknesses a r e m a i n l y c o m p u t e d f r o m o u t ­
c r o p w i d t h scaled f r o m a i r - p h o t o g r a p h s a n d t h e bes t ava i l ab le d i p m e a s u r e m e n t s 
o n t h e ad jo in ing f o r m a t i o n s . E r r o r s of 10 p e r c e n t a r e qu i t e l ikely. I n t h e ea s t e rn 
o u t c r o p be l t t h i ckness r a n g e s f r o m 1110 feet n o r t h - e a s t of W i l l i a m b u r y t o 850 feet 
in t h e syncl ine a n d t o 400 feet n o r t h of M o o g o o r e e . I n t h e m i d d l e o u t c r o p be l t 
t h e t h i cknes s decreases s o u t h w a r d f r o m 850 feet in t h e syncl ine t o 450 feet a t t h e 
s o u t h e n d . T h e r e is ve ry l i t t le v a r i a t i o n in o u t c r o p w i d t h i n t h e w e s t e r n be l t , 
w h e r e t h e f o r m a t i o n is a b o u t 600 feet t h i ck . 

T h e genera l ly g r e a t e r th icknesses in t h e syncl ine ind ica te relief of differential 
subs idence in these a r e a s d u r i n g d e p o s i t i o n of t h e W i l l i a m b u r y F o r m a t i o n . T h e 
u n u s u a l t h i ckness n o r t h - e a s t o f W i l l i a m b u r y m a y ind ica te a de l t a l o b e a t a r iver 
m o u t h . 

T h e W i l l i a m b u r y F o r m a t i o n is well exposed on ly in t h e sca rps of m e s a s , w h e r e 
it is p r o t e c t e d b y t h e l a t e r i t e c r u s t ; e l sewhere t h e f o r m a t i o n f o r m s a p e b b l e - s t r e w n 
p l a i n t h a t a p p e a r s m o d e r a t e l y d a r k o n a i r - p h o t o g r a p h s w i th c o m m o n l y ve ry l i t t le 
s ign of b e d d i n g t r e n d s . I t s u p p o r t s on ly a very spa r se v e g e t a t i o n . 

Fossils.—No fossils h a v e b e e n f o u n d in t h e W i l l i a m b u r y F o r m a t i o n . I n t h e 
poss ib ly equ iva len t s e d i m e n t s i n W a r r o o r a B o r e N o . 1, B a l m e f o u n d s p o re s of 
p r o b a b l e C a r b o n i f e r o u s age ( M c W h a e et a l . , 1958). 
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Age.—The a g e of t h e W i l l i a m b u r y F o r m a t i o n m u s t b e d e t e r m i n e d by reference 
t o t h e c o n f o r m a b l e a d j o i n i n g f o r m a t i o n s . T h e M o o g o o r e e L i m e s t o n e is L o w e r 
C a r b o n i f e r o u s ( p r o b a b l y T o u r n a i s i a n ) a n d t h e fossil iferous Y i n d a g i n d y F o r m a t i o n 
is p r o b a b l y a l so L o w e r C a r b o n i f e r o u s . A l t h o u g h t h e gene ra l a g e is t h u s fairly 
ce r t a in , t h e d o u b t a b o u t t h e prec ise a g e of t h e Y i n d a g i n d y F o r m a t i o n m a k e s it 
i m p o s s i b l e t o d a t e t h e W i l l i a m b u r y F o r m a t i o n precisely. 

Correlation.—For t h e p r e s e n t t h e W i l l i a m b u r y F o r m a t i o n m u s t b e j o i n e d 
w i t h t h e M o o g o o r e e L i m e s t o n e fo r p u r p o s e s of c o r r e l a t i o n . T h e on ly b o r e s in 
t h e C a r n a r v o n B a s i n w i t h s ed imen t s poss ib ly equ iva l en t t o t h e W i l l i a m b u r y F o r ­
m a t i o n a r e R o u g h R a n g e N o . 1 (10,705 t o 12,280 feet) a n d W a r r o o r a N o . 1 (4951 
t o 5992 f e e t — M c W h a e e t a l . , 1958). 

Structure.—The W i l l i a m b u r y F o r m a t i o n closely fol lows t h e M o o g o o r e e L i m e ­
s t o n e in s t r u c t u r e . T h e m a i n difference is t h e t h i c k e n i n g of t h e W i l l i a m b u r y 
F o r m a t i o n i n t h e syncl ines , i m p l y i n g t h e d e v e l o p m e n t of s t r u c t u r a l relief be fo re 
o r d u r i n g d e p o s i t i o n . 

Palaeogeography.—The W i l l i a m b u r y F o r m a t i o n w a s d e p o s i t e d in a de l t a i c 
e n v i r o n m e n t , w i t h very l a rge a m o u n t s of t e r r i g e n o u s s e d i m e n t s f o r m i n g c ross -
b e d d e d de l t a shee ts u p t o 50 feet th i ck . A t least in t h e a r e a of o u t c r o p , t he b o t t o m 
w a s prac t ica l ly h o r i z o n t a l as successive de l t a sheets forese t i n different, a n d s o m e ­
t i m e s o p p o s i t e , d i r ec t i ons . T h e d e p o s i t i o n of th i s t h i ck de l t a depos i t , t h e t o p s e t s 
o f w h i c h w e r e n e a r sea level , impl ies e i ther a r i s ing sea level o r a subs id ing b o t t o m . 
A r i s ing sea level w o u l d t e n d t o m o v e t h e de l t a l a n d w a r d s ; t h e fact t h a t t h e de l t a i c 
m a t e r i a l is bu i l t u p t o th i cknesses of 400 t o 800 feet suggests s tabi l i ty of sea level 
a n d subs id ing b o t t o m . T h e g rea te r t h i cknes s in t h e sync l ine sugges t s t h a t t hese 
a r e a s subs ided fas ter t h a n e l sewhere . 

By t h e n a t u r e of t h e depos i t s t h e coas t l ine m u s t h a v e b e e n ve ry close t o t h e 
p r e s e n t o u t c r o p a r e a a n d m a y even h a v e b e e n b a s i n w a r d s of i t . 

T h e ins tab i l i ty of t h e a r e a of d e p o s i t i o n m a y h a v e h a d a c o u n t e r p a r t in a r ise 
o f t h e h i n t e r l a n d ; ce r t a in ly a h e a v y ra infa l l p r o d u c e d t h e l a rge run-off r e q u i r e d 
t o t r a n s p o r t t h e l a rge a m o u n t of t e r r i g e n o u s sed imen t . T h e l a rge a m o u n t of p e b b l e 
m a t e r i a l w o u l d h a v e b e e n t r a n s p o r t e d on ly a m o d e r a t e d i s t a n c e in fairly swift 
s t r e a m s . T h e m a t e r i a l w a s de r ived m a i n l y f r o m s e d i m e n t a r y r o c k s , p r o b a b l y 
P r e c a m b r i a n ; t h e va l leys h a d n o t b e e n c u t i n t o t h e c rys ta l l ine P r e c a m b r i a n r o c k s 

Economic Geology. —The W i l l i a m b u r y F o r m a t i o n a n d i ts l ikely l a t e ra l equ iva ­
len ts a r e a q u i c l u d e s t h a t p r o v i d e i m p e r v i o u s cover t o t h e p e r m e a b l e M o o g o o r e e 
L i m e s t o n e ; t h e y w o u l d p r o b a b l y b e su i t ab le as c a p r o c k s t o a p e t r o l e u m rese rvo i r 
in t h e M o o g o o r e e L i m e s t o n e o r i ts equ iva len t s . 

I t w o u l d p r o v i d e g o o d r o a d - b u i l d i n g ma te r i a l , for b a s e c o u r s e s especial ly, a n d 
w o u l d b e easi ly e x c a v a t e d b y e a r t h - m o v i n g e q u i p m e n t . 

Yindagindy Formation 
T h e Y i n d a g i n d y F o r m a t i o n , n a m e d b y T e i c h e r t (1950), w a s def ined b y C o n d o n 

(1954a) a s ' t h e f o r m a t i o n of c o a r s e t o m e d i u m - g r a i n e d g r e y w a c k e w i t h i n t e r ca l a t ed 
t h i n h a r d ool i t i c l i m e s t o n e b e d s , c o n f o r m a b l y over ly ing t h e W i l l i a m b u r y F o r m a t i o n 
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F i g . 3 0 . Typ e l o c a l i t y — Yindagind y Formatio n 
Q r w - W a s h Cl y -  Y i n d a g i n d y Format io n 

Qra -  A l l u v i u m Cl w -  W i l l i ambu r y Fo rma t io n 

Psa -  A u s t i n Format io n C l m — M o o g o o r e e L imeston e 

P s h - H a r r i s S a n d s t o n e Duw — W i l l a r a d d ie Format io n 

a n d d i sconfo rmab ly under ly ing the H a r r i s S a n d s t o n e . ' Th i s definit ion s h o u l d b e 
revised slightly by t he a d d i t i o n o f ' o r u n c o n f o r m a b l y under ly ing t he L y o n s G r o u p . ' 

T h e n a m e ( p r o n o u n c e d y in ' -da -g in ' -de ) is t a k e n from Y i n d a g i n d y Creek , t he 
loca l n a m e of t h e c reek flowing s o u t h i n to the Min i lya R ive r four miles sou th -wes t 
o f W i l l i a m b u r y H o m e s t e a d . T h e c reek crosses the n o r t h e n d of t h e o u t c r o p bel t 
t h a t inc ludes t he type local i ty . T h e t ype local i ty (Fig . 30) is immedia te ly n o r t h of 
t h e W i l l i a m b u r y - M i d d a l y a r o a d , 2 J miles west of Wi l l i ambury H o m e s t e a d a t 
La t . 23° 5 1 ' S., L o n g . 115" 6 | ' E. T h e type sect ion (F ig . 31) runs f rom n e a r t he 
t o p of a gent le wes te rn s lope , a l o n g a sha l low smal l wa te r cou r se t o t h e foo t of t he 
eas t - facing s c a r p of a smal l hill of H a r r i s S a n d s t o n e ; the sec t ion is n o t well exposed , 
b u t rock in p lace c a n be f o u n d in m o s t places wi th in a foot of the surface. M a n y 
of t h e h a r d l imes tone beds a r e exposed , a n d pa r t s of t he in te rven ing s e d i m e n t s . 

T h e base of t he Y i n d a g i n d y F o r m a t i o n is t a k e n a t t he b o t t o m of t he lower ­
m o s t h a r d l imes tone bed a b o v e t he pebb ly q u a r t z w a c k e w i t h o u t l imes tone . T h e 
t o p is f e r rug inous a n d a b o v e it t he r o c k is c lean q u a r t z s a n d s t o n e o r pebb ly q u a r t z ­
w a c k e , ne i ther of wh ich is fe r rug inous . 

Relationships.—Everywhere in t h e o u t c r o p a rea , t he Y i n d a g i n d y F o r m a t i o n 
res ts c o n f o r m a b l y o n the W i l l i a m b u r y F o r m a t i o n . In the type local i ty t h e r e is 
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n o o b v i o u s s t r u c t u r a l d i s c o r d a n c e be tween the Y i n d a g i n d y F o r m a t i o n a n d the 
H a r r i s S a n d s t o n e , a l t h o u g h the s h a r p c h a n g e in l i tho logy f rom coa r se q u a r t z w a c k e , 
s t rong ly fe r rug inous , t o clean q u a r t z s a n d s t o n e was ear ly t a k e n t o ind ica te a d i s -
c o n f o r m i t y ( C o n d o n , 1954a, p . 30), a n d la ter w o r k conf i rmed t h i s : on ly t w o miles 
s o u t h o f the t ype local i ty t he base of t h e L y o n s G r o u p rests on M o o g o o r e e L ime­
s tone , t h e W i l l i a m b u r y F o r m a t i o n a n d Y i n d a g i n d y F o r m a t i o n hav ing been r e m o v e d 
by e ros ion be fo re depos i t ion of t he L y o n s G r o u p sed imen t s . In t he o u t c r o p bel t 
be tween the M i n i l y a River a n d its S o u t h B r a n c h the re is a b r eak in o u t c r o p w h e r e 
t h e A u s t i n G r e y w a c k e of t he Lyons G r o u p res ts on t h e M o o g o o r e e L i m e s t o n e . 
T h e L y o n s G r o u p rests o n a n uneven sur face of the Y i n d a g i n d y F o r m a t i o n n o r t h 
a n d s o u t h of M o o g o o r e e H o m e s t e a d , a n d a b o u t 4J miles slightly eas t of s o u t h of 
M o o g o o r e e t h e u n c o n f o r m i t y crosses t h e Y i n d a g i n d y F o r m a t i o n , wh ich d o e s n o t 
c r o p o u t fa r the r s o u t h . O u t c r o p in t he wes te rn bel t is very p o o r , b u t t r end- l ines 
s h o w i n g t h r o u g h the s a n d ind ica te a sl ightly i r regu la r c o n t a c t be tween the Y i n d a ­
g indy F o r m a t i o n a n d the A u s t i n G r e y w a c k e a l o n g m o s t of t he o u t c r o p a n d a s t r o n g 
e ro s iona l u n c o n f o r m i t y a t t he s o u t h e n d . 

Lithology.—The Y i n d a g i n d y F o r m a t i o n cons is t s of d o m i n a n t p e b b l y q u a r t z ­
w a c k e a n d in te rca la ted th in h a r d l imes tone b e d s ; t he q u a r t z w a c k e is s imi la r t o 

Thm-bedded friable  medium  and  very  coarse-grained  quartz 
sandstone with  beds  of  scattered  pebbles  and  plant  fossils 

(HARRIS SANDSTONE) 

DI SCONFORM  ABLE  BOUNDARY 
12 feet  of  thm-bedded  hard  ferruginous  quartzwacke  and  quartz  sandstone, 

76 feet  of  poorly  exposed  bedded  friable  medium  and  codrse-  groined 
quartzwacke, 

37 feet  of  friable  medium  and  coarse-  groined  guartzwacke,  and  thm-bedded 
and laminated  hard  fossiliferous  oolitic  calcilutite, 

31 feel  of  poorly  exposed  thin-  bedded  very  coarse  and  medium-  grained 
guartzwacke-, 

29 feet  of  thm-bedded  friable  medium-grained  guartzwacke,  and 
thm-bedded hard  fossiliferous  sandy  oolitic  calcilutite-, 

30 feet  of  poorly  exposed  thm-bedded  friable  medium  dnd  coarse-grained  • 
quartzwacke, 

35 feel  of  thm-  bedded  friable  medium-  grained  quartzwacke,  ond  few 
thm hard  beds  of  co/i/ic  calcilutite  with  fossils, 

CONFORMABLE BOUNDARY 

\i Tnin-bedded  and  bedded  friable  medium-  grained  guartzwacke 
with scattered  peboles  of  blacn  chert,  guortzite,  and 
wnite guartz  {WILLIAMBURY  FORMATION) 

Fig . 31 . Typ e s e c t i o n , Y i n d a g i n d y F o r m a t i o n 
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t h a t of t he W i l l i a m b u r y F o r m a t i o n b u t con t a in s fewer a n d smal ler pebbles (of 
t he s a m e rock types) , m o r e feldspar a n d mica , a n d in the u p p e r par t a smal l a m o u n t 
of g a r n e t . 

M o s t of t he l imes tone beds consis t of h a r d l ight b luish grey ool i t ic calci lut i te 
wi th q u a r t z s a n d u p to a b o u t 15 pe rcen t ; s o m e of the beds a r e n o t ool i t ic , s o m e 
a re n o t s andy , a n d a few c o n t a i n small pebbles of qua r t z i t e a n d cher t . M o s t of 
t he l imes tone b e d s c o n t a i n m a r i n e fossils; s o m e of t h e m are c r o w d e d wi th smal l 
b r a c h i o p o d valves which d o n o t wea the r ou t . 

I n s o m e a reas , e.g. fou r miles sou th - sou th -wes t of Wi l l i ambury a n d f rom 
H mi les n o r t h t o 4£ miles a little east of s o u t h of M o o g o o r e e , the l imes tone beds 
a r e m u c h m o r e p r o m i n e n t t h a n in t he type local i ty : in a wel l -exposed sec t ion I f 
miles n o r t h of M o o g o o r e e t he l imes tone fo rms 65 percent of the f o r m a t i o n . 

Distribution and  Thickness. —Like the o the r C a r b o n i f e r o u s f o r m a t i o n s , t he 
Y i n d a g i n d y F o r m a t i o n c r o p s o u t in t h r ee belts (Fig . 32). T h e eas te rn bel t is 
b r o k e n in to t w o m a i n pa r t s by the u n c o n f o r m a b l e ove r l ap of sed iments of t he 
L y o n s G r o u p ; it ex tends for t w o miles s o u t h f rom t w o miles eas t - sou th -eas t of 
W i l l i a m b u r y , for t w o miles s o u t h f rom six miles n o r t h of M o o g o o r e e a n d t h e n for 
6J miles sl ightly east of s o u t h f rom I f miles n o r t h of M o o g o o r e e . M o o g o o r e e 
H o m e s t e a d is bui l t o n a n o u t c r o p of Y i n d a g i n d y F o r m a t i o n . 

T h e midd le o u t c r o p bel t ex tends s o u t h w a r d for 8£ miles f rom 5 | miles n o r t h ­
west t o 2 1 miles west of s o u t h of W i l l i a m b u r y ; th i s is i n t e r rup ted near t he s o u t h 
e n d by o v e r l a p p i n g sed iments of t he Lyons G r o u p . 

T h e wes te rn bel t is covered by a t h in veneer of sand , bu t t rend- l ines s h o w 
t h r o u g h the s a n d a n d f ragments of l imes tone on the surface es tabl ish t he iden t i ty 
of t he f o r m a t i o n . Th i s bel t ex tends n o r t h - n o r t h - w e s t for 9 J miles f rom 500 y a r d s 
n o r t h of t he M i d d a l y a - W i l l i a m b u r y r o a d , 7 miles west of Wi l l i ambury . 

In t he eas te rn belt th icknesses of t he Y i n d a g i n d y F o r m a t i o n a re very var iab le 
because of its e ro s ion before the depos i t ion of the L y o n s G r o u p . M a x i m u m thick­
nesses in t he several o u t c r o p a reas f rom n o r t h t o s o u t h of the eas te rn bel t a re 300 
feet, 270 feet, 95 feet (1J miles n o r t h of M o o g o o r e e ) , a n d 200 feet nea r t he s o u t h e r n 
e n d . I n t he midd le belt t he th ickness is a b o u t 250 feet in t he syncl ine, fairly u n i ­
fo rmly a b o u t 270 feet a long m o s t of t he o u t c r o p , a n d a b o u t 380 feet a t t he s o u t h 
e n d (on the an t ic l ina l nose where t he f o r m a t i o n is d o m i n a n t l y of l imes tone) . I n 
t he wes te rn bel t t he o u t c r o p wid th is fairly un i fo rm a n d indicates a th ickness of a b o u t 
300 feet ( ± 50 feet). 

Fossils.—Although m a n y of t he l imes tone beds a re c r o w d e d wi th fossils, g o o d 
spec imens a r e h a r d t o ob t a in as they d o no t wea the r o u t a n d a re n o t easy t o ex t rac t 
f rom t h e r o c k ; par t ly because of th is t he f auna has n o t been e x a m i n e d in detai l 
b y p a l a e o n t o l o g i s t s . In t he field, t he fol lowing fossils have been seen : small 
? rhynchone l l id b r a c h i o p o d s (very a b u n d a n t ) , a thy r id a n d spiriferid b r a c h i o p o d s 
( c o m m o n in s o m e beds) , c r ino id s tem ossicles a n d b rach ia l s ( a b u n d a n t in s o m e 
beds ) , smal l g a s t r o p o d s , a single nau t i lo id , a n d os t r acods . 

Age.—As the fossil species have n o t been de t e rmined they a r e n o t ava i lab le 
t o he lp in d e t e r m i n i n g the age of t he Y i n d a g i n d y F o r m a t i o n . T h e y a re qu i t e 
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different in a spec t f r o m t h o s e i n t h e l o w e r m o s t b e d of m a r i n e fossils in t h e L y o n s 
G r o u p , w h i c h D i c k i n s & T h o m a s (1959) r e g a r d as p r o b a b l y S a k m a r i a n , a n d s o m e ­
w h a t l ike s o m e o f t h e f o r m s i n t h e F r a s n i a n G n e u d n a F o r m a t i o n . T h e e r o s i o n a l 
u n c o n f o r m i t y , w h e r e t h e e r o s i o n i n p laces r e m o v e d t h e w h o l e of t h e D e v o n i a n 
a n d C a r b o n i f e r o u s s ed imen t s b e t w e e n t h e d e p o s i t i o n of t h e Y i n d a g i n d y F o r m a t i o n 
a n d t h a t o f t h e A u s t i n G r e y w a c k e of t h e L y o n s G r o u p , i n d i c a t e s t h a t t h e Y i n d a ­
g indy F o r m a t i o n is c o n s i d e r a b l y o lde r t h a n t h e S a k m a r i a n F o r m a t i o n . 

T h e Y i n d a g i n d y F o r m a t i o n is p r o b a b l y L o w e r C a r b o n i f e r o u s in age , b u t 
c a n n o t b e d a t e d m o r e closely. 

Correlation.—At p re sen t t h e Y i n d a g i n d y F o r m a t i o n m u s t b e j o i n e d w i t h t h e 
M o o g o o r e e L i m e s t o n e a n d t h e W i l l i a m b u r y F o r m a t i o n for p u r p o s e s of c o r r e l a t i o n . 

Structure.—The Y i n d a g i n d y F o r m a t i o n is s t ruc tu ra l ly c o n f o r m a b l e w i t h t h e 
W i l l i a m b u r y F o r m a t i o n . I t is n o t exposed in t h e axia l r e g i o n of t h e W i l l i a m b u r y 
Syncl ine , b u t on ly in t h e w e s t - d i p p i n g h o m o c l i n e t h a t ex t ends f r o m i ts eas t l i m b . 
T h e Y i n d a g i n d y Syncl ine p l u n g e s a t a b o u t 10° s o u t h ; t h e l o n g eas t l i m b d i p s a t 
a b o u t 30° a n d passes i n t o a n an t i c l ina l n o s e p l u n g i n g a t a b o u t 7° s o u t h ; t h e wes t 
l i m b is very sho r t , p r o b a b l y a g a i n s t a s teep c o n t a c t w i t h P r e c a m b r i a n r o c k s , a n d 
very m u c h c o n t o r t e d b y w h a t a p p e a r s t o b e s l u m p fo ld ing . I n t h e w e s t e r n o u t c r o p 
be l t t h e s e d i m e n t s d i p wes t a t a b o u t 20° . 

Palaeogeography.—A r e d u c t i o n in t h e relief in t h e h i n t e r l a n d a n d a n i nc r ea se 
in t h e s tabi l i ty of t h e a r e a of d e p o s i t i o n as c o m p a r e d w i t h t h o s e o f t h e t i m e of 
d e p o s i t i o n of t h e W i l l i a m b u r y F o r m a t i o n is s h o w n b y t h e smal le r g ra ins ize of t h e 
t e r r i g e n o u s c las t ic s ed imen t s a n d b y t h e p re sence of m a r i n e ca lc i lu t i te . T h e p r e s e n t 
o u t c r o p a r e a w a s covered b y t h e sea . T h e shore l ine w a s f a r the r i n l a n d t h a n d u r i n g 
d e p o s i t i o n of t h e W i l l i a m b u r y F o r m a t i o n ; i t h a d m i n o r i n d e n t a t i o n s in t h e a r e a 
of t h e syncl ines . 

T h e s l u m p fo ld ing o n t h e wes t l i m b of t h e Y i n d a g i n d y Syncl ine a n d t h e r e d u c ­
t i o n in p r o p o r t i o n of t e r r i g e n o u s s e d i m e n t in t h e a r e a of t h e an t ic l ina l n o s e a n d in 
t h e M o o g o o r e e a r e a ind ica t e a p p r e c i a b l e relief o n t h e sea b o t t o m . 

T h e s t r u c t u r a l c o n c o r d a n c e o f t h e H a r r i s S a n d s t o n e a n d t h e Y i n d a g i n d y 
F o r m a t i o n of t h e t ype loca l i ty p r o b a b l y ind ica te s t h a t t h e r e , very l i t t le h a s b e e n 
r e m o v e d f r o m t h e t o p of t h e Y i n d a g i n d y F o r m a t i o n ; if th is is so , t h e sea reg ressed 
a n d s e d i m e n t a t i o n ceased in t h e a r e a of o u t c r o p after t h e Y i n d a g i n d y F o r m a t i o n 
h a d b e e n depos i t ed . S u b a e r i a l w e a t h e r i n g t o o k p lace a n d t h e e x p o s e d c o a s t a l 
p la in of s ed imen t s was d i ssec ted b y s t r e a m e r o s i o n ; t h e s o u t h w a r d p a r t of t h e 
o u t c r o p a r e a w a s s t ruc tu ra l ly ( a n d t o p o g r a p h i c a l l y ) h ighe r t h a n t h e n o r t h e r n a n d 
w a s e r o d e d m o r e s t r ong ly : a n e r o s i o n surface w a s cu t t h r o u g h t h e C a r b o n i f e r o u s 
a n d D e v o n i a n sed imen t s a n d i n t o t h e P r e c a m b r i a n r o c k s n e a r M o u n t S a n d i m a n . 
T h i s e m e r g e n c e c o n t i n u e d t h r o u g h t h e U p p e r C a r b o n i f e r o u s un t i l t h e m a j o r t r a n s ­
gress ion in ear l ies t P e r m i a n t i m e . 

Economic Geology. —The Y i n d a g i n d y F o r m a t i o n m a y b e c o n s i d e r e d as a 
v a r i a t i o n of t he W i l l i a m b u r y F o r m a t i o n a n d h a s s imi lar e c o n o m i c poss ibi l i t ies . 
W h e r e t h e l imes tone is well d e v e l o p e d i t m a y b e of use as a s o u r c e of a g g r e g a t e 
for c o n c r e t e a n d r o a d sur fac ing a n d poss ib ly for c e m e n t m a n u f a c t u r e ; i t is c o m m o n l y 
t o o s a n d y for l ime-bu rn ing . 
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Carboniferous 

?Lower 
Carboniferous 

?Tournaisian 

?Famennian 

?Frasnian 

Frasnian ?-f -
Givetian 

?Givetian 

Yindagindy 
Formation 

Williambury 
Formation 

Moogooree 
Limestone 

Willaraddie 
Formation 

Munabia Sand -
stone 

Gneudna 
Formation 

Nannyarra 
Greywacke 

Greywacke, 
thin ooliti c lime -
stone 

Pebbly greywacke , 
siltstone and con-
glomerate 

Calcilutite 

Quartzwacke, silt -
stone, quart z 
sandstone an d 
conglomerate 

Quartz sandston e 

Quartzwacke, cal -
carenite an d silt -
stone 

Greywacke, feld -
spathic sandston e 
and siltston e 

380 

1100 

1400 

?4000 

4450 

2700 

200 

Brachiopods, crin -
oids, gastropods , 
ostracods 

None know n 

Brachiopods, mol -
luscs, bryozo a 

Bryozoa, brachio -
pods (poorl y pre -
served) 

Plant fossil s 

Corals, brachio -
pods, molluscs , 
crinoids, strom -
atoporoids 

None know n 

Conformable o n Wil -
liambury. Uncon -
formable beneat h 
Permian 

Conformable o n 
Moogooree, be -
neath Yindagind y 

Unconformable o n 
Willaraddie an d 
Munabia. Con -
formable beneat h 
Williambury 

D E V O N I A N 
Conformable o n 

Munabia. Uncon -
formable beneat h 
Moogooree 

Conformable o n an d 
varies laterall y int o 
Gneudna. Con -
formable beneat h 
Willaraddie 

Conformable o n 
Nannyarra. Con -
formable beneat h 
and varie s laterall y 
into Munabia . Un -
conformable be -
neath Permia n 

Unconformable o n 
Precambrian. Con -
formable beneat h 
Gneudna. Uncon -
formable beneat h 
Permian 

? SILURIA N 

Williambury an d 
Moogooree 
Stations 

Williambury an d 
Moogooree 
Stations 

as abov e 

Williambury an d 
Moogooree 
Stations 

Williambury 
Station t o 
Mount Sandi -
man Statio n 

as abov e 

Merlinleigh 
Basin 

as abov e 

as abov e 

Merlinleigh 
Basin 

as abov e 

Merlinleigh an d 
Bidgemia 
Basins 

as abov e 

Sequences i n Roug h 
Range N o. 1  Bore 
and i n Warroor a 
N o . 1  Bor e 

? Roug h Rang e 1 , 
? Brickhous e 1 . 
Laurel Fm . 
Septimus Lst . 

Road grave l 

Road an d concret e 
aggregate; ?  lim e 
and portlan d 
cement 

Rough Rang e 1  ?  ca p roc k 

Pelican Hil l Bore , 
Wandagee 1  Bore; 
Pillara Limeston e 

Water, ?  oi l reser -
voir 

? oi l sourc e 

? oi l reservoi r 

Dirk Harto g 
Limestone 

Dolomite, lime -
stone an d anhy -
drite 

2425 Brachiopods, 
gastropods, 
nautiloids, 
conodonts 

Unconformable be -
neath Birdrong . 
Conformable o n 
? Tumblagood a 

Nil Gascoyne Basin , 
Merlinleigh 
Basin 

No t definit e ? oi l sourc e an d 
reservoir 

? ORDOVICIA N 
Tumblagooda 

Sandstone 
Quartz sandstone , 

siltstone 
20,600 Invertebrate bur -

rows an d trail s 
Unconformable be -

neath Birdrong , 
Lyons. ?  Con -
formable beneat h 
Dirk Hartog . Un -
conformable o n 
gneiss 

Lower Mur -
chison Rive r 

S. Gascoyn e 
Basin, Coolcal -
alaya Basin , 
Merlinleigh 
Basin 

No t definit e Water ?  oi l 
reservoir 



T a b l e 1— (continued) 

PRE-PERMIAN ROC K UNITS— (continued) 

Formation Lithology 
Maximum 
Thickness 

(Feet) 
Fossils Relationships 

Distribution 
Correlation Economic Geolog y Formation Lithology 

Maximum 
Thickness 

(Feet) 
Fossils Relationships 

Outcrop Subsurface 
Correlation Economic Geolog y 

Badgeradda 
Group 

Yarrawolya 
Formation 

Errabiddy 
Sandstone 

Coomberarie 
Formation 

Woodrarrung 
Sandstone 

Bililly 
Formation 

Nilling Bed s 

Laminated siltson e 
and fine-graine d 
quartzwacke 

Quartz sandston e 

Siltstone an d fine -
grained quartz -
wacke 

Kaolinitic quart z 
sandstone 

Quartz sandston e 
and silt y sand -
stone 

Sandstone, quartz -
wacke 7  red silt -
stone 

1435 + 

5000 

3700 

1200 

73100 

PI tOTEROZOIC 

Conformable o n 
Coomberarie 
? Unconformabl e 
beneath Lyon s 
Group 

Lateral varian t o f 
part o f Coom -
berarie 

Conformable o n 
Woodrarrung, be-
neath Yarrawoly a 

Conformable o n 
Bililly, beneat h 
Coomberarie. Un -
conformable o n 
Precambrian schis t 

Conformable be-
neath Bililly , 7  con-
formable o n Nillin g 
Beds. Unconform -
able o n Precam -
brian schis t 

7 Conformabl e be-
neath Bililly . Con -
formable on 
Yarramulla 

S.E. Byr o Basi n 

as abov e 

as abov e 

as abov e 

as abov e 

as abov e 

Byro Basi n 
7 Coolcalalay a 
Basin 

as abov e 

as abov e 

as abov e 

as abov e 

as abov e 

Yarramulla 
Beds (Pu a on 
Plate 1 ) 

Indurated 
Sediments 

Phyllite, slate , 
quartzwacke 

Quartzite, slat e 

717,000 

7 
PR 

May b e conformabl e 
or unconformabl e 
beneath Badgeradd a 
Group 

ECAMBRIAN 

7 Unconformabl e 
on schis t 

S.E. Byr o Basi n 

Lyndon, Giffor d 
Creek, Moun t 
Phillips, 
Coordewandy 

Byro Basin , 
7 Coolcalalay a 
Basin 

7 

Granitic Rock s Massive and 
gneissic granit e 

? Intrude schis t Eastern boun -
dary o f basi n 

Schist Quartz schist , bio -
tite schist , chlor -
ite schist , sericit e 
schist, hornblend e 
schist 

? ? Eastern boun -
dary o f Basin , 
Carey Down s 

Granulite and 
Gneiss 

Granulitic garnet -
iferous gneis s 

Quartz-biotite-
feldspar gneis s 

7 7 

7 

Ajana 

Carrandibby 
Range, Glen -
burgh 

Ajana Ridg e 

7 
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Reference 
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y 
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