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SEISMIC INVESTIGATIONS OF THE 
WI NT INNA' TROUGH, 1972 

ABSTRACT ' 

Seismic r e f r a c t i o n and r e f l e c t i o n work i n 
t h e W a l l a t i n n a . a r e a i n 1972 has sugges ted a f a u l t 
a long the n o r t h - w e s t edge of t h e Ammaroodinna 
i n l i e r a s the n o r t h - w e s t l i m i t of Permian sedimen-

t a t i o n , and t h u s of the Arckar inga "basin. Th i s i s 
p robab ly not t h e l i m i t of t h e lower P a l a e o z o i c 
sed iments of the O f f i c e r b a s i n , which appear t o 
ex tend s o u t h - e a s t and perhaps e a s t below the 
Arckaringa. . b a s i n . 

Refrac t ion v e l o c i t i e s over t h e Wint inna 
g r a v i t y h igh s u g g e s t , bu t do not p o s i t i v e l y c o n f i r m , 
t h e p resence of do lomi t e s f i l l i n g a basement . 
t r o u g h . A' s t r a t i g r a p h i c we l l , . Manya No.1 , has. 
been proposed t o i d e n t i f y the r e f r a c t o r a t i t s 
s h a l l o w e s t p o i n t . ' Ta rge t depth i s 172 m e t r e s . 

Another shal low w e l l , Maria No.1, ha s been, 
proposed t o i d e n t i f y the ' h i g h speed r e f r a c t o r 
near Wint inna H i l l . R e f r a c t i o n v e l o c i t i e s i n 
t h i s a r e a a r e not d e f i n i t e l y d i a g n o s t i c of any • 
known g e o l o g i c a l - h o r i z o n , a l t h o u g h lower P a l a e o -
zo ic . s ands tones of the O f f i c e r b a s i n ' a r e c o n s i d -
e red most l i k e l y . The p r e d i c t e d dep th t o t h e 
h igh s p e e d - r e f r a c t o r • i s 102-met res . 

. INTRODUCTION 

Since the d i s c o v e r y i n 1968 of the Wint inna g r a v i t y h igh 

c o i n c i d e n t wi th a major magnetic ' basement t r o u g h , Depar tmenta l 

s e i smic o p e r a t i o n s have been c a r r i e d - o u t i n t h e - a r e a t o de te rmine 

the cause of t h e anomal ies and e x p l a i n t h e d i s c r e p a n c y between t h e 

g r a v i t y and magnet ic d a t a . . ( M i l t o n , 1972, 1973 and 1971). l a t e i n 
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1971 two l i n e s were bul ldoze,d over the- central." p a r t ' o f t h e anomaly 

f o r s e i smic o p e r a t i o n s i n 1972, b o t h s t a r t i n g a t W a l l a t i n n a W.H. on 

t h e EVERARD':($1 :250 000 s h e e t . -The l o n g e r l i n e , ED, ex tended s o u t h -

s o u t h - e a s t f o r 58 k i l o m e t r e s over the Ainmaroodinna i n l i e r and t h e 

Wint inna g r a v i t y h i g h . Line EE was b u l l d o z e d w e s t - n o r t h - w e s t f o r 

34 k i l o m e t r e s i n t o t h e E a s t e r n O f f i c e r b a s i n . A f u r t h e r l i n e , EH, 

was e s t a b l i s h e d a l o n g 1 7t k i l o m e t r e s of- a Commonwealth Ra i lways 

c l e a r e d l i n e nea r Wint inna H i l l . P l a n 73-525 shows t h e p o s i t i o n of 

t h e l i n e s and t h e i r r e l a t i o n s h i p t o t h e g r a v i t y anomaly. 

Cont inuous r e f r a c t i o n work was c a r r i e d out a l o n g t h e EH l i n e , 

a combina t ion of r e f l e c t i o n and r e f r a c t i o n a long t h e ED l i n e , and 

r e f r a c t i o n a long t h e e a s t e r n end of t h e EE l i n e . 

. 'PREVIOUS- GEOPHYSICS 

E a r l i e r i n v e s t i g a t i o n s i n t h e A r c k a r i n g a b a s i n have been 

covered i n Depar tmen ta l r e p o r t s on t h e 196*9, 1970. and 1971 s e i s m i c 

f i e l d s e a s o n s ( M i l t o n , .1972, 1973 and 1971) . Apar t f rom a h e l i -

c o p t e r g r a v i t y su rvey f o r Murumba O i l N.L. i n 1970 ( F e t t l e t o n , 1970) 

and an ae ' romagnet ic su rvey f o r E x o i l P t y . L t d . i n 1964-65 (S tee r i l and , 

1965), t h e r e h a s - b e e n no g e o p h y s i c a l work by p r i v a t e companies 

w i t h i n 100 k i l o m e t r e s of the p r e s e n t survey a r e a . 

GEOLOGY 

A f u l l account of the geo logy of the A r c k a r i n g a b a s i n can be 

found i n a paper p r e s e n t e d by Dr. H. .Wopfner a t t he I . U . G . S . 

Gondwana symposium i n -1-970 e n t i t l e d "Permian Pa laeogeography and 

D e p o s i t i o n a l Evironment of t h e A r c k a r i n g a B a s i n , South A u s t r a l i a " . 



E x p l a n a t o r y n o t e s by G.W. K r i e . g ' c o v e r i n g t h e EVERARD 1:250 000 

s h e e t a r e being p r e p a r e d f o r p u b l i c a t i o n . • .' 

I n p a r t i c u l a r , t h e '..Wiiitinna g r a v i t y anomaly i s i n t e r -

p r e t e d as. b e i n g caused by a dense pre -Permian ' do lomi te . f i l l i n g a 

c r y s t a l l i n e , basement t r o u g h (Mi l ton and Thorn ton , 1970) . The 

do lomi te i s p r o b a b l y o v e r l a i n by Permian., sed iments of t h e 

A r c k a r i n g a b a s i n and Mesozoic sed imen t s of the Grea t A r t e s i a n B a s i n . 

EXPLORATION METHODS : , • 

E x p l o r a t i o n methods were s i m i l a r t o t h o s e of 1971. 

(Mi l t on , 1971) w i t h Geof l ex ( I . G . I . Aus t . L t d . Trade Mark) t h e 

u s u a l e n e r g y s o u r c e . Much g r e a t e r c h a r g e s were used i n an a t t e m p t 

t o overcome, t h e poor ene rgy t r a n s m i s s i o n of t h e l o o s e su r f ace . sand 

c o v e r i n g much of t h e a r e a . .A f u r t h e r cause of poor energy t r a n s -

m i s s i o n was the dep th of b u r i a l of t h e G e o f l e x — t h i s was g e n e r a l l y 

l e s s t h a n 45 c e n t i m e t r e s • r a t h e r t h a n t h e optimum depth of 55 t o 

60 c e n t i m e t r e s , w i th the r e s u l t t h a t a l o t of ene rgy was l o s t by 

b low-out a t t h e s u r f a c e . A l a r g e r t r a c t o r i s b e i n g used f o r t h e 

1973 season and optimum b u r i a l d e p t h s a r e b e i n g a c h i e v e d . 

L a t e r work h a s sugges t ed t h a t t he charge o f f s e t .of 1 200 

f e e t (366 m e t r e s ) u sed over most of. .the a r e a was t oo s h o r t . With 

an o f f s e t of 2400 f e e t (732 m e t r e s ) , an improvement i n s i g n a l t o 

n o i s e - r a t i o of about t h r e e t i m e s cou ld have been e x p e c t e d . 

Some a t t e m p t s were made to s i m u l a t e a l i n e source of -

v a r i a b l e d e t o n a t i o n v e l o c i t y u s i n g sma l l Anzomex c h a r g e s . f i r e d 

s e q u e n t i a l l y w i t h v a r y i n g t ime d e l a y s . . I t was hoped t h a t t h i s 

method could be used to . improve the s i g n a l to n o i s e ratio.;;, of t h e 



-4-

s e i s m i c s i g n a l s r e f l e c t e d f rom d i f f e r e n t l a y e r s . U n f o r t u n a t e l y , 

t h e n a t u r e of the ground s u r f a c e ( l o o s e sand on t h e ED l i n e , o u t -

c r o p p i n g sands tone on the EE l i n e ) made shot p r e p a r a t i o n such a 

slow p r o c e s s t h a t t h e e x p e r i m e n t s were s topped b e f o r e any c o n c l u s i v e 

r e s u l t s were o b t a i n e d . 

. At t h e n o r t h e r n end of the BD l i n e , a t t e m p t s were made t o 

o b t a i n r e f l e c t i o n d a t a u s i n g c o n v e n t i o n a l s p l i t - s p r e a d t e c h n i q u e s 

w i t h Anzomex c h a r g e s a t a dep th of about 44" m e t r e s . T h i s was a l s o 

u n s u c c e s s f u l because of d i s s i p a t i o n of most of the e x p l o s i v e ene rgy 

i n t o the a i r and the l o o s e sands s u r r o u n d i n g t h e c h a r g e . 

G r a v i t y r e a d i n g s were t a k e n a t each shot p o i n t on t h e ED 

l i n e and t h e Bouguer g r a v i t y v a l u e s i n t e g r a t e d w i t h t h e d a t a 

f rom t h e E a s t e r n O f f i c e r B a s i n H e l i c o p t e r G r a v i t y Survey. 

•COMPUTATION-METHODS 

Two methods were used to compute the r e f r a c t i o n d a t a -

t h o s e developed by Dooley (1952) and Hawkins ( 1 9 6 1 ) . The f i r s t 

assumes t h a t the r e f r a c t i n g l a y e r s a r e p lane be tween shot p o i n t 

and the f u r t h e s t • geophone, and computes d e p t h s and d i p s of t he 

r e f r a c t o r s a t t h e sho t p o i n t s . Th i s method was no rma l ly used where 

t h e t i m e - d i s t a n c e c u r v e s i n d i c a t e d t h e p re sence of s e v e r a l r e f r a c t o r s , 

each of which cou ld be c o n s i d e r e d p l a n e . Where t h e s u b - s u r f a c e 

c o n s i s t e d b a s i c a l l y of ove rburden above a h igh speed r e f r a c t o r , 

t h e computa t ion method deve loped by Hawkins was used-, p a r t i c u l a r l y 

where the t i m e - d i s t a n c e p l o t s i n d i c a t e d a r e f r a c t o r whose s u r f a c e 

could not r e a d i l y be r e p r e s e n t e d by a p l a n e . T h i s was most common 

i n a r e a s where the h i g h speed r e f r a c t o r ' w a s l e s s t h a n about 300 

m e t r e s deep. 
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The smal l amount of u s a b l e r e f l e c t i o n d a t a , f r om ED91 

t o ED122, was c o r r e c t e d to a datum 750 f e e t (229 m e t r e s ) above 

sea l e v e l u s i n g n e a r s u r f a c e dep th s and v e l o c i t i e s c a l c i i l a t e d f rom 

s h o r t w e a t h e r i n g s p r e a d s . A ma jo r r e f l e c t o r was c o r r e l a t e d f rom 

ED91„(.538 seconds two-way t ime) t o ED122 ( .810 seconds) and c o n v e r t -
2 2 

ed t o d e p t h u s i n g an average v e l o c i t y o b t a i n e d f rom a T - x a n a l y s i s 

of t h e r e f l e c t i o n r e c o r d s . T h i s r e f l e c t i o n , c r o s s s e c t i o n was p l o t t e d 

w i t h t h e ED r e f r a c t i o n d a t a on p l a n s 73-526, 73-527 and 73-517. 

INTERPRETATION OF .RESULTS 

EE LINE 

Data on t h e h igh speed r e f r a c t o r were o b t a i n e d o n l y f rom t h e 

f i r s t 7ir k i l o m e t r e s of t h e l i n e f rom Wal lat inna W.'H. At t h i s 

p o i n t (ED180) the r e f r a c t o r had deepened f rom abou t -30 m e t r e s below 

s u r f a c e a t EE196-2 t o about 150 m e t r e s , bu t was too deep t o be . 

r e c o r d e d f u r t h e r west .using the low ene rgy G-eoflex s o u r c e . The 

v e l o c i t i e s ranged f rom 4 . 0 8 krn/s nea r W a l l a t i n n a to 4 . 9 7 km/s a t 

EE'180, t h e i n c r e a s e , p r o b a b l y b e i n g due .to a r e d u c t i o n i n w e a t h e r i n g 

of t h e r e f r a c t o r a s i t deepened a n d / o r i n c r e a s e d compact ion . Th i s 

r e f r a c t o r may c o r r e l a t e w i t h lower P a l a e o z o i c sed imen t s of t h e 

e a s t e r n O f f i c e r ba ' s i n , . i n p a r t i c u l a r ' w i t h a r e f r a c t o r of v e l o c i t y 

4 .57 km/s r e c o r d e d n o r t h of t he Munyarai s t r u c t u r e a t a dep th of 

640 m e t r e s ( M o o r c r o f t , 1969) . A c r o s s - s e c t i o n of t h e e a s t e r n end 

of l i n e EE i s p r e s e n t e d a s p l a n 73-529. 

EH LINE • • . • : ' . / 

A h i g h speed r e f r a c t o r was r e c o r d e d over t h e whole l e n g t h 

of t h i s . l i n e , t h e s h a l l o w e s t d e p t h b e i n g 90 m e t r e s a t EH214, d r o p p i n g 

away t o 185' and 325 me t r e s a t EH182 and EH-230 r e s p e c t i v e l y . As 



w i t h the EE l i n e , v e l o c i t i e s appear t oo low ( 4 . 6 7 to 5 .40 km/s) 

t o a r i s e f rom e i t h e r c r y s t a l l i n e basement o r p r e - P e r m i a n do lomi t e 

such a s t h a t encoun t e r ed i n Mt. Wil loughby No.1 , 35 k i l o m e t r e s t o 

t h e s o u t h - e a s t . Three p o s s i b l e i n t e r p r e t a t i o n s a r e s u g g e s t e d : 

a . The r e f r a c t o r may be t h e lower Permian Boor thanna 

f o r m a t i o n of the Arcka r inga b a s i n . Th i s i s 

d o u b t f u l as. the v e l o c i t y i s a p p r e c i a b l y h i g h e r 

• t h a n t h e 4 km/s u s u a l l y r e c o r d e d f r o m t h i s h o r i z o n . 

b . A second p o s s i b i l i t y , a l s o c o n s i d e r e d u n l i k e l y , 

b u t i n t h i s case because t h e v e l o c i t y i s t oo low, 

i s t h a t t h e r e f r a c t o r could be a p re -Cambr ian 

s e d i m e n t a r y h o r i z o n . 

c . The p o s s i b i l i t y c o n s i d e r e d most l i k e l y i s t h a t 

t he r e f r a c t o r i s a Devonian o r Ordov ic i an s a n d -

s tone of t h e O f f i c e r b a s i n , c o r r e l a t i n g w i t h the 

h i g h speed r e f r a c t o r r e c o r d e d on t h e EE l i n e . 

A s t r a t i g r a p h i c w e l l , Mar ia No.1, ha s been proposed f o r 

EH222 t o r e s o l v e the problem. The p r e d i c t e d d e p t h t o t he h ighe ' s t 

speed r e f r a c t o r i s 102 m e t r e s . An i n t e r m e d i a t e r e f r a c t o r of v e l o c i t y 

3 .26 km/s was r e c o r d e d a t a dep th of 75 m e t r e s a t t h e n o r t h e r n end 

of t h e l i n e , p i n c h i n g out a g a i n s t t he r i s i n g h i g h speed r e f r a c t o r 

towards EH220. T h i s v e l o c i t y i s i n d i c a t i v e of t he Permian S t u a r t . 

Range f o r m a t i o n i n the A r c k a r i n g a b a s i n . See p l a n 73-524 f o r a 

c r o s s - s e c t i o n of l i n e EH. ' ~ 

ED LINE 

T h i s l i n e c r o s s e s the n o r t h - w e s t e r n boundary of t h e 

A r c k a r i n g a b a s i n . Near t h e s o u t h e r n end of the l i n e , over the 

peak of t he Wint inna g r a v i t y h i g h , t he h i g h speed r e f r a c t o r s h a l l o w s 
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t o .165 m e t r e s a t ED55, w i t h a . v e l o c i t y of 5 .33 km/s . Going n o r t h , 

t h e r e f r a c t o r deepens to 650 m e t r e s a t ED86, w i t h the v e l o c i t y 

i n c r e a s i n g t o 6 .40 km/s , t y p i c a l of w e s t e r n A r c k a r i n g a b a s i n d o l o -

m i t e s . Wea the r ing p r o b a b l y a c c o u n t s f o r t h e d e c r e a s e i n v e l o c i t y 

a c r o s s t h e t o p of t he s t r u c t u r e . The ?do lomi te r e f r a c t o r b e g i n s 

t o deepen r a p i d l y f rom about ED60 and i s not r e c o r d e d n o r t h of 

BD86. A sha l low w e l l (Manya Wo.1) w i l l be d r i l l e d nea r ED55 t o r i d e n t 

i f y t h e h i g h speed r e f r a c t o r . 

A r e f l e c t i o n s e c t i o n r e c o r d e d f rom ED91 to ED1 20 i s about 

150 m e t r e s deeper t h a n t h e e x t r a p o l a t e d h igh speed r e f r a c t o r , b u t 

a lmost c e r t a i n l y c o r r e l a t e s w i th i t , t h e d i s c r e p a n c y b e i n g due t o 

p i c k i n g t h e second or t h i r d c y c l e of t he r e f l e c t i o n , or t o u s i n g 

too g r e a t a v e l o c i t y f o r c o n v e r t i n g r e f l e c t i o n t i m e s t o d e p t h s . Wo 

d a t a were r e c o r d e d from ED120 t o ED140, b u t f rom 140 the h i g h speed 

r e f r a c t o r i s a g a i n r e c o r d e d , s h a l l o w i n g f rom about 650 m e t r e s below 

s u r f a c e to 150 m e t r e s a t ED154, and t h e n deepening a g a i n u n t i l too 

deep t o be r e c o r d e d a t about ED161. The v e l o c i t y of t h i s r e f r a c t o r , 

5 .2 km/s , i s r a t h e r low b u t . i t i s t e n t a t i v e l y c o r r e l a t e d w i t h 

c r y s t a l l i n e basement . I n t e r m e d i a t e r e f r a c t o r s of v e l o c i t y 3 t o 

4 km/s are c o r r e l a t e d w i t h Permian s e d i m e n t s , t he wide range i n 

v e l o c i t y b e i n g due t o v a r i a t i o n s i n t h e p r e sence and t h i c k n e s s of 

t h e Mt. Toondina beds ( v e l o c i t y 2 .7 k m / s ) , S t u a r t Range f o r m a t i o n 

(3 .3km/s) and Boor thanna f o r m a t i o n (about 4km/s ) . ' The 4 . 6 km/s 

r e f r a c t o r may r e p r e s e n t p r e -Pesmian s e d i m e n t s . For c l a r i t y , t h e s e 

t h i n r e f r a c t i n g l a y e r s have been shown a s a s ing le , h o r i z o n on p l a n 

73_517. A f a u l t , down-thrown t o t h e s o u t h - s o u t h - e a s t , i s p o s t u l a t e d 

nea r ED166, ma in ly on g r a v i t y ev idence ( N e t t l e t o n , 1970) , b u t a l so 

sugges t ed by d i f f e r e n c e s i n d i p and dep th of t h e h i g h speed r e f r a c t o r 
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a t ED161 and BD176. The s e c t i o n of u p l i f t e d h igh speed r e f r a c t o r , 

c o r r e l a t e d wi th c r y s t a l l i n e ; basement , between ED1 66 and ED1914" c o r r -

esponds t o the Ammaroodinna i n l i e r (Kr i eg , 1972). To t h e n o r t h , t he 

boundary of the i n l i e r i s marked by a f u r t h e r f a u l t , down-thrown t o 

the n o r t h - n o r t h - w e s t , . a t ED191"2. This f a u l t i s r eco rded on the 

r e f r a c t i o n p r o f i l e s and a l s o has s u r f a c e e x p r e s s i o n 15 k i l o m e t r e s 

sou th -wes t of ED191t« Over ly ing the h i g h speed r e f r a c t o r a re two 

r e f r a c t o r s , one of v e l o c i t y 2.7 km/s , i n t e r p r e t e d as t h e Permian 

Mt. Toondina b e d s , and the o t h e r w i th v e l o c i t y r a n g i n g f rom 3.6 t o 

4.6 km/s which could be lower Permian sed iments of the Arckar inga 

b a s i n or pe rhaps O f f i c e r b a s i n s ed imen t s . 

North of the f a u l t , the h igh speed r e f r a c t o r i s not r e c o r d e d , 

the deepes t da t a coming f rom a 4 .6 km/s r e f r a c t o r about. 30 m e t r e s 

below s u r f a c e . This v e l o c i t y seems too h i g h to sugges t c o r r -

e l a t i o n w i t h Permian s e d i m e n t a t i o n (except pe rhaps t h e Boor thanna 

' f o r m a t i o n ) and i t p robab ly a r i s e s from O f f i c e r b a s i n s ed imen t s . 

CONCLUSIONS 

As a r e s u l t of the 1972 se i smic o p e r a t i o n s the n o r t h w e s t e r n 

boundary of t h e Arckar inga b a s i n i s i n t e r p r e t e d as be ing t h e 

n o r t h - w e s t e r n edge of t h e Ammaroodinna i n l i e r a t ED191"2- The 

boundary of t h e O f f i c e r b a s i n p robab ly l i e s f u r t h e r to t h e s o u t h -

e a s t of the AmmaroodinmHill a r e a . 

P o s i t i v e i d e n t i f i c a t i o n of t h e cause of the Wint inna g r a v i t y 

anomaly i s s t i l l l a c k i n g , a l t hough the se i smic r e s u l t s suppor t 

t h e i n t e r p r e t a t i o n of a dense do lomi te f i l l i n g a c r y s t a l l i n e 

basement t r o u g h . The proposed w e l l , Manya No.1, should f i n a l l y 

r e s o l v e the problem. 



Another sha l low s t r a t i g r a p h i c w e l l , Maria No.1, has been 

proposed to de te rmine t h e n a t u r e of the h igh speed r e f r a c t o r i n 

t he Wint inna H i l l Area . 

8 t h Augus t , 1973 

J . McGH: TG. 

J . McG. HALL 
ASSISTANT SENIOR GEOPHYSICIST 

SEISMIC GEOPHYSICS SECTION 
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