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GRAVITY SURVEY OF THE ST. KILDA SALTFIELDS 

ABSTRACT 

A d e t a i l e d g r a v i t y s u r v e y in t h e S t . 
K i l d a a r e a in t h e N o r t h e r n A d e l a i d e P l a i n s of 
South A u s t r a l i a has i n d i c a t e d t h e e x i s t e n c e of 
a T e r t i a r y p a l e o c h a n n e l i n c i s e d i n t o Cambr ian-
P r e c a m b r i a n b e d r o c k . The n o r t h e r l y t r e n d i n g 
d e p r e s s i o n i s d i f f i c u l t t o c o r r e l a t e t o 
bed rock d e p r e s s i o n s in t h e P o r t Gawler a r e a t o 
t h e n o r t h due t o t h e l i m i t e d a r e a of g r a v i t y 
c o v e r a g e . The p a l e o c h a n n e l a v e r a g e s 1 km in 
w i d t h and may be of i n t e r e s t in t e r m s of 
unde rg round gas s t o r a g e i f s i z e , r e s e r v o i r and 
s e a l c o n d i t i o n s a r e s u i t a b l e . 

A bedrock h igh a d j a c e n t t o t h e c o a s t 
a p p e a r s t o be l a t e r a l l y o f f s e t a p p r o x i m a t e l y 5 
km n o r t h of S t . K i lda which may be caused by 
t h e p r e s e n c e of t he Redbanks F a u l t in t h e 
a r e a . A f o l l o w - u p d e t a i l e d g r a v i t y s u r v e y 
w i t h o p t i c a l l e v e l l i n g and s e i s m i c c o n t r o l 
would be r e q u i r e d t o d e f i n e t h e geomet ry of 
t h e p a l e o c h a n n e l and i t s p o t e n t i a l c o r r e l a t i o n 
t o bed rock d e p r e s s i o n s f u r t h e r n o r t h . 

INTRODUCTION 

Dur ing t h e p a s t f i v e y e a r s a number of g e o p h y s i c a l s u r v e y s 

and d r i l l i n g programmes have been c a r r i e d o u t ove r t h e N o r t h e r n 

A d e l a i d e P l a i n s of South A u s t r a l i a in t h e s e a r c h f o r p o t e n t i a l 

unde rg round gas s t o r a g e t a r g e t s . The h i s t o r y of e x p l o r a t i o n 

l e a d i n g up t o t h e p r e s e n t i n v e s t i g a t i o n s in t h e P o r t Gawler - S t 

K i l d a a r e a ( F i g . 1) a r e c o n t a i n e d r e p o r t s by C o c k s h e l l (1980 

a , b ) . The s t o r a g e t a r g e t s in t h i s a r e a a r e T e r t i a r y 

p a l e o c h a n n e l s i n c i s e d i n t o C a m b r i a n - P r e c a m b r i a n bedrock s i m i l a r 

t o t h e p a l e o c h a n n e l p r e v i o u s l y d e t e c t e d a t P o r t Gawle r . 
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The p a l e o c h a n n e l a t P o r t Gawler i s a p p r o x i m a t e l y 1600 m wide 

and e x t e n t s n o r t h e a s t w a r d f o r a b o u t 1 . 5 km where i t a p p e a r s t o 

t e r m i n a t e a g a i n s t a n o r t h - s o u t h bed rock r i d g e . The o n s h o r e s i z e 

of t h e c h a n n e l and t h e p o o r l y comple ted d r i l l h o l e a t P o r t Gawler 

which a l l o w s h y d r a u l i c communica t ion be tween t h e deep s a l i n e 

a q u i f e r s make t h i s a r e a u n f a v o u r a b l e as a s t o r a g e t a r g e t . I t was 

t h e aim of t h i s g r a v i t y s u r v e y t o d e f i n e bed rock c o n f i g u r a t i o n 

s o u t h of P o r t Gawler t o s e a r c h f o r o t h e r p o t e n t i a l T e r t i a r y 

p a l e o c h a n n e l s . 

SURVEY PROCEDURE 

Dur ing J a n u a r y 1981 a d e t a i l e d g r a v i t y s u r v e y was c o n d u c t e d 

o v e r t h e ICI S a l t f i e l d s between S t . K i l d a and P t . Gawler . A l l 

g r a v i t y r e a d i n g s were t a k e n a long l e v e e s s e p a r a t i n g s a l t p a n s . 

Th roughou t t h e s u r v e y a Sharpe g r a v i m e t e r (model 201) was used 

which had a c a l i b r a t i o n c o n s t a n t of 0 . 1 0 0 . The 298 o b s e r v e d 

g r a v i t y v a l u e s d e r i v e d from t h e s u r v e y a r e s t o r e d on t h e S t a t e 

g r a v i t y f i l e 81A1. The l o c a t i o n of t h e g r a v i t y s t a t i o n s i s shown 

in F i g . 2. 

A s p a c i n g of 200 m was used be tween most s t a t i o n s b u t many 

were l o c a t e d a t l e v e e j u n c t i o n s , bench marks and 79A1 s u r v e y 

s t a t i o n s f o r c o n v e n i e n c e of l o c a t i n g and e l e v a t i o n and g r a v i t y 

c o n t r o l . D i s t a n c e s between s t a t i o n s were measured w i t h a 

pedome te r which has an a c c u r a c y of ±20 cm. The s t a t i o n s were 

p l o t t e d o n t o 1 :10 000 s c a l e o r t h o p h o t o g r a p h s f rom which N o r t h i n g 

and E a s t i n g c o - o r d i n a t e s were o b t a i n e d . These c o - o r d i n a t e s were 

c o n v e r t e d t o l a t i t u d e s and l o n g i t u d e s u s i n g t h e Cyber c o m p u t e r . 

The a c c u r a c y , o f s t a t i o n p o s i t i o n i n g i s ±10 m. 



3 

E l e v a t i o n s were o b t a i n e d f rom o r t h o p h o t o g r a p h s p o t h e i g h t s , 

Bench 'Marks and ICI Temporary Bench Marks . L i n e a r i n t e r p o l a t i o n 

was used t o o b t a i n e l e v a t i o n s f o r s t a t i o n s between l e v e l l e d 

p o i n t s b e c a u s e t h e f l a t - l y i n g n a t u r e of t h e a r e a would s u g g e s t 

t h a t t h e i n t e r p o l a t i o n e r r o r in e l e v a t i o n would be l e s s t h a n 

0 . 5 m. O p t i c a l l y l e v e l l e d 79A1 g r a v i t y s u r v e y s t a t i o n s were r e -

o c c u p i e d in most c a s e s and used f o r f u r t h e r h e i g h t c o n t r o l . A l l 

e l e v a t i o n s a r e r e f e r r e d t o t he A u s t r a l i a n He igh t Datum. 

Each l i n e was measured and pegged s i m u l t a n e o u s l y and when 

t h e whole l i n e was pegged , g r a v i t y r e a d i n g s were t a k e n a t each 

s t a t i o n . Base s t a t i o n s were e s t a b l i s h e d g e n e r a l l y a t t h e ends of 

each l i n e and were r e - o c c u p i e d a f t e r r e a d i n g t h e s t a t i o n s a long 

t h e l i n e . Along l i n e s w i t h many s t a t i o n s l o o p r e a d i n g s were 

r e s t r i c t e d t o 90 m i n u t e s d u r a t i o n , a f t e r which the base was r e -

o c c u p i e d , and t h e l a s t i n t e r m e d i a t e s t a t i o n was i n c o r p o r a t e d i n 

t h e n e x t l o o p a long t h e l i n e . Where l i n e s i n t e r s e c t e d , r e a d i n g s 

were t a k e n on one or two s t a t i o n s on a d j o i n i n g l i n e s t o form t i e 

p o i n t s f o r ne twork c l o s u r e . In some c a s e s , v a r i a t i o n s in t h e 

sys tem of ba se s t a t i o n r e - o c c u p a t i o n were employed as shown in 

F i g . 3 . T h i s was adop ted b e c a u s e of poor me te r d r i f t s and 

i n c o n s i s t e n t r e a d i n g s . 

D r i f t c u r v e s were p l o t t e d f o r s e p a r a t e l o o p s and when more 

than one l o o p was comple ted in a day a c o m p o s i t e d r i f t c u r v e was 

c o n s t r u c t e d . T h i s was no t p o s s i b l e in a l l c a s e s as some l o o p s 

had bad d r i f t s and were l e f t as s e p a r a t e l o o p s . E x c e p t i o n a l l y 

bad d r i f t c u r v e s were o b t a i n e d f o r l i n e 16 which was read on 2 1 s t 

J a n u a r y and l i n e 17 which was read on t h e 22nd J a n u a r y . The 

d r i f t v a l u e s were 0 .40 mgal in 90 m i n u t e s and 0 .30 mgal in 30 

m i n u t e s r e s p e c t i v e l y . The cause of t h e s e bad d r i f t s was p r o b a b l y 

t h e l a r g e v a r i a t i o n in t e m p e r a t u r e e x p e r i e n c e d on t h e s e d a y s . 
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The d a t a , c o r r e c t e d f o r d r i f t , were a d j u s t e d f o r ne twork 

m i s c l o s u r e by a g r a p h i c l e a s t s q u a r e s method . The n e t w o r k , w i th 

t h e a d j u s t m e n t s , i s shown in F i g . 4 . The whole s u r v e y was t i e d 

t o s t a t i o n 81A1-1004 which c o i n c i d e s w i t h s t a t i o n 79A1-0147. The 

o b s e r v e d g r a v i t y a t t h i s s t a t i o n i s 979707.50 mgal as c a l c u l a t e d 

by F l i s (1979) d u r i n g t h e 79A1 s u r v e y . T h i s v a l u e was used a s a 

known datum t o g e n e r a t e a l l o t h e r o b s e r v e d g r a v i t y v a l u e s f o r t h e 

p r e s e n t s u r v e y . 

A f t e r a l l t h e o b s e r v e d g r a v i t y v a l u e s were t i e d - i n , 

l a t i t u d e , f r e e - a i r and Bouguer c o r r e c t i o n s were a p p l i e d . No 

t e r r a i n c o r r e c t i o n s were a p p l i e d as t h e l o c a l t o p o g r a p h y i s ve ry 

f l a t . E a r t h - t i d e c o r r e c t i o n s were i n c o r p o r a t e d in t h e i n s t r u m e n t 

d r i f t c u r v e and were t h e r e f o r e no t s e p a r a t e l y c a l c u l a t e d . 

Bouguer anomaly v a l u e s were o b t a i n e d u s i n g t h e Cyber 

compute r f o r Bouguer d e n s i t i e s 1 . 9 0 , 2 . 2 0 , 2 .40 and 2 .67 g / c c . . A 

Bouguer d e n s i t y of 1 .90 g / c c i s e x p e c t e d t o be most 

r e p r e s e n t a t i v e of l o c a l n e a r s u r f a c e c l a y s , s i l t s and sands and 

Bouguer anomaly v a l u e s u s i n g t h i s d e n s i t y a r e used in t h e 

i n t e r p r e t a t i o n of t h e d a t a . 

Data Accuracy 

S t a t i o n E l e v a t i o n E r r o r ± 0 . 1 1 mgal ( f rom ± 0 . 5 m h e i g h t ) 

S t a t i o n L a t i t u d e E r r o r ± 0 . 0 1 mgal ( f rom ± 10 m in 

p o s i t i o n ) 

I n s t r u m e n t Reading E r r o r ± 0 . 0 1 mgal 

Data R e d u c t i o n P r e c i s i o n ± 0 . 0 1 mgal 

T o t a l Accuracy ± 0 .14 mgal 
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SURVEY RESULTS 

The Bouguer anomaly v a l u e s a r e p l o t t e d on F i g . 5 and 

c o n t o u r e d w i t h a 0 . 2 5 mgal i n t e r v a l . The main f e a t u r e of . t h e 

p l a n i s t h e s t r o n g and r e l a t i v e l y u n i f o r m r e g i o n a l t r e n d toward 

t h e n o r t h w e s t w i t h a g r a d i e n t of 0 .69 mgal /km. P r e l i m i n a r y s t u d y 

of t h e p l a n i n d i c a t e s t h a t bed rock t o p o g r a p h y may be r e f l e c t e d by 

v a r i a t i o n of t h e c o n t o u r s f rom t h e r e g i o n a l t r e n d . Two g r a v i t y 

h i g h s be tween t h e - 1 2 . 5 t o - 1 3 mgal c o n t o u r s and t h e - 1 3 . 7 5 t o 

- 1 4 mgal c o n t o u r s a r e e a s i l y d e t e c t e d , s u g g e s t i n g t h a t t hey a r e 

s i t e s of s t r o n g g r a v i t y a n o m a l i e s . The c o n t o r t e d shape of t h e 

c o n t o u r s f l a n k i n g t h e i n l a n d edge of t h e s u r v e y a r e a drew 

p a r t i c u l a r i n t e r e s t as s i t e s of p o s s i b l e g r a v i t y lows . To 

h i g h l i g h t t h e s e f e a t u r e s a r e s i d u a l anomaly p l a n was p r e p a r e d 

( f i g . 6 ) . 

As t h e a r e a cove red by the s u r v e y and t h e t o t a l number of 

s t a t i o n s was r e l a t i v e l y s m a l l , a g r a p h i c a l app roach was used i n 

t h e p r e p a r a t i o n of t he r e s i d u a l anomaly p l a n . The r e g i o n a l t r e n d 

shown in F i g . 6 was o b t a i n e d by combin ing t h e f e a t u r e s of t h e 

Bouguer anomaly p l a n from t h i s s u r v e y w i t h t h o s e of t h e 79A1 

s u r v e y ( F l i s , 1979) t o g i v e a much more a c c u r a t e i n d i c a t i o n of 

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

The r e g i o n a l c o n t o u r s ( F i g . 6) a r e p a r a l l e l and have a 

n o r t h e a s t e r l y t r e n d in t h e s o u t h e r n p a r t of t h e map bu t swing 

around in t h e n o r t h e r n s e c t i o n t o a n o r t h e r l y o r i e n t a t i o n . To 

o b t a i n t h e r e s i d u a l anomaly f o r each s t a t i o n t h e r e g i o n a l v a l u e 

was i n t e r p o l a t e d from t h e c o n t o u r s in F i g . 6 and t h e n s u b t r a c t e d 

f rom t h e Bouguer Anomaly v a l u e as shown in F i g . 5 . The r e s i d u a l 

anomaly v a l u e s t h u s o b t a i n e d were c o n t o u r e d a t a 0 .25 mgal 

i n t e r v a l and a r e shown in F i g . 6 . 
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The main f e a t u r e of t h e r e s i d u a l p l a n i s t he p r e s e n c e of a 

s e r i e s of h i g h s and lows which a r e t e n t a t i v e l y c o r r e l a t e d t o 

bed rock h i g h s and lows r e s p e c t i v e l y , a l t h o u g h o t h e r c o n d i t i o n s 

may a f f e c t t h i s broad c o r r e l a t i o n . In d e t a i l , i t a p p e a r s t h a t 

t h e n o r t h w e s t t r e n d i n g h igh in t h e n o r t h w e s t of t he map has been 

o f f s e t a p p r o x i m a t e l y 2 km toward t h e e a s t in t h e lower p a r t of 

t h e map which c o r r e s p o n d s t o t h e a r e a of d i r e c t i o n a l change of 

t h e r e g i o n a l . c o n t o u r s . I t i s i n f e r r e d t h a t t h i s may i n d i c a t e t h e 

p o s i t i o n of t h e Redbanks F a u l t in t h e a r e a b u t t h e r e i s o n l y 

l i m i t e d e v i d e n c e from o t h e r s o u r c e s t o v e r i f y t h i s . The r i d g e i s 

a p p r o x i m a t e l y 1500 m wide e i t h e r s i d e of t h e i n f e r r e d f a u l t b u t 

t h i n s t o a b o u t 800 m in i t s v i c i n i t y . 

A d i s t i n c t n o r t h e r l y t r e n d i n g low in t h e e a s t e r n p a r t of t h e 

s u r v e y a r e a may i n d i c a t e a p a l e o c h a n n e l i n c i s e d w i t h i n t h e 

b e d r o c k . The f e a t u r e which a v e r a g e s 1 km in w id th i s somewhat 

d i f f i c u l t t o c o r r e l a t e w i th t h e lows in t h e n o r t h e r n p a r t of t h e 

a r e a b u t i t i s p o s s i b l e t h a t i t i s c o r r e c t e d t o t h e bed rock low 

zone f u r t h e r n o r t h i n t e r s e c t e d by Buckland Pa rk No. 2 ( C o c k s h e l l , 

1980, b ) . 

CONCLUSIONS AND RECOMMENDATIONS 

A n o r t h w e s t e r l y t r e n d i n g h igh a d j a c e n t t o the c o a s t a p p e a r s 

t o be o f f s e t by a p p r o x i m a t e l y 2 km in an e a s t - w e s t d i r e c t i o n 

a p p r o x i m a t e l y 5 km n o r t h of S t K i l d a . I t i s i n f e r r e d t h a t t h e 

Redbanks F a u l t may be p a r t i a l l y r e s p o n s i b l e f o r t h i s 

phenomenon. A n o r t h e r l y t r e n d i n g low in t h e s o u t h e r n p a r t of t h e 

a r e a a d j a c e n t t h e r i d g e may i n d i c a t e t h e p r e s e n c e of a T e r t i a r y 

p a l e o c h a n n e l i n c i s e d in t h e bedrock which may be c o n n e c t e d t o t h e 

b e d r o c k low f u r t h e r n o r t h i n t e r s e c t e d by Buckland Pa rk No. 2. 
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I t i s recommended t h a t t he e x i s t e n c e of t h i s t r o u g h s hou ld 

be v e r i f i e d by c o n d u c t i n g a f o l l o w - u p g r a v i t y s u r v e y ove r t h e 

t r o u g h and o v e r t h e a r e a n o r t h e a s t of t h e a r e a cove red by t h i s 

s u r v e y up t o Buckland Pa rk No. 2 I t i s a l s o s u g g e s t e d t h a t 

s t a t i o n s in t h i s s u r v e y as w e l l as a l l f u t u r e s u r v e y s shou ld be 

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

g r a v i t y p l a n . More d e t a i l e d f o l l o w - u p work i n c l u d i n g s e i s m i c 

r e f r a c t i o n and h i g h r e s o l u t i o n r e f l e c t i o n t r a v e r s e s would p r o v i d e 

g r e a t e r c o n t r o l f o r g r a v i t y m o d e l l i n g . 
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