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T H E H Y D R O G E O L O G Y O F T H E MOUNT G A M B I E R A R E A , 
S O U T H - E A S T E R N S O U T H A U S T R A L I A 

A B S T R A C T 

T h e M o u n t G a m b i e r a r e a o f s o u t h - e a s t e r n S o u t h A u s t r a l i a i s t o t a l l y 
d e p e n d a n t u p o n g r o u n d w a t e r f o r i t s w a t e r s u p p l i e s . W a t e r o f Tow s a l i n i t y i s e x -
t r a c t e d f r o m u n c o n f i n e d a q u i f e r s ( 0 1 i g o - M i o c e n e c a l c a r e n i t e s ) and t o a much l e s s e r 
e x t e n t , c o n f i n e d a q u i f e r s ( E o c e n e s a n d s ) . B o t h s y s t e m s a r e l i k e l y t o c o n t r i b u t e 
t o t h e B l u e L a k e , w h i c h o c c u p i e s a r e c e n t v o l c a n i c c r a t e r a , and f r o m w h i c h t h e c i t y 
o f M o u n t G a m b i e r d e r i v e s i t s m u n i c i p a l s u p p l i e s . 

A w i n t e r p r e c i p i t a t i o n s u r p l u s o f 300 mm o v e r t h e p o t e n t i a l e v a p o t r a n s -
p i r a t i o n a l l o w s r e c h a r g e t o t h e u n c o n f i n e d a q u i f e r t h r o u g h m o s t o f t h e a r e a . T h e 
amount v a r i e s c o n s i d e r a b l y w i t h s o i l t y p e and l a n d u s e , w i t h e x t r e m e s shown b y p i n e 
f o r e s t s ( l i t t l e o r no r e c h a r g e ) and k a r s t i c p a v e m e n t s ( r e c h a r g e e s t i m a t e d a t 1 0 0 -
200 mm). W a t e r b a l a n c e d e t e r m i n a t i o n s s u g g e s t t h a t c u r r e n t r e c h a r g e e s t i m a t e s n e e d 
t o be i n c r e a s e d b y 25% o r more t o b a l a n c e t h e e s t i m a t e d d i s c h a r g e o f 6 . 6 cumecs f r o m 
t h e s y s t e m . T h e c o n f i n e d a q u i f e r d e r i v e s much o f i t s r e c h a r g e t o t h e n o r t h o f t h e 
a r e a s t u d i e d , b u t some i s e x p e c t e d n o r t h o f M o u n t G a m b i e r , w h e r e l e a k a g e d o w n w a r d s 
t h r o u g h t h e c o n f i n i n g beds i s l i k e l y t o o c c u r . 

M o s t o f t h e d i s c h a r g e f r o m t h e u n c o n f i n e d s y s t e m i s c o n t r o l l e d b y a 
s o l u t i o n - e n l a r g e d f r a c t u r e s y s t e m w h i c h l o c a l i z e s m a j o r s p r i n g : d i s c h a r g e s a t t h e 
c o a s t , and has a h y d r a u l i c c o n d u c t i v i t y o f 1 0 0 - 3 0 0 m 3 d a y " 1 m ~ z , c o m p a r e d w i t h 
1 0 - 3 0 n r d a y ~ l m " z f o r p o r o u s medium f l o w i n u n f r a c t u r e d a q u i f e r m a t e r i a l . 

T h e h y d r o c h e m i s t r y o f t h e u n c o n f i n e d a q u i f e r s can be e x p l a i n e d i n t e r m s 
o f c y c l i c s a l t and d i s s o l u t i o n o f i m p u r e l i m e s t o n e . 

T h e c a v e r n o u s n a t u r e o f t h e l i m e s t o n e u n d e r l y i n g m o s t o f t h e a r e a has 
f a c i l i t a t e d s u b s u r f a c e w a s t e d i s p o s a l . I n t u r n a s e r i o u s p o l l u t i o n p r o b l e m has 
d e v e l o p e d , p a r t i c u l a r l y i n t h e M o u n t G a m b i e r c i t y a r e a . T h e m a i n i n d i c a t o r o f 
p o l l u t i o n i s t h e n i t r a t e i o n , ' d e r i v e d f r o m t h e b r e a k d o w n o f o r g a n i c w a s t e s . 
N i t r a t e c o n c e n t r a t i o n s r a n g e f r o m i m m e a s u r a b l y l o w t o 490 m g / 1 , c o n s i d e r a b l y i n 
e x c e s s o f t h e s a f e l i m i t f o r i n f a n t s , a n d d r a m a t i c when c o m p a r e d w i t h n a t u r a l c o n -
c e n t r a t i o n s o f 0 - 2 5 m g / 1 . L o c a l i z e d c o n t a m i n a t i o n i s a p r o b l e m i n r u r a l a r e a s , 
w i t h d a i r i e s , h o u s e s and s t o c k y a r d s a l l c o n t r i b u t i n g , p a r t i c u l a r l y w h e r e t h e y 
c o i n c i d e w i t h k a r s t f e a t u r e s s u c h as s o l u t i o n e n l a r g e d f r a c t u r e s . 

A l t h o u g h p o l l u t i o n o f t h e u n c o n f i n e d a q u i f e r i s s e r i o u s a t M o u n t G a m b i e r , 
t h e r e r e m a i n s a v a l u a b l e r e s o u r c e e l s e w h e r e i n t h e a r e a , and i t m e r i t s m o r e d e t a i l e d 
s t u d y . T h e c o n f i n e d s y s t e m i s a l s o u n p o l l u t e d , and i t s d e v e l o p m e n t w i l l r e q u i r e 
c a r e f u l management t o e n s u r e t h a t i t s p r e s e n t h y d r a u l i c r e l a t i o n s h i p w i t h t h e u n -
c o n f i n e d a q u i f e r s i s p r e s e r v e d . 
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1 . I N T R O D U C T I O N 

T h e M o u n t G a m b i e r r e g i o n ( T h e G a m b i e r P l a i n ) d e p e n d s upon g r o u n d w a t e r 

s u p p l i e s f o r . u r b a n , i n d u s t r i a l a n d d o m e s t i c p u r p o s e s . I n p a r t i c u l a r M o u n t G a m b i e r 

c i t y ' s s u p p l y i s t a k e n f r o m B l u e L a k e , an e x p r e s s i o n o f t h e w a t e r t a b l e r e v e a l e d b y 

a v o l c a n i c c r a t e r . . W a t e r s u i t a b l e f o r m o s t p u r p o s e s i s w i t h d r a w n f r o m t h e u n -

c o n f i n e d , G a m b i e r L i m e s t o n e a q u i f e r , w i t h a s m a l l , b u t g r o w i n g c o n t r i b u t i o n f r o m 

t h e u n d e r l y i n g , c o n f i n e d , K n i g h t G r o u p a q u i f e r s y s t e m . 

T h e m o s t r e c e n t summary o f t h e h y d r o g e o l o g y was made b y O ' D r i s c o l l ( 1 9 6 0 ) , 

w h e r e t h e a u t h o r s t a t e d t h a t t h e r e was l i t t l e d a n g e r o f o v e r - e x p l o i t a t i o n o f t h e 

g r o u n d w a t e r r e s o u r c e , b u t t h a t t h e p o s s i b i l i t y o f i t s c o n t a m i n a t i o n s h o u l d be r e -

g a r d e d s e r i o u s l y . 

I n r e c e n t y e a r s t h e p r o b l e m s a s s o c i a t e d w i t h d e v e l o p m e n t i n an a r e a 

u n d e r l a i n b y a n a q u i f e r w i t h l o c a l , w i d e s p r e a d r e c h a r g e h a v e become v e r y a p p a r e n t , 

w i t h n u m e r o u s e x a m p l e s o f i n d i v i d u a l b o r e h o l e s y i e l d i n g o b v i o u s l y p o l l u t e d w a t e r 

( I d e , 1 9 7 1 ) . I t became e s s e n t i a l t o i n v e s t i g a t e t h e h y d r o g e o l o g y i n d e t a i l , a n d 

a s s e s s t h e p o l l u t i o n h a z a r d , i d e n t i f y i n g t h e s o u r c e s w h e r e p o s s i b l e . T o t h i s e n d 

t h e T e r t i a r y s t r a t i g r a p h y was i n v e s t i g a t e d , 8 s t r a t i g r a p h i c b o r e h o l e s b e i n g d r i l l e d 

w i t h c a b l e t o o l r i g s . A p p e n d i x A o u t l i n e s t h e m e t h o d o f s a m p l i n g a n d t h e p r o b l e m s 

o f i n t e r p r e t a t i o n . T h e c o n f i g u r a t i o n o f t h e w a t e r t a b l e was d e t e r m i n e d w i t h a g r i d 

o f a b o u t 250 o b s e r v a t i o n b o r e h o l e s (Map 1 ) , many o f t h e m d r i l l e d f o r t h a t p u r p o s e . 

T h e o b s e r v a t i o n b o r e g r i d was t h e n s y s t e m a t i c a l l y s a m p l e d t o o b t a i n r e l i a b l e d a t a 

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

a b o v e may be f o u n d i n A p p e n d i x B , w i t h a d e t a i l e d d e s c r i p t i o n o f w a t e r s a m p l i n g 

t e c h n i q u e s i n A p p e n d i x C , a n d a g l o s s a r y o f t e r m s i n A p p e n d i x D . 

L a c k o f q u a n t i t a t i v e d a t a s t i l l makes i t d i f f i c u l t t o d e t e r m i n e t h e s a f e 

y i e l d o f t h e a q u i f e r s i n t h e a r e a , b u t t h e p o l l u t i o n p r o b l e m c a n be a s s e s s e d . 

A t p r e s e n t t h e w a t e r r e s o u r c e s o f t h e a r e a a r e a d m i n i s t e r e d u n d e r t h e 

U n d e r g r o u n d W a t e r s P r e s e r v a t i o n A c t , 1 9 7 3 ( B o u c a u t and W a t e r h d u s e , 1 9 7 3 ) , a n d 

c o n t r o l o f e f f l u e n t d i s p o s a l i s p o s s i b l e . S u b s u r f a c e d i s p o s a l , o n e m a j o r s o u r c e . 



- 3 -

o f p o l l u t i o n , w i l l d e c r e a s e i n i m p o r t a n c e i n f u t u r e y e a r s as r e s o u r c e management 

p o l i c i e s w i l l r e q u i r e a l t e r n a t i v e m e t h o d s o f d i s p o s a l o f w a s t e s . 

2 . D E S C R I P T I O N O F A R E A 

? 
T h e M o u n t G a m b i e r a r e a c o m p r i s e s 1 4 0 0 km i n t h e e x t r e m e s o u t h - e a s t e r n 

c o r n e r o f S o u t h A u s t r a l i a ( F i g u r e 1 ) . T h e s t u d y a r e a c o m p r i s e d t h e H u n d r e d s o f 

B l a n c h e , G a m b i e r , C a r o l i n e a n d M a c D o n n e l l , a n d p a r t s o f M i n g b o o l a n d Y o u n g . R e l i e f 

i s g e n e r a l l y l o w , a n d o c c a s i o n a l l y m o d e r a t e , w i t h n o r t h - w e s t e r l y t r e n d i n g r i d g e s 

r i s i n g t o a maximum o f 50 m e t r e s a b o v e t h e i r f l a n k i n g p l a i n s . M o u n t G a m b i e r a n d 

M o u n t S c h a n k d o m i n a t e , r i s i n g t o 1 9 0 a n d 1 2 0 m e t r e s a b o v e s e a l e v e l r e s p e c t i v e l y . 

B o t h a r e v o l c a n i c i n o r i g i n , M o u n t S c h a n k b e i n g a w e l l - p r e s e r v e d , d r y - f l o o r e d c o n e 
\ 

( P l a t e 1 ) . T h e M o u n t G a m b i e r c o m p l e x ( F e n n e r , 1 9 2 1 ) c o n t a i n s f o u r l a k e s , o n e o f 

w h i c h , t h e w e l l known B l u e L a k e ( P l a t e 2 ) i s a b o u t 8 0 m e t r e s d e e p , w h i l s t t h e 

o t h e r s a r e s m a l l e r a n d s h a l l o w e r . 

T h e C i t y o f M o u n t G a m b i e r , w i t h a p o p u l a t i o n a p p r o a c h i n g 20 0 0 0 , i s t h e 

o n l y s i z e a b l e t o w n i n t h e a r e a . L o c a l i n d u s t r i e s a r e b a s e d m a i n l y on e x t e n s i v e 

p i n e f o r e s t s a n d d a i r y p r o d u c t s . 

T h e r e g i o n has b e e n c l e a r e d o f m o s t n a t u r a l v e g e t a t i o n , a n d p u t t o c o n -

v e n t i o n a l f a r m i n g o r f o r e s t r y . T h e l o w e r S o u t h - E a s t . p r o v e d d i f f i c u l t t o d e v e l o p 

i n t h e e a r l y d a y s o f s e t t l e m e n t b e c a u s e o f e x t e n s i v e swampy c o n d i t i o n s . T h i s , 

p r o b l e m was o v e r c o m e ( n o t w i t h o u t t h e i n t r o d u c t i o n o f o t h e r s ) b y t h e c o n s t r u c t i o n 

o f a n e t w o r k o f a r t i f i c i a l d r a i n s , as t h e r e i s no n a t u r a l w e l l - d e f i n e d d r a i n a g e 

p a t t e r n . T o t h e n o r t h o f t h e M o u n t G a m b i e r a r e a D i s m a l Swamp r e m a i n s l a r g e l y u n -

d r a i n e d t o t h e p r e s e n t d a y . I t i s a s e r i e s o f d i s c o n n e c t e d , s h a l l o w , o f t e n 

c i r c u l a r swamps f o r m i n g a b e l t e x t e n d i n g n o r t h - w e s t f r o m t h e V i c t o r i a n b o r d e r . 

D i f f e r e n t g e o l o g i c a l c o n d i t i o n s a n d a d e e p e r w a t e r t a b l e p r e v e n t e d swamp f o r m a t i o n 

f u r t h e r s o u t h . A t t h e c o a s t t h e w a t e r t a b l e i s a g a i n s h a l l o w a n d swamps o c c u r . 

T h e s e a l s o h a v e been made s u i t a b l e f o r a g r i c u l t u r e b y d r a i n a g e c h a n n e l s . 

T h e l o c a t i o n s o f p o i n t s o f i n t e r e s t may be f o u n d on F i g u r e 1 , a n d a l l 

s a m p l e p o i n t s a r e l a b e l l e d on Map 1 . 
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3 . G E 0 L O G Y 

A . G E N E R A L 

T h e M o u n t G a m b i e r a r e a , f o r m s p a r t o f t h e G a m b i e r E m b a y m e n t o f t h e O t w a y 

B a s i n , d e s c r i b e d i n W o p f n e r a n d D o u g l a s ( 1 9 7 1 ) . S u r f a c e g e o l o g y i s shown o n 

F i g u r e 2 . T h e s e q u e n c e o f s e d i m e n t s was d e p o s i t e d i n t e r m i t t e n t l y f r o m J u r a s s i c 

t h r o u g h t o R e c e n t t i m e s . T h e T e r t i a r y s e d i m e n t s o f t h e K n i g h t G r o u p a n d t h e 

G a m b i e r L i m e s t o n e a r e o f p a r t i c u l a r i n t e r e s t as t h e y f o r m t h e d o m i n a n t a q u i f e r s . 

F i g u r e 3 shows t h e l o c a t i o n s o f b o r e h o l e s u s e d f o r s t r a t i g r a p h i c i n f o r m a t i o n . 

T a b l e 1 s u m m a r i z e s a g e s , l i t h o l o g i e s , a n d a q u i f e r c h a r a c t e r i s t i c s o f t h e s t r a t i -

g r a p h i c u n i t s r e l e v a n t t o t h e T e r t i a r y - R e c e n t p e r i o d . T h e s u b s u r f a c e r e l a t i o n -

s h i p s b e t w e e n t h e m a i n T e r t i a r y u n i t s i s i l l u s t r a t e d b y F i g u r e s 4 a n d 5 , n o r t h - s o u t h 

c r o s s - s e c t i o n s . 

T h e G a m b i e r L i m e s t o n e a n d K n i g h t G r o u p s e d i m e n t s p r e d o m i n a t e , o c c u r r i n g 

t h r o u g h m o s t o f t h e a r e a , w i t h much s m a l l e r a n d i r r e g u l a r o c c u r r e n c e s o f t h e o t h e r 

u n i t s . . 

T h e K n i g h t G r o u p s e d i m e n t s a r e p a r a l i c , w i t h a p o o r l y p r e s e r v e d m a r i n e 

f a u n a ( L u d b r o o k , 1 9 6 1 ) . A n i n c r e a s i n g m a r i n e i n f l u e n c e was f e l t d u r i n g t h e d e p o -

s i t i o n o f t h e K o n g o r o n g S a n d a n d t h e L a c e p e d e F o r m a t i o n , c l i m a x i n g w i t h a m a j o r 

m a r i n e t r a n s g r e s s i o n i n t h e O l i g o c e n e . T h e G a m b i e r L i m e s t o n e was t h e n d e p o s i t e d 

w i t h m i n o r t e r r i g e n o u s i n f l u e n c e . P l e i s t o c e n e a e o l i a n i t e s o f t h e B r i d g e w a t e r 

F o r m a t i o n o v e r l i e t h e o l d e r s e d i m e n t s , some i n w e l l - d e f i n e d b a n d s m a r k i n g o l d 

s h o r e s l i n e s ( S p r i g g , 1 9 5 2 ) . R e c e n t c o a s t a l a n d f l u v i a t i l e s a n d s c o v e r some o f 

t h e a r e a ( F i r m a n , 1 9 7 3 ) . 

R e c e n t v o l c a n i c a c t i v i t y i s r e v e a l e d b y M o u n t G a m b i e r a n d t h e s m a l l e r 

c o n e o f M o u n t S c h a n k t o t h e s o u t h . 
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B . K N I G H T GROUP 

T h e T a r t w a u p F o r m a t i o n ( P a r k i n , 1 9 6 9 ) , a l s o named K n i g h t F o r m a t i o n 

( H a r r i s , 1 9 6 6 ) i s t h e u p p e r F o r m a t i o n w i t h i n t h e K n i g h t G r o u p s e d i m e n t s ( S p r i g g , 1 9 5 2 ) . 

T h e y a r e a p a r a l i c s e q u e n c e o f i n t e r b e d d e d s a n d s a n d c a r b o n a c e o u s c l a y s o f E o c e n e 

a g e . S e d i m e n t s c h a r a c t e r i s t i c a l l y c o n t a i n p o l i s h e d , r o u n d e d q u a r t z a r e n i t e , f i n e 

m i c a f l a k e s a n d some i r r e g u l a r p y r i t e g r a i n s a n d r o c k f r a g m e n t s . By v i r t u e o f t h e 

u b i q u i t o u s b l a c k c l a y a n d o f t e n c o a r s e , r o u n d e d q u a r t z g r a i n s , t h e K n i g h t G r o u p i s 

r e a d i l y d i s t i n g u i s h e d f r o m t h e o v e r l y i n g G a m b i e r L i m e s t o n e , a n d can u s u a l l y be r e c o g -

n i z e d f r o m e v e n t h e p o o r e s t g e o l o g i c a l T o g . T h e u p p e r p o r t i o n i s o f t e n b l a c k c l a y 

/ 
w i t h v a r y i n g p r o p o r t i o n s o f s i l t a n d w e l l r o u n d e d q u a r t z a r e n i t e , a n d has b e e n named 

t h e ^ B u r r u n g u l e Member" ( H a r r i s , 1 9 6 6 ) . 
/ 

/ T h e o n l y S o u t h A u s t r a l i a n e x p o s u r e ( P l a t e 3 ) i n A l l e n V Q u a r r y , S e c t i o n 7 1 5 , 

H u n d r e d o f B l a n c h e r e v e a l s c o a r s e g r a i n e d , p o o r l y s o r t e d q u a r t z s a n d s ( L u d b r o o k , 

1 9 6 1 ) . T h e o v e r l y i n g c l a y s a r e l e a c h e d a n d o x i d i s e d ( g r e y a n d r e d - y e l l o w b r o w n ) 

c o m p a r e d w i t h s u b s u r f a c e o c c u r r e n c e s , w h e r e t h e y a r e d a r k b r o w n t o b l a c k . 

C . K0NG0R0NG S A N D , L A C E P E D E F O R M A T I O N , COMPTON C O N G L O M E R A T E 

Two t h i n f o r m a t i o n s o f M i d d l e a n d U p p e r E o c e n e age h a v e b e e n r e c o g n i s e d 

a t t h e b a s e o f t h e G a m b i e r L i m e s t o n e ( P a r k i n , 1 9 6 9 ) . 

A d a r k , g l a u c o n i t i c s i l t b e l i e v e d t o be t h e L a c e p e d e F o r m a t i o n was r e c o g -

n i s e d i n s a m p l e s f r o m a f e w b o r e s i n t h e a r e a ; i t i s n o t d i s c u s s e d i n d e t a i l . 

T h e K o n g o r o n g S a n d ( a l i m o n i t i c q u a r t z a r e n i t e - r u d i t e ) was d e s c r i b e d 

f r o m O D N L M o u n t S a l t S t r u c t u r e H o l e N o . 3 ( P a r k i n , 1 9 6 9 ) i n t h e s o u t h e r n p a r t o f t h e 

a r e a . Q u a r t z a r e n i t e r e s e m b l i n g t h e K o n g o r o n g S a n d was r e c o g n i s e d i n b o r e h o l e 

- CAR 1 1 i n t h e e x t r e m e s o u t h - e a s t o f t h e a r e a b u t n o t i n a n y o t h e r b o r e s . 

T h i s i s i n t e r p r e t e d as b e i n g t h e r e s u l t o f s e d i m e n t a t i o n on an u n d u l a t i n g s u r f a c e , 

w i t h p o s s i b l e s u b s e q u e n t e r o s i o n . 

D . G A M B I E R L I M E S T O N E 

T h e G a m b i e r L i m e s t o n e i s a t r a n s g r e s s i v e 0 1 i g o - M i o c e n e u n i t ( P a r k i n , 1 9 6 9 ) , 

w i t h a c o n s i d e r a b l e d i v e r s i t y o f s e d i m e n t t y p e s w i t h i n t h e c a l c a r e n i t e - m a r l f r a m e -
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S e d i m e n t s r a n g e f r o m r i c h l y f o s s i l i f e r o u s c a l c i r u d i t e s t h r o u g h c a l c a r e n i t e s 

a n d c a l c i s i l t i t e s t o g l a u c o n i t i c m a r l s , some a p p a r e n t l y 100% f o s s i l f r a g m e n t s , ; o t h e r s 

a p p a r e n t l y u n f o s s i l i f e r o u s . B l a c k t o d a r k b r o w n f l i n t o c c u r s c o m m o n l y , a n d i n t h e 

h a n d s p e c i m e n s o m e t i m e s g r a d e s d i r e c t l y t o a g r e y s i l i c i f i e d c a l c a r e n i t e w i t h r e a d i l y 

r e c o g n i s a b l e f o s s i l f r a g m e n t s . Q u a r t z a r e n i t e o c c u r s commonly as a m i n o r c o n s t i t u e n t 

and r a r e l y as a m a j o r c o n s t i t u e n t , r e f l e c t i n g a t e r r e s t r i a l i n f l u e n c e on t h e p r e -

d o m i n a n t l y m a r i n e s e q u e n c e . 

T h e l i m e s t o n e i s j o i n t e d w h e r e e x p o s e d , w i t h a d o m i n a n t N W - S E t r e n d 

( S p r i g g , 1 9 5 2 ) . C a v e f o r m a t i o n has o f t e n been c o n t r o l l e d b y j o i n t i n g ( P l a t e 4 ) , 

and l i n e a r c a v e s some h u n d r e d s o f m e t r e s l o n g h a v e been mapped by members o f t h e 

C a v e E x p l o r a t i o n G r o u p o f S o u t h A u s t r a l i a ( F „ A s l i n , S . A u s t . D e p t . M i n e s , p e r s . 

c o m m . ) . 

D o l i n e s a n d c e n o t e s a r e common, a n d t h e i r c o n c e n t r a t i o n n e a r B a r n o o l u t , 

s o u t h - w e s t o f M o u n t G a m b i e r , p r o b a b l y i n d i c a t e s m o r e i n t e n s e f r a c t u r i n g i n t h a t a r e a . 

T h e f o r m a t i o n t h i n s c o n s i d e r a b l y f r o m 300 m e t r e s a t t h e c o a s t t o a f e w 

m e t r e s i n t h e n o r t h o f t h e M o u n t G a m b i e r a r e a ( F i g u r e 4 ) . L o g s o f e x i s t i n g b o r e s 

s u g g e s t t h a t t h e l i m e s t o n e i s t h i n a n d s o m e t i m e s a b s e n t i n t h e H u n d r e d o f Y o u n g , 

a n d i t c a n be s e e n t o be a b s e n t i n p a r t o f A l l e n ' s Q u a r r y i n t h e n o r t h o f t h e H u n d r e d 

o f B l a n c h e . 

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

n a t u r e o f t h e s e q u e n c e . I r r e g u l a r f l i n t f o r m a t i o n , d o l o m i t i z a t i o n a n d r e c r y s t a l l i -

z a t i o n c o m p l i c a t e t h e s i t u a t i o n . 

L i n d s a y ( 1 9 6 7 ) r e c o g n i s e d t h r e e z o n e s w i t h i n t h e G a m b i e r L i m e s t o n e s e -

q u e n c e f r o m b o r e s d r i l l e d 45 km t o t h e n o r t h - w e s t n e a r M i l l i c e n t , an " U p p e r g r e y 

c h e r t y l i m e s t o n e " , , a " C r e a m l i m e s t o n e " a n d a " L o w e r g r e y l i m e s t o n e " . L u d b r o o k , i n 

W o p f n e r a n d D o u g l a s ( 1 9 7 1 ) , r e c o g n i s e d a " t h i n m a r l member" a t t h e b a s e o f t h e f o r -

m a t i o n . M c G o w r a n ( 1 9 7 3 ) d e s c r i b e d a t h r e e f o l d s u c c e s s i o n s i m i l a r t o L i n d s a y ' s i n 

a b o r e h o l e d r i l l e d n e a r R o b e , 1 2 0 km t o t h e n o r t h - w e s t o f M o u n t G a m b i e r . 



T h e t h r e e - f o l d s e q u e n c e c a n be r e c o g n i s e d w h o l l y o r i n p a r t f r o m b o r e h o l e s 

i.n t h e M o u n t G a m b i e r a r e a a n d i s r e p r e s e n t e d ^ on t h e F e n c e D i a g r a m ( F i g u r e 6 ) a n d t h e 

G e o l o g i c a l S e c t i o n ( F i g u r e 4 ) . I t i s o f t e n d i f f i c u l t t o d e t e r m i n e a b o u n d a r y b e t w e e n 

t h e " U p p e r g r e y c h e r t y " z o n e a n d t h e u n d e r l y i n g " C r e a m " z o n e b e c a u s e c r e a m , f l i n t -

f r e e l a y e r s a r e c o m m o n l y f o u n d w i t h i n t h e u p p e r z o n e . G e n e r a l l y a t h i c k n e s s o f some 

t e n s o f m e t r e s o f c o n s i s t e n t c r e a m l i m e s t o n e c o u l d , h o w e v e r , be r e c o g n i s e d . T h e 

" L o w e r g r e y " z o n e was e a s i l y r e c o g n i s e d t o t h e s o u t h o f M o u n t G a m b i e r , b u t a p p e a r s 

t o be a b s e n t i n many c a s e s t o t h e n o r t h . A d e t a i l e d e x a m i n a t i o n o f t h e s t r a t i g r a p h y 

i s b e i n g u n d e r t a k e n by J . M . L i n d s a y , a m i c r o p a l a e o n t o l o g i s t w i t h t h e S o u t h A u s t -

r a l i a n D e p a r t m e n t o f M i n e s . 

T h e s e q u e n c e i s r e f l e c t e d i n t h e s o i l s o f t h e a r e a ( B l a c k b u r n , 1 9 5 9 ) , w i t h 

f l i n t y s o i l s i n t h e a r e a w h e r e t h e " U p p e r g r e y c h e r t y " z o n e o u t c r o p s , a n d a l a c k o f 

r e p o r t e d f l i n t i n s o i l s w h e r e t h e " C r e a m " z o n e o u t c r o p s . 

T h e m a i n q u a r r i e s f r o m w h i c h b u i l d i n g s t o n e i s d e r i v e d , a n d t h e t y p e 

s e c t i o n f o r t h e G a m b i e r L i m e s t o n e ( L u d b r o o k ( 1 9 6 1 ) a n d T e n i s o n Woods ( 1 8 6 0 , p . 256 

a n d 1 8 6 2 , p . 7 5 ) ) a l s o l i e i n t h e a r e a o f o u t c r o p o f t h e m i d d l e z o n e . T h i s has 

r e s u l t e d i n t h e w i d e l y a c c e p t e d , b u t e r r o n e o u s v i e w t h a t t h e G a m b i e r L i m e s t o n e i s 

e s s e n t i a l l y a b r y o z o a l c a l c a r e n i t e . 

T h e o c c u r r e n c e o f t h e m i d d l e z o n e a t d e p t h i n t h e s e q u e n c e s o u t h o f t h e 

o u t c r o p a r e a has b e e n s u b s t a n t i a t e d b y a l o c a l w a t e r b o r i n g c o n t r a c t o r , M r . J a c k 

S i m s , who has u s e d i t t o p r o v i d e l a r g e r o r l e s s p o l l u t e d s u p p l i e s t h a n c a n be o b -

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

T h e u p p e r p a r t o f t h e s e q u e n c e has s o m e t i m e s b e e n r e m o v e d by e r o s i o n 

( t h e u p p e r z o n e i s o f t e n a b s e n t ) , p a r t i c u l a r l y i n t h e n o r t h e r n p a r t o f t h e a r e a . 

P r o x i m i t y t o t h e P l e i s t o c e n e u p w a r p a x i s p r o p o s e d b y S p r i g g ( 1 9 5 2 ) may be a c o n t r i -

b u t i n g f a c t o r . 

S e l e c t e d g e o l o g i c a l l o g s a r e i n c l u d e d i n A p p e n d i x E . 
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E . B R I D G E W A T E R F O R M A T I O N 

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

t h e S t a t e i s w e l l known r e s t u n c o n f o r m a b l y on t h e G a m b i e r L i m e s t o n e . W e l l d e v e l o p e d 

r i d g e s - o c c u r s o u t h o f M o u n t G a m b i e r w h i l s t t o t h e e a s t a n d n o r t h d u n e c o m p l e x e s a r e 

f o u n d . 

D r i l l i n g r e s u l t s r e v e a l e d t h e c r o s s - s e c t i o n o f a w e l l - d e v e l o p e d d u n e 5 km 

s o u t h o f M o u n t G a m b i e r ( F i g u r e 5 ) . T h e b a s e o f t h e d u n e was f o u n d t o r e s t on t h e . 

p l a i n o f G a m b i e r L i m e s t o n e e x p o s e d on t h e i n t e r d u n a l f l a t . T h e g e o l o g i c a l s e c t i o n 

on F i g u r e 4 r e v e a l s t h a t t h e b a s e o f some d u n e s may be s e v e r a l m e t r e s a b o v e t h e l e v e l 

o f t h e i n t e r d u n a l f l a t , g i v i n g some m e a s u r e o f t h e r e m o v a l o f m a t e r i a l t h a t has t a k e n 

p l a c e s i n c e f o r m a t i o n . D e t a i l e d f i e l d w o r k t o i n v e s t i g a t e t h e d u n e b a s e s has n o t 

been u n d e r t a k e n . 

B o r e s p e n e t r a t i n g t h e d u n e s r e v e a l e d h i g h l y v a r i a b l e s e q u e n c e s o f y e l l o w / 

b r o w n q u a r t z o s e c a l c a r e n i t e s w i t h o c c a s i o n a l l y s h e l l y f o s s i l s , a n d d i f f e r i n g d e g r e e s 

o f c e m e n t a t i o n . 

F . V O L C A N I C S 

M o u n t G a m b i e r i s a c o m p l e x m a a r ( ( O i l i e r , , 1 9 6 7 ) , a l t h o u g h i t has b e e n 

c o n s i d e r e d b y some ( F e n n e r , 1 9 2 1 a n d W i l l i a m s , 1 9 4 1 ) t o be a c o l l a p s e c a l d e r a . 

H o w e v e r , m o d e r n i n t e r p r e t a t i o n s u g g e s t s t h a t e x p l o s i v e p h r e a t i c a c t i v i t y was r e s -

p o n s i b l e f o r t h e f o r m a t i o n o f t h e c r a t e r s . Two r a d i o c a r b o n d a t e s h a v e been d e t e r -

m i n e d f o r t h e e r u p t i o n ( s ) , 1 4 1 0 y e a r s B . P . ( B l a c k b u r n , 1 9 6 6 ) a n d 4 800 y e a r s B . P . 

( F e r g u s s o n a n d R a f t e r , 1 9 5 7 ) . B o t h d a t e s w e r e o b t a i n e d f r o m g o o d m a t e r i a l , a n d 

i n f e r t w o p e r i o d s o f a c t i v i t y . A s o i l p r o f i l e has b e e n r e c o g n i s e d i n t h e a s h 

( G . B l a c k b u r n , C . S . I . R . 0 . D i v i s i o n o f S o i l s , p e r s . c o m m . , 1 9 7 5 ) , p r o v i d i n g s u p p o r t -

i n g e v i d e n c e . 

M o u n t S c h a n k i s a w e l l - p r e s e r v e d s c o r i a c o n e , w i t h a s m a l l s u b s i d i a r y 

v e n t on i t s f l a n k . A l t h o u g h a b u n d a n t g r o u n d w a t e r i s a v a i l a b l e t h e r e , as i t i s a t 

M o u n t G a m b i e r , a m a a r d i d n o t f o r m , a n d t h e c o n e i s d r y f l o o r e d . No c a r b o n d a t e 

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

i t i s r e a s o n a b l e t o a s s i g n an age s i m i l a r t o M o u n t G a m b i e r . 
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4 . H Y D R O G E O L O G Y 

A . G E N E R A L 

C o n f i n e d a q u i f e r s a r e f o u n d w i t h i n t h e K n i g h t G r o u p a n d e s s e n t i a l l y u n -

c o n f i n e d a q u i f e r s w i t h i n t h e G a m b i e r L i m e s t o n e a n d B r i d g e w a t e r F o r m a t i o n s . T h e 

B r i d g e w a t e r F o r m a t i o n i s u s u a l l y a b o v e t h e w a t e r t a b l e i n t h e M o u n t G a m b i e r a r e a , 

b u t w h e r e t h e b a s e o f a d u n e i s b e l o w t h e w a t e r t a b l e , h y d r a u l i c c o n t i n u i t y i s 

1 i k e l y . 

M o s t o f t h e d e v e l o p m e n t o f g r o u n d w a t e r has u t i l i s e d t h e r e l a t i v e l y s h a l l o w 

G a m b i e r L i m e s t o n e a q u i f e r , as i t i s s i m p l e a n d c h e a p t o o b t a i n s u p p l i e s . T h e K n i g h t 

G r o u p a q u i f e r has o n l y been p e n e t r a t e d b y a f e w b o r e s , a n d o n l y t h e o n e s u p p l y i n g 

t h e W a t t i e - P i c t F a c t o r y a t M o u n t G a m b i e r ( H u n d r e d o f B l a n c h e , S e c t i o n 3 6 4 , B o r e 0 3 ) 

i s c u r r e n t l y w i t h d r a w i n g s i g n i f i c a n t q u a n t i t i e s o f w a t e r f r o m i t . I t w i l l p r o b a b l y 

be u s e d more i n t h e f u t u r e t o o b t a i n p o l l u t i o n f r e e s u p p l i e s . \ 

T h e K o n g o r o n g S a n d n e e d n o t be c o n s i d e r e d a p o t e n t i a l l y u s e f u l a q u i f e r i n 

t h e a r e a as i t has o n l y b e e n p e n e t r a t e d i n r e l a t i v e l y d e e p b o r e s a n d c o n t a i n e d 

s a l i n e w a t e r ( 6 500 m g / 1 ) when s a m p l e d a t 298 m i n b o r e h o l e CAR 1 1 . T h e L a c e p e d e 

F o r m a t i o n ( w h e r e e n c o u n t e r e d ) f o r m s p a r t o f t h e c o n f i n i n g l a y e r s b e t w e e n t h e G a m b i e r 

L i m e s t o n e a n d K n i g h t G r o u p a q u i f e r s . 

B . C L I M A T E A N D S U R F A C E H Y D R O L O G Y 

A v e r a g e a n n u a l r a i n f a l l f o r t h e a r e a r a n g e s f r o m 7 0 0 mm t o 800 mm f o r . 

t h e m e a s u r i n g s t a t i o n s a t C a p e N o r t h u m b e r l a n d a n d M o u n t G a m b i e r P . O . r e s p e c t i v e l y . 

( D i r e c t o r o f M e t e o r o l o g y , 1 9 6 6 ) . M o s t r a i n f a l l s i n t h e w i n t e r m o n t h s , w i t h 

a v e r a g e m o n t h l y t o t a l s e x c e e d i n g 7 5 mm f r o m May t o S e p t e m b e r , a n d e x c e e d i n g 9 0 - 1 0 0 mm 

f r o m J u n e t o A u g u s t . 

P o t e n t i a l e v a p o t r a n s p i r a t i o n f o r g r a s s l a n d has been e s t i m a t e d ( H o l m e s a n d 

C o l v i 1 1 e , 1 9 7 0 ) and i s shown g r a p h i c a l l y on F i g u r e 7 , t o g e t h e r w i t h a v e r a g e m o n t h l y 

r a i n f a l l d a t a f o r t h e t w o s t a t i o n s . I t c a n be s e e n t h a t p r e c i p i t a t i o n e x c e e d s 

p o t e n t i a l e v a p o t r a n s p i r a t i o n f r o m e a r l y A p r i l t o l a t e S e p t e m b e r , w i t h a maximum 

d i f f e r e n c e o f 2 . 7 5 mm d a y " 1 i n J u n e - J u l y . T h e t o t a l r a i n f a l l e x c e s s f o r t h e w i n t e r 
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m o n t h s i s c l o s e t o 30Q mm a t b o t h r a i n f a l l s t a t i o n s , a n d i s p r o b a b l y f a i r l y u n i f o r m 

( f o r g r a s s l a n d ) t h r o u g h o u t t h e a r e a . T h e maximum a m o u n t a v a i l a b l e f o r r e c h a r g e , 

c o n s i d e r i n g s o i l m o i s t u r e d e f i c i t , w i l l t h e r e f o r e be s o m e w h a t l e s s t h a n 300 mm. 

D e s p i t e t h e e x c e s s p r e c i p i t a t i o n i n w i n t e r , t h e o n l y s i g n i f i c a n t s u r f a c e 

f l o w s i n t h e ; a r e a a r e s e e n i n c h a n n e l l e d d i s c h a r g e s f r o m swamps a n d t h e a q u i f e r 

n e a r t h e c o a s t , eind a l o o p o f t h e t i d a l r e a c h o f t h e G l e n e l g R i v e r . T h e h e a d w a t e r s 

o f t h e G l e n e l g R i v e r a r e i n t h e G r a m p i a n s , a m o u n t a i n r a n g e i n w e s t e r n V i c t o r i a , a n d 

i t becomes an e f f l u e n t s t r e a m i n i t s l o w e r r e a c h e s . T h i s i s e v i d e n c e d : b y p r o g r e s s i v e l y 

l o w e r t r i t i u m c o n c e n t r a t i o n s i n a d o w n s t r e a m d i r e c t i o n ( J . W . H o l m e s , p e r s . - c o m m . ) a n d 

t h e d i s c r e t e g r o u n d w a t e r d i s c h a r g e s w h i c h c a n be o b s e r v e d ( P l a t e 4 ) . T h e b a s e f l o w 

o f t h e r i v e r has b e e n c o n s e r v a t i v e l y e s t i m a t e d a t 2 . 5 c u m e c s i - ( J . W " . H o l m e s , p e r s . c o m m . ) , 

w i t h a 1 cumec c o n t r i b u t i o n a l o n g t h e t i d a l r e a c h t o M o l e s i d e C r e e k i n V i c t o r i a . 

A f e w m i n o r i n l a n d f l o w s o c c u r d u r i n g h e a v y r a i n , r u n n i n g down s h o r t , 

b l i n d v a l l e y s w i t h s w a l l o w - h o l e s a t t h e i r e x t r e m i t i e s . 

C . C O N F I N E D A Q U I F E R S 

A t M o u n t G a m b i e r t h i n n e r o v e r l y i n g s e d i m e n t s a n d t h e p r o s p e c t o f o b t a i n -

i n g a p o l l u t i o n f r e e s u p p l y makes t h e c o n f i n e d a q u i f e r s e c o n o m i c a l l y a c c e s s i b l e , a n d 

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

u n c o n f i n e d a q u i f e r s o f t e n makes t h e i r d e v e l o p m e n t e s s e n t i a l . 

I n t h e a r e a s o u t h o f M o u n t G a m b i e r t h e c o n f i n e d a q u i f e r s h a v e n e v e r b e e n 

p e n e t r a t e d b y w a t e r w e l l d r i l l i n g , a n d t h e l i m i t e d d a t a a v a i l a b l e i s t h a t w h i c h has 

a c c r u e d f r o m p e t r o l e u m e x p l o r a t i o n d r i l l i n g . 

R e c h a r g e p r o b a b l y t a k e s p l a c e o v e r a l a r g e a r e a some t e n s o f k i l o m e t r e s 

t o t h e n o r t h o f M o u n t G a m b i e r , w h e r e t h e c o n f i n i n g l a y e r s ( a n d i n some c a s e s t h e 

G a m b i e r L i m e s t o n e ) a r e t h i n o r a b s e n t ( F l o e g e l , 1 9 7 2 ) . C o l v i l l e a n d H o l m e s ( 1 9 7 2 ) 

d i s c o v e r e d a s i n k i n t h e u n c o n f i n e d a q u i f e r n e a r N a n g w a r r y , 30 km t o t h e n o r t h o f 

M o u n t G a m b i e r , a n d i t i s l i k e l y t h a t o t h e r s , a s y e t u n d i s c o v e r e d , a l s o e x i s t . 

U n t i l t h a t a r e a has b e e n i n v e s t i g a t e d i n some d e t a i l , i t w i l l n o t be p o s s i b l e t o 

a r r i v e a t a q u a n t i t a t i v e e s t i m a t e o f r e c h a r g e . 
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B o t h s a l i n i t y a n d h y d r o c h e m i s t r y a r e s i m i l a r t o t h e u n c o n f i n e d a q u i f e r , 

p r o v i d i n g s u p p o r t i n g e v i d e n c e f o r a s i g n i f i c a n t v e r t i c a l l e a k a g e c o m p o n e n t o f r e -

c h a r g e . T h e d i f f e r e n c e s t h a t h a v e b e e n shown t o e x i s t a r e t h e p r e s e n c e o f i r o n i n 

s i g n i f i c a n t c o n c e n t r a t i o n s i n t h e c o n f i n e d a q u i f e r , and t h e l o w l e v e l o f d i s s o l v e d 

o x y g e n . B o t h t h e s e d i f f e r e n c e s a r e t o be e x p e c t e d when t h e p y r i t e c o n t e n t a n d t h e 

r e d u c i n g e n v i r o n m e n t o f t h e s e d i m e n t s a r e c o n s i d e r e d . 

T h e t o p o f t h e K n i g h t G r o u p i s 300 m b e l o w s e a l e v e l a t t h e c o a s t , a n d 

d i s c h a r g e p r e s u m a b l y t a k e s p l a c e u n d e r t h e s e a , w i t h a c o m p o n e n t o f v e r t i c a l l e a k a g e 

w h e r e t h e h y d r a u l i c c o n d i t i o n s a r e s u i t a b l e . T o t h e n o r t h o f M o u n t G a m b i e r d r i l l i n g 

has shown t h a t t h e p o t e n t i o m e t r i c l e v e l i n t h e c o n f i n e d s y s t e m i s s e v e r a l m e t r e s 

b e l o w t h a t i n t h e u n c o n f i n e d a q u i f e r , w h i c h s u g g e s t s a n e t i n f l o w t o t h e c o n f i n e d 

a q u i f e r s . A t M o u n t G a m b i e r t h e h e a d s h a v e r e v e r s e d , p a r t l y due t o t h e s t e e p g r a d i e n t 

e x h i b i t e d by t h e u n c o n f i n e d a q u i f e r n o r t h o f t h e c i t y ( F i g u r e 8 ) . T h e p o t e n t i o m e t r i c 

l e v e l o f t h e c o n f i n e d a q u i f e r a t t h e W a t t i e - P i c t b o r e i s 7 m e t r e s a b o v e t h a t i n t h e 

u n c o n f i n e d a q u i f e r s . T h i s has t w o i m p o r t a n t i m p l i c a t i o n s . 

( 1 ) P o l l u t i o n o f t h e c o n f i n e d a q u i f e r s i s n o t p o s s i b l e a t M o u n t G a m b i e r b y d i r e c t 

l e a k a g e f r o m t h e o v e r l y i n g p o l l u t e d a q u i f e r , u n l e s s f u t u r e w i t h d r a w a l s f r o m 

t h e c o n f i n e d a q u i f e r s r e v e r s e t h e h e a d d i f f e r e n c e . 

( 2 ) I t i s l i k e l y t h a t a p r o p o r t i o n o f t h e w a t e r i n t h e B l u e L a k e i s d e r i v e d 

f r o m t h e c o n f i n e d a q u i f e r . T h e b o t t o m o f t h e l a k e i s w i t h i n a f e w t e n s o f 

m e t r e s o f t h e i n f e r r e d t o p o f t h e K n i g h t G r o u p , a n d an e f f e c t i v e s e a l i n 

t h e r e c e n t l y f o r m e d v o l c a n i c c o n d u i t ' i s u n l i k e l y . H o w e v e r , t h i s has n o t 

been p r o v e d b y i n t e r p r e t a t i o n o f t h e known c h e m i s t r y o f t h e w a t e r s b e c a u s e 
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t h e t w o a q u i f e r s a r e n o t s u f f i c i e n t l y d i f f e r e n t . T r i t i u m , C a n d s t a b l e 

i s o t o p e a n a l y s e s c o u l d be u t i l i z e d t o q u a n t i f y t h e s i t u a t i o n . S u b s t a n t i a l 

w i t h d r a w a l s f r o m t h e c o n f i n e d a q u i f e r s c o u l d p r e v e n t u p w a r d movement o f 

w a t e r , a n d a l l o w an i n f l u x o f p o l l u t e d w a t e r t o t h e l a k e f r o m t h e u n c o n -

f i n e d s y s t e m . 
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T h e h y d r a u l i c r e l a t i o n s h i p b e t w e e n t h e a q u i f e r s y s t e m s s o u t h o f M o u n t 

G a m b i e r i s n o t k n o w n , h o w e v e r i t i s e x p e c t e d t h a t u p w a r d l e a k a g e w i l l o c c u r . 

A q u i f e r p a r a m e t e r s h a v e b e e n d e t e r m i n e d f o r t h e u p p e r m o s t s a n d a q u i f e r 

a t M o u n t G a m b i e r ( V a l e n t i n e a n d W a t e r h o u s e , 1 9 7 4 ) . D u r i n g t h e a q u i f e r t e s t s a 

m a r k e d h y d r o g e o l o g i c a l b o u n d a r y was e n c o u n t e r e d , r e d u c i n g t h e t r a n s m i s s i v i t y f r o m 

3 - 1 - 1 3 - 1 - 1 1 600 m d a y m n e a r t h e b o r e h o l e t o 1 8 0 m d a y m a t some d i s t a n c e f r o m i t . 
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T h e s t o r a g e c o e f f i c i e n t was c a l c u l a t e d t o be 1 0 . T h e s e d i m e n t a r y e n v i r o n m e n t i n 

w h i c h t h e a q u i f e r m a t e r i a l was d e p o s i t e d i s l i k e l y t o h a v e r e s u l t e d i n m a r k e d l a t e r a l 

f a c i e s c h a n g e s , a n d w i d e v a r i a t i o n s i n h y d r a u l i c p r o p e r t i e s w i l l be common. 

T h e l o w v a l u e o f s t o r a g e c o e f f i c i e n t i s c h a r a c t e r i s t i c o f c o n f i n e d a q u i f e r s , 

a n d w i l l r e s u l t i n much g r e a t e r d r a w d o w n e f f e c t s t h a n w o u l d o c c u r i n t h e G a m b i e r 

L i m e s t o n e when e x p l o i t a t i o n t a k e s p l a c e . 

D , U N C O N F I N E D A Q U I F E R S 

( i ) G E N E R A L 

G r o u n d w a t e r w i t h a s a l i n i t y o f t e n l e s s t h a n 500 mg/1 i s f o u n d t h r o u g h o u t 

t h e a r e a a t d e p t h s r a n g i n g f r o m 2 t o 30 m e t r e s b e l o w t h e g r o u n d s u r f a c e . T h e u p p e r 

t w o z o n e s o f t h e G a m b i e r L i m e s t o n e a p p e a r f r o m s p a r s e d a t a t o f o r m t w o s e p a r a t e s u b -

a q u i f e r s , w i t h s l i g h t h y d r a u l i c s e p a r a t i o n . 

Due t o t h e i r r e g u l a r i n c i d e n c e o f s o l u t i o n f e a t u r e s a n d t h e i n h o m o g e n e i t y 

o f t h e s e d i m e n t s , i n d i v i d u a l b o r e y i e l d s v a r y c o n s i d e r a b l y f r o m 0 . 5 1 i t r e s / s e c ( a n d ^ ) 

' ( l V ' s e p y o r l e s s , t o 50 1 / s e c . O n e b o r e i n t h e D i s m a l Swamp a r e a i s r e p u t e d t o y i e l d 

2 0 0 1 / s e c . 

D e s p i t e w i d e s p r e a d d e v e l o p m e n t t h e r e h a v e b e e n f e w d e t e r m i n a t i o n s o f 

a q u i f e r p a r a m e t e r s . T h e a v a i l a b l e a q u i f e r d a t a a r e s u m m a r i z e d i n T a b l e I I . 

( i i ) WATER T A B L E C O N F I G U R A T I O N 

T h e o b s e r v a t i o n b o r e n e t w o r k was e s t a b l i s h e d i n 1 9 7 1 a n d 1 9 7 2 . W a t e r 

l e v e l m e a s u r e m e n t s p r o v i d e d t h e b a s i s f o r t h e w a t e r t a b l e c o n t o u r s shown on 

F i g u r e 8 . 
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T h e h y d r a u l i c g r a d i e n t s a r e m o d e r a t e t o l o w g e n e r a l l y , d u e t o l o w r e l i e f 

and t h e h i g h t r a n s m i s s i v i t y o f t h e G a m b i e r L i m e s t o n e . ' T h e y s u g g e s t t h a t movement 

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

T h e r e i s a g r o u n d w a t e r d i v i d e a t t h e n o r t h o f t h e D i s m a l Swamp i n t h e 

h u n d r e d s o f M i n g b o o l a n d Y o u n g ( S . A u s t . D e p t . M i n e s u n p u b l i s h e d d a t a o f C o b b , 

1 9 7 2 ) . T o t h e n o r t h o f t h e d i v i d e g r o u n d w a t e r f l o w i s i n a n o r t h e r l y d i r e c t i o n ; 

t o t h e s o u t h f l o w i s i n a s o u t h e r l y d i r e c t i o n . T h e r e f o r e m o s t g r o u n d w a t e r m o v i n g 

t h r o u g h t h e a r e a s t u d i e d m u s t be d e r i v e d f r o m w i t h i n t h e a r e a , w i t h a s m a l l c o m p o n e n t 

m o v i n g s o u t h - w e s t f r o m V i c t o r i a . 

T h e a r e a seems t o d i v i d e i t s e l f n a t u r a l l y i n t o h y d r o g e o l o g i c a l z o n e s e x -

h i b i t i n g p a r t i c u l a r c h a r a c t e r i s t i c s ( s e e F i g u r e 8 ) . 

S t e e p G r a d i e n t Z o n e : T h e m o s t o b v i o u s f e a t u r e o f t h e c o n t o u r p l a n i s t h e a b r u p t 

s t e e p e n i n g o f g r a d i e n t n o r t h a n d w e s t o f M o u n t G a m b i e r i n t h e H u n d r e d s o f B l a n c h e 

a n d G a m b i e r . L o c a l g r a d i e n t s a r e as s t e e p as 1 i n 4 0 , c o m p a r e d w i t h 1 i n 1 300 

b e t w e e n M o u n t G a m b i e r a n d t h e c o a s t . S e v e r a l o b s e r v a t i o n b o r e s w e r e d r i l l e d i n t h e 

a r e a n o r t h w e s t o f M o u n t G a m b i e r t o i n v e s t i g a t e t h i s f e a t u r e , a n d as c a n be s e e n o n 

t h e f e n c e d i a g r a m ( F i g u r e 6 ) a n d t h e c r o s s s e c t i o n ( F i g u r e 4 ) t h e r e i s a m a r k e d 

t h i n n i n g o f t h e G a m b i e r L i m e s t o n e i n t h e a r e a o f t h e s t e e p g r a d i e n t n o r t h - w e s t o f 

t h e c i t y . E x a m i n a t i o n o f b o r e l o g s a n d r e s u l t s o b t a i n e d f r o m t e s t p u m p i n g o f o b -

s e r v a t i o n b o r e s s u g g e s t t h a t t h e r e may be l o w e r p e r m e a b i l i t i e s i n t h e a r e a o f s t e e p -

e s t g r a d i e n t , b u t t h i n n i n g o f t h e a q u i f e r p r o b a b l y i s more s i g n i f i c a n t i n l e a d i n g t o 

l o w e r t r a n s m i s s i v i t y . T h e s t e e p e n i n g o f t h e h y d r a u l i c g r a d i e n t c a n be s e e n i n a r e a s 

b o t h w i t h and w i t h o u t p i n e f o r e s t d e v e l o p m e n t and c a n t h e r e f o r e be r e g a r d e d as 

l a r g e l y i n d e p e n d e n t o f l a n d u s e . 

R e c h a r g e i s r e a s o n a b l y c o n s t a n t as a f i r s t a p p r o x i m a t i o n a n d t h e a q u i f e r 

t h e r e f o r e m u s t t r a n s m i t g r e a t e r a m o u n t s o f w a t e r f u r t h e r t o t h e s o u t h , i n c o n s i s t e n t 

w i t h t h e o b s e r v e d s t e e p e r g r a d i e n t t o t h e n o r t h . ( D a r c y ' s L a w r e q u i r e s t h a t a 

s t e e p e r , g r a d i e n t m u s t o c c u r w h e r e t h e t r a n s m i s s i v i t y o f t h e a q u i f e r i s l e s s e r , i f a 

c o n s t a n t v o l u m e o f w a t e r i s t r a n s m i t t e d . ) 
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I s o l a t e d Z o n e s o f S t e e p G r a d i e n t - " D u n e H i g h s " : A p r o n o u n c e d ; r i d g e i n t h e w a t e r 

t a b l e c o n t o u r s o c c u r s a b o u t 1 0 km s o u t h - e a s t o f M t . G a m b i e r . T h e f e a t u r e c o r r e s p o n d s 

w i t h t h e p o s i t i o n o f a l a r g e P l e i s t o c e n e d u n e , a n d b o r e h o l e B L A 22 ( s e e Map 1 ) was 

d r i l l e d t h r o u g h t h e dune t o i n v e s t i g a t e t h e p o s s i b i l i t y o f a p e r c h e d w a t e r t a b l e . 

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

i n t e r d u n a l f l a t ( F i g u r e 5 ) , and showed t h a t t h e h i g h w a t e r l e v e l u n d e r t h e d u n e i s 

p r o b a b l y r e l a t e d t o t o p o g r a p h y . 

O t h e r s i m i l a r , i r r e g u l a r w a t e r t a b l e h i g h s p r o b a b l y e x i s t , b u t t h e i r 

r e c o g n i t i o n d e p e n d s u p o n p r e c i s e o b s e r v a t i o n b o r e l o c a t i o n s as. t h e w a t e r l e v e l s 

d r o p t o " n o r m a l " c l o s e t o t h e f l a n k s o f t h e d u n e . T h e s l i g h t dome n e a r t h e w e s t e r n 

e n d o f t h e S t e e p G r a d i e n t Z o n e i s p r o b a b l y r e l a t e d t o a s i m i l a r t o p o g r a p h i c f e a t u r e . 

Ewens P o n d s - M o u n t S c h a n k T r o u g h : A w e l l d e v e l o p e d t r o u g h e x t e n d s i n a NNW 

d i r e c t i o n f r o m Ewens P o n d s , t h r o u g h M o u n t S c h a n k t o t h e e d g e o f t h e S t e e p G r a d i e n t 

Z o n e a b o u t 5 km w e s t o f M o u n t G a m b i e r . I t i s a l i g n e d w i t h t h e m a i n d i r e c t i o n o f 

r e g i o n a l j o i n t i n g ( S p r i g g , 1 9 5 2 ) , a n d c o r r e s p o n d s a p p r o x i m a t e l y w i t h t h e o c c u r r e n c e 

o f t h e g r e a t e s t l o c a l d e n s i t y o f l a r g e s o l u t i o n f e a t u r e s ( E d w a r d s , 1 9 7 3 ) , p a r t i c u l a r l y 

t h o s e o c c u r r i n g on t h e p r o p e r t y B a r n o o l u t . M o u n t S c h a n k l i e s n e a r t h e c e n t r e o f t h e 

t r o u g h , p r o b a b l y c o n t r o l l e d b y t h e same f r a c t u r e s y s t e m , a n d t h e l a r g e s t i n d i v i d u a l 

s p r i n g d i s c h a r g e ( E i g h t M i l e C r e e k ) i s f o u n d i n t h e c e n t r e o f t h e t r o u g h a t t h e 

c o a s t . 

T h e s e f a c t o r s a l l s u g g e s t t h a t t h e t r o u g h r e p r e s e n t s a z o n e o f i n c r e a s e d 

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

f o r g r o u n d w a t e r . 

M o u n t G a m b i e r P l a i n : A z o n e a p p r o x i m a t e l y 5 km b y 15 km c e n t r e d o n M o u n t G a m b i e r 

e x h i b i t s an e x t r e m e l y l o w g r a d i e n t . - Many w a t e r l e v e l s m e a s u r e d i n t h e a r e a d i f f e r 

by l e s s t h a n 0 . 1 m. T h e z o n e i s a l i g n e d w i t h i t s l o n g a x i s o r i e n t a t e d i n a N W - S E 

d i r e c t i o n - s i m i l a r t o t h e r e g i o n a l j o i n t i n g i n t h a t a r e a ( S p r i g g , 1 9 5 2 ) . 



- 1 6 -

T h e n o r t h e r n a n d w e s t e r n b o u n d a r i e s a r e f o r m e d b y t h e S t e e p G r a d i e n t Z o n e , 

w h i l s t g e n t l e g r a d i e n t s c h a r a c t e r i s e t h o s e t o t h e s o u t h a n d e a s t , w i t h t h e e x c e p t i o n 

o f t h e l o c a l " D u n e H i g h " . 

D e s p i t e l a r g e a n n u a l w i t h d r a w a l s f r o m t h e B l u e L a k e ( a t t h e c e n t r e o f t h e 

z o n e ) t h e r e i s l i t t l e e v i d e n c e f o r a s u r r o u n d i n g c o n e o f d e p r e s s i o n . T o t h e n o r t h -

e a s t o f t h e L a k e a s l i g h t t r o u g h i s a p p a r e n t i n t h e e x t e n t i o n t o w a r d s t h e l a k e f r o m 

t h e S t e e p G r a d i e n t Z o n e . T h e t r o u g h i s s m a l l and a f f e c t s o n l y o n e c o n t o u r l i n e 

h o w e v e r , a n d f u r t h e r i n t e r p r e t a t i o n i s n o t p o s s i b l e w i t h o u t m o r e o b s e r v a t i o n p o i n t s . 

T h e z o n e i s i n t e r p r e t e d a s o n e o f h i g h f r a c t u r e p e r m e a b i l i t y , p a r t i a l l y 

due t o s o l u t i o n e n l a r g e m e n t o f t h o s e f r a c t u r e s l o c a l i z i n g t h e v o l c a n i c a c t i v i t y , a n d 

i s p r o b a b l y t h e n o r t h e r n e x t e n s i o n o f t h e Ewens P o n d s - M o u n t S c h a n k . T r o u g h . . 

D i s m a l Swamp A r e a : Swampy c o n d i t i o n s p r e v a i l t o t h e n o r t h o f t h e S t e e p G r a d i e n t 

Z o n e , w i t h n e a r - s u r f a c e g r o u n d w a t e r . R e c h a r g e t o t h e K n i g h t G r o u p a q u i f e r s has l o n g 

b e e n p o s t u l a t e d f o r t h i s a r e a , b u t r e c e n t d r i l l i n g i n t h e H u n d r e d o f M i n g b o o l has 

r e v e a l e d a t h i c k G a m b i e r L i m e s t o n e s e q u e n c e w i t h c o n f i n i n g b e d s a t t h e b a s e . 

S i g n i f i c a n t r e c h a r g e t o t h e c o n f i n e d a q u i f e r s i s u n l i k e l y i n t h e e a s t o f t h e D i s m a l 

Swamp A r e a , t h e r e f o r e , b u t may o c c u r i n t h e w e s t , w h e r e b o r e l o g s s u g g e s t t h a t t h e 

K n i g h t G r o u p i s c l o s e t o t h e s u r f a c e . 

H y d r a u l i c g r a d i e n t s a r e l o w i n t h e a r e a , a n d a d e t a i l e d s t u d y o f i t s 

h y d r o g e o l o g y a n d h y d r o l o g y has y e t t o be m a d e . 

5 . WATER B A L A N C E 

T h e r e i s n o t s u f f i c i e n t d a t a a v a i l a b l e t o d e t e r m i n e ^ t h e d e t a i l e d w a t e r 

b a l a n c e , b u t r e a s o n a b l e a p p r o x i m a t i o n s can be made t o g i v e a p r e l i m i n a r y i n t e r -

p r e t a t i o n . 

I t m u s t be assumed t h a t t h e r e i s no m a j o r c h a n g e i n s t o r a g e t a k i n g p l a c e , 

a n d a t p r e s e n t t h e r e i s no e v i d e n c e t o s u g g e s t o t h e r w i s e , e x c e p t a t t h e B l u e L a k e 

a n d at- E i g h t M i l e C r e e k . T h e Swamps a t E i g h t M i l e C r e e k a n d a d j a c e n t a r e a s w e r e 

d r a i n e d a f t e r W o r l d War I I t o a l l o w a g r i c u l t u r e t o be p r a c t i s e d , a n d t h a t h y d r o l o g i c 

s y s t e m has p r o b a b l y r e a c h e d i t s new e q u i l i b r i u m . T h e o n l y l o n g t e r m w a t e r l e v e l 
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m e a s u r e m e n t s t h a t h a v e b e e n made a r e t h o s e o f t h e B l u e L a k e , w h i c h has b e e n c o r r e -

l a t e d w i t h t h e mass r a i n f a l l c u r v e ( W a r d , 1 9 4 1 ) and l o c a l l a n d - u s e ( A n o n y m o u s , 1 9 7 2 ) . 

On t h i s b a s i s t h e r e has been a d e c r e a s e i n s t o r a g e i n r e c e n t y e a r s i n t h e M o u n t 

G a m b i e r P l a i n j ; ; 1 , b u t as t h e r e a r e no c o m p a r a b l e w a t e r l e v e l m e a s u r e m e n t s e l s e w h e r e i n 

t h a t a r e a t h e r e i s no w a y o f r e l i a b l y e s t i m a t i n g i t s m a g n i t u d e . 

T h e b a l a n c e c a n t h e r e f o r e be e x p r e s s e d i n t h e f o r m " I N F L O W = O U T F L O W " , 

and t h e v a r i o u s c o m p o n e n t s a r e d i s c u s s e d b e l o w : 

A . I N F L O W 

M o s t r e c h a r g e o c c u r s b y d i r e c t i n f i l t r a t i o n t h r o u g h t h e s o i l , a n d v a r i e s 

c o n s i d e r a b l y w i t h s o i l t y p e s a n d l a n d u s e . S e v e r a l r e c e n t d e t e r m i n a t i o n s h a v e b e e n 

made u s i n g l y s i m e t e r s o r e n v i r o n m e n t a l t r i t i u m ( H o l m e s a n d C o l v i l l e , 1 9 7 0 a a n d b ; 

C o l v i l l e a n d H o l m e s , 1 9 7 2 ; A l l i s o n a n d H o l m e s , 1 9 7 3 , a n d A l l i s o n and H u g h e s , 1 9 7 2 ) 

w i t h v a r y i n g , t h o u g h r e l a t i v e l y c o n s i s t e n t r e s u l t s . 

I n s u m m a r y , r e c h a r g e i n p i n e f o r e s t s (20% o f t h e a r e a s t u d i e d ) i s c o n -

s i d e r a b l y l e s s t h a n i n g r a s s l a n d a r e a s , a l t h o u g h t h e e s t i m a t e s o f t h e m a g n i t u d e o f 
- x 

t h i s d i f f e r e n c e v a r y . R e c h a r g e e s t i m a t e s f o r g r a s s l a n d r a n g e | f r o m 4 0 mm t o 1 4 0 mm 

p e r a n n u m , as a f u n c t i o n o f s o i l t y p e a n d d e p t h t o t h e w a t e r t a b l e . 

Some o f t h e i h t e r d u n e f l a t s h a v e e x t e n s i v e e x p o s u r e s o f l i m e s t o n e . No 

e s t i m a t e s o f r e c h a r g e h a v e b e e n made i n t h e s e a r e a s . 

I n a d d i t i o n t o p e r c o l a t i o n t h r o u g h p o r o u s s o i l a n d r o c k t h e r e i s a c o m -

p o n e n t o f p o i n t r e c h a r g e v i a s o l u t i o n f e a t u r e s a n d d r a i n a g e b o r e s . T h i s c o m p o n e n t 

i s h a r d t o e s t i m a t e , b u t i s p r o b a b l y i n s i g n i f i c a n t when c o m p a r e d w i t h t h e v o l u m e s 

o f c o n v e n t i o n a l p e r c o l a t i o n . V e r t i c a l l e a k a g e f r o m t h e u n d e r l y i n g c o n f i n e d a q u i f e r 

i s a l s o e x p e c t e d w h e r e t h e h e a d d i f f e r e n c e i s a p p r o p r i a t e , 

( i ) S o i l I n f i l t r a t i o n C o m p o n e n t ( A ) 

T h e r a t e of . r e c h a r g e c a n be o b t a i n e d f r o m t h e 1 e s t i m a t e o f 1 2 0 m m / y e a r a n d 

60 m m / y e a r f o r t w o p a r t s o f t h e a r e a , made: b y A l l i s o n a n d H o l m e s ( . 1 9 7 3 ) . T h e 1 2 0 mm 

e s t i m a t e a p p l i e s t o t h e a r e a f r o m t h e c o a s t t o a b o u t 20 km i n l a n d , a n d t h e 60 mm . 

e s t i m a t e t o t h e r e m a i n i n g a r e a s o u t h o f t h e g r o u n d w a t e r d i v i d e . 
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T h e v o l u m e o f i n f i l t r a t i n g r a i n w a t e r r e c h a r g i n g t h e a q u i f e r can t h u s be 

c a l c u l a t e d t o be 3 . 8 3 c u m e c s . T h i s c o m p a r e s w e l l w i t h t h e f i g u r e o f 3 . 7 6 cumecs 

w h i c h c a n be c a l c u l a t e d f r o m t h e o v e r a l l e s t i m a t e o f 85 m m / y e a r r e c h a r g e i n s u b -

r e g i o n 2 o f H o l m e s a n d C o l v i l i e ( 1 9 7 0 a ) . 

A v a l u e o f 4 cumecs i s t a k e n as a r e c h a r g e e s t i m a t e f o r t h i s c o m p o n e n t . 

( i i ) I n c r e a s e d R e c h a r g e f r o m C i t y A r e a R u n o f f ( B ) 

R e c h a r g e i n t h e M o u n t G a m b i e r c i t y a r e a has b e e n e n h a n c e d b y p a v e d a r e a s 

a n d h o u s e r o o f s e t c . ( a l t h o u g h - t h i s w a t e r i s p r o b a b l y c o n t a m i n a t e d t o some e x t e n t ) 

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

( P l a t e 5 ) . 

T h i s c o m p o n e n t can be e s t i m a t e d u s i n g a f i g u r e o f 36% h a r d s u r f a c e a r e a 

c o n t r i b u t i n g t o r u n o f f f r o m an u r b a n a r e a , a n d r e d u c i n g d a i l y r a i n f a l l s b y a b o u t 

1 mm t o a l l o w f o r e v a p o r a t i o n ( D . K i n g s t o n , H y d r o l o g i s t , S . A . E n g i n e e r i n g a n d W a t e r 

S u p p l y D e p t . p e r s . c o m m . ) . 

T h e p a v e d c i t y a r e a c a n o n l y be m e a s u r e d t o a b o u t 20% a c c u r a c y , as 

i r r e g u l a r g r o w t h has made t h e u r b a n b o u n d a r y s o m e w h a t d i f f u s e , a n d a f i g u r e o f 1 0 km 

has been a d o p t e d . 

A p p e n d i x F g i v e s a v e r a g e d a i l y r a i n f a l l s f o r M o u n t G a m b i e r A e r o d r o m e 

( d a t a f r o m t h e C o m m o n w e a l t h B u r e a u o f M e t e r e d o g y ) . T h e c a l c u l a t e d a n n u a l r a i n f a l l 

w i t h 1 mm s u b t r a c t e d f o r e a c h r a i n d a y i s 409 mm. 
fi ^ 

T h e a n n u a l v o l u m e a v a i l a b l e f o r r e c h a r g e i s 36% o f 1 0 x 1 0 x 0 . 4 0 9 m , 
p 3 - 1 

w i t h an a d d i t i o n a l 85 mm f o r 64% o f 1 0 km , t h a t i s 2 . 0 m y r ( 0 . 0 6 4 c u m e c s ) . 

T h e a m o u n t o f r e c h a r g e i n a c o m p a r a b l e a r e a o f g r a s s l a n d ( 8 5 mm y e a r - 1 ) w o u l d be 
C O _ 1 

8 . 5 x 1 0 m y e a r - ( 0 . 0 2 7 c u m e c s ) . T h e p a v e d c i t y a r e a s h a v e t h e r e f o r e i n c r e a s e d 

i n t a k e by 0 . 0 4 c u m e c s , w h i c h i s n o t a s i g n i f i c a n t c o n t r i b u t i o n t o t h e t o t a l . 

( i i i ) P o i n t R e c h a r g e C o m p o n e n t ( C ) 

T h e c o m p o n e n t o f r e c h a r g e f r o m r u n o f f i n t o s o l u t i o n f e a t u r e s ; i s v i r t u a l l y 

i m p o s s i b l e t o q u a n t i f y , and o v e r l a p s b o t h c o m p o n e n t s d i s c u s s e d a b o v e . I t i s u n -

l i k e l y t o c o n t r i b u t e s i g n i f i c a n t l y t o . t h e t o t a l i n f l o w . 
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( i v ) L e a k a g e F r o m C o n f i n e d A q u i f e r ( D ) 

A t M o u n t G a m b i e r t h e p o t e n t i o m e t r i c l e v e l o f t h e c o n f i n e d a q u i f e r i s 7 

m e t r e s a b o v e t h a t i n t h e u n c o n f i n e d a q u i f e r s . T o t h e n o r t h t h e h e a d d i f f e r e n c e 

r e v e r s e s , u n c o n f i n e d w a t e r l e v e l s b e i n g 3 m e t r e s h i g h e r t h a n t h o s e i n t h e c o n f i n e d 

a q u i f e r a t b o r e h o l e B L A 6 6 , n e a r A l l e n ' s Q u a r r y . B o r e h o l e d a t a shows t h a t t h e c o n -

f i n i n g b e d s v a r y i n t h i c k n e s s a n d c o m p o s i t i o n . I t i s i m p o s s i b l e t o e s t i m a t e t h e 

l e a k a g e f r o m t h e c o n f i n e d a q u i f e r a t t h i s s t a g e , b u t i t i s p o s s i b l e t h a t i t t a k e s 

p l a c e t h r o u g h o u t t h e a r e a s o u t h o f M o u n t G a m b i e r . 

U p w a r d l e a k a g e t h r o u g h t h e b e d o f t h e B l u e L a k e may be v e r y i m p o r t a n t 

l o c a l l y . 

( v ) D i s c u s s i o n o f i n f l o w e s t i m a t e 

I n h o m o g e n e i t i e s o f l a n d u s e a n d g e o l o g y make t h e e s t i m a t e o f 4 cumecs 

i n e x a c t , a l t h o u g h t h e e f f e c t s s o m e t i m e s t e n d t o c a n c e l e a c h o t h e r . : T h e c o m b i n e d 

e r r o r f r o m t h e s e c a u s e s i s u n l i k e l y t o e x c e e d 30% o f t h e e s t i m a t e . T h e p r i n c i p a l 

s o u r c e s o f e r r o r a r e l i s t e d b e l o w . 

( 1 ) P i n e f o r e s t s c o v e r a b o u t 20% o f t h e a r e a , a n d a r e known 

( H o l m e s a n d C o l v i l l e , 1 9 7 0 b ) t o m a r k e d l y d e c r e a s e r e c h a r g e . 

( 2 ) T h e r e a r e l a r g e i n t e r d u n a l a r e a s s o u t h o f M o u n t G a m b i e r w i t h 

e x p o s e d G a m b i e r L i m e s t o n e p a v e m e n t s ( s e e F i g u r e 2 , a n d P l a t e 6 ) . 

No r e c h a r g e d e t e r m i n a t i o n s h a v e been made i n t h e s e a r e a s , b u t i t 

i s c o n s i d e r e d t h a t i t c o u l d e x c e e d 1 0 0 - 1 5 0 mm, i n c r e a s i n g o v e r -

a l l r e c h a r g e s i g n i f i c a n t l y . 

( 3 ) I n f i l t r a t i o n i n p a r t s o f t h e H u n d r e d s o f M i n g b o o l , Y o u n g a n d B l a n c h e 

( f o r e x a m p l e a t A l l e n ' s Q u a r r y w h e r e t h e G a m b i e r L i m e s t o n e i s i n t h e 

u n s a t u r a t e d z o n e ) r e c h a r g e s t h e K n i g h t " G r o u p a q u i f e r , d e c r e a s i n g 

r e c h a r g e t o t h e u n c o n f i n e d a q u i f e r "by a s m a l l a m o u n t . \ 

B . O U T F L O W 

T h e l o s s o f w a t e r f r o m t h e s y s t e m f a l l s i n t o t w o d i s t i n c t c a t e g o r i e s , 

n a t u r a l d i s c h a r g e and w i t h d r a w a l s , o f w h i c h t h e f o r m e r i s b y f a r t h e l a r g e r . 
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( i ) N a t u r a l D i s c h a r g e 

A number o f r e a d i l y m e a s u r e d s p r i n g s and d r a i n a g e c h a n n e l s , ( P l a t e s 7 and 

8 ) , d i s c h a r g e t o t h e s e a b e t w e e n Cape N o r t h u m b e r l a n d a n d t h e mouth o f t h e G l e n e l g 

R i v e r . T h e s e c l e a r l y a r e a m a j o r n a t u r a l o u t f l o w f r o m t h e a q u i f e r , ( E ) , a n d h a v e a 

c o m b i n e d d i s c h a r g e o f 5 . 2 cumecs ( C l i s b y , 1 9 7 2 ) . 

T h e r e m a i n i n g n a t u r a l d i s c h a r g e f r o m t h e s y s t e m has n o t been d i r e c t l y 

m e a s u r e d , a n d i s d i f f i c u l t t o e s t i m a t e , c o m p r i s i n g e v a p o t r a n s p i r a t i o n ( F ) i n a r e a s 

o f s h a l l o w , , g r o u n d w a t e r ( D i s m a l Swamp and c o a s t a l a r e a s ) a n d p o r o u s medium f l o w i n t o 

t h e ^ s a ' a , ( G ) a t and b e y o n d t h e c o a s t , a n d l e a k a g e t h r o u g h t h e c o n f i n i n g beds i n t o 

th'e c o n f i n e d a q u i f e r n o r t h o f M o u n t G a m b i e r ( H ) . 

A m a j o r p r o p o r t i o n o f t h e b a s e f l o w o f t h e G l e n e l g R i v e r i s u n l i k e l y t o 

be d e r i v e d f r o m t h e s t u d y a r e a , b e c a u s e t h e s t r e a m l i n e s , d e d u c e d f r o m t h e w a t e r 

t a b l e c o n t o u r p l a n , s u g g e s t a g r o u n d w a t e r d i v i d e t o t h e e a s t o f t h e Ewens Ponds -

M o u n t S c h a n k T r o u g h . O n l y some i n f i l t r a t i o n i n t h e s o u t h e a s t o f t h e H u n d r e d o f 

Caroline flows to the Glenelg River. 

( i i ) M u n i c i p a l , I n d u s t r i a l and P r i v a t e W a t e r S u p p l i e s ( I ) 

W a t e r was a b s t r a c t e d f r o m t h e B l u e L a k e ( a n d t h e r e f o r e - p o s s i b l y f r o m b o t h 

a q u i f e r s y s t e m s ) a t a r a t e o f 0 . - 1 4 cumecs i n 1 9 7 2 , ( D . I d e , R e g i o n a l E n g i n e e r , 

E „ & W . S . D e p t . , M t . G a m b i e r ) . U n t i l e a r l y 1 9 7 1 f i v e b o r e h o l e s p r o v i d e d p a r t o f 

t h i s s u p p l y f r o m t h e u n c o n f i n e d a q u i f e r b u t t h e s e w e r e w i t h d r a w n f r o m s e r v i c e when 

p o l l u t i o n l o a d i n g s r e a c h e d t h e l i m i t o f s a f e t y ( I d e , 1 9 7 1 ) . A l a r g e p r o p o r t i o n o f 

M o u n t G a m b i e r has now been c o n n e c t e d t o a s e w e r a g e s y s t e m , b u t p r i o r t o 1 9 6 3 a l l 

w a s t e s d r a i n e d u n d e r g r o u n d , a n d w a t e r was p r o b a b l y l o s t f r o m t h e s y s t e m o n l y by i n -

c r e a s e d e v a p o t r a n s p i r a t i o n i n g a r d e n s a n d v e g e t a b l e p l o t s . When t h e s e w e r a g e 

s y s t e m i s c o m p l e t e d a s i g n i f i c a n t p r o p o r t i o n o f t h e B l u e L a k e w i t h d r a w a l s w i l l be 

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

I n d u s t r i e s and . p r i v a t e . : i n d i v i d u a l s e x t r a c t g r o u n d w a t e r , and a l t h o u g h i t 

i s a l s o l o s t v i a t h e s e w e r a g e s y s t e m a n d e v a p o t r a n s p i r a t i o n , t h e t o t a l v o l u m e i n -

v o l v e d i s r e l a t i v e l y s m a l l . T o t a l s e w e r a g e d i s c h a r g e a v e r a g e s a b o u t 0 . 0 5 c u m e c s , 

o f w h i c h a l i t t l e more t h a n h a l f can be a t t r i b u t e d t o i n d u s t r i a l use ( P . D . H a r v e y , 
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C h e m i s t , E . & W . S . D e p t . M t . G a m b i e r , p e r s . c o m m . , 1 9 7 5 ) . 

( i i i ) A g r i c u l t u r a l U s e ( J ) 

F a r m e r s use w a t e r m a i n l y f o r s t o c k a n d c r o p w a t e r i n g . A s b o r e h o l e d a t a 

a r e i n c o m p l e t e , a n d u s e o f i r r i g a t i o n b o r e s v a r i e s c o n s i d e r a b l y f r o m y e a r t o y e a r 

( d e p e n d i n g on t h e p r e v a i l i n g a g r i c u l t u r a l c o n d i t i o n s , b o t h c l i m a t i c a n d e c o n o m i c ) 

no e s t i m a t e o f t h e a m o u n t b e i n g w i t h d r a w n c a n be m a d e . L e s s t h a n 10% o f t h e t o t a l 

a r e a i s b e i n g i r r i g a t e d , w h i c h i s w e l l w i t h i n t h e 25% l i m i t s u g g e s t e d b y H o l m e s a n d 

C o l v i l l e ( 1 9 7 0 a ) . E v a p o r a t i v e l o s s o f i r r i g a t i o n w a t e r w i l l t h u s b e a s m a l l p r o p o r -

t i o n o f t h e t o t a l o u t f l o w f r o m t h e s y s t e m . 

( i v ) P i n e F o r e s t s ( K ) 

T h e f o r e s t s a r e an e x t r e m e e x a m p l e o f l a n d use a f f e c t i n g t h e w a t e r b u d g e t 

b y r e d u c i n g r e c h a r g e . T h e y i n t e r c e p t a n d t r a n s p i r e l a r g e v o l u m e s , b u t p r o b a b l y do 

n o t r e p r e s e n t a n e t w a t e r l o s s ( J . W . H o l m e s , p e r s . c o m m . ) . 

( v ) D i s c u s s i o n o f o u t f l o w e s t i m a t e 

T h e d i s c h a r g e s E a n d much o f I h a v e been m e a s u r e d . E i s known t o be 

r e a s o n a b l y c o n s t a n t , b u t I w i l l i n c r e a s e w i t h t i m e , a n d may become l e s s r e p r e s e n t a t i v e 

o f u n c o n f i n e d a q u i f e r d i s c h a r g e s i f m o r e use i s made o f t h e c o n f i n e d a q u i f e r ( T h e 

W a t t i e - P i c t f a c t o r y d i s c h a r g e s a c c o u n t e d f o r a b o u t h a l f t h e t o t a l s e w e r a g e s y s t e m 

c a p a c i t y i n 1 9 7 2 ) . 

T h e e r r o r o f s p r i n g d i s c h a r g e d e t e r m i n a t i o n i s - 7H% ( C l i s b y , 1 9 7 2 ) , 

t h a t i s - 0 . 3 9 c u m e c s . T h e t o t a l d i s c h a r g e i s t h e r e f o r e p r o b a b l y b e s t e s t i m a t e d 

t o 1 s i g n i f i c a n t f i g u r e a t t h i s s t a g e , i . e . 5 c u m e c s , a n d t h e m i n o r c o m p o n e n t s l o s e 

m o s t o f t h e i r s i g n i f i c a n c e i n t h e d i s c u s s i o n . 

C . A Q U I F E R P A R A M E T E R S 

T h e m e a s u r e d s p r i n g d i s c h a r g e a l l o w s t h e c a l c u l a t i o n o f a T r a n s m i s s i v i t y 

( T ) f o r t h e a q u i f e r , r e p r e s e n t i n g t h e v a l u e a p p r o p r i a t e f o r t h e t r a n s m i s s i o n t h r o u g h ' 

t h e a q u i f e r o f 5 cumecs t o ; t h e c o a s t f o r d i s c h a r g e t o t h e s e a . 
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D a r c y ' s Law c a n be s t a t e d Q = T i L , w h e r e 

Q = D i s c h a r g e ( 5 , 2 c u m e c s ) 

T = T r a n s m i s s i v i t y ( H y d r a u l i c C o n d u c t i v i t y x A q u i f e r T h i c k n e s s ) 

i = H y d r a u l i c G r a d i e n t ( F r o m M t . G a m b i e r t o t h e c o a s t 2 j j j y Q 3 ) 

L = L e n g t h o f A q u i f e r D i s c h a r g i n g ( 2 7 km f r o m C a p e N o r t h u m b e r l a n d 

t o t h e V i c t o r i a n B o r d e r ) 

t - i + 5 . 2 x 86 4 Q 0 x 2 1 x 1 0 3 m 3 H a x / - 1 m - 1 
T " A + 27 x 1 0 3 x 1 5 . 5 — m d a y m 

= 2 2 o 5 x 1 0 3 m 3 d a y ' 1 m " 1 , b e s t s t a t e d as 2 x 1 0 4 m 3 d a y ' 1 m " 1 

T h i s l a r g e v a l u e o f t r a n s m i s s i v i t y c o r r e s p o n d s t o a h y d r a u l i c c o n d u c t i v i t y o f . 
3 - 1 - 2 

1 0 0 m d a y m f o r a t h i c k n e s s o f a q u i f e r e s t i m a t e d t o b e , on a v e r a g e , 200 m. 

M o s t o f t h e d i s c h a r g e o c c u r s a c r o s s a much n a r r o w e r s t r i p ( 1 0 km) o f 

c o a s t n e a r E i g h t M i l e C r e e k , and f l o w l i n e s c a n b e s e e n t o c o n v e r g e u p o n t h e 

P i c c a n i n n i e P o n d s and E i g h t M i l e C r e e k a r e a s . L o c a l h y d r a u l i c c o n d u c t i v i t i e s m u s t 

t h e r e f o r e b e g r e a t e r t h a n t h e v a l u e c a l c u l a t e d . I f t h e l e n g t h o f c o a s t a c r o s s 
3 -1 - 2 

w h i c h m o s t d i s c h a r g e t a k e s p l a c e i s t a k e n t o be 1 0 k m , a v a l u e o f 2 7 0 m d a y m 

i s a p p r o p r i a t e s 

A q u i f e r p a r a m e t e r s t h a t h a v e b e e n d e t e r m i n e d i n o r n e a r t h e a r e a a r e 

l i s t e d i n T a b l e I I , a n d i t c a n b e s e e n t h a t t h e r e i s a m a r k e d v a r i a t i o n b e t w e e n 

v a l u e s . 

I n summary t h e o v e r a l l a q u i f e r h y d r a u l i c c o n d u c t i v i t y i s o f t h e o r d e r 1 0 
3 - 1 - 2 3 - 1 - 2 t o 30 m d a y m , w i t h a v a l u e o f a t l e a s t 1 0 0 m d a y d a y a p p l i c a b l e i n z o n e s 

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

T e m p l e r ( - 1 9 7 2 ) f o u n d t h a t i n t e r g r a n u l a r p e r m e a b i l i t y o f G a m b i e r L i m e s t o n e 

was h i g h e s t i n t h e N W - S E d i r e c t i o n . T h i s p r o b a b l y r e f l e c t s o r d e r e d d e p o s i t i o n o f 

t h e s e d i m e n t s i n t h e s t r u c t u r a l l y c o n t r o l l e d b a s i n . 

T h e s p e c i f i c y i e l d o f t h e b r y o z o a l c a l c a r e n i t e f a c i e s o f t h e a q u i f e r 

m a t e r i a l i s o f t h e o r d e r o f 0 „ 4 ( T e m p l e r , 1 9 7 2 ) w i t h a l o w e r v a l u e , o f t h e o r d e r 

0 . 1 - 0 o 2 ( B o w e r i n g , 1 9 7 3 ) , p r o b a b l y a p p l i c a b l e f o r t h e b u l k a q u i f e r . 
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D . W A T E R B A L A N C E 

T h e e q u a t i o n I N F L O W = O U T F L O W c a n now be w r i t t e n i n t h e f o r m : 

~ S p r i n g D i s c h a r g e s , E 

S o i l I n f i l t r a t i o n C o m p o n e n t , A 

C i t y A r e a R u n o f f , B ^ 

P o i n t R e c h a r g e C o m p o n e n t r y ^ 

L e a k a g e f r o m ^ o h f i p c t f A q u i f e r , D 

- o r 

E v a p o t r a n s p i r a t i o n , F 

P o r o u s Medium F l o w , G 

1 L e a k a g e i n t o C o n f i n e d A q u i f e r , H 
i 

M u n i c i p a l e t c . S u p p l i e s , I 

A g r i c u l t u r a l U s e , J 

P i n e F o r e s t s , K 

(1) 

(2) 

A + B + C + D = E + F + G + H + I + J + K . . . . . . . : 
\ 

W i t h n u m e r i c a l v a l u e s f o r ( A + B ) a n d E , e q u a t i o n ( 1 ) b e c o m e s : 

4 + C + D = 5 . 2 + F + G + H + I + J + K . . . 

T h e c o m p o n e n t s C , D , F , G , H , I , J a n d K h a v e n o t b e e n e v a l u a t e d a t t h i s s t a g e , 

b u t e a c h i s l i k e l y t o be o f a much s m a l l e r m a g n i t u d e t h a n t h e e s t i m a t e d r e c h a r g e o r 

t h e m e a s u r e d d i s c h a r g e , w i t h t h e p o s s i b l e e x c e p t i o n o f G , t h e p o r o u s medium d i s c h a r g e 

c o m p o n e n t . T h e e q u a t i o n ( 2 ) t h e r e f o r e b e c o m e s : 4 - 5 . 2 + G . . . . . . . . ( 3 ) 

T h i s shows t h a t t h e r e c h a r g e e s t i m a t e i s i n a d e q u a t e , b y a t l e a s t 2 5 % , 

d e p e n d i n g u p o n t h e m a g n i t u d e o f G , p r o v i d i n g t h a t t h e a s s u m p t i o n o f a s t e a d y s t a t e 

i s c o r r e c t . 

U s i n g t h e known h y d r a u l i c g r a d i e n t f r o m M o u n t G a m b i e r t o t h e c o a s t , i t i s 

p o s s i b l e t o c a l c u l a t e minimum a n d maximum v a l u e s f o r t h e p o r o u s medium d i s c h a r g e , 

u s i n g a p p r o p r i a t e v a l u e s o f h y d r a u l i c c o n d u c t i v i t y f r o m T a b l e I I . D a r c y ' s Law c a n 

be s t a t e d Q = T . i L , w h e r e 

Q = D i s c h a r g e 
1 5 5 

i = H y d r a u l i c G r a d i e n t , iq3 

L = L e n g t h o f D i s c h a r g e S t r i p , 2 7 x 1 0 m 

T . = 30 x 200 m 3 d a y ' V 1 
max 

T m i n = 1 0 x 2 0 0 m 3 d a y " 1 ™ " 1 
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0n t h i s b a s i s t h e maximum e x p e c t e d p o r o u s medium f l o w i s 1 . 4 c u m e c s , 27% o f t h e 

g a u g e d s u r f a c e d i s c h a r g e , and t h e minimum e x p e c t e d i s 0 . 5 c u m e c s , 9% o f t h e 

g a u g e d d i s c h a r g e . 

T h e maximum t o t a l d i s c h a r g e t o t h e s e a c a n t h e r e f o r e b e e s t i m a t e d a t 

5 . 2 + 1 . 4 = 6 . 6 c u m e c s , w h i c h r e q u i r e s an a v e r a g e r e c h a r g e o f 1 5 0 mm p e r y e a r 

t h r o u g h o u t t h e a r e a , o r an e v e n h i g h e r r e c h a r g e o v e r some p o r t i o n o f t h e a r e a . 

T h e E w e n s P o n d s - M o u n t S c h a n k T r o u g h i s b o u n d e d t o t h e w e s t b y a p o o r l y 

d e f i n e d g r o u n d w a t e r d i v i d e ( o b s e r v a t i o n b o r e s a r e s p a c e d a t 5 km i n t e r v a l s i n t h a t 

a r e a ) a n d t o t h e e a s t by a m o r e c l e a r l y d e f i n e d g r o u n d w a t e r d i v i d e . B o t h d i v i d e s a r e 

shown on F i g u r e 8 . T h e a r e a f r o m w h i c h w a t e r d r a i n s t h r o u g h t h e T r o u g h i s a p p r o x i -
2 

m a t e l y 1 0 4 0 km , and t h e m e a s u r e d d i s c h a r g e a t t h e c o a s t i s 4 . 2 c u m e c s . P o r o u s 

medium f l o w a c r o s s t h e 1 0 km s t r i p c a n be c a l c u l a t e d t o be a maximum o f 0 . 5 c u m e c s , 

g i v i n g a t o t a l d i s c h a r g e o f 4 . 7 c u m e c s . T h i s w o u l d r e q u i r e a r e c h a r g e o f 1 4 0 mm 

w i t h i n t h e c a t c h m e n t d e f i n e d by t h e g r o u n d w a t e r d i v i d e , a s i m i l a r v a l u e t o t h a t e s -

t i m a t e d f o r t h e e n t i r e a r e a . 
2 

T h e P i c c a n i n n i e P o n d d i s c h a r g e d r a i n s 225 km o f t h e a r e a , w i t h a c o a s t a l 

s t r i p o f 1 0 km s u g g e s t e d b y t h e g r o u n d w a t e r d i v i d e , and may d e r i v e some o f i t s w a t e r 

f r o m w e s t e r n V i c t o r i a . T h e m e a s u r e d d i s c h a r g e i s 1 c u m e c , a n d p o r o u s medium f l o w 

a c r o s s t h e c o a s t a l s t r i p can be c a l c u l a t e d t o be a maximum o f 0 . 5 c u m e c s . T h i s w o u l d 

r e q u i r e a r e c h a r g e o f 2 1 0 mm w i t h i n t h e c a t c h m e n t . As t h e r e i s u n l i k e l y t o be s i g -

n i f i c a n t l y m o r e r e c h a r g e w i t h i n t h e P i c c a n i n n i e P o n d c a t c h m e n t t h a n e l s e w h e r e i n t h e 

a r e a s o u t h o f M o u n t G a m b i e r t w o p o s s i b i l i t i e s e x i s t . E i t h e r t h e p o r o u s medium d i s -

c h a r g e e s t i m a t e i s t o o l a r g e , o r t h e r e i s a c o m p o n e n t o f g r o u n d w a t e r m o v e m e n t f r o m 

t h e e a s t , i n V i c t o r i a . T h e l a t t e r e x p l a n a t i o n seems m o r e l i k e l y . 

I n summary i t seems l i k e l y t h a t t h e s p r i n g s c o n s t i t u t e a b o u t 7 5 t o 80% o f 

t h e d i s c h a r g e f r o m t h e s y s t e m , t h e r e m a i n d e r b e i n g by p o r o u s medium f l o w . T h e b u l k 

t r a n s m i s s i v i t y w h i c h has been c a l c u l a t e d f o r t h e a q u i f e r s u g g e s t s ; t h a t m o s t o f t h e 

w a t e r m o v e m e n t t a k e s p l a c e a l o n g a f r a c t u r e / s o l u t i o n c a v i t y s y s t e m w h i c h e x t e n d s 

i n l a n d f o r some d i s t a n c e f r o m t h e Ewens P o n d s a r e a and s u p p r e s s e s t h e l a r g e s e a s o n a l 

f l u c t u a t i o n s w h i c h m i g h t be e x p e c t e d w i t h s u c h a s y s t e m . T h e c u r r e n t e s t i m a t e s o f 
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r e c h a r g e a r e t o o l o w f o r t h e a r e a s o u t h o f M o u n t G a m b i e r , w h e r e t h i n s a n d y s o i l s a n d 

k a r s t i c p a v e m e n t s p r o b a b l y a l l o w i n f i l t r a t i o n t o r e a c h 1 0 0 t o 200 mm p e r y e a r . 

6 . H Y D R O C H E M I S T R Y O F U N C O N F I N E D A Q U I F E R S 

A . G E N E R A L 

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

l i s t e d i n A p p e n d i x G . E x a m i n a t i o n o f t h e d a t a r e v e a l e d t h a t t h e n i t r a t e i o n was 

commonly p r e s e n t i n s i g n i f i c a n t o r e v e n d o m i n a n t p r o p o r t i o n s . As i t i s an u n w e l c o m e 

a d d i t i o n t o t h e n a t u r a l s y s t e m , t h e n a t u r a l h y d r o c h e m i s t r y o f t h e u n c o n f i n e d a q u i f e r s 

can o n l y be s t u d i e d u s i n g s a m p l e s s u g g e s t e d b y l o w n i t r a t e c o n c e n t r a t i o n s t o be u n -

c o n t a m i n a t e d . 

H i s t o r i c a l d a t a a r e u n r e l i a b l e o r u n a v a i l a b l e . N i t r a t e c o n c e n t r a t i o n was 

e i t h e r d e t e r m i n e d o n l y as ammonia ( n o t now c o n s i d e r e d a r e l i a b l e t e c h n i q u e ) o r n o t 

d e t e r m i n e d . b y a n a l y s e s a t a l l , a n d t h e s a m p l i n g m e t h o d s w e r e r a r e l y d o c u m e n t e d . O l d 

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

p r e t a t i o n , o r t o e s t a b l i s h a n y t r e n d s i n w a t e r q u a l i t y . 

T h e c u r r e n t h y d r o l o g i c model f o r t h e a r e a s u g g e s t s t h a t s u r p l u s p r e c i p i -

t a t i o n i s r e m o v e d b y g r o u n d w a t e r o f l o c a l o r i g i n . S t u d i e s o f t h e c h e m i s t r y o f t h e 

d i s s o l v e d s a l t s i n t h e g r o u n d w a t e r w e r e made t o c h e c k t h i s h y p o t h e s i s . S e v e r a l w h o l e 

r o c k a n a l y s e s a r e p r e s e n t e d i n A p p e n d i x H , r e v e a l i n g C a C O j d o m i n a n t i n m o s t c a s e s . 

I n t h i s c o n t e x t a n a l y s e s w e r e e x a m i n e d w h e r e t h e n i t r a t e c o n c e n t r a t i o n s 

was b e l o w 1 0 mg/1 ( a r b i t r a r i l y r e g a r d e d as u n c o n t a m i n a t e d ) a n d w h e r e t h e s a m p l e was 

o b t a i n e d u s i n g p u m p i n g w i n d m i l l s o r t h e p o r t a b l e p u m p i n g u n i t t o e n s u r e r e p r e s e n -

t a t i v e s a m p l e s . 

T h e c h e m i s t r y o f t h e g r o u n d w a t e r i s c o n t r o l l e d b y s e v e r a l f a c t o r s a p a r t 

f r o m e x t r e m e c o n t a m i n a t i o n . T h e s e a r e : 

( ! ) S o i l t y p e ( l e s s i m p o r t a n t w h e r e t h e s o i l i s t h i n a n d s a n d y ) , 

( 2 ) I o n e x c h a n g e w i t h c l a y s i n t h e s o i l and t h e a q u i f e r m a t e r i a l , 

( 3 ) T h e p r o p o r t i o n o f d o l o m i t e i n t h e l i m e s t o n e t h r o u g h w h i c h t h e 

w a t e r has m o v e d . 
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( 4 ) R e s i d e n c e t i m e o f w a t e r i n t h e a q u i f e r i n t h e a r e a s a m p l e d , and 

( 5 ) A g r i c u l t u r a l p r a c t i c e r e s u l t i n g i n m i n o r a l t e r a t i o n s t o c h e m i s t r y 

f r o m f e r t i l i z e r s . 

B . I O N I C B A L A N C E 

T h e l o w s a l i n i t i e s and l a r g e v a l u e s o f h y d r a u l i c c o n d u c t i v i t y d e m o n s t r a t e 

t h a t c o n n a t e w a t e r d o e s n o t n e e d t o b e c o n s i d e r e d when e x a m i n i n g t h e c o m p o s i t i o n o f 

t h e w a t e r i 

T h e a q u i f e r i s d o m i n a n t l y a c a l c a r e n i t e , w i t h d o l o m i t i c and f l i n t y z o n e s . 

W a t e r s a m p l e s g e n e r a l l y had pH v a l u e s i n t h e r a n g e 6 . 5 t o 8 . 5 , a n d t h e d o m i n a n t c a r -

b o n a t e s p e c i a l e x p e c t e d i s t h e r e f o r e t h e b i c a r b o n a t e i o n , H C O ^ " ( G a r r e l s a n d C h r i s t , 

1 9 6 5 ) , i n c o n j u n c t i o n w i t h C a + + and g e n e r a l l y l o w e r c o n c e n t r a t i o n s o f M g + + . 

O t h e r c o n s t i t u e n t s f o r w h i c h a n a l y s e s w e r e m a d e , s u c h as N a + , K + , C l ~ , 

w e r e c o n s i d e r e d m o s t l i k e l y t o be d e r i v e d f r o m c y c l i c s a l t . 

T h e d a t a w e r e a n a l y s e d t o t e s t t h e h y p o t h e s i s t h a t t h e c h e m i c a l c o m p o s i t i o n 

o f t h e g r o u n d w a t e r c o u l d be e x p l a i n e d as a f i r s t a p p r o x i m a t i o n i n t e r m s o f d i s s o -

l u t i o n o f c a l c a r e n i t e and a d d i t i o n o f c y c l i c s a l t , 

( i ) C y c l i c S a l t C o n t r i b u t i o n 

T h e m a i n c o n s t i t u e n t s o f s e a w a t e r ( f r o m K r a u s k o p f , 1 9 6 7 ) a r e l i s t e d 

i n T a b l e I I I . 

T A B L E I I I - M A I N I O N I C C O N S T I T U E N T S O F S E A W A T E R 

COMPONENT C O N C E N T R A T I O N M O L A R . R A T I 0 : 

mg/1 m i l l i m o l e s / l i t r e w i t h r e s p e c t t o C I " 

c r 18 980 535 1 . 0 0 

s o 4 = 2 649 2 7 . 6 0 . 0 5 2 

N a + 10 556 459 0 . 8 5 8 

M + + 

Mg 1 272 5 2 . 3 0 . 0 9 8 

C a + + 400 1 0 . 0 0 . 0 1 9 

K + 380 9 . 7 2 0 . 0 1 8 
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T h e r a t i o s o f S 0 4 ~ / C 1 " t a b u l a t e d b e l o w ( T a b l e I V ) , c o r r e s p o n d r e a s o n a b l y 

w e l l w i t h t h e r a t i o f o r s e a w a t e r . I n p a r t i c u l a r , t h e o v e r a l l a v e r a g e o f 0 . 0 6 6 , , 

compares w e l l w i t h 0 . 0 5 2 f o r s e a - w a t e r , and i n d i c a t e s o n l y a s l i g h t e x c e s s o f S 0 4 = 

S i m i l a r l y t h e r a t i o s o f K + / C 1 ~ and N a + / C l ~ l i s t e d i n T a b l e I V c o r r e s p o n d 

w e l l w i t h t h e s e a - w a t e r v a l u e , b u t a g a i n w i t h a s l i g h t K + a n d N a + e x c e s s . 

B o t h s u l p h a t e and p o t a s s i u m c o n c e n t r a t i o n s i n t h e s a m p l e s w e r e l o w ( e . g . 

0 - 3 5 mg/1 f o r s u l p h a t e ) , and p e r c e n t a g e e r r o r s i n a n a l y t i c a l d e t e r m i n a t i o n s w o u l d 

h a v e b e e n m a x i m i z e d . 

T A B L E I V - M O L A R R A T I O S - S 0 / / C 1 , K + / C 1 " a n d N a + / C l " 

H U N D R E D A V E R A G E S 0 4 = / C 1 " A V E R A G E K + / C 1 " A V E R A G E N a + / C l " 

B l a n c h e 0 . 0 6 2 0 . 0 3 0 1 . 0 5 

C a r o l i n e 0 . 0 5 9 0 . 0 1 4 0 . 9 5 

G a m b i e r 0 . 0 5 0 0 . 0 0 8 0 . 9 6 

M a c D o n n e l l 0 . 1 5 5 0 . 0 1 7 0 . 9 6 

M i n g b o o T 0 . 0 3 1 0 . 0 2 4 1 . 0 0 

Y o u n g 0 . 0 8 4 0 . 0 2 5 1 . 1 3 

O v e r a l 1 0 . 0 6 6 0 . 0 2 1 1 . 0 2 

S E A W A T E R 0 , 0 5 2 0 . 0 1 8 0 . 8 6 

T h u s S 0 4 7 C 1 " and K + / C 1 ~ show g o o d a g r e e m e n t w i t h t h e s e a w a t e r r a t i o s , 

w i t h a s l i g h t , b u t c o n s i s t e n t e x c e s s . 

T h e o b v i o u s l y l a r g e c o n t r i b u t i o n o f Mg a n d Ca ( i n w i d e l y v a r y i n g p r o -

p o r t i o n s ) f r o m d i s s o l u t i o n o f l i m e s t o n e and d o l o m i t e made i t u n r e a l i s t i c t o c o m p a r e 

t h e i r c h l o r i d e r a t i o s w i t h t h o s e o f s e a w a t e r , 

( i i ) Mass B a l a n c e 

T h e a i m o f t h e e x a m i n a t i o n o f t h e a n a l y s i s r e s u l t s was t o b a l a n c e t h e 

m o l a r c o n c e n t r a t i o n s o f t h e d i s s o l v e d c o n s t i t u e n t s by c o m b i n a t i o n o f i o n s b a s e d o n 

t h e i r p r o b a b l e o r i g i n . T h u s C a + + and M g + + w e r e c o m b i n e d w i t h H C 0 3 " t o f o r m 

d o l o m i t e , t h e r e m a i n i n g Ca"*"*" and H C 0 3 ~ t o f o r m c a l c i . t e , and t h e r e m a i n i n g i o n s s u b -

t r a c t e d i n t h e p r o p o r t i o n s o f s e a w a t e r ( T a b l e I I I ) , b a s e d on C l ~ , t h e d o m i n a n t a n i o n . 
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A p p e n d i x I i s an e x a m p l e s h o w i n g a r e a s o n a b l e b a l a n c e . 

G e n e r a l l y t h e c a l c i t e / d o l o m i t e b a l a n c e was g o o d , h o w e v e r s i g n i f i c a n t 

e x c e s s e s o f N a + o r C I " w e r e common. T h i s s u g g e s t s a d d i t i o n a l c o m p o n e n t s f o r w h i c h 

a n a l y s e s w e r e n o t p e r f o r m e d , s u c h as s i l i c a ( S i 0 2 ) , a n d f l i n t , q u a r t z a r e n i t e a n d 

s p o n g e s p i c u l e s w o u l d a l l c o n t r i b u t e i t t o t h e g r o u n d w a t e r . M i n o r e x c e s s e s o r d e f i -

c i e n c i e s can be a t t r i b u t e d t o a n a l y t i c a l e r r o r s , p r o c e s s e s s u c h as i o n e x c h a n g e i n 

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

was b a s e d on t h e s a m p l e s n i t r a t e c o n c e n t r a t i o n a l o n e . 

Co C O N C L U S I O N S 

T h e e x a m i n a t i o n o f t h e w a t e r a n a l y s e s s u p p o r t s t h e v i e w t h a t t h e g r o u n d -

w a t e r c h e m i s t r y c a n be e x p l a i n e d m a i n l y i n t e r m s o f c y c l i c s a l t and d i s s o l u t i o n o f 

d o l o m i t i c l i m e s t o n e . M o r e d e t a i l e d a n a l y s e s ( s u c h as S i O g ) c o u l d b e u s e d t o a d v a n -

t a g e , a l t h o u g h t h e p r o b l e m s o f c o n t a m i n a t i o n a r e h a r d t o o v e r c o m e . 

7 . GROUNDWATER C O N T A M I N A T I O N 

A . G E N E R A L 

T h e G a m b i e r L i m e s t o n e i s p a r t i c u l a r l y s u i t a b l e f o r s u b s u r f a c e w a s t e d i s -

p o s a l . I t a l l o w s r a p i d p a s s a g e o f l i q u i d s f r o m t h e s u r f a c e t o t h e w a t e r t a b l e b y 

way o f f e a t u r e s s u c h as s w a l l o w h o l e s a n d v e r t i c a l ( o f t e n i n f i l l e d ) s o l u t i o n t u b e s 

and may p e r m i t r a p i d h o r i z o n t a l m i g r a t i o n o f p o l l u t a n t s . 

W a s t e l i q u i d s , b o t h i n d u s t r i a l and d o m e s t i c , h a v e b e e n d i s c h a r g e d f o r more 

t h a n o n e h u n d r e d y e a r s i n t o w e l l s , b o r e h o l e s , c a v e s and s i n k h o l e s ( P l a t e s 5 and 9 ) . 

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

d i l u t i o n o r f i l t r a t i o n , p a r t i c u l a r l y i n and n e a r M o u n t G a m b i e r . 

T h e p r o b l e m i s compounded b y r u n o f f f r o m t h e c i t y o f M o u n t G a m b i e r b e i n g 

d r a i n e d down b o r e h o l e s and s i n k h o l e s ( P l a t e 6 ) . 
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B . I N D I C A T O R S O F C O N T A M I N A T I O N 

( i ) N i t r a t e 

T o d a t e o n e o f t h e m o s t s i g n i f i c a n t p o l l u t a n t s i n g r o u n d w a t e r a t M o u n t 

G a m b i e r has b e e n t h e n i t r a t e i o n , N 0 3 " , f o r w h i c h c o n c e n t r a t i o n s o f up t o 4 9 0 mg/1 

h a v e b e e n r e c o r d e d . T h e g e n e r a l l y a c c e p t e d s a f e l i m i t f o r N O ^ " c o n c e n t r a t i o n i n 

w a t e r f o r human c o n s u m p t i o n has b e e n 4 5 mg/1 ( U . S . D e p t . o f H e a l t h , 1 9 6 2 ) , a l t h o u g h 

H a r t ( 1 9 7 4 ) recommends 1 0 m g / 1 , as t h e r e i s t h e p o s s i b i l i t y o f i n f a n t s c o n t r a c t i n g 

t h e d i s e a s e m e t h e m o g l o b i n a e m i a when c o n c e n t r a t i o n s e x c e e d t h i s l i m i t . 

N i t r o g e n i s n o t a m a j o r c o n s t i t u e n t o f t h e G a m b i e r L i m e s t o n e , s o a n y 

n i t r o g e n compounds i n t h e g r o u n d w a t e r m u s t h a v e b e e n i n t r o d u c e d b y i n f i l t r a t i o n o r 

d r a i n a g e . 

I t i s p o s s i b l e t o e s t i m a t e t h e c o n t r i b u t i o n o f n i t r o g e n t o t h e g r o u n d w a t e r 

f r o m t w o p o l l u t i o n s o u r c e s , M o u n t G a m b i e r c i t y e f f l u e n t and c a t t l e e x c r e m e n t , a n d t o 

e x p r e s s e a c h as a c o n c e n t r a t i o n o f n i t r a t e i o n i n a p e r f e c t l y m i x e d a q u i f e r . 

M o u n t G a m b i e r c i t y e f f l u e n t can b e e s t i m a t e d on t h e b a s i s o f a p o p u l a t i o n 

o f 20 0 0 0 , w i t h e a c h p e r s o n c o n t r i b u t i n g 1 1 l b s ( 5 k g ) o f n i t r o g e n p e r y e a r ( T a s k 

G r o u p R e p o r t , 1 9 6 7 ) . T h e v o l u m e o f w a t e r i n t h e a q u i f e r c a n be e s t i m a t e d on t h e 
V. 

b a s i s o f a s a t u r a t e d t h i c k n e s s o f 1 0 0 m b e n e a t h t h e c i t y , w i t h an a q u i f e r p o r o s i t y 
2 

o f 0 . 3 . T h e a p p r o x i m a t e a r e a o f t h e c i t y i s 1 0 km . 

T h i s e f f l u e n t l o a d w o u l d r a i s e t h e n i t r a t e c o n c e n t r a t i o n o f t h e w a t e r i n 

t h e a q u i f e r b e n e a t h t h e c i t y b y 1 . 5 mg/1 p e r y e a r , and g r o u n d w a t e r movement o f a 

f e w m e t r e s p e r y e a r i s u n l i k e l y t o s i g n i f i c a n t l y r e d u c e t h i s c o n c e n t r a t i o n i n t h e 

s h o r t t i m e . 

T h e i r r e g u l a r i n p u t o f e f f l u e n t , s l o w r a t e o f m i x i n g a n d i n h o m o g e n e i t y 

o f t h e a q u i f e r w i l l a l l t e n d t o p r e v e n t a u n i f o r m i n c r e a s e i n n i t r a t e c o n c e n t r a t i o n , 

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

be e x p e c t e d . A t l e a s t 50% o f a l l e f f l u e n t i s now s a f e l y r e m o v e d b y t h e s e w e r a g e 

s y s t e m , b u t t h e c u m u l a t i v e e f f e c t s o f a t l e a s t 1 0 0 y e a r s o f e f f l u e n t d i s p o s a l can 

be e x p e c t e d t o h a v e i n c r e a s e d n i t r a t e c o n c e n t r a t i o n s b y 25 t o 1 0 0 mg/1 w i t h i n t h e 

c i t y a r e a . ... 
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T h e c o n t r i b u t i o n o f n i t r o g e n f r o m t h e w a s t e p r o d u c t s o f c a t t l e c a n be 

e s t i m a t e d i n a s i m i l a r w a y . S t o c k i n g r a t e s v a r y c o n s i d e r a b l y w i t h t i m e and f r o m 

p l a c e t o p l a c e , b u t l o c a l D e p a r t m e n t o f A g r i c u l t u r e r e p r e s e n t a t i v e s g a v e an e s t i m a t e 

o f 1 t o 1 . 5 cows p e r a c r e as an o p t i m u m f o r r u r a l a r e a s . T h e maximum o f 1 . 5 cows 

p e r a c r e i s u s e d h e r e , t h a t i s , 3 . 7 c o w s / h e c t a r e ( h a ) . 

T h e w a s t e p r o d u c t s f r o m 1 cow a r e e q u i v a l e n t t o t h o s e f r o m a b o u t 1 6 . 4 

h u m a n s , each p e r s o n c o n t r i b u t i n g o n a v e r a g e 1 1 l b s . o f n i t r o g e n ( N ) p e r y e a r ( T a s k 

G r o u p R e p o r t , 1 9 6 7 ) . A b o u t 1 3 0 0 kg N 0 3 / h a / y c a n t h e r e f o r e be e x p e c t e d f r o m b o v i n e 

s o u r c e s as a maximum e s t i m a t e . 

R e c h a r g e t o g r o u n d w a t e r i n g r a s s l a n d n e a r M o u n t G a m b i e r has b e e n e s t i m a t e d 

a t 85 m m / y e a r ( H o l m e s and C o l v i l l e , 1 9 7 0 a ) , f r o m w h i c h t h e c o n c e n t r a t i o n o f n i t r a t e 

i n t h e i n f i l t r a t i n g w a t e r c a n be c a l c u l a t e d t o be 1 500 mg/1 i n an a v e r a g e p a d d o c k , 

s t o c k e d w i t h c a t t l e . 

S u c h a n i t r a t e c o n c e n t r a t i o n c o u l d be e x p e c t e d i n t h e i n f i l t r a t i n g w a t e r 

i f t h e e x c r e m e n t w e r e e v e n l y d i s t r i b u t e d o v e r t h e a r e a o f i n t a k e ( w i t h 3 . 7 cows p e r 

h e c t a r e ) , w i t h 85 mm o f r e c h a r g e and no l o s s o f n i t r o g e n f r o m t h e i n f i l t r a t i n g w a t e r . 

T h e p o s s i b i l i t y o f t h e h i g h n i t r a t e c o n c e n t r a t i o n s i n l o c a l g r o u n d w a t e r b e i n g c a u s e d 

b y a n i m a l h u s b a n d r y i s t h u s d e m o n s t r a t e d . 

T h e a c t u a l n i t r a t e c o n c e n t r a t i o n o f r e c h a r g e w a t e r i n a r e a s s t o c k e d w i t h 

c a t t l e has n e v e r b e e n m e a s u r e d b u t w i l l v a r y f r o m t h e e s t i m a t e b e c a u s e o f i n t e r -

a c t i o n b e t w e e n t h e f o l l o w i n g p r o c e s s e s . 

1 . C a t t l e t e n d t o c o n g r e g a t e and d e f e c a t e n e a r s t o c k t r o u g h s , a n d i n c r e a s e d 

n i t r a t e c o n c e n t r a t i o n s a r e t o be e x p e c t e d t h e r e as a r e s u l t . 

2 . L o c a l c o n e s o f d e p r e s s i o n a r o u n d w i n d m i l l s ( u s u a l l y a d j a c e n t t o s t o c k t r o u g h s ) 

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

o f n i t r a t e c o n c e n t r a t i o n . 

3 . D u r i n g summer m o n t h s n i t r o g e n i n t h e ammonia f o r m may be l o s t i n s i g n i f i c a n t 

q u a n t i t i e s w h i l s t on t h e s u r f a c e , a n d up t o 30% may be v o l a t i l i z e d f r o m t h e 

s o i l ( B a r t h o l o m e w and C l a r k , 1 9 6 5 ) . C o n d i t i o n s f a v o u r i n g w a t e r l o s s a l s o 

f a v o u r ammonia l o s s , and ammonia may be c a r r i e d b y u p w a r d m o v i n g s o i l - w a t e r 

t o a z o n e f r o m w h i c h i t c a n v o l a t i l i z e . 
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4 . D u r i n g t h e p e r i o d o f a c t i v e g r o w t h , u p t a k e b y p l a n t s i s l i k e l y t o r e d u c e 

t h e a m o u n t o f n i t r o g e n a v a i l a b l e f o r r e c h a r g e . 

5 . A l t h o u g h t h e n i t r a t e i o n i s e x t r e m e l y m o b i l e , ammonium i s r e a d i l y a b s o r b e d 

by c l a y i n s o i l s ( B a r t h o l o m e w and C l a r k , 1 9 6 5 ) . T h e t h i n and s a n d y s o i l s 

f o u n d s o u t h o f M o u n t G a m b i e r a l l o w t h e g r e a t e s t p o s s i b i l i t y o f ammonia 

m o v e m e n t . 

6 . Dung f o r m s an e s s e n t i a l f o o d s u p p l y d u r i n g t h e l i f e - c y c l e o f some i n s e c t s . 

Unknown a m o u n t s o f n i t r o g e n w i l l be w i t h h e l d f r o m i n f i l t r a t i n g w a t e r i n t h i s 

w a y . 

7 . R e c h a r g e e x c e e d s 85 mm i n some a r e a s , a n d n i t r a t e c o n c e n t r a t i o n s i n r e c h a r g e 

w a t e r may be c o r r e s p o n d i n g l y r e d u c e d . 

I f t h e a q u i f e r b e n e a t h a c a t t l e p a d d o c k w e r e 1 0 0 m t h i c k , w i t h a p o r o s i t y 

o f 0 . 3 , t h e n i t r a t e c o n c e n t r a t i o n o f t h e g r o u n d w a t e r c o u l d i n c r e a s e b y a b o u t 1 . 5 

mg/1 p e r y e a r . I n p r a c t i s e t h e c o n c e n t r a t i o n s b e n e a t h t h e c i t y a r e a c o u l d be e x -

p e c t e d t o be much g r e a t e r t h a n b e n e a t h an a r e a s t o c k e d w i t h c a t t l e b e c a u s e o f t h e 

v a r i a b i l i t y o f s t o c k i n g r a t e s and t h e m e c h a n i s m s f o r n i t r o g e n l o s s o r f i x a t i o n , 

w h i c h a r e e f f e c t i v e l y b y - p a s s e d b y t h e u s e o f s o a k a g e p i t s and b o r e h o l e s , 

( i i ) B a c t e r i a 

B a c t e r i a a r e r e a d i l y r e m o v e d b y p a s s a g e o f w a t e r t h r o u g h p o r o u s m e d i a , b u t 

a r e a p r o b l e m i n k a r s t i c z o n e s w h e r e r a p i d f l o w a l o n g s o l u t i o n c a v i t i e s may o c c u r . 

H i g h ( a n d u n a c c e p t a b l e ) b a c t e r i o l o g i c a l c o u n t s i n w a t e r s u p p l i e s h a v e 

f o r c e d t h e E n g i n e e r i n g a n d W a t e r S u p p l y D e p a r t m e n t t o s t o p u s i n g c e r t a i n w a t e r s u p p l y 

b o r e s . Many p r i v a t e b o r e s h a v e a l s o b e e n s a m p l e d b y t h e l o c a l D e p a r t m e n t o f 

A g r i c u l t u r e and E . & W . S . D e p a r t m e n t r e p r e s e n t a t i v e s and h a v e b e e n f o u n d c o n t a m i n -

a t e d . E x t r e m e l y h i g h c o u n t s w e r e r e p o r t e d i n t h e o l d p r o d u c t i o n b o r e o f t h e W a t t i e -

P i c t L t d . f r o z e n f o o d f a c t o r y and i n v e s t i g a t i o n s b y E . & W . S . o f f i c e r s i n 1 9 7 2 

f a i l e d t o t r a c e p o s i t i v e l y t h e s o u r c e o f p o l l u t i o n . S i g n i f i c a n t l y , t h e b o r e p e n e -

t r a t e d t w o c a v i t i e s d u r i n g d r i l l i n g and t h e s e p r e s u m a b l y a l l o w e d r e a d y t r a n s m i t t a l 

o f p o l l u t a n t s f r o m n e a r b y f a c t o r y d r a i n a g e b o r e s . 
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( i i i ) P h o s p h a t e 

P h o s p h a t e s a r e f o u n d i n a n i m a l w a s t e p r o d u c t s , and may a l s o be d e r i v e d 

f r o m p h o s p h a t e - b a s e d d e t e r g e n t s . A s b a c k g r o u n d p h o s p h a t e l e v e l s i n g r o u n d w a t e r i n 

t h e a r e a a r e v e r y l o w ( a l a r g e number o f s a m p l e a n a l y s e s c o n t a i n e d l e s s t h a n 0 . 0 1 

m g / 1 ) i t was h o p e d i n i t i a l l y t h a t p h o s p h a t e s m i g h t be a b e t t e r i n d i c a t o r o f p o l l u t i o n 

t h a n n i t r a t e s . 

S u p e r p h o s p h a t e f e r t i l i z e r i s u s e d l o c a l l y , and c o u l d be a s o u r c e o f 

p o l l u t i o n i n r u r a l a r e a s . T h e a m o u n t i n f i l t r a t i n g b e y o n d t h e r o o t z o n e w i l l v a r y 

c o n s i d e r a b l y , c o n t r o l l e d b y i n t e n s i t y o f f e r t i l i z e r u s e , s o i l t y p e , p l a n t t y p e and 

k a r s t f e a t u r e s . 

( i v ) P h e n o l s 

S p i l l a g e and d r i p o f c r e o s o t e f r o m i m p r e g n a t e d t i m b e r t r e a t e d a t t h e S t a t e 

S a w m i l l ( F i g u r e 1 ) i n f i l t r a t e d t h e s o i l a n d was c a r r i e d i n t o a n e a r b y s i n k h o l e w i t h 

r u n o f f w a t e r , b e f o r e a new t r e a t m e n t a r e a was c o n s t r u c t e d . V e r y l o w c o n c e n t r a t i o n s 

o f p h e n o l i n w a t e r may be d e t e c t e d b y t a s t e , a l t h o u g h o p i n i o n s v a r y on t h e a c t u a l 

d e t e c t i o n l i m i t . T h e U . S . P u b l i c H e a l t h S e r v i c e ( 1 9 6 2 ) l i m i t and t h a t o f H a r t , 1 9 7 4 

i s 0 . 0 0 1 mg/1 f o r human c o n s u m p t i o n . 

C h l o r o p h e n o l s may be d e t e c t e d i n w a t e r i n much s m a l l e r c o n c e n t r a t i o n s t h a n 

p h e n o l s . As t h e M o u n t G a m b i e r t o w n w a t e r s u p p l y i s c h l o r i n a t e d , f o r m a t i o n o f c h l o r o -

p h e n o l s f r o m a n y p h e n o l s p r e s e n t i n t h e w a t e r o f t h e B l u e L a k e w o u l d be v e r y s e r i o u s . 

( v ) M e t a l s 

P i n e T i m b e r i s " s a l t t r e a t e d " a t t h e S t a t e S a w m i l l b y i m p r e g n a t i o n w i t h a 

s o l u t i o n o f c o p p e r , c h r o m i u m and a r s e n i c s a l t s . W a s t e s f r o m t h i s p r o c e s s may r e a c h 

t h e a q u i f e r i n t h e same ways as c r e o s o t e w a s t e s . 

Maximum a l l o w a b l e l i m i t s a r e : 

C u : 1 mg/1 ( H a r t , 1 9 7 4 ) 

C r : 0 . 0 5 mg/1 ( U . S . P u b l i c H e a l t h S e r v i c e , 1 9 6 2 and H a r t , 1 9 7 4 _ . 

A s : 0 . 5 mg/1 ( H a r t , 1 9 7 4 ) . 

O b s e r v a t i o n b o r e s w e r e d r i l l e d n e a r t h e s a w m i l l t o t e s t f o r p o l l u t i o n 

b y p h e n o l s o r m e t a l s . 
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( v i ) D i s s o l v e d O x y g e n ( D . O . ) 

O r g a n i c w a s t e s t y p i c a l l y d e p l e t e t h e o x y g e n d i s s o l v e d i n w a t e r . O r g a n i c 

c o n t a m i n a t i o n o f b o r e s s h o u l d be. i n d i c a t e d b y l o w D . O . r e a d i n g s ( p o s s i b l y i n a s s o -

c i a t i o n w i t h t h e o t h e r a n a l y s e s s u c h as b a c t e r i o l o g i c a l c o u n t s and C h e m i c a l O x y g e n 

Demand d i s c u s s e d b e l o w ) . 

( v i i ) C h e m i c a l O x y g e n Demand ( C O D ) 

COD was d e t e r m i n e d as a m e a s u r e o f t h e p o l l u t i o n l o a d . T h e b i o l o g i c a l 

o x y g e n demand ( B O D ) i s a more commonly u s e d i n d i c a t o r o f p o l l u t i o n , b u t i s a s l o w 

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

p o r t i n g s a m p l e s t o t h e l a b o r a t o r i e s i n A d e l a i d e . 

T a b l e V shows t h e a n a l y s e s p e r f o r m e d t o d e t e c t s p e c i f i c p o l l u t a n t s i n t h e 

g r o u n d w a t e r . 

T A B L E V - A n a l y s e s f o r S p e c i f i c P o l l u t a n t s 

P O L L U T I O N S O U R C E P O L L U T A N T S A N A L Y S E S 

D o m e s t i c Sewage and o t h e r w a s t e s g i v i n g 
r i s e t o n i t r o g e n compounds and 
p h o s p h a t e . 

F u l l * , N 0 3 , P 0 4 , C O D , 
T o t a l N i n some c a s e s , 
B a c t e r i o l o g i c a l . 

D a i r i e s and 
P i g g e r i e s 

W a s t e s r i c h i n n i t r o g e n 
c o m p o u n d s . 

F u l l N 0 3 , P 0 4 , C O D . 
T o t a l N , B a c t e r i o l o g i c a l . 

C h e e s e 
F a c t o r i e s 

Whey and w a s t e s r i c h i n 
n i t r o g e n c o m p o u n d s . 

F u l l N 0 3 , P 0 4 , C O D . 
T o t a l N , B a c t e r i o l o g i c a l . 

Woods & F o r e s t s 
D e p a r t m e n t 

C r e o s o t e , c o p p e r - c h r o m i u m -
a r s e n i c s a l t s . 

F u l l N 0 3 , P 0 4 , C O D . 
P h e n o l , C u , C r , A s . 

O t h e r s V a r i o u s , i n c l u d i n g p e a w a s t e s , 
g l u e , s a w d u s t , o i l e t c . 

F u l l , N 0 3 , P 0 4 , C O D . 

* F u l l a n a l y s i s i s t a k e n h e r e t o i n c l u d e N a + , K + , C a + + , M g + + , C I " , S 0 4 ~ , H C 0 3 ~ . 

8 . D I S C U S S I O N AND I N T E R P R E T A T I O N O F R E S U L T S 
O F P O L L U T I O N S A M P L I N G 

A . N I T R A T E 

A l l s a m p l e s w e r e a n a l y s e d f o r n i t r a t e . I n a d d i t i o n , w a t e r s f r o m b o r e s 

n e a r M o u n t G a m b i e r w e r e a n a l y s e d t o d e t e r m i n e t h e f o r m i n w h i c h t h e n i t r o g e n was 

p r e s e n t i n t h e g r o u n d w a t e r ( T o t a l N i n T a b l e V ) . R e s u l t s o f t h e s e s p e c i a l a n a l y s e s 

a r e i n c l u d e d i n A p p e n d i x G . 
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" F r e e and s a l i n e " n i t r o g e n i s a m e a s u r e o f n i t r o g e n p r e s e n t as a m m o n i a , 

and " a l b u m i n o i d " n i t r o g e n i s n i t r o g e n c o n t a i n e d i n o r g a n i c m o l e c u l e s . T h e n i t r o g e n 

i n r e d u c e d f o r m s o x i d i s e s t o n i t r i t e and t h e n t o n i t r a t e w i t h t i m e , g i v e n s u i t a b l e 

c o n d i t i o n s . W h e r e a n a e r o b i c p o o l s a r e u s e d f o r e f f l u e n t s t o r a g e , n i t r o g e n w i l l r e m a i n 

i n t h e ammonia f o r m ( S c h m i d t , 1 9 7 2 ) , T h e s e c o n d i t i o n s m i g h t be e x p e c t e d i n a s t a g -

n a n t , d i s u s e d b o r e c o l u m n , b u t n o t i n t h e m a j o r i t y o f w a t e r s s a m p l e d . 

M o s t o f t h e a n a l y s e s w e r e l o w i n a l l n i t r o g e n compounds e x c e p t n i t r a t e , 

a l t h o u g h c o n c e n t r a t i o n s o f o t h e r compounds w e r e m e a s u r a b l e i n a f e w s a m p l e s a n d i n -

d i c a t e c o n t a m i n a t i o n b y a n i m a l w a s t e s o r s e p t i c t a n k s . T h e ammonia i n w a t e r f r o m 

b o r e h o l e B L A 28 r e l a t e d t o a p u t r i d s a m p l e f r o m a d i s u s e d b o r e - an o b v i o u s c a s e o f 

c o n t a m i n a t i o n o f w a t e r i n t h e b o r e c o l u m n i t s e l f . 

I f n i t r o g e n compounds s u c h as ammonia w e r e o r i g i n a l l y p r e s e n t as p o l l u -

t a n t s t h e y h a v e o x i d i s e d a l m o s t c o m p l e t e l y t o n i t r a t e by t h e t i m e t h e y r e a c h t h e 

w a t e r t a b l e ( d u r i n g t h e i r p a s s a g e t h r o u g h t h e u n s a t u r a t e d z o n e ) . . C o n s e q u e n t l y , t h e 

t r e a t m e n t o f s p a t i a l d i s t r i b u t i o n and s o u r c e s o f n i t r o g e n compounds i n g r o u n d w a t e r 

was r e s t r i c t e d t o e x a m i n a t i o n o f n i t r a t e s , 

( i ) S a m p l i n g M e t h o d s 

As s a m p l e s w e r e c o l l e c t e d i n t h r e e d i f f e r e n t w a y s , i t was i m p o r t a n t t o 

t e s t f o r b i a s i n e a c h o f t h e d i f f e r e n t s a m p l i n g , m e t h o d s , as t h e y r e p r e s e n t s a m p l i n g 

f r o m t h e a q u i f e r a t t h r e e p u m p i n g r a t e s w i t h c o n s e q u e n t d i f f e r e n t c h a n c e o f m e a s u r -

i n g c o n t a m i n a t i o n o f t h e b o r e c o l u m n . T h e p o r t a b l e pump has a c a p a c i t y o f a b o u t 

2 . 5 1 / s e c , w i n d m i l l s a b o u t 0 . 5 l / s e c , a n d a b a i l e r r e m o v e s a n e g l i g i b l e a m o u n t o f 

w a t e r f r o m s t o r a g e w i t h i n t h e b o r e c o l u m n . F i g u r e 9 shows t h e c o r r e s p o n d e n c e 

b e t w e e n a n a l y s i s r e s u l t s f o r s a m p l e s and w i n d m i l l , pumped and b a i l e d s o u r c e s i n 

e a c h a r e a . 

W a t e r was w i t h d r a w n f r o m t h e b o r e s a t v a r y i n g d e p t h s i n t h e a q u i f e r , 

u s u a l l y w i t h i n t h e t o p 20 m. A p l o t o f n i t r a t e c o n t e n t o f s a m p l e v e r s u s d e p t h 

b e l o w t h e w a t e r t a b l e f o r - s a m p l e s o b t a i n e d w i t h t h e p o r t a b l e pump ( F i g u r e 1 0 ) 

d e m o n s t r a t e s t h e l a c k o f a n y r e l a t i o n s h i p b e t w e e n c o m p o s i t i o n and d e p t h o f s a m p l i n g 

w i t h i n t h e r a n g e o f d e p t h s f r o m w h i c h s a m p l e s w e r e t a k e n i n t h e p o l l u t i o n s u r v e y . 
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S a m p l e s t a k e n f r o m s p r i n g s a n d s i n k h o l e s a l t h o u g h f e w i n number, a l s o 

c o n f o r m w i t h t h e d i s t r i b u t i o n s o f t h e m a i n t h r e e s a m p l i n g m e t h o d s . 

I t a p p e a r s t h a t s a m p l i n g m e t h o d i s n o t a c o n t r o l l i n g f a c t o r f o r t h e 

n i t r a t e c o n c e n t r a t i o n o f g r o u n d w a t e r s a m p l e s i n t h i s i n s t a n c e . 

( i i ) N i t r a t e s i n S t r a t i g r a p h i c B o r e s 

R e p r e s e n t a t i v e w a t e r s a m p l e s w e r e t a k e n a t v a r i o u s d e p t h s d u r i n g t h e d r i l l -

i n g o f e a c h s t r a t i g r a p h i c b o r e . T h e n i t r a t e p r o f i l e s a r e shown on F i g u r e 1 1 , r e -

v e a l i n g a s l i g h t o r m a r k e d d e c r e a s e i n n i t r a t e c o n c e n t r a t i o n a t d e p t h , o r u n i f o r m l y 

l o w c o n c e n t r a t i o n s a t a l l d e p t h s . 

T h i s i s c o n s i s t e n t w i t h n i t r a t e d e r i v e d r e l a t i v e l y r e c e n t l y f r o m s u r f a c e 

s o u r c e s , w i t h t h e l o w e r , l e s s a c t i v e z o n e s o f t h e a q u i f e r n o t y e t h a v i n g m i x e d 

s u f f i c i e n t l y w i t h t h e u p p e r n i t r a t e r i c h z o n e s . 

B o r e B L A 7 6 a p p e a r s a n o m a l o u s , b u t o n l y on t h e b a s i s o f o n e a n a l y s i s . 

B o r e K0N 1 shows a f l u c t u a t i n g p a t t e r n o f l o w n i t r a t e c o n c e n t r a t i o n s , b u t as t h e y 

a r e i n t h e r a n g e 1 0 - 2 0 mg/1 t h i s i s l i k e l y t o be a n a t u r a l p a t t e r n . 

( i i i ) S t a t i s t i c a l T r e a t m e n t o f D a t a 

I t was t h o u g h t t h a t b o r e s i n t h e M o u n t G a m b i e r a r e a m i g h t h a v e h i g h e r 

n i t r a t e s t h a n b o r e s i n t h e s u r r o u n d i n g a r e a s , as a r e s u l t o f t h e h i g h e r p o p u l a t i o n 

d e n s i t y and g r e a t e r i n t e n s i t y o f w a s t e d i s p o s a l , b u t t h i s was n o t o b v i o u s b y i n -

s p e c t i o n o f a n a l y t i c a l r e s u l t s . F i g u r e 1 2 shows t h e c o n t o u r e d d i s t r i b u t i o n o f 

n i t r a t e c o n c e n t r a t i o n and t h e v e r y s i g n i f i c a n t e f f e c t s o f p o i n t s o u r c e s . 

I n an a t t e m p t t o d i s c o v e r t h e r o l e o f t h e c i t y o f M o u n t G a m b i e r and n e a r 

e n v i r o n m e n t i n t h e r e g i o n a l n i t r a t e d i s t r i b u t i o n , t h e r e s u l t s w e r e s e p a r a t e d i n t o 

t w o g r o u p s ; one ( A r e a A ) o f s a m p l e s t a k e n w i t h i n a r a d i u s o f 5 km o f t h e c i t y 

c e n t r e and t h e o t h e r ( A r e a B ) t o i n c l u d e a l l o t h e r s a m p l e s . 

T o c h e c k t h e p o s s i b i l i t y o f h i g h n i t r a t e c o n c e n t r a t i o n r e s u l t i n g f r o m 

e s s e n t i a l l y l o c a l e f f e c t s , b o r e h o l e s w e r e d i v i d e d i n t o t w o c a t e g o r i e s on t h e b a s i s 

o f t h e a d j a c e n t s u r f a c e e n v i r o n m e n t . 
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( 1 ) B o r e s n o t l i k e l y t o be d i r e c t l y p o l l u t e d f r o m a d j a c e n t s u r f a c e f e a t u r e s , 

and 

( 2 ) B o r e s c o n s i d e r e d t o be l o c a t e d s u c h t h a t s u r f a c e f e a t u r e s ( h o u s e s , s t o c k -

t r o u g h s , d a i r i e s e t c . ) c o u l d d i r e c t l y c o n t a m i n a t e t h e a q u i f e r i n t h e a r e a 

a d j a c e n t t o t h e b o r e . A d i s t a n c e o f 1 0 0 m was a r b i t r a r i l y c h o s e n as t h e 

l i m i t i n g d i s t a n c e b e t w e e n b o r e and p o l l u t i o n s o u r c e , a l t h o u g h m o s t w e r e much 

c l o s e r . 

A f i f t h g r o u p was f o r m e d f r o m s a m p l e s t a k e n f r o m t h o s e b o r e s s i t u a t e d 

w i t h i n t h e M o u n t G a m b i e r m e t r o p o l i t a n a r e a . 

S t a t i s t i c a l t e c h n i q u e s w e r e a p p l i e d t o t h e d a t a t o e s t i m a t e t h e p r o b a b i l i t y 

o f i n d e p e n d e n c e b e t w e e n t h e d i f f e r e n t s a m p l e g r o u p s . T a b l e V I shows t h e c a l c u l a t e d 

p r o b a b i l i t i e s o f i n d e p e n d e n c e b e t w e e n t h e d i f f e r e n t g r o u p s , i n c l u d i n g t h e t o t a l 

p o p u l a t i o n . 

T h e l o g n o r m a l d i s t r i b u t i o n was c h o s e n b e c a u s e t h e d a t a can be shown t o 

f i t t h a t f o r m c l o s e l y . T h e r e w e r e no v a l u e s o f n i t r a t e c o n c e n t r a t i o n z e r o , o r l e s s , 

and t h e c u r v e had a l o n g p o s i t i v e t a i l . An a n a l y s i s r e s u l t o f z e r o mg/1 means t h a t 

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

a b s e n t f r o m t h e s a m p l e s . T h e i n d e p e n d e n c e p r o b a b i l i t i e s w e r e d e t e r m i n e d by i n d e -

p e n d e n c e a r e a s u n d e r t h e c a l c u l a t e d n o r m a l c u r v e s f o r t h e l o g a r i t h m t o t h e b a s e 1 0 

o f s a m p l e n i t r a t e c o n c e n t r a t i o n . T h e m e a s u r e o b t a i n e d w i l l a l w a y s u n d e r - r a t e t h e 

i n d e p e n d e n c e b e t w e e n t h e g r o u p s , as t h e r e m u s t be o v e r l a p b e t w e e n s a m p l e g r o u p s e v e n 

i f t h e y a r e q u i t e i n d e p e n d e n t . 

T A B L E V I - I n d e p e n d e n c e p r o b a b i l i t i e s f o r D i f f e r e n t S a m p l e G r o u p s 

S A M P L E GROUPS COMPARED I N D E P E N D E N C E P R O B A B I L I T Y 

B o r e s L i k e l y t o be P o l l u t e d - T o t a l 6% 
B o r e s N o t L i k e l y t o be P o l l u t e d - T o t a l 14% 
B o r e s L i k e l y t o be P o l l u t e d - B o r e s N o t 

L i k e l y t o be P o l l u t e d 20% 
A r e a A - T o t a l 31% 
A r e a B - T o t a l 5% 
A r e a A - A r e a B 37% 
M o u n t G a m b i e r M e t r o p o l i t a n - T o t a l 58% 
M o u n t G a m b i e r M e t r o p o l i t a n - A r e a A 30% 
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B o r e h o l e E n v i r o n m e n t T h e p r o b a b i l i t i e s o f i n d e p e n d e n c e b e t w e e n t h e 

s a m p l e g r o u p s s e l e c t e d on t h e b a s i s o f n e a r b y s u r f a c e f e a t u r e s l i k e l y t o c a u s e 

c o n t a m i n a t i o n a r e l o w when c o m p a r e d w i t h t h e t o t a l p o p u l a t i o n ^ T h e t w o g r o u p s 

h a v e a 20% p r o b a b i l i t y o f b e i n g i n d e p e n d e n t o f o n e a n o t h e r , w h i c h , w h i l e l o w , i s 

s t i l l s i g n i f i c a n t . T h e s u r f a c e e n v i r o n m e n t n e a r t h e b o r e h o l e c a n n o t be s a i d t o 

e x e r t a c o n t r o l l i n g i n f l u e n c e on t h e s a m p l e n i t r a t e c o n c e n t r a t i o n , o r b y i m p l i c a t i o n , 

t o b e a m a j o r s o u r c e o f p o l l u t i o n . T h e l o c a l e n v i r o n m e n t may s t i l l be v e r y i m p o r t -

a n t i n i n d i v i d u a l c a s e s , h o w e v e r . 

S p a t i a l D i s t r i b u t i o n S a m p l e s f r o m A r e a B h a v e o n l y a 5% p r o b a b i l i t y o f 
i 

b e i n g i n d e p e n d e n t o f t h e t o t a l p o p u l a t i o n (82% o f a l l b o r e h o l e s s a m p l e d a r e i n 

A r e a B ) , b u t s a m p l e s f r o m A r e a A h a v e a 31% p r o b a b i l i t y o f b e i n g i n d e p e n d e n t o f t h e 

t o t a l p o p u l a t i o n - , and a 37% p r o b a b i l i t y o f b e i n g i n d e p e n d e n t o f s a m p l e s f r o m A r e a B . 

T h i s m o d e r a t e p r o b a b i l i t y o f i n d e p e n d e n c e b e t w e e n t h e s a m p l e s f r o m A r e a s 

A a n d B i s b e l i e v e d t o r e s u l t f r o m t h e e f f e c t s o f w a s t e d i s p o s a l i n A r e a A . F i g u r e 

1 3 shows s a m p l e h i s t o g r a m s w i t h 1 0 mg/1 and 25 mg/1 c l a s s i n t e r v a l s f o r t h o s e s a m p l e s 

f r o m b o r e s i n t h e t w o a r e a s , w i t h a s h i f t i n t h e p e a k s f r o m a l o w 0 - 1 0 mg/1 i n 

A r e a B t o 3 0 - 4 0 mg/1 i n A r e a A . N a t u r a l n i t r a t e c o n c e n t r a t i o n s a r e e x p e c t e d t o be 

o f t h e o r d e r 0 - 2 5 m g / 1 . 

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

s a m p l e s f r o m t h e M o u n t G a m b i e r m e t r o p o l i t a n a r e a . T h e y h a v e a 30% p r o b a b i l i t y o f 

b e i n g i n d e p e n d e n t f r o m A r e a A ( a n d c o m p r i s e 20% o f t h e p o p u l a t i o n f r o m t h a t a r e a ) 

and a 58% p r o b a b i l i t y o f b e i n g i n d e p e n d e n t f r o m t h e t o t a l p o p u l a t i o n . 

F i g u r e 1 4 p r e s e n t s t h e c a l c u l a t e d n o r m a l d i s t r i b u t i o n s f o r t h e l o g a r i t h m s 

o f s a m p l e n i t r a t e c o n c e n t r a t i o n f o r t h e g r o u p s d i s c u s s e d . T h e d e p a r t u r e o f t h e d i s -

t r i b u t i o n s f o r s a m p l e s f r o m b o t h A r e a A and t h e M o u n t G a m b i e r m e t r o p o l i t a n a r e a f r o m 

t h e o t h e r d i s t r i b u t i o n s i s c l e a r l y i l l u s t r a t e d . 

T h e r e a r e n o t s i g n i f i c a n t l y g r e a t e r s t o c k p o p u l a t i o n s i n A r e a A t h a n 

A r e a B , and t h e m o s t i m p o r t a n t d i f f e r e n c e i s t h e h i g h human p o p u l a t i o n a n d t h e i n -

t e n s i v e s u b s u r f a c e w a s t e d i s p o s a l . S a m p l e s f r o m M o u n t G a m b i e r m e t r o p o l i t a n a r e a 

r a n g e d f r o m 45 mg/1 t o 300 mg/1 n i t r a t e , c o n s i s t e n t w i t h t h e p r e d i c t e d o r d e r o f 

m a g n i t u d e , . ; ( s e e p a g e 3 0 ) . 
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( i v ) C h a n g e i n I o n i c C o n s t i t u e n t s w i t h I n c r e a s i n g N i t r a t e 

I n an a t t e m p t t o d e t e r m i n e w h i c h c o n s t i t u e n t s w e r e a d d e d t o g r o u n d w a t e r 

w i t h t h e n i t r o g e n c o m p o u n d s , t h e d e p e n d e n c e o f N a + , K + , C a + + , M g * * , C I " , H C 0 - " , 

S 0 4 " and P 0 4 " u p o n n i t r a t e c o n c e n t r a t i o n was t e s t e d . 

T h e r e i s a t e n d e n c y f o r s a m p l e s w i t h h i g h n i t r a t e c o n c e n t r a t i o n s t o show 

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

l a t i o n s b e t w e e n i n d i v i d u a l c o m p o n e n t s w e r e n o t e x h i b i t e d . 

C o r r e s p o n d e n c e b e t w e e n C l ~ a n d N 0 3 ~ i o n s c a n i n d i c a t e c o n t a m i n a t i o n b y 

s e p t i c t a n k e f f l u e n t ( S c h m i d t , 1 9 7 2 ) . Na and Ca a p p e a r e d t o be t h e m a i n b a l a n c i n g 

c a t i o n s , w i t h a s m a l l e r p r o p o r t i o n o f M g . 

T h e c o m p o s i t i o n s o f s a m p l e s w e r e p l o t t e d on P i p e r d i a g r a m s , on F i g u r e s 

1 5 , 1 6 a n d 1 7 . T h e p l o t o f t h e r e l a t i v e l y u n c o n t a m i n a t e d s a m p l e s i s shown i n F i g u r e 

1 5 . S a m p l e s f r o m H u n d r e d s o f G a m b i e r and B l a n c h e w i t h n i t r a t e c o n c e n t r a t i o n s 

g r e a t e r t h a n 50 mg/1 a r e p l o t t e d on F i g . 1 6 and t h o s e f r o m C a r o l i n e , M a c D o n n e l l , 

M i n g b o o l a n d Y o u n g on F i g u r e 1 7 . T h e r e s u l t a n t d i s t r i b u t i o n s show t h e o b v i o u s 

e f f e c t s o f t h e i n c r e a s i n g n i t r a t e ( a s an i n c r e a s e i n i t s p e r c e n t a g e o f t o t a l a n i o n s ) 

by a s h i f t o f p o i n t s t o w a r d s t h e S 0 4 ~ + N 0 3 ~ c o r n e r ( e f f e c t i v e l y t h e N 0 3 " c o r n e r ) 

and away f r o m t h e H C 0 3 ~ c o r n e r . 

C a t i o n d i s t r i b u t i o n shows a s l i g h t s h i f t away f r o m t h e N a + c o r n e r , w i t h o u t 
++ | | 

much i n c r e a s e i n t h e a m o u n t o f Mg s u g g e s t i n g t h a t more Ca has g o n e i n t o s o l u t i o n 

w i t h t h e N 0 3 " and N a + and M g + + . 

( v ) B l u e L a k e N i t r a t e s 

T h e v a r i a t i o n o f n i t r a t e c o n t e n t o f B l u e L a k e w a t e r ( w i t h t i m e ) i s shown 

on F i g u r e 1 8 . T h e r e c e n t h i g h n i t r a t e s a r e n o t a u n i q u e o c c u r r e n c e , t h e h i g h e s t 

r e c o r d e d l e v e l b e i n g i n 1 9 4 4 . R e c o r d s s t a r t i n 1 9 2 4 , some 80 y e a r s a f t e r E u r o p e a n 

s e t t l e m e n t . 

A n a l y s e s o f w a t e r s a m p l e s f r o m t h e B l u e L a k e ( f r o m r e c o r d s k e p t by t h e 

E „ . & W . S . D e p a r t m e n t ) show t h a t n i t r a t e c o n c e n t r a t i o n d o e s n o t v a r y w i t h d e p t h , 

and was a b o u t 1 2 mg/1 when s a m p l e d i n 1 9 7 2 . 
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T h i s shows t h a t n i t r a t e s h a v e n o t e n t e r e d t h e l a k e i n s u f f i c i e n t q u a n t i t y 

t o s i g n i f i c a n t l y a f f e c t w a t e r c o m p o s i t i o n . 

Some more r a p i d t r a n s m i t t a l o f p o l l u t a n t s i s p o s s i b l e a l o n g s o l u t i o n 

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

e x h i b i t f l o w i n g w a t e r ( F . A s l i n , S . A . D e p t . M i n e s , p e r s . c o m m . , 1 9 7 2 ) . T h i s m e c h a n i s m 

i s u n l i k e l y t o c o n t r i b u t e t o a n y p o l l u t i o n o f t h e l a k e . 

A c o n t i n u e d r i s e i n n i t r a t e c o n c e n t r a t i o n i n t h e l a k e i s p r o b a b l e i n t h e 

l o n g t e r m , e v e n i f a l l u n d e r g r o u n d d i s c h a r g e i s h a l t e d i m m e d i a t e l y , u n l e s s t h e r e i s 

a m a j o r c o n t r i b u t i o n o f w a t e r f r o m t h e u n d e r l y i n g K n i g h t G r o u p a q u i f e r . 

B . P H 0 S P H A T E S 

C o n c e n t r a t i o n s o f p h o s p h a t e s a r e u s u a l l y l e s s t h a n 1 mg/1 and f r e q u e n t l y 

l e s s t h a n 0 . 0 1 m g / 1 . T h e h i g h e s t c o n c e n t r a t i o n ( 1 2 . 3 m g / 1 ) i s a s s o c i a t e d w i t h a 

b a i l e d s a m p l e o f p u t r i d w a t e r f r o m b o r e B L A 2 8 . 

F i g . 1 9 shows s a m p l e h i s t o g r a m s o f p h o s p h a t e s s h o w i n g a d i s t r i b u t i o n w i t h 

v e r y f e w c o n c e n t r a t i o n s g r e a t e r t h a n 0 . 2 m g / 1 , and m o s t l e s s t h a n 0 . 0 1 m g / 1 , i n 

b o t h a r e a s A and B . S a m p l e s w i t h h i g h p h o s p h a t e c o n c e n t r a t i o n s c o r r e l a t e w i t h h i g h 

n i t r a t e i n a f e w c a s e s - s u g g e s t i n g c o n t a m i n a t i o n b y a n i m a l w a s t e s . T h e o t h e r 

s a m p l e s w i t h h i g h p h o s p h a t e c o n c e n t r a t i o n f a l l i n t o a d i s t i n c t g r o u p w i t h l o w n i t r a t e 

c o n c e n t r a t i o n s . T a b l e V I I shows t h e 1 1 s a m p l e s w i t h g r e a t e r t h a n 0 . 2 mg/1 P 0 ^ . 

A l l s a m p l e s i n T a b l e V I I e x c e p t GAM 1 2 and GAM 58 h a v e o b v i o u s l o c a l 

s o u r c e s o f c o n t a m i n a t i o n . 

B o r e B L A 6 1 was s a m p l e d i m m e d i a t e l y a f t e r a w i n d m i l l was s t a r t e d ( S a m p l e 

B L A 6 1 A ) a n d a g a i n a f t e r 15 m i n u t e s ( S a m p l e B L A 6 1 ) . I n t h a t t i m e p h o s p h a t e d r o p p e d 

f r o m 0 . 7 3 t o l e s s t h a n 0 . 0 1 m g / 1 , i n d i c a t i n g t h a t t h e h i g h ' p h o s p h a t e was a s s o c i a t e d 

w i t h w a t e r i n t h e u p p e r p a r t o f t h e b o r e c o l u m n , i . e . n o t a s s o c i a t e d w i t h a q u i f e r 

c o n t a m i n a t i o n . 

B o r e GAM 58 i s i m m e d i a t e l y s o u t h o f t h e S t a t e S a w m i l l , w i t h no o b v i o u s 

f e a t u r e s l i k e l y t o c a u s e p h o s p h a t e c o n t a m i n a t i o n . B o r e GAM 1 2 has no o b v i o u s l o c a l 

s o u r c e o f P O , and b o t h may be t h e r e s u l t o f s u p e r p h o s p h a t e u s e . 
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T A B L E V I I - S A M P L E S WITH G R E A T E R T H A N 0 . 2 mg/1 P H O S P H A T E 

BORE N O . mg/1 P 0 4 mg/1 N 0 3 
S A M P L I N G 

METHOD A R E A COMMENTS 

B L A 4 0 . 4 5 4 9 0 B a i l e d A B a i l e d s a m p l e f r o m W/M 
a d j . h o u s e . 

B L A 32 0 . 2 0 265 B a i l e d B D i s u s e d , i n h o u s e y a r d 
a d j a c e n t t o d a i r y . 

GAM 5 7 0 . 9 2 495 B a i l e d B C l e a n s a m p l e , W/M a d j a c e n t 
t o h o u s e . 

WIN 1 4 1 . 7 5 1 0 5 W/M B C l e a n s a m p l e , W/M s t a r t e d 
f o r s a m p l e ( a d j a c e n t t r o u g h s 
and s t o c k y a r d s ) . 

B L A 2 8 1 2 . 3 2 7 B a i l e d A D i s u s e d b o r e , c o m p l e t e d a t 
g r o u n d l e v e l , p u t r i d s a m p l e . 

B L A 29 0 . 2 5 20 B a i l e d A M o d e r a t e l y b a i l e d s a m p l e , D 
o f M b o r e on r o a d s i d e - no 
a d j a c e n t f e a t u r e s t o c o n -
t a m i n a t e . 

B L A 50 0 . 2 1 4 B a i l e d B O p e n b o r e i n s h e d - s m a l l 
d e a d a n i m a l . B i r d d r o p p i n g s 
i n p r o f u s i o n . 

B L A 92 1 . 0 30 W/M B W i n d m i l l w i t h a d j a c e n t t r o u g h . 

GAM 1 2 1 . 3 5 55 Pumped A D e p t . M i n e s o b s e r v a t i o n b o r e , 
c l e a n s a m p l e 

GAM 58 0 . 8 5 1 3 Pumped A D e p t . M i n e s o b s e r v a t i o n b o r e , 
c l e a n s a m p l e . On r a i l w a y 
l i n e a d j . S t a t e s a w m i l l . 

CAR 23 1 . 2 1 2 Pumped B Pumped w e l l - d i r t y w a t e r 
- d e a d b i r d s i n w a t e r , d e a d 
s h e e p 1 y e a r b e f o r e . 

I n summary p h o s p h a t e c o n c e n t r a t i o n s a r e n o t s u f f i c i e n t l y h i g h t o a l l o w 

a s s e s s m e n t o f r e g i o n a l p o l l u t i o n . S a m p l i n g m e t h o d a p p e a r s t o be t h e m a i n c o n t r o l l -

i n g i n f l u e n c e . 
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C . D I S S O L V E D O X Y G E N , C H E M I C A L O X Y G E N DEMAND 

D i s s o l v e d o x y g e n c o n c e n t r a t i o n s c o v e r a w i d e r a n g e ( e x p r e s s e d i n m g / 1 , i n 

A p p e n d i x G ) , f r o m l e s s t h a n 1 m g / 1 t o g r e a t e r t h a n 1 0 m g / 1 . R a n g e s and a v e r a g e s 

f o r s e p a r a t e h u n d r e d s , a r e a s A and B , a n d t h e t o t a l a r e a a r e shown i n T a b l e V I I I . 

G e n e r a l l y t h e , , v a l u e s a r e s i m i l a r e x c e p t f o r n o t i c e a b l y l o w e r d i s s o l v e d o x y g e n c o n -

^ ^ h t ^ i o n i n t h e H u n d r e d s o f M i n g b o o l and Y o u n g , w h e r e l e s s p e r m e a b l e s o i l s o v e r l i e 

t h i n G a m b i e r L i m e s t o n e , d e p t h t o t h e w a t e r t a b l e i s s m a l l (swampy c o n d i t i o n s a r e 

c o m m o n ) , and i n f i l t r a t i o n r a t e s l o w e r . 

F i g u r e 20 shows h i s t o g r a m s o f d i s s o l v e d o x y g e n c o n c e n t r a t i o n . B o t h d i s -

t r i b u t i o n s a r e b i m o d a l , a n d b o t h p e a k s show a s h i f t t o t h e l o w e r d i s s o l v e d o x y g e n 

v a l u e s f o r b o r e h o l e s l i k e l y t o be p o l l u t e d c o m p a r e d w i t h t h o s e n o t l i k e l y t o be 

p o l l u t e d . 

S a m p l e s f r o m b o r e s i n t h e H u n d r e d s o f M i n g b o o l and Y o u n g f a l l i n t h e 

l o w e r d i s s o l v e d o x y g e n c l a s s e s i n b o t h h i s t o g r a m s r e f l e c t i n g l o w e r o x y g e n c o n c e n -

t r a t i o n s i n g r o u n d w a t e r i n t h o s e H u n d r e d s . T h e d o t t e d l i n e s h o w i n g t h e h i s t o g r a m s 

f o r t h e f o u r H u n d r e d s , B l a n c h e , C a r o l i n e , G a m b i e r and M a c D o n n e l l l a c k s t h e b i m o d a l 

c h a r a c t e r , s h o w i n g t h e i n f l u e n c e t h a t t h e l o w v a l u e s i n M i n g b o o l a n d Y o u n g h a v e o n 

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

T a b l e V I I I shows t h e r a n g e s and a v e r a g e s o f COD and DO i n t h e a r e a 

s a m p l e d . COD v a l u e s c o v e r t h e r a n g e f r o m l e s s t h a n 5 mg/1 t o 80 m g / 1 , a l t h o u g h a l l 

b u t t w o a r e b e l o w 50 m g / 1 . A t t h e s e l o w v a l u e s a d i l u t e d i c h r o m a t e s o l u t i o n i s u s e d 

f o r t h e d e t e r m i n a t i o n , and t h e e r r o r i n d e t e r m i n a t i o n may b e up t o 2 0 mg/1 ( N . 

B l e s i n g , A m d e l , p e r s . c o m m . ) . D i f f e r e n c e s o f l e s s t h a n 20 mg/1 c a n n o t t h e r e f o r e b e 

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

a n a l y s e d . T h e COD a v e r a g e s a r e a l l i n t h e 1 5 - 2 0 mg/1 i n t e r v a l , and t h e i r , d i f f e r e n -

ces a r e r e g a r d e d as i n s i g n i f i c a n t . 
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T A B L E V I I I - D0 and COD ( i n H u n d r e d s ) 

M I N ( m g / l ) M A X ( m g / l ) A V E R A G E ( m g / 1 ) H U N D R E D 

DO 1 . 8 1 0 8 . 3 B L A N C H E 
COD 5 7 0 1 7 . 9 

DO 0 . 5 9 . 8 6 . 6 C A R O L I N E 
COD 5 50 1 6 . 7 

DO 1 , 1 1 0 . 6 7 . 0 G A M B I E R 
COD 5 30 1 5 . 2 

DO 2 . 0 1 0 6 . 3 M A C D O N N E L L 
COD 5 35 1 6 . 5 

DO 1 . 3 4 . 5 2 . 7 M I N G B O O L 
COD 1 0 30 1 8 . 1 

DO 1 . 5 1 0 . 0 4 . 8 Y O U N G 
COD 1 0 80 20 

DO 5 . 4 1 0 . 6 8 . 4 A R E A A 
COD 5 7 0 1 6 . 5 

DO 0 . 5 1 0 6 . 4 A R E A B 
COD 5 80 1 7 . 1 

DO 0 . 5 1 0 . 6 6 . 8 T O T A L A R E A 
COD 5 80 1 7 . 0 

T h e l o w v a l u e s i n d i c a t e t h a t c o n t a m i n a t i o n w i t h o x i d i s a b l e s u b s t a n c e s 

s'uch as o r g a n i c compounds has n o t had a m e a s u r a b l e i m p a c t on t h e g r o u n d w a t e r t o • 

d a t e . T h i s r e f l e c t s t h e a e r o b i c c o n d i t i o n s e x p e c t e d i n t h e u n s a t u r a t e d z o n e , w h e r e 

o x i d i s a b l e m a t e r i a l s w i l l b e o x i d i z e d b e f o r e r e a c h i n g t h e w a t e r t a b l e , and in- t h e 

u p p e r z o n e o f t h e a q u i f e r w h e r e DO i s h i g h . 

O n l y t w o b o r e s w i t h a COD g r e a t e r t h a n 50 mg/1 w e r e e n c o u n t e r e d . B o t h 

s a m p l e s w e r e p u t r i d w a t e r , c o l l e c t e d b y b a i l i n g , and i n d i c a t e c o n t a m i n a t i o n o f t h e 

b o r e w a t e r c o l u m n i t s e l f . 

T h e p l o t o f COD v s DO o n F i g u r e 2 1 shows t h a t s a m p l e s w i t h l o w COD c o v e r 

c o m p l e t e r a n g e o f DO v a l u e s . T h e t w o h i g h e r COD s a m p l e s h a v e l o w DO v a l u e s , 

s u g g e s t i n g d e p l e t i o n o f o x y g e n i n t h e b o r e , as w o u l d be e x p e c t e d . T h e r a n g e o f 

l o w e r DO v a l u e s w i t h l o w COD a r e l i k e l y t o r e f l e c t t w o f a c t o r s : 
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( 1 ) D e p l e t i o n o f o x y g e n by a l i m i t e d p o l l u t i o n l o a d , 

( 2 ) D e p l e t i o n o f o x y g e n due t o o t h e r f a c t o r s - e . g . r e s p i r a t i o n b y 

p l a n t r o o t s . 

Some s a m p l e s known t o be c o n t a m i n a t e d ( e . g . d e a d s h e e p i n w e l l ) d i d n o t 

h a v e a c o r r e s p o n d i n g l y h i g h COD - t h r o w i n g m o r e d o u b t on t h e u s e f u l n e s s o f t h e 

m e t h o d as an i n d i c a t o r o f p o l l u t i o n i n t h i s s i t u a t i o n . 

D . S P E C I A L A N A L Y S E S ( A p p e n d i x K) 

( i ) P h e n o l 

A l l b u t t h r e e a n a l y s e s w e r e b e l o w t h e ' d e t e c t i o n l i m i t ( 1 m g / 1 ) a n d i n d i c a t e 

a l a c k o f c r e o s o t e c o n t a m i n a t i o n i n t h e a q u i f e r i n t h e v i c i n i t y o f t h e S t a t e S a w m i l l 

- w h e r e t h e c r e o s o t e w a s t e s a r e l i k e l y t o r e a c h t h e w a t e r t a b l e . 

W a t e r f r o m b o r e B L A 28 i n t h e M o u n t G a m b i e r m e t r o p o l i t a n a r e a ( a b a i l e d , 

p u t r i d s a m p l e ) was f i r s t r e c o r d e d b y Amdel as 80 mg/1 p h e n o l , and r e - a n a l y s e d a t 

3 m g / 1 . T h e r e s u l t s h a v e no s i g n i f i c a n c e when t h e c o n d i t i o n o f t h e w a t e r s a m p l e i s 

c o n s i d e r e d . 

S a m p l e s f r o m b o r e s B L A 39 and b o r e B L A 82 c o n t a i n 1 mg/T p h e n o l , h o w e v e r 

t h e r e i s no o b v i o u s s o u r c e f o r p h e n o l . 

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

t a s k , and a s i n g l e a n a l y s i s r e s u l t o f 1 mg/1 p h e n o l i s n o t a r e l i a b l e f i g u r e on 

w h i c h t o b a s e a n y c o n c l u s i o n s . 

( i i ) C o p p e r - C h r o m i u m - A r s e n i c 

C o p p e r - A l l b u t t w o s a m p l e s w e r e b e l o w t h e d e t e c t i o n l i m i t . 

B o r e B L A 39 was f o u n d t o c o n t a i n 0 . 0 6 mg/1 C u , and B o r e GAM 1 2 , 0 . 2 6 mg/1 

C u . As C u S 0 4 was u s e d as a p r e s e r v a t i v e ( s e e A p p e n d i x C) i n s a m p l e s t a k e n a t t h e 

same t i m e , t h e m o s t l i k e l y e x p l a n a t i o n o f t h e Cu a n a l y s i s r e s u l t s i s c o n t a m i n a t i o n 

d u r i n g s a m p l i n g , as no o b v i o u s s o u r c e s o f Cu a r e e v i d e n t n e a r t h e b o r e s . 

C h r o m i u m - A l l s a m p l e s w e r e b e l o w t h e d e t e c t i o n l i m i t . 
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A r s e n i c - A l l s a m p l e s w e r e e i t h e r b e l o w t h e d e t e c t i o n l i m i t , o r a t t h a t 

l i m i t ( 0 . 0 0 5 m g / 1 ) . T h i s i s n o t an u n r e a l i s t i c n a t u r a l c o n c e n t r a t i o n , a n d i s n o t 

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

I n summary no s i g n i f i c a n t c o n c e n t r a t i o n s o f c o p p e r , c h r o m i u m o r a r s e n i c 

w e r e d e t e c t e d i n t h e a r e a s a r o u n d t h e S t a t e S a w m i l l and t h e S o f t w o o d H o l d i n g s 

f a c t o r y . I f s i g n i f i c a n t p o l l u t i o n has t a k e n p l a c e , i t has n o t y e t m i g r a t e d as f a r 

as t h e s a m p l i n g p o i n t s . 

E . B A C T E R I O L O G I C A L A N A L Y S E S ( A p p e n d i x L ) 

S a m p l e s w e r e t a k e n f r o m b o r e s u s i n g t h e p o r t a b l e pump w h e r e p o s s i b l e , as i t 

was b e l i e v e d t h a t t h e r i s k o f c o n t a m i n a t i o n was t o o g r e a t w i t h o t h e r s a m p l i n g m e t h o d s . 

A l l b o r e s had b e e n d r i l l e d a t l e a s t t w o m o n t h s p r i o r t o s a m p l i n g , and some w e r e o v e r 

/ 1 y e a r o l d , r e d u c i n g t h e c h a n c e o f c o n t a m i n a t i o n i n t r o d u c e d d u r i n g t h e d r i l l i n g p r o c e s s 

g i v i n g m i s l e a d i n g i n d i c a t i o n s . 

B o l i v a r L a b o r a t o r i e s o f t h e E . & W . S . D e p a r t m e n t , i n w h i c h t h e a n a l y s e s 

w e r e p e r f o r m e d , commented t h a t t h o s e b o r e s w i t h t h r e e i n d i c a t o r conganisms- p r e s e n t 

c o u l d be c o n s i d e r e d p o l l u t e d . GAM 56 i s o m i t t e d f r o m t h e i r l i s t , p r e s u m a b l y due t o 

t h e s m a l l a m o u n t s o f t h e i n d i c a t o r o r g a n i s m s p r e s e n t , a l t h o u g h t h r e e w e r e d e t e c t e d . 

T h e r e s u l t s a r e p r e s e n t e d i n A p p e n d i x K , w i t h comments a b o u t t h e l o c a t i o n 

o f b o r e s , w h e t h e r l o c a l c o n t a m i n a t i o n i s e x p e c t e d , and t h e s a m p l i n g m e t h o d s u s e d . 

S a m p l e s w i t h t h r e e i n d i c a t o r o r g a n i s m s f a l l i n t o t h r e e g r o u p s , w i t h o n l y 

o n e e x c e p t i o n ( B o r e B L A 3 0 ) . 

( 1 ) B o r e s c o n s i d e r e d l i k e l y t o be c o n t a m i n a t e d ( 1 0 s a m p l e s ) 

( 2 ) B o r e s s a m p l e d b y b a i l i n g ( 3 s a m p l e s ) 

( 3 ) B o r e s s a m p l e d w i t h t h e p o r t a b l e p u m p , b u t w h e r e t h e l o w b o r e y i e l d 

d r a s t i c a l l y r e d u c e d p u m p i n g t i m e b e c a u s e t h e b o r e c o l u m n was r a p i d l y 

pumped d r y ( 4 s a m p l e s ) . 

G r o u p s ( 2 ) a n d ( 3 ) r e p r e s e n t p o o r s a m p l i n g t e c h n i q u e s . T h i s was r e a l i s e d 

i n t h e f i e l d , b u t w h e r e t h e E . & W . S . D e p a r t m e n t p e r s o n n e l w e r e on s i t e i t was c o n -

s i d e r e d w o r t h w h i l e t o s a m p l e t h e b o r e . N o t a l l b a i l e d s a m p l e s h a d h i g h b a c t e r i a l 
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c o u n t s ( e . g . b o r e GAM 6 7 ) , b u t a h i g h c o u n t f r o m a s a m p l e o b t a i n e d b y b a i l i n g o r 

s h o r t t e r m p u m p i n g c a n n o t be c o n s i d e r e d t o i n d i c a t e c o n t a m i n a t i o n o f t h e a q u i f e r . 

T h e h i g h l e v e l s o f b a c t e r i a l c o n t a m i n a t i o n i n s a m p l e d b o r e s can be a s -

c r i b e d t o l o c a l b o r e h o l e c o n t a m i n a t i o n o r i m p r o p e r s a m p l i n g . -

No u s e f u l r e l a t i o n s h i p s b e t w e e n b a c t e r i a l c o u n t s and e i t h e r COD o r DO 

w e r e d i s c l o s e d b y t h e s u r v e y . 

F . C O N F I N E D A Q U I F E R S 

B o r e h o l e s B L A 66 and B L A 88 w e r e t h e o n l y pumped s a m p l i n g p o i n t s f o r t h e 

c o n f i n e d a q u i f e r s . 

T h e r e was no i n d i c a t i o n o f c o n t a m i n a t i o n o f t h e a q u i f e r on t h e b a s i s o f 

n i t r a t e o r p h o s p h a t e . D i s s o l v e d o x y g e n was f o u n d t o b e l o w i n b o t h , a n d c o n s i s t e n t 

w i t h t h e r e d u c i n g e n v i r o n m e n t ( b l a c k , p y r i t i c c l a y s ) . 

T h e p r o d u c t i o n b o r e a t t h e W a t t i e - P i c t F a c t o r y has b e e n t e s t e d r e p e a t e d l y 

f o r b a c t e r i o l o g i c a l q u a l i t y b y o f f i c e r s o f t h e E n g i n e e r i n g and W a t e r S u p p l y D e p a r t -

m e n t s i n c e 1 9 7 2 , w i t h c o n s i s t e n t l y n e g a t i v e r e s u l t s ( P . D . H a r v e y , p e r s . c o m m . , 1 9 7 5 ) 

G . C O N C L U S I O N S 

T h e n i t r a t e i o n i s t h e o n l y c o m p o n e n t f o r w h i c h a n a l y s e s w e r e made t h a t 

i s a u s e f u l i n d i c a t o r o f p o l l u t i o n o f t h e G a m b i e r L i m e s t o n e a q u i f e r . O t h e r c o n -

s t i t u e n t s o r a n a l y s e s ( p h o s p h a t e , d i s s o l v e d o x y g e n , c h e m i c a l o x y g e n d e m a n d , b a c t e r i o 

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

e x t r e m e b o r e h o l e c o n t a m i n a t i o n i n a r e s t r i c t e d a r e a . T h e s u b d i v i s i o n o f t h e s a m p l e 

n i t r a t e p o p u l a t i o n on t h e b a s i s o f s a m p l i n g m e t h o d , l o c a l b o r e h o l e e n v i r o n m e n t and 

l o c a t i o n has a l l o w e d c e r t a i n c o n c l u s i o n s t o be d r a w n . 

( i ) T h e r e i s no o v e r a l l c o n t r o l o f n i t r a t e c o n c e n t r a t i o n b y t h e m e t h o d 

o f s a m p l i n g . 

( i i ) When s a m p l e s w e r e d i v i d e d i n t o g r o u p s on t h e b a s i s o f p o l l u t i o n s o u r c e s 

a d j a c e n t t o t h e b o r e h o l e , t h e r e s u l t a n t d i s t r i b u t i o n s had a 20% p r o b a b i l i t y 

o f b e i n g i n d e p e n d e n t . T h i s s u g g e s t s t h a t t h e d i v i s i o n i s v a l i d , b u t t h a t 

t h e l o c a l e n v i r o n m e n t d o e s n o t e x e r t s o l e c o n t r o l o v e r t h e n i t r a t e c o n c e n -

t r a t i o n o f a s a m p l e . 
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( i i i ) S a m p l e s t a k e n f r o m t h e M o u n t G a m b i e r m e t r o p o l i t a n a r e a f o r m a s t a t i s t i c a l l y 

i n d e p e n d e n t g r o u p ( a t a 58% l e v e l o f p r o b a b i l i t y ) f r o m t h e t o t a l s a m p l e 

p o p u l a t i o n . T h u s i t can be s t a t e d t h a t t h e t o p 20 m o f t h e a q u i f e r i n t h a t 
r\ 

a r e a shows s i g n i f i c a n t l y h i g h e r n i t r a t e c o n c e n t r a t i o n s t h a t e l s e w h e r e , p r o -

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

N i t r a t e c o n c e n t r a t i o n s i n t h e g r o u n d w a t e r h a v e n o t y e t s i g n i f i c a n t l y 

a f f e c t e d w a t e r i n t h e B l u e L a k e , b e c a u s e o f t h e s l o w r a t e o f m o v e m e n t o f t h e g r o u n d -

w a t e r , l o w n i t r a t e c o n c e n t r a t i o n s a t d e p t h i n t h e a q u i f e r , and a p o s s i b l e c o n t r i b u -

t i o n o f w a t e r t o t h e l a k e f r o m t h e u n d e r l y i n g c o n f i n e d a q u i f e r . A l o n g t e r m r i s e i s 

l i k e l y u n l e s s t h e r e i s a m a j o r c o n t r i b u t i o n o f w a t e r f r o m t h e c o n f i n e d a q u i f e r t o the> 

l a k e . 

T h e r e i s no e v i d e n c e o f p o l l u t i o n o f t h e c o n f i n e d a q u i f e r u n d e r l y i n g t h e 

G a m b i e r L i m e s t o n e . 

9 . R E C O M M E N D A T I O N S 

A . G E N E R A L 

I t i s c o n c l u d e d t h a t w a t e r s u i t a b l e f o r human c o n s u m p t i o n i s u n l i k e l y t o 

be a v a i l a b l e f r o m u n c o n f i n e d a q u i f e r s i n t h e M o u n t G a m b i e r c i t y a r e a b e c a u s e o f t h e 

p r o b l e m s o f p o l l u t i o n . I n v e s t i g a t i o n s t o d e t e r m i n e t h e e x t e n t o f g o o d q u a l i t y w a t e r 

e l s e w h e r e i n t h e d e e p e r s u b - a q u i f e r o f t h e G a m b i e r L i m e s t o n e : i a r e s t r o n g l y recommended 

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

m e n t o f t h e l o w e r w o u l d i n d u c e . 

A f u r t h e r s t u d y t o d e t e r m i n e t h e p r o p o r t i o n o f B l u e L a k e w a t e r d e r i v e d 

f r o m t h e c o n f i n e d a q u i f e r s i s e s s e n t i a l i f i t s l o n g - t e r m v i a b i l i t y as a t o w n w a t e r 

s u p p l y i s t o be a s s e s s e d . 

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

was d i s c u s s e d i n 1 9 7 3 , b u t l a c k o f f u n d s and s t a f f i n t h e D e p a r t m e n t o f A g r i c u l t u r e 

has p r e v e n t e d f u r t h e r a c t i o n . T h i s i s an i m p o r t a n t p r o j e c t , as t h e s u i t a b i l i t y o f 

a g r i c u l t u r a l p r a c t i c e s on v a r i o u s s o i l t y p e s i n t h e a r e a s h o u l d be a s s e s s e d i n t h e 

c o n t e x t o f g r o u n d w a t e r p o l l u t i o n and r e c h a r g e . 



- 4 8 -

T h e u n r e s o l v e d c o m p o n e n t s o f t h e w a t e r b a l a n c e f o r b o t h a q u i f e r s need 

s t u d y , w i t h i n i t i a l c o n c e n t r a t i o n on r e c h a r g e i n t h e a r e a s o u t h o f M o u n t G a m b i e r , 

and t o t h e c o n f i n e d a q u i f e r n o r t h o f M o u n t G a m b i e r . 

D e t e r m i n a t i o n o f a q u i f e r p a r a m e t e r s a n d c h a r a c t e r i s t i c s o f t h e c o n f i n e d 

a q u i f e r s i s e s s e n t i a l t o e n s u r e t h a t t h e i r d e v e l o p m e n t i s p r o p e r l y m a n a g e d . A s t u d y 

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

l o g y . 

B . MANAGEMENT P R O P O S A L S 

A c t i o n t o c o n t r o l and m o n i t o r t h e e f f e c t s o f m a n ' s a c t i v i t i e s on t h e 

g r o u n d w a t e r r e s o u r c e i s e s s e n t i a l f o r i t s l o n g t e r m p r e s e r v a t i o n . Some a s p e c t s w i l l 

be d e p e n d e n t u p o n f u t u r e s t u d i e s o f , f o r e x a m p l e , a g r i c u l t u r a l p o l l u t i o n and r e d u c -

t i o n o f r e c h a r g e b y f o r e s t s , b u t o t h e r s can be s t a t e d . 

R e l a t i v e l y p o l l u t e d w a t e r s u p p l i e s h a v e b e e n p r o v e d i n as y e t u n d e f i n e d 

a r e a s f r o m t h e m i d d l e z o n e o f t h e G a m b i e r L i m e s t o n e . P r o t e c t i o n o f t h i s w a t e r f r o m 

c o n t a m i n a t i o n b y c o r r e c t b o r e h o l e c o n s t r u c t i o n i s e s s e n t i a l . 

L o c a l i z e d c o n t a m i n a t i o n f r o m s t o c k y a r d s , d a i r i e s e t c . can be d i f f i c u l t 

t o c o n t r o l , b u t c o r r e c t s i t i n g o f s u p p l y b o r e s as f a r as p o s s i b l e f r o m p o l l u t i o n 

s o u r c e s may p r o v i d e a c c e p t a b l e q u a l i t y w a t e r . P u m p i n g w a t e r t o s t o c k t r o u g h s a t 

l e a s t 1 0 0 m e t r e s f r o m s u p p l y b o r e s i s an e x a m p l e w o r t h y o f a d o p t i o n . 

A l t h o u g h l e g i s l a t i o n g i v e s t h e p o w e r t o c o n t r o l w a s t e d i s p o s a l , t h e r e a r e 

s t i l l many o u t s t a n d i n g e x a m p l e s o f p o l l u t i o n h a z a r d s , and a b u s e s o f a u t h o r i z e d 

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

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

a q u i f e r s t o a minimum p r i o r t o t h e e n a c t m e n t o f p r o t e c t i v e l e g i s l a t i o n . P r o p e r c o n -

s t r u c t i o n m e t h o d s a r e now m a n d a t o r y f o r a n y b o r e p e n e t r a t i n g t h e m . 

T h e m a i n r e q u i r e m e n t o f management a t t h i s s t a g e i s t o e n s u r e t h a t b o r e s 

e x p l o i t i n g t h e c o n f i n e d a q u i f e r s a r e p r o p e r l y c o n s t r u c t e d , and s i t e d s u i t a b l y t o 

m i n i m i s e i n t e r f e r e n c e e f f e c t s . D i g i t a l o r a n a l o g u e m o d e l l i n g t e c h n i q u e s c o u l d w e l l 

be u s e d i n t h e f u t u r e when more a q u i f e r p a r a m e t e r s h a v e b e e n d e t e r m i n e d . M a i n t e n -
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a n c e o f t h e h y d r a u l i c h e a d a b o v e t h a t i n t h e u n c o n f i n e d a q u i f e r s i s d e s i r a b l e , t o 

e n s u r e t h a t d o w n w a r d l e a k a g e o f p o l l u t e d w a t e r c a n n o t o c c u r . T h i s may p r o v e 

e s s e n t i a l t o c o n t r o l w a t e r q u a l i t y i n t h e B l u e L a k e , i f i t i s p r o v e d t h a t a m a j o r 

p r o p o r t i o n o f i t s w a t e r comes f r o m t h e c o n f i n e d a q u i f e r s . 

J D W : F d e A J . D . W A T E R H O U S E 
1 5 / 7 / 7 5 G E O L O G I S T " 

1 0 . A C K N O W L E D G E M E N T S 

T h e a u t h o r w o u l d T i k e t o t h a n k P r o f e s s o r H o l m e s a n d D r . V e e h , o f 

F l i n d e r s U n i v e r s i t y , f o r t h e i r h e l p f u l s u p e r v i s i o n . M i c h a e l C o b b , o f t h e S o u t h 

A u s t r a l i a n D e p a r t m e n t o f M i n e s , d e s e r v e s s p e c i a l t h a n k s f o r n o t o n l y b e g i n n i n g t h e 

p r o j e c t , b u t a l s o b e i n g w i l l i n g t o d i s c u s s i t p a t i e n t l y f o r m o r e t h a n t w o y e a r s . 

P e r m i s s i o n t o u s e d a t a f r o m t h e D e p a r t m e n t o f M i n e s , t h e E n g i n e e r i n g a n d 

W a t e r S u p p l y D e p a r t m e n t a n d t h e G e n e r a l E x p l o r a t i o n Company o f A u s t r a l i a P t y . L t d . 

i s g r a t e f u l l y a c k n o w l e d g e d . 

T h e c o n t i n u o u s e n t h u s i a s m o f b o t h F r e d a n d J a n A s l i n a t M o u n t G a m b i e r 

s t i m u l a t e d t h e p r o j e c t ' s d e v e l o p m e n t a t a l l s t a g e s . 

S t e v e B a r n e t t a s s i s t e d g r e a t l y w i t h e a r l y c o m p i l a t i o n o f d a t a . Many 

r o u t i n e c a l c u l a t i o n s a n d s t a t i s t i c a l a n a l y s e s o f d a t a w e r e p e r f o r m e d b y t h e G e o -

p h y s i c a l S e r v i c e s S e c t i o n o f t h e D e p a r t m e n t o f M i n e s w i t h t h e a i d o f G r a h a m 

P i l k i n g t o n . 

J e f f V a l e n t i n e c a r r i e d o u t t h e s u r v e y o f l a n d - u s e a d j a c e n t t o t h e o b -

s e r v a t i o n b o r e s s a m p l e d i n t h e p o l l u t i o n s u r v e y . 
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R e p o r t N o . 1 . S . A u s t . Depto M i n e s u n p u b l i s h e d R e p o r t R . B . 7 3 / 1 6 6 . 
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A P P E N D I X A 

D i s c u s s i o n o f C a b l e - t o o l D r i l l S a m p l i n g 

a n d I n t e r p r e t a t i o n 



(1) 

M e t h o d s o f D r i l l i n g and G e o l o g i c a l S a m p l i n g 

A l l b o r e s w e r e d r i l l e d w i t h c a b l e - t o o l r i g s by t h e p e r c u s s i o n m e t h o d . 

T h i s e n t a i l s t h e r e g u l a r l i f t i n g and d r o p p i n g o f a d r i l l s t r i n g c o n s i s t i n g o f a b i t , 

s i n k e r b a r ( f o r a d d i t i o n a l w e i g h t ) and j a r s ( u s e d t o f r e e jammed b i t s ) , - U s i n g w a t e r 

p o u r e d down t h e h o l e o r t h a t o c c u r r i n g n a t u r a l l y i n t h e f o r m a t i o n t h i s m e t h o d c r u s h e s 

t h e r o c k m a t e r i a l t o f o r m a s l u d g e , w h i c h i s p e r i o d i c a l l y w i t h d r a w n f r o m t h e h o l e 
/ 

( a n d s a m p l e d ) w i t h a b a i l e r ( a n o p e n t u b e , w i t h a f l a p v a l v e a t i t s b a s e ) . 

S l u d g e s a m p l e s w e r e t a k e n e v e r y 2 m, w i t h t h e c a s i n g d r i v e n ( i n m o s t c a s e s ) 

c l o s e b e h i n d t h e b i t a t a l l t i m e s t o m i n i m i z e c o n t a m i n a t i o n o f w a t e r a n d s l u d g e sampl 

f r o m h i g h e r l e v e l s . 

S e v e r a l f a c t o r s t h e r e f o r e c o m p l i c a t e i n t e r p r e t a t i o n o f t h e g e o l o g i c a l 

l o g . 

( 1 ) G r a i n s i z e 

T h e o b s e r v e d g r a i n s i z e o f a s a m p l e w i l l d e p e n d u p o n t h e t i m e e l a p s e d b e f o r e 

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

g r a i n s s u c h as b r y o z o a l f r a g m e n t s f r o m t h e a c t i o n o f t h e b i t , and t h e o r i g i n a l 

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

S o r t i n g o f g r a i n s w i l l t a k e p l a c e w i t h i n t h e b o r e h o l e , t h e b a i l e r and t h e 

s l u d g e t r e n c h and b u c k e t f r o m w h i c h t h e s a m p l e i s t a k e n f o r b a g g i n g . 

( 2 ) L a y e r i n g 

A n y s e d i m e n t a r y l a y e r i n g w i l l be t o t a l l y o b l i t e r a t e d e x c e p t f o r e x a m p l e i n 

t h e c a s e o f a l a y e r e d c l a y / s a n d , w h e r e l a y e r i n g may be p r e s e r v e d i n s m a l l 

lumps ( 2 t o 3 cm) b r o u g h t up on t h e b a i l e r . 

A n y m a j o r l i t h o l o g i c a l v a r i a t i o n s a c c o m p a n y i n g l a y e r i n g , b u t t h i n n e r t h a n t h e 

2 m s a m p l i n g i n t e r v a l , w i l l t e n d t o be masked b y o t h e r m a t e r i a l t o a d e g r e e 

c o n t r o l l e d by t h e t h i c k n e s s o f t h e l a y e r and t h e s k i l l o f t h e d r i l l e r i n 

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



( i i ) 

T h i n m a r l s a n d f l i n t l a y e r s w h i c h c a n be o b s e r v e d i n s i n k h o l e e x p o s u r e s 

a r e g o o d e x a m p l e s . 

T h e s e p r o b l e m s c a n be o v e r c o m e t o some d e g r e e b y t a k i n g t u b e s a m p l e s - a 

m e t h o d i n v o l v i n g t h e d r i v i n g o f a t u b e v e r t i c a l l y i n t o t h e m a t e r i a l a t t h e b o t t o m 

o f a h o l e . T h i s i s o n l y s a t i s f a c t o r y f o r s o f t e r l a y e r s when u s i n g a c a b l e t o o l r i g . 



A P P E N D I X B 

Summary o f I n v e s t i g a t i 



( 1 ) 

SUMMARY O F I N V E S T I G A T I O N S 

I n v e s t i g a t i o n s c a r r i e d o u t can be d i v i d e d i n t o t h r e e c a t e g o r i e s : 

1 . S t r a t i g r a p h i c i n v e s t i g a t i o n s 

E i g h t s t r a t i g r a p h i c b o r e s w e r e d r i l l e d , w i t h a c o m b i n e d d e p t h o f a p p r o x i -

m a t e l y 1 7 0 0 m. T h e i r p u r p o s e was t o i n v e s t i g a t e t h e G a m b i e r L i m e s t o n e a q u i f e r i n 

t e r m s o f i t s p e r m e a b i l i t y f a b r i c and t h i c k n e s s , i n o r d e r t o p r o v i d e a g e o l o g i c a l 

f r a m e w o r k f o r t h e o b s e r v e d h y d r o g e o l o g i c a l f e a t u r e s . 

T a b l e ( p a g e I X ) shows t h e h y d r o g e o l o g i c a l e n v i r o n m e n t f o r e a c h o f t h e 

s t r a t i g r a p h i c b o r e s , p a r t l y as p r o p o s e d b y H a r r i s ( 1 9 7 1 ) . 

T A B L E I X - S t r a t i g r a p h i c B o r e S i t e s 

BORE NUMBER D E P T H (m) REMARKS 

B L A 7 6 1 7 1 L o c a t e d i n t h e z o n e o f s t e e p w a t e r t a b l e 
g r a d i e n t n o r t h o f M t . G a m b i e r . 

B L A 7 7 1 3 2 L o c a t e d i n t h e e x t r e m e l y " f l a t " w a t e r 
t a b l e z o n e s u r r o u n d i n g t h e B l u e L a k e . 

CAR 9 226 L o c a t e d t o t h e e a s t o f t h e p o s s i b l e f l o w 
p a t h s u g g e s t e d b y w a t e r t a b l e c o n t o u r s . 

CAR 1 0 300 D r i l l e d a t t h e c o a s t t o e x a m i n e t h e s a l t -
w a t e r i n t e r f a c e n e a r t h e a b o v e m e n t i o n e d 
f l o w p a t h . 

CAR 1 1 2 9 8 D r i l l e d a t t h e c o a s t t o e x a m i n e t h e 
s a l t w a t e r i n t e r f a c e n e a r P i c c a n i n n i e P o n d s . 

GAM 7 2 1 8 5 D r i l l e d i n an a r e a o f m o d e r a t e h y d r a u l i c 
g r a d i e n t e a s t o f M t . G a m b i e r t o e x a m i n e 
t h e u p p e r K n i g h t F o r m a t i o n a q u i f e r ( s ) . 

", MAC 35 2 1 8 L o c a t e d i n t h e p o s s i b l e f l o w p a t h s o u t h 
o f M t . G a m b i e r . 

K0N 1 1 9 1 L o c a t e d t o t h e w e s t o f t h e p o s s i b l e 
f l o w p a t h . 

T h e b o r e l o c a t i o n s a r e shown on F i g u r e 3 a n d Map 1 . S l u d g e , b i t and t u b e 

s a m p l e s w e r e t a k e n f o r g e o l o g i c a l a n d p a l a e o n t o l o g i c a l e x a m i n a t i o n s , and t h e g e o -

l o g i c a l l o g s a r e c o m p i l e d i n A p p e n d i x B . 



( i i ) 

A l l b o r e s w e r e g e o p h y s i c a l l y l o g g e d , b u t t h e i r i n t e r p r e t a t i o n i s n o t 

w i t h i n t h e s c o p e o f t h i s , t h e s i s . 

S e v e r a l o f t h e g r i d o b s e r v a t i o n b o r e s a l s o p e n e t r a t e d t h e f u l l G a m b i e r 

L i m e s t o n e s e q u e n c e and w h e r e a p p r o p r i a t e t h e y h a v e b e e n u s e d f o r t h e i r s t r a t i g r a p h i c 

i n f o r m a t i o n . 

A l l s t r a t i g r a p h i c b o r e s e x c e p t CAR 9 , K0N 1 a n d MAC 35 f u l l y p e n e t r a t e d 

t h e G a m b i e r L i m e s t o n e , t h e r e m a i n i n g t h r e e b e i n g h a l t e d when i t was c o n s i d e r e d t h a t 

t h e m a r k e d l y p e r m e a b l e z o n e s o f t h e G a m b i e r L i m e s t o n e had b e e n p e n e t r a t e d . T h e 

d e c i s i o n t o s t o p d r i l l i n g was p r o b a b l y u n f o r t u n a t e , i n r e t r o s p e c t , as t h e b o r e s a r e 

i n an a r e a w h e r e d a t a i s s c a r c e . A l l w e r e c o m p l e t e d as o b s e r v a t i o n b o r e s i n t h e u n -

c o n f i n e d a q u i f e r . 

2 . O b s e r v a t i o n B o r e s 

T h e i n i t i a l " 1 m i l e g r i d " o f o b s e r v a t i o n b o r e s a t M o u n t G a m b i e r was l a i d 

o u t i n 1 9 7 1 by h y d r o g e o l o g i s t M . A . C o b b , w i t h s i t e s i n and n e a r t h e M o u n t G a m b i e r 

c i t y a r e a ( p e g g e d f o r d r i l l i n g w h e r e p r i v a t e b o r e s w e r e u n a v a i l a b l e ) a t a s p a c i n g o f 

a b o u t 1 . 5 km. 

D r i l l i n g o f t h e o b s e r v a t i o n b o r e s commenced i n m i d 1 9 7 1 , and b y l a t e 1 9 7 2 , 

a t o t a l o f 63 b o r e s h a d b e e n c o m p l e t e d . B o r e s w e r e u s u a l l y d r i l l e d t o p e n e t r a t e 

a b o u t 1 0 m o f t h e a q u i f e r t o a l l o w s u f f i c i e n t a v a i l a b l e d r a w d o w n f o r s a m p l i n g w i t h 

t h e p o r t a b l e pump u n i t , w i t h e x c e p t i o n s w h e r e b o r e s w e r e d e e p e n e d t o o b t a i n s t r a t i -

g r a p h i c i n f o r m a t i o n . B o r e s w e r e c o m p l e t e d w i t h 6 i n c h c a s i n g a n d f i t t e d w i t h a 

l o c k e d . c a p and a ^ i d e n t i f i c a t i o n m a r k e r . 

T h e o r i g i n a l g r i d was e x t e n d e d d u r i n g 1 9 7 2 , p a r t i c u l a r l y t o t h e n o r t h w e s t , 

t o e x a m i n e i n t e r e s t i n g f e a t u r e s i n t h e w a t e r t a b l e c o n t o u r p l a n s r e v e a l e d by t h e 

e a r l y w a t e r l e v e l m e a s u r e m e n t s . 

T h e g r i d , m e a s u r e d a n d s a m p l e d i n l a t e 1 9 7 2 , c o n t a i n e d a t o t a l o f 2 5 8 

b o r e s , i n c l u d i n g 3 - m i l e g r i d b o r e s w h i c h f o r m a n e t w o r k c o v e r i n g m o s t o f t h e S o u t h 

E a s t o f t h e S t a t e . 



(111) 

3 . P o l l u t i o n S t u d y 

S a m p l e s w e r e t a k e n s y s t e m a t i c a l l y f r o m t h e o b s e r v a t i o n b o r e s and some 

s p r i n g s a n d s i n k h o l e s (Map 1 ) t o o b t a i n a c o n t r o l l e d , r e g i o n a l s e t o f d a t a . T h e s e 

d a t a w e r e t h e n a v a i l a b l e f o r a s s e s s m e n t o f t h e d e g r e e o f c o n t a m i n a t i o n o f t h e 

a q u i f e r i n such t e r m s as s p a t i a l d i s t r i b u t i o n o f p o l l u t a n t s , w i t h p a r t i c u l a r r e f e r e n c e 

t o t h e M o u n t G a m b i e r c i t y a r e a . 



A P P E N D I X C 

W a t e r S a m p l i n g a n d A n a l y s i s M e t h o d s 



( i ) 

W a t e r S a m p l i n g a n d A n a l y s i s M e t h o d s 

A . G E N E R A L 

T h e s a m p l i n g p r o g r a m m e commenced i n l a t e O c t o b e r , 1 9 7 2 a n d was c o m p l e t e d 

i n e a r l y D e c e m b e r , 1 9 7 2 . W a t e r s a m p l e s w e r e t e s t e d i n t h e f i e l d f o r p H , t e m p e r a t u r e 

and d i s s o l v e d o x y g e n c o n t e n t . 

T h r e e p a r a m e t e r s w e r e e x p e c t e d t o v a r y s i g n i f i c a n t l y a f t e r s a m p l i n g , a n d 

m e a s u r e m e n t s made some t i m e l a t e r w o u l d t h e r e f o r e h a v e b e e n u s e l e s s . 

pH was m e a s u r e d w i t h a P Y E Model 293 M e t e r w i t h manual t e m p e r a t u r e com-

p e n s a t i o n . D i s s o l v e d o x y g e n ( D . 0 . ) was m e a s u r e d w i t h an E . I . L . Model 1 5 2 0 p o r t a b l e 

D i s s o l v e d O x y g e n M e t e r w i t h a u t o m a t i c t e m p e r a t u r e c o m p e n s a t i o n . C o n d u c t i v i t y was 

m e a s u r e d w i t h an E l e c t r i c S w i t c h g e a r E l e c t r o l y t i c C o n d u c t i v i t y M e a s u r i n g S e t , Model 

M C - 1 , m a r k V . T e m p e r a t u r e was m e a s u r e d w i t h a m e r c u r y t h e r m o m e t e r , o r t h e t e m p e r a -

t u r e s c a l e on t h e D . 0 . m e t e r , ( w h i c h was c a l i b r a t e d w i t h t h e m e r c u r y t h e r m o m e t e r ) . 

I t was c o n s i d e r e d f e a s i b l e t o t a k e s a m p l e s f o r b a c t e r i o l o g i c a l a n a l y s i s 

f r o m t h o s e b o r e s pumped w i t h t h e p o r t a b l e pump u n i t . F o r t h i s p u r p o s e t h e pump 

u n i t was s t e r i l i s e d e v e r y m o r n i n g d u r i n g t h e p u m p i n g p r o g r a m m e , w i t h a s o l u t i o n o f 

S o d i u m H y p o c h l o r i t e . One t e a s p o o n f u l t o 4 4 g a l l o n s g a v e a s o l u t i o n o f a p p r o x i m a t e l y 

20 ppm f r e e c h l o r i n e , w h i c h , c i r c u l a t e d f o r 1 5 - 2 0 m i n u t e s was a d e q u a t e t o s t e r i l i s e 

t h e u n i t . T h e c o n c e n t r a t i o n was d e c i d e d a f t e r c o n s u l t a t i o n w i t h M r . R o b e r t T u c k e r 

o f t h e E . & W . S . D e p a r t m e n t . T h e f l u s h i n g a c t i o n o f 30 m i n u t e s p u m p i n g f r o m a b o r e , 

p r i o r t o s a m p l i n g , was c o n s i d e r e d s u f f i c i e n t t o p r e v e n t c o n t a m i n a t i o n ( f r o m b o r e s 

a l r e a d y pumped) o f w a t e r f r o m b o r e s s a m p l e d l a t e r . 

S a m p l e s w e r e a n a l y s e d a t Amdel f o r t h e f o l l o w i n g c o n s t i t u e n t s : 

N a + , K + , C a + + , M g + + , C I " , HC03 , S O ^ , N O ^ , P O ^ , C h e m i c a l O x y g e n Demand ( C O D ) . 

As s a m p l e s w e r e f o r w a r d e d p r o m p t l y t o A m d e l , M r . N e v i l l e B l e s i n g , a G r o u p L e a d e r 

i n t h e C h e m i c a l M e t a l l u r g y S e c t i o n , d i d n o t c o n s i d e r t h a t s i g n i f i c a n t c h a n g e i n 

c o n s t i t u e n t s s u c h as b i c a r b o n a t e w o u l d t a k e p l a c e i f t h e s a m p l e b o t t l e s w e r e com-

p l e t e l y f i l l e d and t i g h t l y s e a l e d . 



( i i ) 

A l l s a m p l e s f o r b a c t e r i o l o g i c a l e x a m i n a t i o n a t t h e B o l i v a r L a b o r a t o r i e s 

o f t h e E . & W . S . D e p a r t m e n t w e r e c o l l e c t e d d u r i n g t h e s a m p l i n g programme by M r . 

D a v i d M a l o n e y o f t h e M o u n t G a m b i e r R e g i o n a l B r a n c h o f t h a t D e p a r t m e n t . 

T h r e e a d d i t i o n a l t y p e s o f a n a l y s i s w e r e made on c e r t a i n s a m p l e s , t w o o f 

w h i c h r e q u i r e d a d d i t i o n o f r e a g e n t s i n . t h e f i e l d as p r e s e r v a t i v e s . 

1 . T o t a l N i t r o g e n A n a l y s i s - a d d i t i o n o f 0 . 8 ml. o f c o n c e n t r a t e d s u l p h u r i c 

a c i d p e r s a m p l e . 

2 . P h e n o l A n a l y s i s - P h o s p h o r i c a c i d t o l o w e r pH ( a b o u t 5 m l / s a m p l e ) a n d 1 g 

c o p p e r s u l p h a t e p e r s a m p l e . 

3 . C o p p e r - c h r o m i u m - a r s e n i c a n a l y s i s - no r e a g e n t s a d d e d . 

A l l s a m p l e s w e r e c o l l e c t e d i n 1 l i t r e , p l a s t i c , s c r e w t o p b o t t l e s . S a m p l e s 

f o r T o t a l N i t r o g e n and P h e n o l a n a l y s i s w e r e a i r f r e i g h t e d t o A d e l a i d e d a i l y f o r 

p r o m p t a n a l y s i s . 

B . S A M P L I N G METHODS 

A . Pumped B o r e s ( 7 7 s a m p l e s ) 

W h e r e v e r p o s s i b l e b o r e s w e r e s a m p l e d u s i n g t h e M i n e s D e p a r t m e n t p o r t a b l e 

pump u n i t ( s e e W a t e r h o u s e ( 1 9 7 3 ) , f o r d e t a i l s o f o p e r a t i o n ) , as t h i s was b e l i e v e d 

t o g i v e t h e b e s t s a m p l e o f w a t e r f r o m t h e a q u i f e r b y v i r t u e o f i t s c a p a c i t y ( a b o u t 

2 . 5 1 / s , much g r e a t e r t h a n a w i n d m i l l p u m p ) . B o r e s w e r e pumped f o r a minimum o f 

30 m i n u t e s w h e r e p o s s i b l e ( t o pump o u t t h e e n t i r e b o r e w a t e r c o l u m n ) t h e w a t e r 

b e i n g c o n t i n u o u s l y r u n t h r o u g h a 44 g a l l o n drum t o p r o v i d e a c o n t i n g e n c y s a m p l e . 

Some b o r e s pumped d r y i n a m a t t e r o f m i n u t e s , j u s t i f y i n g t h e p r e c a u t i o n . 

T h e w a t e r h o s e was c u r l e d h o r i z o n t a l l y f o r a minimum o f t w o t u r n s i n t h e 

b a s e o f t h e drum t o m i n i m i z e t h e v e r t i c a l v e l o c i t y c o m p o n e n t o f t h e w a t e r . T h i s 

r e d u c e d c i r c u l a t i o n o f w a t e r w i t h i n t h e drum i n o r d e r t o k e e p e r r o r s i n D . O . 

m e a s u r e m e n t s t o a m i n i m u m , as m e a s u r e m e n t s showed a g r a d u a l i n c r e a s e i n d i s s o l v e d 

o x y g e n w i t h t i m e when e x t r e m e t u r b u l e n c e o f drum w a t e r o c c u r r e d . 

D . 0 . was m e a s u r e d w i t h t h e e l e c t r o d e n e a r t h e b o t t o m o f t h e drum t o 

m i n i m i s e d i s s o l u t i o n o f o x y g e n b y s a m p l e w a t e r i n c o n t a c t w i t h t h e a t m o s p h e r e . 



( i i i ) . 

T e m p e r a t u r e a n d pH w e r e a l s o m e a s u r e d i n t h e f l o w i n g w a t e r , a n d w e r e 

f o u n d t o s t a b i l i s e e a r l y i n t h e p u m p i n g p e r i o d . 

S a m p l e s w e r e t a k e n as n e a r , a s p o s s i b l e t o t h e e n d o f t h e p u m p i n g p e r i o d 

t o o b t a i n as r e p r e s e n t a t i v e a s a m p l e as p o s s i b l e . 

B . W i n d m i l l S a m p l e s ( 1 1 9 s a m p l e s ) 

M o s t w i n d m i l l s a m p l e s w e r e t a k e n f r o m t h e o u t l e t p i p e ( g e n e r a l l y a b o v e a 

s t o r a g e t a n k ) and f i e l d m e a s u r e m e n t s made as s o o n as was p r a c t i c a b l e . Some w i n d m i l l s 

w e r e n o t r o t a t i n g ( s w u n g o u t o f t h e w i n d b y t a n k f l o a t , o r v i s i t e d d u r i n g c a l m c o n -

d i t i o n s ) a n d ' w e r e s t a r t e d a n d / o r o p e r a t e d m a n u a l l y . M o s t s a m p l e s w e r e c l e a r b u t some 

w e r e r u s t y . 

C . B a i l e d S a m p l e s ( 5 8 s a m p l e s ) 

Some u n e q u i p p e d b o r e s w e r e e i t h e r i n a c c e s s i b l e t o t h e p o r t a b l e pump o r 

o f s m a l l d i a m e t e r . T h e s e and s i n k h o l e s , s p r i n g s , and i n o p e r a t i v e w i n d m i l l s w e r e 

s a m p l e d w i t h a b a i l e r . F i e l d m e a s u r e m e n t s w e r e made as s o o n as p o s s i b l e a f t e r 

s a m p l i n g . 



A P P E N D I X D 

G l o s s a r y o f T e r m s 



( 1 ) 

G l o s s a r y o f Terms 
( A f t e r Cobb and W a t e r h o u s e ( 1 9 7 4 ) ) 

A q u i f e r : A f o r m a t i o n , g r o u p o f f o r m a t i o n s , o r p a r t o f a f o r m a t i o n t h a t c o n t a i n s 

s u f f i c i e n t s a t u r a t e d p e r m e a b l e m a t e r i a l t o y i e l d s i g n i f i c a n t q u a n t i t i e s 

o f w a t e r t o w e l l s and s p r i n g s . 

C o n f i n e d G r o u n d w a t e r : C o n f i n e d g r o u n d w a t e r i s u n d e r p r e s s u r e , s i g n i f i c a n t l y 

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

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

t h e c o n f i n e d w a t e r o c c u r s . 

C y c l i c S o d i u m C h l o r i d e : T h a t p r o p o r t i o n o f t h e d i s s o l v e d N a C l w h i c h i s d e r i v e d 

d i r e c t l y f r o m t h e o c e a n s as s p r a y a n d i n c o r p o r a t e d i n d r o p l e t s w i t h i n 

c l o u d s t o f a l l as r a i n . 

G r o u n d w a t e r : T h a t p a r t o f s u b s u r f a c e w a t e r i n c o m p l e t e l y s a t u r a t e d i n t e r s t i c e s . 

H y d r a u l i c C o n d u c t i v i t y : I f a p o r o u s medium i s i s o t r o p i c a n d t h e f l u i d i s homo-

g e n e o u s , t h e h y d r a u l i c c o n d u c t i v i t y o f t h e medium i s t h e v o l u m e o f w a t e r 

a t t h e e x i s t i n g k i n e m a t i c v i s c o s i t y t h a t w i l l move i n u n i t t i m e u n d e r a 

u n i t h y d r a u l i c g r a d i e n t t h r o u g h a u n i t a r e a m e a s u r e d a t r i g h t a n g l e s t o 

t h e d i r e c t i o n o f f l o w . U n i t s L 3 T - l L - 2 . 

S p e c i f i c Y i e l d : T h e r a t i o o f t h e v o l u m e o f w a t e r w h i c h t h e r o c k o r s o i l , a f t e r 

b e i n g s a t u r a t e d , w i l l y i e l d b y g r a v i t y t o t h e v o l u m e o f t h e r o c k o r s o i l . 

T h e d e f i n i t i o n i m p l i e s t h a t g r a v i t y d r a i n a g e i s c o m p l e t e . ( D i m e n s i o n l e s s ) . 

T r a n s m i s s i v i t y : T h e r a t e a t w h i c h w a t e r o f t h e p r e v a i l i n g k i n e m a t i c v i s c o s i t y i s 

t r a n s m i t t e d t h r o u g h a u n i t w i d t h o f t h e a q u i f e r u n d e r a u n i t h y d r a u l i c 

g r a d i e n t . U n i t s l W 1 . 



( i i ) 

W a t e r t a b l e : T h e w a t e r s u r f a c e i n an u n c o n f i n e d g r o u n d w a t e r b o d y a t w h i c h t h e 

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

s t a n d s i n w e l l s t h a t j u s t p e n e t r a t e t h e w a t e r b o d y . I n w e l l s w h i c h 

p e n e t r a t e t o g r e a t e r d e p t h s , t h e w a t e r l e v e l w i l l s t a n d a b o v e o r b e l o w 

t h e w a t e r t a b l e i f an u p w a r d o r d o w n w a r d c o m p o n e n t o f g r o u n d w a t e r f l o w 

e x i s t s . 

W a t e r T a b l e C o n t o u r : A l i n e j o i n i n g p o i n t s on t h e w a t e r t a b l e w h i c h h a v e t h e same 

s t a t i c h e a d , o r h e i g h t a b o v e a s t a n d a r d d a t u m . U n i t s L . 

U n c o n f i n e d G r o u n d w a t e r : W a t e r i n an a q u i f e r t h a t has a w a t e r t a b l e as i t s u p p e r 

s u r f a c e . 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA 

BORE LOG * HYNOGEOLOGY 

SHEET 1 OF<R 

Purpose of Bore Observation . 
Hundred . Blanche 
owner. Dept. of.Mines 
Driller. R.B, Tpohey. . . 
Commenced. 27/3/7? Completed 
Driii type Gable Tool circulation Water. 

Section 
Address .Adelaide 

8/4/72 R.L. Collar (M.S.L.) 
R.L. Surface 

Loggedby J . Ij . IVa t erh.0 U S Qjpte 27/2/gg.ng 4" 15. ̂  . Zone . 

State No. 246Q71.502 
Bore Serial No. 1 2 5 / 7 2 -

Project No. B L A .. 6 6 

Docket No. 231/69 
Depth 3 5 m . 
Co-ords E . 

N . 
DEPTH (m i WATER LEVEL (m SUPPLY- (/sec HOW TESTED TOTAL SALTS mg/j ANALYSIS No. 

17 
3Q 

1.4.06 
1.7.65 1 Bailer . 41.5 

470 
500 

V / . 1 7 7 0 / 7 2 

w . . 1 7 7 1 / 7 2 
w . . i 7 7 2 / 7 2 

REMARKS . Completed, tp o.bserve water, levels in the Knight formation 
• aquifer. 6" casing cemented-by dump bailing 

o z 
< u 

7 8 

DESCRIPTION 

0-0.5m SOIL Dark brown silty clay with 30-50% 

0.5-6m 

6-12m 

i — 

quartz arenite to 0.2mm, fawn, some 
well cemented, white calcarenite -fragments 
CALCARENITE At least 50% bryozoal 
fragments, max.1-2mm. The rest 
calcareous grains, subangular, max. 
1-2mm. 

rarely stained 
yellow. Minor silt and marl. Buff. 

CALCARENITE Well cemented, angular, 
brown fragments to 5mm. Minor bryozoal 
fragments to 2mm, minor subangular 
quartz- to 0.2 mm. 20% Marl. 
Overall light brown. 

IOJ £ 

12-17m CALCARENITE Well cemented, angular, 
brown fragments to 5mm. 50% bryozoal 
fragments to 6mm. Minor silt and marl. 
Light brown. 

15 



CALCARENITE 30% bryozoal and other 
fossil fragments to 5mm. The remainder 
angular calcarenite fragments of two 

17-18 m ^pes. 
' A»... white bryozoal calcarenite. 

B. grey/white/brown colours, massive, 
minor black specks. 

18-20 m ARENITE 75% quartz grains-
colourless, milky and brown (stained 
0.1 - 3mm. Subangular to rounded. 
2.5% Dark brown, ferruginous grains 
to 4mm. 
Minor bryozoal fragments. 

20-22ru LUTITE Dark brown. 50% arenite as above 
?2-23m LUTITE Dark brown. Plentiful fine mica. 

Less than 5% silt size colourless 
quartz. Minor black subangular 
grains 1-2nm. 

23-30n LUTITE Contains minor rounded to sub-
rounded colourless quartz, silt size 
to 2 mm. Up to 5% fine mica and 
rare angular rock fragments and 
corroded pyrite grains. Carbonaceous 

30-31m ARENITE Pebbly. Sand size 50%. Rudite 
size 50%. Some binding black cley. 
Well rounded quartz pebbles to 2cm. 
(Milky - colourless) 

?1-J2m ARENITE Coarse grained rounded - sub-
rounded quartz. Up to 2.5mm, pale 
blue-colourless.10% Carbonaceous 
clay binding. 

32-33m ARENITE Even grained, well rounded 
quartz average grain size 1mm, in 
black clay. Quartz colourless and 
milky. 

33-33 LUTITE Black, with common fine mica 
flakes. 50% poorly sorted quartz 
arenite. Angular to subrounded, 
O.3-5.On. 

END. 



DEPARTMENT OF MINES — SOUTH AUSTRALIA 

BORE LOG HYDROGEOLOGY 

SHEET 1 on 3 

Purpose of Bore Observation . 
Hundred B l a n c h e Section 
Owner. Dept. Of Mines ; Address 
Driiier. Fred Farrow .. 
Commenced. .30..5 ,7.2 Completed 6..6.,72 . 
Drill type Cable. Tool Circulation W^ter 
Logged by . F.. As.lin. . Dote 2.-3/8/72 

State No. 246058801 
Rd. side adj.sect.588 Bore Serioi No. 149/72 
Adelaide 

R.L. Collor (M.S.L.) . 
R.L. Surfoce 
Cosing5.92 m Zone 

Project No. BIA.72 
Docket No. 231/69 

45 m Depth 
Co-ords E 

N 
DEPTH imi WATER LEVEL (m 1 SUPPLY- HOW TESTED TOTAL SALTS mgfe ANALYSIS No. 

•28:20- • 26.07-
. • '• • 

470 

500 

W. 2545/72 

W. 2546/72 

REMARKS . 

0 
Z to 
6 
1 • 

i h-
a. Ui Q 
A 

l i 

z-o 
H t- < 
UJ OC Z . 

DESCRIPTION 

\ 

.1 \ 

V» 
V 0 

«o -5-. 

-10-

0.0 - 4.0 m Dolomitic calcarenite,pink; 30% angular to 
well rounded quartz arenite, 0.2-0.4 mm 
(occasionally to 1 mm); up to 10% of fragments 
strongly effervescent in 10% HCL; 5% of materia; 
ferruginous cement (dark red-brown; minor marl. 

4.0 - 6.0 m Dolomitic calcarenite, pink; 30% angular to 
well rounded quartz arenite 0.1 - 0.2 mm; up 
to 10% of fragments strongly effervescent in 
10% HCL: Minor marl. 

6.0 - 8.0 m Dolomitic calcarenite,pink; § fossiliferous 
calcarenite off white, in.-approx. equal 
proportions; minor quartz arenite & marl. 

8.0 - 10.0m*fossiliferous calcarenite, off white, fossil 
fragments to 3 mm, minor pink dolomitic 
calcarenite, quartz arenite § marl 

10.0 - 12.0 m Approx. equal proportions of dolomitic calcareni :e 
pink; 5 fossiliferous calcarenite, off white, 

L2.0 - 14.0 

fossil fragments to 2mm. Minor quartz arenite 
(0.1 - 0.2m) § marl. 
No sample 

14.0 - 26.0 m Arenaceous calcarenite,pink, marly. Grains 0.2mm 
Proportion quartz arrenite .indeterminable. 
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26.0 - 28.0 m Marl, buff; 20% fossiliferous calcarenite, 
off white, fossil fragments to 2 mm; 20% 
arenaceous calcarenite, pink. 

28.0 - 30.0 m Approx. 40% Marl, buff, 40% dolomitic calcarenite 
pink, moderately to strongly cemented; 
20% fossiliferous calcarenite, off white, 
fossil fragments to 7mm. 

30.0'- 32.0m Marl, grey; 20% massive, slightly calcareous, 
' grey fragments to 1 cm. Minor fossil frag-

ments to 2 mm. ' ' • 

32.0 - 36.0 Marl, grey, stiff. Minor, massive, slightly 
. ,. calcareous fragments to 5 mm; trace of 
' .fossil fragments to < 2 mm. 

' / 

3 6 . 4 0 . 0 m Fossiliferous calcarenite, off white, fossil 
fragments to 4 mm; Marly; 4 mm diam. lumps 

. ' of blue-grey calcisiltite, moderately 
cemented; minor massive slightly calcareous 
fragments. 
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- i S -

-50— 

-55— 

- 6 0 -

w . 40.0 - 42.0 m MARL. Grey, stiff. Minor massive slightly 
Calcareous fragments to 5 mm. 

42.0-44.0 m BLACK CLAY with 30% quartz (< 0.1mm to 5mm) 
sub angular to rounded, coloured § 
colourless, clear grains. 

44.0-45.0 m Black clay with 40-50% quartz (< 0.1mm to 5mm) 
sub angular to rounded, clear § coloured, 
small amount of'fine mica. _ 

o/ /ho/& 45/71 . 

- i S -

-50— 

-55— 

- 6 0 -

1 
U 

5 
I 

1 

40.0 - 42.0 m MARL. Grey, stiff. Minor massive slightly 
Calcareous fragments to 5 mm. 

42.0-44.0 m BLACK CLAY with 30% quartz (< 0.1mm to 5mm) 
sub angular to rounded, coloured § 
colourless, clear grains. 

44.0-45.0 m Black clay with 40-50% quartz (< 0.1mm to 5mm) 
sub angular to rounded, clear § coloured, 
small amount of'fine mica. _ 

o/ /ho/& 45/71 . 

- i S -

-50— 

-55— 

- 6 0 -

. ' T 

1 
U 
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I 
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40.0 - 42.0 m MARL. Grey, stiff. Minor massive slightly 
Calcareous fragments to 5 mm. 

42.0-44.0 m BLACK CLAY with 30% quartz (< 0.1mm to 5mm) 
sub angular to rounded, coloured § 
colourless, clear grains. 

44.0-45.0 m Black clay with 40-50% quartz (< 0.1mm to 5mm) 
sub angular to rounded, clear § coloured, 
small amount of'fine mica. _ 

o/ /ho/& 45/71 . 

- i S -

-50— 

-55— 

- 6 0 -

40.0 - 42.0 m MARL. Grey, stiff. Minor massive slightly 
Calcareous fragments to 5 mm. 

42.0-44.0 m BLACK CLAY with 30% quartz (< 0.1mm to 5mm) 
sub angular to rounded, coloured § 
colourless, clear grains. 

44.0-45.0 m Black clay with 40-50% quartz (< 0.1mm to 5mm) 
sub angular to rounded, clear § coloured, 
small amount of'fine mica. _ 

o/ /ho/& 45/71 . 



DEPART MHM 
mm 

MINES. — SOUTH AUSTRALIA 

I S Z i m Z . m m m t m i 

Purpose of Bore Stratigraphic Ob;:.w.?: ion" , 
Blanche ' Section Hundred 

Owner. Dept.- Mines 
Driller. Harry .James 

•Commenced. 3.0/7/71 
Drill type 
Logged by 

DEI'TH (m> 

Percussion circuit*™ 
M.A. Cobb 

Add'ess 

Completed '25/9/ 71 

Dote , 5/11/71. 

Adj. 668 
Adelaide 

Stole No. 
Bore Seriai No 

SHEET i CP 

246066801 
5/72 • : 

M.G. i B L A 7 6 

•38-140 
145-157 

WATER i.rva (m 

34 
35" 

SUPPLV-

R.L. Collar (M.S.L.i .. 
R.L. Surface . 
Cosln̂ 6m .. Of ;0 •• Zone . 

Project No 
DocketNo.DM.̂ l̂/69 

.Depth . 1 7 1 

Co-ords E . 
N . . » ' 

HOW TESTED TOTAL SAI.TS mq/j 

50.0 
. 55.5. 

ANALYSIS No 

33.59/71 
33.67/71 

. rKmarks 

IJ3 z 

CEMENT GROUT.'-!'2 5 .GALLONS 4 r,. 15BTWEr'H SAMBIER* "AND; KXIGHT 

< u 

\ 

i> 

c v> 

GROUP iiED.TMBJTS.'. CGMPLEH.D. AS AN GRSlrRVmO^ . 40. oh; AM" i:1! "."">'j C) isC .' 
'.• , • 14 / -:->. . 

D.E:.<P.iPTICM 

QUARTZ SAND.. 0-0.5 dark, brown, wall rounded 
quartz. Grain -avergae size 0.4 mm about 10-20% 
• organic' matt er and si 11. Q. 3-.1. 5' orange, 
average grain 5ize 0.2 mm. Angular - well" 
rounded. Odd organic mat rr in. I 
.QUART" r-TT.T.' Pa1« ovar.o? " yvn. Avcrr-'iae c;ra i.n 

5-4.5 
- 0 . nnii Ca I zz-iiv 
some i'iint chips 

.ay . 
pah; givy brown 

cemented calcsreriiiit f râ vic-iit*. 4.5-6 lighter 
colour and abf;u? "0% sand si/.a grains. Odd 
.small.cementod calcarenite fragments. 

CA-LCARENITE. Pale brown buff.' 6-7.5 average 
grain size 0.2-0.4mm generally well rounded. 
Up to 10% sil.l l. 7 ; 5-9 average grain size ( . 
0.5-0.6 nan ^enaraily sub-angular some 3-4 mm 
strongly ce^onted calcarenite.fragments. Odd 
bryozoa spicule? 

CALCISILTITE. Pale brown-buff. Average grain 
size 0.1 mm. About 10-20% sand si^e grains 
and large (1-2 cm) moderately well rounded 
calcareous sandstone fragments, 9-12 . Up. to -

20% clay and 10-20% quartz, only a few large 
fragments.• 

CALCISILTITE/CALCARENITE. Buff. About 40% sand 
"size. Odd quartz well, rounded. About 10% clay 
CALCARENITE. Buff-cream. Average grain size 
0.3-0.5 "mm. About 20% silt-clay. Odd calca-
rr/nus sandstone chips (pale grey-white, up to 
3-6 mm) - ' bryozoa fragment? 



Sfat.No. 246066801 Bore Serial No. SHEET OF -8. 

o 

15-16.S 

16.5-21.5 

21.5-38 

T 
"A 

w 

-30— 

- 3 5 -

± 3 

J t C L 

38-41 

CALCISILTITti. Pale grey-brown. About 20% 
sand and up to 10-20% quartz and black flint 
chips and larger (1 cm) nodules of strongly, 
cemented (siliceous) calcarenite. 
SANDY CALCISILTITE. Off white-grey. 16.5-18 
Flint fragments common and bryozoa fragments 
somewhat siliceous and odd shell fragments 
18-20 somewhat clayey (pale grey-brown) and odd 
flint chip up to 1 cm. 20-21.5 somewhat clayey, 
and odd bryozoa and flat chips. Some quite 
strongly cemented nodules of calcarenite. . . 
CLAYEY CALCISILTITE. Off white-cream. Few ' ~ 
sand size grains, flint common. 23-24.5 
bryozoa moderately common, flint.up to 5 mm 
common. 24.5-26 Flint very common up to 1.5 cm 
26-27.5 little flint. 27.5-29 flint moderately, 
common, about 30% clay somewhat sticky when 
wet. 29-30.5 few bryozoa and odd pale brown 
chert. 32-33.5 large flint fragments average 
size 5 mm and bryozoa fragments moderately 
common. '33.5-38 Pale grey/buff, flint and 
chert fragments very common (often 60%) 
size range 0.2-lcm (larger in 36.5-38). 
Very sharp and angular. Odd bryozoa and to-
wards base somewhat rounded fragments of 
strongly cemented bryozoal calcarenite. 

CALCIRUDITE. Essentially flint and fossil 
fragments. Flint about 20% and up to .1 cm 
in size. Rest bryozoa tubes and colonial 
fragments, coral fragments and echinoid spines 
(cidaris) 



State No. 246066.801 Bore Serial No. SHEET .3 OF 8 

/I 41-47.5 

-45-

-50—£ 

-55—̂  

-to-

J I ~ 

47.5-49 

49-101 

CALCARENITE. Off white pale brown. Essentially 
fossil fragments - bryozoa tubes and colonies, 
coral tubes somewhat -orange stained (limonite?) 
Few flint chips. 42.5-46 finer grained some-
what and more even grained. 

CALCIRUDITE. Off-white - pale brown. 
Essentially fossils - bryozoa, echinoid spines. 
Contains fragments of recrystallised calcare-
nite. 
CALCARENITE. Off-white - pale brown. 49-50.:5 
Mixture of sand size fossils and fragments of 
a greyish very hard recrystallised (dolomo-
tised?) calcarenite 50.5-53.5 Fossils more — 

than 80% mostly bryozoa. Rest smaller fragment 
of recrystallised calcarenite. Some flint 
52-53.5. ; 
53.5-61 Pale grey-brown. Recrystallised frag-
ments common, bryozoa mdoerately common - rest 
calcareous chips. Flint fragments up to 1 cm 
common. 
Recrystallised fragments about h of sample, < 
rest fossil and calcareous chips. Chert and 
flint fragments common - large fragments 
(1-3 cm) of recrystallised calcarenite. 

61-62.5 Off-white fossils and flint 
dominant few recrystallised fragments. 

62.5-64 Off-white cream essentially 
bryozoa tubes and fragments. 

64-67 Pale, grey-brown essentially 
bryozoa tubes with clayey calcarenite nodules 
Nodules contain about 50% Clay. 



: 1 2 3 4 5 6 7 8 9 Sto»« No. 246066801 8ore Seriol No. SHEET 4 . OF . 8 

r 

J 

• 

67-70 White, essentially fossil and chert 
fragments up to 1 cm (grey-brown) 
Odd orange stained quartz grain. 

r " T 

r 1 

; 68.5 Much recrystallised material. 

-70-
• k •a 

i 

-75- i 

a 

i 

1 
'—-r 

1 

Odd small recrystallised fragments. 

Fawn, average grain size 0.5 mm. Bryozoal 
and calcareous chips. -

-60-
Odd larger recrystallised fragments becoming 
paler. ~ 

* 

i 

— Some orange stained chips. 
! 1 i. 

-85- I1-
Y 

1 
n 

S>0 

i 

i i 
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i I 

r»0-

I 

1 0 1 - 1 0 2 

102-106.5 

106.5-110 

Cream average grain size less than 1 mm. 
Orange staining of bryozoal and calcareous 
chips moderately common. 

Strong orange, staining, 
size 1 mm. 

Average grain 

Orange some strongly cemented nodules (2-3 cm) 
some smooth. Appears somewhat siliceous. ~ 

QUARTZOSE CALCARENITE. Up to 30% quartz + 
very hard angular fragments of calcarenite. 
Fawn-grey. 
CALCARENITE Some orange staining + dark red 
brown ferruginous chips. Little quartz. 
Off-white-cream, little orange staining. 
Odd well rounded quartz grain. Average 
grain size approx. 1 mm. 
Slightly finer grained. 

SILTY CALCARENITE Off white-cream. Average 
grain size 0.1-0.2 mm. Some hard fragments 
(recrystallised) Clay fraction, but lot of 
silt size grains. 

110-113 SANDY CALCISILTITE Pale grey. Fair proportior 
of sand and clay plus hard fragments. 

Some large fragments of a fawn calcarenite. 

113-114.5 CALCISILTITE Fawn-pale grey. High proportion 
of clay plus some sand size grains plus odd 
hard fragment. 

_113_1 
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State Mo. . 246066801 Bore Serial No. SHEET 6 OF .8 . 

-U. I 

! i 

114.5-116 SANDY CALCISILTITE Pale grey. About 30% sand 
size. Significant clay fraction. 

116-117.5 SILTY CALCARENITE Pale grey. Some clav-
Up to 5-10% well rounded quartz. 

117.5-123.5 CALCISILTITE/CALCILUTITE (MARL) Medium grey 
About 10% sand size, rest equal proportions. 
Odd larger hard fragment. Some quite large 
very hard fine grained cemented fragments -
angular. 

Blue grey, some sand, fragments rare 

About 10% fine quartz sand. Medium grey, 
Very sticky. 

123.5-125 CLAYEY CALCISILTITE Medium grey. About 20% 
sand size. Plastic 

125-126.5 SANDY CALCISILTITE Buff-pale grey. About 30- _ 
40% sanci size (bryozoa etc.) Some clay. 

126.5-129.5 CALCARENITf; Buff-pale grey. Average grain 
size 0.-6-1 mm. Essentially calcareous chips 
and bryozoa - Some well rounded quartz. 

129.5-131 SILTV CALCARENITE Average grain size 0.2-0.4 mm. 
Odd larger well rounded quartz (1^ mm) 

131-134 CALCARENITE Average grain size 0.5-0.8 mm 
Buff. Essentially bryozoa fragments + chips. 
Some quartz. 
More silty and finer grained. 

134-139 CALCARENITE Coarse- grained, Average grain 
size 1.3-1.6 mm. Buff. Essentially calcareous 
chips and bryozoa. Some large (3 mm) fossils. 
Odd well rounded quartz grains. 

139-140.5 .CLAYBY_SAND (grit) Black. Quartz grains 
j 0.2-2.4 nan well rounded, some angular. In a 



black clay. Some calcareous material 
Gives H2S in acid 

140.5-145 CLAY. Black, plastic. Odd sand-gravel size, 
grain 

Less than 5% well rounded quartz sand/gravel 

Brownish-black, tight, some silt. 

145-146.5 CLAYEY GRAVEL Black. About 50-60% well 
rounded quartz sand-gravel in a clay matrix 
sulphe ated. 

146.5-163 SAND Essentially quartz (more than 95%) 
Moderate to well rounded mostly clear, rest 
milky average 1.5 mm. 

Coarse sand to grit, up to 3.5 mm, grey, 
minor clay. 
Coarse sand pale grey 

Sub rounded grains approx. 1 mm diameter 
minor fine sand fraction. 

Fine sand approx. 0.1-0.2 mm diameter, grey 
60-70% sand, 30-40% black clay. 

Average grain size 1 mm.non calcareous. 
H2S with acid. 

80-90% angular quartz, 10-20% black clay. 
Sand about 0.5 mm diameter.. 

163-171 CLAY Black, plastic. Minor fine sand and 
silt fraction. Non calcareous. 
Gives off H2S with acid. 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA SHEET I OF . g 

BORE LOG 
Purpose of Bore Str at igraphi c/Obs erva t i on 
Hundred . B l a n c h e Section . 3 6 5 
Owner. M i n e S Address . 
Driiier. W.if. James. 
Commenced. 2 7 / 9 / 7 1 Completed . 1 3 . / 1 V 7 1 
Drill type P e r C U S ^ l o n Circulation . 
Logged by . ̂ ..A. Cobb. Da,e 1/6/72 

HYMOGEOLOGY 

Adelaide 
R.L. Collar (M.S.L.) 
R.L. Surface 

DEPTH < S7 ŜrtiftvEL (m >iu Lbj.'ho TSTT 
SUPPLY-

Cosing 1 1 . 4 U l A f t f e . Q<*,2 5 2 .ID 

State No. 2460;;6501. . 
Bore Serial No. 1.04/7? 

Project No. MG2 B L A 1 7 
Docket No. 2 2 4 / 1 / f 9 
Depth / J 2 •5 m 
Co-ords E . 

N 
HOW TESTED TOTAL SALTS mgfc ANALYSIS No. 

26.8 
1 0 8 . 2 ' 

25.9' 
. 17.'3 

REMARKS . Cement .plug. at. 9G;5 m. 

fj z 
< o 

t> 

i 

3 

Ss 0 

-5-

u 
0£ o 

Ifi 
V 

[l a DESCRIPTION 

0 - 1 

1-3 

3-8 

SOIL - dark brown sand, organic. 
3AND Dark brown-grey. Silty - some hard 
fragments of dolomitised limestone? 

SILT Grey brown, sandy, weakly calcareous. 
Hard fragments of silicified clay. 
Between 5-6 m. 
Pale brown - fawn, some clay, calcareous, 
Between 6-7*5 m. Pale grey brown, some 
hard silicified sand fragments. Sandy. 

8 - 1 2 IALCISILTITE Buff-nale grey. Some sand 

12-23 

and clay. Essentially bryozoa end 
calcareous chips and seine quartz and 
ironstone chips (dark red-black). 
Between 9-10.5 m. 
Slightly darker, sandy. 
Between 10.5-12 m. 
Buff pale orange. Some clay. Sandy 

SILTY CALCARENITE Buff. Fine grained 
(average grain size 0-5 mm) Some clay. 
Many small black chips (flint.) 
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-70-1 iii 

-75— 

-80—; 

E 

-05— 

_ao_ 

65.5-68.5 SILTY CALCARENITE Pale grey-green. 
60-70% sand size. ; Harder nodule of 
cream - pale orange quartzose calcarenit 
Between 67-68.5. 
80% sand size. Flint chips up to 1 cm 

68.5-71.5 CALCARENITE Buff - some clay. Some 
pale grey-green clay nodules. Some 
5 mm noduies of quartzose calcarenite 
(hard). From:70-71.5 large amounts of 
flint and chert. 

71.5-73 SANDY CALCISILTITE Medium grey. Some 
non-Calcareous clay. 

73-76 

76-77-5. 
77.5-79 

79-81 

81-85.5 

85.5-87 

87-88.5 

CALCARENITE Pale yellow brown. Aver-
age grain size 0.2-0.4 mm.. 

Between 74.5-76.m. . 
Browner. Chert chips 2-3 mm. 

CALCARENITE Grey, 0.2-1' mm. 

CALCICUTITE Silty,. grey. 

CALCILUTITE Silty, grey with 10°/ 
fossiliferous calcarenite. 

CALCILUTITE Silty, light grey with 
7 W fossiliferous calcai'enite 

CALCARENITE Grey,' with quartz grains 
(0.2-1 mm, subangular to subrounced) 
and minor glauconite. 
No Sample. -

88.5-91.5 CALCISILTITE Dark brown, with quartz 
grains. (0.2-2.0 mm, subangular to 
subrounded). 
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91.5-9^.5 CALCISILTITE Dark brown, quartz grains], 
now 0.1 to 3 mm, subangular to sub-
rounded.-

94.5-96 

96-97 

97-98.5 
9 8 . 5 - 1 0 5 

'GALCILUTITE Silty. Quartz grains 
(0.2-3 mm, subangular to rounded) with 
corroded pyrite grains to $ mm. Dark-

brown. 
CALCILUTITE Silty, dark brown. Quartz " 
grains (0.2-5 mm, subangular to roun-
ded, some cemented with pyrite giving -
fragments to 1 cm). 
CLAY Dark brown, with 50% quartz grain.3 

mm, subangular to rounded). 
CLAY Brown, with common:.fine mica flakes 
and minor white calcareous blebs. 
5% Arenite - quartz grains to 3 mm, 

rounded, polished. Av. 1-2 mm. 
Ouartz fraction increases from 
(85.5 m) to 50% (98.5 m) over this 
interval. 

105-106.5 CLAY As above. 
10% Arenite as above. 

106.5-108.5 ARENITE Round, polished quartz 
grains from silt size to 3 mm. 
clay, brown. 

108.5-113 As above. Clay 10-15% 

113-122 ARENITE Quartz grains mostly 0.5-1 mil, 
Some 1-1.5 cm. All rounded, polish-
ed grains. Minor fawn clay. 
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-120—1 

T . i "T • , • 
JL\ 
T ' T 

" v 
J' J .T. ' 
T- f 
•T . 

T . ' T 

• r. 
T- T 
• T. 

r - T. 122-125 As above, without fawn clay. 

Rare mica flakes to 1 mm in the 
106.5-125 interval. •i 

122-125 As above, without fawn clay. 

Rare mica flakes to 1 mm in the 
106.5-125 interval. 

-US—: 

.'. 
125-132.5 CLAY Black/brown, H25 apparent. 

Finely laminated (grey brown/dark, 
black brown laminations). Fine 
mica flakes common. 50% Arenite - -
rounded, polished quartz from silt 
size to 3-4 mm. -1 T—' -

Finely laminated (grey brown/dark, 
black brown laminations). Fine 
mica flakes common. 50% Arenite - -
rounded, polished quartz from silt 
size to 3-4 mm. 

-130—: -

-j 
132.5 END OF HOLE. 

• 

132.5 END OF HOLE. 

• 

."HI : 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA 

M E LOG • h y d r o l o g y 

SHEET V OF . 1 

Purpos. of Bore @f>S.e T V a t i O H 
Hundred BLANCHE 
owner. Dept • .of. Miner 
Driller. 
Commenced 
Drill type 
Logged by 

W.H. J am en 
26.7.72 

Section 
Address 

2 2 7 Adelaide 

: Completed 
Cable Tool Circulation' 
J. p. vVaterhoug^ 20.9.' 

.27 r 7..72 
Water R.L. Col lor IM.S.L.I 

R.L. Surface 01 > m 
Cosing ^ 2 . 27r: a.M.G. Zone 

State No. 2 4 6 0 2 2 7 0 1 
Bore Serial No. 1 0 2 / 7 3 . 

Project No. BLA8Q . 
Docket No. 2 . 3 V G 9 
Depth 1 4 m . 
Coords E . 

N . 
DEPTH (m i WATER LEVEL ( m) SUPPLY- HOW TESTED TOTAL SALTS ANALYSIS No. 

6.00 5.13 •prO 
2 9 0 

V?2f 2/7T 

REMARKS . p o o r " ' n t o r -

ts z 
(J 

8 
o 

7 8 

DESCRIPTION 

10 

0-1.5m 

1.5'-2.5m 

2.5~4m 

4-6n -

6-8 m 

8-1 Oî  ' 

10-12m 
12-14m 

14m 

ARENITE Ouru 
Rarely to 

, angular to subang1..1 <• u•, 
ize to 0.3m®, main.lv 0.1 -0.3mm. 

1)5im, subrounded, colourlc^::, 
black grains. borne organic. brown and 

matter. 
SILTY 'Jj.AY Contains fragments (to 6i»un) 
of rounded, well cemented (limonihic) 
sandstone pebbles. Minor quarts as abovle. 
Oronge/brown. 
ARENITE Quartz, rmb angular 0.1-0.3mm, 
colourless. Contains 20% silty clay nru 
'minor bryozoa fragments to 2mm. Cranp-e_ 
brown ..• 
CALCARENITE At least 50% bryozoal fragrrlon 
to 3mm, with other calcareous grnir:r. fx 
31 .t size to 2nim. Off white with up to 
light brown silty marl. 
CALCARENITE Bryozoal and calcareous fr;; 
xaents to 1 -2mm with minor shell fragmer 
go 5mm. Well cemented - with oomc «ilt an 
marl . Off white. 
CALC ARENITE Well cemented almost nnssiv 
with white red and brown patches. Coram c 
black grains to 0.3mm.' 
As above with 10% rounded colourless qi 
grains from silt ni&e to. 4mn. 
ARENITE Quartz, well rounded, from nil 
size to 4mm, colourless and white gr-v.ir 
10% Black clay. 
END 

oir 
3C 
g-
ts 
d 
e 
n 
ait 

V 



DEPARTMENT OF M INES SOUTH AUSTRAL IA SHEET 1 OF J . 

Purpose of Bore - O b s e r v a t i o n 
Hundred Blanche 
Owner. D» of Mines-
Driiier.Harry James 
Commenced. 1 4 / 8 / 7 2 

Driiitype Cable- Tool 
Logged by F.W. Aslin 

BORE LOG * HYDMGEOLNY 

Section . A d J 2 1 9 -
Address ,/Vdelaide 

Completed 2 3 . - 8 . 7 2 
Circuiotion Water • 

Dote 7.3.73 
R.L. Collar (M.S.L.) . 
R.L. Surface 
Cosing .66m 

State No. 2 4 6 0 2 1 9 0 3 
Bore Serial No. 1 1 1 / 7 J . 

Project No. B L A - 8 4 
Docket No. 2 3 1 / 6 9 
Depth 6 4 m -
Co-ords E . 

G. Zone . . N . 
DEPTH ( m i WATER LEVEL ( m ) SUPPLY- H O W TESTED 6" TOTAL SALTS mg/j ANALYS IS No. 

18.00 .14.40. 345. 
345 

W3P39/72 
W3040/72 
W3041/72 

REMARKS . Bit samples, from. 3Q, 34,. 44 & 48-50m. Tooth _ washed fr^m _ 
. 3Q-32m .sludge. 

o z I t-
u 

u 

z o 
^ LU 
a. h- < UJ o£ 
Z 

DESCRIPTION 

C» 
5 

s. 

-5— 

-icH 

M , 

H p 
F̂-—r 

s 

£ 

£ 

JSL 

0-6.Om P0GSILIF'-;3-:0US CALCARENITE Off white-cream 
es.sentially bryozoal fragments (to 5m. m. ) 
Silty, weakly cemented. 

6.0-27- Oin CALCARENITE Partially fossiliferous. 
\fossil fragments weakly'cemented.) 
partially strongly cemented. Cream. 
Cream calcisiltite from minor to ^0%. 
6-1Om, calcisiltite 20%. 

10-12m y/ 

12-14ra 

14-16m 

40%. 

30%. 



State No. 2 4 6 0 2 1 9 0 3 Bore Serial No. , 1 . 1 1 / 7 3 . SHEET 2 . OF .3. 

-15"-

Jkl 

-20-. 

=E 

E 3 
m 

-35-

1 

-s 

^ 6-18m Calcisiltite 10% 

3-2 2 m 5% 

22-27m 10-20% Marly 

27-28m . SILTY MArL. Mid brown, minor black clay 
20-15% calcareous fr a gment s. 
Minor quartz arenite, clear, less than 

(Av. 0.2mm), subangular to 

28-40m 

O.'l - 2.0. mm. 
subrounded. 
Trace of dark brown-black grains, non 
calcareous, subrounded - rounded, 0.2-2.5m|n 
CLAY, Dark brown-black, silty, sticky 
below 34m. 
28-30m. 15-20% quartz arenite, less than 
0.1 - 3mm. (Av. 0.5mm) clear and opaque, 
subangular to subrounded. 
Minor strongly cemented fragments of 
quartz grains in grey-green ? glauconite 
cedent. Trace fine calcareous matter. 
30-34m. 30-40% quartz arenite, less than 
0.1 - G.Oinin (Av. 0.6mm) as above. Rare 
coloured grains Part tooth in 30-32m 
sludge. Trace pyrite or: some quartz 
grains.in 30-32m. 
34-36m Approx. 20% quartz arenite as 
above, minor fragments with ? pyrite and 
V glauconite encrustation. 
36-38m As above with rare opaque quartz 
grains to 1 cm. 



1 2 3 4 5 6 7 8 9 State No. 246.02:1Q07) Bore Serial No. 111/7^ SHEET OF . 

1 

-

38-40m. Less than 5% quartz arenite from 
1ess than 0.1 to 3•0mm. 

40-48m CI,AY Grey-brown, slightly silty, sticky. 
Trace quartz arenite at 40m. decreasing to 
absence at 48m. 
40-44in Trace ? pyrite and ? glauconite. 

. 
— 

:!!!! !!i !!!i 

48-52m CLAY Grey-brown with minor cream mottling 
sticky. *Rare quartz grains to 6mm. (Av. 
1.5mm) 

48-S0m Minor lignite. 
-so-i — 

— 52-58m CLAY Dark grey, dark brown mottling, 
sticky* Less than 5% quaa?tz arenite to 
6mm. (Av.1.5mm) 
52-54ia Minor ? pyrite and ? glauconite. 
56-58m Trace ? glauconite 

-i . — 

52-58m CLAY Dark grey, dark brown mottling, 
sticky* Less than 5% quaa?tz arenite to 
6mm. (Av.1.5mm) 
52-54ia Minor ? pyrite and ? glauconite. 
56-58m Trace ? glauconite 

-S5H 
— = 

-

-1 
— 58-64m CLAY, Dark grey with minor brown and 

cream mottling and rare quartz grains. 

-Go-

. 

— 

-
A 

— • 

END OF HOLE 64m. 



DEPARTMENT OF MINES — SOUTH AUSTRALIA 

BORE LOG • HYNOGEOLOGY 

SHEET 1 OF .3. 

Purpose of Bore . OBSERVATION . 
Hundred BLANCHE Section 
Owner. DEPT. OF MINES . . . . Address 
Driller. H . JAMES . . . 
Commenced. 25.8.72 Completed . 29.8.72 
Drill type Cable Tool Circulation Water-
Logged by J.D.. WaterhOUSe Dote 19.9 72 

Adj.183 

R.L. Collar (M.S.L.) 
R.L. Surface 
Cosing A M 

State No. 246018301 
Bore Seriol No. 113/73 

Project No. B L A . 8 6 
Docket No. 231/69 
Depth 4 7 m 
Co-ords E . 

G. Zone . N . 

DEPTH ( m i WATER LEVEL ( m ) SUPPLY- HOW TESTED TOTAL SALTS mg/j ANALYSIS No. 

24.35 W. 3058/72 

W 3059/72 
670 

645 

REMARKS . Pinkish ca.lca.renite. appeared to be dolomitic in upper 13 m of hole. 
B.ore. has insufficient water to be pumped. 

o z 
1J 

u 
<3 

z o i-
< UJ 

a. 
Z 
UJ 

DESCRIPTION 

i 

-SH 

-10-

15 

fa <j 

1 m 

l - . 3 i i 

5 m 

5 - 9 m 

ARENITE. Quartz, angular to subangular, 
colourless, white, pink grains, silt size 
to 1 mm, most appr. 0.2 mm. Minor 
organic matter. 
ARENITE. As above, with 10% orange/brown 
clay and rare calcareous grains. Orange 
brown. 
As above, grading to well cemented fragments 
of pink and white massive calcarenite. 

CALCARENITE. Moderately cemented. White, 
pink and brown grains to 3 mm, subangular -
angular, with minor clay and subrounded to 
rounded quartz (colourless to 1 mm). Pink/-
brown. Rare bryozoal fragments to 2 mm. 

r z i 

I 

13 m CALCARENITE. Moderately cemented. White 
and pink grains to 5 mm with approx. 10% 
quartz grains 0.1 - 0.2 mm, subangular. 
Pink/white. 

13 19 m CALCARENITE. Angular white grains/fragments 
to 4 mm. 
13 - 15 m Up to 25% Marl and silt 
15 - 19 m Up to 50% Marl and silt. 
Cream, with rare pink grains. 



Stote No 2.46018,301 Bore Serial No. 113/73 SHEET .2. OF . 3. 

Ik 
- 1 0 — 

-25—: a 

•E % 

-30-i 
K 

-35-

4-0 

z 

19 21m 

21 - 23 m 

23 - 25 m 

25 27 m 

27 37 m 

37 - 39 m 

39 43 m 

CALCARENITE. White, angular, massive 
fragments to 5 mm, with yellow and rare pink 
grains. Rare bryozoal fragments to 2 mm. 
Minor silt. -

As above, with 25% silty marl. Cream/brown. 

CALCARENITE - MARL. White and yellow 
calcareous fragments with common bryozoal 
fragments to 3 mm, with an appr. equal 
amount of grey marl. 

CALCISILTITE. Weakly cemented with 5% 
bryozoal fragments. Up to 20% angular ~ 
flint fragments and silicified limestone. 
Grey. 

CALCARENITE. Essentially bryozoal fragments 
to 5 mm with minor white and red angular 
calcareous fragments to 2 mm. Minor dark 
brown round grains to 2 mm. Marly. Grey. 

From 27 - 35 50% Angular flint fragments 
(dark brown) to 5 mm. 

From 35 - 37 30% Flint fragments. 

CALCARENITE. Entirely bryozoal fragments 
to 5 mm. Minor silt, marl and angular flint 
fragments. Grey. 

CALCISILTITE. Marly, with 20% bryozoal 
fragments to 2 mm. 
39 - 41 Offwhite 





DEPARTMENT OF MINES — SOUTH AUSTRALIA 

LOG - hyno&gî Y 
SHEET I OF ' '10 

Purpose of Bore Water Observe 
Hundred Caroline • . / 
owner. Pept.. of Mines 
Driiier. t'• .Ilausler. 
Commenced. 7 •. 1 2 . / 1 Completed "10 . 2 c ?i: 
Drill type Cable. Tool Circulation . " . 
L o g g e d b y r»C. Smith Dote 27/3/72 

Section 
Address 

O 

AdJ.152 • 
Mi;. Gambier 

R.L. Collar (M.S.L.) . 
R.L. Surface 

Casing 6. XnchAM 

State No. 286015201 
Bore Serial No. 1 Q 6 / 7 2 . 

. ' P ro j ec t No. I • .• G - 5 
Docket No. 2 2 4 , - 1 / 6 -
Depth . 2 2 5 . 6 IT) 

Coords E 
G. Zone . . N 

DEPTH ( m i WATER LEVEL (nn SUPPLY- HOW TESTED TOTAL SALTS mg/f ANALYSIS No 

22.86 19.31 

REMARKS Completed Water Observation CAR 9 

13 Z 

u 

o 

o 
t- < ul z 

DESCRIPTION 

S. <J 

0 

0 ' - 2 5 . 9 m 

10 

15 

Calcarenite - white to orange in 
colour. Bryozoal fragments varying 
from 0.5 - 1 mm diameter. Lome 
secondary carbonate - silicified in 
part. Silt content variable - 10 
to 20%. 



15 

25_ 

3 0 

3 5 

140 

StoteNo. 28GQi;?201 BoreS.no! No. 106/7.2 ' Th£SV 2""? 10 

0 - 25.9 m As above 

;. \ 

25.9 -'27.4 in Calcirudite (calcarenite) - mixture of bryozoal fragments (to 2 mm) 
and hard, secondary dolomite 
(orange) - shell fragments (to 
5 mm) . 

27.4 - 42.7 m Arenaceous Calcilutite - offwhite 
; in colour - varying proportions 

of sand sized fraction. Bryozoal, 
echinoid spine fragments. 
Variable proportions' of flint 

•' fragments. Minor iron staining 
Sand, fraction varies from -10-40% 
with grain size approx. 0.1 mm 
diam. 
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4 2 . 7 - 6 5 * 5 m L u t i t i c C a l c a r e n i t e - l i ^ h t p;rey 
i n c o l o u r . 50-60% c a l c a r e n i t e , 
numerous b r y o z o a l - f r a g m e n t s . 
M i n o r f l i n t . C a l c i l u t i t i c f r a c t i o n 
v a r i a b l e . 
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42.7 - 65.5 m As above. . . 

' > .*"'. . • '-".• L -

N . 

65*5 - 76.2 m Arenaceous Calcilutite - mid grev 
in colour. Similar lithology to 
27.4 - 42.7 m samples but with a 
larger percentage of flint 
fragments (up to.80%) \ 

/ v •••'•• 

76.2 -115.8 m Bryozoal Calcarenite - offwhite to . 
buff in colour - Dominantly 
calcarenite.. sized particles (^2 mm 
diam) v/ith numerous bryozoal 
fragments. Varying proportions 
of calcilutitiC material - samples • 

: : with greater calcilixtite fraction 
appear darker grey in colour. 
Most samples contain up to 20% 
calcisiltite fraction. Degree of 

.< induration also varies from ~ 
sample to sample. • 

; _ 

V 
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114-0 

B 115.8 - 128.0 m 

State No. 2 8 6 0 1 5 2 0 1 Bore Serial No. 
no 
( <- SHEET 1 OF 

76.2 - As above 

Bryozoal Calcilutite - light to 
mid gre;/ m colour. 
bryozoal fragments plus dark 
grey flint fragments from 2-5" mm 
d.iam. Some evidence of iron 
staining. Varying-degrees of 
induration. Ho flint jn the 
last 1.5m 

128.0 - .144.8 m Bryozoal Calcarenite - buff in 
colour. Large proportion of 
bryozoal fragments. Iviinor 
calcilutite fraction. Grain 
size of arenite fraction 0.2 -
0. 3 mm. Hi nor flint f r a gin e n I; s, 

/ 



128.0 - 144.8 m A.s above 

144.8 - 181.4 m • Calcarenite - bv.ff to pink in 
colour. Large angular fragjrientr: 
of well indurated limestone. 
Ko bryozoal fragments. Grain 
size® 0.3 nm. Do] cmitic - a 
number of samples show a snail 
red - pink nucleus' enclosed by 
off white dolomite (g.s. apuxro: 
0.5 mm diam) Flint absent. 

. From 157.5 m - 168 v.i — no . 
dolomitisation sample offinite 
in colour - calcarenite grains 

' approx. C .5 mm diam. ] .v.e 
fraction of calcite rhoiYhs 
approx. 0^5-0.5 mia diam. 
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stoteNo. 286915201 Bore Serial No. . 1 0 6 / 7 2 SHEET OF "ra 

144.8 - 181.4 Ri As above. 

181.4 - 182.9 m 

182.9 - 185.9 m 

Silty calcarenite - off-white 
to pink in colour. Finer grained 
than above. Grain- .;. size 0.2-
0.5 ram. Dolomite 10-20*. Silt 
fraction 40f>. 
Arenaceou.fi Calcisiltite - pale-
grey in colour. "and fraction 
20-30^, dolom.itic. Bryor.oal 
fragments and calcite chips. Some._ 
grey-green flint. 

185.9 - 195.1 ra ^iltv Calcarenite - pale grey in 
colour, î ilt 30-40/" - bryozoal 
fragments and Calcite chip?.: & roiu 
flint. 
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state No. 2 8 6 0 1 5 2 0 1 Bore Serial No. .106/7.2 SHEET9 OF.IQ 

185.9 - 195.1 m As above. 

195.1 - 198.1 m Calcisiltite - grey in colour 
About 10-20/'" sand size fraction, 
Bryozoa with cenented fragments 
of same. ^lint. 

198.1 - 204.2 m Silty Calcisiltite - grey in 
colour, oome sard f.ized grains, 
Bryozoal fragments up to 1 mm 
diam. ^ome vie 11 indurated 
fragments. 

204.2 - 210.3 m Arenaceous Calc'.siltlte - sari 
Brvozoal' fr O f . fraction 20-30/*. 

ments to 1 mm. Calcilutite 
fraction. Minor flint and calrj 
chips 0.5-1 mm diam. 

210.3 - 216.4 m Silty Calcilutite - grey in 
colour. ' Llilt and sand sized 
fraction 10/°. Bryozoal fragments 
up to 0.4 mm. 



State No. 2 3 6 0 1 5 2 0 1 Bore Serial No. 1.06/72 SHEET 1 0 OF 1 0 
215 

220 
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216.4 - 225.6 m Arenaceous Calcisiltite - ^rey 
in colour. Band fraction approx« 
30c/i> bryozoal fragments, calcite . 
chips, flint. Cemented ca.lci-
siltite to 3 'rmu Borne samples 
very well indurated. 

2 2 5 . 6 m END OF HOLE 



DEPARTMENT OF MINES SOUTH AUSTRALIA 

Depth 10 Depth to SUPPLY TOTAL D ISSOLVED S O L I D S 

W o l e r f In;; standing wo ie r im) l«»re$/$ec.. M e t h o d o l lest M i l l ig rammes/ l i t re A n o l ) l . l W , N o . 

3 1.60 See summar y sheets. 

HYDROGEOLOGY SECTION 
BORE LOG 

HIRER DEFT. OF MINES• 
Drill type Cable Tool A.M.G. Zone 

Circulation V/ater - logged b y M . A . COBD Coords. E D,ille,L.A. Hausler Dote logged 3 1 . 5 . 7 2 " n 
S 'art 11.2.72 Bore

 Diameter Datum Elev. 
Finish 3 # £ ; # 7 2 DEPTH 3 Q f ) i n («.) Ref. Pt. Elev. 

Surface Elcv. 

H U N D R E D CAROLINE 
S E C T I O N 6 3 6 
S T A T E N O . 2 3 6 0 6 3 6 0 2 
Project NoI;T.G.6(CAR Docket No. 224/1/69 1 

REMARKS Fit. Gambier test area 
Bore CAR 10). Stratigraphic Bore M.C. 6 (Observation 

IOH 

-15-

V £ o < o 
Of 
o 

i s 
I 
g r~r 
s 
2 3 x 
S 3 

0 - 0.25 

0.25-0.5 
0.5 - 5.q 

DEPTH |m} 

from to 

. DESCRIPTION 
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QUARTZ SAND. Clean, white, rootlets, 
• etc. 
QUARTZ SAND. Black, organic. 
CALCAREOUS QUARTZ SAND. Pale grey. 
Mixture of line grained quartz (0.1-
0.3mm), calcareous chips (up to 40%) 
and shell fragments and shells. Be-
tween 3 - 4m some cemented quartz 
•sandstone' and well rounded chert and 
flint "pebbles" plus large.shell frag-
ments. 
CALCARENITE. Offwhite - pale grey. 
£)omir,antly bryozoal and calcareous 
chios v/ith coral fragments. 
SILTY CALCARENITE.- About 30% silt size 
grains. 
CALCARENITE. Off white. Grain size 
range "0.2.-1.4mm average 0.5mn - bry-
ozoa, calcareous chipst Some fossil 
fragments up to 10mm. Flirt below 9m. 
Silt content increases with depth. 
SANDY CALCISILTITE. Off white - pale 
grey. About' 30/- sand size (0.4-0.8mm). 
Some Flint. 

SILTY CALCARENITE. About 40% silt size 
Becoming darker with depth. Flint 
moderately common. 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA 

DESCRIPTION DEPTH (m) 

fiom to 

R7 - 30 

50 - 34 

54 -

56 -

57 -

37 

40 

SANDY CALCISILTITE. Medium grey. 
" 30-40,o sand size grains. 

SILTY CALCARENITE. Medium dark grey. 
About silt size. . Flint moderately 
cormaon. •> 

SILTY CALCAREWITE/FLINT. As above bu1 
flint fragments make from 50 - 9u$6 of 
samples (up to 8 cm in size). 

CALCARENITE. Off white, coarse grained 
(average 0.8 - 1mm). Flint about 
of samples. Dominantly bryozoal frag-
ments and calcite chips. Between 26 -
27m very- hard lithology - drilling 
gives rudite, size hard fragments. 
Calcite rhombs common. Flint convnon. 

FLIWT/SILTY CALCARENITE. Medium - dark 
grey. Again flint makes up most of 
sample (up to 90%). Rest a silty 
calcarenite. 

FLINT/CALCARENITE. Off white. ' About 
of samples flint chips, 'Rest bry-

ozoa, coral fragments plus echinoid -
spines. Near base silicified calcare-
nite/siltite,fragments common. 

SANDY CALC I SILT ITE/FL INT. Medium grey. 
nt deci 
sample; 

Flint decreases from aoout 70;.o to 30?S 
o ~ 

SILTY CALCARENITE/FLINT. Fale - medium 
grey 10 - 20ft silt. . Chert/flint 50>o 
of samples. Rest bryozoal etc. 
SANDY CALCISILTITE. Pale-medium ,:rey. About 30;-) sand size, rest silt and city 
size (sticky when wet).. 
Some Flint Chips. Sand content, increa-
ses with depth. 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA 

DEPTH (ml 
from lo 

DESCRIPT ION 

46 - 47 

47 - 55 

55 
56 

5b 
58 

5 8 - 6 0 

60 - 64 

64 - 66 

CALCARENITE, 
silt. Rest, 
chips, 
FLINT/SANDY CALCISILTITE. 
Flin 
f • T " 

Medium grey. About 10% 
bryozoa and calcareous 

Flint chips small. 
Medium grey 

about 70% of sample. 
3ILTITC. Medium ^rey, sticky, 

(moderate clay content;. Little sand 
or flint. Between' 4<4 - /45m sand con-
tent about 10y j. 

CALC 151LTITE/CALC a'IE: iTTE. Pale-medium 
grey. About equal proportions sand 
and silt sizes. Some flint. 
SANDY CALCISILTITE. Pale-medium rrey. 
Some flintl About" 50% sand size. 
Domi.nently calc&x'eous chips and bryozoa 
fragments. 

SILTY CALCA:w-lJITE. 
:lay. 30% silt and 

FI.INT/CALCAREMITE. 
up to 80% of sample, 
fragments and calcareous chips, 
silt. 

Pale grey. About 
Flint chips common. 
Pale grey. Flint 
Rest bryozoal 

CALOAuE ITE. Off-white. Characterised 
rd cemented bryozoal and 

Some orange staining 
Some quartz grains. 

by very h 
spicules etc. 
of fragments. 
Flint. Moderately common. 
CALCARENITE. White-cream. Lominantly 
loose bryozoal but some hard cemented 
fragments indicating hard bars. Averag 
grain size 0.2-0.5mm. Flint about 30: 
of sample. 

FLINT. Flint fragments occupy nearly 
all of sample. Some jcalcerenite 
grains plus silt .. 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA 

DESCRIPT ION 

74 

74 - 76 

76 - 78 

78 - 80 

SO - 62 

32 - 98 

CALCARENITE. Off white. Samples 
characterised by very hard well cemeiec 
fragments - extremely hard layers in 
situ. Flint moderately common. 

CALCARENITE. White-cream, clean. 
Even --rained average grain size 0.4-0. 
(bryozoal and calcareous chips, odd 
one orange stained). Some flint chips. 
SANDY CALCISILTITE. Fale grey. 
About 40/1 sand size. Some flint. 

CALCISILTITE. Pale grey. Ode! s-nct 
size grain. 

SA'IDY CALCISILTITE. Sand grains. 

m, 

About of sample. 

CALCARENITE. Cream, clean. Average 
grain' size 0.5 - 0.8 mm. Chert arid 
flint chips corn.-ion. 

SANDY CALCISILTITE. Pale-medium grey. 
Aijo.jt lOft. sand size grains. Dominant! 
bryozoal fragments etc. 

CALCARENITE. Cream. Average {/rain 
•size ranto 0.2-0.5mm. Between S4 - 3bn 
calcareous chips dominant not bryozoal 
fragments. Some orange staining and 
ironstone fragments (around 89m and 95'" 
Between .86 - 88m some chalcopyrite 
grains. Hard, recrvstaljiisecf lasers 
between 90 -' 92m and 9k - 96m. 
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DEPARTMFNT OF MINES — SOUTH AUSTRALIA 

DESCRIPTION 

98 - 10C 

100 - 1 0 2 

102-104 

104-110 

1 1 0 - 1 1 4 

SANDY CALCILUTITE. Pale grey, plastic. 
About. 20;4 sand. sis.'5, buff to white 
(bryozoa plus harder fragments). 
SANDY- CALCISILTITE. Pale g:-y. Domi-
nantly calcareous chips and bryozoal 
fragments. A clay size fraction. 
CLAYEY CALCARENTITE. Medium - dark grey 
Bryozoal Q;,d calcareous chips plus flin 
fragm-nts. 
SAM", A" CALCISILTITE. Pale-
to = xderate 
fliir:; chips, 
v; i t ~ c : o x - z h . 

';< i iizc fraction. 
Small 

jilt content i n c re a s e a 

CALCARENITE. Cffwhite - pale grey. 
Ago: :7 •'.:,;, bryozoal fragments. ..'urnc rou£ 
small ::"iint ciiips. Small clay irr r 
Gi':: in .Aze decrease;- v;i.'th. depth. 
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DEPARTMENT OF M INES — SOUTH AUSTRAL IA 

DEPTH (ml 
IrOfn lo 

DESCRIPTION 

1 7 8 - 1 8 0 

180-186 

186-192 

QUARTZ SAND. 80?;; quartz sand, pinkish 
Tn~coiour with an average grain.'size 
0.2mm. Rest clay, greenish coloured 
calcarenite (inc. bryozoal fragments). 
SANDY CALCISILTITE. Tale grey, plastic 
- small to moderate clay/sand fraction, 
No flint. Up to 10% pinkish angular 
quartz grains. Dorninantly-bryozoal 
fragments. 

CALCARENITE. Grading from almost a 
calcirudite near the top down to a 
calcarenite. Off white-buff. Sntirel 
bryozoal fragments plus small molluscs 

Borehole Stole No . 286063602 D m . 
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DEPARTMENT OF M I N E S — SOUTH AUSTRAL IA 

DESCRIPTION , DEPTH («) 
liom to 

192-196 

96-200 

332-204 

204-246 

SANDY CALCILUTITE. Grey... Small to 
moderate silt/sand size fractions 
dominantly bryozoal fragments. 

CALCARENITE. Off white-buff. Average 
grain size 0.5-1 mm. Dominantly 
bryozoal fragments. 

CALCISILTITE. Pale grey. Rounded silty 
material and bryozoal fragments bound 
by a clay fraction. 

CLACARENITE. Pale grey. Large frag-
ments of bryozoal up to 2mm about 06% 
of sample. Rest a grey coloured clay. 
SANDY CALCISILTITE. Grey coloured, 
plastic,-with high silt fraction to-
gether with clay and minor sand frac-
tion (calcareous chips and bryozoal 
fragments). 
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DEPARTMENT OF M INES — SOUTH AUSTRAL IA 

ÔEPTH l<n) 
I ron - 1o 

DESCRIPTION 

246-298 

2C& 
Borehole S t a t e No . 

SAWDY CALCILUTITE. Clay fraction 
about 705c. Medium grey becoming darkei 
with depth. Remainder made up to sand 
and silt size fractions (calcareous 
chips and "bryozoal fragments). 
Some.bands of harder (well indurated) 
calcisiltite chips (chert). 
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298-300 CLAY. Dark grey - p-een, sticky. . Some 
: c:;>-vll (about 1mm)' dark material. 
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OF HOLE 300m. 
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DEPARTMENT OF MINES SOUTH AUSTRALIA 

H Y D R O G E O L O G Y SECT ION 

BORE LOG 
HIRER DEPT. OF MINES 

Drill typeCable Tool A .M.G. Zone 
Circulation Water logged by J . D . VATERM&0S-B 
Driller L. Hausler Do,e '999ed Feb. 1973 " N 

Bore Diameter Datum Elev. 4.5.72 Finish6.10.72 DEPTH 2 9 8 r i l . (m ) R e f P t ' E l e v ' 
Surface Elev. 

HUNDRED CAROLINE 
SECTION 3 1 0 
STATE No. 286031001 
Project NoCAR ^ 
Docket N o . 2 2 4 / 1 / 6 9 
80re Serial No. 1 4 2 / 7 2 

Depth lo 

W a t e r cut lm| 

Depth to 

standing woter (m) 

SUPPLY 

litres/sec. M e t h o d of ftst 

TOTAL D ISSOLVED SOL IDS 

Mi l i ig rommes/ l i t re Analys is W . No . 

SEE ATTACHED S V . Z Z T . 

REMARKS Completed as'observation bore iri Gambier Limestone aquifer. 
Cement plug at top of Kongorong Sand. 

o 
: Z 

DEPTH (m) DESCRIPTION 

I 
Is 

I 

0 - 0.5 

5-E 

SOIL. Mainly subangular calcareous 
grains to* 1mm. Minor dark brown clay 
and fragments of bryczoal calcaronite 
to 1.5cm. Minore quartz arenite. 
C A L C A R E N I T E . More than 50% bryozoal 
and other fossil fragments to 4rnm. 
Subangular ciuartz grains to 1-2mm. 
Minor marl. Some red and yel ' i ov; stain-
ing. Rare subrounded quartz to. 0.5mm 
to 2.5mr;. Minor moderately cemented 
calcarenite fragments. Pale pink 
brov/n, grading to pale fawn by 20m. 
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D E P A R T M E N T OF M I N E S — S O U T H A U S T R A L I A 

DEPTH (m) D E S C R I P T I O N 
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32 - 40 

> 

\ 

As above with 5% marl, grading to grey 
brown• 

B o r e h o l e S t a t e N o . 286031001 Dm: Sheel ^ ol ' t ) 
B o r e h o l e S t a t e N o . 286031001 
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PF N? SI0537o MH 



o z 

nr-

fO-

L o -

is 

J ? 
V 
A 
T. 

is 
ft 

o 
S o < O o 

t T 
If 

> T 

I f 

T A 
I T 

A T r 

tr A 

T ; 
A 

1 T 
& T 

t £ 
f 

DEPARTMENT OF MINES — SOUTH AUSTRALIA 

DESCRIPTION DEPTH (m) 

l iom , lo 

40 - 54 

54 - 64 

64 - 72 

MARL. V/ith 25-50% bryozoal- fragments 
to 3mm. Rinor calcisiltiteV Grey. 

42-46m 5';o dark- brown angular flint 
fragments to 2m:;:. -Rare f.rey silicif.ied 
marl. 

46-48m 20% dark brown angular flint 
fragments to, 1crr. . 

48-5^m 5% dark brown angular flint 
fragments to 3mm. 

CALCARENITE. Silt size to 3mm. -Kair.ly 
bryozoal fragments, with minor fossilif 
erous and calcareous grains, oiinor 
marl and angular flint fragments :c 5mm 
Grey-brown. 

60-64m 10-20% marl. 

FLINT, see overleaf. 

Borehole Stole No. 286031001 Dm: 

D o l e : 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA ^ 
- » -. • . 

/ DEPTH W 298m • DESCR IPT ION 
from to . 

70 

to 

Crr 
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V 
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72—'76 

76 - 78 

78 - 80 

30-86 
\ 

« 

86 - 96 

FLINT. Crey-brown anguiar fragments 
from silt size to greater than 1 cm. 
Minor grey marl and bryozoal 'fragments 
to 3mrn. ; 

68-72m 10/a bryozoa fragments. 
\ 

• v 

CALCARENITE. Mainly bryozoal fragments 
to 3mm. 10i/j Silty marl. 5% dark brown 
angular flint fragments to 3mm. 

FLINT. Dark brown-black fragments to 
2cm with grey silicified calcarenite. 
20% calcarenite as above. . . 

CALCARENITE. Mainly bryozoal fragments 
to 3mm. Up to 5096 dark brown angular 
flint fragments to 3mm. Minor silt ard 
marl. 

FLINT. Dark brown-black fragments to""-. 
2cm with grey silicifiecL calcareni te. 
20% calcarenite as above. 

CALCARENITE. Mainly bryozoal fragments 
to 3mrn.. 50"o dark brown angular flint 
fragments, decreasing to 25% by 92m. 

Boreho le " Stole No. 286031 001 
- ~ " ' • L__: 

D m : S h e . . ^ o l I J > 
Boreho le " Stole No. 286031 001 

- ~ " ' • L__: 
D o l e : - . Bo r * Fo lder N o . j ^ r y j 

PF N? S 10537a MH 



DEPARTMENT OF MINES — SOUTH AUSTRALIA 

t O 

IDS-

DEP1 H Im, 

Irom )c 

298m 

no-

96 - 100 

100-106 

i* 

1 0 6 - 1 0 8 

108-120 

DESCRIPT ION 

CALCARENITE. At least 50f bryozoal-
fragments, with fossiliferous and 
calcareous grains also, to 3mrr:. 10^ 
Calcisiltite. Minor brown angular 
fr.int fragments to 3mm, 

CALCARENITE. 
fragments " 
calcisiltite, -minor 
brown angular il.lnt 

At least 75% bryozoal 
from silt size to 2mm. 5-10? 

, .K:.ix. Minor groy-ne rl. 
fragments to 3mm. 

CALCARENITE. 50% bryozoal and minor 
fossil fragments to 3mm. 50% grey 
angular flint fragments to 7nim. Minor 
r̂ rey marl. 

CALCARENITE. At least.50% bryozoal wit 
minor fossil fragments to 2mm. Most 
off-white, some brown to pale yellow. 
Minor mari, calcisiltite. 
From 108-110m 20% grey to dark brown 
angular flint fragments to 3mm. Fawn 
ov3ia.ll. 

Borehole Stole No. 286031001 
Dole': 

She " 5 1 3 
Bore Folder No . ^ 7 / — 

PF N? SI0537o MH 
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DEPARTMENT OF M INES — SOUTH AUSTRAL IA 

DEPTH M 298m D E S C R I P T I O N 

128-130. 

Q>l30-t32 

32-136 

36-138 

38-140 

CALCARENITE. ' W e l l ' - c e m e n t e d , cream. 
At least 50% bryozoal fragments 0,5-3mn 
Minor shell fragments. Slightly silty. 
Rare reel-brown staining. 

CAIXAclENITS• Mainly bryozoal fragments 
with 3ome calcareous grains ' 

and fossil fragments*.' 30% brown-black 
angular flint fragments to 7mm. 
Minor grey mai-1. 
CALCARENITE..-' Moderately cemented. 
Mainlybroyozoal fragments, off white. 
5% angular flint fragments to 5mm. 

SILTY MARL. Contains 20% bryozoal 
fragments to 1.5mm* Minor angular 
flint fragments to 3mm. Grey. 

FLINT. Angular fragments to 5mm. Dark 
brown. Minor grey marl and bxjozoal 
fragments to 1.5mm. 
CALCARENITE. Grains 0.5-3mm. Some . 
bryozoal fragments, off white to yellow 
brown. -Minor grey, well cemented frag-
ments, to 2mm. 20% grey silty marl. 

Borehole S»o». No. 286031001 Dm:' S h . e l 6 1 3 

l o r . Fold . r No. 4ZZ=. 
P F N O s 1 0 5 3 7 a M H 
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I , DEPARTMENT OF MINES — SOUTH AUSTRALIA 1 

DEPTH (m) 
from to 

140-146 

48-154 

154-158 

158-160 

160-164 

164-166 

DESCRIPTION 

CALCARENITE. From silt size to 4 mm. 
zyfr bryozoa and minor fossil fragments. 
Off white. •: .' 

CALCARENITE. Well cemented. Grains 
mainly 0.1-1.5mm, rarely to 3mm. Up to 
50% bryozoal fragments, minor fossil 
fragments. Fawn. v 

CALCARENITE. -Moderately cemented. 
Yellow, brown and white grains 1-3mm. 

CALCARENITE. Well cemented fragments ; 
u.1 to 7mm. Cream, with minor bryozoal 
fragments. 

CALCARENITE. ' Well cemented pale brown 
massive fragments to 3cm. ; v. 

CALCARENITE. Well cemented white frag-
ments. Rare bryozoal^fragments 0.1 to 
2mrn. White, brown and red (dolomitic) 
grains. (10%). .•.•':.•"""•/ . 

CALCARENITE.' White and brown grains to 
1 m m . R a r e bryozoal fragments. : 

Borehole Stole No- 2 8 6 0 3 1 0 0 1 Date 

' Sheet 7 o I 1 3 

Bor. * Folder No. JOIA 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA . 

DESCRIPT ION * depth im) . 298m 
from lo 

166-172 

172-182 

182-184 

84-186 

86-188 

88-198 

CALCARENITE. White and pale brown 
grains to 1.5mm. Minor silty marl, 
rare greenish grains to 2mm-,-' 

CALCARENITE. Pale brown to orange-red 
(dolomitic; grains 0.1-1mm, rarely to 
1.5mm. 25-50% dolomitic grains. 

CALCISILTITE—CALCARENTTE. 90% colour-
less calcareous grains, subangular, 
0.1-0.3mm 5-10% white bryozoal frag-
ments to 1mm. --

MARL. 25% angular flint fragments, 
dark brown, and grey silicified marl 
(?) to 5mm. Minor orsmge/red dolomitic 
grains to 3mm. Rare bryozoal fragments 
to 1mm, fossil fragments to 4mm.. Grey. 
MARL. 5/o bryozoal and calcareous frag-
ments to 3mm 10% grey silicified Lime-
stone grading to flint. 20% colourless 
subangular quartz arenite/0.1 to 0'.3mm 
CALCARENITE. Essentially bryozoal 
fragments to 2mm. White,-well cemented 
30% quartz arenite, 0.1-0.3mm, sub-
angular 20% Grey silty maVl. 

Borehole State No. ^ 286031001 D m ; 

D o l e : 

Shee t ^ o l 

B o r . - Folder No. w-
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DEPARTMENT OF MINES —. SOUTH AUSTRALIA 

DEPTH u r 298m DESCRIPT ION 
fror 

198-214 

214-220 

190-192m Also 10% grey silicified 
limestone - brown flint angular frag-
ments. • -

192-198m Quartz arenite decreases to 
less than 

CALCARENITE. Essentially bryozoal 
fragments to 2mm. 5% silicified Lime-
stone fragments to 5mm. 20% silty 
marl. Less than 5% colourless, sub-
angular to rounded quartz arenite 0.1-
0.3mm. 

204-206m 10% silicified Limestone. 

206-210m 20% Calcisiltite, minor marl 
no silicified calcarenite. 

210-214m 5% Marl. 

As above with marl increasing to greater 
than 50%. 

Borehole Stat. No. : 2 8 6 0 3 1 0 0 1 
D m : 

D a l e : 

S h e . ' 9 o l 

l o r . ' F o l d . r N o . 
J£LLz. 

PF N? SIOS37a MH 
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DEPARTMENT, OF MINES — SOUTH AUSTRALIA 

. [ - . I . DESCRIPTION , DEPTH im) 298m 
from' to 

•w 
' - ' "'fr 

220-25^ 

•v.- ' 

•'• f ' 

MARL. Contains, approx. 25% bryozoal 
fragments, minor quartz arenite 0.1-
0.3mm. . v;- • •,..r\, . -

Bryozoal fragments"decreasing as pro-
portion of total. . 

Borehole State. No. 286031001 Dm" 

D o l e : 

Shee t o l 1 3 

l o r . ' Fold.r No. 

PF*I° SI05370 MH 
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D E P A R T M E N T O F M I N E S — S O U T H A U S T R A L I A 

DEPTH w 298m . D E S C R I P T I O N ' . 
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254-256 

25.6- 298 

1 

.V 

•X 

1 

250m Bryozoal fragments rare 
Rare Glauconite grains appearing. 

MARL. Some calcareous grains and 
glauconite grains, to 1mm. 10% sub-
angular quartz arenite - 0 . 1 to 0.3mm 
rarely rounded to 1.5mm - colourless 
and milky. •. 
ARENITE. Quartz, subrounded to rounded 

; Colourless-milky with brown and black 
staining. 
256-258m 10-20% light brown clay, less 
than 5% black opaques. Quartz silt 
size to 5mm. 
258-262m Minor clay, quartz silt size 
to;; 5mm. 

262-272m Quartz-most less than 1.5mm 
rarely greater than 2mm, max. 3mm. 

B o r e h o l e S t a t e N o . 286031001 Dm: Sheel 11 ol 13 
B o r e h o l e S t a t e N o . 286031001 

D o l e : Bore F o l d . r N o . 4 7 / ~ 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA 

DEPTH (m) 
from I 

298m DESCRIPTION 

270-272m 5% Clay. 

272-274m Quartz 0.1 to 1mm, most less 
than 0.5mm. 

274-276m Rare rock fragments. Quartz 
0.1 to 3mm, most less than 1.5mm. 

276-284n Quartz up to 5mm. 

282-284m Minor clay 

284-286m Quai*tz mainly less than 2mm, 
max. 4mm. 

286-286m Quartz maximum 2mm. 

288—290m Quartz to 2mm, rarely up to 
4mm. 

Borehole Slate No. 2 8 6 0 3 1 0 0 1 
Dm: 

Do le : 

s h e " i ? o t 1 3 
Bore ' Folder No. 4 7 / -

Pr mo iju 
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DEPARTMENT OF M INES — SOUTH AUSTRALIA 

DEPTH (MI 298m DESCR I PT ION 
from to 
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290-294m Quartz mostly less than 3mm, 
rarely to 5mrn. 

292-294m Rare weakly cemented sand-
stone fragments. 

294—296m 5% greenish brown clay. 
Quartz from silt size to 1.5mm, most 
less than 0.5mm, most colourless. 

CLAY. Black, verystiff, with minor, 
fine colourless quartz. 

END. •298m. 
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290-294m Quartz mostly less than 3mm, 
rarely to 5mrn. 

292-294m Rare weakly cemented sand-
stone fragments. 

294—296m 5% greenish brown clay. 
Quartz from silt size to 1.5mm, most 
less than 0.5mm, most colourless. 

CLAY. Black, verystiff, with minor, 
fine colourless quartz. 

END. •298m. 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA 

BORE LOG ' NYDROGEOLOGY 
Purpose of Bore STRATIGRAPHIC . . 
Hundred Gambier . . . 
Owner. Department of Mine's 
Driller. ' Hausler 
Commenced. 23/10/72 Completed 30/6/73 
Drill type Cable Tool Circuiption Water . 
Logged by Waterhouse .Valentine A u g > 7 3 

Section Adj.. 49.8 . 
Address Adelaide . 

R.L. Collar (M.S.L.) 
R.L. Surface 
Casing 1 0 " 

SHEET 1 OF 8 

State No. 362049801 . 
Bore Serial No. 1.15/73 

Project No. G A M 7 2 
Docket No. 2.24/1/69 
Depth . 1 8 5 m 
Coords E . 

M.G. Zone 
,28m 

N 

DEPTH ( m i WATER LEVEL ( m) SUPPLY- HOW TESTED TOTAL SALTS mg/f ANALYSIS No. 
t-
13-
<J . 9.0 

174.10 
.7.21 
8.90 

REMARKS . F i n a l "MG" bore Penetrates .67 m of Knight Formation, and completed as an 
observation bore in Gambier Limestone. 
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DESCRIPTION 

I 

si 

- S - . 

Surface: 

0 - 1 m ' 

ARENITE-SILTQuartz grains, most colourless, 
some pink. Subarigular-angular <0.1-0.3 mm, 
most 0.2 mm. Some organic matter, grey 
overall. 

ARENITE. Quartz, colourless to brown, 
' subangular to subrounded, <0.1-0.5 mm, most 
0.2-0.3 mm. Larger grains rounded. <5% 
black opaques 0.1 mm. Ironstone (brown) 

• nodules to 1-2 cm. Brown 

T J 

m 

L3J 

- 1 0 -

J£L 

0 

1-2 m 

2-4 m 
4-6 m 

6-8 m 

8-10 m 

10-12 m 

ARENITE. 
grains, 
clay. 

ARENITE. 

As above with some red and yellow 
No ironstone nodules, minor brown 

As above with 30%' brown clay. 

~=~r 

r T ~ r 
12-14 m 

14-18 m 

CALCARENITE. Fragments of well cemented, fawn 
quartzose calcarenite, with some quartz as 
above. Minor clay. 

CALCARENITE. Fragments of well cemented fawn 
calcarenite. • • 

CALCARENITE. Well cemented fawn fragments' 
composed of fawn angular calcareous grains 
0.2-3 mm. Minor quartz to 0.2 mm 

CALCARENITE. Well cemented fawn fragments _ 

composed of angular calcareous grains 0.1-2 mn 
Rare spicules and bryozoal.fragments. Minor-
colourless quartz, subangular to rounded,, 
0.1-1 mm. Minor clay. 

As above, fragments white, fawn and grey. 
Silty. • 

As above, mainly grey. 



State No. 3620.49801. Bore Seriol No. 1 1 5 / 7 3 . . SHEET 2 OF .8 . 

18-22 m As above, grey and brown. Bryozoal fragments 
2-3 mm Rare quartz grains to 2 mm. 

22-26 m CALCARENITE. As above with well cemented 
white fragments. Minor white clay, 25% 
fawn quartz arenite 0.2-0.3 m Bryozoal 
fragments becoming more common, to 4 mm 

26-30 m CALCARENITE. 75% bryozoal fragments, white 
with grey/green marl. Minor well cemented 
brown fragments. 

30-34 m CALCARENITE. Well cemented, massive brown _ 
calcarenite fragments to 1 cm. Minor white 
bryozoal fragments to 2 mm. Minor black 
opaques 0.1 mm. 25% marl - green and grey. 

34-36 m CALCARENITE. 50% white bryozoal and fossil 
fragments. 40% grey/green marl. Rare 
glauconite grains to 2 mm 

36-44 m MARL Dark grey/green. 5% white bryozoal 
fragments to 1.5 mm. Green colour grading 
to entirely grey by 44 m. 
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44-46 m 

46-50 m 

50-62 m 

62-64.m 

64-66 m 

MARL. Grey with minor bryozoal fragments. 
Contains 30-50% black angular flint 
fragments 

MARL. Grey with minor bryozoal fragments. 
Contains 5-10% flint as above. 

CALCARENITE.. Well cemented white fragments 
essentially bryozoal fragments to 4 mm. 
5% grey marl, 5% black angular flint 
fragments ... 

MARL. Dark grey, silty. 5% Bryozoal 
fragments and rare dark grey well cemented 
calcareous fragments to 1 cm 

CALCARENITE. Essentially white bryozoal • 
fragments.to 3 mm. Minor grey marl, angular, 
black flint fragments. 
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66--68 m MARL. Dark grey, silty. 5% Bryozoal fragment 
and rare dark grey, well cemented calcareous 
fragments to 1 cm. 

I f 
-R X X 

68--70 m MARL. Grey, silty. 30% white bryozoal 
fragments to 1.5 mm 

-70-
\< <J < 

70--76 m FLINT 75% Angular black fragments to 2 cm. ~ 
5% Bryozoal fragments to 2 cm. 
10% Quartz arenite, colourless to fawn, 
0.2-0.3 mm 
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76--82 m LIMY MARL. Light to dark grey. Moderately 
plastic. Minor quartz arenite to 0.15 mm, 
grains transparent, subrounded. Elongate 
fragments in conc. Hcl residue, up to 6 mm 
long x 0.3 mm diam. ? silicified plant roots. 
Trace of glauconite. 

TL̂ -R 
T -R 

4 t 

76-80 m 15% calcirudaceous calcarenite 
(uncemented bryozoal remains to 
3 mm) 
20% calcisiltite 
15% dark grey angular flint _ 

fragments to 3 mm decreasing to 
5% at 78m-80m Bit sample 76 m 
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80-82 m 40% calcirudaceous calcarenite 
'(bryozoal remains to 8 mm including 
fragments black calcareous echinoic 
spines) 
5% grey angular fragments to 3 mm 
with moderately well cemented 
fragments of flinty calcarenite 
5-10% calcisiltite. 

T 
T T-

T 

£ 

—r-

82 -94 m CALCIRUDACEOUS CALCARENITE. Buff 10%. weakly" 
to moderately well cemented fragments to 1 ct 
+ bryozoal and echinoid remains to 5 mm 
10% calcisiltite 
trace to 1% glauconite 
Minor black flint fragments to 2 mm + minor 
fine quartz arenite 
82-86 m 20% Marl Buff 

j T~ -r 
"T~ -R 86-94 m 10% Marl Buff 

-30J 4 
92-94 m uncemented calcarenite 
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94-102 m CALCIRUDACEOUS CALCARENITE. Off white to 
brown to grey. Predominantly uncemented 
polyzoal remains to 1 cm with 5-10% weakly 
cemented calcarenite fragments to 7 mm. — 
5-10% black angular calc. siltstone t flint 
fragments to 5 mm / 
94-98 m 30% clear calcite fragments^ ave. 

0.3 mm diam. ?recrystallized. 
10% calcisiltite 
A few fragments iron oxide to 
3 mm diam. ;' 

98-102 m 20% calcisiltite 
5% white marl 
Contains the odd fragment of 
glauconite to 1 mm diam. . — 

102-116 m . MARL. Plastic, clayey £ silty. Grey with 
minor calcisiltite. Calcarenitic but 

. decreasingly so with depth. Clay content 
increases with depth as does plasticity. 
A few calc. siltstone fragments are present. 

102-104 m 40% Calcirudaceous calcarenite. 
Fossil fragments to 5 mm with weak_ 
to well cemented calcarenite 
fragments to 1 cm. Rare glauconite 
to 1 mm diam. 

104-108 m 10% calcarenite (uncemented polyzoc 
fragments to 2 mm) 
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116-118 m 

118-126 m 

-120—; 

-I25H 

126-128 m 

128-136 m 

S-I35-

1 3 6 - 1 3 8 m 

J 4 c J _ 

1 3 8 - 1 4 4 m 

CLAYEY MARL. Grey, plastic £ silty. Bit 
samples at 116 £ 118 m 

CLAY. Brown, silty, arenaceous 
118-120 m 20% quartz arenite, grains 

transparent £ subangular to 
subrounded 0.1-0.5 mm diam. 
(ave. 0.1 mm) minor bryozoal -
calcarenite (? contam. from above) 

120-122 m 
122-124 m 

30% quartz arenite as above. 
1 0 % " " " " 
10% nodules dark green £ black 
plastic clay and"off white marl. 
Minor lignite + 5% calcarenite 
(contam.) 

124-126 m 20% quartz arenite as above 

CLAY. Dark greenish grey, plastic 
10% brown silty clay containing quartz 
arenite as for 118-120 m. Minor nodules 
white clayey marl. 

QUARTZ ARENITE. Light brown-grey, silty. 
Grains transparent, subangular and 
moderately well sorted (0.1 mm - 0.5 mm diam. 
ave. 0.15 mm) Minor bryozoa tc 2 mm (?contam 
128-130 m 

130-132 m 

132-136 m 

25% greenish grey clay of moderate 
plasticity. 
10% plastic clay as above. Bit 
sample 132 m contained no clay 
Less than 5% clay as above 
A few transparent mica flakes, 
0.5 mm - 2.0 mm diam. 

CLAY. Very dark chocolate brown, almost 
black. Plasticity low, slightly arenaceous 
(qtz.) £ silty (less than 5%). Bit sample 
138 m - minor subrounded quartz to 2.5 mm, 
15% silty quartz arenite. 

QUARTZ ARENITE. Brown. Poorly sorted, 
transparent 6 subrounded grains, 0.1 mm -
2.5 mm diam. (ave. 0.8 mm) 

138-140 m Rare ? pyrite grains 1 mm diam. 
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138-144 m 
(cont. ) 

144-150.m 

45CH 150-152 m 

152-154 m 

154-156 m 

156-174 m 

-ifeo— 

140-142 m 50% dark brown and light greenish 
grey plastic clay. Bit Sample 
142 m dark chocolate brown plastic 
clay. 

142-144 m As above but much less clay (less 
than 5%, brown 6 light grey, 
plastic) 

QUARTZ ARENITE. Brown, silty 5% fragments 
black (lignitic) clay to 10 mm 

144-148 m Grains transparent, subrounded, ~~ 
moderately well sorted (0.1 mm -
1.5 mm diam., ave. 0.2 mm) 

146-148 m Lighter in colour + only slightly 
silty. 

148-150 m Grains transparent, subrounded 
£ poorly sorted (0.2 - 2.0 mm, 
ave. 0.5 mm) 20% grey-green £ 
black plastic clay. 

CLAY.. Greenish grey £ brown, silty £ 
plastic in part. 10% quartz arenite as for 
148-150 m. A few frosted, rounded quartz 
grains 2-5 mm diam. Bit sample 150 m -
Black plastic clay 

CLAY. Brown, of low plasticity. Less 
than 5% quartz arenite, ave. 0.1 mm diam. 

QUARTZ ARENITE. Silty, transparent, 
subrounded to subangular, well sorted, 
equidimensional to elongate quartz grains _ 
0.1-0.9 mm diam. (ave. 0.1 mm) 
20% grey-green £ black plastic clay. 

CLAY. Dark chocolate brown, lignitic £ plastic 
in part, but generally silty £ of low plasticity 
160-162 m Some grey-green plastic clay. 

L j t £ -
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L56-174 m 166-168 m Streaks of mid-brown clay, with 
(cont.) 5% quartz arenite - grains 

,transparent, subangular 6 well 
sorted (0.2 - 0.5 mm ave. 0.2 mm) 

169 m Bit sample - Black plastic clay 
with light brown streaks 

170-174 m 20% quartz arenite. Grains — 
transparent, subrounded £ poorly 
sorted (0.1 - 2 mm diam. ave. 
0.5 mm) 

L74-185 m ARENITE. Quartz sands with black clays. 
No samples bagged for examination. • 

END OF HOLE. 185m 
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L56-174 m 166-168 m Streaks of mid-brown clay, with 
(cont.) 5% quartz arenite - grains 

,transparent, subangular 6 well 
sorted (0.2 - 0.5 mm ave. 0.2 mm) 

169 m Bit sample - Black plastic clay 
with light brown streaks 

170-174 m 20% quartz arenite. Grains — 
transparent, subrounded £ poorly 
sorted (0.1 - 2 mm diam. ave. 
0.5 mm) 

L74-185 m ARENITE. Quartz sands with black clays. 
No samples bagged for examination. • 

END OF HOLE. 185m 
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BORE LOG * hymogeolocy 
3 T R A T I G R A P H I C . Purpose of Bore 

Hundred K O N G Q R O N G . . . Section . 
Owner. £ ..A . . D E P T . O P M I N E S . Address . 
Driller. R . . B . . T Q O H E Y . . . . 
Commenced. 2 2 / 9 / 7 1 • Completed 1 5 / 1 / 7 ? 
Drill type G A B L E - T O O L Circulation V / a t e r • 
Logaed by . J . D . V / A T ^ R H O U S B o t e F E B . 1 . 9 7 2 

/ l D J . . S E C . 4 3 9 
A D E L A I D E . 

R.L. Collar (M.S.L.) . 1 8 
R.L. Surface 1 8 . 2 
Cosing N ' t - . A M 

State No. 4S9O4390! 
Bore Serial No. 1 0 3 / 7 2 . . . 

Project N t K O N 1 . ( M . G . 3 J 

Docket No. 2 2 4 / 1 / 6 9 • 
. 8 7 0 Depth 1 9 0 . 5 in . . 

Co-ords E . 
G. Zone . . N 

DEPTH ( m i WATER LEVEL (m SUPPLY- HOW TESTED TOTAL SALTS mg/j ANALYSIS No. 

.6.1 . 3 - 7 . i>ee sumrna 
10 of 

y sheets 
0 . ' 

REMARKS M T . G A M B I E R AREA S T R A T I G R A P H I C B O R E M G J . ( O B S E R V A T I O N E 0 . H L 
. . . E O N 1 ) : 

e> 
z 
in 
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i 

DESCRIPTION 

0 - 0.15 m. 

0 . 1 5 - 1 . 5 m 

1 . 5 - 3 . 0 E l 

3 . 0 - 4 . 5 m 
t , 

4 . 5 9 . 0 m 

9.0 - 20 m, 

J O ^ 

SOIL. Slightly calcareous. Angular 
to subangular quartz with organic 
material. Dark brown/black. 
ARENITE. Quartz, 0.3-0.4 mm, sub-
rounded. Light brown. 
ARENITE. Quartz, av. 0.3-0.4 mm, 
subrounded. Silty, with calcrete 
fragments, spicules, bryozoal and 
flint fragments. Light brown. 
ARENITE. Calcareous. 50% quartz 
grain, 0.2-0.4 mm, rounded, spicules 
to 1.5 mm. ""Ironstone fragments to -
0.4 mm. Flint fragments to 2 cm. 
Light brovm. 
CALCAREfllTE. Mainly bryozoal frag-
ments to 5 mm.. Off white 10^ quartz 
most <0.2mra, max. 0.3 mm, fawn ' 
grains, rounded. 

Minor flint fragments to 5'mm. 
CALCARENITE. Bryozoa with calcar-
eous fragments 0.1-0.3 mm. Off 
white. Well cemented. 
12.0 - 14.0 m. ^Contains white to 
light brown/green calcareous frag-
ments . 

i a 
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1 m 

20 23 m. 

3 - 2 6 m . 

2 6 - 2 7 . 5 m 

2 7 . 5 - 3 2 m 

3 2 - 3 3 * . 5 n 

3 3 - 5 - 3 5 m 

3 5 - 3 6 . 5 m 

3 6 . - 5 - 3 8 m 

38 - 41 m 

16.5-18 m. Contains, grey re-
crystallized calcareous frag-
ments to 8 mm. ' 
18 - 20 m. Contains 20% marl, 

' C A.LC ISILT ITS. 20-30%. Bryozoal 
and calcareous fragments to 3 mm, 
Dark flint fragments to ? mm. 
Pole grey. 

CALCARENITE. Silty Bryozoal and 
calc. fragments to 5 mm. Flint 
fragments to 5 mm. 

As above, Ko flint,.but some 
silicified/limestone. 

CALCISILTITE. 5% Bryozoal frag-
ments to 5 mm. 50% bark flint"to 
1 cm. 

FLINT. Grey black angular frog-' 
mfints to ?" cm-. / ̂PA r.nip.is . urey black angular .trog-
.... vs to P" cm; calcisiltitn , 
nor bryozoa to 1 cm. 

men 
rr: i 
FLINT . As above, bryozoal f.rag-
men ts 10%. 

CALCARENITE. Silty.bryozoal frag-
ments .and echinoid spines to 5 mm." 
5% flint fragments to 1 cm. Cro-vm. 
FLINT. Grey fragments to -P cm. 
PO-30% fossil fragments to 6 cm. 

CALCARENITE. Bryozoal, echinoid 
fragments to 5 mm. 40r flir.t 
fragments to 1 cm. Cream. 
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4 5 

5 0 

3 E 

6 5 

i 
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60 

A A 

n n 
n b 

65 fa 

41 - 58 m. 

5 8 - 5 9 . 5 m 

59-5 - 62.5 ra 

f , P .5 - 67 m 

FLINT. Dark prey fragments to J 
cm. 10-20% Bryozoa and calcareous 
fragments to J mm. 

CALCISILTITE. Marly. Finor 
bryozoa-and calcareous fraiments 
to 8 mm. Minor - rod/brown iron-
stone fragments to $ mm. ?0% 
flint.fragments to 1 cm. 
FLINT. Fragments to 2 cm. Minor" 
bryozoa. and calcareous fragments 

Silty. to 3 mm 

CALCARENITE. Bryozoa and calcar-
eous fragments to 4 mm. 40% 
flint fragments to 2 cm. 
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Stat* No. * ? 9 0 4 3 9 0 / Bore Serial No. 1 0 5 / 7 2 SHEET . 4 Of 1 0 

70 

n n 

,75 m 
s 
£ 

s 

S Q j 

85 

m 

r _ ! 

A 
9 0 

67 - 68.5 m CALCAREI-IITE. 30% Flint. 

68.5 - 70 m 

70 - 73 ra 

7 3 - . 7 6 tii 

76 - 77.5 m 

7 7 . 5 - 84 in 

84 - 87 m 

87 - 92.5 m 

CALCARENITE. Bryozoa and calcar-
eous fragments to 5 mm, slighly 
silty. Minor flint to 1 cm. 
Cream. 
CALCAREfllTE. Bryozoa and calcar-
eous fragments to 3 mm, most 0.5 
nm. Minor flint to 1 cm. Grenm. 

CALO/'RENITE. Mainly caloareou; 
fragments to 2 mm, average <0., 
mm. are bryozoal fran;r.;ents to 
J van. R'inor flint <1 mm. Silty. " 

CALOARSNTTE. Mainly bryozoal 
fragments to 3 mn, minor calcareour 
fragments to 1 cm; 5% flint fr.ig-
roento 1' cm. Cream. 
GAIA;ARKHITE. Bryozoa and fossili-
feroj.a 'fragments to 1 cm, most 1-3-
mm. 20% grey flint fragments to 1 
cm. Silty. Groan. 

CALCISILTITE. Marly. 5-1Cf- bryozoal. 
fragments to 3 mm. -5-10%. Flint 
fragments to 1 cm. Off vhi tc. 

CALCARENITE. i;.ilty. Mainly 
bryozoal fragments to 3 ram. l~0-
50%. Flint; fragments' to 1 cm. 
Of f-fhite. 
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Stat, No. J 3 9 0 4 3 9 0 / Bore Serial No. SHEET 5 OF 1 0 

9 2 . 5 - 9 3 

o-j - 9 / L . 5 

9 4 . 5 - 9 7 . 5 rn 

9 7 . 5 - 1 0 8 

1 0 8 - 1 1 4 m 

1 1 4 _ 1 1 6 n 

F i l l . ' ! ' . A n g u l a r , f r a g m e n t s t o 1 c m . 
3 0 % f o s s i 1 i f e r o u s c a l c a r e n i t e 
( b r y o z o a , s h a l l f r a g m e n t s , 
e c h i n o d e r m s p i n e s t o 5 m m . K i n c r 
s i l t . D a r k . 
C A L C A R E N I T E • F o s s i l i f e r o u s a s 
• • ' o o v e . 5/o a n g u l a r f l i n t f r a g - _ 
m e n t s . 
F L I N T . A n g u l a r f r a g m e n t s t o 5 m m . 
10/ ' • f o s s i l i f e r o u s c a l c a r e n i t e . a s 
a b o v e . 
C A L C A R E N I T E . M a i n l y b r y o z o a l 
f r a g m e n t s t o 3 m m w i t h c u l c i a i l t -
i t e . C r e a m . 5 % a n g u l a r f l i n t 
i " a g m o n t s t o 2 c m . 

A t 1 0 7 - 1 0 8 m . 1 5 / - a n g u l a r f l i n t 
f r a g m e n t s , a n d g r e y m a r l b l e b s t o 
P cm. : 

C A L C A R E N I T E . M a i n l y b r y o z o a l 
f r a g m e n t s a y . 2 m m r a r e l v t o 1 c m . 
2 0 - ' j > 0 n / M a r l . G r o y . 
1 1 0 - 1 1 1 m 2 0 % a n g u l a r f l i n t , 
f r a g m e n t s , M a r l < 1 0 % . 
1 1 3 - 1 1 4 m M i n o r r e d / b r o r n s t a i n -
i n g o n s o m e c a l c a r e o u s f m g n o n t s . • 

M A R L . G r o y . . 2 0 % A n g u l a r f l i n t 
f r a g m e n t s t o 4 m m . 2 0 % f o s s f l -
i f e r o u s c a l c a r e n i t e , Tin: ! n l y 
b r y o z o a t o 3 m m . 
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146 

m l i U S 

19 
raft 

i * 5 _ 

J 5 0 _ 

f p 

u i j i 

m 
L r W 

h - 1 

H 

1 4 7 - 1 4 8 M a r l y . 

1 4 8 - 1 8 7 . 5 m C A L C A R E N I T E . D o l o m i t i c i n p l a c e s . 
O r o a m . 

1 4 9 _ 1 5 0 M a r l y 

-

f p 

u i j i 

m 
L r W 

h - 1 

H 
J 5 5 _ 

i 

V 
Vf1 

V 
V 
V 
V 
M 

1 5 5 . 5 M a r l y 

160 

' - r - 1 

K ^ M 

1 6 0 - 1 6 1 . 5 M a r l y 

165 

£ 
P 
P r l 

1 6 3 - 1 6 6 M a r l y ^ 

I ' 
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-i • 

J30J 
— 

-i N • 

I95J 

n i - L w 
186 - 187 ra Marly 

187.5 - 189 ra 50% Marl 

-1 N 189 - 190.5 in 10% angular f l i n c fragments to 
4 cm. 

190: I 
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DEPARTMENT OF MINES SOUTH AUSTRALIA 

H Y D R O G E O L O G Y SECTION 

BORE LOG 
-HIRER D E P T . o i , M I N E S ' 

Drill lypeCable Tool A.M.G. Zone 

Circulation ̂ /ater Logged by M.A. COBB Coords. E Driller L.A. HauslerDo,e lo39ed 10.3.72 ". N 
Start 27.10.71 Bore

 D i a m e , e r Datum Elev. 
Finish 5 , 1 2 . 7 1 DEPTH 2 * 1 8 m ,m) Re f- Pl- E l e v- s 

Surface Elev. 

HUNDRED MacDONNELI 
SECTION A d j . k h . 
STATE No. 463004401 
Project No. j V J A C 3 5 

Docket No. 2 2 4 / 1 / 6 g 
Bore Serial No. 1 0 S / 7 > 

Depth to 

W a t e r col Im) 

Depth to 

slondmg water (m) 

SUPPLY TOTAL DISSOLVED SOL IDS Depth to 

W a t e r col Im) 

Depth to 

slondmg water (m) I 'tres/sec. M e t h o d of rest M i l l igrommes/litre Analysis W . No. 

6.1 5.5 

-

SEE- SlH'nv.A •\Y SHEET. 

REMARKS M.G.4 
Kt. Gambier Area, Deep Bore Series (M.G. Numbers) MAC 35. 

Lr 
5-f 

10—E 

15-

u 

< o ac • ~' 
o 

2 

n -

k L 

p 
M 

m 

H 

3 - 0.3 
3.3-4.5 

f » . 5 - - 6 

DEPTH (m) 

from to 

DESCRIPTION 

5.0-7.5 

7.5 - 15 

SO-IL. Dark brown, some calcrete frag-
ments. 
QUARTZOSE CALCARENITE. Pale-medium 
brov/n. Average grain size 0.3mm. 
About 40>u quartz silt and sand. Hest 
bryozoa tubes, calcareous chips, 
spicules. Decrease .ir quartz ";ith 
depth. 
CALCARENITE. Off white-pale Grey. 
About 20% silt size. Average grain 
size 0.5-1mrii. Dominantly bryozoal 
tubes rest calcareous chips. Some ce-
mented fragments. 

SANDY CALCISILTITE. Pale grey. About 
60% silt, size, average grain size less 
than 0.2rnm. Dominantly bryozoal tubes. 
Some large flint chips. 

CALCILUTITE. Medium grey. Sticky -
between 9-10.5m small flint chips 
common. Becomes more silty with depth, 

Dale: 

Sheel "J o l 1 0 

Gore Folder No. 6 6 / -

P F N ? S I 0 5 3 7 M H 
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fa 
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5 
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5 3 
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m 
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t 

ra 

X 
m 

h k 

Up: 

23 - 26 

16 -45.5 

. DEPARTMENT OF MINES 

DEPTH (m) . 2 1 8 m 
Irom lo 

SOUTH AUSTRALIA 

DESCRIPTION 

1 5 - 2 3 SANDY CALCISILTITE. Medium grey, : 
About 40%sand size grains dominantly 
bryozoa tubules. Much Flint. Becomes 
somewhate paler with depth. Some well 
cemented fragments. . 

CALCARENITE., Off white. Average grain 
size 1-1.5mm. Dominantly bryozoal. 
tubes and calcareous chips. 'Flint x 

chips make up about 20% of sample. 

SANDY CALCISILTITE. Pale-medium grey. 
-About. 30/'a sand size. Essentially 
bryozoa•tubes and calcareous chips. 
Much flint. Slightly darker in colour 
and with a moderate clay content (20%) 
between 36.5-41m and 42.5-45.5m 

'Borehole Stole No. 463004401 Dm. Shee l i t r 

Bore Folder N o . ^ ^ ^ * 
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45.5-4 7„:5 

47.3-52 

52 - 61 

DEPARTMENT OF MINES — SOUTH AUSTRALIA 

DEPTH/(m) 2 1 8 m 
from lo 

DESCRIPTION 

61 - 79 

CALCARENITE. Buff-pale grey. Average 
grain size 0.4-0.6 mm. Essentially 
bryozoal tubes and calcareous chips. 
Flint chips common„ 

SILTY CALCARENITE. Pale grey to off 
white with depth. About 30% silt size 
grains. Bryozoa and calcareous chips. 
Flint chips common. 

CALCARENITE. Off white-cream. Clean 
calcarenite essentially bryozoal tubes 
and calcareous chips some flint but 
very common between 55-56.5m. Average 
grain size 0.5-1mm. 

SILTY CALCARENITE. Pale-mediura grey. 
About 30%' silt size grains. Flint dom-
inant at top grading- down to about 
30% of sample by 72m then only a small 
amount of flint. Rest bryozoa tubes 
and calcareous chips. 

Borehole Slate No. 463004401 Do!? -

S h e e l o l 10 
6ore Folder No. ~S67~' 

PF N? SI0537a MH 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA 

DESCRIPTION /DEPTH M 2 1 8 m 
from lo 

79.2-80.S 

30.9-90 

CLAYEY CALCISILTITE. Pale grey-off 
white. About 40% clay, rest bryozoal 
tubes. Average grain size less th^n 
0 . 1 m m . 

SANDY CALCISILTITE. Pale-medium grey, 
darkening with depth. About 40% sand 
size grains. Essentially bryozoal 
tubes and calcareous chips. Some 
flint. 

Borehole Slate No. 463004401 Dm: Sheet o l 4 
Bore Folder No.(j£) 

PF N? SI0537o MH 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA 

DESCRIPTION DEPTH (m) 2 1 8 m 
from lo 

1 2 8 - 1 4 0 

Between 120.5 and 125m flint chips 
appear ar;d fossil spines become dorainanl 
Becoming silty some harder cexented 
fragments. 

Below 125m grades to a calcisiltite. 

CALCISILTITE. Off white to buff. Mino; 
calcnrenite-(up to 10%). No observable 
fossils. 

Borehole Stole No. 463004401 D m ; 

Dale: 

Shee t 
- 1 0 -

Bore Fo lder N o . 

PF N? SI0537a MH 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA 

. DEPTH (m) 2 1 8 m 
from ' to 

DESCRIPTION 

END OF BORE. 281m. 

Borehole Stole No. 
D M : S h . e . - I Q o l 1 0 

Bo re ' Folder No. " 6 5 7 ^ 

PF N? S 10537a MH 



DEPARTMENT OF MINES SOUTH AUSTRALIA SHEET 1 OF 2 -

BORE LOG * HYMOGEOLOGY 

Section 
Address 

Purpose of Bore . OBSERVATION . . 
Hundred -YOUNG . . . 
Owner D . J',/1 
Driller. R . B . T-OOIIEY • • 
Commenced. 6»5»'72- Completed • 5 • 
Driii type CABLE TOOL Circulation .Vmter 
Logged by .FRED -W . • AS LIN Dote 6,, 1 0 . 7.2 

iliELAIDE 
StoteNo. .7310016 01 
Bore Serial No. 141/72. 

Project No. Y o u 2 
Docket No. 231/69 

R.L. Collar (M.S.L.) . Depth 2 5 .ID 
R.L.Surfoce/0-53mOf ,5" . . , 
Cosing M.G. Zone . . N . 

DEPTH ( m i WATER LEVEL ( m ) SUPPLY- HOW TESTED TOTAL SALTS mgjg ANALYSIS No. 

• 1 3 . 5 • 1 - 3 . 1 5 4 1 5 
345 

W2257/72 
W2358/72 

REMARKS. Bit samples, but no .tu.be . care. .Bit samples .6.0, .12,0 ,m.. 

o 
z 
< u i§ 

7 8 

DESCRIPTION 

0 . 0 - 0 . 1 8 m •' 

0.18-1 .OCin 

1.0-3.0 m 

3.0-8.0 m 

- i o -

8.0-10.0 a 

10.0-12.0 m 

12.0-18.0 m 

_!5_ 

Q,uartz arenite. grev, grains 
0.1-1.0mm (Av 0.2mm; sub angular-
subrounded, organic matter. 
Quartz arenite. buff, as above, 
slightly silt£, minor organic 
matter. 
50% Quartz arenite« colourless, 
0.1-/1.5mm (Av. 0.2 mm) subanp;ular 
to rounded. 
50% Clay, light brown. 
50% fossiliferous calcarenite, 
off white with some red stain, -
fossil fragments to 3mm. 
50% marl, buff 
Minor smears of dull red-brown 
clay. 

Fossiliferous calcarenite. off 
white, fossil fragments to 4 mm, 
Approx. 15-20% marl, cream. 

Clay, brown, with finely diss- _ 
eminated fossil fragments in it. 
10% fossilif erous calcarenite in' 
lumps up to 2.5 cm off white, 
fossil fragments to 3 mm.organic 
matter. 
Quartz arenite. 0.1-3.0 inn (Av 
0.35 Mm) predominantly colour-
less, some milky and odd black, 
subangular-subrounded. 
<13.0-14.0 Trace of marl. 
16.0-18.0 Trace of brown clay. 



1, 2 3 4 5 6 7 8 9 StoteNo. 7^10016 01 Bore Serial No. .141/7? S-iEET 2 OF . 2 
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18.0-19.0 m Quartz arenite, <0.1mm-0.4mm 
(Av 0.15) angular to subrounded. 
Minor fine mica. 

19.0-21.0m Quartz arenite, <0.1mm-1.0mm 
(Av 0.15) angular to subrounded. 
Approx. 10% black clay.. 

21.0-24.0 m 60% quartz arentie as above. 

0 
•s 
* 

\ 

N 
f 

O 
\ 

"t t (D 0 
? Hi 
k * 
0 
1 

40% black clay. 
23.0-24.0 m clay grey-black and 
well mixed with arenite. 

24.0-25.0 m 60% clay, p;rey-black. 

-25—j 

40% Quartz arenite, 0.1-0.4 mm 
(Av 0.15 ram) Minor fine mica 

-25—j End of hols 25.0 m. 

-30-4 

-

-

-35- — 

40 

-



DEPARTMENT OF MINES SOUTH AUSTRALIA 

H Y D R O G E O L O G Y SECT ION 

BORE LOG 
H I R E R D E P T . O F MINES. 

Drill type Cable Tool / A.M.G. Zone 
C i r c u l o l i o n W a t e r logged by F.W. ASLIW Coords. E 
Drilleil.B. Toohey Da,e lo99ed 10.10.72 " 
Start ?0.5.72- ' ® ° , e ^iometer Dolum Elev. 
Finish 24.5.72 DEPTH -j (m) Ref. Pi. Elev. 

Surface Elev. 

HUNDRED YOUNG 
SECTION A d j . 8 2 9 
STATE No. 7 3 1 082901 
Project No. Y O U , 3 
Docket No. 2 3 I / g g 
Bore Serial No. ^ ^t^ 

Depth to 

-Water cut tm:-

Depih to 

i t ondmg wa t e r [mi 

SUPPIY 

l i t res/sec. M e t h o d o l test 

T O F A L D I S S O L V E D S O t l D S 

M i l l i g rommes/ ! i t r e Ano l ys i t W . N o 

12 7.77 3.45 
3.45 

V/2359/72 
W2360/72 

REMARKS 

Bit sample 16.0. No tube core. 

t) 

$ 
V8 

S-z 

10-E 

EB 

- A -

D 

-15- i 3 

0 . 0 - 0 5 

. 0 . 5 - 2 . 0 

2.0-4.0 

0 

D E P T H (m) 
DESCRIPTION 

4.0-8.0 

8.0-10,0 
10.0-12. 

12.0-14. 0 

QUARTZ ARENITE. < 0.1-0.5mm (Av. 0.2mrn) 
rose and colourless. 
Minor red-brown clay 
Minor ferruginous lumps to 1cm. 
Minor fossil fragments to 2mm. 
F0SSILIFER0US CALCARENITE, marly, 
silty, off white with minor green, 
patches. Fossil fragments to 2mm. ; 

SILTY Marl, light chocolate brown, 
Approx. 30% angular, massive, slight-
moderately calcareous fragments to 1cm 
cream with black"flecks, 
Approx. 5% quartz arenite ̂  0.1-0.2rnm 

colourless. 
SILTY Marl and minor clay, all light 
chocolate brown. Approx. 10$ angular, 
massive, slightly calcareous fragments 
to 1 cm. Grey v/ith black flecks. 
Appro*. 10% Calcarenite and fossil 
fragments. 
Approx. 10% quartz arenite, 0.1-0.2mm, 
subangular — subrounded, colourless. 

MARL, off white- grey, Approx 25% 
fossil fragments to 3mm, off white. 
CLAYEY Marl, grey blue-grey mottle, 
Approx. 10-20% fossil.fragments to 
2mm. . 
CALCISILTITE, grey, Approx. 10-20% 
fossil fragments to 2mm. Minor angula 
massive slightly calcareous fragments 
to 3nim, grey'v/ith black flecks. 

D m ; Sheet 1 o l 

Bo re Fo lder N o . 3 * 1 

P F N ? S 1 0 5 3 7 M H 
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DEPARTMENT OF MINES — SOUTH AUSTRALIA 

DEPTH M 1 6 m DESCRIPT ION 
from /' .lo 

2 C H 

r V - H 14.0-16.0 
END 

I 

Approx. 60% Black Clay. 
40% Quartz Arenite 0.1-5.Oram 
(Av. 0.4mm) subangular - subrounded 
colourless, milky and greenish. 

Minor1 fine mica 
B i t sample 16.0m 

END OF HOLE 16.0m 

2 C H 

14.0-16.0 
END 

I 

Approx. 60% Black Clay. 
40% Quartz Arenite 0.1-5.Oram 
(Av. 0.4mm) subangular - subrounded 
colourless, milky and greenish. 

Minor1 fine mica 
B i t sample 16.0m 

END OF HOLE 16.0m 

2 C H 

• \ 

> 

m 

i 

Borehole Slofe No. 731082901. Drn: Sheet 2 £ 
Borehole Slofe No. 731082901. 

Dote-. Bore ' Folder No. ^ J ^ 



APPENDIX F 

Daily Rainfall Figures, Mt. Gambier Aerodrome 

(data from the Bureau of Meterology, Adelaide, S.A.) 

1972 

(in points, with values in mm in parentheses) 
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APPENDIX G 

Water Analyses 



WATER A N A L Y S I S R ESULTS 

HUNDRED BMNCHt -



v- V . . . WATER. ANAL 
CAROLINA Mi Migrates per Litre 

Saepling Dissolved 
IWM. OATf Method T«ep. Cond. pi) 0*ygen COD SALINITY Ca Mg Na 

.YSIS RESULTS 
i-equivalents per Litre 

ta Mg Na 1 HCOj SÔ  CI .-OO, PÔ  Salinity 
lico so n mo pn : 

CAR 

IS 

IS 

-"l'/72 6 17 980 7.1 . 7.6 5 S32 121 H SI 
21/11/72 R/H 16. goo 7.1' '7.5 S 442 . 87 16 50 

21/11/72 N/M 18 ' 810 7t2 7.6 15 417 77 20 54 
21/11/72 »/M 18 930 ?'.0 6.0 •' 10 S37 119 ID 49 
21' 1 1/72 8 16 { 13811 7.0 2.8 • 20 706 77 2'j 153 
21/11/72 fc/M 18 970 7.0 4.5 30 553 4S 11 162 
15/11/72 r W, 820 7.2 6.8 . . 10 420 75 27 4H 
15/11/72 T 19 HOOO 7.1 S.7 • 3S 7212 140 270 2140 
15/11/7 2 >' 17 ' 10000 7.2 ' 3.8 . 50 S906 149 223 1720 
.'9/11/72 K/M .18,. ' 770 7-'' 15 • "5 78 9 15 
29/11/72 V/M 2\ 56o' 7.7. 6.2 15 2SS ' SS 6 2;i 
29/ 1 1/72 »/M 17 6 SO 7.4 8.1 15 400 93 7 ,"0 
29/11/72 .. w/M, . 18 710 7..1 8.2 15 36S :>2, 8 3'. 
23M1/7: »/M 15 olO 7.1 e.O . 15 324 78 10 30 
16/11/-2 • B 17 1030 7.4 s.;i 10 519 85 ' 9 108 
lb.'11/72 B 'lb 730 7.4 S.S 10 387 73 23 48 
15 'll/r: B • . 15 540 7.0 9.8 S 303 8 9 7 19 
Mil/?: B ' 16 .055 7.3 9.0 |0 357 78 ' 6 .'I 
lf.'11/r; B ; 14 880 ,7.2 4.2 15 472 87 1'J 74 
15' 11/"2 B IS 560 7.1 8.8 10 297 65 IS 3.' 
U'U'7: , r 1S.S 1050 7.4 0.5 40 551 107 14 83 
lb/11"*: ' »/" ' 17 740 7.2 7.6 15 401 94 8 47 

Muwmnv M\t DONS ELL ' Ki 11 >£> acsae 
Pate S-iaplins Trnp. ' Cond. pH Dissolved COP Salinity Ca Ms Nj 

Mfthod Oxygen 

273 20 • 143 41 .02 
2S1 IS . 84 • bS -.01 

300 IS -84 17 •.01 
245 25 'in . uo <.01 
345 to :6» " 2 .11 
390 - 25 HI1 M '.01 
33S .15 79 « 
105 570 1*00 ' 0.3 .02 
315 4 30 31b5 4 
2,111 10 '.3 SO .03 
!3S 5 50 43 .01 
18 J 5 5ii 125 <.Oi 
200 10 65 28 <.01 
250 5 52 26 -.01 
2S.: 20 170 2 <.01 
325 S VI 3 •.61 

163 111 - b9 * 70 ,01 

22S 15 54 8 
3to5 IV ISO 12 S.2 
265 13 S6 18 .01 

r litre 

ICO 3 bOJ CI hOJ P04 C 

1 

Hg 

2.3 - ' 4.S 0.4 4.0 ' 0.7 
2.2 • 4.1 0.3 2.4 1.1 

2.3 <0.1 4.9 0.3 2.4 0.3 
2.1 0.1 4.0 O.S 2.8 1.8'-
6.7 0.1 5.7 0.2 7.3 

• 7,0 - " 6.4 O.S 2.9 0.2 
• 2. t 0.1 5.5 0.3 2.2 0.1 
93.1 2.1 5.0 11.7 108.9 
74.8 1.5 S.2 8.9 0.1 
2.0 <0.1 3.S 0.2 1.8 0.8 
1.3 <0.1 2.2 0.1 l.l 0.7 
1.3 0.1 3.0 0.1 1.4- 2.0 
1.6 <0.1 4.3 0.2 1.8 O.S 
l . S - 4.1 • 0. 1 1.5 0.4 
4.7 - •• 4,: ..{>.4 4.8 o.l 
2.1 0.1 ' 5.3 0.1 2.0 0.1 
0.8 • 4.9 0.2 0." 
1.3 0.2 2.6 0.2 2.0 1.1 
3.2 - S.6 0.3 3.1 
1.4 - 3.7 0.3 1.5 0.1 
3.0 ft.t 6.0 0.4 3.7 0.2 
2.0 0.1 4.3 0.3 2.4 n.1 

Mil 1i-equivatrnts per litre 
k HCOJ S04 CI W53 PO 

491 
387 
290 
409 

704 
S40 
412 
7212 
S902 
52S 
210 
275 
3J7 
298 
517 
382 
303 
281 

291 
.1 540 

383 

led 
Salintty 

: .V 11'": »'«< 19 810 7.1 8.7 IS .196 86 IS 42 
• .V It'-: B , 1 5 1090 6.9 5.5 15 638 125 12 -13 
1 .V. 11-*: r 19 640 7.4 9.4 IS 315 71 If :-ti 
• .-.Ml •: lil 840 7.4 6. 2 10 435 100 10 41 
; » * 15 810 7.4 7.5 10 477 90 111 48 

5.' 1: » M • . 19 160 7.4 8.0 10 .150 96 11 38 
if 11 -; » H is 720 7.2 7.0 1l> 413 80 12 40 

4 n :: » v is no 7.3 ' 7.9 20 460 92 u 4S 
.v *: » v 1: &jo 7.3 s.8 ro 325 64 13 it 

U V : i • V 18 920 7.2 2.7 - 20 469 65 19 87 
* 12 JO" i " : F 15 1300 7.0 4.1 20 Oil 74 31 138 

7: 17 710 7.3 4.4 10 360 81 12 33 
w • jc .1 24 820 ' 7.5 4,9 is 430 92 12 40 
is "2 t ir 750 7.4 8.3 15 | J7<. 83 10 46 
It JC'U "2 P 19 680 7.5 6.4 2S JSS 65 19 S6 
v r . i t uzo 7.o 8.0 is 762 is& 23 7? 
19 W/ll'-; »/M 18 1300 7.2 8.4 2S 707 132 16 S8 
20 30. ll/r: " 23 810 7.4 10 IS 37S 71 14 52 
21 30.' II '72 »'M 19 780 7.4 ' ' 7.1 20 395 81 13 4S 
22 30' 11/72 P 20 800 7.4 8.8 15 430 92 U 60 
23 22/1 1/72 17 S9S 7.7 7.S 10 J02 68 6 It. 
24 21/11/72 »/M 16 1060 7.1 8.3 10 583 MO 15 60 

• 2S 15/11/72 P 14 780 7.3 0.3 15 J81 62 18 60 
26 21/11/72 M/M 16 1010 7.6 7.* 15 Sll 75 18 94 
27 21/11/72 «/M 16 1780 7.1 2.0 25 1000 108 44 20S 

HAC28 21/11/72 » 17 1220 7.2 3.8 15 623 92 37 92 
29 21/11/72 B 16 1370 7.3 7.0 , IS 721 108 38 100 
30 2I/U/72 fc/M 17 1360 7.0 6.». 10 706 109 32 111 
31 22/1 1/72 fc/M 17 3100 7.3 2.4 15 'lui.l 110 70 .120 
32 22/11/72 k/M lb 15*0 7.1 2.5 35 689 133 43 136 
SS 22/11/71 »/M 17 Win 7.2 2.S W 538 102 32 M 
34 29/ 1 1/72 */M 17 900 7.3 7.9 20 490 97 17 58 
35 16/1 1/72 T IS ' 825 7.2 S.O JO 4J(. 70 27 (,2 
38 22/1 1/72 W/M 17 900 7.7 6.9 10 450 97 9 63 
36 29/11/72 W/H 17 780 7.3 • 7.; i;. <95 7S 8 S3 
40 22/11/72 B 17 "1100 7.1 8.7 15 589 101 16 99 
41 22/11/72 W/M 17 635 7.2 8.5 10 341 78 8 32 

' 42 21/11/72 W/H 13 690 7.6 8.0 5 361 67 IS 1(. 
44 22/1 1/72 fc/M It 2350 7.1 4.6 IS 1154 130 _ S ^ Silo 
45 21/11/72 B 16 1130 7.3 *3.8 r\- 35 535 • 49 45 94 

HUNPKED MINCKOL ^ Mi 11 lfcraenes 
- Bore Date Sampling Temp. Cond. pH Dissolved COD Salinity Ca M̂  Na 

2S5 <j S3 15 -.HI 
500 lil 130 «,01 
21." < 5 \ 02 30 ..01 

184 S 70 153 >.1)1 
ISO 5 70 110 -.02 

I'.O 10 55 75 .02 
315 15 96 50 «.0l 
JSS 20 21S 16 .01 
245 H> 65 411 «.0l 
235 10 75 fcO .IS 
260 <5 77 SO .01 
2oS 10 65 10 .01 
340 15 146 180 ..01 
27S 10 lOo 260 *.0l 

1.2 1.8 -.1 4.2 «.l 2.S 0." 
1.0 1.9 0.9 4.9 0,2 2.9 30 
0.8 1.6 < .1 3.6 <0.1 1.8 O.S 
08 t.f <0.1 4.2 0.2 2.1 1.1 
0.8 2.1 0.3 3.0 0.1. 2.0 2-5 
0.9 . 1.7 < .1 3.0 0.1 2.0 2.2 
1.0 , 1.7 0.1 2.'9 0.1 1.3 .'.I' 
1.2 2.0 <f.l S.o 0.2 2.S 1.7 

•1.1. 1.: <0.1 2.0 0.2 1,*> 1.2 
1•b 3.K <0.1 S.2 0.3 2." O.S 
2 5 0.0 0.3 - S.S 0.4 6.2 0.1 
10 1.7 - 4.0 0.2 1.9 C.t 
1.0 1.7 O.I .*.!> 0.2 2,1 l.S 
08 2.1 0.1 4.3 - 2.2 O.S 
1.6 1.6 'O.I 4.S , 0.2 1.6 0.1. 
1.9 3.2 - S.O,' 0.1 4.1 ;.9 
1.3 2.5 I.J 1.5' .('.: 3.0 4.2 

3S1 

255 
365 
325 
410 

ISO 
::.D 

350 

12s 
S82 
SO 7 
355 

' JSS 

278 
536 
380 
511 

67| 

l)S9 
5J6 

\ 430 

115 
330 
534 
299 

535 

Sad 

: .V 11'": »'«< 19 810 7.1 8.7 IS .196 86 IS 42 
• .V It'-: B , 1 5 1090 6.9 5.5 15 638 125 12 -13 
1 .V. 11-*: r 19 640 7.4 9.4 IS 315 71 If :-ti 
• .-.Ml •: lil 840 7.4 6. 2 10 435 100 10 41 
; » * 15 810 7.4 7.5 10 477 90 111 48 

5.' 1: » M • . 19 160 7.4 8.0 10 .150 96 11 38 
if 11 -; » H is 720 7.2 7.0 1l> 413 80 12 40 

4 n :: » v is no 7.3 ' 7.9 20 460 92 u 4S 
.v *: » v 1: &jo 7.3 s.8 ro 325 64 13 it 

U V : i • V 18 920 7.2 2.7 - 20 469 65 19 87 
* 12 JO" i " : F 15 1300 7.0 4.1 20 Oil 74 31 138 

7: 17 710 7.3 4.4 10 360 81 12 33 
w • jc .1 24 820 ' 7.5 4,9 is 430 92 12 40 
is "2 t ir 750 7.4 8.3 15 | J7<. 83 10 46 
It JC'U "2 P 19 680 7.5 6.4 2S JSS 65 19 S6 
v r . i t uzo 7.o 8.0 is 762 is& 23 7? 
19 W/ll'-; »/M 18 1300 7.2 8.4 2S 707 132 16 S8 
20 30. ll/r: " 23 810 7.4 10 IS 37S 71 14 52 
21 30.' II '72 »'M 19 780 7.4 ' ' 7.1 20 395 81 13 4S 
22 30' 11/72 P 20 800 7.4 8.8 15 430 92 U 60 
23 22/1 1/72 17 S9S 7.7 7.S 10 J02 68 6 It. 
24 21/11/72 »/M 16 1060 7.1 8.3 10 583 MO 15 60 

• 2S 15/11/72 P 14 780 7.3 0.3 15 J81 62 18 60 
26 21/11/72 M/M 16 1010 7.6 7.* 15 Sll 75 18 94 
27 21/11/72 «/M 16 1780 7.1 2.0 25 1000 108 44 20S 

HAC28 21/11/72 » 17 1220 7.2 3.8 15 623 92 37 92 
29 21/11/72 B 16 1370 7.3 7.0 , IS 721 108 38 100 
30 2I/U/72 fc/M 17 1360 7.0 6.». 10 706 109 32 111 
31 22/1 1/72 fc/M 17 3100 7.3 2.4 15 'lui.l 110 70 .120 
32 22/11/72 k/M lb 15*0 7.1 2.5 35 689 133 43 136 
SS 22/11/71 »/M 17 Win 7.2 2.S W 538 102 32 M 
34 29/ 1 1/72 */M 17 900 7.3 7.9 20 490 97 17 58 
35 16/1 1/72 T IS ' 825 7.2 S.O JO 4J(. 70 27 (,2 
38 22/1 1/72 W/M 17 900 7.7 6.9 10 450 97 9 63 
36 29/11/72 W/H 17 780 7.3 • 7.; i;. <95 7S 8 S3 
40 22/11/72 B 17 "1100 7.1 8.7 15 589 101 16 99 
41 22/11/72 W/M 17 635 7.2 8.5 10 341 78 8 32 

' 42 21/11/72 W/H 13 690 7.6 8.0 5 361 67 IS 1(. 
44 22/1 1/72 fc/M It 2350 7.1 4.6 IS 1154 130 _ S ^ Silo 
45 21/11/72 B 16 1130 7.3 *3.8 r\- 35 535 • 49 45 94 

HUNPKED MINCKOL ^ Mi 11 lfcraenes 
- Bore Date Sampling Temp. Cond. pH Dissolved COD Salinity Ca M̂  Na 

26S 10 72 3D .01 
.115 IS 70 9 .05 

384 20 111 17 -.01 
255 5 107 l-S «.Ol 
212 25 is: JO <-.01 
468 130 279 1 <-01 
595 35 156 17 .01 
35b SS H>: 50 .01 
36S 4S :OT 17 <.01 
534 105 7M1 1.0 '.01 
390 I5S 22l> <-01 0,15 
535 ' S5 X50 «.C\ 
285 ,<5 118 50 «.01 
2U5 Illy UO I" .02' 
295 "10 9.' '.01 
205 ,ir. 811 3? .»: 
284 |23 ir.i 53 <-01 

273 15 71! 10 <\0l 
310 55 179 IS <01 

IIC03 S04 CI N03 l'04 C 

1.1 2.0 , O.I 4.4 0. 

:. 1 :.* - o.i 0, 
1.5 2.6 0.1 4.: 1.0 
15 4.1 0.3 VJ.5 0. 
3.6 S.9 0.1 7.7 2. 
3.0 4.0 0.1 6.5 0. 
3.1 1.4 0.1 s.8 1. 
:.6 5.0 <0.1 6.0 1. 
5.5 18.3 0.3 5.5 
3-5 5.9 0.2 6.4 3. 
2.6 3.5 O.l V. 
1.4 2.S <0.1 4.7 -0. 

2.7 0.1 4.8 0. 
0.7 2.7 - 4.8 0. 
0.7 2.J -0.1 3.3 0. 
1.3 4.3 - 4.7 0. 
1).7 1.4 - 3.6 0. 
1.5 2.0 - 4.$ 0. 
0.1 13.1 0.1 S.6 I. 
3.7 1.1 u.i 0. 

Mi 11i-rquiv4lents p 
Mj Na I IKTOJ S04 

2.0 0-7 

3.2 08 
3.0 

S.4 O.a 

22.0 

3? 0.8 
*.l 0.2 

2.: 0.9 
1.3 0.9 

• 1,6 0-7 
2.0 0.: 
1S.S 0.2 
S.8 

CI N03 -PO 

3S1 

255 
365 
325 
410 

ISO 
::.D 

350 

12s 
S82 
SO 7 
355 

' JSS 

278 
536 
380 
511 

67| 

l)S9 
5J6 

\ 430 

115 
330 
534 
299 

535 

Sad 

MIN I 27/11/72 */H IS 1800 7.1 3 
2 27/11/72 */M 17 750 ».3 1 
3 28/1 1/7.' W/M 14 1320 6.9 1 

- 4 27/11/72 H 17 880 7.1 3 
5 27/11/72 K/M 17 980 " 7.2 1 

1 6 " 14/11/72 P . | 14 1460 7,0 3 
7 14/11/72 B 39S B.7 3 
'a mot alloc* ri.o 
» " 
lU 27/11/72 • K/H 18 . 2100 7.1 
1 1 73/11/72 » 15 1430 . 7,3 
12 23/11/72 B IS 1800 7.0 
13 27/11/72 B 17 t650 7.9 
14 .... 27/ 1 1/72 W/H IS 1200 7.3 
IS 23/1 1/72 »/H 15S U«0 7.2 

HUNDRED YOUNG 

Bore Date Stapling Teap. Cond. pH C 

<1 10 869 142 23 164 
S 20 394 82 9 S7 
3 20 686 137 1I> US 
4 2S 454 S3 11 72 
3 15 508 US 9 79 
9 IS 727 124 18 133 
3 IS 196 17 0 18 

25 1081 176 29 20S 
15 752 69 22 187 
15 843 88 19 215 
20 62S 52 23 20S 
30 691 93 13 8.1 
10 64b 10a 13 130 

Milligraa 

ved COO Salinity Ca Mg Na 

j«l 40 511 « «.0i 
276 10 91 O.S <,01 
434 5 188 14 «.01 
309 IS 97 17 .01 
376 5 1 If. <1 .01 
'43S 2S 203 9 
134 - s r.o <1 - n 

440 20 4S4 <0.S <.01 j 
295 5 295 18 <.01 j 
323 10 3So _ 0.5 <.01 4 
339 S 312 S3 ..Ol ; 

. 329 40 115 IO.-< 1-74 4 
34 5 20 204 O.S <.01 "s 

HC03 S04 CI N03 M>* 

l.S 

8 2.4 
4 1,8 

6 l.l 
4 1.1 

Ca * 

7.1 - 6.2 0.8 9.8 
2.5 0.2 4.S 0.2 2.0 
4.9 . 7.1 O.l • 5.3 0-
J-l - S.l 0.3 2.7 0. 
1.4 - 6.2 0.1 3.3 
5-6 - 7.1 O.S S.7 0. 

'S-9 - 7.2 0.4 12,2 
8.1 0.3 4.8 O.l S.S 0. 
9.4 - S.J 0.2 9.9 
8.9 0.2 S.S 0,1 a.8 0. 
3. b 2,0 5.4 0.8 3.2 I. 
5.7 - 5.7 0.4 S,B 

t Na K HCOS SO* CI 

-
-

>6? 

S08 
718 
196 

tot I 

813 
872 
S8» 

r-o» 
Saliflil) 

1 20/11/72 • B 16° 730 7 
2 30/10/72 P 17° 375 7 
3 30/10/72 1' 16° , 42S 7 
4 28/11/72 »/M 17° ' 910 7 
5 28/t1/72 «/K 16° 1080 7. 
6 28/11/72 S/M lb0 760 7 
7 28/11/72 8 IS0 760 7 
8 8U stapled instead 
9 NOT TO BE SAMPLED 
15 20/11/72 »/M 18° 8SO 7 
16 20/11/72 t 17° 790 6 
17 27/11/72 »/H 16° 1100 7 
lb 27/11/72 •/* 17° 11S0 7 
19 20/11/7 2 »/H IS0 1600 6 
20 20/11/72 a/M 15° 1580 6 
21 20/11/72 »/N 17° 870 7 

0 

9 10. 
* 3. 
3 2. 
2 " 1. 

6 
1 3. 

15 415 96 13 40 
IS 239 56 7 26 
10 265 60 IS 2: 
15 445 101 13 SO 
15 S32 100 25 77 
10 m " ^ » 
10 384 98 10 32 

10 451 96 12 S7 
80 428 50 16 92 
10 634 98 29 93 
25 671 100 17 133 
25 924 116 32 195 
30 795 177 25 89 

4 IS 436 90 17 60 

210 15 M 0.5 <.01 2.8 0 
24 S 10 30 7,i <.01 3.0 
264 15 10S 30 <.01 S.O 
395 <5 129 5 .01 S.O 
ISfe \0 64 '.01 
JOl-,7 'S 60 32 .01 4.9 

295 - 20 Sa U '.01 4 . | 
28S 50 78 «0.S .02 2.S 
326 70 119 65 <.01 4.9 
429 55 l>4 .O.S .02 s.O 
380 40 347 6.5 <.01 S.g 
335 15 318. 7.5 <.01 | | 

.6 1.1 • J.4 
-2 0.9 ' - 4.0 
.1 2.2 - 4.3 
.1 3.3 - 6.S 
.2 1.7 ' 4.2 
.8 1.4 0.1 4.9 

.2 4,0 0,1 4.7 
4.0 S.J 

.4 S.8 • 7.0 

.6 8.5 6.2 

.1 3.9 S.S 

.3 0.9 

.2 0.8 

.3 3-0 
3.6 

.2 1.7 

3.4 
4.3 
9.8 
8.9 

0. 1 

1.0 
O.S 

1.0 

0. 1 

409 

257 
41S 
527 

352 

418 

S69 
671 
911 
787 
436 



WATER ANALYSIS RESULTS 

IIIWW.U 

Cond. pll i<is«olk< ItCOS SOI C! V)J roj 

M/ll/72 
.M/ll/72 

jo/10/?: 
8/11/7; 
7/H/7: 
7/II/T: 
29/11/71 
29/11/72 
7/11/72 

9/11/72 
7/11/72 
9/11/7: 

9/11/72 
7/11/72 

H)T BE 5 

27 24/11/72 
23 13/11/72 
29 I.VI1/72 
30 13/11/7: 
3! 29/11/72 
32 29/11/72 
33 29/11/72 
34 27/11/72 
35 24/11/72 
36 24/11/72 

38 24/11/72 
59 21/11/72 

41 25/11/72 
42 29/11/72 
43 29/11/72 
44 29/11/72 
45 24/11/72 

14/11/72 
47 14/11/72 

49 23/11/7: 

52 13/11/7: 
53 23/11/72 

7*0 7.2 IO.11 

S 790 7,5 8.3 

710 7.1 

750 7.0 S.fi 

610 7.3 

55 23/11/72 
56 t/ll/72 
57 29/11/72 
51 8/11/77 
59 8/11/7: 
60 9/11/72 
61 10/11/72 
M 24/11/72 
•J 23/11/7: 
64 13/11/72 

' 33/11/72 -TP 

7.4 2.3 

5 740 7.3 

lore Uate Ŝ ap)inn reap, 

15 436 
IS 386 

280 :P 81 

51 5 509 

210 1(1 53 

i :s 3 

15 4b I 
43 1 300 ' 10 

390 103 8 JO 

15 348 40 3 27B 

Sinkhole 22/1 

Ĥhg 
17/11/72 

Spring 1.-/11/72 
Spring Sect 
159 IU.A 20/11/72 
BIN 12 1/12/72 

2 295 15 

730 8J 

12/12/72 

12/12/7: 

Sht'-tfrJ1*. 

2.3 

b5 <.01 J.l 

.01 .v: r.7 

.01 5.1 1.: 

3.0 2.5 2.9 

,01 3.6 1.2 

3.4 0.7 1.9 

3.8 1.7 1.8 

315 15 85 22 

22 <.01 . 4.3 0.5 

1.5 0.3 3.0 



APPENDIX H 

Whole Rock Analyses 

(Gambier Limestone) 



EXAMPLES OF WHOLE ROCK ANALYSES (24 March, 1955) 

HD. BLANCHE SEC. UNKNOWN 

CaCOg MgC03 Si02(5) Fe203(F) A I 2 O 3 ( A ) S+F+A 

96.79 1.73 0.50 0.17 0.69 1.36 

97.59 1.50 0.52 0.19 0.33 1.04 

96.79 1.83 0.34 0.15 0.49 0.98 

69.71 1.11 24.48 0.84 2.90 28.22 

93.97 0.76 2.22 0.50 1.14 3.86 

91.43 5.72 0.50 0.12 0.16 0.78 

98.05 1.04 0.44 0.24 0.24 0.92 

96.98 1.22 0.40 0.42 0.30 1.12 

(Expressed as weight percentage) 

Samples identified as "Mount Gambier Limestone" 



APPENDIX I 

Sample Mass Balance Determination 
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APPENDIX J 

Special Analyses 

(Cu, Cr, As, Nitrogen analyses, 

concentrations in mg/1) 



( 1 ) 

Bore 
Nitrogen 

Free & saline Ni trogen Nitrite Ni tre 

BLA 5 "0:005 0.6 0.01 70 
BLA 6 <T 0.005 0.05 O.01 50 
BLA 8 0.005 0.08 <T 0.01 15 
BLA 16 <T 0.005 0.045 0.01 45 
BLA 17 0.025 0.05 0.01 55 
BLA 18 0.005 0.09 0.01 285 
BLA 20 * 0.005 0.04 0.01 50 
BLA 21 0.02 0.05 0.01 10 
BLA 22 0.02 0.035 <T 0.01 110 
BLA 27 0.045 0.02 0.01 41 
BLA 28 102 19 0.4 17 
BLA 29 0.065 0.05 0.01 25 
BLA 30 0.005 0.09 0.01 70 
BLA 31 0.005 0.135 0.01 225 
BLA 38 0.005 0.02 <T 0.01 41 
BLA 49 0.025 0.08 0.01 110 
BLA 40 0.005 0.065 0.01 27 
BLA 41 0.005 0.11 0.02 250 
BLA 42 0.025 0.05 0.01 65 
BLA 52 0.01 0.045 0.01 45 
BLA 50 2.25 0.56 0.05 3 
BLA 53 0.06 0.025 0.01 0 
BLA 67 0.065 0.04 0.22 38 
BLA 76 0.005 0.02 <T 0.01 42 
BLA 77 0.01 0.04 <T 0.01 33 
BLA 81 0.04 0.025 0.01 17 
BLA 82 0.005 0.045 0.01 143 



( i i ) 

Bore 
Nitrogen 

Free & saline 
Ni trogen 

Albuminoid Nitrite Nitrate 

CAR 9 
CAR 10 
CAR 11 

0.01 

0.01 
0.02 

0.05 
0.035 
0.065 

0.02 
0.01 
0.01 

9 
1 

5 

GAM 7 
GAM 8 
GAM 9 
GAM 12 
GAM 18 
GAM 19 
GAM 20 
GAM 21 
GAM 22 
GAM 23 
GAM 28 
GAM 29 
GAM 30 
GAM 56 
GAM 58 
GAM 59 
GAM 60 
GAM 61 

0.02 

0.005 

0.005 
0.01 
0.005 
0.005 
0.005 
0.01 
0.015 
0.035 
0.055 
0.025 
0 .02 

0.025 
0.005 
0.01 
0.015 

0.08 
0.085 
0.05 
0.15 
0.02 
0.025 
0.035 
0.035 
0.02 
0.045 
0.09 
0.085 
0.075 
0.05 
0.045 
0.03 
0.02 
0.05 

0.02 
<T 0.01 

0.01 
0.02 

<T 0.01 
<T 0.01 

0.01 
<T 0.01 
<T 0.01 
<T 0.01 

0.01 
0 .12 
0 .02 

0.01 
0.02 

<T 0.01 
<T 0.01 

0.05 

7 
41 
65 
50 
27 
8 0 

27 
32 
43 
60 
30 
35 
30 
40 
15 
25 
37 
26 

MAC 25 
MAC 35 

0.05 
0.01 

0.105 
0.05 

0.02 
<T 0.01 

1 

10 



( 1 1 1 ) 

CONSTITUENTS IN mg/1 

Bore No. Phenol Copper Chromium Arsenic 

BLA 8 <T 1 <T 0.02 <T 0.02 <T 0.005 
BLA 27 <T 1 <T 0.02 <T 0.02 <T 0.005 
BLA 28 -80,3 <T 0.02 <T 0.02 0.005 
BLA 38 <T 1 <T 0.02 <T 0.02 <T 0.005 
BLA 39 <T 1 0.06 <T 0.02 0.005 
BLA 42 <T 1 <T 0.02 <T 0.02 <T 0.005 
BLA 77 <T 1 <T 0.02 <T 0.02 0.005 
BLA 82 <T 1 <T 0.02 <T 0.O2 <T 0.005 

GAM 7 :<T 1 <T 0.02 <T 0.02 <T 0.005 
GAM 8 <T 1 <T 0.02 <T 0.02 <T 0.005 
GAM 9 <T 1 <T 0.02 <T 0.02 0.005 
GAM 12. <T 1 0.26 <T 0.02 0.005 
GAM 19 <T 1 <T 0.02 <T 0.02 <T 0.005 
GAM 23 <T 1 <T 0.02 <T 0.02 T 0.005 
GAM 56 <T 1 <T 0.02 <T 0.02 <T 0.005 
GAM 58 <T 1 - - -

GAM 59 <T 1 <T 0.02 <T 0.02 <T 0.005 



APPENDIX K 

Bacteriological Analyses 



PATE DESCRIPTION NUMBER OF PER 100 ML 

COLIFORMS 

ORGANISMS 
OF WATER 

E. COLI 

FAECAL STREPTOCOCCI 
PER 100 ML OF WATER 

DO 
mg/1 

COD 
mg/1 

POLLUTION 
EXPECTED COMMENTS 

SAMPLING 
METHOD 

2/11/72 BLA 11 absent absent 2 9.6 20 Yes Windmill and trough. W/M 30/10/72 • • BLA 18 '4 . .' 2 4 _ - 20 Metrop. Surrounded by houses. P - mod. clean. 30/10/72. ' BLA 19 . 275 absent none - 35 Mo Adjacent Leg of Mutton 
. 3/11/72 • Lake. Bailed. . 3/11/72 • BLA 20 absent absent . none 9.2 15 Yes Adjacent new houses and 

3/11/72' paddocks. P 3/11/72' BLA 21 2 2 .' none 9.2 15 ' Yes Adjacent paddocks. P 2/11/72 BLA 30 . 8 2 , 2 8.6 15 Yes Adjacent paddocks and 
2/11/72 

bri ckyards. P 2/11/72 BLA 31 . ' absent absent none 9.6 25 Yes , Adjacent paddocks. P • 2/11/72 BLA 32 225 8 .80 9.4 25 Yes Bore in house yard 
near dairy. B 2/11/72 BLA 33 ' 17 absent 20 • 9.4 25 Yes Bore near recently 

2/11/72 
occupied shack. W/M 

2/11/72 BLA 40 . • absent absent 10 7.6 20 • No Adjacent paddocks. P 2/11/72 BLA 41 '•' absent absent 2 8.2 30 . Yes Adjacent paddocks. P - slightly 
•31/10/72 V silty. 
•31/10/72 BLA 48 30 8 X 60 9.0 20 Yes windmill and trough. P - Well. 
'•31/10/72 BLA 49 1 600 13 400 8.2 20 Yes Between house and dairy. B 

1/11/72 BLA 52 absent absent none 8.6 15 No Adjacent paddocks. P 
30/10/72 , BLA 56 900 absent none 9.1 25 No Adjacent paddocks. B 

• 3/11/72 BLA 62 30 30 30 7.4 15 Yes Adjacent house and dairy. P - mod. clean. 
'* 1/11/72 BLA 65 11 . 2 6.8 8.5 15 No Adjacent paddocks. P - 2 mins.only. 
31/10/72 BLA 69 20 absent none 5.8 25 No Adjacent paddocks. P - short time. 
31/10/72 BLA 71 absent absent none 9.2 30 No Adjacent pines. P 
1/11/72 BLA 72 absent absent none 8.5 5 No. Adjacent pines and 

paddocks. P - short time. 
•30/11/72 BLA 78 75 ' 8 20 10 15 Yes Unequipped, uncased,near 

?disused stockyards. P - 2Jj min. only 
31/10/72 BLA 80 absent absent none 6.6 10 Yes Adjacent paddocks, house 

2Jj min. only 

50 m to south. P - short time. 
1/11/72 BLA 81 2 absent none 9.2 15 No Adjacent paddocks. 

house 20 m to east. P 
30/10/72 BLA 84 14 11 none - 15 No Adjacent paddocks. P 
30/10/72 BLA 85 absent absent 2 6.5 15 No Surrounded by pines. P 

•31/10/72 BLA 86 . 35 35 10 8.9 25 No Surrounded by pines. P - short time. 
1/11/72 BLA 87 absent absent none 8.5 15 No Adjacent paddocks. P - short time. 

31/10/72 BLA 89 17 absent none 7.5 15 Yes Windmill and trough. B 

15/11/72 CAR 9 absent absent 4 fi. . 8 10 No 
15/11/72 CAR 10 absent absent none 5. 7 35 No 
15/11/72 CAR 11 absent absent 2 3, ,8 50 No 

•16/11/72 CAR 17 4 4 1 100 8, .9 10 No 
•16/11/72 CAR 18 50 50 890 5, ,5 10 Yes 

15/11/72 CAR 19 absent absent 20 9. .8 5 No 
16/11/72 CAR 20 absent absent . none 9. 0 10 Yes 

•16/11/72 ' CAR 21 70 70 72 4. .2 15 Yes 
15/11/72 CAR 22 absent absent none 8, .8 10 No 
16/11/72 CAR 23 900 550 270 0. ; 5 40 Yes 

16/11/72 CAR 24 2 absent 6 7. '.6 15 Yes 

30/10/72 GAM 6 4 absent 20 30 Yes 

. 8/11/72 GAM 7 13 '•-absent 150 9. .0 10 No 
7/11/72 GAK 8 absent absent R 10, . 0 10 No 

7/11/72 GAM 9 • absent absent 8 9, .0 10 Yes 
7/11/72 GAM 12 absent absent 14 9, .5 15 No 
8/11/72 GAM 17 absent absent none 7, .5 20 Yes 

• 9/11/72 
7/11/72 

9/11/72 
9/11/72 
9/11/72 
7/11/72 

•13/11/72 
•13/11/72 
•13/11/72 
14/11/72 
•8/11/72 
14/11/72 

•14/11/72 
•14/11/72 
13/11/72 
8/11/72 
8/11/72 
8/11/72 

9/11/72 
10/11/72 
13/11/72 

•15/11/72 

16/11/72 

GAM 18 
GAM 19 

GAM 20 
GAM 21 
GAM 2 2 
GAM 2 3 
GAM 2 8 
GAM 29 
GAM 30 
GAM 37 
GAM 4 2 
GAM 46 
GAM 47 
GAM 4 8 
GAM 52 
GAM 56 
GAM 58 
GAM 59 

GAM 60 
GAK 61 
GAM 6 7 
MAC 25 

MAC 35 

absent 
absent 

absent 
absent 
absent 
absent 
8 
1 800+ 
130 
40 
absent 
absent 
225 
350 
absent 
5 
absent 
.absent 

absent 
Absent 
absent 
35 

absent 

absent 
absent 

absent 
absent 
absent 
absent 
5 
5 
13 
absent 
absent 
absent 
20 
11 
absent 
5 
absent 
absent 

absent 
absent 
absent 
35 

absent 

none 
none 
none 
24 

190 
3 400 

60 
8 

none 
120 
46 
46 
12 
6 

none 
70 

none 
500 

6 
36 

10.6 
9.6 

9.9 
8.9 

10.4 

10.0 
9.4 
9 . 4 
4.0 
7.8 
2 . 8 
2.9 
6.0 
6.5 
9.2 
8.4 
6.4 

9.9 

9.6 
0 . 8 

15 
20 

10 
10 
10 
15 
15 
10' 
15 
15 
20 
10 
10 
30 
15 
10 
10 
15 

10 
10 
15 
15 

No 
fletrop. 

No 
No 

No • 
• Yes 

Yes 
Yes 
Yes 

D of M stratigraphic bore. 
D of M stratigraphic bore. 
P of t-1 stratigraphic bore. 
In pines, adjacent ruin. 
Adjacent Carba Treatment 
Plant and pines. 

Adjacent pines, paddocks. 
Adjacent,trough, 
windmill. 

Caroline Sinkhole. 
Adjacent paddocks. 
Adjacent ruin and 
paddocks. 

windmill trough, shearing 
shed. 

windmill and trough 
adjacent old house,dairy. 

Adjacent paddocks. 
Adjacent paddocks, houses 
to south. 

Surrounded by stockyards. 
Adjacent paddocks. 
Windmill and trough. 

Adjacent paddocks. 
On reserve, surrounded 
by houses. 

Adjacent paddocks. 
Adjaccnt paddocks. 
Adjacent paddocks. 
Adjacent paddocks. 
Adjacent paddocks. 
Adjacent paddocks. 
On racecourse. 
Adjacent paddocks. 
Windmill and trough. 
Adjacent paddocks, 
windmill and trough. 
Adjacent paddocks. 
Adjacent paddocks. 
Adjacent state sawmill. 
Adjacent state sawmill. 
Adjacent state sawmill. 

Adjacent paddocks. 
Adjacent paddocks. 
Adjacent paddocks. 
Karl's Cave. 

Paddocks adjacent. 

' - Well - dead 
sheep last year 

P 
P 
P 
W/M - pumping 
strongly. 

P - short time. 

P - minor silt. 
P - minor silt. 
P 
P - poor sample. 
P - short time. 
P - short time. 
P 
P 
K/M 
B 
P 
B 
F 
P 
P 
P - mediocre 

sample. 
P 
P - short time. 
B 
P - discoloured 

water. 
P 

14/11/72 

•14/11/72 

MIN 6 

MIN 7 

absent 

7 

absent 

2 

none 

30 

3.9 

3.3 

15 

15 

Unequipped bore in 
potato paddock. 

Adjacent paddocks. 

30/10/72 
30/10/72 

YOU 2 
YOU 3 

35 
2 

absent 
absent 

none 
none 

10 No Surrounded by pines. 
10 No Adjacent pines, 

paddocks. P - short time. 
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Note: Up to 1945 values were" reported as. ammonia, but have been recalculated 
as nitrate using the formula below. 
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