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SUMMARY AND CONCLUSIONS 

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

A r e a s o f m a t e r i a l i n v e s t i g a t i o n m a i n l y i n c l u d e p e t r o g r a p h i c 
d e s c r i p t i o n of r o c k , a n a l y s e s of c l a y s , c o n c r e t e a g g r e g a t e t e s t i n g and 
r o c k s t r e n g t h t e s t i n g of q u a r t z i t e and d o l o m i t e . 

R e s u l t s o.f m a t e r i a l t e s t i n g can be s t a t e d a s : 

. . . . . Only two r o c k t y p e s o c c u r o v e r t h e dam s i t e and q u a r r y a r e a , namely 
q u a r t z i t e and s h a l y d o l o m i t e . The q u a r t z i t e i s f e l s p a t h i c and t h e 
s h a l y d o l o m i t e shows a v a r i a b l e c a r b o n a t e c o n t e n t . Benea th q u a r t z i t e 
o u t c r o p s t h e d o l o m i t e may become s i l i c e o u s . 

Only t h e q u a r t z i t e i s s u i t a b l e f o r c o n c r e t e a g g r e g a t e . 

Q u a r t z i t e w i l l be s u i t a b l e f o r r o c k f i l l i n Zones 1 and 4 . 
S i l i c e o u s d o l o m i t e when a v a i l a b l e s h o u l d a l s o be s u i t a b l e f o r 
t h e s e z o n e s . 

A s l i g h t l y f r e s h t o w e a t h e r e d s h a l y d o l o m i t e i s s u i t a b l e f o r Zone 3 . 

Breakdown of t h e s h a l y d o l o m i t e due t o w e a t h e r i n g p r o d u c e s a m o n t -
m o r i l l o n i t e r i c h c l a y . 

Q u a r t z i t e shows an u n c o n f i n e d c o m p r e s s i v e s t r e n g t h w i t h i n t h e 
r a n g e 8 5 . 5 - 296 M P a . 

A x i a l and d i a m e t r a l p o i n t l o a d t e s t s on t h e s h a l y d o l o m i t e g i v e 
v a l u e s 1 . 7 - 1 3 . 8 M P a . 

INTRODUCTION 

T e s t i n g of t h e r o c k , c l a y seams and s o i l i n t h e v i c i n i t y o f t h e 

dam s i t e was c a r r i e d o u t d u r i n g t h e d e t a i l e d g e o l o g i c a l i n v e s t i g a t i o n o f t h e 

dam s i t e and t h e e a r l y c o n s t r u c t i o n p e r i o d . 
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Of m a j o r i m p o r t a n c e was t h e a s s e s s m e n t o f r o c k t y p e s f o r 

i n c l u s i o n i n t h e s e v e r a l r o c k f i l l z o n e s of t h e dam embankment and t h e 

s u i t a b i l i t y of some r o c k a s a p o s s i b l e c o n v e n i e n t a g g r e g a t e f o r on s i t e 

c o n c r e t e . S e v e n t e e n c o r e d d r i l l h o l e s were p u t down and t h e c o r e u s e d f o r 

t e s t i n g . 
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1 . PETROLOGY OF ROCK SAMPLES 

Samples f rom t h e dam s i t e f o r w a r d e d t o A .M.D.E .L . were a n a l y s e d 

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

of t e c t o n i c f e a t u r e s . T a b l e I I l i s t s s a m p l e s f o r w a r d e d t o A .M.D.E .L . o v e r 

t h e p e r i o d J a n u a r y , 1973 t o F e b r u a r y , 1975 . 

TABLE I I 

E x a m i n a t i o n of s a m p l e s f o r w a r d e d t o AMDEL 

Date R e p o r t No. Work R e q u i r e d R e f e r t o 
T a b l e No. 

4 . 1 . 7 3 . MP2842/73 P e t r o l o g i c a l d e s c r i p t i o n . I l l 

1 8 . 6 . 7 3 MP5072/73 P e t r o l o g i c a l d e s c r i p t i o n . . . I l l 

2 . 8 . 7 4 MP4857/74 A s s e s s m e n t of g r a d a t i o n a l 
dynamic me tamorph i sm. 

( S e e T e x t ) 

7 . 1 1 . 7 4 MP1458/75 D e t e r m i n a t i o n o f c l a y 
. m i n e r a l o g y . VI 

2 0 . 1 2 . 7 4 MP1835/75 S u i t a b i l i t y f o r c o n c r e t e 
a g g r e g a t e . V 

3 . 2 . 7 5 MP2571/75 P e t r o l o g i c a l d e s c r i p t i o n 
and e x a m i n a t i o n o f t e c -
t o n i c f a b r i c . 

( S e e 
a p p e n d i x I ) 

1 7 . 1 0 . 7 5 MP617/76 P e t r o g r a p h i c and m i n e r a l -
• g r a p h i c d e s c r i p t i o n . 

( S e e 
a p p e n d i x I I ) 

T a b l e I I I summar izes t h e a n a l y s e s o f t h e two m a j o r r o c k t y p e s 

f o u n d o v e r t h e dam s i t e . 

S i x s amp le s o f d o l o m i t e f o r w a r d e d t o AMDEL show t h e p r e s e n c e o f 

m i n e r a l s a s s o c i a t e d w i t h r e g i o n a l me tamorph i sm. A d e s c r i p t i o n of t h e i r 

t e c t o n i c f a b r i c and g r a d a t i o n a l me tamorph i sm i s f o u n d i n Appendix I . 
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2 . MINERALOGY OF CLAY SAMPLES 

Q u a n t i t a t i v e and q u a l i t a t i v e e x a m i n a t i o n s have been c a r r i e d o u t 

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

f o r m s t h e main f o u n d a t i o n f o r t h e r o c k f i l l embankment on t h e r i g h t b a n k . 

Such a n a l y s e s show t h a t t h e c l a y f r a c t i o n i s commonly d o m i n a n t i n 

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

t y p e c l a y s and v e r m i c u l i t e . 

A l l c l a y s a m p l e s t a k e n f r o m t h i n seams a d j a c e n t t o c a v i t i e s c l o s e 

t o t h e q u a r t z i t e - d o l o m i t e c o n t a c t show m o n t m o r i l l o n i t e t o be d o m i n a n t w i t h 

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

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

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

i n e i g h t of them and i n t h r e e of t h e s e i n d o m i n a n t q u a n t i t i e s , e l s e w h e r e 

a p p e a r i n g a s an a c c e s s o r y o r t r a c e m i n e r a l w i t h m o n t m o r i l l o n i t e and m i c a . Sample, 

t a k e n f r o m i n f i l l e d j o i n t s i n t h e q u a r t z i t e show q u a r t z a s t h e d o m i n a n t m i n e r a l . 

The low q u a n t i t y o f d o l o m i t e f o u n d w i t h i n t h e c l a y s s u g g e s t s e i t h e r 

d i f f e r e n t i a l w e a t h e r i n g o f t h e o r i g i n a l s t r a t a w h e r e t h e d o l o m i t e has been 

removed i n p r e f e r e n c e t o t h e c a l c i t e o r t h a t t h e o r i g i n a l r o c k has a w ide 

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

r i c h c l a y s have been i n t r o d u c e d f r o m e l s e w h e r e . T h i s may be t h e c a s e i n t h e 

v i c i n i t y o f t h e c a v i t i e s w h e r e vuggy q u a r t z v e i n s o c c u r a d j a c e n t t o t h i n c l a y 

seams f r o m which some o f t h e s a m p l e s w e r e t a k e n . 

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

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

C a r b o n a t e s o l u t i o n a d j a c e n t t o t h e vuggy q u a r t z v e i n s has e n c o u r a g e d f o r m a t i o n 

o f a c a v i t y which l a t e r may h a v e a l l o w e d t h e c o l l a p s e of j o i n t e d q u a r t z i t e i n t o 

t h e c a v i t y and by d o i n g so i n c r e a s e d t h e c a v i t y t o i - t s p r e s e n t s i t e . 



I t i s p o s s i b l e t h a t such c a v i t i e s a r e i n t e r - c o n n e c t e d and f o r 

t h i s r e a s o n g r e a t a t t e n t i o n has t o be p a i d t o o c c u r r e n c e s of s o f t ' s e a m s , 

vuggy q u a r t z v e i n s and c a v i t i e s d u r i n g i n v e s t i g a t i o n o f t h e g r o u t c a p . 

TABLE IV 

MINERALOGY OF CLAY SAMPLES 

( a ) M i n e r a l o g y by XRD of T o t a l Sample 

A379 /74 A380/74 . A382/74 A382/74 . . A 3 8 3 / 7 4 . 

Cal D Q D Do! D Cal D Q D 

Mo A-SD UC SD Cal A Q SD F . A 

G A K A. V A M A M . A 

M A F A Q A V • A Mo A 

Q Tr M A Mo A Cal A 

F T r F Tr K A 

F T r 

A3,84/74. • . A385/74 . ' . . A386/74 A387/74 • A388/74 

Cal D Q D Mo CD Mo D US D 

Q A-SD Mo SD Q CD K SD Mo SD 

M A M A M CD Cal A Q A 

V A F A K A M A F A 

F Tr-A M-V A G A M Tr 

Cal Tr -A F Tr Ca Tr 

F T r Q Tr 



(b ) . M i n e r a l o g y o f Minus Two Micron F r a c t i o n 

SAMPLE* . A383/74 A385/74 A386/74 

% - 2 pm 14 16 23 

Clay Mo D Mo D Mo D 

M i n e r a l o g y M SD M A K A 

K Tr M-V A 

MINERAL KEY 

Cal C a l c i t e K K a o l i n t y p e , p r o b a b l y 

SEMI QUANTITATIVE 
TERMS 

D Dominant . 

h a l l o y s i t e 

Do! D o l o m i t e M Mica CD Co-dominan t 

F F e l d s p a r Mo M o n t m o r i l l o n i t e SD S u b - d o m i n a n t 

G G o e t h i t e M-V M i c a - v e r m i c u l i t e 
i n t e r s t r a t i f i e d 

A A c c e s s o r y 

k' K a o l i n Q 

UC 

V 

Q u a r t z 

" u n d e f i n e d c l a y s " . 
L a y e r s i l i c a t e s o f 
i r r e g u l a r o r d e g r a d e d 
t y p e g i v i n g no b a s a l 
r e f l e c t i o n s . Not s u b -
j e c t t o p r o p e r d e f i n -
i t i o n i n work c a r r i e d 
o u t h e r e . 

V e r m i c u l i t e 

T r T r a c e 

* Samples t a k e n f r o m i n f i l l e d j o i n t s i n q u a r t z i t e and f r o m c l a y seams 

and w e a t h e r e d d o l o m i t e a d j a c e n t t o c a v i t i e s i n an e x p o s u r e t r e n c h 

e x c a v a t e d on t h e r i g h t hand h i l l s i d e c l o s e t o t h e downs t ream t o e of 

t h e dam. 
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. P r o g r e s s i v e W e a t h e r i n g of t h e D o l o m i t e 

T h r e e samples o f w e a t h e r e d d o l o m i t e w e r e f o r w a r d e d t o AMDEL . 

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

w e a t h e r e d t o t h e c o m p l e t e l y w e a t h e r e d d o l o m i t e . Appendix I I Samples 

P 2 7 3 / 7 5 - P 2 7 5 / 7 5 , where a seam o f c o m p l e t e l y w e a t h e r e d d o l o m i t e d i p s b e n e a t h 

t h e q u a r t z i t e , i . e . b e n e a t h t h e r i g h t a b u t m e n t . 

Diamond d r i l l i n g shows t h a t e i t h e r t h e seam t h i n s o r d i e s o u t com-

p l e t e l y . Sample P273 /75 i s t a k e n f r o m c o r e o f one of t h e s e d r i l l h o l e s a t 

a b o u t t h e d e p t h t h e w e a t h e r e d seam would h a v e i n t e r s e c t e d t h e d r i l l h o l e had 

i t c o n t i n u e d down d i p b e n e a t h t h e q u a r t z i t e . 

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

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

t h e o r i g i n a l c o n t e n t of t h e s i l t s t o n e r a t h e r t h a n t o i t s d e g r e e o f breakdown 

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

s i t u f r o m t h e breakdown o f s e r i c i t e and t h e i n t r o d u c t i o n o f Mg i o n s i n t o t h e 

s e r i c i t e l a t t i c e f o l l o w i n g removal of sod ium i o n s f r o m t h e l a t t i c e . 

T h i s means t h a t t h e c l a y h a s n o t been i n t r o d u c e d i n t o t h e w e a t h e r e d 

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

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

Where t h e d o l o m i t i c s i l t s t o n e h a s a low c a r b o n a t e c o n t e n t ( t h a t 

i s a p a u c i t y of Mg i o n s ) k a o l i n i t e w i l l be t h e f a v o u r e d breakdown p r o d u c t i n 

p r e f e r e n c e t o v e r m i c u l i t e and m o n t m o r i l l o n i t e . 

3 . MECHANICAL ANALYSIS OF A SOIL SAMPLE 

H i l l s i d e co . l luv ium f r o m t h e f o o t o f t h e q u a r r y and w a t e r t r e a t -

ment works s i t e was f o r w a r d e d t o Ottoway l a b o r a t o r i e s f o r a m e c h a n i c a l 

a n a l y s e s w i t h r e s p e c t t o u s i n g s u c h m a t e r i a l f o r r o a d f i l l . 
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The a n a l y s i s . shows a. s o i l c o m p r i s e d of a p p r o x . f i f t y p e r c e n t 

g r a v e l , f o r t y p e r c e n t s i l t and c l a y and t e n p e r c e n t s a n d . T h i s i s a v e r y 

p o o r l y g r a d e d g r a v e l w i t h t h e f i n e s g i v i n g a p l a s t i c i t y i n d e x o f 3 2 . 7 . 

( S e e F i g . 1 ) . The sample i s m o s t u n s u i t a b l e f o r u s e a s r o a d f i l l a s s a t i s -

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

a d d i t i o n o f s and s i z e d m a t e r i a l . 

R e s u l t s o f t e s t i n g a r e g i v e n i n F i g . 1 . 

. 4 . ROCKFILL AND CONCRETE AGGREGATE - MATERIAL TESTS 

T a b l e V l i s t s r e s u l t s f r o m t e s t i n g q u a r t z i t e and s i l i c e o u s ' 

d o l o m i t e ( s e e P l a t e s 1 - 4 ) . Des ign c r i t e r i a f o r . r o c k f i l l zones i s shown 

i n T a b l e VI . Samples were t a k e n f r o m t h e p r o p o s e d q u a r r y and w a t e r t r e a t -

ment works s i t e . R e s u l t s show t h a t t h e q u a r t z i t e and s i l i c e o u s d o l o m i t e 

can be s a t i s f a c t o r i l y used a s Zone 1 and Zone 4 m a t e r i a l . (See F i g . 2 and 

F i g . 3 ) . The h i g h v a l u e s f o r t h e f l a k i n e s s i n d e x p r o b a b l y r e s u l t f r o m 

u s i n g a s m a l l c r u s h e r j a w . 

The a c c e l e r a t e d w e a t h e r i n g t e s t r e s u l t s show t h a t t h e p h y l l i t i c 

d o l o m i t e can be used s a t i s f a c t o r i l y i n Zone 3 , t h e b u l k of the. dam. 

A t t e r b u r g t e s t s on t h e f i n e s f r o m t h e w e a t h e r i n g t e s t show t h a t a low p l a s -

t i c c l a y i s p r o d u c e d . The r o c k t y p e s a r e b a s i c a l l y s u i t a b l e f o r u s e a s 

c o n c r e t e a g g r e g a t e a l t h o u g h v a l u e s f o r t h e E l o n g a t i o n I n d e x a r e h i g h e r t h a n 

would h a v e been p r e f e r r e d . 

Samples f r o m s e v e r a l l o c a l i t i e s w e r e f o r w a r d e d t o AMDEL ( P 3 8 4 / 7 4 -

P 3 8 7 / 7 4 ) f o r p e t r o l o g i c a l d e s c r i p t i o n 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 

p r e s e n c e o f d e l e t e r i o u s m i n e r a l s i f t h e r o c k s were used i n c o n c r e t e a g g r e g a t e . 

D e s c r i p t i o n s of t h e s e s a m p l e s a r e g i v e n i n Append ix I I I . 
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5 . QUARTZITE AND DOLOMITE ROCK TESTS 

Rock S t r e n g t h 

U n i a x i a l c o m p r e s s i v e s t r e n g t h t e s t s were c a r r i e d o u t on w e t and 

d r y s a m p l e s of q u a r t z i t e t a k e n f r o m N.M.L.C. d i a m e t e r d r i l l c o r e . Va lues 

v a r y f r o m 8 6 . 5 ( a t 8 . 0 m e t r e s ) t o 296 MPa ( a t 1 6 . 0 m e t r e s ) and t h e w i d e r a n g e 

o b t a i n e d a p p e a r s t o be r e l a t e d t o d e p t h , d e g r e e o f w e a t h e r i n g and f e l d s p a r 

c o n t e n t . 

T a b l e VII l i s t s v a l u e s f o r Y o u n g ' s Modulus , S p e c i f i c G r a v i t y , Water 

A d s o r p t i o n and v a l u e s f r o m P o i n t Load T e s t s . 

Va lues f r o m t h e p o i n t l o a d t e s t s s u g g e s t a c o r r e l a t i o n f o r t h e 

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

s t r e n g t h v a l u e s o f a f a c t o r i n t h e o r d e r o f 4 t o 6 . P o i n t l o a d s t r e n g t h 
i 

v a l u e s f o r t h e q u a r t z i t e a p p e a r t o be .3 t o 7 t i m e s h i g h e r t h a n t h e d o l o m i t e 

v a l u e s . ( D e f i n i t i o n o f r o c k s t r e n g t h t e r m s i s shown i n Append ix V I ) . 

T e s t s f o r F r i c t i o n a l Angle ( S h e a r T e s t s ) 

Using t h e Hoeck p o r t a b l e s h e a r t e s t i n g mach ine a n g l e s o f f r i c t i o n 

were d e r i v e d i n t h e l a b o r a t o r y f o r q u a r t z i t e and d o l o m i t e s a m p l e s t a k e n f r o m 

t h e p r o p o s e d q u a r r y s i t e . Work was c a r r i e d o u t by t h e C o n s u l t i n g E n g i n e e r s , 

C o f f e y and H o l l i n g s w o r t h P r o p r i e t a r y L t d . 

The h igh v a l u e s ( 4 5 ° - 6 0 ° ) f o r t h e q u a r t z i t e a r e a c c o u n t e d f o r by 

t h e h i g h f r e q u e n c y of i n t e r l o c k i n g a s p e r i t i e s * F o l d i n g in . t h e q u a r t z i t e has 

c a u s e d t h e b e d d i n g p l a n e t o d i p i n t o t h e q u a r r y a t a p p r o x i m a t e l y 22° and t h e 

s a m p l e s were t a k e n a c r o s s t h i s p l a n e . F r i c t i o n a l v a l u e s t h e r e f o r e s u g g e s t 

t h a t movement of q u a r t z i t e b l o c k s a l o n g t h e b e d d i n g p l a n e s i n t o q u a r r y w i l l 

be l i m i t e d . 

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

a t a p p r o x i m a t e l y 2 5 ° - 3 0 ° . F o r t u n a t e l y t h e d o l o m i t e does n o t d i p i n t o t h e 

q u a r r y b u t t h e measurement o f t h e f r i c t i o n a l a n g l e i s u s e f u l when c o n s i d e r i n g 

b a t t e r a n g l e s f o r c u t s e x c a v a t e d i n t o t h e h i l l s i d e f o r t h e a c c e s s r o a d s . See 

Append ix IV f o r i n d i v i d u a l s ample r e s u l t s . 
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TABLE VII 

MATERIAL TESTS 

SUBSTANCE. TEST RESULTS COMMENTS. 

QUARTZITE YOUNGS MODULUS 5 . 3 x 10 4 - 8 . 7 MPa T e s t e d w e t and d r y . 

SPECIFIC GRAVITY 2 . 5 9 3 - 2 . 6 5 0 Gross A p p a r e n t : (SSD B a s i s ) 

DOLOMITE WATER ADSORPTION 1.2% * r a n g e of v a l u e s f r o m d i f f e r e n t s a m p l e s 
QUARTZITE " " * 0.14% - 0.60% t e s t e d i n d i f f e r e n t l a b o r a t o r i e s . 

'* UNIAXIAL COMPRESSIVE 8 5 . 5 - 296 MPa T e s t e d w e t and d r y . Samples f r o m 
STRENGTH 8 . 0 0 - 1 6 . 0 0 m d e p t h . A x i a l f a i l u r e s . 

POINT LOAD TESTS DIAMETRAL: 3 6 . 2 - 4 4 . 8 MPa Using N.M.L.C. d i am. C o r e . 
AXIAL : 1 5 . 5 - 3 9 . 6 MPa 

DOLOMITE .. .. .. DIAMETRAL: 1 . 7 - 4 . 8 MPa " " " 
AXIAL : 8 . 3 - 1 3 . 8 MPa 

QUARTZITE PETROLOGICAL DESC. QUARTZ 55 - 95% Q u a r t z i t e t o 
FELDSPARS 5 - 45% Metamorphosed a r k o s i c s a n d s t o n e 
OPAQUES ) 
SERICITE) T r a c e s o n l y 
CHLORITE) 

DOLOMITE " " DOLOMITE 90 - 95% F o l i a t e d w i t h S c h i s t o s e 
QUARTZ 3 - 6% t e x t u r e ( R e f e r r e d to. i n t e s t 
OPAQUES 2 - 4 % as p h y l l i t i c d o l o m i t e ) 

QUARTZITE 0 S h e a r t e s t 4 5 ° - 69° f f Measured on p l a n e d i p p i n g 22° 
i n t o p r o p o s e d Q u a r r y . 

DOLOMITE .. .. 25° - 30° I §Measured a l o n g b e d d i n g p l a n e i n 

m o d e r a t e l y w e a t h e r e d and h i g h l y w e a t h e r e d 

s a m p l e s . Lower v a l u e s s h o u l d be e x p e c t e d . . 
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6 . PERMEABILITY TESTS ON COMPLETELY WEATHERED DOLOMITE 

Two samples o f c o m p l e t e l y w e a t h e r e d d o l o m i t e (SM-CL) t a k e n f r o m 

t h e b a s e of a s t r e s s r e l i e f f r a c t u r e on t h e l e f t bank g r o u t cap a l i g n m e n t 

w e r e f o r w a r d e d t o t h e E n g i n e e r i n g and Wate r Supp ly D e p a r t m e n t S o i l s L a b o r a -

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

w e r e r e q u e s t e d . 

The two s a m p l e s a r e o f t h e same m a t e r i a l , one shows r o c k s t r u c t u r e 

and t h e o t h e r , a l e s s c o h e s i v e sample i s d e p r i v e d o f a l l r o c k s t r u c t u r e . 

Both s a m p l e s i m m e d i a t e l y decomposed a f t e r b e i n g p l a c e d iri d i s t i l l e d and 

ma ins w a t e r . E x a m i n a t i o n by b i n o c u l a r m i c r o s c o p e r e v e a l e d t h e p r e s e n c e of 

many v o i d s up t o 1 . 5 t i m e s t h e d i a m e t e r o f t h e s i l t g r a i n s . A m e c h a n i c a l 

a n a l y s i s f o r t h e l e s s c o h e s i v e s amp le i s g i v e n i n F i g u r e 4 . 

c m / s e c . 

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

seam a t t h e t o p of t h e r i g h t bank g r o u t cap were f o r w a r d e d t o t h e l a b o r a t o r y 

f o r f u r t h e r t e s t i n g . (See Append ix V I I I ) . A s u g g e s t e d p e r m e a b i l i t y v a l u e 

The two v a l u e s of p e r m e a b i l i t y g i v e a r a n g e of v a l u e s a p p r o x i m a t e l y 

3 m e t r e s t o 15 m e t r e s p e r y e a r . T h e s e v a l u e s i n d i c a t e t h a t p i p i n g w i t h i n t h e 

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

n o t c o n s i d e r e d l i k e l y . 

The p e r m e a b i l i t y t e s t was c a r r i e d o u t on t h e s o f t e r of t h e two 

s a m p l e s ( s p e c i f i c g r a v i t y 2 . 8 7 ) and gave an a p p r o x i m a t e r e s u l t of 1 . 1 5 x 10 
- 5 

f r o m t h e s e t e s t s i s 5 x 1 0 " 7 m / s e c . 

JCB:FdeA 
2 / 3 / 7 6 

J . C . BEAL 
GEOLOGIST 
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APPENDIX I 

EXAMINATION OF TECTONIC FABRIC 

T h r e e s a m p l e s , l a b e l l e d P l / 7 5 t o P3 /75 (See T a b l e V) were s u b -
m i t t e d t o A .M.D.E .L . f o r p e t r o g r a p h i c d e s c r i p t i o n . The s a m p l e s w e r e f r o m 
t h e L i t t l e P a r a Dam s i t e ; t h e y a r e f r o m b a t t e r s on t h e G r o u t Cap on t h e 
l e f t b a n k . For t h e f i r s t two s a m p l e s , P l / 7 5 and P2 /75 two o r i e n t a t i o n 
d i r e c t i o n s were marked on each which w e r e l a b e l l e d a - a and b - b , and i t was 
r e q u e s t e d t h a t t h i n s e c t i o n s be c u t p a r a l l e l t o t h e s e o r i e n t a t i o n s and t h a t 
comments be made on t h e t e c t o n i c o r i g i n o f t h e f a b r i c v i s i b l e i n t h e r o c k . 
F o r t h e t h i r d s a m p l e , P3 /75 which c o n t a i n e d c a r b o n a t e , i t was r e q u e s t e d t h a t 
e m p h a s i s be g i v e n t o t h e c h r o n o l o g y o f m i n e r a l i z a t i o n . 

P l / 7 5 i s a s i l t y d o l o m i t e and on t h i s s ample two d i r e c t i o n s were 
m a r k e d : a - a p a r a l l e l t o t h e s t r i k e o f t h e d o l o m i t e and b - b p a r a l l e l t o t h e 
d i p o f t h e d o l o m i t e . The c o n s t i t u e n t d o l o m i t e c r y s t a l s i n t h e sample have 
been e l o n g a t e d i n t h e b - b d i r e c t i o n and t h e p h y l l o s i l i c a t e f l a k e s a r e b e t t e r 
a l i g n e d p a r a l l e l t o b - b t h a n t h e y a r e t o a - a . T he r e a r e f l a k e s a number o f 
v e i n s / t e n s i o n f i l l i n g s composed of q u a r t z , c a r b o n a t e and i r o n o x i d e / 
h y d r o x i d e s i n t h e s amp le and t h e s e c r o s s - c u t t h e b e d d i n g f o l i a t i o n a t a 
m o d e r a t e a n g l e and s t r i k e i n a d i r e c t i o n which r o u g h l y b i s e c t s t h e a n g l e 
be tween a - a and b - b . T h e r e a r e a number o f i r r e g u l a r l y o r i e n t a t e d f r a c t u r e s 
i n t h e sample a s w e l l a s a s y s t e m o f j o i n t s which a r e o r i e n t a t e d p a r a l l e l t o 
a - a and a r e normal t o t h e b e d d i n g f o l i a t i o n . 

Sample P 2 / 7 5 i s d e s c r i b e d a s a "Boudin" s t r u c t u r e . T h i s r o d - l i k e 
s a m p l e has an o u t e r zone a p p r o x i m a t e l y 1 mm t h i c k which i s composed of q u a r t z , 
p h y l l o s i l i c a t e s , c a r b o n a t e and i r o n o x i d e s / h y d r o x i d e s , and an i n n e r c o r e wh ich 
i s composed e s s e n t i a l l y o f equa l amounts o f q u a r t z and i r o n o x i d e s / h y d r o x i d e s , 
w i t h o n l y t r a c e amounts of p h y l l o s i l i c a t e s and no c a r b o n a t e . In t h e o u t e r 
zone t h e q u a r t z c r y s t a l s a r e e l o n g a t e d p a r a l l e l t o b - b and t h e p h y l l o s i l i c a t e 
f l a k e s a r e s t r o n g l y a l i g n e d i n t h a t d i r e c t i o n . In t h e c o r e o f t h e "Boudin" 
q u a r t z c r y s t a l s a r e e l o n g a t e d p a r a l l e l t o b - b whereas t h e i r o n o x i d e s / 
h y d r o x i d e s a r e e s s e n t i a l l y e q u a n t i n s h a p e . The l a t t e r which c o n s i s t of . 
g o e t h i t e and l i m o n i t e a r e t h o u g h t t o be pseudomorphs a f t e r p y r i t e . The p h y l l o -
s i l i c a t e s ' i n t h e c o r e o f t h e "Boudin" a r e . a l i g n e d p a r a l l e l t o b -b and t o 
s h e a r s / f o l i a e . The l a t t e r a l t h o u g h s t r i k i n g p a r a l l e l t o b - b would r e s u l t i n 
t h e "Boud in" c h a n g i n g s h a p e f r o m a r o u n d t o an oval c r o s s - s e c t i o n i f t h e y w e r e 
s u b j e c t e d t o renewed movement . 

Sample P 3 / 7 5 was t a k e n f r o m t h e m a r g i n s of a q u a r t z v e i n i n t h e 
d o l o m i t e . T h e r e i s e v i d e n c e t h a t t h e q u a r t z has been r e p l a c i n g d o l o m i t e and 
t h a t t h e rock h a s s u f f e r e d m i l d t e c t o n i c d e f o r m a t i o n . T h e r e a r e a few p a t c h e s 
o f i r o n o x i d e s / h y d r o x i d e s i n t h e s a m p l e which a r e t h o u g h t t o be pseudomorphs 
a f t e r s u l p h i d e s , p r o b a b l y p y r i t e . T h e s e a r e t o t a l l y s u r r o u n d e d by q u a r t z and 
a r e t h o u g h t t o have fo rmed a t a b o u t t h e same t i m e as t h a t m i n e r a l . 

ASSESSMENT OF GRADATIONAL METAMORPHISM 

T h r e e hand s p e c i m e n s a m p l e s o f m e t a - s e d i m e n t a r y r o c k s were s u b m i t t e d 
t o A .M.D.E .L . by t h e Mines D e p a r t m e n t w i t h a r e q u e s t f o r an a s s e s s m e n t w h e t h e r 
t h e dynamic metamorphism i n c r e a s e d f r o m t h e f i r s t s ample ( P 1 4 7 / 7 4 ) t o t h e 
t h i r d sample ( P 1 4 9 / 7 4 and P 1 5 0 / 7 4 ) . The s a m p l e s were c o l l e c t e d f r o m t h e 
h u n d r e d of Munno P a r a , s e c t i o n 5461 a d j a c e n t t o a low a n g l e d S h e a r Zone w i t h i n 
s h a l y d o l o m i t e and a p p r o x i m a t e l y 60 m e t r e s e a s t o f d tMl l h o l e 16 . S t r a t i g r a p h i -
c a l l y t h e s amp le s b e l o n g t o d o l o m i t e u n i t 11 b u t i n f a c t t h e r o c k s a r e r e l a t i v e l y 
r i c h i n q u a r t z and f e l d s p a r and g e n e r a l l y c o n t a i n o n l y a c c e s s o r y amounts o f 
c a r b o n a t e . 



The hand s p e c i m e n s a r e s i m i l a r t o each o t h e r and c o n s i s t of 
m o t t l e d r a t h e r p l a t y s c h i s t o s e r o c k s which c o n t a i n some f i n e g r a i n e d l i t h o -
l o g i e s and some c o n t a i n i n g p o r p h y r o b l a s t s up t o a b o u t 6 - 1 0 mm i n s i z e . T h e s e 
p o r p h y r o b l a s t s a c t u a l l y c o n s i s t of q u a r t z and m i c r o c l i n e and a p p e a r t o be 
r e l i c t s of o r i g i n a l d e t r i t a l g r a i n s s o t h a t t h e o r i g i n a l r o c k a p p e a r s t o h a v e 
been a banded m o d e r a t e l y c a l c a r e o u s s e d i m e n t c o n s i s t i n g o f s i l t y l i t h o l o g i e s 
w i t h some r a t h e r c o a r s e g r a i n e d and s u b m a t u r e s a n d s t o n e h o r i z o n s . In t h e 
d e s c r i p t i o n s g i v e n below emphas i s h a s been p l a c e d on t h e m e t a m o r p h i c e f f e c t s 
shown by t h e s a m p l e s and i t i s a p p a r e n t t h a t t h e r e i s a s l i g h t t o m o d e r a t e 
i n c r e a s e i n dynamic metamorphism e f f e c t s p a s s i n g f r o m s a m p l e P 1 4 7 / 7 4 t o 
s a m p l e P 1 4 9 / 7 4 . 
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APPENDIX I I 

THE LITTLE PARA DAMSITE 

PETROGRAPHIC DESCRIPTIONS OF THREE VARIOUSLY WEATHERED METASILTSTONES 

1 . INTRODUCTION 

T h r e e s a m p l e s , l a b e l l e d P 2 7 3 / 7 5 t o P 2 7 5 / 7 5 , w e r e s u b m i t t e d t o 
AMDEL f o r p e t r o g r a p h i c and m i n e r a g r a p h i c d e s c r i p t i o n . T h e s e s a m p l e s , were 
f r o m t h e v i c i n i t y of t h e L i t t l e P a r a Dam and c o n s i s t e d o f m e t a s i l t s t o n e i n 
s e v e r a l s t a t e s o f w e a t h e r i n g . I t was hoped t h a t t h e n a t u r e o f t h e p r o -
g r e s s i v e breakdown o f t h e m i n e r a l s o f t h i s m e t a s i l t s t o n e c o u l d be e s t a b l i s h e d . 

2 . SUMMARY 

Sample P273 /75 i s a m o d e r a t e l y f o l i a t e d d o l o m i t i c s i l t s t o n e and i s 
t h e f r e s h e s t o f t h e t h r e e s i l t s t o n e s a m p l e s . Sample P 2 7 4 / 7 5 i s a q u a r t z -
s e r i c i t e m e t a s i l t s t o n e which c o n t a i n s t r a c e amounts of d o l o m i t e and 5-10% o f 
v e r m i c u l i t e , Sample P275 /75 i s a w e a t h e r e d q u a r t z - s e r i c i t e m e t a s i l t s t o n e 
wh ich c o n t a i n s no d o l o m i t e and .15-25% of m o n t m o r i l l o n i t e . I t i s n o t c e r t a i n , 
t h a t s a m p l e s P274 /75 and P275 /75 e v e r c o n t a i n e d as much d o l o m i t e a s s ample 
P 2 7 3 / 7 5 . However , d o l o m i t e i s d e f i n i t e l y o n e of t h e more s u s c e p t i b l e m i n e r a l s 
o f t h e s e r o c k s and i t has been d i s s o l v e d away e x c e p t f o r m i n o r t o t r a c e amounts 
o f l i m o n i t e ( t h e d o l o m i t e was p o s s i b l y s l i g h t l y f e r r o a n ) . 

In d i s c u s s i n g t h e t r a n s f o r m a t i o n s o c c u r r i n g among t h e s h e e t s i l i c a t e s 
i n t h e s e r o c k s t h e f o l l o w i n g m i n e r a l s a r e r e l e v a n t : 

C h l o r i t e (Mg, A l , F e ) - 1 2 ( ( S i , A l ) g 0 2 0 ) ( 0 H ) l g 

A t r i o c t a h e d r a l , n o n - e x p a n d i n g s h e e t s i l i c a t e w i t h 
g e n e r a l l y a low c a t i o n e x c h a n g e c a p a c i t y . 

K a o l i n i t e A 1 4 ( s i 4 ° 1 0 ) ( ° H ) s 

A t r i o c t a h e d r a l , n o n - e x p a n d i n g s h e e t s i l i c a t e w i t h 
a low c a t i o n e x c h a n g e c a p a c i t y . 

M o n t m o r i l l o n i t e ( 1 / Ca, N a ) 0 ? ( A 1 , M g , F e ) 4 ( ( S i , A 1 ) 8 0 2 0 ) - ( 0 H ) 4 . n H 2 0 

A d i o c t a h e d r a l , e x p a n d i n g s h e e t s i l i c a t e w i t h a h i g h 
csrtion e x c h a n g e c a p a c i t y . 

S e r i c i t e K A l 2 ( A l S i 3 ) 0 1 0 ( 0 H ) 2 

A d i o c t a h e d r a l , n o n - e x p a n d i n g s h e e t s i l i c a t e w i t h a 
low c a t i o n e x c h a n g e c a p a c i t y . 

V e r m i c u l i t e ' (Mg, C a ) 0 / 7 ( M g , F e 3 + , A 1 ) 6 > 0 ( ( A 1 , S i ) g 0 2 0 ( 0 H ) 4 . 8 H 2 0 

A t r i o c t a h e d r a l , n o n - e x p a n d i n g s h e e t s i l i c a t e w i t h 
an e x t r e m e l y h i g h c a t i o n e x c h a n g e c a p a c i t y . 
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The v e r m i c u l i t e i n sample P 2 7 4 / 7 5 and t h e m o n t m o r i l l o n i t e i n 
s a m p l e P275 /75 a p p e a r most p r o b a b l y t o have fo rmed f r o m s e r i c i t e and 
p o s s i b l y , t o a l e s s e r e x t e n t , f r o m c h l o r i t e . These t r a n s f o r m a t i o n s i n v o l v e 
t h e removal of p o t a s s i u m f r o m s e r i c i t e and t h e r e l o c a t i o n of magnesium and 
t o a l e s s e r e x t e n t c a l c i u m and i r o n , b e i n g r e l e a s e d t h r o u g h t h e " b r e a k d o w n 
o f d o l o m i t e . Loughnan (1969) d e s c r i b e s examples whe re t h e v e r m i c u l i t e and 
m o n t m o r i l l o n i t e have fo rmed f r o m s e r i c i t e . From r e a d i n g Loughnan (1969) and 
D e e r , Howie and Zussman, Vo l . 3 ( 1 9 6 3 ) i t a p p e a r s u n l i k e l y t h a t v e r m i c u l i t e 
i s an i n t e r m e d i a t e p r o d u c t i n t h e f o r m a t i o n of m o n t m o r i l l o n i t e f r o m s e r i c i t e , 
t h e d e c i s i v e f a c t o r s i n w h e t h e r v e r m i c u l i t e o r m o n t m o r i l l o n i t e fo rms b e i n g 
r e l a t e d r a t h e r t o t h e c o n c e n t r a t i o n o f magnesium i o n s and t h e d e g r e e of 
d r a i n a g e ( i n t e n s i t y o f l e a c h i n g ) . In d o l o m i t e - f r e e h o r i z o n s , whe re a r e l a t i v e 
p a u c i t y o f magnesium i o n s c o u l d be a n t i c i p a t e d d u r i n g w e a t h e r i n g , k a o l i n i t e 
m i g h t be e x p e c t e d t o f o r m r a t h e r t h a n m o n t m o r i l l o n i t e a n d / o r v e r m i c u l i t e . 

3 . PETROGRAPHIC & MINERAGRAPHIC 
DESCRIPTIONS 

Sample : P 2 7 3 / 7 5 ; TS34563 

L o c a t i o n : 

Hundred of Munno P a r a , s e c t i o n 4 3 7 0 , d r i l l h o l e 2 . 

Rock Name: 

• M o d e r a t e l y f o l i a t e d d o l o m i t i c s i l t s t o n e 

Hand Spec imen : 
T h i s r o c k i s g r e y , f i n e - g r a i n e d , and n o t n o t i c e a b l y bedded o r 
l a m i n a t e d b u t q u i t e s t r o n g l y f o l i a t e d . Along j o i n t s and some 
c l e a v a g e p l a n e s t h e r o c k i s brown and o f a l t e r e d a p p e a r a n c e . 

Th in S e c t i o n : 
An o p t i c a l e s t i m a t e of t h e c o n s t i t u e n t s g i v e s t h e f o l l o w i n g : 

% 

D o l o m i t e 6 0 - 7 0 
Q u a r t z 10-20 
M u s c o v i t e 10-20 
F e l d s p a r 3 - 6 

' C h l o r i t e 1 - 3 
Opaques ( h e m a t i t e - g o e t h i t e 

and r u t i l e ) t r a c e - 2 

T h i s s amp le has a t e x t u r e t r a n s i t i o n a l be tween t h a t o f a c l a s t i c s e d i m e n t a r y 
r o c k and^a s c h i s t . The r o c k i s composed p r i n c i p a l l y o f d o l o m i t e , w i t h l e s s e r 
amounts o f q u a r t z and m u s c o v i t e , and m i n o r amounts of a number of o t h e r 
m i n e r a l s i n c l u d i n g f e l d s p a r , c h l o r i t e , and o p a q u e s . The rock i s r e a s o n a b l y 
f r e s h e x c e p t a l o n g some j o i n t s and c l e a v a g e p l a n e s whe re t h e r e i s i m p e r s i s t e n t 
i r o n s t a i n i n g . 

The d o l o m i t e o c c u r s a s e q u a n t x e n o b l a s t i c g r a i n s which r a n g e i n s i z e f r o m 
0 . 0 1 mm o r l e s s up t o 0 . 0 3 mm. The i d e n t i t y of t h e d o l o m i t e was c o n f i r m e d 
by x - r a y d i f f r a c t i o n . The d o l o m i t e has p r o b a b l y been c o m p l e t e l y r e c r y s t a l l i s e d 
b u t , w h e r e a s t h e q u a r t z , f e l d s p a r , and p h y l l o s i l i c a t e g r a i n s have been a f f e c t e d 
by t h e t e c t o n i c d e f o r m a t i o n t h e r o c k h a s u n d e r g o n e , t h e d o l o m i t e does n o t 
a p p e a r t o have been so a f f e c t e d , p r o b a b l y b e c a u s e of r e c r y s t a l ! i s a t i o n . Under 
e x t r e m e l y h i g h m a g n i f i c a t i o n many of t h e d o l o m i t e c r y s t a l s a r e s e e n t o c o n t a i n 
m i n u t e opaque and c o l o u r l e s s p a r t i c l e s . 
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The q u a r t z o c c u r s a s e l o n g a t e x e n o b l a s t i c g r a i n s which r a n g e i n s i z e up t o 
0 . 1 mm l o n g . The e l o n g a t i o n of t h e q u a r t z g r a i n s a p p e a r s t o have been c a u s e d 
by t h e t e c t o n i c d e f o r m a t i o n t h e r o c k has u n d e r g o n e and t o a l e s s e r e x t e n t 
t h r o u g h r e p l a c e m e n t / r e a c t i o n w i t h t h e d o l o m i t e i n t h e r o c k . The e l o n g a t i o n 
o f t h e q u a r t z g r a i n s i s p a r a l l e l t o t h e f o l i a t i o n i n t h e r o c k , and t h i s f o l i a -
t i o n a p p e a r s t o c o i n c i d e w i t h t h e o r i g i n a l b e d d i n g . The q u a r t z g r a i n s a l l 
show p r o n o u n c e d u n d u l o s e ( s t r a i n ) e x t i n c t i o n and some a p p e a r t o have been 
g r a n u l a t e d . ^ 

A c c o r d i n g t o t h e X- ray d i f f r a c t i o n r e s u l t s t h i s r o c k c o n t a i n s a c c e s s o r y 
amounts o f f e l d s p a r . However , i n t h e t h i n s e c t i o n t h e f e l d s p a r i s v i r t u a l l y 
i m p o s s i b l e t o d e t e c t and p r e s u m a b l y i t i s u n t w i n n e d and o p t i c a l l y v e r y 
s i m i l a r t o t h e q u a r t z . The e x a c t amount o f f e l d s p a r p r e s e n t i s t h e r e f o r e 
somewhat u n c e r t a i n . 

The p h y l l o s i l i c a t e s m u s c o v i t e and c h l o r i t e o c c u r a s s u b i d i o b l a s t i c f l a k e s 
which r a n g e i n s i z e up t o 0 . 2 mm l o n g . The b u l k o f t h e p h y l l o s i l i c a t e . f l a k e s 
a r e a l i g n e d w i t h t h e f o l i a t i o n i n t h e r o c k . 

Some of t h e c h l o r i t e i s a l m o s t c o l o u r l e s s . a n d i s o p t i c a l l y v e r y s i m i l a r t o 
t h e m u s c o v i t e - s e r i c i t e b u t can g e n e r a l l y be d i s t i n g u i s h e d b e c a u s e o f i t s l o w , 
a l m o s t anomalous i n t e r f e r e n c e c o l o u r s . 

Opaques o c c u r a s s u b i d i o m o r p h i c and x e n o m o r p h i c ( r o u n d e d ) g r a i n s which r a n g e 
i n s i z e f r o m 0 . 1 mm up t o 0 . 0 4 mm. The b u l k o f t h e o p a q u e s a p p e a r t o c o n s i s t 
of g o e t h i t e - l i m o n i t e b u t a f ew g r a i n s o f r u t i l e were a l s o s e e n . The l i m o n i t e 
s t a i n i n g o c c u r r i n g a l o n g some c l e a v a g e p l a n e s has a l r e a d y been m e n t i o n e d . 

T h e r e a r e a few l i t h i c f r a g m e n t s i n t h e r o c k and one i n c l u d e d i n t h e t h i n 
s e c t i o n i s w e l l rounded and composed o f d o l o m i t i c m e t a s a n d s t o n e . 

T h i s r o c k i s a m o d e r a t e l y f o l i a t e d d o l o m i t i c s i l t s t o n e wh ich i s f r e s h e x c e p t 
f o r some i m p e r s i s t e n t i r o n s t a i n i n g a l o n g a few f o l i a t i o n p l a n e s . 

Sample : P 2 7 4 / 7 5 : TS34564 

L o c a t i o n : 
Hundred of Munno P a r a , s e c t i o n 4 3 7 0 , d r i l l h o l e 2 . 

Rock Name: 
Q u a r t z - s e r i c i t e m e t a s i l t s t o n e 

Hand S p e c i m e n : 
T h i s r o c k i s p a l e y e l l o w - b r o w n , f i n e - g r a i n e d , and m o d e r a t e l y f o l i a t e d . 
The y e l l o w - b r o w n c o l o u r a p p e a r s t o be due t o d i s s e m i n a t e d i r o n s t a i n i n g . 
The re a r e a l s o a few c l e a v a g e p l a n e s which a r e q u i t e d a r k c o l o u r e d and 
i n t h e s e t h e i r o n s t a i n i n g i s more c o n c e n t r a t e d . The p o r t i o n of d r i l l 
c o r e has b r o k e n a l o n g j o i n t s u r f a c e s and c l e a v a g e p l a n e s . 

T h i n S e c t i o n : 
An o p t i c a l e s t i m a t e o f t h e c o n s t i t u e n t s g i v e s t h e f o l l o w i n g : 

°L 

4 5 - 5 0 
3 5 - 4 5 

5 - 1 0 
5 
5 

t r a c e 

Q u a r t z 
S e r i c i t e 
V e r m i c u l i t e 
F e l d s p a r ? 
Opaques ( m a i n l y l i m o n i t e ) 
D o l o m i t e 
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T h i s r o c k i s f i n e - g r a i n e d , has a . s t r o n g l y f o l i a t e d / s c h i s t o s e t e x t u r e , and 
i s composed p r i n c i p a l l y o f q u a r t z and m u s c o v i t e / s e r i c i t e . The bu lk o f t h e 
m u s c o v i t e / s e r i c i t e i s y e l l o w - b r o w n due t o i r o n s t a i n i n g and i t i s t h o u g h t 
t h a t t h e v e r m i c u l i t e d e t e c t e d by t h e X - r a y d i f f r a c t i o n work has fo rmed t h r o u g h 
p a r t i a l a l t e r a t i o n of t h e s e r i c i t e . 

The s e r i c i t e f l a k e s a r e s t r o n g l y a l i g n e d , e x t r e m e l y w i s p y and r a n g e i n l e n g t h 
up t o a t l e a s t 0 . 1 mm. The s e r i c i t e i s p r e s e n t t h r o u g h o u t t h e r o c k and i s 
n o t c o n c e n t r a t e d i n p a r t i c u l a r l a y e r s o r b a n d s . A l t h o u g h t h e X- ray d i f f r a c t i o n 
r e s u l t s i n d i c a t e t h a t v e r m i c u l i t e i s a l s o p r e s e n t t h i s m i n e r a l c a n n o t be 
d i s t i n g u i s h e d o p t i c a l l y f rom t h e s e r i c i t e . 

The q u a r t z g r a i n s a r e e l o n g a t e / x e n o b l a s t i c i n s h a p e and up t o 0 . 3 mm l o n g 
a l t h o u g h mos t a r e 0 . 0 4 mm l o n g . The e l o n g a t i o n of t h e q u a r t z g r a i n s has 
p r e s u m a b l y been c a u s e d p r i n c i p a l l y by t h e t e c t o n i c d e f o r m a t i o n t h e r o c k has 
s u f f e r e d b u t r e a c t i o n w i t h t h e s e r i c i t e f l a k e s may a l s o be s i g n i f i c a n t . The 
l a r g e r q u a r t z g r a i n s a l l show p r o n o u n c e d u n d u l o s e ( s t r a i n ) e x t i n c t i o n and some 
a p p e a r t o have been g r a n u l a t e d . 

T h e r e a r e a few g r a i n s of f e l d s p a r i n t h e rock and t h e s e a r e of s i m i l a r s i z e 
and h a b i t t o t h o s e of q u a r t z . 

Equan t x e n o b l a s t i c g r a i n s o f c a r b o n a t e up t o 0 . 0 5 mm a c r o s s a r e p r e s e n t i n 
some p o r t i o n s of t h i s s a m p l e . T h i s c a r b o n a t e i s d o l o m i t i c and y e l l o w - b r o w n 
i n c o l o u r . The g r a i n s and g r a n u l a r a g g r e g a t e s of c a r b o n a t e do n o t a p p e a r t o 
have been a f f e c t e d by t h e t e c t o n i c d e f o r m a t i o n / f o l i a t i o n t h e rock h a s u n d e r -
g o n e . 

B e s i d e s e x t e n s i v e l i m o n i t e s t a i n i n g t h e r e a r e a l s o d i s c r e t e opaque g r a i n s i n 
t h i s r o c k . These a r e t y p i c a l l y e q u a n t and xenomorph i c i n s h a p e and up t o 
0 . 0 2 mm i n d i a m e t e r . The b u l k o f t h e s e opaque g r a i n s a p p e a r t o c o n s i s t o f 
i r o n o x i d e s . 

T h i s s amp le c o n t a i n s more s e r i c i t e and l e s s c a r b o n a t e t h a n t h e p r e v i o u s 
s a m p l e . I t i s of more w e a t h e r e d a p p e a r a n c e and f r o m t h e X-ray d i f f r a c t i o n 
work v e r m i c u l i t e i s known t o be p r e s e n t . I t i s p o s s i b l e t h a t t h i s v e r m i c u l i t e 
has fo rmed t h r o u g h t h e a l t e r a t i o n o f s e r i c i t e a l t h o u g h d e r i v a t i o n f r o m p r e -
e x i s t i n g c h l o r i t e i s a l s o p o s s i b l e . 

Sample : P 2 7 5 / 7 5 ; TS34565 

L o c a t i o n : 
Hundred o f Munno P a r a , s e c t i o n 4 3 7 0 , t a k e n f r o m t r e n c h a t t o p o f 
r i g h t bank g r o u t c a p , L i t t l e P a r a Dam. 

Rock Name: . 
Wea the red q u a r t z - s e r i c i t e m e t a s i 1 t s t o n e 

Hand S p e c i m e n : . 
T h i s s a m p l e i s y e l l o w - b r o w n f r i a b l e , f i n e - g r a i n e d and q u i t e m a r k e d l y 
l a m i n a t e d / f o l i a t e d . The s a m p l e has b r o k e n m a i n l y a l o n g j o i n t s and t o 
a l e s s e r e x t e n t p a r a l l e l t o f o l i a t i o n p l a n e s . 
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Thin S e c t i o n : 
An o p t i c a l e s t i m a t e o f t h e c o n s t i t u e n t s g i v e s t h e f o l l o w i n g : 

% 

Q u a r t z 
S e r i c i t e 
M o n t m o r i l l o n i t e 

4 0 - 5 0 
15-25 
15-25 

F e l d s p a r 
L i m o n i t e 

t r a c e 
5 

I n t h e t h i n s e c t i o n t h i s r o c k i s s e e n t o have a s t r o n g l y f o l i a t e d / s c h i s t o s e 
t e x t u r e and t o c o n s i s t o f q u a r t z and i r o n s t a i n e d p h y l l o s i l i c a t e s a n d c l a y . 

The q u a r t z g r a i n s a r e e q u a n t t o e l o n g a t e i n s h a p e and xenomorph ic i n o u t l i n e . 
In mos t o f t h e rock t h e y a p p e a r t o have been a t t e n u a t e d by t h e t e c t o n i c d e -
f o r m a t i o n t h a t has t a k e n p l a c e and p o s s i b l y , t o a l e s s e r e x t e n t , t h r o u g h 
r e a c t i o n w i t h t h e p h y l l o s i l i c a t e s and c l a y i n t h e r o c k . The q u a r t z g r a i n s 
r a n g e i n s i z e up t o 0 . 0 6 mm b u t mos t a r e 0 . 0 3 mm a c r o s s . In a f ew p l a c e s 
t h e q u a r t z a p p e a r s t o have r e c r y s t a l ! i z e d i n t o p a t c h e s / " p o d s " where i t i s 
a s s o c i a t e d w i t h g o e t h i t e / 1 i m o n i t e . These p a t c h e s a r e up t o 0 . 3 mm t h i c k , 
e x t e n d a l o n g t h e f o l i a t i o n p l a n e s f o r s e v e r a l m i l l i m e t r e s , and t h e c o n s t i t u e n t 
q u a r t z c r y s t a l s a r e t y p i c a l l y e q u a n t i n s h a p e and up t o 0 . 0 3 mm a c r o s s . 

The p h y l l o s i l i c a t e f l a k e s a r e a y e l l o w - b r o w n c o l o u r , m o s t l y 0 . 0 3 mm a c r o s s , 
w i t h a f ew m u s c o v i t e / s e r i c i t e f l a k e s b e i n g up t o 0 . 4 mm l o n g . The p r e s e n c e 
o f m o n t m o r i l l o n i t e was c o n f i r m e d by X- ray d i f f r a c t i o n work . The l a r g e r 
m u s c o v i t e / s e r i c i t e f l a k e s a r e p r o b a b l y d e t r i t a l i n o r i g i n b u t t h e f i n e l y 
c r y s t a l l i n e s e r i c i t e and t h e m o n t m o r i l l o n i t e i s p r o b a b l y e n t i r e l y a u t h i g e n i c . 

T r a c e amounts of f e l d s p a r w e r e d e t e c t e d i n t h e r o c k by t h e X- ray d i f f r a c t i o n 
w o r k . 

I r o n o x i d e s a r e p r e s e n t t h r o u g h o u t t h i s r o c k m a i n l y a s a s t a i n i n g on t h e 
p h y l l o s i l i c a t e s and c l a y . In a s s o c i a t i o n w i t h " p o d s " o f q u a r t z t h e r e a r e 
p a t c h e s o f g o e t h i t e / 1 i m o n i t e which a r e up t o 0 . 3 mm a c r o s s . 

T h i s i s t h e mos t h e a v i l y w e a t h e r e d o f t h e t h r e e s a m p l e s f r o m t h e L i t t l e Pa ra 
Dam and i t c o n t a i n s s i g n i f i c a n t amounts o f m o n t m o r i l l o n i t e . 



APPENDIX I I I 

SAMPLES P3S4/74 - P 2 3 7 / 7 4 . 

EXAMINATION FOR MINERALS DELETERIOUS 

TO A CONCRETE AGGREGATE. 



APPENDIX I I I 

S a m p l e : P 3 8 4 / 7 4 , TS33034 

Rock Name: 
C a r b o n a t e b e a r i n g mica s c h i s t . 

Hand S p e c i m e n : 
B e i g e c o l o u r e d s c h i s t o s e meta s i l t s t o n e . 

T h i n S e c t i o n : 
An o p t i c a l e s t i m a t e of t h e c o n s t i t u e n t s g i v e s t h e f o l l o w i n g : 

% 

Q u a r t z 30 -35 
F e l d s p a r s 5 
M u s c o v i t e and o t h e r P h y l l o s i l i c a t e s 20 
C a r b o n a t e 40 
Opaques 1 
B i o t i t e . T r a c e 

T h i s s amp le r e p r e s e n t s a c a r b o n a t e - b e a r i n g s i l t s t o n e which has u n d e r g o n e 
g r e e n s c h i s t f a c i e s r e g i o n a l m e t a m o r p h i s m . 

The r o c k i s mos t p r o b a b l y u n s u i t a b l e f o r u s e i n c o n c r e t e a g g r e g a t e b e c a u s e 
i t c o n t a i n s ( ? ) d o l o m i t e and p h y l l o s i l i c a t e s . 

I n d e p e n d e n t whole rock X.R.D. a n a l y s i s i n d i c a t e d t h e f o l l o w i n g m i n e r a l s and 
p r o p o r t i o n s . 

Do lomi te D (Dominant ) 
Q u a r t z SD ( S u b - d o m i n a n t ) 
M u s c o v i t e SD 
B i o t i t e o r s i m i l a r SD. 
F e l d s p a r ( A l b i t i c ) A ( A c c e s s o r y ) 
C h l o r i t e . A 
K - F e l d s p a r T r ( T r a c e ) 

Sample : P 3 8 5 / 7 4 , TS33035 

Rock Name: 
F e l d s p a t h i c q u a r t z i t e 

Hand S p e c i m e n : 

F i n e g r a i n e d , w e l l s o r t e d q u a r t z i t i c f e l d s p a r b e a r i n g r o c k . 

Th in S e c t i o n : 
An o p t i c a l e s t i m a t e o f t h e c o n s t i t u e n t s g i v e s t h e f o l l o w i n g : 

• % 

Q u a r t z 75 
K - F e l d s p a r 20-25 
L i t h i c f r a g m e n t s '' 2 
P l a g i o c l a s e 1 
Opaques t r a c e 
M u s c o v i t e t r a c e 
Z i r c o n t r a c e 
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The r o c k would most p r o b a b l y be s u i t a b l e f o r u s e i n c o n c r e t e a g g r e g a t e a s 
i t d o e s n o t c o n t a i n a b u n d a n t p h y l l o s i l i c a t e s , d o l o m i t e o r r e a c t i v e f o r m s 
of s i l i c a . 

S a m p l e : P 3 8 6 / 7 4 , TS33036 

Rock Name: 
F e l d s p a t h i c q u a r t z i t e 

Hand S p e c i m e n : 
F i n e g r a i n e d , w e l l s o r t e d , w e a k l y bedded f e l d s p a r - b e a r i n g 
q u a r t z i t i c r o c k c o n t a i n i n g minor m u s c o v i t e . 

•Thin S e c t i o n : 
An o p t i c a l e s t i m a t e of t h e c o n s t i t u e n t s g i v e s t h e f o l l o w i n g : 

% 

70-75 
15-20 

1 - 2 ( Q u a r t z - f e l d s p a r ) 
1 - 2 
3 - 5 
1 - 2 
1 - 3 

t r a c e 

The r o c k i s c l e a r l y s u i t a b l e f o r u s e i n c o n c r e t e a g g r e g a t e a s i t d o e s n o t 
c o n t a i n r e a c t i v e ; s i l i c a , p h y l l o s i l i c a t e s , d o l o m i t e o r p y r i t e ( t h e l a s t 
m i n e r a l c a u s e s c o s m e t i c p r o b l e m s due t o s e c o n d a r y . i r o n s t a i n i n g ) . 

Q u a r t z 
K - F e l d s p a r 
L i t h i c f r a g m e n t s 
P l a g i o c l a s e 
M u s c o v i t e 
Opaques 
C a r b o n a t e ( ? ) 
Z i r c o n , S p h e n e , r u t i l e 

Sample : P 3 8 7 / 7 4 , TS33037 

Rock Name: 
Weakly metamorphosed s i l t s t o n e . . 

Hand S p e c i m e n : 
Grey g r e e n s c h i s t o s e m e t a s i l t s t o n e . 

Th in S e c t i o n : 
An o p t i c a l e s t i m a t e o f t h e c o n s t i t u e n t s g i v e s t h e f o l l o w i n g : 

% 

Q u a r t z 55-60 
F e l d s p a r s 5 
M u s c o v i t e and o t h e r P h y l l o s i l i c a t e s 
C a r b o n a t e 1 - 2 
Opaques 1 - 2 

T e x t u r a l l y and m i n e r a l o g i c a l l y t h i s r o c k c l o s e l y r e s e m b l e s sample P 3 8 4 / 7 4 ; 
h o w e v e r , c a r b o n a t e i s much l e s s a b u n d a n t and t h e r e i s l e s s e v i d e n c e o f r e -
c r y s t a l l i z a t i o n . P e t r o g r a p h i c e v i d e n c e s u g g e s t s t h a t t h e r o c k would n o t be 
s u i t a b l e f o r u s e i n c o n c r e t e a g g r e g a t e f o r t h e e a r l i e r m e n t i o n e d r e a s o n s . 
I n d e p e n d e n t whole rock X.R.D. a n a l y s i s i n d i c a t e d t h e f o l l o w i n g m i n e r a l s and 
p r o p o r t i o n s . 
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Q u a r t z 
M u s c o v i t e 
P l a g i o c l a s e ( a l b i t i c ) 
C h l o r i t e 
( ? ) B i o t i t e o r s i m i l a r 
K - F e l d s p a r 

SUMMARY 

Sample 

P384 /74 C a r b o n a t e - b e a r i n g mica s c h i s t 

P385 /74 F e l d s p a t h i c q u a r t z i t e 

P 3 8 6 / 7 4 F e l d s p a t h i c q u a r t z i t e 

P 3 8 6 / 7 4 F e l d s p a t h i c q u a r t z i t e 

P387 /74 M e t a - s i I t s t o n e 

D 
SD 
A 
A 
A 
T r 

S u i t a b i l i t y f o r use 
i n c o n c r e t e A g g r e g a t e 

U n s u i t a b l e 

S u i t a b l e 

S u i t a b l e 

S u i t a b l e 

U n s u i t a b l e 



APPENDIX IV 

HOEK SHEAR BOX: TEST RESULTS 



HOEK SHEAR BOX 
(Summary Sheet) 

.. job no:. 
A160/1 

theet 1 of 2 

S . A . DEPARTMENT OF MINES 
LITTLE PARA. DAM 

client: 
project: 
location: " 
SGmpIe identification: UNIT 10, QUARTZITE. NORTH OF CENTRE, 

of f ice: ADELAIDE 

date: 6/11/74. 
by: RAR 6 GS 
checked: 
SAMPLE I 

SUBSTANCE DESCRIPTION: QUARTZITE, f i n e to medium 
g r a i n e d , s l i g h t l y weathered , s t r o n g 

DEFECTS: One planar d e f e c t w i t h i n t e r l o c k i n g 
a s p e r i t i e s . 1 - 2 mm high 

JEST PROCEDURE; Normal load of 1 . 5 mPa a p p l i e d . 
Shear a p p l i e d to d i s p l a c e 7 . 0 mm, load r e v e r s e d 
t o b r i n g back t o s t a r t i n g p o s i t i o n and s h e a r 
c o n t i n u e d u n t i l approx. 7 . 0 mm d i s p l a c e m e n t i n 
d i r e c t i o n o p p o s i t e to i n i t i a l d i s p l a c e m e n t . Procedure 
r e p e a t e d w i t h l oads of 0 . 9 mPa and 0 . 4 5 mPa 

PHYSICAL PROPERTIES 
Weights- 6 7 0 . 2 
Volumes 262 
Bulk Density s 2 . 5 6 
Moisture C6nt.= 

•5 
Shear Areas 6 .6 x 10 

gins 
ccs 
t/m3 

rn? 

STRAIN RATE mrVmin 
Stage Normal Load Normal Stress 
0) 10 kN. 1 .5 mPa 
(2) 6 0 - 9 
(3) 3 0 . 4 5 

DISPLACEMENT (ram) DISPLACEMENT (ram) 

lo .. 

8 -

6 - -

z 

UJ o 
or. o 

N o t e : ( 1 ) . Readings approximate owing t o e r r a t i c 
movement 

( 2 ) Gauge read ings c o r r e c t e d f o r ram 
f r i c t i o n 

Peak 

or < 
ID 
X t/1 R e s i d u a l 

• peak 
+ residual 

J l L NORMAL FORCE .(kN) 

8 0 mm 

E l e v a t i o n 
e r l o c k i n g 

j o i n t 

P l a n 

SAMPLE SKETCH 



HOEK "SHEAR BOX 
(Summary Sheet) 

client: 
project:-
location: 
sample identification: 

S.A. DEPARTMENT OF MINES 
LITTLE PARA DAM 

No. 2 

SUPSTANCE DESCRIPTION: Dolomite s i l t s t o n e , grey 

DEFECTS: 

job no: 

A 1 6 0 / 1 

3<t 

sheet 1 of 2 

off ice: ADELAIDE 

date: 1 2 / 1 1 / 7 4 
by: GS d RAR 
checked: 

t h i n l y laminated (1 mm bedding) f i n e l y 
micaceous 
Planar j o i n t a long bedding 

S u r f a c e u n d u l a t i o n s 1" 1 - 2 mm. Sample i n t e r l o c k s but 
noc t i g h t l y 

TEST PROCEDURE; Normal load of 1 .9 mPa a p p l i e d . 
Shear a p p l i e d to d i s p l a c e approx. 7 . 0 mm, l oad 
r e v e r s e d to br ing back to s t a r t i n g p o s i t i o n and shear 
c o n t i n u e d u n t i l approx. 7 . 0 mm d i s p l a c e m e n t i n 
d i r e c t i o n o p p o s i t e t o i n i t i a l d i s p l a c e m e n t . Procedure 
' •"P"''" 1 Toads.of 1 . 1 mPa n mPa 

PHYSICAL PROPERTIES 
065.1" Weights 

Volume = 4 26 
Bulk Den^ityr 2 . 5 0 
Moisture Cont.r 
Shear Arcar 5 . 3 x 10 - 3 

gms 
CCS 

t/m3 

m2 

STRAIN RATE mm/min 
Stage Normal Load Normal Stress 
0) 10 kN 1 . 9 mPa 
(2) 6 1 . 1 
(3) 3 0 . 5 7 

to 

CO — 

(2) 

13) 

Some s h e a r i n g of sux^face c 

DISPLACEMENT (mm) DISPLACEMENT (m.m) 

D 
• zs 

UJ 
o 
m o 

cc < 

( 1 ) Gauge r e a d i n g s - c o r r e c t e d f o r ram 
f r i c t i o n 

3 r*s<v» 

E LtVATIOhS 

I-. 

L 

• peak 
+ residual 

N.ORMAL FORCE (>K) , SAMPLE SKETCH 
i o 

• ^ '.c. 1i 



HOEK SHEAR BOX 
(Summary Sheet) 

client: 
project: 
location: 
sample identification: 

S .A. DEPARTMENT OF MINES 
LITTLE PARA DAM 

No. 3 

SUBSTANCE DESCRIPTION: QUARTZITE - UNIT 10 
g r e y brown, s t r o n g - v e r y s t r o n g , f r e s h t o s l i g h t l y 
weathered 

DEFECTS: UNDULATING SURFACE (UNDULATIONS t - 8 mm) 
though m i c r o s u r f a c e r e l a t i v e l y smooth 
w i t h f i n e l ime c o a t i n g 

TEST PROCEDURE; N o r m a l l o a d o f 1<6 m P a a p p l i e d 
Shear a p p l i e d t o d i s p l a c e 7 . 0 mm and then load 
r e v e r s e d to b r i n g back t o z e r o d i s p l a c e m e n t . 
Procedure r e p e a t e d wi th normal l o a d s of 1 . 0 and 
0 . 5 mPa 

job no: 

A160/1 

i sheet 1 

o f f i ce : ADELAIDE 

date: 1 1 / 1 1 / 7 4 
by: RAR:& GS 
checked: 

PHYSICAL PROPERTIES 
Weight r 1037 
Volumes 403 
Bulk Density= 2 . 5 4 
Moisture Cont.= -
Shear Area= 6 . 1 x 10"J 

STRAIN- RATE mm/min 
Stage Normal Load Normal Sircss 
(1) 10 kN 1 .6 mPa 
(2) 6 1 . 0 
(3) 3 0 . 5 

gms 
ccs 
t/m3 

• IX? 

i v . p ' i 



HOEK • SHEAR BOX 
(Summary Sheet) 

client: S . A . DEPARTMENT OF MINES 
project: LITTLE PARA DAM 
location: • 
sample identification: No. 4 

SUQSTANCE DESCRIPTION: Do l o m i t e T s i l t s t o n e 

• t h i n l y l a m i n a t e d h i g h l y w e a t h e r e d , weak 

DEFECTS: 

job no: 

A160/1 

sheet 1 :i 2 

o f f i ce : ADELAIDE 

date: 12 /1 1 /74 
by: 

checked: 

PHY5ICAL PROPERTIES 

_ .PROCEDURE- Normal l o a d 1 . 3 mPa a p p l i e d . Shear 
a p p l i e d t o d i s p l a c e 4 . 0 mm. Sample t i l t e d and caused 
i n t e r f e r e n c e be tween p l a s t e r sample m o u n t i n g s . T e s t 
d i s c o n t i n u e d . 

Weights 1232 g;ns 
Volumes 71C ccs 
Bulk Densitys 1 . 7 4 t/mJ 

Moisture Cont = 2 7 . 4 
Shear Areas 7 . 8 x 10"J m^ 

STRAIN RATE mnymin 
Stage Normal Load Normal Stress 
(1) 10 kN 1 . 3 mPa 
(2) 6 

(3) 3 

* 

Q < 
O 

_J I ; 1 i_ 

- 6 

, - K 
•'IH-

i 
1 2 

/ Sample t i l t e d and 
caused i n t e r f e r e n c e 
between sample 
mount ings 

S" 
L-

DISPLACEMENT (m.m) DISPLACEMENT (mm) 

3 . 

o: < 
U1 X 
ifi 

P r o b a b l e Mohr 
Coulomb 
e n v e l o p e 

© peak 
4- residual 

NORMAL FORCE 

PLAN 

BEDDING 
\ 

F a i l u r e 
s u r f a c e ' 

ELEVATION 

SAMPLE SKETCH 



APPENDIX V 

SOIL PROFILE LOGS 



THE ENGINEERING AND WATER SUPPLY DEPARTMENT 

TRIAL HOLE' LOG 

JOB: LITTLE PARA RESERVOIR 
DATA LOGGED: 1 3 / 8 / 7 3 

DEPTH PRIMARY 
TYPE 

SECONDARY 
. TYPE COLOUR M.C. CONSISTENCY REMARKS 

Hole 1 0 - 140 mm Top s o i l Some o r g a n i c 
m a t t e r 

Dark brown 4 3 Holes 1 - 4 Ups t ream 
of G r o u t Cap 

140 - 920 mm 

920 mm 

Clay 

I n p e n e t r a b l e l a y e r of S h a l e 

Deep r e d 3 2 R i g h t Bank 

Could c h i p w i t h 
a u g e r 

Hole 2 0 - 380 mm Top s o i l 
( s i l t y s a n d ) 

P o c k e t s of 
O r g a n i c m a t t e r Dark brown 4 3 

380 - 920 mm L i m e s t o n e Weathered w i t h 
some c l a y 

Off w h i t e 
M o t t l e d o r a n g e 

3 D i s t u r b e d 

920 mm I n p e n e t r a b l e l a y e r of Hard c a r b o n a t e rock • . i 

Hole 3 0 - 178 mm Top s o i l 
( s andy s i l t ) 

P a t c h e s of 
O r g a n i c m a t t e r 

Dark brown 4 3 

178 - 457 mm Clay w i t h some sand Reddish brown 3 - 4 3 

457 - 920 mm L i m e s t o n e Weathered Whi te s t a i n e d 
brown 

3 D i s t u r b e d 

920 mm I n p e n e t r a b l e l a y e r Hard c a r b o n a t e r o c k 

T.H, . TYPE M.C. 

A. Auger 1 . Dry 
T . T e s t p i t 2 . Humid 
G. Hollow Auger 5 0 . 8 mm 3 . Damp 

4 . M o i s t 
5 . Wet 
6 . Very wet 

CONSISTENCY 

1 . Hard o r cemented 
2 . S t i f f o r Dense 
3 . Firm o r Medium Dense 
4 . S o f t o r Loose 
5 . Very S o f t 



4 

THE ENGINEERING AND WATER SUPPLY DEPARTMENT 

TRIAL HOLE LOG 

JOB: LITTLE PARA RESERVOIR 

. . DATE LOGGED: 1 3 / 8 / 7 3 

DEPTH PRIMARY 
TYPE 

SECONDARY 
. TYPE 

COLOUR M.C. CONSISTENCY REMARKS 

Hole 4 0 - 320 mm Top s o i l O r g a n i c Dark brown 4 3 Ups t ream of g r o u t 
c a p ; r i g h t bank 

320 - 1830 mm Clay Deep r e d 3 2 

1830 mm I n p e n e t r a b l e l a y e r of S h a l e 

Holes 5 , 
6 , 7 

12 - 30 mm T o p s o i l o v e r l y i n g i n p e n e t r a b l e rock ( c a r b o n a t e ) Holes 5 , 6 , 7 l o c a t e d 
45 m e t r e s downs t ream 
of t h e main i n v e s t i - , 
g a t i o n t r e n c h a d j a c e n t 
t o downs t ream o u t l i n e 
of dam. 

T ; H , . TYPE M.C, CONSISTENCY 

A. 
T . 
G. 

Auger 
T e s t P i t 
Hollow Auger 
5 0 . 8 mm d i a . 

1 . Dry 
2 . Humid 
3 . Damp 
4 . Moi s t 
5 . Wet . 
6 . Very we t 

1 . Hard o r Cemented 
2 . S t i f f o r Dense 
3 . Firm o r Medium Dense 
4 . S o f t and Loose 
5 . Very s o f t 



APPENDIX VI 

TESTING OF COMPLETELY WEATHERED 
DOLOMITE 



TESTING OF COMPLETELY WEATHERED DOLOMITE 
TAKEN FROM THE RIGHT BANK GROUT CAP EXCAVATION 

E n g i n e e r s on t h e s i t e r e q u e s t e d t h a t t h e decomposed r o c k f o u n d i n 
t h e e x c a v a t i o n f o r t h e g r o u t c a p a t t h e t o p o f t h e r i g h t a b u t m e n t be t e s t e d 
and t h e f o l l o w i n g p r o p e r t i e s a s c e r t a i n e d . 

1 . Grad ing and d i s p e r s i o n p r o p e r t i e s 
2 . A t t e r b e r g l i m i t s 
3 . P e r m e a b i l i t y 

T h i s i n f o r m a t i o n i s t o be used t o d e t e r m i n e t h e l i k e l y b e h a v i o u r 
of t h i s m a t e r i a l when s u b j e c t e d t o t h e head a t f u l l s t o r a g e l e v e l of t h e 
r e s e r v o i r . 

Three t u b e s a m p l e s were t a k e n by t h e S o i l s and F o u n d a t i o n s L a b o r a t o r y , 
E n g i n e e r i n g and Wate r Supp ly D e p t . The s a m p l e s were of s o f t decomposed d o l o -
m i t i c s i l t s t o n e u n d e r l y i n g a q u a r t z i t e s t r a t u m and a 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 downs t r eam f a c e o f t h e t r e n c h . In a d d i t i o n bag s amp le s o f t h i s m a t e r i a l 
was t a k e n . ' 

In s i t u t h e m a t e r i a l a p p e a r e d t o v a r y o v e r t h e d e p t h o f t h e d e p o s i t . 
Most a p p a r e n t v a r i a t i o n s w e r e i n t h e m o i s t u r e c o n t e n t , s u g g e s t i n g p o s s i b l e 
l o c a l w a t e r p a t h s , and a l s o t h e b r i t t l e n e s s . In p l a c e s t h e m a t e r i a l was v e r y 
f r a c t u r e d and c o u l d e a s i l y be b r o k e n i n t o s m a l l , s t r o n g r e c t a n g u l a r p r i s m s . 
The t h r e e sub t y p e s i . e . n o r m a l , h i g h e r M.C.%, f r a c t u r e d , were a l l sampled 
and i t was a t t e m p t e d t o q u a n t i f y t h e r e l a t i v e p e r m e a b i l i t i e s i n t h e l a b o r a t o r y . 

RESULTS 

The f o l l o w i n g r e s u l t s have been o b t a i n e d f r o m s t a n d a r d l a b o r a t o r y 
t e s t i n g p r o c e d u r e on t h e m a t e r i a l s a m p l e d : -

SAMPLE M.C. 
% 

SAND 
% 

• SILT 
% 

CLAY 
% 

L . L . 
% 

P . L . 
% 

k(perm) 
m / s e c . 

HT OF 
SAMPLE 
(mm) 

HEAD 
WATER 
(mm) 

1 . 12 2 0 ( f ) 
5(m) 

64 11 34 25 5 . 5 x 
. 1 0 - 7 

100 1530 

2 . 19 2 9 ( f ) 
11 On) 

• 4 ( c ) 

47 9 42 31 * 100 -

3 . 11 2 9 ( f ) 
8(m) 
5 ( g ) 

49 9 4 1 28 8 . 2 8 x 
1 0 " 6 

65 1630 

f = f i n e m = medium c = c o a r s e 

A c l a y d i s p e r s i o n t e s t was d o n e . T h i s gave a n e g a t i v e r e s u l t , 
i . e . no d i s p e r s i o n o f f i n e m a t e r i a l was n o t i c e d . 
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Comment on P e r m e a b i l i t y Va lues 

The p e r m e a b i l i t y t e s t was c a r r i e d o u t on t h e a c t u a l t u b e s amp le s 
a s t a k e n i n t h e f i e l d , i . e . no s u b - s a m p l i n g was n e c e s s a r y . T h i s a v o i d e d any 
f u r t h e r d i s t u r b a n c e t o t h e m a t e r i a l . Even, s o , some d i s t u r b a n c e when j a c k i n g 
t h e s a m p l e s i n t h e f i e l d i s u n a v o i d a b l e and i n t h i s c a s e b e c a u s e of t h e 
p r e s e n c e of l a y e r s of v e r y f r i a b l e m a t e r i a l i s l i k e l y t o c a u s e s i g n i f i c a n t 
i n c r e a s e s i n t h e p e r m e a b i l i t y v a l u e a s o b t a i n e d f r o m t h e l a b o r a t o r y t e s t . 

In a l l t h e t e s t s t h e o p e r a t o r n o t i c e d an e a r l y r u s h of w a t e r 
t h r o u g h t h e sample which t h e n s lowed a s a s t e a d y s t a t e f l o w was a c h i e v e d . 
A f t e r t h e t e s t was c o m p l e t e d t h e s amp le was b roken up and i t was n o t i c e d 
t h a t t h e r e had been a t r a n s p o r t a t i o n o f t h e f i n e p a r t i c l e s t h r o u g h t h e s a m p l e . 
In s a m p l e I t h e s e p a r t i c l e s were d e p o s i t e d on a f i s s u r e 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 . In sample 3 t h e f i n e p a r t i c l e s m i g r a t e d t h r o u g h t h e 
e n t i r e s a m p l e . Sample I p r o b a b l y gave t h e o n l y r e a l i s t i c a n s w e r . 

In s a m p l e s 2 and 3 t h e o p e r a t o r n o t i c e d w a t e r p a s s i n g t h r o u g h 
t h r e e o r f o u r sma l l h o l e s a s w e l l a s a r o u n d t h e edges o f t h e s a m p l e . The 
h o l e i n s ample 3 was a p p r o x . 3 - 6 mm 0 a n d no s e n s i b l e r e s u l t c o u l d be o b -
t a i n e d . 

I t would be d a n g e r o u s t o d i s r e g a r d t h e s e s a m p l e s a l t o g e t h e r a s t h e 
l a y e r s of v e r y f r i a b l e m a t e r i a l b r e a k o f f p r i s m o d i a l l y and c o n s t i t u t e e a s y 
a c c e s s p a t h s f o r t h e w a t e r . However , t h e d i s t u r b a n c e a s s o c i a t e d w i t h s a m p l i n g 
w i l l have c o n t r i b u t e d t o t h e h i g h l e a k a g e be tween t h e s amp le and t h e t u b e . 
To g e t t h e e f f e c t of t h e s e c a u s e s i n t o p e r s p e c t i v e i s m o s t l y i n t u i t i v e . 

T h e r e f o r e , i t i s s u g g e s t e d t h a t a p e r m e a b i l i t y o f 5 x lO - ' 7 m / s e c 
be u s e d . 

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

The c o n f i d e n c e l e v e l which c a n be a s s i g n e d t o t h e above g i v e n v a l u e 
o f p e r m e a b i l i t y must be low (2 t e s t r e s u l t s ) . I f a d e c i s i o n , b a s e d on t h i s 
r e s u l t , i n v o l v e s e x p e n s i v e r e m e d i a l w o r k , i t may be a d v i s a b l e t o a r r a n g e f o r 
more t e s t s t o be d o n e . 

ASSISTANT DESIGNING ENGINEER 

SOILS AND FOUNDATIONS 



LITTLE PARA DAM 

TESTING OF COMPLETELY WEATHERED DOLOMITE-RIGHT ABUTMENT 

• . .SAMPLE 1 SAMPLE 2 SAMPLE 3 

M o i s t u r e C o n t e n t % 12 . . . 19 11 

L i q u i d L i m i t 34 42 . 41 • 

P l a s t i c i t y Index ( L L . - P . ) : P , I . 20% i s s u s p e c t 9 11 13 

% p a s s i n g . 425 mm 99 93 9 3 . 5 

Mech A n a l y s i s % p a s s i n g „075 mm 81 63 . . . . . . 6 5 . 5 

% f i n e r t h a n . 0 , 0 0 0 5 mm . .25% 0 , 0 0 0 5 i s s u s p e c t 17 14 1 3 . 5 

% c l a y 11 9 9 

A c t i v i t y = P ^ C o r r e c t e d a c t i v i t y s h o u l d 0 . 8 2 1 . 2 9 1 . 4 4 

* % f i n e r t h a n . 0 0 2 mm be 0 . 6 
• 

V a l u e s f o r t h e A c t i v i t y I n d e x f a l l w i t h i n 
t h r e e main g r o u p s : 

INACTIVE CLAY 0 . 7 5 
NORMAL CLAY 0 . 7 5 - 1 . 2 5 
ACTIVE CLAY 1 . 2 5 

* Some t y p i c a l A c t i v i t y v a l u e s a r e : -

B e n t o n i t e 7 . 2 
Ca lc ium M o n t m o r i l l o n i t e 1 . 5 
1 1 1 i t e 0 . 9 
K a o l i n i t e 0 . 3 - 0 . 5 

(Mica 0 . 2 3 
Clay S i z e ( C a l c i t e 0 . 1 8 

( Q u a r t z 0 



APPENDIX VII 

DEFINITION OF ROCK TERMS 



ENGINEERING CLASSIFICATION OF ROCK MATERIAL 

1. ROCK CONDITION 

TERM ABBRN DEFINITION 

F r e s h (F) Mo w e a t h e r i n g e f f e c t s v i s i b l e t o 
naked e y e . 

W e a t h e r e d r o c k shows v i s i b l e e f f e c t s of c h e m i c a l d e c o m p o s i t i o n c a u s e d by a i r 
and g r o u n d w a t e r . Can be s u b d i v i d e d . 

S l i g h t l y w e a t h e r e d 

M o d e r a t e l y w e a t h e r e d 

H i g h l y w e a t h e r e d 

C o m p l e t e l y w e a t h e r e d 

A l t e r e d 

(SW) 

(MW) 

(HW) 

(CW) 

(A) 

- r o c k s l i g h t l y d i s c o l o u r e d p a r -
t i c u l a r l y a l o n g f i s s u r e s b u t no 
l o s s i n s t r e n g t h . 

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

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

- changed t o s o i l b u t o r i g i n a l 
r o c k f a b r i c may be p r e s e r v e d . 

Shows chemica l and p h y s i c a l a l t e r -
a t i o n t o rock f a b r i c c a u s e d by 
t e m p e r a t u r e , p r e s s u r e o r i n j e c t i o n 
o f o t h e r m a t e r i a l . 

2 . ROCK STRENGTH 

Can be c o r r e l a t e d w i t h u n i a x i a l c o m p r e s s i v e s t r e n g t h t e s t e d on s m a l l i n t a c t 
s a m p l e s i n t h e l a b o r a t o r y . 

TERM ABBRN MPa 
( p . s . i . ) 

FIELD TEST 

Very weak VW <5 Breaks and c r u m b l e s e a s i l y i n Very weak 
(730) t h e h a n d s . 

Weak W 5-12 B r e a k s e a s i l y w i t h hammer t a p . 
(730-1750) 

Medium s t r o n g MS 12-50 Rings and b r e a k s t o f i r m hammer Medium s t r o n g 
(1750-7300) blow (Range of c o n c r e t e ) . 

S t r o n g S 50-100 (Very d i f f i c u l t t o b r e a k w i t h S t r o n g 
* (7300-14600) (hammer 

Very s t r o n g vs >100 (and r e q u i r e s s l e d g e Very s t r o n g 
(>14600) ( 

Note t h a t C o n d i t i o n and S t r e n g t h t e r m s do n o t n e c e s s a r i l y c o r r e s p o n d , e . g . 

Rock M a t e r i a l C o n d i t i o n s S t r e n g t h 

G r a n i t e 
S c h i s t 

F r e s h 
F r e s h 

S t r o n g 
Weak 
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1 . HOEK SHEAR BOX 

2 . POINT LOAD TESTER SlfeS© 
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I Medium 1 C o a r s e Fir-i<2 1 Medium | C o a r s e 
CLAY SILT SAND G R A V E . L 

Mechanical 
Analysis °/0 Passing Mechanical 

Analysis t Passing Soil T e s t C o n s t a n t s 
75 mm. 9 - 5 m m . ( ^ 6 " ) 56 LL .46-4 . 

PL . 137 
PI. 32-17 

LINEAL SHRINKAGE 87Z 
COMPACTION T E S T . 
Mod. A. A.S.H.0. . 
O.M.C.. - D.D. . . 

II 5% 120 • 

63 mm. 96 67mm.(No.7) 49 
LL .46-4 . 
PL . 137 
PI. 32-17 

LINEAL SHRINKAGE 87Z 
COMPACTION T E S T . 
Mod. A. A.S.H.0. . 
O.M.C.. - D.D. . . 

II 5% 120 • 

53 mm. 90 475mm.(No.l4) 47 

LL .46-4 . 
PL . 137 
PI. 32-17 

LINEAL SHRINKAGE 87Z 
COMPACTION T E S T . 
Mod. A. A.S.H.0. . 
O.M.C.. - D.D. . . 

II 5% 120 • 

375mm 84 236mm. (No.25) 46 

LL .46-4 . 
PL . 137 
PI. 32-17 

LINEAL SHRINKAGE 87Z 
COMPACTION T E S T . 
Mod. A. A.S.H.0. . 
O.M.C.. - D.D. . . 

II 5% 120 • 

265mm. 78 1 l8mm.(No.52) 45 

LL .46-4 . 
PL . 137 
PI. 32-17 

LINEAL SHRINKAGE 87Z 
COMPACTION T E S T . 
Mod. A. A.S.H.0. . 
O.M.C.. - D.D. . . 

II 5% 120 • 

19 mm. 71 600mm.(No.l00) 45 

LL .46-4 . 
PL . 137 
PI. 32-17 

LINEAL SHRINKAGE 87Z 
COMPACTION T E S T . 
Mod. A. A.S.H.0. . 
O.M.C.. - D.D. . . 

II 5% 120 • 
16 mm. 65 4-2.5 mm. (No.200) 40 

LL .46-4 . 
PL . 137 
PI. 32-17 

LINEAL SHRINKAGE 87Z 
COMPACTION T E S T . 
Mod. A. A.S.H.0. . 
O.M.C.. - D.D. . . 

II 5% 120 • 132mm. 56 4-2.5 mm. (No.200) 40 

LL .46-4 . 
PL . 137 
PI. 32-17 

LINEAL SHRINKAGE 87Z 
COMPACTION T E S T . 
Mod. A. A.S.H.0. . 
O.M.C.. - D.D. . . 

II 5% 120 • 

F/6 1 
E.NGINE.E.RING 
GEOLOGY S E C T I O N DEPARTMENT OF MINES — SOUTH AUSTRALIA Scale : . 

Compiled J . C . B . LITTLE PARA DAM 
MECHANICAL ANALYSIS-

SOIL ROAD FILL 

Date : 15-1-76 

Drn.J.W. Ckd 

LITTLE PARA DAM 
MECHANICAL ANALYSIS-

SOIL ROAD FILL 
Org. No. ; ' '.', 

512069 

LITTLE PARA DAM 
MECHANICAL ANALYSIS-

SOIL ROAD FILL 
Org. No. ; ' '.', 

512069 
Cl-vy <-s 



M E T R E S 

O 5 10 15 20 25 30 

ZONE. I of well graded durable rock compacted in horizontal layers 
not exceeding 0-5 m. in th ickness when c o m p a c t e d and g raded 
as specified. 

ZONE 2 of up t o 1000 m m rock with not g r e a t e r "than 207. passing 
a 2b 5 m m sieve c o m p a c t e d in horizontal l a y e r s n o t 
exceed ing I 0 m in th i ckness w h e n c o m p a c t e d . 

Z 0 N E 3 of up to I 000 m m r o c k with not g r e a t e r t h a n 307. pass ing 
a 26 5 mm sieve. C o m p a c t e d in horizon-fal layers n o t 
exceed ing I 0 no t h i c k n e s s w h e n c o m p a c t e d . 

Z0NE4 o f up t o I 300 m m r o c k w i t h n o t g r e a t e r t h a n 20°/0 passing 
a 26 5 m m sieve. Compac ted in horizontaI layers not 
e x c e e d i n g 13 m in th i ckness when c o m p a c t e d 

Z 0 N E 5 o f up +o 500 m m . rock w i t h n o t g r e a t e r t h a n 407o pass ing 
a 26 5 m m sieve. C o m p a c t e d i n h o r i z o n t a l l a y e r s not 
e x c e e d i n g 0-5 m in t h i c k n e s s w h e n c o m p a c t e d . 

Z 0 N E 6 o f up to 300 m m r o c k wi th not mono than 407, passing a 
26-5 m m sieve. Compacted parallel to t h e duct c e n t r e line . 
in hor izontal layers approx. 2 Om. th ick when compacted . 

T A B L E VI 
DESIGN CRITERIA FOR ROCKFILL ZONES 

DEPARTMENT OF MINES — S O U T H AUSTRALIA Scale : 

Compiled J.C.B. LITTLE PARA DAM 
CROSS SECTION SHOWING 

ROCKFILL ZONES 

Dote : ,15 " I - 7 6 

Drn JW Ckd Drg. No 

SI2070 
era o 
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