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ABSTRACT

T his  d i s s e r t a t i o n  i s  concerned  w i th  te n  e n -e c h e lo n  t r a n s g r e s s i v e  

s i l l s  on th e  E a s t  Rand P r o p r i e t a r y  M ines , which form p a r t  o f  a fa m i ly  

o f  a p l i t i c  s i l l s  t h a t  occu r  i n  th e  W i tw a te r s ra n d * The a e r i a l  e x t e n t  

o f  th e s e  s i l l s  v a r i e s  from an e s t im a te d  125 sq u a re  m e tres  f o r  th e  

s i l l s  a t  th e  l o v e s t  known s t r u c t u r a l  l e v e l ,  to  18 x 10^ sq u are  m e tres  

f o r  th e  s i l l  a t  th e  h ig h e s t  s t r u c t u r a l  l e v e l . The th ic k n e s s e s  o f  th e  

s i l l s  a r e  g e n e r a l ly  c o n s t a n t ,  h u t  some s i l l s  have c h a r a c t e r i s t i c  

t h i c k n e s s e s , r a n g in g  from 0 ,5  -  6 m e tre s .  A l l  th e  s i l l s  a r e  zoned , 

h av in g  a narrow  c o n t a c t  zone and a  t h i c k e r  c e n t r a l  zone w i th  a r a p i d  

t r a n s i t i o n  betw een th e  two. Sometimes a c h i l l  zone i s  a l s o  p r e s e n t  i n  

th e  c o n t a c t  zone.

The s i l l s  appear to  have formed by p a r t i a l  m e l t in g  o f  3 ,3  b . y .  o ld  

c r u s t  a t  35 k i lo m e t r e s  below th e  s u r f a c e . T h is  a n a t e x is  took  p la c e  a t  

2 ,  1 b . y ,  ago and i s  p ro b ab ly  r e l a t e d  to  th e  the rm al a c t i v i t y  o f  th e  

Bushveld Igneous Complex. T h is  the rm al a c t i v i t y  c o in c id e d  w ith  a  s t r o n g  

h o r i z o n t a l  com press ive  s t r e s s  o r i e n t e d  n o r t h - s o u t h ,  which p r  e--d e t e r  mine d 

th e  o v e r a l l  o r i e n t a t i o n  and d i s t r i b u t i o n  o f  th e  s i l l s  a t  9 k i lo m e t r e s  

below th e  s u r f a c e .

The p e t ro c h e m is t r y  shows t h a t  th e  s i l l s  have a s t r o n g  a f f i n i t y  to  

th e  p e r a l k a l i n e  rocks  b u t  w i th  m ajor d i f f e r e n c e s , e s p e c i a l l y  i n  th e  

m in era lo g y  and p e t ro lo g y .

The u n i a x i a l  com press ive  s t r e n g t h  o f  th e  a p l i t e ,  v a r i e s  from 530 MPa 

i n  th e  b r i t t l e  c e n t r a l  zo n e , to  230 MPa i n  th e  r e l a t i v e l y  weak and 

d u c t i l e  c o n ta c t  z o n e . This c o n ta c t  rock  p roduces  l i l lde r’s bands i n  

t e s t i n g ,  w hich have a l s o  been* observed  n a t u r a l l y  w i th in  th e  s i l l s .



ACKNOWLEDGEMENTS

I  would l i k e  to  ex p re ss  ' ' my a p p r e c i a t i o n  f o r  the  c o n s id e r a b le  

a s s i s t a n c e ,  d i s c u s s io n  and c r i t i c i s m  o f  my s u p e r v i s o r , D r. N.C. Gay 

and P r o f e s s o r  H.L. A l lso p p ,  whose 'm agic  t o u c h ’ on th e  mass S p e c to -  

m e te r  f i n a l l y  p r e v a i l e d .  Also I  would l i k e  to  thank my c o l le a g u e s  

i n  the  Bernard  P r i c e  I n s t i t u t e ,  e s p e c i a l l y  Mr. D.G. J e f f e r y  and Mr.

F . A r n o t t ,  f u r  t h e i r  a s s i s t a n c e  and f r u i t f u l  d i s c u s s io n s  d u r in g  th e  

co u rse  o f  th e  w ork .

S p e c ia l  thanks go to  Mr. W.D. O r t le p p  o f  Rand Mines who fo rm u la te d  

th e  p rob lem , and h e lp e d  overcome a number o f  d i f f i c u l t i e s ;  i n  a d d i t i o n  

I  would l i k e  to thank  th e  G enera l Manager o f  E.R.P.M . and th e  Mine. 

O f f i c i a l s  f o r  t h e i r  h e lp ,  e s p e c i a l l y  i n  a r r a n g in g  underground t r i p s  

to  d isu s e d  p a r t s  o f  the  mine.

I  would l i k e  to  thank  the  members o f  s t a f f  o f  th e  Geology D epartm ent 

and th e  Economic Geology R esearch  U n i t  of th e  U n iv e r s i t y  f o r  comments 

and c r i t i c i s m ,  i n  p a r t i c u l a r  Mr. T .S .  McCarthy whose a d v ice  and 

a s s i s t a n c e  was in v a lu a b le  i n  th e  a n a l y s i s  o f  th e  g eochem is try  sam p les ,  

and who a l s o  read  th e  c h em is try  s e c t i o n .  P r o f e s s o r s  J .  Mclver and J .  

F erguson  r e a d  th e  p e t ro lo g y  s e c t i o n .

I  am g r a t e f u l  to  th e  G eo lo g ica l  Survey i n  P r e t o r i a  f o r  the  c ru sh in g  

o f  th e  m a jo r i t y  o f  the  geochem ical sam ples; and th e  N a t io n a l  I n s t i t u t e  

f o r  M e ta l lu rg y  f o r  a n a ly s in g  th e  sam ples f o r  v a r io u s  c o n s t i t u e n t s .

This Work was c a r r i e d  o u t  a t  th e  Bernard  P r i c e  I n s t i t u t e  o f  

G eophysica l R esearch  under a r e s e a r c h  g r a n t  p ro v id ed  by th e  E a s t  Rand 

P r o p r i e t a r y  Mines L t d . ,  and Rand Mines L t d . ;  t h e i r  f i n a n c i a l  su p p o r t  

i s  g r a t e f u l l y  acknowledged,



CONTENTS

AtitilKAVJ. . . . * . . . • »

ACKNOWLEDGEMENTS . . . . . . . . . . . • . . . . .

L i s t  o f  F ig u re s . . . . . . . . . . . . . . . . . • , . .

L i s t  of P l a t e s ................... • • • • * v * • • • • . . . . .

L i s t  o f  T ab les . , . . . . , . . • v  • " • . . «

L i s t  o f  Symbols ............................ * • • • • . . . . .

1 INTRODUCTION " • ' ' 9 . . . . . . . • * • * • , . . . .

1 .1  I n t r o d u c to r y  s ta t e m e n t  . , . • • • * . .

1 .2  R eg iona l geology . . . . . . . • * • . .

1 .3  Acid i n t r u s i v e s o u t s i d e  E.R.P • M» . e • . . . • •

1 .4  P rev io u s  work on E.R.P.M. e . , . . . . . • .

1 .5  Scope of p r e s e n t  work , , . . . . , . • • « * • •

2 MORPHOLOGY OF APLITE SILLS . . . . . . . . . • • . .

2 .1  Dimension and d i s t r i b u t i o n  o f th e  s i l l • . . . • •

2 .1 .1 S i l l  No. 1 . . . . .  , • . , . • < • • . .

2 .1 .2 S i l l  No. 2 . . . . .  . • • •

2 ,1 .3 S i l l  No. 3 . . . . .  . • •

2 .1 .4 S i l l  No. 4 . . . . .  . . . . . • • •

• 2 .1 .5 S i l l  No. 5 ........................

2 ,1 ,6 S i l l  No. 6 . . . . .  . . . . • « « • • •

2 .1 .7 S i l l  No. 7 ........................ . . . • . . . • •

2 . 1.8 S i l l  No. 8 ........................

2 .1 .9 S i l l  No. 9 .......................

2 .1 ,1 0 S i l l  No 1 0 ................... . . . . . ,

2 . 1.11 C l a s t i c s i l l  . . . . . . . . . . .

2 .2  O ther o c c u r re n c e s  on th e  mine * « . . . . . .

2 .3  S t r u c t u r a l  r e l a t i o n s h i p  w ith  a d jo in in g  sed im en ts



2 .4  C o n s t r i c t i o n  o f  the  s i l l s  . .

2 .5  B ranch ing  and magmatic s to p in g

2 .6  T e rm in a t io n  o f  th e  s i l l s  . . .

3 PETROLOGY . . . . . . . . . . . . . .

3 .1  A p l r t e  s r 1I s  . . . . . . . . .

3 . 1 .1  M acroscopic d e s c r i p t i o n

3 . 1 .1 . 1  Zoning and c o lo u r

3 . 1 .1 . 2  C e n t ra l  zone . .

3 . 1 .1 . 3  C o n tac t  zone , .

3 .1 .1 .4  C o n tac t  . . . .

3 . 1 .2  M ic roscop ic  d e s c r 1" , t i o n

3 . 1 .2 . 1  Zoning . . , . ,

3 . 1 .2 . 2  C e n t r a l  zone , .

3 . 1 .2 . 3  C on tac t  zone . .

3 .2  T e rm in a t io n  o f  s i l l s  . . , . .

3 . 2 .1  M acroscopic d e s c r i p t i o n

3 . 2 . 2  M icroscop ic  d e s c r i p t i o n

3 .3  N odules w i th in  the  s i l l s  . » .

3 . 3 .1  M acroscopic d e s c r i p t i o n

3 . 3 . 2  M icroscop ic  d e s c r i p t i o n

3 .4  P r im ary  f low  s t r u c t u r e s  . . .

3 .5  N odules o u t s id e  the  s i l l s  . ,

3 . 5 .1  M acroscopic d e s c r i p t i o n

3 . 5 . 2  M icroscop ic  d e s c r i p t i o n

3 .6  Samples o u ts id e ,E .R ,P .M . , .

3 . 6 .1  M acroscopic d e s c r i p t i o n

3 . 6 .2  M icroscop ic  d e s c r i p t i o n

3 .7  P e tro g ra p h y  o f  a s s o c i a t e d  f e a t u r e s  and younger f a u l t s

IV 

. 10 

. 11 

. 12 

. 14 

. 14 

. 14 

. 14 

. 15 

.. 16 

, 16 

. 17 

. 17 

. 17 

. 19 

. 19 

. 19 

. 20 

. 20 

. 20 

. 20 

. 21 

. 21 

. 21 

. 22 

. 22 

, 22 

. 23 

. 23



3 • 7 e l ClclStlC S i l l  # • » a • e • • • ■ e • • • • « a a 23

3 .7 .2  Q uartz  -  c h l o r i t e  -  c a l c i t e  s i l l ...................... ......  . 24

3 .7 .3  F a l s i e  i n t r u s i v e  . . . . . . . , . . . . . , . 2 5

3 .7 .4  Younger f a u l t i n g  . . . . . . . . . . . ... ....................  25

3 .8  C o n ta c t  e f f e c t  on a d j a c e n t  ro ck s  . . . . . . . . . . . .  26

3 .8 .1  A d jacen t  sed im en ts  . . . . . . . . . . . . . . .  26

3 .8 .2  A d jace n t  m afic  dykes . . . . . . . . . . . . . .  26

3 .8 .3  A d jace n t  f a u l t  zone     . 26

3 .9  P e t ro g e n e s i s  . . .  . . . . . . . . . . . . . . . . . . .  27

5 .9 .1  T em peratu re  o f  th e  magma . . . . . . . . . . . .  27

3 .9 .2  C r y s t a l l i z a t i o n  s e q u e n c e .......................  28

4 GEOCHRONOliOCY 30

4 .1  P h y s ic a l  r e l a t i o n s h i p s  w i th  o th e r  s t r u c t u r a l  f e a t u r e s  . 31

4 .2  Sample s e l e c t i o n  and p r e p a r a t i o n  . .  . . . . . . . . . .  31

4 .3  Res u l t s  . . . . . . . . . . . . . . . . .  . . . . . .  . 3 2

4 .4  D is c u s s io n  . . . . . . . . . . . . . . . . . . . .  . . . 3 3

5 GHEMXEzTRY 40

5 .1  Sample s e l e c t i o n  and method o f  a n a l y s i s  . . . . . . . . 4 0

5 .2  Re s u l t s  . . . . . . . . . . . . . . . . . . . . .  . . . 4 1

5 .2 .1  S i l i c a  . . . . . . . . . . . . . . . . . . . . .  4 3

5 .2 .2  Tataniuni . . . . . . . . . . . . . . . . . . . .  43

5*2.3  Aiuminitn . . . . . . . . . . . . . . « . . . . . 4 3

5 .2 .4  I ro n  ............................  44

5 .2 .5  Magnesium . . . . . . . . . . . . . . . . . . . .  44

5 .2 .6  Calcium . . . . . . . . . . . . . . . . . . . . .  44

5 .2 .7  Sodium    . . .  45

5 .2 .8  P o tass iu m  .  ...........................................   45

5*2.9 Wa.ter . . . . . . . . . . . . . . . . . . . . . . 4 5

5 ,2 .1 0  Carbon d io x id e  . . . . .  . . . . . . . . . . . .  45



5 * 2 # 1.1 C h lo r in e  » » * * * a # # * • « # » • * a # # # « A6

5 a 2 a 12 F lu o r in e  a a a a a  a a a a a a a a a a a e a a a  A 6 

5 a 2 a 1.3 Su lphur a e  e e a e e a e  a e a e e a e e e e e  A6

3 a 2 a 1A Rubidium a a a a a a a a  a a a a a a  a a  a a a a  A6 

3 a 2 a 15 S tro n t iu m  a t a a a a a  a a a a a a  a a a a a  * A7

5 ,3  P o s s i b l e  causes  o f  v a r i a t i o n s  . , . . . . . . . . . . . A7

5aA O r ig in  o f  th e  m a g m a .............................  A9

5 .5  S im i la r  ro ck s  a a a a e a e e e a i e e a a e a a a a e  52

5a6 A ss o c ia te d  rocks  .  .......................  . a ............................................. 5A

5 .7  C o n c l u s i o n s ............................ . . .     . 55

ASSOCIATED TECTONICS  ............................. ....  .......................................... ....  56

5 .1  J o i n t i n g  a a a .  . . . . . . . . . . . . . . . . . . .  a 56

6 .1 .1  Morphology o f  the  g e o lo g ic a l  j o i n t s  56

6 .1 .2  Chem istry  .  ......................................................   58

6 .1 .3  O r ig in  o f  j o i n t i n g  , . . . . , . . . . . . .  . . 58

6 .2  B r e c c ia t io n  * • • . » .  60

6 .2 .1  Shear b r e c c i a s  60

6 .2 .2  E x te n s io n  b r e c c ia s  . . . . .  . . . . . . . . . .  60

6 .3  S t r u c t u r a l  f a b r i c  ....................................................................................  61

6 .3 .1  D e s c r ip t i o n  . . . . . . . .    . . .  61

6 .3 .2  O r ig in  62

6 . A Q u a r t z - c h l o r i t e ,  q u a r t z - c a l c i t e  v e in s  . . .......................   . 6 2

6.A .1 D e s c r ip t i o n  62

6 . 4 . 2  O r ig in  . . . . . . . . . . . . .  ................................  6A

6 .3  F o ld in g  o 6

6 .6  E v o lu t io n  o f  th e  s t r e s s  f i e l d   ...................  66

ROCK MECHANICS  .........................   .     70

7 .1  Behavior o f  the  a p l i t e  i n  underground w orkings , , . . , 7 0

7 .2  E xperim en ta l  ro c k  mechanics 71



7 .3  R e s u l t s  o f  l a b o r a to r y  experim en ts

7 .4  D is c u s s io n  . . . . . . . . .  .
..

8 LUDER’ S BARDS  ............................  . .

8 .1  P re v io u s  work . . . . . . . .  .

8 .2  P r a c t i c a l  r e s u l t s  . . . . . . .

8 .3  D is c u s s io n  . . . .  . . . . .  • .

9 MblCHARISMS OF INTRUSION . . . .  . . . .

9 .1  Speed o f  emplacement . . . . . .

9 .2  V i s c o s i ty  o f  th e  magma . . . . .

9 .3  S t r a t i g r a p h i c  l e v e l

9 .4  C onclusions

10 CONCLUSION . .......................

APPENDIX A . . . . e * . , . , , . , . . e

APPENDIX B . «. , . . . .  .

REFERENCES ............................  .



VIII

List of Figures

Number T i t l e  f a c i n g  page

l „ i  D i s t r i b u t i o n  o f  f e l s i c  i n t r u s i v e s  on th e

I W itw ate rsrand

1 ,2  E.R.P.M. underground w orkings . . . . . . . . . . .  i n  p o ck e t

a t  th e  back

2.1  E.R.P.M. d i s t r i b u t i o n  o f  f e l s i c  s i l l s  . . . . . .  . a t  th e  back

2 .2  E.R.P.M. ’H* s e c t i o n  . . . . . . . . . . . . . . .  a t  th e  back

2 .3  E.R.P.M. e a s t - w e s t  s e c t i o n  . . , . a t  th e  back

2 .4  E.R.P.M. s t r u c t u r a l  geo logy  . . . . . . . . .  . . . a t  th e  back

2 .5  Diagrammatic; s e c t i o n  showing s t y l e  of r e e f - s i l l

t r a c e  d u p l i c a t i o n  , . . . . . . . . . . . .  ........................ 6

2 .6  S i l l  No. 5 i n  H77 s t a t i o n  developm ent . . . . .  . . .  . 7

2 .7  C o n ta c t  r e l a t i o n s h i p s  10

2 .8  C o n s t r i c t i o n  i n  No, 3 s i l l  . , , . ....................  , . . . .  11

2.9  C o n s t r i c t i o n  i n  No. 8 s i l l  . . . . . . . . . . . . . .  11

2 .10  Overhand s to p in g  i n  No. 1 s i l l  . . . . . . . . . .  <1 . 12

2.11 The double  c u r v a tu r e  i n  th e  r e e f - s i l l  t r a c e  . . . . . .  13

3 .1  V a r i a t i o n  i n  mica c o n c e n t r a t i o n  a c ro s s  a s i l l  . . . . .  17

3«2 P r e s s u r e  -  te m p e ra tu re  c o n d i t io n s  o f  th e  so u rce

r e g io n  as in d i c a t e d  by th e  m in era lo g y  . . . . . . . . . 2 8

4 .1  I so c h ro n  d iag ram  f o r  the  a p l i t e  s i l l s  on E.R.P.M. . . . 3 2

4 .2  I s o c h ro n  d iagram  f o r  the  f e l s i c  ro ck s  from  E .R .P .M .,

D erdepoort and L oba tse  . . . . . . . . . . . . . . . .  35

4 .3  P l o t  o f  i n i t i a l  S t /  r a t i o s  v e r s u s  a g e ......................... 37

5 ,1  The c o n c e n t r a t i o n  v a r i a t i o n  a t  th e  c o n ta c t  due to

d i f f e r e n t  p r o c e s s e s , i d e a l i z e d  . . . . . . . . . . . .  42



The g e n e r a l i z e d  c o n c e n t r a t i o n  cu rves  a c ro ss  th e  s i l l s  

f o r  the  m a jo r  e lem en ts  above t h e i r  d e t e c t i o n  l i m i t s ,  

and some t r a c e  e lem en ts  . . . . . . « , . . . . . . . . 43

P o s i t i o n  o f  c e n t r a l  and c o n ta c t  zone samples i n  the

q u a r t z - a l b i t e - o r t h o c l a s e  t e r n a r y  d iag ram  47

P o s i t i o n  o f  the  c e n t r a l  zone samples w i th  r e s p e c t  

to  e x p e r im e n ta l  work 50

Changes in  th e  minimum m e l t  co m p o s i t io n  w i th  c o n f in in g  

p r e s s u r e  and sm all  changes i n  co m p o si t io n  o f  th e

so u rce  m a t e r i a l  . . . . . . . . .  ................... . . . . . .  50

The a f f e c t  o f  i n c r e a s i n g  te m p e ra tu re  and p r e s s u r e  on the

u n d e r s a tu r a te d  m e l t in g  l i n e s  i n  th e  ’g r a n i t i c '  system

and, c o n s e q u e n t l y t h e  v a r i a t i o n  i n  th e  p a r t i a l

p r e s s u r e  o f  w a te r  51

An e n la rg e d  p o r t i o n  o f  th e  triangular v a r i a t i o n

diagram  f o r  m o le c u la r  SiO^, Al^O^, and (Na.O + K^O) . . 52

A t y p i c a l  d i f f e r e n c e  betw een c o n t in e n t a l  com endites

and the  c e n t r a l  zone a p l i t e ,  when compared w ith

components o th e r  th a n  SiOg, AlgOg, Na.O and K_0 . . . .  53

Contoured s t e r e o g r a p h ic  p l o t  o f  the. m easured e x te n s io n

j o i n t s  i n  th e  a p l i t e ,  from v a r io u s  p a r t s  o f  the

bower H e rc u le s  s e c t i o n  . . . . . . . . . . . . . . . . .  58

P o s s ib le  c ta g e s  i n  th e  e v o lu t io n  o f  th e  s h e a r  b r e c c i a  . 60

T y p ica l  f e a t u r e s  o f  the  e x te n s io n  b r e c c i a  . . ...................  60

S te re o g ra p h ic  p r o j e c t i o n  showing th e  r e l a t i o n s h i p  

between th e  s t r u c t u r a l  f a b r i c  and th e  e x te n s io n  j o i n t i n g  61 

Diagram m atic s e c t i o n  showing the  r e l a t i o n s h i p  o f  the  

q u a r tz  v e in s  to  s i l l t .  9 and 10 . . . . . . .   ...................... 63



I
x

6 .6  The o r i e n t a t i o n  and r e l a t i o n s h i p  o f  th e  m in e ra ls  i n

v e in s  a s s o c i a t e d  w i th  the  a p l i t e  . . . . . . .  . . . . . 6 3

6 .7  Diagram matic s e c t i o n s  th ro u g h  a s e t  o f  c o n ju g a te

v e i n s ' a s s o c i a t e d  w i th  th e  a p l i t e  i n  F64 s to p e  . . . . . 63

6 .8  Mapped s e c t i o n s  o f  a ne tw ork  of q u a r tz  v e in s

a s s o c i a t e d  w ith h  s i l l  No. 3     63

6 .9  Development of q u a r tz  v e in s  i n  sh e a r  zones ( a f t e r

Durney and Rams ay "RoaA ^CjRCcS*') . . .  . . . . 64

6 .10  P ro p o g a t io n  o f  a c rac k  i n  u n i a x i a l  com pression  . . . . . 65

6 .11  Envisaged  fo rm a t io n  o f  a s s o c i a t e d  q u a r tz  v e in s  . . > • ■ 66

6 .12  O r i e n t a t i o n  o f  th e  t e c t o n i c  s t r e s s  f i e l d  a s s o c i a t e d

w ith  the  emplacement o f  th e  a p l i t e  s i l l s  . . . . . . . .  67

7 .1  T y p ic a l  d e fo rm a tio n  cu rves  f o r  c e n t r a l  zone and

c o n ta c t  zone m a t e r i a l .  . ...................  . . . . . . . . . . .  72

7 .2  V a r i a t i o n  o f  th e  ro ck  m echan ica l p r o p e r t i e s  a c ro s s

th e  s r l I s .  . . . . . . . . .  . . . . . . . * . . # . * . # 73

7 .3  Changes i n  th e  s t r e s s  a t  i n i t i a t i o n  o f  f r a c t u r i n g ,  and

f a i l u r e  w i th  chang ing  confin’̂  p r e s s u r e  f o r  th e  c e n t r a l

zone m a t e r i a l  . . . .  . . . . . . . . .  . . . . . . .  . 7 4

8 .1  S t r e s s  -  volume s t r a i n  cu rves  of samples w i th  L u d ers 'b an d s  76

8 .2  A s y n th e s i s  o f  th e  a v a i l a b l e  d a ta  on th e  changes i n

co n ju g a te  a n g le  o f  th e  Lvider 's  bands w i th  c o n f in in g  

p r e s s u r e .............................. .................................. .... ..................................... 78
. . . f""

9 .1  S t r e s s  t r a j e c t o r i e s  around a p r e s s u r i s e d  c y l i n d e r ,  and

a d ja c e n t  co a c r u s t a l  m onocline . . . . . . . . . . . .  83



XI
List of Plates

Number C ap tio n  f a c in g  page

2 .1  A pho tog raph  o f  a model showing th e  en -

ech e lo n  n a t u r e  o f  th e  s i l l s  . . . .  . . . . . .  . . . . 5

2 .2  C o n ta c t  o f  th e  a p l i t e  w i th  th e  r e e f  . . . . . . . .  10

2 .3  Horn o c c u r r in g  i n  No. 4 s i l l  on H77 l e v e l .....................12

2 .4  , The te rm in a t io n  o f  No. 1 s i l l  on H76 l e v e l  . . . . 12

2 .5  The te rm in a t io n  o f  No. 5 s i l l  on H77 l e v e l  . . . .  12

3 .1  Some o f t h e  p e t ro g r a p h ic  t e x t u r e s  o c c u r r in g

xn th e  s i l l s  . . .  . . < . » . » . « . . « .  « . . 15

3 .2  N on-lam inar  flow  t e x t u r e  caused  by a p r o -

t ru b e re n c e  . . . . ■« •  < « « * . . . .  . . . . # . lb

3 .3  P s e u d o s p h e r u l i t e  formed by th e  in te rg ro w th  of

r a d i a l l y  o r i e n t e d  c r y s t a l s  o f  q u a r tz  and f e l s p a r  . 18

3 .4  P a r t  o f  a c l u s t e r  o f  f e l s p a r  g r a in s  devo id  o f

c o m p o s i t io n a l  zoning  . . ..............  . . . . . . . .  . 19

3 .5  An i n c l u s i o n  o f  m a tr ix  and some f e l s p a r

p h e n o c ry s ts  i n  R q u a r tz   ......................  . . . . . . .  . 19

3 .6  A l a r g e  number o f  p l a g i o c l a s e  i n c lu s io n s  i n  a

s k e le to n  c r y s t a l  o f  R q u a r tz  . . .  ..................... .. . 19

3 .7  The c o n ta c t  o f  th e  a p l i t e  w i th  a d ja c e n t

q u a r t z i t e s   .......................  . . . . . . . . . . . . .  19

3 .8  One o f  th e  nodules i n  th e  a p l i t e ........................   20

3 .9  A f e l s p a r  p h e n o c ry s t  o c c u r r in g  w i t h i n  a nodule

a r r e s t e d  i n  the  p ro c e s s  o f  p o ly g o n i s a t io n  . . ,  . . 20

3 .10  The t r a n s i t i o n  between th e  la m in a r  and non-

la m in a r  f low  t e x tu r e s   .......................  21

3 .11  N on-lam inar t e x tu r e  from No. 1 s i l l  formed o f  a

r e d  a p l i t e  . . . . . . . . . . . . . . . . . . . .  21

■ -A ■



XII

3 .12  The a b ru p t  t r a n s i t i o n  from, th e  d a rk  brown to

l i g h t  brown q u a r t z - c h l o r i t e - c a l c i t e -  i n t r u s i o n  . . 2 4

3 .13  The g r a d a t io n a l  t r a n s i t i o n  from th e  dark  brown

to  l i g h t  q u a r t z - c h l o r i t e - c a l c i t e  i n t r u s i o n  . . . . 2 4

3 .14  The d e t a i l s  o f  th e  i n t e r s e c t i o n  o f  th e  q u a r t z -

c h l o r i t e - c a l c i t e  s i l l  w i th  s i l l  No. 5 . . . . . .  24

6 .1  A l t e r a t i o n  o f  h o s t  ro c k  a p l i t e  a d ja c e n t  to

m in e r a l i s e d  e x te n s io n  j o i n t s  and b r e c c i a  . . . . . 58

6 .2  The s t r u c t u r a l  f a b r i c  t h a t  i s  o n ly  known i n

s i l l  No. 3 and a s s o c i a t e d  w i th  th e  b r e c c i a  . . . .  . 6 1

8«1 L tid e r’s bands formed d u r in g  uhconfined

com press ion  t e s t s  . . . . . . . .  ......................   76

8 .2  The l i t h o l o g i c  c o n t r o l  on th e  fo rm a t io n  o f

Ltider^s bands . . . « .<• . « . . . . . .  . . 76

8 .3  A A more p e n e t r a t i v e  development o f  L t id e r 's  bands

B formed d u r in g  u n i a x i a l  com pression  w ith  a sm all

C c o n f in in g  p r e s s u r e  . . . . . . . . . . . . . . . .  76



L i s t  of  

Number 

1.1

2.1

3 .1

3.2

4 .1

4.2

4 .3

4 .4

5 .1

5.2

5 .3

5 .4

5 .5  

6.1

7 .1

XIII
T ables

T i t l e  f a c in g  page

O ccurrences  o u t s id e  E .R .P.M . o f  a c id

i n t r u s i v e s  n e a r  th e  C e n t ra l  Rand . . . . . . . . . .  2

Dimensions of th e  s i l l s  . . .   ................................ . . . 5

M inera logy  o f  th e  s i l l s  as de te rm in ed  by m icro ­

s c o p ic  o b s e r v a t io n s  on t h i n  s e c t i o n s , p o l i s h e d  

s e c t i o n s , r e f r a c t i v e  in d i c e s  and X-Ray diffttwefei'qw-y 

a n a l y s i s  . . . . . . • . . . « . .  • . . .> . 14

The te m p e ra tu re  o f  th e  magma as i n d i c a t e d  by th e  

m in era lo g y  . . . « . . . . .  . . , .  . . . .  . . » » » 27

Rb-Sr d a ta  f o r  th e  a p l i t e  s i l l s  . . . . . . . . . .  32

Rb-Sr r a t i o s  f o r  ro ck s  p o s s i b ly  r e l a t e d  to  th e

c .p l i t e  » . . * * . . « • . « . . . . . . . . . . . 3 6
*

P o s i t i o n  o f  th e  a p l i t e  i n  th e  r a d io m e t r i c  

s t r a t i g r a p h i c ,  column in  Sou thern  A f r i c a  . . . . . . 3 7

R e s u l t s  o f  c a l c u l a t i o n s  f o r  th e  age o f  th e  s o u rc e  

r  ock . . . . . . . . . . . . . . . . . . . . . . .  38

Average co m p o s i t io n  o f  th e  fo u r  groups . . . . . .  42

The s t a t i s t i c s  o f  th e  ave rage  co m p o s i t io n  of th e  

c e n t r a l  zone samples . . . . . . . . . . . . . . .  42

The C .I .P  .W. norm f o r  the  av e rag e  c e n t r a l  zone 

s amp1e . . . . . . . . . . . . . . . . . . . .  . . 4 2

The i n f e r r e d  g ro ss  movement o f  some major e lem en ts  43 

Average co m p o s i t io n  of r e l a t e d  ro c k  types  . . . . .  52

S t r e s s  system  a s s o c i a t e d  w ith  th e  emplacement of 

t h e  s i l l s  . . . « . . . . . . . . . . . . .  « * . « . 69 

The rock  m echan ica l  p r o p e r t i e s  o f  the  a p l i t e  

de te rm in ed  by o th e r  w orkers 71

.



7.2

8.1

I

XI

I I I

XV

V

VI

VII

XIV

M echanical p r o p e r t i e s  o f  th e  a p l i t e  s i l l s  and 

a d j a c e n t  q u a r t z i t e s  . . ... . . . .  . . . . . . . . .  73

E xperim en ta l c o n d i t io n s  and the  a n g le  betw een 

c o n ju g a te  s e t s  o f  Lh 'der 's  bands  ............................... 76

X-Ray•f lu o r e s c e n c e  s p e c tro m e te r  o p e r a t in g

condr Cions « «  . . .  . .  92

A nalyses of sam ples from th e  c e n t r a l  zone o f  the

s i l l s  ex cep t th e  l a s t  t v > which a r e  c o n ta c t  zone

s amp1es ». . . . » •  . ■ . . » •  . . . . . . . . # . 9 3

A sso c ia te d  i n t r u s i v e s . A nalyses o f  samples from

the  upper c o n t a c t  o f  No. 6 s i l l  from G76W s to p e .

A nalyses  o f  sam ples on th e  lower c o n ta c t  o f  s i l l  

No . 3 * .  . . .  . . . . » . . .  . . . .  . .  * * . «  . 9 3

A nalyses  of sam ples a c ro s s  b o re h o le  BC1 93

A nalyses  of sam ples a c ro s s  b o re h o le  BC5 . . . . . . 9 3

A nalyses  o f  samples a c ro s s  b o re h o le  BC7 . . . . . . 9 3

A nalyses  of sam ples a d j a c e n t  tc  q u a r tz  v e in s  . . » . 9 3



XV

List f Symbols

q
b „ y . b i l l i o n  y e a r s  (10, )

m .y . m i l l i o n  y e a r s

ppm p a r t s  p e r  m i l l i o n

P e r a l k a l i n e  in d e x  M olecu la r  w e ig h ts  o f  Na^O and o v er  AlgO.

r  = K . t /  d^ K -  the rm al d i f f u s i v i t y

t  = tim e

d = th ic k n e s s  o f  th e  body 

( d e f in e d  by J a e g e r  '1968)

E Young’ s modulus

kN ’ k i lo n ew to n s

MPa m egapasca ls  ( a l l  com press ive  s t r e s s e s  a r e  r e g a rd e d  as

p o s i t i v e )

V P o is s o n ’ s r a t i o

a S t r e s s

al>a2>a3 P r i n c i p a l  s t r e s s e s  a i >a2><J3



1. INTRODUCTION

1 .1  I n t r o d u c t o r y  s ta te m e n t

T his  p r o j e c t  i s  concerned  w ith  the  s t r u c t u r a l  geo logy , p e t ro lo g y ,  

g eo ch e m is try ,  geochronology and rock  mechanics o f  th e  f e l s i c  i n t r u s i v e s  

(known l o c a l l y  as the  rC h e r t  D yke') on th e  E a s t  Rand P r o p r i e t a r y  Mines 

L im i te d .  I t  was hoped t h a t  a d e t a i l e d  u n d e r s ta n d in g  o f  th e  n a tu re  o f  

th e s e  i n t r u s i v e s  would h e lp  overcome th e  problem s caused  by t h e i r  

p re s e n c e  d u r in g  m ining a c t i v i t i e s . These problem s in c lu d e  u n fa v o u ra b le  

s to p e  c o n d i t i o n s , when th e  'C h e r t ' forms th e  h an g in g ,  and th e  a p p a re n t  

c o r r e l a t i o n  be tw een  the  p re s e n c e  o f  'C h e r t '  and th e  o c c u r re n c e  o f  

s e v e re  rock  b u r s t s .

1*2 R eg iona l Geology

E.R.P.M. l i e s  some tw enty  k i lo m e t r e s  to  the  e a s t  o f  Johannesburg  a t  

th e  town o f  Boksburg. I t  i s  the  e a s te rn m o s t  go ld  mine i n  th e  C e n t ra l  

Rand B as in ,  w hich i s  p a r t  o f  th e  W itW atersrand B as in  and i s  s e p a ra te d  

from th e  E a s t  Rand B asin  by the  Boksburg Gap. The mine e x p l o i t s  th e  

a u r i f e r o u s  co n g lo m e ra t ic  h o r iz o n s  w i th i n  th e  q u a r t z i t e s  o f  the  Main B ird  

s e r i e s  o f  th e  Upper W itW atersrand System. The r e e f s  t h a t  a r e  known to  

be p r e s e n t  on the mine a r e : -  N orth  Reef (Angelo L e a d e r ) , Main R e e f ,

Main Reef L e a d e r , South Reef-Com posite R ee f ,  L iv in g s to n e  R eef ,  B ird  

R eefs ,  K im berley Reefs and E lsb u rg  R e e f s , b u t  o f  th e se  on ly  th e  Main R e e f , 

Main Reef L ea d er  and South R eef-C om posite  Reef a r e  econom ical a t  p r e s e n t .  

The lower r e e f s  i n  the  sequence , i . e .  N orth  R e e f , Main R ee f ,  Main Reef 

L eader  and South Reef form s e p a r a t e  h o r iz o n s  a t  the  w est o f  the  mine b u t  

merge i n  th e  c e n t r e  to  form the  Composite R eef.  A ccording  to  Shipway 

(1972) i t  i s  the  South Reef which i s  con tinuous  a c ro s s  th e  mine and 

unconform ably o v e r l i e s  the  o th e r  r e e f s . Above the  W itW atersrand System 

a r e  the la v a s  and sed im ents  o f  th e  V en te rsd o rp  System, w hich a r e ,  i n  t u r n ,  

o v e r l a in  by th e  b a s a l  sed im ents  o f  th e  T ran sv aa l  System, so u th  o f  th e  m in e .
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The e a s t e r n  p a r t s  o f  the  mine a re  covered  by f l a t  l y i n g  sed im en ts  o f  th e  

Ecca S e r i e s  of th e  Karroo System. D e ta i le d  l i t h o l o g i c  d e s c r i p t i o n s  o f  

the  W itw a te rs ran d  s e d im e n ts ,  e s p e c i a l l y  th e  r e e f s ,  a r e  g iven  by Shipway 

(1972), th e  g e n e ra l  geology of th e  C e n t ra l  Rand i s  rev iew ed  by P r e t o r i u s  

(1964).
The low er economic r e e f s  d ip  southw ards a t  45° on o u tc ro p  b u t  t h i s  

ang le  d e c re a se s  to  15° a t  th r e e  k i lo m e t r e s  below s u r f a c e .  H igher  i n  the  

s t r a t i g r a p h i c  sequence th e  d ip  i s  southw ards a t  25° on o u tc ro p  and ag a in ,  

d e c re a s e s  w ith  d e p th .  The s t r i k e  o f  th e  sed im en ts  v a r i e s  o v e r  th e  mine 

a rea  from  090° i n  th e  w e s te rn  s e c t i o n  to 110° in  th e  c e n t r a l  and e a s t e r n  

s e c t i o n s .  F u r th e r  e a s t  on the  Van Dyk mine the  s t r i k e  i s  ap p ro x im a te ly  

180°. The s t r a t a  t h e r e f o r e  o u t l i n e  p a r t  o f  a b a s i n - l i k e  s t r u c t u r e .

F a u l t s  and m afic  dykes a re  v ery  common w i th i n  the  mine a r e a .  These have 

been r e c e n t l y  d e s c r ib e d  by J e f f e r y  (1975).

P r i o r  to t h i s  i n v e s t i g a t i o n ,  th e  o f f i c i a l s  on E.R.P.'M. b e l i e v e d  t h a t  

th e  'C h e r t*  o c c u rre d  as one o r  two u n d u la t in g  s i l l s .  However th e  r e s u l t s  

r e p o r te d  h e re  i n d i c a t e  t h a t  th e re  may be as many as t e n  or more a p l i t e  

s i l l s  w hich t r a n s g r e s s  th e  s e d im e n ts .  These s i l l s  have been  i n t e r m i t t e n t l y  

re c o rd e d  on the mine p la n s  s in c e  th e  tu rn  o f  the  c e n tu ry  as 'C h e r t  R o ck ',  

’ C hert Dyke' o r  s im ply as 'C h e r t ' ,  b u t  g e n e r a l ly  th e  'C h e r t '  i s  n o t  

d i f f e r e n t i a t e d  from  the  more common m afic dykes.

1»3 A cid  i n t r u s i v e s  o u t s id e  E.R.P.M.

S e v e ra l  o c c u rre n c e s  o f  a c id  i n t r u s i v e s  a r e  known o u t s id e  th e  m in e .a r e a .  

These o c c u r re n c e s  which ex ten d  f o r  some hundred  k i lo m e t r e s  from the  E a s t  

Rand to  the  f a r  West Rand a r e  shown in  F ig u re  1 .1  and d e t a i l s  o f  the  rock  

type a r e  l i s t e d  i n  Table 1 .1 .  Most o f  th e se  o c c u rre n c e s  a r e  n o t  

a c c e s s i b l e  now, and so e x a c t  com parison w ith  the  E.R.P.M, b o d ie s  ie n o t  

p o s s i b l e ,  b u t  they  do i n d i c a t e  t h a t  a c id  igneous a c t i v i t y  o c c u r re d  o ver  

a wide a r e a  of th e  W itw a te rs r  ,nd. Moreover w i th  th e  e x c e p t io n  o f  the



o u tc ro p s  i n  th e  A rchaean g r a n i t e ,  th e  s i l l - l i k e  b o d ie s  a r e  con fin ed  to 

a  p a r t i c u l a r  s t r u c t u r a l  l e v e l  w i th i n  th e  sed im en ts  and some w i th in  the  

g r a n i t e  have a p a r a l l e l  s t r i k e .

1 .4  P re v io u s  work on E .R .P .H .

The a p l i t e  s i l l s  on E .R .P .H . have been  d e s c r ib e d  by s e v e r a l  p eo p le  

p r e v io u s ly  b u t  the  work r e p o r te d  h e re  r e p r e s e n t s  the  f i r s t  a t te m p t  to  

i n v e s t i g a t e  th e  d e t a i l e d  n a tu re  o f  th e  b o d ie s .  Weber (1909) d e s c r ib e d  

a. s i l l  i n  th e  C in d e r e l l a  s e c t i o n  o f  th e  mine (see  F ig u re  1 . 2 ) ,  and 

concluded  t h a t  i t  was a  m ic r o g r a n i t e .  Gold c o n c e n t r a t i o n s  up to  4 ,4  

p .p .m . were de te rm ined  by f i r e  a s s a y ,  b u t  were no rm ally  n e g l i g i b l e .

The same s i l l  was d e s c r ib e d  by McDonald (1911) from the  Blue Sky s e c t i o n .  

He a l s o  c l a s s i f i e d  i t  as a m i c r o g r a n i t e ,  and i n f e r r e d  from the  m inera logy  

t h a t  i t  had been  s u b je c te d  to an i n t e n s e  metamorphism n o t  seen  in  o th e r  

dykes on the  mine. Hence he concluded  t h a t  the  s i l l  was the  o l d e s t  

i n t r u s i o n .  Shipway (1972) n o te d  th e  l a c k  o f  c o n t a c t  metamorphism and 

concluded  t h a t  the  s i l l  was n o t  ig n e o u s ,  b u t  r a t h e r  a low te m p era tu re  

s e c r e t i o n  of th e  a d j a c e n t  qua rfcz i te s  i n t o  p r e - e x i s t i n g  f r a c t u r e s  g iv in g  

a com posi t ion  o f  ~ 99% S iO . '  A t e c t o n i c  o r i g i n  was s u g g es ted  by P r e t o r i u s  

(1964) who s t a t e d  t h a t  " th e  so c a l l e d  'C h e r t  D ykes ' a r e ,  i n  f a c t ,  zones 

o f  i n t e n s e  m y l o n i t i s a t i o n  a long  l i n e s  o f  s h e a r " .  However, t h i s  p ro p o s a l  

Was n o t  a p p l i e d  to th e  o c c u r re n c e s  on E .R .P .H . i n  p a r t i c u l a r .  Because of 

i t s  a p p a re n t  a s s o c i a t i o n  w ith  r o c k b u r s t s  and o t h e r  mining p rob lem s, the  

'C h e r t  Dyke' has been th e  s u b je c t  o f  a number o f  i n v e s t i g a t i o n s  to 

d e te rm in e  i t s  ro c k  m echan ica l p r o p e r t i e s .  These r e s u l t s  a re  r e p o r te d  in  

a number of u n p u b lish e d  C .S . I .R ,  S p e c ia l  R e p o r ts ,  Brace e t  a l .  (1966) and, 

b r i e f l y ,  i n  J a e g e r  and Cook (1969 pp. 146, 147).  The most s t r i k i n g  

p r o p e r ty  i s  th e  very  h ig h  u n i a x i a l  com press ive  s t r e n g t h  o f  th e  ro c k .
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1 .5  Scope of p r e s e n t  work

The work r e p o r t e d  h e re  commenced w i th  th e  d e t a i l e d  mapping o f  a l l ' th e  

a c c e s s i b l e  f o o tw a l l  d r iv e s  i n  th e  Angelo and Lower H ercu le s  s e c t i o n s .

Less d e t a i l e d  mapping was done in  th e  s to p e s  to co n f irm  th e  mapping o f  

th e  mine s u rv ey o rs  and check i s o l a t e d  o c c u r r e n c e s . The d e te rm in a t io n  o f  

the  m inera logy  o f  the s i l l s  was done i n  c o n s id e r a b le  d e t a i l ,  p r i n c i p a l l y  

u s in g  X -ray d i f f r a c t i o n  t e c h n iq u e s , and a l a r g e  number o f  p e t r o l o g i c a l  

t h i n  s e c t i o n s  w ere examined. Some 76 samples were a n a ly se d  f o r  major 

e l e m e n ts , p r i n c i p a l l y  to  s tudy  v a r i a t i o n s  a c ro s s  th e  s i l l s , b u t  a t  l e a s t  

one sample o f  a l l  b u t  two s i l l s  was a l s o  a n a ly s e d . E ig h t  o f  th e se  samples 

were used in  th e  i s o t o p i c  s tu d i e s  r e l a t i n g  to  the  geochronology of th e  

s i l l s . T w en ty -s ix  samples were t e s t e d  to  a s c e r t a i n  some ro c k  m echan ica l 

p r o p e r t i e s  o f  th e  rock .  The m a jo r i t y  o f  th e  specim ens f o r  th e  above work 

Were o b ta in e d  by diamond d r i l l i n g .  This work was done d a r in g  1973 and • 

1974 .



■Plate 2 . 1

A p h o to g r a p h  o f  a  m o d e l  sh o w in g  t h e  e n - e c h e l o n  n a t u r e  o f  t h e  s i l l s
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2. MORPHOLOGY OF APLITE SILLS

The underground mapping re v e a le d  the  p re s e n c e  o f  te n  e n -e c h e lo n

s i l l s  which i n  g e n e ra l  c u t  a c ro s s  th e  sed im en ts  a t  low a n g le s .  The

d i s t r i b u t i o n  o f  the  s i l l s  a r e  shown in  p l a n  i n  F ig u re  2 .1 ,  and s e c t i o n

in  F ig u re s  2 .2 ,  2 .3  and P l a t e  2 .1 ,  They a r e  numbered from  the  h ig h e s t

i n  th e  e a s t  down to  t h e  lo w es t  in  the  w e s te rn  a re a  o f  the  mine. The

d im ensions  o f  a l l  th e  s i l l s  a r e  l i s t e d  i n  Table  2 .1 .  The b o u n d a r ie s

o f  th e  s i l l s  w e re -d e te rm in e d  from underground ex p o su re ,  t h e i r  absence

from  exp ec ted  l o c a l i t i e s  as w e l l  as  by diamond d r i l l i n g .

2 .1  Dimension and d i s t r i b u t i o n  o f  the  s i l l s

2 .1 .1  S i l l  No. 1 

T h is  s i l l  i s  th o u g h t to  su b -o u tc ro p  n e a r  s u r f a c e  a g a i n s t  the  r e c e n t

and K arroo d e p o s i t s ,  as  shown i n  F ig u re  2 .1 .  The w e s te rn  te rm in a t io n  i s  

th o u g h t to  l i e  to  th e  w est o f  th e  C e n t ra l  s h a f t s .  The r e a s o n  f o r  t h i s  i s  

t h a t  t h e r e  a r e  a  number o f  s h a f t s  between th e  C e n t r a l  s h a f t s  and th e  r e e f -  

s i l l  t r a c e  o f  No. 1 s i l l ,  i n  which one a p l i t e  s i l l  i s  p r e s e n t .  Because 

o f  t h i s ,  th e  a p l i t e  i n  th e  C e n t ra l  s h a f t s  i s  p rob ab ly  p a r t ^ S i l l  No. 1, 

and n o t  p a r t  o f  one o f  th e  low er  s i l l s  w hich a re  p r e s e n t  i n  the  s to p e s  o f  

the  C e n t ra l  s e c t i o n .  The e a s t e r n  l i m i t  i s  beyond th e  e a s t e r n  boundary of 

E.R.P.M. and i s  though t to b e  i n  o r  beyond New K le i n f o n t e in  m ine, p o s s ib ly  

c o r r e l a t i n g  w i th  th e  o c c u r re n c e  o f  a p l i t e  i n  t h a t  m in e . T h is  s i l l  s t r i k e s  a t  a 

d i f f e r e n t  a n g le  from th e  s t r a t a  and so i t  c u t s  th rough  th e  Composite Reef 

from th e  "hangingw all i n  the  w es t  to  th e  f o o tw a l l  i n  th e  e a s t .  The t r a c e  

o f  th e  i n t e r s e c t i o n  betw een th e  r e e f  and th e  s i l l  i s  shown from i t s  

t e rm in a t io n  i n  th e  low er s to p e s  in  H ercu le s  S e c t io n  to  i t s  su b -o u tc ro p  

e a s t  o f  th e  Blue Sky s h a f t  ( see  F ig u re  2 . 1 ) .  The t r a c e  i s  d i s j o i n t e d ,  

n o t  due to .a n y  d i s r u p t i o n  o f  the  s i l l ,  b u t  becau se  o f  th e  f a u l t i n g  o f  the  

r e e f  p la n e ,  which i s  th e  mapping p la n e .  T h is  i s  i l l u s t r a t e d  in  a diagramm-
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a t i c  E-W s e c t i o n  (F ig u re  2 .5 )  in  th e  v i c i n i t y  o f  th e  Phoenix  f a u l t .

A lthough S i l l  No. 1 i s  th e  b i g g e s t  on th e  m ines a c c ess  to  i t  can 

on ly  be had in  th e  Lower H ercu le s  S e c t io n ,  w here i t  t e r m i n a t e s , and in  

th e  v i c i n i t y  o f  th e  main s u r f a c e  s h a f t s  t h a t  a r e  s t i l l  o p en .

2 .1 .2  S i l l  No. 2

This  s i l l  has  o n ly  been  mapped a t  one l o c a l i t y  i n  th e  upper l e v e l s  

o f  H ercu le s  (H22). Hence i t s  e x t e n t  cannot be f ix e d  d e f i n i t e l y ,  b u t  i t  

i s  known t h a t  i t  i s  n o t  p r e s e n t  i n  th e  developm ents on th e  low er l e v e l  

(H23). This exposure  i s  a  c o n s id e r a b le  d i s t a n c e  i n t o  th e  hang ing  b u t  a 

s i n g l e  o c c u r re n c e  o f  'C h e r t '  i s  marked in  th e  Cason s h a f t  s e c t i o n  which 

i s  on ly  a s h o r t  d i s t a n c e  i n t o  th e  hang ingw all  and th e r e f o r e  on a  much 

low er p la n e  th a n  th e  H e rc u le s  l o c a l i t y .  These two exposures  have been 

v ery  t e n t a t i v e l y  c o r r e l a t e d  to  f i x  th e  a t t i t u d e  o f  th e  s i l l  b u t  may n o t  

be  p a r t  o f  th e  same s i l l .

2»1 .3  S i l l  No. 3

This  s i l l  i s  w e l l -e x p o se d  in  th e  fo o tw a l l  developm ent i n  th e  Lower 

H ercu le s  S e c t io n  o f  the  mine and so i t s  morphology i s  w e l l  docum ented.

I t s  d im ensions were a l s o  f i x e d  by o c c u r re n c e s  i n  f a l l s  o f  hang ing  in  th e  

e a s t e r n  Angelo s e c t i o n ,  as  w e l l  as b o r e h o le s .  The s i l l  i s  a b s e n t  i n  th e  

H78 development where i t  was e x p e c te d , s u g g e s t in g  t h a t  th e  edge o f  the  

s i l l  runs  s o u t h - e a s t  to p a s s  between th e  H77 and H78 d ev e lo p m en ts .

2 .1 .4  S i l l  No. 4

This s i l l  i s  o n ly  known in  th e  fo o tw a l l  developm ent i n  th e  W estern  

p a r t s  o f  76 and 77 l e v e l s  i n  H ercu les  S e c t io n .  No r e e f  i n t e r s e c t i o n  

t r a c e  has  been  mapped, b u t  r e p o r t s  o f  i t s  p re s e n c e  i n  H77 West s to p e  

s u g g e s t  t h a t  i t  p ro b ab ly  te rm in a te s  n e a r  th e  ex p ec ted  r e e f  i n t e r s e c t i o n .  

Evidence f o r  th e  t e rm in a t io n  of t h i s  s i l l  i s  good, w i th  one t e rm in a t io n
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v i s i b l e  on the  e a s t e r n  edge on 76 l e v e l  w h i le  a b o re h o le  d r i l l e d  on 77 

l e v e l  to  i n t e r s e c t  th e  e a s t e r n  e x te n s io n  d id  n o t  do s o .  The w e s te rn ,  

edge i s  known to  l i e  betw een two a d ja c e n t  c r o s s - c u t s  to  th e  r e e f  on 76 

l e v e l ,  and betw een two a d ja c e n t  b o x -h o le s  on 77 l e v e l .  This  ev idence  

i n d i c a t e s  t h a t  th e  s i l l  must be v e ry  sm all i n  a r e a  (see  F ig u re  2 ,2 ) .

2 .1 .5  S i l l  No., 5

T his  s i l l  i s  a l s o  on ly  known from two exposu res  i n  th e  fo o tw a l l  

developm ent on 77 and 78 l e v e l s  i n  H ercu le s  S e c t io n .  The 7.7 l e v e l  exposu re  i s  

n e a r  th e  t i p  o f  th e  s i l l  f o r  i t  i s  n o t  p r e s e n t  i n  nea rby  s t a t i o n  

developm ent to  th e  w es t ,  where i t  was e x p e c te d ,  and i t  was n o t  i n t e r s e c t e d  

i n  a b o re h o le  d r i l l e d  from 77 l e v e l  to  e s t a b l i s h  th e  e a s t e r n  e x t e n t .

F ig u re  2 .6  i l l u s t r a t e s  the  s o le  s p e c t a c u l a r  exposure  o f  th e  s i l l .  In  t h i s  

s e c t i o n  th e  only  known f a u l t i n g  o f  th e  s i l l s  i s  documented w i th  the  f a u l t

i n  th e  v i c i n i t y  o f  th e  abutm ent o f  the  s i l l  r e p la c e d  by ap lifce ,  A lso 

a s s o c i a t e d  w ith  th e  a p l i t e  s i l l s  i n  t h i s  l o c a l i t y  i s  a s e t  o f  en -e c h e lo n  

m afic  q u a r t z - c h l o r i t e - c a l c i t e  s i l l s  t h a t  p o s t - d a t e  th e  a p l i t e  s i l l .  This  

a p l i t e  s i l l  occurs  co m p le te ly  i n  th e  fo o tw a l l  below No, 3 s i l l ,  and so i s  

n o t  e n -e c h e lo n  to  i t .

2 .1 .6  S i l l  No. 6

This  s i l l  has an e x t e n s iv e  r e e f - s i l l  t r a c e  i n  th e  Angelo s e c t i o n  o f  th e  

mine. However, d e s p i t e  t h i s  long  r e e f  t r a c e ,  th e  s i l l  i s  n o t  seen i n  th e  

f o o tw a l l  development + 20 m etres  below the  r e e f  p la n e  u n t i l  th e  76 l e v e l .

This means t h a t  th e  s i l l  t e rm in a te s  between the  r e e f  p la n e  and the 

a c c e s s i b l e  development u n t i l  some p o i n t  betw een 75 and 76 l e v e l s .  The 

a e r i a l  e x t e n t  o f  th e  s i l l  has been f u r t h e r  f ix e d  by a number o f  b o re h o le s  

d r i l l e d  i n  the h an g in g w a l l .



- 8 -

2 .1 .7  S i l l  No. 7

The e x i s t e n c e  o f  t h i s  s i l l  was e s t a b l i s h e d  by a b o re h o le  d r i l l e d  

m ain ly  to  i n t e r s e c t  S i l l  No. 6 b u t  which i n t e r s e c t e d  two a p l i t e  s i l l s .  

S u b seq u en tly  t h i s  s i l l  has been  proved  to  be  above S i l l  No. 6 by a 

number o f  b o re h o le s  s t a r t i n g  in  No. 6. I t s  e a s t e r n  l i m i t  i s  

t e n t a t i v e l y  f ix e d  by two i n t e r s e c t i o n s  i n  b o r e h o l e s , and i t s  absence 

i n  t h e  75 and 75 s t o p e s ; th e  w e s te rn  l i m i t  i s  n o t  known a t  a l l . However. 

th e  r e p o r t e d  o c c u rre n c e s  o f  'C h e r t ’ in  th e  'E ' ,  ’F ' and 'D ' p i l o t  w inzes 

(deve loped  i n  th e  r e e f  p la n e )  p rob ab ly  c o r r e l a t e  w ith  t h i s  s i l l ,  and i f  

t h i s  c o r r e l a t i o n  i s  c o r r e c t  then  i t  must be  c o n s id e ra b ly  l a r g e r  than  

S i l l  No. 6. I f  s o ,  th e  s i l l  may w e l l  o u tc ro p  i n  the  w e s te rn  p o r t i o n  o f  

th e  mine, a l th o u g h  i t  has n o t  been r e p o r te d  i n  th e  South West v e r t i c a l  

s h a f t s .  I f  the  s i l l  i s  s m a l l e r  than  No. 6 because  o f  i n c o r r e c t  c o r r e l a t i o n  

w i th  th e  exposures  i n  th e  p i l o t  w in z e s , th e  same problem  of  th e  absence  o f  

'C h e r t '  i n  the  South  West s h a f t  s e c t i o n  s t i l l  e x i s t s .

2 . 1 .8  S i l l  No. 8

This s i l l  i s  o n ly  known i n  the  B r i e f o n t e i n  S e c t io n  a t  p r e s e n t ,  b u t  

i t  w i l l  p ro b ab ly  be en co u n te red  in  th e  Angelo S e c t io n  i n  th e  n e a r  f u t u r e .

I t  has  been  mapped i n  69 and 70 l e v e l  p i l o t  w inze s t o p e s , and 67 South

R eef s to p e .  The r e e f  i n t e r s e c t i o n  t r a c e  has o n ly  been  p a r t i a l l y  mapped

as t h e r e  i s  doubt o f  the  'C h e r t ' s '  p r e s e n c e  in  th e  a r e a  betw een 67 South 

R eef and 70 p i l o t  w inze s to p e s  on th e  p a r t  o f  th e  mine o f f i c i a l s . The NW 

t r e n d in g  i n t e r s e c t i o n  in  F ig u re s  2 .1  and 2 .4  has been c o n t ru e te d  assuming 

t h a t  th e  s i l l  i s  p r e s e n t  i n  th e  o ld  w orkings o f  69 s to p e ,  which i s  ahead 

Of th e  69 p i l o t  w inze s to p e .

2 .1 .9  S i l l  No. 9

T his  s i l l  o ccu rs  i n  th e  D r i e f o n t e in  s e c t i o n  i n  the  64 l e v e l  South 

Reef and Main Reef s to p e s  (on ly  th e  South Reef s i l l  i n t e r s e c t i o n  i s  

p l o t t e d  on F ig u re  2 . 1 ) .  The r e e f - s i l l  t r a c e  i s  n o t  w e l l  mapped.
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2 .1 .1 0  S i l l  No. 10

T h i s , th e  s t r u c t u r a l l y  lo w es t  s i l l  i s  s i m i l a r  i n  ap p ea ran ce  to  No. 9 , 

and o cc u rs  i n  64 l e v e l  South Reef s to p e  i n  D r i e f o n t e in  S e c t io n .  I t  i s  

th e  s m a l l e s t  o f  the  s i l l s  mapped and i s  co n f in ed  w i th in  two s to p e  f a c e  

p o s i t i o n s  ap p ro x im a te ly  5 m etres  a p a r t .

2 .1 .1 1  C l a s t i c  s i l l

A pprox im ate ly  3 to  5 m etres  below S i l l  No. 10 , th e re  occu rs  a 0 ,5  

m etre  t h i c k  s i l l  which c u ts  a c ro s s  th e  r e e f  and resem bles  a q u a r t z i t e  

i n  hand specim en. The s i l l  i s  p a r a l l e l  to  No. 10 b u t  i s  w ider  and 

ex ten d s  i n t o  the  f o o tw a l l  development w here i t  c u t s  th rough  a m afic  dyke„

2 .2  O ther o c c u r re n c e s  on th e  mine

T here  a r e  two exposu res  i n  th e  f a r  w e s t  s e c t i o n  o f  th e  mine (see  

F ig u r e  2 .1 )*  t h a t  a re  marked on th e  mine p la n  as  1 C h e r t1. As t h i s  p a r t  

o f  t h e  mine i s  now i n a c c e s s i b l e  i t  i s  n o t  known how th e se  exposures  

c o r r e l a t e  w i th  the  en/'-echelon d i s t r i b u t i o n  o f  th e  s i l l s  f u r t h e r  e a s t .  

S p e c u la t in g  on t h e i r  c o r r e l a t i o n ,  as a d i s j o i n t e d  r e e f - s i l l  t r a c e  s i m i l a r  

to  S i l l  No. 1 in  F ig u re  2 .5 ,  they  might b e lo n g  to  one of th e  th r e e  s i l l s  

whose w e s te rn  l i m i t  i s  unknown ( S i l l s  7 , 8 and 9 ) .  W ilder s p e c u la t i o n  

would be t o  c o r r e l a t e  th e s e  t h r e e  s i l l s  to  th e  t h r e e  s i l l s  i n t e r s e c t e d  

in  th e  Rand Deep L ev e ls  B o reho le .

2 .3  S t r u c t u r a l  r e l a t i o n s h i p  w ith  a d j o in in g  sed im en ts

On a l a r g e  s c a le  th e  s i l l s  a r e  ind ep en d en t o f  the  p la n e s  o f  weakness 

such as  b edd ing  and j o i n t s  in  the  s e d im e n ts .  For example i n  th e  H ercu les  

C in d e r e l l a  S e c t io n ,  th e  ang le  between the  bedd ing  and S i l l  No. 1 i s  on ly  

2 -  3 ° ;  t h i s  sm all b u t  s i g n i f i c a n t  an g le  between th e  s i l l  and th e  bedd ing  

p la n e s  su g g e s ts  t h a t  p a r t i n g  p la n e s  p a r a l l e l  to  bedd ing  were n o t  im p o r t a n t , 

a t  th e  tim e o f  emplacement. Thus the  o r i e n t a t i o n  o f  the  s i l l s  i s  p rob ab ly  

t e c t o n i c a l l y  c o n t r o l l e d  and the  c o n f in in g  p r e s s u r e  d u r in g  emplacement must

-- z**1 - i i
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Plate 2.2

C o n ta c t  o f  t h e  a p l i t e  w i th  the  r e e f  showing an a b ru p t  change i n  th e  

c o n ta c t  a n g le  and a c l e a r  d i s t i n c t i o n  between the  c o n ta c t  and c e n t r a l  

zones .
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have been  s u f f i c i e n t  to  r e n d e r  th e  bedd ing  p la n e  w eakness a n e g l i g i b l e  

f a c t o r .  However, t h e r e  a re  f r e q u e n t  d e p a r tu r e s  from t h i s  independence 

o f  s i l l  a t t i t u d e  from  c o n t r o l  by sed im en ta ry  p la n e s  o f  w eakness , and i n  

p a r t i c u l a r ,  fo u r  s t y l e s  o f  c o n t a c t  betw een th e  sed im en ts  and the  s i l l  

w ere o b se rv e d ,  nam ely : -

( i )  Complete t r a n s g r e s s i o n  o f  th e  s i l l  th rough  th e  s e d im e n ts ,  

i n d i c a t e s  a t e c t o n i c  c o n t r o l .  Well developed  i n  S i l l  No. 1 

( see  F ig u re  2 . 3 ) .

( i i )  A conform able  c o n ta c t  w i th  th e  bedd ing  p la n e ,  i n d i c a t e s  a 

bedd ing  p la n e  c o n t r o l .

( i i i )  A conform able  c o n ta c t  w i th  th e  bedd ing  p la n e  o f  a f o r e s e t  

u n i t  i n  a c ro s s  bedded sequence i n  p r e f e r e n c e  to  a bo ttom  

s e t .  This  has  two p o s s i b l e  i n t e r p r e t a t i o n s :  e i t h e r  the

f o r e s e t  b edd ing  p la n e  i s  weaker th an  th e  bo tto m  s e t  bedd ing  

p la n e ,  o r  th e  f o r e s e t s  and bo ttom  s e t s  have  com parable 

weakness w i th  the  f o r e s e t  p la n e  b e in g  n e a r e r  to  the  

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

( iv )  I n t r u s i o n  a long  a p r e - e x i s t i n g  j o i n t  p e r p e n d ic u la r  to  the  

b edd ing  p la n e .

These fo u r  s t y l e s  a r e  i l l u s t r a t e d  i n  F ig u re  2 .7 ,  and P l a t e  2 .2 ,  ~

The f i r s t  two a re  th e  most common, b u t  they  r a r e l y  p e r s i s t  over  any 

g r e a t  d i s t a n c e .  U su a l ly  th e  mode of i n t r u s i o n  a l t e r n a t e s  between the  

two s t y l e s .

2 .4  C o n s t r i c t i o n  o f  th e  s i l l s  •

By c o n s t r i c t i o n  i s  meant ah  a b ru p t  r e d u c t io n  i n  th e  th ic k n e s s  o f  a 

s i l l  f o r  a s h o r t  d i s t a n c e  a f t e r  which th e  s i l l  c a r r i e s  on w ith  i t s  

o r i g i n a l  t h i c k n e s s ,  u s u a l ly  on a d i f f e r e n t  p l a n e . Only two examples o f  

c o n s t r i c t i o n  a re  known: i n  No. 3 and No. 8 s i l l s .  The l a r g e s t  o ccu rre n c e

mftfi i i dA



•o

m

_L



- 11 ~

i s  i n  No. 3 s i l l  where th e  s t r u c t u r e  can be observed  f o r  over  300 m etres  

i n  a n o r t h - e a s t e r l y  d i r e c t i o n .  This  c o n s t r i c t i o n  red u ce s  th e  s i z e  o f  

th e  s i l l  from + 3 m e t r e s . t o  0 ,1  m etre  as shown i n  F ig u re  2 .8 .  The 

shape o f  th e  c o n s t r i c t i o n  s u g g e s ts  t h a t  i t  m ight be a c o n n e c t io n  o f  two 

horns  (as d e f in e d  by C u r r ie  and F e rguson ,  1970, and P o l l a r d ,  1974 ) ,  th e  

morphology o f  w hich , i n  p a r t ,  i s  c o n t r o l ' e d  by th e  j o i n t i n g  i n  th e  

s e d im e n ts . The c o n s t r i c t i o n  i n  S i l l  No. 8 can n o t  be t r a c e d  o v e r  i t s  

f u l l  e x t e n t  b u t  i t  i s  o b v io u s ly  connec ted  w i th  a sh e a r  zone as shown in  

F ig u re  2 .9 .

F ig u re  2 .9

C o n s t r ic t io n  in N o 8  sill <i’f  +

Sh e a r  zone

1M

2.5  B ranch ing  and magmatic s lo p in g

Three in s ta n c e s  o f  b ra n c h in g  and one o f  overhand s to p in g  as  d e s c r ib e d  

by Balk (1937 pp. 21) have  been  observed  in ' th e  s i l l s . S to p in g  occu rs  i n  

S i l l  No, 1 where a  sm all  o f f s h o o t  o f  magma i n t r u d e s  up a  j o i n t  and th en  

fo llo w s  th e  bedd ing  to p a r t i a l l y  e n c lo se  a r a f t  o f  q u a r t z i t e ,  as shown in  

F ig u re  2 .1 0 .

*!>• L tk .
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Plate 2.3

Horn o c c u r r in g  in  No. 4 s i l l  on H.77 l e v e l .

P l a t e  2 .4

The t e rm in a t io n  on No. 1 s i l l  on H76 l e v e l .

P l a t e  2 .5

The- te rm in a t io n  o f  No. 5 s i l l  on H77 l e v e l .
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•Figure 2.10

O verhand s fo p in g  in No H sill

~IM
L _ _ -------- — 1

Branch ing  occu rs  i n  S i l l  Nos. 3, 4 and 5 . T hat i n  No. 3 s i l l  i s  th e

lo n g e s t  b u t  i s  o n ly  known from diamond d r i l l i n g  and mapping by A.M.

Shipway i n  a now c l o s e d - o f f  c r o s s - c u t .  The b ra n c h  i s  ab o u t 0 ,5  m compared, 

to  th e  3 m e tre s  o f  t h e  main body . I t s  le n g th  i s  e s t im a te d  to  be  i n  excess  

o f  25 m e t r e s . The b ranch  i n  S i l l  No. 4 i s  f u l l y  exposed and shown in  

P l a t e  2 .3  w here th e  minor h o rn  d ie s  o u t  r a p i d l y .  The b ran ch  i n  No, 5 

s i l l  i s  i l l u s t r a t e d  i n  F ig u re  2 .6 ,

2 .6  T e rm in a t io n  o f  th e  s i l l s

The l a r g e  s c a l e  n a tu re  o f  a s i l l ’ s t e rm in a t io n  can be deduced f r c  ,

th e  mapped r e e f  t r a c e .  T h is  shows t h a t  the  edges o f  th e  s i l l s  a r e  curved  

away from  th e  g e n e ra l  p la n e  o f  the s i l l , as i l l u s t r a t e d  i n  th e  E~W s e c t i o n  

th rough  th e  mine i n  F ig u re  2 .3 ,  In  p a r t i c u l a r  No. 3 s i l l  has a double 

c u rv a tu re  i n  i t s  r e e f  t r a c e  as  in  F ig u re  2 .1 1 ,

X ,  r



Figure 2.11

The double curvature in the reef-s i l l  trace

- 2 5 0 M
l --     —J

The ju n c t io n s  o f  th e  two curved  p o r t i o n s  ap p ro x im a te ly  c o in c id e s  w i th  th e

known r e g io n  o f  o n s t r i c t i o n .

The t p ' :  i ■a t io n s  o f  NoS. 1 ,  4 , 5  and 10 s i l l s  were observed  d u r in g

th e  underground mapping. S i l l  Nos. 1, 4 and 5 t a p e r  g r a d u a l ly  down to  a

few c e n t im e t r e s  b e f o r e  d i s a p p e a r in g .w i th o u t  any d i s r u p t i o n  o f  th e

s e d im e n ts ; t h i s  i s  shown i n  P l a t e s  2 ,4  and 2 .5 .  By c o n t r a s t  S i l l  No. 10
'

ends by changing  l a t e r a l l y  from a fine, g ra in e d  la m in a te d  s i , l l  i n t o  a 

c o a r s e  g ra in e d  f e l s p a t h i c  v e in  w ith  no f a b r i c .  This l a t e r a l  change w i l l  

be d i s c u s s e d  in  th e  n e x t  c h a p te r .  This  v e in  has  th e  same a t t i t u d e  as th e  

s i l l  b u t  i s  on ly  + 10 c e n t im e tre s  wide,,

 Reef  - sill t r a c e  of No3
sin

Direction of  constr ic t ion 
w i th in  the  sill
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3. PETROLOGY

T his  p e t ro g r a p h ic  d e s c r i p t i o n  i s  p r im a r i l y  b ased  on sam ples from 

s i l l s  1 and 3; o th e rw is e  only  th e  o b v io u s ly  d i f f e r e n t  ro ck s  were 

examined m ic r o s c o p ic a l ly .  In c lu d e d  i n  t h i s  d e s c r i p t i o n  a r e  s i m i l a r  

rocks  from C ity  Deep Gold Mine and New K le i n f o n t e in  Gold Mine, which 

have n o t  been p r e v io u s ly  d e s c r ib e d  by o th e r  w o rk e r s . The m inera logy  

d e te rm in ed  in  t h i s  work i s  p r e s e n te d  i n  T ab le  3 .1 .  P re v io u s  w orkers  

have r e p o r te d  a  s i m i l a r  b a s i c  m in e ra lo g y ,  b u t  i n  a d d i t i o n  McDonald. (1911) 

r e c o g n is e d  sphene i n  No. 1 s i l l  i n  the  C in d e r e l l a  S e c t io n ,  and Weber 

(1909) t e n t a t i v e l y  r e c o g n ise d  t h i s  m in e ra l  in  th e  top s i l l  i n  th e  Rand 

Deep B oreho le .  The com posi t ion  o f  th e s e  f e l s i e  s i l l s  c o rre sp o n d s  to  

t h a t  o f  th e  p lu to r t i c  a l k a l i  g r a n i t e  o r  a l k a l i  r h y o l i t e  f o r  th e  

e x t r u s i v e  ph ase  i n  the  new mom enclature ( S t r i c k e i s e n ,  1973, Hyndman,

1972, pp. 38 ) b u t  as th e  h y p ab y ssa l  n o m e n c la tu r e ' i s  n o t  p u b l i s h e d ,  the  

tu r n  a " l i t e  i s  used i n  t h i s  work.

3 .1  V e s i l l s

3 .1 .  , „ vdcop ic  d e s c r i p t i o n

3 . 1 . 1 . 1  Zoning and co lo u r

A l l  the  s i l l s  a re  zoned p a r a l l e l  to  th e  c o n t a c t s . T y p i c a l l y ,  t h e r e  

i s  a d a rk  g reen  zone on th e  c o n ta c t  Which changes r a p id l y  i n  the  t h i c k e r  

s i l l s  to  a l i g h t e r  c o lo u r  i n  th e  c e n t r a l  p a r t  o f  th e  s i l l .  I t  i s  t h i s  

d i s t i n c t i o n  t h a t  i s  used to  d e f in e  th e  c o n ta c t  zone and th e  c e n t r a l  zone 

(see  P l a t e  3 .1 ) .  In  th e  t h i n n e r  s i l l s  t h i s  l i g h t  c o lo u r in g  i s  n o t  f u l l y  

developed  i n  th e  c e n t r a l  zone, and the  c e n t r e  i s  a p a le  g re e n  i n  c o lo u r  , 

o r  a l t e r n a t i v e l y  tu e se  s i l l s  have a v e ry  l i g h t  c o lo u r  f o r  t h e i r ,  com plete  

t h i c k n e s s .  The th ic k n e s s  o f  t h i s  c o n ta c t  zone i n  th e  t h i c k e r  s i l l s  ranges  

from f i v e  to t h i r t y  c e n t im e t r e s .  There i s  no p r e c i s e  l i n e  which s e p a r a t e s  

the  two zo n es ; r a t h e r ,  th e  d i v i s i o n  i s  marked by th e  r a p id  change i n
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P la te  3 .1

Some o f  th e  n e t ro g r a p h ic  t e x t u r e s  o c c u r r in g  in  th e  s i l l s  a r e  shown 

in  t h i s  pho tog raph  o f  th e  top c o n ta c t  o f  No. 6 s i l l  on G77 l e v e l .

They a r e : -  zon ing , b an d in g ,  la m in a r  t e x t u r e ,  n o n - lam in a r  t e x tu r e  and 

a s s o c i a t e d  q u a r t z - c h l o r i t e - c a l c i t e  i n t r u s i o n s .
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c o lo u r  from th e  more un ifo rm  c e n t r a l  zone ou tw ards .  In  a d d i t i o n  to  t h i s  

g ro ss  zo n in g ,  most s i l l s  d i s p la y  a l t e r n a t i n g  d i f f u s e  bands o f  d a rk  and 

l i g h t  m a t e r i a l  which a re  p a r a l l e l  to  th e  c o n ta c t  and ab o u t te n  

c e n t im e tr e s  th i c k .

The c o lo u rs  found i n  th e  s i l l s  range  from w h i te  th rough  g re e n  or 

brown to  b la c k .  I n  some r a r e  ca se s  th e  s i l l s  a r e  a  l i g h t  b r i c k  r e d ;  

t h i s  red  c o lo u r  o ccu rs  i n  p a tc h e s  up to  s i x  m e tres  w id e ,  w ith  an  a b ru p t  

t r a n s i t i o n  in to  th e  more normal c o lo u r in g .  B es ides  r e d ,  b la c k  i s  a l so  

r a r e  and o n ly  occu rs  o c c a s i o n a l l y  i n  th e  c o n ta c t  zone when th e  s i l l s  c u t  

th rough  a m afic  dyke. The brown c o lo u r in g  i s  r e s t r i c t e d  to  the  

te rm in a t io n  o f  th e  s i l l s  o r  when th e  s i l l s  a r e  l e s s  th a n  h a l f  a m e tre  

th i c k .  I n  g e n e ra l  th e  c o lo u r  o f  th e  rock  v a r i e s  w i th  th e  c o n c e n t r a t i o n  

o f  f i n e  g ra in e d  p h y l l o s i l i c a t e  a g g r e g a te s ,  which v a ry  i n  s i z e  from 0 ,5  

to  3 m i l l i m e t r e s .

3 . 1 .1 . 2  C e n t r a l  Zone

The m a t e r i a l  i n  t h i s  zone i s  p o r p h y r i t i c ,  w i th  an  a p h a n i t i c  m a t r ix .  

The l a r g e r  g r a in s  form w h ite  s p o ts  betw een one and two m i l l i m e t r e s  in  

d ia m e te r ;  o f  th e s e ,  th e  b ig g e r  ones a r e  ro u g h ly  s p h e r i c a l  i n  sh a p e .  In  

t o t a l ,  th e s e  f e l s p a r  p h e n o c ry s ts  form l e s s  th an  one p e r  c e n t  by volume o f  

th e  ro ck ;  they  a re  supplem ented  by o c c a s io n a l  f i n e  g ra in e d  q u a r tz  

p h e n o c ry s ts .

The m afic  c o n s t i t u e n t s  i n  th e s e  ro ck s  a re  e u h e d ra l  p h e n o c ry s ts  of 

m a g n e t i te  and e l l i p s o i d a l  a g g re g a te s  o f  c h l o r i t e .  The c h l c r i t e  a g g re g a te s  

a r e  s i m i l a r  to  the  s e g re g a t io n s  o r  a u t o l i t h s  i n  th e  S i e r r a  Nevada Coast 

Range, Idaho and Boulder b a t h o l i t h s  d e s c r ib e d  by Balk (1937, pp . 1 2 ) ,  

th ey  have t h e i r  m ajor a x is  s u b - p a r a l l e l  to  the  c o n ta c t  and a re  t r a i l e d  

by i r r e g u l a r  l i n e s  o f  d is s e m in a te d  mica e x te n d in g  away from the  e l l i p s o i d s  

p a r a l l e l  to  th e  c o n t a c t .  These t e x tu r e s  a re  i l l u s t r a t e d  i n  P l a t e  3 .1 .



P l a t e  3 ,2

N on-lam inar flow  t e x tu r e  caused by a  p ro t ru b e ra n c e  o f  c h i l l  zone 

m a t e r i a l ,  which i s  a l s o  v i s i b l e  a d j a c e n t  to  th e  c o n t a c t .  (Pho tograph  

by M. H udson).

^ p r o t r u b e r a n c e
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3 . 1 . 1 . 3  C on tac t  Zone

The rock  i s  t r a n s l u c e n t  w i th  an a p h a n i t i c  m a tr ix  b u t  i n  some s e c t io n s  

f i n e  g ra in e d  mica forms i n  bands p a r a l l e l  to  the  c o n t a c t . B ipyram idal 

q u a r tz  p h e n o c ry s ts  a r e  always p r e s e n t  b u t  f e l s p a r  p h e n o c ry s ts  a re  r a r e .  

The q u a r t z  p h e n o c ry s ts  a r e  l a r g e r  than  th o se  i n  th e  c e n t r a l  zone.

In  th e  s t o p e s , n e a r  p e r f e c t  e u h e d ra l  cubes o f  p y r i t e  a r e  found in  

th e  s i l l s ;  t h e s e  a re  m antled  by r a d i a l  growths o f  q u a r t z  up to  5 

m i l l i m e t r e s  t h i c k .  The q u a r tz  t h a t  occu rs  as i n c lu s io n s  w i th i n  the  

p y r i t e  has  an i n t e r f a c e  betw een th e  two m in e ra ls  t h a t  i s  a n h e d r a l ,

These p y r i t e  p h e n o c ry s ts  a re  a s s o c i a t e d  w i th  two ty p es  o f  m a t r ix ;  th e  

more common one i s  a p h a n i t i c  and t r a n s l u c e n t  and th e  o th e r  i s  l e s s  

t r a n s l u c e n t  th a n  th e  normal c o n t a c t  zone becau se  o f  th e  p re s e n c e  o f  f i n e  

g r a in e d ,  p a le  g reen  mica c r y s t a l s  i n  the  a p h a n i t i c  groundmass.

3 . 1 . 1 . 4  C o n ta c t

The a c t u a l  c o n ta c t  between th e  s i l l  and the  a d jo in in g  sed im en ts  i s  

always sharp  and occurs  e i t h e r  as  cu sp a te  i n d e n ta t i o n s  which a re  one to  

tw enty  c e n t im e tr e s  wide and which in t r u d e  i n t o  the  q u a r t z i t e  by as much 

as f i v e  c e n t im e t r e s ;  o r  as a r e c t a n g u l a r  c a s t e l l a t e d  p a t t e r n ,  

c o n t r o l l e d  by th e  bed d in g .  In  a d d i t i o n  th e  a p l i c a  may have a ghos t  

b edd ing  dem arcated by p y r r h o t i t e  bands w hich connec t w i th  th e  bedding  

p la n e s  i n  th e  q u a r t z i t e .  B es ides  t h i s  g h o s t  b ed d in g ,  t h e r e  i s  f r e q u e n t ly  

a zone on the c o n t a c t ,  which d i s t u r b s  th e  flow  s t r u c t u r e  t h a t  i s  p r e s e n t  

tow ards the c e n t r e  of th e  s i l l .  This m a te r i a l  p r o t r u d i n g  i n t o  the  s i l l  

m igh t be an e a r l y  ’c h i l l  zo n e ’ ; i t  c o n ta in s  e u h e d ra l  p h e n o c ry s ts  o f  

q u a r t z  h u t  n o t  f e l s p a r  ( P la t e  3 . 2 ) .  There i s  always a sh a rp  c o n ta c t  

betw een th e  c h i l l  zone and th e  r e s t  o f  th e  c o n ta c t  zone.



Vcm atiat ibn  in mica concentration Figure 3.1
across  a sill

% Mica con ten t  e s t i m a t e d  
from thin sect ion 

40— j

30

« « ,

■>4 Thickness of sill 2 ,9m
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3 .1 .2  M ic ro sco p ic  d e s c r i p t i o n

3 . 1 .2 . 1  Zoning

The zoning  as seen  i n  t h i n  s e c t i o n  i s  marked by changes i n  com position  

o f  th e  m a tr ix  and in  th e  form and abundance o f  th e  p h e n o c r y s t s , The 

c o n c e n t r a t i o n  o f  micaceous m in e ra ls  i n  th e  m a tr ix  v a r i e s  a c r o s s  -the s i l l s  

(see  F ig u r e  3 .1 )  from b e in g  l a r g e  a t  th e  c o n ta c t  to  very  s m a l l  i n  th e  

c e n t r e .  S i m i l a r l y ,  q u a r t z  p h e n o c ry s ts  a r e  more abundan t and have a 

b e t t e r  m orpho log ica l  form n e a r  th e  c o n ta c t  th an  i n  th e  c e n t r a l  zone.

By c o n t r a s t ,  p h e n o c ry s ts  o f  f e l s p a r  do n o t  v a ry  i n  form a c r o s s  th e  s i l l s ,  

b u t  a r e  more abundan t i n  th e  c e n t r a l  zone. However, g ro ss  band ing  seen  

i n  hand specim en cannot be c o r r e l a t e d  w i th  th e se  m ic ro s c o p ic  o b s e r v a t io n s .

3 . 1 . 2 . 2  C e n t ra l  Zone

The m a t r ix  c o n s i s t s  m a in ly  o f  untw inned p l a g i o c l a s e ,  w hich forms 

abou t 60% of th e  ro c k ,  l e s s e r  amounts o f  q u a r t z  and t r a c e s  o f  z i r c o n  and 

f l u o r i t e .  F l u o r i t e  and c a rb o n a te  a l s o  o ccu r  i n  m ic ro sco p ic  v e in s  w i th  

q u a r t s  and c h l o r i t e .  The t e x t u r e  i s  h e te r o g e n e o u s , r a n g in g  from  n e a r  

p e r f e c t  po ly g o n a l  g r a in s  to  i n t e r l o c k i n g  e lo n g a te d  g ra in s  w i th  a l l  

p o s s i b l e  v a r i a t i o n s  betw een th e s e  e x tre m es .  Where the  g r a in s  a re  

e lo n g a te d  th e re  appea rs  to  be a p r e f e r r e d  m orp h o lo g ica l  d i r e c t i o n  b u t  

th e r e  i s  no s i m i l a r  o p t i c a l l y  p r e f e r r e d  o r i e n t a t i o n .  The maximum s i z e  

o f  any g r a in  i n  th e  m a t r ix  i s  0 ,4  m i l l i m e t r e  b u t  most g r a in s  a r e  ab o u t  

0 ,01  m i l l i m e t r e  in  d ia m e te r .

The q u a r tz  p h e n o c ry s ts  i n  t h i s  c e n t r a l  zone have ex p e r ie n c e d  s e v e re  

magmatic c o r ro s io n ;  they  a r e  m antled  by m a t r ix  w i th  a h ig h  c o n c e n t r a t i o n  

o f  m ica  i n  a zone about 0 ,1  m i l l i m e t r e  w ide . In  s i l l s  9 and 10 they  may 

a l s o  o ccu r  as c l u s t e r s  o f  f i n e  g ra in e d  q u a r t z .

A lso  in  t h i s  c e n t r a l  zone a re  g ran o p h y r ic  p s e u d o - s p h e r u l i t e s  which 

have a d ia m e te r  between 0 ,5  -  2 m i l l i m e t r e s .  These a re  formed o f  

r a d i a l l y  o r i e n t e d  g r a in s  o f  o r th o c l a s e  which a r e  a u h e d ra l  i n  form w ith





Plate 3.3

P s e u d o - s p h e r u l i t e  formed by the  in te rg ro w th  o f  r a d i a l l y  o r i e n t e d  • 

c r y s t a l s  o f  q u a r t z  and f e l s p a r .



in te rg ro w th s  o f  e l l i p s o i d s  o f  q u a r t z .  Also r a d i a l l y  o r i e n t a t e d  and w i th  

m ajor axes o f  abou t 0 ,2  m i l l i m e t r e  in  l e n g th  (PI . t e  3 . 3 ) .  The abundance 

o f  th e s e  p s e u d o - s p h e r u l i t e s  i s  c o n s id e ra b ly  l e s s  th a n  the  q u a r tz  

p h e n o c ry s ts .

" T h e  f e l s p a r  p h e n o c ry s ts  o ccu r  e i t h e r  as su b h e d ra l  s i n g l e  c r y s t a l s  

o r  as c l u s t e r s  o f  a n h e d ra l  g r a i n s .  The l a t t e r  do n o t  u s u a l l y  have a 

co m p o s i t io n a l  zoning  ( s e e  P l a t e  3 . 4 ) ,  b u t  they  do show a l t e r a t i o n  to  

f i n e  m uscovite  a long  th e  edges o f  the  g r a i n s .  B es ides  t h i s  a l t e r a t i o n ,  

most f e l s p a r  g r a in s  a re  s a u s s u r i t i s e d  and some a r e  a l t e r e d  to  c a rb o n a te ,  

p a r t i c u l a r l y  th o s e  w ith  p o ly s y n th e t i c  tw inn ing  and s t r i n g l e t  p e r t h i t e .

This a l t e r a t i o n  i s  e s p e c i a l l y  pronounced in  s i l l s  9 and 10 , which c o n ta in  

opaques i n  th e  co re  o f  th e  f e l s p a r  g r a i n s .  Measurements o f  th e  o p t i c a l  

an g le  (2V ) i n d i c a t e  t h a t  th e  un tw in n ed . f e l s p a r  c o rre sp o n d s  to  50 -  60% 

o r th o c l~ .se  and 40 -  50% p l a g i o c l a s e .

The s i n g l e  c r y s t a l s  o f  f e l s p a r  show c o m p o s i t io n a l  zo n in g ,  w i th  th e  

co re  b e in g  a l t e r e d  p l a g io c l a s e  Or a n t i - p e r t h i t a .  These c o re s  a r e  m antled  

by a n t i - y e r t h i t e  and o r t h o c l a s e ,  o r  p u r e ly  c o m p o s i t io n a l  p l a g i o c l a s e  

zo n in g .  I n  d e t a i l ,  the  zoning  com prises  a co re  o f  p l a g i o c l a s e ,  an in n e r  

r im  o f  p e r t h i t e ,  an o u t e r  r im  o f  o r th o c l a s e  and f i n a l l y ,  a  m an tle  o f  

p e r t h i t e .  When the  o r th o c l a s e  i s  n o t  m an tled  by p e r t h i t e  i t  i s  u s u a l l y  

e n c lo se d  i n  a g ra n o p h y r ic  t e x tu r e d  r im , where q u a r tz  e x so lv e s  from 

o r th o c l a s e  to  form a v e rm ic u la r  t e x t u r e .

The com positions  o f  th e  p l a g i o c l a s e  i n  -he c e n t r a l  co res  o f  th e  s in g l e  

c r y s t a l s  and the  c l u s t e r e d  g r a in s  were de te rm ined  u s in g  th e  u n iv e r s a l  

s t a g e  te c h n iq u e .  The range i n  p e rc e n ta g e  a n o r th i t i e  f o r  23 measurements 

was from 1 -  34% An w ith  a b im odal d i s t r i b u t i o n  o f  peaks a t  1% and 22% An. 

These r e s u l t s  f a l l  on th e  h ig h  te m p e ra tu re  curve f o r  p l a g i o c l a s e  tw inned 

on th e  [010] c r y s t a l  f a c e .



a m # #



A Plate 3.4

P a r t  o f  a c l u s t e r  o f  f e l s p a r  g ra in s  devoid  o f  c o m p o s i t io n a l  zo n in g ,  

b u t  showing s a u s s u r i t i z a t i o n  i n  th e  c e n t r e  o f  the  g r a in s  and a l t e r a t i o n  

to  s e r i c i t e  a lo n g  th e  g r a in  b o u n d a r ie s .  •

B P l a t e  3 .5

An in c l u s i o n  o f  m a t r ix  and some f e l s p a r  p h e n o c ry s ts  i n  a g q u a r tz  

p h e n o c ry s t .  The in c l u s i o n  a b u ts  w ith  th e  groundmass a long  a f r a c t u r e  

c o n ta in in g  s e r i c i t e .

C P l a t e  3 .6

A l a r g e  number o f  p l a g i o c l a s e  i n c lu s io n s  i n  a  s k e l e t a l  c r y s t a l  o f  

g q u a r t z .

D P la te  3 .7

The c o n ta c t  o f  the  a p l i t e  w i th  the  a d j a c e n t  q u a r t z i t e . P h y l l o s i l i c a t e s  

appea r  as the  d a rk e r  g r a in s .
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3 , 1 . 2 . 3  C o n ta c t  Zone •

W ith in  th e  m a t r ix  th e  m in e ra l  components have v a r io u s  c h a r a c t e r i s t i c  

s i z e s  w i th  m uscov ite  and. b i o c i t e  b e in g  e i t h e r  l a r g e r  o r  s m a l le r  than  the  

av e rag e  g r a i n . s i z e  o f  0 ,01  m i l l i m e t r e  as d e f in e d  by th e  q u a r tz  and 

f e l s p a r  g r a i n s . The e x c e p t io n  to  t h i s  i s  i n  the  c o n t a c t  zone when i t  i s  

a d j a c e n t  to  th e  r e e f ,  and a l s o  c o n ta in s  l a r g e  c r y s t a l s  o f  p y r i t e ,  th en  

th e  q u a r t z  and f e l s p a r  can have an average  g r a in  s i z e  of ab o u t 0 ,5  m i l l i ­

m e tre .

I n  the  c o n t a c t  zone the  q u a r tz  phenocrys  ts  have th e  e u h e d r a l , 

b ip y ra m id a l  form c h a r a c t e r i s t i c  o f  g q u a r tz  (M clver, 1973, p e r s o n a l  communi­

c a t io n )  , the  h ig h  te m p e ra tu re  polymorph o f  q u a r t z ;  a l th o u g h  th e  c r y s t a l  l a t t i c e  as 

d e te rm ined  by X-Ray d i f f r a c t i o n  c o rre sp o n d s  to  low te m p e ra tu re  a q u a r tz  

These pseudomorphs show magmatic c o r r o s io n ,  b u t  some o f  the  c r y s t a l  

f a c e t s  a re  p r e s e r v e d .  A l l  the  q u a r tz  pseudomorphs a r e  m antled  by rim s 

o f  p u re  m u sco v i te .  The p h e n o c ry s ts  f r e q u e n t ly  c o n ta in  in c lu s io n s  o f  

m u sco v i te ,  a n t i - p e r t h i t e ,  p l a g i o c l a s e ,  m a t r ix  and c a r b o n a t e . The 

c a rb o n a te  i n c lu s io n s  a r e  always found w i th  p l a g io c l a s e  o r  a n t i - p e r t h i t e ,  

s u g g e s t in g  t h a t  they  a r e  a l t e r a t i o n  p ro d u c ts  o f  the  c a l c i c  component i n  

th e  p l a g i o c l a s e  (P la te s  3 .5  and 3 . 6 ) .

F e l s p a r  p h e n o c ry s ts  a re  r a r e  i n  th e  c o n ta c t  zone ex cep t as  in c lu s io n s

i n  the  q u a r tz  p h e n o c r y s t s .

The a c t u a l  c o n ta c t  i s  m ic ro s c o p ic a l ly  sharp  ( P l a t e  3 ,7 )  w i th  m uscov ite

and p a l e  g reen  b i o t i t e ,  o c c u r r in g  i n  bands o f  h ig h  and low C o n c e n t ra t io n .

By c o n t r a s t  th e  remnant c h i l l  zone i s  n o t  d i s c e r n a b le  m ic ro s c o p ic a l ly  

from th e  r e s t  o f  the  c o n ta c t  z o n e .

3 .2  T e rm in a t io n  of s i l l s

3 .2 .1  M acroscopic d e s c r i p t i o n

G e n e ra l ly  th e  m a te r ia l  i n  the  te rm in a t io n s  ap p ea rs  to  be th e  same as 

t h a t  i n  th e  c o n ta c t  zo n e . However, one e x c e p t io n  i s  known; namely th e

. .. .. -O, • v . >------- ,--— — -------            ' *■ ....... ............





Plate 3.8 ■

One o f th e  nodu les  i n  the  a p l i t e ;  i t  i s  m a rg in a l ly  d a rk e r  th an  th e  

s u r ro u n d in g  ro c k s ,  and a l s o  has a s l i g h t l y  b le ach ed  m an tle  a d j a c e n t  to  

th e  n o d u le .

P l a t e  3 .9

A f e l s p a r  p h e n o c ry s t  o c c u r r in g  w i th in  a n o d u le ,  and a t t e s t e d  i n  the  

p ro c e s s  o f  p o ly g o n iz a t io n .
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t e r m in a t io n  o f  S i l l  No, 10, which has a m o t t le d  w h ite  and l i g h t  g rey  

c o lo u r  and a medium g ra in e d  p o r p h y r i t i c  t e x t u r e  w i th  p h e n o c ry s ts  o f  

q u a r tz  and f e l s p a r  1 - 2  m i l l i m e t r e s  i n  d i a m e te r . T h is  t e rm in a t io n  

i s  o n ly  about 10 c e n t im e tr e s  t h i c k  and re sem bles  a f e l s p a t h i c  v e in  

which i s  c u t  by q u a r tz  r i c h  m in e r a l i s e d  j o i n t s  i n c l i n e d  a t  70° to  th e  

edge o f  th e  s i l l .

3 .2 .2  M ic roscop ic  d e s c r i p t i o n

Only the  te rm in a t io n  o f  No. 10 s i l l  h as  been  examined m i c r o s c o p i c a l l y . 

I t  i s  composed m ain ly  o f  f e l s p a r  w i th  minor amounts o f  q u a r t z : the

f e l s p a r  i s  a l t e r e d  to c h l o r i t e  and e p id o te  to  such an e x t e n t  t h a t  the  

c h l o r i t e  i s  a lm o s t  a pseudomorph which h a s ,  i n  p l a c e s , r e c r y s t a l l i s e d  to 

form r a d i a l  b la d e s .  The v e in s  w i th in  th e  sample a r e  p r i n c i p a l l y  composed 

o f  q u a r t z  and c h l o r i t e  and a g a in  th e  c h l o r i t e  appea rs  w ith  e p id o te  and 

. c h l o r i t o i d  a l t e r a t i o n  p ro d u c ts  o f  th e  o r i g i n a l  f e l s p a r .  S u b s id ia ry  

c a rb o n a te  v e in s  may c u t  th rough  th e  c h l o r i t e  g r a i n s . The ro c k  has a 

m etamorphic appearance  u n l ik e  t h a t  of th e  normal c o n ta c t  z o n e .

3 .3  Nodules w i th i n  th e  s i l l s

3 .3 .1  M acroscopic d e s c r i p t i o n

Nodules o f  a s i m i l a r  c o lo u r  to  the  h o s t  rock  a r e  found i n  S i l l  No. 3.. 

These nodu le s  a re  a p h a n i t i c  and may have a w h o r l - l i k e  p a t t e r n  marked by 

th i n  l i n e s  o f  m afic  m in e ra ls  ( P l a t e  3 . 8 ) .  Only t h r e e  o f  th e s e  nodu les  

have b een  o b se rv e d ,  w i th  d ia m e te rs  o f  1 ,5  -  7 c e n t i m e t r e s . They a re  

r a r e l y  seen  because  o f  th e  s l i g h t  c o lo u r  c o n t r a s t  which i s  d i f f i c u l t  to  

d e t e c t ;  thus they  may b e  more common th a n  s u g g es ted  by the  p r e s e n t  

o b s e r v a t io n s .

3 .3 .2  M icroscop ic  d e s c r i p t i o n

The nodu les  have th e  same m inera logy  as th e  s i l l s  b u t  t h e r e  i s  a 

d e c re a s e  in  average  g r a in  s i z e  o f  the  m a t r ix  to  h a l f  t h a t  o f  th e  h o s t
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