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ABSTRACT

The s t r u c t u r a l  d i s c o n t i n u i t i e s  (dyke s ,  f a u l t s ,  shear  zones and 

j o i n t s )  found i n  the E.R.P.M. are  d e s c r i b e d  in terms o f  t h e i r  

d i s t r i b u t i o n ,  pe trography ,  geochem is try  and rock mechanics  behaviour .

F ive  groups o f  dykes have been r e c o g n i s e d :  o f  p o s s i b l e  Bushveld age  

are  a m e l a n o r i t e  d y k e / s i l l  (The Simmer Dyke) and a swarm o f  i l m e n i t e  

d i a b a s e s ,  and o f  p o s s i b l e  Ventersdo ip  age are "wo s e t s  o f  030 s t r i k i n g  

t h o l e i i t i c  quartz  d o l e r i t e s  and a s e r i e s  o f  e a s t - w e s t  s t r i k i n g  

u l t r a n y I o n i t e  zones t h a t  are g e o c h e m i c a l l y  shown to be ciykes. The 

geochem is try  shows a l l  the dykes to be t h o l e i i t i c  and g e n e r a l l y  a l k a l i  

poor.

F a u l t in g  in  the mine i s  c h a r a c t e r i s e d  by complex r o t a t i o n a l  

movements. R o t a t i o n a l  f a u l t i n g ,  f a u l t  t e r m i n a t i o n s , f a u l t  f i l l s  and 

s h e a r  zones are d i s c u s s e d .  Three groups o f  f a u l t s  are  d e s c r ib e d :  

one s e t  which dips  south and s t r i k e s  p a r a l l e l  to the se d im e n t s ,  probably  

formed during the formation o f  the b a s i n  but they have s i n c e  been  

r e a c t i v a t e d  t o  r e v e r s e  f a u l t s .  The o t n e r  two g r o u p s , one o f  which shows 

a s i n i s t r a l  s t r i k e - s l i p  d i sp la cem ent  and the o t h e r  a d e x t r a l  s t r i k e -  

s l i p  d i s p la c e m en t ,  ^orm a conjuga te  p a i r .

D e t a i l e d  d e s c r i p t i o n s  o f  both o r i g i n a l  and mining induced j o i n t i n g  

are  g i v e n ,  the  i n f l u e n c e  o f  s t r u c t u r a l  d i s c o n t i n u i t i e s  on j o i n t i n g  

d i s t r i b u t i o n  i s  d i s c u s s e d  and some mechanisms o f  format ion  are proposed.  

Five  s e t s  o f  o r i g i n a l  j o i n t i n g  and two main types  o f  mining induced  

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

Regional  l i f l e a t i o n  p a t t e r n s  are  a n a ly s e d  and i t  i s  found that, 

the  main r e g i o n a l  trends  are s i m i l a r  to  the l o c a l  E.R.P.M. t r e n d s .

A dynamic a n a l y s i s  of  the s t r u c t u r a l  d i s c o n t i n u i t i e s  i s  d e s c r i b ' d  and 

a s t r e s s  h i s t o r y ,  on both  a r e g io n a l  and l o c a l  s c a l e ,  i s  proposed.



A d e t a i l e d  rock mechanic s tu dy  of  four  l a r g e  dykes i n  the mine 

i s  d i s c u s s e d ;  spec imens  have been t e s t e d  in  both u n i a x i a l  and 

t r i a x i a l  compress ion  and the u n i a x i a l  compress ive  s t r e n g t h ,  roung s 

Modulus, P o i s s o n ' s  R a t i o ,  u n i a x i a l  t e n s i l e  s t .  in g th ,  i n t r i n s i c  

shear  s t r e n g t h  and a n g l e  and c o e f f i c i e n t  o f  i n t e r n a l  f r i c t i o n  have

b e e n  determined fo r  v a r io u s  spec im ens .

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

on the d i s t r i b u t i o n  o f  r o c k b u r s t s  and s e i s m i c  e v e n t s  i s  d i s c u s s e d .

The r e s u l t s  i n d i c a t e  t h a t  the d i s t r i b u t i o n  of  s e i s m i c  e v e n t s  i s  not  

c o n t r o l l e d  by the s t r u c t u r a l  d i s c o n t i n u i t i e s  but  some dykes do c o n t r o l  

the d i s t r i b u t i o n  of  r o c k b u r s t s .
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CHAPTER 1 

INTRODUCTION

1 .1  THE EAST RAND PROPRI ETARY MINE ( K .R .P .M . )

The E .R .P .M . , a l a r g e  u l t r a - d e e p  gold  mine, i s  s i t u a t e d  on the  

n o rthern  edge o f  the Witwatersrand Basin i n  the immediate v i c i n i t y  o f  

Boksburg and East  G e m i s t o n , . ome 30 k i l o m e t r e s  e a s t  o f  Johannesburg.  

A u r i f e r o u s  c onglomerate s  are mined a t  seven  main l o c a l i t i e s  in  the  

W i t w a t e r s r a n d  Basin (F igure 1 .1 a )  and the E.R.I’.M. i s  the e a s t e r n  most

mine o f  the Centra l  Rand d i s t r i c t  (F igure  1 . 1 b ) .

Mining on the Witwatersrand commenced soon a f t e r  the d i s c o v e r y  of

a g o l d  r e e f  on th e  farm "Langlaagte" i n  1886.  The E . R . P . M . , which was

r e g i s t e r e d  in  1893,  i s  an amalgamation o f  many s m a l l ,  s h a l low -w ork in g  

g o l d  mines  p l u s  new l e a s e s  added during  re ce n t  i tars to  cover  the de e pe s t  

p o r t i o n s  o f  the mine,  so that  today the mine area  i s  approximate ly  53 square  

k i l o m e t r e s .

The E.R.P.M. i s  one o f  the dee p e s t  mines in  the w or ld ,  working to 

depths o f  3 ,25  km below st r f a c e ,  and i s  the on ly working u l t r a - d e e p  

mine on the C e n tr a l  or  East Rand, thus i t  p r o v id e s  a unique op p o r tu n i ty  

t o  s tudy  rocks under h ig h  n a t u r a l  s t r e s s e s .

1. 2 REGIONAL GEOI.OGY

The g e o l o g i c a l  t ime s c a l e  f o r  n o r t h - c a s t  South A f r i c a  i s  compared 

with  the i n t e r n a t i o n a l  t i m e - s c a l e  in  Figure 1 . 2 .

In the Witwatersrand Basin area the basement g r a n i t e  i s  the Kaapvaal  

Craton,  a l arge  s t a b l e  nuc leus  surrounded by three  la r g e  mobil e  b e l t s .  

Basement g r a n i t e  crops out at many l o c a l i t i e s  in the e a s t e r n  and northern  

T ransvaa l ,  and n e arer  to the Witwatersrand Basin It  crops out between  

Johannesburg and Pre t o r i  a (Jo h a n n e s b u r g -P r e to r ia  Granite  Dome) and near  

Parys (V redefor t  Ring)  and i s  a l s o  p r e s e n t  as g r a n i t e  domes under younger  

cover  at  many l o c a l i t i e s  surrounding the Bas in  (F igure  1 . 1 a ) .  The



o v e r l y i n g  s e d im e n t ,  are d e r iv e d  e s s e n t i a l l y  from t h i s  basement complex 

and more s p e c i f i c a l l y  from th e  basement h i g h s  r e p r e s e n t e d  by t h e s e  

o u t c r o p s .  A l l sopp  (1961)  has dated  the  Halfway House G r a n i t e ,  p e r t  

o f  t h e  J o h a n n e s b u r g - r r e t o r la  G ran ite  Dome, at  3200 t  65 m . y . ,  a l though  

i t  i s  now thought to  be 3100 m.y.  (H.L. A l l s o p p ,  p e r s o n a l  communication,

1974 ) .

The Witwatersrand Triad (Hamilton and Cooke, I960)  o v e r l i e s  the  

basement complex and com prises  the Dominion R e e f ,  Witwatersrand a , d  

Ventersdorp Groups. S e p a r a t in g  the Witwatersrand System from the basement  

l 8  the  Dominion Reef  Group l y i n g  unconformably on the basement .  The 

Dominion Reef  Group i s  n o t  i n t e r s e c t e d  i n  the E.R.P.M. b u t  has been dated  

e l s e w h e r e  a t  2900 t  150 m.y. by N i c o la y s e n  e t _ a l .  (1962)  and at  2800 -  

60 m.y. by Van Niekerk  and Burger (1969 ) .

The Witwatersrand Group r e s t s  unconformably on the Dominion Reef  

Group and i t  i '  A t h i n  t h i s  group th a t  a l l  mining i n  the E.R.P.M. i s  

c a r r i e d  ouu.  U n for tu n ate ly  no d i r e c t  aga o f  the Witw atersrand sed im ents  

can b e  determined but s e d im e n t a t i o n  took p la c e  between 2800 m.y.  and 

2330 m.y.  ago,  the ages  o f  the younger and o l d e r  s e d i m e n t s .  The c h a r a c te r  

o f  the  Witwatersrand Group w i l l  be d i s c u s s e d  in more d e t a i l  I * 3*

The t h ' r d  and younges t  member of  the t r i a d ,  the  Venters  ‘P

o v e r l i e s  the  Witwatersrand Group conformably on the  C e n t r a l  Ran-1 bv i s  

normally  unconformable.  This  group , which crops out  on the  s outhern  p a r t s  

o f  E .R .P .M . ,  c o n s i s t s  e s s e n t i a l l y  o f  b a s a l t i c  to  andes i  t i c  l a v a s ,  quai t^  

p o r p h y r ie s  and f e l s i t e ,  w i t h  i n t e r c a l a t e d  banded t u f f s  and s ed im ents  (Brock 

and P r e t o r i u s ,  1964a) .  Ventersdorp vo lcan ism  o v e r la p s  w i t h  Witwatersrand  

s e d im e n t a t i o n  and took p l a c e  about 2330 -  50 m.y.  (Van Niekerk  and Burger,  

1 9 6 4 ) ;  in  p l a c e s  the Ventersdorp l a v a s  may exceed  3500 metres  in  t h i c k n e s s .

O ver ly ing  the t r i a d  are sed im ents  of  the Transvaal  and Karroo Systems,  

both  o f  which crop out  in the southern  p o r t io n s  o f  the E.R.P.M. In 

a d d i t i o n  at  l e a s t  four  d i f f e r e n t  ages  o f  i n t r u s i v e  rocks cut  the Witwatersrand
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STRATIGRAP1IY OF THE CENTRAL WITl.'ATCRSRAND ( a f t e r  PKF.TOinUS, 196A)
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St r a t a  (Brock and P r e t o r l u s ,  1964a) .  The o l d e s t  and most abundant  

I n t r u s i v e s  are a s s o c i a t e d  w i th  Ventersdorp vo lcan lsm ;  t h e s e  rocks  

now occur  as h i g h l y  a l t e r e d ,  i n te r m e d ia t e  to  b a s i c  d i a b a s e s .  P y r o x e n i t e s ,  

gabbros ,  d o l e r i t e s  and q u a r t z - d o l e r i t e s  o f  p o s s i b l e  Bushveld age 

(1930 -  30 m.y.  ; N i c o l a y s e n ,  e t  a l . , 1958)  are a l s o  common and the  

third group c o n s i s t s  o f  P i ' a n e s b e r g  age (1290 -  180 m .y . ;  S c h r e in e r  and 

Van N iekerk ,  1958;  1310 -  80; Van Niekerk ,  1962) s y e n i t e s ,  quartz  

kera top hyres  and d i o r i t e s .  F i n a l l y ,  the Karroo (154 -  190 m . y . ;  McDougall,  

1963;  204 t  14 m .y . ;  Manton, 1968)  d o l e r i t e  s i l l s  and dykes are  found.

Two f u r t h e r  groups ,  not  di .  assed by Brock and I r e t o r t u s  ( 1 9 6 4 a ) ,  

are the post -W aterberg  d o l e r i t e s ,  an example o f  which has been dated from 

the Van Dyk Mine ( a d ja c e n t  to  the F..R.P.M.) a t  1120 m.y.  (McDougall ,  1963)  

and the Ongeluk l a v a s  o f  the Transvaal  System which have been dated at

2224 -  21 by Crampton (1972 ) .

An a n a l y s i s  o f  l i n e a t i o n  trends  from Earth Resources T e c h n ic a l  

S a t e l l i t e  ( E .R .T .S . )  imagery r e v e a le d  four  s t r o n g  r e g i o n a l  trends  

averag ing  0 3 2 ° ,  2 9 0 ° ,3 2 8 °  and 356°.  The f i r s t  o f  th e se  r e p r e s e n t s  the  

numerous Ventersdorp dykes;  the second a s e t  o f  s h e a r  zones ;  the t h i r d  may 

r e p r es e n t  a swarm of  Bushveld age dykes ,  and the fourth  Is o f  unknown 

affllia t i o n .

1 . 3  j.'OLOGV OF THE CENTRA I. U’lTWATKRSRAND 7M THE E.R.P.M.

The Witwatersrand sedim ents  arc s i t u a t e d  in  a s t r u c t u r a l l y  c o n t r o l l e d  

b a s i n  o f  e l l i p t i c a l  c r o s s  s e c t i o n  w i th  long and s h o r t  axes  of  300 km and 

130 km. E.R.P.M. i s  s i t u a t e d  on the northern  edge o f  the b a s i n  in  the  

C entra l  Rand, which i s  the  type area  d e f i n e d  by Mellor  (1917) for  the  

s t r a t i g r a p h y  o f  the Witwatersrand sed im ents  (Table 1 t 1 ) .  In t h i s  type  

a r e a ,  the sed im ents  comprise about 7 400 m o f  s o u t h e r l y  d ipp ing  s h a l e s ,  

q u a r t z i t e s  and c ong lom era tes .  The H o s p i t a l  H i l l  S e r i e s  (1495 m), 

Government Reef  S e r i e s  (1920 m) and the Jcppestown S e r i e s  (1115 m) make 

up the  lower Witwatersrand System. Inc lu ded  in the Upper Witwatcrsrand
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are th e  Kimberly-Elsburg (1850 m) and the  Main Bird (1005 m) S e r i e s ,  in 

which most o f  the important go ld  b e a r in g  c o n g lo m e r a t i c  r e e f s  are found.

Mining i n  the E.R.P.M. i s  c o n f in e d  mainly to  a narrow c o n g lo m e r a t i c  

h o r i z o n  in the lower Main Bird S e r i e s  a l th ough  some a c c e s s s i b l e  development  

i s  p r e s e n t  down in to  the Upper Jeppcstown f o o t w a l l  rocks and up as far  

as the  L iv in g s to n e  Reef  in  the h a n g i n g - w a l l , a normal s ' c a t i g r a p h i c  

d i s t a n c e  o f  about 250 m etres .  A g e o l o g i c a l  s e c t i o n  i l l u s t r a t i n g  the  

s t r a t i g r a p h y  o f  the sed im ents  in the  Upper Witwatersrand and Jeppcstown  

S e r i e s  i s  reproduced in  Figure  l - 3 a .  The d i s t r i b u t i o n  o f  the re< fs  in 

the  E. R.P.M. i s  i l l u s t r a t e d  ir. Figure 1 .3b .

Although tl" terms ’ q u a r t e t t e '  and ' s h a l e '  are vsed e x t e n s i v e l y  on 

the  Witwatersrand e s d i s s e r t a t i o n ,  rock t y r e s  correspond ing  to

the  terms in  t h e i r  s t x — l  p e t r o l o g i c  s e n s e  aru r a r e l y  found.  In f a c t ,  

w i t h i n  the broad group encompassed by ' q u a r t z i t e '  i s  a complete  spectrum  

rang ing  from q u a r t z i t e s  s e n s u - s t r l c t u to  m e t a - a r k o s e s ,  and ' rh a le s '  

i n c l u d e s  s h a l e s  s e n s u - s t r i c t u , m udstones  s i l t s t o n e s .  In g e n e r a l ,

s h a l e s  are n o t  a s s o c i a t e d  wi th  the gold ng r e e f s  on th e  E.R.P

and q u a r t z i t e s  form both the hanging and f o o t w a l l s ,  he c h a r a c t e r i s t i c s  

o f  hang ingw a l l  and f o o t w a l l  q u a r t z i t e s  are markedly d i f f e r e n t  w i th  

the  f o o t w a l l  q u a r t z i t e s  c o n t a i n i n g  a h igh e r  p r o p o r t io n  o f  a r g i l l a c e o u s  

m a t e r i a l ,  r e s u l t i n g  in a d u l l ,  d i r t y  appearance ,  than the h a n g i n g - w a l l  

q u a r t z i t e s  which are much ' c l eaner '  and have a w h i t e  o r  l i g h t - g r e e n  g l a s s y  

appearance .  According to  F u l l e r  (1958)  Jeppcstown S e r i e s  f o o t w a l l  

q u a r t z i t e s  are composed o f  quartz  (50-60%),  f e l d s p a r (10%), b i o t i t e  (5%), 

c a l c i t e  (5%), rock fragments p lu s  s e n c i t e ,  c h l o r i t e ,  p y r i t e ,  l eu co x e n e ,  

e p i d o t e ,  a p a t i t e ,  z i r c o n  and tourm al in e .  Five th in  s e c t i o n s  o f  f o o t w a l l  

q u a r t z i t e s  from the E.R.P.M. were examined.  One c o n s i s t e d  o f  

equidime . s i o n a l  i n t e r l o c k i n g  g r a in s  o f  primary quartz  w i t h  secondary  quartz  

and matr ix  m inera l s  s i m i l a r  to  the Jep, -Stown S e r i e s  quart z i t e s



f i l l i n g  t h e  i n t e r s t i c e s ,  w h i l s t  ; h e  o t h e r  f o u r  spe c im ens  were  made up o f  

i s o l a t e d  q u a r t z  g r a i n s  i n  t h e  same m a t r i x  m a t e r i a l .  A l l  f i v e  spe c im ens  

cou ld  be  c l a s s i f i e d  as  m elamorph ic  a r e n i t e s .  The h a n g in g w a l )  q u a r t z i t e s  

have  an a lm o s t  i d e n t i a l  c o m p o s i t i o n  b u t  q u a r t z  makes up more t h a n  80% 

o f  t h e  r o c k ,  w i t h  the  volume o f  t h e  o t h e r  c o n s t i t u e n t s  p r o p o r t i o n a l l y  

r e d u c e d .  G r a in s  a r e  i n v a r i a b l y  e q u l d i m e n s i o n a l  and i n t e r l o c k e d  and th e  

groundmass i s  d i s t r i b u t e d  i n  t h e  i n t e r s t i c e s .  Because  o f  t h e  d i f f e r e n t  

c o m p o s i t i o n s ,  t h e  r o c k s  have  d i f f e r e n t  c o m p r e s s i v e  s t r e n g t h s ,  namely :  

f o o t w a l l  q u a r t z i t e s ,  200-225 MPa; h a n g i n g w a l l  q u a r t i z t e s ,  350 MPa; t h i s  

w i l l  be  d i s c u s s e d  i n  d e t a i l  i n  C h a p t e r  5.

h a ta m o rp h i s m  i n  t h e  W i t w a t e r s r a n d  s e d i m e n t s  i s  r e s t r i c t e d  t o  a low 

g ra d e  r e g i o n a l  g r e e n s c h j s t  f a c i e s  e x c e p t  f o r  s l i g h t  c o n t a c t  metamorph ic  

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

p r o b a b l y  r e s u l t e d  from l i t h o s t a t i c  p r e s s u r e s  due to  t h e  g r e a t  t h i c k n e s s  

o f  s e d i m e n t s  and th e  t e c t o n i c  f o r . e s  accompany ing t h e  b a s i n  deve lopm en t  

and s u b s e q u e n t  d e f ' r m a t i o n s .  The main e f f e c t s  have  been  t h e  p r o d u c t i o n  

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

o f  t h e  g r a i n s ,  t h u s  fo rm ing  q u a r t z ! t e , a n o  s h a l e s  and s l a t e s  f rom the  

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

The s t r u c t u r e  o f  t h e  b a s i n  i n  the  C e n t r a l  Rand i s  r e l a t i v e l y  s im p l e  

d e s p i t e  some c o m p l i c a t e d  f a u l t i n g ,  b u t  i n  t h e  n e a r b y  E a s t  Rand Bas in 

( F i g u r e  1 - l b )  s e v e r a l  l a r g e  f o l d s  and f a u l t s  and s e v e r e  b a s i n i n g  have 

c o m p l i c a t e d  th e  s t r u c t u r e  c o n s i d e r a b l y .  In  t h e  E.R.P.M. t h e  s e d i m e n t s  

d ip  a t  45° to  50° s o u t h  n e a r  s u r f a c e  and a t  25° i n  t h e  d e e p e s t  a r e a s  of  

a c t i v e  m in in g .  C r o s s - b e d d i n g  i s  w e l l  d e v e lo p e d  n e a r  t h e  r e e f  and s e t s  

m easu red  in  the  L s h a f t ,  74 l e v e l ,  e x p l o r a t i o n  c r o s s c u t  (Map 1) had a 

25° s t e e p e r  d ip  t h a n  b e d d i n g .

The s e d im e n t s  t h i n  e a s t w a r d s ,  c u t  o u t  a t  t h e  Boksburg Gap,  a basem en t  

h ig h  d e v o id  o f  the  main a u r i f e r o u s  c o n g l o m e r a t e s  (Shipw ay,  1972 ) ,  and then 

r e a p p e a r  f u r t h e r  e a s t  in  t h e  E a s t  Rand B a s i n ,
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A s t r u c t u r a l  i n t e r p r e t a t i o n  o f  the E.R.P.M. with r e s p e c t  to  dykes  

and f a u l t  appears on Map 2 and i t  i s  c l e a r  t h a t  t here  are s e v e r a l  d i s t i n c t  

sets o f  dykes and f a u l t s .  F a u l t in g  on the C entra l  and East  Rand i s  

abundant. Most f a u l t s  s t r i k e  approx imate ly  e a s t - w e s t  but  many o f  the  

dykes, which are m o s t ly  dip f e a t u r e s ,  a l s o  have f a u l t  d i s p la c e m e n ts  ac r oss  

them. The s t r i k e  f a u l t s  normally  show an o b l iq u e  movement; th a t  i s ,  

both s t r i k e - s l i p  and d i p - s l i p  components of  movement, and both r e v e r s e  

and normal f a u l t s  are p r e s e n t .  Often f a u l t s  may have a p i v o t a l  type  

d i s p la c e m e n t ;  tha t  i s ,  d i sp lacem en t  has been r o t a t i o n a l  about a p o i n t  on 

the f a u l t  p la n e .  This  type o f  f a u l t i n g  w i U  be d i s c u s s e d  in  d e t a i l  in  

Chapter 3. S e v e r a l  p a r t i c u l a r l y  l a r g e  f a u l t s  occur on the Witwatersrand.

M el lor  (1921)  showed th a t  four  o f  t h e s e ,  the R i e t f o n t e i n ,  Roodepoort ,

Doomkop and  W i t p o o r t j e  F a u l t s ,  a r e  s u b p a r a l l e l  t o  t h e  s t r i k e  o f  t h e  b e d d in g .  

The R i e t f o n t e i n  f a u l t ,  r e a l l y  a s e r i e s  o f  s m a l l  f a u l t s ,  i s  t h e  l a r g e s t  

on t h e  C e n t r a l  Rand and p a s s e s  j u s t  n o r t h  o f  t h e  E.R.P.M. A c c o r d in g  to  

Mellor (1917)  t h e  f a u l t  zone d i p s  n o r t h w a r d s  and t h e  d i p - s l i p  d i s p l a c e m e n t  

i s  n o r m a l .  M e l l o r  (1910)  s t a t e s  t h a t  t h e  f a u l t  can be r e c o g n i s e d  by a 

marked change  in  d ip  o f  t h e  s e d im e n t s  a c r o s s  t h e  f a u l t .  Hatch  and 

C o r s t o r p h i n e ' s  (1906)  maps show the  f a u l t  t o  have a d e x t r a l  s t r i k e - s l ^ p  

d i s p l a c e m e n t .

Folds are rare on the ,t.P.M. , but on the l a r g e r  s c a l e  the b a s in  

shape appears t o  have been m odif ied  by t e c t o n i c  movements. Brock and 

P r e t o r i u s  (1964b) have d e s c r i b e d  the shape o f  the C e n tr a l  Rand sed im ents  as 

m o n o c l i n a l ,  'draped' on the P r e to r ia -J o h a n n e s b u r g  Granite  dome, which  

has prov ided  a s t a b i l i z i n g  e f f e c t  to  the deform at ions  a f f e c t i n g  ad jac en t  

ar e a s .  G e o l o g i c a l  i n v e s t i g a t i o n s  in the C entra l  and East  Rand show that  

s m a l l e r  s c a l e  f o l d i n g  i s  p r e s e n t  t re n d in g  about n o r t h - n o r t h - w e s t .  Or the  

E.R.P.M. t h e s e  f o l d s  may on ly  be r e p r e s e n t e d  by a change in s t r i k e  o f  bedding  

from 122° i n  the e a s t  to  070° in  the w e s t ,  but  in  the adjacent  East  

Rand Basin s e v e r a l  open to t i g h t  f o l d s  have been mapped.

A .
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1 . 4  AIMS AND scnpi: OF THE STUDY

In 1964,  the Rock Burat Committee d e f in e d  a rockburet  as a 'sudden 

and v i o l e n t  rupture  o f  rock in  s i t u  in  which movements i n t o  the  

e x c a v a t i o n  r e s u l t  -rom f o r c e s  o th e r  than,  or in  a d d i t io n  t o ,  the dead 

weight  o f  the  rock t h a t  moves ard are not  caused i n t e n t i o n a l l y  by t o o l s ,  

e x p l o s i v e s  or o t h e r  l i k e  age n c ie s '  . Recent re se ar c h  i n d i c a t e s  t h a t  

' rockburst s '  , t h a t  i s ,  the a c tu a l  s i t e s  o f  damage o f  e x c a v a t i o n s , are  

a r e s u l t  o f  ' s e i s m i c  ev e n ts '  , a sudden energy r e l e a s e  or  f a i '  ure th a t  i s  

n o t  n e c e s s a r i l y  c o i n c i d e n t  with the rockburst  s i t f .

The problem o f  roc k b u r s t s  in  the Wilwatersrand go ld  mines i s  very 

r e a l ,  and an unders tanding  o f  t h e i r  o r i g i n ,  c o n d i t i o n s  under which they  

occur  and t ec h n iq u es  by which they may be c o n t r o l l e d  or  e l i m i n a t e d  i s  

o f  great  importance when con s id er e d  in the l i g h t  of  the number o f  a c c i d e n t s ,  

d e a th s  and days of  l o s t  product ion  f o r  which they are r e s p o n s i b l e .  This  

i s  emphasised by the f a c t  that  the depth o f  mining w i l l  probably  

i n c r e a s e  w e l l  beyond i t s  p r e s e n t  3 ,25  k i l o m e t r e s  in the near  f u t u r e .

The Chamber o f  Mines o f  South A f r i c a  has been sp o n s o r in g  rese ar c h  

i n t o  rockbursts  and mining induced s e i s m i c  a c t i v i t y  fo r  many y e a r s  and a 

w e a l t h  o f  data  c o v e r in g  the s e i s m i c , rock m ec h a n ic s , mining and s t a t i s t i c a l  

a s p e c t s  o f  r ockburs ts  has been c o l l e c t e d ,  but  by comparison l i t t l e  pure 

ge o lo & fra l  data  i s  a v a i l a b l e .  This  gap i n  data  c o l l e c t i o n  i s  p a r t i c u l a r l y  

bad on the Central  Rand where no s y s t e m a t i c  g e o l o g i c a l  . pping has been  

c a r r i e d  out  on some m in e s , because  o f  the s im p le  g e o l o g i c a l  c o n f i g u r a t i o n  

and the ease  o f  f o l l o w i n g  the gold  b e a r in g  r e e f s .  However, a g r e a t  dea l  

o f  re se ar c h  i n t o  s e i s m i c i t y  and rockbursts  has been c a r r i e d  out  on the  

E.R.P.M. and t h i s  d i s s e r t a t i o n  for  as a par t  o f  a p r o j e c t , concerned w i th  

i n v e s t i g a t i n g  g e o l o g i c a l  parameters  which appear to be a s s o c i a t e d  with  

r ockburs ts  and s e i s m i c  e v e n t s « In p a r t i c u l a r ,  t h i s  work has c o n c e n tr a te d  

on the i n f l u e n c e  o f  s t r u c t u r a l  d i s c o n t i n u i t i e s  such as dykes and f a u l t s  

on the o c c urrence  o f  r o c k b u r s t s .
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FICURH 1 . 5

P l a n  o f  t h e  E .R .P .M . showing a r e a s  where  work ha s  b e e n  c a r r i e d  o u t .

O V e r t i c a l  s h a f t

= = := _  I n c l i n e  s h a f t  

Mine bounda ry  

Dyke

F a u l t  showing down thrown s i d e  

Area  where work ha s  been  c a r r i e d  ou t

,A
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I n v e s t i g a t i o n s  i n t o  the problem o f  r ockburs ts  on the Witwatersrand  

has been c a r r i e d  on s i n c e  the turn o f  the century;  in  a h i s t o r i c a l  

summary Cook e t  a l . (1966)  report  i n v e s t i g a t i o n s  i n t o  s e i s m i c  and 

rockburst  problems by the Ophirton Earth Tremors Committee in  1908 and 

the Witwatersrand Earth Tremors Committee in 1915.  A c o n s i d e r a b l e  amount 

o f  i n v e s t i g a t i o n  took p l a c e  in  the 1 9 3 0 ' s ( f o r  example: Grey,  19 31; 

A s s o c i a t i o n  o f  Miring Managers, T r a n s v a a l ,  1933; S i n c l a i r ,  1936) .  More 

r e c e n t l y  i t  has been shown by H i l l  (1954)  and confirmed by v a r io u s  o th e r  

authors  (Rock Mechanics Research Team, 1959a and 1959b; Cook e t _a.l . , 1966;  

P r e t o r i u s ,  1966)  tha t  the in c id e n c e  o f  r o c k b u r s t s  i n c r e a s e s  near  dykes  

and f a u l t s  (F igu re  1 . 4 )  and that  some dykes are more prone to rockbursts  

than o t h e r s .  Hence, the  primary aim o f  the p r e s e n t  s tudy  i s  to  i n v e s t i g a t e  

t h i s  behav iour  by e s t a b l i s h i n g  the geo logy  of  many o f  the s t r u c t u r a l  

d i s c o n t i n u i t i e s  (dykes and f a u l t s )  i n  the lower l e v e l s  o f  the E.R.P.M.  

G e o l o g i c a l  parameters  con s id er e d  i n c l u d e  the ge n e r a l  geometry ,  p e t r o l o g y ,  

g e o c h e m is tr y ,  c o n t a c t  e f f e c t s ,  rock mechanics  and j o i n t i n g  p a t t e r n s  of  

d ykes ,  f a u l t s  and s h e a r  zones and t h e i r  e f f e c t s  upon the ad jac en t  

q u a r t z i t e s .  In Chapter 6 an attempt i s  made to e s t a b l i s h  r e l a t i o n s h i p s  

between the g e o l o g i c a l  parameters and rockburst  a c t i v i t y  in  H s e c t i o n  of  

the  mine (Map 1 ) .  Although some c o n c l u s i o n s  are drawn, d i f f i c u l t i e s  

p r o h i b i t e d  the s tudy  b e i n g  expanded to  i n c lu d e  more s h a f t s .  In a d d i t i o n ,  

a l s o  in  Chapter 6 , a s tudy  o f  the r e l a t i o n s h i p  between s e i s m i c  e v e n t s  and 

g e o l o g i c a l  d i s c o n t i n u i t i e s  i s  o u t l i n e d .  In Chapter 4 e a r l y  s t r e s s  systems  

as I n d i c a t e d  by the p r e s e n t  geo logy  are determined and a p o s s i b l e

s t r u c t u r a l  h i s t o r y  i s  proposed.

Figure 1 . 5  i s  a much reduced photograph o f  Map 2 i l l u s t r a t i n g  

the  areas  where work f o r  t h i s  d i s s e r t a t i o n  has been c a r r i e d  out .  A 

s i m i l a r  photograph appears at  the b e g in n in g  o f  each  chapter  showing  

the  r e l e v a n t  d i s c o n t i n u i t i e s  mentioned ann areas  c o n s id e r e d ,  from the  

map in  Figure 1 . 5  one can s e e  t h a t  the bu lk  o f  the work
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MINING CONFIGURATION

P l a n  view i l l u s t r a t i n g  t h e  meaning o f  t h e  t e r m s  spa n  and l o n g w a l l .  
M in od -ou t  a r e a s  a r e  s t i p p l e d .

E a s t - w e s t ,  v e r t i c a l  s e c t i o n  a lo n g  AH showing c l o s u r e  of  t h e  s l o p e  
b e h i n d  th e  m in ing  f a c e  and t h e  r e l a t i v e  p o s i t i o n  o f  a f o o t w e l l  d r i v e .

N o r t h - s o u t h ,  v e r t i c a l  s e c t i o n  showing  a c c e s s  from t h e  i n c l i n e  s h a f t , 
w h ich  i s  p a r a l l e l  t o  t h e  r e e f ,  t o  t h e  a r e a  o f  a c t i v e  m in in g  ( r e e f  
s t o p e ) .

D e t a i l e d  p i  an -v i e w  showing th e  p o s i t i o n  o f  f o o t w a l 1 and h a n g i n g w a l l  
d r i v e s  and c r o s s c u t s  w i t h  r e s p e c t  t o  t h e  r e e f  g u l l y .
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has been c o n c e n tr a te d  i n  a s m a l l  area  o f  the  mine,  between C and L 

s h a f t s  and between 68 and 78 l e v e l s .  Consequently  on ly  about 60 o f  the  

e s t i m a t e d  240 la r g e  s t r u c t u r a l  d i s c o n t i n u i t i e s  in  the  mine have been  

v i s i t e d .  A c c e s s i b i l i t y  i n t o  the upper l e v e l s  i s  l i m i t e d  and only

a  few t r i p s  were made. The emphasis  on the work has been between

F and L s h a f t s  where the s t r i k e  o f  the sed im ents  i s  c o n s t a n t .  The C and

D s e c t i o n s  arc mined at  s h a l lo w e r  depths and the sed im ents  vary in  s t r i k e ,

a few dykes were a l s o  examined h e r e .

1 . 5  MINING cnNFTDURATION AND TERMINOLOGY

Many Witwatersrand go ld  mines and e s p e c i a l l y  the  E.R.P.M. have very  

s i n r l e  mining c o n f i g u r a t i o n s  which can be a t t r i b u t e d  to  the s im ple  

sedim entary  geo logy  and the absence  o f  major t e c t o n i c  d i s t u r b a n c e s ,  e xcep t  

f o r  the few l a r g e  f a u l t  d i s p la c e m e n t s .  The g e n e r a l  mine development I s  

I l l u s t r a t e d  on Map 1 and the c o n f i g u r a t i o n  i s  i l l u s t r a t e d  in  F igure  1 . 6 .

The r e e f  d ips  un i form ly  southwards and i s  mined i n  an underhand 

method of  l o n g w a l l  s t o p i n g  r e s u l t i n g  in  a t h i n  t a b u l a r  opening d ipp ing  

s o u t h .  Access  from s u r f a c e  i s  by v e r t i c a l  s h a f t s ,  then by i n c l i n e  s h a f t s  

which run p a r a l l e l  t o  the r e e f  in the f o o t w a l l ,  and f i n a l l y ,  a c c e s s  to 

the r e e f  i s  by eastward and westward t r e n d in g  f o o t w a l l  d r i v e s  and southward 

t r e n d in g  c r o s s c u t s  o r  r a i s e s .  (F igure  1 . 6 ) .  Most f l e l d - o b s e r v a t i o n s  

were made in  f o o t w a l l  d r i v e s  and the mining geometry i s  almost  i d e n t i c a l  

from one l e v e l  to the n e x t .  O c c a s i o n a l l y ,  where mining problems are  

encountered  the f o o t w a l l  d r i v e s  are turned southwards through the reef  to  

become hang ingw all  d r i v e s .  The d r iv e s  are not  u s u a l l y  on r e e f  a t  deep 

l e v e l s  but  in  th o l d  areas a c c e s s  was always v i a  r e e f - d r i v e s .  In a d d i t i o n  

the  mining techn ique  in old areas  was t o  mine o n ly  pay zones l e a v i n g  small  

s c a t t e r e d  remnant p i l l a r s ,  whereas today . s t a b i l i z a t i o n  p i l l a r s  ar e  l e f t  

o c c a s i o n a l l y  and a l l  r e e f  areas  between are mined out  r e s u l t i n g  in  the  

hang ingw al l  s a g g in g  to  meet the r i s i n g  f o o t w a l l  some d i s t a n c e  behind the



working  area  (F igure  i . fl) •

i n  th e  E.R.P.M. t h e re  are  at  l e a s t  48 v e r t i c a l  and I n c l i n e d  s h a f t s

a l th ou gh  on ly  25 a r e  In use today (Map 1 ) .  The mine I s  d i v i d e d  In to

t h r e e  broad s e c t i o n s :  the West S e c t i o n  I n c lu d e s  the South-west  v e r t i c a l

end s u b v e r t i c a l  and C and D  I n c l i n e  s h a f t s ;  the C entra l  S e c t i o n  I n c lu d e s

c e n t r a l  v e r t i c a l  and s u b v e r t i c a l ,  H ercu les  v e r t i c a l  and F, G, II and

HI I n c l i n e  s h a f t s ;  and t h e  East  S e c t i o n  I n c lu d e s  Southeas t  v e r t i c a l  and

s u b v e r t i c a l  and K and L I n c l i n e  s h a f t s .  In  t h i s  d i s s e r t a t i o n  a r e f e r e n c e

t o  the  . f o r  example ,  ' C e n t r a l  S e c t i o n '  re :rs t o  areas  d e s c r i b e d  above

and a r e f e r e n c e ,  f o r  examule ,  'H75E' impl: s H i n c l i n e  s h a f t ,  75 l e v e l

and th e  e a s t  s i d e .  'll/SW' I s  the same l e v e l  but  th e  west  s i d e .  ' FWD

i m p l i e s  t o o t w . l l  d r i v e  and ' ,  ,'D' hang lngw al l  d r i v e .  The term ' c r o s s - c u t '

i s  ab b r e v ia te d  t o  *x - c u t  .

The n o t a t i o n  used t o  d e s c r i b e  the o r i e n t a t i o n  o f  s t r u c t u r a l  f e a t u r e s

i s  as f t  . lows:  f o r  a p la n a r  f e a t u r e  the s t r i k e ,  dip and a rough dip

d i r e c t i o n  are g i v e n ;  for  example,  049 /60 /SE  i m p l i e s  a p lane  s t r i k i n g  a t  

49°  e a s t  o f  n o r t h ,  d ip p in g  at  60° degrees  towards the s o u t h - e a s t ;  and for  

a l i n e a t i o n  the  plunge and trend are g i v e n ,  f o r  example,  62 /055  i m p l i e s  

a l i n e a t i o n  p lu n g in g  at  6 2  ̂ towards 055 .
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P l a n  of  a  s e c t i o n  o f  the  F .R .P .M . showing  d i s c o n t i n u i t i e s  
r e f e r r e d  t o  i n  C h a p t e r  2.

. . u i c a l  s h a f t  

I n c l i n e  s h a f t  

Mine bounda ry  

Dyke

F a u l t  showing downthrown s i d e
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C11APTER 2 

1NTRUS1VK ROCKS

2 . 1  DISTRIBUTION

Of the 232 major s t r u c t u r a l  d i s c o n t i n u i t i e s  in  the E.R.P.M.  

c o n s id e r e d  in  t h i s  d i s s e r t a t i o n ,  some 57% are i n t r u s i v e s  and a fu r th e r  

10% are dykes w i th  f a u l t e d  c o n t a c t s .  The i n t r u s i ' . s  i n c lu d e  both dykes  

and s i l l s  ranging  in  com p os i t ion  from a c id  to  b a s i c  and i n  width from 

one or  two c e n t i m e t r e s  to  more than 100 m etr e s .  Bas ic  i n t r u s i v e s  are

f a r  more common than a c id  i n t r u s i v e s ;  the l a t t e r  are on ly  r e p r es e n te d  by a

s e r i e s  o f  ’en e c h e lo n ’ a p l i t e  s i l l s ,  which have been s t u d i e d  in  d e t a i l  

by Fumerton (1975)  and t h e r e f o r e ,  w i l l  no t  be c on s id e r e d  h e r e .  The 

i n t r u s i v e s  r e f e r r e d  to in  t h i s  chapter  are p l o t t e d  on the mine p lan  in  

Figure  2 . 1 .  Map 2 shows the  l o c a t i o n s  o f  a l l  the dykes in  the mine.

In t h i s  map s e v e r a l  s e » s  o f  dykes can be r e c o g n i s e d  and t h e i r  s t r i k e  

d i r e c t i o n s  have been a na ly sed  us ing  a techn iq ue  o f  Donath’ s (1 9 6 2 ) .  Using  

t h i s  method, a square g r id  o f  500 metres  s i d e  was drawn over the  

s t r u c t u r a l  map o f  the E.R.P.M. (Map 2 ) ,  and the s t r i k e  o f  every  dyke 

p a s s i n g  i n t o  or through each square was measured and p l o t t e d  on a dyke-  

s t r i k e  frequency diagram (Figure  2 . 2 ) .  Then, areas  o f  h ig h e r  frequency  

were v i s u a l l y  s e l e c t e d  and the mean s t r i k e ,  stan dard d e v i a t i o n  from the  

mean, and mean frequency for  each d a ta  group were c a l c u l a t e d .  These data

ar e  summarised in Table 2 , 1 .
TABLE 2.1

Summary o f  s t r i k e  a n a l y s i s  d a t a  f o r  dykes

STANDARD DEVIATION AVERAGE FREQUENCY 
OF THE MEAN STRIKE WITH EACH GROUP(No

o f  p o i n t s  and frequency)

1 0 ,0 *  3 0 , A (7,2%)

12 ,9 "  1 0 , A (1,9%)

A , l °  10 ,0  (1,8%)

5 , 8 °  1 3 ,0  ( 2 , A%)

NO. GROUP MEAN
BOUNDARIES STRIKE

1 015° -  0A5° 0 30°

2 2 70° -  310° 291°

3 320° -  330° 325°

A 3A0° -  355° 3A9°
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T h is  type o f  a n a l y s i s , which Is  repeated  f o r  f a u l t s  in  Chapter 3 

ax-d r e g i o n a l  l i n e a t i o n s  in  Chapter 4 ,  tends  to b i a s  the r e s u l t s  because  

each i n d i v i d u a l  dyke may be counted s e v e r a l  t i m e s ,  thus g i v i n g  more 

w e ig h t  to  a l a r g e  dyke than a s m a l l  dyke.  An a l t e r n a t i v e  method o f  

a n a l y s i s  not  used here i s  to  count the s t r i k e  o f  each dyke ,  i r r e s p e c t i v e  

o f  i t s  s i z e  o r  l e n g t h , on ly  o n c e ; t h i s  p r e v e n t s  two or thr ee  large  

dykes from swamping a swarm o f  s m a l l e r  f e a t u r e s .  Because o f  the w e l l  

d e f i n e d  trends  in  the E.R.P.M. t h i s  i s  u n l i k e l y  to happen and so on ly

the f i r s t  method was used fo r  a n a l y s i s .

in  a d d i t i o n  to  the  four  groups of  dykes c l a s s i f i e d  in  f a b le  2.1 

the re  are  two s i l l  l i k e  i n t r u s i v e s  in the mine.  The Simmer Dyke (N o .26 ,

Map 2) i s  an und u la t ing  i n t r u s i v e  which can be up to  200 metres  t h i c k ;  

i t s  unusual  s t r u c t u r e  w i l l  be d i s c u s s e d  in  S e c t i o n  2 . 4 .  Ihe o t h e r  s i l l ,  

number 192,  has been d e t e c t e d  beneath  K and L s h a f t s  between 77 and 73 

l e v e l s  in  a p i l o t  winze and a deep bore h o l e .  These i n t e r s e c t i o n s  

show t h a t  the i n t r u s i v e  c u ts  a c r o s s  the s ed im ents  a t  a low angle  and i s  

at  l e a s t  15 metres  t h i c k .  L i t t l e  e l s e  i s  known about i t s  geometry.

Apart from the Simmer Dyke, the i n t r u s i v e s  are r e g u la r  i n  t h e i r  shape  

and d imensions  e x c e p t  where b i f u r c a t i o n ,  'horns '  or r a f t e d - o f f  b l o c k s  

o f  q u a r t z i t e  are p r e s e n t .  These f e a t u r e s  are d i s c u s s e d  in  S e c t i o n  2 . 4  

on the  geometry o f  the i n t r u s i v e s .

2 . 2  PETROGRAPHY

2 . 2 . 1  P rev iou s  work

Only a few d e s c r i p t i o n s  o f  the i n t r u s i v e  rocks in the Witwatersrand  

mines have been p u b l i s h e d  by pr e v io u s  workers and in  t h e s e  very  l i t t l e  

r e f e r e n c e  i s  made to  the C entra l  Witwatersrand.  However, in 1898 Henderson 

d e s c r i b e d  o e v e r a l  s u i t e s  o f  South A fr ic an  i n t r u s i v e  rocks i n c l u d i n g  data  

from two dykes from near the o l d  Angelo I n c l i n e  Shaft  ( see  Map 1 ) .  He
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d e s c r i b e d  one o f  t h e s e  dykes as a dark-green  d i o r i t e  c o n t a i n i n g  

l a t h - s h a p e d  hornblende  c r y s t a l s ,  p l a g i o c l a s e  and s e v e r a l  a c c e s s o r i e s  

and the o t h e r  as a h ig h ly  decomposed,  f i n e  g r a in e d ,  g r e e n i s h , s c h i s t o s e  

n o r i t e .  In a d e t a i l e d  d i s c u s s i o n  o f  i n t r u s i v e  rocks o f  the Witwatersrand,  

McDonald (1911)  repor ted  the p r e sen ce  o f  an i n t e r m e d i a t e ,  pyroxene-  

a n d e s i t e  i n t r u s i v e  from near  the Blue Sky I n c l i n e  Shaf t  (Map 1 ) .  This  

rock was f i r e - g r a i n e d  and c o n s i s t e d  o f  l a t h - s h a p e d  p l a g i o c l a s e  (An 4 0 - 6 0 ) ,  

s m a l l  b l a c k  orthopyroxcnes  as b a s t i t e  pseudomorphs and a u g i t e  in a 

d e v i t r i f y i n g  g l a s s y  groundmass. In a d d i t i c  - McDonald c l a s s i f i e d  the  

b a s i c  i n t r u s i v e s  on the Witwatersrand i n t o  two c l a s s e s :  o l i v i n e - d o l e r i t e s  

and d o l e r i t e s  w i th o u t  o l i v i n e .

The bulk  o f  the more r e c e n t  work on i n t r u s i v e s  has been concerned  

w ith  the East  Rand Basin but many o f  the c o n c l u s i o n s  d e r iv e d  from t h e s e  

s tu d ic B  are a p p l i c a b l e  to  the Centra l  Witw atersrand.  There appear to be 

two bioad d i v i s i o n s  in  the type o f  i n t r u s i v e s ;  the complex or m u l t i p l e  

i n t r u s i v e  dykes ( R a l s t o n ,  1953)  and the s im ple  or  s i n g l e  i n t r u s i o n  

dykes ( E l l i s ,  1946) .  In p a r t i c u l a r ,  E l l i s  (1946)  has d e s c r ib e d  tw , types  

o f  . imple dykes ,  namely,  f r e s h  d o l e r i t e s  o f  Karroo a g e ,  and o l d e r ,  

a l t e r e d  i l m c n i t e  d i a b a s e s .  W h i te s id e  (1950)  and Ra ls ton  (1953)  h a / e  both  

r e c o g n i s e d  s i x  c a t e g o r i e s  o f  i n t r u s i v e s ,  not  a l l  s i m i l a r  to each o t h e r ,  

c o v e r in g  s e v e r a l  age p e r i o d s .  A combinat ion o f  t h e i r  work p r o v id e s  a 

d i v i s i o n  o f  the i n t r u s i v e s  i n t o  seven  c a t e g o r i e s :

1. Karroo d o l e r i t e s :  These arc dykes and s i l l s  o f  d o l c r i t e  and o l i v i n e -  

d o l e r i t e  r e s p e c t i v e l y ,  which are m ost ly  u n a l t e r e d  and c o n s i s t  o f  c l e a r  

p l a g i o c l a s e  and a u g i t e  w i th  an o p h i t i c  t e x t u r e .  They s t r i k e  NW-SE, are  

up to 100 metres  t h i c k  and do not  d i s p l a c e  thr r e e f .

2 .  Complex i n t r u s i v e s :  These arc m u l t i p l e  i n j e c t i o n s  w i th  an a m p h ib o l i t e

c o m p os i t ion .
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3. P l l a n e s h e r g  s u i t e :  These are NV-SW s t r i k i n g  ( 3 4 r> ) i n t r u s i o n s  

a s s o c i a t e d  w i th  the P l l a n e s h e r g  a l k a l i n e  complex i n  the n o r th -w e s te r n  

T r an svaa l .  G e l l e t i c h  (1937)  used a magnetometer to  t r a c e  the d y k e s ,  which  

have a magneti c  f i e l d  o p p o s i t e  to  the p r e s e n t  one ,  from the P l la n e s h e r g  

o n to  the Witw atersrand.  Tie  dyke swarm c o n s i s t s  o f  s im ple  t h o l e i i t i c  

b a s a l t s ,  a n d e s i t e s  and complex s a l i c  dykes w i th  more femic margins  

(Ferguron,  1973) .

4 .  Bushvel  ’ s u i t e :  These are NE-SW s t r i k i n g  i l m e n i t e  d ia b a se  dykes  

( E l l i s ,  1946)  and s i l l s  c o n t a i n i n g  c h a r a c t e r i s t i c  'hoxworks'  o f  i l m e n i t e .

5 .  Major Ventersdorp Dykes: These are f i n e - g r a i n e d ,  a l t e r e d  quartz

d o l e r i t e s  and i n c lu d e  la r g e  s tepped  i n t r u s i v e s  d e s c r i b e d  by E l l i s ( 1 9 4 0 ) .  A 

l a r g e  d isp la cem ent  a c r o s s  them i s  common.

6 .  M i n o r  V e n t e r s d o r p  Dykes: These are numerous narrow dykes and e ' I s  

t h a t  are h i g h l y  a l t e r e d  and s h e a r ed ,  G en era l ly  t h e i r  o r i g i n a l  c o n s t i t u e n t s

are  u n r e c o g n i sa b le .

7.  Other p r o b le m a t ic  dykes:  These i n c lu d e  q u a r t z - s e r i c i t e  dykes which  

may be m yIon i te s  and q u a r t z - p r o p h y r i e s .

2 . 2 . 2 .  The E.R.P.M. in tr u w iv e s

In t h i s  s e c t i o n  the p e t r o l o g y ,  age and c o n t a c t  metamorphic e f f e c t s  

o f  the v a r io u s  i n t r u s i v e  rocks  are d i s c u s s e d .  Us ing the o r i e n t a t i o n  

d a t a  o u t l i n e d  in  Table 2 .1  and the p e t r o l o g i c a l  c h a r a c t e r i s t i c s ,  the  

i n t r u s i v e s  can be d i v id e d  i n t o  s i x  groups .  Tnis  s u b - d i v i s i o n  i s  

supported by the d e t a i l e d  g eochem ica l  data  d i s c u s s e d  in S e c t i o n  2 . 3 .

The p e t r o l o g i c a l  d e s c r i p t i o n s  are o f t e n  very s h o r t  beca-.se  the rocks  

are sometimes very f i n e  gra in ed  and may be ex trem ely  a l t e r e d  and sheared .

The degree o f  a l t e r a t i o n  i s  used as an i n d i c a t i o n  o f  the age o f  an i n t r u s i v e  

and us ing  t h i s  c r i t e r i a  the groups are d i s c u s s e d  in c h r o n o l o g i c a l  order .

A l l  tlm dykes l i s t e d  below have been examined i n - s i t u  and sampled for  

t h i n  s e c t i o n  work; in a d d i t i o n  those  marked w i th  an a s t e r i s k  have a l s o  

been ge o c h c m ica l ly  ana ly sed .

■
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Dykes  26,  149 ant! 144(%roups 1 , 2 and 3)

P h o t o m i c ro g r a p h  o f  dyke 26 (g roup  1; m e l a n o r i t e )  showing 
e x c e l l e n t  q u : r t z - a l k a l i  f e l d s p a r  i n t i r g r o w t h s .

P h o to m ic ro g r a p h  o f  dyke 26 (g roup  1;  m e l a n o r i t e )  showing 
s u b h e d r a l  p y r o x e n e s  i n  a l a r g e  f e l d s p a r  c r y s t a l .

P h o t o m i c ro g r a p h  o f  dyke 149 ( g ro u p  2;  i l m e n i t e  d o l e r i t e )  
showing c h a r a c t e r i s t i c  s k e l e t a l  i l m e n i t e s .

A p o l i s h e d  hand spec im en  o f  dyke 4A (g roup  3; q u a r t z  
d o l e r i t e )  showing c h a r a c t e r i s t i c  f e l d s p a r  p h e n o c r y s t s  i n  
a v e ry  f i n e  g r a i r e d  g ro u n d m a s s .



PLAIT 2.1

Dyke s  2G, an,! U 4  (g roups  1 .  2 and 3)

P h o t o m i c r o g r a p h  o f  dyke 26 (group 1; m e l a n o r i t o )  showing 
e x c e l l e n t  q u a r t z - a l k a l i  f e l d s p a r  i n t e r g r o w t h s .

P h o t o m i c ro g r a p h  o f  dyke 26 (g roup  1;  m e l a n o r i t e )  showing 
s u b h e d r a l  p y r o x e n e s  i n  a l a r g e  f e l d s p a r  c rysLa^ .

P h o t o m i c ro g r a p h  o f  dyke 149 (g roup  2; i l r . e n i t e  d o l e r i t e )  
showing c h a r a c t e r i s t i c  s k e l e t a l  i l m e n i t e s .

A p o l i s h e d  hand spec im en  o f  dyke 144 (g roup  3;  q u a r t z  
d o l e r i t e )  showing c h a r a c t e r i s t i c  f e l d s p a r  p h e n o c r y s t s  i n  
a v e ry  f i n e  g r a i n e d  groundim.ss .
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Group 1 : dyke 26*.  the Simmer Dyke 

m e l a n o r i t e  ( P l a t e s  2 . 1  a & b)

This  dyke Is  q u i t e  unique in  the K.R.P.M. in  both  i t s  geometry and 

c o m p o s i t io n .  In hand specimen i t  i s  m e l a n o c r a t i c  having a c oarse  

c r y s t a l l i n e  t e x t u r e  and break ing  with a f r e s h  co n c h o id a l  f r a c t u r e .

In th in  s e c t i o n  the rock c o n s i s t s  o f  almost  e n t i r e l y  o f  f e l d s p a r  

and pyroxene w i th  a g r a n u l i t i c  t e x t u r e  (Marker, 1964 ,  p 1 2 0 ) .  P l a g i o c l a s e  

(An 40-60)  comprises  about 30% o f  the rock;  the c r y s t a l s  are l a r g e ,  h e a v i l y  

twinned and m ost ly  u n a l t e r e d .  Pyroxenes are p r e s e n t  as s m a l l e r  euhedra l  

t o  subhedra l  c r y s t a l s  w i t h i n  the p l a g i o c l a s e s  ( P l a t e  2 . 1 b ) .  O rthopyroxenes , 

which are more common than c ltnopyroxene  are magnesium r i c h ,  probably  

b r o n z i t e s ;  both c l e a v a g e s  are w e l l  di sp  ayed in  most  s e c t i o n s  but the  

c r y s t a l s  are t r a v e r s e d  by i r r e g u l a r  cr. ks a long  which a c h l o r i t i c  or  

s e r p e n t i n e - l i k e  a l t e r a t i o n  i s  pi> r-nt. The c ltnopyroxene  i s  normal ly  

a u g i t e  w i th  a p a le  brown c o lo u r  and shows e x c e l l e n t  herr ingb one  s t r u c t u r e s .  

Small  p a tc h e s  o f  q u a r t z - c r t h o c l a s e  m ic r o in te r g ro w th s  are a l s o  common 

( P l a t e  2 . 1 a ) ; t h e s e  appear to be s i m i l a r  to granophyric  in te r g r o w t h s  d e s c r ib e d  

and i l l u s t r a t e d  by Barker (1970)  , a l though  he r e s t r i c t s  t h e i r  

occurrence  to  rocks o f  a ’ gran i te*  c om p os i t ion .  In a d d i t i o n  s m a l l  

q u a n t i t i e s  o f  brown b i o t i t e ,  c h l o r i t e ,  a p a t i t e ,  i ro n  ore and secondary  

quar tz  are p r e s e n t .

This  rock i s  s i m i l a r  to th a t  d e s c r i b e d  by Henderson ( 1 8 9 8 ) ( s e e

2, 2.1 a b o v e ) , except  that the p r e s e n t  specimen i s  f r e s h  whereas h i s  was 

s e v e r e l y  a l t e r e d  and weathered .

The Simmer L/ke i s  the f r e s h e s t  dyke observed  in the E.R.P.M. and 

t h i s  may i n d i c a t e  that  i t  i s  one o f  the younges t  i n t r u s i v e s , p o s s i b l y  

of  Bushveld a g e ,b e c a u s e  s i m i l a r  i n t r u s i v e s  o f  p y r o x e n i t i c  and gabbrc ic  

com p os i t ion  e ls e w h er e  on the Witwatersrar 1 are thought by Brock and 

P r e t o r i u s ( 1 9 6 4 a ) t o  be r e l a t e d  to the Bushveld  complex.



1,0 m m1, 0 m m

0 , 5 m m0 , 25mm



Dyke 32 ( p r oup 3) .ind proup 5 s h e a r  zones

P h o t o m i c r o g r a p h  o f  dyke  32 ( g roup  3; q u a r t z  d o l e r i  t e )  
showing g e n e r a l  t e x t u r e ,  a l t e r a t i o n  and f e l d s p a r  p h e n o c r y s t s  
i n  a f i n e  g ro u n am a s s .  Specimens from group 4 dykes  a r e  
s i m i l a r  b u t  f i n e r  g r a i n e d  and h e a v i l y  a l t e r e d .

P h o t o m i c r o g r a p h s  from group 5 s h e a r  z o n e s ( m y l o n i t e s )  
c h l o r i t o i d  c r y s t a l s  i n  a c o m p l e t e l y  a l t e r e d  and f i n e  g r a i n e d  
g r oundm a ss .

La rge  e p i d o t e  n e e d l e s  i n  a f i n e  g r o u n d m a s s .

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





PLATE 2 .3  

Dyke/qu a r t z i t f  c o n t a c t s

I n  e a ch  o f  t h e ’ e p l a t e s  t h e  dyke i s  d a r k  and t h e  q u a r t z i  t e s  l i g h t .

a .  Dyke 149.  The c o n t a c t  . s e x t r e m e l y  s h a r p  and p l a n a r  s u g g e s t i n g  
i n t r u s i o n  a l o n g  a  p r e x i s t i n g  f r a c t u r e  p l a n e  such as  a j o i n t .

b .  Dyke 117.  The c o n t a c t  i s  e x t r e m e l y  s h a r p  b u t  i r r e g u l a r  i n  t h i s  
p a r t i c u l a r  diamond c o r e .  However , o f t e n  t h e  c o n t a c t s  f o r  t h i s  
dyke a r e  s i m i l a r  t o  ( a ) .

Dyke 100.  The dyke i s  s h a r p  and p l a n a r  a t  t h i s  l o c a l i t y  b u t  
o f t e n  some s h e a r i n g  i s  p r e s e n t .

d .  Dyke 82. At t h i s  l o c a l i t y  t h e  c o n t a c t  i s  s h e a r e d  and i r r e g u l a r .  
A s m a l l  ho rn  i s  shown i n  the  p h o t o g r a p h .
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Group 2: dykes 82* .149  .15 7 . 1 6 4 .1 6 5 .1 6 7  

I l m e n l t e  d o l e r i t e s  ( P l a t :  2 . 1 c )

These dykes on ly  occur  as a s w am  of  at  l e a s t  20 dykes between K 

and L s h a f t s .  They a l l  dip v e r t i c a l l y ,  s t r i k e  about 140° and are between  

f i v e  and e i g h t  metres  t h i c k .  Contacts  with the  q u a r t z i t e s  are sharp  

w ith o u t  s h e a r in g  ( P l a t e  2 . 3 a )  or r e e f  d i s p la c e m en t ;  c h i l l e d  margins  

are common and the dykes are f i n e  grain ed  i n  the c e n t r e .  Horns ar e  o f t e n  

p r e s e n t  and i n  one p l a c e ,  L70E, a wedge o f  q u a r t z i t e  1 ,5  metres  l o n g , 

which v a r i e s  i n  t h i c k n e s s  from two to 20 c e n t i m e t r e s ,  has been r a f t e d  

i n t o  dyke 149.

In hand spec im en,  the c h i l l e d  margins are b lack  and too  f i n e

gra in ed  to s e e  i n d i v i d u a l  c r y s t a l s  but  the c e n tr e  o f  the dyke comprises

a dark grey ,  c r y s t a l l i n e ,  m af ic  rock.

In th in  s e c t i o n ,  the rocks are h o l o c r y s t a l l i n e  with on ly  minor

a l t e r a t i o n ; p l a g i o c a l s e  i s  s u b o p h i t i c  with anhedrai  pyroxenes .  Andesine f 

which i s  the most common m in e r a l ,  i s  pr e sen t  as s m a l l ,  poor ly  deve loped  

but h e a v i l y  twinned l a t h s .  S e r i c i t i z a t i o n  and some k a o l i n i s a t i o n  has  

c louded the c r y s t a l s  but  in  ge ne r a l  they are q u i t e  f r e s h .  Clinopyroxenes  

are q u i t e  abundant but or th opyroxene  i s  not  as  common. Some pyroxenes  

have s ig n s  o f  s e r p e n t i n e  a l t e r a t i o n  and p a r t i a l  b a s t i t c  pseudomorphs are  

o c c a s i o n a l l y  p r e s e n t .  A d i s t i n g u i s h i n g  f e a t u r e  o f  the dyke i s  the  

p r e sen ce  o f  s k e l e t a l  I lm e n l t e  ( P l a t e  2 . 1 c )  which forms about f i v e  per  

cent  o f  the rock and which may be a l t e r e d  to l eu co x e n e .  Brown b i o t i t e ,  

c h l o r i t e  as p a t c h e s  and h a l o s  around p l a g i o c l s s e , a p a t i t e  and 

m ic ro in te r grow th s  o f  quar tz  and o r t h o c l a s e  are minor a c c e s s o r i e s .

P i l a n e s b e r g  age i n t r u s i v e s  ( s e e  Se c t io n  2 . 2 . 1  above) s t r i k e  p a r a l l e l  

to  t h i s  swarm but are o t h e r w is e  c o m p le te ly  d i s s i m i l a r .  W hite s ide  (1950)  

and Rals ton  (1953) both  c o n s id e r e d  i l m e n l t e  d i a h n . e s , which s t r i k e  a t  045 , 

to  be o f  Bushv"Id a je  and a l though those  on K.R.P.M. have a d i f f e r e n t  

s t r i k e ,  the s i m i l a r i t y  in p e t r o l o g y  s u g g e s t s  a p o s s i b l e  Bushveld age.
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Croun 3: dykes  32*.  3 3 * . 5b*.  ]()()*, JAA*^182_^

Quartz d o l e r i t e s  ^Plates  2 . Id and 2 .2 a )

The most common s t r i k e  o f  i n t r u s l v e o  i n  the E.R.P.M. i s  0 3 0 ° (see  

Table 2 . 1 )  and group 3 dykes form par t  o f  t h i s  t rend .  Their  t h i c k n e s s  

v a r i e s  from about 16 to  41 metres  and they a l l  have near v e r t i c a l  d i p s .

They can be d i s t i n g u i s h e d  from o t h e r  dykes o f  the same o r i e n t a t i o n  by

g r a in  s i z e  and degree o f  a l t e r a t  ion.

In hand specimen the dykes are medium g r a in ed  and dark-green  grey in  

c o lo u r ;  in  a d d i t i o n  dykes 33 ,  144 and 182 have l a r g e  f e l d s p a r  ph e n oc r ys t s  

as prominent f e a t u r e s  ( P l a t e  2 . I d ) .  All have f i n e - g r a i n e d  c h i l l e d  c o n t a c t  

zones w i th  the s e d im e n ts ;  the c o n t a c t s  may be sharp w i th  no s h e a r in g  

e v i d e n t  ( P l a t e  2 . 3 c )  or e l s e  var y in g  amounts o f  s hear  movements may have

taken  p l a c e  ( P l a t e  2 . 3 d ) .

F e ldspar  and pyroxene are the two most common c o n s t i t u e n t s .  The

f e l d s p a r ,  normal ly  o l i g o c l a s e ,  occurs  as la r g e  ph e n oc r ys t s  and l a t h s  in  

the groundmass ( P l a t e  2 . 2 a ) ;  i t  i s  always twinned and o f t e n  i s  c louded  

by c h l o r i t e s  and k a o l i n .  The pyroxene i s  normally  a u g i t e ;  i t  occurs  as  

green  and brown c r y s t a l s  which are p a r t l y  a l t e r e d  to c h l o r i t e  and s e r p e n t i n e .  

Brown hornblende i s  p r e s en t  in  a l l  specimens  in  s m a l l  q u a n t i t i l e s .

A c c e s s o r i e s  i n c lu d e  sphene ,  which has been corroded to a rough s k e l e t a l  

shape ,  a p a t i t e ,  a l i t t l e  primary quartz i n te r g r u v n  w i th  f e l d s p a r ,  some 

secondary  q u a r t z ,  c h l o r i t e s  and i lm e n i t e  o r  m a g n e t i t e .

The age o f  t h i s  group i s  not  known but by comparing the degree  o f  

a l t e r a t i o n  t o  t h a t  o f  groups 1 and 2 ,  t h e s e  dykes appear to be o l d e r .  I t  

i s  ' 1 l i k e l y  that  they  b e lo n g  to one o f  the Ventcrsdorp i n t r u s i v e

phast *

G .-our 4: dykes 1 6* ,24  , 27*.  38*.  70*.  7 7 * , Th*, 1 1 7*,  121*

Quartz d o l e r i t e s

This  group i s  s i m i l a r  in  both  o r i e n t a t i o n  and com p os i t ion  to group 3 

b'lt d i f f e r s  in  tha t  the rocks are much f i n e r  gr a in ed  and h e a v i l y  a l t e r e d .

f
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In hand specimen i t  i s  d i f f i c u l t  to  s e e  i n d i v i d u a l  g r a in s  and 

no p h e n o c r y s t s  were observed .  The c o n t a c t s  are r e g u l a r l y  sheared  

fo r  d i s t a n c e s  up to  s e v e r a l  c e n t i m e t r e s  and quartz  v e i n i n g  i s  common.

In t h i n  s e c t i o n  the most s i g n i f i c a n t  d i f f e r e n c e s  from group 3 

are th e  secondary m in e r a l s .  Group 4 dykes r e g u l a r l y  c o n ta in  c a l c i t e ,  

e p i d o t e  and abundant c h l o r i t e ;  the o r i g i n a l  m in e r a l s  arc ex trem ely  

d i f f i c u l t  to  observe  hut when they can be s e e n ,  they are s i m i l a r  to

those  o f  group 3,

Dyke 117 r e q u i r e s  s p e c i a l  mention because  o f  an unusual  

g lo m e r o p o r p h y r i t i c  t e x t u r e  in which p a t c h e s  o f  c a l c i t e  and c h l o r i t e  are  

surrounded by c l in op yr oxe n e  and or thopyroxene .  In a d d i t i o n  i t  a l so  

d i f f e r s  from the r e s t  in  t h a t  i t  has a very sharp but i r r e g u l a r  c o n t a c t  

with  the q u a r t z i t e s  ( P l a t e  2 . 3 b ) .

The dykes o f  group 4 may correspond to the 'major Ventersdorp dykes'  

d i s c u s s e d  in s e c t i o n  2 . 2 . 1  above; however,  t h e i r  advanced degree  of  

a l t e r a t i o n  s u g g e s t s  that  they are o l d e r  than group 3.

Group 3; dykes 162 .  114a* . 109* , 110* . UOA, 159*

Shear zones -  my I o n i t e s  ( P l a t e s  2 , 2 b , c  and d and 3 .1  a ,  b and c)

The specimen!: from t h i s  group r e p r e s e n t  the numerous E-W s t r i k i n g  

shear  zones  in  the mine in which the degree o f  s h e a r in g  and a l t e r a t i o n  

i s  such tha t  the o r i g i n a l  m inera l s  are normally u n r e c o g n i s a b le .

In hand specitm n, the rocks are dark grey and b r i t t l e  w i th  a very  

s t r o n g  f o l i a t i o n  ( s e e  P l a t e  3.1 a and b) and quartz  pods ranging  in s i z e  

from m ic r o s c o p ic  to  20 c e n t i m e t r e s  or  more are f r e q u e n t ly  v i s i b l e  ( P l a t e s  

3 . 1 b  and c ) .

Thin s e c t i o n  examinat ion  r e v e a l s  l i t t l e  about the o r i g i n a l  c o m p os i t ion .  

The gra in  s i z e  i s  v a r i a b l e  but a l l  specimens are very f i n e - g r a i n e d  and in  

some specimens gra.  .s have a maximum diameter  o f  0 ,05  mm. The 

m ineralogy i n c l u d e s  abundant c' l o r i t e s , c h l o r i t o l d  l a t h s ,  c a l c i t e ,  minor  

primary q u a r t z ,  p y r i t e ,  e p i d o t e  and secondary  quartz  (P la te . .  2 ,2  b and c ) .
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P h y s i c a l  deformation o f  the c r y s t a l s  i n c l u d i n g  s t r e t c h i n g ,  

rea l ignm ent  and i n t e r n a l  deformation i n d i c a t e d  by undulose e x t i n c t i o n  

i s  common ( P l a t e  2 . 2 d ) .

Group 6: dyke 11* r d s i l l  192

N e i th e r  o f  those  i n t r u s i v e s  can be c a t e g o r i z e d  i n  any o f  the  

above groups a lthough  they do have c l o s e  s i m i l a r i t i e s  with some 

o f  them.

Dyke 11 i s  s i m i l a r  pe t r o l o g i c a l l y  to  dykes, o f  group 3 but s t r i k e *  

about 125° and d ips  60° s o u t h ,  whereas t h o s e  o f  group 3 s t r i k e  abo u 

0 30°  and dip c l o s e  to \ e r t i c a l .  I t  i s  no teworth y  t h a t  dyke 11 i s

a lmost  or thogona l  to  those  o f  group 3.

S i l l  192 d i f f e r s  in  o r i e n t a t i o n  ( s e e  2 . 2 , 1  above) and composi t ion  

from a l l  the o t n e r  groups.  I t  i s  a medium gra in ed  m af ic  rock ,  c o n s i s t i n g  

o f  abundant, l arge  ( 1 , 5  mm long ) green amphibole  l a t h s  in  a groundmass of  

c h l o r i t e s ,  a l k a l i  f e l d s p a r ,  c a l c i t e ,  a p a t i t e ,  opaques and secondary  

q u a r t z .  A l t e r a t i o n  i s  moderate.  I t s  very  maf ic  nature  and s i l l - l i k e  

nature  s u g g e s t s  a p o s s i b l e  r e l a t i o n s h i p  to the  m e l a n o r i t e  o f  group 1.

2 . 2 . 3 .  Ages c f  i n t r u s i v e s

A l l  the i n t r u s i v e s  in the E.R.P.M. are d i s p l a c e d  by f a u l t i n g ,  ence ,  

no comparative age r e l a t i o n s  can be determined in  t h i s  way. A l s o ,  no 

a b s o 1 te  age d e ter m in a t io n s  have been made on the  b a s i c  rocks o f  the  

E.R.P.M. However, turnerton (1975)  has determined the  age ,  by Rb/Sr  

t e c h n iq u e s ,  o f  the a p l i t e  s i l l s  in the E.R.P.M. t o  be l a t e - T r a n s v a a l  

(2137 ± 13 m . y . ) and a comparative age r e l a t i o n  to some o f  the b a s i c  

dykes has been made. Dykes 34, 35, 58 ,  70, 117 and 121 are i n t e r s e c t e d  

by the a p l i t e  s i l l s  and the i n t r u s i v e  r e l a t i o n s h i p s  show tha t  they  are 

a l l  o ld e r  than the a p l i t e .  These dykes be long  t o  groups 3 and 4 above 

and t h e r e f o r e ,  those  g r o u p s ,p l u s  p o s s i b l y  group 5 , are o l d e r  than 2100 m .y . ,
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P h y s i c a l  deform at ion  o f  the c r y s t a l s  i n c l u d i n g  s t r e t c h i n g ,  

rea l ignm ent  and i n t e r n a l  deformation i n d i c a t e d  by undulosc e x t  i n < t ion  

i s  common ( P l a t e  2 , 2 d ) .

Group b : dyke 11* and s i l l  192

N e i th e r  o f  t h e se  i n t r u s i v e s  can be c a t e g o r i z e d  in  any o f  the  

above groups a lthough they do have c l o s e  s i m i l a r i t i e s  w i th  some 

o f  them.

Dyke 11 i s  s i m i l a r  p e t r o l o g i i a l l y  to dykes o f  group 3 but s t r i k e s  

about 125° and d ip s  60° s o u t h ,  whereas those  o f  group 3 s t r i k e  about  

030° and dip c l o s e  to v e r t i c a l .  I t  i s  noteworthy t h a t  dyke 11 i s  

almost  or th ogona l  to  t h o s e  o f  group 3.

S i l l  192 d i f f e r s  in  o r i e n t a t i o n  ( s e e  2 . 2 . 1  above) and com posi t io n  

from a l l  the o t h e r  gr ou p s , I t  i s  a medium gra in ed  m af ic  rock ,  c o n s i s t i n g  

o f  abundant,  l a r g e  ( 1 ,5  mm long ) green amphibole l a t h s  in  a groundmass of  

c h l o r i t e s ,  a l k a l i  f e l d s p a r ,  c a l c i t e ,  a p a t i t e ,  opaques and secondary  

q u a r t z .  A l t e r a t i o n  i s  moderate.  It!  very maf ic  natu r e  and s i l l - l i k e  

nature  s u g g e s t s  a p o s s i b l e  r e l a t i o n s h i p  to th e  me 1a n o r i t e  or group . .

2 . 2 . 3 .  Ages o f  i n ' r u s i v e s

A l l  the i n t r u s i v e s  in the E.R.P.M. are d i s p l a c e d  by f a u l t i n g ,  hence ,  

no comparative age r e l a t i o n s  can be determined in t h i s  way. A l s o ,  no 

a b s o l u t e  age d e t e r m in a t io n s  have been made on the b a s i c  rocks  o f  the 

E.R.P.M. However, Fumerton (1975)  has determined the age ,  by Rb/Sr 

t e c h n iq u e s ,  o f  the  a p l i  a b i l l s  in the  E.R.P.M. to  be l a t e - T r a n s v a a l  

(2137 ± 13 m . y . ) and a comparative age r e l a t i o n  to some o f  the b a s i c  

dykes has been made. Dykes 34, 35, 58 ,  70, 117 and 121 are i n t e r s e c t e d  

by the a p l i t e  s i l l s  and the i n t r u s i v e  r e l a t i o n s h i p s  show tha t  they are  

a l l  o l d e r  than the a p l i t e .  These dykes be long  t o  groups 3 and 4 above  

and t h e r e f o r e ,  t h e se  groups,  p lu s  p o s s i b l y  group 5 , are o l d e r  than 2100 m .y . ,
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but  by a s s o c i a t i o n  to  p r e v io u s  work and because  o f  the s m a l l  volume  

o f  b a s i c  l a v a s  in  the Transvaal  System the dykes o f  t h e s e  groups are  

h ere  c o n s id e r e d  to  be o f  Ventersdorp age.

The degree o f  a l t e r a t i o n  i s  here  c o n s id e r e d  to be an i n d i c a t o r  

o f  the age o f  i n t r u s i v e s  prov ided  s i m i l a r  t y p e s  of i n t r u s i v e s  are

compared. In t h i s  work, a l l  i n t r u s i v e s  arc b a s i c  and c o n ta in  abundant

p l a g i o c l a s e  f e l d s p a r s  and p yr oxe n e s ,  hence ,  the  comparison i s  probably  

j u s t i f i e d .  Within the Ventersdorp age i n t r u s i v e s  (groups 3,  4 and 5) 

group 5 i s  by f a r  the most a l t e r e d ,  a l though  t h i s  may be a d i r e c t

r e s u l t  o f  the amount o f  s h e a r i n g ,  and thus i s  p o s s i b l y  the  o l d e s t .  Using

th e  same arguments group 4 i s  the nex t  o l d e s t  f o l low e d  by group 3.

Groups 1 and 2 are ' fresh '  in  comparison to  groups 3,  4 and 5 and are  

p o s s i b l y  younger.  The s u g g e s te d  Bushveld age i s  on ly  by comparison to  

p r e v io u s  work. At no a c c e s s i b l e  l o c a l i t y  c ou ld  dykes o f  group 1 and 2 

be found i n t e r s e c t i n g  the a p l i t e  s i l l s .

The age r e l a t i o n s  and rock types  are summarized i n  s e c t i o n  2 . 5 .

2 . 2 . 4 .  Contact mutamorphic e f f e c t s  on the sediments  

Die sedim ents  ad jacen t  to  the i n t r u s i v e s  o f t e n  show e v id e n c e  o f  

c o n t a c t  metamorphism a l th ough  the e f f e c t s  are not  marked because  o f  the  

background r e g io n a l  metamorphism which was d e s c r i b e d  i n  Chapter 1 . 3 .

In  hand spec imen,  the main c o n t a c t  metamorphic e f f e c t  i s  a s l i g h t  

darkening of  the q u a r t z i t e s  for  d i s t a n c e s  up to  two or three  metres  from 

th e  dykes ,  a lthough o f t e n  no e f f e c t s  are v i s i b l e .  In t h in  s e c t i o n  some 

degree o f  r c c r y s t a l l i s a t t o n  o f  the quar tz  to produce i n t e r l o c k i n g  

g r a in s  and/nr p a t c h e s  of  secondary quartz  has taken p l a c e .  The o r i g i n a l  

r r g i l l a c e o u s  m a t e r i a l  i s  p r e s e n t  as c o n c e n t r a t io n s  of  c h l o r i t e s  and micas  

but much o f  t h i s  i s  o f t e n . d u e  to r e g io n a l  r a th e r  than c o n t a c t  metamorphism.  

The l a c k  c f  s e v e r e  c o n ta c t  metamorphism, even near very  l a r g e  dykes



s u g g e s t s  t h a t  some o f  the  dykes may have in trud ed  as a p a r t i a l l y  

c r y s t a l l i n e  c o o l  mush. The dykes o f  group 1 c o n t a in  la r g e  f e l d s p a r  

p h e n o c r y s t s  which are c o n c e n tr a t e d  towards the c e n t r e  oi the dyke;  

p h e n o c r y s t s  were never  observed  near dyke marg ins .  This may be an 

example c f  f lowage d i f f e r e n t i a t i o n  ( H h a t ta ch a r j i  and Smith,  1964;

B h a t t a c h a r j i , 1967;  Komar, 1 9 7 2 ) ,  in which s o l i d  p a r t i c l e s ,  suspended  

i n  a f lo w in g  f l u i d ,  c o n c e n tr a t e  in the area of  g r e a t e s t  v e l o c i t y ;  t h i s  

i s  towards the c e n t r e  o f  an in t r u d in g  dyke .  Ihe p r e sen ce  o f  f low  

d i f f e r e n t i a t e d  p h e n o c r y s t s  in dykes i m p l i e s  t h a t  the magma i s  p a r t i a l l y  

s o l i d i f i e d  (and c o o le d )  at  the t ime o f  i n t r u s i o n ,  and i s ,  t h e r e f o r e ,  l e s s  

l i k e l y  to  cause  as s e v e r e  c o n t a c t  metamorphism as a c o m p le te ly  l i q u i d  

magma. Flowage d i f f e r e n t i a t i o n ,  as w e l l  as  rapid  c o o l i n g ,  may a l s o  

account  fo r  the p r e s en ce  o f  e x tr e m ely  f i n e  g r a in ed  margins on many dykes.

2 . 3  GEOCHEMISTRY OF DYKES, SILLS AND FAULT ZONES

D e t a i l e d  geochemica l  a n a l y s e s  o f  22 dykes ,  s i l l s  and s hear  zones  

have been c a r r i e d  out  and the C.I .P.W, norms fo r  the rocks de termined .

This  work was done to supplement the p e t r o l o g i c a l  d e s c r i p t i o n s  in s e c t i o n

2 . 2  above;  to  e l u c i d a t e  whether the s h e a r  zones c o n t a in  i n t r u s i v e  m a t e r ia l  

or i f  they are sheared q u a r t z ! t e a  and fo r  comparison wi th  the  rock 

mechanic proper t  e s ,  d i s c u s s e d  in  Chapter 5,  With r e s p e c t  to  t h i s  l a s t  

aim, a f u r th e r  f i v e  samples  were a na ly sed  from dyke 182 so  t h a t  a 

geochemica l  trend  a c r o s s  a dyke ,  n o t o r i o u s  for  r o c k b u r s t s ,  could be compared 

w ith  the rock mechanic t rend s .

In Appendix 1 sampling  p r oc e d u r e s ,  sample l o c a t i o n s  and methods of  

a n a l y s i s  are d i s c u s s e d ,  and the a n a l y s t s ,  the 27 geochemica l  a n a l y s e s  

determined fo r  t h i s  d i s s e r t a t i o n  and some p r e v i o u s l y  determined  

geochemical  a n a l y s e s  o f  sed im ents  and i n t r u s i v e s  arc l i s t e d .  In the f o l l o w i n g  

t e x t ,  a n a l y s e s  are r e f e r r e d  to by t h e i r  r e s p e c t i v e  dyke numbers as used 

above in  s e c t i o n  2 . 1  and 2 .2  and the number in b r a c k e ts  r e f e r s  to  the
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a n a l y s i s  number i n  Tables  IB, 1C or  ID in Appendix 1. These a n a l - s i s  

numbers ( i . e .  Nos 1 to 27) are a l s o  used on the f i g u r e s .

2 . 3 . 1 .  S i l i c a t e  a n a l y s e s

A g e n e r a l  examinat ion  o f  the s i l i c a t e  a n a l y s e s  l i s t e d  in Appendix 1 

shows s e v e r a l  c l e a r  f e a t u r e s  t o  be p r e s e n t ,  the most obvious  o f  which  

i s  the low a l k a l i  c o n t e n t .  Only specimen 144(9)  has g r e a t e r  than four  

per  cen t  t o t a l  a l k a l i e s  w h i l s t  most c o n t a in  between two and t hree  per  

c e n t .  Five  spec imens (numbers 114A, 109 ,  79 ,  110 and 117; a n a l y s e s  23 -27)  

have l e s s  than 0 , 5  % t o t a l  a l k a l i e s .  A breakdown o f  the a l k a l i e s  shows  

p otass ium  to  be the most d e p l e t e d  rang ing from only  0 , 0 1  % to  0,95%.

Thin s e c t i o n  exam inat ions  g e n e r a l l y  r e v e a l e d  on ly s m a l l  q u a n t i t i e s  of  

a l k a l i - f e l d s p a r  conf ir m in g  the p a u c i t y  o f  po tass ium .  10% i s  u n u sua l ly  

high  f o r  three  spec im ens;  numbers 149 ' '14),  52(19)  and 117(2 7 ) ,  and in  

dykes 149 and 82 t h i s  i s  r e f l e c t e d  p e t r o l o g i c a l l y  by abundant c h a r a c t e r i s t i c  

s k e l e t a l  i l m e n i t e s  ( s e e  Group 2 ,  s e c t i o n  2 . 2 . 2 .  above ) .  Al 20 3 i s  

g e n e r a l l y  s i m i l a r  between specimens e x c e p t  in  dyke 70 (22)  where there  i s  

20,06% compared to  between 7% and 15% for  the  r e s t .  U n f o r t u n a t e l y ,  

because  o f  the. f i n e  gra in ed  and a l t e r e d  nature  o f  the  rock no p a r t i c u l a r l y  

abundant a luminium-r ich  minera l  was observed  in t h in  s e c t i o n .  Dyke 2 / ( 2 0 )  

has an un u s u a l ly  high (17,88%) MgO c o n ten t  which i s  r e f l e c t e d  in  th in  

s e c t i o n  by a h igh percentage  o f  pyroxene but a l l  o t h e r  specimens have 

a verage ,  s i m i l a r  amounts o f  MgO ( g e n e r a l l y  5% t o  8%). F i n a l l y ,  CaO i s  

un u s u a l ly  low in  three  s p e c im e n s ,  numbers 7 0 ( 2 2 ) ,  114A(23)  and 1 0 9 ( 2 4 ) .

In specimens 114A and 109 t h i s  has caused c o m p l i c a t i o n s  in the norm 

c a l c u l a t i o n s ,  which arc d i s c u s s e d  in Appendix 1.

I t  i s  not in tend ed  to  d i s c u s s  the norms in  d e t a i l  as they  c l o s e l y  

r e f l e c t  the a b n o r m a l i t i e s  in  the chem is try  as d i s c u s s e d  above but  

r a th er  the s i l i c a t e  a n a l y s e s  are used in c o n j u n c t io n  wi th  the noims fur  

c l a s s i f i c a t i o n  o f  the a n a l y s e s  i n t o  groups and rock t y p e s .
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‘ ’• 2. Geoclit'inl cnl r l . - iss l fic-  at I on of the E. R. l .M. i n t r u s i v e  s

The method o f  i n t e r p r e t a t i o n  has c l o s e l y  fo l l o w e d  I r v in e  and B aragar ' s  

(1971)  chemical  c l a s s i f i c a t i o n  o f  common v o l c a n i c  r o c k s , but  b e f o r e  

the r e s u l t s  are compared and c l a s s i f i e d  i t  i s  important  to  c o n s id e r  

the  degree o f  a l t e r a t i o n  o f  the r o c k s .  The p r e s e n c e  o f  v a r io u s  d e g r e es  

o f  a l t e r a t i o n  in  the samples  was c l e a r l y  e s t a b l i s h e d  by th in  s e c t i o n  

e x a m i n a t io n ; dykes 114A ( 2 3 ) ,  109(24)  and 110(26)  can be c o n s id e r e d  as 

b e in g  a f f e c t e d  by s e v e r e  a l t e r a t i o n  and dykes 7 ( 1 0 ) ,  1 2 1 ( 1 2 ) ,  6 ( 1 3 ) ,

2 7 ( 1 5 ) ,  3 8 ( 1 8 ) ,  1 5 9 ( 2 1 ) ,  7 0 ( 2 2 ) ,  79(^5)  and 117(27)  as b e ing  moderate ly  

a f f e c t e d .  In a d d i t io n  the geochem is try  can be used as an i n d i c a t o r  

o f  a l t e r a t i o n .  I r v in e  and Baragar (1971)  s u g g e s t  that  samples  v i t h  a 

p e r c e n ta g e  Ft , 0  ̂ g r e a t e r  than TiO^ p lus  1,5% are  a l t e r e d ;  t h i s  a p p l i e s  

t o  dykes 1 0 0 ( 8 ) ,  1 4 9 ( 1 4 ) ,  114A(23)  ant  1 1 0 ( 2 6 ) ,  Chayes (1966) s u g g e s t s  

that, specimens with Fe^O^/FeO r a t i o s  g r e a t e r  than 0,6 are a l t e r e d ; t h i s  

only  a p p l i e s  to  dyke 149 ( 1 4 ) .  These a n a l y s e s ,  which have been a l t e r e d ,  

may have unusual  chemis try  due to a l t e r a t i o n  and must be t r e a t e d  w i t h  some 

c a u t io n .

P e r a l k a l i n e  yeruS a l k a l i n e  and s u b a l k a l l n e _siu t os

No a n a l y s e s  conta in  normative ac m i t e ,  wh ich ,  accord ing  to I r v i n e  

and Baragar(1971)  i s  a good i n d i c a t o r  o f  a p e r a l k a l i n e  rock.  Hence , 

only  a l k a l i n e  and s u b a l k a l i n e  rocks are i n c lu d ed  in  the p r e s en t  s u i t e .  

A lka l i n e  ve r sus r.ubalka 11 nr s u i t e s

De sc r im in a t ion s  between these  two rock ty p e s  can be done by u s in g  

the boundary l i n e s  on an a l k a l i -  i l i c a  diagram (Figure 2 . 3 ) , which i s  

the  s i m p l e s t  method, or  on an o l i v i n e ' -  nephel ii.v* -quar t  z ’ ternary diagram  

(F igure  2 . 4 ;  s e e  t h i s  f i g u r e  for an e x p l a n a t i o n  o f  the dashes)  which i s  

cons id ered  to  be the most r e l i a b l e .  On both th e se  diagrams i t  i s  c l e a r  

tha t  a l l  members o f  the E.R,P.M. s u i t e  are s u b - a l k a l i n e  which s u p p ort s  the  

general  o b s e r v a t i o n s  in  2 . 3 . 1 .  above.
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C a l c - a l k a l i n e  v o  sus t h o l f j  it i c :, u t t , ̂

IVo p l o t s  are b e s t  used f o r  d i s c r i m i n a t i o n  between t h e s e  two 

rock t y p e s ;  an i r o n - a l k a l i - m a g n e e i a  ternary  d iagram(Figure  2 . 5 )  i s  b e s t  

f o r  rocks o f  an a n d c s i t i c  compos i f : on and an alumina-normat ive  

p i a g i o c l a s e  com p os i t ion  diagram i s  b e s t  f o r  rocks o f  n b a s a l t i c  

c o m p o s i t io n ( F ig u r e  2 . 6 )  accordit  to  I r v i n e  and Baragar (1 9 7 1 ) .  Rocks 

w ith  b a s a l t i c  and a n d e s i t i c  com posi t io n  can be d i s t i n g u i s h e d  on a 

normative c o lo u r  index -n orm at ive  p l a g i o c l a s e  com posi t io n  diagram ( f i g u r e  

2 . 7 ) .  This  p l o t  shows t h a t  only four  d y k e s ,  numbers 1 5 9 ( 2 1 ) ,  7 0 ( 2 2 ) ,  

114A(23) and 109(24)  to  be a n d e s i t i c  and the r e s t  b a n a l t i c .  S i m i l a r l y ,  

F igures  2.5 and 2 .6  show that  a l l  the E.R.P.M. specimens  are  t h o l e i i t i c .  

C a- .K - .  or Na- r i c h  or poor

To determine i f  the a n a l y s e s  are c a l c i u m - . s o d i u m -  or p o ta s s iu m -  

r i c h  or  poor an a n o r t h i t e - a l b i t e - o r t h o c l a s e  ternary  diagram (Figure  2 . 8 )  

i s  used in c o n j u n c t io n  wi th  the a n a l y s e s  l i s t e d  in  Appendix 1. As 

was noted in  s e c t i o n  2. 3. 1. a l l  specimens arc a l k a l i  poor w h i l s t  some 

are p a r t i c u l a r l y  pcor  in  ca lcium. However, Figure 2 . 8 .  shows a l l  

spec imens  to  be po tass ium -p oor  w h i l s t  numbers 7 9 ( 2 5 ) ,  110(26)  and 117(27)  

are d i s t i n c t l y  sodium-poor and numbers 1 5 9 ( 2 1 ) ,  7 0 ( 2 2 ) ,  114A(23)  and 

109(24)  are d i s t i n c t l y  ca lc ium  poor .  This  f i g u r e  a l s o  shows that  

t h e re  i s  very  l i t t l e  a l k a l i - f e l d s p a r  in  the E.R.P.M. s u i t e  and tha t  

the p l a g i o c l a s e  c o m p os i t ion s  range from almost  pure a l b i t e  to pure  

a n o r t h o c la s e  w i th  most c om posi t ions  in  the v i c i n i t y  o f  A r ^ .

An important p o i n t  made by I r v i n e  and Baragar (1971)  i s  th a t  a f t e r  

the a n a l y s e s  have been c l a s s i f i e d  accord ing  t o  the above method they  

should  be compared with  t y p i c a l  average a n a l y s e s  to  rock t y p e s  ( s e e ,  

fo r  example,  appendix I I  in  Irv ine  and Baragar ,  1971;  N o c k o l d s , 1954;  

Wedepohl , 1969) t o  avoid  e r r o n io u s  c l a s s i f i c a t i o n  due to  a l t e r a t i o n  or  

an e x c e p t i o n a l  c o m p o s i t io n .  Typical  a n a l y s e s  for  t h o l e i i t e s , t h o l e i i t i c
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b a j a l t s ,  andesltes and tholvlitic andesttes are listed in Appendix 

Table IK, analyses 31-34 respectively; comparison between the 

pr e se  t analyses and this data is discussed below aflar a summary 

o f  the geochemical classification described above.

SUMMARY

1. No p e r a l k a l i n e  rocks were a n a ly sed .

2.  A H  rocks  a na ly sed  are s u b a l k a l l n e .  F igures  2 . 3  and 2.-4.

3.  A l l  rocks ana lysed  are  t h o l e i i t i c  ( F ig u r e s  2 . 5  and 2 . 6 ) .  No 

c a l c -  a l k a l i n e  rocks  are p r e s e n t .

4. Four dykes have an andesitic composition (Figure 2 . 7 ) .  Ihese are 

dykes 1 5 9 ( 2 1 ) ,  7 0 ( 2 2 ) ,  114A(23)  and 1 0 9 ( 2 4 ) .  A l l  other dykes are

b a s a l t i c .

5 .  a. A l l  rocks analysed are potassium poor. (Figure ..8)

b .  Dykes 7 9 ( 2 5 ) ,  110(26)  and 117(27)  are d i s t i n c t l y  a l k a l i  poor.

(Figure 2 . 8 ) .

c .  Dykes 1 5 9 ( 2 1 ) ,  7 0 ( 2 2 ) ,  114A(23) and 109(24)  are d i s t i n c t l y

ca lc ium  poor (F ig ure  2 , 8 ) .

2 . 3 . 3 .  Geochemical  f e a t u res  of  the  dyke groups

In a d d i t i o n  to the above genera l  o b s e r v a t i o n s  and c l a s s ! i i c a t  ion 

i t  i s  found th a t  the groups of  dykes which were c l a s s i f i e d  by p e t r o l o g y  

and o r i e n t a t i o n  a l s o  have some d i s t i n c t i v e  ge ochemica l  c h a r a c t e r i s t i c s .  

Group 1: dyke 26 ( A n a l y s i s  20) Appendix Table ID

The chem is try  o f  the dyke i s  e x c e p t i o n a l  in  tha t  i t  does not  f i t  

i n t o  the c l a s s i f i c a t i o n  system o u t l i n e d  above.  I t  i s  c h a r a c t e r i s e d  by 

a h ig h  magnesium (17,88%) and a low aluminium content  ( 7 ,7 7 /  > compared 

t o  the  r e s t  o f  the E.R.P.M. s u i t e .  This  i s  r e f l e c t e d  in  the p e t r o l o g y  

by abundant pyroxenes and in the norms, by over 50% orth opyroxene  

(En76) and a h ig h  c o lo u r  i n d e x ( 6 7 ) .  The chem is try  i s  very s i m i l a r  to  

t h a t  o f  a me. lanorite  d e s c r i b e d  by Van Zyl  (1970)  from the Bushveld  

Igneous Complex (Appendix Table IF., A n a ly s i s  3 5 ) .  t h i s  s i m i l a r i t y  in



c o m p o s i t io n  i s  f u r th e r  support  t h a t  dyke 26 i s  o f  Bushveld age .

Group 2: dykes 14 9 ( 1 4) ,uid 82 (19)

Both o f  t h e s e  dykes can be c l a s s i f i e d  as K-poor,  t h o l e i i t i c  

b a s a l t s  and a comparison w i t h  an average t h o l e i i t i c  b a s a l t  com p os i t ion  

(Appendix Table IE, No 32) supports  t h i s .  The chemis try  i s  

c h a r a c t e r i s e d  by a h igh  TLÔ  c o n ten t  (2,59% and 2,69%) as d i s c u s s e d  in

2 . 2 . 2 .  and 2 . 3 , 1 ,  above.  Compared to  the r e s t  o f  the E.R.P.M. s u i t e  

they have a low s i l  a c o n ten t  (48,97% and 49,10%).

Group 3: dykes 1 8 2 ( 4 ) ,  5 8 ( 7 ) . 1 0 0 ( 8 ) . 144(9 ) .  3 2 ( 1 6 1 and 33(17)

A l l  t h e s e  dykes can be c l a s s i f i e d  at K-poor,  t h o l e i i t e s  and a n a l y s e s  

compare w e l l  w i th  an average  t h o l e i i t e  com p osi t ion  (Appendix Table IE,  

A n a l y s i s  3 1 ) .  Their  chem is try  i s  g e n e r a l l y  s i m i l a r  to tha t  o f  group 4 

e x c e p t  that  a l l  the specimens ha’ w a ig h e r  a l k a l i  c o n c e n t r a t io n s  than the  

o t h e r  groups.

Group 4: dykes 7 7 ( 1 0 ) .  1 2 1 ( 1 2 ) . 1 6 ( 1 3 ) . 2 7 ( 1 5 ) , 3 8 ( 1 8 ) . 7 0 ( 2 2 ) . 7 9 ( 2 5 )  and 117(27)  

P e t r o l o g i c a l l y , a l l  the dykes o f  t h i s  group are s i m i l a r  but  

d i s t i n c t  geochemica l  d i f f e r e n c e s  are p r e s e n t  p o s s i b l y  due to var y in g  

d e g r e e s  o f  a l t e r a t i o n .  From I r v i n e  and Baragar ' s  c l a s s i f i c a t i o n ,  dykes  

7 7 ( 1 0 ) ,  1 2 1 ( 1 2 1 , 1 6 ( 1 3 ) ,  27 (15 )  and 38(18)  are  K-poor t h o l e i i t e s .

However, dyke 77 d i f f e r s  from the r e s t  in  i t s  r e l a t i v e l y  h igh normative  

p l a g i o c l a s e  com posi t io n  (An 6 4 ) ;  dyke 121 in  i t s  r e l a t i v e l y  low s i l i c a  

c o n t e n t  (48,26%); dyke 16 i n  i t s  lower than average  t o t a l  a l k a l i e s  

(2,03%) and r e l a t i v e l y  h ig h e r  normative p l a g i o c l a s e  com p osi t ion  (An 66) ;  

and dyke 159 i s  low in t o t a l  a l k a l i e s  (1,99%) and has a very  low 

normat ive  p l a g i o c l a s e  com p osi t ion  (An 7)

Dyke 70 can be c l a s s i f i e d  as a c a l c - a l k a l i - p o o r  t h o l e i i t i c  

a n d e s i t e  with a very s i m i l a r  chemistry  to a h ig h  -  A1 b a s a l t .  The 

dyke has a high  aluminium c o n ten t  ( 20,06%),  a low normative  p l a g i o c l a s e
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com p osl t lon  (An 7) and a low s i l i c a  c onten t  (46,4%).

Dyke 79 and 117 arc c l a s s i f i e d  as a l k a l i - p o o r  t h o l o i i t i c  a n d e s i t e a

but  have a siir l a r  chem is try  to a l k a l i - p o o r  t h o l e i i t e s .  Both 

a n a l y s e s  are c h a r a c t e r i s e d  by very low t o t a l  a l k a l i e s  (0,42% and 0,23%) 

and unu sua l ly  h ig h  normative  p l a g i o c l a s e  co m p o s i t io n s  (An 89 and 

An 91)  but dyke 117 has a low s i l i c a  conten t  (47,04%).

Iu Appendix Table. IE,  A n a ly s i s  30 ,  the geochem is try  o f  a 

Ventersdorp l a v a  from K l i p r i v i e r s b e r g  i s  l i s t e d ;  u n f o r t u n a t e l y  the  

a n a l y s i s  i s  not  complete  and the specimen was q u i t e  a l t e r e d  or  

weathered as i n d i c a t e d  by the high p e r c en ta g e  o f  F e ^ .  However, It  

does show s i m i l a r i t l  s  to  some a n a l y s e s  o f  group 4 ,  and more 

s p e c i f i c a l l y ,  to dyke 1 6 ( 1 3 ) ;  for  example,  the  s i m i l a r  S i 02 p e r c e n ta g e s  

the  high A1p ^  p e r c e n t a g e s  and the low t o t a l  a l k a l i e s .  This a s s o c i a t i o n  

may support  a Ventersdorp age fo r  the dykes of group 4.

Group 5: dykes 114A(23)  . 109(24)  , 110(26)  and I

These a n a l y s e s  are o f  m a t e r i a l  c o l l e c t e d  from the E-V. t re n d in g  

sh e ar  z o n e s . They were c a r r i e d  out  i n  order  to compare t h e i r  

g eochem is try  w i th  th o s e  o f  t y p i c a l  q u a r t z i t e s  (Appendix 1 ab le  IK, numbers

28 and 29) and the dykes.

The maximum SiO., that  any o f  t h e s e  sh e ar  zones has i s  53,95% 

which i s  d i s t i n c t l y  lower than SiO^ n c e n t r a t i o n s  f o r  the q u a r t z i t e s  

(85% and 95%) and i s  very s i m i l a r  to the average  S i 02 c o n c e n t r a t io n s  

i n  the dykes,  (52%). This  s u g g e s t s  t h a t  th e se  s h e a r  zones are probably

s e v e r e l y  sheared  and a l t e r e d  d y k e s ,

I t  i s  probably not  meaningful  t o  c l a s s i f y  t h e s e  sheared  dykes  

accord ing  to t h e i r  geochem is try  because  o f  the high degree o f  

a l t e r a t i o n  but they do have a d i s t i n c t :  g eochem is try .  F i r s t l y ,  apart  

from dyke 159 ( 2 1 ) ,  t h e i r  t o t a l  a l k a l i e s  are ex trem ely  low ( 0 , 1  -  0 ,32%);  

dyke 159 has 1,99%, and s e c o n d l y ,  dykes M4A and 109 have a lmost  no
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ca lc ium  (0,11% and 0,07%).  This  d e f i c i e n c y  In a l k a l i e s  and ca lc ium  

i s  p o s s i b l y  due to  a l o s s  of  the  e lem en ts  during a l t e r a t i o n .  'ue 

problems in  d e ter m in in g  normative  m in e r a l s  w i th  such a low Ca O i s  

d i s c u s s e d  i n  Appendix 1,  but i t  i s  noteworth y  t h a t  the  normative  

p l a g i o c l a s e  com p os i t ion  i s  An(> and t h e re  are no normat ive  pyroxenes .

By c o n t r a s t  dyke 110 has a very high normative  p l a g i o c l a s e  com p os i t ion  

(An93) because o f  the very low sodium c o n t e n t .

Group 6 : dyke 11 (11)

The geochem is try  o f  t h i s  dyke i s  a lmost  i d e n t i c a l  t o  that  for  

gx-oup 3. Also  i t  was noted  t h a t  p e t r o l o g i c a l  s i m i l a r i t i e s  are a l s o  

p r e s e n t  s u g g e s t i n g  t h a t  t h i s  dyke may w e l l  be in c lu d e d  in  group 3. The 

s i g n i f i c a n c e  o f  the s i m i l a r  co m p o s i t io n s  and the o r th o g o n a l  a t t i t u d e s  

between dyke 11 and group 3 dykes w i l l  be d i s c u s s e d  i n  s e c t i o n  2. -4

below i n  terms o f  i n t r u s i o n  mechanisms.

2. 3. 4. ( .eochemical and ,.c t r o l o g i c a 1 v a r i a t i ons a c r o s s  dy k e _ l b 2 

S i x  s pec im ens ,  s e l e c t e d  a t  r e g u la r  i n t e r v a l s  through he dyke 

( s e e  Appendix 1- A for  l o c a t i o n s )  were examined i n  hand specimen and th in  

s e c t i o n  and were g e o c h e m ica l ly  a n a l y s e d ( A n a ly s i s  numbers 1-6)  tc 

determine trends  that  could be compared to rock mechanic t r e n d s .

Thin s e c t i o n  p e t r o l o g y  r e v e a l s  l i t t l e  d i f f e r e n c e  a c r o s s  dyke 182 

e x c ep t  for  a d i s t i n c t  gra in  s i z e  v a r i a t i o n .  The margins are c h i l l e d  

and f i n e  gra in ed  and grade towards a c o a r s e r  c e n tr e  which has numerous

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

There i s  a d i s t i n c t  g e o c h e m ic a l  t r e n d  i n  Figure  2 , 3  which shows 

t h a t  towards the c e n t r e  o f  t h e  d y k e ,  a l k a l i e s  i n c r e a s e  as  s i l i c a  d e c r e a s e s ,  

i l l u s t r a t i n g  a s m a l l  but s i g n i f i c a n t  g e o c h e m ic a l  v a r i a t i o n  a b o u t  the cent te  

o f  the  dyke.
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S e c on d ly ,  the  o r th o g o n a l  a t t i t u d e s  may be a r e s u l t  of  s i m i l a r  

i n t e r m e d i a t e  and minimum s t r e s s  magnitudes.  I f  in t h i s  s i t u a t i o n  

a u u i t e  o f  i n t r u s i v c s  i n t r u d e s  i n t o  the p lane  d e f in e d  by o^and o^ 

a s i g n i f i c a n t  volume i n c r e a s e  by l e n g th e n in g  the c r u s t  wi l l  take  

p l a c e  in  t h e  d i r e c t i o n  o f  l y .  In the E.R.P.M. t h i s  i n c r e a s e  in 

l e n g t h  i s  e s t i m a t e d  to be up to 100 m/km or  10% fo r  the 030 s t * i k i n g  

d ykes .  As the t o t a l  t h i c k n e s s  o f  the i n t r u s i v e s  grows,  the magnitude  

o f  t>3 ( in  compress ion)  i n c r e a s e s ,  p o s s i b l y  u n t i l  i t  i s  l a r  ,er than

o2 . When t h i s  happens f u r t h e r  i n t r u s i v e s  or branches  from the  

i n t r u s i v e s  shou ld  form normal to  the o r i g i n a l  i n t r u s i v e s .  One would 

e x p e c t  i n t r u s i v e s  in the i n t c m e d i a t r  o r i e n t a t i o n s  a l s o  bu the bulk  

o f  the  i n t r u s i v e s  would probably l i e  in  the two dominant d i r e c t i o n s .

2. 4. 2. F.n e c h e lo n  dvkes ,  horns . s t e p s  and r af  t i n g

A l l  t h e s e  f e a t u r e s  are found at  v a r io u s  l o c a l i t i e s  w i t h i n  the

mine and are d e f in e d  by s k e t c h e s  in F ig u n  2 . 1 0 .

F igure  2 . 1 0 .  I d e a l i s e d  en e c h e lo n  dyke ( a ) ,  horn ( b ) ,  a tep  ( c )  
and r a f t  (d)  ( a f t e r  Roberts  and Sanderson,  1971 ) .
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FIGURE 2 .1 2

S u g g e s t e d  method f o r  t h e  f o r m a t i o n  o f  s t e p s ,  horns and r a f t i n g  
d u r i n g  dyke i n t r u s i o n

a. The p r e s e n t  s t r e s s  f i e l d  i s  i n c l i n e d  to  an e x i s t i n g  s e t  o f  j o i n t s .

h .  The i n t r u s i o n  p a t h  o f  t h e  dyke f o l l o w s  a j o i n t ,  which  i s  t h e
p a t h  r e q u i r i n g  t h e  l e a s t  e n e r g y .  However,  t h e  j o i n t  t e r m i n a t e s  
and t h e  i n t r u d i n g  dyke must  make a new c r a c k  which  w i l l  l i e  m  
the  d i r e c t i o n  X-Y ( s e e  c ) .

c .  An open  c r a c k  i n  c o m p r e s s i o n  showing t h e  d i r e c t i o n s  (! ) i n  which 
a c r a c k  w i l l  p r o p a g a t e  ( i n i t i a l l y )  u nde r  t h e  s t r e s s  f i e l d  shown 
( a f t e r  J a e g e r  and Cook, 1969,  p .  326, f i g u r e  1 2 , b ) .

d.  I n t r u s i o n  p r o c e e d s  a l o n g  the  d i r e c t i o n  d e f i n e d  i n  (c)  u n t i l  a 
new j o i n t  i s  e n c o u n t e r e d  and t h e  dyke a g a i n  f o l l o w s  th e  p a t h  
r e q u i r i n g  the  l e a s t  e n e rg y  (e)  .

e .  The f i n a l  s t a t e  showing a h o r n , where t h e  dyke o v e r s h o o t s  
the  i n t e r r u p t i n g  p l a n t 1 X-Y f o r  a s h o r t  d i s t a n c e ;  r a t  t i n g , 
where a  b l o c k  o f  j o i n t  bounded q u a r t z i t e  has  been  s u r r o u n d e d  by 
i n t r u d i n g  magma and a s t e p .
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En e c h e lo n  dykes and s t e p  f e a t u r e s  were observed  in  dyke 117 ,  a 

member o f  group 4 d y k e s , which appears to have in trud ed  i n t o  p r e v i o u s l y  

j o i n t e d  rock.  F igure  2 . 1 1 a  1b a p lan  view o f  H75 s t a t i o n  c r o s s c u t  

i l l u s t r a t i n g  a c o n t a c t  between the dyke and q u a r t z i t e s  which c l o s e l y  

f o l l o w s  c j o i n t  p lane  in  one p a r t i c u l a r  area and then cu ts  ac r o ss  

at  an ang le  o f  about 60° to  the j o i n t s  f o r  a s h o r t  d i s t a n c e  b e f o r e  

f o l l o w i n g  another  j o i n t  p lane .  S i m i l a r l y ,  in  H77W r e e i  g u l l y  

( F ig u re  2 . 1 1 b ) , a s t e p p e d  c o n t a c t  can be observed  (Figure  2 . 1 1 c )  and 

on a l a r g e r  s c a l e ,  the  dyke at t h i s  l o c a l i t y  b i f u r c a t e s  and shows an 

en e c h e lo n  s t y l e  o f  i n t r u s i o n  (F igure  2 . 1 1 b ) .  In a d d i t i o n ,  i t  i s  

noteworthy t h a t  the o r i e n t a t i o n s  o f  the j o i n t  p l a n e s  in the country  rock

are not  p a r a l l e l  to o v e r a l l  d i r e c t i o n  o f  t  dyke.

Horns and r a f t i n g  o f  q u a r t z i t e  were observed  in  dyke 149,  a member 

o f  group 2 d y k e s ,  on L70E l e v e l  (F igure  2 . l i d ) .  The c o n t a c t s  o f  t h i s  

dyke are ex trem ely  s h a r p ,  as i f  f o l l o w i n g  a p r e - e x i s t i n g  f r c  t u r e ,  and 

the  shape o f  the r a f t e d  block o f  q u a r t z i t e  i s  e l o n g a t e  and angular  

s u g g e s t i n g  f r a c t u r e  a long  j o i n t  p l a n e s .

These f e a t u r e s  and t h e i r  r e l a t i o n s h i p  to f r a c t u r i n g  s u g g e s t  that  

the  dykes in trud ed  i n t o  p r e v i o u s l y  j o i n t e d  country roc* (Roberts  

and Sanderson,  1971; Currie  and Ferguson,  1970) and tha t  the o v e r a l l  

d i r e c t i o n  o f  the i n t r u s i o n  was not  p a r a l l e l  t o  the  j o i n t  p l a n e s ; in  

o t h e r  w ords , the s t r e s s  systems a s s o c i a t e d  w i t h  the format ion  of  the  

p r e - e x i s t i n g  J o i n t s  and the i n t r u d in g  dykes did not  c o i n c i d e ,  I i  

Figure  2 .1 2  a mechanism of  i n t r u s i o n  which could account  fo r  th e se  

f e a t u r e s  i s  p r e s e n te d .  At the time o f  i n t r u s i o n  a p r e - e x i s t i n g  J o i n t  se  

i s  i n c l i n e d  to  the p r e s e n t  d i r e c t i o n  o f  the p r i n c i p a l  s t r e s s e s ( F i g u r e  

2 . 1 2 a ) .  An i n t r u s i o n  would p r e f e r e n t i a l l y  l i e  normal to the  minimum 

p r i n c i p a l  s t r e s s  but  propagat io n  a long  the  p r e - e x i s t i n g  f r a c t u r e s
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r e q u i r e s  l e s s  energy than opening a new crack and so  the i n t r u s i o n  

f o l l o w s  a j o i n t  as in  Figure  2 .1 2 b .  I f  a t  some s t a g e  during  the  

i n t r u s i o n  the j o i n t  t er m in ate s  or the s t r e s s  system a l t e r s  so  that  

the p r e r e n t  i n t r u s i o n  d i r e c t i o n  i s  no l o n g e r  p o s s i b l e ,  and i f  the  

magma p r e s s u r e  i s  s u f f i c i e n t  to  form a new crack Mien th e  d i r e c t i o n  

o f  p ropagat ion  o f  a new crack w i l l  tend to  l i e  towards the d i r e c t i o n  

o f  maximum p r i n c i p a l  s t r e s s  (X-Y in  Figure 2 . 1 2 b ) .  ' h i s  i s

e x p l a i n e d  in  some d e t a i l  by Jaeger  and Cook (1969 ,  p.  326, Figure 1 2 . 5 ) .  

I n t r u s i o n  proceeds  a long  t h i s  new crack u n t i l  a new j o i n t  p lane  i s  

e n countered  where the dyke aga in  propagates  in  the dominant d i r e c t i o n  

(F igu re  2 . 1 2e ) .  The o v e r a l l  d i r e c t i o n  o f  the i n t r u s i o n  l i e s  normal to

the minimum p r i n c i p a l  s t r e s s .

A horn may be formed, ., « in Figure  2 .1 2  f  where the  dyke o v e r s h o o t s  

the  i n t e r r u p t i n g  p L v  , X-Y f o r  a s h o r t  d i s t a n c e .  R a f t in g  i s  i l l u s t r a t e d  

i n  ( f ) ;  a b lock  o f  > i n  bounded q u a r t z i t e  i s  surrounded by in t r u d in g  

magma. En e c h e lo n  dykes would be formed i f  the c o n n e c t i n g  zone X-Y 

between two p a r a l l e l  but  o f f s e t  dykes were c lo s e d  a f t e r  the i n t r u s i o n  

w i t h o u t  e n c l o s i n g  any magma; that  i s ,  the zone X-Y i s  on ly used as a 

f e e d e r .

2 . 4 . 3 .  B i f u r c a t i on o f t he dykes

A common f e a t u r e  o f  the dykes on the E.R.P.M. i s  t h e i r  s p l i t t i n g  

or b i f u r c a t i o n  and r e j o i n i n g  at  a l a t e r  s t a g e .  The cause  o f  such  

b i f u r c a t i o n  i s  probably  p r e - e x i s t i n g  f r a c t u r e s  or i n t r u s i o n  through  

l a y e r s  o f  vary in g  mechanical  p r o p e r t i e s . For example ,  P o l la r d  (19711 

has d e s c r ib e d  exper im ents  which show that  the d i r e c t i o n  ol p r opagat ion  

o f  a dyke w i l l  vary as the dyke p a s s e s  through l a y e r s  w i th  d i f f e r e n t  

Young's  Moduli.  However, i t  i s  u s u a l  fo r  the  dykes to b i f u r c a t e  upwards 

i n i t i a l l y  but  in  the E.R.P.M. i t  i s  common for  two members o f  swarm to
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c o a l e s c e ,  g i v i n g  the im p r e ss ion  of  a downwards b i f u r c a t i o n ,  l o r  

example dyke 117 changes from three  dykes below 77 l e v e l  to  one dyke 

above;  dykes 32 and 33 c r o ss  and then r e j o i n  in  F s e c t i o n  and dykes  

56 and 58 j o i n  in  G s e c t i o n .  The f a c t  tha t  many of  the  dykes are  

se en  to combine a t  the r e e f  p lane  may be connected  w i th  the t r a n s i t i o n  

from f o o t w a l l  to  h a n g in g w a l l  q u a r l z i t e s  which have s i g n i f i c a n t l y  

d i f f e r e n t  s t r e n g t h s  and Youngs Moduli.  In a d d i t i o n  P o l la r d  (1973)  

n o t e s  chat  contemporaneous s h e e t  i n t r u s i o n s  t h a t  are c l o s e  to one 

another  r e l a t i v e  t o  t h e i r  l e n g t h  w i l l  i n t e r f e r e  and change p ropagat ion  

d i r e c t i o n  and t h a t  two p a r a l l e l  i n t r u s i o n s  t h a t  are o f f s e t  from one 

another  have a tendency t o  curve towards one another .  Ihese o b s e r v a t i o n s  

c o u ld  a l s o  apply to  the i n t r u s i v e s  d e s c r i b e d  here .

2 . 5  SUMMARY OF THE GEOLOGICAL FEATURES OF THE INTRUSIVES

Group 1 : The Simmer Dyke -  p o s s i b l y  Bushveld age .

M e ia n o r i t e ,  c h a r a c t e r i s e d  by abundant pyroxenes  and a high magnesium 

and low aluminium c o n t e n t .  In hand specimen i t  i s  m a f i c ,  f r e s h  and 

breaks  w i th  a con c h o id a l  f r a c t u r e .  The dyke i s  up t o  200 metres  thick  

and has a very i r r e g u l a r  geometry.

Group 2 : I l m e n i t e  d o l e r i t e s  -  p o s s i b l y  Bushveld age.

These dykes make up a swarm s t r i k i n g  about 140 and d ipp ing  v e r t i c a l l y .  

They are g e n e r a l l y  f i v e  to  e i g h t  m etres  t h i c k  and have sharp c o n t a c t s  

and c h i l l e d  margins w i th  the  q u a r t z l t e s .  In t h i n  s e c t i o n  they  are  

c h a r a c t e r i s e d  by s k e l e t a l  I lm e n ' t e  which i s  r e f l e c t e d  in  the chemistry  

by a h ig h  TiO^ c o n t e n t .  Chemistry a l s o  i n d i c a t e s  t h a t  they are  

t h o l e i i t i c  it. c o m p os i t ion .

Group 3 : Quartz d o l e r i t e s  -  p o s s i b l y  l a t e  Venlersdorp  age .

These dykes are l a r g e ,  v ar y in g  in t h i c k n e s s  from 16 to  41 m etres ;  they 

s t r i k e  at  0 30°  and dip v e r t i c a l l y .  They have a medium gra in  s i z e ,  

are r e l a t i v e l y  f r e s h  and are o f t e n  c h a r a c t e r i s e d  by la r g e  feldspar 

p h e n o c r y s t s . Their  chemis try  shows th e  group to hr t h o l e i i t i c .

A



Group 4 : Quartz d o l e r i t e s  -  p o s s i b l y  Ventersdorp age .

S i m i l a r  in  o r i e n t a t i o n  and com p os i t ion  t o  group 3 but are f ir .er  

g r a i n e d ,  do not  have l a r g e  p h e n o c r y s t s ,  are more s e v e r e l y  a l t e r e d  and 

are g e n e r a l l y  t h i n n e r ,  w i th  w idths  of  about one to 20 m etr e s .

Their chemis try  shows the  group to be t h o l e i i t i c .

Group 5 : V l t r a m y l o n i t e s  -  p o s s i b l y  e a r l y  Ventersdorp age .

Th is  group in c lu d e s  a l l  th e  e a s t - w e s t  s t r i k i n g  s hear  z ones .  They vary 

in  d i p ,  s t r i k e  and t h i c k n e s s  but  the geochemica l  a n a l y s e s  shows tha t  

they  are a l l  s e v e r e l y  a l t e r e d  sheared dykes o f  p o s s i b l y  t h o l e i i t i c  

c o m p o s i t io n .  C h a r a c t e r i s t i c  f e a t u r e s  i n c lu d e  b la c k  u l tram ylo n i  t.e f i l l  

w it h  a w e l l  deve loped f o l i a t i o n .
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FAULTING ANi)_ .JOINTING

A. FAULTING

3 *1 I NTRODUCTION AND DISTRIBUTION of  FAULTS

The faults In the L.R.P.M. are numerous and vary In nature from 

normal to reverse, strlkc-slip to dip-sllp and translational to rotational 

with movement ranging from less than one centimetre to 400 metres or more 

(Map 2). Many are associated with dyke intrusions and most contain 

gouge material of varying thickness. Of the 234 macroscopic structural 

discontinuities considered in this dissertation, some 33% are faults and 

at least 10% are dykes along which some displacement has occurred.

In general, the geometry of the faults is poorly known because 

etrikes and dips are not normally recorded during mining; nevertheless, 

many dip directions and angles of dip have been calculated from 

.haft-.action plans and senses of movement ascertained from dislocated 

Planar features and irregularities in mining configuration on mine plans.

Faulting trends were determined by the method described in Chapter 2; 

these are illustrated in a strike-frequency diagram (Figure 3-1) and the

areas of high frequency, means and standard deviation arc listed in 
Table 3.1.

TABLE 3.1

SUW1ARY OF STRIKF ANALYSIS DATA FOR FAULTS

of points and 
percentage)

16.4(4.7%)

18.4(5.3%)

11.1(3.2%)

1 055°- 090° 075°

Ooor-i

2 270°- 290° 280° 7.1°
3 295°- 330° 313° 6.4°

\
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FIGURE 3 .2

Plan of a section of the E.R.P.M. showing discontinuities 
referred to in Chapter 3 and areas where joints were measured 
(stippled).

0  Vertical shaft

= = = = =  Incline shaft

______ — - Mine boundary

— -    t=. Dyke

— " ..' ■ - Fault showing downthrown side



Apart from the t h r e e  groups l i s t e d  i n  the t a b l e  a s t r o n g  030  

t rend  i s  p r e s e n t  ( s e e  Figure 3 .1 )  hut  has not been i n c lu d e d  because  (1)  

i t  r e p r e s e n t s  only  a s m a l l  pr o p o r t io n  o f  the p o i n t s  p l o t t e d  and (2) it 

i s  c o i n c i d e n t  with the s t r o n g e s t  trend  fo r  dykes (c£ .  TabLe 2 , 1 )  and 

hence i s  probably due to  movement on the dykes.  Group number , w i th  a 

mean s t r i k e  o f  about 280* , i s  s u b p a r a l l e l  to  f \ie sediment  s t r i k e  in  the  

mine and Groups 1 and 3 form n p o s s i b l e  conjuga te  p a i r  about Group 2.

3 .2  FAULTING STYLES

Figure 3 .2  i s  an annota ted  r e d u c t io n  o f  Map 2 and shows a l l  the  

f a u l t s  r e f e r r e d  to  in  t h i s  chapter  as w e l l  as the  three  groups l i s t e d  in  

Table  3 . 1 .  ' '" ' -ra l ly  t a dip o f  the f a u l t s  i s  c l o s e  to  90 w i th

d i s p l a c e ;  -3 than 10 m etr e s ,  but  in  some c a s e s  d ips  are as low as

40°  and some f a u l t s  show d i s p la c e m e n ts  g r e a t e r  than 200 m etr e s .  I t  i s  

d i f f i c u l t  to  c l a s s i f y  the f a u l t s  i n t o  the c a t e g o r i e s  normal and r e v e r s e  

because  o f  the p a u c i ty  o f  d ip —d i r e c t i o n  date  but a s tr o n g  c o r r e l a t i o n  

between s e n s e  o f  movement, ar-i e could  be made. Group 1 f a u l t s ,

w i th  a mean s t r i k e  o f  about 07 :n v a r i i b l y  have a down ow to the  

sou th  and a d e x t r a l  s t r i k e - s l i p  d i s p la c e m e n t .  Group 3 f a u l t s ,  w i t h  a 

mean s t r i k e  of  about 133° ,  I n v a r ia b ly  have a downthrow to  the nor th  and 

a s i n i s t r a l  s t r i k e - s l i p  d i s p la c e m e n t .  F i n a l l y ,  Group 2 f a u l t s ,  s t r i k i n g  

a t  about 100°  are not  as r e g u l a r  but the downthrow i s  g e n e r a l l y  to  the  

north  near  the s u r f a c e  and south  at  depth ,  w i th  both  s i n i s t r a l  and d e x t r a l  

d i s p la c e m e n t s .

3 . 2 . 1 .  Rota t io n a l  Fault  ing

Many f a u l t s  have a r o t a t i o n a l  component a s s o c i a t e d  w i th  t h e i r  

movement but ra r e ly  i s  the geometry s u f f i c i e n t l y  w e l l  understood for  i t  

to be d e s c r ib e d  in d e t a i l .  R o t a t io n a l  f a u l t s ,  i n  c o n t r a s t  to  

t r a n s l a t i o n a l  f a u l t s , i n v o l v e  a r o t a t i o n a l  movement about an a x i s  normal
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t o  the f a u l t  p la n e ;  the two p o s s i b l e  t y p e s ,  p i v o t a l  and h ig e , axe 

i l l u s t r a t e d  in  Figure 3 .3 a .  In p i v o t a l  f a u l t s  th e  v e r t i c a l  d i sp la cem ent  

d e c r e a s e s  a t  a r e g u la r  r a te  t o  zero a t  the p i v o t a l  po in t  and then  

i n c r e a s e s  in  the  o p p o s i t e  s e n s e .  Thus, an i n c l i n e d  f a u l t  w i l l  have at  

one end a normal and a t  the o t h e r  end a r e v e r s e  d i p - s l i p  d i s p la c e m e n t .

In a h in g e  f a u l t  the v e r t i c a l  movement i n c r e a s e s  r e g u l a r l y  away from 

the h in g e  zone on one s i d e  o n l y .  The f a u l t  may be normal or r e v e r s e  

but  movement i s  in  the  same s e n s e  throughout i t s  l e n g t h .  In a d d i t i o n f 

h in g e  f a u l t i n g  i n v o l v e s  the f l e x u r i n g  o f  one h a l f  o f  the  f a u l t  i n t o  

an angular  m onoc l ine ,w hereas  pure p i v o t a l  f a u l t i n g  r e q u i r e s  no in terna?  

d e form at ion  o f  the two f a u l t  b l o c k s .  G e n e r a l l y , the apparent  

s t r i k e - s l i p  d i s p la c e m e n ts  due to  r o t a t i o n a l  f a u l t i n g  are i r r e g u l a r  

b e cause  the s e n s e  o f  d i sp lac e m en t  depends on ( 1) the  apparent  dip o f  

the  p lan ar  body cut  by the f a u l t  p l a n e ,  (2) the rmount o f  r o t a t i o n  

and ( 3) the  p o s i t i o n  in  space  o f  the r e f r  nee p la n e ,  ( e . g .  p lane  of

th e  r e e f )  compared to the p i v o t a l  p o i n t .

The i n t e r p r e t a t i o n  of  r o t a t i o n a l  f a u l t i n g  i s  a l s o  f u r t h e r  complicated  

by any l a t e r  t r a n s l a t i o n a l  or r o t a t i o n a l  movement, which tends  t o  move

th e  p i v o t a l  p o i n t  to a d i f f e r e n t  p l a c e .

An example o f  the d i f f i c u l t r *  in  i n t e r p r e t i n g  r o t a t i o n a l  f a u l t i n g  

i s  prov ided  by E l l i s  (1943) de scr ibes  a major s t r i k e - s l i p  f a u l t

in  the  East  Rand b a s i n .  F i l l s  noted t h a t  the f a u l t  had p r e v i o u s l y  been  

c a l l e d  a s c i s s o r  (or  p i v o t a l )  f a u l t  because, i t  had been thrown down on 

both  s i d e s  a l t e r n a t i v e l y ,  but  c l o s e r  examinat ion  r e v e a l e d  tha t  the  

v e r t i c a l  d i s p la c e m e n ts  were apparent ly  due to a non-planar  r e f e r e n c e  p l a n e ,  

i n  t h i s  c a s e  a fo ld e d  c on g lom e r a t ic  r e e f , and the  on ly  d isp lacem ent  was 

s t r i k e - s l i p .  In Figure  3.3b t h i s  i s  r e p r e s e n t e d  d iagr am m at ic a l ly  by 

two i d e n t i c a l ,  but s l i g h t l y  out  o f  phase ,wave  t r a i n s  which r e p r e s e n t  the  

hang ingw al l  and f o o t w a l l  i n t e r s e c t i o n s  o f  the r e e f ( r e f e r e n c e )  p lane  

w i t h  the f a u l t  p la n e .  I t  i s  c l e a r  that  in  p l a c e s  the hang ingw a l l  t rac e



TABLE 1-2

SUMMARY OF HI SPLACFMi^ IS ALUNO FAULT 50

SECTION DI STANCE * 
(metres)

TYPE** VERTICAL
DISPLACEMENT
(metres)

D1P(C

DRIEFONTEIN No 2 0 R , S 294 79 S

DRIEFONTEIN No 1 A 50 R , S 381 81 S

ANGELO MAIN 1300 R , D 334 76 S

COMET 2000 R , D 280 80 S

- 2624 R , D 192 68 S

MUNRO 2695 R , D 196 69 S

- 2 760 A , D 89 70 S

- 2826 N , D 33 72 S

- 2973 N , 7 19 65 S

CASON 3170 N , ? 8 64 S

* Distance measured along strike east from Driefontein No 2 shaft

** R « Reverse dip-slip displacement 

N «= Normal dip-slip displacement 

S » Simstral strike-slip displacement 

D *» Dextral strike-slip displacement
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( s o l i d  l i n e )  i s  ' upthrown' c o m p a r e d  to  the f o o t w a l l  (broken l i n e )  but

e l s e w h e r e  the o p p o s i t e  a p p l i e s .

U n fo r tu n a te ly  such a s im ple  e x p l a n a t i o n  i s  not  a p p l i c a b l e  t o  

the  E.R.P.M. r o t a t i o n a l  f a u l t s  becaur '1 t h e i r  s t r i k e  i s  o f t e n

approximate ly  p a r a l l e l  to bedding.

The b e s t  known example o f  a r o t a t i o n a l  f a u l t  on the K.R.P.M. i s  

f a u l t  50 which i s  exposed c l o s e  to  s u r f a c e  over  a d i s t a n c e  of  four  

k i l o m e t r e s .  This  t y p i c a l  E.R.P.M. f a u l t  does not  appear to have  

been g iven  a p a r t i c u l a r  name p r e v i o u s l y  and i s  here  c a l l e d  the comet  

Faul t  because  o f  i t s  prox im i ty  to  Comet Inc l ined.  S h a f t  (Map 1 ) .  I t  i s  

a l a r g e ,  complex,  r o t a t i o n a l  f a u l t  which s t r i k e s  p a r a l l e l  t o  bedding  and 

d ip s  between 6 4°  and 81° s o u th .  However, the s e n s e  o f  movement a long  i t  

changes over  i t s  s t r i k e  l e n g t h .  At i t s  w e s t e r n  end the d i p - s l i p  

movement i s  r e v e r s e ,  the s t r i k e  - s l i p  movement i s  s i n i s t r a l  and a large  

dyke has in tr u d e d  i n t o  the f a u l t  p l a n e ,  but  a t  the e a s t e r n  end the f a u l t  

i s  normal,  d e x t r a l  and has only a sm al l  companion dyke.

A d e t a i l e d  d e s c r i p t i o n  o f  the Comet Faul t  has been o b ta in ed  from 

t en  v e r t i c a l  dip s e c t i o n s , spread over  a s t r i k e  d i s t a n c e  o f  3170 metros .

The in f o r m a t i o n ,  which i s  summarized in  Table 1 .2 ,  s u g g e s t s  t h a t  the  

f a u l t  i s  r o t a t i o n a l ,  because  o f  v a r i a t i o n s  in  the v e r t i c a l  d i sp lacem ent  

along  the f a u l t , and more s p e c i f i c a l l y ,  p i v o t a l  because  o f  the p r e sen ce  of  

both normal and r e v e r s e  d i p - s l i p  d i s p l a c e m e n t s . In Figure 3 .3 c .  the  

change in  v e r t i c a l  displacement a long  the f a u l t , from it Ion' n 

No 2 s h a f t  e a s tw a r d s ,  i s  p l o t t e d ,  I l l u s t r a t i n g  the complex i ty  o f  the f a u l t .  

The p i v o t a l  p o i n t  o f  the f a u l t  must l i e  a long  D-E because  o f  the  

change from normal to r e v e r s e  f a u l t i n g  but there  must a l s o  be a d i s l o c a t i o n  

in  the p i v o t a l  zone because  o f  the sudden d e c r ea s e  in v e r t i c a l  d i sp lacem ent  

between C and E. In a d d i t i o n ,  between p o i n t s  E and F, the d i sp la cem ent  

i n c r e a s e s  towards the p i v o t a l  zone and not  away as would be e x pec ted  

i n  i d e a l  p i v o t a l  f a u l t i n g ;  t h i s  i s  probably  due to the d i s l o c a t i o n .
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Fin a l l y  , in  Figure 3 . 3 c ,  the d isp lacem en t  d e c r e a s e s  towards both the  

e a s t  and from p o i n t  B, thus t h e re  are two h inge  f a u l t s  about p o i n t  B 

w ith  o p p o s i t e  s e n s e s  o f  d i s p la c e m en t .

Figure  3.4b o u t l i n e s  a p o s s i b l e  mechanism fo r  the format ion o f  

f a u l t s  w i th  v a r i a b l e  d i s p la c e m e n t ,  such as  the Comet F a u l t , in  r e l a t i o n  

t o  the f o r c e s  o p e r a t i n g  a t  the t ime o f  f a u l t i n g .  In Figure 3 .4 a  the  

s t r e s s  environments  o u t l i n e d  by Anderson (1951)  fo r  the format ion o f  normal,  

r e v e r s e  and s t r i k c - s l i p  f a u l t s  are i l l u s t r a t e d .  C le a r ly  none o f  t h e s e  

w i l l  permit  v a r i a b l e , or r o t a t i o n a l  d i s p la c e m en t  a long  the f a u l t  p la n e .  

However, a p o s s i b l e  m o d i f i c a t i o n  which would a l lo w  r o t a t i o n a l  f a u l t i n g  

i s  an inhomogeneous s t r e s s  s y s te m ,  s i m i l a r  to t h a t  proposed by Ramsay 

(1967 ,  Figure  7 -105 ,  p. 436)  fo r  produc ing  f o l d s  . Such a system  i s  

i l l u s t r a t e d  i n  Figure  3.4b where the v e r t i c a l  maximum p r i n c i p a l  s t r e s s  

(Oj) has a c o n s ta n t  magnitude over  the l e n g t h  of th e  b lock  but the  

h o r i z o n t a l  minimum ( o^) s t r e s s  v a r i e s  in  magnitude.  In p a r t s  o f  the  

b lo c k  the s t r e s s  d i f f e r e n c e  (o j  -  o^) i s  l a r g e  enough to cause  f a i l u r e  

and i n i t i a t e  f a u l t i n g  in  a normal s e n s e .  I f  cohes ion  i s  to  be maintained  

between the f a u l t e d  and u n f a u l t e d  segments  o f  the b l o c k ,  the r e s u l t a n t  

f a u l t  must be r o t a t i o n a l .  S t r e s s  c o n c e n t r a t i o n s  at  the p o i n t  E, due to 

the l e n g t h e n i n g  o f  the f a u l t e d  b lock  compared to the u n f a u l t e d  b l o c k ,

( F ig ure  3 ,4 c )  are l i k e l y  to  cause  propagat ion  of  the f a u l t  to  the p o i n t  H.

I f  t h i s  occurs the  h inge  p o i n t  i s  t r a n s l a t e d  to H r a th er  than the f a u l t  

p i v o t i n g  about the p o i n t  E,

Another perhaps more f e a s i b l e  method fo r  development o f  p i v o t a l  

f a u l t i n g  i n v o l v e s  d i f f e r e n t i a l  movement on a p r e - e x i s t i n g  f a u l t  (F igure  3. *'). 

For example,  a normal f a u l t  w i th  a l a r g e  c o n s i s t e n t  v e r t i c a l  d i sp lacem en t  

(F igu re  3 .5 a )  i s  l a t e r  s u b j e c t e d  to a d i f f e r e n t  s t r e s s  system  in which 

the magnitudes o f  the p r i n c i p a l  s t r e s s e s  vary a long  the b l o c k ,  which causes  

the  downthrown hangingwal l  b lock  to r id e  back up the f o o t w a l l  b l o c k .  I f
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the b l o c k  on ly  t r a v e l s  p a r t  o f  the  way back to  I t s  o r i g i n a l  p o s i t i o n  

and i f  the amount o f  movement has been v a r i a b l e  a long  the f a u l t  

plane  a h inge  f a u l t  i s  d e f i n e d  ( f i g u r e  3 . 5 b ) ;  i f ,  i n  p l a c e s ,  i t  r id es  

back p a s t  i t s  o r i g i n a l  p o s i t i o n  a p i v o t a l  f a u l t  i s  formeci (T j u r e  3 . j c ) .

C o m p l i c a t i o n s  must a r i s e  a t  the end of  a p i v o t a l  fault  because  

the v e r t i c a l  disp la cem ent  cannot in c r e a s e  i n d e f i n i t e l y .  The most l o g i c a l  

way o f  t er m in a t io n  i s  f o r  e i t h e r  the p i v o t a l  f a u l t  to  become a hinge  

f a u l t  o r  f o r  a c r o ss  f a u l t  to be p r e s e n t .  Fau l t  t e r m in a t io n s  a r e  d i s c u s s e d

i n  more d e t a i l  i n  S e c t i o n  3 , 2 . 2 ,

The second mechanism seems to  be the most a p p l i c a b l e  to  the Comet 

F aul t  and a p o s s i b l e  s c e n a r i o  f o r  i t s  format ion  f o l l o w s .  The f a u l t  

dips  southwards and s t r i k e s  p a r a l l e l  to  the b a s i n  ed ge ,  s u g g e s t i n g  that  

i t  formed as a normal type f a u l t  dur ing  the formation of  the  b a s i n .  Then,  

i t  was in trud ed  by a dyke from the west  ( th e  dyke i s  c o n s id e r a b l y  

t h i c k e r  at  i t s  w es tern  end) during Ventersdorp t im e s .  L a t e r ,  when the

maximum p r i n c i p a l  s t r e s s  was p lu n g in g  southwards a t  l e s s  than 45 t o  the

f a u l t  p lane  and the s t r e s s  d i f f e r e n c e  v a r i e d  in  magnitude a long  the f a u l t  

p l a n e , f a i l u r e  occurred  along the zone D-E (F igu re  3 . 3 c ) ,  r e s u l t i n g  in  

the w e s t  s i d e  be in g  moved back p a s t  i t s  o r i g i n a l  undeformed p o s i t i o n  to form

a r e v e r s e  f a u l t .

3 . 2 . 2 .  Fault  Terminations

Faul ts  can termin ate  by branching or sp la y  f a u l t i n g , t r a n s f o r m  

f a u l t i n g ,  a gradual  r e d u c t io n  in  d isp lacem en t  towards the f a u l t  margins  

( r o t a t i o n a l  f a u l t i n g  as d e s c r ib e d  in 3 . 2 , 1  a b o v e ) ,  f o l d i n g  and f a u l t i n g ,  

but wel l -documented  examples  o f  t er m in a t io n s  are r are .

The Phoenix Fault  (No. 97)  i s  a l a r g e  o b l i q u e - s l i p  r e v e r s e  f a u l t  which  

s t r i k e s  at  an average angle  o f  1431 (Group 3 in  Tab le  3 . 1 ) ,  d ips  at  

approximate ly  56° south  ( in  K s e c t i o n )  and lias a d ex tra l  s t r i k e  s l i p  

d i s p la c e m e n t .  Control  on the f a u l t  geometry i s  poor as on ly  two s e c t i o n s
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through the  f a u l t  could be o b t a in e d  (Figure 3 . 6  a and b) but  the  

f a u l t - r e c f  i n t e r s e c t i o n  t r a c e  c l e a r l y  shows t h e  f a u l t  to  have a minor  

d i s p la c e m e n t  near s u r f a c e  (Map 2 ) ,  a 300 metre o v e r la p  or  gain  o f  ground 

at  a depth o f  1300 metres  ( p o in t  A. Figure  3 . 6 c )  and then f i n a l l y  

to  d i s a p p e a r  some 6 . 5  km on the r e e f  t r a c e  from s u r f a c e , a f t e r  

branching to form s p l a y - f a u l t s  ( p o in t  B ) . Ihe important f e a t u r e  

o f  the Phoenix F au l t  i s  i t s  method o f  t er m in at ion  -  in  t h i s  case  

the  s p l a y - f a u l t i n g  i n t e r p r e t a t i o n  was s u g g e s te d  by Mr C Duke o f  the  

E.R.P.M. Geology Department. Hinge f a u l t i n g  has a l s o  been im portant .

Between K and L s h a f t s , the  main f a u l t  i s  r o t a t i o n a l  w i th  the v e r t i c a l  

di s p la c e m en t  d e c r e a s i n g  towards the s o u t h - e a s t . Then, in  the v i c i n i t y  

o f  L s, c t i o n  the  f a u l t  s p l a y s  i n t o  four  s m a l l e r  f a u l t s , the d i sp la cem ent  

a c r o ss  which d i sap p e ar s  near  the Far East  s e c t i o n .

3 . 2 . 3 .  Gouge f i l l e d  f a u l t s  and shear  zones

The c a t a c l a s t i c  m a te r ia l  p r e s e n t  in  the f a u l t s  and s hear  zones  

in  the E.R.P.M. v a r i e s  from a s o l i d ,  hard , c oh e r en t  mass t o  s o f t  g r i t t y  

i n f i l l i n g s  to  dry w h i te  powder. These t h r ee  end members can be c l a s s i f i e d  

as f o l l o w s  using- H i g g i n s (1971)  c l a s s i f i c a t i o n  of  c a t a c 1 a s t i c  rocks ,

( i )  Those where primary cohes ion  and f l u x i o n  s t r u c t u r e s  (a 

f o l i a t i o n  or f a b r i c  due to c a t a c l a s t i c  p r o c e s s e s )  are p r e s e n t ,  where  

c a t a c l a s l s  i s  dominant over  new m inera l  format ion and r e c r y s t a l l i s a t i o n  , 

and the s i z e  o f  the p o r p h y r o b la s t s  i s  l e s s  than about 0 , 2  mm, are  

c l a s s i f i e d  as ul tramylonf t e s . Members o f  t h i s  group in  the E.R.P.M. are  

hard and b r i t t l e  and can u s u a l l y  be i d e n t i f i e d  by chemical  a n a l y s i s  as  

h i g h l y  deformed,  but  u n r e c o g n i sa b le  dyk e s . The I n t e r n a l  f a b r i c  of t h e s e  

f a u l t  f i l l s  i s  u s u a l l y  a com p o s i t io n a l  l a y e r i n g  c o n s i s t i n g  o f  q u a r t z -  

f e l d s p a t h i c  l a y e r s  and p l a t y - m l n e r a l  l a y e r s .

The Van Dyk Faul t  s t r i k e ?  at an average o f  067°  (Group 1 in Table 3 . 1 ) ,  

d i p s  near  to v e r t i c a l ,  has a downthrow to  the south  and a d c x t r a l  s t r i k e -

■





PLATE 3 . 1

Unde r g r o u n d pho to^ . r -iphs o f  s h o ai zones

P h o t o g r a p h s  o f  s h e a r  zone 114A(group 5) on H77W l e v e l .

a.  The s t r o n g  f o l i a t i o n  which  . s c u rv e d  and i n c l i n e d  a t  
an a n g l e  t o  the  s h e a r  zone .

h .  A c l o s e  i " f  t h e  s h e a r e d  a r e a  showing a s ' r o n g  f o l i a t i o n  
and a l a  e l o n g a t e  q u a r t z  pod i n  t h e  f o l i a t i o n  p l a n e .

c .  S i m i l a r  t o  (b) b u t  a t  a n o t h e r  l o c a l i t y .

d . Pho tog  aph o f  a l a r g e  b e d d i n g  p l a n e  s h e a r  on H22 l e v e l . Note  
t h e  b e d d in g  p l a n e  j o i n t s  above t h e  s h e a r e d  a r e a .
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s l i p  d i s p la c e m e n t .  I t  i s  not  unusual  i n  i t s  geometry but i s  a t y p i c a l  

example o f  f a u l t s  and s hear  zones w i t h  gouge zones o f  c a t a c l a s t i c a l l y  

deformed and m y l o n i t i c  m a t e r i a l .  The width  o f  the gouge zone may 

exc ee d  s e v e r a l  metres  (Van dcr Berg, 197.3) but  i t  i s  normally  a l i t t l e  over  

u metre t h i c k .  Such la r g e  v a r i a t i o n s  in  d i s t a n c e  between the  f a u l t  

w a l l s  s u g g e s t  an i r r e g u l a r  i n i t i a l  f r a c t u r e  p lane  a long  which pod l i k e  

gaps were f i l l e d  w i th  c a t a c l a s t i c  rock during movement. The formation  

o f  th e se  pods may be analogous  to  s t e p  s t r u c t u r e s  which are commonly 

found on a s m a l l e r  s c a l e  on both n a t u r a l l y  and e x p e r im e n ta l ly  produced  

f a u l t  p l a n e s .  Morris and Barron (1968)  c o n s id e r  s t e p s  to  be formed 

by e i t h e r  a c c r e t i o n  o f  gouge m a te r ia l  or secondary f r a c t u r e .

A c c r e t io n a r y  s t e p p i n g  i s  common on the Van Dyk F a u l t , b e i n g  u s u a l ly  

formed in  areas  ot  1 i r r e g u l a r i t i e s  in  the f a u l t  w a l l s  by the

gouge p l a s t e r e d  on o the rock s u r f a c e  in the l e e  o f  i r r e g u l a r i t i e s .

An e x c e l l e n t  example o f  an u l t r a m y l o n i t e  type shear  zone in which  

the c a tac la , ‘. m a t e r ia l  i s  o f  a c o n s ta n t  t h i c k n e s s  was observed  

s e c t i o n .  The s hear  zone ( P l a t e s  3 . 1 a ,  b and c) s t r i k e s  approximate ly  

p a r a l l e l  t o  the r e e f  and d ips  between 40° and 85° n or th ;  d i sp lac e m en t  

a c r o ss  the shear  i s  o b l iq u e  in  a r e v e r s e  s e n s e  at  the e a s t  end o f  the  

exposure  (H76E) but appears to  oe p u r e ly  s t r i k c - s l i p  at  the w es t  end 

(H7/W). Within the 1 .5  meire wide s h e a r  i s  a h i g h l y  f o l i a t e d  

u l t r  .myIonite  w i th  a dyke l i k e  com posi t io n  ( c ^ f . Appendix Table Id,

A n a ly s i s  23)  in  which are I r : g e  pods o f  q u a r t z .  The sheared  area i s  

very w e l l  d e f in e d  and does not  extend  i n t o  the ad jac en t  q u a r t z i t c s ; the  

f o l i a t i o n  w i t h in  the shear  i s  a l s o  very w e l l  d e f in e d  ( P l a t e  3 . 1 a )  curv in g  

as i t  i s  traced  from the margin to the c e n t r e .  I t  i s  never  p a r a l l e l  to the  

c o n t a c t s  o f  the s hear  zone and the a n g le  o f  the f o l i a t i o n  to the  c o n t a c t
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PLAIT 3 .2

M i n i n g - i n c l u c p c i  f r a c t u r e s

a .  Type 1 f r a c t u r e s  i n  a  s t o p e . The u n u s u a l l y  h i g h  d e n s i t y  
has b e e n  c a u se d  by an i r r e g u l a r  m in i n g  c o n f i g u r a t i o n .
The f r a c t u r e s  d i p  tow ards  the  w i n i n g  f a c e ;  t h a t  i s ,  t h e  
face  advance  i s  t o  t h e  r i g h t .  (Pho to  by W.D. O r t l e p p ) .

b .  Type 2 f r a c t u r e  i n  a f o o t w a l l  d r i v e .  Note t h e  h i g h  d e g r e e  
o f  comminut ion  in  t h e  f r a c t u r e  p l a n e  and t h e  f e a t h e r i n g  
o f  t h e  f r a c t u r e  zone downwards (Pho to  by W.D. O r t l e p p ) .

c .  Embryonic zone o f  h i g h  comm inut ion  ( w h i t e  l i n e )  f rom which 
w a l l  s p o i l i n g  i n i t i a t e s . Pho to  t a k e n  i n  t h e  L7A e x p l o r a t i o n  
c r o s s c u t .

d .  Seve re  w a l l  s p a l l i n g  and ' s e l f - m i n i n g '  i n  t h e  L74 e x p l o r a t i o n  
c r o s s c u t .
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i s  about 2 0 ° .  Ramsay and Graham ( 1 9 /0 )  have d i s c u s s e d  the p r oduct ion  

o f  t i e ; e  f o l i a t i o n s  in  some d e t a i l . They, conc lude  th a t  shear  zones ,  

s i m i l a r  to  the one d e s c r i b e d  above are a product  o f  he trogeneous  

s im p le  s h e a r ;  the  s c h i s t o s i t y  i s  dependent on the f i n i t e  s t r a i n  s t a t e  

o f  th e  rock and forms p a r a l l e l  to  the XY p lane  o f  the f i n i t e  s t r a i n  

e l l i p s o i d .

S i m i l a r  s h e a r in g  has a l s o  been observed  p a r a l l e l  t o  the bedding  

p l a n e s  on H23E ( P l a t e  3 . Id)  in  zones up to 20 cm wide .

(11) H ig g ins  (1971) d e f in e d  f a u l t  b r e c c i a  and f a u l t  gouge as a rock 

formed by c r u s h in g  and g r in d in g  in  which any coherence  i s  secondary .

Faul t  b r e c c i a  p a r t i c l e s  are v i s i b l e  to  the unaided eye and f a u l t  gouge 

p a r t i c l e s  are n o t .  The s o f t ,  g r i t t y  i n f i l l i n g s  o f t e n  found in  the  

E.R.P.M. can be c l a s s i f i e d  as f a u l t  gouge , a l though many p a r t i c l e s  are  

o f  f a u l t  b r e c c i a  s i z e .  Water i s  r e g u l a r l y  a s s o c i a t e d  wi th  t h e s e  zones .

( i l l )  The dry w h i te  powdery substance  i s  s t r i c t l v  a f aul t b r e c c i a  but  

r e q u i r e s  s p e c i a l  a t t e n t i o n  because  i t  i s  the end product  o f  min ing-  

induced f r a c t u r i n g .  Two types  o f  m in ing- in duced  f r a c t u r e s  are commonly 

found in  the Witwatersrand d e e p - l e v e l  go ld  mines and have been c a l l e d  

Type 1 and Type 2 f r a c t u r e s  by McGarr (1971)  ( P la t e  3 . 2 ) .  Type 1

f r a c t u r e s  e x h i b i t  c h a r a c t e r i s t i c s  fundamental  to  the d e f i n i t i o n  o f  a j o i n t

and w i l l  be d i s c u s s e d  in d e t a i l  in S e c t i o n  B o f  t h i s  chapter .  However,  

o b s e r v a t i o n s  o f  Type 2 f r a c t u r e s  s u g g e s t  v i o l e n t  f a i l u r e  and an a s s o c i a t i o n  

w ith  r o c k b u r s t s .  Their  d i s t r i b u t i o n  i s  i r r e g u l a r  and underground 

o b s e r v a t i o n s  r e v e a l  that  they  are up to 20 cr. wide and that  d i s p la c e m e n ts  

a c r o s s  them arc i n  the order  of  two to  three  c e n t i m e t r e s .

Within  t h e s e  Type 2 sh »ar zones the c a t a c l a s t i c  m a t e r i a l  i s  m ost ly  a

very f i n e ,  w h i t e  powder ( l e s s  than 0 . 1  mm i n  d iameter)  in wh<ch p a r t i c l e s  

s e v e r a l  c e n t i m e t r e s  long are embedded. Thin s e c t i o n s  o f  sheared  q u a r t z i t e s
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show t h a t  s e v e r e  f r a c t u r i n g  and comminution o f  the I n d i v i d u a l  quar tz  

g r a in s  has taken p l a c e .  Kcrsten  (1964)  noted  the c h a r a c t e r i s t i c  

s u r f a c e  f e a t u r e s  o f  Type 2 f r a c t u r e s  to  be s l i c k e n s i d i n g , m y l o n i t i c  

powdered m a t e r i a l ,  a smooth f r a c t u r e  p lane  and an absence ol  v i s i b l e  

gra in  b oun dar ie s .  These f r a c t u r e s  r a r e l y  ter m in ate  on bedding p l a n e s .

3 . 2 . 4 .  Ages o f  f a u l t i n g

The l a t e s t  movement on the f a u l t s  d i s p l a c e s  most i n t r u s i v e s  but  

some f a u l t i n g  took p la c e  even b e f o r e  the i n t r u s i o n  of  the  Ventersdorp  

dykes;  th a t  i s ,  dur ing  d e p o s i t i o n  o f  the W jtv jcersrand s e d im e n ts .

Grouv 2 f a u l t s  (Table 3 . 1 ) ,  in  p a r t i c u l a r ,  are s u b - p a r a l l e l  t o  the  

sedim entary b a s in  edge and may have formed as normal f a u l t s  during  

b a s i n  su b s id e n c e  These f a u l t s  now have a s t r i k e - s l i p  d i sp lacem en t  

i n d i c a t i n g  l a t e r  movement a long  them. Groups 1 and 3 f a u l t s  appear to

b . more r e c e n t  than Group 2 and are probably a s s o c i a t e d  w i th  some l a t e r  

s t r e s s  f i t  Id w ' th  the  maximum p r i n c i p a l  s t r e s s  o r i e n t e d  approximate ly  

e a s t - w e s t .  This  may be a con ju ga te  p a i r  as i n d i c a t e d  by t h e i r  oppos ing  

s t r i k e - s l i p  d i s p la c e m e n ts  and the f a c t  that  they d i s p l a c e  each o t h e r  in  

an i r r e g u l a r  fa sh io n  im p l i e s  a s i m i l a r  age .  The s t r e s s  system s i n d i c a t e d  

by f a u l t i n g  w i l l  be d i s c u s s e d  in  Chapter 4.

B. JOINTING

3 . 3  INTRODUCTION

A d e t a i l e d  a n a l y s i s  o f  j o i n t i n g  p a t t e r n s  i s  e s s e n t i a l  for  an 

unders tanding  o f  the e f f e c t s  o f  l a r g e r  d i s c o n t i n u i t i e s  ( i . e .  dykes and 

f a u l t s )  on the a d ja c en t  rocks and mining e x c a v a t i o n s ,  as w e l l  as to  

e s t a b l i s h  the e a r ly  s t r e s s  f i e l d s .  The aim o f  t h i s  s e c t i o n  i s  to  

e s t a b l i s h  the p a t t e r n s  o f  bnth the o r i g i n a l  g e o l o g i c a l  j o i n t s  and the  

mining induced f r a c t u r e s ; the d i f f e r e n t  re sp onse  o f  q u a r t z ! t e s  and dykes  

during b r i t t l e  f a i l u r e  to mining induced s t r e s s e s ,  and the  d i f f e r e n c e s
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i n  f r a c t u r e  p a t t e r n s  in  q u a r t z i t e s  a d ja c en t  to  smal l  dykes ,  large

dykes and f a u l t s .  Of the f i v e  dykes i n  and near  which measurements

were made, four  are 1 l a r g e ' ( D y k e s  58 ,  7 9 ,1 0 0 ,1 8 2 )  ranging  in

t h i c k n e s s  from 1 5 ,5  metres  t o  21 m etres 'and  one i s  ' s m a l l ' 'Dyke 181)

b e i n g  on ly  1 ,7  metres  th k. The f a r ’ - c o n s id e r e d  i s  the  Van Dyk

F a u ^  (No 1 1 1 ) .  These dy..es and the f a u l t  have been marked on F igure  3 .2 .

J o i n t s  are extremely w e l l  deve lop ed  in  a l l  p a r t s  of  the E.R.P.M.  

p a r t i c u l a r l y  t h o s e  t h a t  are mining induced . -  However, the re  are a t  

l e -  t  t h r ee  important g e o l o g i c a l  s e t s  p r e s e n t  w i t h  a p o s s i b l e  two fu r th e r  

p o o r ly  deve lo ped  s e t s .  A t o t a l  o f  1098 j o i n t  p lane  o r i e n t a t i o n s  have  

been measured in F,G,H, K and L s h a f t  a r e a c . between 68 and 78 l e v e l s ,  

c o n c e n t r a t i n g  on thr ee  l o c a t i o n s  w i t h i n  each s h a f t ,  namely:  In the  

d y k e s ,  in  the q u a r t z i t e s  ad jac en t  to  dykes and f a u l t s  to  an a r b i t r a r y  

d i s t a n c e  o f  ten m e t r e s ,  and i n  q u a r t z i u s  d i s t a n t  from any di sc' ,  i n u i t i e s .  

In Figure 3 .2  the areas where j o i n t s  were measured are marked and in

Table 3 .3  the l o c a t i o n s  and number o f  read in gs  at  each l o c a t i o n  arc l i s t e d .

No d e t a i l e d  j o i n t  a n a l y s e s  have p r e v i o u s l y  been at tempted on the  

E.R.P.M. but in 1964 Kersten ana lysed  the o r i e n t a t i o n s  o f  mining  

induced j o i n t s  in  the immediate hang ingw all  rocks  on three  Witwatersrand  

go ld  mines.  He d e s c r ib e d  thr ee  c l a s s e s  o f  f r a c t u r e s  b a s in g  h i s  d i v i s i o n  

on s u r fa c e  f e a t u r e s  and dip  d i r e c t i o n .  (He observed  th a t  the s t r i k e  

v a r ie d  l i t t l e  and c on c e n tr a te d  on dip measurement) .  S in c e  then ,  McGarr 

(1971)  lias r e c l a s s i f i e d  Kersten* s th r e e  c l a s s e s  o f  f r a c t u r e s  i n t o  

Type 1 and Type 2 f r a c t u r e s .  Type 1 f r a c t u r e s  (Groups A and B, s o l i d  

l i n e s ,  in  Figure 3 .1 0 c )  dip towards the  d i r e c t i o n  o f  s to p e  face  

advance in  the hang ingw a l l  and away from t h i s  d i r e c t i o n  in the f o o t w a l l ;  

Type 2 f r a c t u r e s  dip in the o p p o s i t e  s^nse .  The c h a r a c t e r i s t i c s  o f  Type 

2 f r a c t u r e s , which as p r e v i o u s l y  n o t e d ,  cannot be con s id er e d  as j o i n t s , 

have been d i s c u s s e d  in 3 . 2 . 3 .  above and the c h a r a c t e r i s t i c s  o f  Type 1



j o i n t s  w i l l  be d i s c u s s e d  below ( s e e  P l a t e s  3 .2a  and b ) .

3 , 4  MKTH0I1 o r  ANALYSIS

The method used to  determine the o r i e n t a t i o n  o f  the j o i n t s  was as 

f o l l o w s :  because  o f  the abundance o f  f er r om agne t ic  mining m a t e r i a l s  

a c l i n o r u l e  was used f o r  o r i e n t a t i o n  measurements i n s t e a d  ol a 

magneti c  compass.  S t r i k e  was measured w i t h  r e s p e c t  to  the tunnel  

o r i e n t a t i o n  and then r e c a l c u l a t e i  to  true  north from mine-»urvey  p l a n s ;  

dip  could  u s u a l l y  be measured in  the normal way on i n d i v i d u a l  j o i n t

p l a n e s .

The measured o r i e n t a t i o n s  were s t a t i s t i c a l l y  ana ly sed  by c o n s t r u c t i n g  

c ontoured ,  low e r -h e m is p h e r e , e q u a l - a r e a ,  s t e n o g r a p h i c  p r o j e c t i o n s  o f  p o l e s  

t o  j o i n t  p l a n e s .  A computer programme (S ta r k e y ,  1 9 7 0 ) ,  adapted for the  

U n i v e r s i t y  o f  the Witwatersrand computer by Mr S L Fumerton has been  

used fo r  t h i s  purpose .  S t e r e o g r a p h i c  p r o j e c t i o n s  have been c o n s t r u c t e d  

f o r  each group o f  d a t a ,  namely:  i n  dykes;  in  adjacent  q u a r t z i t e s  and in 

d i s t a n t  q u a r t z i t e s ,  as w e l l  as f o r  a l l  data  in  each  s h a f t  and a l l  d a ta  

measured in  the  E.R.P.M. These p r o j e c t i o n s  are reproduced in  Figure  3 .7

and Figure 3 . 8 .  •

j o i n t  o r i e n t a t i o n s  were m ost ly  measured in f o o t w a l l  d r i v e s ,  but

some were measured in  hang ingw all  d r i v e s  and the L74 e x p l o r a t i o n  c r o s s - c u t

(Map 1 ,  Table 3 . 3 ) .  Development areas  r a th e r  than s t o p e s  were used

because  o f  d i f f i c u l t i e s  in  d e ter m in in g  s t r i k e s  in  a s l o p e .

Measurement o f  j o i n t  o r i e n t a l  tone i n  a r e s t r i c t e d  environment such

as f o o t w a l l  d r i v e s  does b i a s  the r e s u l t s ,  i . p a l l i n g  on the s i d e  w a l l s

o f  the d r i v e s  masks any s t e e p l y  d i p p i n g - J o i n t s  s t r i k i n g  p a r a l l e l ,  t o

the tunne l  ( i . e .  p a r a l l e l  to  bedding  s t r i k e )  ( s e e  Figure 3 .1 0 d ) .  Further ,

both f o o t w a l l  and hang ingw al l  d r i v e s  are a s s o c i a t e d  wi th  mining d i s tu r b a n c e s

which mask o r i g i n a l  j o i n t s .  Type 1 j o i n t s ,  for  example,  o f t e n  obscure

a v e r t i c a l l y  d ipp ing  s e t  s t r i k i n g  down the dip o f  the s e d im e n ts ;  t h i s  can

be s e e n  in Figure  3 .1 0 a  and c ,  where two members o f  groups A and B have
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s i m l l a r  s t r i k e s  and d i p s .  For t h e s e  reasons j o i n t s  were a l s o  measured 

in  the L74 e x p l o r a t i o n  c r o s s c u t  which runs o r t h o g o n a l l y  to the  

f o o t w a i l  d r i v e s ,  i s  in  the hang ingw all  and has no mining above or below

i t *
Moreover^bias i n  the measured Type 1 j o i n t  d i s t r i b u t i o n  i s  p r e s e n t ; 

most major dykes i n  the E.R.P.M. are or were a s s o c i a t e d  with westward-  

advanc ing s t o p e - f a c e s ,  h e n c e ,  in  th e se  f o o t w a i l  d r i v e s  Type I j o i n t s  

dip s t e e p l y  ea s tw a rd s .  However, in  the H s h a f t  a r e a ,  j o i n t s  were  

measured on both s i d e s  o f  the s h a f t  and the s t e r e o g r a p h i c  p r o j e c t i o n  for  

j o i n t s  in  d i s t a n t  q u a r t z i t e s  (Figure 3 .7 )  shows a symmetrical  d i s t r i b u t i o n  

p a t t e r n  -  t h a t  i s .  Type 1 j o i n t s  d ip p in g  both e a s t  and w e s t .

A l s o ,  the s t r i k e  o f  the bedding  and hence the trend  o f  the footwa 1 

and hang ingw a l l  d r i v e s  v a r i e s  from 0 9 9 °  in  F s h a f t  to  121 in  L s h a f t  

r e s u l t i n g  in  i  spread o f  the o r i e n t a t i o n s  o f  bedding j o i n t s  and induced  

s p a l l i n g  j o i n t s  on the s t e r e o g r a p h i c  p r o j e c t i o n s .  A composite  i r o j e c t i n n  

o f  bedding  j o i n t s  in  each s h a f t  c l e a r l y  shows the s t r i k e  v a r i a t i o n  

(F igure  3 .9 )  from F s h a f t  in  the west  to  ' s h a f t  i n  the e a s t .  Further  

the o r i e n t a t i o n  o f  s to p e - m in in g  induced j o i n t s  i s  s o l e l y  dependent on 

the  o r i e n t a t i o n  o f  the mining face  which v a r i e s  c o n s id e r a b ly  and hence,  one 

cannot e x p e c t  a very r e g u la r  p a t t e r n  for  t h e s e  j o i n t s .

A l though  t h e r e  a r e  l i m i t a t i o n s  t o  the  a n a l y s i s  as  o u t l i n e d  above ,  

the  d e s c r i p t i o n s  o f  t h e  r e s u l t s  be low c l e a r l y  e s t a b l i s h e s  two p ro m in e n t  

s e t s  of  m in ing  i n d u ce d  j o i n t s ,  t h r e e  s e t s  o f  w e l l  d e v e lo p e d  g e o l o g i c a l l y  

d e r iv e d  j o i n t s  and two o t h e r  p o o r l y  d e v e lo p e d  j o i n t  s e t s .

3 .5  RESULTS

The v a r i o u s  s t e r e o g r a p h i c  p r o j e c t i o n s  f o r  each  group o f  d a t a  a r e  

i l l u s t r a t e d  i n  F i g u r e  3 .7  e x c e p t  for  t h e  p r o j e c t i o n  f o r  a l l  j o i n t s  

m easu red  i n  t h e  E.R.P.M which i s  shown in  F i g u r e  3 . 8 .  Each p r o j e c t i o n  

h a s , a t  a maximum, fou r  c o n t o u r s  r e p r e s e n t i n g  c o n c e n t r a t i o n  l e v e l s  o f  1%,
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3%,6% mid 10% per  1% area .

A l l  p r o j e c t i o n s  bave s e v e r a l  areas  of  h igh  c o n c e n t r a t i o n ,  but  

t h e r e  are four o f  t h e s e  areas  tha t  are common to the m a jo r i ty  o f  the  

p r o j e c t i o n s .  These four groups can i n i t i a l l y  be d e s c r ib e d  as:

(a )  Group A : S t r i k e  =» 0 3 0 ° ,  dip = 60l -  90° e a s t

J o i n t s  p r e s e n t  : Type 1 and a g e o l o g i c  s e t .

(b) Group B : S t r i k e  = 0 3 0 ° ,  dip » 60° -  90 w es t  

J o i n t s  p r e s e n t  : Type 1 and a g e o l o g i c  s e t .

( c )  Group C : S t r i k e  1 2 0 ° ,  dip » 20°  -  50° south

J o i n t s  p r e s e n t  : bedding and c r o s s -  edding p a r t i n g  p l a n e s  p lu s  p a r a l l e l  

J o i n t s  in  the dykes.

(d)  Group D : S t r i k e  -  120° ,  dip = 90°

j o i n t s  p r e s e n t  : S p e l l i n g  on tunne l  w a l l s  and a g e o l o g i c  s e t .

These groups are i n d i c a t e d  on the s t e r e o g r a p h i c  p r o j e c t s  in F ig u r e s  3.7  

and 3 .8  by t h e i r  r e s p e c t i v e  l e t t e r s .

3 . 5 . 1 .  Groups A and B j o i n t s

These j o i n t s  are w e l l  deve loped in  a l l  a r e as  o f  the mine,  e s p e c i a l l y  

where s t o p i n g  has o c c u r r e d . They are  b e s t  deve lop ed  in  the d i s t a n t  

and adjac en t  q u a r t z i t e s  where they d ip  a t  60°  -  90l . Within the  

d y k e s , however,  they are p o o r ly  de ve lop ed  and are e s s e n t i a l l y  p a r a l l e l  

to  the near  v e r t i c a l  dyke w a l l s .  This  s u g g e s t s  th a t  a dyke i s  a 

s u f f i c i e n t l y  l a r g e  enough s t r u c t u r a l  d i s c o n t i n u i t y  to a f f e c t  the  

o r i e n t a t i o n  o f  mining induced j o i n t i n g  n e ar  i t  and p a r t l y  r e s i s t  mining  

induced j o i n t i n g  w i t h i n  i t .

This  c o n c l u s i o n  can be added to by i n t r o d u c i n g  a dyke t h i c k n e s s  

f a c t o r .  Dykes 5 8 ,  79, 100 and 182 are ' l a r g e  dykes'  and a f f e c t  the  

o r i e n t a t i o n  and d e n s i t y  o f  j o i n t s  in the a d j a c e n t  q u a r t z i t e s  but  the  

d i s t r i b u t i o n  o f  the j o i n t s  a d ja c en t  to the ' small* dyke .81 i s  more 

s i m i l a r  to tha t  for  d i s t a n t  q u a r t z i t e s  im p ly in g  t h a t  on ly la r g e  dykes can

s. ,1



— 48—

3%,6% and 10% per  1% area .

A l l  p r o j e c t i o n s  have s e v e r a l  areas  o f  high c o n c e n t r a t i o n ,  but  

t h e r e  are four  o f  t h e s e  areas  t h a t  ar_ common to  the m a jo r i ty  o f  the  

p r o j e c t i o n s .  These four  groups can i n i t i a l l y  be d e s c r ib e d  as:

(a )  Group A : S t r i k e  = 0 3 0 ° ,  dip -  60l -  90 e a s t

J o i n t s  p r e s e n t  : Type 1 and a g e o l o g i c  s e t .

(b)  Group B : S t r i k e  -  0 3 0 ° ,  d ip  = 60° -  90° w es t  

J o i n t s  p r e s e n t  : Type 1 and a g e o l o g i c  s e t .

( c )  Group C : S t r i k e  1201 , dip = 20° -  50° south

J o i n t s  p r e s e n t  : bedding and c r o s s - b e d d i n g  p a r t i n g  p la n e s  p lus  p a r a l l e l  

j o i n t s  in  th e  dykes,

(d) Group D : S t r i k e  -  120° ,  d ip  -  90°

J o i n t s  p r e s e n t  : S p a l l i n g  on tu n n e l  w a l l s  and a g e o l o g i c  s e t .

These groups are i n d i c a t e d  on th e  s t e r e o g r a p h i c  p r o j e c t s  in  F igures  3.7  

and 3 . 8  by t h e i r  r e s p e c t i v e  l e t t e r s .

3 . 5 , 1 .  Groups A and B j o i n t s

These j o i n t s  are w e l l  deve loped in  a l l  areas  o f  the mine , e s p e c i a l l y  

where s t o p i n g  has o c c u r r e d , They are b e s t  deve loped  in the d i s t a n t  

and adjacen t  q u a r t z i t e s  where they  d ip  a t  60° -  90t . Within the  

d y k e s ,  however,  they are p oor ly  deve lop ed  and are e s s e n t i a l l y  p a r a l l e l  

to  the  near v e r t i c a l  dyke w a l l s , This  s u g g e s t s  t h a t  a dyke i s  a 

s u f f i c i e n t l y  l arge  enough s t r u c t u r a l  d i s c o n t i n u i t y  to a f f e c t  the  

o r i e n t a t i o n  o f  mining induced j o i n t i n g  near  i t  and p a r t l y  r e s i s t  mining  

induced j o i n t i n g  w i t h i n  i t .

This  c o n c l u s i o n  can be added to  by i n t r o d u c i n g  a dyke t h ic k n e s s  

f a c t o r .  Dykes 58 ,  79 ,  100 and 182 are ' la r g e  dykes'  and a f f e c t  the  

o r i e n t a t i o n  and d e n s i t y  o f  j o i n t s  in  the a d ja c en t  q u a r t z i t e s  but the  

u i s t r i b u t i o n  o f  the j o i n t s  a d j a c e n t  to the ' s m a l l '  dyke 181 i s  more 

s i m i l a r  to  th a t  for d i s t a n t  q u a r t z i t e s  im p ly in g  t h a t  on ly  l arge  dykes can
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a l t e r  the s t r e s s  f i e l d  s i g n i f i c a n t l y  enough to r e o r i e n t  mining induced  

f r a c t u r e s .

Two t y p e s  o f  j o i n t s ,  Type I ' s  and a g e o l o g i c a l  s e t ,  were d e f in e d  

above as making up Groups A and B, both o f  which can be r e c o g n i s e d  on some 

s t e r e o g r a p h i c  p r o j e c t i o n s .  The p r o j e c t i o n  f o r  d i s t a n t  q u a r tz i  t e s  in H 

s h a f t  shows Groups A and E to  cover  t hree  c o n c e n t r a t i o n s ,  one l y i n g  on 

the p r i m i t i v e  g r e a t  c i r c l e  and the o t h e r  two d ipp ing  s t e e p l y  e a s t  and 

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

the  l a t t e r  two, Type 1 j o i n t s .  This  s u b d i v i s i o n  i s  a l s o  p r e s e n t ,  

al though not  as c l e a r l y  d e f i n e d ,  i n  F and G s h a f t s , but in h s h a f t  

the g e o l o g i c a l  s e t  i s  c om p le te ly  a b s e n t .

Near the Van Dyk F a u l t ,  groups A and B are hard to i d e n t i f y  and are

d i s r u p te d  to such an e x t e n t  that  Group A J o i n t s  c o a l e s c e  w i th  Groups b

and C. This  i n d i c a t e s  t h a t  l a r g e  f a u l t s , l i k e  l a i g e  dykes ,  can a f f e c t  

the o r i e n t a t i o n  o f  mining induced j o i n t s .

3 . 5 . 2 .  Group C Joint:;

These j o i n t s  are always r e p r es e n te d  by good p o i n t  maxima on the  

s t e r e o g r a p h i c  p r o j e c t i o n s  f o r  d i s t a n t  q u a r t z i t e s  but  o f t e n  t h e se  maxima 

are e lo n g a t e d  in the dip d i r e c t i o n  because  o f  the d i f f e r e n c e  in  the  angle  

o f  dip fo r  bedding and c r o s s - b e d d i n g .  In the p r o j e c t i o n s  fo r  ad jacen t  

q u a r t z i t e s ,  the maxima may Jo in  to tha t  fo r  Group I) tc  form a weak great  

c i r c l e  d i u t r i b u t '  n. Tills s u g g e s t s  t h a t  the  r e g u l a r l y  o r i e n t e d  bedding  

i s  s l i g h t l y  d i s r u p te d  near  to  dyk e s ,  and presumably a l s o  near  f a u l t s .

One o f  t ’ e moat unusual  f e a t u r e s  o f  the j o i n t i n g  in the mine,  i s  

the p r e s e n c e  o f  ' bedding  J o i n t s '  in dykes 58 ,  79 and 182,  Group v j o i n t i n g  

in  dykes i s  no t  as w e l l  d e f i n e d  as in a d ja c en t  q u a r t z i t e s  but  n e v e r t h e l e s s

i t  i s  prominent enough in p l a c e s  fo r  the dykes to be mis taken fo r  bedded

sedim . t s  underg ound. However, t h i s  s e t  i s  absent  in  Dyke 100,

,-r
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3 . 5 . 3 .  Group 0 J o i n t s

These j o i n t s  appear to  be a l l  but  absent  i n  the d i s t a n t  q u a r t z i t e s  

but they  may be masked by s p a l l i n g  on tha tunne l  w a l l s .  However, in 

the a d j a c e n t  q u a r t z i t e s  and w i t h i n  the dykes the  group i s  c l e a r l y  

v i s i b l e  ( ex c e p t  in  the  q u a r t z i t e s  adjacent  to  Dyke 5 3 ) .  This  may be due 

to  a b e t t e r  development o f  the g e o l o g i c a l  j o i n t s  near th e  dykes or  to 

l e s s  s p a l l i n g .  The l a t t e r  seems the most l i k e l y  because  some o f  the  

b e s t  examples  of  g e o l o g i c  Group D j o i n t s  were observed  in  d i s t a n t  q u a r t z i t e s .

3 . 5 . 4 .  J o i n t s  aw.iv from a c t i v e  mining areas

A l l  the above d e s c r i p t i o n s  and a s s o c i a t e d  s t e r e o g r a p h i c  p r o j e c t i o n s  

r e f e r r e d  to j o i n t s  in  areas  near  s to p e  mining.  To check the v a l i d i t y  

o f  t h i s  data  and to i d e n t i f y  the groups more p r e c i s e l y  73 j o i n t s  were  

measured in a s e c t i o n  a long  the s o u t h - t r e n d i n g  L74 e x p l o r a t i o n  c r o s s c u t ,  

w e l l  away from a c t i v e  m ir in g .  Group C j o i n t s  a r e ,  as e x p e c t e d ,  w e l l  

d e v e lo p e d  a lthough abundant c r o s s - b e d s  have caused an e lo n g a t e d  p o i n t  

maxima. A l l  o t h e r  j o i n t s  dip v e r t i c a l l y  f o .m in g  a weak p r i m i t i v e  great  

c i r c l e  with  four areas  o f  c o n c e n t r a t io n .  Two o f  th e se  correspond to  

Groups A and B and Group D but the o t h e r  two cannot be c o r r e l a t e d  w i th  any 

p r e v i o u s l y  d e s c r i b e d  groups.  In the c r o s s c u t ,  s p a l l i n g  j o i n t s  s t r i k e  

at  030°  and do no t  form par t  o f  Group D; t h i s  confirms the  p r e s e n c e  o f  a

g e o l o g i c a l  s e t  o f  j o i n t s  i n  Group D.

The two new maxima which appear in the p r e l e c t i o n s  (Figure 3 . 7 )  

c o r r e l a t e  w i th  two f u r th e r  s e t s  of  v e r t i c a l l y  d ipp ing  j o i n t s ,  one s t r o n g  

s e t  s t r i k i n g  at  about 075° (Group L) and one weak s e t  s t r i k i n g  a t  about  

165° (Group F ) , As w i l l  be shown in Chapter 4 t h e s e  correspond to weak 

r e g io n a l  l i n e a t i o n  t rends  and f u r t h e r ,  a re i n v e s t i g a t i o n  o f  the st  e r e o g r a p h ic

p r o j e c t i o n s  fo r  o t h e r  areas  r e v e a l  a few J o i n t s  s t r i k i n g  at  t h e s e

o r i e n t a t i o n s . Thus, th e se  maxima probably  r e p r e s e n t  weak g e o l o g i c a l  j o i n t  

s e t s  which are p r e s e n t  throughout the mine.





PI.ATi; 3 - J .

:
'

a.  A s e c r i o n  o f  diamond d r i l l  c o r e  shovint ;  open b e d d in g  p l a n e  j o i n t s  
(ends o f  t h e  c o r e )  and i n h e r e n t  b e d d in g  p l a n e  w e a k n e s se s  ( l i g h t e r  
l i n e s  w i t h i n  t h e  c o r e ) .

b.  Bedding p l a n e  j o i n t s ( h o r i z o n t a l  f r a c t u r e s )  and w e l l  d e v e lo p e d  
type  1 f r a c t u r e s  ( d i p p i n g  t o  t h e  l e f t )  i n  a foot' , a l l  d r i v e  
(Pho to  by W.D. O r t l e p p ) .

c .  Well  d e v e lo p e d  b e d d i n g  p l a n e  j o i n t i n g  f o rm in g  I i n e a t i o n s  on an 
e x t r e m e l y  p l a n a r  v e r t i c a l  j o i n t  s t r i k i n g  e a s t - w e s t .  (Pho to  by 
W.D. O r t l c p p l .

d. Diamond d r i l l  c o r e  showing r e  , a i a r  b e d d i n g  p l a n e  f r a c t u r e s .





PLATE 1 .4

O r i g i n a l  nnd m in ing  i nilnr o J  j o i n t ii.;?.

a .  A p l a n a r  b e d d in g  p l a n e  j o i n t  ( r o o f )  on which t r a c e s  o f  
type  1 f r a c t u r e s  c a n  be s e e n  which  e x te n d  down th e  back  
w a l l .  (P h o to g r a p h  by W.D. O r t l e p p ) .

b.  Diamond d r i l l  c o t e  showing r e g u l a r  c r o s s  f r a c t u r e s  (X) 
which  a r e  e v i d e n c e  f o r  g ro u p s  A and R o r i g i n a l  j o i n t i n g .

c .  Dyke/q >ar t z i  t e  c o n t a c t  i n  a n o r t h - s o u t h  s t r i k i n g  s t a t i o n  
c r o s s c u t  showing o r i g i n a l  group  A and R j o i n t i n g  (Y) 
and c u rv e d  s p e l l i n g  f r a c t u r i n g  ( Z ) .
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Tiiese J o i n t s ,  l i k e  the g e o l o g i c a l  J o i n t s  In Groups A and B and 

Group D, are o r i e n t e d  a t  90° to each o t h e r .

3. 6 hESCRin iON OF J O I N T S

3 . 6 . 1 .  Mining Induced j o in t s  ( P l a t e  3 .2  and P l a t e  3 .4a  and c)

The g e n e r a l  o r i e n t a t i o n  o l  Type 1 J o i n t s  and t h e i r  r e l a t i o n s h i p  to  

mining c o n f i g u r a t i o n  have a lready  been d i s c u s s e d .  K ir s te n  (1964)  noted  

the  s u r f a c e  f e a t u r e s  o f  Type 1 f r a c t u r e s  to i n c lu d e  plumose s t r u c t u r e ,  

c l e a r l y  v i s i b l e  gr a in  b o u n d a r ie s ,  an absence o f  s l i c k e n s i d i n g  and an 

i r r e g u l a r  s u r f a c e .  They u s u a l l y  t erm in ate  on bedding p la n e s  ( c f .  Type 2 

f r a c t u r e s  in 3 . 2 . 3 . ) .

/  f u r t h e r  f e a t u r e  demonstrated  by Kersten  i s  t h a t  the a n g le  o f  dip  

i n c r e a s e s  with the span o f  the s t o p e .  Dip i n c r e a s e s  from about 40° to 75° 

as the h a l f - s p a n  width i n c r e a s e s  from 10 to  50 metres  but  beyond 50 metres  

th e  i n c r e a s e  i s  minimal;  t h i s  change in dip i s  r e s t r i c t e d  to a s m a l l  

p o r t i o n  o f  a s e c t i o n  because  h a l f - s p a n  d i s t a n c e s  range up to 1000 metres .  

The frequency o f  t h e s e  J o i n t s  shou ld  vary w i th  l i t h o l o g y  but t h i s  i s  

r a r e l y  observed becuase  mining i s  c o n f in e d  t o  one sedimentary  h o r izo n .  

However, for  no apparent r n s o n ,  the frequency v a r i e s  w i t h in  the  

q u a r t z i t c s  and a l s o ,  as demonstrated above ,  t here  i s  a de g r e a se  in  

frequency  w i t h in  dykes compared to  q u a r t z i t e s .

K ersten  concluded t h a t  Type 1 j o i n t s  are probably t e n s i o n  f e a t u r e s .  

His d e s c r i p t i o n  o f  the s u r f a c e  c h a r a c t e r i s t i c s  o u t l i n e d  above tends  to  

support  t h i s ,  apart  from one f e a t u r e ;  the p r e sen ce  o f  plume s t r u c t u r e s .  

P r i c e  (1966 pp, 122-155)  s u g g e s t s  that  plume s t r u c t u r e s  are probably a 

t e s u l t  o f  shear  f a i l u r e  but n o t e s  tha t  because plume s t r u c t u r e s  are  

deve loped  during B r a z i l i a n  t e n t s  t here  i s  doubt as to  whether  they are  

a c o n c l u s i v e  i n d i c a t o r  o f  shear  f a i l u r e .  However, McGarr (1971)  u s in g  

d i s l o c a t i o n  theory and Gay (1973)  u s in g  a combined t h e o r e t i c a l  and

■



ex p e r im en ta l  approach,  have both c o n s id e r e d  Type 1 j o i n t s  to  be 

shear  s t r u c t u r e s  which form between f i v e  and ten metres  ahead o f  

the working f a c e .  I t  may prove t h a t  Type 1 j o i n t s  form by both  

e x t e n s i o n  and shear  mechanisms depending on t h e i r  p rox im i ty  to the  

s t o p e .  In the s t o p e  fa c e  th e se  f e a t u r e s  are c l e a r l y  v e r t i c a l  and 

immediate ly  in f r o n t  o f  t h i s  the s t r e s s  system  i s  o r i e n t e d  w i th  the  

maximum p r i n c i p a l  s t r e s s  v e r t i c a l ;  t h a t  i s , i t  l i e s  in  the p lane  o f  the  

f r a c t u r e .  This  s u g g e s t s  th a t  an e x t e s n i o n  mechanism a t  t h i s  p o i n t  i s  

more l i k e l y  than a shear  one .  However, t h i s  s i t u a t i o n  may vary  

away from the s t o p e .  The p r i n c i p a l  s t r e s s e s  are r e o r i e n t e d  about a 

s to p e  as mining proceeds  such tha t  the maximum p r i n c i p a l  s t r e s s  i s  

o r i e n t e d  p a r a l l e l  to  the e x c a v a t i o n  ( s e e  fo r  example,  Gay, 1973,  Fig.  3 a ) .  

The observed  Type 1 f r a c t u r e  p a t t e r n s  do not  show any s i g n s  o f  

becoming p a r a l l e l  to  the e x c a v a t i o n  and hence they are probably  formed by 

a shear  mechanism away from the s to p e  f a c e .

S p a l l i n g  or  s la b b in g  on the tunne l  w a l l s  i s  a common 

f e a t u r e  a t  depth due to  the la r g e  s t r e s s e s  induced around the o p e n in g s .

I t  was b e s t  observed  in the L74 e x p l o r a t i o n  c r o s s c u t  (Map 1 ) ;  a tunnel  

whi^h was i n i t i a l l y  about 2 ,5  metres  wide and 3 , 0  metres  h igh  and which  

has not  been s t r e s s  r e l i e v e d  by o v e r s t o p i n g .  In t h i s  c r o s s c u t ,  s l a b s  

appear to i n i t i a t e  from a h i g h l y - s t r e s s e d  zone o f  comminution formed 

at  the i n t e r s e c t i o n  o f  two planar f e a t u r e s :  a g e o l o g i c a l  f e a t u r e  such 

as a f a u l t  or a prominent bedding p lan e  and the tunnel  w a l l s  or  the  

tunne l  r oof  and a w a l l .  Thi* 'embryonic zone1 ( P l a t e  3 . 2 c )  i s  concave  

in  s e c t i o n  and i s  u s u a l l y  near the top o f  the tunnel  w i l l s  but  o f t e n  

m igrates  down to w a i s t  h e i g h t  as s p a l l i n g  p r o c e e d s .  Slabs  w i t h  t h i c k n e s s e s  

ranging  from a c e n t im e t r e  to 15 c e n t i m e t r e s  or  more form p a r a l l e l  to 

the tunnel  w a l l s  thus w iden ing  the tunnel by ' s e l f - m i n i n g ' .  ( P l a t e  3 . 2 d ) .  

I n d i v id u a l  s la b s  c o l l e c t e d  are m ost ly  c u r v ip la n a r  but towards them 

embryonic zones thev  are tapered  and even hooked.



In f o o t w a l l  and hang ingw a l l  d r i v e s , which have been d e s t r e s s e d  by 

a s t o p e  above or be low,  the s p a l i i n g  i s  mild by comparison to th a t  i r  

the  c r o s s - c u t ,o bvious  s e l f - m i n i n g  i s  rar ind s p a l i i n g  j o i n t s  are  

v e r t i c a l  and do not  t i l t  o v e r .

Comminution o f  m a t e r ia l  i s  c o n f in e d  mainly to  embryonic zones and 

the smooth and c u r v ip la n a r  j o i n t  s u r f a c e s  are  s i m i l a r  in  most r e s p e c t s  

to  Type 1 f r a c t u r e s .  Many o f  the s l a b s  c o n t a i n  plume s t r u c t u r e s  

p o s s i b l y  s u g g e s t i n g  a shear  mechanism and Gay (1970)  conclu ded tha t  

s p e l l i n g  surrounding  s l i t s  in  sandstone  c y l i n d e r s  under h y d r o s t a t i c  

compress io n  took p l a c e  by s h e a r .

3 . 6 . 2 .  G e o lo g ic a l  j o i n t s ( P l a t e s  3 . 3  and 3 .4 )

(a) P o s s i b l e  e x t e n s i o n  j o i n t s

Twr o f  the o r i g i n a l  j o i n t  s e t s ,  part  i  ’ps A and B and par t  o f

group j  have been recorded in d r i l l  c o r es  ( P l a t e s  3 .4b)  and o c c a s i o n a l l y  

in  underground e x c a v a t i o n s  P l a t e s  3 .3c  and 3 . 4 c )  where they  are not  

o f t e n  i d e n t i f i e d  because  o f  the masking e f f e c t s  o f  mining induced  

j o i n t i n g .  Vhere o b s e r v e d ,  they  are q u i t e  p lanar  and show no 

disp lac e m en t  ac r oss  the j o i n t  p l a n e .  The s u r f a c e  o f  the j o i n t s  i s  

u s u a l l y  co a te d  wi th  c h l o r i t i c  m a te r ia l  u n l e s s  small  quar tz  v e i n s  are  

p r e s e n t ,  in  at  l e a s t  one l o c a t i o n  the 030°  t re n d in g  j o i n t s  have c o n t r o l l e d  

the i n f u s i o n  o f  a smal l  dyk» o f  Ventersdorp age ( P l a t e  3 . 4 c )  i n d i c a t i n g  

t h a t  they formed e a r l y  in  pos t -W itw atersrand  t im e s .

The f r t v  ncy o f  Groups A, R and I) g e o l o g i c  j o i n t s  i s  not  w e l l  known 

a l though  in ,1 .-.haft, the observed  j o i n t s  were soaced  about 0 , 2 5  me res  

a p a r t .

Tha j o i n t  s e t s  are or th ogonal  to each o t h e r  and arc o r i e n t e d  a t  

high  ang le s  to  the sed im ents  which s u g g e s t s  t h a t  they may be r e l a t e d  

to  the has in i  nr, p r o c e s s e s .  N or th -sou th  and e a s t - w e s t  v e r t i c a l  s e c t i o n s  

through the b a s i n  at  the P.P.P .M. show the s e d i m e n t s  to be concave
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upwards ar. the j o i n t s  may be t e n s i o u a l  '< . i tures  a s s o c i a t e d  with

t h i s  f l c x r r i n g .  A l t e r n a t i v e l y  they mr> be e x t e n s i o n  j o i n t s  formed during

u p l i f t  as s u g g e s te d  by P r ic e  (1959) .

Groups E and F j o i n t s  were too p oor ly  deve loped to  be s t u d i e d  but  

are  presumed to  be o f  a g e o l o g i c a l  o r i g i n .

(b) Bedding p lane  j o i n t s

The most c o n s i s t  n t l y  deve loped j o i n t s  i n  the mine are  bedding  

joints ( P l a t e  3 . 3  and 3 . 4 a ) ,  the dip o f  which v a r i e s  rom about 45°  

at  s u r f a c e  t o  25° at the d e e p e s t  mining l e v e l s , b e ;  as demonstrated  

above l o c a l  v a r i a t i o n s  are common e s p e c i a l l y  near f a u l t s  and dykes.  In 

a d d i t i o n ,  bedding i s  o c c a s i o n a l l y  d i s r u p te d  by a n c i e n t  g u l l i e s  and

wash-aw ays and by c r o s s - b e d d i n g  which d ips  at. a n g l e s  whic l  are up to 25°

g r e a t e r  than the dip o f  the main beddin p l a n e s .  Bedding p lane  j o i n t s  

seem to  have deve loped  where t h e re  i s  an in h e r en t  weakness  such as a 

fine l a y e r  o f  s h a l e  i n  the q u a r t z i t e s  and hence ,  they are u s u a l ly  more 

frequen* in  ' d i r t i e r 1 q u a r t z i t e s  where the s h a l e  c o n ten t  i s  abundant.

The d i s t a n c e  between them ranges from about f i v e  c e n t i m e t r e s  to more than 

a metre.

The j o i n t s  are e i t h e r  p la n a r  (main-bedding)  o r  c u r v i p l a n a r ( c r o s s 

bedding)  and they are u s u a l l y  covered by a f i n e  c o a t i n g  o f  c h l o r i  t i c

or c la y  m a t e r i a l ;  comminution i s  rare but the s u r f a c e  i s  o f t e n  s t r i a t e d .

Movement a c r o s s  them has caused the d isp lacem ent  o f  s m a l l  v e i n s  and j o i n t s  

for d i s t a n c e s  o f  up to one c e n t i m e t r e ;  s hear  zones p a r a l l e l  to  bedding as  

d i s c u s s e d  in  Part A o f  t h i s  chapter  a l s o  imply movement a long  bedding.

From a comparison o f  the bedding p la n e  f r a c t u r e s  in the L74 

e x p l o r a t i o n  c r o s s c u t  and f o o t w a l .1 d r i v e s  i t  i s  c l e a r  that  the frequency

o f  the j o i n t s  i s  h i g h e r  in the f o o t w a l1 d r i v e s  where they are a l s o

more open.  This  b e t t e r  development o f  the j o i n t s  in  mining areas  i s

probably r e l a t e d  to the c l o s u r e  o f  the s L o p e s , which occurs  some t en s  o f

m etres  behind the p o s i t i o n  o f  the a c t i v e  mining f a c e .
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( c )  Mechanism o f  form at ion  o f  bedding plane  j o i n t  

On the Witwatersrand the measured v e r t i c a l  s t r e s s e  are i n  go d 

agreement with the c a l c u l a t e d  s t r e s s  from the w e ig h t  < the overburden  

(Gay, 1972,  19 7 5 ) ,  h e n c e ,  a t  the d e e p e s t  mining l e v , i s  the v e r t i c a l  

s t r e s s ,  which should approximate to  the maximum p r i n c i p a l  s t r e s s ,  i s
3

about 90 MI’a i f  one assumes the  d e n s i t y  o f  the overburden to be 2700 Kg/m’ 

(Grobbelaar ,  1 9 5 7 ) ,  depth to be 3 ,3  k i l o m e t r e s  and a c c e l e r a t i o n  due to  

g r a v i t y  to be 980 c m / s e c 2 . In a d d i t i o n ,  Gay (1975) has shown th a t  a t  

depth in  Southern A f r i c a  the v e r t i c a l  s t r e s s e s  are a lmost  tw ice  as l a r g e  

as the  h o r i z o n t a l  so i n  the E.R.P.M. i t  i s  reason ab le  to assume a 

h o r i z o n t a l  s t r e s s  o f  50 MPa, which w i l l  approximate to the minimum and

i n te r m e d ia t e  p r i n c i p a l  s t r e s s e s .

The mechanism o f  form at io n  o f  the bedding  j o i n t s  i s  undoubtedly  

g e o l o g i c a l  but  the open ing  up o f  the j o i n t s ,  the h ig h e r  frequency  near  

a c t i v e  mining a r e a s ,  and p o s s i b l y  the  form at ion  o f  th o s e  i n  the d ykes ,  i s  

o b v i o u s ly  r e l a t e d  to the mining a c t i v i t y .  When the r e e f  i s  removed 

by m in ing ,  the u n d e r ly in g  f o o t w a l l  rocks are s u b j e c t e d  to  an a lmost  

i n s ta n t a n e o u s  removal o f  t hree  k i l o m e t r e s  o f  overburden w i th  a concomitant  

r e d u c t i o n  in  the v e r t i c a l  s t r e s s  and a r e o r i e n t a t i o n  o f  the p r i n i t i p a l  

s t r e s s e s ,  so th a t  the maximum p r i n c i p a l  s t r e s s  becomes h o r i z o n t a l  and 

the minimum . r t i c a l .  Under t h e se  c o n d i t i o n s  p a r t i n g  a c r o s s  the bedding  

pla n e s  could  e a s i l y  occur  in  a manner s i m i l a r  to v a l l e y  b u l g i n g  or the  

form at io n  o f  s h e e t  j o i n t s  during  e r o s i o n .  Sheet  j o i n t i n g  has been d i s c u s s e d  

in  d e t a i l  by Johnson (1970)  in terms o f  removal o f  m a t e r ia l  by e r o s i o n  

and Ferguson (1967)  has d i s c u s s e d  v a l l e y  b u l g i n g  in  f e r n s  o f  s t r e s s  

r e l i e . ,  during  e r o s i o n .  In the examples  c i t e d  by Ferguson the c e n t r e  o f  the  

v a l l e y  arches  up a few d e g r e e s  and v e r t i c a l  t e n s i o n  f r a c t u r e s  and bedding  

plane  p a r t in g s  are formed.  In a s e r i e s  o f  exper im ents  s i m u l a t i n g  mining
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c o n d i t i o n s  under s t r e s s  (N.C. Gay, p e r s o n a l  communication,  1975)  has  

produced v e r t i c a l  t e n s i o n  f r a c t u r e s  i n  the c e n t r e  o f  a tabular  

'min^d - o u t ’ area as  w e l l  as near h o r i z o n t a l  f r a c t u r e s  a lone  bedding  

p l a n e s .

F o l lo w in g  Johnson’ s (1970)  s u g g e s t i o n  that s h e e t i n g  j o i n t s  may be 

due to b u c k l i n g ,  a s i m i l a r  model has been deve loped f o r  the opening-up  

o f  bedding j o i n t s  i n  the s e d im e n t s ,  where ,  because  o f  the sudden  

removal o f  the v e r t i c i l  s t r e s s ,  the h o r i z o n t a l  s t r e s s  i s  l a r g e  enough 

to  deform the be d s .

The problem i s  to  determin e  i f  the h o r i z o n t a l  s t r e s s  i s  l a r g e  

enough to buck le  a s e r i e s  o f  q u a r t z i t e  s h e e t s  which are  sep ar a te d  by 

p r e - e x i s t i n g  but  c l o s e d  bedding  j o i n t s ,  w i th  no v e r t i c a l  s t r e s s  a c t i n g  

on the s u r f a c e  o f  the upper l a y e r ;  t h a t  i s ,  to s e e  whether the  

h o r i z o n t a l  s t r e s s  w i l l  be l a r g e  enough to open up the bedding plane  j o i n t s .

Cobbold ej^_al_. (1971)  have shown t h a t  the r e s i s t a n c e  o f  a layered  

body to  a deforming f o r c e  a c t i n g  p a r a l l e l  to the l a y e r s  i s  dependent  

on the r e s i s t a n c e  to  deform at io n  o f  the in d i v id u a l  l a y e r s .  T h e r e f o r e ,  

i n  the s imple a n a l y s i s  g iv e n  h e r e ,  the behaviour  o f  a s i n g l e  l a y e r  w i l l  

o n ly  be d i s c u s s e d .  A lso  im portant ,  i s  the r e s i s t a n c e  to la y e r  

p a r a l l e l  shear  between the s h e e t  b e in g  buckled and the surrounding s h e e t s ,  

which depends on the e a se  o f  s l i p  between the l a y e r s .  In the E.R.P.M.  

the s t r e n g t h  a c r o s s  the bedding  p lanes  i s  probably minimal because  o f  

the  presence  o f  an i n i t i a l  weakness ,  c o a t i n g s  o f  c h l o r i t i c  or  c l a y  m a te r ia l  

which prov ide  l u b r i c a t i o n  and an absence o f  a la r g e  v e r t i c a l  c o n f i n i n g  

s t r e s s  once the rock have been o ve r s  toped .

The c r i t i c a l  va lue  o f  the compress iv e  s t r e s s  required  to buck le  a 

f r e e  r e c t a n g u l a r  p l a t e  can be determined from the Euler Equat ion:

0 c r £t ■ (tt^E• t ^ ) / (12.1 ? . ( l - v ‘ ) )  (Johnson,  1970,  page 385)
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where E i s  Young's  modulus , v i s  P o i s s o n ' s  R a t i o ,  t  i s  t h i c k n e s s  and 

L i t  the  l e n g t h  o f  the p l a t e .  In the E.R.P.M. r e a so n a b le  v a l u e s  f o r  E 

and v f o r  f o o t w a l l  q u a r t z i t e s  are 0 .7 5  x 10 ) MPa and 0 . 2  r e s p e c t i v e l y  

(McGarr e l  a 1 , 1 9 7 5 ) . A l s o ,  underground o b s e r v a t i o n s  r e v e a l  the bedding

frequency  to vary from l e s s  than one to  20 j o i n t s  per metre .  Assume tha t  the  

l a y e r s  a r e  one metre t h i c k  and that the l e n g th  o f  the s h e e t ,  which i s  

d e f in e d  by the mining span i s ,500 m e t r e s .

Under t h e s e  c o n d i t i o n s  the c r i t i c a l  s t r e s s  f o r  b u c k l i n g  i s  o n l y  2 ,5  

MPa which  i s  very  much s m a l l e r  than the p r e d i c t e d  h o r i z o n t a l  s t r e s s  o f  

50 MPa. Of c o u r s e , the c r i t i c a l  s t r e s s  w i l l  be h ig h e r  in  the mine because  

o f  the r e s i s t a n c e  to b u c k l i n g  imparted by the s t o p e  supports  but  s t i l l  

will be very s m a l l .

T h i s  b r i e f  a n a l y s i s  s u g g e s t s  tha t  t h e re  i s  s u f f i c i e n t  h o r i z o n t a l  

s t r e s s  a t  depth to b u ck le  some or  a l l  o f  the beds between the s to p e  and 

the f o o t w a l l  d r iv e  r e s u l t i n g  in  an op en ing  o f  the bedding j o i n t s  and at  

l e a s t  p a r t i a l  c l o s u r e  o f  the s t o p e .

The ' b e d d i n g - j o i n t s 1 in  the dykes arc  most probably  g e o l o g i c a l  

b e c a u s e  they ar e  p a r a l l e l  with bedding and t h e i r  s u r f a c e s  are coated  

w ith  c h l o r i t i c  m a t e r i a l . Their  o r i g i n  i s  obscure  but i t  seems as tnough 

t hey  fo rm  by the p ropagat ion  o f  p a r t i n g  p la n e s  from the sed im ents  i n t o  

the d y k e s . Hence,one would e x p e c t  a much h igh e r  frequency o f  j o i n t s  

n e a r e r  the c o n t a c t  than in  the c e n t r e  but t h i s  i s  not  obv ious  underground.

The j o i n t i n g  i n  the c e n t r e  o f  the dyke may form by p r op agat ion  of  t h e s e  

j o i n t s , p a r t i c u l a r l y  a f t e r  removal of  the overburden by m in ing .

A l t e r n a t i v e l y ,  the 'bedding  j o i n t s '  in  the dykes may be e x t e n s i o n  

j o i n t s  (N.C. Gay, p e r s o n a l  communication,  1975) :  as  the dykes are 

ov e r s to p e d  they  are s u b j e c t e d  to a high h o r i z o n t a l  c o n f i n i n g  p r e s s u r e , with  

l i t t l e  or no v e r t i c a l  l o a d ,  which would cause  them to f a i l  in  e x t e n s i o n
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(F igure  3 . 1 1 ) .  In Chapter 5,  the u n i a x i a l  t e n s i l e  s t r e n g t h  o f  a l a r g e  

dyke i s  c a l c u l a t e d  to be about 30 MPa which i s  s i g n i f i c a n t l y  lower  

t h a n  the 50 MPa h o r i z o n t a l  s t r e s s  e s t i m a t e d  to  he p r e s e n t  in  the m ine .
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Figure 3.11  E xp lanat ion  o f  form at ion  o f  e x t e n s i o n  j o i n t i n g  i n  d y k e s .
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CHAVTER 4

REGIONAL STRUCTURAI PATTl'UN’S AND i:AR?.Y S'.'KKSS SYSTEMS

4 .1  REGIONAL STRUCTURA.. PATTERNS

In t h i s  s e c t i o n  the r e g i o n a l  l i n e a t i o n  p a t t e r n s , as determined  

from Earth Resources T e c h n ic a l  S a t e l l i t e  ( E .R .T .S . )  imagery are  

compared w i t h  r e g io n a l  g e o lo g y  and the l o c a l  l i n e a t i o n  p a t t e r n s  in  

the E .R .P .M . , which were d e s c r i b e d  in  Chapters  2 and 3 above ,  so  as 

to  e s t a b l i s h  how r e p r e s e n t a t i v e  the 1 i n c a t  ions  in the mine area are o f  

the r e g io n  z s a whole and to  determine the  r e g io n a l  and l o c a l  e a r l y  

s t r e s s  s y s te m s .

Regiona l  l i n e a t i o n  p a t t e r n s  were determined from 1 : 500 000 s c a l e  

E .R .T .S .  im ager ie s  ( su p p l i e d  by S p e c t r a l  A f r i c a ,  Pty Ltd)  f o r  about  

14 000 square k i lo m e t r e s  o f  the Centra l  Transvaal  (F igure  4 . 1 ) .  Only 

l i n e a t i o n s  were recorded on the imagery;  obv ious  c u l t u r a l  a r t e f a c t s  

( e . g .  roads)  and s t r a t i g r a p h y ,  which i s  very  c l e a r  on E .R .T .S .  imagery,  

were i g n o r e d . The r e s u l t a n t  l i n e a t i o n  map i s  shown i n  F igure  4 .1  

t o g e t h e r  w i th  some r e g io n a l  g e o l o g i c a l  f e a t u r e s  as determined from the  

1 : 1 000 000 g e o l o g i c a l  map o f  South A f r i c a .  The l i n e a t i o n  trends  are  

an a lysed  in  a s t r i k e  frequency  diagram (F ig ure  4 . 2 )  which was produced 

from Figure  4 .1  us ing  the method d e s c r i b e d  in Chapter 2. The l i m i t s  

o f  the chosen  s e t s , t h e i r  mean v a l u e s ,  stands? d e v i a t i o n s  and mean 

f r e q u e n c i e s  are l i s t e d  in  Table 4 . 1 .

TABLE 4.1

SUMMARY OF STRIKE FREQUENCY DATA FOR REG IONA! LINEAT IONS

LIMITS MEAN
STRIKE

STANDARD DEVIATION AVERAGE FREQUENCY
OF THE MEAN STRIKE’ WITHIN EACH G RO UP (No

o f  p o i n t s  and 
pe r c en ta g e )

0°  -  060°  

270° -  290°  

300° -  340° 

340° -  020°

32°

290°

328°

356°

27,6(6 ,7%)  

13,5(3 ,3%)  

3 6 ,T(8,4%)

20,4(4,9%)
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With E .R .T .S .  imagery i t  i s  d i f f i c u l t  t o  know e x a c t l y  what each  

l i n e a l i o n  r e p r e s e n t s .  S t r a t i g r a p h y  i s  the most e a s i l y  r e c o g n i s a b l e  

f e a t u r e  due to  v e g e t a t i o n  v a r i a t i o n s ,  topography and c u r v i l i n e a r  11a^es , 

but  most l i n e a t i o n s  cut  a c r o s s  s t r a t i g r a p h y  and i t  i s  not  c l e a r  

whether they  r e p r e s e n t  d y k e s , f a u l t s  for  man-made a r t e f  . s .  In f a c t ,  

many o f  the g e o l o g i c a l  f a u l t s  and dykes p l o t t e d  in  F igure  4.1  do not  

c o r r e l a t e  w i th  the E .R .T .S .  l i n e a t i o n s  but  a few do and o t h e r s  run

p a r a l l e l  t o  them.

A much b e t t e r  id e a  <-f what l i n e a t i o n s  r e p r e s e n t  i s  o b ta in ed  by 

comparing the l o c a '  E.R.P.M. and r e g io n a l  l i n e a t i o n  p a t t e r n s .  In 

Table 4 .2  and F igure  4 . 3  the s f i k e - f r e q u e n c y  data f o r  dyk e s ,  f a u l t s  and 

j o i n t s  on the E.R.P.M. are  compared w i th  the  r e g io n a l  data and i t  

i s  c l e a r  that  t hree  out  o f  four  r e g io n a l  t rend s  are p r e s e n t  in  t h e  l o c a l  

E.R.P.M. d a ta .  However, the very  s tr o n g  r e g io n a l  l i n e a t i o n  a t  328 i s  

weak in  the E.R.P.M. where i t  i s  r e p r e s e n t e d  by the Group 2 and P i la n e s b e r g

d y k e s : the 0 3 0 ° r e g i o n a l  trend  iu p r e s e n t  in  the  E .R .P .M. and i s  comprised  

o f  d ykes ,  f a u l t s  and j o i n t s ;  the f a u l t s ,  j o i n t s  and dykes o r i e n t e d  about

110°  are not  s t r o n g l y  r e p r e s e n t e d  on the r e g io n a l  s c a ; e  and f i n a l l y ,  the

f a u l t s  and j o i n t s  o r i e n t e d  a long  075 do not  show up on the E .R .T .S .

l i n e a t i o n  a n a l y s i s .  However, i t  appears t h a t  in ge ne r a l  the E.R.P.M.

s t r u c t u r e s  form a part  o f  the r e g io n a l  l i n e a t i o n  p a t t e r n  and probably

r e f l e c t  the r e g i o n a l  s t r e s s  f i e l d s  o p e r a t i n g  a t  the t imes the s t r u c t u r e s

were formed.
TABLE 4 .2

SUMMARY OF STRIKE FREQUENCY DATA FOR DYKES, FAULTS,JOINTS AND REGIONAL
L in e at io ns

MAIN TRENDS

Dykes** -  030° -  290° 325° -  349°

F a u l t s* *  -  (030°)  075°  280° -  313°

J o i n t s t  -  030°  (075°)  295° -  -  ( 3 4 5 ° )*

R e g i o n a l ** , ^ °  032°  -  (290°)  328° -
l i n e a t i o n s

* In 1.74 e x p l o r a t i o n  c r o s s c u t  o n l y  ** Mean v a l u e s
() I m p l i e s  a weak c o n c e n t r a t i o n  t  S t r o n g e s t  t r e n d s

m
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4 .  2 KARLY STR1.SS SYSTEMS

4. 2 . 1. I n t r o d u c t i o n

A g r e a t  deal  o f  exper im en ta l  and t h e o r e t i c a l  work has been done 

on the f a i l u r e  o f  rock under v a r io u s  s t r e s s  reg imes  which shows that  

the f a i l u r e  p a t t e r n s  o f  rock can be p r e d i c t e d  f o r  a p a r t i c u l a r  s t r e s s  

sys tem .  Con verse ly  i t  i s  p o s s i b l e  to  e s t i m a t e  what the  s t r e s s  sys tems  

r.re from the r e s u l t a n t  f r a c t u r e  p a t t e r n s .

F a u l t i n g  in b r i t t l e  rocks  takes  p lace  one one or  both  o f  a 

p a i r  o f  c o n j u g a te  f a i l u r e  p la n e s  which are i n c l i n e d  a t  an a n g l e O )  of  

l e s s  than 45° to the p r i n c i p a l  s t r e s s  d i r e c t i o n .  This  theory  i s  

based on the Coulomb and Mohr t h e o r i e s  o f  shear  f a i l u r e  and from i t  

the s t r e s s  systems surrounding  r e v e r s e , normal and s t r i k e - s l i p  f a u l t s  

can be p r e d i c t e d  (Jaeger  and C o o k , . 1969,  p .  401)  as  in  Figure  3 . 4 .

Commonly on ly  one member o f  the conjuga te  p a i r  d e v e lo p s  p r e f e r e n t i a l l y .

The an g le  (tj) between the  f a u l t  plane  and the d i r e c t i o n  o f  maximum 

p r i n c i p a l  s t r e s s  i s  g iven  b y ,

* • t t / 4  -  * /2  ( 1)

where * i s  the ang le  o f  i n t e r n a l  f r i c t i o n  fo r  r o ^ k s . (Jaeger  . nd Cook,

1969 ,  p.  9 0 ) ;  i f  0 ° th e n  if * 4 5 ° .  Jaeger  and Cook (1969 , p .  402)  

quote r e s u l t s  from s e v e r a l  sou r c es  which s u g g e s t  tha t  if i s  between 25 

and 30° for  normal f a u l t s ,  20° and 25° for  r e v e r s e  f a u l t s  and about 30°  

fo r  s t r i k e - s l i p  f a u l t s  and h e n c e ,  the angle  o f  i n t e r n a l  f r i c t i o n  ( $  ) 

v a r i e s  between 30° and 4 0 ° .

The above d i s c u s s i o n  assunr t h a t  f a i l u r e  i s  accompanied by a 

s i g n i f i c a n t  d i sp lacem en t  o f  one b loc k  p a s t  a n o t h e r , t h a t  i s ,  f a u l t i n g .

The a l t e r n a t i v e  s i t u a t i o n  i s  where no d i sp lac e m en t  o c c u r s  a c r o s s

the f r a c t u r e  zone; tha t  i s ,  j o i n t i n g  and some dyke i n t r u s i o n s .  These

s t r u c t u r e s  are thought  to form p a r a l l e l  to the p lane  normal -o the minimum

.A..



TAHLE 4 -3

ATTITUDES OF EARLY PRINCIPAL STRESSES DEDUCED FROM DYKES,FAULTS AND 

JOINTS IN THE E.R.P.M.

STRUCTURE 0 1 0
2

0
3 AGE

DYKES: 

GROUP 2 v e r t i c a l 0 /145*
*

0 / 0 5 5 BUSHVELD

3 v e r t i c a l 0 / 0 3 0 0/120 VENTERSDORP

4 v e r t i c a l 0 / 0 3 0 0/120 VENTFRSDORP

5 v e r t i c a l 0/110 0/020 VENTERSDORP

v e r t i c a l 0 /1 6 5 0 / 0 7 5 PILANESBERG

JOINTS

GROUPS A 

B
v e r t i c a l 0 / 0 3 0 0/120 VENTERSDORP

C ? ? ? ?

D v e r t i c a l 0/120 0 / 0 3 0 VENTERSDORP

E v e r t i c a l 0 / 0 7 5 0 / 1 6 5 VENTERSDORP

F v e r t i c a l 0 /1 6 5 0 / 0 7 5 PILANESBERG

FAULTS

GROUP 

2 normal v e r t i c a l 0/100 0/010 LATE WITWATI

2 r e v e r s e 0/010 0/100 v e r t i c a l ?

1

3

1
0 /104 80/194 12/014 ?

* 0 / 1 4 5  im p l i e s  a l i n e n t i o n  p lu n g in g towards 145°
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p r i n c i p a l  s t r e s s  d i r e c t i o n ,  that  i s ,  in  the  p lane  c o n t a i n i n g  the  

maximum and i n t e r m e d ia t e  p r i n c i p a l  s t r e s s  d i r e c t i o n s  (Anderson,  1951,  

p.  42;  Friedman,  1964) .  This  i s  the on ly  i n d i c a t i o n  o f  the p r i n c i p a l  

s t r e s s  d i r e c t i o n s  tha t  a dyke or a j o i n t  g i v e s  u n l e s s  there  i s  a l s o  

a d i s p la c e m e n t  p r e s e n t .  I t  i s  common in the F..K.P.M. fo r  v e r t i c a l  

d i s p la c e m e n ts  to occur  a c r o s s  v e r t i c a l  d y k e s ; in  t h e s e  c a s e s  i t  can be 

assumed that  the maximum p r i n c i p a l  s t r e s s  i s  approximate ly  v e r t i c a l .

Us ing  t h e s e  p r i n c i p l e s  the o r i e n t a t i o n s  o f  p r e - e x i s t i n g  s t r e s s  

systems t h a t  have op e r a te d  in  the E.R.P.M. and the surrounding  d i s t r i c t s  

can be e s t i m a t e d  from the o r i e n t a t i o n s  and geometry of  d y k e s ,  f a u l t s ,  

j o i n t s  and the r e g i o n a l  l i n e a t i o n  p a t t e r n s . This  i s  done i n  the  

f o l l o w i n g  s e c t i o n s  fo r  each group o f  s t r u c t u r a l  d i s c o n t i n u i t i e s ,  from 

which a s t r e s s  h i s t o r y  f o r  the mine i s  deduced.

4 . 2 . 2 .  Dykes

The o r i e n t a t i o n s  o f  the dyke groups found in  the mine arc  p l o t t e d  on 

a rose  diagram in  F igure  4 . 2 a ,  e x c l u d i n g  Group 1 (a s i n g l e  d y k e / s i l l )  

and Group 6 (dykes and s i l l s  that  do not  f i t  i n t o  any o th e r  group) .

In Table 4 . 3  the a t t i t u d e s  o f  the e a r l y  p r i n c i p a l  s t r e s s e s  as deduced  

from t h e s e  s e t s  o f  dykes are l i s t e d  assuming tha t  the minimum p r i n c i p a l  

s t r e s s  l i e s  normal to  the plane o f  the i n t r u s i o n  and the maximum 

p r i n c i p a l  s t r e s s  i s  v e r t i c a l  ; t h i s  l a t t e r  assumption  i s  re ason ab ly  v a l i d  

c o n s i d e r i n g  the v e r t i c a l  d isplacement  a c r o s s  many o f  the v e r t i c a l  dykes  

and th a t  a s t r e s s  system due to g r a v i t y  w i l l  have the maximum p r i n c i p a l  

s t r e s s  v e r t i c a l .  The i n te r m e d ia t e  and minimum p r i n c i p a l  s t r e s s e s  are  

h o r i z o n t a l  but  as d i s c u s s e d  in  Chapter 2 ,  the or th ogonal  geometry o f  the  

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

be tran sp osed  during  a p a r t i c u l a r  p e r io d .

4 . 2 . 3 .  -To i n l s

In Chapter 3B s i x  groups o f  j o i n t s , termed A to F were r e c o g n i s e d .

Thes i  s i x  s e t s  have  been  marked on a r o s e  diagram ( F i g u r e  4 . 2 c )  and a r e
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l i s t e d  i n  Table 4 . 3  w i th  t h e i r  p o s s i b l e  t imes o f  format ion  and the  

o r i e n t a t i o n s  o f  the minimum p r i n c i p a l  s t r e s s  d i r e c t i o n .  The maximum 

p r i n c i p a l  s t r e s s  has been assumed to be approximate ly  v e r t i c a l  in  

Table a . 3 because  o f  the probable  c o r r e l a t i o n  to dykes o f  a s i m i l a r  

a g e .  However, no c o n c l u s i v e  e v id e n c e  i s  a v a i l a b l e  fo r  d e f i n i n g  the  

in t e r m e d ia t e  and maximum p r i n c i p a l  s t r e s s  d i r e c t i o n s .

Group A and B j o i n t s  are comprised o f  Type 1 mining induced j o i n t s  

aryl a v e r t i c a l l y  d ip p in g  g e o l o g i c a l  s e t . The l a t t e r  group i s  p o s s i b l y  

pre -V entersdorp  or penecontcmparaneous w i th  Ventcrsdorp i n t r u s i v e s  

because  the i n t r u s i o n  o f  a dyke in H s h a f t  i s  d i s t i n c t l y  c o n t r o l l e d  by

j o i n t s  o f  t h e s e  s e t s  ( s e e  Chapters  2 or 3 B ) . No age c o n t r o l  i s  a v a i l a b l e

on Group C j o i n t s , which are p a r a l l e l  to  bedd ing .  Group D j o i n t s  are  

"iubparal le l  to Group 5 dykes and Group 2 f a u l t s  and by a s s o c i a t i o n  w i th  

the dykes are  Ventersdorp or o l d e r .  Group E j o i n t s  are s u b , a r a l l e l  to  

Group 1 f a u l t s  and are p o s s i b l y  o f  a s i m i l a r  age and f i n a l l y  Group F j o i n t s  

are  s u b p a r a l l e l  t o  the P i l a n e s b e r g  age dykes and hence may be o f  a s i m i l a r  

age or  o l d e r .  The j o i n t s  o f  groups A or B and D may have formed 

contemporaneously because  o f  t h e i r  a s s o c i a t i o n  wi th  Ventersdorp i n t r u s i v e s  

but groups E and F are l i k e l y  to  be o f  d i f f e r e n t  a g e s .

4 . 2 . 4 .  F a u l t in g

Three main f a u l t i n g  trends  and a minor one were e s t a b l i s h e d  in  

Chapter 3A; th e se  are i l l u s t r a t e d  in  F igure  4 .2b  and the a s s o c i a t e d  s t r e s s

systems are l i s t e d  in Table 4 . 3 .  No dynamic a n a l y s i s  was c a r r i e d  out

fo r  the weakest  group o f  f a u l t s  which s t r i k e s  a t  0 3 0 ° .  Movements on t h e se  

f a u l t s  probably accompanied the i n t r u s i o n  o f  the Ventersdorp dykes in  

the same o r i e n t a t i o n .

Group 2 f a u l t s ,  which s t r i k e  s u b p a r a l l e l  to  b e d d i n g , have been d i s c u s s e d  

in  some d e t a i l  in  Chapter 2A in  terms o f  f a u l t  50.  They appear to have
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formed as normal f a u l t s  as a response  to  the l e n g t h e n i n g  o f  the 

b a s i n  f l o o r  dur ing  s e d im e n t a t i o n  but th o s e  near s u r f a c e  were l a t e r  

m odif ied  i n t o  r e v e r s e  f a u l t s ;  the deeper  f a u l t s  were not  modif ied  

because  o f  a much l a r g e r  v e r t i c a l  s t r e s s , due to  overburden,  than  

a t  s u r f a c e . Near s u r f a c e  t h e s e  f a u l t s  have a downthrow to  the north  

and at  depth to the  sou th ;  a l l  f a u l t s  d ip  south or  are v e r t i c a l .

The determined s t r e s s  f i e l d  a t  the time o f  t h e i r  form at ion  as normal 

f a u l t s  has the maximum p r i n c i p a l  s t r e s s  v e r t i c a l , the i n t e r m e d ia t e  

h o r i z o n t a l , t r e n d in g  a t  100° , and the minimum p r i n c i p a l  s t r e s s  

h o r i z o n t a l  t r e n d in g  a t  0 1 0 ° .  To r e a c t i v a t e  the f a u l t  i n t o  a r e v e r s e  

f a u l t  the maximum p r i n c i p a l  s t r e s s  must be i n c l i n e d  to the e x i s t i n g  

f a u l t  p lane  at  l e s s  than 4 5 ° ,  so that  on the »d a t i v e l y  s t e e p l y  

d ip p in g  f a u l t s  s e en  in  the mine i t  shou ld  p' tinge s t e e p l y  s o u th w ar d s . 

However, a t  deeper l e v e l s  i n  the be* n ,  t h e s i f a u l t s  can have s h a l lo w e r  

d ip s  and the maximum p r i n c i p a l  s tre  s s v. an be near  h o r i z o n t a l  . This  

o r i e n t a t i o n  i s  assumed in  f i x i n g  the p o s i t i o n s  o f  the p r i n c i p a l  s t r e s s e s  

as g iven  i n  Table 4 . 3 .

The o t h e r  two groups o f  f a u l t s ,  numbers 1 and 3 r e p r e s e n t  a p a i r  

o f  con ju ga te  f r a c t u r e s  w i th  group 1 f a u l t s  b e t t e r  deve loped than those  

o f  group 3.

Both groups have s i g n i f i c a n t  s t r i k e  s l i p  movements, the s e n s e  o f  

disp lac e m en t  b e in g  d e x t r a l  for  group 1 and s i n i s t r a l  for  group 3,  

w h i l e  group 1 has a downthrow to the south  and group 3,  a downthrow 

to  the nor th .  The two s e t s  o f  f a u l t s  d i s p l a c e  each o th e r  a t  s e v e r a l  

l o c a l i t i e s  but  the d e r iv e d  age r e l a t i o n s h i p s  arc not  c o n s t a n t , which  

s u g g e s t s  a contemporaneous a g e .  In F igure  4 . 4  the s t r e s s  sys tem  

a s s o c i a t e d  w i th  the formation o f  the co n ju g a te  f a u l t s  i s  i l l u s t r a t e d .  In 

d e r i v i n g  t h e s e  p r i n c i p a l  s t r e s s  d i r e c t i o n s  the maximum p r i n c i p a l  s t r e s s
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has been s e t  so  that  i t  b i s e c t s  the a c u t e  angle  between the f a u l t i n g  

p l a n e s : t h i s  maximum p r i n c i p a l  s t r e s s  i s  h o r i z o n t a l  t r e n d in g  a t  104°;  

the i n t e r m e d ia t e  p r i n c i p a l  s t r e s s  p lunges  a t  80( towards 194 and the  

minimum p r i n c i p a l  s t r e s s  p lunges  a t  12 towards 014 . The a n g l e ,

2^, between the  f a u l t  p l a n e s  equa ls  58° and from e q u a t io n  (1)  the  

a s s o c i a t e d  a n g le  o f  f r i c t i o n  ( 4>) i s  32 which a g r e e s  w e l l  w i th  the  

re p or te d  v a l u e s  g iven  above .

P o s s i b l e  ages o f  the f a u l t s  are a l s o  l i s t e d  i n  Table 4 . 3 .  The 

i n i t i a l  development o f  Group 2 f a u l t s  probably  took p l a c e  i n  l a t e -  

Witwatersrand or  e a r l y  Vcntersdorp t im es  w i th  r e a c t i v a t i o n  to form 

r e v e r s e  f a u l t s  at  a l a t e r  s t a g e .  The age o f  group 1 and 3 f a u l t s  

i s  n o t  c l e a r .

4 . 3  BRIEF GEOLOGICAL AMD STRESS HISTORY OF THE E.K .P.M.

Based on the d i s c u s s i o n s  i n  Chapters 1 ,  2 , 3  and the f i r s t  p a r t s  

o f  t h i s  ch ap te r  a g e o l o g i c a l  and s t r e s s  h i s t o r v  c f  the mine area can 

be b u i l t  up. In a d d i t i o n  an i n d i c a t i o n  o f  some o f  the a n c i e n t  

r e g i o n a l  s t r e s s e s  i s  g i v e n  by e x t r a p o l a t i o n  o f  l o c a l  s t r e s s  f i e l d s  to  

a r e g io n a l  s c a l e  where s i m i l a r  l i n c a t i o n  p a t t e r n s  are p r e s e n t . These  

h i s t o r i e s  are summarized in  c h r o n o l o g i c a l  o r d e r , s t a r t i n g  w i t h  the  

s e d im e n t a t io n  o f  the V i tw atersrand  B a s i n ,  in  Table 4 . 4 .



TABU'  5 - 1

MKCHANICAI. IMlOtM in n.S OF SOM ROCKS FROM TtlF 

AND THi: WI’imTKRSRAND

ROCK TYPE LOCATION Co F. r
(M’a) (MPa x 10 )

No. o f  
S p e c i 
mens

(" c h e r t  cyke")

Q u a r t z i t e
- h a n g i n g w a l1 
- f o o t w a l1 
- h a n g i n g w a l1 
- f o o t w a l  1

H75E 
H75E
F,G,Hj67
and 68 1 evc 1 s 237

Rcfcrcn-*

Non-de composed 
diabase

C s h a f t , 
Dyke 79

432 1,01 0 , 2 5 ns 1

decomposed d iabase G s h a f t ,  
Dyke 79

230 0 ,7 3 0 ,2 4 ns 1

diabase  dyke

-  c h i l l  phase G64W Dyke 79 446 1 ,05 0 ,2 7 ns 2
-  composing G64W Dyke 79 215 0 ,7 7 0 ,2 5 ns 2
-  s l i g h t l y G64W Dyke 79 237 0 ,69 0 ,2 3 ns 2

decomposed
-  s l i g h t l y G64W Dyke79 4)9 0 ,9 6 0 ,2 4 ns

decomposed

Karroo d o l e r i t e 7 331 0 ,8 4 ns ns 3

A p i i t e  s i l l H73 & 77E 457 0 , 7 8 0 , 2 8 12 4

352 0,86 0 ,1 4 10 5*
212 0 ,7 5 0,20 10 5*
288 0 , 8 3 0 ,1 4 152 6**

[237 0 , 8 3 0,20 37 6**

1 The Rock Mechanics  Research Team (1959b)

2 The Rock Mechanics Research Team (1959a)

3 Wicbols (1968)

Fumerton (1975)

McGarr e t  al  (1973;

Grobbelaar (1957)

* Specimens w i th  a 3 : 1 ,  l e n g th :  d iam eter  r a t i o ;  s t r a i n - g a u g e s  used.

** Specimens w i th  a 1 : 1 ,  l e n g t h ; d iameter  r a t i o ;  oxtt-nsomcl used .

NOTE: Specimens w i th  a 3 :1 ,  l en g th :  d iam eter  r a t i o  and s t r a i n  gauges were, 
used in  t h i s  d i s s e r t a t i o n

ns means not  s t a t e d  In the o r i g i n a l  r e f e r e n c e .
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CHM’TKK 5 

ROCK MECHANICS

5 .1  INTRODUCTION AND METHODS

The n o t a t i o n  used in  t h i s  ch ap te r  i s  l i s t e d  at  the b e g in n in g  ot

the d i s s e r t a t i o n .

An und ers tand ing  i n t o  the problem o f  r o c k b u r s t s  when mining near  

or  w i t h i n  dykes and the a s s o c i a t i o n  b=tween s e i s m i c  e v e n t s  and dykes  

r e q u i r e s  an unders tanding  o f  the p h y s i c a l  p r o p e r t i e s  o f  the dykes and 

t h e i r  h o s t  r o c k s .  Prev iou s  d e t e r m in a t i o n s  o f  the mechanica l  p r o p e r t i e s  

o f  rocks from the W itw atersrand , a nd , in  p a r t i c u l a r  from the E .R .P .M . ,  

have been c o n c e n tr a t e d  on the h o s t  r o c k s ;  tha t  i s ,  the q u a r t z : t e s ,  

s h a l e s  and c o n g lo m e r a t i c  r e e f s  ( s e e  f o r  exam ple : G rob b e laar , 1957;

Rock Mechanics Research Team, 1957,  1 9 5 9 a ; McGarr e t  a l . . 1 9 7 5 ) .  Two 

important c o n c l u s i o n s  from t h i s  work a re :  (1) the hnn g ing-w al l  rocks

have a h ig h e r  Young's Modulus than the  f o o t w a l l  q u a r t z i t e s  ( s e e  Table 5 . 1 )  , 

imply ing  t h a t  because  o f  t h e i r  a b i l i t y  to  s t o r e  a g r e a t e r  amount o f  e l a s t i c  

e n e r g y , they are more prone to  s e i s m i c  e v e n t s  (McGarr e t  a l . . 1975)  and 

( 2) the han g in g -w a l l  q u a r t z i t e s  arc c o n s i d e r a b l y  s t r o n g e r  than f o o t w a l l  

q u a r t z i t e s .

Far If  data  on the mechanical p r o p e r t i e s  o f  the i n t r u s i v e  rocks  

are  a v a i l a b l e ;  the r e s u l t s  o f  a few t e s t s  by p r e v io u s  workers are l i s t e d  

i n  Table 5 . 1 .  These r e s u l t s  show (1)  a marked v a r i a t i o n  i n  the mechanica l  

p r o p e r t i e s  as a r e s u l t  o f  v a r io u s  d e g r e e s  of  de c om p os i t ion  and ( 2) tha t  a 

c h i l l  phase on the dyke c o n t a c t  w i th  the q u a r t z i t e s  i s  s t r o n g e r  than a 

normal non-decomposed d i a b a s e .

The aim o f  the p r e s en t  s tu dy  i s  to  determine  i f  the mechanica l  

p r o p e r t i e s  vary in  a s y s t e m a t i c  manner a c r o ss  a dyke , i f  they can be 

c o r r e l a t e d  with the g e o l o g i c a l  f e a t u r e s  e s t a b l i s h e d  in  Chapter 2 and i f
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FIOURK 5.1

Plan of  a s e c t i o n  o f  the E.R.P.M. showing the l o c a t i o n s  o f  
dykes used fo r  rock m echan ics .

V e r t i c a l  s h a f t  

: I n c l i n e  sh 

Mine boun 

Dyke

• F a u l t  showing dovnthrown s i d e
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th e r e  i s  any c o r r e l a t i o n  between them and rockburst  i n c i d e n c e .

Four dykes ,  the l o c a t i o n s  o f  which are marked on F igure  5 . 1 ,  have  

been s t u d i e d ,  and the u n i a x i a l  com press iv e  s t r e n g t h ,  s t a t i c  

Young's modulus and P o i s s o n ' s  R at io  have been determined f o r  a 

t o t a l  o f  76 spec im ens .  In a d d i t i o n , a  s u i t e  o f  10 specimens  from 

dyke 144 have been t e s t e d  to  f a i l u r e  under va r io u s  t r i a x i a l  s t r e s s  

c o n d i t i o n s  and s i x  B r a z i l i a n  t e s t s  have been done to o b t a i n  an e s t i m a t e  

o f  the u n i a x i a l  t e n s i l e  s t r e n g t h .

D e n s i t i e s  have not  been determined but  pr e v iou s  d e t e r m in a t i o n s

by the  Rock Mechanics Research Team (1959a ,  1959b", i n d i c a t e  a d e n s i t y

3 3range o f  2770-2950 kg/m for  the b a s i c  dykes compared to 2670-2720 kg/m

f t  r the q u a r t z i t e s .

A l l  specimens were prepared from b o r e h o le  c o r e s  o f  e i t h e r  AXT 

( 3 2 ,5  mm d iam e te r )or  EX(21,6 mm) s i z e  which were d r i l l e d  through each  

dyke.  Groups o f  two or  three  specimens were s e l e c t e d  a t  r e g u la r  

i n t e r v a l s  a lon g  each h o l e .  G e o l o g ic a l  i n h o m o g e n e i t i e s  were avoided  

as much as p o s s i l  e but  specimens o f t e n  c o n ta in e d  c l o s e d  j o i n t s  and 

c le a v a g e  zou i s  that  o n l y  became apparent dur ing t e s t i n g  and a l s o  

the numerous q u i r t z - c h l o r i t i c  v e i n s  p r e s e n t  in the dykes were o f t e n  

unavo idab le .  The e f f e c t s  o f  such in h o m o g e n e i t i e s  w i l l  be d i s c u s s e d  

in s e c t i o n  3.1 o f  t h i s  c h a p te r .

Each specimen was turned on a l a t h e  i n t o  a r i g h t - c i r c u l a r  c y l i n d e r  

w ith  a d i a n e t e r  o f  about 24 mm and a l e n g t h  to diameter  r a t i o  of  

approximate ly  three  f o r  the u n i a x i a l  compress ive  s t r e n g t h  t e s t s ;  a 

diam eter  of  about 30 mm and a l e n g t h  o f  60 mm fo r  the t r i a x i a l  t e s t s  and 

a diameter  o f  about 32 mm and a l e n g t h  to  diameter  r a t i o  o f  approximate ly  

one t h ir d  for  the B r a z i l i a n  t e s t s .
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The l e n g t h  to d iameter  r a t i o  o f  t hree  was chosen  fo r  the  

u n i a x i a l  t e s t s  because  i t  a l lo w s  a l a r g e  area  o f  uniform s t r e s s  

d i s t r i b u t i o n  i n  the c e n t r e  o f  the s p e c im e n s , even  a l lo w in g  fo r  c o n t a c t  

e f f e c t s  w i th  the end p l a t e n s  ( l la l lb au e r  e t  a l . , 1 9 7 3 ) .  Two v e r t i c a l  

and two h o r i z o n t a l  10 iron long  s t r a i n  gauges were a t ta c h e d  w i th  

H o t t in g e r  X-60 cement onto  each specimen except  f o r  th o s e  from dyke 

182 where o n l y  two v e r t i c a l  s t r a i n  gauges were a t t a c h e d .

For the t r i a x i a l  s t r e n g t h  t e s i s  the specimen s i z e  was governed  

by the s i z e  o f  the Hock t r i a x i a l  c e l l  used and f o r  the B r a z i l i a n  

t e s t s  the specimen s i z e  was not  c r u c i a l  provided a l l  specimens  ace of  

a s i m i l a r  s i z e  because  specimen d imensions  are i n c lu d ed  i n  the  formula  

f o r  t e n s i l e  s t r e n g t h .  S t r a i n  gauges were not  used in t h e s e  t e s t s .

For the u n i a x i a l  compress ion  t e s t s ,  specimens were loaded  a t  an 

average r a t e  o f  approximate ly  one megapascal per second w i th  

i n t e r r u p t i o n s  at  i n t e r v a l s  o f  apprv. .m ate ly  30 MPa to read the h o r i z o n t a l  

and v e r t i c a l  s t r a i n  increments  on the Huggenberger s t r a i n  m e t e r s .

Because the t e s t i n g  machine used i s  not  s t i f f  very  few re a d in g s  

were o b ta in ed  a f t e r  specimen f a i l u r e  had commenced. For the t r i a x i a l  

t e s t s  an a x i a l  load o f  about 75 MPa was ap p l ied  b e f o r e  th" c o n f i n i n g  

p r e s s u r e  and the specimen ’ v loaded w i th ou t  i n t e r r u p t i o n  u n t i l  f a i l u r e .  

S i m i l a r l y ,  B r a z i l i a n  ' specimens were loaded a t  a s low  uniform  

r a t e  u n t i l  f a i l u r e .  For the t r i a x i a l  and B r a z i l i a n  t e s t s  o n ly  the load  

a t  f a i l u r e  and specimen d imens ions  were recorded .

5 . 2  RKSULTS

5 . 2 . 1 .  Uni ax ui 1 Tos t  s

A f t e r  t e s t i n g ,  the raw data  for  each specimen c o n s i s t e d  o f  the d i s t a n c e  

o f  the specimen from the c o n t a c t ,  the d ia m e te r ,  l e n g t h ,  load at  

f a i l u r e  and the a x i a l  and l a t e r a l  s t r a i n  increment r e a d i n g s .  A 

computer programme, w r i t t e n  in  c o n j u n c t i o n  w i th  Mr S L Fumerton,  was
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used to determine  the u n i a x i a l  com press iv e  s t r e n g t h ,  the increm enta l  

P o i s s o n ’ s r a t i o  for each  load increment and to  produce graphs of" 

s t r e s s  a g a i n s t  s t r a i n ,  a x i a l  s t r a i n  a g a i n s t  l a t e r a l  s t r a i n  and s t r e s s  

a g a i n s t  volume s t r a i n  fo r  each spec im en.  I t  was c o n s id e r e d  n e c e s s a r y  

to  compute the increm en ta l  P o i s s o n ' s  r a t i o  because  i t  v a r i e s  markedly  

dur ing  t e s t i n g  and i s  l in k ed  to both the volume changes and f a i l u r e  

o f  the spec im en.  For comparison p u r p ose s ,  the va lue  o f  P o i s s o n ' s  

r a t i o  for  each dyke was determined in  a c o n s i s t e n t  manner: on the curve  

o f  a x i a l  s t r a i n  p l o t t e d  a g a i n s t  l a t e r a l  s t r a i n ,  a tangent  was drawn 

t o  the p o i n t  where the  r a te  o f  change o f  c u rva tu re  i s  l e a s t  ( i n  a l l  

t e s t s  t h i s  was near t o  the c o r re s p o n d in g  load o f  100 MPa). Thu s lo p e  

o f  t h i s  tangent  i s  the P o i s s o n ' s  r a t i o .  U n ia x ia l  com p ress ive  s t r e n g t h ,  

P o i s s o n ' s  r a t i o ,  Young's  modulus and volume changes were c a l c u l a t e d  

u s i n g  the f o l l o w i n g  formulae .  The u n i a x i a l  compress ive  s trength (C ^)  

i s  g iv en  by:

C0 = (4.L/iTd2) . 1 0 3 

where L i s  the load  i n  k i lo n e w to n s  and d i s  the d iam eter  o f  the  

specimen i n  m i l l i m e t r e s .  In u n i a x i a l  s t r e s s  ( t h a t  i s ,  Og" 03=0) 

the  f r a c t i o n a l  change in  volume (A) i s  g iv en  by:

A = Ej + 2 r 2

( a f t e r ,  Jae ge r  and Cook, 1969; p.  106 ) .  The P o i s s o n ' s  r a t l o ( v )

I s  d e f in e d  as  the r a t i o  o f  l a t e r a l  s t r a i n  to a x i a l  aL n ( - r ^ / e ^ )  and 

Young's  Modulus (F.) as  the r a t i o  o f  s t r e s s  to  s t  ra in  (c  ̂/  c  ̂) , (Jaeger  and 

Cook, 1969; p.  103) .  Note tha t  the v a lu e  o f  ^ , b e in g  e xp a n s io n ,  i s  

reckoned n e g a t i v e .
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F I G U R E  5 - 4  T Y P I C A L  S T R E S S - S T R A I N  C U R V E S  

SAMPLE NUMERS

a . D y k e 1 4 4 - 7 8 , 0 m

b . D y k e 1 0 0 - 2 8 , 0 m

c. D y k e 1 0 0 - 19 .1 m

d. D y k e 7 9 - 4 8 , 2 m

e . D y k e 1 4 4 - 4 9 . 1 m

f . D y k e 7 9 - 2 8 . 3 1 m

L e t t e r s  r e f e r  t o  c u r v e s  

o n  Figures  5 - 4  ui id 5 - 5 .

A , B , C  cmd D o r e  e x p l a i n e d  in t h e  t e x t
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TABLE 5-2

AVERAGE ELASTIC PROPERTIES FOR DYKES 7 9 , 1 0 0 , 1 4 A 
AND 182 IN’ UNIAXIAL COMPRESS ION*

DYKE
NUMBER

c o ( MPa) E (MPa x 10^) V
m 8 n m 8 n m 8 n

79 277 62 ,9 15 0 , 9 0 0 , 1 0 15 0 , 2 9 0 , 0 3 15

1 0 0 281 6 6 , 2 17 0 , 3 7 0 , 1 2 17 0 , 2 8 0 , 0 3 17

182 331 5 2 ,2 2 0 0 , 8 3 0 , 0 7 19 n . d . - -

144 361 8 2 ,4 15 0 , 9 1 0 , 0 6 15 0 , 2 6 0 , 0 2 15

ALL SPECIMENS 313 74,1 67 0 , 8 7 0 , 1 0 6 6 0 , 2 8 0 ,0 3 47

* Specimens c o n s i d e r e d  to  be  s e r i o u s l y  a f f e c t e d  by g e o l o g i c a l  i n h o m o p e n e i t i e s  
o r  uneven  l o a d i n g  have  been e x c l u d e d .

: 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  

E : Young’ s Modulus 

v : P o l s s o n s  r a t i o

m : a v e r a g e  v a l u e  

s  : s t a n d a r d  d e v i a t i o n  

n : number o f  samples  

n . d . :  n o t  d e t e r m i n e d
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The r e s u l t s  are p r e s e n te d  in  tab u lar  and diagrammatic  form and are

d i s c u s s e d  in  Sectxon  5 . 3 .  The f i n u r e s ,  t a b l e s  and t h e i r  whereabouts  are:

A: F i g u r e s :  5 . 1  L oca t ion  of  d r i l l  h o l e s  and d y k e s  used for  specimen
c o l l e c t i o n

5 . 2  B e s t - f i t  curves o f  p l o t t e d  a g a i n s t  d i s t a n c e

5 . 3  B e s t - f i t  curves E and v p l o t t e d  a g a i n s t  d i s t a n c e

5 . 4  Graphs of  s t r e s s  p l o t t e d  a g a i n s t  s t r a i n

5 . 5  Graphs o f  a x i a l  s t r a i n  p l o t t e d  a g a i n s t  l a t e r a l  s t r a i n ,
s t r e s s  a g a i n s t  volume s t r a i n  and s t r e s s  a g a i n s t  P o i s s o n ' s  
r a t i o .

B: T ab le s :  5 . 2  Average e l a s t i c  p r o p e r t i e s  for a l l  dykes.

C: Appendix
i g u r e s :  2A, P l o t s  o f  a c t u a l  de termined v a l u e s  of  v ,  E and a g a i n s t

d i s t a n c e  for  dyke 79.

2B, P l o t s  of  a c t u a l  determined v a l u e s  o f  v ,  E and a g a i n s t

d i s t a n c e  f o r  dyke 100,

2C, P l o t s  o f  a c t u a l  determined v a lu e s  of  v , E and a g a in s t

d i s t a n c e  fo r  dyke 182,

2D, P l o t s  o f  a c t u a l  determined v a l u e s  o f  v ,  E and a g a i n s t

d i s t a n c e  for  dyke 144.

D: Appendix 2A, Mechanical  P r o p e r t i e s  o f  dyke 79 
T e s t s :

2B, Mechanical  P r o p e r t i e s  o f  dyke 100 

2C, Mechanical  P r o p e r t i e s  o f  dyke 182 

2D, Mechanical  P r o p e r t i e s  o f  dyke 144

5 . 2 . 2 .  Tr iax i  a 1 toyt a

Nine spec imens chosen from near the c e n t r e  o f  dyke 144,  have been 

t e s t e d  t o  f a i l u r e  in t r i a x i a l  compression such t h a t , V 0 and °2 " °J ^

T e s t s  were done for v a r io u s  c o n f i n i n g  p r e s s u r e s  i n  the  range 10 MPa to 70 MPa. 

The specimen d im e n s ion s ,  t e s t i n g  c o n d i t i o n s  and r e s u l t s  are l i s t e d  in  

Table 5 . 3 .
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There are  s e v e r a l  ways o f  r e p r e s e n t in g  t r i a x i a l  data g r a p h i c a l l y .

The s i m p l e s t  method i s  to  p l o t  a x i a l  s t r e s s  - f a i l u r e  a g a i n s t  c o n f in i n g  

p r e s s u r e .  This  has bet ' ne in  Figure  5 . 6  for  the  data in  Table 5 , 3 , ,  

t o g e t h e r  w i th  an average  v a lu e  for  the u n i a x i a l  compress ion  s t r e n g t h ,

385 MPa, de termined from specimens taken in  the same part  o f  th e  dyke.

Another con ve n ien t  method o f  r e p r e s e n t i n g  t r i a x i a l  t e s t i n g  r e s u l t s  

i s  t o  reduce the maximum p r i n c i p a l  s t r e s s  (o^l  and the c o n f i n i n g  s t r e s s ( o 3) 

to  a d i m e n s i o n l e s s  form by d i v i d i n g  them by the u n i a x i a l  compress ive  

s t r e n g t h  (C ) and then p l o t t i n g  t o g e t h e r  as  in F igure  5 , 7 .  (Hock, 1965) ,  

On t h i s  f i g u r e  are a l s o  p l o t t e d  the curves  fo r  the  o r i g i n a l  and the  

m o d i f i ed  G r i f f i t h  f r a c t u r e  c r i t e r i a  for  c o e f f i c i e n t s  o f  f r i c t i o n  (p) 

o f  1 , 0  and 1 , 5 .  In a d d i t i o n  the v a lu e  o f  u has been determined fo r  each  

of  the t e s t  specimens u s in g  the f o l l o w i n g  formulae .  The m od if i ed  G r i f f i t h  

c r i t e r i o n  i s  g iven  a s ,

0 j / C () = ( U + P 2 ) ^  ‘ +  p ) /  ( l  +  p )   ̂ -  p )  )  • +  1

Hoek, 1965,  p .  52)

which can be rearranged to
1 72

p -  (A •• B -  1 ) /2 (AB -  B V ^ ) ,  

where A * c^/C^ and B -  o^/Cq.

The a n g le  o f  i n t e r n a l  f r i c t i o n  (<t>) can be determined u s i n g  

th e  formula,

p -  tan $ (Jaeger  and Cook, 1969,  p.  9 0 ) ,  

assuming a Mohr-Coulomb c r i t e r i a .

In a d d i t i o n , t h e  i n t r i n s i c  shear  s t r e n g t h  (S^) can be determined for  

each specimen; i t  i s  d e f in e d  in  Figure 5 . d i n  terms o f  a Mohr c i r c l e .

I t  i s  common for the va lue  o f  S() to be measured from a Mohr c i r c l e  

diagram, however, i t  can be c a l c u l a t e d  u s i n g  the f o l l o w i n g  e q u a t io n s  which  

are  d e r iv e d ,  us ing  b . . s i c  t r igon om e tr y ,  from Figure 5 , 8 .  ( i n s e t )
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W U 7 1 U M  TEST HiaUl.TS 

SAMPLE HEIGHT DIAMETER RATIO LOAD TENSILE
NUMBER (mm) (mm) kN STRENGTH 

MPa

1 1 1 , 3  32 ,3 5  2 ,7 4  1 9 , 2

2 1 1 ,5  32 ,35  2 ,8 1  1 7 ,6  30

3 1 1 ,2  32 ,35  2 , 8 9 ,  2 0 ,0  35

4 1 1 , 6  32 ,35  3 ,0 5  1 4 ,2  26

5 1 1 , 2  32 ,3 5  2 ,8 9  1 7 ,2  30

6 1 1 , 8  32 ,35  3 ,00  1 7 ,8  32

MEAN TENSILE STRENGTH -  31 MPa



Sq ■ ( (R /S i n  *) -  c) Tan $ 

where R -  (Oj -  o 3) / 2  -  ra d iu s  o f  the Mohr c i r c l e ,

and C -  ( o 1 + o 3) / 2  -  c e n t r e  o f  the Mohr c i r c l e .

Values  of  w ,<> and SQ f o r  each t e s t  specimen are  l i s t e d  in  Table 5 . 3 ;

normally  the r e s u l t s  are  averaged  out  g r a p h i c a l l y ;  t h a t  i s ,  one v a l u e

o f  each parameter for  a s e r i e s  o f  t e s t s  are  g iven  but the p r e s e n t  

t e s t s  rhow a r e g u la r  v a r i a t i o n  i n  the p aram eters ,  h e nce ,  a va lu e  for  

*acn  specimen I s  g i v e n .  The m athem at ica l  c a l c u l a t i o n  o f  assumes a 

f a i l u r e  e nve lop e  conforming ko th j Mohr-Coulomb c r i t e r i o n .

5 . 2 . 3 .  B r a z i l i a n  T es t s

S i x  d i s c s  were compressed,  u s in g  th e  B r a z i l i a n  t ec h n iq u e  (Jaegar  

and Cook, 1969,  p. 160) to  o b t a i n  an e s t i m a t e  o f  t h e  u n i a x i a l  t e n s i l e  

s t r e n g t h  <T0 ) .  The t e n s i l e  s t r e n g t h  i s  determined u s i n g  the  r e l a t i o n s h i p ,  

T0 » ( 2 . L / w . d . F ) . 1 0 * ( 0 b e r t  and Duva l ,  1967) ,  

where L i s  the load i n  k i l o n e v t o n s ,  d i s  the diameter  and H i s  the  

l e n g t h .  The specimen dimensions  and v a l u e s  o f  T^ fo r  each specimen

l i s t e d  in  Table 5 . 4 .

The average  t e n s i l e  s t r e n g t h  has been p l o t t e d  w i t h  the t r i a x i a l  t e s t

r e s u l t s  d i s c u s s e d  i n  5 . 2 . 3 .  above  as  a s e r i e s  o f  Mohr c i r c l e s  from which

the Mohr enve lop e  f o r  the rock was o b ta in ed  (Figure  5 . 9 ) .

5 . 3  DISCUSSION OF RKSULTS

5 . 3 . 1 .  General

One o f  the most n o to a b le  f e a t u r e s  of  the r e s u l t s  i s  the  g r e a t  

d i f f e r e n c e  i n  behav iour  of  the  i n d i v i d u a l  dykes ,  as  w e l l  as  in the. 

a b s o l u t e  v a l u e s  of  the  m echan ical  p r o p e r t i e s  w i t h i n  each uyke. It i s  

c l e a r  from the  curves  o f  b e s t  f i t  in F ig u r e s  5 . 2 ,  3 and 4(  s i c  a l s o  

Appendix F ig u r e s  2A, 2B, 2C and 2D) t h a t  there  i s  a v a r i a t i o n  in  

mechanica l  p r o p e r t i e s  a c r o s s  each dyke which may. perhaps be e x p l a in e d  

i n  terms o f  g e o l o g i c a l  parameters  such as  a l t e r a t i o n ,  c o a r s e n e s s ,
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c o m p o s i t io n ,  e t c .  However, the d i f f e r e n c e s  in  p r o p e r t i e s  between  

a d ja c en t  specimens r e q u i r e s  d i s c u s s i o n .  These  can p a r t l y  be e x p la in e d  

by the p r e s e n c e  o f  in h e r e n t  weaknesses  t h a t  on ly  become apparent  

during  l o a d in g  ( i . e .  tha t  arc  r e a c t i v a t e d  by l o a d i n g ) ,  by obv ious  and 

unavoidable,  g e o l o g i c a l  d i s c o n t i n u i t i e s  such  as  v e i n i n g  and, o c c a s i o n a l l y  

by uneven lo a d in g .  As regards  to the  f i r s t  p o i n t ,  in  some t e s t s ,  

c l o s e d  j o i n t s  and minor shear  zones were opened during t e s t i n g  thus  

in d u c in g  premature f a i l u r e .  Secondly ,  the  diamond d r i l l  c o r es  were  

o f t e n  l o c a l l y  permeated w i th  v e in s  of  c a l c i t e ,  quartz or q u a r t z -  

c h l o r i t e  c o m p o s i t io n .  This  was e s p e c i a l l y  so fo r  dyke 100 and 

although c a l c i t i c  v e i n i n g  was always av o id e d ,  quartz  and c h l o r i t i c  

v e i n s ,  wh ich  ranged i n  t h i c k n e s s  up to two or three  m i l l i m e t r e s ,  were  

r e g u l a r l y  p r e s e n t  i n  t e s t  spec im ens .  S u r p r i s i n g l y ,  the f a i l u r e  p lanes  

were never c o i n c i d e n t  with t h e s e  v e i n s .  Al though the p r e s e n c e  of  

g e o l o g i c a l  d i s c o n t i n u i t i e s  means t h a t  the p h y s i c a l  p r o p e r t i e s  o f  pure  

dyke p lus  v e i n i n g  are be ing  measured,  i t  a l s o  means t h a t  a more r e a l i s t i c  

p i c t u r e  o f  the  p r o p e r t i e s  of  the dyke are b e ing  o b t a in e d .  With r e sp e c t  

to  the t h i r d  p o i n t ,  b far  the most d e t r i m e n t a l  e f f e c t  on the specimens  

was uneven lo a d in g  caused by the s t i c k i n g  o f  a s p h e r i c a l  s e a t .  This  

c auses  s p e l l i n g  of  the  o v e r - l o a d e d  s i d e  and c rush in g  o f  the top o f  the  

specimen thus reduc in g  the urea onto which the load i s  t r a n s m i t t e d  

r e s u l t i n g  i n  premature f a i l u r e .  Those specimens c o n s id er e d  to  have  

been s e r i o u s l y  a f f e c t e d  by s h e a r i n g ,  j o i n t i n g  or uneven lo a d in g  have  

n o t  been inc lud ed  i n  the b e s t - f i t  curves  and in  Appendix 3, Tables  1 to  4 ,

they are marked with  an a s t e r i s k .

. . .

In t h i s  s e c t i o n  the quoted u n i a x i a l  compress iv e  s t r e n g t h s  and means

do not i n c lu d e  those  specimens  marked w i th  an a s t e r i s k  in Appendix

Tables  2A, B, C and I).
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The u n i a x i a l  compress ive  s t r e n g t h s  vary  between 159 MPa and 480 

MPa, w i th  an average  s t r e n g t h  of  311 MPa. This  v a lu e  i s  S im i lar  

t o  th o s e  r e p o r te d  by p r e v io u s  workers (Table  5 . 1 ) .  The dykes are  

i n v a r i a b l y  s t r o n g e r  than f o o t w a l l  q u a r t z i t e s  and appear to  be s t r o n g e r  

than the hang ingw a l l  q u a r t z i t e s  t e s t e d  by Grobbelaar (1957)  but arc  

weaker than those  t e s t e d  by McGarr e t _ a l .  ( 1 9 7 5 ) .  The d i s c r e p a n c i e s  

between the r e s u ’ t s  o f  McGarr e t  a l . and Grobbelaar are  a t  l e a s t  p a r t l y  

due to  the d i f f e r e n t  s t r a t i g r a p h i c  h o r i z o n s  of  the  sam p le s ,  namely:  

immedia te ly  a d j a c e n t  to  t h e  r e e f ( Grobbelaar)  and a t  d i s t a n c e s  up to  

50 or  60 metres  from the r e e f  i n t o  the hanging  and f o o t w a l l s  (McGarr e t  

a l . ) .  Comparing the average  s t r e n g t h s  g iv e n  i n  Table 5.1 and the 

d i f f e r e n t  sample l o c a l i t i e s ,  i t  appears t h a t  hangingw al l  q u a r t z i t e s  ge t  

s t r o n g e r  and f o o t w a l l  q u a r t z i t e s  weaker away from the r e e f ,  a l though  

t h i s  i s  contrary  to a s ta tem ent  by the Rock Mechanics  Research Team 

(1959a ,  p . 6) .  The d i f f e r e n c e s  may a l s o  be due to the  d i f f e r e n t  

specimen geometry ( s e e  f o o t n o t e s  for  I a b l e  >.1) .

I t  i s  c l e a r  from the curves of b e s t  f i t  f o r  each dyne ( f i g u r e  

t h a t  the dykes f a l l  i n t o  two d i s t i n c t  groups.  Dykes 100 and 182 are  

s t r o n g e s t  towards t h e i r  c e n t r e  and weakes t  towards t h e i r  c o n t a c t  r e g ion s  

and have a p a r a b o l i c  curve o f  b e s t  f i t  symmetr ica l  about the  c e n t r e  of  

th e  dyke. Or. the o t h e r  hand, dykes 79 and 144 are weak on one c o n t a c t ,  

s t r o n g e r  towards the c e n t r e ,  a l i t t U  weaker towards the o t h e r  c o n t a c t  

and s t r o n g e s t  a t  t h i s  o th e r  c o n t a c t ,  and thus have asymmetrica l  cub ic  

curves  o f  b e s t  f i t .  Within each of  t h e s e  two groups the members can 

be d i s t i n g u i s h e d  by s t r e n g t h  d i f f e r e n c e s .  Dykes 79 and 100 ar e  the  

weakest  on average  and dykes 144 and 182 the s t r o n g e s t  ( s e e  Appendix 3, 

Tables  and Figures  2A, 2B, 2C and 21).
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5 . 3 . 3 .  Yount’/ k Modulus (Flp.ure 5 .3 )

Y ou n g ' s  Modulus v a r i e s  c o n s i d e r a b l y  w i t h i n  e a c h  dyke and th e  a v e r a g e  

v a l u e s  r a n g e  from 0 , 8 3  to  0 , 9 1  x 105 MPa, w i t h  an o v e r a l l  a v e r a g e  o f  

0 ,8 7  x MPaCsee T a b le  5 .2  fo r  s t a n d a r d  d e v i a t i o n s )

The r e s u l t s  compare w e l l  w i t h  p r e v io u s  work l i s t e d  in  Table >.1 

but a comparison w i th  t h e  q u a r t z ! t e  r e s u l t s  r e v e a l  t h a t  the mean modulus 

fo r  a l l  dykes i s  h igh e r  than that  for  both  hangingwall  and f o o t w a l l

q u a r t z i t c s .

In Appendix F igures  2A, 2B, 2C and 2D Young's  Modulus i s  compared 

t o  the u n i a x i a l  com press iv e  s t r e n g t h  a c r o s s  each dyke. The two 

parameters  vary s y m p a t h e t i c a l l y  in  dyke 79 but  they  are d i s t i n c t l y  

n o n-sym p ath et ic  i n  dyke 100.  In dykes 144 and 182 the r e l a t i o n s  are

not  r e g u l a r .

5 . 3 . 4 .  Real  P o i c s o n ' s  Rat io  (F igure  5 . 3 )

P o i s s o n ' s  r a t i o s  r e por ted  h ere  are  a l i t t l e  h ig h e r  than th o s e  

found by p r e v io u s  workers (Table 5 . 1 )  and are  s i g n i f i c a n t l y  h ig h e r  than  

the va lue  for  the  q u a r t z i t c s ,  b e in g  a lmost  double that  for  hangingwall  

q u a r t z i t e e .  In g e n e r a l ,  P o i s s o n ’ s r a t i o  does not  vary s i g n i f i c a n t l y  

a c r o s s  the dykes; the mean v a l u e s  fo r  the dykes l i e  between 0 , 2 6  and 

0 ,2 9  and the mean for a l l  spec imens t e s t e d  i s  0 , 2 8 .

5 . 3 . 5 .  S t r e s s - s t r a i n  cur v e s , v o l u me changes and mechanisms of  

b r i t t l e  f rac ture  (F igu res  5 .5  )

In t h i s  s e c t i o n  the  r e s u l t s  o f  the t e s t s  are r e l a t e d  to the  

mechanisms o f  b r i t t l e  f r a c t u r e  o f  rock,  as  d e s c r ib e d  by M e n ia w s k i  

(1967) .  He d e s c r ib e d  f i v e  s t a g e s  in the behaviour  of  rock dur ing

c o m p r e s s io n ,  namely ,

A. C lo s in g  of  cracks

B. L i n e a r  e l a s t i c  d e f o r m a t i o n

C. S t a b le  f r a c t u r e  propagat io n



D. U n s t a b l e  f r a c t n r e  p r o p a g a t i o n

E. F o r k in g  o r  c o a l e s c e n c e  o f  c r a c k s .

I t  i s  rare  in  u n i a x i a l  comp^' ~s ton  for  s t a g e  D to be p r e s e n t  and 

s t a g e  E i s  always a b s e n t .  According to  B ien iawski  (1967)  s t a g e  C 

s t a r t s  a t  about 35% of  the  maximum s t r e s s  and D at  about 80%. In 

the  f i g u r e s  r e f e r r e d  to be low,  t h e s e  s t a g e s  are n d l c a t e d  by t h e i r

r e s p e c t i v e  l e t t e r s .

Four t y p i c a l  s t r e s s - s t r a i n  c u r v e s  a r e  p l o t t e d  in  F i g u r e  5 . 4 .

Apart from curve ’b ' , the  curves are  a lm o s t  l i n e a r  i n d i c a t i n g  only  

e l a s t i c  de form at ion  ( s t a g e s  A, B and G). F a i l u r e  in  a l l  spec imens  was 

sudden and v i o l e n t  w i th  l i t t l e  or no tendency to behave  i n e l a s t i c a l l y  

( s t a g e  D ) . Curve 'b'  i n  Figure 5 . 4  i s  an example o f  one o f  th e  few 

spec imens t h a t  showed s i g n s  o f  u n s t a b l e  f r a c t u r e  p r o p a g a t i o n ( s t a g e  D ) .

Three  g r a p h s ,  a l l  r e l a t e d  t o  volume c h a n g e s ,  can be c o n s t r u c t e d .

These  a r e  a g r a p h  of  a x i a l  a g a i n s t  l a t e r a l  s t r a i n  f rom which th e  

i n c r e m e n t a l  and t a n g e n t i a l  P o i s s o n ' s  r a t i o  can  be  c a l c u l a t e d  ( F ig u r e  5 . 5 a ) ;  

a graph  o f  s t r e s s  a g a i n s t  volume s t r a i n ( F i g u r e  5 . 5b) and a g raph  of  

s t r e s s  a g a i n s t  i n c r e m e n t a l  P o i s s o n ' s  r a t i o  ( F ig u r e  5 . 5 c )  a s  d e t e r m i n e d  

from F i g u r e  5 . 5 a ) .  In  F i g u r e  5 .5 a  P o i s s o n ' s  r a t i o  i s  g iv e n  by t h e  s l o p e  

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

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

t h e  m a t e r i a l  becomes i n e l a s t i c  and t h e  c u r v e  becomes n o n - l i n e a r .

I d e a l l y ,  P o i s s o n ' s  r a t i o  i s  l e s s  than  0 , 5  (which c o r r e s p o n d s  to  a 

n e g a t i v e  volume change)  b u t  when g r e a t e r  t h a n  0 , 5  t h e  m a t e r i a l  becomes 

d i s c o n t i n u o u  as  t h e  volume i n c r e a s e s .  In  most of  t h e  t e s t  spec im ens  

f a i l u r e  o c c u r r e d  as  soon a s  t h e  volume s t a r t e d  to  i n c r e a s e  ( c u r v e s  ' f ' 

and ' d* i n  F i g u r e  5 .5 b )  b u t  o c c a s i o n a l l y  q u i t e  l a r g e  volume i n c r e a s e s  

were  m easu red  ( c u r v e  ' c ' ) .  The p o i n t  where t h e  i n c r e m e n t a l  P o i s s o n ' s



A,



'

Dyke 79. C l a s s i c a l  c o n j u g a t e  f a i l u r e  p l a n e s . Most o f  t h e  
f r a g m e n t s  a r e  l a r g e  and f i n e  com m in u t ion  i s  r a r e .

Dyke 79.  F a i l u r e  by two o r  t h r e e  c l e a n  f r a c t u r e s .  
Comminution i s  a b s e n t .

Dyke 100.  An u n u s u a l  f a i l u r e  by t h e  b o t to m  o f  t h e  spec"men 
' k i c k i n g - o u t 1 .

Dyke 100.  F a i l u r e  by  s e v e r a l  p a r a l l e l  s h e a r  p l a n e s .  Comminution 
i s  r a r e .

T y p i c a l  f a i l u r e  o f  sp e c im en s  from dykes 144 and 182.  A l a r g e  
volume o f  f i n e l y  comminuted m a t e r i a l  i s  p r e s e n t .
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r a t i o  p a s s e s  through a va lu e  o f  0 , 5 ;  t h a t  I s ,  when volume change  

becomes p o s i t i v e ,  I s  e q u i v a l e n t  t o  the  t r a n s i t i o n  from s t a b l e  to  

u n s t a b l e  f r a c t u r e  p r op agat ion  ( s t a g e  C to  D).  In F ig u r e s  5.5b and c ,  

r e g i o n s  A to  C r e p r e s e n t  d e c r e a s i n g  volume change and r e g io n  II Is

one o f  i n c r e a s i n g  volume change.

Although i n e l a s t i c  behav iour  was p r e s e n t  in  many specimens only

b r i t t l e  f a i l u r e  was observed .  A l l  specimens f a i l e d  v i o l e n t l y  but the

behaviour  during  t e s t i n g  and th e  appearanct o f  the f a i l e d  specimens

d i f f e r e d  from dyke to dyke ( P l a t e  5 . 1 ) .  Specimens from dyke 144 and

182 ' t a l k e d '  ( i . e .  d i s p l a y e d  tn icrose irm ic  a c t i v i t y )  from about

75% 0 f t h e i r  f a i l u r e  s t r e n g t h  but t h e s e  from dykes 79 and 100 e i t h e r

• t a l k e d '  j u s t  a t  f a i l u r e  or not a t  a l l .  Dyke 79 specimens d id  not  f a i l

as  v i o l e n t l y  as the o t h e r s  t e s t e d  but went w i th  a l a r g e  'bang'  a c r oss

t h i n  shear  p lanes  w i t h  on ly  a minor volume of  comminuted m a t e r i a l .

Specimens from dyke 100 u s u a l l y  f a i l e d  w i th  a d u l l ,  sudden thud and the

f a i l u r e  zone c o n s i s t e d  o f  many f r a c t u r e s  w i t h  l i t t l e  comminuted m a t e r i a l .

For s e v e r a l  specimens o f  dyke 100 the  bottom ' k i c k e d  ou t '  ( P l a t e  5 . 1 ) ,

which  was a f e a t u r e  not  n o t i c e d  on o t h e r  spec im ens .  Dykes 144 and 182

f a i l e d  c om p arat ive ly  s l o w l y ,  g r a d u a l ly  crumbling away u n t i l  a f i n a l ,

v i o l e n t  f a i l u r e .  The f a i l u r e  plane  c o n s i s t e d  o f  a t h i c k  zone o f

h i g h l y  comminuted m a t e r i a l .

5 . 3 . 6 .  T r i a x i a l  t e s t s  on dyke 144

In Figure 5 .6  the  load a t  f a i l u r e  has been p l o t t e d  a g a i n s t  

c o n f i n i n g  p r e s s u r e .  The most o t e a b l e  f e a t u r e s  of  t h i s  p l o t  are (1) 

the l a r g e  jump in  com press iv e  s t r e n g t h  between c o n f i n i n g  p r e s s u r e s  

o f  0 and 10 MPa, and (2)  the l i n e a r  r e l a t i o n s h i p  between s t r e n g t h  and 

c o n f i n i n g  p r e s su re  a t  c o n f i n i n g  p r e s s u r e s  g r e a t e r  than 10 MPa. With 

r e s p e c t  to  the f i r s t  p o i n t ,  the i n i t i a l  i n c r e a s e  may be due to c l o s i n g  o f  

i n h e r e n t  cracks in the rock by the c o n f i n i n g  p r e s s u r e  w i th  i r e s u l t a n t



i n c r e a s e  in  s t r e n g t h .  The r e l a t i o n s h i p  between and a t

f a i l u r e  i s  r e p r e s e n t e d  by the e m p i r i c a l  e q u a t io n ,

Oj = C0 + Ko3 ( P r i c e ,  1966,  p. 24)

In F igure  5 . 6 ,  the  e q u a t io n  of  the s t r a i g h t  l i n e  o f  b e s t  f i t  i s ,

O] = 457 + ,

but  the v a l u e  o f  ( 0 an i n d i c a t e d  by t h i s  e quat ion  i s  s i g n i f i c a n t l y

g r e a t e r  than the average  va lue  f o r  C () of  385 MPa which was de termined  

above.  P o s s i b l e  reasons  f o r  t h i s  d i s cr e p a n c y  have been d i s c u s s e d  

above. Values fo r  the c o n s ta n t  K are  commonly between 2 , 0  and 1 5 ,0  

fo r  rocks and more s p e c i f i c a l l y ,  between 2 , 0  and 5 , 0  for  competent  

a r g i l l a c <  j u s  r o c k s ,  between 5 ,0  and 1 0 ,3  f o r  comnctent  arenaceous  

rock and g r e a t e r  than 1 0 ,0  for igneous  rocks ( P r i c e ,  1966,  p. 2 4 - 2 5 ) .

A v a lu e  o f  6 , 0  fo r  the p r e s en t  work i s  a l i t t l e  lower than i s  common

for  igneous  r o c k s .  Cook(1963)  has determined the v a lu e  o f  K f o r  l ft,P.M.

q u a r t z i t e s  to be about s i x  a l s o ,  t h e r e f o r e ,  the s t r e n g t h s  o f  q u a r t z i t e s

and dykes in  the E.R.P.M. respond to i n c r e a s i n g  c o n f i n i n g  p r e s s u r e  in 

a r i m i l a r  f a s h io n .  In Figure 5 , /  a p l o t  o f  normalized  a x i a l  s t r e s s  

a g a i n s t  normalized  c o n f i n i n g  prv s u r e ,  the p r e s e n t  data i s  com, . ed 

with  the m od if i ed  and o r i g i n a l  G r i f f i t h  c r i t e r i o n  us ing  v a l u e s  fo r  the  

c o e f f i c i e n t  o f  i n t e r n a l  f r i c t i o n  vu) o f  1 , 0  and 1 , 5 .  For the

ex per im en ta l  r e s u l t s ,  w i s  not c o n s ta n t  but tends  f c d e c r e a s e  w i t h

i n c r e a s i n g  c o n f i n i n g  p r e s su re  as does the r e l a t e d  a n g le  of  f r i c t i o n  

( $ ) .  The s i g n i f i c a n c e  o f  t h i s  unusual  f e a t u r e  i s  not  c l e a r .  Average  

v a lu e s  o f  1 ,4  for  p and 54° for  are  probably  r e p r e s e n t a t i v e  for  

f-he rock.

In Figure 5 . 8 ,  Mohr c i r c l e s  for the t r i a x i a l ,  u n i a x i a l  and 

t e n s i l e  r e s u l t s  are  p l o t t e d  t o g e t h e r  with t in  d e r iv e d  Mohr e n v e lo p e .

The enve lop e  i s  concave inwards and doe: not  conform to the e nve lop es  

f o r  e i t h e r  of  the G r i f f i t h  or m o d i f i ed  G r i f f i t h  c r i t e r i a .  However,



TABLE 5 -5

SUMMARY OF THE MECHANICAL AND MAIN GEOLOGICAL PROPERTIES OF THE DYKES

DYKE 79

Average Co(MPa) 277(271)

Shape o f  curve  
o f  b e s t  f i t

Average E 
(MPa x 10^)

Average

Cubic(East  
i s  s t r o n g e s t  
c o n t a c t )

0 , 9 0  

0 ,2 9

DYKE 100 

282(274)

Pa rabol  i <-

0 , 8 7

0 , 2 8

DYKE 144 

361(354)

Cubic (V est  
i s  s t r o n g e s t  
c o n t a c t )

0 , 8 3

DYKE 182 

331(278)

P a r a b o l i c

0,91  

0 ,2 6

Thickness

Loca t ion

Dyke group 
from Chapter  
2

Main p e t r o -  
p aph i c 
f e a t u r e s

Contacts*EAST

WEST

21, 1m

G-west

f i n e g r a i n e d ,  
a l t e r e d

c h i l l e d ,
sharp

small  
tnyloni te  
zones

15,5m

H-weflt

medium 
gra nod

c h i l l e d  but  
l - 8cin o f  
s h e a r in g  on 
both

41 ,4m 

L-west

19 , 8m 

K -centra l

l a r g e  f e l d s p a r  p h e n c c r y s t s  
abundant,  medium gra in ed

sma11, 
n y lo n i  t e  
zones

c h i l l e d , 
sharp

c h i l l e d , 
s n a i l
sheared area

th i  ck
m y lon i t e
zone



i t  docs  p r e d i c t  a c o h e s i v e  shear  s t r e n g t h  of  about /5 MPa which a g r e es  

roughly  w i th  the average  v a lu e  o f  the c a l c u l a t e d  shear  s t r e n g t h s  

(S ) l i s t e d  i n  Table 5 . 3 .  This  v a lu e  o f  i s  s l i g h t l y  l a r g e r  than  

tw ice  the u n i a x i a l  t e n s i l e  s t r e n g t h  which i s  p r e d i c t e d  by the  m odif ied  

G r i f f i t h  c r i t e r i o n .

5 . 4  COMPARISON OF THE ROCK MECHANIC PROPERTIES WITH GEOLOGICAL 
OBSERVATIONS AND GENERAL CONCLUSIONS

S e v e r a l  d i s t i n c t  d i f f e r e n c e s  between the rock mechanic  

p r o p e r t i e s  o f  the four dykes arc p r e s e n t . These are summarized i n  

Table 5 .5  t o g e t h e r  with some g e o l o g i c a l  f e a t u r e s  o f  the  dykes .

Dykes 144 and 162 are by f a r  the s t r o n g e s t  two dykes and t h e s e  two 

are  the  c o a r s e s t  g r a in e d ,  both c o n t a i n i n g  l a r g e  f e l d s p a r  p h e n o c r y s i s .

Of the  o th e r  two dyk e s , number 79 i s  the  w eakes t ,  has the f i n e s t  gra in  

s i z e  and i*  the  most a l t e r e d .  Dyke 100 i s  f i n e r  gra in ed  t. m dykes  

144 and 182 even though i t  has been c a t e g o r i z e d  as  s i m i l a r  to them i n  

Chapter 2. No a s s o c i a t i o n  can be made between Young's  modulus or 

P o i s s o n ' s  r a t i o  and g e o l o g i c a l  param eters .

P o s s i b l y  the  most important  cot  r e l a t i o n  i s  between s t r e n g t h  

v a r i a t i o n s  a c r o s s  the dykes and c ontact  r e l a t i o n s h i p s . The two d i f f e r e n t  

p a t t e r n s , nai. ly  p a r a b o l i c  for  dykes 100 and 182 and cubic  fo r  79 an^

144,  can be c o r r e l a t e d  w i th  the amount o f  s h e a r in g  on the c o n t a c t s .  

A l t e r a t i o n  in  the rocks ad jac en t  t c  sheared  zones occurs  e a s i l y  and 

hence the dykes are weakened. In o ther  words, one would e x p e c t  

dykes w i th  sheared  c o n t a c t s  to  be s t r o n g e r  in t h e i r  c e n t r a l  r e g io n s  

than they are near the c o n t a c t s . Con verse ly ,  c h i l l e d  c o n t a c t s  between  

dykes and q u a r t z i t e s  are impervious to a l t e r a t i o n  and the s t r e n g t h  of  

dyke rocks a t  th e se  c o n t a c t s  would be expected  to be h ig h e r .  A s tudy  

o f  the c o n t a c t  r e l a t i o n s h i p s  supports  t h e s e  i d e a s . Dyke 100 has  

w e l l  deve loped sheared  my ion i  t i  c c o n t a c t s  and correspond ing  low s t r e n g t h s  

in  t h e s e  r e g i o n s .  Dyke 182 a l s o  has my I o n i t e  on both c o n t a c t s  but  

tha t  on the e as t  c o n t a c t  i s  p oor ly  deve loped  compared to the  th ick



my I o n i t e  zone on the  w es t  c o n t a c t .  Tnc s t r e n g t h  o f  the  e a s t  c o n t a c t  

ave r a g es  272 MPa w h i l s t  on the w e s t  c o n t a c t  three  specimens  averaged  

o n l y  59 MPa. S im i la r  r e l a t i o n s h i p s  can be c o n s tr u c t e d  for  the o ther  

two dykes but i n  both c a s e s , and e s p e c i a l l y  for  dyke 144,  a c h i l l e d  

and welded c o n t a c t  appears to have caused c o n s i d e r a b l e  i n c r e a s e s  

i n  s t r e n g t h  near  one c o n t a c t .  These are the e a s t  c o n t a c t  o f  dyke  

79 and th e  w e s t  c o n t a c t  o f  dyke 144 (from b or e h o le  o b s e r v a t i o n s  

o n l y ) .

The s t r e n g t h  of  tne  dykes may a l s o  be r e l a t e d  to  t h e i r  tendency  

t o  f a i l  v i o l e n t l y  as r o c k b u r s t s .  For example i t  i s  known th a t  the

s e i s m i c i t y  i n  the  hang ingw all  i s  much g r e a t e r  than in  the f o o t w a l l

q u a r t e t t e s  o f  the  E.R.P.M. (McGarr e t  a l . ,1975  ) and that  the

h ang ingw all  rocks  are s t r o n g e r  and have a h igh e r  Young's  modulus

than the f o o t w a l l  rocks ,  McGarr e t  a 1 . conc luded t h a t  t h i s  im p l i e d  tha t  

the  hang ingw all  rocks cou ld  s t o r e  much more e l a s t i c  s t r a i n  energy and 

were t h e r e f o r e  more prone to  s e i s m i c i t y .  A s i m i l a r  c o n c l u s i o n  can be 

drawn f o r  dykes 79 and 144,  both  o f  which have a h ig h e r  Young's  

Modulus than the hang ingw al l  q u a r t z i t e s  and ar e  s t r o n g e r  than them, 

p a r t i c u l a r l y  a t  the  welded c o n t a c t s , The v a l i d i t y  o f  t h i s  c o n c l u s i o n  i s  

supported  by the burs t  h i s t o r y  o f  dyke 144 which has proved i m p o s s i b l e  

to  mine through or to  keep open a tunne l  i n ,  for  t ie 16 l e v e l s  below  

58 l e v e l .

In Chapter 2, s e c t i o n  2 . 3 . 4 . ,  the geochem ica l  and p e t r o l o g i c a l  

v a r i a t i o n s  a c r o s s  dyke 182 were d i s c u s s e d  in order to compare them 

w ith  the rock mechanic t r e n d s .  The main p e t r o l o g i c a l  v a r i a t i o n s  have  

been d i s c u s s e d  above in  terms o f  s t r e n g t h s  and a c o r r e l a t i o n  was made. 

Although the  geochemis try  v a r i e s  in a s i m i l a r  manner about the  ce n tr e  

o f  the dyke , a l b e i t  in  a mild f a s h i o n ,  i t  seems more l i k e l y  t h a t  the  

s t r e n g t h  changes are due to gr a in  s i z e  v a r i a t i o n s  and co n ta c t  

r e l a t i o n s h i p s  r a th e r  than s l i g h t  chemical  v a r i a t i o n s  in the m in e r a l s .



CHAPTER 6
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6.1 s E H ' : THE
D IS T jm / : T l\ Oj'" liOLKbUKS'fh "

A r o c k b u r s t  cfln be s imply  d e f i n e d  as a sudden and v i o l e n t  

rupture  o f  rock i n t o  a mining e x c a v a t i o n  t h a t  causes  damage to t h a t  

e x c a v a t i o n .  A more r i g i d  d e f i n i t i o n  of  a rockburst  can be found in  

Chapter 1.

The aims o f  t h i s  study arc  to e s t a b l i s h :  (1)  i f  the  s t r u c t u r a l  

d i s c o n t i n u i t i e s  ( th a t  i s ,  dykes and f a u l t s )  s i g n i f i c a n t l y  c o n t r o l  

the  d i s t r i b u t i o n  o f  r o c k b u r s t s ;  (2) which d i s c o n t i n u i t i e s  dur ing  a 

p e r io d  o f  t ime have c o n t r o l l e d  the  d i s t r i b u t i o n  of  r o c k b u r s t s  and 

( 3) which g e o l o g i c a l  a s p e c t s  o f  the  d i s c u n u i t i e s  can be c o n s id er e d  

as important i n  c o n t r o l l i n g  the d i s t r i b u t i o n  o f  r o c k b u r s t s .  In 

s e c t i o n  6.2 a s i m i l a r  s tu d y ,  r e l a t i n g  to s e i s m i c  f o c i  and s t r u c t u r a l  

d i s c o n t i n u i t i e s  i s  d i s c u s s e d .

In the in t r o d u c t o r y  chapter  o f  t h i s  d i s s e r t a t i o n  ( s e c t i o n  1 .4 )  

some p r e v io u s  work was d e s c r ib e d  which i l l u s t r a t e d  tha t  the i n c i d e n c e  

o f  r o c k b u r s t s  i n c r e a s e s  when an a c t i v e  mining fa c e  i s  near a dyxe or  

a f a u l t .  In a d d i t i o n ,  much s t a t i s t i c a l  work,  r e l a t i n g  the d i s t r i b u t i o n  

o f  s e i s m i c  e v e n t s  ;• \d r ockburs ts  w i th  such parameters  a s  dykes ,  

f a u l t s , r a i s e s ,  a n g le s  of  working f a c e ,  abutment t y p e s , r a t e  o f  f a c e  

advance ,  s l o p i n g  width exc avation  s i z e  e t c .  has been c a r r i e d  out  

t s e e  r e f e r e n c e  l i s t  in  P r e to r i  u s ,  19 6 6 ) ,  but  the re  has been no prev iou s  

attcm ot  to  c a t e g o r i z e  i n d i v id u a l  s t r u c t u r a l  d i s c o n t i n u i t i e s  and the  

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

r o c k b u r s t s .

6 . 1 , 1 .  Data u s e d

Rockburst  l o c a t i o n  data  was o b ta in ed  from an r .R.P.M, map drawn
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during  a s tudv  o f  the  e f f e c t s  o f  s t a b l l s a t i o n  p i l l a r s  on the i n c i d e n c e  

o f  roc k b u r s t s  in  H ercu les  s e c t i o n ,  l e v e l s  69 to 77, from 3 0 .6 .6 2  to  

3 1 . 1 2 . 6 9 .  During t h i s  7 ,5  year p e r io d  124 b u r s t s  were recorded and 

approx im ate ly  516 500 n/  o f  m e f  were mined, an average  b u r s t  i n c i d e n c e  

o f  0 , 2 4  per 103 m2 mined.  A n /  i m p l i e s  a vAlume one metre by one  

metre by the  h e i g h t  o f  the s t o p e .  The rockburst  s i t e s  and the  

g e o l o g i c a l  d i s c o n t i n u i t i e s  c o n s id e r e d  a r e  i l l u s t r a t e d  i n  Kigure 6. 1.

A c o n t r o l  s e t  o f  data was a l s o  d e r iv e d  so t h a t  a comparison  

c ou ld  be o b t a in e d  oetween what could be e xp e c te d  w i t h o u t  c o n s t r a i n t s  

o n  rockburst  l o c a t i o n s  and what a c t u a l l y  happened. A square g r id  was 

p l a c e d  over the area mined and each g r id  i n t e r s e c t i o n  was used as  

a c o n t r o l  p o i n t .  The l o c a t i o n s  o f  the c o n t r o l  p o i n t s  a r e  i n d i c a t e d

i n  Figure  6 . 2 .

6 . 1 . 2 .  Method o f  a n a l y s i s

The a n a l y s i s  of  c o n t r o l  and r o ckburs t  p o i n t s  was i d e n t i c a l .  Each 

p o i n t  was a l l o c a t e d  a unique number and the l o c a t i o n ,  depth ,  

p e r c en ta g e  e x c a v a t i o n  w i t h i n  a radius  o f  50 metres  at  th e  t ime of the  

b u r s t ,  and the number o f  dykes and f a u l t s  w i t h i n  a ra d iu s  o f  100 metres  

were  recorded .  In a d d i t i o n  the s t r i k e s  and d i s t a n c e s  o f  the two 

c l o s e s t  dykes and two c l o s e s t  f a u l t s  to  the p a r t i c u l a r  b u r s t  were

recorded.

This  data  has been ana ly sed  u s in g  a s im p le  computer program which  

l i s t s  for  each d i s c o n t i n u i t y  a summary o f  d i s t a n c e  to  rockburst  s i t e s ,  

perc en tage  o f  e xcava ted  a r e a ,  and the  n imber of dykes and f au l t s

w i t h i n  100 metres  o f  each rockburst  s i t e .

In the  a n a l y s i s  each rockburst  or c o n t r o l  p o in t  can be counted as

many t imes as  t here  are  d i s c o n t i n u i t i e s  w i t h in  loo  m. Hence,  

al though  t h e re  are  on ly  124 b u r s t  and 151 c o n t r o l  p o i n t s ,  they  have  

been counted 169 and 206 t imes  r e s p e c t i v e l y .  Two f u r t h e r  p o i n t s  should
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be noted  w i t h  r e s p e c t  to  the  d i s c u s s i o n s  be low.  F i r s t l y ,  the  

number o f  roc k b u r s t s  and area  mined near dyke 121 a re  c o n s id er e d  

to  be too s m a l l  for  f irm c o n c l u s i o n s  to be made f o r  t h i s  dyke and 

s e c o n d l y ,  unusual  mining c o n f i g u r a t i o n  has not  been c o n s id er e d  in 

the a n a l y s i s  a l th ou gh  areas  where a s i g n i f i c a n t  c o n t r o l  cu the  

rockburst  d i s t r i b u t i o n  by mining geometry seems apparent are  

d i s c u s s e d .

6 . 1 , 3 .  R e s u l t s  ,*

Two parameters  appear to be good i n d i c a t o r s  o f  the i n f l u e n c e  

of  a d i s c o n t i n u i t y  on the  number o f  r o c k b u r s t s  in a s p e c i f i c  area;  

t h e s e  ar e  the number o f  r o c k b u r s t s  per area mined and the frequency  

of  r o c k b u r s t s  f o r  v a r io u s  d i s t a n c e  i n t e r v a l s  from the  d i s c o n t i n u i t y .  

However, b e f o r e  examining t h e s e ,  o t h e r  parameters  that  may e f f e c t  

the rockburst  d i s t r i b u t i o n  must be c o n s id e r e d ,  i n c l u d i n g  depth ,  

r e l a t i v e  s i z e  o f  e x c a v a t i o n ,  and the number o f  o t h e r  d i s c o n t i n u i t i e s  

t h a t  were w i t h i n  100 metres  o f  the r o c k b u r s t .

(a )  Depth

Table 3A, Appendix 3,  l i s t s  the r e s u l t s  o f  the a n a l y s i s  showing  

the v a r i a t i o n  in  c o n t r o l  p o i n t s  and roc k b u r s t s  w i th  depth and t h e s e  

data are p l o t t e d  i n  Figure 6 . 3 .  This  f i g u r e  shows th a t  the  number 

o f  rockbursts  v a r i e s  c o n s i d e r a b l y  on each l e v e l  and i t  appears that  

over the  smal l  depth increment con s id er e d  (347 mcures)  depth i s  not  

an important parameter in c o n t r o l l i n g  rockburst  d i s t r i b u t i o n .  However,  

the l a r g e  d i f f e r e n c e s  between the number o f  roc k b u r s t s  and c o n t r o l  

p o i n t s  on s e v e r a l  l e v e l s  and the very  high rockburst frequency on 

72 l e v e l  s u g g e s t s  that  some o t h e r  f a c t o r , which v a r i e s  from l e v e l  to  

l e v e l ,  i s  a f f e c t i n g  r ockburs t  d i s t r i b u t i o n .  This  f a c t o r  may be the  

mining c o n f i g u r a t i o n ;  an examinat ion  o f  the s h a f t  p l a n s  (Figure* 6 .1  

and 6 . 2 )  shows a l a r g e  s ta b  11 n a t io n  p i l l a r  a t  the  top of  the 72 l e v e l

a
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s t o p e .  In  F i g u r e  6 . 1  o n l y  the  c e n t r e s  o f  each r o c k b u r s t  zone  a r e  

i n d i c a t e d  b u t  t h e  o r i g i n a l  p l a n s  showed t h e  e x t e n t  of t h e  

damage a r e a  and i n v a r i a b l y  t h e  r  b u r s t s  on 72 l e v e l  e x t e n d  from 

t h e  p i l l a r  down th e  s t o p e .  Th i s  s u g g e s t s  t h a t  t h e  p r e s e n c e  o f  t h e  

p i l l a r  uiay c a u s e  t h e  anomalous  r o c k b u r s t  i n c i d e n c e  on 72 l e v e l .

(b)  P e r ce n ta g e  e x c a v a t i o n

P e r c e n t a g e  e x c a v a t i o n  i s  a m easure  of  the  s i z e  o f  t h e  

e x c a v a t i o n  At t h e  t ime o f  t h e  r o c k b u r s t .  U  i s  d e t e r m i n e d  by d raw in g  

a c i r c l e  o f  r a d i u s  50 m e t r e s ,  c e n t r e d  on th e  r o c k b u r s t  and c a l c u l a t i n g  

t h e  p e r c e n ta g e  a r e a  mined a t  t h e  t ime  o f  the  r o c k b u r s t .  P r e t o r i u s  

(1966)  c o n s i d e r e d  i t  t o  be an i m p o r t a n t  f a c t o r  i n  h i s  a n a l y s i s  

because  as  t h e  a r e a  mined i n c r e a s e s  t h e  r o c k b u r s t  i n c i d e n c e  

i n c r e a s e s .  However,  t h e  d a t a  f o r  n ' c o n t r o l  and  r o c k b u r s t  p o i n t s  

which i s  l i s t e d  i n  T a b l e  6 . 1  and i l l u s t r a t e d  i n  F i g u r e  6 .4  shows no 

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

( c ) Number of  d i s o n t i m i i t l c s  w i t h i n  T'O m e t r e s  of  t h e  r o c k h u r s .  

T h i s  i n f o r m a t i o n  i s  r e q u i r e d  t o  s e e  w he the r  a n o t h e r  dyke  o r  

f a u l t  c o u ld  have  been  r e s p o n s i b l e  f o r  i n i t i a t i n g  t h e  r o c k b u r s t  

r a t h e r  t h a n  t h e  one c o n s i d e r e d ,  o r  i f  more than  one d i s c o n t i n u i t y  

was r e s p o n s i b l e .  The d e t a i l e d  r e s u l t s  a r e  l i s t e d  in  T a b l e  3B i n  

t h e  Append ix .  These  d a t a  show t h a t  i t  was r a r e  f o r  r o c k b u r s t s  t o  have  

o c c u r r e d  w i t h i n  100 m e t r e s  of  o n l y  one d i s c o n t i n u i t y .  In  f a c t ,  

mos t  b u r s t s  o c c u r r e d  w i t h  in  100 m e t r e s  of  one o t h e r  d i s c o n t i n u i t y  

a i  lough f o r  dyke 100 t h e  f r e q u e n c y  of  r o c k b u r s t s  i s  a lm o s t  

i n d e p e n d e n t  o f  t h e  number o f  o t h c i  dykes  in  t h e  v i c i n i t y ,

T a b le  6 , j  compares  t h e  r e s u l t s  f o r  c o n t r o l  p o i n t s  and a c t u a l  

r o c k b u r s t  s i t e s .  The number o f  f a u l t s  i s  too  s m a l l  t j  b e  s i g n i f i c a n t . 

However ,  t h e  number o f  o t h e r  dykes  n e a r  to  dykes  l('(i, 114A and 11/ 

i s  s i m i l a r  f o r  c o n t r o l  and r o c k b u r s t  p o i n t s .  F o r  dykes  110 and 105
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t h t r e  are fewer a d d i t i o n a l  dykes near  the b u r s t  s i t e s  than c o n t r o l  

p o i n t s ;  t h i s  s u g g e s t s  t h a t  these  dykes may be r e s p o n s i b l e  for  the  

b u r s t s .  By c o n t r a s t ,  dyke 110A has more a d d i t i o n a l  dykes near to  

b u r s t  s i t e s  than c o n t r o l  p o i n t s ,  which i m p l i e s  tha t  the a d d i t i o n a l  

dykes may be a s s o c i a t e d  w i t h  the b u r s t s .

(d ) D i s t a n c e o f the _ rnckbur' t s i t e s  from d i s c o n t i n u i t i e s  

In F igure  6 . 5  the frequency of  r o c k b u r s t s  i s  p l o t t e d  a g a i n s t  

d i s t a n c e  f o r  W  a l l  d i s c o n t i n u i t i e s  (b)  dykes and ( c )  f a u l t s .

The p l o t  f o r  a l l  d i s c o n t i n u i t i e s  d i f f e r s  between the c o n t r o l  and 

r o ckburs t  data t o  a d i s t a n c e  of  50 metres  but  the curves  are s i m i l a r  

beyond th a t  d i s t a n c e .  In a d d i t i o n  the frequency of  rockburst  p o i n t s  i s  

o n l y  l a r g e r  than t h e  frequency  o f  c o n t r o l  p o i n t s  from 0 to about 20 

m et r e s .  This  may i n d i c a t e  tha t  d i s c o n t i n u i t i e s  may o ly  i n f l u e n c e  

rockburst  d i s t r i b u t i o n  fo r  a d i s t a n c e  50 metres  from th e  c o n t a c t  

but w i t h in  t h i s  50 m etr e s ,  the area beyond about 20 metres  i s  a 

shadow zone l e s s  s u s c e p t i b l e  to  r o c k b u r s t s  than areas  f u r t h e r  from 

th e  dyke. The area  between 0 and 20 metres  o f  the c o n t a c t  has the  

h i g h e s t  s u s c e p t i b i l i t y .  To determine  whether dykes or f a u l t s  are  

r e s p o n s i b l e  for t h e s e  p a t t e r n s  the data has been sep ar a te d  and p l o t t e d  

in  F igures  6.5b and c .  The diagram for  f a u l t s  shows very  l i t t l e  

d i f f e r e n c e  between the frequency  of  c o n t r o l  and b u r s t  p o i n t s  s u g g e s t i n g  

minimal c o n t r o l  by f a u l t s  on rockburst  d i s t r i b u t i o n .  By c o n t r a s t ,  

th e  dyke- frequency  p l o t  shows s t r o n g  c o n t r o l  on b u r s t s  w i t h in  20 m of  

the  dyke. Hie e f f e c t  o f  i n d i v i d u a l  dykes i s  shown in  s i m i l a r  

f r e q u e n c y - d i s t a n c e  p l o t s  in  Figure 6 , 6 .  From the c u r v e s , i t  appears  that  

dyke 117 has l i t t l e  e f f e c t  on th e  rockburst  d i s t r i b u t i o n ,  dyke 105 has 

some e f f e c t  and dyke 100 has a s i g n i f i c a n t  e f f e c t .

'

In Table 6 .2  the s i z e  o f  the mined out  area and the  number of  

b u r s t  and c o n t r o l  p o i n t s  w i t h in  100 metres  o f  a d i s c o n t i n u i t y  and the
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p e r c en ta g e  »• At and c o n t r o l  p o i n t s  per area  mined are l i s t e d  for  

each d i s c o n t i n u i t y .  This  data shows that apart  from dyke 121 

the c o n t r o l  p o in t  frequency  i s  q u i t e  s i m i l a r  for each d i s c o n t i n u i t y .  

However, the b u r s t  frequency  i s  s i g n i f i c a n t l y  lower than the  c o n t r o l  

fo r  d i s c o n t i n u i t i e s  1 U A ,  105 and 117; i s  a l i t t l e  lower for  number 

110; i s  a l i t t l e  h ig h e r  for  number 110A and i s  s i g n i f i c a n t l y  h igher  

for  dyke 100.  This  s u g g e s t s  t h a t  dykes 100 and 110A ar e  more l i a b l e  

to  be  a s s o c i a t e d  w i th  r o c k b u r s t s  than o t h e r  dykes .

( f ) Summary

Depth: No s i g n i f i c a n t  changes in  the frequency  of

r oc k b u r s t s  w i th  i n c r e a s i n g  depth could be found.  However, a

s t a b i l i s a t i o n  p i l l a r  near the top o f  72 l e v e l  has p o s s i b l y  caused a 

l a r g e  i n c r e a s e  in r o ckburs t  frequency a t  t h i s  depth .

S i z e  o f  e x c a v a t i o n :  No s i g n i f i c a n t  d i f f e r e n c e  in  the s i z e  o f

the e xcava ted  area around each rockburst  or c o n t r o l  p o in t  could be  

found for  the d i s c o n t i n u i t i e s ;  hence i t s  i n f l u e n c e  on the  rockburst -dyke  

r e l a t i o n s h i p  can be ignored .

Other d i s c o n t i n u i t i e s :  Most d i s c o n t i n u i t i e s  which can be

c o r r e l a t e d  w i th  roc k b u r s t s  have another  d i s c o n t i n u i t y  nearby which makes

a l l o c a t i o n  o f  a p a r t i c u l a r  b u r s t  t o  the d i s c o n t i n u i t y  d i f f i c u l t .  In

p a r t i c u l a r  dyke 110A cannot be c o r r e l a t e d  w i th  most nearby b u r s t s  

because  of  the o t h e r  d i s c o n t i n u ' t i e s  near  i t .  However, dykes 110 and 

105 are  thought to be r e s p o n s i b l e  for  most o f  th e  b u r s t s  near i t .

D i s ta n c e :  Most b u r s t s  which can be c o r r e l a t e d  with dykes occur  

w i t h i n  20 metres  of  the dyke. A shadow zone o f  lower than average  

b u r s t  frequency i.1 pr e sen t  between 20 iad 50 metres  and beyond 50 

metres  the i n f l u e n c e  of  the dykes i s  i n s i g n i f i c a n t : .  In g e n e r a l ,  f a u l t s  

do not  appear to have c o n t r o l l e d  rockburt d i s t r i b u t i o n .  Of the dykes

n
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a n a l y s e d ,  dyke 100 has s i g n !  i c u n t l y  c o n t r o l l e d  the d i s t r i b u t i o n  

o f  b u r s t s ,  dyke 105 has to  a l e s s e r  e x t e n t  I n f l u e n c e d  them but dyke 

117 has had no e f f e c t  at  a l l .

Rockburst  f requency:  The d i s c o n t i n u i t i e s  a n a l y s e d  show a

v a r i a t i o n  i n  tendency to cause  r o c k b u r s t s .  This  tendency d e c r e a s e s  

in  the f o l l o w i n g  order:  d i s c o n t i n u i t y  100, 110A, 110 and 105,  114A 

and 117.  Dyke 100 has a s i g n i f i c a n t l y  l a r g e i  i n f l u e n c e  than th e  

o t h e r s .

6.1.4e ' ’
G e o l o g i c a l  f e a t u r e s  which  may be important in  c o n t r o l l i n g  the  

tendency f o r  d i s c o n t i n u i t i e s  to be prone to  b u r s t i n g  i n c lu d e  the  

p o s i t i o n  o f  the d i s c o n t i n u i t y  in s p a c e ,  i t s  t h i c k n e s s ,  c o n t a c t  r e l a t i o n s  

w ith  q u a r t z i t e s ,  p e t r o l o g y ,  geochem is try  and age .  These data  

are  summarized fo r  the d i s c o n t i n u i t i e s  c o n s id er e d  in  t h i s  chapter  

i n  Table 6 . 3 .

D i s c o n t i n u i t i e s  110,110A and 114A are s i m i l a r  in a l l  r e s p e c t s  

e x c e p t  for  t h i c k n e s s .  However, the  o t h e r  t h r e e  d i s c o n t i n u i t i e s  are  

d i f f e r e n t  i n  most a s p e c t s .  Of the two dip dykes (numbers 100 and 117)  

o n l y  number 100 has s i g n i f i c a n t l y  c o n t r o l l e d  the rockburst  d i s t r i b u t i o n .  

I t  d i f f e r s  from dyke 117 s i g n i f i c a n t l y  in  s i z e  and a l t e r a t i o n  and a l s o  

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

dyke i s  more rockburst  prone than a s m a l l ,  a l t e r e d  one .  The s t r i k e - s h e a r  

zones ,  numbers 110A, 110 and 114A have had no apparent c o n t r o l  on the  

rockburst  d i s t r i b u t i o n ,  which  s u g g e s t s  tha t  a sheared  area may be  

a s s o c i a t e d  w i th  l e s s  rockburst  a c t i v i t y .  This  c o n c l u s i o n  may a l s o  be  

a p p l i c a b l e  to  dykes w i th  sheared c o n t a c t s ,

6 , 1 , 5 .  C on c lus ions

1.  The most important  c o n c lu s i o n  from t h i s  s tu dy  i s  that  not a l l
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d i s c o n t i n u i t i e s  i n c r e a s e  the frequ en cy  o f  r o c k b u r s t s .  In f a c t ,  on ly  

two o f  the s i x  d i s c o n t i n u i t i e s  c o n s id e r e d  here have a f f e c t e d  the  

rockburst  d i s t r i b u t i o n ;  dyke 100 s i g n i f i c a n t l y  and dyke 110A s l i g h t l y .

2 .  The r e s u l t s  show that  a d i s c o n t i n u i t y  most l i k e l y  t o  be 

a s s o c i a t e d  w i t h  b u r s t s  w i l l  be a l a r g e ,  f r e s h  dip dyke w i t h  sharp  

and unsheared c o n t a c t s  w i t h  the q u a r t z i t e s ,

3. Thin a n a l y s i s  has been conducted u s i n g  the  r e e f - d l s c o n t i n u i t y  

i n t e r s e c t i o n  t r a c e s  as  r e f e r e n c e  l i n e s .  However, a t  no p l a c e  in the  

area c o n s id e r e d  i s  the s t o p s  more than 100 metres  from an a p l i t c  s i l l  

(Fumerton, 1975)  and t h i s  may c a s t  some doubt on the  r e l i a b i l i t y  o f  the  

r e s u l t s .

4.  Underground o b s e r v a t i o n s  in  o t h e r  s . c t i o n s  o f  th e  mine and 

d i s c u s s i o n s  w i t h  mining pe r s o n n e l  seem to i n d i c a t e  tha t  rockburst  

a c t i v i t y  i s  a s s o c i a t e d  w i th  th e  major b a s i c  dip dykes and areas  of  a p l i t c  

s i l l - r e e f  i n t e r s e c t i o n .  I t  i s  noteworth y  t h a t  dyke 144, a l arge  

p o r p h y r i t i c  dip dyke has not  been mined through for  many y e a r s  because

o f  r ockburs ts  and the a p l i t e  s i l l  has  caused whole  s l o p e s  to  be c l o s e d  

down. The r e l a t i v e  absence  o f  a c t i v i t y  near th e  a p l i t e  s i l l  in t h i s  

s tudy  i s  anomalous.

6 .2  STUDIES OF THE EFFECTS OF STRUCTURAL DISCONTINUITIES ON THE
DISTRIBUTION 01 *T i ' s 'Tic' EVENTS

Two s e p a r a t e  s t u d i e s  arc d e s c r i b e d  h e r e ;  the aims of  which are  

i d e n t i c a l  to t h o s e  o f  the p r e c ed in g  s e c t i o n ,  e xcep t  t h a t  here  they are  

a p p l i e d  to s e i s m i c  e v e n t s .  The term ' s e i s m i c  e v e n t '  and i t s  r e l a t i o n  

to a ' r o c k b u r s t '  were d e f in e d  in  S e c t i o n  1 , 4 ,  Tabular mining at  grea t  

depth ,  as in the  F .R . P . M . ,  s u b j e c t s  the  rock around on e x c a v a t i o n  to  

l a r g e  s t r e s s  d i f f e r e n c e s ,  c a u s in g  I t  to  f a i l  and r e l e a s e  energy in the  

form o f  s e i s m i c  waves which can be p icked  up by geophones and recorded



\

f

V

/



V  + .

Urn

Q K
fcw

□ n

FI
GU

RE
 

6.
7 

LO
CA

TI
ON

S 
AN

D 
DI

ST
AN

CE
 

FR
OM

 
RE

EF
 

OF 
16

2 
SE

IS
M

IC
 

EV
EN

TS
 

IN 
LO

WE
R 

EA
ST

 
HE

RC
UL

ES
 

SE
CT

IO
N(

LE
VE

LS



u.

:

.  / A C  * /’

• :  5

4*#

u.

UJ

o  *
n  *- 
c< «' VI

w ui

<41
V ) .U

X UI
U . Z



- 8 9 -

on magnetic  t a p e s .  The t imes o f  a r r i v a l  o f  the s e i s m i c  waves from 

s e v e r a l  geophones arc  used to  c a l c u l a t e  the  focu s  of  the. s e i s m i c  

e v e n '  Three p o i n t s  r e l a t e d  to the  present  a n ; . l y s i s  should  be made: 

f i r s t l y ,  the  accuracy  to which the focus o f  an event  i s  p o s i t i o n e d  

v a r i e s  up to 30 metres  (A. McOarr, p e r s o n a l  communication,  1974);  

s e c o n d l y , t h e  source  area  for  a l a r g e  e v e n t  can have a diameter  up to  

100 metres  (S.M. S p o t t i s w o o d e ,  p e r s o n a l  communication,  1974)  and 

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

caused s o l e l y  by mining ind ced s t i  s s e s  from t h o s e  which have keen  

p a r t l y  due to  mining a c t i v i t  y and p a r t l y  dee to  some o th e r  parameter  

such  as a g e o l o g i c a l  d i s c o a t i n u i t y ,

The prccedure f o l l o w e d  fo r  t h e s e  s t u d i e s  has been to p r o j e c t  the  

f o c i  and g e o lo g y  o n fo  v a r io u s  p la n e s  in space  and then to examine  

t h e s e  p r o j e c t i o n s  for  con centr  t i o n s  of f o c i  about the g e o l o g i c a l  

d i s c o n t i n u i t i e s .

6 , 2 , 1 .  S tud in  lower e a s t  1 r r u l e s  s e c t i o n

The l o c a t i o n s  o f  162 s e i s m i c  e v e n ts  recorded  in  e a s t  H s e c t i o n ,  

between 74 and 77 l e v e l s  for  the per io d  1 6 , 1 0 . 7 2  to 5 , 2 . 7 3  have been  

o bta in ed  from A. McGarr ( p e r s o n a l  communication ,1974 ) .  In F igure  6 ,7  

the  events  have been p r o j e c t e d  onto  the p lane  o f  the r e e f  where the  

g e o l o g i c a l  f e a t u r e s  c o n s id e r e d  and areas  mined during the p e r io d  are  

a l s o  p l o t t e d .  In a d d i t i o n ,  the s e i s m i c  l o c i  and some of  the geo lo g y  has 

been p r o j e c t e d  onto  a v e r t i  < a l  dip plane  ( F igure  6 . 8 ) ,

In the area  concerned (Figure  6 , 7 )  t h e r e  are  f i v e  g e o l o g i c a l  

d i s c o n t i n u i t i e s ; o f  t h e s e  on ly  two are c l o s e l y  a s s o c i a t e d  w i th  the main 

c o n c e n t r a t i o n s  o f  s e i s m i c i t y .  These are  (1 )  an a p l i t e  s i l l  which dips  

s o u th  at  about 35° p a s s i n g  through the r e e f  p lane  near the nort  of  

th e  area and i s  always w i t h i n  30 metres  o f  the r e e f  and a r e v e r s e  

f a u l t  which d ip s  a t  4 0 1 northwards ( s e e  F igures  6 . 7  and 6 . 8 ) .
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I t  i s  c l e a r  from the two p r o j e c t i o n s  o f  the d a t a ( F ig u r e s  6 .7  and 

6 . 8 )  t h a t  t h e re  are  no obv ious  c o n c e n t r a t i o n s  o f  s e i s m i c  e v e n t s  near  

th e  g e o l o g i c a l  d i s c o n t i n u i t i e s  but  in  F igure  6 ,7  t h e r e  i s  an 

a s s o c i a t i o n  between the  a r e a  mined and s e i s m i c  a c t i v i t y  and In 

Figure  6 . 8  a weak c o n c e n t r a t io n  between the r e e f  p la n e  and s e i s m i c  

a c t i v i t y  i s  p r e s e n t .  This  c o r r e l a t i o n  between e v e n t s  and mining  

a c t i v i t y  i s  to be e x pec ted  because  o f  the l a r g e  mining induced s t r e s s e s .

By c o n t r a s t ,  a n e g a t i v e  c o r r e l a t i o n  w i th  g e o l o g i c a l  f e a t u r e s  may be 

due to the absence o f  any major g e o l o g i c a l  f e a t u r e s  in the area  

e x c e p t  fo r  the a p l i t e  s i l l , which i s  very c l o s e  to th e  p lan e  o f  the  

r e e f  and so  e v e n ts  due to i t  cannot be d i s t i n g u i s h e d  from th o s e  due to 

mining.

6 . 2 . 2 ,  Study in  lower-west  Hercul e s  s e c t i o n

One o f  the main reason s  why the p r e v io u s  s tu d y ,  i n  the e a s t  s i d e  

o f  H ercu les  s e c t i o n  proved n e g a t i v e  may have been the absence  o f  a 

l a r g e  b a s i c  dyke.  These dykes are known to  be rockburst  prone ( s e e  

F igures  1 .4  and S e c t i o n  6 . 1 )  and they may a l s o  induce s u f f i c i e n t l y  l a r g e  

s t r e s s  d i f f e r e n c e s  to  i n i t i a t e  s e i s m i c  e v c . . t s .  The."efore,  a s tu dy  was 

done in  low er-w est  Hercules  s e c t i o n ,  i n  the reg io n  where dyke 100 was 

mined through dur ing the p e r io d  3 0 . 9 . 7 1  to  3 0 . 6 , 7 3 .  The l o c a t i o n s  o f  

293 s e i s m i c  e v e n t s  in  west  H s e c t i o n  and f a r - e a s t  G s e c t i o n  between 72 

and about 79 l e v e l s  during t h i s  t ime were ob t a in e d  from G.A. Weibols  

(p e rson a l  communication,  1974) .  These e v e n t s  have been p r o j e c t e d  onto the  

r e e f  p la n e  in F igure  6 .9 .

Three noteworthy f e a t u r e s  appear in t h i s  p l o t .  I t  can be c a l c u l a t e d  

from Figure  6 .9  t h a t , f i r s t l y ,  ju s t  over  h a l f  o f  the e v e n t s  (53%) 

occurred  above or below ground which was mined out  b e f o r e  June,  1973,  

w ith  the r e s t  b e i n g  in c i t h e r  the remnant p i l l a r  (A) or ahead o f  the  

mining f a c e s ;  s e c o n d l y ,  o n ly  e i g h t  per c e n t  o f  the e v e n t s  occurred  in

.A.
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the dyke and t h i r d l y ,  th e  d e n s i t y  of  e v e n t s  i s  much g r e a t e r  for  the  

upper mining f a c e s  than fo r  the lower mining f a c e s  whicn may be 

r e l a t e d  to the p r e sen ce  o f  the  th in  remnant p i l l a r  (A) i n  the upper 

a r e as  ( s e e  Figure  6 . 9  and Appendix Table 3C).

In Figure  6 .1 0  the frequency o f  s e i s m i c  e v e n t s  i s  p l o t t e d  a g a i n s t  

d i s t a n c e  from dyke 100,  us ing  data l i s t e d  in Appendix Table  3C. T h is  

f i g u r e  c l e a r l y  shows a marked i n c r e a s e  in the frequency near  to the  

dyke,  a low frequency w i t h i n  the dyke and a much h igher  frequency o f  

e v e n t s  on the west  s i d e  o f  the  dyke than the  e a s t .  I he very  low 

frequency  w i t h i n  the dyke can be e x p la in e d  by the fact  that  the d i s t a n c e  

i n t e r v a l  chosen i s  25 metres  w h i l s t  the dyke i s  on ly  about 15 metres  

t h i c k .  In F igure  6 . 1 0 ,  the d o t t e d  l i n e  above the dyke i n t e r v a l  

r e p r e s e n t s  the frequency of  e v e n t s  p r o p o r t io n a l l y  in c r e a s e d  for a dyke 

<.5 metres  t h i c k .  The g r e a t e r  frequency of  e v e n t s  on the wes t  s i d e  

o f  the dyke than the e a s t  s i d e  o f  the dyke i s  probably due to the l a r g e  

area  mined on the w es t  s i d e  and the f a c t  that  the west  s i d e  was mining  

ip to  a t h i n  remnant p i l l a r .  I t  i s  a l s o  important to no te  that  the  

h i g h e s t  frequency o f  e v e n ts  occurred w i t h in  the remnant p i l l a r .

From t h i s  s tu d y ,  one can conclude  that  f i r s t l y ,  an i r r e g u l a r  

mining c o n f i g u r a t i o n  such as a t h in  remnant p i l l a r  has an overwhelming  

i n f l u e n c e  on the d i s t r i b u t i o n  o f  s e i s m i c i t y  (upper fa c e  in Figure  6 . 9 ) ,  

and s e c o n d ly ,  where t h e re  i s  a r e g u la r  mining c o n f i g u r a t i o n  such as  

the  lower mining fa c e  in Figure  6 . 9 ,  the s e i s m i c i t y  does not  appear to  

c o n c e n tr a t e  around the dyke even when mined through.  However, the o v e r a l l  

maxima on each s i d e  o f  the dyke may be s i g n i f i c a n t  because  they  

c o r r e l a t e  w i th  rockburst  d i s t r i b u t i o n  about a dyke (F ig u re s  1 . 4 ,  6 . 5  and



CHAHT.K 7 

SUMMARY AND CONCLUSIONS

7 .1  INTRODUCTION

The aim o f  t h i s  d i s s e r t a t i o n  was to  determine those  g e o l o g i c a l  

parameters  o f  the s t r u c t u r a l  d i s c o n t i n u i t i e s  which may be a s s o c i a t e d  

w it h  roc k h u r s t s  and s e i s m i c  e v e n t s .  The f o l l o w i n g  i s  a summary 

o f  the geo lo g y  o f  the  s t r u c t u r a l  d i s c o n t i n u i t i e s  and o f  those  

parameters  th a t  may be important, i n  c o n t r o l l i n g  the d i s t r i b u t i o n  

o f  s e i s m i c  e v e n t s  and r o c k b u r s t s .  In a d d i t i o n  recommendations  

f o r  f u r t h e r  s tudy  are g i v e n .

7 .2  PYKDS

Five  groups of  dykes have been r e c o g n i s e d ,  based on o r i e n t a t i o n ,

petrography and geocheml r y :

Group 1 i s  made up o f  one d y k e / s i l l ,  the Simmer Dyke, which i s  

a l a r g e  u n d u la t in g  i n t r u s i v e .  I t  can be c l a s s i f i e d  as  a m e l a n o r i t e .

By a s s o c i a t i o n  to  p r e v io u s  work i t  appears t o  be o f  Bushveld a g e .

Group 2 dykes form a swarm o f  i l m e n i t e  d o l e r i t e s ,  s t r i k i n g  a t  

about 140*.  They are between f i v e  and e ig h t  metres  t h i c k  and are  

c h a r a c t e r i s e d  in  t h in  s e c t i o n  by s k e l e t a l  i l m e n i t e s .  G eochem ica l ly  they  

are shown to be t h o l e i i  t i c ,  c h a r a c t e r i s e d  by a h igh TiOj, c o n t e n t .

By a s s o c i a t i o n  to  pr e v io u s  work they  are  probably  of  Bur.hveld a g e .

Groups 3 and 4 dykes both s t r i k e  a t  030 and both  have a s i m i l a r  

geochem is try  which i n d i c a t e s  that  they are  I h o l e i i t i c  q u a r t z - d o l e r i t e s .

Group 3 dykes are c h a r a c t e r i s e d  by l a r g e  f e l d s p a r  p h e n o c r y s t s  And are freshe i  

and c o a r se r  than Group 4 dykes ,  which are f i n e  gra in ed  and h e a v i l y  a l t e r e d .  

By a s s o c i a t i o n  w i th  p r e v io u s  work they  are o f  Ventersdorp age .

Group 5 dykes ire a s e r i e s  o f  e a s t - w e s t  s t r i k i n g  shear  z o n e s , which  

are a l t e r e d  and sheared such that the o r i g i n a l  m inera l s  are u n r e c o g n i s a b l e .
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They can be c l a s s i f i e d  as  my I o n i t e s  or u l t r a m y l o n i t e s .

7 . 3  FAULTS

Three groups o f  f a u l t s  have been r e c o g n i s e d .  Groups 1 and 3 

f a u l t s  form a c o n ju g a te  p a i r ;  group 1 f a u l t s  s t r i k e  a t  0 7 5 ° ,  have a 

downthrow to the south  and n d c x t r a l  s t r l l e - s l i p  d i sp lac e m en t ,an d  

group 3 f a u l t s  s t r i k e  a t  3 1 3 ° ,  have n downthrow to  the  north and a 

s i n i s t r a 1 s t r i k e  s l i p  d i s p la c e m e n t .  Group 2 f a u l t s  s t r i k e  at  100°  

and g e n e r a l l y  the  downthrow i s  to  the  north fo r  those  near s u r f a c e  and 

south  for  t h o s e  a t  depth .

The f a u l t s  are c h a r a c t e r i s e d  by (1)  r o t a t i o n a l  movements which are  

p o s s i b l y  a r e s u l t  o f  an inhomogencous s t r e s s  f i e l d  r e a c t i v a t i n g  e x i s t i n g  

normal f a u l t s ;  (2 )  gouge m a t e r i a l  which ranges  from u l t r a m y I o n i t e  to  

f a u l t  b r e c c i a  and f a u l t  gouge ,  and (3)  t e r m in a t i o n s  by sp la y  and 

r o t a t i o n a l  f a u l t i n g ,

7 .4  ,'PINTS

S ix  groups of  j o i n t s  have been r e c o g n i s e d .  Mining i n c lu d ed  Type 1 

j o i n t s  and w a l l  s p a l l i n g  make up p a r t s  of  groups A, B and D. In 

a d d i t i o n ,  v e r t i c a l l y  d ipp ing  g e o l o g i c a l  j o i n t s  which s t r i k e  at  0 3 0 ° ,

0 7 5 ° ,  120° and 165 (par ts  o f  groups A, B,D,E and F) have been r e c o g n i s e d .  

Of t h e s e ,  two groups (075° and 165 ; groups E and F) cou ld  o n ly  be 

r e c o g n i s e d  in  the L74 e x p l o r a t i o n  c r o s s c u t ,  which i s  w e l l  away from a c t i v e  

s t o p e  mining.  Group C j o i n t s ,  which are  p a r a l l e l  to  t h e  bedding p l a n e s , 

are  most probably o f  g e o l o g i c a l  o r i g i n  but have been opened up during  

mining by b u c k l i n g  o f  the q u a r t z i t e  l a y e r s  i n t o  the s t o p e .

Large dykes and f a u l t s  e f f e c t  the o r i e n t a t i o n  and d e n s i t y  o f  mining  

induced J o i n t i n g ;  'bedding plane* j o i n t s  could  be found w i t h in  th e  dykes  

and s p e l l i n g  and s l a b b i n g  in  d r i v e s  i n i t i a t e s  from an * embryonic zone*
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of  h igh comminution a t  the i n t e r s e c t i o n  of  two p lanar  f e a t u r e s .

7. 5 i ’ARI.Y STK: SS SYS IF .?  iS

R egiona l  l i n e a t i o n  p a t t e r n s ,  a s  determined from E .R .T .S .  imagery 

r e v e a l  four s t r o n g  t r e n d s , most o f  which can be c o r r e l a t e d  with the

l o c a l  E.R.P.M. p a t t e r n s .

A dynamic a n a l y s i s  of  the s t r u c t u r a l  d i s c o n t i n u t i c s  and the r e g i o n a l  

l i n e a t i o n s  shows th a t  the maximum p r i n c i p a l  s t r e s s  has been o r i e n t e d  

near  v e r t i c a l  through t ime s i n c e  the formation of  the Witwatersrand Bas in ,  

becoming h o r i z o n t a l  to  produce the. c o n j u g a te  a i r  o f  f a u l t s  (groups 1 

and 3) and the  r e v e r s e  movements on group 2 f a u l t s .

7 . 6  ROCK MECHANICS

D e t a i l e d  u n i a x i a l  compress ive  t e s t  )f  t h r e e  dykes and both  u n i a x i a l  

and t r i a x i a l  compress ive  t e s t s  o f  another  dyke show d i s t i n c t  

c h a r a c t e r i s t i c s  and trends  a c r o s s  th e  dykes .  Two o f  the  dykes are  

s t r o n g e r  than hangingw al l  q u a r t z i t e s  w h i l s t  two are  a l i t t l e  weaker on 

average;  a l l  dykes are  s t r o n g e r  than f o o t w a l l  q u a r t z i t e s .  Dykes 100 and 

182 are s t r o n g e s t  towards t h e i r  c e n tr e  and weakest  towards t h e i r  c o n t a c t  

r e g io n s  w h i l s t  dykes 79 and 144 are  weakest  on one c o n t a c t ,  s t r o n g e r  

towards the. c e n tr e  and s t r o n g e s t  on the o t h e r  c o n t a c t . S tren gth  could  

be c o r r e l a t e d  w i th  c o a r s e n e s s  and c h i l l e d  margins and weakness  could  be 

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

Young’ s Modulus i s  g e n e r a l l y  h igh e r  than t h a t  for  q u a r t z i t e s ,  

averag ing  0 , 8 7  x 1 0 MPa, and P o i s s o n ’ s Rat io  i s  s i g n i f i c a n t l y  h igh e r  

averag ing  0 , 2 8 .

The t r i a x i a l  t e s t i n g  on dyke 144 showed a l i n e a r  i n c r e a s e  i r  

s t r e n g t h  w i t h  i n c r e a s i n g  c o n f i n i n g  p r e s s u r e  beyond a c o n f in i n g  p r e s s u r e  

o f  10 MPa, an average  c o e f f i c i e n t  o f  i n t e r n a l  f r i c t i o n  o f  1 ,4  and a 

c o h e s iv e  s hear  s t r e n g t h  of  about 75 MPa. The average  t e n s i l e  s t r e n g t h  

determined by the B r a z i l i a n  t e s t s  i s  31 MPa,
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One unusual  f e a t u r e  o f  the dyke I s  t h e  d e c r e a s e  i n  the c o e f f i c i e n t  

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

7 .7  THE EFFECTS OF STRUCTURAL UISCONTINUITTES ON THE DISTRIBUTtON 
OF ROCLBURSTS A':'.)'~SLISMI(r ~l.V. NTS

The rockburst  s tudy  r e v e a l e d  s e v e r a l  important  c o n c l u s i o n s ,  ih e r e  

does appear to be some c o n t r o l  by s t r u c t u r a l  d i s c o n t i n u i t i e s  but 

not  a l l  d i s c o n t i n u i t i e s  e f f e c t  the  d i s t r i b u t i o n .  N o te n b ly ,  f a u l t s  

and s m al l  dykes have no e f f e c t  but  l a r g e  dykes,  such  as  dyke 100,  

do have a s i g n i f i c a n t  e f f e c t .  I t  was concluded t h a t  a l a r g e ,  f r e s h ,  

c o a r s e ,  dip dyke w i t h  s harp ,  welded c o n t a c t s  w i th  the q u a i t z i t e s  i s  

the most rockburst  prone .  No c o r r e l a t i o n  between dykes or f a u l t s  

and s e i s m ic  e v e n t s  cou ld  be made but a s t r o n g  c o r r e l a t i o n  to mining 

a c t i v i t y  i s  p r e s e n t  ..nd i t  appears  as  i f  s e i s m ic  e v e n ts  have c o n c e n tr a te d  

in  a t h i n  remnant p i l l a r .

7 . 8  RECOMMENDATIONS FOR FURTHER STUDY

There i s  l i t t l e  doubt th a t  the i n c i d e n c e  o f  r o c k b u r s t s  i n c r e a s e s  

near  some s t r u c t u r a l  d i s c o n t i n u i t i e s ,  whether they be n a t u r a l ( d y k e s )  

or manmade ( r a i s e s ) .  This  d i s s e r t a t i o n  h a s ,  u n f o r t u n a t e l y ,  on ly  

j u s t  touched on the a s s o c i a t i o n  between g e o l o g i c a l  param eters  and 

rockburst  d i s t r i b u t i o n  because  i t  has been n e c e s s a r y  to u e a c r ib e  

the  geo logy  o f  the s t r u c t u r a l  d i s c o n t i n u i t i e s  in  some d e t a i l .  This  has  

n o t  p r e v i o u s l y  been done for  the  E.R.P.M. In a d d i t i o n  the past  i c c o i d s  

o f  the l o c a t i o n s ,  e x t e n t  o f  damage, t ime and mining c o n f i g u r a t i o n  

at  the time o f  th e  r o ckburs ts  are  e x trem ely  poor; i t  i s  instil  f i c i c n t  

to  on ly record that  a rockburst  has oc curred  in  a p a r t i c u l a r  s l o p e .  

Accurate d e t a i l s  of  the  l o c a t i o n  arc e s s e n t i a l  because  the  e f f e c t  o f  a 

d i s c o n t i n u i t y  on rockburst  d i s t r i b u t i o n  probably ex tend s  l e s s  than ha l l  

a s t o p c  l e n g t h  from the d i s c o n t i n u i t y .



A f r u i t f u l  s tudy  could  w e l l  be implemented to determine the  

g e o l o g i c a l  parameters  c a u s in g  r o c k b u r s t s , bu! i t  w i l l  n e c e s s i t a t e  

a c c u r a te  and d e t a i l e d  r e co r d in g  of  rockburst  data  over  s e v e r a l  

y e a r s ;  t h e s e  records  shou ld  in c lu d e  a g e o l o g i c a l  d e s c r i p t i o n  o f  each 

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

I n t e r p r e t a t i o n  of  th e  data c o l l e c t e d  must be done in  a r i g i d  s t a t i s t i c a l  

manner.
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Al’IM'-K'DIX \

I . A .  SAMPl.r (X)LLIX'T 1 ( 'N

Each specimen was c o l l e c t e d  a s  c l o s e  as  p o s s i b l e  t o  t h e  c e n t r e  

o f  t h e  dyke so as  t o  a v o id  h o s t  r o c k  c o n t a m i n a t i o n ,  c h i l l e d  m a r g in s  

and  a l t e r a t i o n  which  I s  common n e a r  t h e  c o n t a c t s .  A l l  spe c im ens  were 

c o l l e c t e d  be low two k i l o m e t r e s  below s u r f a c e  and  can be c o n s i d e r e d  

a s  f r e e  f rom w e a t h e r i n g ;  sp e c im en s  were u s u a l l y  l a r g e r  th a n  f i v e

k i l o g r a m s  t o  a v o id  i n h o m o g e n i e t i e s  due to  l a r g e  p h e n o c r y s t s .

For dyke  number 182,  s i x  s p e c i m e n s , numbered 182 -  1, 182 -  3,

182 -  5,  182 -  7, 182 •• 9 and 182 -  11 were  c o l l e c t e d  at: 0,0m , 2,5m,

I I , 2 m ,  17,3m, 21,9m and  2 4 , 1m r e s p e c t i v e l y  from L .e e a s t  c o n t a c t .  The

r e s p e c t i v e  a n a l y s e s  a r e  numbers  1 t o  6  i n  T a b l e  IB, o f  t h i s  Appendix .

Specimen 182 -  5 ( A n a l y s i s  4)  has  b e e n  chosen  a s  t h e  r e p r e s e n t a t i v e  

a n a l y s i s  f o r  dyke 182.

l . B .  MET) 100 (TF ANALYSIS

A d e t a i l e d  a c c o u n t  of  t h e  p r o c e d u r e  o f  X - r a y  s p e c t r o g r a p h i c  a n a l y s i s  

o f  g e o l o g i c a l  sam ples  on t h e  U n i v e r s i t y  of  t h e  W i t w a t e r s r a n d  X - ray  

s p e c t r o m e t e r  it.  i n  t h e  p r o c e s s  o f  b e i n g  co m p i le d  (M c C a r th y ,1975)  and 

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

N o r r i s h  F u s i o n  t e c h n i q u e  h a s  been  c l o s e l y  f o l l o w e d  ( N o r r i s h  and H u t to n ,  

1969 ) .

8 AMPLE PREPARATION

-  Each specimen  was s c r u b b e d  and b roken  i n t o  f i s t - s i z e d  p i e c e s ,

-  Any p i e c e  c o n t a i n i n g  v e i n s  o r  showing s u r f a c e  a l t e r a t i o n  was 

e i t h e r  d i s c a r d e d  o r  b ro k en  f u r t h e r  so t h a t  a r e a s  o f  c o n t a m i n a t i o n  

c o u ld  be removed.

- A l l  spec im ens  were c ru s h e d  i n t o  c h ip  s i z e  p a r t i c l e s  i n a 

c a r b o n - s t e e l  jaw c r u s h e r .

-  A f t e r  h a l v i n g  the p a r i i e l c s ,  spec imens  were  crushed t o  a f i n e  

powder in e i t h e r  an a g a t e ,  n i c k e l - c h r o m e  or t u n g s t e n - c a r b id e

.
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c o n c e n tr i c - r in p ,  m i l l .  Specimens 182 -  1, 5, 7, 9 and 11 

(Analyses  1 to 6)  were crushed with the a g a t e  m i l l ;  numbers 

27 ( A n a l y s i s  1 5 ) ,  3 2 ( l b ) ,  3 3 ( 1 7 ) ,  3L(18) ,  5 8 ( 7 ) ,  7 9 ( 2 5 ) ,

1 0 0 ( 8 ) ,  1 1 0 ( 2 6 ) ,  117(27)  and 144(9)  with a n i c k e l - c h r o m e  m i l l  

and the r e s t  w i th  a t u n g s t e n - c a r b id e  m i l l .

-  A sample o f  -  5 grams o f  powder from each specimen was weighed  

i n t o  a c r u c i b l e  and he a ted  a t  120 C f o r  24 hours to remove

f r e e  w a te r ,  A f t e i  r e w e ig h in g ,  a l l  samples  were heated  to 1000 C 

for  24 hours to remove v o l a t i l e s  and weighed ag a in .

-  The p r e p a r a t io n  o f  g l a s s  f u s io n  d i s c t  (two fo r  each sample) has  

c l o s e l y  f o l low e d  the d e s c r i p t i o n  by Norr ish  and Hutton (1969) ,  

and the p r e p a r a t io n  o f  one p r e s s e d  powder p e l l e t  fo r  each

sample has c l o s e l y  f o l l o w e d  the d e s c r i p t i o n  o f  N o r r i sh  and Chappel  

(1 9 6 7 ) .

F-XPl'Rl Ml XI A! CONDITIONS

A naly ses  f o r  specimens 182 -  1 ,  3, 5 ,  7, 9 and 11 (Analyses

1 t o  6)were performed by General  Super intendence  Co. Ltd, Johannesburg  

i '  ; the N a t i o n a l  I n s t i t u t e  for  M eta l lu rgy  on samples  subm it ted  and 

prep ired to powder s i z e  by the au thor .  A l l  o t h e r  specimens were  

ana ly s ed  by the author i n  the Geology Department o f  the U n i v e r s i t y  

of  the Witwatersrand.

For t h i s  work a P h i l l i p s  PW 1410 X-ray spec trom eter  lias been  

used and Table 1A shows the o p e r a t i n g  c o n d i t i o n s  for  the  v a r io u s  e le m e n ts .  

D e t a i l s  o f  the procedure have been d i s c u s s e d  by N orr ish  and Hut ton ( 1 9 6 9 ) .  

Note th a t  i n  Table  1A the count in g  t imes  are  h a l f  Limes and each  

sample was counted t w i c e  and summed to avo id  anomalous cou n ts .  The 

p e r c en ta g e  F e ^ , MnO, Tif>2 , K^), P^O^, SiO^, A1 ,,0^, MgO and Na.-.O 

have been de termined i n  t h i s  manner i n  c o n j u n c t io n  witn an unpubl ished  

computer programme w r i t t e n  by J . P ,  W i l l i s ,  a s  m od i f i ed  by T.S .  McCarthy 

(persona l  communication,  1974) ,  A ll  samples were done in d u p l i c a t e .

ji
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FeOf CÔ  and ( M . T . W. Norms

Determination of FeO has exactly followed the descriptions

by Schafer  (1966) .

All  CÔ  d e t e r m in a t io n s  were by General  Super intendence  Co.Ltd  

from samples  subm it ted  to  the  N at iona l  I n s t i t u t e  foi M e ta l lu r g y .

C .l .P .W . w e ig h t  norms have been c a l c u l a t e d  for  each  a n a l y s i s  

u s i n g  a computer programme w r i t t e n  by l . S .  McCarthy (personal  

communication,  1 9 7 4 ) .  A problem occurred  w i t h  two a n a l y s e s  w h i l s t  

d eterm in ing  C . l .P .W ,  norms t h a t  r e q u ire d  some adjustment  o f  

the programme. The i n i t i a l  two s t e p s  of  a C . l .P .W .  norm c a l c  1a t i o n

ar e  I

1. A l l  CO, i s  used w i th  some CaO to  form r a l c i t e ,  and

2 .  A l l  r.,0^ i s  used wi th  some CaO to  form a p a t i t e .

The c h e n - s t r y  o f  dykes 114A and 109 i s  unusual  i n  that  t h e r e  i s  

i n s u f f i c i e n t  CaO to  combine w i t h  CO, to  form c a l c i t e  which  r e s u l t s  

in  a n e g a t i v e  normative nnor th i  t e  d e t e r m in a t i o n .  The problem was 

overcome by a l lo w in g  a p a t i t e  t o  form f i r s t  u s i n g  a l l  the CaO n e c e s s a r y , 

then i n c r e a s i n g  the remaining  CaO p e r c e n t a g e ,  a t  the expense  o f  MgO, 

u n t i l  there  was s u f f i c i e n t  to  combine w i th  CÔ  and f i n a l l y  de term in in g  

normative  do lomite  i n s t e a d  o f  c a l c i t e .

1-C RESULTS

The de termined s i l i c a t e  a n a l y s e s  and t h e i r  r e s p e c t i v e  C. l . P. W,  

w e ig h t  norms ar e  l i s t e d  in  Tab le s  IB, 1C and ID. In f a b l e  IF. are  

l i s t e d  some pr e v iou s  a n a l y s e s  and t y p i c a l  c o m p os i t ion s  o f  rocks  

r e f e r r e d  t o  in  the main t e x t .
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AlTf-NDIX 2

2A EXPLANATORY NOTES TO ACCOMPANY TAELTS 2A. 2B. 2C AND 21J AND FIGURES 
2A,~~2i', 2C AND 21'

(a )  'DISTANCE IN CORE’ s This  i s  th e  ac tu a]  d i s t a n c e  from the  

s t a r t  o f  the d r J 1 1 - h o le .  The d r i l l - h o l e s  were not  always o r i e n t e d  

normal to the  d y k c - c o n t a c t s .

(h)  'TRUE DISTANCE' : This  i s  th e  d i s t a n c e  through the dyke 

measured orth ogona lly  from the f i r s t  c ontact  which i s  the e a s t  c ontact

fo r  dykes 144 and 182, and the w es t  c o n t a c t  fo r  dykes 79 and 100.

The true  t h i c k n e s s  i s  the  o r th o g o n a l  t h i c k n e s s  o f  the  dyke,

( c )  U n ia x i a l  compress iv e  s t r e n g t h  (C^), Young’ s  modulus(E) and 

P o i s s o n ' s  r a t i o  (v)  are  as  e x p l a in e d  in Chapter 5 . 2 .

(d)  An a s t e r i s k  or a c i r c l e d  p o i n t  on the f i g u r e s  means t h a t

the specimen was c o n s id e r e d  to have been s e r i o u s l y  a f f e c t e d  by 

g e o l o g i c a l  i n h o m o g e n ie t i t s  or uneven l o a d in g  as d i s c u s s e d  i n  Chapter 5 , 3 . 1 .

( e )  'MEAN VALUES' are  for a l l  spec im ens  and t h o s e  i n  b r a c k e t s  

do not  in c lu d e  specimens marked w i th  an a s t e r i s k ,

( f )  'RATIO' i s  l e n g t h / d i a m e t e r  o f  the specimen c y l i n d e r s .

(g )  ' n . d . ' means not  de termined .

(h)  C0 -  u n i a x i a l  compress ive  s t r e n g t h .

( i )  E ™ Young's Modulus.

( j ) v ** P o i s s o n ' s  r a t i o .
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APPEND!X TABLE 2A
MECHANICAL PROPI,Pi'll S OF DYKF 79

DISTANCE IN TRUE 
CORE (m) DI STANCE (m)

Co(MPa) E 5 (MPa x 1GT)
V RATIO

2 3 , 8 0 ,2 248 0 , 8 8 0 ,2 7 3 ,0 8

2 4 ,5 0 , 8 294 0 ,6 4 0 ,2 5 3 ,0 3

2 5 ,1 1,3 307 0 ,9 5 0 , 3 0 2 ,7 5

2 5 , 3 1 ,4 207 0 ,8 7 0 , 3 0 2 ,9 1

2 8 , 3 3 ,8 413 1 ,0 4 0 ,3 1 2 ,8 4

3 0 ,3 5 ,4 305 1 ,00 0 ,3 1 2 ,8 3

3 0 , 8 5 ,7 196 0 ,7 5 0 ,31 2 , 8 7

3 1 ,7 6,5 297 0 , 9 0 0 ,2 6 2 ,9 6

31 ,9 6 ,6 174 0 , 9 6 0 ,2 4 2 ,8 4

38 ,1 11,5 240 0 ,9 6 0 ,2 9 3 ,0 0

3 8 ,3 11,7 252 0 ,91 0,31 2 ,  v

4 5 ,1 17 ,0 290 0 ,8 5 0 , 3 3 3 , 0 0

4 5 , 3 17,2 261 0 ,8 5 0 ,3 2 2 ,9 9

4 5 ,4 17,2* 168 0 ,8 5 0 ,3 1 3 ,05

t .8,2 19,4 391 0 ,9 5 0 , 3 3 2 ,9 9

4 8 ,5 19,7 285 0 ,9 6 0 ,2 9 3 ,02

ME A VALUES 2 7 7 ,3 0 , 9 0 0 ,2 9

(2 7 0 ,5 ) ( 0 ,9 0 ) ( 0 ,3 0 )

DYKE CONTACTS WEST -  2 3 ,5 m; EAST 50,  3 m

TRUE THICKNESS c 21 ,1  m.
•

FIGURE 2A poin ts  and curves of best  f it  for uniaxial  compressive
STRENGTH(Co), YOUNG'S MODULUS(K) AND POISRON'S RATIO(v) 
rLOTTED AGAINST DISTANCE.
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APPEND!X TAHLE 2B

MECHANICAL PROPKRTU-S UK D V P Kl OO

DISTANCE TN 
CON: (m)

10,2

1 1 , 1

13 .4  

13,6

1 4 .8

14.9

1 5 . 0

17 .4

17 .5

18.9  

1? , 0

19.1

2 1 .9  

2 2 , 0

2 5 .6

2 5 . 7  

2 7 ,4  

2 8 , 0

TRUE 
DISTANCE (m)

0,1

0 , 8

2 ,>
2 . 9

3 .9

3 .9

4 . 0

6 . 0  

6 , 1*

7.2

7 . 3

7 .4

9 . 7

9.8

12 .7

1 2 . 8  

14,2  

1 4 ,7

Co (in’a)

157

262

207

256

295

322

300

271

154

386

297

358

341

356

19?

227

189

362

E 5 (MPa x 10 )

1 ,0 8

0 , 9 7

0 ,6 2

0 ,7 2

0 ,8 1

0,86

0 , 7 8

0 , 8 0

0 , 6 3

0 ,8 1

0 , 8 2

0 ,8 2

0 , 9 3

0 , 9 7

0 ,7 7

0 ,8 9

1,11

0 ,9 9

0 , 2 3

0 ,2 4

0 ,2 7

0 , 2 8

0 ,2 9

0 , 2 8

0 ,2 9

0 ,2 9

0 ,2 4

0 , 2 8

0 , 21

0 ,2 9

0 ,2 9

0 , 3 0

0 ,3 4

0 ,2 9

0 , 2 7

0 , 3 0

MEAN VALLES 281 ,5

(2 7 4 ,4 )

0 ,8 7

(0 , 88)

DYKE CONTACTS -  WEST -  10,1 m; EAST -  29,0m 

TRUE THICKNESS -  15 ,5  in.

0 , 2 8

(0 ,2 8 )

RATIO

2 .9 7  

3,09

3.04

3.01 

3 ,08

3.07

3.02

3.07

2 .9 8  

2 ,89  

2 , 86  

3 ,48  

3,45  

1 , 97

3 .07

3.04  

3,12

FIGURE 211 POINTS AND CURVES O’’ BEST FIT FOR UNI AX 1 A! COMPRESSIVE STRENGTH(O 
YOUNG'S MODULUS(E) AND POISSON'S RATIOLV) PLOTTED AGAINST 
DISTANCE FOR DYKE 100.
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a p p k m m x  t a bm: 2c

MECHANICAL PROPERTIES OF DYKF: 182

STANCE IN TRUE Co E 5
CORE(m) DISTANCE (m) (MPa) (MPa x 10 )

5 5 , 8 0 , 3 268 0 ,8 5

5 6 ,1 0 ,6 275 0 ,89 P o i s s o n ' s  R a t i o  was not  
dcte  rmincd

5 7 ,3 1 ,7 279 0 ,9 1
Dyke Contacts  -  EAST = 55,5m

5 7 ,4 1 , 8 374 0 , 8 4 WEST = 76,6m

5 8 , 7 3,0* 125 0 ,5 8 True t h i c k n e s s  = 19,8m

5 8 , 8 3 ,6 363 0 ,79

6 0 , 0 4 ,2 346 0 ,9 6

6 0 ,2 4 , 4 255 0 ,9 7

6 0 , 3 4 ,5 335 0 , 7 8

6 2 ,2 6 , 3 416 0 , 8 3

6 2 , 4 6 ,5 2 /4 0 ,8 6

6 2 ,5 6 ,6 326 0 ,7 8

6 4 ,9 8 , 8 420 n. d.

6 5 ,2 9 , 1 404 0,84

6 5 ,4 9 , 3 378 0 ,8 3

6 8 ,3 1 2 ,0 260 0 ,7 2

6 8 ,6 1 2 ,3 361 0 ,8 3

6 8 ,7 12 ,4 343 0 ,7 9

70,1 13,7* 142 0 ,6 2
ON OPPOSITE PAGE

70,2 13 ,6* 138 0 ,6 1
FIGURE 2C POINTS AND CURVES

73,4 1 6 , P 359 0 ,8 5 OF REST FIT FOR UNIAXIAL

73,7 17 ,1 313 0 ,7 7 COMPRESSIVE STRENGTH(C0 ) ,

73,9 1 7 ,3 279 0 ,7 3 YOUNG'S MODULUS(E) AND POISSON'S

76,2 19,4* 53 0 ,59 RATIO(v) PLOTTED AGAINST

76,4 19 ,6* 71 1 ,08 DISTANCE FOR DYKE 182.

76,5 19, 7* 53 0 ,61
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appfm dt ' :  2 d
MECHANICAL PROPl KT1KS OF OYrl: 144

DISTANCE IN TRUE Co (MPa)
CORE (m) DISTANCE (m)

41 ,1  3 , 3  182

4 1 . 4  3 ,6  230

4 9 . 0  11 ,2  425

4 9 . 1  1 1 ,3  292

4 9 .2  1 1 ,4  358

5 8 . 0  2 0 ,2  372

5 8 .5  2 0 , 7  406

6 5 . 8  2 8 , 0  314

6 5 . 9  28 ,1*  258*

6 6 . 1  2 8 , 3  383

6 9 .5  3 1 ,7  403

6 9 . 6  32 ,1  392

6 9 , 8  3 3 ,3  280

77 .6  3 9 ,8  463

77 .7  39 ,9  432

7 8 ,0  4 0 ,2  480

MEAN VALUES 360,9

( 3 5 4 ,4 )

E RATIO
(MPa x 10J )

0 , 8 2  0 ,2 1  2 ,91

0 , 7 6  0 , 2 3  2 ,8 6

0 , 9 6  0 , 2 8  2 ,9 7

0 , 9 3  0 , 2 5  2 ,95

0 , 9 0  0 , 2 9  3 ,07

0 , 9 6  0 , 2 6  2 ,9 8

0 , 9 5  0 , 2 4  2 ,9 3

0 , 9 6  0 , 2 5  2 ,9 9

0 , 9 8  0 .2 5  2 ,99

0 ,9 ?  0 ,2 6  : , 9 4

1 ,00  0 ,2 7  3 ,1 3

0 ,8 5  0 , 2 7  2 , 8 i

0 , 8 5  0 , 2 5  2 , 9 3

0 , 8 6  0 , 2 9  3 ,0 3

0 , 9 3  0 , 2 5  2 ,79

0 , 9 2  0 , 2 5  2 ,9 9

0 ,9 1  0 ,2 6

( 0 ,9 2 )  ( 0 , 2 6 )

DYKE CONTACTS -  EAST * 37 ,8  m; WEST = 78,9m.

TRUE THICKNESS -  41,1m.

FIGURE 2D POINTS AND CURVES OF BEST FIT FOR UNIAXIAL COMPRESS I VI! STRENGTH 

(C0 ) ,  YOUNG'S MODULUS(E) AND POISSON'S RATIO(v) PLOTTED AGAINST 

DISTANCi FOR DYKE 144.
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TABLE 3B

THE NUMBER OF DYKES AND FAULTS WITHIN 100 METRES OF ROCKBURSTS

NUMBER OF OTHER DYKES AND FAULTS 
WITHIN 100 m OF A ROCKBURST 01 HER 
THAN THE GIVEN DISCONTINUITY

DYKES FAULTS

Number o f  dyke

D i s c o n t i n u i t y
Number

s an'' f a u l t s

Number o f  
Rockbursts

0 1 

( p e r c e n t a g e )

2 0 1

110A 51 19 ,6* 5 8 ,8 * 21 ,6 * 100* 0*

100 36 30 ,6 38 ,9 30 ,6 100 0

110 32 2 8 ,1 6 8 , 8 3 ,1 100 0

117 27 2 9 ,6 6 6 , 6 3 ,7 9 2 ,6 7 ,4

121 2 0 100 0 0 0

105 12 3 3 ,3 6 6 ,7 0 0 0

114A 9 7 7 ,8 2 2 ,2 0 0 100

* Percentage  o f  the number o f rockbursts w i t h i n 100 me t i e s  of the
g iv e n  number o f  d i s c o n t i n u i t i e s ;  i . e . ,  19,6% o f  the roc k b u r s t s  w i t h in  
100m o f  d i s c o n t i n u i t y  110A were a s s o c i a t e d  w i t h  no o t h e r  d i s c o n t i n u i t i e s ,  
58,8% were a s s o c i a t e d  wi th  one d i s c o n t i n u i t y  o ther  than 110A and 
21,6% were a s s o c i a t e d  w i th  two d i s c o n t i n u i t i e s  o ther  than 110A.
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