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Plate 3.10
The t r a n s i t i o n  between th e  la m in a r  and n o n - lam in a r  flow  te x tu r e s  ■ 

f i f t e e n  c e n t im e tre s  from th e  bo ttom  c o n ta c t  o f  No. 8 s i l l .



la m in a r  flow  t e x t u r e  i n  No. 1 s i l l  formed o f  re d  a p l i t e  w horls  

a p l i t e  o f  more normal c o l o u r s „ (Photograph  by M. Hudson)
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ro c k  m a t r ix .  T h is  change i n  g r a in  s i z e  i s  r e s p o n s ib l e  f o r  th e  s l i g h t  

c o lo u r  c o n t r a s t .  Brown b i o t i t e  i s  the  main micaceous m in e ra l  i n  th e  

n o d u le s ; i t  has a l a r g e r  g r a in  s i z e  th an  th e  m a t r ix  (0 ,1  m i l l im e t r e )  

and o c c u rs  in  bands which d e f in e  the w h o r l " l ik e  p a t t e r n  in  hand 

spec im en . W ith in  one of th e  n o d u le s ,  a g h o s t  f e l s p a r  p h e n o c r y s t , t h a t  

h as  b een  a r r e s t e d  in  the  p ro c e s s  o f  r e c r y s t a l l i s i n g  to  a g r a in  s i z e  

e q u i v a l e n t  to the  m a t r ix  ( P l a t e  3 .9 )  i s  v i s i b l e .  This  may i n d i c a t e  t h a t  

th e  n o d u le s  a re  formed as a r e s u l t  o f  a p o ly g o n i s a t io n  p r o c e s s . In  a 

specim en c o l l e c t e d  by W.D. O rt lep p  from an unknown l o c a l i t y  i n  th e  mine, 

an o r i g i n a l  p o rphy rifc ic  t e x tu r e  w i th  p l a g i q c l a s e  p h e n o c ry s ts  i s  s t i l l  

v i s i b l e  in  a v ery  f i n e  groundm ass; a g a in  i n d i c a t i n g  pseudom orphic 

rep la c e m e n t  by th e  m a t r ix ,

3 .4  P rim ary  flow  s t r u c t u r e s

Both la m in a r  and n o n - lam in a r  flow s t r u c t u r e s  a re  found i n  th e  s i l l s , 

p a r t i c u l a r l y  n e a r  th e  c o n t a c t ,  a l th o u g h  th e  n o n - la m in a r  ones a r e  o f t e n  

h a rd  to  see  becau se  o f  the- p o o r  co lo u r  c o n t r a s t  i n  the  f i n e  g ra in e d  ro ck .  

However, in  P l a t e  3 .10  p a r a l l e l  p la n e s  o f  la m in a r  flow  a re  p r e s e n t  up to 

15 c e n t im e tr e s  from th e  bo ttom  c o n t a c t ,  when th e r e  i s  an a b ru p t  change 

to  a n o n - la m in a r ,  w h o r l - l i k e  s t r u c t u r e .  F u r th e r  away■from th e  c o n ta c t  

th e  w horls  become l e s s  w e l l -d e f in e d  and w ider  a p a r t .  This i s  th e  b e s t -  

known example o f  a t r a n s i t i o n  from lam in ar  to  n o n - la m in a r  f low  w i th in  the  

s i l l s  b u t  a  p o s s i b l e  t r a n s i t i o n  can be seen  i n  P l a t e  3.1* Sometimes 

more th an  one t r a n s i t i o n  occu rs  w i th i n  one s e c t i o n  b u t  th e  w horls  n e a re r  

th e  c e n t r e  o f  th e  s i l l  a r e  n o t  as w e l l - d e f in e d .  O c c a s io n a l ly  th e  w hcrls  

a re  a d i f f e r e n t  c o lo u r  from the  h o s t  ro c k ,  as  i n  P l a t e  3 .1 1 .

3 .5  Nodules o u t s id e  th e  s i l l s

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

S e v e ra l  nodu les  o f  a p h a n i t i c  m a te r i a l  w ere found i n  g reen  c h l o r i t i c



-  22 -

q u a r t z i t e  a p p ro x im a te ly  10 m e tre s  above S i l l  No. 6 . D e ta i l e d  exam ina t ion  

o f  one o f  th e s e  nodu les  showed i t  to c o n s i s t  o f  a g re e n ,  t r a n s l u c e n t  

m a t e r i a l  e n c lo se d  i n  a 1 c e n t im e t r e  d ia m e te r  co re  c f  medium g ra in e d  

s u lp h id e .  The nodu le  i t s e l f  i s  2 -- 3 c e n t im e t r e s  and i s  su rrounded  by 

a 1 c e n t im e t r e  wide m an tle  o f  b la c k  q u a r t z i t e .

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

The c e n t r a l  core  c o n s i s t s  o f  d is s e m in a te d  p y r r h o t i t e  w i th  a f i n e  

g ra in e d  a n h e d ra l  form. O u ts id e  t h i s  c e n t r a l  co re  th e  main m in e ra l  i s  

untw inned f e l s p a r  w i th  numerous i n c lu s io n s  o f  e p i d o te .  The g r a in s  a re  

i r r e g u l a r  i n  shape and up to  0 ,4  m i l l i m e t r e  i n  d ia m e te r .  Amongst th e  

f e l s p a r  g r a in s  th e r e  are. some g ra in s  o f  q u a r t z  and towards th e  c o n ta c t  

o f  t h e  ,>;d u le  c h l o r i t e  becomes abundant.

3 .6  Samples o u t s id e  E.'R.P.M.

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

Two specimens from the  New K le in f o n te in  Gold Mine have been  exam ined . 

These rocks  a r e  s i m i l a r  to  m a te r i a l  found i n  th e  c e n t r a l  zone o f  th e  s i l l s  

on E.R.P.M, One has a l i g h t  g rey  a p h a n i t i c  m a tr ix  e n c lo s in g  q u a r t z  and 

f e l s p a r  p h e n o c ry s ts  and sm all  mica a g g re g a te s ,  The o th e r  a p p ea rs  to  be 

w h ite  i n  c o lo u r  w ith  no p h e n o c ry s ts  o r  m ica  a g g re g a te s ;  how ever, d e t a i l e d  

ex am in a t io n  o f  th e  a p h a n i t i c  m a t r ix  shows i t  to  be made up o f  w h ite  

s p h e ru le s  s e t  i n  a l i g h t  grey  groundm ass. The s p h e ru le s  a r e  betw een 

1 - 2  m i l l im e t r e s  i n  d ia m e te r .  The ro c k  i s  a l s o  b r e c c i a t e d , w i th  mica 

and q u a r t z  f i l l i n g  the  v o id s .  S im i la r  b r e c c i a t e d  rocks  a r e  found in  

E.R.P.M. b u t  the  s p h e r u l i t i c  t e x t u r e  has  n o t  been  seen  in  hand specim en.

One specimen from the  C ity 'D eep  Gold Mine has a l s o  been  examined.

This r o c k  has an a p h a n i t i c  m a tr ix  w ith  p h e n o c ry s ts  o f  q u a r t z  and f e l s p a r ,  

l i k e  th e  o ccu rren c es  on E.R.P.M. However, i t  i s  much d a rk e r  i n  c o lo u r ,  

due to  a r e l a t i v e l y  h ig h  c o n c e n t r a t i o n  o f  mica a l ig n e d  i n  two p la n a r

hW i i i m .  r . i t r f r ^ i



f a b r i c  d i r e c t i o n s .  ,

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

The sample from New K l e i n f o n t e in ,  which c o n ta in e d  w h ite  s p h e ru le s  

i n  hand specim en , i s  a lm o s t  co m p le te ly  formed o f  an a g g re g a te  o f  

f e l s p a r  s p h e r u l i t e s  s e t  i n  a  m a t r ix  t h a t  com prises  abou t 10% o f  the 

rock  and i s  composed m a in ly  o f  po lygona l q u a r t s  w i th  l e s s e r  amounts o f  

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

appearance  o f  th e  rock  i s  s i m i l a r  to  t h a t  o f  the  "M ylon ite  Dyke" in  

the  E a s t  Rand B as in  as sk e tc h e d  by W hites ide  (1950). The o t h e r  

specim en from New K le i n f o n t e in  i s  i n d i s t i n g u i s h a b l e  m ic r o s c o p ic a l ly  

from th e  s i l l s  i n  E-R.P.M. The sample from C ity  Deep on ly  d i f f e r s  from 

th e  E.R.P.M. o c c u r re n c e s  i n  t h a t  the  f e l s p a r  p h e n o c ry s ts  a r e  e u h e d r a l .

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

There  a r e  t h r e e  known types  o f  i n t r u s i v e s ,  and one example o f  

f a u l t i n g  which appears  to  be a s s o c i a t e d  w i th  th e  emplacement o f  the 

a p l i t e  s i l l s .  The i n t r u s i o n s  a r e : -

1. A c l a s t i c  s i l l

2. A q u a r t z  -  c h l o r i t e  -  e a l c i t e  s i l l

3 . A f e l s i c  i n t r u s i v e  o f  unknown geometry

3 .7 .1  C l a s t i c  s i l l

The geometry o f  t h i s  s i l l  h as  been  g iven  in  th e  d e s c r i p t i o n  of th e  

morphology o f  th e  s i l l s  (C hap te r  2 .1 ) .  In  hand specimen t h i s  ro ck  i s  

i n d i s t i n g u i s h a b l e  from a  p u re  sed im en ta ry  q u a r t z i t e ;  i t  i s  medium 

g ra in e d  ( s i z e  between 1 - 2  m i l l i m e t r e s )  and i t  ap p ea rs  to  b e  composed 

only  o f  q u a r t z .

M ic ro s c o p ic a l ly  i t  i s  seen  to  c o n s i s t  t o t a l l y  o f  q u a r tz  w hich shows
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Plate 3.12 ‘ .

The a b ru p t  t r a n s i t i o n  from th e  dark  brown to  l i g h t  brown q u a r t z - ,  

c l i l o r i t e - c a l c i t e  i n t r u s i o n  w i t h i n  S i l l  No. 6 .  The l a r g e  s c a l e  

r e l a t i o n s h i p s  a r e  shown i n  P l a t e  3 .1  i n  th e  bo ttom  o f  th e  p h o to g ra p h .  

(P hotograph  by M. Hudson)

P l a t e  3 .13

The g r a d a t io n a l  t r a n s i t i o n  from  th e  d a rk  brown to  l i g h t  brown q u a r t z -  

c h l o r i t e - c a l c i t e  i n t r u s i o n  w i t h i n  S i l l  No. 6 . The pho tograph  o v e r la p s  

w ith  P l a t e  3 .1 .



Plate 3.14

The d e t a i l s  o f  th e  i n t e r s e c t i o n  o f  the  q u a r t z - c h l o r i t e - c a l c i t e  

i n t r u s i o n  w i th  S i l l  No. 5 n e a r  i t s  t e r m in a t io n . (Pho tograph  by 

M. Hudson)



un d u lo se  e x t i n c t i o n  and r e c r y s t a l l i s a t i o n  around th e  edges o f  th e  l a r g e r  

g r a in s  and in  c r o s s - c u t t i n g  bands . One q u a r t z  v e in  c o n ta in s  s y n ta x i a l  

grow ths o f  q u a r t z  as  d e f in e d  by Durney and Ramsay (1973); th e s e  s y n ta x i a l  

f i b r e s  a l s o  show undu lose  e x t i n c t i o n  and r e c r y s t a l l i s a t i o n  t o  secondary  

q u a r t z .  A no ther v e in ,  o f  f e l s p a r  and c h l o r i t e  pseudom orphic a f t e r  

f e l s p a r ,  has  a com posite  f i b r e  growth (Durney and Ramsay, 1973 ); t h i s  

v e in  i s  c u t  by a n o th e r  c o n ta in in g  q u a r t z ,  c a rb o n a te  and z i r c o n  ( u n c e r t a in  

i d e n t i f i c a t i o n ) .

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

Only two o c c u r re n c e s  o f  t h i s  type  o f  s i l l  a r e  known; one i n  a s s o c i a t i o n  

w i th  S i l l  No. 5 ,  which i s  i l l u s t r a t e d  i n  F ig u re  2 .2  and th e  o th e r  w i th  

S i l l  No. 6 ( P l a t e s  3 .1 ,  3 .12  and 3 .1 3 ) .  T h is  ro ck  i s  no rm ally  f i n e  

g ra in e d  b u t  i t  may be p o r p h y r i t i c  w i th  2 m i l l i m e t r e s  long  e l l i p s o i d s  o f  

• a n h ed ra l  p h e n o c ry s ts  o f  q u a r t z .  These e l l i p s o i d s  a r e  o f te n  m an tled  by 

g reen  m ica . The groundmass i s  u s u a l l y  .khak i i n  c o lo u r  b u t  a t  th e  c o n ta c t  

i t  fdrms a l i g h t  brown r im .  This  r im  may a l s o  be  p o r p h y r i t i c  w i th  p a l e  

g reen  a n h e d ra l  p h e n o c ry s ts  o f  mica i n  an  o f f - w h i t e  a p h a n i t i c  groundmass 

( P l a t e  3 .1 4 ) .  I n  th e  s i l l  a s s o c ia t e d  w i th  the  a p l i t e  S i l l  No. 6 , th e  

i n t r u s i v e  changes l a t e r a l l y  i n t o  a d ark  brown and s l i g h t l y  c o a r s e r  g r a in  

s i z e  m a t e r i a l  w hich c o n ta in s  p a tc h e s  o f  medium g ra in e d  g r a n u la r  m a te r i a l  

w i th  a h ig h e r  q u a r tz  c o n te n t .  These p a tc h e s  a re  up to  3 -  4 c e n t im e tr e s  

i n  l e n g th  and a r e  p ro b a b ly  p a r t i a l l y  a s s im i l a t e d  x e n o l i t h s .  There a r e  

two ty p e s  o f  t r a n s i t i o n  from the k h ak i  c o lo u re d  ro c k  to  the  d a rk  brown; 

a  g r a d a t io n a l  change ( P l a t e  3 .13) and an a b ru p t  change ( P la t e s  3 1 and 

3.12).

I n  t h i n  s e c t i o n ,  th e  groundmass o f  th e  rock  i s  s een  to be made o f  

q u a r t z ,  c h l o r i t e  and c a l c i t e  i n  ro ugh ly  eq u a l  p r o p o r t i o n s ,  w i th  minor 

amounts o f  p y r r h o t i t e .  The c o n c e n t r a t io n s  o f  the  m ajor m in e ra ls  vary
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g r e a t l y  w i th i n  the  ro c k ,  and th e  q u a r t z  p h e n o c ry s ts  a r e  composed o f  a 

m osaic o f  r e c r y s t a l l i s e d  q u a r tz  g r a in s  b u t  some do have th e  b ip y ra m id a l  

form o f  8 q u a r tz  i n  th e  x e n o l i t h s . This s u g g e s ts  th e  x e n o l i t h s  may 

sometimes be  a l t e r e d  fragm en ts  o f  a p l i t e .  These x e n o l i th s  a r e  only  

k n o w  i n  th e  dark  brown v a r i e t y  o f  t h i s  m afic  s i l l ,  w hich i s  on ly  known 

w i th in  th e  a p l i t e  s i l l s .

3 .7 .3  F e l s i c  i n t r u s i v e

This  i n t r u s i v e  does n o t  resem ble  the  a p l i t e  s i l l s  i n  t e x t u r e ,  b u t  i t  

does i n  com position  and i s  s i m i l a r  i n  bo th  com posi t ion  and t e x t u r e  to  th e  

low erm ost s i l l  i n  th e  Rand Deep B oreho le  d e s c r ib e d  by k'eber (1909) .  I t  

was o n ly  found i n  th e  ro o f  o f  F69W s to p e  w here i t  c u t s  a c ro s s  S i l l  Mo. 8- 

The c o n t a c t  w i th  th e  main s i l l  i s  bounded by a

d ark  b o r d e r  which on c l o s e r  i i s p e c t io n  i s  s een  to  be  g r a d a t i o n a l .  Because 

o f  the  l i m i t e d  ex p o su re ,  th e  s t r u c t u r e  o f  th e  i n t r u s i v e  i s  unknown, b u t  

i t  must be r e l a t i v e l y  f l a t  because  i t  does n o t  occu r  i n  th e  f l o o r  o f  th e  

s to p e .

The ro c k  i s  medium g ra in e d  and c o n s i s t s  m ain ly  o f  q u a r tz  and f e l s p a r  

w ith  m inor amounts o f  m ica . Phen z ry s ts  o f  f e l s p a r  and g q u a r t z  form 

betw een 5 -  10% o f  th e  ro c k ;  th e s e  show l i t t l e  o r  no magmatic c o r r o s io n .  

Mixed w i th  the f e l s p a r  p h e n o c ry s ts  i s  a h ig h  c o n c e n t r a t i o n  o f  p a le  b i o t i t e  

(ap p ro x im ate ly  5% o f  t o t a l  rock) t h i s  m in e ra l  i s  a l s o  d i s t r i b u t e d  th rough  

th e  ro ck  i n  low c o n c e n t r a t i o n s .

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

In  F ig u re  2 .6  the  r e l a t i o n s h i p  o f  the  o n ly  known p o s t - s i l l  f a u l t  i s  

shown. This  f a u l t  has a n e a r  v e r t i c a l  dip and i t  d i s p l a c e s  S i l l  Mo. 5 

by 0 ,3  -  1 ,0  m etre  i n  a  normal s e n s e .  The f a u l t  f i l l  betw een the  o f f ­

s e t s  o f  the  s i l l s  i s  a p h a n i t i c  w ith  eu h ed ra l  b ip y ra m id a l  q u a r t z  m e g a c ry s ts .



The c o lo u r  i s  a d i r t y ,  l i g h t  y e l lo w ,  i n  c o n t r a s t  to  th e  l i g h t  brown of 

th e  a p l i t e ,  b u t  m ic r o s c o p ic a l ly  i t  i s  i n d i s t i n g u i s h a b l e  from th e  a p l i t e .  

Away from  th e  s i l l  th e  gouge m a te r i a l  has  a d a rk  g rey  to  d a rk  g reen  

c o lo u r  and i s  f i l l e d  w ith  f i n e  g ra in e d  c h l o r i t e  and q u a r t z . 

M ic ro s c o p ic a l ly  i t  i s  composed o f  80% q u a r tz  w hich i s  f i n e  g ra in e d  and 

a n g u la r .  This q u a r t z  i s  s e t  i n  a f i n e r  m a tr ix  o f  c h l o r i t e  and b i o t i t e .  

Because o f  th e  a p l i t i c  n a tu r e  o f  p a r t  o f  the  f a u l t  f i l l ,  th e  f a u l t i n g  

must have taken  p la c e  w hile  th e  magma was s t i l l  m o lten .

3 .8  C o n ta c t  e f f e c t  on a d j a c e n t  rocks

The a p l i t e  s i l l s  have been  observed  c u t t i n g  th rough  s e d im e n ts , dykes 

and a f a u l t .

3 .8 .1  A d ja c e n t  sed im en ts

A p e t ro g r a p h ic  exam ina t ion  was done on th e  c h l o r i t e  r i c h  q u a r t z i t e s  

a d j a c e n t  to  No. 3 s i l l ,  th e  samples b e in g  c o l l e c t e d  from a b o re h o le  co re .  

No m acro sco p ic  e f f e c t  due to  th e  s i l l s  can be  s e e n ,  and m ic ro s c o p ic a l ly  

th e  o n ly  e f f e c t  i s  a marked r e c r y s t a l l i s a t i o n  o f  th e  q u a r t z  component of 

th e  sed im en t to  form po ly g o n a l  g ra in s  o f  a much reduced  s i z e  ( l e s s  than  

0 ,1  m i l l i m e t r e  i n  d ia m e te r ) .  This r e c r y s t a l l i s a t i o n  a f f e c t e d  ab o u t 5 

20% o f  th e  g ra in s  a t  a d i s t a n c e  o f  3 m e tres  from th e  s i l l  and abou t 50% o f  

th e  g r a in s  w i th in  a few c e n t im e tre s  o f  the  c o n t a c t .  U su a l ly  th e  

r e c r y s t a l l i s e d  g r a in s  a re  a s s o c i a t e d  w ith  s e r i c i t e .

3 .8 .2  A d ja c e n t  m a fic  dykes

Only one o f  th e  dykes which a re  c u t  by th e  s i l l s  showed a metamorphic 

e f f e c t .  I n  t h i s  dyke th e re  was a  marked in c r e a s e  i n  th e  c a rb o n a te  c o n te n t  

o f  th e  dyke w i th in  5 c e n t im e tre s  o f  th e  c o n t a c t .

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

The f a u l t  zone, which i s  between 0 ,5  and 1 m etre  w id e ,  o ccu rs  i n  H74E
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s t o p e . Away from the  s i l l  i n t e r s e c t i o n  i t  i s  l i k e  most o t h e r  f a u l t s  and 

s h e a f  zones i n  th e  m ine; th e s e  have a dark  g reen  to  b la c k  c o lo u r ,  b e in g  

f i l l e d  w i th  c h l o r i t e ,  q u a r t z  and o c c a s io n a l  p y r i t e  c r y s t a l s . However, 

w i th i n  a  m etre o f  th e  s i l l ,  th e  f a u l t  zone i s  a l i g h t  w  g rey  c o lo u r  

and i s  c u t  by q u a r t z  f i l l e d  f r a c t u r e s . M ic ro s c o p ic a l ly  the  ro ck  i s  

composed o f  q u a r tz  w i th  a t y p i c a l  m y lo n ite  t e x t u r e  and i t  ap p ea rs  t h a t  

th e  s i l l  has s i l i c i f i e d  th e  f a u l t  zone. T h is  l a t e r  s i l i c i f i c a t i o n  has 

p re v e n te d  p e r c o l a t i n g  f l u i d s  from d e p o s i t in g  secondary  c h l o r i t e ,  as has  

happened f u r t h e r  away from the  s i l l .

3 .9  P e trO g e n e s is

3 .9 ,1  T em perature  o f  th e  magma

The phenO crysts  may p ro v id e  an i n d i c a t i o n  o f  th e  te m p e ra tu re  o f  th e  

magma d u r in g  i n t r u s i o n .  P o s s i b l e  geotherm om eters in c lu d e  3 q u a r tz  h ig h  

a l b i t e  s t r u c t u r e d  p l a g i o c l a s e ,  p e r t h i t e s  and m a g n e t i t e ,  as l i s t e d  in  

Table 3 .2 .

T ab le  3 .2

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

M in era l

M ag n e ti te

3 Q uartz

P la g i o c l a s e

P e r t h i t e

Tem perature 

> 1594° C

> 573 C

> 700° C

Comments R efe rence

U n r e l i a b le  Deer e t  a l .  (1962) V ol. 5 ,  p . 71

M ehnert (1968) p . 114

R e l i a b l e  Deer e t  a l . (1962) Vol. 4 ,  p . 198

R e l i a b l e  Deer e t  a l .  (1962) Vol. 4 ,  p . 69

630 -  700° C U n r e l i a b le  Deer e t  a l , (1962) V ol. 4 ,  p . 69

The a -  3 q u a r tz  t r a n s i t i o n  i s  p ro b ab ly  th e  b e s t  o f  th e s e  te m p e ra tu re  

i n d i c a t o r s . I t  shows a minimum te m p e ra tu re  o f  573° C a t  a tm o sp h er ic  

p r e s s u r e  w ith  an in c r e a s e  o f  1° C f o r  every  4MPa in c r e a s e  i n  c o n f in in g  

p r e s s u r e  (Deer e t  a l . , 1962, Vol. 4 ,  p . 9 8 ) .  The p l a g i o c l a s e  in v e r s i o n



Pressure « t e m p era tu re  conditions of the  
source reg ion ,  a s  indicated by the  
m in e r a lo g y .

0  1 0 0  2 0 0  3 0 0  4 0 0  5 0 0  6 0 0  7 0 0  8 0 0

Figure 3 .2
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e r a t u r e  i s  n o t  as w e l l  e s t a b l i s h e d  as t h a t  f o r  q u a r t z  b u t  i s  a l s o  

' a b l e .  The te m p era tu re  f o r  p e r t h i t e  was o b ta in e d  by a p p ly in g  the. 

ve i n  Deer e t  a l .  (1962, Vol. 4 ,  p . 69) to  th e  co m p o si t io n  o f  th e  

i t o p e r t h i t e  de te rm ined  f o r  th e  s i l l s .  T h is  te m p era tu re  a g re e s  w i th  

5e i n d i c a t e d  by g q u a r tz  and h ig h  a l b i t e ,  b u t  i t  i s  n o t  as  r e l i a b l e  

ru se  l i t t l e  i s  known abou t th e  mechanism o f  rep lacem en t o f  p l a g i o c l a s e  

o r t h o c l a s e  o r  th e  e x s o lu t io n  o f  th e  two m in e r a l s .  F i n a l l y  the  

remely h ig h  te m p e ra tu re  i n d i c a t e d  by m a g n e t i te  was d e te rm ined  

e t im e n t a l l y  f o r  an i r o n - o x id e  system  and i s  p ro b ab ly  n o t  a p p l i c a b l e  

a s i l i c a t e  magma c o n ta in in g  t r a c e  amounts o f  f l u o r i t e .  R a th e r  the  

o r i t e  p ro b ab ly  a c t s  as a f l u x ,  i n  the  same way as a p a t i t e  does 

i l p o t t s ,  1967); th i s  would re d u c e  the  te m p era tu re  o f  c r y s t a l l i s a t i o n  

th e  m a g n e t i t e  (Maske, 1974, p e r s o n a l  com m unica tion ). Also M ehnert 

38) r e g a rd s  th e  m a g n e t i t e - i l m e n i t e  geothermometer as u n r e l i a b l e ,  

u re  3 .2  summarises the  e x p e r im e n ta l  d a ta  a v a i l a b l e  on th e  two 

t a b l e  te m p e ra tu re  i n d i c a t o r s , and dem arcates the  p o s s i b l e  te m p e ra tu re s  

the  magma.

,2 C r y s t a l l i s a t i o n  sequence

The p re s e n c e  o f  p h e n o c ry s ts  a u to m a t i c a l ly  im p lie s  t h a t  t h e r e  a re  two 

ges to  th e  c o o l in g  o f  th e  m a t e r i a l  making up the  s i l l s .  A slow c o o l in g  

je d u r in g  which the  p h e n o c ry s ts  fo rm ed, w hich must have o c c u r re d  p r i o r  

the  second r a p i d  s ta g e  d u r in g  th e  i n t r u s i o n  o f  th e  s i l l s .  The m in e ra ls  

led d u r in g  the  f i r s t  s ta g e  a r e : -  q u a r tz ,  f e l s p a r ,  m a g n e t i te  and the  

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

n o c r y s t s  i n  a c id  dykes and s i l l s  r e p r e s e n t  x e n o l i th s  o f  an o ld e r  

a i t i c  ro ck ,  o r  r e l i c t s  o f  a m e l ted  source  ro c k ,  has  been  c o n s id e re d  

dmeleus and Smith (1959) f o r  th e  f e l s i t e s  i n  N, I r e l a n d ;  th e s e  w orkers  

e luded  t h a t  th e  c l u s t e r s  cou ld  n o t  be rem nants  o f  a n o th e r  ro c k ,  as th e  

s p a r  i s  in  e q u i l ib r iu m  w i th  th e  m a tr ix .  A pplying t h i s  to  th e  a p l i t e
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s i l l s  i n  E .R .P .M .j s u g g e s ts  t h a t  the  f e l s p a r s  w ere o r i g i n a l l y  i n  .

e q u i l ib r iu m  w i th  th e  magma b u t  t h a t  by form ing c l u s t e r s ,  p o s s i b ly  due 

to  s u r f a c e  t e n s i o n  (Emeleus and Smith, 1959), they  h a v e - p a r t i a l l y  

s h ie ld e d  them selves  from the  changing magma c o n d i t io n s  p r i o r  to  

i n t r u s i o n ,  and co n seq u en t ly  show n e g l i g i b l e  zo n in g .  T h is  i s  i n  

c o n t r a s t  to  th e  s i n g l e  c r y s t a l s  which show c o n s id e ra b le  i n t e r a c t i o n  w ith  

th e  magma. The developm ent o f  th e  p e r t h i t e s  i s  a l s o  th o u g h t  to  have 

o c c u r re d  d u r in g  t h i s  e a r l y  s t a g e ,  p o s s ib ly  by one o f  th e  e x s o lu t io n  

p ro c e s s e s  d e s c r ib e d  by A i l i n g  (1932).

The i n i t i a l  c o o l in g  s ta g e  was te rm in a te d  by th e  i n j e c t i o n  o f  th e  

magma i n t o  th e  s i l l s  where a much f a s t e r  c o o l in g  r a t e  was e n c o u n te re d .

A ccord ing  to  B arke r  (1970) th e  g ta n o p h y r ic  in t e r g r o w th s  seen  i n  th e  

m a t r i x  i n d i c a t e  r a p i d  c r y s t a l l i s a t i o n  and the  s m a l le r  they  a re  th e  f a s t e r  

the  r a t e  o f  c r y s t a l l i s a t i o n .  Such in te rg ro w th s  a r e  only  known i n  n a tu r e  

i n  e x t r u s i v e  rocks  o r  h y p a b y ssa l  a p l i t e s ,  b u t  they  have been  p roduced  

e x p e r im e n ta l ly  by h y d ro th e rm a l d e v i t r i f i c a t i o n  o f  g la s s e s  a t  h ig h  

te m p e ra tu re s  and p r e s s u r e s  (Schloem er, 1964).  This  su g g e s ts  t h a t  th e  

groundmass coo led  ex trem ely  q u ic k ly  to  produce the  a p h a n i t i c  t e x t u r e ;  and 

B arker  (1970) e s t im a te s  a tim e l i m i t  o f  60 y e a r s  f o r  c o o l in g  to produce 

t h i s  t e x t u r e .  The nodu les  w i t h i n  the  s i l l s  m ight r e p r e s e n t  r e c r y s t a l l i s a t i o n  

to  a  s m a l le r  g r a in  s i z e  due to  a  h ig h  v o l a t i l e  c o n te n t ,  a f t e r  th e  main body 

had s o l i d i f i e d .



— 30 ~

4. G’SOCHRONOLOGY

T h is  c h a p te r  i s  concerned  w ith  th e  ru b id iu m -s t ro n t iu m  geochronology 

of  th e  a p l i t e  s i l l s  o c c u r r in g  i n  E.R.P.M. P r i o r  to  t h i s  s tu d y  th e re  had 

been  s p e c u la t i o n  as to  th e  age o f  th e se  s i l l s .

One p o s s i b i l i t y  i s  t h a t  the  s i l l s  a r e  r e l a t e d  to  th e  f e l s i c  

i n t r u s i o n s  in  th e  J o h a n n e s h u rg -P re to r ia  g r a n i t e  dome* A nhaeusser (1973) 

p o s t u l a t e d  t h a t  th e s e  f e l s i c  i n t r u s i v e s  m igh t r e p r e s e n t  a l a t e  s ta g e

r e m o b i l i s e d  p h a se  o f  the  g r a n i t e  h o s t  ro ck ;  t h i s  g r a n i t e  has been d a ted
* e 

a t  3200 + 27 m .y . by A llsopp  (1961) ,  u s in g  th e  Rb-Sr i s o c h ro n  te c h n iq u e .

W illem se (1933) though t t h a t  th e se  i n t r u s i o n s  i n  th e  g r a n i t e  m ight have

in t r u d e d  p r i o r  to  the  e x t r u s i o n  o f  the  V en te rsdo rp  l a v a s . D ates on th e se

la v a s  ran g e  from 2318 + 43 m.y. to  2238 + 110 m .y . ,  th e  f i r s t  i s  a Rb-Sr

i s o c h ro n  age (Grampton, 1973 ) ,  w h i le  th e  second i s  th e  y o u n g e s t  o f  a

s e r i e s  o f  U-Pb, z i r c o n  ages  (van N iekerk  and B urger ,  1964, van  N iek e rk ,

1 9 6 8 ) .  Both d a t e s  a re  from rocks  i n  th e  a c id  phase  a t  th e  top o f  the

sequence . As a n o th e r  p o s s i b i l i t y ,  Perguson (1973, p e r s o n a l  communication)

i n f e r r e d  from th e  p e t ro lo g y  t h a t  th e  s i l l s  on E .R .P.M , m ight be a s s o c ia t e d

w ith  th e  P i l a n e s b e r g  ig n eo u s  p ro v in c e ,  w hich has  been  d a te d  a t  1290 + .

61 m .y . (S c h re in e r  and van N iek e rk ,  1958) and 1330 + 80 m .y . (van N iek e rk ,

1 9 6 2 ).

B es id es  th e  a c id  rocks  a t  the  top o f  th e  V en te rsd o rp  sy stem  (du T o i t ,  

1954, p .  193), t h e r e  a re  a l s o  s i m i l a r  ro c k s  a t  th e  top o f  th e  T ran sv aa l  

system  (B u tton ,  1973, p .3 1 0 -3 1 2 ) ,  and o th e r s  a s s o c i a t e d  w i th  the  

P i l a n e s b e r g  p ro v in c e  (Fockema, 1949). The s tu d y  d e s c r ib e d  h e re  was 

u n d e r ta k e n  to d i s c o v e r  w hich , i f  any, of th e s e  o c c u r re n c e s  a r e  r e l a t e d  

to  th e  s i l l s  o c c u r r in g  i n  t h e ‘W itw ate rs rand  s e d im e n ts .

* A l l  e r r o r s  a r e  ex p re s se d  as one s ta n d a rd  d e v i a t i o n  u n le s s  m arked.

*A Form o f  the  e r r o r  n o t  g iven ,
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4*1 P h y s ic a l  r e l a t i o n s h i p  w ith  o t h e r  s t r u c t u r a l  f e a t u r e s

The dykes on E.R.P.M. have been  d iv id e d  in t o  fo u r  age g ro u p s , and 

th e  f a u l t s  i n t o  two, on t h e . b a s i s  o f  t h e i r  o r i e n t a t i o n  and p e t ro g ra p h y  

( J e f f e r y ,  1975). Both f a u l t  s e t s  and two o f  th e  dyke s e t s  have proved 

to  be o l d e r  th a n  the  s i l l s ,  w h ile  th e r e  i s  no knowledge o f  th e  

r e l a t i o n s h i p  to  th e  o th e r  two dyke s e t s ,  which a re  c o n s id e re d  to  be 

o f  Bushveld age (1954 m . y . , Davies e t  a l . , 1970) from t h e i r  p e t ro g ra p h y  

(Je f fery ,  1975).

’ 4 .2  Sample s e l e c t i o n  and p r e p a r a t i o n

A l l  th e  samples o f  a p l i t e  used  i n  the  r a d io m e t r i c  d a t in g  were ta k e n

from b o re h o le  c o r e s , e x c e p t  th e  l a r g e  hand specim en (H 7 5 I I ) , and they  a l l

came from  S i l l  Nos. 1 and 3 in  th e  Lower H ercu le s  s e c t i o n .  I n i t i a l l y  a

s e l e c t i o n  of  samples was made from specimens f o r  which chem ica l d a ta  was

, a v a i l a b l e ,  to  en su re  a l a r g e  sp read  in  the  Rb/Sr r a t i o .  The s e l e c t e d  

samples came from b o th  th e  c e n t r a l  and .c o n ta c t  zones .  The s i z e  o f  th e  samples

was g e n e r a l ly  20 -  30 grams o r . 200 -  300 gram s, ex ce p t f o r  R 75II  which 

was i n  ex ce ss  o f  2 k i lo g ra m s .

As an unorthodox  c ru s h in g  p ro c e d u re  was used on th e  i n i t i a l  s a m p le s , 

more m a t e r i a l  o f  H75II was cru shed  i n  a  c o n v e n t io n a l  manner (R75IID) to  

a s c e r t a i n  w hether  th e  f i r s t  c ru s h in g  p ro ced u re  a f f e c t e d  the  a p p a re n t  a g e .

The unorthodox  p ro ced u re  e n t a i l e d  c ru sh in g  in  a  carbon  s t e e l  j  aw c r u s h e r  

fo l lo w e d  by s i e v in g  w ith  c o a r s e  n y lo n  mesh, to  remove th e  f i n e s  which 

c o n ta in e d  v i s i b l e  amounts o f  s t e e l  s l i v e r s . This was done on the  

assum ption  t h a t  the  rem a in in g  c o a rse  f r a c t i o n  o f  t h i s  a p h a n i t i c  rock  

would be r e p r e s e n t a t i v e ,  and f r e e  o f  i r o n  c o n ta m in a t io n .  This  c o a rse  

f r a c t i o n  was tl\en crushed  in  an a g a te  m i l l .

As more d a ta  became a v a i l a b l e  i t  was found t h a t  th e  s t e e l  s l i v e r s  

on ly  caused  minor c o n ta m in a t io n ,  b u t  the  s i e v i n g  had removed some of th e

Jt
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p h y l l o s i l i c a t e s . In  e f f e c t  the  s i e v i n g  r e s u l t e d  i n  a p a r t i a l  m in e ra l  

s e p a r a t i o n ;  t h e r e f o r e  a second s e l e c t i o n  o f  u n s iev ed  samples was a l s o  

u sed  f o r  r a d io m e t r i c  d a t in g .  The p o s s i b l e  e f f e c t s  o f  t h i s  s ie v in g  

w i l l  b e  g iven  l a t e r .  A b r i e f  d e s c r i p t i o n  o f  th e  samples and d e t a i l s  

o f  th e  c ru s h in g  p ro ced u re  used i n  each  case  i s  g iv e n  in  Appendix A.

The chem ica l and m a ss -s p e c tro m e te r  p ro c e d u re s  used a r e  th o se  

d e s c r ib e d  by A llsopp  e t  a l .  (1968) ,  e x c e p t  f o r  th e  lo a d in g  o f  the  

s t r o n t iu m  sam ples .  The p ro c e d u re  f o r  s t r o n t iu m  was to lo a d  th e  samples 

onto  a  rhenium  c e n t r e  f i l a m e n t  i n  p h o sp h o r ic  a c i d .

4 .3  R e s u l t s

The d a ta  a r e  l i s t e d  i n  Table 4 .1  to g e th e r  w i th  approx im ate  

m in era lo g y ,  and i l l u s t r a t e d  i n  F ig u re  4 .1 .  The ^ R b  and ^ S r  co n ce n t­

r a t i o n s  were de te rm in ed  by i s o to p e  d i l u t i o n ,  w h i le  the  p o ta ss iu m , 

ca lc iu m  and t o t a l  s t r o n t iu m  were de te rm in ed  by X-Ray f lu o r e s c e n c e .  From 

F ig u re  4 .1  i t  can be seen  t h a t  a good i s o c h rp n  i s  d e f in e d  by s i x  samples 

w h i le  one sample (p o in t  Nos. 1 , 2 and 3) l i e s  a  c o n s id e r a b le  way o f f .  

Taking X = 1 ,3 9  x 10 ^ . y r  \  a b e s t  f i t  was computed f o r  th e  da ta ,"  

ex c lu d in g  H 7 5 II ,  u s in g  the  method o f  York (1966) . The r e s u l t s  a r e : -

Age 2145 + 14 m.y.

I n i t i a l  87S r / 86Sr r a t i o  0 ,7228  + 0 ,0053

(E r ro r s  e x p re s se d  as one s ta n d a rd  d e v ia t io n )

The in d i v id u a l  ages u s in g  t h i s  i n i t i a l  r a t i o  a r e  a l s o  g iv e n  i n  T ab le

4 .1 .  The b e s t  f i t  was a l s o  c a l c u l a t e d  f o r  th e  s i x  c o n ta c t  zone samples

g iv in g  the  fo l lo w in g  r e s u l t : -

Age 2137 + 17 m .y .

I n i t i a l  87S r / 86Sr r a t i o  0 ,7277  + 0 ,0070
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A.Jfr D is c u s s io n

S in ce  rub id ium  can  s u b s t i t u t e  f o r  p o ta ss iu m  and s t r o n t i u m  fo r  

ca lc iu m  o r  sodium (Nagasawa and S c h n e t z l e r , 1971) i n  th e  c r y s t a l  l a t t i c e  

o f  m i n e r a l s , th e  m in e ra ls  t h a t  a r e  im p o r ta n t  i n  Rb-Sr work a re  th o se  

w ith  p o ta ss iu m , sodium o r  ca lc iu m  as a m ajor e lem en t .  I n  the  s i l l s ,  

such m in e ra ls  a r e  m u sc o v i te ,  b i o t i t e ,  o r t h o c l a s e ,  a l b i t e - o l i g o c l a s e , 

f l u o r i t e ,  c a l c i t e  and e p id o te ;  th e  l a s t  t h r e e  on ly  o c c u r  i n  t r a c e  

q u a n t i t i e s .  From e x p e r im e n ta l  ev id en ce  m uscov ite  i s  th e  p o ta ss iu m  

r i c h  m in e ra l  t h a t  has  th e  g r e a t e s t  r e t e n t i o n  o f  r a d io g e n ic  s t r o n t iu m  

(A rr ie n s  e t  a l . , 19 6 6 ) ,  B i o t i t e  and o r th o c l a s e  have p r o g r e s s iv e ly  low er 

r e t e n t i o n  c a p a b i l i t i e s ,  and th e  s t r o n t iu m  l o s t  by th e s e  m in e ra ls  i s  

u s u a l l y  ta k e n  in t o  ca lc iu m  r i c h  phases  (A rr ien s  e t  a l . , 1966) in  c lo s e  

p h y s i c a l  p ro x im i ty .  The p h i lo so p h y  beh ind  th e  whole ro c k  te ch n iq u e  i s  

t h a t  t h e  p o ta ss iu m  r i c h  phases  may g ive  low a p p a re n t  ages  and the  

ca lc iu m  r i c h  phases  g iv e  h igh  a p p a re n t  a g e s ,  b u t  th e  w hole ro c k  shou ld  

have remained a c lo s e d  system  f o r  Rb-Sr and th e r e f o r e  g iv e  a t r u e  ag e .  

However, an open sys tem  may e x i s t ,  which r e s u l t s  i n  a whole rock  a p p a re n t  

age t h a t  i s  too low*

H75II l i e s  s i g n i f i c a n t l y  o f f  th e  main i s o c h ro n  and i n d i c a t e s  an 

a p p a re n t  age o f  1820 m .y. The p o s s i b i l i t y  t h a t  t h i s  sam ple had a low er 

i n i t i a l  r a t i o  and e s s e n t i a l l y  th e  same ag e ,  i s  n o t  f e a s i b l e '  s in c e  (as  

shown by th e  d o t t e d  l i n e ,  F ig u re  6 .1 )  the  r e q u i r e d  i n i t i a l  r a t i o  would 

be 0 ,640  i . e .  low er th a n  th e  p r i m i t i v e  v a lu e .

S iev in g  canno t accoun t f o r  th e  lower a p p a re n t  age o f  H75II. beca u se  

i t  removes m in e ra l  p h ases  which have d i f f e r e n t  ru b id iu m  and s t r o n t iu m  

c o n c e n t r a t io n s  from th o se  o f  th e  average  ro c k ,  t h e r e f o r e ,  changing the  

ru b id iu m  and s t r o n t iu m  c o n te n t  o f  th e  an a ly sed  sam ple . Such a change 

would move the  p l o t t e d  p o in t  a lo n g  the  i s o c h r o n ,  b u t  n o t  o f f  the  i s o c h ro n  

u n le s s  the  i n d i v id u a l  m in e ra ls  c o n s t i t u t e  an open sy s tem . However, t h i s



i s  n o t  the  ca se  b e c a u s e : -  .

(1) D ata  f o r  H75II was o b ta in e d  from s ie v e d  and uns iev ed  

samples and

(2) The i s o c h ro n  i s  d e f in e d  by b o th  s ie v e d  and uns iev ed  

sam p le s„

There  a re  t h r e e  p o s s i b l e  e x p la n a t io n s  f o r  th e  c e n t r a l  zone specimens 

g iv in g  anomalous r e s u l t s :  The f i r s t  i s  d i f f u s i o n  o f  r a d io g e n ic  s t r o n t iu m

down a te m p e ra tu re  g r a d ie n t  (A U sopp, 1974, p e r s o n a l  com m unica tion). 

A lthough  a t  an e a r l y  s ta g e  o f  the  i n t r u s i o n  th e r e  was p ro b a b ly  a tem per­

a t u r e  d i f f e r e n c e  o f  ap p ro x im ate ly  500° G betw een th e  c o n ta c t  and th e  

c e n t r a l  zone, t h i s  g r a d i e n t  would have been  very  s h o r t - l i v e d .  J a e g e r  

(1958, 1961) has shown t h a t  an i n t r u s i o n  o f  th e  th ic k n e s s  and com position  

o f  th e  s i l l s  sh o u ld  s o l i d i f y  w i th in  a  week and th e  am bient te m p e ra tu re  

sh o u ld  drop to  ab o u t 400° c w ith in  s i x t y  days (assum ing t h a t  th e  magma 

was a t  a 1000° 0 and in t r u d e d  ro ck s  a t  290° C, th e  c o n ta c t  b e in g  a t  

ap p ro x im a te ly  500 C ) . Because o f  t h i s  v e ry  s h o r t  tim e span i t  would 

be im p o s s ib le  to  d e t e c t  any i s o t o p i c  d i f f u s i o n .

The second a l t e r n a t i v e  i s  d i f f u s i o n  o f  r a d io g e n ic  s t r o n t iu m  o u t  o f  

th e  c e n t r a l  zone i n t o  s u i t a b l e  " s i n k s " .  Two p o t e n t i a l  s in k s  e x i s t  

w i th i n  th e  s i l l s ,  n am e ly :-  the  m i n e r a l i s e d  j o i n t s ,  and a narrow  ca lc ium  

r i c h  band w i th i n  th e  c o n ta c t  zone. The f i r s t  i s  u n l i k e ly  b e ca u se  o f  th e  

r e l a t i v e l y  l a r g e  d i s t a n c e s  betw een j o i n t s  and samples (> 1 m e t r e ) . The 

second  p o s s i b i l i t y  i s  a l s o  u n l i k e ly  beca u se  i t  sh o u ld  a f f e c t  th e  c o n ta c t  

zone specim ens more than  th o s e  from th e  c e n t r a l  zone and sh o u ld  appear 

i n  th e  i s o t o p i c  r e s u l t s  as a l a r g e  s c a t t e r  abou t th e  i s o c h ro n .

The t h i r d  a l t e r n a t i v e ,  t h a t  m in e r a lo g ic a l  f a c t o r s  have r e s u l t e d  in  

a  g r e a t e r  r a d io g e n ic  s t r o n t iu m  lo s s  from th e  c e n t r a l  zone, compared to  

th e  c o n ta c t  zone, i s  the  most l i k e l y  e x p la n a t io n  f o r  th e  anomalous
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r e s u l t s .  As s h o w  i n  T ab le  4 .1 ,  th e  c e n t r a l  zone samples a l l  h av e '  

m ajor amounts o f  o r t h o c l a s e ,  w h i le  th o s e  on th e  c o n t a c t  have  none, 

b e in g  m ain ly  composed o f  m ica , a l b i t e  and q u a r t z .  As a l r e a d y  

m en tioned ,  o r th o c l a s e  has  a p oo r  S r r e t e n t i o n  c a p a b i l i t y ,  and the  lo s s  

o f  s t r o n t iu m  i s  u s u a l l y  caused  by some the rm al e v e n t  (A rr ie n s  e t  a l . ,

1966). Thus i t  appea rs  t h a t  such an ev en t m ight have o c c u r re d  a f t e r

s o l i d i f i c a t i o n  r e s u l t i n g  i n  an open system , d u r in g  which th e  o r th o c l a s e  

l o s t  p a r t  o r  a l l  o f  i t s  r a d io g e n ic  s t r o n t iu m ,  and th e  micas and 

p l a g io c l a s e s  l o s t  minor o r  n e g l i g i b l e  amounts. The a p p a re n t  age o f  th e  

o r th o c l a s e  r i c h  samples cou ld  g iv e  the  time when t h i s  th e rm al even t

cea se d .  A l t e r n a t i v e l y ,  t h e r e  has been g ra d u a l  s t r o n t iu m  l o s s  through

tim e; i n  bo th  ca se s  th e  a p p a re n t  age o f  the  c o n t a c t  zone sam ples i s  a 

minimum age f o r  th e  s i l l s .  P o in t  H75II l i e s  so f a r  o f f  th e  l i n e  becau se  

i t  has a very  h ig h  rub id ium  c o n te n t  i n  th e  o r t h o c l a s e  and p r o p o r t i o n a l l y  

more r a d io g e n ic  s t r o n t iu m  was g e n e ra te d  and l o s t ,  compared t o  th e  o th e r  

c e n t r a l  zone sp ec im en s .

T his  b r in g s  i n  th e  p rob lem  o f  th e  r e l i a b i l i t y  o f  the r e s u l t s .

A ccord ing  to th e  p r e f e r r e d  i n t e r p r e t a t i o n ,  th e  a p p a re n t  age o f  the  c e n t r a l  

zone specim ens does n o t  r e p r e s e n t  the  age o f  th e  s i l l s .  However, th e  age 

g iven  by  th e  c o n t a c t  zone samples o f  2137 m.y. a g re e s  v e ry  w e l l  w ith  th e  

2150 m.y. age de te rm ined  by Grampton (1973) f o r  some u n d i f f e r e n t i a t e d  

f e l s i t e s  w i th in  th e  f e l s i c  rocks  above th e  m afic  p h ase  o f  th e  V en te rsd o rp  

l a v a s ,  i n  th e  n o r th  w est T ra n s v a a l .  The r e s u l t s  o f  Grampton (1973) a r e  

c o - l i n e a r  w i th  th e  r e s u l t s  o f  S n e l l in g  and Rex (1 9 6 7 ) ,  (see  T ab le  4 .2  and 

F ig u re  4 .2 )  f o r  the  P l a n t a t i o n  q u a r tz  po rphyry  s i l l ,  n e a r  L o b a tse  in  

Botswana.
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Table 4.2

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

In d iv id u a l

Sample
Rb

ppm
Sr

EEE 8?Rb/8Gsr 8 7 s r /8 * S r
ages*
m.y.

P l a n t a t i o n  s i l l (1) 356 19,85 16,60 2,6375 2197
P l a n t a t i o n  s i l l (1) 340,6 24,11 43,35 2,0578 2175

P l a n t a t i o n  s i l l (1) 225,8 11,94 65,67 2,742 2173

FJC 8 D erd ep o o r t (2) 253,6 10,7 86,15 3,314 2127

HP 1 D erdepoort (2) 196,5 6 ,6 114,26 4,116 2102

HP 2 D erd ep o o r t (2) 146,9 5,6 97,46 3,638 2115

(1) S n e l l in g  and Rex (1967) (2) Crampton (1973)

* C a lc u la te d  by th e  w r i t e r  u s in g  an  i n i t i a l  r a t i o  o f  0 ,728  which i s  th e  

r a t i o  de te rm ined  f o r  th e  c o n ta c t  zone .

These two o c c u r r e n c e s , which a r e  more th a n  a hundred  k i lo m e t r e s  a p a r t ,  

and a r e  o v e r  260 k i lo m e t r e s  from. E ,R ,F ,M ., a l s o  have h ig h  i n i t i a l  r a t i o s  

b u t  n o t  n e c e s s a r i l y  the same, and i t  seems l i k e l y  i n  view o f  t h e i r  

s i m i l a r  a p p a re n t  ages t h a t  they  a r e  r e l a t e d  i n  o r i g i n .

T his  would mean t h a t  around 2100 m .y , ago th e r e  was a w id esp read  b u t  

m inor e v e n t ,  when f e l s i c  m a t e r i a l  was r a p i d l y  i n j e c t e d  as s i l l s  and dykes ,  

and p o s s i b l y  even ex t ru d e d .  This seems more l i k e l y  th a n  Cram pton 's  

(1973) s u g g e s t io n  t h a t  th e  ages r e p r e s e n t  a  p a r t i a l  r e s e t t i n g  o f  the  

r a d i o a c t i v e  c lo ck s  d u r in g  th e  emplacement o f  the  Bushveld  Complex. Such 

a r e s e t t i n g  would demand t h a t  th e  rocks  f u r t h e r  away would g iv e  th e  o l d e s t  

age (H art e t  a l . , 1966) and th o se  n e a r e s t  th e  y o u n g e s t ;  such a s p re a d  i s  

n o t  o b se rv ed .  I n  Table 4 .3  th e  de term ined  r a d io m e t r i c  d a te  has been  

in s e r t e d  i n  a s t r a t i g r a p h i c  column o f  o th e r  r a d io m e t r i c  d a t e s ,  where i t  

o ccu rs  between th e  Ongeluk la v a s  o f  th e  T ra n s v a a l  system  and th e  Bushveld 

ro c k s .  In  such a p o s i t i o n  i t  m igh t be t e n t a t i v e l y  c o r r e l a t e d  w ith  th e
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F ig u re  4*3

P l o t  o f  i n i t i a l  ^ S r / ^ S r  r a t i o  v e r s u s  tim e a f t e r  F au re  and Pow ell 

( 1 9 7 2 ) .

The t r i a n g l e  symbols a re  f o r  g r a n i t i c  rocks  from the  E a s te r n  

T ra n s v a a l  and Sw aziland .

R efe rences

(1) F aure  and Pow ell (1972)

(2) A llsopp  and Koble (1965)

(3 ) .  D avies and A llsopp  (1975) ,  samples from th e  A n c ien t  Gneiss 
Complex

(4) de G asp a r is  (1967)



a c id  ro ck s  a t D u l l s t r o o m  i n  the T ra n s v a a l ,  which a re  th e  upperm ost u n i t

o f  th e  T ra n sv a a l  system  (B u tto n ,  1973).
>

.

T ab le  4 .3

P o s i t i o n  o f  th e  a p l i t e  i n  th e  r a d io m e t r i c  s t r a t i g r a p h i c  column in
S outhern  A f r ic a

Rock Type Method Age in m .y . R efe ren ce

BIG B ushveld G ra n i te  
( z i r c o n  and 

b i o t i t e )

U-Pb
Rb-Sr

1950 + 51 N ic o la y se n  e t  a l . 
(1958)

BIG G abroic  ro c k  in  
m afic  p h ase  • 
( b i o t i t e )

Rb-Sr 2050 + 51 N ico lay se n  e t  a l .  
(1958)

T ra n s v a a l  (?) A p l i t e  s i l l s  
(whole rock)

Rb-Sr
is o c h ro n

2100 4 0 ,5 S n e l l in g  and Rex 
(1967) ,  Crampton 
(1973) This work

T ran sv aa l Ongeluk la v a s  
(whole rock)

Rb-Sr
is o c h ro n

2224 + 21 Crampton (1973)

V en te rsd o rp Q uartz  po rphy ry  
(z i rc o n )

tJ-Pb 2300 + 100* van  N iekerk  and 
B u rge r  (1968)

V en te rsdo rp F e l s i t e s  
(whole rock)

Rb-Sr 
■is o c h ro n

2318 + 43 Crampton (1973)

V en te rsdo rp Mica t u f f s  -  2 
samples (whole 
rock)

Rb-Sr 2330 W yatt (unpub lished )

* Form o f  e r r o r  n o t  g iven

The i n i t i a l  ^ S r / ^ S r  r a t i o  i s  a u s e f u l  i n d i c a t o r  o f  th e  p e t ro g e n e s i s  

o f  th e  s i l l s .  Rocks w i th  a h ig h  v a lu e  f o r  the  r a t i o  may be d e r iv e d  from

(1) re m e l te d  ro ck ;  (2) magma which has  been  h e a v i ly  co n tam ina ted  by o ld e r  

rocks  th rough  whi h i t  p a s s e d ;  o r  (3) rocks  which have been re-hom ogenised  

i n  s i t u  by some the rm al ev e n t  (A llso p p ,  1974, p e r s o n a l  com munication, 

Moorbath and B e l l ,  1965> F au re  and P o w e ll ,  1972, L u ss iaa -B e rd o u -P o lv e  and 

V id a l ,  1973). C o n s id e r in g  t h a t  th e  r a t i o  i s  w e l l  above th e  m an tle  

e v o l u t io n  t r e n d  (Faure and P o w e ll ,  1972; F ig u re  4 . 3 ) ,  i t  i s  u n l i k e ly  t h a t  

th e  s i l l s  r e p r e s e n t  con tam in a ted  d i f f e r e n t i a t e d  m an tle  m a t e r i a l  such as 

i s  commonly found a t  th e  top  of a magmatic s u i t e .  A lso ,  as t h e r e  i s  no



ev id en ce  o f  metamorphism o f  th e  s i l l s ,  r e -h o m o g e n is a t io n  seems u n l i k e l y . "  

Thus i t  ap p ea rs  t h a t  th e  s i l l s  a r e  d e r iv e d  from th e  r e m e l t in g  o r  p a r t i a l  

m e l t in g  o f  some p r e - e x i s t i n g  ro ck ;  c o n s id e r in g  th e  p e t ro lo g y  and c h e m is try  

o f  th e  s i l l s ,  t h i s  so u rce  ro c k  i s  l i k e l y  to  be th e  g r a n i t e  basem ent which 

u n d e r l i e s  th e  W itw ate rs rand  system . The h e a t  so u rc e  t h a t  caused  th e  

a n a t e x i s  i s  p o s s i b ly  r e l a t e d  to  th e  p r e l im in a r y  the rm al a c t i v i t y  t h a t  

must have p roceeded  th e  Bushveld Igneous Complex.

A rough  e s t im a te  o f  th e  age o f  th e  p o s tu l a t e d  so u rce  rock  can b e  

o b ta in e d  by c a l c u l a t i n g  w eigh ted  ave rage  abundances o f  ru b id iu m  and 

s t r o n t iu m  from  th e  d i s t r i b u t i o n  cu rves  a c ro s s  th e  s i l l s  and th e n

c a l c u l a t i n g  th e  approx im ate  ® ^R b /^S r  r a t i o  f o r  th e  s i l l s  (®^Rb = ^ / 2 , 6 ,

86 Sir / ^Sr -  " ' 1 0 , 4 ;  2 ,6  and 1 0 ,4  a r e  ave rage  i s o t o p i c  r a t i o s  e x p e r im e n ta l ly

d e te rm in e d ) .  - 'T N s t  .lumbers to g e th e r  w ith  an assumed i n i t i a l  ^ S f / ^ S r

r a t i o  f o r  th e  g. t i c  so u rc e  rock  o f  0 ,705  (based  on th e  work o f  D avies

anti A l l s  ipp, 1975) p lu s  th e  de te rm in ed  i n i t i a l  r a t i o  o f  th e  s i l l s  g iv e s  a

s i n g l e  , Lnt age f o r  th e  s o u rc e  ro ck  p r i o r  to  th e  l o c a l  a n a t e x i s .  As

ru b id iu m  i s  p r e f e r e n t i a l l y  ta k e n  in t o  a p a r t i a l  m e l t ,  th e s e  g iv e  c a l c u l a t e d

ages t h a t  te n d  to  u n d e re s t im a te  the  t r u e  age. The r e s u l t s  o f  th e s e

c a l c u l a t i o n s  a r e  g iven  i n  T ab le  4 .4 .

T ab le  4 .4

R e s u l t s  o f  c a l c u l a t i o n s  f o r  th e  age o f  th e  so u rce  ro c k

. .  . :  E s t im a te d  . r  A pparen t age =£
Chemical g- Age a t  tim e o f  fo rm a t io n  w . r . t .

S i l l  No. t r a v e r s e  Rb/  Sr i n t r u s i o n  m .y. p r e s e n t  m.y.

1 BC7 1 ,416  1159 3298

3 BC5 1 ,762  933 3070

The ages ag re e  w i th  o th e r  r a d io m e t r i c  d a te s  o b ta in e d  from g r a n i t i c  

basem ent i n  South A f r ic a  and Swaziland ( ra n g in g  from 2800 -  3400 m .y . ,  

D avies and A l ls o p p ,  1975).



The o ccu rre n c e  o f  such h ig h  p r im ary  r a t i o s  i s  r a r e ,  more so • 

c o n s id e r in g  th e  age o f  th e  ro ck .  T h is  i s  c l e a r  from  F ig u re  4 .3  i n  which 

th e  p r im ary  r a t i o  o f  th e  s i l l s  i s  p l o t t e d  a g a i n s t  t im e ; to g e th e r  w i th  

' o th e r  a v a i l a b l e  d a ta .  However, i f  th e  rocks  i n  th e  N.W. T ra n s v a a l  and 

Botswana a r e  r e l a t e d  i n  t h e i r  o r i g i n  to  th o se  i n  th e  W itw a te rs ran d ,  they  

m igh t g ive  low er i n i t i a l  r a t i o s  beca u se  o f  th e  l a r g e  amounts of g r a n i t e  

w i th  an  age o f  2700 m .y . (Crampton, 1973, A l ls o p p ,  1974, p e r s o n a l  

communication) which have low i n i t i a l  r a t i o s .



5. CHEMISTRY ,

The geochem ical work on th e  a p l i t e  s i l l s  was done w i th  th e  main aim 

o f  p ro v id in g  in fo rm a t io n  on th e  g e n e r a t io n  o f  the  magma and i t s  c o o l in g  

h i s t o r y  once i t  had been  em placed ; r e s u l t s  should  a l s o  su p p o r t  

p e t r o l o g i c a l  and i s o t o p i c  work.

5 ,1  Sample s e l e c t i o n  and method o f  a n a ly s i s

In  o r d e r  to  compare th e  in d i v id u a l  s i l l s , samples w ere s e l e c t e d  from 

t y p i c a l  c e n t r a l  zone m a t e r i a l  o f  a l l  s i l l s ,  and abnormal f e a t u r e s  w i th i n  

th e  s i l l s .  To s tu d y  th e  chem ica l v a r i a t i o n s  due to c o o l in g ,  a l a rg e

number o f  samples ta k e n  a t  i n t e r v a l s  a c ro s s  the  s i l l s  w ere a n a ly s e d .

In  th e  f i r s t  c a s e ,  th e  samples s e l e c t e d  from the  c e n t r a l  zone were 

a l l  g r e a t e r  th a n  2 k i lo g ram s  and had no s ig n s  o f  secondary  a l t e r a t i o n .

One o r  more samples were ta k e n  from each  s i l l ,  e x c e p t  f o r  S i l l  No. 2,, 

which was too a l t e r e d ,  and S i l l  Nos. 5 and 7 .  Samples o f  s i m i l a r  s i z e

and f r e s h n e s s  were ta k e n  o f  any abnormal f e a t u r e .

The f i v e  t r a v e r s e s  w ere  taken  a c ro s s  t h r e e  o f  th e  s i l l s  (Nos. 1 ,  3 

and 6 ) .  Four o f  th e  sample t r a v e r s e s  were from diamond d r i l l  c o r e s , and 

the  f i f t h  was c o l l e c t e d  from an exposu re  i n  a s t o p e . The samples c o l l e c t e d  

i n  th e  s tc p e  were 1 -  2 k i lo g ram s  i n  w e ig h t ;  two o f  th e  b o re h o le  co res  

were sampled a t  r e g u l a r  i n t e r v a l s  a c ro s s  th e  s i l l s  (BCl and BC3) w ith  

Samples w eigh ing  betw een 200 -  300 gram s, b u t  the  o th e r  two co res  

(BG5 and BC7) Were sampled w i th  g r e a t e r  emphasis on th e  c o n t a c t  zone, and 

th e  sample s i z e  reduced  to  a minimum o f  20 -  30 grams. These v e ry  sm a ll  

samples were tak en  to  e n su re  com plete  coverage of th e  v a r i a t i o n  i n  the  

c o n ta c t  zo n e , w hich , b e in g  on ly  10 c e n t im e tr e s  wide would have been

c o n ta in e d  in  a s i n g l e  300 grams sam ple . S ize s  o f  20 — 30 grams a re  much

s m a l le r  th an  th o se  recommended by Wager and Brown (1960) i n  o r d e r  to 

ach iev e  a  r e p r e s e n t a t i v e  sam p le , b u t  the  r e s u l t s  o b ta in e d  a r e  c o n s i s t e n t  

w i th in  th e  a p l i t e  f o r  most e le m e n ts .  The a d j a c e n t  q u a r t z i t e s  were sampled



i n  a s i m i l a r  manner- to  s tudy  p o s s i b l e  m e tasom atic  e f f e c t s  o f  th e  s i l l s .  

Samples weighed abou t 100 grams, b u t  th e  r e s u l t s  o f  th e  a n a ly se s  a re  

n o t  c o n s i s t e n t  f o r  most e le m e n ts .

The p r e p a r a t i o n  o f  the  s e l e c t e d  samples has  been  d e s c r ib e d  i n  

S e c t io n  4 . 1 .  The a n a l y t i c a l  p ro c e d u re s  used  a r e  th o se  o f  N o r r i s h  and 

Ghappel (1967) and N o r r is h  and H utton  (1969 ) ,  as  used i n  th e  Geology 

D epartm ent o f  the  U n iv e r s i t y  o f  the  W itxvatersrand (McCarthy, 1975).

The s p e c i f i c  c o n d i t io n s  and te c h n iq u e s  used a r e  l i s t e d  i n  Appendix B.

5 .2  R e s u l t s

The d e t a i l e d  a n a l y t i c a l  r e s u l t s  a r e  l i s t e d  i n  Appendix B. From t h i s  

d a t a ,  some m ajor e lem en t c h e m is t ry ,  t o g e th e r  w i th  th e  a n a ly se s  o f  the  

a c id  i n t r u s i v e s  o c c u r r in g  i n  th e  J o h a n n e s b u r g - P re to r ia  g r a n i t e  dome 

( f e l s i t i c  and m i c r o g r a n i t i c  d y k e s ) ,  (A nhaeusse r ,  1973) w ere s u b je c te d  

to  an R, Q mode a n a l y s i s  u s in g  a c l u s t e r  com puter programme w r i t t e n  by

B. W ish a r t ,  Computing L a b o ra to ry ,  U n iv e r s i t y  o f  S t .  Andrews. The 

p a ra m e te rs  used  in  t h i s  c l u s t e r  a n a l y s i s  a r e  w e ig h t  p e r  c e n t  SiO^, TiO^, 

AlgOg, Fe^O ., FeO, MnO, MgO, CaO, Da_0, K^O and PgO- and the  te c h n iq u e  

has been  d e s c r ib e d  by L e n t h a l l  (1972).  The r e s u l t s  o f  th e  a n a l y s i s  

showed t h a t  th e  ro ck s  c l u s t e r e d  i n t o  the  fo l lo w in g  fo u r  groups ( a t  a 

d i s t a n c e  c o e f f e c i e n t  o f  5)

1. A l l  samples o f  c e n t r a l  zone m a t e r i a l ,  f o r  a l l  s i l l s  e x c e p t  

f o r  9 and 10. .

2. A l l  c o n t a c t  zone samples ( i . e .  w i th i n  10 c e n t im e tr e s  o f  th e  

c o n t a c t ) .

3. A group o f  fo u r  a n a ly s e s ,  c o n s i s t i n g  o f  samples from S i l l  

Nos. 9 and 10 to g e th e r  w ith  th e  g r a n i t i c  i n t r u s i v e s  i n  th e  

g r a n i t e  dome.



Table 5.1

Average com positions  o f  th e  f o u r  groups o f  the c l u s t e r  a n a l y s i s

C e n t ra l
Zone

C o n ta c t
Zone

S i l l s  9 and 10 p lu s  
m ic r o g r a n i t e  i n t r u s i o n s

F e l s i c
Dykes

74,12 77,48 70 ,98 75,28

H O , 0,06 0,07 0,29 0 ,05

AlgO, 13,29 12,98 13,97 13,57

Fe20 3 0 ,18 0 ,59 0 ,9 ? 0 ,2 2

FeO 1,06 0,80 2,33 0,70
MnO 0,04 0 ,0 3 0,07 0 ,0 3

MgO 0,90 0 ,61 1,32 0,12
CaO 0,43 0,44 2,39 0,31
Ba,b 6,61 1,92 3,56 4 ,11:

KgO 2,95 3,43 2,62 5,05

P2°5 0,05 0 ,05 0,09 0 ,0 1



Table 5.2

S t a t i s t i c s  o f  th e  av e ra g e  com posi t ion  o f  th e  c e n t r a l  zone samples

Mean % S td .  Dev. % Range % No. o f  samples

SiOg 74,12 0,61 7 1 ,52 -75 ,94 20

i i r . 0 ,06 0 ,0 0 0,05-0,06 20

AlgOg 13,28 0 ,66 1 2 ,7 7 -1 6 ,1 4 20

% 0 ,1 8 0,18 0,00-0,74 19

' FeO 1,06 0,34 0,57-1,29 19

*MnO 0 ,04 0 ,0 2 0,02-0,06 20

Mgd 0,90 0 ,2 1 0,17-1,14 20

CaO 0,43 0,44 0 ,1 0 -1 ,9 1 20

Na20 6,61 1,04 3,83-8,96 20

KzO ^ 2,95 1 ,04 0 ,2 2 -3 ,8 2 20

0,17 0,17 0 ,0 1 -0 ,6 9 20

V " 0*02 0 ,0 2 ■ ‘ 0,00-0,23 20

% 0,05 0 ,0 0 0 ,0 4 -0 ,0 6 20

# 2 0,38 0,34 0 ,1 0 -1 ,5 3 20

X- 0 ,1 2 0,03 0 ,0 3 -0 ,1 8 20

Cl 0 ,0 1 0 ,009 0 ,0 0 -0 ,0 4 20

s 0 ,0 2 0,04 0 ,0 0 -0 ,1 5 20

Rb 87 ppm 46 ppm 44-178 ppm 13

Sr 67 ppm 21 ppm 25-86 ppm 13

An 0 ,28  ppm 0 ,05  ppm 0 ,1 2 -0 ,5 8  ppm 4

Na O/KgO 2^4 8 ,8 0 ,1 9 -4 0 ,7 3 20

P er
Alkaline
Index

1,07 0 ,1 1 0 ,6 4 -1 ,1 7 20

* C o n c e n t ra t io n s  a t  o r  n e a r  the  d e t e c t i o n  l i m i t



Table 5.3

TKe C .I .P .W . norm f o r  th e  average  c e n t r a l  zone sample

M in e ra l  WT %

C a l c i t e  0 ,89

P y r r h o t i t e  0 ,0 4

I lm e n i t e  0 ,1 1

O r th o c la s e  17 ,23

A lb i t e  51 ,39

Acmite 0 ,6 9

Na M e ta s i l  0 ,7 5

E n s t a t l t e  2 ,29

F e rro  s l l i t e  .• 1 ,92

. '

Q uartz  24 ,01

F l u o r i t e  0 ,73

T o ta l  100 ,1



The c o n c e n t r a t i o n  v a r ia t io n  a t  t h e  Figure 5.1
c o n t a c t  d u e  t o  d i f f e r e n t  p r o c e s s e s ,  id e a l i z e d .
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A. A group o f  fo u r  a n a ly se s  c o n s i s t i n g  o f  th e  samples from 

the  f e l s i c  dykes i n  the  g r a n i t e  dome.

In  o t h e r  w ords, th e  rocks  d iv id e d  in t o  th e  o r i g i n a l  sample groups and 

n o t  i n t o  i n d i v id u a l  s i l l s ,  ex ce p t f o r  s i l l s  9 and 10 . This su g g e s ts  

t h a t  th e  s i l l s  cannot be  d i s t i n g u i s h e d  on th e  major e lem ents  used in  

th e  a n a l y s i s .  T h e .av e ra g e  ch em is try  o f  the  fo u r  g roups a r e  l i s t e d  i n  

T ab le  5 .1 .  The ave rage  ch em is try  o f  th e  c e n t r a l  zone samples to g e th e r  

w ith  th e  s ta n d a r d  d e v i a t io n s  and ran g es  o f  th e  c o n s t i t u e n t s  a r e  l i s t e d  

i n  T ab le  5 .2 .  T ab le  5 .3  g iv es  th e  c a l c u l a t e d  C .I .P .W . norms f o r  the  

av e rag e  c e n t r a l  zone m a t e r i a l .

From the  v a r i a t i o n  i n  c h em is try  a c ro s s  th e  s i l l s ,  i t  i s  p o s s i b l e  

to  s p e c u la te  on th e  g ro ss  movements o f  a number o f  c o n s t i t u e n t s ,  l i s t e d  

in  T ab le  5 .4 .  T h is  in fo rm a t io n  i s  i n f e r r e d  from th e  d e t a i l e d  d i s t r i b u t i o n  

. cu rves  o f  the  c o n s t i t u e n t s  a c ro s s  th e  s i l l s  (Appendix B, F ig u re s  I  -  XVI). 

The method o f  i n f e r r e n c e  i s  i l l u s t r a t e d  i n  F ig u re  5 . 1 ,  where v a r io u s  

models f o r  d i f f u s i o n  o f  e l e m e n t s 'o f  the  s i l l s  i n t o  a d j a c e n t  w a l l  rock  

a re  c o n s id e re d .  These models a re  s e r i o u s l y  a f f e c t e d  by te m p e ra tu re  and 

r a t e  o f  c o o l in g  as shown i n  F ig u re  5.1A f o r  s e v e r a l  t h e o r e t i c a l  curves  

w i th  d i f f e r e n t  ’xt' v a lu e s  (d e f in e d  i n  th e  l i s t  o f  sym bo ls ) . Because the  

te m p e ra tu re  g o v e rn s - th e  m o b i l i ty  o f  a l l  c o n s t i t u e n t s ,  and t h e  c r y s t a l l ­

i s a t i o n  o f  th e  v a r io u s  p h a s e s ,  th e  m agnitude o f  th e  d i f f u s i o n  curves  

(F ig u re  5 . IB, 5.1C) w i l l  b e  re d u c e d ,  and b ro ad en e d ,  as they  'mnve. towards 

th e  c e n t r e  o f  th e  s i l l s  i n  re sp o n se  to  the  f a l l i n g  te m p e ra tu re .  In  

F ig u re  5 . ID th e  h ig h  and low c o n c e n t r a t io n s  n e a r  th e  c o n ta c t  a r e  the  

r e s u l t  o f  the  c r y s t a l l i s a t i o n  a t  th e  c o n t a c t  o f  a m in e ra l  c o n t a in in g  a 

h ig h e r  c o n c e n t r a t i o n  o f  the  c o n s t i t u e n t  th a n  the  magma as a w hole ,  so in  

o r d e r  to  c r y s t a l l i s e  th e  m in e ra l  some p o r t i o n  of th e  magma w i l l  be 

d e p l e te d  in  t h a t  c o n s t i t u e n t .  I f  the  a r e a s  ’A1 and 'B ! a re  e q u a l ,  i t  i s



Table 5.4

Gross movement o f  e lem ents

N et Loss 

S i l i c a  

Sodium

P o ta s s iu m  (?) 

Water

N et Gain 

Aluminium (?) 

I ro n

Magnesium 

Calcium (?)

Carbon D iox ide P o tass iu m  (?) 

C h lo r in e  

F lu o r in e  

Rubidium

Carbon 
D iox ide (?)

Su lphur 

Gold (?)

R e-ad ju s tm en t by c r y s t a l l i s a t i o n  a n d /o r  
a d e n s i t y  c o n t r a s t  o r  some o th e r  p ro cess

Aluminium

Calcium

Sodium P o tass iu m  

Water

Carbon D iox ide

S tro n t iu m

Rubidium

Elem ents which show a  d e c re a se  i n  c o n c e n t r a t i o n  from th e  a d j a c e n t  

q u a r t z i t e  towards th e  a p l i t e  s i l l s  a r e : -

Aluminium

I r o n

Carbon D iox ide  

Su lphur 

Gold (?)





Figure 5.2 ,

The g e n e r a l i s e d  c o n c e n t r a t i o n  cu rv es  a c ro s s  th e  s i l l s  f o r  th e  major 

e lem en ts  above t h e i r  d e t e c t i o n  l i m i t s , and some t r a c e  e l e m e n t s . The 

d e t a i l e d  d a ta  i s  i l l u s t r a t e d  i n  th e  f i g u r e s  in  Appendix B.

The s o l i d  l i n e  i s  the  c o n c e n t r a t i o n  o f  the  c o n s t i t u e n t  w i th in  th e  

s i l l ;  two l i n e s  mark th e  d i f f e r e n t  l e v e l s  o f  c o n c e n t r a t i o n  th e  p a r t i c u l a r  

c o n s t i t u e n t  can  h av e .  The dashed l i n e  i s  th e  approx im ate  c o n c e n t r a t i o n  

in  th e  a d ja c e n t  q u a r t z d t e s . The l i n e  w i th  arrow heads betw een the  

symbols ’Tf and 'B ' marks th e  e x t e n t  o f  th e  s i l l  betw een th e  top  and 

bo tto m  c o n ta c t .



i n f e r r e d  t h a t  t h e r e  has  been  no lo s s  o r  g a in  i n  th e  t o t a l  amount o f  the  

c o n s t i t u e n t  w i th i n  th e  s i l l  d u r in g  the  c r y s t a l l i s a t i o n .  F ig u re  5 . IE 

shows th e  form o f  th e  d i s t r i b u t i o n  curve f o r  an e lem en t p r e c i p i t a t e d  

from a  d i f f u s i n g  s o lv e n t  a t  th e  co ld  c o n ta c t  and p o s s i b ly  i n  the  

a d j a c e n t  q u a r t z i t e .  The s p e c i f i c  c o n s t i t u e n t s  w i l l  be d i s c u s s e d  i n  

t u r n  to  e v a lu a te  th e s e  co n c e p ts .

5 .2 .1  S i l i c a  • 

Though s i l i c a  i s  ta k e n  i n t o  an a n a t e c t i c  m e l t i n  l a ^ j e  q u a n t i t i e s ,

i t s  d i s t r i b u t i o n  i s  shown i n  F ig u r e  5 .2  and i n  d e t a i l  i n  Appendix B,

F ig u re  I . The h i g h e s t  c o n c e n t r a t i o n s  a r e  i n  th e  c o n ta c t  zones w i th  the  

c e n t r a l  zone h av in g  an ap p ro x im a te ly  c o n s ta n t  amount. The upper c o n t a c t  

zone has  a  more pronounced maximum which appea rs  to  be u n r e l a t e d  to  the  

s i l i c a  c o n c e n t r a t i o n  o f  the  a d j a c e n t  q u a r t z i t e .

5 . 2 .2  T itan ium

D uring  an a n a t e c t i c  p ro c e s s  t i t a n i u m  i s  l e f t  i n  th e  r e s i d u a l  component 

o f  th e  s o u rc e  ro ck  (H ehnert ,  1968, p . 2 51 ) ,  so t h a t  i t s  c o n c e n t r a t i o n  i n  a 

m e lt  sh o u ld  be  s m a l l .  F ig u re  5 .2  shows i t s  d i s t r i b u t i o n  w i th in  th e  s i l l s  i s  

m arkedly  c o n s t a n t ,  with. no s ig n  o f  a. r e d i s t r i b u t i o n ;  though th e  sm a ll  

samples i n  c o n t a c t  w i th  th e  q u a r t z i t e  do show a sh a rp  i n c r e a s e ,

5 . 2 .3  Aluminium

D uring  a n a t e x i s  aluminium i s  even ly  d i s t r i b u t e d  betw een th e  m e l t  and 

th e  r e s i d u a l  component o f  th e  s o u rc e  ro c k  (M ehnert, 1968, p . 261) and l i k e  

s i l i c a ,  i t s  d i s t r i b u t i o n  curve  i s  u n a f f e c te d  by th e  aluminium c o n c e n t r a t i o n  

i n  th e  a d j a c e n t  q u a r t z i t e s .  A n o t i c e a b l e  f e a t u r e  o f  th e  maxima and minima 

w hich occu r  i n  th e  c o n ta c t  zone , i s  t h a t  th o s e  i n  th e  low er c o n t a c t  zone 

a re  i n s i g n i f i c a n t ,  w h i le  th o se  i n  the  upper c o n t a c t  zone a r e  p ronounced .

The a r e a  c o n ta in e d  i n  th e  maximum peak ( i . e .  a r e a  ’B' F ig u re  5 .1 )  i s



ro u g h ly  e q u iv a le n t  to  th e  a rea  c o n ta in e d  i n  th e  minimum peak  ( i . e .  . 

a r e a  'A ’ , F ig u re  5 .1 ) ;  w hich p ro b ab ly  means th e r e  has  been  no 

a p p r e c ia b le  l o s s  o r  g a in  o f  aluminium. However, th e  c o n c e n t r a t i o n  in  

th e  a d j a c e n t  q u a r t z i t e s  d e c re a s e s  tow ards the  c o n t a c t ,  and from th e  

shape o f  th e  cu rve  i t  ap p ea rs  t h a t  t h e r e  has been  a n e t  g a in  o f  

alum inium  by d i f f u s i o n .

5 . 2 .4  I ro n

I r o n  i s  a v e ry  r e f r a c t o r y  e lem ent (M ehnert, 1,968, p . 251) and so

i t s  c o n c e n t r a t i o n  would be  low i n  an  a n a t e c t i c  m e l t .  As f o r  t i t a n iu m ,

th e  t o t a l  c o n c e n t r a t i o n  i s  c o n s ta n t  w i th i n  th e  s i l l s ,  e x c e p t  f o r  the

sm all  i n c r e a s e  n e a r  th e  c o n t a c t s . This  i s  su p p o r te d  by th e  sm all 
• ,

d e c re a s e  i n  th e  i r o n  c o n te n t  o f  th e  q u a r t z i t e s  tow ards th e  c o n t a c t .

5 . 2 .5  Magnesium

Magnesium i s  the  e lem en t w i th  th e  most pronounced r e f r a c t i v e  h a b i t  

d u r in g  a n a t e x is  (M ehnert, 1968, p .251) and , l i k e  i r o n ,  i t  a l s o  shows an 

i n c r e a s in g  c o n c e n t r a t i o n  tow ards th e  c o n t a c t .  W ith in  th e  c e n t r a l  zone 

t h e r e  a r e  two d i s t i n c t  l e v e l s  o f  c o n c e n t r a t i o n ;  one a t  0,8%, th e  o th e r  

a t  a p p ro x im a te ly  ze ro .  T here  i s  no c o r r e l a t i o n  betw een th e  l e v e l  o f  

c o n c e n t r a t i o n  and a sam pling  group o r  any p a r t i c u l a r  s i l l .

5 . 2 .6  Calcium

Calcium can  be e i t h e r  c o n c e n t r a te d  (M ehnert, 1968, p . 251) o r  

d e p l e te d  (James and H am ilton , 1969) i n  a m e l t .  The d i s t r i b u t i o n  of 

c a lc iu m  w i th in  th e  s i l l  (F ig u re  5 .2 )  shows th e  s m a l l e s t  c o n c e n t r a t i o n  

im m ediate ly  a d j a c e n t  to  th e  c o n t a c t ,  w i th  a  pronounced maximum a s h o r t  

d i s t a n c e  from th e  c o n t a c t .  The maximum in  the  up p er  c o n ta c t  zone i s  2 ,5  

t im es  g r e a t e r  th a n  i n  th e  lower c o n t a c t  zone T h is  d i f f e r e n c e  w i th  th e  

i n c r e a s in g  c a lc iu m  c o n c e n t r a t i o n  tow ards th e  top o f  th e  c e n t r a l  zone and 

th e  l a r g e  d i f f e r e n c e  in  a r e a  w i th in  the  maximum and minimum peaks shows
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t h a t  t h e r e  has been  c o n s id e r a b le  movement o f  ca lc iu m . •

5 .2 .7  Sodium

Sodium l i k e  s i l i c a  i s  ta k e n  in t o  an a n a t e c t i c  m e lt  i n  l a r g e  q u a n t i t i e s  

b u t  th e  amount i s  s t r o n g ly  c o n t r o l l e d  by th e  env iro n m en ta l  c o n d i t io n s  

o f  th e  so u rce  r e g io n .  In  th e  s i l l s  n e g l i g i b l e  c o n c e n t r a t i o n s  o f  sodium 

occur  on th e  c o n ta c t  o f  t h e  s i l l s  (F ig u re  5 .2 )  b u t  th e s e  r a p i d l y  i n c r e a s e  

to  a  maximum 10 -  15 C en tim e tre s  from th e  co n tac t , ,  th e  g r e a t e s t  amounts 

b e in g  n e a r  th e  low er c o n t a c t .

5 .2 .8  P o tass iu m

The amount o f  p o ta s s iu m  ta k e n  i n t o  an a n a t e c t i c  m e lt  i s  g e n e r a l ly  

in v e r s e l y  r e l a t e d  to  th e  amount o f  sodium. The d i s t r i b u t i o n  w i th in  

th e  s i l l s  (F ig u re  5 .2 )  h as  l a r g e  p o s i t i v e  and n e g a t iv e  peaks n e a r  th e  

c o n t a c t s ,  b u t  th e  a r e a  w i t h i n  th e  n e g a t iv e  peak  i s  c o n s id e r a b ly  l a r g e r  

th a n  t h a t  w i th i n  th e  p o s i t i v e  peak i n d i c a t i n g  p o ta s s iu m  l o s s  from the  

s i l l s  b u t  th e  c o n c e n t r a t i o n s  i n  th e  q u a r t z i t e  su g g e s t  c o n ta m in a t io n  o f  

th e  s i l l s .  The c o n c e n t r a t i o n  w i th i n  th e  c e n t r a l  zone i s  n o t  un ifo rm , 

r a t h e r ,  th e  v a r io u s  t r a v e r s e s  show a  number o f  l e v e l s  o f  p o ta ss iu m  

c o n c e n t r a t i o n .  (See Appendix F ig u re  IX ) .

- 5 .2 .9  Water

Water p ro b ab ly  g e t s  c o n c e n t r a te d  i n  th e  m e lt  d u r in g  a n a t e x i s ,  and 

i t s  d i s t r i b u t i o n  i n  th e  a p l i t e  (F ig u re  5 .2 )  f o l lo w s ,  as e x p e c te d ,  th e  

mica d i s t r i b u t i o n  (F ig u re  3 . 1 ) ,  i n  t h a t  th e  maximum c o n c e n t r a t i o n  i s  i n  

th e  c o n t a c t s ,  and th e  minimum in  th e  c e n t r a l  zone. The c o n c e n t r a t i o n  i n  

th e  c e n t r a l  zone t^nds  to  i n c r e a s e  upwards.

5 .2 .1 0  Carbon- d io x id e

Carbon d io x id e  forms p a r t  of th e  v o l a t i l e  phase  t h a t  i s  g e n e r a l ly  

assumed to  be c o n c e n t ra te d  i n  a m e l t .  The d i s t r i b u t i o n  w i th i n  th e  s i l l s  

(F ig u re  5 .2 )  i s  v e ry  s i m i l a r  to  ca lc iu m . However, the  ca rbon  d io x id e

•v.



c o n c e n t r a t i o n  i n  th e  a d j a c e n t  q u a r t z i t e s  d e c re a s e s  tow ards th e  a p l i t e ,  

w hich s u g g e s ts  t h a t  th e  a p l i t e  has been  co n tam ina ted  by  carbon  d i o x i d e .

5 .2 .1 1  C h lo r in e

C h lo r in e  i s  a l s o  p a r t  o f  th e  v o l a t i l e  phase  and th e  w ide s c a t t e r  o f  

c o n c e n t r a t i o n s  canno t be  due to  in a c c u r a c i e s  i n  d e te rm in a t io n .  A c rude  

i d e a l i s e d  d i s t r i b u t i o n  shows minima 10 -  15 c e n t im e t r e s  from th e  c o n ta c t  

and i n  th e  c e n t r e  o f  th e  s i l l s ,  w i th  maximum c o n c e n t r a t i o n s  tow ards th e  

upper and low er l i m i t s  o f  th e  c e n t r a l  z o n e .

5 .2 .1 2  F lu o r in e

F lu o r in e  behaves s i m i l a r l y  to c h l o r i n e  i n  p e r a l k a l i n e  rocks  b u t  i s  

more m obile  (Noble e t  a l . ,  1967) which r e s u l t s  i n  a h ig h e r  i n i t i a l  

c o n c e n t r a t i o n  i n  th e  m e lt  and a p r o p o r t i o n a l l y  g r e a t e r  l o s s  on 

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

e x c e p t  th e  c o n c e n t r a t i o n  i s  abou t t e n  t im es l a r g e r ,  and i s  d e t e c t a b l e  

i n  th e  q u a r t z i t e s .

5 .2 .1 3  Su lphur

S ulphur which g e n e r a l l y  i s  p r e s e n t  i n  n e g l i g i b l e  amounts i n  th e  

s i l l s ,  shows a marked in c r e a s e  i n  c o n c e n t r a t i o n  a t  th e  c o n ta c t s  w i th  a 

c o r re sp o n d in g  d e c re a s e  towards th e  c o n ta c t  i n  th e  a d j a c e n t  q u a r t z i t e s .

The maximum c o n c e n t r a t i o n  a t  th e  top c o n t a c t  i s  m a rg in a l ly  l a r g e r  th a n  

th e  maximum a t  th e  b o tto m , which s u g g e s ts  t h a t  some movement o f  s u lp h u r  

w i th in  th e  s i l l s  may have  o c c u r re d .

5 .2 .1 4  Rubidium

Rubidium i s  an in c o m p a t ib le  e lem ent and , as  such ,  i t  i s  p r e f e r e n t i a l l y  

c o n c e n t r a te d  i n  an i n i t i a l  m e lt  d u r in g  a n a t e x i s  o r  th e  f i n a l  m e lt  

f r a c t i o n a t i o n  (H e ie r ,  1970)« W ith in  th e  a p l i t e  th e re  a r e  two l e v e l s  of 

c o n c e n t r a t i o n  i n  th e  c e n t r a l  zone, and though th e  d i s t r i b u t i o n  w i th i n
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th e  s i l l  was ex p ec ted  to  b e  s im i l a r  to  p o ta ss iu m , b e ca u se  o f  th e  s im i l a r  ' 

a tom ic p r o p e r t i e s ,  i t  l a c k s  th e  l a r g e  n e g a t iv e  peak . ,

5 .2 .1 5  S tro n t iu m

S tro n t iu m  shou ld  c o r r e l a t e  w i th  sodium i n  th e  a l b i t e  g r a in s  

(Nagasawa and S c h n e tz le r ,  1971) and to  a l e s s e r  d eg ree  w i th  ca lc iu m , 

b ecau se  o f  th e  a tom ic r a d iu s  and io n i c  c h a rg e ,  b u t  th e  d i s t r i b u t i o n  

curve  (F ig u re  5 .2 )  shows’ a s l i g h t  c o r r e l a t i o n  w i th  ca lc iu m  and no t  

sodium.

5 .3  P o s s i b l e  cau ses  o f  v a r i a t i o n s

A number o f  p ro c e s s e s  can  p o t e n t i a l l y  e x p l a in  th e  chem ica l v a r i a t i o n s  

observed  w i t h i n  th e  s i l l s .  These a r e :  (1) f r a c t i o n a t i o n ;  (2) d i f f u s i o n

down a  te m p e ra tu re  g r a d i e n t  o r  a c ro s s  a  c o n c e n t r a t i o n  change; (3) 

t r a n s p o r t a t i o n  as  a s o l u t e  i n  a more m obile  p h a se ;  (4) ta k e n  in t o  an 

e a r l y  m in e ra l  p h a s e ,  c r y s t a l l i s i n g  a t  the c o n t a c t ,  o r  (5) movement by 

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

(1) In  f i g u r e  5 .3  a l l  th e  d a ta  a r e  p l o t t e d  on a q u a r t z - a l b i t e -  

o r t h o c l a s e  d iagram ; where t h e  com posi t ion  o f  th e  a p l i t e  

moves towards th e  a l b i t e  c o rn e r  as t h e  d i s t a n c e  from th e  

c o n ta c t  i n c r e a s e s , I f  f r a c t i o n a t i o n  was th e  o p e r a t iv e  

p ro c e s s  th e  co m p o s i t io n  shou ld  fo l lo w  th e  r e v e r s e  p a t h ,  

t h a t  i s ,  away from  th e  a l b i t e  c o rn e r  ( T u t t l e  and Bowen,

1958) . For t h i s  r e a s o n  f r a c t i o n a t i o n  i s  r u l e d  o u t  as  a 

p o s s i b l e  p r o c e s s .

(2) D i f f u s io n  down a te m p e ra tu re  g r a d ie n t  shou ld  r e s u l t  i n

an e x p o n e n t ia l  d i s t r i b u t i o n  cu rv e .  Such a p ro c e s s  i s  th o u g h t 

to  acc o u n t f o r  a number o f  e lem ent v a r i a t i o n s  r e p o r te d  h e r e ,  

namely, sodium i n  th e  c o n ta c t  zone , c h l o r i n e ,  f l u o r i n e  and 

p o s s i b ly  p o ta ss iu m  and w a t e r . The d i f f u s i o n  o f  sodium might



have  o c c u rre d  a t  h ig h  t e m p e r a tu r e s , w h i le  p a r t  o f  the  

s i l l  was s t i l l  m olten  i n  o rd e r  to  accoun t f o r  th e  narrow  

zone t h a t  i s  a f f e c t e d .  The movement o f  c h l o r i n e  and 

f l u o r i n e  have been  s tu d ie d  by a number o f  w orkers  who 

found t h a t  p e r a l k a l i n e  ro ck s  have h ig h  i n i t i a l  

c o n c e n t r a t i o n s  (L overing ,  1966; Z ie s ,  1960; Noble e t  a l , ,  

1967) which a re  n e a r l y  co m p le te ly  l o s t  on c r y s t a l l i s a t i o n  

(Noble e t  a l . , 1967); w h i le  th e  d i s t r i b u t i o n  a c ro s s  th e  

s i l l s  s u g g e s ts  t h a t  t h e r e  m ight have been  some l o s s .

The form o f  the  d i s t r i b u t i o n  cu rve  f o r  d i f f u s i o n  down a 

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

t h e  s i l l s  o r  i n t o  th e  s i l l s .  A number o f  c o n s t i t u e n t s  

cou ld  be e x p la in e d  by such d i f f u s i o n  o u t  o f  th e  s i l l s ' ,  

n am ely : -  ca lc iu m  in  the  im mediate c o n t a c t  zone , sodium

and c h l o r i n e .  C o n s t i t u e n t s  t h a t  may have moved in to  th e
* . . .

s i l l s  by such a p ro c e s s  a r e ; -  t i t a n i u m ,  i r o n ,  magnesium, 

p o ta s s iu m  (?) and s u l p h u r .

A v o l a t i l e  p h a se ,  c o n s i s t i n g  o f  w a te r ,  c h l o r i n e ,  f l u o r i n e  

and p o s s ib ly  carbon  d io x id e  could  have t r a n s p o r t e d  some 

c o n s t i t u e n t s  o u t  o f  th e  s i l l s  and p r e c i p i t a t e d  them i n  th e  

c o o le r  c o n ta c t  zone; th e se  c o n s t i t u e n t s  a re  s i l i c a ,  

p o ta s s iu m ,  rub id ium  and p o s s ib ly  sodium to  some e x t e n t .

The ox ides  though t to  be r e d i s t r i b u t e d  by i n i t i a l  c r y s t a l l ­

i s a t i o n  o f  m in e ra ls  a t  th e  c o n ta c t  a r e  kl^Q^,  K^O and H^O. 

The major m in e ra l  phases  a t  th e  c o n t a c t  c o n s i s t  o f  m uscov ite  

and b i o t i t e  which a r e  r i c h  i n  th e s e  t h r e e  o x id e s .  Also th e  

c r y s t a l l i s a t i o n  o f  p l a g i o c l a s e  seems to  have a d ju s te d  the  

c o n c e n t r a t i o n  o f  ca lc ium  and i n d i r e c t l y  carbon  d i o x i d e .



(5) The o x ides  which have moved i n  re sp o n se  to  a d e n s i t y  

c o n t r a s t  a r e , c a l c iu m  o x id e ,  carbon  d io x id e  and sodium 

o x id e .  The f i r s t  two a r e  c o n c e n t ra te d  i n  th e  top

c o n ta c t  o f  th e  s i l l s ,  w h i le  sodium oxide i s

c o n c e n t r a te d  i n  th e  b o t to m  of  th e  s i l l s .

B es id es  th e  v a r i a t i o n s  a c ro s s  th e  s i l l s ,  magnesium, p o ta ss iu m , 

ru b id iu m  and s t r o n t iu m  have two d i s t i n c t  c o n c e n t r a t i o n  l e v e l s  w i th i n  

th e  c e n t r a l  zone. P o ta ss iu m  ap p ea rs  to  be c o r r e l a t e d  w i th  ru b id iu m  

and in v e r s e l y  w i th  s t r o n t iu m ,  b u t  the  magnesium c o n c e n t r a t i o n  i s  

in d e p en d en t o f  th e  c o n c e n t r a t i o n  o f  th e  o th e r  e le m e n ts .  This  v a r i a t i o n  

in  c h e m is t ry  i s  though t to  be a p r im ary  f e a t u r e  o f  th e  magma, and th e

d i f f e r e n t  c o n c e n t r a t i o n  l e v e l s  i n d i c a t e  t h a t  th e  magma i s  r e l a t i v e l y

unmixed. F u r th e r  ev id en ce  o f  unmixing i s  p ro v id ed  by th e  d i s t r i b u t i o n

o f  th e  red  a p l i t e ,  which occu rs  i n  sm all r e g io n s  c o v e r in g  t h e , t o t a l
"

th ic k n e s s  o f  th e  s i l l .  However, p a r t i a l  m ixing o f  red  and g rey  a p l i t e  

can be  seen  i n  th e  n o n - lam in a r  t e x t u r e  shown in  P l a t e  3 .1 1 ,  These 

v a r io u s  magma com posi t ions  have p ro b a b ly  n o t  been  i n j e c t e d  im m edia te ly  

a f t e r  g e n e r a t io n ;  r a t h e r ,  th e y  p ro b a b ly  remained in  an unmixed s t a t e  in  

th e  s o u rc e  r e g io n ,

5 .4  O r ig in  o f  th e  magma

The i s o t o p i c  work su g g es ted  t h a t  th e  a p l i t e  s i l l s  were p o s s ib ly  

d e r iv e d  from the  m e l t in g ,  or p a r t i a l  m e l t in g  of basem ent g r a n i t i c  

r o c k s ,  which were a p p ro x im a te ly  3200 m.y. o ld .  The l e u c o t o n a l i t e  

g n e i s s e s  o f  th e 'A n c ie n t  Gneiss Complex seem p a r t i c u l a r l y  im p o r ta n t  so u rce  

ro ck s  (F ig u re  4 . 3 ) .  However, Noble (1968) and B a i le y  and S c h a i r e r  (196.6) 

a g re e  t h a t  p e r a l k a l i n e  ro c k s ,  such  as th e s e  a p l i t e  s i l l s ,  canno t be 

d e r iv e d  from such sub-alum inous g r a n i t i c  ro c k s ;  a l th o u g h  B a i le y  and 

S c h a i r e r  (1966) say t h a t  a p e r a l k a l i n e  ro ck  could be g e n e ra te d  from a 

sub-alum inous ro c k ,  by e x t e n s iv e  f r a c t i o n a t i o n  o f  a n o r t h i t e  o u t  o f  a



Figure 5.4Position of centra! zon e  samples
with respect to experim ental  
work.

5 0 0  MPa w ater  
saturated  cotectic  
lines.
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a  c e n t r a l  z o n e  s a m p l e s  

m a c i d  i n t r u s i v e  in the g r a n i t e  d o m e

The experim ental curves are taken from  
l-uth e t  al (1964).



Figure 5.5
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Figure 5.5 •

Changes i n  th e  minimum m elt co m p o s i t io n  \>x-h c o n f in in g  p r e s s u r e  and 

sm all changes i n  co m p o s i t io n  of th e  so u rce  m a t e r i a l . The m e l t  

com posi t ions  a r e  p r o j e c t e d  onto  th e  q u a r t z - a l b i t e - o r t h o c l a s e  t e rn a r y  

d iagram  from th e  apex o f  th e  r e l e v a n t  t e t r a h e d r o n .  In  th e  c a s e  o f  

a n o r t h i t e  c o n te n t  the  p o i n t s  p l o t t e d  a r e  th e  p i e r c i n g  p o i n t s , w ith  

th e  minimum m e!t p l o t t i n g  towards th e  a n o r t h i t e  f r e e  minimum m e lt  

co m p o si t io n .

Changes i n  th e  te m p e ra tu re  o f  i n i t i a l  m e l t in g  w i th  th e  changing  

c o n d i t io n s  i s  a l s o  p l o t t e d .

R efe ren ces  ,

(1) T u t t l e  and Bowen (1958)

(2) Lufh e t  a l .  (1964)

(3) Luth (1969)

(4) James and H am ilton  (1969)

(5) Thompson and Mackenzie (1967)



magma b u t  i s  u n l i k e l y .

The t e m p e r a t u r e - p r e ? t i r e  c o n d i t io n s  d u r in g  a n a t e x i s  can be deduced 

by com paring th e  c h em is try  o f  th e  a p l i t e  w i th  t e m p e ra tu r e -p re s s u re  

c o n d i t io n s  d u r in g  e x p e r im e n ta l  work done on th e  ’g r a n i t e ’ and r e l a t e d  

sy s tem s .  The com posi t ion  o f  th e  c e n t r a l  zone samples p l o t  on th e  

t e r n a r y  e u t e c t i c  p o in t  and th e  q u a r t z - a l b i t e  c o t e c t i c  l i n e  o f  th e  

s a t u r a t e d  q u a r t z - a l b i t e - o r t h o c l a s e  system  a t  500 MPa (F ig u re  5 . 4 ) ,  

de te rm in ed  by L uth  e t  a l .  (1964).  I f  t h i s  r e p r e s e n te d  th e  c o n d i t io n s  

o f  th e  source  r e g io n  d u r in g  a n a t e x i s " i t  would mean t h a t  th e  co m p o s i t io n  

o f  th e  a p l i t e  magma co rresponded  to  the  e u t e c t i c  co m p o s i t io n .  When 

p o ta s s iu m  was exhausted  i n  th e  s o u rc e  r e g io n  th e  co m p o si t io n  o f  th e  

magma would move a long  th e  q u a r t z - a l b i t e  c o t e c t i c  l i n e ,  as appea rs  to  be  

th e  c a s e  f o r  the  a p l i t e .  T h is  means t h a t  t h e  p o ta ss iu m  c o n c e n t r a t i o n  

m ust have  been  l e s s  th an  th e  sodium c o n c e n t r a t i o n  i n  o rd e r  to  be 

ex h au s te d  f i r s t .

Because o f  th e  number o f  p a ra m e te rs  t h a t  a f f e c t  th e  sy s tem , i t  i s  

u n r e a l i s t i c  to  assume t h a t  th e  c o n d i t io n s  o f  th e  s o u rce  r e g io n  a r e  t h i s  

s im p le .  The e f f e c t  o f  i n c r e a s in g  p r e s s u r e  on the  s a t u r a t e d  system , 

c o n s id e re d  above, i s  to move the  c o t e c t i c  m in im u m /te r t ia ry  e u t e c t i c  

tow ards  th e  a l b i t e  c o rn e r  ( T u t t l e  and Bowen, 1958; Luth  e t  a l . , 1964).

I n  an  anhydrous system , t h e  c o t e c t i c  minimum a l s o  moves away from 

q u a r tz  (Luth , 1969) b u t  n o t  as f a r  as th e  s a t u r a t e d  system  f o r  e q u iv a le n t  

p r e s s u r e  i n c r e a s e s .  This means t h a t  i n  an  u n s a tu r a t e d  sy stem , th e  

minimum m e lt  com posi t ion  shou ld  l i e  between th e  s a t u r a t e d  and anhydrous 

co m p o s i t io n s .

The e f f e c t  o f  o th e r  v a r i a b l e s  s tu d ie d  e x p e r im e n ta l ly  i s  summarised 

i n  F ig u re  5.5, The p o in t s  p l o t t e d  f o r  in c r e a s in g  a n o r t h i t e  c o n te n t  a re  

p i e r c i n g  p o i n t s ,  and n o t  p r o j e c t e d  e u t e c t i c  c o m p o s i t io n s ,  as i s  th e  c a s e  

f o r  th e  o th e r  p o in t s  and, th u s ,  th ey  only  r e p r e s e n t  th e  co m p o si t io n  of
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Figure 5.6

The e f f e c t  o f  in c r e a s in g  te m p e ra tu re  and p r e s s u r e  on th e  u n d e r -  

s a t u r a t e d  m e lt in g  l i n e s  i n  th e  ’ g r a n i t i c '  system  and c o n se q u e n t ly  

th e  v a r i a t i o n  i n  th e  p a r t i a l  p r e s s u r e  o f  w a te r ,  a f t e r  Brown (1970).

The s a t u r a t e d  m e l t in g  and th e  dry m e l t in g  cu rves  have been  

e s t a b l i s h e d  e x p e r i m e n t a l ly , w h i le  th e  u n d e r s a tu r a te d  m e l t in g  cu rves  

have n o t .  The cu rv es  A -  A’ , B -  B1 and C -  C' a r e  th e  cu rv es  a long  

which th e  p a r t i a l  p r e s s u r e  o f  w a te r  i s  c o n s t a n t .  These have n o t  been  

d e te rm in ed  e x p e r im e n ta l ly , b u t  must be a sy m p to t ic  to  th e  d ry  m e l t in g  

cu rve  and should  i n t e r s e c t  th e  s a t u r a t e d  m e l t in g  curve a t  a t o t a l  

p r e s s u r e  equal to  t h e  p a r t i a l  p r e s s u r e .  The cu rv es  a re  f o r  p a r t i a l  

p r e s s u r e s  o f  SOMPa, SOOMPa and lOOOMPa r e s p e c t i v e l y .

The p r e s s u r e  te m p e ra tu re  c o n d i t io n s  f o r  th e  magma s o u rc e  r e g io n  

were e s t im a te d  from th e  i n t e r s e c t i o n  o f  th e  SOOMPa (B -  B ')  c o n s ta n t  

p a r t i a l  p r e s s u r e  cu rve  w ith  th e  1 % m e l t in g  l i n e .

The shaded a r e a  i s  the  p r e s s u r e  te m p e ra tu re  r e g io n  f o r  th e  magma 

as i n d i c a t e d  from th e  p e t ro lo g y  (F j u r e  3 . 2 ) .  T h is  does n o t  n e c e s s a r i l y  

c o n t r a d i c t  th e  c o n d i t io n s  f o r  th e  s o u rce  r e g io n  as the  magma could  have 

p assed  th rough  th e  r e g io n  in d i c a t e d  by th e  p e t ro lo g y  w i th  th e  subsequen t 

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



-  51 -

th e  m e l t  a t  th e  i n s t a n t  when one o f  th e  t h r e e  p h ases  (q u a r tz - -o r th o -  

c l a s e - p l a g i o c l a s e )  i s  e x h a u s te d .  P r i o r  to  t h i s ,  i n  th e  c a se  o f  

p a r t i a l  m e l t in g ,  th e  co m p o s i t io n  o f  th e  m e l t  w i l l  p l o t  a t  some p o in t  

on th e  c o t e c t i c  l i n e  w i th  a low er ca lc iu m  c o n c e n t r a t i o n  th a n  th e  

o r i g i n a l  so u rce  m a te r i a l  r e p r e s e n te d  by th e  p i e r c i n g  p o in t  ( P r e s n a l l  

and Bateman, 1973). From F ig u re  5 .5  i t  can be seen  t h a t  an i n c r e a s e  

i n  ca lc iu m  c o n te n t  o f  th e  s o u rc e  r e g io n  can b e  o f f s e t  by an in c r e a s e  

in  p r e s s u r e  i n  th e  w a te r  s a t u r a t e d  sy s tem  o r  by excess  sodium to  some 

e x t e n t .

A l l  the  r e s u l t s  i n  F ig u re  5 . 5 ,  e x c e p t  th o s e  o f  Luth (1969) ,  a r e  f o r  

w a te r  s a t u r a t e d  sys tem s,  and a t  500 MPa a  s a t u r a t e d  m e lt  would c o n ta in  

-> 8 % w a te r  ( T u t t l e  and Bowen, 1958).  The p r e s e n t  w a te r  c o n c e n t r a t i o n  

o f  th e  c e n t r a l  zone samples i s  l e s s  th a n  0,5% on average  i n d i c a t i n g  

. t h a t  th e  i n i t i a l  m e lt  must have been  u n d e r s a tu r a t e d .  This  a g re e s  w i th  

th e  comment i n  L u th  e t  a l .  (1964) , t h a t  m e lts  t h a t  a r e  u n d e r s a tu r a te d  

i n  alum ina as  th e  a p l i t e  i s , would a l s o  be  under s a t u r a t e d  i n  w a te r .

Brown (1970) d is c u s s e d  th e  p o s s i b i l i t y  t h a t  a l l  a n a t e c t i c  m e lts  a r e  

u n d e r s a tu r a te d  i n  w a te r .

Approximate te m p e ra tu re s  and p r e s s u r e s  f o r  th e  a n a t e c t i c  fo rm a t io n

o f  th e  a p l i t e  magma can be o b ta in e d  from the. t h e o r e t i c a l  cu rv es  o f

Brown (1970), i f  i t  i s  assumed t h a t  th e  co m p o s i t io n  of th e  a n a t e c t i c

m e l t  formed w i th  a p a r t i a l  p r e s s u r e  o f  w a te r ,  has  th e  same co m p o s i t io n  as

a s a t u r a t e d  m e lt  i n  terms o f  q u a r t z - a l b i t e - o r t h o c l a s e  ( c . f . F ig u re  5 . 6 ) .

The te m p era tu re  and p r e s s u r e  i s  g iven  by th e  i n t e r s e c t i o n  o f  th e  c o n s ta n t

p a r t i a l  p r e s s u r e  c u r v e , w i th  th e  m e l t in g  l i n e  f o r  a s p e c i f i c  w a te r

c o n c e n t r a t i o n .  In  F ig u re  5 ,6  th e  w a te r  c o n c e n t r a t i o n  i s  assumed to  be

1% as  th e  t o t a l  v o l a t i l e  c o n c e n t r a t i o n  a t  p r e s e n t  i s  l e s s  th a n  1%. From

t h i s  i n t e r s e c t i o n  p o in t  th e  c o n d i t io n s  un d er  which th e  a p l i t e  magma formed 

• oa r e  a p p ro x im a te ly  950 C and 900 MPa ( e q u iv a le n t  to  a dep th  o f  34 -  35
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Figure 5.7

An e n la rg e d  p o r t i o n  o f  th e  t r i a n g u l a r  v a r i a t i o n  d iagram  f o r  

m o lecu la r  SiC^, and (Na^O + K^O) , a f t e r  B a i le y  and MacDonald

(1970).

R efe rences

(1) A nhaeusser (1973) |

(2) B a i le y  and MacDonald (1970)

(3) Carm ichael and MacKenzie (1963 ) ,  r e p o r te d  by B a i le y  and 

MacDonald (1970).  These e u t e c t i c  p o in t s  were de te rm ined  

to g e th e r  w i th  th e  a l b i t e  c o t e c t i c  i n  a s a t u r a t e d  system  

a t  lOOMPa.

(4) L u th  e t  a l .  (1 9 6 4 ) t This  e u t e c t i c  p o i n t  was d e te rm ined  

a t  SOOMPa i n  a s a t u r a t e d  system ,

T his  d iagram  shows t h a t  th e  c o n t a c t  zone samples have l o s t  a l a r g e  

amount o f  a l k a l i e s  and have moved from th e  c e n t r a l  zone c l u s t e r ,  away 

from th e  p u re  a l k a l i  co m p o s i t io n .  The a s s o c i a t e d  f e l s i c  i n t r u s i v e  i s  

d i s p la c e d  towards th e  f e l s p a r  co m p o s i t io n ,  s u p p o r t in g  i t s  o r i g i n  by 

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

The e u t e c t i c  com posi tions  a t  lOOMPa a r e  p a r a l l e l  to  th e  a l b i t e  

c o t e c t i c  l i n e  and c o l in e a r  w i th  th e  c o n t i n e n t a l  com end ite s .  I t  i s  n o t  

known how th e  c o t e c t i c  l i n e  o r  e u t e c t i c  com posi t ions  p l o t  a t  SOOMPa 

under w a te r  s a t u r a t e d  c o n d i t i o n s ; t h e r e f o r e  i t  i s  n o t  known i f  th e  

c e n t r a l  zone c l u s t e r  p l o t s  on a minimum m e lt  co m p o s i t io n  w i th  ex cess  

a l k a l i e s .

The dashed l i n e  i n  the  f i g u r e  i s  th e  i n t e r s e c t i o n  l i n e  w ith  F ig u re

5 .4  i n  th e  t h i r d  d im ension .
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k i l o m e t r e s , assuming a d e n s i t y  o f  2 ,7  x 10 Kg/m ) •

These i n f e r r e d  c o n d i t io n s  do n o t  ta k e  in to  accoun t th e  ca lc iu m  

c o n c e n t r a t i o n  o f  th e  so u rc e  ro c k .  This  i s  p ro b ab ly  o f f s e t  by th e  

ex cess  sodium and p o s s i b ly  even h ig h e r  p r e s s u r e s .  In  F ig u re  5 .7  

th e  p l o t t e d  com posi tions  o f  th e  c e n t r a l  zone samples a r e  d i s p la c e d  

from th e  p o i n t  r e p r e s e n t i n g  th e  e u t e c t i c  co m p o si t io n  d e te rm in ed  by 

Luth  e t  a l .  (1964) toward th e  a l k a l i  (sodium) r i c h  s id e  o f  th e  d iagram . 

Due to  th e  la c k  o f  in fo rm a t io n  on th e  ca lc iu m  and w a te r  c o n c e n t r a t io n s  

and th e  e f f e c t  o f  excess  sodium a t  th e  deduced p r e s s u r e s  and te m p e ra tu re ,  

th e  p o s t u l a t e d  te m p e ra tu re  and p r e s s u r e  c o n d i t io n s  can  on ly  be  

re g a rd e d  as t e n t a t i v e .  A ls o , i f  th e  o r i g i n a l  so u rc e  ro c k  i s  r e l a t e d  

to  the  A n c ien t  Gneiss Complex o f  S w aziland , i t  must have had a  low 

c o n c e n t r a t i o n  o f  p o ta ss iu m  and an ex cess  o f  sodium; which a g re e s  w ith  

th e  comments o f  B a i le y  and S c h a i r e r  (1966) and Noble (1968) on the  

co m p o s i t io n  o f  o th e r  s i m i l a r  so u rce  r o c k s .

5 .5  S im i la r  ro c k s

In  T ab le  5 .5  th e  c h em is try  o f  th e  a p l i t e  i s  g iven  w i th  o th e r  

a n a ly s e s  o f  r o c k s ,  i n  o rd e r  to  compare and , perhaps  c l a s s i f y ,  the  

a p l i t e  w i th  r e f e r e n c e  to  o th e r  ro c k s .  The p a ram e te rs  t h a t  a r e  used to  

d i f f e r e n t i a t e  a c i d i c  ro c k s  such as l i s t e d  i n  T ab le  5 .5  a r e N a ^ O / ^ O  

r a t i o ,  (NagO + K2 0 ) /C a 0  r a t i o ,  a tom ic  p ro p o r t i o n s  o f  (NagO + K^C^/AlgO^) 

which i s  the  e q u iv a le n t  to  the  p e r a l k a l i n e  index  o f  U ssing  (1912) and 

Edgar (1974) , and the  c o n c e n t r a t i o n s  o f  i r o n  and magnesium.

Because th e  Na^/KgO r a t i o  i s  i n  ex cess  o f  two, th e  a p l i t e  m ight 

be long  to  th e  t o n f i t e  s u i t e ,  and beca u se  o f  th e  h ig h  a l k a l i / c a l c i u m  

r a t i o ,  i t  cou ld  a l s o  co rre sp o n d  to  an a l k a l i  g r a n i t e .  However, 

t o n a l i t e s  g e n e r a l ly  have a low a l k a l i / c a l c i u m  r a t i o ,  and a l k a l i  g r a n i t e s  

have a Na^O/K^Q r a t i o  o f  l e s s  th an  o n e , so t h a t  th e  a p l i t e  does n o t  r e a l l y  

be lo n g  to  e i t h e r  g roup. In  f a c t ,  hy p ab y ssa l  rocks  w ith  a NagO/KgO r a t i o
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Figure 5.6

The a p l i t e  u n l ik e  o th e r  p e r a l k a l i n e  ro ck s  has a f a i r l y  c o n s ta n t  

i r o n  c o n c e n t r a t i o n  w ith  i t s  in c r e a s in g  sodium c o n c e n t r a t i o n .  In  th e  

p e r a l k a l i n e  ro ck s  r e p o r te d  in  th e  l i t e r a t u r e  th e re  i s  an in c r e a s in g  

i r o n  c o n c e n t r a t i o n  w ith  th e  in c r e a s in g  sodium c o n c e n t r a t i o n ,  and the  

l i n e  A -  A’ i s  B a i le y  and MacDonald’ s (1970) ’a x i s  f o r  c o n t in e n ta l  

c o m e n d i te s ’ . However, i n  g e n e ra l  the  p e r a l k a l i n e  ro ck s  r e p o r t e d  in  

th e  l i t e r a t u r e  p l o t  above t h i s  l i n e .
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g r e a t e r  th a n  one, and a v e ry  h ig h  a l k a l i / c a l c i u m  r a t i o  a r e  r a r e .

Joh an n sen  (1932, V ol. I I ,  p . 376) o n ly  r e p o r t s  t h r e e  exam ples, one o f  

which c o n ta in e d  a e g e r in e  and , r e c e n t l y ,  a n o th e r  example has been  

r e p o r te d  (MacDonald e t  a l . ,  1973) which a l s o  c o n ta in s  a e g e r in e .

S ince  th e  p e r a l k a l i n e  in d e x  i s  g r e a t e r  than  one , th e  a p l i t e  i s  

encompassed by th e  d e f i n i t i o n  f o r  p e r a l k a l i n e  rocks  (Shand, 1927, 

p . 129). G e n e ra l ly  p e r a l k a l i n e  rocks  have an e x o t i c  m ine ra logy  due 

to  t h e i r  excess  sodium c o n c e n t r a t i o n  and t h e i r  h ig h  c o n te n t  o f  r a r e  

e a r t h s  and h a l i d e s , b u t  th e  a p l i t e  c o n ta in s  none o f  th e se  

e x o t i c  m i n e r a l s . ThxS poses  a problem , f o r  i t  i s  n o t  known in  which 

m in e ra l  phase  th e  excess  sodium i s  p r e s e n t , as a l l  the  known m in e ra l  

phases  a r e  s a t u r a t e d  o r  o v e r - s a t u r a t e d  w ith  r e s p e c t  to  alum inium .

Noble (1968) p u t  fo rw ard  a rough c l a s s i f i c a t i o n  o f  p e r a l k a l i n e  

e x t r u s i v e s  on th e  b a s i s  o f  t h e i r  c h e m is t ry ,  and B a i le y  and MacDonald 

' (1970) have l i s t e d  v a r io u s  t r e n d s  w i th i n  p e r a l k a l i n e  ro c k s .  However, 

th e  r e s u l t s  from E.R.P.M. do n o t  f i t  o r  appea r to  be  r e l a t e d  to  any 

o th e r  p e r a l k a l i n e  g roup , i f  a n y th in g  b u t  SiOg-AlgOg-NagO-KgO a r e  

c o n s id e re d .  This i s  i l l u s t r a t e d  in  F ig u re  3 .8 .

M oreover, th e r e  i s  one s t r i k i n g  d i f f e r e n c e  between th e  e v o lu t io n  of 

th e  p e r a l k a l i n e  a p l i t e s  on E.R.P.M, and o th e r  r e p o r t e d  p e r a l k a l i n e  ro c k s .  

Most s i l i c e o u s  p e r a l k a l i n e  ro ck s  ap p ea r  to  be a minor p ro d u c t  of 

f r a c t i o n a t i o n  o f  a l a r g e  a l k a l i  magma body n e a r  to th e  s u r f a c e  (N oble, 

1968; B a i le y  and S c h a i r e r ,  1966; MacDonald e t  a l . ,  1974). T h e re fo re  ' 

th e s e  rocks  a re  c l o s e l y  a s s o c ia t e d  w i th  o th e r  a l k a l i  ro c k s  such as 

t r a c h y te s  and p h o n o l i t e s  i n  space  and t im e .  By c o n t r a s t  th e  p e r a l k a l i n e  

a p l i t e s  on E.R.P.M. appear to  be a d i r e c t  emplacement o f  an a n a t e c t i c  m elt 

formed n e a r  th e  b ase  o f  a c o n t i n e n t a l  c r u s t .

The f e l s i c  i n t r u s i v e s  t h a t  occur i n  th e  J o h a n n e s b u rg -P re to r ia  dome 

r e p o r te d  by A nhaeusser (1973) a re  s im i l a r  i n  p e t ro lo g y  and

. .V ? ■ ■ -■— — fc-------- 1— 1— *—    - 1 ir r  mil i ■ ■■■.m . iiw  . . ii. .  .i#Mitnrw*. a a i.u a #  urn* ~ fc.■Ttf{t '
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c h e m is try  to  the  a p l l t e  b u t ,  as  p o in te d  ou t  i n  s e c t i o n  5 . 2 ,  t h e r e  a re  

s u f f i c i e n t  d i f f e r e n c e s  to  d i s t i n g u i s h  betw een them. The main d i f f e r e n c e  

i s  i n  the  Na^O/K^O r a t i o  b u t  th e s e  a n a ly se s  a l s o  p l o t  i n  s i g n i f i c a n t l y  

d i f f e r e n t  a r e a s  o f  F ig u re s  5 .3  and 5 .7 .  This  s u g g e s ts  t h a t  the  magma 

f o r  th e s e  i n t r u s i o n s  formed under d i f f e r e n t  p r e s s u r e - t e m p e r a tu r e  

c o n d i t io n s  to  th o se  on E.R.P.M. and th e  c h em is try  o f  the  so u rce  r e g io n  

cou ld  have b een  su b -a lu m in o u s ,

T h e re fo re  th e  ch em is try  o f  th e  a p l i t e  shows t h a t  i t  has  a few 

s i m i l a r i t i e s  to  p e r a l k a l i n e  r o c k s , b u t  i t  does n o t  appea r  to  be 

r e l a t e d  to  com endites  and p a n t e l l e r i t e s . The d i f f e r e n c e  i s  p ro b ab ly  

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

b e in g  a g e n e t i c  p a ram e te r  which d i f f e r s  to  a l a r g e  d e g re e .  The a u th o r  

has  no knowledge o f  rocks  w ith  a  s i m i l a r  c h em is try  and h i s t o r y  from 

o th e r  l o c a l i t i e s ,

5 . 6  A s s o c ia te d  rocks

The a s s o c ia t e d  f e l s i c  i n t r u s i o n  (F69G), as i n  i t s  p e t ro g ra p h y ,  shows 

s i g n i f i c a n t  d i f f e r e n c e s  i n  ch e m is try  from the  c e n t r a l  zone a p l i t e .  In  

th e  q u a r t z - a l b i t e - o r t h o c l a s e  p l o t  (F ig u re  5 .3 )  th e  sample p l o t s  betw een 

the  e u t e c t i c  c l u s t e r  and th e  a l b i t e  c o r n e r .  T h is  s u g g e s ts  t h a t  th e  rock  

may have s e p a ra te d  from th e  a p l i t e  magma a t  an e a r l y  s t a g e ,  a f t e r  

c o n s id e r a b le  c r y s t a l l i s a t i o n  o f  a l b i t e  from the  a l b i t e  magma, when the  

e u t e c t i c  com position  was f u r t h e r  removed from th e  a jp l i t e  end th an  th e  

Composition o f  the  o r i g i n a l  a n a t e c t i c  m e l t .  The a l b i t e  c r y s t a l s  p lu s  

some magma s o l i d i f i e d  and was in c o rp o ra te d  as a x e n o l i t h  w i th i n  the  

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

The q u a r t z - c h l o r i t e - c a l c i t e  i n t r u s iv e 's  ( P la t e  3 .1 ,  F ig u re  2 .5 )  have 

a ch em is try  t h a t  has a f f i n i t i e s  to  c a r b o n a t i t e s , beca u se  o f  th e  h ig h  c a l c i t e  

c o n c e n t r a t i o n  (G .l .F .W . Norm = 30,3%, c a l c u l a t e d  from th e  c h e m is try  i n  

Table I I I ,  Appendix B ) . However, b ecause  o f  the  h ig h  s i l i c a  c o n te n t  

( 4 1 *4%, Table I I I ,  Appendix B) they  a re  n o t  com parable to c a r b o n a t i t e s .



T his  s i l i c a  c o n c e n t r a t i o n  i s  i n  a l l  p r o a b a b i l i t y  a r e s u l t  o f  c o n ta m in a t io n  

o f  th e  o r ig in a l ,  magma by th e  a d ja c e n t  q u a r t z i t e s  and a p l i t e s ,  f o r  a 

number o f  a p l i t i c  x e n o l i t h s  have been  found i n  th e  i n t r u s i o n  i n  a h ig h ly  

a l t e r e d  s t a t e .

5 .7  C o n c lu s io n  .

I n  s e c t i o n  5 .3  i t  was found t h a t  c o n ta m in a t io n  o f  th e  a p l i t e  by th e

w a l l  ro c k  was minimal w i th  th e  c h em is try  o f  th e  c e n t r a l  zone c o r re sp o n d in g

to  a e u t e c t i c  co m p o s i t io n .  The a l t e r a t i o n  o f  th e  w a l l  rock  i s  sm all

compared to  t h a t  d e s c r ib e d  by  MacDonald e t  a l .  (1973) f o r  p e r a l k a l i n e

s i l l s  i n  South G reen la n d , w hich r a d i c a l l y  changed th e  ch em is try  o f  th e

o l i v i n e  gabbro w a l l  ro ck .  T h is  a l t e r a t i o n  was due to  th e  chem ica l

c o n t r a s t  betw een th e  o l i v i n e  gabbro and the  m e ta so m a t is in g  f l u i d s .

From th e  e u t e c t i c  co m p o s i t io n  and th e  ^ S r / ^ S r  i n i t i a l  r a t i o , i t

can  be deduced t h a t  the  a p l i t e  i s  an a n a t e c t i c  m e lt  and th e  i n f e r r e d

te m p e r a tu r e - p r e s s u r e  c o n d i t io n s  o f  the,- so u rc e  r e g io n  a r e  + 950° C and
""

900 MPa, and th e  co m p o si t io n  o f  t h e  sou rce  ro c k  was low i n  p o ta ss iu m  

and had excess  sodium. The a n a t e x i s  took p la c e  between 34 -  35 k i l o ­

m e tres  below the  s u r f a c e  o f  th e  e a r t h ,  which Was p ro a b ly  n e a r  th e  b a se  

o f  th e  c o n t i n e n t a l  c r u s t .



6 . ASSOCIATED TECTONICS

A number o f  t e c t o n i c  f e a t u r e s  have been  observed  i n  a s s o c i a t i o n  w ith  

th e  s i l l s .  These a r e : -  a w e l l  developed  j o i n t  s e t ;  zones of b r e c c i a t i o n ,  

younger q u a r tz  v e in s  and a s t r u c t u r a l  f a b r i c .

6 .1  J o i n t i n g

I n  deep l e v e l  t a b u la r  mines th e re  i s  a s e t  o f  dominant m ining  induced  

j o i n t s  i n  a d d i t i o n  to  th o se  o f  g e o lo g ic a l  o r i g i n .  O u ts id e  o f  th e  s i l l s  

th e s e  m ining induced  j o i n t s  mask th e  g e o lo g ic a l  j o i n t i n g  ( J e f f e r y ,  1975)? 

th e s e  m ining induced  j o i n t s  ( c a l l e d  type  1 by McGarr, 1971a) no rm ally  

d ip  tow ards th e  advanc ing  s to p e  a t  a p p ro x im a te ly  60° b u t  a r e  r e f r a c t e d  

as  th ey  pass  th ro u g h  th e  s i l l s .  The se n se  o f  t h i s  r e f r a c t i o n  i s  

i n c o n s i s t e n t ;  sometimes th e  j o i n t s  d ip  a t  a s t e e p e r  a n g le  w i th in  the  

s i l l  and sometimes a t  a sh a l lo w e r  a n g l e . This r e f r a c t i o n  i s  n o t  a b ru p t  

a t  th e  c o n t a c t ,  b u t  g r a d u a l ,  s t a r t i n g  o u t s id e  th e  s i l l s  w i th  th e  j o i n t s  

c u rv in g  u n t i l  beyond th e  c o n t a c t  zone when they  become p l a n a r  a g a in .  

A d jacen t  to  th e  s i l l s  t h e r e  i s  a zone i n  which th e  bedd ing  p la n e  p a r t i n g s  

a r e  su p p re s se d  and t h e  r e f r a c t i o n  o f  th e  type  1 j o i n t s  b e g in s .  This  

zone i s  o f  th e  o rd e r  o f  1 0  c e n t im e t r e s  t h i c k .

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

G eo lo g ic a l  s e t s  o f  j o i n t s  i n  th e  s i l l s  a re  assumed to  be th o se  which a r e  

m in e r a l i s e d ;  th e s e  m in e ra ls  a r e  l i s t e d  in  T ab le  3 .1  b u t  w ith  th e  e x c e p t io n  

o f  q u a r t z  and c h l o r i t e  most o f  them a r e  r a r e .  The j o i n t  w a l l s  a r e  sharp  

and th e  m in e ra ls  appea r  to  be p r e c i p i t a t e d  i n  an ev e r-w id en in g  f r a c t u r e ,  

s i m i l a r  to  the  d i l a t i o n  ty p e  o f  j o i n t  d e s c r ib e d  by Durney and Ramsay 

(1973). M in e r a l i s a t i o n  has p ro b ab ly  k e p t  pace  w ith  th e  r a t e  o f  d i l a t i o n  

as t h e r e  a re  no v o id s  i n  the  v e in s  and th e  m in e ra ls  a r e  s u b h e d r a l . The 

th ic k n e s s  o f  th e  m in e ra l  f i l l i n g  v a r i e s  from a f r a c t i o n  o f  a m i l l i m e t r e  

up to  two c e n t i m e t r e s : b o rd e r in g  the  w ider  j o i n t s  th e re  i s  an a l t e r n a t i v e  

zone, o f  b le a c h e d  h o s t  ro c k ,  e x te n d in g  up to  te n  c e n t im e t r e s  from  th e



j o i n t .  There a r e  th r e e  types  o f  j o i n t s  p r e s e n t :  th e  v a s t  m a jo r i ty  a r e

v e r t i c a l  e x te n s io n  j o i n t s ,  a few a re  i n c l i n e d  s h e a r  j o i n t s  and some 

e x t e n s io n  j o i n t s  occur i n  th e  p la n e  o f  th e  s i l l s .  A l l  exposu res  have 

some v e r t i c a l  e x te n s io n  j o i n t s  b u t  i n  a few a re a s  o f  v e ry  h ig h  j o i n t  

d e n s i t y ,  s e t s  o f  j o i n t s  1  -  2  c e n t im e t r e s  a p a r t  dom inate  th e  e x p o su re s .

These a r e a s  o f  c lo s e ly  spaced  j o i n t i n g  a r e  l i s t e d  b e lo w :-

" S i l l  No. 1 H76E, H73E F oo tw all  d r iv e s

S i l l  No. 3 H73E, H74E F o o tw a ll  d r iv e s

S i l l  No. 4 H76W F o o tw a ll  d r iv e

S i l l  No. 7 G76W Stope

The s i g n i f i c a n c e  of th e s e  a re a s  o f  enhanced j o i n t i n g  i s  t h a t  th ey  p ro b a b ly  

r e f l e c t  th e  inhomogeneous n a t u r e  o f  th e  s t r e s s  c o n d i t io n s  r e s p o n s ib le  

f o r  t h e i r  fo rm a t io n .  Most e x te n s io n  j o i n t s  t e rm in a te  i n  o r  n e a r  th e  

d i f f u s e  boundary between th e  c o n ta c t  and c e n t r a l  zo n es .  However, i n  

H76W f o o tw a l l  d r i v e ,  u n m in e ra l i s e d  e x te n s io n s  o f  m i n e r a l i s e d  j o i n t s  

p e r s i s t  th rough  the  c o n ta c t  zone i n t o  th e  a d ja c e n t  s e d im e n ts .  U n m inera lised  

j o i n t s  a r e  a l s o  found r a d i a t i n g  from th e  t i p s  o f  th e  m in e r a l i s e d  j o i n t s  i n  

th e  same l o c a l i t y ,  c a u s in g  b r e c c i a t i o n  o f  th e  a p l i t e ,  th e  la c k  of 

m i n e r a l i s a t i o n  i n  th e se  r a d i a l l y  a r ra n g e d  j o i n t s  su g g e s ts  t h a t  they  form 

i n  r e s p o n s e  to  t h e  mining induced  s t r e s s e s  a t  th e  ends o f  th e  g e o lo g ic a l  

j o i n t s .

The s u r f a c e s  o f  th e  j o i n t s  a re  e s s e n t i a l l y  smooth w ith  sh a llo w  

i n d e n t a t i o n s ,  b u t  on some of th e  l a r g e r  s u r f a c e s  h a c k le  marks a r e  f a i n t l y  

d e f in e d  by s l i g h t  r e l i e f  changes .  At one. ex p o su re ,  a s e r i e s  o f  c l o s e l y  

sp a c e d ,  i r r e g u l a r ,  s e r r a t e d  r id g e s  g rad e  in to  randomly spaced t r i a n g u l a r  

s t e p l i k e  f e a t u r e s .  These s l i c k e n s id e d  s u r f a c e s  a r e  e n t i r e l y  composed o f  

c h l o r i t e  on a s te p p e d  j o i n t  s u r f a c e ;  th e  s t e p s  a re  formed by a dominant 

j o i n t  s u r f a c e  moving from one e x te n s io n  j o i n t  to an  a d j a c e n t  one . The
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