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INTRODUCTION.

Th is  work r e p r e s e n t s  t h e  - e s u l t s  o f  a s u r v e y  o f  

t h e  m in e ra lo g y  and p e t r o l o g y  of t h e  V en te r s d o rp  Co n tac t  

Reef  a t  V e n t e r s p o s t  and Libanon g o l d  mines .  During t h i s  

s t u d y ,  a t t e n t i o n  was p a i d  t o  t h e  mode of  o c c u r r e n c e  o f  

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

to w a r d s  t h e  o t h e r  m i n e r a l s . An a t t e m p t  was a l j O made 

to  g a t h e r  e v i d e n c e  c o n c e r n i n g  t h e  p h y s i c o - c h e m i c a l  

c o n d i t i o n s  which p r e v a i l e d  d u r i n g  t h e  m in e ra l  d e p o s i t i o n ,  

and t o  e v a l u a t e  t h e i r  e f f e c t  on t h e  mode o f  m i n e r a l i z a t i o n .

V e n t e r s d o r :  Con tac t  R e e f .

De Kock (1940) has s a i d  t h a t  th e  name " V e n t e r s ­

dor  p Contact Rc-'f" i s  a p p l i e d  t o  th e  c o n g l o m e r a t i c  s e d i ­

mentary la y e r  which occurs at  t h e  base oj th e  * e n t e r s d o r p  

Lavas and which i t s e l f  r e s t s  on the  W i t w a t e r s r a n d  

System. The V.C.R. i s  younger than th e  W i t w a t e r s r a n d  

System and o ld e r  t b in  the  Venters dorp v o l c a n i c  r o c k s , b u t  

s i n c e  i t  i s  conformable t o  t h e  base o f  th e  l a t t e r  and 

owes i t s  p r e s e r v a t io n  t o  the  out: curing  o f  t h e  1 w a s , i t  

cun be regarded as a b a s a l  conglom erate  o'  th e  V e n t e r s d o r p  

System. De Kock fu r th e r  p o in te d  out th a t  t h e  name 

"Ventersdor?" was not in tend ed  to convey a g e n e t ic  

a f f i n i t y  with the Venter dorp l a v a s , which have d e f i n i t e ­

l y  not c o n tr ib u te d  my go ld ,  but were r e s p o n s i b l e  only  

fo r  sm a l l  a d d i t io n s  o f  v o l c a n ic  ash t o  the matrix of t h e  

r e e f .  The name w is o r i  in  i l l y  chosen to  i n d i c a t e  the  

s t r a t i g r a p h i c  p o s i t i o n  o f  th e  r e e f  a t  the con tac t  between  

the Ventersdorp and Witwatersrand Systems and a l s o  to  

d i s t i n g u i s h  i t  from a true Witwatersrand Banket.

A d e t a i l e d  d e s c r i p t i o n  o f  the  g e o l o g i c a l  

f e a tu r e s  and s t r u c t u r a l  v a r i a t i o n s  o f  the V.C.R. a t



V e n t e r s p o s t  h a s  been g i v e n  by Davies  ( 1 % 9 )  b u t  i s  beyond 

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

p r e s e n t e d  below.

The V.C.R.  may b e s t  be de.'c ’ib c d  as  a cong lomer ­

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

f r o m  what may be c a l l e d  a pebb ly  g v i t  t o  b o u l d e r s  r e a c t ­

ing up to  15 i n c h e s  in  l e n g t h .  The p e b b l e s  and b o u l d e r s  

c o n / t  : t u '  - -

of  s o r t i n g ,  i epending  on t h e i r  l o c a t i o n  i n  t h e  mine, and 

are i n v a r i a b l y  cemented t o g e t h e r  by dark  g r e en  c h l o r i t e  

and v a r i o u s  i n t e r s t i t i a l  mlpd i It $.

P e t r o e r a ;  v.y_ V . d ♦ i  .

C i a r t z  i n  v a r iouc  forms c o n s t i t u t e s  o v e r  80; by

• •  •

V e n t e r s p o s t , ar i o v e r  90/  a t  L i b a n o n , i n  t h e  s u i t e  01

samples  examined.

The p e b b l e  t y p <3 e n c o u n t e r e d  were composed o f

•

p e b b l e s  examined were w e l l - r o u n d e d  e l l i p s o i d a l  o r  mull i n -  

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

o f  milky whi te  o r  d i r t y  rn  y v a r i e i  i e s , a s  w e l l  a s  numer-

•

shaped and s q u a r e  t • b b le a  showing l i t t l e  ro u n d in g  were 

a l  o found .  A ft an, • ; 1 r  r  y i h-1 1 ck t o  dark  brown 

banded ch« r t  : • bM- w r e  il o s- . n . (PI i to  I I ) .

The 1 ng th a  and b r e a d t h s  o f  o v e r  6o0 p e b b l e s  

and cobble:;  wore me asured .  The maximum s i z e  o f  co bb le  

found in  t h e  p r e  e n t  t udy was 150 mm. The l e n g t h -  

b r e a d t h  r a t i o  v a r i e d  between 1 .2 6  and 3 . 0 3 ,  wi th  an o v e r ­

a l l  av e ra ge  f o r  a l l  th o  p e b b l e  measured  o f  1 . 5 9 .



i n d i c a t e s  t h a t  t h e  p e b b l e s  had most p r o b a b l y  been t r a n s ­

p o r t e d  f o r  consj  lei 'at l e  d: t jn c e o .

The f o l l o v  In,5 m a r t 7 type :  , c l a s s i f i e d  a c c o r d i n g  

t o  t h e  scheme rvo io . ' t  i by P e t t i j o h n  (194^ , were e n c o u n t e r  

eu i n  t h e  s u i t  e o f  a m ; l e t  ex imined.  Th< ize  l i m i t s  

r e f e r  t o  the major  a x i s .

.

M u f f i n - s h a p e d  pe bb l t  ind c o b b l e s  17 - 9 5  mm

B r o w n i s h - ' v t e n  cl - rt.y tyj 10 - 0 0  mm.

B l a c k i s h  o r  g r e y i s h  l u a r t z  g r a i n s )
2 -2 0  mm

and p e b b l e s )

E ..11 ;.  , il r , " :  . 1 1 - in i coVLli ' -1 a mm.

. . .

compa c i ma in ly  o f  f h y l l o -  L l i cat  , th« p r i n c i p a l  members 

of t h i s  : rou;  p r e s e n t  in t h e  s u i t e  o f  samples  b e i n g  

c h l o r i t e  md s - a ' i c i t c  . On th< av e r  re, i n  t h e  s u i t e  o f  

samp le , i or Ven t e r s :  o. 1 , 1 .e } n. i l o s i l i c a t e s  accoun t  f o r

.

wher. i in t>.• rr.i U ; : r o r  I il ,non,  th« av- rage p e r c e n t -

a r  t y  w e igh t  ( *b- ; r.yi i l i c  i to .  i s  o f  t h e  o r d e r  o f  l y

fho ive ra ,a  - r . r i x  t o  t abbli  r a t i o  (by w e ig h t )

.

point  1 out  u .  it t t  - s u i t e  o f  'ample; o b t a i n e d  from 

Vent e-ruf v ■ ’ a owed = t i - a . - r  tv e r  ago iogrve  o f  s u l p h i d e  

n. i i ,  ;■ .. ion,  u  ; ' ■)> '■ - L y  1 , ' i . a n  t ho- • from Lib anon,

where the ,v. = v/ ip; roximata ly  3, . This would

obvlou . i - if! ct t i m, ' r i x  t o  i • i l l« r a t i o .

ao can  the r < f o r e  b. s e e n ,  t h e  de g r ee  o f  s u l p h i d e

miner  a] : 1 Lon v , r i  i con ' b, ral ly .  P y r h  i s  t h e  p r e ­

dominant  s u l ;  i id(  | re.-m-nt in i can e a s i l y  be s e e n  i n  hand 

pec i r o n ,  Th( ov er  i l l  pyr i t<  c o n t e n t  f o r  t h e  s u i t e  o f



s a m p l e s  from V e n t e r s p o s t  v a r i e s  from l e s s  t h a n  ly: t o  over  

30$ by w e i g h t ,  with  an a v e r a g e  v a l u e  o f  6$ ,  w h i l e  i n  t h e  

s a m p l e s  from Lib anon t h e  p y r i t e  v a r i e s  from l e s s  t h a n  .l/i>

to  o v e r  .. •

p y r i t e  may o c c u r  ts r y r i t o  fc i n d s , showing p a r a l l e l  

a l ignment  t o  thv b e d d i n g ,  o r  ts c o m p l e t e l y  h a p h a z a r d l y

•

which the  p y r i t e  o c c u r s  i s  a s  s o - c a l l e d  "bu ck sh o t ' '  o r

.

•

ment ions  t h a t  t h e  p r e s e n c e  o f  b u c k s h o t  p y r i t e  i s  g e n e r a l l y  

taken as  a rough  i n d i c a t i o n  o f  h ig h  o r e  v a l u e s ,  due t o  t h e  

fa c t  t h a t  g o ld  i f  commonly found  t o  be  c o n c e n t r a t e d  i n

are i s  cont l i n i n g  f uch p y r i t -  .

P y r r h o t i t e  i s  t h e  nex t  most abun da n t  s u l p h i d e  

p r e s e n t  and o c c u r s  a s  xenomorphic  g r a i n s  a n i  s t r i n g e r s  o r  

more r a r e l y  as  f in ,  pv': Die: o f  b u c k s h o t . - he p y r r n o t x t  c

c o n t e n t  o f  t h e  p r e s e n t  sui t - ;  o f  samples  v a r i e s  from l e s s  

th a n  If" t o  0V‘. r  ^  by wei gh t  a t  . e n t e r s  p o s t  , and iron, l e o s  

t h a n  1/' t o  n e a r l y  •' by w i g h t  a t  Lib anon.  The p r e s e n c e  

o f  l a r g e  amounts  o f  p y r r h o t i t e  in t h e  mine ha:, g e n e r a l l y

'

P e l l  t i  r  (194 ) n , s  in  f a c t  commented on t h i s ,  and has

'

The o t h e r  s u l p h i  te ; a r e  g e n e r a l l y  only  p r e s e n t  

i n  very minor  amounts tnd are- n o t  r e a d i l y  se en  in  hun t  

.

p a r e d  from e q u a l  p o r t i o n s  o f  e v e ry  sample  i n  t h e  p r e s e n t

*

c o p p e r  n I t ie r  U a ji 1 not. vxc v. 1 • *>/



A p a r t i c u l a r l y  n o t i c v  ^bl f e a t u r e  in  the spec imens  o f  o re  

c o n t a i n i n g  b u c k s h o t  p y r i t e  v <.• t: «.• f r«.. enco o f  p a r t i c l e s

• ■ •

most o t h e r  h o r i z o n s  o f  th- b a n k e t ,  where c o a r s e  v i s i b l e  

g o ld  i s  l e s s  r e a d i l y  a. ;n, d e s p i t e  h i r h c r  or ,  v a l u e s  

( do Kock, 1 *4 )*

O r i g i n  o f  the  V . C . h .

, . .

e r o s i o n  p r o d u c t  o f  t h ,  irnmt 1 i a t e l y  unde r !  y i n g  Wit wa te r ,  

r and  S y s te m , f o r m e d  d u r i n g  t h e  p e r i o d  i n t e r v e n i n g  between 

t h e  d e p o s i t i o n  o f  th*. l a t t e r  and th e  o u t p o u r i n g  o f  t h e

.

• • • •

-

.

u r . i e r l y i n #  Witw r  r a n d  b e d s  >; .s t h  n d e p o  i t e d  and r e ­

work, d t y thy  i c  .1 nc  i u c h  .s t h e  wind *n t t h e  r a x n ,  

w h i c h  r e s u l t e d  i n  t h  o r t i r v  o f  t h '  v a r i o u s  com;)one n t u 

and th*.. n u b s e a U e n t  i n f i l  • i n . ' S  o f  t h e  u n d u l a t i o n s  ir* t h e

.

■ •  •

1 it . .r .: i : t »• \ z ; o-, o Mr r o l  l.

The t u f f s  which o c c u r  i n t e r m i t t e n t l y  in  t h e  

conglomer  ;t  3 p o i n t  t o  m immedi i t u l y  p r e - V e n t e r s d o r p  

Lava e r u p t i v e  ph .sc o r  p h a s e d ,  l u r i n g  \ ^ i c h  v o l c a n i c  ash

was d e p o s i t e d  on the p r e - u a i  ’t i n g  l a n d  s u r t  aco and

•

ash i s  c o n s i d e r e d  t o  have b e e n  r e s p o n s i b l e  f o r  i m p a r t i n g

• • *

s e qu en t  o u t p o u r i n g  o f  n e a r l y  140C' i o e t  o.t l a \ a  t h e n



r e s u l t e d  no t  o n ly  i n  t h e  co m p a c t io n  and metamorpnism b u t  

a lmos t  c e r t a i n l y  i n  t h e  p r e s e r v a t i o n  ol t o e  V.C.K.

The p r i n c i p a l  rock  t y p e s  e n c o u n t e r e d  i n  de s c e n d ­

ing  o r d e r  i n  b o r e h o l e  s e c t i o n s  examined a t  V en c er sp o s t  

may be b r i e f l y  summarized as  f o l i o w s : -

i . n t o r s d o r r  L a v a s .
The major  f e a t u r e s  o f  t h e  V e n te r s  i o n  l a v a s ,

which e x t e n d  t o  n e a r l y  HOO f e e t  i n  a v e r t i c a l  d i r e c t i o n  

. . .
d e t a i l  by Davies ( 1 9 4 ) ) .

The l a v a s  arc a n d e s i t i c  in  c o m p o s i t i o n ,  and a r e

■

lavas  i n  hand- spe c im un  v a r i e s  f rom a g r e e n i s h  c o l o u r  t o  an

o l i v  -  r c e n  wi th  i n c r . a - i n  i e  t h .

Some o f  t h e  l e s s  we l l -known f e a t u r e s  o: t'r.e l a v a s

are c o n t a i n e d  in  an u n p u b l i s h e d  company r e p o r t  r y

. .

numerou t h i n  s e c t i o n s  f rom t h e  1390 fe  t  o f  c o r e  r e c o v e r -  

ed d u r in g  t h e  d r i l l i n g  o f  b o r e h o l e  11 it  V e n t e r s p o s t  m

.

t h e  t h i n  s e c t i o n s  examined was the abundance  o.t z e o l i t e *

.

d i s c r e t e  g r a i n s  o r  is i n f i l l  ingr: i n  c r i c k s  i n  ' ■ - rCv^ v

.

show a pronounced i n c r e a s e  wi th  i n c r e a s e  i n  Depth trom 

t h e  to p  o f  th e  l a v a s .  In thi f i r s t  1 Ot t oet ol L 'Aa  ̂

examined by m in; o f  t h i n  ■ c t i o n  by Rc ouw, only

s c o l e c i t e  w .a r  c o r n i z u d ,  wh r  ■ num- rou  o t h e r  zeol  it -■ >

such as t i l b i t e ,  p h i l l i p  i t  , 1a u m o n t i t e  and thorn; s o n i t e , 

were i d e n t i f i e d  i n  thu n e x t  700 f e e t  o f  c o r e  axamined, 

s t i l b i t e  b e i n g  the  most common v r i u l y  e n c o u n t e r e d .



The twt v a r i e t i e s  o f  c h l o r i t e  id o n t  i f  i c  i i n  t h i n  

s e c t i o n  i n  t h e  1 tvas wuix l i ^ h t  ;r>.. n,  l l i n t l y  n l u o c n r o i c ,

•

o c c u r r e d  e i t h e r  is r r t  o f  t h  m a t r i x  o r  as  s m a l l  p a t c h e s  

a p p a r e n t l y  r e p r e s e n t i n g  a r e a s  of  i n t e n s e  l o c a l i z e d  

.

to w ar ds  t h e  p l  - g i o c l a s e  l a t h s  md appeared  t o  r e p r e s e n t  

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

m i n e r , prot  it Ly •vi-' it«. .

Th. c o m p o s i t i o n  o f  th. ,  m i n e r a l s  f i l l i n g  in i

:

Type 1:

This  ty p e  o f  amygdale showed a l i n i n g  o: 

c h l o r i t e  on th. in: i  i. j • r i p h e r y  o f  th..- a my ' : . l e ,  f o i l  owe a 

i n  t u r n  i t h  r  by . z o n  con  1 t i n g  oi i n t e r m i x e d  mos do-  

l i k e  g r a i n s  o f  u . r t z  and c h l o r i t e , o r  a few g r a i n s  o f  

c o l o r  i t  : : y r i  t* . , o r  v n ju  t  c:. l o r i t e .

Type - :

The econd major  typ e  of  i n f i l l i n g  c o n s i s t e d  ol 

numerous s m a l l  g r a i n s  o f  m a r t z  a r r a n g e d  a round  t h e  

p e r i p h e r y  o f  t h e  tmygd J u , fo l lows \ by in i n t i m a t e  mix­

t u r e  o f  q u a r t z  g r a i n s  and c h l o r i t e , which i a g a i n  in  

t u r n  fo l l o w e d  by pure- c h l o r i t e  wi th  i co r e  ct q u . r t z  

g r i i n s  which i r : s i g n i f i c a n t l y  l a r g e r  in  s i z e  t h a n  t h o s e

.

o r  may not  b. ; r< e n t .

•  • •

The l a s t  t h i r t y  o r  f o r t y  f . o t  o f  m i t . r i a l  o v e r -  

. . .

l a v a  c o n t a i n  i n, c t t- r  d .my, a I I The 1 iva i s  o l t e n  

t r a v e r :  d hy m 11 v ini t. o'  c l e i t e  ini a i a t . . .



This l a y e r  i s  f o l l o w e d  by a n o t h e r  l a y e r  c o n s i s t i n g  oi a 

m ix tu re  o f  s e d i m e n t a r y  m a t e r i a l , l a v a s ,  v o l c a n i c  b r e c c i a  

■tnd t u f f s , and t h i s  i s  i n  t u r n  f o l l o w e d  by a l a y e r  oi. 

b l a c k  ashy t u f f t c e o u s  m a t e r i a l  which may r e a c h  t h i c k n e s s e s

o f  up t o  two f e e t  { de Kock, 1 )4C) .

Footw i l l  qu a ' t s i t ' .s .

De Kock (1940) has s t  i t e d  t h a t  the  V.C.R. may

r e s t  d i r e c t l y  on cl< m l i g h t  g r e y  V. ' i twa te rs rand q u a r t z i t c s ,

b u t  that g e n e r a l l y  the foot w a ll  q u a r t z i t e s  fo r  a tew

i n c h e s ,  and r a r e l y  u; t o  a few feet  , b low t h e  c o n t i c t ,  i re

c o l o u r e d  d a r k  g r ee n  by c h l o r i t i c  i n f i l t r a t i o n s  trom the

t u f f s  above the  re; f .



s a m p l i n g  t E i -h : ] i  ' me  r  . ' V : r u :  .

S a m p l i n g .

Specimens  were c o l l e c t e d  from c u r r e n t l y  a c c e s s ­

i b l e  e x p o s u r e s  o f  o re  i n  th< n r i c r  ground work ings  a t  

V e n t e r s p o s t  .n i L ibanon *ol i mine . ; . In each  c a se  t h e  

sampl ing  s i t e s  were n o t t  i w i t h  r e s p e c t  t o  some known 

r e f e r e n c e  p o i n t s . c : • Loi. «r; . V v ' ions o f  t h e

s a m p l i n g  s i t e s  f rom wnich  t h e  p r e s e n t  s u i t e s  o f  sa mp les  

were d e r i v e d  i r ' shown on t h e  accompanying mine p l a n s  and 

.

■

and a l s o  from m in e r  . l l z e d  r o c k s  t h a t  were no t  o; m i l l  o re  

.

.

was made t o  c o l l e c t  a sample  w e i g h i n g  1 t o  15 pound;

T r  ' a t  o ~ - 1 . .

The : amples t  ken c o n s i s t e d  l a r g e l y  o f  c o a r s e

c h i p s  and lun; . . Gincv : • i i f r*. v i o u  1 y b . on d e c i d e d  to

ex ami n thv  ami 1 v s by m n o: ; o i l  h* d a c t i o n s ,  t h i n  

s e c t i o n s  n i c r u  ;hu o r  r u l p ,  a s u i t  ibl< method o'  sul 

d i v i s i o n  o f  t h e  s -.mgles h .d t o  bo d e v i  ed which would 

y i e l d  r e a s o n  b l y  r o p r  s e n t  i t i v u  p o r t i o n s  t o r  i s s a y  p u r ­

p o s e s ,  y e t  wh i ch would not  pr* e l u d e  t h e  p rep  i r a t  i o n  o f  

b o t h  t  in  <nd p o l l  h I - ct i o n s . For  t o t  : p u r p o s e , a l l  

lumps o f  rock were f i r s t  b ro k en  w i t h  a ho ivy h immcr u n t i l  

t h e  o v e r  i l l  s i z e  o f  t h e  lumps, d i d  n o t  exceed  approxim it il­

l y  2 inch s , and t h e  sample was. t h e n  q u a r t e r e d  in tin- 

normal  way. One p o r t i o n  was r e s e r v e d  f o r  p o l i s h e d  

s e c t i o n s , a seco nd  p o r t i o n  f o r  t h i n  s e c t i o n s  and t h e  t h i r d



-1 0 -

p o rt io n  f o r  combined a s s a y in g  and m in e r a lo g ic a l  examination,  

The fourth  p o r t io n  was kept in  r e ser v e  for  any fu r th e r  

work which might bo r e q u ir e d .  The p o r t io n  o f  ore s e t  a s id e  

for  assay an I m in e r a lo g ic a l  purposes was then  put through 

a jaw crusher  and f i n a l l y  through a la b o ra to ry  d isc  

crusher  o f  the  ro ta ry  t y p e .

For hoavy miner i l  s t u d i e s  the  u se  o f  a d isc  

crusher  i s  g e n e r a l l y  not recommended. This f a c t  was taken  

in to  c o n s i d e r a t i o n ,  md com parative s t u d i e s  were c a r r ie d  

out on samples crushed  in  a p e r c u s s io n  mortar and samples

r.

in  f a c t , a b e t t e r  c o n t r o l  over  th e  degree o f  comminution 

could  be o b ta in ed  by c a r e f u l  adjustment 0 - the disc  crush­

ort a r ,  and the

l a t t e r  was i c c o r l i n g l y  not used .

The samples were ground to  a degree o f  f i n e n e s s

such th a t  approximatoly 50 o f  the  sample pas-ed  through

o f  a com-

p o s i t e  s imple \ rej red from equal p o r t io n s  by weight  o f  

. . .

Me.'h Size ( T y l e r )  Percentage

+ 100 51.74

- 100 + 200 19.3  5

-  200  28,91

100 .00

Previous work c a r r i e d  out in d i c a t e d  th a t  t h i s  

degree o f  comminution would be l i k e l y  t o  cause th e  l e a s t  

possible dam .ge to the b r i t t l e  a c c e s s o r y  m inerals  such 

as z i r c o n .  On sub equont exam ination  ot the  l i b e r a t e d  

p a r t i c l e s  o f  g o l d ,  i t  was found th a t  l e s s  than 1> ot the  

t o t a l  number o f  g r a in s  o f  go ld  examined showed any n o t ic e  

ab le  degree o f  e i t h e r  f l  . t t e n in g  or d e form ation .  (This
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i n d i c i t e s  t h a t  t h e  u- e o f  t h e  d i a c  c ruDhcr  In f a c t  produced

.

S a m p le s  were t r e a t  id i n  thv same way, any s i g n i f i c a n t  

e r r o r s  l i k e l y  t o  havt  bee n  i n t r o  luct I in t h e  r e l a t i v e

abundance o f  l i b e r  it i hi vy miner  s] $ dui t o  v a r i a t i o n s

•

Mars d e n , 1 >37) •

A com; o: i t e  . am; It pro; i r e d  from r e p r e s e n t a t i v e

weighed p o r t i o n s  o i  a l l  th t  p u lp e d  samples  was t h e n  

s c r e e n e d  th roug l ;  . e r i e s  o f  s t a n d a r d  T y l e r  mesh s c re e n -  

in  o r d e r  t o  s v  w h e t h e r  t h i s  p r o c e d u r e  would a i d  in  t h e

•

in . i i c  seed tl.  t ,  ip ' ro t  t h e  l i m i n  * ton o t h e  cc a Sei 

g r a i n s  o f  ; y r i t e , n o t h i n  cou ld  be g a i n e d  t y t h i s  p r o c e ­

d u r e .  f  onV' nt  i 0: 1 t h o  : the-r 1 o re  h . : *0 t v  a. u . fo i

the coneen t • ' on o: ‘ vy ' • nc r  1 s u i t .  .

l one r  Mo c ■ t ie  ■ vv ' ' n, r  _1 .

P r e v i o u s  x " i n a t i o n  o 4 a compos i t c  sample i n i -  

i c a t v d  t h a t  conv n t i o n  .1 p r o c e d u r e s  o f  m i n e r a l  s e p a r a t i o n  

woul : h Vv t o  r c c f i  ; iuc t o  the  p re  .net o f  p y r r h o -  

t i t u  i n  t h e  o r e .  Trie p y r r h o t i t e  md tramp i r o n  d e r i v e d  

from t h v  c r u  h r  ..a r  both, found t o  be h i g h l y  susce} t i t l e  

t o  a l t e r  . t  i o n ,  e . pec i f l y  when ht :vy l i q u i d  such  tS

.

r e s u l t  i i n  t  h' v ry r  if i 1 o x i d a t i o n  ot t in ry r  i hot  i t e , 

wi th  th e  l i b e r  it Lon o f  f t r r o t i d  i r o n  i o n s ,  which in  t u r n  

c o a t e d  i l l  t l u  su lph id t  $ md go ld  { i r t i c l <  s p r e s e n t  w i t h  

a l u l l  reddd $h CO t,ini '  o f  I r o n  ox id,  . accov iln? . /  t in 

p u l v e r i z e d  ore was rupi it  i d l y  exposed  t o  a b a m \gnct  in  

o r d e r  t o  remove as much p y r r h o t i t e  and t i  a [ i i o n  u 

p o s s i b l e  b e f o r e  c a r r y i n g  ou t  c o n v e n t i o n .1 miner .1 

s e p a r a t i o n  p r o c e d u r e s .
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Tho p y r r h o t i t o  and t r a m p  i r o n  c o n c e n t r a t e s  p-re-  

)3red in  t h i s  way wer t t h e n  immersed i n  m e t h y l a t e d  s p i r i t s  

i n  3 l a r g e  f l a t  g l a s s  d i s h ,  and a b a r  magnet  was moved 

r e p e a t e d l y  o v e r  th e  s u r f a c e  o f  t h e  l i q u i d .  By means o f  

t h i s  method,  i t  was p o s s i b l e  t o  o b t a i n  an o s t e n s i b l y  pure

p y r r h o t i t e  c o n c e n t r a t e .  T h e s e  c o n c e n t r a t e s  o f  p y r r h o t i t e

wi th  admixed t ramp i r o n  were t h e n  r a p i d l y  -..a a e l  -.'ith 

a c e t o n e ,  d r i  d i n  an o w n  md  ̂ l a c e d  i n  s t o p p e r e d  g l a s s

'
The  heavy l i q u i d s  use 1 t h r o u g h o u t  t h e s e  investi -

• ■

.

n e c e s s a r y  t o  o b t a i n  som id e a  o f  t h e  amount Of m a t e r i a l

which co u l d  s a f e l y  be t r e a t e d  i n  any one o p e r a t i o n  w i t h

■

c o n d i t i o n s  would demand a  ! .yer  one g ...................

s u r f a c e  o f  t h e  heavy l i q u i d ,  b u t  wi th  t h e  w e igh t  o f  m a t e r ­

i a l  which had t o  be s e ,  a n t e d ,  such a c o n d i t i o n  would be 

.

capab le  o f  h o l d i n g  n e a r l y  500 grams o f  bromoforr wen. 

used, and th c o n t e n t s  w. re  v i g o r o u s l y  s t i r r - e u  wi th  a 
t h i c k  g l a s s  rod u n t i l  no f u r t h e r  hi iv y  mineral . '  w> "  

l i b e r a t e d  from t h e  cake o f  i  h t  m i n e r . l e  l i o n  i e i t  I 

o f  t h e  b r om ofo ra .  In o r  lor  t< c, oak t h e  e : ' icierc, of 

t h e  s e p a r a t i o n s  C a r r i e  I o u t ,  t h ,  c . is washed f r e e  o.l 

bromoform ind s u p t r p a n n .  I, o r  nef ir i tod  i s e c o n  ! I ' mi 

w i th  bromoform, Th, amount oI mat , r  i . i . ' ' *

l o t s  o f  bromoform was t h e n  a d j u s t e d  accoi  11 ngl> fo*

i - 1 v  i rm i m n n  v , r v  o f  t h  i h ■ 1VV ITt i fl* T ' I 1 :
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The bromoform s i n k  o r  c o n c e n t r a t e  v/as t h e n  

f u r t h e r  r , - t r e , t , d  wi t h  , l a r ^ c  cx c e  s o f  methy l"nu  i o i i i e .  

By v i r t u e  o f  t h e  f a c t  t h a t  the  i u 1, p had on an av e ra g e  been 

r ed uce d  t o  a p p r o x i m a t e l y  5 o f  i t  to t  .1 p r e v i o u s  b u l k ,

•

In  t h o s e  c a s e s  where i t  was d e s i r e d  t o  i s o l a t e  a p a r t i c u l a r

i

Franz Isodynamic Ser .r i t o r  was u cd ,  whi l  »t t h e  H a u l t a i n  

Suporpanner  wan u ed t o  c o n c e n t r a t e  any p a r t i c l e s  of  

u r a n i n i t e  u 1 go I .

u. int  i t  it ivc  minei t i l  n t r i l y s i s .

P r e l i m i n a r y  s t u d i e s  c a r r i e d  ou t  on th e  heavy 

m i n e r a l  c o n c e n t r a t e s  obt x i r v 1 by t h e  methods p r e v i o u s l y  

d e s c r i b e d ,  socn i ,  d ie  d t l  i t  a p u r e l y  q u a n t i t a t i v e  r . i n e r -  

a l o g i c a l  s t u d v  o f  th« h , i v y  m i n e r a l  s u i t e  might  no t  g ive  a 

t r u e  p i c t u r e  o f  t lv r e l a t i v e  q u a n t i t i e s  of  heavy  m i n e r a l s  

p r  s e n t .  W ' i l  t  i t  was found t h a t  most o f  t h e  c h r o m i t e

nd z i r c o n  r  i n s ,  w i t h  t h  xc yt  on ot t h o s e  .u.i uady

o c c u r r i n g  as  f r a c t u r e  1 r a i n s  i n  t h  h o s t  -'Ock p r i o r  to

c m  h i rv  , w r  ' i-. , r  d i v i r t u  i l l y  com? 1 t e l y ,  t h e  same

co ul d  most c e r t a i n l y  not  ■ s a i d  f o r  t h e  u i p h i d e  m i n e r a l s  

and gold  p a r t i c l e s .  Both t . h v  told and t h e  s u l p h i d e  

m i n e r a l s  o f t  n o c c u r r  i f i n e  a t t achments ,  t o  q u a r t z  and 

o t h e r  "an nat mir.-.r tl =, and by v i r t u e  01 t h < i r  h i r h v r  

. spe c i f i c  ;i ivi y a l t  r e d  t h  o v e r a l l  op c i i i c  g r a v i t y  oi 

the  " c h a t a ' t o  -uch m e x t e n t  t h a t  th.  a  were c o n c e n t r a t e d  

i n  the h e a v i e r  g r a v i t y  f r i c t i o n .  T h .  prc 1 vnc c  ot such

" c h a t t o d "  p a r t i c l e s  would t h e r e f o r e  r e n d e r  my r e s u l t s

'
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^ n a l i t a t i v o  m i n e r -tl Q i - i c a l  st u d ju j i .

P re v i o u s  work c a r r i e d  ou t  by th v  w r i t e r  on o t h e r  

h o r i z o n s  i n  t h .  W i t w i t e r / r m d  s u ^ '  t .  i t h n t ,  m  o r d e r  t o

o b t a i n  t h e  c l e a r , a t  p i c t u r e  o f  d i f f e r e n c e :  i n  morphology

' ' *

could  b e s t  be s t u d i e d  in  t h e  form o f  i n t e g r a l  l i b e r a t e d  

g r a i n s  by moans o f  a b i n o c u l a r  m i c ro s c o p e ,  a i d e d  whore

n e c e s s a r y  by p o l i s h e d  s e c t i o n  s t u d i o s .

Cohen (196*2) has  s t a t e d  t h a t  t h e  m e a s u r e m e n t  o f

sizes of gold p a r t i c l e s  v i s i b l e  i n  p o l i s h e d  s e c t i o n

r i s k y  p r a c t i c e ,  as  a t w o - d i m e n s i o n a l  viow i r  u s e d  and

m e a s u r e m e n t s  a r e  s t a t i s t i c a l l y  no t  r e p r e s e n t a t i v e  b ec au se

'

This  1 i t t e r  p o i n t  i s  r e a d i l y  b o r n e  o u t  i n  t h e  p r e s e n t  s t u a y ,  

where on ly  a p p r o x i m a t e l y  600 g r a i n s  o f  g o ld  wore s e e n  i n  

ov er  dOO  p o l i s h e d  e C t i o n s ,  whi.ru ;S over  g r a m a  vxre­

co u n t e d  wi th  r  1 t t i v  car.--, i n  t h  p u l p e d  c onc en t  rate.-,

.

t h e  r e a l  and a p p a r e n t  s i z e s  o f  g o l d  i n  p o l i s h e d  specimens

"

ed t h a t  t h e  s i z e  oi  t h e  g o l d  p a r t i c l e s  was o f t e n  a p p a re n t  

r a t h e r  t h a n  r e a l ,  iof t*dir. mort on t h e  i c c id e n t  d  

p o s i t i o n  o f  t h e  p la n e  o f  p o l i s h i n g  in  r e l a t i o n  t o  t h e

s p o t s  o f  g o l d  exposed wcr. found by Cohen t o  b> t h e  t i p s  

o f  larg< c o n c e a l e d  g r a i n s ,  and a p p a r e n t l y  l a r g e  "n ugg e t s"  

were som- t imes  t h i n  s k i n s  l y i n g  i n  t h e  p l a n e  oi t e e  

s e c t i o n  and o f  n gi i  Lbl v, ; r h t  n i  fct i v •< n> . s .

In t h e  p r e s e n t  s t u d y , t h e r e f o r e ,  measurements  

made on p o l i s h e d  s u c t i o n s  p r o b a b l y  do no t  r e p r e s e n t  the  

t r u e  s i z e s  o f  the  g r a V a .  Kr^mbein (1935) has  piovet. 

t h a t  t h e  av era ge  d i a m e t e r  as shown in  p o l i s h e d  e c t i o n s
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o f  s p h e r e s  d i s t r i b u t e d  a t  random r e p r e s e n t  0.785 o f  t h e i r  

.

made o n  p o l i s h e d  s e c t i o n s ,  t h e  t r u e  d i m e n s i o n s  o f  t h e  

g r a i n s  c a n  b e  t a k e n  a: b e i n r  l a r g e r  t h a n  t n e  m e a s u r e d

d i m e n s i o n s .

A l l  r a i n  s i z e s  m e a s u r e d  i n  t h e  p r e s e n t  s tu dy  

may be d e f i n e d  a  t h e  d i e t  n e e  b e t w e e n  p a r a l l e l  l i n e s  t h a t  

touch  t h e  o u t e r  c o n t o u r  o f  t i  , » ; r a i n  a n  . r e  p a r a l l e l  t o  

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

•

o v e r a l l  d i m e n s i o n  o r  l e n g t h  h t u  b e e n  q u o t e d ,  u n l e s s  o t r . e r -

.

o n l y  s e l d o m  sh o w ed  r o u n d e d  o u t l i n e s ,  i t  was  f e l t  u . a t

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

'
-

r n t . :  b a / o i  on  *'■ e brc i t t  .

Apr r t  f? 3 i. ir.< o t h e r  f a c t o r s  o f  Or o a t  p r a c ­

t i c a l  r nd < 2 0 ! l e a l  i r . o r t u .  u- w l i c  c a n  be  s t u d i e d  f a r  

more r e  i . l y  or. l i b e r a t e d  ,t r a i n s  by  m eans  o f  a  b i n o c u l a r

m i c r o  c o p  t r  n i n  p« 1 i o h e d  s e c t i o n ,  a r e  m i c r o n - 1 .  . i n

*

e x a m p l e ,  m i c r o n - t h i n  coo  t i n t  r  o f  s i l v e r  w or t  s e e r ,  on n . i -  

t i c l e u  o f  g o l d  when ox  vmined b y  m e a n 3 o f  a b i n o c u l a r  m i c ­

r o s c o p e .  d u c h  c o a t i n g . : w o u ld  I m o s t  c e r t a i n l y  h o v e  been 

rem oved  d u r i n  t o e  p r  p- r a t i o n  o f  p o l i s h e d  s e c t i o n s  and 

would  a c c o r d  i l.y n Ve u u d e t v  t o d .

T)i '’cond  . ! i 01 " o f  o l d  i n  m in ed  o r e  i s  o f  

g r e a t  s i g n i f i c a n c e  t o  t h e  m e t ; . 1 lu r e ; !  t ,  s i n c e  t h i s  I a c t o r  

w i l l  t o  a  .1 tr. " e x t e n t  g o v e r n  t h e  mo. t  e  f i c i e n t  r ecove ry  

of  t h e  g o l d ,  rid w ard  a  ( 1 9 4 7 )  h a s  i l l u s t r a t e d  t h i s  f e a t u r e  

and  d i s c u s s e d  i t  ; i u r  l i c a t i o n : :  by  showing a pho tograph  o f
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a ^ r a i n  o f  g o l d  which hna become c o i t e d  by i l a y e r  o f  i r o n

o x i d e  r a r e l y  e x c e e d : ,  more t h a n  a few m ic r o n s ,  i t  i a  d o u b t ­

f u l  w h e th e r  such c o a t i n g s  would be Seen i n  p o l l :  ned 

.

.

l a t t e r  t e c h n i q u e  i s  a l s o  p r e f e r a b l e  i n  t h o s e  c a s e s  where 

" c h a t s ” X* .t e n t i n g  i n t e r g r o w t h s  o r  i n c l u s i o n  ', o:

f o r  e x a m ^ e , sm al l  p a r t i c l e s  o f  g o l d ,  whose maximum s i z e  

n ev e r  exceeded  t, u i e - o n s ,  y e t  which numbered o v e r  1C: i n  

a  p a r t i c l e  o f  q u a r t z  whose o v e r a l l  s i z e  d i  ’ not  i t s . l i  

exceed  m. .crons , w.-r-. s w n  w i t h  c a s e  in  t h r ^ e  

dimens i o n s .
The ob v io us  o b j e c t i o n  g e n e r a l l y  advancea by 

workers  who p r e f e r  b a a i n g  a l l  t h e i r  measur  ments  on p o l i s h ,  

o d  s e c t i o n  s t u d i e s ,  i s  t h a t  t h e  method f a v o u r e d  by t h e  

w r i t e r  i n v o l v e :  th.  m.a u r  .ment cf deformed g r a i n s ,  and 

t h e r e f o r e  does not  roprv  c n t  a t r u e  p i c t u r e  o f  the  o r i g i n ­

a l  s i z e  o f  t h e  g r a i n s .  In  o r d e r  t o  check t h e  v a l i d i t y  o f  

.

o f  d e f o r m a t i o n  ca us ed  t o  t h ,  j a r t i c l e s  o f  gold i u n n r  t h e  

g r i n d i n g  o f  t h e  o r e .  Th< j n  -  nt  s t u d y ,  sup r t e d  by 

many th o u s a n d s  o f  s i m i l a r  o b s e r v a t i o n s  on l i b e r a t e d  g r a i n s  

o f  go ld ,  i n d i c a t *  d t h a t  l o s s  t h a n  1 o f  t h  t o t  d  number 

o f  g r a i n s  o f  g o l d  examined showed any s i g n s  o f  f l a t t e n i n g  

o r  d< f o r m a t i o n .  ."’h- r  f o r .  *ny ob je c t  i o n s  i •••" 1 < 
grounds may, in  t h e  w r i t e r ' s  o p i n i o n ,  be d i s c o u n t e d  t o r

b r i t t l e  m i n e r a l s  such  as  u r a n i n i t e  a r e  d e s c r i b e d  un der  

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



I t  s h o u l d , however ,  be p o i n t  d out  t h u t  the  

study o f  p o l i s h  d o c t i o n s  do- •> ! os s omc idv unfa  per.. 

The p o l i s h e d  s  c t i o n  m e t h o d  i s  t h e  o n l y  method whereby 

t h e  i n t e r r e l a t i o n s h i p s , mode oi o c c u r r e n c e  -id par ^.^enesis 

o f  o r e  m i n e r a l s  may bi  s t u i i e d  i n  s i t u ,  ind i t  has been 

u?ed f o r  t h e s e  purpo u s  in t h e  p r e s e n t  s t u d y .

I t  may t h ^ r  f o r  be s a i d  t h a t  both methods have

t h e i r  . d v m t n y e s ,  .r. i t h a t  th  choice  o f  method i s

t o  be e l u c i d a t e d .
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POT.IS KING METHOD.

At t h e  s t a r t  o f  t h e  p r e s e n t  s t u d y , t h e  w r i t e r  was

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

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

and yet which cou ld  be p r e p a r e d  u s i n g  s e m i - s k i l l e d  l a b o u r

w i th  th e  m a t e r i a l s  and equipment  a v a i l a b l e  in t h e  nuninurn

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

p res e nc e  i n  t h e  samples  o f  h a r d  m i n e r a l s  such as  q u a r t z

and p y r i t e  as  we l l  a s  s o f t  m i n e r a l s  such as  g o l d ,  b o t n  of

which were r e q u i r e d  t o  show a h i g h  de g ree  o f  p o l i s h  w i t h -

‘

I t  i s  f e l t  t h a t  t h e  p r e s e n t  method,  d e v i s e d  by t h e  w r i t e r ,  

D e t a i l s  o f  .ibr . s i v i s  usv
A v e r a g e  S i z e  o f  

A b r a s i v e  Typi A t rq i  iv e  1 r  ins  ( micron~_l

Carborundum - 220 g r i t  15l-

Carborundum - 2*C 0 ' r i t

Carborundum -  6 ' 0 g r i t

Carborunturn -«6  g r i t  1*

Leviga ted  Alumina 5

Zirconium Oxide 1 -2

’’Diadus t "  graded liamond b r a  iv e  12-  '

t* «> i» ft 6 - 3

it »t h  ’» 3  -  /

(The impor ted diamond a b r a s i v e s  a r e  u s u a l l y  s u p p l i e d  in  a 

tu b e  wi th  f i n e  n o z z l e .  L o c a l l y  p roduced  diamond a b r a ­

s i v e s  s u p p l i e d  in a s u i t  tb l e  c a r r i e r  p a s t e  were t ound 

t o  be e q u a l l y  eflh c t i v e . )
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Prfc l . imin i rv  h a n d - ^ ^ i n MSLLl'

The i n i t i a l  g r i n d i n g  and f l a t t e n i n g  o f  specimens

p r i o r  t o  moulding i n  b a k e l i t e  .nd sul'  equent  p o i i . , t . i n g  vras

found t o  go ve rn ,  t o  a l a r g e  ex t  n t ,  t h  t ime  r e q u i r e d  t o

produce a c c e p t a b l e  p o l i s h , d  s e c t i o n s .  I t  was found t h a t

t h i s  i n i t i a l  g r i n d i n g  and f l  t t u n i n g  of t h e  o r e  c h i p  cou ld

•

The use  o f  co .r->er g r a d e s  mere ly  " s u i t e d  i n  t h e  forma­

t i o n  o f  deep s c r a t c h e s , which co u l d  o f t e n  o n l y  be removed

•

were i n i t i  i l l y  ground  f l  -t on a r o t  i t i n g  s t e e l  l a p  o r  

s t a t i o n a r y  s t e e l  pi  i te  u s i n g  22i  g r i t , wi tn  v; i t e r  as i 

.

p e r i o d  o f  g r i n d i n g  u s i n g  4C g r i t , u n t i l  a l l  d e p r e s s x o n s

i »

,

b a k e l i t e  a t  ] 50 k g r c v  C v n t i g r  . it f o r  3 m i n u t e s ,  u s i n g  a

p lvt ' -d  moui led at . cimun was t h e n  once more ground on a

w a te r  .s a l u b r i c a n t ,  u n t i l  b o t h  t h e  b .k< l i t c  s u r r o u n d i n g  

the  s e c t i o n  and tht  rock  va rc compl, Lely l e v e l  and an 

ov r a i l  matti  t ff c t  was prt>iuc, d ov, r  th< < n t i r e  s u r ­

fa c e  t o  b< t o l i s h ,  I .

Autom 1 ic [Ol i - ihin/ , .

A f t e r  t h e  i n i t i a l  hand g r i n d i n g  on t h e  g l a s s  

p l a t e  wi th  400 g r i t ,  t h  mounted c t  ions w- r e  t r a n s f e r r e d  

t o  th e  au tomat ic  p o l i s h i n g  machine md ground wi th  

succ r.' lvvl.y f i n e r  a b r  a i v u s , s t  . r t i n g  w i t h  400 g r i t  and 

f i n i s h i n g  with 1 : i m i x t u r  o f  l e v i g a t e d  a lumina  and 

z i rc on iu m  oxi lu, which waa a | 1 i '  i t, t h i c k  s l u r r y .



Water and d e t e r g e n t  (Teupol)  wor u se d  s t i .u  l u b r i c a t i n g  

medium dur ing  thvSv  s t a g e s .  The l a p s  used  were 3 inch  d i a ­

m ete r  s t e e l  t h r o u g h o u t ,  nd t h e  p o l i s h i n g  c i o t h  us. jd was 

nylon t a f f e t a  t i u t l y  s t r e t c h e d  over  t h e  new s t o o l  l a r s .

The next  t h r . e  s t a g - s  o f  p. ' ' " g  I n v o l v e d  t h e  u s e  o f  6-3

micron diamond a b r a s i v e ,  t h e  1 mic ron diamond a b r a s i v e

and t h e n  z i r c o n i u m  o x i d e . Duri i  * t h e s e  t h r e e  

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

g r ad e  graph i t  vy a' us e d  . s l u b r i c a n t s .

S e p a r a t e  1 ips were  u d f o r  e ,ch g rade  o f  a b r a ­

s i v e ,  and ' e c t i o n s  were c ir f u l l y  wa he 1 when t change ol

.

i s  p a r t i c u l a r l y  i; . s o r t a n t , e s p e c i a l l y  lu r i n g  the  l a s t

.

aBing co p i ous  q u a n t i t i t  o f  ca rbo n  t „ t r a c h l o r i d t  ind wip ing  

o f f  wi th  c o t t o n  wool , t l i n i m i z t  my p o s s i b i l i t y  o f  con­

t a m i n a t i o n  o f  the. l a p s .

Equipment u s .

In thv machine u- d by the w r i t e r  (Cooke 

Troughton and Simms Model M7( meta l i o g r a p h i c  p o l i s h i n g  

machin* ) t h e  specimen L.i h e l d  on t h e  r o t a t i n g  l ap  by means 

o f  - p,_r which f i t s  ! r-, .• ly i n t o  i hoi t l r  tdy c e n t r a l l y  

moulded i n t o  th< 1 Ik o f  tdi< t) ak t l i t .  mount . The peg i s  

weight ,  i by ,  nd connects  d t o ,  xn t.cc. n t r i r  cam which 

may be a d j u r t e d  so t h a t  th e  s; c imen moves over  a major  

p o r t i o n  o f  th i  J xp vdth an o r b i t a l  mot ion ,  w h i l s t  

r e v o l v i n g  about  i t ;  own c c n t n  due t o  th< d i f f e r e n t i a l  

f r i c t i o n  Se t  uj b t w w n  tin lap- and t h e  s e c t i o n .  The 

e c c e n t r i c i t y  and weight  a n  a d j u s t a b l i  and may be f i x e d  

once t h e  optimum • o n i i 1 ions  h v- been  e s t a b l i s h e d .



-2 1 -

Lap si ' .cdL3.
I>urin ' t hv  p r v l l m i n  ry machine-  ; r l n d l n r  s t  . a,3, 

which i n v o l v e  t h  s u c c e s s i v e  us,, o f  v a r i o u s  g r ad ed  c a r b o r ­

undum .bra- i Vi a p r i o r  t o  t h  la  t t h r  c j. o.l I.j t, i ni, • •• i. es  t

*

i n  l a p  s p e e d  m e r e l y  r  u l 1 m  t h v  unneCe  r y los^> e l

■

l a s t  t h r e e  s t  v.s may be c a r r i e d  ou t  u s i n g  t h e  f a s t e s t  1 ip

• •

,

maximum p o s s i b l e  l o a d i n g  o r  w e i g h t ,  p r o v i d e d  ad eq ua t e

•

l a s t  t h r w  s t a r e s  o f  p o l i s h i n g  ire c a r r i e d  out  u s i n g  

p r e f e r a b l y  t h .  I t  . =t p o s s i b l e  we igh t  or  l o a d i n g .

P o l i s h i n r  t  ir.< s .

The.ae v^ry c o n s i d e r a b l y  accord ing  t o  t h e  type  o f

.

s t a g e  i n  th e  case  o f  t h ;  p r e s e n t  s u i t ,  o f  m i n e r a l s  a r e  

shown b- low:

400 g r i t  2 m in u t es

600 g r i t  2 minu tes

-600 g r i t  3 minut*. s

Mixture of  l e v i r  \t i - lu - )

The most s a t i s f a c t o r y  way o f  c o n t r o l l i n g  t h e  

p r o g r e s s  o f  th  g r i n d ! n r  nd p o l i s h i n g  t rOCeSSvs, i s  

howiv r , f r e q u e n t  r  course  t o  i b i n o c u l a r  mic roscope  t o  

s tu d y  any n o l l e  able improvement  during,  each p o l i s h i n g  

s t i g e .  Thi s  helps, t o  min imize tin f o r m a t i o n  o.l' e x c e s s i v e

mina and z i rc on iu m  ox id e )

Di mond bra.  i v  , < -3 r if. ron: 

Diamond a b r a s i v e ,  3 - .  j r o n s  

Zirconium oxide 3 minu t es

5 minu tes

6 minu tes

n minu tes
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r e l i e f  c a u se d  by u n n e c e s s a r i l y  p r o l o n g e d  p o l i s h i n g  on t h e  

c l o t h  l a p s .

Nylon t i f f u t a  s i r o l  : i r. ' c l o t h  .

I n i t i a l l y  1_ i t i n  l i p s ,  g rooved  i n  c r i s s - c r o s s

f a s h i o n ,  which b id b-.vt. o r !  i n  il ly .npp l i  .d w i t h  t h e  p o l ­

i s h i n g  m a ch in e , wvre  t r i  d wit h ".radud liamond a b r a s iv  j s . 

G e n e r a l l y  s p - tk in r ,  t  . n  u l t s  werv found t o  be poor .

In o r d e r  t o  obt  . in t i  f a c t o r y  :v ' r .  • o f  p o l i s h ,  i t  

was found n^cuss  try t o  i n c r e a s e  the l o a d i n g  on t h e  

s e c t i o n  t o  such  an e x t v n t  t h  ,t f l u c k i n g  o f  t h e  s o f t e r

became d i s h e a ,  r e s u l t  i n  •; i n  t h e  f o r m a t i o n  o f  domed 

s p e c i m e n s .

The method i d v o c i t e d  by Hal l imond  (1 9 5 4 ) ,  u s i n g  

a s o l i d  ny l on  d i s c , was t r i  d wi t h  a v a r i e t y  o f  g raded

diamond ;br  ts iv , . s  and . v a r i e t y  o f  l u b r i c a n t s .  I t  was

f o u n d , how*. V e r , th  . t  s v re  s c r a t c h i n g  c o u l d  not  be 

.

m t * o i * • v 2 son  ( 1 9 5 6 ) ,  u s i n g

s i l k  h o l t  in c l o t h  n a r i i i i a ro n d  l r  . i v  s ,  was 

t r i e d  n x t , wi th  1 to  - m ic ron ,  6 t o  3 mic ron  and 3 t o  1 

micron di mon i h r  i v  . Th i l k  h o l t  ing  c l o t h  

Seemed t o  y i e l ' i  ucc .pt M e  re u l t s , t h e  in J o r  drawback 

be i ng  t h  v ry h o r t  t o l l  d . ing  l i f e  o f  th e  c l o t h ,  

neceo a i t  a t i n g  th*. hr  q u - n t  c h a ng i ng  o f  t h e  c l o t h  and 

th e  con co mi tan t  1 o r> o f  X[-. n: ive  d i  mond a b r a s i v e .

Nylon t a l T u t  . was f i n  i l l y  s e l e c t e d  is b e i n g  s u i t a b l e  f o r  

the  f i n a l  p o l i s h i n g  a t a , *  s .  Th. m a t e r i a l  has  only  a very 

s l i g h t  nap ,nd shows a h ig h  r e  1 s t ance to  w aa r .  I t  was 

found t h a t ,  b e f o r e  th* c l o t h  be Cam* u n s e r v i c e a b l e ,  

upwards o f  2 5 'a c t i o n s  co n t  l i n i n g  bo th  h a r d  and s o f t



m i n e r a l s  c o u l d  e a s i l y  bv p o l i s h e d  w i t h o u t  t h e  product?  on 

o f  undue r e l i e f .

•

E xte ns iv e  t e s t  $ showed t h  i t  the  u s e  o f  t h e  12 

t o  £ micron r  di  amond a ras  i v e  was not w a r r a n t e d ,  

s i n c e  the  f i n i s h  imp i rV i by th e  1 :1  mixture  o f  l e v i g a t e d  

a lumina md z i r c o n i u m  oxide was not  only  s u p e r i o r  bu t

•

and  3 t o  I m i c r o n  r  ir. ;v. ; o f  i i amond  t b r a s i v e s  w e re  t h e r e ­

f o r .  f i r .  i l l y  1 c i in  t r. r .  * - a i t  J  U *r ■. ie-s,

. - a r l i c . t i o n  of i i . r . o n l  at r ' Ivv t o  t l  to l l ah im?:  Ian •

Tht w r i t e r  u se s  by p r e f e r e n c e  i minimum o f  l£

•

i s  app l ied  as s m a l l  s p o t :  a l l  o v e r  th t  l a p  and t h e n

•

found th ;t t h e  us of t m a l l e r  amounts o f  a b r a s i v e  r e ­

s u l t e d  no t  on ly  in m inf r i o r  p o l i s h  bt i n r  o b t a i n e d ,

e s p e c i a l l y  i n  th  ca s t  o f  : i ; r t z ,  but I s o  u n n e c e s s a r i l y

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

po l i sh  in/- t im e  re quiz- i f o r  i -ood f i n i s h .

Choica of l u b r i c  a t r .

Par i f f i n  wo' chc n ,s th t  f i n a l  l u b r i c a n t  i n  

p r e f e r e n c e  t o  i 1 i r r o  number o f  o i l s ,  ouch as sewing machin 

oil. -id ol i v  o i l  ?. i ot iit ■■ o f  wide r  ingt o f  v i s c o s i t y .  

I t  was found t h a t  t i n  t e g r t  ; o f  r e l i e f  o r  u n d e r c u t t i n g  o f  

t h e  s o f t e r  m i n e r a l s  v.-ts t o  i ] irg- e x t e n t  dependen t  on 

th# v i s c o s i t y  of the l u b r i c  m t  u: i ,  tnoi’e o f  h i g h e r

v i s c o s i t y  c a u s i n g  more u n d e r c u t t i n g .

Dur ing th  f i n  i l  p o l i s h i n g  s t a g e s ,  i t  bee ime 

a p p a re n t  t h a t  f ine  h a i r  s c r a t c h e s  we.ru b e i n g  im p a r t e d  t o
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t h e  s o f t e r  .nirv r a l s ,  e s p e c i a l l y  by thu  6 t o  3 micron 

diamond a b r  ; S i v e . I t  w .s sus,  cr d t h a t  thuSv  s c r a t c h e s  

were ca us ed  by th v  movements o f  t h  d i  mond p a r t i c l e s  

th e m se lv  s on th  p o l l  h i n  , c l o t h ,  r  th  r  th a n  b ing  

caused  by a l a c k  o f  l u b r i c  .n t  ( p a r a f f i n ) .  I t  w .  found 

t h a t  thi . su s c r  t c h  s cou ld  b. s u c v e e : f u l l y  e l i m i n a t e d  by 

adding s m a l l  amounts o f  f in.  l y  p u l v e r i z e d  s p e c t r o g r a p h i c  

grade g r a p h i t e  t o  th* l a p .  N a t u r a l  g r a p h i t e  p roved  t o  be 

u n s u i t a b l e , is at. I I  u- ounts  o f  i m p u r i t i e s  we-r. u s u a l l y  

p r e s e n t ,  a no t h  t t ierely l e d  t o  t h e  p r o d u c t i o n  o f  more 

s c r a t c h e s .

F in a l  f i n i s ; , .

Th* f i n a l  p o l i s h  p ro d u c e d  by t h e  l a s t  diamond 

abra^ ive u s i d  (3 t o  mic ron  r a n g e ) f r e q u e n t l y  i m p a r t s  

numerous in- h . i r  t e r  i tc lu  .1, .-nr c i  a l l y  t c  th*. s u l p h i d e s .  

These s c r a t c h e s  shou] 1 t ra nova i i f  th*. S e c t i o n  i s  t o  be 

u s e d  zor ” . c ro- r - ' . e t c  •' . thy.  fl f i n i s h i n g  medium s u g g e s t ­

ed by most o t h e r  work e rs  i ; r igra aiu.rr- oxide o f  r e a g e n t

.

ium ox a ii do*. , he v . r ,  u r  f rom the  t i s  advan tage  

t h a t  axposure  t o  t h  tmc phur. .  i s  l i k e l y  t o  r e s u l t  i n  t h e  

f o rm a t i o n  of  magn- s ium c trbon i to i n  the  p o r e s  o f  t h e

.

- imtron ( l ' g  ] ) h pro; o ■ d . t e c h n i q u e  whereby t h e  

lorma'  ion  o f  m.agrv turn c rboni t - .  i s  min imized by s t o r i n g  

the  rr gn*. ium oxi 1 un h r  k r o u n e .  T h i s ,  however ,  

doe.a not O f f e r  my s o l u t i o n  as r e g a r d s  t h e  m a t e r i a l  

t- r ea dy  on t h  1 .p nd in c o n t i c t  wi th  t h e  a tmosphere .

■ h i  w r i t e r  has  compared th f i n i s h  impart* d t o  s i m i l a r

a u c t i o n s  f i n i s h e d  wi th  e i t h e r  magnesium ox ide  o r

'Arconium o x i d e , nd has  fo u n t  th  t  the  l a t t e r  i s  f r e e  o f
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t h e  l a t e n t  ji.> idvant i^er. l i  - t e d  f o r  ma,r,net Lum o x i d e ,  

and,  in a d d i t i o n ,  im} t r t s  •- s u r e r i o r  f i n  i a h .

Comparison o f  r e s u l t - 1? obt. . am 1 by t h e  u s e  o f  t h e 

p r e s e n t  method w i t h  tho- ■■ from lir.' Groton V a n d e r b i l t  

t y p e  o f  p e j  i g h i n . T  machi n e .

Advantaxea :

1.  The w r i t e r  *r r - t;ho i j c ti :.lc o f  p r o d u c i n g  

f i n i s h e d  p o l i s h e d  s u r i  ices s u i t a b l e  i or m i c r o ­

photography i n  l e s t  t h a n  h a l f  in ho u r  u s i n g  s e m i ­

s k i l l e d  l a b o u r ,  in  c o n t r a s t  t o  t h e  Gr i t o n  V a n d e rw i l t  

inachine,  which requ i.r- • c o n s t  a i t  a t t e n t i o n  and c o n s i d e r ­

ab l e  e x p e r i e n c e  t o  r re  luce a good s e c t i o n  in  u n d e r

one day.

2 . I n e x p e n s i v e  s t e e l  l a p s  ire used  wi th  p o l i s h i n g  

c l o t h s .

3• S i n c i  on l y  St .  1 1 r s  tr • u s e d ,  t h e r e  i s  no 

p o s s i b i l i t y  o f  t h e  p o l i s h e d  s e c t i o n  b (coming c o n t a m i n a t e d  

by p i e c e s  o f  l e a d  p o l i s h i n g  1 ip.

D is a d v a n ta g e s .

1. The w _ i t e r ' s  method c a n n o t  p roduce s e c t i o n s  as  

f r e e  o f  r e l i e f  as t h o s e  p r o i u c e d  by t h e  Gr i ton 

V a n d e r w i l t .

2 . Tm i l l  i n c l u s i o n  o / r a i n s  o f  u r a n i n i t t -  embedded 

in  ’’c a r b o n ” , /  II  t h  c a n  on'  it, el  f ,  were 

p o l i s h e d  t o  h i g h e r  legroe by t h e  Ora ton  V a n d e r w i l t  

th a n  w ' t os i • V- 1 y i • • v.r i i < ’ :■ m, t  o i .
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3PECTR00R,jinr %KT;( 1C F1 K T::. F. i L ' IN,/: K:N OF GOLD.SILVER, 

COlRiLT ANJ IIICKEL Lli FYiil'E . :: , i Y. , :  HQTITE.

GOLD AND SJVER DETLERI.^'iJ . : : :

F v r i t .  -  P rep tr . t i o n  o r  /  tri; b j_.

The p y r i t e  t o  b t  nnalyr-ed was c o n c e n t r a t e d  from 

a compos i t e  prep,  r ed  from eq ua l  w e i g h t s  o f  t h e  o r i g i n a l  

I d  c r u s h e d  v imp 1( : m b  mi t i e d  from th .  V.C.R. a t

•

ed from t h e  gangut rna te r i  1 by means o f  heavy l i q u i d s ,  

fo l lowed  by i H a u l t a i n  S u p e r ; i n n e r  md f i n a l l y  by t h e  

Franz I sodynamic . •; r a t e r .  T1 :, ' i i i .  a; on t h  Franz 

Isodynamic S e p a r a t o r  were a f o l l o w s : -  

T i l t  1 C  

Dip 26*

Curt fit 1 . imp . ra 

V i b r  if ion cont  r o l  r ixirr.um.

In o r d e r  t o  f i c i l i t  ite h . n d p i e k i n g  o f  t h e  

r e s u l t a n t  p y r i t e  conc en t r  it , which r e p r e s e n t e d  b o t h  th e  

o x i d i z e d  tnd unoxi  t ize I forms o f  p y r i t e  ( d e s c r i b e d  more 

f u l l y  u n d e r  t h  he lit., o f  ' P y r i t e ' ) ,  t h e  p y r i t e  was 

s c r e e n e d  t h r o u g h  a 65 me h T y l e r  s c r e e n .  A l l  t h e  

P '  " t  i ! " f i 1 c th- era n v r>. t h e n  h m d p i c k e d ,

u n t i l  no a t t  iCh id /  n*^j" o r  f o r e i g n  p: i r t i c l o o  co u l d  be

.

p y r i t e  won- t h e n  fin-, l y  g round  i n  an iga te  m o r t a r  wi th  

a l c o h o l ,  .nh d r i  d und r  h it  ) amp: in  p-rep i r a t i o n  f o r  

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

D y r r h o t i t c  -  Drop , r a t  io n  o f  S i m p ! s .

The method adop ted  f o r  t h e  cone - n t r a t i o n  and 

( U n i f i c a t i o n  o f  t h e  p y r r h o t i t i  concen t  r i t e  has a l r e a d y  

been de c r i h o d  i n  th.  s  c t i o n  on '’Sampling  t e c h n i q u e
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and t r e a t m e n t  o f  sample.  The o s t e n s i b l y  pure p y r rh o -

t i t e  sample was t h , n  a l  o f i n e l y  ground in  an a g a te  

m or t a r  with a l c o h o l  and d r i e d  under  a h e a t  lamp p r i o r  

to s p e c t r o g m p h x c  a n a l y s i s .

p-.-r i te  -  nui'l ..y o 1 .

Examinat ion o f  the  p y r i t e  c o n c e n t r a t e  n r ep ar ed  

by the  method d es c i I L od  above f a i l e d  t o  show th e  p resence  

o f  any co n t a m i n a t i o n  when the  c o n c e n t r a t e  was viewed

.

the  p y r i t e  was t r e a t e d  w i t h  n i t r i c  a c i d , which d e s t r o y e d  

t i e  p y r i t e , t h e n  by l i b e r a t i n g  any i n c l u d e d  m a t e r i a l s , 

the  fo l l o w in g  im; a r i t i e i  w re f o u n d : z i r c o n , chro mi te  

■

of  the  t o t a l  weight  c: the  sa; l e , and were presumably 

e n t rappe d  a t  the  t ime o f  f o rm a t i o n  o f  th e  p y r i t e .

■IV,,___ _ _ _ L , •

.

p y r r h o t i t e  i; > • >• i ; .1 t i  ict  t h a t  p y r r h o t i t e  when 

r e a c t e d  upon by . r  c h l o r i c  a c i d  l i b e r a t e s  H2S. This 

■'*2̂  may t  en oe p u, t ' t a l i v e l y  de t e r m in ed  and the  r e s u l t  

r e c a l c u l a t e d  ii t< o f  p y r r h o t i  t e ). O ther  i m p u r i t i e s  

were found by tr< ‘ in,, t > c o n c e n t r a t e  w i t h  c o n c e n t r a -  

ted h y d r o c h l o r i c  i c i d , which t a k e s  both th e  t ramp i r o n  

and p y r r h o t i t e  i n t o  s o l u t i o n ,  so t h a t  a l l  o t h e r

.

Composi t ion o f  • rhot  t e  c o n c e n t r a t e

Th p y r r h o t  t e  c . cent ra t>  v.u ana ly se d  chem-

P y r r h o t i  
Tramp i r o n  
P y r j t e
^ u a r t z , c h l o r i t e  c. g o l d  2 . 6 4 , ,

lUO.CO;
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S p c C t r o g r i p h i c  o n , . l y s i s  of  r o l . i  m i  J i l v u r  In pyr ifx  

and p y r r h o t i t t  .

E s e r h u i z e n ,  who c a r r i e d  o u t  i l l  t h e  s p e c t r o ­

graph i c  a n a l y s e s  u s i n g  i l a r g e  H i l g e r  L i t t r o w - t y p e  

s p e c t r o g r i p h  f i t t e d  wi th  ju i r t z  o p t i c s ,  found t h e  f o l l o w ­

ing  c o n d i t i o n s  most s u i t a b l e  f o r  th e  s p e c t r o g r a p h i c  

a n a l y s i s  o f  p y r i t t  m i p y r r h o t  i t e . ( E s t e r h u i z u n ,  

p e r s o n a l  communic i t i o n ) .

S l i t  wid th :

Amperes:

Vol tage :

P o l a r i t y :

Time:

Film:

P r o c e s s i n g :

Den s i to m et e r :

Calcv j .  i t  i o n s :

A na ly t i c  a l  Weight : 

E lec t rode : ;

Flux:

Matr ix:

S t a n d a r d s :

Anai y t i c a l  Lin* s :

0 .02 5 mm.

3 .00

250 D.C.

Sample p o s i t i v e  

60 se c o n d s

I l f o r d  t h i i  f i l m  h a l f - t o n e  A" x 10 ' 

Kodak D19B d< v e l o p e r .  P l a t e s

,

cor  t  m t  p i t  i t i o n .

J i r r e l  Ashe 

d c u l a t i n g  be :r<; u. ed f o r  d e t e r ­

mining i n t  n i t y  r  ;t i o s .

70 mg. approx irr. »t o l y .

t i o  a  C ri on Co. C t . N o . L  4018 

G r a p h i t e

Spv c t r o g r ap i i  i c  a l l y  pure F i^Oa 

St  nd i r d s  were pr.. par- d by add-  

. . . . . . 

o i  b o th  g o l d  and s i l v e r  t o  a 

m a t r i x  o f  nu n  Fe^O-,. 

ih* f o l l o w i n g  a n a l y t i c a l  l i n e s  

were chosen :

.
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i v t e r n a l  s t a n d  :rd:  Indium was c h o c . :  as m i n t e r n a l

s t a n d a r d  f o r  t h e  d e t e r m i n a t i o n  o f  

g o ld  ind s i l v e r  f o r  the  f o l l o w -  

i n -  r  . on n : ( Ahr n 1954) .

1 . 1 on id- r  t i o n  o f  vo l  t i l i t y  

: . c nt o i in  u i t  bl-, 

f o r  ■ • sure!  n t .

3 .  E x c i t  t i o n  p o t e n t i a l s  o f  t h e  

i y t i c  1 l i n e s .

Cua l i t a t iVL r . - s u i t s

Q u a l i t a t i v e  a n a l y s i s  showed t h e  f o l l o w i n g  

e l eme n ts  t o  be p reS i .n t :

:

S i ,  T i .

:

Q u a n t i t a t iv e  rv a l t .3
lo 1:1 ; r a  S i l v e r  ; pm 

T a r n i s h e d  p y r i t e : I5( ^

U n t a r n i s h e d  f y r i t ^ :  15C 14

P y r r h o t i t e :  130 12

Discs : :  i on o f  r- a l t  s

Thes- r .  s u i t s  a r e  d i scus , sed  u n d e r  t h e  h e a d in gs  

lo.I r  , 'Ty r i  t- ! * f , -r )t i ;,e* .

lilCKEi, fi ■' . J  . • L r.i I. ;n , ; .

;-U v.ctT'orr1 ,-i.ic con.iit-ior, ,-,  f u r  • : ; t .t ;e:. o f  t l i e

i fd  r,i.ck,..l corit •.nt:-. o f  l y r i t L  uid ; y r r h o t  i t  a .

"he c o n d i t i o n s  u v 1 by E i t e r h u i z e n  f o r  the  

let - , rmi na t io n  of  cob t i t  and n i c k e l  in p y r i t e  md 

f y r r h o t i t w e  n  th<. a a me as  t h o s e  p r e v i o u s l y  l i s t e d ,  

with the f o l l o w i n g  e x c e p t  i o n s :
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Pol . r i t y :

A n a l y t i c a l  w i ' h t :  

E l e c t  r o c k s :

Time:

St  ;nd i rds :

A n a l y t i c a l  l i n ^ s :

R e s u l t s

Sample n e g a t i v e  

ICO mg.

S p c c t r o t e c h  Ccop

3 amperei  f o r  10 se co nds  f o l l o w e d  

by 5 amperes  f o r  10 Seconds f o l l o w -

.

S t a n d a r d s  were p r e p a r e d  by a d d i n g  

. .
both  cob t i t  ind n i c k e l  t o  a m a t r i x  

.

a r d s  w i th  cob . l t - t o - n i c k v l  r a t i o s

.

v u'> ,1 >o pr  {: .rv 1 .

Thu f o l l o w i n g  a n a l y t i c a l  l i n v s  were 

ch os en

:

Co 3 4 0 5 . 1 :

i l l
Fc

D i r e c t  1:

Tarn i  h d r y r i t e  

Unt a r n i  h i  p y r i t e  

P y r r h o t i t e  

I n d i r e c t  1:

T a r r : h- i p y r i t  

U n t a r n i s h e d  pyri tu.  

Py r rho t  i t >-

i c k v 1 ,

Co' ilt.: N i c k d  r a t i o  

1 . 4 3 : 1  

0 .9 3 :1  

0 .00:1

Cok'Ji r a t i o

. . 1 ; r 1 . 09 : 1

. 0.13 5 ( .77:1

. C. )M ( . .  3:1
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Di^cu '5 ion  o f  an i l y t i c  i l  n.vthr 1 , 1 ir. lLiturrnin-it ion

of  cob t i t  ind n i c k e l .

Two methods were us i d, t h e  d i r e c t  and t h e  

i n d i r e c t  method.  Thu l i r u c t  method i s  I is,.d on t h e  

d e t e r m i n a t i o n  o f  t h e  r i t i o  between t h e  l i n e  i n t e n s i t i e s

.

method makes u s e  o f  s y n t h e t i c  s t a n d a r d s  and m a t r i x  as 

w e l l  as m i n t e r n  d  - t  m da rd .

i’hu i n  - i r o c t  n. th o d  i t h e r e f o r  , i n f e r i o r ,  

s i n c e  i t  depends  on t h e  . b s o l u t . v a l u e s  o f  th e  s y n t h e t i c  

s t a n d a r d s  I v i r n '  compl t u l y  c o r r e c t .  E r r o r s  ar-, a l s o

.

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

b .. p r e f e r r e d .

It s h o u l d ,  how v e r ,  b p o i n t e d  out  t h a t  bo th  

method: show t h e  s m t r . n d  cone r n i n r  t h e  v a r i a t i o n s  

in  t h e  co: i l t : n i c k e l  r  1 ios  ot t  e two t y p e s  o f  p y r i t e .

rhese  r  u l t s  a r e  d i s c u s s  d f u r t h e r  u n d e r  

t h e  h d i n ' : '  "i y r i t e  .n 1 P y r r h o t i t e " .
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GOLS.

Common p r  c t i c c  on t h e  W i t w ' i t e r  r a n d  o f t e n  

makes u se  o f  t h e  t v r z ’ " " o l d "  i n  c t s e s  w h e n . ,  i n  f a c t ,  an  

a l l o y  o f  o i l v v  r  and  g o l d  i s  mt a n t .  Suc h  a n  a l l o y  s h o u l d  

p e r h a p s  mon c o r r  c t l y  t c a l l e d  " e l v C t r u m " , b u t  i n  t h i s  

r e s p e c t  . c r t  i i n  amount, o f  c o n f u  i o n  •. x i  t s . Dana 

(1946 )  s t a t u e  t h  t  g o l d  fo rms  i c o n t i n u o u s  a e r i e s  w i t h  

s i l v e r ,  w i t h  a minimum C e l l  e dg  a t  20a s i l v e r ,  md 

r e s t r i c t s  thv r.am-. ' e l  c t r u m  t o  g o l d  a l l o y e d  w i t h  20% 

o r  more o f  i l v  r .  .m i o h r  ( 1 9 r ) , how v . r ,  p r  f ■ r s  t o  

a p p l y  t h e  t e r m  " e l e c t r u m "  t o  t h o  v a l l o y s  o f  s i l v e r  and 

g o l d  w h i ch  c o n t  . i n  b twve n  30 nd 45 o f  . - ' l i v e r ,  and 

wh ich  n r l y  p u r e  w h i t  i n  c o l o u r .

I n  vivw o f  t h .  c o n f u s i o n  s u r r o u n d i n g  t h e  u s e  

o f  t h .  t e r m  ‘ v l v C t r u r . " , .11 a l l o y s  o f  s i l v e r  a n d  g o l d ,

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

t o  s " go l  i i n  t h v  p n  n t  s t u d y .

H a b i t .

Fhe o ld  oh erv ed  b o t h  i n  p o l i s h e d  s e c t i o n s  

and as l i b e r a t ' d  g r a i n s  was g e n e r a l l y  found t o  show 

irr*. a i l  r  oa t  1 in-. i t o  o c c u r  t ’ h c k l  y g r  i n s .

( r i . t v  1 1 1 ) .  few . r a i n s  o f  g o l d  s h o w i n '  r o u n d e d  o u t ­

l i n e  w . T e , h w v r , r \ c o v  r' i f r om , y r i t o  i f  tv r  t h e

•

Fhose g r : ins  ol g o l d  o c c u r r e d  as  t i n y  c y l i n d e r s  o r  

e d - l i k  r ins  aid showed i roughened  or  p i t t e d  o u t e r  

:'u r :  c e .  ih r  .; a »: p.. .r< d t o  c o r r e s p o n d  i n  a l l  

ruspv.ct.  t o  tho: e i l l u s t r a t e d  by Dunn (1929) f o r  u n ­

ion! t e d  d t r i t . l  o ld  from A u s t r a l i a  ( PIat> IV) .

n f ew s u b h e d r a l  g r a i n s  o f  g o l d  were  :1so 

l o c a t e d  i n  t h e  p o l i s h e d  S e c t i o n s  examined.  B e ca u se  o f  

' i r  171 - I s i / .  nd th.  i r  i’r. q u . n t  d i  t o r t  i o n s , h o w e v e r ,
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i t  w found d i f f i c u l t  t o  : tvr rnin t h  i r  cry: t  1 form 

w i t h  my dvgrce o f  c . r t a i n t y ,  but  com-, o f  th u  gr; i n s  

a p p e a r ' d  t o  b ,  f . i ^ l y  symmet r ica l  octah-  d ra  and cubo-  

o c t  hvdra .

O p t i c a l  c h a r a c t e r  shown by t ) .' ro.l i .

Th -old  i n  t h  . .H. occu r  d .3 i s o t r o p i c

.

i n v a r i  .bly f o u n t  t o  bv tho.  - which h id b e e n  im p r o p e r l y  

p o l i s h ' d  o r  h id b com., s t a i n e d .

F i s h - r  (193°)  " temp*, d t o  vV lop  t h  m ic r o -

He found t h a t  most o f  t h e  minu te  p a r t i c l e s  o f  g o l d  t h a t  

he had t ch .  d ap; e : r  d to  b* s t r u c t u r  1' m md seemed t o  

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

twi n  b m i  cou ld  ■ en i n  t  m. Fi.  h e r  found ,however ,  

t h a t  l a r g e r  g r  i n s  in  specimens  c o n t  . Inin,  v i s i b l e  g o ld

Showed what h , t  rm<.d Mr  cry. t  11 i . s t n a c t u r o s  .

a c c o r d i n g l y ,  p o l i s h . d  j c t i o n s  were  p r e p a r e d  

from p o r t i o n s  o* r i c h  ore c o n t  i n i n g  v i s i b l e  go ld  from

Vent r r . p o t .  .h s w r  vteb.cd us  i n  d i l u t  a qu a -

r e g i a ,  a s  sue  eSte  i l.y bo th  F i sh  r  (1939) nd v dwards 

(194'  ) .  A ■ o l u t  i on of  po t  s a. ium cy in i i i n  w a t e r

was 1 o found by t h  w r i t  r  t o  b< • i u a l l y  e f f e c t i v e .

Var ious  ■ f f e c t s  due t o  e t c h i n g  w . r e  n o te d ,  

which may b summarized s follows*.

Und* r  low pow r , m ny o f  t h e  g r  a i ns showed the

p r es e n ce  o f  p a r a l l e l  a l i g n e d  bands  s u g g e s t i n g  111) 

t w i n n i n g  o f  th gold  (PI be V). It co u l d  f u r t h e r  b< 

soon t h a t  mo--1 o f  t h e  l a r g e r  g r a i n s  Were in  f a c t  com­

posed o r  numerous ' m H e r  g r a i n s .  The b o u n d a r i e s  

shown by t h e s e  s m a l l e r  g r a i n s , which o x t i n g u i s h  a t
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d i f f e r e n t  r a t e s  under  c r o r  d n i c o l s , took t h e  form o f  

c i t h e r  v e r y  . h a r p  s t r a i  " i t  i inc-s  (I I i t e  V I ) ,  o r  g e n t l e  

.

.

Ur ler  o i l  Immersion,  i t  : i f n i f i c  i t  io n s  i n  ex­

cess  o f  3 X, v a r i o u s  h i t * . a r t  o unrccorc - jd  f c i t u r o s  were 

.

not  only  shows the pre enc .i o f  i n c l u d e d  t i n s  o r  

" i s l a n d s "  o f  p y r r h o t i t e ,  but a l s o  t h e  r e s e n c t  o f  t i n y  

c r y s t  i l l i n e  i n c l u s i o n s  o f  ;o l d ,  t  tndinp out  i n  r e l i e f

.

immersion,  the  so l i t t l e  : rain. i  of  frol 1 c m  c l e a r l y  be s e en

.

f-one 1 o v e r  - r a i n  • o f  ;ol l, -.on e x  uni nod un:er  

low power,  mpc r  , t o  show d i f f e r e n t  o r i e n t  it io n s  o f

.

,

they  were n tc t  found t o  how micro s t r u c t u r e s  c o n s i s t -  

ing  of  numerous . ,r J l e l  a l i e n e d  l a y e r s  o f  t i n y  g r a i n s  

wi th c u b i c  o u t l i n e s .  Ad j . c  n t  p o r t i o n s  o f  t h e  l a r g e  

g r a i n  c ou l d  c l e a r l y  be so n t o  h .vo  in i d e n t i c a l  micro 

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

o f  t h e  t i n y  g r a i n s  (I I  ;t e  VI I I )  .

In o r d e r  t o  v e r i f y  th a t  none o f  t h e  ob se rv e d  

e f f e c t s  cou ld  hav be n c ai. t d r.y th< p o l i s h i n g  method 

urted, some of  th e  a c t i o n s  c o n t a i n i n g  e t c h e d  g r a i n s  o f  

go] ; wer- rct  o] i  h ' d .  f  ub a qu , n t  e x a m i n a t i o n  c l e a r l y  

showed t h a t  m i n u t > d i f f e r e n c e s  in  r e l i -  f  s t i l l  p e r s i s t e d  

between ‘ h- s m a l l e r  p o r t i o n ;  o f  t h e  l a r v r  g r a i n s .  The 

f o l l o w i n g  f i c t s  a l s o  s t r o n g l y  sugg s t  t h a t  t h e  obse rve d  

i e a t u r u s  w r .  not caused by t h  p o l i s h i n g  method used:  

f i r s t l y ,  th e  ha rp  bound ,miv  which e x i r t ^ d  between t h e



v a r i o u s  p o r t i o n s  fo rm in  ' t in 1 irv . r  r  t in s  m i s e c o n d l y ,  

the  randomly o r i e n t e d  r o d - l i k ,  i n c l u s i o n s  i n  somn of  the  

»old ^ r  t i n s .

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

m i c r o s t r u c t u r e s  rvv- ,1 d by uCh In,- s u  ' t  t h a t  t h e  g o l d  

.

s i t u , subsc a u  nt  t o  i t  : : c i t  io n .

F i s h e r  (1 >39) c o n c l u d e d  f r o m  h i s  s t u d i e s  t h a t  

l i t t l e  co u l d  u n f o r t u n a t e l y  b e  1 a r n u d  f r o m  t  e  m ic ro ­

s t r u c t u r e s  o f  t h . i gol d  i n  t h e  t m k - .  t . H i i e l  t r . a t  t h i s

was due t o  t h e  f  a c t  t h  t  t h  Witw r  r a n  : c o n g l e s  r  t  s

dur in g  th  i r  h i s t o r y  h a t  b e n  d - p l y  b u r i . w i t :  

c o n s e q u e n t i a l  r i . u  i n  t  m e r a t u r  s u f  i c i  n t  t o  account  

f o r  th  r e c r y s t a l l i z e d  s t r u c t u r  o  t h  o.l a , w h a te v e r

the  o r i g i n  o f  t h  ' O l d  r d / r . t  i n  * c t  .* v  • n .

In c o n c l u s i o n  i t  shou ld  be d d t h a t  t h e  

p r e s e n t  w r i t e r  f  11 i t o  f i n d  n y  u f t  i o n  o f  hr e c r y s -

t a l l i z e d  s t r u c t u r  ” i n  p a r t i c l e s  o f  g o l d  net  v i s i b l e  t o  

th e  n •.k v • 1 • y . .

C o l o u r .

In f Ol i  h ! c t i  on t h  o l d  in  t h e  V.C.R.

’lFa : ' o: r  y u n i r  ■ 1 low c o l o u r ,

.vlien, c , v r ,  : : c nc n t r  ' o :  ol • wore ■ x.;znin< d,

an appar  n t 1 y muc: i r  r  r . o f  col  ou r  • w ■ ' n. These

could not b< xpl i n 1 ! i* r  co.v i nr by ovh . r  m i n e r a l s ,  

and showed c o l o u r s  r  r u i n g  from a p a l e  y e l l o w  t o  a 

r e d d i s h  o r ange .  h i l  t  i t  i; g e n e r a l l y  a r c  ; t e d  t h a t  

an increa. ' t i  i n  t h  s i l v e r  c o n t e n t  of the g o l d - s i l v e r  

a i l o y  r ed uc e s  t h e  c h a r a c t e r i s t i c  t i n t  o f  th  go ld ,  i t  

i s  a l s o  a c c e p t '  d th. t  t i n  pr« ence o f  copper  h e i g h t e n s  

th e  c o l o u r .  <‘oleman (.1.957) m n t i o n  d s ing  f r a i n s  o f  

gold 1 r om r e l l o w k n . i fu , N.W.T, , which 'howed a r e d d i s h
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.

a s s o c i a t e d  w i t h  cop; o r - b u  i r in j :  m i n e r a l s ,  i n i  t h a t  t h i s  

r e d d i s h  ’•old o c c u r r  i on | \ri Lcl« h - .v inr  i n o r n a l  h u e .

Coleman iXirt i .ur ddod t!. i t  I t  aeumvd n  is en a b le  t o

sugge s t  t h a t  i t  was m Au-Cu . LLoy wnich had formed as a 

r e s u l t  o f  t h e  in i c t i o n  o f  f J u i d s  c o n t a i n i n g  cop; ,-r w i t h

.

from 1. 1 n i t  ok ., h' r< aor t  i sc Lng s i r . i l  i r  r ed  go ld ,  which 

vdien a n a l y s e d  found t o  cont  d n  c o p p e r .  Copper i s  no t  

an unknown t r  act c l e  .nt  i n  l It  e at er r  and g o l d ,  and may 

the re  f o r t  v .  11 t r  : ora - Lbi f o r  tr  ruddy c o l o u r  im­

p a r t e d  t o  :on.t o f  the  g r  d r  o f  g o ld .

i  i l t  a (1 )(:l) co n a e n to d  on t h e  wide v a r i a t i o n  o f

.

and s t  .t .d t h  i t  th-„ c o l o u r  o f  th e  ;old i n  p o l i s h e d  s e c t i o n

.

pure gol i h a pure ;ol leu co lo u i  wi th  a d i s t i n c t i v e

ru Jdy t i n t ,  and wi ;h i n c r  a in,:, p r o p o r t i o n  o f  a l l o y e d

s i l v e r  t h i  c o l o u r  change t o  y i l low and u l t i m a t e l y  t o  a 

p a l e  s i l v e r y  ye l lo w .

i’he p r e s e n t  w r i t e r  f t  I s  t h a t  t h e  c o l o u r  o f  t h e

gold p r t i c l  i , how v . , r , not  u f ' i c  i n t  I y x c t  t o  be

U;‘<- 1 3 u m t i t  . 1 ve i n I ic .t  ion o f  t h e  s i l v e r  c o n t e n t

r i I he ;r d r s  . o n l y  r  i i hit. moms o f  d i f f e r v  n t i  . t -

ing b * >/ n gr  ins o' o l d  hiow i ng i i f f  rvncus  i n  c o l o n "  

i s  e i t h e r  by p r t  ins t h e  g r d n  fo r  s i l v e r  md s o l d  in  

t l .e c o n v e n t i o n a l  w .y , o r  a l t '  rn  i t i v c l y  by t h e  use  o f  th e  

- 'Otron m ic ro -  c .nnt r . 

f-Qati.nr, or. g o l d  i ' rl ic l e a  .

i ron  ox id  .s and ; s u b . ' t  ,ncv b e l i e v e d  t o  be 

s i l v e r  Werx. t h e  on ly  kind:  o f  co t i n g s  which Wt ru i d o n t i -

1 on t h e  g o ld  i a r t i c i  s in  th i  p r e s e n t  s u i t e  o f  

samples .
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I r i d e s c o n t  t o  d u l l  o r  mv;v c o a t i n g . ;  o f  i r o n  ox ide  

were o f t e n  found on l i b e r  t ^ d  :r a i n s  o f  - o i l .  Theeo m y 

r e a d i l y  bv a.’c r i b e d  t o  t h e  d e c o m p o s i t i o n  o f  u n s t a b l e

.

.

.

n a t u r e  o f  such i r o n  c o a t i n g s  a n i  t h e i r  e f f  c t  on t h e  

economic r . c o v  ry  o f  o l d  h .ve b. en w , 11 i l l u o t r  t e d  and 

i i s c u s  i by Edw ird ' ,1 47 .

Panned c o n c e n t r a t e s  o f  o l d  from V e n t e r s p o s t  

r e v e a l e d  th e  pru- cnee o f  t h i n  g r e y i s h  t o  a l m o s t  b l a c k  

cc a t  in . t  oii o of  t  go! t . r t i c l e s .  S i n c e  the

c o a t i n g s  w e r . not v e r y  much more th an  a few microns  

t h i c k ,  t h e  f o l l o w i n '  method was d u v i s v d  f o r  t h e i r  r emoval

.

h e a t e d  wi t h  a few drops  o f  d i l a t e  n i t r i c  a c i d  on a g l a s s  

s l i d  r, : th  r  c t i o n  o r v  . un . r  ■. b inoc  ;1 r  m ic ro ­

scop- . In ■ 1 c .a c s  th e  t h i n  c o a t i n '  d i s a p p e  . red and a

br  nt  y ow ; r* i c l . .  o o ld  w r e V v a l e d .  The n i t r i c

iCid s o l u t i o n  cor;t i r . in  t h  I n s o l u b l e  o ld  g r a i n  was t h e n  

expose i to  u l t r a - v i o l e t  r a d i a t i o n  f o r  s h o r t  p e r i o d s  o f  

t im e ,  and t h e  e 'T  c t  wer ob e.rved und r  ; b i n o c u l a r  

microscop '  . In it 1 ly , t .h  o l  t r  i n  in. car, cove red  w i t h  

a p u r p l i  h c o i t i n r ,  which on f u r t h e r  ..xpo ;ur* t o  1^ a-  

V'O t  t  uIt  i \ 1 y M ck n i co i t l y , t in . r  by 

c o l o u r i n  ' t h  ..n t i r  p r  v io u  l y  b r i r h t  y 1 low g r a i n  o f  

gol a i .1. ck .

S i l v e r  s a l t s  a r  Known t o  VI ckun when exposed 

to u l t r a - v i o l  t  ix . -ht ,  i f e a t u r e  w hi ch  i m. dc us o f  

in  ph o to g ra p h y .  It in t h  r  o r  prob b l  t h . t  s i l v e r  

was pr- unt  in o lu;  ion i n  t i  » i i l u t  n i t r i c  iCid.
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As w i l l  be. shown un der  t h e  h e a d i n g  " F i n e n e s s  o f  

Gold",  g o l d - s i l w r  i l  loy-  cone i n i n g  1 .  t h a n  38.5, .  o f  

s i l v e r  u'v no t  t t  eked by d i l u t e  n i t r i c  a c i d .  Accord ing  

to  Ramdohr (19^'  ) ,  o'  i l v .  r  a l l o y  of* t h i  c o m p o s i t i o n  

(e luc t rum )  . re w h l ' e  in  c o l o u r .  . inc , i f t e r  h . t i n g  

with n i t r i c  a c i d ,  t h e  o l  • r  i n  had b r i  ght y H ow  

c o l o u r ,  t h  r  n c u b. ur.e 1 t o  h v> con t  i n e d  con­

s i d e r  b l y  lv ‘ • b 3 i l v  r .  nee ,  t h  i? v%r

pre L n t  i n  t h  . . o l  ! r a i n  would net  havv b-. n r  mov „d by

the n i t r i c  a c i d ,  an i a c c o r d i n g l y  any . l i v e r  d i  o lv e d  iri

the  n i t r i c  a d d  mu t  havt. o r i  i n  t u d  :’ro t r u  c o a t i n g

on ly .

Tt i s  t h v r e f o n .  }0 s i b l e  t h  t  t h e  c o a t i n g  

o r i g i n a l l y  r r \  ' ant on t h  rr  i n  o f  go ld ,  nd s u b s e q u e n t l y  

removvd by thv n i t r i c  a d d ,  cou ld  h ive be n m e t a l l i c  

:: i l v  r  o r  co our. : o f  g 1 v r .

Gi/ .cs Of -Ol d : . r t l c i -  . ol  r v .  i .

O b s e r v a t i o n s  made in  th- p r e s e n t  s t u d y  showed 

t h a t  t  ... c o r  c r  ; r ' i c i  o o ld  it r r e d  t o  b con-

Cent r  t v d  mor g- n , r a l l y  w i t h  th e  u l p h i d '  m i n e r a l s  

(Fi . te  IX.! , • .• r- 1 he f i n  r  *r i n s  ' \ . r  x p p a r e n t l y  

a s s o c i  tu d  more f r  am.fi t ly wi th  t h  phyi 1 © s i l i c a t e s  and

> r t  (; ] ,t. >: .

Th i” i iff* r  nee c n mo; t  « >s i I y b. shown by 

compar 1 on o f  the  i z  of g r  in.' o f  o l d  recov r ed  from 

a r ea s  not  c a r r y i n g  a bno rm a l l y  larg* p y r i t e  g r a i n s  

(sample 1) and tho: c a r r y i n g  co . r  u g r a i n s  «.nd p e b b l e s

of  buck, hot  t y r i t e  (Garni 1e 2) ,
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izo  ir it q rv a l  ( m i c r o n s ) D i s t r i b u t ion  t e r  Cent

Sample 1 5 impl', 2

0 t o 15 3 7 . ' ( 15 . 67

15 t r 30 1V.& 6 . 8 2

30 t o 60 13.33 8 .4 9

60 t o 90 13.63 9.93

90 t o 120 < 5 12 .20

120 t o 25( 3 .31 19.14

2 50 t o

oou% 1.1 > 20.93
500 t o 1000 G. 2 5 .93

Cv -.r 1C 00 I . C .

Tot a l IOC . 0 10 f .

.

oinj l e  ?: ■ r - .c i  1 s v i p ^  rich  in  coareti 'buckshot'' p y r i t e .  

The abovv r e s u l t s  ire based on nearly 4000 individual

.

• he Lnding.s o f  von Aubol (1939) with r e g a r d  to  

s i z e  ! :.s-r . but i.on o f  gol i p i r t i c l e s  \pp«,ar t o  have a 

b taring on t h e  re. u l t s  o f  th e  p resen t  su rv e y .  Von Aubel 

corxlul^  i fh a t  thx. \ irticl*.. s i z e  o f  n a t iv e  go ld  was 

commonly fu n c t io n  o f  the mode o f  formation o f  the  

i ' Oci.it d mir, raas .  ''hen o ld  w s contemporaneous with  

the enc o ing min.r l ,  i t  w e x t r  m. l y  f i n  -g r a in e d ,  

where .o 1 .o gr in-', vf ‘■'old which w r formed l  i t e r

t,,! it‘ ’ ' :Ulr °  1 v/ r  " r u . r a l l y  co, r. v r .  S i n c e ,  t h e r e f o r e . 

in  the pre. n t  s t u d y ,  th,  f i n e r  g r  in s  o f  g o l d  seem t o  

be is e c . a t -  d with t h e  phyj l o s  i 1 icate-s and q u a r t s  

 ̂ ‘  ̂ lt 1 ’ ^1 '■ : ; ’urn. d t h a t  g Id i s  con t emporan-

‘ , *0i ' 1 i-c ‘t < ' .  ( a th< othv r  hand,  the

0 - i . J . ior i  o f th t  co a n  j r  g r  i i n s  o f  g o l d  wi th  p y r r h o t i t e  

f ec i  t i i y  i n  i v>, ts c o n t a i n i n g  bu c k s h o t  p y r i t e ) 

l' 1 ' ^n,,ic  it(:S t h a t  t h e  p y r r h o t i t e  must have been
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d e p o s i t e d  b e f o r e  th«. ;o ld .  : hi.  , en r  l i z  Lion i s  s u p p o r t ­

ed by t h e  f i n d i n g  on numerous occas ion :  o f  i s l a n d s  o f  p y r i t e  

and p y r r h o t i t u  i n  th t  g o l d , c l e  r l y  i n d i c a t i n g  tha t  t h e

.

V a r i a t i o n  in  th. comro r i t  .loii u.i' cl t wi th  r  .. ■ c t

t o d i f fv  renc,  in g r  .It ja;L__.

Young (1917) ment iont  i t h a t  t h e  p u r i t y  o f  t h e  

go l d  app eared  t o  va r y  t o  tome xt  ant  wi th  t h ,  j a r t i c l e  

s i  - in which U old  occi  ■ i i r  t h •. r o c k ,  t h e  c o a r s e r

•

check t h e  v a l i d i t y  o f  t h i s  it i tement  i n  the  p r e s e n t  

sui t , ,  o f  £ ample . F i s h e r  (1 )} •)), how- v e r , u a t e d  t h a t  he 

was un ab le  t o  f i n d  any g o ld  i n  t h e  ban k e t  t h a t  ap p e a r ed

.

f u r t h e r  r emarked th it h.. could  f i n d  no c o n f i r m a t i o n  o f  

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

gold was markedly  un i fo rm o r  1 cure tr .xn t h e  co a s e  

go ld .

7, m vjtamLn-,.d i n  . o i l  bed c t i o n ,  a l l  t h e

.

f it t i c  : i , ■ f ■ r  t o .ov uni  f o r  c o l o u r ,  .nd Were

there.!  cr, r r  ’. ’. a  ly . r ot, • y a - i form com; o i t  i o n .

vt pr- "-e.it th  .r- t h  r ,  f o r e  s e m s  t o  be l i t t l e  

s up por t  f o r  t h e  a s s e r t i o n s  m.de by Young (19171 c o n c e r n -  

' r'; - : 0 ' 0 o ; f  n wi t :  r  in a i z e .

.*.ny s yjc!- v • ' i- V ions  could  b e s t  be  check d by moans o f  

th e  micro-sc-annor i n  p o l i s h  j  a c t i o n .

Gold and cobal  i i t- .

: i o  as so c  i a t i o n  of  g o l d  and c o b a l t i t e  has 

a l r e a d y  been r e p o r t e d  on th,. Far  E a s t  Rand by Mendelssohn

con- Idc r  h i e  q u a n t i t y  i n  p o l i s h e d  S e c t i o n s  p r e p a r e d  o f



t h e  c o b a l t  i t v , ma in ly  i n  t i  form of  i s o l  t e d  s m a l l  i n c l u ­

s i o n s ,  and t h  it  i n  a d d i t i o n  w i n  o f  c o l d  were s e e n  c u t t ­

ing th rough  t h e  c o b a l t i t ,  nd e v i d e n t l y  r e p l a c i n g  i t .

The c o b a l t i t v  d e s c r i b e d  by Men e i s s o h n  o c c u r r e d  i n  l a r g e  

i r r e g u l a r  misses  showing no c r y  t  il o u t l i n e s .  One o r  two

sm al l  i s o l a t e d  c r y s t a l s  vz-.r , how v r ,  obs, r v e d .

Keep (1939) a l s o  comment* d on th e  p r e s e n c e  o f  

c o b a l t i t e  i n  a p i e c e  o f  bank, t  f rom Government Gold

Mining Areas which 'z .s r i c h  i n  v i s i b l e  / o l d  m d  cont  ined

much c o b a l t i t v  i n  which inn umerab le  rr  ins  o f  gold were 

dissvminat , .  i .  K,„e| was ible t o  rnow from t h e  appearance  

o f  t h e  specimen t h a t  i t  had t e e n  o b t a i n e d  from t h e  v i r  a i t y  

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

re dev a. i t  ion of  tr . ;ol  i 1 ., t h e  t mke t  by t h e  magma t i c  

v . t e r s  cont u n i t  t :  cot t i t , which t o s t  prob a b l y  tccom-

p a n i e d  t h e  i n t r u s i o n ,  would h ive r e s u l t e d  in  such an 

occur rence .

•>h trpc ( l  >^r>) t  ite-d t h  it p o l i s h e d  S e c t i o n /  o f  

CCf ■ " !- ■ 'Ov -lament Gol I Mining nre is showed wh it

appeared  t o  be a d i s t i n c t  u u t j c t i c  s t r u c t u r e  o f  th.;  g o ld  

wit r. in the  c o b a l t  a t e .  fh r; e con "ide-red th  t  i n  t h i s  

p a r t i c u l a r  c .. e th ,  g o l  i r.i C o b a l t i t u  h d c r y s t a l l i z e d  

uie-ou y . L: nb r  ; 1955) , ho ., v e r ,  v/tio I s o

examined npecim n cont  i n i n  c o b a l t i t ;  from Government

• r • r>,~ r t ! r > t a t ,  i th  t  t> c gold o c c u r r e d  as  v u i n -  

l e t s  .nd m : 1 i r r e  u l a r  p a t c h e s ,  and t h a t  t h i  g o l d  was 

o b v i o u s l y  l a t e r  t h a n  td. c o b a l t i t e  nd r  p la c e d  t h i s  

^ulpz, I do . hi U  nb- r  i d i n , a t ,  a l th o u g h  h i j  i n t e r p r e ­

t a t i o n  o f  t h  a s s o c i  - t i o n  o f  g o l d  and c o b a l t i t e  d i f f .  r ed  

frorr t a g  oi S h a r p e ,  :,v nev< r t h e l e s s  ag ree d  t h a t  th e  

cowait  it e had a c t e d  an a c o l l e c t o r  f o r  th i  g o ld  d u r in g  

th e rm a l  metamorphigm.



Numerous f r  rmvnts o f  c o b a l t l t c  r e  found in

• • •

g r a i n s  o c c u r r e d  mainly  as j a g g e d  i r r e g u l a r  f ra g m e n ts  

( P l a t e  XI) md rounded  g r a i n s  ( P l a t e  XI I ) ,  b u t  a s i n g l e  

g r a i n  shoe!.nr  a re c r y s t a l  o u t l i n e s  was Iso found.  Most 

o f  the c o b a l t  i t e  g r a in :  found c m r i e d  g o l d ,  which appeared

to  r e p l a c e  th< cob . I t i t e  ( P l i t i  XI ) .  These modes o f

. .

t o  t h o s e  i e s c r i b e d  by Mendelssohn (1932) on th e  Far  

Eas t  Rand.

Thi rou:  i o u t l i n e  shown by some o f  t h e  cot i l t -

. . .

.

t h a t  t h e y  p r o b a b ly  o r i g i n a t e d  i n  the  manner s u g g e s t e d  by 

Keef The r e p l  icement f i t u r e s  shown by thv. p r e s e n t  

s u i t e  o f  samples  cor.t l i n i n g  cob I t  i t e  vd t h  a s s o c i a t e d  

m i d  .,pe : r  to  suf : o r t  the views o f  L iub enb erg  r a t h e r  

than  th e  - o f  Sharp  .

Gold and "Carbon '*.

' h re  a, r  .d t o  be no ob v io us  r e l a t i o n s h i p  

g ove rn ing  t h e  a s s o c i a t i o n  o f  gold a id ca rbon  i n  t h e  

p o l i s h  ad s c t i o n r  x rrin d . Som a u c t i o n  aa r e  found t o  

be s . voi d of ny v i a b l e  [ i r t i c l e s  o f  o l d , y e t  t o  con­

t a i n  numerous t . r t i c l  a o f  p y r i t  md "c . rbon" .  In 

o t h e r  c z e-:, ct, on:: Wur found which,  a p a r t  from q u a r t z

u a  c h l o r i t e ,  w r  comp! t  l y  d v o i d  o f  any o t h e r

m i n e r a l s  e x c e p t  a few g r a n u l e s  o f  " c a r b o n " .  Some 

-ect ion:  showed p . r t i c i u s  o f  o ld  w i t h i n  a few m i l l i m e t r e s  

of c a r b o n '  g r a i n s ,  o r  in d i r e c t  c o n t . c t  with the 

c rbon , o r  v n f 11 l i ng  c r  ck i n the  "c r bon " .  In

a l l  t ie Cases c i t ' d ,  t h e  i r i o d  o f  g o ld  m i n e r a l i z a t i o n
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a p p u r e d  t o  be t o t a l l y  ind(.p(.ndunt o f  t h a t  o f  the  " c a rb o n " .  

The f a c t ,  however,  t h a t  numerous g r a i n s  o f  "ca rbon"  wi t h  

a: ’OCiated u r a n i n i t u  o f t e n  showed c r a c k s  f i l l e d  in  by f i n e  

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

_

e t i c  s e q u en ce .  ( P l a t e  XI I I ) .

dol  l .1 : y r i  t e .

The t u l k  o t h e  o ld  m i n e r a l i z a t i o n  of t h e  

•• • • aP? r " ‘ 0 b to* l l y  i n a e p e n : e n t  o f  t h  p y r i t o  

rr.*ae. . i i r  ’ ion, .nd t h e  p r e s e n c e  of h i g h  concentrations
ox ; y r i t e  scorns t o  b in ic -p e n h .n t  o f  t h e  amount o f  gold 

■

propo t  on o f  go ld  found a s s o c i  t e d  w i t h  the p y r i t e  

oc ' r rv  ; i n  two d i s t i n c t  ways: f i r s t l y ,  as t o t a l l y  m -

a t e  s a . Se«. 1-1 ik e  ' r a i n s  o r  c y l i n d e r s  o f  

app r e n t l y  d e t r i t a l  o r i g i n ,  .nd S e c o n d l y  is  j a g g e d  

s t r i k e r s  o r  v e i n l a t s ,  whicn repr< ant  i n f i l l i n g s  i n  

cr i ck s  o f  t h ,  p v r l t  and i n  most c e r t  l i n l y  l a t e r  i n  

•• rue nee t h a n  t;  p y r i t e .

’t '- n  • • >. i p o r t  th o s e  o f  L iebonbe rg

■

co as*; ant  and wi - .  a r i aoc i  t.. o r the  p y r i t e  in  t h e  

r ' r ikc t> the p y r i t e  was on ly  o f  minor  im por ta nc e  as a g o ld  

- . r r i e r .  .1 b, nb r  ■ f u r t h e r  m n t i o n  - t h  t  only  com- 

p a r a t i v e l y  w o f  th,  m ny t h o u  n is o f  t y r i t e  g r a i n s  th  at

x n d ' rn d ny r c l u  r a j  nr o f  , o l d .

I t  i s  i n t  re: t i n g  t o  n o t ,  t h  t  th  f i n e n e s s  o f

, f'l i nc luded  in t h  j y r i t e  was found by the p r e s e n t

w r i1 r  to  v a r y  b etw, en 914 and 90S.

■ora. : or, { }  ■ ]) r  p o r t ' d  t h a t  L.C. Groton had

*0 <r‘ ' : Simmer and «f ck and v i j a c e n t  mines t h a t  a

*"* r,dit J e  s i g n  of  r  a t h e r  b e t t e r  th a n  average gold  v a l u e s



i n  th e  r e e l '  was t h e  r a p i d i t y  o f  t h e  t a r n i s h  o f  th e  p y r i t e  

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

t a r n i s h  might  have beon b r o u g h t  bou t  by t h e  ; re.  ence o f  

go ld  in  s o l i d  s o l u t i o n  i n  -omv of  th  p y r i t e .  f t i l w e l l  

and Edwards (1946) p o i n t e d  ou t  t h a t  s i n c e  p y r i t e  was a 

n o n - s t o i c h i o n a : t r i e  compound, i t  seemed l i k e l y  t h a t  any 

go ld  s o l i d  s o l u t i o n  t h a t  o c c u r r e d  i n  i t  would be o f  t h e  

l i m i t e d  i n t e r s t  i t i  1 t y r e  of  o l i d  s o l u t i o n .  This t y p e  

i s  found in  some m e t a l s ,  i n  which t h e  s o l u t e  atoms f i l l  

va can t  sj aces  i n  t h  1 ' t i e * ,  s t r u c t u r e  r a t h e r  t h a n  s u b ­

s t i t u t e  f o r  s o l v e n t  a t o m s .

I f  G r n t o n ' s t h e o r y  c o n c e r n i n g  t h e  p o s s i b l e

.

th e o r y  c ou l d  j o t  i b l y  I i n v e s t i r a t <  i by h a l t i n g  p o l i s h e d  

s e c t i o n s  o f  j y r i t c  from a r e  as when  th e  g r a d e  o f  ore  was 

very low, in in i n e r t  i t no s j  her« f o r  . f e w  h o u r s , t o  s e e

-

haps be n. tde vi i t l e  as i r e s u l t  ol t h e  s e g r e g a t i o n  o f  

t h e  *old.

; r  .at w r i t  r  1 1 >, laow v c r ,  t h a t  th e

rea s on  Tor t h  t i rni  h i n r  o f  t h e  p y r i t e  is most p r o b a b ly

a f u n c t i o n  o f  tne  chemical  com; or i t  ion  o;' t h e  p y r i t e  

i t  i f ,  r  . t h e r  t  .n i r e s u l t  o f  t h t  no: i b l v  p ro svn ee  o f

gold i n  s o l i  I o l u t i  on in th .  s y r i t t  . ( This  q u e s t i o n  i s

.

f u r t h  r  f I t  t h  t th  us  ! i put d p r t i d  s o f  g o l d , w! i ch  

can be r  cov r o d  e a s i l y  f t ,or  t i n  p y r i t e  has been  d e s ­

t r o y  ! by .no n i t r i c  i c l d , c o n s t i t u t e  t h e  major  

f o r t i o n  o f  1n , o l d  i nc l ude d  in t h e  p y r i t o ,  and t h a t

whi le  th  r  iy b. cme o l d  in  s o l i d  s o l u t i o n  i n  t h e

p y r i t e ,  i t  c - r t a ' n l y  i o f  / ry minor  imi o r t  n e e . In
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any c a s e ,  t h e  s i z e  d i s t r i b u t i o n  o f  t h ,  rjold p a r t i c l e s  

repor t , ed  i n  t h i s  s t u d y ,  which t  ikes i n t o  account  a l l  

p a r t i c l e s  o v e r  1 it cro n  i n  s i z e ,  d c v s  not  i n d i e  *te t h a t  

t h e  s i z e  di- t r i b u t i o n .  h vc b en a p p r e c i a b l y  d i s p l a c e d  

towards  th  su b m i c r o a c o p i c  r . n , , . .  Thi s  would h ,ve been  

tho C'u’c i :  tol  i w. r ,  p r e s e n t  p r e d o m i n a n t l y  i n  s o l i d

s o l u t i o n  i n  p y r i t c .

d e l i  a:  " t uc  ho t  c v r i t e .

*n * t h  prcsenc-  o f  c c . r s e  g r a i n s

md p eb b le s  o f  "b u c k s h o t"  p y r i t c  i s  g e n e r a l l y  i n d i e  t i v e  

of  h i  -h o l  : l u  ( I  v i e s ,  1949) .  In vi i i t i o n ,

"buc ksho t"  i s  u s u a l l y  ac-romt n ie d  by co r s e r  g r a i n s

.

t u  ration w.3 id t o  p o l i s h  d a c t i o n s  cont i n i n g  b o th  

Vi • "r : it- : l a c  a not y r  i t  - in  i  a t t e m p t  t o  st-v

i f  my r u i \  t y  miner  :lo> Leal  r e a s o n  c o u l d  be found f o r  

th< Lr c o - e x i .  * n e e .

fn ■ : ' ioi. t x  mined,  th t  ro ld  was found to

occur- . - . . inly $ list rgrc , ths  wi th  the  p y r r h o t i t e  o r  :s

.

h°l 1 co  i] : t • four,  I it..1 . inc :u Lc .. i n ,  o r  is

s t r i n g e r s  r t .pl  tCing,  t a  buck , o t  p y r i t c .  Thi s  f i n d i n g

i i ! :  s frorr. in i !nr: o f  Liefc, til r  ; (1 who

! r, t.-nc- o* . i n u t r o u n d i  ’-h ,nd i r r e g u l a r

inc  1 u: i o n s  of  ;ol i in buck h o t  p y r i t c  from the  Va i l  

h-., 1 a t  Muff e l  f'ont, t i n ,  which was appa ren t  l y  s i m i l a r  t o

t h a t  p r e  n t  in  t h  Witv/at r  -rand b a n k e t  and o t h e r

r  v.frs.

U n f o r t u r ,  t ly ,  t h -  v  f o r  , t h  pr- ent  w r i t  r

was un b l  t o  c c o u n t  f o r  t h  c o -  x i s t  ncu o f  t h e  gold





-

r e p r e s e n t e d  t h e  bulk  o f  t h e  imples  eximinud ,  d id  not  

c o n t a i n  • ,

.

samples  where l a r g e  imounts o f  b uc ks ho t  p y r i t e  were 

.

.

,

b a t e d  w it h  t h e  p y r r h o t  i t , . , w o u l d  c e r t  a i n l y  give  t h e  

impress  i o n  t h a t  p y r r h o t i t e c o n s t i t u t e s  a n  e n r i c h i n g  

f a c t o r .  I n  t ct : vn  , ' o . c r  c t  r i  t*c  1 y 

o c c u r r e d  a s  1 , r g e  i r r „ g u X  r  r u n s  i n  t h e  p y r r t  o t i t e  

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

a p p a r e n t l y  s h o w e d  mu tu  1 g r  . i n  b o u n d  r i e s ,  t h e r e b y  

Su - - st  i n s  cor.* o r  r,. o . : i t  i o n .  n  c l o r  v r

i n s p e c t i o n ,  h o w w v r ,  i s  ads o f  . y r r h o t i t e  i n  g o l d  xvv.ru

c] •, . r l y  v c n  • t  I X ) ,  * .. r  by d ' p r o v i n  * t h i s  a s s u m p ­

t i o n  r.d f i n i t e l y  : ' c i n  t h e  g o l d  a f t e r  t h e  f y r r h o -  

t i f i  i n  t  i u  n t i c  u- nc .

On t h  . t r  net:,  o f  t h s- f i n d i n g s ,  the w r i t e r

' ' ee l s  t h  t  tr... g ner  l i z a t i o n  th t  r y r r h o t i t e  r e p r e s e n t s  

:r -n - i ch i r .  c t o r ,  ; t  : i y P 11 t i e r  (1 4 ),

di ou l  i r h  i v t r  1 -i t !  o r  r v  .

Gold and n n y i l o  1 1 ic f. . .

Most of  t h  gold i n  t h e  y r u  ■ nt  s u i t e  o f  

samples  was found t o  be as ao c i  i t t d  w i t h  c h l o r i t e  and

.

: f t  i c i e r ,  o r  mor r  r  l y  a i iny  , uf Ira i c rys i  . I s ,  

u u' My  t o t a l l y  -.mb I! d in and s u r ro u n d e d  by t h e  

Cl O' i f e  n e r l c i t e .  ( f l a t<  >,) . This  mode o f  o c c u r r -

ence su gg es t s  t h  i t  t in dupoi 11 ion o f  t h e  paid p r obab ly

orm t on o. fI phyJ 1 os 11 ic t c o .
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r,oId . nd cu T t z  •

Only minor  imounta o f  - o l d  w r .  found a3- o c i a t -  

.

gold was found t o  o c c u r  i n  t h  form o f  second. t ry  i n f i l l ­

ing .! ippar n t l y  r v v l  .cin,  thv. qu I’t z .  In  such c s t h e  

gold  o f t  n o c c u r r  d s u h u d r a l  g r a i n  sho ng b r i l l i a n t  

c r y s t a l  f a c e t s .  IXu t o  th.  f a c t  t h  t  th  Si go ld  - r a i n s  

were usu  . l l y  v ry  11 in t • r  be i i m t h e  qu . r t z ,  

no d e t a i l e d  s t u d y  o f  t h e  c r y s t  l l o g r a p h y  o f  t i  g o l d  

could : una vt

Gol i .n : u r  n : n i t e  .

F i n e  t r i n g  r s  o f  o ld  Were o c c a s i o n a l l y  found

r v p i  c i n  ' o.T.e o f  t h  1 *■ r  u r  . n i n i t  i n s ,  which w re

■

.

(PI t  s X I I I ,  XV).

In o r  : r  * o  ,• t. ,/h. t h , . r  .ny r e l a t i o n s h i p  e x i s t e d

: et ... n th  o.l d u r  n l u i  c o t  r.t f  * : • p i .  s ,

t h e  o l d  c o n t e n t  o tl. or- was r l o t t -  d g a i n s t  t h e  

-

5 and ) shows w i d e l y  ;c t t  r- i  j o i n t s  w i th  no ap p a re n t  

t r e n d ,  u - t i n  " h t  no obviou:  r  1 • i o n s h i p  - x i s t s  

between th s o l d  nd u r  n i n i t e  v a l u e s  i n  tin p r e s e n t  

u i t  o f  i am: .

w a r y .

.  .

.

oi o ld  i s  r  p re  e n t e d  by t h  s , . d - 1 ika o r  c y l i n d e r -  

sh .pud g r  ins  which o c c u r  embeddi d i n  tin j y r i t v  g r a i n s  

ad a r e  } rob d ly  o f  d t r  it. a] o r i g i n .  The econd o r  

younger  v a r i e t y  o c c u r s  in  v a r i o u s  forms and shows
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numerous -v ' -oc i  ion s  wi th  minuralv- such as  s u l p h i d e s ,

.

younf- r  v a r i e t y  o: "old was :pj a r e n t l y  t a k e n  i n t o

s o l u t i o n  and r v c r y s t  l l i z c d  i n  s i t u .  Thv a n g u l a r  

n a t u r  o f ,  n : th< m i c r o - . ' t r u e t u r e s  shown by,  t h i s  

gold s t r o n g l y  s u g g e s t  U t  i t  has  undergone no s i g n i f i ­

c a n t  t r a v .  1 :■ inct. i t s  d e p o s i t i o n .
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FINENES3 OF G( LD LI THE V .C.R.

I n s p e c t i o n  o f  the  accompanying a s s a y  r e s u l t s  

( Tables  n o s . 1, 11, 111, IV, V), cl< :ir r e v e a l s  t h a t  

t h e  p r e s e n t  s u i t ,  o f  .> ample 3 from t h e  / . C . R .  and u n d e r ­

l y i n g  f iain Reef  at  V e n t e r s p o s t  and Libunon,  md from th e  

V.C.R. at  b e s t  Driv. f on t ,  it., snows a wide range  o f  

" f i n e n e s s ” . In t h i  | . r , .>ont  s t u d y ,  t h e  d e f i n i t i o n  o f

.

Any a n a l y s i s  o f  n a t i v e  >;old w i l l  i lways show t h a t  t h e  

major  com; oi a n t s  , aol  : m l  s i l v e r ,  a re  iccomp a n i e  1 by

.

i n  o r d e r  t o  h i v t  somi t r u e  b a s i s  f o r  compar ison between 

g o l i  f rom v i r i o u s  h o r i c o n s  o r  oven w i t h i n  the  same 

h o r i z o n ,  t h e  base  e lement  c o n t e n t  s h o u l d  be i g n o r e d ,  .nd 

the  s i l v e r  and gold  c o n t e n t s  s h o u l d  bo r e c a l c u l a t e d  t o  

. id  up t o  1.

■

Ag X 1000

c :i V n from th ,  tboVti d e f i n i t i o n ,  no

p r o v i s i o n  i n1 i f o r  t h e  pre nee o f  my o t h e r  g o l d  o r  

s i l v e r  in  t h - s a m p l e . th  r  t h a n  t h a t  o c c u r r i n g  a l l o y e d  

•

quoted in  th pro ; un t  > tudy  a r e  r e p o r t e d  as  a p p a r e n t ,l 

and not  " t r u e ” f i n e no. s , s i n c e  t h e  p r e  e n t  s u i t e  o f  

samples  d i d  in f a c t  c o n t a i n  o t h e r  a r g e n t i f e r o u s  

min . r a l n .

In  .193 5 Lawn comment d on the  f a c t  t h a t  he 

h id  found l a r g e  v m i  at ions  i n  th,  s i l v e r  c o n t e n t  o f  

b u . ion i n  ev e ry  min> t h a t  hv i n v e s t i g a t e d ,  , vun

where t h e  sampl,  a h id o r i g i n a t e d  f rom t h e  s me s t o p e .
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In Government A r e a s , f o r  i n s t a n c e ,  t h e  s i l v e r  c o n t e n t  

v a r i e d  from 4.% t o  2 0 . ,  whereas  a t  L an g la ag te  v a r i a ­

t i o n s  from . t r a c e  t o  2%, wore n o t e d .  A s e c t i o n  a t  Now 

S t a t e  Are is was found t o  snow a v a r i a t i e .  >om 5 .0  t o  

•

convinced  t h  .t i t  would be i m p o s s i b l e  t o  f i n d  a s i n g l e  

s t o p e  on th,.  Rand which wouJ i show any u n i f o r m i t y  in  

the f i n e n e s s  o f  thv g o l d .  ( I  twn's r e s u l t s  o b v i o u s l y  

a l s o  r e f e r r e d  t o  ap; i r e n t  f i n e n e s s ,  s i n c e  no a l lo w an ce  

was n..de f o r  th e  pr  ncv o f  my ‘ L i v e r - b e a r i n g  

•

vven in  s .mpl ..s from t h e  ' ime s t o p e ,  as r e p o r t e d  by 

Lawn, h . s  b e . n  c o n f i r m ed  i n  th e  p r  s ,nt s t u d y .

Ch a y e c  i n  th- a: e . r e n t  f i n e n e s s  o f  the  ,-.old w i th  

v a r i a t i o n s  in  the  t e n o r  o f  the o r e .

The apt: m e n t  f i n e n e s s  v a l u e s  o b t a i n e d  f o r  t h e  

p r e s e n t  s u i t  o f  sample. ;  w r e  p l o t t e d  a g a i n s t  t h e  go l d  

c o n t e n t  o f  the o r  s . The graphs  a r e  shown in  F i g u r e s  

nos.  7 - ,  1 , 1 1 . i he d t. . m t I m i t t e d l y  s c a n t y ,  b u t  

n e v e r t h  I  s in t ic t t h a t  v, mples cont  . i n i n g  l a r g e r  

amounts o' ' o l d  show a h ig h  a p p a r e n t  f i n e n e s s  ( low 

a i l v  r ) , wh r  s Jow apt r e n t  fin. .net- (hi-dt s i l v  r )  i s  

mor t y p i c a l  o f  low m . d  o r  s .  These r e  u l t s  su p p o r t  

th  f in d  in  s o f  h- n t i c  (1*39-4 ) md K l e s  ( 1 9 6 1 ) .  

P r e n t i c e  r e t o r t  1 t h  t he had foun-1 i ! f i n i t e  c o r r e l a ­

t i o n  betw en t i n  go ld  value md th e  s i l v e r  p e r c e n t a g e  

in  o r  from el • v n V/It wa te r  r  .nd liinv s , with s i l v e r  

cont  m t  d e c r e a s i n g  as  the  g o ld  c o n t e n t  i n c r e a s e d  and 

v ice  v - . r s a . B a l es  ha s  l i k e w i s e  shown t h a t  t h e  same 

t r e n d  o cc u rs  i n  th.  y d r o t h e r m a l  go ld  d e p o s i t s  o f  

Southern R hod es i  . I, iwn (19 4) r e p o r t ,  d t h a t ,  although  

in  i n d i v i d u a l  sa m p le s  t h e r e  seemed to  be a t end en cy  fo r
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low s i l v e r  p e r c e n t a g e  t o  be  a s s o c i a t e d  %dth h ig h  g o ld  

v a l u e s ,  t h e  r e v e r  e not  i n f r e q u e n t l y  o c c u r r e d .

C hanges  i n  a n  a r o n t  f i n e n e s s  o f  {o ld  w i t h  i n c r e a s i n g  

d e p t h .

Hargraves  (1961) has r e c e n t l y  drawn a t t e n t i o n  

t o  t h e  v a r i a t i o n  i n  t h e  f i n e n e s s  o f  t h e  go ld  w i t h  

i n c r e  >e i n  d e p t h .  He t a t e d  t h . t ,  f o r  a p a r t i c u l a r  

r e e f  in  any one mining r e a , t h e  av e ra g e  s i l v e r  c o n t e n t  

o f  t h e  gold a ppe ar ed  t o  v a r y  as  a f u n c t i o n  o f  t h e

•

" s h a l l o w ” a r e a s  c o n t a i n e d  go l d  w i t h  a h i g h e r  s i l v e r  

pe rcen t  age ( low er  f i n e n e s s  ) t h  n r e e f  i n  ' ' deep” a r e a s .

The v a l i d i t y  o f  t h i s  t h e o r y  has  been c a r e f u l l y  

examined by th e  • r  ent  T i t e r .  Th^ v i e v a t  io ns  a t  which 

samples o f  t n e  p r e s e n t  s u i t e  were o b t a i n e d  have  been s e t  

out  in  the iccomi ny in  t  .Lie , (T b i o s  n o s . I , I I , I I I , I V ,  

V). For u rr o c o f  co.-.: v  i on,  he d a turn l i n e  f o r  a l l  

t h e  sampler w ts 1 .ken as ? , C f e e t  vbove mean re,u l e v e l . 

I n s p e c t i o n  o f  t h e  t  b l e  r* v e a l s  t h a t  no c l e a r  t r e n d  

s e e r r  t o  e x i  t  c o r r c l  r  n, fin-, n wi t h  d e p t h ,  as 

s u r g e - 1 d by H t t  v- s .  f amrl  t a k e n  a t  t h e  same 

e l e v a t i o n ,  \ ,t i n  i i f f  • n t  : , r t s  o f  th- ame to pe ,  

show a w i l e  v r t i o n  in api a r e n t  f i n e n e s s , a f e a t u r e  

which ha a i r  dy be- n com: n t e d  on.  I n t r a s t o p e  v a r i a ­

t i o n s  are  i n  f c t  so l a r g e  as  t o  o b s c u re  any p o s s i b l e  

r e l a t i o n s !  ip  b tw n ’ inene and d e p t h .  ( For  example,

•

irom t h e  v . C . R .  a t  L.' banon,  s h o w  t h e  f o l l o w i n g  a p p a r e n t  

i m e n e s a  v a l u e s :  76?,  3^9 and 643 r e s p e c t i v e l y . )

I t  s h o u l d  b e  p o i n t e d  o u t  t h a t  many o f  

H a r g r a v e s ’ o b s e r v a t i o n s , e s p e c i a l l y  a t  V e n t e r s p o s t , w e r e  

b a s e d  on  f i g u r e s  o b t a i n :  d f r o m  t h e  R a n d  R e f i n e r y ,  a n d



r e f e r  only  t o  th e  f i n e n e s s  o f  t h e  - c t u a l  go l d  b a r s  

( b u l l i o n )  s u p i l i e d  t o  t h e  R e f i n e r y  by t h e  mines .  The ;e  

f i g u r e s  do not b* a r  any r e l a t i o n  t o  t h e  f i n e n e s s  o f  t h e  

gold o c c u r r i n g  n a t u r a l l y  i n  t h e  o r e  f o r  t h e  f o l l o w i n g  

r ea s on :  t h e  gold b a r s , b e f o r e  r e a c h i n g  t h e  R e f i n e r y ,  

have a l r e a d y  been r e f i n e d  t o  a c u r t a i n  e x t e n t  by t h e  

.

des igned t o  n  mow ,s much b as e  m e ta l  as po; 3i b l e ,  some 

gold and l i v e r  i s  al l  o remov. d i n  t h e  s l a g .  The 

s i l v e r  t o  -old r a t i o  in  t l  s l a g  i s  e x c » e d i n g l y  v a r i a b l e ,  

and may r e . c h  v a l u e s  as h i g h  as 51 : 1 ,  or  more. Accord-

.

Fineness  o f  o l l - s i l v u r  a l l o y s  a s  a  m e a s u r e  o f  

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

I t  i r  a known f a c t  t h a t  the  d i s s o l u t i o n  o f  

s i l v e r  from an a l l o y  of  g o ld  and d i v e r  by d i l u t e  

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

a l l o y .  According t o  Smith (1 91 3) ,  t h e  s o l u b i l i t y  o f

.

whereas Au-Ag a l l o y s  with f i n e n t r s  v a l u e s  o f  400 and

. .  ,

s i l v e r  i s  r  moved q u a n t i t a t i v e l y  f rom t h e  a l l o y  by 1 t  

a c i d .  'This fua tur -  i; made u s e  o f  i n  everyday a s s ay  

pr  c t i c e .  i n c e , how Vi r , no i n f o r m a t i o n  could  be 

found c o n c e r n i n g  th  b e h a v i o u r  in  n i t r i c  a c id  < f go ld -  

s i l v e r  a l l o y s  vdio e f i n  rv ■ :• oxct <- ded 4 0 0 , i t  was 

d'..cid'.d t o  in ' '  t i g  i t  th i  f< a t u r e  mors f u l l y .

For t h i s  p u r p o s e , a : c r i e s  o f  g o l d - s i l v e r  

a l l o y s , d i f f e r i n g  in  f i n e n e s s ,  wt rv  p r e p a r e d  as f o l l o w s : 

l u r e  gold  and s i l v e r ,  in  approximtt> ly the* c o r r e c t  

f i n a l  p r o p o r t i o n s  r e q u i r e d  fo r  t h e  d i f f e r e r .  a l l o y s ,
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were c a r e f u l l y  weighed out  on an a s sa y  u a l a n c e .  The 

p a r t i c l e s  of  g o ld  and s i l v e r  were t h e n  c a r e f u l l y  t r a n s f e r ­

red i n t o  N a t i o n a l  Carbon Company Type L401# preformed  

s p e c t r o g r a p h i c  e l e c t r o d e s  md cl  imped i n  t h e  e l e c t r o d e

The arc

was t h e n  s t r u c k  a t  7 amperes f o r  10 leconds and t h e  r e s u l t ­

in g  bead was reweigh t  i t i t  : r  c o o l i n g .  In no case  was any

.

beads were t h e n  t r a n s f e r r e d  t o  new Type L4012 preformed  

s p e c t r o g r a p h i c  e l e c t r o  le s ,  which a r e  c o n s i d e r a b l y  s h a l l o w ­

er than t h e  Type 1,4014 e l e c t r o d e s .  The a r c  was t h e n  once 

more s t ruck  a t  5 ampere-  f o r  2-3 s e c o n d s ,  a t  which t ime 

the carb on  arc  took  on a g r e e n  c o l o u r .  The beads  were 

t h e n  once more weighed md a l low ance  was made f o r  any 

l o s s e s  due t o  t h e  v o l a t i l i z a t i o n  o f  s m a l l  amounts o f  

s i l v e r .  These In • , ' r t- c o f  t h e  10 . mg beads

pre t red,  -ore o ' t h  o r  o C.. t o  0 .3  mg.

The beads wer- t h  n f l a t t e n e d  w i th  an a s s a y  

hammer and r e f l u x  i f o r  1 ho u rs  w i t h  a m ix t u r e  o f  1 :1  

n i t r i c  a c id  and Water  in  a b a t t e r y  o f  f l a s k s  f i t t e d  wi th  

r* : lux con :  nr.or . h d ’••• r  t i  once more weighed

and t o  ios o f  i l v e r  in  t h  cou r  e o f  t h e  t r e a t m e n t

w i t h  n i t r i c  ,ci : was c a l c u l a t '  d.

id. ■ ccom: n y : n 1 abl< and raph ( F i g u r e  no.

I '  1 tho  amount o f  s i l v e r  ( e x p r e s s e d  as a p e r c e n t a g e

oj t he  t o t a l  amount o f  r l i v e r  p r e s e n t )  wtiich was t a k e n

i n t o  s o l u t i o n  by the n i t r i c  a c i d  in each c a s t .
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F lneness  o f  G o l d - S i l v e r  :vl Iov. Loc ; of  S i l v e r  jo.

1000 0 .0 0

849 0 . 0 0

723 0 .0 0

621 2 .09

615 0 .0 0

586 11 .77

558 13.74

54 8 37 .85

519 31 .0 2

510 42 .30

502 4 5 .3 5

481 4 03

459 78.63

444 97.3 5

425 100.00

393 100 .00

i ■ GV-. r  .V ' c c  ■: 1 t o  - i t  . i n  4  ) .

; rorri t h e  e n  u l t ? , i t  would a p p e a r  t h a t  t h e  

l i r r . i t iru- V i l u e  o f’inon- s , a o v  v.i.ich no s i l v e r  can 

be r s ro ve d  t'rorr o i l -  i l v  r  , l l o y  b y  d i l u t e  n i t r i c

•

i n  a ub -iequen' s c t  I on.

SILVER.

In i ?)r> viou!'  s e c t i o n ,  ment ion  has  been made 

of‘ t h e  wide v a r i a t i o n s  found by Lawn (193 5) and the 

- r i  .t.i in t h e  a p p a r e n t  f i n e n e s s  o f  samples  from v a r i o u s

ed i r  e i t h e r  s i l v e r - r i c h  m i n e r a l s ,  such  at; galena,

' 1' ' f' e lP“ ; cha.1 copyr i t ( . ' , or  s i l v e r  m i n e r a l s  them*

; ' ' hnown t o  o c c u r  i i t h  h o r i z o n .  F i s h e r
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(1939) ment ioned t h  ;t  t h e  f a c t  t h a t  p r a c t i c a l l y  a l l  t h e  

gold  which was d e t e c t e d  by him on th e  W i t w a t c r  r and  

appeared  t o  bi o f  f  i r l y  u n i f o r m  c o m p o s i t i o n ,  i n d i c a t e d  

t h a t  some o f  t h  s i l v e r  in  t h e  ba n k e t  was not  a l l o y e d  wi th  

t h e  g o l d , but  w is ; nt in o t h e r  i im r a l a ,  such as g a l e n a  

and o t h e r  s u l p h i d e s . Fi; he r  f e l t  t h a t  t h e  wide v a r i a ­

t i o n s  in  t h e  s i l v e r  c o n t e n t  of  i n d i v i d u a l  samples  might  

be due i n  p >rt a t  lv t  t o  v a r i a t i o n s  in  t h e  amount o f  

s i l v c  r -b .  a r i n g  mine r  I s  o t h e r  t l  in gold t h a t  h appened t o  

be : re; n t  i n  the v. .1 I 3.

I n v e s t i g a t i o n  oh th,_ s i l v e r  :ont  . n t  o f  s u l i h i l c s .

In o r d e r  t o  o b t a i n  some i d e a  o f  t h e  amount o f  

s i l v t r  which cou ld  be ex p e c te d  to  be c o n t r i b u t e d  by known 

argent i f e r o u s  m i n e r a l s  luch is g a l e n a ,  s p h a l e r i t e  and

■ .

compc 1 t t  mf . 0 , con ; i t i n  ' of p  il weighed p o r t i o n s

. .

-

.

.

fo l lows :

- • 1- n . 3 .

f h : 1 . r i t  . 47

Chaleo y r  i t  . 46

1 ni 01 tu r . a t  I y , no samples  o f  any of  t h o s e  t h r e e  

nin  r  d  coul  i b oh 1 1 i n i from th .  V . C . R .  1 Vent, r s -  

i>o t  and Lib,anon i n  s u f f i c i e n t  q u a n t i t i e s  t o  pe rm i t  

i n i i v i  aial  ana 1 y fo r  s i l v e r .  Th. r< f o r e ,  i n  o r d e r  to  

have some b a s i s  f o r  c a l c u l a t i o n ,  sample c o n t a i n i n g  

s u f f i c i e n t  g a l e n a  and r p h a l e r i t .  t o  p e rm i t  h a n d - p i c k i n g  

and sub seque n t  a ssay  was o b t a i n e d  f rom t h e  Bi rd Reef  a t  

Luipa.ardsvli  i .
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The g a l e n a  from th> B i r d  Ru< f  war, found t o  con-

.

f o r t u n a t e l y , no sample ,  o r  i n f o r m a t i o n  c o n c e r n i n g  the 

s i l v e r  c o n t e n t ,  o f  South A f r i c a n  c h a l c o p y r i t e  cou] 1 be 

found.

Fror  th« ' an Ly it  can he ' .-i n, hov/aver, 

t h a t  th< amount 01 s i l v e r  which it l i k e l y  t o  be c o n t r i ­

bu ted  by g a l e n a ,  sv t. il ■ r i t ,  u 1 ch i l c o p y r i t e , which 

•

n e g l i g i b l e , an \ may p r o b a b l y  be i i s c o u n t t  I f o r  a l l  

p r a c t i c a l  . r ro  a.

.

. . . .

.

( 194C inv,  t i  : v • I th  o l ., s i l v  r  ,nd p y r i t t  i n  o r e s  

from 11 Witwatvr  rand  mines ;nd was u n t i e  t o  e s t a b l i s h  

any obvious  r e l  .t ion" 1: b t  . on th t  r y r i t c  c o n t e n t  and 

tne  -i 1 vor  : e r e  .n t a  i n  t h  o r  . F u r t h e r  supt o r t  f o r  

f ront i c- .  * • v/ork •. . r  c n t i y  h, n sup: l i  d by Har g ra ves

11 9 6 1 ) ,  / h o c  r r i  i out . . 1 1  r  s t u  i i  ■. H . r g r a v  s

ount  o ' i l v .  r  l i k • .ly t o  be con­

t r i b u t e d  by th  v a r i o u s  u l p h i d  s would not a d e q u a t e l y

•iccoun* o r  t h  J r -  v.ar i it  io n  which in found t o  occu r

in  11, g o l d -  i l v  r  r*at io .

"Fro . S i l  v, r"

SLnco i t  i s  thur i  f o r e  p r o b a b l e  t h a t  on ly  

n e g i i r i b l o  amount, o f  s i l v e r  , n  l i k e l y  to  be i n c l u d e d  

; n , Fh, r. f o re  don- t.  i by,  tin v a r i o u s  s u l p h i d e s  

uc ' ■*s • j ' 'r i > s p h a l e r i t e  , c h a l c o p y r i t t  and p y r i t c , t h e  

only obv ious c a r r i e r s  of  any major  amounts o f  s i l v e r  

in the  ba nke t  would bu ’’g o l d ” and any o t h e r  minera l
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comp os ed p r e d o m i n a n t l y  o! l i v e r . .0 d P -  , no i ■ f v-ncu

has  been m tde t o  th e  p r o -  once ot  any - - i I v o r  iriinvr ;1 on

t h e  Rand (H i r r r  ves  1 961 ) .

The f i r  t  i n d i e  t i c n  o f  t h e  p o s s i b l e  p r e s e n c e

o f  f ree l i v e r  On ' n 1 w i ' t h  ' ' in  i i n r  ny ;dr. r .  ....

tiawden o f  a ; ;>'ticl« o f  ;ol i which n d t l i s 1 i n c t  s i l o  

.

ce n t  r a t e  pi a i red from f r e s h l y  pulped o r e  : rom tiie o orb on 

Leader  h o r i z o n  it D o o r n f o n t e i n .  B u r i n ;  t h e  p r e s e n t

.  .  ,

■

were i d e n t i f i e d  by t h e  w r i t e r  as  s i l v e r  by means o f  t h e  

u l t r  - v i o l v t  - l i  'V. m,aho.i ,  which has a l ready  been 

d e s c r i b e d .

In • : l i t  ion ,  i f i n e  s t r i n g e r  o f  g r e y i s h  s i l v e r

Thi r  in vs. foun i t o  . o f t  s . i  sect l i e ,  y i e l d i n g  a

showed a oor  l o l i s h ,  a fi t u r e  which i s  somet imes en-  

c on o' r- i o. .. o' n ' i v< - i l v e r .  ( am iohr

1 9 6 ) .  ( • P l a t e  i ) .

Work c ; r r  I ' i out by f,-'e i s (1 - ) ,  who p r e p a r e d

a comp-1' t-. o • ■ 1 of  i l v c r - ,  o b i  a l l o y s  v a r y i n g  in  com­

p o s i t i o n  f r o  u n  s i l v e r  t o  s u r e  gold in s t e p s  o: 10o, 

showed t h i t  the  X - r y  d i t f r a c t i o n  p a t t e r n s  o f  such 

a l l o y s  were o -i m i l t r  an to  p r e c l u d e  t h e  u s e  of  X-ray 

i i f f r  iCt ion I . - enn i  ;u- in lift** r en t  i t i n g  between u l v e r , 

gold  and a l l o y s  o f  th-- t w o .  The con t a n t s  t o r  s i l v e r ,  

gold and e l v c t r u m  quoted by Berry  -.nd Thompson (1966) 

suppor t  Wei'S* o r i g i n a l  f i n d i n g s .
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A cc o rd in / r l y , in o r d e r  to  i ient  i f y trie t r 1 >

m ic roch emic i l  t e s t s  were c a r r i e d  oui u s i n g  the scheme 

o u t l i n e d  by S h o r t  (1 9 4 * ) .  I'ht r« ul- ■ were e f o l l o w s : -

S o f t  ( B ) , ve r y  s e c t i l e  

E f f e r v e s c e n c e , w i t h  th e  forma-  

t i e n  o f  t whi te  c o a t i n g .  

T a r n i s h e s  

T r r . i  hes  b ■ own.

t i n  i r i : c n t  1mm-di t e l y .

N, - it  1V-. .

S t  i i n s  brown.

O p t i c a l  c h a r a c t e r :  I s o t r o p i c

The tbove c h t r a c t u r i s  i c s  t  hu - - conform in  a l l  

r e s p e c t s  t o  t h e  p r o p e r t i  es 1 f e d  by - h o r t  ( \ >L-i an 1

•

Uni a r t u n  t t e l y ,  in  t h e  co ur se  o i tlv mi croc hen-  

l e a l  t < U s ,  t r.•: a mt 1 •" was : c - t r  >y> 1, "0 th i t  no o t h e r

c o n f i r m a t o ry  worx cou l  I be c t r r i o d  o u t .

Ou i n t i t a t  ive .

Sine;  i t  vz s i< - i r ed  t o  obt t i n  some i d e a  o f  t h e

~

ed wi th gold ( i n  th;  form of  e i t h e r  I n t e g r a l  g r a i n s  o r  a 

Coat ing on t h e  go] i j a r t i c l e s ) ,  th< fo.1 lowing t e s t  was

c . r r i  : o a t .

Congo it« sari} I; w* n  pro; art d from port  ions

o f  pulped o re  which h id ; r« v i o u s l y  been a ; sayed   ̂ o r  gold

md i l v e r  c o n t  n t .  E ch ol’ tin < com; o: i t a s  \ as p l a c e d

on a hot  p l a t e  and an ; xC' as  o f  a m ix t u re  o f  w a t e r  and

’

( Cher,lie i l l y  p u r e  n i t r i c  ac id  was used  i n  o r d e r  t o  

minimize the  <mount o f  f rc i  c h l o r i n e , t h e  p r es ,  nee of

H a r d n e s s : 

HN03 :

HC1

KCN

F0CI3

KOH

Hg d.
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which might  o t h e r w i s e  be r e s p o n s i b l e  f o r  t h e  d i s s o l u t i o n  

o f  g o l d ) . The m i x t u r e  wis b o i l e d  f o r  a p p r o x i m a t e l y  1-jt 

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

ed.  This  p r o c e d u r e  w o  d i g  d t o  l i b . r a t e  any "gold"  

in c l u d e d  in  t h e  s u l p h i d e s ,  as  w e l l  . t o  t a k e  i n t o  

s o l u t i o n  my l i v e r  m i n e r a l ( s ) : r e "  n t . ( From t h e  con­

c l u s i v e  t o  t s  c a r r i e d  out by the  w r i t e r ,  r e t o r t e d  i n  an 

e a r l i v  r  e f t  on,  i t  i  q u i t  c l .  r  t h . t  . n t u r a l  g o ld -  

s i l v e r  a l l o y  wit  a f nenv s above ■ 1 ‘ w i l l  not  be a t t a c k ­

ed by t i n  n i t r i c  e l d ) .  he t i r e  t e d  mplcs were t h e n  

f i l t e r s  i t t . roust  two do. %. '\'h ; t-  ,n f i l t e r  pa; e r s  

under  vacuum, an i t h e  pulp  o r  i n s o l u b l e  r e s i d u e  was 

th o ro u g h ly  w • bed wi th  w t  r  nun rou  t i m e s .  The 

'Vaahir.ro*'  an ; f i l t t  t  w r  t h e n  combined,  and thv 

r e s u l t  tn t  s o l u t i o n " ,  t o  a. th  t r  wi th  th e  " p u l p ' ,  s u b m i t t e d  

fo r  go I : .r; i i Iv r  ay.

Des p i t  t h e  obv ious o b j e c t i o n  t h a t  t h e  washing 

p r o c - s r y no t  nece r r i l y  av removed i l l  th e  s i l v e r  

ions  from th«. pu l ;  , th- y re  u l t s  o b t a i n e d  f o r  the

" s o l u t  Lon" m-.i ". ul ;  , wt.ich . re s e t  out in  t h e  a t t  iched 

.

gold i n  th e  o lu u ao n .  ihi c b  r l y  i n  l ie t o  t h a t  some 

source  o f  i l v i  r  o t h  r  th  m th. t  l l o y  d w i t h  "g o ld "  

must t . pre , n t .

I t  ca n  b e  seen  t h a t  a c e r t a i n  amount o f  gold 

does i n  r ict  ccom; ,.ny tin. i 1 x r  in  t h  s o l u t i o n .  There

•

p i p e r  as f i n e  c o l l o i d a l  p r t l c l e s  o f  g o l d -  

s i l v c r  a l l o y .



have been l i . '  .* t h a n  015, La which ca 'e l i m i t  d p a r t -

»

marked d i f f e r e n c e s  i n  t h e  c o l o u r  o f  th e  "gold"  

from t h e  W i tw a to r s r .m d  were ob srved by F i s h e r

.

(196 0 ) ,  g r a i n s  o f  t h i s  i eg re e  o f  f i n e n e s s

would b t  w h i t e  i n  c o l o u r ,  and no such g r a i n s  were

s e e n .

.

s i l v e r
A

b u t  i s  u s u a l l y  accompanied by minor  amounts o f  

-or. d , co; ; r  \d  ? 1 a Lr.ar .

The g o l d - :  l l v ,  r  r a t i o ,  an i  t h e  f i n e n e s s  o f  t h e  

">-0 l ; i " , i n  tl. iC.Ld-t r e i t -  d 1 i n s o l u t  I t  r- i d u e  o r  I a l l  '

was th e n  c a l c u l a t e d ,  and t h  r e s u l t s  a r e  s e t  out  in  t h e

•

a l l  t h e  s i l v e r  ions  were r  mov. i  from the p u lp  d u r i n g  

the  washin/  proc< s ,  t h e n  th '  ; o l d  and s i l v e r  v a l u e s  

o b ta in e d  ; rob b ly  r  f l e e t  t h e  t r u e  f i n e n r  o r  go ld-  

:;il v-.r r t Lo o f C' o 1 1. f t i  i.' v a l i d

assumpt ion ,  th* n th .  -ol . r  a t  i n  t h  s o l u t i o n  may 

t h e o r e t i c a l l y  b* r  i l l o c  t o  : t o  t h e  pu lp  w i t h  the  

req u i  i t e  mount o f  s i l v  r  in th  * r a t i o  o f  t h e  newly-  

d e t e r -  : n- : t r  f : n re .

c a l c u l a t i o n  how:’ how t h i s  r a  l l o c a t i o n  may be made and 

t h e  p r o p o r t i o n  o f  th  s l l v , r  not  a l l o y e d  wi th  t h e  g o ld  

c a l c u 1Utud.

I n sp  ' C t i o n  o f  t h e  a cc o m p a n y in g  c  a l c u l a t i o n  

c l e a r l y  shows  t h  t , Ven „ f t e r  t h e  g o l d  w i t h  t h e  

r e q u i s i t e  amount  o f  s i l v e r  ha s  b e e n  r  i l l o c a t e d  t o  t h e  

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

it f r e e  ” s i l v e r  i  n r v  v n t  i n  t h -  v a r i o u s  h o r i z o n s  l i s t e d ,

even t h o u  'h t h e  n a t u r e  o f  t h e  s i l v v r - b -  :r i n  m i n a r a K s ) 

h a s  only  b w n  t e n t  , t : v . l y  , t t i i  h -1 f o r  t h e  V . t . R .  it 

Venters? o . - t . Ir; t i . i  c o n t ,  x t , i t  ! oul  : t v n o t  i t h a t ,  

d e s p i t e  t h e  f a c t  t h a t  t h e  ivera c a p p a r e n t  f i n e n e s s  of  

t h t  h o l d  f r o r  t h ,  V.C.R. t  , t  D r i  f o n t . i n  i s  >19,

4 . 1 9 ; ’ o f  t h  • ot 1 i i v  r  o c c s r  a n i t r i c -  c i d - s o l u b . 1  e -

s i l v v r .  I n  v i  • o v r y  c o n e l u  i v  t v  t .  c a r r i e d

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

s i l v e r  f r o m  a  s o l  s- i l / ,  r  a l l o y  who e f i n e n e s s  e x c e e d s  

6 1 5 ,  i t  m u s t  t v  co  c i s t  i * r  t  i n  t h  V. .R .  r i l v . r  o c c u r s  

i n  a f o r -  o t h e r  t h a t ;  . . I c y  w i t h  o l  i.

I t  >v.em3 a p p a r  n t  f r o m  t h e  r v s u i t s  t h a t  t h e

same s i t u a t i o n  p r o b  s  l y  I s o  u b t  i n .  i n  t h e  o t h v r  h o r i z o n s

l i . a t c  1.  F o r  x : 1 , c .1 ' ' r t  or. h o u l  1 b . p a i d

•

.

( w e l l  i b ov c  t h  f i  : s r  i o f  6 1 5 ) ,  b u t  th, .  p e r c e n t a g e  o l  

fr,.-.  i i I v o r  i  1 3 . 4 5 *

F i s h e r  '1 h ) ,  11 c i t .  ' t h  f i n e n e s s  o f  gold

,

au t h  e n t i c  it ! cor-... zl.t > . t h .  f i.nenv i o f  g o l d ,  o r  more

s t r i c t l y ,  t i  it o f  e l e c t r o n ,  o c c u r r e d  n s t u r  i l l y  b e l o w  4 50  

p a r t s  p e r  t h o u i i n d .  Fi  i h e r  f u r t h ,  r  f e l t  t h a t  t h e  e x t r e m e  

v a r i a t i o n s  i n  U k ^ol I - n i l v v r  r a t i o s  f o u n d  by h i m  s h o w e d  

t h a t  t h e  c o n c e n t  r  f  . ion o f  i . lvt  v h a d  l i t t l e  e f f e c t  on  

t h e  g o l d  f i n e n ,  .: and t h  i t ,  p r o v i d e  d s u f ! L c i e n t  s i l v e r  

war. p r e s e n t ,  id ;o]  I and  L i v e r  woul  i b e  d e p o s i t e d  i n  

t h e  p r o p o r t i o n s ,  a p p r o p r i  i t i  t o  t h t  p h y s i c o - c h e m i c a l  

c o n d i t i o n : '  p r e v a i l i n g  . ihu.  , b u l l i o n  n a t u r a l l y  fo rmed  

was n< ve-r b< low 4 5 0  f i n ,  , t he  r e m a i n d e r  oI  t h v  s i l v e r
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going t o  form othe r  m in e ra l :  , w h i l e  i f  in.eui t i c i e n t  s i l v e r  

was p r e s e n t  t o  produce t h e  r e q u i s i t e  p r o p o r t i o n s ,  •

ness  of t h e  g o ld  would o f  cou rse  be h i g h e r .  F i s h e r  

f u r t h e r  s a i d  t h a t  in  the- d e e p e r  zones., t h a t  : s , a t  u Lgher 

t e m p e r a t u r e  and p r e s s u r -  , i l v e r ,  no m t t e r  * ow concen­

t r a t e d  i n  th e  o r e - b e  r i n  s o l u t i o n s , v/ou1 d not iorm ; 

low- ;rade t l l o y  wi th  o l d , bu t  woul ! be depo t  i t  ■ d as 

e i t h e r  pr im ary i l v  r  o r  s i l v e r - b v a s i . n  m l r u . r n  .

I f  F i s h e r ’s i n v e s t i g a t i o n s  and c o n c l u s i o n  a r c  

vao.id, t h e n  t h e  i p p a r e n t  f i n e n e s s  v a l u e s  o f  560 and 3•" '

. . .

Llbsnon r e s  . c t i v a l y  ( n o s .  1,11)  s t r o n g l y  s u p p o r t

the  s u p p o s i t i o n  t h a t  i ... tV i r -b (  trir .g miner  t l ,  ot . ici  

t h a n  '’g o l d ” , " • t  bt  r ( s e n t .



PF . TAI T. BD C A L C U L . u ' I C i :  ^i ' - i  HOVJ A : ' ' » ! ! T  O F  " F:  wi .  S I L V E R "

PRESENT IN A SAMPLE MAY BL CALCULATED.

A f t e r  b o i l i n ^  with n i t r i c  i c i d  an 1 f i l t e r i n g :

"P u l p " "S o l u t i o n "

Gold d w t / t o n  - *44 • '

S i l v e r  d w t / t o n  3 . 9  1 .29

n; i n • t  no 11/  -' i l v ^ r  r  ,t io :

Gold: 22.44 S i l v e r :  3.  '0

c . c  ; L l_

22. S3 dwt 3 .1 > dwt.

Aj : i r e n t  r  ‘ io  • 2.  ‘̂ 3 - . 3 3

5.19

Apparent f i n e n e s s  313 

True g o l d / s i l v e r  r a t i o :

This f i g u r e  r e f l e c t s  t h e  r  tt i o  o f  f o l d  t o  s i l v e r  

in  t h e  \ u l r , i f t e r  th  " f r  s i l v e r "  h _s been removed.

5.75

True f i n e n e s s  353

S i l v e r  R( loc .: l o r :

.

should the o r e t i c  . 11 y be r  i l l o c  i ted back t o  t h e  "pulp"

.

Gold

.

.

u t t o n  c .  i
.

f l i v e r  pr \  ont Lr. " s o l u t i o n "  i f t e r  r e - a l l o c a -
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Percen t age  o f  un J l ovcd o r  f ru c  r ' i l v e r  •jXf r e— Hi  

te rms  o f  U., totVI - o ' , n t  o f  H l v c r  *•

] 4 x 1 _  = - 4 . 6  , .
3717 I
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C n H.

D e s p i te  t h e  f a c t  th  i t ,  f o r  n e a r l y  7( y e a r s ,  a 

hydrocarbon  a s s o c i  t e d  vvitit u r an iu m  h i s  been known t o  

e x i s t  i n  t h e  b a n k e t ,  ve ry  l i t t l e  i s  y e t  known about i t s  

o r i g i n  .nd ex . c t  n a t u r e ,  mu i t .  r e l a t i o n s h i ]  t o  o t h e r  

u r a n i u m - c o n t a i n i n g  hy d ro ca rb o n s  o c c u r r i n g  e l s e w h e re  i n  th e  

wor ld ,  such e' t h e  t h u c h o l i t e  o • ' .na ia a? i t n e  c a r b u r a n  

.

co n c e rn in  ti. t  • fo r  fr.o u t nee .

hi s t o r i c  .! outa i r e .

In 1917,  Young - . en t ioned  th  t  sm 11, b l a c k ,  

opaque s p h e r o i d a l  or  nodul r  g r a i n s  w i t h  a d u l l  war ty

'  •

them as '’c a r b o n 1 , and added t h  t  g r  . i n s  o f  t h i s  n a t u r e  

had f i r s t  been  n o t i c e d  i n  t h e  B f f e l s d o o r n  Gold Mine nea r  

Klerks dorr i n  1 ->95 and h d i n c e  ; een shown t o  be wide ly  

d i r  t r i b u t e  t.

F u r t h e r  ment ion  o f  t h i s  m ; t e r i  1 was made by 

Mac a n r  in  1931,  whe.a he * r  > d  t h a t  " c a r b o n ” war p l e n t i ­

f u l l y  d i s t r i b u t e d  in  t h e  L n k e t s  o f  t h e  Wi twate rs  r and  

System and al >o o c c u r r t  i i n  i l 1 th e  bedded p y r i t i c  seams

which were found in th e  beds  o f  t h e  q u a r t z i t e  from t h e

.

’’ca rb o n ’ $t Mod ie r  d, Mod ler  f.a t , , h-:w Mod dv r ,  New

. .

Ear.t Rand r Li m wt 11 . or n d f o n t e i n  i t . t e s ,  th e

.

• .

’

a l though  ’’c a r b o n ” v it found i n  most o f  t h e  p y r i t i c  

seam t i n t  Lay w i t h i n  the l u a r t z i t e s , i t  o c c u r r e d  i n



l a r g e r  g r a i n s  i n  t h e  banket:: . . He 3 a i d  t h a t  i t  was not 

unu sua l  t o  f i n d  'carbor:" i n  g r a i n s  up t o  one s i x t e e n t h  md 

o c c a s i o n a l l y  up t o  one e i g h t h  oi an inch in  l iar . ’ t e r ,  .md 

t h a t  where ’’ca rbon "  was o f  e x c e p t i o n a l  s i z e ,  i t  w at 

accompani d by . c o r r  on : in .mount, oi' v i s i b l e  go l d .

In 1936, y e t  a n o t h e r  o c c u r r  nee of  "c a rbon"  was 

d i s c o v e r e d ,  when r 11 ca rb o n -  i ch  band w i t h  vi  i d l e  

,:old was f i r s t  i n t e r s ,  c u d  a t  o v e r  f e e t  i n  dep th

or. t h e  West Rand. In  vi  w o f  th e  h i g h  c rbon  c o n t e n t  and

i t s  goner  i l l y  narrow r i b :  o n -o r  -m- ik;  n . t a r e ,  ..'.v no.-;

•

minera logy o f  t h e  C irbon Leader  have  been f u l l y  d e s c m  -' 1 

by dt. Kock ( 1 9 1 3 : ,  who s t  ..ted th  it th e  t r u e  chemica l  and 

p h y s i c a l  n a t u r e  o f  t h e  "c t rbon'  ha d  not been f u l l y

•i:t ■ r '  1 n< i .

L iebe nber g  (1955) sought  t o  remedy t h i s

■

-

t :  e n o f  tr . : r .ol 11< .

Th- t  rtr. " t h u c h o l i t  " wa: o r i g i n a l l y  p ro pos ed  

by E l l s w o r t h  ( 19 ,3 )  t o  d e s c r i b e  : r a d i o a c t i v e  c o n s t i t u e n t

■

Onu a r i o ,  and t  t h  . a l l i m  f o r d  f  I s p a r  mini n, xr 

Hue k in  ham, gu ■ b c , m l  1 i r iv-  d 1 rom th- {mine 1 : 1 

cor r  i" u nt o* t . . t- r  i 1 ('."1 , , H, 1 , ' it* ) •

Accor l ing t o  El 1.;w o r t h , t h u c h o l i t -  i minera l  0 1 j e t  

b lack  c o l o u r ,  ha v in g  a hardn s o f  fou r  and a a p a c i f i c  

g r a v i t y  of' ibout 1 . 3 .  The ch. mic ,1 compo i t  ion of the  

m a t e r i a l  v a r i e s  wid l y . I t  was r e p o r t -  d t o  c o n t a i n  

40-60# ca rbon  and . 0 - 3  f  tbsorbed v o l a t i l e  g a s e s ,  wi th  

th e  r em a in der  c o n s i s t i n g  o f  a s h . The m a t e r i  .1 has ,  t o
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d a t e ,  been  found main ly  in p e g m a t i t e  dykes ,  i S s o c i a t e d  

with p r imary  mim r  . Is  uch .3 u r a n i n i t c , f e l s p a r  and mica.  

The ash o f  t h e  m a t e r i a l  from Con, or  Townshi; i s  tho r ium-

.

.

I .abuntzov (19-7)  dt s e r i f . . d  a r a d i o a c t i v e  c a r b o n ­

aceous  m a tv r i  <1 "Carhur  .n* found i n  p e g m a t i t e s  o f  

n o r t h e r n  K T v l i a ,  which app( re d  t o  b. e s s e n t i a l l y

•

Sv- ncv (193 ) f u r t h e r  d e s c r i b e d  th< o c c u r r e n c e

,

•

Accor ; ln  t-a Ho- k. t r a  n i Fuchs (1?6( ' , i t  has  

become .pp .r nt t h  . t  t ru  n me " t h u c r o l i t " has  b e 5ome

of  o r gen o-

uranium ; s o c i  t i o n  , i n c l u  i i ng hy i roth rinal v e i n

-

C ant noun’ o f  t h o r  m. ( For  • xamplo,  : av i d s o n  and

howl-- i: 1 > f 1 * r r  i * 0 . u r  n n ' t  - h y d r o c a r b o n  are  r u ­

gate  from Laxey, I s l e  of Man, as b e i n g  o f  " t h u c h o j i J 

t y p e " , lest  it .e th- f  a c t  th t  no t h o r i u m  cou ld  1

let j e t  : - -  7 .

L i ' b  nh r g  (1955) r e p o r t e d  an ash n a l y s i s  o f

. . 1 . 7  or. c ' n  n from 1 y v o o r u i t r  I c h t .

Po l l  hed c t i o n  t u a y .

The r  : Ln of  Carbon'  >. > nc J. in  t h e  V.C.h.

at  Venter  po t  ind I.it anon o c c u r  t.' opaque b l a c k i s h

g r a i n s  wi th  v ry i r r e r u l a r  o u t l i n e  3 . home 0 !’ t h i  ca rbon

g r a i n s  a p p . a r  t o  have b< on p l a s t i c  o r  mobi le  at  some t ime

in  t  he p t a t , as sugg-,- t .  d by t h e i r  t e n d e n c y  t o  mould

themse lves  i n  b tween and a roun d  T  ■ ins o f  a p p a r e n t l y



.

most o f  t h e  m a i n s  show •; r r e y i s h - b r o w n  c o l o u r ,  and

appear  t o  be  a n i s o t r o p i c  and made up of  numerous 1i b r e -

•

XIX). Where t h r  i n  h .vo 1 c  n moulded between o i l e r  

p y r i t e  g r a i n s ,  c . r e f u l  e x a m i n a t i o n  o f  t h e  g r a i n  edges 

of  the  ca rb o n  o f t e n  showc i a p ronounced d a r k e n i n g  o. th e  

co l o u r  of  t h e  c rbon  and m i n c r e a s e  in  t h e  d e g r e e  of 

a n i s o t r o t  ism,  u e t i n  th*. r  nee of t r  i n .

( F l a t c  XX).

U r a n i n i t o  1. t h  most p r o l i f i c  i n c l u s i o n

p r e s e n t  i n  t h e  ca rbon  g r  -.ins ( P l a t e  XX . , b u t  may on

•

of  t h e  u r a n i n i t e  wi t h  the  c . rbon a r e  more f u l l y  d i s c u s s e a

. •

■

which ip p e ar  t o  be c o n s i d e r a b l y  l a t e r  i n  t h e  p a r a g e n e t i c  

St qu'. nr .

T. .  t .  c ; rrd.- : o u t .

In o r d e r  t o  com; i r e  th«- chemica l  md p h y s i c a l

com pos i t io n  o f  t h e  "ca r bon "  e x i s t i n g  on t n-. . t t t r s -

.

t h i s  ; urpO" , cone n t r  ,t- w- r  m. do t rom v or i ous

h o r i  ona in  d i f  1 r  nt  mint , bo th  on the  h a s t  md Wist

h a n d - n i c k i n g ,  f  .1 low l by h <vy l i q u i d  v.eparat  Lons.

Unfor tun  t o l y  on ly  100 m i l l i g r a m s  o f  "carbon" 

could  be conct  n t r  . t e d  from t h e  Vente rs  dorp Gont, )Ct Pecf
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a t  Ven te r s  p o s t , so t l . i t  in  t h i  c a s e ,  i t  was not  p o s s i b l e  

t o  c a r r y  out  a p r o x im i t y  a n a l y s i s .  L i . b e n b e r g  (1955) 

s t a t e d ,  however ,  t h a t  t h u c h o l i t *  vva o f  common oc c u r r en c e  

. . . ,

m e g a s c o p i c a l l y  v i s i b l e  and o c c u r r e d  main ly  as g r a n u l e s  

s i m i l a r  in  appe a* nci , ' i .a and occurr ' .nc* to  tho: v i n  th e  

Wi twate r  r  .n.i t ’ k e t .  e rvi o r t e d  t r  at miner  , r a p h i c

work : ho ■. : ' t  v a "c rt 01. i n  th-  V. . 1 .  con. i  t e d  of

t h u c n o l i t  1; t i l  r o t: t: r .  t  : v in  th  V/itv.a t o r s  r a n d .

In  o r  n r  t o  e a t  b l i s h  w he the r  the  W i t w a t e r s -

r  ini  c rbon '  wa s o l u b l e  i n  various,  o r g a n i c  s o l v e n t s ,  a 

composi te sample  of  "c r b o n ” was c a r e f u l l y  weighed 

b e f o r  ■ ,nd a f t e r  b o i l i n g  w i t h  benzene ,  t o l u e n e  and

•

ir.g, no 1c :• o f  a . : ■ ;ht co u l  ; L d e t  c t  d,  i n d i c a t i n g  t h a t

no l o s s  due t o  the  removal  o f  s o l u b l e  h y d ro c a rb o n s  had

•  •

from f. a t  D r i a f o n t e i n  w .a re- f l u x e  . i n  a S o x h l e t  a p p a r a t u s

'

in r  3, t\  " c a r b o n ” may be cl a: >d is in i n s o l u b l e

py rot i i. jr. n,  i. Li. * tr me'he : . ivoc - ted by hun t ,

.

c l  1- : : .t Lor 0] V i i ' ioua Carbonaceous  n i n e r a l o ,  b as ed

•

Th< b e h a v i o u r  o f  1 ca rb o n "  in  o r g a n ic  s o l v e n t s  

may b, c o n t r a s t  i r i t h  that ,  oI t unple ol s o l i d  b i t u ­

men i roi t hi I ' r imro - loJ 1 Mini Lt i .  , which was

. . .

c o l d  t o l l s  n< and | y r i d i m  .

Hooks t ra  nd Fuchs ( I96 0)  found t h a t  t h e  

s p e c i f i c  g r a v i t y  o f  th> t h u e h o i i t e s  examined by them
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v n  i j i  from 1 .4 ^  -
a p p ro x im a te l y  e q u a l  d e n s i t y  showed i  wide v a r i a t i o n  o f  

.

.

t i o n  o f  a s h  cont  nt f o r  snru 1 3 oi •; ' r o x i r r: • t e l y  equ \1 

d e n s i t y  was l i k e w i s e  found t o  c o r r e s p o n d  to t h o s e  o f  

Houkst r  and Fuchs .  The d e n s i t y  o f  the  "c a r bon "  samples  

examined was e x t r a p o l a t .  d t o  ze ro  ash c o n t e n t  which gave

.

. . .

put  in to  a S c p a r  t i n g  f u n n e l  o f  bromoform which was p r o ­

g r e s s i v e l y  d i l u t e d  w i th  a l c o h o l  and td.e s i n k  c ir e f a l l y  

.
was t h e n  de t e r m in e d ,  an i  t- <. f o l l o w i n g  i  " a ] i.  t  oi t h e

.

1 .49 ,  1 .4 3 ,  1.3- ' ,  1 . 3 2 .  h l a  t  f i  urv quot  i prob b ly  

r e p r e s e n t s  a c l o s • q p r o x i m a t i o n  t o  t h e  t r u e  s p e c i f i c  

g r a v i t y  o f  th., "c rbor  " .

This vn io var i  t i o n  o f  th e  s p e c i f i c  g r a v i t i e s  

i n ,  a." w 3 nent  ion i l ove,  i n  accor  ianc wi th  the f i n d -

.

t h a t  ex amir, i t  io n  of  a n a l y t i c a l  and X-r y dat . i n d i c a t e d  

t h a t  wide r x r i a t  iona i n  th u e h o i  i t  e compo ' i t i o n  e x i s t  

and tha t  r e s i d u a l  f r  ae ntn o f  t h e  o r i g i n a l  u r a n i n i t e  

a re  u s u a l l y  p r o s e n t .  The wide range of  s p e c i f i c  

g r  .v i t i cr .  r epor t  1 r the  pn.  at w r i t e r  i n d i c a t e ' '  t h a t

•

In o r d e r  to  t ' t a b l i  ah the  chemica l  compos i t ion

o f  the a c tu a l  hy iroc . rbon accompany ing the ur- i n i n i t  ,

proximate an a ly s e s  wun. c a r r i e d  out  on h i g h l y  p u r i f i e d

Samples of  "carbon"  from t in  f o l l o w i n g  mine- tnd 
ho r iz o n : ' :
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Luip  ; a r d s  V l o i  

Doon i fo  n t o i n  

Wust D r i u f o n t u i n

B i r d  Reef

Carbon LeacL.r

Carbon L dvr

Vogvl i ' t ruisbul fc  Main Rt v 1 md May Reef

The r e s u l t s  o b t a i n e d  a r e  j t  out  in d o t  ii.1 in th e

Lt .ched tab.h (Tal 1* no. ‘ •

Jr. ordt  r  to  have rorne bas i j f o r  the compar ison 

o f  the "carbon" from th .  v a r i o u s  mines and h o r i z o n s ,  the  

. .

was u vd. I t  i s ,  boa- v* r ,  v. ry d ou b t f u l  w h e t h e r  t n i r  

c l a s s i f i c a t i o n  may b-. u: ed f o r  t h t  a b s o l u t e  i d e n t i f i c a ­

t i o n  <f t h e  "c i rbon",  but  i t  does a t  l e a s t  p r o v i d e  a

b a s i s  whvr by i t  i s  pos il l '  t o  c o n t r a s t  t h e  p h y s i c a l

-

. . . .

a s e t  out  i n  Tab le  Y111, s u g g e s t  t h a t  t h e  " c a r bo ns"

•

This would t h e r e f o r e  s u g g e s t  t h  X a common mechanism 

was p robab ly  r  s p o n s i b l e  f o r  t h e  f o r m a t i o n  o f  t h e  

"Carbon".  wri t  1 t.h t  t h e  t h e o r y  put  forw rd

by Sharpo (194 nvi  r i n g  in a l g a l  o r i g i n  f o r  the 

' c ra o r " , c,".ay t u con i t  i on.

/v c :;. i -■ n f ro  th* f o r  going r  i u l t s , the  

problem of  wh X one c lie. th '  rr. t o r i  a 1 commonly r e f e r r e d  

t o  is "ca rbon"  in  minim- c i r c l e s ,  o r  " t h u c h o l i t e "  i n  

o t h e r  a , i ; f  r  from t t  L : ;ti ; m e r i t  j  o r  d e t a i l e d

.

Liebenh ray (1 r. a ) , th t t h  t e r m  " th uc ho l  i t- ",  has  

shor tcomings  luo to  i t s  h v i n g  been a p p l i e d  t o  a 

v a r i e t y  oj ca rbonaceo us  m a t e r i a l s  o f  d i f f e r e n t
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com p o s i t io n ,  b u t  th 'd t  nont. th e  l&sf; i t : ;  u se  i s  now to o  

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

a more s a t i s f a c t o r y  and ex a c t  c l a s s i f i c a t i o n  can be 

p roposed ,  b a s e d  on . c l e a r e r  u nder '  1 .n d in r  o: t h e  r. t t u r e  

o f  the sut s t  net .
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URnNINITE.

Composition.

Accor l ing  t o  Ranidohr ( l ' 6v) and F ronde l  (195"') , 

t h e  i d e a l  formul f o r  u r  n i n i t  i s  U< and not is

quoted in  most t e x t  books M a te r i a l  ap p ro x im a t in g  to  t h e

,

U ra n in i t e  i s  a l v  ys mor. o r  l e s s  o x i d i s e d  w i th  th i  con-

•

According to  F r o n t  ! ,  th  o x i l d i o n  t .k> i 1 ice w i tn o u t  

d e s t r u c t i o n  o f  t h, c r y s t  .1 s t r u c t u r e s  up t o  a not c l e a r l y  

define i l i m i t .

Cry t  .11 o r  . r / .y .

U r a n i n i t e  i s  ison t  t r i e  and c r y s t a l l i z e s  i n  t h e  

h cx -o c ta h  d r a l  c r y s t  1̂ c l a s s .  C leav  .ges hav< no t  been  

obse rved  in  I r e  c r y  t  I s  i n  n t u r e ,  s i n c e  t h e s e  have

•

. n iohr (1 h . , now v r , nt on d see ing  ( 1 1 1 ) and 

l e s s  f re q u  n t l y  (1 C ) c le  .v t< ..s in  m a t e r i a l  from t h e  

Wit ■■a. v r  r  : a 1.

• •

In o l i s h e d  e-ct ion p r . p  .rod from r i c h  p o r t i o n s

. . .

ovoid ,  . ubh i r  ,1 n -hvdr a l  / r  . ; n n , which w in  i s o t r o p i c  

with  . p in k is h -b ro w n  c o l o u r .  Nun> rour> r r  , in s  a p p a re n t ly  

icwin i l i ’ c l  v , i c r i l  1 by h mdohr ( 19< )» 

i i  we11 . • r :-*y v r  iy f  i ur- d g r s  ns ,  a f  atur«. which

•

•

These *r t ins  we-rc c o n c e n t r  it d by t h e  u se  o f  thi 

d i u l t a i n  "u: rpann r  f o l lo w  d by a S e r io s  o f  f u r t h e r  

p u r i : Lc t Ion i  ‘ .■ r  n I o iy i i.c t r  t o r .



These g n i n a  h i d  j e t  c l i c k  c o l o u r  md .showed i  wide 

range o f  m.$ul i r l t y  in i roun l i n g .

E t c h  r» i c t i o r u  .

The u r a n i n i t c  g r a n s  examined in  p o l i s h e d  

s e c t io n  appe ired  t o  conform to  i l l  th e  e t c h  r e a c t i o n s

.

Li.ebenberg (195? !, i n v o lv in g  thv us, o f  h y d r o f l u o r i c  a c id  

as a s t  t i n  f o r  t h e  u n r i n i t e ,  was u -ed w i th  g r e a t  s u c c e s s

,

t h e  s t  l i n in g  o f  th,. u r  - .n in i t t  co u ld  b e s t  be c o n t r o l l e d  by 

d i l u t i n g  the h y d r o f l u o r i c  a c i d  s l i g h t l y ,  t h u s  s low ing  

down the  r a t e  o f  n  i c t i o n  with  th e  u r  n i n i t e  and p e r m i t t -

.

I t  was r'ovr; I th  i t , when conee it r  . ted  acid w-s u ed, th e

.

C ire v. . y .re . . o : ‘ i i l u t e  u c i d  i- ikeS i t

r e .1 i t i v e i y  ; y t o  obt ti r  1 h. f o r  t i o n  o f  n almost 

i r i d t  icvnt blu,. c o l o u r ,  which .pta a s  ju - ' t  b e f o r e  th e

.

* - : " ' o r ,  ■ o! h ; t i.on t ?. t  - i l u l l  1 rown,

.

The d u r a t i o n  o f  e t c h i n g  i:; dependen t  on th e  s t r e n g t h  o f

the  h y d r o f l u o r i c  c l  I in i t i n  ie ;r i. o f  s t a i n i n g  d e s i r e d ,

ir; i n. -y v , r  * w on- nd f ive  ml nu t  s .

h i -  oc L i on o f u; n i n i t. w ith  ot.h r  tn in r  ; 1 y .

The g r a i n s  o f  u r  n i n i t e  examined in  t h e  p r e s e n t  

s u i t e  o f  ; amples were found t o  be mainly  a s s o c i a t e d  w ith  

' c a r b o n ” ( f l a t ,  XXI), a l th o u g h  a few rounded g r a i n s  were 

sc n mbod ! d in u a r t z .  V ry o f ' t . n  the eu r t z  i n  t h e  

immediate p r o x im i ty  o f  such u r a n i  n i t ,  g r m n s  was found to  

bt  f r  c t u r e d  in  a r a d i a l  manner. . h i s  fe-a tun  has b e e n
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c o n f i r m e d  by L iebenberg  ( p e r s o n a l  co m m u n ic a t io n ) . Most 

the  o t h e r  g r a i n s  o c c u r r e d  as  s u b h e d ra l  g r a i n s  showing 

p i r t i a l  cry. t  J  c ':'

s u b h ed ra l  g r a i n s  showing r e s o r p t i o n  by t h e i r  ’ ca rbon"  

ho s t  ( P l a t e  XXI),  o r  as anh, d r a l  g r a i n s .  Some o f  the  

l a r g e r  g ra in s  o f  u r a n i n i t e  wore seen  t o  have on ly  a 

p a r t i a l l y  d eve loped  tl i n  s h e l l  o f  " c i r b o n " ,  o r  t o  be 

t r a n s e c t e d  b y  numerous sm 11 v e i n l e t s  oj ar o t r o p i c  

"carbon" ( P l a t e  XX11I) . Some o f  trr.r<- l a r g o ,  g r a i n s  o f  

u r  . n i n i t e ,  wi.vn « x .rain un io r  c r o s s e d  n ice  . , showed

»

d es c r ib ed  by Ramdohr (1953) as " g h o s t s "  and th o u g h t  t o

be loucox no.

A f t e r  t  . I n i n '  w i th  y d r o f l u o r i c  a c id  t o  

f a c i l i t a t e  r e c o g n i t i o n ,  many o f  th e  u r a n i n i t e  g r a in s  

i n c l u d t a  i n  t h e  "ca rbon"  w r e  s >n t o  be s e v e r e l y  

f n c t u r .  d, w it  "c rbon '  f i  l i n  t :.■ i n t o r s t i c e s  i P l a t e s  

XXIV, XXV). In  some i s o l  t  d c a s e s ,  th e  e n t i r e  g r a i n  

was compl t e l y  nv- I oped by the  c rb o n ,  and th e  f r a g m en ts  

of  t h e  in c lu d e d  u r  n i n i ' o  r a i n ,  which a p p ea red  t o  show 

(111 c l .  &v . , rou i , t- y c u l  : t • l i t t v d  t o  ■. th  r ,

form a s i n g l e  g r a in  w ith  s'n irp c r y s t a l  o u t l i n e .  There

g r a i n s : the g r a i r  c o u l  : h ,vo been formed in  the

"carbon" and th e n  s h a t t e r e d  as ■- r e s u l t  o f  s t r e s s e s  s e t  

up w i th in  t h e  h o r i z o n ,  u r  i t  might have s h a t t e r e d  in  

s i t u  as a r e s u l t  o f  th e  r e l e a s e  o f  he l ium  a t  a t im e  when 

the  "carbon" was pi i; t i c  o r  f l u i d  enough to  cement t h e  

f r a c t i o n s  t o g e t h e r ,  o r  the  "ca rbon"  may be c o n s id e r a b ly  

younger th a n  the u r  m i n i t o  md might have merely cemented 

the g r a in  a f t e r  it h d become r.h i t t e r e d .
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I Îany o f  t h e  u r a n i n l t e  g r a i n s  examined in  t h e

.

Numerous u r a n i n i t '  r a i n s  showed f r e t t e d  edges due to  

r e p l . cement by miner  a: such  '■ g o ld ,  j y r r h o t i t o  and

p h y l l o s i l i c a t v ;  ( P l a t e :  XI I I ,  XV). These f i n d i n g s  are

,

. .

gr  in .- o f  u r a n i n i t  i from Vent . r s p o s t  and South Roodepoort

.

n second  v a r i e t y  o f  u r a n i n i t c  d e s c r i b e d  by

•

This v a r i e t y  va ] r e s e n t  only  i n  minor amounts a s  f i n e  

brownish s t r i n g e r s  g e n e r a l l y  i s o o c i a t e d  w i th  th e  

phy l lo  i l i c  • s , .nd auoi a the norr .a l  r* . c t i o n s  t o  e tch  

r  nt

Si c ' .r_.__ n i____ r : - . .

The izo  o f  th e  u r a n i n i t e  g r a i n s  was d e te rm in ed  

in  p o l i s h  d ; c t io i .  s w e l l  .a in  c o n c e n t r a t e s  o f  l i b e r n -

.

the  gr  in s  me s u r  d i n  t i e  u r a n i n l t e  c o n c e n t r a t e  d i f f e r  

con id  r  i l y  fro: • :\ot< 1 by Licb< n b e rg  (1955) »

v*io cou l  i f in d  no conci nt r  at ion o f  g ra in?  s m a l l e r  th a n  

k micron in  th e  p o r t io n :  o f  o n  h, had t x inline i from 

• . 

t

The r e s u l t s  quoted in the  j r e s , nt s tu d y  in c lu d e  a l l  the  

'> igment r e s u l t i  n r  from the f r a c t u r e  o f  t h e  l a r g e r  

gr ins n 1 w i l l  t h e n  I o n  show a b i a s  w ith  r e s p e c t  to  

the  s m a l l e r  r a i n s .
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In order to  o b ta in  some idea of the approximate 

siz.: range of the u r a n in i to  in th  ore t r i o r  to  crushing, 

numerous pol ished  s e c t io n s  were examined. Due to  the 

paucity of u r  n in i to  in th- s e c t io n s  xnmincd, however, 

i t  was dwelled t h a t  th,. r e s u l t s  would not be s t a t i s t i c ­

a l ly  s i g n i f i c a n t ,  so t* it only the  minimum an maximum 

g r a i n  s ize s  observed rr ,y be f ated with &ny legrwe 01 

c e r t a in ty .  The mailt si  remnant of u r a n i n i t i  observed 

i n  polished ;Ction was about 5 microns, nd the

maximum 52C m icrons.
Krumbein (193 5) has shown t h a t  the  average

d iam ete r  in d ic a te d  in p o l ish ed  -ectLons of spheres

■

.

,

•rains in  j olian* .1 s ec t io n  v ir j u s t  i f  iai  lC , out t  n <t v!.e 

d i s t i n c t i o n  bt tween t r u e  ind measured dimensions cl 

,

diz-. ■; i • a: . r a n i n i t ,  r r  ;Lns in i heavy

mineral concent r a t  .

■

0 to 50 45.32

50 to  75 39.14

75 to  10-: 15,54
1 0 0 .0 0

lO.ci. ini of . ;oc : it i on of u r  an i n i t , wi th c arbon.

I t  is au-'gustvd t h  it  tin following mechanism

may in p a r t  be r< pon. ible fo r  the  r e l a t i v e l y  c o n s t a n t

asso c ia t io n  of u r a n in i t  with "carbon" .



The } rooL-nct- i n  the. V.C.K.  o f  m in e ra l s  such i s  

r u t  H e , which, ic co r  lint'  to  ." t r in fnam  ( 1'?!)?) , a rc  formed

.

■

t h a t  t h e s e  a c id  c o n d i t i o n s  e x i s t e d  in  the p e r i o d  fo l lo w in g  

th e  o u tp o u r in g  o f  thi V en te rs d o rp  l a v a s , which may have 

r a i s e d  t h ■ t e m p e r a tu r e  o f  th e  r e l a t i v e l y  unmetamorphcsed 

. . .

r e a c t  w ith  t h  s u l p h i d e s  p r e s e n t ,  w i th  co n seq u en t  

form . t i o n  o f  s u l p h u r i c  a c i d .  T h is  ac id  would th en  

r e s u l t  in  t h e  d i s s o l u t i o n  o f  any p r e - e x i s t i n g  d e t r i t a l  

u r a n i n i t e .

Moore (1954) ha- shown t h a t  ca rbonaceous  

sab • c , ach au’t : . i ; . nou ' u \ i tu r  inouf c o a l s ,

•

The re  u l t s  o f  chem ica l  a n a ly s e s  c . rrie-d ou t  on t h e

”c rbon"  o f  t h  v/itw r; r  . ad , i e t  i l s  o f  which are  t o

be found und r  t h  h- ad in s  of "Carbon'*, s u g g e s t  t h a t  th e

chemical  com; o i t i o :  o f  t.a« "c xrbon’ i- ve ry  s i m i l a r  to
tc

.

. .

adsorb  d U e uranium ( in  th-. form o f  ur.anyl s u l p h a t e )

.  •

t h e  ad orb-  d u r . r s i u m  w o u ld  t h e n  bo c o n v e r t e d  i n t o  

u ra r .  n i t  , n i t h  c r> o n  co n v  r t  d i n t o  i lv  •

I I t  c f o r  ; r  .It tda I o o f  vola t . i l<  m a t t e r .

The f e a s i b i l i t y  y n t .h e s iz in g  u r a n i n i t e  

under s i m i l a r  c o n d i t i o n s  has  r e c e n t l y  been i l l u s t r a t e d  

by . idorov  nd R . f  ) t - k i i  (1 9 ^ 3 ) .  The. < two workers  

found t h a t  i t  was p o s s i b l e  t o  s y n t h e s i z e  u r a n i n i t e  with 

a u n i t  c e l l  me ,s u r e n r n t  o f  5.44 Angstroms in  two
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to  t h r e e  days by h, At i n g  th e  raw m a t e r i a l s  t o  300*0 in  an 

a u to c la v e ,  t h i s  r r o c c a s  bv i ng  follow*, i b y  r a j  id c o o l i n g .  

The raw m a t e r i a l s  u sed  were a s l i c e  o f  ca rbonaceous  

s i l i c e o u s  s h a l e  aid a s o l u t i o n  o f  u r a n y l  s u l p h a t e  w i th  

a c o n c e n t r a t i o n  o* 1 r  ra p r  l i t r e .

Koen (1961) has  r e c e n t l y  r e p o r t e d  t h e  p re s e n c e  

o f  both  euhedr  i l  and subhedr-  1 r r a i n s  o f  u r a n i n i t o  i n  th e  

W i tw a te r s r  :nd, c o n t r a r y  t o  t h e  p r e v i o u s l y  p u b l i s h e d

.

l i t t l e -  doubt e x i s t e d  t h a t  t h e  r e c r y s t  i l l  i z  at  ion  and 

r e c o n s t i t u t i o n  o f  the u n n i n i t e  h \d  t a k e n  p l a c e  .during 

more th a n  one p e r io d  o f  m tam orphism , and t h a t  the  

e f f e c t s  o f  th e  l a t e r  p e r io d  su: . . rseded  and p a r t l y  

o b i i t  e r a t  - t  o r  u l t  n : r o n  t h e  e a r l i e r  one.

I t  is  f e l t  t h a t  thv p r e s e n t  s tu d y  i n d i c a t e s

•  •  •

been r e c r y s t a l l i z e d  i n  s i t u ,  is  i s  shown by  th e  p r e s e n c e  

Of subht i r a l  : - of u r  n i n i t  loc  t , d  i n  th e  " c a rb o n ’’ 

h c i t .  ■ i r r  il r  n ’ . o U. • "c r b o n ’’ ho s t  i t  I f ,  

and i t  a is toe : t i c  a w i th  o th  r  m in e ra l s  (P la t ' .  XVII ) ,  

s t ro n g  ly  ;u.* ; e s t a  an a u t h i g e n i c  o r i g i n  f o r  th e  " c a r b o n ” 

g r a i n s ,  ml  ' h... Inc u ' ; u r a n i n i t t  r  n , v>oth o f  which

have o b v io u s l y  not  undergone any s i g n i f i c a n t  degree  o f  

movement r ince t h e i r  for:  t i o n .

Ur Anini;  j -. ireo n .

Koen (1961) r e c e n t l y  c a r r i e d  o u t  a s i z e  

a n a ly s t  o f  u r  i n i n i t .., c h ro m i te  and z i r c o n  f r i c t i o n s  

frot:. th  V■ I I ", r i rbon I . 1« r  »nd Kimberley I e f .

The s ize  d i s t r i b u t i o n s  o b t a i n e d  f o r  t h e s e  m in e ra l s  were 

w e l l -m a tc h e d , i n d i c a t i n g  t h a t  th e  u r a n i n i t e  g ra in s  had 

been d e p o s i t e d  t o p a t h e r  w i th  th e  z i r c o n  and c h r ^ n i t e  

f r a c t i o n s  from t s u s p e n s io n  i n  w a t e r .
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I t  was i c c o r  i inf  ly  f e l t  t h a t  a comparison o f  the  

z i r c o n  and u ra n i  nit< c o n t e n t s  o f  the p r e s e n t  s u i t e  o f  

sa m p le  from the  . ei hit  rove of int er S t .

Du to  th e  s m a l l  amounts o f  u r a n i n i t e  found i n  

p o l i s h e d  s e c t i o n ,  i t  was i e c id  i t o  d e te rm im  th e  u r a n i n i t e

.

o f t e n  found t o  b. f r  c t u r e d ,  an d  a c c o r d i n g l y ,  i n  o r d e r  to  

have sohk ba -  i .  f o r  comp r i s o n ,  ,11 f r a g m e n t s  o f  z i r c o n  

r ec o v e re d  f ro r .  s m’ .U . o f  p u l v e r i z e d  o r e  o f  equa l  w eight  

were t a k e n  t  o r e t  r  ' v n t  i n d i v  i :u 1 r a i n s . Phis would 

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

o c c u r r in g  .s sh 11 r e d  f r a  • men t s , b u t  a l s o  * ho: e s h a t t e r e d

d u r i r r  the  c ru sh  in  ; t r o c . s s .

The num.'; e r  o f  i r c o n  g r a i n s  was th e n  p l o t t e d  

a g a i n s t  t h  r  id iom -. t r ie  s ay [a 'y d) f o r  ^ oh oi th e  

.

obvious t r e n d  botw en th- z i r c o n  and u r a n i n i t e  c o n t e n t s

1 . . - - d  t o  be

.

be ..ioptt i i • lir. i u  : i r c o n  g r a i n s , may have ob scu red  

any r e l a t io n s h i p )  wb Lch may hav< exi i t e d  be tw een  th e s e  

two lain- ra.l " .



ZIRCONS

Z ircons  .ire ■ r e l a t i V '  l y  c o n s t a n t  con  s t i t u e n t  

. . .

•

The advantage ; o f  iuch -:i s t u d y  w- r  su in r .u r i z e d  by Mathias 

( 1 9 6 2 ) ,  who s t a t e d  t h a t , s i n c e  i n  mo . t  m a g m a t i c  r o c k s  

z i rcon  war f  c i r l y  an i ■' -r ' c ry . -v  111 z a t ic  n ,  i t s  form

th e re  f  i r< r e  f i t  ;t< t 1 ; y i c  - c h -  n . i c a l  coi i i t i o n s  p re -

■

r e l a t i v e l y  s i m p l e  c r y s  t a l  form, a n d  w. r« t e t r a g o n a l ,  i t  

war i m m a t e r i a l  w h e t h e r  t v e  br- u u t h  w m e a s u r e d  p a r a l l e l  

to the " a "  o r  t i e  " b "  a x i  . Al. o ,  i n  s e d i m e n t a r y  rocks  

or  metamorpl o s e d  s e d i m e n t  , z i r c o n s  a c t e d  a s  provenance 

.

-

.

rocks o r  gr- n i t  iz< t >di:: a t  c c u l  - e n c r a l l y  be d i s t ­

ingu ished  f ro m  t h o s e  o f  i n t r u s i v e  p l u  o n s  by th e  rounding  

of  t h e i r  c o r  rv $ . ec , n d / o r  t ' e p r e s e n c e  o f  o u t -  

rrcwt: . .

Qcv ..rr a •_____ L_

• • .

as euhedral to . jtbhedral grains  showing pr ism at ic  and 

pyr .,i :• 1 fact I .•< rain v  i ; c nsidt rat Ly in

t h e i r  d t*'- of prt - t icn and o c .rr mainly nr rub- 

angular and rub-rounded cry.it i l . ’ wla n in  La t , or ,  more 

g en era l ly ,  ahntiered fragn.'tnta. (PL tte XXVI) The 

average le r v th  o f  the in ta c t  z ircon  grains  we0 ; bout 

<100 micron . Tin zircon: u su a l ly  occurred as . inclusions

.





p r o p e r t i e s  under  Ion ,■ and s h o r t  wave u l t r a - v i o l e t  l i ^ h t , 

w h i l s t  sedim- n t a r y  s i r c o n  concon tro t-  could  b expected

.

F o s te r  (1948) c o n s id e r e d  t i l .  IV . tu re  to b e  u s e f u l  to o l  

i n  p e t r o l O '  l e a l  s t u d i e s . Accc rdir.. l y , the  z i r c o n s  o f  

.

s tudy .

Conce t r  -t<.. o f  s i r c o n s  y re  pared from samples 

from Venter  po t ,  Li bar. and Vest Dr i  e f  on te  in  were 

exposed to  u l t r a - v i o l e t  r  . l i a t i o n  f ron  n " M i n e r a l ! t e  1, 

and the  e f f e c t  was observed  by means o f  a low-powered

.

'

V en te rsp o s t  w e n , however, s e en  to  f l u o r e s c e  w ith  an 

in te n .  e g Idea  c< lo t  r .  Th i . ye l low  c l o u r  was p robably  

caused by the  presence o f  la r . j e  Mjnounts o f  hafnium in  

those z i r c o n s . Von Knorrir., and hornun.- (19 1) found 

a s i m i l a r  » f ' - c t  in  thv case  o f  z i r c o n s  c o n t a in i n g  

b"tw"-.r. 1 a;id Z l  ] ■ '' cant .if ’02 t ken from a pegm at i te  

a r  a.

Accordii  to V *■ • (1 h i ) ) ,  t  p re se n ce  o f

f l u o r e s c e n t  z i r c o n  in  p l a c e r s  was n e a r l y  always an

.

s tudy  o f  heavy m inera l  c o n c e n t r a t : s  p repared  from the 

pr*.sent su i te  o f  samr U , however,  f l i e d  to  r e v e a l  the  

p re s  no- o f  i .o t  rs i f < .

Ph. oo vt J b s e rv a t io n s  would, t h e r e  for* , tend

. . .

b bly d e r iv e d  from a common i . ;ncous so u rc e ,  as shown by 

t h e i r  . i m i l a r  o v e r a l l  r> . no, . , to  u l t - a - v i o l t  t r a d i a t i o n .
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z i r c o n s  wer< d e r i v e d . He found t h u t  t h i s  was g e n e r a l l y  

only p o s s i b i e  i n  the  case  o f  ac id  ro c k s ,  in  which the  

z i rcon ,  w. n  o f  ter i i i c . io rp h ic .  i-'iany o f  the  o t h e r  rock

types, i ii t by h n- „ ;oW"V. r ,  c o n ta in e d  z i r c o n s  which

.

co n c lu s io n  t h a t  comp i r i s o n s  based s o l e l y  on the  c r y s t a l

'

only a p o r t i o n  o f  th e  -.rcons could  be c o n s id e r e d  and 

t h e r e f o r e  only  t p o r t i o n  o f  the  z i r c o n - c o n t a i n i n g  rocks  

could be c o n t r a s t  i. ie f u r t h e r  f e l t  t h a t  i t  was very  

im por tan t  thnc  f e . t u r c :  such as  rounding  and o t h e r  

i r r e g u l a r  ft t u r e s  should  a l s o  be examined. In  the  

pas t  t r .es-  fe : .*ures  were a e r a l l y  c o n s id e re d  to  be due 

to e i t h e r  c o r r o s i o n  o r  a b r a s i o n . Hoppe, however, f e l t  

t h a t  z i rcon :  showing bo* . round ing  and i r r e g u l a r  growth

did n o t  owe ■ l e s e  f  1 i res  s o l e l y  to  the e f f e c t s  o f  c o r -

r c s i  n . : o n , I it ! ;o tv- • ind red r sw th .

op e 1 o: r .  Non. at c o r r e c t ,  then  i t  i s  ap p a ren t

t : a t tne  w idespread  use o f  rounded z i r c o n s  as  i n d i c a t o r s  

o f  Sedimentary  or :  in ms/ i f a c t  no t  be v a l i d .

form and degree  o f  id iome.-rrd.i.

A ca r t  fu l  s tudy  o f  the  i n d i v i d u a l  eu h e d ra l  

types o f  z i r c m ;  f r  :n 1 le V. NR. , wl en compared with  

the form, i l l u s t r a t e d  by Dana (1 i ) (F ig u re  no. 17) ,  

i n d ic a t e d  t h a t  it  L( .1  s ix  c ryn t ;  l l O f r a p h l c a l l y  d i f ­

f e r e n t  forms w< re pr< s e n t .
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Type 1 . ( I l l ) , (110).
Type 2. (111), (110), (351).
Type 3. (111), ( lie ) , (100).
Type 4. (101), (111), (311), (110),
Type 5. (111), (110), (221), (331).
Type 6. (111), (100), .

Th p r  s e n t  s tudy  i n d i c a t e d  t h a t  type., 2 and 

3 , t h a t  i: , tr  os. , r a m .  showing ( 1 1 - ) ,  ( 331 ), (11 0 ); 

and ( i l l ) ,  ( 1 0 0 ), ( 1 1 0 ); f a c e t s , a ro  the  most p r e v a l e n t  

typ .  i r r  ■ :.t i n  t: V . ' . R .

Hopp ( 196: ) concluded  t h a t  p e r f e c t l y  developed

.

fo rm s , and th  t  o t h e r  forms were l e s s  common, and i n  f a c t

ae-r::. d to h v  v> y l i t t  1- re  i l  o . He s t a t e d

t h a t  eru;  tiv* r  cks v r< ci *' . c t v r i z e d  by th e  ( i l l )  and

( 110) f o r  c,  v  n  . ‘ht com bina t ion  o f  ( i l l )  and ( .100 ) 

occurred  mor^ - n u r l l l y  w ith  d r - s e a t e d  r o c k s ,  which

■

Hoppe f e l t  tl ■ * tf j l a t t e r  'ora: wa.i pro sum b l y  caused 

by a l a c k  o f  p a c  l u r in g  yrowt)i. Hoppe f u r t h e r  s t a t e d  

t h a t  p r f c c t l y  d  v< Lope i c r y s t a l ,  o f  z i r c o n  were a r a r i t y

even in  e ru p t  iv. r  . , and th J  even y r  u :  t ■ • c o n ta in e d

numerou. r ra i ; . :  o f  ant i r a l  z i r c o n .

A fe w o f  the  z i r c o n s  txamin . in  th e  p r e s e n t

s tudy  showi.d tin pr« . ence o f  b o th  cu ty rew th s  and o v e r ­

growth . (P in t .  .UCV1 " I , XXIX) Thee f e a t u r e s  hav< been

d esc r ib ed  by Polci.Tvn.art and Bckelimnn ( l 9 5 h ) .  These 

work r r  found t h<t  Lrc is from au toch thonous  y r a n i t e s  

showed yrowth hnb.i t s  in betw n th  p redom inan t ly  rounded 

g r a i n s  o f  s i l i c e o u s  sed im ents  and th p ro .em in e n t ly
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any a c c id e n ta l  s i m i l a r i t i e s  in  the ulon,- a t ion-frequc ncy 

histograms du< to the samples being taken from the same 

mine would he minimized. Th r s s i t s  obtained from 

these  s tu d ie s  were then p l o t t  d in th- manner ■'Uggosted 

by Wyatt 11954), md nr. own in  the accompanying f ig u r e s  

(N . 1 ) i . X).

... <• t ■ f r  • ■ . " • i \  o • 1 •, • ■ twc

. .

.

com par', v- ry i • vou rab ly  v i t  i th* hi .  to  ram of  a cm ri e

-

.

and show:; a f r  qutncy of  55>- for  the e lon g a t io n  range o f  

l .  : ♦ . . .

.

ably with Ion, ated z i r c o t  with - longatlon in excess  o f  

.

.

: r  . • .

•t W' 1 t  ) f  i > V . i t .  an . the . ait 

Hc-.f r •p- c t  ' .ly r v  1 a d o s t  co-  Inc id nc , which, 

accord in h * i fir.di).'.' o f  Wyatt (1 >54), su gorsts  

tk at th z ircono o f  th- - two horizons werv probably 

dcriv ) fr  m t • a:. r- • Lmj 1 ar soui a rock .

histogram.: ar< fur th  r o f  i h< -'’ig r u o u s '' type and cor­

respond most c l  or ly  with i - -at i l t u s t  utcd by 'vyatt
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f o r  a  c o a r  - . r r n i t e .  I t  may t h  - r c f o r u  1 e ; t a t e d  t h a t

t> ■ V'-: • bl- i vldi i ) ir  '. not  o n l y  to  • common

.

p r o b a b l y  d o r .  i  f ro - .  .or.i a. it  --r , . n t  u n d o r l y i n ^

t  V. " , an  11 v.'tir. f .

In com -luL’io n ,  i t  cay b s a id  t- a t  the  v a r io u s  

.

p r c r - . n t  • u rv  , such >v r  r-.-uth , u t  . r o w t h c , I t n g t h -  

b r e a d t h  r* 1. t i v  n s h i j . - - , cry.it t l  for:..;- a n a  p h o t o  l u m i n e s ­

c e n c e  , a l l  p< Lnt  t o  a n  l ^ r o o u o ,  p r o b a b l y  g r a n i t i c ,

. . .
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L. ,  ..

In the.* B l ind  Riv r  f i  .Id in  Canada, much o f  the

,

b r a n r .v r i t u . Ur an i n i  t  i ■ con. id. r- d to  5 Lay r l e e  o r

.

s p e c i f i c a l l y  r -co .  ;nize 1, v n a r  a mine r  a c c e s s o ry

m inera l  o f  u r .u . in i t . . . .

Ac r  1 • r . (1 34) .nd kic« (1958),

the  branr  r i t  o c c u r r i n * t  B l in d  R iver  has gen . r a l l y

been a l t e r  d t  a f I t  :..ixeurc o f  a n c t  jc and t h o r o -

-

r a c t i o n  pa ‘ t .. rr. o f  a .  t , and ... rannori t- .  p a t t e r n

.

an :  N u f f ie ld  (1 >• 0 ) r. v oh on th; t  n a t u r a l  b r a n n e r i t e

T r a i l ( l  34) * . s c r ih c d  th e  b r a n n e r i t e

fror Blind Riv r  ■ v r. i-.ep brown c o lo u r  and a

v i t r e o u s  t 1 r non iu. t r  . In tl in s e c t i o n . the

b r a n  s r i t c  v f md t  i. o t r  p i c , dark brown in

r e f l e c t  ; 1 . ; r  d i i  ro«vn in s trong t r a n s m i t t e d

•

tyr i o a l  b r -mn r i t  r e i n  i rcf l<  cti i l i g h t  had a

d e f i n i t e  y e l lo w is h  ai t -  r t i  on p roduc t  p a r t i c u l a r l y  

heavy el on ! ■ r  in f. : , and th, I n t e r i o r  o f  the

grains,  u . : me -f op- .a at .  r i a l  and t r a n s p a r e n t

n eed le s  f  ( ? )  r u t i l *  . A l l  . r  nn< rlt< g r a i n s  seon

by the aut r. w c r . r  und . t  cubrounde 1* and showed

both  the y e l lo w !a h  a l t e r a t i o n  p roduc t  and the  f a i n t  

red co lou r  it  i n  1 , 0 i i uu  i l l u m i n a t i o n  which a re



c h a r a c t e r i s t i c  o f  the break-down o f  iron-bear in g  

m i n e r a l s .

In h i s  s tu d y  o f  the  W itw ate rc rand  o r e s ,

Ramdohr (1958) la .  m<. it ion a t- p r  svnci o f  a r a d i o ­

a c t iv e  t l t e n i f c r o u s  min r  1, whic h • s t e n t a t i v e l y  

i d e n t i f i e d  ls branr  r i t a  o r  d a v i d i t  , which i s  decom­

posed to  whit - a f  r  t  o f  t i t  ’ i t  , r u t i l e  o r  

leucoxene : . oc i t  t . I wit) c no i  l r  b io at. aunts  of 

ra d io  en ic  It id. K;-ndo r  a l  o r  f  r  to  t! pre sence 

of  numerous s o - c a l l c  I o ' t  " , c o n s i s t in g  o f  an 

a g g ro .a t e  o f  a d u l l  unid n t i f l o d  w h i t i s h  m a t e r i a l  not  

unlikv leuccxone .

.

and Libancn r  vc i led  t- e or ence o f  numerous rounded and

•

uni  -r crc: . . c o l s  .rha i* o f  ; r  n. and ye l low  arc

GO'.n. hars :>f t r  so in show a rk brownish cor*. ,

which aprej r s  to -t  :i to  a  l i  h t e r , o f t e n  y e l lo w is h ,  

co lou r  toward: the  p o r i  h e ry .  C a re fu l  ex ami n; t i o n

o f  the cor rr,. ‘ r i a l  a!*ow d th  p r  sence  of  numerous

•

Thest, s r a i n s  of 1 .coxv>; ccrr- :  nond clo:  ly  30 those

.

s '  ; v . • - i s  t 1 v. '. . .1

Vontorepost  and Li hanon, as d e s c r ib e d  above, wore con­

cen t  r u t  d in  th- court o o f  pr- v io u a  work c a r r i e d  out a t

•

tr.e niv( n  i ty o f  C u l i f o r n i  . H- - xamined £ few
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dari-: rc sincus ■. .t.druJ (:r?-ins by n n; o f  X-r y. .

One o f  the r a in ,  a; P' r c i - t ly  , ;v a weak p a t t e r n ,  which 

Pabs t  thou h 1 i.p-.t b- r u t i l c , and on h e a t i n g  t h i s  to

.

Pabst  t  on ox rnin. d a few o f  the gra ins  showing a dark  

core and l i g h t  y. l lo w is i  out* r  f i l m .  I he-: a,- g r a i n s  

were found to  b a f i x t u r e  o f  f ine  - r  d n  d q u a r t z  and 

r u t i l  . Pa .u. r’u r th '  r a* '• i t i  i t  th g r a in  looked 

much I l k . th  ye l low  ana tav  v r u s t s  t h a t  ha had f r e q u e n t ­

ly  seen  on b ram u-r i  t( , and t h i s  was what ho had expected  

.

r u t i l .  q u a r t  mix t u n  v .. an a l t  - r a t i o n  p ro d u c t ,  bu t  i t

.

Pabst  w o uhablt  t o  f i n i  any t r a n n e r i t e  in  the  concen-  

t r a t  s n t  to  hi; by th  w r i t  r .

Th- H r  ■ r  ; >rt d by F ba t  ppea r  to  c o r ­

respond wit: r f Li .i nt ,r who 1 ad a i m i l u r  X-ray

'

t h a t  th r a ;  i o t i / o  Ivticox .-re show d X-ray p a t t e r n s  o f  

the  r u t i l . ty :  . P ! x  a. n t io n e d  t h a t  hi. war unab le  to 

o b ta in  any . i. o f  r*. - . a t i v i t y  a f t -  r  expo.- ini. th-. g r a in s

to  se t iv i  f .v tc. " i l ie  f i tea  f o r  f i v e  days .  F a in t

t r u e  e o f  r  i:; a c t i v i t y  wore, however, fovui.i by the

wr i t  r ,  ,■ f t i . r  exj osar : p o l l  ah, ed s c t i  ns p re p a re d  o f  the 

g r a i n  to  set Ltive f i l m f o r  11 day a.  Lii,b« n b t rg  (1955)

11 kewi jo found t  ice.a o f  r a d i o a c t i v i t y  a f t e r  expos ing  

the  g r a in s  to  s e n s i t i v e  f i lm  f o r  1 j a.ays.

Li. ta. it . ■ (1 ihb) s t a t e d  tha t  tin dt t r i t a l  

m ine ra l  from which t i  . ura.ni foroue leucoxen« had been 

d e r iv  d was s t i l l  u n i d c n t i f i . d , b u t  t h a t  the  a v a i l a b l e





R u ti le  we3  found in most of the p o l i s h e d  s e c t i o n s  

p r e p a r e d  f o r  ti p rc . r • e.tudy, and occurr. i in numerous

f o rm s  end a s s o c i a t i o n . .  Th-.. < m.ln;' var ied considerably

i n  c o l o u r ,  from orvnu th r  u. h 1o brownish-r d , an d  

wir*; m a i n l y  'uv- : -..I i r  r.u • 1- : r a l .  P r o n o u n c e d  f u r r o w s

.

(Platt XXXIV) Twinnin. w , nor i l ly  en icu ia r .  The 

g ra in ;  often  xce V d 5>CU ..icro .s in r i z t  , and usu a l ly  

avc:’ .. ! ;* " i c r  • .

r of t e ru t :  1 tTai.ns were emt ddod i n

•

p r i s m a tiO to ac c v .n r  r  i or or fine clu i ters  show- 

^enicul r  h b i t ,  u su a l ly  accompanied by y e l l o w  

leucox . Ot r  ru t  l i t  -r- In.- cccurr  id as f in  in c lu ­

ded n<: . i f  s in  quar tz ,  imp r t in g  c c h a r a c t e r i s t i c  b l u e

•

ryri  * , and f in  cuf dr a 2 gr? ins o f  r u t i l . wx re ol^o 

tf t e n  foun . to forr. the curt. m at. . r ia l  of rounded uren- 

iforou 1 uc x r r  ii . .

'• b- ■: L’.r t ; ; tut shown by th- rutil-.  f. ra ins

€x coined tron, ly -t i th - t the r u t i l  , n . in s ,  esp­

e c i a l  i y thoi o! 1 id-; 1 in c h l o r i t e , h. d not undergone

any  s ig n i f i c a n t  1 < of t r an sp o r t  t i  on since t h e i r

formation.

at . .

Numerous t r a i n s  o f  anat.as were lo c a te d  in

1 1 ‘ ' 1"; 1 a ct -t. •■! : ] av\ in  I cot. - t i t r a t e s .



■

In some cases  n o t  a l l  thu c r y s  t a l  f a c -  t s  w e r e  d o v e  l o p e d ,  

p r o b  b l y  du  t o  h i n d  r  d . t . w t h . II - r re ins w e r  I n v  r -  

i a b l y  f o u n d  ; . ' o o c i a t  d w i t h  c M o r i t -  , s  i n c l u s i o n s , and

.

l i g h t  the grains  w a r  . - ■ indla'O I:lut co lour ,  b u t

when ex am in e  i ■ v rm ana o f  a b inocular  microscope ?, 

i n t  g r , . l  r a i n s ,  tr y p r  d a ; a i m  b l u e  .

Ir. e l

A few small  dark crown ra ins  were t e n t a t i v e l y  

.

eared tc bt (122) and (120) f  c a when com] .red with

i l l  . s t r ;  t i o n s  i n  Da . , ( 1  '0 9 ) .

1 ,L..

■ •

According to J tr in  ham (1952) ,  r u t i l t  i s  

commonly  form I und r  cia  co n d it io n s  i t  temperatures  

i n  xce. o f  j %  1. n  t s c , w, v er , i s  known to 

i r v . r t  * r  *

Ar. 1 -it :r * in,- ;c uni o f  ti c c - e x i s t o n c e  of

r u t i l  rvl a it i t t r  1 von Lan d« r e s i t . '  o f  the 

-•s' " : I 7 hi i.

t’he r u t l l c  nd t- •• w r supposed to hr-v b en form d

durin,• < » i a n ;i ; and r ly  of .morphism o f  the sediment-

and anat s .  in ti. guar'xAt occurred by tiu d i s s o lu t io n  

of ilmun.i t,o, which w i l i v  red into the b: s in  with

•

After the d i s s o l u t i o n  o f  the 1 liuunitt , loucoxune wns



a l l i z a t i o n ,  and as  a rt  s u i t  o f  d (hyd ra t ion ,  th e  iFucoxene 

was t ran s fo rm ed ,  e i t h e r  d i r e c t l y  i n t o  r u t i l u  o r  a t  the

accompani d by 1, ucoxt , ,  r t .  t h a t  a s im i l ;  r  mech-

.

. . .

c r y s t '  l l i n -  h a b i t  wi t -  ,Trains showin.* no ri.-ni o f  

a t t r i t i o n ,  s t r o n g l y  s u p p o r t in g  an a u t h i  en io  o r i g i n .
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PhTLLOSILICATL.i.

Chlor i t e

De Kock (] 140) mentioned t: t the d a rk  co lo u r

imp r te d  to  th t  m: t r i x  -f the  V. .K. w;  ̂ Ctiuscd by t to

presence o f  l a r  amounts o f  c h l o r i t e ,  which ho assumed

had b en for. jd  is a r e s u l t  o f  th  a l t e r a t i o n  o f  l a rg e

amounts f vo le  . ■

Since c h l o r i t e  forms such a major  p o r t i o n  of  

. . .

A ll  r e f r a c t i v e  index m - suroments were c a r r i e d

■

a t  27°C ulI t. onoohrom t i c  sodium l i g h t  and a re  c o r r e c t

.

index Bet;., was iote rmined, s i n c e , as Albee (1962) has 

p o in t  d o u t ,  t i  •. p l a ty  h h i t ,  abnormal i n t e r f e r e n c e  

c o lo u r s ,  f in-  r e i n  e ;.ze nd c o l o u r  o f  thi c h l o r i t e s  

c ..ke i t  d i f f i c u l t  tc mu su re  a l l  th e  i n d i c e s  o f  c h l o r i t e  

p rec is -  l y .

. w-. ■ l o r  i t  . ;  t ' .  • e  1' H o w l :  r e f r a c t i v e

1 r. Ho- : w» : ■ I i: . . .  :

b  1 . 6 2 0  + 0 . 0 0  B i a x i '  l l y  p o s i t i v e  

• H  +  ■ i  i 11;  : t i v c

A l b e e  m e n t i o n . ;  ( A l b e  1 0 6 . .  ) t h a t  i n  g e n e r a l  

t h e  h i  e h  r  i n d e x  c h l o r . i t  .• • • v  a  n  - 1 i  v< o p t i c  s i  , ; n ,  

a n d  t h e  l o w e r  i n  d o  c h l o r i t e ; -  a  p o s i t i v e  s  i e 11, w h i c h

i s  i n  n . , n t  w i t h  t h  a b o v e -  f i  d i n  . .

f- - (• I- .-rmination of  the o p t i c  s ig n s  o f  the

c h l o r i t e ; ;  in th j f-.-sont s tudy  w , ide e a s i e r  by A lbee1 e



o b s e rv a t io n  th . t  the . i. i, o f  the e lo n g a t i o n  o f  the

c h l o r i t e  .*r: in \i s lw  • . opposi te  to  t h a t  o f  th e  o p t i c

s ig n .  This tech n iq u e  a v  ids  the  d i f f i c u l t i e s  i n h e r e n t  

i n  the  co n v e n t io n a l  d< t ri in l io n  o f  the o p t i c  s i  n, 

whic'* i s  ha'np'.rcd by thv dark  c o l o u r  md f i n e  n a tu r e  o f  

the c h l o r i t  r  i n . a

.

was found to  occ .r  c. r a c t e r i s t i c a l l y  as i n t  r r t i t i a l  

m a te r i a l  conf  ned to th*. m a t r ix  in  th-, form o f  sm a l l

sca ly  r  (P.: t t    V, X : .7 I ). i- •• min- r  1

i s  green  in  c o lo u r  and shows f a i n t  p leochro ism  in  shades

.

arc ducky v<. and ■ re c n i s u  brown.;. On r o t a t i o n  of  

the  i l c ro s c o p  ctt.gc , the i s o ^ y r e s  showed very  s l i g h t  

movement, so th.. t tl : value o f  thu a x i a l  ang le  p robab ly

.

On the r i s  of  1 ne o p t i c a l  dr tv. o b ta in e d  in

th e  p r e s e n t  ; • rv</  1 c l o r i t u s  o f  the  V .C .n .  may be

c l a s s i f i e d  s R i p i d o l i l  ud B ru n s v ig i tv  reap, c t i v e l y ,

.

The pr  3 tnc o f  tv i r o n - r i c h  vav i  t y  o f  c h l o r i t e ,

Brunsvi -it* , h; X. o be ,n r  p o r te d  from the  Joppestown

S o r i  on tl . t s t  h . j t  Pull  r  (] y- ).

According to th- diagram p r  nosed by dtr ingham 

(* Jv2 ) ,  i t  i s  very  p ro t  hl - t 1 a t  ti  e c h l o r i i  *. group 

mineral; ; pr*. v n t  in the V.C.R. c u ld  have be .n formed 

u n d . r  pi  c o n d i t i o n s  which w re v i r t u a l l y  n e u t r a l ,  i n  

th- t- p, r  tur< v  t Lon h * •, n - 0 and 7.iO°C.
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St-rici  t

. . .

f i n e  tribal- r  r a in s : , o r  more r  l l y  lc f i n e  m inu te ly  

c r y s t a l l i n e  shi "ds ,  which ir u u a l l y  i n t i m a t e l y  i n t e r -

appears  to  be very  I r t  i n  th  . c„qu--nc _ o f  m in e ra ls  

. . .

m a te r i a l  be twe n t l x  q u a r t z  r a i n s , which i t  o f t e n  

rep lac ' - s ,  t h e re b y  im p a r t in g  f r e t t e d  o r  jagged o u t l i n e

to thw q u a r t s  r a i n s . (F irv  XXXVII). According to  

Stringham (195, ) i t  i s  prob b io  t h a t  the s e r i c i t e  was 

form.d under  i k a l i n e  cor ; i t i o n s  in  th  v i c i n i t y  c f  

200°C.

3 j o t i t v

Only a few sm a l l  g r  i n s  o f  very  f a i n t l y  p lu o -  

ch ro ic  paIt b rcv a  b i o t i t  w, rc found in  the t h i n  s e c t i o n s  

in .  d. Accord....  to  g r i n s :  ... ( . - ), i t  i s  p robab le  

t h a t  the.; were formed under  • o l d  c o n d i t i o n s  a t  tem- 

p-.r , r  o f  r it 4 b

.

not  resemble i n  any w .y t  ■ r  i n  which voen (196s) 

is.s d c s c r ib t  1 ir. ? r  c r.t r  .• ci i - r i l  potudomorphs 

a f t e r  d e t r i t a l  amphibol, . , but  which Willt  aso conoid- r s  

to  b b i o t i t c  w ith  in c lu d ed  n d'L . o f  r u t i l o .
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P Y R I T S

Second on ly  to  qu r . r tz ,  p y r i t o  id  the  raoet common 

m inera l  pr  . • :.t i n  Vi V. ' .It. I t  occur.;  m i n l y  i n  the 

c h l o r i t e  m a t r i x ,  bu t  a l so  to norr. ex t  r t  in  th e  quar tz  

pebble a ,  wher- i t  f i l l :  c r i c k s  nd rv p le c v s  the pobb? es

on t h e i r  p e r ip h e r y .  Moat o f  th<. t y r i t  r a i n s  examined

v a r ie d  from a f. w m i l l i m e t r e s  i n  d ia m e te r  to  ve ry  sm all

.

up to  15 . o r  mor i r  s i s ,  >;■ r  , how v e r ,  n o t  uncommon.

Ihi p y r i t o  la  ti / .C .  occu rs  in  numerous

form . A f a l l  o . s c r ip t io n  o f  • •. var iou .  forms encoun­

t e r e d  has n e t  been a t te . :  • d , s in c e  i :  i s  f e l t  t h a t  tn e s e  

a re  perhaps b e s t  i l l u s t r a t e  ; oy ns of  p h o to g ra p h s .

The footnote, s acec unyin.- the  v r io v  • . tt< shod micro­

graphs (Pi; to s  XL to XLIX) l i s t  ve ry  b r i e f l y  the  s a l i e n t

.

Numerous p y r i t  p. bbl  . , d e r iv e d  from e a r l i e r  

h o r i z o n s , wore so n, as  w 11 s banded i r o n s t o n e s  which 

had a p p a re n t ly  become h y d ro th e rm a l ly  p y r i t i z e d  in  the 

p r e s e n t  h o r iz o n .  urn rous akeli  t, 1 growths o f  p y r i t o  

w.ro a l so  p r  $er t . Th se ad i ith< r compact o r  a 

porous nature ; - nd .poe r< d to h--v< rown iround o ld e r  

g r a in s  of p y r i t  i n  s i t  , d u r in g  tl p e r io d  o f  co n s o l ­

id a t io n  :. I met r:.orp- ha. o f  th. V . ' . H. Apart from 

these t y p e j , t h e r e  wore a l s o  numerous v a r i e t i e s  of  

i n t e r s t i t i a l  and s t r i n .  ■ r - l i k t  p y r i t t , , which h e lp  

to cement the m; ,11..r  qu; r t z  ' r a i n s  t o g e t h e r .

No a t tem p t  h s  be n made in the  pr  s e n t  s tudy 

to e s t a b l i s h  the sequenct -mongst the v a r io u s  p y r i t t
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typos thems lV:S, o r  to co rn ,  Lat the  i n d i v i d u a l  p y r i t e  

types  with  any oi t.i. o th e r  au t i  : . ,onic  miner I s  i n  thi 

.  •

the  v a r io u s  form, o f  pyr i ta  xaminod w re formed a t

.

perhaps b-. po i b l .  to  c o r r e l a t  .v f  w forms w ith  each 

o t h e r ,  i t  would be vury  d i f f i c u l t  to  propose any hard  

and f a s t  r u l e  cone rr.ing t h e i r  sc- iu nee ,  c e r t a i n l y  not

.

g e n e r a l i z a t i o n ,  how. / o r ,  the f o l l o w i n '  sequence i s  

e n v i s a g e d :

T* abrade ; end round d p y r i t e  g ra in :  p robab ly  

r e p r e s e n t  t; e olde s t  .t r . This type i s  then

followed in  tu r n  b' v a r i  ty  o f  in" rmedia tu  age ,  which 

occurs  as ovi rgrowths on o ld  r  g r a i n s  and may take  the

.

gener  t i o n  i s  represent- ,  b the  form g e n e r a l l y  r e f e r r e d

to as juvonll< j yrit*. o cc u r  s f i n e  s t r i n g e r s  or

i n f i l l i n g :  be tv. i t  . - r r in  .

O p tice .  t;re: - . r t i  . c ' / r ,  '

S tan to n  (1 7) h d r  w* t te n t . io n  to  the

v a r i a t i o n s  i n  the  opt c 1 prop r t i « o f  p y r i t e .  He 

mentioned tha i  th<. o p t i c  1 proix-r" i e s  ) f  s e c t i o n s  con­

t a in in g  p y r i te  could bo g r e a t l y  i n f l u ;  iced by th e  method 

adopt- i fo r  the  fin-  1 :;t . os o f  n o l i  id Lru . S tan to n  

found t h a t  i t  wo: poss ib le  to  change the  o p t i c a l  c 1 o r -  

aot,..r of p y r i t e  from i c o t r o p 1 - to a n i s o t r o p i c ,  depending

.

oErly a< 1342 dmith sugges t '  d t h a t  the  a p p a re n t ly  anomt 1- 

ous o p t i c a l  behav iour  o f  p y r i t i  might be a f u n c t io n  of
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both  the  com pos i t ion  and the  secondary  c r y s t a l  s t r u c t u r e  

o f  the  p y r i t e . 0 ta n  ton  ^ n v e s t i / j a te d  o - . l t h ' s  su p y e a t io n s ,

and found t h a t  p y r i t e  was g e n e r a l l y  a n i  o t r o p i c  and t h a t  

double r e f r a c t i o n  was produced by any p lane  o t h e r  than  

the  o c t a n e . r  1. St niton '•Iso four. : th  t  p y r i t e  could 

be ren d e r s  - sup- r f i c i  a i y  i s o t r o p i c  by s u r f a c e  d e f o r ­

mation d u r in  p o l i s h i n g ,  and t h a t  a n i s o t r o p i s m  war. no t  

n e c e s s a r i l y  due to  the p resence  o f  a r s e n i c  o r  o th e r  

t r a c e  i.'.p r i t i  , s haa been su g g e s ted  by Smith.

Ramdohr ( i9 6 0 )  has a l s o  commented on the  f  c t  t h u t  he 

had noted  p y r i t e  which showed bo th  o n t i c a l  c h a r a c t e r s , 

b u t  o f f e re d  no ox; 1 n t i a n  to  accoun t  f o r  t h i s  phe­

nomenon.

Since most o f  the  p o l i s h e d  s e c t i o n s  i n  the  

p r e s e n t  s tu d y  co n ta in e d  vary ing  amounts o f  p y r i t e  and 

were p o l i sh ed  by means o f  c l o t h  l a p s ,  i t  was thought 

necec. iry to  cxamin t v e optics  I c h a r a c t e r  o f  the

.

be i s o t r o p i c .  Many thou an is o f  g r a i n ,  were c a r e ­

f u l l y  check 'd f o r  i o c t r  - i n . ,  bu t  no marked tendency

'

s u i t e  of  p y r i t e  i. . h - . d  i t s  o p t i c a l  c h a r a c t e r  s u p - ' " “  

f i c i a l l y  a l t e r e d  a :  • r e s u l t  o f  t h e  u s e  of  c l o t h  

p o l l  ' h i I  - : ■ .

I n c l u s i o n . ;  o f  o t l  ?r  m i n e r a l : : i t i h.yri  t:.,.

tJir-rous- in c lu s io n . 1 o v o t h e r  s u l p h i d e s ,  such 

■ u ch l o o p y r i t " , pi •hlerit'-- nd " . Im .  , ii .v< been t ound 

in  come o f  th# pyrite  ;ruin . O ther  n c lu r  ns ,  such
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ivicc' ' ii. " i t  L

Q u a l i t a t i v e  r e s u l t . ; :

Both types  o f  p y r i t u  showed the  i d e n t i c a l  

.

Ag, Al ,  Au, Co, Cu, . e : , /If., a ,  C:i , i , ? r . 

Qunntl t&tive r  a l t s :

D i rec t  method: -

C_ :Ci r - t  ..c h : . '. I ] v r r .r.

Tarnished p y r i tu  1 .43 :1  190 19

Untarn ished p y r i t e  0 .9 3 :1  150 14

I n d i r e c t  rn- thod

" Co 1 ‘ _ Cc:h; r a t i o

■

.

('The r e l a t i v e  m e r i t s  o f  th e  two methods o f  a n a l y s i s  

hav- a i r  ady brer, d i s e a s  e d . )

The s p e c t r e  graphic a n a l y s i s  c a r r i e d  o u t  on 

the t a rn i s h e d  v a r i e t y  of  p y r i t e  c l e . r l y  shows a h ig h e r  

c o b a l t  to  n ickr  I r a t i o  than  the  un t  r n i s i . e i  p y r i t e .

This fe  turc. would t .e re fo re  s u . - s r a t  t h a t  the  s t a b i l i t y  

c-' the , yrLt« i : ; ; •'■•r.tly i n f  In. need to l a r g e r  e x t e n t

vy th  cob? i r  1 k th n t y t  nick- 1 , c o n t e n t .

Kul ■ rad und Y a r  (1959) have drawn a t t e n ­

t io n  to th. f? ; t t h a t  th pr  . once o f  c o b a l t  and n i c k e l  

in p y r i t e  i s  •-m o r a l l y  thou.-ht to  reduce  the  s t a b i l i t y  

of ‘he p y r i t e .  According to K r r  (1.945), the  p y r i t e  

group a p p a re n t ly  forms an i so s t r u c t u r a l  se r iv .s ,  w ith  

p y r i t e  P- 3^, Vac. i t c  NiC. and C a t t i  r i t e  CoS? as  end
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These m in e ra ls  'how v i r t r  l l y  the same c e l l  s i z e s  when 

compared w ith  p y r i t e  (L; r r y  and Thompson 1962), and may 

p o s s ib ly  account f o r  the  n i c k e l  and c o b a l t  found in  the  

p y r i t e .

I t  i s  i n t e r  t t i n g  to  not.  t h a t ,  in  the p r e ­

sen t  s tu d y ,  a n a l y s i s  o f  t h . 1 : . s t a b l e  v a r i e t y  o f  

p y r i t e  ( 1  a r n i s h  ; d ) sl ow d a re t  r  amount o f  gold to  

bv pr. -a n t  (190ppm. ) than  th. mor s t a b l i  (u nox id ized )  

v a r i e t y ,  which c o n t a ' nodi n ly  150 ppm. The p r e s e n t  

f ind  in  -o ap] a r  to c c in c i d  w it  thoi v o f  Ora ton  (quot  d

by J o r a l  .non 1951), who found t h a t  a t  -immer and Jack

and a d j a c e n t  mines, a : ndabl.  s ig n  o f  s e t t e r - t h a n -

average gold v Lius i n  th r e e f  w: the  r a p i d i t y  o f  the

.

mention d th a t  t py r i  in  th- r i c h  i t r c  tchc-s o f  the  

conglom n t e a  won! i develop s t r :n- i r id e s c e n c e  on a

.

t); t  the  r o e :  or f o r  • i s  beh v io u r  o f  the  p y r i t e  was the

presence o f  eol i ir. I ; s o l  it  on i n  the p y r i t e .  I! i s

th or h b. n Id. in  n r l , r  s e c t i o n  and d i s ­

count e-d n.v t; i n t  w r i t  r .

  'o : . e- ‘

Th c o b a l t : .  ..c: 1. r a t i  o b ta in e d  f o r  the t a r -

.

C l o s e  rx. n t  w i n  t l  i o b t a i n  . r y  oi  tz ca  ( l  n 5 ) f o r

P y r i t e  f r o m  t h  h a  i n  !%• f  a t  D u r b a n  k o o d i  p o o r t  D e e p  > o l d

^ i n e .  Co.  n , | ( . u t o d  c o l o r i m e t r i c  m- t h o u s  o f  a n a l y s i s ,  

• m d  r e p o r t e d  a c  h  a l t : n i c k c l  r a t :  o f  1 . 5  : 1  f o r  p y r i t e



) ,

, 10.

I

I
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p re s e n t  s u i t e  o f  samples w r e  p robab ly  o f  hydro therm al  

o r i g i n ,  sincf bo th  v a r i e t i e s  had c o b a l t  c o n te n t s  in  

excv-s ■ of  ICO , , ..

Hawley and Njc o l  (1961) co n s id e red  t h a t  

d i f f e r e n c e s  i n  temp . r e tu ro  o f  fo rm a t io n  o f  p y r i t e s  

o f f e re d  the or..! obvious e x p l  ;n a t i o n  f o r  c o n s i s t e n t  

d i f f e r e n c e s  i n  com pos i t ion .  These a u th o rs  f u r t h e r  

drew a t t i n t i o n  to tr - wor> o f  N icho l ,  who found t h a t  

the p y r i ' •' fcrmvi it hir- e r  te m p e ra tu re s  showed a 

high r  cob: 1* $ - i :iic 1 c o n t e n t ,  bu t  a lower  s i l v e r  

c o n te n t ,  than  t \c •-> form d : t  low r  tempi n a t u r e s .

it r e . 'u l t . t  o b ta in ed  in  the  p r e s e n t  s tu d y ,  

i n t e r p r  t« i ir th : t  f  rawl y and K i c h o l ' s  work, 

s t r o n g ly  su* g t t .at  the  two v a r i e t i e s  o f  p y r i t e  ( t a r ­

n ish  d ai d ur.t im i r ' r  ; ) ,  i n  th  p r e s e n t  s u i t e  o f  samples ,  

wer fort ,  i i t  d rent  t r  t u n e s .  The u n ta rn i s h e d

p y r i t  wi p robab ly  formed a t  a h ig h e r  te m p e ra tu re  than 

the t a r n i r l  1 v  i ty ,  ... can r e a d i l y  be seen  from the  

s i g n i f i c a n t l y  hi y. . r  c o b a l t  and n i c k e l ,  bu t  lower s i l v e r ,  

CO: ten* of  1 i v r : y .
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as xenomorp] ic ra nu  ( P l a t ,  IX), or very ra re ly  as 

suLl.edral r i M )v,in, ■ >.•. rv 1 t l i n  (PI; to L). 

Pyrrho tit., rcplocec mot t of th . ar.Li- r  minerals such 

as p y r i te  and u r o n in i to , mi i s  in  tu rn  i t s e l f  replaced 

by f o l ; and Int. r < ilphid uuci as c h a lc o p y r i te , .jalena

an. opr: h  r i t  . (Ti ; >ci t i  n of . o i .  wit a pyrr-

h o t i t e  has a i r .  ;dy teen  discussed i> the sec t ion  on

. . .

.

was a com.on :'u ture to see c lu s t e r s  of g ra ins  of 

pyrr  o t i t .  i owing d i l  ■ mt o r i  n t  a t  ions.  The 

miner .1 war. fo e 1 tc confer: to a l l  th e tch  re ac t io ns  

l i s t  d for i t .  lent i f ic  M r. by d- o r t  (1943).

I n c l u s i  r..::

any . tv r a in s  of  p y r r h o t i t e  examined

stowed the pr< onct o f  t i n y  flam - l i k e  la m e l lae  of  

p e n t : ••ndit. al:i . 1 ] 1 ]. 1 to  (0001) .  These la m e l lae

have a l s o  been r  ocrt< I in  an e a r l i e r  s tudy  c a r r i e d  

out  a t  Wr.t* r: t by Davies ( 1 4 ) .  According to

Ramdohr (1 33) ,  the pro: once of  t hese  la m e l la e  i s  

n rm.illy 11' i f .  1 t y. ry ' ■ i ■ ■ > temp r  ' u r  "nickc l i f e r o u s  

py rrho  t i t*  " di pos Ltr arid to a few p y r i t e  o ccu r ren ces  

o f  'uull,, h'i.'h t :'p ■’ : t u r e . He f e l t  t h a t  the  presence

of  t  o * ex,.o a t  ion f *■ . t u n  a in  th '  Witw t* r s rand  might 

a 1 ■ o 1* a t t r i  u" i to  th* < f f , t  o f  h i  -h tem p e ra tu re .  

Hewitt  ( 13 : ' 0 ,  oil t in  o t h e r  hand, repo ted  th a t  

p e n t l a n d i t u  l i t  aolvc ; in  p y r r h o t i t e  a t  t25°b, and that







-11-1-

t h a t  under  these c o n d i t i o n : ; , p y r i t e  p redom inates  in  the 

lava  to  the  e x c lu s io n  o f  a l l  o t h e r  s u l p h i d e s ,  and may 

form up to 10jo o f  the rock  l o c n l l / .  Davies f u r t h e r  

s t a t e d  the t p y r rh o t i  t  o c c u r r  i i n  th.o l a v a s  as d i s -  

semin: ted  'p : -k:; and .1 r v • u . a r l y  ahr.; ed i t  be, and 

sometimes formed up to  20/o o f  th- r o c k , though i t

.

where th e  lave  was t r an s -  c t e d  by white  q u a r t z  v e i n s , the  

percent:  ge o f  p y r r h o t . i t e i r .c re  so . ?.nd the  p y r r h o t i t e  

formed s t r i i .  e r s  u t  to  2 mm In  widt- .

Rar aohr (1 161) mentioned a s u i t e  o f  samples 

from South Roodcpocrt mine , tak en  from th e  c o n ta c t

. . .

•

i-

peratur-e: be l o t  the  m el t in .  p o in t  o f  , r a n i t e , p y r i t e

.

t h a t  t; i f  i n v e r s io n  o f  r " r i t e  to pyrrho t i t e  a t  the  d i r e c t

cont c t  w th ' iv- flow i " .  l e s s  d id  n o t  . d deep, p e r ­

haps 5 to  10 eras.

Accord! -v to  Dnviufon ( i " 0 ) ,  the  ded u c t io n  

th a t  y r r  t i * •. r  ?prv; ent..- 1 i n v e r t  d p y r i t e  v; - r o d i c -  

.

( 1959), which i 1 P own t h a t  the invei ion  o f  p y r i t e  to 

p y r rh o t iV  take ; r l a c e  a t  tcmoer . t u r e f  o f  690°C a t  

-it.iO;,ph- r i c  pro. i r e .  ,.t pro. u re  o f  10 b a r s ,

however, t h i s  i n v e r s i o n  t a ;< s p i  ice a t  743°C, while a t

1000 ba , , oquivr l e n t  to about 13,000 f e e t  o f  b u r i a l , 

th i f  inv< r f i . • •. occ *r ■ a t  7 ■ > ‘C.
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