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1. Cold has Seen ninec! and t rade?  i~ ~ f r i c a  f o r  s eve ra l  c e n ~ r r i e s .  1:. played 
an important r o l e  i n  t h e  t r a d e  a i l  c u l t u r e  of anc ient  Egynt, rAma rnd Zimbabwe. 

, 
2 .  Xore r ecen t ly  v i t h i n  t h e . l a s t  hundred yea r s  t h e  search  f o r  and t h e  

h e x p l o i t a t i o n  of gold was an important f a c t o r  i n  t h e  coloniai. iza.tion of zoun t r i e s  
l i k e  South Africa,  Zimbaiwe, Lotsvana a d  Ghana. Also it has  had s i ~ n i f i c a n t  
inf luence  on ; ~ o l i t i e a l  and economic <:evelo?r.~ents i n  t!iese an:! o t h e r  African 
count r ies .  

3. Gold d e p o s i t s  a r e  found i n  d i f f e r e n t  types  of rocks ,an-: L;rm.tiom r a n ~ i n g  
from pre-Cambrien t o  l a t e  tertiary. The r i c h  goid d e p o s i t s  i n  l f r i c a  be lon~ :  
mainly t o  t h e  pre-Canhian formations. 

Caldoccurrencec  can be grouped i n t o  seven broad cat?gor',es: 
. . . , 

1. Gold qua r t z  lodes 

4 .  This grou? comprises d e p o s i t s  of deep-seated hydrotherrral o r i g i n  i n w h i c h  
gold-quartz ve ins  have replaced wall  rock o r  have f i l l e d  open f isnur ,es  i n  
f r a c t u r e  zones i n  l a r g e l y  ?re-Cambrian rocks.  Anowated sold-bearins su l?hides  
a r e  a c o m n  f e a t u r e  with lode depos i t s .  I3xanipl.e~ of t h i s  type 02 deoos i t  i n  
Africa a r e  some of she  old d e p o s i t s  i n  ?imbabwe, no r th  s a s t e r n Z a i s e ,  
Tanzania and Ghana. 

5 .  Lode denos i t s  have been a rrajor source of zold produced i n  th in  czntury 
and have.accounted f o r  20 t o  25 Der cent  of t h e  t o t a l  gold prcduccd i n t h e ?  
period.  

6. Pre-Cambrian formations on t h e  African cont inent  a r e  ~ l r t i c u l a r j y  
fpvourable t o  hos t ing .  t h e  l o d e  t y ? e  of d e p o s i t s .  It i s ,  t h e r e f o r e ,  J ibely 
t h a t  s eve ra l  new gold. donos i t s  will be discovered i n  these  a r e a s  e s y e - i d l y  
through t h e  a??lic.l-tion of moderr. geophysical and o t h e r  prospect ing t ~ c l : n o l . o ~ i e s .  

. . 
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2. Epithermal deposits 

7. These denosits are largely found in hiphly altered volcanic rocks of the 
tertiary age in which gold-bearing hydrothernal veins of quartz, carbonates, 
barite and fluorite have filled open cavities in the rocks. 

8. Gold is either found in its native forr or as eold tellurides and is 
associated with varying but sometimes significant quantities of silver. 
Epithermal de?osits rarely attain depths of one kilovetre from the surface. 
They have not been a major source of  old and are unlikely to be of major 
significance in future world gold oroduction. 

3. 2ecent placers 

g. These deposits ocmr in present stream valleys or in benches or terraces 
of pre-existin6 streams. Some are beach or residual deposits. The deposits 
are normally composed of unconsolidated or semi-consolidated sand and gravel 
which carry native  old and some other heavy minerals. 

10. Secause of the relative ease with which they can be mined and gold 
recovered, olacer deoosits have been an imortant source of gold for several 
centuries. Their importance has horever, been declining with the exploitation 
of other types of deposits durinp this century. Placer deposits currently 
account for less than 10 ver cent of the total world zold production. 

11. Examples of this pouo of deposits in Africa include some of the deposits 
in Liberia, the Ivory Coast, the Sudan, the Congo, Ethionia, Zaire, 3kli and 
parts of Ghana. 

4. Fossil ?lacers;metamorphic placers 

12. Geologically these are very old *~lacer deposits forned in the nre-Cambrian 
period. The ~lacers were in the course of tiwe lithified to fonn conglomerates 
which became Dart of the bedrock. 

13. The deposits consist of small well rounded quartz pebbles embedded in a 
matrix of. pyrite and micaceous minerals. They include gold, uraninite and 
platinum grou? metals with associated carbon. Individual conglomerate tieds 
are normally about a metre thick and are deep; reaching up to more than 3 
kilometres below furface. Important examples of fossil placer d~?osits are 
the !?itwatersrs.nd gold deposits in South Africa where thgy are commgnly'ggferred 
to as Sankets. Other fossil placers are found in Ghana. 
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14. The f o s s i l    lac err type of dencr:its ccns:itute some of the major gold ore  
reserves of the world. Over two th i rds  of the gold which has been produced i n  
the world, since is36 wheu gold has liscovered on the Witwatersrand has come from 
the placer type c.: 2 ~ ; s - 5 : ~ ;  3c:r1.; 5n ;cr x n t  of the kncwn world gold reserves 
belong t o  thiq.gzoup of  deposit^. Prosvect8 f o r  making new discoveries of placer 
type of depcsits  :L?. !?;LC?- sic ccmiderable e s p x i a l l y  i n  the African pre- 
Cambria ,ri&l2. 2: p l ~ 2 - z  ';jpc? of de;osks z + ~  l ike ly  to  continue to  be the 
major source c;i  warlcl g ~ l c i  product.ion for  a long time. 

, .  . . .  . , 
. , 

, . 5. ilisscnrLa.2ea d d~pos i ' i s  , . .  . . ---- -.--- Fo? .---- 
. . 

is.,, cr: m i d y  llyilrc?:!;urstai deposits belonging to  e i t he r  the t e r t i a ry ,  
mesozoic u r  archacn azc. T:lsy consist  of f i ne  grained gold which is found 
disseminated in  s i l t y  and carbonaceous dolomitic l ims tones  or  i n  banded iron 
formation. The goid is frequently found associated with s i l i c a ,  sulphide 
 mineral:^ and m a l l  qu.:.ntities of s i lver .  Traces 6f arsenic, antimony and 
mercury also axe scr:tir..'c;.fc:nd, 

. . 

16. Dissemina>d g ~ l d  deposits, because of t h e i r  nature, remained undetected 
by the early pros)joctox u n t i l  &out f i f t y  years  ago, Their present contribution 
t o  world t o t a l  praductio;. i s  stil;  e:..:.-~\.~l;r sda~i uuc is i i ke ly  t o  gain greater  
importance i n  filturc 2s greater at tent ion i s  given t o  t he i r  search and 
sophisticated prozpecting equipment i s  used. 

P 17. ~xautples of t h ~ s e d q s z i t s  i:~clude some of the gold deposits  i n  archaen 
banded i ron forqf.r:ims in Zhbab-e. 181 - 

10. Gold i s  :?e .wot ly  foond i n  very em11 amunts i n  base metal ores. Gold 
is recovered.or. .?,by-prcauct after the base metal ores a r e  concerntrated, 
smelted ar@refined..  Prmcntiqr the by-product gold accounts f o r  5 to  10 per 
cent of r-7crld goLd pro2:::ticn an6 :'.s l ike ly  to  maintain t h i s s h a r e  for  some 

. . time i n  accor&wce with bese rretzl production levels.  . . 

13; .  The coppc:' -iur ir. Zambia; Zaire m d  Mnuri tan i~  produce by-product gold.. 
. . 

;.. . 
, . : . " .  

7. , %!a X?!:f2S ,;-?.<: : > ,  

.- .., - 
I : :  . ,  . 

20. Sea uatrcl- conetins ve:y small amounts of gold, probably both i n  solution 
farm a n d i n  .~cr.pc?.-?..:;~, S C Z  w t e r  sainples have been found t o  contain O.dO1 
t o  44 p.p.b o: p 1 d  dfijeudlag on the location from where the sample i s  taken. 



21. Gold is p,en&ally unieact ive '  and i s  the re fo re  only found i n  t h e  fom, of 
a l imi t ed 'numberof  minerals .  It i s  c h i e f l y  found i n  i t s  n a t i v e  form and i n  
v a r i e t i e s  i n w h i c h  i t  is associa ted  with s i l v e r ,  f o r  exannle electrurn (Au, A?). 
; . . .,!. 
Gold also. f o r m  t e l l u r , i d e s  o f  vhich c a l a v e r i t e  ( A U T ~ ) ,  ~ r e n n e v i t e  (Au4 AgTelO) , 
sy lvan i t e  (AuAiTeq) a i d  montbrayite (Au2Te2) a r e  s o w  of t h e  most im?ortant ones. 

2 2 .  Traces of gold but  a l s o  economically recovezable rcuanti t ies  a r e  found i n  
sulohides n a r t i c u l a r l y  ~ y r i t e ,  a rsenooyr i te ,  galsna,  s p h a l e r i t e  and chalcopyr i te .  
To a l e s s e r  negree pold i s  a l s o  found associa ted  with pyrrhos i te ,  quartz ,  
carbonates, c h l o r i t e  and carbonaceous mater ia ls .  The eold is l a r g e l y  found i n  
d i ~ c r e t e ' ~ r a i n s  forminp, inc lus ions  between o the r  mineral gra ins .  

. . 

23. Vative go112 i s  norroally deep y e l l o v  i n  colour.  It a y e a r s  i n  var ious  
shapes and s i z e s  denending on t h e  na ture  of the  deaos i t .  Gold could be p la te-  
shaped, rounded o r  even wire-sha?ed i n  s i z e s  rans in?  from l e s s  than 10 nun i n  . ,  

4-isseminated gold depos i t s  t o  l a r g e  nagse ts  weighing seve ra l  k i l o g r a m s  i n  
p lace r  o r  quar tz  ve in  depos i t s .  3 a t i v e  zold has a s p e c i f i c  g r a v i t y  of 16 t o  
19.3. depending on t h e  degree of impur i t i e s -  

24. S i l v e r  i s  the  ~ o s t  cowon i ~ u r i t y  i n  n a t i v ?  gold while copper and i ron  
a r e  found t o  a l e s s e r  degree. Gold-silver t e l l u r i d e s  a r e  whi t i sh  o r  
creany white  i n  colour.  They a r e  oenera l ly  Sounr! i n  a s soc ia t ion  with n a t i v e  
crold a n d o t h e r  t eL lu r ides  e i t h e r  i n  ve ins  and f i s s u r e s  i n  t e r t i a r y  volcanic 
rocks o r  i n  ,greenstones i n  pre-Cambrian rocks. The i m ~ o r t a n t  ?o ld-s i lver  
t e l l u r i d e s  have s p e c i f i c  g r a v i t i e s  of b e t m e n  3 and 117. 

I V .  DROPTITIES C' Gcji; 

,.. . 

25. Cold has an ato~il ic  nunber of 74 an< nn atoinic ~reip,ht  of 197. A t  25'c gold 
has 6 d&s:ity of 13.302.. It melts a t  1 3 6 3 ' ~  and has a b o i l i n g  poin t  of 2809*c. 
Go13 i s  extremely malleable an3 i s  d u c t i l e .  It has hi,nh e l e c t r i c a l  and thermal 
conduct iv i t&s and is h k h l y  r < f l e c t i v e .  

26. Gold is n o t a t t a c k e d  by p u r e s u l p h u r i c  ac id  below 250°C and by hydrochloric  
a c i d  below ' i t s  bo i l ing  poin t  unless ,  i f  i n  t h e  l a t t e r  case  oxid iz ing  agents  a r e  
present .  Although n i t r i c  and hyckochloric ac ids  do not  on the i r .  otm a t t a c k  
:old t h e i r  mixture i n  t h e  r a t i o n  1:3 (H!l03: HC1) known a s  aqua r e z i a  d i s so lves  
gold r ead i ly .  Go16 i s , r e s , i s t a i l t  t o  a l k a l i  hydroxide and carbonate so lu t ions  
hut  i s  a t tacked iy . ' a lka l ine  , .. 

cyanide so lu t ions  i n  t h e  presence of oxygen o r  o the r  
oxid iz ing  agents.  . . 



E/ECA/NRD/SRCDUMRA/9/1 
' Page 5 

V. E?:PT,ORPTIO:! FOX GOL? 

1. Traditional methods 
. ,  ., 

27.. Traditional.minera1 exploration methods involvinr. mapping, p i t t i n e  
trenching to  coilec^, ;.xipies i n  outcrops, a l l uv ia l s  and other promising 
formations have successfully been employed in   old e x ~ l o r a t i o n .  One of 

and 

the 
s iwrles t  trays of determinir?~ the presence o: pold i n  stream sediments o r  
crushed-riuartz veir  s a w l e s  bas been the e ~ l o y m e n t  of panning. 

!: . . 

28. In panning the sample is washed i n  t h e d i s h  and eventually a e l l '  
fract ion,of  heavy minerals present i n  the sample is retained i n  the dish. 
I f  gold is present even i n  specks it canibe recognized by i t s  d i s t inc t ive  
yellow colour. In  doubtful cases, gold can be distinguished from. the cc&mnly 
associated pyri te  mineral by application of some n i t r i c  acid  which dissolves 
pyri te  but does not ac t  on gold. 

. . , . . . . ,:!, ,'. 

2 -  .Photogeology and renotf sensing 

29.  Aerial photograohs, s a t e l l i t e  Dhotographs and irnafjery can be of ass is tance 
in  geological mapping and i n  defining favourable areas for  mineralizations l i k e  
co?Der, lead and zinc mineralizations with which gold might be associated. 

. . . . .  

30 .  For exanple sulphide. deposits a r e  sometines found t o  inh ib i t  so* vegetation 
a feature whichLCan be detected on ae r i a l  photographs &ile placer deposits may 
show changes i n  the tone of colour i n  the photographs. 

. . 
. . 

3 .  Geochemical exnloration -- 
31. Geochemical prosnectinz for  heavy minerals l i ke  gold requires special  
sampling Secause of i ts  nature in  mineral d e ~ o s i t s .  A s  already outl ined gold 
may occur in  discrete  grains .or even nuggets but i s  very sparsely Zistributed 
in  nature. Two samnles from t > e  sa1r2 rock may therefore give qui te  different '  
gold  values. 
,. , : 

32.  To minimize,-this poss ib i l i ty ,  large samles  of 5 t o  10 'kg are  normally 
taken andkavymine ' ra l  f rac t ions  of the main samples a r e  0 b t a i n e d . b ~  panning. 
The heavy mineral. f ract ions  are  then gound and:chem.ically analysed for  zold. 

. . 
. , . . 

3 3 .  Sonetimes..a..pathfinder element is used i n  geochemical exploration for  gold 
arsenic  for  example has beer. found t o  be a useful pathfinder element. Surveys 
carried out on  old mineralizatior. in  Zimbabwe showed tha t  gold areas could 
c lear ly  be defined by arsenic anomalies in  which the arsenic content was 400 
times that  of gold. - 11 

. . .  < .  .. . 



4. Ceoi>hysical exoloration 

3 4 .  30th airborne and rround geophysical survey methods, i n   articular electro- 
magnetic sethods, have .riic!ely been used i n  the ~ r o s p e c t i n g  for  base metals and 
associated gold ores .  

35. Airborne surveys by fixed wing a i r c r a f t  or  helicopters a r e  used t o  locate  
~eophys'ical a n o ~ a l i e s  over a wide area. The anomalies are  then more closely 
evaluated by coma1 qroun6 mapping and samplinp., ground geophysics and geochemical . 
~rosnec t ing .  I f  promising, the anomalies a r e  evaluated fur ther  by d r i l l i ng .  

36. ~ e c a u s e  of the  high expenses involved i n  airborne surveys it is necessary 
that  areas to  be flown be careful ly  selected on the b a s i s o f  t he i r  potent ia l  i n  
hosting the kind of nlinerals being sought. 

. > 

37 .  Seismic methods have been used in  locating f a u l t  s t ructures ,  determining 
overburden depths o r  in  tracinp: sedimentary beds for  stratabound deposits', The 
vibroseismic :.eophysical exnloration t e c h n i ~ u e  based on seismic exploration is 
reported t o  have beensuccessfully employed in  resolving p,eological s t ructures  ;. 

in  some of the d .ee~  South k'rican gold mine deposits. 2/ 
, , - 

.\ ., ., . 

5. . 'Drikl in: :  and exploratory mining 

38: ,Drillin? and exploratory minine a r e  frecuently found necessary t o  f a c i l i t a t e  
adequate evaluation of'  a deposit pr ior  to  nine and plant design. Exploratory 
shaf ts  o r  ad i t s  an& limited cross cuts  a r e  develol~ed t o  get more accurate 
information on a deposit and t o  co l lec t  suf f ic ien t  samples f o r  grade determination 
and metallurj?ical t e s t  work, includinn p i lo t  plant t e s t s .  

. . 

39.  Special d i f f i c u l t i e s  a r e  encountered in  t h e  assessment of deep ore bodies 
l i ke  the banket deposits o n t h e  L'itvatersrand and in Ghana because of t h e i r  

. . 
nature and depth. 

. . 

40.  Ciamnd d r i l l i l ; :  LC ;rut, depths i s  J i i ' f i cu l t  and expensive and could give 
inaccurate information on the narrow interbedded congl&erate reef* found i n  
these deposits. I n  $uch cases advan ta~e  has been taken of information derived 
from adjacent'inines th&ugh comparison of data and i n  some cases drives a r e  
made from existing'  mines i n  order t o  exnlore new ore bcdies. Where t h i s  has 
not been possible it has of ten been found necessary t o  s ink prospect shaf t s  and : 

drives insp i te  of the ' large costs  involved. - 31 . .. 

VI. ;IIMINO. 

41. Although the bulk of the qold being nroduced on the African continent is 
from the medium t o  large underground mines in  South Africa, Ghana and Zimbabwe, 
small-scale mining is i q o r t a n t  in  several African countries vrhich a re  endowed 
with small yet  r ich  gold denosits. 



42.  In the medium-scale onerations, dozers and d r e d ~ e s  have been employed t o  
exploit  some of the placer deposits. Examples of dredging o ~ e r a t i o n s  can be 
found i n  Ghana. Zaire, Liberia, Sudan and Ethiopia. 

4 3 .  !&en reefs  a r e  outcronving or  reasonably near surface open-pit-mining i s  
considered. Further mininp t o  greater depths i f  the reef or  other kind of 
deposit ~ e r s i s t s  i n  depth is  done by underground development a f t e r  the open 
?it has attained i ts  ultimate economic denth. 

44. Sometimes near surface ore i s  weathered. Such ore  can be mined separately 
from the primary ore by open cast  and heaved for  leaching. 

45. Several underground methods have been used i n  gold mining depending on 
the geological s e t t i ng  of the  deposit ,  i t s  width, dip, depth a t  which i t  occurs 
o r  extend to, the competence of the country rock, hydrological conditions and 
other fac tors  includino, the  desree of mechanization seen to  be approoriate. 

VII. DEEP PIIXNC- FEATURES 

4 6 .  bfiningof the ' foss i l  placer deposits o r  bankets typif ied by the Witwatersrand 
deposits has demanded special  inn&ations and research i n  mining technology i n  
order to  f a c i l i t a t e  t h e i r  economic e x ~ l o i t a t i o n .  

. . ,  :. . .. J . ', 
47. The reefs  as  already described are  mostly thin ,  being 1 t o  200 cm i n  width 
with over 80 ner cent of them averacing l e s s  than 50 cm. They a re  deep-seated', 
mostly over 2,500 ketres  fro"' the surface and some extend t o  deDths of 4,500 
metres where rock temperatures of over 55'c are  encountered. The reefs  extend 
l a t e r a l ly  and dip f o r  several kilometres a t  d ip  angles r a n ~ i n g  between 7" and . , 
40'. 

4 0 .  The r i s e  in  gold pr ices  in  the l a s t  decade opened poss ib i l i t i e s  fo r  the 
economic exploitation of some of the thinner and deeper reefs  o r  loker .grade 
reefs  but with requirements f o r  relevant technoloeical develooments. 

4 9 .  Deeper mining has necessitated increased refr igerat ion and vent i la t ion i n  
mines t o  counteract higher temperatures. Complex and expensive stope support 
has had to  be ins ta l led  i n  response t o  increased rock pressures. Rigger and 
f a s t e r  haulage systems cave had t o  be ins ta l led  i n  order t o  cope with increased 
stope distances from the shaf t s  and higher tonnaoes necessary t o  process in  
order t o  of fse t  the e f fec t s  of lower ,made on t o t a l  nine gold production. 

50. Considerable e f fo r t  has therefore been placed i n  improving mining systems, 
mine layouts and d e s i ~ n  as well a s  i n  finding more eff ic ier i t  ways of u t i l i z i n g  
manpower. In  t h i s  l a t t e r  aspect F r o g r a m s  have been undertaken t o  introdude 
mechanization in  the  6eep mines where in  the case of South Africa labour costs  
foam nearly 50 per cent of the t o t a l  mine costs.  41 - 



51. The efficient transportation of men, ore and materials in deep mines has 
received considerable attention. In the South African mines about 100 million 
tonnes of rock is hoisted to meet an annual gold production of about 70C tonnes. 
For some years a system in which hoisting was done in two lifts each with a 
maximum length of about 5,000 ft was preferred. The eventual introduction 
however of efficient mltirove wind in^ systems and twin rope double drum hoists 
led to the more popular use of single shaft long winding systems, 

5 2 .  In order to minimize the tonnaees of ore to be hoisted to the surface 
consideration has been given to the installation of zold metallurgical plants 
underground. This is especially more feasible in mines where the tailings can 
be used for backfil underground and where compact plants can be designed. The 
gold concentrates are pum?ed to the surface. 51 - 
53. An average of about 10 tonnes of air is required for ventilation purposes 
for each tonne of rock broken in deep mines. Because of the high rock temperatures, 
rapid heat transfer, auto-comression and humidity prevalent at great depths.which 
all adversely affect the cooling power of the air refrigeration is done to the 
air before it is circulated to working stopes and after use before it is 
recirculated. Refrigeration is normally done near the underground working places 
so as to reduce the total volume of air needed and also to minimize the quantifies 
of air which have to pass through the shafts. 

54. Some general principles for application in deep mine layouts which could 
help reduce dangers of rockbursts have been outlined: - 3/  

(i) As much as possible unmined areas should not be left to serve as 
pillars. Ihen it is necessary to do so the pillars should be large enough to 
bear the expected stresses and to facilitate their eventual extraction; 

(ii) ltain arteries and tramways should be either in the hanging wall or 
preferably in the footwall remote from working faces; 

(iii) Stoping should as much as possible be concentrated in a particular 
area and the faces should be designed to advance in line in the form of a 
long wall even at the expense of losing desired average ore grades. 

55. Considerable advances have been made in the area of mechanization in deep 
mines. Research has been done to innovate new equipment or adopt equipment in 
use elsewhere to suit local mine conditions. 

56. Productivity in the South African ?old mines is of the order of 1 tonne 
per man-shift and this decreases as environmental conditions become more arduous 
with increased depth. Employment of hard rock shaft sinking boring machines, 
applications of specially adapted raise boring machines and narrow vein ore 
mining machines have been some of the developments made so as to reduce labour 
requirements in the South African gold mines. - 61 
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VIII. PP.0CESSIPJG OF GOL3 ORES 
- ~ . ,  . . . . . 

57. The methods adopted to recover gold from its ores utilize one or more of 
the followicg characteristics of native auld and its other common minerals, 
chiefly the gold-silver tellurides: 

- Gold and its associated silver minerals have very high specific 
gravities when compared to the common gangue minerals. The 
specific gravity ranges between 15.5 and 19.3 depending on the 
amount of the contained gold-silver metals; 

- Gold and silver dissolve in dilute alkaline cyanide solutions 
forming relatively stable compounds; 

- Gold is amalgamated by mercury; 

- Gold, particularly in its natural alloy form, resnonds to floatation. 

5 8 .  The simplest and most conrmon flowsheet for simvle gold ores involves 
either gravity separation or cyanidation of ground ore or a combination of 
both processes. 

59. Figure 1 shows an outline of a typical flowsheet. The flowsheet given 
also includes amalgamation of the gravity concentrate. 

60. As already noted go16 is sometimes closely associated with sulnhides which 
do not dissolve readily in cyanide solutions. In such cases floation is 
sometimes employed to uroduce a concentrate which is later roasted to allow the 
dissolution of the contained gold in cyanide solutions. 

61. Tailings from the floatation stage may also be cyanided if they assay 
significant arnounts of gold. 

62. Several othervariations in the flowsheet described are feasible depending 
on the nature of a particular ore. Important factors include the particle size 
of the gold in the ore and the presence of elements inocuous to the cyanidation 
process as will be described. 
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Figure 1. Simplified gold processing flowsheet 

. . .  . ; ~, __.._..._-..I. 

. ,  , 

1 ,  
i 
1 

?rimary feed 

! Crushing 

Grinding i 

I 1 Gravity concentration , concentrates Amalgamation i I 
I 

! . . . . . . . . . . .  ...... 

! Gravity concentration t 
I !--- 

ta i l ings  i ,.- - - --- ---- 
i + --. -- 

I I!etortinet Recover I and mercury 
; Cyanidation ) smelting 
............... - .....- 1- . reuse 
...... 4. -. :. -- 

. . . . : 4 

i Filtration 
I 

and 
. . . . clarif icat ion T--~ - -A .......... .... ... 

i Gold nrecipitation ; 
I --......... , ... .  . 

. . 

4 ........... 
1 '- '' 1 

; Calcination and 1 
smelt in8 ! 

- .  . . . . . . . . . .  . 
! 

Gold bars 



E/ECAfNRD/SRCDUkiM/9/ 1 
Page 11 

63. When gold I z  Sound i;! sn~i rse  form as  i s  comon i n  placer and some of the  
vein deposits, grevity concmtration i s  ilsed as  the p r i m r y  recovery method 
for  the gold, 

6 4 .  Nethods which have fo!:.nd wide applications both by the smaller ouerator 
and the lsrgc m i c e  plants i:iclu& use of r i f f l e s ,  s luices ,  shaking tables,  
cyl indr ical  concentrators, j igs ,  endlens b e l t  concentrators and i n  some cases 
cyclones. ,: 

65. As noted zbove gravity cancentration i s  frequently employed a s  a f i r s t  
step prior t? grk1.iL.1~ ond cycxih t ion .  I n  some of the large plants  t h i s  i s  
done t o  eliminate the poss ib i l i ty  of appreciable amounts of zold being trapped 
i n  the  ba l l  m l l l  l i n e ~ c  irliici: would pose security r i sks  and t o  remove any large 
par t ic les  cf go16 or  c?.y gold ?a r t i c l e s  contaminated by other a inera l s  which 
would not dissolve quickly kt cytnide solutions. 

66. Witwatersrur:d ~ c l d  m'.ze; which employ gravity concentration in  the i r  
flowsheets rcccver as  i~uci: 6s 43 per teat of the  t o t a l  contained gold i n  t h i s  
stage. It i s  nlsc rip~ri:: :!~t tile w;?.- , a l l  gold recovery efficiency i s  greatly 
improved when t h e  gravity separatiun s tep  is incorporated i n  the flowsheet. - 71 

. , ,  

2. Portable gravity co:.sentratiou plant6 

67. !&ere r~ i r~e rc log i=a l  e::an.lnztion znd laboratory o r  p i l o t  plant t e s t s  have 
proved reasoneble xcovery :ate3 by gravity concentration the u t i l i za t ion  of 
sui table  portiiblr gravity concentration equipment of fe rs  an opportunity for  
the exploitatir i l  of sever.-.? of the risky African small gold deposits. Some of 
these deposits have ramaiael . iexploited'because of t h e i r  unat t ract ive s i ze  
re la t ive  to  @t;.~isaged capita.1 cunts and other a r e  being worked haphazardly by 
individual miaers ::s;.ng i:.e_'LFcix~t equipment and nathods. 

68. Figure 2 r;!.:.. z t5 . - ikal  flowsheet : fo r  a small portable o r  semi-portable 
gravity concent;.ezli.or. p l a t  rtlich -En :re-t up to  50 tonnes o r  more of a l l uv ia l  
or  reef ore psr .In;. The co-? of such a plant can be within the reach of small 
co-operatives or  e g o u p  of riilne-s par t icular ly  i f  bank or  government financing 
o r  support arrmzemswto are available. A jiypical 50 tonne a day plant shown in  
f igure  2 inc1udir.g the nccesocry poxer plant can be acquired and insta l led f o r  
about $700,000 (15'83). 

69. 1nstallc';ion of such a r l a n t  can take advantage of exis t ing gradients 
and the use of convqierc at13 pcln~s can be minimized i n  the system. A small 
water 2am wihci cacxrcrry r i y  t e  b u i l t  to  provide a source of water supply and 
a simple water reclamation r,ysttm ::an be devised. The plant area can be fenced 
t o  improve security. 



Figure 2. Flowsheet of typical portable gravity separation plant 
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70. Where recovery efficiency i s  low the ta i l ings  can be stockpiled for  future  
heap leaching. 

71, Nobile gravi ty  concentration plants  cat make considerable impact on the 
growth and more ra t ional  exploitation of the small gold denosits. Governments 
or  other ins t i tu t ions  could, where it i s  found appropriate, i n s t a l l  the small 
plants to  serve as custom plants for  m a l l  q e r a t o r s .  Their use could, besides 
improving gold recoveries, allow governments t o  monitor be t t e r  the a c t i v i t i e s  
of the small miners and be be t t e r  placed t o  give them increased technical and 
f inancial  assistance. . . 

. . 

3. AmaLgama t ion 

72, Gold i s  wetted by mercury and i s  drawn in to  it t o  form an amalgam due t o  
the low surface tension that  ex i s t s  between i t  and mercury. Small amounts 0 6 .  
gold a lso dissolve in  Eercury a t  room temperature. Gold-silver t e l l u r i d e s &  
not amalgamate with mercury and cannot be recovered. by t h i s  method. Dissolved 
sulphides, ai l ,  grease, arsenic and antimony sulphides and f loa ta t ion  reagents 
adverse lyaf fec t  good amalgamation. 

, . . , .  . 

73. In the t rad i t iona l  method, pulp of ground ore  is passed over a sloping 
copper p la te  coated with mercury. The gold in..the uulp is retained on the 
copper p la te  .and the amalgam i s  periodically scrapped off from the plate.  In  
some of the large wlants ama.lgamation i s  sonetimes used t o  clean high grade ' 

gravity concentrates.. The concentrate i s  ground for  severa lhburs  5n aaba l l  
dr rod m i l l  into which some time i s  added pr ior  t o  addingimercury i n  order t o  
clean the gold pa r t i c l e  surfaces. The amalgan which i s  collected is retor ted 
to  expel mercury which is recovered fo r  subsequent use. 

4. ~ e t o r t i n g  of ama'lgam. 
, , 

74 .  Cylindrical o r  pot type vessels,  coated with chalk or  clay a re  c o m n l y  
used in  re tor t ing amalgam. The vessels a r e  f i t t e d  with a condenser consist ing 
of a tube with a water jacket around it. The amalgam i s  nlaeed i n  the vessel 
and. is slowG heated t o  a temperature of 357Oc, the  boil ing.  point. of mercury.,' 

, 

75. Nercury vapour which i s  formed i s  cooked in  thecondenser and mercury . . . 

i s  collected under water i n  a container f i t t e d  a t  one end of the condenser.. 
Connections of the vessels  in  the system a re  careful ly  done t o  avoid undue 
leakaees of the poisonous mercury vapour. 

76. ,?he r e t o r t  sponge consist ing of gold and s i l v e r  values and l e s s  than 1.5 .  
per cent.mercury i s  removed for  smelting. -, 

. . . .. 
>: 

, . . . 

, . 
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77. Host gold recovery flowsheets include cyanidation. Gold and s i lver  and 
gold-silver t e l lu r ides  dissolve i n  aerated d i lu t e  alkdline solutions of 
sodium o r  potassium cyanide i n  accordance with the gencral fornula: 

78. Finely ground. ore (normally 00 ner ce.nt - 200 mesh tne appxopriatf s i ze  
having been predetermined throueh laboratory t e s t s )  is agitated in  open tanks 
in  d i lu t e  cyantde solution of a strength commonly between. 0.02 per  cent and 
0.08 per cent (one pound of cyanide per tonne of water 5eiug eouivzlent t o  
0.05 per cent cyanide). In  order to  f a c i l i t a t e  i n t i m t e  contact between the 
cyanide and the ore some cyanide i s  often added to  the ba l l  m i l l  during grinding, 
Lime is periodically added in  the  ba l l  m i l l  an6 agi ta t ion tanks in  order t o  
maintain an a l k a l i n e h e d i a  needed t o  minimize hydrolysis o f ,  the cymide. The 
lime a l so  neutralizes acidic  substances that  would react  with <cyanide to  producs 
hydrocyanic acid. Lime also a ids  pulp settlement during c lass i f ica t ion  i n  l a t t e r  
stages. Yormally 1-2 l b  of lime is added per t a m e  of ore but in  cases of very 
clayey material up t o  10-15 lb/tonne i s  necessary. 

7 9 .  Dissolution of gold for  most ores takes between 8 and 72 honrs. The r a t e  
. . 

depends on the s ize  of gold par t ic les  and the i r  degree of l ibera t icn  and the ,!, 

cleanliness of the gold pa r t i c l e  surfaces. Gold-silver t e l l u r ides  are ,s low t o ,  
dissolve than native sold. Under ideal  conditions go1.d dLseolution incyan ide  : 
has been determined t o  be 3.25 gm/cd/hour. 

: .  . 

80. Compound; l i k e  some of the iron oxides and s i l v e r  &loride do coat n a t i v e .  
gold while antimny, ttrangdnesr and lead culnpounds f o i ~ l  f l h s  around gold 
pa r t i c l e s  i n  cer ta in  refractory ores thereby inhibit ing dissoluticrl..of the gold 
by the cyanide solution. Acid leaching has been fcund to'.remhve the coatings ad 
t o  markedly increase cyanidation recovery. , r . . 

' I  . . 

81. Besides the factors  related t o  the nature of the gold miner?.lsthemselves 
that  a r e  important in  cyanidation, the charac te r i s t ics  of ,  ihe gangue minerals 
a r e  a l so  important. Some of these minerals or  the pruihicts r;f the i r  
decomposition do react  with cyanide thereby causizz ei:~eas;'~s c m x n p t i o n  cf , 

cyanide or  they react  with the oxygen i n  solution leading t o  reduced 
dissolution of gold mir'.erals, 

82. Base metal s i l i c a t e s ,  oxides and carbonates are  soluble in  cyanide solution 
Although some of the comon sulnhides l i ke  sphaler i te ,  chalcopyrite, arseno- 
pyr i te  and pyr i te  a r e  re la t ive ly  insoluble in cyanide golutiorts, many of the . . ,  

secondary cooper and zinc minerals, and arsenic an-: antimony sulphides a r e  
readily soluble. Besides consuming cyanide, antimony 2nd x s e n i c  sulphides ha-~e 
a deleterious e f fec t  i.n tha t  t!~eir decovosi t ion products iilbibit the reaction 
of nat ive gold surfaces with cyanide and oxygen ions. Addition of lead n i t r a t e  



can minis ize  the  e f f o r t s  of these  compounds. The e f f e c t s  of p y r r h o t i t e  which 
i s  q u i t e  so luhle  ' i n  cyanide so iu t ion  can be minimizedby a e r a t i o n i n  a l k a l i n e '  
s o l u t i o n  p r i o r  t o  cy&dation. 

83. As ai rgady noted it ii spmetimes necessary t o  r o a s t  su lphide  concent ra tes  
bbtdin'ed from f l o a t a t  ion p r i o r  t o  cyanidat ion.  Roasting of t h e  concentrates '  
however produces watcr-soluble su lvhates  and var ious  reducing agents  l i k e  
sulphide and f e r r o u s  ions  which a r e  formed out  of t h e  decoroposition of t h e  
sulpliid< rhine&lo which consume cyanide and lime. The c a l c i n e d  f l o a t a t i o n  
~ o h c e n t t a i e s  a r e  t h e r e f o r e  normally washed f i r s t  t o  rembve these  water-soluble 
substances p r i o r  t o  cyanidat ion.  

. , 

84. Carbonaceous mat ter  i s  a l s o  undes i rable  i n  t h e  cyanidat ion process a s  it 
p r e c i p i t a t e s  d issolved gold., Bemedies t o  t h i s  problem include coat ing  of t h e  
carbon&e&is & t e r i a l  with hydrocarbons, f l o a t a t i o n  o f  t h e  gold and sulphides 
w h i l s t  depressing t h e  ca=b&naceous mater ia l ,  f l o a t a t i o n  of t h e  carbonaceous 
matter  before  gold and sufphides i i o a t a t i o n  o r  oxida t ion  of the  carbonaceous 
matter  by chemicals o r  roas t ing ,  - 71 

6 .  Floa ta t ion  ---- . . 

85. I n  s o m  gold ores ,  t h e  gold i s  in t imate ly  a s soc ia t ed  with sulphides and 
would r equ i re  grinding t o  considerable f ineness  and eventual  roas t ing  of: t h e ,  ' 

o r e  t a e n s u r e  good cyanidat ion recoveries .  F l o t a t i o n  i s  the re fo re  o f ren  e'mploye$ 
i n  goid recoverjr p l a n t s  t o  c o l l e c t  a . r e l a t i v e l y  small weight of gold end sulphide 
concentrhfe'which can then be t r e a t e d  by amalgamation, cyanidat ion c r  roas t ing  
and cyanid- .- '  l l c ~ o ~ .  

86. X?.nrh3tes a r e  .more ccnmorly used a s  c o l l e c t o r s .  ~ h e ' f l o t a ~ i o n  concentrate 
may be amalgamated o r  direct1.y cyanided depending on t h e  proport ion of gold 
locked u? in  the  sulptido!;. If s i g n i f i c a n t  amounts of gold a r e  locked up i n  
sulphides ther. t h e  coi lcentrate  is roasted f i r s t  p r i o r  t o  cyanidat ion.  

87.  '&ere cyanidat,ion is done p r i o r  t o  f l o t a t i o n ,  r e s i d u a l  cyanide normally 
has a de2;ressEling e f f e c t  i n  t h e  f l o t a t i o n  o f  t h e  su lphides ,  The sulphideo i n  
such cases  a r e  r eac t iva ted  with s d p h u r  d ioxide .  

, . '  

7. Hesp leaching by cyanidat ion -- 
03. One r e l ~ t i v z l y  inexpensive method by which gold can be  recovered from 3 t s  
o r e  i s  by heap leaching. A weak cyanide so lu t ion  is d i s t r i b u t e d  over, a heap of 
gold o r e  and the  gold-enriched so lu t ion  i s  co l l ec ted  a t  t h e  bottom of the  heap 
f o r  eventual  gold ex t rac t ion .  
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89. It i s  important tha t  bench and p i l o t  scale  t e s t s  be conducted f i r s t  t o  
prove the applicability of t h i s  method t o  a par t icu la r  ore. Besides the 
general factors  that  have already been described a s  influencing gold dissolution 
i n  cyanide solution, the percolation r a t e  of the solution through a heap of ore  
i s  important. Clayey or  very f ine  ore pa r t i c l e s  adversely a f f ec t  the percolation 
rates. 

. . 

90. Necessary leaching periods a r e  therefore varied. It has been reported t h a t  
i n  a number of cases 67 per cent to  95 per cent of .gold present i n  ores hasbeen  
extracted i n  four t o  42 days. 81 Some research has been done t o  determine ways 
of :improving percolation r a t e s o f  leaching solutions through crushed gold and 
s i l v e r  ores containing very f ine  ore pa r t i c l e s  o r  clayey materials. 

91. One solution t r i ed  has been t o  nix the crushed ore  with small amounts of 
portland cement a f t e r  which a sui table  amount of water is added. The cement 
ac t s  as  a binder of the small par t ic les .  After a curine. period,the ore is leached. 

92. Heap leachine has found considerable application t o  weathered ore and t o  
old t a i l i ngs  contaicing gold values. 

8. Precipi ta t ion of gold from solution and smelting 

93. One of the oldest  methods of precipi ta t ing gold and s i l v e r  from cyanide 
solutions is by cassing the  solution upward through a 'zinc box' f i l l e d  with 
freshly prepared zinc shavings. The zinc box is e i the r  of s t e e l  o r  wood. 

94. The gold i s  precipitated Sn accordance with the following formula: 

NaAuCN2 + 2NaCN + Zn + 21120 NaZnCN4 + Au + + 2 tqao~ 
Another reaction Zn + 4 NaCI! + 2H20 Na2Zn CNq + ZNaOH 9 Hz,  
tends t o  consume more zinc than i t s  present; gold equivalen:. 

95. The nrec ip i ta te  which is in  the form of a slime is periodically collected 
from the bottom of the zinc boxes and i s  placed in  a vat  with sulphuric acid t o  
dissolve excess zinc and any,copper o r  lead. The mixture is s t i r r e d  un t i l  any 
reaction ceases. The vat is f i l l e d  with water and the prec ip i ta te  allowed t o  
s e t t l e  and the c lear  l iquid i s  siphoned of f .  This i s  repeated about twice before 
the prec ip i ta te  is f i l ter-pressed and dried. 

96. The dried precipi ta te  is then smelted i n  graphite crucibles using borax, 
sand and sodium carbonate as  fluxes. Zinc and other impurities form a slag 
witb the f l ux  which on pouring into  a mould readi ly  separates from the gold. 
The goTd button is remelted and cas t  in to  ingots. The slag is  returned in to  
the system for  reprocessing. The gold ingots obtained assay about 900 o r  more 
f i n e  . 
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97. Use of zinc shavings for  precipi ta t ing gold i.s par t icu la r ly  sui table  for  
small plants w i t h  limited techhical personnel. More modern plants use zinc 
dust which i s  continuously added a t  predetermined r a t e s  t o  a deaerated f i l t e r e d  
pregnant solution in order t o  precipi ta te  the dissolved gold. 

9 Piineral dressing equipment manufacturers have f o r  sorne time been i n  posit ion 
t o  supply compact and sometimes portable gold cyanidation plants  u t i l i z ing  the 
carbon i n  pulp process.which a re  considerably cheaper than the equivalent 
capacity zinc dust precipi ta t ion plants. Such plants  could find wide application 
i n  the continents'  small to  medium s i ze  gold deposits. In  some cases local  
materials l i k e  coconut shales can be used as  raw material fo r  the preparation 
of activated carbon. 

9. Carbon i n  pulp and bacteria leaching processes 

99. Activated carbon i s  increasingly being used i n  recovering gold from cyanide 
solutions and gold contained in  pulps o r  slimes. Activated carbon normally i n  
granular form i s  used t o  absorb gold and s i l v e r  contained i n  solution and l a t e r  
the ptecious metals a r e  stripped from the carbon. Desorption of the precious 
metals from the carbon is done by using alkal ine sodium sulphide, hot ~ l k a l i n e  
cyanide solution o r  a lkal ine alcohol. 

100. In  one patented process a high pressure method i s  use4 t o  s t r i p  gold from 
the carboh to  produce a solution containing 1,000 times more gold per un i t  
voltme than in the or ig ina l  pregnant solution. Eventually gold is recovered 
from solution by electrolysis .  The carbon i s  reactivated by roasting and 
quenching. 

101. Bacteria capable of dissolving gold have been discovered, The bacter ia  
have been found able  t o  dissolve up t o  2.15 mg of gold per l i t r e  of solution 
in  a period of two or  three months. Hold fungi have a l so  been used t o  recover 
gold from acid solution. 

102. Impui-e goldobtained trom the smelting of the gold precipi ta te  in  the 
cyanidation o r  from amalgamation can be refined., t o  high puri ty  by 
e lec t ro lys i s  usinb the Wohlwill ~ r o c e s s  o r  more commonly by chlorination using 
the Miller process: The Wohlvill process is sui table  i f  the conten% of. s i l v e r  
is low. The gold i s  electrolysed i n  a chloride solution. Gold forms the anode 
and is dissolved and deposited i n  p u r e f o r n a t  the  c a t h ~ d e ,  :The s i lver 'present  
forms a'chloride which may coat the anode, a problem which &y bereduced by the 
application of an a l ternat ing current i11 the system. , .  . . , 

. , 

103. The system i s  operated a t  a temperature of 70°C with a cathode current of 
10-15 a/dm2. The e lec t ro ly te  normally has about 90 g / i  gold i n  the form of 
muC14 with a small amount of f r ee  RC1. The fold deposited a t  the cathode is 
about 99.95 per cent pure. It is l a t e r  melted in to  bars. 



lo&. In  the !fi l ler  process chlorine gas i s  hhhl.eE through molten gold and 
Xny -b&se. metals p'rtbent fo& chlorides which vola t i l i ze .  Si lver '  forms ' ,  

cMd.rida:\tXch f l a t s  on t6p of gdid and Cali bepoured o f f ,  i n  the molten state. 
: ... '6 per' .= entplii-e'gold . . i s  cgtained. 'This meth6d is not su i tab le  i f  platinum 

is present. ~ o ~ ' " ~ l d ~ ~ ~ o h d & n ' t r a t e s  o= precious metal scrap can be refined by 
f i r s t  dissolving r l ~ c  c x t a ~ n e d  gold i n  aqua regia. 

. . . . . . . . . . . . . . . . . . . . . .  . . . . . .  .:,.. . 

. . 
: . . -:, . . ,  . ,.:fii ybph ,:, '. 

. . . it&gen'oii'dk 1s re+v&,$. heht.ing' and t h e n  g o l d ' i s  pf$cipit.ated from 
sq%utioi~ ,. . ,. by . 're&ui\t ion usink s u l p ~ i d i o x i d e  o r  f eyrous .'sulp,!yte. , . . ,  . 
,-, 

. .  Apy platinum 
,presbnt c a n b e  recoveied a f t e r  the complete precipi ta t ion o f  the '  gold., :<,. . . . . 

IX. ASSAYING c:': .. . . . . , ..G. . . . . . .  . . , . :  . ,  . 8 .  
. . . . . .  - . . . . . . . . . . . . . . . . . . .  . - .. -. . .  .- 

... 196. One important ,as?ect in: gold mining and .processing i s  !the~,maintenance .of .. . . /  

an efficiefif:assay . ; ~ ~ b i r ~ t * ~ , . . . . .  . .. . . . , , .  , . . . . . . . . . . . . . .  . . . . . . . .  

: , .  :,,, :. : .... . .  . . .  . . .  .; . ' I .  . ~ 
. . ... . . . . :.:/ . - : . ~ ,  , , 

. . ' .. 
1 ~ 7 .  .Besides geR>&cal samples taken i .n  the.mine,:samples :a te  takeft a t ,  various 
key ,points ~ ~ in .  fhe :p lan t  : > . .  and assayed, toicheck.on recovery eff.iciencies and thef t .  

, . , . 
:., . ,  , . !  . ; .  

108. The prexnce of small quant i t ies  of kold can be"determined by adding stannous 

chloride 50 :? chlqyi$e soluGiqn prepared out of a given samplei When large 
amounts o f  g o l d a ~ e  preseqt :they a r e , p r e e i p & W t e d  out of a chloride ss lu t ion  
~f . d$: ,~arn$e, 9y..  pass^^^ suiphur , dioxide .tlqqu,g$ the , s6lut  ion i f  platinum group 
m&t$.?. ?r,e ,,&+.ent . . . . .  o r  by .I)tec i p i t a t i ng  the gold with hydroquinone whidh: does not 
preccpitate the platinum'metals. The weight of the  gold in  ?recipi ta te . form is  
obtained c.fter wash?.;lp a d  dry in^,. 

. . .  . . .. ;... . .  ,,< ; - '  . . .  ' .I I 
.~ . , 

:@.'Tire . . . ,  i.: .gss.${ng , i s  widely us& iq. 'gold as.sa;y&. :A ground: sample of the..ore 
i$ mlxed with  a ,f+c o n t a i n i n g  awng o t h e r  substances carbon and l i tharge.  
Th%rnixtu~e i s f u s e d  f o r  a t  l e a s t  one hour i n  a r.ruc.ible.; Gold and other  , .  

~ r e c i o ~ ~ ! :  ~ ; t ? . l s  ,:ld i c ~ i  fori: J. b~!tcn a t  the bottom of the crucible a f t e r  
cooling. The , , button i s  t hen  fused on bone ash o r  magnesia cupel undertbxidizing 
coni=tions.. Lead. i s  oxidized and absGbed by the cupel 1eaving.a bead,kontaining 
gold , '  s i i v e r  and platinum , . .  metals or igip+l ly  present in  the sainple..i+If siIYer is 
present i q  s u f f i c i e n t  amounts i t  c 3 ~  be  parted; i n :  n i t r i c  acid,d-8aving; gold- i n  
porous, firm. ' : , . . .  . . , .  , ~9 . . . . .  , : .  3 .  . 
, i  , . . . 

., , . .  \ i . : ;  .!. I . , , . l . : : j :  : . .  
.!. . , , . c , . . ' .  

. . . .  . . : ,  116'. .,. . , Atomic a b s o q t  ion,  spq t r aqe t ry  and,: emission . spectrog?.&&y are! also employed 
m determining gold in  saqples  iwluding cassg wherg- i t .  ;8 present : i i : : t ra=e  
anounts, Xeutron act ivat ion i s  a l so  used in  the estimation of very low 
concentrations.,of gold,, uti%z+g, the, emission of 19@.;41~ a s  it decays t b  198 Hg. . . . .  . . . .  . . 

. . . . . . .  , . . - . . : , .  ! . , ,  . . , 
r . 

. . . . : ;  .i...*.., : . . . . . . 
; i ;  . . . . .  . ,  , . . . ,,, i . ' 

' ,  ; i . . . . , . . '.>!>, 
. . .. . . .::,, . : .  . . , : I  



X. GRADES AND SPECIFICATIONS FOR GOLD 

111. Gold purity is traditionally expressed in fineness, which defines the 
proportion of Dure gold in an alloy expressed in parts per thousand. On this 
basis a gold bullion of 495 Eineness would be 99.5 per cent pure. 

112. On the troy system of weight9 one trcy ounce of gold is equivalent to 
20 penny weights or 480 grains. The term karat is used to express the proportion 
by weight of fine gold in an alloy expressed as a 24th fraction. "or example an 
18 karat alloy would contain 75 per cent gold. 

113. On the metric system gold assays of samples are expressed in g r a m s  per 
tonne. One troy ounce is equivalent to 31.10348 grams. A sample assaying 
1 dwtftonne would be equivalent to 1.555 gdtonne. 

114. Gold is used in the jewellery industry, in the clectrical and electronics 
industries, in the aerospace industry, in dentistry and in the cheaical industry 
and medicine. Gold is also used as a medium for speculation and investment. 

115. Table 1 shows the amount of gold consumed by different non-government 
sectors in the non-centrally planned economies during the period 197G to 1983. 

116. In 1983 jeweliery took up 64 pel cent of the gold available to the non-- . 
government sectors in the mxket economies. Jewellery is made from ?old ranging 
from 21 karat or 87.5 per cent gold to 10 or 9 karat (37.5 per cent). Gold is 
also used in electroplating jevellry and decorative artic:es and may be binded 
to a base metal core to oroduce rolled qold or platc i.,o?d. 

117. In the electrical 2nd electronic industries gold coated electrical contacts 
are employed to ensure reliable performance and where necessary tiny gold wires 
are used, for example in transi-tor connections. In all cases gold is used 
selectively to rinimiz? costs. Silver, platinum and palladium and bright tin- 
nickel have substituted for gold in some of the electrical-electronic applications 
but where reliability and durability have been of primmy considerat-'  on recourse 
to the use of cold has been made. 

118. Gold is also increasingly being used in the jet aircraft and aerospace 
industries, for example the use of gold-palladium base thermocouples in jet 
engines. 

119. The dental industry utilizes gold alloys containing 25-70 per cent gold. 
In 1983 this sector used nearly 5 per cent of the total gold available to 
industry in the market economies. The amount of gold used for dentistry has 
been fluctuating in response to prevailing economic conditions in main consumer 
countries. 
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120. I n  t h e  chemical indus t ry  gold i s  used f o r  cor ros ion  r e s i s t a n t  equipment 
and t o  a l e s s e r  degree f o r  bonding components, Small amounts of gold are 
used i n  medicine. .. . 

: . ,  I I: 

, 
121. The recent  t rend0 i n  t h e  use of gold a s  a medluu~ or' specula t ion  a n d '  . 
investment a r e  r e f l e c t e d  i n  Table L. For yea r s  gold has  been acquired by 
inves to r s  as o s a f r g w x d  aga ins t  f l u c t u a t i o a s  i n  cur rencies .  

122. T o . a  l a r g e  ex ten t  t h e  degree of specula t ion  and investment i n  gold is  
influencod by :he s trengzh of cu r renc ie s  p a r t i c u l a r l y  thz ' Jnited Sketes dol.lar,  
i n t e r e s t  r a t e s  snd i n e l a t i o n  r a t e s .  Low i n f l a t i o n ,  s t rong  o r  s t a b l e  cu r renc ie s  
and high h t e r c s t  r a t e s  havs s nega t ive  e f f e c t  on inves tmmts  i n  gold. 

i. 

X I I .  PIWU(ETS, SUPPLY AND DEIIAND, T?.?Jlli.?G PATTd!UIS, PRICE CYCLES AND PROSPECTS' 

123. I?. l c r g e  p e r t  of :he world's gold i s  t raded  through Zurich and London. 
T r a d i t i o n a l l y  LmZon Zas s e t  b; i i l lun p r i ces .  Other impoxtsnt gold t r a d e  . , 
c e n t r e s  include Par i s ;  H ~ n g  ICosg, 30mbay, Singapore and Winnipeg'. . . .  . . 

.. : , ~ , ,  . . 

124.Ap.art f r c 3  b u l l i o n  t r a d e  cons iderable  amrln ts  of gold a r e  trndcd i n o r e s ,  
concent ra tes  and i n  gold scrap.  !-2 :. ,t:7 .., cases  metai des t ined  f o r  r e f i n i n g  i n  
another  country conta ins  some gold values.  I n  such cases  t h e  ::Id '5:: rc::nraed 

. . 
t o  che c o m t r y ' o f  o r i e i n  o r  is p l a c e d i n  i t s  account. 

1. Supply and demnd -- 
., 

, . 
U5.'Tl1e na in  components of comnercial gold supply and demnd i n  t h e  m r k e t  
econony c o c n t r i e r  from 1978 to 1983 a r a  r e f l e c t e d  i n  TaLlc 1. Table 2 shows 
gold i i q c r t e d  t;' dlff,.;c:.t cc:,.:~ix iii 1979 c-d ISDO. 

126. There has  bsen 2 ~nr.5rlsc i nc rease  i n  m i a e  gold production s i n c e  1978.~A-ii1e 
demand i n  t?le mrht  r .cr~rgv c m n t r i e s  has deczessed during 'Lhe period. Demand 
reachcd a i:jitox levsj. of only 55.5 t.cnn?? in :OX0 G ~ : I  coricprred t o  a demand of 
1921 tonpes i n  1978. Sales from central?.?. plrinned econc,ni.-c- t o  market economy 
coun t r i e s  have a l s o  dccreascd over  the period. 

127. Demand f o r  j e v z l l e r f  m.1 zedn l s  has  s h o m  ccmsid.;rahlc declino- over t h e  
period while  demnd f o r  dent isLry and miscellaneous k d u s t r i a l  uses  has  shown 
a more r o d e s t  dec l ine .  The e l e c t r c n i c s  indus t ry  has m a i n t a i n r d a  r e l a t i v e l y  
s teady l e v e l o f  demand over  the  period. Sar  h:.arding nea r ly  ceased i n 1 9 8 0  , . 

but  has s incc  considerably increased ,  

128. ,The  demand pat- terns observed i n  iill t h e  s e c t o r s  were i n  response t o  high 
demand,for-investment ;.n. gold 2 i n i n z  i n  thrt h i e  se '+&ties znd io e f f e c t s ' o f  
h i g h g o l d  p r i c e s  and economic recess ion  and h igh  int&+&s: r a t e s  afe:-.r 1980 : ., 
which adversa ly  a f f e c t e d  i n d u s t r i a l  and investment demanil f c r  gold. 
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129. I n  genera l  high i n f i n t i o n  and i n s t a b i l i t y  i n  n a j o r  cu r renc ie s  have had 
t h e  e f f e c t  of e n c ~ : : r a ~ i n s  investment i n  gold rzhile high i n t e r e s t  r a t e s  and 
s t rong cu r renc ic s  espclcia:ljr t h e  i h i t e d  S t a t e s  d o l l a r ,  have a negat ive  e f f e c t .  

2. P r i c e s  

130. Table 3 shrtm goLd p r i c e s  f o r  t h e  period 196C t o  mid-1984. 

131. The p r i c e  cf ~ a l d  was ma in~a ined  a: Y35 an ounce set by t h e  United S t a t e s  
government i n  1934 up t o  1.968 when a seven-nation I n t e r n a t i o n a l  Gold Pool 
es tab1ished .a  two-t i re  p r i c e  system f o r  poid. An o f f i c i a l  p r i c e  of $35 an 
ounce was maintaised f o r  m n e t a r y  t r ansac r ions  iilvolving ,qovernnent owned gold 
and an open market p r i x  which could f luct izate  i n  accordance with supply and 
demand was allower', :a o:>erate. 

132. The two-tfre raid p r i c i n g  agreerxnt  vr.s disso lved  by th?  I n t e r n a t i o n a l  
Gold Pool i n  N o - ~ c ' L ~  1973. Gold p r i c e s  were allowed t o  fo l low fo rces  of 
supply and denar.6 and pz lces  rose  apprec iab ly .  The inc rease  i n  p r i c e s  of 1974 
l ed  t o  increased a c t i v i t y  i n  e;old explorn t ion ,  genera l  mine expansion and 
modernizatior~ prog;:;xJes, working of lowcr ~ r a d e  o r e  bodies  and. i n  some cases  
reopening of abandcnsd n ines .  

133. A gold ns rke t  survey done by Gold F i e l d s  hao i d e n t i f i e d  t w g  d i s t i n c t  s ix-  
year  gold p r i c e  .:yclcs c i w e  !97':,10! - The l:e!r.inuln~ of ~ n c h  cyc le  was marked 
by s t rong econorni.~ ~ r o w t h  and - r i s i n g  con.s~m?:ion f o r  jewellery.  This  was i n  
each cyc le  follcvei:  by h.s~.vy investment and specu la t ive  buying of gold a s  a 
safeguard a e a i n s t  i n f l a t i o n  and po l i t i ca l .  u n c e r t a i n t i e s  r e s u l t i n g  i n  p r i c e  
peaks of 1973174 mi :073/80. Hieh p r i c s s  i.n t u r n  l ed  t o  cons iderable  s e l l i ~ g  
of he ld  s tocks  lea::ilp: t o  another  dec l ine  i n  p r i ces .  

134. A t h i r d  cyc le  c,r,.:; see= t o  b2 d e v e l o ~ i n ~  s t a r t i l g  mid 1982 but  e x t e r n a l  
economic f a c t o r s  ' : > ~ v o ,  c::ceDt f o r  a b r i e f  neriod i n  l a t e  1982 and i n  1983, 
kept  demand ond pr ic2 . j  i - c l a t ive iy  depressed. Prospects  are t h e t  f u t u r e  gold 
p r i c e s  w i l l  incraz;iirgly f o l l z ~ v  vhysica: lr~arket demand and fo l low l e s s  
specu la t ive  fo rccc .  

3. Prospects  

i35. Although sorc-. gcld mines a r e  t h c e a t e ~ e d  with c losu re  b e c a s e  of depressed 
gold p r i c e s  and some hase mta l  mines producing by-product gold a r e  e i t h e r  
c l o s i n g  down o r  c r z t i n g  back on ~ r o d u c t i o n  because of weak base metal pr ices ,  
new g o l d  mines 2iid nLie expansions couing on stream a r e  ex2ected t o  meet any 
f u t u r e  increases  i n  gold demand. 

136. Gold and p 3 l y ~ r ; : t d l i c  devos i t s  with gold and o t h e r  nrec ious  metals have 
been primary exp1orn:icn t a r g e t s  f o r  many mining companies and governments i n  
t h e  p a s t  few years i : l spi tr  of rzducei' ex7lora t ion  a c t i v i t y  f o r  s eve ra l  o t h e r  
mineral comm35itj.c~. 111 .- 
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137. A t  t he  same time improyerfents i n  scrap  recovery methods and recycl ing 
a r e  r e s u l t i n 2  i n  propor t ionate ly  l e s s  gold being l o s t  every year .  

138. !Jorld gold ere reserves  a r e  estimated t o  conta in  near ly  37,000 tonnes of 
gold which a t  che cur ren t  r a t e s  o f  mine production would l a s t  about 30 years.  
Out of t h i s  t o t a l ,  about 19,000 tonnes a r e  i n  Afr ica ,  mainly South Africa,  
7,000 tonneo i n  USSR and a b w t  G , C O O  t o m e s  i n  'lorth America. . . 

, - 
139. The t o t a l  world rpnources which include add i t iona l  undereloped depos i t s  . . 
amount t o  nea r ly  60,900 Lccnea which a r e  l a r g e l y  i n  South Africa.  .. . . , 

140. Besides ;.he nmab le  r - s c u x e s  thc rc  i s  an est imated 70,CQO tonnes of 
b u l l i o n  and w i n s  held by povernments, banks and indiv iduals .  

141. Table 4 shows the  a n o m t  of ?old nroduced throughout t h e  world i n  1951 
and 1982 while  Table 5 chcws gold nroduced by 4 f r i can  coun t r i e s  between 1973 , 

and 1982. 

142. It will ,  b+ not+ t b s t  .i\f?lca iccnnntzd f o r  nea r ly  52 per cen t  of the  world 
mine prcductioii i n  1382. Szuth Afr ice  d o n e  sunplied about 50 per  cent  of t h e  
t o t a l .  Af r i ca ' s  share of world !)roduc-ion has decreased by near ly  15 per cen t  
s ince  1 9 7 3 .  Thic d e c l i n s  hss i r c g e l y  been due t c  decreased production by 
main African prodc:..err: l i k e  South Afr ica ,  Ghana and Zimbabwe while coun t r i e s  ~ 

l i k e  USSR, Canada, Rrez i i  an: !,ustralia have increased t h e i r  production. South 
~ f r i c a ' s  production has decrfosecl pr imar i ly  because mines have been working 
lower grade o r e  follow in^ :ises i n   old ?zEces. Ghana's ~ r o d u c t i o n  has f o l l e n  
l a r g e l y  because of mine o w r a t i o n a l  p rob lem.  

XIV. GOL9 IN T&T_LI14'S 

143. Prospects  of winning appxeciable amounts of gold from o ld  t a i l i n g  dumvs 
are considerable iii e-ireral X f r i c y  coun t r i e s  with lone gold mining h i s t o r i g s  . :  

a s  a r e l a t i v e l y  inexpensive 2 l t e r n a t i v e  f o r  r x o v e r i n g  so ld  locked u p . i n  i 

t a i l i n g  durr,ns. 

144. Gold recovery e f f i c l e n - i e s ,  before cyanidat ion and technology f o r  t r e a t i n g  
r e f r a c t o r y  o r e s  was Aevaloned, were low, t o  t h e  ex ten t  t h a t  a number of 
opera t ions  l o s t  over t : ~  Eramnes Der tonne i n  t a i l i n g s .  

145. I n  South Afr ica  e:rtrz:t;an or  uranium a n d g o l d  f r o n  o ld  :old mine t a i l i n g s  
which conta in  0.4 t o  0.6 g ~ l t o n n e  of f o l d  has successfu l ly  been done by the  
TERCO procecs. 
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146. In  Ghana it i s  estimate2 that  bctween 85 and 130 tonnes of gold a r e  t i ed  
up in  old t a i l i ngs  a t  the Ashanti Goldfield and some other mines. 

147. In  Tanzania t a i l i ngs  of the old Geita, Kiabakari and Buhemba mines have 
valuable gold contents. Sampling of some of these t a i l i ng  dumps has given gold 
Values of up to  3 gramme per tonne. A s m l l e r  old gold mine a t  Canuck has . '  
given ta i l ings  assays of up t o  4 gm 3er tonne. The old t a i l i ngs  in  the old 
Nyanzian Ereenstone b e l t  mines could have 20 t o  30 tonnes of gold and there  a r e  
plans t o  recover t h i s  gold by heap leaching processes. 

140. Small operators have worked gold deposits i n  Zimbabwe for  many years. 
Low recovery eff ic iencies  have w a n t  several thousands of kilogranane of gold 
being l o s t  i n  ta i l ings .  

149. Swaziland i n  the ear ly  1960s revived some gold operations by working old 
gold t a i l i n g  dumps. In  the  Sudan old mine ta i l ings  l i k e  those a t  the Gebeit 
mine have been re-examined with poss ib i l i t i e s  of some of them being reworked. 

150. Considerable amounts of gold-bearing t a i l i ngs  from the Adjoujt copper 
deposit formerly worked from 1970 till 1975 and estimated a t  2.5 million tonnes 
have been re-examined recently by WID3 and are  under consideration for  
reprocessing in  the context of the rehabi l i ta t ion of the mine. 

151. Recoverable gold from t h i s  source i s  estimated a t  between 10 and 12 tonnes 
together with some s i lver .  The residual gold i n  the t a i l i ngs  i f  of the  order 
of 5 gr per tonne. 

152. Similar secondary recovery processes a r e  under way a t  the Poura gold mine 
i n  Burkina Faso where 400 kg of gold a r e  expected from the t a i l i ngs  resu l t ine  
from an e a r l i e r  mining phase which took place between 1965 and 1969. 



Table I 

Supply ar,d Demand f o r .  Gold t o  Non-Goverment s e c t k i n  (tonnes) 

~~ 

, , . , . . . .. ... . 

Non-Centrally Planned Economies 
Froduction 972 959 950 971 1 0 1088 
Net sa les  from cent ra l ly  planned 
Economies 410 199 90 289 92 207 --- 
New supply of gold 1 382 1 158 1 040 1 251 1 219 1 299 

- 
Net sa les  by o f f i c i a l  sector (+) 362 544 - - - 119 

Dlet purchases by o f f i c i a l  
sector (-) - - 230 2 76 98 - - 
Gold uced in:  

Carat Jewellery 1 012 7 4 ~  U8 598 716 599 

Electrot ics  

Dentistry 

Medals, medallions and fake coins 
(sales)  51 34 16 27 22 24 

Off ic ia l  coins (sales)  288 2 90 186 191 133 176 
Bar hoarding 113 172 ll 279 294 . ' 80 

Other i ndus t r i a l  and decorative ?* .. . 78 . . 62. 62 . 5 8 .  58 



Table 2 

Imparts of Gold by d i f fe ren t  .-- Countries 

. . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  

1979 1980 

AFRICA 
. .  I v o w . C o a ~ .  

Kenya 
Morocco 

. South Afr ica .  . . . . . .  

o m  
Austria 
Australia 
Belgium-Luxemburg 
Brazi l  - ~ 

Burundi 
Canada 
Cyprns 
Denmark 
Finland 
France 
GermanyF4.. . .  

Hong Kong 
Indonesia 
I t a l y  
Japan 
Malta 
Norway 
Ebrtugal 
Sweden 
Switzerland 
Taiwan 
United Kingdom 
United States  

- 
1 343 000 
4 002 000 
1 153 000 

.. 
N.A. 

1 170 ooo 
3 918 
fi1.A. 
N.A. 

- 
u 5  131 
716 626 

17 712 132 

Source : 1gg.f i g u r e s  :.World Mireeral .Statist ' ics 1975-79, In s t i t u t e  of Geological. 
1980 Figwes - Mineral Yearbook 1981, US Bureau . . . . . . .  of Mines. . . . .  . . .  . . . . .  . . .  



Table 3 

----- - 
Actual annual a v e r q e  price 

Year i n  islla;/tray ouncl 
-. .- -- 

1960 35.00 

1365 35.00 

1966 55-00 

1967 35.00 

1933 

1984 (~anua ry  t o  March ndy)  





Table 4 

Production of gold world-vide (1981-82) - 

,'000 t roy  oz) 
South Africa 
USSR 
Canada 
China 
USA 
Brazil  
Australia 
Philippines 
P a p ~ a  New Guinea 
Colombia 
Chile 
Ghana 
Zimbabwe 
Bminican Republic 
Peru 
Mexico 
North Korea 
Yugoslavia 
Spain 
Japan 
Sweden 
India 
Zaire 
Rumania 
Indonesia 
France 
F i j i  
Bolivia 
Nicaragua 
South Korea 
Costa Rica 
Finland 
Guyana 
Argentina 
Venezuele 
Zambia 
Ecuador 
Ethiopia 



Table 4 (contld.) 

Production of   old world-wide 11981-82) 

Country 1981. . 1 . .  . -  
........ ........ ....... .- ......... , - 

('000 troy oz) 

Honduras 
Corgo 
Liberia 
Malaysia 
French Guyana 
New Zealand 
West Germany 
El Salvador 
Sudan 
British Solomon 
Burma 
Rwanda 
Mali 
Gabon 
Tanzania 

Islands 

Maaagascar 
Other African countries 

S O U ~ C ~ :  Metal Bulletin Monthly, June 1983 (~'revious Metal features pp.33).  



Table  5 

Gold p roduc t i on  i n  A f r i c a  ( i n  t r n y  -. m n c e s )  

Angola 

Burundi 

Cameroon 

Central Af R ~ F .  

Congo 

Ethiopia 

Gabon 

Ghana 

Guinea 

Kenya 

Liberla 

Nadagascar 

Yalagasy 
J i ial i  

Fhuritania 

Nigeria 

Rwanda 

Sierra  Lwne 

South Africa 27494603 

Sudan 49 

Tanzania 5 5 



Table 5 (cont 'd.) 

Gold production in A f r i c a  (in troy ounces) 

-- i 

TOTAL A F R I C A  28784947 25508945 24~ic,1752 24055516 2352&57 23552559 2 3 4 6 7 ~ ~ 4  22470641 21947747 22218185 -- 
"ORLD PROD. 42854755 3565990 38230321 39024485 58906145 39~57212 388~7263 35197315 41276583 

- - 
i 

- - 
% A F R I C A N  PROD. 67.2 64.3 62.8 61.6 60.5 6c.5 60.5 57.3 57 2 

427125P7 1 
52.0 - 



Table 6 

Ore reserves and operating results f o r  South Africa Gold mines 1983 

-- 
Total  ore M i l l  Throughout 
reserves - 

Gold recovered worhng 
On reserves ~onnanse - Prof it 

Group Company basis  ($/oz) Milled ~ o s r p z  Grade Cost per Fcrson 

Tons Value (000) ' ~ $ 8 4 ~ )  ( g  per ton) ounce ($) (Rands) 
(000) 

- 
- .  -- - ( 6 )  C .  ig3 -- This- Th i s  This T h i s  

Deelkrali N.A 2 791 5.9 997 705 58.15 4.  j 350.37 8.83 
ko rn fon te in  1J.A 4 619 9.4 1 053 7 2  67.74 6 . 8  271.40 35.01. 

Ca ld  Driefontein Co7.s. N.A 20 213 14.7 7 163 2 350 53.59 l2 . !3 124.76 131.49 
F'i e l& Kloof N.A 4-581 19.4 2 9 4 9  1 0 2 5  71.15 15.2 127.39 155.87 

Lib2.r - ,n  X.A 9 724 7 - 9  i 122 840 53.04 6 . ii 2 35.19 
Venterspost N.A 9 973 5.6 876 750 58.37 4-.;. 382.39 3 -24 

- -- 
Etandsrand 42 5 2 835 8 .1  1 004 i 716 48.72 
F.S. Geduld 476 9 832 11.8 1 44\1 i 018 72.39 

Anglo P. Brand 476 9 b52 10.6 1 697 377 55.60 
Axerican P. Stey;., 476 15 351 9.5 I. 501 950 57.56 

Southvall 425 9 18.7 13.6 1 878 i 233 53.17 
vaditeef a 425 24 111 10.4 1 1 4 1  6 2 c b  50.98 
W. Deeps 425 6 000 17.6 1 95~1 j 522 67.83 
if. iioldings 476 18,775 8.9 1 246 2 241 43.92 

.- -- 
Rlyvour 425 5 109 18.7 2 040 1 157 60.19 7 .5  218.06 51.44 

~ a r l o  W b a n  Deep 386 5 038 5 -2 725 3 366 48.05 3.3 404.96 2 -72 
Rand E. Rand mop. 386 6 609 7.4 1 014 2 814 62.84 3.9  444.50 12.2c 

Harmony 42 5 29 550 6.2 787 3 891 49.52 4.1 327.59 17.94 

J . C . I .  Randfontfin 3 97 9 283  9.4 1 354 5 928 28.56 5.0 159.44 48.70 
Western Areas 397 5 -407 7.4 1 467 3 776 58.60 4.8 340.78 12.67 



Table 6 (cont ld . )  

Ore reserves and operating r e s u l t s  f o r  South Africa fdld mines 1983 

on reserves Working 
Tonnase Gold recovered prof i t  basis 

Group Company Mined Cost per ( $ 1 0 ~ )  Grhde Cost per person 

Tons Value (000) ton(Rands) (g  per ton) ounce($) ( ~ a n d s )  
( 000 (9) cmg. 1783 T h i s  .This Thia This 

Bracken 
Genera1 Buffelsfontein 
Mining Grootviei 
Union Kinrose 
cor- Leslie 
pora t ion  Marievale 

S t .  Helena 
S t i l fon te in  
IJnisel 
W. Rand Cons. 
Winkelhaak 

E.T. Cons 477 1 526 16.8 3 0 4 7  150 88.08 10.2 234.40 65.61 
AngLpvaal Hartebeestfontein 452 19 940 12.0 1 353 1 5 2 4  72.15 9.9 197.69 77.28 

b r a i n e  469 6 342 8.2 868 386 76.91 5.0 403.35 12.72 

Cons. Modderfontein 400 4C6 5.7 751 141 48.66 4.7 282.69 19.67 
South Roodepoort 400 59 7 5 9 9  96 58.26 4.0 392.19 1.61 
W i t .  Nigel 42 9 1 313 5.5 483 147 46.53 3.3 387.93 1.86 

Source: Supplement t o  Mining Journal, January 27, 1984. 




