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ABSTRACT

Sixty eight samples of r»tive gold were analyzed for their silver, 

copper, iron and trace element sontenti. Forty of the samples were 

collected from different localities in the Barberton district; twenty 

two frodi various levels along the Zwartkopje ore shoot, Sheba Mine; 

and six from localities on the Witwatersrand and in Southern Rhodesia.

The gold was extracted by either crushing the samples and then 

concentrating the gold using a superpanner, or by dissolving the rock in 

hydrofluoric acid. The particles of gold were thoroughly cleaned before 

analysis with hydrochloric, hydrofluoric and nitric acids. Great care 

was taken throughout the pre-analytical treatment to prevent contamin­

ation by extraneous material or by removal of trace elements from the 

gold.

Three analytical methods were used to determine the composition 

of the gold. Atomic absorption spectroscopy was used to determine the 

copper and iron contents, the fire assay the silver content and emission 

spectroscopy the trace element composition. The concentrations of the 

trace elements are given semi-quantitatively as log intensity ratios.

All other results are quantitative.

Generally the composition of the gold samples is relatively simple.

Silver, copper, iron and silicon were present in all the samples;

magnesium was present in fifty-eight of them; aluminium in fifty-three;

nickel in twenty-seven; lead in twenty-three; antinony in twelve; tin

in eleven; bismuth in ten; cobalt in seven; mercury in six; zinc in

four; titanium and molybdenum in thre*; beryllium and platinum in two;

. .calcium/...



calcium, manganese, palladium and vanadium in one.

Of these trace elements, it is considered that beryllium, bismuth, 

C3balt, manganese, mercury> molybdenum, palladium, plot^r.jiTi, silver, 

tin and vanadium occur as alloy constituents in solid solution with .he 

gold. Antimony, copoer, iron, lead, nickel, titanium and zinc are also 

*hought to be present in the gold lattice, though they may also occur 

as mineral inclusions. Aluminium, calcium, magnesium and silicon are 

probably present as mineral inclusions.

The results of the samples taken from the Zwartkopje shoot seem 

to indicate two different ty,_js of gold, occurring between the 20 and 

26 and the 14 and ’ 8 levels, respectively. Gold sample? taken below 

the 20 level increased in fineness from 92^ to 950 with increasing 

depth, while those samples from above the 20 level, had fineness values 

increasing from 915 to 935 between the 14 and 18 levels. The copper 

content of the samples decreased from 700 p.p.m. to 400 p.p.m. between 

the i4 and 18 levels and increased from 160 to 500 p.p.m. between the 

20 v M  26 levels. The iron content decreased from 500 to 300 p.p.m. 

between the )4 *nd 18 levels and from 1300 to 900 p.p.m. between the 

20 and 26 iov«. s. The increase in copper content with increasing depth 

in ihe gold from the lower levels, correlat?s with increasing chalcopy- 

r<te contwnx. witll incrersiig d»pth in th?se levojs. Trace elements 

occurring in the gold from the upper levels include aluminium, magnesium, 

mercury, nickel, while in the lower levels, slrninium, antimony, bismuth, 

magnesium and nickel ars presunt.

. . . .  T he / .  • #



The main fac/lors controlling the composition of the samples appear 

to be the temperature and pressure conditions prevailing at the time of 

deposition, the concentration of the elements in the ore fluids and the 

chemical aiKl mineralogical environment.

The fineness values for the regional gold samples in the Barberton 

District show some regular distribution with the highest values around the 

Consort and Agnes Mines. The copper and iron contents show no systematic 

variation, nor do the trace elements. However, there does appear to be 

d dafinite association between trace elements from the same, or 

adjacent, groups in the Periodic Table.

?rom the few samples analyzed, it appears as if gold from :he 

Witwa'.ersrand mines, differs fundamentally from that of Barberton, 

being much more complex in composition.

The results appeal to be of little economic importance.

-------0O0-------
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A STUDY OF THE TRACE ELEMENTS 
ASSXIATED WITH GOLD FROM THE BARBERTON 

____________________ DISTRICT___________________

1NTP, J/JCTIO!

A. GENERAL STATEMENT

As part of the general study of the geology of the 

Birbtrton Mountain Land by the Economic Geology Research Unit of the 

University of the Witwaterjrand, the author undertook a study of the 

trace elements associated with free gold from the Barberton ar*?a. The 

work was begun in January, 1962, and completed 14 months later. This 

thesi? embodies the results of the investigation and discusses their 

geological rignificance« The work was initially undertaken with a 

view to finding ar element constantly associated with the gold which 

might serve as an indicator in a geochemical prospecting method. 

UnfortuTately the work failed i’i this respect, though the results 

suggest that the degree of fineness of the native gold may indicate 

the economic potential of a particular ore deposit.

An initial survey of the previous work on the analysis of 

native gold revealed that very little was known about the composition 

of free gold ar.-? the factors which affected it. Theiefore, a very 

derailed review of the associations anu characteristics of gold in ore 

deposits was carr5ed out in order to assess fully the results obtained 

in the present investigation. This review is being published as an 

information circular by the Economic Geology Research Unit and is 

briefly summarized in this thesis. /



Samples containing native gold were collected from old workings 

and present day mines througfout the Barberton region. In addition, 

to study the variation in th ; composltl o.i ot go?d alone jn ole shoo* ; 

samples were collected from various levels along the Zwarvikopje shoot 

at Sheba Mine. The gold frcn these samples was extracted with a 

minimum amount of contamination and analyzed to determine the trace 

element conposition and the copper, iron and silver content:. The 

trace elements were determined semi-quantitatively us.'ng an optical 

spectrograph; the copper and iron contents were determined by atomic 

absorption spectroscopy and the fineness by fire assay.

The results indicated that two types of gold occur in the 

Zwartkopje shoot, above and below the 20 level respectively. This is 

shown by the marked change in the composition of the gold samples 

between the 18 and 20 levels, in both cypes the fineness increases 

with depth while the copper and iron contents decrease. The minor 

element composition is relatively simple and seems to be controlled 

by the chemical environment at the time of deposition of the gold.

The fineness of the regional samples is highest in the area 

around Agnes Mine and between the Consort and Sheba Mines and decreases 

away from these localities. This seems to indicate that the source 

of vhe mineralization occurs in these araas. The copper and iron 

contents seem to show no definite variation at*i the minor element 

content appears to be related to the original composition of

. . .  3 / • • • •
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the ore fluids and th* chemical environment at the time of deposition.
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C. a RE VIEW OF THE GEOCHEMICAL ASSOCIATIONS AND CHARACTERISTICS 
OF NATIVE GOLD

- 5

Gold occurs sporadically in very small amounts 

throughout all phases of the earth. For example, ihe concentration 

of tht clement in the earth's cr.ist is O.OOQOi gm/ton (Wcxxttli, 

i960)* the average gold content lor nickel-iron meteorites and 

troilites is 4 and 0.7 p.p.m., respectively (Goldschridt, 195'J>} 

in the standard grar.ite and diabase, G-l and lft-1, it is O.CV; ar:d 0.018 

p.p.m ., respectively (Ahrens and Fleischer, 1900, q-.otei Ly Abrct.t 

ano Taylor, 1961 h in seJimentary rocks the a eraqe go-d ccntf-n-; is 

15 room/ton (Lincoln, 1911).

In ore deposits, however, gold tends to bp concentrated in 

auounts greater than those quoted above and is associjtao with 

definite minerals and elements. Its composition varies with certain 

physical factors such i»s the* depth cf deposition.

In nature, gold occurs normally as the .iati *3 c.etai, usually 

alloyed with some silver and containing small amoints of copper and 

other ba i metals. The only relatively common natural compounds of

• • 6/# • •
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gold are the tellurldes such as calaverite, sylvanite, mullerine and 

nagyagity. Maclaren (lg '® ) reported tha-. in addition t^ golc, 

silver and telluiium, the above four minerals contained copper, Iron, 

lead, bismuth, rinc, antimony, selenium and uul'hur, indicating the 

larg'" variety of elements with which gold may be associated. Occasion­

ally alloys of oold with other metals such as mercury, bismuth, copper 

and pLlladium are found.

(b ) The associated minerals_aDd_ elf [cents io _dgr»a.sils.

The association between gold and certain ore minerals 

las been observed in almost ail o.'e deposits Don (1897) noted a 

correlation between sulphide mineralization and the gold content of 

the ore in the South St. Mungo Mine, Bendigo, Australia and proved 

statistically that a high silDhur content indicated rich gold values.

A similar association betwsen the gold-silvsr ores of Gilpin Co ., 

Coloreio. and sulphides and quartz, was reported by Collin*- (1902). 

However, Hulin (1930) found that gold in the Kernedy Mine, California, 

tenaed to occur vith galena, dial cop/rite, apatite and carbonates 

rather than with py»ite, sphalerite ard quartz. In -he ore of the lake 

Shore Mine, Canada, the gold tends to be associ^tod with either 

chalcopyrite or pyrite (Llomfield et al, 1936). Fran*el (1939) 

reached a similar conclusion for goli in the Black Reef. Other authcrs 

who have reported associacions between gold and definite Minerals 

include Wilson (1944), who noted an association between gold and

• • "? /  B  • •
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alunite at Goldfield, Nevada) Tapp (1948) who found that gold in the 

North Empire district of Colorado was related to the primary and 

secondary copper mineralization} Saksela and Heiskanen (1952) in the 

Valkealocki area, Finland; and Edwa-ds (1955) who reported that the 

gold in the Hill 50 Mine, West Australia, we>s  genetically related to 

the sulphide mineralization anc* showed a preference for pyrite and 

cl.al^opyrite even though pyrrhotite was ■‘■he dominant sulphide.

Mineral associations from 585 gold deoosits throughout the world 

were reviewed by Lincoln (1911 ) and he concluded that pyrite, gaiena, 

chalcopyrite, argentite, pyrrhotite and silver were the most common 

associates or' gold. Schwartz (1944), in a similar review of all 

the data published after Mncoln, found that pyrite, arsenopyr it 

galpna, sphalerite, jhalcopyrite, the bismuth minerals, pyrrhotite 

ana tetrahedrite-tennantite occurred most convr.only in contact with 

gold. The most commonganrye minerals were quartz, carbonates, 

ch'.orite, qraph.'te, carbonaceous material and tourmaline. He concluded 

that theia was m  definite evidence for the precipitation of gold by 

the host minerals though the possibility could not ot Snored. Van 

Aube1 (1935), Warden and Cumxingj (1937) and Boyle (1961) r?viewod 

simil** information on the ore deposits of Eastern Urega (Congo), 

British "oJ. r.ibia and the Yellowknife district, Canada, respectively.

De Viiliers (1957) dealt with the chemistry and mineralogy 

of the B-rberton gold deposits,. Table I su-nmarizes the results of the

• .8/* . •



Table 1 Ore Minerals of the Barberton district, (after De Villiers, 1957)

Ope: Arsenooyrite-yyrrhotite Antinonial ore Lead-be;iring ore Fvritic ore
Mine; Eaeles Nest' IAJ-Y N«̂ w ConsortlAno deposit Bellevue

'
Ronetta Alf strom Alpine Agnes Three Sisters

Arsenopyrite 2 3 2 .. 1 _ ; - —

Antimony — 1 - - - ~ - -

Berthierito — — 1 — — _ - -

Bisnuth tr — r _
Boumonite — — tr — _ _

Chalcocita — _ — — — • -

Chalcopyrite - 1 3 - tr 2 - i i tr—  . .....

Cobalt!te - - - — - — — — —

Corynite — — - - - tr - *r _- -

Covellite — — — - - - - - - -

Enargi te — — - - tr - -

Gale'ia — tr — I - 3 ___ ~.......-
Go] J — 1 2 - tr T - 1 i >
Janesonlte - - - tr - - - — _

Magnetite
Karcasite

— 1 — — •- — — — — *'•

1 — — - - - - -

Maucherite — — tr - - - - -

Melinkovite-
pyrite 3 _ - * _ — —

Niccolite - - tr 1 - - — — —

Pentlandlte — — x --
— — — — — - •“

Platinoid- 
ainerals 1 _, —

Pyrite 
Pyrrhotite

3 — 1 2 3 i 2 •*»

1 3 3 - - - - — — —

Silver _ — — - tr - - - -

Sphalerite
Stibnlte

__ . — — 3 2 1 l •

— 2 3 3 - - - -

Tetradynite
Tetrahodrlte

_ _ — - - - - — —

— - - ' T - 1 - -

Trevorite tr - - - - — —

Vjolarite - - - - - tr *■ **

N.B. 3 very abundant; 2 conmon; 1 rare; tr trace onoujts; - not reported



Table I . continued,

Mine:

Arsenopyvite
Antinony
Berthierite
Bismuth
Bourn" m te
Chalcocite
Chalcopyrite
Ccbaltite
Corynito
Cove'llite
Enargito
Galena
GoM
fanesonite 
Magnetite 
Meroaaite 
Maucherite 
Melnikovi te- 

nyri te 
Niccolite 
Pentlandlte 
Platnoid- 

ninerals 
Pyrite 
Pyrrhotito 
Silver 
Sphalerite 
Stibnite 
Tetradynite 
Tetrahedrite 
Trevorite 
Violarite

Falrview ^hoba Golden Ouarrv* Sheba Cueon

nrri^ic

Constock
ore
Forbes Rpef rBarbrook Belfast Clutha PigR3 Psak

. . .
2 2 2 1 2 - 2 - 2 1

— — — — — “ ~ — — _ -• - i —

- - - - - - ** - - -

— - — - - Tr - - -

- - - - - - - - -
— i - - - - - - - -

...... r i - h • w ~ -■5— 1
. y

I t

. .T
1 1

— — — - - - - - ... .tr ..
mm tr — — — — - - -

_ i _ — — — —

mm mm — — — • - -

mm tr — — — - - - -

tr 2 1 tr tr tr 1 ] tr tr
— - - - - - -

— - - - - - -

• — - - - - - — -

mm - — - - - - - -

_ tr _ . I _ .....

- - - ______ -_______ -_______ - - • - —

_

_____ at --

■ - T ' * 3 3 2 2 3  . .  . 1
1. ___ J _  -

1 1 tr tr - 1 1 1 1

_ tr — — - - - - . . .

a mm _ _ - - - - -

”
mm — — - - - -

_ tr — — - - - -

~ i _ — — - - - -

■ _ _ — - - - - -

- - - - - __ —

N.B. 3 very abundant; 2 connon; 1 rare; tr trace amounts; - not reported.
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mineraiogical study. The ore dsposivs are divided into four types, 

namely, the arsencpyrite-pyrrhotite ores, the lead-bearing ores, the 

antimonial ores end the pyritic ores. Native gold is found in nearly 

all deposits of all four types of ore. Arseropvrite and pyrite, and 

to a lesser extent, chalcopyrite, are the most common sulfide minerals. 

Unusual minerals found in the region include tetradymite, in the 

Go’der. Quarry Mine; an unidentified platinoid-bearing mineral, in 

the Eagles Nefit Mint?} and rative silver in the Rosetta and Golden 

Quarry Mines.

In addition to associated ore rriiurals, definite elements 

appear to occur wit’' gold in ore deposits. Lincoln (1911) found that, 

excluding iron and lead in +hj form of pyrite andgolena, the most 

common elements associated wi^h gold are arsenic, bismuth, selenium 

and tellurium. Haycock quoted by Blomfield et al, 1936) foi*nd that 

iron, copper, silicon, magnesium, calcium, gold, molybdenum, tellurium 

and lead constituted the ore concentrates of the Lake Shore Mine.

In addition to these, Blomfield and his co-workers (1936) reported 

carbon, arsenic, sulphur and zinc.

At Goldfield, Nevada, Wilson (1944) found that a definite 

relationship existed between silver, gold, bismuth and tin on the 830' 

level of the Consolidated vein. Although this relationship persisted 

laterelly along the vein, it had disappeared on the 225* -’evel of the 

Clermont vein. At this level, and nearer the surface, tin and bismuth

. •9/••••



were either absent from the oro samples or were present in very small 

amounts. In addition, gold and silver varied independently of 

each other. SIti* larly, minor impurities such as silver, bismuth, lead 

and tin from gold veins in California showed no significant correlation 

with high grade values, according to Fuller (1942, quoted by Cooke,

1947),

In a sur'ey of ores from some Russian mines, Zemel (1936) found 

that bismuth, tellurium, cobalt, molybdenum and tin tended to 

concentrate in the ores while thallium, gallium, germanium and indium 

aid not. Prior to this, Zemel (193b) repo.-ted the presence of zirconium, 

tungsten, vanadium, titanium, molybdenum and thorium in gold slimes 

from Russian mines.

Concentrates of ores from various Baroerton gold mines were 

analyzed by De Villiexs (1957), whose results are given in table*- II 

and III. In addition to the eleme t«t which seem to be commonly associated 

with gold such as arsenic, lead, silver and tin, De Viliiers reported 

the preserce of tungsten, selenium and tellurijm, each in o.ie concentrate. 

Steele and Carlton '.1961) spectrovyTaphicTlly analyzed s&nples of high and 

low giade pyritic ore from the Woodbine reef. The only difference in 

the trace element composition of the two ores was the absence of lead 

from the low grade ore, and even this element was detected on chemical 

enrichment of the iow grade sample. Elements common to b>th samp.es 

included manganese, nickel, tin, bismuth, cadmium, cobalt, chromium, 

molybdenum, antimor.y and zinc.

- 9 -
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Table I I . Composition of gold concentrates from the Barberton district (after Dc Villiera, 1957).

Concentrate

Rosetta Mine . . . . . . . . . . . .
Rosetta Mine, richest fraction . . . 

jignes Mine • • • • • • . .  . . . c .

Fairview M i n e . ................ ...  .
Ffdrviaw Mine, gravity concentrate . 
Fairview Mine, flotation concentrate
Alpine M i n e .........................................
Shaba Min© . . • • • • • • • • • •
Shoba Mine, richest fraction . . .
New Consort Mine . . ....................
New Consort Mine, richest fraction
Golden Qu/irry Mine . • ....................

Golden Quarry Mine . , ............... -
Three Sisters Mine, corduroy concen 
Thr3p Sistors Mine, Midl'ngs . . .
Piggs Foak Mine . . . .  ...............
Woodstock Mino
Forbes Reef, Western workings 

Forbes Reef . .  ...............................

A* Ajfl Sh As Co 11 Zn Pb
—

--
_w

---
Mo
-

2e Sa

6 4 4 0 l 1 0-1 6 4 0 0 0 0 0
6 I 5 0 0 1 1 T> 5 0 0 0 0 1 0

~Sr
, 0 £T 4 3 0 0 0 0 _a„__0—..3L-.

1 1 3 ? 4 0 2-3 0 1 0 0 0 tr

3 4 2 8 l u 0 2 0 0 0 0 0
2 j 0 $ 2 J 0 G 0 0 0 0 u 8
5 4 1-2 6 6 0 0 2 0 6 0 0 0
5 5 1-2 2 5 0 0 0 0 0 0 0 0

7 7 1 4 4 is 0 0 1 5 0 0 0 tr

5 4-1 8 7 6 0 0 0 0 p Q 0

9 3 3 Z 6 5 0 0 2 3 0 0 0 _JGL .
o-71 8 0 2 2 1 0 0 l 0 0 G 0 0

5 3 5-1 “ 3 ■4 1 0 0 2 - 1 0 0 0

' 5“ 4 (5* 1 0 2 4 0 0 0 0 0 0 0 0

&.71 7 6 "O' ‘ 1' 3 0 0-1 0 0 c 0 0 6

7 2 10 6 4 0 v̂—1 l 0 0 0 0 tr

T 5 1 1-2 7 6 0 G 2 0 tr J.
0 0 1 0 1 0 0 0 1 0 1 0 tr o
0 0 0 0 0-1 0-1 0 0 0 G 0 0 0 0

N.flw Gv. T1 and tho platinun metals were lookod for but were not detected in any concentrate.

Numbers give the approximate order of concentration for the eler.ontb based on the 

intjnsity of tho spectrographic lines.



Concentrate A g S b B l Z n P b C a A £ N l C o F e S A ] i
% % % % % % % % %

Rosetta. Mine, richest fraction . tr O.4I  tr 0.17 8 .9  0.3 - - - - - -

Alpine Mi ne .................................. tr 0.67 tr 0.17 tr 0.15 0.16 - -

Now Consort Mine ...........................- 0.13 - - - 0.05 23.8 1.19 O .36 -

Three Sisters Mine, mid ling a. . .  tr - - - - 0.01 ~ - - - -

I' oi r v l j Mine. tr —• —

Rosetta Mine . . . . . . . . . .  tr 0./f7 — 0.09 9»5 9»3 — tr — 43.12 30.38 88 ozfl/ton

Tgble II I  The chenieal analyses of gold concentrates fron Barberton (.ron De Villlers, 1957'

N .B . tr -trace anounts; - not reported.



While relatively little work has been done on the trace 

elements In gold from ore deposits, several authors have published 

papers on the trace elements in ore minerals associated with gold 

in ore deposits. For example, Bruce ()934) spsctrogrsphically 

examined varieties of colourtru quartz from Canadian gold veins in an 

attempt to explain the association between high gold values and blue 

and grey quartz. The minor elemei* J in pyrite from Canadian gold 

deposits have been studied in detail by Auger (1941) and Bswley (1952). 

Auger found that samples of pyrite taken from localities within and 

outside the Pre-Cambrian shield had very similaT qualitative and 

quantitative trace element compositions. However, within one district 

or mine the apparent supremacy of one element over another was very 

consistent and the rarer elements tended to be co.ifined to a 

particular mine or district. In addition, the results indicated that 

the type of deposits hao a definite bearing on the nature and proportion 

of the minor elements present in the pyrite, whereas the wall-rock and 

gangue material did not affect the trace element distribution. Auger 

therefore concluded that generally the total composition of the 

pyrite was mainly cependerton the nature of the ore fluids. However, 

from examination of pyrite from the individual deposits of the 

Hollinger, Noranda and Slscoe Mines, Auger found that local conditions 

at the time of deposition also affected the minor element composition 

and controlled variations in the composition along the ore bodies.

Hawley (1952) examined pyrite from 4 different types of deposits, 

namely, the Powtll-Rouyn quartz vein, the Kerr-Addison flow ore, seven

- 10 -
1

. .  1!/• -•



- 11 -

Kirkland Lake mines and a mine in the Porcupine district. Trace

-\
elements common to all four types of deposits were gold, silver, 

nickel, copoer, chromium, manganese, molybdenum, vanadium, lead 

and titanium. In each depos't there was a m^rkod uniformity in 

com, it ion witli increasing depth, indicating relatively constant 

conditions of deposition.

A similar survey of the minor elements in sphalerite from 

Western Canadian mines by Warrer and Thompson (T945) s.Vwed that 

manganese-rich sphalerite indicated shallow gold dppcsits, which did 

not persist to depths greater than 1500 . Boyle (1961) found that 

the chalcophile elements, including antimony, gallium, tin, indium, 

vanadium, silver, gold -nd lead, in addition to the more common ones, 

tended to concentrate in pyrite from the Yellowknife gold ores. 

Arsenopyrite also collected these elemeats, especially cobalt, nickel 

and antimcny. However, pyrrhotite appeared to have a low tolerance 

for extraneous chalcophile elements and contained only cobalt, nickel 

and copper. Hawley and Nichol (1961) carried out a similar study 

on pyrite, p y T r h o t i t e  and chalcopvrite from Canadian ore deposits 

and f?ur.d a preferential concentration of the minor elements, 

especially cobalt, nickel, silver and lead.

( c ) l h<j> 9or.nosltion of natwe qola

Generally native gold contains a 

certain percentage of silver, copper and iron, together with the

|

«• 12J  • »•



Author  Gay N C (nicholas Gay) 
Name of thesis A Study Of The Trace Elements Associated With Gold From The Barberton District.  1963 
 
 

PUBLISHER: 
University of the Witwatersrand, Johannesburg 

©2013 
 

LEGAL NOTICES: 
 

Copyright Notice: All materials on the Un i ve r s i t y  o f  the  Wi twa te r s rand ,  Johannesbu rg  L ib ra ry  website 
are protected by South African copyright law and may not be distributed, transmitted, displayed, or otherwise 
published in any format, without the prior written permission of the copyright owner. 

 

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you 
may download material (one machine readable copy and one print copy per page) for your personal and/or 
educational non-commercial use only. 

 

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any 
and all liability for any errors in or omissions from the information on the Library website.  

 




