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ABSTRACT

Sixty eight camples of nmative gold were analyzed for their silver,
copper, iron and trace elemeni. sontents. Forty of the samples were
collec’.ed from different localities in the Barberton district; twenty
two from various levels along the Zwartkopje nre shoot, Sheba Mine;

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

The gold was extracted by efther 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 emissicn
spectroscopy the trace element composition. The concentrations of the
trace elements are given semi ~-quantitatively as log intansity 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; eluminium in fifty-three;
nickel in twenty-seven; lead in twenty-three; antimony in twelve; tin
in eleven; bismuth in tenj cobalt in seven; mercury in sixg zinc in

four; titanium and molybdenum in threej beryliium and platinum in twog

.ocalcium/e..



calcium, manganese, palladium and vanadium in one.

Of these trace elements, it is considered that beryllium, bismuth,
cobalt, manganese, mercury, molybdenum, palladium, plutiruz, silver,
tin and vanadium occur as alloy cons“ituents in solia soiution 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 inciusions. Alumimium, 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..s of gold, occurring between the 20 and
2% and the 14 and '8 levels, respectively., Gold samples taken below
the 20 level increased in fineness from 924 to %O‘with increasing
depth, while those samples from above the 20 level, had fineness values
increasing from 915 to 935 between the 14 and 18 levzls. The copper
content of the samples decreased from 700 pupem. to 400 p.p.m. between
the 14 and 18 levels and increased from 160 to 500 p.p.m. between the
27 and 26 levels., The iron content decreased from 500 to 300 p.p.me
betwesn the 14 and 1€ levels and from 1300 to 900 p.p.m. between the
20 and 26 iove.s. The increase in copper content with increasing depth
in “he gold from the lower levels, correlates with increas.ng chalcopy=-
rite content with incrersiig depth in these leveis. Trace elements
oceirring in the gold from the upper levels include aluminium, magnes ium,

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

magnesium and nickel ars present.
ovoaTM/oo.



The main factiors 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 and mineralogica! environment.

The fineness values for the regicnal gold samples in the Barberton
District show some regular distribution with the highest values arvund 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
a definite assoc lation between trace elements from the same, or

adjacent, groups in the Periodic Table.

From the few samples analyzed, it appears as if gold from the
Witwa'ersrand mines, differs fundamentally from that of Barberton,

being much more complex in composition.

The results appear to be of little economic importance.
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A STUDY OF THE TRACE ELEMENTS
ASSOCIATED WITH GOLD FROM THE BARBERTON
DISTRICT

LNTR CDUCTICH!
A.  GENERAL STATEMENT

As part of the general study of the genlogy of the
Barberton Mountain Land by the Economic Geolcgy Research Unit of the
University of the Witwatercrand, the author undertook a study of the
trace elements associated with free gold from the Barberton areca. The
work was begun in January, 1962, and comnleted 14 months later. This
thesis embodies the results of the investigation and discusses their
geological eignificances The work was initially undertaken with a
view to finding ar elament constantly asscciated with the gold which
might serve as an indicator in a geochemical prospecting method.
Unfortunetely the work failed in this respect, though the results
suggest that the degree of fineness of the native guld 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 ani the factors which affected it. Therefore, a very
decailed review of the associations ana characteristics of gold in ore
deposits was carried 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. &*
sedyne



Samples containing native gold were collected from old workings

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

to study the variation in th: compositicza of gold along un cae shoot ,
samples were collected from various levels along the Zwartkopje shoot

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

minimum amount of contamination and analyzed to determine the trace
element composition and the copper, iron and silver contents. The
trace elements were determined semi-quantitatively using an optical
spectrograph; the copper and iron contents were cetermined 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 ctypes 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 ihe mineralization occurs in these arsas. The copper and iron
contents seem to show no definite variation and the minor elemen®

content appears to be related to the original composition of

sas M ensd
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the ore fluids and tns chemichl environment at the time of deposition.
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Gold occurs sporadically in very small amounts
throughout all phases of the earth. For example, the concentration
of the clement in the earth's crust is 0,0000n gm /ton (Yioodt1d,
1960): the average gold content ior nickel-iron metecrites and
troilites is 4 and 0.7 p.p.m., respectively (Goldschmidt, 1958 );
in the standard granite anc diabase, G-1 and W-1, it is 0.0i and 0,018
p.p.m., cespectively (Ahrens and Fleischer, i%Q, quotea by Abrene
anu Taylor, 1961 % ;n sedimentary rocks the a erage gold content is

15 mom/ton (Lincoln, 1911).

In ore deposits, however, gold tends to be corgentrated in
amourts greater than those quoted above and is assoclstad with
definite minerals and elemente. Its composition varies with certain

physical factors such as the depth of deposition.

In nature, gold occurs normally as the .ati-c metal, usually

alloyed with some silver and containing small amcunts of copper and
other ba»: metals. The only relatively common natural compounds of

l.6 LR



gold are the tellurides such as calaverite, sylvanite, mullerine and
nagyagite. Miclaren (1978) reported that in addition t» golc,

silver and tellu:ium, the above four minerals contained copper, iron,
lead, bismuth, zinc, antimony, selenium and culphur, indicating the
larg~ veriety of elements with which gold may be associated. Occasion=-
ally alloys of gold with other metals such as mercury, bismuth, copper
and pulladium are found.

(b) Ihe associated minerals and elements in gold oze denosits.

The association between gold and certain ore minerals
las been observed in almost ail ore deposits Don (1897) noted a
correlat’on between sulphide mineralization and the gold content of
the ore in the South St. Mingo Mine, Bendigo, Australia and proved
statistically that a high sulphur content indicated rich gold values.
A similar association between the gold-silver ores of Gilpin Co.,
Colorads, and sulphides and quartz, was reported by Collinc (1902).
However, Hulin (1630) found that gold in the Kernedy Mine, California,
tenaded to occur with galena, chalcopyriie, apatite and carbonctes
rather than with py-ite, sphaleri.e ard quartz. In the ore of the Lake
Shore Mine, Carada, the gold tends to be assnciated with either
chaicopyrite or pyrite (blomfield et al, 193 ). Frankel (1939)
reached a similar conclusion for goli in the Black Reef. Other authcrs
who have reported associacions between gold and definite ninerals

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

s Wave



alunite av Goldfield, Nevada; Tapp (1948) who found that gold in the
North Empire district of Colorado was related to the primary and
;. secondary copper mineralizationy 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, wes genetically related to
the sulphide mineralization and showed a preference for pyrite and

c.aleopyrite even though pyrrhotite was *he dominant sulphide.

Mineral associations from 585 gold deoosits throughout the world
were reviowed by Lincoln (1911) and he concluded that pyrite, gaiena,
chalcopyrite, argentite, pyrrhotite and silver were the most common

associataes of gold. Schwartz (1944), in a similar review of all

e SR el e i b b bt i S

. the data published after “.incoln, found that pyrite, arsenopyvit.,
galena, sphalerite, shalcopyrite, the bismuth minerals, pyrrhotite

ana tetrahedrite-tennantite occurred most comronly in contact'with

St e S e b s

gold. The most commongancye minerals were quartz, carbonates,
ch'orite, graph!te, carbonaceous material and tourmaline. He concluded

that thers was n> defini%e evidence for the precipitation of gold by

the host minerals though the possibility could .ot ve !nored. Van
Aube' (193%), Werven and Cumming3 11937) and Boyle (1961) raviewed
simdil-s icoformation on the ore denosits of Eastern Urege (Congo ),

British %ol:ribia and the Yellowknife district, Canada, respectively.

De Viiliers (1957 ) deall with the chemiitry and mineralogy

of the Brrberton gold deposits. Table I sunmarizes the resulte of the

sl ae
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Ore Minerals of the Barberton district. Villiers, 1957)
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Table I, continued.

Ore: 5,____ s R \ Pyritic ore
Mine: Fairview !'Sheba Golden QuarryiSheba Queen|Comstock Forbes ReefBarbrook !Belfast
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mineraiogical study. The ore deposits are divided into four tpes,
namely, the arsencpyrite-pyrrhotite ores, the lead-bearing ores, the
antimonial ores and 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 sulphide minerals.
Unusual minerals fourd in the region include tetrudymite, in the

Golder. Quarry Mines an unidentified platincic-bearing mireral, in

the Eagles Nest Mines; and rative silver in the Rosetta and Golden

Quarry Mines.

In addition to associ~ted ore min:rals, definite elements :
appear to occur with gold in ore deposits. Lincoln (1911) found that,
excluding iron and lead in *h: form of pyrite andgalena, the most
common elements associated wich gold are arsenic, bismuth, selenium
and telluwiium. Haycock quoted by Blomfield et al, 1936) found that
iron, copper, silicon, magnesium, calcium, gold, molybdenum, tellurium
and lead consiituted the ore concentrates of the Lake Shore Mine.

In 2ddition to these, Blomfield and his co-workers (1936 ) reported

carbon, arsenic, sulphur and zinc.

At Goldfield, Nevada, Wilson (1944) found that a definite
rel: tionship existed between silver, gold, bismuth and tin on the 830"
level of the Consolidated vein. Al*though this relationship persisted
laterzlly along the vein, it had disappeared on the 225' level of the

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

so W aine
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were either absent from the orn samples or were present in very small
amounts., In addition, gold and silver varied independently of ;
each other. Similarly, minor inpurities such as silver, bismuth, lead
and tin from gold veins in California showeu rio significant correlation
with high grade values, accoraing to Fuller (1942, quoted by Cooke,
1947).

In a survey of ores from some Russian mines, Zemel (1936 ) found
that bismuth, tellurium, cobait, molyhdenum and tin tended to
concentrate in the ores while thallium, gallium, germanium and indium
aid not. Prior to this, Zemel (1935 ) repo-ted the presence of zirconium,
tungsten, vanadium, titanium, molybdenum and thorlum in gold slimes

from Russian mines.

Concentrates of ores from various Barberton gold mines were
analyzed by De Villiers (1957), whose results are given in tables II
and ITI. In addition to the eleme ts which seem to be commonly assoclated
with gold such as arsenic, lead, silver and tin, De Villiers reported
the presence of tungsten, selenium and tellurium, each in one concentrate.
Steele and Carlton (1961) spectrographically analyzed semples of high and
low gqrade 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 gradg sample., Elements common to byth sample;

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

molybdenum, antimory and zinc.

8.



Tgble II. Composition of gold concentrates from the Barberton district (after De Villiers, 1957).

Concentrate (b2 |Au | Sk {As [ML [Co |BL |Zu|Pb|M Mo |Te|Se {$n
: o ! RSN CRREROR) SRt
Raeetta RN & & & a e N REe e oi_ 6_» 4 0 l 1 k1 O-1 6 4 U ___Q r 0 _O_‘“___O___
Rosetta Mine, richest fraction . . .| 6 STotol T 11 61 sl o @1 SF 0 1 0"
A&nﬁﬂ DO & .6 % o900 0 8 0 ¢ Qi é __L__Q: O 4 3 9] _O__“ 2 0 _____Q 0 _9__4__-_3___.‘
rmw mneo ® & & 0 s s s e . - ;..._-..;.,_._8.., 1 8 l _.4_-_4.__9 2:}____ O 1 o 0 o ?“
Felrviaw Mine, gravity concentrate .| 3 ! 4 2 8 1 1 O 0 210 0 0 0
Fairview Mine, flotation concentrate| 2 | 3 | O 2] 31 01 01T 01C1T. O BT &1
Ammmneouo D R e B S B S R I. i__“_6 4 1-2 6 6"_0 -0 1 0 O ____9.__.”__0‘_
N . e v enn s esl ST 5T1-21 3 ¥ 51 51 01 Q4 OFS T HE B i
Sheba Mine, richest fraction . . . .' 7 7 i At 3 0] O 2415 0} 0] O | tr
lﬂOouaortlﬁne.........._j__ﬁ_g-E 3 8 T 15 _Q_,__,@; CL8 1 O 010
New Congort Mine, richest fraction . 6[-2-‘ E; 3 6 6 5 0 0l 313] 0O 0 0
Golden Quarry Mine » o » e « o o . .1 0=7] 8| 01 2 [ 21 11 0] 0y 110] O} O} 9010
Golden errya\ﬂ.ne « 3 s e e e w v w -__5_.4 T4L_—6"—1 8 A 1 0 o,, 2 - 0 U_*,,_Q_“ 0
Three Sisters Mine, corduroy concen. | 5 | 4 : 0 ! O | 2] 4 07 01 Ol U1 G- 0
Thrae Sistors Mine, Midl'ngs « « « o | &71 7 ol oI 3001 00 Tl 0] 010
Ploge Poak Mine . + o o o o o oo o| 6 | 71 2170 T 6141 OT 1] 1101 OF O] O} %
BRI MRS s » o ¢ oo voecel 61 51 1T 1321 71 61 01 01 B8 Rl O
Forbes Reef, Western workings 0 0 i1 9 31 910 0 0 HE b 0 $1 O |
DR Bl s s o o s 0o s s swoei O 07 0] 0 juudfO2f 1T OV 07 0F Q7 B SR

N.B. Gu, Tl and the platinum metals were looked for but were not detected in any concentrate.

Numbers give the approximate order of concentration for the elements hased on the
intunsity of the spectrographic lines.



Table IIT The chemical analyses of gold concentrates from Barberton ({rom De Villiers, 1957)

Concentratc u&aa&uuum&;u
% R MR MR R KON

Rogetta Mine, richost fraction . tr 0.41 tr 0.17 8.9 0.3 - v e P =
Llpine L gl ST S S NG S, 0067 - - tr 0.17 tr 0.15 0.16 - — -
New conﬂort Hine I T T T R T 0-13 - 0.05 23.8 1019 0'% - - -

m 318‘501‘8 mne, mid]inga. L t!‘ - - - -~ 0.01 - - - - e -

Fm~sllﬂ.n6..........tr- - - -— - - - - - - -
0,09 9.5 93 - tr 43.12 30,38 88 oze/ton

Rontta’ﬂ.ne..........tr 0-/9-7

N.B. tr =trace amounts; - <= not reported.
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While relatively little wo:"k has been done on the trace
elements in gold from ore deposits, several authors have published
papers on the trace elements in ore mirerals associated with gold
in ore deposits. For example, Bruce (1934) spectrographically
exam‘ned varieties of coloureu quartz from Canadian gold veins in an
attempt to explain the association between high gold values and blue
and grey quartz. The minor elemei. ) in pyrite from Canadian gold
deposits have been studied in detail by Auger (1941 ) and Hawley (1952),
Auger found that samples of pyrite taken from localities within and
outside the Pre-Cambrian shield had very similar qualitative and
quntitative trace element composicions. However, within one district
or mine the apparent supremacy of one element over another was very
consistent and the rarer elements tended to be confined to a
particular mine or district. In addition, the results indicated that
the type of deposits had 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 dependerton the nature of the ore fluids. However,
from examination of pyrite from the individual deposits of the
Hollinger, Noranda and Siscoe Mines, Auger found that local conditions
at the time of deposition also affected the minor element composition
and controlled variations in the composition alung the ore bodies.
Hawley (1952) examined pyrite from 4 different types of deposits,

namely, the Powell-Rouyn quartz vein, the Kerr-Addison flow ore, seven
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Kirkland Lake mines and a mine in the Porcupine district. Trace
elements common to all four types ;f deposits were gold, silver,
nickel, copper, chromium, manganese, molybdenum, vanadium, lead
and titanium. In each depos’t there was a murked uniformity in
com; ition witl increasing depth, indicating relatively constant

conditions of deposition.

A similar survey of the minor elements in sphaler:ite from
Western Canadian mines by Warren and Thompson (:945) shcwed that
manganese-rich sphalerite indicated shallow gold depcsits, which did
not persist to depths greater than 1500°. Boyle (1961 ) found tha!:
the chalcophile elements, including antimony, gallium, tin, indium,
vanadium, silver, gold und 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, pyrrhotite and chalcopyrite from Canadian ore deposits
and fourd a preferential qoncentration of the minor =lements,

especizlly cobait, nickel, silver and lead.

(¢) Ihe copposition of native gold
Generally native gold contains a

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

o
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