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SYNOPSIS 

This report covers an investigation into the manner of occurrence of gold in an old mine dump of 
calcined tailings at the Fairview Mine. Previous investigations had not revealed the whereabouts of the 
gold still present in this dump, which amounts to between 10 and 12p.p.m. In the present investigation, 
in which heavy-liquid separation was combined with X-ray, microscope, and electron-microprobe 
investigations, it was found that a significant proportion of the 30W is adsorbed on carbon, and that a 
smaller proportion is present in pyrite that escaped complete calcination. 

An enigma is the occurrence of ferrosilicon, some of which contains gold. Although this study produced 
new information, a more detailed quantitative investigation is required in which an image analyser should 
be used to provide reliable quantitative data. 

SAMEVATTING 

Hierdie verslag dek 'n ondersoek na die voorkomswyse van goud in 'n ou mynhoop van gekalsineerde 
uitskot by die Fairview-myn.Vorige ondersoeke het nie die plek van die goud wat nog in hierdie hoop aanwesig 
is en wat op tussen 10 en 12 d.p.m. neerkom, aangedui nie. In die huidige ondersoek, waarin swaarvloeistof-
skeiding met X-straal-, mikroskoop-, :n elektronmikrosondeondersoeke gekombineer is, is daar gevind dat 
'n beduidende deel van die goud op koolstof geadsorbeer is en dat 'n kleiner deel aanwesig is wat nie volkome 
gekalsineer is nie. 

Die voorkoms van ferrosilikon waarvan 'n deel goud bevat, is 'n raaisel. Hoewel hierdie studie nuwe 
inligting opgelewer het, is daar 'n ui'voeriger kwantitatiewe ondersoek nodig waarin 'n beeldontleder gebruik 
moet word om betroubare kwantitatiewe data te bekom. 
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1. INTRODUCTION 
The object of the present investigation was the determination of the reasons for the unsatisfactory 

recovery and the manner of occurrence of the gold. 
The ore feed and sulphide concentrate were sampled at the plant at Fairview Mine, and calcined tailing 

was sampled from the mine dump near the plant. 

2. PROCEDURES 
The ore, sulphide concentrate, and calcined tailing were separated into float and sink fractions by 

heavy-liquid separation usirg diiodomethane (density 3,31 to 3,32g/cm'). The fractions were assayed for 
gold, silver, acid-soluble and total copper, nickel, cobalt, iron, and sulphur. Polished sections were prepared, 
and X-ray-diffraction powder patterns were recorded for each fraction. The phases were identified by use 
of an ore microscope, and were verified with the scanning electron microscope (X-ray-energy dispersive 
analyses). Superpanning was used to concentrate gold in the sink fraction of the calcined tailing. Figure 
I depicts the procedures followed. 

3. RESULTS 
The results of the chemical analysis are given in Table 1. Table 2 gives the distributions (by mass) 

of gold, calculated according to the assay values in Table 1, and the masses of the float and sink fractions 
of the flotation concentrate and the calcined tailing are given in Figure 1 

TABLE I 

Analyses* of the samples 

| 
Acid-soluble 

Total . . . 

Sample 

Feed 
Feed float 

Cold 
p.p.m. 

copper 
p.p.m. 

copper 
p.p.m. 

Nickel Cobalt Iron Sulphur 
It Sample 

Feed 
Feed float 

11,6(11,3 U,9) 
11,7+ 

64 
1,99+ 

B.D.L. 
B.D.I. 

<0,02 
B.D.L. 

<0,02 
B.D.I.. 

6,88(6,87 6,90) 
B.D.L. 

3,2 
B.D.L. 

Feed/sink 
Flotation conct. 
Flotation 

24,5(24 25) 
156,5(155 158) 

109,5(108 111) 
750,5(744 757) 

B.D.L. 
750 

0,07 
0,32 

<0,02 
0,02 

8.49 
30,8 

4,7 
28,5 

conct. float 
Flotation 

54,5(54 ''f) 275 B.D.I . 0,13 <0,02 10.1 7,75(7,7 7,8) 

conct. sink 
Calcined 

180.0(178 182) 836 775.5(770 781) 0,32 <0.02 32.8 29,7 

tailing 
Calcined 

11,15(11,0 11,3) 674 B.D.I 0.34 < 0,02 38,2 0,31 

tailing float 
Calcined 

11,15(10,7 11,6) 632 709(702 716) 0.31 0,02(0.02 0,02) 34,9 0,34 

tailing sink 13,C!I3 13) | 724 81 ) 0,32(0,32 0,32) 0,02 40,65(40,6 40,7) 0.29 

* The numbers in parentheses are the results of the two analyses from which the average was calculated 
+ Calculated according ;o mass balance 
B.D.L. -- Below detection limit 

TABLE 2 

DistriUui:on (by mass) of gold 

Gold 
Sample >7o 

Feed 100 
Feed float 96,3 
Feed sink 3,7 
Flotation conct. 100 
Flotation-conct. float 2,6 
Flotation-conct. sink 97,4 
Calcined tailing 100 
Calcined-tailing float 26,2 
Calcined-tailing sink 73,8 

I 



REFRACTORY GOLD ORE 

Ore feed 
(350) 

Flotation concentrate 
(350) 

HMS: d = 3,31 
1 . 

Float 
(28,8) 

1 
Sink 

(321,2) 

| Assay | 

d 
HMS 
Po.S 
In parenthesis 

density 
Heavy-medium separation 
Polished sections 
Mass in grams of heavy-
medium fractions 

Po.S 

X-ray 

Assav 

Po.S 

X-ray 

Assay 

FIGURE 1. Laboratory procedures in the mineralogical study of the Fairview samples 

The mass balance in Table 2 shows that the grain size in the feed sample was too coarse for liberation 
to be effected, but, as the main interest was in the manner of occurrence of the gold in the calcined tailing, 
further tests at smaller grain sizes were not carried out. 

The microscope study of polished sections showed that the ore feed contains sulphides, pyrite (Figure 
2, I), arsenopyrite, and chalcopyrite (Figure 2, 2). In addition, small grains of sphalerite, galena, skutterudite, 
and enargite were observed. Gold occurs in association with pyrite and arsenopyrite, frequently enclosed 
as irregular inclusions. The grain size of the gold is usually less than 25/im in the ore feed (Figure 2, I). 

The flotation concentrate consists predominantly of pyrite and arsenopyrite as the main constituents, 
and of trace amounts of other sulphides. A small amount of gold was liberated into the sulphide concentrate, 
but most of it remains locked in pyrite or arsenopyrite (Figure 2, 3). 

During roasting, the sulphides oxidize to hematite, which occurs in the calcined tailing as porous 
aggregates (Figures 2, 4 and 2, 5). Very small amounts of pyrite and other unoxidized sulphides like 
pentlandite (Figure 2, 4) are also present in the calcined tailings, as well as magnetite grains showing 
martitization (Figure 3, 7). In a few instances, grains of magnetite were found to be surrounded by a regular 
zone of hematite (Figure 3, 8). Native gold was observed only in those polished sections taken after the 
calcined tailing had been concentrated by superpanning. The observed gold giains (with diameters of less 
than 20jim) were always found encased in unoxidized pyrite (Figure 2, 6). 

Carbon (possibly graphite) occurs as irregular grains and flakes in the calcined tailing (Figure 3, 9), 
the diameter of these flakes usually being less than 100 jim. The gold content as determined semi-quantitatively 
by electron-microprobe techniques in three polished sections yielded the values shown in Table 3. 

C -tins of ferrosilicon were found in the polished sections that had been prepared from the heavy-mineral 
concentrate of the calcined tailing produced by superpanning. In a few instances, these grains were observed 
to be well liberated and fairly large in size (Figure 3, 10), and they are usually surrounded by a hematite 
rim (Figures 3, 11 and i, 12). In reflected light, most of the ferrosilicon grains were shown to bt heterogeneous 
with two distinctly different colours. The composition of these grains is also variable (Table 4). 

2 



REFRACTORY GOLD ORE 

TABLE 3 
Semi-quantitative determination of gold in carbon grains 

Sample Spot Au, p.p.m. Detection limit, p.p.m. 
054811-1 (1) 

(2) 
(3) 

360 
2770 
5690 

208 
208 
208 

054811-11 (1) 
(2) 
(3) 

3200 
3800 
5100 

230 
230 
230 

054811-111 (1) 
(2) 

330 
360 

208 
208 

TABLE 4 

Qualitative analysis of ferrosilicon 

Sample Spot Major elements Minor elements Trace elements 
054811-1 (1) 

(2) 
Si Fe 
Si Fe 

Mn 
Mn Cr 

054811-11 (1) 
(2) 

Fe Si 
Fe Si 

Mn 
Mn 

05481 l-III (1) 
(2) 

Si Fe 
Si Fe 

Mn 
Mn Ti 

054811-IV (1) 
(2) 

Si Fe 
Si Fe 

Ti Mn 
Mn Ti 

054811-V (1) 
(2) 

Fe 
Fe 

Si Mn 
Si Mn 

Cr 
Cr 

The gold and cobalt in these ferrosilicon grains were determined semi-quantitatively as shown in Table 5. 

TABLE 5 

Semi-quantitative determination of gold and 
cobalt in ferrosilicon grains 

Sample Spot Au, <?o Co, Wt 
054811-1 (1) 

(2) 
B.D.L.» 
B.D.L. 

B.D.L. 
B.D.L. 

054811-11 (1) 
(2) 

0,33 
B.D.L. 

0,43 
0,41 

05481 l-III (1) 
(2) 

B.D.L. 
B.D.L. 

B.D.L. 
B.D.L. 

054811-IV 0)t 
(2) 

0,76 
B.D.L. 

0,38 
B.D.L. 

054811-V (I) 
(2) 

B.D.L. 
B.D.L. 

0,39 
B.D.L. 

* B.D.L. - Below detection limit 
Detection limit for Au in ferrosilicon = 0,03V» •) at 96*» 
Detection limit for Co in ferrosilicon = 0,02V» J confidence level 

t Appeared to be a small 'inclusion' within the ferrosilicon grain. This could be due 
to a smear of gold on the surface of the grain deposited during polishing 

i 
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FIGURE 2. Photomicrographs of certain constituents of the three samples (the bar is equivalent 
to 50fxm) 
1. An example of the texture of gold ore from Fairs ievv. Irregular gold (Au) grains (diameter 

less than 25/iin) are enclosed with enargite (En) in pyrite 
2. A large grain of arsenopyrite (Ap) associated with ehalcopyrite (C"p) and sphalerite (Sp) 

in the notation concentrate. 
3. Pyrite (Pyr) is the most abundant sulphide in the notation concentrate. A small amount 

of gold (Au) in the notation concentrate is already liberated, but the bulk o\' the gold remains 
locked in the pyrite. 

4. A polished section of the calcined tailing The most abundant constituent is porous hematite 
(Hem), which is accompanied by a small amount of unoxidized pyrite (Pyr), and sometimes 
pentlandite (Pt). 

5. Typical mode of occurrence of the porous, botryoidal hematite (Hem) aggregates in a 
polished section of the calcined tailing. Unoxidized pyrite (Pyr) grains are frequently 
surrounded by a rim of hematite. 

6. Small particles of gold (Au) locked in a grain of unoxidized pyrite (Pyr) in the calcined 
tailing. The size of the angular pyrite grains is normally less than 150 jim, and that of the 
gold grains 20/xm at the most. 



REKRACTORV GOl D OR! 

7 »» 

Hem 

H e m 



REFRACTORY GOLD ORE 

FIGURE 3. Photomicrographs of magnetite, carbon, and ferrosilicon in the calcined tailing (the 
bar is equivalent to 50 j*m) 
7. A grain of magnetite in the calcined tailing showing strong martitization, i.e. alteration 

to hematite, on its edges. 
8. A grain of magnetite (Mt) in the calcined tailing surrounded by a very regular zone of 

hematite that formed as a result of oxidation in the roasiing steps. 
9. An irregular grain of gold-bearing carbon (1r) in the calcined tailing. 

10. A well-liberated grain of gold-bearing manganese-containing ferrosilicon (Fe) in the heavy 
fraction of the calcined tailing. 

11. A grain of ferrosilicon (Fe) surrounded by a rim of pcrous hematite (Hem) in the heavy 
fraction of the calcined tailing. 

12. Small specks of ferrosilicon (white) enclosed in hematite (grey). 
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With the electron-microprobe techniques used, the gold and cobalt contents of the pyrite appeared 
always to be below the detection iimit, which was 0,03 and 0,02 per cent respectively. 

4. THE METALLURGICAL PROCESS AT FAIRVIEW MINE1 

The gold ore is crushed in a conventional crushing circuit and milled on the milling circuit shown in 
Figure 4. 

The flotation circuit has a rougher-scavenger-cleaner configuration. The cleaner tailing and scavenger 
concentrate are scavenged to produce a low-grade final cleaner tailing, which can be discarded. The final 
flotation concentrate carries gold at 155 p.p.m., 28 per cent sulphur, and 8 per cent arsenic at a gold recovery 
of about 89 per cent. 

The reagents used are copper sulphate, Acrol J2P, sodium isobutyl xanthate, Aerofloat 208, and R55 
frother. 

The sulphide concentrates are subjected to a two-stage roast in Edwards roasters (Figure 5). The first 
stage is a reducing roast to volatilize the arsenic as As 20,, which is removed from the off-gases in a wet 
scrubber. The slurry is thickened and flows to the arsenic storage dams to await possible future treatment. 
The second-stage roast is carried out in an oxidizing atmosphere to convert the sulphur to SO, and small 
quantities of SO,. Off-gases pass through the Tornado cyclone to remove the entrained solids (fly ash). 

The roaster discharge (calcine) is passed over a corduroy table followed by a James tabic for the removal 
of free gold, and then goes to a hydrocyclone. The overflow passes to the calcine thickener and the underflow 
to the calcine ball mill. The mill discharge is recycled to the James table for the recovery of liberated free 
gold, thp table tailing returning to the cycione. 

The thickener underflow is treated with cyanide, the pH value being kept at or below 11 to minimize 
the dissolution of arsenic. The pregnant solution is clarified in sand darifiers. 

The residue from the filter passes to a carbon-in-pulp adsorption circuit, where soluble gold is adsorbed 
onto activated carbon The gold is eluted from the loaded carbon with caustic cyanide solution followed 
by wa:er, and the eluted carbon is regenerated. The eluate is returned to the gold-precipitation circv;t. 

"''he gold slime from zinc-dust precipitation is calcined a;,d smelted, together with the free gold from 
grav'ty concentration, to produce bars. 

5 DISCUSSION 
This study identified three ways in which the gold occurs. 

(a) Gold occluded within unoxidized pyrite. The total fraction of gold occurring in this way appears 
to be insignificant since the total percentage of unoxidized pyrite appears to be about 0,2. However, 
detailed image analysis is necessary to confirm this. 

(b) Gold adsorbed on cc.rbon. If it is assumed that all the gold reporting in the calcined tailing float 
occurs in this manner, then 26,2 per cent of the gold is adsorbed onto carbon. However, this figure 
needs confirmation. The carbon may represent residue coal from the stockers or may be an original 
constituent of the ore. 

(c) Gold in ferrosilicon. The formation of ferrosilicon in these calcines is enigmatic, and the reason 
why they should contain gold is not understood. 

The temperatures used in the roasting of the sulphide concentrate at Fairview Mine appear to be far 
too low for the formation of ferrosilicon. The mechanism for the production of ferrosilicon (75 per cent) 
can be represented by the following reaction: 

f SiO -» Si 
C - SiC Fe 

I Si0 2 -» Si -» 'Si] 
Fe 

C - SiO C - Si 

s«o 2 % . _ „. .„, F e 

Fe 

After reduction of Si0 2 by carbon to SiC and SiO, these two intermediate products react with each other 
or with the ingredients of the charge to form Si, which then forms i alloy with the iron2. 

8 
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FIGURE 4. Flowsheet for the milling and flotation steps 
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FIGURE 5. Flowsheet for the roasting -*nd cyanidation steps 
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The following tempcratv.res for the start of the reaction at a pressure of 1,0133 x lO'Pa (I atm.) were 
calculated from the free enthalpies2: 

Si0 2 + C - S i 1650 °C 
SiO, + C - FeSi (90%) 1627 °C 
Si0 2 + C + Fe - FeSi (75%) 1587 °C 
SiO, + C + Fe - FeSi (45%) 1540 °C 
SiO, + C + Fe - FeSi (33%) 1430 °C 
SÍO; + C - SiC •537 °C 
SiO, + SiC - Si .827°C. 

From these temperatures it can be derived that the reduction reaction for the production of ferrosilicon 
alloys occurs through the prior production of silicon carbide and silicon oxide. For the production of 
ferrosilicon (75 per cent), the optimum temperature lies between 1850 and 1900 °C, and thus above the 
equilibrium temperature for the reaction of silicon carbide with quartz", i.e. SiO, + SiC -» Si. 

Furthermore, the occurrence of gold and cobalt in the ferrosilicon grains as shown by the analyses 
appears to be too erratic (Table 5) for any firm conclusion to be drawn from the present investigation. 

6. CONCLUSIONS AND RECOMMENDATIONS 
The identification of a significant proportion of gold adsorbed on carbon represents a major increase 

in the information on the occurrence of gold in the dump of calcined material at Fairvi /. However, 
uncertainties still .,urround the relative amounts of gold occurring in various ways, and there is scope for 
a detailed investigation using the image analyser and possibly other techniques to produce complete 
quantitati\e data. It is possible that some gold occurs in a manner not yet identified. 
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