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A survey of the ! ssbauer spectra of naturally occurring gold species is given. Gold
‘minerals have been m..ned s natural specimens or as synthetic nnn\oq Gold jmpurities have
been idenifed in pyrites and arsenopyrites. An example of the use of 215l and *'Fe Méssbauer
spectroscopy in characterising gold-bearing ore mincrals is giv

1. Introduction

The use of complex sulfidic ores for commercial gold production has increased considerably
in recent years. A knowledge of the state of gold in such materials is important for demgnmg
improved methods of gold recovery, but both optical and electron microscopy often
yield the required information because the gold is cither too finely distributed to be vi e
or chemically bound as an impurity in various host minerals [1,2}. Such gold often cannot be
extracted by cyanidation without previous steps of beneficiation, such as roasting or bacterial
oxidation.” During recent years, Méssbauer spectroscopy with the 77 keV resonance in '*7Au
has emerged as a useful method for studying the chemical state of gold in such ores [3-7].
Massbaver spectra of sulfidic ores can presently be measured with good statistical accuracy
down to gold concentrations of about 50 ppim. Howerer, the malyhod pares of Massbauer
largely depends on
analyses, the Lamb-Mssbauer f-factors of gold in different bonding states are A el T
the following, e will present such data.as well 56 an example of the use of *ISb and *TFe
Massbauer in the ion of natural, gold-bearing ore mincrals.

2. 197Ay Méssbauer data for gold minerals and ores

Data for gold minerals and a selection of results for gold ores and alloys are compiled
in Table 1. Natural mineral specimens were studicd whenever available; otherwise synth
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Table 1

297 A Misbauer paramees of some gold loys,of gold minerals, and of i
senmeters of sme gold lloys, of gold minerals, and o the combined gold bserved in

pyritic and arsenopyritic gold orce. 15 e £ shift. with respect to n source of metallic platinum,

35 th secic qencrapets spltbi, /fsn the Laass Mosinanes I'-ciar elative to that of metallic gold,
and R the relative intensity (area) of & component i the spectru

Material IS (mm/s) QS (mm/s) Hfan RI(%)
Metallic gold and gold alloys

Au —122(1) = 10 o
Avo.o1ABo.08 +0.68 (1) - 095 (2 100
Auo.0Cug 35 4276 (2) - 133 (2 100

Gold minerals (synthetic specimens are denoled by an asterisk)

AuTez (calaverite) +1.97 E:} 243 (3) 63 (2
+0.42 (3 177 (5) 27 (2
Auo.2Ag.sTes (krennerite) +1.54 (2) 2.75 (2) 63 %2
4014 (1) 208 (5) 27 (2)
AuAgTe; (sylvanite) +1.71 (1) 2.64 (2) 91 (1
Smm o gy o 1)
AuCuTey (kostovite)® +1.61 8 256 éz; 85 (1)
+0.15 (2) 2,01 (3) 15 (1
(Au,Sb)Tes (montbrayite) +1.48 (1) 231 (2) 58 51}
+0.57 (2) 190 (2) 42 (1)
AgsAuTe; (petaite) 4119 (2) 456 (1) 100
Agshuse (Tchencite) +1.20 (1) 4.96 (1) 100
AgsAuS; (uytenbogaardtite)” +1.60 (1 542 (1) 100
PopAu(TeSt)Sa.s (u-gyngll.t) 167 ui 356 (1) 100
AuSby (aurostibite] +2.33 (2) - 100
TIAB) AusSbioS1o (criddiite)” +2.36 (1) — 100
AugBi (maldonite)” +0.07 u) 331 (2) 100
Gold in ore concentrates (nonmetallic components only)
Au:FeS; (%90 ppm)(1) +2.49 (5) = 185(35)  91(2)
Au:FeS; (250 ppm)() +3.13 (9) - 100
AucFeS; (2100 ppm)() +3.49 (7) — 1.64 (30) 100
Au:FeS; (2400 ppm)(*) +4.01 (6) - 34 (2)
AuFeAsS (%5160 ppm)(®) +3.28 (5) - 100
Au:FeAsS (1800 ppm)(®) +3.53 (1) — 145 (4) 100
Au:FeAsS (150 ppm)(") +3.62 (3) — 1.46 (6) 100
Au:FeAsS (6400 ppm)(®) +3.62 (2) - 77 (1)

Origin: ) Columbia; ) Golden Bear Deposit, Northwestern British Calumbia, Canada; () Villeranges,
France; () Newhawk Gold Mines, Northern British Columbia, Canada; *) Barbrook Mine, Eastern
Transvaal, South Africa; () Le Chatelet, Creuse, France; (") New South Wales, Australia (cf. ref. [6]);
®) Synthetic, prepared as described in refs. [16,17]).

analogues were prepared. The ore concentrates containing chemically bound gold listed in
Table 1 are pyrites, rsenopysites, of mixtures thereof in which the gold is mainly contained in
the Data for a synthetic gold-b are also included.

The Massbauer spectra of most gold minerals are cleciric quadrupole doublets or sin-
gle lines. Two doublets are required to fit the spectra of the ditellurides. In AuTe; and
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N [ % £ [

Velocity (mm/s) Velocity (mm/s)
Fig. 1: 125 (left) and *"Fe (nghl) Massbauer spectra of a gold ore concentrate consisting of a mixture
of arsenopyrite and pyrite. The 121Sb spectrum was taken at 4.2 K with a source of Ba'?!5n03, the
57Fe spectrum at 300 K with & source of *"Co in Rh.

Auo.2Ago.sTes this is justified by the presence of two crystallographically different gold sites
[8). In AuAgTe, and AuCuTes, the weak second doublet must be attributed to deviations from
stoichiometry or to disorder between the Au and Ag (or Au and Cu) sublattices. The spectrum
of montbrayite ((Au,Sb); Tes, [9]) is similar to that of calaverite. The studied criddleite was the
synthetic material that had also been used in the characterization of this mineral [10]. The f
factors given in Table 1 were determined relative to that of metallic gold (f = 0.188(1) [11])
from simultaneous measurements with a reference absorber. Since the gold content of ore con-
centrates is usually not known very accurately, the f factors of these materials were determined
by a method that does not rely on an independent determination of the gold content [6]. The
1974y Méssbauer spectra of gold in pyrites and arsenopyrites often consist of a metallic com-
ponent and of a pattern arising from chemically bound gold. The latter gives rise to somewhat
broadened, sometimes slightly asymmetric lines with no clear quadrupole splitting. For pyrite,
the centre shifts cover a rather wide range of values between about +2.5 and +4.0 mm/s; the
shifts for arsenopyrites fall into a narrower range between about +3.2 and to +3.7 mm/s. In the
pyrites listed in Table 1 no FeAsS could be detected by *"Fe Mssbauer spectroscopy, which sets
an upper limit of about 0.5% for the FeAsS content, but clementary analyses [12-13] usually
reveal the presence of several thousand ppm of As in the pyrite lattice. Unless the gold in FeS;
is contained in rare but very gold-rich micro-inclusions of FeAsS, it presumably replaces Fe in
the FeS, lattice. The range of isomer shifts for Au in pyrite could then atise from As impuitics
clustering near the Au solutes. In the of the gold for
iron would be subject to smaller variations arising from non-stoichiometry and disorder.

. 1215} and 57Fe Mdssbauer spectroscopy

Gold-bearing arsenopyrite often contains percent amounts of antimony [12-14). Johan
et al. [14] suggested that antimony occupies iron sites in FeAsS, but a replacement of arsenic
or sulfur by Sb cannot be ruled out. '1Sh Méssbauer spectroscopy can help to answer such
questions. Fig. 1 shows the 2!Sb and *Fe spectra of a concentrate from Le Chatelet, France
(cf. Table 1), which contains about 1 wt.% Sb, and in which, according to the iron Méssbauer
spectrum, 32% of the iron is bound in FeS; and 68% in FeAsS. The 2!Sb spectrum contains a
weak contribution of stibnite (SbaS3) and a very weak Sb(V) component, but the majority of
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the antimony yields a narrow quadrupole pattern with Méssbauer parameters (IS = ~10.2(1)
mm/s with respect to the BaSnOs source, eQVy, = —15.4(4) mm/s, 7 = 0) that are very close
to those found for *2!Sb in FeSbS, the mineral gudmundite (1S = —10.0(1) mm/s, eQV,.
~15.6(2) mm/s, 7 = 0), which has an arsenopyrite-type structure [15] in which the antimony s
tetrahedrally coordinated to one sulfur and three iron neighbours, as is arsenic in FeAsS. This
strongly suggests that Sb in arsenopyrite replaces arsenic.

Conclusions

We have presented Massbauer data for gold minerals, which will be useful in the inter-
pretation of the spectra of natural gold-bearing materials. We have also shown that '2Sb
Massbauer spectroscopy can be used to study the chemical state of trace amounts of antimony
in such materials, while ¥ Fe Méssbauer spectroscopy may be considered a standard method for
characterizing the state of the iron that s usually a major constituent of gold ores.
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