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Oxidation state of gold and arsenic in gold-bearing arsenian pyrite
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ABSTRACT

XANES measurements on gold-bearing arsenian pyrite from the Twin Creeks Carlin-type gold
deposits show that gold is present as both Au0 and AuI+ and arsenic is present at AsI–. Au0 is attributed
to sub-micrometer size inclusions of free gold, whereas AuI+ is attributed to gold in the lattice of the
arsenian pyrite. STEM observations suggest that AsI– is probably concentrated in angstrom-scale,
randomly distributed layers with a marcasite or arsenopyrite structure. Ionic gold (AuI+) could be
concentrated in these layers as well, and is present in both twofold- and fourfold-coordinated forms,
with fourfold-coordinated AuI+ more abundant. Twofold-coordinated AuI+ is similar to gold in Au2S
in which it is linearly coordinated to two sulfur atoms. The nature of fourfold-coordinated AuI+ is not
well understood, although it might be present as an Au-As-S compound where gold is bonded in
fourfold coordination to sulfur and arsenic atoms, or in vacancy positions on a cation site in the
arsenian pyrite. AuI+ was probably incorporated into arsenian pyrite by adsorption onto pyrite sur-
faces during crystal growth. The most likely compound in the case of twofold-coordinated AuI+ was
probably a tri-atomic surface complex such as Spyrite-AuI+-Sbi-sulfideH or AuI+-S-AuI+. The correlation
between gold and arsenic might be related to the role of arsenic in enhancing the adsorption of gold
complexes of this type on pyrite surfaces, possibly through semiconductor effects.
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INTRODUCTION

Carlin-type gold deposits are of interest to the mineralogical
community because of the unusual and still poorly understood
setting for the gold they contain. Knowledge of the form of gold
in these deposits is important to understanding the relevant chemi-
cal reactions, the origin of these deposits and the geological
models that guide exploration for them. It is also important in
developing cost-effective methods to recover gold from the ores.

Carlin-type deposits contain pyrite, other sulfide or gangue
minerals, and organic matter, all of which are potential hosts
for gold (Hausen and Kerr 1968; Radtke et al. 1972; Hausen
1981). Organic matter has low gold contents and plays a pas-
sive role in gold deposition (e.g., Hausen and Park 1985; Radtke
1985; Kettler 1990). SEM/electron microprobe, synchrotron
radiation-induced X-ray fluorescence, and Auger/high resolu-
tion transmitted electron microscopy (HRTEM) analyses show
that illite and quartz are not important hosts for gold (Chao et
al. 1986; Hausen et al. 1987; Bakken et al. 1989). Wells and
Mullens (1973) and Radtke (1985) had found detectable levels
of gold and arsenic in small grains of pyrite or thin overgrowths
of pyrite on earlier large pyrite grains. Subsequent ion probe
(SIMS) analyses (Chryssoulis 1990; Bakken et al. 1991b;
Arehart et al. 1993; Sha 1993) showed that arsenic-rich pyrite

(arsenian pyrite) is the dominant host for gold in Carlin-type
deposits. Cline et al. (1997) and Simon et al. (1997, 1999) con-
firmed the importance of arsenian pyrite as a host for gold in
Carlin-type deposits, and Simon et al. (1999) reported that it
contained as much as 1465 ppm gold.

Pyrite could incorporate Au through various mechanisms
including solid solution or minute inclusions of gold or gold-
bearing minerals. Bakken et al. (1989) used Auger and HRTEM
to detect 50 to 200 Å gold inclusions in arsenian pyrite, whereas
Bakken et al. (1991b), Arehart et al. (1993), and Sha (1993)
interpreted SIMS and TEM observations to indicate that gold
was homogeneously distributed in arsenian pyrite. Bakken et
al. (1991b) and Arehart et al. (1993) noted that the ion beam
could not resolve gold-bearing inclusions smaller than about
20 Å, but that significant heterogeneity in Au distribution would
likely be observed in SIMS traverses if most gold was present
entirely in inclusions rather than in a more dispersed form such
as solid solution. Ion probe analyses of arsenian pyrite showed
a positive correlation between Au and As concentrations (Cook
and Chryssoulis 1990; Bakken et al. 1991a, 1991b; Arehart et
al. 1993; Fleet et al. 1993; Fleet and Mumin 1997) and an ap-
parently negative correlation between Au and Fe (Fleet and
Mumin 1997). On the basis of these observations and prelimi-
nary X-ray photoelectron spectroscopic measurements, Arehart
et al. (1993) suggested Au3+ entered the arsenian pyrite struc-
ture through coupled substitution for Fe and As, whereas Sha
(1993) suggested that Au(HS) was adsorbed onto the surface
of arsenian pyrite.


