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ABSTRACT
Invisible gold in natural and synthetic arsenian pyrite and marcasite correlates with
anomalous As content and Fe deficiency, and high contents of invisible gold in most natural
and all synthetic arsenopyrite correlate with excess As and Fe deficiency. As-rich, Fe-deficient arsenopyrite synthesized hydrothermally contains up to 3.0 wt% Au uniformly distributed in growth zones of light backscattered electron contrast. At the Deep Star gold
deposit, Carlin Trend, Nevada, the sulfide compositions apparently span the full range of
metastability from FeSz to near FeAsS (40 at% S); arsenian pyrite contains up to 0.37 wt%
Au, but arsenopyrite has excess S and is relatively Au poor. Observed minimum Fe contents are 29.1 at% in arsenian pyrite and marcasite from the Deep Star deposit and 31.3
at% in synthetic arsenopyrite. We suggest that invisible gold in arsenian pyrite and marcasite and arsenopyrite from sediment-hosted gold deposits represents Au removed from
ore fluids by chemisorption at As-rich, Fe-deficient surface sites and incorporated into the
solids in metastable solid solution. However, the oxidation state of invisible gold (Aua,
AU1+) remains uncertain because the chemisorption process is intrinsically nonsystematic
in terms of crystal-chemical parameters and does not result in definitive atomic substitution
trends.

INTRODUCTION
In sediment-hosted gold deposits and some mesothermal lode-gold deposits, a substantial fraction of Au is
present as "invisible gold" within grains of iron sulfide
and sulfarsenide minerals (principally pyrite and arsenopyrite). Previous studies have established that invisible
gold is spatially associated with local As enrichment in
pyrite grains (Wells and Mullens 1973; Fleet et al. 1989;
Cook and Chryssoulis 1990; Bakken et al. 1991; Fleet et
al. 1993; Arehart et al. 1993; Mumin et al. 1994; Michel
et al. 1994). Fleet et al. (1993) concluded that Au is probably incorporated into metastable solid solution in arsenian pyrite via As-rich growth surfaces. Similarly, Arehart
et al. (1993) suggested that Au in arsenian pyrite is present as a charged species (Au3+) and was probably deposited with As as coupled substitutions in pyrite. However,
the chemical state of invisible gold in pyrite remains controversial because (1) the substitution reaction(s) has not
been demonstrated through element correlations, (2) submicroscopic particles of Au (colloidal gold) may be present (e.g., Bakken et al. 1989; Cook and Chryssoulis 1990;
Mao 1991; Fleet et al. 1993), and (3) available
spectroscopic techniques yield ambiguous results for
trace amounts of Au (e.g., M6ssbauer spectroscopy: Cathelineau et al. 1989; Wagner et al. 1994; X-ray photoelectron spectroscopy (XPS): Mycroft et al. 1995).
Fleet et al. (1989, 1993) and MacLean (1991) developed a potassium permanganate staining technique for
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polished sections of ore minerals and used it to map the
As distribution in pyrite grains from a wide variety of
gold deposits. The resulting complex optical micrographs
revealed both multistage and episodic rock-fluid activity
in in situ gold-deposit systems. An early application of
their surface-staining procedure showed that the compact
rounded pyrite grains in quartz-pebble conglomerate gold
ore from the Witwatersrand basin of South Africa were
indeed detrital in origin (MacLean and Fleet 1989), thus
providing further evidence for a detrital origin for this
important class of gold deposit. From Fleet et al. (1989,
1993), MacLean (1991), Mumin et al. (1994), and unpublished work, authigenic arsenian pyrite appears to be
associated with sediment-hosted, epithermal, and lowtemperature mesothermal gold deposits in carbonate-bearing host rocks that have not been metamorphosed beyond
middle low-grade conditions.
Fleet et al. (1989) reported As contents in pyrite from
gold deposits of up to 8 wt% (5 at%), far in excess of
the maximum As content expected from laboratory experiments in the dry Fe-As-S system (Clark 1960) extrapolated to low and very-low geological temperatures.
They demonstrated an inverse correlation of As with S
consistent with the solid solution Fe(Si-xAsx)2 for the natural arsenian pyrite of their study. However, the compositions of natural and synthetic arsenopyrite (FeAsS) have
been interpreted as indicating both a ligand and a cation
role for As (e.g., Johan et al. 1989; Wu and Delbove
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