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ABSTRACT

In orogenic systems, pyrite hosts both free-native and lattice-bound gold. The processes governing gold
habit, however, remain uncertain and subject to widespread debate. In this study, we employ micro-to-
nanoscale trace element mapping alongside crystallographic characterization of gold-rich pyrite from
the KanownaBelle deposit (WesternAustralia) to probe themechanisms influencing gold precipitation.
Our examination reveals a complex chemical zoning in mineralized pyrite samples, characterized by an
As-depleted core (As≤2.5 wt%; Au≤149 ppm) and rim (As≤2.5 wt%; Au≤264 ppm), separated by an
As-Au-rich bandedmantle (As≤4.5 wt%; Au≤2251 ppm). Pyrite structure in themantle domain shows
that low-angle boundaries mostly follow the shape of As-rich oscillatory zones. Gold in the pyrite
mantle domain occurs as: (1) lattice-bound Au associated with As-rich oscillatory zoning; (2) gold
micro-inclusions formed in equilibrium with arsenopyrite inclusions hosted within convoluted
As-depleted pyrite domain; and (3) Au-filled late-stage fractures that crosscut the pyrite mantle.
The shift in pyrite chemical composition fromAu- and As-poor pyrite cores to Au- and As-rich mantles
suggests that lattice-bound Au may have been integrated into As-rich zones via chemisorption during
rapidly changing fluid conditions. Conversely, we propose that the gold inclusions hosted within the
As-depleted convoluted domain form through a coupled dissolution re-precipitation process driven by
fluid infiltration along low-angle boundaries. This study underscores the significance of linking arsenic
distribution and crystallographic characteristics to comprehensively understand the controls on both
gold form and distribution in gold deposits.
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INTRODUCTION

The coupling between Au and As in pyrite has been well docu-
mented over various gold mineral systems (Cook and Chryssoulis
1990; Cline 2001; Reich et al. 2005; Deditius et al. 2014;
Pokrovski et al. 2019). The Au content in pyrite is often positively
correlated with As content (Reich et al. 2005; Deditius et al. 2014;
Pokrovski et al. 2019; Sugiono et al. 2022), and the ubiquity of
Au- and/orAs-bearingmineral inclusions in pyrite further supports
the close association between both elements (Sung et al. 2009). A
compilation from a range of gold deposits has also shown that the
Au:As ratio controls the habit of gold in pyrite (Reich et al. 2005;
Deditius et al. 2014). Although the exact processes explaining how
As may play a role in the incorporation of Au in pyrite remain
debated, experimental work and natural rock characterization sug-
gest that Asmay promote the incorporation of Au into the lattice of
pyrite and arsenopyrite during crystal growth (Deditius et al. 2014;
Kusebauch et al. 2019; Pokrovski et al. 2019).

Earlier work by Fleet andMumin (1997) suggested that Au is
incorporated in pyrite by chemisorption reactions made possible
by substituting S with As in the pyrite lattice. Atomic-scale
observations using atom probe tomography (APT) on Au-rich
pyrite demonstrated that As and Au are spatially collocated into
the pyrite (Gopon et al. 2019). Furthermore, Gopon et al. (2019)
proposed that point defects in the pyrite lattice created by the
presence of As could serve as a dominant process leading to
Au incorporation. Crystal-plastic deformation has been shown
to be an important mechanism for Au concentration in pyrite
and the enrichment of dislocations (Fougerouse et al. 2021).
However, beyond a certain Au:As ratio, Au atoms in pyrite are
no longer bound in the lattice but cluster to form nano/micropar-
ticles of native gold (Reich et al. 2005; Deditius et al. 2014),
whose stability then depend strongly on temperature conditions
(Reich et al. 2006). Other processes, such as rapid precipitation
and growth rate, have been proposed for the decoupling of As
and Au in pyrite and the formation of Au nanoparticles in arse-
nopyrite, respectively (Fougerouse et al. 2016c; Wu et al. 2021).
Redox conditions also exert a strong control on Au incorporation
in arsenopyrite, which then affects Au in coexisting pyrite
(Pokrovski et al. 2021).
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