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Abstract
The transformation of pyrrhotite to Fe disulfide (pyrite and/or marcasite) under hydrothermal
conditions was studied experimentally by probing the effects of temperature (up to 220 °C, vaporsaturated pressures), ΣS(-II) concentrations, pH, and availability of oxygen on reaction progress and
on the resulting textures.
The pyrrhotite to Fe disulfide reaction proceeded by a dissolution-reprecipitation mechanism
under all conditions. Marcasite and pyrite formed under both oxic and anaerobic conditions, which
is inconsistent with the traditionally assumed polysulfide route for FeS2 formation (oxidants required
for polysulfide formation). The nature of the products was controlled by the level of supersaturation
of the solution with respect to Fe disulfide minerals. Marcasite formed preferentially at low pH or
S(-II)-deficient solutions (saturation index << 1000), while pyrite was the main product at saturation
indices >1000.
Different textures were obtained for the replacement of pyrrhotite by either pyrite or marcasite.
Pyrite formation proceeded by direct replacement of pyrrhotite and, simultaneously, by overgrowth
from solution. The pyrite crystals were >10 µm in size and randomly oriented. In comparison, marcasite
crystals were <1 µm in size, and no significant overgrowth was observed. At pH21°C <3, the marcasite
nanocrystals showed the well-known crystallographic relationship with pyrrhotite, but at pH21°C 3.96, the
marcasite crystallites were randomly oriented. These experimental results confirm that the preservation
of the crystallographic orientation is not a distinguishing feature between dissolution-reprecipitation
and solid-state reactions. The different textures among pyrite and marcasite reflect the dominance of
crystal growth (pyrite) vs. nucleation (marcasite) as a precipitation mechanism.
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Introduction
The most widespread Fe sulfide minerals, pyrrhotite (Fe1–xS,
x = 0∼0.125), pyrite (cubic FeS2), and marcasite (orthorhombic
FeS2), are commonly associated with mineralization of various
types, and are important S-bearing phases in many rocks, including coal, sedimentary, and metamorphic rocks (Murowchick
1992). Pyrrhotite is a nonstoichiometric compound with the
NiAs-type structure (Thomas et al. 2001; Wang and Salveson
2005). Although many“polytypes” or ordered supercell forms
are known, there are two basic subgroups: the hexagonal pyrrhotites with compositions centering on Fe10S11, and the Fedepleted monoclinic pyrrhotites with compositions generally
around Fe7S8 (Vaughan and Craig 1978). In many ore deposits,
pyrrhotite has partially or completely been replaced by pyrite
or marcasite (e.g., Einaudi 1971; Fleet 1978; Ramdohr 1980).
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Pyrite commonly contains pyrrhotite inclusions, indicating that
early pyrrhotite has been replaced by pyrite, especially along
evolving temperature and redox gradients (e.g., Mernagh et al.
2004; Sung et al. 2009).
The transformation of pyrrhotite to pyrite, sometimes with
marcasite as an intermediary, results in various textures (Fig. 1),
and correct interpretation of textures is important for deciphering
the evolution of mineralizing systems (Murowchick 1992). Secondary marcasite replacing pyrrhotite is found either to display
three preferred orientations, reflecting the hexagonal symmetry
of the NiAs-type subcell of the parent pyrrhotite (Fleet 1978;
pathway 1 in Fig. 1), or with random orientations (Murowchick
1992; pathway 2 in Fig. 1). In contrast, pyrite that directly
replaces pyrrhotite usually lacks an orientational relationship
with the parent grains (Murowchick 1992; pathway 2 in Fig.
1). Micrometer-size gaps, often filled with various accessory
minerals such as hisingerite, siderite, and magnetite, are often
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