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Marcasite oxidation in low-temperature acidic (pH 3.0) solutions:
Mechanism and rate laws

M.J. RINKER, H.W. NESBITT, AND A.R. PRATT

Department of Earth Sciences, University of Western Ontario, London, Ontario N6A 5B7, Canada

ABSTRACT

Marcasite surfaces were analyzed using X-ray photoelectron spectroscopy (XPS) and
auger electron spectroscopy (AES). XPS data of a pristine marcasite surface are used as
a template to examine the characteristics of a marcasite surface after exposure to vigorous
cleaning procedures and after reaction in oxygenated and mildly acidic (pH 3.0) solution.

Minor changes are observed to the Fe(2p3/2) spectrum after cleaning the surface with
concentrated HCl. A new species is observed at approximately 709 eV, representing 10–
15% of the total Fe spectrum. Chloride was detected by XPS broadscans and OH2 was
observed in the O(1s) spectrum. The new Fe species at 709 eV may be associated with
either OH2 or Cl2.

XPS sulfur spectrum of the surface exposed to oxygenated, HCl solution (pH 5 3.0)
indicates that polysulfide increases at the expense of disulfide. The Fe species observed at
709 eV is also present and represents 10–15% total Fe. XPS broadscan analyses indicate
trace amounts of chloride. Oxide O22 is absent from the O(1s) spectrum but OH2 is present.
AES depth profiles reveal no compositionally distinct zones after reaction.

Leach rates for the aqueous oxidation of marcasite were determined at 25 8C in O-sa-
turated chloride solution at pH 3.0. Two rate experiments were performed on crushed and
sieved size fractions of marcasite: one sample was vigorously cleaned to investigate fun-
damental aspects of marcasite leaching and the other was untreated to simulate conditions
found in natural environments. The oxidative leach rate of Fe(aq) from pristine marcasite
is 4.25 3 1025 mmol/(m2·s). Analyses of aqueous S speciation reveal fluctuations in S
content of oxidation state lower than SO . The XPS results suggest that the fluctuation22
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may result from periodic release of polysulfide to solution, after accumulation on the
reactive marcasite surface.

INTRODUCTION

Marcasite is a naturally occurring phase of the Fe-S
system, has an FeS2 composition, and is a dimorph of
pyrite. Marcasite forms at low temperatures (Newhouse
1925) and is often found as an alteration product of pyr-
rhotite oxidation in mine waste dumps (Fleet 1970; Jam-
bor 1994; Pratt 1995). Oxidation of marcasite contributes
toward the formation of acid mine drainage, the formation
of acid sulfate soils, and the formation of sandstone-type
U deposits (Wiersma and Rimstidt 1984).

The oxidation of marcasite contributes to acid gener-
ation according to the following overall reactions:

FeS2 1 7⁄2O2 1 H2O → Fe21 1 2SO 1 2H122
4 (1)

with O2 as the oxidant (Garrels and Thompson 1960), and

FeS2 1 14Fe31 1 8H2O → 15Fe21 1 2SO 1 16 H122
4

(2)

with Fe31 as the oxidant (Singer and Stumm 1970). So-
lution Fe21 in the above reactions may be oxidized to
Fe31, and therefore recycled as an oxidant according to:

Fe21 1 ¼O2(aq) 1 H1 → Fe31 1 ½H2O (3)

(Brown and Jurinak 1989). Oxidation of the S component
of marcasite to sulfate requires a transfer of 14 electrons.
Because only one or two electrons are transferred per
elementary oxidation reaction (Nordstrom 1982), the
complete oxidation of marcasite must be composed of
several intermediate steps that cause the production of
intermediate S products such as thiosulfate, sulfite (Moses
et al. 1987), and possibly polysulfides. Here polysulfides
include hydropolysulfides (or sulfanes) (Tossell et al.
1981) because they cannot be distinguished by X-ray
photoelectron spectroscopy (XPS).

Investigations of sulfide oxidation are often achieved
by grinding samples to a grain size representative of mine
waste tailings. Typically samples are placed in a batch-
type reaction vessel (Williamson and Rimstidt 1994), and
analyses of aqueous Fe and S species are used to obtain
information regarding the rate law for mineral oxidative
dissolution. Attempts were made to use this type of anal-
ysis to propose a mechanism for oxidation (Lowson 1982;
McKibben and Barnes 1986). Activation energies pre-
sented for the oxidative dissolution of marcasite and
pyrite (Wiersma and Rimstidt 1984; McKibben and


