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Anisotropic elasticity of jarosite: A high-P synchrotron XRD study
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Abstract
The elastic properties of jarosite were investigated using synchrotron X-ray diffraction coupled
with a multi-anvil apparatus at pressures up to 8.1 GPa. With increasing pressure, the c dimension
contracts much more rapidly than a, resulting in a large anisotropy in compression. This behavior
is consistent with the layered nature of the jarosite structure, in which the (001) [Fe(O,OH)6]/[SO4]
sheets are held together via relatively weak K-O and hydrogen bonds. Fitting of the measured unit-cell
parameters to the second-order Birch-Murnaghan equation of state yielded a bulk modulus of 55.7 ±
1.4 GPa and zero-pressure linear compressibilities of 3.2 × 10–3 GPa–1 for the a axis and 13.6 × 10–3
GPa–1 for the c axis. These parameters represent the first experimental determination of the elastic
properties of jarosite.
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Introduction

ing, thereby forming [Fe(O,OH)6]/[SO4] sheets perpendicular
to the c axis. Potassium cations are located between the (001)
[Fe(O,OH)6]/[SO4] sheets with each K being coordinated to
six O atoms [from (SO4) tetrahedra] and six OH groups {from
[Fe(O,OH)6] octahedra}. The unique distribution of magnetic
Fe3+ ions within the (001) sheets of jarosite results in its interesting magnetic structure and properties. Neutron diffraction
experiments reveal that jarosite exhibits long-range magnetic
ordering when cooled below 65 K, as evidenced by the appearance of magnetic reflections at hkl/2, l = odd (Inami et al. 2000).
This magnetic ordering is interpreted to result from the coupling
between the jarosite (001) sheets exhibiting a net magnetization,
which is mainly due to Dzyaloshinsky-Moriya (DM) anisotropic
interactions (Grohol et al. 2003; Yildirim and Harris 2006).
Despite the detailed characterization of the structure and properties of jarosite at room and low temperatures, no information
is available concerning its high-pressure behavior. The recent
discovery of jarosite on Mars has spurred interests in its stability
and structural behavior at various pressures, temperatures, and
aqueous conditions (such as pH) (e.g., Drouet and Navrotsky
2003; Navrotsky et al. 2005). This information is also valuable
for better utilization of jarosite as an Fe-impurity extractor in the
Zn industry and as a potential host for radioactive/toxic wastes.
In this study, we carried out in situ X-ray diffraction (XRD)
experiments on jarosite using energy-dispersive synchrotron
X-rays coupled with a multi-anvil press at pressures up to 8.1
GPa. Our experiments show that jarosite is stable up to the highest pressure achieved. Unit-cell parameters have been measured
as function of pressure, and from these, axial and volume bulk
moduli (compressibilities) have been determined for the first
time. Our results reveal that the c axis exhibits a much larger
compressibility than the a axis, and this anisotropy is consistent
with the layered nature of the jarosite structure.

Jarosite, KFe3(SO4)2(OH)6, a layered sulfate compound,
has attracted considerable attention for several reasons. First,
jarosite is a model antiferromagnetic compound for studying
spin frustrations in two-dimensional kagomé lattices (composed
of magnetic ions such as Fe3+ located at the corners of triangles
that are linked via corner-sharing) (Wills et al. 2000). Second,
jarosite is an important sulfate mineral. It occurs in acid mine
drainage environments, as a weathering product of sulfide ore
deposits, and can precipitate from aqueous sulfate in epithermal
environments and hot springs associated with volcanic activity
(Papike et al. 2006). In 2004, jarosite was detected by the Mars
Exploration Rover (MER) Mössbauer spectrometer (Klingelhöfer et al. 2004), and it has been interpreted as strong evidence
for the occurrence of large amounts of water (and possibly life)
in the history of Mars (Kotler et al. 2008). Last, jarosite has industrial applications. In the Zn industry, precipitation of jarosite
is an effective means to extract Fe impurities from Zn-sulfide
ores (Dutrizac and Jambor 2000). In addition, jarosite and its
associated alunite-type phases are potential hosts for long-term
immobilization of radioactive fission products and toxic heavy
metals (Ballhorn et al. 1989; Kolitsch et al. 1999).
Owing to its diverse applications, the structure and properties
of jarosite have been extensively studied. The jarosite structure
consists of [SO4] tetrahedra and distorted [Fe(O,OH)6] octahedra
with K situated in a 12-fold-coordinated site (space group R3m)
(Fig. 1) (Menchetti and Sabelli 1976; Stoffregen et al. 2000;
Basciano and Peterson 2007; Glasnak and Majzlan 2007). Each
[Fe(O,OH)6] octahedron is linked to four [Fe(O,OH)6] octahedra
in the (001) plane via OH-corner sharing and two [SO4] tetrahedra
[one above the (001) plane and one below] via O-corner shar* E-mail: hxu@lanl.gov
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