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The high-pressure–high-temperature behavior of bassanite
Paola Comodi,1,* Sabrina Nazzareni,1 Leonid Dubrovinsky,2 and Marco Merlini3,4
1

Dipartimento di Scienze della Terra, Università di Perugia, Piazza dell’Università, 06100 Perugia, Italy
2
Bayerisches Geoinstitut, Universität Bayreuth, Universität Strasse 30, 95440 Bayreuth, Germany
3
European Synchrotron Radiation Facility, 6 Rue Jules Horowitz, BP220, F-38043 Grenoble, France
4
Dipartimento di Scienze della Terra, Università di Milano, Via Botticelli 23, 20133 Milano, Italy

Abstract
The pressure evolution of bassanite (CaSO4·½H2O) was investigated by synchrotron X-ray powder
diffraction along three isotherms: at room temperature up to 33 GPa, at 109 °C up to 22 GPa, and at
200 °C up to 12 GPa.
The room-temperature cell-volume data, from 0.001 to 33 GPa, were fitted to a third-order BirchMurnaghan equation-of-state, and a bulk modulus K0 = 86(7) GPa with K′ = 2.5(3) was obtained. The
axial compressibility values are βa = 3.7(2), βb = 3.6(1), and βc = 2.8(1) GPa–1 (×10–3) showing a slightly
anisotropic behavior, with the least compressible direction along c axis. The strain tensor analysis
shows that the main deformation occurs in the (010) plane in a direction 18° from the a axis.
The bulk moduli for isotherms 109 and 200 °C, were obtained by fitting cell-volume data
with a second-order Birch-Murnaghan equation-of-state, with K′ fixed at 4, and were found to be
K109 = 79(4) GPa and K200 = 63(7) GPa, respectively. The axial compressibility values for isotherm
109 °C are βa = 2.4(1), βb = 3.0(1), βc = 2.5(1) (×10–3) GPa–1, and for isotherm 200 °C they are
βa = 3.5(3), βb = 3.4(3), βc= 2.6(4) (×10–3) GPa–1. These two bulk moduli and the 20 °C bulk modulus,
K0,20 = 69(8) recalculated to a second-order Birch-Murnaghan EoS to be consistent, as well as the
axial compressibilities, are similar for the three isotherms indicating that the thermal effect on the
bulk moduli is not significant up to 200 °C. The size variation of the pseudo-hexagonal channel with
pressure and temperature indicates that the sulfate “host” lattice and the H2O “guest” molecule in
bassanite do not undergo strong change up to 33 GPa and 200 °C.
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Introduction
Several important industrial processes such as the production
of phosphoric acid or phosphate fertilizers, gas desulfurization,
hydrometallurgic production of zinc and copper, and recovery
of natural gas and oil are accompanied by the crystallization
of various phases of calcium sulfate, CaSO4·2H2O (gypsum),
CaSO4·½H2O (bassanite), and CaSO4 (anhydrite). In geologic
environments, these phases may have important implications in
the partitioning of seawater cations during dehydration processes
(Freyer and Voigt 2003). Calcium sulfates have also been noted as
the main constituting material for ground preparation by ancient
southern European painters (Genestar 2002).
A new interest in sulfate minerals has arisen in recent years
since the discovery of these phases in extra-terrestrial environments (Rieder et al. 2004). The stability and transformation of
gypsum at Mars environmental conditions, for example, was
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studied by exposure to very low PH2O (Vaniman et al. 2008;
Bish 2007). In fact, the detection of bassanite on Mars may
have implications for exobiology, because it occurs in microbial
communities and in deep sea medusae as a structural biomineral
(Tiemann et al. 2002). Moreover, taking into account that bassanite may be generated from acid sulfate alteration of carbonate, its presence can provide an insight into the environmental
evolution of planets.
All the three stable phases of calcium sulfate (gypsum, bassanite, and γ-anhydrite) contain chains of linked CaO8 and SO4
polyhedra. In gypsum, the chains form CaO8-SO4 polyhedral
layers that are linked along the b axis by water molecules, which
at room condition form weak hydrogen bonds with Ca and S
polyhedra (Wooster 1936; Pedersen and Semmingsen 1982).
Water remains bonded inside the gypsum structure up to 5 GPa
by increasing the strength of the hydrogen bonds as shown by
three-dimensional structural refinements (Comodi et al. 2008).
The structure of bassanite (monoclinic, space group I2, Bezou
et al. 1995) contains corner-sharing SO4 and CaO8 polyhedra,
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