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Abstract
Under slightly acidic conditions and 25 °C, the interaction between phosphate-rich aqueous solutions and gypsum cleavage fragments results in the surface precipitation of brushite (CaHPO4·2H2O)
crystals, which grow epitaxially on the (010) surface of gypsum. Using an A-centered unit-cell setting
for both brushite (Aa) and gypsum (A2/a), the epitaxial relationship implies matching of the planes
(010) of both structures and correspondence between equivalent crystallographic directions within
these planes. The crystal habit of the overgrowing brushite is thin tabular to laminar on {010} with
{111} and {111} as side faces and a clear elongation on [101]. There are two orientations of the brushite
plates on the gypsum surface related to each other by a twofold axis on [010]. Thus, the overgrowth
is an aggregate of parallel brushite crystals that may be twin-related, with the twofold axis as the twin
law. During the interaction, gypsum dissolution is coupled with brushite growth until saturation with
respect to both minerals is reached. A model of this thermodynamically driven dissolution-crystallization
process is presented using the geochemical code PHREEQC. The epitaxial relationships are explained
by comparing the bond system and the crystallographic properties of both minerals.
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Introduction
Gypsum (CaSO4·2H2O) and brushite (CaHPO4·2H2O) are
minerals with very similar structures (Heijnen and Hartman
1991), but they are not isostructural. Both crystallize in the
monoclinic system with nearly identical unit cells, although the
space group of brushite is Aa instead of A2/a. Therefore, it is
reasonable that some authors (Rinaudo et al. 1994, 1996; Hina et
al. 2001) have proposed the possibility of co-crystallizing both
minerals to form oriented intergrowths or even solid solutions in
2–
which SO2–
4 substitutes for HPO4 . When two solutes crystallize
simultaneously and have similar structures, the formation of
solid solutions and/or epitaxies is always a possibility, which is
important not only from a fundamental point of view, but also
from an applied perspective. For instance, the formation of solid
solutions of anionic substitution has been investigated to assess
the environmental behavior of CrO42–, SeO42–, and other oxyanions
(Prieto et al. 2002; Andara et al. 2005; Fernández-González
et al. 2006) in aqueous media. In a similar way, RodríguezBlanco et al. (2007) have recently studied the co-crystallization
of pharmacolite (CaHAsO4·2H2O) and gypsum. The structural
similarity of pharmacolite with gypsum and brushite was also
reported by Heijnen and Hartman (1991), who comparatively
studied the morphology of these three dihydrates. However, in
the case of pharmacolite and gypsum, Rodríguez-Blanco et al.
(2007) did not observe anionic substitution between SO42– and
HAsO42–, but the formation of an epitaxial intergrowth between
the two minerals.
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tracted considerable interest in recent years (e.g., Sainz-Díaz
et al. 2004; Schofield et al. 2004; Arsic et al. 2004) due to the
importance of this mineral in pathological biomineralization
(e.g., Wesson and Ward 2007) and to the potential of brushitebased composites as protonic conductors (e.g., Tortet et al. 1998).
Brushite also has some importance in the chemical industry (as
a food additive, component of tooth paste, etc.) and is a relevant
mineral phase in considering the mineralogical controls of
phosphorous recovery from wastewaters (Valsami-Jones 2001).
Brushite occurs in caves (Fiore and Laviano 1991), phosphorite
deposits (Nriagu 1984), and other P-rich environments, such as
fertilized soils (Fixen et al. 1983). Moreover, it seems to act as
a precursor of hydroxylapatite in many natural environments,
including the formation of bones and teeth (e.g., Johnsson and
Nancollas 1992). The connection between brushite and gypsum
was initially documented by Schadlar (1932), who reported the
presence of a mineral called ardealite (Ca2HPO4SO4·4H2O) in
some cave deposits where brushite and gypsum occur together.
More recently, Rinaudo et al. (1994) have studied the crystallization behavior in the gypsum-brushite-water system, using
aqueous solutions containing phosphate and sulfate ions in
different proportions. Depending on the proportions, these authors obtained only brushite or an epitaxial intergrowth between
brushite and a non-stoichiometric calcium phosphate-sulfate
hydrate compound (CPSH). Whereas the composition of this
non-stoichiometric compound is close to that of ardealite, its
powder X-ray diffraction diagram is significantly different. The
diffractogram also differs from that of a synthetic “ardealite-like”
compound obtained by Sakae et al. (1978). In fact, ardealite is
not a member of the solid solution between brushite and gypsum,

