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Abstract
In this paper, we present an experimental study of the interaction between gypsum (010) surfaces
and aqueous solutions of Na2CO3 with different concentrations. This interaction leads to the carbonatation (i.e., the transformation into carbonate minerals) of gypsum crystals, which under ambient conditions shows the characteristics of a mineral replacement and leads to the formation of pseudomorphs
consisting of an aggregate of calcite crystals. Carbonatation progress was monitored by scanning
electron microscopy (SEM) and glancing incidence X-ray diffraction (GIXRD). The carbonatation
advances from outside to inside the gypsum crystal and occurs through a sequence of reactions, which
involves the dissolution of gypsum and the simultaneous crystallization of different polymorphs of
CaCO3 [amorphous calcium carbonate (ACC), vaterite, aragonite, and calcite], as well as several
solvent-mediated transformations between these polymorphs. The sequence in which CaCO3 phases
form is interpreted taking into consideration nucleation kinetics and the qualitative evolution of several
chemical parameters in the aqueous solution. The textural characteristics of the transformed regions
are described. The degree of faithfulness of the pseudomorphs obtained is related to the kinetics of the
carbonatation process, which in turn depends on the initial concentration of carbonate in the aqueous
solutions. Finally, changes in the rate at which the transformation front advances are discussed on the
basis of both textural and physicochemical considerations.
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Introduction
Carbonate and evaporite deposits are intimately related in
many different geological settings. Moreover, the transition of
evaporites to carbonates is a common diagenetic process, which
results from the transformation of relatively soluble evaporite
minerals into more stable phases under specific physicochemical
conditions (Rouchy et al. 2001). In particular, the carbonatation
(i.e., the transformation into carbonate minerals) of evaporitic
calcium sulfates (anhydrite and gypsum) has led to the formation
of significant carbonate deposits, as pointed out by numerous
authors (Wigley 1973; Kirkland and Evans 1976; McKenzie et
al. 1980; Pierre and Rouchy 1988; Bell 1989; Youssef 1989;
Anadón et al. 1992; Rouchy et al. 1994, 1998; Cañaveras et al.
1996, 1998; Sanz-Rubio et al. 2001). Two main mechanisms
have been invoked to explain the carbonatation of gypsum. One
involves bacterial sulfate reduction in organic-rich sediments and
leads to the formation of native sulfur accumulations (Anadón
et al. 1992). The other one assumes that the carbonatation occurs as a result of sulfate dissolution by meteoric carbonate-rich
groundwaters (Wigley 1973; Pierre and Rouchy 1988). This
second mechanism has been unequivocally identified from stable
isotope data in several sedimentary basins (Sanz-Rubio et al.
2001). In both cases, pseudomorphs of calcite or aragonite after
gypsum, as well as gypsum relicts, have been observed randomly
distributed within sediment layers.
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Deep in the Earth’s crust and in the mantle, under high
temperatures and/or pressures, transformations can take place
via solid-state reactions. However, on the Earth’s surface and at
typical sediment temperatures, solid-state processes are kinetically hindered and their contribution to most mineral transformations can be considered negligible. Under these conditions,
the presence of aqueous solutions provides an efficient masstransfer medium. Thus, mineral transformations can occur at a
substantially accelerated rate (Wang and Morse 1996) through
the combination of two processes: the dissolution of the reactant
phase and the crystallization of the new one (Carmichael 1969;
Cardew and Davey 1985; Wang et al. 1995; Pina et al. 2000).
These transformations frequently show the characteristics of
mineral replacements (Putnis 2002), i.e., the volume and the
shape of the reactant crystals are preserved during the transformation. This implies that the dissolution of the reactant and the
crystallization of the product phase (or phases) necessarily occur
simultaneously and at coupled rates (Harlov et al. 2007; Putnis
et al. 2007a; Oelkers et al. 2007). Moreover, the formation of
pseudomorphs normally occurs (Putnis et al. 2006, 2007b; Putnis and Putnis 2007; Sánchez-Pastor et al. 2007). Under certain
circumstances, pseudomorphization can be extremely faithful to
both the shape and the surface features of the original crystal,
which are precisely preserved.
The early work by Flörke and Flörke (1961) reported for the
first time the characteristics of the transformation of gypsum into
vaterite/calcite under laboratory controlled conditions. Despite
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