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ABSTRACT
The structure of dolomite, CaMg(CO3)2, was determined from 298 to 1466 K at a constant pressure
of about 3 GPa using in situ synchrotron X-ray diffraction data to investigate the state of disorder.
An order parameter s, defined as 2 xCa – 1, varies from s = 1 (where xCa = 1) for a completely ordered
dolomite to s = 0 (where xCa = 0.5) for a completely disordered dolomite. On heating, there is no
measured change in s until the temperature is high enough to cause exchange of Ca2+ and Mg2+ cations. Significant disorder began to occur at about 1234 K [s = 0.83(1)] and increases along a smooth
–
–
pathway to T = 1466 K [s = 0.12(5)]. The R3 ↔ R3c transition in dolomite is described by a modified
–
Bragg-Williams thermodynamic model with the following molar free energy of disorder, Gd (T; s) =
2
1
4
RTc[1 – s + /2 a(s – 1) – (T/Tc) {2 ln2 – (1+s) ln(1 + s) – (1 – s) ln(1 – s)}]. Using Tc = 1466 K and a
= –0.29, this model provides an excellent agreement with experimental data. Moreover, the maximum
–
enthalpy of disorder, Hd(s = 0) = RTc(1 – 1/2 a) ~ 14 kJ/mol, agrees with published calorimetric data.
A thermodynamic description of the aragonite + magnesite ↔ dolomite reaction boundary is also
presented and it reproduces the main qualitative features correctly.

INTRODUCTION
There is interest in the properties of carbonate minerals at
high pressures and temperatures because of their important
implications for the Earth’s carbon cycle, oxygen fugacity, and
stability of other minerals in the mantle. Dolomite, CaMg(CO3)2,
is intriguing because the structure contains alternating planes
of Ca2+ and Mg2+ cations, and cation disorder with pressure and
temperature significantly affects mineral properties.
–
The structure of dolomite (R3) is similar to that of calcite
–
(R3c), consisting of corner-linked octahedra and nearly planar
CO2–
3 groups (Fig. 1). The lower symmetry of dolomite results
from alternating Ca2+ and Mg2+ octahedral layers and slight rotation of the CO2–
3 groups, which move the oxygen atoms off of the
twofold axis that exists in calcite. An order parameter s = 2xCa – 1,
describes the degree of order in dolomite (see Reeder and Wenk
1983). The parameter s = 1 (where xCa = 1) for complete order and
s = 0 (where xCa = 0.5) for complete disorder. Rotational disorder
may also occur about a specific axis, as observed for CO2–
3 groups
in some rhombohedral oxides (Ferrario et al. 1994). The charge
density effect on the CO2–
3 groups is not uniform because of two
different cations in adjacent layers in dolomite, so a C-O bond
makes an angle of 6.6o with the a axis (Reeder and Wenk 1983).
The net effect of cation disorder should decrease the average
2–
CO2–
3 group rotation angle toward zero. In the CO3 groups, the
C atom deviates slightly from the plane of the O atoms because
of the difference in charge density between the Ca and Mg atoms
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(Lippmann 1973). A decrease in displacement of the C atom from
the plane of the O atoms occurs with increasing temperature
(Reeder and Wenk 1983).
Luth (2001) summarized several thermodynamic models
(Navrotsky et al. 1999; Holland and Powell 1998; Martinez et
al. 1996; Davidson 1994), and suggested that cation disorder is
responsible for the curvature in the breakdown curve for dolomite. The results of Luth (2001) are in agreement with Martinez et al. (1996) in situ X-ray diffraction (XRD) work at lower
temperatures, but not at higher temperatures where their data
were extrapolated. The results of Shirasaka et al. (2002) were
in reasonable agreement with those of Luth (2001), but those of
Sato and Katsura (2001) were different. Navrotsky and Loucks
(1977) and Putnis (1992) used the Bragg-Williams (BW) model
to discuss convergent long-range cation ordering in dolomite.
In addition, Luth (2001) discussed cation ordering in dolomite
in terms of Landau and generalized point approximation (GPA)
models.
The present study avoids the cation quench problem in dolomite, and determines the crystal structure and order parameter
s from 298 to 1466 K at about 3 GPa. Our modified BW model
fits experimental data quite well. Moreover, our thermodynamic
description of the aragonite + magnesite ↔ dolomite reaction
boundary reproduced the main qualitative features correctly.

EXPERIMENTAL METHODS
Sample
The dolomite sample used in this study was from a metamorphic carbonate
complex from Eugui, Spain. Dolomite from this locality has been used in several
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