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INTRODUCTION

The value of atomistic simulations in the earth and materials
sciences lies in demonstrating the mechanisms of atomistic pro-
cesses, and extending this capability to evaluate material prop-
erties to regimes where direct laboratory measurements are
difficult or impossible to perform. Knowledge of the transport
properties of cations in carbonate minerals is necessary to evalu-
ate order/disorder relations, deformation, and geothermometry,
but slow transport rates and the decomposition of carbonate
phases at high temperatures limit experimental evaluation. Al-
though simulations do not replace careful experimental mea-
surements, a well-parameterized atomistic model can provide
a solid framework for evaluating mechanisms and predicting
activation energies and rates for diffusion under conditions not
accessible to the experimentalist. This study develops a fully
consistent model of the carbonate minerals based upon a shell
description of the electronic structure of the oxygen in the co-
valent CO3

2– group. Ultimately, the model may be used to cal-
culate chemical diffusion rates, phase relations, and surface
reactivity.

The divalent cations Ca, Mg, Mn, Fe, Cd, Zn, Co, and Ni
form stable carbonate phases of the calcite structure, respec-
tively, calcite, magnesite, rhodochrosite, siderite, octavite,
smithsonite, and cobalt and nickel carbonates. They share the
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ABSTRACT

The electronic polarization of oxygen ions has been explicitly incorporated in a shell model to
better simulate the structure of calcite and related rhombohedral carbonate minerals. Pair-potentials
for Ca2+ ions and C and O comprising the carbonate molecular ion were simultaneously fitted to
experimental lattice, elastic, dielectric, and vibrational data for calcite, and the structure and elastic
properties of aragonite. The resulting potential parameters for the CO3

2– group were then transferred
to models for the structures and bulk moduli of the carbonate minerals incorporating Mn, Fe, Mg,
Ni, Zn, Co, Cd, and thus a fully consistent set of interaction parameters for calculating the properties
of the carbonate minerals was obtained. Defect energies for doping the divalent cations into the
calcite structure, and for calcium and carbonate ion vacancies were calculated. In addition, various
disorder types for dolomite, including anti-site defects, stacking defects, and the energy related to
increasing the Ca/Mg ratio in the dolomite structure were simulated. The theoretical enthalpy for
dolomite ordering (34.4 kJ/mol) compares very well with experimental measurements.

mathematically equivalent hexagonal or rhombohedral struc-
tures. The structure may also be regarded as being comprised
of basal layers of metal cations and layers of planar CO3

2– groups
normal to the c axis. In the mixed metal cation dolomite struc-
ture, Ca2+ and Mg2+ preferentially occupy the alternate hexago-
nal basal planes and form calcium and magnesium layers. Larger
cations such as Sr2+, Pb2+, and Ca2+ at higher pressures form the
orthorhombic aragonite structure, also composed of ionic CO3

2–

units and the metal cations.
Previous molecular mechanics studies (Pavese et al. 1992;

Dove et al. 1992; Catti et al. 1993; Catti and Pavese 1997) gen-
erally focused on parameterizing a model for only CaCO3. These
studies included extensive testing of both rigid ion and shell
models of the lattices of calcite and aragonite, and calculated
basic properties such as elastic and optical properties, and iso-
tope fractionation. Parker et al. (1993) used the atomistic model
for calcite to examine surface precipitation and dissolution pro-
cesses, an area of wide application for geologic problems in-
volving the alteration and weathering of carbonate rocks such
as limestone, dolomite, and marble.

By calculating the properties of most of the known divalent
carbonate phases, we have created a general framework for
interpreting a variety of bulk carbonate properties, and for be-
ginning to address the problems of inhomogeneous zoning and
dolomitization. The fully transferable potentials for the CO3

2–

group, in particular, lend a great deal of flexibility to the
empirical models, such that substitution defect energies and
disorder defect energies can be derived. Additionally, the mod-
els can be used to evaluate transition state geometries and pre-
dict Arrhenius activation energies for chemical diffusion in the
carbonate phases (Fisler et al. 1998).
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