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INTRODUCTION

Dolomite, an ordered Ca-Mg carbonate mineral, is found
extensively in ancient rocks in the Earth’s crust (e.g., Deer et
al. 1992) and calcite and dolomite together account for more
than 90% of the natural carbonates in rocks (Reeder 1990).
Despite several important occurrences in metamorphic rocks
(e.g., Letargo et al. 1995; Ferry 1996, 2000, 2001), dolomite is
typically a sedimentary mineral, yet the mechanism of its growth
under sedimentary conditions is unknown, apart from the fact
that there is no geologic evidence indicating that its formation
took place under unusual conditions of temperature or pres-
sure (Krauskopf and Bird 1995). Some primary dolomites are
formed at the outset as evaporite deposits, but most dolomitic
sediments are produced from the reaction of calcium carbon-
ate deposits (e.g., isomorphous calcite) with magnesium solu-
tions. These secondary dolomites are either formed early on
from unconsolidated calcite sediments on the sea floor, or much
later when magnesian solutions have entered through faults and
joints in the calcium carbonate rock (e.g., Wenk 1993). How-
ever, although formation of dolomite as a primary precipitate
in nature has been reported in several unusual environments,

such as hot springs, in sediments of salt lakes, and in muds
from salt lagoons undergoing strong solar evaporation, sedi-
mentary dolomite does not form in the normal present-day
marine environment and it is notoriously difficult to crystal-
lize under laboratory conditions (Krauskopf and Bird 1995).
Laboratory precipitation has been achieved at high tempera-
tures (e.g., Katz and Matthew 1977; Baker and Kastner 1981;
Sibley et al. 1994), at extreme supersaturations (e.g.,
Liebermann 1967; Nordeng and Sibley 1994) or from solu-
tions with pH values greater than 9.5 and containing high con-
centrations of SO4

2– and NO3
– (Sibley et al. 1994; Krauskopf

and Bird 1995), but problems persist when attempting to crys-
tallize dolomite under the usual mild conditions applicable to
the most common carbonate mineral calcite (Brady et al. 1996).
It is these extreme conditions represented by both the labora-
tory experiments and field occurrences, compared with usual
sedimentary environments, which makes the abundance of do-
lomite in sedimentary rocks so mysterious.

Not surprisingly, dolomite and its origins has been the sub-
ject of numerous investigations, both experimentally and theo-
retically. For example, dissolution experiments by Bertram et
al. (1991) showed that the solubility of synthetic high magne-
sian calcite decreases with increasing temperature, but that re-* E-mail: n.h.deleeuw@reading.ac.uk
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ABSTRACT

Atomistic computer modeling methods are used to investigate the surface structures and stabili-
ties of magnesite MgCO3 and dolomite MgCa(CO3)2 in comparison with calcite, CaCO3. The sur-
faces are generally more stable than magnesite, but less so than calcite. Upon hydration, the magnesite
{101

–
4} surface becomes more stable than either calcite or dolomite, due to the less favorable inter-

actions between dolomite surface ions and adsorbing water molecules. The high affinity of the sur-
face magnesium ions for adsorbing water molecules, shown by the large average hydration energy
over all surfaces for magnesite (134 kJ/mol), is negated in the case of dolomite by the inaccessibility
of the surface magnesium ions, due to surface relaxations and rotation of the carbonate groups. In
addition, the larger lattice spacing of dolomite compared to magnesite disrupts the extensive net-
work of hydrogen bonding between the adsorbed water molecules that are present on the latter,
leading to similar average hydration energies for calcite, dolomite, and magnesian calcite surfaces
(80–101 kJ/mol). Not only are the dolomite planes under aqueous conditions less stable than their
calcite counterparts, dolomite-like surfaces of disordered magnesian calcites are calculated to be
more stable than either pure calcite or dolomite surfaces. Extensive molecular dynamics simulations
of the growth of CaCO3 and MgCO3 at two experimentally observed calcite steps show that, on
thermodynamic grounds, Mg is easily incorporated into a growing calcite crystal, but will then
inhibit incorporation of further Ca. Furthermore, although the calculations suggest a small energetic
advantage (~10 kJ/mol) to ordering of the Ca and Mg ions on the obtuse growth step, a disordered
arrangement is favored at the acute growth step and incorporation of Mg is always energetically
more favorable than Ca, in accord with the occurrence of highly magnesian calcites in nature.


