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Diffusion of Ca and Mg in calcite
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ABSTRACT
The self-diffusion of Ca and the tracer diffusion of Mg in calcite have been measured experimentally using isotopic tracers of 25Mg and 44Ca. Natural single crystals of calcite were coated with a
thermally sputtered oxide thin film and then annealed in a CO2 gas at 1 atm total pressure and temperatures from 550 to 800 °C. Diffusion coefficient values were derived from the depth profiles
obtained by ion microprobe analysis. The resultant activation energies for Mg tracer diffusion and Ca
self-diffusion are, respectively: Ea(Mg) = 284 ± 74 kJ/mol and Ea(Ca) = 271 ± 80 kJ/mol. For the
temperature ranges in these experiments, the diffusion of Mg is faster than Ca. The results are generally consistent in magnitude with divalent cation diffusion rates obtained in previous studies, and
provide a means of interpreting the thermal histories of carbonate minerals, the mechanism of dolomitization, and other diffusion-controlled processes. The results indicate that cation diffusion in calcite is relatively slow and cations are the rate-limiting diffusing species for the deformation of calcite
and carbonate rocks. Application of the calcite-dolomite geothermometer to metamorphic assemblages will be constrained by cation diffusion and cooling rates. The direct measurement of Mg
tracer diffusion in calcite indicates that dolomitization is unlikely to be accomplished by Mg diffusion in the solid state but by a recrystallization process.

INTRODUCTION
The experimental evaluation of chemical diffusion in minerals provides the geochemist with diffusion coefficients required for the interpretation of numerous transport-controlled
processes including creep, chemical alteration, homogenization, and dissolution. Although significant on geologic time
scales, the effect of typical solid-state diffusion in mineral lattices for laboratory time scales is very slow. Consequently, it
has been very difficult for experimentalists to obtain precise
and accurate measurements of diffusion coefficients. Some of
the solutions to this experimental difficulty include performing the diffusion anneals at elevated temperatures to accelerate the diffusion (e.g., Elphick et al. 1985) or observing the
influence of diffusion on more macroscopic features such as
the homogenization of very fine exsolution lamellae (e.g.,
Brady and McCallister 1983). To apply these alternative laboratory measurements to geologic conditions involves extrapolating diffusion rates measured at very high temperatures by
several hundred degrees. Such extrapolations are only valid if
the diffusion mechanism remains the same across a wide temperature range and if the activation energy was determined with
enough precision. Therefore, it is important that the measurement of diffusion rates in minerals be performed at the temperature of interest for the application, or at least at temperatures
as close as possible to that temperature. Furthermore, it is de-
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sirable to create a framework for fully understanding the fundamental mechanisms for diffusion (i.e., the defect structure
of a mineral) so that laboratory results may be applied confidently to natural processes. The most direct experimental
method for determining chemical and self-diffusion rates involves the use of various analytical techniques to determine
the transport of isotopic tracers in the mineral lattice. Analytical techniques having high spatial resolution, such as ion microprobe analysis and Rutherford backscattering, have provided
a means of reexamining previously intractable problems related to diffusion in minerals (e.g., Schwandt et al. 1998;
Cherniak 1997, 1998).
Carbonate minerals are a major constituent of sedimentary
and some metamorphic rocks. The most common carbonate
mineral in terrestrial sediments is calcite (CaCO3). Calcite and
other carbonate phases typically incorporate a number of minor and trace elements and preserve cation assemblages that
routinely violate the stabilities predicted by phase equilibria
(Reeder and Grams 1987). As such, carbonate phases may preserve information about the chemical and thermodynamic environment in which they originated and processes by which
they formed. The dolomitization of limestone is one example
of a diagenetic processes that is poorly understood (e.g., Hardie
1987). Many of the previous investigations of carbonate mineral geochemistry have focused on the interaction of fluids with
the carbonate surface (dissolution and precipitation processes)
because carbonate minerals are rarely found “dry” on Earth.
However, when carbonate globules were identified in a meteorite of Martian origin (Romanek et al. 1994), the debate over
the thermal history of the parent rock dramatically illustrated
the necessity for fundamental measurements of intrinsic prop1392

