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INTRODUCTION

Theoretical prediction of structural, thermodynamic, and 
diffusion properties in diverse minerals has been approached by 
means of atomistic or molecular-dynamics simulation methods 
(e.g., Catlow and Price 1990; Purton and Catlow 1990; Patel et 
al. 1991; Wright and Catlow 1994; Vocadlo et al. 1995; Wright et 
al. 1996; Ita and Cohen 1997; Walker et al. 2003). For example, 
Wright et al. (1995) presented a method to investigate the dif-
fusion of O and OH-groups in grossular garnet by deÞ ning an 
interatomic potential function to describe the total energy of a 
system in terms of atomic positions. However, their methodology 
was not amenable to the calculation of absolute diffusion rates 
in this phase. Ita and Cohen (1997) conducted Þ rst-principles 
molecular-dynamics simulations for MgO, which predicted the 
free energy of formation and modeled the motion of Mg and O 
vacancies, and they calculated diffusion coefÞ cients for MgO 
in the intrinsic regime, as a function of vacancy concentration. 
Their theoretical diffusion coefÞ cients were in excellent agree-
ment with experimental values, both for Mg (Van Orman et al. 
2003) and O (Yang and Flynn 1994), at corresponding vacancy 
concentrations. However, this example involves a simple oxide 
mineral. In contrast, the application of such theoretical models 
to more-complex minerals is not yet practical, given the cur-

rent state of our knowledge, and therefore other approaches for 
predicting diffusion parameters (i.e., the activation energies and 
pre-exponential factors contained in the Ahrrenius equation) 
are needed.

During the past three decades, Arrhenius diffusion param-
eters have been determined experimentally for many diffusing 
species in a wide variety of minerals (e.g., Freer 1981; Brady 
1995; Cole and Chakraborty 2001; Zheng et al. 2003, and 
references therein). Given the large diffusion data set available 
from these experimental studies, it is now practical to explore 
an empirical means of correlating experimental diffusion rates 
with measurable crystal-chemical parameters. The ultimate goal 
is to provide a means for predicting diffusion parameters for key 
elements and/or their ions in geologically important minerals not 
yet studied in the laboratory. Such empirical relationships have 
been sought for nearly four decades. One such relationship long 
recognized in diffusion studies is the so-called �compensation 
law� (Winchell 1969; Hofmann 1980; Hart 1981; Bejina and 
Jaoul 1997). Compensation in this context refers to log-linear 
correlations commonly observed between diffusional activation 
energy (E) and the pre-exponential factor (D0), which are related 
by the Arrhenius diffusivity (D) equation, D = D0exp[�E/RT], 
where R is the gas constant and T is temperature in Kelvins. Such 
compensation has been observed not only for the same diffusing 
species in different minerals but also for different diffusants in 
the same mineral (e.g., Voltaggio 1985). Accordingly, Voltaggio * E-mail: yfzheng@ustc.edu.cn
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ABSTRACT

Inspection of available experimental data reveals log-linear compensation effects between activa-
tion energies and pre-exponential factors for Ar, H, Pb, and Sr diffusion in a wide array of minerals. 
As a result, diffusion of Ar, H, Pb, and Sr converges to the same rates, respectively, at isokinetic 
temperatures in these minerals. Ionic porosity, Z, deÞ ned as the fraction of the unit-cell volume in a 
mineral not occupied by ions, is a measure of atomic packing density in silicate, carbonate, and phos-
phate minerals. Experimental diffusion parameters exhibit Þ rst-order correlations with ionic porosity, 
which proxies for mean metal-oxygen bond length/strength in minerals. An empirical kinetics-po-
rosity model systematizes Ar, H, Pb, and Sr diffusion in minerals for which experimental diffusion 
data exist. For Ar and H diffusion, linear correlations are documented between activation energy and 
total ionic porosity. Combination of these correlations with diffusional compensation effects, which 
are also documented, yields empirical relationships among elemental diffusivity, total ionic porosity, 
and temperature. Linear correlations are also observed between experimental diffusion coefÞ cients 
for Pb and Sr at given temperatures and calculated ionic porosities. For most minerals, the empirical 
predictions are remarkably consistent with experimental data, which strengthens the link between 
crystal chemistry and diffusion kinetics.
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