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ABSTRACT

An atomistic computer simulation study was undertaken to address the role of Al in the
substitution of ferric iron into magnesium silicate perovskite, MgSiO3. Calculated substi-
tution and vacancy energies at 0 K were used to consider two different substitution mech-
anisms: (a) Fe31 and Al independently charge balanced by vacancies or by a similar cation
in another site, or (b) Fe31 and Al charge balancing each other. Our results show that it is
preferential by 1 to 2 eV for Fe31 to substitute into an Mg site charge balanced by an Al
substitution into an Si site. This is increasingly favorable if the Fe31 and Al substitute into
adjacent sites. The coupled substitution occurs because it is energetically unfavorable for
Al to enter the dodecahedral site.

INTRODUCTION

Magnesium silicate perovskite and magnesiowüstite
are considered to be the dominant phases in the Earth’s
lower mantle, and as a result were subjects of much ex-
perimental and theoretical work. Of these two phases, ex-
perimental evidence had indicated that the Fe in the lower
mantle preferentially occupies sites in magnesiowüstite
(Katsura and Ito 1996, and others). However, this result
has come into question following recent experiments on
more realistic lower mantle assemblages containing a few
weight percent Al2O3. Irifune (1994) reported high pres-
sure (up to 28 GPa) phase changes in a pyrolite mantle,
indicating that Al2O3 is mainly accommodated in MgSiO3

with small amounts accepted into CaSiO3, with no crea-
tion of an aluminous phase. The experiments of Wood
and Rubie (1996) on mixtures containing up to 4.1 wt%
Al2O3 indicated that the presence of Al causes a signifi-
cant shift in the partitioning ratio of Fe between perov-
skite and magnesiowüstite with approximately equal
amounts of Fe in each phase. McCammon (1997) also
reported an increase in Fe concentration in perovskite
samples containing 3.3 wt% Al2O3. The presence of Al
also tends to increase the proportion of Fe31 in perovskite
(Lauterbach et al. 1997). These results could have signif-
icant repercussions on our understanding of the dynamics
of the lower mantle and transport properties such as elec-
trical conductivity. In this study, an atomistic computer
simulation technique was used to investigate the energies
associated with Fe31 and Al substitutions into the Mg or
Si sites of orthorhombic magnesium silicate perovskite.
The following sections outline the method used and sum-
marize the structural results. These are then used to de-
termine the energies associated with different substitution
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mechanisms, leading to a discussion of the possible role
of Al in the substitution of Fe31 into perovskite.

METHOD

Ideally, ab initio methods should be used to determine
optimum structures and substitution energies, however,
such methods are limited to a small number of atoms due
to the computationally intensive nature of the codes. The
technique used in this study, therefore, is an atomistic
method based on the Born model of the atom. The PAR-
APOCS code (Parker and Price 1989) was used, enabling
the study of cells containing up to 360 atoms.

Interatomic forces were modeled using Buckingham
potentials, combining the Born-Mayer form of the repul-
sive energy and the r26 dispersive interaction. Parameters
(Table 1) were taken from Lewis and Catlow (1985), with
the exception of the Si-O potential and the three-body
interactions that were taken from Sanders et al. (1984)
and the Al-O potential from Catlow et al. (1982). These
potentials were applied successfully to past studies of
high pressure silicates (for example, Price et al. 1989 and
Wright and Price 1989), whereas the Al-O potential was
developed by fitting to a-Al2O3 experimental data and
was successfully applied to a study of defect energies in
a-Al2O3 (Catlow et al. 1982). Charges on the O species
of 0.84819 eV (core) and 22.84819 eV (shell) were used.
This model was selected because it successfully modeled
polarization, which, although important in addressing the
energetics of defect formation, is not represented by all
potential models (for example, Matsui 1996). The Lewis
and Catlow (1985) parameters in Table 1 are based orig-
inally on the study of binary oxides and assume fully
ionic charges. Ab initio calculations on MgSiO3 (Cohen
et al. 1989) revealed little evidence of covalent bonding,
with the more accurate quantum mechanical approach


