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Abstract

The high pressure phase transitions and melting of the mantle mineral MgSiO3 with the
perovskite structure were investigated using molecular dynamics (MD) simulations of a
large system of atoms on a parallel computer. The simulations reveal an orthorhombic to
cubic transition accompanied by a sharp increase in diffusion of the O atoms. The phase
transition and melting temperature depend sensitively on the level of defects in the solid.
At pressures of the Earth’s lower mantle, the transition is found to occur at temperatures
substantially higher than the mantle temperatures. Therefore, any seismic discontinuity in
the lower mantle may not be related to a phase transition of the perovskite structure, but
instead may be due to chemical changes at that depth, in contrast to currently accepted
mineralogical models assuming chemical homogeneity of the lower mantle.

Introduction
The perovskite with composition Mg12xFexSiO3, (x 5

almost 0.1), in the orthorhombic crystal structure is be-
lieved to be the principal constituent of the Earth’s lower
mantle that extends from a depth of 660 km to about 2700
km. The stability of the orthorhombic perovskite structure
and its possible phase transitions are therefore of great
importance to geophysics. A seismic discontinuity at a
depth of 920 km has been reported (Kawakatsu and Niu
1994) that could be due to a phase transition of the pe-
rovskite structure or a change in the chemical composi-
tion at this depth (Jeanloz and Thompson 1983). X-ray
diffraction (XRD) studies reveal that the orthorhombic
phase is stable up to high pressures and temperatures
(Funamori and Yagi 1993; Knittle and Jeanloz 1987);
however, recent synchrotron XRD experiments (Meade et
al. 1995) indicate an orthorhombic to cubic phase tran-
sition on heating at 70 GPa. There is a continuing debate
on the value of the melting temperature of MgSiO3 pe-
rovskite (Brown 1993; Zerr and Boehler 1993) because
large variations exist in the data reported from different
sources.

It is of considerable importance to provide a theory that
addresses the microscopic behavior of the phase stability
and melting and the atomic mechanism of these transi-
tions. First-principles MD simulations and total energy
calculations (Wentzcovitch et al. 1993, 1995; Stixrude
and Cohen 1993; Karki et al. 1997) have been carried out
as a function of pressure that predict stability of the or-
thorhombic phase up to high pressures of 150 GPa. How-
ever, these calculations are computationally very inten-
sive and therefore were restricted to zero temperature and
systems of only about 100 atoms. Finite temperature sim-
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ulations on a large system are needed to predict precisely
the changes in the orthorhombic distortion and transition
to a tetragonal or a cubic phase because the inherent fluc-
tuations of the characteristics, such as the volume in a
constant pressure simulation, of a small system of size N
are proportional to N21/2. Previous MD simulation (Matsui
and Price 1991; Kaputsa and Guillope 1993) on systems
of a few hundred atoms revealed phase transitions from
orthorhombic to cubic, pseudocubic, or tetragonal phases,
however these involved considerable fluctuations.

Methods

We carried out MD simulations at high temperatures
and pressures using empirical potentials on a system size
of 12 000 atoms, which allow us to estimate distortions
in the crystal-structure parameters of ,1 part in 1000.
This is quite adequate because the orthorhombic distor-
tion under ambient conditions is about 1 part in 100.

Although one is constrained to use empirical potentials
(Rao et al. 1987; Choudhury et al. 1989; Matsui and Price
1991; Kaputsa and Guillope 1993) for simulation of large
systems (Chaplot et al. 1986; Allen and Tildesley 1987),
there is a need for caution in selecting the potentials. We
have chosen an interatomic potential (Ghose et al. 1992)
consisting of the long-range Coulomb and short-range re-
pulsive terms that lead to an overall good agreement with
a wide variety of known structural and thermodynamical
properties. The results on the crystal structure and the
equation of state are in good agreement with experimental
data, and also with recent results (Wentzcovitch et al.
1995) calculated by first-principles local density approx-
imation (LDA) technique up to 150 GPa (Fig. 1). The
model also predicts fairly well the lattice dynamics over
the entire range of the vibrational spectrum as revealed


