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ABSTRACT
The structural properties of MgSiO3-ilmenite at high pressures are determined using Ab initio
variable cell-shape molecular dynamics. Our athermal results at zero pressure are in excellent agreement with single-crystal measurements. The predicted lattice constants compare favorably with powder
X-ray diffraction data. The internal parameters are shown to vary only slightly with pressure. The c
axis is considerably more compressible than the a axis and our results suggest that this anisotropic
behavior arises in the relatively larger compressibility of MgO6 with respect to SiO6 octahedra. Both
octahedral types remain highly distorted with the degree of distortion decreasing (more rapidly in
MgO6) under compression. By comparing free energies, it is shown that MgSiO3 should transform
from the ilmenite to the perovskite structure at 30 GPa (for static lattice). At the transition, the
density and elastic moduli increase substantially.

INTRODUCTION
Polymorphs of magnesium silicate are generally considered
to be important constituents of the Earth’s mantle. MgSiO3ilmenite [the Mg end-member of (Mg,Fe)SiO3-Akimotoite] is
stable in a narrow pressure range of 21 to 25 GPa at 1100 °C
(Ito and Yamada 1982). With increasing pressure, enstatite successively transforms to β-spinel + stishovite, to γ-spinel +
stishovite, to ilmenite, and to perovskite (Ito and Navrotsky
1985). However, at high temperatures (above 1800 K) with
increasing pressure, enstatite successively transforms to garnet, ilmenite, and perovskite (Sawamoto 1987). Because of its
stability field, MgSiO3-ilmenite is potentially important in cold
(subduction) environments in the transition zone and uppermost part of the lower mantle. Single-crystal X-ray diffraction
data are available at ambient conditions (Horiuchi et al. 1982).
Reynard et al. (1996) have measured the lattice parameters as
a function of pressure up to 28 GPa by using X-ray powder
diffraction. Previous theoretical investigations of the structural
behavior at high pressure were based on molecular dynamics
with empirical potentials (Matsui et al. 1987; Matsui and Price
1992) and on the Hartree-Fock method (D’Arco et al. 1994).
We recently calculated elastic wave velocities of ilmenite at
high pressure by first-principles (da Silva et al. 1999) and now
we report in detail the structural properties at high pressures,
including the pressure for the transition to the perovskite phase.

RESULTS AND DISCUSSION
Our computations are based on density functional theory
within the local density approximation (LDA) (Ceperley and
Alder 1980). Soft and separable Troullier-Martins (1991)
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pseudopotentials are used in combination with a plane wave
basis set with cutoff of 70 Ry. The Brillouin zone is sampled
on a 3 × 3 × 3 regular k-point mesh yielding two special points.
Full structural optimization is performed for a series of applied
pressures up to 40 GPa by using the damped molecular dynamics with variable cell shape (Wentzcovitch et al. 1993).
Details for calculations of the perovskite structure are in
Wentzcovitch et al. (1998).
Structure at zero pressure

–
MgSiO3-ilmenite has trigonal (R3c) symmetry and consists
of a slightly distorted hexagonal close-packing array of O atoms with Mg and Si atoms in the interstices. The structure is
comprised of SiO6 and MgO6 octahedra which share edges along
alternating planes normal to the c axis but share faces in a direction parallel to the c axis. Our calculated zero pressure structural parameters agree well with experimental data (Horiuchi
et al. 1982), Table 1. Slight underestimation of the lattice parameters (1–2%) is attributed partly to the over-binding effect
of the LDA and partly to the static nature of the calculations.
The large range of the calculated O-Si-O and O-Mg-O angles
(Table 2) indicate significant distortions away from perfect
octahedral coordination. We quantify these polyhedral distortions by calculating quadratic elongations (QE) and the angle
variances (σ2) as defined by Robinson et al. (1971). Large deviations of QE and σ2 from their ideal values of unity and zero
respectively indicate that both MgO6 and SiO6 octahedra are
significantly distorted (see Table 2).
Equation of state
The calculated pressure-volume results of MgSiO3-ilmenite
up to 40 GPa are fit to the third order Birch-Murnaghan equation of state and compared with the experimental data (Reynard et al. 1996) in Figure 1. This yields V0 = 252.75 Å3, KT0 =
224 GPa and KT'0 = 4.18, that compare favorably with experi-

