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[1] The stability and equation of state of the post-
perovskite phase in MgGeO3 were investigated to 2 Mbar
by in situ x-ray diffraction experiments using the laser-
heated diamond cell as well as by theoretical calculations
using density functional theory. The stability of the phase
was demonstrated at 92-201 GPa during laser heating. By
using the Birch-Murnaghan equation of state, we obtained a
zero-pressure volume (V0) of 179.2 ± 0.7 Å3, bulk modulus
(K0) of 207 ± 5 GPa with a pressure derivative (K0

0) of
4.4 from experiments at room temperatures, and V0 =
178.02 Å3, K0 = 201.9 GPa, K0

0 = 4.34 from theoretical
calculations at 0 K. The relative axial compressibilities of
the silicate and germanate post-perovskite phases are similar
although MgSiO3 is more anisotropic than MgGeO3.
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1. Introduction

[2] Since the discovery of the post-perovskite phase
(pPv) in MgSiO3 by Murakami et al. [2004], numerous
studies of this phase have been carried out by theory and
experiment [e.g., Tsuchiya et al., 2004; Oganov and Ono,
2004; Shim et al., 2004; Mao et al., 2004; Stackhouse et al.,
2005]. There has also been strong interest in understanding
the occurrence and properties of the pPv phase in other
systems [e.g., Caracas and Cohen, 2005; Tateno et al.,
2006].
[3] Over the last 40 years, the crystal structures of

germanates have been extensively examined as a low-
pressure model for silicate structures [e.g., Ringwood and
Seabrook, 1963]. Germanates have also been used as
silicate analogs in studies of phase equilibria and thermo-
dynamics [Ross and Navrotsky, 1988; Akaogi et al.,
2005], equation of state [Sato et al., 1977], and elasticity
[Liebermann, 1975]. In recent years, there has been empha-

sis on the use of germanates as analogs for the study of
phase transformation mechanisms and kinetics, rheology,
and microstructure development, especially in the Mg2SiO4

system [e.g., Riggs and Green, 2005]. Recently, Hirose et
al. [2005] demonstrated that the pPv phase could be
synthesized in MgGeO3 composition at �50 GPa lower
than the transition pressure for MgSiO3, suggesting that
germanate could be a useful analog to study the physical
properties of silicate pPv phase. Also, the first study of
deformation behavior of MgGeO3 pPv was recently
reported [Merkel et al., 2006]. Here we report experimental
and theoretical results on stability, equation of state, and
axial compressibilities of MgGeO3 pPv phase to 2 Mbar.
Our results expand upon earlier measurements [Hirose et
al., 2005] due to extended pressure range, use of
soft pressure-transmitting media, and combination with
first-principles calculations.

2. Experiment

[4] MgGeO3 orthoenstatite was synthesized from a mix-
ture of MgO (periclase) + GeO2 (quartz) by heating in air at
1000 �C for 40 hours. Powder x-ray diffraction showed
orthoenstatite with minor amounts of excess GeO2. The
sample was mixed with Pt (weight ratio of 8:2) which
served as both a pressure standard and laser absorber.
[5] A symmetric diamond cell with Re gasket was used

to generate high pressure. Three experimental runs were
conducted. For run 1, the sample was insulated by Ar. In
run 2, NaCl served as an insulating medium while for the
third run MgGeO3 unmixed with Pt was used as insulation.
[6] High-pressure x-ray diffraction experiments were

carried out at 13-ID-D of the GSECARS sector at the
Advanced Photon Source (APS). A monochromatic x-ray
beam of 0.3344-Åwavelength was focused to a size of�6�
6 mm2. An angle dispersive geometry with an image plate or
CCD detector was employed. The detector was calibrated
using CeO2. We heated the samples from both sides using a
TEM00 Nd:YLF laser. Temperature was measured by spec-
troradiometry. A complete description of the diamond cell
high-pressure research facility at GSECARS can be found
elsewhere [Shen et al., 2005].
[7] Two-dimensional x-ray images were converted to one-

dimensional diffraction patterns using Fit2d [Hammersley et
al., 1996]. Pressure was determined based on the equation
of state of Pt by Holmes et al. [1989], which is known to
give the highest pressure value relative to the other pressure
scales for Pt and Au [Akahama et al., 2002]. Lattice
parameters of the pPv phase were calculated from the
020, 002, 022, 110, and 132 diffraction lines. Pressure-
volume (P-V) data were fit using a third-order Birch-
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