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ABSTRACT
A phase transition of MgGeO3 perovskite was examined at high-pressure and -temperature using
synchrotron X-ray diffraction measurements. The results demonstrate that it transforms to a CaIrO3type post-perovskite phase above 63 GPa at 1800 K. The density increase is 1.5% at the transition
pressure. These observations conÞrm that MgGeO3 is a low-pressure analogue to MgSiO3, for which
a similar phase transition was recently found above 125 GPa and 2500 K. The unit-cell parameters
of MgGeO3 post-perovskite phase obtained at 300 K during decompression from 79 to 6 GPa show
that the b-axis is signiÞcantly more compressible than are the a- and c-axes, which could be due to
the GeO6-octahedral sheet stacking structure along b. The bulk modulus was determined to be K0 =
192(±5) GPa with a Þxed pressure derivative of the bulk modulus, K', of 4.

INTRODUCTION
Recently Murakami et al. (2004) discovered a novel phase
transition from perovskite to post-perovskite phase with a
CaIrO3-type structure in MgSiO3 above 125 GPa and 2500 K,
corresponding to the lowermost mantle conditions. The stability
and phase transitions of MgSiO3 perovskite, however, have long
been controversial (e.g., Saxena et al. 1996; Shim et al. 2001). It
is known that germanates act as low-pressure analogues to silicates due to the larger size of the Ge cation and MgGeO3 exhibits
the same phase transition sequence as MgSiO3 with increasing
pressure (Ozima and Akimoto 1983; Ross and Navrotsky 1988;
Leinenweber et al. 1994). It is therefore expected that, similarly
to MgSiO3 perovskite, MgGeO3 perovskite transforms to the CaIrO3-type post-perovskite phase. Previous experimental studies
showed that MgGeO3 perovskite with a GdFeO3-type structure
is stable above 23 GPa (Ito and Matsui 1979; Leinenweber et al.
1994). Here we examined the stable phases in MgGeO3 over a
wide pressure range at high temperatures, from 39 GPa and 1850
K to 103 GPa and 2030 K, using a combination of laser-heated
diamond-anvil cell (LHDAC) techniques and synchrotron X-ray
diffraction measurements.
The MgSiO3 post-perovskite phase may be a dominant
mineral in the D'' layer, and therefore its elastic properties are
of importance in the interpretation of seismic observations. Murakami et al. (2004) showed that the MgSiO3 post-perovskite
phase exhibits a strong single-crystal elastic anisotropy on the
basis of molecular dynamics (MD) calculations. Here we present
a new experimental evidence for the compression behavior of the
post-perovskite phase using MgGeO3 as an analogue material.

EXPERIMENTAL PROCEDURES
High-pressure and high-temperature conditions were generated using LHDAC techniques. The starting material was a commercially available MgGeO3
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orthoenstatite powder. It was mixed with platinum black that served both as an
internal pressure standard and a laser absorber. The sample mixture was embedded between layers of pure MgGeO3 powder unmixed with platinum. They were
compressed with a rhenium gasket and 300 µm culet diamond anvils. We heated
the sample from both sides with a focused multimode continuous wave Nd:YAG
laser. The temperature was measured from one side by the spectroradiometric
method (Watanuki et al. 2001).
Angle-dispersive X-ray diffraction spectra were collected with an imaging
plate at BL10XU of SPring-8. Exposure time was 1 to 3 min. A monochromatic
incident X-ray beam with a wavelength of 0.4133 Å was collimated to 20 µm in
diameter. The two-dimensional X-ray diffraction image was integrated as a function
of 2θ to give a conventional one-dimensional diffraction proÞle using the Þt-2D
program (Hammersley 1996).
The uncertainty in temperature within the 20 µm area from which X-ray diffraction data was collected was about ±10% (e.g., Kurashina et al. 2004). Pressure
was determined using the equation of state of platinum proposed by Holmes et al.
(1989) using the (111), (200), or (220) lines, depending on the peak overlap. The
uncertainty in pressure was less than ±0.6 GPa at room temperature and ±1.3 to
2.6 GPa at 1700–2230 K. The greater errors at high temperatures were due to large
uncertainties in temperature in the application of the P-V-T equation of state. The
diffraction patterns were repeatedly collected at high temperatures and at room
temperature before and after heating.

RESULTS
We conducted two separate sets of experiments. In the Þrst
one, the sample was compressed at room temperature to 39
GPa and subsequently heated for 11 minutes at 39–42 GPa and
1710–1850 K. The diffraction peaks of orthorhombic perovskite
phase (space group Pbnm) appeared within 2 min and did not
change with further heating. We then compressed this sample
to 94 GPa at room temperature and reheated it for 41 min at
101–103 GPa and 2030–2230 K. New peaks appeared within 2
min during heating, while peaks from perovskite became weak
with time. The pattern collected at room temperature after 41
min heating consist predominantly of these new peaks and
platinum with minor perovskite peaks [(002) and (112)] (Fig. 1).
We calculated the atomic positions and interatomic distances by
the Reitveld analysis using RIETAN-2000 program (Izumi and
Ikeda 2000) and MD calculations (Murakami et al. 2004). The

