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INTRODUCTION

High-pressure modiÞ cations of magnesium silicates are 
the most important end-members of the mineral assemblage 
in the Earth�s mantle. A detailed knowledge of their structures 
is therefore of great importance, not only for high-pressure 
crystal chemistry, but also for understanding the Earth�s mantle. 
The perovskite-type MgSiO3 was predicted to be an important 
mineral phase in the Earth's lower mantle (Reid and Ringwood 
1975). Fiquet et al. (2000) determined the atomic coordinates 
of perovskite-type MgSiO3 under high pressure and high tem-
perature by the Rietveld method. They reported that distortion of 
the framework formed by the linkage of SiO6 octahedra, detected 
by changes in the Si-O-Si angles, increased with increasing 
pressure and decreased with increasing temperature, and that 
the pressure effect on the distortion is much larger than the 
temperature effect. The investigation of the crystal structure of 
MgSiO3 perovskite under high pressure is, therefore, important 
even at room temperature.

The previous crystal structure analyses of single-crystal 
MgSiO3 perovskite under high pressure and room temperature 
using sealed tube X-ray sources (Kudoh et al. 1987; Ross and 
Hazen 1990) did not use sufÞ cient number of reß ections in com-
parison with the number of reÞ ned structural parameters to reÞ ne 

the anisotropic displacement parameters. In this study, precise 
crystal structural parameters based on the anisotropic thermal 
vibration model of atoms are determined under high pressure, 
and the structural variation of MgSiO3 perovskite up to 15 GPa is 
discussed based on a single-crystal X-ray diffraction experiment 
using a diamond anvil cell and synchrotron radiation.

EXPERIMENTAL METHODS

Single crystals of MgSiO3 perovskite were synthesized from a mixture of 
SiO2 and Mg(OH)2 at 25 GPa and 1650 °C with a heating duration of 3.5 h. The 
analytical results of an electron microprobe analyzer gave a chemical composition 
of 40.0(4) wt% MgO, 59.2(5) wt% SiO2, and 0.5(1) wt% Cr2O3, with a total of 99.7. 
IR spectroscopy was carried out to determine the contents of hydroxyl-group in 
the run products. No signiÞ cant peaks for hydroxides or hydroxyl were observed 
in the crystals of MgSiO3 perovskite. 

Un-twinned single-crystal specimens were selected by precession photographs. 
A Merrill-Bassett-type diamond-anvil cell equipped with a beryllium backing 
plate was used as a pressure cell. The samples, together with ruby chips and a 
16:3:1 mixture of methanol:ethanol:water were loaded into a 260 μm diameter 
hole within a 200 μm thick steel gasket pre-indented to 75 and 65 μm for 7.5 and 
10 GPa experiments, respectively. For the 15 GPa run, a 250 μm thick Re gasket 
pre-indented to 85 μm was used. The culet size was 500 μm. Measurements were 
carried out after pressure was kept for three days. Pressure was measured using 
the pressure dependence of ruby ß uorescence with an estimated accuracy of less 
than 0.1 GPa. Pressure was measured in seven points around the sample. Measured 
pressure corresponded in the range of the error at 7.8 and 10 GPa, but the difference 
in maximum 0.4 GPa was recognized as each pressure at 15 GPa.

Ambient pressure data were collected using a RIGAKU AFC5S four-circle 
diffractometer with graphite-monochromatized MoKα radiation (λ = 0.71069 Å). * E-mail: yoshiasa@sci.kumamoto-u.ac.jp
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ABSTRACT

High-pressure single-crystal X-ray diffraction experiments of MgSiO3 perovskite have been 
carried out up to 15 GPa in a diamond-anvil cell using synchrotron radiation. Precise crystal struc-
tural parameters, including the anisotropic displacement parameters of every atom in MgSiO3, are 
determined under high pressure. In the pressure range up to 15 GPa, the most important responses 
of the structure are the compressions of SiO6 and MgO8 polyhedra and an increase in tilting of SiO6 
octahedra represented by the decrease in angles between octahedra (both Si-O2-Si angle in the a-b 
plane and Si-O1-Si angle in the b-c plane decrease). The degree of the change in both angles in the 
a-b and b-c planes is the same. The amplitude of mean square displacement for the Mg atom has the 
largest value in the structures and its thermal vibration is signiÞ cantly anisotropic at ambient pressure. 
Under high pressure, all atoms in the structure have obvious anisotropy of thermal vibration and the 
largest amplitudes of thermal vibration for Mg, Si, and O2 atoms are directed toward vacant space in 
the structure. Anisotropy of the structure increases with pressure. 
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