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ABSTRACT

This paper presents high-resolution synchrotron X-ray powder diffraction data at 290 K
on two Fe-bearing, polycrystalline silicate perovskite samples with approximate compo-
sitions (Mg0.95Fe0.05)SiO3 synthesized at 25 GPa and 1920 K in a multi-anvil press at dif-
ferent oxygen fugacity conditions. Mössbauer studies have indicated that Fe31/SFe for the
samples are 0.09 6 0.01 and near 0.16 6 0.03. Rietveld structural refinements confirm
that Fe21 and Fe31 dominantly substitute for Mg21 in the 8-fold to 12-fold coordinated A
site for both compositions. There appears to be no significant differences in the bond
distances for these amounts of Fe31 and no conclusive structural evidence to support in-
dications from Mössbauer experiments that Fe31 may occupy both A and B sites. To
explore the effect of valence state further, this study also reports the first diffraction patterns
of (Mg,Fe)SiO3 perovskite collected at a wavelength near the Fe absorption edge.

INTRODUCTION

The expected dominance of (Mg,Fe)SiO3 with the pe-
rovskite structure in the Earth’s lower mantle has prompt-
ed extensive studies of its crystal chemistry, thermody-
namic properties, and transport properties (see Hemley
and Cohen 1992, for review). In ferromagnesian perov-
skites the site occupancy of Fe in (Mg,Fe)SiO3 as a func-
tion of oxidation state has been investigated for several
compositions by both Mössbauer and optical techniques
(Keppler et al. 1994; Fei et al. 1994; Shen et al. 1994;
McCammon 1998) and is a particularly important aspect
of the crystal chemistry. Studies on the partitioning of
Fe31 between perovskite and magnesiowüstite and elec-
trical conductivity measurements (Wood and Nell 1991;
Poirier et al. 1996) have shown that subtle changes in the
cation site and valence could be important macroscopi-
cally and could determine lower-mantle electrical con-
ductivity. Thermally activated electron delocalization and
electron exchange between Fe31 in the octahedral site and
Fe21 polyhedra have been suggested as a likely explana-
tion of the wide variation in electrical conductivity ob-
served in ferromagnesian perovskites (Fei et al. 1994).
The hyperfine parameters obtained in Mössbauer studies
suggest that Fe31 occupies the octahedral site (Mc-
Cammon et al. 1992; Fei at al. 1994; McCammon 1998).
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We compare the structural parameters obtained in these
studies with the present samples.

Advances in the understanding of perovskite crystal
chemistry have been made possible largely through wide-
spread development of multi-anvil techniques at high
pressures and temperatures leading to the synthesis of
high-quality silicate perovskites of varying (Fe 1 Mg)/Si
stoichiometry and, more recently, oxidation state. Inde-
pendent advances in high-resolution synchrotron X-ray
diffraction (XRD) techniques (Cox 1991, and references
therein), make possible detailed structure refinements
from powder X-ray data and are suited to analysis of
samples from multi-anvil experiments that generally pro-
duce polycrystalline, multiphase products. Detailed struc-
tural studies have been reported for several ferromagne-
sian perovskite compositions periodically in the last
decade by both powder and single-crystal techniques (Ito
and Yamada 1982; Parise et al. 1990; Kudoh et al. 1990)
with particular attention to Fe distribution between A and
B sites. Structural data for perovskites with the conven-
tional Fe-Mg stoichiometry, characterized by Mössbauer
techniques, can serve as a point of reference for studying
detailed effects of valence state, charge transfer, defects,
and trace-element substitution.

Presented here are the results of high-resolution syn-
chrotron powder XRD study of quenched ferromagnesian
perovskites with two slightly different oxidation states


