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Abstract

A structure refinement of MgSiO; with the ilmenite-type structure has been carried out
with single crystal X-ray diffraction techniques.. Magnesium and silicon atoms are
completely ordered in the structure. The magnesium silicates with higher transition
pressures have smaller MgOg and larger SiOg octahedra than those with lower transition
pressures, resulting in more compact arrangements of oxygen atoms in the higher-pressure
phases. Cation-oxygen distances of ilmenite-type structures systematically change de-
pending on the ionic radii of cations, and this relation is followed for Mg-O and Si-O
distances of ilmenite-type MgSiO;. The degree of distortion of cation octahedra in the
ilmenite-type structures is :ndependent of the kinds of cations but the shifts of cations from
the centers of octahedra systematically change as a function of ionic radius.

Introduction

A ‘‘hexagonal’’ modification of MgSiO; was first
synthesized bty Kawai er al. (1974) at ultra-high-
pressure. Detailed investigations by Ito and Matsui
(1974) revealed that it is trigonal (space group R3)
with the ilmenite-type structure.

In a series of high-pressure phase transformations
in MgSiO;, it has been established that the ilmen-
ite-type structure is stabilized in the pressure
range approximately from 210 to 250 kbar at 1100° C
(Ito and Yamada, 1981), suggesting that the ilmen-
ite structure with octahedrally coordinated Si is
one of the important constituents of the deep man-
tle. It has also been observed that the solid solution
of Fe for Mg in the ilmenite-type phase is limited to
oniy 10 mole percent (Ito and Yamada, 1981),
whereas that of 2Al for Mg plus Si is more exten-
sive, resulting in the pyrope composition of
3MgSiO3:Al,O5 (Liu, 1977). In this context, the
details of the structure of ilmenite-type MgSiO; are
basic to an understanding of the stability of silicate
ilmenite and to mantie mineralogy.

There are only a few structure determinations for
‘high-pressure compounds in which Si atoms are
octahedrally coordinated; e.g., SiO, stishovite
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(Baur and Khan, 1971, and Sinclair and Ringwood,
1978) and perovskite-type MgSiO; (Ito and Matsui,
1978, and Yagi et al., 1978); all of these studies
except that of Sinclair and Ringwood (1978) were
performed by powder X-ray diffraction. Structure
analysis of ilmenite-type MgSiOj is thus basic to an
understanding of the SiO¢ octahedral configuration.
In the case of ilmenite-type structures, however,
single crystal analysis is indispensable because
many crystallographically non-equivalent reflec-
tions with the same Bragg angles are superposed in
the powder diffraction pattern. In the present study
the crystal structure of ilmenite-type MgSiO; was
therefore refined by single-crystal X-ray diffraction
techniques.
Experimental

The specimen used in this work was sy.athesized
at approximately 220 kbar pressure and 1550° C
with the run time of 20 minutes, using a uniaxial
split-sphere-type high-pressure apparatus (Kawai et
al., 1973) with synthetic clinoenstatite as starting
material. The single crystal specimen which was
used in the crystal structure analysis is platy in
shape parallel to (001), approximately 40 um in
thickness and 90 um in diameter. It is transparent
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Observed and calculated structure factors Zfor ilmenite-

Table 4

type MgSiO3(XlO).

*-marked reflections have been eliminated in the least squares refinement.
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