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Akimotoite, (Mg,Fe)SiO3, a new silicate mineral of the
ilmenite group in the Tenham chondrite
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ABSTRACT

Akimotoite, (Mg,Fe)SiO3, a new silicate mineral of the ilmenite group, was found in
the shock-metamorphosed Tenham chondrite. It occurs as aggregates adjacent to clinoen-
statite in fragments within shock-induced melt veins. Chemical analyses show the simpli-
fied formula to be (Mg0.79Fe0.21)SiO3,the same as for clinoenstatite. Selected-area electron
diffraction (SAED) patterns correspond to the synthetic (Mg,Fe)SiO3 ilmenite phase with
space group R . Lattice parameters derived from SAED patterns are a 5 0.478(5) nm, c3̄
5 1.36(1) nm and V 5 0.269(8) nm3 in the hexagonal setting. The calculated density is
4.0(1) g/cm3. Akimotoite in this occurrence is thought to have been transformed from
original orthoenstatite in a solid-state reaction produced by a shock event. Peak pressure
and temperature generated by shock events in Tenham are estimated to be 22 GPa ,Pmax

, 26 GPa and Tmax .2000 8C, assuming that equilibrium crystallization of aluminous
majorite occurred in the melt veins. This new mineral was named after Syun-iti Akimoto.

INTRODUCTION

The ilmenite structure is one of the high-pressure poly-
morphs of enstatite first synthesized by Kawai et al.
(1974): Liu (1976) determined that it has the ilmenite
structure. Subsequently, the stability field of the ilmenite-
structure polymorph was investigated by ultra-high-pres-
sure experiments in the systems MgSiO3 (Ito and Na-
vrotsky 1985; Sawamoto 1987; Ito and Takahashi 1989;
Yusa et al. 1993), MgSiO3-FeSiO3 (Ito and Yamada
1982), and MgSiO3-Al2O3 (Kanzaki 1987; Irifune and
Ringwood 1987; Gasparik 1990). The MgSiO3 ilmenite
phase is stable only at very high pressures of $20 GPa
(Sawamoto 1987). Therefore, the ilmenite phase could be
the major constituent minerals of the transition zone and
the lower mantle of the Earth.

Although several high-pressure silicate phases have
been found in shocked meteorites, natural occurrence of
the high pressure polymorphs of pyroxene had been lim-
ited only to the garnet phase majorite (Smith and Mason
1970). Recently, Sharp et al. (1997) and Tomioka and
Fujino (1997) independently discovered the natural sili-
cate ilmenite phase in shocked meteorites. Additionally,
a natural silicate perovskite phase in the Tenham mete-
orite was found. These high-pressure silicate minerals in
meteorites are very important for understanding not only
the shock metamorphism of meteorites, but also the na-
ture of the constituent minerals of the deep mantle. This
paper describes the natural occurrence, chemical com-
position, crystallography, and possible formation mech-
anism of the (Mg,Fe)SiO3 ilmenite phase found in the
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Tenham chondrite, as compared to that in the Acfer 040
chondrite reported by Sharp et al. (1997).

This ilmenite phase was approved by the Commission
on New Minerals and Mineral Names, International Min-
eralogical Association as a new mineral with the mineral
name akimotoite. The mineral name is after Syun-iti Aki-
moto in honor of his great contributions to high-pressure
research.

OCCURRENCE

The Tenham chondritic meteorite (L6) fell in 1879 in
South Gregory, Queensland, Australia (258449S,
1428579E) (Spencer 1937). This meteorite consists mainly
of olivine, orthoenstatite, diopside, plagioclase that has
been partly converted to diaplectic glass (maskelynite),
Fe-Ni alloy, and troilite. It was very strongly shocked
(shock stage of S6 by Stöffller et al. 1991), and a network
of shock-induced melt veins #1 mm in width runs across
the entire body (Fig. 1). Host minerals are enclosed as
multiphase fragments in shock veins and are partially or
totally transformed into high-pressure phases. Olivine in
the walls of the veins is also partially converted to blue
ringwoodite. The black matrix of the vein is dominated
by aluminous majorite and lesser magnesiowüstite, Fe-
metal, Fe-oxide, and Fe-sulfide. Detailed descriptions of
the Tenham chondrite and its shock veins were previously
reported by Price et al. (1979) and Langenhorst et al.
(1995).

Akimotoite cannot be identified through an optical mi-
croscope due to its very small size and low abundance.
Therefore, observations were mainly carried out using an
analytical transmission electron microscope (ATEM).
ATEM specimens were prepared as follows: Molybde-


