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INTRODUCTION

Among the ABO3 compounds, ilmenite (FeTiO3) represents 
an important structural type in which the oxygen anions form 
a hexagonal closest-packing array with both A and B cations 
orderly occupying two thirds of the octahedral sites and leaving 
one third of the octahedral sites vacant. Because enstatite (Mg-
SiO3), the second most abundant mineral in the upper mantle, 
adopts the ilmenite structure at high pressure (21�23 GPa) and 
high temperature (1473�1873 K), MgSiO3-ilmenite (known as 
akimotoite) is believed to be one of the phases present in the 
lower part of the transition zone (e.g., Ito and Yamada 1982; 
Sawamoto 1987). Knowledge of the phase transformations of 
ilmenite (FeTiO3) under high pressures and temperatures would 
provide valuable information regarding high-pressure phases of 
MgSiO3 at much higher pressure conditions. Ilmenite is also an 
important accessory mineral in igneous and metamorphic rocks, 
commonly present as (Mg,Fe)TiO3 solid solution in kimberlites, 
with MgSiO3 ranging from 25 to 60 mol% (Haggerty 1991). It is 
generally believed that most of the kimberlites originate at depths 
between 150 and 250 km, based on the presence of diamond and 
coesite and the absence of stishovite (Mitchell 1986; Wyatt and 
Lawless 1984; Schultze 1984). There are, however, indications 
that some kimberlites may come from depths greater than 300 

km (Haggerty and Sautter 1990; Ringwood et al. 1992). Informa-
tion on high-pressure phase transformations in ilmenite would 
potentially serve as a useful geobarometer for ilmenite-bearing 
rocks either shocked by a meteorite or being uplifted from the 
deep mantle (Mehta et al. 1994; Dobrzhinetskaya et al. 1996; 
Linton et al. 1999). The phase transformations of ilmenite and 
its structural analogs at high pressures and temperatures have, 
therefore, received continual attention in the past 30 years. 

In a study with the laser-heated diamond-anvil cell, Liu (1975) 
Þ rst reported that a natural ilmenite (Fe,Mg)TiO3 with ∼40 mol% 
MgTiO3 transformed into the perovskite structure and then dis-
proportionated into oxides, (Mg,Fe)O + a cubic phase of TiO2, 
at pressures of 14 and 25 GPa, respectively, and temperatures 
of 1673�2073 K. Ito and Matsui (1979) found that a synthetic 
ilmenite (FeTiO3) Þ rst transformed into the corundum phase at 
15 GPa, which in turn broke down into a mixture of FeO and 
TiO2 (with α-PbO2 structure) at higher pressures around 1273 
K. Syono et al. (1980) determined the phase boundary between 
ilmenite and the high-pressure phase as P (GPa) = 25.2 � 0.01 T 
(K) and also concluded that the high-pressure phase is disordered 
with the corundum structure. Single-crystal study of MnTiO3 
(with the ilmenite structure) revealed a high-pressure polymorph, 
MnTiO3 II, which possesses the LiNbO3 structure and which 
transforms into MnTiO3 with the perovskite structure at higher 
pressures (Ko and Prewitt 1988; Ross et al. 1989). Because Mn-
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ABSTRACT

The phase transformation from ilmenite to perovskite in FeTiO3 was directly observed using 
synchrotron-based X-ray diffraction and a large-volume press. The perovskite phase is temperature 
quenchable at 20 GPa and converts into the LiNbO3 phase at pressures below 15 GPa at room tem-
perature. The LiNbO3 phase transforms into the ilmenite phase at 10 GPa and 673 K. However, the 
back-transformation from the ilmenite to the LiNbO3 phase was not observed, thus strongly suggesting 
that the LiNbO3 phase is not thermodynamically stable but rather a retrogressive phase formed from 
perovskite during decompression at room temperature. 

By cycling the pressure up and down at temperatures between 773 and 1023 K, the perovskite-
ilmenite transformation could be observed in both directions, thus conÞ rming that perovskite is the 
true high-pressure phase with respect to the ilmenite phase at lower pressures. The phase boundary of 
the perovskite-ilmenite transformation thus determined in this study is represented by P (GPa) = 16.0 
(±1.4) � 0.0012 (±0.0014) T (K), which is inconsistent with P = 25.2 � 0.01 T (K) reported previously 
(Syono et al. 1980). The discrepancy could be attributed to the different experimental methods (i.e., 
in situ vs. quench) used in the two studies. The ilmenite-perovskite phase boundary with such a small 
slope would potentially serve as a useful geobarometer for ilmenite-bearing rocks derived from the 
deep mantle or for those shocked in meteor craters. 
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