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INTRODUCTION

Pseudobrookite (Fe2TiO5) provides the type structure (space 
group 63, Cmcm) for a chemically wide-ranging group of both 
mineral and synthetic metal oxides with the general formula 
AB2O5 (Bayer 1971; Bowles 1988). Its crystal structure con-
sists of edge-shared MO6 octahedra, with two non-equivalent 
octahedral sites, M1 (4c) and M2 (8f), occurring in the ratio 1:2 
(Pauling 1930); the M1 site is larger and more distorted than 
the M2 site (Fig. 1a). Pseudobrookite-type minerals have been 
found in volcanic and in highly oxidized metamorphic rocks, and 
were identiÞ ed in lunar basalts (Anderson et al. 1970) formed 
from Ti-rich, reduced magmas. Armalcolite, the pseudobrookite-
structured lunar mineral, was named for the Þ rst lunar explor-
ers, and Mg-rich Karroo volcanics in South Eastern Zimbabwe 
and South Africa have provided members of the solid solution 
MgTi2O5�Fe2TiO5 (Cox and Hornung 1966).

The pseudobrookite structure-type is populated by chemically 
diverse end-members which include Ga2TiO5, Al2TiO5 (tieilite), 
CoTi2O5, Fe2TiO5, MgTi2O5, FeTi2O5, Sc2TiO5, and Ti3O5, all of 
which have been found to be thermodynamically stable at high 
temperatures only. This unusual property has been proposed 
to arise from entropy stabilization, with positive enthalpies of 
formation (∆H) from simpler oxides being offset by larger, posi-
tive entropy of formation terms (T∆S), resulting in negative free 
energies of formation (Navrotsky 1975). 

Pseudobrookite-type phases will thus decompose upon 

slow cooling to single or mixed oxides, or to a lower symmetry 
phase, as found for Ti3O5 (Onoda 1998). The temperature above 
which these phases are stable varies according to composition. 
For Fe2+Ti2O5, this temperature is 1140 ± 10 °C, below which 
FeTiO3 and TiO2 are stable; for Fe2

3+TiO5, the assemblage Fe2O3 
+ TiO2 is stable below 565 °C. Substitution of Mg for Fe in the 
MgTi2O5�FeTi2O5 solid solution lowers the decomposition tem-
perature (Pownceby and Fisher-White 1999). Thus quenching of 
some pseudobrookite-type compositions is possible. Although 
Fe0.5Mg0.5Ti2O5 decomposes below 1010 ± 20 °C, the presence 
of Al2TiO5, Cr2TiO5, and Ti3O5 in solid solution in armalcolite, 
(Fe0.5Mg0.5Ti2O5) may reduce the decomposition temperature 
(Kesson and Lindsley 1975). 

Solid-solution series include Fe2
3+TiO5�Fe2+Ti2O5 (Akimoto 

et al. 1957, Haggerty and Lindsley 1970), FeTi2O5�Ti3O5 (Grey 
and Ward 1973), and MgTi2O5�FeTi2O5 (Moore and Sigurdson 
1949; Lindsley et al. 1974), and form under a wide range of 
oxygen fugacities. Other solid solutions are under investigation, 
including Sc2TiO5�Al2TiO5 (Kolitsch and Tillmanns 2003).

A direct corollary of high-T stability is that these phases be-
come unstable with increasing pressure. A recent computational 
study found a hypothetical pseudobrookite-structured Al2SiO5 
polymorph to be unstable under conditions of the upper mantle 
(Oganov and Brodholt 2000). Lindsley et al. (1974) showed that 
MgTi2O5 breaks down to geikielite + rutile under P-T conditions 
matching those of the upper mantle/lower crust, and Borisov 
et al. (2004) have recently determined the liquidus stability of 
MgTi2O5 in an anorthite-diopside eutectic melt. 
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ABSTRACT

MgTi2O5 (karrooite) exhibits cation exchange between the two non-equivalent octahedral M1 and 
M2 sites. The temperature dependence of Ti-Mg disorder has been determined using in situ time-
of-ß ight powder neutron diffraction to establish the cation population of each site. The equilibrium 
Ti-Mg exchange commences above 700�800 °C, and continues up to 1300 °C. At ~1350 °C MgTi2O5 
appears to undergo a reversible, displacive phase transition, although the structure can still be reÞ ned 
in space group 63. This transition shows discontinuities in the degree of order, the c cell parameter, 
and in the M-O bond lengths, quadratic elongation, and bond angle variance for the M1 octahedron, 
which becomes pseudo-tetrahedral. By contrast, the M2 octahedron shows no signiÞ cant change. An 
Arrhenius plot exhibits linear behavior from 750�1300 °C, gives an exchange enthalpy of ordering 
of 33.6 kJ/mol, and a value of 10.7 kJ/mol for the entropy of disordering. A value of 5.92 cm3/mol is 
deduced for the ∆V of the high-temperature reaction of geikielite (MgTiO3) + rutile (TiO2) to form 
fully disordered MgTi2O5 at an extrapolated temperature of 1860 °C.
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