
1300003–004X/99/0102–0130$05.00

American Mineralogist, Volume 84, pages 130–137, 1999

Comparative high-pressure crystal chemistry of karrooite, MgTi2O5, with different
ordering states
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ABSTRACT

Two karrooite crystals, one with a disorder parameter (X 5 Ti content in the M1 site)
of 0.070(5) and the other with X 5 0.485(5), were mounted together in one diamond-anvil
cell and studied by single-crystal X-ray diffraction at several pressures up to 7.51 GPa.
The most noticeable effect of increasing cation disorder on the high-pressure behavior of
the structure is to increase the compressibilities of the mean ,M2-O. bond length from
0.00148(2) GPa21 in the ordered sample to 0.00163(7) GPa21 in the disordered one and
decrease those of the mean ,M1-O. bond length from 0.00243(5) to 0.00193(12) GPa21.
These changes are responsible for the compressibility difference between the two phases
observed by Hazen and Yang (1997). Both compressibilities of the mean ,M-O. bond
lengths and the octahedral volumes in two phases decrease linearly with increasing the Ti
contents in the octahedral sites. All octahedra in two samples become less distorted as
pressure increases, but those in the more disordered structure exhibit larger decreases in
terms of the octahedral angle variance than the corresponding ones in the more ordered
structure. The influence of pressure on the interatomic angles is small compared to the
interatomic distances, suggesting that compression of the karrooite structure is controlled
primarily by the bond-length shortening, rather than by bond-angle bending. The strong
compressional anisotropy of the structure is a consequence of the differential compress-
ibilities of the weaker Mg21-O and stronger Ti41-O bonds and the complex edge-sharing
linkage involving the M1 and M2 octahedra.

INTRODUCTION

Effects of pressure on atomic order-disorder in crys-
talline phases have received much attention recently be-
cause of their great implications for materials science,
geophysics, and solid-state physics (Hazen and Navrotsky
1996 and references therein). In particular, from high-
pressure unit-cell dimension data, Hazen and Yang (1997)
demonstrated that the cation disorder can increase the
compressibility of karrooite (MgTi2O5) by as much as 6%,
an order of magnitude greater than that predicted by bulk
modulus-volume systematics. This result suggests that, in
addition to structural and compositional factors, cation
order-disorder also plays an important role in determining
the elastic properties of crystalline phases. To provide a
detailed crystal-chemical understanding of the high-pres-
sure behavior of karrooite with different ordering states,
we have performed a structural study on an ordered and
a disordered karrooite crystal at various pressures up to
7.51 GPa using the comparative high-pressure method
(Hazen 1993). The results reported in this paper are a
part of our systematic investigations into the effects of
pressure on atomic order-disorder in crystalline phases.

Karrooite is an end-member of the MgTi2O5-FeTi2O5
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(ferropseudobrookite)-Fe2TiO5 (pseudobrookite) system
and occurs in many volcanic and metamorphic rocks. It
is also a constituent of refractory ceramics and magnetic
materials. The cation order-disorder in (Mg,Fe)Ti2O5

compounds has been studied because of its strong effects
on the crystal structure and high-temperature stabilization
(Navrotsky 1975; Wechsler 1977; Wechsler and Navrot-
sky 1984; Wechsler and Von Dreele 1989; Brown and
Navrotsky 1989). The crystal structure of karrooite was
first refined by Lind and Housley (1972) based on the
structural model for pseudobrookite (Pauling 1930). It
consists of two crystallographically distinct, highly dis-
torted octahedral sites, M1 and M2, with M1 larger and
more distorted than M2. In general, the M1 site is pre-
dominately occupied by Mg and M2 by Ti, but a wide
range of nonconvergent Mg-Ti order-disorder between
M1 and M2 has been reported (Lind and Housley 1972;
Smyth 1974; Virgo and Huggins 1975; Wechsler et al.
1976; Wechsler 1977; Brigatti et al. 1993). This order-
disorder reaction is strongly temperature-dependent, with
samples quenched from higher temperatures being sub-
stantially more disordered than those quenched from low-
er temperatures (Wechsler and Navrotsky 1984; Wechsler
and Von Dreele 1989; Brown and Navrotsky 1989; Yang
and Hazen 1998). The fully ordered and disordered struc-


