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INTRODUCTION

 Pseudobrookite-type MgTi2O5 (karrooite), space group
Bbmm (Pauling 1930), is a synthetic crystalline phase com-
mon in TiO2-bearing glass-ceramics (e.g., Bealle 1994). Addi-
tionally, MgTi2O5 is a component in the R2+Ti2O5-R3

2
+TiO5 solid

solutions with the pseudobrookite structure where the divalent
and trivalent cations are typically Fe2+, Mg2+, Al3+, Fe3+, Cr3+,
and Ti3+ (e.g., Bowles 1988; Hayob and Essene 1995). Knowl-
edge of the thermodynamic parameters and conditions that af-
fect the stability and phase relations between MgTi2O5

(karrooite) and other oxide and silicate phases can be of rel-
evance to the design of Fe and Al-free glass-ceramics. Further-
more, in the more-complex terrestrial and lunar rocks that
contain the orthorhombic R2+Ti2O5-R3

2
+TiO5 oxide solutions, the

phase relations among ilmenite, spinel, orthorhombic oxide,
and silicates can provide valuable information on the intensive
parameters during crystallization of these rocks. Extrapolation
beyond experimentally established phase relations among these
phases requires a rigorous understanding of the thermodynamic

properties of the phases involved, something that may be par-
ticularly important in entropy-stabilized compounds such as
the R2+Ti2O5-R3

2
+TiO5 oxide solid solutions (Navrotsky 1975,

1994). Finally, modeling of the thermodynamic properties and
stability of the orthorhombic R2+Ti2O5-R3

2
+TiO5 oxide solid so-

lutions can be facilitated by understanding first the behavior of
end-members.

In this study, we calibrate a model for the molar Gibbs free
energy of pseudobrookite-type MgTi2O5 as a function of T, P,
and the Mg2+-Ti4+ distribution between the M1 and M2 sites
based upon powder and single-crystal X-ray diffraction (XRD)
at 1 bar and high pressures, high-temperature relative enthalpy
measurements, and phase-equilibrium experiments. Also, we
calibrate MgTi2O5 (karrooite)-bearing reactions and discuss
their petrologic significance.

PREVIOUS WORK

MgTi2O5 (karrooite) has been studied by X-ray techniques
(Yang and Hazen 1999, 1998; Brown and Navrotsky 1989;
Wechsler and Navrotsky 1984; Wechsler and Von Dreele 1989;
Lind and Housley 1972), calorimetry (Orr and Coughlin 1952;
Todd 1952; Brown and Navrotsky 1989), and phase-equilib-* E-mail: dxirouch@ems.jsc.nasa.gov
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ABSTRACT

Pseudobrookite-type MgTi2O5 (karrooite) is a synthetic crystalline phase with the Bbmm struc-
ture and a component in orthorhombic oxide solid solutions, R2+Ti2O5-R3

2
+TiO5, which are present

as accessory minerals in lunar and terrestrial rocks. In this study, we present a model for the molar
Gibbs free energy of MgTi2O5 as a function of T, P, and the order parameter s = XM

M
1
g – 2XM

M
2
g, (–1 £

s £ 1). We describe the molar Gibbs free energy, (G–), with the equation: G– = g–0 + g–1·(1 – s) + 3/2
g–2·(1 – s2) – T·S

–
config, and take parameter go to represent the molar Gibbs free energy of ordered

MgTi2O5 (s = 1), whereas parameters g1 and g2 may represent cation-disorder contributions. We
used powder and single-crystal X-ray diffraction, and high-temperature relative enthalpy data, to
calibrate the disorder contribution to the volume (bo = 7.3822◊10–3 J/bar), and the model parameters
g1 (7370.8 J/mol) and g2 (3576.1 J/mol), and heat capacity and volume equation coefficients. We
also optimized standard state thermodynamic data from the elements for ordered MgTi2O5, (DH0 = –
2 498 515.28 J/mol, S0 = 149.55 J/(mol·K), DG 0 = –2 362 181.72 J/mol, V 0 = 5.445 J/bar) consistent
with the model parameters and equations, the thermodynamic data in QUILF, and phase-equilibrium
experiments involving MgTi2O5, geikelite, rutile, orthoenstatite, and forsterite in the range 973 to
1673 K and 0.0001 to 2.0 GPa. Finally, we investigate theoretically the stability of MgTi2O5 (karrooite)
with respect to geikelite, rutile, diopside, enstatite, and forsterite in the CaO-MgO-TiO2-SiO2 sys-
tem. We find that diopside- and titanite-bearing reactions require extremely high temperatures, and
are thus not stable with respect to liquid. The inferred phase relations can be of help in understand-
ing the stability of MgTi2O5 with respect to rutile, geikelite, forsterite, and orthoenstatite, and by
extrapolation that of armalcolite relative to rutile, ilmenite, olivine, and orthopyroxene in terrestrial
mantle rocks and high-Ti lunar basalts.




