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Introduction: Perovskite and tazheranite (cubic zirconia) are
among the most refractory oxides in nebular vapors [1] and important repositories for several refractory elements whose concentrations can potentially be used to constrain the environments
of formation. There are numerous studies on the phase relations
and thermodynamic properties of zirconias containing Al, Ca,
Mg, Sc, Ti, and the REE [e.g., 2-4], but meteoritic zirconia is rare
[5]. Meteoritic perovskite is much more common [e.g., 5-9], but
there are few constraints on thermodynamic properties of the relevant solid solutions. Here, we describe experiments to determine the partitioning of minor elements between perovskite and
zirconia of variable Zr/Ti; the results will be used to constrain
thermodynamic modeling for the solid solutions represented by
meteoritic perovskite.
Results and Discussion: We conducted synthesis experiments in air at 1550-1606°C for 6-18 days on oxide mixtures of
ten bulk compositions within the zirconolite (CaZrTi2O7) lakargiite (CaZrO3) – ZrO2 ternary, plus the same bulk compositions, but doped with one additional oxide (one of Al, Mg, Sc, Y,
La, Nd, Gd, Yb) at concentrations ranging from 1-10 mole % (44
bulk compositions). At elevated temperatures, the lakargiitezirconolite join, where most of the base compositions were
placed, traverses a two-phase perovskite+cubic zirconia field and
it is the partitioning of elements between these two phases that
can potentially be used to constrain the thermodynamic properties
of meteoritic perovskite. Most experiments produced two phases,
but some crystallized zirconolite; others partially melted at or
above 1600°C, especially those containing Al2O3>1 mole% or
high TiO2 (≥40%). Partition coefficients of Al, DAl (wt% Al in
perovskite / Al in zirconia) (0.4 to 2.9) increase with Zr in perovskite and, based on one experiment, with decreasing temperature.
DMg (0.04-0.4) generally decreases with increasing Zr in perovskite. For a set of bulk compositions with constant Ca-, Zr-, and
Ti-ratios, Di for Y, Sc, and the REE vary smoothly as a function
of ionic radius, with Di for La(8) >Nd(2) >Gd(0.7) >Y(0.3)
>Yb(0.2) >Sc(0.07). These experimental data will be used to
constrain the thermodynamic properties of meteoritic perovskites
but even without such modeling, there are some immediate constraints. For example, apparent partition coefficients of Al, Sc,
and Y for tazheranite and perovskite in the Allende ultrarefractory inclusion ACM-1 [5] are in the range of those observed
experimentally but, given 8 wt% ZrO2 in the perovskite, it is likely that these phases equilibrated at <1600°C.
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