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Chromium solubility in perovskite at high pressure: The structure of (Mg1–xCrx)(Si1–xCrx)O3 
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The crystal structure and chemical composition of a crystal of (Mg1–xCrx)(Si1–xCrx)O3 perovskite 
(with x = 0.07) synthesized in the model system Mg3Cr2Si3O12–Mg4Si4O12 at 23 GPa and 1600 qC 
have been investigated. The compound was found to be orthorhombic, space group Pbnm, with lattice 
parameters a = 4.8213(5), b = 4.9368(6), c = 6.9132(8) Å, V = 164.55(3) Å3��7KH�VWUXFWXUH�ZDV�UH¿QHG�
to R� �������XVLQJ�����LQGHSHQGHQW�UHÀHFWLRQV��&KURPLXP�ZDV�IRXQG�WR�VXEVWLWXWH�IRU�ERWK�0J�DW�WKH�
dodecahedral X site (with a mean bond distance of 2.187 Å) and Si at the octahedral Y site (mean: 
1.814 Å), according to the reaction Mg2+ + Si4+ = 2Cr3+. Such substitutions cause a shortening of the 
<X-O> and a lengthening of the <Y-O> distances with respect to the values typically observed for pure 
MgSiO3 perovskite. Although high Cr-contents are not considered in the pyrolite model, Cr-bearing 
perovskite may be an important host for chromium in the lower mantle. The successful synthesis of 
perovskite with high-Cr content and its structural characterization are of key importance because the 
study of its thermodynamic constants combined with the data on phase relations in the lower-mantle 
systems can provide new constraints on thermobarometry of perovskite-bearing assemblages.
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introduction

Although it is well accepted that (Mg,Fe)SiO3 perovskite 
is one of the major phases in the Earth’s lower mantle, there 
is still a debate about the incorporation of trace elements in its 
structure. As pointed out by Andrault (2003), three mechanisms 
can be invoked for the incorporation of a trivalent cation in 
(Mg,Fe)SiO3 perovskite: (1) incorporation of X3+ cations in 
the octahedral Y site with formation of oxygen vacancies; (2) 
coupled-substitution of X3+ cations at both X and Y sites; and (3) 
coupled-substitution of X3+ cations and Fe3+, after oxidation of 
some Fe2+ to Fe3+. Obviously, all these mechanisms can vary with 
P, T, X3+ cation content, and/or oxygen fugacity (fO2). Among the 
X3+ elements, chromium is considered to be very minor in the 
primitive mantle (a0.3–0.4 wt% Cr2O3; Ringwood 1979; Allègre 
et al. 1995; O’Neill and Palme 1998) and the largest amount of Cr 
reported so far in synthetic MgSiO3 perovskite does not exceed 
0.006–0.008 atoms per formula unit (Irifune 1994; Eeckhout 
et al. 2007). Thus, as Cr is present in the lower mantle, it is 
important to investigate the crystal chemistry of high-pressure 
Cr-bearing phases under such conditions. Moreover, there is also 
considerable discussion about the valence state of chromium 
in lower mantle (Cr2+ vs. Cr3+) related to its role in influencing 
properties such as electrical conductivity (Dobson and Brodholt 
2000), ionic diffusion (Mackwell et al. 2005), and lower mantle 

oxygen fugacity (McCammon et al. 2004).
To verify the possible incorporation of large amounts of Cr 

into perovskite and the response of the crystal structure, we 
present a structural study by means of single-crystal X-ray dif-
fraction of an MgSiO3-perovskite synthesized at high pressures 
exhibiting the highest Cr content ever reported.

experimentaL methodS

Synthesis
Experiments at P = 23 GPa and T = 1600 qC were performed using a 2000-t 

Kawai-type multi-anvil apparatus installed at the Ehime University (Matsuyama, 
Japan). The samples were compressed by eight cubic tungsten carbide anvils 
with 2.5 mm truncation edge lengths. Pyrophyllite gaskets were placed between 
the anvils to make the compression easier. Heating of the sample was performed 
by a tubular LaCrO3 heater. The samples were loaded into platinum capsules 
isolated from the heater by a MgO insulator. Approximate sample volumes after 
experiments were 1.0 mm3. As the starting materials, mixtures of MgO, SiO2, 
and Cr2O3 in stoichiometric proportions were prepared for the composition knor-
ringite–majorite (Knr-Maj) Knr70Maj30 (mol%). Temperature was controlled by 
a W97Re3-W75Re25 thermocouple. Pressure was calibrated at room temperature 
using semiconductor-metal transitions of Bi, ZnS, and GaAs (Irifune et al. 2004). 
The effect of T on P was further corrected using the D-E and E-J phase transitions 
of olivine (Katsura and Ito 1989; Yamada et al. 2004). MgSiO3 perovskite (Pv) 
prevailed in run products being accompanied by MgCr2O4 with calcium titanate 
structure (Ct) and stishovite (St) (Fig. 1).

Data collection and crystal-structure refinement
A small crystal (30 u 32 u 40 Pm), hand-picked under a reflected light micro-

scope from the run product 2413-70 (Fig. 1), was preliminarily examined with a 
Bruker-Enraf MACH3 single-crystal diffractometer using graphite-monochroma-
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