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Abstract
In situ high-pressure and high-temperature X-ray diffraction studies on magnesiochromite, MgCr2O4, 

and a natural chromite, (Mg,Fe)(Al,Cr)2O4, using a laser-heated diamond-anvil cell technique were 
performed at pressures to ~45 GPa. Our results on MgCr2O4 at ~15 GPa showed temperature-induced  
dissociation of MgCr2O4 to Cr2O3+MgO below ~1500 K and formation of modified ludwigite (mLd)-type 
Mg2Cr2O5+Cr2O3 above ~1500 K. Above 20 GPa, only a single phase with the CaTi2O4-type structure 
of MgCr2O4 was observed at 1400–2000 K. A second-order Birch-Murnaghan fit to pressure-volume 
data for the CaTi2O4-type phase of MgCr2O4 yields zero-pressure volume (V0) = 264.4(8) Å3 and bulk 
modulus (K0) = 185.4(4) GPa, and for the CaTi2O4-type structure of natural (Mg,Fe)(Al,Cr)2O4 yields 
V0 = 261(1) Å3 and K0 = 175.4(2) GPa. A second-order Birch-Murnaghan fit to pressure-volume data 
of mLd-type Mg2Cr2O5 yields V0 = 338.9(8) Å3 and K0 = 186.5(6) GPa. The obtained high-pressure 
phase relations of chromite spinels can be used as an indicator for shock pressure in impact rocks and 
meteorites. The bulk moduli of the high-pressure phases of MgCr2O4 and FeCr2O4 can help develop 
a thermodynamic model for Mg and Fe end-member spinels in the upper mantle and transition zone.
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Introduction
Chromite spinels, (Mg,Fe)Cr2O4, are found in peridotite 

from the Earth’s mantle. They also occur in layered ultramafic 
intrusive rocks (Gu and Wills 1988) and in metamorphic rocks 
such as serpentinites (Pearre and Heyl 1960). Chromite is 
commonly associated with olivine, magnetite, and corundum 
(Guilbert and Park 1986). Although typically present as ac-
cessory phases, chromite spinels are widely considered to be 
important petrogenetic indicators (Irvine 1965, 1967; Evans 
and Frost 1975; Sack and Ghiorso 1991; Bosi et al. 2008) and 
can point to certain regions in garnet lherzolite as targets for 
diamond exploration (Griffin and Ryan 1995; Stachel and Har-
ris 2008). Yamamoto et al. (2009) found numerous exsolution 
lamellae of diopsidic clinopyroxene and coesite in podiform 
chromitites from the Luobusa ophiolite. To produce such ex-
solution features, it is necessary to incorporate SiO2 and CaO 
components in the host chromite or its precursor. In fact, natural 
chromites contain only 0.6 wt% SiO2, and the CaO content is 
less than several tens of parts per million (Yamamoto et al. 
2009). However, MgCr2O4-rich CaTi2O4-type (CT)/CaFe2O4-
type (CF) phases can contain Ca, Si, Ti, and Fe as CaFe2O4 
and CaTi2O4 solid solutions (Chen et al. 2003a, 2003b). Those 
exsolution lamellae were explained by the association of high-
pressure minerals (diamond, clinopyroxene, and coesite) with 
chromites in the podiform chromitites of the Luobusa ophiolite 
by the inverse transformation from CT/CF phase to chromite 
via a mantle upwelling process (Yang et al. 2007; Yamamoto 

et al. 2009; Arai 2010, 2013; Satsukawa et al. 2015; Zhang et 
al. 2017). It has been suggested that high-pressure and high-
temperature phases of chromite spinel are likely present in the 
deep mantle (Yamamoto et al. 2009; Satsukawa et al. 2015; 
Zhang et al. 2017). This makes it geologically important to 
determine the equations of state (EOS) of these high-pressure 
and high-temperature phases of chromite spinel. Furthermore, 
studying the equations of state of high-pressure phases of chro-
mite is essential for deriving their bulk moduli and potentially 
for thermodynamic models of deep Earth and planetary mate-
rials. It is known that natural chromites exhibit solid solution 
in the FeCr2O4-MgCr2O4 system. Synthetic chromites, on the 
other hand, can readily be prepared as pure end-member phases 
such as MgCr2O4, eliminating the compositional variation in 
the final products.

Chromite spinel with the general formula ACr2O4 (where 
A is divalent metal) has a normal spinel structure with tetra-
hedral coordination of the divalent metal ions and octahedral 
coordination of chromium ions (Romeijn 1953; Miyahara and 
Ohnishi 1956; Sawaoka et al. 1971). The divalent metal ions 
can be Fe, Mg, Zn, or Mn. Natural chromite is also a common 
mineral in many meteorites (Rubin 1997). More importantly, 
it has a high degree of resistance against weathering and 
diagenesis and is the only mineral surviving in a meteorite 
embedded within Middle Ordovician limestones (Thorslund et 
al. 1984). In a recent study of the shock veins of the Suizhou 
meteorite, Chen et al. (2003a, 2003b) reported that chromite 
spinel transforms to the CF-type structure at 12.5 GPa and to 
the CT-type structure above 20 GPa.

Due to their importance in the geosciences, physics, materi-
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