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absTracT

We determined phase relations in MgCr2O4 at 12–28 GPa and 1000–1600 qC using a multi-anvil 
apparatus. At 12–15 GPa, spinel-type MgCr2O4��PDJQHVLRFKURPLWH��¿UVW�GHFRPSRVHV�LQWR�D�PL[WXUH�
of new Mg2Cr2O5 phase + corundum-type Cr2O3 at 1100–1600 q&��EXW�LW�GLVVRFLDWHV�¿UVW�LQWR�0J2�
periclase + corundum-type Cr2O3 at l000 q&��$W�DERXW���±���*3D��WKH�PL[WXUH�RI�0J2Cr2O5 phase + 
corundum-type Cr2O3 transforms to a single MgCr2O4�SKDVH��6WUXFWXUH�UH¿QHPHQWV�XVLQJ�V\QFKURWURQ�
X-ray powder diffraction data indicated that the high-pressure MgCr2O4 phase has a CaTi2O4-type 
structure (Cmcm), and that the basic structure of the Mg2Cr2O5 phase is the same as that of recently 
IRXQG�PRGL¿HG�OXGZLJLWH�W\SH�0J2Al2O5 and Fe2Cr2O5 (Pbam). The phase relations in this study may 
suggest that natural chromitites in the Luobusa ophiolite regarded as the deep-mantle origin were 
derived from the mantle shallower than the depths corresponding to pressure of 12–15 GPa because 
of absence of the assemblage of (Mg,Fe)2Cr2O5 + Cr2O3 in the chromitites.
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inTroDucTion

Chromium-bearing spinel is widely found in igneous and 
metamorphic rocks as an accessory mineral, and it is accepted 
as an important indicator for petrogenesis (e.g., Sack and 
Ghiorso 1991). MgCr2O4 spinel (magnesiochromite) is a major 
end-member of chromian spinel in mantle-derived peridotites. 
It is also the commercially available ore mineral of chromium. 
At ambient conditions, MgCr2O4 spinel has the normal spinel 
structure (space group Fd3m) in which Mg2+ and Cr3+ occupy 
the tetrahedral and octahedral sites, respectively (O’Neill and 
Dollase 1994).

High-pressure transition of A2+B2
3+O4 spinel (post-spinel 

WUDQVLWLRQ��KDV�EHHQ�H[WHQVLYHO\�VWXGLHG�LQ�YDULRXV�FRPSRXQGV�
to clarify host phases of trivalent cations such as Al3+, Cr3+, and 
Fe3+ in the deep mantle. The CaFe2O4(CF)- and CaTi2O4(CT)-
structured phases of A2+B2

3+O4 are major post-spinel phases. Both 
the CaFe2O4-type structure (Pnma) and CaTi2O4-type structure 
(Cmcm) consist of double chains of edge-shared B3+O6 octahe-
GUD�UXQQLQJ�SDUDOOHO�WR�RQH�RI�RUWKRUKRPELF�FHOO�D[HV��LQ�ZKLFK�
A2+ ions occupy tunnel spaces surrounded by corner-sharing 
of four double chains, though the CaFe2O4- and CaTi2O4-type 
structures have different frameworks of B3+O6 octahedra. Yong 
et al. (2012) showed very recently that a cubic-to-tetragonal 

transition occurred in MgCr2O4 spinel at about 20 GPa and room 
temperature, based on X-ray diffraction and Raman spectroscopy 
at high pressure. However, high-pressure and high-temperature 
behaviors of MgCr2O4 spinel are not still clarified.

We recently found that MgAl2O4 spinel first decomposes into 
Mg2Al2O5 + Al2O3 at about 20 GPa above 2000 qC and FeCr2O4 
chromite into Fe2Cr2O5 + Cr2O3 at about 14 GPa and 1200 qC, 
prior to transitions to CF- or CT-phase at higher pressure (Eno-
moto et al. 2009; Kojitani et al. 2010; Ishii et al. 2014). The 
Mg2Al2O5 and Fe2Cr2O5 phases have the same structure named 
modified ludwigite (mLd) structure (Pbam) in which edge- and 
corner-shared (Mg,Al)O6 or (Fe,Cr)O6 octahedra are running 
parallel to c�D[LV�DQG�WXQQHO�VSDFHV�VXUURXQGHG�E\�WKH�RFWDKHGUDO�
FKDLQV�DUH�RFFXSLHG�E\�VL[�FRRUGLQDWHG�0J2+ or Fe2+ (Enomoto 
et al. 2009; Ishii et al. 2014).

In chromitites composed of MgCr2O4-rich, FeCr2O4-bearing 
spinel in the Luobusa ophiolite, Tibet, high-pressure minerals 
such as diamond and coesite were recently discovered (Yang et 
al. 2007; Yamamoto et al. 2009; Dobrzhinetskaya et al. 2009). 
Based on the natural observations, the deep-mantle origin of the 
chromitites has been discussed (Yang et al. 2007; Arai 2010, 
2013; Yamamoto et al. 2009). Ishii et al. (2014) suggested a 
possible depth limit for origin of the chromitites of the Luobusa 
ophiolite, based on phase relations in FeCr2O4 at high pressure 
and high temperature. However, it would be desirable to discuss 
the issue using the high-pressure high-temperature phase rela-
tions of both MgCr2O4 and FeCr2O4.

In this study, we have investigated in detail the phase rela-
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