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absTracT

We determined phase relations in FeCr2O4 at 12–28 GPa and 800–1600 qC using a multi-anvil 
apparatus. At 12–16 GPa, FeCr2O4�VSLQHO��FKURPLWH��¿UVW�GLVVRFLDWHV�LQWR�WZR�SKDVHV��D�QHZ�)H2Cr2O5 
phase + Cr2O3�ZLWK�WKH�FRUXQGXP�VWUXFWXUH��$W���±���*3D��WKH�WZR�SKDVHV�FRPELQH�LQWR�&D)H2O4-
type and CaTi2O4-type FeCr2O4�EHORZ�DQG�DERYH������q&��UHVSHFWLYHO\��6WUXFWXUH�UH¿QHPHQWV�XVLQJ�
V\QFKURWURQ�;�UD\�SRZGHU�GLIIUDFWLRQ�GDWD�FRQ¿UPHG�WKH�&D7L2O4-structured FeCr2O4 (Cmcm), and 
indicated that the Fe2Cr2O5� SKDVH� LV� LVRVWUXFWXUDO� WR� D�PRGL¿HG� OXGZLJLWH�W\SH�0J2Al2O5 (Pbam). 
,Q� VLWX� KLJK�SUHVVXUH� KLJK�WHPSHUDWXUH�;�UD\� GLIIUDFWLRQ� H[SHULPHQWV� VKRZHG� WKDW�&D)H2O4-type 
FeCr2O4�LV�XQTXHQFKDEOH�DQG�LV�FRQYHUWHG�LQWR�DQRWKHU�)H&U2O4 phase on decompression. Structural 
DQDO\VLV�EDVHG�RQ�V\QFKURWURQ�;�UD\�SRZGHU�GLIIUDFWLRQ�GDWD�ZLWK�WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRSLF�
REVHUYDWLRQ�FODUL¿HG�WKDW�WKH�UHFRYHUHG�)H&U2O4�SKDVH�KDV�D�QHZ�VWUXFWXUH�UHODWHG�WR�&D)H2O4-type. 
The high-pressure phase relations in FeCr2O4 reveal that natural FeCr2O4-rich phases of CaFe2O4- and 
CaTi2O4�W\SH�VWUXFWXUHV�IRXQG�LQ�WKH�VKRFNHG�6XL]KRX�PHWHRULWH�ZHUH�IRUPHG�DERYH�DERXW����*3D�DW�
WHPSHUDWXUH�EHORZ�DQG�DERYH�������&��UHVSHFWLYHO\��7KH�SKDVH�UHODWLRQV�DOVR�VXJJHVW�WKDW�WKH�QDWXUDO�
FKURPLWLWHV�LQ�WKH�/XREXVD�RSKLROLWH�SUHYLRXVO\�LQWHUSUHWHG�DV�IRUPHG�LQ�WKH�GHHS�PDQWOH�ZHUH�IRUPHG�
DW�SUHVVXUH�EHORZ���±���*3D�
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inTroDucTion

High-pressure transitions of spinel-structured A2+B2
3+O4 com-

SRXQGV��³SRVW�VSLQHO�WUDQVLWLRQV�´�KDYH�EHHQ�SDLG�PXFK�DWWHQWLRQ�
EHFDXVH�RI�WKHLU�JHRSK\VLFDO�VLJQLILFDQFH�LQFOXGLQJ�LQYHVWLJDWLRQ�
RQ�GHQVH�DOXPLQRXV�SKDVHV�LQ�WKH�VXEGXFWHG�FUXVW�LQWR�WKH�GHHS�
mantle. CaFe2O4-, CaTi2O4-, and CaMn2O4�VWUXFWXUHV�KDYH�EHHQ�
regarded as the A2+B2

3+O4�SRVW�VSLQHO�VWUXFWXUHV��5LQJZRRG��������
:H�KHUHDIWHU�DEEUHYLDWH�&D)H2O4, CaTi2O4, and CaMn2O4 as CF, 
CT, and CM, respectively. The A2+B2

3+O4�SKDVHV�ZLWK�WKH�&)��DQG�
CT-structures (space groups Pnma and Cmcm, respectively) consist 
RI�GRXEOH�FKDLQV�RI�HGJH�VKDUHG�%3+O6 octahedra running paral-
OHO�WR�RQH�RI�WKH�RUWKRUKRPELF�FHOO�D[HV��DQG�$2+ ions occupying 
WXQQHO�VSDFHV�VXUURXQGHG�E\�IRXU�FRUQHU�VKDULQJ�GRXEOH�FKDLQV�
(Decker and Kasper 1957; Rogge et al. 1998; Yamanaka et al. 
2008). The CM-structure (Pbcm��LV�LQWHUSUHWHG�WR�EH�IRUPHG�E\�
-DKQ�7HOOHU�GLVWRUWLRQ�RI�%3+O6 octahedra from the CT-structure 
�*HLVEHU�HW�DO��������<DPDQDND�HW�DO���������)H&U2O4 chromite 
ZLWK�WKH�VSLQHO�VWUXFWXUH�IRUPV�VSLQHO�VROLG�VROXWLRQV�ZLWK�RWKHU�
HQG�PHPEHUV��0J&U2O4, MgAl2O4, FeAl2O4, etc., in various 
crustal and upper-mantle rocks. Chromite is also a major chromium 
RUH�PLQHUDO��,W�ZDV�UHFHQWO\�IRXQG�WKDW�E\�FRPSUHVVLRQ�DW�URRP�

temperature pure FeCr2O4�VSLQHO�XQGHUJRHV�D�FXELF�WR�WHWUDJRQDO�
transition due to Jahn-Teller effect in tetrahedrally coordinated 
Fe2+��.\RQR�HW�DO���������+RZHYHU��FRPSDUHG�ZLWK�RWKHU�A2+B2

3+O4 
spinels, particularly MgAl2O4��OLWWOH�LV�NQRZQ�DERXW�KLJK�SUHVVXUH�
transitions in FeCr2O4.

FeCr2O4�ULFK� VSLQHO�DQG� LWV�KLJK�SUHVVXUH�SRO\PRUSKV�ZHUH�
found in a shock-metamorphosed L6-chondrite named Suizhou, 
ZKLFK� FRQWDLQHG� VKRFN�LQGXFHG�PHOW� YHLQV� DQG�KLJK�SUHVVXUH�
PLQHUDOV�LQFOXGLQJ�ULQJZRRGLWH�DQG�PDMRULWH�JDUQHW��&KHQ�HW�DO��
����D������E���&KHQ�HW�DO�������D������E��V\QWKHVL]HG�&)��DQG�
&7�VWUXFWXUHG�FKURPLWH�SKDVHV�ZLWK�WKH�VDPH�FRPSRVLWLRQ�DV�LQ�
the L6-chondrite in laser-heated diamond-anvil cell experiments 
DW������*3D�DQG�DERYH����*3D��UHVSHFWLYHO\��7KH\�LQWHUSUHWHG�WKDW�
the FeCr2O4�ULFK�KLJK�SUHVVXUH�SRO\PRUSKV�LQ�WKH�PHWHRULWH�ZHUH�
WKH�&)��DQG�&7�SKDVHV��RQ�WKH�EDVLV�RI�SRZGHU�;�UD\�GLIIUDFWLRQ�
SDWWHUQV��+RZHYHU�� GHWDLOHG� VWUXFWXUDO� DQDO\VLV�RI� WKH�&)�� DQG�
&7�SKDVHV� DQG�GHWHUPLQDWLRQ� RI� WKHLU� VWDELOLW\� UHODWLRQV�ZLWK�
FKURPLWH�VSLQHO�KDYH�QRW�\HW�EHHQ�PDGH��&KURPLWLWHV�FRPSRVHG�
mostly of FeCr2O4�ULFK�VSLQHO��ZKLFK�RFFXUUHG� LQ� WKH�/XREXVD�
RSKLROLWH�LQ�7LEHW�LQFOXGHG�KLJK�SUHVVXUH�PLQHUDOV�VXFK�DV�GLDPRQG�
DQG�FRHVLWH��ZKLFK� VXJJHVW�SRVVLEOH�GHHS�PDQWOH�RULJLQ�RI� WKH�
chromitites (Yang et al. 2007; Arai 2010; Yamamoto et al. 2009).

$W� ����� �&��0J$O2O4 spinel transforms to a mixture of 
MgO+Al2O3 at 16 GPa and to a CF-type phase at 27 GPa (Akaogi 
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