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aBStract

The pressure-volume-temperature (P-V-T) equation of state (EoS) of synthetic uvarovite has been 
measured at high temperatures up to 900 K and high pressures up to 16.20 GPa, by using in situ 
angle-dispersive X-ray diffraction and diamond-anvil cell. Analysis of room-temperature P-V data to 
a third-order Birch-Murnaghan EoS yielded: V0 = 1736.9 r 0.5 Å3, K0 = 162 r 2 GPa, and .ƍ0 = 4.5 r 
0.3. With .ƍ0�¿[HG�WR������ZH�REWDLQHG��V0 = 1736.5 r 0.3 Å3 and K0 = 164 r 1 GPa. Fitting of our P-
V-T data by means of the high-temperature third-order Birch-Murnaghan equations of state, given the 
thermoelastic parameters: V0 = 1736.8 r 0.8 Å3, K0 = 162 r 3 GPa, .ƍ0 = 4.3 r 0.4, (wK/wT)P = –0.021 
r 0.004 GPa/K, and D0 = (2.72 r 0.14)u10–5 K–1. We compared our elastic parameters to the results 
IURP�WKH�SUHYLRXV�VWXGLHV�IRU�XYDURYLWH��)URP�WKH�FRPSDULVRQ�RI�WKHVH�¿WWLQJV��ZH�SURSRVH�WR�FRQVWUDLQ�
the bulk modulus and its pressure derivative to K0 = 162 GPa and .ƍ0 = 4.0–4.5 for uvarovite. Present 
UHVXOWV�ZHUH�DOVR�FRPSDUHG�ZLWK�SUHYLRXV�VWXGLHV�IRU�RWKHU�XJUDQGLWH�JDUQHWV��JURVVXODU�DQG�DQGUDGLWH��
ZKLFK�LQGLFDWHG�WKDW�WKH�FRPSUHVVLRQ�PHFKDQLVP�RI�XYDURYLWH�PLJKW�EH�VLPLODU�ZLWK�JURVVXODU�DQG�
andradite. Furthermore, a systematic relationship, K0 (GPa) = 398.1(7)–0.136(8) V0 (Å3��ZLWK�D�FRU-
UHODWLRQ�FRHI¿FLHQW�52 of 0.9999, has been established based on these isostructural analogs. Combining 
WKHVH�UHVXOWV�ZLWK�SUHYLRXV�VWXGLHV�IRU�S\UDOVSLWH�JDUQHWV²S\URSH��DOPDQGLQH��DQG�VSHVVDUWLQH²WKH�
FRPSRVLWLRQDO�GHSHQGHQFH�RI�WKH�WKHUPRHODVWLF�SDUDPHWHUV��EXON�PRGXOXV��WKHUPDO�H[SDQVLRQ��DQG�WKH�
WHPSHUDWXUH�GHULYDWLYH�RI�WKH�EXON�PRGXOXV��ZHUH�GLVFXVVHG�
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introDuction

Silicate garnets are considered important rock-forming 
PLQHUDOV�RI�WKH�(DUWK¶V�LQWHULRU�H[LVWLQJ�LQ�WKH�XSSHU�PDQWOH�DQG�
transition zone, comprising up to 40% by volume of the pyrolite 
composition and up to 70% of eclogitic composition (Akaogi and 
$NLPRWR�������$QGHUVRQ�DQG�%DVV�������,ULIXQH�DQG�5LQJZRRG�
������,WD�DQG�6WL[UXGH�������'\PVKLWV�HW�DO���������7KH\�RFFXU�
DV�VWDEOH�SKDVHV�LQ�D�ZLGH�UDQJH�RI�SUHVVXUHV��WHPSHUDWXUHV��DQG�
chemical environments, and play a fundamental role in high-
SUHVVXUH�DQG�KLJK�WHPSHUDWXUH�SHWURJHQHWLF�SURFHVVHV��'HHU�HW�DO��
1992; Pavese et al. 2001). Garnets are also important components 
of subducted oceanic crust, and it is suggested that garnet-rich 
VXEGXFWHG�FUXVW�FDQ�EH�JUDYLWDWLRQDOO\�WUDSSHG�LQ�WKH�ORZHUPRVW�
SDUW�RI�WUDQVLWLRQ�]RQH��,ULIXQH�DQG�5LQJZRRG�������.DUDWR�HW�
DO���������,Q�DGGLWLRQ��IRUPHU�H[SHULPHQWV�DW�KLJK�SUHVVXUH�DQG�
KLJK�WHPSHUDWXUH�RQ�JDUQHWV�VKRZHG�WKDW�SRVW�JDUQHW�WUDQVLWLRQV�
occur at pressure and temperature conditions relatively close to 

the ones of the 660 km depth discontinuity (Irifune et al. 1996; 
$NDRJL�HW�DO��������*UpDX[�HW�DO������D������E���7KHUHIRUH��XQ-
derstanding the thermoelastic properties of garnets is essential 
to infer appropriate compositional models and regional seismic 
SURILOHV�RI�WKH�(DUWK¶V�LQWHULRU��'XII\�DQG�$QGHUVRQ�������:HL-
dner and Wang 2000).

7KH�PLQHUDOV�RI�WKH�JDUQHW�JURXS�DUH�GLYLGHG�LQWR�WZR�VHULHV��
pyralspite and ugrandite. Uvarovite is a chromium-bearing ugran-
GLWH�JDUQHW�JURXS�VSHFLHV�ZLWK�WKH�IRUPXOD�&D3Cr2Si3O12 and is 
thus distinguished from both grossularite (Ca3Al2Si3O12) and an-
dradite (Ca3Fe2Si3O12). Uvarovite is one of the rarest of the garnet 
group minerals, but nonetheless prevalent in many terrains and 
geologic settings (Green and Falloon 1998; O’Neill and Palme 
1998; Chopelas 2005; Klemme et al. 2005), and its thermoelas-
WLF� EHKDYLRU� DW� KLJK�SUHVVXUH� DQG�KLJK� WHPSHUDWXUH�ZLOO� VKHG�
OLJKW�RQ�RWKHU�XJUDQGLWH�JDUQHWV��DV�ZHOO�DV�S\UDOVSLWH�JDUQHWV��
,W�FDQ�IRUP�D�FRPSOHWH�VROLG�VROXWLRQ�VHULHV�ZLWK�JURVVXODU�DQG�
andradite in the Earth’s interior (Huckenholz and Knittel 1975). 
8YDURYLWH�KDV�JHQHUDOO\�EHHQ�IRXQG�DVVRFLDWHG�ZLWK�VHUSHQWLQLWH��
chromite, metamorphic limestones, and skarn ore-bodies; it has 
formed from contact metamorphic processes or hydrothermal 
processes (Challis et al. 1995; Graham et al. 1996; Proenza et 
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