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abStraCt

Unit-cell parameters of a series of synthetic garnets with the pyrope, grossular, and four intermedi-

ate compositions were measured up to about 900 K and to 10 GPa using synchrotron X-ray powder 

GLIIUDFWLRQ��&RHI¿FLHQWV�RI�WKHUPDO�H[SDQVLRQ�RI�S\URSH�JURVVXODU�JDUQHWV�DUH�LQ�WKH�UDQJH�����±�����
× 10±� K±� and uniformly increase with temperature. Values for the two end-members pyrope and 

JURVVXODU�DUH�LGHQWLFDO�ZLWKLQ�H[SHULPHQWDO�HUURU�������������î���±� K±��DQG�������������î���±� K±�, 

UHVSHFWLYHO\��&RHI¿FLHQWV�RI�WKHUPDO�H[SDQVLRQ�IRU�LQWHUPHGLDWH�FRPSRVLWLRQV�DUH�VPDOOHU�WKDQ�WKRVH�
of end-members and are not linearly dependent on composition. Bulk modulus of grossular is Ȁ0 = 

164.3(1) GPa (with Ȁ0ƍ�WKH�SUHVVXUH�GHULYDWLYH�RI�WKH�EXON�PRGXOXV�¿[HG�WR�������DQG�EXON�PRGXOXV�RI�
pyrope is Ȁ0 = 169.2(2) GPa (with Ȁ0ƍ�¿[HG�WR������XVLQJ�D�WKLUG�RUGHU�%LUFK�0XUQDJKDQ�HTXDWLRQ�RI�
state, which are consistent with previously reported values. The bulk moduli of garnets of intermediate 

composition are between ~155 and ~160 GPa, smaller than those of the end-members no matter which 

Ȁ0ƍ�LV�FKRVHQ��7KH�FRPSRVLWLRQDO�GHSHQGHQFH�RI�EXON�PRGXOXV�UHVHPEOHV�WKH�FRPSRVLWLRQDO�GHSHQGHQFH�
RI�WKHUPDO�H[SDQVLRQ��,QWHUPHGLDWH�JDUQHWV�RQ�WKLV�ELQDU\�KDYH�ODUJH�SRVLWLYH�H[FHVV�YROXPH��ZKLFK�
PDNHV�WKHP�PRUH�FRPSUHVVLEOH��:H�¿QG�WKDW�H[FHVV�YROXPHV�LQ�WKH�S\URSH�JURVVXODU�VHULHV�UHPDLQ�
relatively large even at high pressure (~6 GPa) and temperature (~800 K), supporting the observation 

RI�FU\VWDO�H[VROXWLRQ�RQ�WKLV�JDUQHW�MRLQ��7KH�FXULRXVO\�³:´�VKDSHG�FRPSRVLWLRQDO�YDULDWLRQ�RI�WKHU-
PDO�H[SDQVLRQ�DQG�EXON�PRGXOXV�LV�DQWL�FRUUHODWHG�ZLWK�WKH�FRPSRVLWLRQDO�GHSHQGHQFH�RI�PLFURVWUDLQ�
GRFXPHQWHG�LQ�RXU�FRPSDQLRQ�SDSHU��'X�HW�DO��LQ�SUHSDUDWLRQ��RQ�WKH�H[FHVV�YROXPHV�LQ�WKLV�VHULHV�RI�
JDUQHWV��0LQLPXP�WKHUPDO�H[SDQVLRQV�DQG�EXON�PRGXOL�JR�ZLWK�PD[LPXP�PLFURVWUDLQV�
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introDuCtion

Garnets have the general chemical composition A3B2(SiO4)3 

where A and B are 2+ and 3+ cations, respectively. In nature, 

JDUQHWV� SUHGRPLQDWHO\� H[LVW� DV� VROLG� VROXWLRQV� EHWZHHQ� WKH�
IROORZLQJ� VL[� HQG�PHPEHU�PLQHUDOV�� S\URSH� �0J3Al2Si3O12), 

grossular (Ca3Al2Si3O12), almandine (Fe3Al2Si3O12), spessartite 

(Mn3Al2Si3O12), uvarovite (Ca3Cr2Si3O12), and andradite (Ca3Fe2 

Si3O12���*DUQHW�LV�D�PDMRU�SKDVH�LQ�(DUWK�PDQWOH�PRGHOV�VXFK�
DV� S\UROLWH� DQG�SLFORJLWH� �,ULIXQH� DQG�5LQJZRRG������� ������
and garnet volume fraction may increase to more than 40% in 

WKH�(DUWK¶V�WUDQVLWLRQ�]RQH�����±����NP���'XII\�DQG�$QGHUVRQ�
1989). They are stable over a wide pressure and temperature 

UDQJH� DQG� FRPSDWLEOH�ZLWK� SKDVHV� VXFK� DV�PLFD�� S\UR[HQH��
and olivine, making them important candidates for geothermal 

barometers and thermometers. Knowledge of the effect of com-

positional change on the elastic properties of garnet is essential 

for the correct interpretation of regional lateral variations in 

seismic velocity imaged by seismic tomography and geodynamic 

studies of the continental lithosphere in terms of thermal and 

chemical properties. Least-squares techniques might succeed in 

inverting the elastic properties of natural solid solution samples 

based on interpolation of end-member properties if those elastic 

properties were strictly linear in compositional dependence or if 

there is sufficient compositional coverage to resolve some more 

FRPSOH[�GHSHQGHQFH�
Substitution for magnesium by calcium along the pyrope-

JURVVXODU�MRLQ�LQYROYHV�D�ODUJH�FKDQJH�LQ�FDWLRQ�VL]H�DQG�PLJKW�
SURGXFH�D�ODUJH�FKDQJH�LQ�WKHUPRHODVWLF�SURSHUWLHV��7KH�PL[LQJ�
volumes and enthalpies of solid solutions of several synthetic and 

QDWXUDO�JDUQHWV�DORQJ�WKLV�MRLQ�KDYH�EHHQ�GHWHUPLQHG�H[SHULPHQ-

WDOO\�DW�DPELHQW�WHPSHUDWXUH�DQG�SUHVVXUH��1HZWRQ�HW�DO��������
*HLJHU�HW�DO��������:RRG�������*DQJXO\�HW�DO��������%RVHQLFN�HW�
DO��������������������*HLJHU�DQG�)HHQVWUD��������7KHVH�SUHYLRXV�
studies all show that garnet solid solutions on this binary have 

ODUJH��SRVLWLYH��H[FHVV�PL[LQJ�YROXPHV��7KHUH�KDYH�EHHQ�PDQ\�
PHDVXUHPHQWV�RI�WKH�FRPSUHVVLELOLW\�DQG�WKHUPDO�H[SDQVLRQ�RI�
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