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abstract

Garnet is the second most abundant mineral phase in the upper mantle and transition zone settings. 
7KH�FU\VWDO�VWUXFWXUH�RI�JDUQHW�LV�TXLWH�ÀH[LEOH�DQG�KHQFH�LW�LV�DEOH�WR�DFFRPPRGDWH�YDULRXV�FDWLRQV��
LQFOXGLQJ� ODUJH� LQFRPSDWLEOH� FDWLRQ� VXFK�DV� VRGLXP��:H�XVHG�¿UVW�SULQFLSOHV� VLPXODWLRQ�EDVHG�RQ�
GHQVLW\�IXQFWLRQDO�WKHRU\�DQG�WZR�ZLGHO\�XVHG�DSSUR[LPDWLRQV²ORFDO�GHQVLW\�DSSUR[LPDWLRQ��/'$��
DQG�JHQHUDOL]HG�JUDGLHQW�DSSUR[LPDWLRQ��**$�²WR�H[SORUH�WKH�FU\VWDO�VWUXFWXUH��HTXDWLRQ�RI�VWDWH��
and elasticity of sodium bearing majorite garnet with Na2MgSi5O12 stoichiometry at pressures relevant 
WR�WKH�XSSHU�PDQWOH�DQG�WUDQVLWLRQ�]RQH��:H�¿QG�WKDW�WKH�SUHVVXUH�YROXPH�UHVXOWV�EDVHG�RQ�/'$�FDQ�
EH�H[SODLQHG�E\�D�%LUFK�0XUQDJKDQ�¿QLWH�VWUDLQ�HTXDWLRQ�RI�VWDWH�ZLWK�V0� ����������������c3, K0 = 
��������������*3D��DQG�Kƍ0� ����������������7KH�UHVXOWV�EDVHG�RQ�**$�FDQ�EH�H[SODLQHG�E\�D�%LUFK�
0XUQDJKDQ�¿QLWH�VWUDLQ�HTXDWLRQ�RI�VWDWH�ZLWK�V0� ����������������c3, K0� ���������������*3D��DQG�
Kƍ0� ����������������7KH�IXOO�HODVWLF�PRGXOL�WHQVRU�IRU�1D�PDMRULWH�ZLWK�WHWUDJRQDO�V\PPHWU\�H[KLELWV�
slight deviation from the cubic symmetry with C11 < C33, C12 ~ C13, and C44 ~ C66. The magnitude of the 
tetragonal strain also captures the slight deviation from the cubic symmetry. At pressures corresponding 
to the upper mantle and mantle transition zone, the compressional wave velocity, vP, and shear wave 
velocity, vS��IRU�WKH�1D�PDMRULWH�JDUQHW�DUH�IDVW�FRPSDUHG�WR�D�ZLGH�YDULHW\�RI�JDUQHWV�VXFK�DV�S\URSH��
JURVVXODU��DOPDQGLQH��DQG�PDMRULWH�JDUQHW��$OWKRXJK�VLQJOH�FU\VWDO�DQLVRWURS\�RI�1D�PDMRULWH�LV�JUHDWHU�
than pyrope, it is still low compared to the major mantle phases.
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introduction

In the mineralogical models of the deep Earth, garnet is a 
volumetrically abundant mineral phase in the upper mantle and 
WUDQVLWLRQ�]RQH��5LQJZRRG��������,Q�D�KRPRJHQRXV�S\UROLWH�
model, modal abundance of garnet ranges from 20 vol% at 
upper mantle conditions to almost 40 vol% at transition zone 
conditions. The thermodynamic stability of garnet enhances 
XSRQ�FRPSOHWH�GLVVROXWLRQ�RI�WKH�S\UR[HQH�SKDVH�DW�WUDQVLWLRQ�
zone conditions. In recent studies, it has been suggested that 
the Earth’s mantle is far from homogenous and consists of a 
PL[WXUH� RI� GHSOHWHG� KDU]EXUJLWH� FRPSRQHQWV� DQG� VXEGXFWHG�
RFHDQLF� FUXVWV�� RU�PLG� RFHDQLF� EDVDOW� �025%�� FRPSRQHQWV�
�;X�HW�DO��������6WL[UXGH�DQG�/LWKJRZ�%HUWHOORQL��������7KH�
EXON�FKHPLVWU\�RI�025%�LV�GLIIHUHQW�IURP�GHSOHWHG�KDU]EXUJLWH�
and has significantly greater proportions of incompatible ele�
ments including Na22��a���±����ZW����,ULIXQH�DQG�5LQJZRRG�
�������7KH�DONDOL�FRPSRQHQW�LV�OLNHO\�WR�EH�LQFRUSRUDWHG�LQWR�
S\UR[HQH� �$QJHO� HW� DO�� ������ DQG� DOVR� LQWR�JDUQHW� DW� KLJKHU�
SUHVVXUHV��,ULIXQH�DQG�5LQJZRRG��������([SHULPHQWDO�VWXGLHV�
RQ�UHDOLVWLF�PDQWOH�EXON�FRPSRVLWLRQV�KDYH�VKRZQ�1D�PDMRULWH�
to be stable at conditions relevant to the lower part of the upper 
PDQWOH�DQG�WUDQVLWLRQ�]RQH��*DVSDULN�������%LQGL�HW�DO��������
%REURY�HW�DO������D������E��������'\PVKLWV�HW�DO���������������
6RGLXP�EHDULQJ�QDWXUDO�JDUQHWV�ZLWK��1D22�!���ZW���KDYH�DOVR�
EHHQ�UHSRUWHG��6REROHY�DQG�/DYUHQWHY��������LQGLFDWLQJ�WKDW�

sodium is likely to be an important component within the garnet 
VWUXFWXUH�DW�KLJKHU�SUHVVXUHV��1D�PDMRULWH�LV�DQ�LPSRUWDQW�KRVW�
for the alkali elements and the partitioning of alkali elements 
might affect the relative thermodynamic stability of other al�
kali bearing aluminous phases such as new aluminous phases 
�1$/��DQG�FDOFLXP�IHUULWH�VWUXFWXUHG��&)��SKDVHV��'\PVKLWV�
HW�DO���������2ZLQJ� WR� WKH� LPSRUWDQFH�RI�1D�PDMRULWH� LQ� WKH�
XSSHU�PDQWOH�DQG�WUDQVLWLRQ�]RQH�FRQGLWLRQV��H[WHQVLYH�VWXGLHV�
KDYH�EHHQ�FRQGXFWHG�RQ�SKDVH�UHODWLRQV��*DVSDULN�������%LQGL�
HW�DO��������%REURY�HW�DO������D������E��������'\PVKLWV�HW�DO��
�������������FU\VWDO�VWUXFWXUH�GHWHUPLQDWLRQV��%LQGL�HW�DO��������
DQG� KLJK�SUHVVXUH� FRPSUHVVLELOLW\� DQG� WKH� HTXDWLRQ� RI� VWDWH�
�+D]HQ�HW�DO��������'\PVKLWV�HW�DO���������,W�LV�NQRZQ�WKDW�WKH�
bulk sound velocity i.e., compressional wave velocity, vP, and 
shear wave velocity, vS, for mineral phases and aggregates are 
important to relate seismological observation with the chemical 
composition of the mantle. The elastic moduli for majorite gar�
net with Na2MgSi5O12 stoichiometry are important. A complete 
NQRZOHGJH�RI�WKHVH�HQG�PHPEHU�SURSHUWLHV�LV�LQVWUXPHQWDO�LQ�
GHYHORSLQJ� D� WKHUPRG\QDPLF�PL[LQJ�PRGHO� WKDW�ZLOO� DOORZ�
SUHGLFWLRQV�IRU�WKH�VHLVPLF�YHORFLW\�IRU�FRPSOH[�PDMRULWH�VROLG�
solutions. It will also help us to test whether these phases that 
host alkali elements play important role in the upper mantle and 
LQ�WKH�WUDQVLWLRQ�]RQH��'HVSLWH�EHLQJ�LPSRUWDQW��WKH�IXOO�HODVWLF�
moduli tensor and the sound wave velocity of Na2MgSi5O12 
UHPDLQV�XQNQRZQ��,Q�WKLV�VWXG\�ZH�XVHG�ILUVW�SULQFLSOHV�PHWKRG�
to predict crystal structure, equation of state, and full elastic 
moduli tensor at high pressures.
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