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Table 1 Elastic parameters of garnets with different chemical compositions at room temperature and high pressure

Sample Composition V, /nm’ K, /GPa K, Ref.
Natural Prp 175 19
Natural Prp 1.5003(3) 173.7(32) 4.0° 31
Natural Prp Prpg; Alm,, Grs,, 1.5377(6) 179( 3) 4.0° 32
Synthetic Prp Prpgo 171(3) 1.8(7) 21
Synthetic Prp Prpyo 1.5034(5) 175(1) 4.5(9 23
Synthetic Prp Prp,oo 175 3.3(10 24
Synthetic Prp Prproo 1.5029(3) 171(2) 4.4(2) 25
Synthetic Prp Prpo 1.50615(16)  163.7(17) 6.4(4 28
Synthetic Prp Prpiog 1.5027 190( 6) 5.45° 18
Synthetic Alm Alm, o, 175(7) 1.5(16 21
Synthetic Alm Almyg, 1.5286 185(3) 4.2(3) 25
Synthetic Alm Alm,, 1.53352(1) 172.6( 15) 5.8(9) 28
Synthetic Alm Almyg, 1.5336 168( 5) 5.45° 18
Natural Prp-Alm Prpg Alm,, 1.5292 177(6) 5.45° 18
Natural Prp-Alm Prpy, Alm,, 1.5300 173(6) 5.45° 18
Synthetic Prp-Alm Prpg; Alm,, 1.511(1) 172( 4) 4.3" 27
Synthetic Prp-Alm Prp,, Alm,q 1.515(2) 174(2) 4.3" 27
Synthetic Prp-Alm Prp,, Alm,, 1.526(1) 183(2) 4.3° 27
Synthetic Prp-Alm Prpg, Alm,, 1.51632(13)  167.2(17) 5.6(59) 28
Natural Spe Spey; 1.5730 171( 1) 5.4(2 33
Synthetic Spe Spe ;oo 171.8* 7.4 (10 24
Synthetic Spe Spe ;oo 1.5636 183(4) 5.1(6 25
Natural Grs Grsyg 1.6644 173(2) 4.25° 20
Natural Grs Grsy, 1.6623 175(4) 4.25" 20
Synthetic Grs G189 168( 25) 6.2(4 29
Synthetic Grs Grs,go 1.6602 170( 4) 5.2(6 25
Natural And And,, 1.7476(5) 159(2) 4.0° 32
Synthetic And And,, 1.7513 162( 5) 4.4(7 25
Natural Grs-And Grs;, Andg, 1.6848(3) 166( 2) 4.0° 26
Natural Grs-And Grsy, Andg, 1.6909( 4) 168( 3) 4.0° 26
Natural Grs-And Grsg; And,, 1.6992(5) 173(2) 4.0" 26
Natural Uva Uvag, Grs;s 1.6975 160( 1) 5.8(1) 33
Synthetic Uva Uva, gy 162 4.7(7 24
Synthetic Kat Kat,y, 66(4) 4.1(5 29
Synthetic Maj Maj, 1.5131 161.2 4.0° 30
Synthetic Maj 1.5470(3) 164.8(34) 4.0° 31
Synthetic My-Na Maj 1.5054(2) 175.1( 13) 4.0° 31
Synthetic Na-Maj 1.4855(3) 191.5(25) 4.0° 31
Synthetic Ca-Maj 1.5246(5) 169.3(34) 4.0° 31

Note: The superscript “a” represents the value was fixed in the equation of state fitting. Prp Alm Spe Grs And Uva Kat and

Maj stand for pyrope almandine spessartine grossular andradite uvarovite katoite and majorite respectively.
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Table 2 Thermoelastic parameters of garnets with different chemical compositions at high temperature and high pressure

N R ) (aK/aT) ,/ o/

Sample Composition Vo /mm K,/GPa K, Ref.

(GPa+K™) (107°K™)
Synthetic Prp Prp, g 1.5031(5) 170(2) 5.0° -0.020( 3) 2.30(20) 34
Synthetic Prp Prpigo 1.5007(19) 164(9) 4.9(12) -0.024(13) 2.97(45 35
Synthetic Alm Alm,, 1.53105(7) 179(3) 4.0 -0.043(14)  2.60( 50 39
Natural Alm Almg Prp,Spe;,  1.5396(9) 177(2) 4.0 -0.032(16)  3.10(70) 41
Synthetic Spe Spe,g 1.564 96" 171(4) 5.3(8) -0.049(7) 2.46(54) 37
Natural Spe-Alm Spe;g Alm, 1.5446(6) 180( 4) 4.0(4) -0.028(5) 3.16( 14 42
Natural Spe-Alm Speg, Alm,g 1.5577(9) 176( 4) 4.0(9) -0.029(5) 3.04( 16) 42
Synthetic Grs G189 1.6630(10) 159.7(4.0) 5.10(48) -0.021(2) 2.77(24) 36
Natural Grs Grsy; Alm, 1.66608" 168.2(1.7) 4.0 -0.016( 3) 2.78(2 40
Natural And And,, 1.754 05" 158.0( 1.5) 4.0 -0.020( 3) 3.16(2) 40
Synthetic Grs-And Grs,, Andy, 1.7069(2) 164(2) 4.7(2) -0.018(2) 2.94(7) 44
Synthetic Prp-Grs Prpg, Grs,, 1.5394(2) 159.1(2) 4.4* 2.382(11) 45
Synthetic Prp-Grs Prpg, Grs,y, 1.5784(2) 161.8( 1) 4.4° 2.425(4 45
Synthetic Prp-Grs Prp, Grsg, 1.6120(2) 160.7( 1) 4.4° 2.258( 1) 45
Synthetic Prp-Grs Prpy, Grsy, 1.6384(2) 158.3(1) 4.4° 2.129(33) 45
Synthetic Uva Uva,y, 1.7368(8) 162( 3) 4.3(4) -0.021(4) 2.72( 14 43
Synthetic hydrous Prp Prp, g 1.5054(3) 162( 1) 4.9(2) -0.018(4) 3.20( 10 46
Synthetic Na-Maj Na-Maj 1.47588 184( 4) 3.8(6) -0.023(5) 3.22(20 38

Note: The superscript “a” represents the value was fixed in the equation of state fitting.
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Fig.7 Composition of garnets from the mantle-derived basalt xenolith ( a) kimberlite and diamond xenolith ( b) and

(ultra) high pressure metamorphic ( UHPM) eclogite ( ¢) ( Corresponding reference 52-55 ( mantle-derived basalt
xenolith 5659 ( kimberlite and diamond xenolith) ~ 60-63 ( (ultra) high pressure metamorphic eclogite) . )
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Research Progress of the Equation of State for Garnet Minerals

FAN Dawei' LI Bo'? CHEN Wei’ XU Jingui' ° KUANG Yungian'
YE Zhilin' > ZHOU Wenge' XIE Hongsen'

(1. Key Laboratory of High-Temperature and High-Pressure of the Earth’s Interior
Institute of Geochemistry Chinese Academy of Sciences Guiyang 550081 China,
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3. Guizhou Polytechnic of Construction Guiyang 551400 China)

Abstract: As an important rock-forming mineral of the rocks in the earth garnet is one of the most important
minerals in the upper mantle transition zone and ( ultra) high pressure metamorphic rocks. The study of its e—
quation of state is therefore of great significance in laying a foundation for constraining the state and chemical
composition of the earth interiors and further understanding the geodynamical processes of the subducted oce—
anic lithosphere plate and Earth’s mantle. This article summarized the recent advances in the studies of the p-V
( pressure-cell volume) and p¥V-T ( pressure-cell volume-temperature) equation of state of the garnet focusing
on the phase stability the effect of component and hydrogen on the thermal elastic parameters of the garnet at
high pressure and high temperature. Finally the existing problems and prospects of the garnets equation of
state studies were also evaluated.

Keywords: high—pressure and high-temperature; equation of state; garnet; upper mantle; transition zone

010101-13



