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Fig.1 Mineral composition of the upper mantle and transition zone in pyrolite models

including Pyrolytic model and Eclogite model (modified from Ref. [10])
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(The red sphere is the oxygen atom)
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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 1.5093(3) 173.7(32) 4.0° [31]
Natural Prp Prps; Almy, Grsy, 1.5377(6) 179(3) 4. 0" [32]

Synthetic Prp Prpioo 171(3) 1. 8(7) [21]
Synthetic Prp Prpus 1.5034(5) 175¢1) 4.5(5) [23]
Synthetic Prp Prpioo 175* 3.3(10) [24]
Synthetic Prp Prpioo 1.5029(3) 171(2) 4.4(2) [25]
Synthetic Prp Prpios 1.50615(16)  163.7(17) 6. 4(4) [28]
Synthetic Prp Prpioo 1.5027 190(6) 5.45° [18]
Synthetic Alm Alm 175(7) 1.5(16) [21]
Synthetic Alm Almj g 1.5286 185(3) 4.2(3) [25]
Synthetic Alm Almyy, 1.53352(1) 172.6(15) 5.8(5) [28]
Synthetic Alm Almig, 1.5336 168(5) 5.45° [18]
Natural Prp-Alm Prps Almg, 1.5292 177(6) 5. 45% [18]
Natural Prp-Alm Prp., Almy, 1.5300 173(6) 5.45" [18]
Synthetic Prp-Alm Prps; Alm; 1.511(1) 172(4) 4,30 [27]
Synthetic Prp-Alm Prps, Almyg 1.515(2) 174(2) 4, 3° [27]
Synthetic Prp-Alm Prpso Almy, 1.526(1) 183(2) 4. 3° [27]
Synthetic Prp-Alm Prps Almy, 1.51632(13) 167.2(17) 5.6(5) [28]
Natural Spe Speg; 1.5730 171D 5.4(2) [33]
Synthetic Spe Spers 171. 8 7.4 (10) [24]
Synthetic Spe Speioo 1.5636 183(4) 5.1(6) [25]
Natural Grs Grsgo 1.6644 173(2) 4,25% [20]
Natural Grs Grsyr 1.6623 175(4) 4. 25° [20]
Synthetic Grs Grsio0 168(25) 6.2(4) [29]
Synthetic Grs Grs100 1.6602 170(4) 5.2(6) [25]
Natural And Andg 1.7476(5) 159(2) 4.0° [32]
Synthetic And Andigo 1.7513 162(5) 4.4(D) [25]
Natural Grs-And Grsyy Andg, 1. 684 8(3) 166(2) 4. 0" [26]
Natural Grs-And Grss Ands, 1.6909(4) 168(3) 4. 0" [26]
Natural Grs-And Grss; Ands, 1.6992(5) 173(2) 4.0" [26]
Natural Uva Uvag, Grsss 1.6975 160(1) 5.8(1) [33]
Synthetic Uva Uvaio 162¢ 4.7(7) [24]
Synthetic Kat Katygo 66(4) 4. 1(5) [29]
Synthetic Maj Maj o0 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° r31]
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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FEHE A T B R BE B (Prpio Prpe Maj ) AT T p-V-T RS BBFGE . KE T K, K (AK/aT), .
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Xt N A B ES 48 M8 A (Grsioo ) SEEE AR A (Prpioy ) i 55 A1 (Speioo ) < & 4N B 4B 1 A 1 F A (Na-Maj)
FERER AR AT CALmy o) AT T J57 55 T 3 R [R5 5 XRD B9, 345 T 3 JLR i oG 4 40 4 M8 7 A 16 52 56
W E F R LA Ko Ko (DK /T), way S5 G TE S8, Pavese 457 SR FH 4 WA FR s o BEL AT I
T 25 A T 2 A A B XIRD R, St AR5 AR A CAndye ) FUES 834 A1 (Grsy, Almy) B BT
T pV-T RS T REWESE  ARTS T W R SR A0 18 7 0 B 78 SE 30 TR B KR I N Ko W (K /9T, va
G —RIVRMESE, PG , Fan S5 R R AE 5 [R5 48 5 4% B (BSRE) /8 FR 52 55 05 (AW 2) 1 i) B BH Ak
IR B 45 A TR AR R AR A XRD AR L 40 51 % K ARk AR A7 (Almg, Prp; Spe; ) R AR A 488K 45 1
A1 [ %5 1 (Speys Almg, Al Spes, Almys ) A B 85 55 18 A1 (Uvaie ) UL K G B 85 BR-45 Bk M1 A [ % 1k
(Grsso Ands) ) AT T JRA i 8 e XRD S50 . 7E 361545 H Ko  (OK/IT), (ap S5 IR S K0 L il [,
WA 8 T AR B4R - AR - AR AR A [ A A L - - s AR A R I R v 2 40 R A ke A S R
S, Du 855 R F 4 NI I 0 8 25 4 R 26 4 A XRD AR 76 5 1R 8 R 8 1R i T8 45 1 T 6 A
148 SR -5 B R A LR R EAT TR 5T i — 25 DR T 78 BE AR5 AR A A [ A b 2l 43 A8 A i K e 1
SO SR A AT XRD 52 50 2 75 5 Il 8 H Swy R 8 il 4% 08 8 58 B0RY S TS 2 e T s 45 00 TR oK g
PATEE RS AR A B AR I (K /9T, SE3RME S0 . il , Fan 881 [6) £ A Ha BELA I o i 2 5 45
£ [l 2 5 58 A R XRD $4 AR XA T4 80 7K & B OB 43810 54 0. 09 %6 18 B8 48 18 A1 FF i (Prpoe ) 1F
117 JEA 5 R R SE R BT AR RS Ko V(K /AT, va ZEIATRME S RO R RE b, 90 2398 1 & K X8
BRRE AT PR B R b b e R R R A B 0

%2 BREBETARASABTFANARMESY

Table 2 Thermoelastic parameters of garnets with different chemical compositions at high temperature and high pressure

) . ) , (AK/9T),/ a/
Sample Composition V,/nm? K,/GPa K, ] i Ref.
(GPa+* K1) (107" K™Y

Synthetic Prp Prpioo 1.5031(5) 170(2) 5.0° —0.020(3) 2.30020) [34]
Synthetic Prp Prpioo 1.5007(19)  164(9) 4.9(12)  —0.024(13)  2.97(45) [35]
Synthetic Alm Almy 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 Speioo 1.56496° 171(4) 5.3(8)  —0.049(7) 2.46(54) [37]
Natural Spe-Alm Spess Almg, 1.5446(6) 180(4) 4.0(4)  —0.028(5) 3.16(14) [42]
Natural Spe-Alm Spess Almys 1.5577(9) 176(4) 4.0(5) —0.029(5) 3.04(16) [42]
Synthetic Grs Grsioo 1.6630(10)  159.7(4.0) 5.10(48) —0.021(2) 2.7724) [36]
Natural Grs Grsor Almy; 1. 666 08" 168.2(1.7) 4.0° —0.016(3) 2.78(2) [40]
Natural And Andy, 1.75405% 158.0(1.5) 4. 0" —0.020(3) 3.16(2) [40]
Synthetic Grs-And Grsso Ands 1.7069(2) 164(2) 4.7(2)  —0.018(2) 2.94(7) [44]
Synthetic Prp-Grs Prpso Grsso 1.5394(2) 159.1(2) 4. 4* 2.382(11)  [45]
Synthetic Prp-Grs Prpso Grsio 1.5784(2) 161. 8(1) 4. 4* 2.425(4) [45]
Synthetic Prp-Grs Prpio Grseo 1.6120(2) 160. 7(1) 4.4 2.258(1) [45]
Synthetic Prp-Grs Prp., Grsso 1.6384(2) 158. 3(1) 4. 4* 2.129(33) [45]
Synthetic Uva Uvaioo 1.736 8(8) 162(3) 4.3(4)  —0.021(4) 2.72014) [43]
Synthetic hydrous Prp Prpigo 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) 3.2220) [38]

Note: The superscript “a” represents the value was fixed in the equation of state fitting.
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2.3 AN AETFA pV-T REFESEHZ I

F 1 RIER 2 43 LGS T ET N IRAS 00 IR S R R T R SR R AR A4S i s AT AR R A 1Y
PVIIRETTHM p-V-T WEFBSE., WNERLAER 2 Pl ER AFAT AT AT p-V-T R
BHBSELE AN,

2.3.1 EASMNARBRFARERESHZM

(D BESR-ER B A —om JC B K (Prp-Alm)

Takahashi 25" Fl| FH 4 WA FE Js 25 45 XS 200 b A7 S R, 78 1R i FE (i R 32, 8 GPa) 2% 1
TXF 4 IR L WA F A RES AT T p- VRS T B9 RS B LA 2 i 22 K| =5. 45 1)
FEM T BFH K, 435918 190 (6) GPa(Prpig ) 177 (6) GPa(Prpg, Alms, ) 173 (6) GPa(Prp,, Almy, ) |
168(5)GPa(Almo, ) » B JHHE W7 EE 55 -2k BR AR A — i o BN R G0 Ko Bl & 2 50 18 A % 2t A9 185 m 1 9
/o BRI, Takahashi 555 7E i He 5206 v A (o 48 R o 33 0F 52 36 295 R 09 52 min =l 6 O, DR UG BT 445 25 08 0F A
Wl . W], Huang 677 R FH & WA R B 45 4 W25 4R 4 XRD $0R , 728 1 & (e JE 97 21 GPa)
X3 AR A 4 43 1 G BUBE R4 AR R A o s B R R S IEAT T o VORGSO BEOE T 38 IR S O R A
A IEREE Ko =5.45 BEO T 538 H K, 20818 172(4) GPa(Prpg; Alm,;) ,174(2) GPa(Prps, Almyg) |
183(2) GPa(Prpy, Almy, ) » BERR-R AR A i oG BV R ROV Ko Bl A BRAD RS A & o2 10 385 i i 3 K, 9F
FLARAS T BB - AR AR A i oG [T 1A 2R 91 1 A LA S I R 0 R A 2 o R A i S R LR 3) B K =
170.5(2.6) +0. 12(D) 2 iy (i HEREB A B EE R 3850 o B, Milani %25 55 46 3 4R o 1 &
BSR4 SRR A 3 T [ A R RE S (Prpioe  Prpss Almye s Almy ) 347 pV IR TR 5E )G IESE T
Huang 2527 (8518 . AN, g5 38 1 A3 2 i Ao 86 47 1 A0 04k 40 498 A0 s e 2L 43 O F 9% 485 1 ml e
BESERE A T2 40 1 Ko 24 164~175 GPa, MRS 18 A i oo 20 43 19 Ko 4 173~185 GPa, HEERRRA
A BB A K, BB K, 5 Huang 257 F1 Milani 285918 19 4518 — 3L,

(2) 582 BR AR A0 —om JC B K (Spe-Alm)

Fan % F) 4 NI 45 & TR A6 5 XRD AR 76 f s B O 800 K i /& & /134 16. 2 GPa 1Y)
ZRAFTT R P AS W] 41 3 09 SR SR A SR - R AR R A LA K™ ) (Spess Almiys Bl Spess Alme V#4717 p-V-T AR
BRI T SR = Birch-Murnaghan (R BB E . FETHHT YN pV-T REFESH
(W3R 2) . 7 REEHTN T 5E 550 A AR AR AR A1 il D0 2 20 D 5 R 1 Bl | Fan 580 % 91 B % 2K 4R
AT AL 3G TN L 4 R AR AR AR G R AR P 1) K Bl 2 38 K, DR SR AR A i JC 4 43 19 172 GPa 38 K 314k
FRAR AT G2 43 1Y 185 GPas [R50 4 AR - SR A0 A B IR R A0 W1 iy Ko B8R B AR A 2 43 28 e 1Y
KRB K, (GPa) =171.6(1.6) +0. 11(3) 2o » WA 4 iR,

200 -
. ef.[25
200F  Ref[37] Ref.[42]
£ 180t o 1 ) r
Q . 9 180f 3
2 E
2 160} 2 /
g * Ref.[27] g 160f Ref.[41]
ﬁ: ® Ref.[18] =< I Ref.[33]
@ 140} 4 Ref[25] & a0k _
[ K,=170.5(2.6)+0.12(4)x,,,, i K=171.209)+0.10@2)% aim
120 L L . L L f 120 L L 1 1 L L
0 20 40 60 80 100 0 20 40 60 80 100
Mole fraction of almandine/% Mole fraction of almandine/%
B3 B4Rk AR AR A ] I AR R AR i B 4 SRR AR AR A [ A (AR B i B
R A B R o B AR AT R AR A B R oy B AR AT
Fig. 3 Bulk modulus vs. mole fraction of almandine Fig. 4 Bulk modulus vs. mole fraction of almandine

[27] [42]

for almandine-pyrope binary system for spessartine-almandine binary system
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(3) H5 B0 -5 kAR A ity G BV 1 (Grs-And)

SEE R 1 RIER 2 S R R A RS R R A i s 4L A 1 BF O 4 SR AT S R R A s 4L AT I K,
168~175 GPa, M 858k M8 A1 3w oG 20 19 K, N 159~162 GPa, ij A\ 345 A 45 45 A8 A F1AS 2k 48 40 P 3 G
WY Ko FEAERBERZE0 40 FLJR R 32 2802« i R S 56 v Jor SR A% R A TS TR) A FR - & I (IR
b4 s 1) A R K R A5 1 A (R0 X S 30 45 R 7 A S 0 5 I Ab , S0 B il 21 A A 22 ) A
BE S IGAE BJR RIRET W L S S A AR R T (A Mg M 45 L T 243 b Y 25 A 2 X 52 B 445 SR A
S, A LSRR A B R AR A Y K, 25 5 MR BEH B R, Fan 8EU0 1R 4 NI R s 45 A T2
AT XRD H AR, 4350 76 5 R R (29 13,7 GPa) LU @ i FE (900 K22, 8 GPa) 2514 T &) 3 41 KR4S
BRI RRAR AT [ AR T ) (Grsyy Ands, Grss, Andg, FIl Grsgs Andy, ) Il 1 2H 4 504 8555 4 08 0 [ IR R0 )
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Research Progress of the Equation of State for Garnet Minerals

FAN Dawei', L1 Bo''* ,CHEN Wei*,XU Jingui'* . KUANG Yungian'?,
YE Zhilin"*,ZHOU Wenge' , XIE Hongsen'
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Institute o f 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 equation of state is therefore of great significance in laying a foundation for constrai-
ning the state and chemical composition of the earth interiors,and further understanding the geody-
namical processes of the subducted oceanic lithosphere plate and Earth’s mantle. This article summa-
rized 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 garnet’s equation of state studies were
also evaluated.

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