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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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Fig. 2 Crystal structure of garnet

(The red sphere is the oxygen atom)
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s X A8 Y AL E R B RHIE  ADR E AT C R AR A R R S RS A T A
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A 2 D DR R I A R 1 A Al B R g R S T 0 8 22 5 3 A R A i AR S TR) R B Y
MM, ERERE T B FERE/NWHE F (Mg (Fe'' \Mn" D) LB FRREE R E T
(Ca® ) H Gy b A fh#s It R A0E 1Y 8 Bz M FE MR IR EE T . B TR AR B R0 P& 73 A A& TE 1 8 e
(LI RS E PRI & T8 TR R BN IR 1. R X T AR SR OT B A AT s L S RS A
WA F 2T T B H A 3 78 B AR bk ) — B/ T 0.5 GPa) o 18R & 91 A0 1 T =
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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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Wang %5045 1 K AR TR LSS A 1) A5 58 5926 8 L 7E 11 GPa 1163 K 408 T X 2 Ff 2l 20 O BE 45 40 11 -
FEHE A T B R BE B (Prpio Prpe Maj ) AT T p-V-T RS BBFGE . KE T K, K (AK/aT), .
@y PR ZE, Zou 2P Gréaux P Dymshits 285 PL & Arimoto ZE5% 1 FHZE LB 35 AR 43 5]
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.

010101-5



1M = JiS ) il 2% i o532 %

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
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for almandine-pyrope binary system for spessartine-almandine binary system
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Fig. 5 Bulk modulus vs. mole fraction of grossular Fig. 6 Bulk modulus vs. mole fraction of grossular

L] for pyrope-grossular binary system!'*)
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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'

(1. Key Laboratory of High-Tem perature and High-Pressure of the Earth’s Interior,
Institute o f Geochemistry ,Chinese Academy of Sciences ,Guiyang 550081 ,China;
2. University of Chinese Academy of Sciences,Beijing 100049,China;
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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H5 A, A S ke A AE 0 0 b ) D R A R BR T R R G A A B R BRI WAE AT R
TR AT 0 DT AT VORI R AR B R R . SR S8 MO A s R B R B 5
Bl o 9 A W BT e e, B Portnyagin SN JL T 0 K Y BONE A0 IR AL B IR B TR K R 8
(200 MPa, 1140 “C)AX MG K], 38 o oW A 3 Bl A M 1 6 28 A 1 7K 1) 5 et 4 B0 38 2.5 005 KRR LA
GRV 020090 H#OME A7 8 A A0 B AR R0 /K & B (1. 710 D)l T30 (5. 337 X 10 %), X & i Tk
A A AT B R A AR BE AR T DR R PR E M AR TR K AR ONE £ Hh  B R L
A By T B0 R b RO A A A PR T D R R K

AT F 7K BHOE £1 BIF 5 3 22 4 rh f MO A T 7ROt 08 il T B L Hl R AR RS S A I R e Y T X
FIME S5 R K AEMONE A b i) R R Bl = R 5E . A TAE B A6 R = Tl R SE 38 BR , JF RO TR
88 S35 R LR ) RN E A F T K AE BIOE A mP A B HIOE 5 L A o B R A ) BR TASS AR R AR A T 2 SRR

1 XWESHTE

1.1 BESEY#EE

SR A AR b Ry T T AR A (PN T TE I B B A B A e A v R B B K
P 3RAWE 5 BT Y H A L TXA-8100 AU HL - #RBH RO A7 09 4k 27 i3 #E 4T DU & CFR SR AR 24 5 e, 0
B 15 KV BP0 20 nAL PR ] 20 ) B 2 BIOME A7 19 16 2 20 0 (Mg, o Feo 1), 810, . $A
J5 s K T B AT 5 (Electron Backscatter Diffraction, EBSD) 32 A X &b AR 3647 v %€ 1] . % S 56
TEAL 3 K 2% 38 LAl 5 5 AL 0 8 S8 0 = 19 3 & 5 49 4l B 4 (FET-Quanta650FEG) fig 1% 5 HL
HHUR AT RS (Oxford-EDS+EBSD) |- JF i (iR 1 B 70°, TAEBLE 15~ 25 mm, AR 20 kV,
BP9 5.5 nA), Ml HKL Channel 5 Oxford Instruments 3044 % 3286 50 sE A7 40 30, =2 )5 i i %l
Fr DI B A it AT 5E 0] D E] I 0 46 W04 BIF S 7 A o i ' (R R TDRLRE 2 0. 5 o) L 180G 5 M A
MR AR RCT LR 1, Bm 78 B AR K IR SRR & 5 KANHTALL760 X b dh #1718 b 3, DLT
SRR S Tt R 5 A v R R R A O R R o TR S TR R MR B KR A T B Ik i RR Fe' Bk
AALRL Fe* " T2 M B i il A A+ 100 H, IR SR B AR BE R 1200 °C LR KA 12 h,
o B iR KIS FE b Y Fet T 2 A B A A Fet T, XA i o e B8 B £ IR 3 23 A Gl SR 0T Co, SR EEH
0. 925X 10° Bq. MR 293 K. ] a-Fe (M8 B Zhr) P 1 fras. Z55R 0o A i 9 8k
R A IR AR IR AR . AN R T LA G A A5 US4 R S A K S LT AR,

F1 KEBEARTHHNIREGRERRT

Table 1 Experimental conditions of water diffusion in olivine and crystal sizes of samples

Size before hydration Size for FTIR measurement
Sample  Pressure/GPa  Temperature/°C ~ Duration/h  Buffer Capsule [100]Xx[010]x[001]/ [100]x[010]x[001]/

(mm X mm X mm) (mm X mm X mm)
Ol-5-3 1.5 900 5 NNO Ni 2.90X1.80X1.64 2.90X0.30" X1.64
Ol-7-1 2.5 900 5 NNO Ni 2.44X2.10X2.09 2.44X0.36" X2.09
Ol-7-2 3.0 900 5 NNO Ni 1.86X2.08X2.41 1.86X0.21" X2.41
No. 1-2 2.5 900 5 Iw Fe 2.42X2.47X1.65 2.42X0.22" X1.65
No. 2-3 2.5 1050 2/3 W Fe 1.87X2.08X2.44 1.87X0.16" X2, 44
No. 1-3 2.5 1200 1/3 % Fe 2.31X2.33X1.75 2.31X0.33" X1.75

Note: The asterisk symbols represent sample thickness; NNO and IW stand for nickel-nickel oxide and iron-wiistite, respectively.
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B S 06 A v Bl 2 5E M BT S b BR W PR 5 s R SE 88 E ) Mavo Press LPC 250-300/50 i 2 5]
AL EIF R, SEHRIRBE S 900~1200 °C AN 1.5~3.0 GPa, JE 58 A 6 IR SL 4, SEH R 1/2 3
SPRE AL N B Fe BAE RS G 0 DI S AL FLE [R5 . AR @ AR M 5 mm, & 10 mm.,
TERE i IR — 2 NiO B0 FeO ¥y 2K 4 7 o] UI #1144 Tl AR it A v, o L 80 g A A 9 R Oz
JESS pm) L IFMIAE B ZE K LI 2) o SR BE (f ) SR O'Neill 5522 g 350 4 sUHE AT 158 (O
# 2, RS B A (Pto o Rhy -PO DR DR &0 0 T8 dh 6 T80, A i & N 0 B KR 25 /b T
25 C . SLER A BRI A 150~200 °C/min, PRI AT F T By 1k 52 5 B B 15 S 4 £ 22 1A 8T i LA
B AR B KA B o S T I AR DR 3 o) A o s M 1 R ) T T E LN B P D 8 R, R
1 TR 3 S B A R IR K LR R

1.05 H,0
1.004 Capsule
> s s
Z 095} Olivine powder
3
= 090f
2 Olivine crystal
= 085
& o Raw data ¢
0.80r — Sum
075 Para-Fe™ ‘
-8 4 0 4 8 Buffer H
Velocity/(mm-s™) 5 mm
1B OE A A R T B8 2R (293 KO Kl 2 SRR E
Fig.1 Maéssbauer spectrum of olivine recovered Fig. 2 Schematic illustration of
from annealing experiment (293 K) experimental assembly

R2 KEBEAERMOY BUER

Table 2 Diffusion coefficients of water along each axis in olivines

Sample Pressure/GPa  Temperature /C lg f()z Duration/h  Cy/107°  Drigo7/(107 2 m? « s 1) Droo7/(10° 2 m? « s 1)

01-5-3 1.5 900 —12.0 5 2.7 2.15 0. 35
0Ol-7-1 2.5 900 —12.0 5 6.0 2.35 0. 26
Ol-7-2 3.0 900 —12.0 5 7.1 0.70 0. 40
No. 1-2 2.5 900 —16.7 5 10. 3 0.31 0.16
No. 2-3 2.5 1050 —14.1 2/3 13.1 ND 3.50
No. 1-3 2.5 1200 —11.9 1/3 12.5 8.50 6.75

Note: (1) lg f, was calculated using O’Neill’s equationt?’ for NNO and O’Neill and Pownceby’s equation?) for IW;

(2) ND means “not detected”,and Dro107 in all samples were not detected.

SR A WE KA A VIIT B T 110 (C T RAR 12 h, B B R GRS A 1~20 mg B2 57 . 3R
B2 0 e b K S o A . A ISR G ) AR A T b R SR A A L DR IR S B A PR E 1Y LR
R RAE TR BEAT o A FH 4 A AR A X Tl S ) AR Ay ot AR A T XU O (R R TRLRE B 0. 5 ) 4 U
TNEA %W R 24 b, BT B R E 5 4. JF R A 5L 0 %% 3 21 4b (Fourier Transform Infrared,
FTIR) G5 I & iy o £ FE il R 81 3 1,

1.2 EEMEBRIMEE

I v FE B 2 e b 5 5 R 40 FRAJE 5T T 9 Bruker Vertex 70 V ZLANEREAL , 78 5 55 455 X F X £E 5
Y R I T AR R AR 2 4 e i, X #R A MCT (Mercury Cadmium Telluride) £l #8 Fl — & 1.4
%% (Bruker Hyperion 2000) , & FREBRAZE YGUE A KBr 0 A= A= AR IR L0 AMNE 5F . 9 #0H) v k¢
it R BEAT I B T A AR RS 280 pm X 200 pm BIFEIEEH, B K 40~50 pm , F 5 S
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BAL . B85 PR Group T (3450~3620 em DB 2 [ Ned M N\
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e B 4 EZ K OH 254 HL. (1) Group T . OpOLER AN
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Wl £ FAT T 3160 F1 3220 em s MeP™ AH 26 (Feb [100] axis (All the spectra are normalized to 1 cm of thickness)
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AP 5 Me* T +H <2Mg> ), I Ig F B AL T 3300~3400 cm P28052 0 A S 00T 75 4 KL A W g i
FEAF 3610,3599.3572.3568.3502.3444,3417.3356 Al 3329 em ', X} W A0 2 3L 19 &5 & ML o
3R,

®3 EMBMARSTHOIREREMEREESE

Table 3 Hydroxyl band positions in all recovered olivines and hydroxyl incorporation mechanisms

Hydroxyl band positions/cm™"

Band assignments

0Ol-5-3 Ol-7-1 Ol-7-2 No. 1-2 No. 2-3 No. 1-3
3182 M site
3197 3224 M site
3232 M site
3263 3263
3329 3329 3321 Me®" site
3356 3356 3352 3352 3356 3344 Me®" site

3402 3398 3390 3394 Ti'"
3417 3421 3425 3410 3410

3433

3448 3456 3452 3452 3444 Si site
3487 3483 3475 3479 3475
3502 3494 3506

3510 3514
3525 3521 Ti'"

3545

3568 3568 3556 3568 3560 Si site

3572 3575 Ti*"
3591
3599 3599 3602
3610 St site

3629

2.2 yEEI™E

T AORE 1 AR [ 100 b 02 B A A 41 21 AN 6% a0 P 4 BT/ L a] DL 3 3 7 10 % A 1 20 A0 R A B 5 T
HC BRI . R B G RO A s A T S [ il 1] 1) 20 A0 B dl 2R AT S A LI 5) AT LA HE 4 K
T3 S I UM RE A8 kP HOE A A M LG A G B D R R SR E LR R AN AT R R T K S
0 G BN 2B R PRG3R R RE BT e 2 o BT SR )L 1

D; =Dy exp(—Q;/RT) (5)

KDy HARRTHE T Q I B IE AR s R WEE R SR H $ . R=8. 314 ]/(mol « K); T R, 5L
K, MR4EG) R HR BN ARLIAE 2.5 GPa e 1 F VAT TR A fh R 100 15 09 1% 1k 68 A4 w5 B 7 2 51
7 159. 45 kJ/mol Al 107" m®/s, P47 F [ 001 ] 4l /¥y 3% {1k 68 F1 48 17 I+ 43 il 24 182. 94 kJ/mol F
10 %% m* /s, 5 HT A HGE 1925 8 CFA7 100 ] 3l A7 47 L001 T4l (% 7% fk BE 43 il & 145~ 210 kJ/mol Fi
110~258 kJ/mols *F-47 [100 ] %l A1~ 47 [001 %l 9 15 A 1 523 % 8 104 ~10 ° m*/s F1 10 *° ~
10*6m2/s)¥ﬁ,22.26,28.42 43] .
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Fig.4 Unpolarized infrared spectra as a function of
wavenumber and position along the [100] axis in sample
0O1-5-3 (900 “C,1.5 GPa,5 h, NNO. The major hydroxyl
absorption bands are located at 3610,3599,3572,3568,
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Fig. 5

Hydroxyl content as a function of position parallel

to [100] and [001] crystallographic axes in sample Ol-7-1
(2.5 GPa, 900 °C,5 h,buffered by NNO,size 2. 44 mm X

0. 36 mmX 2. 09 mm. Diffusion coefficients are shown in

3502,3444,3417,3356 and 3329 cm™'. All the each plot. Black points are IR data,and the solid

spectra are normalized to 1 cm of thickness. ) lines are fitted diffusion profiles. )
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E
SR FE X 4B R B F

THT TR L W GRUEE R 7GR B 45 1 T K FE BN A3 Hh i 8 JOOE S AR O B = i HL A IR S 5
BARAEAEBRF L, Mackwell 229978 1000 °C L0, 3 GPa 258 F 2351 LA NNO F1 IW AL iE J5 22 ook
5 B K A AOYE A7 [ 100 18 18] B3 HEE R, 43 3N Diooiowo = (2411) X107 m* /s, Dijoraw, = (44 1) X
107" m* /s, T WITE m 4005 B2 A58 T /K AE MIOHE A3 rh B 47 I AR 400 B 25 1 T A8 18 22, SR T, Demouchy
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Water Diffusion in Olivine under Lunar Mantle Conditions

XIE Mengyu'?,LU Yafei’,ZOU Xinyu'?,DENG Liwei'**

(1. Institute o f Geology and Geophysics ,Chinese Academy of Sciences,Beijing 100029,China;
2. University of Chinese Academy of Sciences,Beijing 100049 ,China;
3. Institute o f Earthquake Forecasting ,China Earthquake Administration ,Beijing 100036 ,China)

Abstract: High-pressure water diffusion experiments in olivine crystal were conducted in a piston-
cylinder press in the present work to investigate systematically the diffusion coefficients of water in
view of changes of pressure,temperature and oxygen fugacity. It was found that diffusion coefficients
increase with elevated temperatures and decreased pressures, and become relatively larger at high
oxygen fugacity. The rate of the diffusion along [100] axis is faster than that along [001] axis and the
anisotropy becomes weaker with the increase of the pressure. The measured hydroxyl concentrations in
the olivine under lunar mantle conditions are higher than 10™*,thus indicating that the olivine could be
a major water reservoir in the deep lunar mantle. By comparing the diffusion rate of the water in the
olivine melt inclusions with the magma ascent and the eruption rates,we found that the water in the
melt inclusions in the olivine xenocrysts will be well maintained during the magma ascent, whereas
water will diffuse out of the xenocrysts during the magma eruption process. The estimated water
concentration in the lunar mantle based on the melt inclusion data could be the lower limit. Our work
provides significant thermodynamic parameters for exploring the moon evolution history.

Keywords: water;olivine; diffusion; lunar mantle
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Y244 1B X NaClO, B RO A7 M BF 8 H /D . Bridgman®®) UK FR B 7 28 10 A 3% 22 A S A1 A2 H)
P AEFE S 0~3. 3 GPa i B 20~ 160 “C i [l I X NaClO, Y @ i i FE AR A2 15 E 47 0F 95 Kk B 7
2 GPa [ffir NaClO, FEFUAR AR /1N, 56 AL M B A 8 0 45 44 % A8 il AgMinO, B 2545 (23 [B] #F P2, /n.,
2=4) , 23 GPa W Pt — 2 5670 e & A B 25 40 (25 (Al B Prma.z=4) ., Pistorius " fE 0~4 GPa, ¥
2600 “C Y FIXF NaClO, FF Ji i i s FE#53 Ar SE 30 A 92, JFAR 96 Bridgman 45 M A9 8 i & e A % $4
S3ATT B T B B ) T R A AR AT A

NaClO, & ABX, Bb &Y. =AM T K ABX, BIL & W B 25k AR AR S AE =020 IF AR 4%
AB X B 2R R bRz B ok TS & WA B, % KT NaClO, 5 CaSO, .
ZnS0O, .CrVO, %5 [a]J@ i £ 8 B a5, 458 v BX, BB F 0 W f R EL A7, A BHE 75 BX, B &7 H
N TS S . MR B R S5 MG e AR R A RS AL A R 5 N B R 2 R Y RT RE
Crichton 8™/ ¥£ 0~21 GPa ¥ iR F 1450 K 138 3 B 6 47 8 (CaSO,) 1y 18 g A AR AT A IF R T
TEGWRIE LR R W H T CaSO, 2y 2 GPa 6748 i Ji A7 AU 25 44 5 1E— 25 i R 2] 21. 4 GPa I n#4
£ 1450 K B, CaSO, WA 5 A7 8 55 46 e A5 L & A1 U 45 48] , I 7 % Tk 2o R P 5 28 B AgMInO, AU 25 44
(P2, /n,z=4) ,iZ A5 W EE L IAE NaClO, 18 FEAHAS 780 v s SR 208 TR . A AgMnO, B 25 ) 4%
] i 47 1 RZE A, Fujii 2 7F 0~90 GPa,300~2300 K # ¥ &5 B XF CaSO, B & R AT T R4
FEG WS . BRI 5 Crichton S8 A —BUW 45 A, i & BLAE = i B 7 & T 55 GPa B &K CaSO,
ATh 2 T A TS HA  AFL R T B A A8 B O — i 5 AgMInO, B 25 K4 N [w] fry B A8 25 44

1 b M AR R B B R R S R, b T o B 25 R R AgMinO, B 25 Ky 1L AT A TR 1 58 fa) B
(P2,/n), H A B X JEF P HI A A9 Wyckoff v & , R AF 22 B 7E T S A& & BOh 19 B A L 107 6 R 45 14 11
JE - HEAT A7 A 5T DA N DGR 3 U B R R R BI85 g 22 T A 1 3 Ak BB iR BEAIR L SR T A CaSO,
AR C R P IR R SR B X — 4 2, B4k, Crichton 2529 1A AgMnO, B 45+ 12 & i A B 45 1 7E
R JiR 1o A v ply T 405 P R A8 T Y 5 {8 Boonstra ™ IA Ry, B AR WG 22 1A (0 SR HE AR ELA AR AL L E R
TR S DY TR 5T 1) AN [R] ASREAE AgMnO, BUZSH & 1F 2 5 & A T S5 M R I A8 I 25 21 . Hh LB ok L bl
A1 RUAL A W (e AR AR P 8 o S B AgMinO, BRI Z5 R Ay S — AN AT A7 T 3 A ) AL,

TEWY) T 25 KI5 v, B 8 3% 1T DAAR G M 3 i D7 RUBE 19 BOUE 285 R4 R AiE , T 5 XS 2R AT 3 (XRD)
FEARAR b W AH B AR 78, 78 & R A AR W5 b T B . A T A RS R e A W, A CaSO, .
CrVO, % ,NaClO, HA T A5 I A P RHIE LR 2 P2 3% 2k ClO, BB FHI51E,
WL AR FR B NaClO, & AR AR S, HEREFRIE . Cl— O 8K . O — Cl— O 1 i & 1B 10 728 1k #1 fiE i 1
ClO, VY AR 1 4 2 6 1 A8 b R b R B Ok . 53 A i SR £k 20 5 1) [A) 20 B O X 9 48 IR G 25 &k 4y
fifg S S R XRD 4 AR AT B8 A A2 w5 SR 46 v He AH A8 B 58 19 o] 58 O ik . AR SE FE E R NaClO, & K
$7 S G S B AIF 5T 04 [R5 308 1) 2860 8 oR BRBEAE X AS [ R NaClO, B9 AT RE S5 A8 147 hr 2 6% 115,
W P A 4556 NaClO, 1Y AR AT R ATl aA

1 MR ERE

SEHFE A AR RICK R IR AN . £25d 100 °C TR 2 h R B B IR AF . 5 RS A5 9 Mao-Bell %4
4 W47 JE (Diamond Anvil Cell, DAC) %%, G T E A2 4 400 pm, FUE T301 AEENA £ 95 pm JEAE
SR AR RE S FLAR R 130 pem, AR S PR E L NaCLO, B 5, I 76 Rk rpoe il B B 2
5 pm FZL AT BORLAE R FEFR B R S TR A9 DAC 25 B A MR H T 120 °C T4 2 ho B kR B % &
FEICH DAC %A 1 O A I B R AR S AR 7K . o5 — X BRSZ 56 2R HT 5 1R 52 90 2R AL e 4 J7 25 L B
AR TAE MR b T8 B8O WoR A S A A DK, AR B R R AN I A A BT, —
D TH A TR RE WO 55— J5 T NaClO, 2 — M8y . & A & B A& EA s, #H
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532 % i 328 90 26 g SRR M veg TS R A2 F) o7 5 D't 3 E 4l £

Renishaw 2000 B i fhr S S i AR AT 5 Fe Al TR P& 56 35 I3, 90k I K 532 nm, KW B R AS
BR 20,97 HEF A Tem ' OBBER/NA 3 pm X 3 pm , B 5 72 AR R 2 (55 28 1800 I/ mm JEl 436 . 3
A B CCD SRAE M B FL Y 100~1300 em ™', SRS [E] 200 s,

FIH Materials Studio # ¥ ) CASTEP &k, XA [H £ J3 F NaClO, FIEHY 4 Fh 28 (I 5 A
MR AR AgMnO, B S BD ST RS OEIE ST . JLATE A GGA-PBE R, R FH Norm-
Conserving B, #WraE N 830 eV, i L IX. Monkhorst-Pack # 7 £ S EEEFE N 0. 4 nm ™', fi g
S T R R 2w 1o 7 i

2 FHRMITR

2.1 SEBNEERSNKIE
HWET NaClO, Sy B 5 B 454, B 18 T

A8 RSB K 1 FFR. Hh 9 AN ClO, 1Y NaClO,- H,0 NaClo,
RN, B 1 % ET NaClO, B$HE 83, 1F A,

Syt be L B Rk 4 T NaClO, « H,O [ fL 83, 3

SIS ML F] NaClO, [ 9 A& i, 2 946 T 4 A4 g o 553 88

DB, B4 CIOT MIMBHRED. KT 400 cm s & |™ Raman fremuencyiomt

WO WEEE B T ARSI, R 2 A TRk S oA BB A | BLAB,
ALEEFEE T3 1 NaClO, B 8 W fn 12 HL I IR ovee | k7 K
B2~ Lutz 2059 #1 Toupry-Krauzman 2859 [9 52 VoW v T
BEEE . WNE2ATLUED ALK ZERY Lutz %1 2(')0 ' 4(,;0 ' 6(;0 ' 8(l)0 '10100 ' 12100
FoUy 45 R {15 Toupry Krauzman % ) 52 % 4% Raman frequency/cm™

RA PR BRI T A 5L S W7 B T SC LA AS 1 NaClO, il NaClO, « H, O % FRRL 806 O S4Ric i
RE AL 20 cm ' (13~28 cm 1), EEZ A F IR 885 M1 960 em 1y CIOT PUIHHRIRE v, fiR S AA5104)
B Cl—O 8K b sr B EYY M pr g, NaClO, #%  Fig. 1 Raman spectra of anhydrite-type NaClO, and
W KT A 8] & K B 1 NaClO, « «H, O, & 5% NaClO, * H, O at ambient conditions (Asterisks
JEF NaClO, « H,O iﬁf %, /ﬁ\:}ﬁ =] %faﬁ 596k indicate overtones of the ClO; tetrahedra internal
NaClO, HHW 2%, e i S HEx 50 f modes of v, located at 885 and 960 cm™")

fRIE LR —F,

F1 BTN NaClO, BEFHE MERE . AgMnO, HNERBHENABIRIE
Table 1  Group theory prediction of Raman modes of anhydrite-type, monazite-type, AgMnO,-type,and barite-type NaClO,

Internal vibrational Symmetry classification
modes Anhydrite-type Monazite-type AgMnO,-type Barite-type
Vi A, A, + B, A, +B, A, + B,
vy A, + By, 2A,+2B, 2A,+ 2B, A, + B+ By, +Bs,
Vs A, + B, +B;, 3A,+3B, 3A,+3B, 2A,+Bi,+ 2By, + Bs,
vy A, + B, +B;, 3A,+3B, 3A,+3B, 2A,+Bi,+ 2By, + B,
Total 6A,+5B,+ 2B, +5B;, 18A,+ 18B, 18A,+ 18B, 11A,+7B,,+11B,,+7B;,

2.2 BEBMESERSHKIT

Kl 2 8" T 0~20 GPa Fk Jy 3 Bl P9 76 Jin & AT 5 F2 h NaClO, AR MEhr 2ok, K 3 fisk 3
25 T SR L Y 45 BB MR R R S AR AL, AT LB L HE 0~4. 1 GPa FE 77 L 3% 1 45 0 24 B 1R
T30 T e T v RS B o R 4 0 R X R B A T AR A BR M = AR L O T RS B e U B R R B4
R X — R I EH NaClO, A KA A A AT, GRS E 4.1 GPa i, 7 & 615
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F2 ELWHWE(0.1 MPa) RIERITHE (1.5 GPa) MTEAFE NaClO, i BERHETRE
Table 2 Raman modes assignment and frequencies of anhydrite-type NaClO, observed at 0. 1 MPa and calculated at 1. 5 GPa

Internal vibrational modes

Symmetry classification

Raman frequency/cm ™'

X2 X2

0.1 MPa

" 1 " " 1 " " 1
200 400 600 800 1000 1200

Raman frequency/cm™

0.1 MPa X2 X2
" 1 1 1

Exp. Calc. Ref. [30] Ref. [31]
B, 444 424 444 444
Vo
A, 481 466 484 483
By, 620 593 620 629
Vi B, 628 600 629 620
A, 655 635 654 629
Vi A, 952 932 953 953
B, 1089 1069 1088 1148
V3 A, 1098 1085 1097 1145
B;, 1146 1132 1148 1087
(a) Compression (b) Decompression
)i I
o367 L ,9,0_,/\&1}\_
3 3
3 =
2 2
S S

Raman frequency/cm™

1 " 1 " "
200 400 600 800 1000 1200

B2 mE AR FR o NaClO, B9 R PR S O6RE (B 2() Bon Rk fe, Hih 4.1 GPa thZ648 /8 NaClO, JF 46 41

A8 18 2 FoR UL B 5 3. 5 GPa ITZR AL TFUG . 57 Sk Looxh 0 80745 7 AR A 3o 7 vl 2 B ) 5 06

TR A3 5304 3 1

FEAAMEAAR, L+ AT 4 1D 23 530 A R B AR A . ve vvs FL oy RS0 X DA AR B R 1A

Fig. 2 Several representative Raman spectra of NaClO, observed at various pressures ( The Fig. 2(a) shows Raman

spectra collected in the compressing process,in which the 4. 1 GPa profile indicates the beginning of phase transition.

The Fig. 2(b) displays Raman spectra observed in the decompressing process, in which the 3. 5 GPa spectrum mani-

fests the phase transition occurring. The arrows and its corresponding numbers denote the emerging new peaks.

l ’

M.1+1.and (I + 1) correspond to anhydrite-type, monazite-type and two-phase coexistence of NaClO, in com-

pression and decompression, respectively. In the graphics, the vertical axis of the v, , v; and v, sections are doubled. )
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32 % frf 3z 98 45 < g S R A i AR S 9y 2 0 i TR R %4
F3 NaClO, ERABFHMMEAHENNSMEBENNTH
Table 3 Pressure coefficients of observed Raman bands for anhydrite-type and monazite-type NaClO,
Anhydrite-type Monazite-type
Internal vibrational ~Symmetry w/cm ! (dw/dp)/ Internal vibrational ~Symmetry w/cm ! (dw/dp)/
modes classification (p=3.0 GPa) (cm™ !+ GPa™!) modes classification (p=7.0GPa) (cm !+« GPa™ 1)
B, 446 0.5(2) B, 465 2.2(1)
" Aq 496 4.1(2) A, 480 2.4(0)
By, 625 1.5(D " Ay 497 2.4(D)
vy B, 635 2.0(2) B, 510 2.6(1)
Ag 668 3.3 Ay 619 0.8(1)
" A, 974 6.8(3) B, 631 1. 4D
By, 1102 3.9() vy Ay 643 1.8(D)
V3 Ay 1116 5.3(D) B, 659 2.3(D)
B, 1174 7.8(7) Ay 667 1. 8(1)
" Ag 986 4.7(D)
Ag 1113 3.9(1)
A, 1132 4.1(D
A, 1148 4.3(D
. B, 1160 3.9(1)
B, 1172 5.0(1)
B, 1208 5.3(2)
Note: Numbers in parentheses indicate standard deviation.
TG kA=A 4. 4 GPa B A8 1k b 3 1% R AH J5c 58 04 1300
(985 cm ™', A B BB B 975 em ! T U, [F] |
A CLOT PITR PIBE vo v, v, 550 040 90 H1 B2 1200.’%%
AHE, B E JF NaClO, KA, HF AL % 11002 =
AP G2, SRS 6.1 GPa i, JE IR 5 1000'_%/
FEMBI R (S5 WK LR WET 16 Mg 3 | e
V4 i R A9 B8 A LI A TR A 5 ook L
ClOT PR IS IX I 2 e TR R D3 R 5 (g
FECLOT DU PR A5 v v, v, B850 1 58 345 5 o
S 11T 2 0 £ 5 AR B P ARG S8 CLOT I o 4 500 WM
A LB AR T RERY S — 2B 3 R T Ty gk S 3 = m = 55
iﬂzlii%lﬁ@%%‘lijj 19.5 GPa,ﬁﬂFé—] 2.3 ﬂ“u%‘% 3 Pressure/GPa

JIR £ 2 we 4aT 38 W, B9 o BEE JT p 193
i3 I, FUR AR G 5 A T AR AL L I FL DR A% 0 A
Wil T A8 AR A BT AS ] DA B i T L2 4 A e B i
FEAELERRES AR, HEZR 3.5 GPa i, i
W AR T A ) 1 I AV T AR I, B S i i A BT A
1k BRIt 2 Ah AT HoAh W A8 kL R 45 A NaClO,
FEAR . R i — LB F) 3.1 GPa B, ClO, 1
THT A 4 > PIASE IR Sl 501 %6 DX R] 357 HE BT e R e o T
AT U 55 A8 B TR A L L3 1.7 GPa MAE SE K.
JEZ I KA EO61E 5 NaClO, # HFE 58 42

K3 NaClO, $if 8 WA R R 3 224 & CL A 2351
AR 2B A R R A A TR (D TD 43 504 2 m e
1) 2o AR v A S A s = AR R IR 43 0 2R s AT A
A JiE: 0 A o 520 AR 2 0 2 AT I i R R ) I e D
Fig. 3
NaClO, (The Roman letters of [,[[.I4 I, (141D correspond

to anhydrite-type. monazite-type and two-phase coexistence of

Pressure dependence of Raman vibrational modes of

NaClO, on compression and decompression, respectively. The
triangles and cycles denote the anhydrite-type and monazite
type NaClO, , of which solid and open symbols indicate

the compressing and decompressing process, respectively. )
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a4 = JiS ) il 2% i o532 %

— 80, £ W NaClO, 13X — EEAHAS AT /0, M 3 o] LAE 2, 0 s K 85 53 F2 H NaClO, #Y#H 748 J&
FIAR—F, H A7 WIAR L AE 5 7 D] 330 kR A8 i T R0 AH A8 v i AR 77 80 4 s e HL J b 750 A AR SR A
UORT T IR, 25 W 2¢ NaClO, & R AH Y ClO,

DU TR R PN R B 16 /4 s, I T 1 T R £ %o M L/ﬂ\,\/

PR LU TR I 9 0 5 AR A BT R ARG . B 7 B 254

40 T ARG B TR AR L35 AgMnO, ) TR £ 5 —EEE-JLJA—=—JLJA°’

M AR ARG RIS TN IX 3 AR &4 K ClO, 1 4.7GPa y L 4\
HARNB 2 IR sh ik 1 Fros. diiknl ., Bk £g %?@ =25

3 bR B 45 A $4 5 R S 0 L 110 7 e e R S A

’:\%
viws s o BEUX M AR, - P REERE S | 30Gpa LA /LA
254y P 6T A T 45 AT RGN E 2 lsaom o A
b3k NaClO, 9% & R (0~20 GP fiL & = G oF = e
ST S 3 S — . . S o A A=
TR T A M B R R FE 4 GPa A 47 NaClO, & M__ _)\_A_,
AT R B A . AR, X 5 Bridgman'® Al 15 GPa ” M A A
Pistorius %13\ K NaClO, 7£ 0~4 GPa JE 773 [ z S ?.Eo %ﬁ
R X 0.1 MPa S X2 x 2K f\—
R A 7S B B 5T A5 RN — B, O X — 22 s g a &
AL AW IR T & &K NaClO, # § (H 200 400 600 800 1000 1200
NaClO, « aH,O F£7R) [ m 2 &, # 4 BoR Raman frequency/em™

T 0~12.3 GPa JE G S5 R ILAMRRERL B4 S0 EoKH NaClO, 78R 8 o i £ 3 e 2
Bk, IR NaClO, » xH, O B 5B H RS2 35 D6 (2.0 GPa LR RIF IR 2L . 4. 2 GPa RN M
FIE 1t K NaClO, F1 NaClO, « H,O ke gy A B v oo o B3RS X AR AR ACR 1A
B AT LLE L, NaClO, » +H, O & 5 8 52 38 J6 kK Fig. 4 Representative Raman spectra of NaClO, with
R minor water at various pressures observed in compression

NaClO, » £ 450 em™ "4 HBUE T NaClO, « H, O Ky process (The 2. 0 GPa spectrum suggests the beginning of
300 FWIRE A ) S K REAE A B BRI 093 e ransition, indicated by the new Raman frequency
.2y 2 GPa bt BB 7 2 06, S AR S 2548 &4 bands. The 4. 2 GPa spectrum reflects coexistence of the
54k ;4. 2 GPa JE 71 F M H7 2 5% 3% 5 £ 7K NaClO, high-pressure phase and low-pressure phase of NaClO,.
BEELTE 4. 4 GPa B 37 8 63 A — 3,y NaClO, The vertical axis of the v, , v5 , v, sections are doubled. )
o R AR P AR S AR RS IR AE 5.9 GPa BIAHAE S84, H B 12. 3 GPa ¥ M R 45 # . NaClO, # 5 il
WK W B /0 St oK BRI AT BEAIR NaClO, FF s A8 78 Fe 7 (B X fe ¢ i85 F AH 45 16 AT 520
2.3 SEBRMNATREHMPNA S EERITE

Wartchow " 5 T # L H R T NaClO, dhIRM 258 S 80, A8 25 BIBE (Cmem s 2 =4) A& 5 4L
(a=0.7085 nm,b=0. 6526 nm,c=0.7048 nm,V=0. 3259 nm®) K ((CI—0)=0. 1435 nm) . {8 A
TR F AL bR 5 . H A NaClO, B A BB TR, K p=0 GPa I}, fiA& 0 AL IR L L 52 56
HE2y 6.6% .59 GGA Jr i iHRAE & 88 i KA K5 p=1.5 GPa I, fit R AR B33 {H (V=0. 325 3 nm?)
SR A Y. BT A IR SR S AR DI A OGS A 1.5 GPa e O F ST RS R 5 F
FESL G 25 BRI . TS B8 NaClO, B4 8 A0 B H0 SO0 35 an &l 5 FroR , H 47 S B0 28 e 5 8 UL
2, PHIBTEE 0 04 I KR L S0 O 01 gk 1K . FEEE R TSR Cl— O P #1480, 1455 nm)
PS4 0,002 nm FrEk. BV B A ASHFGE T 1935 7 T RE R A M AL S 2 R

KA E 77, %F NaClO, 14 3 F] G & JE 4549 (AgMnO, B JH 5 A 8l s 4 8D sEfrhr 2ok
AL THAE S 8.0 GPa, 25 R A& 5 s B H 8 s 525 0 B 1Y NaClO, 7% 1 8. 8 GPa B
BYH7 235 . XT3 Fh AT R R AR B2 61 S 8. 8 GPa SLIG N & 1 Hv 2 G i AT AL Ik R A AL A5 A
L O 1% 5 2 56 WL I e A — B, HUR A ir S W L S I A R AR, 5 35 1) NaClO, IR Hs B8 47 8 A —
A RS R AE ClOL DU TR AR PIAR v, JEELIX (400~500 em ™) 5 5056 45 A &35 22 9], 6 1t ml A A
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532 % i 328 90 26 g SRR M veg TS R A2 F) o7 5 D't 3 E 4l £

SEH WL Y NaClO, &5 R AR AN o2 5 5 A 2L 45445

AgMnO, BIZERY I 2 035 5 050 45 R 2 IX o b 6.0 GPa (Calc) ”
BIFEF B AR 0 ClO, PO Ta AR N v, P R IX

(1000~1300 cm ") 4438 47 40 A 70 Bl 4% 5, L F ik 80 P e “
ARSI ERNR K, AN NREEMAE LA CES

1 8 GPa B NaClO, ) AgMnO, # g5t i 75 75 g ; 50 GPa (Cale "
FAES (K% 22 AH = H aanno, — H awnane 7351 0. 02 Fl z

0.01 eV/formula) WA & 47 HIREREAE p=>5 GPa g 2 | .5 GPa (Exp) “ A
Fb A A7 8 AR AR (8. 0 GPa B AH= Hytonie — H atmyasiie =

—0.01 eV/formula), 5 32 5 W 2 8| Y NaClO, £ | bA__ AL GPa(Calc,) M
4 GPa FFIRAHAS A9 45 - — B, #E v LUIA e . S0 5 0.1 MPa (Expy)

ML) NaClO, =5 Fe AH R A 2l & A B 254, X a

5 GPa B JUT P Ak 25 5, 2l J A0 A b B 4 BR L Al e
A AR 0. 073 7 nm® /formula) /N2 4%, Raman frequency/cm”

Clavier %’ZGX?_ABX‘ fe s OIS 6 0 e e R 5 0 NaCIOL 8 63 2%
B3 MDA AL T £ R AMnO BUES v oo i A s, 8 GPa i 52 58 BL 69 i & 0k
Py 2 ) 9 0 P25 A0 X SRR T PR - BEATE Y e sy b oy i 590 1. 5 GPa B NaCIO, B8 45 75
AR A RS AR I R AR O RN s aa v D 0 B L 2k de d 40BN ERIE T LR 8. 0 GPa AT Al
basca—an (A KR A FAH, M R E A . B, F&AHM AgMnO, 48 NaClO, 8 5E i)
TEATZE W5 72r 33 8E K BX, VU K G MR T Fig. 5 Calculated Raman spectra of anhydrite-type,
B FS Uh R b B i 55 B A8 T2, WL #1250l T & [ K A monazite-type, barite-type, and AgMnO,-type NaClO,

AR X FRARS B 2R FE B IR S R RN & 4 and experimental spectra ( Experimental spectra collected
at 0. 1 MPa and 8. 8 GPa are shown as a and c curves. The
3 4 &

b spectrum is the calculated Raman spectrum at 1.5 GPa

with anhydrite-type structure. The d, e, [ curves are the

W 5 R Sk B A R NaClO, 76 5 380 & i
R T 4. 1~5.7 GPa J& J7 3 Bl AH A8 Bl J Ay 7Y 25
¥, HE] 19. 5 GPa AP & A AH AR, T # H d # rp
1. 7~3. 1 GPa JE J1 3t [ S 7 50 205 0 4 A b Bt 4 85 R0 45 4], LA PR B8O A8 O T A R ] 3l A AR . S0 50
ML ) NaClO, 1 F AR Ay i s £ S5 4y L 45 300 2 B R B3OS T 25 SR ik . B4R 8. 8 GPa i S50 W
DU P2 635 AT 8. 0 GPa B 1A 3 ] il i FAH 1 7 2 S 3% & 3, 52 56 00 0 &5 51 5 2 J: Ay 78 &4 4 ik
A—F, M5 E AR AgMnO, BIfEEBI R 22 5% . & & RS20 MENE UF 58 R B, NaClO, £ 0~
20 GPa J& 7730 BN & A= 0 41 8 R 45 40 5 0k J A 28 45 k) 22 (] 1 W] 336 A4 U #H 72 , 5 Bridgman Fl Pistorius
S\ R A B NaClO, 7244 2 GPa MH2F i AgMnO, 454 . 7E 24 3 GPa if — 5 M 48 iU & & A1 45 W0 A
i, BT NaClO, £ 5 5 MoK , & /K B NaClO, B 52 B BB AR A S FF G K J1 . ARBFgE 451 5
IS — 20 B R AT RE S5 A0 A SE SR8 A NaClO, B 5 & A D 8K A &, 808 5 i R R IR 1 0 52 56
S . R TR AR S 2 53 NaClO, 52 2 i A AR A RRaE— 2B R 5 . X 7 I 1 0F 5 a0k g Xof
TR IR LI AR i SR R 2 5 5 KR R AL AR AR DG o DL B Hb Bk 9 35 460 0T 2 78 AR BT o L b
2 A 45 A T A B A R b 1 AT R AR Ak RIE R A T B 2%

calculated Raman spectra at 8. 0 GPa with monazite-type,

barite-type, and AgMnQO,-type structure, respectively. )
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Raman Evidences for Phase Transition of Sodium Perchlorate at High Pressure

HE Yunhong'??*, TIAN Yu'?*,ZHAQO Huifang'** ,JIANG Feng'**,
TAN Dayong'?,XIAO Wansheng'*

(1. CAS Key Laboratory of Mineralogy and Metallogeny ,Guangzhou Institute of Geochemistry .
Chinese Academy of Sciences ,Guangzhou 510640 ,China;
2. Key Lab of Guangdong Province for Mineral Physics and Materials ,Guangzhou 510640 ,China;
3. University of Chinese Academy of Sciences,Beijing 100049 ,China)

Abstract: Using a diamond anvil cell apparatus, we investigated the sodium perchlorate (NaClO,) by
Raman spectroscopy at pressure up to 20 GPa, and calculated the Raman spectra of anhydrite-
(Cmcm) ymonazite- (P2,/n), AgMnQO,- (P2,/n),and barite-type (Pnma) structures of NaClO, by
density function theory. The experimental data show that anhydrite-type NaClO, undergoes a structur-
al transition at about 4 GPa. A new peak at lower Raman frequencies (975 cm ') than that of the
ClOy internal mode v, (A,) of the NaClO, ambient phase was obviously observed at 4. 4 GPa. At the
same time,several peaks at the corresponding wave numbers of the CIO; internal modes (v, vs . v,)
arise. The phase transition is completed at about 6. 1 GPa,and remains stable up to 19. 5 GPa. The high
pressure structure can be recovered at about 3. 1 GPa in decompression. By comparison with the calcu-
lated Raman spectral profiles (at 8. 0 GPa) of three potential high pressure structures, we infer that
the high pressure phase has a monoclinic monazite-type structure. The pressure-induced phase transi-
tion of NaClO, is consistent with the anhydrite-monazite phase transition found in CaSO, at about
2 GPa. However,our finding appears inconsistency with the previous observations that the anhydrite-
type NaClO, transforms to AgMnO,-type at about 2 GPa and furthermore to the barite-type structure
at around 3 GPa. The previous results could probably be influenced by the moisture of the sample com-
bining with the high temperature and high pressure conditions. It may bring more complicated changes
by simultaneous high pressure and high temperature environments. The research progress contributes
to the understanding of not only the relationship between volcanic activity and the widespread distri-
bution of perchlorate on Mars,but also the changes and functions of chlorine element during the recy-
cles of subduction and mantle plume in the Earth’s deep interior.

Keywords: NaClO, ; high pressure;Raman spectrum;phase transition; Monazite-type structure
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Fig. 1 Schematic summary of Raman of BiFeO; (Where PTM denotes pressure transmitting medium)
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Fig. 2 X-ray diffraction pattern of BiFeO; powder at ambient conditions
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Bi fil Fe fEE/RILAA 12 1, Fig. 3 SEM image of BiFeO; sample
Element Mass percentage/%
C 14.88
(6] 13.80
Fe 15.21
2 Bi 56.11
Z Total 100
2
=
Fe
Bi .
‘ e LA Bi
5 10 15
Energy/keV

Bl 4 BiFeO, H il 1970 K RETE K
Fig. 4 EDS spectrum of BiFeO; sample
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High Pressure Raman Investigation of BiFeQO;
HAN Xi,WU Ye, HUANG Haijun
(School of Sciences ,Wuhan University of Technology ,Wuhan 430070,China)

Abstract: BiFeO; is one of the most promising multiferroics that exhibits both magnetic and ferroelec-
tric properties above room temperature. The room-temperature structure of BiFeO; is a highly rhom-
bohedrally distorted perovskite with space group R3c. In this study,we prepared BiFeO; powder under
high temperature and high pressure using muti-anvils,and investigated the phase transition of BiFeO;
in the 0—44 GPa range combinng with Raman spectrum. Upon compression,the low-frequency Raman
modes of BiFeQ; shift to higher angles and become broadening,and the vibrational modes at 145,177
and 231 cm ™! begin to decrease. The first phase transition takes place at the pressure of about 5 GPa,

1

shown by the disappearance of the mode at 145 cm ' and the emergence of the mode at 217 cm ', The

1

second phase transition is indicated by the emergence of the mode at 340 cm ™' and the disappearance of

the mode below 200 cm ™!

at 11 GPa. After this phase transition, the structure of BiFeQ; transfers to
orthorhombic phase Pnma. The third phase transition takes place at the pressure of 38 GPa,all the
Raman modes including the mode at 340 cm ™! disappear,and the structure of BiFeO; may transferr to
cubic or higher symmetry orthorhombic crystals.

Keywords: BiFeO; ; high-pressure; Raman spectrum;phase transition
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S — R B R S M. =8 B LR, TR M R B RE B 29O 6. 310" J5— Ik M, =8. 8 L HE,
ST A L R U RE R 2N 10 ] — R ORI A A AT DA B KA M Bk o DT X bR [ 7 o3 = A B i
52 . Stoyko 4EH* FLTE 1969 4F ik & BLAE 4 BRYG P4 . rp VR U b 7% Al it 1) BRI 5 b Bk 1 R 11 AR
FEAFAE A e . Chao 280 AR Hb BR 19 B 7 R R B3 (1066 B) L B Xof 1l 522 Y8 1) o O i 5K i e 4108 T
9000 A Hb 5= X HuER B % AU E ) S ARBH 18 R BC 52, 4y BT 45 SR R B L MR X b BR B N EE ) 15
A5 i A B A AR BE AL L HbRE Sy s ek A % . 2004 4F 12 H 30 H & R AE( Nature) I 19— B 4
HRIAEFR . “2004 4 12 H 26 H & A AE I8 112 B 00 2 (F b Bk A 55 e 729 3 ps™™ 77 25 B FE LR
(NASA) I 5% B 8 FR - 2010 4F 2 H 27 H R AEER R 8. 8 9 Hh 78 v] G #h Bk H 4 (Length of
Day, LOD) 455 T 1. 26 ps™52011 4 3 A 11 H A7 H AR 9. 0 P b 5E o] GEKF i ERK LOD 45 T
1.8 st o B2, T S A5 G0 I 45 S i R b R 2 S B Bk TR R e 2

AWFFEXF 1963~2016 4F3X 54 4FE A & BR & AR 7.5 UL F M= Bl Mo 7% e sk 24> A N
LOD 84647 T e it 43 Fr CHb 2 25008 ok [ 28 [ 172 5 M (USGS) 5 b BR 1 5% A8 A 8548 U5 1 B e ek P 5%
K 55 0 (TERS) B 8K 52 17 280, U EH EOP(IERS) 08 C04 5 LOD i a] 31 , & B . 54 4F [a] 4 8k &
A 705 UL E AR 232 Wk, Hid b iR JE R B AR B & AR 07 Wk G HUR TS 1~2 d MR A Rk
Bl 27, iR IS MRk [ 5% AE — 5 P9 IS0 AR JE AR ) B 80, MR JE AN N LBk 1 R R A
HRE SRR BCR 28, e it H R S HUER F S AL T PUR A 8 Fe s £, 4500 90 % .

R4 S A2 S5 R B0 52 5 b R 1 2 T bR wig 2 DA, 5 B8 i e ) B ) RUBE 1, M BR B e R
SR L (TR B () P K %) A B B AT P RSP AE Y . AR A g i T R e R

LC::é%(nurfwc) @)

XL AMBhiE om YRR o BERE AL o, T BERE ML . HBRR S LBk 38 b SR 7 3
B AR I/ 4

AWFFEN Ny B BRE AR AR/ SRR AN R T 0 S 1 S S R v A [ 3 5T R AR
PRER IR 46 T 3 AR L 78 5 0 AR 1T 52 5 A0 Bl P /AR 52 9 4800 386 L 2 B 0 J&) R 4 b 8 3 b 7€ o A ik
JE I R S BOR MU A0 W7 28 VB2, LA RR 9B OB 0 78 72 WL 2 B st sk A ROl 4 . IRVt 3t
FRTE B 25 R M BRAPEAR A /N HE T S EOBER I A 5 ARG . 2= T R A AR S T B M Bk P e
RGN I BLGE BTN 5 PR T 5 25 7 05 [ e it v 2 88 6 (91 Tk A ok 88 Ao il e 19
T 1) Ji] R ACA i L R ) PR R I F) T A T R A A R 1 SO B AR S ARG S A ARUR R T (2
AL T 455 i s A 5 11 P A PR B> o DA T 5 50l 58 T A8 3 2 00 B I i o A ARV K 28 77 5 1 b R e A
R IR A B2 5 B PR I 2 RO U A b3 it e T B AR B A L kP AR AR N e
A HBER G R

AT SR U 2 T L2 R A 7 L 2 o T L AR 0 B AR SV BB L i O 5E T AR AR 4 L TR h
Dol /IN s 70 T 34 T o b RS 58 2% Al e ) B9 A AR RTIN R S5 ) 2 25 R G R, R 2 R B T2 I 2
AL TS R R 1Y K A o 3 — S R AR R b 2 i G R AR A DN R S B R S MR R R
.
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2.1 RFEBMNET

P Sy b 3R 400 T %) Y- [ B 70 T DA AR A SR e R L FRATT O S sk 1) A K Zs B i iR 2k A T A K
CELFE MR AR A% R 2L ¥ FNEE 18] P Bl A v A0 . IR ] 2 P AR R 4, 0T S B 3855 A B -l S A K
ST Ak R 7 AR A6 T VR T 5 A5 AR e 0 15 R VR RN L E 22 00 L B R BB R R . T
e 5 1 R 1 AE Y ST L LR i B0 BT 5 B0 S 2R - T R AR A TR L R B 2 B BT ) L H A
JSE TR AE A 33 B AR P 72 A T AR R 1 A4 0 a2 1 2 BT SR A M 3 SRR 1 A
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) BN . I o SRR v AR I 2x 5 R o2 T B I M 32 B LA R Y O AT F 3R
B GRB Sy A L R AR B b 2 TR R AR 4 e B R

B TR AR ML A2 51 A9 LOD 78 Ak 3153 i BR AR B AF W04 5%, SR e M 4 3 Bk (A BRUAF Wi 4 55 T
IR T T B PR B B T ek A A ) o SRR [ IR PR G R A 1 S R S B
PR EAT HOOF S A R HAGE RRINR .

(1) AR 3t 72 i ok 1 % bR 555 o PR AR A Wi 4

O’Connell 5T 1900~ 1964 4F 30 WA R G A HLER LOD A1k % BUAT 24 Wi B b 2R
LOD /Iy, H iR 5 R LOD 48R AN 6 ps/yro ABITEGETE T AR 738 0 JLIKCS 95 52 51k 7 H
BR LOD 224k (A0 BYFHRR R (3 1) A3 FF- 2 R R AR S [ M BR ARG IR ) 1. 3 ps. MR IE 1T
USGS B Hb R8O  BE 11 1963~2016 4F 7.5 9 Lh D& 3hit 232 P AR R A 4 IORGR , B
R HIER LOD AL BB 2104 5.2 s/ yro o1 BETHEAF 2 BR IR BRAR I 4 52 290 390 km’

®1 6 RKHMERES LOD TN
Table 1 The influences of six great earthquakes on the changes in length-of-day (ALOD)

No. Aera Date Latitude/(°) Longitude/ (*) Depth/km Moment magnitude ALOD Ref.
1 Bio-Bio, Chile 1960-05-22 —38.143 —73. 407 25 9.5 —8.4 [14]
2 Southern Alaska 1964-03-28 60. 908 147. 339 25 9.2 6.8 [14]

Offshore Valparaiso,
3 . 1985-03-03 —33.135 71.871 33 8.0 —0.1 [19]
Chile
4 Michoacan , Mexico 1985-09-19 18. 190 102. 533 27.9 8.0 —0. 085 [14]

Off the west coast of
2004-12-26 3.295 —95. 982 30 9.1 —0.48 [20]

1971

northern Sumatra

Near the east coast of
6 2011-03-11 38. 296 142. 373 29 9.1 —5.81 [21]
Honshu, Japan

Average —1.3 This work

(2) Hb Bk b5 A7 5 J O ] 1 5R

% A A BE R R 100 kmP2% A A BURE TR E 1200 CH K S3 8 3.1 GPa* . KRE %
ORI S = IR T 2SS A AR T B, DU A5 4 Bk TR Ml XY A R TR B I #E 1000~
1200 °C , 03 % 75 A1 RS 30 Bl L3 9 25 IR B S 1200 “CR7 AR R SR AR 1 1 A 45 b S [] 2 A
A B A B H TR A R (LR 2) 3 a2 AT A5 B A A S Y T B R AR B

PR B 4 5 S5 MRk 1 2 o oy s ) T B % bR A RRUAR S 4 e AR T A I R T S B0 R B G
AV A

m o m _ Ay (2
©o ©

A om Ry R A T A 5 S T B oo AT o 4300 R S SRR R LS R R

AT GEMCER T AN [R5 il S A w3 T e F R B 85 BT (L3R 3) s R IR Rl Al R AE 3.1 GPa R
[Fi) 0 J3E T 1) %5 2 SR AS TR, A 3R 100 9 8 Xt il A O B RS S R AR K. BT 2. 88 g/em® AR NI
IR P DR A T R L RA I 3 A 2 o RO R R A3 B0 5 AR I 5 U 1 A R o B

AWFFE MW AE T AR 2S5 A6 3.1 GPa, 1000 °C R BB P (IR 4) , % 30401 58 9 b o5 0 5 &
AL 12 1 IRA 3Bk 2% B4 9 o ek 3 B0 TR) A A 90 38 28 19 55 S o0 3630 0K 3.3 g/ em’ WA
WL G T DR A S S R s BE AR AL 14, 6 %0, AR PE Ohtani 2550 2 il (4 45 fil 2 i 5 78 5
Tk 5 R Y 40 Al S AT B KA 3.1 GPa A5 I 8 i 3 [ o 1) 25 B AR R 29 1396, S5 AR HIF 98 45 R 2
SIS K AT IA Ry A B9F 5 T BBORR 4 2 B AR 5 LA

A CEARACA (O AT REREAE K K AR E R TR m 290 8.8X10" ke,
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Table 2 Main chemical compositions for different types of magmatic rocks on Earth

Mass fraciton/ %
Type of rock Ref.
SiO; Al; Oy FeO MgO CaO Na, O K. O Sum

Alkali olivine basalts 46.7 15.1 11.7 7.7 9.9 98.2 [32]
Tholeiitic basatle (tholeiites and olivine
Tholeiites) of the Hawailian Tslands 49.36  13.94 8.53 8. 44 10.3 99.03 [33]
Alkalic basalt 46.46  14.64 9.11 8.19 10. 33 99.71 [33]
Picrite basalt of oceanite type 46. 41 8.53 9.82 20. 81 7.38 100. 1 [33]
Hawaiite (‘andesine andesite) 48. 6 16. 49 9.11 8.19 10. 33 99.23 [33]
Primary tholeiite of the
LouHakone region 48.73  16.53 8. 44 8.24 12.25 100. 02 [34]
Olivine basalt of Niuafo’au 50.37  14.65 9.24 7.13 11. 74 99. 8 [35]
Tholeiitic picrite-basalt 46. 4 8.5 9.8 20.8 7.4 99.7 [36]
Ankaramite 44,1 12.1 9.6 11.5 13 99. 3 [36]
K-poor alkali olivine basalt 45. 4 14.7 9.2 7.8 10.5 99.3 [36]
Hawaiite 47.9 15.9 7.6 4.8 8 99.1 [36]
Nephelinite 39.7 11.4 8.2 12.1 12.8 98.4 [36]
Olivine tholeiite 49. 16 13.33 9.71 10. 41 10. 93 100. 12 [37]
Tholeiite 53.8 13.9 9.3 4.1 7.9 100. 7 [38]
Tholeiite andesite 59.31  13.77 6.48 2.27 5.58 3.91 97.97 [39]
Icelandite 61.76  15.36 5.84 1.76 5.04 4.37 100. 0 [40]
High-alumina basalt 49.15 17.73 7.2 6.91 9.91 99.18 [38]
High-alumina andesite 58.65  17.43 3.48 3.28 6.26 3.82 99.1 [39]
Dacite 69.68 15.21 1.9 0.91 2.7 4.47 99. 46 [40]
Rhyolite 73.23  14.03 1.7 0. 35 1.32 3.94 4.08 99. 56 [40]
Pantellerite 69. 8 7.4 6.15 0.05 0.45 6.7 4.3 98. 19 [41]
Commendite 75.23  11.99 1.25 0.02 0. 27 4.79 4.67 99. 42 [41]
Alkalic picrite-basalt 46.57 8.2 9.75 19. 65 9.43 99.79 [42]
K-rich alkali olivine basalt 42.43 14.15 8.48 6.71 11.91 99.18 [43]
Trachybasalr 46. 48 16. 68 7.3 4.65 9.4 99. 68 [43]
Trachyte 60.7 20.5 0.4 0.2 1.4 6.2 6.7 99.13 [43]
Tristanite 55.85  18.98 3. 11 2.04 4.51 5.16 98.63 [44]
Benmorite 55.64  16.38 4.91 1. 06 2.9 6.07 3.49 95.23 [44]
Phonolite 60.64  18.29 1.18 0.09 0.83 8.93 5.1 98.08 [45]
Wyomingite 54.09 9.94 1.48 6.99 4.71 11.38 97.3 [46]
Average 53.41  14.19 6.67 6.30 7.31 99. 087

(3) R B AT Hi B K 55 [ UK PR 5 L BRATF B R AT U IR IR AR
HIRBEIE B G Q

Q=Lm (€D
Ao LA S BE B, A I BRI T A 500 1/ g5 AR (3) 25 ) A A 1 3K S SR E [ R 1Y
it Q 2 4. 4107 ], XJ‘Tﬂﬁﬂiiﬁﬁmiﬂﬁﬁiﬁ,ﬁﬂﬁiﬁiﬁﬁﬁﬂﬁfﬁﬁﬁ%%%ﬁﬂ%ﬁﬁéﬁﬁﬁ
PRt As 20 A 0 2 35 2 A A2 RO () b R AT PR I A SR S X A BRI R AT A S B
S A BRI AT R E’r?%i’rﬂﬂiiﬂimglﬂ@%ﬁié&i@ﬂﬁ 107" Jo ABEFE T 545 2 B9 3 5K 4 4F
IR T TR 5 A 2 A A e R A R O TR — S 9, T 1 AT B A AU IR R Y
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Table 3 Chemical compositions of different molten magmas and their densities at high temperature and high pressure

Mass fraciton/ %

Type of molten magma Density/(g * cm™ %) Ref.
SiOs Al, O3 FeO MgO CaO Sum
Magma * 53.41 14.19 6.67 6.3 7.31 99.1 2.88 This work
PHNI1611 45,1 2.8 10. 4 38.4 3.4 100 2.87%,2. 94" [47]
Mid-ocean ridge basalt 51. 81 15. 95 9.97 7.86 11. 69 100 2.88¢ [48]
Hydrous peridotite magma 45.9 3.8 8.5 32.5 3.6 99. 2 2.774,2.8¢,2.83f [49]

Note: (1) The asterisk “ * ” represents the main chemical compositions of magma in this paper.
(2) The letter “a” and “b” represent the values come from compression curves of PHN1611 melt at 31 kPa/2 360 'C and
31 kPa/2030 ‘C respectively.
(3) The letter “c” represents the value comes from compression curves of basaltic melts at 31 kPa/2 200 °C.
(4) The letter “d”,“e” and “f” represent the values come from isothermal compression curves of the peridotite melt at

31 kPa/1973 K,31 kPa/1873 K and 31 kPa/1773 K respectively.

R4 TRESERENUEZERSREETRESETHRE

Table 4 Chemical compositions of different solid magmatic rocks and their densities at high temperature and pressure

Mass fraciton/ %

Type of magmatic rock Density/(g * cm™3) Rel.
SiO; Al; Oy FeO MgO CaO Sum
Average sediment 62.77 13.12 4.28 3 8.76 100 3.16°¢ [50]
Mid-ocean ridge basalt 49. 67 16.1 7.3 11.42 7.66 100 3.5 [50]
Hypothetical magmatic rock?® 56. 22 14.61 5.79 7.21 8.21 100 3.3¢ This work
Magma 53.41 14.19 6.67 6.3 7.31 99.1 3.3¢ This work

Note: (1) The letter “a” represents an hypothetical magmatic rock which is a mixture of average sediment and mid-ocean ridge
basalt in a ratio of one to one.
(2) The letter “b” represents the main mineral composition content of the magma which is set in this paper.
(3) The letters “c” and “d” represent the values come from density chart for average sediment and MORB at 3. 1 GPa/1000 °C
respectively.

(4) The letter “e” represents the value is the average of ¢ and d.

2.2 NEEBMET
IR GE A S B A T ERE 0 TR IR HR A5 e i/ i 0 52 R A A T B AR A7 1Y B R e

2, MIA] 5] & W7 5 A0 2 I OB T 28 57, 11 I b 7
W b BR BT A6 Sl — A~ o7 R Bk e AR AL, TR 5T

FE % 7K 527 19 I S 580 1 Jes ot A 2, U R B F T o

E [ i 2 B0y 7 0 b 2 A s R BRI .

My SR, AR R, 80
(1) 5 b BR 7 Ak Ry — A T3 5 1) sk e B A
PR B AE— AR R Bk, 2 )2 T AR 0

YEJI 2T . Se)2 ) EE WA NIERK . 522

JEREE N 33 km, H U 2 ff 1963 ~2016 4 48K

120

100

N

Frequency
o)
S

V7777777222227

V7777777

. \\ — =L *
7.5 UL b R R ROV A WL D L AT LR 07100 200300 400 300 600 700
B, VR IR AR 20~ 40 ke 19 s FE 0K 02 2 , MO Depth ofhypocenterm
33 km &b FAE RSO, Bl 1 1963~2016 4F 7.5 G LA |- 7% 1 7% U VR B3 43 A
Xt F— N HAR BR A, B AE SN T BT B K 32 1 I Fig. 1 Focal depth distribution of earthquakes

SobE R th T a p v i F R sk 1S above magnitude 7.5 from 1963 to 2016
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2F t)*?
b= Wlw(fgj 2
K E AR R, NFEREE R BRI 4, o MIARSHE. 65 A B4 IR Al iy R A 3
152
E(T) =1.289 + 207. 229exp(— T/11.911) +12. 019exp(— T/871.270) (R =0.98271) (5)
P I BE B BE BT AL, BE R MR 33 km AR E R 412. 75 CLIF BB R K A KR R AN
8.77 GPa, fERIAMIIANSLL 1 /B 0. 2, BRIKE AR BN A BR 42 6 370 km, ¥ AHEZSBACA (), B
A SR AR e 2 T RE AR A2 I e KB 5 2% p. 2920 0. 26 MPa,
(2) TR TR 25 181 T S 500 e B DG 30 e 0 2
Xt 25 A1 PR (100 km V) AT 52 J1 40 M7« 8 3K R 2 6 T iy TV L 1D ) 2 - A Y R IR R B
) R A B T8 A T Ak 0 G S D o AR A A5 A T A T A7 5 3 3, B 0N ) 2T A
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2 2
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Crustal Dynamics Based on Magma Solidification
HUO Ruizhi"*, HE Duanwei'**

(1. Institute o f Atomic and Molecular Physics s Sichuan University ,Chengdu 610065 ,China;
2. Key Laboratory of High Energy Density Physics and Technology of Ministry of Education ,
Sichuan University ,Chengdu 610065 ,China)

Abstract: The earth was in a molten state at the beginning of its formation. Over time, the magma on
the earth’s surface began to cool down and solidify, and the earth has gradually become such a trap
structure. However, the cooling and liquid-solid transformation process of the earth materials contin-
ues until today. This paper presents a statistical analysis of the change of earth’s length-of-day after
earthquakes,and it is found that the earth’s rotation speed is generally accelerated after great earth-
quakes. We believe that this phenomenon is caused by the cooling and solidification of the magma in
the part of the mantle, which causes significant volume collapse of the lower crustal lithosphere. Thus,
we set up a crustal dynamic model to explain the interaction and relative motion of tectonic plates. We
believe that the dynamic genesis of earthquake and other geological activities are due to the continuous
solidification of the melt in the interior of the earth which could lead to a volume shrinkage and pres-
sure drop in the lower part of the earth’s crust. The effect of gravity enhances the interaction among
tectonic plates, the original mechanical structure becomes unstable, and eventually the massive rock
fracture occurs,which can cause severe geological events such as earthquakes,and volcanic eruptions.
This conclusion has been further validated based on the thermal and mechanical model proposed in this
paper.

Keywords: crustal dynamics; magma solidification;earthquake mechanism;length of day
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