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(1. I ERL AR K22 R AR LG, Jbat 100049;
2. PEBLERE R FEHER ST AR 2E B, JLRT 100049)

FE: K% % (brucite) BHA W KM E N EZART 2 —, HEF 2K TH &
15%. FFRAKSE TR E T oy 8 MK, 3T 32BN & KB 5 o i FA 3B 24 LR
KA EFE A EE K X U Mg(OH), R A 8 414 4 #, % 4 GPa 523 Ky & fF THE
2h, 2R TBEWNERKRKELT. A5 X 14GPatES T, XARFTHENET KEFT RS
KEABE, ARAN, KEFHWRUEREREEME NN THE KX, £4HEFZEN KRB
S FE Ay H AR, A F Voigt-Reuss-Hill (VRH) #&, #4157 H AR Fok #H (K E 7% X
MASE, ZREW MARA LA HBHAE20~40 km BELNKE R R AN FRESHH
3.0%~10.0%, fif 7 42 Fr A3 60~80 km F F AL WK E 7 ¥ X K FEELHH 1.0%~3.0%.

KB KB A HE; o, KEE; B E

FE S ES:0521.2 XEkFRERS: A

R R AT RS A5 SRR, B ARG AR R 5 (14 b 8 AR TE 20~ 40 km TR B2 b 500 AR B Y EB Y
J7 ERONE 25 )2 7 60~ 80 km VR FE b A7 78 Wtk Ay I 8 i S DX i IR I8 ol S o — Il ol 5 ok
PIIRAFA o B A BT P08 S K ™ 9 04 53U DB 5 -5 0 v ovty DXk 17 b 7 7 UL A &5 5, X 4 Bk b
BLIX IR B K B iR T T R GG, S5 R WA, K S50 5 0 2 1 35 /KB 0y e 0 g 5 2 SO T 45 SR A
S A IATLEA AT, BENEA B TR ey X SR K

IR ZS TS (9 5 MERORE 5 1Y 32 22 5 7K W A 45 e 80 (Mg, Si,05(0H),) FlZK 8 A1 (Mg(OH),)
e S B EAI . R 4 S 5 U L A B R T A 3 1 4% 1 [ 22 e S Y
JE 48 % HAR T FIFH Voigt-Reuss-Hill( VRH) - 2445 8 1155045 21 (1% 5. 5 A B UK R 46 8 341K 0.6~ 1.0 km/s,
I PEA 0.6 km/s %, AKEE AT VE A MgO-Si0,-H,0( MSH) 4 £ Hh % fa] B 14 S5 /K 5 8, Hok (4 i &4
ik 30.8%(FEIR 4R 50%) 1", AW R, HAE MK BN AR & i AR BORT 35 15%, TEAR
T 773 K BYIREE T A ARG @ A Rk, 7K AT S A iy X K i B 22 R 22—, 2 0 oy DX I
W S H R ) R RE R DR o B R K CBE A s E P A B ST R R R B A TR AR R R Ko 7
40~ 55 GPa X [A], XL 1Y H 5 — B S ECK,, R 4~ 8. 31X 88 Ky FI K 6] 47 75 W] 1) By 9 - 145, Koo Ry
39~43 GPa I}, XF W [ Ky, K 5.7~ 8.4; Kro A 53~56 GPa I, XF W [ K, M 4.5~4.80 KoMK, %55 %2
S B TR T B SS A, 2SR S N 8 GPa B8 i F] 77 GPa B, Xt R Y Ky A 40 GPa 54 i1 5] 54 GPa, K, M
6.7 JB/INE] 4.7 X AR A R B B SRR D, B R S A IR SRS, Gl X 4 ] [ Y 22 K
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A TR U SR O LRI A . DRI, ARAR 22 AR K B A 0 I U, X G b R A UL 2 SR A TR el
BiA K S R CHE,

AHF 5T K ] Mg(OH), IR F MW IE Y, 1 5E, 175 4 GPa, 523 K 4508 T #UE 2 h 15 2 8% 1) £ K B
s SR, R M S T e K EEAEARTEIRE N . 5 ) mik 14 GPa B BMEME I s, 4560
) b, 752 27 45 R AN W] 7K 5 S 5 % MRS S i 0 ) R I L 20 O HOARR AR AR oh i b b e B A
20~40 km FRF R 7 A 60~ 80 km Ab 1 7K 7% & .

1 #Hmb &S EE

1.1 HEmbl&

K F Mg(OH), fb 2354 R S w1 da ARk, 76 393 K T4 LT 24 he REHE T RORE S R 26 A
B (Mo) ¥ 5h & 5, A o EIRE 2 B K 2 v B 5250 oy 1000 t Walker AU 7S/ TH T0 g He 26
(LPR1000, Max Voggenreiter) #F 17 KB A MR G . R A 14/8 A i 2B A7 U, o iR PR35 Pl AH
(Ta) I ™25, JFil 13 W/Re5%—W/Re26% C HI A i it 5 ik i P il B2 (1] 1(a)) o FATRSEHRTE 4 GPa Al
523 K 41 N AT, PRI R 2 h )5, 15 205245 808 MK BE A RE i o )R BT 6K 08 3 00 75 54 A
%% BE R 2.333 g/om’®s F) I E B 22 B K2 i R 2 SE 56 P B9 2 (Raman) Y6 15 A1 HCS HL - 8 7
% (backscattered electron, BSE) #E47 IS 40 Ar, UE SR i Ry 404 i) KB A1 (] 1(b)) o B, K3 5 i RE
mn bR PG G ZR BT AT, WA S RO 1,110 mm, EAR N 2 mm (R TEAE &, FH TR SE 5 i .

b
@ (b)
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BT (a) BURSERRZE S, (b) AKBEA A IO T~ R BRI AR 2 083, (o) A KR 2%, (d) 7.8 GPa A SEHE IR
Fig. 1 (a) Assembly of hot pressing; (b) backscattered electron image and Raman spectrum of brucite;
(c) assembly of ultrasonic experiment; (d) signal of travel time in the ultrasonic experiment at 7.8 GPa
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1.2 SEBFFTHEE

7 Rb 2 R 2 i FE R 2R S O T R s R A T e . L, SRR AT B R AUk A 4R
(AFG31252) P2 Aty A5 5, B8 Y6 7R U 75 (DPOS5204B) 18 S M W {55 o FF S 2 35 5% FH 14/8 #4047
=, WE 1) . FERALES (WC) TiiR 5 4% 5 22 8] i & — R 208 A9 Atk 40 B A JE 22 wh B (BR), HiK
BE 2950 3.755 mm. FE R AR R TOURE (Y X £ 07 B 0 2 — S HR R R DURE R L e BE A, HE P IR S I 1) H L A
A3 510 50 F 30 MHZ? 10200 2 e e &% F T 77 A R RO 19 6k A6 45 T0UR /2% vh b | 2% whoB /R i D) R
FE & /A BN T B RCSHE S, R L o FUAE S, 38 Rl R 2 A i B R R B AR TR SR
SEIG R, EALSN (NaCl) A4S (Pb) B B T RE B — 00, DLk 5256 15 72 v 40 255 19 oK HOIRZS

FE i R 2% e %) S st 3l e Bk ke [0 30 7 B 9 00 2 (1T 1(d)), HEE I A AN 58 1 oM +0.2 ns 22, B i
JE Jy38 35 2% wh B ALO, 19 S I E I35

p =249.7(1 — tgr s /tpr 50) (1

P p MEER R TT, ters MR T FE S PERT, terso WAL A T G2 vh Y S IR AE I3 3 4 2% o e 0 5
1 E 1 5 35F Bi il ZnTe FASFR & 09 FE S 7E 0.2~0.3 GPa 76 Bl N — 20, SZI6HT 5 RE 5 19 K B AR 1 A
H0.4%, & B2 00  FR AR AL T R IR K R ERER
1.3 SEIEHIEIE

X} BT A 1) S 56 5508, SR FH Cook J5 BE T RE S FE AN R 1 R 1 JE )

-1

l=lO 1+

l+ayT (» d
1 ng [ T _” 3 @
Bp 3f5s

e 1L 1y 5300 h v RN S5 A SRR B BE, po N IREE SR AT R i R 285 B s Bl 15 SRR I ) P IR AL
S Pk, o FEE M B9 K & 81 (thermal expansion coefficient), y iy Griineisen Z%{. T}y 300 K i},
ayT ~0.01% P 75 HE (vy) F1S P 3 (vg) 20 0l R H 2 Fve = 20/ Flvs = 21/ 153845, Horba Rl o5 >4 B Ik
o ] g o e R AR LAY 2 A A RE S P AN S OB .

B b TR N AR FRAR L VY Vil it po/p = VIV = (/1) A%, Fovh: v, v, 43500k i FERER G 25 1R T
R IARRR, p o B AE o T A3 . IR SRR i (K ) M YT 1 (G) R A U Ks = p(vi —4v3/3) Fil
G =pviifits,

(] B, ) A BR R 28 7 R 400G i A iR 7, 3R A SR AR e KX T Y — B S 4

PV12> =(1-2&)(L, + L&) (3)
pvs = (1 =28 (M, + Mse) @)
p=-(1-28)"(Cic+C,8/2) 5)

K Ly = Kgo+4Go/3, L, = 5L, —3Kso (K}, +4G)/3), M, = Gy, M, =5M,-3Ks,G), C, =3L, —4M,, C, =3L,—
M +7C1, &= 1= (p/po)"| /2

IS YA 15 4 O (85 PR S B 0 4 SR 2 S /IR (5 (3)~ 38 (5)) , R AEHRE A 1)
W p . BB Ks . SYYIRIR G LR (AR SR 59 V)55 R B 1 93K, L Gy

2 SLIGEER

AT ARAF ) KB A TR & T AR L (V/ V) 5 Fukui 25" Fl Jiang 25U 38 1o X 526 A7 5 (X-ray
diffraction, XRD) Fl1HA. i A7 B K BT R A5 19 45 R — 2, % S50 o 72 v i PR RR R K R EREE, Wikl 2 i
Ne ATLIEH, W 713 14 GPa, KEEAIRFIEL (V/ V) i 1.00 3 /NE] 0.83, AR TR E 46 5% 17%.
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it S KB BT K HO I ety K 5 e B R S0

5510 #]

KA A 1 % IS B 4 I 2 T T N T K, v, A 5.87 km/s 38 K F] 8.81 km/s, vy M 3.61 km/s K
#| 4.75 km/s, Ks DA 41 GPa #1115 133 GPa, G 31 GPa Hi /il %] 63 GPa($ 1 A& 3) ., ik A BRI A&
#32: Kso=40 GPa, K{,=7.0, Go=30 GPa, G;=2.5, 5fli J| Cook J5 15 BIRY L5 R —2 . ABFFH £ Aok
B Kso (40 GPa) , W& K T Jiang 26U 5 5 A BL YK I 2 K45 (09 F- 35 (4 43.2 GPa, (A4 T HiH B & KME
51.2 GPa 5 #/MH 36.4 GPa Z ] . MAb, ARWF5E A5 Go=30 GPa, Ik T 5 & A5 BL I H 55 /07 ¥ E
35.2 GPa, $23r HoA T35 1 fe /M 31.3 GPa. B YL & (1938 KA 22 5 BUCAR 5T Fh DA 1) vg A1 v, 5 Jiang 2519
A W RS A R A 22 5 (B 3) o ik 2622 Rl B YR T Jiang S5 BT AL S b & 45 20 & Mn

JLE LR S50 7 ik AN A

o This study
A Fukui, ef al.'®

O Jiang, et al."®

0 2 4 6 8 10 12 14 16
Pressure/GPa

B2 R N AR R T
Fig.2 Compressibility of brucite at high pressures

®1 KEANSESMEMR

Table 1 Elastic properties of brucite at high pressures

p/GPa p/(g-em™) vp/(km-s™") vs/(km-s™") K/GPa G/GPa
1.9 2.43(1) 6.35(1) 3.76(1) 52(4) 34(2)
25 2.45(1) 6.53(1) 3.84(1) 56(4) 36(2)
3.0 2.48(1) 6.71(1) 3.91(1) 61(4) 38(2)
4.1 2.52(1) 6.97(1) 4.02(1) 68(4) 41(2)
5.1 2.56(1) 7.20(1) 4.11(1) 75(4) 43(2)
6.1 2.59(1) 7.43(1) 420(1) 82(4) 46(2)
6.9 2.62(1) 7.59(1) 4.26(1) 87(4) 48(2)
7.8 2.64(1) 7.76(1) 433(1) 93(4) 50(2)
8.6 2.67(1) 7.92(1) 4.40(1) 98(4) 5202)
9.4 2.69(1) 8.03(1) 4.45(1) 102(4) 53(2)
10.0 2.70(1) 8.13(1) 4.49(1) 106(4) 55(2)
10.7 2.72(1) 8.26(1) 4.53(1) 111(4) 56(2)
113 2.73(1) 8.38(1) 4.56(1) 116(4) 57(2)
11.8 2.75(1) 8.47(1) 4.60(1) 119(4) 58(2)
12.3 2.76(1) 8.55(1) 4.64(1) 122(4) 59(2)
12.7 2.77(1) 8.62(1) 4.68(1) 125(4) 6102)
13.2 2.78(1) 8.68(1) 471(1) 127(4) 62(2)
13.6 2.79(1) 8.75(1) 473(1) 130(4) 6202)
14.0 2.80(1) 8.81(1) 475(1) 133(4) 63(2)
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140 F

9.0[ (a) (b)
85F 120 [
~ 80} 2
' s 100F
ERE %
= <80
" 70t —%— This study
65r X ====- Jiang, et al.l'® 60
6.0F a0l
| 1
5.00
70
4.75+¢
=450t 60 F
o s
g @
% 4.25 3 50+
=N
4.00
40
3.75¢
3.50 0L,
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
p/GPa p/GPa

3 KBETTHORS TR (a) AL (b): [TV R A BSE ML SR, SCeknd i
A BRI A 1S B A S5 5L, HEZE O Tiang 1) f4 B4 A EEL K 45 SR
Fig.3 Velocities (a) and moduli (b) of brucite at high pressures: the circle represents the data from this study
and the solid line represents the results obtained by finite strain fitting; the dashed line represents
the previous single-crystal Brillouin results by Jiang, et al.!"™

3 %
3 5&KkpEEREEET YR

AN TR K B i 0 5 MERORE 5 1) 32 2 T0 /K0 0 el MO A R R A R B, Sk ) R KB A e
gy, e MG AR RS 38 a0 EL sk 2 BT A = R R RS, T LR, JOOK T AT
EKW Y B R v A v, [ R0 BAR ) vpvg (] 4) B3 6222990 ZE R8s 240 T, MO0 ROV
B v BT vg 23 51 b AKBE A1 18 2 35%~40% F 33%, T K BE A1 A v Bl v 43 51 HE g S0 R A1 5 4%~
15% Fl1 10%. 2kl 1 v, 76 R IR T 11 GPa B i ToK B A, (HAE R J1 75 T 11 GPa BHIE T /KB A5 vg W
TEJE KT 5 GPa i TR A, MAEE I T 5 GPa MR T/AKEEA . EHREE XM, IAT YN
vplvs FHIE, 2978 1.65~1.75. BlEE R I 0T, Be8Uh | Srle A FHE A 0 vp/vg PR K, 78 7 GPa B ]
ik 2.0; MK EEA . HOHE A FOEAT 0 vp/vg SRR GENE, (RFFFEZ) 1.8 FEWE/NT 150 km(Z5°8 5 GPa) 1
T BB PN, KR A AHE T e S0 R A EL A T R ) b e T, (R A T R U A ) R S A %) e O
[ s, IKEEAT 1 v/vg BAK(1.65~1.75), @R TF S . WA FRIeA 19 ve/vg(1.8~2.0) ¢
32 HEAZRLEWAHARFREREXHKEE

O A ML RR 2# AR WoR, 78 H AR AR LI ohdR 7 5 20~40 km % BE DL SR b - 9B 60~
80 km VR BUMORS 7 2 vh, A7 7E B 35 BRIt DX R (8] S(a)~ 18] 5(c)) o a3k X i X S8k 11 )22 T A% 45 SR 1k
75307, 30 20~40 km ML v, TG TE 6.4~7.4 km/s Z 7], vy FE/MAALE 3.4~4.2 km/s 22
6], vp/vg B ATE 1.65~1.95 Z 0] (& 5(d)~ &l 5(f) . TMi7E 60~80 km R E RIS 2T, ve EE 4
THAE 7.2~8.0 km/s Z[A], vy FEAMMGLE 4.0~4.8 km/s Z[i], vp/vg FE M TE 1.6~ 1.9 2 i) (& 5(g)~
B 5(1)) o baRah SR, N R R B 0 MIONE A 8 R RN L B AR 25 5, T BB mh ke N K A A A
W) 20 A 5
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(a) Olivine v, 24 F ()
22
A
£ ,
5 Z
2 =20
S
=t
()
>
Orthopyroxene vg Olivine vg
1.8
A Olivine
A
1.6
1 1 1 1 1 1
0 3 6 9 12 15
Pressure/GPa Pressure/GPa

& JPREHEHEH LRI I vy, v A vilv OKBETECRRE 1AL, HEHELT
WEET  BELICAT ST AT R ARG 6 2)

Fig. 4 v, vs, and vy/vg of major minerals in harzburgite (Brucite is from this study, olivine,

orthopyroxene, antigorite, chlorite and talc are from previous studies™ * =)

RS s 1 R G5 AL BT 9 3 D, R A ORGP S R S DXL B L 0 43 S 29 R 573 KT 1.5 GPa,
TR A R 7 RSO 2 1 38 S DX AR R 3 I 24 28 673 KRR 2 GPal? . I H] Perple_X(6.9.1)5%
DL K Peacock %58 (14 Ty REMMS 5 AR AL, 433158 T #E 1.5 GPa 1 573 K LA & 2.0 GPa 11 673 K 514 F, A~
] 7K 25 2 OS2 2R (CaO-FeO-MgO-ALO,-SiO,) H T W 4l il 25 51, Bl & MO A R & ok &%
AR, L R Y RO A MR AR A SO KRR WA sRIRA AN A . Horh, K
B FEWAE T EK & i (BT EOR T 6%) B2 (K 6) .

FIH Voigt-Reuss-Hill( VRH) #1357 OR[E S 7K & . AR P40 T 5 VM A B s bE D el . &
J&, Al FH Birch-Murnaghan R 25 5 B2 1 8 R0 90 76 = i s T T B 28

(pi)_(pi) (pi)”“ ©)

K Krg o Ky R pro 0500 08 R4 R L IR T 8™ 90 A 45 T AR oA o | A P A8 o o R 7 1) it
T RE, p Ay i e T T 0 W) B BE 32X Koo 1 Vi BRI R )

3
p= EKT,O

{1+§(K5—4)

K
Kro =K, +( (9TT )p (T —300) (7
T
VT,O = VOeXp (ISOOaT'OdT) (8)

s (0K /0T), Sy S i Bl It B2 ) D, oo O TR O B K 2R 200
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25
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>
2 15
s
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5
0
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(i) 60-80 km, vy/vg

5 HARRICI AR B EE L5 ()~ (c) 433K H AR LI 40°N A a2 ZHT UL vy vg FT vy/vg #]THT™
(AR I P7ETT, SRR G LR 20~40 km I 60~80 km VR AYARIGE 4 X)), (d)~(f) 4 20~40 km
S DK v vs H vp/vg BUBAE T, (2)~ (1) A 60~80 km 54 IX. vy, vg Fl vi/vg BB 311
Fig. 5 Velocity structure of the subduction zone in NE Japan (a)—(c) v, vgand v,/vg profiles obtained from seismic tomography
at 40°N in the subduction zone of NE Japan!" (Black solid line represents the subducting oceanic crust, and the green dashed
line and black dashed line represents the low v, and low v,/vq anomaly areas at the depth of 20—40 km and 60-80 km.);
(d)—(f) is the distribution of v, vgand v,/vg in the anomaly area at the depth of 2040 km;

(g)—(i) is the distribution of v;, vgand v,/vg in the anomaly area at the depth of 60—-80 km
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e i g T AN [ ) ) S 5 R

Ky = Kr (1 +ayT) ©)
ve = (K5 +3G/4) /p (10)
vs = Glp (11)

Voigt-Reuss-Hill (VRH) 45 5 F Sk 5007 4 45 G4 i 5 g 5o B

n -1 n
(Z‘Pi"f_]] =WRSVSVy ZZ‘PM (12)
i=1

i=1
1
Yy = E(VV"'VR) (13)

S v WS § R U o, R R PR BN v R A A RO B, TRR V. R R H 523
2 Voigt. Reuss Fl Hill *F-3J .

VI B B B RO T2 20 B KB 1 7 TR B SR A S 2 5 K BE T |
£ SR URAT AL 100K OT A19G 10T 1) Abers 455 (O ¥CHR MR 155 HATH™ HIO B S 5Ok F1 AT A0
TF 58 620313640, e 7 1 K, =—5.9, G=—0.65, 3K [ 3C ik [6].
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Table 2 Elastic parameters of major minerals in harzburgite

Minerals  pyf(gem™) Ky/GPa Ky, OKSODT e g @OIODN gty Rer
(GPa-K") (GPa-K'")

Brucite 2.333 400 70  —0.011 30 25 —0.010 5.00 This study
Antigorite 2.56 410 141  -0.010 2648 13 —0.006 3.92 [6]
Chlorite 2.54 792 3.7  —0006 474 03  —0.003 2.50 [29]
Amphibole 2.97 98 3.5 —0.004 62 115 —0.011 4.94 [41]

Talc 2.70 56 54 —0.006 29 47 —0.005 2.61 [3]

Olivine 3.34 1303 46  —0.016 77.4 1.61 —0.013 3.03 [39]
Orthopyroxene 321 1085 72 —0.026 77.9 17 —-0.013 2.97 [31,37]
Clinopyroxene 3.3 1165 50  —0.013 72.8 17 —0.014 2.60 [40, 42]

&1 6 JEIR T MOS0 2 B B LU Bt K & B AR R . YK B EU N T 6% B, KT
YL S0 . WA R T YK Y B ROR T 6% I, A g, KA A e S0 o E B S KW
Ao Bt 7K R 3 B S B30, v T vg BT REAR, T ve/vg TN o 38 4 X6 BE A= =4 O ) v, 54
THEAG RN vy, AT DU IR 4 b BLAORE 25 rh oK 09 BT 5 20 450 2.5%~10.0% BF, LI 38 3 5 07 P 4 5 1A
TR — B 6(a)) 5 X v 1 7, KT 7350 1.0%~10.0% B, G891 & W IE 5 538 i —
M (B 6(b)) 5 11T vip/vg B LI HRARXT LSS, 27K 19 it 2 550 T 11.0% B, 3HEAR 210 v/vg YI4F G HE 2
NI Z5 5 (] 6(¢)) o ZEA veu vs T vp/vg BRI 25 5L, AT LUHE Wr: 7K 09 57 & 79 B0 3.0%~10.0% B, i 2
3 IR 25 R, 0 H AR ILE AR A 5 29 20~ 40 km % EE b Hb g B2 ROk B R B0 3.0%~
10.0%. TEMCAAET, J7 MERIONE A 0 35 S 40 0™ ) S i A . D7 A L B 80 FRBE A (18] 6(a)~
& 6(c)) o i ZEART AR Fr 60~ 80 km R FE AL, T MERUS 25 2 v /K 1) T i 3 500K 1.0%~3.0%, EZ 0 P4l
B AT« BT HEA R 8 (B 6(d)~ T 6() o F LRI WL, ZKEBEAFE H A ZR LA bty & 7K Hiu e 481 X
BB 7 KR, AR B 5%,
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Fig. 6 Water content within the low-velocity anomaly zone of the subduction zone in NE Japan: (a)—(c) show the results
under 1.5 GPa and 573 K; (e)—(f) present the results under 2.0 GPa and 673 K (The blue solid line represents
the observed velocity by tomography. The black solid and black dashed lines represent the results calculated
using the VRH average model combined with mineral elastic properties. The blue dashed line represents
the water content obtained by joint constraint of seismic observation and mineralogy calculation.)

4 % i

K F Mg(OH), iX 7, 7£ 4 GPa fil 523 K &4 F#UEA R T £ Mk eEa, JER B A T3 kg 1
IKEEATTE ik 14 GPa 1 R g i e, 45 28 LR R E 4518
(1) 7K A 174 10 8 B P 186 i 16, EL AR AR T e a0 . W A MGk A0 25 5 KT 1), K BE A R

100102-9



4539 % AR ARBE R TREE A HOG IR e K b iR S %10

AR vip/vgo

(2) i 2 = AT FRVAE L5, 15 8] 1K BE AT A IR SR (Kso=40 GPa) , BT UIHE (Go=30 GPa) &}t

X3 AU (K4,=7.0, Gy=2.5)

(3) 454 HuiZ 2 E AT WU R 1) 20 143 M, B Voigt-Reuss-Hill A% B 2 5 T H AR & G AR whF 24

20~40 km TR B Ab M 45 v K 0 T AR B, 290 3.0%~ 10.0%, TR i 7 RS 45 2 #F 60~ 80 km
TREE K B BB A0 B2 0 1.0%~3.0%. ZKEE A nT REAE IR vty & 7 i A2 IX sl rp il 2] 1 it KV

S22 3

(1]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

TSUJI Y, NAKAJIMA J, HASEGAWA A. Tomographic evidence for hydrated oceanic crust of the Pacific slab beneath
northeastern Japan: implications for water transportation in subduction zones [J]. Geophysical Research Letters, 2008, 35(14):
L14308.

WANG D J, WANG L B, ZHANG R, et al. Mantle wedge water contents estimated from ultrasonic laboratory measurements of
olivine-antigorite aggregates [J]. Geophysical Research Letters, 2022, 49(10): €2022GL098226.

CHEN P, WANG D J, CAI N, et al. Anomalous sound velocities of talc at high pressure and implications for estimating water
content in mantle wedge [J]. Journal of Geophysical Research: Solid Earth, 2023, 128(11): ¢2023JB027309.

HACKER B R, ABERS G A, PEACOCK S M. Subduction factory 1. theoretical mineralogy, densities, seismic wave speeds,
and H,O contents [J]. Journal of Geophysical Research: Solid Earth, 2003, 108(B1): 10.

BEZACIER L, REYNARD B, CARDON H, et al. High-pressure elasticity of serpentine and seismic properties of the hydrated
mantle wedge [J]. Journal of Geophysical Research: Solid Earth, 2013, 118(2): 527-535.

WANG D J, LIU T, CHEN T, et al. Anomalous sound velocities of antigorite at high pressure and implications for detecting
serpentinization at mantle wedges [J]. Geophysical Research Letters, 2019, 46(10): 5153-5160.

CHRISTENSEN N I. Ophiolites, seismic velocities and oceanic crustal structure [J]. Tectonophysics, 1978, 47(1/2): 131-157.
JIS C,LI AW, WANG Q, et al. Seismic velocities, anisotropy, and shear-wave splitting of antigorite serpentinites and tectonic
implications for subduction zones [J]. Journal of Geophysical Research: Solid Earth, 2013, 118(3): 1015-1037.

WATANABE T, KASAMI H, OHSHIMA S. Compressional and shear wave velocities of serpentinized peridotites up to
200 MPa [J]. Earth, Planets and Space, 2007, 59(4): 233-244.

WALTER M J, THOMSON A R, WANG W, et al. The stability of hydrous silicates in Earth’s lower mantle: experimental
constraints from the systems MgO-SiO,-H,0 and MgO-Al,0;-Si0,-H,0 [J]. Chemical Geology, 2015, 418: 16-29.

FEI'Y W, MAO H K. Static compression of Mg(OH), to 78 GPa at high temperature and constraints on the equation of state of
fluid H,O [J]. Journal of Geophysical Research: Solid Earth, 1993, 98(B7): 11875-11884.

CATTI M, FERRARIS G, HULL S, et al. Static compression and H disorder in brucite, Mg(OH),, to 11 GPa: a powder neutron
diffraction study [J]. Physics and Chemistry of Minerals, 1995, 22(3): 200-206.

DUFFY T S, ZHA C S, DOWNS R T, et al. Elasticity of forsterite to 16 GPa and the composition of the upper mantle [J].
Nature, 1995, 378(6553): 170-173.

XIA X, WEIDNER D J, ZHAO H. Equation of state of brucite; single-crystal Brillouin spectroscopy study and polycrystalline
pressure-volume-temperature measurement [J]. American Mineralogist, 1998, 83(1/2): 68-74.

NAGAI T, HATTORI T, YAMANAKA T. Compression mechanism of brucite: an investigation by structural refinement under
pressure [J]. American Mineralogist, 2000, 85(5/6): 760-764.

FUKUI H, OHTAKA O, SUZUKI T, et al. Thermal expansion of Mg(OH), brucite under high pressure and pressure
dependence of entropy [J]. Physics and Chemistry of Minerals, 2003, 30(9): 511-516.

SUNNY, LI XY, LI L, et al. Stability and physical properties of brucite at high pressures and temperatures: implication for
Earth’s deep water cycle [J]. Geoscience Frontiers, 2025, 16(1): 101940.

JIANG F M, SPEZIALE S, DUFFY T S. Single-crystal elasticity of brucite, Mg(OH),, to 15 GPa by Brillouin scattering [J].
American Mineralogist, 2006, 91(11/12): 1893—-1900.

ZHANG J K, WANG D J, CAI N, et al. Elastic properties of amphibole at high pressure: a new explanation of the low velocities
anomaly in the mantle wedges [J]. Tectonophysics, 2023, 865: 230044.

100102-10


https://doi.org/10.1029/2008GL034461
https://doi.org/10.1029/2022GL098226
https://doi.org/10.1029/2023JB027309
https://doi.org/10.1029/2001JB001127
https://doi.org/10.1002/jgrb.50076
https://doi.org/10.1029/2019GL082287
https://doi.org/10.1016/0040-1951(78)90155-5
https://doi.org/10.1002/jgrb.50110
https://doi.org/10.1186/BF03353100
https://doi.org/10.1016/j.chemgeo.2015.05.001
https://doi.org/10.1029/93JB00701
https://doi.org/10.1007/BF00202300
https://doi.org/10.1038/378170a0
https://doi.org/10.2138/am-1998-1-207
https://doi.org/10.2138/am-2000-5-615
https://doi.org/10.1007/s00269-003-0353-z
https://doi.org/10.1016/j.gsf.2024.101940
https://doi.org/10.2138/am.2006.2215
https://doi.org/10.1016/J.TECTO.2023.230044

4539 % AR ARBE R TREE A HOG IR e K b iR S %10

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

(34]

[35]

[36]

(371

[38]

[39]

[40]

[41]

[42]

ZHANG R, WANG D J, CAI N, et al. Sound velocity of eclogite at high pressures and implications for detecting eclogitization
in subduction zones [J]. GSA Bulletin, 2024, 136(5/6): 2019-2028.

LI B S, CHEN K, KUNG J, et al. Sound velocity measurement using transfer function method [J]. Journal of Physics:
Condensed Matter, 2002, 14(44): 11337.

LI B S, ZHANG J Z. Pressure and temperature dependence of elastic wave velocity of MgSiO, perovskite and the composition
of the lower mantle [J]. Physics of the Earth and Planetary Interiors, 2005, 151(1/2): 143—154.

WANG X B, CHEN T, QI X T, et al. Acoustic travel time gauges for in-situ determination of pressure and temperature in multi-
anvil apparatus [J]. Journal of Applied Physics, 2015, 118(6): 065901.

CAI N, WANG D J. Sound velocity of (Mg Fe,),S10, wadsleyite and its implications to water distribution in mantle
transition zone [J]. Geophysical Research Letters, 2022, 49(22): €2022GL100302.

COOK R K. Variation of elastic constants and static strains with hydrostatic pressure: a method for calculation from ultrasonic
measurements [J]. The Journal of the Acoustical Society of America, 1957, 29(4): 445-449.

LI B S, LIEBERMANN R C. Study of the Earth’s interior using measurements of sound velocities in minerals by ultrasonic
interferometry [J]. Physics of the Earth and Planetary Interiors, 2014, 233: 135-153.

DAVIES G F, DZIEWONSKI A M. Homogeneity and constitution of the Earth’s lower mantle and outer core [J]. Physics of the
Earth and Planetary Interiors, 1975, 10(4): 336-343.

PEACOCK S M, WANG K L. On the stability of talc in subduction zones: a possible control on the maximum depth of
decoupling between the subducting plate and mantle wedge [J]. Geophysical Research Letters, 2021, 48(17): €2021GL094889.
MOOKHERJEE M, MAINPRICE D. Unusually large shear wave anisotropy for chlorite in subduction zone settings [J].
Geophysical Research Letters, 2014, 41(5): 1506—1513.

ZHANG J S, BASS J D. Sound velocities of olivine at high pressures and temperatures and the composition of Earth’s upper
mantle [J]. Geophysical Research Letters, 2016, 43(18): 9611-9618.

KUNG J, LI B S, UCHIDA T, et al. In situ measurements of sound velocities and densities across the orthopyroxene—high-
pressure clinopyroxene transition in MgSiO, at high pressure [J]. Physics of the Earth and Planetary Interiors, 2004, 147(1):
27-44.

PEACOCK S M, BOSTOCK M G. Serpentinization of the forearc mantle wedge in subduction zones: revisiting Roy D.
Hyndman’s seminal contributions 25 years later [J]. Canadian Journal of Earth Sciences, 2025, 62(4): 758-771.

CONNOLLY J A D. Computation of phase equilibria by linear programming: a tool for geodynamic modeling and its
application to subduction zone decarbonation [J]. Earth and Planetary Science Letters, 2005, 236(1/2): 524-541.

HILL R. The elastic behaviour of a crystalline aggregate [J]. Proceedings of the Physical Society. Section A, 1952, 65(5): 349.
ABERS G A, HACKER B R. A MATLAB toolbox and excel workbook for calculating the densities, seismic wave speeds, and
major element composition of minerals and rocks at pressure and temperature [J]. Geochemistry, Geophysics, Geosystems,
2016, 17(2): 616-624.

ZHAO Y S, VON DREELE R B, SHANKLAND T J, et al. Thermoelastic equation of state of jadeite NaAlISi,O: an energy-
dispersive Reitveld refinement study of low symmetry and multiple phases diffraction [J]. Geophysical Research Letters, 1997,
24(1): 5-8.

SHINMEI T, TOMIOKA N, FUJINO K, et al. In situ X-ray diffraction study of enstatite up to 12 GPa and 1 473 K and
equations of state [J]. American Mineralogist, 1999, 84(10): 1588—1594.

PAWLEY A R, CLARK S M, CHINNERY N J. Equation of state measurements of chlorite, pyrophyllite, and talc [J].
American Mineralogist, 2002, 87(8/9): 1172-1182.

LIU W, KUNG J, LI B 8. Elasticity of San Carlos olivine to 8 GPa and 1 073 K [J]. Geophysical Research Letters, 2005,
32(16): L16301.

ISAAK D G, OHNO I, LEE P C. The elastic constants of monoclinic single-crystal chrome-diopside to 1 300 K [J]. Physics and
Chemistry of Minerals, 2006, 32(10): 691-699.

ZHOU W Y, HAO M, ZHANG D Z, et al. High p-T sound velocities of amphiboles: implications for low-velocity anomalies in
metasomatized upper mantle [J]. Geophysical Research Letters, 2024, 51(5): €2023GL106583.

ZHAO Y S, VON DREELE R B, ZHANG J Z, et al. Thermoelastic equation of state of monoclinic pyroxene: CaMgSi, O
diopside [J]. The Review of High Pressure Science and Technology, 1998, 7: 25-27.

100102-11


https://doi.org/10.1130/B37065.1
https://doi.org/10.1088/0953-8984/14/44/478
https://doi.org/10.1088/0953-8984/14/44/478
https://doi.org/10.1016/j.pepi.2005.02.004
https://doi.org/10.1063/1.4928147
https://doi.org/10.1029/2022GL100302
https://doi.org/10.1121/1.1908922
https://doi.org/10.1016/j.pepi.2014.05.006
https://doi.org/10.1016/0031-9201(75)90060-6
https://doi.org/10.1016/0031-9201(75)90060-6
https://doi.org/10.1029/2021GL094889
https://doi.org/10.1002/2014GL059334
https://doi.org/10.1002/2016GL069949
https://doi.org/10.1016/j.pepi.2004.05.008
https://doi.org/10.1139/cjes-2024-0082
https://doi.org/10.1016/j.epsl.2005.04.033
https://doi.org/10.1088/0370-1298/65/5/307
https://doi.org/10.1002/2015GC006171
https://doi.org/10.1029/96GL03769
https://doi.org/10.2138/am-1999-1012
https://doi.org/10.2138/am-2002-8-916
https://doi.org/10.1029/2005GL023453
https://doi.org/10.1007/s00269-005-0047-9
https://doi.org/10.1007/s00269-005-0047-9
https://doi.org/10.1029/2023GL106583
https://doi.org/10.4131/jshpreview.7.25

55 39 & AR ARBE R TREE A HOG IR e K b iR S %10

Elastic Wave Velocity of Brucite and Its Implications
for Water Cycling in Subduction Zones

ZHANG Rui'?, WANG Duojun'?, CAI Nao'?

(1. High Pressure Science Experiment Center, University of Chinese Academy of Sciences, Beijing 100049, China;
2. College of Earth and Planetary Sciences, University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Brucite, a key constituent mineral in hydrated peridotites within subduction zones, can occupy up
to the volume fraction of 15% of these water-saturated rocks. Investigating the high-pressure elastic wave
velocities of brucite is thus crucial for understanding the composition, seismic velocity structure, and deep-
water cycling processes of hydrated peridotites in subduction zones. In this study, dense polycrystalline
brucite was synthesized from Mg(OH), reagent under 4 GPa and 523 K for 2 h. The elastic wave velocities
and moduli of brucite were measured up to 14 GPa using ultrasonic interferometry. The results demonstrate
that the elastic wave velocities and moduli of brucite increase with increasing pressure. By integrating
seismic tomography with mineral assemblage modeling, we constrained the water content in the low-velocity
anomaly regions of the mantle wedge using the Voigt-Reuss-Hill (VRH) model. Our estimations indicate
that the water mass fraction ranges from 3.0%-10.0% in low-velocity anomaly zones of the mantle wedge
above the subducting slab at depths of 20-40 km, and 1.0%—3.0% within the subducting slab at depths of
60-80 km beneath northeastern Japan.

Keywords: brucite; wave velocity; subduction zones; water content; high pressure
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