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( , 2002b) , (Harlow and Sorensen,
2005),
(0~600 MPa) (Ji et al., 2013)
(P S ) , 400~550 300~500 MPa
( 300 )
1

, (Ji et al., 2002, 2007,

1 sl

=93%,

( D ()
2.577~2.592 g/em’ , 2.586 g/em’
2.600 g/em’,
(p=2.550 g/cm’) ,
2.860 g/em’) (p=2.980 g/cm’)

Wang et al., 2005a, b; Wang and Ji, 2009; Sun, 2011;
Sun et al., 2012) ( D,

SlOz MgO A1203
FCO+F€203 CI'203 TiOz,
TiO,
(LOI, %) B)

: LOI(%)=2.41+10.345 (R*=0.97),

, 12.75%
2
( 2a):
6MgCO3 + 45102 + 4H20—>Mg6[Sl4010](OH)g + 6C02 X
(1)
. . Wicks and Whittaker, 1977),
6CaMg(CO»), + 4Si0, + 4H,0—Meg[Sis010](OH)s + ¢ )
6CaCO; + 6CO, (2) (LPO, Lattice-preferred orientation) ,
2) “CaC0O3” ,
F 1 AR E R PILEK (%) FALFLE 5 (%)
Table 1 Modal (%) and chemical (%) compositions of the Xiuyan jade samples
*
SIOZ Ale} F6203 CaO MgO NaZO Kzo Cr203 TIOZ MnO P205 SrO BaO LOI Total
GPS (g/cm3)
40.46767° N,  Atg 99.0,
Al 300383 E Dol 1.0 2591 43.94 0.07 0.92 0.17 40.97 0.08 <0.01 <0.01 <0.01 0.03 0.10 <0.01 <0.01 12.70 98.93
40.46767° N,  Atg 98.5,
AIB 0183 B Dells 2592 43.94 0.07 0.92 0.17 40.97 0.08 <0.01 <0.01 <0.01 0.03 0.10 <0.01 <0.01 12.70 98.93
A5 ;‘33482736;33\11% Atg100.0  2.591 443 006 1.05 0.16 414 0.08 <0.01 <0.01 <0.01 0.03 0.02 <0.01 <0.01 12.70 99.76
A6 ;‘334327%301\1]5 Atg100.0 2591 4423 0.05 1.03 0.09 41.33 0.08 <0.01 <0.01 <0.01 0.03 0.06 <0.01 <0.01 12.40 99.26
40.51889° N,  Atg 93.0,
A8 05087985 Lis70 2.577 4421 0.08 0.59 0.11 41.32 0.08 <0.01 <0.01 <0.01 <0.01 0.08 <0.01 <0.01 12.60 99.02
40.51889° N,  Atg 99.0,
s N 2.581 4438 0.17 0.34 0.07 41.74 0.08 <0.01 <0.01 <0.01 <0.01 0.06 <0.01 <0.01 12.55 99.33
40.51889° N,  Atg 99.0,
A3 008198 F Lis L0 2583 43.73 0.16 037 0.61 41.25 0.08 <0.01 <0.01 <0.01 <0.01 0.45 <0.01 <0.01 12.30 98.90
40.63311°N,  Atg 99.0,
A6 533 161°F Dol 1.0 2.587 4339 0.07 0.82 0.57 41.25 0.08 <0.01 <0.01 <0.01 <0.01 0.03 <0.01 <0.01 13.20 99.37
0.5% 1 Atg. ; Liz. ; Dol.
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1

Fig.1 Variations of MgO (a), AL,O; (b), and FeO+Fe,0; (c) vs. SiO,, and Al,O; vs. CaO (d) for serpentinites formed by
metasomatism of dolomite (solid dots) and hydration of peridotites (open dots)

2 (a) ® )
Fig.2 Typical microstructures of undeformed (a) and deformed (b) Xiuyan jade (antigorite serpentinites)
(SPO, Shape-preferred ori- (Ji and Salisbury,
entation), 1993; Wang et al., 2011; Sun et al., 2012)
2.54 cm, 3~6 cm

2 ELEITEEER

Dalhousie ) X ,
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Z , ( , Ao,
Y 1 MHz 4a) , ,
+0.5%
(P) (<100 MPa)
X,v,27 P S 2
P (Vp) 3 (b) (<100 MPa) 4,
. , P : (>100 MPa)  , 4,
( AlIB,  4a)
, 3 , P>150MPa , ,
, LPO
VX V() V2 P
(Ap) : S 7y
Ay =V, max=V;, min) / V' x100% (3) > B LK ;
, A9 (>150 MPa)
_ ,S :
A AGRADIE “) VXYV (YX)> VA X2V (ZX)>VAZY)> V(YD) (5)
P (4p) (P) ,
(a)d, ,

F2 ITIHEHSREARABBRETH PIRIREF S FIRE (km/s)

Table 2  P- and S-wave velocities (km/s) of antigorite serpentinite samples measured at confining pressures up to 600 MPa

« (MPa) A, or 4

0 50 100 150 200 300 400 500 600 (%)
XX 6.988 7206 7269 7292 7.307 7331 7354 7376 7.399

P YY 6.803 6970  7.022  7.041  7.051  7.065 7.077  7.089  7.101 15.8
7z 5.888 6071 6130 6.157 6175 6207 6238 6270 6301
XY 4.109 4141 4157 4165 4171 4180 4188  4.196  4.204
Al Xz 3.569 3.623  3.638  3.644  3.648  3.654  3.659  3.665  3.670
YX 3.940 4125 4151 4160 4168  4.184 4199 4215 4231

S Yz 3.522 3556 3.566  3.572  3.576 3585  3.594  3.603  3.612 102
zX 3.497 3552 3.561 3566  3.571 3581  3.591  3.601  3.611
zy 3.510 3570 3.581  3.585  3.588 3595  3.601  3.608  3.614
XX 6.991 7219 7289 7317 7334 7361 7387 7413 7.438

AIB P Yy 6.857 7060  7.118  7.140  7.153  7.174  7.195 7215  7.235 16.0
7z 5.939 6.108  6.142  6.162 6179 6214 6248 6282 6317
XX 7414 7575 7613  7.626  7.634  7.646  7.659  7.671  7.683

P YY 7.364 7533 7573 7.587  7.595  7.608  7.620  7.633  7.645 20.8
7z 5.637 6.020 6075 6.092 6103 6126 6148 6171  6.193
XY 4248 4317 4339 4348 4352 4358 4364 4370 4375
A5 Xz 3.340 3391 3400  3.405  3.409 3418 3426 3435  3.443
YX 4.249 4308 4325 4332 4335 4341 4347 4352 4358

S Yz 3.275 3442 3475 3486 3.493 3505  3.518 3530  3.542 24
zX 3.409 3514 3.537 3544 3.548 3554 3560  3.566  3.572

zYy 3.472 3.523 3.541 3.550 3.556 3.567 3.578 3.589 3.600
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16 H3gk
gk 2:
(MPa) A, or A,
0 50 100 150 200 300 400 500 600 %
XX 7.113 7.278 7.325 7.342 7.351 7.364 7.376 7.389 7.401
YY 6.574 7.000 7.041 7.052 7.059 7.075 7.090 7.105 7.120 13.8
7z 6.011 6.258 6.322 6.345 6.358 6.379 6.398 6.418 6.438
XY 3.961 4.001 4.017 4.024 4.029 4.036 4.043 4.050 4.057
A6 XZ 3.796 3.840 3.859 3.869 3.876 3.890 3.902 3.914 3.927
YX 3.963 4.026 4.044 4.051 4.055 4.064 4.072 4.080 4.088 10.7
YZ 3.495 3.653 3.662 3.670 3.678 3.694 3.709 3.725 3.741
X 3.633 3.663 3.676 3.682 3.687 3.694 3.701 3.707 3.714
zY 3.563 3.629 3.644 3.650 3.653 3.658 3.664 3.669 3.674
XX 6.700 6.919 6.980 7.000 7.010 7.023 7.036 7.048 7.061
YY 6.393 6.611 6.693 6.726 6.742 6.761 6.776 6.791 6.806 7.2
7z 6.184 6.409 6.472 6.494 6.505 6.522 6.538 6.554 6.570
XY 3.716 3.872 3.884 3.890 3.895 3.905 3.915 3.926 3.936
A8 XZ 3.622 3.687 3.715 3.730 3.740 3.756 3.771 3.785 3.800
YX 3.825 3.873 3.891 3.900 3.905 3912 3.918 3.924 3.930 -
YZ 3.565 3.699 3.736 3.749 3.755 3.764 3.772 3.781 3.789
X 3.728 3.785 3.805 3.812 3.816 3.821 3.826 3.830 3.834
zY 3.331 3.702 3.714 3.723 3.732 3.749 3.766 3.784 3.801
XX 7.029 7.289 7.341 7.354 7.360 7.369 7.378 7.387 7.396
YY 6.265 6.584 6.647 6.667 6.679 6.703 6.725 6.748 6.771 13.5
7z 6.050 6.268 6.340 6.369 6.385 6.406 6.426 6.445 6.464
XY 3.945 4.002 4.020 4.027 4.031 4.035 4.040 4.044 4.049 12.0
A9 XZ 3.541 3.656 3.695 3.710 3.718 3.729 3.738 3.748 3.757
YX 3.855 3.941 3.965 3.975 3.980 3.988 3.997 4.005 4.013
YZ 3.487 3.533 3.548 3.555 3.560 3.568 3.576 3.584 3.592
X 3.648 3.700 3.713 3.718 3.721 3.727 3.734 3.740 3.746
zY 3.406 3.606 3.615 3.618 3.622 3.628 3.634 3.640 3.647
XX 7.333 7.405 7.430 7.443 7.453 7.471 7.489 7.507 7.524
YY 6.562 6.681 6.707 6.721 6.735 6.761 6.788 6.815 6.841 16.2
/A 6.146 6.272 6.304 6.318 6.329 6.348 6.367 6.386 6.405
XY 4.008 4.058 4.071 4.077 4.082 4.090 4.098 4.106 4.114
Al3 XZ 3.863 4.025 4.057 4.066 4.071 4.080 4.089 4.098 4.107
YX 3.959 4.018 4.029 4.034 4.037 4.042 4.048 4.054 4.060 191
YZ 3.358 3.504 3.514 3.518 3.521 3.528 3.534 3.541 3.548
X 4.143 4.248 4.268 4.274 4.278 4.285 4.292 4.298 4.305
zY 3.454 3.559 3.580 3.588 3.593 3.603 3.613 3.623 3.633
XX 6.702 6.967 7.050 7.080 7.096 7.117 7.136 7.155 7.173
YY 6.225 6.457 6.517 6.538 6.550 6.569 6.586 6.604 6.622 8.1
7z 6.133 6.395 6.476 6.508 6.526 6.552 6.577 6.602 6.627
XY 3.652 3.770 3.807 3.820 3.826 3.833 3.839 3.846 3.852
Al6 XZ 3.481 3.586 3.618 3.629 3.636 3.647 3.658 3.669 3.679
YX 3.593 3.695 3.716 3.722 3.725 3.731 3.737 3.742 3.748 64
YZ 3.380 3.561 3.579 3.585 3.591 3.601 3.612 3.623 3.634
X 3.290 3.529 3.556 3.563 3.569 3.580 3.591 3.602 3.614
zY 3.625 3.706 3.734 3.746 3.753 3.763 3.773 3.783 3.792
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3 ( ) P ()
Fig.3 Typical V;,-P curves for Xiuyan jade (antigorite serpentinites)

4 ( ) P (@) S (b)
Fig.4 V, (a) and V; (b) anisotropy vs. pressure curves for Xiuyan jade (antigorite serpentinites)

5 ( ) S
Fig.5 S-wave velocity (V) as a function of propagation and polarization direction and confining pressure

> > >

S X, Y Z ( Y X )
, D AV(X)=V(XD)-V(XZ), S (45)
AV(Y)=Vy(YX)-V(YZ) AV(Z)=V(ZX)-V(ZY) A, = (V, max—V, min) / Vs x100% (6)
( A9, 6) . ( ,
150 MPa) AV(Z) V, =[V(XY) +V(XZ) +V,(YX) +

(<0.10 km/s), V,(YZ)+V(ZX)+V,(ZY)]/6 (7)
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200 MPa 600 MPa
(E) &) (G) ()
3 , 7 A6
100~150 MPa ,
150~600 MPa ,
600 MPa ,
8 E K G 97.30, 73.50
38.06 GPa,
6 ( ) A9 X, Y o
Z) AV
Fig.6 Shear-wave splitting (AV;) along the X, Y and Z
directions in sample A9 (antigorite serpentinite)
v=0.28, V,/V=1.82 ,
S ; (0.28) (0.36)
S Vi(XY) , V,/V=2.20
X)
S S A5 (EBSD, Electron
s 4b, (>150 Backscattering Diffraction) ,
MPa) , S [100] [010] [001]
, 24% ( 2), 8a, [001]
(<150 MPa) XYy ) . [010]
’ S : @;  [100]
Y ,
Christensen and Ramananantoandro (1971) (001)[010]
Wang et al. (2009), ; (Hirauchi et al., 2010;
@ O Jung, 2011; Nishii et al., 2011), Katayama
O] et al. (2009) Moortéle et al. (2010) ,
(
) P S (00n)[100]
, (E)
(G) (K) (v) ,
, Bezacier et al. (2010)
G=pV? (8) (Brillouin scattering)
0.15 mm s
K= P(sz ‘%Vsz) ) EBsD , A5
( 8b), Vp=7.36 ks,
3 VSZ(VPZ —4V52j V,=6.16 ks, A4=177%; XY Z
E= vy (10) v, 7.146,7.119  6.276 km/s,
AS , P
;(vajz‘l [V,(X)=7.414 km/s, V,(Y)=7.364 km/s
p=—2NL S/ (11) Vo(Z2)=5.637 km/s, A4,=20.8%] ,

L (1)

(1 mmx2 mm),
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&3 [EIE 200 71 600 MPa Tl E AR EE(E). KEEWK). HEE(G)SAM @)
Table 3 Young’s modulus (E), bulk modulus (K), shear modulus (G) and Poisson’s ratio (v) of each antigorite
serpentinite sample at confining pressures of 200 and 600 MPa

B 200 MPa 600 MPa

E(GPa) K(GPa) G(GPa) v E(GPa) K(GPa) G(GPa) v
Al 95.07 71.82 37.16 0.28 97.08 74.05 37.88 0.28
AS 96.58 81.59 37.07 0.30 98.27 83.07 37.71 0.30
A6 97.23 73.49 38.00 0.28 99.10 74.81 38.74 0.28
A8 94.63 67.69 37.34 0.27 96.59 68.70 38.16 0.27
A9 93.88 70.66 36.71 0.28 95.44 72.35 37.27 0.28
Al3 100.01 67.60 39.89 0.25 101.85 69.77 40.52 0.26
Al6 90.86 69.73 35.41 0.28 92.79 71.72 36.12 0.28

B 7 MiegladlE)RAR A6 HFEREZEE). FESEK). HVES(GFBRLEEEENTZL

Fig.7 Variations of Young’s modulus (E), bulk modulus (K), shear modulus (G) and Poisson’s ratio (v) as a function of

pressure for antigorite serpentinite A6

THE IR A FRAS R EE (25.4 mmx60.0 mm) 5 K752,
FRA H A REAEAE— & A 511, () AR 4 i
U SO 1) B L R BT N A AN ], RS TSR BT
FH A I e 20 5 A A b R OISR A Tl L — N
AR —ANFKNEF 0.15 mm BYHFIESUH A
(Bezacier et al., 2010), Itah A f22 o510 7 il
FAE TR BT, TR AR, FEHEME T,
FOS T v TOvk S8 AU SE IRl i, (HU2, JeiesEl
ORISR R, R HAa AR 1 b R U
R, X IE M e SCE A A AR AR A5 AL .
Ak, e 5SS R R, BK S B ) R
P IAE AT T XY TR B T RS /N B AR A
FMERE 7 b, mEEE TN TN, 551
B LT 1 Rl G, RV & A s A0 B /N Y
ST 53 2418 8b)o Y B VI AL Iy 104 T Ty
M, 433405 05T UIPE A R4 T3 101 ( ) IRFA T T 1H
B, 105 OIS A P e D T (R 8b).

3 iR

WELUA b S A —— O A R A

Y, TERIEE AR ARy . gk . LER
i PR 50l 2 4 (B0 a0, 9 e D R A YT
AN KR B, AR 300 CHE, #HEE Kk
(1) 7= ) 2 AV Tk ) ) e S0 B AT e A, T AN 2
8f1 ., TE 300~700 CHIFE R = 2 5~6 GPa | @ {3l
RN, M E KA R = B e e s . i
FERIU g 225 77 v RO 25 7K A B 81 1 g 80 446
ZHORRR I SCE, RVEE S SR e 8Us, M s
AR WA T 80%., L7 0h & I IRATHF 7T M
WS & T 93% M m e SCA R T R AL,
e FEAR IR I & S i A T, e 8a
(2.55~2.60 g/em®) S FLHIME 47 (3.30 g/em’RTE £ .
LA 1 e sUA ARV L8R S R IR TR I ik
A 37 s R e BRI, 3R 8 P e ) e AR R
Jr e 7 2 T R T i B & A e L A R R AR
VERIMRREE . BRI, JR i o B4R A 0 9 A — 2 AR
& DX 14 2% S5 AR FH B8 i AR R R o R, TR T B
H e S0 AL 5 B0 R 3 R ) 1 v R . ALk
R L R ZHGE & s A0 S S5 sca il . seah,
HFiEgCa S5 HEE Z BT 22, RN
JEAE FRARTR A g SUE R S G 23 P UG B A <K
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B8 #IF EBSD BARNERIERHEELUE)IRE AS HAME (R EBRITERN P IRKESH. S HEEREFEM

BRIBEEIRFTE (b, TEFFEM, FREGE)

Fig.8 LPO (Lattice preferred orientation) figures measured using EBSD (Electron Backscattering Diffraction) techniques
(a) and calculated P-wave velocity, S-wave velocity anisotropy and fast polarization direction (b) for sample A5

(Equal-area lower hemisphere projections)

—FE ] _F 3% I (Diapir), 535008 R 808 & AR TS A
YR # 73R (Guillot et al., 2009; Pilchin, 2005), 14k,
eSCAAE R EREREET Y, HEKESEE~13%
(Ulmer and Trommsdorff, 1995), 1EE Alnit, (1)ih
5C 55 Hiu g P BRI B0 B H Ty, H S R b AR Y
o ()M KIEE RGNS 3 BIVEFCIRHER, (515 H b2 Al
WA RA M aCA ik, Bl Hubg 5 e 80 AL R B A 1
I, Wb BR 23 O DA RIS, T 5 e M 3K 3R 1T
.05 5 31 5% (Riipke et al., 2004), (3)BEH KFEH A
PEl b3 e S0 Ak R 50 o B — TR B, IRER Y
e T PR G el g 0 B K, DA A B U a2
TR A H AR, A b A R e AR T s il OF
50 A AR D) B a0 A 4k /E A (Hyndman  and
Peacock, 2003), i#F—S 287V 19551k 51k
5o (HIESALIE G AR AR, FECREIN L
JFAER, B &R, kAR (Sleep et al.,
2004), (S)AHXS HAl A A (BN A - B E L T
K FAE R AR UL, TESUE U 30 e BE (B ) Fn
JEE 52 R B (e M ) ' 45 BIIK (Escartin et al., 1997;
Hilairet et al., 2007; Moore and Lockner, 2007), i F

LTS SUR DL (A5 G ey =3 Ni 1= Ve | =S SR RIER R (R
A R ek D BE A RE g, AR W R NN A B R R
JryFRAE b, DRI AR AR Y AT REE BT LA, ARk
A1 s 5 A s 50 A AR JBE X6 T AR AT i
A B IR VAR R 3 A e B R R
X (Dragert et al., 2001; Gerya et al., 2002; Seno,
2005), PRI HAS AT i B 5 Ay 1~ S DG B R R TR
&l 9a, b 43l /R FE I R 600 MPa T s £0A 1)°F-
¥ P RIS il B B b e S0A B R AR . AR
T e S04 A RS A 1Y B R U EH Wang et al.
(2005a, b), Ji et al. (2002, 2007), Sun (2011), EiEEE
80 A WORE A Y B B R B0 A Birch (1960),
Christensen (1978), Kern (1993), Kern et al. (1997);
M SCE B LB A SCRT Ji et al. (2013).
Watanabe et al. (2007)A955 5 )R F k% F 200
MPa, K 9 Gk B/R . WE 9 FiR, mildHT)
FVIR L (LT ) e S04 A % b 1058 25 I8 T8 70 52 il A0SR AN [,
filtn, 7€ 600 MPa T,
V,=8.10-3.00fr1 (12)
V,=8.10-1.37fur (13)
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B9 [EJE 600 MPa TG ALBMBIEN V,(@F V,0)BEECHASEHDEAAKRSEGNTLNE
Fig.9 Mean P- (a) and S- (b) wave velocities measured at 600 MPa as a function of serpentine volume fraction (f) for
low-temperature (LT, open dots) and high temperature (HT, solid squares from this study, and open squares from

references) serpentinization

V=4.51-2.19f11 (14)

V=4.51-0.77pur (15)
FE 50% = i e S0 10 1 H s A, 1,=7.42 ks,
V=413 km/s; 176 AH [ F2 B AR TG S0A Fb 1 i 75
T, 1,=6.60 km/s, V,=3.42 km/s. Hi(12)~(13)= X551,
HERIR I SCa (RB) SR KT 30%0 @il sca
FHRT 66%, KA A 1) V,<7.20 km/s, EXAERY
TG I R A B M R R T IE R R, )
AL, DU L b ) b 5 A T S T b
SCRYHLRR R, RIVE AR A bR U R
B, DR DL AE R 0T 2SIV g 3 4 ORF e DX 1 A
R 9l MLZL 2 1o (Bostock et al., 2002),

TR b 75 R 0 12 13t R — b DX e 2 A2 A o 2
1P e R ORRIGR RS PR S PR, @i P
E DX 31 A5 R T A A N R B ) e S0 b
T B J2 5 Tk I 0 S0 38 S IR 0 R e B0, i
R (12)~(15) 20 Ak & 0F 95 b X 10 i 80 47 1k 72
BE BN, FEAR vhE] H AR 52 T 09 JE A A
P H8(20~45 km ), Kamiya and Kobayashi (2000)il
153 V,=6.9 km/s, XJ 1 ~88%H) it E Ll £11k . Rondenay
et al. (2001)%4 7E N5 K PG 1+ FE L% 40 km IR 22
FHudg IR V,=7.16 km/s, A ARERESA L
RU%ERE, Carlson and Miller (2003)#1 Hacker et al.
(2003) i Bz e 2% 1 T ~31% e 8o f 1k . SR,
£ 40 km PRJEZ P HIEAL L, 5 EE BN >300 C,
o 2 R 1 e AT o7 R e T S, TS R AR
FMESAT o FF L, V,=7.16 km/s X 13 F-~69% 1 = i itz
grpfe, CAEETRAG S R AT 2, TR g s
LK S A T 22 TR R AR KR

Long and Silver (2008), Ji et al. (2013)5#p %18
FIRE D 7R (2011) %5 42 BRI RN ity st 2 82 59 1) 9 73
20 FCR P A IR 5 1) BEA T T RGN A, TR,
TE 5 Ff FEARF b 9 ¥ %) S A Bl MR B 22 1 ) e e A (P
KA, BTG AR 4R 5 0] SE A b4 THEE 7
;T E ARG 1 B2 ORF ot ) AR B R A A B AR ez
AL AR R AR 36 L R 32 AL, BT
PR I 5 1] BT TR 5 ) o AR SCRY SR 4
N BIRBG IR TR RS TR R AR BEAN b v
() 5 A0 B AR e 22 b i 7K Ak b 8 B2 (P P 1) e,
T AR DLAR R BY o 32, TR CTE BR(S) H & 7 s
KATL)AKFR S Bmikwsls, ETEER
SKS 8 SKKS By i A&4% J7 1] i 47 T e i g
S T R, D) PR I PR T 1w () AT T T B,
1R 2N R P /N (T X (A2 DA R [ RUM DR PO
P a0 BB AR 2 B R K Al b A (R R 1 R
% WS SAEEMW) R, M B AR DL BTN 2,
T BB S Rk PR S K B Y LS B R E8UA,
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Fig.10 Observations of shear-wave splitting in the Tibetan Plateau and its adjacent regions (a), and a lithospheric
section of the Himalayan orogen (b, modified from Tapponnier et al., 2001. Dotted lines are portrayed for
serpentinized shear zones)
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Seismic Velocities, Anisotropy and Elastic Properties of Xiuyan Jade
and its Geological Implications

WANG Qian" 2, SHAO Tongbin?, JI Shaocheng’, MICHIBAYASHI Katsuyoshi’,
KONDO Yosuke®, LONG Changxing* and SUN Shengsi’

(1. State Key Laboratory of Isotope Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of
Sciences, Guangzhou 510640, Guangdong, China; 2. Département des Génies Civil, Géologique et des Mines,
Ecole Polytechnique de Montréal, Montréal, Québec H3C 3A7, Canada; 3. Institute of Geosciences, Shizuoka
University, Shizuoka 422-8529, Japan,; 4. Institute of Geomechanics, Chinese Academy of Geological Sciences,
Beijing 100081, China ; 5. Department of Geology, Northwest University, Xi’an 710069, Shaanxi, China)

Abstract: Antigorite is a main contributor to the formation of anomalously low seismic velocities and high anisotropy in
subducting oceanic slabs, forearc mantle wedges and subcontinental mantle shear zones. Here we report new results on
P- and S-wave velocities and anisotropy in 8§ antigorite serpentinite samples (“Xiuyan jade” from Liaoning, China),
measured at pressures up to 600 MPa. The results combined with previous experimental data allow us to distinguish the
effects of low and high temperature (LT and HT) serpentinization on seismic velocities in the upper mantle. Serpentine
contents in hydrous subducting slabs, mantle wedges and subcontinental mantle shear zones where temperature is >300
should be at least twice as large as previous estimates based on LT serpentinization. The intrinsic ¥, and ¥ anisotropy of
serpentinites, formed by plastic flow-induced lattice-preferred orientation (LPO) of antigorite, can be as high as 21%
and 24%, respectively. Our results provide a new explanation for various anisotropy patterns observed in subduction
systems worldwide. For a steeply subducting slab, antigorite is most likely deformed by nearly coaxial flattening and
thus the trench-parallel seismic velocity is much faster than the trench-normal velocity. For a shallowly subducting slab,
however, antigorite is most likely deformed by simple shear. Within the horizontal plane, the trench-normal velocity can
be smaller, equal to, or larger than the trench-parallel velocity, depending on the dip angle of subduction. The
geophysical characteristics of the Tibetan Plateau such as strong heterogeneities in seismic velocities and attenuation,
shear wave splitting and electric conductivity can be equally explained by the presence of serpentinized shear zones
within the subcontinental mantle.

Keywords: Xiuyan jade; antigorite serpentinite; seismic wave velocities, anisotropy, shear wave splitting; subduction

zones; Tibetan Plateau



