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Abstract Laboratory-derived P- and S-wave velocities for three types of eclogites are summarized. Combined with seismic properties
of other lithologies, the results are helpful to interpret seismic data from the Dabie-Sulu orogenic belt. The interfaces between eclogites
(high velocity and density) and almost all other lithologies such as felsic gneisses, marble, quartzite, amphibolite, mafic granulite,
and serpentinized peridotite show large values of reflection coefficient ( >0. 1) and are thus able to produce strong seismic reflections.
If crustal materials subducted and preserved in the lithospheric upper mantle as eclogites interlayered with felsic gneiss, gamet-jadeite
quartzite, marble and serpentinized peridotite, they could be a good candidate for regional seismic reflections beneath orogenic belts.
Based on a refraction profile in the Chinese Continental Scientific Drilling area, the crustal composition beneath the Sulu UHP belt is
estimated to test different exhumation models of UHP rocks. Although eclogites are widely exposed in the surface and drill holes, they
may not exit in the todays deep crust of the Sulu terrane, implying that these UHP rocks are tectonic slices that exhumed along a series
of shear zones and finally thrust over an UHP-free middle-lower crust.
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Fig.6 P- and S-wave properties of (a) pyrope and (b) omphacite. The P-wave velocities ( Vp, up-left), the fast S-wave velocities ( Vsl,
up-right) , the slow S-wave velocities ( Vs2, low-left) , and the shear wave splitting ( Vs1-Vs2, low-right) are shown in equal area stereographic
projection with respect to the crystallographic orientationsof a, b, ¢, a* and b* , where a* and b* are the directions normal to (100) and (010)
planes, respectively. The maximum velocity (in km/s) is marked by a solid square and the minimum by an open circle. Shaded areas correspond
to directions of high P- or S-wave velocities. (from Ji et al. , 2002)
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Fig.8 Seismic properties of eclogites: (a) Vp versus Vs at 600 MPa, (b) Poisson’ s ratio at 600 MPa versus SiO, content.
Data from Manghnani et al. (1974), Kern and Richter (1981), Kern and Tubia (1993), Kem et al. (1999, 2002), Gao et
al. (2001), Wang et al. (2005a,b).

B9 AR L ITEN S EEREFE LRGN
H-RERE. RRVNBE LT LR A5 X A
S T A (BRI ) A SR R
UL, BMARYE P I S BERREIX A EA]. &1 FHME
AR A BARIE K dV/dP (BEME I dVs/dT ST KT RE
Ho N8, FEE RN, L2 I A 5 BT
FEFE 0.24 ~0.25 HUA KA ELR 0. 28 ~0. 29, TRESL
AR B IEA LT A F] 0.3 ~ 0. 31, X fHE 78 7E AR 47 5t
0 o X 43 b b R RO R FT R

3 fERSTRHR R R R

HWRESE
1R R Gt FIe 3 A A B AR E RS, SAFEHR
T B 2 5 Z 8 Re( reflection coefficient ) fJZa Xt E T 0.1 B,
AHEFSEA U AEBRKR S (Wamer and McGeary, 1987),
P 104 50 MPa #1 600 MPa T =28 #8485 & H % WL B & K
Vpp B, HEEA L 5FEELMXR, MEEETE,

3.1
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® 1 EREAKREEESE SO, &R

Table 1 Average parameters describing variations of P- and S-wave velocities with pressure and temperature and average silica contents

of common lithologies

V=a(inP)* +blnP +¢ V=V, +DP
dv/dr
e p $i0, P, a b ¢ Vo D
(¢/cm’) (%) (MPa)  (kms™'  (kms"' (10 ~*km ( -10"*km
MPa™?)  MPa~') (k™) Clms™) MPa~')  sT'Cl)
P
1 2siEes 3.56 44.2 544 -0.0504  0.7603 5.680 8.392 1.455 1.348
I s 3.46 48.9 567 -0.0172  0.3639 6.403 7.921 1.702 2.553
I 2MHe 3.35 47.2 525 -0.0182  0.4019 5.791 7.444 2.829 2.127
B 3.30 41.2 586 -0.0651  0.9317 5.004 8.164 2.43 3.860
YESUH S 3.15 41.3 494 -0.0252  0.4612 5.288 7.01i 5,439 8. 506
HAEROR A 3.15 48.2 416 -0.0205  0.4385 5.155 6.507 3.534 3.446
RHE M A 3.01 49.8 399 -0.0563  0.8290 3.889 §.715 3.228 2.011
e R 2.84 62.8 387 -0.032¢ 095122 4.585 6.352 2.982 3. 160
i) day = 2.71 72.9 390 -0.0307  0.40:3 4,396 6.118 2.980 2.986
BBk 2.78 5.0 391 -0.M84  0.4572 4.570 6.161 3.333 4.501
A5 e 295 54.0 314 -0.0176  0.3757 5.065 6.518 3.950 4.501
KEH 2,88 5.1 398 -0.0608  0.8455 3.947 6.729 2.610 6.471
piA= k= 2.67 72.7 345 -0.0558  0.7222 3.877 6.095 2.873 2.964
S P d

I %mes 3.56 44.2 458 ~0.0154  0.2651 3.758 4.743 1.341 0.813
I e 3.46 48.9 533 -0.0035  0.1243 3.956 4.521 1.455 1.523
I 25Mse s 3.35 47.2 449 -0.0148  0.2527 3.283 4.221 1.209 1.420
B 3.30 41.2 589 -0.0312  0.4670 2.953 4.605 1.030 2.463
L oAs i e ket 3.15 41.3 401 -0.0081  0.1711 3.042 3.727 1.242 3.529
B RRRL 3.15 48.2 381 -0.0055  0.1531 3.179 3.842 1.338 2.128
B AR 3.01 49.8 402 -0.0193  0.3067 2.718 3.810 1.320 2.014
et R 2.84 62.8 328 -0.0117  0.2005 2.923 3.652 1.163 1.323
LB R R 2.71 72.9 317 -0.0233  0.3291 2.491 3.581 1.067 0. 802
AR R 2.78 65.0 377 -0.0143  0.2358 2.816 3.663 1.276 2.235
A FRRA 2.95 54.0 317 -0.0058  0.1476 3.123 3.733 1.489 2.235
KIpE 2.85 5.1 387 -0.0365  0.4480 2.350 3.702 0.768 4.350
Pk 2.67 72.7 278 -0.0213  0.2903 2.698 3.631 1.018 1.423

50 MPa T, Vp = 3. 209 - 3. 598, R* = 0. 58; 600 MPa T,  FIEKBEHBE BIAKE ANESEARENRHER
Vp=2.951p -2.187,R* =0.66,Vp (BN km/s HEH p B EERTFO. 1, W LIFEIR R 4T, 5t EKEERFE4R TR
By om’ HET i FHER TLBS RN M, FR S  (CCSD) 7L A9 2 5 5350 18 (& BB %, 2004 ) 3 Hh B 4F .
HE MR MES, [, 1 2P R AR TR O R F] P A R (32 2
RER | PHEESH RMNTETESFERRORE ®EEM), ¥2 0L FTEESRR 2 km 30 km #K 5
RET , ARAEAREE2 km M 30 km HRFRR(ER2). B EREM, TRBRFERMNT LRE A A FKk, B
HMTHES LHEIRBES RAGETEMEEE. BN SREREOERARK, 0K bk 725 A
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a Vs (km/s) b Vp (km/s)
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Fig.9 Calculated in situ (a) S-wave velocities and (b) P-wave velocities with depth for major rock types in the Sulu terrane.

R2 HEMERRAMEREE 2 km 7030 km R 5 RY

Table 2 Reflection coefficients at pessible lithological interfaces in the Sulu terrane at depths of 2 km and 30 km

s % [ —— % moak #HE Sk TR —_— e A fERE .
s e g BHE RAE RS RA FRE  RRE RRRE
1 Hmms 0.04 0.05 008 014 015 020 021 022 024 02 0.28 0.29
I HHs | (0.05) 0.02 005 011 012 016 017 019 020 0.23 0.24  0.25
T (0.06) (0.01) 0.03 0.09 010 0.14 016 0.17 019 0.21 0.23 0.24
I %Kk | (0.09) (0.04) (0.03) 0.06 007 011 013 014 016 018 020 0.21
AR RS | (0.17) (0.12) (0.11) (0.08) 0.01 0.05 0.07 0.08 010 012 014 0.15
EHERRRE | (0.15) (0.11) (0.10) (0.07) 0.0l 0.04 006 007 009 011 013 0.14
S INE | (0.18) (0.14) (0.13) (0.10) (0.02) (0.03) 0.01 0.03 0.05 0.07 0.09 0.10
R {0.21) (0.17) (0.16) (0.13) (0.05) (0.06) (0.03) 0.01 0.03 006 0.08 0.08
KA {0.23) (0.19) (0.18) (0.15) (0.07) (0.08) (0.05) (0.02) 0.02 0.04 0.06 0.07
RYEARRE [ (0.24) (0.20) (0.19) (0.16) (0.08) (0.10) (0.06) (0.03) (0.01) 0.02 0.04 0.05

(0.22) (0.19) (0.11) (0.12) (0.09) (0.06) (0.04) (0.03) 0.02 0.03

(0.23) (0.20) (0.12) (0.14) (0.10) (0.07) (0.05) (0.04) (0.01) 0.01
(0.24) (0.21) (0.13} (0.15) (0.11) (0.08) (0.06) (0.05) (0.02) (0.01)

Bl R BEE (0.27) (0.23)

B A BRE | (0.28) (0.24)

LA (0.29) (0.25)

. B AK(R) BIEAAREHSEEM 2 km( FEMR) #1130 km( FER) FHERITE,
INBABEFEY Re>0. 1, 5 R ET I ERST .

Re derived from average densities at ambient conditions and velocities at 2 km (the upper matrix) and 30 km ( the lower matrix) , respectively.

The bold numbers refer to possible lithologic interfaces that may generate strong seismic reflections.
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Fig. 10 Densities of eclogites and country rocks versus P-wave velocities at (a) 50 =MPa and (b) 600 =MPa.

Solid line is for Vp-p relationship of all eclogite samples. Also shown are lines of constant acoustic impedance

and a floating reflection coefficient ( Rc) scale. References are the same as in Fig. 8.
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51( Yang, 2002, 2003 ), 7E 0 % K Abitibi — Opatica i (Il #f
( Calvert et al. , 1995) Fi1 Northwest Territories Hb [X ( Cook et
al., 1999) i) 1 108 Sz 5% 7T SR R AR i fs 52 B 7E - 308 A
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Fig. 11

(a) Inferred crustal composition beneath the CCSD main hole assuming an eclogite-bearing model ( Model 1) and an

eclogite-free model (Model 2) ; (b) Density variation with depth and (c¢) SiO, content with depth, calculated using Model 1

and Model 2. Lithology abbreviations: Amp: amphibolite; Ec: a mixture of 30% Type-1, 30% Type-2 and 40% Type-3
eclogites; Fel: granitic gneiss; Par; paragneiss; Int; intermediate gneiss; Maf: mafic granulite; Ultra: ultramafic rocks.

(RDMEEHFTE RN FHEEM SO, TR, RIEHMKRE
S FEEFLIER (& EE,2004) 45 30% 1 1 280884 ,30% 1
11 25A 5 N 40% B9 T KM A R & R fE e i
BREEASXRS5ITE, SHEEHFEMEL, JLAESE
TEE SRR A BHRER /N (Ji e al. , 2003b) ,{# FIZ
HEBINEARHE S LIIRENT 3%,

B 11 BARHE CCSD Tl X 4 3k 3 I 1 (B 30 R %, 2004)
REFAMARSER, EFRZEZT, Vp>6.05 km/s 1
B EL B CCSD HiF 55 v 48 5 FE # 0E  FGR A8 R A g
(36% ), Bl KA (30% ), LR EH KA (30%) LA K&
RECA A (2% ) AR ARE Q%) A. X—8BH
AR B FHEER 3.01 g/om’, XHRF CCSD FLX AT
B E S 7 W (Yang, 2002) , RBEH T /A —BRH
B, BEBAR(Vp = 5.80 ~5.85 km/s) , AIBER B EAH
PR i BV BY LI HE , th K24 80% 75 59 I H Rk & F1 20% B
HRREER, FHHE2.72 g/em’, 7E3.5~5 km HEM B

H BT A, VAR LR, B LR R E
b315E 5 ~ 10 km BB FRAE T B 82% TE R BR b BR A . 10%
ik BRI 8% HIAE A (BER 1) , 5 45% FHE R KA 35%
TER A BRE T 20% B K BR A (R 2) BUf1, B BEAUER
B 2.76 ~2.77 g/em’ M EME, T S B A MBIRL L B
B SiO, B A 70% iR THEE 2 M 67%

HEBEET 10 ~22 km I Y EH K PHTHEM
A, AT RE T 40% ¥R R ,27% RHEAINE , 18% 165
BRHEBRAT 5% BIA BRAER(ER2), MESHES, N
ik B BRETT 5 70 ~80% , B 12% 2845 7L B R KRR,
8% BIH A SRS “HAEAHSHTEHEERN
2.85 g/em’ {BHEH 1(Si0, = 63% ) HLAERY 2(Si0, = 61% )
B RER Y —

HEARET T (22 ~32 km) FHEZK, BER
5, 1 68% ik H R/ BRRL A \30% He Atk BRI A 1 2% 1R K%
HEBER 1, 58 62% R BRE/BORLE 1 38% Btk
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Fig. 12 Schematic representation of four exhumation models. (a) New subduction-triggered exhumation; (b) Lower crustal
delamination ( Kay and Kay, 1991; Kern et al. , 1999); (c) Forced flow in a subduction channel (e. g., Cloos, 1982;
Gerya and Stockhert, 2002); (d) Buoyancy-driven exhumation of upper crustal slices (e. g. , Chemenda et al. , 1995;

Ernst and Peacock, 1996).

AL LR AR 2 £R AT I 2 CCSD 7L IR T #b 5% i i 4%
i, BBR P M ER 2.94 ~2.96 g/cm’,Si0, &K 57 ~
58% , %P B ITEIRE, T ABR KM ER KL
EHBENERE RREE S (BT R%,2004) , RITIAR
AEMEAWER 2 BT EREEHT- TRENEA
HR

4 i

X e R R A TR B A SRR (E 12),

(1) Bt B« R W AR R R 5 7 7 e — B IR b ey
FrER A5 VR R 2 0 00 b 2] b 3t 08 % B8 ) B 52 9 TR Y 1
(B 12a) , XFKRH-FEE LT SRAREEA K U-Pb EEH
NEH X G R T AR 1 (2% %,2003) 53X
— AT RE AT AR R R AR R R S TR , HI BB
28 MR ED) SO0 e PR B IR A b S5 HT IR B9 36 (L et al.
1999 ; Zheng et al. , 2003 ; X|#E#K%5,2004) , 1 H HEJRESE
T U] 4 S BR 4 28 Y AHIE 8 2 X 7 78 DU s o

(2) TSR AR X (Kay and Kay, 1991) . 56 ffi flf 48 3
BUbFMIE I E TR B AR AL, EEAERTE

B IR B AR S SR B BB I T R AR UL, SRS A
BB R, FRANEES L BBR(E 12b),
Gao et al. (1998) F1 Kern et al. (1999) A R K F-h & & 1L HF
THIR g S TR UL L, SEPHR TR, |
BB 11b REITERM SRS BEREL AR (EE 1)
AT RAFUR SRS B IE  H5E (IE8Y 2) 3B N P4, I R
R BTSSR AR RSN rh 2k T SSRGS R
TR E RS EREATERTHT A RE —EBMA M, X
HRINR BT RS REA -

(3) %518 7 ( channel flow) #{ =, ( Cloos, 1982; Gerya and
Stockhert, 2002) : #i5EiG — B BEM P, FEFE BEE T X
%, BT R XE E N YR B R Bk, 7 A [E]
T, R g BB () 12¢) 6

(4) 1% /1 ¥ &, (Chemenda et al., 1995; Emst and
Peacock, 1996) : {ff i bk i @ 5R B ) b 3B 5% (ISR B A ¥ 1
T N R B A A B bt B 2 R, R U o R A 1
m, SEJEE E N ERREN STERT AT AR,
A TATSEAEG % B AT Biti e 4 SR TE 2 1 B VE T T ¥4 M 30 o 47 3R
(E12d), TigREREREFIENITR, R Y
FEREHEMERAETEEEEEEMANTHREZ E, 4
AU, s RohmETRS, 58 la HrH8E
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W R R A S0 — B, tRFA R BRI B A
FAEACERT SR IR0 95 B B 5 TR TR AL B ( Faure et al. |
2003; FEFE, 2003)

B, REATE IS LR B ER HERRZX 4
RELAT BB IEH h NFEIITIR M5 TR A AR, P
P T TR R RS TR UK. 72 RSt T
BiAdED, SREENBREERANE - RIH TRRM
AR IR A B U R B IE R - TR b

5 &k

B PR RS KR RAM AR RE R, A
INAMRERIE S B R REEE R EFERHLEE
Stk BRSUITIR T 72 b iR A SR A A AR A AR R M R
BRI B T S I A R o A B R B S 1 R
WHEHE. HTRESRAREEMEEE, ENMES
MATRKH-HEBREXRF RS ZHERRE,
AR R TS 1 % 3 18 B CCSD L KM 7E s A IR B %
Bl A R M TE T IR, BB R m RS
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