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Abstract The elastic wave velocities of 700 samples from main hole of Chinese Continental Scientific Drilling CCSD have been
performed in the conditions of room temperature and pressure. The continuous section of seismic velocities V, and Vi from 100m to
2000m was constructed which provides an important petrophysical data for interpretation of geophysical model. Fresh eclogite yields
the biggest compressional wave velocity 7.86km/s  and gneiss has smaller velocity 5.53 ~5.71km/s . Seismic velocity of eclogite
significantly decreases with increase of retrogressive metamorphism. Overall average V,, velocity of main hole of 2000m rook is 6. 2km/s
which is correspondent to conclusion with high velocity zone 6.2 ~6.3km/s of the upper crust in Dabie-Sulu orogenic belt inferred
from geophysical methods. Most rocks at the mail hole have pronounced seismic anisotropy. The velocity of V), and V¢ with water-
saturated rock increases by a factor of 19% and 10% respectively. Conversely anisotropy of V,, and Vg with water-saturated rock
reduces 3% ~ 4% . Reflective coefficient R, of different lithological boundaries is main factor producing seismic reflection.
The lithological boundary between rutile-bearing eclogite and gneiss has the biggest reflective coefficient 0.24 ~0.31 . Anisotropy
and reflective strength is enhanced by mylonitic gneiss and foliated eclogite in ductile shear zone. Anisotropy and shear wave splitting of
gneiss and eclogite are caused by the foliation of rocks as confirmed by laboratory measurements under simulated in situ condition at
high pressure and high temperature. Micro-cracks of rocks is closely related to in situ velocity variation. Velocities V, and Vg  water-
saturated rocks may represent in situ seismic velocity at main hole of the CCSD. The measurements of elastic wave velocities give an
important constraints on the genesis of seismic reflector for this area.

Key words Ultrahigh-pressure rock Elastic wave velocity Anisotropy Seismic reflector CCSD  Donghai

CCSD 700 2000m
V, Vi
v, 7.86km/s 5.53km/s  5.71km/s
2000m v, 6. 2km/s - 6.2 ~6.3km/s

# 2003CB716500 “ " .
1941 E-mail zmjin@ cug. edu. cn



82
19% 6%
1
1998
Schon 1996

al. 1997 Berckhemer et al.

Hugenges et al.

Kumazawa et al.

1974 Babuska et al.

0.6GPa

et al.

1999 2002

P315.31

1998

SG-3

1971 Rao et al.

1978

3% ~4%
0.24 ~0.31

5000m

1997

KTB

1995 Xu et al.

Kazansky et al.

Emmeimman et

1997

1974 Maghgnani et al.

Bergen Arc

Fountain et al.

1994

Kern

Acta Petrologica Sinica 2004 20 1
Ve Vs
R
Ve Vs CCSD
1977 2001 2001
2002 CCSD
1 CCSD 100 ~

2000m Ve Vs 2

3
2

NNE -
Zhang 1995
UHP HP
2003
5
5 NE
SE
CCSD

C
2003

2004

1996 ~2002
VSP
DH,
DH, CCSD
1999 2002



100 ~2000m 83
1000 900
80 ~90
3
3.1
CCSD 100 ~ 2000m
5
700 7 30% ~40%
21 70%
CCSD
ZK1001 ZK2304
7K7101
1 Kelyphytite rim
CCCD  2000m 2
1
Table 1  Rock types for the measurend samples of petrophysical properties
RuEc PhEc AmEc ReEc GtPe OrGn PaGn
23 40 30 88 14 67 90
m 115 200 150 440 70 335 450
% 6.5 11.4 8.5 25 4.0 19.0 25.6
2 CCSD
Table 2 Lithology and mineral composition of core samples from CCSD main hole
m %
096  620.70 Ser65 0125 Gn7 Py3
103 655.78 Ser 60 0135 Grt5
105 663.90 Ser55 0135 Git8 Py2
110  687.90 Grt24 Omp48 Ph18 Qiz5 Ru3 Mi2
111 695.12 Grt40 Omp33 Qiz15 RuS5 Ph2 Bi2 Hb1l Apl Mtl
112 697.37 Grt50 Omp20 Qtz10 Ru5 Ph7 Bi3 Hb1 Apl Mi3
116 714.45 Grt 57 Omp20 Qtz13 Ru4 Ph2 Bil Hb2 Apl Mt3
176 975.94 Grt45 Omp 10 Qtz25 Ph 18 Rut2
123 743.00 Hb58 Qtz20 Bil0 EpS5S PIS Apl Mtl
162 922.16 Grt10 Omp12 Hb40 Q1220 PIS BiS Ap2 Epl M5
202 1095.40 Hb25 P25 Bi20 Q18 Epl0 Apl Spl
184 1014.80 Pl140 Qiz35 Ph15 Bi5 Grt2 Spl Mt2
193 1053.50 Pl140 Qiz40 Ph 10 Bil Hb1 Grt2 Kf4 Mt2
195 1061.85 Pl140 Qtz40 Ph8 Kf9 Mt3
220 1178.87 PI35 Qiz35 Ph7 Kf22 Mil
141 834.10 Pl142 Qiz30 Bil0 EpS5S Hb3 Kf7 Apl Spl Mtl
149  878.50 Pl140 Qiz34 Bil1l0 EpS5S HbS Grt5 Apl
203 1099.19 P135 Qiz30 Bil5 Epl15 Hb3 Sp2
221 1184.90 Pl140 Qiz25 Bil0 Ep5 Kf20
146  863.56 Pl140 Qiz30 Bil5 Ep5 Hb10
214 1148.68 P145 Qiz40 Bil0 Ep5S
0l Grt Py Ser Omp Ph Ru Mt Qtz Bi Hb
Ap Pl Ep Kf
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Table 3 Seismic velocity V, Vg

0. 025ps
500K-1MHz

Vp Vs
of different condition and of different depth from 2000m core samples of CCSD main hole
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1-a
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2000
100 ~600m 600 ~1200m 1200 ~ 1600m 1600 ~2000m

5.99 5.70 4.49 5.20 8.21 3.08 5.49

3.71 3.22 2.60 3.13 5.75 1.89 3.23

6.08 5.02 3.81 5.29 8.25 2.34 5.16

3.90 3.08 2.54 3.15 5.98 1.98 3.22

6.03 5.36 4.15 5.25 8.23 2.71 5.33

3.81 3.15 2.57 3.14 5.86 1.94 3.23

6.69 6.41 5.63 6.21 8.39 4.91 6.32

3.71 3.48 2.99 3.37 4.74 2.50 3.44

6.61 5.95 5.36 6.21 8.32 4.48 6.08

3.69 3.24 2.88 3.38 4.64 2.22 3.33

6.65 6.18 5.50 6.21 8.35 4.69 6.20

3.70 3.36 2.94 3.37 4.69 2.36 3.38

4 Vp
Table 4  Seismic velocity and poisson ratio of different rock types at warter-saturated condition
Vp

RuEc 8.35~7.50 7.86 £0.27 0.29 44
PhEc 7.67 ~6.83 7.19 £0.23 0.28 76
AmEc 7.10 ~6.02 6.63 +0.34 0.29 56
ReEc 6.75~5.14 6.20 +0.34 0.28 174
GrPe 6.66 ~5.96 6.21 £0.21 0.33 28
OrGn 6.16 ~4.96 5.53 £0.26 0.29 128
PaGn 6.85~5.00 5.71 £0.30 0.28 176
8.35~4.96 6.20 +0.73 - 682
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Table 5 Density elastic wave velocity and poisson ratio of rocks at 600MPa

Vs

30%

2004 20 1

v,
8%

MB98-08

Ve

>200MPa

6-a
6-b

0.5 ~8x10 *km/s- MPa
10 “km/s- MPa V,

A

600MPa

Ve
Ve

Ve Ve

6-

0.40 ~4.5 x

0.32 ~2.69
0.41 ~1.36 x 10 *km/s- MPa

Ve km/s

A-Vp %

Vs km/s

A-Vs %

p o
TF98-06 2.69 6.08 6.10 3.57 3.69 1.70 0.237
MB98-02 3.59 8.57 1.04 4.90 1.10 1.75 0.257
MB98-03 3.47 8.33 1.28 4.71 3.40 1.77 0.264
MB98-04 3.52 8.48 1.08 4.80 2.90 1.77 0.264
MB98-08 3.51 8.38 2.36 4.76 1.37 1.76 0.262
MB98-19 3.62 8.64 2.00 4.93 1.35 1.75 0.259
7ZK101 140m 2.97 5.84 11.82 3.25 12.42 1.79 0.277
7ZK101 180m 3.26 7.46 1.07 4.28 2.18 1.74 0.254
ZK7501 25m 3.46 7.63 3.01 4.35 3.18 1.75 0.259
7K2034 124m 2.78 6.13 3.12 3.62 3.39 1.69 0.233

Kern et al. 2002
6
Table 6 Pressure and temperature derivatives of P-ans S-wave velocity of typical rocks of Donghai area
p Vo 20C 600MPa 600MPa

o/cm’ kms ! 10 ~*kms ~'MPa ! —10 "*kms !¢ ! 10 ~*gem 3 MPa !
Voo Vo AVe/dP dVe/dP dV/dT dVe/dT  dp/dP dp/dT
TF98-06 2.65 5.64 3.37 7.71 3.61 1.52 -0.02 0.67 -0.52
MB98-02 3.57 8.39 4.85 3.24 0.98 2.34 1.25 0.26 -0.80
MB98-03 3.45 8.10 4.64 4.02 1.34 1.51 0.64 0.32 -0.72
MB98-04 3.50 8.26 4.72 3.75 1.32 1.28 0.47 0.27 -0.76
MB98-08 3.49 8.17 4.69 3.72 1.22 1.29 0.89 0.37 -0.74
MB98-19 3.61 8.38 4.85 4.46 1.39 0.32 -0.46 0.27 -0.76
7ZK101 140m 2.78 6.23 3.33 3.50 0.45 0.99 0.96 1.27 -0.33
7ZK101 180m 3.26 7.58 4.33 3.07 0.86 0.96 0.91 0.38 -0.68
ZK7501 25m 3.40 7.41 4.44 3.83 1.59 0.93 0.41 0.40 -0.70
7K2034 124m 2.79 6.12 3.67 3.11 1.02 0.96 0.95 0.52 -0.65

TF- MB- ZK- Kern et al. 2002
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Fig.6 Directional dependence of P- S-wave velocity and anisotropy in eclogite MB98-08 from Mabei of Donghai area.

a  P-and S-wave velocity as a function of pressure at room temperature and b as a function of temperature at 600MPa confining pressure

for three structural directions X Y and Z.
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7 CCSD 2000
Table 7 Reflection coefficient at lithological boundaries of different rocks from 2000 cores of CCSD main hole
RuEc PhEc AmEc ReEc PaGn OrGn GtPe
27.85 24.21 21.5 18.82 15.93 14.73 18.17
0.07 0.13 0.19 0.27 0.31 0.21
-0.07 0.06 0.13 0.21 0.24 0.14
-0.13 -0.06 0.07 0.15 0.19 0.08
-0.19 -0.13 -0.07 0.08 0.12 0.02
-0.27 -0.21 -0.15 -0.08 0.04 -0.07
-0.31 -0.24 -0.19 -0.12 -0.10
-0.21 -0.14 -0.08 -0.02 0.07 0.10
g/em® x km/s
8.28km/s V, 2.36% X
AAy 1.37% 6-a AA, AAg
“ " Seismic fossil  Siliver
1996
6
7 70
X Y

Fig.7 Simplified diagram of shear wave splitting
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