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Abstract: Mud volcanoes are imaged from Chirp sub-bottom profiles across the southwest of Dongsha Islands. In order to quan-
tify the physical properties of the seabed, this paper studies the inversion of the Chirp sub-bottom data. First, reflection coeffi-
cients of the seabed are calculated, the results show that the reflection magnitudes of the seabed vary from 0. 1—0. 8. The
physical properties (velocity, density, porosity etc. ) of the seabed are obtained by the Schock-Stoll Model and the empirical re-
lationships among the physical properties for the part reflection coefficients smaller than 0. 45, and the physical properties (ve-
locity and density) of the seabed are obtained by Gardner empirical equation for the part reflection coefficients larger than 0. 45.
Results of the inversion show that the physical properties vary greatly with the maximum velocity of 5 237 m/s and density of
2.673 g/cm®, The Chirp data-based physical properties highly coincide with the laboratory measurements for sampled sedi-
ments, thus provides us a remote acoustic method for estimating the physical properties of the seabed.
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Fig. 3 Single trace waveform data of Chirp sub-bottom data
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Fig. 7 Relationships between reflection coefficients and velocity by Schock-Stoll model and Gardner equation

FETERR R ER A 45 4% S B R Ik R R 5 s K. X FixX
TRV 5 [ 235 1 1) TSI VG 5T 4 AN g Schock-
Stoll BERY [ i I VE S 2L, 4K Gardner £
5535 (9) 1 Rayleigh WIS ST R A 3 (10) i

Ry S TR SIS AN HCTUAR W A0 A IV S5 o DA K e FH A
[F] ()T G 0 1 2 B0 s i 7 1%, 26 5 43 M Schock-
Stoll #EHIFI Gardner 2255 /3 3\ Rayleigh ¥ JiS ) 5t
FRS A B0 ST AR BORTS B OC FR £
El 7 7R.

Schock-Stoll #ER175 2 (%) [z i R %55 75 i h £k
JEFLBRBETE 2026 ~ 85 Yo 11 [ PN A5 Ab A5 21 11 56 & il
AR R 53 B Schock-Stoll BAITE 2] iy 7
W RMEAE 1 500 m/s A2 4 BXAF A — M i i 1
DURR Y 75 3 ; Gardner 225675 20U A1 Rayleigh Jz 5
FHAXBEM RN, ) REAER T 0. 85
o AR AR B (ERTE SO RBUINT 0. 85 1Y
BBy R R A S AE A PO YE BN RO R B
0. 43~0. 47 X ] P, P 52 280 4 50 110 7 3l 2% A
30 m/sPAEAE AR ZEHL /N - PRI 3 A6 X B P9 19 B 55
FEOH IR B T 350 AL PR AR SR AT

SFZEL 0. 45 (FLBREE 24. 6 %) hy IX 43 2 B0 IS DL
PR or R

5t ZEUNF 0. 45 19 X 38, % ] Schock-
Stoll R Jz 3. 1h 23 20 (12) 30 H 1S I 3 R 5. 15
SIS S 56 B T (BT 4b) s (AR (2) ~ (D 8
VIS RS 2R B S LR 1) — — X R R L 1A A5 3
(1) S 5 2R 50T L SR AR X Rz 1 FL BB o A5 21 LB 3 1)
1 CEl 40) s B FLBR B B Schock ZERA A (8),
AT DASRAF PRGN HE 5 75 B Rayleigh W% S5 R %K
310D b DAT R S DT AR 26 B 5 SRR (0 A5 31 i
SRBUNT 0. 45 MR IR UTR Y 78 1 — 2 BT,
SRBORT 0. 45 WX, R H] Gardner Z80 2050
. A9 (10D AT A5 21 55 R BRI S 6 R
PRI, P T35 7 HU(E s 75 B9 Rayleigh 15 )i S S 5 44
3K CL0) SRAGHE SIS TR 5 B 5 Sk AR 15 31 S 3R
KT 0. 45 B ICTTRR PP 3 — % B 1. Vg G 7S
BRI AR Ad 7n. i PR AN S i i
72 A3 B R VR B S5 2R B30 DX Sl AR AR BE /N R G AE
Kl Ad FEAHFENAL. T REE R T RN
SR R AR AL, [ de $EHb R T Ping 578
2 000~3 000 s, [a] () 75 8 51 T



MR ARG ARVDRES VERE U 1L X Chirp Ve f B0 65 e P i 431

FER K AR SN TS T - 28 A X3 (] 4b)
T ZECFBAE 0. 10~0. 15 Z[0] s ZET IS HB T A 1R
SR ZU A DX 38 S S R O A K RIS AR B R KA ]
ik 0. 8. WG DRI ST R B B K 22 57 R WIS
P22 S B AR o — 2 B 1 (& 4d) Pl
RE EDULH A - U8 1l A1 B R S R B T AR
SR R AR ISP S R AE 1 486~1 550 m/s, F 8L
AYARTE 1500 m/s AT DU B R 27E 1. 2~
1.5 g/em’ s 35 — i (%) 16 IS O FR 0 75 3 L% 2 W)
A FEWFIE XN 5 K AR AN = / Ry D R [ 25 1R
YRR A EE/NT 1.5 g/em® , A E/NT 1500 m/
s(Lietal., 2013).

FEE L Fr A4 B B30 2 S5 2 500 1 s R IXC
VIS B =5 18 5 237 m/s, % B fe R ik 2. 673 g/
em?® L e e T T8 Y VIS DT AR R I S R R
5237 m/sHY R SRR R 2. 673 g/cm® Y85 BE YRR A
TR BUR A = s W B By L P i 2
FEAKNT 2009). 2005 AEFE R FE X A FATC3) 2R 4R
FHLBR R AL 4542 (Tian et al. , 2012) . 125 2 S
2. 748 g/em®, #E 40 kHz F 55T & 19 75 3 A
5813 m/s(JA#%, 2014).

DA S8 25 SR AN U0 e 1Ly DX RS A7 B
(1) i R o 2 FE TR G AR » A5 21 1 R A S 1Y) B
UE. F52 b i ERE a2 HEN A B IRSUR, il fE
TR IR R AR AETE M S R AL (T 345, 2014) , 45
B 2 B AE LB R A 20 A TR DR RRAE (% B R
A BRI AN A MR E ) L BT DLHERTIR L X AETES R
MR ¥ SR LUK RS A ) AR 55
TS 3 T8 BE R e TR A v is 7% R ik
(RS, 2007) . 8 SR B DL K 1L BRI 55 2 Fil
R AELE (Barnes et al. , 2010) , 2 R RGP HFEAE R
HEBR IR ER EEFETURR ) B AR W i U 45 (CE L4
2010). T R AR K& Wil i 5 R K Je Al 56
(Milkov, 2000) , fiff 5% DX 8 1% e 28 1 %5 B U0 RR AT
RER T I AR M B A= Ak 2= R .

BIF 5 DX T DR 0y BV S A 7K P T ) 2% S
RIEFIRFRZ TR OU S 2. DA 21 1 T JE )
PSS B 1 K L 05T X T IR DU A 7

1500 m/s B ELE 1.5 g/em® 2245 B A1 — B IR T
TR ORl =/ R 055 75 o L %5 B —FE I Py 3R P s
A A KA 5 237 m/s B LR RIE N 2. 673 g/
em’ s 5K BUR H B A B E YL BT
TR I8 45 SRS R B i 32 3 5 U 7 o i
FW] Chirp EHIEHR G IRYESBEE G R A 2
AIEE Y AR

M BB RA A F & FAURT R (LK%
5 :NORC-2013-08) ) % 8 ; Beift F B AL 5 12 by i 5
HEAR U B M 0T AR A i i AL SR R IR A A T A
L&/

References

Anstey, N. A. , 1977, Seismic Interpretation; The Physical As-
pects. Boston: Int. Human Rights Dev. Corp. ,Boston.

Barnes, P. M. , Lamarche, G. , Bialas, J. ,et al. ,2010. Tecton-
ic and Geological Framework for Gas Hydrates and
Cold Seeps on the Hikurangi Subduction Margin, New
Zealand. Marine Geology ,272(1—2) ;26 — 48. doi: 10.
1016/j. margeo. 2009. 03. 012

Biot, M. A. ,1956. Theory of Propagation of Elastic Waves in
a Fluid-Saturated Porous Solid. [I. Higher High-Fre-
quency Range. The Journal of the Acoustic Society of
America,28(2):172—191. doi: 10. 1121/1. 1908241

Biot, M. A. , 1962. Mechanics of Deformation and Acoustic
Propagation in Porous Media. J. Appl. Phys. ,33(4):
1482—1498. doi: 10. 1063/1. 1728759

Breslau, L. R. , 1964. Sound Reflection from the Sea Floor
and Its Geological Significance. Massachusetts Institute
of Technology, Boston.

Bull,J. M. , Quinn, R. , Dix, J. K. , 1998. Reflection Coeffi-
cient Calculation from Marine High Resolution Seismic
Reflection (Chirp) Data and Application to an Archaeo-
logical Case Study. Marine Geophysical Researches, 20
(1):1—11. doi: 10. 1023/A:1004373106696

Chen,J. , Yan, P. , Wang, Y. L. , et al. . 2012. Choice of Pa-
rameters for Biot-Stoll Model-based Inversion of Sound
Velocity of Seafloor Sediments in the Southern South
China Sea. Journal of Tropical Oceanography,31(1):
50—54 (in Chinese with English abstract).

Chen,Z. , Yang, H. P. , Huang, Q. Y. . et al. , Characteristics
of Cold Seeps and Structures of Chemoauto-Synthesis-
Based Communities in Seep Sediments. Jowrnal of
Tropical Oceanography, 26 (6):73 — 82 (in Chinese
with English abstract).

Hamilton, E. L. , Bachman R. T. , 1982. Sound Velocity and

Related Properties of Marine Sediments. Jowrnal of the



432 HERF

http://www. earth-science. net

FA1E

Acoustical Society of America, 72 (1): 1891 — 1904.
doi:10. 1121/1. 388539

Kallweit,R. S. ,Wood., L. C. ,1982. The Limits of Resolution
of Zero-Phase Geophysics, 47 (7).
1035—1046. doi: 10. 1190/1. 1441367

Lambe, T. W. , Whiteman, R. V. ,1969. Soil Mechanics. New
York: Wiley .New York.

Li,L. ,Lei,X. ,Zhang.X. .et al. ,2013. Gas Hydrate and As-

sociated Free Gas in the Dongsha Area of Northern

Wavelets.

South China Sea. Marine and Petroleum Geology . 39
(1):92—101. doi: 10. 1016/j. marpetgeo. 2012. 09. 007

Lu,B. ,Liu,Q ,2008. Grain and Pore Factors in Acoustic Response
of Seafloor Sediments. Jowrnal of Tropical Oceanography
27(3):23—29 (in Chinese with English abstract).

Lu,J. M., Wang, Y. G., 2009. The Principles of Seismic
Prospecting. China Petroleum Press, Beijing, 141 (in
Chinese).

Liidmann, T., Wong, H. K., Wang, P. X., 2001. Plio-
Quaternary Sedimentation Processes and Neotectonics
of the Northern Continental Margin of the South China
Sea. Marine Geology, 172 (3 —4) . 331 — 358. doi: 10.
1016/S0025—3227(00)00129—8

Milkov, A. V., 2000. Worldwide Distribution of Submarine
Mud Volcanoes and Associated Gas Hydrates. Marine
Geology 167 (1 —2):29 — 42, doi: 10. 1016/S0025 —
3227(00)00022—0

Quinn, R. ., Bull, J. M. , Dix, J. K. , 1998. Optimal Processing
of Marine High-Resolution Seismic Reflection (Chirp)
Data. Marine Geophysical Researches,?20(1):13— 20.
doi: 10. 1023/A ;1004349805280

Schock, S. G. , 2004a. A Method for Estimating the Physical
and Acoustic Properties of the Seabed Using Chirp So-
nar Data. , IEEE Journal of Oceanic Engineering. ,29
(4):1200—1217. doi: 10. 1109/JOE. 2004. 841421

Schock, S. G. ,2004b. Remote Sediment Estimates of Physical
and Acoustic Properties in the South China Sea Using
Chirp Sonar Data and the Biot Model. IEEE Journal of
Oceanic Engineering ,29(4) :1218—1230. doi: 10. 1109/
JOE. 2004. 842253

Schock, S. G. , Lester, R. L. LeBlanc, Larry, A. M. ayer,
1989. Chirp Subbottom Profiler for Quantitative Sedi-
ment Analysis. Geophysics, 54 (4) ; 445 — 450. doi: 10.
1190/1. 1442670

Spence, G. D. , Minshull, T. A. , Fink, C. ,1995. Seismic Stud-
ies of Methane Gas Hydrate, Offshore Vancouver Is-

land. In: Carson, B. , Westbrook, G. K. , Musgrave, R.
J. seds. , Proc. ODP. , Sci. Results 146 (Pt 1), College
Station, Tx (Ocean Drilling Program) ,163—174.

Stoll, R. , 1977. Acoustic Waves in Ocean Sediments. Geo-
physics.42(4) :715—725. doi: 10. 1190/1. 1440741

Tian,X. ,Xu, Y. , Zhang, ]. , et al. ,2012. Streptomyces Oce-
ani Sp. Nov. .a New Obligate Marine Actinomycete Iso-
lated from a Deep-Sea Sample of Seep Authigenic Car-
bonate Nodule in South China Sea. Antonie van Leeu-
wenhoek. ,102(2) :335—343.

Wang.S. H. , Yan, W. , Chen, Z. , 2010. Advance in Research
of the Calcium Isotope Tracer in Cold Seep System of
Sea Floor. Geoscience,24(3) :589—597 (in Chinese with
English abstract).

Warner, M. , 1990. Absolute Reflection Coefficients from
Deep Seismic Reflections. Tectonophysics, 173(1—4)
15—2. doi: 10. 1016/0040—1951(90)90199—1

Wu ., S., Zhang, G. , Huang, Y. , 2005. Gas Hydrate Occur-
rence on the Continental Slope of the Northern South
China Sea. Marine and Petroleum Geology, 22 (3):
403—412. doi; 10. 1016/, marpetgeo. 2004. 11. 006

Yan,P. ,Wang, Y. L. ,Zheng, H. B. ,et al. ,2014 Geophysical
Features of Mud Volcanoes in the Waters Southwest of
the Dongsha Islands. Acta Oceanologica Sinica ,36(7)
142—148 (in Chinese with English abstract).

Zheng, H. B. , Yan, P. , Chen, J. , et al. , 2012. Seabed Sedi-
ment Classification in the Northern South China Sea
Using Inversion Method. Applied Ocean Research ,39:
131—136. doi: 10. 1016/j. apor. 2012, 11. 002

Bt F 32 22 STk
R, el 7%, EEEAK, 25, 2012, T Biot-Stoll #1575 58 7 3
IS BGE B LUE 1 B T U S ). A I T

247,31(1) ; 50—54.

W s AR A L 45, 2007, VR FR e v SRARAE 5 8 SR AR
BEG IR A, PO, 26(6) ;. 73—82.

FA L X5 2008, 96 JIG T FR 49y 75 27 e o o 1) J0RL 5 L Bt [
. PO EERL 27(3) : 23—20.

Rili B, FAK NI, 2009, 1 B EH R FHE G = 0. b5t E A
i AL, 141,

T, B BRI, 2010, TREJIC Y SR 2R 40 A5 [ 46 28 7 R
FoE k. BARHL, 24(3) . 589—597.

W15, MR, O L 25, 2014, ZRVDBES PR X B K LAY
M ERPYERHE. W 224, 36(7) : 142—148.



