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Fig.2 The location of the study area, surface sediment sampling stations and typical Chirp shallow profiles



3 R PSS BT Chirp $35 A1 Biot-Stoll A5 57 16 g ¥ b 350 fili 39k 96 P 32 J2 U AR 0 4 B4 1 I 75

1 Biot-Stoll REE N IR W IE S
Table 1 The input sediment physical parameters of the Biot-Stoll model

e Biot-StolI# 5 Hi ff
kgD, /kg - m™ Sz
LBER S
135 p<4
LB e a={ -03+04125p 4<¢<8 = —log,d. WDk AR LR, Hifii: mm
30 ¢>8
it a1
PiK/m = 180(1—n) VIO
ks figh R /Pa - s 0.001
WORLIAFRE K, /Pa 3.2x10"
WA EK, /Pa 2.395%10°
ik #EEp, /kg-m™ 1023
-1.12
REMRBY YR 1t / Pa o =1.835x10° < " V1@ 71,(2) = (1 —n)(o, — p;)gz. T.(2) FUTBWIF-44 % J1, A
g =9.8 s L WU AT UL, BAA037: m, p R BORESE B, p LB i
ERERERK/Pa K= 290ED i
3(1-20)°
LB a gz n 1
3 1-n 1.8
EBIXIECORS, 8/(2) = 8,(20) Vo 2. 2 25V HIATR I MR R TR R i
WA, 255 WEFE XU /K ) P TR %% B 28 B (E 220, AR #2  Chirp FRBEXSH
B PR R AT DL 3 15 BURE 5 4 B SR 4 9 TS s 5 Table 2 The relevant parameters of Chirp wavelet
A Jai T
VIS —t 37 N 2 V) At HE
E&ﬂ@%ﬁL@Eﬂgﬁ%ﬂU@$%%ﬁ F— S
SRR R 5 U B R B RE B A 45 2R, W] LUR ] P X
y’ A ~ > ms
0 72 BB AR 3917 D b P -0 R, 75 51 o
SRR BUF AU, ARV LI R ORI, T 25 ms
TEGE A P M )2 ) T S7 IR S e R Xt R g RHER 13us

XU AT I AFURH S B4 1 K P S i 45 2R, A 0 Tk
TP B2, DABR S ORI R B . ik RS UG R, BRI AR S AT SR Y

T ¢ TBORT 52 S5 8 41 Wt 1) 0 XL A PR 2, AR R 22 P RTI SIS A, RSO 25 T,
D=v/ (vi-1), (13 I RS R B, Ak Sk 5. B 3
Hf, DWW T v W WA B vy &K Ry RS R B R H F  A E s 5 B F T Y
Ty R T s £y iR e SRR AL B I ] . RMEEE T XF Lo &4 S LA LwOl #1163 5845 21 04 9 i S S
1/D = (v2-1) /v (14) F B E, P P RICE A TSRS B IS S R B AT

BRI B Bk G HE ph R Bk B ok . CTREONIBIRRUH R BT
YRR L, FFJEQET}”’%WM%?zﬂﬂ%iﬁﬁuﬂ?it%%? 4 55308
BRI HOVE P M 72 4% 08 1 56 2k . TRk T
BB 2 — R AN, RS RV B ol 41 RS REEWMESEERNE LR
e, o A 2 S 2R RSO TR TN 15 5 0 06, 40T I 4
TETFFEVEIR I ST B MG B, AR Chirp $R B0 R BCHINAE Y (435 i, 1 Biot-Stoll BEAYHEAT T
ST AE (32 2) 5 T U0, 4 IR B R IR R ST RO, SR I BB 1. [ 5



76 WP 4246

s T JRBRTE % e A
10
20
30
£ E
. = = Or
£ = =
E O & &
= X i 50l
o B
=3 =
60 |-
70
80 |
15 '\ 90
0 1 2 4 6 0 2 4 6
£ Ping 5 Ping &
3 TR ARG T R 5 R ) T B X b
Fig.3 The wavelet convolution synthetic seismogram and original section data
10
£ 20
=
=
j==3
=0
% v
40 F
&
50 b
60 £
030
S 2
e 0.28
X — RATRYCHAE 0.26
0.25 ¢ . . S . . 0.24
0.22
020 ¥
0.18
0.16
0.14
0.12
0.10 . . . 1 ! . 0.10
0 200 400 600 800 1000 1200

Ping 5
P4 LwOl il T T30 45 3 18 S S 22 5
Fig. 4 Sea bottom reflection coefficients calculated from Profile Lw01

a >A LwO1 Chirp 712 5T ; b 7 Lw01 3] 11 (14 7 S I 5 22 %%
a is Lw01 Chirp sub-bottom profile; b is the seabed reflection coefficients of Profile Lw01



3 R PSS BT Chirp $35 A1 Biot-Stoll A5 57 16 g ¥ b 350 fili 39k 96 P 32 J2 U AR 0 4 B4 1 I 77

R T O R LR EE B R ARG R, W LUE ), Bi-
ot-Stoll A=A T3 1) S5z 5 72 B0 Ak ith 2k 55 5200 1A i 2
B RBCE M IEAY G o X Biot-Stoll #K Y I2 Hf
B0 (B 5 52 AT 22 (A AL, FLBREE /N T 0.8 5
FEL A, 78 3 00 {55 ST 300 1L 69 D 22 7E 0.1%~3.8% Z
], P ¥ 25 1.2%, FLBREE K T 0.8 B 225K, 2978
4.9%. HRIZTIRY BN EE R FH , 1% XU
FLBRBE K H 43 HB /T 0.8, L, 78 3% X | ] Biot-Stoll
B HAT TSR AT AT Y
42 E T Biot-Stoll REBZIHBERRH R SWE
$EF Biot-Stoll #E RIS 1 ¥ I i S 22 B3 B A4 5
B AL 2R, T T 9% 3.5 kHz I (Chirp 751 32 45
3.5 kHz) Mg S S5 RECS ORI ALBR B L % L P
RLAR Z B AHCOC R, @i LG RE (181 6). Al 6a
A LLE HFEARAR (f<10° Hz) IS}, ¥ % I 5 32 502 00 %
ARAR R MR /IN, A R A (f>10° Hz) B, VRIS S 2R 5L
W1 23 11 8 DR T/, L L B 114 8 A o o s 4 %
Wi 0N; 1] 6b S TS ISR AR RS DURR A FL B BE 1 R

0.26
a FLBJE=0.6
0.24 X
022}
& L
e 020 LB =07
3{@ 0.18
0.16
0.14 - FLp =08
—
0.12 .
10° 10° 10¢
K /Hz
2000
cx EEvs RETRH
1900 ¢ A
1800 |
1700}
2 1600}
=
& 1500}
1400 | 1=684.926 8x+1 809.1x+1 072.2
R=0.999 9
1300

200 1 1 n n 1 1
0.10 0.15 020 025 030 035 040 045

IS

030 — Biot-Stoll HEEi{
= SME
025}
=
5 020 \Q _
¥ .
= ==
X015} B L‘JE‘D j
[ =
0.10
0.05 - - s s -
060 064 068 072 076 080

FLBRJE
EIEIE R E S e RN P
Fig. 5 The relationship between reflection coefficient and
porosity
P i 2 R DU R R T B 1 B R A ik
4 Biot-Stoll A5 Y -3 11 S 4 22 K, A it I 3500 46 5 AR T 80
¥ 25 kHz
The boxplot is the reflection coefficient calculated from the test data of
seabed surface sediment samples; the red solid line is the reflection coeffi-
cient calculated by the biot-stoll model, and the sample test frequency and

model calculation frequency are both 25 kHz

* FLBRE vs. RITREL P
— B

y=2.117 6x?-2.968 1x+1.136 1

0.6 R*=0.999 5
&
™ 0.5
0.4
0.3
0.2 . . . . . .
0.10 0.5 020 025 030 035 040 045
FTIES
10
ol % » R Vs RUTRY d
¢ LA
_ Tt 1=73.071 3x>~67.652 Tx+16.285 8
2 6l R*=0.998 6
jSal
2 °r
=l
2+
1F
0 ) ) ) ) ) ) *
0.0 0.I5 020 025 030 035 040 045
FTIES

F6 IS R ECS UURA ) B BT R DG OG R
Fig. 6 Correlation between bottom reflection coefficients and sediment physical properties
a. T R BB A 5 10 A8 Ak s b, B2 ZR SR L R 19 A5 Ak (£=3.5 kHz); o 5T 3 BB 2 B (78 4k (£=3.5 kHz); d. ST 28 5B - 50043 (10 28 1k
(£=3.5 kHz)

a. Variation of reflection coefficient with frequency; b. variation of reflection coefficient with porosity (f= 3.5 kHz); c. variation of reflection coefficient with

density (f= 3.5 kHz); d. variation of reflection coefficient with mean grain size (f= 3.5 kHz)



78

MHEdy 4245

PEOCZR, AL I EE 080/ N ST R 3 KA 3 14 6c
R B RS DU % B AR A C &, AT LA
HOE LR LR, 4 w0 G iy sl B2, AR SO —
WO RN H G AT LA 1 6d Ry it I R S R S DR
YRR AR R, AT LR, R RS 8
RAR AN DG, B SR AR A 1S /)
43 YEMRRESFRSIMNERT®E

FERF AT IX 326 B 7Y () Chirp 2 12 35 i 3148 g
JE IS 2 8 (CHLrp e Sy LAY 1) 3 2535 T, 57 7 L&D 2b),
FII 3 F Biot-Stoll #5574 iy 4 57 (1) 13 IS 5 R A5 1T
TR Wy B 5T 22 [B] (AR DG OC R, X IR R ZE LAY
PR BT AT S T, A5 2 33 B ) T %) VS R Z UL AL
B2 | % RT BRI AR SE B T, X T 3 A
SR R, A8 AT — A B S5O i # v,
b AP S Bl 2 8 A 6 L B AR R (L 7), Horp oL
Wit B2 5 T YR A AR Akt R i, % AR Ak A
S o FHIEIAT UL, 303 4% ) T A0 165 5SS 5 3R BB AR5 T
0.09~0.25 X [B] Y [F N, f = 290 0.25; LwO1l #1 T Y
S5 2 B0 Lw02 F1 Lw03 1 1 28 £k e B2 45/, X 2
M T LwO1 HITH 7 T IS e 45 3, Hb B AR/,
Mo SRR, K B ) SRR s, VTR LA%E + o &

R Lw02 1 Lw03 3 1 43 517 T 1 s e 23
SRR R, M TR R AR AR, T IR Lw02 ] I A )
TR Ay, MBS AR K (18] 8), 7K Bl Sy A Bg 55, ik
i BRI e K H, DU v 3 K (FLBR S ) A48
A 2, R L 4 VG S i 2R 072 Ak i B 1S K, 16
VR JE T 114 25 A 78 X OB 0 11 ) B 5 O B — 2 R
M) (%) [ BF, T2 B IS S S R Rl i) 25 A8 Ak Lwo3
T AL T U I I A DX 3, K TR X BRI, DURR W)
BELLRE Ao, FLBK B i (FLBREE ) . DA 1)
YR A5 Sk, AL (9 5 A i E 0.52~0.85
ZIa], K4 P A 0.6~0.8 [X [8] 9 [l 5 %8 B 40 A
FEAEPLE 1300~ 1 500 kg/m® [X [6] 35 [l P, -3 24
H 1420 kg/m?; PR AR TE 40~ 10.50 X (8] [l Y,
RE 20 1050, FAKZA N 410, F 250 730,

FIH LwO1\Lw02\LwO03 I T fT £3589 GLW3101\
GLW3103\GLW3 108 3 o7 ) b ity S 000 FL B BE | 6 B
SIRAR 5 R A A R HEAT X (58 3). ATLLE I,
SRR 07 Ak B T8 1) FLB RS | 9% R L P MR AR 5 S I 4
RAAXT R 2Z 0.31%, e KK 4.60%, /N T 5.0%; L4,
VI 2 2 DT AR BURE I 28 SR 7, KRR X
TUR W FL IR 3 &K, Chirp 1 17 Sz 8 45 S 5 52 I (i

W\‘J\‘{M\/\,\r\w

|
] N

J e — Lwol
—Lw02
——Lw03
0 1 1
0 500 1 000 1500
1.0

0.4 1 .
500 1000 1500
500 1000 1500

0 1 1
0 500 1000 1500

Ping %5

Kl 7 Lw0l, Lw02, Lw03 | i {iF: 40 9 BV B e e 45

Fig. 7 Inversion results of sediments physical properties in profiles Lw01, Lw02 and Lw03
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Table 3 Comparison between the measured physical properties and the inversion results
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Physical properties of the seabed inversed based on Chirp data and the
Biot-Stoll model in the northern continental slope of
the South China Sea

Zhou Qingjie '*, Li Xishuang'?, LiuLejun', Liu Yangting'?, Gao Shan'?, Zhou Hang',
Wang Jinggiang *, Li Tianguang'

(1. Key Laboratory of Marine Sedimentology and Environmental Geology, First Institute of Oceanography, Ministry of Natural Resources,
Qingdao 266061, China; 2. Laboratory for Marine Geology, Pilot National Laboratory for Marine Science and Technology (Qingdao),
Qingdao 266061, China; 3. Laboratory for Marine Mineral Resources, Pilot National Laboratory for Marine Science and Technology
(Qingdao), Qingdao 266071, China)

Abstract: Sub-bottom profile is based on the acoustic signal (frequency in hundreds to thousands Hz) in the sedi-
ment propagation to reflect the sedimentary formation structure. The seabed reflection coefficient is closely related
to the sediments physical properties. The Biot-Stoll theoretical model can predict the physical properties of seabed
sediments and establish the relationship between acoustic parameters such as reflection coefficient and physical
parameters, but the results obtained by using different parameters in different sea areas are different. For this, this
article is based on the measured sediments physical parameters in the northern slope of the South China Sea to es-
tablish the relationship between the reflection coefficient and the sediments physical parameters based on Biot-Stoll
model. The results show that the calculated value of the model is in good agreement with the measured value of the
sample, and the equation for the relationship between the bottom reflection coefficient and the porosity, density,
mean grain size of sediments at a frequency of 3.5 kHz is established. The equation has a high fitting degree, and
the determination coefficient R* is all greater than 0.99. On the basis of calculating the seabed reflection coefficient
by the typical Chirp profile data, the porosity, density and mean grain size of the sub-bottom sediments are in-
versed. The relative errors of the inversion porosity, density, mean grain size and the measured porosity, density,
mean grain size are all less than 5%, and the results are basically consistent with the measured values, indicating

that the inversion method is feasible in the northern continental slope area of the South China Sea.

Key words: Chirp sub-bottom profile data; Biot-Stoll model; seabed reflection coefficient; physical properties of sedi-

ments; northern slope of the South China Sea



