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2011; Wang etal., 2018; Houetal., 2018b; FNEICEE, 2018). [AIHE, T A =RHERYT
FADRRIE AT XIURHE, DR 256 77 R & AT B, 6T B0 — sl 2250 7 A I ANdE
T HAREIER . RO, DRI R MBI B A SR TSR AUAE G, AN R R R A B A AN
MEL e CFLBREE . R, BES), EZEM b, ARBIFFRXE, h TR,
KNI FAF IR, AR EARME . Bl O AR T A R I8
DR 5 T SR R 2 (Rl A 9SE (Hamilton, 1970; Orsi and Dunn, 1990; 5 {#45,
1994; 45 KM%, 2012; Wang et al., 2014; Tian et al., 2019; Kimetal., 2019; Lietal.,
2021b; Dongetal., 2023; Zhouetal., 2023). Mengetal. (2018) &I, HT KRV
HURN 2 e R AR S 2%, R [E) SRR i AN R R (R DU ) P A B35 2 7. Kimeet
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SER S RAEARL, R B SR DX I P T A A
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WD, XA R T ORI IR P 5 . R FC X AE 1) WPS 1RIK 2 250 72 #
P EH RSN CROREE, 2014), HIFT45H (Deschamps et al., 2002; Okino etal., 2003;
HAL, 2017; ZANAE, 2017, DIRAWIHLERAL Y (REMESSE, 2016; F/R5E, 20205 Zhou
etal., 2022), REVIFVRHIER K FHFURMES (O Paess, 2022; FhERRSE, 2022). il
— IO T AR IR DU P F R B T 2 (R AE PR 72 (NESCEE, 2018) R HA,
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5 NW-SE [AE(H R FOIRAI R 0 BRI, BB N E i RIS & A S R A B
JRLAZR) PEACIRGE I FEREH CRIIEED, RN R EH —RINZORRME L. A 5k
HEE, 2014).
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A B KRS NSRRI CEAN R Z AR 2E, e 8 Mg ®ZM (Wan et al.,
2012; #JkH1%%, 2013; Jiangetal., 2013; Seoetal., 2014; Yuetal., 2016; F7%%, 2020).
PG AR E R B SR (8] 1a) M2 MBI 7E DX, MR [ PR B AT VE AL AR v
TBICE TR Bl NSRRI . SRR RGBT RIRRIX, 5282 KK E R0 (Phay i
7, 2003). ﬁibfi/a’éjj%%ﬂn%ﬁﬁ%E ot i) A S AT
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Fig.1 a. Topographic map of the Philippine Sea and schematic diagram of the study area
(yellow box, Refer to Qiu (2001) and Kawabe and Fujio (2010); b. Sampling locations of
stations (red dots. Here, the water depth data is sourced from the latest 2022 GEBCO data.
Zone A: South of the Central Rift Zone, Zone B: North of the Central Rift Zone.
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ANEESH FTE RIS b E R B R TR 56

FEARUESEER 5 564 (23°C, KAUE) T, EAEHER WSD-3 B ik Al & T Ui
%S4, KT IMETEMAIT A S % Houetal. (20182, 2018b). FH2EHtfEat STl
Pt TG B, Rl L M BRI A . RO S 5 R AR A,
Jik it {5 5 O AR 100kHz, UTRIFEIRFE K LI S RE B2 0.5mm, &I EARHERS (8]
A to, AES RGN 0.1ps. A (v, HHEAIT:
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TR (2D AT ESNE, PR AE LY A+5s. Sy 218, x2iiiisE
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WK EE (v, W RLEIRRIREE (T 3R (S) FIHEE (Z) Mki%. Wilson (1960)
G M ACEEE R AKX (3):

v, =1449.2+4.6T—0.05572+(1.34—0.0107)(S—35)+0.016Z (3)

FEPUEE SRS R AFRAE SR I6 B4 0F R (23°C. 35ppt AR ) 5 Tk, Xk
FAEX T 1529.97 my/s 7K A A 1024kg/m® FI7KEE (p)

IR TE T, SR, FLBREE . 0% S B SR AT TN e, AR
LR FHBOCRLEE A (Malvern Mastersizer 2000) 23 HTh FEZ 43, HRE 1/4 D FA TR RS A HE VA
XM BT IR, R MR BRI (M. WBHEFE (o) MR A DI EIFE (61.8
mm, 5 20mm). FLERRE (n) & p R L EASK B RS B ERILBKEE S
B GRJR WK FEARIR, ] A R A 2R AR s 0 SRR B AR A v ] A R 1) 2 P
N ps, FLBRGARRE A pw, FATATLATHETTRFLRREE (7 HoED:

n=1-£020) )

3 R

SR 1 PR, FEREE SR TURY AR R E A 7E 1455~1674my/s 2 [A],
YIAE 1540m/s; FLBREEAT 61.71%~69.63% 2 [, “F-IIMH 64.55%; 1% FEAT 1.26~1.62 g/em?
Z AR, FIIME 1.48 g/em?s FERIAEN T 7.75~8.420 2 10], “FEME AN 8.250; 45 5
T FERPEUIAR 75 2B ARAL . A IXERIBUTRRY I 75 TR AE 1468~1674 m/s Z[A], 1% FETE
1.26~1.58 g/em? 2 [a], fLKREETE 63.30%~69.63%2 [a], R/ 8.13~8.420 Z 7] 7E B X,
FEIELE 1455~1592 m/s 2 [a], {55 FEAE 1.35~1.62 g/em?® 2 [A], FLERZRAE 61.71%~69.54%2 |f],



FHERIARAE 7.75~8.290 Z (8], A XUTRPIM A EAT-EkiiE BT B X, #EKKT B
X, FLEUES B XA, BATIXIPERFAE

& 1 AR EENYEERAEEE. » 28, p RITRAVIEEE, n £
FLBREE, M, RFERAE.
Table 1 Range values of the acoustic velocity and physical properties of seafloor sediment in
study area. v, is the acoustic velocity, p is the sediment wet bulk density, » is the porosity, M,
is the mean grain size.

Xk | s WAE vy (m/is) | n(%) | p(glem®) | My (D)
J53 &/ 1535 63.30 1.42 8.13
IZPN 1674 66.16 1.58 8.40
A Fy 1610 64.47 1.50 8.32
J58 =N 1468 63.34 1.26 8.31
IZPN 1623 69.63 1.51 8.42
Fy 1526 65.28 1.42 8.36
&/ 1468 63.30 1.26 8.13
A SN 1674 69.63 1.58 8.42
S35 1565 64.91 1.45 8.34
143 B/ 1478 62.07 1.35 7.75
IZIN 1592 69.54 1.62 8.27
5 S35 1537 64.45 1.49 8.11
J44 =N 1455 61.71 1.44 8.15
=N 1532 65.77 1.62 8.29
T 1490 63.90 1.51 8.23
=N 1455 61.71 1.35 7.75
B =N 1592 69.54 1.62 8.29
Fy 1515 64.19 1.50 8.16
52N 1455 61.71 1.26 7.75
X PN 1674 69.63 1.62 8.42
S 1540 64.55 1.48 8.25
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Fig. 2 Relationship between the sound velocity and the physical properties

DU ) B S5 52 75 AR DR R S R O 158, 20065 Mengetal., 2012; Long
andLi, 2015; Zouetal.,, 2021). Jy 1 /- HT¥IBRSH0O A i smm, 8] 3 rhigsthl 1 A doay)
BRI BN . FHOCHE AT R, Pl 5B B R A AR W B I RO, AHOC R EL
4 00.61; i A S FLRREE R A WS O OCHE, MOC REOH-0.47; 7S P ERLAR I AH G
AR, MR RECN 0.26; 105 2 5 FLIRE BA JF 5 22 1 USRI, AH R RE0N-0.92. BT LA,
B P 7 T ) R BT FLBR R R ELRLAR, W FL45 185 Hou et al.(2018b)45 18—, %%
Xof P SR AR B (18] 3).
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Fig. 3 Coefficient of correlation between the sound velocity and physical properties of the
sediments.

4.2 FEIRAYE S HE IR IR 2R AGRRE

bt SRR SRVR 3G, AA BRI ] 25, FLIBRBE RN FE PR . TEIXSS 56 T, 7 IR
BEHE R HEVR LRI, RPFUIRWIIE R 45 (Ryangetal., 2013; Wangetal., 2014). &
4 %R 1 52, J53. J44 RN J43 v A E BESR A . WPS AR I EE HARMBIRE 2%, 5T
TP B PE SR B DDAR O, H v P T B LS RE PR3 I v eI, B o 285 2 1 B8 o e 6

J58 WP IEAE 0~120cm Z [ AHXT 4R, 7E 120~300cm 2 [AIFH ST HAR; 75 80R1 25 B 1) 3
B AR, A b SR RN RN s LR BE A b A R R g i, X
PGS S LR . B FERIR 2 (A A TE RAF I ZRESR R e A IX AN N AL 85 K AL
¥ (69.63%) FIE/INERE (1.26g/cm®) 7T J58 ¥EA7f 270em 4b. 55 J58 AHLL, 153 ff 18
AT Y%, FRIEAE 1535~1674 m/s I RJE HE N AR AGIRGE, MHZE 139 m/s, KA IE (1674
m/s) AL TAE 210 em Ab. 0~80cm HEKIARIZHIIE N, 7E 80cm LA N AR B RLARIE AT U
o BT HERARSE, I53 M AR R BRI o 10k A 7 T A LR P B A
PRI IS, R IRR.

B [X )3 Bl A AE 1455~1592 mv/s Z (B84, 225700 137 m/s. 3= A EEBIS, #H /T
1500 m/s, JX/NEHESLBR R S m, BT 62%, R TR EE . J43 5 0~100 cm (175
WK, “PEIAEEN 1487 m/s; HAHAE 100-150 cm Z[ABEHN, 76 150 cm Abik $H K{E
1592 m/s, X2 B X PN 1 5 K 7 150-300 om 2[R EE 44 75 S350 1562 mis.
B X AR e A FLBR BE RIS FEAE A T 743 35 10em AT 70 em [HRTR . J44 [R5 3ETE 1455-
1532m/s 2 [8], FHZE 77m/s, HEERFHEZLRACT A XA, AIRelR 2, TUaEfR i
SERAS VR B TR T R UM -0 5 A A S BT i A L s R A, X
KL BRI PR AN AL AR TE T X B CRIESE, 2007) . B oR B K RS (1 AL =4
Al U s im B B, Wk A e ez 212X (Shuetal., 2015), H1RFLHIR
AGFB DR B TR i R AR AR I O LR, B A BT A IR (TR,
20200, [iHinyb A4 E B AR 0T A Bl b X R A2 R S AR B URR Y (Jiang et all,
2013; #&JkH1%%, 2013; Yuetal, 2016).
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Fig. 4 Changes in sediment sound velocity and physical parameters with depth at four stations J53,
J58, J43, and J44

PNy, P T B AR AT — RS b 52 B LR BRI e R S, XSk



VR RN 23 5 AL R T RR ) (R B P, S5 0 AR R R A T V3P 0 B 128 T R 2 5 3R S A
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B ZHUE A AT LA IR Yy B P 2 2006 0 sCHR BRI UE BE A, 7] DA DRIt o 75 RS2 (1 12
SLANHER YR 2 2 S RO B S B AR o AR SCAE A Hamilton(1980). Liu etal.(2013)
F1 Orsi F1 Dunn (1990) 5t 1 ORI JB 2 (0] R RIVA I A, THE TR I H, LA
WAEX LI ARG . E ARSI (Vp) 5%E (p) BIETTFAW T FiR:

Hamilton: Vp=2234.4-1129.3p-+448.1p* (5)
Orsi et al.: Vp=2855.7-1885.9p+652.1p° (6)
Liu et al.: Vp=1872.6-670.03p+256.3p? (7

Hrpp BEE, BACH g/em?s

RS, PR SRR S A S 23 A (5). (6). (7)) U ¥ A A AT
T, RIEATH — & M2 Horb J53 whr Sl 75 5d 5 T < (R4 7E 835 22 5 (4%t
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R A S 75 5 e T TR, 1 E 100~300cm HEPR LSl ) 33 5 Oris and Dunn (1990)
255 o SITIMEFF & BE B (Haxf 24358 23.78m/s) . J43 SHTE 0~100cm HEVR AL ) 55
MME 5 Oris and Dunn (1990) HIZLIERT & EAH®E (Laxt ZEFHI8 12.67Tm/s), T{E
100~300cm YR 40| 5 Hamilton (1980) FIZ258 2 = M FUME 7 & B s (Lax) Z{H T3
13.69m/s) . AR, BEAAR UL ESEME 5 Liu etal 013)FMIE 75 & B 75, FIREAR Liu
AR 22 R 1 R DR it QR B OR Bt A8, 17 A S (R 508t ok B VRV o 3 (X B B U
TR R, FRAR VUKL %, QUSRI AR D, DURRRORL KA —, FLBR
FEAN, BEEER . TR TR LLNIEDORR e 3, DTARIR 2 LRI AR N &, iR i
Figl, KXY —, FLBER, /N FMERE S IRIERE R IR . SRR IR,
PORR A AR E RIS FE S A BOR 2] (Wangetal., 2014), IXUEZE K], 20677 FE AN
FTE LR A IR, BT B — il 250 7 FEANIE Tk, A — AN XA R RYE S 2
LRI
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BN MR, B TR EE . EIR T53 ST TR 0 75 S R 38 0 4k 45 PR AR
Fadh, EUE TR AR, MR EN1610E75)m/is, FEARER, HEA 7 #ELE
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Fig.6 Sound velocity structures of deep-sea sediments in Zone A and Zone B
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Abstract: The sound velocity of deep-sea sediments is fundamental for constructing the
acoustic field of the marine environment. This article tests and analyzes parameters such as
longitudinal wave velocity, wet density, porosity, and median particle size of sediment column
samples obtained from the deep waters of 4818-6630m in the West Philippine Sea. It elucidates
the basic characteristics and vertical variations of acoustic and physical parameters of seabed

sediments in the study area, explores the relationship between physical parameters and sound



velocity, compares measured data with empirical equation predictions, and proposes four typical
sound velocity structures of seabed sediments in the study area. The results show that the
longitudinal wave velocity distribution of sediment ranges from 1460 to 1674m/s, the porosity
ranges from 62.07% to 69.54%, the wet density varies from 1.34 to 1.62 g/cm?, and the median
particle size varies from 7.75 to 8.40 @. The variation of sediment parameters in the study area
varies with depth, and density has a better effect on sound velocity than porosity and median
particle size. By comparing the sound velocity of the bottom seawater, the sound velocity profile
within the same layer, and the sound velocity of the lower surface of the upper seabed sediment,
four types of sound velocity structure models were established in the research area: low velocity
surface-low velocity layer-sound velocity reduction type (GMI1), low velocity surface-high
velocity layer- sound velocity increase type (GMI2), high velocity surface-low velocity layer -
sound velocity rreduction type (GMII1), and high velocity surface- high velocity layer - sound
velocity increase type (GMII2).There are significant differences in the acoustic characteristics and
sound velocity gradient changes of sediments in the southern (Zone A) and northern (Zone B)
regions of the Central Rift Valley. Zone A can be divided into GMII1 and GMII1-GMI1 types,
while Zone B can be divided into GMI2 and GMI1-GMII2 types.

Keywords: sound velocity characteristics, sound velocity structure, geoacoustic model,

physical parameters, deep-sea sediments, West Philippine Sea



