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Characteristics and transport mechanism of suspended particles in offshore area of Zhoushan Islands
HU Jilian, DU Xiaoqin
Zhejiang Ocean University, Marine Science and Technology College, Zhoushan 316022, China

Abstract: The transportation and dispersal of suspended particles play a key role in the deposition and evolution of offshore muddy deposits. In
order to reveal the characteristics and transport mechanism of suspended particles in the offshore of Zhoushan Islands, field survey had been
carried out during the spring tides in the summer of 2018, which include the observations of temperature, salinity, hydrodynamics, contents of
suspended particles, and samples of sea water and seafloor surface sediment, etc. The results show that the suspended particles could be divided
into three types: micro-flocs above thermocline with higher effective density formed by low-degree flocculation; larger flocs with lower
effective density below thermocline aggregated by high degree of flocculation; and larger biological particles around the thermocline with the
lowest effective density. During one diurnal tidal cycle, more than 3 000 kg'm™' suspended matters were transported southwards, controlled by
Stokes drift, tidal pumping and gravitational circulation. In conclusion, the southward transport of suspended particles by continental circulation
and tidal asymmetry played a positive role in the evolution of Zhejiang-Fujian muddy system. Nevertheless, the northward transport caused by
uneven vertical distribution of velocity and suspended particle weakened the process to certain extent.
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Fig.2

Contour diagrams of temperature (a), temperature gradient (b), current speed (c) current direction (d), SPM volume concentration

(e) and mean grain size (f) (The magenta line in Fig. 2b-f represents the contour line of 0.5 °C-m™' temperature gradient)
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Table 2 Tidal-averaged suspended particle flux per width and direction
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g Jim/ (°) 206 334 26 137 359 359 135

UDTE R 22 B0 ()0 AT A AR 148 - (R B UL ) 3
RN, k7 A e B2 T 3 iy 5 R YT /N T Il S
(ELINS, ¥ B8 [ 2 fe {1 . IE Rk M R B R A 1k, B1E
T UURYY 4 F B R AT REAE T, ATTRZ e 1 WF 51X
SR Wy s o T 1) R R S F 2 I A
PRSI R B2 A 1) Al AN ISR AN, 5K IR R
BREYIMKG . Ik, ACMHFFREES R R T H %
Fili 20 B3 0980 87 DL B K MR 2 A 3L ) 4% 1 1B PR AR
i oz A o i g 1) D i AR ER R (RS B H AR
% Sl 44 A% B 3 e A 2R S A TR 1) Y T
5 iz , Al 1] 0 2 6] v R R E BT T — 3
A DU, 5 & 2= KGR AR R AR & 39 2, 2 1)
A YL A DR 55 , T T ) T O R O AR — 2D
- S S50 10 A i a1 R S N

FEULE SR AL T VT UAR Y 1v) B oz 1930 L
TE AR HEAT 1 B 7 A E LI AT 45 TN R PT R
PRENC R B o X i e 5 DX — BOR BRI
FAYWFSE, K I 1E] 22 3k o7 () WL 2 b 75 1) o ARTTT 2%
PER R, 13 HAT AU Y 3 2 2R 47 L0 o 2
R A R& AR o R, 708 Bt 37 647 B 77
PR I i o o A B BIF S AR T SR R O R X
FEANE AL B IPRR R o AT, A 7 R 2 9
BN, KT IR 7K B A5 A P8 U 1 2 10 P Bl 2 )
P s 1, 18 15 Y I L B HE AL T B v R B
B, W T R R P e KUPE R b L L #E R E
A 5 1) AL AERE ST SR, AR SCH i 8 A i
S E] A — A~ 42 H O AR, kPR A A R T B
I AZ o X — P 1) Az 2 AT I 8 i XM R E
LTRSS R i G o A I, BRI S 324 IS, B
2 (1% 4T 1) 94 5 O S AT L 98 S5 DX S R i Ak
BURAE T o 249K, 3 55 0000 493 18] 018 35 X375 o It o 2%
VIR G (EARAE A, & T am iy B2 i VR TR B
A P i 3 o T [0 90 Jo DX 95 A 1) BTk B Sy

C1) UL DX I3 37 AN %) Bk PR AR 8 252 2 —

2 A 2 K F 5 A5 ks Dy kN 9 D e
(1RGSR /BT N w2 i 1B . o ) L B o TN
¥y, URAEBRIZ B TR B 5, ) bR BB

(2) B TR M H ERRAE 23 = A0 28 L BRZ DL |
AR T 1 I R TR R SR R P A IR R
HEFR B B, A RO B A BR ) R 3 A B AR 32
BN AU, A7 R0 R R

(3) Bifi 25 25 8h 1 i Ak 7 1R 5 VR B T, OIS
TR TR R Y B AR B A B R

(4) —~4 B AN, 32 526 48 24 3t A
W AP DL S T 1) v A G s SR R VR L Y X R
AT AT 3000 kg m™! 9 e I R S . Ho, W
V) 71 7 3L R 97 AN R 5 | kS 1) B TR A O ] R, T
R PR AR 0] 23 A AN B R B s b

B R RXFEALELTAHA RN
FTELEBRERBOAIFNE ., Bt EH15
A AR LA B, B A i B ZR R Z RS
EIR L EE KRG B ERFR R,

£ ik (References)

(1] ez, 2=/, %RBR, % sEiEiKh B amuia 0], s
WAYVH, 1989,20(2) : 101-112. [QIN Yunshan, LI Fan, XU Shanmin, et
al. Suspended matter in the South Yellow Sea [J]. Oceanologia Et
Limnologia Sinica, 1989, 20 (2): 101-112.]

(2] 7. HIEMBTRLT A YE & S A AR (0] AR TS R e,
2000, 22(5): 73-77. [GAO Shu. Fine-grained sediment fluxes and
cycling on continental shelves [J]. World Sci-Tech R & D, 2000,
22(5):73-77.]

(3] vk, WIRIR, Feutim, &5, b [E AR FG A0 TR E MLBRT TU3k J:
KR i S HEGE )] R R, 2016, 34 (3) : 313-327. [SHI
Xuefa, HU Limin, QIAO Shuqing, et al. Progress in research of
sedimentary organic carbon in the East China Sea: sources, dispersal
and sequestration [J]. Advances in Marine Science, 2016, 34 (3): 313-
3271

(4]  ZEzig, BRUE, M5, S WTIW R I B TR LR TR
L EARIE S Fe 2 T P 22 57 (0] DIRLAAR, 2010, 28 (1) = 150-157. [LI
Yunhai, CHEN Jian, HUANG Caibin, et al. Grain-size characteristics


http://dx.doi.org/10.3969/j.issn.1006-6055.2000.05.016
http://dx.doi.org/10.3969/j.issn.1006-6055.2000.05.016
http://dx.doi.org/10.3969/j.issn.1006-6055.2000.05.016
http://dx.doi.org/10.3969/j.issn.1006-6055.2000.05.016

2405 55 6

), BRI V45 B3 L 47

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

of the surface sediments and their seasonal variability in the mud
depocenter off the southern Zhejiang-Fujian coast [J]. Acta
Sedimentologica Sinica, 2010, 28 (1) : 150-157.]

O, e, XITUE, S RS E e BRI IR A 0. A
SREBLEHERE, 2009, 19(2) : 185-191. [XIAO Shangbin, LI Anchun,
LIU Weiguo, et al. Provenance analysis of mud along the Zhe-Min
coast [J]. Progress in Natural Science, 2009, 19 (2) : 185-191.]
VORI, A, EIRIR, ST BRI OSSR S LR B K D
D= AT FE [T]. Y AT AL, 2010(6) : 60-67. [HUANG
Huiming, WANG Yigang, WANG Lele, et al. Spacial distribution of
sediment carrying capacity caused by retarding effect of Zhoushan
Archipelago [J]. Journal of Sediment Research, 2010 (6) : 60-67.]
Tk, EHES, ST, W SRR A T RS LI
WG R AN 45 R [T]. P R 224 BARBLENR, 2014(5)
626-635. [YU Qian, WANG Yunwei, GAO Shu. Tide and continental
shelf circulation induced suspended sediment transport on the Jiangsu
Coast: winter observations out of Xinyanggang [J]. Journal of Nanjing
University: Natural Sciences, 2014 (5) : 626-635.]

Liu J P, Xu K H, Li A C, et al. Flux and fate of Yangtze River
sediment delivered to the East China Sea [J]. Geomorphology, 2007,
85(3-4): 208-224.

B, TR, 257, 4. R Landsat T BRSO Hh X % 2
IR AR [T]. HEA R S A P 225, 2017, 37(2)
44-55. [MIN Jianxiong, DING Dong, LI Guangxue, et al. Distribution
and migration pattern of surficial suspended matter in Zhejiang and
Fujian mud area detected by Landsat satellite images [J]. Marine
Geology and Quaternary Geology, 2017, 37 (2) : 44-55.]

XMAR, FRER, 2 E, & RIBAREER A . W RS
ARG [I]. 5578, 2018, 49 (1) : 24-39. [LIU Shidong, QIAO
Lulu, LT Guangxue, et al. Transport and flux of suspended sediment
and its seasonal variation over the inner shelf of the East China
Sea [J]. Oceanologia Et Limnologia Sinica, 2018, 49 (1) : 24-39.]
JEERL, 2%, mgtte, & KU OS5 f LSRR UL R E
X b B HA R AR s S LD) . R R S R IO 28 5T, 2009, 29 (5) -
21-27. [ZHOU Liancheng, LI Jun, GAO Jianhua, et al. Comparison of
core sediment grain-size characteristics between Yangtze River Estuary
and Zhoushan islands and its significance to sediment source
analysis [J]. Marine Geology & Quaternary Geology, 2009, 29 (5) :
21-27.]

IR ZE. S4B SR e V1888 K3l JapL 4347 (D). i FE 93 K
2422471832, 2009. [HU Rijun. Sediment transport and dynamic
mechanism in the Zhoushan Archipelago sea area[D]. Doctor
Dissertation of Ocean University of China, 2009.]

FEFRFR. SR BT IHEOK B 3R B P T s R SR 3
(D). o[ 9 R 2 Bl 22 AL 3C, 2009, [SHOU Weiwei.
Hydrodynamic characteristics and its impact on mass transport in the
Zhoushan Archipelago sea area[D]. Master Dissertation of Ocean
University of China, 2009.]

Dyer K R. The salt balance in stratified estuaries [J]. Estuarine and
Coastal Marine Science, 1974, 2 (3): 273-281.

R, LMEE, REZR. W RV EET SR ] R,
2001(5): 73-79. [WU Hualin, SHEN Huanting, ZHU Jianrong.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

Estuarine sediment fluxes: an overview [J]. Journal of Sediment
Research, 2001 (5) : 73-79.]
Hansen D V. Currents and mixing in the Columbia River
Estuary [C]//Ocean Science and Ocean Engineering. Washington D.
C.: Marine Technology Society and American Society of Limnology
and Oceanography, 1965: 943-955.

Fischer H B. Mixing and dispersion in estuaries [J]. Annual Review of
Fluid Mechanics, 1976, 8 (1) : 107-133.

Uncles R J, Elliott R C A, Weston S A. Dispersion of salt and
suspended sediment in a partly mixed estuary [J]. Estuaries, 1985,
8(3):256-269.

Dyer K R. Estuarine: A Physical Introduction[M]. 2nd ed. New York:
John Wiley & Sons, 1997.

RAERA, LT, WA VI R 5 SRS g L A 0]
WAL, 2008, 26 (4) : 8-19. [WU Xiangbai, WANG Yaping, PAN
Shaoming. Analysis of the transportation mechanism of suspended
sediment and salt in the Changjiang River Estuary [J]. Journal of
Marine Sciences, 2008, 26 (4) : 8-19.]

AU, K, RUHT . BT DRV RS AT L [T]. HR 2R
TR HARBIEM, 2016(3) : 136-145. [SONG Yonggang,
LU Yongjin, LIU Xincheng. Water and sediment transport mechanism
in the Huangpu River Estuary, Shanghai [J]. Journal of East China
Normal University: Natural Science, 2016 (3) : 136-145.]

Rz, TRBIR, LR, 4. AN R IE B Rl
3 [T, TR 2 4R HARFEAMR, 2006, 34 (2) @ 216-222.
[WU De'an, ZHANG Renshun, YAN Yixin, et al. Mechanism of
suspended sediment transport in Dongdagang tidal channel of radial
sand ridges [J]. Journal of Hohai University: Natural Sciences, 2006,
34(2):216-222.]

XZ4, EIT, RAAH, 55 RIS ILIE R P9 Ve K E K sl
W3 H7T (0. R, 2011, 35(11) : 120-127. [LIU Yunling,
WANG Yaping, WU Xiangbai, et al. Mechanism of water and
suspended sediment transport in the Xiyang Channel along the
southwestern Yellow Sea coast [J]. Marine Sciences, 2011, 35(11):
120-127.]

Yu Q, Wang Y P, Flemming B, et al. Tide-induced suspended
sediment transport: Depth-averaged concentrations and horizontal
residual fluxes [J]. Continental Shelf Research, 2012, 34: 53-63.

A, mde, My, 5. IR STV BRI AKE I B sy
AELT]. g4, 2014, 36 (11) : 150-162. [XU Can, GAO Jianhua,
YANG Yang, et al. Suspended sediment transport patterns in the tidal
channels in the southwestern Yellow Sea [J]. Acta Oceanologica
Sinica, 2014, 36 (11) : 150-162.]

RILAR, AT, BUNE B MR (). b5, 2003
(3): 48-52. [SONG Lisong, YU Qiwen. Preliminary study on
suspended sediment transport in the Hangzhou Bay [J]. Journal of
Sediment Research, 2003 (3) : 48-52.]

Hu R J, Wu ] Z, Zhu L H, et al. Suspended sediment transport and
deposition in the Zhoushan Archipelago sea area [J]. Journal of Ocean
University of China, 2009, 8 (4) : 343-351.

Turner A, Millward G E. Suspended particles: their role in estuarine

biogeochemical cycles [J]. Estuarine, Coastal and Shelf Science, 2002,


http://dx.doi.org/10.3321/j.issn:1002-008X.2009.02.009
http://dx.doi.org/10.3321/j.issn:1002-008X.2009.02.009
http://dx.doi.org/10.3321/j.issn:1002-008X.2009.02.009
http://dx.doi.org/10.1016/j.geomorph.2006.03.023
http://dx.doi.org/10.1016/0302-3524(74)90017-6
http://dx.doi.org/10.1016/0302-3524(74)90017-6
http://dx.doi.org/10.3321/j.issn:0468-155X.2001.05.013
http://dx.doi.org/10.3321/j.issn:0468-155X.2001.05.013
http://dx.doi.org/10.3321/j.issn:0468-155X.2001.05.013
http://dx.doi.org/10.1146/annurev.fl.08.010176.000543
http://dx.doi.org/10.1146/annurev.fl.08.010176.000543
http://dx.doi.org/10.2307/1351486
http://dx.doi.org/10.3969/j.issn.1001-909X.2008.04.002
http://dx.doi.org/10.3969/j.issn.1001-909X.2008.04.002
http://dx.doi.org/10.3969/j.issn.1001-909X.2008.04.002
http://dx.doi.org/10.3969/j.issn.1001-909X.2008.04.002
http://dx.doi.org/10.1016/j.csr.2011.11.015
http://dx.doi.org/10.3321/j.issn:0468-155X.2003.03.011
http://dx.doi.org/10.3321/j.issn:0468-155X.2003.03.011
http://dx.doi.org/10.3321/j.issn:0468-155X.2003.03.011
http://dx.doi.org/10.1007/s11802-009-0343-y
http://dx.doi.org/10.1007/s11802-009-0343-y
http://dx.doi.org/10.1006/ecss.2002.1033
http://dx.doi.org/10.3321/j.issn:1002-008X.2009.02.009
http://dx.doi.org/10.3321/j.issn:1002-008X.2009.02.009
http://dx.doi.org/10.3321/j.issn:1002-008X.2009.02.009
http://dx.doi.org/10.1016/j.geomorph.2006.03.023
http://dx.doi.org/10.1016/0302-3524(74)90017-6
http://dx.doi.org/10.1016/0302-3524(74)90017-6
http://dx.doi.org/10.3321/j.issn:0468-155X.2001.05.013
http://dx.doi.org/10.3321/j.issn:0468-155X.2001.05.013
http://dx.doi.org/10.3321/j.issn:0468-155X.2001.05.013
http://dx.doi.org/10.1146/annurev.fl.08.010176.000543
http://dx.doi.org/10.1146/annurev.fl.08.010176.000543
http://dx.doi.org/10.2307/1351486
http://dx.doi.org/10.3969/j.issn.1001-909X.2008.04.002
http://dx.doi.org/10.3969/j.issn.1001-909X.2008.04.002
http://dx.doi.org/10.3969/j.issn.1001-909X.2008.04.002
http://dx.doi.org/10.3969/j.issn.1001-909X.2008.04.002
http://dx.doi.org/10.1016/j.csr.2011.11.015
http://dx.doi.org/10.3321/j.issn:0468-155X.2003.03.011
http://dx.doi.org/10.3321/j.issn:0468-155X.2003.03.011
http://dx.doi.org/10.3321/j.issn:0468-155X.2003.03.011
http://dx.doi.org/10.1007/s11802-009-0343-y
http://dx.doi.org/10.1007/s11802-009-0343-y
http://dx.doi.org/10.1006/ecss.2002.1033

48

T M S5 5 1 20 M S

2020 4F 12 H

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

55(6): 857-883.

van Rijn L C. Principles of Sediment Transport in Rivers, Estuaries and
Coastal Seas[M]. Amsterdam: Aqua Publications, 1993.

Mikkelsen O A, Pejrup M. In situ particle size spectra and density of
particle aggregates in a dredging plume [J]. Marine Geology, 2000,
170(3-4) : 443-459.

Soulsby R L. Dynamics of Marine Sands: a Manual for Practical
Applications[M]. London: Telford, 1997.

Lee J, Liu J T, Hung C C, et al. River plume induced variability of
suspended particle characteristics [J]. Marine Geology, 2016, 380:
219-230.

LiuJ T, Hsu R T, Yang R J, et al. A comprehensive sediment dynamics
study of a major mud belt system on the inner shelf along an energetic
coast [J]. Scientific Reports, 2018, 8 (1) : 4229.

Gibbs R J, Matthews M D, Link D A. The relationship between sphere
size and settling velocity [J]. Journal of Sedimentary Research, 1971,
41(1): 7-18.

Gibbs R J. Estuarine flocs: their size, settling velocity and density [J].
Journal of Geophysical Research, 1985, 90 (C2) : 3249-3251.

Geyer W R, Hill P S, Kineke G C. The transport, transformation and
dispersal of sediment by buoyant coastal flows [J]. Continental Shelf
Research, 2004, 24 (7-8) : 927-949.

Wang Y P, Voulgaris G, Li Y, et al. Sediment resuspension,
flocculation, and settling in a macrotidal estuary [J]. Journal of
Geophysical Research: Oceans, 2013, 118 (10) : 5591-5608.

Krone C A, Burrows D G, Brown D W, et al. Nitrogen-containing
aromatic compounds in sediments from a polluted harbor in Puget
Sound [J]. Environmental Science & Technology, 1986, 20 (11):
1144-1150.

Droppo I G. Rethinking what constitutes suspended sediment [J].
Hydrological Processes, 2001, 15(9): 1551-1564.

Derenbach J B, Astheimer H, Hansen H P, et al. Vertical microscale

distribution of phytoplankton in relation to the thermocline [J]. Marine

[41]

[42]

[43]

[44]

[45]

[46]

[47]

Ecology Progress Series, 1979, 1: 187-193.

Dekshenicks M M, Donaghay P L, Sullivan J M, et al. Temporal and
spatial occurrence of thin phytoplankton layers in relation to physical
processes [J]. Marine Ecology Progress Series, 2001, 223: 61-71.
Ferland J, Gosselin M, Starr M. Environmental control of summer
primary production in the Hudson Bay system: The role of
stratification [J]. Journal of Marine Systems, 2011, 88 (3) : 385-400.
Du X Q, Liu J T. Particle dynamics of the surface, intermediate, and
benthic nepheloid layers under contrasting conditions of summer
monsoon and typhoon winds on the boundary between the Taiwan
Strait and East China Sea [J]. Progress in Oceanography, 2017, 156:
130-144.

25, AT, TUREE. SYEKE R IS AT B AR L]
PIPHEFL, 2006 (3) : 55-62. [LI Zhanhai, GAO Shu, SHEN Huanting.
Processes of suspended sediment transport and resuspension in Jintang
Channel [J]. Journal of Sediment Research, 2006 (3) : 55-62.]

RPEI, SRR, HEHE, SE. BUME DT KRS HLH AR
—— LS I (1], i, 2015, 34 (3) : 267-274. [SONG
Zekun, ZHANG Junbiao, SHI Weiyong, et al. Mechanism of water and
suspended sediment transport in the middle outlet of the Hangzhou
Bay: a case study of Daiquyang Sea [J]. Marine Science Bulletin,
2015, 34(3): 267-274.]

i, MRRLE, WA, & SRR TR SRR 7 (D],
TEPEHL R S5 55U 28 R, 2018, 38 (1) 78-86. [DONG Chao, CHEN
Junbing, XIE Yongging, et al. Transportation of suspended sediment in
Shenjiamen offshore area of Zhoushan [J]. Marine Geology and
Quaternary Geology, 2018, 38 (1) : 78-86.]

XUTHR, Fiadidk, a0k, 5. RN R IX R E VTR oo
FMERAL S R LT ). e R R, 2010, 28 (1)« 80-86.
[LIU Shengfa, SHI Xuefa, LIU Yanguang, et al. Geochemical
characteristics and geological significance of major elements in the
surface sediments from the inner shelf mud area of the East China

Sea [J]. Advances in Marine Science, 2010, 28 (1) : 80-86.]


http://dx.doi.org/10.1016/S0025-3227(00)00105-5
http://dx.doi.org/10.1016/j.margeo.2016.04.014
http://dx.doi.org/10.1038/s41598-018-22696-w
http://dx.doi.org/10.1029/JC090iC02p03249
http://dx.doi.org/10.1016/j.csr.2004.02.006
http://dx.doi.org/10.1016/j.csr.2004.02.006
http://dx.doi.org/10.1002/jgrc.20340
http://dx.doi.org/10.1002/jgrc.20340
http://dx.doi.org/10.1002/hyp.228
http://dx.doi.org/10.3354/meps001187
http://dx.doi.org/10.3354/meps001187
http://dx.doi.org/10.3354/meps223061
http://dx.doi.org/10.1016/j.jmarsys.2011.03.015
http://dx.doi.org/10.1016/j.pocean.2017.06.009
http://dx.doi.org/10.3321/j.issn:0468-155X.2006.03.010
http://dx.doi.org/10.3321/j.issn:0468-155X.2006.03.010
http://dx.doi.org/10.11840/j.issn.1001-6392.2015.03.005
http://dx.doi.org/10.11840/j.issn.1001-6392.2015.03.005
http://dx.doi.org/10.3969/j.issn.1671-6647.2010.01.011
http://dx.doi.org/10.3969/j.issn.1671-6647.2010.01.011
http://dx.doi.org/10.1016/S0025-3227(00)00105-5
http://dx.doi.org/10.1016/j.margeo.2016.04.014
http://dx.doi.org/10.1038/s41598-018-22696-w
http://dx.doi.org/10.1029/JC090iC02p03249
http://dx.doi.org/10.1016/j.csr.2004.02.006
http://dx.doi.org/10.1016/j.csr.2004.02.006
http://dx.doi.org/10.1002/jgrc.20340
http://dx.doi.org/10.1002/jgrc.20340
http://dx.doi.org/10.1002/hyp.228
http://dx.doi.org/10.3354/meps001187
http://dx.doi.org/10.3354/meps001187
http://dx.doi.org/10.3354/meps223061
http://dx.doi.org/10.1016/j.jmarsys.2011.03.015
http://dx.doi.org/10.1016/j.pocean.2017.06.009
http://dx.doi.org/10.3321/j.issn:0468-155X.2006.03.010
http://dx.doi.org/10.3321/j.issn:0468-155X.2006.03.010
http://dx.doi.org/10.11840/j.issn.1001-6392.2015.03.005
http://dx.doi.org/10.11840/j.issn.1001-6392.2015.03.005
http://dx.doi.org/10.3969/j.issn.1671-6647.2010.01.011
http://dx.doi.org/10.3969/j.issn.1671-6647.2010.01.011
http://dx.doi.org/10.1016/S0025-3227(00)00105-5
http://dx.doi.org/10.1016/j.margeo.2016.04.014
http://dx.doi.org/10.1038/s41598-018-22696-w
http://dx.doi.org/10.1029/JC090iC02p03249
http://dx.doi.org/10.1016/j.csr.2004.02.006
http://dx.doi.org/10.1016/j.csr.2004.02.006
http://dx.doi.org/10.1002/jgrc.20340
http://dx.doi.org/10.1002/jgrc.20340
http://dx.doi.org/10.1002/hyp.228
http://dx.doi.org/10.3354/meps001187
http://dx.doi.org/10.3354/meps001187
http://dx.doi.org/10.3354/meps223061
http://dx.doi.org/10.1016/j.jmarsys.2011.03.015
http://dx.doi.org/10.1016/j.pocean.2017.06.009
http://dx.doi.org/10.3321/j.issn:0468-155X.2006.03.010
http://dx.doi.org/10.3321/j.issn:0468-155X.2006.03.010
http://dx.doi.org/10.11840/j.issn.1001-6392.2015.03.005
http://dx.doi.org/10.11840/j.issn.1001-6392.2015.03.005
http://dx.doi.org/10.3969/j.issn.1671-6647.2010.01.011
http://dx.doi.org/10.3969/j.issn.1671-6647.2010.01.011

