IR S 4
ACTA SEDIMENTOLOGICA SINICA

EHS :1000-0550(2023)00-0000-00 DOI: 10.14027/j.issn.1000-0550.2023.091
ST H 5 Ly a1 LLI S N N— (|

A7 BFEPEEETIRYE IRmzEiE

wE', Tik', FEA, HFE', TR, ITEH’, 5

LHG RS IR bE, BIA 210023

2AEARITYE RS g 2 2 E R sl =, BifE 200062

3RV KR 5 TR R, Mat 210023

B OB [EMN] RS/ E BN, SR R G Y. A, £
kA B BN, FREER RS E . BRI GG R, BB 7 AN A R e 3
30 E3R, FEATERIE A 8 DX SOW I 3 & I SOk AR LA BN IR . E RS AIEZ, T
Xt HA IS AR R e, [7¥EY 2018 EAKEE, (EVTIRI 7 A i R T B I i = e,
TEFELE 8 AN IR ETSA I . LEERY BFAM MR 2] T 8 Ik iR B s 4k, Horp S ORI T E )
R (4w D0 BRI KA sl iR SRR TORRY) T . P SR D) 2
PIRG WAE R S BRI Ry 4E 4 . I e ik E VR VR SR BRI FE W R E R sk, &
THRANIIE T o W45 SR S35 20 i H 307 70— P 2052 ) 5 Y

XEEIE EAU RRE: WP, SRR TLI0E

F—EEEN BE, 5, 1996 AL, ik, WIS, E-mail: simonpengl36@gmail.com
WBEEE T B, BlEdR, B-mail: gianyu.nju@gmail.com

hESEE P5122 MEMFERS A

0 55

AT — i LA, T LA K T B SRR R, REAEEL I RSN T
B R sl R A WL SCPEEHLE K R, RS B A A, R R
Wi A E AR, AHT TR 1 H i, AR B R A S IR Z AE s U, R AN
PSCHE IR = 12802 — R EEBCRRIR 10 T3, R R AELE R o iz (HLERAN RS B 27, T2
BARAFEIS AR LRSI 77 DRI, AHEE 15 B &3 4ir, F 2RO A e R A ith
Wit BRI SCHE V17 JRA2 Bl 78 35 AR 2 PRI 2 A0 Bl 2 DX 3k th e A 2R 020,

125 30 A (a], AR ST R VR 20 R ANk 2R XIS AL T IR AN S R e
B85y, e E R D AR F e bR SRS, SR Bel YT AT 210, KA
Po V17K T =AU B P4 2% Waipaoa a1 R 3l 2802131, Rt 22 SR R i R 04055 o TR AT )
TSR TR R s sl e fis KRR MEs 1 i 28021, ek Sp s Ah 7 AR s, kR
JEETRKTR = AN R M 2 s Ae ), DL b Rt R BT CAR FO T BRSO TR, F T BEIR AN

WHREH: 2023-06-08; WEEAREHA: 2023-09-21

EEWE: FXARFAEEIHE (41076081, 42076172) 5 VLFFE A RBRRREL IR & CRFERHLEH) BTH (JSZRHYKJ202115)  [Foundation:
National Natural Science Foundation of China, No. 41076081, 42076172; Natural Resources Development Special Funds of Jiangsu Province
(Marine Science and Technology Innovation), No. JSZRHYKJ202115]



WIS IR R R g 8hix — B imtiis i i R A R L.

ORI, IRAIE R S VR IR R (R0 (KR A BATIRARYE, I Rp i (A th AR Jo #7021,
PRI E A R, FECER MR e R E LR R — N E R ©
BRI, 782 MBI IR AR 45 IR (17K 30 1 2 b ok BB D s B2 R, R
B 5 JEEAE D U 30 RV S AR R 1) 7 e YL R P T AR R DA R S
PR, BRI ZERTIE ] 939 mI'7. HE 1855 AFEALIHALASE, VLR ALHR 1) R 3] = il 52 31
P AR, ARl SR TURLE S5 LU IR R R 1) B 402 , AV 70 i o v S e v A A
T T RKE MU HEL IS, BRI, VL5 i 5 i it T R = ) it i85 F2 i
AL T

Peng et al. POEYL 5 2 oI R, T AN ()17 S T T AWM (2019 4FE 7R
2019 FERCEER 2020 ERKZE) , BIFHALE] 720 CRT 15 90O Sl ithmadis, Kotk
W 5 7 370 0 A KD T B T i 200, SR T, “Peng er al. POLIN 31 1) i 5 7 P A 2 WL L A
LR, X AU A 4R 5 LEHLEE 1 B REAT AN A e KRR, iUk o 4EFEAIS 1L
PRSI, — B TR MR s 2 — T TR, K SR 2
MU, UASE N4 SCb AT I A9 iR 4E RS 1AL

Peng et al. PORINIF 7045 WY 5 D NAUAT e & SN R 1030 AT Ae, B i F T i 2 )0
ZH AT RIIERE S WAL i Wright e al U8 VB B —BH AR . i 2 =4, R
o Yo L 3 90 BT A SR ) AR 1142100 S kit T R AL 22241, DL R KA Sz B 2]
WFFE, Wright er al. VP 1 — BT RS 22 Vi L, A o 1) S 50t 4 22 VR0 AIE < Peng et al.126)
k2531 1 Peng er alPOIH 2020 SERKZEEDULINEAE , 12 FAE 2020 SF AR B 23 IRE
JrnEE, X Wrighter al W7 1B AR (B A G S8 ORHRHE L R B Co AN 1A
A TEARAL Riy) BEAT TIIE. 45N, Co WK T A1 AHEFLHRIER 0.001~0.006 (1 [X (8]
YOI, Riy BID TR ZS IR AHE 0.25. A0, A7 % T BRI TEERM, Ris A—ER
0.25, T E4EHFAE 0.01 BT, b 0.25 E/h—PEERILM, Rk, 398G 0 EEE T H i
() 5 SR HHE % Wright et al. 77 H)—FH AR h B S50 (Co A Riv) BEATHOE.

AR EZEHRZ: (D RIRT 2018 FERKEAETL IR 2 v i 1 5 i O0i ) i) =5 )
WA () ETIIHWNEE R F e, S E RN, RN (3D
ST E PR, X E AT S5, UG E SR S — BB R S (Cp
H1 Riv) FBURAE:



BT TR TR B RS R

1L IX 42k

58 DX A TV 750 7 3 AR (B 1) o 1128—1855 4F, FEVAITE 700 2 4E [
[B] B YL R AL NI, BT 45y 1 B O A& k1) R K R =AM (Al g 3 40 m
KR AL IR R it JR 08, 1855 AR BT AL UG, B Tt R Uil 1128
— 1855 4 B 35 VA 401 1 R AR URR A BT B = Fr o 32 BB 0 20k, FFUG 2RISR, B
JSUR ST = f N o AT AR A ) AL R S T = A R T B R AR, FE R ALH AR AR
FIF I %I, VLR i i A R R A T R S AR ks 110

120°35E  120°40E  120°45E  120°50E

33°30'N =8 r33°30'N

33°25'N

e 33°25'N

33°20'N r33°20'N

12035’E 120°40E  120°45E  120°50E

0
C
_ ©)
g
= 12}
=55 1 g 3 4 5

S (km)
BT 0 X s =

(a) XIMENL, ORI RTRARKE: (b)) BN (o) HAZBIRT 2018 4F 8 AR M RHgHlm (7
b FHIEL) - TR (b) B OEERE R R RIEIET ;. TR (o) IR S R ALKR h 4373 2 7 [ ¥ B 2 A0
KB W= MR R = AR CE A

Fig.1 Map of study area

(a) inset showing general setting of the Jiangsu coast, China; the red rectangle denotes the study area; (b) field measurement site; and (c)
cross-shore profile measured by a multibeam survey in August 2018 (dashed line in (b)); the black arrows in (b) denote the positive
alongshore and cross-shore current directions; the abscissa and ordinate in (c) denote distance seaward and water depth; the blue triangle

denotes the location of the tripod
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Fig.2 Observed time-series

(a) water depth (4); (b) wind velocities (Uwina); (¢) SSCs at 0.1 m, 0.3 m, and 1 m above sea bed (asb); (d) cross-shore velocities at 0.3 m
asb (Ucos) and depth-averaged cross-shore velocities of upper water layers (Ucu>1.25 m asb); (e) wave orbital velocity (Uw) and
along-shore velocities at the 0.3 m asb (Uao3); (f) significant wave height (#s) and wave peak period (7}); (g) current-induced bed stresses
(zc) and wave-induced bed stresses (zw); and (h) bed elevation (4sed); the arrows on the right of (b) denote Uyina was south at 3 m-sl.
Positive current speed values denote the offshore and southward alongshore directions; E1 to E8 above the first panel are the numbers of
fluid-mud events; the fluid-mud events occurring at around low water and high water are respectively labeled with yellow and green

shaded areas; the start time was 07:00, November 25, 2018
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Fig.3 Vertical profiles of eross-shore current velocity (Uc) and suspended sediment concentration (SSC)

(a—e) Uc profiles of the upper water layers (blue dots) and cross-shore current velocity at 0.3 m asb (Ucos: red dot); (f) SSC profiles of
the near-bottom layers. From left to right, the first to fifth columns correspond to early flood (ef) tide of E2; early flood (ef) tide of ES5;
early ebb (ee) tide of E6; late ebb (le) tide of E7; and early ebb (ee) tide of E8, respectively. Positive current speed denotes the offshore

direction
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Fig.4. Observed time-series of fluid-mud events E2 and ES
(a, b) water depth (%) and SSCs at 0.1, 0.3 and 1 m above sea bed (asb); (c, d) along-shore (Uaos) and cross-shore (Ucos) velocities at 0.3

m asb; and (e, f) wave orbital velocity (Uw). Positive current speeds denote offshore and southward alongshore directions
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Gravity-driven Sediment Flows in the Shallow Water off
Central Jiangsu Coast
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Abstract: [Objective] An enhanced understanding of the underlying physical mechanisms governing the dispersal
of terrestrial sediments into the deep ocean, together with their accompanying nutrients and contaminants, has long
been one of the most fundamental components of sediment source-to-sink studies. Over the past three decades, wave-
and current-supported gravity flows (WCSGFs) have been recognized as the predominant physical mechanism

responsible for the cross-shelf transport of fine-grained sediment and the morphological evolution of numerous



coastal and continental shelves worldwide. Despite their significant impact, it has continued to be an ongoing
challenge to quantify the transport dynamics of WCSGFs due to their localized, episodic and ephemeral nature.
Inadequate in-situ observations have hindered a comprehensive understanding of the transport processes of WCSGFs.
[Methods] To address this gap in knowledge, a field campaign was conducted by deploying an instrumented tripod
system from 07:00 h on November 25, 2018, to 08:30 h on November 29, 2018, off the central Jiangsu coast,
China. A cross-shore bathymetric profile, obtained from a multibeam echo-sounder survey conducted in August
2018, served as a baseline. The instrumented tripod system was deployed at a depth of 7.00 m relative to the mean
sea level indicated by the cross-shore bathymetric profile. [Results] Analysis of the collected time-series data revealed
multiple instances of intermittent high suspended sediment concentration (SSC)walues exceeding 5 kg-m™, with
durations ranging from 0.25 to 2.75 hours, indicative of fluid mud development. Notably, these fluid-mud events
occurred during tidal slack water and exhibited a thickness of approximately 0.3 m. Vertical SSC gradients became
prominent when SSCs reached around 5 kg-m, establishing a'critical threshold for.distinguishing between overlying
flow and the near-bed fluid-mud layer. The presence of anomalously large near-bottom, offshore-directed current
velocities coinciding with thin fluid-mud events unequivocally confirmed the occurrence of WCSGF events. In
total, eight fluid-mud events were identified, of which five gave rise to WCSGF events. The observed WCSGF
events were subjected to parameterization using a buoyancy-friction model, yielding a depth-averaged suspended
sediment concentration within the fluid-mud layer equivalent to an average mass coneentration over the bottom
meter of the water column. [Conclusion] During storm_events, unconsolidated sediments could be re-suspended
by strong wave-induced shear stress, forming a fluid-mud layer that subsequently moved downslope under the
influence of gravity, manifested as WCSGFs. In weak wave conditions, sediment settling from the overlying fluid
during low slack water also had:the potential to create a near-bed fluid-mud layer. When the settling sediment
reached a critical excess density, WCSGF initiation ensued. Maintenance of WCSGFs depended on either
current-induced bed stress or a’combination of wave- and current-induced bed stress. Importantly, the observed
WCSGF events were of short duration and were not observed during peak ebb and peak flood phases when
stronger near-bottom.currents prevailed. This suggests that the upward dispersion of bottom sediment within the
near-bed fluid-mud layer contributed to the cessation of WCSGFs. The observed WCSGF events in the shallow
water off the central Jiangsu coast provides yet another case study in support of the use of the classical theoretical
existing buoyancy-friction model.

Key words: gravity flow; fluid-mud layer; buoyancy-friction model; sediment transport; Jiangsu coast
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