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Abstract: Based on high—precision multi—beam, single—beam, side—scan sonar and other data, the authors found two submarine
sand wave groups in the offshore areas of Fujian's Minjiang estuary and Sanshawan estuary, respectively. In this paper, the
geomorphic characteristics of the development of the submarine sand wave were analyzed in detail. According to the shape of the
development of the sand wave and the trend of the sand ridge line, it can be divided into three types: flexural sand wave, linear sand
wave and transitional sand wave. Both sand wave groups show a slower slope on the tide and a steeper tide, which is characterized
by branching at the end of the sand wave and is accompanied by a certain degree of bending deformation. Sources of sedimentary
materials and hydrodynamic environment are two main factors that control the development of sand wave groups on the sea floor.
The reduction of sources of near—shore bedrock erosion materials, river sediment materials and ocean current transport materials in
the study area breaks the material supply that maintains the dynamic balance of sand waves. Underflow scouring provides the
starting conditions for seabed sediments. Combined with the development characteristics of sand ripples, residual dunes and seabed
sand waves, the authors hold that sand waves have certain activities and have a law of continuous migration to the steep side of the
slope. Finally, through the analysis of the causes and evolution rules of sand wave activity, the authors discussed the influence of the
existence of sand wave on the application of marine engineering in detail, and put forward the corresponding preventive measures,

which provides a certain reference for the construction of offshore seabed engineering and disaster prevention.

Key words: offshore waters; sand wave group; geomorphological characteristics; controlling factor; starting velocity; Marine
geological survey engineering; Minjiang estuary; Sansha bay estuary; Fujian
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Fig.3 Three—dimensional topographic map of the sand wave group outside Minjiang estuary
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Fig.4 Lateral scanning profile of flexural sand wave group outside Minjiang estuary
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Fig.5 Three—dimensional topographic map of the sand wave group outside Sansha bay estuary
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Fig.10 Variation of annual runoff and sediment discharge at Datong Hydrological Station in the Yangtze River (modified after Wang
Lihua,2017)

A SEEfif, 300 7 TR AN /K T IR 2, i T T K
TT I A B TN (51K, 2010)

XFF YD P RSB, FRTALR BR T B3 2 2%
UL R 3t S5 AL T A Ay 2, AN YA A R A i
7 S, HURE M 3 45 b 3t 2R ) B AIE 517 0

sp45000 50000 55000 60000 6500
>SS

MR

g
J
=
#
El'ﬂ
=
100 4
125
0 1km
C —

PRI et J2 00 i & s B TR I VD
Fig.11 Submarine sand ridge group shown in shallow seismic
reflection section

T o TR DX PN b 2 5 T Sl A TR HE 51 118 R 78
WA (E DRV E(E12)) 287, 28
RIS KIS G SR SO RIHES |, V0 v
SURBAWE  FEVE — MR EB AT UL 20~30 m K Y
WS, SUEEmEE ., — 8ok, Wik 80U A
Wi Vb i 1 S — A ELAR AR, TV e AR R A 2
TR PR AIG (L7 R A B, 30T 3 A LA
Jo RN L 32 W L, K sl s VD e 4%
A IR A,  BRVE AN R =0 11 A ifg
S U X0 S s U T U T B 20 T 5% )RR TE S
T U HA Y BE— A B RS A
5.4 XiEFIREN AR EEE

VU W REAE S —Fh 32 8 1 7K 3l ) 0455 52 il
TR B M S 25, AR MR T AR i A rh 2 i
A 5 Wi T TRt TR 7 R T Y T R
TR Z — TV B0 A7 A AN (R AR 1Y
TGS RE R, S olAR i I 2 TR i el gk
BRGS0 ) BECAA R 2, T LI 4% 4% B R 5 1
SRS P S A i BROTE £ AR TR DRI, XV A I
IR i S T SISO EE G S A VDRI 18 2 18 B

http://geochina.cgs.gov.cn FPEHLT, 2020, 47(5)



1564 th )

H

=

2020 4F

sp 1 2500

BREY R

MR E B/ ms
oA

—
(=3
(=]

5000 7500 1000

P12 e J2= 0 T s 5k B O I

Fig.12 Residual sand dunes shown in shallow seismic reflection section

BB JEAEWT R X E IR Sk T A 0 FE B IRAR
o MEIRATIE OGS AR RIS TERE L
A YEREERAE RSSO, — BRI E  XHE
BN NS | R e s g W N RE P A I S o
TEMFVE TR AR s f v, W20 5853 B AL IS
ES RV UG H . B e fE TR i kb i, b
ORTEAT 7053 PRI JEG 3% FR B 28, RS Stk G Bl PR VD D
X, A BB AR AT LR IR B /D> T RS i FlS
1L T NP R e - g o W i A m A R A R L AT
XU JEC MY A T A ¢, A AR TR IR VDI ) R B R
Tk, 7K Bl 3 5 A8 A BTG e, DM Sy TR e it
T S AP PR 2 R B
6 4 1B

(1) BIFFE X o) YT 11 AR RN = 078 11 A Jak a7
JRA R B — ARV IR RV R B IS X
VB LOE P H A AR B VD | B2 R UD i Rt
PERVUDUE 3 28, PR ALV U 10 A g 22 30003691 T 34 3 8
G2 N W1 A BE A ARFAIE

(2) DURRY) Jo 2 45 Tl A 9 DXV VD U0 o b 3
BHHEERZ —, FZORIGAFE T 7 5 R i i
BT AR ) o R i i s ) T, AT K A2 ]
DR TR E W SSE L /i B A AL I AR AR T
XA AV TURR ) B 5 Al , A VD i I A8 &
HE— e R R

(3) V3 U 0t FF 2L S R e 2 it il o A 5 2R I
7 I X e VA Bl A N TR 2 SE I i
HHTA] B KRR , Ud I I D HAT Wi iAot iy
AIRE. VLl SRRV e BRI VI R B R —
HAIRSE TV BAT I BE— AR AR

(4) VDI A AE SRR - & K

SFIETE TR A T A2 87 A BRI, WA 25 %
FIFE BT E AL R T AR AE AT ik e
R USCHEAT TR A A B b BB ¢, A W R A DX PN g 70
W B HRRIE LG S, AR BEET 2 A VX,
PRAETEE TR B 2 AR E T

References

Bai Yuchuan, Yang Xingen, Tian Qi, Zhang Bin. 2009. Evolution
characteristics of wave in northern South China Sea[J]. Journal of
Hydraulic Engineering, 40(8):941— 947,955(in Chinese with
English abstract).

Belderson R H, Johnson M A, Neil Kenyon. 1982. Offshore Tidal
Sands:Processes and Deposits[M]. London: Chapman & Hall.

Bian Shuhua, Xia Dongxing, Chen Yilan, Zhao Yuexia.2006. The
classification characteristics and developing factors of the
sandwaves at the Mouth of Jiaozhou Bay[J]. Periodical of Ocean
University of China, 36(2): 327— 330(in Chinese with English
abstract).

Cai Feng. 2013. China Offshore Oceanography— Seabed Topography
and Landfor[M]. Beijing: China Ocean Press(in Chinese).

Chen Jian, Yu Xingguang, Li Dongyi, Lai Zhikun, Xu Xiaohui, Huang
Caibin. 2010. Characteristics of underwater morphology evolution
of the Minjiang Estuary in recent 100 years and its reasons[J].
Ocean Engineering, 28(2):82—89(in Chinese with English abstract).

Cong Ning, Zhang Zhenke, Xia Fei.2010. A Study on Coastal
Geomorphological Changes and Disasters of the Changjiang River
Estuary under the Influences of Human Activities and Global
Warming[J]. Henan Science, 28(5):605—611.

Cornish V. 1901. On Sand—Waves in Tidal Currents[J]. Geographical
Journal, 18(2):170—200.

Dai Shibao, Yang Shilun, Gao Ang, Liu Zhe, Li Peng, Li Ming. 2007.
Trend of sediment flux of main rivers in China in the past 50
years[J]. Journal of Sediment Research,(2):49—58(in Chinese with
English abstract).

Dong Zhihua. 2004. The Influence on Current Ridge, Sand Wave and
Topography of Dongfang Offshore by Typhoon[D]. Ocean

http://geochina.cgs.gov.cn "1 E LT, 2020, 47(5)



B4 S DR AR AR M YT O — =0 1T R B A TR D B TR IR RN 1565

University of China(in Chinese with English abstract).

Dou Guoren. 1999. Incipient Motion of Coarse and Fine Sediment[J].
Journal of Sediment Research, (6):1-9.

Guan Bingxian , Yuan Yaochu. 2005. Overview of studies on some
eddies in the China seas and their adjacent seas— I . The South
China Sea and the region east of Taiwan[J]. Acta Oceanologica
Sinica, 28(3):1—16(in Chinese with English abstract).

Guo Xingjie, Cheng Heqin, Mo Ruoyu, Yang Zhongyong. 2015.
Statistical characteristics and transport law of sand waves in the
Yangtze Estuary[J]. Acta Oceanologica Sinica,37(5):148— 158(in
Chinese with English abstract).

Li

Congxian, Fan Daidu, Yang Shouye, Cai Jingong. 2008.
Characteristics and formation of the Late Quaternary incised—
valley sequences in estuary and delta areas in China[J].Journal of
Palacogeography, 10(1):87—97(in Chinese with English abstract).

Li Gang, Sun Guihua, Yao Yongjian, Zhu Boqin, Zhang Yaoming.
2019. Spatio— temporal evolution of the Sansha Bay coastline[J].
Journal of Jilin Unviersity(Earth Science Edition),49(1):187— 196
(in Chinese with English abstract).

L

.

Jinyuan, Fan Fengxin, Xu Tao, Luan Zhendong, Zhang Jieyang.
2011. The distribution characteristics and evolution of the sand
wave in the east of Laizhou Bay[J]. Marine Sciences,35(7):51—54
(in Chinese with English abstract).

Li Lei, Huang Lei, Hu Yunzhuang, Liu Pei, Wang Fu.
2019. Comprehensive Dataset of the Geological Environment in
China's Coastal Zone[J]. Geology in China, 46(S2): 9— 20(in
Chinese with English abstract).

Liu Guangding, Wang Xueyan, Lei Shoumin. 1990. Map series of
geology — geophysics of China Sea waters and adjacent areas(on
the scale of 1:2000000)[J]. Marine Geology & Quaternary Geology,
(1):93-97(in Chinese with English abstract).

Liu Zhenxia,Xia Dongxing. 2004. Tidal Sands in the China Sea[M].
Beijing: China Ocean Press, 24—41(in Chinese).

Lu Huiquan, Wu Chenggiang, Xu Yan. 2014. Characteristics and origin
of the tidal sand ridges off the Minjiang River Estuary,
Southeastern China[J]. Marine Geology & Quaternary Geology,
(2):27-36(in Chinese with English abstract).

Lu Qin, Chen ShenLiang.2011. Distribution of surface sediments on
the subaqueous Delta of the Abandoned Yellow River Delta[J].
Land and Resources of Shanghai, (1):14— 19(in Chinese with
English abstract).

Luan Xiwu, Peng Xuechao, Wang Yingmin, Qiu Yan. 2010.
Characteristics of sand waves on the northern South China Sea
shelf and its formation[J]. Acta Geologica Sinica,84(2):233-245.

Murphy E C. 1914. The Transportation of Débris by Running
Water[M]. Center for Integrated Data Analytics Wisconsin Science
Center.

Wang Haipeng, Zhang Peihui, Chen Feng , Ye Yanyi, Zheng Zhifeng.

2000. Sedimentary characteristics and environment of underwater

delta in Minjiang Estuary II. Sedimentary characteristics and
environment since Late Pleistocene[J]. Journal of Oceanography in
Taiwan Strait, 19(2):132—140(in Chinese with English abstract).

Wang Lihua, Lu Peng. 2017. Analysis of runoff and sediment change
characteristics at Datong hydrometric station[J]. Bulletin of Soil
and Water Conservation, 37(4):266— 270(in Chinese with English
abstract).

Wang Shangyi, Li Daming. 1994. The dynamic analysis of the seabed
sand waves on the continental shelf and slope of the Pearl River
Mouth Basin in the South China Sea[J]. Acta Oceanologica Sinica,
16(6):122—132(in Chinese with English).

Wu Chenggiang. 2011. Study on Submarine Morphology of Fujian
Offshore[D]. Ocean University of China.

Wau Jianzheng, Hu Rijun, Zhu Longhai, Ma Fang, Liu Jianlun. 2006.
Study on the seafloor sand waves in the northern South China
Sea[J]. Periodical of Ocean University of China, 36(6):1019—1023
(in Chinese with English abstract).

Xu Dongyu, Liu Xiqing, Zhang Xunhua, Li Tanggen, Chen Bangyan.
1997. Offshore Geology of China[M]. Beijing: Geological
Publishing House(in Chinese).

Xu Yan, Cai Feng, Lu Huiquan, Wu Chenggqiang, Zheng Yongling, Bao
Jingjing. 2014. The characteristics of linear sands of Minjiang
Estuary and Jiulongjiang Estuary in Fujian, China[J]. Acta
Oceanologica Sinica, 36(5):142—151(in Chinese with English abstract).

Xue Chunting, Zhang Yong. 2010. Sediment Transportation of
Longshore current and coastal current in China littoral zone[J].
Marine Geology & Quaternary Geology, (1):1—7(in Chinese with
English abstract).

Ye Haitao, Wang Yigang, Cao Bing. 2007. Tidal prism of Sansha Bay
and its water exchange with the open sea[J]. Journal of Hehai
University(Natural Sciences), (1): 96—98(in Chinese with English
abstract).

Ye Yincan. 2012. Marine Geo— Hazards in China[M]. Beijing:China
Ocean Press,397—413(in Chinese).

Yin Ping, Lin Liangjun, Chen Bin, Xiao Guogqiang, Cao Ke, Yang
Jilong, Li Meina, Duan Xiaoyong, Qiu Jiandong, Hu Yunzhuang,
Wang Lei, Sun Xiaoming. 2017. Coastal zone geo—resources and
geo—environment in China[J]. Geology in China, 44(5): 842—856
(in Chinese with English abstract).

Zhang Jingjing, Zhuang Zhenye, Cao Lihua.2017. Bed forms on the
northern shelf and slope of the South China Sea[J]. Marine
Geology Letters, 31(7):11—19(in Chinese with English abstract).

ZhaoYuexia, Liu Baohua, Li Xishuang, Wu Jinglong, Su Tianyun.
2006. Topography feature and migration of submarine sand waves
in Jiaozhou Bay Mouth[J]. Oceanologia et Limnologia Sinica, 37
(5):464—471(in Chinese with English abstract).

Zhuang Lihua, Yan Jun, Xu Tao, Luan Zhendong. 2017. Bedform of
tidal sand ridges on the southeast Yangtze Shoal on continental
shelf in the East Sea[J]. Marine Sciences, 41(1):11—17(in Chinese

http://geochina.cgs.gov.cn FPEHLT, 2020, 47(5)



1566 i [

b, Ji 2020 4F

with English abstract).
Pt Fp 32 5 % Sk

F 61,47 40 AR, T 55, 3K A . 2009. B 3 b 360 7 38 70 JEe 70 9 3 Ak 4%
AE[T]. 7K F2#4R,40(8):941-947+955.

AR, B, MR X 22 8 H 7. 2006. KM IR TR I 2SR
FRIE R R B S P [I]. Th BN R = 2= R (A SRR IR), 36(2):
327-330.

S5 . 2013, P ERIEE I I M HU SR M. W S R

MR, 4240, 28R SO I AR I AR DV, B I 22 . 2010, [ Y1111 3T 77 4F
ST SR 5 A (D). VPR TRE, 28(2):82—89.

DT, kiR e, AR 2010, AZEE 8 5 S BRASRESE R KT IR R
SR B S R EHAMIT[). WREE, 28(5):605-611.

HoH: g, WA, 8 5, XIHT, 228,220 . 2007. 3T 50 4Ff Hh [E 32 2]
TAMEIEISAEAL[T]. PEVPBIFSE, (2):49-58.

AR 2004, G KR 7 I AN I 0B RN IS HUA 1 2 i [ D). v
R RE

FEE. 1999, PSRV E ST [T]. JeVPIFFE, (6):1-9.

L, TR . 2005, H L ¥ e BAEIT I A T A e T 2 ik

[ . BV E TS LA ARG 0], 1PE243R, 28(3):1-16.

SRS 2015, KAT VB GUHRRAE B iR ML), e vErft, 37(5):
148-158.

ZE NS, FEACER, Al Z5 kL . 2008, HhFE AL 1T = AR Y i X g 55
LR UIAY 2 R R E R ], P4, 10(1):87-97.

ZENI, PMVEEAE, ki B AR TR, SRR . 2019, = Vb VA I 1 2R Bt s T
AR[I]. EARR A2 BRR ), 49(1):187—196.

R IC, TUFRFE, TRV SR AL, IKEER . 2011, SEMIVE A5 Vbl L 55 43
A REE B HIE B AR 0] R, 35(7):51-54.

e, A, WM 2019, AN Rl b T PR B 25 5 B E (D). TPl
HiLJTE, 46(S2): 9-20.

XDGE, B, B35 1990, H I X % AR 3k b o —— M BR 4y F
FRYVE[I]. 10T 55 58 DU 28 M BT, (1):93-97.

XUHR LB AR 2% . 2004, v ] i ORR VD AR [M. Jb 5t A
1.,24-41.

Fifi i, A0 R . 2011, J B ) = £ PRIk 3 2 DU A A F AR (D). 1
T R, (1):14-19.

ISR, W, IR BRAHE . 2010, T HFAU B Bl 40 SR V0 ik H AR
TERJBET]. HuB~ 4, 84(2):233-245.

FEEUR, SRR VEHE . 2014, YT L ANEITE VB REREAE S5 AR )], 1
LT SR D28 M, (2):27-36.

TG, SRETHE, R, G KRR 2000, FEIVT 7K R = AT
FRIE S UURAES 1. i s T e — 4 O AR A ORI B 1],
o P24, 19(2):132-140.

TRUAE, B . 2017, K3 K SCH K AR AE 0BT [9]. 7K AR
i, 37(4):266-270.

B, 2N | 1994, BEEREIT. I 7 b Bl AR Ak apE K K Rl ¥ S v
BIETIHIT]. A (TSR, 16(6):122-132.

SEHE W H A, R i, 5, XG4 . 2006. 14 LIS VD 9 A
FE[I]. TR RS 2E R (F AR B AR), 36(6):1019—1023.

SRR . 2011, A LT R VI IR M AR F ST [D]. v IR

VEARE XV, SR I, 25 FEARL RS 2 . 1997, b [ it 5T (M), b
S HBTT SRR

VIHE, 2855, 5 B, SETRm K O 22, B A . 2014, At R VT ORI
eI TV ANRDTEV DR AR []. VPR (P SR, 36(5):142—-151.

BEARTT, TR 55 . 2010, 7[R IE 72 5 XY 52 90 RV S 3 X DR 0 1)
B[] T S A LT, (1):1-7.

MHEERE, T NI, B . 2007, = VDI ANE it S N ARS8 7]. I
TBREE2M (A SRFHFEMD), (1): 96-98.

HRAL . 2012, H R ICH HB T 2E M. WEVE R, 397413,

EIVF, MR, Bouk, 14 5, W), by e, 2, Beise s, thaat 7k,
ML, 4, PhBEI . 2017, v I R L BT IS PR PN A
SE[I]. FRE LT, 44(5):842—-856.

ki, PR, B 74 . 2015, FE LR R VD BRI 0], e
TV, 31(7):11-19.

X B, XULRAR, 2509022 4 e, 5 R . 2006. I BT FIEE IS Vb %
P HSARAE S S ST (0], W56 S8, 37(5): 464—471.

FETRAE, 122, 40, 2508 25 . 2017, 7 7 PR M 2% B 9 del 7 R 1 0 v
B VPURIE]. RN, 41(1):11-17.

http://geochina.cgs.gov.cn "1 E LT, 2020, 47(5)



