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3D seismic characterization and origination of gravity flow geomorphic units on continental slope: A case study of
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Abstract: Seafloor topography has always been the key of scientific study. Based on 1000 km? high-resolution 3D seismic data of Lingshui Sag
in Qiongdongnan Basin, South China Sea, the GeoFrame platform, Surfer 3D mapping, and other technologies were applied to characterize the
current submarine landform of Lingshui Sag. Results show that the lower slope of Qiongdongnan Basin presented mainly three types of
geomorphic units: channels (including large channel C1 and gully-lobe complexes G1-G3), cyclic steps, and submarine landslides. The width-
depth ratio of channel C1 that was mainly scoured by debris transported via continental slope channels, is between 31.5 and 232. At the ends of
G1-G3 of gully-lobe complex developed obvious lobes. The cyclic steps could be identified in the channel and submarine landslides. Squeeze
ridges and underwater tongues were developed widely in the main body and the toes of slumps on continental slope. We speculate that the
seafloor topography in the Lingshui Sag was mainly caused by submarine landsliding on the upper continental slope, which was intensified by
deposit overload and sea level fluctuation, and finally the modern landform was formed.

Key words: seafloor topography; channel; cyclic steps; submarine landslide; Qiongdongnan Basin
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a: Image of the dip attribute of Channel C1, b-d: typical seismic profiles.
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a-b: Measurements of Channel C1, c-e: Measurements of the gully-lobe

complexes G1-G3.
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a: Cyclic steps inside channels, b: cyclic steps in the landslide zone to the west.
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Fig.6 The channel wall slumpage

a: Image of the dip attribute, b: typical seismic profile.
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Fig.7 The features of submarine landslide

a: Attribute of the RMS (root mean square) amplitude, b: attribute of amplitude x H, c-d: lobe body and compressed ridges on seismic profiles.
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Fig.8 The geomorphic model of the study area

(2) B 5 X K G 328243 Ry 7K 38 A7k -2 1k
EARPIR IR, KIE C1 2 SEIR L 31.5~232 1)
RAUKAE, 32 H i Y 7K 38 32 5 0% B 8 40 I o )
B, [, 7KGE C1 oK Sk & 8 28 18 o I 11 7K 3 RE
W vl SRR AR G1—G3 m B I R G
i T B, R S A D B R AR R, M e AT A v
Wi 2—4 FH

(3) FERFF 5T IX K G AT R 2 AT LA 30 21 5 40
B2, LW 3 A 2R 04 I RS 2 30 v v T KA 1A
F o [AIEE, B9 DX A i 28 T B A 3R ) 5 IX 3
AP B R AR A

(4) BFF 5T DX B0 A 965 5 1 550 5 22 L i 391X 34 43
S, £k BE & 2R U 20 2= A W TR 1L 45 15, LA i 7
1] T4 S 2 F R R, B AN A A 25 RO RS 3

2 & 3k (References)

[1] OuXL,ZhuJJ, LiS Z, etal Submarine geomorphological features
and their origins analyzed from multibeam bathymetry data in the
South China Sea [J]. Journal of Marine Science and Engineering,
2021,9(12): 1419.

[2]  Posamentier H W, Kolla V. Seismic geomorphology and stratigraphy
of depositional elements in deep-water settings [J]. Journal of Sedi-
mentary Research, 2003, 73 (3) : 367-388.

[3]  Francis J M, Daniell J J, Droxler A W, et al. Deep water geomorpho-
logy of the mixed siliciclastic-carbonate system, Gulf of Papua [J].
Journal of Geophysical Research:Earth Surface, 2008, 113 (F1):
FO1S1e6.

[4] Hogan K A, Dowdeswell J A, Noormets R, et al. Submarine landforms
and ice-sheet flow in the Kviteya Trough, northwestern Barents

Sea [J]. Quaternary Science Reviews, 2010, 29 (25-26) : 3545-3562.

(5]

(6]

(7]

(8]

(9]

[10]

[11]

Serié C, Huuse M, Schedt N H, et al. Subsurface fluid flow in the
deep-water Kwanza Basin, offshore Angola [J]. Basin Research, 2017,
29(2): 149-179.

B, RIRIR. B R X S R ORI R e A AT
(1], M BRI 4R, 2019, 38 (6) : 42-50. [LUO Jinhua, ZHU Peimin.
Gravity induced deposits in the continental slope of Qiongdongnan
Basin based on ultrahigh resolution AUV data [J]. Geological Science
and Technology Information, 2019, 38 (6) : 42-50.]

R, IR, WIT, A BURMAMBOK1 7200 THIT R X
FEVURER K TR SRR ] 35 55 58 IO 28 M 5, 2022,
42(1): 45-56. [ZHU Yousheng, WANG Yanqiu, FENG Xiangzi, et
al. Surface sediments and their geotechnical characteristics in the de-
velopment area of deepwater gas field LS17-2 [J]. Marine Geology &
Quaternary Geology, 2022, 42 (1) : 45-56.]

Zfa, FEZE, E%, . Rio Munifh 5 VY 40 Ff b & 30 2 [T].
PUREEAR, 2014, 32(3) : 485-493. [LI Lei, LI Zhijun, YAN Rui, et al.
Seismic geomorphology of Quaternary continental slope in Rio Muni
Basin [J]. Acta Sedimentologica Sinica, 2014, 32 (3) : 485-493.]
WIS, MR, AN, S RIRIRKOKTE TR FAFE ], R
AWM, 2020, 35(2) : 204-209. [SHANG Wenliang, XU Shaohua,
LI Xiaogang, et al. Brief introduction to morphological characteristics
of deep-water channels [J]. Contributions to Geology and Mineral Re-
sources Research, 2020, 35 (2) : 204-209. ]

AR, R, WA, 45, BOKEIIR/KIE -2 MR R B AL R
RS LLSR /R 22 07 3 e v 2% B R AT 4L SO L] Al s
RIRA MR, 2022, 43 (4) = 917-928. [LI Hua, HE Youbin, TAN
Mengting, et al. Evolution of and reservoir distribution within deep-
water gravity flow channel-lobe system: a case study of the Ordovi-
cian Lashenzhong Formation outcrop at western margin of Ordos
Basin [J]. Oil & Gas Geology, 2022, 43 (4): 917-928.]

Mo, BT, EORR, 4. WAKKIEVTR S e R Ak o0t (0] 7
B AT HY, 2020, 36(3) : 12-19. [CHEN Liang, ZHAO Qianhui,
WANG Yingmin, et al. Depositional elements of deepwater channels

and their evolution [J]. Marine Geology Frontiers, 2020, 36(3): 12-


http://dx.doi.org/10.3390/jmse9121419
http://dx.doi.org/10.1306/111302730367
http://dx.doi.org/10.1016/j.quascirev.2010.08.015
http://dx.doi.org/10.1111/bre.12169

ZEFY A« I Ui TR AR B 2 M R R A R R PR —— LA B T A e K M A 451 47

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

19.]

FERM, B, ER, 5. R WKUTRE REH - BA
A" (1], HERE2A3ERE, 2022, 37 (4) : 331-343. [WANG Dawei,
ZENG Fanchang, WANG Weiwei, et al. Submarine gullies: the capil-
lary of deep-water sediment transport system [J]. Advances in Earth
Science, 2022, 37(4) : 331-343.]

FEOCH:, SaE, WM, 5. UL IRERLL D AR IR RUTBVRHIE
AL KL PEHIR R (7], HUBREL 2, 2022, doi:10.3799/dqkx.2022.166.
[DU Wenbo, NIE Xin, YANG Chupeng, et al. Sedimentary character-
istics, evolution and controlling factors of the Pearl River canyon sys-
tem in the northern South China SealJ]. Earth Science, 2022,
doi:10.3799/dgkx.2022.166.]

WM, 254, TR, . WIRARDTRAL R BRI 9L LLJE /R =AM
NBIITT. g 5 S DU AT, 2020, 40(6) : 61-70. [YANG
Zhipeng, LI Lei, ZHANG Wei, et al. Characteristics and genesis of
submarine pockmarks: a case from the Niger Delta [J]. Marine Geo-
logy & Quaternary Geology, 2020, 40 (6) : 61-70.]

TLBL, PIE R, ZRACHTE, 45 I RYT IORAE . 73285 BEI LR LI/OL].
TR B ), 2022: 1-14. [2022-10-04]. https:/kns.cnki.net/kcms/
detail/detail.aspx?doi=10.19509/j.cnki.dzkq.2022.0144. [SHEN Ao,
SUN Qiliang, CAI Dizhu, et al. Characteristics, classification and ge-
netic mechanism of pockmarks[J/OL]. Bulletin of Geological Science
and Technology, 2022: 1-14. [2022-10-04]. https://kns.cnki.net/kcms/
detail/detail.aspx?doi=10.19509/j.cnki.dzkq.2022.0144.]

AETE, A, HMGE, . EIRARDTMIA R RRAE L A SR BAVE
ARAJE R FE IO ] L] AR I R, 2013, 18 (4) : 53-58. [LI
Lei, PEI Du, DU Pengyan, et al. Architecture, character, evolution and
genesis of seabed pockmarks: a case study to the continental slope in
Rio Muni Basin, West Africa [J]. Marine Origin Petroleum Geology,
2013, 18(4): 53-58.]

TEShAE, 253, WL, A5, ORI S M B K M B JE A R
HRRAE K IR LT Wi T 5 3 DU 400 3R, 2022, 42.(1) = 37-44.
[CHENG Linyan, LI Lei, GAO Yifan, et al. The characteristics and
genesis of bottom cyclic steps in the Lingshui Sag of Qiongdongnan
Basin [J]. Marine Geology & Quaternary Geology, 2022, 42 (1) : 37-
44.]

AASRYE. SR Pl S MO A PR A AL (D] P [ R
2083, 2013. [ZHAO Mengwei. Evolution of paleoenvironment in
Qiong-Dongnan Basin during Cenozoic[D]. Master Dissertation of
Ocean University of China, 2013.]

B B AR e A A AR B — I AL AL, (D] o R GO 2 1
2EALR I, 2014. [KANG Bo. Cenozoic subsidence and thermal his-
tory modelling of Qiongdongnan Basin[D]. Doctor Dissertation of
China University of Geosciences, 2014.]

WRARIE, 330, R, . SR AR K X U IR TR R S
BhwT s (1], AR 597 &, 2008, 35(6) : 685-691. [YAO
Genshun, YUAN Shenggiang, WU Shiguo, et al. Double provenance
depositional model and exploration prospect in deepwater area of
Qiongdongnan Basin [J]. Petroleum Exploration and Development,
2008, 35(6) : 685-691.]

NG, W, T, A BRKIVIRA LA R PR ek AT I B U RRFALE
). BBk 5 TR, 2015, 15(33) : 48-53,78. [ZENG Xiaoming,

[22]

23]

[24]

[25]

[26]

271

(28]

[29]

[30]

[31]

PAN Yan, YU Jia, et al. Low-density turbidity submarine fan sedi-
mentary characteristics in north slope of Lingshui Sag [J]. Science
Technology and Engineering, 2015, 15(33) : 48-53,78.]

FTSME, BRIELL, B30%, 55, FiEdL ORI 0 2 2 i K i = el
S A RTINS VA0 [T]. RAR S ERELE, 2008, 19(6) = 780-789.
[HE Jiaxiong, CHEN Shenghong, MA Wenhong, et al. Early forecast
and evaluation on petroleum accumulation conditions in deep basin in
northern continental margin of the South China Sea [J]. Natural Gas
Geoscience, 2008, 19 (6) : 780-789.]

BT, KA. FEALE KR E R TIRORE 50 (1],
VEHBR 5 5 L8 3T, 2020, 40(5) @ 25-35. [FENG Xiangzi, ZHU
Yousheng. Investigation of gravity flow deposits on the Lingshui slope
of the northern South China Sea [J]. Marine Geology & Quaternary
Geology, 2020, 40 (5) : 25-35.]

Mosher D, Bigg S, LaPierre A. 3D seismic versus multibeam sonar
seafloor surface renderings for geohazard assessment: case examples
from the central Scotian Slope [J]. The Leading Edge, 2006, 25 (12) :
1484-1494.

Meng M M, Liang J Q, Kuang Z G, et al. Distribution characteristics of
Quaternary channel systems and their controlling factors in the Qiong-
dongnan Basin, South China Sea [J]. Frontiers in Earth Science, 2022,
10: 902517.

Wh SRR, VLM, BheE, 55 WG TE LSRR KK i R 1 M R i 18 K
e L] AT S5 38 DU 20300, 2014, 34 (2) : 69-78. [CHEN
Yuyao, ZHOU Jiangyu, ZHONG Jia, et al. Seismic characteristics of
deepwater channel system in northwestern margin of South China Sea
and its evolution [J]. Marine Geology & Quaternary Geology, 2014,
34(2):69-78.]

Wetin, VL, TEART:, S5 VUV G o PR 1 b ek K TE M
AN NI EE R 7 BURFAE ] DUBLEEER, 2018, 36 (4) : 787-795.
[YAO Yue, ZHOU Jiangyu, LEI Zhenyu, et al. High restriction seis-
mic facies and inner structural segmentation features of the central
canyon channel systems in Xisha Trough Basin [J]. Acta Sedimentolo-
gica Sinica, 2018, 36 (4) : 787-795.]

I, B, UK. 1R AL S S ) D % B T R
HUHI AT [J]. S0 E 27 4R, 2021, 40 (1)« 111-121. [LI Shuang, LI
Wei, ZHAN Wenhuan. Geomorphological records of turbidity current
activity in the northeastern margin of the South China Sea and analysis
of triggering mechanism [J]. Journal of Tropical Oceanography, 2021,
40(1): 111-121.]

Symons W O, Sumner E J, Talling P J, et al. Large-scale sediment
waves and scours on the modern seafloor and their implications for the
prevalence of supercritical flows [J]. Marine Geology, 2016, 371: 130-
148.

A4, Righn, s, A5 VHARRMRRE T R K R TR R S
3 H ). YU EEAR, 2022, DOL: 10.14027/5.issn.1000-0550.2022.045.
[LI Quan, LIN Changsong, GAI Haiyang, et al. Deep-water bedform
patterns and genesis in the Cote D’ Ivoire Basin, west AfricalJ]. Acta
Sedimentologica Sinica, 2022, DOI: 10.14027/j.issn.1000-0550.
2022.045.]

Masson D G, Huggett Q J, Brunsden D. The surface texture of the

Saharan debris flow deposit and some speculations on submarine


http://dx.doi.org/10.1016/S1876-3804(09)60101-4
http://dx.doi.org/10.1016/S1876-3804(09)60101-4
http://dx.doi.org/10.1190/1.2405334
http://dx.doi.org/10.3389/feart.2022.902517
http://dx.doi.org/10.1016/j.margeo.2015.11.009

48

T M S5 5 1 20 M S

2023 4F 2 A

[32]

[33]

[34]

[35]

[36]

[37]

[38]

debris flow processes [J]. Sedimentology, 1993, 40 (3) : 583-598.
Frey-Martinez J, Cartwright J, James D. Frontally confined versus
frontally emergent submarine landslides: a 3D seismic
characterisation [J]. Marine and Petroleum Geology, 2006, 23 (5) :
585-604.

Iz e, W21, ZRR, 55, BUARTE G R R B RAIE S %
iR 2 (0], M5t R 4%, 2010, 29 (2) : 118-122. [HE Yunlong,
XIE Xinong, LI Junliang, et al. Depositional characteristics and con-
trolling factors of continental slope system in the Qiongdongnan
Basin [J]. Geological Science and Technology Information, 2010,
29(2): 118-122.]

Frik, A58, Rk, 55 BURF AR IOE TR S K 3L
Xf KA GBI (D], A ek BB R, 2021, 56 (4) = 869-
881. [DU Hao, SHI Wanzhong, LIANG Jingiang, et al. Genesis of
mass transport deposits and their effect on gas hydrate accumulation in
the Qiongdongnan Basin [J]. Oil Geophysical Prospecting, 2021,
56(4): 869-881.]

WA, s, MR B RN A SR ], ERR gt
&, 2006, 21(5) : 465-473. [HUANG Wei, WANG Pinxian. The stat-
istics of sediment mass in the South China Sea: method and result [J].
Advances in Earth Science, 2006, 21 (5) : 465-473.]

g, BOKNE, BAGEH, 5. m AL I AR r A B DU R R A
HEERS SR KPR [T]. Hi 22 BT 2%, 2022, 29 (4) : 55-72. [MA
Chang, GE Jiawang, ZHAO Xiaoming, et al. Quaternary Qiongdong-
nan Basin in South China Sea: shelf-edge trajectory migration and
deep-water depositional models [J]. Earth Science Frontiers, 2022,
29(4):55-72.]

FIE, R, THE. BT S v B e ORI B R R
F[J]. HERE}E, 2021, 46 (3) : 986-1007. [WANG Fei, WU Yan-
mei, DING Weiwei. Sedimentary budget and controlling factors of the
northwest and southwest sub-basins, the South China Sea [J]. Earth
Science, 2021, 46 (3) : 986-1007.]

R, 26, REE, 55 BRME RIS RAIE AR AE )]
Fh 4R, 2010, 31(4) : 548-552. [SHAO Lei, LI Ang, WU
Guoxuan, et al. Evolution of sedimentary environment and provenance

in Qiongdongnan Basin in the northern South China Sea [J]. Acta Pet-

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

rolei Sinica, 2010, 31 (4) : 548-552.]

Shi X B, Kohn B, Spencer S, et al. Cenozoic denudation history of
southern Hainan Island, South China Sea: constraints from low temper-
ature thermochronology [J]. Tectonophysics, 2011, 504 (1-4) : 100-
115.

Clift P D, Sun Z. The sedimentary and tectonic evolution of the
Yinggehai—Song Hong basin and the southern Hainan margin, South
China Sea: implications for Tibetan uplift and monsoon intensi-
fication [J]. Journal of Geophysical Research:Solid Earth, 2006,
111 (B6) : B06405.

SEFLE, WA, SR, A% miEdL B R 2 i A R R
IR GRAE: o [ A ol By T & BE JE by, 2002, [GONG
Zaisheng, XIE Taijun, ZHANG Qimin, et al. Analysis of continental-
margin basins and hydrocarbon accumulation in the northern
South China Sea[R]. Baoding: China Offshore Oil Exploration and
Development Research Center, 2002.]

Smith D E, Harrison S, Jordan J T. Sea level rise and submarine mass
failures on open continental margins [J]. Quaternary Science Reviews,
2013, 82: 93-103.

Tian J, Zhao Q H, Wang P X, et al. Astronomically modulated Neo-
gene sediment records from the South China Sea [J]. Paleoceano-
graphy, 2008, 23 (3): PA3210.

FIRM, FR, A, & RKECRGN 2 R R TR
Wi 5 R AL (0], JTAR 44, 2021, 39 (1) = 231-252. [GONG
Chenglin, QI Kun, XU lJie, et al. Process-product linkages and feed-
back mechanisms of deepwater source-to-sink responses to multi-scale
climate changes [J]. Acta Sedimentologica Sinica, 2021, 39(1): 231-
252.]

Peltier W R. On ecustatic sea level history: Last Glacial maximum to
Holocene [J]. Quaternary Science Reviews, 2002, 21 (1-3) : 377-396.
Yz, 2208, Rai, 45 pEAL AR A IR R AE R 3
BB (7], 5 AROR 2 24 R B 2248, 2012, 42 (S3) = 196-205.
[MA Yun, LI Sanzhong, LIANG Jingiang, et al. Characteristics and
mechanism of submarine landslides in the Qiongdongnan Basin, north-
ern South China Sea [J]. Journal of Jilin University:Earth Science Edi-

tion, 2012, 42 (S3) : 196-205.]


http://dx.doi.org/10.1111/j.1365-3091.1993.tb01351.x
http://dx.doi.org/10.1016/j.marpetgeo.2006.04.002
http://dx.doi.org/10.7623/syxb201004005
http://dx.doi.org/10.7623/syxb201004005
http://dx.doi.org/10.1016/j.tecto.2011.03.007
http://dx.doi.org/10.1016/j.quascirev.2013.10.012
http://dx.doi.org/10.1016/S0277-3791(01)00084-1

	1 地质概况
	2 数据和方法
	3 地貌特征
	3.1 水道地貌单元
	3.1.1 水道
	3.1.2 冲沟-朵体复合体

	3.2 周期阶坎地貌
	3.3 滑坡地貌单元
	3.3.1 水道壁滑塌
	3.3.2 陆坡滑塌体


	4 成因
	4.1 滑坡为引
	4.2 物源加持
	4.3 海平面升降

	5 结论
	参考文献

