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Fig.1 Location and overview map of the study area
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of the seismic profiles
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Fig.3 Schematic overview of the stratigraphic sequence and
tectonic evolution in the Pearl River Mouth Basin, of South

China Sea since the Palaeocene
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Fig.4 A,B: seamount related contourite sedimentary system, including the moat, elongated-mounded drift, plastered drift, contourite
furrows; C,D: contourite channels; E: the deposits and canyon of gravity flow slump (C.1) and contourite sheeted drift; F: contourite
sheeted drift; G: C.1 shows an asymmetric V-shaped morphology with an obvious ENE migrating pattern; H; C. 2 presents a flat-bottomed
U-shaped morphology with an aggradational levee-system on the both sides. The levee sediments on the WSW side show continuous wave-

shaped reflectors.
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South China Sea

FLBE R 0.9° B X3k (& 4G) , iZH T R 7Y C.1
TUIESREANFR V FER (S 6.5 km, T YITRE
140 m) , BB B ENE J5 B RRAE, WEAF C.2 7E
JKERZ) 1800 m M LA b AbE NNW—SSE f{E ], 1] F
HSE W ) ENE—WSW J7 1], /K2 2 500 m
AMIZIEAS T U A VS VDV (1K 2,5) . [l 4H MR
I, F7KEE 1 870 m 2245 B B , 12435 T fd 7 e 75
C.2 K, FUEA SR U 78 I B B B AR1E
WM& F R R SRR TR, B IE R B 8, VY
MR ARIEAAR R IR DT (& 4H)
33 ERMNBREERMNENREBBERMESER
Eap=Al

AKX G F 2T T ABE R DI, i 17 1,
RN AR IR E KRR MK E DR R
PRI FATI B BE B (>2°) PR X I BT
SPEMER R 5 R I 7R & B il a3 AR R
ARG DTRIC 5%, vl e PR 3 B 4 BE , DTSR A FR
S T B50H BRI TG Sl %A BE IR IR X B AR bk Dt
BUC S, P BRI DU S B A 716 3h
SR AU PRI G R 3| AR T S5 B U
R Z B & B FRAE

ARSCTERIA C.1 IS C.2 RIHE EL2A
[FRSMEIESFT BRI, (1) & T # e i L R
FAMIZKTRZY 1 350 m AR YIS C.1 BARXTFR V FIB

MR ENE JriEss, HEBIH s Rk ik R
AT REAZ BB F VY 1) 2R 04 S AL A A FH i e o
RIIERS . B H PG AR 0K I -5 A SO B R A A
R /K I 77 1 — 2, AR 0T BB [R5 1 v 2 K 08 26
(E5), TEWE 58 X 2B T i 3%, Zhu et al " Li e
al "R AIN S (AR A WA B AR 1)
TR IG IR LE ARG 1 1L LR K B8 1 350 m
Rilid DX (249 1 500 m) B & 2R, A RE-5 Jm 0 Hh X e ¥
JZKPEERFE AT IL 1 500 m BB R A, (2) kb
FHIINRG I LR K R 2 1 850 m (R JE >2°) Ab itk
4 C.2 BXTFR U 8 Wi & & HINBUT 511 FotR R
SREETURN, W7 i A W 43 o 32 1) 58 ZJRC I 1% sl 52 i
FetRRSREE L SR TR A AT g 28 e 3835 3l 2 B0
TR

4 25

(1) o e T PG b vk 22 G b 2 v B o I Y
(/K 1.000~3 000 m) & B A “ AR TR
RR” R ITRR R “E I mERIE R
F AR R — RINRAKVTRUA R

(2) “WFINMEEHERIBUR R T EZ)E T
T ZKPEER (ST ) BRI AT el B 7
AR MK 32 B E RS () 767 At 3z
S b I BRI, AU MR 34 0, 4= ik K T U AT
Wi LU AL SO0 B RE SRS b0 i 3 422 52 /K i TR
YER, & B MR — R RIERRA 47K i K B A2 £k
PRI PR R O (T LB K R R BT
FRUAR 378 B TR 1L 9 JFC I R Bl ek B B ) s ) |, ANAE
AL Y Fe PR — R PRI RRAR T B %) 45 T
TAEMALE < RARERIR DU 5 k& L7
Y, 322 A3 HON T AR TR R R
Pl AR X2 T T REJE T F A5 A PO 3L ] (9 RS U
RIZIKTEIR

(3) P PG AU VR U 2 PG AL Bl 2% 4 I i 8 L B3
B ki e DX R I IR OB A o 2 T 38 199 22 e v
BRI (T40 Z )5 ) o PR I Ll DL R 3 3 BE X
DURREE AN W02 R A 5 77 1 sh i AN 450
TMUTRUE B R

it BMP EBRARFREEFLR LS R
FEREGERFFRAR B ETELAED,

£ % ik ( References)

1 Mulder T, Hiineke H, Van Loon A J. Chapter 1-Progress in Deep-sea



$E3M %3

A ¢ v ] R VA P U T £ i 5 il o 90 X K DR A R AR A

447

Sedimentology[ C]//Hiineke H, Mulder T. Deep-Sea Sediments. Am-
sterdam; Elsevier, 2011 1-24
Faugeres J-C, Mulder T. Chapter 3 - Contour Currents and Contourite
Drifts[ C]//Hiineke H, Mulder T. Deep-Sea Sediments. Amsterdam:
Elsevier, 2011 149-214
Herndandez-Molina F J, Stow D A V, Llave E, et al. Deep-water Circu-
lation: Processes & Products ( 16-18 June 2010, Baiona) : introduc-
tion and future challenges[ J ]. Geo-Marine Letters, 2011, 31 285-300
Frigola J, Moreno A, Cacho I, et al. Evidence of abrupt changes in
355 Western Mediterranean Deep Water circulation during the last 50
kyr: A high-resolution marine record 356 from the Balearic Sea[J].
Quatern Int, 2008, 181(1) . 88-104
Mulder T, Faugeres J C, Gonthier E. Chapter 21 Mixed Turbidite -
Contourite Systems[ C]// Rebesco M, Camerlenghi A. Developments
in Sedimentology. Elsevier, 2008 ; 435-456
Liu Z, Huang W, LiJ, et al. Sedimentology[ C]//Wang P, Li Q. The
South China Sea. Netherlands: Springer, 2009 171-295
Shao L, Li X, Geng J, et al. Deep water bottom current deposition in
the northern South China Sea[ J]. Science China (Seri. D), 2007, 50
(7) : 1060-1066
Wang H R, Yuan S Q, Gao H F. The contourite system and the frame-
work of contour current circulation in the South China Sea[ J]. Geo-Te-
mas, 2010,11; 189-190
Gong C, Wang Y, Peng X, et al. Sediment waves on the South China
Sea Slope off 358 southwestern Taiwan ; Implications for the intrusion of
the Northern Pacific Deep Water into the South China Sea[ J]. Marine
and Petroleum Geology, 2012, 32 (1) 95-109
Zhu M, Graham S, Pang X, et al. Characteristics of migrating subma-
rine canyons from the middle Miocene to present; Implications for pa-
leoceanographic circulation, northern South China Sea[ J]. Marine
and Petroleum Geology, 2010, 27(1) : 307-319
Li H, Wang Y, Zhu W, et al. Seismic characteristics and processes of
the Plio-Quaternary unidirectionally migrating channels and contourites
in the northern slope of the South China Sea[J]. Marine and Petrole-
um Geology, 2013, 43, 370-380
Hong Bo Z, Pin Y. Deep-water bottom current research in the north-
ern South China Sea[J].
2012, 30(2) : 122-129
Sun Z, Zhou D, Zhong Z, et al. Research on the dynamics of the

Marine Georesources & Geotechnology,

South China Sea opening; Evidence from analogue modeling[ J]. Sci-
ence China (Seri.D) : Earth Sciences, 2006, 49(10) : 1053-1069
TR, 2R kAR, T A5G, S5 R T BT T LAk 4 i AR Y TR
Fe——O0DP 1148 3 TRIG UL AR S [ 1], Bk B 27 i,
2004,19(4) :539-544[ Shao Lei, Li Xianhua, Wang Pinxian, et al.
Sedimentary record of the tectonic evolution of the South China Sea
since the Oligocene - Evidence from deep sea sediments of ODP Site
1148[ J]. Advance in Earth Sciences, 2004, 19 (4): 539-544 ]
fife2d A, 5 AR, A5 R R b K 2 A M A 3 AL 2 S
R SRS R [ ], IR B 41, 2011, 54(2) + 3280-
3291[ Xie Xi’ nong, Zhang Cheng, Ren Jianye, et al. Effects of dis-

tinct tectonic evolutions on hydrocarbon accumulation in northern and

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

southern continental marginal basins of South China Sea[ J]. Chinese
Journal of Geophysics, 2011, 54(2) : 3280-3291 ]

e 2D BlAQHT, 55 S50 I A b TR K SR i A A B R
FUFAE[J]. MERA}2£,2011,36(5) :905-913 [ He Yunlong, Xie
Xi’ nong, Lu Yongchao, et al. Architecture and characteristics of
Mass Transport Deposits (MTDs) in Qiongdongnan Basin in Northern
South China Sea[ J]. Earth Science, 2011, 36(5) : 905-913 ]

Ming S, Xi’nong X, Junliang L, et al. Gravity flow on slope and a-
byssal systems in the Qiongdongnan Basin, Northern South China Sea
[J]. Acta Geologica Sinica, 2011, 85(1) ; 243-253

Zhao Q. Late Cainozoic ostracod faunas and paleoenvironmental chan-
ges at ODP Site 1148, South China Sea[ J]. Marine Micropaleontolo-
gy, 2005, 54(1) . 27-47

FEoR. R AL E IR 2 2 ROK DURR 1 AR —ma 7 B FE s R
[D]. dbst. o E A 3 K2, 2007 [ Wang Hairong. Sedimentation
processes and its response in deep-water environment of the northern
continental margin, the South China Sea[ D]. Beijing: China Univer-
sity of Petroleum, 2007 |

Chen C-TA, Wang S L. Influence of intermediate water in the western
Okinawa Trough by the outflow from the South China Sea[J]. Journal
of Geophysical Research: Oceans(1978-2012), 1998, 103(C6) :
12683-12688

Xie Q, Xiao J G, Wang D X, et al. Analysis of deep-layer and bottom
circulations in the South China Sea based on eight quasi-global ocean
model outputs[ J]. Chinese Science Bulletin, 2013, 58(32) . 1-7
Wang D, Wang Q, Zhou W, et al. An analysis of the current deflec-
tion around Dongsha Islands in the northern South China Sea [J].
Journal of Geophysical Research: Oceans, 2013, 118(11) . 490-501
Fang G, Fang W, Fang Y, et al. A survey of studies on the South
China Sea upper ocean circulation[ J ]. Acta Oceanographica Taiwani-
ca, 1998, 37, 1-16

Xue H, Chai F, Pettigrew N, et al. Kuroshio intrusion and the circu-
lation in the South China Sea[ J]. Journal of Geophysical Research:
Oceans, 2004, 109(C2) . C02017

Wang P, Li Q. Oceanographical and Geological Background [ C]//
Wang P, Li Q. The South China Sea. Netherlands: Springer, 2009 .
25-73

Lidmann T, Wong H K, Berglar K. Upward flow of North Pacific
Deep Water in the northern South China Sea as deduced from the oc-
currence of drift sediments[ J]. Geophysical Research Letters, 2005,
32(5) . LO5614

Tian J, Qu T. Advances in research on the deep South China Sea cir-
culation[ J]. Chinese Science Bulletin, 2012, 57(24) . 3115-3120
Yuan D. A numerical study of the South China Sea deep circulation
and its relation to the Luzon Strait transport[ J |. Acta Oceanologica
Sinica, 2002, 21(2) . 187-202

Chen C-TA. Tracing tropical and intermediate waters from the South
China Sea to the Okinawa Trough and beyond[ J]. Journal of Geophys-
ical Research: Oceans(1978-2012), 2005, 110(C5) ;: C05012
Hernandez-Molina F J, Larter R D, Rebesco M, et al. Miocene rever-

sal of bottom water flow along the Pacific Margin of the Antarctic Pen-



448 TR AN SO 4 RV

insula: Stratigraphic evidence from a contourite sedimentary tail[ J]. 33  Faugeres ] C, Stow D A V. Chapter 14 Contourite Drifts; Nature, E-

Marine Geology, 2006, 228( 1) 93-116 volution and Controls [ C]// Rebesco M, Camerlenghi A. Develop-
31 Faugeres J C, Imbert P, Mézerais M L, et al. Seismic patterns of a ments in Sedimentology. Elsevier, 2008 257-288

muddy contourite fan ( Vema Channel, South Brazilian Basin) and a 34 Stow D AV, Hunter S, Wilkinson D, et al. Chapter 9 The Nature of

sandy distal turbidite deep-sea fan ( Cap Ferret system, Bay of Contourite Deposition [ C]//Rebesco M, Camerlenghi A. Develop-

Biscay) : a comparison [ J ]. Sedimentary Geology, 1998, 115(1): ments in Sedimentology. Elsevier, 2008 . 143-156

81-110 35 NormarkW R, Piper D J W, Posamentier H, et al. Variability in form
32 Hernandez-Molina F J, Llave E, Stow D A V. Chapter 19 Continental and growth of sediment waves on turbidite channel levees[ J]. Marine

Slope Contourites [ C]// Rebesco M, Camerlenghi A. Developments Geology, 2002, 192(1); 23-58

in Sedimentology. Elsevier, 2008 379-408

Characteristics of Deep-water Depositional Systems on the Northwestern
Margin Slopes of the Northwest Sub-Basin, South China Sea

CHEN Hui'®> XIE Xi-nong' DAVID Van Rooij° SU Ming *

(1. Key Laboratory of Tectonics and Petroleum Resources of Ministry of Education, Faculty of Resources,
China University of Geosciences, Wuhan 430074 ;
2. Department of Geology and Soil Science, Renard Centre of Marine Geology, Ghent University, Krijgslaan 281 s8, B-9000 Ghent, Belgium;
3. Key Laboratory of Renewable Energy and Gas Hydrate, Guangzhou Institute of Energy Conversion,
Chinese Academy of Sciences, Guangzhou 510640)

Abstract: During recent years, the study of deep-water depositional systems has intensively attracted worldwide inter-
ests. Deep-water sediments can record plentiful paleoceanographic information, e.g., changes of climate and/or ocean
circulation conditions, which is of crucial importance for paleoceanographic reconstructions. However, in and abroad
studies involving deep-water sedimentary systems of the Northwest Sub-Basin in the South China Sea is rare.

In this study, we analyzed high resolution 2-D seismic data that cover an area of >4 200 km’, with the total
length of >1 500 m. It reveals that there are mainly three deep-water depositional systems developed on the northwest-
ern margin (water depth > 1 000 m) of the Northwest Sub-Basin, South China Sea. (1) There is a seamount named
South Shenhu Seamount standing on the gentle slopes of the Pearl River Mouth Basin Southern Uplift Zone, where the
water depths range from 1 000 m to 1 500 m and the slope is gentler than 1.2°. A “seamount related contourite deposi-
tional system” that consists of a moat (the depression close to an obstacle, produced by separate and faster bottom
current cores and in genetic relation with mounded and elongated separated drifts) , a mounded-elongated drift ( typi-
cal type of contourites, which are mounded and elongated in shape along the slope, associating with moats) , a plas-
tered drift ( produced by bottom currents with weakened dynamics due to topographic changes) , contourite channels
(alongslope aliened erosive features that are produced by bottom currents) and contourite furrows ( alongslope aliened
erosive features generate by bottom currents, with incisions of < 10 m) has been discovered developing in the vicinity
of the South Shenhu Seamount. The moat runs along the northern foot of the seamount, with a mounded-elongated drift
developed to its north side and a plastered drift to the south ( plastered onto the northern flank of the South Shenhu
Seamount ) . Alongslope aliened contourite furrows and channels developed on the mounded-elongated drift deposits.
(2) Landslidings dominate the steep slopes ( >2°) between 1 500 m and 2 500 m in the south of the South Shenhu
Seamount, where gravity flow slump deposits and submarine canyons compose the “gravity flow slump system” and the
“canyon system” , respectively. An NNW-SSE oriented canyon (C.1) shows an asymmetric V-shaped morphology with
~ 140 m of incision and ~6.5 km in width on the mid-upper slope ( ~1 350 m in water depth and ~ 1°slope). The
successive erosion bases within this canyon present an obvious ENE migration. Contourite deposits, however, are rare

in this region. (3) On the northwestern lower slopes of the Northwest Sub-Basin (water depth >2 500 m and slope <
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2°, canyons are still common. On slopes of ~1 790 m in depth and ~2° of slope, a canyon (C.2) shows a flat-bot-
tomed and U-shaped morphology ( ~135 m of incision and ~4 km in width) , with a slightly mounded aggradational
levee-system developed on both flanks of the canyon. The levee sediments on the WSW side of the canyon show con-
tinuous wave-shaped reflectors but flat and parallel/sub-parallel reflectors on the ENE side. The development of gravi-
ty flow slump deposits are significantly reduced in this region, instead, contourite sheeted drifts ( contourites deposited
across continental margins where a gentle gradient and smooth topography favor a wide non-focused bottom current)
compose the sheeted contourite depositional system.

The “seamount related contourite depositional system” is suggested to be generated by the anticyclone intermedi-
ate water circulation of the South China Sea. To the north side of the South Shenhu Seamount, bottom currents from
west to east would be intensified after being deflected by an obstacle ( the presence of the seamount). Thus the bottom
current intensity is high and can erode the slope to form a moat. Due to Coriolis deflection, a mounded drift developed
to the north of the moat and a small plastered drift to the south (plastered onto the northern flank of the South Shenhu
Seamount ) . Currents away from the seamount are less/non-intensified, generating normal contourite channels and fur-
rows on the drifted deposits north of the moat. Downslope gravity flow activities dominate steeper slopes, where the
depositional environment is unsteady thus alongslope contourite deposits are missing. However, the eastward migrating
downslope canyon of C.1 may indicate consistent bottom currents flowing from west to east, with intense dynamics.
These high velocity currents might also belong to the intermediate water circulation. On gentle and flat slopes, e.g.,
the bathy plain, sheeted contourite deposits are commonly developed under the control of unfocused and low velocity
bottom current in deep layer. The “sheeted contourite depositional system” in the studied area, thus, is proposed to
be generated by unfocused bottom currents within the westwards South China Sea deep water circulation. Furthermore,
sediment waves and aggradational levees are taken place on flanks of the canyon at the deeper depths, e.g., C.2,
which suggests a dominated mechanism for their origin to be overflows of turbidity currents.

Indicated from the first channelized features of consistent contourite channels on seismic reflections, the stable
development of the contourite depositional system in the study area could be traced back to ~10 Ma, when local SCS
bottom currents initially formed. In agreement with the general transgressional pattern in the northern margin area of
the SCS,the followed contourite depositional system developed an aggradational pattern. This study provides new data
for further understanding how the environmental factors, e.g., seafloor topographies, sea level/climate changes, tec-
tonic activities and sediment sources, influencing the evolution of the SCS deep-water depositional systems.
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