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Fig. 1 A summary of traction features interpreted as indicative of deep-water

bottom-current-reworked deposits ( Shanmugam et al. , 1993b)
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() —HHZHL; (o) —3CHE 285 (h) — R s A8 45 i
(a)—Mud offshoots; (b)-—climbing-ripple; (c¢)—flaser bedding; (d)—lenticular bedding;

('e) —horizontal bedding; (f)—rhythmic bedding; (g)—cross-bedding; ('h)-—sharp upper contact
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Fig. 2 Core photographs of typical bottom current sediments
(a) —JLifE T A B A R IR TR OB S b B S A8 4 ik (97 3K 9771 ) (Mulder et al. , 2008) 5 (b) —28 P4 RF S o BT G845 8 P RO D R
HJZ PR AR A B A ST 2 B LR B (3K /R ) BAR A BE A 5 2 B4 UL & ( Shanmugam et al. , 1993a) ;5 (c) —82 V4 Hf
EHREG G S TEACH R B | L R (7K 7R ) 45 (Shanmugam et al. , 1993a) ;(d) —Edop field T4Eb & 0 )Z (i k
7R ) (Shanmugam, 2003 )

(a) —Core photograph showing rhythmic occurrence of sand and mud layers, inverse grading and sharp upper contacts of sand layers ( arrow) ,

interpreted as bottom-current-reworked sands, Paleocene, North Sea( Mulder et al. , 2008 ) ; (b) —core photograph showing rhythmic occurrence of

sand and mud layers, sharp upper contacts, traction structures include horizontal laminae, starved ripples (arrows) , low-angle crosslaminae, Middle

Pleistocene,, Gulf of Mexico, after Shanmugam et al. (1993a); (c¢)—core photograph showing sigmoidal configuration of ripples and truncated

tops , Middle Pleistocene, Gulf of Mexico, after Shanmugam et al. (1993a) ; (d)—core photograph showing double mud layers (arrow) in Pliocene

sand , Edop Field, after Shanmugam (2003 )
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Fig. 3 Typical seismic profiles of contourite drifts
(a) —Hi v 22 A FBIN 2% Chatham FERUA B m] F37 mAERS , FREA W .43 S (Wood and Davy, 1994) ; (b)—ElJe B 7Bl % Sumba
EERUAR, 24 BB B AR B 0410 (Reed et al., 1987) 5 (¢) —EDBEVE Y Davie VKA S ARA, BAT B 809 PORIME (B3] B
Faugeres et al. , 1999)
(a) —Northeastern Chatham drift on the eastern New Zealand margin, after Wood and Davy (1994 ), notice the upslope migrating drift and the

separated units; (b)-—the Sumba drift on the southern Indonesian margin, after Reed et al. (1987) , notice the presence of the lenticular geometry

of the deposit units; (c¢)—the Davie drift, Indian Ocean, after Faugeres et al. (1999) , the upper part of the drift is mainly built by sediment waves

due to contour current activity
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Fig. 4 Seismic architecture elements of migrating canyons, Baiyun Sag, northern South Sea
(a) —ARAERER T 5 (b) —fRe I il T _E A AR AR S0, Forp LIP S e 3 B A A (Zhu Mangzheng et al. , 2010)
(a) —Uninterpreted seismic line; (b)—interpreted seismic architectural elements, and LIP is the

bottom-current-induced lateral inclined packages(Zhu Mangzheng et al. , 2010)
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© active canyon

WEIA ey T B
1C: inactive canyon high-energy turbidite current
TC- Wi —— f B

© turbidite current low-energy turbidite current
ce: TR SRR A

contourite current direction

SRR -
contourite

S i -5 i S5 R =2 18] 52 HAE T
Fi5C &l ( Mulder et al. , 2008)

Fig. 5 Schematic examples of the interaction between

* contourite current

B Rk
= = turbidite

down-slope turbidity currents and along-slope currents

(Mulder et al. , 2008)
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PO T JRC U 1 2L R VR L AR50 DX 1 78 o S Rt T ARV
[ i} PE e L i A7 7E — D R A KB — R IR SR 5
A K IE PG Y RAR 5L 1275 U7 1] 5 I AUA R 1275 U7
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AAXSFRAE, VG2 ARMIBE . HFH = AH 204, 4
WA e W) 43 O A3 I TUAR (TD ) | I g B 3 T A7
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Fig. 6 Three-dimensional bathymetric image (a) showing the morphology and major depositional elements and schematic diagram (b) summarizing

the major depositional processes in different regions of the Taiwan shoal slope, northeastern South China Sea( Gong Chenglin et al. , 2012)

P b TR . S EBAER, 4.2 SEXMMEIRTRYIR

DR P 2 U e A 1) AR S 4R R AR ] 1) ] ORI R KPR RK I 5 Wb e, BA 2
B, RACHTIRA B ) i S S IR S B BRI, O HLA S B R AR L R
YER FIE ) (He Yunlong et al. , 2012) Damuth (1979) #1117 45 3.5 kHz [ 18] 55 VR B 5 1,



1118 Mo R

it 1 2012 4F

FE R AL A8 T 1 B2k 20000 ~25000km’
ATTARI B, JF Ay HO M i o T R 55
(2007 ) 75 Fg I &R K B3 A8 VR I (IS L TR
I AE 3 o — iR W TTCAR i DA S B2 L 3L
TR . e F T AR AR U] s A i R DT AR 8
Damuth ({357 OB i I 50A 29 2890km” (1) 5
T SR TR A T T R 2 R 35000km” ) B T I 38K
FiEoRAE(2008) | T A 5E (2010) #E—2L 004 1%
DURRMI T SRR ORLFE R AE ) T8 LA BT AL
il AR B ORI R i it R I 2 T B
Bz, IR & B 5 618 1k 1s s
T 58 e AL 1 Bl AN TR MR I O AR

() 1) FH 32 M DX 22 B R I Bt i o3 B
b 7% 0 RE L B IR BE DL & MG AR 4R BEORL, Gong
Chenglin 85 (2012 ) X R 1 A= A6 FK 65 V5 VM B 35 Bf 30
ORI AL7/ b0 S L A N ) 5 e 3 PAS 1 Kl 3
15 2 P UURR P o, FEh 83 1 62 T Rl
HUTRR e 2R A i 5 1] 5 e A il 48 S TFORR
SRR WA CIE = s s = o8 i | 1 TR S R A e 4
JiTa AT RS s Bl 2 067 TRl B, I X, 32220
FUEF M 3£ (Gong Chenglin et al. , 2012) (& 6a),
H T F I i 2 AR P T 24 R R Y TTORR A
iz 2 T RGN o -5 AR T R 6K R R
JK(NPDW) KA 52 HAE T, AR 1 ]I 1 ) B
W7 1) 3T RS HOTTAR AT 5 7 1) K % S R 414 Bl e 7 '
iz s, e 3t A DRI A T K R B O I 9 BR ) IS O
(NPDW)YERIT , IR RITRR A 3, 7R I 2 Y
DU T LUMARAYE R E 0T 3% ( Gong Chenglin
et al. , 2012) (& 6b),

A T AR B R i IR A EAE TR AR
TR, WA £ 2R AR X T
R R R, 22 A T 0 b R R 0 AT AR
PR] H 0T T 304 G )G R ORI 45 T A R i e .
SRXF T A R TR IS G 26, Bl AL 2 &4 TR Z
B TAE (2% % ,2004 ; Liiddmann et al. , 2005 ; ff %%
&% 2007 ;Liu Zhifei et al. , 2010) ,{H2 E A% H
—ANSERE Y P T IR A IS 2L o B AR A WL %
PTG P A% QR S 3 LR 54k, HATXS
T EA MR Z 850 THRE, RARF =55
(2012) 7 ARUTR A FUI 1 Rk 22 5 [ EAR,
(SRS TR R R e S B TN TN E RIS Y S i
) — B B%EOE . BT, DUTE b e Be 8 sk A
“ PRI IEAE AN AN R I G 5 R W TS
G DOk RT3 6 oty s, ) 28 A O T 2009 4F 4

I FURTE R AT 356 2 L Pl 5 o
B (VT %, 2010) oK R PEVROK I G
AR T 2%, LR AN LA P A 10 O
T M5 T8 39 19 38 A P S48 55 R 20 A
i
5 g

LB A VAR P 2 BEUU B 2 — B
AR 2O BT R G TE TU
) AL T R T, — 2 H  5
AP IS ) R B
2 5 R 2 U 5 26 P X0 D B e AR
PEATIM A M R 1 KB AL R
B 2 P A1 0 5 T e A S B I 0 i
BRI HCLL, T FLAEAE SR SRR AE .
7 AP, K 0 2 S BB S R
7 S A T 95 A S T I3 4 i D
VLT H T VU BAEA T e 5 @) 7 % i 00
FEMUBUIEA TR 5 ®) T A A T —
X TR S @) 6 05 T8 0 I O 1 ) 07
0o — DVEITE Sy R DL AR G 38 Kb
R 5 5 S AR PR 7 S . TR
ARG 25 16 0% ok STl k) 25
1 51 M 5026 5 5 sl 0 2 A P
o RS BT 44 G TR R0 47
T I e [ 2 5 T 9 052 A T
SR B LI, T R DA £
S R TR

8 05 T B e 22 5 Bk £
PR e Y B R 1 T AR
(1 S) PRAE o 1R o 2 B R LB
UESURS & Sl R Gt
REETIL HHAAT 7 N3 T
I B HEAE AR A B A5 IR 38 A
Vs 93—y WA LA O BFGE I A1 2 1
AR, AR 5 7 B A L2 T B, LA
LR S AR LB FF 5 19 L0065 1 S
[FIPURUL AL S =), G40 Shanmugam (2000) 7
oA H U T UK LB IS 4 TR G BB
B IS S TA PR BF 52 % IR A3 52 2
IR ERHE T L BUE P, LA B 0 4 2
fE.

BB 8O VR BSOS B R, 7
ST oA (LSO 7K 2 - R



5 6 1]

5 M A - ROK E ) 9 TR I A HLA I e 1119

i H S A R b A A B2 F] 2Rk s TR
Uit AEZR 3 A I RO A B 1 ZE AR i A
(R Ty SRR By 8 R e KR TR 2 I 5L
DL, LR 0 Y R

£ % X @t / References

T8, 250, FHE IR, 2213, Suess E. 2010. i AL AL IR IEIT
FRYIBTEZS RLEERFE e MR 1 B 23 Hr. 1332741, 32(2) 296
~105.

A gk, 2 AR, Bk, SR E . 2010, TR INER K E
HPIRFFAE K . DURRV SRR T 5T, 30(1) « 18 ~24.
ZEAR, g, KRIEE, XU8E, T4, 2 ke, 224 2010. TR A
INFRFRE A R IGOR SR TIRE. HBTeR, 84(2): 221

~232.

B IBIRA R E A, SIS DI, 2011 BRIT 753 3-1 <
FHBRVTZH IR 7K B DUBUAR ST DEAREHR, 29(4) + 665 ~676.

A7 AT AR 4 IR P, 2012, BRIT. 40 (1 25 111 A 2R IT.2H 15
KA S YT B BT RS S PR, 34(1) ¢ 127 ~ 135,
X 1993, ZEPR SRV, AL R, 12(3) : 45 ~50.
HE, AN, WA, e, KB, R EE, B, R
2007. EHEFALER KRR BORME . T ERE (D #), 37(6)

771 ~7717.

TEipoR, FRR, M, s, 25300, 2007, mEdLEt Rt 4
ORI TURYIB. AARIEIERE, 17(9) : 1235 ~1243.

FigsR, ERR, A, 22, 8aaE. 2008, B ARALE A B
e PR IR R ORI I 14 2 5 b G R R A A 3 s . TR 4R
26(1): 39 ~45.

ERR, FHFR, B, 2o, KO0, 230, 2007, BOKBIRI
By R JUAREAR, 25(4) « 495 ~504.

VEROP, SR, 4 B AR, ARt an, x0T, BT, B O, 95 AR
2011, A< VR /M LR 0ty B-Eil 4, 56(22) : 1839 ~ 1845,
VESCHE , IR, FhESR. 2004, GEPERUIBITRBIR SR, 6

Wk, 23(3) : 394 ~402.

TG SRS, R, MDY, 2. 2004, E R AR KA T
RS AR RIR M. Mk, 11(1) : 311 ~315.

Anselmetti F S, Eberli G P, Ding Z D. 2000. From the Great Bahama
Bank into the Straits of Florida: A margin architecture controlled by
sea-level fluctuations and ocean currents. GSA Bulletin, 112(6) ; 829
~844.

Armishaw J E, Holmes R, Stow D A V. 1998. Hebrides slope apron and
Barra fan, NW UK continental margin sedimentation. In: Stoker M S,
Evans D, Cramp A. eds. Geological Processes on Continental
Margins. London: Geological Society Special Publications, 12981 ~
104.

Armishaw J E, Holmes R W, Stow D A V. 2000. The Barra Fan: a
bottom-current reworked, glacially-fed submarine fan system. Marine
and Petroleum Geology, 17 219 ~238.

Damuth J E. 1979. Migrating sediment waves created by turbidity
currents in the northern South China Basin. Geology, 7: 520 ~523.
Faugeres J C, Mwzerais M L, Stow D A V. 1993. Contourite drift types
and their distribution in the North and South Atlantic Ocean Basins.
Sedimentary Geology, 82: 189 ~205.
Faugeres ] C, Stow D A V. 1993.

sedimentation; a synthesis of the contourite problem. Sedimentary
Geology, 82: 287 ~297.
Faugeres ] C, Stow D A V, Imbert P, Viana A. 1999. Seismic features

Bottom-currents-controlled

diagnostic of contourite drifts. Marine Geology, 162 1 ~38.

Gong Chenglin, Wang Yingmin, Peng Xuechao, Li Weiguo, Qiu Yan,
Xu Shang. 2012. Sediment waves on the South China Sea Slope off
southwestern Taiwan: Implications for the intrusion of the Northem
Pacific Deep Water into the South China Sea. Marine and Petroleum
Geology, 32: 95 ~109.

He Yunlong, Xie Xinong, Benjamin C, Kneller, Wang Zhenfeng, Li
Xushen. 2012. Architecture and controlling factors of canyon fills on
the shelf margin in the Qiongdongnan Basin, northern South China
Sea. Marine and Petroleum Geology, doi: 10. 1016/j. marpetgeo.
2012.03.002.

Kihler G, Stow D A V. 1998. Turbidites and contourites of the
Palaeogene Lefkara Formation,
Geology, 115 215 ~231.

Kuvaas B, Leitchenkov G. 1992. Glaciomarine turbidite and current

southern  Cyprus.  Sedimentary

controlled deposits in Prydz Bay, Antarctica. Marine Geology, 108 (3
~4): 365 ~381.

Kuvaas B, Kristoffersen Y, Guseva J, Leitchenkov G, Gandjukhin V,
Lgvis O, Sand M, Brekke H. 2005. Interplay of turbidite and
contourite deposition along the Cosmonaut Sea/Enderby Land margin,
East Antarctica. Marine Geology, 217 143 ~159.

Liu Zhifei, Colin C, Li Xiajing, Zhao Yulong, Tuo Shouting, Chen
Zhong, Siringan F P, Liu J T, Huang Chiyue, You Chenfeng, Huang
Kuofang. 2010. Clay mineral distribution in surface sediments of the
northeastern South China Sea and surrounding fluvial drainage basins:
Source and transport. Marine Geology,277(1 ~4) : 48 ~60.

Liidmann T,Wong H K, Berglar K. 2005. Upward flow of North Pacific
Deep Water in the northern South China Sea as deduced from the
occurrence of drift sediments. Geophysics Research Letters, 32
L05614.

Marches E, Mulder T, Cremer M, Bonnel C, Hanquiez V, Gonthier E,
Lecroart P. 2007. Contourite drift construction influenced by capture
of Mediterranean Outflow Water deep-sea current by the Portimdo
submarine canyon ( Gulf of Cadiz, South Portugal) . Marine Geology,
242 . 247 ~260.

Massé L, Faugeres J C, Hrovatin V. 1998. The interplay between
turbidity and contour processes on the Columbia Channel fan drift,
Southern Brazil Basin. Sedimentary Geology, 115: 111 ~132.

Mulder T, Lecroart P, Hanquiez V, Marches E, Gonthier E, Guedes J
C, Thiébot E, Jaaidi B, Kenyon N, Voisset M, Perez C, Sayago M,
Fuchey Y, Bujan S. 2006. The western part of the Gulf of Cadiz:
contour currents and turbidity currents interactions. Geo-Marine
Letters, 26: 31 ~41.

Mulder T, Faugeres J C, Gonthier E. 2008. Mixed turbidite—contourite

Rebesco M, Camerlenghi A. eds.
Developments in Sedimentology, 60. London :
~456.

Rasmussen S, Lykke-Andersen H, Kuijpers A. 2003. Post-Miocene

sedimentation at the continental rise of Southeast Greenland: the

Systems. In: Contourites ,

Elsevier Science, 435

interplay between turbidity and contour currents. Marine Geology,
196 37 ~52.

Reed D L, Meyer A W, Silver E A, Prasetyo H. 1987. Contourite
sedimentation in an intraoceanic forearc system: eastern Sunda Arc,
Indonesia. Marine Geology, 76(3 ~4) :223 ~242.

Scheuer C, Gohl K, Udintsev G. 2006. Bottom-current control on
sedimentation in the western Bellingshausen Sea, West Antarctica.
Geo-Marine Letters, 26: 90 ~101.

Sejrup H P, Haflidason H, Hjelstuen B O, Nygiird A, Bryn P, Lien R.



1120 Mo R

it i

2012 4

2004. Pleistocene development of the SE Nordic Seas margin. Marine
Geology, 213: 169 ~200.

Shanmugam G, Spalding T D, Rofheart D H. 1993a. Process
sedimentology and reservoir quality of deep-marine bottom-current
reworked sands ( sandy contourites) ; an example from the Gulf of
Mexico. AAPG Bulletin, 77, 1241 ~1259.

Shanmugam G, Spalding T D, Rofheart D H. 1993b. Traction structures
in deep-marine bottom-current reworked sands in the Pliocene and
Pleistocene, Gulf of Mexico. Geology, 21: 929 ~932.

Shanmugam G. 2000. 50 years of the turbidite paradigm (1950s ~
1990s) deep-water processes and facies models —— a critical
perspective. Marine and Petroleum Geology, 17 285 ~342.

Shanmugam G. 2003. Deep-marine tidal bottom currents and their
reworked sands in modern and ancient submarine canyons. Marine and
Petroleum Geology, 20 471 ~491.

Stow D A V, Faugeres ] C, Howe J A, Pudsey C J, Viana A R. 2002.

state-of-the-art. In; Stow D A V, Pudsey C J, Howe J A, Faugeres J
C, Viana A R. eds. Deep-Water Contourite Systems: Modern Drifts and
Ancient Seires, Seismic and Sedimentary Characteristics. London:
Geological Society, Memoirs, 22 7 ~20.

Viana A R, Almeida J] W, Machado L C. 1999. Different styles of
canyon infill related to gravity and bottom current processes: Example
from the upper slope of the SE Brazilian margin. Publica ao Sexto
Congresso International da Sociedade Brasileira de Geofisica, SBGF
014, 4.

Wood R, Davy B. 1994. The Hikurangi Plateau. Marine Geology, 118:
153 ~173.

Zhu Mangzheng, Graham S, Pang Xiong, McHargue T. 2010.
Characteristics of migrating submarine canyons from the middle
Miocene to present: Implications for paleoceanograpic circulation,
northern South China Sea. Marine and Petroleum Geology, 27 307 ~
319.

Bottom currents, contourites and deep-sea sediment drifts; current

The Interaction between Deep-Water Turbidity and
Bottom Currents: a Review

WU Jiapeng” | WANG Yingmin'*’ , WANG Hairong” , LI Hua"” |
PENG Xuechao® , QIU Yan®, LI Dong’*"
1) State Key Laboratory of Petroleum Resource and Prospecting, Beijing, 102249
2) College of Geosciences, China University of Petroleum, Beijing 102249
3) School of Energy, China University of Geosciences ( Beijing) , Beijing,100083;
4) Guangzhou Marine Geological Survey Bureau, Guangzhou,510760;
5) China University of Petroleum( Beijing ) post-doctoral research station, Beijing, 102249 ;
6) CNOOC Research Institute working stations for post doctors, Beijing, 100027
7) CNOOC Research Institute, Beijing, 100027

Abstract ; The turbidity and bottom currents are two basic flowing mechanisms in deep-water basins, and the
study about interaction between them is the leading edge and weak point of present sedimentology. Bottom current
and bottom-current-reworked deposits have special sedimentary structures such as truncated tops, double mud layers
and traction origin beddings, and lenticular units, migrating sediment waves are typical characteristics of the drifts
in seismic profiles. According to the research about the interplay of gravity and bottom currents, and the leading
sedimentation mechanism in different geological periods, there are four different patterns of the interaction between
the two currents; (1) bottom current reforms prophase gravity flow deposits; (2) the turbidite reworks the prophase
bottom current sediment; (3) gravity flow and the bottom current dominate the sedimentation respectively in the same
area, and (4) the turbidite and bottom current affect the sediments together. The relative sea level change, climate
(glacial—interglacial ) change, tectonic activity, topography and other factors control the interplay between the
gravity flow and bottom current by means of affecting the relative strength of the two sedimentation mechanisms. The
South China Sea has favorable geological conditions for the development of interaction between gravity flow and
bottom current, and the one-way migrating canyons and sediment waves are excellent interaction geological
products. Intensifying the observation of the present bottom currents means a lot to the bottom current framework

construction in South China Sea.

Key words: deep-water deposition; turbidity; bottom current; contour current; interaction; sediment wave;

South China Sea





