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Formation, evolution and sedimentary characteristics of supercritical sediment gravity-flow
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(1. School of Geosciences , China University of Petroleum , Shandong Qingdao 266580, China;2. Laboratory for Marine
Mineral Resources . Qingdao National Laboratory for Marine Science and Technology . Shandong Qingdao 266071, China)

Abstract; Supercritical sediment gravity-flow refers to the high-density flow with Froude number more than 1. transporting from un-
derwater slope towards basin center, able to frequently transform between supercritical flow and subcritical flow under hydraulic
jump mechanism, so as to form large wave-shaped cyclic steps easy to be preserved. The sedimentary identification marks of super-
critical sediment gravity-flow mainly include the cyclic step integrative identification mark and the local identification marks including
the stratification structures caused by traction carpets, the lamination structures such as backset bedding, short-wavelength climbing
cross bedding and pseudo-foreset bed, and the erosion and soft-sediment deformation structures caused by hydraulic jump. Under the
ideal conditions, supercritical sediment gravity-flow leads to a sequential assemblage composed of pebbly cyclic steps, gravely chutes-
pool sedimentary fillings, unstable antidune sediments, stratified sandy sediments, sandy rippled sediments and normal sediment
from top to bottom in the vertical direction. Cyclic steps can be divided into erosional type and sedimentary type. From basin edge to
center, the erosional cyclic step is evolved to sedimentary type. The sedimentary evolution process of supercritical sediment gravity-
flow is jointly controlled by internal factors, such as fluid sediment concentration, flow discharge, sediment granularity and sedimen-
tary rate, and external factors, such as topographic slope, slope break position, water depth and the characteristics of sediments a-
vailable for erosion. The related research on supercritical sediment gravity-flow has deepened the understanding of the formation
mechanism of sediment gravity-flow channels, the genesis of deep-water massive coarse-grained sandstones and the evolution process
of gravity flow. In current stage, a series of problems require further research, including the fluid dynamic characteristics, sedimen-
tary identification marks and formation-evolution processes of supercritical sediment gravity-flow.
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Fig.1 Genesis and transport mechanisms of sediment gravity-flows
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Fig.2 The main depositional model of sediment gravity-flow
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Fig.3 Sedimentary characteristics of supercritical sedimentary gravity flow and the migration processes by monitoring
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Fig.4 Flume experiment of gravity flow hydraulic jump and the types of hydraulic jump of supercritical flow
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Fig.5 Dynamic of supercritical sediment gravity-flow
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Fig.6 Sedimentary characteristics and depositional processes of supercritical sediment gravity-flows
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Fig.7 Characteristics of cyclic steps caused by supercritical sediment gravity-flow
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Fig.8 Sedimentary evolution processes of supercritical sediment gravity-flow
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Fig.9 Controlling factors of sedimentary evolution processes of supercritical sediment gravity-flow

6 M FE R X M m]

6.1 MREX

R I AT RR ) 7 O ) R B R A SE HS 1 oE
W KA i 1 AR T 3 3k 3l g 2# L B DGR R
8 IR IK IR BEAS K 8 6 I 534 Ik 1 A% Ge A s v A Jc
SR T A B B R K ORI TR 1 56 il b A Sy fige o
TUR Y E ) ST 58 vh A A 7 A Y IR R4 ARt 138 i
A A HESH UTAR Y ) i DUAR e 0 58 S5 48 4 T
R AL o)
6. 1.1 AR E N FRAKE T AL R

KB TEM AR Monterey 7R #f 7K 18 Zh il 28 IR
HEZ 9 4=l e e [l At S B A KRB T E IR
7K H B TE1 2K R B0 RR ) i ) i K £ T R A
FREEHE TR L2 or ool R A E T IROK 4 i 4
{14 Jry PO AVK b, A% b DX 2% 38 B i 5 0 AR ) E i )
o m S R 20 4 e AR T ST i — &R 9 R HE
G ) AN 3 S o ) A 5 i A ) 300 0 i B O 1Y) 4 224
FH B AT AT A A % 22 1 il 4 328 0 JE B 282 1k /KA
KT PN I SV RS 80 %) G T ) v A £ 1 1 3
DU BCR 32 T AT R 20720 oKl R 7
YR IR BAE TR S A 1) f) 3 B AN il Ao i)
JI AR PR 43 i A R U B TRy 8 4l 35 A6 v K
T8, FF VT8 U 1 Jmy ARG A 3R AR BRI AN 14 22 1
A S A ) % 35 oot R T IR G A AR TN

LAY IR 2 58 58 10 K 3B 43 A
6. 1.2 IRARIARALFEJG B S FHAA

TR T g 3 UR AP B R 8 bR i 2 AR R A
— BEAFAEA O R S R 3 T R A
JK AR B OBy AR m) OB . 1T Xk B S 22 B 0 T K HL 1 T
TIRUIEA REAR 47 1 M2 B, Lowe " o T M e X — L 42
i M % B AU ) ME L B S Shanmugam'™) 34
FHAD J55 4 5 0 1 MR 5 ok At P ok S L 4R T AL, I % 1=
B A A R S T A I DR R
B Sk X — 0]k R A A I RS TR Rk
iZ Bl W) R 58 A R ) W as RLEE L O HLaX S TR
PAIZ )2 8 i 7 =X & 2B TUVE » 7 O AR 10 064 i 9 1)
PR 2 2K AR R W DR T TR
UL R AR 2 742 51 B A i K B 0 RLEE i B0 44,
AR T R D TR O DT R R SR R 0T SR
RPN MR T REE AR A AR E
Talling" $2 H i VTR 4 T 7 3 28 B Rl 43 O 8 3o b
O TR i I R A Ok 2 RN R R AR 2SR, b
1 18 S R 1 2l O A T AR A e R 2 B0 B0 AT Lk
DX (FL 2 3K 19 o R 980 BB T G 20 2 4 3 S & 7 11 4
VEHORAD A ] X4 B 2 ] R R S BAE A 2R

A S ME
6.1.3 RAABRYEHAHE R IAR

2 58 WA U ) F g 30 DB 5 33 DT AL ) e
A BE K HE T B TR I 4 AR S I s | 4R 5 e



% 6 3

PR AR - B e S TR H ) R A AR S A 617

U2 R 78 %8 o B vh B A SR B KR 6 A &
S AR T A T R B BT L AR IR A IR Y
T3 R SRR T ) e B A 5 A R B TR
YT 7 i A s AT R I AR AR R B
ANFEIE” R GE T TR ) B A R ) i
SRR A A R BAR R UURR Y R
TR IE L R rh T BB 22 28 g DA R 8 AL 3 7 < 6 S T —
{5 7R v 28 R o A (A2 ot Y i [ 300 — /N RUBE DT BR R
5 R e I COC AR B A T (] ) — K R BE W AR AR g %85 8 3k
it GOURR B i 1] 250 — {2 ok it R YR 45 2 ) ik — {1 % &2
T AL — AL A R RV A R T O AR T
A 3o R e 2 B T AR R T R IR DR S 1R A
. E B A ) N — A B AR
6. 1.4 AR LA B %

AR K B R 52 e 5 W 7E 25 79 ARV L P AR AR
% AR VG 0 R R R R I PG b i 4 A b
TV A T2 B TR OK T A A LA A 2 X LA TR ) T iR
o AL K A R R R R, |
SCHT IR 5 8 I S O A P A ) i K ) R
T KB () e B SO T UK B B T A 4R A 13 4 )
S AR QN AE BV 4 ) A T Al AR &
BT LT R ) K B MCIE . R E Ay SCOK A
G A R G A P R A ) SR L BT R )
TLKIE R MU 5 R ER L B % S TR OK H ) K
TE K R Y B T i B A 1) 4 A 0 (IR ) 24 AR T
H I X T 7 Y K G ORR PN e A A R i 5 A D TR
] B SN ] ST RS R AE L I R DAY O AR R
(I UTER P 3 B8 WAL R AE 3R W1 L 1Y 36 i AR i as O ] b AR
4T 25 R R[] e A W S AR AR X U TR AR
W3z Jy ) T T A4 S A ARG A 220 ) BEHE— 25 i TR
T UK R A PN R S R A TR S TR K A i A
ER T RSt de 3. AN BEAHI AP R E W
UK GE M T 7 AR TORR A] BE S I SRR )
J1 9 1R A AE 2 90 56 =100 55 o 0 I A I
VE R 7 A R 04 0 FR B 4y A RILAEE . AT RE Sk i AH TR
IR I SRR AL B 19 ) .
6.2 HFEMBBERIXAME

el S TCRR Y EE 7 It T B Ak B AR T B AR
FRIERFSRIE H AT TUA 7 S0 A R B, iy T 90 20 4
Xof SE MR 22 B A O ) R A2 Pk L B BOOG T i
FLOUBRYI R T3 U 4 A Bl ) 2 REAE TR U A i AR R T
LR 2255 FR 97 o] AR A7 AR 2 i o007
6.2.1 HAEEHME

Hughes Clarke" " 3 7K T # Il S Ui B 5 7 00 1Y)
S el Bl s A I R eI I S = S DA

SRTELIE 4Ce)— & 4Ch) ] B 288 i ALY = ) i A7
TE 30 3 R A R HARUESE S . AT A &R A RETE L
e ST AR ) T T U R R U A R A R A R
S ) 6 S AR B AR R A AR A I LI R
I S5 3 S A HAE TR v A S BER AL A B AN
(i) 12 P f L AR ) T T I 5 R R 8 7 A I L I Ak 4
7] IR A R 1k — 25 B B 50 BT A T AR
YRR R G - il SO0 W ) i 5 e B R 8 A
W B VTR R AE + 43 A R HE R B K £
B G AR D) R DU RS UE 52 5 Uk KO B =
T Z [ AF R PTG R 25700 B SR Al A 3 43 T 4
PR 1 R I S O ) R 9 A R R 5 K
L RR ) T 7 i 5 v 35 o R A AR A L T S AR ) Gk
FI G i SRS A4S 2D WF IR Y ]
6.2.2 RAIFE

e SRR 7 VR A% o A TR 3 A A R
& B A A O UL BUR B AR R A R i — 2 1) 58
Salo ST L MR 3 B R A R R 22 R OK
AT H TR BRI TE L S BR b 56 X s
AR TR 14 I R 38 A7 A6 T 7 T J2 0 300 3 S T 5
M TR A R I R Y S 2 R R i R
PRI s AN TR) RUBE (8387 H T AR IS T J2& 45 # 4 7K ) Bk BR
YEFIE 1 a2 8 A RS A R SR A2 3 1 /K O Bk Bk
PERRS" e 5 K T8 B 3 P9 D L R 5 I RIS B
R 75 R Ay R i ST s 2 AR AN A 1Y R Y 2
RAHE S Fry oo i) K2 75 Sy R I S 38 T B ) ] B 2
Jey 2oL B 1) R 4 s oot oo o i E L
Il S UCFR ) ) 8 8 B TR R A i R AT A 2
afa] 45 77 Bgte- 1420570 - Cartigny™ 1 Postma* 38 7
Ty IE R 5 AR B AR DA 1 B R URR ) AR T ) i
R Ay B G S0 FR 4 T g 9 A B U 5 7 s Dietrich™”
25 R B A 2 B R T RRZ S U bR A 2
A H Al ) PN bR S A TF T — 2B R .
6.2.3 “R-LTEHR T E A REMLE

TURRY ) i 04 9 a8 A ok A 2 4 ) 50 ) 0 1
TS 43 A {0t 710l Rl 2 S IR A UL
TR T T3 3 88 i ST AR = 7 i i A B AR TR
Yy I 700 W 32 A o AR TR R Bk R
PR A TTRR A B A T PR i B T AR B 2 1Y o X oM
TS50 PRI B G Y 2 S v R [A)  D BR )
JI PR AR Al 3 R 25 S M R 2 A M AR AR SRR
FETR B0 B ) 5 7 i 28 70 S G PR 22 A g R
T AR Ik o N SR o2
T U I A Al S DR o R 2 S W 5L 1T e A e 3
W B TR T A O R A O



618 al H

e

Eird 2017 4F %538 %

7 4 ©®

(1) Rl ST AR ) 3 2 4 A IR K 155 o 31 %
TEROR T 1 I RO AR iz 00 % B . R e S 0L
FRY) 3 3 A 1] R K 7 3t 4 a1 ao A v A K O Bk BR AL
AR F R 23 % A I S0 38 A 5 0 s 3 A i 5 A £k
T — ZR 5 ] b3l 77 0] % 3 8 DR 2L [ B DR [l 2. i
[ 5 ) 300 97 TR = Sy NIV e 5 3 o 3 5 R J Y T G MR
DURR 8 it 1D = 5y o 5 VR FH T 89 7K 07 Bk R A ]
T B T R BE IR

(2) MG FUTRRY) & i AE TR TR R AR A&
B G A2 5 AR HDE U 23 2 A0 3 L5 B2 B A iR
BRSO 2 AR AR A2 B 3 oK ) BEERAE HTE
JIG R 452 ol 1 20T R ) 72 T A 3 S5 SR AR AR ) B 5 FE ]
WERG PR o A TR 98 B2 K ) BRER 42 ) F A9 DTS
B kA MRS AT U e AN AR AT VD b A - TN
JiE 181 3K 0 Ay A8 Ak 5 3 ) b T8 B AR BT el 3K Bk BT
FE-MIGT TR FE 4 A0 oA B A7 10 e DOAR b 5T )
2V S0 B S OB DU A P G . G St
TR ) A T DORR S b i 18 J2 2 32 AR DR P vk
JFE LA DT RR R | T RR 3 A O R R R
T Y Tl A B KR Bl AR el i) O AR A 55
SN R LR ]

(3) i SO E ) e T iR K HL A% JiE Btk
DURR K 8 J7 i /K B DO FR Y | S AL 2500 1 5 ) b
PRHEAR A3 AT 2S5 HUUB™ Wy Al /2 3 7 3 120 4 o A0 X
DO 2 K R U R R R A, ROk
VAN RS ISP A VA NS SERIUPIE

B mRXZA,.EFRLTPHHFLSNL LT E
515 ¥% % K% George Postma # #% ., 2 B X F
Matthieu Cartigny ¥ +. /& B R Z M EHF B &E K F
Jutta Winsemann 4% . /e & X 3 K R K 5 Alexandre
Normandeau ¥+ # 47 7 A £ R, £ & 7 B i)
Fhat RAem B R T 8 5 A 5 4B B0

HSER:F 988G Fu KN 981840
F o — I 3 3t A o 6 A 00 Foo— 0 I 5% I 1 o 9% 1
BU— AR m/s; g— HE I IMEEE  m/s* 5 h—
AR TR BE s s b, — T ) 3 AR BE s m C— B UL
R B s R— K T BIFIIURWILE R = o./p
— 1L RN o VLB B g/cm’ s o— R BEIK AR 2%
BE g/ em’ s hy— i I AR TR B ms by — I S A
JERE s AH— 1l 55 W0 i i AR S 2% s m Hy—
K Iy HRER o

(3]

[4]

(5]

[o]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

2 % X Wt

MULDER T, ALEXANDER ]J. The physical character of suba-
queous sedimentary density flows and their deposits[ J]. Sedim-
entology,2001,48(2) :269-299.

TALLING P JL.AMY L A,WYNN R B. New insight into the e-
volution of large-volume turbidity currents; comparison of turbi-
dite shape and previous modelling results [ J]. Sedimentology.
2007,54(4) :737-769.

TALLING P J.MASSON D G,SUMNER E J.et al. Subaqueous
sediment density flows: depositional processes and deposit types
[J]. Sedimentology.2012,59(7) : 1937-2003.

TALLING P J,PAULL C K,PIPER D J W. How are subaque-
ous sediment density flows triggered, what is their internal struc-
ture and how does it evolve? Direct observations from monitoring
of active flows[ ] ]. Earth-Science Reviews,2013,125.244-287.
TALLING P J,ALLIN J,ARMITAGE D A, et al. Key future di-
rections for research on turbidity currents and their deposits[J].
Journal of Sedimentary Research,2015,85(2) :153-169.
TALLING P J. Hybrid submarine flows comprising turbidity current
and cohesive debris flow: deposits, theoretical and experimental analy-
ses,and generalized models[ ] ]. Geosphere,2013,9(3) :460-488.
TALLING P J. On the triggers, resulting flow types and frequen-
cies of subaqueous sediment density flows in different settings
[J]. Marine Geology,2014,352:155-182.

AMY L A,MCCAFFREY W D, TALLING P J. Special issue in-
troduction; sediment gravity flows - recent insights into their
dynamic and stratified/composite nature[ J]. Marine and Petrole-
um Geology,2009,26(10) :1897-1899.

GALY V,FRANCE-LANORD C,BEYSSAC O, et al. Efficient
organic carbon burial in the Bengal fan sustained by the Himala-
yan erosional system[]]. Nature,2007.,450(7168) :407-410.
YANG Tian, CAO Yingchang, WANG Yanzhong, et al. Status
and trends in research on deep-water gravity flow deposits[J].
Acta Geologica Sinica (English Edition) ,2015,89(2) :610-631.
CLARKE ] E H. First wide-angle view of channelized turbidity
currents links migrating cyclic steps to flow characteristics[ ] ].
Nature Communications,2016,7:11896.

CLARE M A,CLARKE ] E H, TALLING P J,et al. Preconditioning
and triggering of offshore slope failures and turbidity currents re-
vealed by most detailed monitoring yet at a fjord-head delta[ J].
Earth and Planetary Science Letters,2016,450;:208-220.

ALLIN J R,HUNT J E, TALLING P J,et al. Different frequencies
and triggers of canyon filling and flushing events in Nazaré Canyon,
offshore Portugal[ J]. Marine Geology,2016,371:89-105.
POSTMA G, CARTIGNY M ] B. Supercritical and subcritical
turbidity currents and their deposits—a synthesis[ ] ]. Geology.
2014,42(11) :987-990.

SHANMUGAM G. New perspectives on deep-water sandstones:
implications[ ] ]. Petroleum Exploration and Development, 2013,
40(3) :316-324.

XU J P,SEQUEIROS O E,NOBLE M A. Sediment concentra-

tions, flow conditions,and downstream evolution of two turbidity



% 6 3

PR AR - B e S TR H ) R A AR S A

619

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

currents, Monterey Canyon, USA[]J]. Deep Sea Research Part I
Oceanographic Research Papers,2014,89:11-34.

HAUGHTON P, DAVIS C, MCCAFFREY W, et al. Hybrid sedi-
ment gravity flow deposits - classification, origin and significance
[J]. Marine and Petroleum Geology.2009,26(10) : 1900-1918.
ZAVALA C, ARCURI M. Intrabasinal and extrabasinal turbi-
dites; origin and distinctive characteristics[ ] ]. Sedimentary Geol-
0gy2016,337:36-54.

SYMONS W O,SUMNER E J, TALLING P J,et al. Large-scale
sediment waves and scours on the modern seafloor and their im-
plications for the prevalence of supercritical flows[]]. Marine
Geology,2016,371:130-148.

MULDER T,SYVITSKI J P M. Turbidity currents generated at
river mouths during exceptional discharges to the world oceans
[J]. The Journal of Geology,1995,103(3) :285-299,

MUTTI E,BERNOULLI D,LUCCHI F R,et al. Turbidites and
turbidity currents from Alpine ‘{lysch’ to the exploration of con-
tinental margins[ ] |. Sedimentology,2009,56(1) :267-318.
PIPER D J] W, NORMARK W R. Processes that initiate turbidity
currents and their influence on turbidites:a marine geology perspec-
tive J . Journal of Sedimentary Research,2009,79(6) :347-362.
B L EHOE L BOKEE WS MR IR A SR R
SRR ALHILT]. 2 %% . 2016,23:1-15.

CAO Yingchang, YANG Tian, WANG Yanzhong, et al. Types
and genesis of deep-water hybrid event beds comprising debris
flow and turbidity current[ J]. Earth Science Frontiers,2016,23;
1-15.

FILDANI A,HUBBARD S M,COVAULT J A,et al. Erosion at
inception of deep-sea channels[ J]. Marine and Petroleum Geolo-
gy.2013,41.48-61.

COVAULT J A,KOSTIC S.PAULL C K,et al. Submarine chan-
nel initiation, filling and maintenance from sea-floor geomorphology
and morphodynamic modelling of cyclic steps[J]. Sedimentology.
2014,61(4) :1031-1054.

DE LEEUW J,EGGENHUISEN J T,CARTIGNY M ] B. Morpho-
dynamics of submarine channel inception revealed by new experimen-
tal approach[ J]. Nature Communications,2016,7:10886.
NORMARK W R. Growth patterns of deep-sea fans[J]. AAPG
Bulletin, 1970,54(11) :2170-2195.

MUTTI E,RICCI LUCCHI F. Le torbiditi dell” Appennino settentri-
onale;introduzione all” analisi di facies[ ]J]. Societa Geologica Italiana
Memorie,1972,11:161-199.

WALKER R G. Deep-water sandstone facies and ancient subma-
rine fans: models for exploration for stratigraphic traps[]J].
AAPG Bulletin, 1978,62(6) :932-966.

MAYALL M., JONES E,CASEY M. Turbidite channel reservoirs
key elements in facies prediction and effective development[ J]. Marine
and Petroleum Geology,2006,23(8) :821-841.
SHANMUGAM G. 50 years of the turbidite paradigm (1950s—1990s) :
deep-water processes and facies models—a critical perspective[ ] ]. Marine
and Petroleum Geology,2000,17(2) ;285-342,

XU J P,WONG F L,KVITEK R.et al. Sandwave migration in

Monterey submarine canyon,central California[ J]. Marine Geol-

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

0gy»2008,248(3/4):193-212

CARTIGNY M J B,POSTMA G,VAN DEN BERG ] H,et al. A
comparative study of sediment waves and cyclic steps based on
geometries.internal structures and numerical modeling[J]. Ma-
rine Geology,2011,280(1/4) :40-56.

NORMANDEAU A.LAJEUNESSE P.POIRE A G, et al. Mor-
phological expression of bedforms formed by supercritical sediment
density flows on four fjord-lake deltas of the south-eastern Cana-
dian Shield (Eastern Canada)[]J]. Sedimentology,2016,63(7)
2106-2129.

CARTIGNY M. Morphodynamics of supercritical high-density tur-
bidity currents[ D]. Utrecht; Utrecht University,2012.

POSTMA G,KLEVERLAAN K,CARTIGNY M J B. Recogni-
tion of cyclic steps in sandy and gravelly turbidite sequences,and
consequences for the Bouma facies model [ J]. Sedimentology,
2014,61(7) :2268-2290.

POSTMA G,HOYAL D C, ABREU V, et al. Morphodynamics
of supercritical turbidity currents in the channel-lobe transition
zone[ M] // LAMARCHE G, MOUNTJOY J,BULL S. Subma-
rine Mass Movements and their Consequences. Switzerland:
Springer,2016;469-478.

PIPER D J W,SHOR A N,CLARKE J E H. The 1929 “grand
banks” earthquake, slump, and turbidity current[J]. Geological
Society of America Special Papers,1988,229.77-92.

WYNN R B.STOW D A V. Classification and characterisation of
deep-water sediment waves[ J]. Marine Geology.2002,192(1/3) .
7-22.

WYNN R B,MASSON D G,STOW D A V,et al. Turbidity cur-
rent sediment waves on the submarine slopes of the western
Canary Islands[J]. Marine Geology,2000,163(1/4) ;185-198
WYNN R B, HUVENNE V A I,LE BAS T P, et al. Autono-
mous underwater vehicles (AUVs) . their past, present and fu-
ture contributions to the advancement of marine geosciencel J J.
Marine Geology,2014,352:451-468.

KOSTIC S,SEQUEIROS O,SPINEWINE B, et al. Cyclic steps:a
phenomenon of supercritical shallow flow from the high
mountains to the bottom of the ocean[ J . Journal of Hydro-Envi-
ronment Research,2010,3(4):167-172.

LINTERN D G, HILL P R,STACEY C. Powerful unconfined
turbidity current captured by cabled observatory on the Fraser
River delta slope, British Columbia, Canada[ J]. Sedimentology,
2016,63(5) :1041-1064.

PARKER G,GARCIA M,FUKUSHIMA Y, et al. Experiments
on turbidity currents over an erodible bed[ J]. Journal of Hydrau-
lic Research,1987,25(1) :123-147.

POSTMA G,CARTIGNY M., KLEVERLAAN K. Structure-
less, coarse-tail graded Bouma Ta formed by internal hydraulic
jump of the turbidity current? [J]. Sedimentary Geology, 2009,
219(1/4) :1-6.

ZHONG Guangfa. CARTIGNY M ] B,KUANG Zenggui.et al.
Cyclic steps along the South Taiwan Shoal and West Penghu
submarine canyons on the northeastern continental slope of the

South China Sea[]]. Geological Society of America Bulletin,



620 Ao R 2017 4F 55 38 %
2015,127(5/6) :804-824, [59] VENTRA D,CARTIGNY M ] B,BIJKERK ] F,et al. Supercrit-

[47] P ok K& SR E LA IR 2 B0 20 55 0 8 I A ical-flow structures on a Late Carboniferous delta front:sedimen-
MR AR DT AR AE . 2015 4E 2 E T F KSR 546 % % tologic and paleoclimatic significance[ ] ]. Geology,2015,43(8)
PR BL 20150 C L B KT R 2. 2015, 731-734.

WU Yinye,ZHANG Tianshu, FENG Rongchang,et al. Sedimen- [60] LANG J,WINSEMANN ]. Lateral and vertical facies relation-
tary characteristics of supercritical flow turbidite sand body in ships of bedforms deposited by aggrading supercritical flows:
semi deep lake environment from Jurassic Sichuan Basin: Nation- from cyclic steps to humpback dunes[ ]J]. Sedimentary Geology,
al Sedimentological Congress of Sedimentology and Unconven- 2013,296:36-54.

tional Resources, Wuhan,2015[ C]. Wuhan: Yangtze University. [61] FILDANI A,NORMARK W R,KOSTIC S, et al. Channel for-
2015. mation by flow stripping: large-scale scour features along the

(48]  fEA M IRAEHL, B 4. DU s S . 45 19 fa = Monterey East Channel and their relation to sediment waves[ ] ].
PRUTAR 2 K& gaak [T ], 224 . 2014, 16(6) :816-826. Sedimentology,2006,53(6) ;: 1265-1287.

XIAN Benzhong, ZHU Xiaomin, YUE Dali, et al. Current hot [62] GONG Chenglin, WANG Yingmin, PENG Xuechao, et al. Sedi-
topics and advances of sedimentology:a summary {rom 19th In- ment waves on the South China Sea Slope off southwestern Tai-
ternational Sedimentological Congress[J]. Journal of Palaecogeog- wan:implications for the intrusion of the Northern Pacific Deep
raphy,2014,16(6) :816-826. Water into the South China Sea[ ]J]. Marine and Petroleum Geol-

[49] YANG Tian,CAO Yingchang, WANG Yanzhong. A new discov- 0gy»2012,32(1) :95-109.
ery of the early cretaceous supercritical hyperpycnal flow depos- [63] FAGHERAZZI S,SUN Tao. Numerical simulations of transpor-
its on Lingshan island, East China[]J]. Acta Geologica Sinica tational cyclic steps[J]. Computers & Geosciences,2003,29(9)
(English Edition) ,2017,91(2) :749-750. 1143-1154.

[50] KOSTIC S. Modeling of submarine cyclic steps: controls on their [64] KOSTIC S,PARKER G. The response of turbidity currents to a can-
formation, migration, and architecture[ J]. Geosphere,2011,7(2) : yon-fan transition: internal hydraulic jumps and depositional signa-
294-304. tures[ J]. Journal of Hydraulic Research,2006,44(5) :631-653.

[517 ALEXANDER J,MCLELLAND S J,GRAY T E.et al. Labora- (651 i be. YUAR B Jy 227 T+ WA AR 1 [0 . 9 94 b 5T 5 55 DY 22 3
tory sustained turbidity currents form elongate ridges at channel Ji.2010,30(4) :6-15.
mouths[ J]. Sedimentology.2008,55(4) :845-868. HE Qixiang. A discussion on sediment dynamics[ J]. Marine Ge-

[52] CARTIGNY M J B, EGGENHUISEN J T,HANSEN E W M, et al. ology & Quaternary Geology.2010,30(4) :6-15.
Concentration-dependent flow stratification in experimental high-density [66] LAMB M P,PARSONS J D, MULLENBACH B L, et al. Evi-
turbidity currents and their relevance to Turbidite Facies models dence for superelevation, channel incision,and formation of cyclic
[J]. Journal of Sedimentary Research,2013,83(12) :1046-1064. steps by turbidity currents in Eel Canyon,Californial ] ]. Geolog-

[53] CARTIGNY M J B, VENTRA D,POSTMA G et al. Morphody- ical Society of America Bulletin, 2008, 120(3/4) ;463-475.
namics and sedimentary structures of bedforms under supercriti- [67] MAIER K L,FILDANI A,PAULL C K,et al. The elusive char-
cal-flow conditions: new insights from flume experiments[] ]. acter of discontinuous deep-water channels: new insights from
Sedimentology,2014,61(3) :712-748. Lucia Chica channel system, offshore California[ J]. Geology.

[54] SEQUEIROS O E. Estimating turbidity current conditions from 2011,39(4) :327-330.
channel morphology:a Froude number approach[J]. Journal of [68] HUBBARD S M,COVAULT J A,FILDANI A.et al. Sediment
Geophysical Research:Oceans,2012,117(C4) ;C04003. transfer and deposition in slope channels: deciphering the record

[55] FRICKE A T,SHEETS B A,NITTROUER C A,et al. An ex- of enigmatic deep-sea processes from outcropl J]. Geological So-
amination of Froude-supercritical flows and cyclic steps on a sub- ciety of America Bulletin,2014,126(5/6) :857-871.
aqueous lacustrine delta, Lake Chelan, Washington, U, S. A[J]. [69] NORMANDEAU A,LAJEUNESSE P,ST-ONGE G. Submarine
Journal of Sedimentary Research.2015,85(7) :754-767. canyons and channels in the Lower St. Lawrence Estuary (East-

[56] ALEXANDER J,BRIDGE J S,CHEEL R J, et al. Bedforms and ern Canada) : morphology, classification and recent sediment dy-
associated sedimentary structures formed under supercritical water namics[ J]. Geomorphology,2015,241.1-18.
flows over aggrading sand beds[ J]. Sedimentology.2001,48(1) : [70] LOWE D R. Sediment gravity flows: Il depositional models with
133-152. special reference to the deposits of high-density turbidity currents

[57] DIETRICH P,GHIENNE J F. NORMANDEAU A. et al. Up- [J7. Journal of Sedimentary Research,1982,52(1) ;279-297.
slope migrating Bedforms in a Proglacial Sandur delta: cyclic [71] POSTMA G,NEMEC W, KLEINSPEHN K L. Large floating
steps from river-derived underflows? []]. Journal of Sedimenta- clasts in turbidites:a mechanism for their emplacement[ ] ]. Sedi-
ry Research,2016,86(2) :113-123. mentary Geology,1988,58(1) :47-61.

[58] COVAULT J A.KOSTIC S,PAULL C K,et al. Cyclic steps and [72] SHANMUGAM G. High-density turbidity currents; are they sandy
related supercritical bedforms: building blocks of deep-water dep- debris flows? []J]. Journal of Sedimentary Research,1996,66(1) ;
ositional systems,western North America[ J ]. Marine Geology. 2-10.
2016,doi: 10. 1016/j. margeo. 2016. 12, 009. [73] MUTTI E. Turbidite sandstones| M ], Parma; Agip, Istituto di geolo-



% 6 3

PR AR - B e S TR H ) R A AR S A 621

[74]

[76]

[77]

[78]

[79]

[80]

gia, Universita di Parma, 1992,

KNELLER B C,BRANNEY M J. Sustained high-density turbidi-
ty currents and the deposition of thick massive sands[J]. Sedim-
entology,1995,42(4) .607-616.

STOW D A V,MAYALL M. Deep-water sedimentary systems:
new models for the 21st century[ ] ]. Marine and Petroleum Geol-
ogy»2000,17(2) :125-135.

0 R JE LT, R A L SR SRR R A R R AE
L. VA5 35 M 55 5 565 U 28 b J5, 2011, 31(5) 1 135-145.

FAN Yuhai, QU Hongjun,ZHANG Gongcheng.,et al. Reservoirs
in the major oil-gas-bearing deepwater basins of the world and
their characteristics[ J]. Marine Geology &. Quaternary Geology ,
2011,31(5) :135-145.

IV G BARSE A8 IRV A ) A T 2 LR G R K
A RUURFFIELT ], DUAR2A 4, 2011, 29(4) :695-703.

SUN Hui, FAN Guozhang, LU Fuliang, et al. Sedimentary char-
acteristics of Pliocene slope channel complexes in the Rakhine
basin, Offshore Myanmar[ J]. Acta Sedimentologica Sinica,2011,
29(4) :695-703.

LANG J,BRANDES C,WINSEMANN ]. Erosion and deposition
by supercritical density flows during channel avulsion and back-
filling; field examples from coarse-grained deepwater channel-
levée complexes (Sandino Forearc Basin, southern Central Amer-
ica)[J]. Sedimentary Geology.2017,349:79-102.

K SCH L R A 0 AR R L AE TR KK TR 4 B 4 BT B DT B
h——LAPGE Gengibre i H 2 B[] ]. A1 %% 4. 2015.36 (1)
41-49.

ZHANG Wenbiao. CHEN Zhihai, LIU Zhigiang. et al. Morpholo-
gy quantitative analysis and simulation of deepwater channel: a
case study of Gengibre oilfield in west Africal J]. Acta Petrolei
Sinica,2015,36(1) :41-49.

FE R BE IR SF L WIAH TE I DUBURRIE MOk B — LI
Al At 0 TV o % IVl 3 v 4 R ] LT 0. At 2 4, 2016, 37 (3)
348-359.

YUAN Jing, LIANG Huiyuan, LIANG Bing, et al. Sedimentary

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

CISCRE H I 2017-01-12 #glE H 5 2017-05-10

characteristics and development model of lacustrine gravity flow:
a case study of Dainan Formation in deep sag belt of Gaoyou de-
pression, Northern Jiangsu Basin[J]. Acta Petrolei Sinica, 2016,
37(3) :348-359.

PAULL C K,USSLER W III, CARESS D W, et al. Origins of
large crescent-shaped bedforms within the axial channel of
Monterey Canyon, offshore California [ J ]. Geosphere, 2010,
6(6) :755-774.

KUBO Y, NAKAJIMA T. Laboratory experiments and numeri-
cal simulation of sediment-wave formation by turbidity currents
[J7. Marine Geology»2002.192(1/3) :105-121

LEE S H, CHOUGH S K. High-resolution (2-7 kHz) acoustic
and geometric characters of submarine creep deposits in the
South Korea Plateau,East Sea[ ]J]. Sedimentology,2001,48(3) ;
629-644.

FLOOD R D. A lee wave model for deep-sea mudwave activity
[J]. Deep Sea Research Part A. Oceanographic Research Papers.
1988,35(6) :973-983.

CORELLA ] P,LOIZEAU J L,KREMER K.et al. The role of
mass-transport deposits and turbidites in shaping modern lacus-
trine deepwater channels[ J]. Marine and Petroleum Geology.,
2016,77:515-525.

HUNEKE H.,MULDER T. Deep-sea sediments[ M ]. Amster-
dam: Elsevier,2010.

o AR A E A AR TR K ) U 28 L 0 ARURE AIE T R [ AL
il LA BH 48 B 0 3l 2H = Beh e B O 0 L 1L A dh 2 4R
2015,36(9) :1048-1059.

YANG Tian, CAO Yingchang, WANG Yanzhong, et al. Types,
sedimentary characteristics and genetic mechanisms of deep-wa-
ter gravity flows:a case study of the middle submember in Mem-
ber 3 of Shahejie Formation in Jiyang depression[ J]. Acta Petro-
lei Sinica,2015,36(9) :1048-1059.

DRISCOLL N,NITTROUER C. Source to sink studies[ M]. Ha-

wai‘i; University of Hawai‘i,2000,5:1-24,

i R T



