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{445 (2013) KRG 6 il 24 b R AR AI G 7 i
R BRI R B IR KD A X 3 b B i
TR D R R D I R R A
=SSR DA 55 4 R TSRS, R 44 e
il E =BG E BRI MBS R (23R
85,1997) o BRVL F 41 (2 [ B R T 7K S8l Bk VL 4H
PR b 5 4l 12 00 780 A FE AR R4 3, KB 2R A 55
(2012) 5 He S B K B TURRAAR A& rh b BT 4 T It UL
ey, EAMHCEM IR B E I RIIR . 7
FEGOK I 28 R i s, 28R LR K K GE
ek E(EERB4,2012) , Kizysztof (1995 ) 7EWF
U LT BRI N 2R FE B I, A5 R = A N
GORT R MO DRSS 16 . PUBE PYJL AR
A 3% Ly DX o 225t i B 418 Yt IO RRURI 3 4 B8 it 170
FH( Martin-Merino et al. ;2014 ), Daniela £ (2008 )
e PRSI 4 538 3. 5m iy EL I BLE DR
A1 2 3 0 T IR K DT AR ) B A7 A R S
B, 2 SR T il & LA ( Talling et al. ,2013 ; Talling,
2014 ; F R4 2007 ; Shanmugam , 2015 ) | i FH i 78
(Amy et al.,2005a; Talling et al., 2013; Talling,
2014; Tlstad et al. 2004 ; 2% 72 4 2011, 2% 47 £ 2% |
2012 ; Shanmugam, 2015 ) | JT T4 4E ( Amy et al. |
2005b; Wynn et al. ,2005 ; Stow and Johansson,2000 ;
Shanmugam and Zimbrick , 1996 ; 75 JCAF 45,2007 ) K
PR E (Shanmugam et al. , 1996 , 22 i[5 5%, 2009 ;
ZHERESE 2009 s 2R AH 145, 2013 ) S5 T o A I
AR T 8 VR A R K PR 05 B S b B g, 1
Bliz F T R ROK SRR i s A, A 5715 X
i A O RAALE 22 0] SRR 2R IR K TR R 1Y

FHOGIATR, A 7] BB B AT 5 kb 5795 28 X A I K otk b
AR, AT BE -4t JRe i e J2= i U] 5 T
TE 3 Ve 3R fe 28 B Yok e RO S M A R Ry
AERY LR b, B B P AT G R AT I PR 2R 4R
THEMKR

1 5 B I 55 0 B A o A AL

1.1 SEEM®R

1.1.1 #&

T 43 )2 K 52 56, Kuenen and Migliorini
(1950) F1 Kuenen (1951 ) $& 1} 1 & 2 i, & —
AR R R (3R 1) Gl AR ZR AR, AT
W F2 2y B 5058 B WO ) AR ) S
(Kuenen and Migliorini, 1950 ; Kuenen, 1951 ; Lowe,
1982 ;Shanmugam , 1996 ) , = % &yt yii e w0 9 T
iR TR ZKORL T J22 B JE i ( Kuenen and Migliorini,
1950 ; Kuenen,1951) . 7F Middleton (1967 ) & H % 7K
HolRb& ] G b g % B MO B 2 i, gl iz
TR K X PR AD 2 1 780 P g B (Mutti and Ricei
Lucchi, 1972 ;Lowe , 1982 ; Pickering et al. ,1989) ,

AN ) 27 5 T 288 ot R v 2 BB e ) 0 8
A—o Kuenen(1966) L) 1. 1g/mL Ry 55-%0] 53 55 AREE
FEWRR , A 2 T RURLAR B 2Ol 6% ( Pickering et
al. ,1989) . EEEEMFILEN T 1.5 ~2.4¢/mL Z
[a] ( Middleton and Hampton, 1973 ) . 4 Pierson and
Costa (1987 ) , = %5 FE LTI T 5 H 4380k 40% ~
80% . H1 TR it 1A 25 B S5 U VAR A, ik %l
E SN LVIREAWLIY APt inp e ¢ uspi

[F] — L A r AN [ b 728 1) J50RE 52 43 AL 1 AS [+
Lowe (1979 ,1982 ) % MR T AR Y br Ji | FURL v B FH T
TR SCHEAL A K e 37 0 iy AR %8 3 i (29 1,03 ~
1. 2g/mL) 0o iy 25 8 0t 3k R RRR B vy 85 88 e it ( 2

R 1 5% ERRANEE BRI KR

Tablel Classification basis of high-density turbidity curent and low-density turbidity current

R 0 2 L IR JEE v A 275 3k
. . >1.1g/mL <1.1g/mL Kuenen, 1966
T -
1.5 ~2.4g/mL 1.03 ~1.2¢g/mL Middleton et al. ,1973
UL A AR >6% <6% Pickering et al. ,1989
IR E R E 40% ~80% - Pierson et al. ,1987
TR B e 2 U b5 v 2 B I . | 103
DURRIURL (% B IR | & STHON | 4E—H TR ; ' Tif
PRI RIHE B | || 5y | PR AL o | TR e |12 M Lowe,1979,1982
SCHEHLH] = o/, 71, . o/, Vini e A | e/l i
3 Hh | G % I
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(¥ Lowe,1979,1982 ; 2545 ,2010)
Fig. 1 Triangular diagram showing turbidity current
granularity classification( from Lowe,1979,1982; Jiang Hui,
2010)
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T 2 Y G IO AR B RS R S AP Ok i B )22,
Tl Ry A v 2 P W 2 B A B A TR, RO IR
Zh B FE NI (K 2; Postma et al. , 1988;
Shanmugam 1996 ; 7k M4 BHEE ,2001)

IR e T BE TR A A AR VRS I, T IR A2 1Y
J:Tﬁﬁiﬁ' TE B T R AR B ) SR, Kis
(float ) 1 i 5 1 F U A4 A 2 IR 2, L 1T PR ¢ 18 4
LA N WU 2 B P SSESTAE =S IR AL/ - A N
5N RBERORL IR 3244 BUE KLY o Szezawno 41 H
LI S Y B — IR Bk s A ((Gin) AT
ARRA 5T RD & AH (Gps) (Krzysatof, 1995) , #4 ¢ 1
LOWG( 1982) 1 R, R, .S, .S, B, fiff e Ay vy % T

Ho Bt EIA 3. Sm B BUA WL T RS2 il
*qu“, i B T}PE}{JILm{E i 3k P UL ARE i
,2008) , H i 8 B MU UL o

W%E%?Mﬂﬂl:ﬂﬁﬁ”éﬁﬂ‘ BE o SRR
o BEEMKE, HRRZEE KN T 0.2 ~
L Sm Z Ja], 75 0 SE A 28 A b, 22 R . AR
IR TR U = b A A 9, HAT A B A IS T
kA thle e b AEYIREE KRR A HEBUE K,
OYIERE TR R, D i SR . RO Y
R B Ve A KA Mg, 2 35% ~65% , KN
IRA%, REIBEL em, /NEAL 2 ~ Smm, 22 5L R £
ARBWER (] 3a) o DU L i A2 A & 25554
kA, ka5 BE A Z R AR, B
ZIAA B R A ., ez EibE, 5
BIOUa B S f, ]y B8 & & AT E B, HOE R
(K 3b) (HM4E,2014a) o 2] 7Y HAKA E h =5

(Daniela et al.

IR A=)

] 2 % B DR 7 & (4 Postma et al. ,1988)
Fig. 2 Sketch map of high density turbidity current deposits ( from Postma et al. ,1988)
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Fig. 3 Photographs of high density turbidity current deposits( from Xiao Bin et al. ,2014a,2014b;Li Zhuan et al. ,2014)
(a) B, FERIT RSBV ICE BRE A1, KANRAR , 2 2 0B PR B BAR  BLAT P2, NSt s 15 (b)) Bk 1) i s S 45 b
AL HIERT AL, NS R T 1 (o) 988k, WT P ER A TR, b =&58, ) BRI (d) TR, W Z2eba b =85, )
PYFE BT HAR A 2em

(a) Conglomerate, made up of bioclastic-bearing micrite and chert, poor sorting, medium rounding, Lashizhong Formation, Zhuozishan, Inner

Mongolia; ( b) Conglomerate converted to calcareous sandstone in the vertical context, normal graded bed sequence, Lashizhong Formation,

Zhuozishan , Inner Mongolia; (¢) Boulder clay,at the top of medium-bedded sandstone ,the Middle Triassic, Lizhou,Guangxi; (d) Parallel bedding,

medium-bedded sandstone ,the Middle Triassic, Lizhou , Guangxi, coin diameter = 2 cm

Gerl i rp S RRBURED A TR R AR AR 20, A
IR BE 1 A A Uik (P 3 ) (BEOIR)Z B A7 E B (]
3d) A (HHAE,2014b; 4 45,2014 ) o IR IE 1Y
DUBVRFIE S 3 P 2 77 1 8 2 E I 2 AL LB
R, Sy v 2 LT

1.2 #REEiR

1.2.1 &

H1 Hampton (1975 ) $1& i ARD R I i 0 — Ffig
TR A0S R P8 3L =2 ) A e 0 I AR R
(Shanmugam et al. ,1995) ot {15 0 50 A s i L
A BBPETAE AR . L TUR) S ML A 45 L ik

BE SRR I RNE g o BB AN B A -
A, 0 FIORG A KL G A BE TR RT AR SHE R B
(Hampton,1975) , #bJS0RF it LR W8 RHAE , B
S5 2 ORI T AR = T SRR e BT i

0 B4 8 U T AR AE B & LA S D T
OIPHFAS ; QZ P TR LR, & N R EE
JEEAE G E S TR ) = 5 T s @Az 7y = @b ek
TERT 25% ~30% ; QUIRY AR EANF 25%
~95% Z [a] ; @KL + & ] {K & 0. 5% ( Shanmugam,
1996,1997,2000 ; Z=AH #45 2013

Bl T 5 B HE 22, MR A D TR T U
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(Shultz, 1984 ; Shanmugam, 1996 )
Fig. 4 A classification of sediment gravity

flows ( Shultz , 1984 ; Shanmugam , 1996 )

VBRI 5 Kl 2 1 3 22, J0RL It AR U ) 12 5T 14 )8
Ui U8 BT 4 I it AL 3 (8] 45 Shanmugam, 1996) . b
JECHE IS R 55 Y U 08 JoT R R A UKL 3 A4 i Shultz
(1984) FiI Shanmugam (1996 ) (UL A7 %l 70
Ti5 o T AL e AR ) R b i AR
( Shanmugam ,2000)
1.2.2 RFR4HE

0 T T it L AR B AH G Y 1 3l | B 0 AR AT LA
Bt LU AR A5 3 347 1R 31 ( Shanmugam, 1995,
1997 ; Shanmugam and Moiola,1995) . (OEASKL I Y
AR AR T PSR K, W AT Bl R 45 1E
e, @5 FRUTRY R RAEMIC R, =i
YEFIRT I RT3 7K R 53 IS R £L
B3 AR TR 1 B8 0 ( Ducassou et al.
2013) . QPR A5 IR BT V)
[P RN R dR A3 = R N

R2 B\

and Hampton 1973 ) , A] gl i iAo SR o X% . D
T ETEIB R PURRY . LG ] DL S A 3 S 7
TSR SO ST o @AHRb A WL B A SRR AT
AT SR AT R AEALE SR BB P A

SRR Z W F st Ae i — K X SE K A1 R ) A
I8 U (ZE AR SR ,2010) o S RALD R —
Mpr KA E AR EKAWE T, RYCRZH, A
ISR AR =S LR IR NI AV I B0 B N VNI AL b W g L
YEA, 5 B R — e o BT 20K R 2 Tl
TR RAR i, W NS LR, KA T 2 ~
6em Z[H], WMARRZIEEERK AW 2ECTK, R
PRSI K o LR UTRURRIE 5 R0 o e 8 I TR R
FEAR A
1.3 REMERTIREFMERT b

R L 3 pe 230 b3 R0 oA i 37 ) A A
FURFAE , ATRE PR 04 T AR P o R BR AR AR 6 1 7 % L
(%£2),

2 b AL P R R bR P R

2.1 fEHH

AR 252 I 8] R L ke 2 ML) R LA S 73 Dy = Fof
R ORI ik A (FRE8e o sh Z2HOR)
@b A S (R E80a 28T s O KW &
FF (RS T 2EA TT4F) o — A ik A HL
I AR . BOKWD R 2 0 TR if i
LA B3 JEE i VY IV T Sl 2 T 5y W 2 £ 34 DAy 4] ( Sallex
et al. ,2006) , HeRba 6 )2 R A I ) T {1 v~ v s
o FEMZR SRR il R B U TR
B3 J5E e P4 V.38 97 A0 I s ) B 5 o A IR Vg P T P
1, BN A I Ak A AL

TR RS R BRI A A T B AN i AR AE XS L

Table 2 Fluid properties and sedimentary characteristics of high-denity

turbidity current and sandy debris flow

WA TR R VR UL e L BRI
b e e i T e Lt YT

FEAR D I, AREIRAI I s | ez b L R
@VLTERIE AL o TREEEAIA OB b | SERRSRIE S UE AT ) SRR E SO AR S
VB WA 2 AR A ( Fisher,  REE ek e
71y . TEE]”;’ v g TPV RIS IR | R

) o ERAR ﬁ'P{}EEﬁ'{l Ho X Wk Stk sy HA 7S
MTUAERZ IR (Enos, 1977) o #itakt b2 e
@UURTD A TR B S BDF A i SRR e s
T 35 T g A DM E | #i e
Ao WOIERBRA SN B pps | ear sowzm, LT SRR

R PR AR 22 18 Ml 17) T 4202 (float ) |
AN 2 Z0 3 E 1 A5 55 ( Middleton
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[F] 5}, Shanmugam (2008 ) 3+ 18 1 & 1 F- T i
WP T IRK P BT A E . R
WA=l T R IR e A W 0 TS i ULRR Y, JF
iz BRI WA b ULAR AR I | B3 3R B R O At el
Wik e o BCE R0, 78 B EEF- T S AL, B
STVEFR T Wi 2 Wiz AR W 2 TR PR A T
( Shanmugam ,2013)

Lastras et al. (2004 ) 7EHF 5 b A 6 VG 504 S I
DU, A R B2 B TCAR A e £ 28 i 55 )23 1Y)
FEAE KR TP 722 Ak S5 2 fik 2 U AR A0 T B3 ) )i
o

TR AL 20 =R O s ek
S T A5 MR (40 Hampton et al. ,1996) ; @il i
HAEEAI K (A5 ; Mulder and Syvitski, 1995 )
M@ WU B LA, AR i 2 T el i e
TG M 3 (Van den Berg et al. ,2002) , 7R3 388
PEVTHI AL 1 I8 i i i R
2.2 EEERE

WKHE DT (R AL, T DAHE Tt A DR ) 1
AR A DOR T A AR S Y A I 2 1 i
B AR AR Z R 5 TR LA e, B JE TAE R s
b AR b, AT LS A 4 O JURL R, R R O B S R
(Phillips and Davies,1991) , Postma et al. (1988) }
Vrolijk and Southard (1982 ) 5L 56 2 W, 428 1 #&
AR A TR S TORR S, iR o 2R . 2
AL S5, Hampton (1972 ) WLEE 1 i AR 1E iz o
PO JZ L, FE DRI, R o im i B4 o JRAR,

TAAAT AFER I i R v o 20, AEDURR S R J2 00 5 78
iz 1 R v Ay I, ZETCRR AT Ay it o 4 BRI A A4
TESR IS SRR DU R 5 A2 T IR By % A2
HAB—E WX (Shanmugam, 1996 ) 7] DL SR Bt
FRUURR A S B, 48 3 [ 28 BRIt A 22 ) ) e 4 oG
2, AR i 2
2.2.1 FEARKIEEE

UK 7Rz i #5326 (Dott, 1963 ) | 5 I 7R
HJUREN S W3 TR A R R G, e A 4
R (B S) o BARKL, T Bl AR o
iz, o A AR s . T B R R [ 45—
P [ S5 DT R AR B BBl U AT L BY
DI Az . DU R PR, — oA R 72
T siE R AR TS R o W45 325
WA 5 T & A e e Y Iz g, TR W A8 E
(Shanmugam ,2006 ) . 1% J5 Jit J& — i B A7 8P i 22
2pe o RN 2 AR S W DR ) E ) it ( Shanmugam
20065 F£LANSE,2012) o P AR A, OB 32
B E i i ) b 4 S SRR DR
2.2.2 WERERREGR

DU S )i Z (B AT DA B %Ak . M AE i sl
AR SR BN R PRGN, SCEEALT 2, 3L
o A B g g 2 R 5 U A Ak (22 8,2010) . 4]
@ PURY R R AR R FRIE R B R )2 . IR
P e B 2 W H AR O AR A 5 )2 e R R )2
(Shanmugam,1996) . %5 5 A 19 02 HoA 5 7 it
B [ I e Ak, TR DS BRI K BORL I 2K e |

R

8 R L1/

Bl 5 DR i et B (B Shanmugam et al. 1994 Fi#2,2014)

Fig 5 A schematic diagram showing sediment gravity flows conversion( modified after Shanmugam et al. ,1994 ;Xiao Bin,2014)
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VLR B RS % Pl

kA

E 1% J& it Debris flow
@ YT Turbidity current

K 6 )8 7 m) i e o 2 B (B E Norem et al. ;1990 ; Shanmugam , 1996 )

Fig. 6 A schematic diagram showing evolution of turbidity currents from debris flows

(modified after Norem et al. ,1990 ; Shanmugam , 1996 )

WAL MK 4 v 78 Syt i ( R 5% %5,1986) o Ho 2RECIRIYRANR TR , B — R 5 = 5 KK
TR KA i A B L, SE I Bk R s R
Wzt B2 A 08 W e S = B a3 Ay X AT A B A 2 A
(E6) : ORI B B QU 2B RSB B Wahsreg. SR, IAS I it AR 7E i i # b
STt AR I T Bl WRLEI TN . s M= SIS ) s 20 o < B | 0 05 3 = 3 3 = e =X o L A5 R
— YA (Norem et al. ,1990 ; Shanmugam,1997) , B R A ] RS T N R 12 B SO B 2 N
TERAR T JZB B K AR A BB = A EBDKIRZ A 9% B2 25 S B, /K 2 18 5 T VR 5 A
Tt L, 2 VP B G, FTREA 3 FMR G N R, AR TR R 2 (k24 PR A ,2001)
([E] 7 ,Middleton and Hampton,1976) : DFi/E& I 5L 2.3 mEZE
He. QR TRERA. 5 BW ERZEM, K J?ﬁé"ﬂﬁﬁl‘ﬂi””?ﬁ*”%ﬁ@?ﬁtﬂi L BEAT
RAEGAR T A S AR & BRI, @ —EKE & R ORI 1 BERT . HOR R
TR G o AT ACHDRLIURR YW BS T U e A A BE Al o A ) P 0 D 4R, 52 ) A T
TN %72—»%}@@ %)

I3 Z_\‘qjtﬁﬁ% )

i L

i sh 7 B AE A

KME E i is s etk

YI8h i ZJ‘ & HR T ﬂ*

>

& 7 MR A A/ F AR 2 ( Middleton and Hampton, 1976 ; 22#% ,2010)
Fig 7 Mixing mode of turbidity current( Middleton and Hampton, 1976 ; Jiang Hui,2010)
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T2 A, AE — o TR B2 b PR 5 4 i i 1) ok
MRS, TR SRR T B LAY Jm FR Y, 725K
WA T AT T 2 AU 52 5 (Mohrig and Jeffrey,
2003 ; Postma et al. ,1988 ;Ilstad et al. ,2004 ; Malet et
al. ,2005 ; Gabet and Mudd,2006) , 5 H A%} F Fr 4
2 S5 RG VR TS UL, DR ORG T R B A B T ek s 45 1Y)

ALy

3 A RS D B T OC R
3.1 ®EPIEH
3.1.1 RiFERA

AR 18 A ] o 2 A5 2 i K A B ) o R, AR AR
JERREAR . el TR RR M 8 i ORI/ NI AR A3 A2 4k, T
T E . — RO JE R Oy S0% ~
90% ( Coussot and Meunier, 1996 ), J1Jii N 1% ~
23% ( Middleton and Hampton, 1973 ) . b 55 #% )& i
ol € S B | S U R T il 1 N S PO VN7
(Shanmugam,1995) . 7EW & Z [8] 5| A®D BT JE Ui
WA, Hosm s R AP B o 32, AR 2. T
CERPET ST B AR SRR BE | R A 2
FAL[RIE A R B WAL SRR i A
JEE b i 2 [A] A 3k RS, 2 S B 4T
3.1.2 R

A 18 U e A S e it R B R AR T AR e e
TR I 2 A8 Ay ok 3 I 92 A 7 2o U A, B vy 8
JEMR . QRIS R & i A A, H A
ERPIT, W A] BRI U SR T SRR

LR R B DU 7 1 S B AT, DA 1) g,
3l TE R AR R E G, e n] REFE A M B AR
REFEHR . EANTTTARY) g it (A 2R 2 22 [] ) A 5
R — BT AL W R — 4, UURRY = R Y
SCHERLTRI AN S AL 04 5 A2 o N2 R 1Y o T
LAY SCHEDIL T 32 0 BE i i, Y i ) SCAE AL ) 3=
B R ( Middleton and Hampton,1973,1976) , f#
JE WA IBPEGAS M RS . W ) SCAE DL AR AN
T SAILTI AR R S Y 22 53], 1 B PR 2 (R B A
PEPAARZETY R a2 BE g o 8 % B D U AR
Gy R L Hp R R =2 4544 (] 2; Postma et
al. ,1988 ; Shanmugam , 1996 ; 7 X4 [ %5 ,2001 ) , 18
UKL 20 2 11 728 ¥ 1) 50 v 8 B 2R Bl i T A R TAR
FARS 22 B AR TR I AR H R
5T AERDE B, AR B iy B UL UL, TR
ARSI LARE BT O 2 18] b el 23O ) 3R
TS PE LTI . RS ) T S RS K /INFN [ 2R

TR AR 27 3 32 99 T e KA o

Shanmugam (1997 ) 7 1 A, = % B2 it i LA F) T
Ja (B 2) I T ER R B S8 AR, b S it
DU, P B e Mo o T 148 18 2 A kg o O o 0
A2 (L T) NI R AR B o TERG i v,
IRVETRASFIR S AN AT RER AL , SCHEHL LA AT BER
A5 PURRIN S AR TG ks 1 48 A i 7R A T Tt AR
Z b W Z )N AEAE A I A R R %
Tito e 2 E A DR A oA o AR T S A T
Kuenen and Migliorini (1950 ) #1 Kuenen ( 1951 ) 7£ #2
HZARTR N, IR s 3 s 22 i, BRI
Tiio 7340, IR H I3 U 0 S B A sh AL ) 22
FE(ZEMREE, 2011 ) o by 0 AOAE AN S e i ¥t S 4%
TR PR S A TR FT UL B ] A 1 1) sz 3 A
UKL AR 7™ A5 08 23 BN, 3245 o it Sk s A ]
PAZR 0 3, Bk 2 g e . Bt ORI
SRR, R o R, o TR, SR T R
JE i T

TEf Iz s AR v, 3 A AR S AL 2 ] (14 A
BEAGES o 2TEJIE U A5 DA U N R e % R
PO MR Z AR R AR e fad B, BLUURR Y &
WO, R0 SR T T AR
3.2 XERZA
3.2.1 EF5MASY

Lowe (1979,1982) iy idt FUE 4] 43 T Z8 vy, ki J&E
RN G o R R ek I v A [ AR ) ORE S A IL
AN [, Bt 2 5 P U055, A (] XD R 2H 56 Fe 10 AR
ok AUHRAG L OBy AN Al —HRLED, &R E
R =R o 0o e 2 B R LA m] AR 40 g 4%
FITRE I B B 22 5 | BB Be f R IR UAR B B, 58
3t L D I v %8 B I AN B R I A 17 fip U AR
HRIE AP B IAR , HPA7 2 B AN A2 4 2 PR A 42 5
DURRAY &, H L T 0% i 3 IR b o A iR e R
( Mutti and Ricci Lucchi, 1972; Middleton and
Hampton, 1976 ; Aalto, 1976 ; Walker, 1978 ) , [ & Vi
PRAY AT E PR I, B 7 0B 1] RIS 7 46 IS
PRAR 3 BAUBORE IR BE BT, I 57 J2 0 iz DAORE
lf 48 >4 3 ( Shook and Daniel, 1965 ; Shook et al. ,
1968) , JE U FR UKL, Bl 5 85, UL T+ Bl 2 42 32
L AR A AT IR Thunderhead 05 o Y HLED 22 8%
i 5 ML T e E FE 3R Peira—Cave [X 25 = £ Annot
Wb Ta Boh o MUTRE R T SN, B0A 78 2 A 7]
TR | B, 2 B 17 L DT ( Walker, 1978 ) | Gk
ZHGIME , KB MK IE . RS A4 3 2 1]



56 4 FEOPIAE i 5 R I RV R W G R I T 1289

JE P AR BE R O DB i 2 3 0t RSB 1 7 il
TR AT A ML X A0 T . i Ak, A m) b, e %% B b it
TR B W —IE ALY, TP B JE TR 2 & B
ARIZBE, Z2 00 B S i DUAREE ] B
3.2.2 tASFIIRFRE

Shanmugam ( 1997 ) 5-fit] & F 1] Ta Bt fift B wb
e JE AR, T, Te FTd B B IS el i 1T
o FlIG  BPBREE  rAESBz Ak , DR TR
FEURL B 79 24 8 A g & 0 5 % JE U T A, Bouma
(1962) WHFE Ry I dfi & =k v, S 5 P 51 K & , Ta Beh
R B, i R Dy 0 5 i 8 U U0 AR ( Shanmugam,
1995) o T e 25 B U i A 1 ARG AORE U 3 J2 1 R
U WK (Krzysatof , 1995 ) ] 3 iof 3 [1] )2 1 4] I
TR Ry A PetRb 5 8 R, 7T A R Ry b o 1 )i
WU IR ek b e EETURYI T, R E 4511
T, TR by v B LR TTUAR
3.2.3 RS ERRE

TSR Z , BRI 312 (Postma et
al. ,1988 ) , W] DL AE b Ui Ak 7 DB B 2R 1A% 0 A7
£, Sanders (1965 ) I\ HAN J& T3 i TR, R ib g
PRI DT o AU 728 5 R AR AN 0 ARy S AL 1) i
5,41 i s BURLZE VBRI 32 ) 5 B
RRATRII A o 4o Ny Tl w0 RO I N A6 3 = = B
PR A2, 2EOBE TR T IR R B a1 B R
( Shanmugam 1996 ) , 11 /& 25 B i it 5 Ay 460 1
KL B2 , [R)RE AT AR B R D S i I B (Middleton,
1967) o Al LUl A HOR T A 5 F B TR W 42 ik
KRR EMHN, aRPUREN A5 EA e B
LSRR il , AT RE D B T s 2R S AT
TR g 72 4 ik, ) B0 TEAE P, Ay ey 8 B e i g P
(Amy et al. ,2005b)

4 4ig

(1) o % 2 e 30 DO AR 18 JE 308 Ay 468 18 TR 37 50
JZ, FER o R P I ER BB TR DU, O A
R Bl R BTN, e ) b G — IR

(2) RV JE PR E P L, RO 2 B, A R
KLY 2 BN B DU s , T 1] b n] i JUR DG &
B

(3) T JF L 1) ik A ML) 22, ELAR X T b 25 2
SR LR T U, SRS PR AL A By [l i e 8k

(4) X T80 Jo 048 JF8 9 , oy s JBE Jeh 3 A A T ok
M AR QREE BRI e, T
B REIR RO 2R R AR AR R e, HL IR i

Jit, ] IR hb e A S DU . SR s 5 R
JRUTERY) L S A8 e f i, m] RE D b 8 ) 5 55
EATIURR Y Sy WA A P, R BSE AR , A e 4 E 1o

& #¥ X @t / References

W& WSO A2 BER S, AR, T, JEIEAR. 2012. SR/R 2
Wrda s S X b =BG 2 B BRI OB URAE B Hh
BRIR L. PURRAEAR ,30(6) 1042 ~ 1052.

Mgl 2SO S0 50 B 1 458, skl 8. 2006. SP/R 2 M 4
T A (2 U TR R R T B PR L M BTA R, 80(5)
656 ~663.

T BRI, R, Y . 2012, PR R A R RO 1k
GO R B AR T, 17 (1) <23 ~28.

bt AT, kb, B2, B AE. 2013 SRRSIF A =& &R
ERAUKD A SECE MR R, AR, 15(5) 1624 ~
634.

FRELAN, ARIRA UK, Wk 5, W AR B R , X 5. 2012, HUBkR} 27
) ,27(8) :815 ~827.

2. 2010. JFUTRUY B g 2= ML S AL 13 5 KSR < IR, 31

(4) 428 ~435.
TR | AR . 1984 T 15 5 T A T A i BRU . DB, 2
(4) :47 ~57.

FWE AR, TR, P, TAL, XIBTE. 1999. 7 75 b X ph FUA
14 2 B B I AR T . DUBL4, 17 (1) :89 ~94.

2 AR A . 2012, PR B e L A6 T IR DB UA &R
Sy B N FRIEE. HLUBTIE P, 58 (2) 1285 ~296.

IS WRE B S0 R BT, AT, XIAR L. 1978, K
JUASH XK AU R AL 3R, (1) 126 ~46.

bR, K, o DAT: , RIE A 2011, B R DO B F I S B A
. DU ,29(4) :677 ~688.

SR ISR AR R RSO T R , BT R, 1997, R G I
ZEGE R TORR B Al T = S URR A, 15(1) 220 ~24.

ARENE , A , 4 ER, HEE. 2009, SR T AR 6 & 8 K T T A )
PRI S DURREAR 27 (1) 77 ~ 86.

ZEAHTE, XL , SEBAS , 8o AE , B, B K % 2009. SF/R 24
b =7 AR A D R A R A B R B A M A, 21
(4):19 ~21.

AR, BRJE AR, XIRTR , SEBIAT , Sttt , B Ak , 57 4E. 2010. SRR
ZI A IEN AL 3 TR E i S L S A A R,
22(3):16 ~21.

ZRFATE, TOFA , XA TE , T35, 2013, ik VB E A1 72 5 %K
PUBUE . b BT IT,59 (4) :607 ~614.

A7 RS AR 4 A PR 201 1. LA T ) AT R A it
BRBF 2R 26(2) 1157 ~165.

S, TR TR B AR . 1995, SRR £ 0 A AR 4 v AR AR AE K
2T PUR) & IS B S BRI ,9(1) 199 ~107.

2l (AR, MM, EARET. 2014, T 7 E () JE Hb DX R 0 41 v B b
SRR VUL, AP K, 26 (3) 193 ~ 100.

BAEAE ARACEL, XBF5 5, Il , BRI 2013 SRR 21 235 4t Bl 4R 4t X 4
KA T IR IT B AE S R, b 2% i 2% (o 1 b BT R 2 (b
a0 AR ,20(2) 229 ~39.

T PRAT S A, A {E . 2007 PG 25 14 FAR R Hb 1k = 8 R UK UL
i RRE  HERERE 3T (4] T ) 2209 ~223.

P, WRA B, AR B (T, MDOR 2, iR, 1 55 . 2007 BROKBLARIF ST
2% 0] J. b SIS IT,53 (1) 136 ~43.



1290 MooJE O F 2015 4
w18 RN, 25 S0 MR AT, X #5. 2013, SRR 2 Wi A ' FEHR X AT K 128.

MR TR I R AE R, PR 4Rk (A AR ,43
(1):81 ~88.

FRER, BEIOR L, E K, JRLLE. 2006. SRR Z W AR R =5
FIER L — BO A R AR AE B 3 3. Hb T RL 2,41 (1) 154 ~
63.

FIER, EifpoR, TR, 322, 1K SO, 22 S0 2007 LALAE 4R, 25
(4) :495 ~504.

FEEH. 1986. X [ S i LR A = AN TTRR AT S AP JLat .
T Y R, 25 ~33.

ST, Z2 2. 2009. BEIL AR IR K BUBVA ROFR. DIRLE4R,
27(5) :922 ~930.

BEAS S, T BRI SRR TR, ARG, A YR BT 2012 W RA ) Z2 TR
Rt B D I OBV S - DA R A2 M B AR AR B L ).
HiZ%,19(1) :121 ~135.

BEA R, T HRE  HHEE , ThR, s . 2013, W AE ROK HORED R
ik PR b B R —— LA B M A 7R 8 AL ). o5 A 4, 29
(9) :3287 ~3299.

H M, T4k, 22 DEIE , AR . 2014a. A5 51 11 P B GE L A b
HBAKHEIR. HTIETFE,60(2) :321 ~331.

B (4K, EARAT, 2% 2014b. ] PG AR X o =BG UKL
5T, H E 5T ,41(2) 2450 ~462.

2. 2014 TOKIKGE DURUA R B R LA A 5. 0 fof gt 3K
B RIS LT A 22 AR S

W, AR YU, IS, $8EE . 2011, BOKPUREY & TURURRE
SRR PAPLHRI R : ISR S B A M % E =85 K 6 =
AU ). HBRHEEH,30(4) 243 ~49.

TRGPH , BAL , i 2l 2001, JTFR Y g W—E K 42 51 I BURR A
B I I LR LA AR B, 23 (1) <1 ~ 4.

HRIRA s JIR, B TS, WIE I, £ B 5. 2012, 1 = MIFE RV
LKA D BRI DORLE R A 35 AR 2 i (B Bk 2
i) ,42(6) :1581 ~1589.

HRRA, SCARLE WM, L, A, 4858 2. 2006. TR 23 4 b
EISA 3 DX 6 12 20 W0 2 1 ek AR e U BURR AIE B LT 5 7 3
SRR BE TR 224 ( A RBLAMR) ,33(6) :566 ~ST5.

AR RE, B e AT A RN, R BEAR , £ 2009. BfiAE I 2%
TR TR 0 B AL 5 0 A R AE—— LA SR R 22 7 4 4ty
. PURR 244,27 (6) 11065 ~ 1075.

Aalto K R. 1976. Sedimentology of a mélange: Franciscan of Trinidad,
California. Journal of Sedimentary Petrology,46:913 ~929.

Amy L A, Peakall J, Talling P J. 2005a. Density- and viscosity-stratified
gravity currents; insights from laboratory experiments and
implications for submarine flow deposits. Sedimentary Geology, 179 :
5~29.

Amy L A, Talling P J,Peakall J, Wynn R B, Arzola Thynne R G. 2005b.
Bed geometry used to test recognition criteria of turbidites and
(sandy) debrites. Sedimentary Geology,179:163 ~174.

Bouma A H. 1962. Sedimentology of some flysch deposits: a graphic
approach to facies interpretation. Petrography and Mineralogy ,168.

Coussot P and Meunier M. 1996. Recognition, classification and
mechanical description of debris flows. Earth-Science Reviews,40 .
209 ~227.

Daniela Fanetti, Flavio S. Anselmetti, Emmanuel Chapron, Michael
Strurm, Luigina Vezzoli. 2008. Megaturbidite deposits in the
Holocene basin fill of Lake Como ( Southern Alps, Italy ).
Palaeogeography , Palaeoclimatology , Palaeoecology ,259 :323 ~340.

Dott R H. 1963. Dynamics of subaqueous gravity depositional processes.

American Association of Petroleum Geologists Bulletin, 134 ;104 ~

Ducassou E, Migeon S, Capotondi L, Mascle J. 2013. Run-out distance
and erosion of debris-flows in the Nile deep-sea fan system:evidence
from lithofacies and micropalaeontological analyses. Marine and
Petroleum Geology,39:102 ~123.

Enos P. 1977. Flow regimes in debris flow. Sedimentology, 24 133 ~
142.

Fisher R V. 1971. Features of coarse-grained, high-concentration fluids
and their deposits. Journal of Sedimentary Research,41:916 ~927.

Gabet E J and Mudd S M. 2006. The mobilization of debris flows from
shallow landslides. Geomorphology,74 :207 ~218.

Hampton M A. 1972. The role of subaqueous debris flows in generating
turbidity currents. Journal of Sedimentary Petrology,42: 775 ~793.

Hampton M A. 1975. Competence of fine-grained debris flows. Journal of
Sedimentary Petrology,45: 834 ~844.

Hampton M A, Lee H J, Locat J. 1996. Submarine landslides. Reviews of
Geophysics,34:33 ~59.

lIstad T, Elverhoi A, Issler D, Marr J G. 2004. Subaqueous debris flow
behaviour and its depedence on the sand/clay ratio: a laboratory
study using particle tracking. Marine Geology,213:415 ~438.

Krzysztof M. 1995. Deposits of high-density turbidity currents on fan-delta
slopes: an example from the upper Visean Szczawno Formation,
Intrasudetic Basin,Poland. Sedimentary Geology,98:121 ~146.

Kuenen P H and Migliorini C I. 1950. Turbidity currents as a cause of
graded bedding. Journal of Geology,58:91 ~127.

Kuenen P H. 1951. Properties of turbidity currents of high density. In:
Hough J L. ed. Turbidity Currents and the Transportation of Coarse
Sediments to Deep Water: a Symposium. SEPM Special Publication
2,14 ~33.

Kuenen P H. 1966. Matrix of turbidites: Experimental approach.
Sedimentology,7 :267 ~297.

Lastras G,Canals M, Urgeles R, Batist M D, Calafat A M, Casamor J L.
2004. Characterisation of the recent BIG’ 95 debris flow deposit on
the Ebro margin, Western Mediterranean Sea, after a variety of
seismic reflection data. Marine Geology,213:235 ~255.

Lowe D R. 1979. Sediment-gravity flows: Their classification, and some
problems of applications to natural flows and deposits In: Doy le L J,
Pilkey O H eds. Geology of Continental Slopes. Society of Economic
Paleontologists and Mineralogists Special Publication,27:75 ~ 82.

Lowe D R. 1982. Sediment-gravity flows, II: Depostional models with
special reference to the deposits of high-density turbidity currents.
Journal of Sedimentary Petrology,52(1) :279 ~297.

Malet J P, Laigle D, Rema? tre A, Maquaire O. 2005. Triggering
conditions and mobility of debris flows associated to complex
earthflows. Geomorphology,66:215 ~235.

Martin-Merino G, Fernandez L. P, Colmenero J R, Bahamonde J R.2014.
Mass-transport deposits in a Variscan wedge—top foreland basin
( Pisuerga area,Cantabrian Zone,NW Spain) . Marine Geology,356 .
71 ~87.

Middleton G V. 1967. Experiments on density and turbidity currents: IIl.
Deposition of sediment ; Canadian Journal of Earth Sciences,4 :475 ~
505.

Middleton G V and Hampton M A. 1973. Sediment gravity flows:
Mechanics of flow and deposition In; Middleton G V,Bouma A H.
eds. Turbidites and Deep-Water Sedimentation : Short Course Lecture
Notes, Part I. Los Angeles:1 ~38.

Middleton G V and Hampton M A. 1976. Subaqueous sediment transport
and deposition by sediment gravity flows. In; Stanley D J, Swift D J



56 4

FEOPIAE i 5 R I RV R W G R I T 1291

P. eds. Marine Sediment Transport and Environmental Management.
New York : Wiley,197 ~218.

Mohrig D and Jeffrey G M. 2003. Constraining the effciency of turbidity
current generation from submarine debris flows and slides using
laboratory experiments. Marine and Petroleum Geology,20: 883 ~
899.

Mutti E and Ricci Lucchi F. 1972. Turbidites of the northern Apennines:
introduction to facies analysis. International Geology Review,20:125
~166.

Mulder T and Syvitski J] P M. 1995. Turbidity currents generated at river
mouths during exceptional discharges to the worlds oceans. Journal of
Geology,103 :285 ~299.

Norem H, Locat J, Schieldrop B. 1990. An approach to the physics and the
modeling of submarine flowslides. Mar. Geotechnol. 9,93 ~111.
Phillips C J and Davies T R H. 1991. Determining rheological parameters

of debris flow material. Geomorphology ,4:101 ~ 110.

Pickering K T, Hiscott R N, Hein F J. 1989. Deep-marine environments
London, Unwin Hyman,416.

Pierson T C and Costa J E. 1987. A rheologic classification of subaerial
sediment—water flows. In: Costa J E and Wieczorek G F. eds.
Debris  Flows/Avalanches: Process, Recognition and Mitigation.
Geological Society of America Reviews in Engineering Geology,7:1
~12.

Postma G, Nemec W, Kleinspehn K L. 1988. Large floating clasts in
turbidites: a mechanism for their emplacement. Sedimentology, 58 :
47 ~61.

Saller A H,Lin R, Dunham J. 2006. Leaves in turbidite sands:the main
source of oil and gas in the deep-water Kutei Basin, Indonesia.
AAPG Bulletin, 901585 ~ 1608.

Sanders J E. 1965. Primary sedimentary structures formed by turbidity
currents and related resedimentation mechanisms. Society of
Economic Paleontologists and Mineralogists Special Publication 12.
192 ~219.

Shanmugam G, Lehtonen L R, Straume T, Syversten S E, Hodgkinson R J,
Skibeli M. 1994. Slump and debris flow dominated upper slope facies
in the Cretaceous of the Norwegian and Northern North Seas:
implications for sand diatribution. American Association of Petroleum
Geologists Bulletin,78:910 ~937.

Shanmugam G. 1995. Deepwater exploration. Conceptual models and their
uncertainties ( abstr. 1. Nigerian Assoc. Pet. Explor. ( NAPE) Off.
Progr. ,13th Annu. Int. Conf. ,Lagos,45.

Shanmugam G, Bloch R B,Mrrchell S M, Beamish G W J, Hodgkinson R
J,Damuth J E,Straume T,Syvertsen S E, Shields K E. 1995. Basin-
floor fans in the North Sea: sequence stratigraphic models vs.
sedimentary facies. American Association of Petroleum Geologists
Bulletin,79 :477 ~512.

Shanmugam G and Moiola R J. 1995. Reinterpretation of depositional
processes in a classic flysch sequence ( Pennsylvanian Jackfork
Group ) , Ouachita Mountains, Arkansas and Oklahoma. American
Association of Petroleum Geologists Bulletin,79(5) :672 ~695.

Shanmugam G. 1996. High-density turbidity currents: are they sandy
debris flows? Journal of Sedimentary Rsearch,66:2 ~10.

Shanmugam G, Bloch R B, Mitchell S M, Damuth J E, Beamish G W J,
Hodgkinson R J, Straume T, Syvertsen S E, Shields K E. 1996.
Slump and debries-flow dominated basin-floor fans in the North Sea:

an evaluateon of conceptuall sequence-stratigraphical models based

on conventional core data. esselbo S P, Parkinson D N, eds. Sequence
Stratigraphy in  British  Geology. Geological ~Society Special
Publication, 103 ;145 ~ 176.

Shanmugam G and Zimbrick G. 1996. Core-based evidence for sandy
slump and sandy debris flow facies in the Pliocene and Pleistocene of
the Gulf of Mexico ; Implications for submarine fan models. American
Association of Petroleum Geologists Bulletin,5:129.

Shanmugam G. 1997. The Bouma Sequence and the turbidite mind set.
Earth-Science Reviews,42:201 ~229.

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. 2006. Deep-water processes and facies models:
implications for sandstone petroleum reservoirs.

Shanmugam G. 2008. The constructive functions of tropical cyclones and
tsunamis on deepwater sand deposition during sea level highstand ;
implications for petroleum exploration. AAPG Bulletin, 92,443 ~
471.

Shanmugam G. 2013. New perspectives on deep-water sandstones:
implications. Petroleum Exploration and Development,40(3) ;316 ~
324.

Shanmugam G.2015. The landslide problem. Journal of Palaeogeography,
4(2):109 ~166.

Shook C A and Daniel S M. 1965. Flow of suspensions of solids in
pipelines: Part 1. Flow with a stable stationary deposit. Canadian
Journal of Chemistry and Engineering,43(2) :56 ~61.

Shook C A,Daniel S M,Scott J A, Holgate J P. 1968. Flow of suspensions
of solids in pipelines; Part [I. Two mechanisms of particle
suspension. Canadian Journal of Chemistry and Engineering,46:238
~244.

Shultz A W. 1984. Subaerial debris-flow deposition in the Upper Paleozoic
Cutler Formation, western Colorado. Journal of Sedimentary
Petrology ,54 :759 ~772.

Stow D A V and Johansson M. 2000. Deep-water massive sands: nature,
origin and hydrocarbon implications. Marine and Petroleum Geology,
17.145 ~ 174.

Talling P J,Paull C K,Piper D J] W.2013. How are subaqueous sediment
density flows triggered , what is their internal structure and how does
it evolve? Direct observations from monitoring of active flows. Earth-
Science Reviews, 125244 ~287.

Talling P J.2014. On the triggers, resulting flow types and frequencies of
subaqueous sediment density flows in different settings. Marine
Geology,352:155 ~182.

Van den Berg J H, Van Gelder A, Mastbergen D R.2002. The importance
of breaching as a mechanism of subaqueous slope failure in fine
sand. Sedimentology ,49 :81 ~95.

Vrolijk P J and Southard J B. 1982. Experiments on sand deposition by
high-velocity surges. 11" International Congress of Sedimentology
abstract on Session 4.

Walker R G. 1978. Deep-water sandstone facies and ancient submarine
fans: models for exploration for stratigraphic traps. American
Association of Petroleum Geologists Bulletin,62 ;932 ~966.

Wynn R B, Talling P J, Amy L. 2005. Imaging bed geometry and
architecture of massive sandstones in the Fontanelice Channels,
Italian Apennines, using new digiscoping techniques. Sedimentary
Geology,179 :153 ~ 162.



1292 MooJE O F 2015 4

Discuss about Relationship between High-density
Turbidity Current and Sandy Debris Flow

PEI Yu,HE Youbin, LI Hua,XIAO Bin
School of Geosciences , Yangize University , Wuhan ,430100

Abstract; While high-density turbidity current and sandy debris flow are two significant geological agents in
deep-water environment, a dispute always exists in how to distinguish between the two kinds of fluids and their
deposits. By discussing the relationship between the fluids, it is of help to clarifying deep-water sedimentary
process, to properly distinguishing between their deposits and to predicting reservoir. On the basis of reviewing
concept, characteristics and concrete examples, fluid properties and sedimentary characteristics are compared.
Combined with triggering mechanism, forming process and influencing factors, the relationship between high-
density turbidity and sandy debris flow is discussed from the two aspects of basic theory and practical application.
High-density turbidity current deposits can be divided into bottom part, middle part and upper part vertically, in
coarsing upwards then fining. Abundant in sand, sandy debris flow deposits are characterized by massive bedding
and can be formed by vertically superimposed massive sandstones. Triggering mechanisms of debris flow are
various. Besides, in comparison with moderate to weak viscous ones, strong viscous debris flow is not likely to
convert in turbidity. In the use of terms, high-density turbity is more suitable. If fluid conversion occurs in debries
flow, so does high-density turbidity current deposits. If it does not happen and source is rich in sand, sandy debris
flow deposits can be formed. Sandy debris flow can be used to explain abrupt contact between massive sandstone

and overlying muddy sediments, while high-density turbidity current can explain gradual contact.

Keywords : turbidity current;high-density turbidity current;sandy debris flow ; gravity flow





