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SEDIMENT GRAVITY FLOW &iX{ash

#*® B GpazEe) % B F — OREED
Wonn Son Shuichi TOKUHASHI

1. RLE®IC

IRETCIOVY XTIk BERRMIAERILS
F—YFA F ORERERCZOBEIO>NT EED
— N (R BT CELERRESE X THEN Y
I T&E

AENE turbidity current OWENEEZEZ 5 ET
FEEDY 2F L 1970ERDIEER K CHERHETRSE
OB CIERRBRPZEN TS sediment gravity
flow ORFILOWCHENTEZLicTS. Thbb
sediment gravity flow AR Z®E L T turbidity cur-
rent DAL « A V=X hiCARy FEE T B
Lt s.

2. Sediment gravity flow

el 8 - BT B L LTIERX VB BN
T& 7= Dz fluid gravity flow 23% 5. i ‘YR
BOBEIT 5 L X ICHBRIT L ORICET S HiEDH
77 (fluid drag) ” 1T & » CHBRIT 2% 8 - Ei 5D
NT ZOBBIZ L THERSNDOIREE OB M
(bar) P (dune) 7r ¥ OHEFEY FEICIIEEETO
v Z—54 b (contourite) LELBHIF LIS

LAl ZoX5x “WEROHII 12X SREERF D
BEIL I —FoWBRIEHOERN R
S>THEEBETS <&+ A—T7 A b (mass move-
ment) & WIOBEBERNHB. TOTR e A=T AU}
121X BT (rock fall) RF VEHIZZE>THED FHRTFA
F 4 v (sliding) ZFURAS 7 (slumping) &
ZZTCHBL X5 &% 5 sediment gravity flow 23%
5 (HB15.

sediment gravity flow &5 E#|X MIDDLFTON
& HAMPTON (1973 1976) i k- TRE & EhET
Iz & -7z density current % gravity current, sub-
aqueous mass—transport 7z ¥ &\ o 7= FEEDIREL 25t
—1 BEFTR—EOTREERENDHZ. 0
i T ZEEHTOCHES hIcHERRROHRE  fF
%1¥ [Sedimentology—Process and Product—] (By
M.R.LEEDER, 1982), [Origin of Sedimentary Rocks

F1R BREDEREROHEE
— TURBIDITY CURRENT

| FLUIDIZED
SEDIMENT SEDIMENT FLOW
GRAVITY FLOM
L GRAIN FLOW
SLIDING,
MASS MOVEMENT SLUMPING L DEBRIS FLOW
ROCK FALL

FLUID GRAVITY FLOW

(second ed.)] (by BLATT, MIDDLETON & MURRAY, 1980),
Sedimentary Environments and Facies] (by H.G.

READINGS, 1978) OWiThERTY ZoOHBEIAVD

RNTVBZENELHALPTSH .

3 OREERDTRABE
(PHARO & CARMACK,1978% ¥) TH ZDFENRD bh
T3, Ll ZOERHEEIC X - THER LIOER
MOEBINZET FHE (deep water) DIREET T
EhicbDThB.

sediment gravity flow

a. sediment gravity flow [CHDNB 4 DDOFE)
Bis

sediment gravity flow & BhF2XE+2%4 2
DOEARW A = X ~—FELI (turbulence) BFRAKD LH
(upward intergranular flow) HBITEOMHEE/ER (grain
< MY v 7 RBBE (matrix strength) —
DO LOMPEERZFREL 2 VBRI L-TER
Fi, turbidity current, fluidized sediment flow, grain
flow, debris flow D4 oD 2 H =X K&#RIZT 35N
R4 &h% (MmpLETON & HAMPTON, 1973, 19765
15D.

i TOXD BT OXREEOEWIC X B3HHD
fiie vARO—DBEELBD RS LERIATY
% (DoTT, 1963 ; LOWE, 1979 ; NARDIN et al.,1979; 2%
2. L2LARL ThbLofEieRnTyd  sedi-

WE=2 -2 359%

interaction)
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o m e e
General ferm | SEDIMENT GRAVITY FLOWS
|
1
! | |
" TURBIDITY  FLUIDIZED GRAIN DEBRIS .
Specific term | CURRENT SEDIMENT FLOW FLOW FLOW
|
1
| UPWARD
Sediment | INTERGRANULAR  GRAIN MATRIX
support | TURBULENCE  FLOW INTERACTION STRENGTH
mechanism @) o) = Q
70 ) o ERRRtes
l o o fg 1ot QTN o5 of :
! oﬁ q
1 ,\O; ol O C O
/' ot 0 g
| DQ r\ AN O #1
!
| / \ / \ / / \ Sediment gravity flow D435
Deposit : DISTAL PROXIMAL  RESEOMENTED  “SOME PEBBLY (MIDDLETON & HAMPTON,
| TURBIDITE TURBIDITE CONGLOMERATE 'FLUXOTURBIDITES'  MUDSTONES" 1976)
|
1
ment gravity flow # 4 >0 hIcEKOT 2 2 L A3H THE Y » grain flow & fluidized sediment flow |

REThHY HROZELXEECX35HEL X BEBRRBRET 20 U A SN B - b S 0L EE

i) ey =3 ZEWIIFED bRz,

PoTZZTIX

Al T LU THIZE OB 2RI ZE LTS Z L%

i&» MIDDLETON & HAMPTON (1973, 1976) 033:51??(‘: WeIhtTwa. % BAROEEORELDOPTIX
ﬁ%wiﬁ%%kl% iﬁk%“ﬂ/\f BBz

5.

b. sediment gravity flow DEE

izt Fl 21T turbidity current ToH-TY debris flow jzds
B ERIE T (vield stress) < grain flow (z4&MEY
BRFHOHELER R ED A 5 =X 2R BTy
BT EBPELT (H1ESE.  EhdsHAIK

Wthf@%%@§K54o®ﬁh@¢f BRS PECI-TEOXE A=A bR ERBZ L abh
ROBEEH X 2013 turbidity current & debris TW5.
ﬂow TH3. FhixFic BUERF2EESHIcb Fre—F Tk RF U7 Gz ) < debris

S TEBRLEBREIEL LD THL S 3.

Fhizlx flow 225 turbidity current~ (MORGENSTERN 1967)

B2R BRIEEERROBELHME (NARDIN ef al.,1979)

Mass Transport Mechanical Transport Mechanism and Sediment Support
Processes Behayiour i
Rock Fall Freefall and subordinate rolling of individual blocks or
o clasts along steep slopes,
a14d E Shear failure along discrete shear plains with 1ittle
g ide g inertial deformation or rotation,
;,:, = Shear failure accompanied by rotation along discrete
STump . shear surfaces with 1ittle internal deformation,
Plastic Limit n - n
Z Debris F1 Shear distributed throughout the sediment mass, Strength
s oris riow- is principally from cohesion due to clay content,
- Mud Flow Plastic Additional matrix suooprt may come from buoyancy.
= z = . . . .
5 =z — = . L L Cohesionless sediment supported by dispersive pressure,
fr pali] %lr)ertw_al (—Liquid Limit— Flow may be in inertial (high concentration) or viscous
> o b scous (Tow concentration) regime. Usuallv requires steep slopes.
s = L - Cohesionless sediment supported by upward displacement
o 2 Liquified g of fluid (dilatance) as loosely packed structure collapses,
bt - Flow = setting into a more tightly packed framework. Requires
E © n slopes in excess of 3 degrees.
he) = -
£ S Fluidized 3 Cohesionless sediment supported by the forced upward motion
E © Flow 2 of escaping pore fluid. Thin (<10 cm) and short-1ived,
—d
Turbidity Supported by fluid turbulence.
Current
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Schematic subdivision of turbidity current

‘ Head

..—-/

. G\Q\

=

¥2 Turbidity current O (MIDDLETON & HAMPTON, 1976)

fluidized sediment flow 2>& turbidity current -~

(GONZALEZ-BONORINO & MIDDLETON, 1976) & Vo 72Kk
2 BHI3WMADAT=XEDBMD A= A~LHED
TbobILB—fRicbhTWs.  Z0X5ICERD
WHOHRTIE Zhd4d20fho 2 b =X KR EH
BRLERALTWS EZELRT TR 5.

3. Turbidity current

turbidity current (%4 SDFHAD A H =X ADOHFT
L BLVEHEL»bAbR TS (213 DALy, 1936).
Zhid turbidity current O %> MEREEN] 23 HE
BORE L v o I EE L BRI R & 2B &
DTl B TH o Tz :

F04%  turbidity current (2O T OWfgeE OELE
I LUAZEOHOEEES NEREN] ~LBVE
bV KEEBR (Kuenen, 1950 ; MIDDLETON, 1966a,
1966 ,1967,1970 ; PANTIN, 19797 &) LB Ic S5
R P 507 7 v —F (BouMma, 1962 5 WALKER, 1975 5
LowE, 19814 &) Bl EhTE /-

a. turbidity current ® A =X L

turbidity current OHTE Fhic k> TETBEL
NItk o T BBRFAREFICFShTNS. &
ORBR T #XE+ 3R 0 L FXE T #F &2HEh
TRHEELECHEERL ZOEREPKEWELEZE
FIHHERT 5.

b. turbidity current DOFZHEE

WBEYr — TV 2T 5 Lo I B CORME R
turbidity current % FTADPEEEOHZY IcHET
52 LIIBBRE CIIRRRETH 5. L»L EDRT
— W ERINTBILICE T BATOKEERIZIY
Z ORISR ONEORHE L L &b 2 BEMD 2 LIk
+HHRETH 5.

turbidity current 2iZ FDOEELEOREICLD
1) — DAl (surge type) 2)EFEE! (steady type) D 2
DX 4> &5 (MIDDLETON, 1966b ). L2 LEEEHEOH
AT F0LERICRE UcEBERE OB &
Vo kbR bhB. B0 HEMERUEN
ERIZBWTIX ZOFEPERINLLIN BRRTI
BOTENRUPEELANWEEZbRS.  foTH
iz turbidity current & 5EAIciz —RICETE 2E
BRLTWB LEZTEW.

MEEHENT S turbidity current DOFEIE K& <
BRER (head) f&HF (hody) BES (taid) # 3 -DIZE4
Ehd ). EHE BT 348EMED TEA
DEAEHRL L (KoMAR,1972) FHHOHF TR LELZE
ETHENT FEBRBAKEE (open channel) TiX #ik
FTHHMOBIE2H/OESITES. (e HEHEER
DA R, BEEROEER FHicE R TE W
(MIDDLETON, 19662). F D7z FIZHEX b HEific
R CHYE Mtk S oSt 3. Ll BEERiCH 2
R S Mo T R T L& T
NOEENC X > TEB LH~ L0 ABEOKE
LIRUVESRELT FHREA»HWEERLTLES.
ZOXSEER HEHE FelRhod T bk bk
BFREFT 525 ERERIIRDOAR
HEHOEE LB oFAXE 1.1 KicxwT

Uh=0.7y 4p/pgDz *=+ervereeee (1.1

Uh : BEEOBHE

dop : BB OFA L turbidity current & D
EE

o : BB OWEOEE

Dz : OB &

g  EShEE

EMOEEREEIT 1B ALOEA I DS Tl
WE== -2 3508
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Vortices
lose coherence

Head

Well~defined vortices

Mixing region

B3
Turbidity current DEEE(Head)
LARER (body) D#Z5 (ALLEN,

BIERAMTbRT DLARaT— « v—JEDOFED

BRIZAbhBE X oic BRIFARETTSZLTHS.

LB LZDOFEMIC>WTIE REARHZARE W™ 4
ZITFE (1978) DX 5 BOUMA L—Z = v 2DAM
Gl - SBIRED 2SERER & OUEEIERIC k- TR E h
BLNWSRE-EZ2F VDB

SRER & (BRI SR O SRIEEE AL IR & B PR
PEBORELBEC Y AHARE R3S 25 - THESH
% (ALLEN, 1971 ; %3 KD.

IR R R E R AEIT L ATRGRIL - SLIRED
EY T BES (FERRAEER S CH(pimEEs)
2ES ZoELS»OERIhB.

TOBEE Y EICHNDOES « BENUEE 2BUNS
EHREELCHORERTHS GE2l). ZIhbid
DY (BT RSB L ShTna.

ZD X5 nEEE b osurge Bl turbidity current (X
DHBEYOBRSRHIELICE 5 BEOR/N 2)HhiisE
BLEYVHTEZZLIREBESOR/A 3EfEAVL
ZORMTOEE DWW T T 3HEOER OB L
SHEBETEEL (ALLeN, 1971) X VF#EA  turbid
layer L7z VL Lz 0 3.

c. turbidity current M #FFEY—turbidite (kzE)—
(OLEZ

BIE  turbidite(es) ERETHEIAV b3 HHL
LT UTEBRBATNS 4 oOBEEENEHS
N5 L%

1) THIA B A GRib - 3ikED B (Firpiries
B  CH (pissmiy) DE (T
EZQRER) ~ LB Y b 5 NIHEREE (Bouma
v—rx2) OIFFHEHBITRROELE.

2) ERICED bh B scour mark EDFIEDIELE.

3) SEATEESAIREHS RIS ABERBRIC X

19844 7 B %=

1971 &—FMETE)

SHERREE DTFTE.
4) EL b ORI O RE Ul iR g
DIETE.

PB4 oo BEIicRT 2 BAERLERLT
ECBEHTORBEERN FICHER» S&E - BH~L
B —EORHFBRERTHATE turbidity current D
BrIi{FbLTWnatnz ).

4. Grain flow

a. grain flow DA H =X 4L

IEREE PRI (cohesionless particle) (& ¥ AW H
(shear stress) 2MEI< & 722 (grain collision) 0¥
FHEERIZ & - TEERS (normal stress) 2341
TR X o THEFITAEEICHER 5 5 & 5. Znkd
) & 28ES] (dispersive pressure) & FEE (Bac-
NOLDS, 1954).  VRARPNIC B B IERE IR T D BIE ST

LRAMTIE S E OBRIE (1 2) RoBicEbs R 3
(BAGNOLDS, 1954).

P =T/tana ......... (1_ 2)
T/P=tana oo (1.3)
P BUES
T : FABIRS
a : NEREEERA

grain flow X T DX 5 EOBESICHES BESH
KEXoT BBRTERFBLRESLEZITEILTHS.
ZOBETWNITH LB EAMNIEE (1.4) Rickbsh
3.

T =cptana+pé

op T EERS
IR il
& 0T HEE
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b. grain flow OKEE

Wiz ERRIC grain flow XRETEEDICLETH
5 20o0%Mt DRMEPOIEELLTOBEE 2)%
AMTIRT] B HERFT 2 7o DT B & 72 BRIE ARSI DN T
ELTHB.

—MRICHBESNT  TRAEPICIEREEERI T2 9 % Uk
B—er ) MEEEh T3 LERLED BREER
BE3ELEEDORESITHERTS. ZLTI%LE
b e AR T 3. o T grain flow &
LCithd7edizid 27 < TH15% L kodeksE ks
TOBREPLEE 755,

5 TR TOIMEIRLT R BIES 21 T
MERBT B0ty 18~25° 2w i S ALAE &
MELT5 (Lows,1976a). F0kd  FlRISEES
DARFEMBEICFED Hhs & 9 /NP @ avalanche

(SHEPARD & DILL,1966) & Wiz METFT THERK
B OBREZOFENRD NS, bk i
ATLHEHEShD grain flow DOESE5ecm L EDE
T birnEnS (Lows, 1976a).

Tk ZOMoRBIZBWTIZ grain flow 3FER
ERENDOTHS 57 Lowe(9rea) ix Euv tur-
bidity current DEDEELC  density-modified grain
flow 2SRRI ND Z L 2EMMICHLNIZLT W 5.
ZThicks e Ehzl D RECESTRANEO
BEPRKEVEAIE BT Y RELBEARHL L
Lbic WANEBOEIR-SLPHBRR DB K X 2H 0z &
> THADHE Tk & ) —BHE LT WIREERMES h
5. TOFER HBA/NESSMNEAIER TS grain flow
PR ENBZ Licinsd.  LrLaRd EE 27cm
@ modified grain flow LT3 72diciz 100mpL
EOEE D turbidity current MRSNE L 725 (NARDIN
et al, 1979 Oh HEIN 03 &EIck3). #-T ZDk
5 /5 grain flow OFERIT BEAOFTLEICER R
BiBbhszbicks5.

grain flow {3 (Q.HRKbRTIESkIF=ma—
WETH2. 2ok HEABEINNSEBRREL
THAMIGTI2 5 DRRELTIZEN 5 & (T<optand)
WAVEBRICELL SEh 3BT a8 H#ET
5. bErbEhid S bER o EREMERT
2L EDRTILTE Y “freezing (BRIEERE) 7 LI
hTna.

c. grain flow HFPOIFH
grain flow HEFMOREE ER+HMCH LR TR

' H-EES—

SARHHZRERE .

BRAEL TIRE SN OHBY OB EE LD TH
2L DREMICE > THERSNNEBEDORER 2) 2
AT — v JEOFWIRDORE 3D LR oEzE
> TR 7 7 7Y v 7 CEF-oBihamm
CATT BRI - THEMEACEEAERT ) D
B DFRBEOTFE L EBD 3.

5. Fluidized sediment flow

fluidized sediment flow D 4£#riZ MIDDLETON &
HAMPTON (1973, 1976) IEft -7z 3D (1K) T
# 2 %0 liquified flowd fluidized flow Z—fE L7z 1
DIZHST 5. $E- T liquified sediment flow & 4
SFHZLLTELS.

a. fluidized sediment flow D A =X A

HESEFRWMECL>T ThETHr—XHEREH
TWicHER P IC R ARSI MBI & ¥R P O RIR
KEBRLERL BFREBNTWEERER IR &2
B, ZOXOIRETIE BB 2R IR A
BAREFACEDZENEL 2L L THIrbifEDT
LEEHET S 0k ) ABRKIRRIEE S ique-
faction) &IRITh Z 0 X5 RRETHNS b D Fflui-
dized sediment flow 5.

fluidized sediment flow DFAICIE BFFIOFHEE
ERE—&icB» T Z0O7DEH (aminar flow) %
kT 5.  E£e WhoRKERET Xczoly
B2ERE & TIRET BRI R 5.

D=1t Uhead :+ecceevevemeerees (1 5)

D : B AREMRERRE
t : PERRIC B B e
Uhead : Ji{ASRER D g3 E

FORER  fluidized sediment flow i3 YEREEED
INSWHIERLF OBIITERI T IEEEORE N
MMM FOBAEBROTRENE WSS, #lxd
£0.06mm © 3L MEFOBEAICTIED BEHT2km D
BERRETHEDIHH LT &0 lmm ORI D
Atz ML THTRIIMULNBETELN LT
7%%5 (Lowg, 1976b).

b. fluidized sediment flow HFEIDIEE
BBy fluidized sediment flow 1% FEELFE
(non-turbulent flow) T &EHARERTIX B K

WHE=a -2 359&



Z—E A DEB)

RATE oF DEFORMATION

<>

YIELD STRESS SHEAR STRESS
FAR == — PUEL € R AREORR

DM E L bIcABIIEET 5. Ll —HREL
IS DREY I L £+ 0 nKkEEALTEY H
FEERADOEEITL & iz hydroplastic ZERLEH L5
ROBEAIC X B BAEERET B.

BAEE T o X ) RHEEYCERCED bhb.
WP 7 JEELFR A I3 distribution grading 23—fBEYT
HBB LIEUITELRANE L 3EA 12 % coarse—tail
grading 2EIE &N 5 (Lowk,1976b). Fofll ik
X AEBEBEBEDORBPLA T — « v — 7 K EOFHED
KREDRH#EELTHIToNB. Ll grain flowd
i ZOMICBWTRALENRE L SHROBREN
HFiehs.

6. Debris flow

debris flow (% sediment gravity flow OHTiX
turbidity current IZRWTEEARILTHY S%D
MROERICH > TRIZEHSNZ Z LPEFEN L D.
—fiz debris flow OHEFEMH LN & NEEED
B L LEEBRERMFE LTHITFORE X5k &1k
ROPEIENDDERETIHEREL . LhLi
B <=My 2HicHtaedbTrll%LrgEk
WiEh ERImOEEFERL WS BEFE
(CURRY, 1966) ¥ 1.5 ~4 B BREOHRRTLLEL
LC+4 debris flow & U CEEIL&W ) ERRE
(HAMPTON,1975) % &k TERLIFEB B/ E O
INEV debris flow DFEFEEZRMTFRLTNDS GETE
28,

a. debris flow DA H=X L

debris flow & $itRvn M X OB &b okt
T (cohesive particles) ER > VH+T< Vv 70OF
fRIGFT (vield stress s E4F) & KRELBEIC L > THE
CBBNC LT BOBE W - iIERE MHRITF (cohe-
sionless particles) SXIFIh 3. F0Y  HED
ANEaHEETH FKiOkme FicixEh kichikzoT
FET Bz LB TWS.  ZD X5 i debris flow
i OREAMELIEE ZTLTERELYAZKILT
BENSEMRE G ORBREVEKIC WHkRN
BHOEIEB T bh EARICERERL TV S.

JonnsoN (1970) vk [ELTEIZ SIS debris flow
DZEH) (flow behavior) FHERYIAME(R(BINGEAM plas-
tic) EIREL (B4R L Zh#z (1.6) XnXdic

PLAN
VIEW waves

LONGITUDINAL
SECT/ION

snout

19844 7 B &

latera/
deposits

tnn’a’/;;f/
deposits

CROSS SECT/IONS

#5 Debris flow DEE
(JoHNSON, 1970)
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Fb Lz
T=c +dptana+pé oo (1.6)

c i HEES
722 L T>c¢ +dptana
ZZTWIHIREE ()i BuWiE{bzs 72l
KXo TR ER LSO Rxy VU —2 %
TAMT B D BERR/NROATHB. T
DIEIF BEhsHEIYOEHIc X - TLER
B8 ERRCERNCE Eh s 0E L
B EAL L TW3 (HAMPTON, 1975).
EFIDXSnvAue P—EF AT BEER
glacial flow DZh & HEFELIL TR Y (Jounson,
1970) /KHLFEFE  (subaqueous debris flow)
CBWTHREY SL> T W5 (MIDDLETON & HaM-
PTON, 1973 - 1976).

b. debris flow D EE

debris flow DOFEBIZ B L TOEERKEERIZ X
> TEOBERHLMZENTEB Y (Flzi JoHNSON,
1970) AKFLFEHEOZhDZERKEEL NS,

debris flow OFEIE KE LA TEREZ LT snout
I SRR E  CORMICHEEORET 3 A5
RS END (Es5™). snout IR CEBEL
Z ORTEEIC i35 LR A BRL T 23T 5. deb-
ris flow & ZhEEE T AFA L OBERICE TEOHE
EEIC X o THAREBIERE NS,

debris flow DOEELEHO—oIC “rigid plug” @
BEXRDS GE6ED. hix HEOCHEICh»3E
MBS LR b o= Y v 7 AOBREA I LEE
RAE (vield value) 2YE TV AW LIRHRE P EIE ITE
BEREESLTWS.  ERFHKACE BhAETO
BWEMELLRBEEK L WA 5. Tokd “rigid
plug” WETIE HEDOEELLCIEFELT
biEARy 7 ERTRETERSh 3.

ZDX 57 debris flow & FHTFT3HEAELD
SLmBEEVITHENIT LD BEAMIERNEL DY
P& T “rigid plug” RZDES ZHETR ®AWIESH
RERBPH LT “rigid plug” DEIPFELOES L&
LWETRAZ L RIEL URIRC BB HERE R
7ebEhdZ Licissd. Zhi “freezing” LIEE.
—fikic debris flow iz X 3HEFEHOFELZAD L &
D “freezing” k- T ABELRFREELcExHE
BLTWaHAREN.

cEEH—

Velocity profile

Zone of laminar
flow

Vo4 / / /7
%6 Debris flow DO#EH#ER L Rigid plug (JOHNSON, 1970)

c. debris flow HEIEYDOIEH

debris flow HEBEMIT —RICHRALERECEATIEE O
X5 nHTREERRIL T HREBETHI I LRE
W ERBRTAKERE debris flow R L
R hic- THRBER CEN. 7770y
7% ZLOBARERFETHI T UF—v g VL EEE
MEbLRky. LaAL RESHEICET L TR
5L LD (NEED 1980 5 HEIN, 1982). LITLITHE
JB O TIESIC R EE N FED bhd (NAYLOR, 1980).
F7e Kl10cm s B 10m iz B EER S FEREARES
b dhB.

7. Turbidity current & debris flow
—E DK - BITEGE—

ZITE RERLZ4-o0Wh BATLREARKA
T3 turbidity current Z{EREFEE turbidity current
LB turbidity current IR L Fh B OFRSE
HIZOWTEET S b )i)—20XERREITH
% debris flow & OFEOEE - BITEEIC DWW TR
RpZEiZTB.

a. {ERE turbidity current O

Rt - vv b XD RIS & T o Bl L R R b
K& 575 turbidity current X FRTORYEET
FELNIC L B3 EFZR/ARRT CRESE D Z L ATET
$% (PaNTIN, 1978). DX 5 kihoBeicit &

WE==2 -2 359%



B —Y &4 bDEB)

NEWTONIAN FLUID BINGHAM PLASTIC

= LOW-DENSITY HIGH-DENSITY
g - TURBIDITY TURBIDITY
E = CURRENT CURRENT

Re Ha
Z = DEBRIS FLOW

7R (EBERCEEE Turbidity current & Debris
flow OE%
RE: VA JVAE Ha: ~v7 MUK

EL/NEL NEO< b v 7 RBRRELERETESE
LIRS Wele BERFE (- o) L LTEE)
LT3 EBX TR

BARA TSRS BT v1 2 v XK
(Reynolds number) #R®ILIE I\

Re: LA 2 VX%
U : o
d  hoES
o RNDEEE
¢ T oREEGRE
7271 Re=500~2,000
ZO X5 I EMfA T v 2 v XEA5500~2, 000
PRTEAKEESEREhE. 2% HNEO< b
Yy ZERIEPERLES X 5 REHE turbidity cur-
rent OFRKREEE vA4 I AXEERAWSZLITE-
TRDBZLNTES.

b. =BE turbidity current OFZEEM

—F EBERBRBRTPPNBUEE LD L5
turbidity current Tix BRI TFEHEICENIZ XD
FRAET BT LrEEL 7Y REBE - Bk
B> TAETLBNEDO< b Y v 7 ABRESHRES
EOTHERNPNHEL L5 TL % (PANTIN, 1979). T
D XD I HEASRL  BRL T 2 BTSRRI RIS
BRE - BIBE® turbidity current 2L Fifko
19845 7 B &

B L UL EERNEEE (Cv s 2L TY
BLEZTIW

BB turbidity current OIERLSRMET ROBREE
turbidity current D& ED LA ) VXELITRRD
PRI AR ST S B R EF T~V b
V¥ (Hampton number) ZHN5Z & TREND His
coTt & MIDDLETON, 1979).

Te I FRED< MY v 7 ARRRE
H: » »v7 ok
7272 LH=1, 000
DL o IcERERBE AT o~ b B8 1,000
BT & CELEAE T BEEE turbidity current 2
kI3 ETRD.

c. =HE turbidity current & debris flow OB
#®

Wiz »~v7 UL 00T ORE B L THD.
oA EEREBERT TaRER NI v
ZBEREZLOBHRERL BEhABBRFIIZO<
MYy 2 2ABREIC L - T2 DR BTN D&Y deb-
ris flow #7ZLTW5AZ LTt 5. ToTZ oAy
7 b U3, 000 & 7 BEERIT FESE turbidity current
L debris flow t3MF2EEBEHLTERLE2BZL
BTE 5.

T 0 X REGRNABAE DEKE turbidity cur-
rent LFED< B Y v 7 AEREOFIREYIC/A S W de-
bris flow> % D {E& R R Ddebris flow b i3 FET T 2%
EICX->TEbboXEEIc s pikEsh Yk
BciEZER 2L Thina e 2DFREFAREL BN
FY v 7 RBREE DO T G EREEERRT S
LR ThoTh WMERZThEHBH-TRER
BAIKIX turbidity current & LCHEITZZ L5
27 3)IZDXHEBE turbidity current & deb-
ris flow 21X PEHicX-> THERBITLESZZL I
EEFRL TN,

L#1L —Hturbidity current 127 ->TLES &
Bz X 51z turbidity currentZEEfCOESIC X
>T MEWERERMCHREEh < )y 7 2R
ek LTETET/ SRS #oT —E+
MTIE Lk turbidity current?» ik debris flow
~LBATT B LIXHETH B,



8. grain flow & debris flow—grain flow
DIEE

Heic  sediment gravity flow (23133 grain flow
DFENT  turbidity current %o debris flow |ZH3
CEIRIITH Y BONIFEOEETTLIERS A
BWELER, ZORCELTIE SFLLERS—
LTWabiF Tk,

il (1980 KK k5L ELEOLFAR (debris flow) D
FEA W)  HEREROD 2 = X250 BAGNOLD iz J: 34}
BENOHREFIRICT 22 LI ko TRED X 3T
EBLLTWS.  Thbb D LLAEESE2EL
BAELATIE —FED grain flow L LTH2 3L L
Tn5DTHS. ZDX57x debris flow & grain
flow OELMEEFERT2 0L LTIk ek~ X
51z MFizIiz “freezing” L\ ) HERIRSNED b
hBZ & HEREPICERIEERRDbhEL L Y
PHEfMSh3. LU debris flow i2331F 5 BAGNOLD
PR OREHIDE) OFHERELL »okETFT T
debris flow IZLBATESDTHIUE FiE TR~
{REVER D debris flow IcBWTH  AMEIE S REEAR
BREERELTVWHZLBEZONS.  ZOBAICE
TEETRERD detris flow 2 HEHE turbidity current
~DOBITIE FEEAITIZ grain flow 75 EFturbi-
dity current ~DBITFEERLTWS Z Licin 5.
H->T WBIEE debris flow (SHEN —ESER
debris flow (grain flow) —E#5E turbidity current—
{RIEEE turbidity current &\ 27 bS5 LINTELE
U SHMENEEELXHEMEL T grain flow 28
BEAREEREZLTWEZLLELBRS.

DX 5T sediment gravity flow z317% grain
flow DHRENZONTIE SHFICHRIT 5 L BQ%E
ThAHS.

9 BROEOMEER—&HHYICHAZT

Ll MIDDLETON & HAMPTON (1973) DISEAEEL!
BwbhTns sediment gravity flow DELEREF
DWTHMN L7z, Zhicks & sediment gravity
flow izid BERITFOXEEEFRICT 5 4 >oMA
B/ —debris flow, turbidity current, grain flow,
fluidized sediment flow —33% 3% = &izir 5. L~
LIND 4 ODFENIT FEvic s ST Ui sk in
WhTikie BRWTHEANAEE 28T 5 HhaE
ETBLLDIE —FHofhnbibhofhn~ LBt
5L LA MEICERM TERE L BERICHD &
Wh. 5 LIEHRIE BRRICEETEAD se-

e
Z

" B EBREE—

diment gravity flow 23517 2 HFEWOES) - WiBES
FHRAY - NFERICBA L Y EEEST =0 T3
LETEREERHTHER WEHRAR CHEESh oY
MicERT3E R MEYFORINE xR sH
BT LLTHINS.

FIZIEHETETBRRTNS L 5ic  turbidity current
& debris flow & OO EBIREISESH 2 BERICH B
ETHE E OB PR R T 5 b o
H2ETTH 5. ZOEREZETEZ—EH A b LIE
G EZ b #debris flow DHERY) L R 2 RERIC
WHOBZLERRIZLTHRETHA 5. EE8ET
M L7z X 51z grain flow DREPERS W B BE
Wb BE7rF v F—EHX A b (Proximal turbidite)
& grain flow ¥fEHy 2 debris flow HEfEY & ORIz
FREEERERT DL BNREZLTHETHS 5 2.
Hizid —20hic Xo THELIC L b bF
EHNC & - CRHEOHEM & TIFZh BTk 2h
TS L7 BB ORI EEShBEZ LIz niEs S
e IO BEOHEBYENICLL &
B CRAIEL 55 5

turbidity current I oWTYd FDRAE - HE GE
W - HEBROA D= X AN E SIS TR LT
HEECI>TVEASBASONREETHE. =0
X5 BT HARICE S T3 turbidity current
L sediment gravty flow D—DDiEEEA L LTHEE
ENTWS turbidity current Lix S%FHIFTEL 3
CERRETHS S, —RICHEOHBESY kRO &
—EXA N REOHEBHERBEO X —EF A P LIER
Z L. LBLEZRTYS FHFED AV =R AR
bihie GRLidn o) R ERCER Eofhne *
EXLBERTRHAD FERECBARROTHIC [ L4F
(turbidity current) #{F-o T3 DEILIZfanir
WTH55. .
7Yy Va HERROSE T 1960FEKD & — ¥ Ao
NEDOBRE® < BHEWS - WELR 19704123817 3
BERRHE FVIC k- Th—cMIREh ¥—v 4
A MEOEEIE—KICIER Lie (45, 1982). —751970
FRICHERE VERERONE 1 DB S N sedi-
ment gravity flow DEZ % Fick 3L turbidity cur-
rent IRFEOHBYEEEEE T BB ORS
TLILRY) WEOX Yy IR Lo THALEL S IC
bAROIT BB LALIDERoWTE &E#bp
HERRE - AR X 2000 b LT S%FIE
RBHLTOERZWEEZTWE. 2 HEER
DITER « THHZ N BT TEWTS 5.
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