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Shell-concentrated bed of the Dainichi Formation of the Kakegawa Group

—Its fabric and origin—

Ryuichi Majima™ and Takashi Homme**

Abstract We studied a shell-concentrated bed in the upper Pliocene Dainichi Formation of
the Kakegawa Group, exposed at the Pacific side of central Honshu, Japan. This bed attains
30-50 cm in thickness, and is contacted sharply with a massive, fine-grained sandstone be-
low and is conformably overlain by a hummocky cross-stratification. We measured the
shell-orientation patterns of the four horizons of the bed. In the upper two horizons, the
gastropod apexes are oriented predominantly southeastward and the bivalve long axes in
the northwest-southeast direction. In the lowermost horizon, the gastropods are oriented
randomly with a weak southeast trend but the bivalves are distinctly aligned in east-west to
northeast-southwest direction.

We interpreted that this bed was deposited under a high-speed and high-density uni-
directional current flowing southeastward, and that all the shells were buried
instantaneously. According to previous paleooceanographic reconstructions of the Kakegawa
Group, this current is nearly shore normal and off-shore directed, and is attributed to an
instantaneous combined current of a geostrophic flow and a backwash of a huge wave of a
major storm. The combined current appears to give a very strong shear stress just above
the sediments, probably easily making a density current, and its energy is reduced very
quickly, probably resulting in instantaneous accumulation of the shells.

Key words : Kakegawa Group, physical rework, Pliocene, proximal tempestite, shell-concen-
trated bed, shell orientation, taphonomy.
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Fig. 1. Index map and the columnar sections of the study area, Dainichi, Fukuroi City, Shizuoka Prefecture.
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Fig. 2. Outcrop sketch of the shell-concentrated bed studied. The bed is sharply contacted with a
massive, fine-grained sandstone below and conformably overlain by a hummocky and swaly cross-
stratified, fine-grained sandstone that bears thin laminae consisting of shells and their fragments.
Thick quadrangles show sampling position of the blocks A and B, respectively. This outcrop coin-
cides with the fossil localities K-1 of Majima (1985) and Kakegawa 1 of Majima (1989).
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Fig. 3. The blocks A (1a, 1b, 1c) and B (2a, 2b) at outcrop (1a, 1b, 2a ; see Fig. 2) and laboratory (1c and 2b).
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Fig. 4. 1. Basal view of the horizon, about 10 cm above from the base of the block A. Note a distinct imbrica-

tion indicating a paleocurrent from northwest to southeast.
the base of the block A. Note convex-down position of two isolate valves of Panopea japonica Reeve.

2. Basal view of the horizon, about 5 ¢cm above from
3. Lateral

view of the block A. Note a thin, sand-rich bed about one third horizon from the top of the bed. This sand bed
probably indicates an amalgamated surface within the bed but does not show a longer time span because both the
shell beds above and below of this sand bed share the same hummocky cross-stratified bed. 4. Upper most sur-

face of the block B. Scale bar=10 cm.
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Fig. 5. Characteristic species collected from the block B. Natural size.

1 : Cryptonatica andoi (Nomura), 10-20cm horizon (Fig. 7), NSM PM15494. 2 : Trigonaphera Fkurodai
(Makiyama), 10-20 cm horizon, NSM PM15495. 3 : Suchium mysticum (Yokoyama), 0-10 cm horizon, NSM
PM15496. 4 : Placamen tiara (Dillwyn), 30-43 cm horizon, NSM PM15497. 5 : Solidicorbula erythrodon
(Lamarck), 20-30 cm horizon, NSM PM15498. 6 : Crasattelites yagurai Makiyama, 30-43 cm horizon, NSM
PM15499. 7 : Solatia (Habesolatia) nodulifera (Sowerby), 20-30 cm horizon, NSM PM15500. 8 : Siphonalia de-
clivis Yokoyama, 10-20 cm horizon, NSM PM15501. 9 : Murex sp., 10-20 cm horizon, NSM PM15502. 10:
Thais clavigera (Kiister), 0-10 cm horizon, NSM PM15503. 11 : Cancellaria pristina (Yokoyama), 10-20 cm hori-
zon, NSM PM15504. 12 : Venericardia panda (Yokoyama), 0-10 cm horizon, NSM PM15505. 13 : Glossaulax
hagenoshitensis (Shuto), 30-40 cm horizon, NSM PM15506. 14 : Babylonia elata (Yokoyama), 0-10 cm horizon,
NSM PM15507. 15 : Glycymeris albolineata (Lischke), 0-10 cm horizon, NSM PM15508. NSM PM=National Sci-
ence Museum, Paleontology, Mollusca (Hyakunin-cho 3-23-1, Shinzyuku-ku, Tokyo 169, Japan).
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Table 1. Species composition of each horizon of the block B. Asterisks indicate extinct species.

0-10cm 10-20cm 20-30cm 30-43cm TOTAL
GASTROPODA S DS| CS DS CS DS| CS DS| CS DS
Suchium mysticum (Yokoyama) * 81 0| 38 0] 30 0| 51 0| 180 0
S. suchiense suchiense (Yokoyama) * 10 19 9 5 21 4 18 3| 58 31
Turritella perterebra Yokoyama * 42 8| 44 M 59 15] 61 8| 206 38
Natiea vitellus (Linnaeus) 1 0 1 0 1 0 0 0 3 0
Cryptonatica andoi (Nomura) 4 0 2 0 1 0 1 0 8 0
Glossaulax didyma dainichiensis Majima * 47 0f 32 of 271 0 37 0] 143 0
G. hagenoshitensis (Shuto)* 36 18] 29 6] 20 5 25 13] 110 42
G. reiniana (Dunker) 1 0 7 0 0 0 0 0 8 0
Sinum javanicum (Griffith et Pidgeon) 1 0 0 0 1 0 1 0 3 0
Cymatium sp. | 0 0 0 1 0 0 0 2 0
Murex sp. 3 3 1 3 4 4 0 4 8 14
Rapana thomasiana Crosse 0 0 1 0 0 0 0 0 1 0
Thais clavigera (Kiister) 4 03 0 4 of o0 of 11 0
Zeuxis caelatus dainitiensis (Makiyama)* 43 0 29 0of 3 0] &6 0 159 0
Reticunassa congrus (Yokoyama)* 16 0f 10 0 9 0f 15 0 50 0
Babylonia elata (Yokoyama)* 13 4 § 0f 11 1 7 1| 36 6
Siphonalia declivis Yokoyams* 91 11 87 9] 84 10f 126 71 388 37
Olivella sp. 9 0 5 0 6 0] 13 0 33 0
Amalda albocallosa (Lischke) 35 20 29 3 28 3| 42 20 129 10
Cancellaria pristinag {Yokoyama)* 18 21 21 2 18 20 20 6| 7 12
Solatia (Habesolatia) nodulifera (Sowerby) 6 1 9 3 7 1 3 0f 25 5
Trigonaphera kurodai (Makiyama)* 11 0 6 0 1 0l 15 1] 33 1
Inquisitor spp. 12 0 14 0f 13 0 23 1] 62 1
Terebra spp. 11 0 ) 0 4 0 8 0 28 0
Gyroscala sp. 1 0 2 0 2 0 3 0 8 0
TOTAL 477 68| 389 38] 378 45| 525 46| 1769 197
BIVALVIA CS| CD| DS| CS| CD, DS €S| cD| DS| €S| cD| DS| €S| CD| DS
Sacella confusa (Hanley) | 0 0 3 0 0 2 0 1 5 0 0 : 11 0 1
Scapharca castellata (Yokoyama)* 421 290 271 20| 13 9] 34/ 27 28] 35 20f 25| 131/ 89| 89
Glycymeris albolineata (Lischke) 1 | 0 2 0 | 0 0 4 2 2 0 § 3 5
Amussiopecten praesignis. (Yokoyame) * 2 2 1 0 0 1 0 0 0 0 0 0 2 2 2
Venericardia panda (Yokoyama)* 2 { 0 2 1 1 1 1 0 1 1 0 6 4 |
Crasattelites yagurai Makiyama * 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
Paphia sp. 0 0 3 0 0 2 0 0 0 0 0 0 0 0 b
Callista chinensis (Holten) 2 2 2 1 0 4 1 0 5 10 5 6] 14 7017
Dosinorbis bilunulatus (Gray) 1 1 0 7 3 0 3 2 0 6 3 0] 17 9 0
D. japonicus (Reeve) 56) 37| 87| 59| 41| 58| 39| 28 55| 28] 19| 64| 182 125 264
Placamen tiare (Dillwyn) 12 4 2l 10 2 0 7 1 0 29 13 0f 58 20 2
Mactra sp. 1 0 0 2 1 0 1 0 0 0 0 0 4 1 0
Lutraria sp. 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2
Macoms totomiensis Makiyama* 23 51 201 23] 17] 14 14 9 14 22 7] 291 82| 38 77
Solen sp. 1 0 3 1 0 4 4 0 ] 0 0 4 [} 0 16
Mya sp. 0 0 1 0 0 0 0 0 1 0 0 2 0 0 4
Panopea japonica Reeve 0 0] 84 0 0] 18 0 0 17 0 0; 37 0 0] 106
Solidicorbula erythrodon (Lamarck) | 0 0 2 0 2 i 2 1 9 3 0 18 5 3
TOTAL 145/ 82| 180] 182] 78] 114] 112] 70] 133] 148 73 167] 537/ 303 594

CS = Number of shells presereved without missing part
DS = Number of shells dameged but identifiable
CD = Among CS, number of shells (Bivalvia) preserved in convex—down position

7 A DBEHEOHAIE N25°W, FEE T (Fig. 3-1b), 3-1c, 3-2b).

70y Blid NAE'W, BETH -7z (Fig 3-2a). B BEZBOAE

Lic7uay 7 3ARECELRY, YLOEREIIHL TE Ty ZETFER»S 10em ZEIXXS UL, 7
HESEEICS S &I IEAMT, 48 %75 72 (Figs. Oy 7 BOEFESHOREZ T 13em & U, Tuy s
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Fig. 6. Shells measured in orientation (rose diagrams in Fig. 7) within block B. Natural size. Gastropods (1-3)
measured as unidirection (apex direction) and bivalves (4-7) measured as lineation (long axis). 1 : Turritella
perterebra Yokoyama, 20-30 m horizon, NSM PM15509. 2 : Inguisitor sp., 30-43 m horizon, NSM PM15510. 3 :
Amalda albocallosa (Lischke), 30-43 cm horizon, NSM PM15511. 4 : Scapharca castellata (Yokoyama), 10-20 cm
horizon, NSM PM15512. 5 : Macoma totomiensis Makiyama, 10-20 cm horizon, NSM PM15513. 6 : Dosinorbis
bilunulatus (Gray), 10-20 cm horizon, NSM PM15514. 7 : Dosinorbis japonicus (Reeve), 10-20 cm horizon, NSM
PM15515.

ETERD 58 LT, FOREE (Table 1, Fig. 5), 7). BMOFMEKRE X, ZHEAD convex-up & convex-

DL (Figs. 6, 7), BROKE S (FABER) (Fig. 7), down 2DV T, FIFTLSERIZIOVTDOHTHEL
M E D convex-up & convex-down % FRER U 72 (Fig.  7z(Table 1). 7RD A0 EEE OKF-H) IcHE U ok
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(Fig. 4-1), MDA AE(Filh) 12049 U b EHE ICFIT
TRV, %< OBIZZ DA 13 E B I T4T
IZUTHERE L T 4 (Fig. 4-3).
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B, B&EOZAED convex-up & convex-down %MWiH
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TE SRS BR R RREEA D H 5 DT, EEROELK
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HOHEE LU INEDOBEE L ZIT—8d 5. L L, Cyma-
tium sp. X° Thais clavigera (Kister) (Fig. 5-10) D & 5
WEEICAERTAELRIEL TV, LENK-T, 20
FRRERE I IRBOME, WIRE, SHICERYT 5
PRAEVTHET S, $i, FICHBEOFVENEHL
BVOT, MFEICELZERBICERTAELH25E0
25,

BROHM

EHUREBRDS 5, @IS EOEEORO L%
BELUL BELZERE, MEVWRZET S Tur
vitella perterebra Yokoyama (Fig. 6-1), Amalda albocallosa
(Lischke) (Fig. 6-3), Inquisitor sp. (Fig. 6-2) B & O
Terebra spp. T, €NZNDORRIED KL (Fig. 6 DFRHI)
ZUIE U7z, ZHMEIX Scapharca castellata (Yokoyama),
Macoma totomiensis Makiyama, Dosinorbis bilunulatus
(Gray), D. japonius (Reeve) D 4 DD E#li(Fig. 6) %
BIE Ut KB OGO O [ (lineation )
THBHBDOITHULUT, BEHEHEHEDEH M
(unidirection) T % Z S IZHEE I N0,
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FTEERIE 10em (BEZHOH 13cem) T & IC B S
KoL, 9—=XF4 777 0F&0H1(Fig. 7). %H
DOFHRIFER T, T2 5 20 cm LB CHIRTHE
W ORI Y T OB, B LOESEOHH
B HERNTE S, UL, ZOTNOEUET IR
E—27@Rohmuns, EHE, tfl, BLUoehicEss
THIREEEDOKD BB T 5. Amalda albocallosa
AL B KOO SEETH 5.

THAETE, BTEH» S 10em OB¥ETILER-FTE
(Macoma totomiensis ), B -4 (Dosinorbis spp.), # & O
% D W[ (Scapharca castellata ) DR & 13 B D5t
U, 20-43 cm OB TIIILFG-FAR DA A ELEE L (—
ERCREALMED Dosinoribis spp. BELET %), WfBUER ©
FESMERDZE L WRZ Y 2RT. 10-20 cm OJBHETIX
1t ¥ - B§ B D 8% 45 (Scapharca castellata & Macoma
totomiensis ) & BRALE -PERIFE D ALY (Dosinorbis spp.) HSEL
#9d%. Fig 7 OZHMEDO— X5 4T 75 AT con-
vex-down DREETHEH U 12K % 2 T, convex-up %
HTRELU L, WEOMICEE - [ ciaB s
ERORZVIZED SN,

DEDERERZEEDAHE, TALY 20em DIk
DEECEIBBOREH - “HHEEH, JbitrE-EErEE
2> HACPE-FEERIC £ O R & FATICES U, BHOME
SRR oERZ A S H S5, L L, 20cm L
TOBYETIERDEINICESE - @R 2R 5hish
Slew, EH-FERICZ ORMARY T A ESH B, T
HHEDEINE 0-10 cm OJE%E TILH-FEFE D 5 HPG DK
DR, FBED Amalde Z < ERRMOBED
BB EE L O E 27

TEORBED MR IHBE 2 BREE S BRI N
7. Fig 4-1 70 v 7 A OFED» 5 10 cm O JEH#E
KBY BT, LHEL»LDEAEEBIRL TV (B
BRIABEEBE TLOREZLDTHS. LIzh-T,
BERMES N o BIEUICREZRY. AR U
NMTILITXS T 2R ETEDE & DHIT/E > TV D S &I
).

ZHBE®D convex-down & convex-up

FIFER 2 ZHEE K (Table 1 @ CS) D convex-
down DAL % E % 72(Table 1 @ CD). KJEAEITH
% convex-down DRRETEMH U 12 EEDE 413 T
5 57% (0-10cm), 59% (10-20cm), 63% (20-30
cm), 49%(30-43cm)TdH5H. Thi 3 BEETIEEHD
L DEEAD convex-down DIRFETHEH T 5D IZHE L,
W AL D JBYE T3 F ¥ D DMK convex-down DIR
RECTHET 5.
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FEEA R IREICEE SN2 (Table 1 O CS)DE 5 5I2ohf 15% 5 35% IKHWATHHDITHL,
KEEAZRAEL, 2em T, 2cm 5 4cem, 4cm Bl 4cm P EDOEEDEERIZ, 40% > HIFF 20% B
to3o>0okssRKHL, BREEIEICZOREEZ  H9sH. LichioT, PESELITHATEATALD b
HE L1 (Fig 7). #OE, BETIROAEZEDOE  HIOBETNIOROEENSH L, KEOBRDEHD
BERESEOE(LZEEAER LD, UL, TKE  HErEaEAYS 5.
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Scapharca Macoma Dosinorbis CONgEA%igOWN SHER]K%ESIZE SHERkIT«ESIZE.
castellata totomiensis Spp. (BIVALVIA) | (BIVALVIA) |(GASTROPODA)
N Ado 50 60 70| 20 40 60 | 20 40 60
A % % %

% 3& 1 |

I
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N=35(20) N=22(7) N=34(22) |

Y L]

A |l

: |

|

|

|

X S - |
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1

N=34(27) N=14(9) N=42(30) ‘
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- I

I

N=20(13) N=23(17) N=66(44) | |
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|
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WM % < % oo

0, 0, 0,
N=42(29) N=23(5) R T I R K
LEGEND6 (BIVALVIA)
24

D’_UEOHIII] Six Specimens (Lineation) —e— Maximum Shell Length Larger than 4cm
: § Convex-Down Position —#—Maximum Shell Length Larger
l>O<] Convex-Up Position than 2cm but Smaller than 4cm

N=Number of Specimens (Convex-Down Specimens) so4-Maximum Shell Length Smaller than 2cm

Fig. 7. Column, shell orientation patterns, convex-down ratio of bivalves, and shell-size ratio, of four horizons
(0-10 cm, 10-20 cm, 20-30 cm, 30-43 cm from the bed base) of the block B. Note gastropods measured as uni-
direction and bivalves measured as lineation in the shell orientation patterns (Fig. 6). These orientation patterns

are explainable in the depositional condition that a high-speed and high-density current that flowed from north-
west to southeast accumulated instantaneously all of those shells.
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£ &=

T U e BRRERB I LI T IC#ER T 2 HAHy 5, JtF
DHDELLRY, BoMWE 1n 2825 &0 LE
HRAOEERICE>T, COERERBLEREZIEALE
BFICHERE L 2 & X b b, CO/REE RN, W
KTITHB T 2 BB ORSICBI 9 2 itk DRI & AWFED
BIRER 2N ICBRE LU, 20 LT LiofHm%x
xR U, IhE COHERY EORBOTRAKIZ LD
BeH OBFER R, AW cf > BRERBOR KM
ICHBET B &, FENSIERICEL, R
Blzo@ATE V. DITOERTIIA U2 BREcs o
FEEBRTIHHEEISBKN 45.9cm/s(EED» S 3em L
Kelling & Williams, 1967), 20 cm/s(B%EICEE$ 5 3£
AHA : Nagle, 1967), 50 cm/s(ZEERKE» 5 DKDFHH
B TEHE - Brenchley & Newall, 1970) T, #1272 Y
EAME AT, BHRAHECTFELEVED 48T T
TFhhi.

HERDBHBACTIDHAE & DIHE:

T3, FUOBEIZR > hAEEHE THAOERYSA
IZDOWNWTERT 5.

R DBHE(Fig. 7 D 20-43 cm) D& H & " HH I,
WINHILTE-FEE H 5 W0 IdLIEFE-FERERERARICZ O
% RS9 AEE S H A (LT T, Zhozdtfi-FER
HmEBMmT 5). ZhE TOHRKT TOHBREN O
FERER T, CORFNIILE S O LT ICEE 9 A IRE)
W(gabs, tH-FERAMOELZ S - 12) DRET
TR ENTI:ETHDPRYE L EHICEDNS. §b
5, R T CHAMEEOMEVERE, iR
Lo (EEAERIEZAE I3 0RO _MEIZZ D
% W ORE) ST ICEAICEY T 2@ERPH 50 5T
» 5 (Nagle, 1967). L L, ZOBRICIZKROHESH
H5.

(1IRENFET CHEOBEICFATICEI U 2B DS R T
3, FOREAFEORS IRV IEELEZNEINTNS
(%0, EaEEL LD 50 Fikd L, w2z HE
KHEFIFREE D H EWVDH T & Nagle, 1967 ; Miller,
1979). U» U, Fig 7 IRUZERORIBIIRIE TS
~NOHBEEIORY BH LN 5.

(2)COEHMEBBIERIE LS HEELHRF T
HBH. COX)BEELERPERECRERORE S
ZF5E, MBI edgewise (BEEISE U TEMN L T2
Be ] - Kidwell et al., 1986) DEREZRT Z & E N

(Futterer, 1982 ; Allen, 1990). & T AMERRITIZ T
HoOKE5 EBEREICIFIFETIREET L TV 5 (Fig.
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4-3).
(3)ABOEIN» ST I N B W OEDHAIZILTE -5
HAMTH 5. BBRTIHORICHT 52 KFOHET
B O L HBRRIC I BTATIC R B C LA BN, Y —
7))y TNVOEDFLTEBREROFMOEESE ST
% (Leckie & Krystinik, 1989 ; Nummedal, 1991). #)I|
BRI O WBE SR D H A Ishibashi (1989)I X hid
FFILIEER-EEAE SN TWVS,. Lz -T, BRO
BAI S IRIC & » TR L7z & 3 % & Ishibashi
(1989)DHEFE LIt BEBOFMEE LR TS &
A

RIZ FFRD B OBRCHIE R R T TR S Nzl g
%z B OBICBE T 2 kDT RP 6 ZE LU TH
5. BHAET TR, FEOHE V%S E( Turiklla 75
E)d, BEELcOBBEAHLE UEEIROER, 0
Fll 2 RNICPHTICEYI L, Z0ORER EFICrAT A48
MPEHY, %< OWIRIT &> TERFIN TS (Nagle,
1967, fig. 4 ; Brenchley & Newall, 1970, fig. 5K;
Miller, 1979, fig. 25b; dbA&F, 1990, fig. 5). — A,
Brenchley & Newall (1970)13, FEHRAKRTOEHAD
MEIE, ZOREZHRNOAFAICEAIZHESIL, »oRk
Bz ERMICAG 5 E VI EBRBRERLU. 12,
Kelling & Williams (1967) & Nagle (1967) 1%, B DJE
B LT Mytilus 2 EDOFEADKRTEEZ L OZAEDORERT
&, £ OKHZRNITHTICESI U, BTEZ WA
d5EVIERMBREZT U 5B, Brenchley &
Newall (1970) DHEER TIX Mytilus OBERRRIE, ZOE
2 RNOF I IFEAICENT 550D, BEER
RFRICAG AEREP DS E L. ULd-T, EFM
REICBNT, MIROVAMEOEH T2 ORIEE LIk
Wi, Pl LbiimoRELE T 5HENAROMAE
CHEBEFOEMAGNICEAICET A I 5.

INHDT— 5% A OBRICR S b R ORLYIHE
MEHBTHE, COMPFUCBLUTOES»H 5.
(1)BREP/RTEINIEERD 5 DE S Mz i < 7R
LTWBEHIEHZDD, BEROZKEOERIIHE X
NAEFNITFIFRTICENLTHEY, InF TcOERR
REFETH.
(2)BHOMEAAOSHBT 2P HEEINDIES
M IEEEE, 37245 Ishibashi (1989) DHERE L 12 #)I]
[EBESERERF O S HIM g 5 LR ED RIS > 12
WNT, 0D &DEEHFAGZ EEEICRSNIRE
A EIFEENTSL.

(3)Amalda D & 5 75 KX 5B %HF 9 2 BENFHEL
R DOEE T, BEA2FOE U 2EEIC & AR O
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Tl Eic < VWL HIZEZ HNSD. Kelling & Williams
(1967)1&, BOADK X 55588 D% H (Nucella lapilius )
B, EHAR T CRIEZ TR 2HardH 2 &0

AEEBEBE AR L. LIz > T, Amalda DRTEDE
B AAESNT LUHHADO LHERMZTRRL TS &I
WA EL.

(4)FEFAFRTDO K E X convex-up DIREV R LEE

LTW5B I EDNHNSHNTWV S (Brenchley & Newall,
1970). &AM ZOHEBERBY SEHT 5 KA
34%1Z convex-up DREA L N E VS HMEED b1
72 (Fig. 7).

WIZTFLDBYE, #2025 10em OBHRIZR H 1
5 HBORINCOWTEET 5.

ZDRBEDEE OEIX Amalda %RV TEIFIEEE-
B Z M X, Inguisitor & Terebra OFRIED[H & A5k
TAHHAREROLES ILAHXD, —F, _HEEZOE
#ih % B -7 (Dosinorbis ) 7> 5 L H-FI 76 (Macoma ) J5 [A) 1 L
FILTWA., ZhsDEFNE, FHRA T BRRESICEE
T HRERDBRIC KK, FEEFAHD S DEF MR %]
ETHO8EHENTHS. LrL, TO\MFITIE, (1)
BER(RE)» 6 OEAMmERES 5 Z SN E
WEZ NN E, (2)TNBEICA SN S E RS
MR ETEEASITED» DBEEADTRN Z R U (Fig. 4.
1), BEBES» S5HELULRAIE BYWIZLE S, 250
BEASHEEANDH 5.

HRERBOMRET NV

ZOHBEMBAR O BRESNE, JLfEd 5034t
HoHD, HREASZSBILEALNDHE 1n 28X 2HER
Db ET, MO TRBICHER U 2 EE T WSEHEN)IC
HATE 5. Fiz, LIS TEOBEICR SN S HRE
FIDR 20 IIEERO B E T OHERRADORZ 2
KL, 10-20cm DBHIEZZN S5 OPREI(H 5 NI
B s HRRRE A2 RS MR T X 5.

KR E 7» 5 72 2 BB TR DR TERIC 3 EWRENS
BRIV BREEES LIE L IEBE 3N 5 (Cheel & Leck-
ie, 1992). BEWROR THTCIEESERIIELS, 5
Wi DR S b, RFIBEICTEHELEPSER
Fledontcn (BENEN- 20 (RE) L TEIINS.
BREEE R, Co&k) 5BEENE L ILERROME
B, MNP RETIERR LU IEETHS. Fig 4-3 T
3, BEEEZ 23 HEOREEIIBER T2 HHEER
TAHEANPEETHHEHICH XL, Thabb, ZOH
REREOHREREN I, BRORBZRNICEAIZLL
AR EEL NBRERTCH - LRI 5.
Walker (1984b) 13RED a B (Fidh) AW NITEAL U 2B
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Sl s s BRMEE L, BB TRIBHLIIERTHS E
L. :
BHDS B, Amalde BIEOWVBROZHF L, SO
f) X FHT, 2O IR LY, BEEATE
DZHMEAOHBREBELLULEEEZ LD, THNEEOD
Amalda 1ZJLER(0 2> 5 10 em DBEHE) H 5 WO IZEFFE (10
25 20 cm OELE)DEIWEBL TVBHDIE, Amalda
BB EEULIBERET 5120, ZORDO—EH
THEEFABEHBERERUILILOTHEEEZ DN
5. ZDWD%& B (Turritella, Inquisitor, Terebra ) DFXIE
DX 3L E RO S B 02 hITER T 555
BHEMIZBRH NG, TDH L, ERNICEHE LD
FEOBITH A HEIZ 0 5 10cm DJEUE), —fRIC
MR TEEDR L AREVEEL LIcYKE, Z0E#M%E
HAIETICL, HEOKEWHZRAO EWRICET %
HHim A B (Miller, 1979). T Tz kDI, kR
DWFE TR E NIz Turritella D £ SHEVHERE DR
BEWEEO/NS OVRERZ FRICAT 5013, RIEZHP
DEUCRPEE L2 BERT 2 HEIRN P 5 THS.
LU, ERIRBOVENLOTT, 5B/ REO%
FEFICHERE - B U B A, Twritella © &5 5
EVH#EEOEE THLEEDOKRE WROMZ LRI T
1ZERFIBRTFE 2 N B 2 &5 5 (Reineck & Singh, 1980,
p. 148). L1zM-T, COBEDEEDOERIIZ, #h
5 FED H DRWVE S AR N CHERE L 72 & 0 ) iR &
FELWD. £, ThoD%EBICHKE 2 RSMER SR
HNBVDEEZBEDL ETHRPSHEEILTE U -2
12HTHBHEHEINS.
FRORBUE(TALED 20cem BLE)DEROBERER
i, NTFOWREKRTOEES T LKL, £z, HE
DIEBITH L, TRXTOEBIBREIREEICH - 12120,
BRIIFREPICEERBUIDRETBEH LTV EEX
bNB. O &D BEEREHROYKILE DR TN
WWETICER U, $Z20EEOKS VA% LFH
I Tz EHEINS, SHEILEBEIIRELY
LRORITERSKE VI & o, BOM%E LRICH Y
T3tz ENFRIN, T HERXZDOERZR
NIZEITICULTHXI NIz TH A . Brenchley & Newall
(1970, fig. 5) 1%, BBWEHIEFR T TH CulteliusD £ >
IHE<BROBAET 5 bDREE4#5 2B oS IIH
NIZBOWTUES 120, ZDOEEZBENICHTICES S
H5EERUI. COkdRBEREDLETIE, =
WE®D convex-up b convex-down T VI ALATH > 12
ZENTFEINS, ZORNPEEICHEEL, Mo TE
RRICHER L85 &, BT~ BER O BBES
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B, ZETRIRT - BEINS 2 &5 D 5 (Reineck &
Singh, 1980, p. 148 ; Walker, 1984b, p. 176).

Uteio T, EEETEOBHIZ R 5N 5 BRES| O
Fz 0 IXEERO LEE TEHO B OB 8K O BRI
DRIZVERBUIZLOTHY, 10-20 cm OB ZF
o DHER(H 5 WV IXBBE) LB EZR LTV S
LIRIRTE B, 3617, ZDLkD nHRBEETHRE LT
MR HERBRY I3RS IZ EA SR D SN WEINH SN
(Cheel & Leckie, 1992, fig. 6), ARBOEHDEREH
B <cdH 5 (Fig. 7). 12120, COERERBO _#H
FIFHORILHEL %2783 (Fig. 7).

B, 70y AREICR SN BEOREOELE
(Fig. 2)1d, AEBEBBO—HIrEREL TSI L%
RRUTWA, LML, 2ORER, FHicE—
HCS AR HBET A2 &5, B—A4A XY MDD, BKE
EXFEAEBWD, B o BRI (M) IR & 2B
WRICE-> TSNz EHEESNS., F/2, Fig 70OH
REHID SHB LT, ZOERBEIZT Oy JBITIIRAT
WIENWEHERINS,

PlEd~1z 912, ZOEBERBEROBRBOEY)IE
LD SFERICHEN S Rtz L RBICEA N EEHR IS EH
WCHEE L, HRBRZHRE L EBIRT 5 & 8BS T
x5,

T, TOHBEREZHERE U 2B (J0FE) 2> 5wl
(FER) I N BTN, AOENICL->TH o
NIZDTHAHIN? FTTICHAS LHIZ, - OEHBRE
BREENEOHREYEHEINS. MNETHETX SR
WIRAUTIXIRD r — AWEZ 5.

(WA P—2¥—7BITBT 53 x5 & R
(geostrophic flow) & D &t (combined flow). A b —
LHERYFICR SN B BERICER L2 EREOOS <
i, A F— LY -7 ROBEDF KRS, BiCEEET
BHEED H IR AR E 5| 2 ORI PES LR
RN Ek->T, BEAEBRHEMIIER IS VI EX
W& % (Duke, 1990 ; Duke et al. 1991). MR35
ZHT2HT R EA M- LARICHEET HERBRT, 2Y
Z ) DT & - THBERD SHIZED - TIER T 3A
M IZHRN, FERIIEPE CHRERICET 2 i s
. 12120, COBRNSERMNICESLEnIZEDT,
CORNEPE ORI DEES U AGEME BN 2 H# <
& 9 ICH#ETs (Swift et al.,, 1983). ZDRADS B, BEH
RIS IR B TRV DS | S EHETR P ES U 2 mpicimns 5
BATHbB. 2O ULIENDY HCS BAER T 51213,
W DH% (core current) EBCHRARTHE 1 m LLED
W PLETH B (Duke et al, 1991). ZOHBRERE

1993—S8

dHCS BOTEICH B2, L0BORhDL ET,
FTRADLA =AY —=7IZLDIRVIRETER I N 2IC
BN, COHBEBBAERLENOE S HEE
Im ZRBICEATOREREL THREB T,
(2) ¥ 9 2 b — A (major storm) i £ 5, LR &
(turbidity current). HUBIZIETE XN 5B 2 b — A HREY
BETFER—EOAL Ny b EHE S M (Walker,
1984a), ZD Y —7 v AHIIZELRIOEIE 2 RIS
% /3% < ¥ — 4 Z(Bouma sequence) M BB T B X
N5, ULB->T, ThoDHEHA N — 21338 Ic Xk
BT, BADPOEREED A b — ABOHBECER L
TOEWED ZEERZFIER I LEEEZSNATVS
(Walker, 1984a). 2512, ChECEganiza b—
LY D % < ORISR I IFEZE L 12 5 A
ZIRL, ENARICRNBERBROFEE LR XHT 5
(Leckie & Krystinik, 1989). ELIEHIE—MIZHHE 10 m
A B D I3FE L FEOHEE (Walker, 1984b) T E)
FHIEPMONTHY, LFLOERENZRE L 126
R TICH 5.

(3) B . Dott & Bougeois (1982)13, HCS E%ER T
HEREUTHEOEREEZIER L. BT N5 7 %5
WRERIC O A 1B R AR < H 2 )IIBR D T 7 |
STy T4 VI POERT, FOHERBEHC AR s
B -1z E UTHRBETII WD,

D 3 DOERDA, (1)D5]& 3 & MO BREN
BEERPAHBEREBEER LI EEZ S, A b—2A
ROWIBEHBERDLICEL<ROENIEH252 562 &
W15 1 (Duke, 1990), BERZK LT OEMIC
botcbEBAbNB., £12, INETHERZLI-EHIT,
KEBREREIERERIBO C2EICHE L& X D
EZ DEBEHN N EBICHHTE 5. 5 &k L HfHR
PERT 52EEHIEFEHEPERSD TH D (Duke,
1990), FlEWIEROFERICE > TEFITHHEST 5 =
Eh o, BERIGOOBESHBZHPELR T, (2)
DA b — LIS ELIRIR I, AMES T O F Y < v R
BTHBHEEZ LN, SNETOELIRKOD 23 2wk 132
ZIZKW. I HITA b — LITPES LB O 54 2 gty
HRHD 58 BES % RS H 5 (Duke, 1990 ; Duke
et al, 1991). (3)DEBIIHEL BEEICEAT S & A
Ezxoh, ZOHREYHFICIEE < OBEYE (Y F s
EVPEENDIEITTHAB. LrL, Db AER
EREEFIZIE, 20Xk BEFLE S,

¥ & O
(1)BNIERER BB SN EHERY) & HEE X n 5 JBHE I Bk
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fEL, HCS BREBEAIEOLN S BREREO Ty~
YT v 7 RITD, BRORY EHE~T.

(2) B DEF % BRI U 1A, BRI 3 ESIE A 0375
L, $TABERBO ERETEH TR, RIEA» R
B3 ENbroTr.

(B)RATIZ B B RRHEH DO HER DWIFoALR & Hk L
2, THHRITGIIIRGT 5 E L DFBENE LD &
o, PERITHhNTE LEBRRBEEIIR D - 12mE
R ZIRET A2 DENH 5 EBbro1.

(4) 2O HEBEREED RO, ZEFtFEs» 5EH
K, BE 1m 282555 BB SBIEA
HEBETR SRR CRERBMICHER U r S IRE T 5 & &1
WS TR .
(B)HBEMMBEZIER L BERIL, A b—AC— 8
B 25| & MR - OEETMSF IR LirsE
Zohb.

HEE AMTRRZTEOBICH120, MBS BT (5%
REF), HHEELHEBHBIR (KBRAE), ABEBIK(HSL
FMBTE(RR)), SHMAK(T 5 7 /b)), WK
B—RK(T7T 7 €7 RM)) icdmass iy, CBhEx
WizfZntz, E1z, BRRRSEIEITMBRBI 2= 0% 4
TdHo-1F) &, AKRAEE, ARBE, XiB3iZ%E,
HZEE—, PREFOSRICEEYISETHERL TV
Wiz, 7ay 7 O EFES TV 0, EE
DFAIBL LB L LT E 4.

KHFIC IR BRI 2R (BREE S 03640654
REEHIBE—)ZH 7. £72, Fig 1 ICRHHRT
D “RAFTFERCKHIL)27(1/2,500) ZFH X 4T
Wiz, BUTEEBLET.
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