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Abstract: Some of the large earthquakes are recorded in sedimentary sequences as event deposits
and rapid change of depositional environments. Abrupt subsidence of coastal plains by earthquakes
allowed the intrusion of sea water into coastal lowlands, and the deposition of tidal mud on the soil.
Strong shaking of aerial and subaqueous slopes triggered their failure, that produced avalanched or
gravity flow deposits just below the slope. In marine environments, turbidites and subaqueous debris
flow deposits may be formed. The strong shaking of the ground also induces liquefaction/fluidiza-
tion of sediments, as a result of which deformed beds and sand dykes formed. Tsunamis, associated
with earthquakes, may deposit unusual coarse-grained strata. From the depositional ages of the
event deposits, age and recurrence intervals of large earthquakes are inferred. For marine sedi-
ments, however, the difficulty to calibrate radiocarbon and calendar ages poses a problem to
correlate evidence in marine sediments with the records in historical literature and archaeological

sites with high accuracy.
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Fig. 1

Influence of sedimentary environments in preservation potential of earthquake events in sediments.
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Fig.3 Sand dyke in the Holocene shoreface deposits near the mouth of Shinano-gawa, Niigata Plane.
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BRI, BRRER, REE (B - BAHRZEOEK
7Y) nENHEELNS, Bl CIIINESEEMT
BEERAVSE I LRV DERORBCERRZERELE
ZENHREE R ol BEEBY TR —RICPBDRE
L& ohiznizw, IEEREESE X 5 BEER
RERBEMTON S, IERIREESE X 2 Bk
REFERHEE CRKBIERE T b3-4mg BBE ST
TH10mg UUTHRE) TREDORWERRES A TH
3, &8, RECL2FERAEEHFDOEL < OB T
b T3y, InsDESREECHEERMCL-T
BEOWOEBDF = v 7 %2f7>THBH, A—OaEHzD
WTOHETHARELEREOENTETEVEEZ S
h, FA—REOEREORXS>D R L5, AEOHIL
HOMESKEWwE SRS (R, 3. LarL, B85
NEERENES DEDEZCHEDPIEZDOVTOERN

REHMBEEREETH B, ZDEDd, MRS KES/ LR
EHEARR & O FEREEY R b ERBERY LT
HFoh2 bbb,
EEOHBEYIT OGN, S, HMEOREERD 20X
FERB TR IIZ D 5. Chsid, "CHIzk
DY THEPCEREY (F&-PH, 1994), EEES —
&4 N (R, 1999b, 1999c), BEFMEREY (HIiZe,
1999) iwHEKD < b D, 2°Pb ikic & D EEHEREY) (BIZ
2, 1987 ; Minoura et al., 1994) i2E2< D, FRHK
HOKILKIZ & D HE - FEESY — 54 + (Adams,
990 ; g - €3k, 1995 ; Inouchi ef al., 1996 ; #E - #
W, 1998), EikHEREY) (Minoura ef al., 1996) XD
b0, WOERBEEMC I VBT L 22X EHBE
(Sims, 1975) EHE I bDREVDH 3,

3.2 FRRBE CFRAEEDORER
ERREDBEELED 52011, 1) &0 E#ERER
HIE TR EMBERRZ &, 2QENDOD v REOFE
PERZE, TEZR LS ADERAEERES
&, VEBOAEZED 7R F 2y 7 R{TH 2L,
BEBDT oD, BEHEEYOBE, “CHBIc X 281K
HIELIR b LB CHEDN T WS, Lieh>T, UTT
FHUCHEE AW ERREEOBE L MERA DV TE
R

£ 0 BE s EREED i M OBRE, HEET
HERPEBELBL DAY THS. FEINI 78
WOEAHIED & 5 12100~1504FERIFED 1 R > b 2R
E U7 HERIE T, WEHED1000F EoERO%
BRHEANTEVBOERREOBESRD S5, B
b7 7 OWEHBYORS, EEROEEEHEEY
OIFEHAFLRES 2 AV TR REERBIE 21T
ZEWED,10EUTOBETA R b OERBESHH
BETHhD (BB4E; WIE, 1999c). L»L, HAMED
5 CREE A VY Y AHEEE DR WIE TR EBERY
CEARESOSHEREBD T kL, BEEELEE
Rl R BEREEREZ 2V, 20X %8
&, “CHEOMENRAR L LTRVFTCEIDIRE
EHEMHBYTCEZNITERRT TH 20, SHEN
EL, WEIAETHE VI REFF>TWS, HF
Wik, FEEREEEEYTOERRE L AV 5 HESE X
5B, HOBEEREOBRAOEESHD, —HIE
WERMESHSE L EhTw3, EDL 5 LEHWERHSH
ZDFBATI2HOREBOFER LRI L 5, HEHFOa
7B 5 ECEBEOERKER L FEEE LR O RS
REERIF 1RO L > 5HKRICH 2. FEREEAV
T ERMEDO S8, BEF1R00EBEEWEZRLTVLS
TS D, BEEZJCIZERELIES LR VE
EiE, BERZIZIZRERE L CEEREHEY b
FACES3 W UTHEL, H50ERBEEDXILIKED
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FA ¢ LEREEEHERY R OFEE A FLERE
% F W 7o O BESR A CRLE RS 5 (IR, 1999 ¢
WX B) "oy F T eEany —ES
4 b, ERBEEREZSY -S54 YO LETO&E
BROHEREY (CHBEREER) »oBRIhTH
%, FEIZ O CHIER O BETHE R RAEAE.
Columnar section of Core GH83-2-410 with
conventional radiocarbon ages of planktonic
foraminifera in hemipelagic mud (after Ike-
hara, 1999c). Turbidite beds are shown as
hatched parts. Planktonic foraminifers in
hemipelagic mud just above and below the
turbidite beds were used for age determina-
tions.

BYEOET  -BERZHELT, EN50ERPBY 7 L
TEPREERT HHED DDV, HOREORALINE
REBCT—ETHLEVIREDBNELR S, ZOX
IREMFT TR, BEFEEL VHAVBE COFERL >
TERWEEZOND,

FEEEILREER T 255 TR 22 OMESH
3., FEHEEFLHRIEZ, Ak o BRI REBIEDR 2T
S5, 700 “CEEREATICHET 2 E2RBO
ZhEZELWERESATWS, Lal, ZHEEAE
THHEZ L > TZDEREESRRY, AR O “CHi
BEOMBEZL» SV AATHS “CEENER S Z L
NP a5, Broecker et al. (1988) ZRIUB#ED S
B U 72 A LR ORI & 5 T % ORTERE I $
F~1000FE 282 2B D S Z LR U, MlEs»
(1993) 13 Z D7z, KKFD “CEE L FEzitv» “C
DIEIROH S R REEE (ThbbRA[HD “CEBEL
VHTRAGRIZ B B FRBAD “CEBE LIZIZFE CARICAER
TEELROR) OHEERAECHERT 2L EEETE
WLTw3, £, BRI L > TRZOBROFICKE
BORERPERINMLR TV OND S, Z0LI T
RiF7s REFEOERIEREICRESFET LI L0BDH
5, o, FEBEKPEREREL TW M, U TREE
Y 810 B ERER Y it EFEDE N b E
RIECcEE»E 2 2 FRER S, LicdoT, REAF
CAERT B TR REBEORSER L I WikEE R
FOBAHROEEE AW FRAEIEE LI idhk
%,

ANPBADZWEEZ2RAT, TELRVLZEZA
DERERBZ2 LR THS, WIhOBEEDOHE
ARV NTY, —DOHBEFI 2 DL EDA <> MR
VIMNTEI NI R 51E, ZOA4XY N ERMO L TOMH
BYOEREZHRET 5 Z L NEF L, fIEHEELZED
R B R Y C IR I TR OB 2R B T
BEEYDHBEFEZONDEDT, 41NV MNEEYOLT
WERBAIEERHNEZ OEEESE T, MERFOHIR
EENNIE U IR E OB oy BT b 5
LEWIHTERRT SADEREB D> 121E) BRE
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I DB HWHEEY 2 ERE S 208 ELDT, 1R
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Table 1 Radiocarbon ages of planktonic foraminifera and bulk organic carbon in Core GH97-310 from offshore of
Tokai region. The ages are shown as conventional radiocarbon ages after §'*C correction. No reserver

correction was applied.

Sample Sub-bottom Depth  Conventional C14 Age (Foram) Accession No.  Conventional C14 Age (org.C)  Accession No.  Age Difference
310-6-69-75 133-139 cm 177070 Beta-116717 2950+70 Beta-128566 1180
310-7-70-74 234-238 cm 2620100 Beta-116720 381060 Beta-128567 1190

310-CC-14-16 278-280 cm 290050 Beta-116725
310-CC-21-25 285-289 cm . 4670180 Beta-128568 <1695>*
310-CC-31-33 295-297 cm 3060+50 Beta-116726

*: estimation from two C14 ages of planktonic foraminifera above and below the measured horizon

THWL OrOMENDH . 7, BRICHREERET
BRELEEVBERL Tw 3, EEEYOIEE)IIRBHR
MEHEEL, WEEERDLLT., ChELVEEh3E
BHEEAED> 5RO SN FERBECIFEENEL S, 2
DEEDREE (BB LV ERINIHBEOFE
REF ; T) 12, HEEE L EEEYC X2 HEBEREI
Lo TH %Y (Andres, 1987), HBERENAKEWIZE T
Xh& L3,
T=8033-In(1+h/8.033-A)

ZZT, hdEPEic k> THBI W2 HBRBOE S

(cm), A ZHERBRY) O HERRE (cm/10004F) TH 5,
HAR L O— A2 HEBGEE (10-25cm/10004) & Zh
¥ CRE SN EEEYOEBEE (=RBREAEBOE
& 8-10cm FRE : Nozaki et al, 1977 ; Berger and
Johnson, 1978 ; Peng et al., 1979) »53 2k, Tk
400-1000FEE £ 72 3, 50cm/1000FEDHEERE T3
2004F, 100cm/1000FETIFMI0EE L B, ZIFVH
LEBEOHEBEE T T IH (2 cn DEIDE#EDL S
BV L7zDTHNIF.2) 2FEL D (Ro—H%
WREAEE OFITIE, 80-2004F) WEMEELLS b 725348
REENDEEZ L 25, IEBRERIITIE X 2 BEHE
RBEFERBEBE T, BTEI»S 1 FEERE E TOFERHE
EEDOEE (1 o OfE) I +EH» S5100ELL T OB ED
Z0DT, EYEILCERT 2 FRE~OBREZ I
DINEWIBENEZ LB EAEEETEZEEZ SN D,
BB, MTOKRESOEVIZL D KE RRTIECERY
CEMBALOBELZT 28508 H 5 (RETRTIRY
HWERERT) EWI3HEHIH H 5 (Thomson ef al.,
1995). LAY Py F v 7 anizBRERRCOW
TORRTH 55, HEYLSEC OV TOEYEELOE
iz DWW TlE, Berger and Johnson (1978) M€ T
Hb., KPEE 1 ¥ FEE - KFHEOBEBEDOAKERE
EBYOBHERRZFREZHE L ESORERIC I
X, BEEICFERELRTEBREGRE LD T TRFER
EZIFIZEE T 2. %o OERLFHEREH L
LWL VRABBOES, FAH, HEREIKDS
159, EROERHERLRD S Eh 5 5E L EHEE
EOMICEERD L, Ik, HEEVRFORECER

W& ZREEEDECPHBERE OEL, BEORY—
REECRDONT WS,
ZDEIZLTESNIHEAS NV b DEREZFEER
FRRREE EOFE BB ORI £ L BRE L, A
Ny NOEEBHEOBN s LicEE R INnER s B, B
EHRE B S RBEERTBENIESN TS,
—7%, “C IR TR, 195040 & 4EFTH» & w3 RIS
%, B “C 4RI, Libby OFEHEATH 555684 % A
Vv, REFOZEBLRED “C L2 —E L IRE L
TEHEaNn3, Lrl, ZOFHEIR, FHEESHEEZ T
ANSNTWBET0EE BB 2 &, KEIEHICHERRE
BOEE R 82 X 2 REFZRIGRED “C HBEHEED
EEEEEL TRV E, HhoEER (BER) &7
NEL S, L7edSo T, MEOKOI: o X, HE
HRRBREREBERICTHABRZ 2BEBLETH S, &
DIz, FWARFEIC L 58 1 TER & T LiEEREAE
TNEY IO U/ThERIZE 282 FEME TOE
¥ora s ARSI N TWw: (Stuiver and Reimer,
1993) 23, ERCIX190004ERT (B T240004E/T £ )

 ECOREE - EERABORM T 075 . (CALIB4.1:

Stuiver ef al., 1998) ®Zn Ll EETE COREEMEHIE
RENT 5 (Kitagawa and van der Plicht, 1998),
WE - RESOMREY T, YR A TERAIEE L
T EWII I OFIEMBEER WL Z Lk, BEARAN
DFHAHBEZDFEETH 5., —HBERROSHE, LiL<
TS RVEIOFERD 5, ThIiZKEH & fEAF
DU CEENREL L (KREDFHH3H50%m > © Broecker
and Peng, 1982 ; Bard, 19887 ¥)7-%, ZDEEZEIC
&5 5 OFERMBEORIE WOV I /N—FHIE) Th 3,
— M Z OFEIEM X008 & Rix & h, 400ER2ESN
T BEMERFBERL 52 LG LS BEBNTON S,
UL, H58BCBT 2 EOMIEMEITAT L H4004ET
BWZ LREFEZECBGRTE 2, BRLBEZOFRNVERT
VKDEEEZ T TOIHAEDY “Hn” KEPBEEL T
ETWBEIBRBETHY, ZDL 5 BHEECIIKRE
X RET LOBRHERBERBECEELRIET I L
%5, EEE, BYFETRIDL S RV N—FRDOE
Bz LV EFEL - —UTORECHESFERE2RD S 2




# " A A Bt B # (2000 E51% ¥2/3%)

LIZRTTRE & D#ER4 b B % (Sarnthein ef al., 1998). —
AR TIE, BEHEROEMC X > TV —FERH
7513 % (Stuiver ef al., 1983). Z D7z, YEEEIERD
ZEL TRV EWnS 2 ERFEU VI N —FERE R A
3L EDHMREGE RS, VY = —POBEEREEY S
DYFERCIR S O BEEIR O 30k % v 7 EREIERB R 2 5
Kb & L7z P R RAEAE T11100~123004EHT OHAMR
DV YN —FERAEIL200~525FE DRz H Y, FDOFHE
1X380ETIRAEDITIE &\ ) BEICIFIZ—T 528, K
SERREMRTRL03004FFT FF PV 7 AgFH) <k
700~8004F & 7 2 (Bondevik et al., 1999), ik, %
F Y7 AL RBEENDORBAROBABIFES LIz 2 &
CEKDODIBBER L Tep e FE 2 5hTw5, Bk
OB DOER 71 75 . (CALIB 4.1 : Stuiver et al.,
1998) TIE—EIC4004E L WO HEEFERT 2 DTk L,
W BT B REBER/BET TNV LY v T L EBORE R
REMRErLLBONIVIN—EEZHOTHELTWS
2, ZZTHTur T AOFIEEL Z T OSSR
BB VY N—E & OE R IERERBERMBLTICTIXR
Thb., TDA0EL WS — I HIEEIZ100FERE &
WHIERTORBBIC L > THFAPRKRERETHE 2 LI
&V <, I0ERBEOBR TRET 2 HIBA XV O
e R&EFEPE52 5, Tbb, EOFIEMENE
EXREZ > T WS TRETHEREL EO#EE
ZIZISEUIHEEMEND D, bz, BRI
WDOWTHED Z DREME 7 OREEZEENIZRD 51
Twiwy, 20X RERTE, Bohl- Bt REE
R o EHERNIHBE & < ST 3 & 5 RBERER
KB LFHFEFCHELY, FENRMRCBT VY
N—EREH D Z L PBFRANORED 7D ICEETH
3. VEN—ERPTHLZEE T, BHERBAD K
KB 2~ —2 — ¥k UTHIEY 2% ¥ D5 S T 4E
hb Ly, £z, WHEERYTOERY * FMREE
MR ETIHEE, BEREOEREY L EEEROEK
MOSEEOHIZ L > T, VIN—FEREHETLLE
BH5, BIE1RTORLUIFEERETLR L BEREY
FOEBYE R BEERREROZ IHERE Z 0
bOBRHOWETNEVIN—EREORENE BFAN
bDTh 3., BEHBEYF OEEY O REEIR/ IR
hoHE T BEEYOKRR/ER (C/N) L, KFR/KHE
(H/C) HrBEk/R%E (0/C) th, ZERMAMER,
A 4= —h —fHps EXERRFEO—DOTHZ Bz
i¥, Stein, 1991). BERNDHEER Z Iz b 5[

Jv (Stuiver and Reimer, 1999) W3 EEH I N TWBD
T, & nizw, CALIB4.1.207a o Ak, 4~

¥—3v b L CEETE 5 (http : //depts. washing-

ton.edu/qil/).

3.3 &V EREmHERESIROIHDEHE

P En#swms s, HEY» S & ERCHERE 2 &
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EEZ5. 1) HEROBE - HEYTH D I EN/FET
5L, 2)FERORED B WERE LR THS L,
3) EREECELEBOBA>TWE I L,

ZDIBRLBEEL WO, 1)THS S, HHEmEEE
DHEREY) PP HEREY b HBDA ORRTHERID 2 3
2R TCIRANT, BiZ 1 AOEERBIEREE O
A5 INEHET S 2 3RETH S, SHmHELE
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RSO 55 o N - RlEAEOFERE W
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B RFEERL, 2 DOFDA X+ OEETERE L,
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RER ERIREL T, MEAEORRECAEY OHR
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TR ZED, For BB RBSHRL Tz
ERBEEBbh b,

4. % & &

B O “HEMEHEREY” HV TAEOHMERE
PERAS % Z &1k, FENIZ+OTETH S, L,
[E R REBICE I NS WL CERT 5
7o, EREREEYRIIRORVWI ENENDD
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Z0RERHATR T IR ZNEEMFEANZVEERE L
v, FEEES — 54 b R AT i BT O SeERRY
A= TH 5 Adams (1990) DR L TH, ZThicE
BERIEZ BERE D TE T3 (C.H. Nelson et al.,
1996, 7272 L Clague, 199712 X %), oo ix, HBEH
HH2WEZOREAD EDIFERP SRS £ T2EOD
§—EFA4 S OHRBRIER - HEEROHEE S wEF L
Tw2HEELH B, ¥/, HEMESY -S54 bOHHEY
S T¥H 5 Heezen and Ewing (1952) D275 > Ko
7 B DT b ITEORFT A RS = B L 7158
Wi E3NTEBY (Piper and Aksu, 1987 ; Clarke et al.,
1990 ; Piper et al., 1999), RIEPREN S5 -5 1 +D
HRECEZ S 20 BEOFEMBO P DOH D, H
B AW HHETRICIBWTY, ZOHEBL 51
BEARAPEETHL2OEE S ETHRVL,
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