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Marine biomarkers deposited on land by the 2011 Tohoku-oki tsunami
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Geochemical identification of the tsunami deposit using machine learning machine learn
ing techniques
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Tsunami deposit is a direct evidence of inundation area of past tsunamis. A large number of publications have been writte!
about the diagnostic signatures and identification criteria for past tsunamis, including sedimentological, micropalaeontologica
evidences. However their identification is still difficult because all criteria is neither necessary condition nor sufficient condition
due to various origin, mechanism and temporal variation of tsunami deposits. Geochemical discrimination is now recognized a
other useful proxy which dose not depend on the researcher’s subjectivity, especially in the case that other proxies can not be use
Especially, geochemical indicator is suggested to be useful in identification beyond the limit of recognizable sand deposition. Ir
this study, we established the criteria for geochemical discrimination of 2011 Tohoku-oki tsunami deposits and their backgrounc
marine sediments using machine learning techniques. For 18 analyzed elements, several tens of elemental combinations sh
the discrimination rates higher than 99%. By applying the criteria to past tsunami deposits in the Sendai Plain, we discuss th
validity and effectiveness of the method.
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Chemical composition of historical tsunami deposits in the Sendai plain and proposal o
geochemical discrimination
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A magnitude 9.0 earthquake and huge tsunami occurred off the Pacific coast of Tohoku area in Northeast Japan. After th
2011 Tohoku earthquake and tsunami, disaster science is much focused to reduce the damage around costal area, and it play:
important role as making the set of guidelines in an emergency. Because Japanese islands are located on the plate bounda
among the Pacific, Eurasian, Philippine Sea and North American plates, large earthquakes and tsunamis have repeatedly occur
during historic and prehistoric times. A huge tsunami more than 10m-height is often accompanied with submarine earthquake
around the Pacific Rim. The 2011 Tohoku tsunami was the one of the most destructive natural disasters. By the effect of tha
study on earthquakes and tsunami become more and more significant, and it a major issue of social concern in Tohoku and oth
areas. After the 2011 Tohoku tsunami, these invasion areas were covered by a huge amount of tsunami deposits more than
million tons. In addition, we are able to obtain past tsunami deposits with the age of “1000-2000 years before present (BP) in th
same area using boring corer. In order to make an expecting tsunami invasion map in other areas as soon as possible, we m
provide the information about the distribution of past tsunami deposits. However, it is difficult to discriminate the one of tsunami
and other events, such as storm and flood. Additionally, we must establish a new technique to detect invisible muddy and thi
tsunami deposits. We need historical archives and geological proxy of past tsunami invasion, but it is rare to have both evidence
in many cases. Geochemistry is useful techniques to know the source of terrestrial deposits and these weathering process
Therefore, we tried to apply geochemical techniques in this study.
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Scour and deposition by the 2011 Tohoku-oki tsunami at Takata-matsubara in Rikuzen
takata City, Japan
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Traces of the 2011 Tohoku-oki tsunami as seen from the topography and geology in ria
coast, lwate Pref.

PR RV BL A L UK R L B SO U A BEBR L AR R L TREA B% 2 B —ASHE 3 R 50 4
Gy B

SAKAMOTO, Izumi'* ; YOKOYAMA, Yuka' ; YAGI, Masatoshi ; [IJIMA, Satsuki ; IMURA, Riichiro! ; NEMOTO, Kenijit
: KITO, Takeshf ; FUJIMAKI, Mikio 3 ; FUJIWARA, Yoshihird" ; KASAYA, Takafumi*

VSRR AHREAE, 2 JCRRTERRYE (R), ° InFRIERER A (FK), * e SRR
ITOKAI Univ., 2FODECO,*COR, *JAMSTEC

20114 3 A 11 HOHIHI AR HEE TIE BRI R RIS HE R E 2 £ 1o 58 Tz, FHCU 7 AW OF
FET B HUEIZ, HRIC K O BN AR ERZT T BRI TE FOMENENT > TW5, RifFECIEEIt~) VY
AT VAMEFERE T O Y 27 b (TEAMS) O—E & LT, JAMSTECE & & ICBNEEEREOZ bz HINE Lz
e (P - iR - ARIKERHREEE) 230 L., EICB W THRA R OREMZ L 52 % T LI L,

FIEHIIC 350 2R © 20134EE TIXHETHE « BERBICB O THERO E— LK D & 30iE (90° ) THgEEH
BEIEML., WEEOMMRIRZ AT Uz ZORRMMDZ  IZHIFE (Current crescent cast, Flute cast, Groove)cast
HY. FEFHEDLGE NS DOHIFENEIZ Groove cast R ER A (TR ICiZzE2 L TWAENHALMIE- . T,
FEFHE & 5 20kmBEN Tz BUESRIE T H . /K 15-25mHE CHIRHENRE S 2 UL L 2SR S Nz, ThOHIRNE
W, 311N [ ZPERFICREL Uzt Bz b o THRN ST CGEER) ICKDIERENZEDEHEETI NS,

HEERARE R D A TR - W NECH em I HERAVIABICIE S T & OHIR S KT (R 1) & BIEH & D
D7z Afgl Uiz, TO A BEORIE. 7K 20m L Tk 50em (AHE) 5 110cm (EFHE) DEEZHL, &
Sl WA T A EABSHSE MR- T2, TD AR, BT SRR OZ=y P 1IHS L TWS, £ A
EFRICE, WODDM MO UWKSHZE 25 2 MK, TNSIREDBIKOENTH 2 EIHEE I NS,

FEIRHIE ORI B A TR ¢ A « BERE - RS TIrb ARG ORI, S et EIREIC X 2 A I
SN AEELTaI=y M1 (U-D) BRI Nz, chud. FTHRE T2 R L. FiEO U-2 (EE) #
HIDAL K ICHERE L T %, Ik EAIIC IV RERAH SN, ZO MICHIRNIIE, T I FOFE L IHRE, —kkkx
HRID DS E . & MLICEEENEET 2B TH D . 3 1LEIGERHERY) S #EE Uiz, FOICEET % U-2 8, 49
BRELOFRETZREETH D, WINDETE 50-100cmDEX TH S, b U-28XK D FAICIZiE F 7213tz
L., BEDOHEZRTEDEHIE I NS,

T O, NTHRfAN B 755 BRI FR E L IBEICHBIT 3FEOEEEZ 5N 5, LH LI NSHEEDED
. BICHAT 201105 OHEREY), FER AR BHRES), BIEKOERR. AMECK D, DUTDEEEA, HRE
L T B BN, SHBREITIHEZITO FICK D ZOHBZRETT 2 080D 5 L EZ 5N5,

F—TU— R AR, = REinR

Keywords: Tsunami deposit, Sanriku coast

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’{;‘sgiem

Union

MIS23-06 21415 FFR:5 H 2 H 10:15-10:30

ﬂhﬂ%@r” a7 M SHEE S N5 201 LFE L HEE % O Fiig R E R

Shallow-marine sedimentary processes of the 2011 Tohoku earthquake tsunami, inferre
from sediment c

FERS =5 15 B it 1 B b T S AL R T
TAMURA, Toru'* ; SAWAL, Yuki' ; SAWAI, Yuki® ; NAKASHIMA, Rei' ; HARA, Junkd

D SRR B LT ER R SRR A v 2 —
LGeological Survey of Japan, AIST

VEEE, BE EAOM FEER OHERYINC DWW T O AIC IR SN, IR 2 3 OHEREYIC DV T O FRfE
FFEAEHEATHERY, 2011FEFRICHERIRIC X 2 R OFIEHERY) & Z D 2RO E RS 120, Fkld 2012
T 8-9 HITIBED 44FFTc BN TNA T ay ) v kiro Tz, BRI O, MG ERREREE & EEELO
PRI D Z o Tz, FBINTRERIGAT T, EEHEREYIDOJE/E1E 10-50 cfEE TH 5. IBEOKEIE, TEyNETH-
HIHD,  NIRER CRGIRD-RE L, T TR E SRR E 2 HICE ATV S, FRITHERYI ORI EE IS SR T D e R E
ELITHED, JHEELECHEMDRELBIILIEDII TRAENWT EAREENS. FEyNEO I 71Cid, BRIROE AU
KENROENZEDNH D, THIIHIEOT | Z P THERS NIRERN SRS EEZ S5NS. NI OB HERTY)
&, FELOBBEHREYITE —RICH O N2 ZERUEZRTEHAN DS, TNO ORI, SISO THHEREY
EHNT Z1-DICEETHZH, KO AENERERMHENT SIE, A RHEICE T 2 REBOFBENRETH A S.

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

MIS23-07 21415 FFR:5 H 2 H 10:30-10:45

20114 5] ti&ﬁjtjﬂﬂ?{[lli&a?@(ﬂik J: i) Fﬁ*ﬁ(ﬁ(ﬁﬁﬁ’( O bk

Sediment transport induced by the 2011 To h ku-oki tsunami: A shallow seafloor survey
at southern part of the Sendai Bay
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After the 2011 Tohoku-Oki earthquake (Mw 9.0), to examine the tsunami-generated sediment transport and topographit
change, and inundation area, a large number of investigations have been conducted on land, particularly at the coastal ar
of Sendai plain (e.g., Goto et al., 2012, 2014). Understanding the linkage of the transport between land and seafloor is als
important. In the present study, to examine the influence of the tsunami and offshore sediment transport, high-resolution shalloy
seismic survey, sampling of surface sediments, vibracoring, and seafloor observation by underwater video camera were conduct
on the shallow seafloor at the southern part of the Sendai Bay, northeastern Japan. The present study will help to understand r
only modern sedimentary process induced by tsunami but also identification of paleo-tsunami records, because our knowledc
of shallow marine tsunami deposits is limited in contrast to the subaerial tsunami deposits.

One of the principal results is as follows. One or two sharp and continuous reflectors are recognized on the sub-bottom profile
in water depths approx. 6-15 m, excluding the area of outcrops in the southern part of the survey area. With decreasing wat
depth, depth of the reflectors from the seafloor generally increases (up to approx. 1.5 m). A comparison between the seism
profiles and vibracores infers that the sharp reflectors are erosional surface formed during the 2011 tsunami.

Keywords: shallow marine tsunami deposit, 2011 Tohoku-oki tsunami
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Paleo tsunami events determination using radiogenic nuclides
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Recent advancement of mass spectrometry enables us to determine timing of past events using trace amounts of geologi
samples. Accelerator Mass Spectrometry (AMS) and Inductively Coupled Plasma Mass Spectrometry (ICP-MS) are amongs
them and long-lived nuclides can be measured precisely. We have been conducted paleo Tsunami studies applying 14C a
U-series dating employing these techniques. Together with geophysical modeling as well as paleo climate proxy data, pale
Tsunami events are clearly reconstructed from these measurements. Also newly developed AMS, single stage AMS, that is de
icated for 14C measurements can produce large number of data to constrain the timing in different manner. In this presentatiol
several examples of these studies will be introduced along with perspectives of age determinations of paleo Tsunami events.
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Marker-tephras for the chronological study of tsunami deposits along the Pacific coast o

Eastern Japan
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2. WHAKFEHRFEEKOT 75
(1) ddbHyIeEs
HASNEOREWNRILET 75, sefttomiBmic R ALT S B U7 71 RY Lk (K-Ah, #)
7,300440) &, AIREMEDYEWVEDE TS S LEEHEEE HEN S /R EOR THRIE N TWa (HTH - #iH, 2003 #l
HiEA, 2002 HHIEZA, 2000. ZI T, K-Ah EItimEZzDF HEDIZIFEE THRZEEEE L TRIFHTE 5.
K-Ah X0 Eio7 75 & LT, #ts b cidHmdiis 72 (To-Cu 9 6,0004E/1) HUSIEEIICFEIR L
TWa. TOT 7B OS S N2V, HHiHa 775 (To-a 9154F) EHRIHALEID S &S wHIc
DT TEEIKL TV AICEDDT, BhEAN SHEREICT TO=REEFEBTIRIEFEAETED SN TV (BTH
EA, 2003 FAuliEA, 2005 2000). EFMCE, HTELE NSO (B-Tm, 105, fEEED, 199875 L) MR
FEEE L THIATES.

(2) b5 maEs

B FEED DB ELICHT T, To-Cu® To-alMofi LT3, & ITKIRAM, Sk, S LT3
HENTW3 To-Culd, AFHENREBIC BB L TV AFEENE W, Fz, To-Cud EAilcid, BiIRHT 7 (Nm-N,
# 5,000, HEJIHEUALHIZE T V—7, 19667% L) &7 Zsb%?h%) FhIC, BH Y EEINT 7S (Hr-FA, 61
FogIER), s /Eﬁ}éﬁ7‘77 (Hr-FP, 6 H4drhiE), REk)I17 72 (As-Kk, 11284, FH, 19917 &) O XS
IR T 7 e M E w3 GHEESIZYT, 200275 8).

(3) JtEgditys

LRSI, A LRBA N LERRIRE T 5T T IS 0L TWS. Z05 5, Kl Ccity (As-C, 31
RIEN), Hr-FA, XEIB7 75 (As-B, 1108%) &, RKIWMBRFATEEEWN TROHENTE D (HEREEWIYH, 2007,
KIS T OB E NS AEEED E V. EDIC, B ATRA (As-A, 17834F) & &HICKEIKDIFENEREN TV S.

(4) FEBIAHT

FABATRI I, EAl, R, PR, s, R B EoXlh S LeT 7 S DIED, Hr-FA,
As-B, As-AZxEIBIRGRT 7 7MKL TWS (BEIED, 199075 E). —fRICAT Y 7HT 7 Z OAllAE I # Ly
b, FEATILREOENC, HEREERET T T, FUWH S 0B N 2NEY O8N, & SIEHERERFR
07 & & ORRERIC K D, AlREREZ LSS 20805 5.

« JRHPERGREEA

F—T— R WHAREEOR, HdER), 77 2, Hm a ik, HRmdRs 7 =, IRk 77 5
Keywords: tephra, chronology, tsunami deposit, Eastern Japan, Towada-a tephra, Towada-Chuseri tephra
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ﬁoﬁern and possible paleotsunami deposits in Samenoura, Sanriku Coast, and their rel
tion to tsunami source mechanisms
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FEOHPFEME X, WBREAHIT 20mEL EIGEL TW 22 EREHRE S V—TIc K D MEIN TS, ALl 20134
3AMS 10 HICHT T, HHXKICIBWT 201 1EO AT I X U HERIC X 2 HERY) O R FE 2 9256 U7z, 20114E0H:
TS X 2 HERI LRI RO ~HRT RS 5752 0, 5 10m AR O S TE)E 20emiLfE, HITHEESOE WA T L EIE
CM T L TWA T EAERE NI, FT-, BIHEREYICIZHEN DA SN EZ SNSRI Rk +& LT
ZRICEEN TV, EHtXERCHEEZE ST, V7 ARBREOLALMETH S L E2EET S L, EaDE
UEE THIWESHE LT LIREINTH S, DT LA 2011EDHRITH U THEIHZ OHIE BRI S Ui
RTH s e, X o GHHERYIE, BEEO = FErE R O E R S 08t L 70 5 %.

LMHIKICHB W TN RAE—H—BIXUOTVAATAY—THEILIzL 25, Dl 2ohdgHEy eI n
ZEMRE SN £z, 2 D0OEORICIE, THE IISHEICHE FLIZEEZ 5N THIH A KLKE S ERE N -,
U EAIIC B B EOHIERE D 1 D& LT, 869FEHBIMIENNION TS, THUCDOWNTIE, BHEMIHcKD 7
L— MESRRIOFKIETE T IV REINTE D, 2011FEHILHIE & OFLEMER SN TS, ZT T, AWIETI,
R XA I TR A S N B FROHE DB B X IRE - i T 0t 2OV, BEHREOREET 7 IV Z VWi
HE TR R O BUERNTIC K a2 1T 7z

ARETE, FEMAERAIERSRICHEDE, HEEHERY & &2 5N 2WEOHREREERST 5. £z, JTL—Fh
BiRRLHWT IR & 77 2 — 5 A XIEW IR S J & TR EIOFUMES S 2 L— a3 VD NWT, f&ifithXic
BUF B HEHEREYIE D T ERA ) = X LE0HT U, HREHEREY) & RO BRI OV Cilin 9 5.

S — R VMR, SR A TR, BIAE
Keywords: tsunami deposit, 2011 Tohoku-oki and 869 Jogan earthquake tsunamis
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QB’E@FL@ B2 EHEBHEEY OFE & 2 OFR D SFIRILHEA NS b L2 T

Identlflcatlon and ages of paleotsunami deposits in Sanriku Coast: Trench survey in Koy
adori, lwate Prefecture

A K s BN A BTER EE 2 R e 2 N 3
ISHIMURA, Da|suké* ; MIYAUCHI Takahlro1 ABE Kohe? ; HAYASE, Ryosuké ; OHARA, Keiichi®

VFRER - B, 2 IO E MRS, 3 MR St 8 o Wi 22
LChiba Univ. Sci.20YO Co.,?Institute of Accelerator Analysis Ltd.

ZRERRIC I BRI, 161 LFEEE =Redtk, 18964ENIVA = ey, 19334 MR =L, 196047 V) Mg
HEEEDLIHMSENTWVWS. UL, =REEFREOHE « HEREERET & N TN DORED fz bR IC H 5 KK
DIRIMNE, PR ERZIRE, @&ﬁﬁ%&bfﬁﬁéhfvﬁmgabgw FDizé, 201UELIFTX =REEFICEH
B E I HEREI AR AL BB P I EEATE S S, dHERYNIC D < ZREEE O Y R 7 O il
5 fu&bot 201 LAE AL IO ER, T OHIED 1 DDA k& LT 8694F EEHEE A H & 1,
PR & 13 HIRT S N TR o Te ZRERIC IS U 2 HEE « G FE O i iy R I R & JRE S ) D SRR IH 0D a4
BN EE oz, RFETIE, P 24 « 254G RIAA RAIIZE TR AN R4S 2 HIE - Hal ORI &R
W CZREE R - HGURFH B IC X > THIEE NI O b Lo F TR E N A R - HEREY) 7% Hrk HER
MERREL, ZOFMRITONTHET S.

PR, ATRLEI N EOEHHEITH S, AtlSTlE, 1611FEEE =M (5K, 1934, 18964FIHIA
=Rt (UNAE - KH, 1989, 19334FMAFI =R (RAHUEMZEAT, 19349 ML Y FHSETCRELTWS & E
Z5N%. 1960FEF V) HEHEE O &E, N EOTEHIOMMBTIIEEFEINTWVE CETIR, 1969 £0D0D, /IMREIC
RBALIZEWIEE#lda <, BHOMEED TEAMBOFRTH -7z, 2011EDOHEFE O EEidk 30 m (HT - S,
201D TH5. AWFETE, EEHN3mOHETEE 12m HE2m E3mO ML F2HEHILz. FL2FEEET
&, JeRES U IEEBE SV MERICKTICHERE U 72 - MR IE 118 QOL1FEHEHERIZ ) LHID AR
PES F ¥ FIVIROWEEED 2 JE@R2D 5N Tz, AW TIRIKEICHERT I 2 M5 - MR g2 N> RHEREI & LT, EAi
W5 EL-E11E AT 72 (ELIE 201 L e HERE YD) . ORI IRZAEAINENE, (BR) 2R rifger, (B HuERE}E
WIFEATICZRGE L, —iiE (BR) NIRRT & O ILFNFFRIC TiTo 7. KR HTIE, KR & kil 5 A D
PrRBEZITY, KUA T AT M E (BF) HEIEICRGE L 7.

A HEREYI OFREICBI U TIE, 2011FEHHERY 2 ) 7 7 LY Rk Uiz, 2011FEERHERYNE, /N Bl O D
YR 2R e U, MBEOEWEZZ < 3. — /5 T/ BICTAGATTH) I OHEREYIE, WA E AR TH S 7
&, I SHEEINZE O LN SIFE S N2 DIFFRAIFTRETH . £z, L 2F YA MIiEREDLS 300 miE
CHENTEHD, OB EED T &N X 2D S OHEBEYIHRIZ AV E VIR (Dl LRI HER) T
Hote. T T, BIROMHEHERY), W)IHEREY) & &A1 XY MEREYICE ENDBEOMER (6 ERBEICIX 7)) ZEEE LT
R, EL-E11O TR THEBEEFEOMEZ S C LA HEEI N, LIz > T, b L YFHNTOBIESER & R ORE R
S, AR TIRING 11BDOA X NHEREY) 7% N THUHERY) & Il U7z,

PR BAERBIE DFER, b L FRERTIE, # 40004710 5 BIE £ TN HgNHERE L T 5 2 ENIHL
Eholz, BENTZEMRED S E2, E3, E4WE, ZNZFN 1896FEMHB=FEEY, 1611FEE =FEHt)l, 8694 HEAIK
W LT RE R HRHEREY T H 5. Tz TR a (To-a) 775 (AD915: HTH - #itk, 2003 MWKz & THEI NS E4
WDKK I To T2 & T A, EARRISKIUA T ZAEERMEM Uz, E4ARTERDONXILA T ZDRITREZRE Ui
R, EAZOHEREYIICIE To-a & [\ UEHrEE 1.505-1.510D KA T ANZTENBDICH LT, E4uiOHEREYIHICIZZN
PNDJET 2 R U T ANE L AE Nz, EABDNUG T ADERD DI 1T 12558, To-an kiAo ZOHE
E—H LTz, Uleho T, E3E4ARNC To-ah &K LIz & Z b, BidRORELE ORI FfEES, =FEEREORE I
BN T T 8694 HEBIHIIC WIS T 2 HEREYI DS R S hizC kidix .

HHEE T TERZOSHERERK, M AMGK, HILKZOMEENK, KMHZK, SFHFhRicik, g EEE
ERLGo TWzizwniz, fEHlFEE o L& O 71X, RAEHIZZFT U TWzi2wniz, BII—RIK, SREIK,
MHZRRR, SHEE KR, BERHER, MEENRICEEHTERL TWhiziiniz. Lo sLicld, ToORZED T
L L EFES.

F—T— B AR, =REigR, 2011 B EHT TR RS, S, 8694F HBIH

Keywords: tsunami deposits, Sanriku Coast, 2011 Tohoku-oki earthquake, historical tsunami, AD869 Jogan tsunami
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Geological survey of paleotsunamis at Noda Village, lwate Prefecture, Japan

T R s BRIG AfE 1 AR R 2 IR RBI Y Bl AU 3 B R 3 IR G 3 R A 2
GOTO, Kazuhis# ; I1JIMA, Yasutaka ; NISHIMURA, Yuichi? ; SUGAWARA, Daisuke ; YOKOYAMA, Yusuke? ; MIYAIRI,
Yosuke ; SAWADA, Chicako® ; NAKAMURA, Yugo?

VEAERE, 2 JuifE R, 3 UK
ITohoku University?Hokkaido University?The University of Tokyo

Along the Sanriku coast, pre-historic tsunami record is still poorly understood in contrast to the well-documented historical
tsunamis of past 400 years. AD869 Jogan tsunami is one of these cases. The tsunami affected the Sendai Bay area, as tsun
deposits were reported on Sendai and Ishinomaki Plains, but evidence is unsure if the tsunami was also reached along the Sanr
coast. To explore the paleotsunami histories along the Sanriku coast with emphasis on the possible inundation of AD869 even
we conducted field survey along the coast of Noda Village, lwate Prefecture. Our survey site is now occupied by paddy and th
2011 Tohoku-oki, 1869 Meiji Sanriku and the 1933 Showa Sanriku tsunamis inundated to this site. We took “3 m long cores
and found several gravel and sand deposits in peat buried by surface paddy soil. Considering the continuous distribution c
deposits over 0.7 km from the present shoreline and analytical results of grain size and mineral composition, the deposits al
likely formed by the tsunami although further investigation is required. Among these tsunami-like layers, a “10 cm thick gravel
layer is deposited below tephra layers. One of the tephra layers is identified as Baitoushan-Tomakomai tephra (B-Tm) that wa
deposited in early to middle 10th Century. Volcanic glasses that can be identified as Towada-a tephra (To-a) of AD915 also i
observed in patches at the similar horizon as B-Tm tephra. Radiocarbon dating results above the gravel layer is consistent wif
the tephra chronology. These analytical results as well as tsunami numerical modeling result suggest the inundation of potentiall
large tsunami before early to middle 10th Century along the northern Sanriku coast.

=T — R HH, RO, TP, EEE

Keywords: tsunami, tsunami deposit, Noda village, Jogan tsunami
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Origin of a tsunami-drifted rock in Raga, Tanohata, Iwate Prefecture, transported by the
Meiji Sanriku Tsunami in 1896.

PN RGNl
OJI, Tatsué* ; OISHI, Masayuki

Ul R YR, 2 S T IRAT YA

I'Nagoya University Museuntjwate Prefectural Museum

AT R PR HE RN REO R B 24 m RN 51350 m 123 - DOEEMEELTHEL, BliE 294
D=FERA CEIEN NG TH S LT TRIEEANENT VS, HANCAIET 2 ESIXZIZESERTH D, ToY
A RFEZH2~3m, E2m S3EFPE<ESL15mT, BEEEFN20tEHEEEINS. COFEHIVALTFTA D
5720, ZOXRMICEIC FEHMERN SN T 2 KBEAEAFLERO Orbitolina sp. WEEBIZXE NS, Orbitolina 13514
R OAIVE N FHED SHERT BH, FHOEHEEO i~ EHIC Orbitolina W8 U CHEH T 2 EHENEGEN
5. TOEEIHEOBEINE, o) AR Uil omRICE T 5. 6> T OREEIEIAREE OB
MRCH -z HEEE N, BEME T, ERIEEETH 500 mEz i CHEIEN e EZZ 5N%. T OHEMZITRO =X
HIEDOBRD 1 FOHE TEIZN /20D, & U IEBEDOEMOHIEIC X > TEEMIGEIENZOMNIRATH 5. g,
SEOHE A DOPEANC H S PO E A, HEEARTF ¥ — hOMEE, @22 EICEA, HEFME NOMSHk L
EZbN5. TOERE, BHET SrEEAIRHICOMAT 2RENSHR Uz EHEIE N, B TRV ATREMEAYE .
FHEFAIAT R K D R L2 kmIChiE S 2N A NIBTlE, SEEizIcE  ofkabiiERIci b LiFshTtns. Th
SIXFICEOIFERICAIE L TED, SEOBEEAEEHMOER (HEM, S R TrMESm) hodiskLizc & &
MTHD. —THREOHERANIHEED SR EICNIE L, IR =EIEOEBREN AN TH >/ L E5bETEE
TBE, BEPHANOHRK LT LEREBLTVS.

F—U— REEER, AVE B I BA
Keywords: Miyako Group, Orbitolina, tsunami-drifted rock
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]
Estimation of the magnitude of tsunami earthquakes along Japan Trench -Re-evaluatic
of the 1677 Enpo Boso-oki tsunami-

HEE SR s Bk R 2 SRR BER L kU AR B IR ORBh 2 IR R 2 KRR BT 2 AR R AR RO
YANAGISAWA, Hideaki'* ; GOTO, Kazuhisa ; SUZUKI, Keita! ; KANEMARU, Kinuyo® ; SUGAWARA, Daisuké ;
YANAGISAWA, Hinako? ; HASHIMOTO, Kohe? ; IWAMOTO, Naoyd ; TAKAMORI, Yoshibump®

VR ARTRE, 2 ALK, 3 BIPERE, 4 Bk A3 — 7 S Bk hiBERER
Tohoku Gakuin University? Tohoku University?Kansai University?Choshi GeoparkChoshi City Board Education

HAHEE IO O B ARHIER A T, BEERHEORENZ DR NE DD, BERGHINZFAE X85 HEHE" O
FAENSNT WS, 16774 (EF) IS THERFERRIMTRAE LZER, HEORNBAEKIIKEVE D TR > 72h,
EoRZAmt 23 X8, 5004 FEDANmEE Sz, COHRE, "HiE Ic K> TRELEEDEHES N, Y
FIHBITHD O HHBEEBEOHENED SN TEZ. LM LAEDDS, HXEORITEREMAERLZ L, G EH
BHOIDS TR0 AR E CHIHBRZHEE T 5 L3 L. Z 2 TAMZE TR, S XEOBBICIZ, LR
A, BUiEY 2 2 L—ravietby, BANCHNTZED 2 T & T, SR OREE 252 L iz,

HSCEICHIE OFREN IR E N TV THER BT/ MEHIIC 35\ T HERSYI A 2 5200 U 7o hs SR, I CHERE L 7= &
BEbnswEzfEX oA Uz, CIAERIEB KT OHT KD, T OEIXEFE 11004E~17004FEICTERK L
B D EHEES N, 16TTHIEEFARMHIEEAIEIC K > THER L7 AfREEDN SV E B A BN S, AL TIEE 5IC, H%
HEREMNCE DO TS R 2 L— 3 U BFNE U TR, 1677 E R RaiP B d 2 i E 4 %1 ld, M8.34LL Foith
ERETIZRETH B ENbh T, TORBEL, 18964FEIHIA = eI DR L 1ZIF—T 5. WAL
I BRIV TR U i tiEE 13, 18964 IR = REHIEEEIE OATH D, 167 7ML T BT AR ORI,
HAMBSEN O THA ST 2" s OMBZHEET % FTAEIRERE T 5.
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The assemblages of foraminifera in paleo-tsunami sediments on Ishigaki island
The assemblages of foraminifera in paleo-tsunami sediments on Ishigaki island

Tu Yoko'* ; ZZj# Mt 2 ; Chien Chih-Wet ; Ui 275 5 ; 558 1IERE O ; FokS 5 7 5 bl &2 7
TU, Yoko'* : ANDO, Masataka ; CHIEN, Chih-wet : KITAMURA, Akihisa® ; SHISHIKURA, Masanobfi; NAKAMURA,
Mamoryd ; ARASHIRO, Yasuhisa

I Department of Natural History Sciences, Hokkaido University, Jag@enter for Integrated Research and Education of Natu-
ral Hazards, Shizuoka University, Japaimstitute of Earth Sciences, Academia Sinica, TaiwéDepartment of Earth Sciences,
National Chen Kung University, TaiwafDepartment of Geosciences, Shizuoka University, Japactivity Fault and Earth-
quake Research Center, The National Institute of Advanced Industrial’B&partment of Physics and Earth Sciences, Ryukyu
University, Japan

I Department of Natural History Sciences, Hokkaido University, Jag@enter for Integrated Research and Education of Natu-
ral Hazards, Shizuoka University, Japaimstitute of Earth Sciences, Academia Sinica, TaiwéDepartment of Earth Sciences,
National Chen Kung University, TaiwaRDepartment of Geosciences, Shizuoka University, Japactjvity Fault and Earth-
guake Research Center, The National Institute of Advanced IndustrialB&partment of Physics and Earth Sciences, Ryukyu
University, Japan

The Ryukyu subduction zone is generally believed to be aseismic because no large thrust earthg@keaéMecently oc-
curred; GPS velocity vectors on the islands are parallel but opposite to the relative motion of the oceanic plate. These observatiol
support the idea that the Ryukyu trench is aseismic or unlocked. However, in 1771 a tsunami struck Ishigaki and Miyako island:
with the maximum run-up height of 30 m and caused destructive disaster, which implies that a significant earthquake occurre
along the Ryukyu subduction zone. According to Nakamura (2009), the source of this event is a tsunami (slow) earthquake ne
the Ryukyu trench. Moreover, slow-slip events at depths of 30km (Heki and Kataoka, 2009) and very-low frequency earthquake:
at shallow depths near the trench axis (Ando et al., 2012) have been identified in the western Ryukyu trench. These finding
suggest that the western Ryukyu subduction zone has a potential to generate large thrust earthquakes.

To estimate recurrence intervals and sizes of paleo-tsunamis near the Ryukyu trench, we excavated Holocene deposits at 5 si
on Ishigaki Island during the years of 2011 to 2013. We analyzed the assemblages of foraminifera in the sediments that wer
transported by tsunamis from the deep seafloor. Most of foraminifera detected from the deposits are benthonic and planktoni
foraminifera are rare in all samples at the excavation sites. Species of benthonic foraminifer Oattaama defranci(living
at 15 to 50 m depths) are dominant in the tsunami deposits compared to the current beach sand. In addition, some mesopela
species that commonly live at continental shelf depths are also identified from the tsunami sediments. We found that the percen
age of mid epipelagic and mesopelagic species in the deposits can provide a significant key to identify paleo-tsunamis. On th
western Ishigaki Island, if the population density of these species in a deposit exceeds 10 %, it can be concluded as a tsunal
origin, while on the eastern coast if the population density exceeds 20 %, it can be a tsunami deposit because of the bathymeti
reasons.

Together with the results of stratigaraphic facies and C14 dating data of the above tsunami sediments, we identified three larg
tsunamis (similar to the 1771 tsunami) in the past 2000-3000 years: in 1771, betweett Mahtl between 2000 and 2900 cal.

B.P. The average recurrence interval of large earthquake was found to be very long, 500 to 1000-2000 years along the weste
Ryukyu trench.

F—7— R: tsunami sediments, foraminifera, Ryukyu dubduction zone, paleo-tsunami, 1771 tsunami
Keywords: tsunami sediments, foraminifera, Ryukyu dubduction zone, paleo-tsunami, 1771 tsunami
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Tsunami sediment in the Okinawa Island

SR AR T R L R R L RTI A L G Y DI R L e B R
SHIGA, Shota* ; NAKAMURA, Mamoru'® ; FUJITA, Kazuhikd ; ARASHIRO, Yasuhisa; YAMASHIRO, Sakaki ; SUNA-
GAWA, Naoyd ; SANA, Tomokd ; TAMAKI, Naoyuki*

VERERR: BRAES
LFaculty of Science, University of Ryukyus

FAESHRERINClE, BRADHT B EIFSNTHERD S, £ 200~5004E1C —EOSERE THEARIEAESRE L TE T LA
SMCE>TWa (A4, - . 1994 Araoka et al., 2018, fEDEKEN TH 5 17714/ \E LRHEE (RO
) I DWW TR EBR OEUEET R & HiBRiETHE THE LM 8 7 5 AN E KB CTh - Iz algEEAMER S T3
(Nakamura, 2008, LA U, HEBERERIICITEEADHEINTE 5T, T SHICHXHFICE BB OGRS N T
R zé, T O A EICHEE S T KA O ERENE & A EHIBHL TWRW, Z T CHIEERERIERE T O KEN B IR & i
T 2726, MREAREIC THIHERYIE Z 920 U7z, TR T RSR[5 SR & SL[R] CTIMA S NIC T 20134F 3
HA4H~15HICAR—Y VT ZIM LTz, SR = s CREMAD ., 1T (%Em). B GRRED ., =25 b
WD, Kl (BH¥ET) Ths, A=V 7 a7 OHEBEN S, T EEEO 37 IISEEHEREY O TREEN H 5 1)
EAEZENT W, 22T, TALOHISTOR—Y > F7aA7Ic DNV, EEHERYIOTEEEN S 2 gD B X Okt
BRG e UCZD L FEE D Uiz 1TI-1 (B 4.5m, figEN 5 0.4km) (X KIEOBHOGIEHICNIET %, 1T
-1 TR S OBEE 1.25mb 5 1.85mDMTE Y VAR UMM Lz, BEH 1 ~3 (BEE 2.8~3.1m, #Eh
5 0.1~0.2km) (FHHEER VORI NIE T %, YU, BH-1 TIEHEE 0.80~4.15mE T 79 )V, BH-2
TRFEE 1.35~2.05mETA4Y V)V, BH-3TIEEES 1.95mT 1YY TIVEERNLZNEFTN M LIz, EHICENTE
NOFEHSAHBEOWERE T, BEY >V IV Uz, Y2 IV 3:E. BREGRE 25 60 °C Tref iz teth, ams
{L/kEK%Z 105U TRA LTz, & BICiEE 63 p mOEHICMF ., KO DBRTHE LIz, TDH%, HUK 60T
TEReREE, #iZz UV T>2.00mm 2.00~1.00mm 1.00~0.5mm 0.5~0.25mm 0.25mnm~0.125mm 0.125~63 u
mOREI T 2o BILEH G EZ, FRECY > 7V 5 1.00mm~0.5mmOkiEZ i U, AfLE% 150 AL Fic
THEIIHVHE L, Z0%, LR EE LS E ZOMOFICHE L, E5Ic, Bty 2 7V LK & bk
L. HEREY ORIFEZHEE LTz,

SIINTOFER, 9, ITHIOGIE 1.55m,1.65mC Anomalinellah’ % 3k, Y% 1.65mC Calcarina Mayorh® 2 {E{A#5
HENiz, NSO/ reefO MINCAERT 2 2 &5, TTRIOGEE 1.55m,1.65nDHEREY)IE reefk D & 7MUlD SiERE N
febEZ 1z, BH-1DEE 3.75m,3.85mCAnomalinellah N Zn 2 fikfH & iz, BE-1 D% 3.85mTDendritina
M Ak, Operculindy 3 AR E Nz, TS DX reefDAMANCERT %, DX O EH 1 O 3.75m,3.85n)
HEREYDIE reef X D MUl SEMEI NIz & EZ Tz, BE 2 DAFE 1.85mic I\ T Dendritinah 4 A Operculina)® 4 {E{A
M ENTz, ¥ BH 2 DWE 2.05mic 35T Dendritinah 2 AiEH E iz, N5 OFfE reef OSMINC AR T S,
DX D EH 2 DFE 1.85m,2.05nmDHEREY)E reef K D &M S SNz EZB5NE, CDOXKHIC, {TH - EHD
R=D 27 ar7hs6id reefSMSEEZ L DOENEENTVB T EAHIBH LTz, K=V 7Y A b T THREYDERE N
BRI E UTHIE « @] « HENEZ 5N %, LA L reef NORENIIR &M T reef 25 U CEREUHSICEES % C
LlFEZICA WD, INSOMIIEE TR—Y VIV A b ECERENZAREDNESVWEEZ SN,

HINHERI TH S L HEE LEBICEENS Y VIR O C144EMRIE, 1T — 1 DEEE 1.65mT 1180+ 1104E, EH —
1 DYEE 3.95mT BC 3370+ 604E, EH— 2 DX 1.35mT BC 3090+ 1804ETH -z TNHDFERIZ. AV b
FEAERFHADN T Tl 8004ERTLI, B H TIdH S0004ERTLIR TH B T /R L TWB, TTIEDA X kA% 8004 Hi
DI & WS HERUE, TTRIDROHIT B % AR BILHI TIrb N IR, DX D FRICEER T % & A 5N 2 HEF)E
M 600~8004 IR TEEN. & BICHEAEDRHANK 7004/ TH 7= & (FLI - fh, 2012, LM TH %,

F—T— R HHG, AR, ALR

Keywords: tsunami, tsunami sediment, foraminifera
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Rencognition of washover deposits in the Shizuoka Plain, based on analysis of shape
sand grains

ekt % o hE —HE L R B
KITAMURA, Akihisa'* ; OGURA, Kazuki ; UBUKATA, Takao'

T

1Shizuoka Univ

BACHIG AR B 2 5280, Ml - D 7RSO T, BRI OB NERIEL T 5. FRid 8 R
ORI TE, Kitamura et al. (201303, SEFEY ARV KILIKIE XK O BRI OB EEMOR LEN S, 3 EOHEE H
HEREY) (D)) 2388 LT\ 4. Kitamura et al. (2013), FREDHRMDO—DIC, HEEHBEHEREY O T AZ7%d NeaR o
Whir) SRR GRETE, RHEIERICBE NS0T, AR OWR 1) OMEREELES) OFEOH L2
2 FTWa. UL, Kitamuraetal. (2013DEREfRMTIX, RO E W OfinhZz FE L HISK TiHiid % &V 5 HE
BNGELDESTz. FTT, RWZETIE, HEREYIR T OIERHE 3 T BRI O FiE 2 s - 23 Uiz, HEREY
ZHHOPREHEH L —P—BAMSECHE L, AFy Y LEERBIROY —7 2 ATV BRIFOYV ) v RETF)IVE
HESRL, ZOETIVERKT 2B OEED TRy o &> T, hiroEdh, i, Hiiosgime Zhn s Otttz R
fz. %YV y RETIVOERELONME & KD & MW 2 TOR T TRICICR S X 5 IR T — 22 L U, z B
X,y VRSO L LT, ThE 2007 — ) TEHIC K > TRIEBGEBIC oM Uz, ETEEIC 7 — ) TEBOIRIE
23R, 1RLED T — V) TIRIEOFEMZ 0 KOO METEI > 72 & DR FOMAKREE UTRD . ZORE, HHER
EHEEBUKHERYI ORI T, R T OEERLICIAREVAR SNz, 1FE A EOHEEIUKHEREYE, (2L A L DR
WX o aMEVEIRZ LT\, £z, HETIUKHEREYNE, A REOAREDOR 72 ZA TV LT, i
KU THIREDMEANVNE o To. HEEHHEREYICIE, IR OREZ R DALk T & #EEHKHEREY) & Ak O =
TARS IR T O & Nz,

F—U— R Uy ad——HEWY), HERWIRL T, TR AT

Keywords: washover deposits, sedimentary grains, analysis of shape
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Two paleotsunami layers in Kushiro Wetlands and their wide correlation in eastern Hokkai

R A PR
NAKAMURA, Yugo'* ; NISHIMURA, Yuichi!

LAk R AR AR P AR 2 e R A L 2 i > &2 —
Hnstitute of Seismology and Volcanology, Hokkaido University

JEHBHER RN R, DIEETHESE ORI T 2 @O HERTY) (Ks-TS1HB KU Ks-TS2 Zrt# L7z, Ks-TS1iE, 594 &
c2 NILIIK (Ko-c2, PHE 16944F) I X OHERT b ALk (Ta-h P 16674E) O FNif ecmic, Ks-TS2i& AL /MY
Nk (B-Tm, #J 10004/ D _EAE ecm~10cmicH %, D 2JEIEWVWITNEEE 1~3mmOERE TH 5, 1/16 ¢ A
r—)V T DEFEERE M (Morphologi G3IC &k %) Zfroiz& T A, Ks-TSLiE 2 ¢ Hifk, Ks-TS2iX 4 ¢ mifk D)=
Mo, i L OXEAREETH %, Ks-TS1IZ, BIEDUFFEIRN S 2120mOHSE TEFEL THD, ZOEEIE
59mMTH %, Ks-TS2l&, #FEMNS 1810m & 5.7mOMS X TEEL TW5, &, T IR URERH - Baid
B ECHEHERY OFERIFH TH O, FEEOEHRIKHHIE N ZHA T EZ 2 XETH 5,

K, P TR LTz Ks-TS1HB KU Ks-TS243, 1HilsE, FF- Xy, Fhl, B, HEECTEHCHSE I N T 5 EHE
YN E N2 ATREME 2 MG %, BIRFR T, BNz oBag ez ik s 2 Fihidr vz, LiL,
TRET TS L DN R, HEEOBIE « phHEOE NS, RN OREE I ARETH B, it 6 @ L
T, Ko-c2/Ta-bk B-Tm DICIE 2 BOBEHERYIN D %, TNENOWEIZT 75 L DBEMB X TIRKROEBIED 5 %f
kXN B afEetED E. b5, JIEERICH T 2WEOENIE, Ta-bd B-TmRIORKDOBREICH LT, Ks-TS1i
Ta-bh 5 16 % DNiiE, Ks-TS21E 81 % DNEICH B, NeRDIEHGEE ISP K > THREZ DT, BEONED
HIFRIC &> T 10~20 % DENH S D, BEBOMOHFRTE FRMHOBEAIICHIT %, TN TOREBICBNT, T~
FRZE it C 1340 30004ERIC ek 8 EDEHHEREID HDOh > T3, JIRKEFE T Lz 2D A XY ME, TOHRT
LRAHEOBEE > ZZ2 5N 5,

F—U— B HEHER), L, SRR, €7 4 13 G3, dtiffE
Keywords: Paleotsunami deposit, correlation, Precise grain size analysis, Morphologi G3, Hokkaido
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03 7 TN O ERHEREYIER A IC & & D < HARHG ORI R 8 IR O fiiiH _
Insight of large tsunami recurrence around the Sea of Japan revealed by surveys of histc
ical and pre-historical tsunami

AR — 1 SOHINF T T 2, A V=Y 2, JL_=ay 2547 F 2, A4 ALvaesz—2,4d
WT 7T 7Lk R 55T

NISHIMURA, Yuichi'* ; RAZJIGAEVA, Nady& ; GANZEY, Laris& ; GREBENNIKVA, Tatian& ; KAISTRENKO, Viktor? ;
GORBUNOV, Alexsey ; NAKAMURA, Yugo'

VIBER, 2 a v T RET AT R WG, a7
'Hokkaido University?Far East Branch of Russian Academy of Sciences, Russia

19404FEFEFHIHIEE, 19834 HAEHERIIEE, 1993 JtimE R puiiihEESs, HAMEATRES Cldohd, dulniZz o th
ENRELTWS. —7, JtEEL It 5 6 Tld I AR O HEDE I 250 Uic i KB DR <, S HEDORE
JEREE LS D> TWaERY. TOXI IR T, HAEORICEFE IR O, Y 27 2R R E o v
THHMES 2 HEEMER TN TV 5.

Z C CTHELROGHEHEY TH 5. UL, JtifmE AU TlE Ll ORI 5 HE OIRBDIE & A EFK
INTVENT ENEDNE KIS, HEROREMFHEICIIES TGN EZ V. 22 TH4AR, HAREE A THIE
BBy TN T, 2010605 20134, JtiEEAEE QY 7RET 17 2 — MBS & O FRIPIZE & U Ctiie
YR E R Uz, JEHEFE, JEiX Plastun Bay (Jt#E 44 1 504 © JbiaEmp i & 1 EIEFERERE) A 5 F5lE Kit Bay
bk 431 02747 © dtimEIAk & IZIEFAEE) Ths. T TIEABERO—ZHENT 5.

O 7 vt A AR CRAE T 2 HEORMFAEICEL Th 5. IBRICIREIDAZ SEEL, LMre A TZE
FHIEEAEZIT TRV, REGTE#O  FAESEIIKLS, k2T |k I EEROMERI V. XoT, W
FEEL 100m X T — MRS LRSI KAEDEEEDN EF EN TV 21 E1E, FARINIC HAUE SRR Tl & 7z 1Bl
KB OHEREYIR & Z 2 2 DN 24U TH 5.

FER, NN TIE, 1900FROHEE TR DR LIFEZZIF TH D, MilliEsvlm O fE 5N T\ 5. 1900
EROBERIZ, IBEMNOILWEIFT 3mM)5 smOEE Thote Bz, P, 1991; Poliakova, 1988; Soloviev and
Go, 1974. TN 5 DWFEOHIEOIEYZ, Valentin Bay-® Kit Bay, Langou | Bayic & % gk Hic, HiZgEh 5 10cmix &
DT — MRICHMT 2WEE L TEREN TV .

KO HVEEOEY & E Z S NS WE & EEHT TR T E . WEZ BT DR ERNMAERICE DX, 350
HEIZ ERiTOWED Kitovoe Rebro BayC, 6004:1% EHijdDfEA Langou | Bayr Dukhovskie Lakdd]id T, 8004E(Z EHi
& 20004F 1% RO EN Kit Bay & Langou | BayT, ZNZNERTE /2. Kit Bay OFEF Y v FTld, 8004FFE
HIOWEDT, #emdDLEZ2A T B-Tm Ak (10 {H#d) MHEREL TWa. TOKLKA B-Tm Th 5 C &idkil
75 ADIEAHMD SR LTz,

SEDO—HOFE THE S NIMEOZ < BEHEREY THNUE, T8 &2 HAEIS O EERE 3%
KHETEXZEDTHS RN EV. DAEAE TEBHEN TV AEEEZDE0D, WINOWEE S 3-4m
DUECRIKIEEDEL 100mEL ETH B T &b, HAMERE T 1900FERICKEARHEEL S 25 Lizdk 2/ 2 % Bk
DARY FDEOIRLUEZ TV EEZTEREARTIEARY. SRIEESICGHEZED, 95 UIHEEHREYEMDOD)
HDERZ X O IEHEICIRE L, HARMILOEPFAERIFEZIHS M LTV E V.

F=T— R HHHER), i, BARHE, L, RS

Keywords: tsunami deposit, Primorye, Sea of Japan, paleo-tsunami, historical tsunami
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Preliminary study for evidence of tsunami deposits from Holocene sediments along the
coastal area of the Wakasa Bay.

LA s s NEB R 2 AR IEIR T @ik iR 3 kil &1 2
YAMAMOTO, Hirofumi'* ; URABE, Atsushf ; SASAKI, Naohird ; TAKASHIMIZU, Yasuhiro® ; KATAOKA, Kyoko S.2

VREHRSE, 2 B KAEE - IR ARSI, 3 iR
LFukui University,’NHDR, Niigata University>Niigata University

2013 ED SR E © T IR E RIS [THAMEIEE - A a2 7 b O—8REe LT, EHROERITN 53
IEHTIC D COEIB IR BT, ERHERYIAA 2175 12

EEE RIS T, VA R« 704 ZAOER, FHEMG: ERic X b, 158640 KIFHIERFC J AV EEk U 7= il hE
HEARENT NS, —F, BIFEIFE =5 HMRAL TR GRE, %7280 RO 7 I B T HERS
%%ﬁ%%%b,Ei%u%ﬁénfm%;5&ﬁﬁﬁ&ﬁﬁ%ﬁ%?%&ﬁﬁﬁ%u%mﬁ%@®ﬁﬁgﬁw@Ew
témfm\otc_}: F 7235 i Tld BC5300~5600tEDEF D AHEMED H AW E In 1A N MEEENZEO 5 N8 D

= HIMEL B K AR FIH T REE Cld C ORHHOHE: 2/~ 9 2IEMNIERS b NT, KR EE TldEnh-
taﬁibfmé(%@%ﬁ 201275 &).

Z T THE, FHREENT ) S IHENTICO U TOEPEREOMREMIC W T, HIEHEREYRAEZ1To 72, ST
AL TIIBRINOICIEDNER I N TED, ZTOBRIIKHEZS>TWEH, MO TIREH TIEGE L THIHE N
TWizE WS, TOHKICHT 2 PRNAHETIE, FiOMMEERE 2S00 BOKAIRD S 75 2 i HER)
WD, WIBNEERBE CTHER LIz HEINSEE LR D, # 3000FEFT LI TGO R E D HERE I 2 IE DEREAN LB
DEDLS>TNWBETENELN LTS TWVD. EREMRAIXEHZHDY . TS THS. NS DEPEFIRND
WREHICHBWT, EX5mOIF AT AV =L HOTHIRRRIZERILL, X2 MY OHMIL #2175 7=

F=T— R GPEE, R, HHHER), SRR

Keywords: Wakasa Bay area, coastal plain, tsunami deposits, Holocene
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