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Tsunami deposits from the coastal lowland of Kawazu,
Southeastern lzu Peninsula, Japan

Axtaisa Kitamura® 2, Yuta Mirsur®

2 Hipemr IsHIBASHT" 2

and Hipekr Morr®

Abstract The coastal lowland area of Kawazu, Izu Peninsula, central Japan, have been inundated
by 1923 Kanto earthquake with wave heights of 3 m, although there have been no investigations of the
frequencies or magnitudes of tsunami occurrences over long-term geological timescales in this area.
The present study therefore conducted stratigraphic and paleoenvironmental researches on Holocene
deposits based on sediment cores (8 m long) from two sites in the coastal lowland. We also examined
grain distribution and grain compositions of recent deposits collected from beach, mouth and floodplain
of Kawazu River. These results show that no evidence of Level 2 tsunamis, which are considered to be
caused by the largest conceivable earthquakes (Mw 9.1) along the Nankai Trough, was identified from

the deposits.
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) UL TR YT D ¥ R 12 35 1 2 M HER Y o0 75 1 9

e #aml
6 1 1 2 3
@
@ I R N
5_
® ® % &
o ®
44 @] 1m
(6
3 D%+
QkEE
QE#t+(10YR3/3) #E+
@®EBEL(10YR3/2) WiE+
2 ORR#E T (10YR6/6) MEL
= ©®RE BT L (10YR7/6) b+
= DR&EE T L (10YR7/6) b+
(:1) @B+ (10YR7/6) B+
1 -
O_
-1
-2
-3-
-4
-5-

B8 i1 ORI & B e B o AR & O k. L HORMITTERIT BT R A& & ) B U7 221,

Fig. 8 Correlation of Columnar sections between site 1 and Sakuranomiya remain. Columnar section of Sakuranomiya remain is presented

from The Kawazu Town Board of Education. See legend in Fig. 7.

7). 13F53.656~4.20m (FE0.55~0m) 3R+ TH 3.

KRR (7, 9)

BBV B ETREDI62 ~ 65% T, PR F Lk
(0.5~0.256mm) 2SE#T 5. WLEDOEJERIL82% T,
RT3 F IR~ AR (0.5~ 0.063mm) 25 7%
%, Hifa (W) o ENE R~k (0.5~
0.1256mm), Higib GAEJINAI) & #i e GRIEIEE
J5) OFEEHIMR ~FRiD (1.0~0.25mm) 22575,

Ri& (K10, 11, #1)

a2 (E v METHRD) SRS (WHEY v HEE
ToOMLE) ofRiix, Al aheERET S —
7, BEHERY O SRt o R IR E e b % 2.

MCAER (32)

Hig 2 DYREE1.95m 22 LIRS NI 2fHOARAE, &b
IIBAER T, T 900 ~ 925 4E B 2\ 1% 945 ~ 1020 4E %
R



10

A SRds « MR - ARHE -

M a ()

1 172 1/4 1/8 1/16
K (mm)

= b (AR )

4 2 1 12 1/41/8 116
*t/:l: (mm)

X

g ¢ (R |
LR )

114 1/8 1/16
KR (mm)

B9 FJEHERY ORIUhA (RED LRI,

Fig. 9 Locations of sampling points (arrows) of surface sediments and histograms of grain-size distribution.




) UL TR YT D ¥ R 12 35 1 2 M HER Y o0 75 1

A 2
(WaE
JILEE)

Al 3
(#5LtfE)

B
(= a)

b=l
AN
(= b)

b=l
LB
(1 o)

THE—S—DH | B3R —5—

10 %ol 4 X (hif£0.25~0.50mm) O FOWHEE, Z & —vid Imm,
Fig. 10 Photographs of thin sections of medium-sand-sized grain (0.25-0.50 mm in diameter) of each sample.

11



12 AN RFE - ZHMER - AHFE - F W
50
RIS L BT
%E a0t o Akl WE Y T#E)
o HRI3(H L)
7 30|
(%) 20}
| i‘lﬁ,‘ﬁb(,ﬂxi)”/ﬂﬂ) [ J & ~(3aT
1 O i{ﬂ,ﬁa(f@fﬁ\). iﬁ,é;c(ﬂim
O /E.IJJII.E)
0 20 40 60 80 100
L
= A (%)
B11 ikl ok 0.25 ~ 0.50mm QKL T 12 61 2585 LA O HHE
Fig. 11 Percentages of rock fragments and pyroxene grains for medium-sand-sized grain (0.25-0.50 mm in diameter) of each sample.
£1 KA ORI 0.25~ 0.50mm O KL T DFLAK
Table 1 Compositions of medium-sand-sized grain (0.25-0.50 mm in diameter) of each sample.
-~ R | AN WEIILLE BEBEVILNE
AT e -
(#=a) (#=b) (#=c) k2 A3
FEES 12 12 7 15 6
=A 8 6 4 7
A 7 12 1 43 34
ey 64 53 81 33 49
EY BT 2 0 0
TE R 9 15 5
NG| 0 0 0 1
£2 MCERMEOME
Table 2 Results of C dating.
Sample . Depth ) 3¢ Conventional Calibrated age Lab
no. Site m) Materials (%)  C age (yr BP) (26) (cal yr BP) NLémber
12 195 plantmateral 283 106030  CAD00 to tizfo(z(i)aég; égsfgg;gzg%g)"d 473459
2 2 195 plantmateral 248  1060:30 D300 [0 22150(2(%)3}?; égﬂootg;fggg)"d 473460
rx —77, HECEE IR L e RAE L, YT
) 77— v ER S 2. £ 0k, HEEWIE, L
HRIRE ETHL IS NS &, BRESCAEYHA»LRNT,

S 1 E2DTFEICH O NWBEE I, BEZFH 50
BHKDORWZ &2 5, WEEIIE T 3 VX —BRET CHE
BUT:LBIRa g, BT & 203V O W R
HTHD, [FEREOHEEY IIELCHOLMK TR LNS
i, ¥HE, WO, WEOHERY LRI 2 0 23%
WTHD, —F, FOHUEoKLIEIL, BAEL AL
JINDERF OB BEHOHEREY L E 2 2 D0F5HNTH 5.
His 1 o EFRRL 3 2 00 13 B SRIREE D HEREY) & MR
Sha,

BRI oRE

HERBRVER O Hill§ 2 1B TI%, Yo Rz 13 7
EOEENINDHY, ZOBERITIZ I ZI—vRiik LD
B 23D 2, BEOWIRIFEIEZWZ 2 2 L3 LW,

ARy MHEREY E L THREFE S 5 (Nanayama et al.,
2000 ; Naruse et al, 2010, 2012 ; Goto et al, 2011 ; &
F, 2012 ; Takashimizu et al, 2012 ; &5, 2014 ; BEJH,
2015).

DX LAY MEEDIE, BWKZAVF—T
Eft s b0 hoT, TAEOIFREmTEL, HK
ITA VK =D T2 ML T, EWIZIRILERE A S
Nnd. SHEOFET, ZhoOHBENHEEE T o4
FJE %, A2 0fEE 2.47Tm (FE1.73m) TR onz)E
E3cm A FOWEY VNERZ T THS, Lirl, ZoH
FEAER TGS 900 EELABE L DT, VRV 2DEWIT X B
HDTIEL W,

Loy, WEY NV NEOWR TFOTEKE 5D L H
RADIZF IR 2R 25 %2 (K10, 11). [k, E



) UL TR YT D ¥ R 12 35 1 2 M HER Y o0 75 1 13

TokitEicEEnahhmd, Bata R zIEded
%, —F, BtHEREY O 3O RRIIEEITAER 26
%5, WEHITCIRERIATERE SN TE ), FHEIL
$, HERWIZERIT & T o 7208, IR O HEREY) 13 YE
PO DEALEHWE CEMB S NI DO L DT, WHE L FEE
OB FHRZRT25 S, LizoioT, WEIYVINED
WL T OALATR I, FETII KL, EWEOAREMEH KL,
TRJINGERTH %, EFOMEE»LHOH ST
YO EHEES NS, oF D, FWAKITPRY ZIERT 212
EOWMEII Lol 2 LItk . BB ORI L
SEVREEE D BHf% (Ferguson & Church, 2004) 12 X
% &, TR OPFIMFERE L 3-Tem/s TH 205, W
By NEEERLTRKOTREZZAUTER S, &
BlOFE T, WEY IV NEORRER ZHE TS Ldo
Tbon, 3, &, tkowsFnTthotzELTDH,
IS &, A1 ETHRRATOWRWHEETH 3.

HiE 1 & 20828 ORIRERIE, 0 F i ERR
DUBT, PEIE 10204EDIRTCH 2 2 L I3 TH 2035, TEHE
TERFFETS U oTz, 2HIEE D, 7 TFKIN
JKJE (FCTCHT 1210 ~FCTCHT 1187 4E, 95.4% ZTHX [ ;
Tani et al., 2013) BFMHSI LoD T, [FAfEDOKE
THERED bR LBEOREEERTFLVER b S, M
Lo X It LE O BEEREIREETH L2 DOD, &
Bl O FELERIE, Kitamura (2016) O IR 02 4000
ERIOHIE « HUETESRIZ IE L~V 2 O O Fe A 0 ZEHL
BNV L EFE I,

LD

N7 7 ORI 2ERMBIE Y RKRZ 7 A DM
OFAEREZFTARDT: DI, TREFTHESINTWLE D1
72 e ) VLT T O Y R HD G e A L T, A
I, V2 B O MUERIKIERN O 2 AT CHEEI L 72
A=V v 7 a7EbHzow TV, FOREER, I
DEYOEENE % RO L 2 5 Vv 2 O
DI # R T HVE R S Wt 2o T,

HE

AW O FAEH DM AT I IFEYI A2 E L T\
7R Tz, ST RS A O B I E 2 Ko Tz
Bwi, BLZoWME 24P OEZNTERZ WIS
FLAEESNT, TALOHFITEL LB L T3,
PN I ARG NG A B L e D BT -5 = S T = ¢
Bk GREFRE 17H02972, FE¥F ~ 7 7 HIBIT BT
Vv L5 IR - EE O EREMEN, FZeRERE N
%#) TIiTo k.

513k

MHE 5B (1993), MHAEBALTELRIZE 2 o 7o R &
ZOWBEREE 7 ov. HEHEEE, 102, 427-436.

TIERE (1931), TiEgsts, MU, TiEs,
256p.

Ferguson R. I. & Church M. (2004), A simple universal
equation for grain settling velocity. Journal of
Sedimentary Research, 74, 6, 933-937.

BRI 16 (2015), HPHEREY) ORI, RERFEHRE,
W, 283p.

BRIE iR - ERREER - NEFBOY (2013), B BARHIGUR
12 & 2 HHBHERT) DA ¢ — UL IR TR
11z A& 5 15 3400 41 D HEHERY) 2 iz L T—.
Hu s, 122, 308-322.

PISBFEREE (1975), Jofk - RIEBISRMBE A O KD
A FWEz, BT, 50, 385-395,

PRPEREE (1977), EFMRRRITE T 2K « KBORK
WIS OERYFAE, BTSSR, 52, 407439,

HIEWE (2014), ®ig b 7 7 ERMEB—EE - B2 -
&, APEENE, HE, 205p.

Goto K., Chagué-Goff C., Fujino S., Goff J., Jaffe B.,
Nishimura Y., Richmond B., Sugawara D.,
Szczuciriski W., Tappin D. R., Witter R. & Yulianto
E. (2011), New insights of tsunami hazard from the
2011 Tohoku-oki event. Marine Geology, 290,
46-50.

Kitamura A. (2016), Examination of the largest-possible
tsunamis (Level 2 tsunami) generated along the
Nankai and Suruga troughs during the past 4000
years based on studies of tsunami deposits from the
2011 Tohoku-oki tsunami. Progress in Earth and
Planetary Science, 3:12 DOI: 10.1186/s40645-016-
0092-7

ks 5eFE (2016), FBHEREY A0 O, K BS
FDEEER O LB BB O RHIEIZ &S
fif 2 2 2>, OB, 34, HAZEM R,

kS5 - BRIE 15 - MUNE - SRR - REA T -
FEHE - I EE - NE - JUNE T - HH
W3 (2011), 0 WL i B P25 SR BRI B 1) 2 58
FHOAR—Y 7 a7z Xk 28 1L 73 HEREY
OFRL CHHD. B R FHBRB AR5, 38,
3-20.

Kitamura A., Fujiwara O., Shinohara K., Akaike S., Masuda
T., Ogura K., Urano Y., Kobayashi K., Tamaki C. &
Mori H. (2013), Identifying possible tsunami deposits
on the Shizuoka Plain, Japan and their correlation
with earthquake activity over the past 4000 years.
The Holocene, 23, 1682-1696.

AN RFF - BORFEF) - a1 - RIBIGF - AL -
WH A - Z2RIEFT (2013), #IRFEHE O
FARIIC 351 2 R o Fid (). #FRR
SFHERBL A S, 40, 1-12,

AR - NFEN (2015), FHMAEEOAD - HEED
MRS B 1 5 FEHERY) O G O R, #Hi
KREHERBIADT e, 42, 15-23.

Kitamura A. & Kobayashi K. (2014), Geologic evidence for
prehistoric tsunamis and coseismic uplift during the
ad 1854 Ansei-Tokai earthquake in Holocene
sediments on the Shimizu Plain, central Japan. The



14 ARz -

Holocene, 24, 814-827.

A RZE - DM (2014), FrfgFEF - G2 BRES
D« PRI FERTIHE O HHEN & T HIEE O HUE YR
Bk, MRS, 123, 813-834.

Kitamura A., Koyama M., Itasaka K., Miyairi Y. & Mori H.
(2014), Abrupt Late Holocene uplifts of the southern
Izu Peninsula, central Japan: Evidence from
emerged marine sessile assemblages. Island Arc, 23,
51-61.

A - ZFMER - GRS, (2016), # R BEHF
5 O SERTIR OIENT IR D  LBEUHIEE O 19584
PR OHEE, HEZEHMEES, 122, 523-531.

AN RHE - RiGHT - BABN - Bl - [LOFZ,
(2014), #MIETHTERED IR S 7z 8ea,
EBVUALAFSE, 53, 259-264.

A eFF - SRR - UM, (2015), i BRBEHT-
Bz BT o HI R O, FR R HERR
Wroess, 42, 1-14.

IVRIERET - BRIE 36 - SigZEE (2006), FiE - BRI
BEOHE b 7 7RI B 2 R, B
SEHIEE, 21, 93-109.

W (2012), ®M¥E T~ 7 7 OEKHIE T 7 VRS s, 8
TR, EENTE E T VRN E = T v &
HEE - BKIREIZ oW TT—,  http://www.bousai.
go.jp/jishin/nankai/taisaku/pdf/casel.pdf [Cited
2013/2/28]

Nanayama F., Shigeno K., Satake K., Shimokawa K.,
Koitabashi S., Miyasaka S. & Ishii M. (2000),
Sedimentary differences between the 1993
Hokkaido-Nansei-Oki tsunami and the 1959
Miyakojima typhoon at Taisei. Southwestern
Hokkaido, northern Japan. Sedimentary Geology,
135, 255-264.

Naruse H., Fujino S., Suphawajruksakul A. & Jarupongsakul
T. (2010), Features and formation processes of
multiple deposition layers from the 2004 Indian
Ocean Tsunami at Ban Nam Kem, southern
Thailand. Island Arc, 19, 399-411.

Naruse H., Arai K., Matsumoto D., Takahashi H., Yamashita
S., Tanaka G. & Murayama M. (2012), Sedimentary
features observed in the tsunami deposits at
Rikuzentakata City. Sedimentary Geology, 282,
199-215.

Nishimura T., Sagiya T. & Stein R, S. (2007), Crustal block
kinematics and seismic potential of the northernmost
Philippine Sea plate and Izu microplate, central
Japan, inferred from GPS and leveling data. Journal
Geophysical Research Solid Earth 112(B5).

Reimer P. J., Bard E., Bayliss A., Beck J. W., Blackwell P.
G., Bronk Ramsey, C., Buck C. E., Cheng H.,
Edwards R. L., Friedrich M., Grootes P. M.,
Guilderson T. P, Haflidason H., Hajdas L., Hatté C.,
Heaton T. J., Hoffmann D. L., Hogg A. G., Hughen
K. A., Kaiser K. F,, Kromer B., Manning S. W., Niu

ZIER -

afmHLE - H

M., Reimer R. W., Richards D. A., Scott E. M.,
Southon J. R., Staff R. A, Turney C. S. M. & van
der Plicht J. (2013), IntCall3 and Marinel3
radiocarbon age calibration curves 0-50,000 years
cal BP. Radiocarbon, 55, 1869-1887.

EIEAT (2012), MG 2 daHERE ) O 7
&, HEHMERSE, 118, 535-558.

Shishikura M. (2014), History of the paleo-earthquakes
along the Sagami Trough, central Japan: Review of
coastal paleoseismological studies in the Kanto
region. Episodes, 37, 246-257.

R (2013), i UL 58 4 BB EAUE. mIAGRKER
B (Vv 288 CB—XHEE LRI S 7 70
W OHIEE DHIERE) - FEEROKAE) OEAGEH).
http://www.pref.shizuoka.jp/bousai/4higaisoutei/
[Cited 2015/2/06]

EEARB) (2014), BHEHEREY) L HNOHBIZOWT,
FHEES, 128, 797-812,

Takashimizu Y., Urabe A., Suzuki K. & Sato Y. (2012),
Deposition by the 2011 Tohoku-oki tsunami on
coastal lowland controlled by beach ridges near
Sendai, Japan. Sedimentary Geology, 282, 124-141.

HEEF = (1926), BHRCRHIEE LR O A EEE) (3L
Pu). HifEHERS, 38, 374 — 390.

Tani S., Kitagawa H., Hong W., Park J. H., Sung K. S. &
Park G. (2013), Age determination of the
Kawagodaira volcanic eruption in Japan by '*C
wiggle-matching. Radiocarbon, 55, Nr 2-3, 748-752.



15

B2 HWHEY OH T

-

) UL 9 Y D M B |

..... N
.l | ik .
w owow|)e = 8 =il @ A0 = - R L e | |

B00% = o =850 = m w0 = w wCEDw w00 _
ki)

————— e e — - —

o D i SO0l = <SSR ....-mSL........;.ﬂ&..,...; Jéa m w750 = MNBO0N & b MBS0 e e o

m.ﬂ.n?.-.l“gll.l wI5h=

/ R 1 : IRk
L RGOOS5 o GO0

o e e e e e

w v 150 ot e e S Y e -

« =5 ashew = =)

HrEloa705HRE

BIhR 1

Photograph of core collected at site 1.
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Plate 2 Photograph of core collected at site 2.



