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DLEDTH 5. FRBEHTHCARCOWEERKEZHEING 4dem HESH
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YRR AGHIEE TR R O RMH K O #E T g, B
EBH2FTRY, §F 50m BT LD, 5~6MERRK
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NEXDBBEWEEZRLTWS. MEHICET 2KBOMEIEIERICAEL, FO2HD
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FFIEVE EE IR - HBAME <, TEHHS G2 & i A5 B B R Vi, s M ic iR A 7. S—10
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Table 3. FHEpEOKMAR (THIEEREZEC X 2)
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11328 SRS | 13 a3 mcsw bl )
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14 22 | 5] xa® 2[%3.00m 17 23 | 2] x 5%
14 43 | B X 4@ 17 50 | gl #4%
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16 00 | 5]k 19 12 | Blx 40

052 18(19 20 | = Zph

9 (16 13 | = 4hp® 19 38 | B x 149

16 24 | 5l& A 19(19 50 | & &g

NIT X% & EiE 13h28m I LTI E D/ 2 E BRI TH 5. EEERIEE 3E T,
140 17m #7 2.55 m THDor. ERRE TRLBOERAPRE IS FD—% Fig.
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Z LB bh TV 5EEI, Fig. 34 (2) TIREBEIKEITE U TERDOEERR € A5k
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RrOHEERIERICAE L DD TH O/ LS pavbh b, E/ kB & X IIEER
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WROMME Y 1m LWk T, £RER 2m BE L Ebh s,
EEMEEEMBEOWERIE, v 3% EOEBBRTED Shis.
R VEEERESEOPREMLE THEMR LY, —BEURED
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BIE ZEBEEFRORBSEIOIV BN S EREDOTIC X > THZE L 7. (Fig.
45) EPEx 13030m skl 2 LT, EEROELEDHE o

WX BHE, HESREZHLT Fig 46 WRTEEROMLE k\}

I B, B X O TR SN B DR . % i) ,
DF AR 1 DHFTRIC 2 DFRICEDDREVS. o e (e
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TREZTIDPEIPEZRDTVLHTH 5. Fike

SH EHELEOWEC LT, EHOTA—E#E»D Fig. 45, 1 i
U I~1030m B L, 3 9% B oMK, FH15 4, ~ Kurohime

FARTHZE 1m T, HBREBIAEDLLREVENS. v

B BREEEOWECINE, BEROSTHHROKE» OBBFEIBIEHTHRED,
2WEDPEAT, B1EEL 2FH L OHEIX 20 S EE W5,

EEOHE ,
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<, FMEIZRIT 2EBIC X 2BKREENEER LD THOR.

Z 5
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Table 4. (EFEEFRELE (MRHEATS O REES SHE)
FEFN 39 42 6 {17 HETE

Mo N emm & R OR|M OB BN R|F@
& w1 3 | 3 !
&J¥ i 3 . 8
%‘m B 4 | 45 b2 1 1
L | Lol
E®H<Ih| 38 4 | i
¥ h o 17 4 | o5 s
£ ) 2 -
WO—HRE | 2 ] | 1
Kok B k| 239 : i
T OB k| 88 ! : % 20
mo & sk | 1008 i ; @ 40002

KRR SO, EECHAERABZRELTVYS.

EHE ORIz oW, BRERSIZX 5 LBIT 55 4, RIBT 20~40 &4, BEETH
T 15~40 &, M7 IGT 28 4, FEILET 28 5 THhol. FOMBECEVWEERIC
XBEE LTHET 20~50 &, HHET 24 HHBELNTVAS.

B EALZHAETE, PELBH2ZEEB T EPHEETH D #LT 20 H0FH
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NTWBERDELLN, BENPSRLRENE AT I A TRKEHEOHEN L E
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HBZEIIRE BT LFET 5 & LN 5L (R W Ti 1.5m oREZ4&EC T
B, ChiIBEROEAXH#2ZED5 LT, RO XHITRERPETIBETD 58
AT UTHERCEREAHPEL DI LEDNS. EREEONEIIO 5587, %
BT, BHOEEIZX LT 30~40cm T8 XS THRH o5 L. F%iE
WIEEIE, 2B, EROUTIAV—BERRIRZEL 2. KICHBNCEET 5.

ROR B
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% Fig. 46. e 7. FpoIBRMIRERE»OHETE 58 4, By 17 4, EH -
CF#) 25 4, R 42 &, S BEE»LEE 26 4, 26 48 4, Mk 15 4T,
P ERRHOBESENDIDOTHE) EBIuRERE&sne BEIY»EGIhT L
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—HREFBCB VL, £ ST I BRI RSO RERU R R TH D
Fototy, HMEHBIIEUCEEHZTHT, BRHBEOEEOHBEFORIZELMCE
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3 Fig. 47 O XEIE R OFEREE 2R T

EEDZEK

FEEOBEORTIIEE 12 4 (1762) FXURE 44 (1833) Iwhoiehd, FEEM
COWTHEEEICE LI T, BEPLOVWELREDTWT, SEORME X b HiE
DRE P22 LB pidbivic. BlP JMEEOESRBE» DA OB EEI oW
TR LHERERE LTV 5.

SHOFETHIRO T L A BRCEKRFEORELEL, Bios 5Bl OmREL
TRRIRD X 5TH 5.

L BEFRICELEEOERS (GH  FHOOHER IS & €1 v Fi204)
T, BRI TERTH IFOEEEZRLTWS (Fig. 48). =il LiE LISk
BETHONIEEOMERLL LT, ZAUBIIBYIEHRTO= XA ¥~ DfEhic X
530 LEbh5S,

2. WEENTHEBANOKEAIRLIZEESELS 22 Tw5. Fig. 33 KRTEE
DEACLIUE, KBEARO S—25 BHEITERTAE S—11~12 X1 0.3m fifEL, ¥
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38. A Tsunami Accompanying the Niigata
Earthquake of June 16, 1964.

By Isamu AIDA, Kinjiro KAJIURA, Tokutaro HATORI and Takao MoMOI,
Earthquake Research Institute.

A tsunami accompanying the Niigata Earthquake of June 16, 1964 is described on the
basis of mareograms collected in the vicinity of the source area and a field survey, carried
out immediately after the earthquake by the members of the Earthquake Research Institute,
along the coast of the Japan Sea from Akita to Naoetsu.

The generating area of the tsunami, estimated by means of an inverse travel chart of
the wave front based on the arrival time of the initial motion of the tsunami to the coastal
station, is located in the sea on the continental shelf, extending about 90km in an elongated
shape roughly parallel to the coast line from the northern part of Niigata Prefecture to
Yamagata Prefecture. The epicenter of the earthquake is to the south-west of the center
and Awa-shima which is up-lifted about 1.5m is near the center of the tsunami source.

According to mareograms and also reliable observations by eyewitnesses, the tsunami
arrived with a rise of the sea level in most places along the coast from Akita to Naoetsu
including Sado Island, suggesting the initial upward crustal deformation in the source area.

The distribution of the inundation height is fairy simple. An average height of about
4m is found between Fuya and Shioya, along the coast facing Awa-shima. To the north of
Fuya and to the south-west of Shioya, the height decreases sharply and stays at about 2 to
1m in the surveyed area. According to eyewitnesses, the highest was the first wave arriv-
ing ten to twenty minutes after the occurrence of the earthquake between Fuya and Iwa-
fune, but the third or later one which arrived several hours after was the highest outside
of the region.

Two “periods” of 20 minutes and 40 to 50 minutes seem to have been recognized and
they are rather close to the natural period of the shelf oscillation of water.

Judging from the evidence collected so far, the main part of the submarine crustal de-
formation appears to have taken place offshore of the coast from Fuya to Shioya, namely in
the southern half of the source area estimated from the tsunami arrival time, and the shelf
oscillation of water including edge wave modes played an important role in the propagation
characteristics of the tsunami energy.

The detailed study of the distribution of inundation heights along the coast reveals minor
irregularities, such as the unusual run-up height of about 6m on sandy beaches near Fuya
and Iwafune, and the relatively low inundation heights near some river mouths. Further-
more, there are some indications that height distribution might be correlated with the
bottom topography of the sea and also with the pattern of the crustal deformation of the
tsunami source. It may be noted that a considerably high velocity of water was observed
in many harbors and channels, resulting in the scoring of the bed.

At Awa-shima and Tobi-shima located near the edge of the shelf, the height of the
tsunami was relatively small.

At Rydtsu Bay (a triangular bay with a natural period of oscillation of about 20 minutes)
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in Sado Island, the wave height increased from about 1m at the mouth to about 3m at the
head, showing the amplifying effect of a triangular bay to a tsunami height. The third
wave was a maximum of about 3m at Ryotsu, located at the head of the bay, and a part
of the city was inundated but some of the wave energy was absorbed in a lake called Kamo-
ko just behind the city, so that the inundation height in the neighborhood of a channel
connecting the sea to the lake was somewhat lower than in the surrounding area. Inside
the lake itself, the elevation of the water level was only about thirty or forty centimeters.

In the shadow side of Sado Island to the tsunami source, the height of the tsunami was
less than 1m. At Sado Island, at least, the tsunami of the Niigata Earthquake was smaller
than that recorded in 1833, although the magnitude of the present earthquake is estimated

as being larger.




