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Fig. 1. Distribution of aftershocks of the 1985 central Chile earthquake
(USGS, 1985). Right figure: Geographic distribution of the source
areas of Chilean tsunamis. Dates, earthquake magnitude, M, and
tsunami magnitude, m (Imamura-lida scale) are indicated.
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Fig. 2. Refraction diagram of the 1985 central Chile tsunami across the Pacific
Ocean (time interval: 1hr.). The observed travel times (h, m) and double
amplitudes (em) are shown.
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Fig. 3. Tide-gauge records of the central Chile tsunami on March 3, 1985 observed
at the Japanese tide stations.
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Table 1. The central Chile tsunami of March 3, 1985, as recorded by the tide
gauges of Japan. Wave originated near the earthquake epicenter (33.16°S,
71.98°W, d=33km, M,=17.8, USGS) off the coast of central Chile, at 22: 47
(GMT), March 3, 1985.

Initial wave Maximun wave

Tide station

Travel | Rise  Period Period

h m cm min min!
Hanasaki 122 48 | 12 27 38 50

Kushiro 22 | 20 18 25 48
Hiroo 22 41 16 25 52 12
Urakawa 22 18 17 15 00
Tomakomai 23 05 20 19 60 10
Muroran 23 06 35 15 60 52
Mori 22 58 16 12 60 55
Hachinohe 23 03 42 25 53 50
Miyako 22 53 28 17 25 15
‘Ofunato 22 53 15 10 10 48
Ayukawa 22 43 18 30 22
‘Onahama 23 15 23 52 22
Choshi 22 43 10 46 15
Mera 22 45 19 20 06
Harumi, Tokyo 24 12 60 15
Izu-Oshima Is. 22 6 70 02
Hachijo Is. 23 12 55 58
Chichijima Is. 21 30 18 53
Uchiura 24 14 28 10
Shimizu 23 10 60 05
Omaezaki 23 20 20 50
Maisaka 24 6 26 15
Nagoya 24 10 70 55
Toba 24 18 20 00
Owase 23 23 22 52
Uragami 23 18 13 43
Kushimoto 23 38 | .12 53
Kii-Shirahama 23 13 48 27
Wakayama 24 15 58 56
Komatsujima 24 15 50 17

Katsurahama, 23 18 20 23
Kochi

Uwajima 24
Nobeoka 23 43
Aburatsu 23 38
Makurazaki 24 00
Naha, Okinawa 23 48
Ishigaki Is. ?

o e
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z: Time interval between the arrival of the wave front and the maximum wave
crest. H: Tsunami height above ordinary tides.
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Fig. 8. Tide-gauge records of the central Chile tsunamis in 1906 and 1985 observed
at Ayukawa and Kushimoto.
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Fig. 9. Tsunami magnitude on the Imamura-lida scale is classified by the
attenuation of tsunami height with distance from the epicenter.
Table 2. Data of Chilean tsunamis: Tsunami heights in various regions.
Magnitude Tsunami height
Date Earth- .
. . Hawaii Is.
qu}ac}{e Tsu;)na;ml Chile Hilo  Honolulu Japan
| m m m m
1730 July 8 — 3 | 8~10? — — 3
1751 May 25 — 3 — — — 3
1837 Nov. 7 8.5 4 8~10? 6 2.4 2~3
1868 Aug. 13 8.5 4 12~14 4.6 — 2~3
1877 May 9 8.5 4 10~18 5 1.2 2~3
1906 Aug. 17 8.4 2 >1.2 1.5 0.1 0.1~0.2
1922 Nov. 11 3.3 3 6~ 9 2.1 0.3 0.6~0.7
1943 Apr. 6 7.9 1 0.5~ 1 — 0.1 0.2
1960 May 22 8.5 4.5 10~18 4~7 1.0 3~5
1985 Mar. 3 7.8 1.5 3~ 4 0.5 0.02 0.1~0.2

* Tsunami magnitude on Imamura-Iida scale.



198542 % Y dhifEL Iz 351 B AARIRE ORI 653

6 —
c —__1960 (Howaif) _ ___ 4
1877 (Howoii)
1 S e et -
[=4
(=]
o
=]
Sl 1960 .
£
55l 1730
£ 1837 , 1877
E bmm 4
£ e 1922 (Howoii)
c .
3 01906 (Howaii) ,
2 ?
'T L—‘—(
(Howoii)
1906 985 1922
o) ._.l 1 [l ! 1 1 ! | 1
o 2 4 6 8 10 12 14 16 18

Tsunami height in Chile, m

Fig. 10. Relation between tsunami heights in Chile and those in Japan
for various Chilean tsunamis. Tsunami heights in Hawaii (Hilo) are
also indicated by the broken lines.

(SoLoviEV and Go, 1984). & d i s 1T005ELAE S ) THA Lic Bk DRHE 2 O H
ML, FURIVATAL « ARREICKT 2 0M &% Table 2 wrd. ZRO L)
2, B2 AADOWEERIVTRE v e D /3 LT ThH k. 1922FFE T, BARDBENT
< 60~70 cm DOEEEABIIE hicht (IMAMURA and MORIYa, 1939), KR T12307
N bh, 1~2m O3 Lieb L.

Fig. 10 23, FREANROBBEERITI B F ViREEAR s ~7 4 (e r) O¥me oM
BamT. ok, AR« ~7 4 OWEHINIC S MRIRS D BH, T TIRPHELYRLTDH
5. ThrRAE, BARETEF YT 6~8m otk chid 1m BED KT
b, 10m Bzt &% 3m U EofEnciE L, EEREECRIEbhiZ &ibnb.
F:, ~UADe TR BARRROMREE LEH - TW5.

5 & ¥ U

Bz R D Lin, DA B 51985 v hildli A T L. B~ =Fa
— Fit, KPEEAHOZEN M TIE m=15 L ZicE%. HARRBECITELHH
23T 10~30 cm OE VB X, FUMIBAEREE D E A EE Lea3, ke 60
SOERBENE TR TV, RTINS 3B Blbhics’, HHATI TR
B#Ho r o s8% <, 196055 ) drii 0 5 — v ST .

17004E D 7~V g o wiE VRS &, 10m M EOBEKEERRAE LL %, H
RINBETIZF ) O 1/5 DY E e b, SFELEELYTFTEL. £, ~74TRXD
HEe, BAY ERAZESYTEL TS, BRORM K TAE, SV RX0A~7 4
OBFER (~ 7400 AARE TOEGERIINE, XL THETHS) RUnicER



654 OB KR

THah, HLILDTRERT.

5V il LR T, BERMEO AR 100 £, ~ — Ti2150~200%E &
HicE¥h T3 (Iipa, 1983). SEIDMEET. 26°S LI O HUE Tl R I ITHI S D
RERLEIRRZDM, FVIMTR HIEORABMA AL, & 2 CH4 L 1877 ¢
(BHR104E) HE g « ZRRARCER, U URIECRIEGH 2 Ui (B, 1961 ;
=8, 1962). Thh b3 TIIENFBLTE Y, H2 %k VAloREEE LT, &
VAL O FHETIC X SM AT 5 TH A 5.

g-ﬁn

33

GEID 5 Y IR B B B H ORI Bt » T, LEFEFTORMBIELEKCA
ZERtFficic ot SR L TR EHOTEET 5.

X Bk

7V A A TADE (03 BOUEBIIERT  SiE i AR), 1961, 1960455 H24 [ 7 v fhisHbic
B3 5 sc RO, U3k, Fi3T, pp. 1-397.

P ISTEAER, 1979, @u@ﬁﬂ%u&;z»# E OBk, MEWFETTRE, 54, 531-541.

FULERES, 1981, AARETHEHN LIz r v €7 « 2oL —3tpy (1960~19794F), HiTETFgeiizith,
56, 535-546.

K&, 1961, IBANSSIES 241 7 v bEREI A M, KETRH4:, 8, pp. 1-389.

= JF 1962, J, BARREEFSEI20/EER A, Bﬂiiﬁﬁff%, 265-271.

=i 75 1977, Bli—20RENBHEET, 1 Ah8 -3 12, WEIEHRE, i pp. 1-126.

VS, 1983, BETHA S L O RO, iz i, 36, 83-107.

AR D, 1961, s@komibibiic X B 0Z:, HMBSE S [124H 5 v MaiE i MW, Kar
ki, 8, 247-255.

BEenN, R.R., 1985, On the Chilean tsunami of March 3, 1985, International Tsunami
Symposium in 1985, Victoria and Sidney, Canada.

HAtor1, T., 1968, Study on distant tsunamis along the coast of Japan. Part 2: Tsuna-
mi of South American origin, Bull. Earthq. Res. Inst., Univ. Tokyo, 46, 345-359.

HaTor1, T., 1983, Colombia-Peru tsunamis observed along the coast of Japan—Tsunami
magnitude and source areas, Tsunamis—Their Science and Engineering, edited by
K. Iida and T. Iwasaki, Terra Scientific Pub. Co., Tokyo, 173-183.

Honpa, K., T. TERADA, Y. YOSHIDA and D. ISITANI, 1908, Secondary undulations of
oceanic tides, J. Coll. Sci. Imp. Univ. Tokyo, 24, 1-113.

Iipa, K., 1983, Some remarks on the occurrence of tsunamigenic earthquakes around
the Pacific, Tsunamis—Their Science and Engineering, edited by XK. Iida and T.
Iwasaki, Terra Scientific Pub. Co., Tokyo, 61-76.

Iipa, K., 1984, Catalog of tsunamis in Japan and its neighboring countries, Bull. Aichi
Inst. Tech., Special Rep, pp. 1-52.

IMAMURA, A. and M. Moriva, 1939, Mareographic observations of tsunamis in Japan
during the period from 1894 to 1924, J. Japan Astr. Geophys., 17, 119-140.

INTERNATION TSUNAMI INFORMATION CENTER, 1985, Chilean earthquake and tsunami of
March 1985, Tsunami Newsletter, Honolulu, Hawaii, 18(1), July 1985.

KELLEHER, J. A., 1972, Rupture zones of large South American earthquakes and some
predictions, J. Geophys. Res., 77, 2087-2103.

PARARAS-CARAYANNIS, G., 1977, Catalog of tsunamis in Hawaii, WDCA, Rep. SE-4, U.S.
Dept. of Commerce.



10854 < ¥ chifi iz 3513 5 AR S DR IT 655

SoLovIEY, S.L. and Cu. N. Go, 1985, Catalogue of tsunamis on the eastern shore of the
Pacific Ocean (Original language: Russian). Translated by Canada Institute for
Scientific and Technical Information National Research Council, Ottawa, Canada KIA
082, pp. 1-285.

The Central Chile Tsunami in March 1985 that Observed along the
Coast of Japan—Relation Between Magnitude of Chilean
Tsunamis with Tsunami Heights in Japan and Hawail

Tokutaro HATORI

Small tsunamis were observed at tidal stations in Japan about 23 hours after the
tsunamigenic earthquake occurred off Valparaiso on March 3, 1985. According to the
U.S. Geological Survey report, the earthquake magnitude was M=7.3. The aftershock
area extended 200km along the coast. Tsunami heights were 1.1m at Valparaiso, 3~4
m at San Antonio, Chile, and 0.5m at Hilo, Hawalii.

Along the Pacific coast of Japan the maximum double amplitudes were 10~30 cm.
The period of the initial wave was 15 min, and the long period of 60 min predominated
in the maximum wave. The time interval between the arrival front and maximum wave
was 3 and 7 hours. Judging from the author’s method based on the attenuation of
tsunami height with distance, the tsunami magnitude (Imamura-Iida scale: m) of the
present tsunami is determined to be m=1.5.

Since 1700, six Chilean tsunamis have hit Japan and Hawaii (Hilo). On the tsunami
height—distance diagram, wave amplitude in Japan and Hawaii deviated more than 3.2
times higher than the average tsunami magnitude. The relationship between the Chilean
tsunamigenic earthquakes with tsunami heights in Japan and Hawaii (Hilo) is as follows:

1) Japan and Hawaii suffered damage by tsunamis when Chilean earthquakes had
magnitudes of M8 or more.

2) Tsunami height in Japan reached 1 m when tsunamis of 6~8m were generated
on the Chile coast, and the Japanese coast suffered damage with tsunami heights of 3m
or more when tsunami heights reached 10 m or more in Chile.

3) The tsunami height at Hilo, Hawaii was always higher than that in Japan, and
the tsunami front reached Japan from Hawaii in 7 hours.

In order to do successful tsunami predictions in Japan, information on tsunami
behavior in Chile and Hawalii is very important. After the present earthquake, the
segment of the seismic sources in the regions of 26°~45°S was mostly compensated, but
the remarkable seismic gap still remains in North Chile. This region should be watched
for future large earthquakes.



