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1960 Chile earthquake

Barrientos and Ward (1990, GJI) Fujii and Satake Ho et al.
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1960 Chile earthquake

2030
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Tsunami Examples
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The 1946 Aleutian tsunami

Scotch Cap Lighthouse
Unimak Island

Pacific Tsunami
Warning System

159 casualties in Hawaii,
about 4,000 km from the
source

F. ’

Pier No.1 in Hilo, Hawaii



Lituya Bay, 1958

Water wave due to landslide

_ Waves limited in the bay
The largest water runup 524 m altitude
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Cascadia Subduction Zone

132w

ey
130w

S
128W

126W

124W

Coastal paleoseismology 1990’s

Earthquakervictimsiat: Copalis, Washington

1700 forest

Modern salt marsh

FFishingl camp) near Lincoln City, @Gregon

Laval * " aa '\ L / i /
AVt A 4

S R

~_ Tsunami sand
s

Tidal mud

Topsoil

Photo by Brian Atwater



Tsunami recorded in Japan in 1700

slip 19 m
Mw 9.1
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Tsunami Examples
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Historical earthquakes along Kuril trench
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Tsunami deposits in Kiritappu marsh
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Tsunami deposits along Kuril Trench
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Tsunami deposits in Kuritappu marsh
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Giant earthquakes along Japan/Kuril Trenches

Jsu Tarumai &

Giant (M~9) earthquakes occurred ~ 500 year interval



The 2011 Tohoku Tsunami

Sanriku coast

eHigh (~ 40 m) tsunami
e~ 30 min after the
quake

©Mliyako City

eSendai plain
eLarge (~ 5 km) inundation
e~ 1 hour after eq.

©Sendai City



Fukushima Dai-ichi NPP accident

Earthquake ground motion

e Reactors automatically shutdown

* Electricity lines disconnected

* Cooling using Diesel Generators
Tsunami arrived

* DG was flooded, failed to cooldown
Core Damage

Hydrogen Explosion

Release of radioactive materials




The 2011 Tohoku Tsunami

~ 100 km difference between
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GPS data and slip distribution

About 1,300 GPS stations monitor the movement of Japan

Westward motion in 1998-2000
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Seafloor displacement

/ GPS Antenna

Max slip on fault (estimated): >50 m

Sato et al.
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The tsunami source and propagation
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Recorded tsunami
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Effects to other countries
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Water height (m)

Hawaii 7 hrs 5m $ 8 million
California 12hrs 3 m 1 death, $20 million
Chile 22hrs 3 m $ 4 million

Indonesia 6 hrs 1 death



The 2004 Indian Ocean tsunami

Total casualties: 228,000 from 14 countries

150°

30° 60° 90° 120°
¥ - - . 7 ! |
'IE'\K’ A\ @a India ~16,000 e

B ) -

204 ™ 2 ) '
l\h\% | Sri Lanka ),/

. Somalia ~300 "~ & ~35,000 /4

‘ i o Fogd b

"V' * JA%

-200 - .

| Germany ~500

Sweden ~500

.| Finland ~180

UK ~160
Switzerland ~110

~ Casualties from tsunami
~ World Disaster Report



The 2004 Sumatra Earthquake and Tsunami

10°

e R T

About 8,000 casualties
Including Royal family member Slip (m)
Nearly a half were foreign tourists




The 2004 Sumatra Earthquake and Tsunami

Banda Aceh, Indonesia

=

About 60,000 casualties
(original population 260,000)

Prof. lemura, Kyoto Univ.



The 2004 Sumatra-Andaman Earthquake

Andaman-Nicobar Is.
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The 2004 Sumatra-Andaman Earthquake

Andaman-Nicobar Is.
1941 M 7.7
1881 M 7.9
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(from historical records)
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2005 M 8.7

20°N [ B

10°N

Sumatra
1861 M 8.5
1797 M 8.4
1833 M 8.9

(from coral studies)

10°S
90°E 100°E 110°E



Paleoseismology around Indian Ocean

|
Paleoseismological studies (corals, tsunami deposits, marine terrace,

buried peat) indicate that earthquakes similar to the 2004 earthquake

occurred a few hundred yrs ago.
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Tsunami deposits in Thailand

INDIAN OCEAN

o 10 20
Highest water of
2004 tsunami (m)

Sheet A: 2004 tsunami deposit
Sheet B: 550- 700 years BP

Jankaew et al. (2008 Nature )



World’s Subduction Zones
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Variability in subduction-zone earthquakes
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Giant earthquakes in the world

South America (Chile)

1960: M 9.2-9.5

average interval (from paleoseismology) ~ 300 yrs
North America (Cascadia)

1700: M ~9.2

average interval (from paleoseismology) ~ 500 yrs
Southern Kuril Trench

17th century: Mw ~ 8.8

average interval (from paleoseismology) ~ 400 yrs
Japan Trench

2011: Mw 9.0

average interval (from historical seismology) ~ 500 yrs
Southeast Asia (Sumatra-Andaman)

2004: M 9.1-3

recurrence interval ~ a few hundred to thousand year
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