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Millenium Earthquake: Understanding Rare Events Like the Great Tohoku
Earthquake

Terry C. Wallace, Jr. and Janet A. Mercer-Smith

On March 11, a major earthquake occurred around 3 P.M. local time, east of the island of
Honshu, Japan. The earthquake is a subduction thrusting event in the Japan Trench
which is the convergent plate boundary between the Pacific and North American plates.
The earthquake had a moment magnitude of slightly larger than 9.0, making it the fourth
or fifth largest earthquake in recorded history. The earthquake epicenter was
approximately 120 km east of the Japanese city Sendai. Although shaking was
experienced widely across Honshu, the damage associated with the shaking was modest
considering the size of the event; however, the earthquake triggered a major tsunami. The
tsunami caused extensive damage along 350 km of the eastern coast of Honshu.
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Earthquake March 11, 2011 Mw = 9.1
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Destruction in Sendai Fukushima 1 Plant

Recent Major Earthquakes
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* May 22, 1960 Chile Mw ~ 9.6
« March 27, 1964 Alaska Mw ~ 9.4
« December 26, 2004 Indonesia Mw ~ 9.3
 March 11, 2011 Japan Mw ~9.1
__ * November 4, 1952 Kamchatka Mw ~9.0
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Japanese Islands
(with volcanoes)

Trench
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o The earthquake occurred
o at a depth of 25 km.

1%5E 140E 145F

32"

Japan Trench HDJ
[EH 4 11 13:36:29 2000

Modified Mercalli Intensity

Q
4
(C
-
U
< e
it
.
©
LLl
(¢))
==
r—
e
=
©
7))
O
c
(@)
'
(&)
(¢))
|-
()
i
T
(a

» Los Alamos
NATIONAL LABORATORY UNCLASSIFIED

EST.1943

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA F""b 6



OOKINgWESTHIom!

e _'"‘"Maln Quake

st

Fukushima 1-Daiichi NPP S e
(Units 1-6) s

Fukushima Dai Nai NPP

(Units 1- 4)
Onagawa NPP
(Units 1-3)

Epicenter
of primary__ . Google

> 2011 Cnes/Spot Image

& 2011 Eurcpa Technologies q ua ke

lat 38.115484° lon 141 488045" elev -352

a,.
X
©
=
o
=
¥ |
= |
LLI.
(¢})
=
i
o
o=
©
)
O
c
O
et
(&
()
-
[¢F)
)
©
o

Eye alt. 50 45 mi

» Los Alamos
NATIONAL LABORATORY
EST.1943

UNCLASSIFIED
Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA




D
-
C
-
O
B o
) =
©
LLl
()
% =
d
©
=
©
(7))
2
==
(o}
d
(&
()
=
Q
P’
b
(s

130 135 140 145
e s SV S —

ARIA Preliminary Coseismic Displacements from
March 11,2011 Mw9.0 Sendai-Oki Earthquake

Y,

» Los Alamos 30
NATIONAL LABORATORY UNCLASSIFIED

EST.1943

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA '] v‘



Plate Configuration Slip Distribution
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Earthquake is where it was predicted to be — but larger!
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Coulomb stress imparted by the M=9.0 Off-Tohoku rugture and its M=7 9 aftershock to Japan Trench, Sagami Trough and Kanto Fragment
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Japan Earthquake (M, = 9.0), Global Displacement Wavefield
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Tsunami strikes Sendai approximately 1 hr after the earthquake.
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Tsunami
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Tsunami

O RamOs

UNCLASSIFIED
EST.1943

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA



=
©
=
=
T
|—

©Reuters

- Los Alamos

NATIONAL LABORATORY

E5T.1943 UNCLASSIFIED
Operated by Los Alamos National Security, LLC for the U.S. Department of Energy’s NNSA




A model developed by
Deepak Vatvani estimated
the inundation (in meters)
caused by the Tohoku

tsunami.
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Tsunami Propagation Forecast

Contours of forecasted maximum wave amplitude [cm], detailing tsunami energy propagation
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(A) Horizontal displacements (B) Vertical displacements
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Tsunami water level Limit of tsunami
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The Global Earthquake Cycle: Frequency, Magnitude and Energy

Energy Release

Magnitude Earthquakes ! “l Energy Equivalents (equivalent kilograms of explosive)
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Before Tohoku, the seismic moment and energy was
dominated by 3 earthquakes.

Global Seismic Moment Release January 1906 - December 2005 Largest quakes
The world's highest-magnitude
earthquakes since 1900:

-9 Location Year Mag.
o Chile 1960 95
> Prince William 1964 9.2

o Sound, Alaska

Off coast of 2004 9.1
Q) Northern Sumatra

" Kamchatka, Russia 1952 9.0
(40} Honshu Coast, Japan 2011 8.9
- Off coast of Ecuador 1906 8.8
(op Chile 2010 8.8

W o= Rat Islands, Alaska 1965 8.7

t Northern Sumatra, 2005 8.6
m Indonesia

Lu Assam, Tibet 1950 8.6

I San Francisco (1906)  Andreanof Islands, 1957 8.6
o] Mw= 79 Alaska

.Q Southern Sumatra, 2007 8.5
o Indonesia

o Banda Sea, 1938 8.5

(D Indonesia

Kamchatka, Russia 1923 8.5
Chile-Argentina 1922 8.5
border

Total Moment: 1.0 x 1024 Newton-meters Source: U.S. Geological Survey & 2011 MCT
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Earthquakes >M8 since 1900
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The plate-tectonic paradigm of Earth is based on plates
sliding past each other driven by mantle processes. Stress
builds up and Coulomb failure creates and earthquake.
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The new paradigm is based on long range interactions

between faults — Earth as elastic system. An earthquake
can affect faults far away.
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Earthquake Triggering

» Earthquakes and other types of slip events can be triggered by static
stress changes (earthquake, tides, reservoir filling, fluid pumping into
boreholes...) and dynamic wave perturbations (seismic waves).

» Static triggering is a local phenomenon.

* Dynamic perturbations can induce triggering nearby or far from the
triggering source.
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All triggering can be instantaneous or, more often delayed —
aftershock sequences are the best example.
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A Dynamic Earthquake Triggering Scenario

D

2002 M = 7.4 Denali earthquake
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Dynamic Wave Triggering of other Natural Phenomena

» Japan earthquake triggered
volcano eruption In Russia? (as
yet unsubstantiated)

e Triggering of small earthquakes and “tremor” in the western
US reported, but details are not yet available (Joan
Gomberg, USGS Seattle Office).
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Similar Characteristics in the Pacific Northwest

i} 300 miles

—_—
a 500 kilomaters

The Devember 26, 2004,
Magnitude 9.0 Sumatra-
Andaman Islands Earthquake
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I Earthquake of Magnitude 9+ (fault breaks along entire subduction zone)
l Earthquake of Magnitude 8+ (fault breaks along southern half of subduction zone)
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KNOWN CASCADIA EARTHQUAKES ALONG THE CASCADIA SUBDUCTION ZONE IN HORTHERN CALIFORNIA, OREGON, AND WASHINGTON
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Aftershocks March 11-15
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