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Outline of the 2011 off the Pacific Coast of Tohoku Earthquake
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Abstract

In March 11, 2011, "off the Pacific coast of Tohoku Earthquake" occurred with magnitude 9.0, which recorded the
largest in the history of seismic observation in Japan. The greatest disaster on record was brought by huge tsunami with
nearly 20 thousand killed or missing people. Main shock was generated as an inter-plate thrust-type earthquake between
Pacific and North American plates with a large focal area of about 500 km by 200 km. Associated with this earthquake,
extensive crustal deformations were observed both at inland and at ocean bottom surrounding the focal region. Also
a great number of aftershocks with a variety of focal mechanisms were generated in the wide area of eastern Japan. A
number of fault models were proposed using strong-motion records, broadband seismic waveforms, tsunami, and crustal
deformation. Although this earthquake was accompanied by a foreshock of M7.3 two days before, no alarm was issued
to the following mega-quake. Nor the possibility of such a gigantic earthquake was estimated in the long-term forecast
of the inter-plate earthquakes in the off Tohoku region. It is afraid that such a huge event will induce various hazardous
phenomena in the surrounding region such as inter-plate earthquakes, outer-rise earthquakes, inland earthquakes, and
volcanic eruptions.
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Fig. 1 CMT of 2011 off the Pacific coast of Tohoku Earthquake

and intensity distribution (JMA, 2011a, 2011f).
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Fig. 2 (a) Plate configuration around Japan and focal area of the 2011 off the Pacific coast of Tohoku earthquake (red rectangle), (b) Gen-

eration mechanism of an inter-plate earthquake.
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Fig. 3 (a) General mechanism of earthquake generation (faulting motion), (b) Summary of 2011 off the Pacific coast of
Tohoku Earthquake. Colors on land correspond to seismic intensity distribution in MM scale (USGS, 2011b).
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Fig. 4 Distribution of maximum height of tsunami viewed from (a) Pacific Ocean side and (b) Japan Sea side. (JMA, 2011e).
The data traced by later investigation are not included.
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Fig. 5 Crustal deformation associated to the 2011 off the Pacific coast of Tohoku Earthquake (GSI, 2011a).
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Fig. 6 Sea bed crustal deformation associated to the 2011 off the Pacific coast of Tohoku Earthquake (JCG, 2011).
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Fig. 7 Deformation of ground surface (sea bottom) and the

inside of the earth associated to a reverse faulting.
Displacement vectors are displayed on the plane per-
pendicular to the fault surface.
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2011). A star denotes the epicenter.
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Slip model of the main shock based on GPS and sea bed crustal deformation data (GSI and JCG, 2011). (c) Slip models for co-
seismic and post-seismic crustal deformations based on GPS data (GSI, 2011d).
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Fig. 11 (a) Distribution of main shock and the aftershocks of M5 or larger which occurred in the period, 12:00 Mar.11 to 15:00 May
13. A, B and C denote M6-class aftershocks in a wide sense. (b) Space-time plot of the aftershocks occurred in the rectangle
PQ in (a), (c) Daily number of the events with seismic intensity 4 or larger (JMA, 2011h).
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Fig. 12 Cumulative number of the aftershocks of M5 or larger within (a) 10 days and (b) 7 months after the main shock compared to
the inter-plate earthquakes in the past (JMA, 2011i)
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Fig. 13 Fault mechanism of the main shock and M7-class
aftershocks denoted as (D~®) in Fig.11.
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Fig. 14 (a) Epicentral distribution and (b) M-T diagram of the off Sanriku earthquake of March 9 (M7.3) and its
aftershocks (JMA, 2011a). A star denotes the 2011 off the Pacific coast of Tohoku Earthquake (M9.0).
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Fig. 15 Division of the region of subduction-zone earthquakes
off the Pacific coast of the eastern Japan (HERP, 2011)
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Fig. 16 Earthquake in Kurile Islands of 2006 Nov. and
accompanied outer-rise earthquake of 2007 Jan. (JMA,

2007)
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Seismic activity in the eastern Japan detected by NIED Hi-
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A, B, C and D are shallow inland activities including M6

events, while V are related to volcanic activities.
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