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Large Earthquakes Occurring beneath Tokyo Metropolitan Area and
Strong Ground Motions:
Ansei Edo Earthquake and Meiji Tokyo Earthquake

Takashi FURUMURA* and Hiroyuki TAKEUCHI*

Abstract

The Tokyo metropolitan area is known to have been struck by large earthquakes due to the
subduction of the Philippine Sea Plate and the Pacific Plate beneath the North American plate.
Recent damaging earthquakes that occurred beneath Tokyo include the 1855 Ansei Edo earth-
quake, the 1894 Meiji Tokyo earthquake, and the 1923 Kanto earthquake. Whereas the Kanto
earthquake is known to have occurred at the top of the subducting Philippine Sea Plate, the oth-
er events are considered to have occurred in Tokyo bay, but their source depths are unknown.
Many researchers have attempted to determine the source mechanisms of these earthquakes
through analyses of patterns of seismic intensity distribution in the Kanto area, but the intensi-
ty pattern at the center of Tokyo would be considerably affected by the site amplification effect of
the shallow, localized structure rather than be related directly to the source itself. In the present
paper, we summarize the characteristics of strong ground motions and damage caused by the
earthquakes. We then compare the pattern of intensities on local and regional scales with those
of recent earthquakes occurring in Tokyo and corresponding computer simulations using hetero-
geneous crust and upper-mantle structure models below Tokyo to find referable source models
for the Ansei Edo and Meiji Tokyo earthquakes.
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Fig. 1 Pattern of regional intensities of the Ansei
Edo earthquake in 1855 (after Usami, 1996)
and local intensity distribution around the
Kanto area (after Nakamura et al., 2003).
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Fig. 2 Pattern of regional intensities of the Meiji
Tokyo earthquake (after Usami, 1996) and
local intensity distribution around the Kanto
area (after Hagiwara, 1972).
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Fig. 3 (a) Ewing-type seismoscope (photograph from National Museum of Nature and
Science, Japan), (b) Seismogram observed at Tokyo Imperial University, Hongo,
of the Meiji Tokyo earthquake in 1894, (c¢) Digitized seismogram of NS motion.
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Fig. 4 Strong motion seismograms of Meiji Tokyo earthquake, recorded at (a) 1F of Main
building of Tokyo Imperial University (solid and dashed lines illustrating ground
motions before and after correcting for instrument response), (b) Department of
Technology at 2F, and (c) Department of Technology at 1F.
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Fig. 5 (a) Average shear-wave velocity of upper 30 m (AVSS3,) produced by borehole data (Miyake et al., 2006), and

(b) expected intensity amplification.
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(a) N139.8, E35.65, h=40km, M6.8 (b) N139.8, E35.65, h=40km, M6.8
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Fig. 6 (a) Pattern of intensity distribution of an earthquake occurring in eastern Tokyo (star mark), (b) expected
intensity pattern due to the amplification of ground motions in a shallow structure, (c)-(d) same as (b) but
for different hypocenter (star marks).
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(a) 2005/07/23, 73km M6.0

(b) 2006/08/31, 76km, M4.8
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Fig. 7 (a)-(c) Anomalous pattern of intensities observed for an earthquake occurring below north-
west of Chiba prefecture, and (d) normal intensity pattern of an earthquake occurring below
northeast of Chiba. Star indicates hypocenter of the earthquake.
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Fig. 9 Simulated peak ground velocity for the Northwestern Chiba earthquake, using (a) standard
Earth model, (b) including sedimentary layer, (c) including superficial layer, and (d) including
High-@ Plate, Low-Q body.
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Fig. 10 Comparison of intensity patterns of earthquakes occurring (a) in the Philippine-Sea plate and (b) in the

Pacific plate.
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Fig. 11 Example of intensity patterns of shallow crustal earthquakes : (a) Niigata-ken Chuetsu earthquake in
2004 and (b) Miyagi-ken Hokubu earthquake in 2003.
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Fig. 12 (a) Structural model of regional seismic wave propagation simula-
tion and (b) vertical slice of model and source positions.
Hypocenter distribution is based on the JMA earthquake catalog.
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