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Long-term strain buildup and release in the Northeast Japan arc-trench systems
and its implications for the 2011 earthquake off the Pacific coast of Tohoku

R EORSF P A ZE R s BR R B I - b 2P
Yasutaka Ikeda, Department of Earth and Planetary Science, the University of Tokyo

1. HAARTE Al EE & A 1 5 Al DA — 3K

K45 75 A

FAL H AU SERTH DEBIE £ ©, TEB—HARMEEICBIT 5 7L — MUGER) & hAARGF 125
FBH Y TN Tk T, RBEAMOEMER M- T &7z, BIROERHERISIE TR &
< (2E ZRMEAR, 1989), HRIZIIBAHA A SALE 7 + v F< 7 FIZEP L TWHE P, HiLH
KINOISINANZ 31T 2 S LR O i = 4 B S 5 R 2 &, 201tz 4 ~ 15km
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Figure 1. Zone of concentrated deformation (indicated by pink color) in the
backarc region of the Northeast Japan arc (Okada and Ikeda, 2011).
Geologic transects A-D in Figures 2A-2D are located. Thin red lines
indicate active faults.
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Figure 2A. Geologic transect A (from off HOl’l]O to Yokote). A set of four figures shows, from the top to the bottom,

Bouguer gravity anomaly, present-day geologic section, geologic section before the positive tectonic inversion

(late Miocene time), and geologic section before Miocene extension. After Okada and Ikeda (2011).
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Figure 2C. Geologic transect C (from Sado to Nlltsu) After Okada and Ikeda (2011).
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Figure 2D. Geologic transect D (from the Itoigawa-Shizuoka Tectonic Line to Nagano Basin). After Okada and Ikeda
(2011).
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Figure 3. Vertical displacement of the middle part of Northeast Japan during the past 7120 kyr (Tajikara, 2004).
Amounts of uplift along the coast are estimated from marine terraces of the Last Interglacial age. Amounts of
uplift inland are estimated from relative heights of fluvial terraces of Penultimate Glacial age with respect to
those of Last Glacial age.
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Estimation of crustal strain from regional uplift data
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Figure 4. Estimating the amount of horizontal shortening across the Northeast Japan arc from regional uplift data
(Tajikara, 2004).
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Figure 5. [Left] Map showing recent vertical crustal movements and source areas of large interplate earthquakes. Blue
line contours indicate rates of uplift (in mm/yr) revealed by tide gauge observations during the period 1955-
1981 (Kato, 1983). Orange lines indicate source areas of interplate earthquakes of Mw > 7.0 since 1896. The
epicenter and source area of the 2011 Tohoku earthquake of Mw 9.0 are indicated by an asterisk and orange
shade, respectively. Open squares indicate tide-gauge stations; station numbers correspond to those in the
right figure. [Right] Selected tide-gauge records along the Pacific coast (Geographical Information Authority of
Japan, 2010). See the left figure for location. Red arrows indicate large earthquakes (Mw > 7.0) that occurred
near each station. Note progressive subsidence of the Pacific coast at rates as high as 5-10 mm/yr, except for
the Onahama station, which has likely been affected by coal mining.
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Strain/stress/uplift vs time in the NE Japan arc
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Figure 6. Strain buildup and release in the Northeast Japan arc as proposed by Ikeda (2005).
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Figure 7. Geologic evidence for an episodic (but gradual) uplift of the Pacific coast of eastern Hokkaido, most likely in
association with a large-scale decoupling event at the Kuril Trench (Sawai et al, 2004). The lower half of the
sediment column (left) consists of tidal flat mud intercalated with a muddy sand layer of tsunami origin. The
tidal flat deposits are overlain by peat, indicating an elevation change from intertidal to subtidal conditions.
Diatom assemblage analysis suggested that the coastal uplift was gradual.
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