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Figure 1. Empirical scaling laws for interplate earthquakes that occurred in island-arc subduction

zones (Fujii and Matsu  ura, 2000). Source parameters: L, length;W ,width; D, amount of

slip.
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amount of slip.

- 693 —



i

Thick.skinnadl:
- domains.

(X
< ‘6\"\0 Q

- SB2NN
© seismic lines

' Toyama trough

~Thin-skinned
©°  domain _

Legend

———— Normal fault
(presently inactive) 4

Reaclivated
reverse fault

~—vv  Reverse fault

 nal

R

53R A, FUL AN 51 2 AT (> 7 ) & 2 % 4) 2 MRS BT (A ~ D) DR,
ARG TR (BRI - 408, 2002 12 & 4). WEEOMSERIEAMARIC & % R EEAH
#. Okada & Ikeda (2011) (2 & %.

Figure 3A. Zone of concentrated deformation (indicated by pink color) in the backarc region of the

Northeast Japan arc (Okada and Ikeda, 2011). Thin red lines indicate active faults.
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Figure 3B. Geologic cross sections and gravity anomaly along transect A. 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 geologié
section before Miocene extension.
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Figure 3C. Geologic cross sections and gravity anomaly along transect C.
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Contours are at
10 meter interval.

Note:

+ Rate of uplift
=0.22-0.32 mm/yr
(averaged over the area)
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caused by active faults and
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(Tajikara, M., 2004,
Dr. thesis, Univ. Tokyo)
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Figure 4. Vertical displacement of the middle part of Northeast Japan
during the past ~ 120 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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Assumptions:

(1) Isostatic balance

(2) No volumetric change
éNS + Ggw + & =0

(3) No arc-parallel deformation
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— [ My volcanic
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D |crustal thickness
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mmfy denudation eolian materials shortening ?
=0.02-0.04 =-0.01 mm/y
. S Crustal shortening rate < 6~8 mmiyr
L]

Strain rate (= egy, = -6,) < 3~4 x 108 syrainyyr

(Tajikara, M., 2004, Dr. thesis, Univ. Tokyo)
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Figure 5. Estimating the amount of horizontal shortening across the
Northeast Japan arc from regional uplift data (Tajikara, 2004).
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Figure 6. [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.

interface is needed to subside the Pacific coast at a maximum rate ~ 10 mm/yr.

[Bottom] Geometry of plate interface along the same transect as of the top
figure. Hypocenters and P-wave velocity structure in the background are
after Hasegawa (1994). Red and blue thick lines indicate the areas of plate
coupling.
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Figure 7. [Top] Pattern of interseismic deformation along a transect crossing the

Ojika Peninsular in a direction perpendicular to the Japan Trench. See the
bottom figure for the geometry of the plate interface along the transect.
Calculation was performed by using a dislocation model in an elastic half
space. Red line curve shows interseismic deformation caused by shallow
coupling (Red thick line in the bottom figure) on the plate interface at 0 ~
50 km depths. Blue-line curve shows interseismic deformation caused by
deep coupling (Red thick line plus blue thick line in the bottom figure) at 0
~ 100 km depths. A uniform back-slip rate of 50 mm/yr over the deeply
coupled plate interface is needed to subside the Pacific coast at a maximum
rate ~ 10 mm/yr. [Bottom] Geometry of plate interface along the same
transect as of the top figure. Hypocenters and P-wave velocity structure in
the background are after Hasegawa (1994). Red and blue thick lines indicate
the areas of plate coupling.



Strain/stress/uplift vs time in the NE Japan arc
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Figure 10. Geologic evidence for an
_ ; episodic (but gradual) uplift of the Pacific
2 coast of eastern Hokkaido, most likely in
association with a large-scale decoupling
sand —— event at the Kuril Trench (Sawai et al.,
2004). The lower half of the sediment
 m— R~ Dvesieic column (left) consists of tidal flat mud
,5“" PPTPRY SR I e, o intercalated with a muddy sand layer of
Land level finferred) tsunami origin. The tidal flat deposits are
g 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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