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Difference of the seismic crustal structure between the n
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How elastic is the island arc crust?
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The earth’s crust is usually treated as elastic in the many studies. The term elasticity refers to a physical property of material
that recover their original shape after they are deformed. The elastic theory is very useful in data analysis and interpretation i
seismology and geodesy. On the other hand, elasticity of the crust is nothing but a first order approximation. It has not bee
thoroughly tested in which time scale, in which spatial scale, and to what extent the crust is elastic. These issues have impo
tant implications associated with tectonic loading of crustal faults, evaluation of seismic potential, and topographical as well as
geological structure development. As an example, we have found that there is significant inconsistency between geodetic ar
geologic deformation rates around active fault zones in central Japan such as the Atotsugawa Fault and the Itoigawa-Shizuol
Tectonic Line. Geodetically estimated fault slip rate is larger than geologic estimates by a factor of 2 to 3 there. Such an observe
tion strongly suggests that there exists significant amount of inelastic deformation, and a large part of the inelastic deformatiol
should be accommodated within the crustal blocks. Currently available geologic data about crustal strain rate are mostly relate
to fault offset and do not take deformation of the whole block into account. Thus it is important to develop appropriate methods
to estimate long-term deformation rate of crustal blocks. One possibility is to examine cumulative deformation of strata based or
seismic exploration and boring. Another possibility is to translate seismological properties such as attenuation and/or scatterin
coefficient into inelasticity. These possibilities should be investigated and derived results should be integrated into comprehensiv
modeling of deformation process of the Japanese island arc.
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Change in the stress field in the inland area of NE Japan after the 2011 Tohoku-Ok
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We have reported that the principal stress orientations changed after the 2011 Tohoku-Oki earthquake even in the inland are
far from the source area (Yoshida et al., 2012). A typical example of such areas with changed stress orientations is central Akit
Prefecture. We investigated amply the stress field in the inland area of Tohoku to further confirm the above results and to know i
detail the areas where the principal stress orientations changed after the 2011 Tohoku-Oki earthquake. In order to considerak
increase focal mechanism data, we picked P-wave initial-motion polarity data from original seismic waveform records observec
at many temporary seismic stations that are deployed in this area both before and after the Tohoku-Oki earthquake. Then w
determined focal mechanisms of those events. The number of well-determined focal mechanisms is 2835 and 4291 before al
after the 2011 Tohoku-oki earthquake, respectively. These numbers almost doubled the previous dataset. First, we estimat
the spatial variation of the stress fields in NE Japan before and after the Tohoku-Oki earthquake in each 50 km spaced gri
by applying the stress tensor inversion method. The results show that the estimated principal stress orientations significant
changed after the earthquake in three regions; northeast Miyagi Prefecture, central Akita Prefecture and southeast Tohoku ne
Iwaki city. The estimated orientations correspond to those of the static stress change caused by the coseismic slip of the Tohok
Oki earthquake.

Then, we estimated again the stress fields in those regions before and after the Tohoku-Oki earthquake in more detail. W
relocated hypocenters using the double-difference location method in the three regions, and applied the stress tensor inversi
method to those data by subdividing the regions. Although the change in the stress fields near Iwaki city was not significant du
to the existence of the depth variations of stress fields, the stress fields changed significantly in NE Miyagi Prefecture and centr:
Akita Prefecture. This suggests that the stress magnitudes in NE Japan are very low because the static stress changes are
about 1-3 MPa of differential stress. Another possibility is that the stress fields in NE Japan are spatially very heterogeneous wit
the scale< 10 km.

To confirm whether the stress magnitude has such a low value, we investigated the effect of the tidal stress on earthquak
rate. Tidal stresses were calculated including both the solid earth and ocean loading to focal mechanisms estimated above. T
phase distribution exhibits a strong influence of tidal shear stress increments in NE Japan both before and after the Tohoku
Oki earthquake. Statistical test shows that it is significant (Schuster, 1897). Using the formula by Dieterich (1987), which was
obtained through numerical simulations based on rate- and state-dependent friction law, we estimated the effective normal stre
from the phase distribution. Assuming a = 0.004-0.01, the effective normal stress is estimated as 1.0-2.5 MPa. This value i
roughly consistent with the value estimated using the change of the stress field after the 2011 Tohoku-oki earthquake.
Keywords: stress field, static stress change, focal mechanisim, tidal triggering, stress magnitude, frictional strength
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Report on the Fujikawa kako fault system™ Itoigawa-Shizuoka Tectonic Line seismic pro-

filing, FIST. (2) Deep structure
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Reinterpretation of the lithospheric structure beneath the Hidaka collisionzone, Hokkaido

Japan 2 Biratori-Obihiro Line
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The Hidaka region in the central part of Hokkaido Island, Japan is known as an arc-arc collision zone where the Kuril Arc
(southern part of eastern Hokkaido) has been collided against the NE Japan Arc (western Hokkaido) since the middle Miocene
This collision is a controlling factor for the formation of the Hidaka Mountains, the westward obduction of the middle/upper part
of lower crustal rocks of the Kuril Arc (the Hidaka Metamorphic Belt) and the development of the foreland fold-and-thrust belt.
A series of seismic reflection/refraction surveys from 1994 to 2000 revealed the collision and deformation processes occurring il
this region (e.g. Arita et al., 1998; Tsumura et al., 1999; Ito et al., 2002). As indicated by Tsumura et al. (2013, this symposium),
the high quality of these data sets has large potentiality to provide more clear collision image and new geological finding with
the use of more advanced processing and interpretation techniques including CRS/MDRS method.

This paper focus on the reanalysis for the data sets from "the Hokkaido Transect Project from 1998 to 2000”, which was mul-
tidisciplinary effort intended to clarify the structural deformation process associated with the arc-arc collision. The element of
the active source experiment in this project was composed of a 227-km seismic refraction/wide-angle reflection profile running
middle part of Hokkaido and three seismic reflection lines from the hinterland to the foreland (Biratori-Obihiro) crossing the
Hidaka Mountains.

The previous study for these data sets, mainly based on the forward modelling by the ray-tracing technique, revealed the coll
sion structure in the upper and middle crustal levels beneath the Hidaka Mountains, and a thick sedimentary package develop
beneath the fold-and-thrust belt (Iwasaki et al., 2004).

Generally, refraction/wide-angle reflection method and near-vertical reflection profiling are complimentary to each other.
Therefore, simultaneous evaluation for these two kinds of data set is expected to yield significant improvement for structura
modelling and its geophysical/geological interpretation. In the present analysis, seismic tomography analysis was applied to
combined set of a large amount of near vertical reflection data and the refraction data. This analysis was mainly undertaken t
confirm the validity of the upper 20-km crustal structure deduced from the previous result (lwasaki et al. 2004) and quantitatively
evaluate the resolving power of the data sets and the reliability of the structure model. The obtained image is well consistent witl
the previous result, showing a thick (4-5 km) undulated sediments in the hinterland, the outcrop of crystalline crust beneath th
Hidaka Metamorphic Belt with higher Vp and Vp/Vs, probably expressing the obduction of the middle/lower crustal materials,
and an enormously thickx8 km) sedimentary package beneath the foreland. The CRS /MDRS processing for the reflection
data provided clearer images of the base of the obducting lower crustal part of the Kuril Arc and shallow structural packages
within the fold-and-thrust belt. Furthermore, it succeeded in imaging eastward dipping events around 25-35 km depth beneath tr
Hidaka Mountains. These reflectors, which were not imaged by the previous conventional CDP processing, are situated belo
the offscrapped and thrust-up part of the Kuril Arc crust, probably representing the lower crustal part and uppermantle of the NE
Japan Arc. In several record sections of the wide-angle data, we can recognize weak later phases at a rather distant offsets
80-100 km). Their travel times are explained fairly well by the eastward dipping lower crust and Moho of the NE Japan Arc as
indicated by the CRS/MDRS imaging.
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3-D shear-wave velocity structure of the Japan subduction zone from teleseismic tomog

raphy
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Advanced use of refraction tomography using long-spread reflection seismic data for ex
ploring deep crustal structure

0000 ™oooYhLooooo?32oo0o0o?2
Kazuya ShiraisHi, Susumu Abg, Hiroshi Satd, Takaya lwasaKi

I(D)DDDDDDDDD,ZDDDDDDDDD
LJGI, Inc.,2Eathquake Research Institute, the University of Tokyo

(00000000000
0000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000
0000000000000010020km0000000000000050kmO0000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
000000000000000000000

(0000000000000000000000

000 50kmO000000000000000000000O0O0O000O000O0O0000000000000 25mO
0(000000000)000005m0000000000000000000000000000000000
15kmO000000000000000000000000000000000000000000000000000
00000000000 40000 150n0250mO00000000000000000 25m000 50m000000
00000000000000 100kgd0000000000000000000000 40000 100000000
0000000000000000030000000000000000005kmO000000000000000
oooO

(3)0000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
0000000000000000POOOOOOOO00OO
(00000000000000000000000000
0000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000 1000000000000000000000000000000000000000000000
00000000000000000000000000(O000000)0000000000000000000
0000 (000000)000000000000000000000000000000000000000000
0000000000000000000000000000000000000000
(5)00000000000000000000000
0000000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000000000000000000000000000000000000000000
00000000000000

gooobo:b0bodoo0, b0 bn, bbb bU0go, bbb oUo b o
Keywords: reflection seismic, refraction tomography, Mote Carlo uncertainty analysis, cascade tomography

1/1



Japan Geoscience Union Meeting 2013 ‘e < ;’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

SCG68-P04 go:booboboobo 00:50 230 18:15-19:30

0000000000000 00ooooooon _ o _
Reinterpretation of the lithospheric structure beneath the Hidaka collision zone, Hokkaido
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An arc-arc type collision between the northeastern (NE) Japan arc and the Kuril arc has formed Hidaka collision zone (HCZ)
in south-central Hokkaido Japan. From detailed geologic information, it is known that Kuril arc crust is thrusting westward on
the NE Japan arc along the Hidaka Main Thrust (HMT).

To clarify the subsurface structure of the deeper part, several reflection/refraction surveys across the HCZ were carried out i
the period from 1994 to 2000 by the group of University of Tokyo, Hokkaido University and Chiba University(e.g. Arita et al.,
1998; Tsumura et al., 1999; Ito et al., 2002, Iwasaki et al. 2004). The seismic profiles reveal that distinct east-dipping reflector:
are dominant in the eastern side of the HMT. Especially, in the Hidaka94-97 transects, the upper portion of the Kuril lower crust
is characterized by numerous east-dipping reflectors, whereas west-dipping reflectors dominate the lower part of the lower crus
From this reflector configuration, the lower crust of the Kuril arc is interpreted to be delaminated by the collision.

Recent results of travel time tomography showed that the existence of east-dipping high velocity zone at the eastern side of tt
HMT and low velocity zone intruded beneath the high velocity zone. These velocity images well coincide with the feature seen
in the reflection profiles in the shallower part. However, it seems that there are some disagreements between velocity images a
reflection profiles in the deeper part. Since it was difficult to argue rock composition only from the estimated velocities or from
reflection events, we examined to detect reflectors at the deeper extension of lower part of the lower crust by using multi-dip re
flection surface (MDRS) method(Aoki et al.,2010). MDRS analysis is an effective tool to emphasize the weak dipping reflections
and it provides us new information about a deeper part beneath the HCZ.
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High resolution seismic reflection profiling across the liyama fault, central Japan
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Calculated P-wave velocity for xenoliths from the lower crust beneath Shikoku
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Gravity anomaly and density structure in western Shikoku region
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Geophysical characteristics between Okino-erabu Island and Okinawa trough (Prelimi
nary results of GH12 cruise)
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Back-arc basins are extensional basins formed behind subduction zones by seafloor rifting or seafloor spreading. Back-a
seafloor spreading process is considered as similar to those of mid-ocean ridges. Likewise, back-arc rifting process is consider
as similar to mid-ocean rifting but is not clear because there are few examples of the back-arc rifting in the present. The Oki:
nawa Trough is a back-arc rifting basin of the Ryukyu arc, extending between the southwest Kyushu and north Taiwan. Sever:
evidences of magmatic activity such as dike intrusions and hydrothermal activities were found in the trough. However, it is still
not clear when these magmatic activities were initiated and how they proceed during seafloor rifting.

We carried out marine geophysical survey during GH12 cruise by R/V Hakurei from July 20 to 31. The survey area is be-
tween Okino-erabu Island and Okinawa trough in the middle of the Ryukyu arc. Sea surface geophysical mapping (bathymetry
magnetics and gravity) was conducted during the survey. We present preliminary results of the morphological and geophysic:
characteristics of the area.

Lower Bouguer anomaly (-40 to 20 mgal) is observed at Yoron basin, southwest area of Okino-erabu Island, and 30 km north
west area of Iheya Island. Comparing with the seafloor morphologies, these Bouguer anomalies suggest the presence of thi
sediments in the area. Sediment thickness of these areas gradually increases to the east. On the other hand, higher Boug
anomaly 20 mgal) is observed at north to northeast of Iheya Island and Okino-erabu spur. The highest Bouguer anomaly corre
sponds to the shallow area extending from Iheya Island. This shallow area including Iheya Island shows weak positive to negativ
magnetization. These geophysical observations may attribute to the pre-Neogene basement rocks which constitutes lheya Isla
In contrast, Yoron Island and Okino-erabu Island also are characterized by lower Bouguer anomaly and weak magnetizatior
Yoron Island is also constituted by pre-Neogene basement rocks, therefore the geophysical difference may come from the dep
to the basement rocks. Positive magnetic anomaly with moderate Bouguer anomaly is observed at Igyo-sone. Similar feature
accommodating with shallow topography can be observed toward southwest and form a chain. Considering the location and tt
trend of these anomalies, this may come from the magmatic activity related pre-volcanic Island-arc of Ryukyu-arc, continuing
from Kume Island. Several sea knolls are observed at western end of the survey area. These structures are considered to bel
to present volcanic arc from its location, but remarkable geophysical features are not found.

Above preliminary interpretations suggest that the magmatic activity of Ryukyu-arc is limited to the west of lheya Island. Al-
though the transition of magmatic activity between pre- and present volcanic-arc is not clear in our survey area, several magmat
activities related to the back-arc rifting, such as lheya knolls and Iheya minor ridge, are located just west to our survey area
Regional scale survey from Island-arc to back-arc is important to understand the back-arc rifting process.
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