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Automatic arrival time picking compared to manual picking (2)
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High-resolution crustal stress field in the focal region of the Western Nagano Prefecture

earthquake
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Heterogeneous structures in the source region of the 1891 Nobi Earthquake based on

dense linear array
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We deployed a dense seismic array along the source faults of the 1981 Nobi-earthquake (the largest magnitude intraplate ear
guake in Japan). The seismic array consisted of 98 temporary seismometers with spatial interval of about 1 km. We manuall
picked first arrival times of P and S-waves for local and intraslab earthquakes beneath the seismic array, based on JMA catalo
Then, we obtained a detailed velocity model along the source faults, applying the TomoDD-code. In addition, we calculated
receiver functions using teleseismic waveforms recorded by stations equipped with 1 Hz seismometers within the array, applyin
the spectral division.

The depth of hypocenters gradually deepens from NW to SE. At NW edge, we found out a localized low velocity layer near
the bottom of the seismogenic zone. This low velocity layer also gradually deepens toward SE. Most of earthquakes near th
faults occur along the periphery of high velocity bodies. We identified a high-velocity gap at depths around 20 km beneath the
source faults. Furthermore, the oceanic Moho of subducting Philippine Sea Plate is imaged around SE areas.
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Seismic velocity structure between the Nobi earthquake fault system and the Fukui eartl

guake fault system
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Vertical crustal movement around the northern Itoigawa-Shizuoka Tectonic Line Fault

Zone revealed by continuous GPS
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Stress accumulation mechanism in and around the Atotsugawa fault: Effect of crustal hel

erogeneity
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First, to estimate the stress field in and around the Atotsugawa fault with higher spatial resolution than previous report (Kat-
sumata et al., 2010), we added focal mechanisms for very small earthquakes.

Second, to explain the estimated stress field, we constructed a fault model using commercial finite element code ABAQUS
which allows us to incorporate non-linear viscoelasticity and crustal heterogeneity. Considering remarkable change in the crust:
structure, as well seen in the Bouguer anomaly, across the Atotsugawa fault, we systematically elaborated the effect of crust
heterogeneity on the stress accumulation rate on the Atotsugawa fault.

gooobo:b0bbogoo,bboboboooo,bbo0ogo,bog,obobooo
Keywords: Atotsugawa Fault, crustal heterogeneity, focal mechanism, stress field, FEM



Japan Geoscience Union Meeting 2011 d
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
SS5S028-07 00 :302 O0od:50 260 10:00-10:15

Joduofdodoooooopooogogoon
Internal Structure of the Median Tectonic Line, SW Japan revealed by a borehole core
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sitive and insensitive creep re
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Detection of Shear Heating from the Sanbagawa Belt nearby the Median Tectonic Line

by using Raman Spectral Analysis
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Recognition of shear heating has potential to help in estimating the shear stresses that operate on major faults when they mo
Surface heat-flow and fission track thermochronology in the vicinity of the major San Andreas Fault show no clear evidence for
major shear heating. This is commonly used to infer a much lower shear stress than that expected based on rock deformati
experiments. The cause of this discrepancy between experiment and observation remains unresolved. The Median Tectonic Li
(MTL) is the largest on-land fault of the Japanese Islands with a movement history from the Cretaceous to the present, and is
suitable candidate for studies of shear heating and to investigate whether a low degree of shear heating such as that associe
with the San Andreas Fault is a general characteristic of regional long-lived faults. Within the Ryoke belt to the north of the MTL,
a progressive younging of fission track ages towards the MTL suggests shear heating was important. However, the thermal stru
ture in the Sanbagawa belt to the south of the MTL has not been determined and the detailed thermal structure around the fault
not known. Our study aims to fill these gaps in our knowledge by clarifying the peak temperature attained in the Sanbagawa bel

A semi-continuous core passing through the MTL was recently drilled by AIST in the Kii peninsula. The availability of this
core enables us to conduct detailed analyses in key samples close to the fault. To study the broader thermal structure, we al
sampled on a kilometer scale and studied the regional structure using field mapping techniques. Pelitic rock is the main roc
facies of the Sanbagawa belt in the study area. This pelite was metamorphosed at temperé@deS and minerals suitable
for typical Fe""-Mg exchange thermometers are poorly developed. As an alternative way of estimating peak temperature, we
used Raman spectral analysis of carbonaceous material. Results show a consistent regional temperatt@e-@&4BYLC at
distances between 400 m and 4 km from the MTL. There is a significant rise within 200 m from the MTL to temperatures of
362°C - 408°C. These results show no evidence for a heat-anomaly on km-scales to the south of the MTL, but do show a cleal
temperature increase near the MTL. The spatial association of the heat-anomaly with the fault implies shear heating, but th
anomaly is only observed in a narrow zone close to the MTL.

To evaluate these results in terms of shear heating on the MTL, we compared them to the temperature distributions calculate
using simple analytical solutions for one-dimensional conductive heat flow with a planer heat source. Results of calculation:s
for single fault movements show a clear temperature increase in a narrow zone close to the Ta0@ (n from the fault), but
the duration times at high temperature nearby the fault are shott@0 years). In contrast, results of calculations for constant
slip rates show that high temperatures can be achieved near the fault if sufficient time has elapsed: of the order of 0.5 millior
years since the onset of fault movements. However, in this case the associated thermal anomalies are broad and developed ¢
distances of> "10km from the fault.

The thermal data obtained around the MTL show the characteristics different from the San Andreas Fault, and suggest th:
the shear heating can be generated by movements of regional long-lived faults. The heat anomaly in the Sanbagawa belt neat
the MTL and the results of the thermal calculations suggest that not only the heat conduction but also the other mechanisir
involved with the heat-transport of shear heating.

Keywords: shear heating, Median Tectonic Line, Sanbagawa belt, boring core, raman spectral analysis, carbonaceous materia
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core penetrating the MTL
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High-speed deformation by pressure solution creep along fault zones in upper crust
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Rheology profile across the Northeastern Japan
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Recent seismological and geodetic observations have shown the current lithospheric deformation of the northeastern Jap
arc (e.g., Hasegawa et al., 2005). These observations have shown a significant localization of GPS strains and concentration
shallow microseismicity along the Ou Backbone Range by the presence of hot upwelling flow including partial melts and water
from mantle wedge beneath the volcanic front. Furthermore, the number of reverse slip earthquakes have been generated alc
steep-dipping reverse faults implies the reactivation of pre-existing faults under the presence of overpressured fluids (Sibsol
2009). However, despite close distributions between the presence of fluids (water and melt) and reactivated fault systems on r
cent earthquakes, the effects of fluids and pre-existing fault systems on the present-day lithospheric deformation and earthqua
generation have not been quantitatively evaluated yet.

In order to predict the present-day lithospheric strengths across the NE Japan, | construct two dimensional strength profile
using the petrological model and geophysical observations for NE Japan combined with recent development in rock mechanic
The calculated strength profiles are compared with the distribution of microseismicity and geodetic strain field in the NE Japan
Based on the profile, | discuss the possible roles of fluids and pre-existing fault systems on fault reactivation.

The lithospheric strengths are calculated using frictional and ductile constitutive laws as a function of temperature, pressur:
and strain rates of the lithosphere. A petrological model of the NE Japan based on the laboratory measurement of seismic veloci
by Nishimoto et al (2005) was adopted: granite for the upper crust, hornblende gabbro for the lower crust, and spinel lherzolite
for the upper mantle. The geodetically determined horizontal east-west strain rate of aboyt {idiura et al., 2004) was used
to calculate the lithospheric strengths along the seismic profile across the Northen Honshu, Japan by lwasaki et al. (2001).

The calculated strength profiles explain patterns of present-day geodetic strain accumulation and shallow seismicity along th
Ou Backbone Range. Laboratory derived flow laws also reproduce the presence of weak zones by mechanisms likely operated
the lithosphere (e.g., partial melting and shear zone development). The strain localization into weak zones efficiently accumulate
elastic strains at the base of upper seismogenic faults locked during interseismic periods (e.g. Ando and Okuyama, 2010). Th
may result in the reactivation of pre-existing fault systems in the NE Japan.
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Modeling fault development and mountain building along the Backbone range, NE Japan
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In northeastern Japan, many intraplate earthquakes occur on preexisting normal faults that are reactivated as reverse faults d
ing shortening deformation (Sato, 1994). Stress-concentration processes, caused by the presence of heterogeneous rheoloc
structures, are important for the reactivation of particular faults. It is acknowledged that the presence of aqueous fluids weaker
the crustal rock beneath the Ou Backbone range to a greater extent than that in the surrounding area; this leads to shortening
formation in the lower crust beneath the range, which in turn induces the development of faults in the upper crust (e.g., Hasegaw
et al., 2003). Okada et al. (2010) found a distinct low-velocity region below the focal area of the 2008 Iwate-Miyagi inland
earthquake and suggested that the crustal fluids were related to the occurrence of this earthquake. A crustal thermal structure a
affects the generation process of inland earthquakes. Yoshida et al. (2005) pointed out that crustal thermal structures have be
affected by intensive magma intrusions to form large magma storages beneath the late Miocene to Pliocene calderas. To moc
fault development and mountain building in northeastern Japan, we need to consider crustal thermal structures, the presence
aqueous fluids, and preexisting weak faults.

We model fault development and mountain building all over northeastern Japan by considering viscoelasticity and elasto
plasticity using a finite element code (Shibazaki et al., 2008). Recently, dense geothermal observations were carried out usir
Hi-net boreholes (Matsumoto, 2007). As a first step, we consider a geothermal structure based on Hi-net geothermal observatio
(Matsumoto, 2007) and the geothermal gradient data provided by Tanaka et al. (2004). On the basis of the rheological mod
developed by Muto (2010), we consider power-law creep for three layers: the upper crust (wet quartzite), the lower crust (we
anorthite), and the uppermost mantle (wet olivine). We also set the frictional angle to 15 degree. By giving an E-W contraction
velocity of 0.2 cm/year, we examine the manner in which faults develop and mountain building occurs. Numerical results show
that east- and west-dipping reverse faults develop in the high thermal gradient regions, and mountains that correspond to the (
Backbone range are built up. In some areas, simulated fault geometry is not consistent with the observed fault geometry. Fc
example, the strain concentration zone in the northern Miyagi prefecture cannot be reproduced in the model. To model the strai
concentration zone in this region, the effects of water on the model of crustal deformation should be taken into account. We repo
the numerical results considering the non-uniform distribution of water fugacity and frictional strength.
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Detailed seismic activity beneath the Nikko-Ashio area revealed by a tomographic analy:
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The Nikko-Ashio area, the northwestern part of Tochigi prefecture, is one of the most seismically active regions in Japan. Tec
tonic background in the region is dominated by the Pacific plate subducting westward from the Japan Trench. The area is locate
on the southeast end of the volcanic front expanding from the Tohoku to the Kanto. Active volcanoes such as Mt. Shirane an
Mt. Nantai and also active faults such as the Uchinokomori fault are in the region. A large amount of shallow earthquakes abou
6,000 ~ 8,000 a year have been observed around active faults by the routine observations of the Earthquake Research Institi
(ERI). The specific characteristics of the activity are as follows: 1. Earthquakes are mainly located in two regions. 2. Earthquake
separate into clusters. 3. Most earthquakes occur within a depth of 15 km. 4. The distribution tends to shallower toward Mt.
Sirane. 5. Obvious SxS and SxP phases reflected from a crustal discontinuity are in the seismograms. 6. Deep low frequen:
earthquakes at depths of 20 to 40 km occur beneath the region.

Recently, many researchers have investigated what factors cause inland crustal earthquakes. Understanding of the Nikko-Ast
earthquakes will provide information concerning the construction of solutions.

To now we conducted time series analyses and travel time analyses for Nikko-Ashio data. We have obtained some informatio
concerning velocity structures and seismic distribution..Low-frequency earthquakes have occurred about one a month, but som
times more than dozens of them occur at a time. After that, shallow earthquakes obviously increase. From a tomographic stuc
we have found that low-frequency earthquakes occur at the edge of high Vp/Vs areas and high Vp/Vs, low Vp and low Vs area:
spread widely at depths of 20 to 30 km. We interpret that low-frequency earthquakes occur as the results of ascending magn
flow and intermittent rapid magma flow causes many low-frequency earthquakes at a time. Upwelling magma flow accumulate:
at a depth of 20 km and the dehydration from the magma weaken the strength of the crust and causes shallow earthquakes.

In this report, we investigate precise earthquake distribution to obtain an improved understanding of these systems connect:
with magma or fluid. In the seismograms, there are many similar earthquakes. We adopt tomoDD inversion method to the trave
time data with those wave correlation data during the period from April, 2002 to December, 2009.
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Migration of elements accompanied by the development of cataclasites in borehole pene

trating the Median Tectonic Line
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Development of intrafolial folds at deeper extension of seismogenic fault
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