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生した 3つの大地震は、これら 3種類の異なるタイプ
の地震でした。
　それぞれのタイプの地震の発生メカニズムについて
考えてみましょう。

●岩手・宮城内陸地震
　6月 14 日 8 時 43 分に発生したM7.2 の地震は、内
陸地震であり、震源の深さは約 8kmです。この地震に
より、岩手県と宮城県で最大震度 6強の強い揺れを記
録しています。地震発生後に実施した臨時地震観測な
どから、長さ約 45km、幅約 15km の西側に傾斜した
震源断層が、岩手県から宮城県にかけて広がっていた
と考えられます。この地震の震源域ではこれまで活断
層は見つかっていませんでしたが、地震発生後の詳細
なトレンチ調査により、今回の地震による地表変形が
観測された地域では過去 1万年の間に少なくとも 3回
の大地震の発生を示唆する地層のズレが見いだされま
した。いままで知られていなかった活断層に関連した
地震である可能性が高まっています。
　太平洋プレートと陸のプレートとの境界には、アス
ペリティ（固着域）と呼ばれる領域があり、そこでは
二つのプレートが互いに固着しています。この影響に
より、東北地方は東西方向に圧縮され（図 1の黄矢印）、
内陸部の断層周辺でも圧縮変形が生じます。この変形
は時間とともに進行し、ついには断層を急激にすべら
せることとなります。これが内陸地震の発生です。規
模の大きな内陸地震が繰り返し発生して、地表の変形
が積み重なると、地形の段差や崖などが形成される場
合があります。このような地形があると、活断層の存

　今からちょうど 30 年前の 1978 年 6 月 12 日に宮城
県沖でマグニチュード（M）7.4 の地震が発生し、宮城
県を中心として死者 28 名、負傷者 1,325 名、全壊住家
1,183棟の被害が生じました。宮城県では6月 12日を
「県民防災の日」と定めて、毎年、防災訓練などを実施
しています。今年は前回の宮城県沖地震から 30 年が
経過した節目の年でもあり、宮城県内の市町村が参加
した大規模な訓練（災害情報伝達・収集訓練等）が行
われました。その 2日後の 6月 14 日に岩手・宮城内
陸地震（M7.2）が発生し、死者 13 名、行方不明者 10
名、全壊住家 28 棟の被害がでました。この地震の 35
日後には福島県沖でM6.9 の地震が、さらに 5日後に
は岩手県沿岸北部でM6.8 の地震が発生しました。41
日間に大きな地震が 3回発生して、甚大な被害が生じ
た東北地方で何が起こっているのでしょうか？

●それぞれ異なったタイプの地震が発生した
　地震列島と呼ばれる日本では多数の地震が発生して
いますが、それらの地震にはいくつかのタイプがあり
ます。地震の発生場所の違いにより分類した地震のタ
イプを図 1に示します。この図は東北地方を東西に横
切る断面図です。東北地方の陸のプレートの下に太平
洋プレートが1年間に約8cmの速さで沈み込んでいま
す。陸のプレートでは、地表の活断層と関連した内陸
地震がときどき発生します。また、太平洋プレートと
陸のプレートの境界では、数十年から数百年ごとに大
きなプレート間地震が発生します。さらに、太平洋プ
レートの内部ではプレート内地震がまれに発生してい
ます。2008 年 6 月 14 日から 41 日間に東北地方で発

図 1　様々なタイプの地震。

41日間の地震見本市41日間の地震見本市
　　～最近の東北地方の地震活動～　　～最近の東北地方の地震活動～
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Coseismic fault model of the 2008 Iwate-Miyagi Nairiku earthquake deduced
by a dense GPS network

Yusaku Ohta, Mako Ohzono, Satoshi Miura, Takeshi Iinuma, Kenji Tachibana,
Kota Takatsuka, Kayo Miyao, Toshiya Sato, and Norihito Umino

Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of Science, Tohoku University, Sendai 980-8578, Japan
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A large earthquake of Mj 7.2 occurred on June 14, 2008, beneath the border between Iwate and Miyagi pre-
fectures in northeastern Japan. We propose a simple rectangular fault model based on a dense GPS network,
including continuous GPS sites run by four agencies, to describe the coseismic deformation. The coseismic
displacements are estimated by kinematic PPP (precise point positioning) analysis. Near the hypocenter, co-
located independent instruments (integrated accelerogram and kinematic PPP) measure the same large displace-
ment caused by the mainshock. The fault model explains the observations well and reproduces the observed
complex spatial pattern, especially around the northern part of the focal area, which is the focus of a debate on
whether or not the coseismic slip occurred on the Dedana fault system. Our results show that no major slip on
the Dedana fault system occurred. The estimated amount of moment release was equivalent to Mw 6.9, and the
maximum slip reached 3.5 m on the southern sub-fault.
Key words: 2008 Iwate-Miyagi Nairiku earthquake, kinematic GPS, coseismic fault model.

1. Introduction
The 2008 Iwate-Miyagi Nairiku (inland) earthquake

(hereafter IMEQ) occurred beneath the border between the
Iwate and Miyagi prefectures in northeastern (NE) Japan
at 08:43 JST, 14 June 2008. The focal mechanism pro-
posed by the National Research Institute for Earth Science
and Disaster Prevention (NIED) suggests that a reverse fault
motion occurred with a west-northwest (W-NW) to east-
southeast (E-SE) compression axis (Fig. 1). Miura et al.
(2002, 2004) found the existence of a notable strain con-
centration zone with an E-W contraction along the Ou back-
bone range (OBR), where the Volcanic Front runs through,
using continuous GPS measurements. This E-W contrac-
tion zone also shows a higher shallow earthquake activity,
with most activity occurring in the upper crust, similar to
the focal areas of large inland earthquakes, such as the 1896
Riku-u earthquake (M 7.2; see Matsuda et al., 1980), the
1970 Southeastern Akita earthquake (M 6.2; Hasegawa et
al., 1974, 1975), Shizukuishi earthquake (M 6.1; Umino et
al., 1998; Miura et al., 2000), and so on. The main shock
of the IMEQ and its many aftershocks were located within
this tectonically active region. Furthermore, an active fault,
denoted the Kitakami-Teichi Seien Fault Zone (KTSFZ) ex-
ists close to the IMEQ focal area. The KTSFZ is composed
of several small active faults and the southernmost fault is
called the Dedana Fault (DF). In this paper, we describe the
coseismic displacement field observed with our dense GPS
network and GEONET sites, and we discuss the character-
istics of the coseismic fault model and its relationship to the

Copyright c© The Society of Geomagnetism and Earth, Planetary and Space Sci-
ences (SGEPSS); The Seismological Society of Japan; The Volcanological Society
of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sci-
ences; TERRAPUB.

fault systems around the rupture area.

2. Data and Analysis
GEONET, a nationwide GPS network composed of more

than 1,200 stations, was established by the Geographical
Survey Institute (GSI) (e.g. Hatanaka, 2003). There are
not enough GEONET sites near the OBR because of the
area’s mountainous topography. For moderately sized in-
land earthquakes with magnitudes between 6 and 7, the
spatial density of GEONET is insufficient for determining
detailed coseismic fault motion. Between 1994 and 2003,
Miura et al. (2006) established 13 new continuous GPS
stations in Miyagi and Iwate prefectures to complement
GEONET and improve sampling resolution of the inter-
plate slip expected during the predicted Miyagi-oki earth-
quake. In addition, in October 2007, the Japan Nuclear
Energy Safety Organization (JNES) established a new con-
tinuous GPS array along an E-W traverse running through
the northern end of the IMEQ focal area and across the DF
(Fig. 1) with the aim of studying methodology for improv-
ing the seismic safety of nuclear installations through seis-
mic risk evaluation. The National Astronomical Observa-
tory of Japan (NAO) also operated three GPS sites in Mizu-
sawa, to the east of KTSFZ on the same traverse as JNES
stations.
We have aggregated the data from the continuous GPS

stations from four different institutions, including Tohoku
University (TU), GSI, JNES, and NAO. The GPS data
were sampled at 1-s, 30-s, or 1-min intervals, depending
on the receiver type and telemetry system. Dual-frequency
receivers were deployed at all stations. Data from the TU
and JNES networks are transmitted on a public telephone
line or broadband Internet every day.
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Fig. 1. Location map of GPS sites around focal area. OBR denotes the
Ou Backbone Range. Red rectangular represents the study area. The
aftershocks measured by the group for the aftershock observations of
the Iwate-Miyagi Nairiku earthquake in 2008 (GIMNE2008) between
14–17 and 20 June 2008 are shown by colored circles. The sizes of
each circle are proportional to the magnitude of the earthquake. Gray,
black, and open circles denote GPS sites operated by Tohoku University,
JNES, and NAO, respectively. Open diamonds represent GEONET
GPS sites. The earthquake mechanism is determined by NIED. Black
triangle denotes Mt. Kurikoma. The thin dashed rectangle and the
thick rectangle indicate the Kitakami-Teichi Seien Fault Zone (KTSFZ)
and the Dedana Fault (DF), respectively. Thin dashed lines denote
prefecture borders.

Precise point positioning (PPP; Zumberge et al., 1997)
kinematic analysis coupled with GPS measurement has re-
cently become one of the preferred methods for observing
dynamic crustal deformations (e.g. Kouba, 2003; Takasu,
2006). We used GPSTools version 0.6.3. (Takasu and Ka-
sai, 2005), which is a GPS processing suite developed in
Japan, to process the data using the kinematic PPP strategy.
The PPP method uses data such as precise ephemeredes,
GPS satellite clock corrections, and earth rotation parame-
ters provided by various analysis centers, such as Interna-
tional GNSS Service (IGS), to precisely estimate the site
coordinates without any reference sites. We processed 14
and 15 June for kinematic PPP solutions by dual frequency
analysis. The time-dependent unknown parameters (three-
component coordinate, zenith tropospheric delay, and sta-
tion clock) are estimated using an extended Kalman filter
(forward/backward). Carrier phase ambiguities were not re-
solved. The GPS receiver coordinates were estimated using
a strictly constrained random walk stochastic model (ran-
dom walk sigma is 10 mm s−1/2) every 5 min (required be-
cause data from each GPS site were sampled at different
intervals). Most kinematic earthquake studies adopted for
the independent (white noise) stochastic model because of
these studies seek unbiased dynamic displacements, such
as seismic wave passing (Larson et al., 2003; Ohta et al.,
2006). In this study, our aim was to detect the coseismic
step. Therefore, some level of correlation between the po-
sitions is negligible. The strictly constrained random walk

model also produces a low-scatter time series. The N-S,
E-W, and up-down component for the root mean square
(rms) error for five epochs of all GPS stations before the
earthquake are 5.2, 4.3, and 10.4 mm, respectively. In this
study, we adopted the IGS final products (Dow et al., 2005).
The IGS final orbits and clocks are provided in the IGS05
reference frame. Consequently, the position solutions are
also defined within the IGS05 reference frame. Following
kinematic PPP processing, we chose GEONET site 950154
(Iwasaki), located about 200 km NW of the epicenter (not
shown in Fig. 1), as the reference site to remove the satellite
origin’s common-mode noise.

3. Results and Discussion
3.1 Coseismic displacement detection by kinematic

GPS analysis
Kinematic or sub-daily GPS processing can detect exact

co-seismic displacements, whereas daily analyses can be
contaminated by a mixture of true coseismic and short-term
postseismic signals (Miyazaki and Larson, 2008). Figure 2
shows an example of the kinematic GPS coordinate time
series with a 5-min interval at the ICNS station located
2.5 km southwest of the epicenter (see also Fig. 1), which
is the nearest GPS site to the hypocenter. It is clear that
the kinematic PPP strategy successfully detects the large
coseismic step of the mainshock. We defined the coseismic
displacement as the difference averaged over 25 min (five
epochs) before and after the mainshock. If any GPS station
experienced a power outage after the main shock (shortest
power outage was for 2 h, and the longest power outage
reached 3 days), we defined the coseismic displacement as
the difference averaged over 25 min before and after the
power outage. We summarize the coseismic displacements
in Table 1 for all GPS sites used in this study and show the
coseismic displacements for nearby GPS stations in Fig. 3.
Near the hypocenter, co-located independent instruments

measure the same displacements. As shown in Fig. 2,
the ICNS station clearly undergoes horizontal and verti-
cal displacements, with magnitudes of 44 cm (east), 34 cm
(north), and 156 cm (up). NIED (2008) also reported co-

Fig. 2. Time series of coordinates at the ICNS GPS station with respect
to 0154 (Iwasaki), estimated every 5 min using kinematic PPP analy-
sis. Shadowed areas denote power outages. Notable coseismic displace-
ments of 44 (east), 34 (north), and 156 cm (up) are clearly recorded.
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Table 1. Coseismic displacements estimated by kinematic PPP analysis at each GPS station used to develop the coseismic fault model in this study.
Stations were ordered in increasing longitude through the network. Some sites are located outside of the figures. TU: Tohoku University GPS
network, JNES: Japan Nuclear Energy Safety Organization (JNES) GPS array, NAO: National Astronomical Observatory of Japan (NAO), GEONET:
GEONET sites operated by Geographical Survey Institute (GSI).

seismic displacements, which were obtained by integrat-
ing the accelerogram at the Ichinoseki-nishi seismic sta-
tion, which was located 200 m away from the ICNS GPS
station. NIED found displacements of 45 cm east, 44 cm
north, and 140 cm up (NIED, 2008). Integrated seismogram
records are possibly contaminated by biases during the inte-
gral operation, which may degrade the signal-to-noise ratio.
Within this context, the fact that these two independent data
sets show approximately the same coseismic displacements
suggests that the displacements observed are independent
of instrument type and are caused by actual ground motion

associated with the mainshock.
3.2 Fault model of the mainshock
A detailed aftershock distribution was obtained by the

dense temporal aftershock observation network. This tem-
poral seismic network is operated by group for the af-
tershock observations of the Iwate-Miyagi Nairiku earth-
quake in 2008 (GIMNE2008, hereafter). GIMNE2008
(2008) determined the precise aftershock distribution using
the double-difference hypocenter determination technique
(Zhang and Thurber, 2003) to reveal a coseismic fault dip-
ping west-northwestward in the northern part of the focal
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Table 2. Model fault parameters consisting of two rectangular faults. Longitude, latitude, and depth denote the location of the upper-left corner of each
rectangular fault plane, looking down from the hanging wall side.

Fault plane Longitude Latitude Depth Length Width Strike Dip Rake Slip

(degree) (degree) (km) (km) (km) (degree) (degree) (degree) (m)

North 140.979 39.109 0.46 20.57 12.06 195.2 44.9 105.5 1.83

South 140.907 38.927 0.40 12.57 10.10 225.3 25.0 80.9 3.53

Fig. 3. Comparisons between observed and calculated coseismic displacements. (a) Horizontal displacements and (b) vertical displacements. Black
arrows and bars denote observed displacements caused by the IMEQ main shock with their associated error ellipses. White arrows and bars indicate
calculated displacements from the estimated fault model. The model fault geometry is shown by the red rectangles with broken and solid lines
indicating the lower and upper edges of the faults, respectively. The blue diamonds denote significant surface ruptures and deformations found by
AIST (2008). The red triangle represents Mt. Kurikoma. The white star denotes the mainshock epicenter.

area. In contrast, the southern part shows a slightly lower
dip angle relative to that of the northern part (Fig. 1). The
National Institute of Advanced Industrial Science and Tech-
nology of Japan (AIST) (2008) found significant surface
ruptures and deformation based on field surveys. These sur-
face ruptures were formed coseismically and are character-
istic in thrust faulting around the eastern edge of the focal
area (Fig. 3). These observations also suggest that coseis-
mic fault motion generates ground rupture and deformation.
Based on the aftershock distribution and surface deforma-
tions, we assume that the W-NW dipping fault planes also
apply for the coseismic deformations. The rectangular fault
parameters in an elastic half space (Okada, 1992) were esti-
mated by inversion analysis with a priori information. It is
well known that inversion results depend on a priori infor-
mation. We constrained the fault plane location (latitude
and longitude, 0.01◦ limitation to change), length (5 km
limitation), and dip angle (5◦) for the inversion analysis,
and we changed the initial value by trial and error process.
The estimated fault parameters are listed in Table 2. Our

very simple model explains the data well and reproduces
the complex spatial pattern, especially in the northern part
of the focal area (Fig. 3). The vertical component also
basically successfully reproduces the observed one. At
the ICNS station, however, the model fails to explain the
NW horizontal displacement, and the vertical component
of 0913 and the ICNS station are not consistent with the
observed one. These discrepancies may have been caused
by slip heterogeneity along the fault. The estimated seismic
moment of the mainshock was 2.70×1019 N m, which cor-
responds to Mw 6.9. The coseismic slip reaches 3.5 m on

Fig. 4. (a) GPS displacements identified in Fig. 3. The red diamonds
denote significant surface ruptures and deformations found by AIST
(2008). Red rectangles denote the coseismic fault model. The dashed
blue rectangle denotes the approximately area of the E-W displacement
profiles shown in (b). Red triangles represent Mt. Kurikoma. (b) The
E-W profile of eastward displacements. Solid circles represent observed
displacements at each GPS station. Open circles represent calculated
displacements from the coseismic fault model. Shadow belts denote the
surface trace of the DF.
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the southern fault, but on the northern fault, it is less than
2 m.
3.3 Relationship between the Dedana fault and the

mainshock
The JNES sites provide a strong constraint for estimating

the coseismic fault parameters. It is clear that the HMYO
(JNES) and ISBD (JNES) stations are located on the hang-
ing wall side and near the edge of the fault plane because of
the horizontal displacement vectors showing NE displace-
ments. In contrast, OWKY (JNES) and 0796 (GEONET)
are located on the footwall sides of the fault plane be-
cause of the horizontal vectors directed north-northwest
with small displacements (Fig. 3(a), 4). Figure 4(b) com-
pares the observed eastward displacements with the theo-
retical ones calculated from our fault model. The location
of the upper edge of the model fault is obviously different
from the surface trace of the Dedana fault. The GPS data
suggest that the upper edge of the coseismic fault is located
several kilometers west of the surface trace of the Dedana
fault (Fig. 4). The estimated depth of the northern part’s
upper edge is less than 1 km (Table 2). We can therefore
conclude that IMEQ occurred on an unidentified fault sys-
tem, and not that of the Dedana fault. This result has pro-
vided an important constraint for investigating the process
of strain accumulation around the Dedana fault.

4. Conclusion
We propose a coseismic fault model for the 2008 Iwate-

Miyagi Nairiku earthquake (Mj 7.2) deduced using data
from a dense GPS network. The coseismic displacements
were estimated by the PPP kinematic approach. The results
indicate that a simple rectangular fault model could explain
observations, except for the data at the ICNS station, prob-
ably because of heterogeneity in the slip distribution. The
amount of moment release was estimated to be Mw 6.9. The
coseismic slip reached 3.5 m on the southern fault. Based
on the GPS data, we conclude that the coseismic slip of the
mainshock did not occur on the Dedana fault system.
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Abstract

We detected an aseismic slow slip event on an inland active fault in the seis-

mogenic layer based on the GPS observation directly above the event, which

is induced by The 2008 Iwate-Miyagi Nairiku Earthquake (Mj 7.2, on 13

June 2008) that occurred on a nearby but separated fault. The induction

of the event suggests that the release of strain energy due to aseismic slip

on active faults like this case causes misestimations of seismic risks of the
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inland active faults, however, such small aseismic slip events are difficult to

be detected by existing GPS network because the density of the observation

sites is not enough. We also detected postseismic slip on the coseismic fault

of the 2008 Iwate-Miyagi Nairiku Earthquake and found the zones of co-

and post-seismic slip do not mutually overlapped based on a time dependent

inversion analysis of the displacement time series that is estimated from con-

tinuous GPS data observed by temporal dense array that was constructed

immediately after the main shock had occurred. This spatial partitioning

of the stable and unstable sliding zones indicates the validity of the asper-

ity model, which is being accepted as an explanation of the process of the

earthquake generation and repetition on the plate boundary, with respect to

earthquakes that occurred on the inland active faults. The spatial variation

of the coupling strength on the inland active fault in the seismogenic layer

suggests that the precise mapping of the asperity on the inland faults is nec-

essary to improve the accuracy of the seismic hazard assessment with respect

to the inland active faults.

Key words: Slow slip event, Inland active fault, The 2008 Iwate-Miyagi

Nairiku Earthquake, Slip partitioning, Asperity model

1. Introduction

The earth’s crust in the Tohoku district, northeastern Japan, is contracted

in the east-west direction because the Pacific plate is subducting beneath

the overriding continental plate (Fig. 1)(El-Fiky and Kato, 1999; Hasegawa

et al., 2000; Suwa et al., 2006). Large earthquakes repeatedly occur on the

plate boundary and release most of the accumulated strain energy due to the
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contraction. However, small portion of the accumulated strain causes inland

earthquakes that occur on active faults and have longer recurrence interval

(more than thousands of years) than interplate earthquakes (several decades

to several hundreds years).

The Kitakami-Teichi-Seien Fault Zone (KTSFZ) is one of such active fault

zone located in the middle of the Tohoku district (Fig. 1). The Headquarters

of Earthquake Research Promotion (HERP) of Japan reported that the fault

zone acted at least twice in the recent thirty thousands years, and they

estimated the magnitude of the potential earthquake as 7.8 from the length of

the fault zone, the dislocation per event, and empirical low between the size of

earthquake and the length or the slip amount of the fault(The Headquarters

of Earthquake Research Promotion, 2001). Recent GPS observation revealed

that this fault zone locates in the strain accumulated zone(Miura et al.,

2004). In order to grasp the precise strain accumulating process around the

fault zone, we newly constructed a dense GPS array crossing the Dedana

Fault (DF), which composes the southernmost tip of the KTSFZ, in October

2007 so as to complement the sites of GEONET, which is a nationwide GPS

observation network managed by the Geographical Survey Institute of Japan

(GSI) and whose average interval of observation sites is about 20 km in

the Tohoku district while the average separation distance of the new array

is about 4 km. The investigation project around the DF is conducted by

Japan Nuclear Energy Safety Organization (JNES) to establish evaluation

techniques of seismogenic faults.

The 2008 Iwate-Miyagi Nairiku (”Nairiku” means ”inland”) Earthquake

(Mj 7.2, hereafter we call it ”IMNE.”) occurred on 23:43, 13 June 2008 (UT)
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around the boundary between the Iwate and Miyagi Prefectures, Tohoku

district. The hypocentre locates at about 20 km southwest to the DF, and no

active fault of high seismic risk has not been confirmed in the neighbourhood

of the hypocentre until the occurrence of the IMNE. Sato et al. (2008a)

suggested that a rupture of deeper extension of a fault, which composes

northern part of the ”Mochikorobashi–Hosokura Tectonic Zone”, caused the

IMNE, rather than any activity of the KTSFZ caused it.

We constructed a temporal GPS network in order to measure the postseis-

mic deformation associated with the IMNE immediately after its occurrence,

and obtained the displacement time series by analyzing GPS data that ob-

served at all GPS sites around the hypocentral area. We present two notable

phenomena revealed by the analyses of the displacement time series data in

this paper. First, an aseismic slip event on a nearby but separated active

fault in the seismogenic layer has induced by the mainshock. Second, spatial

partitioning with respect to the slipping style (stable and unstable sliding)

on the coseismic fault is confirmed. The implications of these findings are

discussed.

2. Postseismic deformation of the IMNE

We estimated daily site coordinates based on the baseline analysis by

applying the Bernese Processing Engine of the Bernese GPS Software Version

5.0 to GPS data that are observed all sites, including the permanent sites of

GSI, Tohoku University, JNES, and the National Astronomical Observatory

of Japan (NAO), and our temporal sites that were constructed after the

IMNE mainshock, in the study area. The data from October 2007 to July



� ´µ �

2008 is analyzed. We used final satellite orbits and earth rotation parameters

provided by the International GNSS Service. The site coordinates were fixed

in the International Terrestrial Reference Frame 2005(Altamimi et al., 2007).

The total zenith tropospheric delay was estimated for each epoch of 3 hours

as a constant. Finally we converted the site coordinates into a local reference

frame in where a GSI’s site at Iwasaki (See Fig. 1) is fixed.

Ohta et al. (2008) estimated source faults of the IMNE and confirmed

that the DF did not slip coseismically based on a displacement field derived

from kinematic analysis of GPS data. However, we found significant site

coordinate changes that apparently point the occurrence of an aseismic slip

event on the DF by analyzing GPS data obtained before and after the IMNE.

Fig. 2 show the time series of site coordinate around the DF. The time

series show clear step-like displacements due to the IMNE mainshock and

transient deformation after it. Eastern two sites, ”MIZW” and ”NTST,”

and western two sites, ”ISBD” and ”HMYO,” moved westward and eastward,

respectively, at the time of the mainshock and afterwards. On the other hand,

the time series of central sites, ”OWKY” and ”0796,” clearly show opposite

moving directions between co- and post- seismic displacements. They jumped

westward coseismically reflecting that these sites belong to the foot wall side

of the westerly dipping reverse fault together with the eastern two sites, while

their eastward movements after the mainshock suggest that they locate on the

hanging wall side of the fault together with the western sites. This strongly

suggests that an aseismic slip event have occurred on a different fault other

than the source faults of the IMNE after the mainshock. If a source fault is

deep, we may be able to explain such an inversion of moving direction by an
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aseismic slip on the shallow extension of the same fault, however, the source

faults of the IMNE is shallow enough to produce the surface deformation at

many points(Toda et al., 2008; Ishiyama et al., 2008). The moving directions

invert after the mainshock between the sites, ”NTST” and ”OWKY”, where

the surface trace of the DF runs. Thus, we concluded that the DF has slipped

aseismically induced by the IMNE.

3. Inversion Analyses and the Results

We carried a time dependent inversion analysis out to estimate the spatio-

temporal evolution of the aseismic slip after the IMNE in order to infer where

and when aseismic slip occurred. We applied an inversion method devised by

Yagi and Kikuchi (2003) for several fault models constructed based on the

location of the surface deformation, source faults estimated by Ohta et al.

(2008), the aftershock distribution, and a subsurface structure model derived

from a reflection experiment around the DF(Sato et al., 2008b) by expanding

the original computer codes to applicable to the multiple fault model. The

weights of prior constraints on the smoothness of slip distribution in the

spatial domain, on the smoothness of slip rate variation in the temporal

domain, and on the slip directions are optimized by minimizing the ABIC in

this inversion method. ABIC was proposed by Akaike (1980) on the basis of

the entropy maximization principle(Akaike, 1977) and gives us an objective

measure of the goodness of the model; that is, ABIC should be minimum for

the best model. We performed a grid search to find the optimum combination

of hyper parameters that control the weights of constraint conditions. The

constrain about the positivity of the slip is not adopted in the analysis in
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this study to keep the consistency of the method in the theoretical aspect

with respect to the Bayes’ estimation(Fukuda and Johnson, 2008)

We defined the northern fault based on the structure profile derived from

a reflection experiment around the Dedana Fault (Sato et al., 2008b) in sev-

eral models. The models without the northern fault are examined, however,

they can not explain the observation without unphysical slip distributions.

Finally, a westerly dipped plane fault whose dip angle is 30 degree is config-

ured as an approximation of the Dedana Fault.

Two plane faults estimated by Ohta et al. (2008) are extended to define

the southern fault. The dip angle of the southern half of the southern fault is

changed to examine the fault models while the dip angle of the northern half

of this fault is fixed as 44.9 degree as estimated by Ohta et al. (2008) because

of the consistency with the aftershock distribution. We finally adopted 30

degree as the dip angle of the southern half according to the ABIC, the

consistency with the aftershock distribution, and the locations of the surface

deformation points.

The coseismic slip distribution is estimated for the final fault model from

the coseismic site displacements reported by Ohta et al. (2008). We made

virtual time series in which site displacement is linearly increase or decrease

zero to the value of each component of the coseismic displacement at each

site, and then applied the time dependent inversion to the time series. The

resultant accumulated slip distribution corresponds to the coseismic displace-

ment field because of the linearity of the inversion method in the temporal

and spatial domains, and is regarded as the coseismic slip distribution.

Fig. 3 show the coseismic slip distribution and the aseismic slip distri-
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bution accumulated in 4 weeks after the IMNE together with comparisons

between the observed and calculated (predicted) displacement and displace-

ment rate for the final model. We choose this model as a final one because of

its ABIC and geophysical demands, such as consistency with the aftershock

distribution and slip directions that should correspond to the motion of the

reverse fault.

Fig. 4 shows the result of the time dependent inversion analysis for the

postseismic deformation as the series of snapshots for every 7 days with

estimation errors. We can robustly resolve the spatio-temporal evolution

of slip rate larger than 400 cm/year (adopting a confidence interval of 2-σ,

taking the estimation error into account). The results show the following

features with respect to the aseismic slow slip evolution.

1. The shallow part of the southern fault largely slipped immediately after

the mainshock, and this slip decayed rapidly in 2 weeks.

2. Slip on the northern fault also decayed very rapidly in a week. It mostly

terminated before a month had passed.

3. The southern fault has been slightly slipping after the slip on the north-

ern fault finished, however its rate is no significantly large.

We plotted the accumulation of released strain energy by the estimated

aseismic slip in Fig. 5. The total released moment exceeded 6.35 in moment

magnitude scale. Moment releases on the deeper portion of the southern fault

and northern fault had almost stopped as shown in the plot corresponding

to the distributions of the estimated aseismic slip, while shallow part still

sliding slightly after 4 weeks passed from the mainshock. This different of

the curve of slip rate decay may be reflecting the frictional properties on the
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fault surface, however, further study is necessary to discuss the distribution

frictional properties on the fault in detail.

4. Discussions

The results show three distinctive features; 1) there is no significant co-

seismic slip on the DF, while accumulated aseismic slip reaches 20 cm on it

after the mainshock, 2) most aftershocks occurred at zones of small co- and

post- seismic slip, and 3) the regions of large postseismic slip surrounds the

region of large coseismic slip.

Feature 1) was confirmed by the analyses using fault models without

northern fault corresponding to the DF. Such models can not explain the

observed displacement data. The accumulated aseismic slip on the DF dis-

tributed its centre at around 4 km in depth and its deeper limit is around 6

km in depth. Its released moment reaches 5.94 in moment magnitude scale.

This aseismic slip event almost finished in 4 weeks after the main shock.

Iio and Kabayashi (2002) estimated the brittle-ductile transition depth

as around 11 km from the temperature profiles and strain rate with respect

to upper crust around the Nojima fault, which caused the Hyogo-ken Nanbu

Earthquake in 1995. They assumed the strain rate as 3×10−15/sec. This rate,
∼ 1× 10−7/year, is comparable to the strain rate around the DF estimated
as by Miura et al. (2004). Iio and Kabayashi (2002) also pointed that the

transition depth is almost independent to the temperature profile. Hasegawa

et al. (2000) relocated microearthquakes and found that the depth limit of

shallow normal earthquakes is about 10 ∼ 15 km. Therefore, we can expect
the brittle-ductile transition depth around the DF not shallower than 6 km



� µº �

that is the deeper limit of estimated aseismic slip on the DF after the main

shock. Thus, we concluded that the aseismic slip event on the DF occurred in

the seismogenic layer. It suggests that a part of the strain energy accumulated

on the DF, which may be going to be released seismically, is released by an

aseismic slip event at this case.

Some researchers have been performing GPS observation projects around

the active faults in the Japanese Islands(Sagiya et al., 2002; Tabei et al.,

2002; Ohtani et al., 2003; Hirahara et al., 2007). However, no aseismic slip

event in the seismogenic upper crust as large as the event of this case has not

been found. Ohtani et al. (2003) tried to verify a possible aseismic slip event

implied by a borehole strainmeter data and concluded that it is difficult to

decide whether the strain change corresponds to an aseismic slip event or not.

Hirahara et al. (2007) reported that they have not obtained the evidence for

the fault creep in the central portion of the Atotsugawa-Fault, which was

observed by repeated EDM (Electronic Distance Measurement) observation,

from GPS observation yet. It must be first detection of an aseismic slip

event in the seismogenic layer on an inland active fault by the dense GPS

observation array.

Some studies surveyed the triggering of the seismicities and tremors by

large earthquakes. For example, Miyazawa and Mori (2005, 2006) reported

that deep low-frequency earthquakes (DLFE) beneath the Japanese Islands

were triggered by large surface wave due to the 2003 Tokachi-oki (M8.0)

earthquake and the 2004 Sumatra-Andaman earthquake (M9.0), respectively.

DLFEs and tremors are possibly related to the slow slip events(Rogers and

Dragert, 2003; Obara et al., 2004; Obara and Hirose, 2006). DLFEs, tremors
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and slow slip events occur around the transition zone between the locked

area and stably sliding area on the subducting plate interface in southwestern

Japan. Low-frequency earthquakes are also founded by The Japan Meteoro-

logical Agency (2008) after the IMNE mainshock in the region between the

northern and southern faults of our final model, where no slip is estimated in

the co- and post- seismic cases. Even though the triggering mechanism of the

aseismic slip event on the DF is waiting for further study, these low-frequency

earthquakes might be closely related to the occurrence of the aseismic slip

event.

Features 2) and 3) strongly suggest that the spatial partitioning of sliding

behaviour on the inland active fault stands as well as on the plate bound-

ary(Yagi and Kikuchi, 2003; Matsuzawa et al., 2004). This means that the

zones where unstable sliding coseismically occurs and where fault coupling is

strong in the inter-seismic period – we call such zone ”asperity” hereafter –

eliminate areal overlap with the zones where stable sliding dominantly occur

on the inland active faults depending on the frictional properties of the fault

surface. The region where the aseismic slip event occurred as reported in

this paper occurred must be a non-asperity and must be partitioned from as-

perities on the DF or KTSFZ, if the spatial partitioning of sliding behaviour

stands with respect to inland active faults as well as the source fault of the

IMNE. Because strain energy around the active fault is accumulated by the

fault coupling on the asperities depending on the strength of the coupling and

the size of the asperities, the accurate mapping of the asperities is necessary

to estimate seismic risk of the active fault precisely as well as evaluating the

risk around the plate boundary.



� µ² �

However, such small aseismic slip events are difficult to detect by GEONET,

existing nationwide array in the Japanese Island, because the density of the

sites is not enough to detect them. We fortunately found the aseismic slip

event on the DF in this case because we had started a research project with

respect to the DF just 8 months before the occurrence of the IMNE. This

implies that a dense GPS array with average site intervals of several kilo me-

ters is necessary to evaluate the seismic risk and to predict the strong ground

motion with respect to an active fault because precise mapping of asperities

is essential to realize such estimations.

5. Concluding Remarks

We found two notable phenomena about an inland earthquake, which is

occurred on 13 June 2008 and is named ”The 2008 Iwate-Miyagi Nairiku

Earthquake” based on GPS observations. First, an aseismic slip event on a

separated active fault has occurred after the mainshock in the seismogenic

layer. Second, spatial partitioning with respect to the slipping style (stable

and unstable sliding) on the coseismic fault, which had not been known

as an inland active fault with high seismic risk, is confirmed. First finding

suggests that the release of strain energy due to aseismic slip events on active

faults like this case is able to throw off the estimations of seismic risks of

the active faults, however, such small aseismic slip events are difficult to be

detected by existing GPS network. Second finding points the validity of the

asperity model, which is being accepted as an explanation of the process of

the earthquake generation and repetition on plate boundaries, with respect

to earthquakes that occurred on inland active faults.
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Figure 1: Map showing the locations of the Detana Fault, the hypocenter of the Iwate-

Miyagi Inland Earthquake in 2008 (Mj 7.2, a yellow star) and a distribution of the GPS

observation sites. GPS sites are represented by coloured open circles. The sites pointed

by red and blue ones belong to a nationwide GPS array, ”GEONET”, managed by the

Geographical Survey Institute and local GPS network managed by Tohoku University, re-

spectively, and they had been being operated before the Iwate-Miyagi Inland Earthquake

occurred on 13 June 2008. The sites represented by green circles are newly constructed

temporal ones after the occurrence of the earthquake by the Japanese UNiversity COn-

sortium for GPS Research (JUNCO). The codes of 6 sites whose time series are shown

in Figure 2 are appeared. Small dots show the aftershock distribution with representing

their depth by their colour corresponding to a scale at the left of the map. Black solid

lines indicate the surface traces of active faults. Brown dashed lines are the boundaries

between the prefectures Akita, Iwate, Yamagata, and Miyagi. Red triangles point active

volcanoes. Black rectangles show coseismic slipped fault with indicating their top by bold

lines estimated by Ohta et al. (2008) based on a displacement field obtained from GPS

data. Inset shows location of the study area by a solid rectangular. A black star points a

reference point of all GPS analyses in this study at Iwasaki. Solid lines are approximate

plate boundaries between Eurasian (EUR) or Amurian (AMR), North American (NAM)

or Okhotsk (OHK), Pacific (PAC) and Philippine Sea (PHS) plates.
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Figure 2: East-west components of displacement time series from 03 June to 12 July 2008

for the GPS sites around the Detana Fault longitudinally ordered (see Figure 1). Each

symbol represents daily average displacement. The offset of each site is proportional to

the distance of the site from the most west site.
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Figure 3: Estimated coseismic (left) and postseismic (right) slip distribution. The observed

and calculated displacements/velocities are shown by black and white arrows, respectively.

Contour intervals are 2 m and 8 cm for co- and post- seismic cases. Black dots point the

aftershocks whose magnitudes are larger than 1.5. A yellow star and three red circles

indicates hypocentre of the Iwate-Miyagi Nairiku Earthquake and low-frequency earth-

quakes. Red and blue broken lines are depth contours of the southern and the northern

fault, respectively. Contours representing coseismic slip distribution shown in left panel

also appear in right panel as blue solid lines.
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Figure 4: Results of the time-dependent inversion analysis for the optimum faults model.

(Left) Snapshots of slip rate on the faults at 7-day intervals. The contour interval is 200

cm/year. Thick contours, which correspond to 400 cm/yr, represent the 2-σ confidence

limit approximately. A yellow star, red triangles, purple diamonds, black lines, brown

broken lines and regions surrounded by black solid lines indicates the hypocentre of the

IMNE mainshock, active volcanoes, points where surface deformations are observed, the

surface traces of active faults, the borders of the prefectures, and the surface trace of the

modelled faults used in the inversion analysis, respectively (Right) The estimation error

corresponding to each snapshot. The contour interval is 100 cm/year.
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Figure 5: History of moment release according to the estimated aseismic slow slip evolution
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into two regions by a line of corresponding to 5 km in depth.
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7mx]./q­��:�2£R7B� 1-2 ¬���H 14)£@k�Å 
° Òû<ù�3����ª1�����FÒû<ù�3���� 1-2 ¬������£oG¡G

���GH7L�kw\{7qB���£± 11¹± 12 7�rÅDG7n]�st�¦ùIEÒ
û<ù�3����ª1��7EÊ�{Lì:fgF<ù�3�����: 0.77��L]�kÊ
D�:}�]Å-�
�7mx]¦ùIJL§�d�£�r��£Nfx]D�:I®F¶�w

2003���;�
�7mx]²���¦ù 15)IE¸G�ì: 0.47Ifl��kÊ��:PB\

Ghk]Å²���¦ùIEª1��: 4 7u�Ä
IEÒû<ù�3���E��7ø]d�
:(kD�:��\Ghmg¹^PBIg#�pì�B�¬3­:ª1��I�� 6 F7u��
�7�[\Ghk]D�:¸G�ì£º®�B�p´����G]Å 

 
 
 
 
 
 
 
 
 
 
 
 
 
H�¹Òû<ù�3���� 1-2-¬���IE¸G�Ê�{LìE 0.18�Lg¹ª1����
g#7mx]ìngJìEá\�Llhk]Å�ãB¹DDIJg#�pìE�� 5 F7u\�
�����Ä
7�[B�J�If]��¹��Ê&����7�BhEoG7�B�¬3­£

@khÚ]r]�¿:f]Å 
3f���Ê�H£¹pqr]ëìí��PIg#B���£q�7�rÅ  
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6.5 ����pq 
° ��g#£Ml�
Ð89I�����,7fkh¦ù�7©�B�xW���t­8�'Ü

_97D�G���£J�7�����£H����Dä¹��E¹r�þM�tîLÚ���

��:ÌLJ�I¹º®L���PBEN�GL�l�Åëìí���P���öCq���B

hJpqr]��P�Ú�º®L��IELkD�:ÑiI®�Å 
° ý��¦ù�7ý�7������t­��E¹u�MôÐ�M�(G�§¨ô¹¹r�tî

�,��Z1\G](G���/mnY������,7�r]¬3­£V]D�:I®�ÅC

DEDDIE�õr]:¹ÌLJ�7fkh���p>£q 47�rÅ 
° �guÍ� 2
�E����X 37YZ�R´>7f]

8�Þá�R�2ò9�����X

63YZ��$>7f]

8ºîá�) �9If]Å°*ô³�7n](G��1�ô���

Xk£qrr�¶�Llhk]Å 
° o�-��7!��,PB�Bh�LækJ�7�¿��:L�Ll�
8�Þá�âá��4.8�¹
�Þá�� � �5.2�LÚ9ô�����¡�÷x:N�G�
8�Þá��ðy�5.5�¹�
Þá�ò?¢�5.2�LÚ9H���7fkh�²PEoG�Ú��:L�l�: 2PEº®L�
�:fl�
¹�wk°*IJ��:º®�8L]nÊã
¹�(G�º®\�¼7��E\�ÚI

JL�l�
8knGJ��9LÚ:fl�Å 
° �¿7�r]Ü_E¹
�:À8³�º���£�Ø�r](GIfl�D�£�rJ���

��]D�:I®]B¹w�LÚ�tî�L§7(G���£��r]����:�g7JL]Å 
H���7fkhE°*��/7nlh(Gô��7ì:A1]D�¹�´���ñLÚpì�

XkI(G��¤x]��7ì:A1]D�LÚ£�Bhk]J�����G]Å 
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^PBIE 2008� 65 1467@AB�������	7mx]
�M�EñÒ������

7fkhb¿£�B�ÅEñÒ�����Ø�Bh¹&�Í���¼�:-�
�7g$há\

kD�£�r��J7¹Eñ��:ÅL�l�·'7fkh��u£�B�ÅH�¹àM017

RS�
ø�ÕÖ8³�
������¹mnY<ù�3���¦ù7RS�(G�3+¦ù£

Ml�Å 
À8³�º����
�M:J��r��¶�Bh¹�����Bh� RC k��/ËÍ¹�

oE���3��¯�¹0�����Bhï�Y�²�¹!Â¨p2ô»®���²�¹¶C�

¶Â�õ²���¶£�B�ÅH�¹��ü:sÒtî��¶J�B�ÅDG��0��Y��

�E�{���¿´�L]J�IfÅ��¹0��¹F-8£� 3­Ò9¹Ò�ù���G�p

�:»��G]Å 
àM01�����¹²Hz7u8²¬7�9�q`
x7n]���G]ÕÖ8³£N]�¹

ÕÖ8³:'�L]
ø�Ú��:ÅL�l�d�7f]D�:}�l�Å�7¹ea¤Í£�

DB�R
>7f]��
wÁ�w
I�017mx]ÕÖ¡M�E3Hza7Hz�¡MV
I�

Lgj[r]
øIfl�Å 
° <ù�3�7n](G�¦ùIE¹��;ºîámnY�Þá7mx]<ù�3���}�£

�r��J7��7fkh��,£H���CH�¹<ù�3����ª1������LÚ7

fkh}iB�Åo���¹ª1��:�� 6 F7u£ÜÝB�
Ð897mkhF<ù�3�

��Eª1���g#Bh²a+P�á\k8��ì7Bh�È 0.779D�:}�l�Å3��
Jpqr]��P��öCq�Ú�º®\IEL�l�C¦ù�7©�B�xW����E<ù

�3���H7pqr](G�§¨mnY���3¶�Bh�¬3­:V�GF���3���

pq�7fkhÚÛBhk�uI�!âL[\£V]D�:I®�Å 
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^PBI�B�<ù�3�¦ù7mkhE¹Eºî��Þ¸áNoIJK��¢£V�Å©��

t­7Eºîáî¢áFmmnY�Þáîá¢áFm�o�¢£k�ãk�Å��¢l7æ��

ãr]Å<ù�3��Ü�7E©�y��ÊG¢l7o�¢£k�ãk�Å¤BkU¹!âL?

´£¼kh<ù�3�¦ù7o�¢k�ãk���¢l73��ã¥BuÍ]Å 
H�¹^PB£ëâr]7|�g¹K-NET¹KiK-net�¬3­£Q@\�hk�ãk�Å��
¢l7�ã�e£qr]Å 
 
ÔÕ)*�

1) 6^E?FK¹2003� 55 266��;��
�h2003� 75 266��;?>�
�ç�¦
ùPBD¹2004� 

2) ��¹�¹À8³�º���
�M�Eñ��u2008�������	
�� 2003���;
��
�8v	<
�9�g#u¹�â 20�������	
��ù¦ýú�[\T¹48-66¹
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2008� 75 
3)  º$�¹��¹�¹2008�������	¹��;ÆÝ?>
�7mx]2ñá��(�M

}��/¹6^
�ôFK�©ºKW2008§bT¹234-235¹2008� 
4)  ¿�-¹�����	
��^� KIK-netp�=01Ð7mx](�ê¦�Z[\G�,6

^
�FK�´3��­3¹Vol.20° No.3¹2008C 
5)  V?ýPøq8ù­3¹08� 65 146������	
���P�rïT¹2008� 
6)  6¨�ºî­��;¹2008� 65 156 
7)  �'�
¹($¹0¹��¹�¹2008�������	
���ç
7mx]9?àM H/V

��:�2¹6^
�ôFK�©ºKW2008§bT¹320-321¹2008� 
89 LMå(¹��¹�¹<ù�3�¦ù7RS� 2008 �������	
�7mx]ºîá

mnY�Þá�(G�¦ù¹O?

ç�èFGH¹X 45S¹2009� 35 
9)° �� }FJM ëWFº' Ä��å<ù�3�7n]
�?����Z[F?#�ºFôF

>GHPBFX 92SFpp.117-128F1979� 
10)° �� }FáR ïuFU) 3på<ù�3���T[Ñ��[u���Ä
uF�©ç�

èFF16-4Fpp.307-323F1998� 
11)° ²� ªF�� ¹�Fº$ �FLM 3å2003� 75 266��;?>�
�7mx]��


�o�89�<ù�3���FO?

ç�èFGHFX 40«Fpp.83-88F2004� 
12)° ëìíåç�?
��P��â 20 �(2008 �)������	
�
Fç�?�©ÓìPB

D 2008�X 1SF2008� 
139�du¹¬$
<¹ìíp�¹�����7nlh
�M�8³V£¥�\����T[Ñ

�æ�F6^E?FK��ÊUðTFX 585SFpp.71-76F2004C 
149�du¹¿�Z° U)ð*¹jw�º
�I@AB�
�M�/x����pqFX 36 t


ø¡M�ù¦ýú�(2008)F6^E?FKFpp.29-40F2008C 
159²�ª¹��¹�¹º$�å55 266��;��
�7mx]��;
�<ù�3���¦

ùF6^
�ôFKºK-2003§bTFpp.� 114-115F2003C 
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�â 20��èGýèFGHýþ��8��GH��ý9

�2008�������	
�7�r]	�¦ù
PBD

(�017n](�M@A�/¦ù

vJ�­�2b®O�Û´���@�}��"Öº�ìíp�8OóºF
�GH*9

1. E1�7

2008�������	
� (MJMA 7.2, Mw 6.9) EFw�@AB�µ���	
��BhEF

1995�¯°;<>
� (MJMA 7.3, Mw 6.8) �
�ÛÜ£utgFO?
�I@AB��	


��BhE 1896�	Ö
� (M 7.2) �XÑÛÜ�
�Ifl�C��
IE���¶Ìç

�:@ABF��;6�áô��;�ÞáI�� 6(:01\G�C

(�M��Ø�BhEF± 1ôq 17�rnÊ7F��|u� KiK-netp�=01Ð7m

kh
qÜÝ�BhEûujº� 4000 cm/s2 7v]º���u�M (Aoi et al., 2008) :0

1\G���FKiK-netOâæ01ÐFKiK-netp�O01ÐI 1g£9�](�M:ÜÝ\

GF���|HEknGJ 6 (Ifl�CDG��01ü3EF��wÁ:
�?7�|

�(G7N±�G�D�£��Bhk]C

�ÉEF2008 �������	
��(�M�â´£
��7r]��F(�ê¦�1


¬3­£@k�ýE�ù��ùÒ3ýEù7ng��Í\£Z[B� (Hikima et al.,

2008)C©kIF1-Hz GPS£@k���Í\öi£MkF^
�7mx]��Í\�Z[~

¢£¦$� (Yokota et al., 2008)CH�F��wÁ7mkh3öB�>?(�017RSkh

���/�ÎÏ�/�
øj[�/£Z[B (2b�-, 2008)FjJ7F2008������

�	
��(�MAâ�p´�Ll�uø��7fkh�uB� ("Ö�-, 2009)C

± 1. 2008�������	
�?7mx] KiK-netp�=01Ð (IWTH25) �
q���

ÜÝCu��<?â}�O=â}�u�â}C
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q 1. 
qI01\G�ÈÉLjº���Ð�M�u�MC


�


(01Ð
)

Ð�M

(cm/s2)

u�M

(cm/s2)

Mw �_`e�

2008�������	
�

(KiK-netp�=)

1143, 1433 3866 6.9 (»_`)

1985� 125�àß�Nahanni 
�

(Station 1)

760, 660 2322 6.7 (»_`)

1979�²µ�Imperial Valley 
�

(El Centro Array Station 6)

420, 430 1622 6.5 (@nG_`)

1976�ú; ¢�­ù�Gazli 
�

(Karakyr Point)

738, 656 1300 6.7 (»_`)

2003���;?>
�

(��;i^�)

667, 850 1242 6.0 (»_`)

2008�������	
�

(KiK-netOâæ)

1318, 2449 1094 6.9 (»_`)

2004�ýþ;UÖ
�jºW�

(ýþ;))�)

1639, 2036 549 6.3 (»_`)

2003���;?>
�A�

(��;�æ�)

603, 2005 584 5.4 (»_`)

1994�²µ�Northridge 
�

(Tarzana)

1744, 970 1029 6.6 (»_`)

2004�ýþ;UÖ
�

(K-NET x6�)

1716, 850 564 6.6 (»_`)

2. (�ê¦�1
¬3­��Z[B� 2008�������	
����Í\

(�M�AâÞ´ô
��@AI�7fkh�ur]��7FCDL��Í\£ ]D

�Eâ¿If]CoDIF2008 �������	
�7fkhF(�ê¦�1
¬3­£

@k���Í\öi (Hikima et al., 2008) £Ml�C

(�ê¦EFæçèG K-NET (Kinoshita, 1998) mnY KiK-net (Aoi et al., 2000) I01\

G����ê¦7 0.02a0.1 Hz�Òù¥¨���2­£�xØ}B���ê¦£@k�C1


¬3­Eµ¶
·¸ GEONET7n] GPS� 30 ¬¦ù4¸ù�¬3­�öi£MkF


�� 1}A�
�� 2}J��ì£�l�J�£
�?�
�¥MÆ�Bhöi7@k�C

E1�7F(�ÜÝ£@kh���;�ö�Z[�Y-{Löi£MkFoG�£J�

7W�}�ô
q_`�}~/:f]¥�
Ð�lm (7õéê	�GH*�K_`GH8

ù­3, 2008) LÚ£��7_`a£F[B�C��lmEëìípw�7n]Ú1H£@

kh Double-DifferenceÑ (Waldhauser and Ellsworth, 2000) 7ngln[B�H£@k�C�

�æ\E 6 kmIf]C_`aEY-{öi7n]�� 201�Fde 41��=de�a£
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R^�B�:F��
?>7lmr] GPS 01Ð�¥l :�2���£C
r]��7

EFD�01Ð:uø"7lmr]�¿:f]���FjV{7E��
?>IE��£

¥�� 2 F�_`a£F[B�CD�_`a7pBh(�ê¦F1
¬3­£oG¡G@

khr$g}�£»�F\�7oG�£L?7@k�ýE�ù��ùÒ3ýEù£3öB

�C���ùÒ3ýEùE Yoshida et al. (1996) £��B��Ñ7ngMl�C

�¸3ù��E Kohketsu (1985) � reflectivityÑ£@khªTBFo����p©wÐ�

â`��EF��vwI@AB� 2008� 65 186 16:55� MJMA 4.5�W�ê¦£@k�ê

¦�ùÒ3ýEù (Hikima and Koketsu, 2005) 7ng01Ðo�7F[B�C·U{L
�

¥MÆEF(�ê¦��Z[B�����£J�7p©wÐ�â`��£F[B�uIF

Zhu and Rivera (2002) 7ngªTB�C

± 2 7jVr$gÆ�}�£�rC���<7º®Lr$gÄ
8<��¸¹�9:Ë

ÌBFDDI�jºr$gÆEX 5 m If]C��ng?>IE���W�:@ABhk

]:FoD7JôôáÛÜL<��¸¹�:ËÌr]C���<7lmr]<��¸¹�

IEFg#{á\LaØ7º®Lr$gÆ:TUBhmgFr$g}���³{Lq¢{

�Æ£ªTr]�FjºX 40 MPa�º®LHIf]CDGEFD�<��¸¹���g#

{À8³7´�ã
�M:÷ø\G�D�£��BhmgFKiK-net p�=01ÐI 4000 

cm/s2£9�]���:01\G]LÚF_`wÁIº���:ÜÝ\G�D��¦�{�

k�]C

± 2.° RF_`£Ü[B�

(�ê¦�1
¬3­�ý

E�ù��ùÒ3ýEù7

ngV�G� 2008 ��

�����	
��r$g

}�CÀEËÍÎÏÐCt

E�R�lmCµ¶·E0

1Ð£�rC
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3. 1-Hz GPS��Z[B� 2008�������	
����Í\

° w�F¸��3� GPS E�Rô¹ê�01LÚ7Jq@\GhmgF
�7pBhJF

øº
��°�IE Larson et al. (2003) 7nlh
�M:01\G]ü:�\Ghk]CK

7jwIEF���§´3¥ 8:���
����Í\Z[7Jq@\Ghmg (Miyazaki 

et al., 2004)Fþ�{7UÛÜ
�7pBhJ@k�Ghk] (Ji et al., 2004; Kobayashi et al.,

2006)CB�BF1-Hz GPSz;IUÛÜ
����Í\Z[£Ml�ü¶ELkC^GHI

EFHn 1-Hz GPS�(�ª�ê¦£g#BF^
����Í\Z[7x}L¬3­If]

ü£ÑiB�JF1-Hz GPSz;Iê¦�ùÒ3ýEù£Ml�CK7F(�ê¦�
�¥

M�ýE�ù��ùÒ3ýEù����g#�ÚÛ (Yokota et al., 2008) £Ml�C

° ^
�7mx]
q¥lE GEONET�01>7nlh 1 ¬¦ù4¸ù�I01\Ghk

]C1-Hz GPS¬3­EDG��01��FLarson et al. (2003) 7n]�Ñ£@k�öi7n

lhV�G�C(�ª�ê¦��g#LÚ£`1hF�2§¨�IELkº�;:�n�

7N�G]J��F1-Hz GPSIx}7(�M:ç��Ghk]�Z[B�C^GHIE�

���mno 50 km��&�l7f] GPS01ÐF12Ð�¬3­£Q@BFPê¹Sê£

x}7ïî 60 ¬´�ê¦£@k�C¦ù4¸ù��3�E 1 ¬�HH�Bhk]C

° Z[_`aE Hikima et al. (2008) 7mkhÆ-ÕPI@k�F'\ 40 km × [ 20 km� 1

F_`�¬2£��F(strike, dip) = (203, 36) �BhFËÍÎÏÐ£ ?u 39.028°FO�

140.880°Fæ\ 6.5 km �BFZ[B�_`�¬2E 200 À� 2 km × 2 km�á_`7}¼B

hk]CH�F_`au�ËÍ��E 2.6 km/s�B�C�¸3ù��E Zhu and Rivera (2002)

7n]ê�Ø}Ñ£@khªTB�C�����¬27fkhE Hikima et al. (2008) 7mk

hV�G�¢(�01Ð (K-NET, KiK-net) I� 1©w�����¬2�U��F¢ GPS0

1Ð7wiL01Ð��¬2£Q@B�Cê¦�ùÒ3ýEùEFHikima and Koketsu (2005)

7nlh��\G� Yoshida et al. (1996) ��Ñ£@khk]C

° 1-Hz GPS�ùÒ3ýEù���F	�3�ù�ÆE 2.5 × 1019 Nm (Mw 6.9)Fjºr$gE

5.8 m�ªT\G�CDG�EFpF_`£Ü[B�(�ê¦�
�¥M7n]ýE�ù�

�ùÒ3ýEù��V�G� 2.4 × 1019 Nm (Mw 6.9)F4.8 m�kÊªT���mmîc^�

{If]C¸G�r$g}�£Nh�]�F<"�º®L<��¸¹��?"�á\L<

��¸¹��lm:��ÒB�FH�jºr$g£V�
ÐJ��ÒBkCH�F¸G�

¢_`I���?´����àü4�Eü�£Nh�]�FËÍÎÏÐ��<?¸"7Ë

Í:�»r]§¨ôF<"��ËÍÎÏ��:��F<"�<��¸¹�:y7r$g�

~3:£¼�F?"�<��¸¹��î]u:g:½k§¨LÚ:N�G]C

° D�nÊ7F¸G���EF��_`7mx]³{LËÍ�§¨ãxIL�M{LËÍ

�»�§¨J^�{IfgF�kÙ�I^
��M{�Ø:Z[\Ghk]ü��F1-Hz

GPS7n]UÛÜ
��³{�fM{LËÍ��Ø�Z[~¢£Ñir]D�:I®�C
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± 3° 1-Hz GPS �ê¦�ùÒ3ýEù (¥) �(�ê¦�1
¬3­�ýE�ù��ùÒ

3ýEù (§) ��Z[\G� 2008 �������	
��r$g}�C¸G�J

pF_`£Ü[Bhk]CÀEËÍÎÏÐCtE�R�lmC·E01ÐC

4. 2008�������	
��>?(�01

° q 1 7�B�`gF2008 �������	
�IE��|u� KiK-net p�=I 3 â}

�âjº���H 4022 cm/s2:01\G]LÚF��wÁ� KiK-netOâæ (2600 cm/s2) ô

KiK-netp�O (1372 cm/s2) 7mkhF097º®L
�M:ÜÝ\G�CD�§L(�M

�â´£�]��F>?(�01£3ör]��J7F�F�(�01>�>?W�01

�(�ÜÝ£@k����ÎÏ���
øj[�/�}�öi£Ml�C

>?(�01EF2008� 65 156��X 1n5�7��gF± 47�B� 7Ð7mkh

Ml�CD�Ê]FKiK-netp�=aKiK-netp�OaK-NETp�7�]|4³�X 20 km

��´7Fm\G�>?(�01Ð 6 ÐEF_`uøa_`o�wÁa_`�ø7mx]

<��01£�{�Bhk]C01»mE SMAR-6A3P (�®3å�� LS-7000) £@kF

UDâ} 5 cm/s2�¸®3� 100 Hz ¦ù4¸ù�I01B�C

���ÎÏ���
øj[�/£��r]��F���W�01ÜÝ£@kh����

v (1986) ��Ñ7n]��:�2�ùÒ3ýEù£MkF± 5mnY 67�\G]¢�/

£Z[B� (2b�-, 2008)C��wÁ
IE KiK-netp�= (IWTH25) £×khF
��

���i7��r]8³ 1 ¬vw�j[:ÈÉIELkD�:}�l�CH�Fg#{�

¾L
øj[�/£�B� K-NETp� (IWT010) £×®F5 Hz 7u�À8³:j[r]0

1Ð:�kD�:��\G�C
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± 4. 2008�������	
�|J7FmB� 7n*�>?(�01Ð (ITG000, HND0FF, 

OCA000, SMM000, MNM0FF, GNB000, TKD0FF)C

± 5. Z[\G���wÁ01Ð�
øj[�/C

± 6. (a) F-net�
��3�ù�7pr]Z[\G�W��
��3�ù�CZ[\G�
�

�3�ù�7pr] (b) �3à38ê�F(c) �������:�2� 2���C(d)

Z[\G� QHC
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5. 2008�������	
��uø���ÚÛ

»_`�M7n]
�7mkhF��wÁ�
�M7Euø��:º®L��£µ�]

D�:��\Ghk] (Abrahamson and Somerville, 1996; Oglesby et al., 1998)Cuø���EF

»_`�uø"01Ð7mkhF
�M�(\£�¿{7Y1r]³���¤7g$h 1.4

a2À\�º®LH:01\G]ÓìIfgF1994�²µ�Northridge
�I·�h��\

G�Cuø�����EnBhJÁI®LkJ��BhF²µ NGA4�ýû:�IEuø

�����£³���¤7Â�Bhk](¶�w Abrahamson and Silva, 2008)Cp�F6^�

(�ÜÝ7mkhEFuø��£ÚÛ�¦ùB�¶EÅLk (��Ã), 2005; �R�-, 2008)C

oDI^GHIEF2008 �������	
�����(�01ÜÝ7mkhuø��:

ÈÉIfl��ÚÊ�£ÚÛB� ("Ö�-, 2009)C

HnF��wÁ� K-NET ô KiK-netFëìíFµ¶éê<�	�GH*7n](�ÜÝ

��jº��� (PGA) �jº�� (PGV) £»��Cjº����jº��£»�]^F


�ê¦ÜÝ:1q\Ghk]°�EFjº���7�BhE
�ª��V�G�¬3­

£o�HH@kh
q7mx]H£»��Cjº��7�BhEF���ê¦7 0.1a10 Hz

�Òù¥¨���2­3£�x�uIØ}BTøB�Cê¦ÜÝ:1q\GhkLk°�F

1q\Ghk]jº�����£Ä@B�C©7FDG��01H�F³���¤£@k

�Z[H��åì£�gF�R�- (2008) ��Ñ£��7_`�uø"��ø"�01Ð

7}xhFåì�_`jÀ³�����£Ð�â}�u�â}�jº����jº��7

fkhoG¡G»��C³���¤EFÐ�â}7pBhE��Ã) (1999)£Q@BFj

º���7�BhE
q7mx]H£Fjº��7�BhE Vs 30�þ¹£MkôF{Rø

u�H£V�Cu�â}7pBhELM (2008) £Q@BF
q7mx]H£V�C

o���F�ø"IE01H�Z[H�åìEá\kd�7fl�:Fuø"IEåì

:º®�L]d�:��GF2008 �������	
�7mkhuø��:Ñi\G�C

H�Fý���\Gh®�Ð�â}��L�nFu�â}7mkhJuø��£Ñir]

D�7âÅB�CÆBFa{}�£¦$]�F_`�
qk�>}��uø"Iåì:º

®�L]��:�kJ��FËÍÎÏ��/���LÚ7nlh�ø"Iåì:º®�L

]��JfgFsJ�H�á´�3�Eù7n]ÚÛ:�¿If]����G]C
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öi7EæçèFéêGH* K-NET�KiK-netFëìí��ªFµ¶éê<�	�GH*

�(�ÜÝFµ¶
·¸ GEONET�1
ÜÝFëìípw���QP£Q@\�hk�ã
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x��¹rL�]¢£ü4�ü:��£�r°Ii��G�ÅÛÜ:
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¦â\G��GIËde�r$ga7Ælhwea:��r]nÊ7þMB�J�I¹|

4{LG²|�o�Aa���3 ù��ßàV:¦â\Ghk]ÅH�¹þM�Eo�

þM³�7J����n>}{7Þº£�Ú�hk]Å^
�7n]D�­�4�æ`r

$g�@A¶EÅLk:¹��òß�u�I@AB�ºÛÜLJ�:DG7�|r]Å�
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r$gE¹·A
r$gIELkÅ
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��>(Âea7Ælh}�r]Å��RUá7}�r]�â�ÁØa£�](ÂeaÆ

k7ÛÜ�º®LJ�:��¹�g�xg� 100-300m ���ï|7wkã2ý´:@


r]pv)u�ôÄ�)u�7TU{7}�:i��G]ÅoG�Eä/4�>£å�>

�Bh@AB¹�æL¤�Bh��B�����G]Åï|7wk~�Ús��~�>I

E�ü42��¤²B�J�J����G]:¹DDIE¤Í7pÂB�ÅoG��ea

¥ME¹ç�(7paèÇ�é£Û®�äB�ê�¹D��
�
¦Q0£p¥\��8r

ï²9ÅH�¹(ë£â���æÞ«��@AB�¶��Ji��G]Å B�B¹��7
wkÄ�)¥Ý7?IE¹@AB��`¤Í�ÛÜ:pv)�
�J�7#$á\�L]Å

Ä�)7?IE¹Uý%��ìý%7�xh��â�:}�B¹��Æ�á\L�Ý:·

:lhk]D�:¹¤Í�}�ôÛÜ�

{ì8£A1\�hk]�Z1\G]Å 
+C�C¤Í/
r$g8Debris slide9 
° ¤Í/
r$gE¹@A
7&í¦��G²|:@
B¹eaU>7þM�:>}{7

IJå]J��B�Å¤Í/
r$gE¹�`¤Í�L§¹pv)ju�Ò�~�Ús�

£�g�îã2ý´ÆkIi��G]Å¤Í/
r$gE¹�`¤Í7#$þM¶ê�Æ

:º®kÅþM�Þ«E¹¤ÍBh\�7�æL¤�Bh(ë£âØB¹���
r$g

ß�£¦âB�Å 
+C¤C¶��8Debris flow9 
° �M­�4�ea¥M�º�E¶��If]Å¶�����E¹u_�`g�`¤Í¹

¤Í/
r$g7nlh(Â��J��\G��æL¤ÁØñ:¹(ë£âØB��]�

MB�J�If]ÅoG�E��R<ORÝ�³Ð¹ó�vw�Ëde�(ëI@ABh

k]Å 
° ¶��7E¹§�8Mud flow9�Bh'³�£þMB�J�:f]ÅO��RR�Oa

I@AB�q`¤Í:¹¥¾úò£ 10km 7Ùlh��B� 8rï+9Å^§��Òû¼

½��E 0.107 If]Å§���J�¥¾úò(ë7E¹&h:�BÎ�Gº®Lâæñ

Eå\GhkLkÅ@A
|��åL7E¹eañx:��B�^7«®f:l����

�G]§Ð�öî7n]ïð:i��G]8_2�� ,2008b9Åæ`
r$g7n]V�

ñò���¹§�:p?{7»�B����º�óè£óB�B¹�����£�l�Å

p�¹��"I¥¾úò7hir]7÷)u�I@AB�§�E¹1.6km B�þMBL�
l�(rï+§"�¶����)ÅD�nÊLþM³��XkE¹@A°�
xµ¶ô
�

Ð£ôõr]åLÆ�ì7»��G]ÅrL�]¹¥¾úòju>IE¹�¾^��k<

�2§p3�:}�Bo�u>£3kåL:Ølhk�D�7pB¹7÷)ju�IE¹

ö/��kÚsxÁØ�:}�B¹
�@A?7ØLErI7�÷Bhk�D�:¤²ñ

x�þM³�7º®��µB�����G]Å 
��ðY 
1) _2(��LMø�Rèïp�RîÇâ(2008)å2008 ���;����	
�7ng
@AB�
r$g�¤Í}�± 
http://japan.landslide-soc.org/education/report/iwate_miyagi_EQ_080717.jpg  
2) _2(��RîÇâ����ô(2008):�����;�	
�I@AB�O��ROa
�¤Í�¶��C6^
r$gFKù,45-2, pp.63 
 



� ±ºµ �

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
° ° ° ° ° ° ° ° ±u²° 2008 ������
�7òÊeaç�}�  

 
 
 
 
 
 
 
 

rïW²° pv)ju�
��`¤Í�° ° ° rïu+° ��R|aI@AB�§��¶�� 
° ° ° ° ° ¶���B�(ëÁØñ° ° ° ° ° ° ° ° ° 8¥å¥¾úò¹§å7÷)9°  



� ±º¶ �

�C��
�
¦�
x�â�ea¥M��§/° ���ô8O?F¸ºF9 
��_`�N�G]_`�uø"¹O= 10-20km¹<?X 40km �~k��¹
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£Ö�]¹§ÉLeaç�:@AB�Åeaç�:TU{7@AB�
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¦
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