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1. Introduction

During the period 1999-2002, several major international symposia related to geodesy were held
in Japan, e.g. International workshop on GEodetic Measurements by the collocation of Space
Techniques ON Earth (GEMSTONE) at Tokyo in 1999, the 1999 Global Positioning System (GPS)
International Workshop (GPS'99) at Tsukuba, the 2000 Earth Tide Symposium (ETS2000) at
Mizusawa, and the 2002 International Very Long Baseline Interferometry (VLBI) Service General
Meeting (IVS2002) at Tsukuba. They were attended by many researchers both from Japan and
overseas, and papers presented there are summarized in specia issues of journals[1, 2, 3,4]. The
National Council of Geodesy has sent officia delegates to general meetings of International
Association of Geodesy (IAG), held in Birmingham in 1999 and in Budapest in 2001. In addition
to international activities, the Geodetic Society of Japan (GSJ) has two general meetings every year
and atutorial school for young geodesists every summer. GSJ awards an eminent young geodesi st
with the Tsuboi Prize once a year, and during 1999-2002 they were given to Drs. Yuki Kuroishi
(Geographical Survey Inst.,, GSl), Masato Furuya (Earthquake Res. Inst.), MikioTobita
(Geographical Survey Inst.) and Xu Peiliang (Disaster Prevention Inst., Kyoto University). The
Group Tsuboi Prize started in 2001, and has been given to the BAYTAP-G development group
(represented by Dr. Yoshiaki Tamura, National Astr. Obs., NAO), and the VLBI research and
development group of the Communications Research Laboratory (CRL, represented by Dr. T.
Kondo).

Severa new facilities were established in this period; the number of receiving stations of the
nationwide continuous GPS network GEONET, run by GSl, exceeded one thousand in 2002 and
attained the original goal of nationwide dense deployment. An independent GPS network has also
been run by Japan Coast Guard (JCG). The GEONET data became available to researchers on line
at the GSI's web page (www.gsi.go.jp). The Keystone stations of CRL, space geodetic network
composed of four stations in the Tokyo metropolitan area equipped with VLBI, SLR and GPS,
ceased observations in 2001. It produced valuable data of crustal deformation since 1993 and
provided ideal situations for inter-technique collocation studies. NAO built a new VLBI network
VERA (VLBI Exploration of Radio Astrometry), composed of four domestic 20 m radio tel escopes.
This network is dedicated to radio astrometry using differential VLBI (AVLBI) technique. It will
be also used as the ground stations to track the SELENE (Selenological and Engineering Explorer)
lunar orbiter with AVLBI.

Apart from such government-lead activities, university researchers have been performing field
observations of crustal deformation with extra-dense campaign type deployment of GPS stations.
Areas studied in such activities include the Median Tectonic Line, the foca region of the 2000

Tottori earthquake, the area of the Izu and Tokai area where a sequence of the volcanic eruption,


http://www.gsi.go.jp/

dyke intrusion and a silent earthquake has been continuing since 2000, and those around major
active faults e.g. the Atotsugawa Fault, the Hanaore Fault, etc.. Continuous observations by the
worldwide deployed superconducting gravimeters (SG) have been performed under internationa
cooperation of the Global Geodynamics Project (GGP), in which Japanese participants maintain SG
at Canberra (Australia), Svalvard (Norway), Syowa (Antarctica), Bandung (Indonesia), in addition to
domestic points. Absolute gravimeters (AG) have been used to calibrate such SG, and have been
deployed in fields to detect subtle gravity changes associated with earthquakes and volcanic
eruptions.

Research and development studies of seafloor positioning using GPS/acoustic techniques have
been actively performed by university groups and JCG. A new project has been launched in 2002
by a multi-agency group in order to realize a new-generation satellite gravity mission based on
low-low satellite-to-satellite laser interferometry. Development of on-board instruments for the
coming lunar exploration mission SELENE, such as laser atimeter, relay satellite to enable direct
measurement of the lunar farside gravity fields by high-low satellite-to-satellite tracking, on-board
radio transmitter for earth-based AVLBI tracking, has been done mainly by NAO toward the launch
of SELENE in 2005 summer.

Events that occurred 1999-2002 in Japan contributed great deal to our knowledge on various
crustal deformation phenomena. They include the 1996/2002 silent earthquakes at the Boso
Peninsula, the 2000 summer sequence of the eruption of the Miyake Island, the intrusion of the
submarine dyke connecting Miyake and the Kozu Island, followed by the Tokai silent earthquake
that still continues now, the 2000 Tottori earthquake and its small afterdlip, the 2001 Geiyo
earthquake, and many others. Secular crustal movement studies in the Japanese Islands have
revealed the existence of a zone of concentrated strain running from Niigata to Kobe. Secular
vertical crustal movements have become accurate enough to be used for inversion studies of
interplate coupling at trenches together with interseismic horizontal crustal movements. Seasonal
components often found in GPS time series have been studied, and the large part was found to be

driven by seasonally changing surface loads such as snow.
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2. Positioning

2-1.Single technique

Space geodetic techniques have been applied to determine the precise position of the stations. The
activities are reviewed (Fukuzaki, 2001; Shiba, 2000; Takashima, 2000). To update the geodetic
network in Japan, the method was investigated by Sugihara (1999) and Takahashi (1999). Aiba et
a. (2002) used the GPS observations to monitor the Philippine Sea plate motion and Matsuzaka
(1999) analysed the GPS observations to establish a reference datum in the Asia-Pacific region. An
experimental real time positioning system using virtual reference station method.was created by
Tsuzuku (2001).
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2-2. Multiple techniques

In the IAG Integrated Global Geodetic Observing System (IGGOS) is proposed recognizing the
importance of multi-technique observations. Yoshino (1999a) discussed the benefit of collocation
between the space geodetic techniques and the status was reported with the example of Keystone
stations. Method of local tie was studied by Hasegawa et a. (2002) with the precision of 1.5mm at
the Keystone stations and by Matsuzaka et al. (2000) with a sub-mm tie at Tsukuba and Aira VLBI
stations. Nemoto et al. (1999) discussed a strategy for mm-level local tie survey between VLBI
station and IGS station at Tsukuba. Loal tie measurement was performed at at four VLBI stationsin
Japan (Ishihara et al., 1999), Matsuzaka et al. (1999) reported the local tie survey between GPS and
VLBI at Tsukuba. Coordinates of the Key Stone Project observation sites determined from VLBI,
GPS, and SLR are compared by Koyama et a. (1999d, 1999e and 2000a) and.Otsubo et a. (1999c).
Inconsistency is discussed. Ogi et a. (1999) compared the 1000 km baselines obtained from the
regular VLBI experiments and daily GPS measurements. Watanabe et a. (1999) compared the
GPS/GLONASS receiver precision, The baseline vectors agree within 25 mm.
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3. Development in technology

3-1. VLBI

The Key Stone Project was performed until the end of 2001 running space geodetic network
consisting of four sites around the Tokyo metropolitan area with VLBI, SLR and GPS facilities. To
achieve the daily or sub-daily monitoring of the site positions, both observation system and data
analysis system were fully automated (Koyama et al. 1999a and 1999b). Koyama et al. (1999c)
used the automated data analysis system to estimate earth orientation parameters from real-time
VLBI observation data with a delay less than one day independently. Koyama et a. (2001a)
investigated the flux density variations of compact radio sources observed by Key Stone Project
VLBI network.

Giga-hbit VLBI system has been developed by CRL to improve sensitivity of the VLBI observations.
The first successful geodetic VLBI experiment was reported by Koyama et al. (2000b). After the
developments of the prototype Giga-bit VLBI system, the hardware specification of the VLBI
Standard Interface (V Sl) was established and the new Giga-bit VLBI system based on the VS| was
developed. Koyama et al. (2001 b) reported the developments of the VS| based Giga-bit VLBI
system and the IP-VLBI system which was developed to realize real-time VLBI observations over
the high speed TCP/IP network. Koyama et a. (2003) then reported the results of experiments using
the VSI based Giga-bit VLBI system and the IP-VLBI system.

Using the 32m antenna at Tsukuba VLBI station of Geographical Survey Institute, Fukuzaki et al.
(2001) received pulsar signals to apply for high precision positioning and Kobayashi et al. (2000)
studied the relationship between temperature and vertical deformation of the 32m antenna by field
surveys.

Tamura et al. (2002) summarized a newly developed VERA (VLBI Exploration of Radio
Astrometry) system and its application to the geodetic observation.
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3-2.SLR

For satellite laser ranging system of the Keystone project, analysis software was developed for
regional short-arc analysis and global analysis (Otsubo et al., 1999b). Katsuo et a. (1998, 1999)
proposed a technique to determine the telescope reference point and system delay (Multi-target
calibration) in the KSP-SLR system.

Otsubo et a. (1999a, 1999d) made it clear that the station-dependent satellite signature effect
should be taken into account for the AJISAI satellite through an orbit analysis of laser ranging data.



Otsubo et a. (2001) extended this approach to the flat reflector array of Russian GLONASS
satellites and found a systematic range offset of afew cm in multiphoton detection systems.

Otsubo et al. (2000) devised a method to estimate the spin motion of AJISAI. It utilized a small
cyclic signal in the full-rate laser range residuals.  This study was succeeded to Otsubo et a. (2002)
where a unique reflector array for the H2A-LRE satellite was designed for monitoring the optical
degradation of retroreflectors.

Kunbo-oka (2000) developed a new model of the non-gravitational forces on a satellite such as
atmospheric drag, solar radiation pressure and abedo from the Earth. By combining this new
non-gravitational force model with GEODY N-I1 orhit analysis software, in a simulation, the orbit
determination accuracy of ADEOS-I1 isimproved.

Range biases in the SLR data obtained at Shimosato Hydrographic Observatory is treated as time
variable and estimated in the analysis of global SLR data by Fukura et a. (1999) and Sengoku,
(1999). The estimated biases of three satellites Ajisai, Lageos 1 and 2 for 1995-1997 were about 3- 5
cm. Those of Lageos 1 and 2 are dlightly greater than that of Ajisai, which means that range biasis

dependent on the intensity of return signal.
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3-3.GPS

Kinematic and Real Time Kinematic GPS are studied. Fujita et a. (1999) evaluated the accuracy of
long baseline kinematic GPS (carrier phase base) positioning of survey vessel in the sea area by
comparing the results of short baseline (about 10 km) and long baseline (about 100 km) reference
stations. The difference for vertical component is less than 10 cm. Isshiki et a. (2000b) proposed
KVD (Kinematics for precise Variance Detection) Method by relative GPS measurements. Kato et al.
(2000; 2001) developed a new system to detect a tsunami before it reaches the coast employing the
RTK-GPS technique. The system consists of dua-buoys: the Support-buoy, and the Sensor-buoy.
The system has been anchored at about 2km away from the coast. Sea surface height is monitored.
Uchida (2001) discussed the utilization of the precise vertical positioning of survey vessels with (red
time) kinematic GPS (carria phase base) positioning technique for hydrographic survey. Precise
height determination with sub-decimeter accuracy in the sea area will be useful for the sea bottom
survey. A new positioning method (PVD: Point precise Variance Detection) by a single point GPS
receiver is proposed by Isshiki et a. (2000a) aiming at the wave measurements by an ocean buoy
and earthquake measurements with a simple and low-cost measuring system. It is demonstrated by
Takanashi, Y. (2001) that the coast line is able to be surveyed with 1 meter accuracy by the public
Differential GPS service. Nakamura, K. (1999) developed the software which runs on the
Microsoft Windows95/98 to display a crustal deformation using GEONET data of GSI. Li et a.
(2000) applied autoregressive moving average method for the GPS time series modeling. Hatanaka
et a. (2001a; 2001b) investigated the phase characteristics of GEONET stations. Phase maps for
each antenna-monument types for GEONET stations are obtained by a calibration experiment. The
new phase maps are effective to reduce systematic error of the solutions. Tabei et a. (2002) extracted
spatially correlated common-mode errors in the GPS coordinates time series of the Japanese
nationwide continuous GPS array by using spatia filtering technique. The high resolution
ionospheric modeling technique is developed by Rocken et al. (2000) for correction of GPS data.



The performance of the method is demonstrated with a 25-site network of Geographical Survey
Institute. lonospheric TEC measurement by GPS is evaluated by Sekido et al. (2001; 2003).
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3-4 Other techniques

Technical study of Interferometric SAR (Synthetic Aperture Radar) is made to get the results
efficiently. Fujiwara et al. (1999) applied a correction method that the error due to the differential
tropospheric delay between the two SAR scenes is removed by subtracting the DEM multiplied a
coefficient. Tobita et al. (1999) proposed an image coregistration algorithm for SAR interferometry.
Regarding this technique, Fujiwara et al. (1999) described an introductory guide for the geodetic
researchers, and shows its principle, analysis processes and its error sources.

Satellite altimeter data is utilized. Using the Topex/Poseidon data in the Pacific ocean at the
Kuroshio region, Yoritaka et al. (1999) reported the estimation of the dynamic heights and
geostrophic currents with technical aspects. ERS-2 atimetry data is anayzed by Yamamoto et a.
(2001) to obtain Kuroshio Extension paths. It is demonstrated that the sensitivity of ERS-2 altimetry
data is sufficient for the estimation of Kuroshio Extension path. Japan Hydrographic Association
(2002) created several datasets of water depths at mesh points by merging sea bottom topography
derived from satellite altimetry data and echo sounding data compiled for many years. The dataset of
1'x1".mesh covers the north-western pacific ocean, the widest area.

Takemoto et al. (1999) developed a 3-D rea time measurement system of crustal strains by
Electronic Speckle Pattern Interferometry. An EPSI recording system designed for monitoring
crustal deformation was installed in the tunnel of Kamigamo Geophysical Observatory, Kyoto, Japan,
in June 1997.
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4. General Theory and Methodology

Many papers have been published on the change of Japanese geodetic system to a new geocentric
one by researchers in Geographical Survey Institute as seen in the list below (e.g. Murakami and Ogi,
1999). They also distribute a program to perform conversion between the old and the new systems
from their website (Tobita, 2002). Xu Peiliang, Kyoto University, has been active in variety of
theoretical problems in geodesy, and was awarded with the 10" Tsuboi Prize by the Geodetic Society

of Japan for one of his theoretical works related to random tensor.
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5. Determination of the Gravity Field

5.1. International and domestic gravimetric connections

The Geographical Survey Institute (GSI) carried out part of the second-round, and is carrying out
the third-round, national gravity connection survey with LaCoste & Romberg (LCR) model-G
gravimeters in association with absolute gravity measurements. From April 1998 to March 2001 the
second-round relative gravity measurements were made at 10 Fundamental Gravity Stations (FGSs),
31 first-order gravity stations, and 131 first-order benchmarks. Starting in April 2001, the
third-round survey is underway from the southwest end to the northeast of the Japanese Islands:
relative gravity measurements have been performed at three FGSs, 24 first-order gravity stations and
15 benchmarks up to March 2002.

Korea Ingtitute of Geology, Mining and Materials (KIGAM) and the Geological Survey of Japan
(GSJ), Nationa Ingtitute of Advanced Industrial Science and Technology established a gravity
calibration route “"Korean Gravity Calibration Route -Bohyeonsan Mountain" near Taegu City in
2000. With the result of this gravity calibration route, Japan-Korea gravity compilation was
performed and Bouguer anomaly map was produced (Geological Survey of Japan and Korea
Institute of Geology, Mining and Materias, 2001).

5.2. Absolute gravimetry

In 1999, the absolute gravimeter FG5 #210 was introduced into Department of Geophysics, Kyoto
University.  Since then, Department of Geophysics, Kyoto University has repeatedly carried out
absolute gravity measurements at the Fundamental Gravity Station (Kyoto C) in Kyoto University, at
superconducting gravimeter stationsin Matsushiro and Esashi, and at Aso Volcanological Laboratory.
Absolute gravity measurements have been also carried out repeatedly at Cape Muroto of Shikoku
District, in order to detect secular gravity changes at a subducting plate margin (Higashi et al.,
20014).

The GSI carried out absolute gravity measurements at 13 FGSs with one of the three FG5 absolute
gravimeters (Micro-g Solutions Inc.: #104, #201 and #203). Five of these stations were newly
occupied: Obihiro, Mt. Iwate, Mt. Fuji, Nobeoka, and Ishigaki Island FGSs. The rest were the
existing FGSs: Kushiro, Hirosaki, Tsukuba, Omaezaki, Kochi, Aira, Fukuoka, and Naha FGSs.
Though standard deviation of a single drop for the measurements varies from 9 to 44 u gals, final
gravity values were determined at a precision better than 2 u gals. Under an agreement at the 26th
Japan-Korea Conference for Cooperation in Geodesy and Cartography held at the National
Geography Institute of Korea (NGI) in Suwon, Korea in June 1999, the GSI carried out absolute
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gravity measurement with FG5 #203 at NGI in December 1999. The standard deviation of a single
drop was 12 1. gals and the final gravity value was determined at a precision better than 2 . gals.

The National Metrology Institute of Japan (NM1J), National Institute of Advanced Industrial
Science and Technology participated in the sixth International Comparison of Absolute Gravimeters
(ICAG-2001) with the absolute gravimeter FG5 #231, which was held in BIPM (Bureau
International des Poids et Mesures), Sévres, France, July 2001.

The GSJ purchased a portable absolute gravimeter, FG5-L #003, in 2001 in order to evaluate
whether an absolute gravimeter is capable of geothermal reservoir monitoring.

As a result, it was found to be difficult to achieve a sufficient accuracy in geothermal areas
(Sugihara, 2001), though FG5-L has an advantage of portability.

Moreover, in 2002 the absolute gravimeter FG5-L #003 was upgraded to FG5 #231, therefore the
GSJ examined if it is accurate enough for geothermal reservoir monitoring. The GSJ participated
in Domestic Comparison of Absolute Gravimeters with FG5 #231.

5.3. Gravimetry in Antarctica

The GSI conducted the fourth absolute gravity measurement with FG5 #203 from December 29,
2000 to January 25, 2001 at Syowa Station (International Absolute Gravity Basestation Network,
IAGBN No. 0417) as an activity of the 42nd Japanese Antarctica Research Expedition (JARE)
(Kimuraet a., 2001; Kimura, 2002). Nearly continuous observation was carried out for one month.
Standard deviation of a single drop was 17 u gals and final gravity value was determined at a
precision better than 2 .. gals. The value agrees within 2 . gals with the adopted one obtained
from the third measurement in 1996.

Terada et a. (2001) produced a new gravity anomaly image around Antarctica from 10 Hz
sampled satellite atimetry data. They applied a combination of binarization, clustering and thinning
techniques to the data and succeeded to extract detailed sea floor information.

Shibuya et al. (1999) estimated geoid height at the Scientific Committee on Antarctic Research
(SCAR) GPS reference point on WGS84 reference frame with 20-30 cm accuracy, employing the
Doppler Orbitography Radiopositioning Integrated by Satellite (DORIS) beacon marker's position,
results of geodetic tie between the marker's position and  GPS point, and elevation of the GPS point
above sealevel.

Sato et a. (2001b) anayzed effect of sea surface height (SSH) variations on three
superconducting gravimeter observation sites. Mizusawa (Japan), Canberra (Australia), and Syowa
Station (Antarctica). Annual gravity variations estimated from the effects of solid tide, ocean tide,
polar motion and SSH variation agree with the observations within 0.2 2 gals in amplitude and 20°in
phase.

16



Higashi et al. (2001b, c) carried out gravity survey along the traverse routes from Syowa Station
to Dome Fuji Station, East Antarctica. They determined the gravity values within an accuracy of 1
mgal. The calculated Bouguer gravity anomalies show a large negative anomaly trending inland
toward Dome Fuji, in the most southern observation area, at about —200 mgals. They suggest that the
depth of the Moho discontinuity around Dome Fuji Station, which is located about 1,000 km from
coast, isabout 45 km.

5-4. Tidal Gravity Changes and Loading Effects

Traditional Green's functions for load deformation have been used for estimating the effect of
oceanic loading upon modern geodetic observations, such as superconducting gravimetry, GPS,
VLBI and SLR. To improve accuracy of the load Green functions, Okubo and Tsuji (2001)
introduced the effects of the earth's anelasticity while considering its frequency dependence
(Absorption Band Model). It turns out that phase lags of Green's functions are of order 2 degree or
less but they are strongly dependent on Q structure. Physical dispersion disturbs the real parts of
Green's function by 2 % or less.

Earthquake Research Institute (ERI), University of Tokyo and Disaster Prevention Research
Institute (DPRI), Kyoto University detected 5-10 1 gals diurnal/semidiurnal gravity signals of ocean
tide origin by an FG5 absolute gravimeter at two stations in Sakurajima Volcano located 300 m and
2,500 m away from the shore (Yamamoto et al., 2001c, d).

They computed the gravity originating both from the global ocean tides and from the local onesin
Kagoshima Bay, considering the fine-scale sea-land distribution around the stations. The observed
FG5 records and the theoretical ocean tides agreed well with each other in both amplitude and phase,
indicating that the oceanic loading effects can be predicted to an accuracy better than 2 1. gals within
several hundred meters of the shore in Sakurgjima.  The apparently puzzling errors that have so far

arisen on nearshore relative gravity measurements were resolved by the correction of the effects.

5-5. Non-tidal gravity changes

5.5.1 Gravity Changes Associated with Crustal Deformation and Seismic and Volcanic Activity
Laboratory of Geothermics, Kyushu University carried out gravity monitoring at the central part
of the Kuju Volcano, centra Kyushu, Japan which began to erupt in October 1995 (Ehara et dl.,
20003, b; Nishijima et a., 2001a). Gravity values around the new craters and the pre-existing
fumaroles decreased rapidly during two months after the eruption, but the decrement slowed down
thereafter. It was shown that the hydrological state beneath the Kuju Volcano is reaching a new
equilibrium state gradually after the eruption, based on the subsurface water mass balance deduced
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from the gravity change and an estimation of volcanic steam discharge rate.

The ninth preci akurajima Volcano in
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crustal movement observations to construct an elastic dislocation model with two tensile faults and a
left lateral fault. Then, they use the gravity changes to constrain the density of the material which
filled the tensile faults. They find that the density is likely to be small, and that the gravity changes
of the first component are reproduced well by thed






Earthquake, Hokuriku and Hokusin-etsu regions in the northern part of Chubu District, the Sado
Idland in Niigata Prefecture, coast of Enshunada and the Nohbi Plain in Toka District. By
performing total revision on all gravity data collected from over 40 other institutes and organizations,
Nagoya University and Hokkaido University compiled a gravity database, which covers
southwestern Japan very densely with high precision gravity data for over 144,000 points. Among
the data contained in the database, they published 90,298 net gravity data in a tabulated as well as
digital formin 2001. Shichi and Yamamoto (2001a) published 49,004 net gravity data measured by
Nagoya University during the periods from 1955 through 1957 and from 1978 through 2001. On
the other hand, Gravity Research Group in Southwest Japan (GRGSWJ) published 41,294 net
gravity data measured by the organizations other than Nagoya University (Gravity Research Group
in Southwest Japan, 2001a). All those published data were also provided in a computer-readable
form (CD-ROM) together with other information (Shichi and Yamamoto, 2001b). By compiling al
the available gravity data, GRGSWJ constructed several kinds of large-sized precise gravity mapsin

Southwest Japan (Gravity Research Group in Southwest Japan, 2001b-f).

Owing to increased portability, stability and accuracy of modern gravimeters such as LCR and
Scintrex CG-3M, microgravity survey has been used in various scientific and engineering fields. The
expected structure scale detectable by microgravity anomaly isto be of the order of 1 m; accordingly,
the typical spacing between gravity stations will be about 1 m. Examples of such
microgravity survey are found in detecting very shallow artificial objects as buried remains,
abandoned mine shafts, buried dlags in reclaimed land, as well as natural density anomalies in very
shallow sedimentary layers down to severa tens meters. Karube (1997) successfully applied
microgravity survey to non-destructive investigations for preserving archaeological sites in
congtruction projects. He emphasized importance of the non-destructive nature of microgravity
survey, together with other geophysical methods such as resistivity, magnetic and ground penetrating
radar (GPR).

5.6.2 Hokkaido Area

The GSJ conducted gravity surveys around the western and northern parts of Hokkaido area and
newly obtained 1,500 gravity data during the period from 1992 to 1997. These data were aso
published with CD-ROM (Geological Survey of Japan, 2000&). Further, Morijiri et al. (2000a)
published gravity data of the eastern part of Hokkaido.

Yamamoto and Ishikawa (2002) performed gravity surveys around the southern part of the
Oshima Peninsula, Hokkaido, Japan, in order to revea a fine subsurface structure beneath the
Peninsula.

These gravity stations number more than 600 and are used to construct a new Bouguer anomaly

21



map. Fortunately, an experiment of explosion seismic observations was conducted in 1990 aong
an E-W profile, extending over a distance of about 70 km, in the southernmost part of the Oshima
Peninsula using quarry blasts in the center of the profile.  They forwarded crustal models iteratively
in the same profile across the Oshima Peninsula, using the result by analyses of explosion seismic
observations and geologic information, until their gravity attractions would make a best fit to the
observed Bouguer anomalies. They further proposed a crustal model which well explains the
observed gravity along this profile. The obtained crustal model implies that the light Quaternary
sediments in the western margin of the Hakodate Plain extend to a depth of about 1.5 km assuming a
density contrast of 0.7 g/cm®.

Yamamoto et a. (2001a) carried out gravity surveys around the southern part of the Hidaka
Mountains (Hidaka Collision Zone), Hokkaido, Japan, to improve station coverage of gravity
measurements and to detect the inclined structures of the Hidaka Main Thrusts (HMT) beneath the
Hidaka Mountains. The number of newly established gravity stations amounts to more than 500,
including 54 stations measured on the national route inside the tunnels. A new Bouguer anomaly
map of the Hidaka Mountains was produced on the basis of these data and pre-existed data
(Yamamoto et al., 2001a; Yamamoto, 2002c). An enlarged migrated depth section obtained from
vibroseismic studies shows two listric-shaped reflectors, corresponding to HMT and the Hidaka
Western Thrust (HWT), and a duplex structure between them. Arita et al. (1998) and Yamamoto et al.
(2001a) inverted gravity data together with the results from seismic data and obtained a best fit
model as a preliminary crustal structure across the southern part of the Hidaka Mountains.
Synthetic gravity showed a good agreement with the observed one along the three profiles across the
Hidaka Mountains. Conseguently, they obtained the crustal model which well explains the observed
gravity around HMT. Moreover, Yamamoto (2001) argued about the relationship between seismicity
and Bouguer anomaly over the northern Hokkaido, where significant changes in geological and
gravimetric features are observed across the northward extension of the Hidaka Collision Zone. He
showed that low Bouguer regions well correlated with those of active seismicity (Yamamoto, 2001;
Yamamoto, 2002b).

For the purpose of investigating the subsurface structure beneath the Horoman Peridotite Region
(HPR), located in the southernmost part of the Hidaka Collision Zone, Yamamoto et al. (2001b)
conducted gravity surveys around HPR and established more than 400 stations including 75 new
dataaround HPR. A new Bouguer anomaly map revealed an excellent correlation between tectonic
boundaries or known faults and Bouguer anomaly distributions, and also suggested that high gravity
anomalies in the Horoman and Nikanbetsu Peridotite Complexes and their surroundings are
intimately related to their surface geology. In addition, surficia density distributions were
theoretically inverted by the ABIC (Akaike's Bayesian Information Criterion) method using newly
obtained gravity data and the results suggested that the Horoman and Nikanbetsu Peridotite
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Complexes have a significant density contrast of more than 1.0 g/cni. They aso obtained the crustal
model which well explains the observed gravity along this profile. The obtained crustal model
implies that the Horoman and Nikanbetsu Peridotite Complexes are directly linked together at depths
of morethan 1 km.

Geological Survey of Hokkaido (GSH) carried out gravity survey at 277 stations around the
Hakodate-Heiya-Seien active fault zone (Tgjika et al., 1999), the Hakodate Plain, southern Hokkaido.
Tajikaet al. (1999) estimated a two-dimensional subsurface structure aong a profile across the fault.
Density boundary was assumed along the boundary fault, which forms topographic boundary
between the Kamiiso Mountain and the Hakodate Plain. They found that the Kamiiso Mountain
thrusts up over the plain.

GSH carried out gravity survey at 103 stations with the fast static GPS positioning along four
profiles across the Ishikari-Teichi-Toen active fault zone, the Ishikari Plain, central Hokkaido (Oka
et a., 2001). In order to delineate the subsurface structure associated with the reverse faulting in
Tobetsu active fault zone, central Hokkaido, GSH (Ohtsu et al., 2002) also carried out extensive
gravity surveys. They made regional gravity measurements at 66 stations over the 13 kmXx 16 km
area as well as a dense measurement along a profile across the Tobetsu Fault. GSH (Hokkaido
Government, 2002) conducted more gravity surveys in the Tokachi-Helya active fault zone, the
Tokachi Plain, eastern Hokkaido. They carried out regional gravity measurements over the area of
6.5 kmX 8 km and newly established 115 stations. Dense measurements were also done along the
four profiles across the fault zone.

Shimane University made 134 gravity measurements around the Mashu Cadera in eastern
Hokkaido. These data are not published yet.

5.6.3 Honshu Area

The GSJ conducted gravity surveys at Mt. Fuji from 1999 to 2002 at about 200 stations, and found
two narrow high anomaly belts concerning dike structure. The GSJ carried out gravity surveysin the
Fukui Plain from 2000 to 2002 for investigation of underground structure and active faults, so that
total number of gravity measurement points amounted to 540. Electric Power Development Co., Ltd.
carried out a sea bottom gravity survey in the Tsugaru Strait in 1998 for investigation of active faults,
and obtained about 100 gravity data. They produced a detailed gravity map with compiling land,
shipborne and sea bottom gravity data.

In order to evaluate capability of one dimensional micro-gravity investigations, Iwano et al.
(2001) carried out two test surveys across the Katagihara Fault in the southwest of the Kyoto Basin
and the Fumotomura Fault at the foothills of Suzuka Range, the faults in which seismic reflection

survey had already been carried out. They conducted precise gravity measurements and leveling
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surveys at about a 50 meter interval, and applied terrain corrections using the 50 meter Digital
Elevation Model (DEM) provided by the GSI and partially using a 10 meter DEM compiled by
themselves. Conseguently, they obtained Bouguer anomalies with 0.1 mgals level precisions for
amost al the survey points. Because one dimensional gravity survey is quite easy to conduct with
very low cost, they recommend that gravity surveys should be carried out whenever seismic
reflection survey is conducted.

Kyoto City Office (1999) carried out gravity data analysis for the purpose of investigating
subsurface structure in the Kyoto Basin by compiling existing 1,319 gravity data. Kyoto City
Office (2001) also carried out gravity surveys in the basin and newly established 525 gravity points
ina20 km by 10 km area.

The National Research Ingtitute for Earth Science and Disaster Prevention (NIED) conducted
gravity survey in the area of the Atera Fault zone, Gifu Prefecture in the central part of Japan (Ikeda
et a., 2001). Gravity structure was compared with the resistivity structure and the physical
properties determined from the borehole logging data and core samples from six boreholes drilled
around the Atera Fault. Gravity measurements have been conducted at 242 points and an existing
data set of 250 points in the area of 12 kmX 12 km was compiled for the analyses. A two-layer
model is assumed in this study. Arrangement of the active faults agrees well with the linear
low-gravity basement. The linear arrangement of the gravity low shows **S" shaped geometry. These
fabrics are similar to the strain field in the shear zone. The gravity high between the °S" reflects
the boundary of the segments in the fault system. This inhomogeneity of the gravity basement along
the fault suggests the existence of a mechanical barrier in the fault system.

Three dimensiona structural analysis based on 2,264 gravity data revealed that the buried graben
under the Shinjiko-Nakaumi Lowland is more than -2,000 m in depth (Komuro et a., 2000b). This
graben is segmented into the western and eastern parts by a central transfer zone. The graben
seems to have been subsided asymmetrically because of atilted floor rimmed by a steep one margin
and a gentle opposite margin. The calculated basement depth is controlled by the data of three
wells. The best fit value of the Bouguer density is 2.4 g/cm’. A density contrast between the
basement and graben fills is estimated as 0.4 g/cm®, because they consist of Paleogene granite and
Miocene sedimentary rocks, respectively.

The Pliocene Teragi Group, located astride the eastern edge of Tottori Prefecture and the
northwestern edge of Hyogo Prefecture, about 25 km southeast of Tottori City, consists of volcanic
rocks, pyroclastic flows and clastic sedimentary rocks. The main part of this group fills a volcanic
collapse basin. Komuro et al. (2002) named this volcanic collapse structure the ““Teragi cauldron.”
They constructed a detailed map of Bouguer gravity anomaly on the basis of gravity data from 612
observation points and suggested that the low gravity anomaly over the Teragi Group is not a

funnel-shaped, but a pan-shaped gravity depression. The outline of the Teragi cauldron is distorted
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hexagon which coincides roughly with the margins of the gravity depression. Accordingly, the low
gravity anomaly represents the subsurfac