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The detection of electromagnetic perturbations prior to fault ruptures or volcanic eruptions has often been proposed as a sin
ple and effective method for monitoring the crustal activities. Recently electromagnetic phenomena have been considered as
promising candidate for short-term earthquake prediction. And especially passive ground-based observation of ULF (ultra low
frequency) geomagnetic signatures is considered to be the most promising method for seismo-magnetic phenomena study due
deeper skin depth.

In order to investigate the electromagnetic phenomena associated with crustal activities, a sensitive geomagnetic network h
been established in Japan. At each station, three magnetic components and two horizontal electric components are observed
this study, we have analyzed geomagnetic data observed during the 2002 and the 2007 slow slip events in Boso Peninsula, Jap

According to previous studies, the geomagnetic signals at the frequency around 0.01Hz might be sensitive to undergroun
activities. So in this research, we have applied wavelet transform analysis to the 1Hz sampling data observed at three magne
observatories in Boso Peninsula (Kiyosumi, Uchiura, and Fudago). The signature at the 0.01Hz frequency band has been revea
and daily average energy has been computed.

In general, ULF geomagnetic signals observed on the ground mainly contain three parts: global signals originated from lono
sphere, artificial noises, and signals induced by underground activities. In order to minimum artificial noise, we only use the mid-
night time data (LT 0:0073:00). And to remove influences of global magnetic perturbations, we have developed another method t
obtain reliable background based on principal component analysis (PCA). Three standard geomagnetic stations (Memambets
Kakioka, and Kanoya) operated by the Japan Meteorological Agency have been selected as reference stations and PCA mett
has been applied to the yearly energy variation of the 0.01Hz signals at the three stations. The first principal component whic
contains more than 95% energy is considered to be global background.

After comparing the results at the stations in Boso Peninsula with global background, it is found that there are several loca
energy enhancements which only appear in Boso area. Especially during the 2002 and the 2007 slow slip events, significal
anomalous behaviors have been detected in both Y and Z components. Time series of magnetic signals associated with this t\
slip events are quite similar. To verify these phenomena and clarify possible mechanism, direction finding and numerical simula
tion have been applied and detailed results will be presented in our presentation.
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The discovery of deep tremor and low-frequency earthquakes in Kyushu, Japan
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Kyushu is a part of the Nankai-Kyushu-Ryukyu subduction zone where the Philippine Sea plate is subducting beneath the
Eurasian plate. In this area, tectonic tremors and low-frequency earthquakes (LFEs) have not been discovered yet, though th
are well-studied in Tokai, Kii, and Shikoku Regions along the Nankai subduction zone. The subducting plate beneath Kyusht
is a little older, but there is a high Vp/Vs zone at around 30 km depth, which is considered as an essential structural feature fo
tremor generation (Matsubara et al., 2009).

The envelope correlation method of Ide et al. (2010) detected many tremor activities including LFEs beneath Kyushu, in north-
ern and southern Miyazaki prefecture. The waveforms have the characteristics of LFEs, such as dominant frequency range (1-
Hz), detectable S-wave arrivals and obscure P-waves, and successive occurrence, similarly to those observed in the Nankai s
duction zone. We relocated these LFEs, using manually identified S-waves in band-passed waveforms between 2-8 Hz, and S
times measured by cross-correlating waveform envelopes between vertical and horizontal components. For each LFE, S-wav
constrain the epicenter and S-P times at stations near the epicenter constrain the depth.

The depths of LFEs are distributed between 30 and 50 km, which are shallower than the depths of intraslab earthquakes in th
area, which are between 50 and 60 km. The locations of LFEs suggest that they occur on the interface between Eurasian ple
and Philippine Sea plate, and also at the depth of known high Vp/Vs area, which suggests the presence of fluid. The two are:
of active LFEs are located on the northern and southern edges of the subducting Kushu-Palau Ridge. Although the distributio
is not continuous like LFEs in the Nankai subduction zone, the above findings suggest that similar phenomena are occurrin
beneath Kyushu. The existence of slow-slip events may be predicted.
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Non-volcanic low frequency tremors only detected by vertical seismic array network (V-
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Obara K. (2010), Phenomenology of deep slow earthquake family in southwest Japan: Spatiotemporal characteristics and se
mentation. J. Geophys. Res., vol. 115, BOOA25.

Takeda N., K. Imanishi, and N. Koizumi (2010), Precise Monitoring of Non-volcanic Low-frequency Tremors using Vertical
Seismic Array: The case of Tokai Area, Southwest Japan. 2010 AGU fall meeting.
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Observation of deep low-frequency earthquakes (LFE) using a middle scale array at Shi
moyama in Toyota city, Tokali
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Activity of non-volcanic tremors associated with the 2009-2010 slow slip event in the

Bungo Channel region
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Repeating slow slip events in the Hyuga-nada and off the Tanegashima Island
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Moment tensor inverion of broad-band ocean bottom records from very-low-frequency

earthquakes off Kii peninsula (2)
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Taro Okamotd*, Takeshi Nakamufa Hiroko Sugiokd, Yasushi Ishiharg Aki Ito?, Koichiro Oband, Shuichi Kodair3,
Daisuke SuetsudiMasataka Kinoshita Yoshio Fukad
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1Tokyo Institute of Technology.JAMSTEC

We installed three broadband ocean bottom seismometers (BBOBSs) from July 2008 to October 2009 off Kii peninsula, Japa
(Sugioka et al., in preparation): in the study area activities of the very low frequency (VLF) earthquakes have been reported (Ishi
hara, 2003; Obara and Ito, 2005). Our BBOBSs successfully recorded VLF swarms re-activated after five years of quiescenc
at very short epicentral distances. During the last SSJ Fall meeting (2010) we reported the preliminary results of the waveforn
inversions of the VLF events. Here we report the updated moment tensors, source time functions, and waveform-relocated sour
positions determined by using a new structural model.

We compute the synthetic waveforms by a 2.5D finite difference method (Okamoto, 2002) because the BBOBSs were installe
on the ocean bottom that is an irregular solid-fluid interface, and because the data were recorded very close to the VLF source
approximations with flat-layered structure or with far-field terms should be avoided. In this report, we assume a "new” crustal
model based on the results of detailed seismic experiments performed in the source area: we incorporate oceanic layer, sedim
tary layers, and subducting oceanic crust in the new model. Assuming a point source for the VLF source, we infer the momen
tensor and the source time function simultaneously by using a non-linear waveform inversion method (Okamoto and Takenake
2009). Finally we apply the waveform-relocation procedure (Okamoto, 1994; Okamoto and Takenaka, 2009) to determine the
best point source position: in the procedure we setup a three-dimensional grid of candidate source positions, and apply a gr
search to find the best source position that minimize the residual between the observed and synthetic waveforms. The data us
for the inversion are the waveforms of three components of ground velocity with durations of 120-150 s from the onset. We
apply a band-pass filter (8-50s) to the raw data. For some data we also generated waveforms by applying another band-pass fil
with very long period (50-360s).

We analysed eleven VLF events whose moment magnitudes were about four. We found that most (nine) of the events ha
shallow angle thrusting mechanism. The estimated depths of the nine events were in the range between 6.4 km to 8.4 km. Mor
over, five events had very shallow, near horizontal nodal plane (i.e., dip angles were less than 10 degrees). These results stron
suggest that the shallow angle thrusting events represent the slips along the very shallow part of the plate boundary under tl
accretionary prism. The estimated durations of the source time functions (30-50 s or longer) of the VLF earthqugkes are mucl
longer than the typical values for M4 events.

Acknowledgments: This research was partially supported by KAKENHI (19GS0211). The computers in Earthquake and Vol-
cano Information Center, Earthquake Research Institute, University of Tokyo was used for FDM computations.
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Very low frequency tremors beneath Shonai plain revealed by Hi-net tiltmeters
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