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Recent findings of tremor in Taiwan have shown it to be an ideal region in which we can study the relationship between
tremor and earthquakes. Although several studies (Chao et al., GJI, 2012; Chao et al., SSA Meeting, 2011) have identifie
triggered and ambient tremor beneath the southern Central Range of Taiwan, a number of fundamental characteristics of trem
in Taiwan remain unclear. In this study, we auto-detected eight-year (200472011) continuous seismic waveforms and obtaine
tremor episodes under the southern Central Range using the Waveform Envelope Correlation and Clustering (WECC) methc
and a spatio-temporal clustering criterion. We also quantified tremor activity before and after the local 4 March 2010, Mw6.3
Jiashian earthquake, the hypocenter of which is located about 30 km away from active tremor sources, and the 2010 Mw8.
Chilean earthquake, which occurred six days before the Jiashian mainshock. This special dataset provides a means of studyi
the relationships among ambient tremor, triggered tremor, and local and regional earthquakes.

Analysis of the data shows that ambient tremor in the southern Central Range of Taiwan is characterized by frequent recul
rence of short duration (5724 min. per day); however, unlike other subduction environments, the Nankai tremor zone exhibits
a continuous occurrence of tremor episodes from a period of hours to days. The analysis also shows that ambient tremor |
Taiwan surrounds an active triggered tremor source and that its spectrum is similar to that of triggered tremor, but with lower
amplitude, which confirms the theory that triggered tremor is a sped-up result of ambient tremor. We found that backgrounc
noise in this region during the local daytime period exhibits larger amplitude than that of ambient tremor, implying that if we
employ borehole seismometers in the study region, we should be able to detect more tremor episodes. Our findings also shc
that maximum tremor activity occurred within ten days after the Jiashian mainshock, indicating a static stress interaction betwee
the tremor rate and locally occurring earthquakes, and that tremor rate gradually returned to its previous status six months aft
the mainshock. Although the dynamic stress from the Chilean earthquake exceeded the tremor-triggering threshold of 8-9 kP
in Taiwan, it neither triggered tremor nor influenced local seismicity. The study found no evidence that significant change in
tremor activity correlated with that of the Chilean earthquake or local seismicity. Finally, we examined potential slow slip events
in nearby regions with geodetic observations from GPS data and found no direct evidence of a connection between the GP
observations and tremor episodes. Our investigation of ambient tremor in Taiwan can lead to more thorough understanding ¢
tremor-generated zones and geological structures in this region.
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Geological and frictional aspects of very-low-frequency earthquakes in an accretionar)
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Spatial variations of the temporal clustering properties of tectonic tremor activities in-

ferred from a fractal analysis
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The spatial variation of tremor activities is characterized by means of a fractal analysis. The temporal distribution of tremor
activity exhibits fractal behavior, and its fractal dimensidn) @and the characteristic timé.{ reflect the degree of temporal
clustering and the recurrence interval of episodic tremors. By applying one-dimensional box-counting method for the tremor
catalogs from the following tectonic regions: Nankai, Cascadia, Mexico, and New Zealand, we identify transitions of the tem-
poral clustering properties in both the dip and the strike directions. A transition in the dip direction is possibly associated with
the change in the thermal condition depending on the tremor depths, while significant variations in the strike direction is likely
to be affected by other factors such as pore-fluid pressure and geometrical irregularities, as well as local temperature variation
The characteristic time has modest positive correlation with the tremor duration, probably representing the inherent correlatiot
between the seismic moment release rate and the recurrence interval of tremors controlled by the frictional properties along tt
plate interface.
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P- and S-wave detection of the low frequency earthquakes (LFE) using 3D array. Appli-

cation to hypocenter determination
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Seismic array observations for study of nonvolcanic tremor
structure in western Shikoku
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Improvement of tectonic tremor detecting and locating methods: Case study in wester
Shikoku and central Kyushu
Improvement of tectonic tremor detecting and locating methods: Case study in wester
Shikoku and central Kyushu
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LERI, the University of Tokyo?Victoria University of Wellington, Wellington, New Zealand026416
LERI, the University of Tokyo?Victoria University of Wellington, Wellington, New Zealand026416

Recent findings of triggered tectonic tremor in recently discovered regions in Hokkaido (Obara, GRL, 2012), Kyushu, and
Kanto (Chao and Obara, AGU Meeting, 2012) provide an ideal dataset with which we can test the clock-advanced model
which predicts the occurrence of triggered tremor in regions where ambient tremor occurs. Obtaining accurate tremor source
in time and space is important because it provides essential information that reveals the mechanism of tremor activity. In thi:
study, we improve upon two existing tremor detecting and locating methods: 1) the WECC (Waveform Envelope Correlation
and Clustering) auto-detecting algorithm (Wech and Creager, GRL, 2008), which auto-detects tremor episodes, and 2) the in
proved conventional envelope cross-correlation technique (Obara, Science, 2002; Chao et al., BSSA, 2013), which accurate
pinpoints the locations of short duration tremor sources in space. Using WECC, we detected tremor episodes in western Shikol
and compared the results with existing NIED tremor catalogs (Maeda and Obara, JGR 2009; Obara et al., GRL, 2010). Ou
preliminary results indicate that the during testing period, the WECC was able to successfully auto-detect the same ambier
tremor episodes listed in the NIED tremor catalogs. Our next step will be to apply the WECC to the entire dataset to determine
whether it can successfully detect all tremor episodes while minimizing noise. Using the modified envelope cross-correlatior
technique, we plan to conduct a 3D grid search to locate accurate triggered tremor sources in central Kyushu following sever:
teleseismic earthquakes. This modified technique has been used to locate micro-earthqua®5) M western Shikoku, and
a comparison of the hypocenter of these micro-earthquakes with those from the JMA earthquake catalog showed that they we
located within 5km of one another. We plan to apply the WECC to search for potential ambient tremor in central Kyushu and
present the updated results at an upcoming meeting. The improved tremor detecting and locating techniques, which combine t
strengths of various algorithms, will be instrumental in the construction of an accurate tremor catalog in Japan.

O 0 00 0O : non-volcanic tremor, tremor locating/detecting methods, central Kyushu, Shikoku tremor zone
Keywords: non-volcanic tremor, tremor locating/detecting methods, central Kyushu, Shikoku tremor zone
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Broadband features of the shallow low frequency events in Nankai trough, excited aftel

the 2011 Tohoku-Oki earthquake
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Low frequency events are seismic events, which have longer duration and less energy radiation compared to regular eart
guakes. The low frequency events detected in the shallow part of the Nankai trough<@ielath), reported by previous studies,
can roughly be divided into two groups depending on the observable frequency ranges of the signal, where the frequency rang
actually depend on the observed instrument.

The events of the first group are very low frequency earthquakes (VLFE), which were originally detected by broadband seis-
mographs on-land (Ishihara et al., 2003; Ito & Obara, 2005), dominant in the frequency around 0.1-0.05 Hz. More recently &
close-in observation was successfully made by temporally deployed broadband ocean-bottom seismometers (BBOBS), whic
revealed many intriguing features of the VLFEs (Sugioka et al., 2012). The events of the second group are low frequency tremot
(LFT), which are recorded by OBSs equipped with 4.5?Hz short-period seismometer sited close to the source regions. They a
dominant in the frequency range of 2?8 Hz with a lack of energy above 10 Hz (Obana & Kodaira, 2009). The classification
between LFTs and VLFEs must be an important step toward estimating the physical process of the shallow low frequency event

After the 2011 Mw9.0 Tohoku-oki earthquake, many shallow low frequency events were recorded at a cabled network of
ocean bottom broadband stations (DONET) deployed in the northern part of Nanakai trough. The characteristics of the events a
similar to previously observed LFTs at the frequency range around 2-8Hz. In addition, some of the events are accompanied by
lower frequency signal, clearly visible around 0.02-0.05 Hz, whose features are similar to those previously observed as VLFEs b
Sugioka et al.(2012). One of such features of VLFEs is the ramp-type motion of the instrument-corrected seafloor displacemen
which corresponds to a subsidence of up to 0.04 mm with a rise time of 10-20 s.

In order to examine whether the events accompanied by the 0.02-0.05Hz signal are intrinsically different from those without
the 0.02-0.05Hz signal, the amplitudes of each event measured at 2-8Hz and 0.02-0.05Hz are compared. The comparison sha
that the events without the 0.02-0.05 Hz signal tend to have lower amplitude in 2-8Hz than those accompanied by the 0.02-0.0
Hz signal. The result indicates that there is no such event, which is intrinsically missing the 0.02-0.05Hz components but ha
large amplitude in 2-8Hz. In other words, the events without the 0.02-0.05Hz signal are likely to be either smaller in size or
occurred further away from the stations, compared to the events accompanied by the 0.02-0.05 Hz signal. Our dataset shows tt
the two types of low frequency events are likely the same phenomenon.

00000:0000000,0000000
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Long-term slow slip events around eastern Shikoku and Kii Channel (2)
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Afterslip revisited: Scaling relation of slip rate versus mainshock magnitude and possible

expansion of the definition
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Modeling of slow slip events along the subduction zone off the Pacific coast of Mexico
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linternational Institute of Seismology and Earthquake Engineering, Building Research Institute

Recent high-resolution geodetic observations have revealed the occurrence of slow slip events (SSEs), along the Mexice
subduction zone. In the Guerrero gap, large slow slip events of around Mw 7.5 have been observed (Lowry et al., 2001; Radigu
et al., 2012), and the 2006 Guerrero slow slip propagated at an average velocity of 0.8 km/day. Recurrence intervals of SSE
are around every 3-4 years. On the other hand, in the Oaxaca region, SSEs of Mw 7.0-7.3 repeat every 1-2 years and last for
months(Correa-Mora et al., 2009). The present study models SSEs along the subduction zone off Mexico, based on a model |
Shibazaki and Shimamoto (2007).

We use a rate- and state-dependent friction law with a small cut-off velocity for the evolution effect. We also consider the 3D
plate interface, which dips at a very shallow angle at 100-150 km from the trench. We set the unstable zone from a depth o
10 to 20 km, and the zone of SSEs from 20 to 30 km. By setting the effective normal stress at around 1 MPa and the cut-of
velocity for the evolution effect at 10E-7.5 m/s at the SSE zones, we reproduce SSEs occurring at intervals of around 5 year
with propagation velocities of 1.0 km/day. In the present model, velocity strengthening occurs at a velocity greater than 10E-
7.5 m/s, and therefore only small slips occur at the SSE zone when earthquakes occur in the seismogenic zones. A Mw 7
subduction earthquake occurred beneath the Oaxaca-Guerrero border on March 20, 2012, and the 2012 SSE coincided with tl
thrust earthquake (Graham et al., 2012). We verify our model by comparing numerical results with the observations.
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