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Hypoceneter location and its temporal variation of aftershocks are the source of information of mainshock rupture and stres
perturbation around the fault. Since the number of aftershocks decays exponentially, study of immediate aftershocks is importal
to get the above information. However, the location of immediate aftershocks is difficult due to coda wave of mainshock and
successive occurrence of afterrshocks.

Here we propose a new method of hypocenter location using seismogram envelopes as templates. There has been propo
some location methods using aftershock seismograms as templates. Our method employs envelope that are the logarithm of ro
mean-squared (RMS) amplitude of band-pass filtered seismogram. The envelope is smoother and more stable than seismogr:
and it changes absolute value with the earthquake magnitude but keeps its shape, which is the advantage of the use of enveloy

The proposed method composes of two processes. The first process is the calculation of cross-correlation coefficients betwe
a continuous (target) envelope and template envelopes. Assuming an origin time, we set time windows in the target and templat
to calculate the cross-correlation by referring to the arrival times of P-wave of template events. We define the average cross
correlation among the stations and three components as the cross-correlation for each template. We repeat this process by shift
the origin time to obtain a set of cross-correlation values for pairs of (origin time, template).

The second process is the event detection and location. First, we search for the maximum cross-correlation among all pairs «
(origin time, template), which gives the origin time of the first event and corresponding template. At present, we simply regard
template location as the location of the detected event. Magnitude of event is calculated by the amplitude ratio of target an
template envelope. To avoid duplicate detection around this event, we set a dead time of detection around the origin time of th
first event. Then we search for the second highest cross correlation value in a time window excluding the dead time. We repe:
this procedure until the highest cross-correlation value falls below a threshold.

We applied this method to a data set of the 2004 Mid-Niigata Prefecture (Niigata-Chuetsu) Earthquake (M = 6.8) in central
Japan. Aftershock activity of this earthquake is extensive with a number of aftershocks with magnitude greater than 6.0, and witl
a complex fault system that consists of two parallel westward-dipping faults and a conjugate fault plane. We tested the metho
by using target envelopes of two stations, 34 templates with a length of 8 s, both in a center frequency of 4 Hz. During a perioc
of one-hour from the mainshock, we could detect 71 events, which are comparable to the number of the catalog events. Tt
location of events are generally near the catalog location, however, the event magnitude is systematically larger than the catals
value. Of course the result depends on the above parameters and we should develop a method of suitable selection of paramet
In addition, we should improve the method of magnitude estimates and, most importantly, relative location of events agains
templates. Though we have much job to do, we conclude that the employment of envelopes as template works adequately ev
just after the mainshock of large inland earthquake.

Acknowledgement: We used hypocentral parameters and arrival time data of the JMA catalog that was prepared by the JM/
and the Ministry of Education, Culture, Sports, Science and Technology in Japan. | thank the National Research Institute for Eart
Science and Disaster Prevention (NIED) and the University of Tokyo for providing waveform data. This work was supported by
JSPS KAKENHI Grant Number 23540487.
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The 2011 off the Pacific coast of Tohoku earthquake (Mw9.0) was the largest earthquake in recorded history in Japan. For th
stress changes by this earthquake, many aftershocks and induced earthquakes have occurred in and around the source region
this study, | show the space-time characteristics of the inter-plate aseismic slip from sequences of small repeating earthquakes
Japan after the 2011 Tohoku earthquake.

| have already detected many small repeating earthquakes occurred at the upper boundary of the subducting plates in Jaf
before the 2011 Tohoku earthquake. The inter-plate slip-rates estimated from these sequences were consistent to the space-t
changes of the inter-plate coupling. | also identified aseismic slips following large inter-plate earthquakes occurred in 2003 tc
2008 and quasi-static slips associated with foreshocks off Miyagi that started from 2011.

After the 2011 Tohoku earthquake, seismic activities of small repeating earthquakes become active around the source regior
They are particularly active in the northwestern deeper part of the 2011 main-shock and its large aftershocks. The cumulative sl
is more than 4 m in the most frequent area and is consistent to the value estimated from GPS data analysis. Detected sequen
also show post-seismic slips at the trench-side of the northern and southern part of the source region in the subducting Pacif
plate and in the subducting Philippine Sea plate beneath the metropolitan district, which suggest induced inter-plate slips. In tw
years after the earthquake, the slip-rates are three to five times of the relative plate motion in the north and western part. On tt
other hand, they are almost decreasing to the rate before the 2011 main-shock in the southern part. | cannot detect small repeat
earthquakes within coseismic slip areas of the 2011 main-shock and large aftershocks after the 2011 main-shock. Distributior
of small repeating earthquakes probably outline their large slip areas. Therefore, | suggest that both coseismic slip areas ai
after-slip areas of large earthquakes can estimate from the space-time changes of small repeating earthquakes.

Some of small repeating earthquakes are burst-type sequences which occur only after the 2011 Tohoku earthquake. Obsen
seismograms may be distorted by the multiplicity of the seismic waves to come from various places, the seismic velocity change
at the propagation path or site, or changes of physical properties at the plate interface. Other repeating sequences, which class
in continuous type conventionally and are not detected after the 2011 main-shock, seem to be included in earthquake cluste
influenced for the recurrence cycle of the larger earthquake. We should pay attention to future activities to investigate whethe
physical property at the plate interface has changed by the effect of inter-plate large slip and stress changes.
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ity and fault scarp morphology

0000 0000000000 %, 000000003, 000001
Naoki Uchida*, Stephen Kirby, Emile OkaF, Norihito Umino'

lJoo00o0oO0O0oon,?20000000,30000000000
LGraduate school of science Tohoku university,S. Geological SurveyNorthwestern University

The 1933 Sanriku-oki earthquake is the largest earthquake that occurred outer trench-slope region of the northern Honsh
Japan. Recent observations and analyses on earthquakes, such as 2006 and 2007 Kuril earthquakes, 2004 Sumatra earthq
suggest the interactions between outer-rise and interplate thrust earthquakes. Thus it is important to examine the mechanisi
of the aftershocks of the 1933 earthquake that encompass a wide area including the inner trench region according to the JM
location. In this study, we examined the data quality of the 1933 earthquake based on smoked paper records and relocated t
earthquakes by using phase data from regional stations and modern relocation methods. Relocations by the double-differen
method show about 170 km long aftershock area under the outer trench slope that is separated from the seismicity under the inr
trench slope. The earthquakes under the inner trench slope were located where recent activity of interplate thrust earthquakes
high. Separation of aftershock activity between outer trench-slope and inner trench slope was also confirmed by a examinatic
of recent earthquakes that are accurately located based on OBS data at the study area. Earthquakes under the inner trench s
immediately after the 1933 Sanriku-oki earthquake are consistent with earthquake location discrimination based on waveform
and S-P time data (Umino et al. 2007). These two regions of seismicity suggest stress triggering of interplate earthquakes &
the deformation from the 1933 outer-rise earthquake. We also relocated pre March 11th, 2011 seismicity near the trench regio
The result show the present seismicity at the outer trench-slope region of northern Honshu can be divided into several groups
earthquakes along the trench; one group roughly corresponds to the aftershock region of the 1933 earthquake. Comparison of
1933 rupture dimension based on our relocations with the morphologies of fault scarps in the outer trench slope suggest that tt
rupture was limited by the region where fault scarps are trench parallel and cross cutting seafloor spreading fabric.

Acknowledgements: We thank R. Hino and K. Obana for providing relocated hypocenter of earthquakes based on OBS dat:
Y. Tamura for access to seismograms of the 1933 earthquake and its aftershocks recorded at the Mizusawa observatory and JI
for phase data of earthquakes.
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The large extensional stress perturbations associated with the 11 March 2011 Tohoku-Oki earthquake (magnitude (M) 9.C
[e.g., Ozawa et al., 2011] has boosted widespread increase in seismicity across NE and central Japan [e.g., Kato et al., 20!
Toda et al., 2011; Miyazawa, 2012]. In addition to the induced seismicity, several sequences of earthquake quiescence or sudd
reductions of seismicity were reported after the Tohoku-Oki earthquake [e.g., Toda et al., 2011]. However, it has been argue
that sudden rate reductions were potentially due to temporal changes in the completeness magnitude threshold of any earthque
catalogue following the immediate aftermath of large mainshock [e.g., Felzer and Brodsky, 2005; Peng and Zhao, 2009]. Aftel
the Tohoku mainshock, small magnitude earthquakes tended to be masked by overlapping arrivals of waves from immediatel
following numerous earthquakes occurred in not only the source region of the Tohoku mainshock but also inland regions.

For example, a seismic cluster broke out on 27 February 2011 in the Hida mountain range (near Norikura), where the presel
volcanic front is located, and its activity had continued until the Tohoku-Oki mainshock. The representative focal mechanisms
are thrust and strike-slip faulting with the P-axis aligned WN-SE direction, which is a typical stress field in this region. Just
following the Tohoku mainshock, the seismic activity reported in the JMA catalogue shows earthquake quiescence: one day late
the seismicity gradually turned around its previous level. In order to investigate whether this earthquake quiescence is real or no
we applied a matched-filter technique to detect missing events with the use of continuous three-component velocity seismogran
recorded by a dense network of continuous and highly-sensitive seismic stations.

In contrast to the JMA catalogue, the seismicity in the cluster has still continued even just after the Tohoku mainshock anc
seismic quiescence was not observed. We identified a total of several tens of events in the cluster during a time-window whe
the JMA has not reported any existence of seismic events. Our newly detected catalogue describes the temporal and spat
evolutions of seismicity more precisely. The newly constructed catalogue in the Hida Mountain range (near Norikura) shows
that the seismicity increased in the immediate aftermath of the Tohoku mainshock. This rate increase is likely explained by &
static-stress transfer model. Thus, the quiescence seen in the JMA catalogue following the Tohoku mainshock is artificial due t
temporal increases in the completeness magnitude threshold of the catalogue.

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]’;‘;g‘;‘sgiem

Union

SSS27-08 00:201B O00:50 220 11:00-11:15

0000000000000 o0o0oon _
Characteristics of triggered tremor beneath the Yatsushiro Sea by the surface wave of

teleseismic event

0000000200002
Masahiro Miyazaki*, Satoshi Matsumotg Hiroshi Shimizd

l0o0o0,?200000000000
LGrad. Sch. Sci., Kyushu Uni?SEVO, Kyushu Univ.

20120 40 11000000000 O00O00ODODOOOO0OO0OOMWESGO0O0DOOO0OOOOODOODOOOOODODOOD
00000000D0ODODODODODODODOOOOOOOOOOOChao and Obara(2012, SO OO0 (2012, sSSP 0000
oboooooboobobooboooobooboboboooboooobOoboboobooooooooOoboobooooon
obooobOooboooooboboooooboooobooboooobobooooobooooobooboooooboon

uboooooooboooboboboboooooboobobobobobobobobooOoOoobooooboobOOoDbOon
ooo0RMSOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO0O
000000000 ((@DO0O0O00000:Obhara,200) 0000000000 0O0OO0OOOOOOOOOOOOODOO
coooopooooOooooooOooooobo sgoooooogoooooooooooo0ooooboogooo
ooooobo0ooooboooooooooDbo0ooooOoo0oooObD104HzO00 208HzOOOOODOOOOO
gbooobobooobooboooobooboooooobo

oo0o0O0000000000O0O00O000000o00oooooOooO0OO000o00oOoOooooooOooOoDO 2000000
oooooooooboobobobobooooooooooobobOobooboboooDoboboboobobbooobooDo
gbooobobooobobobooobobooooobooooboboooogooboon

oo
uoboo,000oboo0oboooboboobooboob,ocobboobooboooboobooboobobooooooooon
goooooobo.ooboooooboo.

O00oo:0000,000
Keywords: triggered tremor, the Yatsushiro Sea

1/1



Japan Geoscience Union Meeting 2013 g ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]gg‘;‘sgime

Union

SSS27-09 00:201B 00:50 220 11:15-11:30

Jobogobuoboboobtoobuobbooboobuobboooboood

Jofdoooooooogooo _ _ _
Spatiotemporal stress change concerned with Tohoku-Oki Earthquake derived from th

seismicity rate in off southern Tohok

o000 ™ o0o0o0001!
Go Takahashi, Noriko Tsumura

lgooo
LChiba Univercity

goooooooobobooooooooobobobooobooboooobobobobboobobooboDbOob oo
obooooooboobobooooooooboboooooobob0oboboooboooobobOoboboobooooon
000000000 (Freed2005) 00 000000000000 OPACOOOOOOOOODOOOOPHSIOOOOO
Oo0O0O0O0O0O0O0O0O0O0O0ODODODOODODOOODO PACOOOOOO PHSOOOOOOOOOOO Detrich (1994)1 00O
boboooobooboboboooooooboboboooooooboobobobooooooobOoboboboooon
gooooboooooobooboooooobooooobobobooboobooooobDOoobooooboboboooboo

OO0000O000DO0O00DO0O0000O000DO00 19980 101000 20120 30 3100000 O0O0OOO
oboooooboobobooooooobooboboobooooooobOobOoboobobooooboobOobooobooooon
OO0 H-netDOOOOOOOOOOM3500000000000

00000000000 02°x0002°000000000000000O0O Uchidaetal.(2009p 00000 PACO
000000000 Uchidaetal.(2010p 00000 PHSOOOOOOOOOOODOOOOOOODOOOOO+ 1000
gooooboboooboboooooboboooooboooobobobooonoo

0000020110 300 PACOOOOOPHSOOOOODODOOOOOOOODDOOOOOOOODDOODOOOO
0000 PACOOODODOOOOOO Uchidaetal. (2009 00 0000000000000 0OOOO0O0O PHSOOOO
ocoooooooooooooooooboo0oooooobobOOOOoO0oOoOoooOoooOobOoOoOoooooDoOoo300o0ooo
uboooooboobobobooooooobobobooooobooooboboboooooooboOobOobooooon
g000oOoo00ooo00obooOoo0ooDooOU20110 3000000 oooUoooOooDOoUoDoOUgooDo
gs0000bo0boooogoboooboobooooobooboooboobooooDo

oboooooobOooboboooooooooboobooobooooooobOobobobooobooooboobOobon
gboobobooobooboooobobooooobooonoo

gooob:b0bboboooooboob,0oooo,bo
Keywords: Tohoku earthquake, Sterss change, Aftershock

1/1



Japan Geoscience Union Meeting 2013 0 ® ,’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

SSS27-10 0 0:201B 00:50 220 11:30-11:45

00000000000000000000o0o00 _ _
Seismicity and crustal structure in the focal area of the inland earthquakes induced by th

2011 Tohoku-Oki earthquake

0o oo o000 bhoooolhooool,oooo4L,oooothoooooooooooooooooooo!
Tomomi Okad&*, Ryota Takadi, Keisuke Yoshida Maki Yonekawad, takuya yamamura Akira Hasegaws, Group for the
aftershock observations of the 2011 Tohoku-Oki earthqtiake

0000000000 0000000000
IResearch Center for Prediction of Earthquakes and Volcanic Eruptions, Tohoku Univ.

After the occurrence of the 2011 Tohoku earthquake with a magnitude of 9, the seismicity in the overriding plate has changed
The seismicity seems to form the seismic belts. The earthquakes after the 2011 Tohoku earthquakes tend to be located at the e
of these seismic belts.

From the time-latitude distribution, we can see the change of seismicity in the occurrence of the 2011 Tohoku earthquake. Mos
of the earthquake clusters have activated just the 2011 Tohoku earthquake and decreased, although some of them activated ger
In some earthquake swarms, we can observe temporal expansion of the focal area. This temporal expansion can be explained
the fluid diffusion.

In the lower crust, we found seismic low velocity zone, which seems to be elongated along N-S or NE-SW, the strike of
the island arc. These seismic low-velocity zones are located not only beneath the volcanic front but also beneath the fore-al
region. Seismic activity in the upper crust tends to be high above these low-velocity zones in the lower crust. Most of the shallow
earthquakes after the occurrence of the 2011 Tohoku earthquake are also located above the seismic low-velocity zone. Nornr
fault earthquakes in northern Ibaraki and southeastern Fukushima are also located just above the seismic low-velocity zone.
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The relationship between shallow seismicity and geologic structure in the Sambagaw:
belt, northwestern Kii Peninsula
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