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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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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.
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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

0000 ™ 00002
Sumire Maed&, Shinji Tod&

lopoooo0o0o0,?0000000000000
IDPRI, Kyoto University2IRIDeS, Tohoku University

gooooooooooboootooooooooooooooooboooboooobooooooooooooon
000000000000 0000000o0oOooooo1esno0noooooooooooooooooooooon
000000000000000o0oo0ooogoooo0o 1okmid 0000000000000 O0OO0OO0O0OO0O00OO00d
000000000000000000o00o0oOd0oo00ooo000b00oo0o0oooo0ooOooOooOooooogn
00000000000 000020120000000000000000000000D0-000000000000¢0
go0dooooooobooooooboooooooooooobooooooooOoooooooooOooooooOoouono
hypoDDO OO0 O0O0OOOOPOOODOOOOOODODOOOOOODOOOOOOODDOOOOOOODOOODOO
0000000000000 00000000000o00o0b000o0000o0OoOo0oDOo0ooooOoOoOooOooOn
oood

0000000000000 00000000000000000 2000000000 Double-differencél (Waldhauser
and Ellswortfl 2000)0 0 0 00000000000 000COO0O000000O0O 100kmOOOO0O0Oooooooooo
O00000Do0o00oooo JMA20010 0D0O0O2002)0 0 0000000000000 0O0O0O 2001/1/172010/12/31
0d00000oboboooOoo000ooobobooOobo00000ooooOo000ooobOobOO0o00000ooooobooo0o0rF-neta
0000000000000 M3.0000000000000000 SATARNOOODOOODOOODODOOOWINDOOO
000 POOOOODOOO0OOODOOOOOOODOOOOOOODOOOOOOOO

0000000000000 0000000000000000000000000000000000000000
godoooobooooooooobooooooooooooooobooooooooooooooobooOoooooon
goooooootooboooooobooooooboooooooouoooooooooboobouoooooooon
0000000000000 0000000b0000o00oo00o0O0bO000o0oo0oo00o0oOooOOoboOooDoooOOn
0000000000 00000000000dbO00oo00o0o0o0o0O0b00o0o0oooo0ooOooOooOooooogn
o000o0o0ooooooooon

g0ooooooooooooooooooboooooooooooooooooooooooboooooooboon
ooz 0000001999 000000000000000O0000O0OOO0D0O0OOOOODO0OOOODbOOOO0
0000000000000 0000000b0000oo00o00oo00oO000o0oo0oo00oO0OooOOobOOooDOooOooOOn
000000 20kmO0000000000000000000000000000DO0000000 20kmOOO0OO0O0O
0000000000000 00000000000o0o0o0o0o0o0DO00oo00oo0ooD0oDooooOooooogn
000000000000 000000000000o00o000o0o00DO000o0oo0ooDO0ooooooooooagon
godooooooooooooooooooon

gooooooooooboootobooouooooooooooob oo oooooobooooboon
0000000000000 0000b00000000o0oo0o0O0ooO0b00DO00o0ooooooooooOoong
000000000000000000000000000oo00o00oooo0oO0oooDOoo0ooooooOooooOgon
0000000000000 00000odo2M0000000o000D000o00oooOoooooooooooog
god0oo0ooooooooooooooooooooooooooobooooon

dooooo,z20020000000000000000O00O0O0O0O0O0O,14,25-3M00000,1996,00,66,124-131.11
00,999,000 000.;000,2002,0000,65,123?134.;Waldhauser and Ellsworth,2000,Bull.Seismol.Soc.Am.,90,1352-
1368.

goooob:0obooooo,bbooog,bbooodg
Keywords: northwestern Kii Peninsula, Sambagawa belt, shallow seismicity

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-P0O1 go:booboboobo 00:50 220 18:15-19:30

O000poooOoooo000ddoodbopooooooooooooon
Relation between Temporal Variation of b-value and Recurring Slow Slips o

sula; Part 2

ff Boso Penin-

0o oo > oooo!
Fuyuki Hirosé*, Kenji Maeda

looooo
I'Meteorological Research Institute

00000 (2012,JpGUY 0000000 DOO0OOOODOOOOOOO0OOOO0OOOOOO bOODODOOOOOODO
O0000O0O0O00O0O0O0O0O0O0O0OOO0OOOD LbOUOODODODODODODODODODODODODODOODOOOOO Scholz, 1968, BSSA
oo0o0O0O0ObOOOOOOOOOOOOOOOOO

1)00000o0o0ooooooooooooooooooOoOoOOOOOOCOOOOOOOOOOOOOOUOOOOO
000000000000 ObOOODOOOOO

2Q0000000oOo0o0ooOo00OoOoO00OOoOoO0O0OoOoOO0DOOoO0O0DOODOO0DOOOOOOODOOn
0000000000000 DO0OD0O00000000bLOOOOOOO

3) 000000000000 1000100000000000000O0O00OOODODODOOOO0O0DOOOOOOOO
oooOo0O0O0O0ObOOOOOOOOOOOOOOOOOOOOOOODOOO

0000019900 10 1000 20110 120 310 0000000000000 OOOOOOOMDO 1.5,00 40km
0000 DbbOO0OOO0OO0OO0OO0O0ODOO0OO0ODOO0O0OOO0O0O0OO0O0O0OOO0O0OOO0O0 bOoOOOOO
OO0O0ODDO0OO0OO00DOOO000000ODOO00D0OCO00DOO0O0O0DOOO0ODOD20020 SBOOODODOOODOOOOO
oooooooboobobooooooooboboooooooboobob0obobobooooboboboboobooooon
oooO0oO00O0 bOOCOOCOOOOOOOOOOOOODOODOOOOOOOOOOOOO

00000:0000,0000000,b0,00,0000,0000
Keywords: Boso peninsula, slow slip, b-value, stress, temporal change, waveform cross-correlation

1/1



Japan Geoscience Union Meeting 2013 /0 <9 ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘si—fime

Union

SSS27-P02 go:booboboobo 00:50 220 18:15-19:30

0000000000000000000000000 _ _
Earthquake Observation in the Suruga Trough Using Ocean bottom Seismographs-Prelin

Report-

0000 ™,0000320000300000Y%00000Y4L,000000 YL, 000003,0002300 00 3,
oooooooosonoot

Hisatoshi Bab&, Kenji Hirate?, Hiroaki Tsushimd, Tatsuya Miyagawl Tsuyoshi Matsumotq Kazuya Inamurl, Akio
Katsumatd, Hiroshi UENC?, Shigeki Aok?, Kenji Maed&, Takashi Yokotd, Toshiyasu Nagdo

l0o0o0,?000000000,300000000
ITokai University,?National Rsearch Institute for Earth Science and Disaster PreveAMetgorological Research Institute,

JMA

oo0ooOoO00oobooOoO0oo0O020110 10000000000 OO0O0O0OOO0O0OOO0ODOOOODOOODOOOODO
oooooooooopbz2000000000O0000x00ooooooooooooOooooDOobO0oOoooooDO
002009000 Me 50000201100 Me.lODOOOOO0OOOO0OOOO0O0OO0ODOOOOODOOODOOOOODODOOO
goooooooboboooooooooboboooooooobobobooboooobDobobooboobooDOoD
gobooobobooooboobobobooobobooooobobooobobooboobooboboooobobbooDOoboon

20120 oA0OdOo o7OoOOOOO0OOOOOOOOOOOODOI0O0DOOO0OODOOOOODODOOODODDOOO

OO0 O0O0OoDoooBSOOOOODOOO 115390000000

0000000000 s-Ptimel000000O5secd0000000000010000000 10000000

000 Ss-Ptmed 10 0000000000000 O0O0COOO0OO0OOOOO0OOOOOOOOOOOOOOODOOO
oooooooo

20120 o800 OO0OODOoOBSO 3pUOOOOOOOOoOODOOOUOODOOOUOOODOODOOOODO
ooo

goooo:gogobo,0bouoo,ogooon
Keywords: Earthquake Observation, Suruga Trough, Ocean Bottom Seismograph

1/1



Japan Geoscience Union Meeting 2013 1 ,

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

Union

SSS27-P03 go:booboboobo 00:50 220 18:15-19:30

Jobogobuoboboobtoobuobbooboobuobboooboood

0o
Earthquake Observation in and around Kumano Nada using Cable and Pop-Up type Oce:

Bottom Seismographs

00000 YL, 0000*>00003%,00040000°%500000°%000500005%0000°%0000
5

Hiroshi Sarukawg, Hisatoshi Bab#, Kenji Hirata®, Akira Yamazaki, Hiroaki Tsushima, Akio Katsumata, Hiroshi UENC,
Shigeki AokP, Kenji Maeda, Takashi Yokota

'000O0000000000,200000000,3000000000,4000,%500000
'Hannan Co., Ltd.2Department of Marine and Earth Science, Tokai Unilational Rsearch Institute for Earth Science and
Disaster PreventiortJMA, ®Meteorological Research Institute, JIMA

Oo00DOo00ooOo00oDbOoO00oDOo0ooOo00O0O0oO0obOO0oOoobOOoOoobooboOz20080 100D00DOOODDOO
Oo00oo0O0o0ooooOooboooooboz0090 6000 30DO0O0O0O0OO0DLDOOODOOODOODOOODOOOO
000000 120000000000000000DO0DOOO000DOOCOOO00OODOOO0OODODOOO0ODOO
oboooooobooboboooooooobobobooooooooobobooboboboooooboboboobooooon
gboooOoboboooboobooooobooooobooboboooboOobooon

goooooOooooo0ooOoooooOoo0ooo0ooooOoooooObOO0oDboOoOoooOobOOoO 1’8 UOOOOO
0000000000000 00000O0000O00O0O00ODO0O0OOO0O0OOO0 20050mO0O0OOOOOOOO
ubobooooboobobobooooooobooboboooooboooboobobobooooooobOobOoboooooon
goooooooboboboooooooooboboooboooooobobobooboobDobobobbooooo
oooooooo

oobobOooboooooooooooooobooooooooobOooooooooooooooooooooooonooon

goooo:gogoo,bboooo,ooo,go0o,0boooo
Keywords: Earthquake observation, Ocean Bottom Seismograph, Tokai Oki, Kumano Nada, Comparison of the hypocenter

1/1



Japan Geoscience Union Meeting 2013 /0 <9 ’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]E‘;Eé‘si—fime

Union

SSS27-P04 go:booboboobo 00:50 220 18:15-19:30

O00000000oboo0booooDoooboobooooooob19%40000n

Jogo
Relationship between seismicity off Awashima inferred from Ocean Bottom Cabled Seis-

mometers and 1964 Niigata earthquake

ooo™oooothoooohooootYhoooot,oooo?
Takashi Shinbb*, Yuya Machidd, Masanao ShinohafaTomoaki Yamads, Kimihiro Mochizuki', Toshihiko Kanazawa

lDpooo,?20000
'ERI, 2NIED

go0o0ooOooO00oOoo00oOoDo0o0obooOo00OoDoO0o0U0oDOooOUUoOoObOOOOoDOoDOOO1964000
gooz20040 0000020070 00000000 ODOO000DOOO0ODOOOODOOOOODOOOODEOOOO
obooooooboboooooooobobobooooooobOobobooobooooboobOobooobooooon
gbooobobooooobooooboboooooboooobobooooboobooooboboOoooboOobOoon

oooDDDO0O000001e400000000000DODOO0O0O0O00000ODO0OOODO0OODDOOO0O0 Ocean
Bottom Cabled Seismometfe] 0 OBCS1 000000020100 800000000 0OBCSOOOOOOOOOOO
00000 S5mI000000000 25kmO00C0O20110 800 O0OOBCSO OO OOOooooooooooOOO
OoOo0ooOooO0ooDoooOoooooDooBCcsOOOOOoOoOoOoOoOoD1I9s4 DD OOOODODOOOOODO
ooooobo0oooobo0oooooOooooo0ooooOoo0ooooOooOoo oBCSOODbOOoUooDOobDOoOoDooboOooo
OO0o0oooboOoooDblee4D 000000000 DODO0OOODODOOO

O000O000ooOoool1o600 0000000000000 ODOO0O 1Ikml2kmOO0O00O0O0 2300000000
0000000000 520kMO0000C0OC00O0O0OOOOODODOODOODOS10kMO0O0O0O0O0OO0ONOO0OOOOOGg
00000 34p000o00ooooooopoooboboOoiee4opoOoOoO0o0oooooObooogoooDoDDon
Ooooooo0oooOobo0oOoooooOooobooOooOoOoooDboe400 000D OO0OODOODOODOOOOOOD
O00000oobOoOo00o0o0ooDooboOo 1400000000000 00000DOOO0O00ODOOOOOOODOO
gooobooogn

1/1



Japan Geoscience Union Meeting 2013 1 ,

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

Union

SSS27-P05 go:booboboobo 00:50 220 18:15-19:30

0000000002010 00000000000C _
Hypocenter distribution around the 2011 Tohoku-Oki earthquake by using Ocean Botton

Seismographic data

0000 ™*,0000Y%00004Y,%000002%00004h,00004L,00003,000040000040
0004000°%500000¢60000°2

Kensuke Suzuki, Ryota Hind, Yoshihiro Ito', Yojiro Yamamotd, Syuichi Suzuki, Yukihito Osada, Masanao Shinohata
Keniji Hirata!, Akio Katsumatd, Hiroaki Tsushimd, Akira Yamazaki, Fujio Kusand, Yoshiyuki Kaneda

0000000000000 000000DDO0O0O0O0DOn,?00000000,3000000000,4000
00,°000,0000000

!Research Center for Prediction of Earthquakes and Volcanic Eruptions,Graduate School of ScienédgapaimoAgency for
Marine-Earth Science and Technologiarthquake Research Institute, University of TokiMeteorological Research Institute,
5Japan Meteorological Agnend{&endai District Meteorological Observatory

201100000000000 MMe.O) DO CODOUOOOUOOUODOOODOODODOOOOOOO400000M750000
O0000OoooooooOooo0o0o0ooooooDooopD20020000000000000O0OOODDOO Ocean
Bottom Seismometer: OBSO0 0 0 0000000000 COO0OO0OOOOOOOOOOOOOOOOOOOOOOOO
oboooooooboboobooooooobOobobooobooooooboobobOobobooooooooobOoDbo
gbooooOobobobooooboooboobobooboooooooobOobOoboobooOoooooboOoboboooon
uboooboooobooboooboobooooono

0 Suzukietal. (2012 000 0000000000000 00O0O00O0OOOOO0O0O0O0OOOOOOOOOOOOO
oBSOOOUOODOOOOODODOOODOOZ201100 020000000000 C00O0DODO0OOODDOOOODOOO
coooooOoooooooooBsSOOoOOoOOOO 201100000000 ODOOODOOODDOOODOODOOOO
ooooooooOooobOooOooooobobo0oooooOoboooooooooOoboOoOooooDODOOoOoOoOoooDoOD oBSsO
boooooooboboboooooooboboboooooooooboboboooooooboOoboboboooon
oooooboobooooboobooogoooooooobooooboboboooDobDOoooobobbooobDoo

goBsSOOOOOOoOooOoOOoOoOoOoDOOoOoO0O0OoOOOOoO0OoODOOO0O0OODODOUOO0DODOOOODOOOO
obooooooobOoboboobooooooobobobooboooooboOoboboobooooobooboboboooon
oboooOoboobobooooooobooboboooooooboobOoboooooooboobobooboboooooOon
oooooo0ooooooooboooooooooooo 20000000oDLDOoO0O0OM73D00O0O0O00O0O0OO0OO
ubbooooboobobobooooooobobobooooooobooboboboooooooboobobooooon
goooooooboboooooooobobobooooooooboobobobooooobobbooboobooDOoD
ocooooooooooooooboooooooOoooDoooooooogoov7ODOOOODODOOO

gooob:0booo,bbooo,opbbo,oooboo
Keywords: Tohoku-Oki earthquake, OBS, Miyagi-Oki, seismicity

1/1



Japan Geoscience Union Meeting 2013 ‘e < ;’

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

Union

SSS27-P06 go:booboboobo 00:50 220 18:15-19:30

O00000o0oboobooooobo2011000b000o0boooboooooon

(10
Precise aftershock distribution of the southernmost rupture area of the 2011 Tohoku-ok

earthquake by OBSs

0000 ooooLooooYLoooothoooothooothoooOo3?00003000040000
s 0opo¢%ooDooooood

Yuya Machida*, Masanao ShinohataKazuo Nakahigashj Tomoaki Yamadg Kimihiro Mochizuki', Hajime Shiobarg
Yoshio Mura?, Ryota Hind, Toshinori Saté, Kenji Uehir&, Hiroshi Yakiward, Keniji Hiratal, Shuichi Kodaird

lgpooooooo,?00o00n,*ooon,4oooon,0o00o0,00000,’o000o,8o00n
LERI, Univ. of Tokyo,?Hokkaido Univ.,2Tohoku Univ.,Chiba univ.?NIED, *Kagoshima Univ.”MRI, 23JAMSTEC

The 2011 Tohoku-oki earthquake (MJMA = 9.0) occurred on the megathrust where the Pacific plate subducts below northert
Japan arc on March 11, 2011. Many studies on slip distribution and source process of the main shock have been done, such
geodetic slip model [e.g. Ozawa et al., 2011], tsunami slip model [e.g. Fujii et al., 2011, Maeda et al., 2011], joint inversion of
GPS, teleseismic, and tsunami observations [Simons et a., 2011] and rupture process [e.g. Yoshida et al., 2011]. They indicat
the rupture area extends approximately 450 km in length and 200 km in width. The seismic experiment using airgun and Ocea
Bottom Seismometers (OBSs) revealed that the southern end of the rupture of the 2011 main shock corresponds to the cont:
region of the Philippine Sea plate and the Pacific plate (Nakahigashi et al., 2012). Therefore revealing a crustal structure arour
the southern end of the rupture area is indispensable to understanding a seismogenic process. Furthermore, information ab
the Vp structures and Vp/Vs ratios is needed for a better understanding of large earthquakes that occur as a result of stres
concentration on the plate boundary.

Aftershock observations using OBSs was carried out immediately after the occurrence of the 2011 Tohoku-oki earthquake
and precise aftershock distribution over the whole source area was estimated (March 15th-June 18th, 2011) [Shinohara et a
2012]. In this study, we estimate precise hypocentral distribution around the southern end of the rupture area using addition:
date (June 28th-Sep. 13th, 2011) obtained by the aftershock observation by OBSs, and understand a source process of the 2|
Tohoku-oki earthquake.

This study is partly supported by the Spatial Coordination Funds fo the Promotion of Science and Technology (MEXT, Japan)
titled as the integrated research for the 2011 off the Pacific coast of Tohoku Earthquake.
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Keywords: 2011 Tohoku-oki earthquake, aftershock activity, Ocean Bottom Seismometers (OBSs), crustal structure, Philipping
Sea plate, Pacific plate
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A numerical simulation of an aftershock activity with the rate-and-state friction model

and secondary aftershock effect
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Takaki Iwatd*
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IThe Institute of Statistical Mathematics

The model of seismicity rate with rate- and state-dependent constitutive law suggested by Dieterich [1994, JGR] (hereafte
referred to as Dieterich model) successfully explains the decay rate of an aftershock activity following an inverse power law
(Omori-Utsu law [Utsu, 1961, Geophys. Mag.]). The temporal decay of an earthquake sequence derived from the Dieterick
model is asymptotically the same as the particular case of the Omori-Utsu law withvidlele equal to 1, but real aftershock
sequences has a variety of thevalue. Some studies have already attempted to resolve this consistency, but it is difficult to
reproduce the case @f > 1. For this issue, Dieterich [1994] suggests his model including secondary aftershock effect. In this
framework, Marsan [2006, JGR] shows the variation on the decay of an aftershock activity with his numerical simulation, but
did not discuss how thp-value changes.

This study clarifies the effect of secondary aftershocks on the variety of aftershock decay through a numerical simulation. The
approach used in this study is similar to that of Marsan [2006]. Probability distributions of stress changes caused by a mainshoc
and each aftershock are assumed, and random stress changes which follow the assumed probability distributions are given
a huge number of subfaults. Then, on the basis of the Dieterich model, we compute the seismicity rate with the given stres
changes. While Marsan [2006] shows the expected decay of a seismicity rate, in this study earthquake sequences are geners
from the computed seismicity rate and thevalues are estimated by fitting the Omori-Utsu formula to each of the generated
sequences. The numerical simulation reveals thapth@lue depends on the assumed probability distributions of stress changes
and that in particulap-value is greater than 1 if the mean of the stress changes caused by aftershocks is positive.
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