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Clustering of intraplate earthquakes and foreshock activity
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Earthquake Clustering Features Inferred from the Mean Proprieties of Interevent Time:

and Distances _ o _
Earthquake Clustering Features Inferred from the Mean Proprieties of Interevent Time:

and Distances

Abdelhak Talbl*, Kazuyoshi Nanjé, Kenji Sataké, Hamdache Mohaméd
Abdelhak Talbl*, Kazuyoshi Nanj6, Kenji Sataké, Hamdache Mohaméd

LERI, University of Tokyo2CRAAG, Algeria
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Interevent times between successive earthquakes are studied in space and time using data from Japan and southern Califor
The main objective is to depict general non-subjective clustering characteristics of interevent times that can be used to isc
late clusters in observed seismicity. First, different declustering algorithms are applied to original data to estimate the residuz
background interevent time distribution. Then, clustering degree is measured using the distance between the obtained residt
distribution and the whole distribution from the original data. Finally, the former analysis is carried out for different magnitude
cutoffs and different time periods to take into account the completeness of magnitudes.

The preliminary results show that earthquake process is dominated by short and long term clustering. In contrast, the so-calle
background process occurs mainly at intermediate times. The same study applies to interevent distances and shows quite simi
behavior in space.

The former analysis describes seismicity as the accumulation of local perturbations related to a unique mean field backgroun
processes characterized by the mean interevent time and the mean interevent distance. It highlights the importance of me
space-time proprieties in the estimation of objective and data inferred association measures between earthquake events. T
study provides fundamental key tools for the elaboration of stochastic declustering strategies.

0 0000 : Interevent times, Earthquake clustering, Background seismicity, Association measure
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Stress regime in the Philippine Sea slab and the asperity of the Kanto earthquake
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Numerical simulations of temperature field associated with subduction of two oceanic
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Initial development of the Matsushiro Earthquake Swarm and Influence of Tidal Strain on

its Occurrence, the 2nd Report
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Earthquakes triggered by tides in Iwo-jima island, Japan
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We investigate dynamic and tidal triggering of earthquakes in lwo-jima, a south small volcanic island 1250 km away from
Tokyo. After seismic waves of four far-distant huge earthquakes including 2004 Sumatra earthquake reached Iwo-jima, a loce
seismicity was activated. At the time of largest amplitude of arrival seismic waves, in particular, triggered earthquakes occurrec
in south - west area of lwo-jima for all of huge earthquakes. From spectrum analysis of time-series of earthquake number pe
hour, M2 and K1 components of ocean tides significantly enhanced. In the presentation, we discuss the triggered mechanism.
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Remotely triggered seismicity in Yunnan, Southwestern China following the 2004 Mw9.3

Sumatra earthquake
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Following the 2004 Mw9.3 Sumatra earthquake, seismicity increased sharply over a wide area of up to "2,500 km away ir
Yunnan province, southwestern China. Raised seismicity lasts for approximately 14 days. During this period, more than 80(
events having a magnitude of=1.5 were observed, including at least 7 M4 class events and a M5.1 event. This is perhaps the
most impressive example of remotely triggered seismicity yet observed. Major events were clustered at several sites that exhik
complex fault geometries, such as step-overs and junctures. We use statistic approaches including the Beta-statistics to exam
the statistical significance of the seismic rate increases associated with the Sumatra mainshock and conclude that there isar
sonable probability that the raised seismicity was remotely triggered by the Sumatra earthquake.

Both rapid-onset dynamic triggering and delayed response were well established. During the first hour of event time (time
from the origin time of the Sumatra earthquake), we can identify and locate at least 7 M1.5+ earthquakes. These events are er
bedded in the body waves and surface waves from the Sumatra earthquake. However, clear records at some stations are obtai
by applying a high-pass filter to the original seismograms. The first identified event is a M4.6 earthquake occurred during the
passage of the surface waves from the Sumatra earthquake. However, major clusters likely demonstrate significant delays in t
onset of triggering seismicity, with the dominant energy releasing a few hours to a few days after the surface wave passed.

We use the epidemic-type aftershock sequence (ETAS) model to examine seismicity in the study in 2004 through 2005. Twi
major changing points and thus three phases (I through IIl) of activity pattern, are well determined. The second phase (ll) corre
sponds to the period of seismic activity remotely triggered by the Sumatra earthquake. The ETAS models show:g8886jp0 (
and small Alfa, which are 1.368, 0.804, and 1.328 for phases I, Il, and lll, respectively. Therefore, the triggered activities show
earthquake swarm-like characteristics such as that indicated by the epidemic-type aftershock sequence (ETAS) modeling resu
(large percentage of random components and less magnitude dependence in Omori law type self triggering).

Multiple sources of evidence, including intensive hydrothermal activities, and low velocity and high Vp/Vs zones in the lower
to middle crust suggests that magma/mantle-generated fluids have a role in the region. High fluid pressure in branched fault zon
weakened the faults, making them sensitive to external disturbances and leading to fluid-driven seismicity.
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Low frequency earthquakes in aftershock activity
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What is aftershock? The problem is old one but still unsolved problem. Redistribution of stress field around main shock aree
causes main role for the understanding. Reduction of aftershock activity may be caused by relaxation process. On the proce
relative low stress field may excite somewhat specific seismic event. We monitor very broadband seismic data as for aftershoc
activity of large scale earthquakes around Japan. Ishigaki (ISG) and Ogasawara (OGS) of OHP seismic network are used in tt
analysis. They had large earthquakes, magnitude of greater than 7, and had high aftershock activities nearby these stations. '
applied to distribute earthquakes some classes by their spectrum and/or dominant frequency of signal. In our applications, lo
and very low frequency earthquakes are identified in these activities. And the beginnings of these events are originated about ol
to some days delayed from main shock. The delay of very low frequency seismic events’ activation is also known in 2004 SE off
Kii-hanto earthquake. The time history is related with stress relaxation indirectly. The fine monitoring of aftershock expects to
be new view for aftershock activity.
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Recently, low-frequency earthquakes and slow slip events are recognized in deep region of the plate boundary between tt
landward plate and the subducting Philippine plate below the southwestern Japan [e.g., Obara, 2002; Kawasaki, 2004]. The ve
low frequency earthquakes (VLFES) occurring close to the Nankai Trough are also reported by using the broadband seismograj
data obtained in the land area [e.g., Obara and Ito, 2005]. Such unusual seismic events might reflect coupling properties at tl
plate boundary. It is important to understand such events for consideration of the subduction process and estimation of generati
mechanism of the interplate earthquake in the Nankai Trough. Because the VLFEs in the Nankai Trough region occurred fa
from land seismic stations, observations using broadband Ocean Bottom Seismometers (BBOBSSs) near the trough are needec
understand such VLFE activities.

In December 2008, we started an observation campaign off Kii Peninsula. For the first observation, three BBOBSs with Gu-
ralp CMG-3T sensors, and six 1Hz type Long-term OBSs were used. The spatial intervals among OBSs were about 20km. |
2009, we recovered them. The data recorded by each OBS were merged and continuous records were reproduced. VLFEs w
predominant frequency of 0.01-0.1 Hz were found from continuous records in March 2009. The occurrence of the VLFE has
a temporal change. In addition, seismicity of ordinary micro-earthquakes became high simultaneously during the VLFE activi-
ties. In November 2009, we started the second observation off Cape Muroto, the westward of the first observation, using thre
BBOBSs with pressure gauge, and five Long-term OBSs. The subducting seamount was found by an OBS survey in this regio
[Kodaira et al., 2000]. In February 2011, all the OBS were retrieved, and we deployed five BBOBSs in the same region to con-
tinue the observation. In this presentation, we will report the new analysis results using the seismic and the pressure gauge dat
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Focal depth distribution using depth phase in the south Ryukyu trench
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Generation mechanism of the swarm activity following the 2004 Sumatra-Andaman earth:

guake
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A swarm activity occurred east off Nicobar Islands about a month after the 2004 Sumatra-Andaman earthquake. We discusse
three problems of the swarm activity, i.e.,(1) How could the spatial distribution of strike-slip events and normal fault events be
explained? (2) Why was the swarm activity triggered east off Nicobar Islands? (3) What is the cause of the swarm activity that
started about a month later? In order to answer these problems, we relocated the hypocenters of the swarm activity using tt
Modified Joint Hypocenter Determination (MJHD) method and investigated the spatial distribution of fault plane solutions. As
results, we found that the spatial distribution of strike-slip events and normal fault events can be explained by the activation o
Riedel shears in the region between West Andaman Fault (WAF) and Sumatra Fault System (SFS). Normal fault events ma
have been triggered by the increase in tensional stress associated with injection of magma into tension fractures. Moreover, v
calculated the change of the Coulomb Failure Function (dCFF) due to the mainshock and afterslip of the Sumatra-Andamal
earthquake. Based on the results of these analysis, we found that the spatial pattern of dCFF due to mainshock could expla
why the swarm activity occurred east off the Nicobar Islands. The delay of the swarm activity may be due to the afterslip or the
injection of magma into tension fractures.
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Seismicity of Eastern Turkey: A Case Study
Seismicity of Eastern Turkey: A Case Study

Dogan Kalafat*, nurcan meral ozél
Dogan Kalafat*, nurcan meral ozél
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IKandilli Observatory and ERI, Turkey

The March 8, 2010 Basyurt-Karakocan Earthquake (MIISK=6.0 ; 04:32 L.T.) occurred on the East Anatolian Fault (EAF) in
Elazig Province. 42 People were killed and 137 people were injured. Over 100 villages and hamlets which were closely locate
to the epicenter were affected by the earthquake. The Basyurt, Gokdere and Kovancilar were the most affected villages and
general this area falls within the deformation field in the East Anatolian Fault Zone. It was observed that the aftershocks were
densely distributed in SW-NE direction. In this study, we have analyzed the faulting mechanism solutions of 14 earthquakes
(M>4.0) in the region and their source characteristics. The fault plane solution of the main shock revealed that the earthquak
occurred with a left lateral strike slip faulting. The March 8, 2010 Basyurt-Karakocan Earthquake demonstrated that the regior
sustains the earthquake activity under the effect of strike slip tectonic regime. When the regional faulting structure is taken intc
account, it can be considered that the Basyurt-Karakocan Earthquake has occurred in Bingol-Palu fault system with the fractur
of NE-SW main direction fault segments in the East Anatolian Fault Zone. The estimated intensity distribution map was pre-
pared and delivered to the relevant public institutions immediately after the earthquake by KOERI. The earthquake intensity wa
estimated as lo=VII around the epicenter, and this was confirmed by field studies. The estimated PGA distribution map, the los
and damage maps were also prepared in a short time after the earthquake and sent to the relevant public institutions as well.

0O 00O O 0O : seismicity, fault plane solutions, aftershock, Elazig earthquake
Keywords: seismicity, fault plane solutions, aftershock, Elazig earthquake
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Observation of glacial earthquakes by GreenLand Ice Sheet monitoring Network (GLISN)
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