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Arc-parallel extension of forearc region vs. 3-D bending-buckling
mode of oceanic lithosphere at subduction zones

*Takao Eguchi’
1. Dept. of Earth and Ocean Sciences, School of Applied Sciences, National Defense Academy

In this study, we consider the fundamental physical origin(s) of arc-parallel horizontal extension tectonics,
being dominant at some island-arc systems with the currently active back-arc opening. Next, by taking
account of both the trench-parallel and trench-normal configuration of the bending-buckling oceanic
lithosphere, we discuss the evolutionary process of island-arc systems.

We use the expression of 3-D principal stress axes (the maximum, intermediate, and minimum are S1, S2
and S3, respectively). At the island-arc systems with active back-arc extension such as the Okinawa
Trough, Bismarck Sea etc., most of the S3 being approximately inferred from the low-angle T-axes of
normal fault or strike-slip type earthquakes within the forearc overriding lithosphere, strike in the
arc-parallel direction.

For the arc systems with the active back-arc extension, it seems that the forearc intra-plate shallow
seismicity is lower than that of the back-arc.

When the dynamic process associated with the deflection and buckling of oceanic lithosphere at a
trench-parallel zonal area from trench to outer-rise permits the horizontal migration of trench axis
geometry towards ocean-side, we can expect some trench-ward retreat of the gradually lengthening
forearc segment. The seafloor age of PH (Philippine sea plate) tends to become younger in the
southwestward direction at least along the southern half of the Ryukyu trench. Recent geodetic GPS data
by the GSI (Geographical Survey Institute, Japan) for the Ryukyu-Okinawa island arc system do not
contradict the southward (or SSE) retreat of the arc from the back-arc continental area. This geodetic
information implies the inevitable relative trench-ward migration of the axis of the Ryukyu Trench from the
back-arc continental side. Thus, at least for the Ryukyu-Okinawa island arc system, the arc-parallel
extension of forearc region is a passive phenomenon due to the active regime of back-arc extensional
opening.

By considering the activity of regional shallower earthquakes within the overriding lithosphere
accompanying the back-arc extensional tectonics, we conclude that the primary governing tectonic origin
of arc-parallel extension at the forearc region is the back-arc extensional rifting or opening. In other
words, the arc-parallel extension of forearc region is a secondary or passive phenomenon due to the
active regime of back-arc extensional rifting or opening.

Keywords: arc-parallel horizontal extension, bending-buckling of oceanic lithosphere, subduction zones,
back-arc extension
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Seismically Active Region and Asperity in the mid-western Shizuoka

*Sumio Yoshikawa', Naoki Hayashimoto?, Tamotsu Aketagawa®

1. Meteorological Research Institute, 2. Japan Meteorological Agency, 3. Osaka Regional Headquarters, JMA

Long-term slow slip events (LSSEs) have been repeatedly observed beneath the Lake Hamana (GSI),
whereas the seismicity in the crust of the central western Shizuoka becomes low simultaneously with the
LSSEs (JMA, 2014). The authors have pointed out that a temporal correlation exists between LSSE and
seismic activity in the same region for the past LSSEs and have showed the effectiveness of monitoring the
seismic activity in the region to confirm LSSE activity. Here we have tried to elucidate details of a
space-time structure of seismic activation and quiescence in and around the asperity for the anticipated
Tokai earthquake found by Matsumura (2007), which may give us important clues about the relationship
between LSSEs and seismic activity in the crust of central western Shizuoka. Matsumura used a method to
display the occurrence rate of earthquakes for a reference period within a certain area as a spatial
quantitative analysis of seismic activity (Matsumura (2002)). On the other hand, the authors have been
using the method of showing the statistically significant areas of activation and quiescence based on the
Poisson probability less than 1% in all the spheres of the earthquake actually occurred (Aketagawa and
Ito, 2008; and Hayashimoto and Aketagawa, 2010). The latter does not require defining the study area for
each analysis and make it easier to make three dimensional map of the sources of activation and
quiescence using ordinary mapping tools.As a conclusion the activated areas evaluated by the authors is
not the same as that corresponding to the asperities found by Matsumura (2007), which may due to the
differences in reference- and evaluation- periods, as well as the data sets they have used. In spite of this, it
may be certain that there are activation parts in special regions in the crust of the central western
Shizuoka and some parts in the boundary regions. It is easy to compare the activation parts and the
asperities near the plate boundary. The problem is whether the activation parts act as the asperities, even
in the low seismic activity in the period of LSSE.

Keywords: Seismic activity, Asperity, Mid-western region of Shizuoka Prefecture
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Postseismic effects of viscoelastic relaxation and afterslip following the
2011 Tohoku-oki earthquake, Japan, on the 2016 Fukushima-oki and
North Ibaraki Earthquakes

*Akinori Hashima', Hiroshi Sato'

1. Earthquake Research Institute, The University of Tokyo

In 2016, two earthquakes of normal fault type occurred: Mw7.0 Fukushima-oki earthquake on November
22th and Mw5.9 North Ibaraki earthquake on December 28th, which appear to be affected by the 2011
Tohoku-oki earthquake. What is the mechanism of these earthquakes to take five years to occur after the
Tohoku-oki earthquake? Investigation of the mechanism is also important for the prediction of the future
seismic activity. Our previous study on postseismic deformation using finite element model revealed
viscosity structure beneath the Japanese islands and 3-year cumulative afterslip distribution, which
enable to evaluate regional stress change.

First, we calculated temporal change in stress field due to viscoelastic relaxation in the asthenosphere
after the Tohoku-oki earthquake. Results showed area of shear stress increase broaden with time. At the
hypocenter of the North Ibaraki earthquake, shear stress increased 0.2 MPa in five years. On the other
hand, shear stress did not change at the Fukushima-oki earthquake, which is located closer to the Tohoku
earthquake. Elastic response to three-year cumulative afterslip is also calculated. We observed 0.4 MPa
increase at the Fukushima-oki earthquake, and 0.2 MPa at the North Ibaraki earthquake.

Next, we calculated Coulomb stress change on each fault plane. Fault parameters (strike, dip, rake) are
taken from Hi-net mechanism solutions and selected the nodal plane consistent with aftershock
distribution. In the case of Fukushima-oki earthquake, we assumed strike = 52.1°, dip = 37.6°, and rake =
-86.5°, and in the case of North Ibaraki earthquake, strike = 317.3°, dip = 31.4°, and rake = -118.8". Just
after the 2011 Tohoku-oki earthquake, Coulomb stress on both fault planes was calculated positive.
However, earthquakes did not occur at this time, which implies that more stress was needed. The five-year
viscoelastic effects brought about Coulomb stress decrease of 0.16 MPa at the fukushima-oki earthquake
and increase of 0.11 MPa at the North Ibaraki earthquake. On the other hand, calculation of elastic
response to three-year cumulative afterslip showed the Coulomb stress increase of 0.29 MPa at the
Fukushima-oki earthquake, and increase of 0.15 MPa at the North Ibaraki earthquake. In general, afterslip
continues with gradual decay. If we assume no significant change in spatial pattern of the afterslip,
Coulomb stress will increase a little further at five years.

Sum of the viscoelastic and afterslip effects on Coulomb stress change is 0.13 MPa at the Fukushima-oki
earthquake and 0.26 MPa at the North Ibaraki earthquake. These results mean that postseismic stress
loading was added to the coseismic stress to contribute to the earthquake generation. However, the
driving mechanism is different between the two earthquakes: the primary role was played by the afterslip
in the case of Fukushima-oki earthquake, while viscoelastic relaxation and afterslip equally contributed to
the North Ibaraki earthquake.

Keywords: 2011 Tohoku earthquake, Finite element modeling, Viscoelasticity, Afterslip, Coulomb stress
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Seismogenic Layer within the Crust of Japanese Islands on the Japan
Sea side using JUICE catalog
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The width of source faults relate to their size of earthquakes. Understanding the high-resolution
seismogenic layer is important parameter for the earthquake hazard assessment because it can estimate
the seismogenic width of the particular active faults. Heat flow, geothermal gradient, and D90 (the depth
above which 90% of earthquakes occur) are known to correlate with each other. The temperatures for
D90 range could evaluate to be between 250°C and 450°C, which falls within the range for defining the
seismogenic zone (e.g., Fagereng and Toy, 2011). In this study, we estimated D95 and D05, the depth
above which 95% and 5% of earthquakes occur, because more precise and reliable catalog is now
available from the Japan Unified High-Resolution Relocated Catalog for Earthquakes ( “JUICE” , Yano et
al., 2016).

JUICE catalog contains relocated hypocenters for 12 years between 2001 and 2012 from the NIED Hi-net
catalog (Depth 40km, 0.0 M). From the JUICE catalog, we extracted events with magnitude equal to or
greater than 1.5 in order to satisfy Gutenberg-Richter magnitude-frequency relation. Then we estimated
the D95 and DO5 depths using the same method as Matsubara and Sato (2015).

The general pattern of our results is consistent with previous studies of D10 and D90 (e.g. Matsubara and
Sato, 2015; Tanaka, 2004; Omuralieva et al., 2012). For example, deep D95 lies beneath the northern
Hokkaido and northern Honshu and shallow D95 extends along the belt-like volcanic areas. In addition to
this general profiles, we can find the local variability of D95 along the active faults. For instance, the
northern part of the Kamishiro fault, in the northern Nagano prefecture, has D95 shallower than 15 km
while southern part has D95 deeper than15km. Moreover, this study enables us to compare the
seismogenic thickness and the actual crustal seismicity along the particular faults such as the 2014 North
Nagano and the 2016 Central Tottori earthquakes. In our presentation, we will show the D95 and D05
depths on both general and local profile along the particular faults.

Figure 1: Map of D95 on the Japan Sea Side inferred by the JUICE catalog. Our study region is indicated in
colored background. Gray area is where number of events is insufficient in order to estimate D95.

Keywords: Seismicity, Seismogenic layer, Crust, Hypocenter relocation
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Nucleation Process of the 2011 Mw6.2 Northern Nagano Earthquake

*Kengo Shimojo', Bogdan Enescu?, Yuji Yagi®, Tetsuya Takeda®
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Tsukuba, 4. National Research Institute for Earth Science and Disaster Resilience (NIED)

Introduction. Previous research.

An Mw6.2 inland earthquake occurred in northern Nagano region, central Japan, about 13 hours after the
Mw9.0 Tohoku-oki megathrust earthquake. The regional seismic activity recorded by the Japan
Meteorological Agency (JMA) catalog in the first hours following the megathrust event was highly
incomplete, thus not allowing a detailed analysis of triggering mechanisms. By applying a Matched Filter
Technique (MFT) to the continuous Hi-net (NIED) waveform data, Shimojo et al. (2014) revealed an
immediate post-Tohoku seismicity activation in an area located about 10 km south of the Mw6.2 Northern
Nagano source region. They also detected a few foreshocks close to the hypocenter of the Mw6.2
mainshock, within one hour before the occurrence of the moderate-size event. However, the physical
processes that led to the occurrence of the Mw6.2 earthquake remained unclear. In this study we take
advantage of the data recorded by a dense temporary seismic network operated by NIED from 2008 to
2012 to reveal with an unprecedented resolution the nucleation process that culminated with the
occurrence of the Northern Nagano earthquake.

Data and Method

We use the waveform data of the NIED “Hizumi” temporary network, with station spacing of about 5 km
or less in the study area. The data recorded by the permanent Hi-net stations (spacing of about 20 km)
complements that of the dense regional network. We have first picked P- and S-wave arrivals of
earthquakes on the continuous seismograms and use the pick data to locate the events. The earthquakes
were then relocated using the tomoDD software (Zhang and Thurber, 2003) and a 3D velocity structure in
the region (Sekiguchi et al., 2013). The newly located earthquakes were further used as MFT templates to
search for new events within the 13-hour time interval, in the hypocentral region of the Mw6.2
earthquake.

Results and Discussion
We have detected a total of 285 earthquakes in the source region of the Mw6.2 event. The earthquakes
are relatively small, with magnitudes less than 2.5, and distribute within two spatially distinct clusters: one
of these clusters was located close to the hypocenter of the Mw6.2 event ( “West” area), the other about
5 km to the east ( “East” area).
Inthe “East” the seismicity starts within one hour after the Tohoku-oki earthquake. The events occur off
the Mw6.2 fault and expand with time from shallow towards deep locations. In the “West” the seismicity
starts immediately after the passage of surface waves excited by a moderate earthquake in the Tohoku-oki
aftershock area, which occurred 21 minutes after the Mw9.0 megathrust; most of these events distribute
along the fault line of the Mw6.2 mainshock. Within the “West” seismicity area, a tight sub-cluster that
occurred in the immediate vicinity (within about 2 km) of the Mw6.2 hypocenter was strongly activated
twice: about 3 hours before and 50 minutes before the mainshock, respectively.
In both “West” and “East” areas some events occurred during or immediately after the passage of
surface waves from some M,,,>=6.0 Tohoku-oki aftershocks. In particular, the final activation in the
“West” starts during the passage of surface waves from a moderate event occurred off-shore Fukushima
and continues until the occurrence of the Mw6.2 Nagano earthquake. Such activations may indicate that
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successive dynamic stress changes caused by the remote Tohoku-oki mainshock and its subsequent
aftershocks contributed to the weakening of the seismogenic region in northern Nagano, culminating with
the Mw6.2 earthquake. Excitation of crustal fluids might have been at least partly involved, as revealed
particularly by the migration pattern of activated seismicity in the “East” .

Keywords: the 2011 Northern Nagano earthquake, dense temporary regional network, Matched-Filter
Technique, dynamic stress change
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Investigation of the foreshock and aftershock sequence of the 2012
Mw 7.4 Ometepec earthquake using fingerprint and matched filter
techniques

*Luis A Dominguez1, Taka'aki Taira?, William Frank?, Clara Yoon*, Miguel Angel Santoyo1, Denis
Legrand’, Arturo Iglesias’

1. National Autonomus University of Mexico (UNAM), 2. University of California, Berkeley (UCB), 3. Massachusetts
Intitute of Technology (MIT), 4. Stanford University

On March 20 2012, the Mw 7.4 Ometepec earthquake ruptured a section of the Middle America Trench.
This event triggered an unusually large aftershock sequence (UNAM seismology group 2013), and was
widely felt across central and southern Mexico. Four months before the mainshock, an equivalent
magnitude Mw 6.9 slow slip event (SSE) began and migrated towards the rupture zone reaching its
maximum slip one month before the earthquake (Graham et al. 2014). One day and a half days, a
temporary aftershock seismic network, consisting of 6 broadband 100Hz temporary stations, was installed
to monitor the resulting increase in seismicity. We process the data, from this deployment and the
permanent stations nearby, to track the occurrence of the characteristic repeating earthquake sequence
and the evolution of the seismic activity prior to the event and at the onset of the postseismic relaxation. A
previous study showed that numerous characteristic repeating sequences appear along the strike of the
subduction zone from the shallow section of the trench up to 20km depth (Dominguez et al. 2016. JGR).
As a result of strain release, we found a significant number of previously unobserved repeating sources
seismicity appeared along the rupture zone, and previously reported sequences shortened their
recurrence time intervals. We searched for characteristic repeating earthquakes hidden in the coda of the
mainshock, and scanned for unreported events using both fingerprint (Yoon et al., 2015) and matched
filter analysis. Our analysis focuses on evaluating the long-term slip rate inferred from the characteristic
repeating earthquakes, unreported seismicity, and the evolution of the SSE rupture that led to the Mw 7.4
mainshock.

Keywords: Characteristic repeating earthquakes, 2012 Ometepec earthquake, Matched filter, Fingerprint
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Normal-faulting earthquakes in the northern area of Ibaraki Prefecture
in 2011 and 2016 - Duplicate events detected by INnSAR observations -

*Tomokazu Kobayashi'

1. GSl of Japan

Introduction

Following the 2011 Tohoku earthquake, many inland crustal earthquakes has occurred with a source
mechanism of normal fault motion in the Fukushima hamadori and northern Ibaraki areas. 30 seismic
events larger than or equal to Mj5.0 (4 events >= Mj6.0) has occurred in this area, but there has been no
events more than or equal to Mj5.0 since January, 2014 (for Mj6.0 since May, 2011). Under such a
seismological background, an inland earthquake with Mj6.3 occurred in the northern area of Ibaraki
Prefecture at 21:38 on Dec. 28, 2016. On the next day, an L-band synthetic aperture radar (SAR) satellite,
known as the Advanced Land Observing Satellite 2 (ALOS-2), makes observations with an emergency
operation for the purpose of detecting crustal deformation using SAR interferometry (InSAR), and the
crustal deformation has been detected. The most interesting point is that the location, spatial distribution,
and magnitude of the obtained deformation is almost same as those observed for the inland earthquake
that occurred with Mj6.1 on March 19, 2011. In this presentation, | will show the crustal deformation and
the fault model for the 2016 event, and discuss the similarity to the 2011 event.

Crustal deformation and fault model

| applied InSAR analysis to ALOS-2 data to obtain the crustal deformation. The most concentrated crustal
deformation is located about 10 km west of the city of Kitaibaraki, with a maximum slant range
lengthening of about 30 cm. The deformation elongated along the north-south orientation. A
displacement discontinuity with a length of about 2 km is recognized in the northeast of the source
region, probably suggesting that a rather shallow slip occurred. On the basis of the interferogram data, we
constructed a fault model under an assumption of a rectangular fault with a uniform slip in elastic
half-space. | assumed two fault planes to account for the widely-distributed deformation and the local
deformation with the displacement discontinuity. The two-segment model is able to reconcile the
observations well. The fault model shows (1) west-dipping fault planes with dip angles of 50-60 deg, (2)
NNW-SSE (NW-SE) strike direction, (3) nearly pure normal fault motions, and (4) a shallow local slip. The
widely-distributed deformation can be explained by a fault that has a fault length of 8 km with NNW-SSE
strike at about 2km depth (upper edge of fault). The estimated moment magnitude (Mw) is 5.83. On the
other hand, a shallow fault slip that produces the displacement discontinuity on the ground is inferred at
the northeast of the main fault. The Mw is estimated to be 5.13. The total Mw is 5.85. The aftershocks
occurred around the inferred fault, while there are little aftershocks in the proximity of the fault.

Comparison with the 2011 evetnt

It should be noted that the observed crustal deformation is similar to that for the 2011 event. The crustal
deformation for the 2011 event, which is obtained from the InSAR analysis using ALOS data, distributes in
almost the same area (Kobayashi et al., 2011). Also for this event, a clear displacement discontinuity was
observed, and it is surprising that both the position and the length of the discontinuity are the same
between the two events. It strongly suggests that a shallow slip occurred at almost the same location. As is
the case in the 2016 event, the aftershocks occurred around the inferred fault, while there are little
aftershocks in the proximity of the fault.
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Seismic Activity in the central Tottori prefecture with an M6.6
earthquake on October 21, 2016 detected by the Matched Filter
Method

*Shiro Ohmi'
1. Earthquake Hazards Division, Disaster Prevention Research Institute, Kyoto University

Seismic activity in the central Tottori prefecture, southwest Japan was analyzed by using the Matched
Filter Method (MFM). This swarm activity started with an M6.6 event on October 21, 2016. In this analysis,
we implemented MFM as a pseudo-automatic hypocenter determination system that enables to locate
earthquakes one by one. Our interest is if the MFM is a useful tool for immediate grasp of an ongoing
intense seismic activity.

In the MFM analysis, selection of the template earthquakes is important since the spatial distance and
magnitude difference among the template earthquakes affect the detectivity of earthquakes. For this
purpose, we separately implemented the conventional event detection algorithm using STA/LTA (short
term average of the ground motion / long term average of the ground motion) to detect possible template
earthquake in order to configure a set of template earthquakes. We manually inspect the hypocenter of a
possible candidate of a template event and then we inspect the succeeding event if it is also suitable for a
template. We used the spatial distance and magnitude difference as the criteria to select a succeeding
template. In the current analysis, if the spatial distance is greater than 2.5 km and magnitude difference is
greater than 1.0 among existing templates, this event is selected as a new template. We repeated this
procedure during 17 days from October 21 to November 7 to select a set of templates. When we obtained
a new templates, all the continuous record in the test period are scanned by the new template to detect
new earthquakes. We finally selected 37 template earthquakes in this manner in this test period.

During the test period of 17 days, about 7,000 earthquakes are detected and located with 37 templates.
Comparison with manually inspected catalogue provided by JMA (Japan Meteorological Agency) indicates
that the configuration of earthquake clusters well coincide with each other with slight differences and it
was useful to understand the outline of the activity in the early stage. Although the manually inspected
catalogue data is essential for the precise evaluation of a seismic activity, we suppose MFM is one of the
powerful tools for an immediate grasp of the ongoing intense swarm activity.

Keywords: Central Tottori earthquake, Matched Filter Method, pseudo-automatic hypocenter locating
system
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Characteristics of the foreshocks and aftershocks activity inferred from
the JMA seismic catalog improved by automatic processing

*Koji Tamaribuchi’, Yuji Yagi®
1. Meteorological Research Institute, 2. University of Tsukuba

In research of seismic activity, it is important to lower a completeness magnitude (Mc) of the G-R law. If we
have a sufficient number of earthquakes, we can evaluate seismic activity with high spatiotemporal
resolution, such as ETAS analysis, detection of background seismicity rate change, and stress state
estimation by b value analysis. Also, a catalog including smaller earthquakes is useful to understand
characteristics of foreshocks activity which is generally low seismicity. After April 2016, the JMA unified
seismic catalog was improved by a new automatic processing system (Tamaribuchi et al., 2016, in
Japanese), which led to the almost twice identifications of earthquakes compared with the conventional
catalog. In the 2016 Kumamoto Earthquake, however, all of detected earthquakes could not be cataloged
in real time due to a delay of visual inspection for the numerous aftershocks. Therefore, we created a
catalog data merged a JMA unified seismic catalog and an automatic processed catalog. In this research,
we extracted features of foreshocks and aftershocks activities inferred from this merged catalog. Many
clustering methods have been proposed for analysis of big data. We therefore used the Nearest-Neighbor
Distance method, which is an objective and systematic clustering method proposed by Zaliapin and
Ben-Zion (2013, JGR), and used the efficient program devised by Kasahara (2016). In this method, it is
possible to cluster seismic activity objectively and automatically by defining “distance between
hypocenters” using epicentral distance, time difference, and magnitude. We confirmed that the
histogram of the NND distance is bimodal, and that the seismic activity can be automatically clustered
with the same NND threshold value of the conventional research. Therefore, we could categorized events
into the foreshocks, mainshocks and aftershocks from these clusters, and analyzed statistics such as b
value. In particular, we calculated the b value for 5 clusters with more than 50 foreshocks. The b value of
the foreshocks is significantly lower than that of the aftershocks in 2 cases, the 2016 Kumamoto
Earthquake and the activity in central Tottori prefecture in October. This low b value may correspond to
the increased local stress before the mainshock. On the other hand, it was also found that there are many
clusters in which the b value of the foreshocks and aftershocks were almost the same. In the future, we
expect that the features of the foreshock and aftershock activities will become clearer with this improved
catalog obtained by automatic processing.

Keywords: Earthquake Clusters, b value, automatic processing, foreshock

©2017. Japan Geoscience Union. All Right Reserved. - SSS13-09 -



SSS1 3'1 O JpGU-AGU Joint Meeting 2017

Magnitude-Frequency Characteristics of Seismicity Detected Using
Template Correlation: Implications for Geographically and
Geometrically Restricted Fault Source Scaling

*John Townend', Calum Chamberlain', Carolin Boese', Emily Warren-Smith'?, Laura-May
Baratin', Martha K Savage1, Chet Hopp1, Konstantinos Michailos', Katrina Jacobs'

1. Victoria University of Wellington, 2. GNS Science

The magnitudes of earthquakes detected using matched filters and other correlation-based methods
commonly exhibit the power-law scaling relationships characteristic of seismicity in general. In particular,
microearthquakes detected by individual templates in a variety of tectonic settings typically have
Gutenberg-Richter magnitude-frequency characteristics with exponents of ~1 that are similar to those of
conventional seismicity catalogues representing much larger crustal volumes and diverse focal
mechanisms. In this presentation, we show examples of Gutenberg-Richter magnitude-frequency
distributions for microearthquakes detected using individual templates in tectonically different parts of
New Zealand (Taupo Volcanic Zone, central Alpine Fault, Southern Lakes) using magnitudes calculated
using singular value decomposition. By design, the earthquakes detected by correlation with a specific
template must produce similar waveforms to the template at multiple stations. Consequently, they must
have similar hypocenters and focal mechanisms, and this implies that the observed magnitude-frequency
scaling of earthquakes detected with individual templates must pertain to a geographically (x, y, z) and,
importantly, a geometrically (¢, §, A) restricted set of sources. By characterizing the
magnitude-frequency characteristics of microearthquakes detected by specific templates, controls on
earthquake scaling can be studied in increasing detail on individual faults without contamination from
adjacent structures.

Keywords: New Zealand, matched-filter, earthquake detection, magnitude-frequency distribution,
correlation-detection
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Short-term forecast by foreshock discrimination models using
magnitude frequency and spatio-temporal features of seismic clusters

*Shunichi Nomura', Yosihiko Ogata®?

1. Graduate School of Information and Engineering, Tokyo Institute of Technology, 2. Earthquake Research Institute,
The University of Tokyo, 3. The Institute of Statistical Mathematics

Foreshock activity is a powerful key for short-time prediction of large main shocks. Though many large
earthquakes are preceded by their foreshocks, it is very difficult to declare foreshock clusters before
occurrence of their main shocks and only probabilistic identification may be available.

Logistic regression is a statistical learning method appropriate to such binary classification problems
where a-posteriori probability of class membership given observed features is required. Statistical learning
methods can keep learning discreminating features from updating catalog and give probabilistic
recognition of forecast in real time. There are some characteristic features of foreshock clusters reported
by previous studies, such as law b-values and power-law increase in seismicity. Our approach uses these
features to discriminate foreshocks from other seismic clusters by a non-linear logistic regression model.
Seismic clusters are constructed from JMA hypocenter catalog by using the single-link clustering method
and their magnitude frequencies and spatio-temporal features are extracted for foreshock discrimination.
Deviding the catalog into two periods, the model parameters are learned from the earlier period and
predictive performance of the learned model is evaluated in the latter period. In addition, probabilities
that main shocks larger than certain magnitudes occur are also evaluated by fitting extreme value
distribution to the main-shock magnitudes. For the foreshock sequence of the 2016 Kumamoto
earthquake of M7.3, the learned model gives relatively high probability forecast.

Keywords: foreshock, short-term forecast, logistic regression, extreme value distribution
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Distribution of slab-fluids around the edge of the Philippine Sea Plate
in Central to Northeast Japan
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Marginal parts and edges of a plate and subducting slab may play important
roles in geodynanmics, because those are the places where the plate
interacts with other plates or with the mantle: Thermal, geochemical and
mechanical interactions are expected. The Philippine Sea slab (PHS slab)
that subducts beneath the Japan arcs has such an edge. To examine the
relationship between the arc magmatism and the slab edge in the transition
zone from Northeast Japan to Central Japan, we have investigated isotopic
systematics of the volcanic rocks in the area, including both the data from
literature and the new data for five isotopic ratios of Sr, Nd and Pb. The

new data include major element compositions of 22 samples from the back-arc
area where a few petrological data were available and five isotopic ratios

for the selected 6 samples from Pleistocene to early Quaternary epoch. As a
result, a detailed spatial variation of the isotopic ratios can be discussed

for Northeast to Central Japan. On the basis of the spatial variation of the
isotopic ratios and the estimated amount of slab-derived fluid, we found (1)
the amount of fluid derived from the two subducting slabs (i.e., the Pacific
slab and the Philippine Sea slab) decreases from a significantly high value

("5 wt.% fluid added to the source mantle) to the north away from the
seismically determined edge of the PHS slab, (2) the proportion of the PHS
component in the total slab-derived fluid also decays northward, and (3) the
PHS component spreads to the north beyond the edge of PHS slab. These
observations strongly suggest that the aseismic Philippine Sea slab exists
beneath the southernmost Northeast Japan to deliver the PHS component to the
arc magmatism. In addition, the double subduction of the two slabs generate
enhanced suction force at the corner region near the edge of PHS slab, which
may account for the fluid focusing as described (1) above.

Keywords: edge, slab, Philippine Sea Plate, central Japan
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Processing Situation after improvement of JMA's earthquake catalog

*Satoshi Takahama', Nobuyuki Hirota', Naoyuki Yamada', Noriko Kamaya1, Tetsuo Hashimoto'
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Based on the policy of the Headquarters for Earthquake Research Promotion, Japan Meteorological
Agency (JMA) collects the data of the high-sensitive seismographs nationwide, performs the processing of
hypocenter determination centrally, and publishes the result as the earthquake catalog.

The earthquake catalog has been improved by JMA on April 1, 2016 (Japan Standard Time). The main
improvement was application of PF method (Tamaribuchi, 2016) which was an automatic hypocenter
determination technique, and raising detection capability and efficiency of the hypocenter determination
processes.

Specifically, main improvements are as follows. Threshold of magnitude (Mth) for making a scrutinized
analysis (picking P and S arrivals and maximum amplitudes at many stations) by analysts is set for each
area and depth of the hypocenter. An earthquake which magnitude is equal or bigger than the Mth, the
scrutinized analysis is made as same as before. If the magnitude is smaller than the Mth, parameters
determined by the PF method are basically adopted and registered to the earthquake catalog. For
detected earthquakes which locations have not been calculated by the PF method, analysts make simple
analysis. Simple analysis means picking P and S arrivals and maximum amplitudes by analysts at most 10
stations. For shallow earthquakes occurred in inland, the Mth is M2. The Mth for earthquake occurred in
sea area depends how far from the observation network in inland. The Mth is gradually raised as the
distance from land, and the biggest Mth is M4.

As the PF method has been introduced to the JMA’ s procedure to make earthquake catalog, new flags
which indicates the differences in analysis methods and the accuracy of the hypocenter have been added.
JMA started to introduce these new procedures to make earthquake catalog on April 1, 2016. Total
number of the hypocenters in the catalog has approximately doubled, and hypocenters which parameters
are automatically calculated occupy approximately 60% of the catalog. For the Kumamoto earthquake
and other big earthquakes occurred after April in 2016, by utilizing automatically determined
hypocenters, JMA could successfully enhance documents for press release and contribute evaluation of
seismic activity by the Earthquake Research Committee.

We would like to introduce processing situation of this new earthquake catalog including processing
situation of the sequence of the 2016 Kumamoto Earthquake.

Keywords: Earthquake Catalog
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Temporal change of stress field in forearc region after the 2011
Tohoku-Oki earthquake
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The 2011 Tohoku-Oki earthquake changed the stress field around its source region. Significant coseismic
rotation of the principal stress axes was observed and it was suggested that almost all the accumulated
shear stress was released on the ruptured plate boundary (Hardebeck, 2012; Hasegawa et al. 2011).
Hardebeck (2012) showed that the directions of the principal stress axes returned to those before the
Tohoku-Oki earthquake in 0.1 years after the earthquake. She argued that slight strain re-accumulation
within short time period can account for the rapid restoration of the stress orientation after the complete
stress release.

In this study, we inverted focal mechanism solutions of earthquakes in the Tohoku forearc for temporal
changes of the stress field after the Tohoku-Oki earthquake. We analyzed GCMT solutions selected by
almost identical criteria used by Hardebeck (2012), but added the solutions from 2012 -2016. When we
inverted all the earthquakes at once, the postseismic restration of the stress axes, similar to that reported
by Hardebeck (2012), was identified.

Next, we divided the forearc region into two sub-regions to take into account possible spatial
heterogeneities of the stress state and performed the stress tensor inversion. In the analysis, one
sub-region was set inside the large co-2011 earthquake slip distribution (Yagi and Fukahata, 2011) and
another was set outside of it. In the sub-region of the large coseismic slip, normal-faulting aftershocks
were extremely active, whereas reverse-faulting earthquakes were dominant in the surrounding
sub-region. The difference in dominant focal mechanisms suggests significant difference in stress state
between the two sub-regions. The stress axes obtained by the inversion in the large coseismic slip
sub-region rotated greatly at the occurrence of the Tohoku-Oki earthquake, and they changed towards
the directions before 2011 gradually. However, the amount of postseismic rotation was not as large as
that reported by Hardebeck (2012) and the stress regime has never been resumed to the pre-2011 state.
On the other hand, in the surrounding sub-region, the coseismic rotation of the stress axes was smaller
than that in the large coseismic slip sub-region, and the temporal change after the earthquake was also
very small. As a result of the present reanalysis considering spatial variation of the stress field, we suggest
that the result given by Hardebeck (2012) may contain apparent temporal stress changes due to
spatio-temporal variations of the seismicity in the area, which she did not take into account.
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Spatial and temporal variations of seismic moment release before and
after the 2011 Tohoku-Oki earthquake
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Seismicity is often changed significantly before and after a large earthquake, probably due to the change
of stress distribution in and around its fault area. We examined seismic moment release for coseismic and
adjacent areas before and after the 2011 Tohoku-Oki earthquake. We adopted not the number of events
but the amount of seismic moments because we like to focus on large events that represents the stress
states in the studied area. With the JMA catalog of event locations and magnitudes (m) from 1967 to
2016, we converted the seismic moment (M) in Nm by logM, = 1.5m + 9.1. The area is divided into the
segments based on the pre-2011 version of the evaluation of its major subduction earthquakes by the
headquarters for earthquake research promotion. The area off the trench axis of the Pacific plate where
outer-rise earthquakes occur is included. We further divided each segment into three depth levels based
on its depth of the plate boundary: the shallow zone (i.e., in-land intra-plate events), the plate boundary
zone defined by the depth range between 10 km and 20 km in shallow and deep sides, respectively, and
the deep zone (slab intra-plate events).

The most outstanding contrast in terms of temporal change before and after the 2011 mega-event
(hereafter called the main shock) is a decline of moment release in the off Miyagi segment versus a
significant increase in the off Fukushima segment. In the former segment, there were many earthquakes
even before the main shock, compared with other adjacent ones. Although there were intensive
aftershock activities, the amount of moment release was not significantly amplified. In contrast, there were
a few events in the off Fukushima segment prior to the main shock, particularly with the small amount of
moment release, that is, only small events had occurred. After the main shock, not only the number but
also the mount release rate was clearly increased, getting comparable to the active off Miyagi segment.
The amount of slips in this segment was not large for the main shock. We may conclude that there were
no stress or strain accumulated before the main shock and the coseismic slip in this segment might not
have been spontaneous but rather associated with large slips in the off Miyagi segment, resulting in newly
built-up stress that started inducing active seismicity there. A similar increased seismicity was found in the
Kodiak segment after the 1964 Alaska earthquake (Doser et al., 2006).

In all the outer-rise areas, there were a few events before the main shock while seismic activities or
moment releases were clearly enhanced after it, particularly in the off Miyagi and off Fukushima segments.
This change seems to have been caused by the large coseismic slips on its adjacent plate boundary
although the original stress was small.

Keywords: seismic moment release, the 2011 Tohoku-Oki earthquake, spatial and temporal variations of
seismicity
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Study on the plate model of the Pacific plate
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The Cabinet Office is conducting examination of the largest class earthquakes in the Japan Trench and
the Kuril Trench in the “Council for studying megaquake models in the Japah trench and the Kuril trench
(established in February 2015)". As a part of that, we examined the shape of the Pacific plate upper
surface subducting beneath the Izu-Ogasawara Trench, Japan Trench and the Kuril Trench to create a
plate model.

Several models are proposed for Pacific plate along the Japan trench and the Kuril trench, However, some
of them are limited to the specific areas and are not consistent with the hypocenter distribution.

In this study, we created the plate model along the Izu-Ogasawara Trench, Japan Trench and the Kuril
Trench based on the following data.

A) Location of the trench axis: We set the trench axis that is made by smoothly connecting the deepest
part of the seabed topography data (provided by the Japan Coast Guard), and it was used as the boundary
line between the plate upper surface and seabed topography.

B) Structure exploration data by JAMSTEC: We used depth data of the Pacific plate provided by JAMSTEC
along MSC and OBS survey lines to constrain the shapes of shallow part of the Pacific plate upper surface.
C) Hypocenter Distribution: We used JMA Unified earthquake catalog, ISC catalog and EHB catalog to
constrain shapes of the Pacific plate upper surface in the shallow and deep area.

D) Volcanic Front Position: We set the 100km depth of plate position based on the position of the volcano
front for areas where the plate shape could not be determined due to low seismicity.

Using the above data, we set many cross sectional shapes of the upper plate surface approximately
orthogonal to the trench axis. And a planar plate upper surface model was created by interpolating the

cross section data.

Keywords: Pacific plate, plate model, fault model, earthquake hazard assessment
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Spatiotemporal distribution of shallow seismic activity around Onikobe
area, northeastern Honshu, Japan
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In order to elucidate the process of inland earthquake occurrence, it is necessary to consider the
influence of the heterogeneous structure of the upper crust. In particular, examining the relationship
between seismic activity and existing weak planes such as geological faults and caldera walls will be very
important for the above understanding. In order to investigate the relationship between geologically
heterogeneous structure and seismic activity, the best region will be where reliable geological data are
available and the seismicity is high. In this study, we investigate the relation between the heterogeneous
geological structure and the seismic activity in the Onikobe region located in the northernmost part of
Miyagi prefecture because the region satisfies the above conditions.

This area is located in the backbone range, where many calderas exist. In this region, Umino et al. (1998)
discussed the relationship between the caldera structure and large-scale earthquakes that occurred in the
Onikobe region in 1996. After that, however, the earthquake activity in this area appears to change
considerably after the 2008 Ilwate-Miyagi Nairiku earthquake and the 2011 Tohoku-Oki earthquake. We
investigate the temporal change in the seismic activity for about 20 years (1996-2015) in detail, and
discuss the relation between the spatiotemporal change in the seismic activity and the caldera structure.
In order to elucidate the relation, we carried out 1) estimation of temporal change in the seismic activity,
2) hypocenter relocation, 3) fault type determination, and 4) stress field estimation. The results indicate
that the earthquake fault-type distribution as well as the seismic activity and hypocenter distribution is
affected by nearby large earthquakes. It is also suggested that the change in the hypocenter and
fault-type distributions are controlled by the caldera wall distribution.

According to Terakawa and Matsu'ura (2010), this area is located in a reverse fault type stress field of
east-west compression, but many strike-slip-fault type earthquakes have occurred and at least some of
them appear to occur along steep caldera walls. We will discuss in detail the relation among the seismic
activity which changed due to the stress disturbance caused by large earthquakes, the shape of the
existing weak planes, and the background stress field.

Keywords: seismicity, focal mechanism, caldera

©2017. Japan Geoscience Union. All Right Reserved. - SSS13-PO5 -



SSS13-P06 JpGU-AGU Joint Meeting 2017

Seismogenic structures of the 2006 M 4.0 Dangan Islands Earthquake
offshore Hong Kong
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As a typical extensional continental margin, the intraplate seismicity in the coastal region of the northern
South China Sea (SCS) is very active. Compared with the seismically active zones of NanAo Islands,
Yangjiang, and Heyuan, the seismicity is relatively low in the Pearl River Mouth area. But, a M, 4.0
earthquake in 2006 has occurred near the Dangan Islands offshore Hong Kong, adjacent to the source of
historical Dangan Islands earthquake in 1874 with about M5.8. In this study, we ascertained the locations
of NW- and NE-trending faults in the Dangan Islands sea, and found that the NE-trending Littoral Fault
Zone (LFZ) mainly dipped southeast at a high angle and cut through whole crust with an obvious
low-velocity anomaly. The NW-trending fault dips northeast with similar high angle. The 2006 Dangan
Islands earthquake is adjacent to the intersection of the NE- and NW-trending faults, which suggests the
intersection of two faults in different directions could provide a favorable condition for the generation and
triggering of intraplate earthquakes. Crustal velocity model showed that the high-velocity anomaly was
imaged in the west of Dangan Islands, but a distinct entity with low-velocity anomaly at depth smaller than
10 km but high-velocity anomaly below depth of 10 km was found in the south of Dangan Island. Both
1874 (about M5.8) and 2006 (M 4.0) Dangan Islands earthquakes occurred along the edge of above
mentioned distinct entity, and the vertical cross-sections parallel and perpendicular to the LFZ revealed
that there were good spatial correlations between the 2006 Dangan Islands earthquake and the
prominent high-velocity body below 10 km depth in the distinct entity, which indicated that the
high-velocity body might be rigid and capable to store strain energy and release it as a brittle failure,
being considered as earthquake-prone area.
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Triggered seismic activity in Yonezawa-Aizu area —Space time change
of focal mechanism—
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Triggered seismic activity started 7 days after the 2011 off the Pacific coast of Tohoku Earthquake. The
activity still continues at present, though the revel is becoming lower. The northern extension of the
Tanagura Tectonic Line is presumed to pass through this area. Its configuration, however, is not clear,
because the Cenozoic igneous rocks cover the surface. In the present study, we tried to estimate the
configuration (the strike and the dip) of the fault from focal mechanisms. Focal mechanisms were
determined using the polarity of P-wave first motion for earthquakes with magnitude greater than 3.0 that
occurred by Oct. 31, 2015 and were recorded at the Hi-net stations. We read the P-wave first motion on
the display, and selected precise data. 100 mechanism solutions obtained with sufficient accuracy using
more than 20 polarity data were used to estimate the fault configuration.

Most of the solutions were reverse fault or reverse with strike slip component types. We selected a nodal
plane whose strike was close to that of the epicenter distribution or similar to adjacent events from a
couple of nodal planes. In case of reverse faults, the plane with gentle dip was selected. We regarded the
nodal planes thus selected as fault planes. The strike and the dip of the faults revealed the following
characteristics. 1) The strike was NW-SE in the central part of the area (middle and the SW edge of the
Otoge Caldera), and was N-S or NNE-SSW directions in other area. 2) From the center to the southern
edge of the area, each hypocenter clusters had the predominant fault strike and the dip. 2)In the northern
part of the area, the strike was similar, but the dip direction was different among events. These
characteristics show that the strike of the faults is close to that of the Tanagura Tectonic Line in the center
to the south part, and in the other part of the area is similar to the faults distributed over the Tohoku
District.

Previous studies suggest that the flow of fluid may be the cause of the triggered activity. If there is a flow
of fluid or a change of fluid pressure, the focal mechanisms are expected to change. We checked a
temporal change of focal mechanisms in the area of 37.76-37.78°N, 139.97-40.02°E, where earthquakes
continually occur. We read the polarity of P-wave first motion for the events with magnitude larger than
2.0. The area was divided into four regions, and the polarity data were plotted on one focal sphere
projection for each region for every month. The distribution of polarity data mostly corresponded to the
reverse fault type, and the change of polarity distribution was small in the western region. On the other
hand, in the eastern regions many of monthly polarity distributions indicated strike slip fault with NW-SE
tension, and the distribution sometimes changed to reverse fault type, suggesting the change of fluid
condition.

Keywords: triggered earthquake, focal mechanism, Tanagura Tectonic Line
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Aftershock observation and their source parameter analysis of the
2016 Gyeongju earthquake

*Jeong-Ung Woo', Junkee Rhie', Tae-Seob Kang?
1. Seoul Nat'l Univ., 2. Pukyong Nat'l Univ.

The 12 September 2016 Gyeongju earthquake ( 5.8) occurring at 11:32:54 (UTC) is the largest
instrumentally recorded event in the southern Korean Peninsula and it is followed by thousands of
aftershocks. For monitoring the aftershocks, a temporary seismic network of 27 stations was installed in a
few days and operated for several months. From regional seismic networks and the temporary network, we
detected P/S phase arrival-times and associated them by a series of automatic procedures. With a 1-D
velocity structure and the associated arrival times, locations of the aftershocks were initially determined
by an iterative linear method. To observe the detailed pattern of the hypocenters, initial hypocenters were
relocated by the double difference method using the waveform cross-correlation. With the hypocenter
distribution, the focal mechanism analysis of specific events was then operated by measuring the first
P-wave motions. Our detection algorithm observed over a thousand events and their locations are mainly
clustered between two regional fault lines. Our result indicates that the distribution of the aftershocks and
the fault plane solutions obtained from the focal mechanism analysis are not matching with the surface
traces of two regional faults, suggesting a complex geometry of faulting system beneath the Gyeongju area
can exist.

Keywords: Gyeongju earthquake, aftershock monitoring, Yangsan Fault system
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Time evolution of the 2016 Kumamoto Earthquakes Il

*Masahiro Miyazaki1, Satoshi Matsumoto?, Yoshihisa lio', Yusuke Yamashita', Hiroshi Shimizu?,
Takeshi Matsushima?, Manami Nakamoto®, Kazunari Uchida?, Megumi Kamizono®, Yoshiko
Teguriz, Group for urgent joint seismic observation of the 2016 Kumamoto earthquake5

1. Disaster Prevention Research Institute, Kyoto University, 2. SEVO, Kyushu Univ., 3. National Institute of Polar
Research, 4. Grad. Sch. Sci., Kyushu Univ, 5. Group for urgent joint seismic observation of the 2016 Kumamoto
earthquake

Matched filter technique (Gibbons and Ringdal, 2006; Shelly et al., 2007) was used to detect events of
earthquake swarms. We applied to the data recorded during the 2016 Kumamoto earthquakes and
investigate the time evolution of seismic activities.

In this study, we checked the effect of data that were recorded near source region. We compared the
average cross correlation value of each station for detected events. We found that the values of the
stations within about 10km from template events were larger than that of other stations. This indicated
that these data ware important to distinguish the events from continuous records.

Acknowledgement

In this study, we used the seismic observation data recorded by various organizations, including the Japan
Meteorological Agency (JMA), National Research Institute for Earth Science and Disaster Prevention
(NIED), Kyushu University, and Group for urgent joint seismic observation of the 2016 Kumamoto
earthquake.

Keywords: the 2016 Kumamoto earthquake
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The Kumamoto Earthquake sequence occurred on April 14, 2016 for the foreshock (Mw 6.2) and on April
16, 2016 for main shock (Mw 7.0) in the Kumamoto area of Kyushu. The earthquake sequence was
derived from fault ruptures of the Futagawa and Hinagu Fault zones. The rupture directivity was just
northeast. Furthermore, the earthquake sequence dominantly affected the northeast region, and M "6
earthquakes are triggered around the Oita area (Uchida et al., 2016). On the other hand, the
southwestern parts of the Hinagu Fault zone were not ruptured. The purpose of the study is to examine
what is a factor for controlling seismic properties of the earthquake sequence.

We used earthquake data that occurred from October 24, 1997 to July 31, 2015 in the JMA catalog to
grasp the seismic activity around the source faults: Futagawa and Hinagu Fault zones. We applied the
fault model which was proposed by HERP [2013] to the analysis. According to some previous research
results, the dip angles of the Futagawa and Hinagu Fault zones are set up to be 602 in northwest and 909,
respectively. Then, we define the analytical area of the Futagawa Fault zone as the region of 10 km in the
northwest direction from the surface trace. For the Hinagu Fault zone, the area is defined as 5 km on
either side on the surface trace.

We recognized a remarkable seismic gap in the Hinagu Fault zone based on seismicity data before the
Kumamoto Earthquake sequence. The fault rupture of the Kumamoto Earthquake sequence was probably
arrested at the seismic gap, however the southern part of the Hinagu fault zone is within positive stress
change. The aftershocks of the foreshock do not propagate in the seismic gap, however, those of the main
shock distribute over a seismic gap; propagating to the southern part of the Hinagu Fault zone.

Here, we focused on two Mw ~5 earthquakes happened in 2000 and 2005 on Hinagu Fault zone. The
analysis results show the 2005 earthquake maybe is related to the 2000 earthquake: a delayed
earthquake. Therefore, the analysis of the seismic sequence probably provides useful information to
evaluate seismic condition of the Hinagu Fault zone after the Kumamoto Earthquake sequence. The
seismic scale of the Kumamoto Earthquake sequence is far bigger than the 2000 earthquake, and the
aftershock activity propagated up to the southern part of the Hinagu Fault zone. Therefore, the Hinagu
Fault zone has a potential to cause some delayed earthquakes.

Keywords: Kumamoto Earthquake sequence, seismic gap, delayed earthquake
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Seismic observation on northern Ryukyu Trench subduction zone
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The Ryukyu Trench is a plate convergence zone whose total length of about 1,300 km, and its northern
end borders on the western end of the Nankai Trough. Due to the subduction of Philippine Sea plate in
northwest direction, active seismicity was observed in the forearc region of Ryukyu arc. In addition,
occurrence of large earthquakes was well known; for example, 1911 off-Amami (M8.0), 1923 near
Tanegashima (M7.1), and 1774 Yaeyama (M7.4) earthquakes. On the other hand, both detection capacity
and location accuracy of earthquakes in this region were not enough to discuss the detailed seismicity
pattern and plate geometry, since the seismic network is limited on sparse-distributed islands. To know
the seismicity, lithospheric structures and plate geometry, Japan Agency for Marine-Earth Science and
Technology (JAMSTEC) launched a series of seismic observations and active-source seismic surveys at the
Ryukyu arc from 2013, as a part of research project funded by Ministry of Education, Culture, Sports,
Science and Technology, Japan.

In FY2016, we have conducted a passive source observation in the northern Ryukyu forearc region. We
have deployed 47 seismic stations including 43 ocean bottom seismographs (OBS) and 4 onshore
stations. All OBSs are equipped with short period (4.5 Hz) geophones. Onshore stations are deployed at
Tanegashima (two stations), Nakanoshima, and Akuseki-Jima, composed of broadband and/or 2 Hz
seismometers. The average separation of seismic network is about 30 km, and covered the area of 250 km
and 160 km in trench parallel and normal directions, respectively. The observation period of OBS is about
4 months, from September to December 2016. From the continuous seismic record, we have detected
more than three-times the number of events identified from Japan Meteorological Agency (JMA)
catalogue. We also confirmed that almost all our seismic stations recorded the seismic signal when the
JMA magnitude of event located within our network is larger than 2.5. In this presentation, we will show
the preliminary result of hypocenter relocation analysis.

Keywords: The Ryukyu Trench, Seismicity, Philippine Sea Plate
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Turkey and its surrounding region comprise one of the most rapidly deformation parts of
Alpine-Himalayan mountain belt, because the country is located at the junction of the three main tectonic
plates. Global kinematic models based on the analysis of oceanic spreading, fault system, and earthquake
slip vectors indicate that Arabian plate is moving in the north-northwest direction relative to Eurasian at
an average rate of about 25 mm/yr. The westward escape of Anatolian plate by right lateral strike-slip
motion produces major earthquakes along the North Anatolian Fault Zone and this causes an important
role on the tectonic evolution of the Marmara Sea region. Eventually, the Marmara Sea region is one of the
most seismic active region, because the Marmara Sea region is at a triple junction between the Turkish,
Aegean and Eurasian Plates in a complicated area of small block structures, and an understanding of the
behaviour of the Marmara Sea area is very important in the interpretation of the tectonics evolution of the
entire region.

Active tectonics in the region has strike-slip, normal and some reverse of dip-slip (oblique) faulting types.
Especially western part of the latitude 30°E, fault mechanisms changed via normal faulting and oblique
faulting types. Another indicator, the Marmara Sea region is a kind of mixed place of changing of fault
mechanisms and rotation of dominant T stress axes directions in the NAFZ.

In this study, we present seismicity and briefly presented the fault mechanism characteristics of the
Marmara Sea region. On the other hand, we try to understand seismic gaps along the Marmara region.
Recent crustal deformation and seismicity provide about seismic gaps in the region for future
earthquakes.

Keywords: Marmara Sea, seismicity, fault mechanisms
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Very Long Period Seismic Signals at Cotopaxi Volcano-Ecuador.

*Gabriela Arias’
1. National Polytechnic School Ecuador

This work identifies seismic events with very long period (VLP) content that occurred at Cotopaxi volcano
(Ecuador) between June 2010 and October 2014. In order to do this, it was necessary to study the
spectral content of the signals by decomposing them into their constituent frequencies, done using a
discrete Fourier transform.

The existence of a single family, containing half of the recorded VLP events, was recognized by performing
cross-correlations between them. The remaining events could not be grouped into families due to the
small signal amplitudes, having been considerably influenced by microseismicity. No other patterns of
similarity were found between these events.

Each signal was then integrated and filtered to locate the source using P wave polarization analysis,
specifically the particle motion method.

Finally, the possible source mechanism of the event family was identified through the comparison and
cross correlation with those studied in previous woks at Cotopaxi volcano. The proposed mechanism
would be that of a crack model, located to the north of the crater at a depth between 2 and 4 km. It is
proposed that this crack generated the recorded events between 2006 and 2014 and that it is
independent of the resonator which was activated between 2002 and 2014. Both systems would
represent a region filled with magmatic fluids that, depending on its volume, suggest a possible renewal of
volcanic activity.

Keywords: VLP seismicity, particle motion, source mechanism
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Rupture process of the 1979 Tumaco, Colombia, earthquake and
rupture characteristics along the Ecuador-Colombia subduction zone

*Masahiro Yoshimoto', Hiroyuki Kumagaﬂ, Nelson Pulido®

1. Nagoya University, 2. NIED

The 1979 Tumaco earthquake was the second largest earthquake in the Ecuador-Colombia subduction
zone after the 1906 Ecuador-Colombia earthquake. However, previous studies of the 1979 event only
estimated the seismic moment and the rupture velocity from surface-wave records [Kanamori and Given,
PEPI, 1981] and the source duration from P-wave records [Beck and Ruff, JGR, 1984]. In order to evaluate
the risk of earthquake and tsunami in this region, it is important to estimate the spatial and temporal slip
distribution of the 1979 earthquake and its relationship to the 1906 earthquake.

We inverted teleseismic P-waves at WWSSN stations to investigate the rupture process of the 1979
Tumaco earthquake. We calculated Green’ s functions using the method of Kikuchi and Kanamori [BSSA,
1991] and applied the waveform inversion scheme of Kikuchi et al. [EPS, 2003] to image the
spatio-temporal slip distribution. Our inversion results indicated that the large slip of the 1979 event
occurred in the northeastern part of the source region. The average plate coupling ratio in the 1979
earthquake source region was estimated to be only 30 % [White et al. EPSL, 2003]. From this coupling
ratio and the average slip of 2.4 m in our slip model, the recurrence interval of the 1979 earthquake was
estimated to be 174 years. This suggests that the 1906 Ecuador-Colombia earthquake did not rupture the
source region of the 1979 Tumaco earthquake. This interpretation is consistent with that the tsunami
source model of the 1906 event proposed by Yoshimoto and Kumagai [AGU fall meeting, 20186].

Keywords: 1979 Tumaco earthquake, rupture process, Colombia
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On the hypocentral distribution considered to be double seismic zone
obtained by pop-up ocean bottom seismometers at the area around
Ogasawara

*Kenji Nakata', Akio Kobayashi1, Akio Katsumata', Fuyuki Hirose', Hisatoshi Baba?, Kazuhiro
Kimura®, Yutaka Nagaoka4, Hiroaki Tsushima', Kenji Maeda'

1. Seisomology and Tsunami Research Department, Meteorological Research Institute, Japan Meteorological Agency,
2. Department of Marine and Earth Science, Tokai University, 3. Seismology and Volcanology Department, Japan
Meteorological Agency, 4. Volcanology Research Department, Meteorological Research Institute

The Meteorological Research Institute conducted observation for about 3 months by pop-up ocean
bottom seismometers (OBS) from July to October 2015 for the purpose of improving hypocenter
determination accuracy around the Ogasawara area. The observation network was set to cover this area at
about 50 km intervals at 8 stations of OBS and 2 stations of existing Chichijima and Hahajima in total 10
stations. Analysis of this observation data showed that the hypocenters determined by OBS observation
was located about 50 km west from the Seismological Bulletin of Japan (the unified seismic catalog)
(Nakata et al., 2016, JpGU).

This analysis reveals the hypocenters, which is thought to be an intraslab earthquake of the Pacific plate
subducting from the Izu-Ogasawara trench. Especially, hypocenter distribution of two planes, the upper
plane and lower plane, can be seen from a depth of about 70 km to 200 km. The distance between the
upper plane and lower plane is about 35 km, and the both planes can not be separated from each other
at about 200 to 250 km. An active region of cluster-like seismic activity can be seen around the depth of
60-80 km. The cluster is scattered to run parallel 80 - 90 km east of volcano front including Nishinoshima.
This may correspond to the upper plane seismic belt pointed out by Kita et al. (2006, GRL). In this way,
the features obtained in the Ogasawara area are similar to those of the double seismic zone reported in
various parts of the world including Tohoku Japan. Regarding the distance between double planes in
other areas, it is about 20 km in Aleutian, about 30 km in Hokkaido Japan, about 35 km in Tohoku Japan,
about 30 km in Kanto Japan, about 25 km in Mariana, about 20 - 25 km in central Chile ( Reyners & Coles,
1982, JGR; Hosono & Yoshida, 2001, Volcano (in Japanese ); Yoshida & Hosono, 2002, Volcano;
Shiobara et al., 2010, GJI; Marot et al., 2013, JGR).

Keywords: Izu-Ogasawara trench (Izu-Bonin trench), double seismic zone
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Smaill repeating earthquakes beneath the Tokai region detected by
NIED Hi-net

*Makoto MATSUBARA'

1. National Research Institute for Earth Science and Disaster Resilience

1. Introduction

Small repeating earthquakes (SRQs) occur around the quasi-static slip region at the plate boundary
(Igarashi et al., 2001; Uchida et al., 2003). Matsubara and Obara (2006) found the SRQ at the upper
boundary of the Philippine Sea (PHS) plate with the data of Kanto-Tokai seismic network operated by
National Research Institute for Earth Science and Disaster Resilience (NIED). In this study, | analyze data
in Tokai region of the high-sensitivity seismograph network (Hi-net) operated by NIED.

2. Data and Method

Target region is 136.4-139E, 34-36N, and 0-500 km depth. The number of earthquakes with magnitude
equal or larger than 1.5 satisfying the Gutenberg-Richter magnitude-frequency relation is 20331. |
compare waveforms of an event to those of events within the 0.1 degree from the event since | focus on
the events beneath the land area. | compare the band-pass filtered waveforms with 1-4 Hz on vertical
component from P onset to five seconds after the S-wave arrival time. | defined the SRQ whose waveforms
with at least three seismic stations within the 100 km from the event.

3. Result

The number of group of the SRQs is 1194 with 4697 events. | defined the burst-type SRQ with the total
period from the first event to the last event within a group. The number of the group of the SRQs is 341.
SRQs with low-angle lower thrust occur at depths of 18-27 km beneath the Fujieda region with 11 groups
and at depths around 23 km beneath the Mori Town with 3 events. | estimated the plate slip rate using
the relationship estimated by Nadeau and Johnson (1998). The slip rate at the upper boundary of the PHS
plate is 1.5 cm/year.

SRQs within the PHS plate occur on the north of the Lake Hamana. There are three clusters of SRQs. The
slip rate is approximately 0.8-1.2 cm/year.

There are many SRQs deeper than 35 km, however the focal mechanism of those events are strike-slip or
normal fault. These events are located within the PHS plate.

SRQs accompanied with the subducting Pacific plate occur at depths deeper than 100 km. The focal
mechanisms of those events are mainly reverse fault with strike-slip component or strike-slip type. There is
no SRQ at the upper boundary of the Pacific plate beneath the Tokai region.

4. Discussion

SRQs at the upper boundary of the PHS plate beneath Fujieda region are also found by Kanto-Tokai
seismic network by Matsubara and Obara (2006). The average slip rate from 1980 to 2004 was 0.9
cm/year and it is 1.4 cm/year in this study. Both slip rates are smaller than the slip rate 4.0 am/year
estimated by geodetic data (Seno et al., 1993).

5. Conclusion

| analyzed the NIED Hi-net data beneath the Tokai region from 2000 to 2015. The SRQs at the upper
boundary of the PHS plate occur beneath Fujieda city and Mori Town. Many SRQs are selected within the
inland crust, PHS plate, Pacific plate with focal mechanism of strike-slip or normal fault.
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Controls of repeating earthquakes’ location from a- and b- values
imaging

*Masashi Kawamura', Kate Huihsuan Chen'

1. Department of Earth Sciences, National Taiwan Normal University

To explore where earthquakes tend to recur, we statistically investigate repeating earthquake catalogs
and background seismicity from different regions. We show that the location of repeating earthquakes can
be mapped by the spatial distribution of the seismic a- and b-values obtained from the background
seismicity. With statistical significance confirmed by Molchan’ s error diagram, repeating earthquakes are
found to occur within the areas with higher a-values (2.8-3.8) and b-values (0.9-1.0) on both strike-slip
and thrust fault segments (Parkfield, Hayward, Calaveras, and Chihshang faults). The significant
association however, does not hold true for fault segments with more complicated geometry or wider
areas with a complex fault network. The productivity of small earthquakes that is responsible for both high
a- and b-values, therefore, is likely the most important factor that controls the location of repeating
earthquakes. Since such condition is commonly found in creeping fault, we propose that it requires a
specific fault property for the repeating earthquakes to show a universal association with a- and b-values.

Keywords: repeating earthquake, a-value, b-value, creeping fault, California, Taiwan
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The first research on seismic interferometry in the region of induced
earthquakes of Song Tranh Dam, Vietnam

*CUONG QUOC NGUYEN'

1. DPRI, Kyoto University

Vietnam is located in South East Asia and bounded by the Pacific and Mediterranean-Himalaya seismic
belts on its eastern, western and southern sides, respectively. The dynamic tectonic processes in this
region cause the territory of Vietnam and adjacent areas to have intensive differential movement, making
the regional tectonic structure very complicated. The tectonics have led this territory to have moderate
seismic activity and complicated geological structures, such as the Lai Chau-Dien Bien fault zone, Red
River fault zone, and others. Southern Vietnam was considered to be a region with low seismicity,
compared to the North. However, the sequence of earthquakes that occurred at Song Tranh Dam during
the last several years surprised many scientists because the southern region of Vietnam was not expected
to have major tectonic activity. This region where many induced earthquakes are now occurring is
associated with the filling of a new reservoir. There have been four M4 earthquakes (maximum earthquake
was 4.7 in November, 2012), so it is one of the most active induced earthquakes examples in the world. It
is important to determine the strong motion attenuation relations for this area since damaging
earthquakes may be expected in the near future. We collect and process data from 10 seismic stations
around Song Tranh dam, include 5 years continued data in Song Tranh dam.

Traditional methods of imaging the Earth’ s subsurface using seismic waves require an identifiable,
impulsive source of seismic energy, for example an earthquake or explosive source. Naturally occurring,
ambient seismic waves form an ever-present source of energy that is conventionally regarded as unusable
since it is not impulsive. As such it is generally removed from seismic data and subsequent analysis. A new
method known as seismic interferometry can be used to extract useful information about the Earth’ s
subsurface from the ambient noise wavefield. Consequently, seismic interferometry is an important new
tool for exploring areas which are otherwise seismically quiescent, such as the Song Tranh Dam region in
which there are relatively thousands of induced earthquakes. Here we provide a review of seismic
interferometry and show that the seismic interferometry method which have agreeable results within the
Song Tranh dam region.

One of the possible applications of seismic interferometry is ambient noise tomography (ANT). ANT is a
way of using interferometry to image subsurface seismic velocity variations using seismic (surface) waves
extracted from the background ambient vibrations of the Earth. Today, ANT has been used successfully to
image the Earth’ s crust and upper-mantle on regional and continental scales in many locations and has
the power to resolve major geological features such as sedimentary basins and igneous and metamorphic
cores. In future study we will do some advance research on ANT in Song Tranh Dam region and make
comparison between Northern and Southern of VietNam (especially Moho layer).

Keywords: Seismic Interferometry, Song Tranh Dam, Ambient Noise Tomography
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