Japan Geoscience Union Meeting 2013 g ’

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

Union

SSS34-01 0 0:201B 00:50 230 16:15-16:30

D_DD_DD_DDDDDDDDDDDDDGEONETDDDDDDDDDD
Visualizations of crustal deformation of Japan using GSI GEONET data
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Deformation of the Nankai forearc sliver and Median Tectonic Line
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Recent crustal movements obtained by dense GPS network in the Tokai District
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Shallow slow-slip event detected by leveling survey at the central part of the Longitudinal

Valley fault, eastern Taiwan
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Precise leveling survey was conducted across the central part of the Longitudinal valley fault, eastern Taiwan to discuss th
detail deformation of the transition zone between the fault creeping area and asperity area. In order to focus on the relationshi
between the fault creeping area and rich melange distribution in the transition zone, we have established three leveling routes
the Yuli, Chike-san and Reishuei areas. The Yuli route is just located in the northern end of the rich melange distribution, but
both Chike-san and Reishuei routes were established in the area where no rich melange exists. In the Yuli route, an uplift rate
about 30 mm/year has been detected from 2010 to 2012, suggesting the aseismic fault creep might be continuing with long-terr
In the Chike-san route, the vertical deformation rate of about 8 mm/year was detected in the period from 2010 to 2011. Howevel
there was the huge deformation with uplift rate of about 40 mm/year detected in the period from 2011 to 2012. In the Reisuel
route, we detected the deformation of about 8 mm/year in the period from 2011 to 2012.

As explanations for the huge change of the deformation rate in the Chike-san route, we believe that the detected deformatic
has been resulted from a slow-slip event. Also since the significant deformations were not detected in leveling and GPS arour
Chike-san route, the slow slip event was localized to a small region just around the Chike-san route. Such a slow slip event migt
be triggered by the M 5.3 earthquake on June 14, 2012 because the number of micro-earthquakes in the Chike-san area rapi
increased after the M 5.3 earthquake.

We propose that the northern limit of the stable creeping area may be in the Yuli area and the slow slip event occurs in the
transition zone between the fault creeping area and asperity area. The boundary between the creeping area and the slow slip &
is basically consistent with the northern limit of the rich melange distribution.
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SEQUENCE OF SIX M7-SIZED EARTHQUAKES IN THE NORTHEASTERN JAPAN
PRECEDING TOHOKU-OKI EARTHQUAKE MARCH 11, 2011
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A sequence of M 7-class interplate earthquakes and postseismic slips following each of these earthquakes occurred alol
the Japan Trench before the occurrence of the giant earthquake on March 11, 2011. Several calculations of the earthquakes
northeastern Japan area including 2003 to 2011 M7-sized earthquakes are conducted to analyze the plate deformations on
Northeastern Japan. The analyzing processes include the measurement of the coseismic jumps of six M7?sized events occurring
October 31, 2003; August 16, 2005; May 8, 2008; July 19, 2008; March 14, 2010 and March 9, 2011. The postseismic slips whict
continuously occur following the earthquakes (some earthquakes in Miyagi, Fukushima, Iwate and Ibaraki) are also calculatec
Both coseismic and postseismic slips are believed to closely relate to 3.11 Tohoku-oki earthquakes. Two mathematical mode
are used in the calculation and followed by the parameter adjustment using Okada formula to obtain the best parameter of tf
plate displacement. The parameter adjusted in Okada formula are included the length of displacement/rupture area, together w
width, depth, dip angle, and dislocation length and rake angle. These parameters are then used to calculate the seismic mom
and magnitude moment based on geodetic approach. These calculations revealed that the total moment released by these <
was much larger than the coseismic ones. These seismic moments will lead us to the conclusion about characteristic of coseisn
and postseismic deformations in the Northeastern Japan area which differs from our understanding about the postseismic proce
that the postseismic deformation and slip are smaller than the coseismic deformations.

00000 Interplate earthquakes, Postseismic, Coseismic, Deformation, Slip, Seismic moment
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Relation between the number of the aftershocks and the postseismic deformation of larg
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A rainfall correction of the strainmeter by the Radar-AMeDAS rainfall
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Slow slip events in the Hyuga-nada, southwestern Japan
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A variety of strain changes in the anticipated Tokai earthquake area
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Great interplate earthquakes have occurred at the Nankai Trough at a recurrence interval of approximately 100 to 150 years d
to the subduction of the Philippine Sea plate beneath southwestern Japan. In addition to such a regular Nankai Trough earthque
cycle, there is a hyperearthquake cycle of 300 to 500 years. A Tokai earthquake has not occurred for more than 150 years since t
1854 Ansei Tokai earthquake. Tokai, Tonankai, and Nankai consolidated earthquakes have not occurred for more than 300 yee
since the 1707 Hoei earthquake. The Japanese government is taking the Tokai earthquakes seriously and has charged the Jz
Meteorological Agency (JMA) with predicting the next one. There is now a dense array of instruments placed to accumulate &
continuous stream of data related to seismicity, strain, crustal expansion, tilt, tidal variations, ground water fluctuations and othe
variables. They are watching for an anomaly in these data that might precede the next major Tokai earthquake. However th
earth’s surface is continuously influenced by of a variety of natural forces such as earthquakes, waves, winds, tides, air pressu
changes, precipitation and by a number of human induced sources. These generate variations in geodetic data that may m:
precursory signals. Eliminating unwanted changes in the raw data requires appropriate statistical modeling, for detailed an
accurate processing of geodetic data. We show that applying state space modeling is valuable for removing extraneous influenc
in order to enhance detection of possible precursors of the anticipated Tokai earthquake. On 11 August 2009 the intraslab Suru
Bay earthquake (M6.5) occurred in the Philippine Sea plate under the Tokai area. The JMA network of strainmeters has alread
been monitoring short-term slow slip events (SSE) synchronized with nearby low frequency earthquakes or tremors since 200
(Kobayashi, et al., 2006). Although the 2009 Suruga Bay earthquake was an intraplate earthquake in the Philippine Sea plate,
was immediately followed by a sudden increase in interplate earthquakes in the Tokai area for the following month (Aoi et al.,
2010). No pre-slip was detected by land-based observations in the Tokai area, even though it appears that the post-stress stat
the subducting plate boundary was strongly affected. We here try to isolate tectonic strain behavior before the 2009 Suruga Be
earthquake by applying the state space modeling and Kalman filtering/smoother to the volumetric strain data at the Tokai networ
of JMA. In summary we show: (1) The strain extracted by the state space modeling demonstrates that the shallow volumetris
strainmeters deployed at depths less than 200m can provide high quality strain behavior. (2) The resulting strain time series ce
be divided into three groups: one composed of stations near Omaezaki, characterized by a very stable behavior; a second gro
at large distance from the hypocenter, shows no significant changes; and a third group, the west coastal stations of Suruga Bay.
characterized by a synchronous change except for an irregular change just before the 2009 Suruga Bay earthquake. The unus
irregular changes occur at stations located on the landward side of tectonic boundary extended from Suruga Trough. Finally, t
present study reveals an uncommon strain change just before the 2009 Suruga Bay earthquake.

goooo:ooooodo,0o0bbodoo, bbb U, L0000, bbb obo,o0d
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Keywords: State space modeling, Volumetric strain data, 2009 Suruga Bay earthquake, Anticipated Tokai earthquake, Philippin
sea plate, Slow slip event
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Temporal Change of Plate Coupling and Slow Sli

in Japan
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p Events in the Tokai-Tonankai Region

ooo
Tadafumi Ochi*

looao
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In the southwestern part of the Japanese Islands, many large earthquakes have been reported and many geodetic or seis
observations have been operated to monitor the crustal deformation due to the interplate process between subducting Philippi
Sea plate and the overriding continental plate along the Suruga-Nankai trough. The precise observation provides us insight ini
aseismic stress releasing process such as (long-term) slow slip events (SSEs).

Although some part of accumulated stress in the hanging wall would be released by SSE, the interplate coupling alway:
takes place in the surrounding area and affect stress accumulating process. Thus, monitoring temporal change of the interple
coupling is as important as that of aseismic events such as SSE. On the basis of this standpoint, the interplate coupling shot
not be treated as steady state but be inferred together with SSE.

| have done the geodetic inversion analyses for the Tokai region, which is the easternmost end of the Suruga-Nankai troug!
and for the area around the Bungo Channel, which is near the westernmost part of the trough. The results of the former case &
already reported (JpGU 2012, SSS32-10; Ochi and Kato, submitted). In both of the analysis, | mainly used the daily coordinatt
of the GPS(GNSS) data from 1996 to 2010.

In the Tokai case, the SSE occurred around the deeper edge of the distribution of the interplate coupling and the width of it ir
the dipping direction becomes narrower as the occurrence of the SSE. After cessation of the SSE, the distribution of the couplin
does not return to the state before the SSE. Therefore, the SSE really affect the interplate coupling.

In the Bungo Channel case, on the other hand, the SSE also occurred around the edge of the distribution of the interpla
coupling but had little effect on it. Therefore, the interplate states before and after the occurrence of the SSE are very similar an
the interplate coupling can be regarded as the steady state in this case.

The obviously different nature between these two cases is the duration of the SSE; about five years in the Tokai case and ol
year in the Bungo Channel case. Considering the stress change on the plate interface, | will discuss the difference in the spati
pattern and underlying physics further.

00000:0000000,0000000, GNSS
Keywords: slow slip events, interplate coupling, GNSS
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Topographic corrections for crustal deformations associated with earthquakes and vol
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region, central Japan

o000 ™ o002
Yuki Imai'*, Akira Takeuchi

l0ooO0oo0O00000000,20000000000000
IGraduate school of Science and Engineering for Education, University of Toy@rnaguate school of Science and Engineer-
ing for Research, University of Toyama

000000000000-000000Sagiyaetal.,20000000,0000 2004000000000M6.80, 2007
ooooooboboOoomesd,201100000ooooMe7d0ooooooooooooooooooooOo.oo
oboocoooobooboboooooboobooboo,0boooocoooboboooooooboOobobooobooboOo,on0a
uboooooboboboooobooboob.bObob,booboo0oooboboboooOobOobOobobobooboobOoDbo
uobooooooboooo.oocoboobo,0b0obooboobooboooboOo,0obo0oboobooboOooog
O0000ooOooOo000ooooOo,000DOo00000DOO0000D0DO GEONETE GPSOODOOOOOODO
O, 000000040 600000000000 00O0OO.

GpSOOOODOOOODOOO,00000DO-DOO00DODOOO0ODOOODODOOODOOO,2011000000DO
gbooooobobooooooobobooo,0ob0,000b00ob0obobooooob0obOobooobooboOoboOobn
ooooO0O0O0O000.0000000300,00000000000000000ODOO0000-0000000000
gooooooob.boooobogooo,oboboobooboooDobobooooboobobDoobooobDOoDbo
oooo.coo,0boooboooobooboooobooboobooboooboobboobbooboobooboobo,ooboooboog
oboocooobooboboooooooboobooooo.oocoo,0ob0obooooooboOobobooboooobooobo
uobooboooboooboboooboooboobooobo.ooooboobooooboooboooboOooooboooboaoon
oooooooooooooob.oog,boboo00oooboOobo0o0ooooOoOobOOoOooooDboOoboOoboOg, 200200
o.0oocoooobobooooogoooobobooooooobobOo,boooDoboobDOobDobobLobooDOoDbo
gooo.0oo,0obooogoobooogobooooboooob,00obobobooboooOobL.ODb0boboboobooo,
oboocoooboobobooo,b0ocobooboobobooooooobooboooooooboOoboooooo,0o0oo0a
gbooobOoboooobooooooboooooooboon.

obooooobooboobooooobooobooooboobooobooooobooobo,bbooboobooboobo
boooboooo,obooooboboooboboobooboooonn.

00000:201100000000000,0000,000000,0000
Keywords: the 2011 off the Pacific coast of Tohoku Earthquake, crustal movement, strain concentration zone, tectonic province

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

SSS34-P10 go:booboboobo 00:50 230 18:15-19:30

DJoodooddpddoodoogoooodooooogn
Vertical movement during recent half year and gravity anomaly in the Murono mud vol-
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GPS observation in Mindanao, Philippines
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Metro Manila, in the Philippines, is the nation’s center of politics, economy, and culture. It has rapidly grown into an over-
crowded mega city with an economically active population of at least 10 million. On the eastern portion of Metro Manila lies the
active Marikina Valley fault system (MVFS). According to results of a trench survey (Nelson et al., 2000, Rimando et al. 2006),
it has a potential for a M6-M7 earthquake occurring along the northern part of MVFS’ western segment. At the southern part of
Metro Manila, while structures and pavements are damaged recently by ground deformation along the MVFS, no big earthquak
whatever is involved. From a safety point of view of an urban area, it is important to monitor such the ground deformation.

In this study, monitoring of ground deformation was done through repeated leveling surveys and continuously through a cree
measuring device installed across the MVFS’ creeping zone in the southern part of Metro Manila.

To monitor the slip rate, periodic leveling surveys across the creeping fault zone at six sites had been done since Septemb
1999. Since there is little or no horizontal slip, the survey employed a simple leveling method using an electronic digital level
and barcode leveling staff. Overall accuracy is estimated to be 2-3mm. Survey interval was initially every three months and latet
every six months. At first, eight survey lines at four sites were set up but two survey lines at two locations were lost due to road
repairs. Two new lines at other one site were set up on September 2012.

Three survey lines (VOS, JUA-A, JUA-B) show continuous creep dislocation. The average slip rate is 1.70cm/y. One survey
line (NPC-A) shows no creep dislocation since the survey started in 1999 even though echelon cracks on the pavements are s
visible. Two survey lines (NPC-B, NPC-C) and three survey lines (GRV-A, GRV-B GRV-C) show continuous creep dislocation
until December 2007 and March 2010, respectively. The average slip rate of these five survey lines ranges from 1.07cm/y t
2.61cm/y. However, movement direction by creep was changed from East-up (West-down) to East-down (West-up) since De
cember 2007 and March 2010.

To track detailed displacement changes at the creeping fault segments, continuous monitoring at NPC-B has been carrie
out since September 2008. The sampling interval is 3 hours. Until January 2009, the average slip rate gathered from this site
0.01mm/day (3.65mmly), the east side of the fault subsided (or the west side uplifted). Although the fluctuation of the displace-
ment is +/-0.5mm, the fault creep appears to have stopped as of July 2009.

There are two hypotheses for the triggering mechanism of the continuous dislocation of the MVFS’ creeping zone segment
One is excessive withdrawal of groundwater due to rapid urban growth; the other is tectonic.

Several ground deformation anomalies were detected in Metro Manila through the INSAR time series analysis (Deguchi et al
2011). Most of the vertical movements can be correlated with groundwater level changes. Some of the deformation are indepel
dent of the groundwater level changes in the areas surrounding MVFS. Therefore, the possibility that some of the deformatiol
by creep are tectonic in nature cannot be denied.
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