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ALOS-2 contributions for detection of crustal deformation associated
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A Mw 6.8 earthquake hit the city of Kobe, southwest Japan, and its surrounding area on January 17, 1995,
and claimed more than 6,400 fatalities. The source faults, trending in the NE-SW direction, are estimated
beneath the foothill of the Rokko Mountains, which are located north of the city and the highest peak is
931 m high, but it has a dominant right lateral strike slip components. The Rokko Mountains may have
been built by the motion of active faults, but the uplift during the 1995 earthquake may not be enough.
Therefore there is a possibility that postseismic deformation contributes to the building of the Rokko
Mountains.

In order to study the postseismic deformation following the Kobe earthquake, we collected all available
space geodetic data during about 20 years, including ERS-1/2, Envisat, JERS-1, ALOS/PALSAR and
ALOS-2/PALSAR-2 images and continuous GPS data, and reanalyzed them. Especially, temporal
continuous GPS observation made by the Geographical Survey Institute (present the Geospatial
Information Authority), Japan in and around the Kobe area is important. We recalculated coordinates of
these continuous GPS stations with recent PPP procedure using reanalyzed orbits and clocks of satellites.
We made DInSAR and PSInSAR analyses of SAR images using ASTER-GDEM ver.2 or GSI DEM.

Time series analysis of JERS-1 images revealed line-of-sight (LOS) decrease of the Rokko Mountains.
PSINnSAR results of ALOS/PALSAR also revealed slight uplift north of the Rokko Mountains that uplifted by
20 cm coseismically. These observations suggest that the Rokko Mountains might have uplifted during the
postseismic period.

LOS increase in a wedge shaped region between two active faults east of the Rokko Mountains in the
vicinity of the NE terminus of the source fault of the Kobe earthquake. The LOS increase is also confirmed
by ERS-1/2, Envisat and ALOS/PALSAR images. These facts indicate that the subsidence between these
two faults continued up to 2010. Continuous GPS observation during the first two years of the postseismic
period shows north-south extension with right lateral motion between these two faults.

These observations suggest that the Rokko Mountains may have uplift till 2010. On the other hand, active
faults near the NE terminus continued to slip with the formation of graben-like structure, due to
coseismically loaded stress.
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Detection of both icecap and crustal deformation associated with the
2014-2015 Bardarbunga rifting episode
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The 2014-2015 Bardarbunga rifting episode is one of the largest event in Iceland. Previous studies have
already reported that the earthquake swarm migrated from Bardarbunga to Holhraun where the fissure
eruptions occurred at northern edge of Vatnajékull icecap. There were few ground-based GPS
observation points near the epicenters of the swarm. While the nearby crustal deformation associated
with the episode have also been detected by using satellite INSAR-data, phase decorrelation problems
have hampered detecting the icecap deformation during the rifting episode. Although the icecap has
been known to flow steadily, one of our motivations is to see if the rifting episode affected the flow speed
of ice in light of the well-known J6kulhlaups event by subglacial eruption. Moreover, phase-based InSAR
measurement does not allow for the detailed measurement of the subsidence over the graben, which is
indispensable to constrain the volume and geometry of intruded dike.

In this study, we processed COSMO-SkyMed images to simultaneously detect both the flow signals on the
icecap and the crustal deformation associated with the rifting event. The offset tracking data derived from
COSMO-SkyMed images showed the displacement signals that consist of both the crustal deformation
over land and the icecap flow. Two displacement discontinuities were detected not only on the land but
also on the icecap, while we could not capture the entire image of the both deformations due to the
limited SAR image coverage. The 3D displacements revealed a graben structure with over 8 m subsidence
at the graben floor. At the graben floor, approximately 1 m of the rift-parallel motion which caused by the
dog-bone seismicity was detected. Using these observation results, we will estimate the dike intrusion
model and discuss the possible interaction between the ice and the crustal deformation during the
2014-2015 Bardarbunga rifting episode.
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Crustal deformation of the 2016 October 21th M 6.6 earthquake in
central Tottori prefecture.
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Post-seismic deformation of 2016 Kumamoto Earthquake by
continuous GNSS network
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The 2016 Kumamoto Earthquake (M 7.3) attacked to Kumamoto prefecture in Japan on April 16, 2016.
Seismic intensity 7 was observed twice in the 2016 Kumamoto Earthquake. Post-seismic deformation was
observed after the large earthquake occurred in land and trench. Twenty-one continuous GNSS
observation sites were occupied after the 2016 Kumamoto Earthquake to observed post-seismic
deformation. Thirteen of our twenty-one sites were near Futagawa and Hinagu fault zones, four of our
sites were around Aso Volcano, which is east from Futagawa fault zones and the others were in Ohita
Prefecture, which is east of Kumamoto Prefecture

Bernese GNSS Software Ver. 5.2 is used for GNSS data analysis of our newly sites together with GEONET
and JMA GNSS sites for volcanoes in Kyushu for the period from April 15 to December 31, 2016. We used
CODE precise ephemerides and CODE Earth rotation parameters. The coordinates of the GNSS sites are
estimated respect to ITRF2008.

Large post-seismic deformation in horizontal component was observed at CGNSS sites near Hinagu and
Futagawa fault zone. However, there is almost no observation in vertical component. Largest post-seismic
deformation of 11cm from April to December, 2016 is observed in NS-component at MIFN, which is
located east side of Hinagu fault zone. It seems that post-seismic deformation does not come to stop.
After slip model is assumed for initial post-seismic deformation from April to July, 2016. We assumed two
faults, one is located in Futagawa fault zone and the other is Hinagu fault zone. Fault parameters of
length, width, strike, dip, amount of slip, position are estimated by simulated annealing method. Top and
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bottom of fault plane are 0.1 to 40 km in Hinagu fault and 0.8 to 32 km in Futagawa fault. Two fault
planes extended to mantle. It suggests that there are several phenomena in initial post-seismic
deformation, effect of viscoelastic etc.
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Keywords: Continuous GNSS observation, post-seismic deformation
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Afterslip, viscoelastic relaxation, poroelastic rebound: A possible
mechanism in the sort and long term postseismic deformation
following the 2011 Tohoku earthquake.

*Hidayat Panuntun', SHINICHI MIYAZAKI', Yoshiaki Orihara®

1. Graduate School of Science, Kyoto University, 2. Department of Physics, Tokyo Gakugei University

Postseismic deformation of the Tohoku earthquake has been investigated by Ozawa et al. (2011), Wang et
al. (2012), Diao et al. (2013), Sun et al. (2014), Perfettini and Avouac (2014), Shirzaei et al. (2014), Silverii
et al. (2014), and Yamagiwa et al. (2015). Of these studies, Diao et al. (2013) investigated rheological
model inferred from postseismic deformation of the Tohoku earthquake using 1.5 years GPS data
following the mainshock. Because reliable investigation of the viscosity and its transient behavior require
observation with longer time period, we build postseismic deformation model of the Tohoku earthquake
using longer GPS data than that of used by previous studies and estimated the inferred rheological model.
In addition, we also evaluate the possibility of the poroelastic relaxation signal due to the Tohoku
earthquake.

We used observed surface deformation recorded by inland GEONET stations from 12 March 2011) to 12
October 2016 (" 5.6 years). Afterslip model was inverted by assuming a homogeneous elastic half-space
(Okada 1992). Viscoelastic relaxation due to coseismic stress change of the Tohoku earthquake is
estimated using the Fortran code PSGRN/PSCMP (Wang et al. 2006). We estimated poroelastic relaxation
following Gahalaut et al. (2008) and compared the result with observed ground water-level change to
investigate relaxation time of poroelastic rebound.

Observed postseismic displacement for 5.6 following the mainshock show that deformation is
characterized by seaward movement and is more broadly distributed than the coseismic displacement.
Our model show an effective thickness of the elastic crust (D) and an asthenosphere viscosity ( 7) are 50
km and 5.6x10~18 Pa s, respectively. This result is consistent with most estimated viscosity in NE japan
area (e.g., Rydelek and Sacks 1990; Suito and Hirahara 1999; Ueda et al. 2003; Hyodo and Hirahara
2003). Incorporating viscoelastic and poroelastic rebound in the early stage of postseismic deformation
improve the agreement between predicted and observed displacement. It implies that postseismic
deformation following the Tohoku earthquake is likely driven by multiple mechanism instead of single
mechanism. Poroelastic relaxation is consistent with the ground water-level change during the first 140
days after the mainshock, suggesting that poroelastic rebound after the Tohoku earthquake have longer
relaxation time than 60 days of poroelastic rebound following the 2000 South Iceland earthquake
(Jonsson et al. 2003). Landward displacement of poroelastic rebound at offshore area indicate that this
mechanism, along with viscoelastic relaxation, could have contributed to the postseismic deformation of
the Tohoku earthquake.

Keywords: afterslip, viscoelastic relaxation, poroelastic rebound, GNSS, Postseismic deformation
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Interseismic spatiotemporal change of the crustal deformation field
estimated from GNSS around western coast of Tohoku region
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Crustal deformation in and around the Atotsugawa fault before and
after the Tohoku-Oki earthquake
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Estimation of postseismic deformation at the seafloor GPS-A sites
following the 2004 off the Kii Peninsula earthquakes
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Dense near-fault GPS-A seafloor geodetic and on-shore GPS GEONET observations provide significantly
improved resolution of the interseismic slip deficit in the Nankai trough, Japan [Yokota et al., 2016]. In a
previous study, we included additional seafloor data at the Kumano basin collected by Nagoya University
[Tadokoro et al., 2012] to estimate expected seafloor deformation during a large subduction zone
earthquake as input to tsunami models [Watanabe et al., 2016 AGU]. However, in order to derive the
stable velocities from GPS-A or GNSS data, the displacements caused by episodic events should be
quantitatively estimated. Whereas the coseismic and postseismic deformations at the GPS-A sites
associated with the 2011 Tohoku-oki earthquake had been already removed in the previous studies, the
postseismic deformation of the southeastern off the Kii Peninsula earthquakes (on Sep. 5, 2004 JST, M,,,,
7.1, 7.4) have not been quantified. In this study, we constructed the FEM model to calculate the
viscoelastic relaxation following these events. At first, we re-estimated coseismic finite fault source
models, referencing the source parameters provided by Yamanaka [2004], Saito et al. [2010], Tadokoro et
al. [2006] and Kido et al. [2006] for the mainshock, and those by Bai et al. [2007] and Yamanaka [2004]
for the foreshock. The viscoelastic deformation was calculated using a 3D FEM model with a realistic
subduction geometry. Whereas the oceanic slab and the continental lithosphere were assumed to be an
elastic body, the oceanic mantle, the mantle wedge, and the weak asthenosphere which underlay the slab
were assumed to have a bivisocous Burgers rheology. The displacements due to afterslip occurring
around the rupture planes were also estimated to reproduce the residuals between observed and
FEM-calculated viscoelastic displacements. Calculating the observation-calculated misfit values, the
different parameter sets for viscosities of the mantle and the asthenosphere, and thickness of the
continental lithosphere were tested. The preferred model with the lowest misfit value provided the
southward displacements of up to 1 cm/year (between July 2006 and July 2009) in the Kumano Basin.
Our result affects the estimation of the slip deficit rate in the Nankai subduction zone, such as provided by
Yokota et al. [2016], where megathrust earthquakes have repeatedly occurred. In the presentation, we will
show the possible impacts of these events and their postseismic deformation on the slip deficit estimate.

F—U— R hERMBRES, BREREET ) VY (FEM), GPS-ABEMMBESHEA. 2004FRFEEFER
SRR, AT AR A
Keywords: Postseismic deformation, Finite element method (FEM) modeling, GPS-A seafloor geodetic
observation, 2004 southeastern off the Kii Peninsula earthquakes, Viscoelastic relaxation
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Oceanic mantle / Mantle wedge (with Burgers rheology)

Fig. Schematic picture of FEM structure (cross section)
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Vertical velocity profile and possible velocity changes in SW Japan
from GNSS data over the last 20 years
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GNSS(Global Nvigation Satellite System £HIkFUERE S X 7 L) DEAIL, HBEEOMRICEVWTKE
RIEEIERZLTWVWS.GNSSE AWTEHRAIS MR ES;H S, HMEOHBEHNCERA W= XLNRAIL
TEY, KMUFEHED RBREHEKUBXICETS L TWS.F-TL— MERMBICE T2 EOERERT
hEMBMNREENL, TL— MNEOOENLRES (Ay YY) ICBAT3EHRESA T ND.LHALEALSD
MEMRDSL < &, HBEHD D BEICKERDDEBITICEDWVTEY, AKIRTHIEER TH 5GNSSOER
BOLTEEMHAATETVAW.CNIZE TR KERD EERTEESREZLEIMEVN DTHS.T
L — MERMBEE T, HMBREEOKERDDPAETL - OBEETL— NEAY TNV TORNEEZTDIC
LT, EFRDICIIBEDBROADZSENTSY, FL— b NEAY TV ITOZRET B LETHRVPT
L).Aoki and Scholz (2003)1£1996—1999M3FE/ED T —4 =AW THAIEDR E TEE AT LTV
», BHAEDOGNSSEHEE S 27 AGEONET (GNSS Earth Observation Network) Tid 9 TIC20E % #
ZHEDT—9HNERLTHY, RPEOT—9IC& Y ETEENSRE CHETE 5. XHELT
&, 1996—2016DF/MNBDOERIFT—9EAWVT, MR LETEEOHELAEIC. AEEBXROERFIFELN SR
IEEEICMNTTEBONAEETEEDTO7 7ML ERWVWT, AEBADTL—NEAHY TV JICDWTHERT
I ZTDREREAVT, BEN 7074 VEVEBTL—NEEERADOEI AV MIRF, ZRhEND
Ay TV TEEERE L 201 T FRIAMEOHFRINSBRBEBICSFZ2 T L— NEA Y T Vv IDEE
FERIICEEK Mo TWeZ &AL TH Y, FAMBEMMIRICK > TEIMOMBREEAEY 1 JILOAHEIC
KETZHEVWODHENBHAREHZ2. BB 7IE 71V EVEBTL—MEAFRALTL—MERTHZH, %
CEEREBE T HBEAMEL, HEINSHTEURICKET ZIENAFRINTVS. AR TIE, ETFAE
EREBOITRATETIVMET R 2 EICEY, Ay T Vv VORBECDERZZHRLZFEENZ 7IEWL
GNSSEIErE, D LEBN-GNSSEIIREATRTHS, hy T v IVOBREEErHNIEZNSOR/ICIEN M
BEDRKEIVCHABIEIHRLAICARZIET THE.—H, MEEHIBICERESDOEZICLZRENMNTIOEDTHN
£, ZROBEIFTRTORBIC—HkAREE LTHENDS. AFARTIE, GNSSEOLTOHZICEL, #HEINZ—
RODMLY REZROMBEERDOBERNS, RFEDOZROEHIAEBEOELLZDODRINTDELRDD % MREE
L. Z0#RR, BEESOHZTICLZAREIEVE WS ERESE.

F—T—R: ETEE
Keywords: Vertical Velocity
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Interseismic Strain Partitioning in Nankai Subduction Zone, Southwest
Japan: Block Movement and Internal Deformation of the Forearc Sliver
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PR EADMBREESZIE, 71 VEVETL— bOROILAHFARICL Z2EEERBRERIZENTH S, K£iT
MEICE T BCPSEREET — 9 DETHN S, BMICIZ/NSWALSE, dREER (MTL) #B& 3580

ZYN—n70Oy 788 &, MTLETBEEOIMOMNEEIC L 2FERAIERINTWS. MRBREHZOERIC
&, TNODEELEDEIVETHD. ARETIE, BN 7 - TL— M NEREBLOBEES®, BialR Y
N—n70Ov V:EE, MTLIBE LOBEELHORBFHEEAHA7. HEICIZTILOAT7EHEEYTHILO
(MCMC) E&ERAWE. MCMCER, I a7EHEICEDKBOTEHORESAEICLY RS A—9YDERE
BERLGEERBEREHE LTRKODZFET, NIA—9DPBRETHEIEOIBRETIVICT L TCELREHRET
5T ENTES.

FRHTICIE, 2004-2009F DHARE DT D S AIMNAE 5291 A DGEONETRIREEZEMRHN SEH L 723k 5T
GPSEMBREEICMA, MTLK ZN\—RAFABGCPSERAIS7 R & BRMBEEEFAN12H%=MA 7=, G513402DEN
EEAMFERTS. COEMEERE, 70— TL—MNEFTIIMORVELEEIC, 7L—ILT L — MNERICE
g, FE5-50kmDTL— MNERAEAZ1000MU LO=AFERETELL, E5ICHEREI,SHRBPICE
ZRIH250 kmOMTLETBE %, SFES FR15 km, ERIABISEDSRD=AFRERECRIET S. HET S
EFTINRSA—41F, BMBELDAY YV IERE, PLA=ILTL—MIRTBZHEIAMR ) NN—DTOY 738
BOAAS—RIMNLTHDB. BELOCGPSEMEEDHHSHE LIFER%ACASE-A, BELET—4 IBEDRE
FEAEREMA T —9 2y M OHELERAECASE-BE L7z, AEROFRIL, BEELISESICHE
LEMFEET—9E5LTEHEAL, MCMCEE2EBALALZEICEST, RIAIRAYN—E ZDERD LV FHMALE
BaEmliRichs.

RITDER, EI15kmEURD 7L — MEFRE T, CASE-BOANAL W RERTRYRIBEENMEEIN
f=. CASE-BTIE bS5 7EIHAE T50 mm/yrbA EDEAHE S N/A=DICKT L, CASE-ATIZ30 mm/yri@ T
Hote. —FH, 15 kmLURTIXCASE-A, BEHIZ, BLULAETRYRERESMMIELONL. TEBDRS
15-25 kmD 7L — MERELIZ50 mm/yrzBA 2K TNY RIBERENMHEESI N, ZOBEEIX19465m
BHE (Mw8.1) DEMIRIEEFIF—HL, ROMEBEICAITTOTAE2EE L TWHRETHD LMIRTE
3. 25kmd& WRETIE, SEKE (RZI30-40 km) ZRWVWT, IRYREBERENIBICHEET 5. ERKE
TlL, 40-50 mm/yrD$RY RIE\EFENMHEEI N, ZDEETIE, 6-7FERTCREENZAO—RY v THEH
2L, 1EHEYH300 MMOBEITANYENRFEOLNTWVWS. RE[REINYRIBREEERT S
&, COMBICEBEBRSINLZOTHRIBRYRLAO-RY Yy TOREICESUVBRINTWDEEEZ OGNS, #HE
SN0 70y 7:88dREETEY ORERERL, 7ALA—IL 7L — MW 2B EEIEIN5-7 mm/yrT
Hote. MTLEIBEARIBOBEZIE—#KTIEA <, MERFETIHIFIFERICEAZELTVWSDICRL, FEERPHER
TIXEEZE AT L. MTL%ﬁEﬁo)itﬁEﬂ*ﬁiﬂjc‘: BESHHN S, MTLOFLAICEEREIMHR I N TWS I &NRE
éhé AEFFRIC & TL—  NEEEICK 2MROEMER LT Oy VB&8 s EEMICOBMTE/ZIT TR

, 1¢§Etiﬁﬁﬁ7§‘ﬁ¥ﬁ’(% SIEMTLEEEODOBEEIC KL 2HELRABHETELEERS.
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Block motion model in Colombia, using GNSS Observation network
(GEORED)
Block motion model in Colombia, using GNSS Observation network
(GEORED)
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Introduction

Colombia is located at the boundary between South-America plate, Nazca Plate and Caribrian plate. This
region is very complexes such as subducting Caribrian plate and Nazca plate, and collision between
Panama and northern part of the Andes mountains. Although, the effect of subducted Caribrian plate is
not clear, the previous large earthquakes occurred along the subducting boundary of Nazca plate, such as
1906 (M8.8) and 1979 (M8.2). These previous earthquakes caused huge damage to life infrastructure and
also lost the life along the subduction zone. And also, earthquakes occurred inland, too. So, it is important
to evaluate earthquake potentials for preparing huge damage due to large earthquake in near future.

GNSS observation

In the last decade, the GNSS observation was developed in Columbia. The GNSS observation is called by
GEORED, which is operated by servicing Geologico Colomiano. The purpose of GEORED is research of
crustal deformation. The number of GNSS site of GEORED is consist of 93 continuous GNSS observation
site at 2016. The number of GEORED's GNSS site is increasing now. The sampling interval of almost GNSS
site is 30 seconds, a part of GEORED is 1 second of sampling interval. In addition, there are campaign
type of GNSS observations around the main active faults. A part of campaign type of GNSS observation
was started at 1990's. These GNSS data were processed by PPP processing using GIPSY-OASYS Il
software. GEORED can obtain the detailed crustal deformation map in whole Colombia.

Method

We developed a crustal block movements model based on crustal deformation derived from GNSS
observation. Our model considers to the block motion with pole location and angular velocity and the
interplate coupling between each block boundaries, including subduction between the South-American
plate and the Nazca plate. And also, our approach of estimation of crustal block motion and coefficient of
interplate coupling are based on MCMC method. The estimated each parameter is obtained probably
density function (PDF). This definition of crustal block model is evaluated by Akaike's information criteria
(AIC).

Result

We tested 11 crustal block models based on geological data, such as active fault trace at surface. The
optimal number of crustal blocks is 11 for based on geological and geodetic data. These results obtained
rigid block motion model with linear problem. This model selection is based on AIC, which based on the
number of parameters and residual between calculation and observation. In this presentation, we will
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discuss spatial interplate coupling ratio and also earthquake potential at inland faults.

F—O—R:#FITOv I EFTI. GNSS
Keywords: crustal block model, GNSS
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Integrated analysis of GNSS data for volcano surveillances in Tohoku
region, Japan
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GNSS BIAI T & AW ALBRIE, EF, HRPOFHNLNUDORIZTERERIN, KERRRELIFT
W3, BlZIE, Eyjafjallajokull (74 ZAZ > K) 2010 FDMENFES)(Sigmundsson et al, 2010), Santorini
AILTFS (FYTv) D2011 EDOXMLUGEHE (Newman et al, 2012) . El Hierro (R4 ¥) ®2011—
2012 EDOENEH# (Lopez etal., 2012) T, GNSS IC & 2R EFHDBITICK Wb TD~ J < AR HER
SMcEND0H B, ERDOCGNSSERWANLUERIE. [SRFRENNUSEETIT> TWBER (Exb &
UF v R_R—VE ) SILOBOPREEICEBRI N /-ELthIEROGEONET (& 28H0MEAEHEIC
E2TITFbNTWE, INEDTF—41FE. ZNFNRDOY AT LATHILICERIND Z EHEL, BV 7 b
DT T REITHEE. NS A — I PEESOIRY AREDEVNDLDIC, MEDBOBEMICIIERMI %S, X
IWDEEISEAE CTHELRREBD-HIC. AFAETIE. KRKFEEIHEROGNSST—4 K& L.
— L7BITEIR & NI A —FIC& > TRITT 5, KBAEELREADCNSS T—4 ik, Thth, HTREBEE
MOBRICBRETH 570, FFEIE. KNUDFERH SKRIICEZ ARG EBE WIS 2 2 &N FETH
%, fRHTICIE. Bern KEDHHRE S ICL > THE I /zBernese5.2 (Dach et al, 2013)& A\, IGSKEEE %
W24 E DR NIERIT AT o7, F/=. RIZIGb08 HAERDEZEEERBWTW B <R L, Hitiths
DT DMFREENICIE, 201 T FORILMA X FEERMEOKRZ LRYEEDOHENZ TN T WS D, KiT
3 (BlZ (L Tobita (2016)% &) 2#SEICZOFEATET 5, FAZLHE T L — MEFOHEIC
I&. Geirsson etal. (2006)DFEEA WS, BMEBTOKNUADISASIE LT, BEREILFEDRIEICAE
TEEZUD2014F—2015F D KIEEDHRE AR H 7,

F—7— N : HhaRZE. GNSS. XNILIEH. KRuZEsE. &

Keywords: deformation, GNSS, volcano surveillance, postseismic deformation, Azumayama
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The role of depth-dependent background crustal viscosity in volcano
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Geodetic (GPS and/or InSAR) observations have provided precise constraints on the mechanism that
drives volcanic crustal deformation. Viscoelastic relaxation may play an important role in a long-term
component of the deformation because in volcanic region the crustal viscosity is likely weakened by high
geothermal gradient. A model with spatially uniform viscosity may be reasonably simple to examine the
response of viscoelastic crust in a first-order approximation. But, in more detail, the crustal viscosity
spatially varies in rich variety of ways, but the variation with depth is probably the most essential on which
further variation would be superimposed, because the crust constitutes a part of the thermal boundary
layer in which temperature increases with depth. This study investigates the role of depth-dependent
viscosity (DDV) structure in viscoelastic crustal deformation by magmatic intrusion.

The linear Maxwell viscoelastic response of the crust and mantle to the inflation of a magmatic sill is
solved, using a parallelized 3-D finite element code, OREGANO_VE [e.g., Yamasaki and Houseman, 2015,
J. Geodyn., 88, 80-89]. The viscoelastic crust has depth-dependent viscosity (DDV) structure; the viscosity
hc exponentially decreases with depth: hc = hO exp[c(Zc - z)/L0)], where hO is the viscosity at the bottom
of the crust, c is a constant; ¢ > 0 for DDV model but ¢ = 0 for uniform viscosity (UNV) model, Zc is the
thickness of the crust, z is the depth and LO is a reference length-scale. The viscoelastic mantle has
spatially uniform viscosity hm. For UNV model, so high viscosity is given to the uppermost layer with a
thickness of H that it deforms in elastic fashion. DDV model however avoids having such an artificial
elastic layer. The sill inflation is introduced by using the split node method developed by Melosh and
Raefsky [1981, Bull. Seism. Soc. Am., 71, 1391-1400]. The geometry of the sill is approximated as an
oblate spheroid whose depth is D, equatorial radius is W and thickness at the centre is dc. The inflation
occurs instantaneously at time t = 0.

UNV model (c = 0) behaviour shows that an inflation-induced surface uplift abates with time by means of
viscoelastic relaxation, whose subsidence rate is higher and slower if the sill is inflated at deeper in elastic
and viscoelastic layer, respectively, and accordingly maximised by the inflation at the boundary between
elastic and viscoelastic layers. The rate also depends on the artificially assumed elastic layer thickness H.
DDV model (c > 0), on the other hand, shows that for a given c the subsidence rate is greater for greater
D, which reflects the viscosity variation with depth. The available magnitude of the subsidence is greater
for greater c, which is consistent with the UNV model behaviour that the subsidence is smaller for smaller
H. Even if the viscosity gradient is very small, however, the model, having W and D being relatively small to
a length-scale over which the viscosity decreases with depth, enhances the rate and available magnitude
of subsidence as if the elastic layer is effectively thickened.

The DDV model behaviour requires an effective elastic thickness (EET) to be constrained for a given
viscosity gradient in order to properly evaluate the deviation from UNV model behaviour. We thus in this
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study constrain EET by applying a UNV model behaviour that the post-inflation subsidence rate is slower
for a deeper inflation if the inflation occurs in the viscoelastic layer. The DDV model is compared with a
UNV model with H = EET, showing that at each surface point the UNV model approximates DDV model
behaviour to some extent, but the apparent UNV which best fits the DDV model displacement history is
smaller at greater distance from the centre of the uplift and that DDV model displacement is characterised
by higher viscosity later in post-inflation period.
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A new form of the equation system for geodyamics with clear and solid
physical basis
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TL—=bT IR0 Z2PT Y MLRRAEEAHRMRONZE A TR T 2EMARERE LT, ThETRL

R, HIKRERIE [Ty 72D TILHEMEE] THREDEZDEE, ZOHEERERTEZARKXRNIBVLLN
T&7%k, LHL. TEEHEKARWEBR T —I)L CTHMEFREDDZICHKES ] & E D F5k (Tarcotte and
Schubert, 20021t % %) (FIREICHIKAEISER SN D MEDKEE (FIAIE10° Psec) EEZ B & BHE
DEHENHE=BEKR LYPEOFRBICR L TRIFANSAARL, HIRARHIBEERTHY E L TRE > 2RSS
ERDOULERBERT—IVICEDL S TR UBEOEICHED ETTHD, HHERKEABTRULE LTERES
CEED V) — T EREREORNOELUMELNZZ 5N D (Hl X IEMcKenzie, 19671% %) . LHL. &
) —F I3 EETEOBNICL 2EEROBIERE S BIRT 2RE T, ThEEERTARA CH#EFDAEARER
EEMAEDETERARINRETIONIZYTH D, 25 LEBE. CHRIMEEEADEARER DML
A AL AL & WIS T IS GEHI AR R ERENICIEZ S YRR ERS, LHL, cHENARIRIEYE
H7O0EAEZELKRBETETVAVOTRENICERRAYNHZETTHS, R, BEOHRTTY ML
ETL—MNDAZERBICRD HE. ERNLRERHE L THEREAEEARAT2REEDYIaL—Ya Y
TIHEFRTHZ L —FDRZ BV ARELEVWEERINATVLWS, HILLWARKXRIEDEARIHLEEFDE
DTHBIEICE>TZOBBENEEI NS IEHY TR, HE (BHERER) 070X ERYANSLDIC
LR TE 2R KRS EICE > TEELZ K OBRBERYIES HBOEB R 3R A RO,

F—T— N #ERABAZE TV MLRRETL— NEB)L T v IR o URBEMER
Keywords: geodynamics, mantle convection and plate motion, Maxwellian viscoelastic media
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Permeability heterogeneous structure nearby a fracture zone
estimated by observed groundwater migration
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BB S Tk, MEMCL > TEKEBEICEENELZGENH DD, TN EOREREDOER[R T —IL
THELZ2EDRONMIDVWTIEBALATIEARWL, AEXRTIE, EEREBICHZ2 A ARFRHRAZENDOIRICE
WTHIESICH S BRKEECZEA L, MERREEEORAMNAEKEEBEDELEHE LZERICOV
THRET %,

BRI F ORISR E IR TEKENTWVW &S, HMTFKRENTIEZICHKBRFRATETZEEZ SN
%, FDH, MBRBRSIIHERBKEEZE D—KROIRTELTZZENTE S, BHM2015)E, DR
MaBET 52— RO TKFREEETIVIEL, BKEZLS LUTREBRKEERLELI OEKFHROEILEHET S
FEEEH L, FESHBZEK ARSHERNZECORUNT —YICCOET IV ELUTIEIDLER, 2011F
b A KIE R OB ICHT BRI S O S KEHI HER Ry BRICHI> TETLAZZ ENBESHIC
mofe (AHAM,2016) . TDELDIC, MEBENERMBICIERSARLTH, ABBLOEH TELKRER
HEBIC & > THERRTOEKEBENEILT 2RBEENH S EEZ 5,

NESHERETI, BKEFFEKMUEHE 1 BBV THTKRBIOERERNZEEL TELN, TR
BEEEMNICIRET 52 & EHMIC, 2016FIC2BDKAETE#FHICEKRE L=, ZDREIBRKEEANE & FEK
BEAEBARAVTEKGEROELABMELLE TS, 2016 FDEAMES K UCEMERIHHEBERZICE VT
EEKEBELITL LA EPERINE, LHL, TOEILDOKEZIZ, EOGBRADOEKEEMES FH WL
ZOMCE>TELR>THEY, BKFRBOEILOERENMBLI S DB ICKET 2N TBINS, HlZ
£, BERMEDER T, MBIEETEKRBANIB LR L-DICH LT, MBS IOmBEN/hRT
&, BKEEHIH22%ET Lz, T LEEWE, HEBEENICK > TRE LALRBOFICL > TELTWBATHEM
BPH3, BEHOKZRMELEDERECIIESFIZDEERETZ2DICT LT, MEHISPPEIN/-&H
DFEENTHTIRABWVHRTIERLENIBFEZY 23IZRIL, BKEHOBTEELZLLEIENEZLN
%,

ST K WERERE, BAMEE, 2016FMALE

Keywords: fault fracture zone, permeability structure, 2016 Kumamoto earthquake
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Dynamic initiation of decollement in accretionary prisms
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The decollement of the Nankai accretionary prism is a shallow dipping thrust that cuts through an
unremarkable and homogeneous sedimentary layer. This observation contradicts the intuition that (1)
decollements develop at the favor of weaker sedimentary levels; and that (2) thrusts form at about 30
degrees from horizontal (Andersonian theory of faulting).

There are many examples of accretionary prisms and fold and thrust belts where weak sedimentary levels
act as decollement (e.g. evaporites in the Jura and Zagros, shale in the Alberta foothills). Prediction of the
taper angle using the critical Coulomb wedge theory also suggests that decollements are often weaker
than the rocks composing the bulk of the wedge (e.g. Davis, 1983). On the other hand, it is well
documented that rheological weakening can be a consequence of fracturing, rather than its cause, e.g.
because fractures act as fluid pathways that can change the local lithology and raise the fluid pressure.

In this contribution, we derive an analytical solution for the stress orientation in a compressed region of
homogeneous perfectly plastic material near the surface. We show that for a perfectly plastic rheology the
stress orientation is a function of the push direction, the intensity of the push, the surface topography and
material properties. All those parameters collapse into a dimensionless number.

Since we consider homogeneous material properties, it is less suited to analyze present day accretionary
prism than the critical taper theory. However, it is particularly suited to study the initiation of decollement,
before fault-induced weakening takes place. Our analytical solution (1) is general for any surface
topography described by a function differentiable in x; (2) predicts generally non-planar decollement; and
(3) does not make use of small angle approximation, even for the case of cohesive plasticity.

The analytical solution is tested against a series of static (<<1% shortening) numerical models including
visco-elasto-plastic rheology.

Keywords: decollement, accretionary prism
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Crustal anisotropy of Cascadia subduction zone revealed by ambient
noise tomography

*Tzu-Ying Huang', Ban-Yuan Kuo', Ying-Nien Chen?, Yuancheng Gung®

1. Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan, 2. Institute of Oceanography , National Taiwan
University, Taipei, Taiwan, 3. Department of Geosciences, National Taiwan University, Taipei, Taiwan

We construct 3D crustal shear wave velocity models for the Gorda-Juan de Fuca region using ambient
seismic noises. Continuous data from Cascadia Initiative Community Experiment - OBS component were
used. In our wavelet-based multi-scale inversion technique, both the isotropic and anisotropic
components are taken into account. Previous studies of shear-wave splitting (SWS) with SKS and SKKS
using OBSs pointed out that fast directions in this region rotate increasingly towards the absolute plate
motion direction with increasing distance from the mid-ocean ridge. However, our preliminary result of 2D
phase velocities for Rayleigh waves show a trench-parallel fast direction at periods 2 -25 s, i.e., the crustal
and shallow upper mantle anisotropy differs from the results of SWS studies. This disparity between our
result and the plate motion-parallel fast direction from the earlier studies implies that there might be a
two-layer structure with different deformation fabrics in this region. We will integrate our models with the
3D models from body wave tomography and seismic anisotropy from SWS, and discuss their tectonic
implications.

Keywords: Crustal anisotropy, Ambient noise tomography, Cascadia subduction zone
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Recent crustal movements and deformations of the southeast of
Russia as seen from continuous GNSS measurements

*Nikolai Shestakov'?, Mikhail Gerasimenko'?, Dmitry Sysoev'?, Andrey Kolomiets'?, Grigory
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Russian Academy of Sciences, Yuzhno-Sakhalinsk, Russia, 4. Institute of Tectonics and Geophysics, Far Eastern
Branch of Russian Academy of Sciences, Khabarovsk, Russia, 5. Institute of Geology and Nature Management, Far
Eastern Branch of Russian Academy of Sciences, Blagoveschensk, Russia, 6. Institute of Seismology and Volcanology,
Graduate School of Science, Hokkaido University, Sapporo, Japan, 7. Institute of Earthquake Science, China
Earthquake Administration, Beijing, China

The Far East geodynamic GNSS network was established in 2009-2010. It covers the southeast of Siberia
and Sakhalin Island and consists of more than 15 continuously operating GPS/GLONASS stations. Its data
along with observations stemming from IGS and other available GNSS networks were used to estimate the
crustal velocity and deformation field of the investigated region before and after March 11, 2011 when
the Great 2011 Tohoku earthquake struck the Pacific coast of northern Honshu, Japan and caused
measurable coseismic displacements through Northeast Asia. The BERNESE 5.2 software was used for
GNSS data processing. The ITRF2008 and ITRF2014 reference frames were adopted for data analysis. The
calculated interseismic GNSS velocities indicate relative internal (between network sites) and external
(with respect to the Eurasian tectonic plate) stability of continental part of the investigated region. The
velocity boundary between Sakhalin Island and continent was discovered which possibly tells on their
relation to different tectonic plates/microplates. The intense postseismic crustal displacements caused by
the Great 2011 Tohoku earthquake have also been observing in the Russian southeast near the triple
junction of Russia, China and North Korea national boundaries. The maximum observed cumulative
postseismic displacements have already exceeded 70-80 mm (the corresponding coseismic shift is equal
to "50 mm). Afterslip or viscoelastic rebound models separately cannot reproduce properly all parts of the
observed GNSS site position time series, however, viscoelastic approximation is working well on the time
interval of 0.5-3 yrs after the mainshock. Two-layers viscoelastic model with Maxwell's viscosity of about 5-
10'® Pa-s adequately fits horizontal components of the observed postseismic displacements but fail to
explain vertical component. The 2013 Okhotsk deep focus earthquake generated measurable coseismic
displacements which were detected by Kamchatka and our GNSS network. The annual velocities of GNSS
sites located in the northern part of Sakhalin Island demonstrate notable change after the mainshock of
the Okhotsk deep earthquake which, probably, could be explained by the existence of notable
postseismic mantle response.

Keywords: crustal displacements and deformations, GNSS observations, secuar and postseismic motion
modeling
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Crustal anisotropy and deformation of the Tibetan Plateau based on
the Pms of the receiver functions

*Yan Cai', Jianping Wu'?, Weilai Wang', Lihua Fang'*
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Geophysical Imaging, Institute of Geophysics, China Earthquake Administration, Beijing 100081, China

As the frontier of the plateau uplift and extension, the northeastern margin of the Tibetan Plateau (NE
Tibetan Plateau) is an ideal place to study the crustal and upper mantle deformation characteristics and
coupling relationship of the Tibetan Plateau. However, the resolution and reliability of previous studies in
this region are suffered from insufficient observations. In this paper, with an array of 675 dense seismic
stations in the NE Tibetan Plateau, we obtained the crustal anisotropy parameters by using the Pms phase
in receiver functions. The results show that the average splitting time of Pms wave is approximately 0.5 s,
which is mainly caused by the middle and lower crust. In the Tibetan Plateau, the fast polarization
directions of Pms are mainly NW-SE, which are parallel to the directions of SKS and the maximum shear
strain directions. In the outside of the plateau, such as Alxa block and western Ordos block, the fast
polarization directions of Pms are NE-SW, which have large intersection angles with the directions of SKS.
We infer that the deformation of the crust and upper mantle in the Tibetan Plateau is coupled and is
controlled by simple shear deformation with the direction of NW-SE, while the crust-mantle deformation
in the outside of the plateau is decoupled, and the crustal deformation is mainly caused by the differential
movement of the middle and lower crust with the direction of NE-SW. The observations show an
interesting finding that the Alxa block and Ordos block, which are always considered to be the stable
blocks, may be experiencing crustal deformations at this stage.

Keywords: Tibetan Plateau, crustal deformation, anisotropy, receiver functions

©2017. Japan Geoscience Union. All Right Reserved. - SSS10-P04 -



SSS10-PO5 JpGU-AGU Joint Meeting 2017

The Study of Nowadays 3D Crustal Movement in Fenwei Graban
System

*Duxin Cui', Ming Hao', Yuhang Li', Shanlan Qin', Zhangjun Li’
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Fenwei rift zone located in the east and south of the Ordos block is still active in China mainland, and it is
tectonic boundary separating the Ordos block, Qinling tectonic belt and north China block. Due to the
limited observation technique, the current tectonic movement and deformation of Fenwei rift zone are
still not very clear and the formation mechanism of the Fenwei rift zone has no consensus. GPS data
observed from 2009 to 2014 were collected at 527 campaign—-mode and 32 continuously operating GPS
stations are processed and get a precise and high spatial resolution horizontal velocity field and strain
field. The results reveal that the belt between Shanxi basin and western mountains is under extension with
strain rate of 0.01-0.03 ppm/a. Meanwhile the belt between Shanxi basin and eastern mountains is under
contraction with strain rate of 0.02-0.03 ppm/a. The western boundary faults of Shanxi basin such as
Loyunshan fault, Jiaocheng Fault et al. have 2-3 mm/a of left-lateral slip and 2-3 mm/a of normal-fault
extension. But the eastern boundary faults of the basin such as Taigu fault have 1-2 mm/a of right-lateral
slip and 1-3 mm/a of normal-fault contraction. There is 2.1 mm/a of shortening motion in southwest of
Ordos Block as well as the velocity gradually changes near Lupanshan fault system. It reveals that the fault
system is locked in deeper. Weihe fault system show left-lateral slip of 1.0 mm/a and weak extension
deformation.

The present crustal vertical velocity field image relative to ITRF2008 is obtained by the precise leveling
data from 1970 to 2014 and the vertical velocity of the continuous GPS stations within this region were as
a priori constraints. The image reveal that the Ordos block shows overall uplift rates of 3mm/a and
Liupanshan-longxi block shows uplift rates of 4-5mm/a. Weihe basin shows subsidence rates of 3-5mm/a
relatively Ordos block, while subsidence rates of 2-4mm/a relatively the North Qinling Mountains.
Relatively Ordos block and Zhongtiaoshan , the Linfen - Yuncheng Basin demonstrate a subsidence rates
of 4-5mm/a. Using the block model and dislocation model, the slip rates and locking depths of the major
faults in the Fenwei rift zone were obtained. Our research results provide an important basis for the study
on the interaction mechanism between the Qinhai-Tibet block and north China block and long-term risk
prediction of regional large earthquakes.

In our study, we suggest a flow model by combing the results of FEA, analysis of Crustal movement profiles
with lithospheric mantle deformation from the SKS fast-wave direction. The soft materials beneath the
upper crust of Tibet plateau flow towards NE direction, because of the obstruction from the deep root of
the Ordos block, the west part flow to Yinchuan along the edge channel, and the south part flow towards
the North China across channel under the Fenwei graben.

Keywords: Fenwei gruban, Crustal movement, Block model

©2017. Japan Geoscience Union. All Right Reserved. - SSS10-PO5 -



SSS10-PO6 JpGU-AGU Joint Meeting 2017

2012 Indian Ocean Coseismic Model: Joint Evaluation in 3-D
Heterogeneous Earth Structure Inferred from GPS and Tsunami Data
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School of Earth Sciences, the Australian National University, Australia

Determination of conjugate fault orientation in a complex oceanic intraplate earthquake is remaining
challenging. Lack of observation network around the fault source region and extremely rare event give the
estimation of fault structures become debatable. On April 2012, Mw 8.6 earthquake struck off the west
coast of northern Sumatra about 300 km west of the Sunda trench. The 2012 Indian Ocean Earthquake,
which is the largest intraplate earthquake in the history of instrumentally recorded events, has been
reported to have a complex conjugate fault ruptured within multiple fault segments. The complex
conjugate fault has been found to be NNE trending left-lateral fracture zones as the main features (Wei et
al. 2013, Satriano et al. 2012) while other found to be WNW trending right-lateral faults structure had
greater slip (Yue et al. 2012, Hill et al. 2015). Here, we propose a joint evaluation based on Global
Navigation Satellite System (GNSS), ocean bottom pressure sensors, and tsunami waveform recorded at
tide gauges by assuming heterogeneous earth structure to resolve the fault orientation. In this study, we
develop three-dimensional heterogeneous earth models including subducting slab, 3-D earth velocity
structure, topography and bathymetry as well as spherical earth using 3-D Finite Element Method (FEM)
to evaluate previous coseismic model. In order to obtain the actual slip distribution within our model, we
adjust slip distribution using slip scaling. We conduct iterative model-observation best fit calculation of
reduced chi-squared until reach minimum misfit. Furthermore, we propose chi-squared misfit based on
slip scaling as another consideration to evaluate the coseismic model.

Keywords: Coseismic, FEM, GNSS, Tsunami
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Coseismic deformation and tectonic implications of the 2016 M6.6
Meinong earthquake, Taiwan
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Cheng Kung University, 5. Department of Earth and Environmental Sciences, National Chung Cheng University

A M6.6 earthquake occurs at Meinong, Taiwan at 03:57:27 on February 6, 2016 local time (UTC+8). This
earthquake caused severe damage and 117 deaths around several towns of Tainan City. We estimate
coseismic displacements from continuous GPS and InSAR images. We process GPS daily solutions and
calculate coseismic displacements from the differences between average positions for seven days before
the earthquake and average positions for four days after the earthquake. The maximum horizontal
displacement is about 5 cm and maximum vertical displacement is about 9 cm from GPS. We conduct
dislocation models to estimate fault slip and fault geometry and the results show that the main slip area is
at depths of 10-20 km and the orientation of the fault plane is E-W dipping to the north. In addition, we
process ALOS2 images and the results show a region of deformation 10 km west of the hypocenter. The
deformation region shown in InSAR results indicates deformation in mudstone at shallow depths, which is
different from the dislocation model. This shallow deformation pattern is consistent with preseismic
deformation pattern constrained from PS-InSAR and leveling. The shallow deformation might be
controlled by local stress condition in the mudstone area.

Keywords: Coseismic deformation, INSAR, GPS

©2017. Japan Geoscience Union. All Right Reserved. - SSS10-P0O7 -



SSS10-PO8 JpGU-AGU Joint Meeting 2017

Characteristics of postseismic deformation associated with the 2016
Meinong earthquake

*Wan Tzu Liu', Ray Y Chuang’
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The M =6.6 Meinong earthquake on February 6, 2016, which caused 117 deaths and severe damage in
southern Taiwan, is the most destructive seismic event in the recent decade. The epicenter is in Meinong
but major coseismic deformation occurred in Guanmiao and Longgqi, about 10 km to the west of the
epicenter. In addition to the seismogenic fault at “15 depth, there may be a triggered fault at shallower
depth based on an inversion of INSAR and GPS observations. Therefore, it is important to examine if the
postseismic deformation continues being triggered by two faults like the coseismic deformation and if the
location of postseismic deformation is around the coseismic slip area.

We use InSAR and GPS to identify the distributions of postseismic deformation of the Meinong
earthquake, and then infer the location and magnitude of the afterslip, which will be helpful for us to
better understand the characteristics of surface deformation and the active tectonics of the area.

Keywords: Meinong earthquake, postseismic deformation, InSAR, GPS
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Surface Creep Analysis of the Fengshan Fault in SW Taiwan from GPS
observations and PSInSAR
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University, 3. Department of Earth Science, National Cheng Kung University

Previous studies based on GPS observations have found that the Fengshan fault may be a major active
structure with surface creep in southwestern Taiwan. However there was no historic earthquake along this
fault and no solid geologic evidence to confirm whether the fault exists. Therefore, the geometry and
activity of the Fengshan fault remain unclear. Whether the fault acts like stick-slip or creeping will make
great impacts on the national constructions and public properties. Thus, it is necessary to evaluate the
potential activities of the Fengshan fault.

We use 56 continuous GPS stations and 167 campaign mode GPS stations in the study area for the
horizontal displacements and also 483 leveling points for vertical displacements. In addition, we use
ascending data of the ALOS image with PS-InSAR techniques to analysis the Fengshan fault. We remove
vertical signals from the line-of-sight (LOS) velocities based on leveling data. The fault parallel component
has about 14.3 mm/yr differences across the fault at the northern, 12.6 mm/yr differences across the fault
at the middle segment and 17.4 mm/yr differences across the fault at the southern segment, and the fault
normal component has 3.5 mm/yr, 2.6 mm/yr and 3.6 mm/yr differences extension components across
the each segments.

The Fengshan fault is a left-lateral strike-slip fault in about 15 mm/yr and lengthening of about 3 mm/yr.
This fault is creeping in the middle and southern segments. The northern segment of the fault is probably
locked in about 1.5 km width. The locations of mud volcanos in the Niaosong, Kaoshung and the Wandan,
Pingtung, are consistent with the fault trace of the Fengshan fault well and are proposed as the geological
evidence of this fault.

Keywords: GPS, PSInSAR, Fengshan fault, Velocity profile, Creeping fault, Locked fault
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Crustal deformation of earthquakes that occurred in Italy on 2016
detected by ALOS-2/PALSAR-2
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Time dependent block fault modeling of Japan
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Cluster Analysis of the GNSS Velocity Field in the Tohoku Area,
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Recently, the cluster analysis technique has been applied to GNSS velocity data by Simpson et al. (2012)
to reveal tectonic boundaries around the western USA. Assuming a number of clusters, the technique
classifies GNSS velocities into some clusters, which shows similar characteristics. The optimal number of
clusters can be determined by a statistical test (e.g. the gap statistic by Tibshirani et al., 2001). The
advantage of this technique is to extract block-like behavior and to identify tectonic boundaries without
considering geological and/or geographical informations. Loveless and Meade (2010) constructed a
model composed of 20 blocks in Japan (JB1 model). This model in Tohoku area has two block boundaries,
one along the Ou backbone range and the other along the eastern margin of the Japan Sea. The purpose
of this research is to apply this clustering technique to the GNSS velocity field of the Tohoku Area, and
compare with the JB1 model and the known fault system. GNSS data obtained from 298 continuous GNSS
stations operated by the Geospatial Information Authority of Japan and Tohoku University are analyzed
using the precise point positioning strategy of the GIPSY/OASIS-Il software. We obtain the site velocities
by fitting a linear function into coordinate time series from 1 January 2010 to 8 March 2011. We
performed the cluster analysis for the horizontal components of the GNSS velocity field with the k-means
clustering method. First, assuming the number of clusters we label every site with a cluster randomly.
Then, we calculate the centroids of each cluster, and relabel each site with the closest centroid. This
procedure is repeated until no more relabeling occurs. This method, however, has a disadvantage, namely
the result sometimes depends on the initial random labeling. To avoid this problem, we carry out a
thousand of clustering, and calculate the sum of L2 norm of every site pair in each cluster. Then the case
of minimum sum is adopted as the optimal clustering. There is ambiguity in assuming the number of
clusters. We decide the optimal cluster number by the gap statistic, which compares an ensemble mean
of the logarithm of the sum of the L2 norm calculated from a random data, and the logarithm of the L2
norm calculated from the observed data. The gap statistic usually increases with the number of clusters
and become stable around the optimal cluster number. The optimal number is 2 for our data set. The
result demonstrates a cluster boundary, which runs along the Ou backbone range, and roughly coincides
with the boundary of the JB1 model. There are two regions where our clustering result mismatches the
boundary in the JBT model. The reasons may be the ambiguity in the clustering method and/or the
possible failure in estimating the site velocities.
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Spatiotemporal interplate locking and aseismic slip distributions
estimated by tectonic crustal deformation prior to the 2011
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Reexamination of the fault model for transient slow slip event in the
Japan Trench before the 2011 Tohoku-Oki earthquake
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Slow slip events are one of the important phenomena in the plate interface. Ito et al. (2013) investigated
two transient slow slip events that occurred before the 2011 Tohoku-Oki earthquake deduced from the
dense ocean bottom pressure (OBP) gauge data. They adopted differential pressure record between
neighboring two OBPs for the effective removal of the remaining non-tidal oceanic mass variation. Their
approach, however, can only know the relative displacement between two adjacent stations. Thus, it is
difficult to understand the absolute displacement in each OBP station. Based on these background, we
reexamined the SSE fault model using reprocessed OBP data set.

We used 8 OBP stations (TJT1, GJT3, P09, P08, P06, P02, P03, and PO7) which is the almost same data
set with Ito et al. (2013). The ocean tide and by non-tidal oceanic mass variation are removed by the
model. We fitted the drift model (combination of an initial exponential and a linear component) to each of
the observed time series to estimate the drift function of individual sensors. Even though the such
procedure, the residual component still appeared. Thus, we calculated the differential time series of the
OBPs in the eastern part (TJT1, GJT3, PO9, and P08) relative to the averaged time series in the distant
OBP stations (P06, P02, P03, and P0O7). Furthermore, we calculated the displacement field in each OBP
station of eastern part according to the same definition of the time window with Ito et al. (2013).

We obtained the characteristic result between 19 Feb. to 8 March, 2011. TJT1 site, which located in the
most eastern site, showed clear uplift. In contrast, GJT3 site, which is the neighboring site of the TJT1,
shows small subsidence. Based on these data, we reexamined the SSE fault model. Obtained result shows
the possibility of two fault locations. First model located in the very shallow part of the plate interface, the
second model located in the slightly deeper part compared with the first one.

F—U—K: 20—V vy ARy M FHiLhAKEEGE, BEKEE
Keywords: Slow Slip Event, Tohoku-Oki earthquake, Ocean Bottom Pressure Data
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coupling based on MCMC method.
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Ov JBDBY RIBE EHERERBGEAWVT, v.=Cx &XRRTE 3, hy ) v I FREHRTAOY Vi1F
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Detecting aseismic slip within several hours to days is important for understanding a postseismic process
in a plate interface. Conventional kinematic GNSS analysis, however, has disadvantage in such slow
deformation, because it shows the large noise in the low frequency. Cervelli et al. (2002) developed the
new method for such transient crustal deformation. They investigated the aseismic slip history of the fault
in Kilauea volcano, directly from the GNSS carrier phase data. In contrast, there are small number of
previous researches for the coseismic slip estimation based on their method. Thus, we applied their
method (hereafter, PTS (Phase to Slip)) for the estimation of the coseismic slip history for the 2016
Kumamoto earthquake (Mjma 7.3) in this study.

The method of PTS used double-differenced carrier phase data as the observation. The observation
related to the fault slip directly via the Green’ s function. In the PTS, we adopted Kalman filtering
approach for the unknown parameters estimation. We adopted the Green’ s function solution to the
elastic half space problem (Okada, 1992).

We used every 30s carrier phase data in eight GNSS stations (GEONET) in and around the focal area of
the 2016 Kumamoto earthquake. For simplification of the inversion, we assumed the geometry of the
single rectangular fault model estimated by Kawamoto et al. (2016). Then we assumed the white noise
stochastic model with a process noise value 3x10?m s/? for the fault slip parameter.

As a result, we obtained the 3.6m coseismic offset within two minutes after the origin time. Obtained
result, however, shows a slightly smaller than the result of Kawamoto et al. (2016), which reached 4.2m.
Furthermore, our result clearly shows the long-period disturbance reaching approximately 1m. It should
be caused by the difficulty of the strict separation between each unknown parameters such as the
tropospheric delay and the fault slip. To avoid such problem, the adoption of the optimum process noise
value for each unknown parameters is one of the possibilities (e.g. Hirata and Ohta, 2016).

In the presentation, we will describe the more detail characteristics of the PTS not only about coseismic
behavior but also the time dependence of the postseismic one.
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FTORRIEZEELBEIREL T, BRE, FA, FFEBRKD THELL, 2016 FEAMELE20165E11H12H
FTORRINLZDHAZZELSIVWTRWEHIFRIIZHME L. REERRERHBEHRTETIVESIhER
MR QEHR THELEE A XE%50H, 1008, 21THICKYI > GERIL, RIBEEEHEZ XKD S & H
12, RMIARNYELY KKERBAT 20D ALUEABAHE L. KO ONAZE RSO ERIEHE - it
(2016) B RT0.8"36HDRMTARY OB EHE AN THS. T DERL VERMEORMD T I
S50BMS5100HTINRLTWR EIICRAZ. RMIARYNMIDDIRRTHZ EIREL T, kKOSN-LEA=
DOEFEHBUCKT LIRETHALEB AT BICL VEAMEORBORER ZHE LER, £DEIZ1.84~2.508 &
ot ZDFERIF2004EIREhiiE (M6.8) ML ICTakahashi et al, (2005) 12 & > TGNSSELR D RS
RS/ ONT{E0.03~1.69B LW L TMNICKEWMETH >7=. TNOLDEH%E AWV TERBRERIICHEEM %
725 ¢&, REQIRBEIERZBEZLTRON, £, FGEERMEN SIELREOMIFETE LB KRKEZWI &
BNod o7, BRI NI-RWEEFEERIDSRWTARY QEHIFRIEZZE L3 WAKREERIICIFIFHH AR
BEBA* TR CEFEEHEB I IR’ RON . AR TIIHBERE T 2EH D ZFHEEEMICKDE
e AR LT, AR TETIMEEI N ENOERR TRERRIICH T 25EL% TV, IRIE & BEELR
RO CORR, EREEDTIEEERHN10000LL £ &R ZEN SHEUEENA11B 128 TR T
Hp, FlE, ALTIEHRCOVWTERTTILENHZEEZIONS. 5%, BAPRHEsERT S &I
& W EENFTHENITZ 2 TEEMEDH 5.

F—7— N : 2016FMBEAME, RPN, HEMEEN
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Vertical Deformation Detected by the Precise Levelling Survey after
the 2014 Mt. Ontake Eruption (2014-2016)
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RFE - IRREFEOEFILICE WVT2014F9827BICKEZTEANNFE Lz, HELD2014FEE DB
BELTROEXANDEMBIEEZRT 2720, HELURILBOKERIRICEWT, 2014FEXERDI0R
156H~17H. BEXNFEFEERD2015F4H21H~24H, BAH2FEHRD20165FIB19H~22HICHIE % 1T
o=,

BRI N KERIRIE, 2014FBALUFIN SRV R UBESN TV AEEBBEHRR (W17km) | KEBRK
R ($98km) . 2014FEBEAERZD2014F1081C. LYW ILITBIGEWEE TO L FEEOMHEDH I LFHRIN
HEEO—TY T4 KE (H98kn) & 5(C2015F4BICHEDN—T Y T4 BigE#3kn (FDHKIR) . BHE
BigA#2kmiIER L TW 3,

2014F108-2015F48ICH 172 L TEEE LT, KERBOBEREO LM (S LILTER AN
20kn) Z#FRE=E LT, HEO—T7 T4 BIR - BRHRKRTHIAMOEEIRE I N, BAEREERTIE
BLThIMRIUEARAOEREERTEREL o7,

201548 -2016F9R8 O T, LMOFERICH LT, HEO—TT7 T4 - FOFZHRIETHOMMDE
£ BHBBRETHImDOLEObLT M L TEEMRE S h,

2014 EBARIDEMBRICS W TEBHRIFE ABRRBRIEIDADORIRE SERTHY ., LBEAERIE
A DEIRE HILEIMRE I NIz, 2014FEAEECZDEBBR TIIRHHBRR - A ERKIROMBRE
TRAL I BRUBHEWEEAH -EEZOND, ZNICH L. 2015F48~2016F98 DERTIE. BH
BFERREHDTHIRLEEATRLTVIDICH L, RDOBRIRIIEREZRL TWD, EE%E R LIHADOZERIRIERT
CI2015F4BICRERBLABIETHY ., SOAED TEE A B -OBEAFIORFBRIFEND, BRIRAED BT
ZEERATLEFS>TWDAREEEEA OGNS, SERBAZMKT S LIC&>T. SOOEEAEFILMT
DI ITIDEBBRICLZ2ZEFHERLTVWEII A RBIBHINENHDEEZ D,
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Long term crustal movement estimated from glacio-hydro isostatic
modeling and relative sea level observation
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BEDBKEZEDETIZ. RIAODHBR ETEHNELEET I LTEETH S, BARINEIIZEEFICAE
L. 2DF—49IIHBRORELATMT 2 LTCEETHD, INFTHEZNFERICE DWW S OBKESR
FTRENRINTE LA, KAS L BKEEIC K 215 E (GIADMRICOVWTIR+oRRETIZIThN
THELT. W ODLDOHREFHIEFEIETD2DHTHS (Nakada et al., 1991 Palaeo3; Yokoyama et al., 1996;
Okuno et al.,, 2014 QSRR &), ZD7=8., INLDFEAER LR L TEHEORENHI D EEN LR
2 TRV, HRRORANBEZEMEE2ZZ 2 LTH, 1,000E4BABEAT—ILTOERIIEETH
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HLEDRE E T ESE4BREET —4§ SBKEZHET N ERAVWTRD, EOBEELHBTD &
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F—T— R EKERE), KAMMREE, BREE. ik ETEE. SEEKE. &K &R

Keywords: sea-level change, GIA, coastal terrace, vertical tectonic movement, last interglacial, LGM

©2017. Japan Geoscience Union. All Right Reserved. - SSS10-P23 -



