SSS1 3'01 JpGU-AGU Joint Meeting 2017

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

=IO Z
*Takao Eguchi’

1. BERER WRAREE HREFER

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.
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Seismically Active Region and Asperity in the mid-western Shizuoka
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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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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
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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
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” .
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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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Characteristics of the foreshocks and aftershocks activity inferred from
the JMA seismic catalog improved by automatic processing

SEE ThR'. AK BIA®
*Koji Tamaribuchi’, Yuji Yagi®

1. SRR, 2. RWEKE
1. Meteorological Research Institute, 2. University of Tsukuba

WEFHDOWTHRT 2 LT, GRAICEDIMDTER (Mc: completeness magnitude) A TFA% Z &IEE
EREHKRERED. toRMERNHNIEL, ETASEFICK Z2HMEFHRIFTC/ Ny 7550y NOMEZRHEILD
R, bEMENTICE 2 INREOHEN T WVHEBOMFEETITO ZEMNARICARS. F, —RISTEBNMERE
RAIEEEORHAEMRT 2 LTH, LUNSRMELZRETEZIEIEEETHS. 2016F4AICHLVEH
RLEBFECERH - fib, 2016) ICL > THEBSINZ—TIEERER/RHBL, HROAHSOTICHERTH2EDEIRR
ERER oz, 1L, BAMETEREDOHMNAT, BRICEZMWBEEEZ) TILIA LTI ZEHLHE
7D, BERTHTLERMINAZ2TOMENHYOJEINTWEDIFTIEARWL. 22T, BENE
BYTILIALICHREONSWIHESFRATEZZEA2MALT, —ThEREEBFEREZMAALEZY—V A
07— &R L. AR TIE, ZOMEHNAZVWY—Th5O700, R+ ABRETITTHhhATW
BN M/NMEEFRS 2 EOHIE - REFHORFBHEE2T o7, ZOLIREY I T—9DLMEFEE%
BT 2DICIZBBNRIZRAY) VY ITFENBHNTHY, T TICEHOFENREINTWVWS. KFRT
&, #EY S R4 DEEICZaliapin and Ben-Zion (2013) IC& 2 ®iAERICL 2@ AT o7, £/, FBBHTIC
&, COFEELZHOHERICEBATEZHRICIKRLAT DY S A (Kasahara, 2016) #FH L. ZOF
Eid, EREERE, BEE, v/ Fa1—RE2EALCEREAOCEMAERL, FHEANDODBBNICHEFSH%
VSRV TT2EDTHZ. BONLEREOEROEZ NI Z LEFNAE—FILICARY, BEHREEH
ZORETHIHNICHETE AV SR ) VI TEDZIELBRTEL. RIS, ZOIVFRYEREAV
T, BIE-AE - REZHMHL, bELEDRETEDEN AT o7/, FICHIENS0M RV NALHFEET 5%
TS L CThiEEEH L, BFIEEREDEALE T 2 &, EAMES10ADEMEFIOMEFED2RST
I, BRICEIEObENMEVWC EABELN IR 7. ZOEWVDIER, FIEESROIEAIOEEY ICHIGT 5
BEMDHD. —HT, FEEREDLEDEENIFZIELRVISAIEZHEET I E/DL k. 5%, B
BAIBICLZ2ERAIOTDRERICLY, FIEPREFTHORHEAL YIARICRZ Z TIN5,

F—U—R:#MEISRY )T, blE. BEINIE, FIE
Keywords: Earthquake Clusters, b value, automatic processing, foreshock
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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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WEHDY I/ =ZF1— NEELBEEOBHEAFB L-siEHBET IV
IC & DA HIE TR

Short-term forecast by foreshock discrimination models using

O

magnitude frequency and spatio-temporal features of seismic clusters

‘B 2. B RE>
*Shunichi Nomura', Yosihiko Ogataz'3

1. RRIFERFERBIZMAR, 2. RRAZMEMERN. 3. MEHHERHEAR
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

AR, AEEZEENICTRUT 2O0FARFHINIDIDOTH S, Z< ODAMEICIIRIE,KITL
TWaH, AEREFICHIELZMET DI LIEHBICRETHY ., BERNLFHROANAELE>TWS, O
V2T 4 v AR, BRI NAFRICED W ERNAFBRRIMEVE L LI2ESBRENCEL -
BEHNEBEFEATH D, BENEBEF XL, BFINIZMEHIOQ D SEHIMEOSTVEHERZE L. BERHY
HIBNE ) PILIALTHERADIENTES, INETELOWRICLY., RIBICEITSbEDOEKTPHEES
DBENLIEINA EDEFHIRESINTVS, AMETIEZNODEHEMNA L THIEE 2t OtERE & ¥5!
TEHHBFHOVRT4 v VEIBETIVEERT %, IMAERAD Y OJ D 5HEEE% single-link clusteringi%|IC
LVBEL, TIHhOREENRFHEL Y —Fa1— NMEEICAT 2/ XA -9 2FIEHND/-DICHET
%, W9 O75&2DDHBANE DT, FIOHBNS ETINAS XA =4 522B L, 2EIN-ETILOFRIMER
HRA2OHEICTIHET 2. S 5IC. FEX IV ZFa1—RIBESHREHTUIHI I EICLY, —EULEDT
TZFa—REEDAEREREA BT 5, 2016FEARME (M7.3) ORIERFICH LT, EEIhE
ETIREBHNEWEXEFAEE5EA TV,

F—O— R FIE EHEFE. OPRAFT1 v o0OR. REDH

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

— 21,23 1,2 N YN
*EPA:TJ. {—¥ Y %77':'; v Y Eiﬁ /ﬁ Y El% 1%/6
*Hitomi Nakamura'?*, Hikaru lwamori'?, Osamu Ishizuka®, Tatsuji Nishizawa®

1 EFHRBEREE - MERNSYERRAESEH. 2. RRIEAY - thIKBRENPHW, 3. FTEIEXY - RUAEEE
BRREY 9 — 4 EERRMH AR - JERE XILAFRERM

1. Department of Solid Earth Geochemistry, Japan Agency for Marine-Earth Science and Technology, 2. Department
of Earth and Planetary Sciences, Tokyo Institute of Technology, 3. ORCeNG, Chiba Institute of Technology, 4.
Geological Survey of Japan, Natural Institute of Advanced Industrial and Technology

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.

F—T7—R:TL—bIvP RST. 74VEVETL—F HEERX
Keywords: edge, slab, Philippine Sea Plate, central Japan
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[IIRTHESN 4 OV RER DL

Processing Situation after improvement of JMA's earthquake catalog

BRI BEE Mz LA ME. #E R8T B X

*Satoshi Takahama', Nobuyuki Hirota', Naoyuki Yamada', Noriko Kamaya1, Tetsuo Hashimoto'

1. /&7

1. Japan Meteorological Agency

SEFIE. HERBERRHERBOERICEDE, 2EOEREMEET DT —9 52 INEL TERAEEFDOL
BA—JTMICITVL., ZORREMEAIOSTELTARLTWVS, IRFIEER28F4 81 0 (HAZHE
BY) IC, EAYO I DOREET o/, TAWEX. PFE CBH - fth, 2016)ICK 2BHBERREFEEEA
L. BRAEEEOMKRILERY . ORI AN%E LIFEIETH D,

BRNLHEABIIUTOESY TH S, FHEEEFEITEICHRERE (BEN NS REABEELERR
E) HTH5HEOMOBHE (LT, Mth&iEd) A28 EL. MthEAEDHEICDOWTIE, HREFEERK. BE
B ATV, MthRBOMEBICDOWTIHPREICK 2BBERORALZEERET S, RONSNTEEHEREHIK
EFOSRVHEICOVWTIK, BERAIZTHLT., BEICIYRRKIOREBEDOERIREZRATEIEVWIBEZLFIE
ICLWEBRREEITY (LT, B2MAEET) . BERATZIERENOER (Mth) (&, HEDZXWHEIIM
2L EE L, BRSO WTIKRES (BRAIME) HNSDOEEREICIECTMA EIF, RATMALLEELTWS, &
. BEIERREFEEZTFRATDLDICERREUBAEEZZBLLIEICHY.,. BEEREFFEICLZE
BEORBCERAECEEAMENIO S LTHRT ZEHFI ST EHICEIT L,

EHR28FABTB L WAFEERIRT VAT ALAICEAL, HFiERERREELEOERERALL, AFFE
A, BRRAEMEIIREROR2EE LAY, ZOOEEEBERN/N6EIZ HHTVWS, AFEEARICERELL
REAMESOEELMEORERICIE, WEREERHISEHBZRETHITZZEICLY., BERIRICET S
[RTHRERKREHNDARERENMZ I &N TE M, WEREZERTOMEOTMEFICKELEFTSITEI LN

TETW5,
SE. #FRmEAS O ORBRRICOVWT, FH28F (2016%F) ERAMEEZEZTELRMEFEHON
HORRZEHTEHBT %,

F—O—R:thEHSOY
Keywords: Earthquake Catalog
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20T T RIS K FHERREICSE (T 2 HBER S NIZDRHEZEL

Temporal change of stress field in forearc region after the 2011
Tohoku-Oki earthquake

LB, SHER. BT =K. 2B

*Tomoya Nishimori', Keisuke Yoshida', Ryota Hino', Youichi Asano?

1. ERALKRE, 2. B KR RAfT A Se

1. Tohoku University, 2. National Research Institute for Earth Science and Disaster Prevention

2011 ERAbth AARFFmihE (GRALAHIHE) BiCid, TOEREELTIHABIAELLEILL, BERETI
ERINTUVWEEAMSANIEEAETRTEBRINLZZED, ESH#HE T L — NERIPLTAEDELE
EICHEINTWS (Hardebeck, 2012; Hasegawa et al. 2011). EIZ, Hardebeck (2012) (&, HERLER
D 0.1 FRICERNEHAMEFDABICER 2722 &R, HERKIIFEAEIRTOEAMGAL’ERI N
ef=®HIc, HERRBPEEO L — MNEBEBICEZ2HDTHIRVTHOBERICL>TTH, T@HARIEES N
DB EMRLTWS.

AR TIE, Hardebeck (2012) & FARkIC, BHREFISLTFERFPZ CORXRBEEANMmZAETRE L
T, RALHHEROISHEHD A EDOREELEB#ETT 22 &£I1ICK Y, Hardebeck (2012) %47 - 7= T D8
HETo7c. ZOR, BFTEBEORTHORENEEMIC—RTRVWIREELERL T, 2EEE—ELLR®
Mo, FiLHHEDHER Y (Yagi and Fukahata, 2011) ARk Eh > 7=&EH & Z DA RIERE & ICH T
v iTo .

¥9, 2EEE—ELT, RELAHMEOREMBRICISHT VIV - 4 /= 3 Vik(Hardebeck and
Michael, 2006) %@ L /=358 1%, Hardebeck (2012) »'7R L 7= D & BRI HER DR HEHD EER T
IERVEBON. LHALANS, BFSEEEZMERTANYNKEH o 728EH & 7 DOHAAIEEE D258 IC S 1
THdE, TNETNOEE CTRILAMEORERICEHW T 2REMBRIIKNSCERDEANI AR 5. HER
ISAEENKEN > BB INZMERITRYNKRED > /BEATIE, EMERMEDFEIIBD TER
THHDDIIFT LT, ZORDERTIEIFIBEMENS K RELTHY, HAKRBICEEWDEVDSHDZ &
DNRBIND. TIT, TNTNOEBERRE L THRNEREZ LZER, HERTARYNKEH > Hhigic
BT BIENEE, HMERICAKZ<OERL K, WSERTREPNICHERTOARICEN > TEILT 1,
Hardebeck (2012) B E5R T % & D ICHRILAMEFIOREICE TR > TIEWARW, —AT, BEIMigTlE, #
ERFORANEMOEERIS/NE <, MERDEEEIEEITNHIV., ZOLSICHILHFMED TR S@FHEER L
BEM AT >R, Hardebeck (2012) "B ERICIK, SISO EBAEEEER LI EICERT SR
MNIOREZEE’HSOLNTLE>TWBIHEELH S.
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20T TEFRALFHMERZ TOMEE— X ¥ MEKREDRFZEZED
Spatial and temporal variations of seismic moment release before and
after the 2011 Tohoku-Oki earthquake

SEM A AEET L B
*Kiyoshi Yomogida1, Chuhei Katagiri 2 Takahiro Shiina®

1. dbEE RS - KZRESHIIR - HIRRERFI - HIKRKE S 1 F I VX0, 2. biEERSE - BED - HIKKRER
28, 3. LBEXRE - KAEREZMRR - HEXUARGNEY 54—

1. Department of Earth and Planetary Dynamics, Graduate School of Science, Hokkaido University, 2. Department of
Earth and Planetary Sciences, Faculty of Science, Hokkaido University, 3. Institute of Seismology and Volcanology,
Graduate School of Science, Hokkaido University

201 T FRALI A K EEFMBEORIEZE COERMBR U ZORBOMEE—X Y NEREOELE I A Y
NEICHHE L7z, SR TIRAIBHRICKELBRETHIDICH LT, BEPTEHEAERIEIHOIHRBBET
HoNTDRIFEFFRICERT 2BHREICRBL, BEIVAMOT VY —F 14 XMEDMEETHRAKR
ErRrBE S, TNSOEBICIETABAIENSI D >27D, KEICEIFZELTORELBYICH > THE
ICHALRILAEDRY, E—X Y MEREIEMLEZEEZOND, 1964FE 75 A AMERIE T, BAEAD
Kodiak&t 7' X > M & E#ARE#EA D Y (Doser et al., 2006), FN X TOMEFIHTE K KERFDE Y 23/
I EDH, ABICEL > THERAMEZHVFEB I N2 BBO—FINFLICEENICRI NG,

F-—U—R:HEE-—AY MERE, 201 TERLMARTEHME, HEFBORFEELY

Keywords: seismic moment release, the 2011 Tohoku-Oki earthquake, spatial and temporal variations of
seismicity
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KEETL—RDTL— MEFTILOWKRET
Study on the plate model of the Pacific plate

HEE 2 RAES R ML SEMARS. 58 £T. hE '
*Takashi YOKOTA'?, Makoto NEMOTO?, Kazuyuki MATSUSUE?, Shiro TAKASE?, Koji TAKATA',
Masaya IKEDA'

1AM, 2 BRITEAR. 3. SAMEKLA
1. Cabinet Office, 2. AICHI INSTITUTE OF TECHNOLOGY, 3. OYO CORPORATION

NERTIR TBXEE - TEBEAVOERMEET LIRS (2015F28%EB) | IC8VWT, BEEES
SUTEBECRETIRRITAODHEDHRITA2EREL TVWEEIETHD, TO—RELT. FE - IN\E
FEiEE BEABESLUVUTEEELNOLHAAOKEES L — MO LABRORETZTWV. FL—MEFTILEE
&L 7=,

BRBEESLUTEEBENSEAADKEET L — MEROBEETIVE LTIE, HEAEMEHERTOD
2E—RMTHEEETILCAHEICE ZBREMEREOA VNIV ETILIDH S, LHL. THODETILTIE
ZOENREREIRSN. FE - NERBE~TEBEEI TARNRE T I2ARTORTHEHE HNN—LTWVA
W Fh, BEOTL—MEFILE LTUSGSICK %Slab1.00%H 3 H, ERSGZELHETEEMHT LEES
B TIEEWL,

AR TIE, UTFOT—4ICEDVWT, #E - NERBE. BRABESSUTEBENSLAAOKEET
L—bhDTFL—MEEEFILEERL T,

a) BEBEMOME  BEMEE T -9 (CBLRRTRME) ORFEHEBOMIBFTEEME L, BB
DBEMFE EEENSLHMAL T L — N LEEERIE

b) JAMSTECHESIEE T —% : JAMSTECH 51 % Z(F7-MSCH &K VOBSOEEIRE AR LD KF*T
L—MNEERST—950#HAO T L — M DXEBEIRDOEREICAW:

c) BiRoH : RRFD—TILER. ISCOMEHY OIS LVEHBEREESRAMA L. RE~FED T
L— MR ERE L

d) kilzoy FDALE : HEFBNMEATHELIHNS L — MERERETEAVBICOVLWTIK, X
W70y hORBICEDWT, FX100kmIBED T L — MIB A EHAICERE L

LtEEDTF—9E5HWT, FE - NEREBE~TEBBICKREL-ZHOEEHEBRER T MEUBETS
L—MNEEOMERREREL., TOMET -4 2REFETZ2ZCICKYVENRTL— N EEBETIVLEFER
L7z

F—T7—R:XKEETSL—bF FL—=FETIL, BIBETIL. BEEE
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

*HIE MG WEB. SH E=E. SHRE
*Sumire Maeda', Toru Matsuzawa', Keisuke Yoshida', Takeyoshi Yoshida'

1. RIERZERZREZHRR
1. Graduate School of Science, Tohoku University

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 Iwate-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.

F—U— K BB RERER LTS

Keywords: seismicity, focal mechanism, caldera
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Seismogenic structures of the 2006 M 4.0 Dangan Islands Earthquake
offshore Hong Kong

Jinlong Sun', *Shaohong Xia', Huilong Xu'
1. South China Sea Institute of Oceanology, Chinese Academy of Sciences

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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KR—RFBMIFOFHAMEIFE — X W =X LFROREBEL—
Triggered seismic activity in Yonezawa-Aizu area —Space time change
of focal mechanism—

"‘BAHERE ERT RAR &F'

*Manami Suzuki ', Taihei Hoshi', Akiko Hasemi’

1. I KRE

1. Yamagata University

201 1 F R A R FHED7HEN S ILFEKXRA SEBERERIZFICH T TOMIY THERAMEFTSN A
Folk, BHMEFELAY DD, RESMKELTWS, FEEHOTICIIHMEREROLAERNSERALTVWS
EHWEINZD, HRIIFEROAREBICEDODNTVWTIEBERODHEHERITRPETHSD, AMETIH, XH=
ALBOEED SEEBDOIIR (EAEER) OHEEZHAAT, FEHT IMEOMRZARZICIEFENKEZ W
HMEAFEIOHNEZLUVD., SOOFEIVTI=ZFa1—RN452BZL 3L RMEORERTIVDLWED, <
JZFa—RKHh3ULDOMEEZTRE L, FRLAET—2IEEHRBEHIS2015F108 £ TICREALED
T, Hi-netDEVH R CRRERINZEDTH D, X H= fhﬁgtiP;ﬁ*ﬂ@J@#F LalEhokedliz, D
B, LBl EAAIEBELEEOAER W, 20A LD LE|IETF—90HY ., REBENL WA HZXLER
A 100ME7F 5Nz,

BB DR IHEMBE I I NROEECHMBNIZIEAETH 27, 2ODHED D B, EFEHNERDIL
UARICEV., BOECHEERBTH S, FEBOHBEIFMERNANNI WV, EVDIRBFICEDILDEM
BEmEEZT. ZDLDICLGEALZMBEOER. BRHICIZRD & D BEDH SN, 1)ERITEEIHD
RRE (KisHIILT 5 DHRREHSEEETIT) CIAE-—ERAR. ZOMOGFTIEE—Jb~JtdtER —rfmEm
FAME., 2EBRIEVWS DDDI TR Y —IZHDNTWVWED, FEEOFRIFAIASEIFETIEIZRI—TEICE
M 2ER. ERABEIH D, 2)IHTED Y T XY —TIEERIEZ 2 > TWBHAEER. RIENOEIRE
LTW3, UEDEHENS, KiEHILT IO TICIEHEBSIROARIGEVWERZF OMEBEINOHT 20K
L. EH0OM\EICIFRIbt A I aER (FibAMR) 2/ OMBIEH T2 EEZIONS,

WL DOHDDATICE Y. ZOMEZINIFREDRA. H2WIEHREEDEBINICE > THERINEERIN
TWa, REODREBICEELH DL, XA XLBEELT DAEENH D, TI T, XAZXLBORHEE
EEARTz, WRE LI-DIEESHLMEE L TV 537.76—37.78°N, 139.97—140.02°EDQ & T, SEENFAIARS
MS2015F10B X TICREAVY I ZF a2 — R2ULEDHMEAF 7=, X HZXLBE—EBENITRO ST
ENSEN o, HMLEIZDHOEENSIGNIZOELZHE L, WERMIHKEZ4DDEHICHIT. ThE
NOEFHOF LB ET—9 217 AT EICERRKICEEHTRRL, HLBIZDHOEBENARELLERAN
o ZTOFER. BARIOERTITHEMBICEOIHLBIZAANE K, BLEIZENSY—VDELI D>, B
BIOMEE T —FERABEDOKRADBETNEBED /NS — U DL WHAHEBD /Y —> DOBFi i H 57
. OB TIEIREEDRETOREBHIEILL TWBEARENEZ 5N S,

[IRTO—TERERS L UCIRT. RIEKE. BEBERMARAHI-NetDRE T - AL, Xh=
ALBIIRIEAFZBHRCELO IO S LEFERLTEHELL, BLTRSHBLLEFET,

T —F BRBE. X = XLMR WEEER

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

IR EA. WA RS BRE A WT BR EKE. B @S i EES KNE Mtd HE
BHEHYN FiEEFS 20165 BEAMEARMESN /)L —T°

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

1. REBRZRFKAERAR. 2. Lk - IBXLE Y ¥ —. 3. BiBhiFRA. 4. Kk - B, 5. 2016FREAMESHMMEERA
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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

AHFZTIE, Matched Filteri%(Gibbons and Ringdal, 2006; Shelly et al., 2007)% AW\ T, 2016FE/EXRME
ICBWT, EEINERELAHETICS T 2MEFHOREERBEAFMICESZAZIEZEBHE LTV
3. AEKRTIE, HAREHSRAT—92MALIGEEEBRIADOAEFEALEHZEDEWVIIDOVWTRIT %
7o7=.

FREIUTOBEY THSB. 4-8HzD/NY R T 1 )V —ENT-EFETEERIC, HRE LELEBHART
PR ESEOMADIRAUINIZARY NET U TL—ME LT, MWEFEBOREZITo/. 1RV MDEREIC
I%, MAD (Median Absolute Deviation)D10f% & WS BilfE% A=,

ARY MREBICS T 2BARBOERRKOTHEELET 5 &, BH10kmLlRICH BERI=RIE, fthD
FRARICERKREREEZRNZ &M o7, BADOEBKRZIRICINA LI5S, BESRZMADDEIXIEML
TWZEDD, IRV NORBICIIEREEDHRARDT—IDNEETHDEERD.

HEE
EERTIE, WNRZOEE - BRFEIROMIC, [IRT - HAREMAFOEERURE LT, 20165
RRAMESRMEBEESRICE 2RISR T -y 2EALE L. BLTEHWELLET.

F—7—R : 2016FREXRME
Keywords: the 2016 Kumamoto earthquake
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Rupture properties of the 2016 Kumamoto Earthquake sequence
based on seismicity data analyses

St @A AP BhES. FEiR B8
*Michiharu Ikeda1, Kozo Onishiz, Naoki Nishizaka®

1. kA SHUEB SR T ARMER. 2. UEEA%A St
1. Department of Civil Engineering, Shikoku Research Institute Incorporated, 2. Department of Civil and Architectural
Engineering, Shikoku Electric Power Company

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.

F—U—R:BEAMES—IVIVR, Y1 RIvIF¥ vy T, T4L—R7—R0T47
Keywords: Kumamoto Earthquake sequence, seismic gap, delayed earthquake
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Seismic observation on northern Ryukyu Trench subduction zone
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*Yojiro Yamamoto', Tsutomu Takahashi', Yasushi Ishihara', Koichiro Obana’, Seiichi Miura’,
Shuichi Kodaira', Yoshiyuki Kaneda?

1. BFREAREE. 2. FIIKE

1. Japan Agency for Marine-Earth Science and Technology, 2. Kagawa University

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.

F—U— R EEBE. WEEH. J4VEVEBIL—b
Keywords: The Ryukyu Trench, Seismicity, Philippine Sea Plate
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An overview of the seismic activity and gaps in the Marmara Sea area

*Dogan Kalafat', M. Nafi Toks6z®

1. Bogazici University Kandilli Observatory and Earthquake Research Institute Cengelkoy, Istanbul Turkey, 2.
Massachusetts Institute of Technology,Department of Earth, Atmospheric and Planetary Sciences,77 Massachusetts
Avenue, 54-614,Cambridge, MA 02139 USA

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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The westward migration earthquakes since 1939 along the North Anatolian Fault
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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

*EA BB, A fEZ. FU—K XLy VP
*Masahiro Yoshimoto', Hiroyuki Kumagai1, Nelson Pulido?

1. BHEKXRZE. 2. R ER MR
1. Nagoya University, 2. NIED

1979F by v OAMER, TI/F7 R - AOVETREARAAHFEEWTIEET I 7 KL - IOV ETHEIC
RSEHHEE2BBICKEWHETHS. LHALAHNSI979EMBICEL T, RABRERE AW HE
E— XV M ERIBGIBEE DHEE[Kanamori and Given, PEPI, 1981]%PEAZBWEFaAV R 12— a Vi &k
> EREEREH O E[Beck and Ruff, JGR, 198418 RENTWBDHTHo7=. 1979FMED TN DFZE
BomAEBELANICL, 1906 FEDIE S OBEMREZRT 2 &1E, FRIOMBTHRET ZKMEDH
EECERTAUETILTEETHD. I TAMRTIE, EIREEE A W1979FMMEDERBIERER
HiTo 7.

FRMTIC IFEREEBEA30°H 5 100°DWWSSNOR At EFHiosk (PR L TE6=m & KFE3H) #/FEAL
f=. ') —2BE#UEKikuchi and Kanamori [BSSA, 199110 A& BAWTEIE L=, BEA /A=Y 3 Viklk
Kikuchi et al. [EPS, 2003]0AE%#EA L, MEMLDITANY ORFEESHEHE L .

BITDRER, KATRYEHIERLVILRAICKD SNz, TORTRYBOABITRESCZRDOBEEDK
TV S IZIFRANTHSZ. COMEOEREMIDEHD T L— Ay T Y TRIF30BIZETH S & H#
E SN TWB[White et al., EPSL, 2003]. AR THROLNAZDOMEDEHITARY EF24mTHo>LZ &H
5, COMEDBXRERIESLZTI7T4ETHEEHMESIND. ZOFERIF106FETI/ 7RIV - a0V ETHE
M1979F M T IMBDERZHIEL TVWARD>1FEERKELTHY, Yoshimoto and Kumagai [AGU fall
meeting, 2016]M1906FE T/ 7 KJ)L - JOVETPHEDERKEETIL & HEANTH S.

F—7— R :1979%F by v OE, BRBER, JOVET
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
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*Kenji Nakata', Akio Kobayashi', Akio Katsumata', Fuyuki Hirose', Hisatoshi Baba? Kazuhiro
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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

S[RMEMIE. NERBIDMBOERAERER LEEAENE LT, 2015878, 51 08xcHSE LR
BEMEST (OBS) ICL2M3NBEOER%ZITo7, BREIE. OBSOSMELBEDNRES L URED
2 DEET 10 R T, $50kmBEET I DMFEEE D /NN—F 2L DICKE L, ZDEET—49 OEMTICE
Y., OBSEREIICK W KREZERIZ. —TTEEBRLY EH0k mBEICMHEYT 2 &R (hHE - b,
2016, JpGU)

ZD@BIFICEY., FE - NERBEDPOLFAALREETSL—MDORAZTAME L HONDERL TN
ST\, &I, EFICZTHEOERSHEISEIHN70kmH S5#200kmichMFTH SN, LEE FTEORM
DEEBEIEHI35km T, #200~250kmTLEE TEDDHMMNTERLL RS, £, LEDFERZ60-80kmHET
VS RAYRDEEIDAOND, TDIVFZARAYIF, BArEEZESOXKLUT7OY hD80-90kmRAZWET 5 & D ICR
ELTW3, Zhid. Kitaetal (2006, GRL) T hTW2 LEMES (Upper plane seismic belt) & Xt
IRLTWE00s Lhwn, 2ok, NERADMETE SN AHHIZ. RILBEXEZ L CHHAZI TR
HEINTVWIZEREMERMOR/HE W ONELILTWS, Ad, itk —SEmEOERHICOWTIE, 7
) 23—+ > TH20km, FEiEETH30km, FILTHH35km, BIRTH30km, <) 7+ TH25km, F1) R
ERTHI20-25kmTd o 7= (Reyners & Coles, 1982, JGR; #iEF - &M, 2001, X1L; FH - 1%, 2002, X LL;
Shiobara et al., 2010, GJI; Marot et al., 2013, JGR) .

*—0—F:FE - NERES —EREHEE

Keywords: Izu-Ogasawara trench (Izu-Bonin trench), double seismic zone

©2017. Japan Geoscience Union. All Right Reserved. - SSS13-P15 -



SSS13-P16 JpGU-AGU Joint Meeting 2017

B K RHIHI-net TIR A SNZRBHIFETD/NEY IR LIE
Smaill repeating earthquakes beneath the Tokai region detected by
NIED Hi-net

1

%‘L‘

N
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1.1 X C®HIC

TL— MEROEBHN TR BEHOBEFETIE/NMEY R LEAFEE L T W3 (Igarashi et al., 2001; Uchida
etal, 2003), FEMIFICHE VT, FFERZRMHARRAEF R ORRFESAEOT—4 AW
T. 1980F~2004FDHAICEVWT 74 VEVEBTL— M LEEBERTREETVWIEEZISND/MEYR LI
ENMHE I TWS (Matsubara and Obara, 2006) . AR TlE. BFERIEFO S RAE MEE R (Hi-net)D
T EAWT, REBEMIZBICHS T IRED/NMEY R LIEDEENRR Z AT,

2. 7—4% - Fik

2000E 108 ~2015F 128 1CIb#834°~36°, H#E136.5°~139°, FE0~500kmicH W THLE L7=M1.5LL
L D20,331EDHEEEITICA W, FEZBOTOMEFREICOVWTEEL, HH2HMELNS0.1'MADOHEICD
WT. BEOLLER AT o7, EEEKD CIEHERBRBIE LB I &6, HARICE T3 ETEIRD DR
IC1~4HzD /Ny RIRR 7 4 L& —%MT. EHERFEOEBDZHT100HzDER 2 20HzICT XA —2a v & L
2D A CPREZFEDCTHEINS10/. © LIFPRERZEDQTHEINSSIKDOSMEE TDREWED DFFICDOWL
THEHABRRBEE L, ZORREHLIS., HEEBREAS, 0.80LL LOER A 1ER R EHZHEDIHE
AEDEAE/NMEYBRLMBEDERE L THE L. O TI00HzDKEH % B W TPREED 1/EIH 5SK D5/
#BET, B LLIIPREZEDTIHFIAD S40MBEDORHBICOWTHENABEGRHEZTE L, TOEREMS, BER
EREE100kmEA AR D3 A m UL E CHEBEFRMN0.95U LA & L AEDHAEDLEE/NMNEYIRLHIEE L,

3. &R

FE2EREDMIBDOIERLICI7TEN 57211947 )V —TD/NMEV R LIENMRE I N, TDIBE, B EH
BOFEDN2ELUTDIIN—TICDWTRN—R MNREBIE A LT, ZOER. 3417V —TH2FLUEIC
Eo TEEIL TLWA/MEYRLIEE L THiH I N,

TL—MERMETREZETVWS EEZ SN HMBE OMEIFESDEDREZ18~27kmTI11 7 )L—7
(COE)RELTWD, £/, HEMDEDRI23kmTIE, 17— GE)OHFRBE D/NMEY R LIIEAHE X
N7, Nadeau and Johnson (1998)DRICE DWW T2000FE108~2015F12BD L — MERD TR Y FEE
AWET D EHEROT. HREDOT. &HIC1.5cm/Feie o7,

RO - b - LERDEDFEZ28~32kmTlE, 714 VEVEBTL—MRATREL TWVWS3D/NMMEYIR
LMED ISR —HIEHET S, RERERIIVWThEEITNETHY., ZOMEDEBEYEEIXZTAETN
0.8~1.2cm/ETH > 7=,

FEE30kmLLRICEH/MEY R L EFEEI N HE I NS, REMBRIIVINEBEITIMERS L < IZEMH
BRTH>7-, ZOEETIHIZ4VEVETL— N LEETONMEY IR LUMEESISHE SN AR -7,

FEZT100kmEGEDRFHET L — M DGLAARHITHE D SR THE S N z/MEY IR LIhEDRERBR LWL T
LRETNRD 2SO UM BECETNBLAETH o7, FWICHITZREESL— N LEERTONMEY R
LtEEHE I AN o7,

S A
4. FHEm
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BERATED /MR Y R L HhESEENIEMatsubara and Obara (2006)ICBWTHiH E ., 0.9cm/FED TR FE
ENMHEESINTWVWS, AIARTIEH I 4em/FEHEESI NI, HRBREHDSHEESINZLAAADRE
4.0cm/&F(Seno et al., 1993) M SIFVWTNHEEVWREE LR >TW3B,

REHMHEDOT TR, 74 VEVEBTL—MRICBEVWTHEINBRO/NMEY R LIIEA A HEI A TWL
%, Matsubara and Obara (2006)ICHWTIE3~4cm/FEDITRYFEETH >80, KFRICS VT
0.8~1.3cm/EFETH o7,

5. &

2000108 ~2015%F 128 F TOFKRHI-netD T —4% & @@ LR, BEESIcsWTER 71 ) EY
BL— M EERERTRELTWVWRNMEY R LB IBERMDAPHRIMETREL TV, TL—rETRY
REXEARRESEUEOT —9 28 L TELONEEIcm/FE L FARKICHBEES N SHEINIEELY
B, 14cm/ETHo7, —H. REDOIBAC 71 YEVESL—MNRICEITZ/MEVRLBES SHRE
LTW3, BEEHOITIE, BEREBEAMTEONILZTIRYEELYIGEVELY HEBWN ecm/FriEDT
RYBFEETHo7zo KEETL—FDLAAHHESHEICE/MEV RLIEIREZTWVEDN, WIFNELH
AOKEETL— NHOHEZRSTHY., TL—MERTIEEEZ WAL -,

F—U—R:GYRLHE BB 714VEVESL—K
Keywords: repeating earthquake, Tokai, Philippine Sea plate
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AMEEDLEDA A=V IDOHESINZEYRLUMEREMEDOZRE
Controls of repeating earthquakes’ location from a- and b- values
imaging

SAR R B AFE
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WEIFTEZTRYRLREET ZERAL’HZDHD, TDIEEBHALSHICTEH, BB (Californiak
Taiwan) DEVRLIMEENNw 7750y REFRSE DBEKRERBNICAR, ARERTIX, BYIRLME
DREMEBEL. Nv o750 RWEFHHNSHESINZaES L UbEOEBLFMICL > TIELLHITZZ &
R, MBTOER. BIhMBE S X v b (Parkfield - Hayward - Calaveras) &WBiEtE 7 XV b

(Chihshang) OmEAICEWT, BYIRLHEHL, SLalE (2.8-3.8) BLUbIE (0.9-1.0) DAETHEET
LIEAI BN ENbh o, TDIZ &IE. Molchan®error diagram% W THETHICER TH % 2 & HHEER
SNhic, LED>T. BLafES L UbEE ST/ NREMEORVREEEN, BURLMEOREMES
AV MO—LTEFERTHZEEZIOND, TDEIRBRYVRLIME afES L UblEE DEEREEL
&, BHLOHREETZMB LS XV b (Hualien) YEMAMEBRY N7 —J THERI N 5 LEVEE

(Whole Taiwan) TiEBond. 7Y —THETHELTREOSNZ2EDTHS, 2D e, EYRLH
BNy TS0y NHhEFHDaES L UblEE DEDOELEMNREELIL. BHEOKHBRLEDEEICLIZEHDT
HBENESTIBIND,

F—U—R:#EYRLHE. aff. bfE. 7V—TWE. H)74IL=7, BB
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).
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