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We have conducted large-scale bi-axial shear friction experiments using the NIED large-scale
shaking table (e.g. Fukuyama et al., 2014, Yamashita et al., 2015). One of the main targets of
these experiments was to investigate the rupture initiation and acceleration process of the stick
slip events, which are proxies of natural earthquakes (hereafter, we call them labquakes). The
experiments were done under constant loading rate conditions of between 0.81 and 0.1 mm/s under the
normal stress of between 1.3 and 6.7 MPa. The rock sample is made of metagabbro from India. We
compiled the results obtained in the series of experiments and discuss what we understood and what
we need to understand. There are some key observations as follows. 1) We sometimes observed
labquakes that did not reach the end of the rock sample. Such labquakes are more similar to the
natural earthquakes in a sense that the total stiffness was controlled by the surrounding rock
materials. In these events, highest stress drop occurred at the beginning while termination of the
rupture was rather gradual. 2) Mainshocks were preceded by the precursory slow slip and/or
foreshocks. Sometimes, foreshock activity dominates but in most cases, precursory slip occurred
just before mainshocks. 3) The foreshocks tend to be more often observed when the sliding surface
was pre-damaged due to previous fast sliding so that more gouge particles were generated under the
same loading conditions. 4) After the friction experiment, many grooves were observed on the
sliding surface, in which gouge particles were filled. The area where precursory slow slips occur
does not have many grooves comparing to the other area, suggesting that slow slip might initiate
mainly on the smooth surface where no grooves were created. 5) The hypocenters of the labquakes
were located at the edge of the grooves based on the AE sensor array data. This suggests that
grooves were created at the initial acceleration stage of the rupture. Based on the above
observations, we are constructing the rupture model. And there are several issues that we do not
clearly understand. a) Under what conditions, foreshock activity dominates? b) When gouge particles
and grooves are created? c) Why precursory slip starts to occur at some point on the fault and
expand to both slip perpendicular and slip parallel directions? These key questions will help to
solve the rupture dynamics that occurred during the large-scale rock friction experiments.

F—O—R ! BRCRE. EERR

Keywords: rupture propagation, friction experiments

©2016. Japan Geoscience Union. A1l Right Reserved. - 55527-04 -



SSS27-05 HAMERSER S EA2016EAS

ALOS-2FHSART— I W58 5NT122015FER/3—IU (Gorkha) MIEDMREREZ#HE EREMEET L
Crustal deformation and Fault Model for the 2015 Nepal (Gorkha) Earthquake obtained from
ALOS-2 SAR Interferometry data

xR EIBE'. AT . KK BE

*Tomokazu Kobayashi', Yu Morishita', Hiroshi Yarai'

1. B LR EEE IR
1.GSI of Japan

2015F4H25H, R/3—JLTMw7.8 (USGS) DIMMEMFRE L. ZOMNBEREOSA12HICIE, AREDERBD
HiRfHAT, W.3OBRKRENFEE L. RAETIE, ALOS-2MSARTF SR TR OSNIZIREeE ZNE H
WCHELZBDDHEETILIEDVLWTERXRTS.

AW TIE, 2014FE(CIAXAICEDITB EIFSsNlz LNV RERBEOL —5F—FETHBAL0S- 207 —F = AL
fz. ALOS-2(EScanSARE IE(EN B 350kmiEE —E (CERBTET 3 E—REBH L TLS. ALS-2T

(E, ScanSARE— R(C LB FHUBHNEEN(CHRECH D TeC &S, LUVBEICRIEEZ SN BARMENDI
REEBDOEHAIC IRBELER T —ITHD. CDScanSART—I & U\ TSR E =ML Iz C E AR DR
ED1DEHE2TVS.

ScanSARZE AL\ 2 TR (C L D AME (S LB ORI MMRE S e, MRERI(SERTERI160kn(C LA
D, ZENFOMEECERERIGEDCEMUN, ETEIEENSESHDIEBMUNERNINZ. RADEEITN~
VY XME-VkmDMUB(CERSN . TRUOETOFET—IHS, ELTHRAZHBELRZECS, W
1.4mOEEMARBE SN,

AEERKREE SUBITHEDScanSAR-ScanSARF 57 — 5 & 61 TEE D strip-ScanSARFH 7 — 5 (C

Z, KEDHEBZUETHEDScanSAR-ScanSARTFH T —45 £ N =V Y A Z U ATE Dstrip-stripT5
F—4, BRREDHE ST ETHEDScanSAR-ScanSARFHT—S D 3BEDT— v REERL, N2
NOERKBET IVHEEZERELZ. EAAMN290E, ERIANMED10knES DEFEMBETERINERDS
220kmiZ150kmDBIBEREL T, T VI 7—IavVICLDBOEHRTELR. SSNEERMEET ILOSHEIZ
UTOEDTHD. RAEZSUT—SDEHRNS, NV INDILE20-30kmDEFHOETIC, RRMEDED
NEESI N, BOOHRDEIE, ERHNSHEREECHSknDMIBICR SN, ERFELOBD (IATHIIC/NS
V. BREOAERICIEIXKZIELEDORESNLEVC ENS, REFERNSEAAIGEALZEEZSNSD. BDIE
(F(SHRRLS R R D T, SFEOBD (C[FPPrABETFNAZTIND. B (FKE Limh SHERISMS50 —100kmdD
FROEEICESN, NknZBx5E, BEEBDEROSNELED. COlElF, CTNKDFEETIET
L—~EOEENSE IEMEUDBDNEBTDETIZDETHEDBREANNTH S. KAEERKXR
EEMASTBOPHETILNSRBEESNBIMEE— XY ~(E7.0x10° Nm (M7.8)THB. HdH, AERV
BARENHESLT—INSRKROSNIEMEE—A YV L EZNEN, 6.1x107° Nm (Mw7.8) % 1.1x10%° Nm
(Mw7.3) CTHD.

AEEBRRKREZEU T —INoBONEBODHREFMHICRD &, AEDBDEBORIGTRE LERKAR
EOITHEBEC, RERICEDAROL EHEF1nZEEDEEBNRN 5NS. KAERURARECKIDBDIC
&, COEBFEREBD EEETIHEUEKILOICTSINTUNDIEEZSNSD. COBDOXIENR, it
EEZRC T L OUEBNEED TSNS NIEMEMED THRMININIARBETH DM, COEETE
IMEEDBORRETDIERETDE, WIEEICHYTIBONRSEREITIAEMAHDIEEZS5ND.

HE . AR THOEALNS-27—7(F, MEFIERISAREN D —F V0 T)IL—7F (HhEW6) =&EU
T, (EH) FHEMETHEERAEEE (JAA) WSREEZ(FE L. BT —5 DRBELIAAICH D F
9. SARFEHEEMNTICASTER GDEME(ERHL F LTz, ASTER GDEMDIRT— S IR BEXZ AR UONASAICIRB L.

F—D—R : HERZF. InSAR. BOSOM

©2016. Japan Geoscience Union. A1l Right Reserved. - §585827-05 -



SSS27-05 HAMERSER S EA2016EAS

Keywords: Crustal deformation, InSAR, Slip Distribution

©2016. Japan Geoscience Union. A1l Right Reserved. - §585827-05 -



SSS27-06 HAMERSER S EA2016EAS

RILHLHIAH T L — ~ERMB DEEREE C MERKE
Frictional properties of materials along Tohoku subduction plate boundaries and
implications for fault motion

“BH H5MR'. Niemeijer André’. EE¥E ¥, Spiers Christopher’
*Michiyo Sawai', André R Niemeijer?, Takehiro Hirose®, Christopher J Spiers’

1. FERZAZREZHAFTRL. 2.I L ERKE. 3.JAMSTEC - BHAID 7R
1.Chiba University, 2.Utrecht University, 3.Kochi / JAMSTEC

The 2011 Tohoku-oki earthquake (Mw 9.8) nucleated at 24 km depth along the plate boundary.
Moreover, episodic tremor and slow slip events occurred just before the 2011 Tohoku-oki earthquake
on a shallow portion (less than 20 km depth) in the Tohoku subduction zone (e.g., Ito et al.,
2013). The frictional properties of rocks composed of a subducting oceanic plate exert important
controls on the various slip behavior from aseismic to seismogenic slip. However, frictional
properties of the rocks to model such subduction earthquakes are poorly understood. We thus
conducted friction experiments using a rotary shear apparatus on powders of blueschist (probably
distributed at the Tohoku seismogenic zone) and smectite-rich pelagic sediments (present along the
shallow portion of the Tohoku plate boundary (Chester et al 2013)). Experiments were performed at
temperatures of 20-400°C, effective normal stresses of 25-200 MPa and pore fluid pressures of
25-200 MPa. We investigated the effects of temperature, effective normal stress and slip rate on
the rate and state friction parameter (a-b) by conducting velocity-stepping experiments with
velocity range from 0.1 to 100um/s.

Blueschist gouges show a positive (a-b) values at 22°C which decrease to become negative with
increasing temperature. At 200°C, the behavior is velocity weakening and shows negative (a-b)
values. At 3002C, the gouges show neutral to positive values of (a-b), showing larger (a-b) values
than at 2009C. (a-b) values slightly decrease again at 400°C. There is also effective normal stress
dependence. The gouges exhibit a transition from velocity-strengthening to velocity-weakening with
decreasing effective normal stress. Observed (a-b) values decrease with decreasing effective normal
stress because of an increase in b with decreasing effective normal stress. Our results suggest
that increasing pore pressure is a key factor for nucleating slip leading to both megathrust and
slow earthquakes.

In the case of Smectite-rich pelagic sediments, the simulated gouges show negative values of (a-b
) at low temperatures of 20-50°C, except at the highest slip rate of 0.1 mm/s, and neutral or
slightly negative values of (a-b) at temperatures of 50-100°C. However, at temperature of >150°C
the gouges show positive values of (a-b) under almost all velocity conditions tested. The trend of
(a-b) seems to be identical with that of a, and b shows an inverse relationship with (a-b). Slow
slip events are considered to be able to nucleate under conditions where (a-b) value is negative
but close to zero. These conditions are met at temperatures of 50-100°C in our experiments, which
is consistent with temperature conditions under which slow slip events occur along the plate
boundary at the Japan Trench. The frictional properties of the pelagic sediments explain well the
observed distributions of slow slip events in Tohoku subduction zone.
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3D branching fault simulation for dynamic rupture process of 2014 Northern Nagano
Prefecture Earthquake
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The 2014, M,6.2, Northern Nagano Prefecture Earthquake broke the Kamishiro fault, which constitutes
the northern end of the Itoigawa-Shizuoka tectonic line (ISTL). Associated with this earthquake,
several characteristic phenomena indicate the complex configuration of this earthquake processes,
as indicative of immaturity of the fault owing to low activity of ISTL at this end section. One of
such is found in the surface ruptures, where the offsets were observed to be nearly 1 m for the
southern half of the source area, while such surface ruptures were not identified for the northern
half. This surface observation consists with the surface displacement distribution inferred from
InSAR analysis, suggesting the large slip areas concentrated at near the ground surface on the
southern half and at a deeper depth on the northern half, respectively. The surface break is
suggested to be a temporally stable structure for a geomorphologic time scale overlapping
preexisting fault scarps, and moreover, cumulative fault slip has found by trenching surveys.
Another characteristic observation is that the first motion solution of the focal mechanism
exhibits nearly pure strike slip faulting, while the centroid moment tensor does the reverse
faulting with considerable a non-double couple component. The focal mechanisms of the foreshocks,
aftershocks and the spatial distributions of them show the geometry of the source fault is composed
of a dipping main-fault and a nearly vertical branch fault.

In this study, we consider this inferred complex fault geometry and carry out the fully dynamic 3
dimensional rupture simulation to understand the factors controlling the observed spatially and
temporally heterogeneous features in the rupture process. We give the constraints of the applied
stress based on the stress tensor inversion conducted for the focal mechanisms of small earthquake
occurred in this region before this earthquake sequence; the maximum principle stress axis is
determined to be horizontal oriented at ENE-WSW as the overall direction of the main-fault strike
is nearly N-S. The determined stress ratio (S,-S;)/ (S5,-S;) is also considered as a constraint
together with the assumption of the vertical stress is in the lithostatic condition.

For the numerical simulation, we employed newly developed efficient algorithm for the 3D dynamic
boundary integral equation method, called the First Domain Partitioning Method (FDPM) (Ando, 2016,
submitted). This method allow us to fully consider the 3D fault geometry together with the ground
free surface effect. Each run of the simulation is completed in a few minutes with 48 cores and 15
GB of memory for the following model size: element sizes ~8.5 km, number of elements ~2,000 and
time steps ~ 400.

We performed a series of parameter studies over the stress states concerning its uncertainty in the
dynamic rupture simulation. We found, under a certain range of parameter sets, the rupture
initiated on the vertical branch fault and then propagated to the dipping main-fault. We further
obtained the slip distribution, which is dominated by the strike slip component on the branch-fault
and by the reverse components on the main-fault as expected from the orientations of the faults and
the principle stresses. In these cases, the reverse faulting slip shows the maximum on the shallow
part of the main-fault above the hypocenter, presenting the similarity with the emergence of the
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observed surface break. The vertical branch-fault existing below the main-fault on the foot wall
side seems to contribute the large slip at a depth on the northern half of the source area.

F—U—F  RERIIMOME. IRXTHBEIAK. BMBIRGEY =210 -3y

Keywords: Northern Nagano Prefecture Earthquake, 3D fault geometry, Dynamic rupture propagation
simulation
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Verification of unstable sliding behavior during dehydration of clay
minerals as elevated temperature
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[FUMIC] BHAHFRICHEDIEMERERET CMEREF & DERIIMEREFTO LR (updip limit) &F(E
N, SEREECEADDELE., FBOMERE X HZ X LOMRASEHSOEERNSBOHTEETH D, MERE
BOLRERHDZIBRIESHG DN, TOHRD—D(CIAXIIA ~—1 S+ REGEBHARSE D, TN E(L
[CREVIEIEMNRZEIT RDNSIHMBUDARZREITRDAETRDEFHERI(CI>TEILL. HMEREEN
EREINDEEZX SN TL S (Hyndman et al., 1997), CNFE THORERMLHER TIIAE LI D EEREFE (3B
BOSKECHIKZFL. BRNDEBKENED CE THEMDIRDEFZES TR TN NAREIN T
B (Ikari et al., 2007), ULA\LERS, HTHREEET CEERETOERGMHEEBRRLIZENDTH

D, FKRIGOBEDHTHIR CEETDIBEBENEILE RICEDTIEEL . BHAHFFCTIIRE LR R
(CHIAKRIGEETLTLDRG. BAOTOCIICHSERENERRIDCENNBETHDIEEXD, TC
T. AR TEERERERETUVMTIYMOBRAKARZ S ICHAERC U TULIRE T CEEBEENE DL
SICIHETBINZRXN, FKEMERFENDEEYZERI D EEBNE L,

[RBRFE] LEXFREDSE _SHERSBEE AL T. RROBLBYEE —_DnAJ0O0JO0v 0N/
(3 HEEIRERRE 1T Ddouble-direct shear& VDN BIFEE L Dfc, RUAKBYIE L U TRV RIS (B
DEVEVOFTAZERAVE, BEERAOSHERFHURY ITHEILERSMEZE NI TOET IR THEER
([CHLIT60 MPalcii— LTz, FABAM(BEKAM)DOMERFE—Y—EFT7IXTLERVTHED. FT7IXT
LICEKOBRREREL TRERSI N ZOEmESHE. R—ILXIEBUVTIREAADEEEHICERI S ETEH
"Ll AAEDEBRFECSVTHENERIGERERORPIC—ENDREERETH Y TILDEREE L(FT
WEENSERERETEV. BKPOERSFEDOENNEBRRIDECSICH D, FBKRIGIFEEL/LE
BTHhD. RIBDATRTr O IRBRLTLLBCENRFETET S, > T. AHAETIET, 3, 10 T/min.d
BEORUSIHEBEREEREL. ZOBDIRDREFZENENG.6, 1.2, 3.0 un/sTERBETE DI,
(fER, ZER] GREOTVEVOFLZ10 CT/min. RBERETRELRIERECS. BENSSRICED
[CRED T, EEEHIZIDNBEFICHTONDBBERLUL, (1)BEEERHARD T DEE. 2)BEREHMNALE
TB3EH. B)XTrvI-XVYF(RREITARD)REHERINDIEHDIDTH D, FHEIARS(IEBRE TR
TaAwH-2)w TEFENDIMEUHDOEREERE RUIZECB(ICHD. CNUITBIAKICAHEVERFIENRE(LUTZ
CEEXRLTHD. MEIYOBKEMERENDEEHERBITZIENTH D, LHALERS, XFrv-X
D DERRUCEE(E320 CHIETH D ERKDEBKNREEZE(ICEC DBE(~150 C)EHRDE(EDH
([CEBWMEETRURE. CNEBRKDODNTIRT 1 ORCLBDECHRINRKEL. BEREEZE L. 1 C/min. DER
FECERRETHEOECBERAIT>93 C)TRXFTrvI-X Uy ITHEREBINZEAERLIZ,. TNEND
BRI DRI S 12BITEB KD TOCL X ERDELSCEEL TULR EEZSND, (1)D@EIETIE, LTIy
R FREICEETDIKIAERT D EICK > THEIIYORBEOREEKEE LRESE. BEREHEARDLIZOT
FEUOHNEZZSND, Q)DOEFETE, LR UCREBRKECK > TERNICERANREC DB D IROKMN
HKSNBIZODORBEHEIRI N, SKENFL U EICLBIEBZOMRIERKEE EETEHIMRE &
B> EHERFZRE LR LEEERX5NSD, 3)DEETIE, BKICHWN RFrvDI-ZVUvwTEHRL
M. Rabinowicz (1956) CRENBDIRDDARERGEMIcI C&lcL>T. MEMEOIRNDRE. o ek
EZ5N3%, BBEEBD(IFCEMLZEEZEZISND/IISA—FIBAIRDIERH: DcTHD. RAKERTH
FHAIBNS LKL ECERBRIRDEHMEZRE LEERTREVANAEEZEZSND, UEDIENS. KR
BYE. BICKHTIYOBRKDEXKTIOCINERFEICEX DFEIARE . MEREFDLROL S
ERICP O DELRBEREE (107 C/min. 2E) T, YKNDRER DORADEE T COMERE (T L
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Earthquake swarms usually occur in volcanic areas, geothermal fields and oceanic ridges. Detailed
seismological observations suggest that swarm activity is driven by the flow of fluid, at least, at
an initial stage of activity (e.g.,Yukutake et al., 2011). Hence, it is believed that high-pressure
fluids are involved in the generation of earthquake swarm. However, recent geodetic observations
suggest a possibility that aseismically evolving fault drives earthquake swarm activity (e.g.,
Takada and Furuya, 2010). Aseismic slip is, however, known to be induced by the injection of
high-pressure fluid (e.g., Scotti and Cornet, 1994), so that aseismic slip evolution may be related
to the existence of high-pressure fluid. It will therefore be indispensable to assume high-pressure
fluid in the modeling of earthquake swarm. We may be able to consider the following two contrasting
models (models 1 and 2) for the triggering and driving of earthquake swarm if the medium is
saturated with fluid. Substantial local pressurization of pore fluid is assumed in model 1. If the
crustal stress is near a critical level, ruptures triggered by the fluid pressurization will soon
begin unstable growth according to linear fracture mechanics. Such ruptures will be regarded as
ordinary earthquakes. Hence, we will have to assume highly under-stressed media and long-sustained
supply of high-pressure fluid in model 1. However, model 1 has a weakness that how aseismic slip
evolution is coupled with swarm activity is not clear. Although we do not assume local
pressurization of fluid or highly under-stressed media in model 2, the fault zone is assumed to be
permeated with high-pressure fluid. In such model, we will have to introduce some mechanism to
suppress the accelerated rupture growth. One of the mechanisms that have strong compatibility with
the existence of high-pressure fluid will be slip-induced dilatancy coupled with fluid flow, which
is introduced in model 2. If the slip-induced dilatancy plays a dominant role, we do not
necessarily require the local pressurization of fluid to trigger earthquake swarm. What is required
for the triggering is the occurrence of small-size seed event. Fluid pressure lowers suddenly in
the slip zone concurrently with the occurrence of the seed event if the degree of slip-induced
dilatancy is large enough. Since the decrease in the fluid pressure raises the friction, the seed
crack does not begin the growth soon after the nucleation. However, the dilatancy induces the fluid
inflow from the surrounding medium, which gradually elevates the fluid pressure in the slip zone.
This can trigger and drive the aseismic extension of slip zone if the stress state is near a
critical level. The rate of aseismic extension depends on the balance between the fluid inflow rate
and degree of slip-induced dilatancy. Spatial heterogeneity in the degree of slip-induced dilatancy
or fracture strength gives rise to small-scale dynamic events, which will be a model for seismic
swarm activity. We theoretically study the generation mechanism of earthquake swarm, assuming model
2, in this study. We analyze quasi-static extension of 2D crack in a linear poroelastic medium
saturated with fluid. The dilatancy is assumed to increase with the slip evolution. We assume
near-critical stress state, Coulomb’s friction coupled with the effective normal stress and Darcy’s
law for the fluid flow. Our calculation shows that the moment evolution is proportional to t**1/2
for any values of the model parameters, which contrasts with the classical solution for dynamic
crack growth, which is proportional to t**2 (Kostrov, 1964), where t is time. The expansion rates
of aseismic slip zone are larger for higher diffusivities and lower degree of dilatancy. If the
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slip-induced dilatancy is locally negligible, small-scale dynamic slip is triggered at the
advancing edge of aseismic slip zone, which is regarded as the occurrence of seismic event.

Keywords: earthquake swarm, fluid, dilatancy
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Use of a proper likelihood function through incorporation of modeling error and a realistic noise
model are essential part of a source inversion analysis, because the shape of the likelihood
function affects choice of hyperparameters, the maximum a posteriori (MAP) estimate and its
uncertainty estimate. We propose an empirical Bayes method for kinematic linear source inversion
with physically based modeling error and realistic noise covariance.

The colored noise effects have been incorporated into analyses of Interferometric Synthetic
Aperture Rader (InSAR) and global navigation satellite system (GNSS) data. Recently, effects of
colored noise for centroid moment tensor (CMT) inversion were also discussed. However, the colored
noise effects were usually ignored in source inversion analyses. In the proposed method, a noise
covariance matrix is constructed from continuous records before P arrivals and uncertainty of phase
picking.

In earlier studies, both amplitude of noise and a weight of a priori information were treated as
hyperparameters. In the proposed method, we reformulated the marginal likelihood function to use
the known noise covariance matrix estimated from data before P arrivals and phase picking errors.
As we are not able to know the true Earth structure, the calculated Green’s functions contain
modeling error, and incorporation of the modeling error is unavoidable for the source inversion
analysis. Preceding studies approximated effects of modeling error by additional multivariate
Gaussian noise (model noise) for data. One of the advantages of the previous approach is its
simplicity. As a posterior probability distribution should still be a multivariate normal
distribution, MAP estimation and its uncertainty estimation are straightforward. However, even when
assuming multivariate Gaussian error for the elements in the coefficient matrix, it is shown that
the theoretical likelihood function is a skewed function and not a multivariate normal distribution
function. Thus, the previous approach biases the MAP estimate and potentially affect choice of
hyperparameters. We propose another approach, which does not use model noise approximation, to
incorporate effects of modeling error into source inversion analysis. In the present approach, the
Earth structure is assumed to be a random variable, which follows a known probability distribution.
Then, the Earth structure is marginalized to obtain a posterior probability distribution of the
source process. The proposed approach naturally incorporates associations of modeling errors for
different type of data (e.g. seismic waveforms and surface displacements). As the marginalization
is not analytically possible in most cases, we use a Monte-Carlo method and obtain the posterior
probability distribution as a finite mixture of multivariate normal distributions. The MAP estimate
is obtained by using a numerical optimization technique.

F—O— R BRBEEN. 8RR E ETIVERE
Keywords: Source inversion, Empirical Bayes method, Modeling error
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As a statistical model of seismicity, Olami-Feder-Christensen (OFC) model, which is thought to
represent the stress distribution on the fault plane, has been studied and found that the model
reproduces statistical properties similar to the real earthquakes including Gutenberg-Richter law
and Omori formula for aftershock sequence. In most cases, OFC model has been studied on
two-dimensional lattice, and the system is uniform in the sense that the cells are under the same
condition. On the other hand, it is well known that earthquakes occur spatially non-uniformly.
Recent studies showed that the network constructed by connecting the epicenters of successive
earthquakes behaves as a Barabasi-Albert (BA) type scale-free network. Therefore in this study we
simply incorporate such a spatial non-uniformity by thinking the OFC model on BA scale-free network
and examine the statistical properties. This model includes two parameters; one is for the model
construction, and the other is the dissipation-rate between nodes during stress redistribution. We
mainly study the dissipation-rate dependence of statistical properties.

As a result, it is found that the magnitude frequency obeys nearly power law as well as the GR law,
regardless of the dissipation-rate. Furthermore, by changing the dissipation-rate, the statistical
behavior varies and is roughly categorized into three types; (1) Mainshock-Aftershock, (2)
Foreshock-Mainshock-Aftershock, and (3) Stationary sequences. Especially first two behaviors are
similar to the characteristic intermittent-clustering behavior of earthquakes.

Characteristic feature of this model is that even if the node has largest degree, sometimes
multiple-releases occur in one event. During such a large event (regarded as the mainshock) stress
redistribution is repeated between large degree nodes and overwhelmingly many smaller nodes.
Therefore, as almost all nodes in the network are involved in the mainshock, aftershocks in this
model are not considered to be the events releasing the remaining stresses which are not released
by the mainshock.

In order to understand the role of aftershocks in this model, we propose a roughness parameter,
which is thought to reflect the non-uniformity of stresses on the network, to make clear the total
behavior of OFC model. With this parameter we found that aftershocks are not thought to be the
events in order to release remaining stress at the edge of the mainshock rupture zone, but to be
the process that nodes interact and cooperate to return to a stable roughness level specific to the
construction of the network.
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ZEENHD, T TRERIRDCEIDZOEBDICLRTEIDZLDHAIINERSNB 6, BRELT
ZOEBOINEFRETS(CRKEILEDIEVSENDTHD. MBESAEOEAKILHIEEICZDIGHEDE
[CLDTZZE5NTLDZS, ZOEENASVMEIER(CK > TRREICTLT B C & CERNLERBE DS
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The detection of frictional heating on faults is a key to assessing coseismic shear stress and
frictional work during earthquakes. Raman spectra of carbonaceous material (RSCM) have been widely
used as a geothermometer on sedimentary and metamorphic rocks. We examined whether RSCM can be
useful to detect increased temperatures associated with frictional heating on faults. The studied
fault rocks are a few millimeters-thick pseudotachylyte derived from chert, 10 cm-thick cataclasite
marked by fragments of chert in the carbonaceous mudstone matrix, and ~1 mm-thick pseudotachylyte
derived from argillaceous rock, which are distributed in the exhumed accretionary complexes in the
Mino-Tamba and Shimanto Belts, Japan. The results indicate that the intensity ratio of D1 and D2
Raman bands (I,,/I,,) markedly increase in pseudotachylytes, while increased I,/I,, is absent in the
cataclasite. The increased I,/I,, values in pseudotachylytes are considered to represent coal
maturation associated with increased heating along the localized slipping zone of less than a few
millimeters thick. The absence of increased I,,/I,, values in the cataclasite may reflect the
restricted temperature rise, which is consistent with distributed shearing along the 10 cm-thick
slipping zone. The I;,/I,, values are also increased in the chert within ~2 mm from the upper
boundary of the pseudotachylyte and drop to the background level >2 mm away from the upper
boundary. In contrast, the increased I /I, values are not observed in the chert below the
pseudotachylyte and the argillaceous rocks above and below the pseudotachylyte. The measurements of
thermal properties suggest that coal maturation in the chert within ~2 mm from the upper boundary
of the pseudotachylyte is attributed to the higher thermal diffusivity in the hanging wall chert
relative to the footwall chert and the argillaceous rock. The increased Ij,/I;, values in
pseudotachylytes and the chert within ~2 mm from the upper boundary of the pseudotachylyte indicate
that coal maturation can occur during short-lived thermal events such as frictional heating on
faults. Therefore, RSCM is useful to detect frictional heating. However, the conventional RSCM
geothermometer cannot apply for the estimation of peak temperature during frictional heating on
faults, because the maximum temperature determined from the RSCM geothermometer is well below the
minimum temperatures recorded in the pseudotachylytes. The reaction kinetics incorporating the
effects of rapid heating is necessary to establish frictional heating thermometer on faults.
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The redox state in fault rocks provide valuable information on the physicochemical properties
related to the fluids during seismic activity (0'hara and Huggins, 2005). However, there are very
few studies on direct clues for fluid activities obtained from fluid inclusion (Boullier et al.
2001) and estimation of fluid contents using micro-FTIR (Famin et al. 2008). It is usually
difficult to distinguish between syngenetic and postgenetic fluid activities from altered and
hydrated fault rocks and pseudotachylytes that indicate paleo-seismic activity (Kirkpatrick and
Rowe 2013).

Here we focus on carbon- and sulfur-bearing minerals in fault zones in order to understand the
dynamic changes of oxygen fugacity (f0,) and sulfur fugacity (fS,). The study area, located in the
Hidaka metamorphic belt, Hokkaido, Japan, is a metasedimentary unit where cataclasites,
ultracataclasites and two different types of pseudotachylytes; Pst I and Pst II are distributed.
Pyrrhotite (N[FeS] = 0.92-0.94) + Kfs assemblage is found in Pst I matrix, whereas biotite
microlite + Kfs assemblages with fluid deposited graphite is only found in Pst II matrix. The fluid
deposited graphite is only observed in the Pst II matrix, which was generated at around 1200 degree
C, and characterized by the breakdown of plagioclase and apatite. The carbon isotope composition of
the fluid deposited graphite were between -18.2 and -25.4 permil, shifting the carbon isotope
values of +2 ~ +3 permil from the metamorphic graphite in protolith, cataclasite and Pst I.

Our observations suggest that the graphite and sulfide minerals converted to COHS fluids by
frictional melting, and then reprecipitate as secondary minerals under favorable f0,-fS,
environments. In order to assess the redox state, we attempt to estimate the P-T-f0,-fS, phase
diagram during frictional melting. The thermal decomposition of biotite coexisting with graphite
and sulfide minerals are deduced as:

Annite in biotite + 3Pyrite + 1.5Graphite = Sanidine + 6Pyrrhotite + H,0 + 1.5 (0,

The breakdown of biotite changes the redox state to the more oxidation state at ranges between
delta FMQ +0.5 ~ + 3.0. Under a high-temperature condition (> 1200 degree (), biotite microlite +
Kfs with fluid deposited graphite are usually observed instead of pyrrhotite in pseudotachylytes.
This suggests the negative shift to biotite stability field by lowering fS, and f0,. In addition,
using the positive 2~3 permil shift by carbon isotope fractionation, the calculated xC0, (= CO, /
CH, + C0,) ranges between 0.12 and 0.03. The calculated f0, is evaluated between -21.6 and -22.0 log
10 Units, suggesting the CH, dominant fluid based on the estimated ideal fluid mixing model. When
the fluid composition encounters the graphite saturation surface in COH diagram by supersaturation,
the fluid deposited graphite begins to precipitate with hydrous silicates such as hydroxyapatite
and titanite, and shift the large carbon isotope fractionation by small fluctuation in xH,0. Such
precipitation model is in good agreement with the microtextural observations in pseudotachylyte
matrix. The most important implication of our finding is that the redox state in both types of
pseudotachylytes are controlled by graphite breakdown. Our finding of fluid deposited graphite in
pseudotachylytes suggest that sediments can produce the COHS fluids by frictional melting and the
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graphite play as a reducing agent in fault rocks.
References: Boullier et al. (2001), JGR, 106, 21965-21977. Famin et al. (2008), EPSL, 265, 487-497.
Kirkpatrick and Rowe, (2013), JSG, 52, 183-198. 0'hara and Huggins (2005), CMP, 148, 602-614.

F-O—R: 03770 b RRRZREBMUE Y1—-—F5FF51 . BILETIE
Keywords: Graphite, Stable carbon isotope , Pseudotachylyte, Redox state
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Aftershock distribution and focal mechanisms of 2014 M 5.4 Orkney earthquake, South
Africa, by using underground seismic networks in gold mines
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Prediction

The M,5.4 Orkney earthquake occurred on August 5, 2014, near Orkney town, South Africa. The
mainshock and aftershocks were recorded by underground networks in gold mines, which are composed
of 46 three-component geophones installed at 2-3 km depths. The sampling rate is 6 kHz. The
observed waveforms have high signal-to-noise ratios and contain higher frequency components up to
at least 1 kHz, which provide the opportunity for precise determination of aftershock distribution
and source parameters. We determined hypocenters of 2000+ aftershocks by automatic earthquake
location software from Home Seismometer Corp. (Horiuchi et al., 2011). Aftershocks distributed at
depths from about 4 to 7 km forming a 8 km-long in the NNW-SSE direction. The distribution agrees
with one of nodal planes of the mainshock focal mechanism, suggesting that the mainshock represents
a left lateral strike-slip fault. Aftershock focal mechanisms were determined from P-wave polarity
data as well as body wave amplitudes. As a preliminary analysis, we analyzed aftershocks with at
least 15 P-wave polarities and obtained 137 well-determined solutions. Most of aftershocks show a
pure strike-slip mechanism that is similar to the mainshock. We also found some aftershocks whose
P- and T- axis deviates from the general trend and contain normal or reverse faulting components.
These events seem to distribute at the middle and the north of the aftershock distribution,
suggesting the existence of local stress heterogeneity. Further analysis of aftershocks is needed
to elucidate whether the heterogeneity was caused by stress changes due to the mainshock and/or
associated with locally formed pre-mainshock stress regime.

Acknowledgements. The seismic network used in this study is operated by Anglogold Ashanti and Open

House Management Solutions. The data processing was performed by Institute of Mine Seismology. The
data ownership belongs to Anglogold Ashanti.

F—O—R 1 20014FF DO "B, FHIL. 7 IVUN. REDH. REEERE
Keywords: 2014 Mw5.4 Orkney earthquake , Gold mines, South africa, Aftershock distribution, Focal
mechanism
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BE I NDIREFOEBEANADILE (2)
Responses of Stick-Slip Oscillator to Periodically External Forces (2)
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H<H S, MEFBORBMEPLZEIMICDVT. ZORNEMUEICET IZOMENLINTSE Tz, &
Iz, BETIE. ZOREBRFI TEHIEMENRENTULD, TV OEHAERELT. BAIxIE. I CLIHE
HCHIGNELEER U CEFS & MEK - SEFEY & DB (Tsuruoka & Ohtake, 2002) . L — ~EBRE
BEFRES TRE T SEERMENEE CBFMY & DIER8 (Nakata et al.,2008) & ZDRBRIIFEREIGEND
1RIE( Ide & Tanaka,2014) . KiMENDFEEE BORIES) (8.85%) & MER L EYMRDIBREEDIRIG
(Tanaka,2014) . FXUNITHRUSNTE MBS T ICH(TEIEXMERERPOSEIM (Mogi, 1969;
Ohtake & Nakahara,1999) (CM1Xx. AOEEEE (18.614F) & MOIEBEMIER(Ide & Tanaka,2014). MEE(F5
nsd, e . FIEEART L —RBRICEVTI-6ENOAPREFDEDEUMEBRNEL. Z0Po><DT
RORKRSIEHEE RV H—LUTUVBEVSEBRAESINTULS (Uchida et al.,2016) o

CDOESIC. 2D ITARD (SSE) NS KMECEDMEFTEC(IEAPEENRESND, Tl2TL— HBRPRW
BETROBEUAREIIMECEBEBETS I IILEVWDSUILEEHHREE D EBEKRARS NS, BIENEEM
ZHEK - BFEEY E VO TZTABRANICH T BEE - IRNDIREIFOREFIRKRE LT, IBEBDMEREY
1O E. PIARUTrADEE - IR FRAOMEEERANSE U SEMAERR. EaiEz 7 X R
T EAOBRORFRERE S E L. GAEEBNSBONRE - WEKEFERAICEDMERE >
SaL—YaVEFRERZSBTEINREER (BIX(E. Kuramoto,1984) EHU\T. FIC/LMEE

g - MERFEYOETIVERBREL. WEEESTHEBIE I BN TERNEMERERKBLR,

Sugiura et al.(2014)(&. FRERKEAFERA(CHESER/NR - RS —EFILCORABRRERANTNS
N BN NADIBEEEIRARSNTUEL, T, FF(2015) (HAMEZR2015FEMEFERS) T
F. BEIRDERDERIIBHEDNRIS 1Y —IREFICAPENANANNDBIEEDRDOGEERE L

Izo RERFIZDHEHRTH D,

F[FR(2015) TlE. METr I ILPDIGHZIED1/10. 1/100DIRIEZE € DEEHEMNANDRIMND D EE. ADDOIRE
HEfe, ZILURRDIREIBEfcE T E. ferfe=min(m, nEEWVCELENER) &L Zn:nAHRER (BEND
REEREEEND) MESNE, EYIC K DIRIBITEKPa~10kPaiZEETH D IGHERIED/INSILSSEIC (TR IC K
SEENNICLBRERESN DA E RIEL 2.

AHEKTIF. APERCHAVSNTOSUMELEHGERE> =1L —23aVICEKDRD. mnEHICHTBHE
HIRE VWD IZIRRICDVWTDERBAESRH Do RICE—DIRE T ERDIREBE R ONANADLEER
Do HDTULVEEERNEMER - SEEFFSETIVCEDANERVWTRIESRH D, Blc. LEORBPRRE
([FRNIC. AAETEIAPRRICSVTERIREVRRNAERSINCEOTHRET D, IENDSE. mn@EHEUAND
RN NTDBZE. BORUERBHAKEIESDOCEREKARS Nz, BEN S IMEEELBEREUER (8
REHATo) 1MEZEDEBFINDIREFICEBARBHEU LOBBREROANEMR S L. 11TRBERT
Te=TTEODHNNIHSUEOABRFE TARPEIEP L TU &, BORUEROEEREZN/EONS17-18E(CIBX
IBIBRRMESNC, THCDBE. ROFINEHIRVOBEBARBHE (FREBIESEV, SSEACHEFE)
DERSNZEBEEICEHIBENIESDETNRESNIBENZL, FZMEEB~S IJEAMEDHRERRMN
200FE~9FEE(FS5DNTVNDBLDIC, HETTIILICEEDRUBRICAKZTLEEENESND, RAKRTES
NIEERRKNE DL DICC DE > RBRROBAICRIULDNIAATH B M. BIKFVRRTH S,
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EREZEN N DI DOEESY BB~ S TOXXO-MECH (T BRI
Frictional properties of mafic metamorphic gouges: Implication for slow earthquakes along
the Nankai Trough

*fA &P, Niemeijer André R.% Spiers Christopher J.°. t1F &'
*Ayumi S. Okamoto', André R. Niemeijerz, Christopher J. Spiersz, Toru Takeshita'
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TL—RBERO—DTHBIEE ST TlE, EXMEE XO-MEOESMN-30 kndD(FFE RS THRR
ThTVD. TL—CREBRICIITIMAZERT SEBYP, BFHR - VY MVEBRT 5%

B BEREEYESHRIMENEFET S. NFAHFFCRETIMEOANZ_ILEERL, BRECERKRE
L ENEEZEZRI DEHICE, SYMEOYIMENDCENRETHSD. AR TIEAF AT T rVEVE
TU— bt LEBOEFRBREER DN, CNSZEBRT SEaNIMEFEDENREBRIERICL>THRRAIC, T
TEBDMICELL TOK CEITEIRTIVENRSS. MBS TITEFAT T« UEVBTL — ~DMEFRR
(&, ZORE-FESFOT 77U (Yoshioka et al. 2013) KD, FEE~10-20 kmTld

prehnite-pumpellyite (PP) #8h\Sprehnite-actinolite (PA) O LURERS (6S) HEEE, ~20-30 kmT
([FeSHEMNSIREATEBRE (eBS) HIARIIHFELANE (eAM) HBEEDEBFRZER(TTULS LTINS
(ZRHE(IHacker et al. 2003 D) . RADREBHFEPEEREDEBBORENS(S, LLEBIKRIEOK
TOREBEACARG, BiRiER, RNERILIMOBEEZMAARECRBEMEN TLSCEMRASHE
ok, CNSHRIIMESEEEICHIBIREEDBRD ) —FICE>TRELEELTVBEERS
N, CNSICEERERTZCEICLO>DTZEDEFNDIY) (e.q. RER, HRHER) MAIEDLS(C5B
FOTCVBEHEINSD.

AAECTIE LEBORRER(CEDE, SHEEDENRG T COMKINESHERINT B/csh, 7OF /R
A(Act, -85 %) +#BA(ChL, ~15 %) BEEWZAVTERERET oIz, ERR(IBKIOE T A Kl ER
(Utrecht Univ.) ZRWVT, BMEBERI(g,") 50-200 MPa, RIBR/KFE(P,) 50-200 MPa, SRE(T)
22.5-600°C, IARDZEE (1) 0.0003-0.1 mn/sTITONR. ZOMER, T = 200-400°C T, BEEROREMKFIE
ERTINSX—H (a-b) (30" & P, DAANFEESZ(TTVBS I EHERINE. FREEEDHEE
(a-b)IFEEM, VOBMICHE > TEICELT B M DhoTk.

BTEBUVEEL VY (V= 0.0003 -0.001 m/s) TD (a-b), ¢ & P, O BBRNEELERHWL DK

&, EBLSIDP-TREICHAEL, (a-b)ERERELL (A= P, / (¢ + P)) LEEISADBEERE#RL
z. ZORR, Act+ChlH DI THORLEIANDPRESGEFEDZHICE, 4 = ~0.92-0.95% 8 X SEBRELLNR
MMBTHBDCEMNRINE. ULHALERS, (a-b) [FVDBMICH > TEILTBERAERLTLBRESH, RL
EITARDFEBEAICK > TERINIZACt + ChUEEBHP CERERKEDHZSICR SA8EMNRE 3 ED
D, IMRICHEO>DTREEIRDALEL, REFELBIBAARVKMIEBIDCELLLBLETIEEZSND. Act
+ (NADIEFRBRELTRAO-MBELDZERETIND, $Z5< ELIMYEHEDES LCEBERD
ITEUREEEDOEER (DFDTIRI T ) [CIGNEEFIEIEERISNS.

Keywords: metamorphic rock, oceanic crust, frictional behavior, Nankai Trough, amphibole, pore
pressure ratio
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OBV AHEFTL— ~ ETERES N IT £ MR TREREYI O BRI & SRRSO BER
Correlation between frictional properties and deformation textures in frictional
experiments on the biogenic sediment collected from the oceanic plate offshore Costa Rica

WA BHE'. 2 BA
*Yuka Namiki', Akito Tsutsumi’
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EXMEZEFCSH, RO—XVyIPT 1LY MIEEERRES 1 TOMERTL — MEHAHRICHVT
HAINTUVS. TL—HERMBMEOERIFEE, COLSBBRRIEIRDBH(CKILEREESZD L
ZXH5NTULS(Bilek and Lay, 1998 7KE). &, RICEEB S T OMIEHEBYIC DUV TIIHRENE

&, FOERSMMBES N> TS (Brown et al., 2003 &), ULHL, it EHBYILIANDILHAH
BEOTL— ~BRMBYEOERIBIEZFZEAEESHICINTUEL. AREE, BEEDLVHIRICH
IIEMERERYICEBL, BRERICL O TZOERPBEEHESNCIDICEEBNELTUVS. KRR
T3, IODPMExp. 334H K VExp. 3MCHFVWTIAXRBAUAHIOART L — b~ ETERINZRXKEEICHFSIA
FINDHESE - AREFCEE AV TEIRERETOL.

NI TOMRET, HE - ARETRIMIEEBRYE FELIUTOL OTERFEE R T C EMBESHIC
o> TEz: @0.6—0.8C L\OFVERRHMOEREMBEERYI. 0.0028—0.28 nm/sDRET CERNEDRE
TEFHE, 0.28—2.8 m/sOREEFTENEREKREFUHETRYT. QNLDICERNEBDIRDEEKEFLERT
EVSRHIZE, HEE - ARETETRORBED CRIBIT D2 IRDBARRZREIRD L LD AgEME R L THD
FETH D (Namiki et al., 2014).
COLSERFHNLERSHE NI BREED 20, EE - GRETEDEBROER S THIIEREI Y HE
FAUWTEREREZT Oz, XRARFRPORFEPEVORODER TR EFRIFTIZIEREY Y NOUEEFARD
e, BECLDES - BIREFBIONILY A LEREIT D ETCEIEIEREY ) hERBRICFERL
Iz. IEREIUNSUTOERBMERURZ | ODBLZ0.6EVVSBEVERNEEEEZSRI. @0.0028—2.8
mn/sDREF TEBNBORELRFMERT. OKD, HEOWHKD THIIERES ) ANES - AREEE
[GEVERBEZETRI CEMRESHCHE 2. e, QIFEE - AREECEDER N Em/s TIEDREKZY
ETRIDE, FREIVVHENIVY A EDERBICLDIFETHDICEETRELTLS.
FROLSHERSEE R UIEENORBEOMEE, SIMEROTEHRURZ. 0.28—2.8 m/sOREE CER
REOREKEFEMERULHEE - AIRETWET(E, EES JUAKREFEMBROTERE SN L TR0 RIR LIz
EAEINBRINZ. IRDDOEFMEIERESNT, MBFDMAEIE> CTEEEBERDPMmLTUS. —

73, 0.0028—2.8 mm/sDREFH CERNBDREXKEFHERUCIERED Y NTE, EAEIIDG DEEE S
VEBMNERINZ. EAEBRFIOEVERICENFESTURIEREI YIRS HLTULS. COBEBOIERE
DY RCEEYRBROEIRRB SNILL. EAEFIDSG B EEIC (TR (CXT L T10°~ 20°RIR LIZEIMBNE
BRELTCVSD. e, COEMBERUBMAICEFLUEZD Y DEEREINE. Tkari et al. (2013) (FEEER
NE0REKFME R CAREHEBYOEREZIERITE Y —FIVEAEEBL CTUOVeE|REL THD, Kf
EDIREII)ATEY —FTILERNREZEL Iz EEZZS5NS.

FoO—R  ERER. WNTEG. (RISP

Keywords: Frictional experiments, Shear structure, CRISP
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HMIFRAIE & ME-2011FERFEILERNE
The effect of heterogeneous crust on earthquakes:a case study of the 2011 North Nagano
earthquake
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*Takashi Miyatake'

1. KRR BT
1.Earthquake Research Institute, University of Tokyo

[FU®IC

MBS D AAENMBEARIGNERITEICL. ZOBRMENARETZIEEXDCEIFERTHS D, MER
DN EREDRFED T, HHIZ(FTHEL VY ML OHIRR TR OB NRAZEE(CHDEITFTHIN. &
R REEE IR CHE 7 XY T UBMNELD EVSHEHER. LU, KR I TR E(C
ZIIEFEO>TUVBREEZISNDICENS, HEMBDFES CIIHUEEEBETHIDEERD, CDLIHEEZXD
TE. 2004FPBIMEOERITD 3 XTEENFBMET7 IR F BB NBETEREL SIS EMRE
PEERVE 3IRTIGABAHS DN >TULS (Miyatake,2014) , SEIF2011EETEILERIIE (T L FiEH
ISR ETT S,

BE L ERBERE

3RTTHI TS & (dMatsubara et al(2008)%. EERISIRTOEEETT IV (2012) ZRAVZ, BHETEIS
FRARE100M DIRTTEMETH D WRET(Z100x100x50(km'3) TH Do HEHEBREHO/KEZIGHAMREI(CE
BRI ESXMOBEE DY —KEERT, RESEHERE. EEE 7t/ XTI 7HviscousTH D&
ZERLU CEHRBREGZERLUI,

fER

EEEHEICHVT. BEIEMOMENEIEAREBED TIHIEXHE T (IS BB E ARG N EMTEBER D DLIZ(F
EHBRT Do HHCDEIFE. KENCIKMBERGNTHRBILLURZIGHBETE(CHE T DT, AR TIEFR
ELT. COPHmISEET %,

ER

BIBIKIC 77 XY F 1 (LD BB HETEHE BONIBLAEATIEL TLWDLDICRZXZIZEHD
Nolz. I UREBSHETORSRENERERET V/IN\—J3a VORMREICHRTHEODEVZOH. SN
LEER AV DHEAN D T ULV 2,

FoD— R MEEE. KBS, PIRUT 1

Keywords: crustal structure, fault stress, asperity
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The Effective Stress Law at a Brittle-Plastic Transition: Analogue Experiments with Halite
Gouge Layers
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We investigated the effect of pore pressure P near the brittle-plastic transition (BPT) for a
halite (NaCl) shear zone. Our series of precut friction experiments with a gas-medium apparatus
with temperature 7<200°C, confining gas pressure P.<150 MPa, and P,<14@ MPa revealed that a tanh
connection between the brittle and plastic regimes works well even at elevated P;, with a
coefficient for P; in an effective stress law abeing unity. Plastic deformation around the real
contacts independent of the mean stress results in a=1 regardless of the ratio of the real contact
area A/A. The functional dependency of the shear strength on the effective normal stress may
deviate from a linear dependency with increasing A /A. The present findings support a smooth
transition in a hypothetical steady-state strength profile around a BPT, providing new insights in
geologically obtained paleo-stress data in exhumed mylonitic shear zones.

F—O—F  BMICOR. Ml - BB, BERER

Keywords: Effective stress law, Brittle-plastic transition, Friction experiment
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Rupture process during the 2015 Illapel Chile earthquake: Zigzag-along-dip rupture
episodes
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201598165 F U thILER1 SARILHICH UV TMr 8. 3MEXRIMEMRFEE L. Global (MTASOTDANZX
LEBJEATKHBEREEZRLTED, BFALFTIATU—LEA7XIUNTLU—FOBRTRELZIIEEE
Z5ND. GPSERICK > TEREBEAIOTL — MEOEEXRFFF1005ERBEBESNTHD, FERFHIN
TULEHETH oz, FRERFEILES LK UILEEETIE1997EM 519984 (CH\F TIEMEMT R D (CHESMEFE
EOBRMEFHMNEEEL THD, 2015517 SRIVMEOERIT CTEIA(CHEE UTIZ1943FEF Y - 7S5 /_ULit
E (Ms 7.9) B, L —+EICERBL CETEHNRERNICAI—(CBRS N TSI s TR E UIZE
VW23, MWERBOBEBREERODDEHIC, T —VEBOFAREEEZRBUIEET YN—J3a VES &
UBEENER%E SFEE (CHERE I SHybrid backprojection (HBP) HEZ EMEMAKEPKIGERL, IO
EBEREK (0.3-2.0 Hz) ORIERHELNRT SC & TRAVEREEEZ NN -9 3EREETETILEBRL
2. KBREEREBRE, tARAANIZSTIIVIEBRIGE, SLOEROMECES LIERNSILAT?
kmICIB T 37 AR T HETHHEI(T5N3N, MREFEAMOE>THDE, MBOERARAANIST
O (CHBIBENETIT S, VHRRE TR DOEMIBIRTIEY —REEDEMDM oz, BIERIRN S
BRBEEROHNEE—X Y MERE#HVEARS, BIEIOY SEIERN S EICHBEXRIBACFEARICHET
SBIEEFERL CL\D (VHBSE). BUERA27ME, BRI OY ~EIMEREBCHEL, BU\SEREIE 1
RNYDOEFZERYIDI(IC, BREBUOKMBOFRDHSRBAEIXEAAICHBEULERSKELEHMEITRDEE
250U, M THIRIBIFELET S (FRR). BRKEOMERIEIEET RO OREBBIHIC/MLTS

D, 2010FEF ") - VI LMELMOEHAFREXRMEOEABER EBAENLEDHERLTVS. SEKEDH
EIRBCEEEHDIVEITRDRENSEERML TR EEZXOSNDN, MBERTHRELCBVEEAR
DR A~ (FIRIBCREOMERE RILUTH D, 20EOBRBEIEY —RE Y AU EED. KIRE
FRIR(Z1997-19984F (C3ERL U BFRMMEEBRICUE L TH D, BREILLR(ICH OSNDIERKEDSEREEEE K
ERLEE & BRMMERE BB OBERR 5 S VI IRBOBRITICHIE DO Y hMMEA UBIRGBEREMN
BONTERELECEEREBLTUVDS

F—O—R ! EXMEOEMCREER. NvoTFOII o3y, KEITYNN—-I3Y

Keywords: complex rupture process during megathrust earthquake, backprojection, kinematic waveform
inversion
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On the magnitude and heterogeneity of crustal stress
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1. (FUGIC

WRRIG (. MEDORELBROEEZEEZ XD LTHRICEEL/IIZA—ITHD. LML, HRESBOEA
WIS DAZT S (AT, ENIEHEREN)EHEIT D EFIEECHEHLL. ZOEHRE LT, )IEROXE
NN OEHET(FIEL BILDEFIKFET B &, DMET—INSKHBOIRDABEREL THHIBEE
HEITDFETIEIERNDAMEARTELMMEEEREVNC &, IHMRANSIENZEBEAETRELDSERE
EIHET TTHDE, FEREFSNS.

ZD®, CNETENBNIEEADEREBOBRMNSEHINTLZ. AIXE. EEOEADERZKHT
530.6REZAVTHET D L. FI10-15 kniZE TOMRBRADMEXN G (FTHBEMPaL IEEICKEL, HIE(C
KBDEEREZEDC K —EBICBEE0N.

—7, YUTPIVRLUT7IRBICHEVT, HRARENLICHICET ST —I9N5. BNEHEEREZSRELD
FdMNSTOAEEERR SN, CORBRBEREEABREOBEE MIRRGNBEL & KEN, 19704
NSREEFRDCASTERPESTHCLUTULIN, SELRIKRBERTHS.

2. IENIGTIOKEST EARET—

HiphithER, MARLE T, MEEZRI LEBNNDETHMOFANEECELLTUDEVSTRERLEI N
(Yoshida et al., 2012). COC&(F, BRICHEMBICLDIEILAHARRRBETH D L, DFD, #BXILH
LARILBMEVATEEMZE RIBLTULSD. ULHLERS, MARICH(FIFRIHHEC LD NELOEEFEVE
L1 MPaiZETH D, BREDMEDGNIBTELREEAND LA/NST Lo, COBRSICFTRURNERRS
3. WRADGHEASHEEEHABEEFODENDTH D, ABHSOBEANRSED L, ENICHRNNEISHE
BRBEEET &L, BMTE, FIGHBOBENZILLIELSICEZXDEVNDSEDTHS(Smith and
Heaton, 2011). 5. #ENGHOFEHLARIVIEKEL. DRHEERXETVEEZZTUL S,

3. IBNOARHEEIENEESHDEZN ?

CDOESC. BRTIHETISHAKREL., NSTVEVWSHEDEXANEEL TULD, T T, BEICHRLE
BTE. IDHADRIEFENDEESH DB INE. ERNICRTL THic. HEEEEHEATHNE. AEBICIET
DAHEEECIBICERHLLVDT. AMEIEELT. SYSLEABAICHRLU TULVSERBEMNIER(C/)
TVESHOKBEZRE Uz, TOMEBENTE(CIDHBRI S CECEiD. ENBREDRNIOARZENRED
BDHERSTLUTCHIZIRTH D, TOER. VSV IBEMDIBEE. DFTD. BASESG 2D (ICBRURTDWKE
M1 D2H3E0D. ZHOMBRSIIHERICHVTE. RREMICHDEREILIIIER NSV EHRD
Molze CNIE. MIBERDIDNEFBOAET TN, MBORS(CHARTF>E/NTVC EICBERLTULS,
COZElF. WRADGAARHAEGFKESEDB/LEVNCEETREBL TULD,

F—O—F RGO RE—. MEREE

Keywords: crustal stress, heterogeneity, seiemogenic region
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ETAS/ISSA—S5DEETIVTI XLICLB/INZDE
Variability in ETAS parameters depending on estimation algorithms

*=# X AR

*Yuta Mitsui', Jun Kataoka’

1. B FEPEMIRRIERL 2,57 - BMAXFZEZERMERRZR

1.Department of Geosciences, Shizuoka University, 2.Faculty of Science, Shizuoka University

ETASEF JU(Ogata, 1988)(CKD. HBMEHCHITSMBEDRERINSREDEEZ DRV CEEMETE
B \mu EHEITDICENTED, Hl&E LT, Llenos et al. (2009)(F. P> < DEFICKBIGHRDEARMN

\mu (COHFEESX. REODFREEFHEI(FTBETASETILOMD/IIS A=K, o, ¢, p)IITEBZRTHD
CEZ'EMRUIZ, Ide et al. (2013)FE. LW DO DIAEMNRCDE X EIGA LU, Kataoka and Mitsui (2015,
Jpal) (. BARBIOEHOERTIDAFEET I SU. 2011 FRILMEBEROETILEITHOVYIVNEA
P, WO DEHFAFETOIXO—RV Y TARY A, HDVEIKMEROD 7 II—IV v TORBEERE
I SERERFIT,

BAE, EED/ISSA—SHTE TI(E0gata(2006)(C K BDSASeis2006% FHL\Z, SASeis2006T (3. DFPEEIF(EN
BEZ1—LVED—RBERAV/IIASA—IHEENTONTULS, ULMU. Kasahara and Yagi (2015,
SSHIF. Za—bVERCEDHEEHEEZ IV IV I LZBEL. KCYIEBEKFIEDHE TSASeis2006(lE
DORMHRH D E'ERUR,

CNERITR. AARTIE. RSA-—FHECEBOFEEBAL. RNSA-FHEEBRNMEDEE/NSDL
MDDV THREIETT D c. BIAHIIC(E. SASeis2006(CNX TUTM 4 DOEEFEERHL. BUVHEESX
TRRELRLZ: (BRI YTLYyOXE (DRBROEE G)WRERENETEZ1-FVE(ETD/IRS
A—=5170.01~10DELEA) (4)Z1— k2K, HEFHOT -y LT. [IKFERAFOTCHTS
VOZFa1—RIULOMEZERV T, REEEHEE1998~2014FDHARTIFEC & (CBD., EREEE (3199341
BRI HINE S K U003 F Byt EDERIFEL L LTz,

BRELT, . BEICELO>TEIBRNNRLEVWC ERDMDZ. CHOKSET—X(E. LENDSSE
SASeis2006H LUV (4) D1 —hVETEIKRS5NZ, ZOM. UTO3I DO, [1IFEICELD
\mu DEEED/NNSDE NS < BXE/R/IMETKES TELMBRETH O, [2] \mu BIAD/S

A= DEEEND/NZDEEXREL. BRE/RIMETIMEU LEVDST —IMRR(ICE U, [3I&FETH
ESNENRSA=—TDTBAEZLEIT L. RALEERLUZDIEZ 21— VEHKSSE ERIRICE . R
WTHEBDEE. BB YT v DO XEEE DT,

F—O— R HEEEH. ETASET L. /IS X—FHEE
Keywords: Seismicity, ETAS model, Parameter estimation
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AL ERENOMENREFENREZ (2008/10,2014/10) THN D12 S TEDOIGNEEE ZD
B

Mutation('08/10,'14/10) of aftershock activity of the 2004 off Kii Peninsula E.q., and
Stress structure around the Trough

A 183

*Hirofumi Mase'

1.78 L
T.none

(REZE2ROCE. BEMEREFIFEE LMRALUR)EET SHEMATOV Y MUATEMAE TORHAHS
ASTNBEBMIDTETNALOECTEVNLNSZSETB(1). COAEFS TEAINFIOMNE ZDNEILICE
Y 3H2004FENMET TH) OILBINBIEL 226 THl ADEEIL— D TIEHS ] M TILFEH S | (CE
BUTZ(2)o RAEEHBRREIAENENED DMEILNSILAENSDAICLZIENANEZ{LLTUVBIETFTH
%, B)OBRZEBELUSKRT—THEERA) EFOHEEBNICERAMIICINT T RTETLIVCRERZDZE
) ZORIFEILERTEL 2o

X1(CHEDOUIRIE S AMENEFESBEE R T . RRAISKTOEEE1.5EHLK(45EAME) L '08~"09FDN
ERELZALULCFEARTZOY-Y'HEAMNRKICTH D, BRIC' 14~"15FOERZ LA ULFERMEARLIEKS T
6(y-y'BIE)ERZ TULD, K7(Ex-x"BTEICEAL '06~"15EDERED D MOBIEE R T, BEMEDBIRIEE
TGB)EKDER, BLEMNSILTRICZEU A (valley) FREEZEZ IESH DI BB END LS, COEBIE
RESHNEITEOERABEICHANNTESDY-Y' BEOUIKARICEHRA LU, REAMANELITEIGIGE
HEEZZ D,

ZEE 08 F10HDHH CHRELR(K2,388R), FEACIETBLOBMATORENRELZ >ENBELOBRDZE™RE
BOHTEANEELUZHRTH D, COERMIEDNMERLIZTHS S, 10BRPOMEE REIBICEAZHE
LLEMDORTS (CERE ST, Y-Y' BEUIKAEEIZYTH D, tA-FBRAATmELICERTL TV NEIAE
HETINWF (W), NWF (E) & RafH1F B (RERTIFICEMESINF(W) NF(E))o BTEITIE('07EDtrendE5EA LIZ ) BRI
BRTMxZ LU TRRISGEUZRFMAZX D, IGHDZEEmAEE L LERIEFR CIEES ARHTE(ME 26
R scr)BBEBLEDOTH DS, WEEBISY ETANBUTEHFIEEICZED DNNFW),NWF(E) (FFHZEEE £ A
12, BLICEDIBNERT BMBNER20kmULZET Uc, WU EE '08/105818 & IF3N

2B HDZEEN('14/105848) (X 14AF10F DHHTH S (K4,5,688), BIAEX TICHABLORM TRERMIBEDED
(scwE&sce TR ) MNE CISIMEZEEAGEFT o 12 (LB A (CM6(C '0IFED DM ELZA)DISHINTH S S, 108
DEDICEREHERMI (KAL) UMD ESEDNEHR TRATIL. BEELEDICIEIREIBICESZMFTZ(VIL6M3E
IBHKE), I5EBLUEMDORICHRUBIR(YIVI-1-5-6) &BLIMA S H U IARECTHAEBERL LS ET
BIR(VIL2-4)HENTZ, BIE(INWF(E) DIFIAGZEB CBS M Cscr & B (H X a BBRgIE T LU TEMET
Do TNTENIFW) EH(C'08/10FBBE (FFED LR TH D, BE(VIL2-4)ICEIT SEMNESHEREN

SWF (W), SWF(E) & I3\,

JLEMESINFIZOTZ DRAEASFISIBER D . JbFEHEINNFERATZDRIEASEFIFIREEMGF EE X SNl
SBLIC @< 7IIESF,NWF, SEFDE N TWFCH B (KBEHR), MiIdERABEOMENRZ X 5. BLUEFEMICKDE
EHNSRIEAZEEIT DD TIERNDREEICEERNEN D, MELIEIRIIMEICKEMS D SWF(W) &
SWF(E)DABAREIICEENRH DS, (UTK7TEER)'08/10%E 4% (28, 38) B LOBEEDMNEML TWLS
DTWF(W)AWMERT FARIE ST SICENINEEDMRNICEBESFH T D, CNAGNEERGR) (YIL2-4)N
HIR U 2B SR TSWF(W) ENWF(E) (IR ZE LTz (3HR). '08/105G48~ "14/10584& (2H8) TIIHIRERESE L T
TRSWF (W) & NWF (E) [FRES50kmHE CHOFERE CTH Do BERBANDT L — ~ARDGHIBZFUR (L) BFEIC(F
FERTDENEREG)FSWWARADEBEGNEESXCTDERIRTE S, BULILEEMEN

NWF (W), NWF (E) MBS ZDALER-FEaAMIG B TH Do

(1)FE%8/IpGU2014/55529-P10 (2)FE#E/IpGU2015/55S30-P01 (3) &R FT/ LGt /SBIEINEEET 2 FA U\ 220045421
FEFHRTOMENREE R/ SR ARIRE 5559%65-82B M 20E108 (4)AIST/MTFEERIRILY X T L
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ZUZEERNVRENICED<ERILBREFAHFICH T TL—KEHY TV VI OEBENZELS KT
ZEEHRADRSKEFHEDRE

Depth-dependent periodic change in the interplate coupling at NE Japan inferred from
spatial gradient of velocity field

*BRE =

*Takeshi Iinuma'

1. B FMARAELE

1.Japan Agency for Marine-Earth Science and Technology

EiCH (T BEELONSSERICE DV THEESINS MR TOEMREIZIC(E, BEILE NS ITHNSHHFATE
BT —~EBMDMUET BERAINDTL—ENERICH(FTD, FL—FEDOEEBICLIODTERZSINEE
ERSEINTUVS. BRAECHVTIE, ELERORRT SGENETICBITSENZEIFLUHET S, EX
- BESEEMERE L IZONSSELR s AN EFRENDTRAZGNSSEREAEEL L TH D, RSN —9hH 5K
SNBMBREIEZRANT, TU—RERAEADECRENSSVOBEI TEEBL TLSIDOHEEET SRS N
CNFETEZLLESINTE R [(HlxIE, Ito et al., 1999, 2000; Mazzoti et al., 2000; Nishimura et al.
, 2004; Suwa et al., 2006; Hashimoto et al., 2009; Loveless and Meade, 20107LE] . UH\LEMRS, &
[CERILERICHFVTIE, KFEFTL—EDEHAFNIEE SEABESEEEN SRS (200 knid E) BENTUL
B8, BELICEHRBINZEAR TS INSIAMENT—S(CEDVT, BETICMNEITS L —MNERE
T - HEEBES LUCEEREODHE, BEHCERITSAMAICHBRKRT D EFMTFLULEBETE
A{AN

Uchida et al. [2016, Science] (&, FELGNSSERBEINSESNDMREMREBZDRZEEZELE, IMEDIRL
HWEOEBIHSEEIND L —FERTOIRDREORZEEMBLEHE THVSCET, HILEBKRTICIE
HFRAATVBKEFTIL—LEBERIOT L — R EDRERICEVT, 1 ~6FEEOABETXO—IV VTN
VEREELTUVWBCEEBHASHNICLEZ. AARICEUVTIE, 1 EDRBERE 1 BEFDOFS U THREMR
BiHE#HEI S CTREAMANDENZ, Fic, BEHICFFTERT BHMICEHESINIZIE0 kmDFIREZA
(CBEINBEARCH TS, KEZMLDOEEHNS DERHICNT IEEZMNDOERDEE UTREL, Ch
ZEEHICETEABICBEICLTLIETFDODFS UL TKHDICETERAANDEREERE L TULD. KFE
DEMOUBNAETHDEIE, ZOFRBHETTCOTL—FREOEEMRBOCEEZMALT, BEREDORKHEE
bZEZSVVIL, BHENEIO—-XXV Y FORE, SEHEEEBREOARNELERIZMN, COFE
TlE, ZOZEEDEUCTULIEBOMUEZ, BEMHICERISIRIAAICHEBI D LEFTETF, Iz, EE
BENAEENICENEENDKEITENHNLTLWIONEZERBESCEERETH I,

—J3C, Uchida et al. [2016] D/MEDRUMEDEITIERCIE, TLU—MERELTRETSHIXO—X
Dw PFZDMECIGUTEREBPEEFT > CTUVT, BEMICETEARICHE KR TH D EARKFITRTAMICE
ZHELTHD, FHBICHEBEFERMICHLL TRVERZR DEANZRLTUVS. £CC, AAKRTIE, £ETE
UDEMDER, BEHELD EFBCEBFTARATLNBIHNENMIIGU TZORENRENT DL [BRE - 1]
, 2010, BHARAMZEEI14EEER] NS, KERSOEMAR LD € ETEMUDEMNAENRT L — SERD
EROBDCNITBIREZIFTDEEX T, FSHRREBEIICH (FTBIKERU LTRSS OERMABDFEELDSEE
HERpHrels, FEAEDEEICHEVT, EFRSOENARNMEVEBEABRTELL LS ERD
hofe. e, 7U—rFEBRTORABBRESHE, BUNRZRE I IRICHERAT IHRARNEHEEELLS
BleBUESt R T X MET2REC S, H3EEOREEAENDZELICHL T, ZNUADEBOESEEEDfHI(C
K5T, ZUNRMEMEFECELTDICENERTETZNT, CNSICDVTHETSD. T, Si&, HE
BT X MELDERNICTY, KERULTOEUARNRTL—FEROBRICOVWTEHOREZRELR
SRTETFT—HICEAL, EEFRECELAEO L — MBRFEAREHET O CRIEOKREZTIICDUVTHEE
RFHEETSFECH D, KARRICHVWTZDR/RDBEETD.
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F—O—R:FL—rEAYFUYT S, RILAR. BEHNZEL. XO—XXVyFIRY A 20114ER b1
HATEFHE
Keywords: Interplate coupling, GPS, Northeast Japan, Slow slip event, mega-thrust earthquake, The
2011 off the Pacific coast of Tohoku earthquake
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FRREISIRDSEED T IUEICEF e BRBARDIG B RO RS ZEE D OHE
Spatial distribution of stress orientations in Southwestern Japan and its implication for
the strength of the median tectonic line

*E@ EHE. Bl =
*Keisuke Yoshida', Eiichi Fukuyama'

1HEYATBCEA BRI EANERTERT 8081 - FRIREMERE thE - MLy
1.National research institute for earth science and disaster prevention

HAFIETE. BERNICZSHOBEMENREEL. BEXLEREZRIFL TS, BAEAAICIE. M-7HREME
DIEERETEFBIEHENZ DAL TUVDICERMSNTUVSEIMN, ZOFRTEFIHURERICEETINS
BEDRD D TFTRKELEDIC. FREERNH D, PIREISIRITAD TIE. GPST—IDEMICKDFERS (z
>15 km) COIEMEMDITARDMBHINTH D FEBICHVWTHIERE(CAFRICHEFNETTL TLSEHEE
HRERINTU S [Tabei et al., 2002], B E. PREEFAVTIE. MMEBIX DL DEMERTEI XY
MMCAINTRERELUTSTRCEMRSNTULDMR, 2011FE MIEIGHIIEICESNZLSIC. ENSHRERKL T
BAREOMEERESTEFIUEMEEETETL ),

AHAERTE. PREBESE L ZSHEABARICOHRI IENBICH (TIMERFDETIVILEBIELT. &
F. B BRISSA—SEHRIZENT. ERANZILEBRET DI

BT, Hi-netlCKDFTmHIWESNTT FEMBMEDT—IZANT. XNZXLBOEEZEITOIZ. 2001-20155F
DR CERIEMNSEL EFRSFBRSNIEMEZEXNRICLUT. BEAODT VYR - U—F(CXD. FER4ED 9E|
INERBARTREZLEZED RMSIR30° U T T3 525,882B DA N Z X LRE ROz, Z<IEVIZF 1—REEHE
0.5-3.0(CE&FNB., COBII. [IRFICEDKHSNTUVBEUHED AN ZILBOBD 10ENOETH
Do TNODANZXLBOSE., TS 30 kmbLEN DT L —MERKLDEXTMTHREL TLIDME 14, 460(E
ZRODHLU. IDBEERDDHDOT—5 - Ty k& Ul

RIS ZNESDAANZXLBRICR U TRAT VIV - 7 VNN—=TIaVEEERL. DHBEOFEMEZE”D
BRI, TF BREURCETOANZILBRICHNUT, AT VYVIL - 1 VIN—=T 3 V5K [Michael,
1987]1%Z @A L T. FHNEILHAAZEKDIz. ZD/ERIE. o1 BINFEILA-RrEEZ A< EINKEET
HoOfco HERHNSHOENTUNDLDIC. TrUEVETL—FDEHAHFDAAS KOGSHSKHEEL —
DERXEEABE(FATELS [e.qg. Wang, 2000], —DOEIEEME(L. Townend & Zoback [2006](C K DR
RINEELSHHREAREFAROERICIDIMRTH D, COLADAMAIF. FEREE-RIGEERZ RFDOHRE
BEIR(CX L. unfavorably-oriented [Sibson, 1985]TC& %,

B, IDAAMAOHILZERZCERARDIENT RO FBEOHAEET >R, () XNZXLEBT—9%
K-meansiBIC KD 300E DD S X5 —I(CEl. (b) EBEEI1EETDA VI 1THEL () 0.25°EETNIT U YR
(Ze EW-30ED ARV RZEEIDYT, AT VYIL - 1 VIN—T 35K [Gephart & Forsyth, 1984]% &M
Llco WFNOBEE. KE oo 1 BMINREFALSAZAEEREFEAETH DZ, L. WEiAICH L
T. o THIFEHEALDE. bFE-FAERAAZEMRALS, ZOMEMAE. Kawanishi et al. [2009](C K BERIFERRIT—5
ZERVZHEHEBREAKRCTH D, COEBISERENBFNICEVEEICAEL (FER, 2014)  IGHAAEMN
EREOAMICHEV, Fe. EEIEBICHFVTEST #AILAE-FEREZMA< . COEEIE. PREESRICSADT
JBEICAER U 2 hESEEBI R SN S54EE [Sato et al. [2015]TH BN, REL TULSIHED X D Z X LR
ZERMEERDLSTH D, LEEFRIB(ICHUVTIE. o1#AREILIOELS .. ABEBEECRELD, CC CIEHE
DFRS TREBAAMITEV, BFEECHVTIE. EMEBBERHI BN, Z0HHIF. RILEARICESNS
&SI [Yoshida et al., 2015]. ESEMILLTULBLSICERZX S,

FROUEEIR(CA D THEINE o180 AMAIE. BTl U ZEEFRRIEEERVTCERAARATS

M. unfavorably-orientedTd ., Favorably-oriented’&Intact rock (T=10 MPa;pi=0.75) COBIRK D EE
SMHRICHRBERNIARD O ICHEBELENTOEEREO LREZSAELC, FEAEDTEITAXVHICEH
WT. ZORMNIOEREHO LRETE R 0.42 TES, CcHOCEEHEATNTULSIHNE - EEIAND
EEXENDEDIE. PRESRICSVT., ERMENGE X > TLBIREMNTREINS,
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OVEREICL BT 7 N KREERILILFR IMEEREOIL/TIREDHEE
Estimate of the stress state in earthquake source region in South African deep gold mine
by DCDA

g AR KB BB P . B FEE’. Gerhard Hofmann', NER 7=
*Shuhei Abe', Yasuo Yabe', Takatoshi Ito’, Masao Nakatani®, Gerhard Hofmann*, Hiroshi Ogasawara’

1R KZXZRIEZAFERNEE - BAFPHNRAERENT Y —  2.HIEKRZRERZHAER . 3.BRK
FHEERRSSAT . 4.Senior Mine Seismologist Rock Engineering. 5.3IfBEKZAIET 2%

1.Research Center for Prediction of Earthquakes and Volcanic Eruptions, Graduate School of Science,
Tohoku University, 2.Institute of Fluid Science, Tohoku University, 3.Earthquake Research
Institute, the University of Tokyo, 4.Senior Mine Seismologist Rock Engineering, 5.Faculty of
Science and Engineering, Ritsumeikan University

[FCsIC:

WEOEFEBREL, MENREKBEESERE:NT IICHENR, BEIRDENU THE/ERAZ UDDIFEM
EEBUTUVERETHD. 206, ERBOGNIEE ZOREAREDIEREG, EOEREREIERITD L
TBOTEECTHD. MBIAEOBNEEEIEIDICEEZBMNEL T, INFTTICZ DIBHEIAENTHON
TEre. BEIICKBIDTRIEICIE, KEBRBEECLAIBICEE V) D Iz Z DB RIEEXCAEEPDIRAE L\ D2 O 773K
MAVSNTE . WFNORIEEE, H3FREOTETEBMTHDIM, EQOLSHIBEICEMHEZ BHHEEL
EMFFEELEV. FC, KREREEISERTELEEMEBESNTULS.
E7IYNAKFESILNDOEDTH B LRI VEILORTI.3ImTE, ESTHnOBHESS 7O &ERDIC
W5t LS (CMw 2.20HE (AT, ARE) MEELZ. Yabe et al. (2013) TIE, REFRLEDH.5FEEI(C
ERMEBEZEET IMEIETV, AEBOIL—O7IOREBYIITOT X+ 0H5, EREDIGIIREE
HELRZ. LHAL, COBERRIERBOBARENRTIL—DTIRPT« ATV TOFRERY (BIEEE) =
FWEIHNESHOHUEICEIONT, IHEDLEPTRESXS, FEICHWEEETHSD
AMETEEEI O 7R C OFERE (F - 78, 2013) EEBRALLDEVDEBRETEGRNDHEEESH
3. AEERETE, &8 (HES) &7 00YMUERBED S ICAREREDKNT» BRICEREEIMTHONTL)
3. LT, AERSEHIICENSINZO7HRCEIT7EEEFZEZEAL, HMERZBOGIBICDVWTERRT
3. CNSOERHNS, KEEGDUEADITPEREDBERTREMC DUV TERITS

FE

AT7EREE(E, BEITEADOEBANSUIDBESNIZIRIEI 7RG HEBRICL > THSEANICERI D LE
FMEL, J73ROEFERDSEESNIZVOTHCHEEHEZRLC T, AHEXANOEGNERDSDH
FECHD. AARTIE, REREOEEIFLASEERUZ, NN 7B0 3788 (WFNERT(EHI30
cm) OEHAEICH2nRER CRE LIZAKRICAS T, 2BYUH TERERAEL, ZOAMMKEHE KD,
R

AERO I 7HRITRIEDSIET, REETEIEPNETUMEDNDZS >EBEROAUKEFHEERE Lz, BE
DHUKFMEOAENANRCS & B3 788HE, BEIEICRUILEY ROTLEFICL>THISNIZEEZS
NaNT, UTOZRNSERNT D, BT I —HHEMRARCTAUEL 2. AEFOEILTE T 7k Z KA
URfIBICHK S T100MPai2E E REBE SNz, AERDEEBEIRENS KUREES 1O DERATIEW
20MPa, BRNSENIZS 1T OARATIETMPaIZETH ofc. AEEBDOELIHEME(E, Yabe et al. (2013) (£ &K
SHTHHEICEINDIMN, RAELDIF2UFULEKRE).

&

ATPERGETIE, BEIBOISIBRICAEDS D7 DERISEEZEOH THDERELTULSD. LML, KHAE
THUWEIO7EREERNLUE, RASHE.3JknE VWVSKREETIIEDEL (T TENBIMPaE KELENTH D
=&, BNRIRICHE > TIEMERENE U B aEENRDD. T T ELNOHETEE(CIEHEBRENRIT TR
EERBT3EH, SrohoEMUEERARO—#Mo ) —THBRET oz, T5(C, —HEBKIESERS
KUO—EE BREIRER (JSIVUF YT L) £7oT, BAEFIOEFEEREOREEHALZ. CN5D
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SERTCIE, HMREICNT SIEHEUEENESIERATEINSTHDIZ. CDZEHNS, Yabe et al. (2013)D
RAUBICEEARTUZU L RELELEIL D DETEME(S, FEBUETEDEE CTIIEL, EERICEBNNRKEVCEER
LTULBEEXD. AERIDEHITESNZIT7ERNSHEHESINZEGNLE, AEEOIT7IRINSHEEL
FEBALDEBRICKEL. ULHL, ZDOBEIFLEEVICERNRE DS, ECNEEEZ BELLEBRT
TV, ZCT, JVYRY—FICLDIDDETEBRZEBIR CET2E—DILIRENFET HE DHMRET
L7z, EADOAMIEYabe et al. (2013) THESINLZEDZEREL, RmK30MPaDELNIDEFRTIT U v R
Y—FE{TORZ. ZTOBR, MEBZRABCERIDIENNERIFELEMN D, 2120, RERIDOIEHIN Sith
EREFITINT 7B, KEHNSAEEDIEYZE TR .SEDRBERSDNDT, AAKRTERE UIZIGITIKED
ZiblE, REDOREREZ(TTELFEEEOZICERAL TV EICITEFENNETH D.

T

AHAFEIC KD, Yabe et al. (2013) CARIAVLERENHRINDZ(TTH e 2DMEDERIEDIG 1IKRE
(ENMLT, FIcEFNESXSCENTE . T, AEDHIEICERIRSNZ I 7ERIOBRMNS, JT7ER
EFHNOBREAE OB (CEBWTHEDICEETRLIE.

F—O—R I @EFIVAKXREZRLL. I7EEE

Keywords: South African deep gold mine, Diametrical Core Deformation Analysis
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Searching largest displacement zone of the 2014 Orkney earthquake fault with strain data
and using Map3Di for scientific drilling.

*AHE =t SR B VER BXE. AE A Durrheim Raymond®’. Milev Alex’. AR BAYL 1L
0 \e’

*Akimasa Ishida', Hiroshi Ogasawara', Hiroyuki Ogasawara', Taka Uchiura', Raymond Durrheim’?, Alex
Milev’, Makoto OKUBO!, Teruhiro Yamaguchi’

1.376BB A%, 2.Univ. Witwatersrand, South Africa. 3.CSIR, South Africa,. 4.BXIKZ. 5.d6BEKFE
1.Ritsumeikan University , 2.Univ. Witwatersrand, South Africa, 3.CSIR, South Africa,, 4.Kouchi
University, 5.Hokkaidou University

The largest event recorded in a South African gold mining region, a M5.5 earthquake took place near
Orkney on 5 August 2014. This is one of the rare events as the main- and after-shocks were recorded
by 46 geophones at 2-3 km depths, 3 Ishii borehole strain meters at 2.9km depth, and 17 surface
strong motion meters at close distances. The upper edge of the planar distribution of aftershock
activity dipping almost vertically was only some hundred meters below the sites where the
strainmeters were installed at distances larger than a few tens of meters from tunnel. A scientific
project is planned to drill into the 2014 Orkney earthquake fault from the localities near the
strain meter sites. It is a rare opportunity to recover fault material and fractures, to measure
stress, to monitor after drilling at the M5.5 seismic zone.The final purpose of our research is to
understand how main rupture stopped and why aftershock have occurred in sequence as observed. For
this purpose, we attempted to constrain the largest displacement zone of the 2014 Orkney earthquake
fault that account for the observed co-seismic strain with Map3Di to suggest where to drill. We
checked polarities of each component of the strainmeters by comparing the observed tidal change
with theoretically calculated tide Gotic2 [Sato and Honda (1984)], modifying the polarities of a
few components with problems. Identical responses were recorded with the three strainmeters to a M4
earthquake at a few km distance, whereas .much larger (up to 1e-5) and different responses were
recorded to the M5.5 earthquake.We calculated strain change of each component of the three strain
meters by assuming uniform fault slip over a rectangle area with a same aspect ratio of aftershock
area with various areas using map3Di. We found the rectangular area with a uniform fault slip of
0.5 m can explain the observed magnitudes of strain changes. However, we haven't yet evaluated
local effects that might cause discrepancies in each component of the three strainmeters. At Japan
Geoscience Union Meeting 2016, we are going to make a follow-up report.

F—O—R I @EFIVN. BRERZE. EEHEE. E5—5. HEREES
Keywords: South Africa, Boundary element method, Drilling project, Strain data, Seismogenic zones
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2000 FFEARBFRME(CH (T BN NETEDRER M EMEREXN XL
Spatio-temporal variation of the stress drop revealed the generation and migration process
of the 2009 swarm activity at Hakone volcano

“HE =K 7T R & BF
*Miyu Fujioka', Yohei Yukutake’, Ahyi KIM'

1. EMIIKE. 2 RRMFIAIERR
1.yokohama city university, 2.Hot Springs Research Institute of Kanagawa Prefecture

FEARANILIEHA0 B ERIN SEBE RO ITENLTH D . METEXNLEENERTHD, LIELISTERMER
HSERCHRMENRSTAINS . CSUERND. B#REMEOREXANZILEHESHNCTBIC ElF. AN
B DERNSEEBLERZNDD. 2000FE8F48NS12BICHF THEIBTHRE ULBRNEL, SEERE
DMBIRRENTIM T 3 EIC K> THFERINZCEN. SRBEICKRODSNEEROIFZER I MHSEMERN
[CmEM/z[Yukutake et al., 2011].

Z_TAMETIE. COBEMEDORNIBTEEKGDDCET, BEMERE TOCIERMAE DBEEMECD
VWTCERT D. NREEFANLFEOHIBEBENEHETHD. W DOHEODMREZRICANDIRENRD D
EOHEBRNELT ) — VBB ENRETHSD. ZD, ICHBETEDHE (C(FRBRINTY — VEREER
WCERREBHERBED, MBHR(CMBIDIFERZHVC. AAETE, BEBHI —VBEHOREHE
HEVIZF1—ROEMNBLE, EEOHEEEBREMN0.6E, E—XYEVYIZFa1—RR1.KEEL
2. E=XVRVYOZF1—RORGFBFUSERADREE VI ZF 1 — ROKEMEEBRFENS BV ZED
THhd. BEEONLINETEE—BINEHRAEC ERNBMEZ RUZCEHD, RIBEDBAICKDE
WHERCNIDETICLIBHRMERETOCINTREING. T5(C, BNIBRTENBICRZEERZ/ILNARSN,
EROILE EEICRIBETENBENRRRICKE KL ODTUVDCERDM D2, DT ENS2009FFEIREFH
WEDRECDVT, FEOVHREMBERANDOTEDEA (CHSEBRKEND LENRFERELD, Z0RIF
TRARDILEUC A O\ REBRKE (FE T I3 — A TR ICRE UEBRME IC L DN HNEABER L TL ST EEENR
TEINE. AEKRTELEEOBABERICDVTEHRSE L, 2009FMRERMENDREXNZILICDVTER
95.

F—O—F RN, BERIE. RERT) — VEEUA. IGAORETE. TUAREA

Keywords: Hakone volcano, swarm earthquakes, empirical Green’s function method, stress drop,
invaginated the fluid
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IRTTROVRTERT X—I VIS HETE U 22014FFRFEHRRRE OYHERRE O BIRETE
Early rupture process of 14 March 2014 Iyo-Nada intermediate-depth earthquake inferred
from 3D and 2D source imagings

*FEE B, )WY EFE. M gt
*Takamasa Usami', Masanao Komatsu', Hiroshi Takenaka'

1. LK R KB B AR P FRR
1.Graduate School of Natural and Technology, Okayama University

2014538148 (R FETM,, 6. 20RREMERREE Uz, BIROESZT8 knT, CORSETrUEVET
L—kDIXSTHICHED. AAROBEMIEIIRTR LRI X —I >V (back-projection)mE U\ THRER
SR OMERIRVIOBRIRBEEHEI S CETH D, WBITICIFTERER105 kmDANICHDIRRT, BHERIF
AP, EERMMESMAMOSREMESH IBERR RS 0R CERRINITREO L TaRsEHEAL

2o SRTLTDAA—IVIDIER, HKEERDOERME (S)DMC, RERHNSK0.7 sBOEBREAILLES
(S1), #92.2 stBMERRHMI km F5#I6 kmfTiE(S2), $92.7 sBDERESHIS kmF5HI7 kmiTiT (S3) D3EH
FRICZENZNIMERRAOASEEENE DN Oz, CNSEHBAITI NI, EREED[IRTIEHRE
BEEOEM22°E, ERNE°OHHEZEE L I VHHRENER S, S2, S3EBORKRTNTEOEM244°E, &
MEWOHHEEME L I3 EREMBERO2DOKMBHEEE I SMETTIVERET S, T, ENSOKE
HEEELURZLRITTOAA—IVIDBERNS, EREHEBEITERNDE N7 knDRZEEDC EHRD
Molz, BRIEBREE LU TIERDELSICEZS5SND, TTFERTHRE ULBIEAUA(ICIEDD, RERNSH0.7
SIEICSTDRBTARILEIRDEF|FTR Uic, TNEEFRIC, ERMNSETHICEAZRIERNAEEIENER(C
‘OB ORLERICSZIODMET, L TAICEABERERENERERICEDBDZCHNSSTSICHAICEAT
SSDUBTENETNASHEEIRES TR LIzEEZX 5N 5,

HE . AARICERRT, BHERIZRMMATR, EEXRMREMEMOESREMZEABOERGEREERT
BCLWelcEF Uiz, BLTRHFULEZLIET,

FoO— 1 ERE. TRE. BRTX—IU0. WUERTHERRINE

Keywords: Initial rupture, Main rupture, Source imaging, 2014 Iyo-Nada intermediate-depth
earthquake
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201241 B28B(CFERILMTFICH OV THAE L7eMs. 5OMIEIC R 51 fzNon-DIR S ORRE(C DL T
What caused the unusual Non-DC component observed in the Jan. 28" 2012 Tanzawa
earthquake?

“ERE EE. € BF
*Shinji Sato', Ahyi KIM'

1. BRI KE
1.Yokohama City University

FERIL S RISt EREBIAER LM E LTSN TE D, ZOHRATHEEAN_ILNELDIEEZZSNT
WD, BAFBRICEVTIIRENEEDEE(ICLDMERFREE L. FFAERICEVWTIEITrVEVEBTIL— DI
A (CRESEE(C KD IIEMNFESE L TLVB [Yukutake et al. 2012], BFICAEFBRTIECNE TICVI Z
Fa1—RM) SUEOHENRKEELCHEELTUT, ZOZL(IHIEEMHL). RERBRIEIAREODZNE IR
Ho2TUWBEVWSHEEN DD, RIENRREETIERHICDVTIIBFEALEBRINLINTH D, FERENLER
[CIEFED>TULEL, 2012F1AICAEMRICEVWTERIE U ICHIEFIN TIEZDAE. RUBIEICH L) TNon-DCAK
DTHBLVDRAMREEL TLBCENERIN, AREOVIZF1—ROREBICHVTIFZENSOEAE
FEAERSNEN Dz CNONHREMBEIERIDC L. FIEEMNSHEDKEBERASNCISD LT
EBICEETHDEERD.

AAETEZENSDREEBEERSHIC LILVDRFOBRREAICDVWTEZX TUK CEEZEBMELT. E—XV K
F UV IV E ERRREREREEN T o Ico AAEICH (FRIEEBRICDOVTUTIC. TEHB, ERUED
BRHFE. BARKELEDELEBENSKRIELIER. ZNSOVTFNERENTOUDERITRERE(FEX
SNEh oz, EREREEHEEITICEVTIZ/NRILIIRDEDTIIEVWERLREIRNE SN, R CS(F
DEMIIBFRNDEENTERINZ, EROKSTEBRENSCLVIERSTOREE U TIIERERBRDRFEICK
SEHOWEBRIERNEEL TULSHREMERSV\C ENTEBR. RERTESTSICE—X Y LTV VILEBROBZE
BZEZEBESHMIL. FERILTICH (T ERLTHER EMEFH DOV TERLIZVLEE X D,

F—DO—F FERILME. RE#BERE. (LVDRD. E— XY ETYVILTrVNA—T 3y, ERREREH

Keywords: Tanzawa mountain, mechanism, CLVD component, moment tensor inversion, moment rate
function
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20045 (CHIFSHTHRE LI22DDMT D S X E DORIRIGRE DR
Characteristics of the rupture processes of two large earthquakes off the south-east
Kushiro area in Hokkaido in 2004

)|l Az, A BmEs. LA =8’

*Tomoyuki Sagawa', Yuichiro Tanioka', Takuji Yamada’

1.46EE R X2 HREFP R EALRZERNER AN L EBEMEN IRRSEAT Y5 —. 2. KR FERS
1.Institute of Seismology and Volcanology, Department of Natural History Sciences,Graduate School
of Science,Hokkaido University, 2.Ibaragi University

ARETIE, 2004FE 1B E12BICEE LR2DOIIFEHHE(M7.1EM6.9) ICDVT, BIREEZEBTLE. C
D2 DOOMEF, KFEFTILU—FHELOEVICEET BB TESZIFZERURBOMETSH D, SHEDKM
ECHRELURZ. COBEEIE, 1961FECENBED2DDMENIy BORBRETES EETH D, 1973FIRE
SEE AR 2003+ ME(CARINDI LS, KEFTIL—FELTEDIRUFRE T IMBHROKMENDER
BICHINZEHTHSD. £oT, CO2DOOMEORHICOVWTHARBCEF, XFEFTL—ELOBE®
IBNIEENEEMEEZEXD L TEEETHD.

2D DI HIEDISEMERRD 20T, BEIEA(K-net) (CIRERAIKN T — VES¥EE AL\ TEIRIFRIREHK
EROHL, AUAICKEL CEERGIREOZL, DEDTrLITrET+MRICDVTIREEZE

Tolz. ZO/ER, NADOMEGEDMARICBIEMERL, 128 OMEEHI8knIb 75 (M (F THIEAMER L 28]
eSS NE. Fe, REDBZERENLDMNS12EDMEIII—(CHADET UIzalfeENREB S n
. SO e, +HESHIE (M. 0) DRMEBEMNEC 2Tz MBDOMEM7 . 1)AFEEL, ZNICK>TI2H
DIE (Mwb. 9) INFEE LTz 1973 FEOIREHHIE (M7 .4) DERIBERIES D2 (T O BMEEN > 2126
tAET(CRIEMERUIZC EEREBLTULS.

F—O—F 1 2004FSEEFIE. BRBE
Keywords: 2004 Kushiro-oki earthquake, source process
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2014FRFRIBOMEOEBNFZHERETIL (ZD3)
Dynamic rupture model of the 2014 northern Nagano, central Japan, earthquake (Part 3)

“INFE T

*Yuko Kase'

1. BRSSP JEME - KILERFRERR
1.Geological Survey of Japan, AIST

0EEFEIOME (M,,6.7) OENZNERESILICOWNT, AIE (F, BAMERS015EREL
2) [CBIFHLTRELE. COMETE, ERFEORRES TR, FRMECA > THRILENE NS
MICRH SN, BENEOILRES TIEESNTOLL (BRIFN, 2015) . —75, BEEEERVE
BEYA—T3 VTR, TROOAZVELR, TICEEOILREACKHSNTNS CEHEN, 2015 )
FRIEA, 20155 2, 2015 3811, 2015) . WE L < @FTHINONBEERE T 3 LM IRET )
Tld, HRMEREE T RO EORMELICHIAT B EFTIEN SR (MIHE, 2015) . 20T, KB
BIE (SR, 2014) COMTRR (B5SSRISRARRIZRAR, 2014) ORUVISTE L, MBS 3 HEEET X
Y RRDDET A Y ~OBEICHBIMBES L ERN LR, AENBRERERFTESTEMENHSC
ERRENT.
IRBEOHEETTILELEGISE, 098 (2015) ERACEOERVE. S8 - Wit (2015) ABRELE
ABERURBONHE MRETH T — 5 DRGSR (KREFH, 2015) EBE(C, EANWGE, 2 knk DEVEH
TIIEMERMS®, BV TIIENEN6°, WETHOZEZ knk Uiz, BRI YA—I3 Y TIRDDAZ(
SEIC XIS T B EEALERRI10.1 kme, HRMIEENTE SRS 5N 3 EERERIS knD2DDTEI XY RS HS
L, WBLSEEN. e Lk, BRAFEEACIAYRCHD, 100EIAY ~E2 knd—/i—5vFU
T, 2 MERFvITSE. CONBESILE, SHEBOMR L — MR (S&F, 2014 ; SRR
HIZErR, 2014) CEHONTHS. FlC, 200ETAY ~OBIC, TDHRBEE HBRERTT XY ~ERE
L. ¥, BEOILERTRERBESAMERMEREASEESNTOEVT ENS, KA. mOEETE, ¥
BLBORSEL kme LTz,

LEGNBE, 70 Iy BB EZRL, THNGESCHE, BATHIOMEENG0 N IR
(Zh\, 2004) , [5ALEIF0.42 CTERRISZAEN, 2004) , BINELHOASTFHESAT, KSSENSIDE
CBELLWEL, BAERBTICH3ELE. T2, MBRIOMTEETTIL (BRI RImHR

AR, 2003) EBE(C, B nEERET B IEBEERELE.

ERBOEFIVCHL, SBETIAY  ECHEBRSEERS, TADCKES SERERIERELT, £
% (Kase, 2010) (C&DEBMMBBREHELE. FRALHEDERN S, IKERLEI XY ~ORBEE
RS X Y - OEHMCEEMNER LT <, AEOERBRERHTESTEMNATINE.

F—OU—R ! BHENERET L. 04ERFRIGBOME. #E>=2L -3V
Keywords: dynamic rupture, 2014 northern Nagano earthquake, numerical simulation
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Relationship between various Source Characteristics and Slip Distribution determined by
Source Process Analysis with Teleseismic Body-Wave

“BRA @—'. BFEMA BB Bl EE’
*Kenichi Fujita', Akio Katsumata', Koji Sakoda’
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1. [FCHIC

CNFET. [ETHR—LR—IJ L THETERE AR L TL S EMRERERBERETODRERUBEEE
BiEL. BRICAVSRE/ \SA—FERDBICHICHBEELDS TOTLIICDODVTERETOCE . TDIE
RNBCPEBEBBELED/IASA—FEIT—Y YV JRICEDIETARY FOBREREICIGU THRET S L
T, BREICLB /IS AT DFETERL U (CEERIERERBERTZT O ENTES L S(CE DT
ZC T BRICERYT SEHAROENRUPRIBDHEHIRD EFETTVENLUAD/ IS XA —-FRELEEH
BN (C1T S EBEBNLOEMRIERERBERT CEEEEN) (COVWTFEETE DEBMTEROLRET /2
ECB ARV EDBEICELSTFEZLDAARY NTFHEFEMBEL L SHBTEREF/ICENTE
lzo UL =8ORV LTI EEEBRNTE FERBTOIANDDMICKEILEVARR SN,
CchCENS, ANRRTEEMERRUOFIHERICELISIITADDRIGEBVRRSNEIDONERARDEH. T
RO P EREDMOERDBIREEF & DR ET DT,

Fle. INDDMERAREDUEFT LRI S ETECICANBRENARSNENE SHMCDOVTERAN

IZo

SENHFERTE. EMREKERBEENTC LB ITRNDDHEERORLLFFEOBERECDOVTERD I EH
JZDTZD/RRERST Bo

2. BBRISE

SEBETOTS LAY M (2014) ZFERA LUz, BRRFEFIRISOLFEEMERFEEZFERL. 1R ~DORBRE(IC
IGUTH YTV OBRE N Y A DERBESRE Ulz, RAIRRKRIEEARDAARY LCDVLWTIFRRT—TT
{EEROBEZFEAL. BADAARY SIDVWTIEKEMERER (USCS) NERMEZFEALC. MEEOE
[ @R IRDBFEFEARDAARY SCDWTIEFSIKRTMTOEZFERL. BHAD1 AR ~CDUTIEGlobal

(MTHE (GCMT) SFNEEMA LU, MEBE IRBEMBREPRRICEEL. TRV ORE(ICHE L TNBO T 1
REHERTE LR, ERRERREZEI=AFEOEERHNIIE ENDREANROEE ¥R ~OBRE(ICIG U
TEEREUZ, BT IBIRREBRNSBIE IO Y FAAREIRD/NFEB(CRIET DDICET SR E/N\WIE(C
BT IHRARFEONME UTHRE LIz, SNWBDY) — VEHOSHEICAV DM T RERS(C(ZIASPITD
EFIVEEZ. ERMATIEMRUST2.ONDETIVES X 2, BEBRNEHSHNTESZ ZIHRRHEFICDVTIE

ABIC (Akaike (1980)) MENEED/IISTA—IEEFE Ulc, RABIBGIERE (FIRERAIBAMRR (Geller (1976))
HSSEREMO.7UEE L THRELR,

3. LEEISIE

(1) B CRELBZNWEBICHTIREHERAN. BNWBICHTIIRNDEEDLREIT O/,
(2) IRDDIMHSHREPEEHICH(TIMREFEFESHE L. BROBREFE DR ET O,
(3) RAREDMEL. BAKREDINDDHFERAN. BNWBICSTEFIRDBEDHRET O,

HEF | IRISOILHEIEERAZ. IASPOTR U CRUST2. 0N T REBEETILERAVE Uiz, BLU TRHABLF
9,
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Simulation of Recurring Earthquakes along the Japan Trench
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1. [FUsIC
ZEEHHSEHICMITIERE M) 7-80 S XDMENRSEHTIEDRULEELTCLBERSNTS
D, TSIC20NMECEIMARFEFIMENFEKE LI ETI S IDMEERKRICEDRLUEELTUVST
REMNRS B EEDN DT,

ZC Ty CNSMT-90SXOBORUERE T IMEORBRUOREEE (1) Z2ERIT IMERED
SaAL—Y3aVEFILOERERH D TZDBRERSET D,

2. MRS
BEREONREUZBEDERUEET ST — ~EMER. WERAEMEHEEATMERERESR (2011) O M=
BEHhO\S BESRCH T TOMEFBORITME (F52R) (CDUVWTY £8E(C. ZREILEOME (M8.0. T
1004F). EHEAHDOME (M7.5. T404), =EHEENEEF D OME (M8.0. T1104F). KIHEHDMME (M
7.0, T205F). HALMARFFHEOME (M9.0. T600F) &L, CDIFH. BDEUIMFBARETIEEL
ESHERSE & U T 18964 (C=REHRMEEBET O CHRA LERINE (BAZEME). 1938F(CEBRFT
GmRULHEEHIASD. NSOV TEBREAI D,

MERETrOINEI =1L — I B3EFIVICE., HERRHRZEZRLTHIER (Rice (1993)) hSEMN
SEHMARARVIARNDRE - KEBKZEZEENA] (Dieterich (1979)) &ZDHFEHIcomposite-law (Kato
and Tullis (2001)) ZAU\z, BITEIHIE T IR T R+DCEEND LD ICZEHHNSBEHRPICHNFTTD
BEHERELR. ZXRTTIL— MBRDOFIR(EINakajima and Hasegawa (2006) (CHEL\. TEAAKIS kmdD=AEHE
TIV17,501ETRIBUTZ, BEICHTDIAFEFT L — DL AHEE (EIWei and Seno (1998) FEE&E(C. db
(8.2 cm/year) MSE (8.0 cn/year) NRR(CINSKEBKDHFELR. 7 IR T+ DEDITHRGLERE
(2005) CRENIZKIBET ILEFESE(CHELR, BEE/ISSX—5 (A, B, L) FBRMEORERUERZ
BRTET3LOETERMNICHE LR, COEZE, PIRUFT v OEABOMBESE (BRMEE) NEERL (A -B
>0) THRIETIL (BRIEIRDEETI) & SREENREESEWL (A -B<0) THIETIL (BEEE
FIV) D2T—RETVRXAYNN—E U,

3. BRVTIERR

BRIFRC. ZEHRHSEBRFICNITONT-90 S INEDRUAEEITIMEICOVTRERKBIRTELEST
JLTOBRBEPERE. SREEIARDBET)VC=EEILEBOME (M8.0. T61-1034F). EFEHDOME (M
7.4, T30-745). ZEEHEEEEST D OME (M7.9. T104-1304F). ZHMEHPOHME (M6.8. T

14-524F), A AAEFHBEIOME (M8.3. T7203-2328F (ZFNS5NHEIC1EMSEHEDOIE)) T
Bt EH. ZEEAEDOMMEDOHRER(CZEHDBBET D CHENRRET ST —INRRSNZ, T, EBE
HTEEHO T IR T+ REH L THEL LD T —IMES5NI,

—AOKEBRETIVCIE. ZEEILEROME (M7.9. T66-1404F). SIHEHDME (M7.3. T31-1494F), =
BEHREEREEZT D DOME (M7.8. T7120-2164F). ZIKEHDME (M6.8. T9-514). FRILMAREFHED
HIEE (M'8.5. T7294-5264F (ZNSEOHFEICIEIMIDIE)) THolt. HH. ZBEHDEEST D TIIMEL
5Nz BEFTIIEHD 7 IR 7+ NERL THEE LT —IRES5N T,

COEET. METIICHIFBRIERT7 IR F 1 FRAIUEFHERELVLRAUCER/IISA—9E5XTUVEN, HED
EERABEEEBRETILOARRLLE 2 (L. RiARFEFHEOMEBRIICHIFTEIET IR

T DABPEAETILTEREL ), CNF. BREZEIRDBEFTIVICHARBBRET IVLOANSRERICHS
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Figure 1. Friction parameter [z - b) [a) background stable
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At the subduction zone along the Nankai Trough, SW Japan, large earthquakes around M8 had occurred
repeatedly. Their intervals (around 100-200 years) have been identified precisely from old
historical documents combined with geological surveys (Sangawa, 2011). The most recent events
occurred in 1944 (the Showa To-Nankai EQ.) and 1946 (the Showa Nankai EQ.) when modern satellite
geodetic networks had not been developed yet.

The existence of short-term aseismic processes before the 1944 and 1946 events has been inferred
from the leveling or interview records. Two-times level difference measurements showed the
displacement of north down before the 1944 event (Mogi, 1986), and the water level of some wells
were reported to have dropped before the 1946 event (Sato, 1982). These phenomena were observed
within several days before the earthquakes, and each could have been caused by 2 m slip on the
plate interface at the deeper extension of the seismic region before each event (Linde and Sacks,
2002).

In this study, we simulate the cycle of large earthquakes in a quasi-dynamic 2D model to
investigate aseismic slip acceleration in the deeper extension of seismic fault. We consider a flat
plate interface with a shallow dipping angle of 15° for the depth 0-6@ km mimicking the Nankai
Trough. Following Nakatani and Scholz (2006) and Yoshida et al. (2013), we introduce an intrinsic
cut-off time for healing into the state evolution law of the rate-and-state friction. The intrinsic
time leads to a corresponding cut-off velocity (V) beyond which velocity strengthening occurs. We
assume that V, is depth dependent (1-10° m/s). We show that this depth variation in V., can
possibly produce large aseismic slip.

In our simulation, the bottom part of the fault below the deeper extension exhibits a constant slip
rate loaded by a subducting plate velocity (4.5 cm/year). This bottom slip drives the adjacent
deeper locked part and aseismic slip starts to accelerate. Because of the introduction of low V,
there, the slip cannot monotonously accelerate to seismic slip at the same depth. Instead, the
aseismic slip propagates to the shallower part where the slip accelerates following the
increasingly higher V, at the depth, and finally reaches to seismic slip at the shallow part with
the large V. The seismic slip starting at shallow part then propagates bilaterally to the
shallower and deeper parts, and develops into a large earthquake. For example, the point at 20 km
depth starts to slip aseismically 5.4 days before the earthquake and 54% of the slip occurs as the
precursory aseismic slip. The deeper part produces the longer-lasting aseismic slip with the
smaller velocity.

This simulated aseismic slip may correspond to the several-days precursors of the 1944/1946 events.
Our results also suggest that the observed short-term aseismic slip acceleration is a part of the
longer-term aseismic slip that has started at deeper parts, which may be detected at the next
To-nankai/Nankai earthquakes with the help of recently installed modern observation networks
(Do-Net, Hi-Net, and GEONET) around the Nankai region.

This study was supported by the Ministry of Education, Culture, Sports, Science and Technology
(MEXT) of Japan, under its Earthquake and Volcano Hazards Observation and Research Program.
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Dependencies of pore pressure and fracture distribution on elastic wave velocities for
thermally cracked rocks : Implications for high Vp/Vs zone related to slow slip events
along plate boundary
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Seismic studies have found that there are high Vp/Vs ratio regions in oceanic crusts at subducting
oceanic plates (e.g., Cascadia (2.0-2.8) (Audet et al., 2009), Nankai trough (> 2.03) (Kodaira et
al., 2004)), and the correlations between the location of high Vp/Vs and slow slip zone have been
pointed out by several studies. Christensen (1984) indicated that high pore pressure may cause high
Vp/Vs. It is also known that Vp/Vs also depends on porosity or pore structures (fracture
distributions). However, the relationships between Vp/Vs, pore pressure, porosity and fracture
distribution have no investigated in detail for rocks composing oceanic crusts.

This study reports the results of measurements of Vp and Vs (transmission method) at controlled
confining and pore pressure and estimation of Vp/Vs ratio for thermally cracked dolerite and
relation between Vp/Vs, pore pressure and fracture distributions. Confining pressure was constant
(50 MPa) and pore pressure was decreased from 49 to 0.1 MPa and then increased to 49 MPa. We did
measurement with an intact rock specimen (0.5% in porosity) and the rock specimens heated under
300, 500 and 700°C for 24 hours (2.1%, 3.4% and 3.5% in porosity, respectively). Rock specimens
heated under 500 and 700°C were reddish in color, which suggested a possibility that not only
cracking but also oxidizations of rock forming minerals might affect elastic velocities. Therefore,
we operated elastic velocity measurements under atmospheric pressure with rock specimens heated
under 500 and 700°C at air (an oxygen concentration is around 21%) and at nitrogen conditions (an
oxygen concentration is less than 0.5%), and revealed that the effect of oxidization on Vp/Vs is
several times less than the effect of heating-temperature conditions.

In this experiments, for the intact rock specimen and specimen heated under 300°C, Vp and Vs was
almost constant at any pore pressure, and for specimen heated under 300°C, Vp/Vs was 1.7 to 1.8,
which is less than the high Vp/Vs ratio observed at oceanic crusts of subducting plates. On the
other hand, for specimens thermally cracked under 500 and 700°C, Vp/Vs increased as pore pressure
was increased (effective pressure was decreased), and was more than 2 when pore pressure was over
40 MPa and 30 MPa, respectively. This results indicate that Vp/Vs is not over 2 unless porosity is
larger enough (approximately 3% for the results in this study), even if pore pressure is higher.

We also observed fractures in the specimens by using a microscope, and measured fracture densities.
The fracture densities for the specimens heated under 500 and 700°C were larger than that of the
intact rock specimen. There was no clear difference on the fracture density between the specimens
heated under 500 and 700°C, but microscope observations revealed that there was differences on
fracture distributions such that fine net-like fracture distributions or networks of intra-mineral
fractures were observed more for the specimen heated under 700°C than that under 500°C. These
features on fracture distributions might affect elastic velocities. In general, high Vp/Vs near
slow slip zones tends to be simply interpreted as high pore pressure, but it may also be influenced
by porosity and features of fracture distributions.
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Since Brace and Byerlee [1966] suggested that frictional stick-slip sliding plays an important role
in seismic faulting, a number of friction experiments have been carried out. One of the greatest
achievements is a proposal of rate- and state-dependent friction constitutive law by Dieterich
[1978]. This law has been widely used for simulating earthquake cycles, but the law was originally
proposed at low slip velocities of the order of sub-mms™, and it has not been clarified whether
rate- and state-dependent friction constitutive law can be applied to frictional phenomena at
seismic faulting slip velocities (the order of ms).

In this study, we modified a rotary-shear friction apparatus at Kyoto University and performed a
series of intermediate to high slip velocity friction experiment with velocity stepping by using
this apparatus. In this experiment, we used a pair of hollow cylindrical gabbro blocks with an
inner-diameter of 26 mm and an outer-diameter of 40 mm, and changed the rotation rate of the
servomotor in this apparatus from one value to another; hereinafter we call the former value IRPM
and the difference value between the former and the latter ARPM, respectively. We selected all the
combinations of IRPM and ARPM throughout this experiment: a value of IRPM of either 10, 20, 50 or
100 RPM, and a value of ARPM of either 30, 80, 150, 200, 300 or 400 RPM. This experiment was
carried out under a constant normal stress of 1.5 MPa.

The friction response to the imposed slip velocity steps is characterized by two strength peaks and
slip-weakening phases that follow each of the peaks. Typical behavior of the transient was observed
in the tests conducted at an IRPM value of 20 RPM and a ARPM value of 200 RPM. Rotation rate
overshoots the target value once and is converged to the value while oscillating because of high
value of the speed loop gain integration time constant of the servomotor in this apparatus during
this experiment. Considering this servomotor behavior, the first strength peak is reached while the
rotation rate is accelerating, and the second peak is reached when the rotation rate reaches its
peak value. Interestingly to note, the transient behavior of friction response recorded in this
study is similar to those observed in friction melting experiments [e.g., Hirose and Shimamoto,
2005]. There are many kinds of friction constitutive law, but existing friction constitutive laws
may not describe this behavior. A constitutive model for frictional sliding that is capable of
describing the transient behavior observed at intermediate to high slip velocity tests in this
study is required to be developed.

F-O—F  ERER. BERBEAIL. R-BIRDEE
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On the faults in the subduction plate boundary, fault slips when the shear stress exceeds the
strength of the rock interface between the hanging and footwall. Seismic slip is associated when
the frictional strength decreases with the slip. The up-dip limit of the seismogenic zone coincides
with the stepping down of the décollement to the oceanic basement. Seismogenic process is thought
to undergo in the upper part of the oceanic crust (Kimura and Ludden, 1995; Bangs et al., 2009).
Tectonic mélanges of the Shimanto belt which is formed along the plate boundary fault zone
(Kitamura et al., 2005) contains basalts with cataclastic shear zones. To understand the
seismogenic process, therefore, basalts are key material and it is essential to know their
frictional properties. Here we performed frictional experiment on the basalts from pre-subduction
drilled core in the Nankai trough and post-subduction outcrop in the Shimanto belt.

We performed friction experiments using the rotary shear, an intermediate to high velocity
frictional testing apparatus in Kyoto University. Basalt samples were taken from IODP Expedition
333 Site (0012 as pre-subduction materials (C12G8R, C12G10R) and from the Mugi tectonic meélange as
postsubduction material (MBN-3). We performed constant low velocity test with normal stress of 2
MPa and rotational speed of 0.012 r.p.m with all three samples, and velocity stepping test to
evaluate the velocity dependence with two samples (C12G8R, MBN-3) with normal stresses of 2 MPa and
5 MPa.

Results of the constant low velocity test showed the steady frictional coefficient of C12G8R,
C12G10R and MBN-3 ranging from 0.70 to 0.84 (average 0.76), from 0.60 to 0.79 (ave. 0.67) and from
0.50 to 0.63 (ave. 0.57), respectively. On the velocity stepping tests, C12G8R and MBN-3 with
normal stress of 2 MPa showed neutral depencence of the friction coefficient to the velocity. But,
C12G8R with normal stress of 5 MPa showed velocity strengthening behavior and MBN-3 with normal
stress of 5 MPa showed velocity weakening behavior.

The constant low velocity tests revealed that the frictional coefficient of MBN-3 is lower than
those of C12G8R/C12G10R. This implies that the post-subduction basalt is essentially weaker. From
the results of velocity stepping tests, pre-subducting basalt (C12G8R) without preexisting gouge on
the interface (5 MPa, menu 1) showed notable velocity strengthening. Other runs at 5 MPa are
velocity neutral or strengthening. On the other hand, post subducting basalt (MBN-3) showed
velocity weakening at 5 MPa, menu 1 and 2. These results suggest that the subducting oceanic crust
progressively changes its frictional property that enables the rocks to be potent in seismogenesis
may leading to the stepping down of the decollement to the oceanic basement at the up-dip limit of
seismogenic zone.
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Foreshock activity during stick-slip experiments of large rock samples
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For inland earthquakes such as the 2007 Noto Hanto earthquake (Doi and Kawakata, 2013) and the 2008
Iwate-Miyagi earthquake (Doi and Kawakata, 2012), foreshocks were reported to occur in the vicinity
of main shock hypocenter. Moreover, for interplate earthquakes such as the 2011 off the Pacific
coast of Tohoku earthquake (Kato, et al., 2012) and 2014 Iquique earthquake in Chile (Yagi et al.,
2014), migration of foreshocks toward the main shock hypocenter was detected in one month before
the main shock. In order to understand the generation mechanism of foreshocks, it is important to
investigate under what environments foreshocks occur.

Since 2012, stick-slip experiments have been carried out using a large-scale biaxial friction
apparatus at NIED (e.g., Fukuyama et al., 2014). Based on the experimental result that foreshocks
were detected only in the later period of each run, Kawakata et al. (2014) suggested that the
foreshocks occur only after the generation of gouge. In this study, we carried out a series of
stick-slip experiments with and without pre-existing gouge along a fault plane to confirm if fault
gouge affects the foreshock activity. When foreshocks are detected, we estimate the hypocenter
locations of foreshocks.

We used two rectangular metagabbro blocks to make the simulated fault plane, whose dimension was
1500 mm long and 500 mm wide. The experiments were conducted under normal stress of 1.33 MPa and
loading speed of 0.01 mm/s up to approximate slip amount of 8 mm. During each experiment, we
continuously measured elastic waves to detect foreshocks. The sensor distribution is shown in the
figure below. Gouge materials were prepared naturally during preceding experiments whose sliding
speed was as high as 1 mm/s.

To roughly detect foreshock activity, we calculated cumulative amplitude of continuous waveform
data every 0.01 seconds. During an experiment without pre-existing gouge materials (LB13-004), a
few foreshocks were detected. On the other hand, during an experiment with pre-existing gouge
materials (LB13-007), much more foreshocks were detected. Then we estimated hypocenters of
foreshocks for a stick-slip event (event 44) in LB13-007. Although the initial phases of the main
shock were contaminated due to the coda wave signals of preceding foreshocks, the hypocenter of the
main shock was roughly estimated near the right end of the fault plane. Foreshocks began to occur
in the left half of the fault plane, but most of later foreshocks occurred near the right end.
Therefore, we confirmed that foreshock activity was high when gouge materials were present along a
fault plane, and found a similar hypocenter migration of foreshocks toward the main shock
hypocenter, which was reported for interplate earthquakes.

In the future, we shall examine the data obtained from other experiments to confirm if the
aforementioned features are common.

Acknowledgments: This work was supported by NIED research project “Development of monitoring and
forecasting technology for crustal activity” and JSPS KAKENHI Grant Number 23340131.
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Frictional behavior of smectite-bearing fault gouges in large displacement frictional
experiments under constant pore pressure
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Frictional properties of smectite-bearing material at large displacements should provide valuable
information for the stability of slip in the shallow parts of subduction zone faults. However, most
of the previous experiments are limited by the amount of displacement that can be achieved and the
frictional behavior at large displacements remains poorly understood. In this study, we have
conducted large displacement friction experiments on mixtures of montmorillonite and quartz at
constant pore pressure. Our purpose of this study is to investigate the correlations between gouge
textures and frictional velocity dependence of smectite-bearing faults.

We examined frictional behavior and internal textures of simulated gouge samples composed of
montmorillonite/quartz mixtures. Two different compositions of the gouges were tested: mixtures of
montmorillonite/quartz = 20/80 (abbreviated as Mnt20/Qtz80) and 40/60 wt% (Mnt40/Qtz60),
respectively. We sheared the gouges in rotary shear to displacements of more than 1 m at a normal
stress of 10 MPa and at a constant pore pressure of 5 MPa. During the shearing, these gouges were
subjected to velocity step changes to examine the velocity dependence of friction for a range of
slip velocities v from 0.003 to 0.3 mm/s.

Results of the experiments reveal influences of the composition, displacements and slip velocities
on the frictional behavior. Both Mnt20/Qtz80 and Mnt40/Qtz60 gouges show slip-hardening behavior.
Positive friction velocity dependence was observed in both gouges at short displacement for all the
tested slip velocities. At large displacement (v > 30 mm), Mnt20/Qtz80 gouge shows negative
friction velocity dependence for all the tested slip velocities. On the contrary, friction of
Mnt40/Qtz60 gouge exhibits negative velocity dependence for lower velocities (0.003 mm/s to 0.03
mm/s) and positive velocity dependence for higher velocity stepping (0.03 mm/s to 0.3 mm/s). The
SEM observation of the Mnt20/Qtz80 gouge reveals that montmorillonite particles are agglomerated
initially to form montmorillonite-filled matrix domains. With continued displacement, the
agglomerated distribution of montmorillonite becomes to be disaggregated; eventually the
montmorillonite particles are incorporated into the fine-grained matrix of the gouge. Grain size of
quartz decreases with displacement, during which change the grain shape of the quartz becomes to be
more rounded. It appears that increasing degree of size reduction of quartz grains and a more
scatter distribution of montmorillonite particles correlate with a more negative velocity
dependence of friction.
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Experimental demonstration for blackening of pseudotachylyte
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Formation of pseudotachylyte in the lower crust plastic regimes: Evidence from the
Woodroffe thrust, central Australi
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Most reported fault-related pseudotachylytes are cataclasite-related, which have formed at shallow
depths in brittle dominated seismogenic fault zones by both frictional melting and crushing
mechanisms. Pseudotachylyte has also been described in association with mylonitic rocks having
formed in deep-level fault shear zones within the semi-brittle to crystal-plastic regimes. However,
the mechanism of coseismic shear zone formation in the lower crust is still poorly understood.

A >3.0 km-wide pseudotachylyte generation zone including a 1.5 km-wide mylonitized shear zone
marked by large volumes of sub-mm- to cm-scale pseudotachylyte veins is developed along the
Woodroffe thrust (central Australia) (Lin et al., 2005; Lin, 2008). The pseudotachylytes display
typical melt-origin features, including rounded and embayed clasts, spherulitic and dendritic
microlites, and flow structures within a fine-grained matrix. Three types of pseudotachylyte are
identified on the basis of deformation texture, vein morphology, and host rock lithology:
cataclasite-related (C-Pt), mylonite-related (M-Pt), and ultramylonite-related (Um-Pt). The
textural and structural relationships between these pseudotachylyte veins and wall rocks indicate
multiple stages of pseudotachylyte veins that formed at different times and depths.

Preliminary works have been performed by Lin et al. (2005) and Lin (2008), which have reported
large volumes of coexisting C-Pt, M-Pt, and Um-Pt in cataclastic and mylonitic rocks within
individual shear zones along the Woodroffe thrust. The M-Pt and Um-Pt veins contain distinct
evidence of ductile deformation, including flattened and aligned fragments of host rocks that were
re-oriented parallel to the foliation within the mylonite and ultramylonite, as evidenced from the
continuity of the foliation between the host rock and vein fragments. These M-Pt and Um-Pt veins
generally cut across the mylonitic foliation, and can locally be traced back to parent veins
oriented parallel to the mylonitic foliation. These overprinting structural relationships indicate
tat repeated pseudotachylyte-generating events occurred within the crystal-plastic dominated shear
zone and that the pseudotachylyte veins themselves were mylonitized during ongoing plastic
deformation. Here, we describe the microstructural and chemical characteristics of pseudotachylytes
and discuss the processes leading to coseismic shear zone formation in the lower crust.
References:

Lin, A. et al., 2005, Propagation of seismic slip from brittle to ductile crust: Evidence from
pseudotachylyte of the Woodroffe thrust, central Australia. Tectonophysics 402, 21-35.

Lin, A., 2008. Seismic slip in the lower crust, inferred from granulite-related pseudotachylyte in
the Woodroffe thrust, central Australia. Pure and Applied Geophysics, 165, 215-233.
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Structural and mineralogical characteristics of an ancient plate boundary fault in the
Hidakagawa Formation, Kii Peninsula, Japan
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Distribution and characters of fault system in micro earthquake swarm area in central part
of the Shimane Prefecture, southwest Japan
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