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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.
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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

R . SF AU
*Ryosuke Ando', Kazutoshi Imanishi’

1 RRRZXZREZRMATRL 2. EZEMEESHAIERT EWE - ALRFEERF
1.Graduate School of Science, University of Tokyo, 2.National Institute of Advanced Industrial
Science and Technology, GSJ

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

©2016. Japan Geoscience Union. A1l Right Reserved. - §55827-09 -



SSS27-09 HAMERSER S EA2016EAS

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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LT k!

*Teruo Yamashita'

1. KRR MER TR
1.Earthquake Research Institute, University of Tokyo

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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JFHL <N, BZOKBEICLLRTED EMR>TU\fz. NEN, HEN, MEBENESRRICLD, IRD
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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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in fault rocks

*afy £’ Satish-Kumar Madhusoodhan’. 28 Ml
*Yoshihiro Nakamura', Madhusoodhan Satish-Kumar?, Tsuyoshi Toyoshima’

1. FRKZEARZMAER. 2. FRKZEZEMERIZR
1.Graduate School of Science and Technology, Niigata University, 2.Department of Geology, Faculty
of Science, Niigata University

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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The effect of heterogeneous crust on earthquakes:a case study of the 2011 North Nagano
earthquake
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[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,
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