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Seismic and tsunami waveform analyses for the 1938 and 2016 Off
Fukushima earthquake sequence
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Fault Slip Distribution determined by Automated Source Process
Analysis with Teleseismic Body-Wave based on Scaling Relationships
Derived from Fault Slip Distributions
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EBEstEE ERRIBOITRYEDKE WVEEE ZNUAD2DDEEICHEILZ. HREBISAEVWINEO
MPa, HIERE(IL20 MPa, BRI R Y SLIEBEDER0.25 m E2DDMEETEE L, Ih5DEEOHMEG
NDE=HELRE. COEBRDED, TITIE, IRNYEDNIRBEEHOMEAIRHEZ2 MPas L, IRYED
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In general, postseismic deformation after large earthquakes consists of afterslip and asthenospheric
viscoelastic relaxation. Many studies have estimated both effects from year-scale data. Alternatively, we
focus on temporal evolution of postseismic deformation, which is almost due to afterslip, following large
interplate earthquakes in northeastern Japan (2003 Tokachi-oki, 2005 Miyagi-oki, 2011 Tohoku-oki
(March 9), and 2011 Tohoku-oki (March 11)). We obtain surface deformation data at an interval of 30
seconds about 2 days after the earthquakes, from RINEX files of GNSS data, using GSILIB. We invert slip
velocities of sub faults at the plate interface from the surface deformation data. First, we find that early
afterslip velocities positively correlate with magnitude of the mainshock. Second, we find that the early
afterslip velocities are approximately 4 orders of magnitude lower than mean seismic slip velocities of
their mainshock. Next, the early afterslips tend to decay almost linearly with time during the investigation
periods.
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Reestimation of pore fluid pressure fields in the region with intensive
swarm activity around Mt. Ontake volcano
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Overpressurized fluids in the Earth’ s crust have been increasingly implicated to play an important role to
earthquake generation by decreasing fault strength (e.g., Hubert and Rubey, 1959). However, it is difficult
to directly measure pore fluid pressures in the crust. The focal mechanism tomography (the FMT) is an
inversion method to estimate 3-D pore fluid pressure fields by mapping focal mechanism solutions (fault
strike, dip angle, and slip angle) of seismicity on the 3-D Mohr diagram for a given tectonic stress field
(Terakawa et al., 2010). Validity and applicability of the method are demonstrated by analyzing seismicity
induced by fluid injection experiments (where the history of fluid pressures is known) in the Basel
Enhanced Geothermal System, Switzerland (Terakawa et al., 2012; Terakawa 2014). On the other hand, in
applications of the method to natural earthquakes there was no way to validate results of pore fluid
pressures (Terakawa et al., 2010; Terakawa et al., 2013).

In this study we reevaluated the 3-D pore fluid pressure field in the frank of Mt. Ontake in Terakawa et al.
(2013). The previous study applied the FMT method to microseismic activity around Mt. Ontake, and
estimated overpressureized fluid reservoirs with a peak of 100-150 MPa (with estimation errors of 20
MPa) at depths between 5 and 12 km in the southeast and east franks of the mountain, assuming a
tectonic stress field with 10-20 km resolution inferred from events with M > 3 (Terakawa and Matsu’ ura,
2010). In this study we analyzed the same data set as that in Terakawa et al. (2013), assuming a regional
stress field with 5 km resolution inferred from smaller events with M > 1 (Terakawa et al., 2016). The pore
pressure field obtained in this study is consistent with the former one in the north frank of Mt. Ontake, but
discrepancy is large in the southeast and east franks. The peak pore fluid pressure in this study is by > 30
MPa smaller than the former one. In the southeast and east franks difference of the two stress pattens
assumed in the two analyses is the largest, although in the two stress patterns the maximum compressive
principal stress axes are commonly in the direction of the northwest-southeast. The estimation errors in
pore fluid pressures are attributed to both accuracy of the stress pattern and focal mechanism solutions.
The level of the pore fluid pressures in the previous study may be overestimated. We reconsider the
estimation errors of the stress patterns, and estimate appropriate pore pressure triggering swarm activity.
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Stress condition around M6.5 earthquake fault of the 2016 Kumamoto
earthquake sequence
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The 2016 Kumamoto earthquake sequence occurred at Hinagu and Futagawa fault zones under tectonic
stress condition of strike slip or normal fault type. First large earthquake with magnitude 6.5 on April 14,
2016 was located at Hinagu fault zone with high seismic activity prior to the event. The stress condition
around the fault zone is important to understand the generation of the earthquake. Especially, it is a key
factor estimating the spatial variation of stress field at the depth of the hypocenter.

In this study, we estimated the deviatoric stress field and the stress ratio around Hinagu fault zone from
focal mechanisms. We used the method estimating it from seismic moment tensor data (Matsumoto,
2016). The data were selected from focal mechanisms of earthquakes occurring from May 2016 to
December 2016 at a depth range of 0-20km. We found that the stress field with strike-slip fault regime at
the 0-5km depth area. This principal direction is similar to commonly observed in Kyushu Island, Japan.
However, the stress field in the area deeper than 5km was in normal fault regime. The maximum principal
compressional stress was close to the moderate one at the area. This area corresponds to the co-seismic
large slip area estimated from the kinematic waveform inversion of strong motion data (Asano and Iwata,
2016). This suggests that the spatial change in the stress could be caused by decreasing the differential
stress at the area deeper than 5km. The stress field around Hinagu fault zone was in strike-slip regime
before the occurrence of the M6.5 event and changed to normal fault stress type due to the slip of the
event.
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Searching significant displacement zone of Orkney earthquake fault by
forward and inversion analysis with strain data observed at very close
distance
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The largest event recorded in a South African gold mining region, a M5.5 earthquake took place near
Orkney, South Africa on 5 August 2014. This is one of the rare events as the main- and after-shocks were
recorded by 46 geophones and 3 Ishii borehole strain meters at 2 - 3 km depths with epicentral distances,
delta < several km, and 17 surface strong motion meters with delta < 20 km. The upper edge of the planar
aftershock activity dipping almost vertically was only some hundred meters below the sites where the
strainmeters were installed. As the M5.5 seismic rupture is located within a range drillable from gold mine
workings at depth, ICDP approved a project to drill into the seismogenic zones. Moyer et al. (2016 SCEC)
inverted surface strong motion data, suggesting significant fault slip even at the mining horizon, while
there was no seismic rupture mapped or there were three strainmeters installed. So, the three
strainmeters can contribute to constrain the configuration of the seismic rupture. As population of the
aftershocks varies in space significantly, we expect a possibility to discuss a relationship the fault slip and
the aftershocks.

These strainmeters were apart each other about 150 m only. However, their strain changes had different
polarities while the other M4 strain changes with a similar hypocentral distance was the same. So, this
information can constrain the location and configuration of the M5.5 fault critically.

First, we conducted a forward analysis by assuming a point source with the mechanism same as
macroscopic one of the M5.5 faultingat a distance of a few km. However, no difference in polarity in strain
change was seen, suggesting that the effect of a finite size of the source with an edge much nearer than
the point source had to be taken into account. We are attempting to invert the slip distribution on a
source with a finite size together with surface strong motion data. We will report on the results at the
meeting.

F—O—R:@7I7VH FRWE, 1 —Uav
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Terzaghi's theory of consolidation and precursory time of earthquakes
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—ERIC, HERFICH T B RELIER LB D CTHBZERCLTIRET 5, ThIZL> T, 1995F0D kK
BRI thE L2003 FE D+ HEBICE VT, FARRECHIETABIERB8I I hi, TEHZDOHEH
TlE. TV 7 X¥OEFEREAVTHELTARBATE S, TILY 7 FEEORIEEEARINAEAL
oo —AT, HEFBICH L TIMARRDOL I RARICEVWTETHBE Y/ ZF 2 — ROBELBE RN,
5, W PHBREED & S BRETIRREHBPEITZIENTE S, LHALAELNS, hEENICERAS5Z2 /=%
DIEHARRDL I BXNEDEIICL TEEHINAAE VWS BIIIFEETH B, I THELIGEKED

RCLBHLVE, ERRROBE AN SEREISGER L, IFLDHICEHRE LTEORFAREICOVWTERL
oo ZORR., (FALAY Y —EBBLLICEEELR) EEROESIE. BMNBBTOLIENE+2ICHIAT
X250 THBIEDBHALMNCR DIz, K, HEZETEAZEIMILTWEINHTHIHD., KAERICEW
THEFHDT—IIADETHREBMIBFADN N E LV, TIT, B IZHEMMEBEOLTBREOARGH
TEREBABRTEIIEERT,

BH, AFERIE. TRAOICTRIR/XEW2016FICKKRINZEDTH 3,

doi: http://dx.doi.org/10.9790/1684-1304054446
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Moment tensor analysis of acoustic emissions induced by hydraulic
fracturing in laboratory experiments
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IKERREFAT X, SRERMBARRC Y I —ILAR - A1 IVERICFBEINTEY, ERINEEHOE=
YU IIELIELISHESRANAVS NS, KEREREZMEALAY ORAEFREEE L TEALES, ERS
N2 ZRIIFAERMISASRAABRIIAZ EFEINE D, EEOEEIRG TEHASINHMNEEDHETT
&, TAMBATERNEDRENZ S RINTWS (e.g, Maxwell, 2013) . FIZIL, Yz —ILHR - A1)
DREFETIL, ERZIHOAEEBCAEDICTONRY NEMIENZBHRIFREEIATIH, BIREOHENT
BENTHNIETONRY EHREVAUPTWVWEEZZ SN, KERBREICERETIZHMEODERAN=ZALERARS
CERBETHD. LHL, ZEROEERBTIE, DA MNDOBAEISOA DX LB A +LWRTE ZERIE
BRETERWVBANEL, 2V ELARREETODEL L.

AARTIE—HMERT clEEEaRAR 2 AVWCERKERBRERE TV, EEREFICE L 28NKIE (Acoustic
Emission; AE) #+97REMOAEE Y HTEHAIL, THICE— XY MTF Y VIV AERT 22 &R AT,
AEE U H IE— RIS EHTHY, X, B4tV HOESRENBREICSADZHEOHENHL W0
I2, IRIEEZRERCHETIVENHDE—AV MNTVVILEBRIZR#ETHS. KHRTIE, ERFEBERIC
BAEE VYD OMDAEE VY HIRERIRT 2 & WO EHREH LW IV HOHEAEDLETERL, BoNiR
BEISE Y HORERHAVBITTROZF+ ) TL— 3 vFE (eg., Kwiatek et al. 2013)5ERT 3 Z
ET, BEREIBREICSZAZHE4N - BELRBET—9E2HAWVT, TE—XAYMNTFUVILEREEREL
-, BITOEREBONIE—XAY MFT VYV ILER%E, Knopoff and Randall (1970) OFETEAMRS, BIMK
4, CLVDEZICHRL, WIFNHDEINE0%L LA HHBBEICES (FEHE - 1B5%) B, =
B, CLVD (RO - &) BeNFELET 3, BRI NEMT 514 RV MH20%-55%% G & 7= DICH
L, FAORDCEHAEERSHIEET 28BE10-20%EREE LNz, £/, CLVDROHNEHT 2BOFOH% A
RfzEZ?, HHRAAGERTTFISINZ2EFHAVOROERE RBT 2MIZEMNTH > 7.

F—O—KR:F7A—-RF4v Y -TIv>yay, KEWHR E—XVb-FUYI
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Response of Transmitted-wave Amplitude to a Biaxial Compressive
Experiment
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Active and passive seismic monitoring approaches, such as active seismic survey and seismic
interferometry, for phenomena on subducting plate interfaces, especially slow earthquakes, are one of
technically feasible ways to measure strain accumulation and release in subduction zones. A laboratory
experiment is one of the effective approaches to unravel the mechanism. Some previous studies, reporting
on laboratory experiments using rocks, have described results on the response of amplitude and velocity
reductions to failure occurrence (e.g., Lockner et al., 1977; Yoshimitsu et al., 2009). Additionally, some
previous studies, which imitated slow slip events in the laboratory setting, have reported on velocity
reductions before and after a slow stick-slip event (Nagata et al., 2008; Scuderi et al., 2016). Here we
show a response of amplitude in transmitted waves to the occurrence of slow slip in a biaxial compressive
experiment.

We used three stainless steel blocks (a center block and side blocks) and held Ca” montmorillonite
powder as simulated fault gauge between each of the center blocks and the side one. We used
piezoelectric elements as transmitters, putting them on the center block, while putting three receivers on
the side blocks, which are aligned along the loading direction and placed at an interval of 10 mm. We ran
a series of slide-hold-slide experiments. In the initial run, the center block slid first at 1.5 wm/s for 5 mm,
and the block was then held stationary for 1000 s. In the second run and the third run, the block was held
stationary for “3600s and “32500s on second and third runs, respectively. The sliding was resumed with
the same velocity and the same displacement as the first run. After the third hold, the sliding was
continued with the same velocity until reaching 2mm of displacement, thus achieving 17 mm
displacement in total. We recorded the transmitted waveforms for every Tmm displacement during the
sliding period, and every 100 seconds during the holding period, as well as just before and after the
holding period.

The preliminary results show that the transmitted-wave amplitude recovered in accordance with the
logarithm of the elapsed time during the hold, and that the rate of amplitude reduction is on average
about "10% just after holding periods at all the receivers. The recovery and reduction of amplitude
observed for the transmitted waves could be due to change of frictional contact on interface due to the
occurrence of sliding.

F—7— N ZEEESRR. RO0—-2) v T
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Temperature-dependent frictional strength of dolerite in an argon
atmosphere
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KEDORERFICIIMBIERE - KEMLEFNT 5726, MIBASBICIHEZLRERANKET D, ZOFRHBIC
&> T, MIBAROYEN BRI ICAMPRNRETZIET, MIBHIELLBLL ARSI EDI0OFERUFESH &
o T&E= (I ZIXTsutsumi and Shimamoto, 19974 Di Toro et al.,, 2011) , HEROKBEEICN T 5R
EOEEMIXLELLBHINTELD, BEEIERINMEREROITRNYEEICES T TOREEHESE (]
mm/s—#cm/s) I T ZBEMROBEEVIEINETHA LA %A (Nodaetal, 2011) . TR FHEMK
FHEICEZ2EREBEOMRIFAS N TIEARWL, F/Yaoetal (2015) TlE, BGEERDELZR/EICE UK
BAD #HARRERERES IR SIER. BEERODEWVICL > TEEREIRKEZCERD I ENRS
Nrc, ThIZMBEIORERIES., TRYREDRWVEIHICE W THBEERBEICKZ RWRZ T TRek
NHBILERBTEEDTHD, TITAPRTIE,. BRFE T CORRERERAZERL. SADOERS
MHNESBREDELICHEVEDLIICELLTEIONERIEL 7=,

EERICITLEBIBRIRICEBVANIL I 7 A MERL 4 MAFERAL. TEXZREDOOSGN S EERARE %
AWz, thTOMBIFBRICZLVWRETICHZZEE2EEL. 7ILITVFEKT (BBFREE0.2 %2
E) T. EEIGN1 MPa, $RXYZEET-300mm/s, FREICSITEZIARYEIO-20MDEHTERERES Z
Bot, BERSEEIAIICK>TMEL, 20°C - 500°COERESEFE THEEHICED LS BELLIRE SN
DN EFANT,

20°CHE L U100°C Tk, 1 mm/sT#J0.81 - 0.83DE %R L - ERREIL. FEN LR T BICONEEHL
DIEER L. 30 mm/sTIEMO0.73DEA R L7z, TNICR L T300°CULETIX, bEFMNCEEBLOER %=
TEHEDOD, 1- 30 mm/sD LMK REEHE TIIERGEHITS £ 20.81 -0.85DEA R LRKERELLILRON
Bhofe LHALITRYFEETIOO mm/sici 3 &20°CH L UT100°CTIREERZRHEI/ DO I NI LR LERERILD
MEAERLEZDICHL (b =0.75-0.79) . 300°CULETIIBABRAEERLOERE =LA (1 =0.67-
0.76) o 52300 MmM/sSICR B E TR TDEREFGETERRBMETL., TOETEEFIEREEI T ALS
IFEREL BB EDN DD (BBETEN=0.1-038) ., 2FWRL A MOEBBFEIIITRYEESR
TTRSESEEDHEARELFI. BEFETTIIMBIE LS BLAZEENMEERICO I MNT B E
NEZOND, Thid, HENRE LIIENMEET EIC. KUERENSVERA EEICHIEMEET 276
MNHBIEERBTEZEDTH D, REIC201TERIHREEFMERFICE D LIEEBIBRE SN &
A TH (Ideetal,2011) . FiFE - SRBEEH TOMBREICN T 2 BEEWREZHASNMCTE I &, T
FREOWIEGEE L WVIRENICIERT 2 L TCEELRERDIDERDEEZLNS,

F—O—F:BEE REWR. FL31 b
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Dynamic water permeability change of simulated fault induced by
moderate velocity friction
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Co-seismic events induce sudden changes in pore pressure, flow rate, and fluid chemistry at depth. These
temporal transitions could be explained by water permeability changes of fault zones at depth during
earthquakes, and change in permeability in fault zone also plays an important role in dynamic processes.
Considerable change of permeability may occur during the transition from coseismic to post-seismic
period, though the change is not well documented. Therefore, | designed the laboratory system to
measure the change of water permeability during low to high velocity friction tests using simulated fault
rocks. Similar permeability-friction tests were conducted in the past studies (Tanikawa et al., 2012, 2014).
However, the previous tests were conducted by using nitrogen gas as pore fluid, and slip rate was not so
high compared to dynamic fault motions.

In this study, Belfast dolerite and Aji granite were used as test specimens. For each experiment, two
20-mm-long hollow cylindrical specimens with 40 mm and 16.5 mm outer and inner diameters,
respectively, were used. To measure the permeability, radial flow from the inner wall to the outer wall of
the specimen was induced by applying a differential pre pressure between inner and outer walls. 0.1 to
0.8 MPa of constant pore pressure was applied from the inner wall, and water flowing out from the outer
wall was released to the atmosphere. | applied constant normal stress of 2 MPa and constant rotation
speed from 0.1 to 100 rpm (0.001 to 0.1 m/s) for a slip displacement of 1 to 10 m.

The result shows that permeability (flow rate) increased suddenly at the onset of sliding by a factor of
more than two, and the rate of increase was nearly proportional to permeability before sliding. After
sliding, permeability was decreased gradually with time, and had almost stabilized within few minutes. To
compare the permeability before and after sliding, higher velocity friction (>0.03 m/s) results in the
increase of permeability, and slower velocity friction induced the permeability reduction. This transition
appears to be related to velocity dependent friction behavior, as velocity weakening was observed at
above 0.03 m/s of slip velocity. Permeability reduction and velocity weakening behavior at slower velocity
regime is probably explained by gouge compaction and gouge friction. On the other hand, high velocity
friction will produce thermal pressurization, flash heating, and thermal cracking, therefore, the transition
process of water permeability for high velocity friction would be more complicated than slow velocity
friction.

F—T— R BKARE. EREER WE
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Frictional strength of agate at intermediate slip rates in air and argon
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Frictional strength of quartz rocks is known to be extraordinary low at subseismic slip rates ranging from 1
mm/s to 10 cm/s, and this weakening has been ascribed to the hydration of comminuted material, i.e.,
silica gel formation (e.g., Goldsby and Tullis, 2002; Di Toro et al., 2004; Hayashi and Tsutsumi, 2010). If
so, frictional strength of quartz rocks at dry conditions would not significantly decrease at those slip rates,
because the hydration of comminuted material would be prevented. In order to testify this hypothesis, we
conducted rotary-shear friction experiments on agate samples at a normal stress of 1.5 MPa and
intermediate slip rates of 1 cm/s and 10 cm/s, i.e., at the same conditions as those of experiments done
by Hayashi and Tsutsumi (2010), but in humid-air and dry-argon atmospheres, and compared frictional
strengths in humid and dry conditions.

At a slip rate of 1 cm/s, frictional strength in both atmospheres did not change much with displacement
so that friction coefficients after displacements of =180 m were as high as =0.7. In contrast at a slip rate
of 10 cm/s, frictional strength in both atmospheres significantly decreased with displacement, and friction
coefficients after displacements of =250 m became as low as =0.25, although significant fluctuations in
frictional strength were observed throughout the experiments. Thus our results show that frictional
strength of agate at a given slip rate does not differ between humid and dry conditions, and therefore cast
doubt about weakening of quartz rocks caused by the hydration of comminuted material. Since we
observed flashes along the slip surface during experiments at a slip rate of 10 cm/s, significant weakening
of agate at this slip rate is likely due to the flash heating of asperities. We monitored thermal images
during experiments in air at both slip rates of T cm/s and 10 cm/s, and will also report the relationship
between frictional strength and the slip-surface temperature.

F—U—R:ERBE. HOI. AK[H. 7IITVFHER
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evolution of localized shear texture on a simulated fault surface of
quartz rocks during slip-weakening process at a intermediate slip
velocity
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Siliceous rocks such as novaculite and quartzite display dramatic weakening of frictional strength at slip
velocities of >1 mm/s [Goldsby and Tullis, 2002; Di Toro et al., 2004]. It is known that hydrated
amorphous silica gouges form on the fault surface in the intermediate-high velocity frictional slip [Hayashi
and Tsutsumi, 2010]. Goldsby and Tullis [2002] suggested that the silica gel layer made of very fine
amorphous silica particles causes the frictional weakening. However, there are few reports focused on the
state of these silica gouges during the slip-weakening process. In this study, to better understand the state
of the fault surface during the slip-weakening, SEM observations of the fault surface and section and XRD
analyses of the silica gouge were performed.

All the experiments in this study were conducted using a rotary-shear, intermediate-to high-velocity
friction testing machine in Kyoto University. The samples used for the friction experiments were single
crystal of quartz (a synthetic crystal). A pair of solid cylinders with a ring-shaped end surface (inner and
outer diameter of 5 mm and 25 mm) was cored from the samples. Experiments were carried out at a
constant normal stress of 1.5 MPa and a slip velocity of 105 mm/s condition.

As an experimental result, slip-weakening occurred at the initial 0.2-0.3 m of the sliding and the value of
friction coefficient dropped from the peak value 0.6 to residual value 0.2. The peak friction showed log(t)
healing [Dieterich, 1972]. Whole of the fault surfaces of the specimens were completely covered with
white, fine-grained gouges after the experiments. SEM observations showed that T00-300 wm size of
plate-like structures had been formed on the surface. The surfaces of these structures were very smooth
and flat. These structures were teared from the surface into a shear direction. SEM observations of the
fault section revealed that a continuous shear plane had been formed at the center of the fault zone.
Along and parallel to this shear plane, approximate 1.5 wm-thick layers had piled up and formed foliation
structures. Similarities in size and direction of the planes suggest that these piled layer structures should
correspond to the plate-like structures found on the fault surface.

XRD analyses of the fault gouge revealed that amorphization of gouges had already been occurred during
the slip-weakening.

F-U—KR: AR B, BE FRE OE AT
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Cathodoluminescence spectra properties of recrystallized quartz in
mylonite.
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ARIERNOEFRBPAMEDTEDEFEEICE>THY —RILI Ry EY R (CL) BB EED. <A
A+ 4 MW LCURERATo>7-M%HI& LT, Shimamoto et al. (1991), Morales et al. (2011), Kidder et
al. (2013) 2 &EW$H 3. —AH, CLARY MLAEHunt (2013) THMIBEBSNARENERI & ICHBEL, <~/ OF 4
MEDEEIZDWTHRE LAHRIIWME SN TV, ZITERMRETIE, 1074 MuICHES BRERAXE
DAL ECLARY ML EDEEMICOWTHRET L. FRLAZAMEIEREAHLUMBAERARINIS LUVU=E
BOARREERILAICHOMT 2HELTEEEREREET2VIO0FM4 hadReEL, BFTICERT S
IL—HMZEWT, CLARY MLOEHBOZELERANT-.

BEDCLARY MUIEEICEBHEFDOFRA420 nm, FEEHD620 nmfbEIcE—2%5 27 0— KGN
YRARGMILTHY, D220V ROBENHWREBEDEWNCLY, E-FEDOKRALENLEET. AR
TISEM-CLERWT, SRBICEFNIAEDARY MLERIEL, B6NEARI MLT—FICRL, X
BADMHE{To7. 7, Hunt (2013) THMEBEINARARRICHIET 2 EREZAVL, BoNEARI ML E
9D DVoigtFA¥MH 54 2 RBAVoIigtBERIC T 1 v T4 VI LTE— DB E T o=, {VoigtBBH DB LERIE
FEREREAHI SN TWB380, 420, 450, 500, 580, 620, 650, 705 nm& HEKLRERRAITFALEINE—7H
FET 5730-800 nmDEFIDICEKREL, DEESIN-RE—IDREFREE RO .

ERDDHOER, TRTOBRICOVWTE—ERD (PCT) IEDEAMAFENLRE, HEZEMS (PC2) ITFA
ERBDORENBEDLLERT /NS A=Y —ERo7. B, PCAILEDEALBEOHELZITHH, &R
BDOZARYT MLVEEBIFLL RSB LD ICHEBIEL, FRIBIELEZARY MVICPC2OBEBRY MLVLEEL S Z
ETPC2ELTOROT (PC2 ) &Ko T-.

ARINEZEDYAOF A MIEBETBHRELT, PCIRA7TREEBEICAHEBOIESDENESN
7=hY, PC2 ROA7HSBEINSHEMFEOHRLICEI > TEFERAEDOHERINNE K 15T EHRE (580-650
nm) DFEXEHIERHICERL RBRRETLE. ARITAOF 4 NOEFEOEREICRAMICKEATLIER
X9, 350-450CeHEIND (WBEIFH, 2017) Z&h 5, PC2 DEABAZIbIX, ZREEDEICK
BEIT2H50TREAVEEZLONS. E—JDBOER, BERAROAZREDICHEL, 380, 420, 450
NMICD W TIRZBREFBREMNREL, 620 nmICDWTIEZFDRABREAEMT 2EANREONE. INODRR
N, IA40F4 MEDRSARBICONT, TR e LTHERORLEEZOTAIL, TidYiEd L8
M, FiE, KAORNE S DS TIERBEERFRZFA S0 (NBOHC) AN L A FTREMEAE 2 51 5. NBOHCIK
OH #HADRMICEET 3 EMEINTH Y (Gotze et al.,, 2001), Y1 OF 1 MEDEITICEK > TZ DR
DEMUI-AREMEIZEZSND. S, <4071 MEDETICEI ARFO I NS DEFRIBODOEESBA
HBICTD2UNENDHS.
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Raman spectra of carbonaceous materials within the black fault rocks
in Kodiak accretionary complex
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Estimation of frictional heat generated in the principal slip zone (PSZ) of a fault is a key to understand
fault mechanics. Recently, analyses on carbonaceous material (CM) such as vitrinite reflectance and
Raman spectroscopy, which were widely used as geothermometer, have been applied to fault rocks and
products of friction experiments (e.g Sakaguchi et al., 2011; Kitamura et al., 2012; Furuichi et al., 2015;
Kaneki et al., 2016; Kouketsu et al., 2017). Raman spectroscopy of CM has an advantage in 2-dimentional
mapping, and therefore useful for quantifying high temperature zone along PSZ generated by thermal
diffusion of frictional heat. However, distribution of Raman spectra of CM within a PSZ has not considered
well. In this presentation, we show the result of Raman spectra of CM within the PSZ of the Pasagshak
Point Thrust in the Kodiak accretionary prism. The thrust is characterized by ultrafine-grained black fault
rocks (BFR) including weakly molten pseudotachylyte formed during seismic slips (Rowe et al., 2005;
Meneghini et al., 2010; Yamaguchi et al., 2014).

Raman spectra were obtained using a Renishaw InVIA Reflex microspectrometer (ISTO-BRGM; Orléans)
with 514 nm laser. The laser beam power at sample surface was set to 0.5 mW. Analysis was performed
to traverse internal textures of the BFR. Spectra was decomposed into five peaks, center positions around
1350 cm™ (D1, D3 and D4) and graphite bands centered around 1580-1600 cm™ (D2 and G).
Microstructures of the BFR were observed under cathodoluminescence microscope.

Although D1-band develops within the crystalline microlayers of aphanitic BFR, which is thought to be
melt-origin pseudotachylyte (Meneghini et al., 2010), development of G-band was not detected even in
the crystalline microlayers. This observation suggest that Raman spectra of CM do not reach the
equilibrium in the case of short-time heating, as pointed out by Nakamura et al. (2017). An alternative
possibility is that Kodiak BFR has formed temperatures of <400 degrees C, without frictional melt.
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Frictional Properties and Microstructures of Main Fault Gouge of Mont
Terri Rock Laboratory, Switzerland
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A4 AMont Territh FHAEHEZRDOEMBEH VP DI T7 DERSZRA TV, RREOHABOMMEEAEREL
Too HAEHIMHEN SH260MBEDHTIED SIEHI L 2 EERMFLBSFISHALDREL7.2mE37.3mBE LT
BSF-25FL.DRE36.7m, 37.1m, 41.4m, 44.6mDEE6ED AT TH 5, ABRIZ. PEHBERMEM TR
FIE Y 2 OEEHVER - SRERAREZRA W, SBREGE. BETTERARVEKEZETT. BEERD
[£3.95~4.0MPa, 3R V) FEE (X0.2 microns/s~2.1Tmm/s& L. TR MR E L TERICEVWEEAERT
TIAVESRHEZ h V2 AV, BF - hEEEARE Rk L CEROREKRFEREEZ KD, b, 770
VAV =TERAVWTHIYEHALLOT, RRIIHBKFHETTITo7, ARZBEOABZEINL T, BFE
F & JCM-6000% F LN TSEM(Scanning electron microscope) & % 17> 7=,

ERFAERBRIIRDEBY TH B,

) RRICAVWZESDEES L VIFIFEEERFREIE. SKEZETTIK0.1H150.3, EKEETTIX0.5H
50.7EVWHEIE LNz, BKEHETTREKEZETOH2EDORZITH S,

2) BFS-15ADFEE37.3mDRARDHEKTO.55M50.77. FEKT0.45H150.78& W5 ERGEH AR

L. BKEBKTEN D>, ZORBIIBAREETI2MBA T, HEIESEENIBRUT T, HoER

(670 573%) & LB L THERIIZ DAL,

JNEBLY—LELTIE, TRTOANTHT I REERELWV UEEREEORWMEREL V—L &, B
SORREBELTHEITONZHEEL V—LEICDEINE,

HEHLEADVIE, BEEX NV EEEER M VAL THBRAREEZEI R Y vy U4 RREAZHD R
)y =V hRBH 5N,

-0 EEREB. TU7UBTHRER. ERAK RNETR

Keywords: friction experiment, Mont Terri Rock Laboratory, friction coefficient, back scattered electron
image
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Determination of the deformation conditions of the Shajigami Shear
Zone developed in Fukushima Prefecture, northeast Japan, based on
deformation microstructures of mylonites

HeE BN, AKX B, £FHEAL BA FiE
*Shunsuke Watanuki1, Shuya Hisasue1, Takuto Kanai1, Hideo Takagi1

1. RfgEKZE
1. Waseda University

EEEEEETOMRERGESE (ML ®) ICRILR-EEAEICEVIEEMEIAREL TS Y,
BT & FEEN T W3 (IWTTiEsy, 1989) . FIkFmE A RERD IR 1258 > TRANC MRS
D, BARICAKRENDFHELTHY, HICERAEZITTWS., AH - &K (1992) IMBEDEWEEHL
5, EENAKE~IOFM MIEThERL, BENKEHI VL —HA MNEBKEYIOFM MIATHE
ReZEERELTWS. 5O, SEM-EBSDIAICK WAIE LA-TEEAZEAE~YI O+ M NhOBRERARB LU
AREYAOFT 4 MhOBERABRAOKTFERRS (LUFLPO) R4 —Y EHRAFICEOVWTERZG %
WELLDT, RET 3.

TERFEEY IO+ bDEZLERMO0F1 MEICEELTHY L —H A1 MEEHE->TWS., 10O+ 4
NDIERIIEERIETNERT. Y404 FAROBRERARNTF (FHHRZE13.8-21.1 um) OREEHA
&, Z< DOREB Trhomb<a>F RV Eprism<a>TRY ICEREAT2ERERLE. HELEZBEIRYURIE, ¢
BOEFNY—VTHZ94 TNV ARA—RIVEYEFOFBIZHIEL TWS. BHHMEE & LPO/NNY —
MNS, TOXAEFA MMI400 CRIEDERIETEF LALEHETES (TT, 1996; Passchier and Trouw,
2005) .

ARAETAOFA ME, #fEEBIEVWEBRIEEB< 1 O0F 1 MELTEY, WFhEaT iR
d. =L, —SOAKREYAOFTA bROABEAR—7 1407 A MR, ETNOEFIREINLTY
3. BRERARAHNTF (EHHIR16.9-46.9 um) DcEiiZZARED 510-20° F2ERETE VY ICEER L2 ARIC
L, afEH—RILRICESF TS, 10O+ MHOARAICIENZDEHIERD 5N, 200 'CULLETE
WLiz&£EZ5Nn3 (Burkhard, 1993) .

EERATEEOARBK-ArERIZ105 MaThH Y (BETRIF—F, 1990) , 400 ‘CRIECOLEFIZZEN
DBBICELCEEEZAOND. F, BERBEHNIIL—HFA MRV TV RELTVWER I END, ZD
RIS KBS OFATEEEHEICKRDOON, ARKEYAIATM1 NOEFIZIO MallgiThHd EEZLNTWDS
(AH - &K, 1992) . LE&Y, #iiZidrmEOmEZEE, 105 Mallf#iZ400 "CRIZ DRIE CEME
FRENEET O/ 0T 4 MEEZIF. Z0%, BRAFRALPELELEBEREGEINERICEEL, 90
MaZ TIZ200-300 ‘COBRETAREADY A OF 1 MEETEEREEDHY I L —H 1 MEDPE LA EHET
x5,

SR

Burkhard, 1993, Jour. Struct. Geol., 15, 351-368.

AH 7 - BAEH, 1992, #hEH#, 98, 137-154.

Passchier, C. W. and Trouw, R. A. J., 2005, Springer, Berlin, 366p.
BRI XILF—FF, 1990, ERITRILF—JT, 116p.

T #1996, tthE M, 102, 211-222.

IWFTZE - AR - BRI, 1989, HiEH#, 95, 701-710.
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Distribution and characteristics of fractures in the vicinity of spray fault
branching off from out of sequence thrust: a case of the Sengen fault,
Miura Peninsula
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BTEME _ EOBREISMEESICHEASZ 57-0. MERIORADEEF#EBM T Z I &1, MEORE
ANZZALORBBICBEWTEETHD, TL— MNEAFAABTIE, [FIMEDOEKICHEN. T SFEHHA
A5 Z Kk (OST) BRET B2 ENH BN, OSTHHERWH L VRY HESNREDRBERZ I END
Do TW3, INELIPTERINTWBATIE, FINEOEBRICHES BIAEREICK Y., HEWH, SFREHIKRY
HEn, SEAKRKENRELYT KRB EEZIONDS, aEREOEKRKIZAZERADENBICSHRIAL &E
ZbNndD, MBELICIIBESOHEICL > THHRINZEEZOSNBENBENZKEEL. REBHOD
B THBNILYA M EDIIIR (ZRICEMHMIED SNENE) AOSTAVDMKRERAICERIND
ZEDRHD, LEDZENS, OSTAVDEINE DDA PR/ ERAND Z &1F. OSTHEFETORIKDEEDFE
MICBVWTEETH D, AARTIEFHRNEO=FELEFDHRICMNBT Z0STEEZEZIONZBr BT A MO
IZETE CH 2 XEBEZRTRIC. ZORMDOENBEDDHEFHORELT o, X-MERIDDIMIRD A
BOGBICEYHLDHE T4 v T4 VI T2 EThRNAREBEHRET 2EMRE (WL, [1]) ZAVWT. HKA
R H L UBERKEDHEZ1T o7,

EARIMTEIE. EADN 84W, ERINTONDHEMETH 5, ZEMBOROIDETIE, BEHYY
(g : ¥91 cm) - BTEAM (L8BAICIE20 mi2E) - B3Brs (TR %fEAL. BEHLOE BrEA Y
U, MIEAK) OEHIK20 mH B I EEEIN DT, BHIERERRLY. MYMORIIHBEICETICZES>TW
DRFEMBH Y CHERETE, MEAKBIIKEEISHDICKHBH DY EAKOBERFIERTE L, 50
cmE8 B DA ZFAVWTENBRELZAE LD, EFROLRMETEENKREZ <., HEEH 54100 miEh
Z2ETENEHBENED L TWBENIERTE, H100 mLLUETIIENBEEEDRVIZIFEAERONAE
Dotz 2T FA=IVYV =V ERENZMBIEEDENBHEAMBEA S5H100me Lk, FX—
J—VORBOENEOEBE. TAUAOIMITHARTEBREITIENTO " 40WAHRICEHRLTWT, KE®D
EFEIGEWZ & &EE Lz, THRAIZAEZESHZHEIR SN TWT, EHDOEH 55100 mURNOMEEE TLY
HNEEBETERD >0, BNEOEMIENSO " 8OWDHEICERLTWT, HiHl & FAEICkBOER
IOEWZ EBEESR L, TDZ & FXA—JY—UDMBICH >TRELALEZEEREBTEEEZLON

%, REMEO LBAITIX. BEBICH > T100 mMWICKEBIESEMIRDERD 5 2 FE A Yamamoto et al.[2] &
Uiﬁién’cméb\ B TcORELY., EEm, S EBAIZHKE0 ™ 200 mEtn -s8EF DB TZ < DYk %=

LT, YEILAILYA N THB EEZ 5N, NSO SO EDERODIEYIRNA PP L WMERASR SNk, £
=. BCEDER & VU IXERTERELIENNE—SSWA R{HKR O IERTE RIS 035 & NNW — SSE 5 [A 48 D ¥ i /& BY
IENGERBRL TWB EHEL. BRKEGEMBEGBNGORROANEMBERNGORLIYEEN >
ENERI N,

[1] LLEE (2012) HEZHMES, 51184, %65, 335-350

[2] Yamamoto et al. (2005) TECTONICS, VOL, 24, TC5008
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Structural, mineralogical, and geochemical characteristics of an
ancient megasplay fault in the Hidakagawa Formation, Kii Peninsula
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TL—NEHAAHERMEDUEE Y FEAMAT 27010, MEMEL+HE2#H, WM+ FRE
T, BRAWBHBRILERINTWDS. ZOBEYEHL, FAOHEKICERELIKRET S0, EBEMHIH -
LEFHTORENEETHS. LHL, KEFEAFROMMMERICHKET 2MBEDOIIEKRAEERESINT
WAL, 22T, AR TIEMFLEEDR, =E2HESIComT2ESINBETFOAS YY1y MIER
L, B TOMER EEMBEXPRIDOER, IBEREHRTE, MESOHIEERE, MMENREESMN, &
LUEE - HETROWEERREL .

ZOWRER, BEFOREYMO IV VEREFLY, BEREIFI3I 4kmTHY, BLVEREEZRFOMEAIE
I2, EEREENERINL., IhniE, REVRRBEMNELZTBRT 5. I 52, ZOWETIE, YR FOHM
filb, FEREE, BAROREN, SLYHEK - EoREN - BETKREROBEERECIERINE. FIZ, ME
THREKDEIETHRIRE (>350°C) TORFK-EAHEEERZRLEL. BELY, XMFICHKET DB
FEBICHVENT - SRERBRLTVWINDODTHDERDBEMBTCHZEEZOND. HRTIE, IhLDBERE
ILHICHEE, BRL, HEROBUEREBYNIA—FIZDVWTERETEZFETHS.

F—T— R k. BERR. RESHEHEEFER. BEXDIKME. ME+F
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Prescribed factor of major and trace elements composition presumed
by the borehole core sample of Nobeoka thrust
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MARAABICEWT T L — MNERDI LD T E2EADIRMEIL, EZREEOIHMEORERTHEEEZON
TW3. EEFELHER, BARISICHRICEITSHMEDOVEDTHIAMUA+FL2ILHFEHERS LU
HE=ZR)EET(H-FE=ZR)ICZHTI2RAFLHETHY, BEIEE T CERMMEARESCLEHLIE
THDEELNTWS. LRETRTHRELAEE - EHEOEVWARLN, BRRHERNLORBEL LN/ LB
THRENEFNORSHEIZ3207330°C, 2507270°CTHY, KETRBEEENRO5NS. MIBOEMICEY Z
DEREENMRSINI-ERET 2L, MBOMEAMEIFIOkmIZEHEESNS (Kondo et al., 2005) .

201 T EICITh N EME _LMEERIETE (NOBELL) IC& VW ZOMEZE < I 7EMI RSN, UFEZD
HRERAVEFLA RN TORTWS., KR TIE, EMELMEREYEEICKYERS AR ERAL
T, REZELDEZMHRDT ATV, TL—MERLVIRET 2ERDIRETBOMEEENIC S 742D TRk,
MEMOZEN S, MEESEBERREEOEEERZPELNITE. EETREBETRODWTICIMA, §i
MDD 1T 2 & THIEEHRFOEK TR, MO 77 0—F %173,

23749 —5REBDXRF (Rigaku ZSX), ICP-MS (Agilent 7700x ICP-MS) % B W\ T#E & HEhER
(principal slip zone; PSZ) BN SIREXL7238DH Y TN SEFE - lEaxnFREZThThAE L. FETRDHT
DERDEICH L TERD DM AT o 7=#ER, PSZW TSI, Na DD & ZNICHEIKDEMARD SN, Th
Ligwk’ TEICHEIERADA 14 MERIGDATREM %R L TW3. Fukuchietal. (2014) I&, AA—1U v

TERAWEA 74 MOBEREEDIHOBERNS, MIBHICHTE1 T4 MOERILEIFRKICK 2HEEE
ﬁﬁk%—%éﬂ%? EMERLE. R—1) Y27 DOXRDAEE o /- SEMIHEKR & EMD DT DER % LB T 2
E, 454 MOBRIIEERETERI 272HEDD, PSZICBE T 2ERADBEERI’ERINL.

7z, FIEFLTOTRN’PSZELICEVWTKELELZTEL TV, BETRICITEKEBERICRIET 57T
FHE L, MBEERFICPSZELTEAESEBEREKEDRIGHNTRI 272 EDEESINS. LA LEBEICIEE
TUFBEMATE—I 2RI TRIEZRY, PSZEETIIREBIEIYDOBENRI 2 7=1EFH, ZOMEND
3cM T TIRAE DHEEERIMREBIYPTUVCSHE— V2RI R EETRICE WEBNAE—IERLTUL
7=.

ARAFRERD SETEEHRFORAEDERICH LEZ WRBIZHEICDOWTHLNE RSN, BETEAVTE
B EERF DO TR CIYERDOELEZHSMNMIT ZICIE, SREICHAWR T —ILTHDOBEIRLAEN S
DY VTV T ERMETIVELNHDEEZIONS.
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