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Slip processes of gels with multiple asperities
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Grain size segregation in a fault gouge
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Friction of granular layer at seismic slip rates - Effect of wall disturbances
Friction of granular layer at seismic slip rates - Effect of wall disturbances

SEFAE TR A 2 B AL 2 B
KUWANO, Osamu* ; NAKATANI, Masao?® ; HATANO, Takahir¢ ; SAKAGUCHI, Hide'

VSTATBOGE N ETZE R FERAE, 2 AU
IMAT/JAMSTEC, 2ERI, Univ. of Tokyo

A natural fault has the cataclasite core zone, along which shear deformation concentrates. Rheology of these granular matte
thus provides us an important insight in considering the nature of friction on faults from a microscopic point of view. In the past
two decades, experiments conducted at subeismic to seismic slip rates (mm/s to m/s) revealed two remarkable phenomena
of high-velocity rock friction; very long critical slip distance (Dc) of the order of 1-10m/s and the considerable weakening due
to mechanochemical effects by frictional heating. Recently, Chambon et al.[2006, JGR] conducted friction experiment with
very large shear displacement experiment on a thick granular layer, and reported significant slip-weakening behavior active ove
decimetric slip distances. However, the relation between long Dc observed in a thick granular layer and long Dc in the high-
velocity friction is still not clear. We designed laboratory experiments to explore transient responses of a thick granular layer
following a step change in slip velocity at seismic slip rates. We use simple particle and choose relatively low normal stress
to exclude the possible mechanochemical effects caused by frictional heat. We find that friction coefficient and layer thicknes:
show similar response that is symmetry with respect to velocity changes, and Dc is of the order of 10m. It appears that thes
responses are attributed to dynamics of granular matter. We report effect of wall boundary disturbance on the transient respons
of granular layer.
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Non-equilibrium thermodynamical interpretation for rate- and state-dependent friction
law
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The rate- and state-dependent friction law is based on the experimental results of rock sliding friction. This law unifies two
types of rock experiment results; the first one is the time dependence of static coefficient of friction (Dieterich, 1972) and the
second one is slip velocity dependence of the dynamic coefficient of friction (Dieterich, 1978). This law is reproduced by using
two equations called as constitutive law and evolution law.

Several versions of evolution law have been proposed in order to reproduce the experimental data better. However, none
them are completely satisfied.

We analyze this rate- and state-dependent friction law for the velocity-step and the healing tests from a thermodynamic poin
of view. Assuming a logarithmic deviation from steady-state, both results are reproduced. The proposed system of equations
a unification of the classical models (Dieterich, 1979; Ruina, 1983).

F—T— R B, RO, IR R ), RN

Keywords: friction, constitutive law, non-equilibrium thermodynamics, evolution law
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Luminous phenomena due to impact shear fracture of various rocks
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Unified understanding of frictional instability based on Rowe’s theory on constant mini-
mum energy ratio
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1. 1FCsIc

BEREDOARLZEMEICBI LT, N0 3 - JREBKAF RS (BRI OWiE AT D TENICHEES 5 ST WTHHAR
WCEH LN % {f7bN T &/ (e.g., Dieterich, 1979; Byerlee et al., 1978% 7z, Ikari et al. (2011)T I3 BEED L&
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M REHALMIEINTVARY. ZOMGEREZHET 2D, [CREEMICE RSN TEIWHERE ST
Wi 7 ¥ DR EBINCTHMET 2 0B8N H 5. Z T, AW CRALRIAD LRI T3V F—0BlE, 5
ERMICER U7z Rowe DT 3L — /N (Rowe, 1962 ICEHT 5. & BIT, HAERBHEA U -
JEH Y OEEBEBEITY, HEROEIOEZMGTT 5. M ENDS, BEEOARLENE IRIRAD E R T 11223
XUOBZOBLSH SERNCHERT ST EEHINE T 5.

2.EmE=

Ty A5 A4 Z—Ix EDRDLGEMIIREDIERRENRIC K > TR E N5 (e.g., Thompson, 1982) 3 /b B Z5E
IR ERNBEZZFTAERTHS. —F, ADBET OB EHMRENREET S L X, NLEITNONEEEEN
5. T LIERABVIZRERBUIC K > THUET N, BERBDIED & ERIFLEMICIRSHES. 5, ROMEHT
BRED, ZHEEERBICE->Taryra—)LEN3C LRSI THS. WERBIE, RITHVEHT % EERNICHE
T3, DFD, BERKOFEAREBNIOMEZERLTVS. TTT, BEBROMEIGEEE, BEFEEchkTZE
DTHBTehs, ERAMO) (B CRESMDOIDLLTERHEING EEZ T2, o T, BEEOMEEIGEMEDN
R ERICBET 5 L I3HATH S, 61, FiBY - £ (198D KU Landau and Lifshitz (19765 D, &I
ERINZ TV F - xIVF—t RIMHEEINZ TV F— LRI U THEI NS T3 )VF—0Dk) DR
FEMEENTZ. ThHSDRERED, T3VF—LLE ROLEN & OBEMI) 2175 T eMnEE kb, Tx)LF—1t
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Effect of liquid viscosity on the shaking condition required for the granular medium flu-
idization
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WA CRIA U 7o b JE B OIRENC X O eR1E, Ik d 5 LR RSN TV S, HEREYITIC RSN S TR
Bl ETODEIICLTERLIEEEZEZALNT VS, EBE LEDHIN T TEMELZE 2 J@h 5 7% 2 kIR E NIk T
JEhE T IRB S 5 & TRRIIE ] WERE NS, TNE EEOKIREREOE R Tk —IFIICirE SN
e, BINALENRE 572D TH 5, FEE DX BRICOWTINEE, FEBOHAEGDEZEZNZTN2H. 3
T &)L < 22 2 TeIRB SRR 21T ). TARIREE ] WHDR 2 7 DI IEERFIEE N H % T & 2 LT T OGS HYE
BUSHKAFE L, 100 Hz TRvN & 7% T & %7k LTz (Yasuda & Sumita, 2014) L L7285, & 0 @kkltEo~ 7<= 0
BTLREZARENEND S, AFRETIE. Yasuda & Sumita (2014 [FEEDFEE Gk OSSOV TV, HENksE
72 RO FAERIC DN THE T %,

ERIE A L U 15 mPasD 7 ) ) VKA Z V5. TOWEA b—2 ATRFEEEIIKRD 117 L7522 728, ik
U CIRENREE 2 175 E < Ule IRBIONEE., B EE A THEEBZIToTz L T A, TSI DR 72D DS
NMREAVKOEE EF U< 100 HZ TN 2% S Mo Te, ZD—F TRkt OB EICIZKROEE & He U TR
MEEENNE {IRB T Mo Tee RIALEDWRENELZD ., A =7 AULEDENZ AT —)VT % EREE
DODEREDNT LARL 2D T EWah o,

DRZMEIE | DR 2 T2 D DEFFINEE D 100 HZ TRNC 2% T L BENANLEDRES B 12 DI 0 7RiAD 2 J&
BERTHREINS DIKE, RO XIVF—L I v — 7 Dili FHEFMEL EThE T e hEE E 2 % LA RS,
REPED SO, BRFUIEEAVNE <75 T LTI O R L BRITR 5, REE. LA X—ZZHWTh+ - AR
ZRAM LIz A, mkTERE TR U7em a0 MRS THRUIRIE S % C L2 R8 U Tc, AFBR TR E TeEJARL
TE ARG ﬁfﬁ@ﬁm&%®ﬁ@hkmﬁﬁ(Hﬁ#ﬁﬁﬁﬁ@@sP)Fﬁﬁ@@wh?@ﬁ%%% &by
LT MRS, TOHE, RLEDWHE (1) EAoce V3 LATF—)LEND T ENIERD D> TS, T O
%&E%?%&\%%ﬁ®%9klﬁ%<ﬁ%;&ﬁ KM R E L E BRI, e WNELKEBEHEZ D LFHHATE
%o eMWNELIRB T LIE, ERETEICR 2R, KPEMRIRE LT WHEEEBANTDH 5,

AREBTEREOWA TR ENTIRLT « AR TRIFIAEIC K O IREID 0 ROk UL, RENEA /KD
BEX0EMNZ > TREGIEZLZRL TS, TNIMEBIC X 3K Z 3T~ 7~ Ok, RUFHFREAICE
SR < ATREMED D B o

5 [FSZHR

Yasuda, N., Sumita, I., 2014, Shaking conditions required for flame structure formation in a water-immersed granular medium
Progress in Earth and Planetary Science, 1:13.
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Keywords: earthquakes, liquefaction, fluidization, magma, triggered eruption, shaking experiments
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Understanding characteristics of the granular compaction by analyzing visualized stres

chain

B R 2 N T ANy a2 FER Y
[IKAWA, Naoki* ; BANDI, MahesH ; KATSURAGI, Hiroakit

L ERAREBERE AR, 2 PRER AR K AR
I'Nagoya University, EnvironmentQIST

Granular material is defined by an ensemble of many solid grains. Although the grains composing granular material are solid
granular material sometimes behaves like fluid [1]. The rheological property of granular matter is very complex in general.
Granular matter deeply relates to various phenomena occurring on the earth and planetary environments. For example,
avalanche or a liquefaction of ground caused by vibration such as earthquake relates to the complex nature of granular behavit
In this study, we focus on the granular compaction induced by vibration. Granular compaction is a peculiar phenomenon observe
in various granular related behaviors, it is usually defined by the increase of the packing fraction of a granular bed.

To reveal the granular behavior, researchers have carried out various experiments. As a result, deeper understandings for 1
granular behaviors have been obtained. However, these understandings have not yet been perfect. In general, image analy
and data acquisition by sensors are used to investigate the granular behavior. For example, we can measure the packing fract
or the particle velocity in granular material from the former method [2]. In addition, the data such as pressure or acoustic wave
on granular material can be obtained from the latter method [3]. However, we cannot completely understand the characteristic
of individual particles from these macroscopic quantities. By using photoelastic discs, recent studies succeed in measuring tt
force applied to particle at each contact point and the stress distribution in a bulk granular material, so-called stress chain in th
case of two dimension [4].

In this study, we carry out the experiment of tapping-induced granular compaction using photoelastic discs for granular materia
to understand granular compaction. In the experiment, we add vertical tapping to photoelastic discs piled layer in two-dimensiol
(2D) experimental vessel. For this experiment, we use 2D experimental vessel made of acrylic plates and fill it with bidisperse
photoelastic discs. To lead to the granular compaction, we tap the experimental vessel by using an electromagnetic vibrator. W
systematically vary the tapping condition, the duration of tapping impulse and applied maximum acceleration. As a result, the
degree of granular compaction varies depending on tapping condition. By taking and analyzing pictures of this 2D experimenta
vessel in the bright and dark fields at initial and tapped states, we obtain following results.

(1) Although both the packing fraction and total internal forces in the granular pile increase by the tapping, the latter saturate:
more quickly than the former.

(2) The applied forces on each particle become large, but the total length of the stress chain is almost constant during th
granular compaction caused by tapping.

(3) The degree of granular compaction strongly depends on the applied maximum acceleration rather than the number ¢
tapping or the duration of the tapping pulse.

Reference

[1] Jaeger, H. M., Nagel, S. R., and Behringer, R. P. (1996). “Granular solids, liquids, and gases.” Rev. Mod. Phys., 68,
1259-1273.

[2] Philippe, P. and Bideau, D. (2002). “Compaction dynamics of a granular medium under vertical tapping.” Euro. Phys.
Lett., 60, 677.

[3] Matsuyama, K. and Katsuragi, H. (2014). “Power law statistics of force and acoustic emission from a slowly penetrated
granular bed.” Nonlinear Processes in Geophysics, 21, 1-8.

[4] Bandi, M. M. and Rivera, M. K. and Krzakala, F. and Ecke, R. E. (2013). “Fragility and hysteretic creep in frictional
granular jamming.” Phys. Rev. E., 87, 042205.
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Transition between frictional sliding and viscous flow in magmatic fractured zone

BUR B s BAZ IR 2 iR e AR B
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JGENZ LR HEHEEES 7R TIEEENEN L, O TIEMMEIENE T % (e.g., Dingwell, 1996 Science)
D& S BERERHIGEREHL TR C O lHE DR E NS &, SOBEE 2R L CREVR~< 7 <O ERDAIEE & 7k
% (Okumuraetal., 2013 EPSL & 5, ZRIIMAANEZRKEL LA TEZDT, WICEHERTOEKD, Wil
DZEJG « BT A2 W VBN A HER X 8%, —)7 T, ZTOXS AEEERI A SN <M IcHEiT 5 e, %2
JEAC K B AR OMEHEIC K > THEOS 7 BMEEIE LIBEDIERE NS, TOX D B a~ /<O iE, 4
HEHANEDENB LT TEL, BH5 FERLTL 37 ICHTT %3 L 7x 0 @fl 2 348 &8/ NI g A 25 |
T ITHE LNEV. DK IS T WA OFRENRFE 2 B S 5 & L IZE AR D RO RN Z N % 728
WCARRRTH B D, BRI IEREIT 2 BT XD F 50 ETE DT TV A EKIZHS M TN TR, $mh
T, EiE AT JL e s 2 e X s — A74/xmﬂmaa@aAbﬁ%L&fvbv®ﬁm%ﬁﬁﬁm
IR ORISR EHSMCTEC L EHNE Lz, T TR - DDR A TOEREIT-72. —DHIE, ﬁﬁ/%qﬂ
awwm®ﬁm%ﬁmﬁétw®£ﬁf ﬁ%%ék@:z%@M& KA AWz, ZDHOEBRTIE,

OFREE, DF ORSEREIT %0, BT XD T 50 ERERBILIT 272D T AMMA (75-250 um 7z V72251
%%%ﬁst IR E A - v RGBT, EEDY 800-900°C, i A< 20MPad&lfCiTo7z. EX
kY OFEEEE I, 0.1~10rpmT, TRDFEEICET L 2 X 10°~2 X 103 ms !t L%, Kk E) La o am
BIIEATLs ! A%, FREBRIEEIHOIHEREYE DN S AEE A (~600°C) X E@EiRTH D, —DHDEER
X0, VIDHEEKIC T Ty IWAD, ZOHRYER N UMEENEENERT 2T &, BRERT TEBRDMET T LI
HWHERENDHEN ot Tz, WE—E F TR, —HBEEDNERE NS e —) v 78d, BEIXRDIcK
XNz ehRENz. ZDOHDOIFEREK D, AU PORmBIRRE, ZRHE, sieicidzl, &, O, S
JEIZ ERSEREIDSCERNC R 2 T &g o Tz BIAE, BEET XD R TERHER I 2K R8T < &R
FINE (L Uiz, ARUIZETIHS DI o TR ERE) & BRI RO 02L& M2 KB ER T2 I<ICEfT 5 L, AE
REB T OB L BRI XD I~ FROBEAIE D A5 &Wnhd. —/AT, ERPICHERESNe— >~
55k, RTIEFRICTL—FDh 5 OEEEHSS, ke l/—ﬂeb\ffﬁéb@ﬁciﬂﬂﬁﬁﬁﬁvﬁvo)iﬂ%é’lﬂé
ETThE Lz,

P — R EEREIY S, MHEHE), BEET D X T VA ST 4 —

Keywords: Silicic magma, Viscous flow, Frictional sliding, X-ray radiography
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Shear-induced instability of an aging suspension

BINEBE EOV Ty LU—=2, T4 R TR, IUREV RNAF v 2 S8 B!
KUROKAWA, Aika'* ; VIDAL, Valerie? ; DIVOUX, Thibaut’ ; MANNEVILLE, Sebastiefi ; KURITA, Kei'

VIRGURZAHIEENISEAN, 2 V) 3 @S iz eeg, * R—)L X2 A)Vilkget > 2 —
LEarthquake Research Institut&cole Normale Superieure de LyotGentre de Recherche Paul Pascal

In general, magma is one of typical examples of complex fluids. First of all it is a multi-phase mixture of contrasting physical
properties. The volume fraction can easily change with the environmental conditions so that interactions between the constituel
phases are highly variable. The characteristics make the magma complex. Rheology is an intrinsic property characterizing tr
complex fluid. Magma also exhibits non-Newtonian behaviors such as the existence of yield stress [M. Saar et al., 2001], shea
thinning [H. Sato, 2005], thixotropy, which is a kind of aging property [H. Ishibashi and H. Sato, 2007], and shear localization
[S. Okumura et al., 2013, A. Hale and H. Muhlhans, 2007] under certain conditions. Consequently magma flow is expectec
to be unstable by control of complex rheology and it might be related volcanic oscillation phenomena such as volcanic tremor
However there are few studies, which focus on flow behaviors caused by the complex characteristics of magma rheology so fe
since it is difficult to control flow in magma and obtain reproducible results at high pressure and high temperature.

For this reason, instead of using real magma but by using analog material this study aims to reveal possible control of comple
rheology in magma flow dynamics. We particularly focus on shear-induced instability of the suspension such as shear-bandin
phenomena to drive unstable and oscillatory flows. As an analog material we utilized an aging suspension of fine silica particle
(Ludox TM-40, Aldrich) with salt water. The suspension is known to have yield stress, aging behavior and thixotropic natures
[Moller et al., 2008], which can be an analog for the magma complexity. A series of rheological experiments with the use
of a rheometer (AR1000, TA Instrument) and 1D and 2D ultrasonic speckle velocimetries (USV) [S. Manneville, 2004] have
achieved to observe global rheology and local velocity profiles in the flow simultaneously. By results from the experiments under
various conditions changing applied shear rate and aging time, we conclude that the flow behavior can be divided into three type
fluidization, unstable shear banding, and stable shear banding. In the cases of fluidization and unstable shear banding, shear st
fluctuates when the width of shear band and slip velocity show large shift. In this way, it was revealed that fluctuation of shear
stress could occur in this kind of suspension and both shear-banding and wall-slip are responsible for driving the shear-induce
global instability.

Keywords: aging, rheology, suspension, shear band
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Fundamental aspects of the thermo-elasticity in the columnar joint formation

BAL BOE 1 T
TORAMARU, Atsushi* ; HAMADA, Ai !

VIUNREE REABEEAITSE R Bk R R 2AARRT

!Department of Earth and Planetary Sciences, Faculty of Sciences, Kyushu University

Columnar joints form as a result of unidirectional propagation of cooling and the consequent thermal contraction. So far in
interpreting the columnar regular structures at nature, two hypotheses are assumed about the fracture threshold and propagat
direction: 1) fractures take place at a certain temperature, that is, at the isothermal surface corresponding to the yield streng
(fracture threshold hypothesis). 2) fractures propagate perpendicular to the isothermal surface (propagation direction hypothesi:
However, those hypotheses have not been proved on the basis of the thermo-elastic theory. In this paper, we analytically sho
using the thermo-elastic theory in 2D, that these two hypotheses are correct under the specific circumstances. Firstly we deriy
the relation between the stress field and temperature field in terms of principal stress difference, stress invariant and temperatu
From the relation, we understand that the principal stress difference contributing to the crack initiation is exactly equivalent to &
certain temperature when the minimum principal stress is small enough. The temperature corresponding to the crack initiatior
which is determined by the yield strength, defines the fracture isotherm or crack front. Secondly we derive the direction of
maximum extension on the fracture isotherm as function of azimuthal angle. If the stress is completely released in the regiol
where fracturing already occurred and cracks are present, that is, where temperature is less than fracturing temperature, th
the shear stress on the fracture isotherm must be zero, and one of principal stress is perpendicular to the fracture isotherm a
another principal stress is along the fracture isotherm. These geometric relations naturally mean that the direction of maximur
extension is perpendicular to the fracture isotherm. Numerical calculations well explain morphological features derived from our
analog experiments, indicating that two hypotheses work correctly in real systems.

F—U— R ARRETH, Bitlt, 2us7
Keywords: columnar joint, thermo-elasticity, thermal stress
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Analogue experiments of reproducing morphological features of entablature in columnal

joints

M B HAL R 2
HAMADA, Ai '* ; TORAMARU, Atsusht

LIUNREERZEBEER AR IER R RS A I, 2 SR SAR AR B A 2 B R R R AR
!Department of Earth and Planetary Sciences, Faculty of Sciences, Kyushu Univisipartment of Earth and Planetary
Sciences, Faculty of Sciences, Kyushu University

There are various types of morphological features in columnar joints, i.e. column width, column configurations (straight or
curved) and the directions of developed columns. We have conducted analogue experiments by use of potato starch and wa
mixture to reproduce morphological characteristics of entablature and we have found the following two results: 1) when the
desiccation rate increases instantaneously on the half way of columns development, the number of columns increases by colur
nucleation, 2) the direction of developing columns is perpendicular to the isopleth surface of the same water concentration witl
the exception under particular circumstances of stress field. In order to observe the time evolution of column development ir
the case of the spatially inhomogeneous desiccation rate, we used the X-ray CT (MCT 225 made by Nikon, owned by Fukuok
Industrial Technology Center) at a certain interval of time during the development of columns. We prepared potato starch anc
distilled water mixture with the same mass 1509 each in a plastic cylindrical container. The light source (60 W lamp) is located
at 3 cm above the surface of mixture thereby the thermal heterogeneity on the surface is made due to the highest desiccatit
rate just below the lamp and the lowest desiccation rate at the edge of circular sample surface. We took the X-ray CT image
every 2 or 3 hours during the daytime to observe the change of water distribution by the gray scale intensity together with cracl
developments in the mixture with time. As a result, there is a higher brightness area like a crescentic shape at upper part of tt
mixture, which indicates lower concentration of water than at lower part, before the initial generation of cracks on the surface of
the mixture. The area in which cracks develop coincidently take a similar crescentic shape. The lower area below the crack fror
indicates homogeneous brightness. The crack front advanced to the depth with keeping its crescentic shape and cracks develo
not perpendicular to the crack front, indicating the discrepancy with the theoretical prediction for the crack direction under the
simple condition. This discrepancy may be caused by the mechanical effect at the edge of the plastic container. In addition, w
conducted the experiments in the case of drying from 3 non-parallel surfaces which provide spatially homogeneous desiccatio
rate each. We put the mixture into a triangular prism shaped metal frame. Two sides are dried through the membrane (surfac
B and C) and the other top side is dried directly on the air (surface A). We conducted experiments in the cases thatthe angle
between surfaces B and C is 60 degree and 90 degree each. As a resulf, wi®&ndegree, columnar joints developed from
surface A, B and C simultaneously merge in the center of the mixture with curved structure which are fan-like structure at the
edge of the triangle. From the comparison with the theoretical results, the characteristics of curved structure can be explaine
by the condition that a crack propagates perpendicular to the iso-concentration surface. We will investigate the interaction o
columns developed from different directions in terms of angles between the desiccation surfaces as a parameter.

Keywords: columnar joints, analogue experiment, entablature, morphological features
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K SAREYIO LA T D —ICBd 2 ZEBRAYIST | TSR ARG _
Experimental study on the rheology of ice-rock mixtures: Implications for cosmoglaciol-
ogy

PRI Bdx 1 Tl BUE
YASUI, Minami'* ; ARAKAWA, Masahiko!

L R BE B AT SR
LGraduate School of Science, Kobe University

KBFRICAFAET Z2KKIRE, ZORIKR, &, REMENZHEEICEA TS, HIZIE, RELUEOKEHEDEEZ,
ZF DY A XX D 300~3000kg/imt &L L, BENNEWEREEREFZREFLTED, BENMKZTWVEKEALOMNE
BLTVEEEZLNTVS. FKERIZ, TOREHRRICBENTEINERL, KENI OIS DRSO
EHZ 5L, MMM AREC LT, WD L ENNICRDZERRIEANEZLT S EEZENTVS.
TSI ERKE RN MO L ICIE, HIER ETE 5N K5 BKuHE-®, Mied TR W= A8 S
%. TORRIC, KKIEDEE « JRIRZ(LRPEXBHIEDT 7 b =7 A%, ZTNEOREYIED LA 1Y —miEic kb
ilEh3.

IKKREOHEAEFER X EHIE DT 7 F =7 AT Lz LAY —Omgeid, FIChkZEHNTITbNTE . i
FOKOWEIHNE, BARELHIMEINIC X 5T, ZOWREKRFEDRRY A XMERIFEEDFICHXS TS, LA,
FEROIKKRIKIIK & EADREL BEERTRAE L, &SI/ NS BKKRIKITIENICZEZRIDRFET 5 e EZ6NTNS. &
DIOKKAEDIRE X, KEREIZBGPEFERED SHEETE 2D, NEBREREmMEEXI D & m<. ZTOREIHIIZ
DIKKAEDEE D SHERIT 2 UV, 6o T, KERLNEMIBOMELEBRE R CRBHIE DT 7 s =7 X259 %
7B, K EBAREVMOLAQY—ETEDSREIIEVISIT A—ZHHTHN, ZOWRENEZRRICHSNICT S
RENDH B, F T TAWIZETIE, K SAEEYOBNERERZITV, LAY —FrEoh T RERAMCERET
HHMIMANCH T 2 EOFEH, %, RERTFEZ RRNTEENTz.

aRHE, HBOKZER 710um LU RIS O IOKR - B Lum O T BV T 7 ATV A — AR TER LTz, 226
KRB ERB D, RN 2 FEOGETIER Uz, 1 DIZESERE LT, ZEfE 0%E 3 5 T2 DITKbi1-& &
U A= ADREMARITIKERETER Lz, 2V A EEEHERIE 0~0.63vol.% - 2T 87z, &5 1 DIFZALERF
ERETF, IKEMEDTIOKR T2V HE—ADREMAZ TR LU TEKR L. YU WEESHEHIZ 0, 30, 50wt.%, %
BRERIE 0~25%E 2 b X ¥ 7z, SR, JbimE AR AT FE AT ORI = IR E & NI AT 2 L T T o 7z
REIX-10°CH 5-25°CE U, FEbE il TiEIize 25 8.7x1077s™ ! 5 8.3x10 4s~ ! DHiPH Tl 1o 7z

LERTIX, 35N 2I0/1-BHHER EDBRKISS] 0mar & BIEE de/dtDBERD S, FiEIH]de/dt=A exp(-Q/RT)0 mas" 72
PEL, ZOVY)HEER, K, REREEEZFANZ. V) WEERIKERICOW TR, BEERERE & 2UERET
ZOMAFEN I o T, FEEEARICOWTIE, YU AEEROEINE & EITRKISNNREL Eo7. —71, ZfLER
FHZOW T, YV AEEROHEINE L BITERAISHINE L ko Tz, ZERRIRIEE R CIREREIC DOV TIE, 2=k
KON 2T E, RENEFTZIEE, RGNS KoM, ThEDERD S, REAID/RT A—ZAq, O, n
FERDBEMTES. TOR, XFEMnEEHEZIILF—QR IV HEFRORMKIFT S LhbhoTz. X
FHeENZ, 2V HEREEEREN 0.150L FIck % LHDK (n=3) ORI 2 KkE Kotz Bt xLF—0lE, VA
BAEROHEME LBICKELZoTz. T, THA ) HEEREERRIIKIEL, Aj=Bexplo) (¢ I3ZEH%E, B
Ea @V AEEROMMEFT BT A—%) LRINBehbholk.

K V) MBREMOZEEE— R (- I 2SI IS DO TR, EREHEO ) HREEE R 0.29
PLRIC 72 % EYARZSIED S IEEHIEAN E 2 LT % C e b o fe. 17 Ofetk-YarE SR OIRE1Z-20 °CT, #HkED
& 30~50 CEV T EWNVno Tz, RIZIC T DRERZ VT, KKE RRCHiEHIEDABIR I N EKERE) RHOEEE
REZHIFIT B N TES.

F—U— R KU, KR, K - S IREY), 228, TRENA, Melk s — YA SR
Keywords: Mars polar regions, icy satellites, ice-rock mixtures, porosity, flow law, brittle-ductile boundary
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Etlastlcr[y, anelasticity, and viscosity of a polycrystalline material at near-solidus temper-
atures

(N w0 v KOH B!
YAMAUCHI, Hatsuki'* : TAKEI, Yasukd

VB RUR A B2
!Earthquake Research Institute, The University of Tokyo

MBI - IREERGE D S HERNEBORE « Rt - AV M ofals EDONRZ5 2T 7zdicid, ERFEZ ZTIA
WEETTOEADOIEHME R BT 208N H 5, FHC, B~y MVOGEE - SiEZ RS 5721, AV b
MIEFMEIC G 2 BB R 2 C ENEETH 5,

HEPRAT I COIEMIEIL, AR (B EVEBMRE) . 207 JiR 7z - FosiiRE SR IC X o THIE
INTWVB, AaZzlio @R TORBIINETT— 20 Dianizd, Tz BNT, A&7 a7z Hv
THEBZIT>TWVWD, AU ECVEHEADOT Fa e UTEEYIORIV A —IVERERRZ, £, oA Liz4 )
CU+N\YIVINROT7FaTE LU TRIVAA =+ T2V T I REAVTNS, RV A—)ILe I Tz =)V7 2
VidHEIRZE U, T, =43 CTHDTARIT %, ZTORX)VMERIE. AV EY+HNRPILFROEDE XLLITWS,

INET, A7 liulflizffio T, SEIEEET - RNiffd: X))V bE ¢ DFMF T, HERAHO Q!
MHESNT X, TOME, SEIEEFMHFTHELE QL 7—27%Z, TNTNORKOS 7 A7 o )VEEEE fy, T
FIRAL LTz B iy ISR LT ay R 33 8. TR Q1({/fy) EEREINDS 1 ARKDIY AR —H—T LIcD 3T LhVR
I N7z (McCarthy et al., 2011) LU, THETO QL 7—XiF L~ > ML TORURS L HIE R H L (10° <f/f ), <10°)
WKW TWEWS, Y AZ—H—7 WMHERICEHTEEN DO S o T, B 7 F 1 7kl 2l - 72 925 Tl
BRI U 7 Bl g < 7 — 2 OHUSIT RN LTz (Takei et al., 2014) Z L C. KW\ f/fy TIE QI AR AKX —H—
TCEKL DB, HO Iy TE Q! MIRERRRICK > TREE DL T A RENE, ZTOREDEIZ. RENHEO
Al T WGEWIEE, BEVERRENRKENVEZEE QLMK TIMIICIAZ—I—T 5T NE LWV REENRS
Nz, T, ThH0OTF—ZRB TRl X O EEWIRE (T/T,,<0.93)DEDTH D, ZOFERIIE AT TIE AL A
2 THOHIERMMEHE « BREL RSN ERTEDTH o, IHIKIRER FFTAVIMELSEQ T IZED
KT DO L NS DI, Bl ZBATZIREE TCOEBNLETH 5,

AKHZETIE, RINVAF—IN+TI T2V T I VRNEKAS, KifFEE XV FEDRIES 4 DOMKT, #AE FHhS5E
b F COIRERIPET (0.88<T/T,,<1.01). JEMMAEHIE Uiz, Fiz. Ik X A1 = X L O PR 7= IS I AW JE A M
SYIMEDO RN BT T2 8, [F] Uil S TR & il s T gk & JIIE Uz FRIC. RSOFTL THIME « JEgfE -
KN ED K S I s 5 DMHH Uiz,

AV b OFEICAE S R RIEZ P < e, YERIE Orfic sl L TR Ok EZTT> Tz DX SRR
FHEOUBRZMAT-C EIlcX D, # - JEE - Ky Z ., #SE MO SE X TOREHRPRIC BV TR
EBABTENTE, BEMWFEOBMRGHEEICIE, AV FOREICES TRAT T AT ¢ v 731 K B ANHF K
AT o7z, —75. MEHHRENSEER TR O Nz SN K O REPELOIEHEMEE, BlUSE R S5E L THfICER U,
ZUTHMIE, RSl FAOSE FE THllimIcidb Uiz, 2 bDfERICHE D E, JEMEZ IR f/f) & T/T,, TF
AU, EE~ Y FIUAISH Uz, HEBIREIC I 2 IEMEIE. BlSE PO SE F X CHEBGANICHE R L., BlsGofs T
AV IV E L TEHEROIGENE - SREDNTHINS, S5, AWFFEOFERIE. BlSORiE TIRE T EIIC A
BT 2DICH LT, AV ELE EHEEICIERTT T AT ¢ v Z7EIRICK 2 RNEGRE IR 3 T & ERBT 5,

CNETITKHFERP AV FEDEIR S 4 DOMKICIEHMEZHE L, Eibd X 5 ITIREMRAFEIC DV TIEFHICTANR S
TEMNTERD, BRIV BIKENEZ T NCE DA BT EMNTETVARY, TOMMIE. EOTERIZRER L zitE
OYRICZ T EFTE R ATV ZMENR SN, JEFIEORIEER XV M BIREENIR A7 ENT LE S0 TH %,
Sk, ERTARIZREER L T WA WEE CRIAE FTOERBRZITH TE T ATV VAR OKRWTF—2 RS L, JE
ORI E X)L M ERIRENEIASMC L., EidoEMbEUET 2 TH S,

F—T— R IEE, R, ALk
Keywords: anelasticity, seismic attenuation, melt
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