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Advances in laboratory acoustic emission study
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Acoustic emission (AE) is an elastic wave radiated by rapid cracking in solids. As a technology of nondestructive inspection,
AE has a long history of development and has been applied in nhumerous areas including material sciences, medical scienc
and engineering fields. In stressed rocks, macroscopic fracturing is preceded by a very complex pervasive evolution of som
pre-failure damage. Thus, studies focusing on both fracture dynamics and pre-failure damage are a subject of interest and can
inferred from AE statistics as the number of AE events is proportional to the number of growing cracks, and the AE amplitudes
are proportional to the length of crack growth increments in the rock. In Earth science, since the similarity in size distribution of
earthquakes and acoustic emissions (AE) was found in the 1960s, many laboratory studies have been motivated by the need
provide tools for the prediction of mining failures and natural earthquakes. This report aims to draw an outline of laboratory AE
studies in the last 50 years, which have addressed seismological problems, with special focuses on some key issues associc
with fault nucleation and growth in brittle rocks.

The AE technique, which monitors the spatiotemporal distribution of AE events, is applied to the analysis of the micro-cracking
activity inside the sample space, and it can be performed under an artificially controlled pressure, which is very important for the
simulation of underground conditions. During the last five decades, a great number of studies were done following development
in experimental technology, AE monitoring technology, and data processing methodology. Fifty years ago, only the hitting time
of an AE could be recorded with a single sensor or a small number of sensors. The rock fracture test was performed under simp
loading conditions. Later, the number of sensors that could be used in a study increased and thus allowed the determinatic
of the hypocentre of an AE. Developments in transient memory technique in the 1970s through to the 1980s lead to the abilit)
to make a digital multichannel recording of the full waveform of an AE. Hypocentre location was improved greatly by the use
of more precise arrival times obtained through waveform analysis. In addition, it became possible to determine the mode o
fracture, i.e., the focal mechanism solution of an AE source. In the present day, AE are usually monitored by 16-32 sensors witl
digital waveform recording at up to a 200 MHz sampling rate and up to a 16 bit A/D resolution. The dead time of a recording is
sufficiently short and continuous recording is possible by use of very large amounts of memory. The waveform of most events
can be captured with multiple channels, even for the period of dynamic failure in which the AE rate may reach several thousant
a second. Rock fracture experiments can be performed under triaxial compression conditions with controlled fluid injection anc
pore pressure. AE hypocentres are determined with a location error of a few mms. A focal mechanism solution can be determine
for individual events or a group of events. As demonstrated by very recent studies progress in laboratory AE study, particularly
studies focusing faulting nucleation, is shedding more and more light on earthquake seismology.

By summarising recent results, it can be concluded that the fault nucleation behaviour, including critical size, duration time, anc
AE productivity, depend on the heterogeneity of the area of weakness of the fault compared with that of the host rock. If the faull
is as strong as the host rock then the fracture makes no difference and the rock remains intact. Furthermore, a homogeneous fe
or rock mass appears to fracture in unpredictable ways without a consistent trend in precursory statistics, while inhomogeneot
faults fracture with clear precursors related to the nature of the heterogeneity.
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Microfracture distributions indicating formation of large-scale cracks in the rock mass

ahead of the mining front
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FIRIC K > TEBAIRZERMDE R E N, ZUC K 28 TEP TR ZH 3 57 7V 71 Cooke 484l (JH Ezulwini
mine) OHIFE T 1kmIZ I T Mw-4 F2E F THRATRREA MU (Acoustic Emissiond N AE) ERHI#EZ R L7z, B
HIHEIE 245D AE £ & 6 50 3HNIHEER D 572%. Naoi et al. (2013; Pageoph)id, T OEHNC X bBESNTH
37 ATD NI =BT —R2ZHNTH 36 TANY " 5E5ERAZTTZIERL, Z0 90 %LL EDEHTERD
5 10mFEEOFNICHEEL TWB T L2l L.

AWZE T, OB TRONZ 97 HrDO7—2ICxi LT, Naoietal. (2013} [AIEEOFIETH 10054 X2 +
MH7%% AE A2 7Z2{ER L, & 5IiC Double Difference2ic X 2 MR EIRIRE (Waldhauser and Ellsworth, 2000z 17
VY, BHERTRRAT D AE OZER0 AR O Z Tz, ZIFPUEICIE, Horiuchi et al (2011YD H EhERFRA - EFvE 71
75 LRz, HHAEFERIVEICHOCSERZS COBARSRZHEH L TWa. £z, REOANY 2RI < Hik
ET BT, RITREIE: EDICEE T 2/NEBICE L, BT OA XY MW U THIREZIT> THhSEBE LT
RN EEFEZ T % T (Hauksson and Shearer, 200% W7z, T OMEIC X D, Fid 100 /7 HOEIHROK
96U FHAE E Nz,

BENTZEBFEDED D, FRIERTRIATTICEE L TWVD AE 1 3 XOTICIED > e iz LT3 D Tlda<, Dip,
stnke?'iﬁk%ﬁ“m@f”?b‘ D7t HEOD 2 0TH 7% AE £/ (DUF tabular cluster THERE N TV 5 T Ehbno

7% Tabular Clustetd AE ZEMMERWEE TN THB D, ZNZNO clusterzZEBNICTO L F L DD groups LT
mﬁ@‘% TEMNTES. BTG TR C %2 AE IXZEHDIFIEIC K 2 @A TP TEANALZE T 2D TIEEL,
HIRD Zone TDOHFEET 2 X5 THS. Tabular clustetd BHHATRRIC I T/ mz 55, 60-80EREEMER LT3, C
NI FRPERTRENA THERE NS, RAEIWNG 1O I T & %[RRI KB /A 85l 82 (Gay and Ortlepp, 1979; Adams
and Jager, 1980; Adams et al. 1981H{LIL TV 5. fEMTIHARH, 40mPFREERIEDHES T U7z BRI/ S VR T, TOX
9 7% Tabular zone -} 5m [HlfE T 10 @A E Nz,

COREMITIX, HEFREIC K > THIEOFEEDNHER S NIZIGATT, ERET ecm B EOMIIcREBE LTz, JEE
ICHEOWTIR D 2R T AE TEEI B MRS N TV A DY (EH - il 5 20133 EK22), Tabular clustetd, 1-2mFfE2EDIEHD
TIMNCES X ST X a0tz Rm L TEBD, ZORERIIEHEW = EOEE) & I 50 c % 5. Tabular clustefN D
AE 1EENE, BHEAED K TR ACEEINL, RIEFTHRANERE T 5 LiEEIN R A5 LW RIFREZRLTED, B
FOgHEAZFMHA LU TR > 72iEE WS K01, FRIEIC & x> TERE NS KB shear crackDIEGERE TE T % AE
CIRIRTEZSTHS.
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Deformation and acoustic emission of a penetrated granular bed
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FMADZEBNIAE 2 I HIERY PRI SRIC BRI % T EWVHIBN TV B D, ZDEEN DOV TIIARMRIZENZ XN T
W5, AEFZETIE, EIRERZ MK I RS TRa A & B 72 B ORMAE OGS 72 EERINC T2, BRC, [EEBRICH D B
PHEZOMARICHRETZ7aA—AT v 7 « TIvya VEFIKFEHL, ZA5OREKGHIZT> /2. HLizEER
RiE, BARDOLHIOWIZE [1,2) ICHWZE O EEARNIEEROE D L755. TNHDMITIHIZE T, T &Rz
1RIET B ESIT DRRIC DWW Cafiam L 72D, AW TIEMAIIES 2 70Xy VBREBICEHT 572017 31—
ATAw Y« LIvyaBFBROHIZITo> /. HOTcEK AE Ao A8 —X (IRERE 1 0.422mm T, AT S
EIABRDELRE 10 -40 mmO#FIPH CE(LE Bz, TaA—X 74w 7 - TIv g - kY — (NFAE-9913 ZHAfE
WCHLDIAR, Z DI, HhERERFE (Shimadzu AG-100NX % W\ CEABRZ D - < D ERMAREICH LAATE. [EIKER
WD B I DM AEE IR E Uy (EERYREID K951, M AEEHo/ NS WEiFIic & 5Nz (4 mm/sDA—
Z—). TOFEBREHOTHEBICBT 2EEEAICKZEITNE T I—RT 0w 7 « T3 v 3 Vet OFENZ IR
INCHANR, FRCZENEDRES [XRZH]| DWW THERDD S 720 O DHIRIC DWW THE T % [3].

9, RS NTARPII DR AE SIS UTREMITRIFET 5 T ENHL MR- Tz, ARERER & BT ORE R 7z
HAEDETEZS L, TOXNEHIOBBIIHMAEEOY A X3 b bRy A Xz T 5 ERHOM K-, 5
SENEBOMEN KD, BEBEN NI WIBAR KD BEEOFBENRKELMB T N, DT ERB¥MEADIES IS
NI K B8R EeEZENS.

Fi, SN I—AT 4w «c TIwvya VEBSFEON=—XA ISRV OSBRI N TS LN T—
ZANSHHLMMT RS Tz, HIT, BN—A b « /XY FORARIEZAXRY S A XL LT, 7A—RT 4y 7 - L3Iy
vay e ARV ROV A X ROB L, REGERDT o Tz, NEMEHERGO 7 —FT >~ )7 - 1)
EZ—HIEBITOED, 7A—=AT 4w 7 « TIvyay - ANV hOFK TR, NESHOREIRED AR T-DR]
BRITHAZE L THRMINCZEIL T 2 T EDEBR KX OIS MIC R > T, BARINITIE, RiRED/NE 31 EXREREBIIREL
Tolz. TOTEIF/NE TR TR N PMAED MRS 88V, KRERRFICK DA DIEIENTH S C &
R L TWA, BHICRIBROFERIE, /I FICKEMAENX OBRNTH ST L LB BAENTH 7. KD
WEOE— REFRBZ DI T A—AT 4 v 7 « TIv g Ve RSB OFRIL RE & 7550, AT TR,
ERIETA—=RT 4w 7 « LIy yaryORHEH L. RIEERKERED S BRSO 2RO LA oY —Fit
TEEERT S LXEHETIIRWD, AUFFRIC K D HIERYEHRSOZ < LEFRT 2 Gahik b 1355 %) MADRk
MD—ERHEH 5 T Nz,

[1] H. Katsuragi, Material, preparation, and cycle dependence of pressure behavior in a slowly plunged granular column
Chem. Eng. Sci., 76, 165-172 (2012).

[2] H. Katsuragi, Nonlinear wall pressure of a plunged granular column, Phys. Rev. E, 85, 021301:1-5 (2012).

[3] K. Matsuyama and H. Katsuragi, Power law statistics of force and acoustic emission from a slowly penetrated granular
bed, Nonlin. Processes Geophys., 21, 1-8 (2014).
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}/arlety of memories of clay paste flows which can be visualized as desiccation crack pat
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Precursory Signal of Frontal Thrust Formation: Current status of Large Scale High Preci-
sion Sand Box Experiments
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TR 201180 SAIMATERLD 7 710 7 IR D 72 8 O KBS kS E RO R TR E D BT 217> T & Tee FHROD
EREELIC Y 72D | RRAGETERRZRDIR L, SHE 7 HIC, K50 EBEOMKEZKA, TuX s 7475 0K
FEIC A o Teo AIEBEBFOLUFIHMNIE, MIADS —7 22 v )V AT A b EREREMEDHIEICH LT, mifi b2 71 A
5N% X 57 T T7TaNc TSR « 00 U7cfmfiilsitk ) &, BRKFUMNCRENS &5 7% NERINERE) O
EODMECZHERNZHNE T L THoT, TOHMNZERT S72HICIE, TELRIREXMMZMS T L bzl E
A0 % T U2 AR Z Horicay bo—)L U THBIMEO mORERZT 5 RENH > Tco £ T T, ImPU/T DMK
IO LT R LR TLUT OFSEE TRTNE DI OB E FEO L E 2R I Sl miEEEEZME LIz, UL, KREC L
T, HEOERELOME, MR —-UERENT. ZIFERNEHEEOADHNSG XS5 EoT, ETAM,. 7
0y ZVAT A DIBRIFC, T ONME & ETTI NI IFERRIVZRE D HEFRICHBIE NS K5Ik > kiR, A,
BonFRZ Uiz, 20U, 7022V AT A b OIERETICIERT ORI INE R 2 0 IR T BHR TH %,
TR, WHFEBMTRONTEAT A MEKRO TIRHRIC DWW T OFHIBIROM R & W2 BT L BE 2 o
L—a VR 5. TIRBIROIUEL T ¢ —)U FTOBRFTREIEIC DV TDERZITS .
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New modelling devices to enhance the reproducibility of analogue model experiments
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TFagETIVERBE, SRR E ORLIRAMRZ D CHERSS O OB 2 EEBE A — )V THET 5 FEE L
T 100FELL EIcb > THWOENT E iz, JEF, 73 Z)VIEHGRIT FiEOE A K b LRI > T hEnizET
JVNEBIC 351 A8, ERMNICGHMETE 3 K3 > TDIchA. LT TIERATRETH - Iy NE 2 8 ORI A
A[REIC IR > T&E Tz,

Z T TERA KB EOERRICEH L2 ERZ21TS T ik 0. WBIERENCH N AR DR E NS T & 2R
Ltco LA LAEDNS, LINNEFERICK > THERENTE N ET IV, REEMEDEE L. WEEROAME, &
AIVT, BIRE EDOFEBREDE R &0 S BENEE L Tz,

L7ehd > T T ORER RS 2 721, FIHOM NE T IV HEIPNCIER T 5 T L DT X 3EEZHFE L. EBRO
HEMEHEGRT 2R 2T 2,

AEERTI, BIHEERD 2 W CTIERR L 72 9HE T )V 2 nfBhEE R LY T3 C Lic k- CTlifig L. WilkE 28 E0r
REBDEBEZTH oo FIHHETIVOERICIE,. TEETSZ0EEL TERST BLRTOTEE . Hil <BIFELI%EE
EHOTERT % 5. WTOTFHEERWTZENETNERE 503 Doz, FERZT TV EABECHTH ST
V)Vl U, ZRRREOFEMOMREZIT o 1o fRE LT, LHiDOFEZ HWIZSIER T, TERME D75
R, BEMEOIESLDENALNDICKH L, EEEZHOTHIE T IVRIER U8 TlE. ERKIE ORI
N9, FHEBNEOESDEEMZ 5N TV,

CTORERIZ, Bz EEAOTER UZHET VTR, FEETERLZET IR, ZBRT L OWIHET IV
OFBRMENM ELTWA T &, WIHHETIVNTICHEET 2 REEEM NI 5N TWE T e 2R/ LTED, 7harE
TIVFEERER ORI LIS LIz 8 WA B,

S ESICHTEETEZRHOIZE VTN UTHEBIERICE B LI HZBRETTO, N AR O RAIE, 21
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Relaxation processes of granular layer at seismic slip rates and layer thickness.
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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 sub-seismic to seismic slip rates (mm/s to m/s) revealed two remarkable phenom
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 [e.g., Di Toro et al., 2011, Nature]. Recently, Chambon et al.[2006, JGR]
conducted friction experiment with very large shear displacement experiment on a thick granular layer, and reported significan
slip-weakening behavior active over decimetric slip distances. However, the relation between long Dc observed in a thick granula
layer and long Dc in the high-velocity friction is still not clear. Here, we report on laboratory experiments designed to explore
transient responses of a thick granular layer following a step change in slip velocity at seismic slip rates. We use simple particls
and choose relatively low normal stress to exclude the possible mechanochemical effects caused by frictional heat. We find th:
friction coefficient and layer thickness show similar response that is symmetry with respect to velocity changes, and Dc is of the
order of 10m. It appears that these responses are attributed to dynamics of granular matter. We also report how magnitude of t
relaxation and Dc are affected by the layer thickness.

F—"7— F: high-velocity friction, granular matter, rheology
Keywords: high-velocity friction, granular matter, rheology
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Ptorosny and permeability under effective pressure for the Quaternary Kazusa Group silt
stones
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FReERAE, AR e - JEERICIA < 0 2RO - R EOMIE TH S, FRERTh OIS IZE 1 T
BERRETH O . BIBRRIZ 37.9~55.5%CHIE AN E L B ICONTHDLTWS (K, 1983, Fiz. HERERIORTY
ELCEMBMERRENEOSNDEUETH D, RARHATIKE —BLTWVW5, COEMBRREEZ, BEERECX >
EREINTZEHTEINTVD, ZOFEEIRICOWTIE, REAADEK EBEHEI S TiEmm LWste b 50, =N
TR RN EENTORVODEIRTH 5, MRS TEE & MEBREDMER S N D & HERA A D E#E Dt
IHEEF B, MBRFEDBERGEDID Liaw, Fz, BH @SBRI S GO HERE N OmAS Gl B O 5RE) ) &
RO, TOICHIEmOBEBREICEHET S, COLIIC, BEEHBREIEARHERCBNTHEZ 525120, %
DFEANZALZMRAT S LIZEETH S, T ThNbhid, Tanikawad (2008)0D Hifli 4 HERE — 3Lz Hig
E L=t ETIVERIS, FRERTOREEMBEFREA N ALERGIT 5T ZHIEL TV S, TDRHICE
PRI T, FRBEEOIIL FEICDWT, BIER L BKEBOEN A2 BN S5/ KEE 2 O TRD T,

MBR%E I X KR ONEIC I, IR ORBNE OIEMREIE KBRS Z i Uz, Afadkhicid, HiekEht
O g, KERE, SiHE,. KEBBSXUBHEOBRHX O I L izA67 1y 72 EPEK 40mm, & S 30mm
DOMFEICEIE LIz O Uz, RIBRIRAIIIZRRIK, BRI IZmZ MR Uiz, MBRRAE T, BE BRI
B SHEE I NAZKOBZEHET % T & THME FORBRREHETE Uz, S/KEREIZ. slRiEo %% —Eic L,
EFIRBIC B 2HREEZMET 5 & TRDIz CERATREE . TNZTNOHEX. AREHD 0 MPa~35 MPad 1 4
A 7 VOIS DS Tl o T2,

AR D RIBRERIZHT 34 %~42 % DR /R Uiz, 7272 L. KRIFEREOMBERFEIT KT FT 55 % & bR TEWEZ R
UTzo — 75 BKIREIIHR 10717 ~10" 8 m? OFFHOMZ /R Uiz, MRE, BKEHIEELES8GNED LRI 31D
NTRD I BEEN A SN, £z, RIUARMETSE. G FERFOMEIE. ERFFOMICHER TN WEZ /RS
MHBNTz, FEOFERICHDE, FEFOELICOVTHBRRE X CEKREEENEE OB E LTE LIz, Fz
HIBRR & BRI D BIFRIC DWW TR L 7z,
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Rheological properties of mafic schists: Implications for subduction dynamics

Rl B 5 1+ ; Hirth Gred!
OKAZAKI, Keishi'* ; HIRTH, Gred

I Department of Geological Sciences, Brown University
! Department of Geological Sciences, Brown University

To understand the spatial and temporal distribution of deformation (e.g., underplating and exhumation of metamorphic rocks
and earthquakes in subduction zones, it is important to constrain the rheological properties of metamorphic rocks (i.e., altere
oceanic crust and sediments), and how they evolve during metamorphic reactions following hydration, carbonation and dehydre
tion of the down-going slab. Metamorphism of oceanic crust has stimulated hypotheses on the relationship between intra-sla
earthquakes and slab-wedge coupling along plate boundaries in subduction zones. While it is well known that metamorphism he
important effects on material fluxes and arc volcanisms at subduction system, it remains unclear how the formation of metamor
phic minerals following fluid release influences rheology. Past experimental studies on mafic metamorphic rocks were mostly
concentrated on phase equilibrium, thus there are few reports on the mechanical data for these metamorphic rocks.

We conducted triaxial deformation experiments on two mafic schists sampled from the Sambagawa metamorphic belt (Shikok
Island, Japan), using Griggs-type solid pressure- medium apparatus at Brown University. Both mafic schists are mainly com
posed of amphible, albite, epidote, and chorlite with small amounts of titanite and phengitic mica However, there are difference:
in the peak metamorphic condition (i.e., the maximun PT condition), amphibole composition and mineral abundance of mineral:
in the two schists. One, which was metamorphosed at greenschist facies (pressure of “0.75 GPa and temperatitg, of “400
has a relatively high chlorite content ("12 %) and actinolite is the dominant amphibole phase. The other, metamorphosed at th
epidote-amphibolite facies (pressure of "1 GPa and temperature ofCh2tas a lower chlorite content@ %) and hornblende
is the dominant amphibole phase. Constant strain rate experiments and strain rate stepping experiments were conducted at ¢
fining pressuresk.) from 0.76-2GPa, temperatureE)(from 300-600°C and strain rates from T3-10~7 1/s.

At conditions near the peak conditions of the greensciist{1 GPa,T = 400°C), differential stresses were higher than 1
GPa. The greenschist samples are weaker than the epidote-amphibolite samples under all experimental conditions. Both typ
of samples exhibit strain rate strengthening; frictional behavior that inhibits earthquake nucleation. Differential stress increase:
with increasing confining pressure, while friction coefficient decreased with increasing confining pressure and temperature. A
T =400°C, the nominal friction coefficient() for the greeschist samples was0.34 atP. =1 GPaang: "0.30 atP. =1.5
GPa; for the epidote-amphibolite,”0.48 atP. =1 GPa and: "0.42 atP. = 1.5 GPa. Stress exponents {or the greenschist
samples aP. =1 GPa were n "26 af = 300°C, n "36 atT =400°C andn "34 at T = 500 °C; for the epitote-amphibolite;

"3l atT =400°C andn ™21 atT =500°C. Microstructures of recovered samples showed modest buckling and several localized
shear zones. These features suggest that the deformation of mafic schist is accommodated by semi-brittle deformation resulti
in strain localization on faults.

We also conducted deformation experiments in which temperature was increased above the thermal stability of chlorite ("80
°C) to simulate a prograde metamorphism in subduction zones. With increasing temperature during deformation, differentia
stress decreased and reached nearly 0 MPa. This suggests that such reaction-enhanced weakening of metamorphic rocks fo
weak fault zones in subducting slab, which might promote detachment of oceanic crust from the subducting slab and allow un
derplating to forearc crust. The strain-rate strengthening behavior of these materials suggests that such faults would be relative
aseismic.

ST KR, BRI, LIRS, YA, iR,
Keywords: mafic schist, subduction zone, deformation experiment, oceanic crust, semi-brittle deformation, intermediate deptl
earthquake
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Effect of iron content on the creep behavior of olivine under hydrous conditions

HE Ek b V=<~ =2 L a—)LAT v R TFAEy 1
TASAKA, Miki '* ; ZIMMERMAN, Mark! ; KOHLSTEDT, David

L7 RV AN I A 2K
LUniversity of Minnesota

Since iron and hydrogen play important roles in dynamic processes not only in Earth’s mantle but also in Mars’s mantle, we
conducted triaxial compressive creep experiments on polycrystalline samples of olivine,,#@..)2SiOy4, with x = 0, 0.53,

0.77, 0.90, and 1.0 under hydrous condition. A Paterson-type gas-medium apparatus was used for these experiments. The we
contents, determined from Fourier transform infrared (FTIR) spectroscopy analyses of lajgenftals embedded in the
olivine aggregates, demonstrate that the samples are water-saturated both before and after deformation. The grain sizes of init
and deformed samples were determined using electron backscatter diffraction (EBSD).

Creep tests at 300 MPa confining pressure were conducted at temperatures from 1050 to 1200C at constant stresses in the ra
25 to 315 MPa. The values of the pre-exponential term, stress and grain size exponents, and activation energy in the constituti
equation were determined for a wide range of iron concentrations. Samples with high Mg contents are finer grapmagl (1-2
than those with low Mg contents (10-20n). Furthermore, samples with high Mg contentsX 0.90) exhibit a stress exponent
of n = 2, whereas samples with low Mg contents<0.90) deform withn = 3. This result is consistent with the dislocation-
accommodated grain boundary sliding model of Langdon (1994), which predicts that fine-grained samples that do not contai
sub-grains should exhibit = 2 while coarser-grained samples that do contain sub-grains should exhiBit The flow stress
decreases with increasing iron content of the olivine samples at constant temperature, strain rate, and grain size. Following tl
analysis of previous studies (Mackwelt al., 2005; Zhacet al., 2009), we fit our creep data to the following flow law: strain
rate =Aoc™ d=P (1-X)"™ fua0" exp{- [Qo + a(1-x)] / RT}, whereA is a material-dependent parametelis stressd is grain
size,p grain size exponentn iron content exponenf ;oo water fugacity,r water fugacity exponentQ, activation energy at
(1-x) = 0, anda a constant. The dependence of strain rate on iron concentration is characterized by two parameters - directly
through the iron content exponent m and, indirectly, through the tg(tvx) in the activation energy. The valuesmfanda are
determined by the rate-controlling mechanism of deformation and the charge neutrality condition for Fe-bearing olivine.

Keywords: olivine, iron content, creep, rheology, experiments, deformation
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High accuracy measurement of activation energy of creep and electrical conductivity of
olivine aggregate

N Bl T PR RS T SRR
NAKAKOJI, Tadasht* ; HIRAGA, Takehikd ; MIBE, Kenji!

LUK A MRS
!Earthquake Research Institute, The University of Tokyo

Y MUVEE G RIRET 2HhALAED 7Y — TR, TEEGHEO—FEVITHE TH S Sitt DILHIC K > THE
INBeEZHN%, LHL, Sundberg and Cooper(2008). A5 ALIDH Tldix i ZZLRTOILR I ) —7
IKBWT, BIEEHEET 2 D1F, St DI TR, ZHFHICBWILECEE 2 F DR OIRTH % ERE Lz, C
DX, XY MVEOERICE LT, ZOFEERIINT LEDH> TV, £z, ZEEHOREDIRIEL 15
EHE LTIV F I LT, ZORMBE DICIE, REGREZBTATVS, T, HERNEANONFORIC, K&
BAEENZEL, LD DOMEZ R 2\, HEICZLT 21RE T, ZEEBRE IV E—X VA
EREREITo Tz,

FEERENE, B Y MUVIIE R L2 7 A VAT T A B (90V0I%)+T. > A% Z A K (10Vol%) D5 A ikt 4
TH5, EENOKEIORIREZMHIT 27251, T8 1360°C 24K T. iEOFSL L 217572, FBau, —&io
J120MPa® I, 1360°CH 5 1240°C X TiE 22t T i, MBINEDOMHEEDSIT, JFMNIREMN 1240°CE TREL -
%, BU 1360 CETIRELY R EYE, ZIEEREHERICA Y E—X V AHIEL T T2, NSRS 20V TH %,
TN 1360°CH 5 10 CHICEAFHCHIIM L, Z DFEDISEERDMED SaEINERO A > E—2 > X%k Tz,

Jo ] —EEE DGR SR R Tz, REOWE DT L= A0y b Lz T A, ERIREORMHEEKICHB N T,
IR R Uz, Thud, FERPISGREIOZEE A A LDEE Liah /T L BRMT %, £leaA v E—2 2l
ERBICK DT =205, HRINEOETIZINE U, EXUREEZRD T, ([BENEEERETH S L2 EL. iR
BLiEEEOREZT L=y ATay F Ltk T A, MEATHZR LIz, TNHEMROESH SEELTRIVF—%2KD
e, 7VU—71% 627+15kI/mol & BRUEE X 297+12kI/mol& W EE S NTze TOIXILF—D7ZEIE, RN
TESXCEZHESIBREE U, ILBUSANEE S L Z2RBT 5,

Sundberg and Cooper(2008)& % &. WAL AfA HEGROMEIDOES, B A=A LIE., SH IC K2 TR
T, Mg?t & O DIEIC KB LR ENTW5, ZT T AR TELNEE b 3V F— LT DE D%
s %, Sitt & 02 O FILROEE LT 3V F—IE. ZHZNH 530kI/molk ) 340kdJ/molTH % (Dohmen et al.
(2002)), %7z, Chakraborty etal. (1994Y k% &, Mg?+ D& FHLERDTEIEE 3 )V F—13H) 400£60kI/molTH %, —/7.
AMFETHF O NG LT FOVF =1, 627£15kI/MOITH 2 T &5, RIFFHUCBNWTERZH> TV zDid, Sitt O
WTHIETH % L HEE NS, £, ten Grotenhuis et al. (2004, A% & FREOKEZE VT, AR LMASALD
BREEEZFHIIL T, ZOMEM b 3L+ — 315+39kI/mol X CEEENRIEN A E {25 L HITEL B 550
BTW3, UEDOT D, AFEOBLULEIC K B 1HMH LT 3 )V F—H 297+12kI/molTH - 7= T L. ten Grotenhuis et
al. (2004) THW S NIz ORI AR ZEOR R L ARE TH -/ & 2B Z S L, AIFHICHIT 5 EXEEE Mgt
DORFHLEDEG LTV LR EN S,

F—U—R: AVEY, V=7, ERULG, LT 3OV —, L, 2Rk
Keywords: olivine, creep, electrical conduction, activation energy, diffusion, polycrystal
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Quantification of grain boundary sliding and grain rotation during diffusion creep of man-

tle rocks

AL LA 1 P S !
MARUYAMA Genta'* ; HIRAGA, Takehikd

VIRGURSA, HUERZET, HIBREREE R 2 I
! Department of Earth and Planetary Sciences, Earthquake Research Institute, University of Tokyo

HEZNERI X O B~ > MU B W THIERGEE O S5 DA 5 M IC 7% > TV % (Tanimoto and Anderson
1984), CHhud. ¥V MURENC K 5. WAL AA OGS FEREM (CPO MEETH S EENTWVD, —INIC,
CPOWHEEN I RIS R FRERIC K > THFET B EEZILNTWVS, L ULilt, LI TNE T CPOMNFELE,
EEZONTERILEY U — T HEIC BN T, MaERE R (CPO O¥EZ#HE Lz (Miyazaki etal. 2013) LA L7k
M5, CPODFEEA X LFHASMCENTWERY, FT T, BT U —THEIC 5 % CPOFIE X 1 = X I 72 i
HRROBIRIC K > TIHT 2 2 ERZHNE L, K&UE RSB % @SR EHE IR AT 72,

AWFZE TR, BEPHREIC K > T, MHEROZERATH 2 T HIVAT T A M+Z A T4 K 2% (Fo80Di20 vol.
%) & T HIWATTA M+ VAR ZA b+ 2% (Fo65ENn35 vol. %ﬁ/\ﬁib ISzl e Ul R SERTICHR
Ol ZSHEPTE L, ZOMHICY—H— &R 515 EHC T L 55 KO IMER Lz, TORBIOINTIEIGRA 4>
C—LZHNTITo Tz, KR&UE FICET % @iREMmE BRI, g 1300°C, £ 10°~10"* s OFKMHTiro 7z,
ZIEIERZIC, B A E AR E AR (JEOL 6500F WK/ T2msit s 2—) ZHOWTERICfES v —
H—DBEEBE LTz, COX—I—DBENS., BIRICXZHTFOBIEFANS,

AAREERmOY—H—BIRIC KD, x—H—DA Ty bR LIz, THUIRAITNODNECKRHLE 5%, £z, M
HNOR—h—ICENRLENENT e 5, RNERIEWEEZ 5NS, EHICIELIE. 2 ORI TOREEERE L
i e b Uz, Fo80DI20DIHE. £ 3%, 7%, 14 %D & Thi+O P EzAEIZZNZEN12° | 3.9 | 6.5
Lixoiz, TORERMNS, BEOBEMICEOVEEEEEEINT 22 ENbN5, T 5IC, Fo80DI200D /5H FO65EN35X O
& AR EDRENT LD 675\0;7;9 2o THUE. FORIFOIBIRDNERTH % LEZ 5N%, Fo80DI20DH;E Fo ki1
WERGTH %, —/7. FOBSEN3TD Foki I3 TN TH B, BTSRRI IR HIE S Nk R, B B
TR R ST EZZBND, FRE, KFRITRD 7 ) =T RcBT SR FREEZDOETT )V (Beere 1978 ZHHEL. I
DOEGZTH D EEZSNSE S EHNERIROEEIC K > TRIFOEEEHE L CPOMWET % EIEL TV 5, AHF
ZORERIZ. 4D CPOREET N EZ LT IEDEEDNS,

F—T— R R AL, KXY, CPO, 7V —T
Keywords: grain rotation, grain boundary sliding, CPO, creep
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In-situ observation of crystallographic preferred orientation of olivine deformed in simple
shear: Implications for the

RN B b PRI L WS M 2 IR BB S 08 B2 AUl K5 Bt O BB — T SRR IER S BENI
FHZE A ﬁi% !

OHUCHI, Tomohird* ; NISHIHARA, Yu! ; SETO, Yusuké ; KAWAZOE, Takaak? ; NISHI, Masayuki ; MARUYAMA,
Gent& ; HIGO, Yuji® ; FUNAKOSHI, Ken-ichf ; SUZUKI, AkIO8 KIKEGAWA, Takum|9 IRIFUNE, Tetsud

FRAAHIRVER X A F X7 AWt > 20—, 2 W KPS RHER B R AR, 3 8o T B R AR 22T
ﬁ U TR HERAE an B AR ST, 5 SO KA HPAIHZE R BRER B R A I, O SR 2 v 2 —, TG R
FURREE e 2 2 — 8 UL AR AR AR I, © 8 T )L — I g e
1Geodynamics Research Center, Ehime Universigpartment of Earth and Planetary Sciences, Kobe Univet&8ityerisches
Geoinstitut, University of BayreuttEarth-Life Science Institute, Tokyo Institute of Technolog@raduate School of Science,
University of Tokyo,®Japan Synchrotron Radiation InstitutResearch Center for neutron Science and Technot@gpartment
of Earth and Planetary Materials Science, Tohoku UniverdRizoton Factory, High Energy Accelerator Research Organization

The characteristics of the seismic anisotropy vary depending on the types of crystallographic preferred orientation (CPO) o
olivine. Therefore, the pattern of the seismic anisotropy has been interpreted by taking into account the water- and pressur:
induced fabric transitions of olivine in recent studies (Jung and Karato, 2001; Ohuchi et al., 2011). The fabric strength of olivine
aggregates is also important when we evaluate the magnitude of the seismic anisotropy in the upper mantle. In the upper mant
the steady-state fabric strength of olivine is expected to be achieved due to long time-scales of flows.

The dependency of the fabric strength of olivine aggregates on strain has been evaluated in only limited numbers of expel
imental studies (e.g., Bystricky et al., 2000). Bystrikcy et al. (2000) showed that total shear strains higher than 4 are neede
to achieve the steady-state fabric strength of olivine (D-type fabric) at 0.3 GPa and 1473 K. However, it has been difficult to
evaluate the detailed process of the development of fabrics because fabrics of recovered samples have been evaluated. Recel
we have developed experimental techniques for in-situ simple-shear deformation experiments using a D-DIA apparatus. In thi
paper, we briefly show that our recent experimental results on in-situ observations of stress, strain, and fabric developments:
olivine samples.

Simple-shear deformation experiments on olivine aggregates at pressures P = 2-3 GPa, temperatures T = 1290-1490 K, a
shear strain rates of 3E-4 s-1 were performed using a deformation-DIA apparatus installed at SPring-8. Shear strain (up to -
was measured by the rotation of a platinum strain-marker, which was initially placed perpendicular to the shear direction. Differ-
ential stress, generated pressure, and CPO patterns of olivine samples were determined from two-dimensional X-ray diffractio
patterns using software (IPAnalyzer, PDIndexer, and ReciPro: Seto et al., 2010; Seto, 2012). The CPO patterns of olivine in th
recovered samples were also evaluated by the indexation of the electron backscattered diffraction (EBSD) patterns.

A-type olivine fabric was developed under dry conditions. The fabric strength increased with stB3jra(d steady-state
fabric strength was achieved at shear strains about 2. The [010] axes strongly concentrated to the shear plane normal and its c
centration increased with strain. Preferential alignments of the [100] and [001] axes were developed through increase in strait
though concentrations of the [100] and [001] axes were weaker than those of the [010] axes. Development of B-type olivine
fabric was observed under wet conditions (700 ppm H/Si). The fabric strength of B-type sample continuously increased with
strain (up to 3). As same as the case of A-type samples, concentrations of the [010] axes were stronger than those of other ax
in the B-type sample. Because the concentration of the [010] axes efficiently increases at strains larger than 1, seismic anisotro
(e.g., VSH/VSV) at shear strains = 1 is quite similar to that under the steady-state conditions.

Using the CPO data of the steady-state A-type fabriggy W sy, of the asthenospheric upper mantle is estimated to be 1.027
(note that 70 vol.% of preferred-orientated olivine grains and 30 vol.% of random-orientated orthopyroxene grains are assumed i
the calculation). This value is consistent with the global one-dimensional model reported by Visser et al. (2008)y MgV
of the asthenospheric upper mantle is expected to have higher values in the case of B-type fabric (e.g., 1.035), which is ha
monious with the global one-dimensional model reported by Panning and Romaniwics (2006). Our results show that seismi
anisotropy in the upper mantle is mostly explained by the steady-state olivine fabrics (A- and B-types), and other effects (e.g.
shape-preferred orientation of melt, CPO of other minerals) would be limited.
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Simultaneous observations of dehydration and AE activities during the deformation of
antigorite at high pressures

AR AR R R hED 2 ke T <eIg HE L B GBER L SR !
IWASATO, Takuyd* ; KUBO, Tomoaki ; HIGO, Yu;ji? ; KATO, Takumi' ; KANESHIMA, Satoshl ; UEHARA, Seiichird ;
IMAMURA, Masabhiro!

LUK - B, 2JASRI
IKyushu Univ.,2JASRI

Intermediate-depth earthquakes are seismic activities at depths of 60-300 km, where subducting plates deform plastically rath
than brittle failure. Because dehydration embrittlement (Raleigh and Paterson, 1965) may not work for serpentinite at pressure
more than "2 GPa, it is important to understand the mechanisms of shear instability at higher pressure. To conduct simultaneol
observation of dehydration reaction, plastic flow and shear instability, we developed an in-situ observation system combined witl
synchrotron monochromatic X-ray and AE 6-6 system (multiple acoustic emission measurement for multi-anvil 6-6 type system)
using Deformation-DIA (D-DIA) apparatus. Using this system, we carried out antigorite deformation experiments up to “4.5
GPa and "850 K including the condition of the antigorite dehydration to talc and forsterite.

Deformation experiments were conducted at high pressure and high temperature using a 1500-ton uniaxial press (SPEE
Mk. 1) with a D-DIA type guide block installed at BL-04B1, SPring-8 (Katsura et al., 2004; Kawazoe et al., 2011). 50
keV monochromatic X-ray were used to measure two-dimensional X-ray diffraction (2D-XRD) patterns and X-ray radiography
images, which give reaction kinetics, differential stress, and strain. We developed MA 6-6 type system (Nishiyama et al., 2008
to monitor shear instabilities by AEs from maximum six piezoelectric devices positioned between first and second stage anvils
AE waveforms were recorded in trigger mode using six-channel 8-bit digital oscilloscopes at a sampling rate of 50MHz. Starting
material of polycrystalline antigorite cylinder (1.7 mm in diameter and 2.7 mm in length) cored from high-temperature serpetinite
(Eigami, Nagasaki, Japan) were first compressed at room temperature, then heated at constant load, and finally deformed wi
constant strain-rate mode. In some runs, dehydration occurred during heating or deformation. Microstructures of recovere
samples were preliminarily observed by optical microscopy.

A total of ten deformation experiments of polycrystalline antigorite were conducted at 1.174.5 GPa, 3007850 K, and strain rates
of 3.476.7 x 10°° s—1. AEs were frequently generated from the sample during the cold compression. Relatively large AEs were
also detected when heating the sample to 673 K, while AE activities became zero at higher temperatures. During the consta
strain-rate deformation, the flow stress reached steady state at the sample strain of more than 5%, and no stress drops w
observed until the final strain of “30-40%. These flow behaviors and the flow strength are almost consistent with the previou:
study (Hilairet et al., 2007). We also detected AEs during the deformation stage although the frequency was lower compare
to the cold compression and heating stages. The AE activities during the deformation became large at lower temperature ar
larger stain conditions. Optical microscopic observation revealed that some faults are present in the antigorite samples recover
from each stage. On the other hand, we observed dehydration reaction from antigorite to talc-like phase during the deformatio
at 800 K. The reaction was very slow and only one AE event was detected at the strain of "25%. Because the faults wer:
only observed in the relict antigorite region, the AE was possibly originated from antigorite. At higher temperature of 850 K,
complete dehydration quickly occurred before the deformation. No AEs were detected during the dehydration and the following
deformation of dehydrated materials to more than 30% strain. No faults were observed in the recovered sample. Our simultaneot
observations of reaction and AE activities showed that the AE is not generated by dehydration of antigorite at more than "2 GPe¢
Instead, the unstable fault slipping that generates AEs occurs during heating and deformation of antigorite without dehydration

Keywords: Acoustic emission, In situ X-ray observation, deformation-DIA, antigorite, dehydration, stress and strain
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Selsmlc attenuation measurement by cycllc loading under high pressure and temperatut

o e Ll ORI IRt 2 iR R
YOSHINO, TakasHi* ; YAMAZAKI, Daisuke' ; HIGO, Yuji? ; FUNAKOSHI, Ken-ich?
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Hnstitute for Study of the Earth’s Interlor, Okayama Unﬁz],ASRI,?’CROSS

The estimation of the mantle structure using seismic tomography method has been advanced by understanding of the detail
velocity structure of the Earth interior . On the other hand , Brillouin scattering in the DAC at very high pressure, X-rays inelastic
scattering, sound velocity measurement of ultrasonic range in the large press is also improved. These developments can
expected this time as a further declaration of a picture of a more detailed Earth interior. However, as compared to the frequenc
band of MHz to GHz region, the frequency range of the seismic waves propagating through the earth interior is much lower. We
should noted that it is greatly affected by the attenuation of seismic waves. Because the materials are not in a perfectly elast
body, energy loss inside the materials occurs in the wave propagation because of presence of grain boundaries, dislocations, ¢
defects. Thus, seismic attenuation occurs as a function of frequency.

The attenuation of seismic waves (the determination of the Q-1) of mantle material under high pressure has not been reporte
until recently mostly because it is an experimental quantification is very difficult . Temperature effects and particle size effects
were reported for the first time systematically for olivine aggregates at high temperature under low pressure. However, for thic
system the upper limit of the generated pressure is low because it is a torsion test performed in the gas pressure. So the study
pressure -dependent and high-pressure mineral is difficult . The other group using the D-DIA type press having two differentia
ram measured QL combining an in-situ observation and radiation uniaxial periodic vibration test. This system expands a
possibility of experimental determination of ®at much higher pressure. In Japan, the DIA type press was installed at SPring8
(D-DIA). Recently we started the measurement of!@nder high pressure using in situ image acquisition of the high time and
spacial resolution at short period of oscillation cycle.

In this paper, some experimental developments for measuring seismic attenuation at high pressure and results of cyclic loadir
tests are introduced. Time resolved images of the sample and reference material obtained by a synchrotron X-ray radiograpt
provide their strain as a function of time during cyclic loading. Attenuation is determined as the tangent of the angle of phase lac
between the strain of the sample and the strain of the reference material. A newly installed short period sinusoidal cyclic loadin
oil pressure system enable us to determine minimal strain of the sample in a wide frequency range from 2 to 0.01 hertz on olivin
aggregates at 1 GPa and up to 1673 K. The detectable minimum strain is arolifd®5 Several test experiments exhibited
resolvable @' (10~2) above 1273 K. The results are generally consistent with previously reported data.

F—U— R, S, IRE), QfE, Wik
Keywords: seismic attenuation, high pressure, oscillation, Q value, shear modulus
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Viscoelastic property of antigorite
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YAMAZAKI, Daisuke!*

R LR

LOkayama University

Seismological data reveals the structure and dynamics combined with mineral physics. For example, the velocity structure
from observations are interpreted using the elastic properties of constituting minerals obtained from the laboratory measurement
Because the minerals in the earth is not perfect single-crystal but they contain a certain amount of defects (vacancy, dislocatio
grain boundary), the viscoelastic relaxation is taken place by the viscous motion of the defects during the propagating the seism
waves with the frequency of 16-10 Hz. Serpentinite can be considered to be one of the candidate for the source of the fluid in
the wedge mantle. In the present study, therefore, we examine the viscoelastic property of serpentine (antigorite) under uppermc
mantle conditions by means of high pressure experiments.

Fine-grained polycrystalline antigorite (a few micrometer of grain size) sintered at 3 GPa and 550 degree C for 4 hours wa:

used as a starting material for the attenuation experiment. We conducted the experiments by using D-DIA press with a shor
period cyclic loading system, which was recently installed at BLO4B1, SPring-8, Japan. D-DIA, which is a single stage of
six-anvil compression device, applied pressure by forcing each of the six anvils to advance on the cubic pressure medium with
main ram. After pressure reaching to the target value of 1 GPa by the pumping the main ram, a sinusoidal stress and strain w.
applied by advancing and withdrawing the upper and lower anvils operated by the short-period cyclic loading system with the
frequency between 0.01-2 Hz at 1 GPa and 500-750 degree C. At high temperathe (legree C), dehydration is expected.
The strain was monitored directly from X-ray radiography of sample located in the pressure medium through the anvil gap during
cyclic loading. In the present study, single crystal of forsterite was placed next to the sample along the stress axis of the sampl|
and it can be used as the standard to estimate the stress by recording the X-ray radiography images displaying the lengths
standard and sample simultaneously.

The time lag of strain of sample against that of standard provided us the quality factor, Q, to be 5.4, 4.8 and 4.4 for the period:
of 5, 10 and 20 s, respectively, at 600 degree C. Present preliminary results shows the temperature dependence of Q-1. At 5
degree C, Q's are "0.5 log unit lower than those at 600 degree C. The present values is "2 order of magnitude lower than thai
of olivine aggregates. The shear modulus was estimated to be 15-25 GPa in our experimental condition, which is much smalle
than the shear modulus without attenuation (38.5 GPa). The large reduction in shear modulus due to attenuation was previous
reported in the case of olivine.
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Etxperlmental study of anelasticity of a polycrystal Ine material near the melting temper-
ature

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

VR A HIEE R T

LEarthquake Research Institute, University of Tokyo

AOOIFFMER, B~ Y FVORERGHE « JRE Q! &2 T 2 1 DICn B LR 2 BEZYIETH S5, L~rL
HIFENE DR, mls I T T8 iab N s A AOIEHMERERINEE T T — 2 Dxv, ZTTRLEZEGDT Fury)
é et bfﬁ%%‘fnﬁﬁﬁg (ﬂ‘\]]/;\f‘j_'_}]/, C10H180) %{éﬁ T%%%BC o TW5b, ﬂ‘\}b?\ﬂ‘—}bbiﬁﬂ,ﬁfﬁ 204.5°C }:%E
WHARTER, A E LTI 7 2207 2 ((CeHs)oNH) 218 % T & THh RN 43° C L T BT AL, AAa kD
EFHIC AV 2B ZENTE 20D XV Y bW H D, ZLUTHRIVATA—I+T T 2 Z)V7 I VRD A )V F DI
REAVE NIV FRDEDE L TE KTV S, [Takei, 2000]

McCarthy et al.(2011)C 13 RV 3 A — )V ZAE ARG Z VT & F S AIRE (20-50C) « & £ I F iRt Crsttiliike)
KBTI, Y TREPE Q! BHME f=10"4-2Hz THIE LTz, iz, 7V —THBz B Thx> TRMEZEIIE L,
U AT VAR fm 2R Tz, B5 N Q7L & fm THREME L2 EIcH LT 7oy b5 e, SEIEAEE -
PRETEB RS RN T RTUIEF 1 ADOHER FICDE T LAVRENTZ, X HICAH ) B UEHEEMAE FIW T D S5k
R (Gribb and Cooper, 1998, Tan et al., 2001, Jackson et al., 2002)CHHFRICD 2 C LM D, ZAERIADIEFIEIC 3P
B S WSEEN DS T & Pbh 2o LHLC @%%’ﬁ@%ﬁi‘%{tﬂ(ﬂiﬁw)”ﬁﬁﬁ (FHfm <5+ 10%) [ HEER D RIS L& K
BEEI (f/fm=100-10") ICIF BN TW iR 28, 7 A o )VEEE fm 72 Fl O 72 R O SRS b DY R EE I 0D SRR AR RIS T
EFNNE S MEIHS D TIE R o 7o,

%03?&%?\‘*1%1’?&’@%%%%%0:E&E’a’:ﬁﬂZ, Takei et al.(in preparationifiZ McCarthy et al.(2011) b & {Kif (0-20°C) -
R AR (f=1074-50HZ) TX D KD BB AIREL IR o 7z, T DOFERTIEEE & U THlF R RV A — )L 248
EARDMNS RV A —)V+T T = )V T 2 V2SR Wz, %2 LT McCarthy et al.(2011)} [AIFEIC < 7 A = )VJE B
B fm TR U7/ LT Q27w b UZAER, fifm=10* DL OFEE TIEIREORE, (L EHIC K > TK
XIDREZE—IHHEDN, T—AN—AROIMFUIID ST RKELEXE D T EMbroTz, Uizhi> THIER O
AL B e TR EAG~ 7 AT 2I)VERE M I XD BENS TR E ST &b oz, TOE—TIRE
MEWEE, R 2 EZTIEEREV, RIVAA —IVERRARORAIZY 7 22V 7 I V2 M ie LTEaic e T
204.5CH 5 43°CIC A2 DT, [A Ul TRAMZER K © A2 TR0 5 DRlISEy, 2 U TRED
WEE, DEVRIAIGEDIFE QL HARELERBZ T ENS, B~y MVDOX 3 7%&E0 QL 28 DG Z IR T 5 72
I Limﬂ’f’ﬁﬁo)g%aa%@#?ﬁ MOSZEVWEHFT S EHNEEEEZ NS,

AWZETIE, 7 22V 7 AL UTET RV A —)IVERE A O TRl 43 °C £ 7z CIREHIPH (20-46
C) T, 7z, JEHHEL f=2+10~*-50Hz DFIFH T FELOSATIIL L ARRDEERZ B T E o7, THHTOFEED 5, GlkIOR;
M - JEgME T & OIS RSB TR ZICZEIE L TV EWS FERMES NIz, U, WIMEESEB X TAIV BT
XIS RUCE DB E VIS E TORMBE IR EZEDTH S, 5%, Bl HILOIEEZ X 51 % fzdichift
RA) S B RZRNCEZ TEBEBTI> TV FETH 5,

F—T— R JEgE, =R
Keywords: anelasticity, seismic attenuation
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Experlmental study of bulk and shear viscosities of partially molten rock analogue

SR T 1 I T W 2
SUZUKI, Ayakol* ; TAKEI, Yasuko' ; WATANABE, Shun-ich?

VERBURSAHIEENISERT, 2 i b OR 2T S T
!Earthquake Research Institute, University of Toktdydrographic & Oceanographic Dept, Japan Coast Guard

Deformation of partially molten rock is controlled by two independent viscosities: shear viscosity for shear deformation and
bulk viscosity for compaction/decompaction. Bulk viscosity and its ratio to shear visclaghy, play an important role in melt
segregation dynamics in the upper mantle (Katz, 2008). However, that value has not been well constrained theoretically nc
experimentally especially at small melt fractions. Most numerical studies have used the theoretically predictedhydhye=of
“f—1, wheref is the melt fraction. Takei and Holtzman (2009a) theoretically obtained a constant vaig#a.0by taking into
account a diffusion creep mechanism. The discrepancy between two models is significant at small melt fractions. There ha
not been experimentally determined valuehgth, because very few experimental studies have been done about bulk viscosity
although shear viscosity has been measured extensively. To discuss the validity of these models based on the experimental dz
it is highly important to measure both bulk and shear viscosities by using the equivalent samples. In this study, we measure
experimentally these two viscosities as functions of melt fraction using a partially molten rock analogue.

Samples were polycrystalline aggregates of borneol-diphenylamine binary with eutectic temperature of 316K, which has &
quite similar equilibrium microstructure to olivine + basalt system (Takei, 2000). Initial melt fraction can be controlled precisely
by the concentration of diphenylamine because of its simple eutectic reaction. Before deformation experiments, samples wel
annealed at 320K for “100 hours in a sealed capsule to make those grain size large enough (70.030 mm), resulted in negligib
grain growth during the successive deformation tests at the same temperature.

To measure bulk and shear viscosities, we carried out two separate experiments. For bulk viscosity, compaction experimen
were performed under the diffusion creep regime. A cylindrical sample was compacted uniaxially in a rigidsleev@, €, ..
= e, = 0, wheree is the strain). Melt was squeezed out from the partially molten sample into porous metals which contact
with the sample at the top and bottom ends until melt fraction becomes nearly zero. Evolution of melt fraction in the sample
was calculated from the sample length measured with digital gauge. Apparent viscosities as a function of melt fraction were
proportional to exp@f) with a ="30 atf >4 %, which is quite consistent with the olivine + melt systems (Renner et al., 2003).

At f <3 %, deviation of the viscosity from the exponential curve occurs, suggesting the possible effects of permeability and
change of rate limiting process of the volumetric creep (Takei & Holtzman, 2009b). For shear viscosity, uniaxial deformation
experiments were performed without a horizontal confining presswe<0, s, = S,, = 0, wheresis the stress). Melt fraction

was nearly constant during the test. Deformation tests were conducted with some constant load steps under the diffusion cre
regime. Apparent viscosity is evaluated from the stress and the strain rate at steady state.

From the two apparent viscosities obtained independently, we can calculate each bulk and shear viscosities as functions |
melt fraction. We will test the predictions of models and discuss the possible viscosity ratio of the partially molten rocks in the
upper mantle.

References:

Katz RF (2008) J.Petrol., 49, 2099-2121.

Renner J, Viskupic K, Hirth G, Evans B (2003% G}, doi:10.1029/2002GC0003609.
Takei Y (2000) JGR, 105, 16665-16682.

Takei Y, Holtzman BK (2009a) JGR, 114, doi:10.1029/2008JB005850.

Takei Y, Holtzman BK (2009b) JGR, 114, doi:10.1029/2008JB005851.
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Keywords: viscosity, bulk viscosity, shear wscosny, partial melt
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PR > FILD LA B Y — ERIRERIC BT % Mg-O R FHLE DR E
Role of Mg-O grain-boundary diffusion in rheology and grain-growth in the Earth’s man-
tle

L) I AR AN T N
NISHIHARA, Yu'* ; NISHI, Masayukt ; MARUYAMA, Genta?

VB REHERT X A 7 2 7 AWt > & —, 2 REURSAIIER IS

LGeodynamics Research Center, Ehime UniverdEgrthquake Research Institute, University of Tokyo

ik~ > MV OYE A, EAEAOE BNEICIE, MEIEO LA 0D —0 TN & ERICEEET SRR DR R
MRV, TNXTIES Y MUK O LA 1 Y —MRIAS R ENTE D, SHYHMHO LA 1 Y —o5E &P
BHERDDH D, —/ T EEIMOERKRTHZZHRO LAY —IE, MREEYEMHO L4 0y —0 itk EY T
WFEOR T ERWIEEDE SRR E N TV S, < MIVEIORSSRIEIC DWW TS, R BN E R EAEsE
LR B EMHR TN E S D> T0E DD, AR TR OFAENRIA BB 205 #1755 7 1t VR K
ERHLTW5S EEZDNBMHRD T — ZIIBHEDO RIS D~ > bUICIEEH T &%, . Sundberg and Cooper
(2008)(37 LY IS—=H A S DEFERCHE D E, /12T U Aa-FOT AR T DR IGZ > T2 Mg-O ORIFILEN 72 4E
AHTH LOEIEER O~ > MV TOEREEZHH L7z, £7. Tasaka and Hiraga (2018 7 # VAT F A -T2V A%
2A FRORNKEFEICHDE, T ORDKEED Mg-O MFHEHICHERE N TV A A[EEEN SV ERLTz, Thb
ORIV ITNE, ZHRDOY Y LD LA T Y — NEEICHEWT Mg-O KiF LD EEGZZMWETH ST L 2R T
W5, wiibNbnD7)IV—7Tld, @IREE F TORNHERERBRICK > TTHIVAT T A (MgaSiOy) & MgSiO;
RO 7 ZXHA D Mg-O R FHLERE 2 S L TW 5 GFLiliZ Ay, 2013; Nishi et al., 2013) KL TlE,. TN 5 DOFERZ
FWT-FERE TV E IR HER, R ERBROIC X 0. Mg-O RIFRHLEMESEERE & 75 2 2 TEHERE, R ERRED i
<XV MVE TS Y MVICBT B EEE 2N,

< Y BVICBOWTIE A VT 2 a-RT A S TC DO RS2 5 7o Mg-O ORI FHEEIC & D (Sundberg and Cooper,
2008) FEE~ > BV TIENRY 7 L—ADK K EZE > 72 Mg-O DRIFHERIC X D 29 28 %E 2. ALligh (2013)
& Nishi et al. (2013YD#5H % T Coble (196325 L 7zBfRIc & © Z DA kb Tz, EEB< > MUIZDWT
B 5 NIHBIHIZ Tasaka etal. (2013D 7 VAT T A F-TYV AR ZA b HROELEBRFER L 0K 3L K& 5E
W& R UBHENTIIENT Ebh o, FEBY Y RV DWW TR T E 22 B FHERD R ODY, T OZEHREE Xu
etal. (2011DE L7z S THLE 7V — T X0 & KERBHEZR Uiz, ZDTs M~ 2 FIVO KM T OFEREIC
XOZEELTOBAEENELH %,

EEB= >~ RIVORIKEIC DWW TIX, Tasaka and Hiraga (20189 Tld, 7AW AT T A b-ZV AZZ Ak “fHHRD%R
R EFERICE DV T, S OROKIKEMN R 258 U7z Mg-O K FHLEELE 9 5 55 kI RIC SRl &
NTWBTERRLT VS, THhERKEC, Ardell (L972)DBIRICHETD %, FEli~ Y MUK % MgSIo; <17 27
A -1 7 L— ZRORREREFRE % Nishi et al. (2013YD Mg-O RiFHLEUREE AW TEHE Lz, ZO%5H, Yamazaki
et al. (1996YD#R5 L 7z MgSiO;+MgO RDEER & FfED I WEERMME DNz, 175 OFER TR OIEFHHHEED
5 ORI K EICKHN T, FHFHFGEZERZIC Mg-O KiFHLEOHEE T 2R ENRC > TWS LRIRTE %, T ORI
IKHDHE, ERDEZ LBz D N > MIVOREEETETEE p mIE LS,

F—T—R: B~ ML, B RV, LAT Y — RikE, I A, Mg a7 X414 k
Keywords: Upper mantle, Lower mantle, Rheology, Grain-growth, Olivine, Mg-perovskite
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FORS EERJERES IV M ED R T VT URER & ik OB
Relationship between Skempton’s coefficient and diagenesis of the Quaternary Kazus

Group siltstones

G B E L AR B 2 R SRR L
MITSUHASHI, Shunsuk& ; UEHARA, Shin-ichit ; MARUMO, Harund ; TAMURA, Yukie!

LRGBS EHAED, 2 R SAR AR P A 2R
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A7 AREL (LU B ) 135U ORI PR Th %, Bk, JEHEKSIFICHT 5, Haic<
HEOZLRICHT 2 RIBUKEDZLBOEIE R R, B ZIEHERA T O FRE ERIBKEDFERX = X L HEd %
FTIE. FORIER OB B W T OHERYISOHERU S O B HOZLIC DWW TEE T 2408 HH % (Tanikawa et al., 2008
UL LENS, COWEIRERZIS DO > TOWRVONBURTH S, AW TIEFKIER & B EDOBRZHSMMCIT %
TERAME LT, B EREREOREED )L MEOERILE F TORBRROBIEHEEND BEEHEH L, ZO/HR
L Uz, 72 BAZEREIE T 2ERETV. RO FETHEIH UIEL tikd 3 & T, 2hSDfIETIECD
WTHGES LTz,

FNEERTIE ERREREONM 7 Wi, KR, SEmE, KEEEOBRED SERILL 722V MEZER 40mm, &S
30MmMOFREHTEEIE LTz & D2l Uiz, EBNEERIT IR DORIBRNITHEEATEE KGR Z VT, EEEER. B
[El& 2MPa~35MPadD &I T o 7z, BIBRIRAKICIZZZR /K Z Wiz, ERERES A RHS DWW TARIE R TORIBRER
ZHE L., BMEOZLIC X 250 DREOZ L 2IEHBRAOZERICE LWV EWIREDE & THADEMERZ K
O, TORRZHNT BIEZHEE LTz, £z, B EEENE SR CEXIFHOKSE THEIEZ 8 L7z & & ORMBRIKE DR
mEZHEL, ZOREND BlEZE KDz,

MR & O #EE Uz HREREAD B HOFEEN S, BHEN FONIC/E 513 £ B HIH KV & WS bS5 iz, 7272
U, KRG FIChiE T 2ICEBHD 5T, @B EZR Uz, THUTEBERIBRITEORER S 5N OERIC X
DD BIC LR THEREI O ESNHCHEITT L o e EBRKM L TWA EE 2 bNb, BIEOAMTKIFEICIEH
I % &, BIEIFERNEDEMT L& 7m> THIIC FAZ0 T AL, HEERNEOHP TINS5 Eibhot, T
ORI FE @D S FHEERBEANDZEEBIC & &> THMBERNHEINT 2 2 FICKM LTV, BIHZELD
FEfER L MBRRICKFET 200, FRERES L NEDOLEIREMRRONEE X 0B KT 32 b Tz, Ihbb
FRRVERDHETS & FERER IV T % 720, BHIZIAD I 2D 5, Fiz. FREROEA T, B MEEIEFERD
FERIIEBRRE DRSOz BIEX D @ Mz RIS RSN, U, B IHERNIEIERIC B W TIIE N2 & L
TEREEIAE S EFIRBIZEL TWiah o 72720 Th s EEZ BND,

F—T— R A7 T b AREL e EH, ERSIERE, IR, RS, BN A 5ER
Keywords: Skempton’s coefficient, diagenesis, Kazusa Group, porosity, compressibility, laboratory rock experiment
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2)V D DB 51 B MIBRITE 2 b D52 _
Effects of pore pressure changes on frictional behaviors of talc

RIS T Ry SR 2 K DUR - ?
UEHARA, Shin-ichf* ; OKAZAKI, Keishi? ; SHIMIZU, Ichiko®

LR, 2Department of Geological Science, Brown Universityl 51 K22 H 245
LFaculty of Science, Toho Universif§Department of Geological Science, Brown Universifyaculty of Science, The University
of Tokyo

WL DD DIRFHAFHE THRAEIN TV AEEREMEORE AN Z A LICDNT, TNETHRLERETIVMEEINT
Xz, ZOWOME. T L— MERICET 2 SHBREOFEDOEHEIECOWTIRML T, ZhUTmA T, 7L—
NEFIC AT B AR BEEAEEL LTHEHEN TV, FHCIECEIC DWW TR, SIS S HER OB H
58, ThHARFOTL— MR EBO Y MVY 2y VNCHFEET 5 EEZLNTWS, LM LEDNS, Z)V7E TS
L— b ERBEO LAY —%2E % % L THERERYE TH S EEELNE. 2V 7, IWHRAL AT T RIFOF A & b
BEEDRINC K> TEREND Z ENHIBNT WS, iz, ZIVZIEKIROWEHR CIHAEMNHER TN TV A EHD S B
BULMEOFHNEDDVEDTHY., VETEWMEDOL AV —IC KX RFER G ZARENNEZ BNS, LALK
MH, 2V 7 OEEFRHENMBRITEIC EO X S ITHEEZIT 2DV T, ERNEMGHEHE D HZINTVWEVDONE
KTHB, AWFETIE. HIEP., HBRER, ZHIIL T, 27 DT L1y ikl X 2 BESE 2 22 LTz, FBRICIEH
EFED 2V ZICDNT, EE 20 mmO PR ORI 2N LT 30 iYL= 7 LAy Mtz lvwic, 7Ly b
i (BEEEE DD 3#4000 77— KT VX LTHHE Uz, GRHCIE. FIBRKDSEEREICTT E D725 K 5 ICHERE 3 mmaIX
BRIz, CORKEIEEERT, —EOMZEMEE (1 um/s) THERT % C & TEAWRBRETT> 2, FERIFWD
PMOEFERL. (K 110 MPa - BIBER, (RK 100 MPa S TiTo 7z, AMEROBHT, P.EER, ZAT YT
RICEEE R TZED L ZDX AW DZAL DR 723\ Tz,

BIERRIE 0 (=0, - P,, 2T T oy ERIERUGT) ZXTy TIRCEE R T A, BEERERISERNGZ L
BCERIRBITGET 2HFDEIZE NI, o DA T 256, BEERHE RN Uz B U TERIRRBICE
2, o D L7 OZAICKTT % Z DEBROERIN G2 LEX 0.20 5 0.28DHIFADEZ & 57z, T AUTFEATHIZE
IC KB HTERT 2 A2 —ERGEDOHEDORFITEWFR TH 2 (Linker and Dieterich,J. Geophys. Res1992; Hong and
Marone,Geochem. Geophys. Geosy005, —/7 o WIS 215513 (T D & TEEFREE—RIICIRA) . T OfEli
INELTxo T (012K F, BRI X> TRADMEERT T L EH -7, THUE. TOHEDOE AW OB EZE
ENARRIEMAEIC KD EDICHRTNSNWT EZEKRT 5, TOBHSUE. BEERIOEKRDOELD X 0 EHICEE T
5T EICBBRLTVRD0E LNERW,

T TORINFEEEER, 20— v TORX X LICBEGRT e H %, Bl ZIEHBREORIMC K 5 H
WRERG IO K > Tl © A5 1 ER T NG, 10 M L TEHIICIEPIRE L 72 0 kit (X154
TN RV DERED T EICK > THIERIS NS 2 gD H %, TOEE, WEmA XL IEbN
TWVWAEEG, WEOYE TEDLDN TV REEITIANT, GAREMRIS ) DI T 2 BEERE O—RNE A=AV N E
{752 (BEFREDHE DD LEV) T TREINS, LEEN-> T, \0ICHT 2EEETID X 0 AEICE €, @
HWOHEBEMEO X0 WO HEINE <KD EMRFE N5,

AWEE, FHAFEHIBIE CGIraiitis) oOmpZ2 o THM LTz, TTICZDEHOERKRT S,

F—U— R 27, BT, MR, (R EOE
Keywords: talc, friction experiment, pore pressure, low frequency earthquake
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PARLIE A1 200G pr R O BERE TR

Sintering experiments on fine-grained polycrystalline orthoclase

R )1 EsA
OHIRA, Akané* ; ISHIKAWA, Masahird

P B ENT R AR A BB RIS « “EIT

!Graduate school of Environment and Information Sciences, Yokohama National University

A1) EARIERAPER S D EEMBILY TH O, ZOEFZEHZIHSMCT S T LIXKFERO LA 10—z AR
552 TCHEETHS. ZIHEED 1 DTHZHEZ V) — T3, SRR, ZREORFIEELTED, EN
FHERCBOTIZ TN S DR FHHIEE NIz B2 S RAN R, Z 2 TIEEAZ FEENS B b F B 2455
VS %5 C LR HINE LIPS 21T 2.

AT, FEA (KogsNag17) Al gsSisgs0s Y7 I 70 A — ULz, 8% X 2 (XRF) 7#1ic &9,
TR R S PN D DIRRTH S L EZ 5N Va7 AR K 5.65wtY%R I S Nz, T Ok ARz izl
THNERE (i, 20MPa Z17Vy, FIFEIRO Az B i SR Tl 970°C, J£/) ~4.1 X 10PaDZ&E T 4
REER L7z, 7o~y 7 )VIFZ - AR CTH e Uzl & O Ltk Z217 5 72, BEkiikld XRFE 72471, X #REHT (XRD)
IEITY, FHRRBISRIIESRE TS (SEM) ZHwviz.

HEZEIHE L EREHS OFS R, TN HUNGER 52.2% 44.5% ZERRER 0.15 0.17 DFEEANMESNT-. SEMBISEN 5,
W NOBEREA S 2B D URERE U TV 2SR S Nz, XRD 0T OFER, fE5AEE (AIUSI BRREERRE) 13K
AN SZERFITHERE L TV T e MRS Nz,

ARIHFEDFER, MBI AKZ WS C & TEZE NEZIEHTE FORER TRZERFEOIYZHE Mk FElS % 2 LV nlhE
THHTENDHD, BIFROELGTHA2Y =7 4 VI ZET AIRETHR LT, 4FFHOFEK TIXIEEGD AlSI
BRI 2 C ST IS T % C DR T E T,

F—U—F: YT I70y, EEA, P
Keywords: submicron, orthoclase, sintering
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7 ) =T A b ZREEMARDEIR 7 VU — T \OERNIIY ORI _
Doping effect on high-temperature creep of polycrystalline anorthite

i R (S R I B S
YABE, Kosuke* ; KOIZUMI, Sanaé ; HIRAGA, Takehikd

VOO R ST
LEarthquake Research Institute, The University of Tokyo

NFEHIEE D FEAEHEHEARIC IS R OMMEERTEDN R ESHEG L TWVWE EEZISNTV S, TNETOT /—H A1+
DOFBANCBE T 2 W98 & A AMEGEEIED . M GRE 4007700°C, MU AOF A S TROLNZ R+ 1 m
) TR V=T TERTZEEZLNT VWS, LENST, BRI V=T FTDT /=Y A FOIEMZEE %
WHZC LRIFFICEERC L TH S,

CNXTORATHIETIET / —H A1 FOKIFE, 1, 0. BKRBOMRMDFEICGGRNSNTE e, UL, it
ZOMFHCEHEENZME (<1lwit%) DORMYIONRIZIERBINTI Aoz, ¥IIv 7 ATRMEORMYICK->T
ZHEEADEENRKELS T2 EDHIOENT VS, FHEE, BRADHFELIEAMPIIDOIZEAEZTENTWIENT /—
YA P BHERRBIATHRD T ) —T A XD BRMERICL T 27 ZENT D> TW5B, T T AWZETIEC
DOARFIDIZ LA EEENTOERNT /—H A MIHED MgO ZHRIN USRS ) — IS0 2 8% Tz,

MgO A D 7/ —4 A b ZHEEAKIERIEE 50 nmbL R CaCQ, Al,Os, SiO,, Mg(OH), ORI & BELZ2kEks 7% FlVW T
FRILU 72 MgO DEM 1 wthk 755 K I Uiz, TOZASEIARITH U, IS —EFER 21T > Tz FEERSMEIZ)S )] 107100
MPa, {i@fE 1150°C™1380°C, #fH 0.1 MPak L7z, ZEEER 1% TEEME FIRMBIEIERIC K > ThEZRD T,

KERRTROPIRARE 172 p mTholz, II-EHEEZWNH T Oy MLz A, MBIKIEBEGRIRON,
DIEZ SIS n = 15N, T V=T FTEE LIz e HEIE Nz, MgO AD 7/ —H A MaHiiiz7 / —
YA REKOBMMERICLTLIT ZUEREIV T Ebh 5Tz, Tz, b 3 VF— Q = 702 kd/mokk flikrix 7/ —
A PKDEREDN STz, BHEDEWIIHFUTRAT LIz Mg DL EZ 5N 5,

F—T— R 7 /=Y A D EAEERR, BEEY ) — T, MR O R
Keywords: polycrystalline anorthite, diffusion creep, effect of doping
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Mg 7 12 A W B mTE T 4 )V AT A K24SR DRI
Synthesis of textural polycrystalline forsterite using colloidal processing in a strong mag-

netic field.

AN B R EE L BOR E 2 H EIlE 2
KOIZUMI, Sanaé* ; HIRAGA, Takehikd ; SUZUKI S., Tohrd ; SAKKA, Yoshio?

VERBURSAHIEEDIERT, 2 YIE - MERHITFCH NS

LEarthquake Research Institute, University of Tokdational Institute for Material Science

It is well known that the crystallographic preferred orientation (CPO) of minerals is commonly produced in the Earth’s interior.
Thus, it is important to understand the physical properties of the mineral aggregates that exhibit CPO. However, silicate mineral
are often feeble magnetic and have small anisotropic susceptibilities so that it is difficult to apply a magnetic field effectively to
rotate the mineral particles. Tendency of finer particles to spontaneously agglomerate due to strong attractive interactions (ve
der Waals forces) add further difficulty. We used a technique of slip casting in a high magnetic field (12T) to align certain crys-
tallographic axis of mineral particles. For the particles to rotate easily in the solvent under a strong magnetic field, we improve
the method of deflocculating. To control the surface potential of the particles, we applied various types of polymer modification.
Vacuum sintering of the powders that were composed of the aligned particles was expected to produce a polycrystalline materi
aggregate that exhibits CPO. The resultant materials were characterized by X-ray powder diffraction (XRD), secondary electrol
microscope (SEM) and Electron Backscatter Diffraction (EBSD).

The specimen exposed to a strong magnetic field exhibits preferential A-axis alignment to the magnetic direction. Those
synthetic specimens allow us to examine the effect of CPO on the physical properties of the earth’s materials in future roon
experiments.

F—T—R: THIVATIA -, ZAEEMK, W5, Bdinl, CPO
Keywords: forsterite, polycrystalline, magnetic field, orientation, CPO
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Grain growth experiment on pyrolite materialunder lower mantle conditions

RN AR/ N Uy 3 I 1) S
IMAMURA, Masahiro'* ; KUBO, Tomoak} ; KATO, Takumit

VR - B
LKyushu Univ.

Grain size is a key parameter for understanding viscosity of Earth’s mantle. Grain growth rate is one of important factors
controlling the grain size. Especially, it is indispensable to examine grain growth kinetics in multiple phases because the grair
growth rate of major phase drastically changes with the proportion of secondary phases (e.g., Hiraga et al., 2010). In the lowe
mantle, Mg-perovskite is major phase, and ferro-periclase, Ca-perovskite, and majoritic garnet are present as secondary pha:
(e.g., Irifune, 1994; Nishiyama and Yagi, 2003). The previous grain growth experiment (Yamazaki et al., 1996) in the two-phase
system of MgSiQ perovskite and MgO periclase using MgjO, forsterite as a starting material suggests that the grain growth
rate is too slow to explain the lower mantle viscosity constrained by geophysical observations. This inconsistency may arise
from effects of the eutectoid transformation prior to the grain growth process (e.g., Solomatov et al., 2002). It is also necessar
to examine effects of the chemical composition that affects the proportion of secondary phases and diffusivity. Here, we repor
preliminary results of the grain growth experiment on pyrolite material under lower mantle conditions.

High-pressure and temperature experiments were conducted using a Kawai-type multi-anvil apparatus (QDES) installed ¢
Kyushu University. Starting material is a powder with pyrolite composition that was used in the previous phase equilibrium
study (e.g., Irifune, 1994). We conducted annealing experiments at 25-28 GPa and 1600-1&06-600 min. Chemical
compositions, microstructures and grain sizes of recovered samples were examined using a FE-SEM with an energy-dispersi
analytical system.

Four phases of Mg-perovskite, Ca-perovskite, ferro-periclase and majoritic garnet were present in recovered samples anneal
at 25 GPa and 1600-1800. The normalized grain size distribution in the recovered samples showed Gaussian-like shape and
the largest grain size is smaller than three times of the mean grain size, suggesting that normal grain growth occurred. Th
grain growth rate is faster than that of the previous study (Yamazaki et al., 1996). Preliminary analysis of the kinetic data of
Mg-perovskite obtained showed the smaller grain growth exponent of 4.3 than that reported in the previous study. On the othe
hand, three phases of Mg-perovskite, Ca-perovskite and ferro-periclase were present at higher pressure of 28 GP&and 1800
, in which the volume fraction of Mg-perovskite increased compared to the four-phases experiment. While the microstructure
and the grain size distribution in the three-phase assemblage was similar to those of the four-phase assemblage, the grain s
was larger probably due to the smaller proportion of the secondary phases. Our preliminary results provide some insights int
the grain-size evolution in the lower mantle and suggest that further quantitative grain growth data with possible lower mantle
conditions are needed.

Keywords: lower mantle, multi-anvil, pyrolite, grain growth
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Grain boundary diffusion of noble metal elements in mantle composites

RO EAR T P
MATSUO, Naoyd" ; HIRAGA, Takehikd

VR BRI R DTS

LEartuquake Research Institute, The University of Tokyo

a7 &Y MIVIHIER A E L TERIIC L TV0 R g, BIFEL RERERDD S, K, Y MUY (v
VA4 R) OGEICADICSVWIEERER, a7h5 Xy MIUAOF5IT#HL, HJtV/Fw®miffﬁﬁﬁ%# %
LTEBRDEEBTIRES NI EFRINTVS. LY LEEDOWIZET, IWIELORRM, DF Diyokificid, 5
WKCADICKVWITEMERL, @lTiiXms e (EEE0 NPREENS K51k > TE % (Hiragaetal., 2004 58
BIEkETCE (HSE 3R TH DD, < MVHICIEME UDEE LRWs, FOREMIaT Elﬂkffb“@\%
EEZ5N% (Wood, 2006. L7zH->T, B LHSERIT7 M6 Y MLABEIT 3 C eRbNE, < MUHD HSE
BEEIIARELEIT S, $45bb, HSERZRa 7 &< MVOL MM EEHZ R0 s L—Y—O%EZ R 7.

AL TR, 15FE « 1360°COLM R TR Y MVIIh Ok TR RERBZIT- 1. £ THIVAT T4 FO#H
I 10VolYD AR 1 /Bl E 4, LHRFRIFERS Uikl & Le, chadBlL, Rkl LIChfZZ X ThRERE L,
EARE FHMSI TS Uz, ZTOE, BEZMEERIROIEEZ L TW SR T IE2MAIGICEIE L TWS T ENHERE
Niz. T, BRTETHIVATTA MERBEIOREEIDDOHWIc Kb EEZ NS, iz, HSilklhoeki1
DRED, BEERFLEEMELEBIHEARALTVWE T e oz, hid, BN ehkoRE T VF—%2R/MEd
3780, INEIRRTFH B RKEGRTFNETHBEIGT S & T % Ostwald ripeningc K% & EZ 65NB728, T+IVA
T 74 MERBORAZ B TIER L TWIC EAVRMENS. Kt 2SR LI OBFR 7O EhiR 7% d,
WIHIORRZE dy £ 35 &, d*-dy=kt WS BEMNB DD T, WIE LI EERIRED S RERE Kk 2Rz, E5IChi+
DRI SER T T HIVATTA PR TORIORE TNV F—In EZHEE L, TAHIVATTA M SRR ORI
B 2B TDOUNE ¢ LBJF T OILEIRE D Oz KRz,

F—T— R KSR, Bk, 37—~ MIVHASER
Keywords: grain boundary diffusion, grain growth, core-mantle interaction
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The effect of partial melting on the mantle viscosity and electrical

PR 7N
SUEYOSHI, Kentd* ; HIRAGA, Takehikd

VOO AR ST
LEarthquake Research Institute, University of Tokyo

AWZETIE, s N 2 MVERO EFEEOTE K RIS K - TE U S0 B LE 5 REtER & EXEEE O2 L x
FARBZ Iz, IV MVERERRIZERIL, K&E TR, @SiRiCB T 2R E B EEE R HE Lz, 4V BV (50%)-
RUTHA (A40%)HRHHAT (10%)1C 0.5v0l%D A ¥ 3 )V EINA T L—IVY T4 ikl & L, idkl e —EmETEE &
BENE, VXA FE 2 CIREFRICE O THESMICRE FREIE5 T LT, JRETOMMEE, FFICBTES A
VE=R MBI K > TEACEE L ZRH Uz, FRCAIVMELDS X)L ME D ORICEEE T BB, kit & EBRE
HEFIOHFNEED AR S NS ICHEHR Uiz, IREMEEIE 110071390 C. AV R 9% (¢) 1ZRA0.09F T LEAXE, X
R DHEPKELZRBIHS T, HREGICESHKIC R S,

HIE DFER, KRR FFICHE S CEFINTIR Ro Tz THUTE AV MRV Z % T LICPES SERENER -
T3, HIE LTRERE log(lpvs UT Ty F LIt T A, ERWEBEZRIAALN, TNE THSN TV SRR
DETHMEREN IS ERINTVB T EHARENT,

AREBRORMER T S L, 1220 CH5 1340 CITHhT TORMFI OEMEE T 3 )VF—1% 970 kd/mol T, X)L
OB & B BT OEMET 3V F—135 35 kI/Imol CH > 7ze TNEZELGIE. XU MELDZROIEELT 2
VF—1F 935 kIIMolTH % T L hmahotz. T O DN 7 V) — T DIEH L T 3V F—DffIcia . AFKERTIE
FEODEFICKELSFELTWVB T EMEES NIz,

—HEXUGEER, VI EAEEZWVTE AV MK B ELXEEED FRADERTE R, 7 U TR EN
MHELNTzT eh 5, REEGLRHIRREDNE W IZDITRFIC X 2 BXUREOF 5H5E . HAHEAE AV FOBEBXKUL
gk FRl> ehbholz, AUREICBNT, TNETOMETHENMCEINTVWABLEREE AN N eEazs
EFRVRTORADESUREE L LENTE, ARRICE T 2R AOESUREEIL 345K EN > Tz, THUIARRICE
ENBHOORRDFENRKE R EENILTVE EEZ SN,

RUIFICE D, TNETHRAEESNT ZHmDh 272 AV el (9=0) H SEHiIC FEEOmEIRIZEH TX % T L 23T
U7zo F7z. AU MEINERDEBEHEEGICZTENSEAPAERIVDRICKEKEZL, S TE— RO MLVED
AR D LAY — L BRUREHICKRELSFET L W nh o Tz,

F—U—FR: LAY —, L—bVIA b, AU b, itk BRUREE
Keywords: rheology, rhelzolite, melt, viscosity, electrical conductivity
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Griggs/ Uil {4 H- 2\ZZ JE Al D 72 o T HIE fH O #R 1E _ _ |
Stress calibration of Griggs-type deformation apparatus with solid salt assemblies

AP A T B L R e
KIDO, Masanort* ; MUTO, Jurt ; NAGAHAMA, Hiroyuki !

VAL RSA RGP E T R~ K

!Department of Earth Sciences, Tohoku University

EATRIEYI O )1 B IS HIER N DM E & E 172 L U 1 B R 21T5 T LIC K> TERMICIHRS T &N TE
%. AR, fIHT 2 M ADE D S FEIRE s, hECE s, AR &
nH2 Bz, Tullis and Tullis, 1986. HIEREREE L &R TOMDEE 2B < 728, 500°CLL FICEEBNHIRE NS,
A TE BRSOV ERDIEE A Z N TW B 728, BAMZEN DLEMNICREITEZR 5N 5 M, LA &G
R A b ORI U 2 B O T IS ST ORERSEIZK (BIA X, Tullis and Tullis, 1986. 4 A EadBakid o —
RYIVIENRBORICH 5728, 14T —2ZORENRE @V, ENTIEETEA ADREREHRO 7S E T 200 MPa
DIRICHIRENT WS, 6> T, HIRFEROR IR~ > MV % S8 QYRR IC B i - @ISk
72152 Te DI FEA BRI & 75 5.

WA, SRR & A AR O CEE, R, BEEREE L L Lic®EalHOfiEEREZI T, 7%
IS SIREMEZ LR 9™ % T & CRAERBEE OB IEHIARE N7z (Holyoke and Kronenberg, 2010 Z DO¥ZFHIIIC K- T,
A RABR 2 D CEE KO 25172 = 30 MPaDRRAETRDH T EMTES X IcAoT. L L, HAERAEE
& [EAR R BRI O 1 IS Y 72 5 78 S%D LI HED H 2 iR %5 T & T ORIERIZ RO T WS 728, SPEEECRER
WK, BERZOEMLRERIL & Vo e B8 2 FHET 2 2 LIdTERV. SAIYIOFEMRRE 2R 8) 2] 5 i d
Z70IciE, 5 BZEHFECHA T E 5 EUAH RO Z IS TE EOBIERINRETH 5.

AWFETCIE, WICKREFTA O Griggs BEIAERZ I atie (BIAEY 2> 7)) ZR-WT =y 7 )V OIHEAGERRZ1 T
W, 2 HollEzEfTo . skl LTHWEz= v )lid Holyoke, Kronenbergifitdiicdefit U CIEW /2. EERZ, HIE
300 MPa Uf 1200 MPa i/ 600°C, 700°C, 800°C, i 2x10~*/s, 2x107° /s, 2x10°¢ /[sDEMATITo72. TD
MR, 17928 (Holyoke and Kronenberg, 2010% £fHED L WS JHIERIRISSATIEROMIR & = 30 MPafE 4 Dk
ATKL—HL TV UL, BEZENEE2Z LECTEMENRKELS RBMEMNH 7. 1§y )LDl
T — 2 ZUEA (1987 ORFFHPEREANCEEDWTHRNT U, BRARIRE - RICBUT 2288 2B L LI A2 —H—7
Z{E L7z. Holyoke and Kronenberg (2010) /J AJEERERIEIC K % = v 7 )L DI 12T — ZIC DWW T B[RRI L, <X
B—H—T 7B LTz, R & H AERBE TR =y Vil e LTHWTED, HE, B4Rl
T\ % Te DEA TSR & 2 AR D~ X 2 — 71— T DZEGGABEOABENENC K 26D EZ HbN%. Bk
FERRERRE & AT A BRI D~ A 2 —J1— T DD S BRSO 205 S M ORIERZZ 8 Uz, IR EHAH
ABRIC X > TR SN v I IVOEISTTHEMISER Uiz & T A, H AL 2008 72 @ H 72 0 ¢/
<, PEMEREIEORRRFEIN D + 30 MPafR S DR THIIT % C e N TE . RIBIEAED 12T — B ER & Uiz
LA, RAEFETOMPa KEMN o7z, Fiz, AR L 55 0 AR T2 AT 5% E20REM
WRELZBIEMND 5. BIEDEAERBREEOAICTTIEEIC 5 2 53R 2T, BIEANSHAAN S BEDND 5.

F—U—F: LAnd—, 2RI, EHAERBREE O IE
Keywords: rheology, deformation experiment, calibration of Griggs-type apparatus
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23GPaZ TP Ca-Pvi T Mg-PvDZ DI MIE IS B9 2 Ty 550
Preliminary experiments on in-situ stress-strain measurements of Ca-Pv and Mg-Pv up't
23 GPa

P S 5Ll R 1 D5 AR 2 phs ol ) AR ] ¢
TSUJINO, Noriyoshi* ; YAMAZAKI, Daisuke! ; YOSHINO, Takashi ; SAKURAI, Moe? ; NISHIHARA, Yu? ; HIGO, Yuji

LRAILRS: - HIBRPIERL AT > 2 —, 2 BT 3R « MIBREE R A, 3 BIR R AHIBRGER X A F X 7 Afget v
2—, 40 EEEDCRI A v 2 —
1ISEI, Okayama Univ.2Tokyo tech. 2 GRC, Ehime Univ.2JASRI

In order to discuss mantle dynamics in the Earth’s interior, knowledge of viscosity of the Earth’s lower mantle, which is the
highest of the whole mantle, is important. Viscosity models of the Earth’s lower mantle were reported by geophysical observa-:
tions. However, observation values of viscosity have large variety (273 order magnitude). Although determination of viscosity
of lower mantle minerals by high pressure experiments is needed to understand mantle dynamics, stress-strain relationship f
MgSiOs-perovskite (Mg-Pv) and CaSiaperovskite (Ca-Pv), which are principal minerals of the Earth’s lower mantle, are not
reported due to difficulty of high pressure deformation experiments. In this study, we tried in-situ stress-strain measurements c
Ca-Pv and Mg-Pv up to 23.0 GPa.

In-situ uniaxial deformation experiments were conducted using a deformation DIA apparatus (SPEED-Mk.II) as Kawai-type
apparatus at SPring-8 BL0O4B1. Experimental conditions of Ca-Pv and Mg-Pv are 13.8 GPa, 1473 K and 23.0 GPa, 1273 K
respectively. cBN anvils, which was transparent material against X-ray, was used along X-ray path. Two-dimensional X-ray
diffraction patterns were taken for 120-180 s using CCD detector. To calculate the stress magnitude from the X-ray diffraction
data, we used a model of stress-lattice strain relationship (Singh et al. 1998),

Akt ()= don [1+(1-3c084)) 016 Gpii] (1)

where ¢,;; is the d-spacing measured as a function of azimuth angtl;,x; is the d-spacing under the hydrostatic pressure,
G is the appropriate shear modulus for a given hkl, amglthe uniaxial stress. Pressure and stress were estimated using Ca-Pv
(110) (200) and Au (111) diffraction in Pressure marker (Au : Fo =1 : 2 volume ratio) at deformation experiments of Ca-Pv and
Mg-Pv, respectively. An X-ray radiograph of the strain markers was taken using an imaging system composed of a YAG crysta
and a CCD camera with an exposure time of 60 s.

Uniaxial stress of Ca-Pv at 13.8 GPa, 1473 K andX1.@® /s and Mg-Pv at 23.0 GPa, 1273 K and "t B ° /s were esti-
mated as "2GPa and "0.25 GPa , respectively. Stress of Mg-Pv was significantly smaller than that of Ca-Pv though temperatu
condition of Mg-Pv was lower than that of Ca-Pv. This fact is doubtful. This reason is thought that stress estimated by Au was
much smaller than that of Mg-Pv because of framework made by Ringeoodite, which was polymorphic phase of Fo in pressur
marker.

F—TU— K. ZOLBEIE, ZIPFER, )57, &, Xa T A4k, F~x Y by
Keywords: In-situ measurements, deformation experiments, Stress, Strain, Perovskite, The Earth’s lower mantle
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