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The mechanical property of a tunnel structure in wet granular layer
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Stable burrows in wet sediments dug by tidal and shore animals play important roles not only in the
ecological behaviors of the animals, but also in material circulation in the substrate and the
sediment conditions. Thus, the burrow stability problem has been a challenging topic in the fields
of sedimentology and biology. Modern ocypodid crabs are known to dig deep burrows in a sandy beach
(Seike and Nara, Palaeogeog., Palaeoclimat., Palaeoecol, 252 (2007) 458). However, it has not been
clarified that how stable these burrow structures are against the external loading.

For the quantitative understanding of strength of a burrow in sandy beach, we modeled it by a
tunnel structure in wet granular layer, and focused on mechanical property of wet granular matter.
According to the previous works, tensile strength of wet granular column nonlinearly depends on
liquid content (Scheel et al., Journal of Physics: Condensed Matter, 20 (2008) 494236, Herminghaus,
Wet Granular Matter: A Truly Complex Fluid, World Scientific (2013)). The origin of this nonlinear
response of wet granular matter to external loading has not yet been revealed sufficiently.
Moreover, little is known about the strength of a tunnel structure formed in wet granular layer.

In this study, we conducted a simple experiment to investigate the mechanical property of a tunnel
structure in wet granular layer. In the experiment, we observed how the tunnel structure deformed
when it was uniformly loaded from the top of the layer with a very slow loading rate. By taking and
analyzing the movies of deforming tunnel structures, we examined the temporal evolution of a
projected cross section of the tunnel structure. Furthermore, based on the discussion of stability
of tunnels in the soil (Knappett and Craig, Craigs Soil Mechanics, Spon Press (2012)), we estimated
the maximum shear stress applied to the tunnel structure at each state. The experimental result
showed that the mode of deformation depends on both liquid content and packing fraction.
Particularly, the liquid-content dependence of the mechanical response is not monotonic. In
addition, we defined two types of strengths characterizing a tunnel structure: yield and maximum
stresses. As a result, we found that these strengths strongly depend on packing fraction. Besides,
they show qualitatively different liquid-content dependence in relatively high liquid content
regime. Finally, we briefly discussed a possible application of the experimental result for
estimating the upper limit size of tunnel structure in a sandy beach environment by using the
experimental result and information obtained in previous works (Seike, Marine Biology, 153, (2007)
1199-1206, Sassa and Watabe, Report of the Port and Airport Research Institute, 45, 4,(2006)
61-107).
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Feasibility Study of Morphological Characterization to Comminuted Particles by A Particle
Characterization Approach (2)
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1. Introduction

Frictional instability has been evaluated empirically by using a frictional parameter (velocity
dependence) on the basis of the rate and state dependent friction law (Dieterich, 1979; Ruina,
1983). In addition, shear development in a gouge layer influences frictional instability (e.g.,
Byerlee et al., 1978; Logan et al., 1979; Ikari et al., 2011; Onuma et al., 2011). Ikari et al.
(2011) pointed out a possibility that velocity dependence of friction changes with shear. However,
it is difficult to accurately observe shear structures developed in recovered gouge samples and
deal with shear zone development in gouge statistically. Therefore, the underlying theoretical
relation between frictional instability and shear development has not been clear yet. In the
present study, we aim to clarify (1) relation between frictional instability and shear development
by energetic analysis, and (2) process of shear development toward frictional instability of gouge
through theoretical and experimental analysis.

2. The energetic criterion for frictional instability

Deformation of particles progresses in an energetically efficient way (Rowe, 1962). Thus, both
energy ratio defined as a ratio of input mechanical energy to output energy, and hence dissipation
energy of particles become minimum. Stability of a mechanical system is influenced by energy. If a
frictional system represented by a spring-slider model experiences frictional damping, the stored
energy in the system decreases leading to stable slip. In contrast, if the system experiences
negative frictional damping, the stored energy increases leading to unstable slip. Negative
frictional damping indicates that friction force works to the direction of motion and might be
related to shear development. Because the stored energy coincides with the difference in energy
during deformation, the stored energy can be represented by the energy ratio between input energy
to output energy through deformation. Thus, the energetic criterion for frictional instability is
obtained from the relation between the stored energy and mechanical behavior of the frictional
system.

3. The friction experiments

We analyzed data of friction experiments using simulated fault gouge (Hirata et al., 2014) to
obtain energy ratio of gouge during friction experiments in gas apparatus. The cylindrical samples
with dry quartz powder as gouge were loaded under 140, 160, and 180 MPa of confining pressures.
Data about stress and strain in major and minor principal axes were recorded through strain gauges
placed onto samples. The values of energy ratios of gouge were obtained based on these values.

4. Results and discussion

We clarified that the output energy has a linear relationship with input mechanical energy, but
energy ratios changed slightly with shear. Change in the energy ratio which is a function of
internal friction angles implies shear development. R1-shear angles from major principal stress
axis can be estimated using internal friction angles (Morgenstern and Tchalenko, 1967). Thus, the
energy ratio controlled by the internal friction angle closely related to shear development.
R1-shear angles we estimated show that R1-shears becomes more parallel to a rock-gouge boundary
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before the occurrence of unstable slip. At 140 MPa of confining pressure, R1-shear was inferred to
be developed almost parallel to the boundary (3 degrees to the boundary) at the top of a sample as
deformation proceeds. The reduction of shear angles with respect to shear zone boundary with
progressive shear is consistent with previous works (e.g., Gu and Wong, 1994).

5. Summary

We investigated relation between frictional instability and shear development energetically. Our
results revealed that (1) the energetic background for their relation; (2) the efficacy of the
energetic criterion for frictional instability; and (3) shear development in gouge in situ.

F—O—F  EROAREMN. RoweDIEzm. MHMIFE. BREMEN DY, BERIR. TRIVF—HIFHE
Keywords: frictional instability, Rowe's theory, microstructural development, simulated fault
gouge, friction experiments, energetic assessment
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Static moduli of rock are used in borehole stability to evaluate elevated pore pressure and
tectonic stress distribution. The static and dynamic moduli of the same rock may significantly
differ from each other. The main reason is likely to be the difference in the size of strain
between the dynamic and static tests. In the dynamic properties the strain is about 107, while
static strain may be about 10°2.

The purpose of this study is to reveal the relationship between static and dynamic moduli of
unconsolidated sediments obtained from off Costa Rica, and to evaluate anisotropy of static moduli
using shear strain. To achieve this purpose, we obtained (1) static Vp/Vs using volumetric strain
and shear strain from experiments in differential stress, and (2) dynamic Vp/Vs from dynamic wave
propagation experiments. Then Poisson’s ratio was calculated using Vp/Vs. Using Poisson’s ratio,
static and dynamic Young’s moduli were transformed.

Used materials are unconsolidated sediments obtained by IODP expedition 344. We focused on
reference site U1414, frontal prism U1412, mid-slope U1380. Materials were remodeled into cylinder
shape for the experiments.

Equipment of laboratory experiment consists of pressure vessel, three syringe pumps, computer,
transducer, oscilloscope, displacement gauge. In laboratory experiment, pore fluid pressure was
kept 1MPa. Effective pressure was controlled by changing axial pressure and confining pressure. We
calculated in-situ effective pressure using sample depth, bulk density and assumption of
hydrostatic pressure of pore pressure. We conducted 4-5 steps of experiment with isotropic pressure
up to in-situ effective pressure. Between each isotropic condition, differential stress experiments
were conducted. In differential stress experiments, axial pressure was increased and radial
pressure was kept in constant; increment of differential stress is three times as large as
increment of effective pressure. Axial strain was calculated from a value of axial displacement
gauge. Volumetric strain and porosity were calculated from remaining volume of pore fluid pressure
in a pump. When strain reached at equilibrium condition, waveform, a value of axial displacement
gauge and remaining volume of pore fluid pressure were recorded.

In the results, static Vp/Vs ranges 1.5-1.6, and dynamic Vp/Vs covers 2.0-2.1. Using each Vp/Vs,
Poisson’s ratio, static and dynamic Young's moduli were calculated. The ratio of dynamic to static
Young's moduli (K) was about 0.6. Dynamic physical properties can transform into static physical
properties using K value. Dynamic S-wave velocity was about 25% slower than static S-wave velocity
systematically in all samples.

Shear strain of samples from U1414 was larger than that of samples from sites U1412 and U1380.
Shear strain is described by the difference between axial strain and radial strain, suggesting
anisotropy in reference site is larger than that in wedge.
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In the field of soil mechanics, triaxial compression test is widely used to investigate mechanical
properties of soils. Yielded specimens characterized by Mohr's stress circles have various
deformation patterns depending on loading stages and stress ratios in spite of the same ground
materials. Failure patterns of ground materials bifurcationally change to diamond, bulge and a pair
of oblique shear patterns. The symmetry of deformation patterns (e.g. shear band patterns) has been
illuminated by bifurcation analysis of governing equation of soil mechanics based on Cam-clay
model. On the other hand, plasticity index, an empirical parameter to characterize the range of
water contents where the soil exhibits plastic property, is known to describe mechanical
characteristics (e.g. compressibility) of soils. However, it is an unknown theoretical relationship
between mechanical bifurcation controlling the evolution of deformation patterns and plasticity
index. Also the theoretical relationships between the empirical laws of soil strength and
plasticity index have not been clear yet. Hence, we show that plasticity index theoretically
determines deformation patterns of soils by Cam-clay model, and we prove that the index closely
affects the bifurcation formulas on the basis of Shibi and Kamei (2002)’s bifurcation analysis.
From the view point of the plasticity index, deformation facies representing various deformation
patterns of rocks in geologic condition are controlled by mean ductility and ductility contrast, as
quantitatively proposed by Uemura (1981).
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EEBUVIVICDOVLWTHERELEBENTH Oz, e, BRTARSHENMRDAERBRNS, CDBETH
M-EMEBEBOS C ZMAGHIF10 PaRELERBEESNS. —A T, AR CEEHLLA0OI—8|&H
OWCTHEBIIBAEDRENREE BRBE >c & C 3, HNTKICH(TBEHEMEN, #ERIFZN(1946)(CLBBHHNTOD
EHEE—BMUz. CORER, EAZMFNERENTHD, COBRINSKHATROLAOI—RIEEYT
HDEEZXOSND. BEPTREITINHORKER, HE-EHEROS CSMRICIEEZBX S EEFK
Moz, COTENS, MEBIBASOREICSVTIOY IRBENRKET ZHCIE, BHEROEEN
NETHBDIEEZSNS.
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Strain Behavior and Deformation Property of Aji Granite under Triaxial Compression Tests
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ERANEE(ICEOMECED ORI, MEOREXNZILOMBROBELEETZ_END, CNET
EZ<DIABRMTONTE . HETIE, CNSOREREGMTEROEERE [ LS ESKERREICE
IGCEHENTUVS. CHS55, MTFOEREKEBERIETDICETAINICHAEREERL, CNERKE(CH
VWBERERREL, HADHEHEBENOHNEDEINEZDIRT VIV (RAERESD) EFDEHES
ns. LKL, COREBHRICIE, TSOFvrvDERPHIRMELE DR TERENRG D, BERMAEEIRLCA+
NPNTHD. AHAEL, ZEHEMELERCKI DT, TEEEDOTFHEBRUELAFM(CN U THE & BRKENRRK
FITMRERAN, S REMRREZRIRISIOXTOER T —SEBEIDICEZBENE Uiz, —#EREER
(&, DERTRBEKEBEERL, KE10-40MPa, BEIB/KE10-30MPa, D FHEE.7x107 s DRU T CEF
FOOFHAEET O, Ed, BEAKERIY VIR FCL>THEFE—EIIRO>THD, ZOREE
B SERIPDOZERIEBZLERIE Uz, SRR/ EATERE (BE=E20mm, KI40mm) ZHL), CNIl2EH
DOFHT—I (10mmx2) =FEL, T—I—0ON—(CL>TEEFOOTFHERELZ. BS5NEIGHE
OFHDREFENSIEA-OFHMIREIER L, ZTOERICLDT, RRBA, 1559V —FEILH (Y10
O0SvIORERT D EICKDBBERNMAEZDIN) , YUIR, R7Y VL, FEEEEBOTHEKD
. ZO®BR, BERICHESTICT 1SV I—RRIGAHIEE, EEASVEEENL, BERKENSWVZTE R
DI BEAHRER SN, BEERTHIVTYIZE, SEOLRICEEE>TEML, REBEKEDLRICE
TBELO TR I IEEARFSNEM, R7Y VLHIEHEPREBRKEICL D TIFEAERILUEN > . (&R
R (13585979 —) OREETRIIEHEARBROTHE, ZRREOIBRCEIREMEVFERESTNDDIC
MU, EEKETORBTEENENMEL (BARKEASV) FETFEISNBIERRG SNz, BIEE, HE
(CK > TRABANERMIFISNTUVDEBIRTET SN, BEFEKOEIE (BWE) AaWERBREOE
RMBESINTEHD, BIBEFEITD. COEAIIE, BMETEHATELVWTOCINREET S EEEK
LTHD, BEKNERRESOGNERERINTE CLIEREEEREBL TULD. BRKICKBIGHESRDRE
MCKDTrSFVI—HIFEIEN, BRKENSVEEZDMRAKRZTVEEZEZISND. Tz, WTFNOR-
BUKETOHERTE, BRIGHNG-I5DIGHNEBZDETI VIR IICI>THRARITSEALTUSKD
AEAAIET ZEAERSNE. TN, COULFMEEBICERAROYrIO0 Sy oHER LYo 0K
MBELDLDOHERY RD—ONERINzCEEZRBIKRLTULD. e, FAKKBEDENIRAILHHET
EED, Z0#%, ESENEREEDI TEFEAETAKGBEABL LTV ENERESNEZ. TN, BX
IGHEEC(E T TICERNEHRIBE E RRODEBEODERAERINTHSD, ZROEBEEIVYroO05>vIDE
HEIEPHEBDERICEL ST, RAIGHEIFEAEZLUEVTEERSHDICEERLTUD. CNSOEBERE
BECRMNETOKERRERZZ X3 E, ABRKERSWVEESISHIVI—RIIFIENDCENS, BER
KERBLESHEVKL S IGBLVEARE CKEBRET D IEARL DMRRICHTIC TS O F v EERTES
CERFEIND. Tz, RRLHANDICI7EDIGNICEVWTHBRRNDFAKEENRUEIT S NS, ZERIK
BORBELIZE, IEDHSE, FAERE—ETIEZENICK > THRBKEDET UIcEZICHEIENE C Da8EHMNRE
25ND.
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Grain size distribution of quartz in the Sanbagawa metamorphic belt analyzed by the
electron back-scattered diffraction (EBSD) method
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KANEREDTHNBRERZIHIEHEBEDICALSNTUD, LHL. CNFETORFAE (e.q.
Stipp and Tullis, 2003) (C(3. WFTEMER(IC X SRR —FRFDOBMAIDE L . KBROARAREDERDE
LV (e.g. B FHEEONZTEFEEIFEAIBRLEDON. 1K) (CERTIEHRIAEO TUZ,

AR TIEHZEME C ZHBELEFEIR (EBSD) & TRIFAEE S CE oz, RFRIE. HEDTTIIEMEE
BEE FTHAADEWICRODTVY 27T —X U, EBSDTIIERAMM2L U LERLEDIZIEERFRE LT
BEIRE LT, BBSDYWEVHERFTYv ITHrX%E0.5, 1, 2, 80 0OVTIToIR. KRITHBEUYETESRL
Zo

PERIEERNZERF T O ORFOAERET. HEFRETR)IME RIS NZENDTH D, HEHFT
BRI/ AR TEBECRR T IEEART . BRAEEERT . MA/EAREEERIEL AR BGERICHR
INTLB,

BFoNRFES ML, HFEBEHECEEBSDITE. ABARVERBER L, LEMDT. B&RICK > THRIED
ARBEARXST<KELE DT Do COREDIE. FANARECHONSIHERDED LTRSS ELSD, LM
L. BEREERER—FKBEET IV TCEEARVKREDHNEIND CEMREINTULS (Shimizu, 1999) . &
SNIEREDHDE—RERPHFEERERT Vv IH A XCLO>TEED., ~10H0\5~50= 00V DIEH S

Do T—REARCERCETLLNDT. REXIUEBE HHDIRERDI S IAEREORREE Uz, CDIER
Shimizu (1999) DM —KRIBEBETIVICHIFDIRSIT—ILEBRDIFEN. Fleo KFLROAEEE R
BRI BHLDRENICAETETIMETH D, EAUBEF110H05120=5 0 Th oz,

Bonrzr—79I(C. BEKEFEMEEZELZShinizu and Ueda (2016, JpGU) DEFEERIREIG DT TG
DBRERBEED (516.4C. Bayssac et al, 2002) Z@EAL. BRAKER. BEREBZEROETILENEN
T29 MPak 62 MPaDERBNEE Bz, CNHSDBNIE. BEREFEHEZRBEF. —EFHAFHARERFZOARE
fE& UTcHolyoke and Kronenberg (2010) DEBHESERIREILIETTH/OSNBLIE (17 MPa) KD EF L\,
AERTIE. ZRINEREOZDOMOIBUNDARFENSEONBEREHETENIT 5,

SEXM

Holyoke C. W., Kronenberg A. K., 2010, Tectonophysics, v494, p17

Shimizu, I., 1999. A stochastic model of grain size distribution during dynamic recrystallization.,
Philosophical Magazine A79, 1217-1231.
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Effect of water on rheology of plagioclase under high temperature and high pressure
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1. Introduction

Rheological behaviors of rocks depend on pressures, temperatures and chemical environment.
Particularly, water is known to play an important role in rheology of rocks in terms of physical
and chemical aspects by previous experiments. Here, two ways of water effects are considered. Pore
fluid pressure reduces the effective stress of rocks supported by mineral frame. Water also reduces
the strength of plastic deformation of minerals by increasing concentration of lattice defects.
Moreover, tomographic observations have shown that there are fluid-rich zones beneath active fault
zones and strain concentration zones in the middle-lower crust (e.g., Nakajima et al., 2010). It is
proposed that water affects crustal deformation and earthquake occurrence (e.g., Iio et al., 2009).
However, the effect of water on rheology has not yet been revealed quantitatively for lower crustal
materials under pressure conditions equivalent to the lower crust. Moreover, in most of previous
studies, experiments were performed under two end-member cases: water saturated or anhydrous
conditions. Thus, it has not been understood in the environment that water is gradually introduced
into samples similar to natural lower crustal condition.

2. Deformation experiment

In this study, we performed deformation experiments on synthetic anorthite (An) aggregates using
the Griggs-type solid medium deformation apparatus. We added 0.5 wt% water to samples and
infiltrated under high temperature and high pressure. Times for infiltration of water into samples
were changed to investigate the variation of deformation behaviors associated with diffusion of
water. Strain rate stepping test was performed at a temperature of 900 °C and a confining pressure
of 1.0 GPa. Strain rates were 1st: 107, 2nd: 10" and 3rd: 10 s™'. Constant strain rate tests
were also performed at a strain rate of 10 /s, temperature of 900 °C and confining pressures of
0.8 and 1.1 GPa. The experimental conditions in the present study were roughly equivalent to the
environment of the middle-lower crustal fluid-rich zones. Thus, the present study is suitable for
investigating the effect of water on plastic deformation in such zones.

3. Results

In all experiments, wet samples were weaker than an anhydrous sample. Strain weakening was observed
in experiments at a strain rate of 107°/s at all confining pressure conditions. Strengths tended to
decrease with infiltration time or strain magnitude. Photomicrographs after the experiments of wet
An deformed under confining pressure of 1.0 GPa were taken. Almost no deformation was observed in
the upper part of the sample, and deformation was concentrated in the lower part.

4. Discussion and implication

We compared the measured differential stresses with predicted values by the flow law for wet An
obtained by low pressure experiments (~0.4 GPa, Rybacki et al., 2006). The estimated stress values
were higher than the measured values in our experiments under similar conditions. Moreover, because
recovered samples were deformed in their lower part intensively, actual strain rates might be
higher and estimated stress values became higher for that part than those estimates. This implies
that the chemical effect of water, such as fugacity, in higher pressure condition might be larger
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than those predicted by lower pressure experiments. Present study shows that measured differential
stresses of hydrous samples tended to decrease with infiltration time or strain magnitude. It is
assumed that plastic deformation is promoted by increase of water-related defects by water
diffusion into samples. The results of present study indicate that the strength of lower crust
become lower than previous studies.

F—O—F RNRA BEERR. KOTHYTr—. MhREE

Keywords: plagioclase, deformation experiments, water fugacity, strength of the crust
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Technical developments on acoustic emissions monitoring under the upper mantle conditions
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The subduction zone produces a major fraction of the Earth’s seismic activity. Intermediate-depth
earthquakes within the subducting slab form a double seismic zone. The mechanisms of
intermediate-depth (> 4@ km depth) and deep-focus (> 300 km) earthquakes are fundamentally
different from those of shallow (< 4@ km) earthquakes. This is because the frictional strength of
silicate rocks is proportional to the confining pressure and it exceeds the upper limit of the
stress level in the upper mantle (< 600 MPa: Obata and Karato, 1995) at pressures higher than 1 GPa
(~30 km depth). The causes of intermediate-depth and deep-focus earthquakes have been attributed to
dehydration of hydrous minerals (e.g., Peacock, 2001) and anticrack faulting during the phase
transformation of olivine (e.g., Green et al., 1992), respectively. To understand the mechanisms of
failure of rocks under the upper mantle conditions, experimental techniques on acoustic emission
(AE) monitoring have been adopted to multianvil apparatuses or Griggs apparatuses.

Green et al. (1992) conducted AE monitoring by using a Griggs apparatus combined with an AE sensor.
Dobson et al. (2002, 2004) and Jung et al. (2006) adopted 2 or 4 AE sensors to a multianvil
apparatus. However, the three-dimensional location of AE hypocentres have not been determined in
the experiments because of not enough number of sensors used in the experiments, even though
determination of the location of AE hypocenter is critical in the judgement of brittle failure of
the sample surrounded by the solid pressure medium. De Ronde et al. (2007) adopted 8 AE sensors to
a multianvil apparatus and they succeeded to determine the position of AE sources. Recently, Gasc
et al. (2011) succeeded to develop an experimental setup that allows determining the position of AE
source by using DIA-type multianvil apparatus combined with 6 AE sensors. Schubnel et al. (2013)
adopted the experimental setup reported by Gasc et al. (2011) to a D-DIA apparatus installed at a
synchrotron facility, and they succeeded to measure strain and stress of the sample and AE signals.
We have developed an experimental setup that is optimized for the determination of the location of
AE hypocentres in a synchrotron D-DIA apparatus.

Similar to Schubnel et al. (2013), we developed an AE monitoring system optimized for a D-DIA
apparatus installed at BL@4B1, SPring-8. One of big difference between previous systems and our
system is the use of the MA 6-6 system (Nishiyama et al., 2008). In our system, the AE sensors were
pasted to the backside of the second-stage anvils. Use of the second-stage anvil as a wave guide
enables us to shorten the distance between the sample and the AE sensors, namely, attenuation of AE
waveforms is reduced. Another advantage of our system is the large-volume cell assembly (sample
diameter: 3mm; length: 4mm). Because the error on the hypocenter location is usually a couple of
millimeter (e.g., Gasc et al., 2011), use of a sample having a large volume is critical when we
judge whether a hypocenter locates inside of the sample or not. We succeeded to conduct experiments
on AE monitoring during the deformation of olivine aggregates at pressures 1-3 GPa and temperatures
600-1100 degC. Pressure, stress, and strain were measured in situ by using x-ray diffraction
patterns and radiographies. AEs were also recorded continuously on six sensors, and
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three-dimensional AE source location were determined. We will report some the details of
experimental results, and we will consider further improvements on the system.

F—DO—R ! 7D-XRFqrwvDOI=wvI3 . D-DIA. HIE
Keywords: acoustic emission, D-DIA, earthquake
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Deformation experiments of ringwoodite at low temperature conditions
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Seismic tomography images that some subducting slabs horizontally stagnate near 660km discontinuity
(e.g., Fukao and Obayashi, 2013). However, it has been difficult to explain the large deformation
of deep slabs in mantle transition zone because the flow law of constituent minerals such as
ringwoodite has not been determined yet. Low temperature plasticity (Peierls mechanism) could be a
dominant deformation mechanism in cold subducting slab. In order to construct the flow law of
ringwoodite in this deformation mechanism, we conducted deformation experiments of (Mg, ,,Fe,,)Si0,
ringwoodite at low temperature conditons. Here, we report its preliminary results.

High-pressure deformation experiments were conducted at 9-13 GPa and 500°C in constant-strain rate
mode by Deformation-DIA apparatus installed at NE7 and BLO4B1 beamlines in synchrotron facilities
of PF-AR and SPring-8, respectively. We synthesized a polycrystalline ringwoodite with height of
1.2 mm and diameter of 0.9 mm at 22 GPa and 1400°C for 180 min from a single crystalline San Carlos
olivine using a Kawai-type multi-anvil apparatus in Kyushu University. This was recovered and used
as a starting material for the deformation experiment. Differential stress and axial strain of
ringwoodite samples were estimated from the distortion of Debye ring and radiography image using 50
keV monochromatic X-ray.

Although deformation experiments were performed outside the ringwoodite stability field, we did
not observe the back transformation up to at least 500°C. The sample stress almost reached steady
state at the strain of about 3%, and then slightly increased under strain up to ~20%, suggesting
the strain hardening. The effect of pressure was negligible in our experimental condition. The flow
stresses of ringwoodite obtained at 500°C were 2.6-5.1 GPa at the constant strain rates of
1.2-5.9x10° s, which is smaller than those obtained at room temperature in the previous study
(Nishiyama et al., 2005). Preliminary analysis of the creep data indicates that the stress exponent
is about 6. The relatively large stress exponent may suggest that ringwoodite was deformed in
low-temperature plasticity regime although further experiments are needed to construct the
quantitative flow law.
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