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In geoscience, the rate and state-dependent friction law is established, showing negative shear- rate dependence (Scholz, 1€
Nature). In statistical physics, another empirical law holds for much faster deformation than the former, showing positive shear
rate dependence (Jop et al., 2006, Nature). However, it remains unknown how these two distinct laws are connected. In th
study, we experimentally show that the crossover from negative to positive shear-rate dependence of friction coefficient occur
at a characteristic shear rate, relating to competition between two different physical processes, namely frictional healing an
anelasticity. We determine the expression of the characteristic rate.
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Olivine fabric transition during ductile shearing in the uppermost mantle: an example
from Oman ophiolite
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A ductile shear zone across the crust-mantle boundary occurs in the Fizh massif, Oman ophiolite. The dunites in the ductil
shear zone were classified into coarse granular texture, medium-grained texture, protomylonite, mylonite and ultramylonite. Thi
average grain sizes of olivine decreased toward the shear zone, by which a high strain zone was estimated approximately 15
Amount of hydrous minerals (amphibole and chlorite) and spinel Cr# in the mylonites increased toward the gabbro boundary
suggesting that water infiltration into the ductile shear zone could occur from the gabbro boundary. The amphibole porphyroclast
show deformation structures, indicating that the water infiltration and subsequent water-induced metamorphic reactions occurre
before or during shearing. P-T estimate and equilibrium temperatures show that the shear zone may be thought to preserve higt
deformation temperature (around 900 degree C) for outside of the high strain zone and lower deformation temperatures (arour
750 degree C) for inside of the high strain zone. Olivine CPO pattern evolutions indicate the following continuous deformation
scenario. First, the deformation by dislocation creep at high temperature condition have formed A-type CPO or E-type CPC
(more close to high strain zone). Next, the deformation by dislocation creep at low temperature and wet conditions have formet
C-type CPO. Finally, superplastic deformation by grain boundary sliding at low temperature and wet conditions have occurrec
and formed random CPO.
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The uppermost mantle evolution during back-arc spreading: Microstructural and petro-

logical characteristics of Ichinomega
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This study deals with the microstructural development in the uppermost mantle associated with melt/fluid rock interactions in
peridotites induced by the back-arc spreading. We have studied spinel peridotite xenoliths from Ichinomegata volcano, back-at
region of Japan Islands. The mineral chemistry shows a typical residual trend, depleted in LREE. Their strong Th-U positive
anomaly indicates a possible metasomatic origin associated to the subduction of the Pacific plate. Water contents in olivine ar
pyroxenes were low, which values are in the same range of spinel peridotite xenoliths sampling the continental lithosphere
Olivine CPO are consistent with slip on (010)[100] af@kI}[100]. Moreover, the peridotite xenoliths have distinct foliations
defined by the compositional layers between olivine-rich and pyroxene rich layers as well as lineations defined by mineral shape
of olivine and pyroxene. The angles between the foliations and the olivine slip planes decrease with increasing J-index values (i.¢
CPOs strength). Such composite planar relationships could result from shearing in the uppermost mantle, so that shear strai
may be estimated by the angles between the foliation and the olivine slip plane in terms of simple shear strain. As a consequenc
we argue that a suit of the peridotite xenoliths recorded a rare snapshot of the uppermost mantle flow related to back-arc sprea
ing during the opening of Japan Sea. Moreover, the peridotites xenoliths with higher J-index values (higher shear strain) tend t
have lower minimum temperature, indicating that a vertical strain gradient could take place from upper to lower in the uppermos
mantle section.
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Influence of anisotropic grain growth on development of lattice preferred orientation of
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Deformation experiments of (Mg,Fe)SiO3-Perovskite at the lower mantle conditions
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Tokyo Institute of Technolog.GRC, Ehime University?Kobe University

The Earth’s lower mantle is thought to be consisting of 77 vol% (Mg,Fe}$i€ovskite (Pv), “16 vol% ferropericlase and
"8 vol% CaSiQ-perovskite in pyrolite model. In the uppermost and lowermost lower mantle, presence of seismic anisotropy has
been reported. The anisotropy may be produced by lattice preferred orientation of the majority phase Pv. Thus, knowledge of sli
system of Pv is important for understanding of rheology in the lower mantle.

Shear deformation experiments at the lower mantle conditions were conducted using Kawai-type apparatus triaxtial deforme
tion (KATD) at Tokyo Institute of Technology. Dense aggregates of synthetic (Mg,Fg)Si@thopyroxene (Mg# = 0.97) was
prepared as starting material using Kawai-type multi anvil apparatus at 2 GPa and 1273 K. The shear deformation assemb
consists of a GOs;-doped MgO pressure medium with 7 mm edge length and a cylindrical Laftir®ace. Temperature was
estimated from power-temperature relationship in a similar cell assembly. Pt foil is placed at the bagRppikton to assist
sideslip of the piston, and Ni foil placed at the center of sample is used as strain marker. Undeformed runs, which were not delib
erately deformed by the differential rams, were quenched after phase transitions and relaxation of stress at 25 GPa and 1873
In deformation runs, samples were deformed by moving differential rams in the guide blocks each 75 um (total 150 um) during
1 h after the annealing process (for 30 min or 1 h).

Lattice preferred orientation (LPO) of sample was determined using 2D-Xray diffraction patterns of sample. The 2D-Xray
diffraction patterns were measured using Imaging plate in the SPring-8 (BL04B1). Analysis of LPO was conducted by the soft-
ware "ReciPro”.

Strains of undeformed and deformed recovered samples measured from rotation of strain marker were "0.4 +- 1 and "1.3 +- .
respectively. Then total stains of samples during deformation process in deformation runs are calculated to be "0.9 +- 1. Averag
strain rates of sample arex310~* s~1. LPO of perovskite in shear deformation experiments developed greatly in comparison
with that at undeformed experiment. The results suggest that main slip system of Pv at 25 GPa and 1873 K is [100](001).

Ooooo:00o00o0o0,0000,(Mg,Fe)sio3pnoooonon
Keywords: Lower mantle, Deformation experiments, (Mg,Fe)SiO3-Perovskite
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Si and Mg diffusion in aluminous perovskite at 25 GPa
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Silicate perovskite is thought to be a major constituent mineral in the lower mantle. In order to understand rheological prop-
erties of the lower mantle, it is essential to determine the diffusion rates of the slowest diffusing species which control high-
temperature creep processes involving diffusion creep and climb-controlled dislocation creep. It has been reported that Si dif
fusion rates in MgSi@ perovskite and Mg-Fe interdiffusion rates in (Mg,Fe)$ii@rovskite are almost comparable (Yamazaki
et al., 2000; Holzapfel et al. 2005). In addition, O diffusion rates in MgSi€rovskite are faster than Si diffusion and Mg-Fe
interdiffusion rates (Dobson et al. 2005). Thus, Si or Mg is a candidate for the rate-controlling species in perovskite. In this study.
we determined Si and Mg diffusion rates simultaneously in (Mg,Fe)(Si/Ap&ovskite by utilizing?>Mg and?°Si enriched
(Mg,Fe)(Si,AlO; thin film as diffusion source. Based on the result, we discuss the rate-controlling species in (Mg,Fe)§Si,Al)O
perovskite and rheological properties in the lower mantle.

High-temperature and high-pressure experiments were performed using a Kawai-type high-pressure apparatus. Starting m
terial of polycrystalline (Mg,Fe)(Si,Al)@ perovskite was synthesized from San Carols orthopyroxene powder at 25 GPa and
1973K. Surface of the polycrystalline perovskite was polished and then coate@Wighand?°Si enriched (Mg,Fe)(Si,Al)@
thin film using pulsed laser deposition (Dohmen et al. 2002). Diffusion experiments were conducted at 25 GPa and 1773-2073K
After the diffusion experiments, concentration profile$t¥g and2°Si were obtained by the depth-profiling mode using sec-
ondary ion mass spectrometry.

It was found that Si and Mg diffusion rates in (Mg,Fe)(Si,A})Perovskite are almost comparable under our experimental
conditions. Thus, Si and Mg are likely to be rate-controlling species in (Mg,Fe)(SkAdgovskite. Si and Mg diffusion rates
in (Mg,Fe)(Si,Al)O; perovskite could be slightly slower than previously reported Si diffusion rates in Mg&@vskite.

gooobo:0boboooo,booooo,bo,ooooo
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Predictions of the shear response of Fe-bearing MgSiO3 post-perovskite at lowermos
mantle pressures
Predictions of the shear response of Fe-bearing MgSiO3 post-perovskite at lowermos
mantle pressures

Arnaud Metsué&*, Taku Tsuchiya
METSUE, Arnaud*, TSUCHIYA, Taku

!Geodynamics Research Center Ehime University
LGeodynamics Research Center Ehime University

Observation of seismic data put in forth evidence of a spatial anisotropy in the seismic wave velocities in the D"layer, the
lowermost part of the mantle. (Mg,Fe)Si@ost-perovskite (PPv) is thought to be the most abundant phase in this part of the
mantle.This mineral exhibits a strong elastic anisotropy and may contribute significantly to the seismic anisotropy in the D” layer.
However, the seismic anisotropy cannot be expressed at the rock scale if the orientations of the grains are distributed random
Consequently, the formation of lattice preferred orientations with an anisotropic mechanism of plasticity, such as dislocation
creep, can cause the seismic anisotropy in the D” layer. Some experiments have been done on the plasticity of pure and F
bearing MgSiQ post-perovskite and lead to textures of deformation dominated by the (100) and (110) slip planes (Merkel et al.,
2007) or by the (001) slip plane (Miyagi et al., 2010). On the other hand, theoretical calculations on the dislocations mobility
on pure MgSiQ (Carrez et al., 2007; Metsue et al., 2009) suggested a texture dominated by the (010) slip plane. A first step
to understanding the mechanisms of plasticity and, therefore, the shear wave splitting occurring in the deep Earth is to test th
response of the PPv phase to a plastic shear in a geophysical relevant composition.

In this study, we present new results from first-principles calculations on the shear response of pure and ferrous Fe-bearin
MgSiO; PPv. The originality of this work is the use of internally consistent LSDA+U formalism to accurately describe the
local interactions between the d-states of Fe. About 8% éf e incorporated in the high spin and low spin states, as a Mg
substitution defect, to test if a spin transition could be induced by shearing mechanisms, even several studies regorighat Fe
in the high spin in the D” layer pressure range (Stackhouse et al., 2006; Metsue and Tsuchiya, 2011). The response of the PPv
a plastic shear is investigated at 120 GPa through the calculations of the Generalized Stacking Faults (GSF) energy in pure a
Fe-bearing systems for 10 potentialivw>{hkl} slip systems, since these latter are not well constrained for the PPv phase. The
GSF energies are obtained by shearing homogeneously half of an infinite crystal over the other half for every slip system ani
give the value of the ideal shear stress (ISS), which can be defined as the theoretical elastic limit of the crystal. The [100](001
slip system in pure and Fe-bearing phases exhibits the lowest ISS and may play an important role in the plastic deformation c
the PPv phase. The activation of this slip system is compatible with the observed shear wave spljtting M. We show that
incorporation of Fe decreases the GSF energy and the ISS of all slip systems. In particular, the decreasing of the energy of stal
stacking faults indicates that Fe tends to be adsorbed in the stacking faults, which increases the width of the defect and cou
have some implications on deformation mechanisms. Finally, we discuss the plastic anisotropy of pure and Fe-bearing phas
from the values of the ISS and the orientation of applied tensile stress. Our results suggest that the incorporation of ferrous Fe |
the PPv phase has a limited effect on its plastic anisotropy, and, therefore, on the deformation texture.

O 0000 : MgSiO3 post-perovskite, stacking faults, deformation mechanisms
Keywords: MgSiO3 post-perovskite, stacking faults, deformation mechanisms
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Deformation mechanism of spherical/elliptical sandstone bodies
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During volcanic eruptions alternate transitions between two contrasting states are known to generate oscillatory phenomen
Switching between tremor stage and non-tremor stage and periodic transition between eruption stage and quiescent doom grov
stage are typical examples. These should reflect dynamics of magma inside volcanoes, which gives us indispensable informati
about physics of volcanic eruption. One of the main causes for this transition is instability due to double-valued relation betweer
flow rate and driving pressure. It indicates that two flow rates exist at one pressure and jump between two states causes transitic
The origin of this double-valued nature of magma flow has not been clarified yet though volatile-dependent viscosity is suggestec
To figure out the dynamics of this transition and physical origin of the double-valued relation, rheology of magma should be a
key. ?Similar phenomenon is known as spurt in the fields of polymer science. It is controlled by a jump of flow rate due to the
wall friction controlled by the double-valued relation of stress and strain rate. In this phenomenon an abrupt increase in flow rate
under certain range of driving pressure is observed.

We focus on rheology of suspension and explore the possibility of the rheology, which has the double-valued nature. In
this study PNIPAM aqueous suspension was used as an analogue material of multiphase magma. Since the volume fracti
of PNIPAM systematically changes with the concentration of gel powder and temperature, it is possible to measure chang
of rheology continuously associated with change of the fraction of solid phase. By experiments with controlled shear rate, we
revealed the double-valued relation in shear stress and shear rate at certain range of volume fraction of the solid phase. We wol
like to remark magma has a similar characteristic rheology, which can explain volcanic oscillatory phenomena. This work was
collaborated with E.D Giuseppe and A. Davalille.

Keywords: Magma, Rheology, PNIPAN, Instability, Complex fluid

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]’upm'

Geoscience
Union

SIT42-P04 go:booboboobo 00:50 220 17:15-18:30

Jdodoodoogdoodo-odgoodoodoodgoogdn- )
Why the black fault rocks appear black color? -Enrichment and alteration processes o

minerals in the fault zones-

oooo b
OOHASHI, Kiyokazu*

l0oOoo0ooOooOooooo
IGraduate School of Science, Chiba University

goooooooboboobooooobooboboooobooooboboboooboooobDobobobobooboog
goboboobooboooooooboooobooooooooooooooooobooobooooOoboooboooboboobDobOoD
oooooboooooobooobooooobooobooooooooobooono* oo"oobooboboooboo” oboboooobooo
obooooooobobobooooooobobobooooooobOobOoboooboooooooboOobooobooooon
oooooo0ooooooooOoooo0oooobooOoooboooo20600000b000OODOOO0ODOOODOOOO
bobooooboboboooooooobobobooooooooboobobooooooboooboOobOoboooooon
gooooooboobobooobooooobooboboooooboooobobobooboooooDobobobboooboOoo
oboobooooooooboobobobboooooobooboboboooboboooooobOoboboboboobooobooon
obooooooobOoboboooooooboboboooooooobOobOobooooOoooooboOoboboooon
gbooooooboboooobooboobobooooooooboboooooooobOobobooooooboOon
booobooooboobooooobooooobooboooaon

[O0]
oboooooobOoobobooooooobOobobooobooooooobOoboboboooboooobooboOoboon
gooooooo

[DO0O0O0]
00000,2006000000000000007:00000000000000000000.00000000
000000 113,91,

gooobo:0bbooo,bb,0000b,000d
Keywords: Graphite, Carbon, Black fault rock, Elemental mobilization

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]'ggg;gience

Union

SIT42-P05 go:booboboobo 00:50 220 17:15-18:30

0000000000000 000oo0oo0n o
Rheological crossover within the framework of rate- and state-dependent friction

ooo oot
HATANO, Takahird*

lDpoooo
LERI, University of Tokyo

vboobooobooboboboooooooboboboboboooooboboboboboboooboooooDoon
00000000 b, LOODODDODOOOOOOOOOOOOOOODODODODOOODODODODODODOODOODOOODOOO
oboooooooobobobobobooooooooooooboobobobobooboooooooobDobOOobOoDbo
oboooooobOobooooooobooboboooooooboobobobooobooboobOobobobooooon
gboboobOoboooobooboooooboooobobooooboOoboooobOooooooboooog

goooo:gogobboooo,oooo,obooad
Keywords: rate- and state-dependent friction, creep, pressure solution

1/1



Japan Geoscience Union Meeting 2012 ~® ,
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]p

Geoscience
Union

SIT42-P06 go:booboboobo 00:50 220 17:15-18:30

J000ooooodgoooboodooo LPodd
LPO development of single crsytals of wet synthetic quartz sheared at low temperature

oooo,ooo0Yhoooot!
KANEKO, Hideaki*, MUTO, Jurt, NAGAHAMA, Hiroyuki !

l'oooooooo
lnst. Geol. Paleontol., Tohoku Univ.

goooooobbobbootoooooooobbobboodoooobD bbb bbb o
O0000000D0OD0O0ODODODODDDODDDO Takeshita and Wenk, 1988Tectonophy8SicsD 0 0 0 0000000000
(Lattice Preferred Orientation : LPQ U OO0 O0O0OOO0OLPOODODOODODODOOOOOOOOOOOOOO

00000000000 00000000000000000000000000000000000 regimel1-31
OO04aog (Hirth and Tullis, 1992JSG) 000 cO LPOOUOOODOODOODODOODOOOOOOOOOOOOOO LPO
(basaka>000000)00 YOO LPO (prismca>000000) 000000 Toy et al., 2008JSG ; Heilbronner and
Tullis, 2006JGR ; Muto et al., 2011JGR

Heilbronner and Tullis (2002GSL Spec. Pulill)Hirth and Tullis (1992)J regimel-30 00000000000 0OOO
regmel] 0 LPOOOOOODOOOregimel0 0 cO LPOODODOOOOODODOOOOOOOOODOOOOOOOODODOO
O0000O000regime20 0 cO LPOOODOOOOOOOODOOOOOOOOOODOOOOOODODOOregimedd
0000000 cO LPOOODOOODOODOOODOODODODODOOOODOOC cOLPOO YOODOODODOOO

Heilbronner and Tullis (2006) O Regime 30 00000000000 DOOO0OOOOO0OOOOOOOOOOOOOO
0000000000000 00 cO LPOOOODOODOOOOODO cd LPOO basaka>O0 OO0 OOoOooooooQo z
OO00000prism<a>00000000 YOO LPOOODOOOOO

Mutoetal. (2011000000000 LPOOOCODOOLPOOODOODOOOODOOOOOOOOODOOODOOO
00000000 DO000O0000O00DbOO00DO000000OD0DLOO0ODODDOOO0DDOOo0ODOO0o0O0DOoOoDOOoO 3000o0
(basaka>O prism<a>Oprism[c) D0 0000000000000 O0O00OOO00OO0OOOCO0OO0OOO0OOOOO0OOO0
goodoooooobdddddodoooooooooooooL LD Do oooooOoOon
0000 cO LPOO YOO LPOOOODODODDOODODOODOODOOODODOODOOODO prismeca>00000000 VYO
O LPOOO0OODOOODOOODOODOODODOOD

Heilbronner and Tullis. (2002, 2006) D 000000000 regimel-30 000000000000 OOOOO Muto
etal. (20110 00000000 regme3dl D 000000000000 CO0O0O0ODOOOOODOOOOODOOOOOOO
oo oo oo oooob0 b oooobouooa
oo oo bbb oo b oo b ooobbuoao
000000000000 0000000ooo000Doo0ooooO0cGriggsC 0000000 O0ODOOO0O0n

0000000000 GriggslO0OO0O0000O 1.5GPaAI00O 60007000 00000000 10-5/s0000000
O000000ooooDoooDO basaka>Oprism<a>Oprismcl]D 000000000000 OO15SmmO00O0O0O0O
0000000000000 000000000 45°00000000000000DO000DO00O0O00O0O0O0O0DOO0O0
FTIROOOOODOOOOOOOOODO 4000 1300ppmH/SOOO0O0O00O0DODOOO XZ00OOOOOOOoOooooo
OO0 EBSDOOODOOOOOOODOObasaka>0prismca>Oprismc]0 000000000000 OO0O0OOOO0O
0000000bOO0o0bOooD LPObOOD0DOODOOODOOOO

0000 140MPaAI0 0O gamma™ 0.0 000000000 basaka>0 OO 0OO00O0O0O0O0OOOOOOO cd LPOOO
00000000000 3500000000 550MPalgamma™2.31000 000000 basaka>0 00 0Ogamma™l
O0000gamma™ 2510 0000000000000000C cO LPOO, 00000000000 ZO0O00O00O 90°0
D0OXOOOooOoooooUoooooooooooDoooooooooeoUUnouonoouoouoObasakka>000
OO prism[clO000000000000OOO0DOOO0O0OO0O0DOO0O00Ogamma”~25100000 prism<a> 0
OO0 gamma™ 0.5 0000000000000 30OMPaD 0000000 DOOOOODOOO prism[clO00O 30000
0000000000000 00000ooOoooOoLwLPOOODODDOODDOO

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“P““

Geoscience
Union

SIT42-P0O7 go:booboboobo 00:50 220 17:15-18:30

0000000000000000000000 _
Deformation experiment on synthetic polycrystalline anorthite: effect of water
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FABRICATION OF HIGHLY DENSE AND FINE-GRAINED POLYCRYSTALLINE
ANORTHITE BY VACUUM SINTERING

oooo,oooot
KOIZUMI, Sanaé*, HIRAGA, Takehikd

looooooooo
IEarthquake Research Institute, University of Tokyo

Introduction : In laboratory measurements of physical and chemical properties of the earth’s lower crust, highly dense poly-
crystalline aggregates of major constituent minerals such as anorthite,@&#®J) are required. For precise measurements of
these properties, the aggregates should have (1) high density, (2) fine grain size (to escape from cracking during quenching), (
homogeneous microstructure, (4) controlled sample shape and size, and (5) controlled chemistry. We have developed a technic
to synthesize anorthite aggregates which meet the above conditions.

Experimental: We used nano-sized powders of $j@l,03, CaCGQ and Mg(OH) as starting material to synthesize single
phase aggregates of anorthite and, two phase composite of anorthite + diopside and anorthite + quartz. Those powders we
mixed to provide a resulting mole ratio of CaO 83, Si0,, and MgO to obtain desired mineral assemblies. Densified aggre-
gates were obtained through the following stages: calcination, forming and sintering. The final materials were characterized witl
X-ray powder diffraction (XRD) and secondary electron microscopy (SEM).

Results and Discussion

Anorthite: Calcineation was conducted under temperature of 670-9700C with fixed duration of 30-180 min. Coalescence of
the powder was observes 8200C, which was revealed by SEM. XRD result indicates that decarboxylation of anorthite solid
state reaction completes at7700C for 90 min. For sintering, a temperature of 1210-12600C with controlled time can provide
essentially full dense aggregates of anorthite with an average grain size of 1.7 micro m and porosity of 0.2 vol%.

Two-phase materials (anorthite + diopsidB)opside grains of 10 vol% was introduced to anorthite aggregates. Calcination
at 7700C for 30 min and sintering at 12000C for 50h were found to be the best conditions so far to synthesize highly dense
aggregates. Average grain sizes of 1.6 micro m and 0.8 micro m were detected for anorthite and diopside grains, respectivel
Density of 99.6% was achieved.

ReferencesS. Koizumi et al., Phys. Chem. Miner. 37, 505-518 (2010)

oo0o0o0:0000,000,00,00
Keywords: lower crust, anorthite, grain size, sintering
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nisotropic strength and deformation behavior of antigorite serpentinite
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Coalescence and Zener pinning of mineral grains in mylonite

o000 oooohoooottloooo?
HIRAGA, Takehikd*, MIYAZAKI, Tomonori!, TASAKA, Miki }, YOSHIDA, Hidehir¢’

!DpoDoD0o0O0O0O0,200000000
LEarthquake Research Institute, University of Tokddational Institute of Material Science

Recently, we have succeeded in demonstrating true superplasticity in geological materials (Hiraga et al. 2010). Superplast
deformation is commonly considered to proceed via grain boundary sliding (GBS) which results in grain switching in the sam-
ples. As a result, initial equigranular shape of grains can be remained even after severe deformation of the sample, which is or
of the characteristic microstructure of superplastically deformed materials. Further, due to large contribution of intergranular
deformation on total strain, development of crystallographic preferred orientation in the materials is not expected either. Thus
it is very difficult to recognize the operation of GBS in microstructure of the deformed rocks. Hiraga et al. (2010) showed co-
alescence of periclase grains almost perpendicular to the tensile direction after superplastic deformation in forsterie + periclas
aggregates, although the paper focused on the deformation enhanced grain growth during superplastic deformation. Here v
present more details of the coalescence microstructure and compare it with that of ultramylonite, often considerd to have de
formed by GBS creep. We show the microstructures of coalascence of similar mineral phases and Zener controlled grain size

Such observations indicate pervasive operation of GBS in the earth’s mantle and crust.

gogoob:b0boooo,bb,o0,bboog,obo
Keywords: Mylonite, Grain size, Coaelescence, Zener relation, Superplasticity
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Exploration of microstructure induced by ultra low strain rate in mantle derived olivine
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The compression experiments on forsterite-melt system
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Superplasticity in hydrous melt-bearing dunite: Implications for shear localization in Earth

upper mantle

0000 % 00003200000 L,000000000000°3,00004000004000000°% 0000
0 4

OHUCHI, Tomohird*, NISHIHARA, Yu?, KAWAZOE, Takaakli, SPENGLER, Dirk, SHIRAISHI, Rei, SUZUKI, Akio?,
KIKEGAWA, Takumi®, OHTANI Eiji 4

00000000000 0000D00000,20000000000000,30000000000000,4000
0000000000,°0000000000000

lGeodynamics Research Center, Ehime Univerd®gnior Research Center, Ehime Universttiystitute of Earth and Envi-
ronmental Sciences, Potsdam Universtepartment of Earth and Planetary Materials Science, Graduate School of Science,
Tohoku University?Photon Factory, High Energy Accelerator Research Organization

goooooobobobboobbbboddobddooobo bbb bbb o L o
gobogobuooooooooobooob bbb oo b oo oo bbuoobobuoa
0000000000000 00000D000D0OD0ODO0O0OU0DoO0O0Od Karatoetal, 1986800 00000000
Joooooobobobbbodoooooooobobobboo0ooooooooD DO OO0 ooob oo
Hirth and Kohlstedt, 19951 0 0 0 000000000000 OO 0O OO O Goldsby and Kohlstedt, 20000 OO OO0 d O
O 000 : Behrmann and Mainprice, 19870 00 00000000000 Hiragaetal., 20000000 0O O Karato et
al.,199%1 0 0000000000000 00000000DO00o0og

gobooooboooobbooobbuooooboooob oo oo ooobbooooobg
JoooooooobbboddoooooooooobobboooooooooD oD oL oooo oo
O000O000O0O0OdO0OOMeietal.,, 20020 00 000000000000 0OO00>4vol%dD 000000 OoOo0Oad
O0000000O00O0HirthandKohlstedt., 19991 0 0 0000000000000 CO0O00OO0ODOOOOOOOOOO
0000000000000 0McDonnelletal., 20000 00 000000000000 000OO00DOO0OOOOOOO
000000000 Mibeetal, 1999; Yoshinoetal, 200 D00 0000000000 O0ODO00OOODOOOOOOO
Jooooooooboboddoooooooboboboboodoooooooo oD o000 ooooD oo
0000000000000 00000O00DO0DOO00bOO00bO0DOO00bOO00DOOooDoOO<o06GPAOOODOODOO
gooooooobobobobooooobobooboooooob bbb bbooooUobbooo

0000000000000 0000000P=1.3?5.7GPa, T=1270?1490K 0000000000000 ODO0O
0000000000000 00000o00o00ooOd0odd<25v0lvd 00000000 oooooooo”
doo0dooOOoDooOOoo0oO0o0oo0odoooDoOoo0oOoo0oo0D 200000000000000000O0000O0
0000000000000 0D000O00000000DO0000000000D0008305% 10000000000
oo oobobobobbobboooooooooooDoDbDbobObobOob0000ooogao
goooooobbbbotooooooooobobbobbboooooDb b bbb ob oo
oo oo oo b oo oo oDooooooao
gooooooooboooooon

gooobo:0booo,bboboo,obbbo,00b,0000o,00o0oo
Keywords: olivine, hydrous melt, grain boundary sliding, superplasticity, shear localization, subduction

1/1



Japan Geoscience Union Meeting 2012 2 ) ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ gon

Geoscience
Union

SIT42-P14 go:booboboobo 00:50 220 17:15-18:30

00000000000000000000000000000000O0000 _
Simultaneous analysis of strain and texture of polycrystalline materials using two-dimensi

X-ray diffraction pattern
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SETO, Yusuké*

lopoooooo
1Kobe Univ. Sci.

Angle dispersive powder X-ray diffraction experiments using a two-dimensional area detector are one of the most powerful
methods for Earth material sciences, particularly under high pressure conditions. A two-dimensional intensity distribution on
Debye rings immediately involves information of the number of crystallites, lattice preferred orientation (LPO) and lattice strains
under stress; i.e. the number of crystallites is directly related with the spottiness on the Debye rings. When a LPO is devel
oped, diffracted intensities along the Debye rings show circumferential oscillations unique to a manner of the three-dimensiona
orientation distribution. The effect of lattice strain appears in elliptic distortions of the each ring or a deviation of the original
crystallographic geometry between rings. These are substantial factors of the bulk physical properties of a polycrystalline mate
rial, including seismic velocity, thermal/electric conductivity and so on, but in many cases the quantitative treatments have no
yet been developed into a standard technique.

In the present study, the author developed a software code, which simulates a two-dimensional diffraction pattern based c
given experimental parameters (e.g. wave length, beam convergence, camera length, pixel size of a detector, and so on) a
(poly)crystalline properties (crystal structure, crystallite number, size, orientation distribution, lattice strain and so on). Through
the simulation, the effect of the parameters on the diffraction pattern can be quantitatively and visually estimated. Furthermore
to find the orientation distribution and the lattice strain from the observed diffraction pattern, a fitting procedure is incorporated
into the code as follows: The software initially generates a large numb&@0 of crystallites with random orientation under
a strain-free condition, evaluates the residual of the simulated/observed patterns, and then iteratively modifies the orientatio
distribution and stress condition. In each iterative step, randomly selected crystallites (0.1-1.0 %) are roughly orientated towar
a randomly generated direction, and the modified distribution are (or not) adopted if the residual becomes small (or large). Com
ponents of stress tensor are also modified at several intervals. By repeating the iteration step mamyliMethé simulation
seems to converge to a certain condition. A pole figure (density map of a crystallographic axis or plane direction) can be cal
culated from the obtained orientation distribution. The fitting procedure was applied for several actual diffraction patterns from
in-situ uniaxial compression experiments, and its validity was confirmed.
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Brine distribution in halite rocks - Inference from measured electrical conductivity

oooo,ooot
KITANO, Motoki'*, WATANABE, Tohru!
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! Department of Earth Sciences, Faculty of Science, University of Toyama

Intercrystalline fluid can significantly affect rheological and transport properties of rocks. Its influences are strongly dependent
on its distribution. The dihedral angle between solid and liquid phases has been widely accepted as a key parameter that contre
solid-liquid textures. The liquid phase is not expected to be interconnected if the dihedral angle is larger than 60 degrees. How
ever, observations contradictory to dihedral angle values have been reported. The grain boundary fluid coexists with a positiv
dihedral angle. Similar thin fluid films might exist in grain boundaries of crustal materials, and play important roles in crustal
processes. In order to understand the nature of grain boundary fluid, we measured electrical conductivity of synthetic wet halit
rocks at various temperature and pressure conditions.

Halite-water system is used as an analog for crustal rocks. The dihedral angle has been studied systematically at various pre
sure and temperature conditions. The dihedral angle is larger than 60 degrees at lower pressure and temperature. It decrea
to be less than 60 degrees with increasing pressure and temperature. A sample is prepared by cold-pressing (140MPa for
minutes) and annealing (T=160C and P=180MPa for 20 hours) of wet NaCl powder. Grains are polygonal and equidimensiong
with diameters of 50-100 micrometers.

Experiments are performed using a conventional cold-seal vessel with an external heater. The pressure medium is silicon c
(viscosity=0.1 Pa s). Dimensions of a sample are 9 mm in diameter and 7 mm in length. Viton is used as a jacketing material
Platinum electrodes are placed at both ends of the sample. The confining pressure of 30 MPa is first applied to a sample, and th
the temperature is increased to 120C and kept for 5days. The temperature is then changed to 180C (162C@sample) and 14
(126C@sample). Electrical impedance of the sample is measured at different pressures. Impedance measurements are made \
an LCR meter (NF ZM2353) (40Hz to 200kHz), and a lock-in amplifier (SRS SR830) and a current amplifier (SRS SR570)
(40mHz to 400Hz). Debye-type impedance spectra are observed, to which a parallel array of a capacitor and a resistor can |
applied as an equivalent circuit. Measured resistance is converted to conductivity.

Measured conductivity is higher than the conductivity of NaCl by 2-3 orders of magnitude, implying that the electrical con-
duction is dominated by that through brine. Quasi-stationary conductivity observed at T=180C is almost independent of the
pressure. This is consistent with a slight change in the dihedral angle with the pressure. The connectivity of brine should mainly
be governed by the triple junction tubes, which are difficult to deform. If the interconnection is governed by grain boundary fluid
films, the conductivity should be very sensitive to the pressure increase.

The progressive decrease in conductivity at 140C an8@MPa reflects the increase in the dihedral angle, while the increase
in conductivity at 100MPa the decrease in the dihedral angle.

Even at conditions of the dihedral angle larger than 60 degrees (e.g., T=140C, P=30MPa), brine is interconnected. Howeve
we cannot say that connected paths are stable or not. No stationary value is observed. Longer runs should be done to study |
connectivity of brine at lower temperature and pressure conditions.
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Experimental study of seismic attenuation by using a rock analogue
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Estimates of internal friction by Sompi spectral analysis for resonant sphere spectroscop
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