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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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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).
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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.
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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
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