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Iron concentration around dislocation in naturally deformed olivine
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The concentration of specific atom on dislocation core can be caused by pipe diffusion and Cottrell atmosphere. Both the phe
nomena are important for the property of materials including rocks and minerals. As an example of the former, Fe concentratiol
has been reported in the naturally deformed olivine (e.g. Plumper et al., 2011). Pipe diffusion is important for atomic migration
during various reactions in the Earth, such as metasomatism and serpentinization. On the other hand, Kitamura et al. (1986) a
Ando et al. (2001) have reported Fe concentration in the mantle-derived olivine caused by Cottrell atmosphere. The Cottrell at
mosphere strongly influences plasticity of materials in the low strain rate regime. Therefore, the discovery of Cottrell atmosphere
from the mantle-derived olivine indicates that the effect on the plasticity of olivine is important to understand mantle dynamics
under very low strain rate condition. However, the possibility of pipe diffusion cannnot be neglected completely to explain the
observations of Kitamura et al. (1986) and Ando et al. (2001). Here, we carried out more detailed chemical composition analysi
of the mantle-derived olivine to assess whether the Fe concentration on dislocation core is a common phenomenon, and to clari
the exact mechanism of the Fe concentratian,Cottrell atmosphere or not.

We studied two types of peridotites, which are xenolith-type in basalt (Takashima, Megata, Kurose and Salt Lake) and alpine
type (Uenzaru and Horoman) by using EPMA and ATEM techniques. EPMA and ATEM analyses show Fe concentration at
dislocations in all the studied samples, which suggests that it is a common phenomenon in mantle peridotites. Fe-enrichmel
at the rim of olivine grains and other major element concentration on dislocations, which are general features of pipe diffusion
cannot be observed. Therefore, the mechanism of Fe concentration on dislocation core in olivine grains is possibly derived b
Cottrell atmosphere, not pipe diffusion.

Ando et al. (2001) Nature, 414, 893; Kitamura et al. (1986) Proc. Japan Acad., 62, 149; Plumper et al. (2011), Contributions
to Mineralogy and Petrology, 163, 701.
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Fabrication of textured Fe-free and Fe-bearing olivine aggregates using colloidal proces:

ing under hlgh magnetic field

AN R b SRR GE 2 H EWlfE 2 PR ezt
KOIZUMI, Sanaé* : SUZUKI Tohru S? ; SAKKA, Yoshio? ; HIRAGA, Takehikd

VEREURY: HUEEWISLAT, 2 MOTITBGEANTIE - MPRITTRA

LEarthquake Research Institute, University of Tokdational Institute for Material Science

Crystallographic preferred orientation (CPO) of minerals is considered to be widely produced in the Earth’s interior. Due
to the presence of anisotropic physical properties such as elasticity, plasticity, electron conductivity and etc... of single crysta
minerals, their bulk rock properties can significantly be affected by the presence of CPO. To measure CPO effect on the bull
rock properties by room experiments, it is required to prepare polycrystalline materials with ideally controlled CPO.

Magnetic field was applied to fine-grained 120 nm) equigranular Fe-free and Fe-bearing olivine particles, which were dis-
persed in ethanol (solvent) with dispersant (polyethyleneimin). We expected the particles to align with respect to magnetic
direction due to their magnetic anisotropy. The aligned particles were gradually deposited on a solid-liquid separation filter
during ethanol drainage. The directions of magnetic field and particle deposition were parallel. The dried particles were ther
densified isostatically at 200 MPa for 10 min and sintered using the alumina tube furnace with vacuum pump.

Highly dense (density o 99%) and fine grained<(1 xm) samples with a-axis alignment for Fe-free and c-axis alignment
for Fe-bearing olivine to the magnetic direction were obtained. Such synthesized aggregates will allow us to measure CPO effe
on the physical properties of olivine aggregate.
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High pressure and high temperature deformation on lawsonite: Implication for low veloc-
ity layers in subduction zones

B P U RTL U ey R 2 EBES S TORAS X)L 3 JUR 4
lIZUKA, Riko '* ; SOUSTELLE, Vincertt ; MIYAJIMA, Nobuyoshi® ; FROST, Daniel ; YAGI, Takehikd!

VEBRKAAHBRGER X A F 2 7 AfFe > 2 —, 2 KET T K, 3 RAYISA A b R2ESA )L 2 HIBREERFZEAT,

R R AR A R SR B b S B R

LGeodynamics Research Center, Ehime UniverdByown University, USA 2Bayerisches Geoinstitut, Bayreuth University,
Germany!Geochemical Research Center, The University of Tokyo

Low-velocity layers (LVLs) located in the upper portions of subducting slabs, are regions of lower seismic wave velocities than
those in the surrounding mantles. LVLs apparently persist to depths of 100-250 km [1,2]. Hydrated mafic rocks provide a plausi-
ble explanation for the origin of LVLs and trench-parallel/normal S-wave fast polarization. Lawsonite, &A2(OH),-H,O),
which is stable at depths greater than serpentine minerals, is considered to be one of the prime candidate hydrous minerals tt
can be present deep in the cold subduction zones [3,4]. Single crystals of lawsonite have a high elastic anisotropy, suggestil
that the development of the crystallographic preferred orientations (CPOs) when it deformed might strongly affect the seismic
properties [5].

This study reports deformation experiments on lawsonite aggregates that were conducted at high pressure and high tempe
ture corresponding to 150 km depth in the subduction zone, to investigate the development of CPOs and the seismic propertit
of lawsonite. Experiments were performed using a multi-anvil apparatus with six independently acting rams installed at Bay-
erisches Geoinstitut, Bayreuth University. The starting material consisted of fine-grai@Bd:fn) natural lawsonite powder,
which was loaded in a Pt capsule and annealed-20 h at 5 GPa, between 500 and 800 The samples were then deformed
using pure or simple shear geometry at strain rates of % s~ and a finite strain of 0.3-1.0. Recovered samples were
analyzed using a scanning electron microscope (SEM) coupled with an electron backscatter diffraction (EBSD) detector and
transmission electron microscope (TEM).

The deformed lawsonite aggregates display a porphyroclastic texture characterized by a bimodal grain size distribution. Th
microstructures with dynamically recrystallized grains imply the evidence for the deformation through grain-boundary sliding
accommodated by diffusion creep due to the grain size reduction, whereas the porphyroclastgrt2b5&e) have undulose
extinction, deformation lamellae, irregular grain boundaries, and many sub-grain boundaries. The porphyroclasts also display
CPO characterized by a girdle distribution of the [100] axes in the shear plane with a maximum concentration close to the shee
direction. The [010] axes form a maximum subnormal to the shear plane. The microstructures and the occurrence of a CPO shc
that the dominant deformation mechanism for the porphyroclasts is dislocation creep. These results of CPOs diverge from thos
of previous studies of natural lawsonite rocks [e.g., 6], which might result from differences in experimental or natural conditions.
TEM images show a variety of dislocations with a high density 10} wedge-shaped mechanical twins. Lawsonite seems to
have numerous potential slip systems with [100](010) appearing to be the most dominant. The calculated anisotropies of th
seismic wave velocities (AVp = 2% and AVs = 6%, respectively) are characterized by the fast propagation of P-wave is orientec
subnormal to [010] maxima of the deformed lawsonite aggregates and the polarization of the fastest S-wave is perpendicular
the foliation. This indicates that lawsonite can contribute to the LVL observations and trench-normal S-wave splitting observed
at depth of>150 km in the cold subducting slab of northeastern Japan [7].

[1] Abers and Sarker Geophys. Res. Lett., 23, 1171-1174 (1996)
[2] Abers, Earth Planet. Sci. Lett., 176, 323-330 (2000)

[3] Schmidt and Poli, Earth Planet. Sci. Lett., 163, 361-379 (1998)
[4] Connolly and Kerrick, Earth Planet. Sci. Lett., 204, 61-74 (2002)
[5] Chantel et al., Earth Planet. Sci. Lett., 349-350, 116-125 (2012)
[6] Kim et al., Phys. Earth Planet. Int., 222, 8-21 (2013)

[7] Nakajima et al., Geophys. Res. Lett., 33, L05305 (2006)
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Calibration for stress measurement of Griggs-type high temperature and high pressur
deformation apparatus
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1. ZCHIC

AOOLABRY—RE2ERNICHHSMCT B 72DI1CiE, HBRNFRICHY 9 2R - 171 T TELEFERZ1T 5 BN
H%. GALGHABICZ, RT3 EEAOEND S ERELTE R, WELERBRE, A ELERBREDNH %
(BIZ1E, Tullis and Tullis, 1986. HIFERERGE I Sl COMOZE 2 < 78, 500°CLA MCERMNHIRE NS, HAME
BB AT RN ENAGRNIC D 5728, J1IET—2ORENRE VD, BN TIEGEEAADOHRIER O -5
£ 200 MPall FICHIFRE N TS, EAFERAERBIE TR 5 DO ERDO EAZ TN TWA T8, HRNE S CRIMZGE
M EEE (72 GPa MEAREHZ 70kmICHY) Z1F5Nn 5. UL, AL GRSDRI E X b > ORIC A U % BER
ZFEBRE LT, EEOMBOMEL D E@WISEMHEENTLE S BIZE, Tulls and Tullis, 1986.

AR, ARSI & A A AR O JSTIE E O 5, [EHAH BB OIERIAVREN TS (Holyoke and
Kronenberg, 2010 T O#IEANC X - C, FEREARBIE W CER SO 261 7% + 30 MPaDiE TR % T LN T
XBHE5CEoTz. UL, TOBIERNEEHTEBIC Y 7258 5% BT 36 MEZ RS 5 2 L TROTWB 28, i
MR BRI, FRBRO B L BIRILE Vo o8B 2 BT 5 C LI TE AV, £ie, HAHRABRBEO IR &
FERGPTREZR RS E ("300 MPa DFERFERME L AL TH B 728, ERTREHED EFTTH % @ N TOIRIREM-D
FEICBIL TR o TWARW. HIFERES « i EEB~ > BV TR FHFARHIE 2R T 5 aaOFlla LA n Y —
Rz 5T 27201, @tz BEIMZOEMICHAE T E 2EAERABBICIBWT, ILHIGA ) 72 B RE7R i
EHIDRETH B, AT, YAXR—A— 7% O CERERBRIC B0 2 )5 TREMOEIER] D& 217 > 72,
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AIZE T, HALKZATE O Griggs™ EAEZ T ikbikg (EAEY > 7V Z8HH) ZHVT, =y 7Iuee) 77
Vo S ERHOR U Tl R 21T 7. BRI, BRARIRE « BE - BEESME N (BE 7300 MPa “1200
MPa, ~1500 MPa {#f : 600°C, 700°C, 800°C, g 12X 1074 /s, 2 X 107°/s, 2 X 10°6/s) Tirotz. KEED
JOTTHIERESRIE, SefT928% (Holyoke and Kronenberg, 2010D RIS TOREHR & X —H LTz, LA L, EHEDH
B E, ITAEMNKE L RBMEONH > Tz, SRIOHEHPANTIE, EFIKREICBT 2 I0THEM O ENIE T &
EITAEORREZFF DT EAVRM E NIz, 15N 1T — 2 ZIEAR (1987 ICHB W TRE TV S KGR RIS &
DWTIRHTL, BRARIRE - & - HIEDRK 2127 — 2 2Rk LTz~ A % — 7 —7 %1%7z. Holyoke and Kronenberg
(2010) D H AEFRBHEIC & B 1122 T — ROV T B [AREDIRT 21T, R AXR—h—T %2151,
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[ A AR & AT A AR D FEBRIC IR Ce g il 2 VT, iRE - & - BEZERIEL Tnha7ed, miED< A
Z—H—T DRZTNTNORBES AT L2 T 2L G LAY —EROBERICHRT S DELEAENS. —
DO A=) =T D7 B SR LR O IS E R OB RN 28 Uz, AW TE I S N7 ] 2 [ AT R
BIC K> TRONIZREOICTTEMIER LIz 25, HAERBREIC X 2 )5 1E 2 € W72 0 ¢ 74 <, sk
BRI G £ 30 MPafEDRRATHIIT % e TE . BMRROZENE LT ORIEAIL D K HHT 5 eNT
Efc. &7z, 1500 MPaX TOmEEDOFERREBIET 2 T ENATREL & o Tz, IRIEHA OJSTJRIEMIC B IERI7Z
MLl s, HEBHREZTE CTOMPa Db o7k, MR HEED SEREOFEH X THEITZ LA TE .
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Weak-beam dark-field TEM characterization of dislocations in wadsleyite deformed in
simple shear at 18 GPa and 1800 K
Weak-beam dark-field TEM characterization of dislocations in wadsleyite deformed in
simple shear at 18 GPa and 1800 K
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Characterization of dislocations in textured wadsleyite is important in understanding crystallographic preferred orientation
(CPO) of wadsleyite and in turn seismic anisotropy at the mantle transition zone. A [001](010)-textured wadsleyite was recently
obtained by deformation experiments on wadsleyite in simple shear at 15-18 GPa and 1770-1870 K with a deformation-DIA
apparatus (Kawazoe et al., 2013; Ohuchi et al., 2014). However, [001] dislocations have been rarely reported in wadsleyite il
the literature (cf. Cordier, 2002). To reconcile the wadsleyite CPO pattern with its slip systems, dislocation microstructures
of the [001](010)-textured wadsleyite have been investigated in weak-beam dark-field imaging in a transmission electron mi-
croscope. 1/2101>partial dislocations on the (010) plane are characterized with [100] dislocations on the (001) plane and
1/2<111>dislocations forming011} slip bands. The former partial dislocations are extended on the (010) stacking fault as a
glide configuration (i.e. Shockley-type stacking faults with1®1>displacement vector). The [001] slip on the (010) plane
occurs by glide of the dissociated dislocations on a sub-oxygen close packing plane, which can play an important role to genera
the crystallographic preferred orientation patterns reported in water-poor deformation conditions (e.g., Kawazoe et al. 2013
Ohuchi et al. 2014).

F—17— R wadsleyite, crystallographic preferred orientation, dislocation, seismic anisotropy, transmission electron microscopy,
deformation-DIA apparatus
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