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Pressure and temperature dependence of the Raman spectra of zircon and its
application as a pressure sensor in water-alkali silicate systems
Naoko Takahashi*, Hiroki Kobayashi, Hiroyuki Kagi (Grad. Sch. of Sci., Univ. Tokyo)
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Phys., 46, 2774-2780.
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Phase diagram in MgSiOs
Shigeaki Ono* (JASTEC)

We investigated the phase transitions in MgSiOs at high pressures and high temperatures using the multi-anvil press
and the synchrotron X-ray diffraction technique. The stability of each phase was determined by observing the
powdered X-ray diffraction data and analyzing the recovered samples. The reaction boundaries between high-

pressure clinoenstatite and wadsleyite + stishovite and between ringwoodite + stishovite and akimotoite were
redetermined. Our results indicated that the triple point of ringwoodite+stishovite-wadsleyite+stishovite-akimotoite
estimated in our study was at ~20 GPa and ~1700 K. The revised phase diagram reconciles discrepancies noted with

previous studies regarding the phase relation in MgSiOs.
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Fig. 1. Revised phase diagram in MgSiO; [4].
Abbreviations are Low-Cen, low clinoenstatite; Oen,
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Wa, wadsleyite; St, stishovite; Mj, majorite; Ri,
ringwoodite; Ak, akimotoite; Br, bridgmanite; Pe,
periclase.

Keywords: MgSiOs, Phase diagram, High pressure
*Corresponding author: sono@jamstec.go.jp

- R3-02 -



@Japan Association of Mineralogical Sciences.

R3-03

— A EEANBRBYRER2022FF R - MR

T LAY BV OFTHABERIC & B EANTREL & BEBH -
EBBEBRAIJDEHaEEEELLE LA DD —

DR A, RKHBEN, TR, S FFat OURED, =IFIER UAREE), AR EI(JASRD), $aARHESS GRAEREE)

Shear instability and superplasticity induced by the metastable transformation in mantle
olivine: Implications for microstructural evolution and rheology of MTZ slab
T. Kubo, R. Honda, Y. Goto, M. Imamura (Kyushu Univ.), M. Miyahara (Hiroshima Univ.), Y. Higo (JASRI),
A. Suzuki (Tohoku Univ.)
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transformation, deformation, synchrotron radiation
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A new approach to determine high pressure-temperature phase boundary strictly

based on the definition of phase equilibrium
Takayuki Ishii* (HPSTAR), Artem Chanyshev (BGI), Tomoo Katsura (BGI)

7 T A u ORI, AT O KT
PERTENZN R THD, v~ MVEa %
WRLT DI D7 T <A va L ARIX, v hb
AT R EBFET D ECUER A R IRE)
FH)NT A= —D—DTh D, ARIPIEDY
HlE, v bt A RE L, ARBADEE
W5 5,

~ U NVEERBIIN D 7 T A v AR
FZIXAFV Er@mEZEDO ) v I v XA |k
DTV v FA F+XY T L—ADIRIX
Jtn, RA RAERNVEER) (X, v TFT U ENL
TV AL RV RE SN TE 2, FRTHEHE X%
ERWEEOLEERRIL. 7T, v AflE
WETHRLEEEOENFIETHDL, ZOF
ECIRE SN ABLE W T, ~ > hUEES
AT ANERIGEmanTE=, L»
L. AT CIRE SN 7 T34 1 U ARE
WZIXESSE DD, TOERFERE LT, U
TOZoNREFLND, (1) MEAFDOESZ
b, EEEEZERICBWLT, BN, ROICE
BCHWENETMESND, ZOREEEH
X, BRAPIEREIC K VIRZIS I AET D, 20
JEINE, MBNC X VRSS2, ZHUT kD
AREDENIRE BT D, £, IREREF
IR, SER VAT 2WE OBWIEIES
ARELOBERE - AR Z 0 | BURHE 13

T2, —FHT, BVEHOHRIC L viEIOES
X ERT, BEHE I, BRI OEHZLE
{EDFETH D720, D X o I EHERES1%%
fbik, BEHENICRBB & A AL EH 5,

(2) BVWHHIEEB IR, %< O~ > MV EER
RREENIE, RS & LI AR AR R 2t =
T, TOAHEERIT. HERORIE TS T L bk
2T BT, MR ORBIREELL E TG E
b, TDF, HEEREIZET DANAHIEE A h
EV., EBREICRELELD, £, —E
B b2 &0 BBk O R B JEE A3 K L2 )8
DU, KSR E LR T 5700, HIEZIRE
\ZEET D RNSRE S L L72E, BAEREICEL
T th b UERTEICIR D AIREME R B 0 | MR EMED
FITICBE A 2 B,

IO OMEE RIS D%, FolEcld, ~
WNFT U ENT LR LTS X Ba Gt
7B LW SRR B A B LTz, 2 OFED
Tyt AT, BE - TV AREE oK
JEAR & EEAR O A T T, A FHO X FRIEI T8
OELEBRT D THD, Uk,
EAHR O FHERRS O HEME e TE ) 280 ) [
ZHEBR L. ERENOREDENNT T A 1 )
FlZRET D ENARETH D, AFRTITAR
A N A ERVEERBIR R E & BRG] & LRI
T 5,

Keywords: Phase transition, phase equilibrium, Clapeyron slope, phase transition kinetics, post-spinel transition

*Corresponding author: Takayuki.ishii@hpstar.ac.cn

@Japan Association of Mineralogical Sciences.

- R3-04 -



R3-05

—RAEEANB RN ER2022FF % - &

REHMRT 1 7 RICEDL
EBRFDTYyoeFA4 FDEEFEAD=XLDOREH

@Japan Association of Mineralogical Sciences.

PEE 2 (BRORBEER) . 475 K (0% K GRC) . R il (B4 K GRC) |
HEREZ (B GRC) . MR (JASRD) . ] O # A (JASRD) . ZIMKRIEARR (JASRI) |

S e S LINCIONIZEZIN

VRS (BORBEEE)

Survival of bridgmanite in shocked meteorites due to amorphization-induced stress

M. Nishi*(Osaka Univ. Sci.), A. Kaneko (Ehime Univ. GRC), H. Ohgidani (Ehime Univ. GRC), H. Dekura
(Ehime Univ. GRC), S. Kakizawa (JASRI), S. Kawaguchi (JASRI), S. Kobayashi (JASRI), T. Sakaiya (Osaka
Univ. Sci.), Tadashi Kondo (Osaka Univ. Sci.)

Bridgmanite, the most abundant mineral in the Earth's lower mantle, can be found in meteorites that experienced high
shock pressure during parent body impact. However, the presence of bridgmanite in meteorites is unusual because
bridgmanite grains should be amorphized under post-shock temperatures at ambient pressure. Here, we report the
results of time-resolved synchrotron X-ray diffraction measurements at high temperatures to analyze the
amorphization mechanisms and kinetics of bridgmanite. At higher temperatures, our results show that the significant
volume expansion due to the amorphization induces static stress that can reach up to ~0.5 GPa, which prevents the
progress of the amorphization. This time-insensitive amorphization kinetics may have enabled the preservation of

bridgmanite in the shocked meteorite that fell on Earth.
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Fig. 1 (a) Bridgmanite peak intensities as a function of the
temperature. (b) Relative volume (V/Vo) as a function of the
temperature. The dashed line shows the thermal expansion
extrapolated from the data bellow 400 K assuming a linear
correlation.
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Hydrogen and aluminum depletion in bridgmanite coexisting with high-pressure

hydrous phases and its geodynamical implications
Eiji Ohtani* (Dept. Earth Sci. Tohoku Univ.) and Takayuki Ishii (HPSTAR)

Discoveries of hydrous minerals in diamond such as such as phase Egg and phase 5 [1, 2] suggest that water is
transported into the mantle transition zone and lower mantle. We studied the phase relations of MgO-Al,03-H,O
system under the uppermost lower-mantle conditions and we clarified the partitioning of aluminum and hydrogen
between bridgmanite and hydrous minerals such as hydrous phase 8-H solid solution and aluminous hydrous phase
D. Bridgmanite coexists with hydrous D and phase 0-H at 25-28 GPa and temperature up to 1100 °C. Hydrous phase
D becomes unstable and bridgmaite coexists only with hydrous phase 6-H above this temperature, while hydrous
phase 8-H dehydrates up to 1400 °C in this pressure range. Aluminum is strongly partitioned to both aluminous
phase D and phase 8-H resulting in alumina depletion in bridgmanite under the wet conditions. Fourier transform
infrared spectroscopy indicates that bridgmanite contains undetectable water when it coexists with these hydrous
phases, showing strong hydrogen partitioning into hydrous phases, such as phases D and &-H. This strong
partitioning of hydrogen in hydrous phases is consistent with the strong water partitioning into superhydrous phase
B and depletion of hydrogen in bridgmanite [3]. Depletion of alumina in bridgmanite changes the phase relations
in hydrated slabs, i.e., the pressures of the garnet-bridgmanite which could originate the seismic reflectors at the top
of the lower mantle [4]. The post-perovskite transformation boundaries decrease under the wet conditions coexisting
with these hydrous phases [5]. The shift of the phase boundary can explain also the depth of the D” layer which is
shallower than the dry post-perovskite boundary in peridotite [6]. The dry nature of bridgmanite coexisting with
hydrous phases suggests that bridgmanite cannot be the water reservoir at least in the upper part of the lower mantle

and can result in a dry rheology of the wet lower mantle.
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Determination of thermal expansivity of calcium ferrite-type MgAl,O4
Hiroshi Kojitani*, Mei Gonai, Yoshiyuki Inaguma (Gakushuin Univ.), Masaki Akaogi (Univ. of Tokyo)
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Influence of high oxygen fugacity on melting temperature of wadsleyite

Kazutaka Yamaguchi*, Takaaki Kawazoe, Toru Inoue (Advanced Science and Engineering, Hiroshima Univ.)

Takeshi Sakai (Geodynamics Research Center, Ehime Univ.)
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Investigation of the effect of Si dissolution on the volume expansion by
hydrogenation of hcp-Fe
Yuichiro Mori* (UTokyo), Hiroyuki Kagi (UTokyo), Katsutohi Aoki (UTokyo), Sho Kakizawa (JASRI), Asami
Sano-Furukawa (J-PARC Center, JAEA), Ken-ichi Funakoshi (CROSS)
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Sound velocity of hcp-iron to the inner core pressure,
and light elements in the inner core

Daijo Ikuta* (Dept. Earth Sci., Tohoku Univ.), Eiji Ohtani (Dept. Earth Sci., Tohoku Univ.),
Hiroshi Fukui (RIKEN / JASRI), Takeshi Sakai, (GRC, Ehime Univ.),
Daisuke Ishikawa (RIKEN / JASRI), Alfred Q. R. Baron (RIKEN / JASRI)

The Earth’s inner core is considered to be iron alloys with some light elements. To elucidate the property of the
inner core, many lab-based high-pressure experiments toward the inner core conditions had been conducted with
using diamond anvil cells. However, there are still many difficulties in stable pressure generation and in-situ
observations under the pressure conditions.

In this study, we have conducted sound velocity measurements of hcp-iron with inelastic x-ray scattering (IXS)
method to the Earth’s inner core pressure by using a newly designed diamond anvil “stepped bevel” type for extreme
pressure generations, and the Soller screen system (ref. 1) for reducing noises. The experiments were succeeded to
obtained reasonable IXS peaks from hcp-iron (though it is quite close to the IXS peaks from diamond). The
experimental density of hcp-iron reached up to 13.87 g/cm?, the maximum pressure is about 310-330 GPa, and we
succeeded to derive sound velocity of hep-iron at the Earth’s inner core pressures. The relation between density and
sound velocity shows a linear relation known as Birch’s law even under such extreme pressure conditions. The pure
hep-iron has 4(£2)% higher v, and 36(+17)% higher v, at the center of the core, compared to those of the PREM
inner core. Combining present results with previous sound velocity measurements (e.g., refs. 2-3), we re-evaluated
the pressure and temperature dependence of sound velocity for hep-iron and its alloys, and estimated that the inner
core containing 3(£1) wt% silicon and 3(+2) wt% sulfur is the best estimate to explain the compressional and shear

wave velocities of the PREM inner core.
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Behavior of hydrogenation of FeS at HPHT condition
Masahiro Takano*, Hiroyuki Kagi, Yuichiro Mori (UTokyo), Sho Kakizawa (JASRI)
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Pressure dependence of magnetic properties and electrical resistivity of Mn; ,Fe, O, solid

solution

Takamitsu Yamanakam, Saqib Rahmanl, Takanori Hattori3, Kazuki Komatsu4, Naohisa, Hirao® and Ho-kwang Mao'

Neutron diffraction experiments have allowed precise analysis of the Mnj,Fe,Oy4 structure by virtue of the significant
difference in coherent scattering lengths between Mn (-3.73 fim) and Fe (9.54 fm). An Mn;_,Fe,O4 spinel solid solution
transforms into an orthorhombic postspinel phase. X-ray Mossbauer experiments reveal the distribution of F ¢*" and Fe’" at the

tetrahedral and octahedral sites in the spinel structure. MnFe,O4 and Mn,FeOy, are ferrimagnetic under ambient conditions. The

high-pressure postspinel polymorph is paramagnetic. Electrical conductivity shows metallization in postspinel from

semiconductor under extreme conditions.
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