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First-principles calculations of the structure of MgSiO3 melt at high temperature and high
pressure
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Bihi, Mg-OfSEICDWT r=1.97 A, 5. 1807 1y b A THHEE:290A %2157z, TNHDS5 B, Si-OICDWNTOfEI,
-5 Waseda and Toguri(1990) K 5 & D (r=1.62 A, 3.96(7) & B —ET 2M, —J7 Mg-O IZ D\ T ld Waseda and
Toguri(1990) [r = 2.12(1) A, 4.82f7] & Ehix b Bix % 2 ENALMICR 57z, Taniguchi et al.(1997) i T X Hrlnl
T —ZITHEDN T, MgSIO3H T AICHBWV T, Si-0OICDWVT, r=1.62 A, 4.1fidfii. Mg-O DWW r=2.04 A (Ffi¥
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Forsterite-MgSiQ liquid interface : molecular dynamics perspective
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Knowledge about the viscosity and permeability of partial molten rocks is important to understand the thermal history of
the Earth and volcanisms. For understanding those obtained by experiments and estimating the physical properties at extrer
conditions those are difficult to reproduce in laboratory experiments, the knowledge about structure and properties of silicate
crystal-liquid interfaces is necessary. The properties of melt as sandwiched thin films are considered as being different with one
in bulk melts by the effect of crystal surface. For instance, lateral self-diffusivity of water to crystal surfaces shows different
from bulk one in the case of water-brucite surface (Sakuma et al. 2003), water-muscovite mica surface (Sakuma and Kawamur
2009). The dynamic property anomalies on solid - liquid surfaces affect properties of bulk rock such as permeability (Ichikawa
et al. 2001).

In this study, structure and properties of the forsterite-MgSiquid interfaces are investigated by using molecular dynamics
simulations. It is essential to know the structure and physical properties of forsterite-MERi@ interfaces since forsterite is
the liquidus mineral of primordial magmas.

Molecular dynamics simulations were performed with NPT ensemble using MXDORTO code (Sakuma and Kawamura, 2009).
The initial structure is a 21440 atom system in which a sheet of MgSiO3 liquid consist of 8000 atoms ("5 nm) is sandwiched
between (010) surfaces of forsterite(Pbnm) and 43440 atom system in which a sheet of MgSiO3 liquid consist of 30000 atom
(20 nm) is sandwiched between (010) surfaces of forsterite. Firstly we calculated equilibrated MgSiO3 liquid film in vacuum
starting with a randomly generated structure and randomly generated velocities of atoms through 0.5 ns (1,000,000 steps) at 19
K and quench to 300 K. Secondly we calculated a bulk forsterite crystal with 13440 atords@1nit cells of forsterite(Pbnm))
starting with a given experimental crystal structure which was obtained by the experiment [5] and with randomly generated
velocities of atoms and then cut along (010) surface. Finally we combined forsterite cut along (010) surface and MgSiO3
liquid film. Under maintaining isobaric and isothermal conditions, we performed the relaxation of 0.571.5 ns. Then the statistical
averages of the structure and physical properties were obtained from the velocities and coordinates of each atom in the simulatio
through 500 ps. The function of inter-atomic potential model was same as used in our previous work (Noritake et al. 2012).

By these simulations, characteristic structures in the forsterite-Mgj0id interface are observed. The layered structure
of alternated crystal surface, Si-rich and Mg-rich layers in the crystal-liquid interface was observed. The layered structure was
formed by energy difference between Si-O semi-covalent bonds and Mg-O ionic bonds. Si-O-Si bridging and free oxygen atom:
are excessively formed and in the near surface since the energy of Si-O bonding is much lower than that of Mg-O bonding
The difference of layered structure by thickness of MgSiO3 liquid film might be caused by the difference of the degree of
freedom of configuration in liquid film. The two-dimensional diffusivity of oxygen atoms is controlled by two factors. The one
is the thickness of liquid film that decreases oxygen diffusivity with decreasing the film thickness because of decrease of degre
of freedom of configuration in liquid film. The other is composition of sliced layer where oxygen diffusivity increases with
increasing the Mg/Si ratio since Si-O bonding is much stronger than Mg-O ones.

F—TU— R 5, mi, R, 0 8sAk
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Phase transitions in £8i0,: first-principles study

Al 1E3E
KANZAKI, Masami'*

LR LR AR R A 7 > 22—
lnst. Study Earth’s Interior, Okayama University

Zn & Mg iR CA A BB 2RO, 2SI RE 2082 FFD, Bl 21X Zn,Sio, DHEHIE willemite T
HO. Zn OENIENL 4 TH B, MR Z 0 LANSARSENTE D, D & s 4 DO EH (1, 1L, 1V, V) DS H
TW3, I HHEVHIZDWTEREEZEHICHSNTED., VHEEZEACIUVESEEIR SN, £V B0 AE XU
RO o Tz, 1, IV FHOREEIC DWW TR BGEfEIH E N/z (Liu 5, PCM,40,467,2013) LA LS50 T7z 1L IV D
HWETOEBIMETMHD N XD BEL, N HHICES> TREEMEI D &KV, ZD7D, TNED 2 NN EIREEIRAE
TIEAHOETH > T, BINFFICHIER LI2O T EWHD LWV EEWAE U TL %, AT Z DN 2N 7251
F—FHE R 2T T2,

B FHEEEER T VY v L& S Quantum-Espressd pwscf I— K& 7, BHCHISN TV S 5E,. PRI
HHZED, 120 %ZH -7z, 25 GPax T 1 GPa%l|# THEG R LET R 21T > T2e TORRMNS OK TOZ Y 2L E—
EEIE LT, SHOZEMEZEFTT,

[EXERZ LT 2 & Nl fiDBEZICEMENRT VT eV oz, 1 SUETREEDNRIETH > 72, LILIV Mzik
WT, 21 GPaTidAV BV EIZIFRIURE L Aoz, I HOMEIZA D EUMENS M EDIGA A 2 2220 TWV 3
ARSI S BTz L RiaE 2720, JEHHICBT 2 MO i B, JENIC X B REEELIC OV THHNz & T
AL N FHDO M1, M2 RIS B 28 fE I3 H T N TIRAENRE VD, e e sICEBciEd L, 21 GPaTidA ey
FEED M1, M2 JEDRRE L IZIZFE C &7x o7z, LieW> Ty I AHO K Z HEMEHRITZER O M1, M2 DIFEREIC X% & & 2
5N%,

NI #HiZ 22 GPaCH SR L ANC THITERE ] Zifdc LT, SiORMNE 6. ZnBidhiki 5 O RAESFERE kot —/7.
IV #iZ 12 GPaTHIEEE A C LT, NapSO, lll #5d (Cmem)ic x> 7z, T ORGETIX Znid 4 & 6 BNl /7 O 7% b
%, 721, AIPO, F TR UZEMEED CrVO, DD B HY. T DREIE L IZEHEWVEIRDH D . NapSO, Il M8 5 4 il Zn ZHY
DERL L TOMENMES NS, I HHTIE ZnIZ4ENITH AP, 1 HHEDIZT 7 FahETH . SisNg = C3Ny &/E
HOETIV (W-1) ELTEHISN TS, 1l Hld 26 GPAC BN THERE AR L, AEIUVEEDE SNz, EiE SisNy
BEDVIal—yaryhsH, w-ll HhE A RIVEEENDIEBIZBICHNSNTED, I HTRONAREBEE T A A
Z XL (2D BCCHS FCC)TH BT EMholze ZnSiOy DAY FIVHIEEERBR TIESNTWAEWA, I #H
7% DAC TIEAiiY % C & THEZEICFE SN A AR RE N,

OK COILYRIVE—RLHERLIzE A, § 4 GPa% Tl willemite W E T, 4 GPaT Il AL E L 5%, ThidH
Be—83 %, LIV HIZOWTIEZ Y ZIVE—ZHEICE L, 2 TOIENHE TZEMIIZE DRV, £ty
FIZDOWT AR T, Zn,Si0, TT DD EBINCE S NRNWT EZFHIHT %, £ 11 GPaT Il #ih 5 NaySO, Il FiHZ
ELinb, NapSO Il HITIE Znid 4 & 6 BN T DGR 5 %, 13 GPaT Vil (BIEAEXRIV) WEEL RS, V
FIZ R E COUDFENTLETH %, 16 GPaT II-HP MW LE &%, EERIICIE V HDEEMIT ZnO(B1)
¢ ilmenite-ZnSiQ I/ S 2 DT, FERINTIE NI-HP IR ZELLAnEEZ 5N S,

SEIOFETE. LIV HPEE T TEZETIERWC EAALh >, —HTEE FTEERMICDOWTIXA
WEatimidgonNah o7 TV ZXIVE—MICIE NapSOy Il FEDVLEE ERENTA, S OME N, IV 5 E#EOER
TIRELNTVEV, NapSO, Il HiE IV HOEMETHE SN D, TV Z)VE—IZ NapSO, Il lHE D FAS &RV, LH
LZNSOBRIE. BHERD ANSNTOWERWIREIOZE 5745 & TED 2 a[REMEIEHK > TWb, 5%, QHA FIHE DI H
EBRCHIL TV TETH 5,

F—T— R Zn2SiO4 FHEH, & A, B — B, 5 X ) = X L
Keywords: Zn2SiO4, phase transition, high pressure phase, first-principles, transition mechanism
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A newﬁgh pressure phase of Fe2SiO4 and the relationship between spin and structur
transitions
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A structural change in E&iO, spinel (ringwoodite) has been found by synchrotron powder diffraction study and the structure
of a new high-pressure phase was determined by Monte-Carlo simulation method and Rietveld profile fitting of x-ray diffraction
data up to 64 GPa at ambient temperature. A transition from the cubic spinel structure to a body centered orthorhombic phas
(I-Fe;Si0O,) with space group Imma and Z=4 was observed at approximately 34 GPa. The structure,8f0,Heas two
crystallographically independent FgOctahedra. Iron resides in two different sites of six-fold coordination: Fel and Fe2, which
are arranged in layers parallel to (101) and (011), and very similar to the layers ghbietDedra in the spinel structure. Silicon
is located in the six-fold coordination in I-E8iO,. The transformation to the new high-pressure phase is reversible under
decompression at ambient temperature. A martensitic transformation of each slab of the spinel structure with transition vecto
<1/8 1/8 1/8>generates the I-E&iO, structure. Laser heating of I-E8i0O, at 1500 K results in a decomposition of the material
to rhombohedral FeO and Sji@tishovite.

Fe K beta x-ray emission measurements at high pressure up to 65GPa show that the transition from a high spin (HS) to a
intermediate spin (IS) state begins at 17 GPa in the spinel phase. The IS electron spin state is gradually enhanced with pressu
The Fe2+ ion at the octahedral site changes the iron radius under compression from 0.78 A at the high-spin state to 0.61 A at tt
low spin, which results in the changes of the lattice parameter and the deformation of the octahedra of the spinel structure. Th
compression curve of the lattice parameter of the spinel is discontinuous at approximately 20 GPa. The spin transition induce
an isostructural change.

F—T— F: Fe2SiO4R ¥ 3L, Biss MR S, 2 € sk, XML I v o g, <LF 1 Mgk
Keywords: Fe2SiO4 spinel, new high-pressure phase, spin transition, X-ray emission, martensitic transition
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Synchrotron Mssbauer spectroscopy onsBe FeO and natural almandine
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The Earth’s core is considered to be composed of an iron alloy with light elements since its density is smaller than that of pure
iron under core conditions (e.g., Birch, 1964; Dubrovinsky et al., 2000). Although there are many candidates for these element:
such as H, C, O, Si, and S, sulfur in particular has been considered as one of the most plausible candidates. This is becau
it is depleted in the mantle, suggesting that it exists in the Earth’s core (Murthy and Hall, 1970), and iron sulfides are found
universally in iron meteorites, i.e., analogues of the Earth’s core. Although the content of sulfur in the Earth’s core is not known
precisely, the sulfur content in the core is estimated to be at least a few wt% based on cosmic element abundances (McDonouc
2003) and high pressure partitioning experiments (e.g., Hillgren et al., 2000).

Since sulfur is one of the most plausible light elements, a compressibility and phase diagram in the Fe-FeS system has be
studied (e.g., Campbell et al., 2007; Chen et al., 2007; Fei et al., 2000; Kamada et al., 2010; Li et al., 2001; Seagle et al., 2006
According to previous studies, f® s stable from 21 GPa and at least up to 200 GPa. Therefos8,déa be one of a candidate
of the inner core materials. In addition, a synchrotrosslbauer spectroscopy (SMS) and X-ray emission spectroscopic studies
on FgS revealed a spin transition and magnetic transition between 20 and 25 GPa (Lin et al., 2004; Shen et al., 2003). It als
showed an abnormal evolution of a and ¢ axes with increasing pressure (Chen et al., 2007).

Synchrotron Missbauer spectroscopy is a good probe of a small sample under high pressure to investigate magnetic propertie
and electronic states of Fe of core and mantle minerals. An energy dondgasbiluer spectroscopic system has been recently
developed at the BL10XU, SPring-8. We have measurégdidauer spectra from & and FeO under high pressure and a natural
almandine at ambient pressure.

A powder mixture was made frofnTFe (96.63%, ISOFLEX) and FeS (99.9%, RAREMETALLIC co., LTD.) with a ratio
of Fe:S=75.0:25.0 (in at%). A foil was made from the mixture by a cold compression using a diamond anvil cell (DAC) and
loaded into a sample chambéfFe enriched F£5 was synthesized from the powder mixture in a DAC at 30 GPa and 1350 K.
The synthesis of R was confirmed by X-ray diffraction patterns at BL10XU, SPring*8eO was made by reducing from
5TFg, 053 (ISOFLEX) at ambient pressure and high temperature. A pellet was madé¥ra® powder and loaded into a sample
chamber of a DAC. We also measuredddbauer spectra of a natural almandineg {PAlm,s ¢Gros, 4 Sp; 3, Idaho, USA). The
energy of used X-ray for ssbauer spectroscopy was 14.4125 keV.

We have measured ddsbauer spectra of F® during decompression at 5, 15, 20, 25, and 30 GPa and room temperature at
BL10XU and BL11XU. At BL10XU, those of FeO and the almandine were obtained at 200 GPa and ambient pressure, respec
tively. The magnetic transition in E& was observed between 20 and 25 GPa, which is consistent with Lin et al. (2004). We
observed doublet peaks from FeO. An evidence df Fi the almandine was not detected in this study. We will report the results
of the Mossbauer spectra based on the newly developed system at BL10XU, SPring-8.

F—T— R Bk, <> Fb, X AN T FeS, FeO
Keywords: Earth’s core, Mantle, d8sbauer, F£5, FeO
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Temperature dependence offFeAl and Ga distributions and local domain structure in
synthetic Ca-clinopyroxene
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Distribution of Fé*, AI>* and Ga&* among octahedral and tetrahedral sites in synthetic esseneite (CaFgABIO

(CaFé*GaSiQ)qo(CaGaSiOs) o-clinopyroxenes at 800 and 1200 were investigated usingf Fe Mossbauer and X-ray
Rietveld methods to find a relation between site occupancies of trivalent cations at the octahedral and tetrahedral sites ar
ionic sizes of trivalent cations. The esseneite was synthesized from oxide mixture using sintering technique@iri 200
The FeGaTgGaTso-Cpx was crystallized from glass starting material at 120@h air. The Cpxs synthesized and those an-
nealed at 800C were analyzed using Fe Mossbauer spectroscopic and X-ray Rietveld methods. In the synthetic esseneite,
VIEg+:IVEEt-ratio at 800°C was determined as 82(1):18(1) bysksbauer method and 78.2(5):21.8(5) by Rietveld method,
whereas, at 120, 79(1):21(1) by Missbauer method and 77(1):23(1) by Rietveld analysis. The resultirfggepulations at
octahedral M1 and tetrahedral T sites in the synthetic esseneite®r@.¥82(5)-0.82(1) apfu and 0.218(5)-0.18(1) apfu, respec-
tively. In the synthetic F& -Ga-Cpx," /Fe*T:/V Fe**-ratio at 800°C was 74(3):26(2) (Mssbauer analysis data) and 78(1):22(1)
(Rietveld analysis data), while, at 1200, 71(3):29(1) (Missbauer analysis data) and 67(1):33(1) (Rietveld analysis), which re-
sults in populations at the octahedral M1 and tetrahedral T sites &f {f@(1)—0.70(1)G&.33—0.30]*  [Si1.0F€* T .23-0.20

Gay.77—0.50]" (O = 6) at 800°C, and [FET 64(1)—0.60(1)G@.36—0.40] " [Si1.0F€ T 0.26—0.30G@.74—0.70] at 1200°C. This
result indicates the temperature dependence &f FAI**T and G&™ distributions between M1 and T sites. However, it is
evident that, even at different temperatures, distributions &f FAI>* and Ga* between M1 and T sites are well correlated
with the ratio of ionic radius of larger E&-cation against smaller At and G&™, as Akasaka et al. (1997) indicated. Another
finding in this study is the splitting of & Fe Mossbauer doublet by E€ at M1 site into two doublets. This indicates existence
of short-range domain structure by two kinds of M1 sites with slightly different distortions, which cannot be detected by X-ray
diffraction.

F—T— R BRHRA, X AN 77—, XS SEE AT, fEA 2, A 20, IR AR

Keywords: clinopyroxene, Mossbauer analysis, X-ray structural refinement, Crystal chemistry, ionic distributions, temperature
dependence
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Phase Transformation of Zirconium under High P-T Conditions
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The behavior of zirconium metal under high pressures is important in the community of the high-pressure study, becaus
changes in resistivity due to the phase transformations of zirconium (Zr) are used as pressure calibration points in the high
pressure experiments. Zirconium metal, which shows the hcp structure at ambient conditions, is known to transform to the bc
structure (beta phase) above 1135 K at ambiant pressure. With increasing pressure, phase transformations to a hexagonal struc
(omega phase), at the pressure around 5 GPa and to a bcc structure around 30 GPa have been observed at room temperature.
formation of the high-pressure phases is concerned with changes in the electronic structure. Recent investigations for the pha
transformation from the hexagonal to the bcc structures at high temperatures (Zhang et al. 2005 and 2007) were inconsistent wi
previous study at temperatures around the room-T (Xia et al. 1991). Therefore, we reinvestigated the transformation pressure
zirconium metal.

The starting material used in this study was polycrystalline Zr. High-pressure X-ray diffraction experiments were carried out
in an external heated diamond anvil cell. The small sample sandwiched between pellets of NaCl powder was loaded into
hole that had predrilled into a rhenium gasket. The heating temperature was up to 800 K, and was recorded using the R-tyf
of thermocouples. The sample was probed using angle-dispersive X-ray diffraction, located on the synchrotron beam lines, ¢
NE1A of the Photon Factory. Details of the synchrotron X-ray experiments have been described elsewhere (e.g., Ono et a
2005). The angle-dispersive X-ray diffraction patterns were obtained on the imaging plate of an X-ray data collection system
(Rigaku, RAXIS). The pressure was calculated from the NaCl unit cell volume using the equation of state (EOS) for NaCl, as
developed by Ono (2010).

The boundary from the omega phase to the bcc phase was determined at high temperatures (300 - 800 K). Our results were
good agreement with those reported in previous room-temperature study. The gradient of dP/dT of the boundary was negativ
However, the gradient observed in our experiments was 2-3 times more negative than that reported by previous high-temperatu
experiments (Zhang et al. 2005 and 2007). Our new data indicated that the difference in the stress conditions of the sample le
to the discrepancy of the gradient of dP/dT slope in previous studies.

F—U—F: D azy L, MHER, &l
Keywords: Zirconium, Phase transition, High pressure and high temperature
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Crystal structure analysis of a new high-pressure strontium silicate
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SISi0; &, HIERDHIFH> > B ILZRHERK U TSI O EE IR K77 D—DTdh % CaSiQ D7 FuYE TH %, SrSio
RO E BRSO T, £ 10 GPax Tld 6 -SrSi0; #HAY, 14 GPall |- Tid BaGeOs-1ll ! SrSip05 + larnite™ Sr, Sio,
WEETHO, THIHK 20 GPaLL E TR/ ERT T XA S HVEE L 75 % (Kojitani et al. 2005, Yusa et al. 2005)—
J7. 10~14 GPaZ BT, larnite®! Sr,Si0, IS T ZHICDOWTIEARHTH - 7o AW TZDRAMHD—DD

EREEEB I CHEEZRE LIz THlRET %,

HiyDiREHE. pseudowollastonitd! SrSi0; & SiO, cristobaliteDiE&Y) (B/VEE 11 1) I EO/KZEGIL, IR
JD?T‘/li}me%:éE&%%)ﬂb‘f 12 GPa, 1200C T 9077 h#EAS % C ic K D185z, BIPGIRIOHFN S, &Y A
AHY 120x80x60u m D HifL AU H L, BrukerAXS APEX Il (Mo Ko, 50 KV, 20 mA) 7 W C i X RRmEIHTlE %2
o720 SHELX-97V 7 b U= T7HRHAWSC EIC& D, 55Nz 953D K E T — X DWW T R E Nz, Tz, #
R HTIC I SEM-EDSE L7z,

BT ORER, HTHE RN St SigOgy OMUKZFFDT LMV U Teo HASEMEEALHTIC K D HRHER TZMREN
C2im. H&FEHN a=13.3765(4)4, b = 5.2321(2)4, ¢ = 11.6193(6)4, 3 = 113.976(4)degl R E XNz, RETIE 1.25
% THoTzo RDONTAEAE X, SiOs /\MifAE 721% SiOs BT HEmA (K5 2w RED ORI X % —HEHMNTEN

HHETRCLICKDBYPSTTESFEE., SO TR E SiOs \NHENEEZHET S EICEDENSTTESE
MHERE T L—LT =0 %> T35, FFEEITREZ, HBEYE TREE LVWES 2 v R SIO ZHADFEET ST &
ThHb, Fiz. SPTIFFNED 2 DOBEOBICESIENTED, BETHNTH S, & -SISi0; &, SiO, UEAD 4 5
Bhoiad 7L —LI—7ZFE, SPH IR TN TH S, —/. BaGeOs-lll B SrSy05 1 SiOs /\Hifk L SiO, PU ik
DOEEHAICE S T L—L Y= %Fb, SPT ORI 12 TH 5, LIzh > T, RIS THZIC A SNz fssiss
. FN5OTEMH & @EM ORI R EE 2RO LWV HE LMW TH %,

F—U—F: AbarF U LERE, S, B EGHAT, SIO5Z Mtk
Keywords: strontium silicate, high-pressure, single-crystal structure analysis, SiO5 polyhedron
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ﬁ@%‘%ﬂﬁ@ PPMSHEREIC L AEARE, T o —HlE : Tio2 2T MnSiO3
= AH

Heat capacity and entropy measurements by PPMS for high-pressure phases in TiO2 al
MnSiO3

FRIK TR BN S B R R v
AKAOGI, Masaki* ; KOJIMA, Meiko! ; FUKAI, Aya! ; KOJITANI, Hiroshit

Lok - B
IDept. of Chemistry, Gakushuin University

SR OB 2RI DI O FARN YR TH O . ZOEMT— 2 ISR FTOREBFREZEET 5720
WKL ffibNTWB, ZNEDERT—2E, B HEHFEOERZMET T 27DICLEETH S, @EIYOEHET
¥ hot¥— (S298.15)&. MKiEA 5 =R KX TOMREHIF THIE T NIZEEEEE (Cp)lc D E, CplT 2 EEN S
298.15KE THiN 95 LIC K> TRDEN S, ERDIGRABRINE I, WBVEE GG 2 W BN R REEDE
WA E LTHEDNTE R, LA L ZOWENERZE g L LDz 8 LT 5728, EEMHGRHC DWW T D TR
SNTYE UDHE SN TRED 5 Teo BT E NICBWRRREICIED < VB RHERERSE (PPMS)Z2 i U 7 EREVA
EHETIE. T8 mg O EIY) T & ERIZAEGT L R ORE THRREERIE TE %, TOHETE., WEANY T L
THHIL 2K » 5 ZE(HI E TOREHPA T, A ZEET 2 /I [f) bz e —2—Ic X > TRENT —EDER
WAZSZ, sl FHEE ORAEFEZ T LT, 1~2K BT CpZIET %, EHE S, B THERFEMT - IR
& OHFEfRZFEE LT, Mg2Sio4 wadsleyite ringwoodite MgSiO3 akimotoite perovskite SiO2 stishovitelx & {KIREVA &
2l OFETHIEL, Thbo S298.152 5 LT ¥ 7z (Akaogi et al., 2007, 2008, 2011)5 [l AR A II2 AN R
BNz PPMSEEZE HWWT, TiO2 KU MnSiO3 O i [EFH DIREVA HIEZ1 TV, ZN 5 D S298.157 ThE L TG HE
ICDOWTHET %,

<IVF T Ve )VEE R IV, rutile B TiIO2 ORERGEA% 3 GPa 700°C T, a-PbO2%! TiO2 7% 8GPa 600°C T L
720 CpHIEICHAWIZEREHE., 10~21mgDEREIA (a-Al203 IFHEEY) TH B, F 72 MnSiO3 garnetD Bk % 15GPa
1000 CTHEK LTz, ZTNZTNOMEIRBERS AR O—mZHE L. 7'V — AT PPMSEEDKEGICHEA L. CpilliE
EiTo Tz, CpllE DIREHIPHIE 2~308K TH b, AT a-Al203 Hift s, (NBSHEHE) 7 7 L > AW 720) D Cp i
AT, WiBVIBEFHC X % Ditmars et al. (1982DHIERHR & BWLW—8E /R T L 2R LT,

A EAIE E iz rutile B TiO2 O Cp lEWBVRIBAERHC K2 10ERDT—2 L B —BL, AWZEIC X% S298.151F
50.10J/molKT & > 7z, 450D a-PbO2E! TiIO2 D Cp ., 4% TICHIE S 7z 24 (Yong etal. , 2014, Manon, 2008}
220~308K DR TLL#Ed % &, PPMSIC X % Yong et al. (2014045 RICIFIE— L. DSCIC X% Manon (2008)D#
BLEFAEL AR>S TV, Thid. COREHRFATO PPMSHIEDREDGE ZRLTWVWS E#EZ B3, AWZRIC
&% a-PbO2%! TiO2 ® S298.15% 46.50J/molKTdH - 7z, MnSiO3 garnetd CpflliE 77— X1Zi&, 15K ICHESHRE & %
5z %Y= hH 5N, S298.1593 90.92 J/molKTH > 7z, TN 5 DMIEERZEM - TEHE I NS &EHFHBEHRS &H
¥ THET %,

F—TU— R AR, T haY—, &M, PPMSHE
Keywords: heat capacity, entropy, high-pressure phase, PPMS apparatus
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AR NA R L— s DOEEMANDIEE D X 7 = X 1y _
Mechanisms of phase transitions of methane hydrate under high pressure

FIRK Z20 15 S 1 SR A 2 R 2R 2 KA ES 3 IR 33 /NG TEE !
KADOBAYASHI, Hirokazu'* ; HIRAI, Hisako' ;: HIRAO, Naohis& ; OHISHI, Yasug : OHTAKE, Michika® : YAMAMOTO,
Yoshitakd : KOJIMA, Yohei!

VIR CEMIBRIEER X A 2 7 AW > 2 —, 2 @R A > 2 —, 3 ESERANRR S et
1Geodynamics Research Center, Ehime Univer&ligpan Association of Synchrotron Radiation Institdidégtional Institute of
Advanced Industrial Science and Technology

Methane hydrate (MH), called as burning ice” , is expected to be a fruitful natural resource, at the same time, methane is
rather effective greenhouse gas than carbon dioxide. It is also thought to be a major constituent of icy bodies in and outside the s
lar system. MH is composed of hydrogen-bonded host water molecules forming cages or frameworks that include guest methar
molecules. Three phases of MH have been known so far. The low-pressure phase, sl, is stable below 0.8 GPa and it transforr
into a hexagonal structure, sH, at 0.8 GPa and further transforms to a filled ice lh (FIIhS) at 1.8 GPa at room temperature. A
these phase transitions, release of water content is accompanied. As described above, the existence of phase transitions anc
structures of transformed high-pressure phases have been clarified by the previous studies. However, transition mechanisms fr
the lower-pressure phase to individual high-pressure phases have been unresolved issue. In this study, high-pressure experime
were performed to investigate mechanisms of the phase transitions of MH at high pressures.

Clamp type and lever-spring type diamond anvil cells were used in this study. The pressure and temperature conditions wel
from 0.2 to 3.0 GPa and 300 K, respectively. Pressure measurements were made via a ruby fluorescence method. The initial sa
ples of MH were prepared by ice-gas interface method. The samples were characterized via time-resolved X-ray diffractometr
using synchrotron radiation at BL-10XU, SPring-8, and time-resolved Raman spectroscopy at GRC, Ehime University.

As for sl-sH phase transition, Raman spectroscopy revealed'thaages of sl survived during the transition and that tie 5
cages remained as samé Sages of sH structure. And!3%? cages of sl changed t6%° 6> and 5268 cages of sH. The results
suggested that the sI-sH transition may follow a martensitic-like mechanism because of being maintaicéuges unchanged
in sH structure. On the other hand, at sH-FIIhS transitions, Raman spectroscopy detected abrupt collapse of all constituent cag
in sH and release of fluid or solid methane molecules. And then, the framework of FIIhS was gradually reconstructed, absorbin
the released methane molecules into the FIIhS structure. The results indicated that the sH-FIIhS transition follows reconstructiv
mechanism. The explanations may be reasonable, because the former transition is from a cage to another cage structure, and
latter one is from a cage structure to different framework of a filled ice structure.

F—T—F: AZNA R L— IR A = X L, &, X AREET, 55 20
Keywords: methane hydrate, mechanisms of phase transitions, high-pressure, X-ray diffractometry, Raman spectroscopy
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T K VL VIO NaCl[Evs o algelt: _
Incorporation of NaCl into ice VI and ice VIl under high pressure.

W FH U EE L JINEM L PR ER Y KA A2 R S
HIRAI, Hisako'* : YAMASHITA, Fukunori' ;: KAGAWA, Shingol : KADOBAYASHI, Hirokazu® ; OHISHI, Yasug : YA-
MAMOTO, Yoshitaka

VIR RAAHIERIER 2 A - 2 7 AWt v 2 —, 2 @R A v 2 —, 3 PEZERR O AN I A 2 2o R L— Mt
Pty 2—
LGeodynamics Research Center, Ehime UniverdlSRI,2AIST

Icy satellites have been thought to contain a large amount of salts besides water ices. Ice exhibits a wide variety of form:
consisting of hydrogen-bonded water molecules. More than sixteen stable and metastable forms have been reported so far. Li
uid water can dissolve various kinds of solutes. Whereas, in the previous idea, when water crystallizes, the dissolved solute
are excluded, which results in formation of pure water ices. Recently, Frank et al. [1] and Komatsu et al. [2] reported that
NaCl or other salts was incorporated into ice VI and/or ice VII. In these studies, however, it has been still unclear which ice
can incorporate NaCl, and amount of salts incorporated and states of the salt in the ice structure have not yet been clarified.
this study, in order to understand possible incorporation of salts in to ice VI and VII structures, high-pressure experiments were
performed with a system of #D-NacCl, a typical salt, at room temperature.

Lever-and-spring type diamond anvil cell was used. Pressure range examined was from 0.2 to 10 GPa. NaCl aqueous sol
tions with three concentrations, 1.5, 2.5, and 5.0 w%, were prepared as starting samples. Characterization was made by optic
microscopy, X-ray diffractometry (XRD), and Raman spectroscopy.

Similar phase changes were observed for the samples with three different concentrations. The NaCl aqueous solutions final
crystallized to form iceVI above 1.6 GPa, although in case of pure water ice VI is formed at 1.0 GPa at room temperature. At the
pressure range from 2.1 to 3.2 GPa, a new high-pressure phase, of which diffraction pattern was not explained by ice VI, ice VI
and solid NaCl, was observed. Above 3.2 GPa, ice VII and solid NaCl appeared. The high-pressure phase observed may cort
spond to a phase having a modified structure of NaCl-dihydrate reported by Nakayama et al. [3]. Unit cell volumes of ice VII
calculated expanded larger than those of pure ice VII. The result was opposite sense to those by Frank et al, where the volum
decreased smaller than those of pure ice VII. The amounts of the volume expansion for 2.5 and 5.0 w% samples were larger th:
those of 1.5 w% samples. The volume expansions of the former two samples were almost similar. The results suggested th
limitation of incorporation into ice VIl is less than 2.5 w%. The O-H vibrational modes shifted to higher frequencies by 10 to 20
cm~! and 5 to 10 cm* from those of pure ices for ice VI and ice VII, respectively.

All experimental results indicated that NaCl is incorporated both into ice VI and ice VII at room temperature. The amounts
of incorporation were estimated to be up to 2.5 w%. Such large amount of incorporation of salt is expected to effect on physica
properties of ices, which is important in inferring the interiors of icy bodies.

1. M. R. Frank et al., PEPI 155 (2006) 152; M. R. Frank et al., PEPI 170 (2008) 107; M. R. Frank et al., PEPI 215 (2013) 12.
2. K. Komatsu et al., Abstract od Annual meeting of Jpn. Society High Pressure Tech. (2010).
3. K. Nakayama master thesis (2012).

F—U— F: mHK, NaCl, &7, K2
Keywords: high-pressure ice, NaCl, incorporation, icy satellite
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Legranditet Paradamit@ G ksa b « i by L IKZEE S DRl
Structure refinement of legrandite and paradamlte : crystal chemistry and hydrogen bond

PPN B L FHEH B L RILRIE 2 B E 2 BN 2 s AR e
JINNOUCHI, SatosHi* ; YOSHIASA, Akira! : SUGIYAMA, Kazumasa ; ARIMA, Hiroshi2 ;: SHIMURA, Reike : MIYAWAKI,
Riturou®

LREARE FHARREAIIZERE, 2 SRACR A B AR, 3 EN R ATEYAE
!Graduate School of Science and Technology, Kumamoto Univeréihstitute for Materials Research, Tohoku University,
3National Science Museum

Legrandite paradamitédis s (A & sitg O i b BRI T, adamitelc RE S N 2 i b jIEIY> b R &b
DLW V2B A e VIEEIYIE . BEIYIEZ IS 50, ThThMEIFRE < 2%>TW%, McLean
etal. (1971)< X - T legranditeDFEEMENT A 1O TI D . paradamitdd Bennett T J. (1980)c X b &AM 7N T
WA, IKER PR OER, BIEIY) & OIS AHTH > 72, 4El. Oujela Mine, Mapimi, Durango, Mexico
£ legrandite ({b22FHAK ZnpAsO,(OH)H,0) N U, [RIFEHID paradamite({b2ZFHAL Zn, AsO,(OH)) DG s ek &b 72
V) 730 i BB ARG > AT L. (RAPID) IC XD o7z TNE TR TH > To/kENE R 72T — 1) TIEIC K D
EL, BEMEZET % L L &1 Bond-valencghic & > TEM/NT VA LIKFEREGBRZIHS IC Uiz, HEEDREM.
IKFEREG LA MNSE DRIRMYE 2T %o

LegranditeD#&itiik. 2 FEFHD AsO, PUEA L 1 FEFEHD Zn ¢ ¢ /\IfifA (ZnlfE) . 3HHEORELIEAR Zn ¢ s =
itk (Zn2~zZndfE) (¢ = O, OH, HhO) IC K> THIENT WS, Zn LRI TER & B2 A U 7R O R
NEER L. AsOy PUIRIAMN C ORSEHN ZBIF B IETT L—L T — 7 ZRR L T3, SEAIFEIZA A 22K 8H 5 Tl
éh%ﬁﬁ%ﬁ%ﬁb“(b\%ﬁ\ Zn(3)-0(1) DJFEFRIFFHE I BE 2R L TV 5, 6O/KERTFIE, ML & 130K
FRERIERLTEL., U X 0 #EFIO R iliZz X N2 BRI BN BOE FAR 5N %, Zn(3)-0(1) D
FRIEFEEOREMED . KRS X B FEAMOMENRKTH 5 L HEHT 5, FIKEFZ. clic DA TR k> b
BiEEA L TWa, TOHMICT T N VEBEOREND D, (EEMEICKE R0 R NS 5 EHENT 5,

ParadamiteD#itild. AsOy PUI{A L ZnO3(OH), =M #E (A (Znl ). ZnO,(OH) # =M Stk (Zn2 i) IC K D5
MENTWS, Zn0O3(OH), # = fEmiAlE, O(3) — O(3) & O(5) — O(B) DIEILAIC K > T ali FICHIROIHZEAL L.
AsO; PUTfA & Zn2 JiE 0D ZnOy(OH) = HEMi{AD ZnOs(OH), # = #itm{k & [HZ A9 % C & T, paradamiteD 7
L—LT— 73R ENT WS, KRE &, BREGEUKEESZER L THBO . afililc OFHFHTIE R b > Uk
EZzHLTWA, Legranditek [dkkIC, 77 72 —JH7ORNBOK T, KU afiligmic 7o s EEOREENH O |
EEMICRER 1 TSN D 2 T EHEIE NS,

F—U— R HEEREL, LTI 054 88T HE<A N, K2, KE-S
Keywords: structure refinement, legrandite, paradamite, crystal chemistry, hydrogen bonds
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%G Paf COJENICE T2 T )V—Y A kD)L AR E KT & /K EECE 7

Structure analysis of deuterated brucite at pressures to 3 GPa by pulsed neutron powd
diffraction

Yl R T B R AL L ; Purevjav Narangdo; Harjo Stefanus; il i 3 ; Wu Gong
OKUCHI, Takud* ; TOMIOKA, Naotaka ; PUREVJAV, Narangob; HARJO, Stefanu’s; ABE, Jur? ; WU, Gong

LR LR AAHER Y E R 2 o 22—, 2 AR IR RS, 3 O R A el i i v o 2 —
Hnstitute for Study of the Earth’s Interior, Okayama Universitigapan Atomic Energy AgencyCROSS Tokai

Atomic-scale structures around hydrogen atoms in hydrous minerals may significantly change with increasing pressure, whic
affect thermodynamic stability, optical properties (Raman, IR, etc.), and transport phenomena of the relevant minerals. To directl
observe such structure change around hydrogen atoms, we have conducted neutron diffraction experiments of deuterated bruc
at high pressures to 2.8 GPa, using a high-resolution neutron powder diffractometer recently installed at J-PARC Material
and Life Science Experimental Facility. To discriminate subtle structure change of deuterium site positions with increasing
pressure, the quality of observed diffraction patterns has been considerably improved from the corresponding previous studie
by adopting a new-type experimental apparatus and facility. A newly-designed opposed anvil cell apparatus optimized for the
pulsed neutron beam (Okuchi et al., High Pressure Research, 33, 777, 2013) was effectively coupled with the time of fligh
diffractometer TAKUMI, which was designed to have the resolution of delta-d / d "0.3% along with moderately-intense beam
and low background (Harjo et al., Materials Science Forum, 524, 199). We used single crystal diamond anvls with culet diamete
of 2 mm for sample compression along with deuterated glycerine pressure medium. The combination gives very high neutrol
transparency as well as high resolution to enable acurate structure refinements of tiny sample volume of the order of less than
mm?. Through Rietveld refinements of the observed patterns, tilting of all OD dipoles in the compressed brucite toward one the
three nearest-neighbor oxygen anions in the brucite structure was confirmed to be substantial at the observed pressure regir
suggesting the formation of pressure-induced hydrogen bonding. Therefore, at lower crust and mantle wedge conditions, th
pressure-induced bonding may play an important role to constrain hydrogen into the relevant hydrous minerals.

F—T—FiKE, T0—YA b, @S, hEFEdT
Keywords: hydrogen, brucite, high pressure, neutron diffraction
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LW - i L EDINT A BANDHD AR LT 5 ELK DfFEHH
Factors controlling barite-water distribution of selenium oxyanion

TR A s Rl AR T ke R
TOKUNAGA, Kouhei'* ; YOKOYAMA, Yuka' ; TAKAHASHI, Yoshio!

VIRBRFER LG LN SRR R R 2 A 7 LA I

!Department of Earth and Planetary Systems Science, Graduated School of Science, Hiroshima University

Geochemical behavior of trace elements is controlled by their interaction with major minerals through ion exchange, sorp-
tion/desorption, and coprecipitation/dissolution processes, which govern the concentrations of trace elements in natural wate
Especially, the coprecipitation process with mineral is potentially important because trace elements can be incorporated and in
mobilized in the crystal lattice at least until the minerals are dissolved. Previous studies showed that the partitioning behavior
of trace elements to minerals were controlled by many complex factors, such as crystal constraints of ion substitution, effect
of complexation in the aqueous phase, rate of crystallization, and changes in temperature or pressure. For instance, Yokoyar
[2011, 2012] demonstrated that, in the case of arsenic (As) and selenium (Se) incorporation into calcite, arsenate rather the
arsenite is selectively incorporated into calcite, whereas selenite (Se(IV)) rather than selenate (Se(VI)) into calctite because ¢
the high stabilities of calcium arsenate and calcium selenate complexes compared with those for arsenite and selenite. In th
study, we focused on the distribution behavior of Se into barite to determine the factors controlling the partitioning behaviors of
the trace elements to minerals at the molecular scale by X-ray absorption fine structure (XAFS). Our previous results suggeste
that the distribution behavior of Se into barite was controlled by two factors: the stability of the surface complex between barite
and Se species (=chemical affinity) at the initial process and the stability of the ion substitution in the crystal structure (=structura
affinity) for the subsequent process. In this presentation, the barite-water distributions of Se controlled by the structural affinity
are highlighted.

The coprecipitation experiments were conducted to examine the influence of ion substitution structure on the distribution be:
havior of Se into barite as a function of the reaction time in term of the variation of barite morphology, total concentration,
oxidation states, and coordination structure of Se in barite. The results showed that both total Se concentration and the Se(V
/Se(IV) ratio in barite increased abruptly within first 24 hour and almost reached equilibrium after 24 hours. EXAFS analysis
for the initial and aged samples showed that the coordination number of Se-Ba in the aged sample is larger than that in the initic
stage. The results indicates that a larger amount of Se(VI) than Se(IV) was incorporated from adsorption site on the surfac
into the barite crystal by substituting sulfate site because of their high crystallinity that can excludes Se(lV) to a larger degree
than Se(VI) due to the similar structure of sulfate ion and sulfate. Based on these results, it is considered that the Se(VI) wa
preferentially incorporated into barite due to its high structural affinity than Se(lV), thus, the Se(VI)/Se(IV) ratios in barite rel-
atively increased through crystallization. These results suggest that structural affinity is an important factor for controlling the
distribution behavior of Se between barite and water.

F—U—=FR:N\TA b, 2LV, i LR, X BRI OAEIETE, 7B 2E 8, ME R
Keywords: barite, selenite, selenate, XAFS, distribution behavior, structural affinity
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Li-Al-Mg RZERFOH « w77 RINA R 7 k)b
Mid- and far-infrared spectroscopy for Li-Al-Mg micas

P HEN 1 A TERE
MAKIO, Masato* ; ISHIDA, Kiyotaka!

VIUNREER A L AL RS2

IGraduate School of Social and Cultural Studies

<FLHIC>

ERHGESYNE FELE ST 1D TH O . HyRkD 2RI G AT EIICET %, ZTOHICIEA A VEHIC X 0 2 < DOk
YifEAN g LT\ %, ZERHI True- mica Brittle- mica. Interlayer- deficient- micd K& . ZNZ N 2 /\EAR, 3\
RN I NG, ZN5 O EANRMIRERZ ITbNTER, TD5 B, Li ZFT Li-A-Mg REROEHIIRHET
HO . FOFSEEPASM EEEE I IR ET N TRV, FHCEROHFRNIIN AR MVIZDOWTIRIEE A
EHEFD IR, E/RIVEE TlE Tateyama et al. (197 7% < K-Ojpper > FIHFESEEEEN IR T 21 DN T K- Ojpner 75
SMBFEIREN N> R OPEDENT % C L2 WE LT\ 5, 7z, Ishida and Hawthone (20113 PUfifA%Z Al & Gat, Si
& GelliEHL L 7= Kinoshitalitelc DWW T 90enT ! (IED ¥— 7 % K-Ohuiers 1200m‘1 fhanv¥—27% K'Oinner fH%EIRE)
NV R, 150enT! D ¥— 2% T-O O torsional’ N R EIRfE LT\ 5, . Li-Ai-Mg %& 7 v % 3\ True-
micaZz7/KEAG IEIC K DB L. X #7 Rietveldfifiir 38 X U H « iz iRkob 075 %ﬁ%’:ﬁﬁb\fﬁ?ﬂ%WZ’\ﬁ M IVIC BT Bk
EEREE & RO 2R, ZOREZ ATz,

<FHRITIE>

IKEAERUC 350 Tl 2 S ARG E U CHIFE & Uiz, 4l (a)Trilithionite: K(Lip 5Al4 5) (AlSi3)Oq0F2-
Phlogopite: KMg(AlSi3)O1oF2. (b)Polylithionite: K(LixAl)Si4O4¢F2- Tainiolite: K (LiMg2)Si,O10F2+ (c)Polylithionite- Eas-
tonite: K(MgAI)(Al 2Six)010F2 RD 3DDRZNR LT 5, £/, (OD)” & F- BEHOIS R AERNCRNH ML 2 X% 7z
&, Mg- OD Masutomilite: K(LIAIM)(AISi3)O1o(F, OD, I DWW TNz, KEAG RRIE TR LIZIRGY % PYAU/SA
TN BEDEIK (99.9%) & & EICTAREE A L. 600- 650°C, 150- 200MPaDZ&F THKZIT> Tz, AfAEE DRI
X FRIEPTEEE (Rigaku Rint- 2100V)< X D [l 7 —Z ZU4E L. Rietan2000(Izumi and Ikeda 200\ T X ## Rietveld
fRRTIC K O RDTzo H « BARIRINAXR T B IS DD TIE AR E (Jasco FTIR-620% HW TR [EI1%L 256 [21 Tl
EL. ZOWREZRATz. SHGUE 1- 4mglcxf LARY ZF L > 70mgZzFEa L. IE U CEEFNC TP LllER R & Uiz,

<HER - B>

X FREHTAIEIC X 015Nz 7 — 2T HRER C2/im, RY XA 7 IM THHE(LTE 72D T, KIRICLLXT disorderL T
W%, SEMIGBIETIE, DT T EERRHA DMK 72 BI54 T & 7z, Polylithionite IC W\ T, ANAMIRZA R AR
20um OFERZBIRTH T N TE, XREITE—I DRy —TThi b, fRmEOINT EhbI S, =k
IR (250- 50cnT!) Tld, 150- 170 cnm! @ T-O torsional N> K, 120- 140 cnt! @D K-Ojy, e, HfEIRE N> K & 90-
100 et D K-Oyyter MFEIREI N RORERE NIz0 <K-Oipner>DIRANT & E750, K-Ojpner 7N RIGEIEEINC S 7
;9% K-Oputer 73 RliE<K-Opuier>DENNC & & 5o TEIEEBINC S 7 3%, HaRINRINGEE (650- 250 cml) T
&, T-O 2 fiRE)/ N> R EHEE T 5 600- 400cnT!, 400- 200cnT! @D 2 DDA HFET %, 600- 400cnT! DN
RHHE Mg @IS 51D, HEDOWIKANEDE D, &k LT7u— RNV FEix-o7, 400-200cnm! O
UG Tld Mg sEMENINT 2 ICHEVy, 280enT L IZHT 7= RN > ROERIE Nz,

F—T— F: Li-A-Mg B, KEERK, TRo8, mARsE, U — b UL s
Keywords: Li-Al-Mg mica, hydrothermal synthesis, mid-infrared, far-infrared, Rietveld analysis
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IS A EREE RN D Css SR o _
Cesium (Cs) Sorption Experiments into Weathered Biotite in Fukushima

it Fed e /NVE
KIKUCHI, Ryosuke * ; KOGURE, Toshihird

LHRORRe it
LEarth and Planetary Sci., Univ. Tokyo

After the accident of Fukushima Daiichi nuclear power plant in March 2011, radioactive contamination of the soil around the
plant has become an urgent problem in Japan. Previous studies proposed that weathered micaceous minerals present favor:
sorption environments for Cs Because the contaminated areas in Fukushima are mainly covered with weathered granite soil,
weathered biotite with hydrated (vermiculite) interlayers is abundant. Hence basic understandirigsofi@®n process into
the biotite is important to find the recipe for decontamination of radiation. Some of previous studies reported thaidSerbed
mainly at the frayed-edge sites of such micaceous crystals. However, other studies indicatet featedstes deeply inside the
crystals, along the interlayer regions by ion-exchange. In this study, we performesb@gion experiments using single-crystals
of Fukushima weathered biotite with well-regulated edge surfaces, and considered the relationship between the weathering stz
of biotite and C$ sorption property.

Fresh and two kinds of weathered biotite were collected from granodiolite of Abukuma granite body in Fukushima prefecture.
For each sample, cross sectionsdf mm thick perpendicular to the basal planes were prepared. Surface damage formed by the
mechanical grinding/polishing was removed byAbn sputtering. These sections were immersed in 30 mL of CsCl aqueous
solution of 2000/ 200 / 20 / 0 ppm for 24 hours at room temperature to incorporate Cs

After the reaction, the surfaces of the sections were investigated using scanning electron microscopy (SEM) with energ
dispersive X-ray spectroscopy (EDS). SEM-EDS with various acceleration voltage indicated that the concentration of the sorbe
Cs* does not change in the depth direction of “several microns rangew@s apparently sorbed at 2000 ppm but not at 200
ppm for fresh biotite, whereas Csvas sorbed at both concentrations in the weathered biotite. Back-scattered electron (BSE)
images and EDS analysis showed preferred sorption of &ghe regions probably with dense vermiculite interlayers in the
weathered biotite. Moreover, some specimens were processed into this foils using focused ion beam (FIB) and examined usir
scanning transmission electron microscopy (STEM). High-angle annular dark field (HAADF) imaging in STEM has visualized
Cst-incorporated interlayer regions individually in the weathered biotite.

Keywords: Biotite, Vermiculite, Cesium, SEM-EDS, FIB, HAADF-STEM
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KRBV T LOWELZEMRT 7 —7 A4 = OF )ik _
Pressure-induced phase transitions of vaterite, a metastable phase of calcium carbonat

Aol i) s 2T B2 T T 2 T RS
MARUYAMA, Koji 1 ; KOMATSU, Kazuki" ; KAGI, Hiroyuki' ; YOSHINO, Tort? ; NAKANO, Satoshf

VEREURSER AR L A SR iR, * SRAUHO LSRN ZE - > & —, ° WA - MRS

LGeochemical Research Center, Unlv. Tok¥DIRI, *National Institute for Materials Science

1. lFCIC

IREEFIIV S D LIIHIBREBICH O SNTHYDO—DOTH O, EREBEMRICBONTEERYETH S, VYA b
BXUO7 074 McBLTE, SETOZEIICOVTEZ L OIRNRE SN TS, VYA & 1.5 GPal ETHIV
YA b0, 20GPaL ETHILY A FIIANEHHIZE L. 75 dF A MEK 40 GPaE TEEIIFIET 5T EHHIENTY
bo RV T LODYEZENHTHB T 7—T 54 M. KRBV LFESORBRIIHICRE L, KO RERAIVY
A MBXOTSdFA MTHIEE T2 EDHILNT WS, 77 —T 54 FOEHE RTOEFNIARMATH D, HELE
MHOTEJNSE X LZEME 1T BR 2282 R C WA ENS, ZTTAMETIE. 77—75414 FOEE R XRZD
iﬁ%ﬁm%{j‘j 71’;0

2. RE&R AL

HERIIEBR LTz T 7 —T 54 b AWz, 60 mM CaCl /Kiaik¥s & U 60 mM NaHCQ /KA 7% 30 CIiR - 72k
HETIRA L. 1000 L, Z0%, WA, HKIC X2 0BICEERI® 5 C L THOM KRR ZE, 5
SNTZRENIAR X BREHr (XRD) 12X, 77—75 4 NHMHTH S & 2R LTz,

RIEREICEZAYEY KT VeV fniz, BKEEZRDEDIC, FHAE LT T LRRZE AR/ —
Ve IR — VRGBT, iR e L BICE A Uz, IEHIEICIZV E =80 EEZ W, EiE T, 0~14 GPaDt /)
#HiFH CTERBEIICIE 22 b 38, BFETBWT XRD fEZT1To 7z, XRD EICIE. KEK O PF BL18CIC THUHE X
% iz,

MEREER

BENTZXRD XX —2 5, T77—7 54 M3 4.7 GPaA LDFET, €—7DRRBE XTIV Y A ~IANHEER
a“%u_ EMMERE NIz, LeBailetal. (201107 7 —7 74 M OfEEHGEE T VAW TR FEREHET S L, =72

PR LB TTEROROCP RSN, WFEORNTZT7 7—T5 A4~ (7 7—7F4 b EMER) "M Lz & #
zgméoéBKMET%&\77—?54FHﬁﬁ@?%ﬁ&vﬁ»ﬁ(Fmﬁ%%ﬁ%z£#5\b»ﬁ%hmu
T7—TI7A4 NI GHIEBLTWS EEZ NS, iz, 12.9 GPAL DT JIT. BHEORE AV T LZHE TlEEH
BHTE VAR Y MROEIIDHERETE R, O eh b, 77—7T4 b DO—Bld /vy 4 FLCHEERE T, 12.9
GPaTHE O (77—T7I5A4 FIEMSR) "MHIEB LIzLEZO5NS, T, BENENE RTFRE, TJr—T75
A BXUANVY A IR BN ehD, T7—TFTI5A4A BT 7—TIA4 NIBXUT7—TI5A4A NI E T 7—
T4 LA O, 77 —T 54 FIH S ALY A FIIANGARAEOHEER THZ L EZE5ND, AIFEICK
D, 77—7I4 FOFERTOMECENT, TNETHSENTW D >THKBAILVI T LDOEEHE (77—751 b
IHBEXCT77—754 M) D TRHEEI N,

F—U—F: T 7—7 74 b, MR, @
Keywords: vaterite, phase transition, high-pressure
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FIRICET 5 SIOy T ADERKIBHEIE
Huge plastic deformation of Si(@lass at room temperature

K RAG 5 iy BRIE ik Ay 2
WAKABAYASHI, Daisuke!* ; FUNAMORI, Nobumasé ; SATO, Tomokd

VIR R G ERIIZER, 2 IR R AR B AT IR
!Department of Earth and Planetary Science, University of Toki@partment of Earth and Planetary Systems Science, Hi-
roshima University

HERETEOEKIE, BV, EARLTWWEERDOC EPHSNT WS, Fie. HI RAFEEMEZ TR0
eI, FRMOLEDX S BNz UTME R 2K I N TE RV, LML, @WHEHSETEZRD SIo, 4o
ABN, MFLEEIC X 0 K 2098 £ TEBE(bE N3 2 <A DHLNTED GkAEEE(). ThULEZDOW
WEFE L EA %, TOXRAERLEIE, SiO; EKDHERKT % v b T — 7 HEEOB I Z I X B HERHS & U TR
W TZ% [e.g., Wakabayashi et al., 20L1 filt. hiEdliC EE A S W @AW HE0O X KREFTICEK D —liEfE ~
BB S0, T ADHE —E— 7T 2 HHFEEEORAERANNE TNz [Sato etal., 2018 ZDF5HE, SIO,
KT ADHFEEEREEIC X, WD TR ERFEATADBIREIN, WEEEKERFEEEAD, v b T—T7HEEDRTT
BRBEMZICK > TR T ST EHHLNCIE S T,

AWFE T, SiOy /1T ANEEZLZ D IR W RBE DM A 2 ITHh E S hZIALMMCT B0, — il EfE T
I3 SiO, HT ADINIV T REIOIIRDZALZRIE Uiz, & DI, AR HHEEEDMAIRETE00., H5
WIS EREEREIC B TRA T 2 DM E S D EIHEMMCT 728, BIPGREHT N LT, 50 keV D HLtA X fEBHE251H 5 A
LT, JEW QI CEHTAIEZ1T> 720 MFEICIE R AYEY R7 VU IVEEEH Wz, 45T TN E o7
YEIICHEENT—EMIRREIC 72 5 K 51, MERRO IR OREAZTE Uiz, Ar A ZE kL LT, 20 GPa
(Rund, 12GPa(Run?, 6 GPa(Run3d X TOE)JHIEKT, 3MDERZHM LTz, EOBIROZE I, FE22uEi
B IV THIE Uiz, X SREFTAIEICIE. PF AR-NELIADRI HZFIH Lz, . FBRIIETERTIrbhiz,

Run 135 KU Run 2T, 6-8 GPAZEDT /] Tl EAIRIEL > 7o, #IN 5 T &R ERIOENE L HLKL. 20
GPalZ U\ T 109 & DOFRRDIE MBI I NIz, I SNzl O BRI RAERE, o7 [Sato et al., 201B
I K BMRARIRZEBRCTH UT—HREARE L, SIO, HIANRKIRICB W THHEIE AR LIz LAV RBENS,
iz, XREHTORERN S, BIPGEHE, WINERKICEEEEEINIIREBICD S T & (=1 20%D &5 E k), i
DXy N T — I HED R RAEA RS> THD . ZORKETTIIEITHIZE [Sato etal., 201B L AN TH 5 T & HH
SMMCEo Tz, —/. Run3Tl&, 2-3 GPaREE DT I Tl TNk L IR o 72 hY, 6 GPah b [l & N7z ik kNI M2
B LTE5T, SN/ 2= 8 @EOHTALRUTH >, MKESRM T, EEEZ 9 GPaf
EhHESD LS NTED [e.g., Wakabayashi et al., 201 @#HELE N3 LA ERZKLC LA A0 L
EZHN%,

D. Wakabayashi et alRhys. Rev. B84, 144103 (2011).
T. Sato et al.J. Appl. Phys.114, 103509 (2013).

F—TU—FR: S0, HT R, B, AAmHEEN, 2y b T — I fd
Keywords: SiQ glass, plastic deformation, permanent densification, network structure
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HEMETIVELTOART I /W—V AT ESEKROE RN
Shock compression of synthetic amino acid - silica gel complex modeling for comet nu-
creus

FFH PREA L BLEY (g 2+ BRSTE J5RN 2 Fekd 95 L HOR K 3 Chen Liliang ; 7K b R0AT 2 sk &) 2
MURAI, Takuro' ; OKUNO, Masayuki* ; OKUDERA, Hiroki? ; ARASUNA, Akan€ ; MASHIMO, Tsutomd ; CHEN,
Liliang® ; MIZUKAMI, Tomoyuki? ; ARAI, Shoji?

LIRKAR AR FIRRFAITERE, 2 R K AR TIE E IR S A T L2ER, 3 REAK A L 2R — R 2N T
IGraduate School of Kanazawa Universfifanazawa University) Kumamoto University

BREDOT X W7z EOGREMIN., BEEDOOSZIEKT RO —F Y U HAKRENS, RDOh->TWV5 [, 2], Th
5O, WIHAHER EOFMAEY 2K U Iz AR ENFHEM TERE N, BEEREAICK > THiER Ficd 725X
NIAREMZ /RS T 58D TH %,

Greenberg et al. (1997)[3%. £ < OEENARY). HEEYE RS TIOKTIERENTWS EME L TWa, i,
U ATIIVIEIERE D SiO,-,(OH), DEIZFF B T2 T TS, TP Z, TV AT IVEEROGEYEET IV
HThHs, AWZETIE,. BHEKRDOT I /B (LY V) OB 2 LZENZ T 572dic, L &Y >r—
D NTIVESIRZ BRI U, BN U 7zalR OREZ b7z X AREETIE. AT T~ o kic XK O, @5
[EEFZERIE. 8.2 10.9. 19.7. 26.9 GPaDEAM T L Tz,

SRV OFRERD S, BRESREE S KO 2 EO L ) VB EATWS T EHIHLMICE NI,
EERY T NDT Y AT MU, 19.7 GPaDEBITHME CHEEMED L 2V gk L, Kitto L v U5 &
ERLTWS, ZTh i, 19.7 GPaDY VSV T I /L UKD L ) Y DHZEEA TS, TOT LiF, L
TV VO TFRIOKFEREEIIKTTFOFED T T, HfEEhdEDEELZBNS,

C D 19.6 GPaDE® [+ /jid. Blank etal. (1999)c K> THE SN TV 5, HBKICHEZET 5 1 9 B DOEEDHEEE)
EFIELRV, TOT &, FUEHIER EoE R ED, FHZEMTERI N, HEFICX> TR Eics 753 h
T REME AR RS %,

5 SRR

[1] Elisila J.E., Glavin D.P., Doworkin J.P. (2009) Commetary glycine in samples returned by stardust. Meteoritics & Planetary
Science 44, 1323-1330

[2] Cronin J.R. and Pizzarello S. (1983) Amino acid in meteorites. Advances in space research 3, 5-18

[3] Greenberg J.M., Aigen Li (1997) Silicate core-organic refractory mantle articles as interstellar dust and as aggregates ir
comets and stellar disks. Advance in space research 19, 981-990

[4] Blank J.G., Millar G.H., Michael J.A., Winas R.E. (1999) Experimental shock chemistry of aqueous amino acid solution
and comtary delivery of periodic compounds. Origin of Life and Evolution of the Biosphere 31, 15-51

F—U—FHE T8 AT, BRI
Keywords: comet, amino acid, silica gel, shock compression
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Popigai”Z L— % —pA 287 F XAV E FOMMIFHRE & TR A 71 = X L
Microtexture and formation mechanism of impact diamonds from the Popigai crater, Rus-
sia

K LEH 1= 2 1R &l 1 ; Konstantin Litaso¥ ; Valentin Afanasie¥ ; Nikolai Pokhilenkd
OHFUJI, Hiroaki* ;: YAMASHITA, Tomoharu' ; LITASOV, Konstantirf ; AFANASIEV, Valentir? ; POKHILENKO, Nikolai

VEIRROPHIERIRE X A X7 At 2 —, 2 a o T REET T R —
LGeodynamics Research Center, Ehime Univer&8iberian Branch of the Russian Academy of Sciences

Large meteoritic impact occasionally produces an extensive amount of diamond on the surface of the Earth [1, 2]. Popiga
crater located in the north central Siberia is a typical example of such diamond-forming shock events and has recently bee
brought back into the spotlight due to its vast estimated reserves of the impact diamonds [2-4]. Authigenic impact diamonds oc
cur in shocked graphite-bearing garnet-biotite gneisses that are found as inclusions in impact melt rocks, so-called tagamites al
suevites. Popigai diamonds occur as irregular to tabular grains of 0.5-2 mm size (up to 10 mm) and usually show yellow, gray o
black colors [3]. Electron microscopic (SEM and TEM) observations in previous studies described that they are polycrystalline
aggregates of 0.1-&m grains and show a distinct preferred orientation along the [111], which is in a coaxial relation to the
[001] of the original graphite source [2-4]. This crystallographic feature as well as the occasional coexistence of lonsdaleite,
metastable carbon polymorph, suggest the Martensitic phase transformation for the potential formation process of the impact d
amonds from Popigai crater. However, the textural feature of the impact diamonds and its variation has not fully been examinec
Here, we present the result of detailed microtextural observations of impact diamonds from the Popigai crater by transmissiol
electron microscopy (TEM) and discuss the formation mechanism and condition in comparison with those of synthetic diamond:
obtained by high pressure and high temperature experiments.

In total 10 diamond grains (7 transparent yellowish and 3 black samples) from the Popigai crater were studied. Each sampl
was first analyzed by a micro-focus XRD equipped with a Mo target and an IP detector. The results showed that transparer
samples consist mostly of diamond and occasionally contain lonsdaleite, while black ones are a mixture of graphite, lonsdaleit
and diamond, which are all in a coaxial relation as shown by 2D diffraction patterns collected in transmission geometry. Each
sample was then transferred to a focused ion beam (FIB) system to cut out TEM foil sections perpendicular to the surface (o
the tabular grains). TEM observation revealed that although all the samples commonly possess layered structures and preferr
orientation (mostly along [111] of diamond), there are varieties in crystallite (grain) size (down to 10-20 nm) and degree of pre-
ferred orientation. Taking into account the similarity in texture and preferred orientation feature between the Popigai diamonds
and synthetic diamond, the variation is likely derived from the small difference in crystallinity of the starting graphite sources
and perhaps more significantly from the difference in shock temperature.

According to the shock features recorded in the silicate minerals of the diamond-bearing impactites, the threshold pressure f
the onset of the graphite-diamond transformation is estimated to be 34-36 GPa [3]. However, our recent experimental synthes
[5] demonstrated that a similar phase assembly (mostly diamond + traces of lonsdaleite) and microtexture can be produced
much lower pressures of 15-25 GPa@&000°C. The shock pressure as well as shock- and post-shock temperature accompanied
with the formation of the Popigai crater might be needed to be reevaluated carefully to understand the real nature of the giar
impact.

[1] Masaitis V.L. (1998) Meteoritics & Planetary Science. 33. 349-359.

[2] Langenhorst F., Shafranovsky G.1., et al. (1999) Geology. 27. 747-750.
[3] Deutsch A., Masaitis V.L., et al. (2000) Episodes. 23. 3-11.

[4] Koeberl C., Masaitis V.L., et al. (1997) Geology. 25. 967-970.

[5] Isobe F., Ohfuji H., et al. (2013) Journal of Nanomaterials. 2013. 380165.
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A D AR 20BN « 1ENC K B 7ERE b AR AR
Melting and crystal growth textures developed in rapid heating and cooling of olivine fine

particles

BEGR 185 T MERR £tPH 1
ISOBE, Hiroshi* ; GONDO, Takaaki

D RRAREAR AR F IR AR A

LGrad. Sch. Sci. Tech., Kumamoto Univ.

WS AL, EENICFEET B D—DTh b, FEARMERZIITIE7ARL, aY R4 MEAZRMTF2a2 R
Ua—)licBNTE, DALAARERSSENICFEET 20 TH5, I R a—)IlHOLASAAX, FIERYIED
IEGEFE & A)V BRI 7 OB EERRICHRTE LT 22 R T T EMHIBNTWS, AL TIE, b ok vz
H% &8 %426% (Isobe and Gondo, 2003% T, MA D AMIBEWAIFORME, 20 HIEBRZ1T-> Tz, F25R
ERINCiE, DASAADOHBREILR, KPR, MRREZRENICK > THEIN TV S LB X 5N xiseE
T EEBEDE SN,

FERIT W zaRNE, RIRD F090«Tocl:O Fayalitefl B DN A S Afy, X THULHHEK Fo55D N T A B Afafiih

LI Uz, TNHE2ZK 100 miFELE K5MiL, IREMARE Lz, IBEBMFICKD, BALMMRDOMNA DL ALK
FREERTMER Uz, InEA - %{%%%ﬁei B0 TE N U A Az HiliE U Tz 5=y 7 AR NS IR 72 TV
Too PVEPRI T, 2BLDANIC 1400 CITEL, #1700 1400 CLULEDOEIRZERBR LU, 1BUATRGEINS, i
FRF O DENTE NEEIIRER L IEOMBEZR DY, KO, mHMEE S KRIKFT 5, HMMICKE
TR, REREREDMRNAR S, BWHEER ARV EHESNDS, BRI, XU MEREAKE R
Liﬂ?ﬁ/ﬁ’ﬁ(ﬁ?}: LT, WBRElLah > T FidHEME LR ChA S AARMREA E LTRINE NS, BIRLZR T, &£

EHEMBEIC K 29VEOBIE 2T o 721, [H—idRZzeisic el U, R ANEHEROBIZEE X G 2175 Tz

MDA DHBRRIN SHEE S NZED, Fayalitefl DM A D AR FIE5ERICTAR L, Fo9OR DRIk Z
NEETIIAER L TRV, FoSSMRDRMRIE, VU X AREITE Uz & BN 2R 1 Tldhi 758 T 2udie 5o TRl
WECT BN sMERT, BB A E A DIEERTTlE, FayaliteflphA B AADRRIC X > THE U
ICET A)V MC FO903H K U FOSSHHM DA MBI TAB BRI C 2, TD, #hih/ AV MREICIEKE HIBEL)
BV T %,

WHNBRIC BV T, (RIZREDRENY 2R 7 Tld, D TRERGHEBEIC X D FMICIERE NS BIRhAS A
A3 R 2 —)LOVREU BT 2 3 B HHRRDTE R LTz, Bl 5% D D Fo9035 X U FoS5H DSz sk T,
AL HR O KRR S ORREMBDBISR S NS, £z, BEELAV FETIEERARFEROREN R 5N, KFEKimDEIR
ICEZDEDNENZ GO D 5, Tz, HERRFOMED ERIEDHIRIL L ETI TH - 72358, DA AaREERIE
IC—EJT N DRGSR DB T 2588 RN 5, TSNS, B L,{V\]ODH%F'EEX’T—}Mdbb‘%h\/uB
RS DTERL Bl $IE R FE bR I DWW T3 %,

F—T—=F:DALAA, AV R a—)b, BIEK, fisaE, BRI, 20k
Keywords: Olivine, chondrule, nucleation, crystal growth, dendrites, quench texture
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VIV L@ TE0WT AV N BXUORY 7 A B AV MR % 2
KePEDIRE AR . : . .
Temperature-dependent thermal expansivities of aluminum-free silicate melts and borosil
icate melts

B A R ER 2 R 2 M A2 AR 3 R s 8
SUGAWARA, Torut* ; KATSUKI, Junki? ; YOSHIDA, Satoshi ; MATSUOKA, Jur? ; MINAMI, Kazuhiro® ; OCHI, Eiji3

LVRRERAARERR, 2 WA R, 3 HARIERA
L Akita University,2The University of Shiga PrefecturéJapan Nuclear Fuel Limited

WIEICBIT 22V 7 A N AV S OBNZRRFEE, SO L 755 F 7 AL 3)VF— DR - [EHKEFEOEHA
R T ATERFOBSHRD Y 2 2 L— 3 Vg IR RIEMMETH 5. ThE TS, 7V /U714 b ALk (Lange,
1996; Potuzak et al., 2006~ 7 < #lK D X)L b (Lange, 1997; Ghiorso and Kress, 200& 32455 (dV/dT) XKD
HOBBTHD, BEICHESKRNTEPMEINTEZ. —J7, Si0,-TiOy-Na,O R AV~ (Liu and Lange, 2001 &
50Si0,-25Mg0-25Ca0 (Gottsmann and Dingwell, 20004 ) M2 DWW T dV/dT HDREDOIN TRV T % L EhTWw3
B, BEOFRFICDODWTIREBIATN TRV, FafRLlE, ERGDT7IVAY KT A BB XV b h 5 7x 2 REEEHE:
FEEM AV b & £z, dVAT DBEE LB DORERGFEZ /RS C L 25 L (Sugawara et al., 2023 A% Tl
SiOy-NayO RDAH T A, THHY—ZGIKATAB IR T AN S A2 O TEEREZITY, AV O dvidT
DIMERTIFED LB IS DN TERE L Tz,

W #2175 12 o AOFKIE (100-X)SiG-xNa,O (x=23, 32.2), 71Si@6Mg0O-9Ca0-14Ng0, 66.6SiQ-yB,03-(33.3-
y)Na,O (y=8.3, 16.6, 25) & U 66.6Si0Q-(12.5+2)B,05-(4.2-2)Ak05-2Ca0-(16.7-2)NgD (z=0, 4.2) (Mol%)CH 5. X)L
N DEEET IVFAT A EREIC K OWE Uiz, RBEMEEZD N T Zalkle 179 AR T7 = — )V Uik, =
IRCOH T ADBERIE L TMA IZ X BBWERIEZTT- Tz, RIS L AW RRBE A B DY S T & THS AiEEHE
HICBT 2 8BE A ) N OEREZRDTz. TOMESREEZHAGDES LT, AIVMNOEEBXCEIVAREORE
JEAFER S M L, dVIAT ZRGE L7z, Si0y-NapyO R AL M DOWTIE Xkl & & &b ¥ Tt 2115 72

AWM THE LIz dFND X)L MZDODWTE dVAT IFAEDIREKFEZ/R LTz, Si0-NaO R A )V kD dv/dT I
Si0,=50/"5 67mol% M i TIREMAFENEIM LTz, & 51T SI0, MEINT % & dVAdT ZD & DML ITEDINT
REREES DT R ebholz. AT % 71SiI0,-6Mg0O-9Ca0-14Ng0 @ dV/dT O & DIRERFEMEIZ
67.8S5iG-32.2Ng0 AL I, diopside X)L I (Gottsmann and Dingwell, 200035 & U wollastonite X )L & (Potuzak et al.,
2000 O dv/dT DM ZGE U TzsHHEE & ' —B LTz, @i < o ailEIc KU, SiO-Na,O R AL b
BEXU Si0,-NayO-MgO F# AL MTHWT, SiO, & MgO Dt X CIREORINE & 1 QAFENEEE I N 5 &
MHS5N T3 (Maehara et al., 2004, 2005 Ht> T, SiOy-Na,O R ANV R B XU MgO &A A )V MIBWTHEEINS
dv/dT OISR, BEZFETHS Q41=y MEOBEB I THKZLICEELTWE EEZ5N5.

AW CHIE LTz R 7 A B XL M2 350 T 66.6SiG-8.3B,05-25Na0 A& dV/IAT OB OIRERIZE N EE T
HD, NayO % By03 721 CaO T, By % Al,O3 TEHET ST 2Ic kD, dVAT DIREZIZ/NE ko7, C
NnonTkiF, BO4A1=y FEDEBO3LZ Yy FOENMAENKENT &, 5T 4 BNiA S 3 BLiAND R 7 FEhd 7
BOZAEHREICH U TIHREMICAE T TWwa  (Wu and Stebbins, 20002 SIcHkT 28D L BbNh .
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