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High-pressure phase transitions of,810,: In-situ Raman spectroscopic study
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Zn & Mg 7 A RFIEE CA A 2B Z RO, TNE 28T A BEORSHEIIREAERDS, ZnSiO, DEE
FHEZRSIC BT ICE A willemite), 11 111, IV, V. (ZETERAE 2)L) fHBHIS N TV (Syono et al., 1971) Mg, SiO, %
CHSELUTHBHT 2DRATAC XIUHDOATH D, AV E U E A XIS EIFIE LTV, miZ O IS Smc
BLEZE, Boll, AL XTI &V HORSEZIRE L, ZN 5D retrogradefl T % Al e Z 5 L 7z (Liu et al.,
2013) T SICHMETO=DICHE R DFT IR ZEM L. ZNZENTE BB N U185 T & 2R Uiz, HEED
EEZERIC DOV TIIIRE TE D o o (M, HAKE 2014), AR TR, BEZDL IV EIERIT> T, %
N5 OFTRENIHEBEDEBICHFAET 20 E I D EFINTz, o, I IOV TIEEE F T (HELER) A ¥ RIUihE
KRS % T ENVE—FHEEEN S FHEN/ZD T, TOMICONTEFAN,

M OBZIE XA YT RT V8LtV (DAC) Zffi> 1= Z DT~ Vi tiE Tl > 1z, fio 7z DAC IRtV T
Ho, Falvwv MEES00I 70 DEENEEAYEY KTV ENVEMio T, MEHILGATORIVF T > EIVEEHEERT
‘/Bonzi i LIV HETHS (Livetal, 2013) HA7 v M 2503 70V ED SUS30IHTH D, I LRI HGEEIT
MTHI 200 2 70 VIERONEZRIG 2, EIBAIC T IV a—)VIEEY (W,IV 1) F7213 KBr(ll #H) Zffi> 7z, L%
L—%—id 488 nmTH D, 50x DBESEBIFEEENYI L > AT 1 2 70 icik> TalkHa Y Tz, < VBGELEIE home
madeD A A—I VT E /) I RA—X—+REERESGH CCOMEZROBEM S~ > v AT LTHIG Uiz, ENIZIVE—#
HETHRE LT, WERETER N>/,

N IS DWW TIENEEFRIC BNV T 5.5 GPAFHEHIC T < VAR MV —ZE L, IR RS Nz, TR 1.5
GPa TR I N, Il D ARY MVICHERICR > Tz —J7. IV AHTIIINE « ik & $128) 2.5 GPaTii
BHBIREIN, TBEBIEREATY VAN ED 5Tz, I FHIC DWW T INERERE TR 13 GPACHBWTH LWLz —UHHN
7z, FEEKES Do EEBRiEEHT) =N 7 a— R Th-oiz, mEMDT <V AT MUidZFNZFNRE
e EAEGICRE BT B2, SR T1IXEZEEbNS,

INBDOTUZOLGAEOREE, Il BXT IV HHH retrograddl TH O . HE FCIEERZEDHICIEKT % &
W) TR BN TENT 2, BRI NEZOHIERITIIRE I N TV 2 2MERIC X DIRE - F220E T 175 (Syono et
al, 1971)& 0 &K<, F/EIE LAV, HLDE—FHEIEOMSR KT 2 & LIV AHIZOW TN TH 205, 11
FNC DWW TIFFE T TR I NI@ A 6 BUNL Sih BB 78, FERTBIERE Nz HRIEIE COMEIE ch L3R
BBHEDEEZIBND,

BUE, STEMAHDFRIEDT=DICEEMIEHED T~ > E— 7 IREBZH - FHETIHE LTV e T ATH D, FHERFICH
%‘6‘%0
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IKEAG IEF A b LaPO4R&U‘JLZ“/ 2 A I\ (YPO4)H D OH K[ , ,
OH defects in hydrothermally synthesized monazite (LaPO4) and xenotime (YPO4) sin-
gle crystals
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Monazite and xenotime are common REE (rare earth elements: here considered as Y and lanthanoid) minerals in crust
metamorphic and granitic rocks (e.g. Spear and Pyle 2002). These minerals are widely used in petrologic studies as a U-Th-F
geochronometer (e.g. Parrish 1990, Suzuki et al. 1991) and a geothermometer (e.g. Gratz and Heinrich 1997, Pyle et al. 20
and Viskupic and Hodges 2001). Furthermore, these minerals have been focused on as a functional material owing to their seve
exceptional physical and chemical properties such as the high fusion temperature, high chemical durability and wide stability
fields, etc. (see also reviewed papers: e.g. Boatner 2002, Kolitsch and Holstam 2004, Clavier et al. 2011).

The X-ray analyses for these minerals has been conducted by Ni et al. (1995). Monazite has monoclinic symmetry with spac
group P2;/n, and preferentially incorporates LREE (light rare earth elements, here La”Gd). On the other hand, xenotime has
tetragonal symmetry with space grou,/amd (isostructure with zircon), and preferentially incorporates HREE (heavy rare
earth elements, here Th™Lu + Y). Monazite and xenotime can contain trace amount of hydrogen as nominally anhydrous mineral
(NAMs). However, only few studies have been reported on infrared spectroscopic measurements of monazite and xenotime
In this study, we conducted polarized infrared spectroscopic observation on hydrothermally synthesized monazjjeaicaPO
xenotime (YPQ) single crystals.

The single crystals of monazite and xenotime, synthesized with a piston-cylinder apparatus under a pressure of 1.0 GPa and «
perpendicular and parallel to the elongated direction, are mounted and doubly polished (i.e., ménaaitealy perpendicular
to Y or Z, xenotime:E _L_c or a). The polarized infrared spectra of monazite and xenotime single crystals were measured in the
transmission mode by Nicolet iN10 (Thermo Scientific Inc.).

Monazite crystals show two pleochroic absorption bands at 3164' ¢FWHM = ca. 50 cnt!) and around 3330 cmt
(FWHM = ca. 140 cn!). On the other hand, xenotime crystals show a pleochroic absorption band at 3302FaWHM = ca.

10 cnm 1. According to obtained absorption figures, the OH dipole in monagzite is weakly oriented to [110], while in xenotime, it
is strongly oriented perpendicular teaxis. Based on these results, we suggest the OH incorporation models as shown in Figure
1. Two incorporation models must be considered on monazite due to tjide symmetric element. The charge balancing
mechanism in monazite is expressed as REE Mrrr + 3HT. In contrast, the charge balance in xenotime is maintained by

the reaction of REE" + 02~ « Mgrpr + o + HY. When the Libowitzky (1999) correlation is applied to the obtained band
positions (monazite: 3164 cm and 3330 cmi!, xenotime: 3302 cmt), the O-O distance of 2.69, 2.76 and 2.X4s estimated,
respectively. Considering the estimated inter-atomic distance and our OH incorporation models, we could suggest the formatio
of vacant REE site cause the slight deformation of monazite and xenotime crystal lattices.

F—I— R EFYA b, B &AL, KRG, NAMS, fRIa7R74 ek
Keywords: Monazite, Xenotime, Hydrothermal syntheses, Nominally Anhydrous Minerals, Polarized infrared spectroscopy
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bifurcated

donor - acceptor : O1'- 04, 027~ 01, 04 - 03 donor - acceptor : O1°- 02, 02~ 02” or 027 - 02’,
03°-01 o1 03°- 03

@  Hydrogen atom bonded to the donor oxygen with ‘two'-fold coordination
O Hydrogen atom bonded to the donor oxygen with ‘three-fold coordination

Olres Vacant REE site

‘The structural models are drawn using VESTA (Momma and Izumi 2011)

Figure 1. OH incorporation models of monazite (a), (b) and xenotime (c).

(a). (b) Two types of hydrogen sites, which corresponding to the coordination number of the donor oxygen, are considered. The two
band positions at 3164 em' and 3330 cm™! would be brought by the coordination number difference of the donor oxygen.

(¢) The hydrogen position would demand a bifurcated hydrogen bonding. This incorporation model is also proposed by Talla et al.
(2011). Additionally in zircon (isostructural with xenotime), the same incorporation model is proposed by Nasdala et al. (2001).

‘The site and coordination mumber of oxygen atom in monazite and xenotime can be summarized as below. The oxygen atom in monazite occupies the four general positions (from

010 O4). 01, 03 and O4 bond with two REE atoms and one P atom. Only 02 bonds with three REE atoms and one P atom. On the other hand. the oxygen atom in xenotime has
only one site placed in a mirror plane. and bonds with two REE atoms and one P atom. For more details, see also Ni et al. (1995),
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G FOEIKAGHAZ AD X RB X ORI
X-ray and neutron diffraction experiments on hydrous silica glass under pressure
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EEREHE AV b (7<) OFEMER S5 d s & OYIMEIZKDTBRIC K O KRELS (LT B, 7 <WMEIZZORE L BB LT
BY, BK< < OREIZHIBREE R BIR RN R R Th 5. A IES FCBT 28K~ 7~ OYE & ik
DOffEZBIE LT, SETDOXEpEhET 2V EITEEZ PF & J-PARCICEBWTHED TWVE, RFEETIEIE KA
AT AT 2 KEFAERICDOWTHE T %,

WHE LTz Bk i) 5 AdEK 7z 13wt% A TH D, BIEKYT 3GPa 1600° COWRAMN 525 UTIER Lz, BT
BRI HEHEIP 1 5D B 10GPak CTEIR F T 7. XHREHTHEERIE PF-AR NESCOD MAX80 & SPring-8 BL04B2
ZRHWT, TR EERIE J-PARC MLF BLI1DEMiZ AW TITo 720 XEREHT 77— Z X T X THITEA TH B, H
M7 IERITHE & AGPaD T — Z DB IMANTIEH TH %,

X R & P EH A B RSER O FSDPAES & & &1 high-QUICBEIT 5 C L MR E NIz, Tz, BIROTHBEE
M5 Si-0O & O-O T IZFENZ AL, SI-SIFEEENENIC K v fEsC EWVbh o, —J7, 4GPax TDHEST, D-O
FREE 0.92A LIFIF—ETH o7z, 10GPaZk TOENHFIFATIX, BE/KGHEA T AD SiO, U AN 5 75 % AR EIC 2L
375 <, PUAHADRSAIREENZL T B L TamBEILL TV D EEZ BN, [AOENZIZIKDOGHENTS A
IKBVWTEMEEINT WS, —77, "L MBI 2KOEBEIVAEN S HRAEE % & HK (13wt%) 1EE/KAEHA T A
DIEFED 2095 7% 5D TV 5 LHEE S NS, KT AZ 10GPaE TOE S TH 2004k kD9 %, @K T ATEIE
FEOARE DM E TS L35 L, 10GPaTCdMETROE/KICEZIEARENS T EHHFHE NS, LTI 10GPa
EFTOHTETFTF—REEDOE THEmIT 2 T ETH 5,

F—TU— RN TABEAT T X, T, BT
Keywords: silicate glass, magma, neutron
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Structural change of hauyne with increasing temperature
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794, NagCaSpAl;015S0, 13V —HT A MERICET 2HMTH S, X FRPBE RO BT I RS X
N, ZiIEEZ & DT L AR E N T3 (Saalfeld, 1961; Tsuchiya and Takeuchi, 198%°), %7z, MUK D, 550°C
M5 700 COMTEZRITNHF L 20, KO @EIRAITIXERRN A I RN SN TS (Taylor, 19687 &),
ETRZ D X SR AREHFERIC K D, 390°C L 407 COR CHER S DO E— 7 OIEEMBILRE N, T ORI
TOMIEREZ " LT\ 5 (Hassaret al., 2004) Af7eTlE, IREZICES 70 1 > OREEZEL & BFERO A EEE &
ORRZRET 572010, 2D0TRHERIC KD, @iRZ OGS X AR TR Z1 T T2,

RAYDT AT zIVEDT IA 2 72idfl e UTHH Uz, #EOHTICIE T3V F =080 X #1570 tE (JEOL, JSM-
7001F) 2L, KHETFEINSEIETH 2 L 2R L, HHINIE Nag.s3Cay.95K0.21Si5.06A12.93012(SO1)0.95Clo.0s &
PEE N, SR OLEES X BRETERIE, A=Y 077 L— M X fREH2EE (Rigaku, R-AXIS IV++) I Sk
JEE4t—%— (HubenZ35 L Tiro 7, 20CH 5 700°CE TD 8 TR G H 2w LU, RS OMEZ(LDE
RENETTEBOPIEZITo T2, BT — Z OffHTIC I Crystal Clear-SM 1.4.0(Rigaku {#H L7z,

20 CORBEE T, #ERNOE—I7MEIEIN, R EEEKHE ORREND, ZFEED B EANED
JEBAOR) 815 TH 2 LHEME NS, —77, @il T, FERHNOE—271F 600°CHHE X TIEBIEE N7zh 700 °CHhik
THAL, COWREHIHTORMEZIZREL TW5, ST ERIE 600°CHHTE 700 CIHEDM TRERAA LN, &
TR T B RRD D Uz AR ORERIE T T A4 > ORGEZL & RO ASESHC AN H 5 T L 2R LT\ 5,

F—T—F: 7 UA Y, ZRREIE, HAS X KR, @IRSEER, 2 O8I
Keywords: hauyne, modulated structure, single-crystal X-ray diffraction, high temperature, in situ observation
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NaClDENFE 1€ TILAD B HHAFE 6 0 3
Application of free volume theory to the model of thermal pressure for NaCl
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ITAE NaCl® MgO 7 & D) REEYE SO HIERNERIC A E S S HEREIESEYIC DLW CIREE AR M2 B % Mie-Gruneisen
DX TEIIT % T EAZU, Mie-GruneiserDXid. Fild EAEHIAROIH L BVFE 1 OEN 5750 . FHmEMIITROE T,
FRAREHER (Kp) RFZOENIMAME (K 7, K" 7 %) B, BT IIOEICOWTIE. T3 & Gruneisenr 8~
A—% (y) LZDURBEMAERENINT A—% LIx5, Slaterdm [1] 7% &5 < S FFREHEIRR L v 1Tk, &84
FZhH 5 LIFHIENTWS, Barton& Stacey [2lid. 2 FEIIFEIREHEFRIRT Vv IVOEREN S, HEHARMH
i [3] ZFEE X (BUF. Barton-StaceyD=) T. FHRITAHHHREN DS v ZHIT 2 L Z2IELTWVWD, L L%
M5, Barton-StaceyD =\ 2 FMiICFIH U CIRAE SR Z MR U 72 fHilld R 726V, Barton-StaceyDXOFHIE, v DIk
FKIFEIC DV THERINEMN T 2 8 72 59721 T <L KB REROMN BT A—2 B2l 5b 8 2 TE REH
HT®H%,

—75. NaCl (BLH) iZDW\ Tk, HEUIEFMZE R UIZ2VEIET IV [4] DMEHENTEBD ., v LHEICDWT, &t
JEICEEBEDNHEEN TS, CORFEETIVTIE, MRFEETD v & LT, HRADEDNTWS, AT, #
FHICfR A T Barton-StaceyD Rz 59 % C LICHD fHATZ, #3RE F COIRRTMEIER L. 4/ [5] DFIETRSD,
Keane [6] ICK BT 1 v T« > 7185 A—R &z, Barton-StaceyD\ Tl FRITMEHIERD /3T X — & Dfthic, @
DE S RTFOAEHMOIREDOETS0D/8T XA—2%2 (f) DNRRETHSBH., i8R L7z & T A, Vashchenko: Zubarev [3]
D (F=2ITHY) Zi>T FZHAEE TS LRV EAFIH L, AFRICEK D, v EHADOHIKEZHLS C Lk
<L REHERXOMNT T A—27%2 1 D)5 T LTI LTz,
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EAYEY R EELRTEEHWZEITHIE

Pressure measurements using diamond and cubic boron nitride

/N EERH
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Experiments using diamond anvil cells have been important in many studies of crystals and liquids at high pressure ant
temperature because these cells permit not only optical observation of the sample but also in situ measurement of the sample
physical and chemical properties. The pressure in the sample chamber of such cells is often determined by the shift in th
wavenumber of a fluorescence line of ruby inside the sample chamber. However, the intensity of the ruby fluorescence decreas
rapidly with increasing temperature. It is known that the first-order Raman mode of diamond anvil has been considered as
strong candidate of pressure marker because its Raman signal is intense and the diamond is always used as the anvil materia
the DAC experiments. Cubic boron nitride-BN) is also a candidate of pressure marker because of chemical inertness and high
temperature stability. It is the purpose of this study to present the dependences of pressure and temperature in the Raman lir
of diamond and c-BN, using techniques combining synchrotron X-ray diffraction measurement with the Raman spectroscopic
measurement.

The first-order Raman line at the culet face of the diamond anvil was investigated because the high-frequency edge of th
Raman mode was correlated with the normal stress at the culet face of the diamond anvil. Thus, the edge frequency is a functic
of pressure and temperature in the sample chamber of the DAC experiment. Raman speatrBi exhibits two intense
lines at 1054 and 1305 cm under ambient conditions, corresponding to the Brillouin zone center transverse op@airfd
longitudinal optical LO) modes, respectively. The Raman line of th@ mode overlaps an intense Raman line of diamond at
pressures higher than 3 GPa. Therefore, it is difficult to observé @hdine in high-pressure experiments using the diamond
anvil cell. In contrast, thefO mode could be used as the pressure calibrant in diamond anvil cells under high pressure and
temperature conditions.

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 a hole that had predrilled into a rhenium gasket. The heatini
temperature was up to 1000 K, and was recorded usingthgpe of thermocouples. The sample was probed using angle-
dispersive X-ray diffraction, located on the synchrotron beam line, at BL10XU of the Spring-8. The angle-dispersive X-ray
diffraction patterns were obtained on the X-ray CCD collection system. The pressure was calculated from the MgO unit cell
volume using the equation of state (EOS) for MgO.

Experimental runs were carried out at pressures of up to 110 GPa. In each run, the sample was compressed to the desit
pressure, and then heated to measure the shift of the Raman spectra of diamond{BNaf#] at high pressure and temperature.

At each pressure increment, the cell was screwed to hold the sample pressure and the Raman spectra were acquired at 300-1
K with decreasing temperature. Two peaks, which corresponded fi@hmode ofc-BN and theLTO mode of diamond, were
identified at high pressures and temperatures. At pressures higher than 90 GPa, the TOayRid@wérlapped with the intense
Raman peak of diamond. This indicated tbeBN can be used as the pressure calibrant at pressures below 90 GPa in diamond
anvil cell experiments [2].

[1] Ono et al., Raman spectra of culet face of diamond anvils and application as optical pressure sensor to high temperature
J. Appl. Phys., 116, 053517 (2014).

[2] Ono et al.,In situ Raman spectroscopy of cubic boron nitride to 90 GPa and 800 K, J. Phys. Chem. Solid, 76, 120-124
(2014).

F—U—F: ZAYVEYF, BILARVE, SiRaET
Keywords: Diamond, Cubic boron nitride, High pressure and high temperature
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C-H-OWMA(FIE FICBIF BT 2T A EWEDXAVEY RAERK _
Diamond formation from magnesite in the presence of C-H-O fluid under high pressure
and temperature

K 5hBH 5 FRI BT RRF A5
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Diamond formation in the Earth’s mantle is believed to be a metasomatic process by fluid/melt with peridotitic and/or eclogitic
rocks (e.g. Shirey et al., 2013). The ubiquitous occurrence of nano- to micro fluid inclusions in natural diamond and the resul
of recent experimental studies (e.g. Sokol et al., 2009) suggest that the presence of C-H-O fluid, which consist of a mixture o
H>0O, CQO,, CHy, etc. plays an important role in diamond forming reaction. The composition of C-H-O fluid depends largely on
the surrounding oxygen fugacity. Taking into an account the oxygen fugacity values estimated from diamond-bearing xenoliths
the most major components of such fluids at the depth of 150-200 km are lik€aHd CH (Shirey et al., 2013). In the deeper
mantle, the relative proportion of GHs expected to increase with depth (Frost and McCammon, 2008). In the present work,
we studied the diamond formation through the reaction between magnesite and reduced C-H-O fluid at high pressure and hic
temperature.

A series of high-pressure and high-temperature experiments (up to 30 GPa, 2000K) were performed by using laser-heate
diamond anvil cell (LH-DAC). A small fragment of natural pure magnesite (either polycrystalline aggregate or single crystal) is
loaded together with stearic acid{3502) or pure CH4 in a sample chamber drilled in a pre-indented rhenium gasket. Upon
laser-heating, the stearic acid is expected to produce CH4-rich fluid as a result of decomposition readtigyQC— 8CH, +
2H,0 + 10C). A dual-beam COlaser system (at Ehime Univ.) or a dual-beam fiber laser system (at SPring-8) was used for the
heating. In-situ XRD observation at high pressure and high temperature was conducted in BL10XU of SPring-8. The sample:
after recovery were examined by XRD, Raman spectroscopy and scanning and transmission electron microscopies.

In-situ XRD observation showed that magnesite, Mg@®composes into periclase, MgO, brucite, Mg(@Hnd diamond
in the presence of CHrich fluid at pressures above 18 GPa and at "2000K. Brucite is likely to be a metastable product, because
the formation is usually observed at the beginning of the reaction and its relative proportion decreases with time by being takel
over by the formation of periclase. The formation of nanocrystalline diamond was also observed in the samples recovered fron
the experiments. Although diamond was produced by the decomposition reaction of stearic acid through the equation describe
above, the reduction of magnesite by CH4-rich fluid must also have resulted in diamond formation. Inclusion studies of super:
deep (lower-mantle derived) diamonds reported that the most dominant mineral phase found in such diamonds is periclase (L
to 60%). However, this is not consistent with the result of high-pressure experimental studies using pyrolitic composition, where
Mg-perovskite (bridgmanite) is the most dominant. Our result implies that some of the periclase inclusions solely found in those
diamonds might have formed as a result of the reaction of Mg-rich carbonate with reduced C-H-O fluid. This means that the
information obtained from diamond inclusion does not necessarily reflect the balk composition of the lower mantle. Furthermore,
the formation of periclase at shallower condition (at 18 GPa) suggests that such formed periclase inclusions in diamond may nc
be used as indicator of lower-mantle origin.

F—TI— R ZAVEY R, T 2Y A, C-H-OWIE, @il sT
Keywords: Diamond, Magnesite, C-H-O fluid, High pressure and high temperature
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High-pressure behavior of cuprospinel CuBg the Jahn-Teller effect of Cti on the
spinel structure
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Extreme Conditions, Osaka University

The Jahn-Teller-effect at Gt in cuprospinel CuFgD, was investigated using high-pressure single-crystal synchrotron x-ray
diffraction (XRD) techniques at beamline BL10A at the Photon Factory, KEK, Japan. Six data sets were collected in the pressur
range from ambient to 5.9 GPa at room temperature. Structural refinements based on the data were performed at 0.0, 1.8, 2
and 4.6 GPa. The unit cell volume of cuprospinel decreases continuously from 59R8%*(&) 579.5 (8)A 3 up to 3.8 GPa.
Least-squares fitting to a third-order Birch-Murnaghan equation of state yields zero-pressure¥glars@0.7 (1)A 3 and bulk
modulusK = 188.1 (4.4) GPa wittK’ fixed at 4.0. The crystal chemical composition determined by electron-probe analysis
and site-occupancy refinement is representeld By 901 Clo.090] ¢ [Fe1.500Clo.500]04. Most of the Cd* are preferentially
distributed onto the octahedral/() site of the spinel structure. At 4.6 GPa, a cubic-tetragonal phase transition is indicated by a
splitting of thea axis of the cubic structure into a smalleraxis and a longec axis, with unit cell parameters = 5.882 (1) A
andc = 8.337 (1)A. The tetragonal crystal structure with space grédipamdwas refined taR1 = 0.0332 andvR2 = 0.0703
using observed 39 x-ray reflections. TheO bond distances along tleeaxis direction of the unit cell are elongated, whereas
those parallel to tha-b plane are compressed. At tfiesite, on the other hand, the tetrahedralf@® bond angles along the
c-axis direction of the unit cell increases from 109940 111.7 (6)°, which generates a compressed tetrahedral geometry along
the c-axis. The cubic-to-tetragonal transition induced by the Jahn-Teller effectdti€attributable to the elongation at tiv
site. The Jahn-Teller distortion by the Cd 8rbital at theM site is confirmed byab-initio quantum chemical calculations. With
the competing distortions between the elongated octahedron and the compressed tetrahedron elarig,ttieea unit cell
parameter is shortened with respect to ¢hanit cell parameter, giving @/a ratio slightly greater than unity as referred to cubic
lattice (c/a = 1.002). Thec/a value increases to 1.007 with pressure, suggesting a further variation of the elongated octahedron
and the compressed tetrahedron. The variation/afratio of the cuprospinel is similar to that observed in the tetragonally
distorted cuprospinel with Ctr fully occupying the octahedral site of the structure.

Keywords: cuprospinel Cuk®,, high-pressure, single-crystal synchrotron x-ray diffraction method, Jahn-Teller effect
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Crystal growth textures developed in rapid cooling of olivine fine particles

oK Bl b S L 2
TOKUNAGA, Shinyd ; ISOBE, Hirosht*

VHRAKAZEIA, 2 BRAK R AR F AR AT SR B A TR

IFac. Sci., Kumamoto Univ2Grad. Sch. Sci. Tech., Kumamoto Univ.

BB Mg-FeRrhAbAifs (0D X, FAKEYEL L TREEBMNIFEES 27 A BRI DO—DTH %, &
DT A BB A )V BB EKET 2 Ol fishOMRRIE, IMELERRIATTE LI 2z R e, AT, @Eiirh oM
R+ HiE NS %5EE% (Isobe and Gondo, 2013% W T, REETHRZ D Ol B &R Ol Ed Nzl
BUnHIERZ, H5 5 R L G HEE SO RICiTY, O AR « MR OZ RN & 2B I DRIIRIC DWW TR L 7z,

HEE FEGDENE, KIRD Fo9Q Mn 7z 515 FayalitefHik o Ol, XU FoS7TO N L Ol ZREG LT LTz, B
BRI KD, B 2D Ok 2 E T4 100 p m ORI 72 1FRK Uiz, hiEA - 2undibild, BEE TR U AR
smaFE LT Ty 7 AR INRVEIRIF 2 W o IFDENZ B URRL FAYE T3 23E1E, OB U AER
RET BT LICXOHIHE NG, GEIDRRERS 2RI, FOIREMG LS ICiES, HHEL L TRELER
HAGE (L.31/mn@RD T, 2MWLINICEEIRESMGEL, KN IPMRES N 2R 1PDEETRH SN, COW
IO L, MARGEZ 12 RU 21458 LIERZIT> 1o, IminEld, #1500 C KUK 1400 C & 7% 5 F2EseMt
TRGE LT, BRI, T XTOHEERICENT Fet B EER5 KD, logunit TFMQ & IW O &2 X 58k
Ufzo SEBRARINE, AV MERKEED R E b I ERIE ~FE AR - & LT, TARIED/NE ek +1d Ol sk & LT
BIRE NS, BIRL R iE, EEE FHEMBHIC K 2 9VE8IEHE X URFNEHROBIE I K T i 217 - T2

FRBRUEL  Mg-Fek Ol OHHEIRMMN S FRAIN@ D, Fayaliteflkd Ol ki 73 5e2ICTARI L, Fo90FHM D
FEEZNES TRAEML TV, FoSTHIKD Ol X, mEiRE 1500 CLIEE X2 EBTIEV Y X AREZBZ,
FERNES T RUE RS TARIAVE Uz & Bb N 2k 2z Rd, LA L, REIRE 1400 CREOEBR CIXTARIIES > T
b\&b\o

BEHEGHRL Ol DIRERIT-TlX, Fayaliteflk Ol DFIfEIC & > THEUESHITET AV M L, Fo9035 X U FoS57HIK

DIEFDEN AR > TV B, TD, fif/ AV MREICIRE 2 KERBEAE L, THIIRKNT 2iE%E
HEOARYENM:CTWVS, TOAEREFEICIEWVT, FoORD Ol f5hid AU b ki O EEIC I Tl TR 72
ZEE IR R R AR 0 MR R,

Fo90#& 5 Fayalite X )L b HUCIFE(E S BRI FOGHRFAC BV TIE, 2mBRIc 7, 8% L7 HourglassE
IRV UBRIROFE D RE LTV, ZOFHMIE FoS0200HiFIC 7 L TE D, AV hOMHKREILE VY X ZHFRO
BAMRIC & o GEIBHIEMAT-N TV A ATRENZ /R L TW5, Ez, FoSTHUKDASMD SIER L 7z X)L s OBHEFEIC T
WX, BE LSO Mg-Fe i mEHEEN NS W ETLRL KD, EWVGHEEIC X S HEORED, K&k
Mg-FehllE& 726 LTS LEZ 5N,

F—T— R DAL AA, SUMEE, TARHRK, BIERK, f iR, BIERIRES
Keywords: Olivine, melting textures, nucleation, crystal growth, dendrites, quench textures
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Molecular dynamics simulations of oil wettability of muscovite-NaCl solution interface

/1B FT9 5 Liang Yunfend ; #albd #8232 1 75 sk L /R(E 2R 1
KOBAYASHI, Kazuya* ; LIANG, Yunfeng' ; MATSUOKA, Toshifumit ; NISHI, Naoya ; SAKKA, Tetsud
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HRY | FERREDUKTEWR | AR O S B LA BIR OMEIIE, N IRIKEIRORTE - AFHFEEY O LIS
WTHETH D, B _HEOILKE LD | BFEUKIARSI T OEME ORI mONE 22 S5, i
SV T OMMEOmANNIEL, EREDOREIKTFT 2 EMNHSNT VSN, EFEREDZLIC K BN DL
DFEBEFEIIA S DITIR > TR, £ T TAMZE T, 3 | SEE/KIAR | =5 OB 7z Simasis & in
TEDOBIRIEZIAS M T 278, T Ey I ab—a Vil U, fifilfg & S iksid Ot 217> 7co ABIET
ISR e UCHERE, EBEUKTAR L LT 3.0mol/kg NaCPKAR ., HEICIEINT 2> - MLV OZhEhz v
Too ARWIIC & o T, BORMEMZHF> TeAZERNCNY 2 Nat OGS Ic & 288 | BREEKISIR R O &
[ NaClKIEH S TD. NaClOE DI KB | KSR OEIMDMENORN 22 E 8 2 T LAWIS N
iz oTze ZRIOFERIZAAIHOEERIES O FIFEIC BV T HE R AR ER E 5 5.

F—T— R FER, S5 | MRS, RAUE, B
Keywords: Muscovite, Mineral-underground fluid interface, Wettability, Molecular dynamics
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High-pressure Raman spectroscopic studies of hydrogarnet, katoite Ca3Al2(04H4)3

IOk I b BT i 2
KATO, Masatd* ; KYONO, Atsush?
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!Graduate School of Life and Environmental Sciences, University of Tsuk@aduate School of Life and Environmental
Sciences, University of Tsukuba

(lZUIC] Garnetid FE~ > MV T 28 D—DTH D, DED OHREEFE LKNMIZEKRT 52 eh b
Nominally Anhydrous Minerals (NAMs} PEEN 2. OH ZZRHENIICH T % NAMs IZ K > THIERNE DS A5 7 1
Y I KELEAEINTVSAREED EN 28, KEME NAMs T&H % hydrogarnet\D B LDSIERF > TV 5. Sio4
PUEARSNIC HFEF2E DAL T i & D, grossular CaAl,(Si0y)s & katoite CaAlo(O4H,)s (&, (SiO)*~ AY (04H,)*
& —xf— Tl Lse 2 EAAEIEKT 5. Lager et al. (2002)%, HifS&: X BRIEHTEA VLT katoite DREE DY 5 GPall
L OEESRE R T RROZEMEE 123dh 5 1-43d ICHEHIEIS 92 2 L ZIRMB LAY, RICHEHRORHMNFIET 5.
NAMs O RiBttii - BB~ > VI B 2287215 128, A7 T ETE Raman 'tk z v TSN O TikE) 2
HE L, HEFBERHTIC K > T katoite D & FEAHTLFE 2 #RAE L 7z

(52847715] MIEKEHE Ca(OH), & AlLO3?2xH0 Z I FEMIE & L, 150°C, 7 HRDZEMFT/KEGEK L Iz AtEkAR%Z
Wiz, BRI FR X SREHFEC X > THIEEZ TV, F0H katoite Tdh 5 T E ZifER L7z, mE Ramaniytik
T, EIREEEICXAVYEY R E)R)V (DAC), JEIBAIC Met-Et-H,O, EIREIC)VE—HEEZ R L,
10 GPax CHlliE =211 2.

GiER] 1.0 GPACHW T, M HRENC X MR 2 DD N KA 3328 537 ent ! I, OH HfEiRENC K % H—D)N
Y RA 3652 cntl I E N, E—ZiE L E— V7 BRIGEIRE ESREDO AR RV e Bon—8z R Uz, ¥IRE)
OIRFNE— Rid, RS & &N Z N2 N Eg + F2g Alg + Fgicli#lg &, OH ffifEikEhid Alg + 2Eg+ 3F2g
WIS SNz, FEABEIMCE-S T, BAREOIRET— RIS EDESMKEN, OH MR &L O E k{72 /R LTz,
OH {H#EHREI D A D EMEAFIEE, FEIIC K > T O4HA ARG L AN O/KERS GBI < 2 0, #5E bl
{IxdlbeEZONS. THIC, OHMfEIREIO C— 7 (IEDTE 12 b =T 5 GPafiEh ST 2EmzZ R Lz, %
7o, MTRENC K 5732 FOERIE 6 GPah S RNk L 7.

(5%] Katoite DFiEIE, 5 GPall LTI /5RO ZERIEE a3d (fifE Oh) M55 1-43d (B Td) ICHSEHIRRE
5L ENT5 (Lager etal., 2002) LA L, Ohh5S Td NOUMFRMEZL TIIREIE— RIZHH LAV, —75, Ohhb
1IEJT RO DAhANOMFMEZ(L T, EgE— Rld Alg + Blg F2gE&— Rid B2g + EQIC 7T 3. D% b, #KRE)
D Eg + F2g Alg + F2g/N> RO flED 6 GPa b KESHINT 5 &1, IREIE— FBPDRLTWET &ZRLT
B, Oh/n5 DANANDORFEDZ(LERE L TS, LIzh > T, katoite TLdESEEIMTHEV O4HAPUTHEIAN DK
FEAMNERE D, 6 GPafiL T O4HAVUHIADMFED Ohh 5 DANICE(LT B LEZ B5ND. AFEOFEMN S, Kkatoite
OFGEAIEIX, 56 GPaTIL iR D b IE T MRICHIER 3 2 aTHEEAVRE Nz,

F—7— R: katoite, & 1- Raman/) ek, fdtHfizre
Keywords: katoite, high-pressure Raman spectroscory, phase transition
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Physical properties of methane hydrate under low temperature and high pressure

AR HEE R A R B AR S R R O AR O
HIRAI, Hisako'* ; TANAKA, Takehiko! ; HIRAO, Naohisa ; OHISHI, Yasud ; YAMAMOTO, Yoshitaka’ ;
OHTAKE, Michika® ; IRIFUNE, Tetsud
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Pty 2—
LGeodynamics Research Center, Ehime UniverdlSRI,2AIST

Methane hydrate, called fiery ice, has the potential to become an important energy resource in the future. It is also thought t
be an important constituent of icy planets like Neptune and satellites such as Titan, thus making it an important part of planetar
science. Methane hydrate is known to exhibit an sl structure at low pressures and room temperature, and transforms to an <
cage structure at approximately 0.8 to 1.0 GPa. A further transformation to a filled-ice lh structure (FIIhS) occurs at approxi-
mately 1.8 to 2.0 GPa, with this structure consisting of an ice framework similar to ice Ih that contains voids filled with methane
molecules The guest methane molecules are rotation freely in the ice framework. The FIIhS has been reported to survive up
86 GPa at room temperature with two phase change. However, phase changes and properties at low temperatures and high p
sures have not been studied so far. This study intended to clarify the changes in phase and properties of FIIhS of methane hydra

High pressure and low temperature experiments were performed using clamp-type diamond anvil cells and a helium-refrigerati
cryostat. The pressure and temperature conditions were 2.0 to 77.0 GPa and 30 to 300 K, respectively. As the initial material
light-water host sample and deuterated-water one were used.

In situ X-ray diffractometry and Raman spectroscopy revealed existence of three phases and the phase boundaries betwe
them. The first phase is guest orientationaly disordered phase, i.e. well-known FIIhS, which exists below 20 GPa, the secon
one is guest orentaional ordering phase above 20 GPa, and the third one is another guest ordering phase with different orderi
manner. The results demonstrate that phase changes of methane hydrate proceed via proceeding of guest orientational orc
ing. However, it seemed a quite peculiar that the slopes of phase boundary are negative. Another low temperature experimer
performed revealed the volume expansion at low temperature below 150- 100 K. The expansion was confirmed not due to nor
hydrostatic effect but to be intrinsic by annealing treatment. The peculiar phenomenon were examined considering to host proto
ordering.

F—U—F: XRZ2NA FL— b KRG, 7 A bRtk e, Rzt
Keywords: Methane hydrate, Low temperature and high pressure, Guest orientational ordering, Volume change
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