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Heat transport within the Earth’s interior governs the long-term thermal evolution and
dynamic behavior of the mantle. Accurate knowledge of the thermal conductivity of
mantle minerals is essential for understanding these processes. Ringwoodite, a high-
pressure polymorph of olivine, comprises ~60 vol% of the bottom mantle transition zone
(MTZ) (Frost, 2008) and ~80 vol% of subducted harzburgitic lithologies (Irifune &
Ringwoodite, 1987), exerting significant control over the thermal state of these regions.
Seismic and electromagnetic tomography have revealed thermochemical heterogeneities
in the MTZ (Houser, 2016; Goes et al., 2022), with some anomalies potentially linked to
water incorporation. The difference in heat transport between dry and hydrous
ringwoodite may thus be critical to understanding the origin of these heterogeneities.
However, thermal transport properties of ringwoodite remain poorly constrained. Few
studies have mainly measured thermal diffusivity or effusivity (Xu et al., 2004; Marzotto et
al., 2020), with water-incorporated samples. The thermal properties of dry ringwoodite, a
key reference for mantle modeling, are still lacking due to synthesis challenges.

To address this, we synthesized dry (Mgg gFeq 1),Si04 ringwoodite under deep mantle
oxygen fugacity (IW buffer) using a Kawai-type multi-anvil press at 20 GPa and 1775 K.
Thermal conductivity and diffusivity were simultaneously measured up to 1100 K using a
pulse heating method. Results show that dry ringwoodite has significantly higher thermal
conductivity than previously reported hydrous samples, indicating a suppressive effect of
water. At the 660 km discontinuity, dry ringwoodite exhibits conductivity ~15% higher
than decomposed post-spinel assemblages and ~45% higher than Al, Fe-bearing
bridgmanite, while hydrous ringwoodite shows values comparable to the latter. These
findings suggest that dry regions near hot plumes may experience faster heating, while
wet areas near stagnant slabs may remain cooler, contributing to the observed thermal
and chemical heterogeneity in the MTZ.
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Deep-mantle hydrous minerals play important roles in the evolution of the Earth. The
total amount of hydrogen in these minerals has been discussed to easily exceed the entire
mass of surface oceans. Therefore, hydrogen concentration analysis in these minerals
synthesized at variable pressure and temperature conditions is a fundamental topic for
considering the planet’s physical, chemical, and biological evolutions related to
hydrogen'’s storage and cycling. Our neutron diffraction studies quantitatively
demonstrated the hydrogen site locations and concentrations in these minerals. On the
other hand, Secondary lon Mass Spectrometry (SIMS) has been extensively applied in
previous works to determine hydrogen concentrations in various types of mineral
species; this method is capable of analyzing even smaller amounts of hydrogen than
neutron diffraction. Recently, we quantitatively determined the hydrogen site and
concentration of a synthetic lower-mantle bridgmanite, (Mgq ggFeg 10Alp.03)

(Sig.gsAlp 11Ho.01)03, by a combination analysis of SIMS and neutron diffraction. As in this

case, this combination analysis of the other deep-mantle hydrous minerals, which are
synthesized under variable pressure-temperature conditions and chemical compositions,
would be a very effective method for constraining the hydrogen budget within the Earth
in @ more robust manner. We thus analyzed our synthetic deep-mantle mineral crystals
by SIMS, in addition to the previous neutron diffraction analyses. Representative results
are shown in the Figure. It was originally expected that all mineral species would yield
self-consistent results between SIMS and neutron diffraction; however, the results
differed. The hydrous wadsleyite species shows its own trend, and it obviously deviates
from the ringwoodite one that closely follows the general trend of the previously defined
calibration line for hydrogen. It was thus inferred that the hydrogen concentrations in
wadsleyite, as determined by SIMS analysis, had been extensively overestimated by about
30% at most. A more careful, crystal-structure-dependent calibration line system for
future SIMS analysis is now under construction.
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1.1 E SIS

HERD Y > FILBRE LEDH60%IE. TAX)T7A FTHEHEINTWS, YV MLER
BICITEFEFTL — FDILAAAHICK D 3D T UHMEEINTWVWSE, /. TV b+
ILAEDA A VEY REBEYCEEIEXREICE ENS XL FEEMICIEIMDE1 F o H
20~80%NBENTVERHDHH B LM Hh>TWS (e.g, McCammon et al., 1997;
Moussallam et al., 2019) o DA F iE. T4V 71 FOEMENMEEXZETIH

(Buchenetal, 2017) « 8K{tXH =X L (Kawazoeetal., 2016) =& EH2Z hHn
Mo TW3B, oo BEDENTAXVTA FOV VA ZREXETSE (LLO, 2023 B
#WXY) . REEZ®ESH S Z ¢ (Nishiharaetal, 2006) HEASHICHE>TWD, Y2 bk
ILEBROFEREIZH1600°C (Katsura, 2022) £ ENTWVWEH. KSLBREARHENE
ET%, RARALRATZTERY P FIN—LDEAFETOREIFKECEB>THH., ZDEIF
T MILEBREBTETIZH1100°CIC K3 (Bao et al., 2022; Kubo et al., 2009) , TD7:
. IMDBEAF DTV TA COYEICRIZFITHELZFHNTEHICIE. 94X UT
4 b DFe3/IFett DBEKEFE DRBENBERAIRNCTH 5. € CAFRTIE JIHETIL
FPUENLEBEEFIRILE—BEDHE (EELS) ZHUVTY 4+ X 7+ FDFe3/sFelt
DREKEFEEZHEHSNMNIT I -ODEESERER CEUNGERIDO DT ZIT o7
2. FE - 9t AE

HEMEICIE T VAINORELA Y S VEOMERZEA W HEMBIIBREDE/NY T 7—
CEBHICAUNTEILICEHA LT, B REEERERIE. LEREREDIIHETILFT7EILE
BEMAPLE600Z ALV T T2 oo EERIZ13.7~14.6 GPa. 1300~1600°COBREFENEHET
727 CNODBERENEKGZ1DDS30DFFELIS Lce BEDEITRe-ReO,/\y
7 7—EMo-MoO,\y 7 7 —ZRWTHIEI L oo EUNEEHT. HREMER. RFBEMES
SFUVLBREREDEF S O—TJroQ7 F >4/ —2HVWTEHERL. {tFERZ 2L
Teo EUEEIOEEZEICIE. BIRAFHFREOHVER X RLOITEE. [LEXKFEREDEMZ
TUNHEB SNATHERRBOTEMER Ve T4 XU 7+ bDFe3/sFettDBIFEIC
. TEMOEFIRILF—18KDE (EELS) ZRUW
3LERBSLUER

FAEDHICIE. BFRICEBIABNDAX =S OFERFTMT 2 7-DICEHBOEFRESR
X =T DRERBKEFEOFMZIT o oo REMKEFEUHDOFMIZ. 10MWx1EDRAEZRET
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110.06+0.03. 0.12+0.05TH>7co CNSDIERICED. BEIZT + XU T7A ~DFe3/
SFetbic KA EREX 2 eh SR o,  Kuwahara and Nakada (2023)i&.
REOLEY Y MLETEY Y MLOBLETREDEZEVDERERIZ. XIIXA—2 v > DfE
BIETIERL. ZOBDTEHIY FLOFeDBRAERG (3Fe?*—>2Fe3t +Fe) X1LHAM
REEFRICK B LIV MLOF DBITRISKE EHAL TV, LH LEHED1500°C
DFERIZ. T4+ XV TA FEXIL TR ONEAFET D, XILMCFS HBET B %
TLTW3B, CD®dH. SBRIITIIA—2 v UICHBITZITVAX) 71 LOERIEEZEL
e BB LETTETIILZIRIBT 2 FETH o
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MgSiO3 7 F E b 71 MMAKDESIF /NS X — & % 5 L 7=Kojitani et al. (2022)ICH VT, &
AEICERA TN MgSIOs AKEtEHE. ERDBERBRCPRANFHEICEDREINTEL
MgSiO3 AKDREREN SANTETERERG T TEEEGH SN, CDTcd. FHICAKE Z
DIEEETH BMg,Si04 FXL T A FWd)+Si0; X7 1 > 3/N1 MStE DREDIEFEIER
ROBRSDBBE LR > T\, AARTIF. BAFENFEICK D Z OHETEERIEOKRE
Z{ToTco WAESHCDWT, ERBEDAEI N SIEBTABRI Y ZILE —(AHy. ) DEAEZ
TV, RA—OEEZHRATSZCICEDAERAMLIFEER TV ZILE—ZRBEL CRE
LTco oo MEBABRXEEERBEC)NBECHAMIT DL D ICANFENT X—FZH&iETt
L7co SIS BONBRNFENT X —2%ZERA L T, [Mg,Si04 Wd+SiO, St]—MgSiOs
AKIETEIERIROBNEHEZT o T,

BEHAMLIEANENT A —RDORELIE. P-V—TT—EZADIRDEBR/N—F—<—7F
HYREFERORNZFET v bV a—F1EYDOEGER o=y, /(KpVy) L DIED
RUMHEICEDITofco TTT On Yips Cn Ky Vold. ENBNEERE. BT
Ja—F1EVEH. ERBABE. BLUELOENTOERFEHMERAETH S, C
i3 BRCpORAMEZBIRT 2L SHEREBOREBEEETIILZAVERARBIETIILFHEIC
K DORDT=

MgO L SIO, AEDIZEER T > R ILE—(AHy0) 2 BE X L. BAIE L fcAHy.(Wd)Z
AHy(SHZRWS ZEICE D WAEStDIFEERT > ZILE—IE. AfHy98 (Wd) = -2147.2
+ 1.8, AfH)0g (St) = =874.9 + 0.5 KJ/mol L RE SNz, ERBENSELZENED
AHOyogED FFER M IFRERDEDTRE LR D BANFEFETRO SNBBEEFRBROREDR
BUICKECEML TWD. WADENFE/NT X—RIZDVTIE. V(298 K) = 40.52
cm3/mol. Kmp(298 K) = 169 GPa. vy, = 1.23ZEIE T 5  &IZ K D, Katsura et al. (2009)
DP-V-TT—BAANDRIN_TT 1 v FZ{To720 K{ =4.61(5)8 & TVOKm/0T)p = -0.0289(4)
GPa/KH'R& 5. ERICY U 2 —F 1€ VBFERKDan’s Cul) = CUT) +a(N?Krp(MVe(NT
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K& DCph B NTce BERRICL T, StOBAFENT X—RZDORBLIE. V(298 K) = 14.02
cm3/molDHZEEE L. ¥4 Ryl L TNishihara et al. (2005)¢ Wang et al. (2012)D
P-V-TT—RZADRN_FET 1 v ML DITONIce RNZET 1 v FDOFEREZENIL. vin
= 135D ERNEHEDTco ET T Yip = 1.358 LT/ S NTFKyy = 305(1) GPa. K7 =
4.25(7)s (0Krp/0T)p=-0.0274(5) GPa/KE LU ENH M SHEIN o o RBLINT
B LTHRALT. BONTEWAESIDENFINT X—R B &K UKojitani et al. (2022)IC& %
AKDBNZENTA—RZBWNSZ IZ& D, Mg,Si0, Wd + SiO, St = 2MgSiO3 AktBERfE
SDORFEIERIGORANFEHENITON e AH 95 (WA)E & UAH g5 (S FREEFA T
ZEIHE 3 CIC & DIEET LB FEIERIRIE. $20GPafhi & SN TUVLWRERDBERIE
&DH, 2~3 GPafZIHEEMICAIET 5 Z EHHIAL foo RATRDEANFRNFEICK DFT
ISRTE SNTF-MgSIORICE T BAKDRZEMEH L. Kojitani et al. (2022)DAKD ERKETIRE
FHCHRNNTH 3,

5| Xk

Kojitani et al. (2022) Phys. Earth Planet. Inter., 333, 106937.
Katsura et al. (2009) Geophys. Res. Lett., 36, L11307.
Nishihara et al. (2005) Phys. Chem. Miner., 361, 660-670.
Wang et al. (2012) J. Geophys. Res., 117, B06209.
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1. IFC®IC

SEMIRBZICE VT, MIRREOILYIRICEITS K ODEEDEESLIUVZOEFEEEYL
ZHUCHESYIMBEOEIE. CORFHINEBEIN TUREICREET—YD—D2THd. &
FOMTICEIDZBLOBESKENERETN, EBATHI SN TWRE EEKIMICE
WTHEKILTBZeHBESIE BT ENSDEKE. KESUHE LEKIEYICHE
ITRIFBE LT NRENLER T EHKDRL. BHEPOEKEINETT 1 ZEHEIFS
N3, WIC. SKBIZLEET> MIL~T Y MLEBBRICEVWT, EBNVEELILHAD XS
THEICLAEELREVWESINTWS, 7L, BETIIEES/KEADT7ILE =T LDE
BICEBBHKDERED EFEMNREIN. FEINTWB(Lietal, 2022), MEREVICTILE
ZOLESFERVIIREES/KBOZERISTAER>TED, IV MNLBBEX TOEKIE
DERIIBNRFTT LIEEVLSERDEEINTVS, XEETIEI. YU MNLEBREICHYETS
BEEARGETICEVWTEEICHEETCEZTVIIZILEEFHVEKEERERE LD TR
E£9 %,

2. REBAHE

SEEERRIE. LERFREDNHETILFT7 U EILEGEREEEMAPLE00%ZE BT
To7-0 EEREMFIZ. 16-23.5 GPa. 1600-1900°C. NS5 DEBEENEZEE309H 556
BRFLES LT, EUNGEHE. SFEFE L. SEMTHEBERERZ1TL. EPMATILFER %
P L7, BEUGEEIOMEIE. BTV aHEICEDREE L

3. BERBLUZER

AT TIE. YV MILEBRBOREENEETICEVWTEREICEETCIZTIIZUOLES
FRVHIRESKBERERB L. BT ZILESFHVEKEOR., ¥ ~LEBBE
DEAFETICTRDEVEE T THEEARLGMEISEIZKBETH D 1400°CLLTFIC THK
78R 9 B(Komabayashi et al., 2006), —75. #1HIZ16-23.5 GPaD ENEEICH LV T1600°C
TEETHD., BEHOT7ILZZOLEZEEFRVEKELDH200°0CUALEVEERZEMEZE
9B, £7. 1600°CIEY Y MILEREBICEITAFHNRBELINTE D, FLITHEICLD
EHY S VEMRBRTIXRCDOEBEEAREICEVWTEKBIZEEE T UV 71 M D4
B EEKIEMDIKDETEZIE->TVWB TN TWS, RAERICTHRE L-FHaESKiEIE
1600°CICTRETHZ-HTY MILEBBICEWLWTKDOETRS LHEMEIE > TLWSAEE
MhDH B,

KEETIE. COFRBESKBICETI2MERBRERHEKT %o
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[R3-07] High-pressure and high-temperature density and the equation of
state of dense hydrous phases, MgAl-phase D and Mg-phase D

Daichi MAEDA, *Toru INOUE', Yusuke EGI!, Takaaki KAWAZOE', Yuji HIGOZ, Sho KAKIZAWA?Z,
Noriyoshi TSUJINOZ (1. Hiroshima Univ., 2. JASRI)

Keywords : Dense hydrous magnesium silicate. phase D. equation of state. mantle
transition zone. lower mantle

1. [ xC®IC

KAIABFICHIT 2 EBLEKILYIIENE TH 5. EAIF Dense Hydrous
Magnesium Silicate (DHMS) ICREMERFS L D S EKGRERICKZ EWR T B £DHT,
Mg-phase D (2281t EF2(:MgSi,H,06 BKE10Wt%) IET > MILBBEH S TEEY > MLHE
TEERBESKIEYNTHD, THRIVMLETKEZERTZEHMEL L TEETHD

(Frost & Fei, 1998) . E&SDMAZRIZ K D T DMg-phase DICIE, Sith+ MMIAPEHDE
KAy T T BEMNEE, ZOBRIZAPH pfu (BRI MgAISIH306 S7KE15wWt%,
LU FMgAl-phase D) {HhE £ TRIBETH D C EHBES M &% o7 (Maeda et al., in
preparation) . ®MMgAl-phase DiZMg-phase D& D HEEKEICHEH 5T, 26 GPaT
IF1550°CHIAFETEETH D, 100°CEBEERZREMUN EHFE L TWLWS, MgAl-phase DI~
YEILEBENSTER Y MILREBOENZRG T TEETH D, TEIY > MILADK
DHXRZERIDOATEELATKELEZSND, AAETIE, BINXXIREEDHHREE
BRICK D, MgAl-phase DX UMg-phase DO EERE T TOREAERZHS NI LT, £
LTROSNIEZAWVT EHARATCASTOEETOT7 71l z@8KEOREKBL LTHEL
2o

2. EBAE

HFE R DMgAl-phase D& UMg-phase DIFILBEAFREDVILF 7V EIWBSEREE
B (MAPLE600)Z FAWTER L 7o AT X HRE DIHEHEREERILSPring-8 (BLO4B1) sRED Y
IWFT7VENBSERELES (SPEED MKk II) Z BWTITo oo REDREE /18I IX0~28
GPa, 0~1000°CTH %, BEIFREBEXN THAEL, EHIFERHIES LICAUORERRERAD S
RE LTco BONTXIREIANZ— VD SRTFER - 8 FHBEZHEL, N\—F - 3Y—F7H
VREAERZHAWVT, AE#HYR, ZOENMS, RUBAEERZEH LT,

3. BWRRUER
MgAl-phase DOEN-FTE-EE (P-V-T) BRZERICT Y. BFERIZ(110), (111), (201),
(021), (112), 211), 121)DEFTEHM SFHE L Tze ERBT — X DfETH 5MgAl-phase DTIdV,

=87.43+0.01 A% Kig=146+3, Ky=5.2+0.4, Mg-phase DTIEVy = 84.84 + 0.09 A,
Krg=168 + 1 GPa, and K1 =4.3 £+ 0.3 G 5Nz, SERSNIEZRAVWTIKARAL ST
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DBEIOT7 7ML EHE LT EAFRALXTTDREZ1000°C, AEDOTY MLDEBEE%
1600°CEIRE LT-2E, BKENS W E TIF+HEL, JEAHAAANDARERZ EHBASH &
7:}:97‘2:0

89
MgAl-phase D
87 @ 300K
® 473K
®5T3K
g5 ETI K
@ 1073 K
Al 27
1":; a3 ® 123K
2
2 g1
=
=
79 -
77
75 . 1
] 10 20 30
Pressure (GPa)

[ MgAl-phase DO - (Rf-iE (P-V-T) BiR
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[R3-08] The effect of pressure on the solid solubility of AI** into CaTiOs-
perovskite

*Takaya Nagai', Toru Shinmei2, Toru Inoue3, Tetsuo Irifune? (1. Hokkaido Univ. Sci., 2. Ehime
Univ. GRC, 3. Hiroshima Univ. Sci.)

Keywords : CaTiO3. perovskite. solid solubility of Al. high pressure. structural changes

ABO3TRINBZROTRANA MEEZE T BLMERIT. SHRBAAVOEBICERT
H%. HIZIE. FRUBEATTIVO;DBADEIRX N =X LICIE. A2 ETiM % D214
DR 4 Y TENENBRTZDHDREITTHL., BREFDEHEHHITRERDELSIC, 2
DA % 11fi & DR 4 > THy FILEH: (1 25" —>Nat+La®") | A TV Z 2N
ZNIMEDBA A4 > TEH (F 1 Ca2™+TiY >l +APY) ( 1L SEDOBA 4> ThHY T
B (] 1 CaZ*+Ti**—>Na™+Nb>*) BEZHAHBNT WS, FOMICAMETHRET

3. TIiYE3MMDOBA 4> TBRT 3 L RICERRETRENMEEATEIAANZILDLH
D, B DRRETIFINETCTIONROT R A1 FOTIH AP DB, $HbDS5.

CaTiO3-CaAlO, sRDEAICH S BEZPAP O BFAEEZ AN T E oo ZORR. AKE

TTI3H926 mol%ETEA L. ROT XA A MEEDOWFEN. APTOEAEHHI22mol%
FTIIEARRTHBIDHDD. $25mol%U L TIXIIARR. ZOBDOEAE (23mol%)
TIIEARREWVWSTE|IL 74O AIILEBEEZ LTV Z D> TEe —A. BE
TCIXRFREERHOERICED. BEXMBOERIINMEOAEDHRENRENBL BB N
FHEIN. BETCIIEEXRMEERTIEABXDZXLHDF X LB RBZEEMEDLH
%, K. ROTRAA MEEZHDOMESIO3 TN v IO F 1 FADEBRRMEEZERT S E
BANZZALICEBAPTOEREN. EADEME EHICRBMSHD TR EHRESINT
W3[1]le COLSBERDD EARMARTIE. BET (10 GPa. 1300 °C) ICHIFBCaTiOs-
CaAlO, sRDEBERIC D VW TEBRIMARZ T o e D THRE T 5. BB COMBERIF.
EFA - HEAENSTH S EEAFILEBSERFHZENS (PRIUS) & DHERBFHAE
(2022-A07. 2023-A11. 2024-A14) IZ& B,

CaTiO3-CaAlO, sRICEWVT. /NLT DCaAIO, s 53 H20. 40, 50. 60. 80. 100 mol%
t@éck'B@\ CaTIO:gl%:EElIEEI&/\)Lgl%ﬂﬁszca/MOZ5t@5C83A|206&C812A|14O33%§E?EI®5]‘:=T|:
B, HBWIE. CaTiOsziER L CahlO, I A T RDEEWZ L. HEMEC LT &
EEMEERIT. BIERXFEMIKELRA A FTI IR Z—(GRO) ICEREBEINIILFT7EIL
BEERELEBEORANGE-3000) 2 BAWEREL 7= TEL1TmmOBET7 > EJL. —318mmadD
MgOEEREZ AL HESEIEHDTEILICHAL. BREEICIIIST71 e—2—%
BuW. BEREEDEHEMHIE. KRETOREREDLEED7=81210 GPa, 1300 °C& L. 1
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~3RFEFRFE LB, R8EIX L 7o EIUEREHIXRD & SEM-EDSTHT L. sHEZ1T o 7o
HEFE D /NIL T DCaAIO, s H20 mol% TIFEAZZRROT XA M EiEHE.
CaAlO, sFE D50, 60 Mol%TIFIIAB|ANROT A MMEEH. CaAlO, A7 18100
mol%TIFT TV VI L 54 MEEHEOEMEIERT DERERF. —H. CAIO, silk 3 H
80 Mol D HFEMEH 5 DEMABIL. CaAlO, sHAHHEME L D H T MR W77
mol%DILHFBAROTANA MEEHLMED TSV VI L 54 FRICAIO, shHEL T
WBZ e DhoTce TDMINETEOSNIBEREIRTERT S L. AKE1300°CT
13%926 Mol% T & - 7=CaTiO3-CaAlO, cRAROT X A4 b DCaAlO, s P DERRAIF.
EBREIOFEEITEARD, SET10 GPa, 1300 °CTIFI77 mol%ICETKRELLLEHAD, £
Teo BEBREDHIZ5 Mol ETIFIIARRTH D CehmBINTz. SEIDRICHE VLTI,
ARETTIFCaAIO, B DEZERISEELA WV, LHALAEBAS. DR EH2.5GPadFE
ETFTTIETSUVILSA MEEREDLEECARD[2]. SEIOHERTI0 GPalICELWTHETE
THHT-C EHEBBEHDILADERL TWLWB AN B B,
BEXMA[1] Z. Liu, T. Ishii, T. Katsura: Geochemical perspectives letters, 5, 12 (2017). [2] V.
Kahlenberg, R.X. Fischer, C.SJ. Shaw: American Mineralogist, 85, 1061 (2000).
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[R3-09] Water solubility of CaSiO3-CaTiO3 perovskites and its implication for
water cycle in the lower mantle

*Takayuki ISHII", Yingxin Yu? (1. Okayama University, 2. USTC)
Keywords : mantle. water. calcium perovskite. basaltic crust

KIFEAAL ZZTICL > TYY MLFESBICEZEIN. I MUEYOLFER - ¥ENEESE
ICKEIBRREREZX %, BKIVIIVEAAFDRRICED, EBEBIZVHR CHBAABIC
BKIELTWBRZ AR o7 LA L. FETEYY ML TH ST ) v T
A7 ORI L—XADEKEIIF0T wtATFTEEVWC EAHSNTED. TEIY >~
WICHEITBKDAIERIEAHETH S,
CaSIO3IUABROTRAA MTATIATA b)lE. TEY Y MLBEEPHEMERICE
BICEFNZLMDO—DOTH B, mEDEBRNHARCIERARICLDTAIIA T bOF
KEDRETNTWVWBRD, FITHAEBETESHARERNMESNTULARL, ZOEBHDO—DL
LT TATIAT7 A MIEBEUNT B ZEHTERWVED. —[ETOREBERSKEDH
NREETH B HEIFO5ND. CaTiOzH7 240 MolWAESTHIL STV LROTIAA b
. BREEETHBI AN TWVWD, £ TARIAETIE. CaSiIO;TAIIA 71 FDF
KEEZWHET SO, JIIHBTILFTUEILTLRIZE D, CaSiOs-CaTiosRROT X A4
MNEEREZEIKEMETTER LT, BURLI-BEERZRWT. 7— ) IEBRRADIE
FTRICE D BET TOREBELRIKERAEZIT >0

BEXERIG. FLAKEXREMERZREMICKRESNI)NHBTILFTVEILTLIZAWL
TiToTco BEMEL L TERARXAILF A F[Ca,SiH,05(0H), » H,01:CaTiO3=6:4 F 7=152:8
(BEILLL) DMK EEMZ R LTc. ChoEBZz. BAELICEBENTEILICAN, 15-25
GPa. 1700-2100 KDEHTROT R DA FMEOEBREERZHATce INTOERT. [E
INElEHE. 100-300 umDROT XA FEFREZKXIL FTER SN TULW ., BRSO
iE. EFRNYA 707 F S TITV. BFERIT. BEREEXREHET (XRD) TREL
1o

[EUR L 7=E B O FFREIF. CaSiOs-CaTiOsRDEKROT I AA MEE—HT B eHhDH >

fzo THETDCASIOS-H,0RDEFETIE. Ca? =2H DBEMMEICK DT T A7+ b
ICIKDAD. FERDZS ISR TAREENTEBINTVD. 2O &S BEFEFRDH W
NS SNT. Fioo BIERIOFTIRIRY MLHSIZOHNY RABRAIShigh -
feco TNHODRERNS. CaSiO3-CaTiOsRROT XA MMEDKBREIZ. FEBITEVNC L
DL oT, CORERIE. CaSiIO3TA IR AT A FOBKEDLIEEICEVWATEESE R
®LTW3,

HRTIE. AATHRH S THBI Y MLOKBTHICOWVWTHLLERT 30
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