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AFm 3% TExperimental study on behavior of hydrogen in the Earth's upper mantle ] &L, B A%
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% 1 % lntroduction) TiX, ZHE TITONTEIZHER~ > ML RS 2 BKSLY DK FEZEH)
(ZBAT % FEUE A K ORI RO R 2 R L. AR DML E ST IZ oW TEm LT\ 5,
ARG I D GA D AKITHER~ > MV OGRS R & e e 5 2. BOKGEY) T OKFEZEE) &
TR BT 5 Z L1, HERN D X A I 7 A2 BEIICEET 27 DICHETH 5,

% 2 & [Effects of Al content on water partitioning between orthopyroxene and olivine: Implications for
lithosphere—asthenosphere boundary] TiZ, &7 A (LUK Opx) — A bAA (LLF O) [HOBIEE
KET « B~ MAERETIZET H5KOGEL (LT Dopon) (2 2WTIRRTU S, Dopwonld Opx
DA ZERE LN E & B~y NEDNSETTIRIZIE L Thote, LarL, Opx 2% Al Z[EE L
7ol &, Opx DOEKEITIEFITHR L, DopwoplTHM L7z, SHIZ, ZOFRITIEETIZLHEETH
DT ENDMNoTo, ZOREE, HIBR B~ 2 FUIZEW T, Opx 28 Al Z 13 & 729123 T, Diopwo
EREIZEAD L, Ol DK ZERFFT D K02 2 EbnoT,

% 3 & [Effects of aluminum on changing hydration mechanism of enstatite studied by DFT calculations] C
1L, Opx 23 Al Z[ER LT & EDEKRA T = A LDFEALIZ DN TIRR TS, #EENLBESBOEERIZEE SV
TeB—RBERICE D | IR AT POV R - BERAERD, IR AT MAZHBL, FERFERL
g5 Z & CRGEA R OKRFEBRLEORELZIT 572, Opx 28 Al ZEIE Lgn b & FEFREKRAD
= XL Si—4H, F£721E Mg—2H OEHRTH o7, —F, Opx 23 Al ZREVE LI L &, EHEREKR
W= ALTEA A (SicMg) 28 Al & H & bIZE# S D 2Mg—AI+H, £7213 Si—A+H - Si—4H
Wb T2 RN bhotz, ZORERITE 2 BB THLNIZ2-72 Opx 28 Al Z[EIE L= & &1
Opx D EKENHENINT 5 Z & OFGRIIRIN L 725,

% 4 7 TIn-situ IR high pressure experiment on the upper mantle nominally anhydrous minerals] Ti%, =
i ®ETICRBIFLAAYEY FT7 e HWEmELZ O IRBIZENL, GETICBITL7 +
NATZA b (LLF Fo) OKFBEEDOELIZ OV TR TS, FEBR XV | Fo @ alifilc FAT722F*t IR
[ZBWT, 4GPaLl T OH ANy ROEBMA~DRE 27 FABIIS7z, 5 3 EIFERIZ Fo DK
FNLEE DFT #HWER L7 2 A, SiZ 450 H TE# L 72HEICBW T, 4GPall LT OHMEA
AORKEBRENAEL, FEBREF OH AN ROEEBEI~DO K&y 7 NRR TE T,

% 5% [Behavior of hydrogen in the Earth’s upper mantle: Implications from crystal chemistry to mantle
dynamics) Tlx, ARWFERERZIRYIEY | FREEE 2, ik B~ MhokBEEICEA L, #
ERSE BN BIR RO TS, F2ETFT-LIRICEV EBRNOLHELNTZ IR AT hrE | 53
BCHE - FEERICL VG ON IR BT 5 2 & T, MKEMDOKEALE Z R ET D Fik
R LTz, S HIT, F 4 BITBWTEKEDRWIKIEY D728 O &% O IR JIE D FIEFFE %
Tole, MBI, RIESRE T THOLNZ IR AT MVAEE 3 ETHN L F—FEMTE L MAEGD
. Fo OKFEEDEMIZHONWTELE LIz, ZOME., EROICEKEOZEIZHEVLABAADT
NRYERET D ERMBN TR, ZOBITKIEREDEICLVHHATED Z Lo
Too BBZIT, B3 ETRD LIV Opx DKHKELE Z 6, Opx DT RV HIZH X D KO FEE T L
TW5,
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In order to understand behavior of hydrogen in the Earth’s upper mantle (reviewed in
Chapter 1), water partitioning of water between orthopyroxene and olivine have been studied
experimentally at pressures of 1.5-6 GPa and a temperature of 1573 K under low-water
concentrations similar to the Earth’s mantle conditions using Kawai-type multi-anvil and
piston-cylinder apparatus (Chapter 2).

DFT (density function theory) calculations of hydrogen substitution in enstatite were
carried out and the results were compared with the IR spectra obtained by experiments. These
results indicate that hydrogen prefers substitutions along with AI** and this explains the
reason why Al in enstatite enhances the water solubility of Opx (Chapter 3).

To investigate behavior of hydrogen under high pressure conditions, in-situ IR high
pressure experimental method was developed using diamond anvil cell that are applicable for
upper mantle nominally anhydrous minerals with very small amount of water (100~1000
ppm). Using this technique, polarized IR spectra parallel to crystal axis of synthesized
forsterite were obtained under high pressure for the first time. Large shift of some OH bond
above 4 GPa and separation of OH band were observed. In addition, | have calculated the
electronic state in forsterite using the DFT to explain observed peak shifts during
compression. Hydrogen substitution mechanism in Si site can explain observed IR spectra
shift by first-principle calculation. (Chapter 4).

Finally, T discussed the behavior of hydrogen in the Earth’s upper mantle based on the
results in the preceding Chapters. From direct comparison of the vibrational frequencies
measured by the FT-IR methods (Chapter 2) and simulated by the first-principles methods
(Chapter 3), I developed a method to determine hydrogen positions in nominally anhydrous
minerals. Based on determined hydrogen position of forsterite (Chapter 4) together with all
experimental and theoretical inferences obtained through preceding chapters, I tried to explain
why water changes the slip system of olivine. (Chapter-5).
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