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機械的粉砕による斜長石ガラスの構造変化
Structural change of plagioclase glasses by mechanical milling
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斜長石 (NaAlSi3O8-CaAl2Si2O8)組成の融液は、マグマを構成する主要成分である。その組成のガラスの粉砕による構
造変化の情報は、地震やマグマ活動に伴う斜長石組成の物質の構造や物性を考えるうえで非常に重要である。また、そ
の構造についての詳しい情報は新しい珪酸塩ガラス粉末材料の開発のために有効である。珪酸塩ガラスは、加熱や圧縮
だけでなく機械的粉砕によっても、そのナノ構造や密度が変化することが知られている。例えば、SiO2ガラスは、粉砕
によりその構造中の Si-O-Si角の減少ならびに SiO4四面体の 4員環や 3員環の増加が密度増加を引き起すと報告されて
いる [1]。また、Albite(NaAlSi3O8)組成ガラスについても、同様の研究が行われ SiO2 ガラスとは異なった粉砕挙動をし
めすことが分かっている。本研究では、Anorthite(An100)及び Ab50An50組成ガラス構造の粉砕による変化を粒度分析、
X 線回折及び赤外分光測定により明らかにし、既に報告されている Ab100組成ガラスの結果を含め、斜長石ガラスの組
成変化に伴う粉砕挙動の変化について考察した。
　 An100及び Ab50An50組成ガラスを溶融急冷法により作成し、ボールミルを用いて 500時間までの粉砕実験を行っ

た。得られたガラス試料について、粒度分析、X線回折及び赤外分光測定を行った。約 20～80時間までの粉砕では、ガ
ラスの見かけの平均粒径は約 2μmまで減少し、その後再び増加した。また、An100ガラスが最も容易に粉砕されるこ
とを明らかにした。また、長時間の粉砕により見かけの平均粒径はすべてのガラスで増加し、これはガラス粒子の再凝
集によるものと考えられ、その程度は Ab100ガラスが最も強い。これらの結果は、Ab100ガラスの構造単位が、An100
ガラスより大きいことと関係するものと思われる。
　ガラスの XRDパターンは回折角約 22～26°付近に First Sharp Diffraction Peak (FSDP)を示す。このピーク位置は、

基本構造単位の大きさに関係し、大きな値を持つほど小さい構造単位を含むことを示す。このピークの位置は、粉砕に
伴いより高角度側にシフトし、その構造単位が減少することを示す。例えば、粉砕前の Ab100組成ガラスは、TO4四面
体 (T=Al/Si)の 6員環を主とする構造 [2] であるが、粉砕により、より小さい 4及び 3員環の構造が増加したと考えられ
る。また、An100ガラスの粉砕前の FSDP位置は、Ab100ガラスより大きい。これは、An100ガラスの基本構造単位が
4員環であること [2]に関係し、その粉砕によるピークシフトが Ab100ガラスに比べて小さいことは、粉砕による構造変
化が小さいことを示している。また、SiO2及び Ab100ガラスについて粉砕による密度増加が報告されている [2] ことか
ら、An100及び Ab50An50ガラスも粉砕によりその密度が増加していると考えられる。しかし、An100ガラスのピーク
シフトが Ab100ガラスより小さいことから、粉砕による密度増加は Ab100ガラスのほうが大きいと考えられ、これは粉
砕前の構造の違いが原因と思われる。ただし、Ab50An50ガラスの変化は三つのガラスで最も大きく、密度変化も大きい
ものと思われる。また、すべてのガラスで 10時間までの粉砕では、FSDP位置はほとんど変化しないことから、10時間
程度の粉砕では、内部構造の変化は非常に小さいものと思われる。
　赤外分光測定の結果から、800cm−1付近のバンドは、T-O-T結合に関係している。このバンドの強度は、粉砕に伴い

減少する。しかし、その減少程度は Ab100<An100<Ab50An50の順であり、Ab50An50ガラスで大きく減少する。この
ことは、粉砕によりAb50An50ガラスが最も激しく構造を変化させることを意味し、FSDPの粉砕による変化と矛盾しない。
　以上、斜長石ガラスは、粉砕によりその基本構造単位が減少し、密度が増加するものと考えられる。また、Ab50An50>Ab100>An100

の順で構造の変化が大きいことを明らかにした。この変化は、粉砕による長石ガラス中の Na+ 及び Ca2+ イオンを中心
としたユニットの形成に起因している可能性がある。

References
[1] Iwao, M and Okuno, M., Koyano, M. and Ktayama, S. (2010) J. Min. Petrol. Sci., Vol. 105, 135-141
[2] Okuno, M. and Marumo, F. (1982) Mineralogical Journal, Vol.11, 180-196
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SMP44-02 会場:102A 時間:5月 20日 09:15-09:30

高圧におけるパイロープメルトのAlの配位数について
X-ray diffraction analysis of pyrope melts at high pressures
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固液分離は地球内部の化学進化の主要なメカニズムである。地球内部におけるメルトの移動は，その粘性と密度によっ
てコントロールされる。これらのメルトの物性はマグマの構造と密接に関連している。そのため、高圧におけるマグマ
の構造は地球惑星内部のマグマの関連した現象を解明する上で重要な研究課題である。珪酸塩メルトの急冷ガラスは急
冷・脱圧時の構造緩和の影響を避けられないため，高圧下のメルトの構造研究にはその場観察が必須である。本研究で
は高温高圧 X線回折からパイロープ組成メルトの構造の圧力変化について調べた。本研究で着目したパイロープは Filed
Strength（Z/r）が高いMgを含むため，配位数の高い Al を含む傾向が強い。
高圧実験はKEK，PFでMAX80を用いて5.5GPa・2300Kまでの条件で行った。出発試料は1気圧で作成したMg3Al2Si3O12

組成のガラスを用いて，グラファイトカプセルに封入した。メルトの回折実験は融点から 50～100K高温側で，白色 X
線を使ったエネルギー分散法で行った。回折プロファイルから干渉関数を導き、フーリエ法で解析した。
パイロープメルトの動径分布関数 D(r)の 4配位の Al-O と Si-Oに対応する第一ピーク（～1.7Å）の圧力変化に注目

すると，圧力に伴いピーク強度が減少した。一方，1.9Å付近のでは強度の増加が認められる。これは，高圧ほど Al の
配位数が増加して Al-O距離が伸びていることと対応していると考えられる。TO4四面体を構成する Al と Siの配位数が
増加するためには非架橋酸素が存在することが要求される。NBO/Tの大きいパイロープ組成（Mg3Al2Si3O12）では非
架橋酸素を多く含まれるため，配位数増加が顕著であると考えられる。

キーワード:マグマ,放射光,高圧
Keywords: magma, synchrotron radiation, high pressure
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SMP44-03 会場:102A 時間:5月 20日 09:30-09:45

Forsterite-MgSiO3液体界面の構造と物性
Structure and properties of forsterite-MgSiO3 liquid interface
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1 岡山大学
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Knowledge about viscosities and permeability of partial molten rocks is important to understand the thermal history of the Earth
and volcanism. For understanding those obtained by experiments and estimating the physical properties at extreme conditions
that difficult to reproduce in laboratory experiments, knowledge about structure and properties of silicate crystal-liquid interfaces
is necessary. In this study, structure and properties of the forsterite-MgSiO3 liquid interface are investigated by using molecular
dynamics simulations. It is essential to know the structure and physical properties of forsterite-MgSiO3 liquid interfaces since
forsterite is the liquidus mineral of primordial magmas.

Molecular dynamics simulations were performed with NPT ensemble using MXDORTO code. The interatomic potential
model used in this study is same with used in Noritake et al. (2012). The initial structure is 21440 atom system in which a sheet
of MgSiO3 liquid consist of 8000 atoms is sandwiched between (010) surfaces of forsterite and 43440 atom system in which a
sheet of MgSiO3 liquid consist of 30000 atoms is sandwiched between (010) surfaces of forsterite. Structure and properties in
the vicinity of interface was obtained at 0.1 MPa and various temperatures.

From simulation results, characteristic structure was observed in the forsterite-MgSiO3 liquid interface. In the crystal-liquid
interface, 2-30% of SiO4 tetrahedra of forsterite surface bridge SiO4 tetrahedra in liquid. In liquid region, SiO4 tetrahedra
concentrate in the vicinity of surface and form an SiO4 tetrahedra rich layer of 0.4 to 0.6 nm thickness. Inner side of the first SiO4

rich layer in MgSiO3 sheet in liquid, the Mg rich second layer of 0.6 nm thickness is formed. Consequently, the structure of liquid
is different from that of bulk liquid in 1.2 nm from crystal-liquid surface. However, the biased concentration approaches to bulk
composition with the distance from the interface. In the first layer, internal energy of the system is lowered by bridging between
SiO4 tetrahedra at the crystal-liquid interface, and Coulombic interaction between non-bridging oxygen in liquid and magnesium
at the crystal surface. In the second layer, interaction between concentrated magnesium and excess oxygen by bridging lower the
internal energy.

The 2D self-diffusion coefficient oxygen in the plane in first layer is a half order lower than that of bulk liquid. However,
The 2D self-diffusion coefficient of oxygen in Mg-rich second layer is a half order higher than that of bulk liquid. Existence of
bridging oxygen between crystal and liquid, and concentration of SiO4 tetrahedra in first layer might decrease the self-diffusion
coefficient of oxygen in the first layer. Concentration of free oxygen, non-bridging oxygen and magnesium might increase the
self-diffusion coefficient of oxygen in second layer.

This simulation results suggest that existence of small amount of melt might considerably decrease the viscosities of partial
molten rocks and considerably increase permeability of partial molten rocks. However, it should be confirmed that this double
layered structure in forsterite-MgSiO3 liquid interface is equilibrium by performing of long time calculations.

キーワード:界面,分子動力学計算,珪酸塩,結晶,液体
Keywords: Interface, Molecular dynamics simulation, Silicates, Crystal, Liquid
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SMP44-04 会場:102A 時間:5月 20日 09:45-10:00

温度勾配場におけるマントルオリビンの化学的不均質形成
Chemical heterogeneity in mantle olivine by temperature gradient

安居俊紀 1∗,近藤忠 1
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1 大阪大学大学院理学研究科
1Graduate School of Science, Osaka Univ

Laser-heated diamond anvil cell (LHDAC) has been used as a major method to generate high temperature and pressure condi-
tions of the Earth’s interior. In the laser heating experiments,only a local region can be raised to high temperature with a strong
temperature gradient in the sample. The Soret effect is known as a phenomenon of chemical diffusion induced by temperature
gradient, which causes a change of homogeneous material to heterogeneous chemistry. While the Soret diffusion in liquids has
been popularly studied, that in solids and its pressure dependence have not been studied well because the Soret effect is rela-
tively slow and more complex in solids than in liquids. The previous experiments using LHDAC (Heinz & Jeanloz 1987, Sinmyo
& Hirose 2010, etc.) reported that a steep temperature gradient makes a large difference of element concentration between the
laser-heated spot and its edge, however, the Soret effect in LHDAC have not been quantitatively analyzed.

In this study, we studied the material experienced a steep temperature gradient using LHDAC. Single-crystal or powdered San
Carlos olivine with the composition of (Mg0.89,Fe0.11)2SiO4 was used as the starting material. The single-crystal experiments
were conducted with NaCl as a pressure medium, while we loaded no pressure medium in powder experiments. Each sample
was heated using a Nd:YAG laser without moving laser spot and kept the same temperature gradient. Temperature profile was
measured by a spectroradiometric method. The recovered samples were analyzed using Field Emission-Scanning Electron Mi-
croscope (FE-SEM) and Electron Probe Microanalysis (EPMA). Experimental pressure and temperature were 10-30GPa and
1000-2000K, heating duration was 10-120 minutes. Various chemical heterogeneity formation was observed in different experi-
mental conditions such as temperature gradient, heating duration and phase transition. We will report the details of these results
on the Soret diffusion.

キーワード:レーザー加熱型ダイヤモンドアンビルセル,ソーレ効果,固体内拡散
Keywords: LHDAC, Soret effect, diffusion in solid
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SMP44-05 会場:102A 時間:5月 20日 10:00-10:15

Zn2GeO4スピネル相とZn2SiO4変形スピネル相の結晶構造
Crystal structures of Zn2GeO4 spinel and Zn2SiO4 modified spinel phases

神崎正美 1∗,薛献宇 1

Masami Kanzaki1∗, Xianyu Xue1

1 岡山大学地球物質科学研究センター
1Inst. Study Earth’s Interior, Okayama U.

マントル高圧鉱物と関連して、Zn2GeO4 と Zn2SiO4 の高圧相関係について 60-70年代に調べられたが (e.g., Syono et
al., 1971)、高圧相の結晶構造については Zn2SiO4 II 相以外は調べられていない。昨年の会議では Zn2SiO4の III と IV 相
の構造を報告した (SIT02-24)。本講演では、Zn2GeO4の立方晶と正方晶スピネル相、Zn2SiO4の V相の結晶構造につい
て報告し、加えて。Zn2SiO4 の III と IV 相について新しく分かった構造的な知見についても触れる。
試料は全て 5000トン川井型マルチアンビル高圧装置で合成し、急冷回収したものである。粉末 X 線回折パターンは

SPring-8 BL19B2にて大型デバイ・シェラーカメラで測定した。構造精密化はリートベルト法 (RIETAN-FP)で行った。解
析の詳細は Kanzaki and Xue (2012)と同じである。V 相については 29Si MAS NMR測定を行った。

Zn2GeO4の立方晶と正方晶スピネル相はそれぞれ 3 GPa, 1600oC, 5 GPa, 1200oCで合成した。両相はこれまでの予想
どおり、４配位席を亜鉛が占める逆スピネル型であった。正方晶スピネルでは、Znと Geの八面体席での秩序化により
対称性が下がっている。これは Zn2TiO4と同構造である。I.D. Brownの bond valence計算法を使った結合距離の計算は、
測定結果とよく一致した。

Zn2SiO4 の III, IV 相の構造 (Liu et al., 2013)については昨年の要旨に出ているが (SIT02-24)、その後 III 相については
構造が (Zn1.1Li0.6Si0.3)SiO4 高温相と同じであることが分かった。この種のオリビン構造の６配位席を占める原子が４配
位席に移動した構造を Baur(1980)は tetrahedral olivineと呼んだ。IV 相については、２個の ZnO4 と１個の SiO4 が１つ
の酸素を共有する triclusterが c軸方向につながってコラムを作っている。同様なコラムは II 相にも存在し、II 相と IV 相
の近い密度を説明する。

V 相が変形スピネル構造を持つことは以前から指摘されていたが (Syono et al., 1971)、今回の解析で確認された。構
造はMg2SiO4 wadsleyiteとほぼ同じであり、Znは八面体席のみを占めており、Znと Siの disorderはない。これは 29Si
MAS NMRで１つの４配位 Siピークが見られたことと一致する。

Baur, W.H., Inorg. Nucl. Chem. Lett., 16, 525-527, 1980
Kanzaki, M. and Xue, X., Inorg. Chem., 51, 6164-6172, 2012
Liu, X., Kanzaki, M. and Xue, X, Phys. Chem. Mineral., submitted
Syono, Y., Akimoto, S., and Matsui, Y., J. Solid State Chem., 3, 369-380, 1971

キーワード: Zn2SiO4, Zn2GeO4,高圧相,結晶構造,スピネル,結晶化学
Keywords: Zn2SiO4, Zn2GeO4, high pressure phase, crystal structure, spinel, crystal chemistry

1/1



SMP44-06 会場:102A 時間:5月 20日 10:15-10:30

ぺロブスカイト型NaZnF3、NaMnF3の高圧相転移と、MgSiO3アナログ物質として
のポストぺロブスカイト型A+B2+F3
High-Pressure Transitions of NaZnF3 and NaMnF3 Perovskites with Implication to Mg-
SiO3 Postperovskite Analogues

赤荻正樹 1∗,白子雄一 1,永仮貴之 1,糀谷浩 1,遊佐斉 2,山浦一成 2

Masaki Akaogi1∗, SHIRAKO, Yuichi1, NAGAKARI, Takayuki1, KOJITANI, Hiroshi1, YUSA, Hitoshi2, YAMAURA, Kazunari2

1 学習院大理, 2 物材機構
1Dept. Chem., Gakushuin University,2Nat. Inst. Mater. Sci.

MgSiO3を主成分とするぺロブスカイト (Pv)相のポストペロブスカイト (pPv)への転移は下部マントル最深部で起きて
いるとされ、pPv型 MgSiO3の性質を明らかにすることはコア－マントル境界領域の構造とダイナミクスを解明するた
めに重要である。しかしこの転移が 120GPa、2000℃を越える超高圧高温下で起こることや pPv相が常圧に戻すとアモ
ルファス化することから、より低圧で同じ転移を起し、常温常圧に pPv相が回収できる ABX3化合物の探索とその構造、
物性の研究が意義を持つと考えられる。近年、著者らは約 20GPa以下の圧力で Pv－ pPv転移を起こす ABX3 化合物と
して、CaRuO3、CaRhO3、NaNiF3、NaCoF3を新たに発見し、高圧相関係の決定、Pv、pPv相の精密構造解析、物性測
定などを行ってきた (Kojitani et al., 2007, Shirako et al., 2009, 2012, Yusa et al., 2012)。今回、新たに NaZnF3、NaMnF3ぺ
ロブスカイトの高圧相転移を調べ、相関係の決定、NaZnF3 Pv, pPv相の構造精密化を行った。また NaNiF3、NaCoF3の
結果と合わせて、フッ化物 A+B2+F3がMgSiO3の良いモデル物質になりうることを議論する。
マルチアンビル装置を用い 9-24 GPa、600-1100 oCにおいて NaZnF3、NaMnF3 Pvの相転移実験を行った。常圧に回

収された NaZnF3試料は液体窒素中で粉末化した後、粉末 X 線回折装置で相の同定を行った。NaMnF3では高圧合成さ
れた焼結体試料を微小部 X 線回折装置で調べた。また NaZnF3 pPvの粉末 X 線回折データを用い、リートベルト法によ
り構造を精密化した。
　 NaZnF3 Pvは約 10－ 15GPaで pPvに転移した。常圧回収された NaZnF3試料は単相の pPvではなく、一部が Pv

に戻っていた。その Pv－ pPv転移の相境界線は、P(GPa) = 4.9 + 0.011T(oC)と決定され、体積変化は－ 1.9％であった。
NaMnF3 Pvは約 8－ 12GPaで Na3Mn2F7相とMnF2相に分解した。その回収試料で MnF2相は?PbO2型構造であった
が、高温高圧下ではO-I型またはコチュナイト型であったと考えられる。リートベルト解析により精密決定された常圧で
の NaZnF3 pPv構造は NaNiF3 pPv構造に近く、両者の八面体はCaMO3 pPv（M =白金族元素、Sn）の八面体より変形が
小さく、120GPaでのMgSiO3 pPv（Murakami et al., 2004）のそれに近い。NaZnF3, NaNiF3, NaCoF3はいずれも 20GPa
以下で Pv－ pPv転移を起こし、体積変化は－ 1˜2％、相境界線の勾配は 10-15MPa/℃である。またこれらのフッ化物 Pv、
pPvの a, b, c軸の圧縮率の大小関係はMgSiO3Pv、pPvと同じであり、圧力によって Pv八面体の回転角が 26°付近まで
達すると、pPvへ転移する。以上のことから、これらのフッ化物は、MgSiO3の Pv－ pPv転移の低圧での良いモデル物
質になると考えられる。特に NaNiF3は pPv相が単相で常圧回収できる点で、モデル物質として有用である。

キーワード:ぺロブスカイト,ポストペロブスカイト,高圧相転移,フッ化物,下部マントル,アナログ物質
Keywords: perovskite, postperovskite, high-pressure transition, fluoride, lower mantle, analogue material
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SMP44-07 会場:102A 時間:5月 20日 11:00-11:15

Ab initio computation on the Fe L-edge X-ray emission spectroscopy of Fe-bearing Mg-
SiO3
Ab initio computation on the Fe L-edge X-ray emission spectroscopy of Fe-bearing Mg-
SiO3

Xianlong Wang1∗, Taku Tsuchiya1

Xianlong Wang1∗, Taku Tsuchiya1

1Geodynamics Research Center,Ehime University
1Geodynamics Research Center,Ehime University

Behaviors of iron (Fe) in the minerals of the Earth’s lower mantle (LM), including valence state, spin state, and chemical
environments, at high pressures are important for more detailed understanding the LM properties. The pressure induced spin
transition of Fe-bearing MgO and MgSiO3 perovskite (Pv) were detected of usually by using high-resolutionK -edge X-ray
emission spectroscopy (XES) [1,2,3] and confirmed by theoretical simulations [4,5]. Since the FeK -edge XES is associated to
the 3p orbital, which is far from the valence orbitals (3d and 4s), it provides no information about Fe’s coordination environ-
ments. However, FeL -edge XES can directly determine the distribution and intensity of Fe-3d character. To identify the spin
state, valence state and substitution site of Fe in Fe-bearing Pv at the LM pressure range, we systematically investigated the
L -edge XES of Fe2+- and Fe3+ (Al3+)-bearing Pv under high pressure by using the first-principles method combined with the
slater-transition method. Our results show that the spin transition of Fe2+ and Fe3+ can be identified easily by theL -edge XES
technique. The valence state of Fe can be furthermore certified, since the shift of the first main peak of Fe3+ is about two times
larger than that of Fe2+ across the spin transition. The width of theL -edge XES of Fe3+ is also sensitive to the substitution site,
indicating that their coordination environments might also be distinguishable from the FeL -edge XES spectra. These strong sen-
sitivities to the Fe states suggest that the high-resolution FeL -edge XES measurement would be a useful experimental technique
to investigate Fe-bearing silicate minerals. Corresponding experiments are expected.

キーワード: First-principles calculation, First-principles calculation, Fe L-edge XES, Mg perovskite
Keywords: First-principles calculation, First-principles calculation, Fe L-edge XES, Mg perovskite
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SMP44-08 会場:102A 時間:5月 20日 11:15-11:30

Ca2MgSi2O7-Ca2Fe3+AlSiO7系合成メリライトの高圧下における放射光 X線回折及
びメスバウアー分光に関する研究
Synchrotron XRD and Mossbauer spectroscopic study on Ca2MgSi2O7-Ca2Fe3+ series
melilite at high pressures

浜田麻希 1∗,大谷栄治 1,三井隆也 2,増田亮 2,赤坂正秀 3

Maki Hamada1∗, Eiji Ohtani1, Takaya Mitsui2, Ryo Masuda2, Masahide Akasaka3

1 東北大, 2 日本原子力研究開発機構, 3 島根大
1Tohoku Univ.,2JAEA, 3Shimane Univ.

Synthetic Ca2MgSi2O7 (akermanite: Ak)-Ca2Fe3+AlSiO7 (ferrialuminium gehlenite: FAGeh) series melilites were investi-
gated using synchrotron X-ray diffraction and synchrotron-radiation-based Mossbauer spectroscopic methods to determine the
distribution of Fe3+ between two structurally independent tetrahedral sites (T1 and T2), and the relationship between ionic substi-
tution and incommensurate structure in melilite at high pressures.57Fe-doped Ak-FAGeh melilites were synthesized from starting
material with composition of Ak50FAGeh50 by sintering technique at 1140-1180 oC and 1 atm for high pressure experiment. The
average chemical composition of the synthetic melilites was Ca2.00Mg0.56Fe3+0.42Al0.44Si1.57O7. The site populations at the T1
and T2 sites at the synthetic condition were determined by X-ray Rietveld analysis and 57Fe Mossbauer spectroscopy (340MBq
57Co source) to be [0.557Mg+0.280Fe3++0.237Al]T1 [0.197Fe3++0.176Al+1.574Si]T2 (apfu: atoms per formula unit), which
is consistent with that by Hamada and Akasaka (in press).

The experiments at high pressures were performed using a diamond anvil cell (DAC) with culet size of 0.3 mm. A Rhenium
gasket was pre-indented to 0.06 mm in thickness, and a hole with 0.1 mm in a diameter was drilled in the gasket as the sample
chamber. NaCl was used as pressure medium. In addition to the powder sample, several ruby tips (0.01-0.02 mm in diameter)
were put into the chamber as a pressure marker. The pressure was estimated based on Ruby fluorescence (Mao et al., 1978).
Mossbauer spectra and X-ray diffraction were taken at the beamline BL11XU of SPring-8. The energy of used gamma-ray for
Mossbauer spectroscopy was 14.4125 keV. Mossbauer spectra were measured at 0.8, 1.6, 14.1, 18.7 GPa. The spectra were fitted
to Lorentzians with widths and intensities constrained to be equal at each site, using synchrotron-based-Mossbauer analysis pro-
gram S8QBMOSS (Hamada and Akasaka, in prep.).

At 0.8 and 1.6 GPa, Mossbauer spectra consisted of two doublets assigned to T1 and T2 sites. However, Isomer Shifts (I.S.)
of T1 and T2 sites at 1.6 GPa (0.11(5) and 0.05(5) mm/s, respectively) were smaller than those at ambient condition. Area ratio
of Fe3+(T1):Fe3+(T2) at ambient condition was 47(1):53(2) (Hamada and Akasaka, in press). Whereas, area ratio at 0.8 and
1.6 GPa were 52(10):48(9) and 44(9):56(8), respectively. Mossbauer spectra at 14.1 and 18.7 GPa consisted of only one doublet
assigned to Fe3+ at T2 site. However, the half width was broad, suggesting that the spectrum consists of strongly superimposed
doublets.

The variation of the Mossbauer hyperfine parameters (I.S. and quadrupole splittingQ.S.) suggests that covalencies of T1-O
and T2-O bonds increase and difference of geometric properties (site distortion and mean T-O distance) between T1O4 and
T2O4 tetrahedra becomes smaller with increasing pressure. Yang et al. (1997) reported the incommensurate (IC)-normal (N)
phase transition at 1.7 GPa. The smallerI.S. values may be caused by IC-N phase transition.

キーワード:放射光 X 線回折,放射光メスバウアー分光分析,合成メリライト,変調構造,高圧
Keywords: Synchrotron X-ray diffraction, Synchrotron Mossbauer spectroscopy, Synthetic melilite, Incommensurate structure,
High pressure
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SMP44-09 会場:102A 時間:5月 20日 11:30-11:45

(Mg,Fe)Oの常圧下における磁気相図の再考
Magnetic phase diagram of (Mg,Fe)O: reinvestigation

藤井敦大 1∗,近藤忠 1,谷口年史 1

Atsuhiro Fujii1∗, Tadashi Kondo1, Toshifumi Taniguchi1

1 大阪大学大学院理学研究科
1Graduate School of Science, Osaka Univ.

(Mg,Fe)O shows complex magnetic behavior due to the presence of non-magnetic magnesium ion. For example, (Mg0.23Fe0.77)0.92O
shows Neel transition at 128 K and spin-glass like phenomena below 76 K at ambient pressure [Abbas and Hicks, 1990]. Al-
though we reported a magnetic phase diagram and suggested that the magnetic structure would be differ between iron-rich side
and magnesium-rich side [Fujii et al. 2011], the magnetic property of (Mg,Fe)O at ambient pressure is still unclear. In this
study, we reexamined the compositional dependence of magnetic ordering of (Mg,Fe)O at ambient pressure. We used Supercon-
ducting Quantum Interference Device (SQUID) magnetometer (MPMS-7 or MPMS-XL, Quantum design Inc.) to measure the
temperature dependence of magnetic susceptibility by cooling sample in zero field (ZFC) and in a field (FC). The magnetic field
dependent of susceptibility and the temperature dependence of AC magnetic susceptibility were newly measured. In the iron-rich
(Mg,Fe)O, the ZFC curve show a peak-like cusp at relatively high temperature and a kink at low temperature. An irreversibil-
ity was observed between the ZFC curve and FC curve below the kink temperature. These behaviors are the same as those of
(Mg0.23Fe0.77)0.92O observed in the previous study [Abbas and Hicks, 1990]. Therefore, the kink and the cusp would indicate a
spin-glass transition and Neel transition, respectively. In the case of the magnesium-rich (Mg,Fe)O, the ZFC curve show no kink
and an irreversibility below the cusp temperature. Therefore, it would show no Neel transition but spin-glass transition. We also
observed a superparamagentic like phenomena in all sample. These interpretations are supported by the magnetic field depen-
dence of susceptibility and the AC magnetic susceptibility measurement. Therefore, the magnetic ordering of magnesium-rich
(Mg,Fe)O is distinctly different from iron-rich (Mg,Fe)O at ambient pressure.

キーワード: (Mg,Fe)O,磁気秩序
Keywords: (Mg,Fe)O, magnetic ordering
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SMP44-10 会場:102A 時間:5月 20日 11:45-12:00

フォルステライトのカソードルミネッセンスにおける温度消光メカニズム
Temperature quenching mechanism of cathodoluminescence in forsterite

西戸裕嗣 1∗,遠藤太郎 1,蜷川清隆 1,鹿山雅裕 2,アーノルド　グチック 3

Hirotsugu Nishido1∗, Taro Endo1, Kiyotaka Ninagawa1, Masahiro Kayama2, Arnold Gucsik3

1 岡山理科大学, 2 広島大学, 3 東北大学
1Okayama University of Science,2Hiroshima University,3Tohoku University

Recently, cathodoluminescence (CL) zoning of the forsterite in carbonaceous meteorites has been investigated to clarify the
origin and thermal history of the chondrules. CL spectroscopy can detect a trace amount of impurity Recently, cathodolumines-
cence (CL) zoning of the forsterite in carbonaceous meteorites has been investigated to clarify the origin and thermal history of
the chondrules. CL spectroscopy can detect a trace amount of impurity elements such as Mn, Cr and Ti and lattice defects, which
relate to Al-O centers and primary intrinsic centers. However, a small amount of divalent Fe ions as quencher easily eliminate
CL emissions caused by any luminescent centers, so only near end forsterite could emit CL. In this study CL spectroscopy of
forsteric samples has been conducted to interpret emission mechanism of their luminescent centers by an SEM-CL, and quanti-
titatively analyze a thermal effect on forsterite CL by assuming the Mott-Seitz quenching model.

Forsterite crystals (Fo: 99.1) in basalt from Mogok, Myanmar and micro-grains (Fo: 99.7-99.8) in chondrules from Allende
and Kaba meteorites classified as a CV3 were prepared for CL spectral measurements. CL spectroscopy was made by a SEM-CL
system, which is comprised of SEM (JEOL: JSM-5410) combined with a grating monochromator (OXFORD: Mono CL2) at
accelerating voltage of 15 kV and beam current of 1.0 nA in a beam scan mode. The sample temperature was controlled by
flowing liquid nitrogen and using an embedded heater in a cryostage. All spectra were corrected for total instrumental response,
which was determined using a calibrated standard lamp.

At room temperature, the CL spectra show broad emission bands at around 400 nm in blue region and at around 650 nm in red
region, and pronounced emissions increasing to IR region with small emissions at around 720 nm. These bands can be assigned
to structural defect, divalent Mn and trivalent Cr impurities, respectively. Their emission intensities increase with a decrease in
sample temperature. In general, luminescence efficiency decreases with rising temperature due to an increase in non-radiative
transitions, which has been known as temperature quenching.

CL spectral peaks in energy unit were deconvoluted by Gaussian curve fitting to determine the emission component for each
emission center. The emission peak in blue region can be separated into two components centered at 3.15 and 2.99 eV, and the
peaks caused by Mn and Cr impurity centers can be fixed at 1.91 and 1.74 eV, respectively. By assuming the Mott-Seitz model,
activation energy in each temperature quenching process can be calculated by Arrhenius plots using integral intensity of each
component. The straight-line relationships in the plots resulted in each activation energy as follows; blue emission at 3.15 eV:
0.08-0.04 eV, blue emission at 2.99 eV: 0.10-0.05 eV, red emission at 1.91 eV: 0.01-0.005 eV, red emission at 1.74 eV: 0.01-0.02
eV. The values of activation energies for blue emissions caused by structural defects correspond to the vibration energy of Si-O
stretching mode in the lattice, and the values for red emissions caused by Mn and Cr impurity centers to Mg-O vibration energy.
It suggests that the temperature quenching energy might be transferred as a phonon to the specific lattice vibration.

キーワード:フォルステライト,カソードルミネッセンス,温度消光
Keywords: forsterite, cathodoluminescence, temperature quenching
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SMP44-11 会場:102A 時間:5月 20日 12:00-12:15

共振法によるクロミアンスピネルの単結晶弾性定数の測定
Measurements of elastic constants of single-crystal chromian spinel by fequency resonant
ultrasound spectroscopy

小野謙弥 1∗,原田裕也 2,米田明 3,山本順司 4,渡辺了 1

Kenya Ono1∗, Yuya Harada2, Akira Yoneda3, Junji Yamamoto4, Tohru Watanabe1

1 富山大学大学院, 2 広島大学大学院, 3 岡山大学地球物質科学研究センター, 4 北海道大学総合博物館
1Department of Earth Sciences, University of Toyama,2Department of Earth and Planetary Systems Science, Faculty of Sci-
ence, Hiroshima University,3Institute for Study of the Earth’s Interior, Okayama University,4Hokkaido University Museum,
Hokkaido University

Chromian spinel grains in mantle xenoliths usually contain fluid inclusions whose residual pressure (fluid density) can provide
us the origin depth of the xenoliths. Elastic properties of chromian spinel are essential for precise estimation of the origin depth.
Although elastic constants of spinel (MgAl2O4) and chromite (FeCr2O4) have been already reported, few studies have been done
on chromian spinel. We thus have studied elastic constants of a chromian spinel single-crystal via a resonance method.

Chromian spinel grains were collected from mantle xenoliths from Sveyagin, Russia (Yamamoto et al., 2009, Island Arc). One
grain was selected in terms of the uniformity of crystallographic orientation examined by SEM-EBSD. The selected grain was
shaped into a rectangular parallelepiped (0.517x0.417x0.412mm3). Each face was polished flat (< 1 micrometer) in an orienta-
tion perpendicular to{100} or {110}. The crystallographic orientation of the specimen was determined by the X-ray precession
method. The density is 3.83(1) x 103 kg/m3, which is calculated from the chemical composition analyzed with EPMA and the
lattice parameter (a= 0.8115(1) nm) determined by XRD.

Lower 16 oscillation modes were observed in the frequency range from 4 to 9 MHz. The oscillation of a specimen is not free
oscillation, because the specimen is held between two transducers. A specimen-holding force F affects resonance frequencies. In
order to infer the resonance frequencies of free oscillation, resonance frequencies were measured as a function of the specimen-
holding force F and then extrapolated to F=0.

Elastic constants are determined by comparing calculated and measured resonance frequencies. FEM was employed to cal-
culate resonance frequencies. C11, C12 and C44 are 264(3), 154(3), and 142.6(2) (GPa), respectively. Compared with elastic
constants of end members, spinel (Yoneda, 1990) and chromite (Hearmon, 1990), chromian spinel has the lowest C11 and inter-
mediate C12 and C44.

キーワード:弾性定数,クロミアンスピネル,共振法,マントル捕獲岩
Keywords: elastic constants, chromian spinel, resonance method, mantle xenoliths
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SMP44-12 会場:102A 時間:5月 20日 12:15-12:30

三次元顕微蛍光分光測定によって可視化されるサファイヤ中の包有物の残留圧力分
布
Three dimensional visualization of residual pressure around inclusions in sapphire

鍵裕之 1∗,亀形菜々子 1,ジョセリンフエンテ 1,野口直樹 1,阿依アヒマディ2

Hiroyuki Kagi1∗, Nanako Kamegata1, Jocelyn Fuetes1, Naoki Noguchi1, Ahmadjan Abduriyim2

1 東京大学大学院理学系研究科, 2 アメリカ宝石学協会
1Graduate School of Science, University of Tokyo,2Gemological Institute of America

Mantle derived minerals can tell us much information about processes within the deep Earth. It is important to determine the
original depth of these mineral samples. Kagi et al. 2009 showed that three-dimensional Raman mapping observations can be
used to visualize the distribution of residual pressure around inclusions in diamond, which has provided information about the
depth of diamond formation. Corundum is the second hardest mineral after diamond and is expected to also show substantial
residual pressure around inclusions.

Samples were collected from New South Wales, Australia as well as Chanaburi, Thailand and are associated with alkali basalts.
It is possible to distinguish between corundum crystals formed from various settings, such as metamorphic versus igneous
settings, based on trace element analyses. However, distinguishing between crystals of different geographic locality and similar
geologic settings is not yet possible using nondestructive methods. Based on current geochemical observations, there are two
models for the formation of igneous corundum crystals. Guo et al. 1996 proposed that these crystals formed in the middle crust
by a hybrid reaction between carbonatite melt and silicic magma. Alternatively, Sutherland et al. 1998 suggested that they may
form directly from volatile-rich felsic melts generated at lower crustal conditions. By using 3D mapping techniques, it may be
possible to evaluate the P-T history of the host rock as well as differentiate between gems from different localities.

The fluorescence spectrum of corundum has two peaks associated with the excitation of Cr3+ impurities in its structure, R1
and R2. Because the R2 line is insensitive to differential stress, the residual pressure can be calculated based on the peak shift of
the R2 line using a pressure calibration curve.

The samples were excited using 514.5 nm emission of Ar-ion laser with a diameter of 2 micron. Measurements were taken
every 5 to 10 micrometers around albite, zircon, and rutile inclusions using a point-by-point mapping illumination system. The
R2 and R1 lines of the fluorescence spectra were fitted by Lorentzian functions after subtraction of background. In order to
account for peak oscillations caused by changes in room temperature, real-time calibration of the fluorescence spectra energy
axes were performed by neon emission lines as discussed in Odake et al. 2008.

Over 25 two- and three-dimensional maps of various inclusions have been created so far. The maximum residual pressure for
each map ranges from 0.1 GPa to 0.51 GPa. In many of these samples, stress distribution can be explained by differences in
elastic constants between the host and inclusion. For example, our results show one slice of a 3D map around a zircon inclusion.
In this case, the c-axis of the corundum and the c-axis of the zircon are nearly parallel. With decreasing temperature and pressure,
the c-axis is expected to have higher residual pressure due to differences in linear thermal expansion coefficients and bulk
moduli between the host and inclusion. It is clear that the c- axis has the highest residual pressure, as expected. Another notable
observation is that the maximum residual pressure surrounding zircons correlates with length of the crystal along the c-axis.
Two distinct trends between residual pressure and length are observed. This may be due to many factors including the relative
orientation of the host and inclusion or the presence of cracks surrounding the inclusion. It could also be due to the different
geographic localities. However, more measurements need to be taken to confirm.

Previous methods to determine original depth, such as those used by Barron 2005 and Izraeli et al. 1999, which assume
isotropic elastic properties in inclusion and diamond, cannot be used in these corundum-inclusion pairs. Our results show that
relative orientation of corundum and inclusions must be accounted for in future calculations of P-T history.

キーワード:残留圧力,蛍光スペクトル,ルビー,サファイヤ,包有物
Keywords: residual pressure, fluorescence spectra, ruby, sapphire, inclusions
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