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宇宙における物質の形成と進化
コンビーナ:*橘 省吾(北海道大学大学院理学研究院自然史科学専攻地球惑星システム科学分野)、三浦 均(名古屋市
立大学大学院システム自然科学研究科)、大坪 貴文(東北大学大学院理学研究科天文学専攻)、本田 充彦(神奈川大
学理学部数理物理学科)、座長:橘 省吾(北海道大学大学院理学研究院自然史科学専攻地球惑星システム科学分野)
2014年5月1日(木) 16:15 〜 18:00  415 (4F)
近年の天文観測・室内実験・惑星探査・理論的研究の進展は、銀河系・原始惑星系円盤・晩期型星周囲に存在す
る物質（ダスト・ガス）を、物質科学的観点から理解することを可能としている。銀河や星・惑星系の進化にお
いてダストやガスが果たす役割を理解するためには、これまで以上に天文学的・宇宙物理学的研究と物質科学的
研究をリンクさせることが重要である。本セッションにおいては観測・実験・探査・理論などの最新の成果を持
ち寄り、あらたなサイエンスの展開を議論する。
 

 

17:45 〜 18:00

原始惑星系円盤条件でのフォルステライト気相成長
ポスター講演3分口頭発表枠
*橘 省吾1、瀧川 晶2、三宅 亮2、永原 裕子3、小澤 一仁3 (1.北海道大学大学院理学研究院自然史科学部門、2.京都
大学大学院理学研究科地球惑星科学専攻、3.東京大学大学院理学系研究科地球惑星科学専攻)
キーワード：フォルステライト, 気相成長, 原始惑星系円盤
 
Meteoritic evidence indicates that dust condensation occurred in the early stage of solar system
evolution. In this study, we succeeded in performing condensation experiments of forsterite under
controlled protoplanetary-disk conditions, which will make significant contribution to understanding
silicate formation and chemical fractionation in protoplanetary disks. 
Condensation experiments were carried out in the system of Mg2SiO4-H2-H2O. A mixed gas of H2 and H2O
was flowed into a continuously evacuated infrared vacuum furnace at a controlled rate to keep a
pressure constant. Synthetic forsterite powder in an It crucible was heated as a gas source. A part of
evaporated gases were condensed on a Pt mesh located at a cooler region in the chamber. The pressure
and temperature conditions were close to those of protoplanetary disks. The total pressure of the
system was 5.5 Pa, and the substrate temperature ranged from 1320 to 1160 K. The H2O/H2 ratio was
set at 0.015, which was about 15 times larger than the solar ratio. The SiO/H2 ratio was evaluated to be
about 0.7-2 % of the solar ratio from the weight loss rate of the gas-source forsterite. Experimental
duration ranged from 6 to 237 hours. 
Sub-micron to micron-sized condensates covered with Pt substrates at 1160 and 1275 K, but no
condensates were found at 1320 K. The typical size of condensates at 1160 K was less than 1 micron
irrespective of experimental duration and no effective growth of each condensed grain was observed.
Condensates at 1275 K for >40 hours partly had several micron-sized flat regions. EDS analyses showed
that chemical compositions of condensates were consistent with the stoichiometry of forsterite, and
their EBSD patterns were well fitted with the patterns from crystalline forsterite. Coincident EBSD
patterns were obtained from the flat region of condensates at 1275 K, suggesting that the area was
covered with a single crystal. TEM observation of condensates at 1160 K also found that the
condensates were polycrystalline forsterite with a thickness of 30-150 nm, and infrared absorption
spectra of condensates show clear 10-micron absorption features resembling those of crystalline
forsterite. These evidence indicates that polycrystalline forsterite condensed at 1275 and 1160 K. 
The mean free path of gas molecules under the present experimental conditions is less than 1 mm, and
the evaporated forsteritic gas and the ambient H2-H2O gas are expected to be well mixed.
Supersaturation ratios (S) for experiments at 1320, 1275, and 1160 K are thus estimated to be No
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condensates were found at 1320 K because the degree of supersaturation was too small for nucleation
of forsterite or even the vapor was not saturated with forsterite (SThese differences would result in a
structural difference in forsterite dust condensed in protoplanetary disks. Fluffy aggregates of sub-
micron sized fine particle would form with a supersaturation of >1000, while aggregates of micron-sized
grains would form with S of 10 that could be an analogue of amoeboid olivine aggregates in chondrites.


