
実験惑星学２：高圧実験、地球深
部の物質科学	


 　地球核、軽元素の溶融 
 　鉄酸化物の高圧物性 
 　大型プレスによる超硬材料の生成 
 　高圧技術の輸出 
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Core Formation Model	




Possible Core Materials 

 Lightening elements dissolving into Fe-Ni alloy 
 H (Birch, 1952; Stevenson, 1977; Fukai et al., 

1982),  
   O (Birch, 1952; Ringwood, 1977),  
   S (Murthy & Hall, 1966; Brett, 1965; Usselman, 

1975) 
 Assessment for the Earth’s outer core 
 Origin of the Earth and Mercury magnetic field  



Phase relations under high temperature 
and high pressure 

 Fe-FeS, Fe-Ni-S systems up to 6 GPa 
(Usselman, 1975) 

 Fe(Ni)-Fe(Ni)S-Fe(Ni)O system (Urakawa & 
Kato, 1987) 

 Fe-FeO, Ni-NiO systems (Kato et al.) 
 FeS hpp (Fei et al., 1997: Kusaba et al., 1997: 

Urakawa et al., 2004) 



Mercury Pressure, density - Depth 



Equations of state for Earth’s core materials 



Fe – O2 system at 
105 Pa, 
Levin et al., 
1964, Phase 
Diagrams for 
Ceramists, pp.38 



Liquid Immiscibility in System Fe-FeO	


A.E. Ringwood, 1979, 
Origin of the Earth and 
Moon, pp.48. 	




Thermodynamics for Two 
Liquids Separation, Liquid 
Immiscibiliy 
	






Experimental up to 15 GPa and 2500℃ 

2000 ton hydraulic press   



Sample Container & Pressure Transmitting Medium	


60 mm Pyrophillite Octahedron	




Fe-FeO, 10GP 2200℃ 

Fe-FeO, 10 GPa 2200℃ 

BEI 



Fe-FeO、10 GPa 2500℃ 



Fe-FeO, 15 GPa 1900℃ 



Phase Diagram of Fe-rich portion 



Experimental results of the system Fe-FeO 



Pressure Effects on two liquid miscibility	




  Reduction of liquid immiscibility 
  Increase oxygen solubility into liquid Fe	




Fe-S-O 

15 GPa 
950 ℃ 

6 GPa 
940 ℃ 

15 GPa 
1500 ℃ 

15 GPa 
1500℃ 

M+O+Lm M+O+Lm 

M+O+Lm M+O+Lm 

Urakawa & Kato, 1987 



Fe-S-O 

6GP 
2100℃ 

6 GPa 
2100℃, 
Ionic droplets 

6 GPa 
1410℃ １５ GPa 

2000℃、	

Single liq. 

Lm+Li 

Lm+Li 

Urakawa & Kato, 1987 



Melting curves of iron compounds 



Phase relation of the system Fe-FeS-FeO 

6 GPa	
 15 GPa	

: Ternary eutectic point	

: Binary eutectic point	

: Liquid on cotectic line	

: Liquids coexisting with FeO	


: Ionic liquid in two liquids 	


: Metallic liquid in two liquids	






Ni effect 

6 GPa	
 15 GPa	




Pressure Shifts of Eutectic Composition  

: Fe-S-O	
 : Fe-Ni-O-S	




Pressure Shifts of Eutectic Composition in the System Fe-O-S	




(A) Cotectic lines projected from 
FeO end to (Fe, Ni)- (Fe,Ni)S join	


(B) Oxygen contens of cotectic 
liquid	


Dotted lines show the case of 
Fe-Ni-O-S	




Chemical Corrosion MgO 

6 GPa, 2500 ℃	




New high pressure Phase 



Ni partitioning into Earth’s mantle 	




Fe-Ni-O 



Ni partitioning 



Pressure effect on Ni partitioning  



Pressure Effects on Stoichiometry of Fe1-xO (Wüstite)	


Fe – O system at 105Pa	




Lattice Parameters of Magnesio- 
Wüstite（Mg1-yFey）ｘO	




Experimental Results	




9 GPa, 2400℃	


9 GPa, 2100℃	






Summary	




Super Plume, Maruyama 1994 Kimberite Pipe 
Bighole, South Africa 

Search of extruded rocks from  the Earth’s lower crust  and mantle 



Summary 

 Oxygen as the possible lightening element was 
examined by high P and T experiments 

 Oxygen and sulfur lower the melting 
temperature with definite range: 800℃ at 20 
GPa 

 Chemical corrosion enhance possibly 
separation process between mantle and core. 

 
?Lightening elements 
?Stoichiometry, ?Superlattice 



超微粒子SiO２を用いた高圧相
coesiteの合成実験	


  Amorphous SiO2
 超微粒子（平均
粒径６nm）の合成 

  超微粒子の活性
を利用して短時
間で高圧相鉱物
coesiteを生成	




超微粒子、シリカゲル、石英を出発試料
とした高圧相作成	


Jap. J. Appl. Phys.	




大型超高圧力発生設備の設置	


 直径２mのシリンダヘッドに最大１万トン荷
重をかけられる世界でも有数の高圧プレス
を建設 

 地球中心核の圧力350GPaをmmオーダ
の容積に発生する 

 大体積１ｃｍ３の超硬度物質を合成できる 
 設備維持費と維持要員が確保できる予算 
 惑星科学実験解析施設の中心設備となるこ
と 





MA-8型高圧発生システムのアセンブリ	




圧力発生、圧力分布	




大型プレスによる超硬材料の生成	


愛媛大学入舩教授らによる	




高圧力発生技術の輸出	


 従来DAC（Diamond Anvil Cell）と衝撃圧縮
中心の欧米に日本のMA（Multi Anvil)システ
ムの輸出 

 SUNY at Stony Brook、 
 ANU、 
 U of Bayreuth 
日本中の高圧研究者が高圧プレスのセットアッ
プのため海外へ 



SUNY at Stony Brook	


Mineral Physics Lab. Established in 1985	






SUNY people	



