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It is generally agreed that the Earth's mantle, at least the upper mantle has undergone 
extensive degassing during the early history of the Earth. Mantle degassing models 
based on the comparison of 4 0 ~ r / 3 6 ~ r  isotopic ratios between the mantle and the 
atmosphere strongly suggest that the degassing of the upper mantle was very extensive, 
that is, more than 80 % of the primordial volatiles has been degassed (e.g.1). 
Notwithstanding this extensive degassing, it is puzzling that primordial 3 ~ e  is still 
degassing from the earth's interior (2). Since helium is so diffusive that one would 
assume an almost complete degassing of this element. Davies (3) therefore suggested 
that the primordial helium is still retained in the core, and has been escaping into the 
atmosphere. An underlying crucial assumption in this suggestion is that helium is 
partitioned preferentially into iron (the core) than into silicate (the mantle) under a high 
pressure. Since the problem bears fundamental importance in understanding the origin 
of the Earth, we decided to undertake an experiment on noble gas (He,Ne,Ar,Kr,Xe) 
partition between iron and silicate under high pressures. This is the first report on the 
noble gas partition between metal and silicate. 

The partition experiment was carried out on a mixture of basalt powder and iron 
powder (about 1:l in volume). The mixture (about 0.05 cm3) was contained in a 
graphite case, and the sample was subjected to high pressures ( 5kb, 20kb ) at 1600 "C in 
atmosphere for 20 minutes to 3 hour. We found that 3 hours were enough to attain 
equilibrium solubility of noble gases in metal and in silicate melts. The sample was then 
quenched in air, which showed segregation of a metallic phase from a silicate phase. We 
separated the metal phase from the silicate phase, and analysed the noble gas content in 
both phases. The noble gas elemental abundance pattern relative to the atmosphere is 
highly fractionated both in the metal and silicate phases, indicating that noble gases were 
absorbed, but not occluded in the samples (Figure 1). Therefore we can assume that 
noble gas was partitioned under an equilibrium condition. Partition coefficients were 
calculated from the noble gas contents in the samples. As shown in Figure 2, all noble 
gases were much less partitioned in the metal phase than in the silicate phase, that is, 
partition coefficients of noble gases between metal and silicate are much less than unity. 
The partition coefficients decrease with pressure. 

The above experimental result does not support that noble gases especially helium were 
accommodated significantly in the metallic core. Hence, if the metallic core contains 
significant amount of noble gas, noble gas trapping may have occurred under non- 
equilibrium condition. There is also a possibility that under much higher pressure, noble 
gas could be more partitioned in metal since Xe is known to become solid to form an 
alloy with iron above 1.3 GPa (4). We are now continuing to work on the partition 
experiment at higher pressures. 
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