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Heavy noble gases in primitive meteorites are mainly hosted 

by an enigmatic phase referred to as phase Q, which is a residue 
left after treatment of bulk meteorites by hydrochloric acid and 
hydrofluoric acid [1-3]. Extremely large amounts of heavy noble 
gases are concentrated in a carbonaceous phase analogous to ter-
restrial type III kerogen [4-7]. Although the trapping mechanism 
of noble gases in the phase is still unclear, phase Q must have 
very high noble gas retentivity because extremely large amounts 
of heavy noble gases are tightly retained in a minor fraction, 
about 1%, of the total mass of the whole meteorite. To verify that 
kerogen is a carrier phase of Q-noble gases, X-ray absorption 
spectroscopy (XAS) and X-ray photoelectron spectroscopy 
(XPS) using synchrotron radiation were carried out for type II 
and III kerogens (coals, collected in Hokkaido, north Japan) and 
carbon allotropes (Highly Oriented Pyrolytic Graphite (HOPG), 
carbon nanotube, fullerene mixture, and Chemical Vapor Deposi-
tion (CVD) diamond) which had been bombarded by 3 keV Ar, 
Kr, and Xe ions, and noble gas retentivities of the materials were 
compared. The experiments were performed at the BL-27A sta-
tion of the Photon Factory in the High Energy Accelerator Re-
search Organization (KEK-PF). Ar concentrations was estimated 
from two methods: the peak area of Ar1s in XPS and the jump 
ratio of Ar K-edge appearing at ca. 3200 eV in XAS. Kr and Xe 
concentrations were estimated by the peak areas of Kr3p3/2 and 
Xe3d5/2 in XPS. The concentrations were used as indexes of the 
relative retentivity of noble gases. Our investigation shows that 
the surface concentrations of carbon allotropes (0.40-0.79 
atom%) are much higher than those of kerogens (0.04-0.08 
atom%). Ar retentivity of pyridine-treated kerogens was the same 
as non-treated ones, indicating that the existence of bitumen does 
not affect Ar retentivity. This unexpected result clearly shows 
that the terrestrial kerogens are inferior to other carbon materials 
in noble gas retentivity, and thus, phase Q might not be similar to 
terrestrial kerogen, especially coals tested in this work. If heavy 
noble gases are really concentrated in carbonaceous components 
of primitive chondrites, phase Q may have a more orderly struc-
ture than terrestrial kerogen because the greatest difference be-
tween terrestrial kerogen and carbon allotropes is orderliness of 
molecular structure. 
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