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Introduction: The materials on the lunar surface are exposed 

to cosmic rays.  The study of lunar grain surface is important to 

recognize the characteristics of the space weathering processes 

resulted from the interaction of solar cosmic rays. Up to now, 

structural and chemical modification of the grain surface due to 

space weathering have been observed [1].  In this study, precise Ba 

isotopic analyses were performed on the chemical separates from 

the surficial parts of lunar soil grains to find evidence for isotopic 

variations in association with space weathering.  

Samples and Experiments: Five kinds of the Apollo soils, 

78481, 10084, 12001, 14259, and 15011, were used in this study.  

These five samples were collected within a few mm depth from 

lunar surface.  Sequential acid-leaching treatments were carried 

out to obtain chemically different phases from the single samples.  

About 50 mg of each sample was leached using 5 mL of 0.5 mM 

HNO3 + 0.002 mM HF, 2 M HCl, and aqua regia, successively.  

Finally, the residue was decomposed by treatment with HF-HClO4 

with heating.  This procedure was modified from the previous 

methods [2, 3].   In particular, the first leaching step of the proce-

dures is effective to dissolve very surficial material of the fine 

grains in the depth within 1.5 m [2].  The four leaching fractions 

are designated L1, L2, L3, and L4, respectively. 

The four leachates (L1 to L4) were taken to dryness and redis-

solved in 1 mL of 2M HCl.  The solutions were divided into two 

portions: the main portion for isotopic measurements by TIMS 

and the rest for the determination of elemental abundances by ICP-

MS.  For the isotopic study, each solution was treated with con-

ventional resin chemistry to get Ba fraction [3].  For future isotop-

ic work, Sr, La, Ce, Nd, Sm and Gd were also separated together 

with Ba in the same sequence of this resin chemistry. 

Results and Discussion: L1 fractions from all of five soils 

show significant enrichments of lighter isotopes 130Ba (=+11.4 to 

+21.4) and 132Ba (=+13.4 to +28.3) and heavier isotopes 137Ba 

(=+0.16 to +4.9) and 138Ba (=+1.5 to +6.0).   These excesses 

decrease with increase of acid strength in the leaching procedure, 

and are not observed in final fractions L4. Excesses of neutron-

rich isotopes are often observed in unusually high neutron density 

conditions like neutron bursts [4].  Our estimates from the Sm and 

Gd isotopic shifts due to neutron capture reaction in the samples 

provide neutron fluences of (3.8 to 8.1)x1016 ncm-2 for individual 

samples.   The slight correlation between neutron fluences and de-

gree of isotopic excesses suggests the production of 137Ba and 
138Ba isotopic excesses by neutron capture reactions.  However, 

the correlation of neutron fluences of isotopic excesses of 130Ba 

and 132Ba is unclear.  
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