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Laser-spot analysis was carried out on the Murchison, Murray, Nogoya, and Yamato 
(Y)-791198 CM chondrites in order to see microdistribution of noble gases. Primordial 
noble gases are rich in rims around chondrules in the four meteorites. This suggests that 
large fractions of the primordial noble-gas carrier phases in the CM chondrites might have 
accreted on chondrules prior to formation of the meteorite parent bodies. Solar-type noble 
gases in Murchison, Murray, and Nogoya reside preferentially in the clastic areas which were 
probably formed by cataclastic effects due to regolith gardening. Cosmogenic noble-gas 
concentration in the clastic areas of Murchison is enriched by factors of three than that in the 
non-clastic area, suggesting that materials consisting of the clastic areas have been exposed 
to cosmic ray on the surface of the meteorite parent body, or the clastic areas have high 
abundance of preirradiated grains. 

CM chondrites are known to be primitive meteorites and maintain the records of the 
time of accretion. But they also show the records of secondary processes such as brecciation 
and aqueous alteration. While noble gases carry information of physical conditions under 
which materials in meteorites have situated. Thus investigation of microdistribution of noble 
gases in the CM chondrites can put some constraints on the nebula and parent-body processes 
by which the CM chondrites were formed. 

Most CM chondrites consist of two lithologies (1); non-clastic and clastic areas. The 
former lithology appears to maintain the primary records of accretion; chondrules are rimmed 
by fine-grained thick dusts (- 300 pm thickness) and PCP (Poorly Characterized Phase) 
particles, which are also rimmed by thin dusts, fills the regions between chondrules. In the 
latter lithology, rimmed chondrules are present but fewer than those in the non-clastic areas. 
Dominant components are angular fragments of forsterite and PCP which are not rimmed. 
This clastic area appears to have experienced mixing and fragmentation. Electron microscope 
(EPMA) observations are perfomed on the meteorite-slices prior to noble-gas analysis so as 
to distinguish between the two lithology. Slices of Murchison-1 and Y-791198 consist 
entirely of non-clastic areas, while those of Murchison-2, Murray, and Nogoya are mixtures 
of the two lithologies. Then, we have performed laser microprobe analysis of noble gases in 
the five slices of four meteorites. This method enables us to measure noble-gas concentration 
and composition in small portions of 1-30 p g  in meteorites, mainly due to extremely low 
blank level of noble gases in the mass spectrometer (2). Parts of the results have already 
presented in (3). We have also carried out noble gas analysis of rims around chondrules by 
total melting method using a Ta oven, so as to know precise noble gas concentration and Ne 
isotopic composition. For this analysis, rims around 9 chondrules in Murchison were removed 
from the slice of Murchison-1. As preliminary reported (3), chondrule rims in the non-clastic 
area of Murchison are relatively homogeneous in noble-gas concentration. Thus, by comparing 
of the results of laser and melting extraction of rims in Murchison-1, we determined degassing 
coefficients by laser extraction (e. g., (13'Xe) ,,I (13'Xe) ,,, = 1.3, and CHe) ,,,I (Qe) ,,, 
= 2.4). 

Primordial noble gases: The most primordial noble gas-rich component is rims 
around chondrules. This enrichment is observed all the four meteorites used in this study. 
132 Xe, 84Kr and 36Ar in the rims are enriched up to two orders of magnitude relative to those in 
chondrules and also enriched by factors of two compared with PCP-rich areas. Total melting 
analysis shows that absolute amounts of 13'Xe in the rims in Murchison is 1.5 x lo8 ccSTP1g 
which is larger than that of bulk CI chondrites (4). Bunch and Chang (5,6) reported that the 
rims around chondrules are rich in carbon relative to any other constituents in the CM 
chondrites. This appears to be consistent with our noble-gas results, since most 
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primordial noble-gas carrier phases have been identified or regarded as carbonaceous matters. 
Rims in Murchison, Murray, and Y -791 198 show similar concentration of primordial noble 
gases, but rims in Nogoya show apparently lower concentration than those in three others. A 
portion of PCP-rich area in Nogoya shows enrichment of 22Ne. Ne in this portion comprises 
of approximately 40% Ne-E and 60% Ne-A, corresponding to (2.4k 1.2) x 10-l3 cc release of 
22Ne for Ne-E. Assuming that carrier phase of the Ne-E is SIC and (4He122Ne),, is 500, 4He 
from S ic  occupies -20 % of total 4He from this portion. 

Solar-type noble gases: This type of noble gases are found to heterogeneously distribute 
in the CM chondrites. Amounts of solar gases strongly correlate to the lithology of the CM 
chondrites: non-clastic areas are almost free of solar gases (e.g., slices of Y-791198 and 
Murchison-1), while clastic areas contain large amounts of solar gases (e. g., clastic areas in 
the slices of Murchison-2, Murray, and Nogoya). Concentrations of 4He and w e  in the 
clastic areas are up to two orders of magnitude higher than those in the non-clastic areas. 
2%e/22Ne and 21Ne/22Ne ratios in the clastic areas of Murchison and Nogoya range from 11.0 
to 11.6 and from 0.03 to 0.06, close to those of solar energetic particles (7). Whereas Ne in 
the non-clastic areas of all the four meteorites (20 rims and 13 PCP-rich portions) generally 
shows compositions of mixture of Ne-A and cosmogenic Ne. Total melting analysis of the 
rims around chondrules in the slice of Murchison-1 shows that isotopic compositions of 
2'%e122Ne and 21Nef22~e are 7.98 + 0.05 and 0.066 + 0.003, respectively. This indicates that 
Solar Ne is negligible in the rims in Murchison-1, since the Ne composition is plotted just on 
the Ne-A-cosmogenic mixing line in the Ne three isotope plot. He isotopic ratio is also 
distinguishable between non-clastic and clastic areas in Murchison and Nogoya. 3He/4He 
ratio is around 2 x lo4 in the non-clastic areas and 3.5 x lo4 in the clastic areas. 

Analysis of a portion adjacent to the boundary between non-clastic (3 x 4 mm) and 
clastic areas in Nogoya reveals that solar gases are present in the non-clastic area close to the 
boundary (distance from analyzed area to the boundary is less than 300 pm). Similar 
phenomenon is also observed in Murchison. A thick chondrule rim (-300 p m  thickness) 
which contacts to clastic area contains solar gases in its outer portion, although inner portion 
of the rim is almost free of solar gases. We currently consider that a possible mechanism 
which can explain the presence of solar gases in the edge of non-clastic areas is transport of 
solar-wind-implanted fine regolith particles from clastic areas to non-clastic ones through 
pores by the activity of aqueous fluids during brecciation. 

Cosmogenic noble gases: Concentrations of cosmogenic noble gases in Murray and 
Y-791198 are higher than those in Murchison and Nogoya, indicating that the former two 
meteorites have longer cosmic-ray exposure ages than two others. It is observed in Murchison 
that average amounts of (21Ne)c, in clastic areas are approximately three times larger than 
those in non-clastic areas. The same difference in ("Ne), concentration is also observed in 
Nogoya, although the difference is smaller in this meteonte. This difference might not be 
caused by target chemistry, since compositions of major elements are almost identical between 
the non-clastic and clastic areas (1). Thus, it can be evaluated that constituent materials in 
the clastic areas in Murchison have been exposed to cosmic ray on the surface of the 
meteorite parent body (cf., 8) or these materials have high abundance of preirradiated grains 
(9). 
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