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Introduction: Whether meteorites retain a record of irradiation 

by energetic particles in the early Solar System prior to parent 
body compaction remains an outstanding question. Hohenberg and 
coworkers [1] reported large excesses of cosmogenic neon in 
olivine grains with solar flare tracks in CM chondrites. Previous 
attempts to deduce pre-compaction exposures of chondrules 
yielded equivocal results, however [2]. Here we present 3He and 
21Ne exposure ages of 13 chondrules from Allende (CV3) and 14 
chondrules from Murchison (CM2) with individually determined 
major element concentrations. Murchison was chosen for its very 
low recent exposure age of ~1 Ma, which should facilitate the 
detection of precompaction exposure events.    

Results: Spheroids were hand-picked after freeze-thaw dis-
aggregation of small meteorite chips to assure constant shielding. 
Chondrules were then individually abraded to remove possible 
gas-rich rims. Samples were finally split into fragments. The 
largest one was used for He and Ne analysis by IR-laser extraction. 
Major element concentrations on ~20 broad spots in up to 3 
smaller fragments per chondrule were measured by electron mi-
croprobe. Mg concentrations in a given chondrule were repro-
ducible to within 15%. 

Production rates of 3He and 21Ne where determined with ele-
mental production rates from [3] for a meteoroid radius of 32 cm 
and a shielding depth of 4-6 cm. Stated exposure ages thus assume 
present-day GCR flux. All exposure ages of Allende chondrules 
fall in a very narrow range (1σ) of 3.2 ± 0.3 Ma (21Ne) and 4.4 ± 
0.2 Ma (3He). The age spread is 2-3 times lower than the spread in 
3Hecos and 21Necos concentrations, proving the reliability of the 
production rate determination. The difference between nominal 
3He and 21Ne ages is of no concern here and may be due to the 
rather arbitrary assumption of the shielding parameters. Most 
Murchison chondrules have exposure ages of 0.8 ± 0.1 Ma (21Ne) 
and 1.2 ± 0.2 Ma (3He). One chondrule with low nominal ages of 
~0.4 Ma may have lost He and Ne. However, one Murchison 
chondrule yields nominal exposure ages of 6.0 ± 0.4 Ma (3He) and 
4.7 ± 0.4 Ma (21Ne).  

Discussion: With one exception, all studied chondrules show a 
remarkably narrow range of cosmic ray exposure ages. Their 
cosmic ray record is thus plausibly explained by their recent me-
teoroid exposure alone. This is also supported by the basic 
agreement of the noble gas ages reported here with radionu-
clide-based exposure ages of Allende and Murchison. Any 
pre-compaction exposure of chondrules would correspond to less 
than a few hundred thousand years irradiation at present day GCR 
flux. However, one out of 14 Murchison chondrules definitely 
shows a precompaction exposure record, corresponding to 4-5 Ma 
irradiation at present-day GCR intensity. Whether this He and Ne 
excess is related to gas excesses found in olivines from Murchison 
[1], which may be due to an early intense solar radiation, or 
whether the data may constrain lifetimes of chondrules in the solar 
nebula needs further investigation.  
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