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Introduction: Previous study discovered that some 

chondrules in an enstatite chondrite contain high concentrations 
of Ar-rich gases so called trapped noble gases [1]. They suggest 
that the subsolar gases may reflect implantation of high energetic 
particles into the chondrule precursors and support X-wind 
model. However, other previous studies on chondrules have 
shown that trapped noble gas concentrations of the most 
chondrules are low to zero [2-5]. For the investigation of trapped 
noble gases, stepwise heating method is useful for decomposition 
of various components with different origins. Here we present the 
results of noble gas analyses of individual chondrules with 
stepwise heating extraction. 

Experimental: A fragment of the Allende CV3 chondrite, 
approximately 7 g, was crushed by freeze-thaw method. We 
picked up some chondrules and treated with HNO3 in an 
ultrasonic bath in order to remove surrounding matrix. After we 
selected some chondrules without matrix, noble gases were 
extracted by heating stepwisely, and measured with the modified 
VG5400 mass spectrometer at the University of Tokyo. We will 
report results obtained with a miniature furnace designed for 
small samples. 

Results and Discussion: The concentrations of noble gases 
in the chondrules are in the range of those in the previous studies 
[2–5], suggesting that the surrounding matrix is mostly removed 
by the HNO3 treatment. The isotopic ratios show that noble gases 
in the individual chondrules are dominated by cosmogenic, 
radiogenic, and terrestrial components. He isotopic ratios can be 
explained by a mixture of cosmogenic He and radiogenic 4He. 
The low 21Ne/22Ne ratios (~0.7) observed in the low temperature 
fractions may be indicative of Na-spallogenic Ne. The 38Ar/36Ar 
ratios for some chondrules are lower than that for terrestrial air, 
which is attributed to neutron capture on 35Cl. Additionally, 
samples show excesses of 79,81Br-derived 80,82Kr, 127I-derived 
128Xe, and 129Xe derived from 129I decay. Xe isotopic ratios show 
fissiogenic component derived from 238U or 244Pu. 

The cosmic-ray exposure ages of individual chondrules and 
Allende bulk are roughly the same within uncertainties, 
suggesting no pre-compaction irradiation to the chondrules. 

Noble gas signatures of the Allende chondrules are different 
from those of the enstatite chondrite chondrules [1]. This may 
suggest two different processes of chondrules. 1) Degassing 
occurred during formation of chondrules from the precursors 
with trapped noble gases. 2) Precursors had degassed before 
chondrule formation. Thus, it is inferred that the chondrules from 
Allende had gone through different formation processes from the 
chondrules in the enstatie chondrite [1]. 
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