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Chondrules are a major constituent of
chondrites, but the exact mechanism of their formation
is still enigmatic [1]. Short lived radionuclides suggest
that chondrules have formed over an extended period
of time (1 to 5 Ma) after the formation of CAIs [2]. If
considerable time gap existed between formation of
chondrules and their aggregation into the chondritic
parent bodies, they might have experienced a pre-
compaction cosmic ray irradiation, which can be
detected as excess cosmogenic noble gases in them
with respect to the matrix. Such excesses have been
reported recently in chondrites with low exposure ages
[3,4]. We have initiated a programme to look for
precompaction irradiation records in chondrules by
analyzing individual chondrules for their noble gases
by our recently established laser microprobe.

Samples: Individual chondrules of size ≤ 300
µm are picked from the fragment Dhajala-261 and they
are all nonmagnetic. The chondrules are mounted into
the holes made on a copper sample holder. Gas
extraction was done by heating with Nd-YAG laser
operating in CW (1064 nm). An all metal UHV
extraction system gives very low blanks, making it
possible to comfortably measure small amounts of He,
Ne and Ar. In Table-1, the cosmogenic and radiogenic
noble gas components for the six chondrules analysed
in the present study have been compared with values
from literature [5,6].

Table-1. Cosmogenic and radiogenic noble gas
components  in  individual  Dhajala  chondrules  (in
10-8ccSTP/g units).

Cosmogenic Radiogenic
Chondrule Mass

(mg)
3He 21Ne 38Ar 4He 40Ar Ref.

D-2 0.944 6.71 2.53 1.62 1733 17,336 This work
D-3 1.365 6.19 2.70 1.89 1667 65,900 "
D-4 0.993 7.34 2.66 1.08 2286 2040 "
D-6 0.995 6.84 2.15 0.59 2073 3652 "
D-9 0.879 7.37 3.10 3.09 1663 7596 "
D-10 0.856 6.49 2.25 0.70 1213 3939 "
DH-10 9.1 7.90 3.06 0.31 1496 8300 [5]
DH-20 5.2 5.37 1.10 0.15 1302 6190 [5]
Many 31 - 2.76 0.30 - 7775 [6]
Bulk (T67) - - 2.55 0.34 - 4274 [6]

While the earlier analyses [5,6] used either
large individual chondrules or an assortment, the
present work is on small chondrules. Though
radiogenic 4He and 40Ar among the six chondrules of
the present study show variations of 47% and by factor
of 32, the cosmogenic 3He and 21Ne vary by only 16%
and 30% respectively. 3He and 21Ne also compare well
with literature [5,6], except the case of DH-20 [5].
Surprisingly, the cosmogenic 38Ar is very high (1.7 to 9
times) in the present chondrules. While lack of
chemical information does not allow 3He and 21Ne
excesses to be attributed to precompaction irradiation,
only high Ca content in these chondrules by upto a
factor of 9, as compared to the bulk meteorite, can
explain the excesses in 38Ar. Though in general, Ca in
Dhajala chondrules is about 50% high and in some
meteorites like Allegan upto a factor of 7 higher as
compared to matrix [5,7], the present observation
warrants further investigation.
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