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Introduction:   135Cs (T1/2 = 2.0 Ma) is known as
one of extinct nuclides  which were possibly present in
the early solar system. Precise determination of Ba
isotopic composition in the early solar materials may
allow us to detect excess 135Ba decayed from 135Cs, but
previous isotopic studies of Ba in meteorites show no
strong evidence of 135Ba excess as a decay product of
135Cs.  The FUN inclusion C1 of Allende indicates
135Cs deficits due to condensation of Ba before decay
of 135Cs in the early solar system [1].  On the other
hand, some other isotopic results for CAIs and bulk of
carbonaceous chondrites provide contributions of r-
process nucleosynthesis on 135Ba and 137Ba [2–4].
Thus far, however, no strong evidence of 135Ba excess
have been shown in isotopic studies of Ba in meteor-
ites.  We performed Ba isotopic analyses for chemical
leaching fractions of the Beardsley chondrite (H5) and
the Allende CAIs, respectively, to search 135Ba excess
and obtain chronological constraints on 135Cs in the
early solar system.

Experimental: Beardsley is a unique meteorite
which contains higher amount of Rb (14 ppm) than
other H chondrites have (1.8 to 3.9 ppm) [5].  We ex-
pected the high content of Cs and large Cs/Ba abun-
dance ratio in the Beardsley meteorite.  However, its
Cs/Ba abundance ratio, 0.0868, is not significantly
different from those in other chondrites (e.g., 0.0799
for CI), and it seems not to have an advantage to find
isotopic excess on 135Ba in the bulk sample.  In this
study, powdered Beardsley sample was leached by
0.1M CH3COOH-CH3COONH4, 0.1M HCl, 2M HCl,
and aqua regia, successively, and then the residue was
decomposed by HF-HClO4 in order to find a high
Cs/Ba fraction in the sample.

One of four CAIs, NSM-2, is a Type A inclusion
taken from a 0.4 kg specimen of the Allende meteorite.
The other three samples, NSM-3, -4 and -5, are Type B
CAIs from another 1.2 kg of specimen.  Each sample
was leached by aqua regia, and the residue was de-
composed by HF-HClO4.   An aliquot of each leachate
fraction was used for Ba isotopic determination with
TIMS, and another aliquot was used to determine
Cs/Ba abundance ratio by using ICP-MS.

Results and Discussions: The leachates with 0.1M
CH3COOH-CH3COONH4 and 0.1M HCl for Beardsley
have high Cs/Ba ratios, 19.8 and 3.43, respectively,
and show excesses of 135Ba with +39±18 and 1.0±0.5
(in ε-unit), respectively.  The isotopic excesses of 135Ba
in these two fractions correlate with the Cs/Ba ratios.

The other leaching fractions show low Cs/Ba ratio
from 0.011 to 0.82, and no 135Ba excesses within ana-
lytical errors.  This result leads to 135Cs/133Cs = (1.1 ±
0.1) × 10–5 as an initial ratio at the Beardsley forma-
tion. Assuming that an initial solar system abundance
of  135Cs/133Cs is 1.6x10–4 [1], the initial 135Cs/133Cs of
Beardsley corresponds to 9 Ma of interval from CAI
formation.

Ba isotopic compositions of  CAIs are variable.
NSM-4 and -5 show isotopic excesses on 135Ba and
137Ba due to r-process contribution, which are consis-
tent with previous studies of CAIs [3,4].   Isotopic de-
viations of 135Ba and 137Ba are not necessarily constant,
and range 1.4~1.9 and 0.9~2.3 (in ε-unit), respectively.
NSM-2 has no isotopic deviations of Ba within ana-
lytical precision.   On the other hand, only excess of
135Ba was observed in the leachate of NSM-3.  These
data from CAIs suggest that the isotopic excesses of
Ba are not only due to r-process contribution but from
decay products of live 135Cs in the early solar system .
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