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Abstract:  We present the 81Kr-Kr derived expo-
sure ages for H-chondrites which were recently inves-
tigated for their 36Cl-36Ar ages.  After demonstrating
that our 81Kr-Kr ages are reliable and reproducible we
find hints that 81Kr/83Kr and 78Kr/83Kr might depend on
the relative concentrations on the target elements Rb,
Sr, Y, Zr, and Nb.  In addition, the 81Kr-Kr ages for the
large L-chondrite Gold Basin indicate that the 81Kr-Kr-
method might fail for large meteoroids.

Introduction:  The 81Kr-Kr method of cosmic-ray
exposure dating [1] is based on the assumption that the
production rate ratio 81Kr/83Kr can be determined from
measured 78Kr-80Kr-83Kr concentrations by using one
of the following equations:
            P81/P83 = 0.95(80Kr/83Kr+ 82Kr/83Kr)/2       (1)
                 P81/P83 = 1.262(78Kr/83Kr) + 0.381        (2)

These relations allow the determination of shield-
ing corrected cosmic-ray exposure ages based on a
single Kr analysis.  Eqn. 2 is insensitive to neutron
capture production of 80Kr and 82Kr by the reactions on
Br, which might compromise the analyses of spallo-
genic Kr in large Br-rich meteorites.  Eqn. 1 and 2
were deduced from Apollo 12 lunar samples.  They are
also widely used to date meteorites, which may have
widely different concentrations of the major target
elements Rb, Sr, Y, Zr, and Nb.  However, so far the
reliability of these equations has been tested on two
meteorites only [2].  In addition, the above equations
might also be valid within a limited range of shielding
conditions only.

The goal of the present study therefore is to test the
dependence of eqn. 1 and 2 on the relative concentra-
tions of the main target elements (Rb, Sr, Y, Zr, Nb)
and on the shielding conditions of the meteorites.  For
this we analysed He, Ne, Ar, Kr, and Xe so far in 9 H
chondrites which were recently investigated for their
36Cl-36Ar cosmic-ray exposure ages [3] and light noble
gas production rates [4].  We also analysed 7 samples
from the very large L4 chondrite Gold Basin [5].  In
addition, a sample of the well studied L/LL5 chondrite
Knyahinya was analysed.

Experimental:  The meteorites studies are listed in
Table 1. The bulk samples were prepared by crushing
about 1 g of bulk meteorite in an agate mortar.  The
samples were then wrapped in ∼35 mg of commercial
Al foil and loaded into the storage positions of an all-
metal rare gas extraction system.  In order to release
atmospheric gas contaminations all samples were pre-
heated at ∼80°C for ∼20 h.  Gases were released in a
Mo crucible in two temperature steps.  The first step at

600 °C mainly released residual atmospheric gas con-
tamination and small amounts of sample He and Ne
(less than 10%).  Total gas extraction was performed
in the second step at 1700 °C.  The 600 °C fractions
were not analysed routinely because of the large con-
centrations of H2O, CH4, and CO2, which would in-
crease the memory in the mass spectrometer and there-
fore compromise further measurements.  Due to the
nearly complete release of atmospheric Kr and Xe in
the 600 °C step the remaining non-cosmogenic Kr and
Xe in the total extraction step is nearly of primordial
meteoritic composition, i.e. 84Kr/132Xe usually is less
than 1.  This allows to accurately correct the measured
Kr isotopic composition for the non-cosmogenic com-
ponent.

Table 1: Meteorites, their 36Cl-36Ar ages [3] and the 81Kr-Kr
ages deduced in this work.

Name T36-36 [Myrs] T81 [Myrs]
Bath H4   7.62 ± 0.24    11.8 ± 2.5
Canellas H4   7.79 ± 0.25    10.7 ± 1.1
Nassirah H4   8.77 ± 0.28      7.2 ± 0.8
Ochansk H4   7.18 ± 0.23      8.4 ± 1.7
Uberaba H5   6.45 ± 0.21    28.8 ± 5.7
Cereseto H5   6.72 ± 0.21    15.9 ± 1.9
Kerilis H5   8.19 ± 0.27    10.6 ± 2.0
Epinal H5 10.20 ± 0.32      9.8 ± 1.6
Allegan H5   4.41 ± 0.15      6.1 ± 0.6
Gold Basin, UA1217 L4   122   ± 51
Gold Basin, UA682 L4     46   ± 5
Gold Basin, UA682 L4     43   ± 5
Gold Basin, ZH1 L4     16   ± 2
Gold Basin, ZH2 L4       9.2± 1.9
Gold Basin, ZH4 L4       7.6± 2.6
Gold Basin, UA426 L4     29   ± 7
Knyahinya L/LL5     41   ± 4

Results:  Two aliquots of the Gold Basin meteorite
(UA 682) yield 81Kr-Kr ages in good agreement.  This
confirms that the method used here produces repro-
ducible 81K1-Kr exposure ages in meteoritic samples
of ∼ 1 gram.  A second test was performed using the
L/LL5-chondrite Knyahinya.  The 81Kr-Kr age of 41 ±
4 Myrs is in very good agreement with the ages of 40.5
Myrs given by [6] and 39.5 ± 1.0 Myrs by [7].

A comparison of the exposure ages deduced via
36Cl-36Ar [3] with the 81Kr-Kr ages determined here is
shown in Fig. 1 for the meteorites Bath, Canellas, Nas
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sirah, Ochansk, Uberaba, Cereseto, Kerilis, Epinal and
Allegan.

The 81Kr-Kr exposure age of Uberaba is about 4
times higher than its 36Cl-36Ar age.  Since the light
noble gas systematics are in agreement with the 36Cl-
36Ar age [4], the observed discrepancy might either be
due to unrecognised problems in the trapped Kr cor-
rection for this meteorite or indicate a complex expo-
sure history for Uberaba.  However, finding an irra-
diation scenario in which a second irradiation stage is
only observed in 81Kr (T1/2 = 0.23 Myrs) but not in 36Cl
(T1/2 = 0.3 Myrs) is not straightforward.

Fig. 1: Comparison of cosmic-ray exposure ages determined
using 36Cl-36Ar with those obtained by the 81Kr-Kr method.

For the remaining 8 H-chondrites, five (Epinal,
Ochansk, Bath, Kerilis, Nassirah) show 81Kr-Kr and
36Cl-36Ar ages in agreement with each other.  The 81Kr-
Kr ages are higher than the 36Cl-36Ar ages by ∼3σ for
Allegan and Canellas and by ∼5σ for Cereseto.  De-
spite the preliminary nature of the data we believe that
the fact that 8 out of the 9 81Kr-Kr ages are higher than
their 36Cl-36Ar ages is significant.  In a next step we
therefore will measure the target elements Rb, Sr, Y,
Zr, and Nb in aliquots of the samples and search for
correlations of the Kr isotopic ratios, e.g. 78Kr/83Kr,
with the relative target element abundances, e.g. Rb/Sr.

A complex exposure history was recently demon-
strated for the large L-chondrite Gold Basin [5].  How-
ever, since the 81Kr-Kr method only depends on the
production rate ratios 80Kr/83Kr, 82Kr/83Kr and/or
78Kr/83Kr, for which the same depth dependence is
assumed, the Kr dating method should well be able to
produce reliable cosmic-ray exposure ages for the last
irradiation stage as long as this stage lasted long
enough to allow 81Kr to reach saturation.  This should
be the case here since Welten et al. [5] deduced that
Gold Basin's second irradiation stage lasted ∼18 Myrs.
In striking contrast to this expectation, the 81Kr-Kr
ages vary between ∼8 Myrs up to ∼120 Myrs and none

of the samples reflect the real second stage age of
about 18 Myrs (Tab. 1). However, the ages inversely
correlate with the estimated pre-atmospheric depths of
the meteorites [5].

Fig. 2: 81Kr-Kr exposure ages as a function of the pre-
atmospheric depth for Gold Basin meteorites.

If this trend can be confirmed, this would indicate
that the 81Kr-Kr method fails for large meteoroids be-
cause the production rate ratio 78Kr/83Kr is no longer a
reasonable proxy for 81Kr/83Kr.  Further tests of the
81Kr-Kr system in large meteoroids will also require
detailed theoretical model calculations.

Outlook: We demonstrated that our 81Kr-Kr ages
are accurate and reproducible.  In a systematic com-
parison of exposure ages deduced via 81Kr-Kr and
36Cl-36Ar we found that the Kr-ages are systematically
higher and scatter considerably.  Further studies are
needed to test whether this can be explained by a de-
pendence of the 81Kr/83Kr and 78Kr/83Kr ratios on the
relative concentrations of the target elements Rb, Sr,
Y, Zr, and Nb.  Moreover, the 81Kr-Kr data for Gold
Basin suggest that the Kr-dating method may fail for
large meteoroids.  Further studies and model calcula-
tions are underway.
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