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Artificial weathering of the ordinary chondrite Allegan: Implications for the presence of
Cl2 as a structural component in akaganéite
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ABSTRACT
A sample of an ordinary chondrite fall, Allegan, was shown by 57Fe Mössbauer spectroscopy to be unweathered. Using aerated deionized water at 258 and 0 8C, and in one
case with dissolved salts added, an attempt was made to simulate meteorite weathering
processes in the hot and cold desert environments where these samples accumulate. The
progress of artificial oxidation was monitored by 57Fe Mössbauer spectroscopy, and the
final products were analyzed by neutron activation. The results confirm weathering mechanisms proposed for naturally weathered meteorites and suggest that temperature is the
major factor controlling the stability of the observed oxide mineral assemblage. Akaganéite
was observed as a major oxidation product in the experimentally weathered sample. This
finding is interesting because it is widely accepted that b-FeOOH requires Cl2 for stability:
The sample weathered in deionized water showed only trace amounts of Cl2 in both the
fresh and weathered meteorite. We suggest that both Cl2 and OH2 may be effective in
filling tunnel sites and that a complete solid solution is possible between these end-members. In addition, a calculated formation age of 4.59 6 0.05 Ga and a cosmic-ray exposure
age of 5.7–6.2 Ma, was derived from neutron activation analyses of the weathered sample.
These ages are consistent with independent measurements made on samples of fresh Allegan, although small sample weights mean that the results should be treated with caution.
However, the similar ages obtained in the weathered sample indicates that a wider spectrum
of cosmochemical analyses is possible with weathered meteorites than previously thought
and that congruent dissolution occurs during meteorite weathering.

INTRODUCTION
To improve our understanding of weathering processes
in meteorites, we carried out artificial weathering experiments in a controlled environment using samples of the
Allegan H5 ordinary chondrite (Allegan County, Michigan). Such studies potentially provide a basis for understanding the mechanisms of weathering of chondrites in
the field (Bland et al. 1995, 1996a). Apart from stones
observed to fall, such as Allegan, and occasional finds,
most meteorites in recent years have been found in two
broad geophysical environments: hot desert regions such
as the Sahara and Nullarbor Plain in Australia and the
cold desert of Antarctica. Numerous rare and scientifically valuable specimens were recovered from these areas. However, the great majority of samples have experienced extensive weathering during their terrestrial
residency (in general this is much less in Antarctic meteorites). An improved understanding of weathering
mechanisms would help determine the effect of weath* Present address: Department of Earth and Planetary Sciences, Western Australian Museum, Francis Street, Perth, Western Australia 6000.
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ering on various aspects of meteorite cosmochemistry and
also differentiate genuine preterrestrial alteration from
oxidation that occurred on Earth.
To this end, three experiments were conducted. One
experiment to simulate weathering in the Antarctic environment, and two shorter experiments to study weathering at the higher temperatures typical of a hot desert
environment.
In addition, previous experiments designed to simulate
meteorite weathering do not appear to have adequately
reproduced oxidation in the field and indicate that Fe-Ni
is relatively resistant to weathering (Fisher and Burns
1992a). This anomalous result suggested that a more intensive study might be appropiate.
The importance of Cl in the weathering of meteorites
could also be tested in our experiments. Buchwald and
Clarke (1989) suggested that in Antarctic meteorites akaganéite precipitates near the reaction front around metal
grains, incorporating Cl2 ions into ion-exchange sites,
where they are retained and made available for further
corrosive action or are flushed from the system. Cl is
thought to be extracted from pore water by the electro-
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