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Laser extraction techniques allow measurement of the light noble gases in sub-microgram 
meteoritic grains. Previous work on grains from Kapoeta, Fayetteville, Murchison, Murray and Cold 
Bokkeveld have shown that grains exposed to particle irradiation prior to assembly, as revealed by 
tracks from short range ( ~ 1 0 0  microns) solar flare heavy ions, contain large quantities of spallation- 
produced noble gases (1 3). Particles without such tracks (unirradiated) generally contain only the 
spallation products accumulated during the conventional cosmic ray exposure age. The excess over 
that produced during the recent collective exposure must have been accumulated during the pre- 
compaction era Correlation with solar flare tracks simplifies identification of likely grains. Therefore, 
using solar flare tracks as a convenient selection criterion, one can delineate energetic particle 
irradiation effects prior to compaction of the host meteorite. 

If attributed to contemporary sources of energetic particles the observed pre-compaction spallation 
effects would seem to require anomalously long exposure times. For instance, Hohenberg et al. (1) 
conclude that pre-compaction (regolith) exposures of more than 150 million years would be required 
for Murchison and Murray if the observed pre-compaction spallation effects are due to conventional 
(SRC or GCR) sources. Exposures of this duration as free grains in the regolith of a primitive (CM) 
parent body does seem excessive and seems to violate some of the current models for parent body 
evolution (2,3) and experimental evidence of early compaction based on 2 4 4 ~  fission tracks in the 
actinide-free olivine grains (4), although this is subject to substantial interpretational ambiguity (5). 
The alternative to long exposure is an enhanced early particle flux (T-Tauri or post-T-Tauri sun), 
compressing the time required to accumulate the observed irradiation effects (1,s). However, before 
large precompaction irradiation effects can be advanced as evidence of an early active sun, 
independent and unambiguous constraints on the duration of the pre-compaction era must be found. 

The only carbonaceous chondrite for which rigid compaction constraints currently exist is Orgueil 
(which is a CI rather than a CM). The matrix of Orgueil contains sulphate and carbonate phases in 
veins which must have been emplaced by aqueous alteration after formation (or final compaction) of 
the host structure (6). These veins contain very little rubidium so that the initial strontium provides a 
maximum evolution time in an environment with a matrix (e.g. solar system) Rb/Sr ratio, constraining 
compaction to occur within a few tens of millions of years, probably within 10 Ma, of mineralization 
(7). If the CM parent body evolved on a similar time scale, there would clearly be insufficient time 
for individual grains of Murray and Murchison to accumulate the observed pre-compaction spallation 
effects from conventional sources and an enhanced particle flux in the early solar system would be 
required. In order to be more definitive it is necessary either to better constrain the compaction time of 
the CM meteorites or to seek pre-compaction spallation effects in CI meteorites. Both are formidable 
tasks: no post-formational structures are apparent in the CMs and the olivines in the CIS are small and 
scarce. We report here the first results of a search for pre-compaction effects in olivines from Orgueil. 

Thirty-seven olivine grains were recovered from a 6 gram sample of Orgueil, ranging in size 
from 0.1 to 7 micro-grams, with most of the grains less than 1.5 micrograms. All of the grains were 
mounted in epoxy, polished, analyzed in the SEM for spallation target chemistry and etched to reveal 
the presence of solar flare heavy ion tracks. Seven irradiated grains were found. After removal from 
the epoxy mounts, the neon was released from each grain by laser volatilization and analyzed by ion- 
counting mass spectrometry. Cosmogenic neon was clearly measurable in all 37 grains which, given 
the target element abundance from the SEM analysis and the mass, provides an equivalent exposure 
time (assuming a GCR source and 4x: exposure geometry). Figures 1 and 2 show that the distribution 
of equivalent exposure ages is not very different between the two sets of grains (irradiated and 
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unirmiiated), in sharp contrast with the results from Murchison and Murray (1). In fact, with the 
exception of the two outliers, all grains have within error the same equivalent exposure age of 15.5 
Ma, not very different from the -10 Ma nominal exposure age of Orgueil (3). Furthermore, the 
unirradiated grain which shows an anomalously low equivalent exposure time jumped out of its hole 
after partial heating so total gas extraction may not have occurred. Although the statistics provided by 
seven grains are poor, the pre-compaction irradiation effects in Orgueil do not convincingly require an 
enhanced energetic particle environment in the early solar system. Excluding the one irradiated grain 
with significant pre-compaction exposure, conventional GCR exposure can produce the observed 
spallation effects during the (110 Ma) regolith exposure time of Orgueil. The one grain excluded 
received an equivalent 4n exposure of 22.8 Ma which, when the 15.5 Ma collective exposure is 
subtracted, yields a pre-compaction regolith (2n) exposure time of about 10 Ma. This corresponds to a 
minimum period of 10 Ma for the duration of an active regolith on the CI parent body, clearly much 
shorter than that for the Murchison and Murray (CM) parent body. 

Fig. 1  Orgueil olivine exposure ages I Fig. 2  Orgueil olivine exposure 
35 ages versus mass distribution 
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