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In the last three years we have conducted experiments that have shown dramatic pre-compaction 
irradiation effects in individual grains from gas-rich meteorites [1,2,3]. In these experiments, the grains 
were individually selected based on the presence (or absence) of heavy ion tracks, indicating exposure (or 
lack of exposure) to solar flare irradiation. Differences in the abundances of spallation-produced noble 
gases between these two groups demonstrate irradiation by energetic particles before the final compac- 
tion of the meteorite. The following reports the status of this work to date, including recent results. 

We have studied four gas-rich meteorites from three different classes (carbonaceous chondrites, 
howardites, and ordinary H-chondrites). The non-irradiated grains generally show the nominal amount 
of spallation noble gases expected from the recent cosmic ray exposure. In contrast, the solar flare irradi- 
ated grains have all accumulated substantial quantities of pre-compaction spallation neon and argon 
(Table I). Two important observations can be made from the outset: 

1. The quantity of spallation-produced noble gases in the irradiated grains is far more than can be 
explained by reasonable (several my.) pre-compaction exposures to galactic cosmic rays. If the pre- 
compaction irradiation occurred in a regolith, the duration of exposure to galactic cosmic rays would 
have to  be several hundred m.y. for many of the samples. This would also be true for exposure to "nor- 
mal" solar cosmic rays with modern-day intensity. 

2. There is always a correlation between the presence of solar flare tracks and the presence of pre- 
compaction spallation-produced Ne and Ar. This is, of course, most apparent in the samples where the 
nominal cosmic ray exposure age is short (1 and 4 m.y. for Murchison and Kapoeta, respectively). Such a 
complete correlation would be surprising for galactic cosmic ray spallation, considering the difference in 
range of these two effects. Galactic cosmic rays have a range of meters whereas solar flare heavy ions 
have a range of less than a millimeter. Such a difference should largely decouple these two effects, as was 
shown in studies on lunar soil 60009 [3]. It was observed that both irradiated and non-irradiated grains 
contain large quantities of "pre-compaction" spallation-produced neon (Table I). Therefore for galactic 
cosmic ray spallation in meteorite grains we would similarly expect that a long exposure to galactic 
cosmic rays would result in substantial amounts of cosmogenic gases in grains not containing solar flare 
tracks, contrary to all results obtained to date. 

These two observations are best be explained if the energetic particle flux a t  the time of irradiation 
was considerably higher than the modern-day flux (not likely for galactic cosmic rays) and if the track- 
producing ions and spallation-producing particles have a more similar range. These requirements could 
be met by an active early (T-Tauri) sun. 

However, if an active early sun is responsible for the pre-compaction spallation Ne and Ar then this 
irradiation necessarily occurred early in the history of the solar system since the duration of increased 
activity is short (<lo7 years). While this is plausible for Murchison [4], Kapoeta has undergone extensive 
processing, with some clasts apparently as young as 3.6 b.y. old [5]. To address this problem we per- 
formed 40~r-39Ar analyses of individual irradiated and non-irradiated grains from Kapoeta. For all six 
grains studied, the total "K-Ar" ages are about 4.5 b.y., with several having plateaus around 4.5 b.y [6]. 
While this does not prove irradiation by an early active sun, it is a necessary condition. 

Most recently, we have studied olivine grains from Fayetteville, the premier gas-rich meteorite. 
Here the irradiated grains were further separated into three subsets based on their observed solar flare 
track density. As before, all the irradiated grains have more spallation neon than the non-irradiated 
grains, indicating a pre-compaction exposure. However the amount varies: there seems to be an anti- 
correlation between track density and the quantity of pre-compaction spallation-produced 2 1 ~ e .  For 
spallation-produced %, there is no clear-cut correlation with track density. This leads us to speculate 
that the seeming anti-correlation between track density and the amount of spallation-produced neon 
might be an artifact caused by radiation damage. For the Fayetteville grains with the highest track 
density, the etchant caused considerable physical damage, leaving few intact surfaces. It is plausible 
that the highly-irradiated grains, with heavy radiation damage, provided increased Ne mobility resulting 
in some loss from the interior and total loss from the near-surface regions. Argon, which does not diffuse 
as readily as neon, may have suffered less diffusive loss from the interior. In previous experiments with 
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Murchison we observed a difference in the amount of pre-compaction spallation * ' ~ e ,  attributed then to 
different irradiation histories of the irradiated grains [2]. In light of these latest observations, it too 
could instead be the result of radiation-damage effects. 

Some remaining questions can be addressed in the next year or two. The observed isotopic spec- 
trum of the spallation neon agrees better with that produced by high-energy galactic cosmic rays than 
with that of present-day solar cosmic rays, so both theoretical and experimental studies of the changes 
in neon isotopic composition with energy spectrum are appropriate. In addition, newly-developed instru- 
ments should allow us to analyze neon in single grains (rather than sets). 

Table 1: Neon Isotopic Data 
Samplea No. of Mass Spallation Cosmic ray 

grains x lwBg produced ' ' ~ e  exposure "ages" 
(x ~W'CCSTP/~) Ne Ar 

Murchison 
non-irr. olivine'  11 87.3 5 .8 
non-irr. olivine2 9 74 6 .9 
irr. olivinesl 11 71.0 141 28 
irr. olivines2 8 55 41 9.6 

Kapoeta 
non-irr. pyroxenes' 10 463.0 2 .5 
non-irr. feldspars2 8 113 2 4 3 
irr. pyroxenes' 6 164.4 178 56 
irr. feldspars2 9 70 70 40 37 

Weston 
non-irr. olivines 7 75 1 '29 25 
non-irr. olivines 4 40 109 22 
non-irr. chondrules3 7 630 115 27 
irr. otivirles3 8 72 95 19 
irr. chondrules3 6 388 96 23 

Fayetteville 
non-irr, o l iv ine  6 22.6 125 26 26 
non-irr. o l iv ine  6 8.5 89 18 
non-irr. o l iv ine  4 5 130 26 
very heavy-irr, olivines 7 11 153 31 46' 
heavy-irr. o l iv ine  11 16 171 35 74' 
medium-irr. olivines 6 9.2 291 59 55c 

6ooo9.306 
non-irr. feldspars3 8 57.1 553 
irr. feldspars3 5 90 725 

gooo9.318 
non-irr, feldspars3 9 130 539 
irr. feldspars3 10 76.5 820 

a Numbers after sample name correspond to  numbers in reference list. 
Apparent neon and argon ages computed assuming 4 A geometry and optimum 
production rate. In a regolith the exposure would increase by a t  least a factor of 4. 
Argon exposure age might be understated by a s  much as  20 m.y. 
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