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The presence of large excesses of spallogenic neon in solar flare irradiated grains from the CM chon- 
drite Murchison and the Kapoeta howardite [1,2] has important implications regarding the early history of 
solar system. In particular, these excesses seem to require either several hundred m.y. pre-compaction 
exposure to any known source of energetic particles (in a regolith?) or  that pre-compaction exposure 
occurred during a time of an enhanced flux of energetic particles, such as that  produced by an early active 
sun. To better interpret the large excesses of spallation neon in the irradiated components we have per- 
formed additional experiments. 

To  determine whether the accumulation of pre-compaction spallation neon can be observed in other 
classes of meteorites we have now extended our study to include the gas-rich ordinary chondrite Weston, 
which previously has been shown to contain excesses of spallation produced neon [3]. Olivine grains and 
chondrules were separated from Weston and nuclear track studies were carried out using procedures simi- 
lar to those used on Murchison and Kapoeta. The target chemistry for the olivine grains and chondrules 
was obtained through electron microprobe analyses. For the chondrules the composition consisted of a 
weighted average of the different phases in each chondrule. In a separate set of Weston chondrules, the 
average composition obtained by INAA was similar to the results determined by electron rnicroprobe 
analysis. The results of the mass spectrometric measurements of Weston are presented in Table 1 along 
with previous results from Murchison and Kapoeta. For all the meteorite samples the quantities of spaila- 
tion neon contained in the non-irradiated grains are consistent with previously determined cosmic ray 
exposure ages. For both Murchison and Kapoeta the irradiated grains have far more spallation neon than 
their non-irradiated counterparts, demonstrating exposure to energetic particles before the flnal assembly 
of the object. The cosmic ray exposure age of Weston is considerably larger than those of Murchison and 
Kapoeta, so effects the size of those observed in Murchison and Kapoeta are less dramatic. For the non- 
irradiated olivines the exposure age is 27 m y . ,  in good agreement with previous determinations [3]. How- 
ever, the irradiated grains and chondrules have about 10% more spallation-produced neon than the non- 
irradiated grains. Thus the irradiated grains from Weston have apparent exposure ages of 10 to 20 m.y. 
more than the non-irradiated grains, consistent with the results in the irradiated components from 
Murchison and Kapoeta. 

To delineate the differences in spallation neon between solar flare irradiated and non-irradiated 
grains in a 'modern' regolith and the ancient parent body regoliths we have studied irradiated and non- 
irradiated grains from the lunar soil samples 60009,306 and 60009,318. The sample preparation was slmi- 
lar to the procedure used for Weston. The results are given in Table 1. For both samples the non- 
irradiated grains contain about 70% as much spallation neon as their solar flare irradiated counterparts. 
This is in contrast to the Murchison and Kapoeta results, in which the irradiated grains contain one to 
two orders of magnitude more spallation produced neon than the non-irradiated grains. If the amount of 
neon produced in the recent exposure as a meteoroid is subtracted, there is no evidence for any spallation 
from the prccompaction era in the non-irradiated meteorite grains. 

To assess the effect of our experimental procedure on solar implanted neon we have also studied four 
samples or 15086, two samples each of pyroxenes and feldspars. One set from each mineral type was 
mounted in epoxy, polished and etched, then removed for mass spectrometry. The other set underwent no 
such preparation, but was analyzed with minimal handling. The results from this experiment are shown in 
Table 1. In both cases the 15086 grains that  were processed for track studies have less solar wind neon 
than those grains that were not processed. One must therefore conclude that substantial quantities of 
solar wind neon may have been lost during etching even though much of the surface was protected by 
epoxy. 

We now wish to discuss the above data within the context of the two alternatives: long pre- 
compaction exposure times or enhanced particle fluxes. All our solar flare irradiated meteorite grains stu- 
died have pre-compaction spallation effects. Also, those grains which do not contain solar flare tracks do 
not have amounts of spallation neon above that expected from their most recent exposure to galactic 
cosmic rays. Iiowever, this is not the case for lunar grains, where there is little difference in the quantity 
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of spallation neon between solar flare irradiated and non-irradiated grains, with substantial quantities of 
regolith acquired (pre-compaction) spallation neon in each case. The lunar case is precisely what would be 
expected when spallation is dominated by galactic cosmic rays and their secondaries, whose range is 
several meters, compared with 100 microns for solar flare tracks. The difference in range effectively decou- 
ples the track and spallation effects. However, the close correlation between tracks and pre-compaction 
spallation effects in meteorite grains suggest that they most likely share a common source, energetic solar 
particles. In fact, the absence of galactic cosmic ray effects in the non-irradiated meteorite grains suggests 
a regolith residence time substantially shorter than is typical of the lunar regolith. The size of the pre- 
compaction spallation neon excesses and the difficulty in understanding these effects without uncomfort- 
ably long pre-compaction exposure times lead one to conclude that the energetic particle flux was higher 
in the early solar system. It seems unlikely that the galactic cosmic ray Eux was dramatically different 
during the time of solar system formation. However, during that  time the youthful sun might well have 
undergone a phase of increased solar Bare activity [4],  thus it seems reasonable that  the pre-compaction 
spallation is the result of an early active sun. 

Referen-: (1) CafTee et a1 (1983). J. Geophys. Res.. 88. B267-Bn3. (2) Caffee et a1 (1981). Metmrltlcs, 19. In press. (3) 
Schultz et a1 (1072), EPSL, 15, -103-110. (4)  Felgelson (1982). Icarus, 51. 15,5163. 

Table 1: Neon Isotopic Data 

Sample No. of Mass Spallation Cosmic ray 
grains (X produced * ' ~ e  exposure " ages" 

(X 10-"CCSTP/~) (m.y.1 
Murchison 

non-irr. olivines (1983) 11 87.3 5 .8 
non-irr. olivine (1984) 9 74 6 .9 
irr. olivines (1983) I1 71.0 141 28 
irr. olivines (1984) 8 55 4 1 9.6 

Kapoeta 
non-irr. pyroxenes (1083) 10 403.0 2 
non-irr. feldspars (1984) 8 113 2 
irr. pyroxene (1983) 6 164.4 178 
irr. feldspars (1984) 9 70 70 

Weston 
non-irr. olivines 
irr. olivines 
irr. chondmlea 

m , 3 0 6  
non-irr. feldspars 
irr. feldspars 

60009,318 
non-irr. feldspars 
irr. feldspars 

Solar m ~ e  
(X IO"CCSTP/~) 

15086 
etched pyroxenes 10 158.7 235 2.8 
unetched pyroxenes 9 133.7 225 60.5 
etched feldspars 8 65 98 8.5 
unetched feldspars 6 210 111 19.2 
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