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Potential modifications to particles accreting at relatively low cosmic velocities (< 
6kmIsec) onto a parent body, have received little attention. We have initiated a series 
of experiments, by using the Ames 2-stage light gas gun, to investigate thermal and 
mechanical effects on projectiles that impacted into a low density medium (aerogel; 
D=0.1 glcc) at velocities of between 2 and 6 kmlsec. Clusters of - 200 micron sized, 
irregular-shaped particles that include lunar fines, forsteritic grains and glasses, 
pyroxenes and sulfides were fired into aerogel at velocities of 5.6, 4.7, and 2.2 
kmlsec. Results: 5.6 kmlsec: Recovered grains show a reduction in size (- 80 pm 
compared to - 200 pm preshot), melted rims (some admixed with host fragments), 
which in turn are rimmed by melted aerogel; evidence of solid state shock damage. 
4.7 kmlsec: Grains show characteristics that range from fragmented projectile grains 
mixed with melted aerogel that nearly rim the grains (Fig.1 a) to grains that have 
melted aerogel clumps admixed with partially melted projectile at the trailing edge of 
the grain. 2.2 kmlsec; Reduction in grain size (-60 pm), fragmentation only; no 
melting of either projectile or aerogel and no apparent shock damage. These results 
compare favorably with characteristics of rims on some chondrules. 

A comparative study of the Weston (H 314) ordinary chondrite rimmed chondrules 
shows that two main rim types are present on POP chondrules: (1) granular rims 
composed of welded, fine-grained host chondrule fragments (Fig. 1 b) and (2), 
reaction, rims that show distinctly different mineral and glass compositions 
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compared with the host and the presence of partially reacted chondrule mantle 
components, which are included within the rim together with rare matrix grains.These 
rims are greatly enriched in FeO (up to 63 wt %). In addition, chondrule pyroxene 
compositional zonation patterns and euhedral grain outlines are cut at the 
chondrulelrim interface,which forms a discontinuity between the end of chondrule 
formation and rim inception (Figs. lc,d). This feature has been attributed to unknown 
abrasive processes [ I ,  21. Bulk compositions of granular rims vary among chondrules, 
but each rim is compositionally dependent on that of the host chondrule. Reaction 
rims are dominated by fayalitic olivine ( F o ~ ~ - ~ ) ,  which commonly contains high AI2O3 
contents (0.78-3.15%). Thin zones of chondrule minerals adjacent to the rims are 
intermediate in FeO contents between the Mg-rich interior and the Fe-rich rim, which 
indicates a reaction relationship. 

Interpretation. Experimentally fired grains that impact at > 4.7 and < 5.6kmlsec 
can result in subounded shapes with granulated melt rims and unaltered interiors. 
Those that impact at lower velocities may only fragment. Other experimental 
parameters that affect projectileltarget interactions, which will be addressed in 
forthcoming experiments, are projectile size, angle of entry [3], target grain size, and 
target variation in density with depth. The present experimental results indicate that 
accreting particles into a parent body low density regolith can be expected to show 
thermal and /or mechanical changes. We suggest that granular rims on chondrules 
formed by abrasion, probably on entering a low density regolith. Their characteristics 
are inconsistent with nebular condensation, a conclusion also reached by [4] and 
others. Moreover, we suggest that reaction rims, high in fayalite content, formed from 
impact-penetration melting of the surface of the chondrule, with some contribution 
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from melted matrix, which is consistent with [4] who found fused olivine groundmass 
in chondrule rims. Alexander et al. [4] also discounted a nebular origin for these rims 
and argued that fragmented Si02-rich chondrule fragments reacted with Fe and Na 
[and All to form fayalitic rims and feldspathic "glue", although they did not say where 
this event took place. Our observations show that the source of Fe for rims on 
enstatite or forsterite chondrules may have come from melting of metal and lor sulfide 
inclusions on or near the original chondrule surface or from Fe-bearing pyroxenes 
typically present in chondrule outer margins. Both sources satisfy the experimental 
conditions of [5,6] for the formation of fayalitic olivine c FO!jO. We also suggest that 
UOC matrices (fragments and fine fraction) resulted mostly from the breakup of 
chondrules by parent body surface impact, impact penetration into the regolith, and 
post impact regolitic processing, consistent with the comminution studies of [4,7]. 
Comminution of rims and partially reacted chondrule mantles may be responsible for 
the presence of disequilibrium assemblages [5] and fayalitic olivine commonly found 
in UOC matrices. 
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Figure 1. (a) Lunar pyroxene fired at 4.7 kmlsec into aerogel. Arrows point to the many fragmented 
pyroxene grains that are enclosed by melted aerogel. Scale bar=lO microns. (b) Weston chondrule with 
a thin aranular rim of phases identical to those of the interior. (c) Weston chondrule with a thin jeaction rim 
of mostly olivine Fo44-8. Double arrows point to zoned, euhedral hypersthene grains cut by an abrasive 
discontinuity event(c1osed arrows), which now have a reaction relationship with the overlying rim. Open 
arrows point to claStic hypersthene from the chondrule; small arrow points to matrix clast. (d) A1 xray image 
of cshowina the truncation of Al-rich mesostasis. which mav be the source of A1 in the rim. Scale 
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