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INTRODUCTION: Our experimental efforts to examine the formation of 
planetary regoliths by multiple impacts into fragmental targets have been extended to 
high velocities a t  the NASA Ames Vertical Gun Range. A total of 50 impacts occurred in 
the Ames target, which was a gabbro with an  initial >2-32 mm fragment-size distribution 
identical to that utilized in  the 1.4 km/s study [I]. The projectiles in the Ames case, 
however, were only half as large as those used in  the initial study (i.e., 3.18 vs. 6.35 mm), 
although they were accelerated to the much higher nominal velocity of 5.5 km/s. Upon 
striking a solid fragment of gabbro a t  this velocity, one-dimensional calculations indicate 
that the projectile would have generated a peak shock-stress of -110 GPa; had it impacted 
finer-grained debris (assumed to have a porosity of 40%), this value would have dropped 
to -65 GPa. As the corresponding pressures at  1.4 km/s were 14.4 and 5.5 GPa, i t  was not 
surprising that the Ames target contained abundant melt particles that resembled lunar 
agglutinates. This report concentrates on the morphology and chemistry of these 
experimental agglutinates. 
MORPHOLOGY: The agglutinate particles are readily detected with the naked eye and 
easily handpicked from the larger size fractions (i.e., >0.125-0.25 mm and above); they 
typically exhibit a ropy appearance, glassy luster, and high albedo due to the presence of 
fine, sugary detritus adhering to the particles' surface. Modal analysis of the ~0.125-0.25 
mm size fraction revealed their increasing frequency with time from 0.01% (volume) to 
0.35% after shots 1 and 50, respectively. The exterior morphology and interior texture of 
two larger particles is visible in Figures 1A and lB, respectively, the latter illustrating the 
preponderance of melt, its frothy nature, and the diversity of incorporated clasts. In 
general, the glass accounts for >50% of the particles' modal composition; in most cases, 
however, it was >75%. These particles, therefore, do resemble lunar agglutinates in many 
important morphologic, textural, and modal properties. 
CHEMISTRY: Representative particles were randomly selected for microprobe analysis 
from the >0.125-0.25 mm and >0.5-1.0 mm size fractions after shots 1 and 50 with the 
intent of relating the glass composition to that of the parent soil, the subject of ongoing 
debate in lunar regolith studies [e.g., 2,3]. The results are illustrat'ed in Figure 2 where it 
can be seen that the individual glass analyses exhibit substantially more compositional 
heterogeneity than has been reported from lunar agglutinates [e-g., 31. Whereas lunar 
agglutinates generally possess a composition similar to that of the bulk soil in  which they 
reside, our experimental melts appear to be composites of essentially monomineralic melts 
(Opx and K-spar were deleted for the sake of clarity; however, clustering of glass 
compositions around these additional end members occurs as well). Furthermore, a 
substantial fraction of glass averages for  individual particles is displaced towards 
feldspar to a degree unknown relative to lunar agglutinates; similar conclusions apply to 
the grand average of all agglutinate melts in  a given size fraction. The bulk compositions 
of some sicve fractions were obtained via a fused-bead technique [I]; consistent with [I], 
the results indicate a modest feldspar enrichment compared to the initial gabbro target. 
The associated agglutinate glasses, however, exhibit an  even greater feldspar enrichment 
than does the size fraction in  which they reside. The formation of the experimental melts 
is consistent with the shock-induced melting of component minerals, which for  feldspar 
occurs a t  40-50 GPa and for pyroxene a t  70-80 GPa 14'51. These melts are thus the 
products of relatively modest shock pressures. 
CONCLUSIONS: Although these experimental agglutinates resemble lunar agglutinates in 
many morphologic and textural aspects, their melt compositions are totally unlike lunar 
soil melts. Abundant monomineralic melts are unknown in lunar agglutinates which tend 
to be compositionally more homogeneous, and generally possess a composition similar to 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



EXPERIMENTAL AGGLUTINATES 
See, T. H. et al. 

LPSC X V I I I  901 

that of their host soil(s). This indicates that lunar agglutinates result from hypervelocity 
impacts and substantially higher shock stresses than those produced in our laboratory 
experiments. A number of processes may be responsible for the modest feldspar 
enrichment found in lunar agglutinates including preferential incorporation of the finest 
fraction [2], as well as mineral-specific melting and associated fractionation during shock. 

REFERENCES: [ I ]  Hdrz et al., 1984, PLPSC I S ,  JGR, 89, C183; [2] Papike et al., 1981, 
PLPSC 12B, 409; [3] Basu and McKay, 1985, PL SC 16, .TCR. 90. D87: 141 Stdffler. 1972. 
Forrschr. Miner., 49, 50; [ 5 ]  Gibbons et 01.. PLSC bt', 3143. 

FIGURE 1. (A) SEM photomicrograph of a typical Ames agglutinate-like particle. Scale 
bar = 1 mm. (B) Electron backscatter image of a particle in cross section. Scale bar = 100 
pm. 

FIGURE 2. Felsic 
vs. mafic compo- 
nents of glasses 
within experimental 
agglutinates. ( + ) 
Individual glass 
analyses, (@) 
Average glass 
composition for 
individual agglu- 
tinates, (0) Grand 
average of all glass 
for specific shots 
and size fractions, 
(A) Target minerals, 
(A) Bulk whole rock 
[i.e., target], and (0) 
Bulk composition of 
>0.125-0.25 mm size 
fraction. 
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