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Melt produced by a given impact is relatively uniform in composition [14]. Quantifying 'uniformm involves problems of 
sample size and intrasample as well as intersample variation. This study was initiated in conjunction with a companion study on 
regolith particles [5] in part to test whether small (14 mm) melt-breccia particles in the regolith are likely to be representative of 
the melt from which they formed. lt was also done to readdress the problem of how many melt sheets are represented by the 
Apollo 16 impact melt breccias [IMB3] by wing a larger and more selfconsistent data set than those of previous studies [ la ] .  

Sample aektion. Two experiments were done. In the 'little rock' experiment, 48 small samples were selected based on 
descriptions in the Catalog of Apollo 16 Rocks m. All were rake samples (1 3-12 g total mass) from the central and southern part 
of the site, except for 63558, which was from the North Ray crater area. For most of the samples, compositional data and 
petrographic descriptions were unavailable. Sample selection was biased in favor of crystalline, mafic rocks. Most are described 
as 'basattic' or 'poikilitic impact melt,' atthough a few glassy (or possibly glassy) and feldspethic melt breccias were included. In 
a few cases, samples with ambiguous descriptions were selected deliberately. Samples as free as possible of glass coatings and 
large clasts were requested. Nominal allocation masses for this set of samples were 100 mg each and most samples were 
received as one to three chips. Each sample was subdivided into three subsamples of approximately equal mass (20-40 mg 
each; four subsamples were made from 68519 only) for analysis by INAA. In this experiment, three -30 mg subsamples of 65015, 
a large rnelt breccia from a previous allocation, were also anatyzed. 

In the 'big rockn experiment, 24 large impact melt breccias were selected with the same criteria as for the small rocks. 
Most of these samples have been well characterized previously m. For 12 rocks (original mass: 8 to 39 g), two subsamples of 
approximately 100 mg each were requested from different locations on the each rock. For the other 12 rocks (original mass: 58 
1239 g), three subsarnples of approximately 170 mg each were requested from different locations on each rock. Each of the 60 
subsarnples was analyzed in its entirety by INAA. In this experiment, two -160 mg subsamples of 65015 were also analyzed. 
Analytical results are presented in Fig. 1 and in companion abstracts [IMB2,IMB3]. Sc and Sm (Fig. 1) are both precisely 
determined by INAA. Sm is a representative incompatible trace element (m and Sc is a measure of the proportion of mafic 
minerals plus ilmenite. 

Resub. In the little rock experiment (Fig. 1 a), most of subsamples of a given sample are very similar to each other in 
composition and in many cases the subsamples are clearly more similar to each other than they are to subsamples of any other 
rock. This is particularly true for 68519 (4 subsamples, symbol T) and 64817 (symbol M). The largest relative difference in con- 
centrations among subsamples occurs in the Sc concentration of 61575 (symbol +), which has the lowest concentrations of both 
elements, indicating that it is vely rich in plagioclase. From the petrographic summary provided by Ryder and Norman m, this 
sample was probably not entirely melted. The factor42 range in Sc concentrations results from the nonuniform distribution of 
mafic minerals evident in the photomicrograph (Fig. 2 of m, p. 296). For the highSm samples (>16pg/g), there is more relative 
scatter in the incompatible element Sm than the compatible element Sc among the subsamples. For Table 1, the concentration of 
Sc and Sm in each subsample was ratioed to the mean value (n=3) for that sample. The standard deviations in the ratios average 
about -3 %for Sc and -7 % for Sm in the high-Sm samples. Similar results are obtained for the samples with 3-12 pglg Sm (Sc: 
-4 % and Sm: -8 %) indicating a similar scatter in relative concentrations. However, for samples with -12-14 pglg Sm, the 
subsamples are all much more similar to each other (Sc: 2.2 % and Sm: 2.3 %). For this subset, mean concentrations for each 
sample are also very similar to each other [see IMB2] (except 62245 and 64515, which are richer in Sc). Subsamples of 68526, 
68845, and 68846 (symbols W, X, Z) also show a high degree of compositional uniformity for most elements [see IMB31. 

In the big rock experiment (Fig. I b), subsamples are also generally similar in composition to each other. Four prominant 
exceptions are 60625, 60645, 64535, and 64815. In each case, the nonuniformity is explainable in light of sample descriptions. 
Sample 60625 (symbol d) is a poikilitic impact melt breccia m. Two of the three subsamples are virtually identical in composition 
and the anomalous subsample is compositionally more feldspathic (lower Sc, higher Ca). From photographs provided by the 
curator, the anomalous subsample appears to be from a dark surface area and thus probably contains a portion of a glass 
coating. Sample 60645 (symbol 9 is a Tine grained, heterogeneous impact mew m. Sample 64535 (symbol p) is a dimict 
breccia in which melt occurs both as veins and as a glassy coating. Based on photographs provided by the curator and previous 
data [a], the two similar, low& subsamples are of the glass coating and only the high* subsample is of crystalline vein mett. 
The anomalous, high& rock, 64815 (symbols t and #), is a poikilitic melt breccia It shows relatively more variation in Sc than 
other samples with more than 10 pg/g Sc. The high Sc concentrations in 64815 are probably attributable to a greater 
concentration of ilmenite as the Ti% concentration is also at the high end of the range for poikiltic melt breccias (Table 4 of [S]). lt 
is not clear from examination of the photographs accompanying the subsamples why one our two subsarnples has a low Sc 
concentration compared to the other and to previously analysed samples [10,1 I ] .  

The discussion above indicates some of the problems encountered with evaluation of whether different melt-breccia 
samples are from the same or different melting events. Vertical' variations in ITEs like Sm in Fig. 1 (61247, 63558) probably result 
from nonuniform distribution of minor ITE-rich phases such as glassy mesostasis or phosphates among the small subsamples. 
'Horizontal' variations (64507, 64815) result from variations in major mineral concentrations, most probably ilmenite in the case of 
Sc. Many of the samples of Fig. 1 have high proportions (1 -2 %) of Fe-Ni metal of meteoritic origin and the actual concentration of 
metal varies greatly from sample to sample [12]. This causes large variation in concentrations of siderophile elements like Ni, Au, 
and Ir as well as Fe and Co, which are also lithophile [12,IMB2]. 'Diagonalu variation among subsamples in Fig. 2 is common. In 
some cases this is a mixing effect between mafic, ITE-rich rnelt matrix and small, feldspathic, ITE-poor clasts which cannot be 
avoided in sampling (some of the rocks of Fig. 1 are more clast laden than others) [IMW]. Some of the diagonal variation results 
from a varying proportions of crystalline melt and glassy rnelt coatings or injection veins from different melting events. None of 
these variations necessarily implies large-scale nonuniformity in the composition of the crystalline melt itself (atthough ponding of 
melt might lead to local enrichments in dense phases like ilmenite or metal). However, these effects do complicate evaluation the 
number of melting events involved [IMB2,IMB3]. 
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Fig. 1. Subsamples d a given rock am coded by a letter, number, or other symbol. [btted rings en, intended only to help locate diierent 
wbsamples of a given rock; they are not intended to imply diierent melt sheets. All dab are from this walk except two #'s from [lo] and [ I  I]. 
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