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Homogeneous glass droplets are present in every soil sample returned from 
the Moon. Considerable interest attaches to these droplets because either 
they may represent endogenous igneous rocks, remelted and sprayed into drop- 
lets by meteorite impact, or they may be direct samples of endogenous melts 
sprayed from a lava fountain or splashed by meteorite impact from a lava lake. 
Use of the compositions of droplets produced by impacts on solids as represen- 
tative of the compositions of primary rocks entails the further complication 
of establishing that the melt was not a mixture of rocks and/or soil (1). On 
the other hand, the compositions of droplets established as produced from a 
lava can be used directly as representative of material generated within the 
Moon. 

Figure 1 shows the compositional ranges of the basalts of the four mare 
landing sites. Markedly different from the basalts are the compositional 
ranges of various clusters of ultramafic glass droplets. If these droplets 
originated by impact melting of basaltic rocks, then no representatives of 
these rocks were included in the returned samples. Strong arguments have been 
made that droplets that have been found as rich concentrations (80 to 100%) of 
green glass at Apollo 15 (lower right corner of Fig. 1) and of orange glass at 
Apollo 17 were produced in lava fountains from endogenous melts. If these 
arguments are accepted, are the other glass droplets in the compositional 
clusters also the direct products of endogenous melts? None of the four types 
of Apollo 15 droplets with basaltic compositions, Mare 1 through Mare 4 (MI-M4 
in Fig. 1) lies within the range of Apollo 15 basalts (2). Could any of the 
droplets of basaltic (not ultramaf ic) compos i t ions be samples of endogenous 
melts? The present study is an attempt to answer these questions. 

Considerable evidence has been marshalled in support of an origin for the 
concentrated deposits of droplets at Apollo 15 and Apollo 17 in a lava foun- 
tain (3,4,5). There are many lines of this evidence, much of which derives 
from analyses of bulk concentrates of the droplets for trace chemistry and age. 
For the present study, however, it is necessary to focus on evidence detect- 
able in individual droplets, so that the criteria developed can be applied to 
single droplets occurring by themselves. Such evidence is homogeneity, 
absence of evidence for impact (features such as schlieren, shock-damaged 
relicts, Fe metal dust (6)), and the presence of euhedral phenocrysts, which 
must have formed in the melts before dispersal into droplets (6,7,8). Since 
all of the droplets of the same composition in a deposit or at a landing site 
most likely had the same origin, each one of the droplets must be homogeneous 
and must be free of impact features in order that formation of any droplets of 
the compositional cluster directly from an endogenous melt remain a viable 
hypothesis. Conversely, discovery of one droplet with an 01 ivine phenocryst 
is very strong evidence that all droplets of the same composition formed 
directly from an endogenous melt. 

None of the many Apollo 15 green droplets or of the Apollo 17 orange 
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droplets studied has been reported to be inhomogeneous or to contain impact 
features. In addition, phenocrysts have been observed in 0.1% to 0.2% of the 
Apollo 17 orange droplets (6,8), and one phenocryst has been observed in an 
Apollo 15 green droplet (9). All of this evidence indicates that the droplets 
of these two deposits formed directly from endogenous melts, either from a 
lava fountain or from a lava lake splashed by meteorites (6). 

Occurrence of coatings of volatile elements on the surfaces of the Apollo 
15 green droplets and the Apollo 17 orange droplets favors the lava fountain 
origin (gas driven) over the lava lake origin (5,lO). The coatings, of which 
S and In can be detected on single droplets,may be a good criterion for an 
origin in lava fountains. The coatings seem to have been cogenetic with form- 
ation of the droplets themselves for three reasons: 1. The coatings are gen- 
erally confined to the primary surfaces of the droplers, Fig. 2, and Fig. 3F 
of (10). Since most of the breaking and spalling through mutual collisions to 
produce secondary surfaces apparently occurred while the droplets were still in 
flight (3,4), deposition of the coatings had to have happened after solidifi- 
cation of the droplets and before most collisions. Since the highly concen- 
trated deposits of glass droplets could not have undergone much reworking 
after the original deposit ion (otherwise the concentrations would have been 
diluted through mixing with other fines), no large proportion of broken sur- 
face was produced after the initial deposition of the droplets. 2, The amount 
of coating varies greatly from droplet to droplet in the same deposit (Fig. 4 
in (10)). 3. The proportions of Zn to S is constant on the surfaces of indi- 
vidual dropTets, but these proportions differ from droplet to droplet (Fig. 3, 
and Fig. 6 in (10)). Like observation 1, observations 2 and 3 are easily ex- 
plained by a lava fountain hypothesis. The individual droplets in the same 
deposit would have had individual trajectories in the lava fountain and thus 
individual histories of cooling and exposure to gas of varying composition 
before their deposition together. Had the coating taken place after deposi- 
tion, by volatiles moving through a permeable regolith, the coatings would 
have covered more of the secondary surfaces, and the distribution and composi- 
tion of the coatings would have been much more uniform. 

The large Xs in Fig. 1 show the compositions of the coated droplets stud- 
ied to date. In an attempt (unsuccessful) to find the siting of volatile ele- 
ments in the Apollo 16 soil sample with the highest bulk concentration of Zn 
(65701, 91 ppm Zn (1 I)), the surfaces of 1903 grains were -surveyed by EMX for 
S and Zn. Only one grain, a green glass droplet, had detectable Zn plus S. 
This Apol lo 16 droplet shows the regular relation between the two elements 
(Fig. 3), typical of the Apollo 15 green glass and the Apollo 17 orange and 
black glass droplets. Two brown glass droplets with S-Zn coatings were found 
in green glass clod sample 15425. The two compositions are identical and 
appear in Fig. 1 as a large X in the Apollo 15 basalt field. This result 
suggests the existence at the Apollo 15 site of an endogenic melt more mafic 
and richer in Ti than any of the Apollo 15 basalts. 

An important aspect of this study is that the hypothesized relationship 
of glass droplets coated with S-Zn to an origin in a lava fountain is con- 
stantly tested. Discovery of a droplet with the same composition as a coated 
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droplet but with any of the characteristics of impact origin would be very 
strong evidence against the hypothesis. 
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Fig. 1 Ti0 -MgO plot of the range in cmpositions 
of mare basilt samples for each mission, of ultra- 
mafic glasses, and of selected basalt glasses. X 
shows glasses that have S-Zn coatings. Refs. (12). 
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Fig. 3 Zinc v s .  sulfur X-ray intensities for spots on the 
surfaces of glass droplets. The solid line "A16 GREEN" is 
a fit to the crosses, which apply to the droplet in Fig. 1 
marked by X under "A16 GREEN". The solid line "A15 BROWN" 
is a fit to the dots, which apply to the droplet in Fig. 1 
marked by X and designated 'A15 BROWN". Dashed lines are 
f r m  Fig. 6 in (10). The two "A17 BLACK" lines illustrate 
the differences that can occur between droplets from the 
same sample. 

Fig. 2 SEM photo and surface map of yellow glass droplet 
15425,26 F15. Map shows relative intensities of Zn X-ray signals. 
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