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Introduction:  Volcanic glass beads are pre-
sent in most lunar regolith samples. They formed dur-
ing as a result of fire-fountaining (Fig. 1) at ~3.4-3.5 
Ga (during the time of mare volcanism). Earlier studies 
[1-7] showed that the volcanic beads had tiny surface 
deposits of unusual materials; e.g., “micromounds” of 
uncertain nature, unusual minerals such as possible 
ZnS and halite, and surface-correlated geochemical 
enrichments in In, Cd, Zn, Ga, Ge, Au, Pb, and Na. 
The technology available for the earlier studies was 
not sufficient to characterize the bead surfaces in de-
tail. We are now using improved electron beam capa-
bilities to perform high-resolution imaging and analy-
sis of surfaces of the lunar volcanic glasses.  

Samples and Procedures: Volcanic (or pic-
ritic) glass beads are highly enriched in some Apollo 
15 and 17 samples; therefore, the three major volcanic 
glass types that have been identified are known as 
Apollo 15 green glass, Apollo 17 orange glass, and 
Apollo 17 “black” glass, all of which have mare com-
positions (e.g., high Fe and Mg along with low Ca and 
Al compared to nonmare materials). The Apollo 15 
green glasses have primitive compositions while the 
Apollo 17 orange and black glasses are enriched in 
TiO2 and quite similar in composition to high-Ti mare 
basalts. Compositions of the Apollo 17 orange and 
black glasses are essentially identical; the black ones 
are opaque, quench-crystallized equivalents of the or-
ange ones. Extensive studies of the petrology and geo-
chemistry of the volcanic glasses have yielded much 
information the lunar interior and the igneous history 
of the moon [e.g., 8-10]. One characteristic that the 
green, orange, and black glasses all have in common is 
that the surfaces of individual glasses have tiny depos-
its of a variety of unusual (with respect to lunar sam-
ples in general) materials, as noted above. It is thought 
that these deposits formed from the volcanic gases that 
drove the fire fountain eruptions. 

We are studying the surfaces of individual 
volcanic glass beads using state-of-the-art field emis-
sion SEM and TEM techniques, which have improved 
significantly since the glasses were first examined. Our 
initial work has been a feasibility study to analyze 
Apollo 15 green glasses from D. McKay’s existing 
allocations. Some future work will require pristine 
samples because it is likely that some surface features 
have been affected by being in air since the samples 
were allocated. Samples used for this study were ul-
tramicrotomed thin sections cut normal to glass bead 

surfaces, and they were examined and mapped using a 
JEOL 2500SE field-emission STEM equipped with a 
custom large area, thin window energy dispersive X-
ray spectrometry (EDS) sytem. 

Results and Summary: Based on initial 
studies, layered surface deposits are present on the 
green glasses. The deposits range in thickness and 
range from ~ 20 to 150 nm (Fig. 1). The bulk composi-
tion of the volcanic glass substrate is primarily Si, Mg, 
Fe, and Al, with minor Ca and Cr and trace amounts of 
Ti, as expected for green glass. Surface deposit com-
positions are quite different; they are Si-poor and con-
sist of at least two compositionally distinct layers. The 
innermost layer is primarily Fe with minor S while the 
outer layer is composed of Fe and no detectable S. In 
addition, some of the deposit material contains Zn (not 
shown here), which appears to be partially correlated 
with S.  

This preliminary study demonstrates that surface 
deposits are present and that they are heterogeneous at 
the nanometer scale. Layering is clearly present in the 
surface deposits; this feature has not been documented 
previously. Isolated individual crystals have not yet 
been identified on the glass surfaces but it seems likely 
that they are present. Further studies will determine 
whether layering is common or isolated on the Apollo 
15 green glasses, and whether such features are also 
present on the Apollo 17 orange and black glasses. 
Continued work will enhance our understanding of the 
mineralogy and nanoscale compositions of individual 
volcanic condensates, which will enable further devel-
opment of realistic models of lunar volcanism and the 
processes that drove fire fountain eruptions on the 
moon. 
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Wentworth et al.: Volcanic green glass surface coatings. 
 

 

 
Figure 1: Schematic diagram of fire fountaining eruption on the moon (after [1]). 

 

                                                

 

     Figure 2: FESTEM/EDS X-ray map of surface deposits on cross-section of Apollo 15 volcanic green glass bead. 
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