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Introduction: The most common pyroclastic glasses in the 

Apollo collections are the Apollo 15 green and Apollo 17 orange 
(and black) beads formed as a result of fire-fountain eruptions 
during the same time period as most mare basalt volcanism. The 
green and orange/black mare-composition glass spherules have 
distinctive sublimate deposits formed from the eruptive vapor 
during cooling of the volcanic plumes. These surface coatings are 
in no way related to space-weathering rims on maturing lunar 
soil grains. Earlier SEM and chemical studies of the volcanic sur-
face features [e.g., 1-3] demonstrated that both major types of 
pyroclastic glass have similar coatings comprised of submicro-
meter- scale “micromounds” and even tiny crystals of various 
soluble salts.  

Purpose and samples: We have begun a detailed new study 
of volcanic glass surface coatings in order to constrain the nature 
and distribution of the surface coatings, to help define the condi-
tions and history of lunar pyroclastic volcanism, and characteris-
tics of the deep lunar interior. Today’s technology permits much 
higher resolution and higher precision investigations than were 
possible in the past. We are using high-resolution field-emission 
TEM (FE-TEM) and EDS X-ray mapping, along with field-
emission SEM (FE-SEM) and EDS. Initial results reported here 
are for FE-TEM imaging and X-ray mapping of ultramicrotomed 
cross-sections normal to the surfaces of Apollo 15 green spher-
ules we selected from our existing sample allocations.  Studies of 
freshly opened pristine samples are also planned along with 
equivalent studies of the Apollo 17 orange/black glasses and, 
eventually, less common types of lunar pyroclastic glass. 

Results and Summary: FE-TEM X-ray maps demonstrate 
that the green glasses have Si-deficient layered surface deposits, 
~20-150 nm thick. Such layers have not been previously docu-
mented. These layers form a complex nanostratigraphy: the in-
nermost layer typically consists of amorphous material rich in Fe 
and minor S while the outer layer seems to be primarily Fe (no 
detectable S). In places the innermost layer also contains signifi-
cant Zn which appears to be partially correlated with S.  It is 
clear that volcanic surface deposits are still present in the non-
pristine samples (exposed to air ~30 years ago), and that they 
contain complex textures and chemistries. The documented lay-
ering is heterogeneous at the nanometer scale. The composition, 
stratigraphic sequence, and structure of the vapor-deposited 
nanolayers may contain information on the eruption sequence, 
the plume and deposit time-temperature regime, and the compo-
sition and source of the volatile species. Other phases, including 
euhedral individual crystals documented previously [1-2], have 
not yet been identified; pristine samples never exposed to Hous-
ton air may be needed to find them.   
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