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Lunar pyroclastic or "dark mantle" deposits are low-albedo units observed as (1) large deposits 
in highland areas bordering several major lunar maria (regional deposits, such as Taurus-Littrow) 
or as (2) smaller deposits associated with endogenic "dark-halo" craters (localized deposits, such 
as Alphonsus). These dark mantle de osits (DMD) are thought to have formed as a result of fire- 
fountaining during basaltic eruptionsf12 and thus to mark the locations of volcanic source vents3. 
Volatile-coated volcanic glass spherules, believed to be samples from the deep lunar interiofl, were 
sampled at Taurus-Littrow during Apollo 17 and have been shown to be significant components of 
several major D M D ~ , ~ .  Spectral reflectance studies of DMD in the 0.6- to 2.4-pm wavelength 
range have identified Fe-bearing pyroclastic glasses (with a broad absorption band at -1.0 pm, 
e.g., Aristarchus), partially crystallized Fe-bearing, Ti-rich beads (with low spectral contrast and a 
shallow, broad, 1-pm absorption band; ilmenite is a component at Taurus-Littrow) and olivine 
(with a broad, multiple, 1-pm band, e. ., the localized deposit at J. Herschel) among the 
components of lunar pyroclastic depositsf8:8.9. In addition, in spectra for many localized DMD, 
components typical of the lunar highlands (such as orthopyroxene, with an absorption band near 
0.95 pm, as observed northeast of Grirnaldi) and maria (such as clinopyroxene, with an absorption 
band near 0.96 pm, as observed at Aristoteles) are also observed in association with glassy 
materialslo~ll~l2 

The Galileo 'Solid State Imaging (SSI) camera acquired 7-band multispectral data (-0.4-1.0 
pm) of the west nearside and farside of the Moon. Several regional pyroclastic deposits are 
observed clearly in the SSI data, including those at southern Sinus Aestuum, Aristarchus Plateau, 
and south of Mare Humorum. Spectra for localized pyroclastic deposits at sites northeast of 
Grimaldi and in the floor of J. Herschel crater have also been extracted from the SSI data. The SSI 
image mosaics and extracted spectra allow both evaluation of the new data through comparison 
with Earth-based spectra and inference of compositional affiliations for a DMD on the south margin 
of Orientale for which spectra were previously unavailable. In the SSI spectra shown here, data 
for wavelengths at 0.41 (violet), 0.56 (green), 0.66 (red), 0.756 (near-infrared), and 0.968 
(infrared) pm are used. Data at 0.727 pnl (methane-1) were excluded because they were 
considered to be redundant with data at 0.66 and 0.756 pm but of poorer quality. Poor spatial 
resolution and unexplained inconsistencies among data from different imaging sequences have 
resulted also in the exclusion of 0.889 (methane-2) pm data from these analyses. 

SSI spectra for the large pyroclastic deposits have been normalized by a spectrum for a 
calibrated Mare Humorum site (MHO) and characterized on the basis of albedo (0.56-pm relative 
reflectance), UVNIS (0.4110.56 pm), and the presence or absence of a 1-pm absorption band 
(Figure 1). As shown by the relative positions of the spectra for DMD in Figure 1, the localized 
deposit at J. Herschel has the highest albedo and the regional deposit at western Sinus Aestuum 
has the lowest. Relatively low UVIVIS ratios ("redness") for the Aristarchus and J. Herschel 
DMD are observed in Figure 1 as strongly positive slopes from 0.41 pm (UV) to 0.56 pm (VIS); 
deposits northeast of Grimaldi and Humorum are less "red," and Orientale and western Sinus 
Aestuum DMD trend toward "blue." Although spectral "redness" is attributable to many possible 
characteristics of DMD (e.g., low albedo, low Ti contentl3314) and is thus a nonunique indicator of 
surface composition, the relatively "blue" pyroclastic deposit at western Sinus Aestuum shows 
strong compositional affinities with the Ti-rich devitrified glass beads observed at Taurus-Littrow, 
a composition also inferred for the regional Rima Bode DMD near the terminator of the SSI data6. 

Removal of a continuum slope (ratio of the absolute spectrum and a straight line through 0.56 
and 0.756 pm) normalizes the spectral data, enhances the relative strengths of absorption bands, 
and is a useful method for studying the 1.0-pm region in spectra for these DMD (Figure 2). 
Analyses of such residual absorption bands for 6 DMD show a reasonable 1.0-pm band in the 
Aristarchus spectrum, possible 1.0-pm bands in the spectra for Humorum, northeast of Grimaldi, 
J. Herschel, and Orientale, but no strong 1.0-pm bands are evident in spectra for DMD at western 
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Sinus Aestuum. The observation of low-albedo, spectrally "red" units with 1-pm absorption 
bands in the spectra for Aristarchus and (possibly) Humorum is consistent with the presence of 
iron-bearing volcanic glasses as significant components of the soils in these areas15. These data 
support the interpretation of Lucey et a1.(1986)9, who noted a strong, symmetrical 1.0-pm 
absorption band in spectra for Aristarchus DMD and attributed it to the presence of virtually pure, 
Fe-bearing volcanic glass. The relative "redness," moderate albedo, and possible presence of an 
absorption band at -1.0 p m  in the spectrum for the DMD east of Grimaldi have indicated 
previously the presence of a highlands component, possibly orthopyroxene, as a "contaminant" of 
the low-albedo pyroclastic materials at this ~ i t e ~ o l l l ? ~ ~ .  In the SSI spectrum for the area northeast 
of Grimaldi (Figures 1 and 2), no clear distinction can be made between absorption bands at 0.95 
pm (as would be expected for orthopyroxene) and those at 1.0 pm. The possible 1.0-pm 
absorption band in the SSI spectrum for J. Herschel is consistent with the presence of a significant 
amount of olivine in these D M D ~ ~ .  The low albedo, relative "blueness," and weak or absent 1-pm 
band at western Sinus Aestuum are attributed to reduced spectral contrast and weaker absorption 
due to ilmenite in devitrified volcanic beads, as sampled at Apollo 171Taurus-littrow6. 

The morphology of the Orientale DMD and its position with respect to the Orientale basin rim 
have been cited as evidence that this DMD existed in the floor of a 175-km-diameter basin prior to 
the Orientale impact event and that it was then modified (but not obliterated) by collapse of the 
transient cavity of the Orientale basin17. The relatively moderate albedo and 1.0-pm absorption 
band of the Orientale DMD are consistent with the possibility that it may be a localized pyroclastic 
deposit that has been contaminated by highland materials from the Orientale impact event. The 1.0- 
pm absorption band for the SSI spectra of Orientale can be attributed to any of the possible 
mixtures of wallrock/caprock/juvenile materials that have been associated with localized 
pyroclastics 12. 

Analyses of the Galileo SSI image mosaics and spectra for lunar pyroclastic deposits are 
largely consistent with previous results based on Earth-based spectra. The new spectra for the 
moderate-albedo unit at Orientale support a pyroclastic origin for this deposit, and they suggest that 
it may be a localized pyroclastic deposit contaminated by highland materials from the Orientale 
impact event, Future work will involve refinement of these spectral data and a search for additional 
pyroclastic deposits on the lunar farside. 
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Figure 1. Figure 2. 

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


