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Introduction: Over 100 pyroclastic deposits, or 

Dark Mantle Deposits (DMDs) have been identified on 

the Moon, with areas ranging from 10 km
2
 to over 

50,000 km
2
 [1]. These regions of low-albedo, fine-

grained material can vary significantly in composition. 

Larger DMDs such as those at Taurus-Littrow and 

Mare Vaporum are known to contain iron- and titani-

um-rich glass and devitrified beads, while smaller 

DMDs are typically comprised of iron-bearing mafic 

minerals such as pyroxene and olivine [2, 3] in juvenile 

and non-juvenile volcanic components.  More recently 

at the large DMD in Sinus Aestuum, chromite spinel 

has been discovered [4]. 

In this project we use spectroscopic data from the 

Moon Mineralogy Mapper (M
3
) to characterize the 

composition of various pyroclastic deposits across the 

lunar nearside. Using these data, we characterized the 

1- and 2 μm mafic absorption bands for each pyroclas-

tic region of interest, and analyzed the variation in 

composition between all regions. DMD compositional 

variations will help us to understand both the origin 

and mode of emplacement of these deposits.  

Instruments and Data: The Moon Mineralogy 

Mapper (M
3
) onboard the Indian Space Research Or-

ganization’s (ISRO) Chandrayaan-1 spacecraft is a 

visible to near infrared (0.43-3.0 μm) imaging spec-

trometer that imaged the Moon in 85 spectral channels 

with a combination of spectral and spatial mapping, 

which enables spectra and resulting compositional 

analyses of the lunar surface to be placed in a geologi-

cal context [5]. 

The four regions of interest chosen for this study 

include pyroclastic deposits in J. Herschel crater 

(36.6°W, 61.7°N), Alphonsus crater (3°W, 13.6°S), 

near the Apollo 17 landing site in the Taurus-Littrow 

valley (30.7°E, 20.2°N), and western Mare Vaporum 

(7.9°E, 10°N). There is complete or near-complete 

coverage of M
3
 data in these regions, including cover-

age in orbital periods [6] OP1A, OP1B, OP2A, 

OP2C1, and OP2C3. Additionally, there is coverage 

over all four regions of interest in OP1B. This configu-

ration allows studies of the DMDs with the same reso-

lution and detector temperature [7], factors which can 

drastically change the spectral behavior of the M
3
 data. 

Results: Several color composite images were cre-

ated using M
3
 data to highlight surface composition 

and to characterize the four pyroclastic deposits. The 

pyroclastic deposits within a given region of interest 

share similar spectral characteristics, even at sites 

where the deposits are isolated or discontinuous, such 

as in Alphonsus crater (Figure 1). At Alphonsus, color 

images comparing integrated band depths show the 

pyroclastic materials to be a similar color to the sur-

rounding mare materials (Figure 1B); this is expected, 

since both units contain iron-bearing minerals, which 

are sensitive to the spectral bands used in the color 

composite image with respect to the surrounding plagi-

oclase-rich highland terrain. However, color plots ex-

amining the 1 μm band show the maria are shifted to-

wards shorter wavelengths as compared to the pyro-

clastic materials, which results from the likely presence 

of more high-Ca pyroxene in the mare unit (Figure 1C). 

Preliminary spectral comparisons of the four re-

gions of interests (Figure 2) show the pyroclastic de-

posits following two distinct trends. Spectra of the 

small DMDs in Alphonsus and J. Herschel craters have 

similar slopes, while the large DMDs at Taurus-Littrow 

formation and Mare Vaporum exhibit similar slopes, 

which are distinct from that of Herschel and Alphonsus 

in terms of absolute reflectance. This is consistent with 

the presence of iron- and titanium-rich orange and 

black beads in the larger DMDs [e.g., 1, 9]. Ongoing 

investigations are currently being performed to allow 

us to determine whether the small DMDs at Alphonsus 

and J. Herschel contain olivine and/or pyroxene and in 

what proportions. 

Conclusions: Based on preliminary spectral exam-

inations, the four pyroclastic deposits studied here 

show relative uniformity in spectral signatures within 

each deposit. However, there is a variation in absolute 

reflectance between each of the regions of interest that 

is consistent with previously observed compositional 

variations within large and small pyroclastic deposits 

[e.g., 1, 9].  Compositional differences between large 

and small pyroclastic deposits are related to their 

modes of eruption [e.g., 10] as products of fire-

fountain eruptions or smaller vulcanian eruptions, re-

spectively.  Likewise, the difference in reflectance be-

tween the pyroclastic deposits may correlate to the in-

herent reflectance of the substrate, due to thin or par-

tially transparent deposits, or mixing with the underly-

ing materials. 

Further examination of the relationship between 

emplacement and composition of these deposits is on-
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going. Additional work is also being performed analyz-

ing the variation of spectral signatures within each py-

roclastic deposit, as well as characterizations of the 1- 

and 2 μm bands for each region of interest. Additional 

remote sensing data will also be incorporated for com-

parison against the data from M
3
, including a 

combination of radar, laser altimetry, and high-

resolution visible images.  

 

Figure 1. Pyroclastic deposits in Alphonsus crater. (A) 

1μm albedo map. Pyroclastic deposits appear dark, 

similar to the mare outside the crater. (B) RGB color 

composite image using R: integrated 1μm band depth; 

G: integrated 2μm band depth; B: reflectance at 1.5μm. 

Pyroclastic deposits appear a similar orange to the 

mare due to iron-bearing minerals detected at these 

spectral bands. (C) RGB color composite image using 

R: 950 nm band depth; G: 1050 nm band depth; B: 

1250 nm band depth. Pyroclastics appear blue, while 

the mare appears more yellow. All spectra are from 

orbital period OP1B. Banding gradients in (B) are due 

to detector artifacts and photometric correction inaccu-

racies (see [8] for corrections not yet applied here). 

 

Figure 2. Spectra extracted from the four pyroclastic 

regions of interest: Alphonsus crater, Taurus-Littrow 

Formation, J. Herschel crater, and Mare Vaporum. 

Reflectance spectra from deposits in Alphonsus and J. 

Herschel appear to follow a similar slope (red and blue 

lines), while Taurus-Littrow and Mare Vaporum also 

follow very similar slopes (black and teal lines) but 

with a different absolute reflectance. This distinction 

could be due to differences in emplacement style and 

location. 
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