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Introduction: Lunar Reconnaissance Orbiter 

Camera (LROC) Wide Angle Camera (WAC), Narrow 
Angle Camera (NAC), and Clementine UV-VIS data 
are being used to study dark-mantle deposits (DMDs) 
on the southeastern limb of the Moon. Our goals are 
(1) to refine and extend the methods used in previous 
studies of lunar dark-mantle and pyroclastic deposits 
with Clementine spectral reflectance (CSR) data (e.g. 
[1]); (2) to search for new deposits and to characterize 
their morphological and physical properties using LRO 
WAC and NAC data; and (3) to apply these combined 
data sets to characterize interdeposit and intradeposit 
compositional variations within this region of the 
Moon. 

Background: Lunar pyroclastic deposits (LPDs) 
have been identified across the Moon, often on the 
basis of their low albedo, smooth texture, and mantling 
effect over underlying terrain features [2,3,4]. Gaddis 
et al. [1] presented a compositional analysis of 
75 LPDs based on CSR measurements. In this 
study, we focus on five locations in a region 
along the southeastern limb of the Moon that 
contain nine of those 75 deposits (Fig. 1): in 
Humboldt (D=207 km), a floor-fractured 
crater with four distinct pyroclastic deposits; 
in Petavius (D=177 km), a crater with several 
large graben containing at least four distinct 
pyroclastic deposits (treated as one by [1]); in 
Barnard (D=105 km), Abel B (D=41 km), and 
Abel C (D=31 km) craters; and in the high-
lands east and southeast of Titius (D=73 km) 
crater. The results presented here continue and 
extend our previous study of this region [5], 
utilizing recent data generated by the LROC 
WAC and NAC instruments. 

Methods: The LRO WAC acquires monochrome 
images using a 605 nm filter at a resolution of ~75 
m/pix, and multispectral images at two ultraviolet 
(UV) and five visible (VIS) wavelengths (320, 360, 
415, 565, 605, 645, and 690 nm) at a resolution of 
~400 m/pix in the UV and ~75 m/pix in the visible 
[6,7]. The LRO NAC produces monochrome images at 
resolutions of ~0.5 to 1.0 m/pix [6]. We are examining 
these high resolution images as increasing coverage 
becomes available of our study area to locate potential 
volcanic vents and to assess physical characteristics of 
the DMDs such as topographic relief, the nature of 

contacts with adjacent units, evidence of flow features, 
roughness, and rock abundance. We are also using 
NAC images to examine details of the fresh craters 
where we are collecting multispectral data. The ability 
to combine high-resolution images with spectral meas-
urements will significantly enhance our ability to infer 
emplacement mechanisms and origin of these deposits.  

The corrected and calibrated Clementine UV-VIS 
multispectral mosaic at 100 m/pix resolution [8] was 
used to extract 5-band spectra (415, 750, 900, 950, and 
1000 nm) from selected locations within and around 
each DMD. These measurements were then used to 
estimate mafic content and titanium abundance using 
methods previously developed [e.g. 1,9,10,11,12]. In 
this study we focused on obtaining measurements from 
spectrally fresh material exposed in crater walls and 
ejecta for comparison to spectrally mature material 
within and around the DMDs.  

Results and Discussion: Petavius and Humboldt 
are both floor-fractured craters [13] containing dark 
deposits that could be effusive and/or pyroclastic in 
origin. WAC and NAC images suggest that these de-
posits were likely emplaced predominantly by effusive 
eruptions. The deposits appear relatively flat. In addi-
tion, the dark material embays adjacent higher and 
lighter-toned units, with little evidence of dark material 
mantling the higher terrain. The southern DMD within 
Petavius exhibits dark spots that appear similar to 
known pyroclastic deposits at low resolution. Howev-
er, higher resolution NAC images of these dark spots 
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1 km 

NAC M154642797L 

Impact crater along the eastern margin of the 
Barnard DMD has excavated highlands material 
to the east and mare material the west, to an 
estimated depth of 300 m. (NASA/GSFC/ASU) 

Fig. 3 

5 km 

NAC M144226760L/R 

Dark-halo impact craters within the southern Peta-
vius dark deposit. (NASA/GSFC/ASU) 

Fig. 2 

Possible volcanic vents within the mantled 
terrain near Titius. (NASA/GSFC/ASU) 

NAC M174605009L/R 
2 km 

Fig. 4 

500 m 

NAC M174605009L 

indicate that they are impact craters which have exca-
vated darker mare material from subsurface layers 
(Fig. 2). Barnard, Abel C, and portions of the Titius 
DMD also appear to be primarily effusive in nature. 
The NAC image in Fig. 3 shows an impact crater on 
the eastern margin of the Titius DMD. The dark 
material extends to the deepest portion of the crater, 
estimated to be 300 m deep. This thickness is 
consistent with an effusive mare deposit, rather than a 
localized pyroclastic 
deposit. 

The remaining 
deposits we exam-
ined, at Abel B and 
portions of Titius, 
are likely pyroclastic 
deposits. The dark 
material mantles 
hummocky terrain 
within Abel B; and 
at Titius, within 
Bowditch M and 
around Rima Sieg-
fried. A possible 
volcanic vent associ-
ated with Rima Sieg-
fried is shown in Fig. 
4. 

Conclusions and 
Future Work: Our 
continued analysis of  DMDs on the southeastern limb 
indicates that this region is characterized by a com-
bination of effusive (mare ponds) and pyroclastic 
deposits. Many of the deposits, including those in 
Petavius, Humboldt, Barnard, and Abel C, as well 
as portions of Titius, are predominantly effusive in 
origin. Examination of the spectral signature of 
small craters within the effusive deposits indicates 
that these deposits are typically in excess of 50 m 
thick. In contrast, DMDs at Abel B and other por-
tions of Titius appear to mantle hummocky material 
and were likely emplaced during pyroclastic erup-
tions. Possible source vents have been located with-
in the Titius deposit. Volcanism was an important 
process in modifying many old impact craters in this 
region; additional measurements for these and other 
DMDs will provide further constraints on possible 
emplacement mechanisms as well as the range of 
their compositions and potential source materials. 
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