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Introduction:  Unraveling the complex geology of 

the Taurus-Littrow Valley (TLV), Apollo 17 landing 
site, has important implications for basin chronology 
and understanding geologic processes on the Moon 
[e.g., 1 and references therein]. A primary geologic tar-
get of the Apollo 17 mission was the light mantle de-
posit (LMD) at the base of South Massif (Fig. 1A) [2].  
The LMD likely represents a fluidized debris flow of 
regolith from the northeast-facing slope of the Massif 
[2], which was triggered by either: 1) impact of second-
ary craters from Tycho on the backslope of South Mas-
sif [3-5] or 2) seismic shaking from the nearby Lee-Lin-
coln thrust fault [1,6] 

For this study, we conducted photometric analyses 
of the LMD and putative Tycho impact melt deposits 
within the TLV using Lunar Reconnaissance Orbiter 
Camera (LROC) Narrow Angle Camera (NAC) images, 
and evaluate the first of the two competing hypotheses 
for the origin of the LMD. A separate, ongoing study 
examines the age relationships between the Lee-Lincoln 
scarp and the LMD to evaluate the second hypothesis 
[6-7]. 

Significance. The surface exposure age of the LMD 
and the central crater cluster at Apollo 17 have been 
used to infer the absolute age of Tycho crater (109 ±
4	Ma) [3,8]; therefore, discerning competing formation 
mechanisms for the LMD has implications for the abso-
lute age of Tycho and for lunar chronology. Addition-
ally, photometric evidence of Tycho impact melt in the 
TLV would provide additional support for the presence 
of Tycho impact melt at Apollo 17. 

Methods: We used NAC-derived digital terrain 
models (DTMs) to calculate local slopes and photomet-
ric angles for NAC images [9]. We then combined these 
data with NAC reflectance data to model the topogra-
phy-corrected single scattering albedo (w) at ~2x DTM 
resolution (~5 mpp) using Hapke photometric model-
ing. Owing to the observed correlation with surface 
properties (i.e., composition), ‘w’ is the photometric pa-
rameter of most interest for this study. A detailed expla-
nation of our methodology can be found in [10-12]. 

Results and Discussion: Here we report prelimi-
nary analyses of potential Tycho impact melt deposits at 
two locations in the TLV – South Massif (SM) and 
Mons Vitruvius (MV) (Fig. 1A, B, respectively). Tran-
sects perpendicular to the massifs were examined to 
characterize the topography and local slopes (Fig. 2). 
Topography-corrected w-values for regions of interest 

corresponding to the putative Tycho impact melt depos-
its and the major geologic units in the TLV are shown 
in Figure 3.     

Both SM and MV rise ~2.2 km above the valley 
floor, have >25° slopes, and contain low reflectance ma-
terial at their crests (Figs. 1 and 2). These low reflec-
tance materials are smoother than the surrounding ter-
rain and appear to be associated with blocky material at  
their margins and on the massif slopes (Fig. 4). The 
smooth areas appear to be small amounts of impact 
melt; subtle flow and erosional features support this in-
terpretation (Fig. 4).  

The photometric properties of the putative Tycho 
impact melt deposits are distinctive relative to the major 
geologic units within the TLV.  For example, the w-val-
ues range from 0.17 to 0.24, which are the lowest ob-
served within the valley and are most similar to Shorty 

 
Figure 1. Taurus-Littrow Valley:  Apollo 17 Landing Site.  LROC 
M1266925685LR, incidence angle 33º, slew angle 65º, phase angle 
104º [NASA/GSFC/Arizona State University]. Locations of putative 
Tycho impact deposits at A) South Massif and B) Mons Vitruvius. 
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Crater (~0.22) and the basaltic valley floor (Fig. 3). 
While this could be attributed to a higher mafic content 
[10,12], we suggest that the lower albedo most likely 
results from higher glass content, which is consistent 
with a quenched impact melt.  The identification of Ty-
cho impact melt deposits within the TLV is consistent 
with Tycho secondaries hypothesis for the formation of 
the LMD [3-4].  

Although Tycho impact melts were also identified at 
the summit of MV, no obvious debris flows were iden-
tified from NAC images or topographic profiles (Fig. 
1B and 2). The absence of landslide deposits at neigh-

boring massifs (e.g., MV) may indicate that other fac-
tors played a role in the formation of the LMD (e.g., 
movement on Lee-Lincoln). Photometric analyses are 
consistent with the interpretation that the LMD may 
consist of multiple debris flows [1] (i.e., low vs. high 
reflectance, Fig. 3) [13]. Currently we cannot distin-
guish whether these differences in photometric proper-
ties are attributed to maturity, and hence age, or whether 
they reflect compositional variations within SM; how-
ever, if mixing was efficient owing to turbulence during 
the debris flow, we would not expect compositional dif-
ferences. A simpler alternative would be that the differ-
ence is related to thickness and vertical mixing with the 
lower reflectance valley floor basaltic regolith beneath. 

Despite the identification of Tycho impact melt at 
the summit of SM, the photometric evidence of multiple 
debris flows is not consistent with a singular event (e.g., 
impact of Tycho secondaries); therefore, further analy-
sis is needed to understand the formation of the LMD.   
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Figure 4. (top) NAC oblique M1266925685LR [NASA/GSFC/  
Arizona State University]. (bottom) NAC image of impact melt  
deposit at the summit of South Massif [M1212883755]. 
 

 
Figure 2. Topographic profiles and local slope transects per-
pendicular to South Massif and Mons Vitruvius.  

 
Figure 3. Topography-corrected w-values for the putative impact 
melt deposits and geologic terrains at Apollo 17. The impact melt 
deposits exhibit the lowest w-values observed within TLV. Two units 
can be distinguished within the SM LMD – light and dark mantle – 
which correspond to lower and higher w-values.    
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