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Introduction: The combination of high-resolution 

images (~0.5 mpp; meters per pixel) from the Lunar Re-
connaissance Orbiter Camera (LROC) Narrow Angle 
Camera (NAC) and Apollo sample data is a powerful 
tool for investigating the complex geology on the Moon. 
Here, we continue our photometric investigation of the 
Taurus-Littrow Valley (TLV) using Apollo 17 soils data 
as ground-truth to investigate the effects of composition, 
mineralogy, glass content, and surface roughness on the 
photometric properties of the lunar regolith [1]. To pro-
vide compositional coverage of potential lunar litholo-
gies not present at Apollo 17, we expanded our study to 
include the Lunar International Standard Calibration 
Target (LISCT) at the Apollo 16 landing site (i.e., soil 
sample 62231; Figs. 1 and 2) [2]. Finally, we evaluate 
the effects of viewing and illumination geometry on our 
implementation of high-resolution, regional-scale Hapke 
photometric modelling using an example of Bear Moun-
tain (BM) at the Apollo 17 site. 

Significance. The correlation between photometric 
properties of the lunar surface and soil characteristics can 
be used to investigate compositional and physical varia-
tions in the lunar regolith throughout the TLV. The re-
sults of such studies help discriminate and map geologic 
units at high resolution, potentially providing new in-
sights into the complex basin chronology and stratigra-
phy of the TLV. Relevant science questions include: 1) 
What is the origin of the light mantle deposit and is Ty-
cho impact melt present in the TLV? [3] 2) What is the 
extent of compositional variation within the surrounding 
massifs and the Sculptured Hills (SH) terrain? What is 
the origin of these units? 3) To what extent does ballistic 
mixing of valley floor basalts onto massif lower slopes 
occur?  

The results provide a tool for characterizing the diver-
sity of the lunar regolith at science sites across the lunar 
surface (e.g., compositional variation at sites of pure an-
orthosite or PAN detection) [4]. 

Methods: We use the USGS Integrated Software for 
Imagers and Spectrometers to photometrically process 
and map-project NAC images [2,3] and generate Hapke 
parameter maps for the TLV using a constrained, nonlin-
ear global optimization [5-6]. The Trust-Reflective algo-
rithm in MATLAB minimizes a simplified form of the 
Hapke equation and returns an optimum value for the 
single scattering albedo (SSA; w) and b-parameter of the 
single particle phase function (SPPF). We resample 
NAC images from ~0.5 m to 5 m, which is concordant 

with the scale of the NAC DTM and correct for the ef-
fects of local topography by computing the local inci-
dence (i), emission (e), phase angle (g), and I/F values 
for each pixel. 

We used a simplified  form of the Hapke model using 
empirical and experimental results [7-9]. Specifically, 
the algorithm searches over a range of starting values for 
the SSA (wo) and angular width of the SPPF (b-parame-
ter; bo); the empirical relationship between the angular 
width and magnitude of the forward and backward scat-
tering lobes of the SPPF (b and c, respectively) is used 
to calculate “c” [10]. The remaining parameters (e.g., 
mean slope angle) are selected based on values obtained 
by previous studies and are location-dependent [7]. The 
algorithm selects twenty initial guesses for the SSA (wo; 

 
Figure 1. Location of the Apollo 16 LISCT for soil sample 62231 [2]. 
The calibration target occurs in a low reflectance zone of undisturbed 
highlands regolith. 

 
Figure 2. New correlation between SSA and soil mafic content, 
which includes the 62231 LICST data. The Apollo 16 LICST an-
chors the compositional correlation at less mafic compositions and 
improves the observed correlation from previous results [1]. 
 

1976.pdf50th Lunar and Planetary Science Conference 2019 (LPI Contrib. No. 2132)



0< wo <1) and b-parameter (bo; 0.1< bo <0.4), minimizes 
the objective function, and returns the best-fit w- and b-
values that are used for generating each parameter map. 

Photometric Series. We investigate effects of view-
ing and illumination geometry on topography-corrected 
albedo values by processing 47 images included in the 
photometric series that covers the Apollo 17 landing site 
[e.g., 11]. The Apollo 17 photometric series systemati-
cally covers a range of viewing and illumination geome-
tries (phase angles 22–91°) and incidence angles (22–
81°). Figures 3 and 4 show initial results for three images 
and illustrate the effects of incidence angle (i.e., low vs. 
high incidence) and Sun azimuth on modelled photomet-
ric parameters, using BM as an example. The photomet-
ric series data are further used to construct phase curves 
for each NAC pixel (i.e., IoF/LS vs. phase angle), which 
allows independent determination of w and b values for 
model validation.  

Apollo 16 LISCT – 62231. We extracted w values 
from the Apollo 16 LISCT site [2] and plot the 
average ± 2𝜎 for these data [12] along with representa-
tive soil sample 62231 (a mature soil commonly used for 
calibrating highlands spectra [2]). These data provide a 
calibration point for feldspathic compositions and 
strengthen the correlation between composition and SSA 
(Fig. 2). 

Apollo 17 – Bear Mountain. The SSA at BM ranges  
from 0.15 to 0.5 (Fig. 3). A N-S topographic profile and 
transect illustrate variations in the slope, IoF/LS, and 
SSA across BM (Fig. 4) for three separate images at dif-
ferent incidence angles and Sun directions. Comparison 
of reflectance from different images can be misleading 
(Fig. 4b); however, the topography-corrected SSA pro-
vides a better comparison (Fig. 4c). Although high inci-
dence angles can result in noisy SSA data using our al-
gorithm (Fig. 4d), the sun direction does not significantly 
affect the modelled photometric parameters (Fig. 4c).  

A compositional gradient between the valley floor 
and slopes of BM is apparent in the SSA data. These data 

are consistent with a basaltic mixing zone on the slopes 
of BM, resulting from lateral transport of basaltic mate-
rial ejected during impact cratering [13]. Because the w 
value of a mixture is a linear combination of the w values 
for its constituent endmembers, we use the average w 
values for the valley floor (~0.20) and surrounding mas-
sifs (~0.4) to quantify the extent of mixing. An estimate 
using the data for BM suggests that the lower slopes of 
BM contain ~50% mare component that decreases up 
slope. The zone of basaltic mixing is ~800 meters in 
width and extends ~100 meters up the slopes of BM; a 
similar trend in w values is observed on the slopes of the 
nearby massifs. The gradient observed in SSA is con-
sistent with lateral mixing [14-15].    
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Figure 3. SSA map for Bear Mountain and the surrounding basaltic 
valley floor. Transect data shown in Fig. 4 taken along the N-S tran-
sect shown above. 

 
Figure 4. A) Topographic profile and transect data for slope, B) 
IoF/LS, and C,D) SSA. Topography-corrected SSA values can be used 
to compare surface properties of the lunar regolith in NAC images with 
different illumination and viewing geometries. A ballistic mixing zone 
of basaltic material onto the slopes of Bear Mountain is apparent. 
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