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Introduction: The South Pole-Aitken Basin (SPA) 
is the oldest, deepest, and largest impact basin on the 
Moon [1-2] with a complex geologic history that 
requires thorough, integrated remote sensing analyses 
to target high-priority sites for future science 
exploration. Despite the great depth and thin crust of 
SPA (~13-20 km; <~5 km in some areas [3]), the basin 
does not have the same degree of basaltic resurfacing 
as nearside lunar basins [4-5]. However, central SPA is 
relatively smooth, indicating that basalts may lie 
buried just below the surface in the form of cryptomare 
[6-7]. Our goal is to assess previously mapped and 
potentially new cryptomare deposits using a variety of 
methods and datasets to determine their distribution 
and extent. This will, in turn, provide constraints on 
the crustal and mantle rock types and volcanic activity 
in SPA. 

Cryptomare are thought to be smooth mare deposits 
that are covered and(or) mixed with impact ejecta 
materials. One criteria that can be used to discriminate 
cryptomare from smooth mare is surface roughness. 
We can estimate the roughness and determine if 
cryptomare is different from mare and non-mare 
terrains. The roughness of natural terrain is a measure 
of the local heterogeneity of the surface topography, 
which has been studied extensively on Earth and 
applied to planetary landscapes [8-10]. This measure, 
often cited in terms of a Terrain Ruggedness Index 
(TRI), is applied to topographic datasets. In this study, 
we have applied different TRI methods to both 
standalone and blended Lunar Reconnaissance Orbiter 
Camera (LROC) data covering portions of mare, 
cryptomare and non-mare within the interior of SPA 
(180°-205°E, 45°-60°S). 

Data and Methods: ESRI ArcGIS Desktop® 10.4 
and open-source Geospatial Data Abstraction Library 
3.2 software were used in our data processing and TRI 
calculations. Two topographic Digital Elevation 
Models (DEM) were used, a ~118 m/pixel LROC 
Wide-Angle Camera (WAC) DEM and a ~59 m/pixel 
blended LROC WAC + Selene-Kaguya Terrain 
Camera (SLK) DEM. A 3x3 pixel low-pass filter was 
applied to the SLK DEM to smooth striping artifacts. 
In order to focus our TRI results only on terrains 
without high-relief features such as impact craters and 
wrinkle ridges, we created slope maps for both DEMs 

and excluded areas with > 6° linear slopes. This step 
removed much of the unnecessary crater interior and 
ridge slopes, but retained enough data for meaningful 
results. 

Two different TRI methods were applied to the 
DEMs. The first method by [9], hereafter referred to as 
the Wilson method, is well-established, simple and 
involves computing the absolute average of the sum 
differences between the middle pixel and eight 
surrounding pixels in a 3x3 moving window. Flat areas 
have zero values and all others are positive with larger 
values representing greater roughness. A second and 
slightly more robust method by [11], hereafter referred 
to as the Korzeniowska method, identifies the 
maximum slope direction within a 3x3 window and 
based on its location, derives the change in slope over 
distance both parallel and perpendicular to that 
direction. The resulting TRI values are zero for flat 
areas, positive for convex-down surfaces, and negative 
for concave-up surfaces. 

Two sets of mare, cryptomare and non-mare areas 
were selected for each DEM (Figures 1 and 2). In 
addition, a third mare area in Apollo Basin was 
selected for both DEMs (see Fig. 1). Mare terrain 
typically has a low-albedo, smooth morphology that 
appears to have filled in the local terrain to produce a 
flat surface. Cryptomare, slightly rougher and higher 
albedo than mare, were selected within and near 
regions previously identified by [7,12-13]. Non-mare 
terrain was selected in areas that appear rougher than 
the other two types with some minor structure, but 
away from major impact crater ejecta. 

Results: TRI values from the LROC WAC and 
SLK DEMs using the Wilson method (Table 1) 
consistently show that all non-mare areas are the 
highest, i.e. roughest, among the three types (WAC: 
3.08±1.94 mean and 2.62 median; SLK: 2.05±1.00 
mean and 2.00 median). While this was not 
unexpected, the difference between mare and 
cryptomare from the two sets is less clear. Mare have 
lower values than cryptomare in one set of results, but 
then reverse with higher values in the other. When the 
two sets of LROC WAC values are combined for mare 
and cryptomare, the data show that mare is slightly less 
rough (1.91±1.24 mean, 1.62 median) than cryptomare 
(2.48±1.76 mean, 2.00 median). The third mare region 
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within Apollo basin has distinctly lower TRI values 
(0.26±0.17 mean and 0.22 median) than the other two 
sites, indicating a well-exposed, non-mantled mare unit 
within SPA. 

Using the same DEMs and study areas, the 
Korzeniowska method also shows small value 
differences, but a different order among the terrain 
types. All three terrains have mean surfaces that are 
negative, or concave-down (Table 2). If the data are 
combined and zero values removed to focus solely on 
non-flat areas (~20% of all values), cryptomare areas 
appear to be the least concave or rough (-5.5x10-

5±0.0185 mean), followed by more concave non-mare 
(-1x10-4±0.0209 mean) and mare (-3.7x10-4±0.0161 
mean). The Apollo basin mare is similar in concavity 
to the other mare (-2.5x10-4±0.0171 mean). 

Discussion: LROC WAC summary statistics of the 
TRI values for the three terrains appear to show 
differences based on the mean/median (see Table 1). 
Non-mare is statistically the roughest with the highest 
mean and median TRI values followed by less rough 
cryptomare and mare. While each type is different by 
up to ~0.6, there is considerable overlap in the standard 
deviation among the three types which make their 
distinctions tenuous. SLK summary statistics do not 
provide more clarity as non-mare and cryptomare are 
less rough than mare with similar standard deviation 
overlap. Future work collecting more areas within SPA 
for TRI calculations may be warranted. Overall, these 
mixed results suggest that surface roughness from TRI 
alone may not be sufficient in distinguishing 
cryptomare from other mare types or that units defined 
as cryptomare are instead volcanic units with a 
distinctive mineralogy [14,15]. Future work will 
include photometric analyses of these same terrain 
types to derive composition and inter-particle structure. 
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Tables 1 and 2.  Summary statistics of study area terrain 
types using the Wilson and Korzeniowska TRI methods. 

WAC DEM count mean st. dev. median 
non-mare 549899 3.08 1.94 2.62 
cryptomare 651237 2.48 1.76 2.00 
mare 397844 1.91 1.24 1.62 
mare-Apollo 500306 0.25 0.17 0.22 
SLK DEM count mean st. dev. median 
non-mare 2190019 2.05 1.00 2.00 
cryptomare 2304327 1.94 1.00 1.87 
mare 1026752 1.55 0.85 1.37 
mare-Apollo 1964256 1.34 0.91 1.15 
WAC DEM 1 count mean st. dev. median 
non-mare 484952 -0.00010 0.0209 -0.00713 
cryptomare 520230 -0.000055 0.0185 -0.00713 
mare 313347 -0.00037 0.0161 -0.00713 
mare-Apollo 401380 -0.00025 0.0171 -0.00713 
SLK DEM 1 count mean st.dev. median 
Non-mare 1771768 -0.000096 0.0758 0.02851 
cryptomare 1892135 -0.000042 0.0767 0.02851 
mare 838102 -0.00025 0.0748 0.02851 
Mare-Apollo 1582293 -0.00014 0.0672 0.02851 
1 Korzeniowska method with absolute zero values removed 

 

 
Figure 1. Location of select areas in SPA basin (red=mare, 
blue=cryptomare, yellow=non-mare) for TRI analyses using LROC 
WAC (left) and SLK DEM (right) data. White box denotes the main 
study area (180°-205°E, 45°-60°S). 
 

 
Figure 2. TRI using the Wilson method for LROC WAC (left) and 
SLK DEM (right) data covering the interior of SPA. Areas with > 6° 
slopes are masked out. Total TRI ranges from low (blue) to high 
(red) is 0-11.5 for WAC and 0-8.875 for SLK data. 
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