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Introduction:  Dune morphology is governed by 

sediment, atmospheric, and topographic conditions at a 

variety of scales. On Mars, regional and topographic 

winds exert a dominant control on the spatial 

distribution and types of dunes in impact craters [1]. 

Dune spatial distribution and morphology in turn 

govern the position, preservation, and stratigraphic 

architecture of dune deposits in craters. To better 

understand the controls on intracrater aeolian dune 

deposits and their stratigraphic architecture, we employ 

an object-oriented method for automatically mapping 

and characterizing dunes based on a formalization of 

dune topographic structure. We present results from an 

analog test case at White Sands Dune Field in New 

Mexico and preliminary data form Herschel crater, 

Mars. We use five high-resolution LiDAR topography 

data sets for our White Sands analysis and HiRISE-

derived DTMs for Mars. We discuss the application of 

this method to intracrater dune fields on Mars and its 

usage to interpret the martian rock record. 

Methods:  For the White Sands test case, we use 1 

m LiDAR DEMs to generate basic land-surface 

parameters: slope angle, slope azimuth, slope-azimuth 

divergence index, and mean curvature. We use land-

surface parameters to compute basic ridge units and 

slope facet units. We aggregate these objects using 

spatial contextual analysis to distinguish between 

dunes and the interdune area, approximate the dune 

substrate surface using bilinear interpolation, and 

identify boundaries between adjacent dunes (Fig. 1). 

We then analyze each dune, including approximating 

the characteristics described by Baitis et al. [2], 

specifically: planimetric area, surface area, perimeter, 

width, length, height, volume, circularity index, mean 

azimuth, crestlines, and interdune length. 

White Sands Results:  Slope azimuth and slope 

angle were essential to defining slope facet units and 

characterize lee slope attitude. Mean curvature and 

ridge units were useful for identifying convex areas 

and map dune areas. The slope-azimuth divergence 

index in conjunction with local dune height was 

effective at identifying boundaries between adjacent 

dunes and appears to be effective at mapping dune 

crests, but without the simple and continuous structure 

achieved in manual mapping. The mapped dune 

partition is highly accurate based on visual inspection 

and represents thousands of individual dunes. Mapped 

dunes account for a total of 79.5 x 106 m3, have lee 

slopes primarily facing eastward, and exhibit distinct 

relief patterns that are coincident with variations in 

dune types including protodunes, crescentic dune 

ridges, barchan dunes, and vegetated dunes (Fig. 2) [3, 

4, 5]. 

 

 

 

 

 
Figure 1. Dune topographic structural characterization 

and mapping workflow. 

 

Figure 2. Surface Area / Area ratio of dunes at the 

White Sands National Monument. 
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White Sands Discussion: Our method is effective 

at representing scale-variant, hierarchical topographic 

structure that can be used to map and characterize 

dunes without a priori knowledge regarding dune-field 

orientation and without bias-training required for 

machine learning, A.I., and empirical techniques. This 

is particularly relevant as we seek to understand wind-

driven systems on extraterrestrial bodies, which may 

not conform well to scale-dependent and scale-

homogeneous characterizations optimized on Earth. 

Further advancement depends on addressing issues of 

scale, empiricism, and semantic vagueness in aeolian 

geomorphic research. 

Mars Discussion: Sand dunes on Mars are well 

characterized in optical satellite images [6, 7, 8, 9], but 

fewer studies have examined the topographic structure 

of martin dunes [7, 10, 11]. We apply the same 

algorithm to DEMs generated from HiRISE stereo 

images. Preliminary results (Fig. 3) show that our 

approach is effective at identifying dune topographic 

structure at diverse scales. The stereo-image derived 

DEMs exhibit more error than the LiDAR data and 

will require preprocessing to minimize the impact on 

the segmentation algorithm, as well as adjustments to 

the segmentation algorithm to better adapt to Mars 

dune scale variability and interactions. Craters also 

interact with dune fields on Mars, violating a basic 

assumption of the algorithm that the topographic 

structure is strictly associated with aeolian processes, 

and will need to be accounted for. Results from the 

intracrater dune fields will provide a first-order basis 

of comparison to dune fields on Earth. These results 

will also inform how dune topography varies within 

craters. Using this topographic dune assessment along 

with modeled and inferred wind directions, we will 

build conceptual models of the distribution and types 

of stratification found within impact craters on Mars. 
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Figure 3. Preliminary dune mapping results using a 

HiRISE-derived DEM near the eastern rim of Herschel 

Crater. The large crater in the scene is ~1 km in 

diameter. Colors are used to differentiate between 

preliminary objects. 

 

References: [1] Tsoar, H. et al. (1979) JGR: Solid 

Earth 84, 8167–8180. [2] Baitis, E., Kocurek, G., 

Smith, V., Mohrig, D., Ewing, R. C., and Peyret, A.-P. 

(2014) Aeolian Research, 15, 269–287. [3] Pedersen, 

A. et al. (2015) ESPL, 40, 925–941. [4] Swanson, T. et 

al. (2016) Sedimentology, 63, 1753–1764. [5] Gunn, A. 

et al. (2020) Geophys. Res. Letter., 47, 

e2020GL088773. [6] Fenton, L. K. et al. (2003) JGR, 

108, 5129. [7] Banks, M. E. et al. (2018) JGR: Planets, 

123, 3205–3219. [8] Davis, J. M. et al. (2020) 

Geophys. Res. Lett., 47, e2020GL088456. [9] 

Rubanenko, L. et al. (2021) IEEE J. Sel. Top. App. 

Earth Obs. Remote Sens., 14, 9361–9371. [10] Ewing, 

R. C. et al. (2017) JGR: Planets 112, 2544–2573. [11] 

Fernandez-Cascales, L. et al. (2018) EPSL, 489, 241–

250. 

1734.pdf53rd Lunar and Planetary Science Conference (2022)


