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Introduction:  Since first observed by Mariner 9 

in the early 1970s, the dune field in Proctor crater has 
been the subject of many investigations because its 
large expanse of homogeneous, unconsolidated granu-
lar material provides a predictable and convenient sur-
face for testing and comparing thermal models and 
theories of heat transfer within granular materials (e.g. 
[1,2,3]). In this study of dune-field thermophysical 
properties, we validate our technique by comparing 
results from these previous investigations, with those 
from our own, and conclude by discussing the implica-
tions of our results.  

To date, probably the most vigorous examinations 
of this dune field were performed by Fenton et al. [4] 
and Fenton and Mellon [5], who determined the aver-
age thermal inertia of the dune field to be ~300 J m-2 s-

1/2 K-1 (units henceforth referred to as tiu [6]), which 
were consistent with global datasets created by Putzig 
et al. [7] and Christensen [8]. Using the particle-size / 
thermal-conductivity relation described by Presley and 
Christensen [3], average grain sizes in this dune field 
were calculated to be on the order of  ~0.5–2.0 mm 
[5].  

Data: We use data collected by a variety of in-
struments onboard several spacecraft orbiting Mars. 
We obtained atmospheric opacity and albedo informa-
tion from the Mars Global Surveyor (MGS) Thermal 
Emission Spectrometer (TES) [8]. The MGS Mars 
Orbiter Camera (MOC) [9] provided high-resolution 
visible-wavelength coverage as well as albedo infor-
mation. We used both visible-wavelength and diur-
nally obtained thermal infrared information from the 
Mars Odyssey Thermal Emission Imaging System 
(THEMIS) [10]. The Mars Reconnaissance Orbiter 
(MRO) High Resolution Imaging Science Experiment 
(HiRISE) provided images at a resolution of 25 
cm/pixel [11]. 

Atmospheric pressures were adjusted to scale 
height, and were calculated assuming a mean annual 
pressure of 6.1 mb at zero elevation, adjusted for the 
annual CO2 sublimation cycle.  

Modeling: To model dune-field terrain at high-
resolution, we applied the photoclinometry technique 
developed by Kirk [12] to THEMIS VIS image 
V09563005. Photoclinometry cannot distinguish be-
tween shaded terrain and albedo variations, so the syn-
thetic terrain models generated from images of vari-
able-albedo surfaces will show non-real topographic 
variations. In many cases however, such as in the cen-
ters of the dune field discussed here, the albedo varia-
tions can be relatively minor (compared with topog-
raphic shading) and the real topography in these syn-

thetic terrain models is easily distinguished from arti-
facts introduced by albedo boundaries. Therefore, we 
can still accurately represent the ‘apparent’ topography 
of local terrain features such as the locations and gen-
eral features of dune crests and troughs, even though 
other information such as regional topography and the 
relative heights of adjacent features may be incorrect. 

We generate maps of slope & atmospherically cor-
rected Lambertian albedo values by first creating a 
map of I/F values from a THEMIS VIS image (multi-
plied by the cosine of observed incidence angle and 
scaled to MGS TES bolometric albedo). This I/F in-
formation and the digital-terrain map are then applied 
to a photometry algorithm, which determines albedo 
values according to the slope-corrected solar illumina-
tion and atmospheric dust opacity (from TES observa-
tions).   

To calculate thermal inertia values, we use the 
Kieffer ‘KRC’ thermal-diffusion model [13] to create a 
lookup table of temperature values that represent ap-
propriate ranges of slope, azimuth, solar longitude, 
time, albedo and thermal-inertia values. An interpola-
tion routine compares this lookup table with maps of 
albedo, terrain, and observed nighttime temperatures 
and determines the best-fit thermal inertia at each 
pixel.  

Results: TES-observed albedo values were 0.08-
0.085 in the dark-dune areas in Proctor crater, while 
the surrounding surfaces were somewhat brighter. Our 
best-fit thermal inertia for these dunes is 304 +/- 14 
tiu, which is very similar to values given by Fenton et 
al. [5] as well as to the global datasets provided by 
Putzig et al. [7] and Christensen [8]. Using the method 
described by Presley and Christensen [3], we calculate 
grain sizes to be on the order of 0.5 +/- .1 mm. These 
diameters are consistent with the lower end of values 
calculated by Fenton and Mellon [5]. Differences be-
tween our values can be easily explained if a different 
value for bulk density was used. We used 1700 kg m-3. 

Discussion: Fenton and Mellon [5] described a 
scene where the interdune areas and dune troughs are 
cooler than the crests at night, therefore consisting of 
lower-thermal-inertia materials. Difficult registration 
between THEMIS VIS and predawn IR observations 
gave an appearance that the crests were particularly 
warm at night and were therefore composed of materi-
als with higher thermal inertia. However, overlaying 
THEMIS nighttime IR over photoclinometric topogra-
phy shows that the warmest locations at night are asso-
ciated with the north-faces of the dune crests rather 
than the crests themselves. Figures 1-A and 1-B show 
a colorized thermal-radiance map that has been com-
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bined with a visible-radiance map (in B&W) and 
draped over photoclinometric topography. Figure 1-A 
shows the dune field from a south-facing 3-D perspec-
tive where warm spots on the northern crest faces are 
clearly visible. From a perspective that faces north, 
however (Figure 1-B), the warmest spots can no longer 
be seen. This thermal behavior suggests that the north-
facing slopes are probably warmer because that is the 
orientation to receive the most solar insolation each 
day, and retains more residual heat each day (Figure 
2). It is also possible that the north-facing slopes have 
exposed, partially indurated surfaces, with higher ther-
mal inertia, while their unconsolidated, low-thermal-
inertia weathering products fall into the troughs.  

Aside from the north-facing hot spots, our results 
agree with Fenton and Mellon [5] that low-lying areas 
in this dune field appear to have lower thermal inertia 
than the upper-dune surfaces. We were thus surprised 
to find a significant population of boulders in MOC 
and HiRISE images with diameters up to ~25 m cover-
ing the surfaces surrounding the dune field, as well as 
the exposed intra-dune surfaces at the outer edges of 
the dune field. These boulders must confirm Fenton 
and Mellon’s conclusion that a mantle of dust is cover-
ing these low-lying surfaces [5], because without such 
a mantle, they would stand out as patches of warm, 
high-thermal-inertia material at night. 

Additional support for dust mantling occurs in the 
form of the seasonal presence of numerous dust-devil 
tracks we find in both MOC and HiRISE images. 
These tracks indicate the presence of dust, and their 
formation has been shown by Rossi and Marinangeli to 
be critically dependent upon vertical particle-size sort-
ing of the surface materials (such as dust over sand) 
[14]. These tracks appear to cover all slopes of the 
dune field, including the crest areas, suggesting there 
is at least some amount of dust on all dune surfaces.  

Many large boulders are partially buried at the 
edges of sand dunes, so changing amounts of sand 
observed on and around these boulders could indicate 
an active dune field. MOC and HiRISE have sufficient 
resolution to monitor this type of activity [9,11], and 
could probably document dune activity over shorter 
timescales than would be necessary to the track the 
motion of larger dune features.  

Future work: We will present results for Russell 
crater at the workshop. Further in the future, we will 
incorporate data from CRISM, which may identify 
distinct mineral components and possibly help distin-
guish and explain different types of dune fields.  
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Figure 1: 3-D perspectives of the Proctor crater dune field. 
This is a synthetic terrain model overlain with THEMIS VIS 
(V09563005) in B&W, and colorized nighttime temperatures 
from THEMIS IR I00967002. Figure 1-A has a perspective 
looking south--upon the northern faces of the dunes, while 1-
B (same image, rotated) looks northward at the southern 
faces. Hot spots are confined to the north-facing slopes.  

 
Figure 2: Modeled 24-hour temperature profiles of surfaces 
with 15° slopes facing: north (black), south (blue), east (red) 
and west (red). Thermal inertia=283 tiu, and albedo=0.1. At 
3.33 hrs. (the time of THEMIS IR I00967002), the modeled 
north-facing slopes are ~5 K warmer than east or west-facing 
slopes, and more than 10 K warmer than south-facing slopes.  
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