
PRELIMINARY OBSERVATIONS OF TRANSVERE AEOLIAN RIDGES ON MARS IN DITIGAL 
TERRAIN MODELS.  E. B. Hughes1 and J. R. Zimbelman2, 1Department of Earth and Environmental Sciences, 
Wesleyan University, 45 Wyllys Avenue, Middletown, Connecticut, 06459, ebhughes@wesleyan.edu, 
2CEPS/NASM MRC 315, Smithsonian Institution, Washington, D.C. 20013-7012, zimbelmanj@si.edu. 

 
Introduction: The surface of Mars offers a diverse 

range of aeolian features and processes that span tem-
poral and spatial scales. Dust storms and moving dunes 
indicate that Martian aeolian sedimentary processes are 
still active; Martian dunes, ripples, yardangs and buttes 
all typify aeolian features of various geologic ages that 
have analogues on Earth. Mars Global Surveyor 
(MGS) Mars Orbiter Camera (MOC) narrow angle 
(NA) images indicates that another aeolian feature, 
with few Earth analogs, is abundant on Mars, particu-
larly in the mid-low latitudes [1]. 

First identified in Viking images in 1987 [2], these 
features have yet to be defined as dunes or ripples [3, 
4]. Analyses of available data and images suggest that 
these features form as ridges transverse to the direction 
of wind. As such, these bedforms have been generical-
ly termed “Transverse Aeolian Ridges” (TARs) [1]. 
They are highly symmetrical and tend to be both 
smaller and brighter than Large Dark Dunes (LDDs) 
but larger than sand ripples. They are common in 
crater depressions, channels, valleys, and local topo-
graphical lows. 

TARs occur throughout Martian elevations and can 
take diverse morphologies and sizes across only a few 
meters in distance [4]. Observing their location, eleva-
tion, and morphology is useful for determining the 
processes that formed these features, their composi-
tion, and their relationship to surrounding terrain. Iden-
tifying TARs with unique morphologies or locales aids 
in fine-tuning the parameters that form them. 

Methods: Our study was carried out using Digital 
Terrain Models (DTMs) available on the University of 
Arizona Lunar and Planetary Laboratory’s HiRISE 
website. The website contained a total of 528 DTMs 
during our study, including colorized elevation map 
images, based on High Resolution Imaging Science 
Experiment (HiRISE) data. These colorized images 
correspond to topography across the DTM.  

We made a preliminary survey of each colorized 
elevation map image, recording the image’s identifica-
tion number, meter to pixel scale, and latitude and lon-
gitude. Each image was subsequently surveyed for 
visible TARs. TARs in these images are characteristi-
cally identifiable by their high symmetry, relatively 
small size, and typical occurrence in series. TARs fre-
quently appear in DTMs as elongated, raised features, 
with sharp crests, and their unique morphology and 
size are generally unmistakable. Images that included 

features that were difficult to identify as TARs were 
flagged to be examined in further detail. 

 

 
Figure 1. Elevation map image displaying topography 
in the Noctis Labyrinthus region (-13.4º, 263.3ºE).  
Cooler-toned colors correspond to lower elevations 
and warmer-toned colors correspond to higher eleva-
tions. This map is derived from a DTM, and is an ex-
ample of one used in this survey to identify TARs. 
This image contains a field of networked TARs, as 
well as a series of influenced TARs oriented around a 
local topographical high to the west. 
 

Morphology, size, frequency, location within the 
image, and surrounding topographical context were 
noted for all identified TARs in an image. TAR mor-
phology was characterized using terms set forth by 
Balme et al. [1] including; (1) simple, indicating a 
straight or slightly curved crest, (2) forked, indicating 
branching crests, (3) sinuous, indicating twisting TAR 
features, (4) networked, indicating overlapping com-
plex TAR crests, and (5) feathered, indicating smaller 
features extending along the sides of TARs oriented 
orthogonal to the crest. Additional terms referring to 
topographical influence (e.g. confined and influenced) 
were also used. Estimates were made as to the percent-
age of TAR-coverage in the image. 

In addition to a survey of all available DTM imag-
es, 25 DTMs judged to have particularly interesting 
features were further analyzed via each DTM’s corre-
sponding HiRISE image. These images were viewed 
using the free HiRISE-viewing software HiVIEW, 
available on the University of Arizona’s HiRISE web-
site. The resolution of these images is typically 25 cen-
timeters per pixel. Each image contains a region ren-
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dered in false color, which aides in determining con-
trasts between TARs and surrounding terrain. 

 

 
Figure 2. Image of a portion of the HiRISE image 
ESP_036176_2640 (83.92°, 233.6°E). The dark, 
smooth features are LDDs, while the smaller features 
with shorter wavelengths are simple TARs. TARs are 
rare in HiRISE images with polar geographic positions 
such as this one. (NASA/JPL/Univ. of Arizona) 
 

 
Figure 3. Rendered in false color, this image displays 
degraded TARs in the southern hemisphere, in HiRISE 
image PSP_010597_1470 (-32.737º, 205.877ºE). 
Crests of the TARs in the north-west region of the im-
age are well-defined and straight, indicating simple 
TARs, while further east they appear to be increasingly 
“chewed-up” and degraded by erosional processes. 
(NASA/JPL/Univ. of Arizona) 

 
Findings: Though previous literature generally 

confines TARs to equatorial or mid-low latitudes [1], 
one image of a north polar dune field (Fig. 2) clearly 
exhibited simple and forked TARs in the interdune 
regions. These TARs were brighter and smaller than 

the surrounding dunes, and appear to be inactive and 
older. This image may indicate that TARs do form in 
the north polar region, but may be obscured by the 
larger dune fields throughout this region. 

TARs are often defined by their sharp crests orient-
ed transverse to the local wind direction. However, one 
DTM (Fig. 3) displayed TAR-like features with what 
appeared to be degraded crests, “eaten away” by wind 
subsequent to the formational wind. Interspersed with 
these “degraded TARs” are simple TARs of the same 
orientation and size, indicating that these features were 
all formed at the same time and by the same event(s).  

Two possible trends were identified. Of the 25 im-
ages selected for further examination with HiVIEW, 7 
included TARs that appeared to exhibit banding. In 
each case, thin bands of alternating light and dark sed-
iment were aligned parallel to the crest of the TAR. 
The geographic location of these banded TARs varied 
greatly but all were confined to -21.3º to 3.02º latitude. 
Banding was primarily identifiable only on simple 
TARs. This may be because simple TARs are more 
likely to exhibit banding, or it may be because it is 
easier to identify banding on simple TARs than TARs 
of other morphologies. 

Another morphological feature commonly identi-
fied in these images is feathering: small ridges forming 
on the slopes of the TARs oriented transverse to the 
crest. These appear to possibly have been made by 
winds flowing between TAR crests, forming smaller 
ripples in these local depressions. 

DTM data provide an excellent way to examine the 
shape of large TARs (Fig. 4), as was previously 
demonstrated by Geissler and Wilgus [4]. 
 

 
Figure 4.  Example of TAR topography obtained from 
DTM data [019469_1725].  Vertical exaggeration, 
11.4X. 
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