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Introduction:  Martian transverse aeolian ridges 

(TARs) are small-scale aeolian bedforms that appear to 
be either large ripples or small dunes [1].  The distribu-
tion and extent of TARs across the Martian surface has 
only been analyzed in certain regions of the planet [2].  
The atmospheric conditions responsible for the forma-
tion of these features are largely unknown. 

This study analyzed 500 randomly selected images 
from the Mars Orbiter Camera (MOC) instrument to 
determine the global distribution of TARs.  Climate 
data obtained using the MarsWRF climate model were 
then analyzed to identify any correlation between TAR 
characteristics and current climatic conditions. 

Global TAR Distribution:  Of the 500 random 
MOC images, 167 (33.4%) of images contained TARs, 
although only 107 images had clearly identifiable TAR 
orientations.  All of the images containing TARs were 
between 60ºN and 60ºS with no images containing 
TARs poleward of these latitudes (Fig. 1, 2).  Addi-
tionally, no relationship between TAR wavelength (dis-
tance between successive ridge crests), orientation 
(ridge direction), or latitude is apparent. 

MarsWRF Climate Variable Correlations:  The 
MarsWRF data output includes temperature, wind 
speed, wind direction, surface pressure, and pressure 
30 meters above the surface for 2,304 evenly spaced 
point locations across Mars [3].  For convenience, the 
data were divided into 18 latitude bands that were each 
10º thick, from 90ºN-80ºN to 80ºS-90ºS. 

Surface Temperature (Fig. 3).  Temperatures asso-
ciated with TAR locations are an average 1.33K higher 
than averages within their respective latitude bands.  
However, statistically significant relationships between 
TAR distribution and temperature were not found. 

Surface Pressure.  Model-predicted surface pres-
sures do not seem to correlate with TAR distribution or 
characteristics.  In this study, TARs were found to exist 
at a wide range of surface pressures, including Hellas 
Basin (>10 mb) and the Tharsis Bulge (3-4 mb). 

Wind Speed.  No clear correlation exists between 
modern predicted wind speeds and TAR wavelength, 
orientation, or location. 

Wind Direction (Fig. 4).  To analyze both wind di-
rection and TAR orientation, wind roses were created 
using the WRPLOT View software.  Again, no correla-
tion seems to exist between the modern predicted cli-
mate data and the observed TAR characteristics. 

Discussion:  Three different possibilities may ac-
count for the lack of correlation between the MarsWRF 
climate data and observed TAR characteristics: 

Inactive TARs.  Recent observations from the Mars 
Exploration Rovers reveal that TARs consist of coarse-
grained material that mantles finer-grained material [4].  
Terrestrial granule ripples, similar in composition, 
were previously suggested as potential Earth analogs 
for Martian TARs [5, 6].  Such a composition suggests 
that these features formed during a different climate 
regime than the one that currently exists.  The current 
Martian climate is likely incapable of initiating and 
sustaining adequate rates of particle saltation to ac-
tively construct and modify TARs. 

Sediment Cementation.  The current Martian cli-
mate may be capable of initiating and sustaining parti-
cle saltation.  One theory of why TAR migration has 
not been seen may be due to physical or chemical ce-
mentation of the sediment.  The presence of seasonal 
water- or carbon dioxide-frost may effectively elimi-
nate particle saltation.  In addition, the presence of salts 
formed during evaporation events may be stabilizing 
much of the current visible TARs. 

Local Climate.  Lack of correlation between global-
scale climate data and TAR characteristics may show 
that local climatic factors and variables drive TAR 
mobility as opposed to larger-scale phenomena.  This 
possibility suggests that TARs may be young and ac-
tive features.  Although no TAR migration has been 
documented, orbital observations of TARs have only 
been available for slightly more than a decade.  Be-
cause Mars has a much thinner atmosphere than is pre-
sent on Earth, the term “active” on Mars may refer to 
small-scale motion over extremely long time periods. 

Future Studies:  Future studies should be con-
ducted using climate models with higher spatial resolu-
tion.  This would identify whether the local climate 
influences TAR wavelength and orientation or whether 
TARs are stable and immobile features.  Additionally, 
studying TARs using extended ground-based observa-
tions would also determine whether microscale migra-
tion is occurring.   
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Figure 1:  A map of the location of the 107 MOC images containing TARs with identifiable orientations.  The wind 
barbs represent the image locations, their direction represents the TAR orientation, and the tick marks represent 
wavelength (in meters). 

 

 
Figure 2:  A subset of a MOC image (M0306282) 
containing TARs.  These high resolution subsets were 
used to determine average ridge wavelength and orien-
tation. 
 
 
 
 

 

 
Figure 3:  A map of average surface temperature with 
the locations of MOC images containing TARs.   
 

 
Figure 4:  (a) A wind rose showing average Martian 
wind speed and direction between 0º and 10ºN latitude. 
(b) A wind rose showing average TAR wavelength and 
orientation between 0º and 10ºN latitude. 
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