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Introduction:  

Up until the Mars Reconnaissance Orbiter (MRO) 

era direct evidence of sand movement on the Martian 

surface was scarce and limited to a few isolated areas 

[1, 2]. The advent of the MRO HiRISE instrument [3] 

with images at up to 25 cm/ pixel, provided evidence 

of ripple and dune migration in diverse zones [4, 5, 6, 

7] on Mars, demonstrating that the Martian dunes are 

active under the current atmospheric conditions. In this 

work, we performed further analysis in Herschel Crater 

(Fig.1) where ripple and dune migration has been de-

tected and quantified.  

Furthermore, with the aid of the Mars Regional 

Atmospheric Modeling System (MRAMS) [8], we 

compare the observed aeolian changes with modeled 

wind stresses and directions. 

 

 
Fig. 1: Location map of the study area. 

 

Methods:  

We analyzed two areas in Herchel crater using six 

overlapping HiRISE images (Table 1). The images 

were processed using ISIS software and orthorectified 

over two digital terrain models (DTMs) obtained with 

the commercial photogrammetry software SOCET Set 

(© BAE Systems, Inc.). An automatic algorithm was 

used to map the ripple pattern [9]. MRAMS output, are 

compared with the experimental stress threshold for 

saltation initiation calculated by [10]. 

 

 

 
 

Dune morphology and ripple pattern:   

Area 1: In this zone three overlapping HiRISE images 

cover a dune field made up of barchan and barchanoid 

dunes [11] which show diverse types of modifications 

(Fig. 2).  

 

 

Fig.2: Observed bedform changes in the Herschel dune 

field, with the inset rose diagram representing the 

distribution of the lee motion azimuth. 
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The pattern of the ripple superposing the 

dune’s slopes is complex and changes consistently (Fig 

3), due to the diverse wind flows blowing over the 

dunes. 

 

 
Fig.3: Changes in ripple pattern in the studied site. 

HiRISE images PSP_002860_1650 and 

ESP_020384_1650. 

 

  The lee fronts of the dunes advanced toward 

the south (162±37º) by approximately 0.8m (measure-

ments performed on 211 dunes during a time span of 

1359 Earth days) (Fig.4a-b). This suggests that strong 

northerly winds blew during the investigated time 

interval.  

Moreover, grainflow activity seems to have occurred 

during this time as well ( Figs. 4d-d’-d’’).  

 

 
 

Fig. 4: a, b, c) A dune‘s lee front margin in the image 

PSP_002860_1650 is compared with 

ESP_020384_1650. d, d’, d’’) Changes occurred over 

the dune slip face. Diverse grainflows took place. d) 

PSP_002860_1650. d’’) PSP_003572_1650. d’’) 

ESP_020384_1650. 

 

Area 2: This area is characterized by the presence of a 

vast sand sheet, lee dunes and isolated barchans. Also 

in this area we detected ripple pattern changes as well 

as a dune migration of ~1 m (over a 629 Earth day 

period). The migration occured toward the south 

(172±44°), indicating that wind flows are predominant-

ly north-south. 

The MRAMS model predicts winds mainly from the 

north, with magnitudes that locally exceed the thresh-

old for the initiation of sand motion over the rim of the 

crater. The direction of the modeled winds is in agree-

ment with the observed dune migrations. 

 

Conclusions:  Our analysis shows that the predomi-

nant winds from the north are able to keep the ripples 

and dunes active in the current atmospheric conditions. 

This confirms the results of other workers [4,5,6,7] and 

gives further indications of sand motion in the martian 

tropics. The northerly winds seem to blow all over the 

Herschel basin and are well predicted by the MRAMS. 

However, the pattern of the ripples suggests a more 

complex wind regime at the local scale. We are cur-

rently evaluating the ripple displacement to better 

constrain this wind complexity. 
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