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Introduction: Transverse Aeolian Ridges (TARs) 

are aeolian bedforms that have characteristics of both 

dunes and ripples [1]. They have been extensively 

studied since their first discovery in Viking images [2], 

especially in Meridiani Planum where they are 

particularly abundant [3-7]. In this work we’ll use the 

acronymous TARs referred to both, the plain ripples 

crossed by Opportunity, and the intra-crater bedforms 

abundant in Meridiani (e.g. in Victoria Crater). In-situ 

analysis performed by the rover Opportunity shown 

that TARs consist of a core of fine sand (100-300 μm) 

armored with larger (1-2 mm) hematite fragments [6]. 

Because their mobilization requires high wind speeds 

[8,9], these bedforms likely reflect ancient wind 

conditions [5,6]. In this report we show that TARs in 

Meridiani have accumulated in the wake zone of 

impact craters, forming a pattern of “TAR-streaks” 

which is regionally extended. Their trend and 

orientations can be used to infer dominant paleo-wind 

directions and to better constrain the effect of 

topography on bedform development. 

 
Fig.1: study area (THEMIS nighttime thermal IR mosaic) 

Methods and study area: This study is part of a 

project aiming to characterize the aeolian environment 

in the ExoMars 2016 landing ellipse in Meridiani 

Planum (Fig. 1). TAR crestlines have been manually 

digitized using HiRISE in three areas (Fig. 1) and their 

occurrence was mapped by using the same procedure 

developed to study aeolian ripples from HiRISE 

images [10]. A preliminary map of TAR-streak 

locations has also been built using THEMIS nighttime 

IR (Fig. 4). 

TAR-streaks morphology: TAR-streaks appear as 

brighter/darker areas in the western lee of impact 

craters (Fig. 2) and are particularly evident in the 

nighttime thermal infrared (cold areas) (Fig. 1). Each 

streak consists of bedforms extending westward from 

the bottom of impact basins (Fig. 2) [11]. Intra-crater 

TARs have larger wavelength and display a complex 

morphology with 2-3 sets of crestlines (Fig. 2). Farther 

west, bedforms become simpler (no secondary 

crestlines) (Fig. 3a) and have a main N-S trend (Fig. 

3b). TARs wavelength changes in a N-S direction with 

the higher values occurring in the middle of the streaks 

(Fig. 3c). A preliminary survey in Meridiani Planum 

using nighttime thermal infrared data suggests that 

TAR-streak occurrence is regionally extensive (Fig. 4). 

 
Fig.2: TAR-streak morphology and intra-crater bedform orientations 

(HiRISE) 

Discussion: The location of the streaks in the 

western lee of impact basins, as well as the dominant 

N-S trend of the bedforms, suggest they were formed 

by nearly unidirectional easterly winds. This 

observation confirms in-situ analysis performed by 

Opportunity, which shows TAR foresets dip to the 

west [6]. Our regional survey indicates that such winds 

blew regionally, spanning the whole Meridiani area.  
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Fig.3: TAR-streak morphology, extra-crater TARs wavelength and 

orientation (HiRISE) 

TAR occurrence in the wake zone of impact craters 

suggests that the coupling of wind and crater 

topography controlled bedform location, spacing and 

orientation. The effect of a barrier in bedform 

development has been investigated in water tanks and 

in wind tunnel experiments [12-14]. The results show 

that the higher shear stress at the edges of the barrier 

can lead to the instability necessary to the formation of 

the first ripples which then propagate down-current 

[12] (see Fig. 133 in [13]). A similar method of 

formation can be invoked to explain the formation of 

the TAR-streaks in Meridiani, which extend from the 

bottom of the crater to the surrounding plain. Due to 

the drop in transport capacity of the wind at crater 

floors, bedforms accumulated inside and then 

propagated downwind, likely favored by the wind 

instabilities caused by the crater rim itself. Differences 

in wavelength in the E-W direction (Fig. 2) may be 

related to differences in grain size and/or wind speed 

(coarser particles confined inside craters) while the N-

S change in bedform spacing (Fig. 3) is probably 

related to the higher surface shear stress in the lee of 

craters, which make the streaks evident in HiRISE 

images. The presence of wind-streaks consisting of 

bedforms has been already hypothesized in the past 

[15] and identified on Mars [16, 17]. However, the 

TAR-streaks described here are not “variable” features 

[18] as the streaks described in previous works (at least 

in the current atmospheric setting): they do not consist 

of dark sand originating from a sand source inside 

craters (type II streaks in [19]) and their method of 

formation might also be different. They can indeed be 

classified as a new type of wind streak that can be used 

to constrain information on paleo-wind conditions. 

 
Fig.4: TAR-streak occurrence and orientation in Meridiani Plnum 

(THEMIS nighttime thermal IR mosaic) 

Conclusion: TAR-streaks can be regarded as a new 

type of wind streak and are precious indicators of 

paleo-wind regimes. In the specific case of Meridiani 

Planum, TAR-streaks indicate strong unidirectional 

winds blowing regionally from the east. Moreover, the 

TAR-streaks seem uniquely associated with the 

hematite-rich units cropping out in Meridani Planum 

(Fig. 4), suggesting that the erodibility and/or the 

physico-chemical properties of these deposits might 

have also played an important role during the 

formation of these unique streaks. However, their 

mode of formation is still unclear. We are planning to 

use three-dimensional computational fluid dynamic 

CFD modeling [19] to better understand the formation 
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