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Introduction:  First noticed in Viking images, 

Transverse Aeolian Ridges (TARs) are a type of poor-

ly understood aeolian bedform common on Mars [1]. 

Primarily found in topographical depressions in Mars’ 

equatorial and mid-latitudes, TARs are characterized 

by their high albedo and wavelengths of ~10 to 60 m 

[2, 3]. By examining TAR interactions with nearby 

sand ripples and megaripples, we gain insight into how 

Martian sand leads to the growth of TARs [4].  

Methods:  Our study was carried out using images 

from the High Resolution Imaging Science Experiment 

(HiRISE) camera aboard the Mars Reconnaissance 

Orbiter (MRO). Three images were selected for analy-

sis out of a list of 25 HiRISE images that were noted to 

contain especially interesting TAR features [5]. The 

three images in particular were chosen for featuring 

large amounts of TARs located in sandy regions that 

bordered ripple or megaripple fields. 

All HiRISE images are available on the University 

of Arizona Lunar and Planetary Laboratory's HiRISE 

website (uahirise.org). Each of the three images was 

viewed in HiView, free software designed for viewing 

HiRISE images, and split into multiple smaller sec-

tions that contained significant numbers of TARs. 

Within each section, each TAR crest terminus was 

manually classified and marked with a number-letter 

combination, with the number corresponding to wheth-

er or not the end transitioned (0 – did not transition; 1 

– possibly transitioned, image resolution not sufficient 

to say definitively; 2 – definitely transitioned), and the 

letter corresponding to if the TAR crest transitioned 

into a ripple or a megaripple, forked directly down the 

center, or terminated on sand, rock, or against a steep 

slope. 

After each section was fully marked, a chart was 

created showing what percentage of the TAR ends fell 

into each number-letter classification. Once all of the 

sections for an image were marked, a master chart was 

created showing the average percentage of each TAR 

number-letter classification for the whole HiRISE im-

age. In addition to marking TAR ends, the average 

wavelength of TARs, ripples, and megaripples in each 

section were noted.   

TAR morphology was classified using terms de-

fined by M. C. Bourke et al. [6], who categorized 

TARs as simple (mostly straight crests of variable 

length), sinuous (gently or tightly sinuous crests), 

forked (branching, ‘y’ junction crests), feathered (hav-

ing small, secondary ridges extending orthogonally 

from the main crest), or networked (closely spaced 

together with overlapping TAR crests).  

Findings:  A total of 2,166 TAR ends were docu-

mented over the course of the study. Of that total, ap-

proximately 81% definitely did not transition into 

megaripples or ripples, 5% possibly transitioned, and 

14% definitely transitioned.  

We also found that the wavelength of the TARs ex-

amined varied significantly, with the smallest average 

wavelength across a TAR field being approximately 

12.5 meters and the largest approximately 61.7 meters. 

Documented megaripple wavelength usually ranged 

from approximately 4.5 meters to 8.0 meters, and rip-

ple wavelength ranged from approximately 1.5 meters 

to 3.0 meters. Specific findings for each of the three 

images are discussed next. 

ESP_021639_1610. This HiRISE image is located 

within the Iapygia quadrangle (-18.709°, 62.600°E) 

and shows the central uplifted peak of an approximate-

ly 52 kilometer-wide crater. TARs in this image are 

primarily concentrated in a lower-elevation valley lo-

cated between two raised bedrock sections. Most 

TARs in this region seem to be sitting on bedrock 

overlaid with a thin layer of sand, leading to relatively 

few surrounding ripples or megaripples and thus few 

transitions. 

 

 
Figure 1. Image of portion of HiRISE ESP_021639_1610. 

Valley region containing significant amounts of TARs. Note 

how bright the TAR crests are in comparison to the surrounding 

sand. (NASA/JPL/Univ. of Arizona) 

 

Below the raised bedrock region is a vast TAR 

field filled with many extremely well-defined TARs. 

However, these TARs are surrounded by almost no 

1141.pdf52nd Lunar and Planetary Science Conference 2021 (LPI Contrib. No. 2548)



megaripples or ripples and thus were not intensely ana-

lyzed in this study.  

This HiRISE image was split into 18 sections and 

937 TAR ends were analyzed, with approximately 

87% not transitioning, 5% possibly transitioning, and 

8% definitely transitioning.  

ESP_045994_1985. This HiRISE image is located 

at 18.427°, 77.437°E near the rim of Jezero crater. The 

image contains most of the likely landing area for the 

Perseverance rover, making the TARs in this image of 

particular interest.  

Most of the TARs here are concentrated around the 

edges of the ancient river delta region near the crater’s 

rim, with very few TARs located farther within the 

crater. The TARs in this region vary dramatically in 

size and shape, with most seeming to be fairly degrad-

ed. Many of the TARs here are significantly smaller 

than other TARs and are colloquially referred to as 

“mini-TARs.” 

 

 
Figure 2. Some of the TAR variations present in ESP_045994_1985. 

(A) Long, bright crests located fairly evenly spaced apart. Note how 

the crests are beginning to break down, degrade and separate. (B) 

TARs that have degraded and separated to the point where there are 

almost no unbroken TARs and the crests remaining are beginning to 

join and network together. (C) Short, wide TARs located in a small 

valley. TARs on right side of image are beginning to separate and 

transition into megaripples. (D) TARs with fairly short, unbroken 

crests. Some mini-TARs are present near the edges. 

(NASA/JPL/Univ. of Arizona) 

 

This HiRISE image was split into 12 sections and 

556 TAR ends were analyzed, with approximately 

83% not transitioning, 4% possibly transitioning, and 

13% definitely transitioning.  

ESP_019810_1515. This HiRISE image is located 

at -28.284°, 320.336°E within Nirgal Vallis, a deep 

ancient river channel.  

The TARs in this image vary dramatically. In the 

southern region of the channel, the TARs are extreme-

ly large, with wavelengths up to approximately 66 me-

ters. These TARs exhibit significant feathering, with 

feather wavelength ranging from approximately 1.4 

meters to 13.2 meters. Additionally, a significant 

amount of megaripples are present around these TARs, 

distinguished by their size, relative albedo, and wave-

length. 

In the northern region of the channel, the TARs 

near the middle of the channel tend to be short and too 

scattered to get an accurate wavelength, while the 

TARs near the edges of the channel are larger and 

longer. 

 

 
Figure 3. Close up of TAR feathering in ESP_019810_1515. 

Notice the variation in size and wavelength of the TAR feathers. 

Feather wavelength in this image ranges from approximately 1.8 

meters to 15.9 meters. TAR wavelength is approximately 55.8 

meters across the top. (NASA/JPL/Univ. of Arizona) 

 

This HiRISE image was split into 14 sections and 

673 TAR ends were analyzed, with approximately 

71% not transitioning, 5% possibly transitioning, and 

24% definitely transitioning.  
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