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Introduction:  Wind-blown bedforms are ubiqui-

tous across the surface of Mars1 and are found in an-

cient sedimentary deposits of Mars’ rock record2. The 

morphologic characteristics of the modern dunes, 

transverse aeolian ridges (TARs), and ripple are recog-

nized to vary with spatially changing evnrionmental 

boundary conditions across Mars. Dunes shape, for 

example, is affected by the frozen and sediment availa-

bility-limted conditions of Mars’ north polar region3. 

Ripple wavelength was found to scale  with variations 

in pressure found at high-altitudes on Mars4. Under-

standing how bedform morphology varies with differ-

ent boundary conditions in Mars’ modern environment 

could help interpret aeolian stratification and, in turn, 

changing climate conditions in Mars’ deep past. 

Methods:  Here we use High Resolution Imaging 

Science Experiment (HiRISE)  images to compare the 

wavelength of four scales of bedforms to variations in 

elevation, thus pressure, across Mars’ surface. We 

measure dunes, ripples that mantle the stoss slope of 

Martian dunes, TARs that flank or lie within dune 

fields, and protodunes, which are low-relief hummocky 

bedforms that develop on sand sheets adjacent to dune 

fields5,6. Twelve HiRISE were selected for the study.  

Each image had ~30cm/pixel resolution and a range of 

bedform types. A wide distribution of elevations rang-

ing from -6 to 1 km were chosen.  

Each image was imported into ArcGIS.  A region-

of-interest (ROI) was created to cover an area of  ap-

proximately 1 sq. km.  100 random points were gener-

ated, bounded by each ROI. The type of bedform was 

visually deteremined to be a dune, ripple, TAR, or pro-

todune based on previous publications. A polyline 

shapefile was created to measure the wavelength of 

ripples and transverse-aeolian-ridges (TARs).  If a ran-

dom point fell on or near an aeolian feature, the wave-

length was measured twice, on either side of the point.  

This was done by creating a polyline feature perpen-

dicularly from crestline to crestline.  If the point fell on 

any other feature, or on undiscernible noise, it was ig-

nored. 

The wavelengths of the dunes and protodunes were 

measured for the entirety of each image to gain a great-

er statistical sampling.  Dunes were measured from 

crest to crest in transport-limited environments.  In 

sediment limited environments, the dunes length was 

measured from where the sand began to where is end-

ed.  Protodunes were defined as dunes which had no 

established slip face, and appears as a gentle undula-

tion in a sand sheet.  The length of each protodune was 

measured using the same methodology as with dunes.    

Elevation measurements for each HiRISE image 

was collected from Mars Orbiter Laser Altimeter 

(MOLA) data.   

In order to determine error associated with the 

sampling method, multiple samples were taken in the 

same region of interest.  First, the exact same ROI and 

random points were used to determine wavlengths of 

two images which were taken at different times.  This 

accounted for variation in the wavelength of ripples 

over time.  In addition, two different ROIs and random 

samples were collected in the same image.  Each error 

determination yielded only a 0.2 meter difference in 

averages between the two samples.  We assumed this 

Results and Discussion: The range of values for 

ripples is bounded by 1 and 7 meters with a clear peak 

in the distribution at the median wavelength around 3 

meters. TARs vary in wavelength from 2 meters to 60 

meters and do not show a characteristic wavlength. 

Measurements of ripples, TARs, and dunes were com-

bined and plotted against frequency to demonstrate 

these scale breaks in Lapotre et al. Box plots of ripple 

wavelength were created for all ripple measurements 

and compared to elevation (Fig. 1). The plots show a 

reasonable correlation between median ripple wave-

length and elevation, which is consistent with previous 

work4 (Lorenz et al., .) Tentative results indicate that 

protodune wavelength similarly scales with elevation, 

however, the sample size for protodunes is limited. 

[Any relationship with elevation for TARs and Dunes?] 
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Conclusions: We find that there is a reasonable 

correlation between elevation and ripple wavelength 

and a tentative correlation with protodunes. This rela-

tionship implies that ripple wavelength maybe affected 

by pressure differences controlled by elevation over a 

wide range of latitudes on Mars’s surface. It is not yet 

clear how seasonal atmospheric pressure differences 

might influence ripple development. Given proposed 

shifts in atmospheric pressure in Mars’ past, it is feasi-

ble ripples in Mars’ past were a different wavelength.  

Protodunes appear to scale with elevation.  This 

would be expected based on current models of proto-

dune development.  Other factors that were not ac-

counted for include grain size and density.  TARs did 

not exhibit a trend with elevation, which supports the 

hypothesis that TAR formation is dominated by granu-

lar processes.   

 

 

References: [1] Hayward et al., (2007) JGR-

Planets, E11007, 1-17 [2] J. P. Grotzinger et al. (2005) 

EPSL, 240, 11. [3]  Hansen et al. (2011) Science, 331, 

575-8. [4] Lorenz R. D. et al. (2014) Icarus, 230, 77-

80. [5] Kocurek et al., (1992) Journal of Sedimentary 

Petrology, 62, 622-635. [6] Ewing et al., (2015) Geo-

morphology, 240, 44-53. [7] Ballard et al., (2016) 

LPSC 47, Abstract #2977. 

2430.pdfLunar and Planetary Science XLVIII (2017)


