
MONITORING ACTIVE AEOLIAN PROCESSES AT THE EXOMARS 2020 LANDING SITE IN OXIA 
PLANUM, MARS.  P.M. Grindrod1, J.M. Davis1, and M.R. Balme2, 1Natural History Museum, London, UK 
(p.grindrod@nhm.ac.uk), 2Open University, Milton Keynes, UK. 

 
 
Introduction:  The ESA/Roscosmos ExoMars 

2020 Rosalind Franklin rover is scheduled to be 
launched in summer 2020 [1]. The landing site at Ox-
ia Planum is in NW Arabia Terra, with the diverse 
mineralogies observed from orbit [2] testament to the 
relative lack of dust (that would obscure near-IR spec-
tral signatures) in this region. Given that this mission 
is solar-powered, here we have attempted to identify 
active aeolian-driven processes, including dust devils 
and windstreaks, prior to landing in March 2021.  

Study Region:  We studied the approximate center 
region of all ellipses (original ellipses, 109 x 19 km, 
and latest 1σ, 30 x 1.5 km, and 3σ, 96 x 4.5 km) in 
the Oxia Planum landing site (Figure 1). 

 
Figure 1. The study region (black box) Oxia Planum. 
Original (~2013) and latest 1σ (late 2019) landing 
ellipses in red outline and solid black respectively. 
Base map is 6 CTX stereo mosaic at 20 m/px.  
 

Methods:  We monitored change over more than 
11 years, with average image temporal resolution of 
53 days between December 2014 and May 2019. This 
number of images means that we can investigate pos-
sible seasonal processes, as well as longer term effects.  

Active Dust Devils.  We primarily used CTX im-
ages to identify active dust devils. In practice, some 
dust devils might be unidentified due to different im-
aging conditions, and so this method provides a min-
imum. We first produced a stereo Digital Terrain 
Model (DTM) in SocetSet, using standard methods 
[3], which was used for co-registration and orthorecti-
fication of all CTX images (31 in total). We empha-
sized subtle surface contrast changes by taking two 
consecutive CTX images, balancing the across-track 
contrast and brightness to remove any possible ‘smile’ 

effect, and then subtracting one image from the other 
(Figure 2). We also searched all available HRSC im-
ages for active dust devils, to derive a velocity from 
the small time difference (~10s of seconds) between 
different channel images in the same observation. 

 
Figure 2. Examples of active dust devils identified 
through the CTX image balance and subtraction 
method. Arrows show active dust devils. 
 

Dust Devil Tracks & Windstreaks.  To extend our 
analysis beyond active dust devils, we also mapped 
surface features that were interpreted to be dust devil 
tracks or windstreaks using the subtraction method on 
consecutive images taken under similar conditions. 
This method does not provide a timeframe for aeolian 
activity, but does allow direction and density of fea-
tures to be quantified.  

Results: Our search for active dust devils is ongo-
ing, but we report on preliminary results. 

Active Dust Devils. We have tested the validity of 
the method by identifying 6 active dust devils in CTX 
images, in consecutive images taken on 15 March 
2016 and 4 April 2016.  
We found 2 active dust devils in HRSC images, each 
identified in all 5 frames of the same observation. 
These dust devils travelled ~1.4 and ~1.5 km (Figure 
3) with mean velocities of 18 ms-1 in both cases.  

 
Figure 3. Example of active dust devil in HRSC im-
age (HF763_0000) frames. Left = stereo 1, right = 
stereo 2, with a time difference of 85s. 
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Dust Devil Tracks & Windstreaks.  We mapped 
649 surface features interpreted as either dust devil 
tracks or wind streaks (Figure 4). These features range 
in length from 0.14 – 10.11 km, with a geometric 
mean of 1.83 km (1 SD range = 1.48 – 2.27 km). 
Density values range from 0 – 16 tracks per km2. The 
direction of the features ranges from 2.6 – 179.0°, 
with a geometric mean of 82.8° (1 SD range = 67.5 – 
101.6°).  

 

 
Figure 4. (A) Active dust devils identified in 2 CTX 
(green) and 1 HRSC (yellow) image. Identification in 
CTX provides a diameter, whereas HRSC can also 
provide a velocity. (B) CTX image subtraction to 
highlight dust devil tracks and/or windstreaks. (C) All 
dust devil tracks and/or windstreaks. (D) Density of 
all dust devil tracks and/or windstreaks.  
 

Discussion:  Our monitoring of active aeolian pro-
cesses from remote sensing data represents the first 
such attempt at the Oxia Planum landing site, but only 
presents minimum activity levels due to limitations in 
data coverage and image resolution. 

Preliminary attempts at identifying active aeolian 
processes in repeat HiRISE images is ongoing (Figure 
5), but hampered by fewer repeat images. Using the 
same method as with CTX, we have monitored aeoli-
an ripples to identify any possible movement using 
manual and automated (COSI_Corr [4]) methods. To 
date, we have identified no change in ripple morphol-
ogy or position. However, HiRISE images typically 
over this region only cover a timespan of several 
years, rather than over a decade, and sometimes have 
drastically different imaging conditions. 

 
Figure 5. Example of HiRISE ripple monitoring, high-
lighting different imaging conditions. Top = 
PSP_009735_1985, bottom = ESP_059303_1985. 
 

References: [1] Vago, J.L. et al. (2017), Astrobiol. 
17, 471-510. [2] Quantin, C. et al. (2018), 5th Exo-
Mars LS Workshop, Leicester, UK. [3] Kirk R.L. et al. 
(2008), JGR 113, E00A24. [4] Bridges N.T. et al. 
(2012), Nature 485, 339-342. 
 

1398.pdf51st Lunar and Planetary Science Conference (2020)


