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Introduction:  Aeolian processes are one of the 

dominant geologic agents occurring on Mars today 

shaping the martian landscape, particularly at the poles, 

where they act in tandem with seasonal processes. The 

north pole is home to many dune fields including the 

large sand ergs, Olympia Planitia and Olympia Undae. 

The dynamics of these dune fields and their seasonal 

variations is a critical component in understanding the 

relationship between the polar processes and the mar-

tian atmosphere and climate. In this study, we investi-

gate the activity of a dune field near Scandia Cavi. We 

have measured the migration of these dunes over vary-

ing time periods (2008-2018) to quantify their season-

al, annual and longer term changes.  

Study Site: The regional depressions of Scandia 

Cavi host numerous active dune fields (-150 °E, 78°N; 

Fig. 1). The dune field contains dominantly linear 

dunes with some barchan dunes forming at the end of 

the linear dunes. Our study region comprises part of 

this dune field (~3 km in width and ~ 8 km in length), 

which is on the margin of the Olympia Planum erg. The 

study site is of interest not only as it provides the op-

portunity to investigate seasonal dune changes but is 

one of the few places on Mars where active mega-

ripples are found [1]. 

      Data and Methods: Datasets. We have used 

HiRISE (High resolution Imaging Science Experiment) 

[2] images (0.25m/pixel) from 2008-2018 to quantify 

dune migration in units of m/Earth year. We used a 

HiRISE Digital Terrain Model (DTM) combined with 

orthoimages, available from the HiRISE node of the 

Planetary Data System (PDS) for morphometric meas-

urements and for dune migration measurements. CTX 

(Context Camera) [3] images (5-6 m/pixel) have been 

used to provide context to the study site.  
 COSI-Corr. Dune migration was measured using the 

DTM and ortho-images combined with COSI-Corr [4] 

(change detection software) over multiple time periods 

from 2008-2018 (Fig. 2). Stacked profiles have been 

analysed and averaged to give the dune displacement 

and subsequently the migration rate.  

 

 
Figure 1. (a) Context image showing the location of 

the study site in relation to the north pole ice cap 

(MOLA topographic image). The orange box shows the 

extent of b. (b) CTX image D01_027461_2579 show-

ing the dune field. Blue box shows the location of c. (c) 

HiRISE image PSP_009739_2580 showing the region 

where dune migration was measured.  
 

    Morphometry: The dunes, which have ripples pre-

sent on the surface, varied in height from 8-28 m, with 

the average height 16 ± 5 m. The dunes are similar in 

height to previously studied dunes on Mars, such as the 

barchan dunes at Nili Patera [5]. The dune length var-

ied from 223-5488 m and average dune length was 

1527 ± 1222 m.  
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Figure 2. Chart showing the differences in solar longi-

tude between the time periods dune migration was 

measured. 

     Migration Rates: The dune displacement varied for 

each time period but overall the migration rate is simi-

lar (Fig. 3). The average migration rate was 1.8, 2.0 

and 2.0 myr-1 for the following time periods: August 

2008 – June 2012 (1381 days, T1), May 2012 – April 

2014 (689 days, T2) and April 2014 – January 2018 

(1366 days, T3) respectively. The dunes are moving at 

nearly twice the rate of the previously measured north 

polar ergs Olympia and Alabos Undae (~1 myr-1) [6]. 

The dunes overall are moving northeast. However, 

during the time period T2 the movement of the dunes is 

to the southwest. This suggests that there is a bi-modal 

wind regime consistent with the longitudinal dune 

morphology, which varies in strength on an inter-

annual timescale. 

 

 
Figure 3: Scatter graph showing the variation of dune mi-

gration rate over various time periods. Blue markers show 

the individual dune movement. Red markers show the aver-

age dune migration rate for that time period.   

   Seasonal Effects: We have observed small ice/frost 

patches on certain dunes covering part of the dunes in 

some of the HiRISE images (Fig. 4), while complete 

ice coverage of the dunes is apparent in CTX image 

P13_006232_2581. These ice patches show that during 

winter (Ls 270-360°) CO2 ice covers the dunes, likely 

reducing the mobility of the dunes. Therefore, most of 

the dune activity has likely occurred in the spring and 

summer, when the ice has sublimated, which is con-

sistent with other observations for this region [6].  

 
Figure 4. (a) CO2 ice patches on the dunes, HiRISE 

image ESP_036217_2580. (b) Small ice patch showing 

sublimation has occurred, HiRISE image 

PSP_009739_2580. (c) Ice patch visible in 

ESP_027369_2580. (d) Larger ice patch visible 

ESP_036217_2580.  White boxes outline the areas 

with ice or frost patches.  
      

     Conclusions: We have measured the dune migration 

of linear dunes near the north polar erg and shown that 

the dune migration direction is bi-modal, likely due to 

the changing dominant wind direction. We have ob-

served seasonal CO2 ice covering the dunes in CTX 

images and part of the dunes in HiRISE images, likely 

limiting dune movement to the spring and summer 

months. These measurements and observations suggest 

a dynamic range of processes are influencing dune ac-

tivity on seasonal, annual and interannual timescales 

near the north pole. 
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