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Introduction:  Oxia Planum is a region situated on the 

north-western margin of Arabia Terra, and is the se-

lected landing site for the ESA and Roscosmos Exo-

Mars 2020 Rosalind Franklin rover [1]. It occupies a 

transitional area between the heavily-cratered southern 

highlands and the smooth northern lowlands, and is 

predominantly characterised by extensive, clay-rich, 

Noachian-aged plains material [2]. Oxia Planum is 

bordered by Chryse Planitia to the west, Acidalia 

Planitia to the north, and the greater part of Arabia 

Terra, extending to the east and south. Distributed 

across the area north of Oxia Planum are thousands of 

kilometre-scale mounds. A few examples of these 

topographic features are present near the landing ellip-

ses for the ExoMars 2020, but they increase in density 

and prevalence towards the north and west of the area, 

before becoming infrequent, larger, and more isolated 

in Chryse Planitia and southern Acidalia Planitia (Fig-

ure 1). Despite being a widespread geomorphological 

feature in this important highland-lowland transitional 

region, their origin and position within the stratigraphy 

are poorly understood. This study investigates the mor-

phology and distribution of these landforms, to try to 

better understand their morphostratigraphy and the 

nature of the materials that compose them.  

 

The diameters of the mounds range from hundreds of 

metres to a few kilometres, with estimated elevations 

above the surrounding topography ranging between 

tens of metres and hundreds of metres. Some examples 

are highly eroded and are barely recognizable as indi-

vidual entities above the relief of Oxia Planum. Irre-

spective of morphology, the mounds are easily distin-

guishable from the clay-bearing units of Oxia Planum 

by their low thermal inertias, as well as their character-

istically high albedos. Multi-tiered mounds often ex-

hibit multiple morphologies with different thermal iner-

tias and albedo ranges; this probably reflects composi-

tional or lithological variations. The mounds are some-

times located on the inferred rims of large (> 10 km) 

infilled ‘ghost craters’ in the areas north and west of 

Oxia Planum. However, many more examples do not 

appear to have any spatial relationship with ghost cra-

ters and are isolated from other mound clusters. Addi-

tional populations of mounds are observed at the mar-

gin of northern Xanthe Terra and Chryse Planitia, as 

well as near to the mouth of Mawrth Vallis. Mawrth-

like morphologies, such as high albedo, layered ter-

rains with fractured surfaces [e.g. 3], are seen in some 

mounds, suggesting that the materials that compose the 

Mawrth Vallis region once covered a far greater extent. 

 

 
Figure 1: A: MOLA map of Arabia Terra and sur-

rounding terrains, showing the global context of the 

study area. B: HRSC image of the study area (red bor-

der), including ExoMars landing ellipses (black). 

 

Methodology: A preliminary study area of approxi-

mately 350 km by 255 km around the ExoMars landing 

site was selected for its representative mound morphol-

ogy and distribution. A suite of measurements has been 

made of every mound wholly within or encroaching 

this area, primarily using CTX (6 m/pixel [4]) and 

HRSC (10 m/pixel [5]) data. These measurements are 

used in tandem with MOLA and HRSC DTMs to ex-

tract information about the elevation and lateral distri-
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bution of the mounds. Where available, HiRISE [6] 

data allow for more detailed morphological observa-

tions to be made.  

 

Extensive 
(dmax ≥ 1km) 

Non-Extensive 
(dmax < 1km) 

Flat-topped Mesa Butte 

Rounded Hill Hillock 

Segmented Compound Mound 

Tiered Tiered Mound 

Table 1: summary of mound classification used for this 

study 

 

Figure 2: Log-log scatter plot of mound height vs mound 

area from MOLA data, showing the propensity of 

mounds to conform to a height of 500m once their areas 

have exceeded 10km2. 

The mounds vary considerably in form, so we have 

derived a classification scheme based on first-order 

observations of their morphologies (table 1). Flat-

topped, orthogonal mounds are defined as ‘mesas’ (if 

extensive – where the maximum diameter of the 

mound, dmax, is greater than or equal to 1km), or 

‘buttes’ (if non-extensive – where dmax does not exceed 

1km). Convex-up, rounded mounds are defined as 

‘hills’ (if extensive) or ‘hillocks’ (if non-extensive). 

Other types include ‘compound mounds’ (landforms 

with multiple peaks or plateaued areas separated by 

curvilinear recessed gullies or ravines), and ‘tiered 

mounds’ (mounds which appear to have one or more 

endmembers at topographically different levels, with 

interstitial plateaued areas between endmembers). In 

instances where MOLA point data overlap both mound 

summits and adjacent plains, the heights of the mounds 

above the surrounding plains have been calculated, 

allowing for the identification of changes in height 

above the northward-dipping regional slope of Oxia 

Planum. Mounds typically become taller towards the 

north of the study area, with shorter mounds becoming 

less common. The most laterally extensive mounds 

trend towards a maximum elevation of approximately 

500m (figure 2), suggesting that this may have been the 

maximum thickness of the material the mounds have 

eroded from. 

In summary, these landforms display morphologies 

and features that vary both stratigraphically and lateral-

ly. A holistic understanding of their distribution, geol-

ogy and geomorphology is essential in order to under-

stand their position in the regional stratigraphy, as well 

as the ancient extent of the Mawrth-like layering seen 

in some examples of these landforms. This will allow 

for further insight into the geological history of this 

important highland-lowland transitional area. 
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