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Summary: The aim of this work is to investigate 

whether local and regional topography influences ice 
deposition and preservation on Mars. Our findings 
suggest that local topography does influence ice distri-
bution on Mars, particularly relative relief. These re-
sults have implications for understanding Martian 
paleoclimate, and will be compared to the outputs from 
climate models.  

Introduction: Surface ice on Mars is currently un-
stable below 60° latitude [1], but an abundance of fea-
tures exist in the mid-latitudes (30°-60°) [2] that appear 
to be primarily composed of water ice [3]. A subset of 
these icy features display morphological characteristics 
typical of downslope flow of ice on Earth, and are col-
lectively known as Viscous Flow Features (VFF) [4]. 
The persistence of VFF and other icy deposits has been 
taken as evidence that the Martian mid-latitude climate 
when these deposits were emplaced, a few hundreds of 
millions of years ago, must have been significantly 
different from today [5-6]. This climatic shift might 
have been driven by an increase in Mars’s mean obliq-
uity, and once obliquity reduced again degradation of 
these deposits began, leaving the remnants present to-
day [6]. However, exactly how and why these changes 
in obliquity resulted in the deposition and distribution 
of icy material across the Martian mid-latitudes is still 
mostly unknown [2]. Determining which factors con-
trol the location of VFF and non-flowing icy material is 
crucial to understanding the paleoclimate of Mars and 
how it is impacted by orbital excursions, as well as 
determining the current and former water inventory of 
Mars [7].  

On Earth, the distribution of glacier ice is driven by 
precipitation and temperature, which are heavily influ-
enced by latitude, altitude, and other topographic vari-
ables (e.g. aspect, slope and relative relief) [6]. Such 
factors are also important in the development or 
preservation of icy material on Mars [2, 6, 8]. These 
include: 

Latitude: Like Earth, the higher latitudes of Mars 
are colder than the equatorial regions as they currently 
receive less solar radiation per square meter, thus ice is 
less susceptible to degradation at higher latitudes [1].  

Elevation: The atmospheric pressure, temperature 
profile and water vapor content of the Martian atmos-
phere changes with height above the surface and alti-
tude [9]. These changes likely impact ice deposition 
and preservation, so need to be investigated.  

Slope: Slope is thought to influence the formation 
of VFFs, as flow is much easier to initiate on inclined 
surfaces than flat ones [10]. However, the slope prefer-
ences for non-flowing material is currently unknown.  

Relative Relief: Relative relief is the difference be-
tween the highest and lowest elevation points in a given 
area. Relative relief can impact the amount of precipi-
tation, incoming solar radiation and debris that glaciers 
on Earth receive [11], and so may influence the for-
mation or preservation of icy material on Mars too.  

Aspect: Different topographic orientations result in 
surfaces at the same latitudes being exposed to differ-
ing annual solar irradiance. For example, poleward 
facing slopes receive less insolation than equator facing 
ones [6] leading to less ice degradation than equa-
torward facing slopes. 

Figure 1: THEMIS imagery overlain with the mapped 
VFF and NFIB, and the locations of Arygre Planitia, 
Hale Crater, Galle Crater and the Tharsis Volcanic 
Province (TVP). 
 

Study area: Regional and local topography may in-
fluence the formation or preservation of icy material on 
Mars, though this is currently poorly understood [2]. 
Examples include the impact basins Hellas and Argyre. 
These enormous structures may influence the atmos-
pheric dynamics within and surrounding them [6, 10], 
producing conditions that differ from other ice-bearing 
areas, such as the dichotomy boundary [2].  They may 
also act as sinks [12-13] that trap icy material. As-
sessing the distribution of icy material in these craters 
compared to other regions, may reveal more about the 
conditions promoting the formation and persistence of 
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ice on Mars. As a well-preserved large impact crater 
[13], the Argyre Impact Basin (AIB) is the ideal loca-
tion to evaluate the relationship between the distribu-
tion of  icy material and the topographic characteristics 
of the surrounding landscape, as it possesses a wide 
range of slope angles, elevations, relief, and aspect. 
The Nereidum Montes mountain range, which runs 
across the northern rim of the AIB, is particularly suit-
ed for this study [14]. This site has a relatively low 
latitude (34°S to 50°S), close to the latitudinal limit of 
surface ice deposits, so provides a contrast to higher 
latitude areas, such as the Charitum Montes in the 
southern AIB, allowing latitudinal control to be tested. 

Methods: To assess the importance of elevation, 
slope, relative relief and aspect on the distribution of 
icy material in the Nereidum Montes, we mapped all 
VFF in the Nereidum Montes at a scale of 1:25,000 
using ConTeXt Camera (CTX) [15] imagery. Further-
more, all deposits with similar surface textures to the 
VFF were mapped as deposits of Non-Flowing Icy 
Bodies (NFIB). The elevation, slope, relative relief and 
aspect of these features were then extracted from 
MOLA DEM [16] data and products derived from this 
DEM. 

Results & Discussion:  Our mapping shows that 
more icy material is found at higher latitudes within the 
Nereidum Montes (Fig. 1). When normalized by area, 
this relationship between latitude and the percentage of 
ice surface area is not linear, indicating that latitude is 
not the only control on the presence of icy material.  

Elevation has a complex relationship with the dis-
tribution of icy material (Fig. 2). The majority of icy 
material is found between -1000m and 500m, but when 
normalized by area, three distinct peaks at -3500 m to -
3500 m, -500 m to -1 m and 2000 m to 2500 m appear. 
This suggests elevation is not the only determining 
factor for ice distribution either.   

Icy material is predominantly found on slopes of 
3°-6° and is rare on flat surfaces. This is unsurprising 
for VFF, as it is easier to initiate flow on inclined sur-
faces compared to flat ones, but the relationship is also 
true for deposits with no morphological indication of 
flow.  

Icy material is almost ubiquitous in areas with high 
relative relief, yet almost completely absent in areas 
with little relief. As on Earth [11], this could reflect 
higher precipitation, and higher availability of debris. 
Areas of higher relief will undergo more mass wasting 
and provide more debris to protect icy material from 
degradation. The large relative relief may also increase 
shading of the deposits from incoming solar radiation.  

Aspect does not show a strong relationship with the 
location of icy material, but poleward-facing slopes do 

possess slightly more icy material than equator facing 
ones.  

Our results suggest that not one single driver de-
termines the deposition and preservation of icy material 
on Mars. Instead, we suggest that it is the result of 
complex interactions of all the factors we evaluated. 
This would explain why two mountainous areas cen-
tered at 46°S 52°W and 47°S 32°W (black boxes in 
Fig. 1) have the largest continuous expanses of  VFF 
and NFIB in the Nereidum Montes. These mountainous 
regions lie at moderately high latitudes and possess 
significant variations in elevation ranges, slope angles, 
aspects and relative relief, all within a relatively small 
area compared to the Nereidum Montes as a whole. 
Other, less mountainous areas, i.e. close to Hale Crater 
have little icy material. Even within the highly moun-
tainous zones however, icy material does not form a 
complete surface cover, indicating that  localized fac-
tors can impact the distribution of icy material.  

These findings indicate that, like Earth, local and 
regional topography does play a role in ice deposition 
in the Nereidum Montes. Future work will attempt to 
match these mapped deposits to those predicted by 
climate models.  

Figure 2: The elevation distribution of icy material in 
the Nereidum Montes, in 500m bins.  
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