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Introduction: Large-scale continental glaciations on 

Earth, such as the ones occurred during the last glacial max-
imum 20,000 years ago, modified extensively the landscape 
of the mid and high latitudes. Upon retreat, ice sheets ex-
posed a scoured landscape sculpted by glaciation, with land-
forms such as lineations, striae, drumlins, moraines, water 
pockets, eskers and sinous channels (Figure 1). Most of the 
terrestrial ice was generally wet-based (basal ice is at or very 
close to the melting point), with the possible exception of the 
very high latitudes where ice was frozen to the ground (cold-
based) for much of its history.  The Canadian Arctic pre-
serves an exceptionally rare  landscape that is result of ex-
tensive, mostly cold-based glaciation, with episodes of melt-
ing [2].   
 

 
Fig 1. Fingerprints of continental glaciation on Earth. (1) mega-scale 
lineations (Quebec). (2) Scouring marks and striae (Finland).  (3) 
Esker (Labrador). (4) Subglacial channels (Nunavut).  
 
Whereas during its history Mars has also been extensively 
glaciated [3,4, 5, 6], the record of extensive interaction be-
tween ice and landscape is much more limited. This prob-
lematic lack of glacial erosion signs, particularly those at-
tributed to erosion by wet-based glacial masses in analogy to 
terrestrial large-scale glaciation, has historically led to the 
hypothesis that Martian glaciation was largely cold-based 
[5,7]. However, the discovery of extensive eskers and esker 
fields around the southern polar cap [4,8] as well as exam-
ples dating from the Amazonian period [9,10] in the mid 
latitudes challenge the hypothesis that Martian ice masses 
were always frozen to the ground.  
 

Objective: We interrogate the dynamics of wet-based 
glaciers on Mars using the framework of terrestrial glaciolo-
gy [11], and consider the different mechanisms of drainage 
of a wet-based ice sheet [11,12]. We field observations from 

the Canadian high Arctic (Axel Heiberg Island [12]) to justi-
fy that the localized melting of mostly cold-based ice sheets 
results in channels and eskers, not in scouring patterns, linea-
tions, and moraines  (Figure 1). We present preliminary re-
sults that show that under lower temperature and gravity 
conditions, glacial masses adapt their basal water drainage to 
develop efficient, dendritic systems of subglacial channels, 
of which eskers are sedimentary remnants. The fingerprints 
of Martian wet-based glaciation may have been fundamental-
ly different than in terrestrial ice sheets. 

 
Theory framework: Water accumulated under thick ice 

is confined under large pressures and strong gradients, which 
tend to drive it away from thicker ice regions and towards 
the ice margin. When basal meltwater cannot drain efficient-
ly, it tends to accumulate in poorly connected pockets of 
water (cavities), where water pressure builds up, partially 
opposing the weight of the ice itself and leading to lubrica-
tion of the ice mass. This process results in the acceleration 
of the glacier or ice sheet, which now slides as a block under 
its own weight (Figure 2). The process of glacial sliding is 
the most common response on Earth to water accumulation 
at the base, and leads to landscapes sculpted by the abrasion 
of ice sliding and scouring the ground (Figure 1).  

 

 
Fig. 2. The drainage of wet-based ice sheets. Upper line shows 

the formation of subglacial channels and efficient drainage, and 
effect on the landscape. Bottom line shows inefficient drainage 
(poorly connected cavities) and its effects on the landscape.  

 
The other scenario occurs when water accumulated un-

der the ice can drain efficiently. This is the case when chan-
nels form beneath the ice (subglacial), establishing a well-
connected network of drainage pathways. The establishment 
of these channels drains the pressurized water before lubrica-
tion effects can happen, slowing or halting the sliding of ice. 
The landscape attributed to a scenario where subglacial 
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channels dominate over sliding consists on subglacial chan-
nels etched on the ground, sometimes intertwined with  dep-
ositional landforms such as eskers, with no signs of sliding, 
scouring, moraines, etc [1,2] (Figure 1).  

 
Preliminary results: We interrogate the effects of the 

lower Martian gravity on the glacial sliding velocity of Mar-
tian ice masses  (keeping all other parameters the same for 
comparison with terrestrial glaciers) and present the prelimi-
nary results in figure 3. Comparing Earth (blue line) and 
Mars (red line), we can see how sliding rates are a factor ten 
slower on Mars than Earth, before taking into account glacial 
hydrology.  

 
Fig. 3: Preliminary results showing glacial sliding velocity on 

Earth (blue curve) and Mars (red curve) before considering the effect 
of the lower gravity on drainage efficiency (work in progress) 

 
Field observations: We present fieldwork results from a 

campaign in Axel Heiberg island to support the theoretical 
remarks and model results. Axel Heiberg is located in the 
Canadian Arctic Archipelago (Figure 4), and preserves two 
ice caps: the Muller ice cap (north) and the Stacie ice cap 
(south). The island topography is steep and rugged at the 
western side, where extensive alpine and piedmont-style 
glaciers terminate in deeply incised U-shaped valleys and 
fjords. The eastern side, on the contrary, displays shallower 
slopes and outwash plains (Figure 4). Whereas it is impossi-
ble to scale for the Martian gravity using terrestrial ana-
logues, this effect can be captures in the slope: steeper slopes 
will have a stronger downhill gravitational stress component, 
shallower slopes will see a smaller effect. Axel Heiberg of-
fers an ideal, dynamic analogue scenario that allows us to 
visualize the effects of ‘gravity’ on ice landscape evolution.  

 

Fig.4. Context for the field observations site in Axel Heiberg Island, 
showing the western and eastern sides and glacial terminations. 
Bottom left: Push moraine (western terminus of Stacie ice cap). 
Bottom right: Orthoimage showing subglacial channels (eastern 
terminus of Stacie ice cap) 

 
As expected from the theory summarized before, steeper 

slopes (as a proxy for higher gravity) lead to the onset of 
faster sliding. On the western side of the island, the typical 
glacial landscapes form, including scouring marks, moraines, 
and outlet glaciers. On the eastern side, ice sheets terminate 
in lobes with no evidence for push moraines. Channels 
emerge from underneath the ice sheets carrying meltwater.  

 
Conclusions: Preliminary results from applying the 

framework developed for terrestrial glacial sliding and gla-
cial hydrology show that sliding may be heavily inhibited on 
Mars owing to its lower gravity. Preliminary analysis from 
field observations suggest that the same ice sheet in shallow-
er slopes (proxy for lower gravity)  displays differences on 
the basal drainage system,  yielding sliding and typical signs 
of wet-based glaciation to the west of the Stacie and Muller 
ice caps, Axel Heiberg Island, and subglacial channels on the 
east of these ice caps. The search for the same large-scale 
glacial landforms that formed on Earth under continental-
scale wet-based ice sheets may be unjustified for Mars.  
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