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Introduction: The inability to identify pale-

shorelines in the northern hemisphere, for example, in 
Utopia Planitia, is an important constraint on the vi-
ability of a northern ocean hypothesis. Here we iden-
tify periglacial features consistent with two things: 1. 
the occurrence of near-surface ice-rich ground; and, 2. 
the antecedent saturation of near-surface regolith by 
marine processes, possibly in the late Amazonian. We 
suggest that the marine transgression-recession hy-
pothesis associated with the formation of massive ice 
at Ellesmere Island in the Canadian high arctic [1] is a 
good analogue for the late Amazonian emplacement of 
water and the formation of ice-rich regolith in the mid-
latitudes of Utopia Planitia. 

 

 
Figure 1:MOLA topographic map centered  
on area in Utopia Planitia in which thermokarst- 

  
 
            like depressions have been identified  

Periglacial features in Utopia Planitia: Scalloped 
depressions ranging in diameter from a few hundred 
metres to 1–2 kms are widespread in Utopia Planitia 
(between 255 and 282 degrees longitude and 32 and 50 
degrees latitude, see Figure 1) [2-3]. From the zero 
datum of the surrounding plains, MOLA tracks show 
that these depressions are tens of metres deep [4]. The 
depressions lack raised rims and are flat-floored (Fig-
ure 2). Some of them are isolated, others appear to 
have coalesced. Step-like features, suggestive of mul-
tiple growth cycles, occur in the depressions. The mor-
phology and general characteristics of these depres-
sions are very similar to drained thermokarst-lakes 
(alases) in terrestrial periglacial environments, where 
ice-rich permafrost dominate the landscape.  

 
Figure 2: Scalloped depressions, Utopia Planitia; 
(HiRise PSP-001331-2260, 45.60N, 93.70E). Image  
is ∼10 km across and illuminated from the west.  

          North is up. 
Other features that point to formation by periglacial 

processes include: a. gullies that form at or near the 
rim of some impact craters [5]; b. destabilized-lobate 
terrain (possibly solifluction lobes) on crater walls and 
in the surounding plains [6]; and, c. small-sized po-
lygonal patterned-ground (perhaps underlain by ice 
wedges) [7-8] are ubiquitous in this region.  

Ice-rich is a term used to describe sediments with 
ice content values that range between 50 and 150% by 
volume [9]. Often, the formation of a terrestrial ther-
mokarst lake is induced by unusual and regional rises 
of temperature. This disturbs the thermal equilibrium 
of the ice-rich permafrost, leading to thaw conditions 
and the ponding of meltwater [10]. The eventual loss 
of ponded water by evaporation or drainage leaves an 
exposed basin or alas in its wake.  

A number of authors have argued that the forma-
tion of periglacial and glacial landscapes is consistent 
with boundary conditions at high obliquities [11-13]. 
The possible emplacement processes associated with 
the near-surface ice-rich regolith in the target region 
are understood less well.  

We hypothesise that an emplacement mechanism 
associated with marine or lacustrine recession, fol-
lowed by aggradation of permafrost in the previously-
saturated sediments, could be responsible for the for-
mation of near-surface ice-rich sediments in our target 
region.  

Ice-rich sediments and beds of massive ice are 
ubiquitous on Ellesmere Island and in the Tuktoyaktuk 
Peninsula, in the Canadian arctic. Explaining the ori-
gin of these periglacial landforms could be of analogi-
cal value in trying to understand the origin of the ice-
rich sediments in Utopia Planitia. 
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  Figure 3: Ellesmere Island highlighted in red 

 
Ground-ice formation at Ellesmere Island, Can-

ada (Figure 3): Pollard [14] explains the formation of 
ground ice on Ellesmere Island by tying an early Holo-
cene episode of marine recession in the low-lying re-
gions of the island with a subsequent episode of per-
mafrost aggradation. 

His hypothesis comprises two phases: 1. saturation 
of fine-grained sediments during submergence (~prior 
to 8 ka BP); and, 2. the downward aggradation of per-
mafrost and the formation of massive ice (Figure 4) in 
the previously saturated sediments when areas below 
the marine limit emerge . 

The chemistry and structure of the massive ice in 
the region, as well as its universal distribution below 
the Holocene maximum, suggest that the ground ice is 
of intrasedimental origin. Although the submergence 
duration was brief (4000-7000 years), Pollard hy-
pothesises that it was sufficient to emplace layers of 
ice-saturated of marine sediments which are typically 
20-30 meters in depth, reaching heights of 36 meters in 
some areas. 

 

 
Figure 4: Massive ice exposure, Peninsula 
Point, Tuktoyaktuk Peninsula, NWT, Canada 

(summer 2006) 
Discussion: The occurrence of possible periglacial 

landforms and ice-rich sediments in the near-surface 
regolith of the mid-latitudes in Utopia Planitia is easier 
to document empirically than it is to explain by models 
or theory. Gamma-ray spectrometry data suggest that 
this region is relatively poor in near-surface water-
equivalent hydrogen [15-16]. This is to be expected as 

water-ice is not thought to be stable in the top few me-
tres, presently. In the recent past, the obliquity driven 
migration of water from the northern pole to the north-
ern mid-latitudes could have deposited significant 
amounts of snow/ice in the region [17]. In turn, if tem-
peratures rose and led to thaw, not sublimation, a large 
body of standing water could have ensued. Over time, 
the underlying regolith would have become saturated. 
With the eventual loss of water as high obliquity 
faded, the saturated sediments would have undergone 
permafrost aggradation. This would have coincided 
with the formation of the periglacial features and land-
scape identified by us in Utopia Planitia. 

Further modeling is urged, in order to narrow the 
divide between the observed geological data and our 
understanding of Martian boundary conditions in the 
late and possibly recent Amazonian. 
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