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Introduction:  Recent Mars Global Climate Mod-

els have suggested that a dusty icy-mantle could have 

formed in southern Utopia Planitia (UP) by means of 

atmospheric deposition during the very late Amazo-

nian period, perhaps < ~10myr [1-2]. Astapus Colles 

(ABa) is a geological unit - located in this hypothe-

sised area of accumulation - that is thought to comprise 

such as mantle [3].  

In the main, the ABa drapes three geological units: 

1. the early to late-Hesperian UP plains unit (HBu2); 2. 

the early Amazonian Vastitas Borealis interior unit 

(ABvi) and 3. marginal unit (ABvm) [3] (Fig. 1).  

Numerous landforms whose shape, size and geo-

logical characteristics are consistent with the presence 

of surface/near-surface ground ice (and its forma-

tion/modification by “wet” periglacial processes [pp]) 

or with the occurrence of surface/near-surface ice 

sheets/remnants (and their formation/modification by 

“dry” glacial processes [gp]) have been identified in 

the ABa region: [pp] shallow (sometimes scalloped) 

depressions that are tens of metres deep and lack raised 

rims [e.g.,4-7], small-sized polygonal patterned-

ground [e.g.,4-7] and polygon-trough/junction pits 

[7,9]; [gp] concentric crater-fill [e.g.,10-14], lobate 

debris-aprons [e.g.,10-14] and intra-crater (sub-

kilometre) stratified mounds [15-16]. Generally, re-

searchers have assumed that these landforms occur 

within the same geological unit, the ABa [3,5,7]. 

 

 
 

Figure 1: Map of geological units in southern Utopia Plani-

tia, adapted from [3] and modified from [6,17-18]. The red 

circles indicate the distribution of MOC images containing 

scalloped depressions, small-sized polygons and polygon-

junction pits within and around the ABA region. 
 
In our recent work we mapped the distribution of 

the putative periglacial features in the ABa region (Fig. 

1). We found that (a) the periglacial landscape 

stretches beyond the margins of the ABa and (b) is 

visible within the ABa region in those places where 

the icy mantle has ablated. Together, these observa-

tions point to two possible scenarios. An older, pre-

viously unidentified periglacial unit (PUPU) underlies 

the more youthful and uniformly glacial ABa [17-18] 

and overlies the three regional basement-units; or, the 

periglacial features are a product of landscape modifi-

cation within the upper metres of the underlying base-

ment units.  

In either case, the origin and evolution of the perig-

lacial landscape assumes the antecedent presence of 

ground ice. Moreover, we propose that ground-ice 

emplacement must be the result of “wet” periglacial 

processes. These processes involve stable liquid-water 

at or near the regolith surface, penetration and satura-

tion of the regolith by this water and, subsequently, 

freeze-thaw cycling. Based on our evaluation of the 

near-surface stratigraphy in areas where the periglacial 

landscape is most expressive, we also propose that 

these “wet” processes modified the near-surface rego-

lith to tens of metres of depth.  

Two countervailing hypotheses:  Latterly, ques-

tions concerning the genesis and evolution of the puta-

tive periglacial-landscape in southern UP have been 

debated hotly; there have been two principal foci: the 

shallow depressions and the small-sized polygons. 

Here we evaluate this debate, as the first step towards 

proposing ground-ice emplacement based on “wet” or 

thaw-related processes. 

Five key characteristics shown by the Martian de-

pressions and by terrestrial alases (drained or evapo-

rated thermokarst lakes) have been cited as evidence of 

ground ice and its modification by thaw conditions: 1. 

inner benches or tiers (possible markers of liquid H2O 

having been evacuated or lost episodically); 2. ortho-

gonally-oriented polygons on the floors and walls of 

the depressions (indicating the slow loss of liquid H2O 

and, on Earth, often associated with the occurrence of 

inner benches); 3. relatively shallow floors (measuring 

no more than tens of metres of depth) and the absence 

of raised rims (pointing to a origin that could be lacu-

strine but certainly not impact-related); 4. the scal-

loped-shape itself (synonymous with coalescing and/or 

receding thermokarst lakes and fields of alases in ter-

restrial periglacial environments); and, 5. stratigraphi-

cally, the depressions share the regional landscape 

with small-sized polygons and polygon 
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trough/junction pits. On Earth, similar assemblages 

occur uniquely in environments dominated by ground 

ice and freeze-thaw cycles [19]. 

Although critics of the “wet” hypothesis acknowl-

edge the occurrence of near-surface ground-ice or, in 

the least, of ice-rich regolith in southern UP, they ar-

gue that the “wet” hypothesis is inconsistent with the 

current triple-point requirements of liquid water and of 

freeze-thaw cycling to depth [e.g.,4,6,14]. By contrast, 

they point out that the modification of ice-rich regolith 

by “dry” sublimation processes is consistent with 

triple-point requirements in the region.  

Although there are no analogues of sublimation-

induced thermokarst depressions on Earth, proponents 

of the “dry” hypothesis note that small-sized polygons 

do form in response to sublimation in the Dry Valleys 

of the Antarctic [e.g.,4,6,11,20]. 

Clearly, current conditions in southern UP are in-

consistent with “wet” periglacial processes. On the 

other hand, careful scrutiny of the regional stratigraphy 

shows that the periglacial landscape predates the gla-

cial one and was not formed as recently as some have 

suggested. Moreover, the ability to explain the forma-

tion of a complete landscape-assemblage of multiple 

landscape-features by a common process is absent 

from the “dry” hypothesis. 

Near-surface stratigraphy and the “wet” origin 

of ground ice:  Despite their differences, both sides of 

the debate agree that ice-rich material, either a body of 

buried tabular ice or of (interstitial) ground ice, is a 

necessary antecedent of the landscape modification 

associated with their respective hypotheses. 

Citing the Dry Valleys as a possible landscape ana-

logue of southern UP, it has been suggested that an 

ice-free but dusty sublimation-lag overlying a relative-

ly dust-free but ice-rich table could induce the forma-

tion of small-sized polygons and, perhaps, of shallow 

thermokarst-like depressions [e.g.,4,6,14,20]. 

Conceptually and empirically, this scenario is not 

entirely satisfying. First, the lag associated with the 

formation of the Dry Valley polygons comprises cob-

bles and stone [20], not a dust fraction of atmospheri-

cally-emplaced ice seconded by wind-blown sediment 

[14]. The difference is important. The dust fraction of 

the dusty ice would have to be extraordinarily high and 

the grain size of the dust particle (paradoxically) 

would need to be much greater than it is (close to that 

of sand), for a lag comparable in thickness, volume 

and sublimation competence to that which occurs in 

the Dry Valleys to be present in southern UP. Second, 

where the sublimation polygons in the Dry Valleys 

occur, the near-surface soil profiles show a clear sort-

ing of and differentiation between surface lag and bu-

ried ice [20]. By contrast, if one assumes that the walls 

of the scalloped depressions in southern UP (dotted 

with small-sized polygons) present a cross-section of 

ice-rich and periglacially modified regolith to depth, 

then unconformities, slump pockets (where the ice has 

sublimated) or separate lag and ice horizons, ought to 

be discernable. Heretofore, none of these traits have 

been observed. Third, the near-surface stratigraphy of 

southern UP [17-18] shows that a glacial mantle (the 

ABa) overlies a periglacial landscape (PUPU), not vice 

versa. 

We suggest that the most plausible mechanism for 

emplacing ground ice to depth and for producing con-

ditions consistent with the formation of the landscape 

assemblage identified by us is by (a) the saturation and 

(b) the in situ freezing of liquid H2O. As these assump-

tions do not require the occurrence of a consolidated 

and fairly uniform body of near-surface ice overlain by 

a lag, there is no expectation of unconformities or of 

sorting in the near-surface regolith.  

Discussion: Regardless of whether one believes 

that thaw-related or sublimation based processes have 

formed the enigmatic features of southern UP, ques-

tions concerning the origin of the substrate can be 

answered more plausibly by the occurrence of ground 

ice (emplaced and modified by freeze-thaw cycles) 

than by a hypothesis comprising buried ice, sublima-

tion and a surficial lag. 1. The regional stratigraphy is 

inconsistent with the top-down ordering of dusty lag 

and dust-free ice. 2. The lag assumption is deficient of 

observed geological evidence. 3. The only known ter-

restrial analogues of the periglacial landscape identi-

fied by us occurs in ice-rich and “”wet” permafrost 

environments such as the Tuktoyaktuk Coastlands. 
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