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Introduction: Recently, exposures of tabular, mas-

sive water-ice [MI] (decametres thick and buried shal-

lowly) have been observed on scarp-faces throughout 

the mid-latitudes of the two Martian hemispheres [e.g. 

1-3] (Fig. 1). Typically, the scarp floors and adjacent 

terrain are punctuated by polygonised terrain [e.g. 4-6]. 

Metres-deep thermokarst-like depressions also dot the 

terrain surrounding the scarps. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Fig. 1: (a) Nadir view of water-ice exposure (in blue) on a 

scarp-face in Promethei Terra (enhanced-color HiRISE image 

ESP_057466_1230). The water-ice signature has been cor-

roborated by CRISM spectral data [1]. Not seen at this spatial 

scale are metres-thick unconformities in the ice run roughly 

parallel to one another and transversally with regard to the 

surface. (b) Close-up of three-different polygon terrain mor-

phologies: i. low-centred (possibly ice-wedge) polygons 

[LCPs] ~10-20 m in diameter on the lower left side of the 

image; ii. slightly larger high-centred (possibly ice-wedge) 

polygons [HCPs] to the right of i; and, iii. transitional poly-

gons that become much blockier with proximity to the scarp 

face (no seen here). Collectively, the polygons cover the 

terrain surrounding the scarp and scarp floor ubiquitously. 

Not seen at this magnification is metres-thick polygonisation 

immediately above the ice exposure at/near the surface. Im-

age credits: NASA/JPL/University of Arizona. 
 
Similar landscapes are observed on Earth in places 

such as the Tuktoyaktuk Coastlands [TC] of northern 

Canada [e.g. 7-10] and the Yamal Peninsula in eastern 

Russia [e.g. 11]. At these locations permafrost current-

ly dominates the near-surface landscapes, active layers 

are shallow; and, the freeze-cycling of water extends 

episodically back from the present day through to the 

mid-Wisconsonian Glacial Stage, i.e. 50,000 kyr and, 

possibly, even earlier [e.g. 7-9]. 

Here, we do two things: 1) explore the wave-

eroded exposures of ice complexes comprised of tabu-

lar MI and overlying near-surface ice wedges in the 

TC; and, 2) compare and contrast these ice complexes 

with the scarp-based (possible) ice complexes de-

scribed above on Mars. 

 
 
Fig. 2. Cross-sectional exposure of tabular MI at Peninsula 

Point [PP], ~6 km sw of Tuktoyaktuk, Northwest Territories, 

Canada The observed ice is ~10 m in height (measured from 

the beach-front to its diapiric apex, metres to decametres 

deep beneath the beachfront exposure (based on borehole 

data) and decametres back from the exposure (not shown 

here). The overburden is punctuated by sinuous ice-wedges 

immediately below the overburden surface. Slight depres-

sions above the ice-wedges are consistent with the presence 

of high-centred polygons [HCPs] here, and in the surround-

ing landscape. HCPs are degradational periglacial-landforms 

that develop when polygon-margin ice wedges melt and the 

overlying sediments but not the centre deflate due to the ice 

loss. Geologists to the right of the MI provide scale. Photo 

credit: R. Soare. 
 

What on Earth: ice-complex stratigraphy and 

associated boundary conditions: The TC are dotted 

with retrogressive thaw slumps and wave-action expo-

sures of tabular MI [e.g. 7-9] (Figs. 2-3). Typically, the 

ice exhibits horizontal foliation, the result of sediment-

rich bands melting in the ice. 
 

 
 

Fig. 3. Oblique view of the thaw slumps at PP. White box 

locates the MI exposure shown in Fig. 2. Note the outcrop of 

polygonised terrain at the extreme bottom-end of the photo. 

Photo credit: R. Soare. 
 

b) 

4011.pdfWorkshop on Ices in the Solar System 2023 (LPI Contrib. No. 2809)

mailto:rsoare@dawsoncollege.qc.ca


Surprisingly, and even after ~50 years of close ob-

servation, speculation and surmisal, the origin of the 

TC MI remains ambiguous. The leading hypotheses 

comprise intra-sedimentary, i.e. segregation and intru-

sive, ice [e.g. 7, 9]; sub-glacial meltwater [e.g. 8], bur-

ied surface-ice, i.e. glacial ice [e.g. 8-9]. Age dating 

suggests that the MI itself is thousands of years old and 

could have formed very late in the Pleistocene Era or 

early on in the Holocene Epoch [e.g. 7-9]. 
 
 

 
 
Fig. 4. Cross-sectional profile of ice-wedges at PP. a) Here, 

as in Fig. 1., the two ice-wedges closest to the surface under-

lie two surface depressions that comprised the margins of a 

HCP. b) Note, a third ice-wedge resides directly below the 

near-surface wedge on the right and represents an earlier 

generation of wedge formation. The red arrows point to the 

thaw unconformity, discussed below. Photo credit: R. Soare. 
 

The ice overburden comprises a clayey diamicton, 

overlain by a peaty active-layer (Fig. 2). In turn, the 

active-layer is punctuated by high-centred polygons 

[HCPs] ~5-15 m in diameter. Often, the HCPs are un-

derlain at the margins by vertically foliated and me-

tres-deep ice wedges (Figs. 2-3). Each vertical leaf 

represents one cycle of aggradation. 

As noted in the Fig. 2 caption, HCPs are degrada-

tional features that, generally speaking, form when 

mean temperatures are on the rise. By means of con-

trast, LCPs, possibly such as the ones observed in as-

sociation with the scarp-face ice exposed on Mars, are 

aggradational and could be markers of ice enrichments 

on a regional scale [e.g. 6]. 

Figure 4 shows a distinct thaw unconformity (red 

arrows), i.e. a horizontal sedimentary-boundary that 

distinguishes an antecedent active layer from a more 

recent one. The unconformity occurs where the bottom 

of the near-surface ice wedge on the right-side of the 

photo is separated from a smaller ice-wedge almost 

directly beneath it. 

Note the incision of the proposed unconformity by 

the upper ice-wedge on the right. This points to the 

latter having formed subsequently to the freezing of 

the underlying sedimentary horizon or paleo active-

layer and is consistent with at least two separate peri-

ods of ice wedge formation having taken place in the 

MI overburden. While the age of the earlier formation 

period associated with ice-wedge development is un-

known, the age of the later one stretches to the present 

day, as the surface depressions immediately above the 

two closest-to-the surface wedges are current. 

Discussion: Two of the three principal hypotheses 

that attempt to explain the origin of the MI in the TC 

are based on the occurrence of liquid water. The third 

hypothesis assumes that the MI is buried glacial-ice. 

The open-ended discussions that persist on MI origin 

attest to the difficulties associated with constraining 

one formation hypothesis above the others. This is the 

case despite having boots-on the-ground access to the 

field sites and availability of sophisticated investiga-

tive techniques composed of, for example, ice-fabric 

analyses and complex geochemistry, being available. 

However, two keynotes can be derived from the 

ice-complexes at PP that could have possible relevance 

to the scarp-face exposures of MI on Mars. 1) Whatev-

er the absolute age or the processes associated with the 

origin of the MI at PP, the formation, development and 

surface boundary conditions of the near-surface ice 

wedges in the MI overburden postdate by far that of 

the underlying MI. Similarly, one ought not to assume 

that the stacking of polygons immediately above the 

scarp-face ice on Mars is indicative of similar origins. 

For example, it is generally thought that the latter 

comprises buried ice [e.g. 1-3]. Were this true, this 

would not preclude the enrichment of the surface/near-

surface terrain and the formation of wedge polygons 

by the freeze-thaw cycling of water under disparate 

boundary conditions. 2) Moreover, on Earth, the adja-

cency of (aggradational) LCPs and (degradational) 

HCPs in a permafrost landscape is indicative of 

boundary conditions in flux and a thaw-sensitive re-

sponse by ice-rich landscape features [6]. 

One key implication of this effort is the essential 

need for a highly sensitive Mars-orbiting synthetic 

aperture radar [SAR] with suitable wavelength and 

polarization to detect near-surface water-ice horizons. 

The L-band polarimetric SAR instrument described in 

[12] could provide definitive measurements to evaluate 

the hypotheses described above as part of a longer-

term strategy to prepare the Martian frontier for mis-

sions such as the Mars Life Explorer and beyond. 

Mars remains a key target in the integrated scien-

tific and human exploration of the solar system as well 

as in the evaluation of water and water-ice’s role in 

climate and, possibly, astrobiological evolution. 
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