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Introduction:  The study of a Terrestrial ana-

logues could provide the necessary information to de-

velop a methodology to characterize the present exist-

ence of debris-covered glacier ice (remnant or active) 

on Mars’ surface. In this sense, the NW flank of the 

Hecates Tholus volcano on Mars is one of the sites in 

that planet showing possible glaciers features [1,2,3] 

(Fig. 1). Thanks to the high resolution images from 

different orbiters, varied geomorphological features 

has been described and mapped, and many of them 

were interpreted to be caused by glaciers [1,2,3] acting 

during different cold periods [1-6]. However, no ice 

has been observed on the surface at this flank of the 

volcano. Then, although geomorphological features 

(such as crevasses, pingos, or moraines [3]) point to 

the existence of very shallow ice under the surface, its 

presence has not been confirmed. Different researchers 

has been focused on the detection of ice a few meters 

below the surface using the evidence of the thermo-

physical properties of the surface obtained from re-

mote sensing data (such as brightness temperature or 

thermal inertial [7,8,9]). We found out that the pyro-

clasts-covered glaciers on the eastern side of Decep-

tion Island, Antarctica, could provide a perfect ana-

logue for understand the possible debris-covered glaci-

ers on the Hecates Tholus volcano (and also in other 

regions of Mars), and to help to confirm the possible 

existence of ice beneath their surface. Here we cite the 

most important geomorphological analogues (Fig. 1) 

between the possible debris-covered glaciers on the 

NW flank of Hecates Tholus volcano of Mars and the 

pyroclasts-covered glaciers on Deception Island, Ant-

arctica. An example of both sites is shown in Figure 1. 

Hecates Tholus volcano and its glaciers:  The 

Hecates Tholus volcano (31.6ºN, 150ºE) is one of the 

three volcanoes of the Elysium Volcanic rise of Mars, 

in the northern lowlands. This volcano is about 8,000 

m high, with a nested caldera on the summit. The 

flanks of the volcano are characterized by the presence 

of a radial channels network, but the most important 

characteristic of the edifice is the presence of two nest-

ed depression at the lower NW flank. The higher and 

smaller depression was interpreted to be caused by a 

lateral volcanic eruption. Different authors proposed, 

by the analyses of satellite imaginary, that glaciers had 

an important role on the evolution of this volcano 

based on the presence of geomorphological features 

(Fig. 1) what could be caused by ice flows [1,2], main-

ly, rimayas, seracs, crevasses, moraines, flow struc-

tures, rochee mountonees, flutes, arêtes, glacial errat-

ics, etc. [3]. However, ice has been not described, and 

the whole area is debris-covered. However, well pre-

seerved glacial an periglacial features described in 

those depressions point to the presence of ice under the 

surface, such as it is the case of pingos [3], such as 

proposed by other authors by the thermophysical anal-

ysis of the surface [7]. 

Deception Island volcano and its glaciers:  De-

ception Island (62°58′37″S; 60°39′00″W), at South 

Shetland Archipelago, Antarctica, is an active volcano 

characterized by a ring shaped morphology (about 12 

km in diameter of the emerged portion), with a central 

caldera filled by the sea through a small gap in the 

southern side of the island [10,11]. The ring is formed 

by a chain of summits (maximum elevation: Mount 

Pond with 539 m.a.s.l.), most of them covered by glac-

iers what flow downslope to rise the sea level (Fig.1). 

The volcanic activity (last eruption in 1970) caused the 

presence of air-fall deposits (volcanic cinders and py-

roclasts) covering some of those glaciers. The result is 

that, during the austral summer, those glaciers are cov-

ered by more than 3 meters of pyroclastic materials in 

some places, hiding the thick ice layer on the image 

satellite (Fig. 1). The presence of ice beneath the sur-

face in these sites is confirmed from field studies, but 

not distinguishable thermal anomalies are observed by 

measuring the surface temperature on the covered 

glacier and outside it. This is probably due to the cold 

climatic conditions, also during the summer season. 

Those pyroclasts-covered glaciers show a lot of geo-

morphological features typical of the glaciers: crevass-

es, seracs, moraines, flow structures, etc., what allow 

recognizing and to delimite the glacier extension on 

the satellite imaginary (Fig. 1). 

Conclusions:  A lot of analogies exist between 

both Hecates Tholus and Deception Island volcanoes, 

from the geochemical composition (basalts and pyro-

clasts deposits) to cold climatic conditions. However, 

one of the most interesting matches is the debris-

covered glaciers. On Deception Island, the pyroclasts 

covering the ice tongues hide the presence of ice on 

the satellite images, but still made possible to recog-

nize most the typical glacial features such as flow 

structures, morrain deposits, crevasses, rimayas and 
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fractures, lobated fronts, terminus, etc. Similar features 

has been mapped and described on the lower NW 

flank of the Hecates Tholus volcano on Mars, where 

ice is not visible on the satellites imaginary, but the 

glacial features are still recognized. Or course, the 

speed of erosion and landforms destruction in Mars, 

remains a huge difference, but the degree of conserva-

tion of minor glacial geomorphological elements sug-

gest a likely presence of ice and some degree of recent 

ice flow. 

To study and to analyze the thermal behavior on 

the surface of the pyroclastic materials covering the 

Terrestrial volcano could help to study and to deter-

mine a useful methodology to determine the presence 

of ice under the surface on the flanks of the Martian 

volcano, and also in other sites of Mars showing gla-

cial features but not actual ice. 
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Fig. 1: Debris covered glaciers on the lower NW flank of the Hecates Tholus volcano on Mars [1-3] as 

seen on HiRISE image (ESP_027029_2125) -Left-, and  its analogue on the pyroclastic materials-

covered glaciers at Deception island volcano, Antarctica, as seen on Quickbird image -Right-. 
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