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Abstract: Despite conditions on Mars favoring
cold-based glaciers, there is also evidence of wet-
based glaciers. We compare potential sources of
basal water, and conclude that several melt
mechanisms are possible. Gas hydrate clathrates
within glacial ice can cause melting point depression,
and are an intriguing possibility because the
dissociation of clathrates releases a large quantity of
energy in addition to liquid water, which augments
the erosive capabilities of meltwater. Methane
hydrate is of particular interest because it could serve
as a reservoir for atmospheric methane. A layer of ice
40 m thick can provide enough pressure to create a 2
m hydrate stability zone.

Predominance of cold-based glaciers: Glacial
interpretations of landforms on Mars have existed
since the Viking era (e.g. [1-3]). It is now
hypothesized that there were extensive glaciations in
the recent past [4-5] and that glaciers or stagnant
glacial ice may remain in mid and low latitudes under
blankets of insulating debris [5-8].

Because of Mars’ lower gravity, atmospheric
pressure, geothermal flux, and temperatures,
compared to Earth, we expect martian glaciers in the
recent past to be cold-based, and many interpretations
(e.g. [4-5, 9-12]) support this prediction.

Low gravity means that pressure within a
martian glacier will have a minimal effect on melting
point, 0.27° per km ice thickness, compared to
0.7°/km on Earth. Thus, the ~3 km thickness of the
current north polar ice cap depresses melting point by
only ~0.81°. Mars’ low geothermal flux melts water
far beneath the surface of the regolith [13], and
supraglacial meltwater would freeze before reaching
the base of the glacier [14]. As a result, most glacial
ablation should be due to sublimation rather than
melt. However, there are locations with landforms
interpreted as basal meltwater features (e.g. [3, 15-
19]). Even if only some of the meltwater
interpretations are robust, they must be explained.

Sources of basal meltwater: Previous work has
focused on conditions at the base Mars’ polar caps
(e.g. [13-14]), without directly addressing conditions
beneath temperate latitude glaciers.

Sources of water at the base of a glacier fall into
three main groups: water flowing to the base of the
glacier, basal melt due to temperatures above 0°C,
and basal melt due to a depressed melting point
(Table 1). These hypotheses are not mutually
exclusive, and their relative importance may vary
from one location to another.

Influx of water: Water may arrive at the base of a
glacier from a groundwater eruption or the flow of
supraglacial melt. Groundwater eruption has been
suggested at the “hourglass deposit” in eastern Hellas
[20], but seems unlikely for glaciers that occurred
late in Mars’ history when the thermal gradient was
low [21]. Most erupting groundwater would quickly
freeze to the existing ice (forming aufeis), rather than
remaining liquid. Supraglacial melt is possible given
appropriate atmospheric conditions, but the insulating
properties of the ice would cause regelation of the
meltwater as it flowed downward through
successively colder parts of the glacier [14].

Temperatures above 0°C: Basal temperatures
above freezing might result from global geothermal
flux, local geothermal activity, internal friction,
moderate dust content, or climate warming (which
would cause surface melt, as discussed above).
However, global heat flux has been low for a long
time. Both thermal history models credited by
Schubert et al. [22] posit a long slow decline in
geothermal flux over the past 4 billion years, having
reached a value similar to the modern earth about 2
Ga BP. Clifford [13] concluded that melt due to
geothermal flux can only occur deep within the
lithosphere, beneath the cryosphere. Local
geothermal activity is a distinct possibility, though
less likely in recent times as the geothermal flux has
declined. It may be associated with signs of
hydrothermal activity or magmatic eruptions.

Ice temperature can also be raised by internal
friction caused by flow or deformation of the ice,
though if the ice starts out significantly below
melting point, the flow will be minor. If glaciers on
Mars exist today, they are blanketed and protected
from rapid sublimation by layers of dust and debris.
Where included within the ice, these can affect
rheology, density [14], and thermal conductivity [23],
of the ice and may be responsible for some basal
melt. These effects depend on the concentration of
dust. Larsen & Dahl-Jensen [23] calculate that dust
volume below 20% would decrease thermal
conductivity enough to result in a temperature
increase of up to 5° in the north polar cap.

Melting point depression: The melting point of
ice can be lowered by pressure, solutes, or gas
hydrates. We have seen that pressure due to ice on
Mars’ surface cannot lower the melting point
significantly, even at the base of a glacier or ice
sheet, but a very large quantity of supraglacial and
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englacial dust or debris would increase the glacier’s
density and resulting pressure at the base.

Dissolved gases or salts depress melting point and
make possible supercooled brine pockets [23] which
are potential habitats. Gas hydrate clathrates have
lower melting points than ice, and hydrates of carbon
dioxide, noble gases, nitrogen, sulfur dioxide, and
methane are expected to be stable at or near Mars’
surface at present [24-25].

Clathrate hydrates: Dissociation of any clathrate
hydrate causes a large volume increase, releasing a
lot of energy and water, and potentially powering
significant erosion; catastrophic dissociation from
within the regolith has been cited to explain the
formation of chaotes [28-29], but less catastrophic
clathrate dissociation within glaciers may be
responsible for subglacial fluid features.

Eutectic melting produces a very strong brine. For
CO2 hydrate, melting an ice-hydrate phase with bulk
salinity of 3.5 wt.% salt creates a brine with ~24
wt.% salinity, easily stable in modern martian surface
conditions [26]. However, CO2 hydrate itself is not
though to be abundant [29].

Methane hydrate: Methane hydrate in extant
martian glaciers is an intriguing possibility. Max and
Clifford [25] found that a methane hydrate stability
zone should come within ~15 m of the surface in ice-
saturated but bare regolith, assuming a permafrost
density of 2.5 x 103 kg m-3. Proportionally, a glacier
40 m thick would have a methane hydrate stability
zone almost 2 m thick at its base. If methane clathrate
is present, it could be the immediate source of the
atmospheric methane reported recently [30-31]. A
glacial reservoir suggests, but does not require, a
biological source of methane.

On Earth, methane hydrate can be inferred from
seismic velocity, electrical resistivity, and porosity,
as well as direct borehole measurements [32]. Until
there is an appropriately placed lander with such
capabilities, we should look for enhanced methane
concentrations in the vicinity of suspected glacial ice.
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Influx of water from elsewhere
Supraglacial meltwater Likely to freeze before reaching the base of the glacier
Groundwater eruption Possible, but limited
Basal melt due to temperature elevation
Global geothermal heat flux Only in the very distant past
Local geothermal activity Possible in the past, in certain locations
Warmer climate Limited effect on basal conditions
Internal friction A minor factor unless ice is already warm
Low dust content (~20%) Increased flow & decreased thermal conductivity warm glacier base
Basal melt due to depressed melting point
Pressure melting point depression Insufficient by itself
Included dissolved salts or gases Possible
Gas hydrate clathrates Possible, and eutectic melting of clathrates increases salinity
Table 1: Comparison of sources of water at the base of martian glaciers.
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