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Summary Spacecraft observations of a vast reservoir of sub-
surface ice on Mars [1–4] raise an important question: does
the distribution represent a record from a past climate with
a different obliquity and humidity from today, or has it ad-
justed to, and is in equilibrium with, the present-day climate?
We consider physical models [5–13], experiments [14], and
observations [4, 15] in addressing this question of long-term
thermal stability, as well as dynamical phenomena including
seasonal accumulations and the response to surficial and envi-
ronmental changes in the presence of adsorption. The effect
of surface slope and slope distribution[16–18] is investigated,
and we find that depending on the length-scale, these slopes
may have profound implications for the equilibrium ice table.

Equilibrium Ice Table Model calculations that incorpo-
rate observed variations in atmospheric humidity [15], surface
thermal properties [19, 20], and albedo [21], are partially suc-
cessful at predicting equilibrium ice distribution in the high
latitudes [13]. These models generally assume flat ground.

The stability criterion for the ice table with respect to
diffusion is obtained from equilibration of vapor densities.
Define the H2O partial pressurep, saturation vapor pressure
psv, and temperatureT . Ice grows from year to year whenfi
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and is unstable when the inequality is reversed. Equilibrium is
reached when the two terms are equal, and the vapor densities
balance. In Figure 1 the model equilibrium burial depth [13]
is plotted and compared with observations [4].

Figure 1: Color indicates depth to the ice table in g cm−2

when ice is in equilibrium with the atmospheric water vapor.
Assumed volume fraction of ice is 40%, but the geographic
boundary between icy and ice-free soil is independent of the
ice fraction. Solid contours indicate water equivalent hydro-
gen content in percent determined from neutron spectroscopy
[4]. The dotted lines are 200 J m−2K−1s−1/2 contours of
thermal inertia. Figure fromSchorghofer and Aharonson(ac-
cepted).

Ground Ice “Slope Effect” Local slopes may alter the equi-
librium substantially. For example, areas where ground ice is
not otherwise stable, may become favorable sites of deposi-
tion. Figure 2 shows in map form the depths to hypothetical ice
table in equilibrium beneath a 30◦ slope at various azimuthal
orientations. For example, the top center panel shows north
facing slopes in the northern hemisphere contain ice down to
lower latitudes than does flat ground.

Assuming an isotropic slope distribution, we average the 8
directions shown to obtain the ice content beneath a randomly
oriented slope. The zonally averaged result is plotted in Figure
3, as a function of latitude for various gradient angles.
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Figure 3: Equilibrium ice filling fraction in the top one meter
of regolith, as a function of latitude for various slope angles,
averaged over the above 8 azimuthal slope directions and over
all longitudes.

Ice Table Beneath Real Topography In order to relax
the “Billiard Ball” Mars assumption we require an estimate
of the real slope distribution. Selecting the length-scale of
slopes most relevant for ice accumulation, and quantifying the
slope distribution at that length-scale on Mars are both com-
plicated issues that are not yet fully resolved. The following
describes one approach in which Mars Orbiter Laser Altime-
ter (MOLA) point-to-point slopes [18] are extrapolated to a
one meter baseline. Partially supporting this extrapolation are
attempts to compare slopes at various scales derived from or-
bital and lander images [22]. Additional work must be done
to characterize the short wavelength topographic roughness.

The median of the slope distribution derived along track
from MOLA can be related to the distribution of absolute
gradient at shorter scales by:

med[|s(λ2)|] = med[|p(λ1)|]
„

λ1

λ2

«1−H

fdirectional, (2)

where λ1 and λ2 are two spatial scales,s and p are the
two-dimensional and one-dimensional slopes respectively, and
fdirectional = 1.89 is a correction factor needed to convert
the observed 1-D slopes to 2-D. A typical value for the Hurst
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Figure 2: Maps showing depth to the ice table in equilibrium beneath a slope of 30◦ with azimuths of{0, 45, ..., 315}. The position
of each panel corresponds to the direction of the downhill gradient.

Figure 4: Median Absolute Slopes on 300 m baseline from
MOLA[18].

exponent on Mars isH ∼ 0.81. Figure 4 shows the me-
dian absolute slopes as measured by MOLA on a 300 m scale
[18], and Figure 5 the Hurst exponent needed to extrapolate to
shorter scales.

By combining slope statistics with equilibrium thermal
models, we predict a distribution of ground ice that includes
the expected topographic control.
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