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Introduction: A thin unit of CO2 ice, called the
south polar residual cap (SPRC), overlies the south
polar layered deposits (SPLD) of Mars. This unit, capping a domed-shaped ice cap, has inspired several
studies concerning the glacial-like flow of CO2 ice
under martian conditions [1-3]. Furthermore, evidence
of moraines at the north pole have led to interpretations
that CO2 ice was once prevalent there and that it
flowed [4]. Laboratory experiments determined that
CO2 ice is much less viscous than water ice at similar
temperatures (~150 K), by up to two orders of magnitude [1,2], and therefore it may flow much more readily. Based on those rheological studies, [3] determined
that the bulk of the SPLD could not be CO2 because
the cap would have insufficient strength to maintain its
current shape over the long periods of time implied by
crater dating [5]. Thus, CO2 could not be abundant in
the SPLD.
That was the state of knowledge until 2011, when
data from the Shallow Radar (SHARAD) instrument
on Mars Reconnaissance Orbiter were used to determine that massive CO2 deposits are buried beneath the
surface of the SPRC [6]. Using geophysical arguments
and layer geometry, [6] and then [7] determined that
CO2 ice up to 1000 m thick had been deposited in the
spiral depressions of the SPLD before being buried. A
total of 14,800 km3 is likely stored there, having been
deposited in three distinct periods. This interpretation
leads us to test the hypothesis that these massive CO2
deposits have or do undergo viscous flow.
Observations: Three distinct observations support
the flowing ice hypothesis (Fig 1). A thin dome of CO2
ice resides near the highest point on the SPLD. At the
lowest elevations, the CO2 deposits have surfaces that
are nearly perfectly flat, and at intermediate elevations,
where the ice fills troughs, topographic profiles and
contours resemble those of alpine glaciers on Earth.
Modeling: We approached modeling in two steps,
taking into account the lower gravity of Mars and
higher density of CO2 ice. First, we considered a 2dimensional model (2D) to describe ice flow over a
plateau and into a basin. Ice was deposited above the
surface during a short period and allowed to flow until
there was no change in topography (Figure 2). Rheology, as determined by [1,2], was considered, but any
parameters would return the same result over a long
enough model run.
Second, we adapted the topography and thickness as
measured by [7] into the three-dimensional (3D) Ice
Sheet System Model (ISSM) [9]. Changes were made
to accommodate the thermal and rheological properties
of CO2 ice versus H2O ice, the estimated geothermal
flux of Mars, and the average annual surface temperature (Table 1). A very high friction coefficient was chosen to minimize basal sliding.

Figure 1: Relative topography and contours of SPLD
CO2 deposits: above) 20 m contour lines over a south
polar summer mosaic [8]. Topographic profiles in
lower panel correspond to colored lines; below)
topographic profiles corresponding to colored lines
above. Observations can be categorized by three
groups: domal topography (red), convex up ‘alpine
style’ glaciers (blue), and nearly flat topography
(green). Straight lines indicated linear slope to show
Table 1: Model Inputs.
Heat Capacity CO2

700 J/K

Thermal Conductivity

0.4 W/m/K

Geothermal Flux

0.020 W/m2

Current Surface Temp

150 K

Higher Surface Temperature

170 K

Sixth Mars Polar Science Conference (2016)

6072.pdf

Snow

0 m/yr

0.12 m/yr

Figure 2: 2D model of ice flow over a plateau and
basin. Ice was initially deposited over plateau and
slope during a short period (blue blob). After sufficient run time a small dome remains on the plateau,
and the basin is filled level.

!

The rheological behavior is constrained by laboratory experiments [1,2]. Following [3], we choose a
Glen’s law behavior using this equation:
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with A = 103.6 MPa-n/s; Q = 31600 J/mol; R(gas) =
8.3144598 J/K/mol; n = 4. Full thermal conduction and
advection is included with the model.
We ran full transient simulations, allowing for mass
transport, for 100 years and plot the velocity solutions
for the high temperature run in Fig 3.
Discussion: Our simulations support the hypothesis
that these CO2 deposits are flowing. Even in the low
temperature case (not shown) velocities reach several
mm/yr for portions of the deposits; however, the velocity contours do not match the topographic contours.
In the high temperature case velocities reach 12 cm/
yr, and velocity contours in the ‘alpine glacier’ locations mimic the topographic contours. Units with flat
tops have almost no velocity.
We interpret these results to mean that while the CO2
deposits are likely flowing now, that rate is two orders
of magnitude slower than in a previous epoch, where
velocities could reach tens of centimeters per year.
Thus, the current state of the deposits was set up prior
to the deposition of the SPRC, which fixed the surface
temperature at 150 K.
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Figure 3: Two views (different perspective) of a single
model output for high temperature runs with average
annual temperature = 170 K. Above: map view of CO2
velocities reaching 12 cm per year, and velocity
contour lines match closely to topographic contours.
Below: perspective view showing topography and
colorized flow. In lower temperature runs, with 150 K
surface temperatures (present state) return velocities
two orders of magnitude lower.
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