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Introduction: Each of the Tharsis Montes volca-
noes on Mars has an unusual fan-shaped deposit on the
NW flank and adjacent plains.  These deposits appear to
be the depositional remains of massive cold-based gla-
ciers that were present at each of the shields in relatively
recent martian history [1,2].  These glaciers would have
formed during periods of high obliquity (>45°), when
precipitation of water ice is predicted to occur in the
equatorial regions [3,4].   

Reconstruction of these glaciers provides estimates
for ice thicknesses and volumes, which will help deline-
ate the thermal character of the ice (cold-based vs wet-
based [1,2]).  More importantly, these estimates can be
compared to current polar cap volume, providing infor-
mation about the amount of material removed from
volatile reservoirs and the global distribution of volatiles
during the time when the glaciers were present.

Fan-shaped Deposits: Observations of the shape,
distribution, and elevations of the fan-shaped deposits
can provide important constraints for ice sheet recon-
struction.  In plan view, all three deposits are lobate in
nature, extending onto the relatively flat plains to the W-
NW of each shield with thinning “horns” that taper to a
point at higher elevations on the shield flanks (Fig. 1).
The deposits all share similar geologic units and appear
to have similar origins [5].  However, they differ greatly
in size and overall trend with respect to the shield.  The
following table summarizes key parameters for each
deposit:

Arsia Pavonis Ascraeus

Surface Area (km2) 180,000 75,000 14,000

Trend N62°W N27°W N82°W

Lowest Elev. (km) 2.7 2.9 1.5

Highest Elev. (km) 7.0 8.5 5.5

Max Elongation (km) 450 235 100

Identifying and characterizing the accumulation
zones of these features are critical to understanding their
nature. The shape and trend of all three deposits con-
strain the accumulation zones to the W-NW flanks of
each shield.  As ice thicknesses increased, glacier flow
would occur down the flanks with significant lateral
spreading upon encountering the break in slope at the
base of each shield.  In addition, the shape and eleva-
tions of the “horns” at each deposit provide further con-
straints for the size and location of the accumulation
zones.  For example, the presence of one “horn” at ele-
vations of ~8.5 km at Pavonis directly contradicts a
landslide hypothesis for the fan-shaped deposits [6].

There are no scarps or indications of slope failure at
these elevations.  On the contrary, these observations are
consistent with a glacial hypothesis and identify mini-
mum elevations for the accumulation zone at Pavonis.

Regional Topography: When considering the Thar-
sis Montes region as a whole, a general northwesterly
slope is observed [5] (Fig. 1).  However, MOLA data
reveal that the local topography and slopes NW of each
shield are distinctive and unique.

Figure 1: MOLA topography data of the Tharsis Montes.  Fan-
shaped deposits are outlined in black.  The dashed lines indi-
cate the flow line profiles used for preliminary modeling.

Arsia Mons.  The elevation of the caldera rim at Ar-
sia Mons is approximately 17.0 km with an average
slope of ~6° on the W-NW flanks.  At an elevation of
~5.5-6.0 km, a break in slope is observed and the sur-
rounding plains slope gently (~0.5°) to the W-NW.

Pavonis Mons.  The caldera rim at Pavonis has an
elevation of approximately 13.0 km with an average
slope of ~4° on the NW flanks.  North of the shield,
slopes are very gentle (<0.3°) to the NW (Fig. 2).  A
broad topographic rise is present to the west of Pavonis
Mons (Fig. 1,2), which would have deflected glacial
advance to the north.  This is a plausible explanation for
the more northerly trend of the Pavonis deposit [2].

Ascraeus Mons.  The caldera rim of Ascraeus Mons
has the highest elevation of the three at around 18.0 km,
coupled with the steepest slopes on the W-NW flanks of
~8°.  Although the magnitudes of the local slopes to the
W-NW of Ascraeus are small (~0.1-0.4°), the direction
of these slopes forms a depression directed inward to-
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ward the shield (Fig. 2).  This slope variation would
likely have influenced glacial advance at Ascraeus.

Observations of the size and orientation of the fan-
shaped deposits suggest that the local topography had a
significant effect on both the direction of ice flow and
final distribution of the ice sheets at each shield.

Figure 2: Aspect map derived from MOLA data showing slope
direction as one of eight classes according to the color wheel
(terrain sloping to the N is red, NE slopes are orange, etc).

Inputs for Ice Sheet Models: Models produced for
terrestrial ice sheets can be modified and applied to
Mars.  The main inputs of any model are gravity (3.74
ms-2), ice density (~0.917 gcm-3), ice yield stress τ0 (0.5-
1.5 bar [7]) and basal topography.  The ice yield stress is
the pressure at which a column of ice will flow laterally,
reducing total thickness.  For simplification, many mod-
els assume that ice is a perfectly plastic substance with
basal shear stress equal to the yield stress along the en-
tire ice sheet profile.  Reconstructions of present day
terrestrial ice sheets using this technique show that this
is a valid assumption in most cases [7,8,9].  The choice
of a realistic yield stress is critical, considering that
nearly every ice sheet model involves a factor of (τ0/ρg)
for thickness estimates.  Higher values of τ0 correspond
to “stronger” ice, resulting in greater ice thicknesses.
Values for τ0 have been empirically derived for present-
day cold-based ice sheets with an average of 1.0 bar [9].   

Preliminary Model:  A simple model for ice sheet
thickness was produced along a single flow line at each
of the Tharsis Montes (Fig. 1,3).  A steady-state case for
perfectly plastic ice with a yield stress of 1.0 bar was
considered.  As expected, the results show an inverse
relationship between ice thickness and slope.  On the
flanks of each shield (slopes ~3-8°), ice thicknesses are
on the order of tens to a few hundred m, while thick-
nesses approach 2-2.5 km on the relatively flat sur-
rounding plains (Fig. 3).  It is important to note that

these are estimates of maximum thicknesses for the gla-
ciers that would have formed the fan-shaped deposits.
Smaller ice thicknesses predicted along other flow lines
are also consistent with a cold-based glacier interpreta-
tion.  Full map-plane ice sheet reconstructions of the
three deposits are in progress.
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Figure 3: Basal topography and predicted ice thickness along
flow lines at each shield (Fig. 1). The black circles indicate the
proximal boundary of the deposit along each flow line.  Verti-
cal exaggeration is 35X.

The following table compares the average ice sheet
thicknesses predicted using actual topography along
each flow line to thicknesses predicted by the same
model on a flat, horizontal plane:

Arsia Pavonis Ascraeus

HM, MOLA profile (km) 2.4 2.2 1.6

HFP, flat plane (km) 3.5 2.4 1.6

% Difference ~31 ~8 -

This confirms that even shallow slopes (like those at
Arsia) can have fairly significant effects on thickness
estimates for a fully equilibrated ice sheet on Mars.   

More complex ice sheet models do not necessarily
assume steady-state conditions, and require accumula-
tion and ablation rates as inputs.  Other variables include
atmospheric conditions, basal heat flux, and ice proper-
ties such as composition, internal temperature, and
hardness.  While some parameters are poorly con-
strained for Mars, these dynamic models can provide
more accurate estimates of ice thickness with temporal
variation.  This approach is considered for Arsia Mons
in a companion abstract [10].
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