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Introduction: The north polar cap of Mars is a
young (about 100 ka [1]) domical shell of ice, dry ice,
and dust that is 1000 km across and a few kilometers
thick (Figure 1). Analysis of the geodynamical response
of the lithosphere under the stress imposed by its weight
is one of the few methods that give access to the presentday strength of the Martian lithosphere (or elastic thickness), which is directly linked to the present-day thermal
state of the planet [2, 3, 4].
Sounding radar data from MARSIS and SHARAD
onboard Mars Express and Mars Reconnaissance Orbiter
spacecraft have been used to unveil the structure of the
polar deposits and to map the ice/substratum interface.
The two instruments operate at different frequencies allowing them to probe different depths with free space
resolutions of 150 m for MARSIS [5] and 15 m for
SHARAD [2]. Both instruments observed a general lack
of downward deflection below the polar cap with uncertainties of 200 m everywhere [6], and 100 m below Gemina Lingula (GL) located near 0◦ E (Figure 1, [2]).
The absence of lithospheric flexure suggests that the
thickness of the elastic lithosphere is more than 300
km, and that Mars is currently colder than thought [2].
The joint spectral analysis of gravity and topography [3]
also constrained the present-day elastic thickness for the
south pole to be high, at least 108 km. These high (and
potentially different) elastic thickness values at the north
and south poles are difficult to reconcile with current
thermal evolution models [7], unless the concentration
of heat-producing elements is subchondritic [2], or if a
large thermal plume lies underneath Tharsis [8].
These inferences, however, could be potentially
flawed given that there are significant uncertainties that
could hide the signal of lithospheric deflection. Indeed,
the global uncertainty on the basal deflection given by
initial analyses of MARSIS data was for a single value of
the dielectric constant of the polar cap. It can be shown
that varying the dielectric constant value from 2.8 to 3.5,
can double the quoted uncertainty of 200 m. We also
note that in the study of Phillips et al. [2] the global topography was used as a load to predict the deflection of
the lithosphere and that a long wavelength signal arising
from the broad Tharsis volcanic province biased the estimation beneath the north polar cap. The signal from
Tharsis increased the lithospheric deflection, and hence
increased the elastic thickness required to match the constraint of less than 100 m deflection below GL.
In order to better constrain the present-day geody-

Figure 1: Estimated thickness of the north polar cap from
MOLA and MARSIS. Colored dots correspond to the locations
of 140 MARSIS radargrams investigated in this study.

namic state of Mars, we first estimate a map of the north
polar cap thickness using data from MOLA [9], compute
associated deflection maps and then compare our results
with that of Phillips et al. [2]. Next, using MOLA as
the elevation and deflection maps as the base, we compare these lithospheric strength dependent thicknesses to
thicknesses derived from MARSIS converted using various dielectric constants.
Methodology: We invert for the elastic thickness
of the lithosphere (Te ), the polar cap load density (ρl ),
and the dielectric constant (ε) by minimizing the RMS
of the following misfit function
ψ(ε, Te , ρl ) = he − h0 − W(Te , ρl ) − ht (ε)

(1)

where he is surface elevation as seen by MOLA, h0 an
estimated pre-loading surface topography, W is the computed deflection of the cap basement, and ht is the thickness of the cap derived from MARSIS data.
The thickness of the polar cap as shown in Figure 1
is estimated as he − h0 , where he is defined from the
planetary shape model MarsTopo2600 of [10], derived
using MOLA data from [9], and h0 was interpolated from
an annulus of MOLA data exterior to the cap, far from
any deflection signals, between 70◦ N to 75◦ N.
The radar thickness (ht ) was derived from MARSIS data acquired between May 2005 and June 2017
[5]. We manually picked 140 radargrams spatially scattered all across the polar deposits and identified visually the reflections arising from the icy surface and the
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Figure 2: Computed deflection below the north polar cap. The
color map and black contours is the deflection of our model and
the white contours is that reproduced from Phillips et al. [2].
For geologic purposes, we show a contour of the cap in black.

ice/substratum interface. The deepest subsurface reflectors were identified according to lateral continuity, which
extends at least 7 frames. The thickness is calculated by
subtracting the radargram pixel position of the surface
from that of the deepest subsurface reflector and converting the result distance using a real dielectric constant.
The deflection (W ) is computed in an iterative manner where we first define the load as the thickness derived
from MOLA (he − h0 ), refine it by adding the amount
of corresponding deflected materials, compute a new deflection map and repeat until the deflection converges to
a stable value. The elastic loading model is based on
the model of [11], and improves upon the model used in
Phillips et al. [2] by better accounting for the restoring
normal stresses and self-gravitational effects.
Results and Conclusion: In Figure 1, we compare the MOLA thickness estimate with that from MARSIS when the real part of the dielectric constant is set to
3.15. The MARSIS estimate corresponds only to 140
point measurements, which are plotted as circles with
the fill color corresponding to the same color scale as
the main image. We obtain a good overall agreement between both measurements, with the exception of a few
locations near 270◦ E, 85◦ N, where MARSIS predicts a
thickness 500 meters smaller. It is possible at this location that either ε is smaller than the average value or that
we did not detect the real base of the polar cap but instead
the top of the basal unit [6].
We show in Figure 2 a deflection map computed using our model and that of Phillips et al. [2]. For both
cases, we set the elastic thickness to 300 km, the ice density to 1100 kg m−3 , the mantle density to 3500 kg m−3 ,
Young’s modulus to 100 GPa, and Poisson’s ratio to 0.25.
We note a large difference between both contours

Figure 3: Misfit curve from the RMS of eq. 1 for the 140
selected locations.

with a deflection of 410 m in the center of the polar cap
and 100 m below GL for the model of Phillips et al. [2].
In contrast, our deflection, which is based solely on the
load of the cap and does not include a contribution from
Tharsis, provides a central value of 260 m and 70 m below GL. Using the same deflection criterion as Phillips et
al. [2] (< 100 m of observed deflection below GL), our
model accepts elastic thicknesses values down to 230 km
as opposed to the 300 km value that was previously obtained. Lowering this lower bound on the elastic thickness drastically increases the number of accepted thermal
evolution models in the study of [7]. It also reduces the
required mean crustal thickness derived from the thermal
evolution models by about 15 km, an estimate that will
soon be compared with results from the InSight mission.
In Figure 3, we show the RMS misfit of eq. 1 as a
function of ε, Te and ρl for the 140 selected locations.
The dashed line corresponds to an uncertainty arising
from the resolution of MARSIS in water ice, which is
about 100 m [5]. The dielectric constant ranges from 2.1
to 2.9 which implies a mixture of water and dry ice. The
best fitting elastic thickness is not defined, but we accept all values larger than 250 km. We obtain a similar
case for the ice density where we accept all values below
1400 kg m−3 . We will soon add more constraints from
MARSIS and then from SHARAD data.
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