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Introduction In the absence of in situ geophysical measure-
ments, modeling the relationship between a planet’s gravity
and topography is one of the few methods that can be used
to elucidate a planet’s interior structure. In this study, we use
gravity and topography data collected by Mars Global Sur-
veyor mission in order to model the localized spectral admit-
tance of the large Martian volcanoes by assuming that surface
and subsurface loads are elastically supported by the litho-
sphere. The goal is to determine what inversion parameters
can be uniquely determined (e.g., crustal thickness, elastic
thickness, crustal density, load density, as the ratio of sur-
face to subsurface loading), and to similarly determine any
correlations that might exist between these parameters. If use-
ful bounds can be determined for the Martian volcanoes, then
these can help to contrain their composition. Similarly, bounds
on the elastic thickness can be used to constrain the thermal
evolution of the planet.

Previous admittance studies In modeling the theoritical ad-
mittance spectrum, one first must estimate the magnitude of
the load acting on the lithosphere, determining the lithospheric
deflection based upon elastic theory, and finally computing
the associated gravity anomaly. To date, only three such in-
vestigations have been published based upon recent MOLA
and MGS gravity. Using directly the line of sight accelera-
tion profiles, [McKenzie et al., 2002] inverted for the crustal
density and elastic thickness by modeling 1-D gravitationnal
admittances in the cartesian domain. However, as this study
neglected to compute observed and modeled coherences, it
is not clear if their admittance model, which only possesed
surface loads, was appropriate for their study regions. This
study further assumed that the load density was the same as
the crustal density, which is unlikely to be true for the mar-
tian volcanoes. Using a similar approach, [Nimmo, 2002] at-
tempted to model the mean crustal thickness, elastic thickness
and surface density of a region centered on the hemispheric
dichotomy. While his admittance model took into account
both subsurface and surface loads that were assumed to be
uncorrelated, he similarly did not model the coherence. Fi-
nally, [McGovern et al., 2002] calculated admittance spectra
for several volcanic regions employing the spatio-spectral lo-
calization method of [Simons et al., 1997]. Their model of
lithospheric flexure took into account surface and subsurface
loads (assumed to be in phase) and a load density that differed
from the crustal density. For Elysium, they obtained an elastic
thickness between 50 and 80 km with a load density of 3000
kg. ����� and further determined that there was no significant
subsurface load in this region. For Olympus Mons, they found���

> 140 km and a load density of 2900 kg. � ��� (the same
as the crustal density) with no subsurface load. This study
however treated the degre-1 topography as a load and did not
calculate the resulting load in a self-consistent manner. In
addition, we have found that their model and observed admit-

tances were calculated at two different radii (R=3389.5 km
and R=3396 km, respectively) which corresponds to an 300
kg. �	��� underestimation of the surface load density (see figure
1).
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Figure 1: Gravity/topography localized admittance calculated
with a localizing data taper with an angular radius at 
��� and
a spectral bandwidth of ����������
�� . Left axis: admittance
from MGS topography and gravity data, calculated at 3396
km (blue curve), admittance from MGS topography and mod-
eled gravity from rigidly supported topography. The green and
the red curve displays admittance for a load density egual to
the crustal density, the first calculated at R=3396 km, and the
second at R=3389.5 km (the mean planetary radius). This plot
shows that when the admittance is calculated at R=3389.5 km,
as in [McGovern et al., 2002], the values are overestimate as
supposed to when they are calculated at 3396 km. Right axis:
correlation between observed gravity and topography.

Methodology Our forward model of the Martian gravity
field differs from those previously presented in the literature
in several ways. First and foremost, we have developed a
method for calculating the exact gravitational potential on any
arbitrary interface within a planet. This method allows us to
take into account any arbitrary density structure and is based
upon thedownward propagation of a solution at a given height.
We consider the crust as a sum of interfaces, and the field is
propagated on each interface by solving a set of first-order dif-
ferential equations that links U, g and their derivatives. In order
to reduce the computation time, all lateral variation effects and
angular derivatives are performed in the spherical harmonic
domain using Legendre tranforms between the physical and
spectral domains. We start with a solution of g and U (and
their derivatives) calculated on a spherical surface outside the
body and then perform a downard propagation of the solution
in order to obtain the field on the surface as well as on any
density interface within the planet.
Using this method, we can exactly compute the magnitude of
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surface and subsurface loads, which depend upon the potential
at the surface, Moho, and internal density interfaces. Using
the magnitude of this load, the flexure of the surface can be de-
termined using standard thin-shell elastic theory. However, as
the flexure equation and gravity computations are coupled, we
solve this set of equations in an iterative manner. After calcu-
lating the flexure and resulting gravity anomaly, we calculate
admittances localized to a geological province by tapering the
gravity and topography by an optimized localizing window.
These windows (which are developed in spherical harmon-
ics) are analogous to the Cartesian tapers of Slepian. Finally,
we note that special care must be taken when including the
degree-1 surface and Moho topography in these calculations.

Preliminary results While our results are preliminary at this
stage, we have found the densities of the Martian volcanoes to
be much greater than those that have been reported in previous
studies (i.e., 3200 kg m-3 vs. 2900 kg m-3). This difference
is in large part due to our improved gravitational and flexu-
ral modeling, the use of optimized localizing windows, and
flaws that we have identified in these previous studies. Such
higher densities are more in accord with those of the Martian
basaltic meteorites ( 3220 to 3390 kg m-3) which are com-
monly believed to be drived from the Tharsis and Elysium
volcanic provinces. As an example, we show in figure 2 3
results obtained for Olympus Mons region. In this case, we
use a window expended in spherical harmonic coefficients up
to L=20, and calculate an r.m.s misfit between l=23 and l=55
(where the correlation spectra is close to 1). In this very pre-
liminary result, the elastic thickness is not well constrained
(minimum misfit obtained for

� �
=70 km), but the density is

better defined showing that high values between 3100 and 3200
kg.m ��� are needed to fit observed admittance.

Ongoing research In this study we intend to systematically
investigate the misfit function for the entire multi-dimensional
space which includes the elastic thickness, crustal thickness,
load density, crustal density, and ratio of surface to subsur-
face loading. As these calculations will be applied to several
martian volcanoes with various ages, it should be possible to
determine spatial and temporal variations in elastic thickness
which can then be used to constrain the heat flow at the time
loading. In addition, bounds on the densities of the volca-
noes will allow to place constraints on their composition and
possibly bulk porosity.
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Figure 2: Contours of r.m.s misfit (mGal/km) between ob-
served and modeled admittances for Olympus Mons region
a a function of elastic thickness and load density. For this cal-
culation we have used a localized data taper with an angular
radius of 18  N centered at 19  N,226  E. In this figure, ��� is
well contrained with a best fit for values between 3100 and
3300 kg.m � � . Conversely,

� �
is not well defined in this case,

but does possess a minimum value is
� �

=70 km. The r.m.s
misfit is calculated between 22 and 55 angular degree.
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Figure 3: Gravity/topography admittance and correlation
spectra versus spherical harmonic degree l for Olympus Mons
region (same window as figure 2). This figure illustrates the
behaviour of the admittance as a fonction of ��� and

� �
. Is

also plotted the best model (in dashed line) whith � � =3200
and

���
=70 km.
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