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Abstract

Much about a planet’s crust can be gleaned from observations of its gravity anoma-
lies. The GMM-3 gravity model consolidates 16 years of satellite radio tracking data
and reflects an improvement upon the accuracy of previous models, presenting the Mar-
tian gravity field to spherical harmonic degree and order 120. This higher resolution
allows for improved studies of crustal structure. The Elysium volcanic province is the
second-largest on Mars after Tharsis and is home to Elysium Mons, a massive shield
volcano rising 14 km above the surrounding region. When large topographic loads such
as Elysium Mons form, they cause the lithosphere to flex. This flexure manifests as a
broad low in the Bouguer gravity anomaly and contains information about the state
of the lithosphere when the load was emplaced. Furthermore, the Bouguer anomaly
can reveal crustal density contrasts due to geologic features such as magma chambers.
Here, I make use of the GMM-3 gravity model and the Mars Orbiter Laser Altimeter
(MOLA) topography to model the flexure of the lithosphere in Cartesian coordinates
using Fourier domain filtering. I then predict the Bouguer anomaly by calculating the
gravitational effects of the deformation of the crust-mantle boundary, which I then
compare to the observed Bouguer anomaly. Numerous calculations assuming different
crustal densities and elastic plate thicknesses (Te) reveal the lowest misfits for densities
from 2650 kg=m® to 3100 kg=m® and T, ranging from 10km to 90km. These ranges
of optimal fits are consistent with the values found in the literature. Additionally, an
anomaly in the residual Bouguer centered on the peak of Elysium Mons is detected
robustly and is consistent with a dense intrusive body that could be the fossil remnant
of a magma chamber. Its mass is estimated to be 1:42 10 kg, with a minimum
volume of 1:67 10° km?.
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1 Introduction

1.1 Geology of Mars

When a topographic load is emplaced on the surface of a terrestrial planet, the litho-
sphere behaves elastically and flexes downwards. The deformation and density contrast
associated with the crust-mantle interface produce a flexural signature that is observ-
able in the gravity anomaly. The degree of flexure depends on the height of topography
as well as on parameters affecting lithospheric strength at the time the load was em-
placed. Once the crust is deformed, the flexure becomes “frozen in” to the state of
the crust, thus providing a convenient means of probing the mechanical and thermal
history of a planet’s crust. On a planet such as Earth, active plate tectonics and crustal
recycling throughout its history have periodically reset the crustal age and lithospheric
stress state. However, active mantle convection resulting in plate tectonics is currently
absent among the other terrestrial bodies in the Solar System, as most are in the stag-
nant lid regime or have no significant mantle convection altogether [1]. Stagnant lid
bodies experience weak or no convection, with only the lower layers of the lithosphere
taking part in convection and possessing only one global plate as a result.

Mars is such a stagnant lid planet, and this has had profound implications for its
geologic history. Its surface is littered with well over 300,000 impact craters, ranging
from kilometer-sized or smaller to the massive Hellas and Utopia basins [2]. In the ab-
sence of plate tectonics, these features persist until aeolian or volcanic processes bury
or destroy them, allowing for the relative dating of geologic units via cratering statis-
tics (e.g., [3, 2, 4]). The lack of plate tectonics has also allowed for the construction of
enormous “supervolcanoes” that number among the largest in the Solar System. While
remarkably analogous to Earth’s basaltic shields in terms of composition, morphology,
and hot-spot provenance (e.g., [5]), Martian volcanoes are far larger than their Earth
counterparts. Olympus Mons, the largest volcano in the Solar System, dwarfs both
Mount Everest and Mauna Kea and stands at an impressive 22 km above its surround-
ing terrain. Long-lived hot spots caused by convective plumes in the mantle may be
intermittently active over billions of years, erupting material at a single location on
the immobile crust and forming extremely large edifices that are not recycled via plate
tectonics.

Likewise, the flexural imprints of these volcanoes persist over billions of years, pro-
viding a unique window into Mars’ entire volcanic history. Effective elastic plate thick-
ness (Te) represents the bending or flexural strength of the lithosphere that contributes
to this flexure. A small Te is a trademark of a weak, and therefore young, lithosphere.
As a terrestrial planet ages and radiates its heat to space, its lithosphere will cool and
strengthen, and its Te will increase. Thus older volcanoes should be expected to have
smaller Te, and younger edifices should have larger Te [6, 7]. Combined with cratering
statistics, flexural modelling of topographic loads is thus a powerful method of studying
the thermal evolution and present-day heat flow of the Martian crust (e.g., [8, 9, 7]). It
has also been used to estimate ratios of intrusive and extrusive volcanic products [7].

1.2 Gravity Exploration of Mars

Gravity studies provide an excellent means to remotely study the internal density
structure of Mars. Radio tracking data from the Mariner 9 and subsequent Viking I






