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Abstract

Mars Global Surveyor (MGS) returned very valuable
measurements of the magnetic field, which convey
crucial information regarding Mars’ current state and
past dynamics. In this study we report recent progress
made on the incorporation of both MAG vector data
and ER scalar data in a single magnetization model,
and discuss the improvements in terms of correla-
tion between geological features and magnetic signals.
This more accurate crustal magnetic field model will
be of significant use to those studying the aeronomy
and space physics of the Mars-solar wind interaction.

1. Introduction

Mars’ strong lithospheric magnetic field was discov-
ered by the MGS mission [2]. The current mag-
netic figure of Mars is related to the magnetic min-
erals present in the lithosphere, to the pastdynamo-
generated magnetic field, to the successive magneti-
zation and demagnetization processes that affected the
lithosphere, and to the interactions of the fields of in-
ternal origin with the induced Martian magnetosphere.

Modeling the Martian magnetic field using potential
methods allows the separation of internal and exter-
nal contributions. Existing global models are mostly
based on measurements performed by the MAGne-
tometer experiment, i.e. direct measurements of the
magnetic field vector [1]. These models use Spheri-
cal Harmonic [4, 3], Equivalent Source Dipole (ESD)
[7, 5] or continuous magnetization solutions [9]. Only
the two last modeling methods allow to infer a magne-
tization distribution, i.e. the physical properties of the
Martian lithosphere.

The complementary ER measurements have been
seldom used in that kind of models. These data come
from the Electron Reflectometer experiment which
measures the energy and angular distribution of the lo-
cal electron population, and from which scalar crustal

magnetic field magnitudes can be derived [6].
In this study we combine MGS MAG and ER mea-

surements to model the Martian magnetic field and
magnetization through an ESD scheme. We briefly
present data and expected results.
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Figure 1: Magnetic field intensity above Mars’ surface
as it was (a) directly measured (MAG) between 360
and 430 km altitude in 2005-6, and (b) derived from
the ER measurements at an altitude of 185 km.

2. MAG data
MGS MAG measurements were acquired during the
repeated Mapping Orbit cycles at altitudes ranging
from 360 km above the South pole to 430 km above the
North pole. Night side measurements were treated us-
ing a correlative approach to reduce the external field
contributions. The technique is a space domain ap-
proach using three adjacent passes separated in space
by less than 1 degree of latitude, in a similar scheme
to that developed for the Lunar Prospector dataset [8].
We show in Fig. 1a night side total field measurements
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prior to their pre-processing. Our approach allows
to continue the data to a constant surface of 400 km
above the mean Martian radius. In addition it provides
a direct estimate of the uncertainty associated with the
magnetic field intensity at this altitude.

3. ER data
ER magnetometry is based on the magnetic mirror ef-
fect, that is, the reflection of charged particles from
regions of increased magnetic field strength. By com-
paring the pitch angle distribution of electrons mov-
ing toward the planetary surface with the distribution
of those reflected from the surface, the increase in the
magnetic field strength can be determined. Here∼ 3
million measurements have been combined to produce
a map of the field magnitude due to crustal sources
only, at 185 km altitude. It has an intrinsic resolution
of ∼ 200 km and a global detection threshold of∼ 3
nT [6]. It is sensitive to very weak crustal fields (e.g.
the detection threshold is <1 nT over most of Tharsis),
however no data can be collected where there exists a
closed crustal field topology, leaving no coverage over
∼ 10% of the Martian surface.

4. ESD modeling
The iterative modeling scheme is adapted from [7, 5].
The novelty comes from the use of ER data, equiva-
lent to scalar measurements. The solution consists of
equivalent magnetization intensity and directions as-
sociated with dipoles homogeneously distributed be-
low the surface. The combined used of vector and
scalar data requires a multiple step approach, as it is
necessary to have an estimate of the field directions at
the location of the ER data. Vector measurements are
therefore used first, to produce an approached solu-
tion. Then this solution becomes ana priori model for
the joint MAG+ER iterative inversion. Output model
is chosen by investigating the evolution of the residu-
als between observations and model predictions. This
output model then becomes a newa priori model. The
inversion process stops whenever the misfit between
thea priori and output models is satisfactory.

5. Expected outputs and conclusion
The joint use of MAG and ER data will lead to a con-
sistent, significantly more accurate representation of
the crustal magnetic field of Mars at 200 km altitude
and above. The details of this new crustal field map
will provide better constraints on the lateral variations

of the magnetic field but also to those of the magneti-
zation. This will provide us with a unique opportunity
to remotely characterize Mars’ interior and evolution,
and will yield to important information about the inter-
connected histories of volcanism, magmatism, impacts
and the ancient Martian Dynamo.
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