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Overview: Magnetic field data obtained by the
MErcury Surface, Space ENvironment, GEochemistry,
and Ranging (MESSENGER) spacecraft have been
used to demonstrate the presence of lithospheric mag-
netization on Mercury [1]. Initial regional lithospheric
field models have been obtained covering restricted
[2,3], and all [4] northern hemisphere longitudes. Here
we derive and present models for Mercury’s litho-
spheric magnetization and the associated magnetic
field using the complete low-altitude magnetic field
data set returned by MESSENGER. We compute un-
certainty estimates for the models to place bounds on
the minimum and maximum magnetizations permitted
by the observations. The strongest magnetizations and
magnetic fields are spatially associated with the Calo-
ris and circum-Caloris regions, and are sometimes, but
not always, associated with impact basin interiors
and/or ejecta materials. Elsewhere, magnetization and
magnetic field amplitudes are typically weaker and
exhibit shorter coherence length scales, including over
the northern smooth plains. We discuss the relative
contributions of induced versus remanent magnetiza-
tion, and place constraints on the depth distribution of
magnetization.

Modeling Approach: Magnetic fields measured at
MESSENGER spacecraft altitudes are dominated by
fields from sources other than lithospheric magnetiza-
tion (Fig 1a,b). After removal of these fields, the resid-
ual signals were inverted to obtain models for the spa-
tial distribution of magnetization and the associated
lithospheric magnetic field.

Isolating the Lithospheric Magnetic Field. Data
from anomalous orbits (e.g., during coronal mass ejec-
tions) were excluded. Fields resulting from the core
dynamo and the magnetospheric current systems were
estimated using the magnetospheric model of [5,6] and
subtracted from the magnetic field data. The resulting
fields are still dominated by fields from Birkeland cur-
rents [7] that vary substantially in amplitude and wave-
length on an orbit-to-orbit basis (Fig. 1b). These were
estimated and subtracted using two distinct empirical
approaches to isolate lithospheric signals with wave-
lengths less than ~700 km. In the first approach, an
along-track high-pass filter (HPF) was applied on an
orbit-by-orbit basis (see [1] for details). In a second

approach, a 2D (i.e. both along- and across-track) rep-
resentation of the full vector field that describes the
field due to the Birkeland currents was determined
using vector Slepian functions [8]. Because the vector
Slepian filtering (VSF) was not tuned to individual
orbits it yielded somewhat noisier residual signals (Fig.
1d), especially at latitudes above 70°N where the
Birkeland currents dominate. Importantly though, the
VSF confirms the overall structure in the residuals
obtained frorllgoalong—track filtering (Fig.ulsg).
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Figure 1. (a) Radial component of the magnetic field, B,
measured at MESSENGER spacecraft altitudes below 120
km. Lambert azimuthal equal area projection in the body-
fixed frame from 35° to 90° N. (b) B, after subtraction of the
offset axial dipole field and the magnetopause and magneto-
tail fields predicted by [5,6]. (c) B, after HPF of the signals
in Fig. 1b [1], retaining signals with wavelengths less than
~700 km and local times between 1600 and 0800. (d) B, after
VSF of the signals in Fig. 1b. Local times as in Fig. lc.
Background image shows smooth plains (dark gray) and
intercrater plains (light gray) [9]. All scale bars in nT. Note
the small amplitude of crustal fields.

Magnetization Models. We inverted for magnetiza-
tion distributions using an equivalent source dipole
(ESD) technique [10]. In a bootstrap fashion, we sub-

1505.pdf



49th Lunar and Planetary Science Conference 2018 (LPI Contrib. No. 2083)

sampled the HPF (or VSF) data with respect to their
altitude and along-track vs. across-track spacing to
obtain a hundred ‘modeling’ data subsets together with
their complementing ‘evaluation’ subsets, each with a
more equal-area-distribution. Each of these hundred
modeling subsets were inverted using a classical regu-
larized inversion approach [11]. The averaged trade-off
curves computed for the evaluation subsets exhibit a
clear minimum in misfit — i.e., at some point the in-
creased model structure warranted by data used in the
inversion is incompatible with the rest of the data. We
averaged the models from this iteration in the inversion
(Fig. 2, left). The approach has two additional bene-
fits: a model uncertainty could be computed (Fig. 2,
right) and a dipole spacing less than the cross-track
spacing could be used because dipole moments poorly
resolved by the data distribution have large associated
uncertainties. Our inversions used a single equivalent
source layerggd a dipole spacing of ~271§gp.
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Figure 2. Magnetization model (left) and model uncertainty
(right) obtained from ESD inversions of the HPF data in Fig.
lc. Magnetizations and their uncertainty are shown where
they are significantly different from zero at the 1-sigma level.
Magnetizations, M, were computed assuming a 10-km thick
magnetized layer. Lambert azimuthal equal area projection
from 38° to 90° N.

Lithospheric Magnetic Fields. The magnetization
model was used to predict the surface magnetic field
and its uncertainty (Fig. 3). In a second independent
approach we computed the surface field directly form
the HPF or VSF data using altitude-cognizant gradient
vector Slepian functions ([12], not shown here).

Discussion: The magnetization model and associ-
ated surface fields show largest amplitudes in associa-
tion with the Caloris region. Furthermore, in this re-
gion, the amplitudes associated with the smooth plains
are consistently larger. This is in contrast to elsewhere
in the northern hemisphere where cumulative distribu-
tion functions show weak magnetizations associated
with both intercrater plains and smooth plains. No
correlation of magnetization with crustal thickness is
observed. Individual instances of correlations of mag-
netization with crater interiors and ejecta materials are

seen (e.g., Rustaveli crater at ~83°E, 52°N, Fig. 2),
however no global systematic trends with crater loca-
tion or degradation state [13] have been observed.
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Figure 3. Surface radial magnetic field (left) and model un-
certainty (right) predicted by the magnetization model in Fig.
2. Underlying image is shaded relief derived from the Mer-
cury Laser Altimeter.

Magnetization source depths are constrained by ob-
servations along individual orbits at the lowest alti-
tudes, along-track spectra and the spectral slope of
regional spherical harmonic models. Collectively,
these suggest that source depths for most signals are a
few km to ~40 km depth, typically within the crust.

The average magnetization model, together with
low-field susceptibilities appropriate for likely magnet-
ic mineralogies on Mercury [1] demonstrate that in-
duced magnetizations may contribute some, but not all,
of the measured lithospheric signal. However, the
lower 95% bound on magnetization inferred from our
models, together with the upper 95% confidence limit
on low-field susceptibilities permit a scenario in which
almost all of the magnetization could be induced in the
present field. Further constraints on the properties of
possible magnetic mineralogies at Mercury [14] are
needed as this is a critically important issue to resolve
for understanding Mercury’s thermal history.
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