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Processes producing the large-scale magnetic field of Mercury
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Observations of Mercury’s magnetic field by the MESSENGER spacecraft now include repeated orbital coverage
in both magnetic local time and body-fixed longitude of near-surface magnetic fields from mid to high northern
latitudes, observations of the magnetic equator at altitudes of approximately 1000 km, and three flybys at low lati-
tude. Both flyby and orbital observations include time in the solar wind and inbound and outbound transits through
the magnetopause on each pass. From this set of observations, Mercury’s magnetic field can be described as an
offset but axially centered weak dipole immersed in the solar wind. The large-scale magnetospheric fields include
magnetopause and cross-tail currents and magnetic fields associated with the open field lines of the magnetospheric
cusp regions. At a slightly smaller scale are magnetic fields associated with plasma enhancements, possible closure
current systems, and crustal fields. A permanently trapped particle population does not exist in Mercury’s present
magnetic field, and electrons do not execute complete drift paths around the planet. Among the candidate pro-
cesses to produce the large-scale internal magnetic fields of Mercury are a core dynamo, remanent crustal fields,
and induced fields. We find evidence for crustal magnetization at high northern latitudes in an area that corresponds
closely to the northern smooth plains, an extensive unit emplaced by flood volcanism more recently than 3.8 Ga.
Required magnetizations are in excess of 1 A/m for a 15-km layer thickness and would be in a direction opposite to
that of the present main field. Such a crustal field would be a product of thermal remanent magnetization acquired
at a time when Mercury’s magnetic field was stronger than, and opposite in polarity to, the modern field. The
inferred magnetization decreases with geomagnetic latitude, as would be expected from a dipolar inducing field
and from the latitudinal dependence on insolation. We interpret the crustal magnetic signature as originating from
the extrusive volcanic rocks, and their associated intrusive roots, of the northern plains.



