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Thermal history and origin of intrinsic magnetic field of Mercury
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Mercury, the smallest terrestrial planet, has a strong intrinsic magnetic field which cannot be explained by a remanent mag
netism. It is likely that the Mercury’s magnetic field is induced by a dynamo action in a metallic core. Such a core dynamo
requires that the Mercury’s core is molten at least partially and that a convective motion occurs there with sufficient intensity.

Before the discovery of the Mercury’'s magnetic field by Mariner 10 in 1974, strong intrinsic magnetism on Mercury was
considered unlikely, because the core of a small planet such as Mercury had been speculated to be completely frozen at prese
In 1980’s, a parameterized convection theory was applied for studies of the thermal history of the terrestrial planets by describin
the convective heat transfer in rocky mantle. This reveals that the dissolution of several wt percent of sulfur possibly keep:s
Mercury’s core from complete freezing owing to the depression of melting point and that the compositional convection is driven
with enough intensity in associated with the growth of inner core. Currently, this idea is the most accepted theory for the origin
of Mercury’s magnetic field.

However, the thermal history of Mercury and the associated evolution of core remain poorly understood. In particular, there
are notable uncertainties in the viscosity of rocky mantle and the composition of core. Because Mercury has no atmosphere,
is likely that the Mercury’s mantle little contains water which significantly lowers its viscosity. According to the observation of
reflectance spectra, the surface of Mercury lacks colored minerals, implying that the mantle of Mercury is poor in iron oxides,
that is, having a reduced composition. If the building blocks of Mercury have a reduced composition as much as E-chondrite, the
core would contain abundant sulfur more than previously thought.

We have reexamined the thermal history of Mercury with taking into account that the mantle viscosity is significantly higher
than that of the Earth and a larger amount of sulfur dissolves in the core. Although the earlier works try to avoid the complete
freezing of core, our analysis reveals that the interior of Mercury cools very slowly and possibly sustains a completely molten
core until present. In this case, the intensity of convection becomes too weak to driven dynamo action in the core.

On the basis of these analyses, several aspects which should be clarified in the future Mercury missions will be discussed.
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