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Influence of Skin Effect on Mercury’s Magnetic Field: A Dynamo Simulation Ap-
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It is thought that a stably stratified layer exists in the upper part of Mercury’s outer core from its intrinsic magnetic field
(e.g. Takahashi et al., 2019; Nat. Commun.). This is because higher-degree magnetic field components generated within a
lower convective layer decrease selectively by skin effect within a stably stratified layer, and the magnetic field at the upper
part of the core is dominated by lower-degree components. However, when estimating the depth of the intrinsic magnetic
field generation using the Lowes radius —an indicator proposed by Lowes (1974; Geophys. J. Int.)—, the estimated value
for Mercury is approximately half of the core radius. Importantly, the Lowes radius requires the assumption that the electric
conductivity is zero above the magnetic field generating region. Still, if there is a region where the conductivity is sufficiently
large such that a stably stratified layer exists over the convective layer, this assumption may not hold if a stably stratified layer
with sufficiently high electrical conductivity exists above the convective layer. Therefore, when estimating the depth at which
intrinsic magnetic field are generated, the magnetic field reduction by skin effect needs to be considered.

In this study, using the planetary dynamo simulation (Takahashi, 2012; J. Fluid Mech., Takahashi, 2014; Phys. Earth Planet
Inter.), we try to estimate quantitatively decrease of the magnetic field by skin effect above the convective region. While it is
known that the rate of magnetic field attenuation depends on its temporal frequency, but the relation between the degree of the
magnetic field and its time-frequency is not obvious. Previous studies have shown a negative correlation between the degree
of the magnetic field and its temporal variations by geomagnetic field analysis (Olsen et al., 2006; Geophys. J. Int.) and
geodynamo simulation (Christensen and Tigner, 2004; Nature). However, a stably stratified layer is not thought to exist and
the dynamo is driven only by thermal convection in those studies, so to examine a skin effect within a thermal stably stratified
layer, a dynamo model driven by thermal convection with a thick thermal stably stratified layer is necessary. Therefore, using
this dynamo model, we focused on estimating the relationship between the degree of the magnetic field and its attenuation
within such a model.

Derived from Mercury’s Lowes radius from MESSENGER’s data, we considered a core structure where a stably stratified
layer occupies 40%, 50%, or 60% of the outer core, and calculated the simulations with other parameters fixed. According
to the results, we confirmed that a higher-degree component of the magnetic field has higher frequency, and this attenuates
more in a stably stratified layer. In this presentation, we discuss the rate of skin effect to distance attenuation, a characteristic
frequency of each degree, and the correlation between these and the thickness of a stably stratified layer. Moreover, we
consider Mercury’s Lowes radius taking skin effect into consideration.
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