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Abstract

Thermal evolution studies of Mercury indicate that the
present-day heat flow at the core-mantle boundary is
subadiabatic. This suggests the presence of a ther-
mally stratified layer in the upper part of the core.

We use a coupled thermal evolution model of the
core and the mantle to study the formation of a ther-
mally stratified layer in the core of Mercury. We assess
the conditions of occurrence of this thermally stratified
layer and whether the stratified core allows for the for-
mation of a solid inner core and for a dynamo.

1. Introduction

Mercury is the only terrestrial planet of our Solar
System, apart from the Earth, to possess a present-day
global magnetic field. This field is generated by
convection motions inside the liquid core of the
planet. The magnetic field’s strength at the surface of
Mercury is about 1% that of the Earth’s. This low in-
tensity could be explained by the "deep core dynamo"
scenario: the presence of a liquid conductive layer at
the top of the core attenuates the rapidly varying field
components by skin effect [1] [2]. This scenario is in
agreement with thermal evolution studies of Mercury
[3] [4], indicating a sub-adiabatic core-mantle bound-
ary heat flow, and therefore suggesting the presence
of a thermally stratified layer at the top of the core.

In this work we study the thermal evolution of Mer-
cury with a coupled core-mantle model including the
formation of a thermally stable layer in the core. Heat
being transported by conduction in this stable layer, a
thinner part of the core is available to generate the dy-
namo by convection motion when the stratified layer
thickens. Furthermore, conduction being less effec-
tive than convection to transport heat, the presence of
a conductive layer in the core affects its thermal evolu-
tion with consequences on the growth of a solid inner
core. In our work we focus especially on the formation
of the solid inner core and on the dynamo generation
in a partly stratified core.

2. Method

The coupled thermal evolution model is based on en-
ergy and entropy budgets in the core [5]-[7] and in the
mantle [8]. When the core begins to stratify the evo-
lution of the stable conductive layer is dictated by the
time-varying heat equation. The model for the strat-
ified layer is based on the work of Greenwood et al.
[9]. On the other hand the convective part is evolved
by energy budget considerations. The temperature and
heat flux continuity conditions define the position of
the interface between the conductive and the convec-
tive layers. The core cooling is controlled by the man-
tle through the core-mantle boundary heat flux. We
study the magnetic field generation by determining the
entropy available for the dynamo in the entropy budget
of the convective layer.
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