
Heat flow from the core and the thermal evolution of the Earth

Abstract:

The role of heat flow coming from the core has long been overlooked or underestimated in simple 
models of Earth's thermal evolution. Throughout most of Earth's history, the mantle must have been 
extracting from the core at least the amount of heat that is required to operate the geodynamo. In view 
of recent laboratory measurements and theoretical calculations, indicating a higher thermal conductivity 
of iron than previously thought, the above constraint has important implications for the thermal history 
of the Earth's mantle. In this paper we construct a paramaterized mantle convection model that treats 
both the top and the core-mantle thermal boundaries according to the boundary layer theory, and 
employs the model of Labrosse, 2015, to compute the thermal evolution of the Earth's core. We show 
that the core is likely to provide all the missing heat that is necessary in order to avoid the so-called 
“thermal catastrophe” of the mantle. Moreover, by analyzing the mutual feedback between the core and 
the mantle, we provide the necessary ingredients for obtaining thermal histories that are consistent with 
the petrological record and have reasonable initial conditions. These include a sufficiently high viscosity 
contrast between the lower and upper mantle, its exact value being sensitive with respect to the 
activation energy that governs the temperature dependence of viscosity.

Parametrized models in brief: Nu ~ Ra1/3 ?

Paremetrized models of mantle convection typically assume that the convective heat loss is governed by 
the properties/stability of the top thermal boundary layer. While this is a rather crude simplification, it 
has been confirmed by several numerical and analogue models with plate-like behavior (e.g. Grigne et 
al., 2005) and it can be argued that no fully self-consistent mantle convection model has yet shown that 
the heat loss would scale with the Rayleigh number through an exponent significantly smaller than 0.3.

Governing equations (only for the mantle):

Summary:

We analyze parametrized models in which the core-mantle heat flow is controlled by the insulating 
properties of the lower mantle. We show that if the lower mantle is sufficiently more viscous than the 
upper mantle, the computed Earth's thermal histories fit well with the petrological record, reach peak 
values in the Archean, are consistent with the mantle having an initial temperature of around 1800 K 
and the outer core being cooler than 7000 K, and indicate the amount of radiogenic heating in the 
mantle to be within the geochemical BSE estimate (on its upper edge). The CMB heat flow from these 
coupled models is consistent with operating the geodynamo throughout most of Earth's history, but to 
satisfy the dynamo constraint throughout the entire age of the Earth continuously, the viscosity contrast 
cannot be too high. The range of successful model parameters, although being narrow, is not empty. 
This suggests that the classical Nu ~ Ra1/3 scaling cannot be rejected on the grounds of yielding 
implausible Earth's thermal history.
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Walk me through: 1. Transition solution

Walk me through: 2. Fit to the petrological data

TAKE HOME MESSAGE

i) When the heat flow from the core is taken into account,
the classical parametrized mantle convection model results in a 

moderate thermal history, contrary to the so-called “thermal catastrophe” 
paradox

ii) When it is required that the resulting thermal history fits the 
petrological data, starts from a mantle that is hotter than 1600 K, and 
that the geodynamo is in continuous operation, one obtains that the 

viscosity contrast between the lower and upper mantle must be 
approximately 5±1

iii) The resulting viscosity contrast is highly sensitive with respect to the 
activation energy that governs the temperature dependence of viscosity

iv) These findings could help to obtain plausible thermal evolution of 
both the mantle and the core in more complex numerical models

Walk me through: 3. Early Earth
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