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Abstract:  The Moon presently has no internally 
generated magnetic field (i.e. core dynamo). However, 
an outstanding question resulting from the Apollo 
sample return missions is the possible existence of a 
lunar dynamo early in the Moon's history. 
Paleomagnetic data combined with radiometric ages 
obtained from lunar samples suggest the existence of a 
magnetic field from ~3.9-3.6 Ga (possibly beginning 
earlier), likely of comparable intensity as the Earth's 
present-day field1. The implied existence of a lunar 
dynamo at least 500 Myr after the Moon�s formation is 
difficult to explain. Assuming that a dynamo is driven 
by thermal convection in the core, the existence and 
duration of a dynamo correspond to periods when core 
heat flux exceeds the adiabatic heat flux (Qcmb > Qad; 
Qad shown as grey line).  Since simple thermal 
evolution models for the Moon yield insufficient core 
heat flux (blue curve) to power a dynamo at such 
times, we explore alternative thermal evolutions. 

It is hypothesized that an ilmenite cumulate layer 
may have formed resultant to solidification of a lunar 
magma ocean2.  The layer is expected to sink and pond 
at the core-mantle boundary, but subsequent 
radioactive heating can increase the buoyancy of the 
layer and cause it to rise back up into the mantle.  We 
use a 3-D spherical finite element model of mantle 
convection with a temperature-dependent viscosity to 
investigate the effect on core heat flux by removal of 
such a dense, radioactive-element rich layer (thermal 
blanket).  Initially we assume a 227 km thick layer 
surrounding a core of radius 450 km.  We assume the 
layer has uniform chemical density, which we vary via 
a dimensionless buoyancy number, B = ∆ρchem./αm∆T.  
The figure shows cross-sections of the composition at 
4.0 Ga for two models (marked with arrows on the red 
and green curves): a stably stratified model with B=1.0 
and an unstably stratified model with B=0.5.  With 
B=1.0, the thermal blanket is too dense to rise back 
into the mantle.  However, a thermal blanket with 
B=0.5 becomes buoyant enough to be removed from 
the core, allowing for rapid core cooling. 

Most reasonable parameter choices for simple 
layered (red curve) or unlayered models (blue curve) 
result in thermal evolutions with core heat fluxes a full 
order of magnitude below the adiabatic value (grey 
line) during the time which a lunar dynamo may have 
existed.  However, dynamic coupling between mantle 
convection and a marginally stable, thermal blanket 
(green curve) may support a lunar dynamo.  A key 
prediction of our hypothesis is a well-defined onset for 
the lunar magnetic field.  Future sampling of magnetic 
paleointensity, perhaps even reanalysis of Apollo era 

samples, might therefore constrain not only the history 
of the lunar dynamo, but also by inference the early 
thermal and chemical differentiation history of the 
Moon. 
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