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Introduction: Vesta is the second-largest asteroid 

in the solar system, and the smallest known silicate 
body to be fully differentiated [1,2]. It is thought that 
the Howardite-Eucrite-Diogenite (HED) meteorites 
[3,4] represent pieces of Vesta’s crust [5], ejected dur-
ing an impact [6]. Remanent magnetism observed in 
the eucrite Allan Hills A81001 is consistent with the 
parent body having cooled in a 2 µT magnetic field and 
has been interpreted as evidence for a magnetic field at 
the surface of Vesta at the time the rock cooled [7]. 
Models of thermal evolution in protoplanets predict 
that the maximum lifetime of a dynamo on an object 
the size of Vesta is ~100 My [8], far earlier than the 
3.69 Gy age of the meteorite. This age difference sug-
gests that the origin of the magnetization of the mete-
orite is remanent magnetism in the surrounding crust, 
that was itself magnetized by a global dynamo-driven 
magnetic field shortly after accretion [7]. Here, we 
present preliminary results of coupled models of man-
tle dynamics and parameterized thermal evolution of 
the core on Vesta, and characterize the conditions un-
der which dynamo activity may be favorable and rec-
orded by crustal rocks.  

Thermal Modeling:  We begin our models after 
accretion and differentiation of Vesta are complete, 
and consider a 152.5 km thick silicate mantle over a 
110-km radius iron core, with thermophysical parame-
ters consistent with a CV chondrite bulk composition 
[8]. We incorporate time-dependent mantle heating by 
26Al, and long-lived isotopes. We assume no radioac-
tivity in the core. The initial CMB temperature is 1200 
°C (the CV chondrite solidus [8]). We model coupled 
thermal evolution of the interior [9] using Citcom in 
2D axisymmetric geometry [10] in the mantle and a 1D 
radial parameterization in the core [11].  

Thermal Evolution:  For a model starting 1 My 
after CAI formation, the 26Al heating is enormous. The 
temperature rapidly exceeds the solidus at all depths 
below about 5 km, and a magma ocean develops if not 
already present. The mantle heats the underlying core, 
resulting in a temperature inversion [8]. The core be-
comes stably stratified and dynamo activity is halted. 
The first rocks to cool will be unmagnetized. Figure 1 
shows the evolution of the radial temperature structure 
in the core and mantle. The mantle cools into space 
and into the core. After ~90 My the core outermost 
core becomes adiabatic and begins to cool by convec-
tion. This convecting region expands downwards as 
the inner core cools, and the entire core is convecting 

again less than 10 My later. The core heat flux contin-
ues to increase, peaking at about 200 My, after which 
it slowly decreases towards zero. The core continues to 
cool and eventually freezes by 400 - 600 My depend-
ing on the sulfur content of the core. The peak core 
heat flux may be too low to sustain vigorous core con-
vection once the silicate portion cools below the Curie 
temperature. We suggest therefore that the remanent 
magnetism observed in eucrites [7] is unlikely to be 
recording an ancient Vestan dynamo. 

 

 
Figure 1: Temperature in the core and mantle of a 
differentiated Vesta beginning 1 My after CAI for-
mation. Vertical lines marking the Fe melting point 
and Fe-FeS eutectic temperature, CV Chondrite 
solidus, and Curie temperature of magnetite are 
shown for reference. The horizontal line marks the 
core-mantle boundary. 
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