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Introduction & Background Asteroid 4 Vesta

Protoplanets like Vesta accreted early in the Solar System. Intense internal heating by short-lived “*Al drove

- 2"9 |argest object in the
widespread melting and metal-silicate differentiation >,

main asteroid belt.

HED meteorites (Howardite-Eucrite-Diogenite) that sample Vesta's crust carry natural remanent magnetiza- * Mean diameter of ~530 km.

tion corresponding to surface fields of > 2 uT, recorded ~3.69 Ga after CAl formation. This provides critical
evidence for an ancient core dynamo %71,

* Average heliocentric
distance of ~2.36 AU.

* Differentiated interior
structure confirmed by
DAWN spacecraft and
composition of HED
meteorites.

Because NASA’'s DAWN spacecraft carried no magnhetometer, Vesta’'s ancient field cannot be measured
directly. It must instead be investigated via numerical modeling 3!,

Goal: We model different interior configurations of Vesta, combining magma-ocean depth and accretion-
timing scenarios, to test the occurrence, timing, and strength of a thermally driven core dynamo. Additionally,

we estimate the magnetic field strenght in the core B, and on the surface B, . Full view taken by DAWN - Source: NASA/JPL

Data & Methodology

* Input Data: 1D radial interior profiles for different time steps from a thermal evolution model,
tracking temperature, density, and melt fraction from CAI formation until present day P.

 Configurations: Global Magma Ocean (GMO) vs. Shallow Magma Ocean (SMO), evaluated
at early (t,.. = 0 Myr) and late (¢,.. = 1.5 Myr) accretion times !,

 Dynamo Criteria: Assessed at each timestep. Requires a liquid core (>50% melt) and a
superadiabatic heat flux at the core-mantle boundary 2!,

Convection

warming due to internal heating

* Field Estimation: If criteria are met, convective velocity U is estimated via MAC-balance scal-
ing /], Sustainability is confirmed via the magnetic Reynolds number:

Rem = O'/L()ULC
where an active dynamo requires Re,,, > 50 381,

Computational workflow: from initial accretion (A) through thermal evolution (B - E) to the onset of core
convection and a possible dynamo (F - G), Source: Sterenborg & Crowley (2013)

Results

GMO, Early Accretion (¢,.. = 0 Myr) GMO, Late Accretion (¢,.. = 1.5 Myr)
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* Most vigorous, longest-lived dynamo: active for over 200 Myr
* Peak magnetic Reynolds number Re,,, =~ 300
* Beore 2 4 X 10* uT, Bsyr face = 3 X 10° uT
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« Reduced 2"Al budget delays dynamo onset to ~120 Myr
* Peak Re,, ~ 120 - less than half of the early case
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« Comparable field magnitude, shorter-lived, delayed ~120 Myr
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SMO, Early Accretion (¢,.. = 0 Myr)
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 Two separate dynamo phases (~23 and ~35 Myr), separated by a ~100 Myr inactive

period

* Peak Re,, ~ 250; surface fields ~200 - 300 uT

Discussion & Conclusion
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Dynamo occurrence. All four configurations support a thermally driven core dynamo in Vesta’'s first few hundred
Myr. The °Al heat budget controls its strength and timing: early accretion gives a vigorous dynamo lasting over
200 Myr, while late accretion delays onset and shortens activity to as little as ~7 Myr.

Link to meteorites. This agrees with HED paleomagnetic data, which require surface fields > 2 uT. Since every
modeled dynamo phase ends well before 500 Myr, the remanence recorded in the meteorites is interpreted as
ancient crustal remanence rather than a field actively generated at that time 4.

Caveat. Dynamo occurrence and timing are robust across GMO and SMO scenarios, but our estimated surface
fields (~200 - 300 uT) exceed the meteorite record. This suggests MAC-balance scaling overestimates fields for
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» Shortest dynamo of all configurations: active ~7 - 20 Myr
* Peak Re,, ~ 100, decaying rapidly below threshold
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small, fast-rotating bodies, so our values should be read as upper bounds. Jonas de Seriis
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Outlook. Future work will couple these thermal-evolution models with a more consistent dynamo scaling law and
compare predicted field intensities directly against individual HED samples.




