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Super-Earths
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Deep Melting
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Habitable Super-Earths

Mercury Venus Earth Mars
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Observations
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Silicate Melting
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Iron Melt
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Exoplanet magnetic fields

0.0 0.5
Time from mid-transit (hours)

Llama et al. (2013) MNRAS



Super-Earth

Gleise 832c¢

Wittenmyer et al. (2014)




Accretional Heating
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Gravitational Heating
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Molten Planet

Silicate/
Steam
Atmosphere

Depth 0
Pressure 0

Temperature 2500 Silicate-Iron  crystallizing
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First Principles Molecular
Dynamics
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Density Functional Theory
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Viscosity

Increases by factor of ~10
from surface to base of
mantle

mantle
liquidus

Silicate liquids remain
mobile throughout mantle

Vigorous convection
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Magma Ocean Dynamics

Flow is super-turbulent
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Planetary Melting

Silicate Melting M/NL=1

Iron Melting
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Thermal Regulation
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Thermal evolution with
melting
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Boundary Layer Melting




Super-Geotherms
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Super Earth Magnetic Fields
f"

Cooling is an important,
perhaps essential energy
source for a dynamo

Freezing inner core releases
latent heat and gravitational
energy

Heat flux exceeds heat
conducted down the core
adiabat

Light
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Latent
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Super-Earth Magnetic Fields
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Conclusions

Super-Earths began in a completely molten state

Melt survives 1n upper and lower mantle boundary
layers

Volcanic activity increases with planetary mass

Magnetic field strength increases with planetary
mass

Observable constraints on super-Earth melting are
plausible




