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Lichtenberg, Schaefer, Nakajima, Fischer, Protostars & Planets VII, in review
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Redox alteration requires reservoir mixing

FeO + H2 → H2O + Fe0
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Redox evolution on >terrestrial-sized planets
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Frost & McCammon 08, Carlson+ 12
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Redox alteration requires reservoir mixing

FeO + H2 → H2O + Fe0

Iron disproportionation

Endogenous water production

• Mixing: atmosphere-mantle


• Mixing: mantle-core
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Turbulent convection in sub-Neptunes
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Turbulent convection in sub-Neptunes
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Particle settling in turbulent convection

Patočka+ 20, Phys. Rev. Fluids
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Turbulent convection in sub-Neptunes
Expected iron droplet sizes

Magma circulation
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Rainout quenching in sub-Neptune interiors

Magma circulation
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(A) Mantle self-oxidation (B) Redox hysteresis
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(A) Mantle self-oxidation (B) Redox hysteresis
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Internal circulation of sub-Neptune exoplanets may substantially affect 
compositional properties and speciation of secondary atmospheres


‣ Turbulent flow can suspend iron and protract core-mantle differentiation


‣ Rainout quenching sustains mantle composition and limits mantle redox evolution


‣ May lead to observable differences in exoplanet properties:


✦ Rainout quenched regime: reduced atmospheres + interiors, cool faster


✦ Redox altered regime: oxidised atmospheres, prolonged magma ocean phase
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