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Planetary lifecycle 2°

Gaillard and Scaillet (2014)
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Why do they matter?
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Secondary Atmospheres

Type of atmosphere depends on precursor rocky material
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What are planets made of?
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What we need

Linking atmospheres and interiors

Exoplanets Earth

Atmospheric spectra Measurements
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What are planetary atmospheres made of?

No studies on compositions and temperatures relevant to magma oceans

Dr. Maggie Thompson Atmosphere Dr. Dan Bower

Post-doc, June 2023

Solubility Law

B | __—» Stoichiometric coefficient

Mole fraction dissolved in melt <—X = (XP

l \ Partial pressure in atmosphere

Solubility constant

Quantify volatile solubilities in growing planets
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Create miniature rocky planets in the laboratory

1. Rocky starting composition

Si0,, MO, Al,O,, Ca0;-FeO
® ¢ e

p N .
3. Laser Heating 4. Fourier-Transform InfraRed of gas
Temperatures up to ~3000 °C gy » Species

* Pressures

2. Gas mixtures
CO, , H,, N, H,0, , SO,

What compositions do we need to study?
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Planetary diversity

Use stars to estimate planet composition
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Lukas Crmichael Dr. Kaustubh Hakim

Masters ETH KU Leuven/Brussels Obs. Post-doc, Sept. 2023

How do we verify our predictions?
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Modelling lava world atmospheres

Fabian Seidler
(Ph.D. student since July, 2022)

1. Vaporise melt (VapoRock or MAGMA)
Wolf et al. (2022), Schaefer and Fegley (2004) Atmospheric Structure,

Spectrum

2. Atmospheric speciation (FastChem)
Stock et al. (2018)

3. Atmospheric structure & spectrum (HELIOS)
Malik et al. (2017)

FastChem

Erik Meier

Bulk atmospheric composition
(Si, Mg, O, ...)

*various

Codes

Melt composition
(5i0:, MgO, Fe0, ...)
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Approach

Laboratory measurements of
gas and melt

Atmosphere
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Transmission spectrum
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Implications

Volatile distribution

Pre-biotic chemistry

Exoplanet
compositions




ETH DERDW

Departement Erdwissenschaften

Eidgendssische Technische Hochschule Ziirich
Swiss Federal Institute of Technology Zurich

ETH:z(rich




