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Outline 

Opportunities for a planet to obtain an atmosphere: 
  1.      Capture of nebular gases 
 2.  Outgassing of planetary materials 
 3.  Cometary and other impacts 

Ways to calculate outgassing 
  1.      Meteorite compositions 
  2.      Models 

Chemistry and physics of degassing 
 1.  Reducing vs oxidizing atmosphere 
 2.  Collapse to an ocean 

Results for Earth, Mars, exoplanets 
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Lodders (2003) 
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Meteorites: Planetary building blocks 

Allende carbonaceous chondrite (Sunshine et al., 2008) 

Brenham pallasite (American Museum of Natural History) Axtell chondrite (American Museum of Natural History) 

Ibitira achondrite  
(meteorites.com) 



Elkins-Tanton Exeter Sept. 10 

Meteorite compositions 
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Water and carbon in meteorites 

Data from Jarosewich (1990) 
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Planets are built, in their !nal stages, from giant impacts of planetesimals 

Robin Canup, SWRI http://www.boulder.swri.edu/~robin/moonimpact/ 
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Radial mixing during accretion 

Raymond et al., 2006; see also Wiedenschilling, Safronov, Burbine 
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Source of water 

Marty and Yokochi (2006) 
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Planetary formation: The !rst tens of millions of years of any solar system 

Abe, Zahnle, Solomatov, Kasting 
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Mantle minerals  
and water 
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Atmospheric growth 

Years 
100,000 
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Atmospheric compositions 

Hashimoto et al. (2007) 
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Paradoxical elements 

•  Nitrogen 
–  Compatible with source from comets  

 (15N/14N and D/H; e.g. Mahaffey 2000; Owen, 2007; Hutsemékers et al. 
2009) 

–  But <~10% of water is from comets  
 (e.g. Balsiger et al., 1995; Eberhardt et al., 1995; Bockelée-Morvan, 1998; 
Meier et al., 1998; Hutsemékers et al., 2008) 

•  Helium and other noble gases, Hydrogen 
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Surface and atmosphere: 500 km-deep MO, solidi!cation step 

1. 10,000 - 1,000,000 years 

EARTH 

Elkins-Tanton (2008) 
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Surface and atmosphere: 500 km-deep MO, overturn and cooling 

1. 10,000 - 1,000,000 years 

2. overturn: < 1 Myr 

3. nearing critical point: O (10 Myr) 

EARTH 

Elkins-Tanton (2008) 
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Planetary surface temperatures 

New York Times (2008) 
Life (1952) 
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P-T paths of planetary surfaces during magma ocean solidi!cation 

Elkins-Tanton (unpub.) 
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Ocean depth produced by atmospheric collapse 

Elkins-Tanton (submitted) 
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Atmospheric degassing timeline 

Elkins-Tanton (submitted) 
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Atmospheres and oceans immediately following planetary solidi!cation 

Elkins-Tanton (submitted) 
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Atmospheric loss from high-radiation young Sun 

Faint young Sun: Hoyle (1958); Schwarzschild (1958); Sagan and Mullen (1972) 
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Varying initial volatile mix: Bars of atmosphere on Mars 

Decreasing water, increasing carbon dioxide 

1 2 3 

4 5 


