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Outlines 

1. Nature of planetary building 
blocks (chondrites min/pet) 

2. Volatile depleted nature and its 
current budget (chemistry) 

3. Earth atmosphere is leftover 
from erosion (isotopes) 



Two paths to enlightenment 

Courtesy of S. Desch via S. Stewart  



Courtesy of S. Desch via S. Stewart  



Astronomer’s View 
(as understood by a meteoriticist) 

•  Super-Earths and Mini-Neptunes are 
everywhere, Jupiter-likes far less common. 

•  Disk run out of gas in only a few Ma. 
•  In this timeframe, dust grains grow from 

mm to Mars-sizes. 
•  Planets must form eventually because we 

see them everywhere, but we can’t see how 
it was done nor where they formed. 

•  Migration requires gas, but if gas is around, 
runaway growth would make Jupiter 
instead of super-Earths and mini-Neptunes 



Courtesy of S. Desch via S. Stewart  
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Concept 

Primary Solids: Dust inherited from ISM. 
Secondary Solids: Condensates, 
evaporation residue, molten chondrules, 
etc.  
Results of further processing of the 
primary solids within solar nebula. 







Ed Scott 2004 

Wasson 2004 





J. A. Wood (1985) 
 
 

“Fredriksson’s Paradox” 
 

•  Different petrography; 
•  Variable proportions of 

chondrules to matrix; 
•  Identical bulk chemical 

composition 
Implying: 

•  Prompt aggregation with the 
matrix after chondrules and 
CAIs formation (<< orbital 
period). 

•  If chondrules continued to 
orbit for thousands of years, 
expect aerodynamically 
sorted, thoroughly mixed 
morphology, textural 
identities lost! 

•  Local production, reflect 
local precursor reservoir 
chemistry 



Courtesy of Palme 



Sutter’s Mill (CM chondrites) 

Jenniskens, Yin, Krot et al (2012) 



2015 

Science 2007 

Carsbergite (CrN) a secondary mineral named after beer 



“Sponges” that store volatiles 

Krot et al 2015 Asteroid IV) 





Krot et al (2014a ToG) 



Ed Scott 2004 



Ed Scott 2004 
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Cosmochemical Classification of 
the Elements 

H. Palme (2001) 



Yin et al (2009) 

2E30 Kg 

2E1 Kg 



Courtesy of K. McKeegan 



Yin (2005) 

Where have all the volatiles gone? 
Inner Solar System is fractionated  

relative to bulk Solar System 

Refractory 
enriched 

Volatiles  
depleted 
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Silicate Earth (McDonough 2003) 



Silicate Earth (McDonough 2003) 



Halliday and Porcelli (2001) 

Mercury = 



ISM Gas Phase Composition 

Data Source: Savage and Sembach (1996); Welty et al.(1999) 
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For moderately volatile  
elements, interstellar  
gas phase data is  
“mirror-imaged” by  
the meteorite data. 
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1. Interstellar Stage: 
3. Solar Nebula Stage: 

2. Molecular Cloud Stage: 
Inheritance Model 

Red: Refractory Grains Green: Ice mantle with volatiles 



J. M. Greenberg 
(1998) 

Levasseur-Regourd 
(2004) 
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Altwegg et al (2015) 



Alexander et al (2012) 



Busemann et al (2008) 





Conclusions 

Courtesy of S. Desch via S. Stewart  


