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Formation of the solar system; at this point in time the interstellar 

medium has been enriched with 1% heavy elements 

Today 

13,7 Gyr 
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Solid earth crust 4,4 Gyr 
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ñFreeze-outò of inner earth core 1 Gyr 
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Origin of life 
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system formation has to 
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I. What a model of planetary-system formation has to explain 

a. The architecture of our Solar System 

o Terrestrial planets in the inner system, gas giants in the 

outer system 

o The occurrence of an asteroid belt between the terrestrial 

and gaseous planet region 

o Kuiper belt 

o Oort cloud 

 



The planets of the solar system 

 



Terrestrial vs. gaseous planets 
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Asteroid belt, Kuiper belt 



Oort cloud 



I. What a model of  

planetary-system formation  

has to explain 

b. The existence and  

formation scenario of  

the Moon 

Canup 2004 

Kokubo et 

al. 2000 



I. What a model of planetary-system formation has to explain 

c. The architecture of other solar systems  

Wyatt 2008 



I. What a model of planetary-system formation has to explain 

d. The gaseous-disk lifetime constraint 

Maximum lifetime of protoplanetary disks 107 years 

Wyatt 2008 



I. What a model of planetary-system formation has to explain 

e. Meteoritic constraints 

© E. Zinner, Washington University, St. Louis, Missouri (USA)  



I. What a model of planetary-system formation has to explain 

f. Debris disks 



I. What a model of planetary-system formation has to explain 

g. The late heavy bombardment 

Koeberl 2006 



I. What a model of planetary-system formation has to explain 

h. The stability over Gyrs 

Laskar 1994 



II.  

Observational constraints 



II. Observational constraints 

a.  Solar System has disk shape 

http://en.wikipedia.org/wiki/Inclination#cite_note-meanplane-2 



II. Observational constraints 

b. Co-formation of Sun and planets  

The sun and the planets of our 

solar system formed at the same 

time and from the same material 

reservoir: 

w  Elementary abundances 

w  Age of the meteorites =  

 age of the sun 

w  Parallel angular momentum of 

 sun and planets 

Cowley 1995 



II. Observational constraints 

b. Co-formation of Sun and planets  

Radiometric dating: 

Material  Age 

Earth (Zircon, Australia)  4.40 Gyr 

Moon (highland rocks)  4.1-4.4 Gyr 

Meteorite (oldest from Mars)  4.5 Gyr 

Meteorite (chondrules)  4.564 Gyr 

Meteorite (CAI)  4.567 Gyr 

 

Age determination of the sun (evolutionary 

models and helioseismology data): 

Authors Age  

Guenther & Demarque 1997  4.5Ñ0.1 Gyr 

Bonnano, Schlattl & Paterno 2002  4.57Ñ0.11 Gyr 

Houdek & Gough 2007  4.68Ñ0.02 Gyr 

The sun and the planets of our 

solar system formed at the same 

time and from the same material 

reservoir: 

w  Elementary abundances 

w  Age of the meteorites =  

 age of the sun 

w  Parallel angular momentum of 

 sun and planets 



II. Observational constraints 

c. Existence and lifetimes of  

PPDs 

Gardner et al. 2006 

Dauphas & Chaussidon 2011 



Molecular clouds I 



Molecular clouds II 



Molecular clouds III 



Molecular clouds IV:  

dust and gas  


