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Approach 

• Relationship of meteorites to asteroids and 
comets 

• Highlights of results from primitive bodies 
missions 

• Need for new in situ techniques to address 
Decadal Survey questions 
 
 



Early thoughts on Primitive Bodies 
Missions – We don’t need them. 

• “Why bother?  We have samples of cosmic 
material delivered to our doorsteps free of charge 
by God – in the form of meteorites.”  Harold Urey 
(one of founders of modern geochemistry) – ca 
1965 

• Urey, and others, were convinced that the in-fall 
of cosmic material would cover the Moon and 
other airless bodies with ordinary chondrites.  
Hard to even get approval in this era for 
proposals to study asteroid spectra etc. –  

                    “You’ll just see chondrites.” 



Post-Apollo 

• “Now we have samples of the Moon delivered 
free of charge to our doorsteps by NASA.” 
Harold Urey - ca 1970 

• The ‘primitive’ Moon was NOT primitive – and 
NOT chondritic 

 
 



Telescopic Era (1970-1980) 
 Diversity of Asteroids 

• Spectral survey – Vesta et al. 
• Albedos – Matson thesis 
• Connection to meteorites 
• Comets – low albedos also 
• Distribution of asteroid types with AU 
• Mission studies looked at different types – 

Vesta/Ceres identified as important targets 



Vesta:  
First Asteroid-Meteorite Connection 



Meteorites-Asteroids Albedo and 
Spectral Reflectance 

Johnson and Fanale,  1973 



First Primitive Body Mission 
1986: Giotto – Comet Halley 

• Low albedo 
• CHON particles 
• D/H – not terrestrial 



Asteroids 

 



First S-Asteroid Encounters – Main Belt 
Galileo 

• Gaspra – 1991 
 
 

• Ida – 1993 
– Discovery of Dacty, first confirmed asteroid moon 



NEAR – Shoemaker 
NEO’s 

• Flyby Mathilde (C) – 1997 
– Low porosities of asteroids ~50% 

 
 

• First Orbiter/Lander:  Eros (S) - 2000 



Deep Space 1 
First Ion Drive Planetary Mission 

• Comet Borelly: 2001 



Stardust  

• NEO flyby 2003– AnneFrank 
 

 
• First comet sample return – Wild 2 2006 
 
 

 



Deep Impact 

• Temple 1 – 2005 
 



Stardust NExT: Flyby of Deep Impact 
Target, Temple 1 - 2011 

 



Hayabusa 
First S-type NEO sample return - 2010 

• Itokawa 



Rosetta 

• Steins 2008 - flyby 
• Lutetia 2010 – Large main belt asteroid flyby: 

Differentiated Asteroid? 
 

 
 
 
 
• Comet G-M – primary target 
 



DAWN – Vesta and Ceres 
First Main Belt Asteroid Orbiter 

• Vesta – currently  
    in orbit 
 
 
 
• Composition – Evidence for link to HED 

meteorites => “Effective sample return from a 
differentiated asteroid” 



Future Missions 

• Osiris-Rex:  NF 3 
First C-type NEO Sample Return 

• Comet Sample Return: proposed  
NF 4 mission 



What have we learned? 

• “Primitive” Bodies span a range of different 
bodies and evolutionary histories 

• Dynamical re-arrangement of solar system 
now a major issue 

• Decadal Survey  
– Recommended observations imply multiple 

sample returns - unlikely 
– In Situ investigations needed to address goals 
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