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Sampling the Inner Solar System: 
Scientific Rationale, Potential Targets, and 

Sample Return Technology 

Outline 
1) General comments. 
2) Scientific rationale and targets for 

sampling the inner solar system. 
3) Issues of sample return technology. 



General Principles 1 
Strength of SR in exploring the Solar System is the ability 
to study material in terrestrial labs. 

  Exquisite analytical 
precision. 

  Sample manipulation. 
 Ability to test and 
    follow up unforeseen 
    results.  

  Maximum spatial 
resolution. 

  Ground truth for remote 
sensing data 

  Perform analyses with 
state-of-the-art 
instrumentation regardless 
of size. 

  Continue analyses decades 
after mission as new 
technologies and science 
concepts evolve. 



General Principles 2 

• Sample return missions have a 
symbiotic to both surface and 
orbital observations: 
 Enhance the science value far 

beyond stand alone importance. 
 Share technologies. 

• Sample return missions require: 
 Investments in curation. 
 Investments in laboratory 

equipment. 
 Investment in sample return 

technologies. 



Exploring the Solar System Through Returning 
Samples from the Terrestrial Planets 

Bulk Compositions  
and Structure of  

the Planets 

Nature of Primary  
Planetary Differentiation 

Early Bombardment  
History 

Magmatic and 
Thermal History 

Surface processes  
(e.g., weathering,  
space weathering) 

Nature of  
Planetary Accretion  

and Origin of a Planet’s  
Water Reservoirs 



Exploring the Solar System Through Returning 
Samples from the Terrestrial Planets 

Fundamental to understanding the 
formation and evolution of 

planetary environments that are 
hospitable to life. 



Bulk Composition of the Planets I 

•  Importance: Allows tests of 
models of solar nebula and 
planetary accretion 
  Did temperature (old Lewis idea) and/or 

compositional gradient led to 
differences in planets? 

  How did giant impacts influence the 
compositions of planets? 

  How were water and other volatiles 
incorporated into planets (initial 
accretion or late-stage additions? 

•  Current status: Might be a 
compositional gradient. 
  Estimates of bulk FeO (wt%): 



Bulk Compositions II 
Key data needed to understand structure of solar nebula, accretion 

processes, and core-forming processes. 

FeO concentrations Size and compositions of cores 

Oxygen isotopic 
compositions 

Mercury? 
Venus? 

Bulk 
Moon 

Bulk 
Earth 

Venus 

K (ppm) 

K
/U

 

Refractory (Al, Th, U) &  
volatile lithophile (K, Rb) 

elements  

Refractory (Ni, Co, Mo)  
& moderately (Ga, Ge, Ag) 

 to volatile (S, Cd, Hg) 
siderophile elements 

H2O, Cl, CO2-CO & 
their isotopic composition 



Do we need samples? 

Determine composition precisely 
to infer bulk planet composition, 
including oxygen isotopes, hence 

test models of accretion 

Compositions, ages and 
isotopes of volcanics to help 

understand magmatic history, 
mantle dynamics and timing of 

primary differentiation. 

Detailed microanalysis to 
understand weathering 

processes and rock-
atmosphere interactions. 

Atmosphere return for to 
understand atmosphere, 

weathering processes and 
rock-atmosphere interactions. 

Venus 



Do we need samples? 

Age of a large impact  
basins to test models of  

early bombardment 

Detailed microanalysis  
to understand space-

surface  
interactions on airless 

bodies 

Timing and style of 
primary differentiation 

Composition of the inner solar nebular 
and comparative accretion processes Timing, composition and evolution 

of  crust and mantle 

 Mercury 



Do we need samples? 

 Moon 

Lunar cataclysm 

Dynamics of the 
outer solar system 

Origin of the  
Earth-Moon system 

Effect of giant impacts on  
planetary evolution 

Differentiation and  
thermal history of  

the terrestrial planets 

Planetary 
environments 

for the origin and 
evolution of life 



Sample Return 
Technology Investment Issues I 

•  SRM fit into many cost boxes (Discovery, New 
Frontiers, Flagship) 

•  Different sample return venues have grossly differing 
technical requirements progressively more difficult, 
thus costly: 
  Flybys (e.g. “dust” kicked up from an asteroid) 
  Orbital atmospheric sampling (e.g., Mars or 

Venus) 
  Landed on airless body (e.g., Moon) 
  Landed on atmospheric body (e.g., Mars, Venus) 

  With multiple sample sites (for diversity) 
  Pre-SRM caching 
  Biocontainment 

•     Technology needs can be met in two basic ways: 
  Focused on a specific mission 
  Multiple mission applicability 



Technology linkages between surface missions and SR missions.  

Technology linkages between simple and complex SR missions.  

Technology linkages between SR missions to different planetary bodies.  

Sophisticated 
robotic 

manipulation 
and processing of 

materials on  
a planetary surface. Phoenix sampling and processing 

planetary regolith 

Sample Return 
Technology Investment Issues II 

sampling and processing 
of outcrops  

Sample return  
canister 

Sample preservation 
through cryogenic 

storage. 

Stardust Hayabusa Samples from the 
surface of airless bodies 

Samples from the 
Surface with more 
rigorous planetary 

protection 
requirements. 



Conclusions 
•  Sample return missions to the 

terrestrial planets-inner solar 
system deliver a variety of 
fundamental planetary science 
ranging from: 
 Science tied to the evolution 

of a specific body. 
 Solar system-scale science. 

•  These sample return missions 
can fit into multiple cost-boxes. 

•  There are technology linkages 
that would be beneficial to 
reducing cost and risk of sample 
return missions. 


