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Introduction: Sample return missions provide a 

unique perspective not offered by either orbital or sur-

face missions. This unique perspective is based on 

scale (down to angstroms), precision, sample manipula-

tion capability, and the ability to modify analytical ex-

periments as logic and technology evolves. These 

unique observations based on samples returned have a 

strong symbiotic relationship to both surface and or-

bital observations. Sample return provides fundamental 

chronological, mineralogical, and geochemical ground 

truth that enhances the value of both orbital and surface 

observations far beyond their stand-alone importance. 

Here, we explore Solar System scale scientific prob-

lems that may be addressed through sampling of the 

terrestrial planets. Although Mars, asteroids, and other 

moons are highly relevant to this discussion, we pur-

posely focused upon the Moon, Venus, and Mercury as 

it is anticipated that Mars and small bodies will be the 

focus of other presentations at this workshop.  

Exploring the Solar System through sample return 

from the terrestrial planets:  Numerous scientific 

problems that link the origin and evolution of terrestrial 

planets can be addressed through a progression of 

sample return missions to the inner Solar System.  

Bulk Composition of the Planets: Test models of Solar 

System nebula and planetary accretion. Did a tempera-

ture gradient in the nebula led to differences in planets? 

How were water and other volatiles delivered to (and 

lost?) and stored in the terrestrial planets?  Did accre-

tion involve material throughout the inner Solar Sys-

tem?  What is the role of giant impacts in the final 

composition of the terrestrial planets? 

Primary Differentiation: Test models for planetary 

differentiation and establish timing of initial differenti-

ation. Did all the terrestrial planets differentiate 

through a common process (magma ocean)? Was initial 

differentiation rapid or protracted? 

Bombardment History of the Inner Solar System: Test 

the Cataclysm hypothesis [1] and thereby constrain the 

process (es) that led to the early heavy bombardment 

(e.g., Nice model [2]). Do the inner planets share an 

early bombardment history? What is the response of 

early planetary crusts and mantles to the early bom-

bardment? What is the role of the bombardment history 

of the inner Solar System on the evolution of environ-

ments for early life and extinctions on Earth? 

Magmatic and Thermal History: Test models for the 

magmatic and thermal evolution of terrestrial planets of 

different sizes. What are the structures, compositions, 

dynamics, and dynamical histories of planetary man-

tles? What is the composition and history of the crust 

of terrestrial planets?  

Surface Processes: Test models for the evolution of 

planetary surfaces. How is the interaction between a 

planetary surface and space/atmosphere reflected in 

remote sensing measurements?  How do planetary sur-

faces interact with exosphere/atmosphere? 

Examples of Specific Planet Measurements: (1) De-

termine compositions precisely to infer bulk planet 

composition and hence test models for the solar nebula 

and planetary accretion (Mercury, Venus). (2) Deter-

mine ages and isotopic composition of basalts to help 

understand magmatic history, composition of the man-

tle, and timing of primary differentiation (Mercury, 

Venus, Moon). (3) Determine the volatile composition 

of basalts to understand planetary volatile reservoirs 

(Mercury, Venus, Moon). (4) Detailed microanalysis of 

regolith to understand solar wind-regolith and exo-

sphere-regolith interactions (Moon, Mercury). (5) De-

tailed microanalysis of surface material and atmosphere 

to understand rock-atmosphere interactions (Venus). 

(6) Determine the ages of large impact basins to test 

models of early bombardment (Mercury, Venus). (7) 

Determine the isotopic and chemical analysis of sur-

face volatile reservoirs (Moon, Mercury). 

Technology Investment and Capabilities: The price 

paid for the unique and valuable information offered by 

sample return is increased cost and risk relative to oth-

er types of missions. Sampling the inner planets in the 

Solar System presents technology challenges tied to 

their widely different and hostile surface environments. 

To conduct sample return missions from a wide range 

of planetary environments on a regular basis, cost and 

risk must be minimized. Rather than looking at sample 

return as single point missions, each requiring their 

individual technology development, it would be much 

more advantageous to examine sample return technolo-

gies as threads linking simple missions (both sample 

return and non-sample return missions) to more com-

plex missions and include them at the onset or early in 

the development of an exploration strategy. This ap-

proach, which is not planetary body specific, would 

result in an evolving technological heritage and thereby 

reduce cost and risk in each subsequent sample return 

mission. 
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