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Importance of the perspective
from sample studies

Establishes ground truth for remote 
and surface measurements.

Offers high spatial resolution and 
analytical precision.

Offers a high degree of sample 
manipulation.

Unexpected or ambiguous result can 
be tested with additional measurements 
or modified experiments.

The ability to modify experiments as 
logic and technology dictate over an 
extend period of time.
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Why are additional lunar samples important?

The Moon is very asymmetric with regards to the distribution of mare 
basalts, heat-producing elements (KREEP, Th), and primary ferroan
anorthositic (FAN) crust.  

There are terranes that are not represented in the Apollo, Luna, or lunar 
meteorite sample collections (i.e., South Pole - Aitken Basin).

Therefore, our understanding of the origin and evolution of the Moon are 
based on a limited, even biased sampling of the Moon.



Important planetary science problems

Planetary Science Themes
Early planetary differentiation
Thermal and magmatic history of the Moon
The internal structure of the Moon and the evolution of 
planetary interiors
Impact history of the inner solar system
Formation and evolution of large impact basins
Evolution of surfaces on airless planetary bodies
Volatile reservoirs on airless planetary bodies.
Evolution of the Earth-Moon system.
Moon, Mars and Beyond

Astrobiology and planetary protection
Exploration technology .



Global Exploration Strategy Objectives
mGEO1
mGEO2
mGEO4
mGEO5
mGEO6
mGEO7
mGEO8
mGEO9
mGEO10
mGEO11
mGEO12
mGEO13
mGEO14
mGEO15
mGEO16

Internal structure and dynamics of the Moon
Composition and evolution of the crust & mantle
Origin and distribution of lunar volatiles 
Characterize the crustal geology of the Moon
Characterize the impact process
Characterize impact cratering over the Moon's history
Study meteorite impacts on the Moon 
Study record of solar emissions (etc) in lunar regolith
Determine lunar regolith properties
Characterize the regolith to understand space weathering.
Characterize lunar volatiles to reveal the nature of impactors
Characterize transport of lunar volatiles
Characterize potential resources
Provide contamination control for lunar samples
Sample analysis instruments on the Moon to analyze lunar 

samples before returning them to Earth. 



EXAPLE 1: mGEO1 Determine the internal structure 
and dynamics of the Moon to constrain the origin, 
composition, and structure of the Moon and other 

planetary bodies.

Questions:
What is the extent of the Lunar Magma Ocean?
Is the crustal asymmetry reflected in the lunar mantle?
How does the lunar crust grow through time both inside and 

outside the PKT?
Potential sampling targets:

Deep primary and secondary crustal rocks (South pole-Aitken
basin).
Large pyroclastic deposits  (Aristarchus plateau). 
Youngest basalts (Roris basalt in oceanus procellarum).
Typical far-side mare (Mare Moscoviense).
Farside anorthosite (Tsiolkovsky central peak).



Role of Sample Science and Sample 
Return in Goals of ESMD

Validation of orbital observations in 
terrains outside of the Apollo landing sites.
Evaluation of potential resources.

Pyroclastic deposits.
Nature of H resources.

Better definition of the geology at potential 
lunar base sites.

Structure of regolith.
Local resources.
Transmission of seismic energy.

Mechanical properties of regolith.
Permanently shaded regions
More valuable combined with in situ 
measurements.



Sample return in lunar exploration 
architectures.

Lunar outpost at one of the poles.
Human sample return.

Sample from outpost site placed within a well-
defined geological context.
Sampling adjacent to outpost could test new 
technologies (i.e. drilling).
Human sorties to other sites.

Robotic sample return access to the rest 
of the Moon.

Cost effective missions to sites important for 
science and resources.
Prior to and in conjunction with human 
exploration.
Distribution of surface networks,

Robotic-Human Integration.
Rover sampling and return to lunar outpost.



Issues Related to the
Future Sampling of the Moon

Astronaut training.
Ability to select meaningful samples in efficient manner.
Ability to place samples within a geologic context.
Develop appropriate sample collection tools.

Advanced Curation.
Curation of condition sensitive samples.
Curation needs on lunar outpost.
Remote curation at lunar outpost.

Analytical development
Analytical needs on lunar outpost.
State-of-the-art capabilities in the US.

Instrumentation
People

Develop and invest in sample return technologies that are 
useful on the Moon and feed forward sampling planetary 
bodies throughout the solar system.



The case for lunar sample return.



Sample Return Technologies
Feed Forward to the Moon, Mars, and Beyond

Sample return missions provide unique information that cannot 
be provided by orbital and surface missions. Further they 
provide ground truth (T, chemistry, mineralogy)
The price paid for this unique and valuable information is cost 
and risk. How can we minimize both cost and risk?
Rather than looking at sample return missions as single 
missions with its own technologies, it would be much more 
advantageous to examine sample return technologies as 
threads linking simple missions to more complex missions.
This approach  would result in an evolving sample return 
technological heritage that would reduce cost and risk.
Applicable to sampling planetary bodies in the solar system 
and for sampling different terrains on the Moon.



ADDITIONAL SLIDES FOR DISCUSSION



Example 2. Planetary science problems

Volatile reservoirs on airless planetary bodies.
Questions:

What is the nature of the H deposits at the lunar poles?
What is the importance of exogenous input as source of water and
organics, and their relevance for  pre-biotic chemistry?  
Is the history of energetic charged particles (solar and cosmic)
recorded in fossil regolith? 

Sample requirements:
Drilling H deposits.
Trenching and sampling regolith.
Fossil regolith between lava flows.

Potential sampling targets:
Permanently shadowed regions at the poles.



Example 3. Planetary science problems.
Deciphering the impact history of the inner solar 

system.
Questions:

What was the time period over which large impact basins formed on the 
Moon?
What was the impact flux in the inner solar system 4.5-3.8 Ga?
What was the nature of the terminal lunar bombardment?
How did life originate and evolve in this early impact environment?

Sample requirements:
Basin- or crater-filling melt sheets.
Clasts of lunar crust.

Potential sampling targets:
Large impact basin: south pole-Aitken basin
Young crater: Giordano bruno



Sample Size

Robotic sample return may be useful 
in exploring unique lunar terranes
either prior to or in conjunction with 
initial human sorties.
Although robotic missions will return 
small sample volumes, numerous 
terranes could be sampled in a cost-
effective means (relative to human 
missions) and the resulting 
information could be utilized to 
identify sites for human sorties.
Lessons learned from the Apollo and 
Luna missions and associated science 
documents the important science that 
can be extracted from small samples.
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