
Unique in situ science goals 
• Directly determine the chemical composition, abundance and 

isotopic ratios (i.e. D/H) of volatiles and possible organics cold-
trapped in permanently shadowed regions of the lunar poles

• Determine the mechanisms by which volatiles are trapped; e.g. by 
adsorption, chemical bonding, etc.

• Determine the near-surface vertical profile of the lunar polar 
deposits

• Monitor the time-sensitive magnitude and variability of current 
volatile deposition from the exosphere and the environmental 
conditions that control this process

• Ground truth remote sensing measurements from orbital missions 
(e.g. LRO, LADEE and Kaguya) to gain a more complete 
understanding of the history and current state of volatiles in the 
inner solar system

• Evaluate important physical and geotechical properties of the 
polar regions



In situ instrumentation
• Many instruments being developed or flown for Mars (see 

Appendix in Mars 2020 SDT report) – can they be modified 
for the Moon?
– Passive techniques for mineralogy, composition (TES, M3)
– Mass spectrometers, gas chromatographs, Tunable laser 

Spectrometer (MOMA, TLS+GC+QMS)
– Induced / active methods (Raman, LIBS, APXS, UV, etc)
– More advanced lab techniques (ChemMin, in situ dating, etc)

• Simple geotechnical instruments (e.g. cone penetrometer)
• Sample handling, subsurface access



Vesta

In-situ Studies of Lunar Ice: Solar-System Evolution
Yang Liu, JPL; Barbara Cohen, MSFC; Michael Poston, VT

Science Discoveries: Water, Water, 
Everywhere
 Previously-thought dry, airless rock 

bodies: Mercury, the Moon, Vesta and 
possible some Near-Earth Asteroids

 Origin: Solar-wind, or Comet, or 
Meteorite, or endogeneous

 Water in Carbonaceous Chondrites ≈
Protosolar Nebular ≠ assumed order 
of formation distances ≠ ice influx

Unanswered Questions
 Distribution of Water/Solar Nebular 

Dynamics
 Abundances/Inventory
 Water on Earth

In-situ Measurements
 Avoid alteration during the trip back to Earth
 Avoid contamination in Sample Preparation 

[alteration of hygroscopic/hydrophilic (like-water)  
minerals]
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LACE mass spectrometer
• Deployed by Apollo 17 crew
• Mass spectrometer intended to 

measure the lunar atmosphere
• Sensor oriented up to find 

migrating species
• Could not be operated during 

the day due to outgasing
• Apparently outgased for 

months?
• Discovered lunar Ar cycle, but 

attempts to confirm from orbit 
have not yet succeeded




