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Polar Resources Composition, Form, and Distribution of 
Polar Volatiles 
Source 1: Strategic Knowledge Gaps 
(https://www.nasa.gov/sites/default/files/atoms/files/skg-sat-theme-1-sept-2016.pdf) 
Source 2: Lunar Polar Volatiles: A Primer, Dana Hurley and Parvathy Prem, Johns Hopkins 
Applied Physics Laboratory, Meeting of the Committee on Planetary Protection, 4 Sep 2020 
(https://www.nationalacademies.org/documents/embed/link/LF2255DA3DD1C41C0A42D3BEF
0989ACAECE3053A6A9B/file/D026D3C9C2A738DC7633BE9D5C4C949B463370E95C3D) 
VIPER Sources: https://www.nasa.gov/viper/rover, 
https://www.nasa.gov/viper/overview#KeyFacts 
 
Major questions or inquiries that need to be addressed in support of this topic. 
What is the quality/quantity/distribution/form of H species and other volatiles and organics 
within the polar regions 
What is the composition/form/distribution of polar volatiles 

● Includes the mineralogical, elemental, molecular, and isotopic make-up of volatiles 
● Distribution must be known from depths of 0-3m and across distances on the order of 

10-100m. 
● A ground truth in-situ measurement is required within permanently shadowed lunar 

craters or other sites identified using LRO data. 
We are interested in knowing the following about polar volatile from both exploration and 
scientific standpoints: 

● Abundance: 
a. Exploration: assess value and inform extraction technique 
b. Science rationale: tied to abundance of sources 

● Composition: 
a. Exploration: additional resources 
b. Science rationale: chemical fingerprint of source 

● Distribution: 
a. Exploration: informs scale of operations and extraction technique 
b. Science rationale: age of deposits, redistribution and retention processes 

● Physical State: 
a. Exploration: informs extraction technique and operational paradigms 
b. Science rationale: interactions between volatiles and regolith 

What are the sources of volatiles and relative importance? 
What processes affect the delivery and retention of the volatiles? 
When were the volatiles introduced to the Moon? 
What do they tell us about the formation of the Moon, early volatiles in the inner solar 
system? 
How do we mine and utilize the volatiles in future missions? 
How this area of research enhances or enables the goal of sustainable lunar 
infrastructure development? 

● Enables prospecting for lunar resources and ISRU 
● Potentially provides resources necessary for long-term, sustained human operations 

on the moon. 

https://www.nasa.gov/sites/default/files/atoms/files/skg-sat-theme-1-sept-2016.pdf
https://www.nationalacademies.org/documents/embed/link/LF2255DA3DD1C41C0A42D3BEF0989ACAECE3053A6A9B/file/D026D3C9C2A738DC7633BE9D5C4C949B463370E95C3D
https://www.nationalacademies.org/documents/embed/link/LF2255DA3DD1C41C0A42D3BEF0989ACAECE3053A6A9B/file/D026D3C9C2A738DC7633BE9D5C4C949B463370E95C3D
https://www.nasa.gov/viper/rover
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● Feeds forward to robotic and human analysis and sampling of lunar regolith and 
NEA-Mars. 

● Enables thriving industry and enduring commercial opportunities in cislunar space. 
● Lunar volatiles are a valuable scientific resource, holding information about sources 

and history of volatiles in the inner solar system 
Challenges in this research area, especially in technology development, or precursor 
missions needed to enable technology development. 

● Need landed missions  which can operate within the extreme environments (low 
temperatures, low light) of the PSRs. Mobile missions become all but essential due to 
the need to provide ground truth to orbital sensor datasets. 

● Methods to handle, sample, store, and test/curate samples with volatile and organic 
components must be developed. This runs into issues with a lack of ideal simulants 
for testing and experimentation of processes. 

● Knowledge is needed of the geotechnical characteristics of cold traps to inform the 
development of sampling tools and mobility technologies in order to sample cold trap 
interiors. 

● Longer duration missions may encounter issues caused by a lack of knowledge 
about the plasma environment within and near PSRs, but this is less of a concern for 
shorter duration robotic operations. 

● Need technology to measure/collect undisturbed soil at depths of 0-3m and across a 
lateral range of meters and decameters. Ground truth must be known at the 10m 
scale (laterally) over 1-5km baselines. 

● Need the capability to perform multiple analyses at different locations and subsurface 
depths. (cost becomes a factor as multiple missions may be required) 

● Notional instruments: Gas analyzer/ICPMS (heat the soil, measure and determine 
the different species for H+ and OH contained within, similar conceptually to Viking 
GCMS experiments), Neutron spectrometer (bulk H/OH measurements to the 
1-5ppm level, including the subsurface to at least 2m depth), UV/VIS/NIR 
spectrometer to assess presence of OH-, Multi-frequency Ground Penetrating Radar 
to assess subsurface distribution. 

Technology Analysis: which proposals/missions address this knowledge gap? 
Potential future missions: 

● Rechecking/reanalyzing Apollo samples with more advanced measurement and 
spectroscopic techniques 

● Robotic in situ measurements of volaties and organics on the lunar surface 
● Sample return of “pristine” lunar samples to be used in terrestrial experiments 

Past and Confirmed Missions: 
● LCROSS impactor into Cabeus identified water in both solid and gas phases using 

spectrometry. But there are questions about whether the impact induced chemistry 
and led to false measurements. Showed a composition including H2S, SO2, NH3, 
CO2, hydrocarbons, OH. 

● LRO has used a number of instruments to detect Hg, Mg, and/or Ca, CO, H2 
● LRO Diviner temperature maps have provided data to inform estimates of distribution 

of certain volatiles. The presence of water was confirmed within PSRs on the surface 
by LRO LAMP. Greater spatial resolution is required. However, it was shown that 
surface frost is not evenly distributed within cold regions. Current assumption is that 
there is a ‘dry’ layer 10cm thick in most locations, with greater H abundance beneath 
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this. Hydrogen-bearing material, if in the form of water, has an abundance of ~1-2% 
by weight integrated over the polar regions and 1m depth. 

● Radar data has ruled out “pervasive skating rinks” on the Moon, although Spudis et 
al. have argued that some craters show evidence of having regions of ice at their 
bottoms, although this is controversial. Small ice blocks <10cm, pore-filling ice, 
hydrated minerals, and frosts are still possibilities. 

● VIPER is going to provide ground truth and baseline measurements of polar volatiles 
within a PSR. Mission will have 3 spectrometers (Neutron spec., Near Infrared spec., 
Mass spec.) and a 1m drill. Needs direct line-of-sight communication to Earth due to 
the lack of a relay. A battery, heat pipes and radiators will keep the rover’s parts from 
freezing or overheating. Due to a lack of knowledge of PSR terrain, VIPER is 
designed for high agility (e.g. sideways and diagonal movement). Each wheel can 
also ‘walk’ independently to free itself from soft soil, if needed. VIPER will also be the 
first NASA rover with headlights due to PSR darkness. 

● The release of volatiles in thruster exhaust is another potential source of data and 
measurements. It provides insight into how volatiles interact with the lunar surface, 
aiding in our models for how volatiles may interact naturally. 

 
Figure of particular interest: estimated masses of water in a selection of lunar craters 

 


