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Introduction: That the poles of the Moon host ice 

is not in question. However, the expression is very 
different than Mercury, whose cold traps are filled to 
the brim with ice visible in optical imagery [1], 
unambiguous in radar [2], and with clear topographic 
effects [3]. In lunar cold traps ice is not seen even in 
stretched/de-noised images [4], and radar is ambiguous 
[5,6]. But recent studies have hinted at significant 
reservoirs likely buried at some depth [7,8], and 
numbers like hundreds of billions of tons are thrown 
around. I suggest here we need to address a first-order 
question about lunar ice: is it a bonanza, in that ice is 
present in most or all cold traps with significant 
tonnages and high-grade strata, or is ice present in very 
few of the places where it is thermally stable, tonnages 
are low, and the grades never exceed several weight 
percent (Fig. 1)? This question has important 
implications for (1) what the rest of a resource 
evaluation campaign should look like, (2) extraction 
strategies and technologies, (3) economic models, and 
(4) how we navigate the sometimes-competing 
interests of scientific research and resource extraction. 

Back to 1849: To illustrate the importance of this 
question for resource evaluation, let us go back to the 
California gold rush of 1849. In this case we had a 
bonanza: 49ers showing up early simply went down 
into the streambeds to pick out nuggets of gold. As 
those low hanging fruits were exhausted, techniques 
changed to panning, sluicing, then water cannons for 
the streambanks, and eventually hard rock mining [9]. 

People are starting to approach lunar ice 
exploration with the types of rigorous methodologies 
applied by organizations like the USGS for terrestrial 
ore deposits. But we need to keep in mind these 
methods are adapted for the year 2022, when all the 
best ores on Earth are already exhausted and it 
takes tremendous effort and money to find new 
deposits. If you showed up in 1849 and tried to apply 
these methods, everyone around you would be rich and 
the gold would all be gone by the time you finished; it 
would have been better to pick up a shovel. 

How to answer the question: If the bonanza 
question is recognized as being of first-order 
importance, how should we address it? Go Deep: 
Almost every technique on past and currently planned 
missions (including VIPER) can only see ice down a 
meter at most. This is not enough. If there is a 
bonanza at the lunar poles it is not located within the 
upper meter, otherwise we would see the evidence in 

neutron spectroscopy and orbital imagery. Ground-
based techniques need to be deployed that can find ice 
at meters to tens of meters depth: this includes deep 
drilling, trenching, ground penetrating radar, and active 
seismic among others. Choose Better Landing Sites: 
The landing sites considered for missions like VIPER 
and PRIME-1 are constrained by solar power and 
hardware limitations. By necessity their landing sites 
just barely skirt into small, shallow, and/or young cold 
traps. The largest permanent cold traps like Shoemaker 
and Faustini are favored for many reasons: (1) they 
were still cold traps even with different paleopole 
locations [10], (2) cold trapping is not binary, but is 
more efficient at colder temperatures [11], and (3) 
small cold traps surrounded by dry regolith are subject 
to dilution from nearby impacts. The bonanza or bust 
question is best answered in one of the largest 
permanent cold traps, and missions that can land and 
operate there need to be put to the forefront. 
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Fig 1. The first order question. 

5002.pdfLunar Surface Science Workshop 17 2022 (LPI Contrib. No. 2241)


