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Introduction: There exist operationally 
challenging dynamics of lighting, earth visibility, and 
surface temperature at and near the lunar South Pole 
and the geotechnical characteristics of the polar 
regolith are unknown. Also, deep space operators are 
several generations removed from the individual and 
team experience gained by Apollo. While the 
upcoming robotic missions, such as VIPER, may 
address some of these issues, early Artemis crewed 
exploration should consider additional complementary 
landing sites at somewhat lower latitudes that are still 
operationally challenging and enable studies of areas in 
permanent shadow and areas with possible surface 
bound volatiles. 

Potential Near-High Latitude Sites: The 
extensive data base gained by LRO and other remote 
sensing missions, as well as the scientific insights 
gained by the continuing study of Apollo samples and 
data, make possible the identification of several 
scientifically fruitful sites for Artemis exploration. 
Some of these on the Earth-facing side of the Moon are 
defined by in a report by Jawin et al. [1]. However, 
even if we only consider the implications of missions 
in support of Artemis science goals [2], we should 
focus on areas that have moderately large areas of 
accessible permanent shadow as well as have surface 
volatiles, while also addressing science objectives 
defined below.  

General Science Objectives: General science 
objectives guiding the selection of pre-South Pole 
landing sites should identify science targets known 
through Apollo experience to be science-rich features. 

Massif Boulders: Apollo 17 investigation and 
sampling of Station 6 and 7 boulders at the base of the 
North Massif and LROC images of regolith tracks 
leading to those boulders illustrate the stratigraphic 
value [3] of making boulders at the base of massifs at 
prime objective of Artemis landings. This will be of 
value if massifs with South Pole-Aiken ejecta can be 
identified for traverse planning. Targeting such 
boulders with clear geologic context to their 
surroundings and sources will almost certainly provide 
samples of the deep crust, otherwise not readily 
available for sampling. 

Large clasts of ultra-mafic and mafic rocks similar 
to dunite 72415 and troctolite 76235 should be sought 
out in massif boulders. Crews should be given 
laboratory training to recognize the characteristics and 
mineralogy of such rocks. 72415 and 76235 appear to 
represent samples of the deep mantle [4] brought to 
near surface location by overturn beneath Procellarum. 

South Pole-Aiken ejecta may well contain similar 
rocks, if overturn occurred beneath that basin as well, 
or at least Mg-suite rocks like those comprising the 
Sculptured Hills [3] derived from Mg-suite plutons in 
the lower crust. 

Permanently Shadowed Regolith (PSR): Sizable 
PSR areas have been identified as far as ~60˚ south and 
north latitudes [5, 6] and provide exploration targets 
for testing of operational, sampling and curation 
techniques prior to visiting larger PSRs near to the 
South Pole. These lower latitude areas offer the 
opportunity to evaluate which of the following polar 
regolith possibilities ultimately will be encountered at 
the South Pole. 

1. Volatile ice concentrations in PSRs are 
similar to the randomly distributed rocks 
encountered at the Apollo sites. 

2. Volatile ice concentrations in the PSRs, frost-
like or rock-like, are in stratigraphic zones 
similar to those zones of varied maturity 
present in the Apollo 17 3 m drill core 
(70001-9) [7]. 

3. Icy volatiles form the binding matrix of the 
PSR regolith, creating a concrete-like 
challenge to sampling, coring and future 
mobility and resource production. 

Possible Pyroclastic deposits: Although the two 
above science objectives have the highest priority at a 
high southern latitude, non-polar site, other things 
being equal, it may be possible to combine them with 
investigation of pyroclastic ash deposits, based on the 
Spur Crater and Shorty Crater discoveries of Apollos 
15 and 17 [8], respectively. It is now clear that these 
pyroclastic eruptions are providing insights on the 
composition and structure of the mantle of the Moon. 
The identification of pyroclastic deposits [9, 10] 
suggests that there are limited exposures of pyroclastic 
material near the lunar poles (with the pobable 
exception of Schrodinger Basin [11]). However, this 
apparent distribution is possibly due to using remotely 
sensed data in polar regions, where variations in 
illumination, calibration, and photometric properties 
will affect the use of such data [12]. A comprehensive 
assessment of the polar regions with existing and new 
remotely sensed data is needed to properly characterize 
surface materials we anticipate sampling during 
Artemis. 

Unknown-Unknowns: Apollo exploration made it 
clear that any location on the Moon will produce 
scientific and operational surprises. High latitude sites 
should prove to be no exception. 
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Example Site Near Clavius Crater: The recent 
detection of surface bound H2O at Clavius crater [13] 
coupled with the presence of small areas of permanent 
shadow in that region within the Clavius L crater (23 
km in diameter, Figure 1) [6] suggest that mid-latitude 
(-58°) regions may contain Artemis relevant 
environments for exploration. 

While this specific case may only serve as an 
example, it is valuable to walk through the case for 
Clavius L to highlight what may be gained at such a 
site. This area not only contains permanent shadow, 
but there are also several accessible boulders that 
originated within the walls of Clavius L, themselves 
derived from the wall of the large Clavius crater (230 
km in diameter). 

 
Figure 1. LROC WAC mosaic of the Clavius L crater 
(diameter=23 km), with slopes less than 8° overlaid in 
blue. Clavius L has been identified as having an area of 
permanent shadow on its north flank [6]. Image from 
Lunar QuickMap. 

 
Figure 2. Excerpt of Figure 13 from McGovern et al. 
[6] showing the small-scale PSR on the north flank of 
Clavius L. 

Conclusions: Artemis is a bold undertaking by 
NASA. Any such undertaking needs to be done in a 
methodical, rationale set of steps. It is therefore 
prudent to consider non-polar sites that will contribute 
to our understanding of the lunar South Pole while 
simultaneously preparing us for its exploration. 

Non-polar sites that satisfy one or more of the 
exploration goals of Artemis (operating in challenging 
lighting and thermal environments) should be 
evaluated for missions during the early Artemis surface 
missions. Such missions will not only provide valuable 
science, but also allow for ascent of the lunar learning 
curve relative to operating in increasingly challenging 
environments. 
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