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Introduction: Apollo mission traverses we planned 

using the then best-available orbital images, 

culminating in Apollo 17 using meter-scale Apollo 15 

metric images to characterize the landing site [1]. While 

the orbital data at the time allowed for the identification 

of features based on morphology or albedo [2] there was 

data available for the mapping of mineralogy or 

composition, beyond Earth-based point spectra [3]. 

With the advent of orbital spectrometers and global 

mapping, new datasets enable the characterization of 

surface compositions at crew/rover scales and the 

delineation of surface compositions that not only 

represent a region, but also unique compositions as 

targets for sampling [4]. Here we evaluate a new set of 

compositional maps that enable characterization of the 

lunar surface [5] in the context of what was collected by 

the Apollo 17 and 16 missions, and asses the utility of 

those maps in planning future lunar missions. As new 

compositions are identified by the Apollo Next 

Generation Sample Analysis (ANGSA) program [6], 

their possible source in the proximity of the landing site 

can be interpreted. 

Apollo 16 Site: The (thus far) only landing in the 

lunar highlands by a crew, Apollo 16’s samples have 

served as the primary source from the Apollo suite for 

insights into the initial lunar crust [7]. The 

compositional diversity of the site largely reflects the 

contribution of material by North and South Ray Craters 

(Figure 1, 2), two Copernican aged craters that ejected 

material from the shallow crust across the landing site. 

While Apollo 16 may be the best analogue for future 

exploration of the South Pole, the diversity of samples 

at the site due to impact gardening and large scale lateral 

transport is likely a good point of comparison in 

planning for Artemis Missions [8]. 

 
Figure 1. Kaguya MI-derived map of plagioclase 

abundance. Map from Lunar QuickMap. Green is 80 

wt%, red is > 95 wt%. 

 
Figure 2. Kaguya MI-derived map of FeO abundance. 

Map from Lunar QuickMap. Green is 80 wt%, red is > 

95 wt%. 

 

Apollo 17 Site: The Apollo 17 mission explored 

perhaps the most geologically diverse sites on the 

Moon. The samples collected during that mission have 

provided a wealth of information on nearly the entire 

history of lunar evolution. Given that, modern remote 

sensing datasets show that while the samples from the 

mission cover a wide range of lithologies [9] there may 

be materials that were not directly sampled by the crew. 

The ongoing analysis of the Apollo 17 Station 3 core [6, 

10] is revealing a diversity of fragments within the core, 

and may provide new, previously uncharacterized 

lithologies. 

Kaguya MI-derived mineral maps of the Apollo 17 

site reveal subtle diversity across the valley floor. Figure 

3 illustrates estimated variability in clinopyroxene 

(CpX) abundance, with the main source of variation on 

the floor due to mixing of slumped materials off the 

massifs and the light mantle deposit. Of particular note 

is the small area to the north of Bear Mountain, which 

has the highest predicted abundance of CpX (~48wt %). 

This area does not correspond directly with Bear 

Mountain, which has been interpreted as a kipuka of 

Sculptured Hills material [4], instead with material 

slumped off Bear Mountain. 

A second compositional parameter, olivine, is a 

useful tool to assess both volcanic materials as well as 

deep-crustal materials (Figure 4). Like the CpX 

variability (Figure 3), much of the variation on the 

valley floor is due to mass-wasting off the North and 

South Massifs and the light mantle deposit. Note that the 

small area with an enhanced CpX abundance shows 

little-no predicted olivine. There is a larger region, near 

the landing site at the center of Figure 4, roughly co-

incident with the Central Cluster [2] of low Olivine 

abundance as well. 
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Figure 3. Map of Clinopyroxene abundance across the 

Taurus-Littrow Valley, as mapped by the Kaguya MI 

imager data. Map from Lunar QuickMap. Highest 

abundance (red) is ~48%, blues/no-data are ~0 wt. %. 

 

 
Figure 4. Map of Olivine abundance across the Taurus-

Littrow Valley, as mapped by the Kaguya MI imager 

data. Map from Lunar QuickMap. Highest abundance 

(red) is ~24%, blues/no-data are ~0 wt. %. Note the 

artifacts in the original data are pronounced and clear as 

streaks in the data, which are not real, for obvious 

reasons. 

 

Implications for ANGSA: As the analysis of the 

Station 3 core sample (73001/2) continues, lithologies 

contained in that core can be connected to surface 

exposures elsewhere in the valley. While we expect 

much, if not all of the diversity within the core sample 

to reflect the South Massif and possibly the Tycho event 

that may have triggered one of the avalanche deposits 

[4], lateral transport of material to the site (or to the pre-

avalanche regolith which was incorporated into the 

Light Mantle) may have introduced exotic components 

to the site. Now that we are armed with a range of 

remote sensing data sets and derived products, we can 

attempt to trace back likely source features for the 

samples. 

Implications for Artemis: While the global 

compositional maps derived from Kaguya MI data are 

currently not available for the lunar poles [5], the 

inclusion of such datasets into mission planning will be 

of high value as sample sites are identified. Here we 

consider the trades of sampling purely on the basis of 

morphology/albedo and the added benefit of 

compositional maps to guide targeting. The Artemis III 

SDT Report [11] outlines science questions with goals 

to understand the compositional variability of the lunar 

crust in the South Pole. While there are several issues 

with any remote sensing data for the low-light regions 

of the poles [12], careful use of the data can highlight 

subtle variations that, when combined with the geologic 

context of the sites, strongly suggest that there are 

multiple compositions exposed at the surface. 

Planning of traverses, sample stops, and indeed the 

initial landing sites should consider the compositional 

variations observed in remote sensing datasets, while 

also accounting for geologic targets such as craters, 

boulders, and tectonic features. However, given that we 

know so much of the diversity of the Moon reflects 

differences in formation mechanisms and evolutionary 

paths of the crust and volcanic products [13, 14], 

ensuring that the compositional diversity of a region is 

sampled should be a top priority for any crewed or 

robotic mission. 
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