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Introduction: Understanding the timing and composi-

tional range of basalts on the lunar surface is key information 

for interpreting the origin and geologic evolution of the 

Moon, with implications for comparative terrestrial planetol-

ogy.  Here, we advocate an automated sample return mission 

to specific basalts to address key questions about the compo-

sition of the lunar crust. Sampling these basaltic materials 

can be cost-effectively done in a manner that complements 

currently proposed missions [e.g., 1] and helps prepare for 

future human exploration. 

Background: The Moon preserves records that have 

been largely erased on the Earth, Venus, and Mars [2]. The 

Moon is the only extraterrestrial body from which we have 

contextualized samples, yet unanswered questions remain: 

we lack important details of the Moon’s early igneous histo-

ry, the full compositional and age ranges of its crust, or the 

bulk composition of crust, mantle, and whole Moon. 

Mare basalts cover ~17% of the lunar surface, primarily 

topographic lows on the nearside [3]. Lunar basalts form 

through partial melting of the mantle and are the most direct 

window into the composition of the interior. Analysis of 

remote sensing datasets shows that the full range of mare 

basalt compositions and ages has not yet been sampled [4,5].  

Knowledge of the duration of mare volcanism comes from 

(a) radiometric dating of Apollo and Luna samples and lunar 

meteorites and (b) crater counting of mare surfaces from 

remote sensing data. Mare volcanism reached its maximum 

volumetric output between 3.8 and 3.2 Ga [6], but began as 

early as 4.3 Ga [7-9] and may have persisted until as recently 

as 1.2 Ga [5,10]. This uncertainty requires disambiguation. 

Some of the basalt flows on the Moon are more recent 

than the youngest Apollo basalts [10]. [5] mapped 60 spec-

trally homogenous basalt units in Oceanus Procellarum. Cra-

ter counting methods determined that 5 of these units have 

model ages ranging from ~1.5-2.0 Ga. Unit P60 (Fig. 1) di-

rectly south of the Aristarchus Plateau has the youngest 

model age (1.2 Ga). The analysis of returned samples from 

unit P60 would increase our knowledge about isotopic and 

trace-element variations in lunar basalts, help to distinguish 

differences in basalt source regions/reservoirs and eruption 

rates over time, and significantly improve the Moon’s abso-

lute chronology. The nearside location makes this an ideal 

location for an automated sample return; the proximity to the 

Aristarchus Plateau (a high-priority target for future human 

exploration and development) also renders this an attractive 

site as a precursor mission for human lunar return.  

Notional Mission Strategy: We advocate an automated 

lunar sample return mission functionally similar to the Soviet 

Luna 24 mission and the recently proposed MoonRise mis-

sion [1]. The advanced scouting capabilities provided by the 

NASA Lunar Reconnaissance Orbiter enable precisely tar-

geted landings. The notional spacecraft would consist of a 

single landed element with sampling capabilities and a sam-

ple return system. After landing, a robotic arm would collect 

and store a scoop of bulk regolith, then collect no more than 

a kilogram of 1-4cm rocklets by raking or sieving. Following 

collection, the samples would be returned to Earth. The mis-

sion duration would be less than a lunar day; no-long-

duration survival for the landed element is needed. 

Sample Return is Key: The Apollo experience demon-

strates the importance of returning planetary samples to Earth 

[11].  To achieve the objectives discussed here, detailed ana-

lyses of compositions, mineralogy, rock textures, and physi-

cal properties in addition to radiometric ages are required. 

Important measurements could be made using in-situ instru-

mentation, but terrestrial laboratories offer more capability 

for the foreseeable future. Samples become resources, so new 

measurements can be made as analytical techniques improve. 

For sample return missions to be successful, the scientific 

community must maintain key capabilities, including lunar 

sample curation, lunar remote sensing data analysis, and 

laboratories staffed with experienced planetary scientists. 

Sample return missions will also play an important comple-

mentary role towards human lunar return by giving the next 

generation of lunar scientists experience analyzing new lunar 

samples prior to the seventh human lunar landing. 
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Figure 1. The P60 area of [5] outlined in white. The cra-

ter counting region used to derive the model basalt age is 

in dark blue. Returning basalts from this region would 

provide a much-needed calibration of crater-derived age 

dates.  The location of the Aristarchus Plateau is outlined 

in cyan for reference. 
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