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Introduction:  Determining the timing and compo-
sitional range of basalts on the lunar surface is key in-
formation for interpreting the origin and geologic evo-
lution of the Moon, with implications for comparative
terrestrial  planetology.  Here,  we  advocate  an  auto-
mated sample return mission to key basaltic sites, ad-
dressing fundamental questions about the composition
of  the  lunar  crust  and  the  time-stratigraphy of  lunar
volcanic processes, with implications for all of the ter-
restrial planets. Sampling these basaltic materials com-
plements  currently  proposed  missions  [e.g.,  1]  and
helps prepare for future human exploration.

Background: The Moon preserves a record of time
that were erased on other terrestrial planets, such Earth
and Venus [2].  The Moon is the only extraterrestrial
body from which we have contextualized samples, yet
unanswered  questions remain:  we lack important  de-
tails of the Moon’s early igneous history, the full com-
positional and age ranges of its crust, or the bulk com-
position of the crust, mantle, and whole Moon.

Lunar mare basalts form through partial melting of
the  mantle  and  are  the  most direct  window into  the
composition of the interior. Mare basalts cover ~17%

of the lunar surface, primarily contained within topo-
graphic lows on the nearside [3].  Analysis of remote
sensing  data  sets  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 (an imprecise
method). Mare volcanism reached its maximum volu-
metric 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 needs to be
addressed. 

Some of the basalt flows on the Moon are signifi-
cantly younger than the youngest Apollo basalts [10].
Hiesenger et al. [5] mapped 60 spectrally homogenous
basalt  units in Oceanus Procellarum. Crater  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; uncertainty +0.32/-0.35 b. y.). 

The analysis of returned samples from the P60 re-
gion  would  increase  knowledge  about  isotopic  and
trace-element variations in lunar basalts, help to distin-
guish  differences  in  basalt  source  regions/reservoirs
and eruption rates over time, and significantly improve
knowledge  of  the  Moon’s  absolute  chronology.  The
nearside location of the sampling location makes this
an ideal site for an automated sample return. In addi-
tion, the proximity of the proposed sampling station to
the Aristarchus Plateau (a high-priority target for future
human exploration and development) also makes this
an attractive site as a precursor mission for human lu-
nar return.

Mission  Strategy:   An automated  sample  return
mission functionally similar to the Soviet Luna 24 mis-
sion and the recently proposed MoonRise mission [1]
can meet the return requirements. The advanced scout-
ing capabilities provided by the NASA Lunar Recon-
naissance  Orbiter  enable  precisely targeted  landings.
The required spacecraft consists of a single landed ele-
ment with sampling capabilities, an ascent vehicle, and
a sample return system. After landing, a  robotic  arm
collects and stores a scoop of bulk regolith, then col-
lects a kilogram of 3-10 cm rocklets by raking or siev-
ing. Following collection, the samples are returned to
Earth.  The mission duration is less than a lunar day;

Figure  1: LROC WAC base map highlighting the P60
area of Hiesinger et al., 2003 (white line), along with the
crater counting region used to derive the model basalt
age (in blue). The Aristarchus Plateau is highlighted in
red for reference.
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no-long-duration survival for the landed element is re-
quired.

Traceability:  Sampling the youngest  lunar  basalt
unit is directly responsive to science goals outlined in
[11],  especially  Goal  5b:  Determine  the  age  of  the
youngest  and  oldest  mare  basalts.   Sampling  the
youngest lunar basalts is also responsive to other goals
outlined in that report, including establishing a precise
absolute chronology for the Moon, characterizing the
thermal state of the interior and elucidating the work-
ings of the planetary heat engine, quantifying the local
and regional complexity of the current lunar crust, de-
termining the  origin  and  variability of  lunar  basalts,
and investigating the flux of lunar  volcanism and its
evolution  over time. 

Implications::  Collecting  samples  of  the  basalts
thought to be the youngest on the lunar surface offers a
low-risk, high-reward pathway to address fundamental
questions in planetary science, including: understand-
ing the lunar interior, the flux of mare volcanism, and
improving the absolute chronology for the inner Solar
System.

Understanding the lunar interior: The Apollo sam-
ples and lunar meteorites only sample a limited range
of lunar basalt compositions and ages, which limits our
understanding of the lunar interior and the full extent in
space, time, and composition of lunar basaltic volcan-
ism.   Returning  samples  from  the  youngest  lunar
basalts will increase our knowledge about isotopic and
trace element variations in lunar basalts, and in princi-
ple  will  distinguish  prospective  differences  in  basalt
source regions and reservoirs over time.

Understanding the flux of mare volcanism: An im-
portant measure of the thermal history of a planetary
body is the changes in the rate of lava eruption with
time. Age determinations of samples from the maria in-
dicate  that  most mare volcanism took place  between
3.7 and 3.1 Ga [12]. If sample return from the youngest
mare basalts shows that volcanism did, in fact, continue
to as recent as 1.2 Ga, then that information would help
to unravel how mare eruption rates varied with time.

Improve the absolute chronology for the Inner So-
lar  System:  The  fieldwork  and  samples  from  the
Apollo and Luna missions yield an absolute chronol-
ogy that extends to the rest of the Solar System [12-
16]. Collecting samples from the youngest mare basalts
will therefore have important ramifications for plane-
tary science [11,17]. Current cratering flux calibration
curves from the Moon are anchored by dates from mare
surfaces  near  Apollo  landing sites  (3.8-3.2  Ga),  and
very few young dates establish the more recent (<2 Ga)
cratering flux [13].  

If  the  Procellarum  basalt  samples  have  older  or
younger absolute ages than expected, than we will have

significantly improved  our  knowledge  of  the  surface
ages on the Moon, and by extension, the other terres-
trial planets. No matter what the age date of the Procel-
larum samples is determined to be, the result will still
provide new knowledge for Solar System history and
exploration.

Sample Return is Required:  The Apollo experi-
ence demonstrates the importance of returning plane-
tary samples to Earth [18]. To achieve the objectives
discussed here, detailed analysis of compositions, min-
eralogy, rock textures, and physical properties in addi-
tion to laboratory-determined radiometric ages are re-
quired. Important measurements could be made using
in-situ instrumentation, but terrestrial laboratories offer
more capability for the foreseeable future, and to date,
the only method with sufficient precision to adequately
answer the question of the age of the youngest lunar
basalts.  Samples become resources,  so new measure-
ments can be made as analytical  techniques improve.
For sample return missions to be successful, the scien-
tific community must maintain key capabilities, includ-
ing lunar sample curation, lunar  remote sensing data
analysis,  and  laboratories  staffed  with  experienced
planetary scientists.  Sample return missions will also
play an important complementary role towards human
lunar return by giving the next generation of lunar sci-
entists experience analyzing new lunar samples prior to
the seventh human lunar landing.
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