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Introduction:  The South Pole-Aitken basin (SPA)  

is the largest of the giant impact basins in the inner So-
lar System, and its location on Earth’s Moon makes it 
the most accessible. Exploration of SPA through direct 
collection and analysis of representative materials ad-
dresses issues as fundamental as the characteristics of 
the chemical reservoir from which the Moon originated, 
early differentiation and production of crust and devel-
opment of global asymmetry, relationships between 
magmatic activity and internal thermal evolution, and 
effects of giant impact events on the terrestrial planets.  

Owing to its great size and superposition relation-
ships with other lunar impact basins, SPA is the oldest 
and as such anchors the lunar chronology. Moreover, 
numerous large impact craters and basins are contained 
within it such that materials (rocks) of the SPA basin 
contain a record of the early impact chronology, one 
less likely to have been affected by the large, late near-
side basins (e.g., Imbrium). Understanding the early 
basin chronology is key to deciphering the sequence 
and effects of early giant impact bombardment of the 
inner Solar System. That record exists on the Moon, 
and materials of the SPA basin will allow us to read 
that record. Knowledge of the early bombardment his-
tory will test – and may reshape – a key paradigm relat-
ing to early Solar System evolution. Did the planets 
form with the alignment of today, or was there a major 
reorientation of the giant planets that led to destabiliza-
tion of asteroid orbits, and a cataclysmic bombardment 
of the inner Solar System hundreds of millions of years 
after accretion of the planets? Implications include un-
derstanding environments for early life-supporting 
habitats on Earth and Mars, and relationships to new 
observations of extra-solar planetary systems. 

Scientific Priority:  The 2003 NRC Decadal Sur-
vey listed sample return from SPA as among the high-
est priorities for Solar System science. This priority was 
reaffirmed in 2007 by the NRC (SCEM Rpt.) and again 
in the 2012 Decadal Survey. The high priority stems 
largely from the idea that the ‘cataclysm’ can be tested 
by determining ages of impact-melt from an SPA sam-
ple that would include rock materials produced or af-
fected by the impact event. SPA is far distant from the 
nearside Apollo and Luna landing sites where all of the 
samples of known origin were collected. Materials ex-
cavated and reset by late nearside basin impacts, espe-
cially Imbrium, dominate those samples. A sample 
from the interior of SPA will be dominated by materials 
formed in the SPA event, with contributions from 

smaller basins and large craters that occur within it, 
thus providing a fresh and independent record of ages 
associated with the early parts of the lunar heavy bom-
bardment record.    

Sample return and investigation of the diversity and 
distribution of materials within SPA will address other 
issues of high science priority as well. Analysis of ma-
terials derived from the deep crust and upper mantle 
will enable new tests of models for lunar differentia-
tion, especially as linked to GRAIL results. Knowing 
the age and characteristics of the impact that produced 
SPA basin will help illuminate the basin-impact form-
ing process and the role it played in modifying early 
planetary crusts. Volcanic rocks also occur within SPA, 
some of which are ancient volcanics covered by later 
crater deposits. Knowing their age and composition is 
key to the thermal history of the Moon, the composition 
of the deep interior, and relationships between basin 
formation and later volcanism. Because of impact-
ejecta redistribution, fragments of these rocks will be 
found mixed in the regolith at most locations within the 
SPA interior. 

MoonRise Approach: Determining the age of the 
SPA Basin is a primary goal, but selecting an area that 
will allow determination of the ages of other large im-
pact events (i.e., more recent basins or craters within 
SPA) will provide additional dates to anchor the chro-
nology. The MoonRise sampling strategy leverages the 
“natural” sampling mechanism afforded by the impact 
cratering process, which delivers diverse rock samples 
from the surroundings to the regolith where they can be 
accessed from a surface lander at a single point. Rego-
lith samples from Apollo missions provide ample statis-
tics on the rock content, diversity, and representative-
ness relative to local and regional geology that can be 
expected in a given location. Recent remote sensing 
missions provide sufficient geologic and topographic 
information to enable a sound site geology determina-
tion as well as landing-site safety assessment. 

The MoonRise approach leverages the small rock 
content of lunar regolith by scooping and sieving a suf-
ficient volume of regolith to collect >1 kg of rock 
fragments, which are needed for age determinations. 
Using modern, state-of-the-art analytical techniques, 
capabilities exist now to analyze very small quantities 
of rock samples and determine not only their chemical 
and mineral compositions, but also their ages and petro-
logic history. Larger fragments can even be split, and 
portions of the samples retained for future analyses. 
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