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Sample Return from the South Pole-Aitken Basin 
would fulfill important planetary science objectives. 

SPA: largest and oldest clearly 
recognizable impact basin on the 
Moon

SPA event completely resurfaced this 
part of the Moon and reset ages over 
an enormous area.

As such, SPA anchors the lunar impact 
chronology.

SPA sample return addresses high 
priority planetary science

SPA sample return addresses 
major cross-cutting Planetary 
Science themes

South Pole-Aitken Basin is among the largest in the Solar System.



South Pole-Aitken Sample Return answers fundamental 
questions about the early Moon and Solar System.  

Was there a cataclysmic impact bombardment in 
the early Solar System?

What was its onset and duration?

Record is bound in the rocks of the 
South Pole-Aitken (SPA) impact basin

Did the impact that formed the SPA basin cause 
widespread magmatic activity, recorded in its 
ancient rocks?

Did the impact excavate materials from the Moon’s 
mantle? 

What can those materials, and later-formed volcanic 
rocks, reveal about the nature of the Moon’s early 
differentiation and formation of its planetary-scale 
asymmetries?

Moon’s South Pole-Aitken Basin preserves a record of Solar System dynamics. 



Return of SPA samples builds on chronology and chemistry from Apollo, 
but the cataclysm test cannot be done solely with Apollo samples.

D
To understand early Solar System 
environments, we must acquire 

new samples from the most 
ancient of lunar impact basins: 

South Pole-Aitken.

Gradual decline: older ages for SPA 
chronology, no support for cataclysm 
and gas giant migration 

Cataclysm: younger age for SPA chronology, 
support for gas giant planet migration

Did the inner Solar System experience a cataclysmic event?

D

SPA samples will test models for the impact history of the inner Solar System.
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Late Heavy Bombardment (LHB) proposed in 1974
Based on analysis of samples from large, late, near-side basins
SPA is the oldest and largest, with >50 basins formed after it and several 
basins and large craters formed within it..

- Uniquely suited to test the LHB hypothesis

2005: “Nice” model – coupled LHB to the orbital dynamics of giant planets

Paradigm-shift potential for our understanding of how solar systems work
Importance for Earth, early life, habitability
Importance for inner Solar System 
Understanding of giant planet orbital dynamics
Applicable to other Solar Systems

PSRD-Lunar Cataclysm (2001)

Gomes et al., 
2005, Nature

SPA sample return: paradigm-shifting in our understanding of 
how Solar Systems work and how life may have evolved.

What does the SPA basin-forming event tell us about the 
early Moon, Earth and Solar Systems generally?

Will test models for evolution of Solar Systems and environments under which life originated and evolved.



Giant impacts shaped the evolution of planetary bodies.

What were the effects of large impact events on 
planets and moons in the Solar System?

As the largest impact basin in the Solar System, the SPA 
basin and the Moon provide an accessible natural 
laboratory for examining how giant impacts shaped the 
terrestrial planets.

How are planetary crusts formed and shaped by giant 
impacts such as the SPA basin?

How do planetary mantles respond to giant impacts?

Are giant impacts responsible for episodes of planetary 
magmatism?

Will the rocks reveal evidence of SPA impact-melt 
differentiation?



Primordial differentiation influenced planetary evolution.

How do planets differentiate to produce global scale asymmetries? 

SPA basin provides access to lunar crust and mantle 
that is distinct from regions sampled by Apollo.

What role did primordial differentiation and subsequent 
processes play in producing global crustal asymmetries?

Basalts are probes of planetary mantles. Does the lunar mantle 
show asymmetries in composition, thermal history, and age 
that mimic the asymmetrical lunar crust?

What role did primordial differentiation play in producing global 
mantle asymmetries?

How was the distribution of thorium controlled by differentiation?

SPA

Wieczorek et al. (2013)

SPA

Crustal thickness
GRAIL

Courtesy of Jeff Gillis-Davis



xxx

• Potential causal relationship of SPA to global 
magmatic activity on Moon. 

GRAIL Gravity gradient map

Rift valleys possibly formed during an episode of crustal magmatism

(Andrews-Hanna et al., 2014)

Was there a relationship between SPA impact event 
and global lunar magmatic activity?

See also Kring et al., 2015, #3009 



xxx

Was there a relationship between SPA impact event 
and global lunar magmatic activity?

• Recent chronologic evidence for a spike in 
magmatic activity > 4.3 Ga…
• What was the role of SPA?



xxx

Was there a relationship between SPA impact event 
and global lunar magmatic activity?

• Do we have samples in the Apollo collection that 
were excavated by the SPA event?



Importance of SPA “Chronology”

Was the impact that caused the SPA basin part of the Late-
Heavy Bombardment?

Imbrium dominates Apollo 
sample chronology.

Age of Nectaris is
uncertain, but key to 
the Cataclysm hypothesis.

The “chronology” of SPA and
the basins and large
craters contained
within it are needed
to test the Cataclysm. Apollo: ~3.91 Ga

Planck: 4.09 Ga
Schrödinger: 3.92 Ga
Oppenheimer: 4.04 Ga

Figure 2. SPA count area (blue) and counted craters (red) within 
the SPA basin. Craters superposed on Planck, Oppenheimer, 
Schrödinger, and Apollo craters/basins shown in yellow. 



Importance of SPA “Chronology”

Was the impact that created the SPA basin part of the Late-
Heavy Bombardment?

Imbrium dominates Apollo sample chronology.

Age of Nectaris is uncertain, but key to the Cataclysm hypothesis.
The “chronology” of SPA and the basins and large craters contained

within it are needed to test the Cataclysm.
SPA

Clarifying the magnitude and length of the Late Heavy Bombardment has 
implications across the full range of planetary geosciences, from under-
standing the dynamical evolution of the Solar system to surface conditions 
on the terrestrial planets early in their history. 

Fassett and Minton, 2013, Nature Geoscience



Conclusions

South Pole-Aitken Basin Sample Return remains a high priority objective 
for Solar System Science 

- as stated by two previous Planetary Science Decadal Surveys (NRC, 2003; NRC, 2011)
> Test of the Cataclysm hypothesis. Need the SPA impact chronology.
> If Cataclysm occurred, what caused it?  

- Giant planet migration?  When?
> What will the samples reveal about nearside-farside asymmetry?

- Volcanic samples à lunar mantle
- Are there direct samples of mantle rocks in SPA breccias?
- KREEPy samples: is KREEP globally uniform?

> What were the effects of the giant SPA impact on the thermal and magmatic 
evolution of the Moon?

- Did SPA trigger a global magmatic episode?

SPA

SPA Chronology bears on Solar System issues; New Frontiers category science.


