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Introduction: Sample return from the South Pole-

Aitken (SPA) Basin was identified as a high priority 
science goal for a future New Frontiers mission in the 
2011 Planetary Science Decadal Survey [1]. The high 
priority is because appropriately collected rock samples 
from SPA could be used to determine the age of the 
SPA basin and the chronology of later, large impacts 
within the basin. The early, pre-4.0 Ga part of the lunar 
impact chronology is poorly known, and determining 
the SPA large-impact chronology would provide an 
anchor for the timing of impact-basin formation during 
the first 500 million years of lunar history. Determining 
this chronology and the age of the SPA event has impli-
cations for testing the Cataclysm hypothesis and for 
elucidating early Solar System orbital dynamics [2], 
and possibly for the timing and origin of major mag-
matic events on the Moon [3-6]. Benchmarking the age 
of SPA has the potential to resolve the uncertainties of 
current models of early Solar System evolution. 

The SPA impact event melted and reset the ages of 
rocks over a huge area of the Moon and we anticipate 
that rock materials from the interior of the SPA basin 
contain geochronologic evidence of the reset. In other 
words, rocks containing impact melt or impact-melt 
breccia will reflect a range of ages spanning the interval 
of heavy bombardment with an abrupt cutoff and possi-
bly a spike at the time of SPA basin formation. Moreo-
ver, the SPA basin is far from Imbrium, which may 
have dominated the production of impact melt that was 
sampled by Apollo and whose ages have been deter-
mined [7].   

SPA provides many potential sample sites:  The 
SPA basin is enormous, spanning over 2000 km east to 
west and ~2400 km north to south, forming an elliptical 
shape [8]. It is centered approximately 54 °S Lat and 
191 °E Lon., in the vicinity of Bose Crater, with its 
long axis inclined slightly NW to SE (Fig. 1). The inte-
rior of the basin is marked by a prominent geochemical 
anomaly in FeO and Th; however, these geochemical 
signatures are smaller than the main topographic rim 
and offset to the north (Figs. 2, 3), extending approxi-
mately from 150-230 °E Lon. and 15-85 °S Lat. Thori-
um, determined by the Lunar Prospector gamma-ray 
spectrometer (LP-GRS) within SPA basin [9], exhibits 
a “background” value of ~2-3.5 ppm, excluding the 
highest-value anomalies located in the northwestern 
quadrant. FeO exhibits a range of values generally ~8-
13 wt.% (LP-GRS) [9] or ~10-15 wt.%, excluding areas 

of mare basalt (Clementine UV-VIS data [10]). These 
”background” geochemical signatures are associated 
with SPA basin and not some other, more localized 
geologic formation or source.  

Mixing of large impact crater and basin ejecta by 
ballistic sedimentation provides a first-order explana-
tion for the shape and extent of the background geo-
chemical signature of SPA basin. Mixing “in” of mate-
rials from large impacts outside the basin would tend to 
dilute the interior deposits whereas mixing and spread-
ing of materials outward has resulted from large im-
pacts into the interior of the basin. The result of the 
period of heavy (post-SPA) bombardment was to pro-
duce a mixed deposit all over the basin, but one that 
retains a stronger geochemical signature in the interi-
or, suggesting that the interior contains a higher pro-
portion of original SPA-formed substrate. The original 
substrate is likely to have been dominated by an enor-
mous and thick impact-melt “sea” that may have under-
gone magmatic differentiation [11-13], but importantly, 
the age of this material was established or “reset” at that 
time. Subsequent smaller basin and large crater impacts 
would also reset ages locally, but the main effect would 
be to simply redistribute SPA substrate materials, and 
ejected material is expected to be largely brecciated and 
likely to contain clasts of original SPA substrate. Mul-
tiple chronometers and petrologic interpretations have 
the capability to decipher these events 

Modeling of the makeup of SPA interior deposits 
based largely on the process of ballistic sedimentation 
and mixing by Haskin et al. [14] and Petro and Pieters 
[15] indicates that even after many subsequent large 
impacts, the deposits in the interior of SPA basin should 
remain dominated by SPA substrate materials. Thus the 
greatest likelihood of sampling this material is within 
the SPA basin, and within the present-day observable 
geochemical signature. Indeed craters that formed with-
in SPA would tend to not contribute remelted material, 
but would instead reintroduce SPA melt material from 
depth or basement material. Numerous large impact 
craters have orthopyroxene-rich central peaks, con-
sistent with SPA impact-melt-sheet differentiates [16], 
indicating that these materials have continued to be 
excavated and mixed into surface deposits by younger 
large impacts such as Bose, Bhabha, Stoney, Bellings-
hausen, Lemaître, Cabannes, Baldet, Lyman, Finsen, 
Abbe, and others. Key large impact and basin deposits 
include those from Poincaré, Von Kármán, Leibnitz, 
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Oppenheimer, Antoniadi, Zeeman, and many others 
that impacted within the SPA geochemical signature.  
Materials from other basin impacts are expected to be 
present, e.g., Orientale on the eastern SPA side, Schrö-
dinger in the southwest, and even Imbrium, whose anti-
pode is in northern SPA, but these materials should be 
significantly less abundant than SPA substrate and evi-
dent by their younger ages. Other, smaller basins would 
not dominate surfaces near them in the same way as 
Imbrium did the near side (smaller transient cavity siz-
es, smaller volumes of impact melt generation, and less 
ejecta produced). Short of sampling within the continu-
ous ejecta deposits of a basin within SPA (e.g., Apollo, 
Ingenii) the same kind of single-basin dominance that 
occurs on the nearside with Imbrium is not predicted 
for regions within SPA. 

At present there are no samples of impact melt col-
lected from within a basin, the impact melts sampled by 
Apollo are largely from basin rims and in the form of 
ejected materials. The conundrum of tying samples to 
specific basins that occurs with many of the impact-
melt breccias in the Apollo collection is not analogous 
to what we anticipate from the interior of SPA 

Conclusions: The interior of the SPA basin covers 
many thousand square km. Abundant potential landing 
sites exist where SPA impact-melt materials, including 
the original substrate, ejecta material from other nearby 
large craters and basins, and SPA interior basalts can be 
sampled among the rock fragments present in the mixed 
regolith deposits. Such samples will significantly 
change our understanding of the early evolution of the 
lunar crust, the bombardment history of the inner Solar 
System, and the volcanic and magmatic history of the 
Moon. 
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Figure 1. Topography of South Pole-Aitken Basin from 
LRO LOLA & LROC WAC (NASA/GSFC/MIT/ASU) 

 
Figure 2. Thorium distribution in SPA Basin (LP-GRS). 

 
Figure 3. FeO distribution in SPA Basin (LP-GRS). 
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