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Feasibility Assessment of All Science Concepts within South Pole-Aitken 

Basin 

INTRODUCTION  

While most of the NRC 2007 Science Concepts can be investigated across the Moon, this chapter will 

focus on specifically how they can be addressed in the South Pole-Aitken Basin (SPA).  SPA is potentially 

the largest impact crater in the Solar System (Stuart-Alexander, 1978), and covers most of the central 

southern farside (see Fig. 8.1).  SPA is both topographically and compositionally distinct from the rest of 

the Moon, as well as potentially being the oldest identifiable structure on the surface (e.g., Jolliff et al., 

2003).  Determining the age of SPA was explicitly cited by the National Research Council (2007) as their 

second priority out of 35 goals.  A major finding of our study is that nearly all science goals can be 

addressed within SPA. 

As the lunar south pole has many engineering advantages over other locations (e.g., areas with 

enhanced illumination and little temperature variation, hydrogen deposits), it has been proposed as a site for 

a future human lunar outpost.  If this were to be the case, SPA would be the closest major geologic feature, 

and thus the primary target for long-distance traverses from the outpost.  Clark et al. (2008) described four 

long traverses from the center of SPA going to Olivine Hill (Pieters et al., 2001), Oppenheimer Basin, Mare 

Ingenii, and Schrödinger Basin, with a stop at the South Pole.  This chapter will identify other potential 

sites for future exploration across SPA, highlighting sites with both great scientific potential and proximity 

to the lunar South Pole. 

 

FIGURE 8.1 The location of SPA, first on the left in a cylindrical projection centered on the central 

nearside, and then on the right in an orthographic projection centered on SPA.  The latter projection will be 

used throughout this chapter. 

 

SCIENCE CONCEPT 1: THE BOMBARDMENT HISTO RY OF THE INNER SOLA R SYSTEM IS 

UNIQUELY REVEALED ON  THE MOON  

Impact cratering is the dominant geologic process affecting planetary surfaces.  The record of those 

processes is well preserved on the Moon, where events stretching as far back as at least 4 Ga can be 

studied.  This makes the Moon an ideal site to study the bombardment history of the inner Solar System.  

Impact craters can also provide probes of the lunar crust and potentially the upper mantle.  Those scientific 

goals associated with the flux and timing of impact events will be addressed here.  Those goals associated 

with the geology of the cratering process and its utility for exposing the lunar interior will be addressed 

later in this chapter. 
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Impacting asteroids and comets have produced several types of impact structures.  The smallest events 

produce simple, bowl-like craters (Fig. 8.2).  Smaller impact events occur far more frequently than larger 

ones, so simple craters are the most common impact structure.  Larger events produce complex impact 

craters with uplifted central peaks or central peak rings.  The walls of these craters also collapse, producing 

a modification zone that enlarges the diameter of the crater.  The transition diameter between simple and 

complex craters on the Moon is ~18ï20 km (Pike, 1977).  The largest collisions produce impact basins 

greater than 300 km in diameter (Fig. 8.2).  These events are the least frequent type of impact and all of 

them were produced before 3 Ga. 

To determine the timing of impact events and, thus, determine the flux, we need samples of impact melt 

or other impact lithologies whose radiometric ages were reset by the impact events.  The volume of melt 

produced also increases with crater size.  Most of the melt will remain in the craters, but some of it will be 

ejected.  As we assess the Science Goals of the NRCôs (2007) Science Concept 1, we are identifying those 

areas where these chronologically-significant lithologies can be found on the lunar surface. 

 

FIGURE 8.2 Three types of structural morphologies for lunar craters.  Taruntius H (left) has a simple crater 

structure; bowl-shaped, without additional complexity to its floor.  Tycho (center) represents the central-

peak complex crater morphology; a prominent peak located at the center of a relatively flat crater floor.  

Schrödinger depicts a peak-ring complex crater; much larger in size with evidence of at least one inner 

ring. 

 

Science Goal 1a: Test the Cataclysm hypothesis by determining the spacing in time of the creation of 

lunar basins 

The early history of the Moon is not very clearly understood.  After the accretion of the Earth and 

Moon, there is little available evidence to definitively explain the rate and magnitude at which impact 

events were occurring within the inner solar system.  The Cataclysm Hypothesis (commonly referred to as 

the Late Heavy Bombardment, or LHB), describes a period of time roughly 3.8ï4.1 Ga during which a 

large number of impact craters are believed to have formed (Fig. 8.3).  It suggests that the largest craters 

observed on the Moon, vast multi-ringed impact basins, were formed in a relatively short period by a high 

flux of large impactors rather than from a more gradual and continuous post-accretion impact flux decay 

rate.  This pulse of activity is estimated to have occurred well after impact-causing debris left over from 

solar system formation had ceased.  The reality or not of an inner solar system cataclysm is important in 

understanding conditions on Earth around the time that life was first emerging (NRC, 2007). 

 Schrödinger (320 km) 
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FIGURE 8.3 A diagram of the current understanding for the Lunar Cataclysm Hypothesis (Kring, 2003). 

With currently available data, it is difficult to decide whether a cataclysm occurred or whether the 

cratering rate smoothly declined with time after lunar origin.  Determining the ages of impact-melt rocks 

from the South Pole-Aitken Basin (the stratigraphically oldest lunar basin) and major impact basins within 

SPA should hopefully resolve this issue (Fig. 8.4).  The precision required to date these events accurately 

requires well-chosen samples to undergo isotopic analysis in terrestrial laboratories. 
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FIGURE 8.4 Lunar craters greater than 140 km diameter and their estimated ages found in SPA.  Apollo is 

labeled, while 1 corresponds to Schrödinger and 2 to Amundsen-Ganswindt. The yellow lines surrounding 

the South Pole (labeled SP) indicate distances of 500 km and 1000 km traverse limits, while the dashed 

white line represents the extent of the SPA Basin.  The base map is Clementine 750nm UV-VIS centered at 

(56̄  S, 180̄  E).  The data for these points can be found in Table A9.1. 

As there are nearly 30 distinct craters greater than 140 km diameter within SPA ï 5 within 500 km of 

the lunar South Pole, and 12 within a 1000 km traverse ï it is not hard to find sample locations.  

Schrödinger offers several different areas of interest, as described in Chapter 1 of this report (Fig. 8.5).  

Because the Schrödinger basin-forming event excavated and uplifted impact melted material from the SPA 

event, one may be able to collect samples at a single landing site that provides the ages of both events.  

That outcome would virtually bracket the entire basin-forming epoch (Kring, 2009).  Other basins within 

the nearest traverse limit include the pre-Nectarian basins Amundsen-Ganswindt, Ashbrook, Drygalski; and 

the Nectarian basin Zeeman.  Antoniadi, an Upper Imbrian age basin, and the Eratosthenian Hausen basin 

can be found just outside this traverse limit along with 4 other pre-Nectarian and a Nectarian aged basin, all 

comfortably within 1000 km.  Apollo would be a high priority target as it is the last of the pre-Nectarian 

basins, but it lies roughly 1500 km from the southern pole at (36̄  S, 151̄  W) making it an option for sortie 

missions. 
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FIGURE 8.5  The three landing sites and corresponding 10 km EVA radius (20 km return trip) for 

Schrödinger described in Science Concept 1. 

 

Science Goal 1b: Anchor the early Earth-Moon impact flux curve by determining the age of the 

oldest lunar basin (South Pole-Aitken Basin) 

In the past, relative age dating of the lunar surface has been conducted by crater counting on ejecta 

blankets.  Although some ages of lunar basins are known from radiometric age dating of lunar samples, we 

still do not have an age for the oldest basin on the moon, the South Pole-Aitken (SPA) Basin.  As the oldest 

basin, SPA is a critical calibration point for subsequent relative age dating of the Moon.  To precisely 

determine the age of SPA, samples must be returned with impact melts derived from the ancient impact. 

SPA exhibits an FeO-rich anomaly relative to non-mare lunar crust in its interior that is in stark contrast 

to the surrounding highland feldspathic terrain (Jolliff et al., 2000).  This anomaly suggests a deeper, more 

mafic composition is involved in the crust within the basin, which implies the presence of impact melt 

derived from the SPA impact that melted the lower crust and possibly the upper mantle (Lucey et al., 

1998).  As the oldest basin on the moon, SPA has undergone extensive overprinting by subsequent mare 

emplacement, impact craters, and basin materials, but still maintains a distinctive chemical signature.  This 

indicates that SPA-derived impact melts, which can be used to date the basin formation, should be 

prevalent within the basin interior. 

  Given the immense volume of estimated impact melt from SPA (~1.38×10
8
 km

3
 (Morrison, 1998)) and 

the prevalent FeO anomaly, it is likely that impact melts would be widespread in regolith samples 

throughout areas of the basin within the transient crater diameter, which is where the central melt sheet 

would have pooled.  Petro and Pieters (2003) calculated that ~59% of the surface components at an interior 

location (59.5°S, 165.5°W) are derived from original SPA impact melt breccia while Haskin et al. (2003) 

estimate ~80% of the surface material at a similar location (60°S, 160°W) is indigenous to SPA.  
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While impact melts may be pervasive in the regolith, the impact melts therein cannot be explicitly 

linked to the SPA impact without hundreds of analyses (Kring, personal communication).  It may be more 

unambiguous to examine coherent sections of impact melt in the uplifted central peaks of complex craters 

that overlay the SPA melt sheet.  Twenty-three complex craters (Fig. 8.6, Table 8.1) with preserved central 

peaks visible in high-resolution (~100 m/pixel) Clementine data lie approximately within the FeO anomaly.  

Models have estimated that the amount of foreign material within the central area of SPA could range ~35ï

1075 m (Petro and Pieters, 2004), but each of these craters is likely to excavate material from depths below 

the regolith.  All but three of these craters lie within at least one of the three transient crater (TC) 

dimensional estimates shown as white rings in Fig. 8.6.  Over half of these craters lie within all three of the 

TC estimates (Table 8.1) and should be considered the best locations for finding impact melt with the high 

FeO signature.  In addition, two craters lie within a ring defined by a Constellation Tier 2 site selection as 

part of the TC rim.   
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FIGURE 8.6  Locations and approximate sizes of complex craters with discernable central peaks within the 

SPA where the largest dashed circle represents the outer extent of SPA.  Areas of bright yellow show the 

SPA mafic (high FeO) anomaly.  The two solid white circles in SPAôs interior represent minimum (1160 

km) and maximum (1470) estimates for the transient crater diameter calculated from an equation in Spudis 

(1993) and centered at 56° S, 180° E.  The smaller dashed white circle is the transient crater estimate by 

Petro and Pieters (2002) (1260 km, centered at 56° S, 170° E).  Black arcs around the south pole represent 

the 500 km and 1000 km traverse limits. 


