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Introduction:  The South Pole-Aitken Basin (SPA) 

is known to be the oldest, largest and deepest basin on 

the lunar surface [1-4]. The enormous size of the basin, 

with a diameter of ~2600 km and a depth of 8-12 km 

[2-6], provides exposure of unique lithologies and geo-

chemistries at the surface. These surface compositions 

are suggestive of lower crustal or upper mantle origin 

that is unique to the interior of SPA [7-9]. Recently 

Petro and Pieters [10] described an additional unique 

aspect of the basin; that the interior of the basin accu-

mulated more material as a result of the formation of 

large post-basin craters than other areas on the Moon, 

suggesting a unique cratering history. 

Here we examine the cratering history of SPA’s in-

terior and compare its history to that of other regions. 

Using cumulative size-frequency plots we show that 

the interior of SPA has more large craters (between 60 

and ~170 km in diameter) per km
2
 than neighboring 

areas. The greater number of larger craters per km
2
 

allows for the exposure of deeper material throughout 

SPA that may contribute to its unique composition. 

Definition of Regions:  In order to investigate the 

cratering history of SPA we compare it to that of re-

gions thought to represent ancient crustal compositions 

[8]. We define two other regions, one centered in the 

Feldspathic Highlands Terrane (FHT) and one located 

in the southern nearside highlands (SNH). All of the 

regions are defined by a radius of 1300 km around a 

center point [SPA at 180º, 56ºS; FHT at 180º, 56ºN; 

SNH at 0º, 56ºS]. The locations of the three regions are 

illustrated in Figure 1. 

 
Figure 1. Global lunar map (Clementine 750 nm UVVIS mosaic) 

showing the locations of impact craters used to determine crater size-

frequency distributions used in Figure 2. Buffers are all equal size 

(radius=1300 km). Projection is Plate-Carree; centered at 0°, -90°. 
All three regions contain minimal exposures of 

mare basalt (~4% of SPA [11], <1% of FHT [e.g. 

12,13]), indicating that the dominant modification 

process acting in these regions is by cratering. One 

difference between the areas is that the SNH may have 

been modified by basin-forming impacts to a greater 

degree than FHT and SPA [8,14]. Ejecta from the Ori-

entale impact may have modified a portion of SPA and 

SNH [1], as portions of both regions are within 1300 

km (~1.8 basin radii) of the Orientale rim as shown in 

Figure 1. However, in these distal regions larger craters 

should not have been obliterated by Orientale ejecta. 

Crater Database: This study uses groups of craters 

from two datasets. The first dataset (A) is the Anders-

son and Whitaker [15] catalogue of named craters [16] 

(global total of ~8600 craters). While the catalogue is 

known to be incomplete, particularly for the farside, it 

is illustrative to use this list as a first-order indicator of 

variations in cratering histories. Additionally, for this 

group we only compare SPA to FHT, as any compari-

son to the nearside using this database will be signifi-

cantly biased. Efforts are underway to identify all cra-

ters greater than 30 km in diameter within the SPA and 

FHT regions in order to have comparable populations 

with the southern nearside. 

The second dataset (B) used in this study was pre-

viously compiled by Petro and Pieters [10] and in-

cludes craters Lower Imbrian in age and younger, and 

larger than 30 km in diameter (411 craters). These cra-

ters were identified in the geologic maps in Wilhelms 

[1], Clementine data by McEwen et al. [17] and Grier 

et al. [18], and the work of Li [19]. 

Cumulative Size-Frequency Plots:  Cumulative 

size-frequency plots were prepared for each of the re-

gions using crater datasets A and B. The use of these 

plots reveals subtle differences between the regions, 

which may be due to differences in age, inaccuracies in 

crater identification, or variations in cratering across 

the lunar surface. In examining dataset A for SPA and 

FHT, differences in age may be a more important fac-

tor as SPA is dominated by pre-Nectarian material 

while FHT is mostly pre-Nectarian and Nectarian in 

age. In dataset B, there should not be any variation in 

the size-frequency plot due to age as all are dominantly 

older than Lower Imbrian in age [1]. 

Named craters (dataset A): First, we examine the 

cratering histories of FHT and SPA to illustrate varia-

tions that occur between the regions. The log-log size-

frequency plot for these craters is illustrated in Figure 

2. Both SPA and FHT have similar frequencies for 

diameters less than ~60 km. However, at larger diame-

ters, the populations for both regions diverge with SPA 

containing a larger size-frequency. This trend continues 

to a diameter of ~170 km; at larger diameters, the fre-

quencies for both regions are roughly the same. 
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Figure 2. Log-log size-frequency plot of named craters in SPA and 

FHT. Each region is fit by a power law whose equation is defined in 

the box highlighted in the matching color. 
Post-basin craters (dataset B): Next, we examine 

the post-basin cratering histories of the three regions to 

illustrate variations that occur between the regions. The 

number of post-basin craters within SPA and FHT is 

~1/10 the number of named craters described above, 

yet the size-frequency plots reflect similar trends. A 

log-log plot of the cumulative size-frequency for 

dataset B is illustrated in Figure 3. At small diameters 

(<~60 km) the three regions are broadly similar. At 

larger diameters SPA diverges and has a greater size-

frequency per km
2
 than the other regions. 

Power law fits of each region (Figure 3) illustrate 

the offset of SPA craters to higher frequency of craters 

per km
2
. Such an enhancement in cratering frequency 

would indeed generate the greater amount of accumu-

lated material within SPA compared to the southern 

nearside and FHT [10]. 

 

 
Figure 3. Log-log size-frequency plot of large post-Imbrian craters 

in SPA, FHT and SNH. Each region is fit by a power law whose 

equation is defined in the box highlighted in the matching color. 

Discussion: In both datasets A and B, the popula-

tion of large craters within SPA is unique when com-

pared to surrounding regions. In many cases the SPA 

measurement is within error of the other regions (Fig-

ures 2 and 3). This is particularly true for the post-basin 

craters where the number of craters is small. However, 

in the named crater population, at large crater diame-

ters, there is little or no overlap in error between FHT 

and SPA, suggesting that the differences between the 

regions are not the result of statistical error. 

The enhancement in larger craters within SPA is 

possibly due to larger amounts of pre-Nectarian-aged 

surfaces within SPA relative to FHT [1] while the en-

hancement in large post-basin craters is less clear. 

However, the apparent enhancement in post-basin cra-

ters greater than ~60 km diameter (Figure 3) is likely 

not a result of age differences but may reflect a unique 

concentration of “recent” large craters. Assuming a 

1/10 excavation depth-to-diameter ratio [20], this en-

hanced concentration of such craters would result in a 

larger area within SPA having material from depth 

exposed at the surface. The addition of material from 

depth within SPA may contribute to or enhance the 

compositional anomaly prevalent throughout SPA [7-

9]. This coupled with the small amount of basin mate-

rial introduced to the basin’s interior [21] may be a 

reason why the ancient compositional signature is still 

significant today. 

Conclusions: The cratering history of the interior 

of SPA is unique compared to that of surrounding, an-

cient regions. The interior of SPA contains a greater 

number of large (60 to 170 km diameter) named craters 

(Figure 2) that may reflect older surfaces within SPA 

when compared to FHT. SPA also has an enhancement 

in larger post-basin craters relative to FHT and SNH 

(Figure 3), which may result in an enhancement of the 

unique composition associated with SPA by the addi-

tion of deep (>6 km) material to the basins surface. We 

will further investigate these apparent relationships by 

identifying additional craters larger than 30 km in di-

ameter within the three regions and confirming the 

ages of the post-basin craters (dataset B). 
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