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Introduction: This abstract is concerned with the 

probability that a mission to a site within the South 
Pole-Aitken basin (SPA) would yield a meaningful 
sample of typical SPA floor material. The probability 
seems favorable, barring a highly atypical landing site, 
because the chemical composition of the SPA interior, 
as determined remotely from orbit, is different from 
that of the surrounding lunar surface. How representa-
tive would the sample be? To what extent have lateral 
transport or later events compromised the original 
chemical and mineralogical composition of the floor 
material? Where or in what kind of deposit should the 
mission land to provide the best example? We address 
these questions from the point of view of modeling of 
impact ejecta deposits.  

SPA is the largest lunar impact basin [e.g., 1,2]. 
Shallow for its diameter, it has a subdued gravity sig-
nature [3], a lower albedo [4], and a more Th- and Fe-
rich interior [5,6] than the surrounding highlands (the 
Feldspathic Highlands Terrane, FHT) [7]. Its floor may 
represent noritic or perhaps (but less abundant) gab-
broic lower crust of the FHT [8,9], the upper crust 
stripped away by the basin-forming impact, possibly an 
oblique one [10].  

The minor Th enrichment exposed on the SPA 
floor could reflect a KREEP component, part of the hy-
pothesized global layer of trace-element-rich magma-
ocean residue [11]. If KREEP, however, which is 
somewhat magnesian, is concentrated primarily in the 
Procellarum KREEP Terrane (PKT), the SPA Th en-
richment could arise from two sources: 1) KREEP im-
pact ejecta from the PKT in the region of grooved ter-
rane antipodal to the Imbrium basin [12; but see 13] 
and 2) residual melt with KREEP-like inter-element 
ratios, which geochemical modeling shows would be a 
result of crystallization of magmas in the lunar crust. 
Such melts would be poorer in Th and richer in Fe than 
the KREEP of Apollos 12 and 14 [14,15], unless their 
origin, too, included mixing with a magnesian mantle 
component as suggested for KREEP associated with 
the PKT. The original materials may have been incor-
porated into a melt sheet, perhaps a differentiated one 
[16]. A sample from the floor of SPA could confirm or 
refute these hypotheses and will surely yield surprises. 

Impact ejecta deposit modeling: The impact mod-
eling shown here was done using the method described 
by [17]. It depends on ejection of fragmented material 
from a primary crater [18] and ballistic transport of the 
ejecta and excavation by the ejecta into the substrate 
onto which they fall [19]. Ejecta deposits are mixtures 
of the infalling ejecta and the substrate. The distribu-
tion of ejecta fragment sizes depends on the diameter 
of the primary crater and the distance from the crater. 

The distribution of ejecta fragments that reach more 
distal locations is weighted toward somewhat smaller 
masses and higher velocities than those reaching prox-
imal locations, which leads to ratios of ejecta/substrate 
<1 and, if distant enough from the primary crater, <0.1. 
On the hemisphere opposite the basin, convergence of 
ejecta overcomes the decrease in ejecta surface density 
so deposit thicknesses and % ejecta in the deposits 
increase toward the antipode.  

The mixtures of ejecta and substrate that constitute 
ejecta deposits are heterogeneous to an unknown ex-
tent. Reworking of the regolith by subsequent cratering 
further grinds and homogenizes materials in the upper 
parts of ejecta deposits and compromises the mineral-
ogy and texture of the materials present, so that chemi-
cal composition can be a more lasting tracer of the 
original materials than igneous rock identity.  

Basins considered: The SPA basin and its sur-
roundings are shown in Fig. 1. The model sample site 
chosen for this illustration (60S,160W; arrow in Fig. 1) 
is near the center of the basin (56S, 180), SE of the 
small crater Bhabha. We have modeled impact events 
within SPA (examples Apollo, Planck, and Bhabha) 
and impact events outside (Australe, Keeler-Heaviside 
{K-H} and Mendel-Rydberg {M-R}, distant Orientale 
and Crisium, and nearly antipodal Imbrium and Sereni-
tatis). Properties of those basins and their modeled 
ejecta deposits are given in Table 1; ages are from [20] 
and transient crater radii (tr cr ra) are from [21] except 
for Australe, K-H and Bhabha, which are our own es-
timates. The range in thickness of a particular deposit 
at a site (Table 1) arises from the random probability 
that larger or smaller ejecta fragments will be the prin-
cipal excavators. For coverage levels (CL) of 50%, the 
probability is equal that a thicker or a thinner deposit 
will be formed.  

Modeling results: Modeled thickness ranges are 
averages for the given distance from the center of the 
primary crater; actual deposits are likely to be discon-
tinuous, so the possibility exists that no deposit may be 
present. Note that the model sample site is far enough 
from all of the basins, internal or external, that the frac-
tion of primary ejecta is low (<12% at CL50%) in all 
of the deposits, and distance from the basin rim is one 
criterion that might be used for picking the sampling 
location. The highest % ejecta occur for the Bhabha 
and Apollo deposits; those craters are close to the 
model sample site. Ejecta from Bhabha, Planck, Apol-
lo, and other internal basins and craters will be SPA 
floor material, so their presence does not compromise 
the sampling of SPA material. Owing to impacts within 
the SPA, samples of regolith will contain fragments of 
SPA mare basalts.  
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Table 1. Properties of basins and their ejecta deposits at the model 
sample site 

  tr cr km range CL50 % 
basin age ra km site   thk m thk ejecta 
Australe pN ~210 1625 95-750 240 5-7 
K-H pN ~165 1740 45-415 110 3-4 
Planck pN 93 965 20-215 55 2-3 
Apollo  pN 133 695 110-750 255 9-12 
M-R N 140 970 75-520 180 6-8 
Crisium N 256 3920 92-770 230 3-4 
Serenitatis N 327 4460 230-1310 540 5-6 
Bhabha N 25 120 20-150 45 8-12 
Imbrium I 370 4350 300-1680 680 7-8 
Orientale I 250 1800 80-660 200 4-6 

 
Because the model sample site is so far inside SPA, 

ejecta from small external craters add little material; it 
is the external basins that are of greatest concern. Of 
those, the highest % ejecta comes from the Imbrium 
Basin, because it is large and roughly antipodal so that 
Imbrium ejecta converge. The same is true for ejecta 
from smaller Serenitatis. The Crisium and Orientale 
basins are closer, but low convergence leads to low % 
ejecta. The model assumes radial and azimuthal sym-
metry of basin ejecta. Such is clearly not the case in 
general, but the principal effect is on deposit thickness 
rather than any substantial change in % of ejecta.  

Cumulative effects: Of most concern is the cumu-
lative effect of ejecta from external basins. Fig. 2 
shows the provenance composition of several basins, 
each summing to 100%, taken in order of their forma-
tion, all at CL50%; a more random selection of cover-
age levels has a negligible effect on the % of SPA floor 
material. Suppose the deposit produced by the Orien-

tale event was sampled (last column of Fig. 2). The 
provenances of the materials in that deposit are as fol-
lows: 82% SPA floor, 1.7% Australe, 1.5% Mendel-
Rydberg, 0.5% Bhabha, 4% Serenitatis, 6.5% Imbrium, 
and 4% Orientale. We would expect the ejecta from 
Imbrium to be Th-rich, ejecta from Serenitatis [13] 
remain a puzzle, and ejecta from the other external 
basins to be mainly feldspathic highland materials, 
based on [5,6].  

Conclusions: Given that 80% of the material is in-
digenous to the SPA, we would have a good idea of the 
composition of the SPA floor, and could argue and 
speculate about the quantity and nature of components 
from external sources. SPA mare basalt samples would 
be available.  

 
Figure 2. Modeled provenance compositions of ejecta deposits at the 
SPA model sample site. 
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Figure 1. Orthographic projection centered on SPA (56S, 180) show-
ing nearby basins, the crater Bhabha (B), and the SPA model sample 
site (yellow arrow). Gridline spacing is 30°. 
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