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Introduction: The interior of the South Pole-Aitken Ba-
sin (SPA) contains ancient cratered terrain that is possibly
remnant of the original interior of the basin [1,2,3]. This
terrain has been modified by the addition of and mixing with
foreign material introduced by later basins and craters of all
sizes (lateral and vertical mixing).  Since much of our think-
ing about ancient regolith is based on detailed analysis of
samples from one nearside ancient heavily cratered highland
site, Apollo 16 (Ap16), it is instructive to compare the inte-
rior of SPA with the Ap16 landing site. For this comparison
we use a central location within SPA (SPA-1 at 60ºS,
160ºW).

Two models have recently been presented that allow es-
timation of the amount of original SPA interior material
likely to remain in the regolith of SPA [4,5,6].  Although the
details of each model are different, results consistently range
from 50-82% original material in the regolith.  The models
also allow the contribution from individual basins to be pre-
dicted.

Our intent is to use the “ground truth” of Apollo 16
analyses as a first order check on these model predictions.
Regolith returned by Ap16 contained impact-melt breccias
that may be associated with specific basins as well as smaller
amounts of mare basalt [3, 7, 8, 9, 10, 11, 12].  For example,
Korotev [12] examined regolith samples from Ap16 and
found that ~36% of the regolith is clearly of foreign origin.
At least ~25% of the regolith is thought to be primary Im-
brium ejecta, as well as an additional 4% from other basins
such as Nectaris and Orientale, and 6% from mare basalts.

Relation to Basins:  In comparing SPA-1 to Ap16 it is
useful to evaluate the spatial relationship of these locations to
all lunar basins since these large impacts have had a major
effect on the geologic evolution of the two sites.  The distri-
bution and size of basins in relation to the Ap16 site is illus-
trated in Figure 1a.  There are several large (>600km in di-
ameter) and recent basins located within 90º of Ap16 (i.e., on
the same hemisphere). In contrast to this, at SPA-1 (Figure
1b) the basins located within 90º are for the most part rela-
tively small basins, and several recent large basins are distal.
Regardless of the absolute abundance of basin ejecta at a
given site, these spatial relationships imply that Ap16 must
have been more significantly affected by basin material than
SPA-1.

Megaregolith: The Petro and Pieters model [4] assesses
the cumulative effect the 42 lunar basins [13] have had on
the regolith at SPA-1. The model incorporates an ejecta
thickness equation [14] with Oberbeck’s mixing parameter µ
[15]. This model estimates both the amount of foreign mate-

rial introduced as basin ejecta as well as the depth to which
the material mixes with the local material and the for-
eign/local composition at the surface.  Following the basin-
forming period (42 basins), 50-80% of the upper regolith at
SPA-1 is predicted to be derived from the original interior of
the basin (presumably ancient SPA impact melt breccia),
with the larger values the more likely [4].  This implies that
there had been as little as 20% foreign material introduced to
SPA-1. An additional result of the Petro and Pieters [4]
model is that the depth of the megaregolith at SPA-1 result-
ing from these 42 basins is estimated to be between ~200m-
2000m.  The ranges in both the depth of mixing and the total
amount of local material composing the megaregolith are
dependant on parameters used in the model [4].
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b.
Figures 1a and 1b.  Comparison of the main ring diameters [13] of
lunar basins and their distance to Apollo 16 (a) and SPA-1 (b).
Numbers refer to basins in chronological order where 0 is SPA (in
1a) and 42 is Orientale.  The 10 most recent basin events [3] are in
squares, and the 22 intermediate age basin events are in circles.
Numbers for each basin are given in Petro and Pieters [4].

In contrast, similar calculations of the proportion of for-
eign material present after the period of basin formation for
the Ap16 site predict that 50–75% of the regolith represents
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foreign material.  Of the total amount of foreign material in
the Ap16 regolith following the formation of the basins, 10-
20% is predicted to be primary Imbrium ejecta.  The mini-
mum estimate is derived using the µ parameter defined by
Oberbeck et al. [15] while the upper estimate uses a mixing
ratio value of µ/2.  Comparable estimates for the depth of the
megaregolith, or zone of mixing at Ap16, range from ~1km-
4km, depending on the parameters used (excluding the SPA
event).  The depth of mixing at Ap16 predicted for the SPA
event alone would be ~15-30km.

Regolith:  One aspect of regolith evolution not included
in the Petro and Pieters [4] model is the cumulative lateral
mixing from craters that formed following the heavy bom-
bardment, i.e., since ~3.8 By.  Regolith returned by Ap16
contained samples of foreign mare basalt that are derived
from distal source regions [16].  The contribution of mare
material to Ap16 soils can be used to estimate the amount of
foreign material introduced since the period of major mare
flooding, which followed the formation of the basins.  Based
on compositional analyses of Ap16 mare fragments, Zeigler
et al. [16] estimated that the sources for the basaltic samples
are likely to be Mare Tranquillitatis, Nectaris, Vaporum, and
Sinus Asperitus.  The location of these mare define a region
from 220km to 1100km, which when extended circumferen-
tially around Ap16 covers an area this is approximately 55%
highland, 5% Procellarum KREEP terrane (PKT) [17], and
40% mare (Figure 3). The 6% mare material found in Ap16
regolith believed to be derived from post-basin lateral trans-
port [12,16] thus implies an ~15% foreign (>220km) contri-
bution to the regolith since the basin forming period.

Based on the KREEP component in the Ap16 mafic-melt
impact breccias, Korotev [12] estimates that ~25% of the
Ap16 regolith is derived from Imbrium basin ejecta.  How-
ever, about 1% of this (1/20 of 15%) arrived after the basin
forming period indicating that ~24% is directly derived from
Imbrium ejecta itself and can be compared with model pre-
dictions.  The ~24% of Imbrium ejecta from “ground truth”
compares favorably with the estimate of 20% following the
Petro and Pieters [4] model.

Conclusions:  Comparison of the relationships between
all lunar basins and the Ap16 and SPA-1 sites (Figures 1a,b)
illustrates that the two sites are located in very different geo-
logic environments.  The estimated post-SPA megaregolith
depth at Ap16 may be as much as 2x that at SPA-1.  The
model predictions [4] of the amount of Imbrium ejecta found
at Ap16 agree well with direct sample analyses [12].

With the agreement between the model predictions and
analysis of samples from Ap16, we feel confident in the
broader model predictions for the regolith at SPA-1.  Ac-
counting for the ~15% post-basin lateral transport of foreign
material in models of the SPA-1 regolith results in a reason-
able upper limit estimate that only ~35% of the present rego-
lith at SPA-1 is derived from foreign material outside a ra-
dius of a few hundred kilometers.

Figure 3.  Orthographic projection of Clementine image centered on
the Ap16 landing site.  Rings are boundaries of possible source of
mare samples in Ap16 regolith.
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