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Introduction: As the largest impact structure within
the South Pole-Aitken (SPA) basin, the 3.98+0.04/-0.06
Ga aged [1] Apollo peak-ring basin may shed significant
light on investigating the composition of lunar deep-
seated materials, especially given the thin crust nearby
(Fig. 1d). The Apollo basin is situated in the interior of
the SPA basin from its NE topographic rim toward its
interior, implying that in addition to vertical target vari-
ation, lateral compositional variation within the SPA ba-
sin may be also observed. Numerical modeling suggests
that Apollo basin may have formed by impact of a 40
km diameter body traveling at 15 km/s into 2040 km
thick lunar crustal material [2]. Previous studies have
noted that, in a manner different from the peak-ring ba-
sins outside of SPA, the peak ring of Apollo basin ex-
hibits a more mafic (low-Ca pyroxene, LCP) signature
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rather than pure anorthosite [3]. The interior of Apollo
basin is dominated mainly by noritic materials except
the mare region [4] and, similar to elsewhere within the
SPA basin, no significant olivine-bearing signature is
observed within the Apollo basin [5]. In our research,
we conducted a comprehensive analysis of the Apollo
basin from additional perspectives (e.g., Th distribution,
crustal thickness, etc.) to assess the potential stratigra-
phy of the Apollo basin and its target.

Compositional diversity within the Apollo basin:
We employ Moon Mineralogy Mapper (M?) data [6] to
obtain the spectral features of the Apollo basin. Using
the derived band parameters (e.g., band center, BC; band
depth, BD) [7], we identify four main material types
(Table 1, Fig. 1b). Th distribution and crustal thickness
are other critical factors to consider (Fig. 1c, 1d).
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Figure 1. Basic characteris-
tics of Apollo basin. (a) Topo-
graphic map from Chang’e-2
DEM data [8]. (b) Spectral
features derived from M3
data. (c) Th distribution
around Apollo basin from Lu-
nar Prospector Gamma Ray
Spectrometer [9]. (d) Crustal
Thickness  derived from
GRAIL (Model 1) [10]. The
location of peak ring and rim
is from [1].
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Table 1. Identifying the materials exposed on the surface of
Apollo basin based on band parameters derived from the M3,

Material types Spectral features Interpretation
Class A BD1ym < 0.025 feldspathic materials
BCoum <2 pm & Mg-rich noritic materi-
Class B BDi1ym > 0.025 als
2um < BCoym <2.15 ym & relatively Fe-rich nor-
Class C BDi1ym > 0.025 itic materials
Class D BCzum > 2.15 ym basaltic/ ?;ll)sm mate-

Within the Apollo basin, several interesting features
are revealed. For the peak ring, we can observe the same
Mg-rich noritic signature (BCoum <2 pm) as in previous
studies, but we also note that the eastern part of the peak
ring appears to have higher felspathic abundance. The
Th abundance of the entire peak ring region is relatively
low (<2 ppm). A large area in the western Apollo inte-
rior (Region I) exhibits distinctive Mg-rich noritic fea-
tures, which are very similar to the materials observed at
the peak ring, and local Th abundance is also relatively
as low as the peak ring (<2 ppm). However, Region 11
shows a potentially more feldspathic feature. This feld-
spathic feature is likely related to the locally elevated
crustal thickness (Fig. 1d). In addition, Orientale ejecta
(thickness of 0.09~0.22 km estimated by [11]) may also
contribute to the feldspathic signature here. Region II1
in the SE of Apollo interior also shows a possible mixing
of the Mg-noritic feature, but with relatively elevated Th
abundance. Mare regions show clear HCP-bearing fea-
tures. Note that the materials of the remaining part of the
Apollo interior are also noritic, but they may have
slightly higher Ca and Fe contents in their pyroxene
composition according to the band center positions (2
pum < BCoum < 2.15 um). Given that these exposures are
pervasive across the entire basin, they could be associ-
ated with Apollo impact melt or impact breccia.

Exposure of deep-seated Mg-rich noritic materials:

The most distinctive feature discovered in this analysis
is the Mg-rich noritic materials appearing in the western
and SE portions of the Apollo basin. In the same regions,
special microwave thermal emission properties were
also found independently by the Chang’E-2 microwave
sounder data [12], based on which the existence of these
distinct materials is limited in a shallow layer, probably
indicating the ejecta deposits excavated by the nearby
large impact craters. In addition, the similarity of the ex-
posed components to the peak ring suggests that they
may have the same general source. In comparison to the
whole SPA basin, their relatively low abundance of Th
(<2 ppm) suggests that the source of these materials
could be different from that of the materials divided into
the Mg-pyroxene annulus in [13], which could be the
SPA impact melt or impact breccia (Th abundance >2
ppm) [14]. Following the peak-ring basin formation hy-
potheses [15], we construct the potential stratigraphy of
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Apollo basin with the help of these outcrops excavated
by the impact craters (Fig. 2).

Considering the deep origin of the peak ring, it is rea-
sonable to speculate that these Mg-rich noritic materials
with relatively low Th abundance could be representa-
tive of a deep-seated layer (lower crust or mantle) un-
derlying the potential SPA impact breccia. Previous nu-
merical modeling suggests the peak-ring materials could
be sourced from lower crust (30-40 km) in the thicker
crustal case to up to 70 km in the thinner crustal case,
showing a possibility that the Apollo peak ring could
originate from the mantle [2]. As the thinner crust was
likely on the western side, more Mg-noritic material ob-
servation here is consistent with its deeper origin. How-
ever, we note that the spectral absorption of the materials
exposed in the peak ring is relatively weak, even for the
small fresh craters from here. This may imply that the
peak ring material could have a relatively high feld-
spathic abundance (also can be seen from the M3 inte-
grated band depth map in [4]). If the peak ring originates
from the mantle, the materials we observed may not
match well due to their lower mafic content, but as also
mentioned in [16], the peak ring in larger basins may be
derived from depths shallower than the maximum
depths of excavation. Alternatively, this relatively high
feldspathic abundance of the Apollo peak ring may also
result from the mixing of crustal and mantle materials

during the formation of Apollo basin.
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Figure 2. Cross-section of Apollo basin (AA’ in Fig.1). Note the
topography and crust-mantle interface are the real values de-
rived from SLDEM and GRAIL model 1, respectively, while the
dashed lines only show the potential stratigraphy schematically.
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