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     Introduction: The South Pole-Aitken (SPA) basin 
is one of the largest basins on the Moon. It was deter-
mined to have an elliptical structure with a 2400 km 
major axis and a 2050 km minor axis in a recent study 
[1]. The basin impact is very large, so it has been sug-
gested that most of the crustal material within the SPA 
was excavated [2], or in other words, it is possible that 
the mantle materials have been exposed within the 
basin. However, the mantle materials may not be ex-
posed everywhere inside the basin. Therefore we in-
vestigated the central area of the basin because the 
basin excavation was the deepest in the central area 
and offers a high probability that the mantle materials 
are exposed. However, because the basin impact is 
very large, the materials in the central area should have 
melted [e.g., 3]. A previous study using a numerical 
simulation of the formation of the SPA indicated that 
the impact melt generated by the SPA basin impact and 
mantle material melted to about a 700 km depth [4]. A 
previous study determined that the final depth of the 
impact melt after basin transition was about 50 km [5]. 
Therefore, exposed mantle materials in the central area 
of the basin would have melted. Mineralogical and 
geological understanding of the SPA interior is limited 
because it is one of the oldest basins (pre-Nectarian in 
age [6]), and its surface has become obscured by inten-
sive cratering and mixing since its formation. There-
fore, it is hard to identify areas where the impact melt 
has been exposed. However, we used a new mineralog-
ical map based on high-spatial-resolution reflectance 
spectra using the SELENE (Kaguya) Multiband Im-
ager (MI) [7]. In our previous research, we identified a 
central depression where the impact melt of the SPA 
had pooled (162.6°E, 53.7°S, 315 and 343 km radius) 
[8]. However, in [8], we still had not identified the 
location of exposed impact melt on the basin surface. 
Now, we use new spectral data from MI to investigate 
the distribution of the impact melt.  

Methods: It is suggested that high-Ca pyroxene 
(HCP) dominant area expand in the central area of 
SPA, and it is possible that this area is impact melt [8]. 
However, previous studies have suggested that a ‘cryp-
tomare’ expanded within the center of the SPA basin 
[9], and the pyroxenes of mare basalt have high-Ca 
composition [10]. Thus, we should identify the distri-
bution of HCP layer. And we distinguished between 
mare and impact melt by estimating the area, thickness 
and chemical abundance of the respective layers. 

Seven thousand Kaguya MI map data files [7] with 
a spatial resolution of 14 m/pixel are used to generate a 
binned low-resolution MI reflectance map (237 
m/pixel) within the center of the SPA basin (around the 
central depression from [8], at 40 to 70°S and 140 to 
220°W). The wavelength assignment of MI provides 
both visible and near-infrared coverage in spectral 
bands of 415, 750, 900, 950, 1000, 1050, 1250, and 
1550 nm. Mineral phases have diagnostic absorption 
features, depending on the minerals. We made a color 
composite image from these data (RGB map). The 
colors were assigned to continuum-removed absorption 
depths to generate these images: red for 900 nm (Low-
Ca pyroxene (LCP)), green for 1050 nm (olivine or 
HCP), and blue for 1250 nm (plagioclase). In addition, 
we made iron (FeO) and titanium (TiO2) abundance 
maps using the Lucey method [11] on the MI data [12]. 
Next, we drew an illustration of the compositional di-
versity of the rock types based on these maps and the 
spectral band centers within the area of this study 
based on pyroxene data from the laboratory [13]. First, 
we classified the spectra roughly into pyroxene and 
plagioclase. Second, we classified the pyroxene layers 
by band center and depth of spectra, iron and titanium 
abundance, and topography. We estimated the thick-
ness of each rock type layer. We observed the walls 
and floors of small craters that can be clearly recog-
nized (i.e., exceeding 6 km in diameter) and confirmed 
which layer was exposed. We noted the distribution of 
these craters to estimate the area of each layer. 

Results: Figure 1 represents part of the area that 
we investigated in this study. Here we present the RGB 
map (Fig. 1a) and FeO abundance map (Fig. 1b) that 
we used to determine the distribution of rock types 
(Fig. 1c). For instance, both two orange areas in Fig. 
1a (white and black arrow) have low-Ca pyroxene 
composition spectrally but the area indicated black 
arrow is higher FeO abundance than the area indicated 
white arrow, and locates a central peak; therefore, we 
suggest that these two areas are different layers. In this 
way, we classified the rock types for six layers (orange, 
green, yellow, white, red, and blue). Orange represents 
the dominant LCP layer that is located around the cen-
tral depression [10], green represents the HCP domi-
nant layer located within the depression, and yellow 
represents an HCP dominant layer that has deeper ab-
sorption at 1050 nm and tends to have longer wave-
lengths in the band center. The yellow layer has higher 
iron content (about 14 wt%) than the green layer locat-
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ed within the depression. The white layer has even 
longer wavelengths in the band center and higher iron 
content than the yellow layer (most of the band centers 
are greater than 1000 nm, and the iron content is more 
than 15 wt%) and is located within and around rela-
tively large craters. The red layer is an LCP dominant 
layer in the central peaks of the large craters formed 
after the SPA basin impact. The navy blue layer is pla-
gioclase. 

We estimated the thicknesses of these layers based 
on the diameter and depth of the small craters and the 
original depth of the central peaks. From these results, 
orange layer thickness was estimated to be about 1.5 
km in the central depression, the green layer was esti-
mated to be about 6-7 km thick, and the yellow layer 
was estimated to be about 2 km. The red layer is at 
least 8 km thick, based on the diameters of the smallest 
and largest craters that have central peaks of the red 
layer. In terms of stratigraphy, we estimated from 
small craters that a green layer presents under orange, 
white and yellow layers, and the area of green layer is 
estimated at least 300,000 km2.  The red layer presents 
under the green layer.  
     Discussion: We estimated the origins of each layer. 
The orange layer (LCP layer) is interpreted to be man-
tle material ejected when the SPA basin formed. Be-
cause, from multiple observations, we found that this 
layer is consistent with the expanded mantle material 
found all over the SPA basin in a previous study [8]. 
The green layer (HCP layer) is the impact melt of the 
SPA basin. There are multiple reasons for this interpre-
tation. If this layer is a monolith, it is larger and thicker 
than the mare basalt anywhere on the Moon in previ-
ous studies [14, 15, 16]. In addition, the average FeO 
abundance is 2 wt% lower than that of mare basalt [17]. 
From these reasons, it is possible that this layer is not 

mare basalt, but rather is impact melt that pooled dur-
ing formation of the SPA. The white layer is mare bas-
alt. This layer location was approximately correlated 
with mare basalt observed in a previous study [18]. 
The yellow layer is a mixture of ancient mare basalt 
that erupted much earlier than the white mare basalt 
and the surrounding impact melt and/or mantle materi-
al ejecta. The green layer is much thinner than the 50 
km impact melt of SPA inferred in previous studies [5], 
and the red layer (i.e. an LCP layer under the green 
layer) is different to the orange layer (upper mantle 
material) in FeO and TiO2 abundances. Therefore, we 
interpret that the impact melt of the SPA is differenti-
ated into the green layer and red layer. 

Our study demonstrated the presence and distribu-
tion of impact melt generated by SPA impact event 
within the central part of the basin, and that the impact 
melt is differentiated into HCP and LCP layers. 
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Fig. 1 Part of the area that we investigated in this study: RGB map (a), and FeO abundance map (b). We used these data to illustrate the distribu-
tion of rock types (c). (Regarding (c), orange is the mantle material, green is the upper impact melt, yellow is a mixture of impact melt and/or 
mantle material and mare basalt, red is the lower impact melt, and blue is crustal material.) 
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