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Introduction: The South Pole-Aitken (SPA) basin 
is the largest basin that is clearly identified on the 
Moon. It was determined 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 suggested that most of the crustal material 
within the SPA was excavated [2], and it is likely that 
the mantle materials have been exposed within the 
basin. However, the mineralogy of the SPA basin was 
not well known previously because it is one of the old-
est basins (pre-Nectarian in age [3]), and its surface 
has become obscured by intensive cratering and mix-
ing since its formation. Therefore, we conducted a de-
tailed mineralogical investigation within the SPA basin 
and found a possible impact melt pool at the center of 
the basin (162.6°E, 53.7°S, 315 and 343 km radius) [4]. 
However, the materials in the center of the basin 
should have melted [e.g., 3]. A recent study reported 
that the impact melt generated by the SPA basin im-
pact and the mantle material melted to about a 700 km 
depth [5, 6], and that the final depth of the impact melt 
after basin transition was about 50 km [7]. Therefore, it 
is very important to investigate the mineralogy and 
composition of the impact melt pool and to evaluate if 
the impact melt pool had undergone magmatic differ-
entiation to acquire rare direct information of the lunar 
mantle composition.  

In this study, we used a new mineralogical map 
based on high-spatial-resolution reflectance spectra 
using the SELENE (Kaguya) Multiband Imager (MI) 
[8] to address these issues. We investigated not only 
the mineralogy but also the layer thickness, distribu-
tions, chemical abundance, and stratigraphy within the 
central area of the basin. We then compared our obser-
vations to the available estimation of the lunar mantle 
composition and magmatic differentiation studies [9]. 

Methods: Seven thousand Kaguya MI map data 
files [8] with a spatial resolution of 14 m/pixel were 
used to generate a binned low-resolution MI reflec-
tance map (237 m/pixel) within the center of the SPA 
basin (around the central depression from [4], 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 in this wavelength range, depend-
ing on the mineral phases and their compositions. 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 (oli-
vine or high-Ca pyroxene; HCP), and blue for 1250 nm 
(plagioclase). In addition, we made iron (FeO) and 
titanium (TiO2) abundance maps using the Lucey 
method [10] on the MI data [11] and generated a geo-
logical map and geologic columnar section of the area. 
The thickness of each rock type layer was estimated by 
observing the composition of the crater wall and floor 
of variable size (300 craters from 2 to 75 km in diame-
ter) and using the relation between the crater diameter 
and excavation depth.  

Results: We classified the rock types for six units 
(orange, cyan, yellow, white, brown, and blue). Orange 
represents the LCP-dominant unit (L1) located around 
the central depression, which was also exposed a little 
in the central depression. Cyan represents the HCP-
dominant unit (H1) located within the depression, 
which is mostly located in the eastern half of the de-
pression. Yellow represents an HCP-dominant unit 
(H2) with relatively deeper spectral absorption at 1050 
nm than the 950 and 1000 nm and tends to have longer 
wavelengths in the band center (about 970 nm) than 
the cyan unit. The brown layer is an LCP-dominant 
unit (L2) observed at the central peaks of the large 
craters, which formed after the SPA basin impact. 
White represents the HCP-dominant unit (MB) having 
even longer wavelengths in the band center and higher 
iron content than the yellow and the brown units and is 
located within and around relatively large craters. The 
white unit corresponds to the mare basalt reported in 
previous works [12]. The blue layer is plagioclase 
dominant rock (An).  

Figures 1a) and b) are a 750 nm band image and 
rock-type map of the studied area. HCP-dominant rock 
types (H1 and H2) have the largest coverage in the 
central depression. Based on the crater wall and floor 
observation on the L1 unit, it is clear that the H1 unit 
extends under the L1 unit. The L1 thickness is estimat-
ed to be 100 to 500 m based on the estimated excava-
tion depth of the observed craters (Fig. 2a). Based on 
the crater central peak observation of the H1 unit, the 
LCP-dominant L2 unit underlays the H1 unit, and the 
H1 thickness is from 6.5 to 6.9 km (Fig. 2b). Similarly, 
H1 extends under the H2 unit and is up to 2 km thick, 
although the value varies with the location. The thick-
ness of the brown unit could not be estimated because 
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there is no crater or central peak to expose the lower 
portion of the red layer. However, it is at least 8 km 
thick, based on the diameters of the smallest and larg-
est craters that have central peaks of the red layer. As a 
result, columnar sections of the area are determined as 
L2> H1> (L1/H2) from bottom to top.  

We interpreted the L1 unit as mantle material 
ejected by an SPA formed impact event based on its 
spectra, thickness, and chemical composition. We also 
interpreted the H1 and L2 units as the impact melt of 
the SPA basin that had undergone magmatic differenti-
ation. There are multiple reasons for this interpretation. 
This layer is larger and thicker than the normal mare 
basalt observed on the Moon (the maximum thickness 
was estimated at 2.0 to 5.2 km even in the Imbrium 
basin, the largest basin on the Moon, where mare 
basalt covers the entire basin area [13, 14]). In addition, 
the average FeO abundance is 2 wt.% lower than that 
of mare basalt. For these reasons, it is likely that this 
layer is not mare basalt but is impact melt that pooled 
during formation of the SPA and differentiated. We 
interpreted the An unit as exposed material of an inner 
edge of the excavated crust by SPA basin generated 
impact. 

Discussion: Reference [9] studies SPA impact melt 
differentiation and derived estimated stratigraphy con-
sidering the different lunar bulk composition (different 

impact melt composition) and mantle overturn. Stratig-
raphy of our observation (lower LCP layer of at least 8 
km and upper HCP layer of 6~7 km) is matched to the 
stratigraphy of a post-overturn model in their study, 
which estimated relatively thick olivine layer (~30 
km)> LCP layer (12 km)> HCP layer (5 km) from bot-
tom to top in the differentiated column. This suggest 
that the composition of the SPA impact melt indicates 
the lunar upper mantle after the mantle overturn. In 
other words, the SPA impact event occurred after the 
LMO cumulate overturn. This is possibly direct evi-
dence that the mantle overturn occurred early in the 
history of the  Moon. 
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Fig. 2 Number-excavation 
depth  histogram  of  the 
rock  types  exposed  in 
craters.  a) Small  scale up 
to  2  km.  b)  Large  scale 
from 3 to 15 km.  �

  L1
  �1�

  �1
  L2�

a)� b)�

1414.pdf47th Lunar and Planetary Science Conference (2016)


