
DISTRIBUTION OF OLIVINE-RICH SITES IN THE SOUTH-POLE
AITKEN BASIN REVEALED BY SELENE SPECTRAL PROFILER Satoru
Yamamoto1, Ryosuke Nakamura2, Tsuneo Matsunaga1, Yoshiko Ogawa3, Yoshiaki Ishihara4, Tomokatsu Morota5,
Naru Hirata3, Makiko Ohtake5, Takahiro Hiroi6, Yasuhiro Yokota1, and Junichi Haruyama5, 1National Institute for
Environmental Studies, Japan (yamamoto.satoru@nies.go.jp), 2National Institute of Advanced Industrial Science and
Technology, Japan, 3The University of Aizu, Japan, 4National Astronomical Observatory of Japan, 5Institute of Space
and Astronautical Science, Japan Aerospace Exploration Agency, and 6Brown University, USA.

INTRODUCTION

The South-Pole Aitken (SPA) is the huge and oldest im-
pact basin structure on southern farside [1]. Because of
its size (with a rim diameter of ! 2500 km) with taking
into account the scaling theory of impact cratering [2],
the excavation depth could be at least >! 100 km. Thus,
the formation of SPA might have excavated the crust-
mantle boundary, exposing the underlying lunar mantle.
However, previous observations did not find the exposure
of olivine-rich material in SPA basin.

Recently, the global survey using the spectral data
obtained by Spectral Profiler (SP) onboard the Japanese
lunar explorer SELENE/Kaguya revealed the global dis-
tribution of olivine-rich sites on the Moon [3]. As for
SPA basin, two large craters (Schrödinger and Zeeman
craters) possess olivine-rich sites. Moreover, based on
the additional analysis of SP data, we also found a new
candidate area in SPA basin as the olivine-rich site. Here
we present the detail locations of these olivine-rich sites,
and discuss how these olivine-rich sites are related to the
formation of SPA basin.

GLOBAL SURVEY BASED ON SP DATA

SP has obtained continuous spectral reflectance data for
about 70 million points (0.5 by 0.5 km footprint) on
the Moon in the wavelength ! = 0.5-2.6µm and a
spectral resolution of 6-8 nm during the mission from
November 2007 to June 2009 [4]. In our global sur-
vey to find pure olivine spectra, we focus on the olivine
band at ! = 1.05µm, and picked up spectra having ab-
sorption band minima within the wavelength range of
1.05 ± 0.03µm after removing a linear tangential con-
tinuum. In our first analysis [3], we rejected all the
low signal-to-noise ratios data whose radiance I is less
than 23.3 W m!2µm!1sr!1, because it is not easy to
determine whether or not such data have the olivine
bands. However, we found that some of the spectra with
I < 23.3 W m!2µm!1sr!1 shows strong absorption
band minima at 1.05µm wavelength. Therefore, we also
picked up the spectra with I < 23.3 W m!2µm!1sr!1

whose continuum-removed reflectance Rc shows an ab-

sorption band minimum Rc < 0.90 (hereafter we call
this candidate data).

Figure 1: The location of olivine-rich sites in SPA basin.
The background map is the total lunar crustal thickness
[in km] (crustal materials and mare basalt fills) map
based on SELENE gravity and a topographic model,
which was obtained by SELENE [see 5].

Fig. 1 shows the location of olivine-rich sites in SPA
region. In [3], we identified 16 olivine-rich points at
Schrödinger and Zeeman craters in SPA basin. The
present global survey identified more 47 candidate data
(the total number is 63). The 41 and 4 of 47 candidate
data are located in Schrödinger and Zeeman craters, re-
spectively, where most of the candidate data are found at
the olivine-rich sites found by [3]. In addition to these
craters, we found 2 candidate data at the Thomson crater
in Mare Ingenii. It is clear in Fig. 1 that the Schrödinger,
Zeeman, and Thomson craters are distributed around the
concentric region of SPA basin. We did not find even
the candidate data in the center region nor far from the
concentric region of SPA basin.

Fig. 2 shows the location of the olivine-rich sites in-
cluding the candidate data in the Schrödinger crater. All
the olivine-rich sites are distributed along the peak ring
of this crater. This may suggest that the olivine-rich ma-
terials come from deeper region in this area. In addition,
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Figure 2: The local distribution of the olivine-rich sites
(in green and red box) in Schrödinger crater. The back-
ground figure is 750nm map by Clementine/UVVIS. SP
detected plural olivine-rich points in each green/red box.
While the green box contains both the olivine-rich points
found by [3] and the candidate data, the red box con-
tains only the candidate data. Inset shows the close-up
image of ‘E1’ (taken by Multiband Imager (MI) onboard
Kaguya [6]), where the olivine-rich points are plotted as
red dots with white 5 km scale bar.

the olivine-rich sites are associated with a fresh, small
crater on the central peaks (the inset in Fig. 2) or the
sloped surface of the peaks. This indicates that the expo-
sure by the recent impacts or landslide on the slope are
needed to find a pure olivine spectra by remote-sensing,
because the ejecta from the surroundings and/or space
weathering easily obscure olivine bands.

The same distribution pattern was observed for Zee-
man crater, where the olivine-rich sites are found at the
central peaks (Fig. 3). In Mare Ingenii, the candidate
data are identified at the rim of Thomson crater (Fig. 4).

In summary, the olivine-rich sites are distributed only
in the concentric region of SPA basin, not the center re-
gion. The olivine-rich materials in the concentric region
may have been excavated from the deeper region (lu-
nar upper mantle and/or lower crust) by the SPA basin-
forming impact. Although the olivine-rich materials
would have been covered with ejecta from the surround-
ings, later impacts to form the Schrödinger, Zeeman, and
Thomson craters excavated the olivine, exposing it to the
surface. On the other hand, the olivine-rich materials at
the central region in SPA basin might have been hidden
by the differentiated impact melt produced by SPA basin-
forming impact [8], because an extensive differentiated
layer of orthopyroxene were found at the central region
in SPA basin [9]. As a result, olivine-rich site can be

observed at the concentric region of SPA basin.

Figure 3: The same as Fig. 2, but for Zeeman crater.

Figure 4: The local distribution of the candidate data (in
red box) in Thomson crater in Mare Ingenii. The back-
ground figure is taken by Terrain Camera (TC) onboard
SELENE [7].
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