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Studies based on global subsurface radar sounding of the Moon by SELENE (Kaguya) Lunar
Radar Sounder (LRS): A summary
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The Lunar Radar Sounder (LRS) onboard the SELENE (Kaguya) spacecraft successfully performed
subsurface radar sounding of the Moon and passive observations of natural radio and plasma waves
from the lunar orbit. The operation of LRS started on October 29, 2007. Until the end of the
operation on June 10, 2009, 2363 hours worth of radar sounder data and 8961 hours worth of natural
radio and plasma wave data were obtained [Ono et al., 2010]. We found subsurface regolith layers at
depths of several hundred meters, which were interbedded between lava flow layers in the nearside
maria. [Ono et al., 2009]. Using the measured depths and structures of the buried regolith layers,
we could determine several key parameters on tectonics, surface layer evolution, and volcanism in
the maria: Base on the determined parameters such as the formation age of the ridges, effective
permittivity of the uppermost basalt layers, and the lava flow volumes in the nearside maria, we
made the following suggestions: (1) Global cooling, which forms ridges in southern Serenitatis,
became dominant after 2.84 Ga. [Ono et al., 2009], (2) The porosity of the uppermost basalt layer
in Mare Humorum was estimated to be 19-51%, much more than the average of Apollo rock samples (7%)
[Ishiyama et al., 2013], and (3) The average eruption rate of the lava flow in the nearside maria
was 107 km™/yr. at 3.8 Ga and decrease to 10" km”/yr at 3.3 Ga [Oshigami et al., 2014]. Thanks to
the high downlink rate from the SELENE/LRS (@.5 Mbps), we could obtain almost raw (simply
pulse-compressed) waveform data from the lunar subsurface radar sounding. Using this dataset,
synthetic aperture radar (SAR) processing was applied with trying several permittivity models in
the analyses on the ground [Kobayashi et al., 2012]. This dataset is provided via SELENE Data
Archive (http://12db.selene.darts.isas.jaxa.jp/index.html.en), which will be useful for researchers
who have new ideas for applying them to the investigations of the lunar surface structures and
there evolutions.
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Global Survey of Exposure Areas of Volcanic Glass-Rich Sites on the Moon based on
Hyperspectral Remote Sensing
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Spectral Profiler (SP) onboard SELENE/Kaguya has obtained continuous spectral reflectance data
(hyperspectral data) for about 70 million points on the Moon in the visible and near-infrared
wavelength ranges. Using a data ming approach with all the SP data, global distributions of large
area sites with exposed end-member of various lunar major minerals have been revealed: olivine-rich
sites, purest anorthosite sites, high Ca pyroxene-rich sites, low Ca pyroxene-rich sites, and
spinel-rich sites. In addition to these sites, it is expected that there are exposure sites of
quenched glasses from volcanic eruptions on the lunar surface. Although several remote-sensing
observations for the volcanic glasses on the Moon have been reported, the global distribution of
the glass-rich sites on the Moon has been unknown. Thus, we conducted the global survey using SP
data to reveal the global distribution of the glass-rich sites on the Moon. From the global
distribution data, we will discuss the compositional variation of the lunar mantle and/or the
distribution of the amount of volatiles in the mantle.
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Compositional estimation of the lunar interior based on the mineralogy of impact melt pool
of South Pole-Aitken basin
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The South Pole-Aitken (SPA) basin is the largest basin (2400 x 2050 km) that is clearly identified
on the Moon. The basin impact is very large, so it has been suggested that most of the crustal
material within the SPA was excavated, 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 oldest basins (pre-Nectarian in age), and its surface has become obscured by
intensive cratering and mixing since its formation. 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 differentiation to acquire rare direct information of the lunar interior
(possibly mantle) composition. In this study, we used a mineralogical map based on
high-spatial-resolution reflectance spectra using the SELENE (Kaguya) Multiband Imager (MI). We
investigated not only the mineralogy but also the layer thickness, distributions, chemical
abundance, and stratigraphy within the central area of the basin.

As the results, we classified the rock types for six units as, 1) LCP-dominant unit (L1) located
around the central depression, 2) HCP-dominant unit (H1) located within the depression, 3)
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 than the H2 unit, 4) an LCP-dominant
unit (L2) observed at the central peaks of the large craters, which formed after the SPA basin
impact, 5) the HCP-dominant unit (MB) having even longer wavelengths in the band center and higher
iron content than H1 and L2 units, 6) plagioclase dominant rock (An). 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 estimated to be 100 to 500 m based on the estimated excavation depth of the observed
craters. 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. Similarly, H1 extends under the
H2 unit and is up to 2 km thick. The thickness of L2 is at least 8 km thick, based on the diameters
of the smallest and largest 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 differentiation because this layer is larger and
thicker than the normal mare basalt observed on the Moon. In addition, the average FeO abundance is
2 wt.% lower than that of mare basalt.

Hurwitz and Kring (2014) studies SPA impact melt differentiation and derived estimated stratigraphy
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considering the different lunar bulk composition (different impact melt composition) and mantle
overturn. Stratigraphy 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 (~3@ km)> LCP layer (12 km)> HCP layer (5 km) from bottom 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 evidence that the mantle overturn occurred early
in the history of the Moon.
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Spectral charactaristics of possible antipodal ejecta deposits of Tycho crater
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Heterogeneity in magma eruption on the lunar farside
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BOEODMIEMD K UROBUEIHICRSNTUS. COZEE, BETRESNS VI VELRENDtIE
HEVYRILIEHFTBIVIVEREDKERBEICLDEDEITTELS, RANDVIVERNRKREBESICK
TCEEEZ(TTVDBCEETRT. Morota et al. (GSL Special Publications, 401, 127-138, 2015) T
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Lunar geologic map based on auto classification of Kaguya spectral data
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Geologic mapping is essential to understand the history of the crust formation and the volcanic
activity of its plant or satellite. For the Moon, many researchers have made the lunar geological
map. Those work were mainly based on albedo, texture and topography of the lunar terrain, and
relative age from crater counting, which were obtained in the Apollo era. There is no mineral and
chemical composition-oriented geologic map of the entire Moon up to today, while those have been
reported about many local area.

By using reflectance spectrum data set obtained by the Spectral Profiler (SP) and Multiband Imager
(MI) aboard Kaguya, we have started a project to make a new geological map that is mineral and
chemical composition-oriented. The SP observed lunar reflectance with 296 bands in the wavelength
range of 510 to 2600 nm with footprint of 500 mx500 m. The SP data of 160 bands between 510 and
1600 nm was averaged pixel by pixel of 0.5 degree interval in longitude and latitude and was
removed a continuous part from each reflectance spectrum, called as SP-Cube Depth. And, the
abundance map of titanium oxide calculated from MI data was also used for this work.

To construct the geologic map, the unsupervised clustering methods as K-means and ISODATA were
adopted to classify the SP-Cube Depth. These are similar algorithm, but the input parameters for
the classification are different. One of them is the final number of class. While the K-means needs
it, the ISODATA do not need it. Since nobody knows the true number of class as the lunar spectral
surface unit, the ISODATA is more suitable for this work than the K-means. However, comparing with
the K-means, the ISODATA requires more calculation time, as the data increase. Therefore, at first,
we divided the entire Moon into 7 classes by K-means, which correspond approximately to two mare
regions, South Pole-Aitken (SPA), two highland regions, boundary regions between mare/SPA and
highland, and relatively fresh crater ejecta. Then, the 3 classes corresponding to the mare regions
and the boundary region between mare and highland were divided into 5 classes in each by the
titanium content, because the sensitivity for that is small in the SP-Cube depth. Finally, all
classes were applied to the ISODATA to classify the SP-Cube Depth. As a result, the SP-Cube Depth
was divided into 66 classes in total.

Focusing on the Aristarchus and Marius regions, Aristarchus crater, the Aristarchus plateau and the
Marius hills can be classified as other classes. At Aristarchus crater, inside and outside of the
crater was divided into other classes. The crater ejecta in the outside were recognized as some
classes near the crater and one of their classes has SPA-like spectrum as low calcium pyroxene
type.

This report presents the analytical procedure and the result of automatic classification of lunar
reflectance spectra.
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The detailed distributions of Th and K in the high-Th concentration regions of the
Procellarum KREEP terrane observed by Kaguya Gamma-ray Spectrometer
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Thorium (Th) and potassium (K) are incompatible elements that remained in the melt phase during the
crystallization process of the lunar magma ocean. Therefore, the distributions of these elements on
the lunar surface provide valuable information regarding magmatic activity and differentiation of
the Moon.

Kaguya Gamma-ray Spectrometer (KGRS) [Hasebe et al., 2008] onboard Japanese lunar explorer Kaguya
determined elemental composition of the lunar surface with the high precision among previous
gamma-ray remote sensing missions. The KGRS, which employed a high-purity germanium (Ge) detector,
observed lunar gamma rays from the high altitude (100+20km) from December 14, 2007 to December 10,
2008. Subsequently, the KGRS resumed observation from the low altitude (50+20km) from February 10,
2009. The energy resolution of gamma-ray lines at 2615 keV was ~0.8% in full width at half maximum
throughout the low-altitude phase, which was better than that of the high-altitude phase and was ~9
times better than that of Lunar Prospector Gamma-Ray Spectrometer (LP-GRS). It contributed to
unique and high-precision identification of Th and K lines. Furthermore, the spatial resolution of
the KGRS was ~(67km)? throughout the low-altitude phase, which was ~4 times better than that of the
high-altitude phase. It enabled us to produce higher spatial resolution maps of Th and K.

Global distribution maps of Th and K on the lunar surface derived from the data acquired by LP-GRS
and the data acquired by the KGRS during the high-altitude observation have been reported.
According to them, there are several areas where Th concentration is prominently higher than their
surrounding regions on the lunar surface. Th concentrations in some of the high-Th regions located
in the province known as the Procellarum KREEP terrane (PKT) of the near side (e.g., Aristarchus
crater, Aristillus crater, Mairan crater, La Condamine crater, Birmingham crater, and Archytas
crater) are 7-12 ppm, whereas they are 3-5 ppm in their surrounding regions. In this study, using
the low-altitude data set of KGRS, we derive higher spatial resolution maps of Th and K abundance
of the PKT, based on 3°x 3°pixels, and we discuss the detail distributions of Th and K in the
high-Th concentration regions of the PKT.

Keywords: Moon, gamma ray spectroscopy, thorium, potassium, the Procellarum KREEP terrane

©2016. Japan Geoscience Union. A1l Right Reserved. - PPS13-07 -



PPS13-08 HAMERSER S EA2016EAS

[AAD ] FESIaRIRHERARDIC L B AE LD S VA XM OKEEE DR

Time variation of radon gas emanation on the lunar surface observed by Kaguya/ARD
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We analyzed the data obtained by the Alpha-Ray Detector (ARD) onboard the lunar orbiter Kaguya and
detected intensity increases of alpha-particles from “’Rn on the lunar surface. Although the time
variation of the radon alpha-particle intensity was implied by the observations of Apollo 15, 16,
and the Lunar Prospector, we observed the variation directly for the first time. We divided the
entire observation period of January to June 2008 into the time periods of 2 weeks which
approximately corresponds to the time necessary for Kaguya/ARD to observe the entire lunar surface.
Then, we evaluated the “?Rn alpha-particle intensity using the sliding-window algorithm for each
period and detected at least 7 events of statistically significant signal higher than 4s. In all
cases, duration of the alpha-particle intensity increase was less than 2 weeks. The result implies
that the observed radon gas emanation is a sporadic event caused by opening of some path to the
lunar surface after subsurface accumulation of gas. We examined the timing of the events relative
to the passage of the terminator and found that 5 out of 7 events were within 5 days around the
terminator passage. Thus, at least some of the gas emission events are possibly triggered by the
stress due to the temperature gradient in the lunar crust.

Keywords: Moon, radon, alpha-particle, Kaguya, ARD
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Mass dependence of solar wind ion reflection over lunar crustal magnetic anomalies
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dispersion analysis

*Peter Chi', H. Y. Wei', William M. Farrell’, Jasper S. Halekas’

1.Department of Earth, Planetary, and Space Sciences, University of California, Los Angeles,
2.Planetary Magnetospheres Laboratory, NASA Goddard Space Flight Center, 3.Department of Physics
and Astronomy, University of Iowa

A unique type of electromagnetic waves can occur when the Moon is inside the Earth’s magnetotail.
First detected by the Apollo Lunar Surface Magnetometers, these waves are narrowband ion cyclotron
waves (ICW's), and their occurrence is due to the presence of the Moon. The exact generation
mechanism of these narrowband ICW's at the Moon is still an open question. Here we investigate the
excitation of ICW's at the Moon through ARTEMIS observations near the Moon and wave dispersion
analysis. Two types of narrowband ICW’s have been observed by ARTEMIS. The first type is found when
ARTEMIS was close to and magnetically connected to the Moon. The ESA instrument aboard ARTEMIS
detected keV ions that are typical of the Earth’s plasma sheet. The velocity distribution of ions
shows a half-sphere geometry, except for ions with higher energies that can come over from the
other side of the Moon through gyration motion. The second type is detected when ARTEMIS was
several lunar radii from the Moon and was not magnetically connected. The ESA instrument detected
ions at energies of around 100 eV, and the ion velocity distribution was mostly symmetric with a
net flow velocity. With the dispersion analysis by WHAMP, we find that the observed particle
distributions for both types of wave events are ion cyclotron unstable. These wave and particle
observations support the hypothesis that each of two different processes near the Moon could lead
to ion cyclotron waves. First, the ICW events at locations near and magnetically connected to the
Moon strongly hint a wave generation through the absorption of ions by the Moon. This process is
similar to the loss-cone-induced ion cyclotron instability in the inner magnetosphere, and it
implies that the presence of the Moon can modify the local plasma condition in the Earth’s
magnetotail. Second, the ICW's located at several lunar radii from the Moon are likely caused by
PUI's that originate from the lunar exosphere. Because PUI's are one of the major loss mechanisms
of the lunar exosphere, the observations of ICW's at the Moon can help understand the loss of
volatiles from the Moon.

Keywords: Lunar exosphere, Ion cyclotron waves, Terrestrial magnetotail
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Simulation analysis on the electron dynamics in the magnetosphere boundary above a lunar
crustal magnetic anomaly
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Particle simulations on charged dust dynamics in the lunar plasma environment
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Mineralogy and petrology of a rock fragment of felsite in lunar meteorite Northwest Africa
2727 breccia: Implications for silica- and Th-rich volcanism and scientific targets toward
a future landing mission on the Moon

*EM ', Fagan Timothy’. EEIL &', EAEE 517
*Hiroshi Nagaoka', Timothy Fagan’, Masahiro KAYAMA®, Nobuyuki HASEBE'

1. BREAXFOERETZE. 2. REAXZHE MR ZHE, 3. 87 A2 K EHREAAERIMIKRERF
B

1.School of Advanced Science and Engineering, Waseda University, 2.Department of Earth Sciences,
School of Education, Waseda University, 3.Department of Earth and Planetary Sciences, Faculty of
Science, Kobe University

Based on previous study of lunar returned samples and meteorites, the main suites of pristine
nonmare igneous rocks have been classified into the following four types: (1) ferroan anorthosite
(FAN) or ferroan anorthositic-suite (FAS), (2) magnesian suite (Mg-suites), (3)
alkali-anorthosite-suite and (4) KREEP basalt and possibly related rocks such as quartz-monzogabbro
(QMG) /monzodiorite (QMD), granite and felsite. The latest suite type, the evolved rock samples
related to KREEP, may have been derived from residue of the lunar magma ocean (urKREEP), or from
low degrees of partial melting or some other process to account for their high incompatible trace
element (high-ITE) compositions. Granite and felsite have Th-rich compositions (10 to 6@ ppm), and
such lunar samples with bulk Si0, content of >60wt% originated from silicic volcanic or exposed
intrusive material. Recent global remote sensing data have presented several candidates of silicic
volcanism over the Moon based on indicators such as ITE-rich compositions, dome-like topography,
characteristic infrared spectra (Christiansen Feature), and high albedo. Silica-rich, broadly
granitic samples have been identified in lunar returned samples and lunar meteorites, but are rare.
Lunar meteorite Northwest Africa (NWA) 2727 is a breccia paired with NWA 773 and the other
meteorites of the NWA 773 clan. An olivine cumulate gabbro (0C) is common to most of these lunar
meteorites within the NWA 773 clan; in fact NWA 2977 and 6950 consist entirely of 0C lithology.
However, in addition to the OC lithology, several clast types, including in olivine phyric basalt,
pyroxene phyric basalt, pyroxene gabbro, ferroan symplectite, and alkali-rich-phase ferroan (ARFe)
rocks have been discovered from the NWA 773 clan. The ARFe clasts have K-feldspar and/or felsic
glass, a silica phase and minerals rich in incompatible elements such as merrillite. In this work,
we characterize a felsic clast in NWA 2727 and compare our results with other lunar samples to
discuss silicic volcanism.

A polished thin section (PTS) of NWA 2727 was investigated by a combination of petrographic
microscopy and electron probe micro-analysis. The NWA 2727 breccia includes a variety of
large-scaled lithic clasts (>1mm) including: OC, ferrogabbro, pyroxene-phyric basalt, and the
felsic igneous clast. The felsic clast has a modal composition of 37% silica, 34% plagioclase, 14%
K-feldspar, 6% high-Ca pyroxene, 5% fayalite, 3% Ca-phosphate, 1% ilmenite, and traces of troilite
and chromite. Feldspar compositions of the plagioclase are near An85-9@. Two compositional types of
pyroxene were identified—one near hedenbergite (Wo46Fs53, Mg#=1 [calculating Mg# as
Mg/(Mg+Fe)x100]) and the other with zoning and more magnesian compositions (Wo25-3@Fs55-65,
Mg#=8~20). The K-feldspar is also zoned with variable concentrations of Ba, clearly detected in
elemental X-ray maps (quantitative analyses of Ba are planned). The abundance of silica + feldspars
(>80 mode%), the high proportion of K-feldspar to plagioclase, and the very ferroan compositions of
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mafic minerals attest to the felsic composition of this clast. Subhedral-euhedral olivine crystals
up to 0.3 mm in maximum length are preserved, and silica and K- and Ba-feldspar occur in elongate
parallel crystals indicating an igneous origin. These observations indicate that this clast was
derived from silica-rich magma.

Silicic volcanism is also interesting from the viewpoint of landing site candidates for future
lunar landing mission. Global gamma-ray observations have presented several high-Th regions in PKT,
but the main lithology of the Th-rich regions remains a subject of dispute; possibilities include
mafic impact-melt breccia, KREEP basalt, QMD, and felsite/granite. If a lander/rover mission to a
high-Th region is equipped for analysis of major elements, in situ analyses on the Moon can be
compared with silica-rich samples such as the felsic clast in NWA 2727.

F-O—F 1 HERSE RAEA

Keywords: felsite, lunar meteorite
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Origin of water and water reservoirs on the Moon as considered from the perspective of
material sciences
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Review of lunar water studies and the implication to future exploration program.
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On-site isotope laser spectrometry aiming underground lunar water
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REvTOSIOY IV IRROFEEY, BUNSREEE /STEOUENSEE L LS ERFEIN
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COESETRROFEICT L, 2016FE L DISASICHR LTz TRBRERET —IBRTIL—T1 INSEE S
DL ARENCDVTIRARZON.
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Carbon Contribution of the dark moon samples: Quenched solids of the lunar materials
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BEOMOEEYEE. BEOEMNKRSE (NLF) &EMnAT70 - RS CERE) TOEEIY (Bh. M
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AEOAEICH VT, 7ROBEE BEA(NWA4483EY-86032) HSTESNSAEIEYIE. HERILC A
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Wz®. BRUNICAETORESEENIEE(CDEVNCEETRLTVD, BEANDRZSEENEN. BESHD
ERIMYDENLIDE. REVTILPBREICIEBCZOCER. NI TOREEENSHEATETEI,
SELERTEE LT HIERDBERTIE. NILO D - BEDICLDIRREEEN. BBIAMNZILBEFE. £
UCTEBRELDNLAEICZVCERDIMNDF Uz, CNIEBRENICOHEHEE TRERENERL D C L EEENIC
Tl —RICEXSNTULBIRAMDHEKOAEDFRS (CLDFHAE(FRLEDCEERLET T AMFDATLRS
EBRHVTE. BNRHFERREEEBANLIFERINTUOBERERINTUVET,
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Stratigraphy of mare basalts and topographic features in the central region of the
Procellarum KREEP Terrane of the Moon

“DOEE %G, 3BA &5, L0 B OEE H-E. A AEL KT B
*Shinsuke Kato', Tomokatsu Morota', Yasushi Yamaguchi', Sei-ichiro Watanabe', Hisashi Otake’, Makiko
Ohtake?

1. ZHEXFXZRREZHARMKRIER AER, 2. FHMZEM TR

1.Nagoya University Graduate School of Environmental Studies, 2.Japan Aerospace Exploration Agency

BOYIVYHA—2 v U H5DEULERPZDEOAIBO KIBELEER(CNEREEBF IS LT, BOANBE
BRERBITIBDCEFENTHSD. ADBOXRREDEREFREDERENS VY MILOKE - $HBEHAEOHE
MICEET BIBIHRMNESNIAREUNRSE D, TNICL>TAVY MLVOELETIVEHINTET S EHEFIN

D, OL—B—NO0UFT 1 ITCL>TRESNEBEODBOXBREDNERITBONBEH CEAYRE—-OMN
REIDBCEERLTUVD. CHYRE—DZEDLBLOEEHIECADRBOBFETENZEBEL TL
BProcellarum KREEP Terrane (PKT)(CEFLTULSD. COTAYRE—DESITFECLERREZDODVIVY
V—-ERBAITSCEF, BOBELRICEELRNESZSNZEEZS5NS.
BOBEER T IAERNEBEHFREFIVEEENBRERBEL NI TOERLDMENDS, W2AHEFR]
ZERICLTFIVEBENEBRICERELTVBCERDH D TULD. COFIVEEEDNEWNIVIVY—X
MDEVNTHDEEZXSNDIY, 232ERILIEI%® Phase-TANBSEEN] , 23EFEFILIE%E [Phase-2NEE

| EIERCEETSD. FUT, Phase-2NBGEENEIPKTO—EBOMEIT CREAREICER L TRETLBC &, &
RNICEVWFIVEBETHDCE, CHYRE-DDERELILK—BI DI NS, BFEBICERERFD
RYRTI—LICLDENTHDEVWSRRERIBLTLS.

BEURY R FIL—LBRBC2ETDE, ZNICHSASHDMENTERNERINTULSAEEERSS. £
CTHEE L T REDEEE D THBE, PKTORILTERN1000kn, = 500m0 QSR D HER
BlEhiz, FreCnBMFPhase- 2D NBSEEIOFOME K<—HLTUVSD. Ffe, COEBEEOY vIDEAE
BIAMEONEEBS USHETHDI E, AAMEO EEBICH DB TIEAMIRMAEICEERL TH/mL
TULBERBIRTES. O ENSEMRIMAEOKRAEPhase-EFEEB<BEHRL TVB CEMRIBIND.
BAREHCORVILFNYRAA—=T v (M) EHFEDAS(TODERT—5, 57— (DIM)ZEBLT, PKTIC
$H(FBPhase-1, Phase- 20 NBSEENC L DBERE VU VIDBRZMNLBEZERELZ. ZOEBR, Akl
FI(ADTzY w I (EPhase- 2 NBSEBIDBIE TERSINTULS CERDM oz, &z, EENIOFTDERICS
WTERIDAERDOY v I DK IO F MMEOBNDERETERT 5 EMRESINTUVSMR, AHAFKTIRIBL
TUVBRY LI —LEENSENOIFEHERDY v IOERERIZEV S, Ry ~FIL—LRFEED v
DEBOBIRICFEBIIEL. Fz, BERIZY FOERHNSYIVORNIAAEHRELZEC

3, Phase-21=w (IEHHRIMENSEE L, ARICEN>TUBILSICRXSD. CNIF, Phase-2¥ I V5E
BEEDKF - NOBOTRLERHICEVWTERNICERELECEEREBLTHED, CNERY ~FIL— LIRS
EFBULVERTHS.

F—O—R B AXBEE. BOME. . BV v, BRE
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Broadband noise and associated electron heating observed by Kaguya around the Moon in the
solar wind
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Broadband electromagnetic noise in the frequency range up to ~10 Hz has been detected around the
Moon at ~100 km altitude [Halekas et al., 2008; Nakagawa et al., 2011; Tsugawa et al., 2012].
Halekas et al. [2008] suggested that the waves are associated with electron energizations and are
basically generated through the interaction between the solar wind plasma and crustal magnetic
field. Nakagawa et al. [2011] studied the characteristics of the broadband waves by considering
properties of whistler-mode waves propagating in the solar wind frame of reference. Tsugawa et al.
[2012] showed that the statistical distributions of the intense noise are clearly located at the
magnetic anomalies. While they discussed the possible generation process of the waves through
resonant or non-resonant instability by ions reflected from the lunar surface, details of the
generation process of the waves have not been clarified yet.

We analyzed the broadband noise observed by Kaguya statistically, and suggest that the absolute
condition to observe the noise at altitudes ~100 km are 1) the spacecraft is connected to the Moon
through the magnetic field, and 2) the solar wind ions are reflected considerably in the connected
region on the Moon. The fluxes of reflected ions depend on the solar wind parameters and the
magnetisms of the lunar crusts. In a usual solar wind condition (roughly the dynamic pressure < 2
nPa), the second condition is mostly satisfied above the magnetic anomalies. In the solar wind with
larger density and faster speed than usual (roughly the dynamic pressure > 2 nPa), the second
condition can be satisfied above not only magnetic anomalies but also unmagnetized surface.
Electrons are often energized perpendicular to the ambient magnetic field or isotropically in
association with the noise and reflected ions. The electron heating above the lunar magnetic
anomalies are also associated with the broadband electrostatic noise in the frequency range up to
~10 kHz [Kasahara et al., 2011]. Their correlation is suggested in analogous to the transverse ion
acceleration due to broadband extremely low frequency noise in the Earth's auroral region [e.g.,
Andre et al., 1998].
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Formation process of linear gravity anomalies of the Moon
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BREVYIVA -+ VDIREHSIAED. ZORDVY Y RIVBBARICLBDANISEFNG S lzEEZX 5N TL)
%, LWLV IOVZE—Iv UhS VY MUEBBAME CORELDRIECDOVTEHSMIED TLEL, ZD—
DORAG. FRICEC >ETHBOIVIVEEPYT O LD XDIBHRMRZDEDKAEZE(C KL > THRIES
N. REARCIEODTULBEHNSTH D, —F. Andrews-Hanna et al. [Science, 339, 675-678, 2013] (FEME
N SIIRENRE (Linear Gravity Anomaly: LGA) EHB L. ZORRERNIHOEKERICKLD VY
VDEATHDERRUZ, EULGADRREAETHDETDE. ZO—BIFRAEAICIEL LcAgEl. X

F. EABND—ERZDEOXRBEE(CLDIEHIIN. REAICELELUCTEMNRG D, £ CRAERTIILEAD
FERRSRERIEYT Bz, REXRIRILT—IZHVEBAGBHOEROAEEZT O
NSEPRDVILFNYRARXA=Tv— (M) F—INSEHUFeEREZMALT. LeA2DEIMKICH VT
FeENBULREME Uz, 5(CMIFT—INSRKREDIRD RILORINES DRBHEERANT. CNSEFeE
DEFENY V SIVEBBBRN. TEHHRARNEXBTDCET. BEAEDERETOZ. TD&E

R. LGA2LMERE150 kmODRocheZ L —S &£ EE100 km(DEotvosT L —S DREDMETH CEFeIBNZ L DHEL T
HD. ENSHRVY MIVEBBRERICGEVER TS D CEMPH dze N5 ERoche L —5 DEYID 16
& DZEERSNGEMRIIEG LKL\ et U4, BEURZLGAY — X YE HRochefERKIC L D TIEDEEC SNz
ENTHDEVWDIFTHBEIEIKILLEL, ZDEH. COYEMLGAY — XA THDEFBRIITDICEMNTEL
hofee —A. TNSHOVY Y MIVEBARIERYE(IRocheZ L —S XEotvos O L —5F OMEMICEIFNTULDC
EMS. RocheZ L—5 &Eotvos O L —F(C KD THDRINZEDTHD. ENSDOO L —FERUBIOV T
VBB T O SNIEENTHDESE X Do Roche I L= DEBRERITI L -5 ERZICLDIEERIEKRSH S
NTWBEHS [Hiesinger et al., 44th LPSC, 2827, 2013]. SEIERRINZME(I3UZEFIURID VS
VEEIDRMEE X 5N B,

F—O—F: Al NEE. BRENEE. EAE
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The age of the moon is an important clue in understanding the former state of igneous activity of
the moon. To explore the time course of the scale and the eruption of the magma leads to pursue the
internal evolution of the moon. Generally, exploring crater size frequency distribution is used to
determine the model ages of lunar geological units. However, this age determination is susceptible
to the influence of secondary craters, and an error is likely to occur in the measured age.
Therefore, by using another age determination, it is necessary to confirm whether the measurement
age by the age determination that is free from influence of the secondary crater should be
investigated. The way based on the status of crater collapse is another expected method for age
determination of lunar geological units. In order to establish this method, it is needed to
investigate the correlation between the age of the geological units and a parameter value expressed
by F which is corresponding to the total amount of impacted objects disrupting the craters. Since
the F value is a numerical value determined by the most collapsed crater in a geological unit, it
does not include the effects of secondary craters probably occurring after the formation of the
oldest most collapsed craters. Here, we explore the correlation relationship between the F values
and the model ages based on crater size frequency distribution for several lunar geological units,
and discuss the possibility of the way based on crater collapse as an age determination of lunar
geological units.

F—O—R FRR2 AROIL—F—. DL—5—HEEE
Keywords: chronology, lunar craters, status of crater collapse
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Water-rich lunar upper mantle as recorded in lunar meteorites
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PROGER. BEINGERIENRE LIZ2E9H\ S BIERENSATICED T TKICHE (<1 ppb) LTz
KIEEEZSNTE ., ULHULiIEE. AEGEIRIS KOBBAICEEIND RIMOEENTH S KEDKEE
ERRESIN, KICEGCAOVY RILVEFIVHMRIEESNTULS, VY RILOBBMNSVYIVOEBHICESZET
DUV DHDIRE (I E XV SREICH(FDIKRDDERH. vV RILDOEDIBROEIS. ZRIYIDER
ST EEEBRILADLER, BHAXEBICKIDIKDEBERELY) EBEIRIZLET. 71 RPXIL~EEY
DEKEBH SV Y RIVICIFI-585 ppmlC ERIKDBEENTEEINZ. LN L. TOKICEGYY RILEFIVIC
DUTIIREIBERNER A ER <. ZRIMIHSBSNTIZEEHD < TTERENIRE GHEKDILIPNED
XIVEDEZSR. BZEERL TULEL) ZEEE(CULIEFREICRETEV, RIATE. 2RI ENRE LT
BRPEERRMEDTHOSKICEB U (< 10 ppb) VY RILEFILVERIEBINTULDIEND., KEEWRE
LIz TIRIEVNC ENS B < T TRIBREEILICGBE LV, AFETIE. VY RIVARODKESUAREER
BERICH U THRMRIRDHZ DBMAERETV. TEBRIICHIN Y S VASIUERBROE/KERE
EEMNCHEITDICET. JOCSIWABHETICHUEIT S LYY RILOBKEERERBBE TN TULER
EEHEDTFITRET Do

AREERBAIEI N Y S VACPEREBAE TBERIME TDEANVEEI S M EERBAREZESUX
HEaEISA M TSCENSOBREERNSKD, AR THULZEAIRHIEMREICEVWTTI1—I3 Y
DSIAMREEL. 5B IS EMETEET SERBMIRNERINSD,

AREERBA(CNT IRNRIND N ZDIZMEAEER (120 °0) OFER. (FANVEBEI S ~OEBEREERG
3750, 36003 &K U'3500 cm {HEIC. VS VAIE3550. 35008 K TUM3250 om S IC BEEIL K DIRING & -

9, Ja1—J3aVIS IS IVEEBMIRAICOH T DERERY Y S VARICEVTERBKRODKDIRIE
(FRBHESNBEDND. (FANVEEITISIERTENSDRKEFZEL <EL. CNISIKEEERICRE
UTeEBMRS LUOKKBEARDERA(CLDBKBRARREEZEZ S5ND. LT FANVEEI SR
MEATET BKIFAICAHRITZENTH D MEKEILIERICLBRIEMTIEIEL. 5. FANVEED S
ARDOAYS YRS IUERHBAICK L TE. 120005550 °COEE(CH (T3 ERMBAERET Oz, 300 °CE
TOERBERATIIZIIMEBICIREEICERILEIRSNEVEDD., 30005500 *CHOEEE(CHSVT:EEEMICAE
WIRHEDE L VWRDERT, CHIE300 (U LETHEIZK T STightly bound molecular waterDFFETH Do —
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EBOIRUNF (X550 U ENEXEBIARBREEEREZL. SSICEAMEEITDICENSEHMICESEF> TE
BULIEBEKIIBEIND,

Beer-LambertiZE £ & (C. BRIRKE. BRINOEDT S X UIRINEHEN SZILMCH (TR EKEE EEMIC M
Lizo ZORER. (FANVEED S X ~OBERHER(IE>339-1363 ppm (S 5#8EK(E>157-1051 ppm) « AV S
VAIE>199-1152 ppm (BEE/K(F>199-906 ppm) ENSKEBIET B ENYIBAL R, BoSNIZEE TEERIL
MDE—RERNSBDV Y RILICHITRIEKEERELL CEENICHET D EMNARETHD. 7O
JLLBMBE TOFERS>3005>400 km(CERSEZVY Y RILICHUVT, >631 +498 ppmEDKNEET D EHNEA
ShEE oz, BKREFCEIL. COMEIFHEROY Y RIVICIEHT ZEKETH D, HESNIEEKE(FKIC
BUOVYRIVETIVEIERBICHANNTSH D —A. KICZLWETDIHRITHEE(E—BULEL. CORREL
T. BOVYRIVIEHFBKDHIFIER(ICAREA—H DI UHKNREE UEVHBEENRRIESI NS, DI
CEETOCSILBMETOLEHVY Y RILO—BBICREDKEZFTEENEFEITDICEND. IvrT1T7 U
1 VIR0 FEOVEMEDERLSHERE. BICH(IFBIVIVA—2v U OMEER. FEABEDERERT SIC
(FRBRVEDMERE BICH (T DKDEREMRFE LT HDARBOKNEBLEELDED, BARZBICH(F
BIKIBABEICHS(FTRKOFACEMESR. SSICEEDELLREESHNCTIEBLT—VYTHD. BE
BOYREBE., BCEESBE T Y TV —VEERIT S LT BEAREENCOHASHEKBINZTIOES
LR T =T VRMICHH T S RMBHERIEELREMRES X 5,

Keywords: Moon, Lunar mantle, Lunar meteorite, Mantle water content, Infrared absorption
spectroscopy, Procellarum basin
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A spatio-temporal change of the density structure beneath impact basins of the Moon
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BOXBREME TH SEERAMTBEOEXREREDEMCHD. TZOXIEEXEERFHADRBLAZEED
ELCKETREERIFLU TV D, THEDEEERMOERE. BOE(LBEEEFE IS OXTHEATH

3. BRE. ARBEMGRAILOE= v 3y T 1 —XO&AT—SDERICKD . BOENZIERE AT
00X FE CEESINZEETIVANBEINTSD [Lemoine et al., 2014 ; Konopliv et al., 2014]. BARZB®D
BRZE. REREDEFMICBISTIREICE D e, AR TIE. GRAILOEMBEREENET L2 AL\ THADEZERIM
TOETEBEORBREREELR L. BRI D, MET—5 (FEREANBEIBCRCEBRASINZETIL (£EF
JU%Z:LRO_LTMO1_PA_1080) [Neumann, 2013] ZF(\3, J—5 —REE(IEKEANBIE00R(CEBEINIZE DR
FUIvIURBT—5 (ETIV%:GRGMI0AC) [Lemoine et al., 2014] &MET—INSEHETS (BEBE
2560 kg/m3. STERAREO600R), AAELTIE VY LIVEE(F3360kg/m3 [Ishihara et al., 2009]. HRRERE
(FHan et al. (2014) TR SNIHREZE DEE T, Wieczorek and Phillips (1998)DEI /A —T 3>V
KODEKNELERADES HMERSH. 7RO12- 145 MR OMBRENRRM RO BAED@FTH S EH TNz
[Z [Khan and Mosegaard, 2002; Lognonne et al., 2003] (CERERAMNIC/ED2750 kg/m3&EFA LIz, TAHE
B 1 ILIN/2(CTEBREUI100R. STERARBII600RE Uiz COFETEE UIEBEBEL. IR
Global model&FRT B, BIFET Y VIO EMAUVZENT>/1—33 > [Rama Rao et al., 1999] (c K

D, T ILF UV IDOHNREEZ(TEVBPMNERERBEE RE Ulz, 7 - v ~IUVEE($Global
model & BT, ARE(FKFEHBEIC10kmx10kmD A S S ZFDIEAEE U, #HHEBRRT IEZ@FEAEZNICS
(7. Global modellC KB ERERTDRFERE L. AENEET IRERSHEAICS TEIREREL

2o & BEEREANMMERZZSHESHTOLDHNREFERLTUVS, COFECEE UCEERE

Z. LIFEPrism model&FNY B, Prism modelDUTEIEIS & EEMICFHE I /2oh. UTOFEeL o>k ITF
BEZERME(CPrism modelD10/KE. 360 FIOWEEE IO T 7 T IVE/ER L. &mJ—5 —E & [Neumann
et al., 2015]D1.5BFDMHEEHICYIDEND, BONCKHEBETO T 7 rILDS5. FibhSET U —28EE
D¥4E[Neumann et al., 2015]1F C& TNRIEE] & L. &7 -7 —EBE¥RLOMMIDEEE [MAE
Bl &9, FIDNSKEEE O 7 1 IILOEERDSE LMU15%(ICEFTINDRE TOERMZD _upper. Fuh
HWESNAER DT - RED/SNEUGAMEREMEEBE 7O D 7 1 LOR R X TOERZED_lower& 9
B, E&(CD_upper/D_lower DEL(=D_upper/D_lower)&EHH L. BREAZERM TIESNITPrism mode lDFARDE
EMLEHI & 95, D_upper/D_lower DBEZ EEKHIICLLERT D&, ZDEFRMDZEERE X T —ILICIEDIERE & 1
5. FKAIICEOXRET VRN, BRIICEDNSORMMEEIT DLV D HmOMBMER DL SICRX S, &
. BEBIBEOTEDMICLDBXS [Jolliff et al., 2000] PEIMHEZFEE(C LB HERDER _FRE
[Kamata et al., 2013] KDERINDIHOAEEREBEDIMMTME BN TH D NS, EERBIMEME
OASSEEBENEVZERIRL TLWBEEX SNSD, BETI(IE. AT THONCEERIMIL FTREEBEDE
KOEBVWEXREIT SERMN. EMOEEIT—IL] & TABEEREBIE] OES55THdNH. REK#YZE
FEEBEHSBIBRERIEZRT B,

F—O—R I FRAM. TIN—-T 3V, YT
Keywords: impact basin, inversion, viscoelastic deformation
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Paleomagnetic poles of the early Moon estimated from small isolated magnetic anomalies
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RAEDAIC. RO K SEERNEIZ FHEOR, AREROBREBRRATNTU D, BREEY—X
FEBBIEER > THD. REBHCPEREERIEEEX 5N D, AEANELGHIZENMRTIC SNITEE
BRbEF DTN, ZOBERRIPRRZET 357 F EMBNAREOHIZEE U THY KRB TH D, BRE
BIIEBROABIBESLRL CLB®H. BREEDBIEAUEZRTIT S LT BEDAS 7 FEORHRE
HEITDCENTE., TSHICBEDAKE. BEGHMOBEDIERIC DV TEELBRESSICENTEL
>

Kaguya& Lunar Prospector BRI U 7z B £ 2 (EE20~40km) DERAIKIS T — S &FHA L. M ULEBMREE(C
BIIBFY — X ETIVERET D & THILAZE R, RIENESBRIBE HE T SETHERITONT
(V3 [Takahashi et al.,2014], LML, B EZOSRAIST — 5 (3 A HROMIS & LHRRILEE (L LTz
EDTHD. WIVEEE+DICERL TLEOWAREHEH D C LD SHENIB T Y — X ETIILORENEEIER
BREEED 5B, ECTAMETIE. AREDKIZET —5 THBHSIMT—S [Tsunakawa et al., 2015]1&fEAL
THBNETS. ST —S (3B LEOEAKZT — 5 LD EETEIEENS <. BREEOBEEFMICKRLT
HFD. WRIBFY —IETIVORENBEVLEBIEREDELICBEMTH D,

SWMF—5 KDBKE T — X EFILOREMNET TH S LXK UTEBSEE Zimd U TREBNE S BBBD
HEET O, HRIBER <K SN HEOHIRE BT U iR, RBED BRI & RAIKEZE i
BICHABBOFTEITORESNL. COBRLD. BEDABBANRTOIVEANE & REKIEEE N E
BLCOREENE X 5N B,

Keywords: Moon, magnetic anomaly, paleomagnetic pole
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Kaguya observation of oxygen ion precipitation from the Earth to the Moon
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BEMNDT. 77 R ITONCERBAMIIRAFHELEOZEHEICERSINEELLEISNTULD, C
DEABEZEICLDAERET IVISHEAES TERNICHAEINTUVT, AN SEBRARORMEDIITC
KBFEILEDHINLEINTUL D, BESAETTIVICKBAETIIBEOMEDO KRR ET 1 7HhSEssIniz e
WDCEMRIEINTULD, UH LIRS, BHES I TIEA EHEKDERI TIFR(GAMUBRAE SN T
WT. CNIEHERABICR U TAS<KMBEHRIELIZCEERBI D E(CED, BUBESE & RMASHIEFE
LERZERLTULER. RIAEDBEDRVEMASIRICED., 7ROCKSBHEINR170/160(CdH L\ THIERD
SAlEFREBIBRELDILDICELEO>TULS,

BHAZARAE & EROERI TR U TZBRAHZERE U T, MERTORRIOBRLEENRFTFEZI SN TL)
%, —AT. GEOTAILBEE & RS & UK SBEAEE(IC LD RFICEER 1 Z VM hEKEERER 7 & U THEEK
NoERL. MEKEKBREIEAERSINTUK CERERITNTUL D, REEWVIGETZE & 200MEKRZEEN /21t
RSB T. MIKERDBET 4 VAEAINTULD, BE1A4VOREBEXBREDREICAETKELIZHE
RIVEA R RTlEH DM, WEREHBENSKHE L7 VIEMERBEZERL. H3EETEIHIRICEREY
3., BIZ—NH BIC5HIFZE60MERE RNz & C S THIEBSBZ EE8 T 5/26). MEKERROEER 74 V(A%
HICHXINBIEENRHDEEXDENTETH D,

BHBEEE (H<v) EXBRAEZLREATIEH S H2008FE 5 100knsE CARBIL 2, 77 VaERM IHc
o (CIEBHEHINTULT, EBEKBICIVWTT A VEERL TULD, HERESE 17V I(CBERTF VAREE
NTUVBCERERRIT—INSRINTUVT, HERNS BEANBERTZ VRRAR TN (&> THAS
NTULD, BRECDEEZRTA VORELEARRENS. HMERHNSEANEERXINDIBET 4T VDEE RE
Tofto RERTIEIBETZAVOEMXEERL. ARRORMEDITICHT IEEEERT S,

F—-DO—F  BORME. HhSOFE. BEDH

Keywords: Isotope of the Moon, Kaguya spacecraft, Mass analyses
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Instrumental performance and present status of development of Active X-ray Spectrometer
for future lunar landing mission
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1.School of Advanced Science and Engineering, Waseda University, 2.Research Institute for Science
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University

Recent Chinese lunar landing mission (Chang’E 3) was successful in landing on the surface of the
Moon after their twice successful remote observations. The landing mission investigated the
elemental compositions of landing sites in more detail, and obtained new “ground truth” by using
alpha particle X-ray spectrometer, which could have not been provided by any returned samples.

The compositions of major elements as Mg, Al, Si, K, Ca, Ti, Fe of landing site help us to
understand its petrogenesis and evolution. In Japan, the global investigation of Kaguya promoted
our knowledge and understanding of the origin and evolution of the Moon. The landing and/or
sample-returned missions in the future will be followed in order to investigate the geology in more
details, in the next.

We have been developing the active X-ray spectrometer (AXS) as elemental analyzer on site, in order
to prepare for future lunar landing mission. Present AXS consists of active X-ray generators with
pyroelectric crystal (LiTa0;), and a silicon drift detector (SDD). Here, the present status of
development is reported, and the instrumental performance of AXS and the observation targets of AXS
will be discussed.

F—-U—F L gEBRE XD VET BRERE

Keywords: Active X-ray spectrometer, landing mission
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One-dimensional crater chronology: A method of estimating the termination age of faulting
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BDUYIRTS—RUEERLUHBOENME T EREFNTSZHC. BEOMELICHDHI S
L—S—%&FoCHERE —RTIOL—5—FRZ2] & BRI D, BiBCTFSINERELEIL—5—(FH
BEERT LD THIICERINzZCEE. BBLICAMIBICEEADSFEREL TUEWD L—5 —(3EE
BHMRT UIRBICFERINEC EEBKRT Do — RO L—5—FRZE(F. Vv IEERLUIEKEBLICHh
IB3I9L—9—N>55. BELTULWEWIL—F—DEBEZHRAT I THEEIRTERERBTD A
ETHD. BUEBHIZONDIL—F—4SBSBEEEZNY 1 XDHIELSHARINTULS (AIX(E Ivanov et
al., 2001), ZCT. B{USRA - BUMBREOZDICERINZ I L - —DH 1 X EBEDOEKRIRE.
L—F—BBECFRBFEHOBRAEHERR(CEIDESMC LIz, CNSOBKRZERVSCET. BiEL
DEFELTOVEWI L -5 —DIFEENS. MBEEIRTEREHEITDCEMTES,
BOTFORZvOKEBENRRTE DU v IPTS—RUE, E(SBORIBREGEB(CTNR S B U\ (SR
RICDTMLTLBEH. BOXBREBRENREICL D TERINZEEZEXSNTEZ(HIX(E Solomon and
Head, 1979), C NEE(IAEDNHBERARFICERC 2lzEEZX5NB 0. TELNLEHORT (30BE
gl) ERCEEERERT LIz(IZ(E Solomon and Head, 1980) &L\ S NDH—BHILRETE >z, LHLIA
F. AEHBROEEICLDEETESHBATETLOVEVBEERBRSEINTULS(HIX(E Ono et al., 2009;
Watters et al., 2011), CNSDBWEF. EEBHNCHESUNMEL. B—HEKRMBEE(CICHOBEDOB/BRTE
EAgEMRG D, CNSORETER SN SBEOEREACE BUEB. EECFIRONRHDEERTNTU
% (flz(d Solomon and Chaiken, 1976; Melosh, 1980) , &> CRIMBEBESDUBPOERER. EEEZRE
B3CET. ARNZICHVWTAKSEFECHIREPLHEELEDRRBICESTEEIEEXS5NS, LML, B
BERROVDETHEV TV ZONDEENLRBE D ECNETEINTIEN Oz, SHEIRRITBHEEARIC
BATBCET. WDITEEERNRE WCULWHhEEENICREBEDCEMNTEDRLS S,

Keywords: Moon, Tectonic history, Crater chronology, Mare ridge
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Enhancement of lunar topographic data with statistical voting algorithm
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In addition to terrestrial planets, grabens and ridges that are typical topographic features on the
moon indicate stress activity of the lunar surface. The grabens, which show negative channel-like
reliefs result from tensile stress in lunar subsurface. On the other hand, the ridges, which show
positive riliefs, result from compressive stress in the lunar subsurface. Especially, grabens and
ridges have been supposed to be indicators of thermal evolution of the moon, because these feature
result from expansion and constriction of the moon.

In order to find grabens and ridges by visual inspection, images taken by exploration camera are
usable. However, some of ridge have gentle slope and some of graben have shallow channel-like
relief, so it is difficult to identify these degraded features by visual inspection. In addition to
degraded features, visibility of these topographic features is affected by spatial resolution and
sun-lighting condition. Therefore, we use the Digital Terrain Model (DTM) of the moon for
production of enhanced topographic data. The DTM provides elevation data of the lunar surface and
is not generally affected by sun-lighting condition. However, it is difficult to identify small
grabens and ridges with DTM data. In previous research with a similar purpose, roughness parameter
(Root Mean Square Slope, here after RMS) with DTM data was utilized to identify several topographic
features such as craters, ridges, and lava flows. The RMS with DTM data depends on a parameter set
of calculation window size and data sampling step size. Appropriate parameter combination of these
two parameters was needed to adjust to every scale of topographic features. In this study, on the
basis of topographic data, we developed new calculation algorithm based on statistics named as
“statistical voting algorithm”. In this algorithm, we calculated an average and standard deviation
in calculation window and it vote to each pixel which has a significant difference comparing with
the average value. Continuously, we do same procedure along with moving calculation window. We
expect that this algorithm is good at identifying small degraded or small-scale topographic
feature.

As a result, and an availability of the statistical voting algorithm with DTM data to enhance the
contrast of DTM data at the topographic features was confirmed. The appropriate parameter of this
algorithm is window size 64@ pixels in both case of grabens and ridges. This algorithm is useful to
identify not only normal topographic features but also small and indistinct ones. However, small
target superposed on large topographic feature could not be identified by visual inspection with
our statistical voting algorithm data.

F—O— k. BUEMEEST L. HERIRETILT U XL
Keywords: Topographic feature, Digital Terrain Model, Statistical voting algorithm
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Scientific observation plan for Smart Lander for Investigating Moon mission
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Main objective of Smart Lander for Investigating Moon (SLIM) mission is to develop and demonstrate
technology of high-precision landing on the Moon, which enables us to explore not only the Moon but
the other planetary body with gravity. This mission is planned to land on the lunar surface within
a hundred meters from the pre-fixed destination, and it is extremely attractive for landing site
dependent study themes. Therefore, although weight and other resource budgets are very limited for
this mission because the mission aims to develop a challenging light weight and small lander,
possibility of a payload have been discussed recently within that strict resource budgets for
adding extra result to the mission. Around 20 instruments were proposed for the mission as the
results of efforts of instrument team members and candidate instruments and candidate objectives
were identified. In this presentation, the candidate instruments and their objectives will be
discussed with the information of current status the mission.

F—O—R A, SLIM SRESE
Keywords: Moon, SLIM, high-precision landing
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Linear mass anomalies going through three volocano complex areas in the Oceanus
Procellarum
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In western part of the Oceanus Procellarum of the lunar nearside, there are several large-scale
volcanic complexes, in which volcanic geographycal features are highly concentrated. In this study,
Gravity Recovery and Interior Laboratory (GRAIL)-derived lunar gravity field data is used to
investigate the geophysical relevance of the major volcanic complexes in the region. One of our
concerns is whether the volcanisms of these complexes are caused by common factors or not. We
estimated Bouguer gravity anomaly in the region and investigated the directions of the linear
structure of the anomalies. The result shows that there are linear mass anomalies, which connect
the mass anomalies at the volocano complexes of Aristarchus Plateau, Marius Hills and Flamstead
Basin. The observed linear structures lie inward of the large quasi-rectangular pattern revealed by
Andrews-Hanna et al., and much shallower than the pattern. Considering that, the observed linear
structures should have been created later than the quasi-rectangular outer structure. After the
quasi-rectangular pattern was created, magma rose to the surface through the cracks. The observed
linear structure is supposed to be created through cooling of the overflowed magma. The geological
units, which the linear structures go through, are younger than that of the outer quasi-rectangular
pattern. The linear cracks created by cooling are weaker than other locations. Therefore, magma
probably rose easier than in other area. That may be why the three currently observed volcano
complexes lie on the same linear structure.

F—O—F : BENS. GRAIL. NAEE
Keywords: lunar gravity field, GRAIL, volcanic activity
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Where did the oldest lunar mare sample come from?
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Introduction: Kalahari 009 is a lunar meteorite classified as a very-low-titanium (VLT) mare basalt
breccia and known as one of the oldest mare basalts with the U-Pb age of 4.35 +0.15 Gyr (Terada et
al., 2007). This meteorite provides the information of the lunar oldest mare magmatism prior to the
Late Heavy Bombardment around 3.8-4.1 Gyr ago and potentially facilitates understanding of the
origin of lunar mare magma activity. Here we report search for the source crater of the Kalahari
009 meteorite and shock products in the meteorite.

Analytical Methods: The source crater of Kalahari 009 was searched in a region from northern
latitude of 60 degree to southern latitude of 60 degree using data of the Multiband Imager (MI) and
Gamma Ray Spectrometer (GRS) obtained by the lunar explorer SELENE (KAGUYA). We selected candidates
of the source crater, of which FeO, Ti02 and Th concentrations are comparable to those in Kalahari
009 (16 wt% of FeO, 0.45 wt% of Ti02 and 0.09 ppm of Th) (Sokol et al., 2008). To estimate the
compositions of FeO and Ti02 we used the algorithms for deriving the abundances of FeQ and Ti02
based on MI image data (Otake et al., 2012). At the same time, optical maturity parameter (OMAT),
which is an index of relative surface age of craters, was also calculated to search for the source
crater of Kalahari 009 using the method in Lucey et al. (2000).

To reveal the impact history of Kalahari 009, we observed the thin section of the meteorite using
the field emission scanning electron microscope (JEOL 70@01F) and Raman spectrometer (JASCO
NRS-2000) .

Result and Discussion: 254 craters with concentrations of Fe0 (14-17 wt%), Ti02 (< 1 wt%) and Th (<
1 ppm) were identified. It was suggested that Kalahari 009 was ejected together with the Kalahari
008 highland breccia (Sokol et al., 2008), and therefore the source crater may be located in a
region of cryptomare. 92 out of 254 craters are located in cryptomare. The cosmic exposure age of
Kalahari 009 is from 220 +40 yr to ~0.3 Myr (Nishiizumi et al., 2005), which means that the craters
with relatively high OMAT are candidates of the source crater. Thus, the source crater of Kalahari
009 is probably one of 92 craters in cryptomare having relatively high OMAT.

In the thin section of Kalahari 009, shock products such as coesite, ringwoodite, partly mosaicism
and planar fracturing in plagioclase and olivine were observed. According to the shock
classification in Stéffler et al. (1991), the shock pressure is estimated as 30-35 GPa. The
presence of ringwoodite suggests the shock pressure of ~ 7-14 GPa based on the Fe2Si04 phase
diagram (Ohtani, 1979). Thus, it is inferred that Kalahari 009 experienced the shock pressure of ~
7-35 GPa. The Ar-Ar dating of Kalahari 009 showed that the meteorite experienced significant loss
of radiogenic Ar at 1.7 Gyr (Fernandes et al., 2007). Thus, Kalahari 009 has experienced at least
one impact which caused loss of radiogenic Ar and/or produced shock-induced minerals.

In summary, we describe a possible ejection scenario of Kalahari 009 based on the results of the
present and previous studies. An impact event occurred at 1.7 Gyr, but the ancient basalt clast
remained in the impact crater as a breccia. Then, the 2nd impact produced a small crater inside the
large crater between ~0.3 Myr and 220 +4@ yr and ejected the meteorite from the small crater.
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In the presentation, we will discuss the source crater of Kalahari 009 in conjunction with the

impact history of the meteorite.

Keywords: Moon, Kaguya/SELENE, Cryptomare
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The rheological structure of moon interior and the mechanism of deep moonquake.
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PROGHEIC K > T8 ELULBEROERNTON, BOREEE(CRET IHRADBFRIAESTAELZ. C
DAERDT—IEENITZDCET, AICEAE (MREH) MEEETTLB I &X, ABBIEELTHED, it
BRIEIRERA, VYRS E AREHELY (DY S VAVEAR) TEBRIN TV EAZFINTLS
(reviewed by Wieczorek et al., 2006). HEDT—SINSHA IR EHOANIMOIMEZS TSN, BE
DANZZALBEICDWVWTIFE DO DIREREHDEDD(e.g., Weber et al., 2008; Frohlich and Nakamura
2009), REICE@RMNHD. BEFEREBHPEEAN_ILICELDT, XEBE, FRBE, #KAE, vV
DHICELBABCHDEINTHD, BRIICOAEDOHRTEFRIHG00-1200 knfhHETRE BFHRABDREE X
NZXLIEDVT, BARBOLA0OI—BELEEICERETOR. COFRKABRDRHBELT, REOEH
FICIEDBRUEEZT CTLSC &0, FERBITNTLILGNET(~0.1 MPa)R&H(FS5NSB(e.g., Lammlein, 1977;
Nakamura 1981). CDEFRAEBDEREXAN_ILZEZERI DL, AREOAREA—X. BREOELE iR
BT BARSIEFENRND ELBAREMNRD D
BREOLA0OY—EEZRIT R, ARBOEERSEZREEINENDHD. CNICDVTIIETMEIC
SVTERASINZBRELENSHRBRIN TV S EEREEZ AU /2(Kuskov et al., 2002). ENICDVT

(&, HIEBOBEEZE (3000 kg/m’), ¥ ILDZRE3Z00 (kg/m’), EREDFESE60 (km)(CEEFE L (Hood and
Zuber, 2000), E&EHEEZSELZ. LEDEE - ENBEZE(C, MEUBIEMEE(IByerleeDERZ U\ TH
ENEE%{TU\(Byerlee, 1978), ¥MERMAEIHICH VL TIIREAEHVNTHEET L. BICHRICDVTIZ
MERADFRENE(Rybacki and Dresen, 2000; Rybacki et al., 2006)&EAL, ¥V ILEBDICDULTIEAA
S5ARDTER](Karato and Jung, 2003)&EALR. BERECDVTEIREELDTIO (s7) £107"7(s™
YDZEONOEEEERELEAEZTVL, BRBOLAOI—@EERELE. AAETIICOLAOI—EE
DREEMRTREITOVIFERIMEOA AN ZILDETIVEBE(CITBCETERAENDANZILICDNT
ERE{TOIZ.

FFEHBESNCCARSOLZA0O0I—BEENS, FRABFHSHCEUZEBECTRELTLBCERD
hofz. BE, BUHZEMEETERIERED (TR 50, ZCTHIKTREE TULIERMEOREXN X
LDEFIVEUTRESNTLVSIMEBAREN, BAASTESITRCINSIAREMCDOVTERETOR. C
DMIBARZEZSITRCILMHICE, (NEFEICIDIBELENBILEE LRSS (KEFVER

B), QZ0RELRICHSBEDBLDNEECLDINIE{LE LOSHE (LHRIMERSRME) Nd S (Karato
et al., 2001). StROBER, IFRSADORETTIE, AR CTHBARAREZSITRC I CEIFIFERCE LW
CEMbhhofz. HEIES, BAINICK > TEHFHSINZBARIBOBNEIER (/NS < (0.1 MPa), BARELE
EEIFRCIZHICHBLEEREGI0 s)ICHL, RSIRETEIRRTETITEECRRA(<10"” sHHH
3NS5THD. LHL, DT wkRHE(500-1000 ppm H/Si) TIITBREERBRICAZTHEDG10™ s, ¥
BALZEES TR ITAREENTINGZ. TSCZOHBAARLENS TR INDIBEENRETERAEN
HASINTULSDESOEEE DM (1000-1500 °C, 3.5-4.5 GPa)lEWLWC EEREINEZ. SO ENSHRER
[CEARE—(CKNEFELTHD, ZOKOAET—MNRR CTREREAERTEORURUBFATEES TLSDONE
LN,

F-O—Fk: Al BRAE. LAOI-BE
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