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The newest lunar digital elevation model (DEM) from SELENE and LRO data
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Mare volcanism: Reinterpretation based on Kaguya Lunar Radar Sounder data
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The volumes of single geological units with different ages and compositions are essential for revealing characteristics of mar
volcanisms and for constraining the thermal history of the Moon. Recently, the thicknesses of mare basalt units defined b
previous lithofacies maps were indirectly estimated from Clementine multispectral data. That is, the depth-diameter relationshi
of the craters fringed with ejecta from the underlying basaltic units placed the constraints for the estimation. The results are
derived for only limited areas in Oceanus Procellarum and Mare Serenitatis.

At present, the geological structures under the lunar maria are directly investigated using sounder observations. The Lun:
Radar Sounder (LRS) onboard Kaguya (SELENE) detected widespread horizontal reflectors under some nearside maria. T
LRS detects, using FM-CW radar (4-6 MHz), echoes from subsurface horizons with abrupt changes in dielectric constants &
the apparent depths smaller than about 1 km. Oshigami et al. [2012] concluded that the reflectors correspond to the interfac
between basalt units with different FeO contents, suggesting that buried regolith layers were responsible for the radar return
Therefore the LRS data have great potential to determine a lava effusion volume during a series of magmatism in lunar mari
and its time dependence.

Thicknesses of mare basalt units with different ages and compositions are directly estimated from the LRS data in the sever:
regions of lunar maria. Using the technique of Ono et al. [2009], we correlate subsurface reflectors with the surface geologi
units, the ages of which have been estimated by several researchers, to evaluate the volumes of the units.

The estimated thicknesses of the geologic units were of the order' ef®0meter, and showed a positive correlation with
their ages. The resolution of our estimation was limited by the range resolution of the LRS data. Previous studies indicated the
the typical thicknesses of single basalt flows were about 10 m or less in most of the studied sites. These estimations suggest tt
the geologic units are made up of dozens of lava flows.

Weider et al. [2010] estimated the thicknesses of a number of mare basalt units in Oceanus Procellarum and Mare Serenitat
ranging from about 80 to 600 m. For the purpose of comparison, we took the unit S15 in Serenitatis defined by Hiesinger et al
[2000]: Weider et al. concluded that the representative thickness was about 500 m although individual data derived from crater
located on the unit showed a wide variation, implying large uncertainty of thier estimation. In contrast, the LRS data exhibit that
the averaged thickness of the unit S15 is about 150 m.

The volumes of the geologic units estimated in this study were of the orde? &i{) and showed a clear positive correlation
with their ages. Again, the resolution of our method was limited by the range resolution of the LRS data. This volume range is
consistent with flow volumes derived from numerical simulations of thermal erosion model for lunar sinuous rilles formation.
The large sinuous rilles are estimated to have formed by thermal erosion with sustained lava flows of volume in the range 300
1200 k. The volume range derived from our study also comparable to the average flow volumes of continental flood basalt
units forming after the Paleozoic and calculated flow volumes of Archean komatiite flows, both possibly originated from mantle
plume activities on the Earth. The estimated volumes of the geologic mare units and their age variation on each maria potentiall
constrain key factors for the thermal evolution of the Moon; magma buoyancy and crustal thickness, impact basin topograph
effects on the ascent of magma, and thermal evolution trend.
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Melting of the Fe-O-S system and reaction between olivine and iron melt at lunar core

conditions

o000 " oo0oo0Yhoooot!
Haruka Akamatstr, Eiji Ohtanit, Akio Suzuki

l00D000O00O0O0DoOoooooo
IDepartment of Earth and Planetary Materials Science, School of Science, Tohoku University

Despite recent insight regarding the Moon from satellite sensing and analyses of Apollo-era seismic data, there are still sever
unknown issues on the deep lunar interior. It is suggested that the Moon has a small iron-rich core with a radius between 22
and 450 km based on the calculated value of the mass and moments of interior (Konopliv et al., 1998), but the question abot
its feature is still under debate. Recent studies suggest the presence of a solid inner core and liquid outer core in the Moc
(Weber et al., 2011). If we could constrain the temperature and composition of the lunar outer core, this would help us for
better understanding of the lunar interior. Here, we focused on the interaction between liquid iron-alloy and solid silicate, and
revealed the nature of the outer core of the Moon. The lunar mantle is characterizes by high FeO content compared to the Eartt
mantle. This implies that Moon is oxidizing and oxygen can be in the lunar core. Therefore, Fe-O-S system is considered and w
performed the partition experiments of oxygen between silicate and molten metal in this study.

High pressure experiments were conducted at 5 GPa from 760 C to 1400 C using 3000 ton Kawai-type multi-anvil apparatu:
of Tohoku University. We used powder mixtures of Fe, FeO and FeS as the metallic component of the starting material. Olivine
crystals with Mg number of about 83 from Miyakejima, which is similar to the lunar mantle olivine, were used for the silicate
component of the starting material. The sulfur content was 24 wt.% and the oxygen content varies 0~ 7 wt.% for the starting iron:
alloys. Scanning electron microscope (SEM) was used for the texture observation of the recovered samples, and the electron pro
micros-analyzers (EPMA) with Energy-dispersive X-ray spectroscopy (EDS) and wavelength-dispersive X-ray spectroscopy
(WDS) were used to obtain the chemical compositions of recovered run products.

Some differences in reactions between the experiments made at 1000 C and at 1400 C were observed in the recovered samp
At 1000 C, the metallic sample melted partially and liquid phase had magnesiowustite crystals were observed at the boundat
between the molten iron alloy and olivine. The Mg number of the olivine crystals increased with increasing the distance from the
metal phase. At 1400 C, the metallic sample was totally-melted. Pyroxene and olivine crystals with reverse zoning were observe
in the silicate phase, whose Mg number was higher than starting materials. The effects of oxygen content in metallic phase o
silicate phase were not observed in this experimental condition. We calculated the distribution coefficient D of FeO betweer
metal liquid and olivine crystal. Using this value, the amount of FeO in the lunar liquid outer core is 4.45 at.% at 1000 C and
1.63 at.% at 1400 C when the mantle Mg number is 80. If the amount of FeO is 4.45 at.%, the lunar outer core might have twc
layers because of existence of the immiscible two-liquid regions in the Fe-S-O system.
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Crustal materials around Mare Imbrium: result of Kaguya data integration science
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In order to understand lithological distribution and geological structure of the lunar crust, it is important to conduct analysis
of spectral images with high spatial resolution considering 3D geological structure by using high-spatial resolution topographic
map. In this presentation, lithological distribution and it relationship with geological structure around Mare Imbrium will be
discussed by using the Kaguya data acquired by MI, TC, KGRS and LALT. As well known, Imbrium basin is situated in Pro-
cellarum KREEP Terrane (PKT). Therefore this investigation would contributes to understand lithological structure of the PKT
and influence of Imbrium basin formation on the PKT evolution. In addition to discussion on crustal materials around the PKT,
implication for origin of high-Th (i.e. KREEPY) crustal materials will be discussed.
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Presence of impact melts on central peaks of lunar craters and its implications
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Introduction: Impact melts within complex impact craters are known to be flat and smooth deposits filling the floors or wall
terraces [1]. Recent studies suggest that compositionally different layers with smooth surfaces are present on the central peaks
several lunar craters, implying impact melts [2, 3]. Impact melts on the central peaks could constrain the central peak formatiol
timescale because impact melts will flow out if peaks are uplifted too quickly. However, little evidence and few examples of
impact melts on the central peaks were reported. In this study, we investigate the central peaks of the all lunar complex cratel
listed by [4] to check for the presence of impact melts morphologically and compositionally.

Methods: Central peak morphologies and topographies are identified using SELENE data obtained by the Terrain Camer:
(TC, 7.4 m/pixel) and Multiband Imager (M, visible: 20 m/pixel and near- infrared: 60 m/pixel); Ml spectral data also provide
compositions of geologic units. Impact melt textures are identified by characteristic features, such as cooling cracks and flowin
features (lobes or levees), using data from the Narrow Angle Camera (NAC, 0.5-1.2 m/pixel) abroad the Lunar Reconnaissanc
Orbiter (LRO) in addition to SELENE data.

Results: At least 13 of the analyzed central peaks have distinctive impact melt morphologies on their slopes. Seventy crater:
(including the above mentioned 13 craters) have spectrally unique geologic units on their gentler slopes with smooth surfaces e;
hibiting low albedo and weak absorption depth similar to their floor melts. The 70 craters vary in setting, diameter, and formation
age, while almost all the 13 distinctive melt morphologies are observed in the craters formed in Copernican period [4], which is
the latest selenogical period.

Discussion and ConclusionsOur observation that impact melts are found on the central peaks of more than half of the Coper-
nican period craters implies that many central peaks could have impact melts. My analysis suggests that the unique geologic
units on the 70 central peaks are possibly impact melt origin, and melt morphologies on the older central peaks are probabil
obscured by erosion, which implies it is common that impact melts did not flow out completely from the central peaks when
the peaks were uplifted. This suggests that impact melts already had relatively high viscosity but were not completely solidifiec
when central peaks were uplifted.

References{1] H. J. Melosh (1989) Impact Cra-tering -A Geologic Process. Oxford, New York, New York, USA. 245 pp. [2]

M. Ohtake et al. (2009) Nature, 461, 236.241. [3] G. R. Osinski (2011) Earth Planet. Sci. Lett., 310, 167-181. [4] S. Tompkins
and C. M. Pieters (1999) Meteorit. Planet. Sci., 34, 25.41
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e origin and thickness of high-thorium-content rock units on the lunar sur-

Estimating the ori
face
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The abundance and distribution of thorium, an incompatible element, within a planetary body are very important for under-
standing the thermal history of a terrestrial planet because it correlates to the heat-source elemental abundance of these plan
Gamma-ray remote-sensing data depicts the global distribution of thorium of the lunar surface, in which thorium concentrates
in the western hemisphere of the lunar near side around the mare region. Within this high thorium area are several hot spot
which have significantly higher thorium content. Lunar rocks containing abundant incompatible elements are called KREEP-rich
rocks based on the Apollo sample analyses. KREEP should be formed in the boundary area between the lower crust and tl
upper mantle. However, the KREEP-rich rock is exposed on the lunar surface. Two processes were proposed as the mechani
for transporting KREEP-rich rocks from under the crust to the surface. One is an igneous process, in which KREEP-rich basalt
erupt from magma generated in a deep area at the bottom of the crust. The other mechanism is the ejecta origin of Imbrium basi
in which a basin-formation event excavated the lower crust including KREEP-rich rocks and spread it as ejecta on the surface
The thorium hot spots can be considered to have been formed by either mechanism. However, because of a low spatial resoluti
of gamma-ray observation from orbit, we cannot identify the corresponding rock types of the thorium hot spots. Therefore, the
actual distribution of the high thorium unit and its thorium abundance has not been well understood.

In this study, we used high-resolution visible to near-infrared band images obtained by Kaguya (SELENE) and combined
them with a simulated thorium abundance based on Lunar Prospector gamma-ray data to estimate the origin of the thorium-ric
rocks and their thorium concentrations. We selected two hot spots (Aristillus and Copernicus) to analyze as candidates of the tw
KREEP origins. Aristillus is a crater within the Imbrium basin, while Copernicus is located outside of the Imbrium basin.

Our results indicate that KREEP-rich rocks around Aristillus contain high calcium pyroxene, and its thorium abundance is
estimated to 35 ppm, while there appears to be no thorium inside the crater. In contrast, KREEP-rich rocks around Copernicu
contain low-calcium pyroxene with 12 ppm thorium content. By combining the results with their geologic contexts, KREEP
rick rocks in Aristillus (Copernicus) are estimated to originate from KREEP basalts (Imbrium ejecta). The KREEP layer around
Avristillus is estimated to be 1.6 km thick, and that around Copernicus is estimated to be 9 km thick. These results suggest the
the thorium concentration within the crust is not uniform as assumed in a previous model but it forms a layer. It also clearly
demonstrates that the previous model assuming constant thorium content within the crust from surface to the bottom (60 kr
deep) needs modification. Our estimation based on our new thorium abundance model for the Procellarum KREEP terrane di
rives much lower thorium abundance (50% less) than previously estimated.
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The formation and reactivation of a mare ridges in northern Imbrium
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Mare ridges are the manifestations of horizontal compressions in the shallow part of the lunar crust. They have been interprete
as the folds that determined the basaltic lava layers in mare basins. Since the distribution of the ridges is usually concentric wit
respect to basin centers, the compressional stress is thought to be originated from the flexure of lithosphere caused by the loadi
of mare basalts, which is called mascon tectonics. Possible mantle viscosity allowed such deformations to have had delay time |
the order of 0.1 Gyr from the deposition of the basalt, which means the deformation was almost syndepositional. However, recer
investigations on the underground structures showed that there is no lateral change of thickness of basalt lava around ridges, &
this fact supports the post-depositional formation of ridges. On the lunar surface, the majority of mare basalts deposited befor
3.0 Ga. Thus, the most of the ridge formation should have occurred before 3.0 Ga. The timing of the formation will be the
clue to distinguish their origin, among global cooling, orbital evolution of the Earth?Moon system and mascon tectonics. This
study found a crosscutting relationship between a ridge and a basalt unit, then constrained the formation age of the ridge usir
depositional ages of basalt lava units derived from the crater-size frequency distribution (CSFD).

By means of optical data taken by the cameras onboard SELENE (Kaguya), an ENE-WSW trending mare ridge that damme
up a relatively high-Ti basaltic unit was found near Sinus Iridum, northern Imbrium. The ridge is 300—-400 m high, “30 km wide
and 150 km long. Relatively high-Ti unit is dammed up by the ridge and relatively low-Ti unit made up the ridge. It was also
found that the lowermost part of the ridge is partially covered by high-Ti unit, that is, a part of the ridge was uplifted after
the deposition of the high-Ti basalt. In addition, there is a smaller ridge of "50 m in the younger unit. The smaller ridge runs
roughly parallel to the ridge mentioned above. The reactivation and the formation of the small ridge showed that a compressione
deformation occurred in the area after the deposition of high-Ti basalt. This study determined the depositional ages of high-T
unit and low-Ti unit by performing CSFD measurements. The estimated ages were 3.0 Ga and 2.1 Ga for low-Ti unit and for
high-Ti unit, respectively. The cross-cutting relationship showed that the major formation age of the ridge was between 3.0 tc
2.1 Ga. Furthermore, it was revealed that the reactivation and the smaller ridge formation occurred after “2.1 Ga. Since most ¢
the mare basalts were deposited before 3.0 Ga in the Imbrium basin and the ridge is a part of concentric ridges of the basin, t
formation of the ridge was possibly induced by the latest stage of the mascon loading. However, the reactivation of the large ridg
and the formation of the small ridge were too young for the mascon, requiring some mechanisms other than the loading. Globe
cooling and the increasing Earth-Moon distance are possible explanation.

Keywords: mare ridge, chronology, formation age
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Assessment of Hemispherical Spatial Distribution of Craters on the Lunar Farside.
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The impact craters on planetary surface show random spatial distribution. However, lunar surface expect to have a bias ¢
spatial distribution of crater because the Moon have same rotation and revolution periods.

The previous research showed that rayed crater density at the apex (0 N, 270 E) is highest than antapex (O N, 90 E). | compar:
crater size-frequency distribution of apex and antapex side about craters of over 20 km in diameter. In the result, the crater siz¢
frequency distribution of the antapex side was higher than the apex side.

Purpose of this research is to develop an algorithm to assess spatial distribution of craters on lunar farside by using clusterir
analysis for finding where bias of craters is. In this algorithm, | apply the nearest single-linkage clustering (S-LINK) to simulated
and actual craters, and assess whether the crater is random or not by comparing both of results. As a result, 2870 of 3112 crat
were decided to non-random (1403 craters are at the apex side, and 1467 craters are at the anapex side). | investigated
crater frequency variation with longitude and latitude. The high frequency of non-random craters was found at north high latitude
region, apex side (210 to 270 E) and antapex side (90 to 150 E).

goooo:ogoobo,bboo,00goobo,o0oooon
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Present Status of the next lunar landing mission SELENE-2 (3
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SELENE-2 project has been started from 2007 as the first Japanese lunar lander. The main prior object of the SELENE-
mission is to develop safe and precise landing system on middle to large planets and satellites such as the Moon and Mars f
a future lunar and planetary exploration. Another key technologies under investigation are surface mobility by a rover, and lonc
night survival module without using nuclear power. In addition, some instruments for lunar science and future utilization have
been so far investigated.

The Strategic Headquarters for Space Policy of Japanese government established "Basic Plan for Space Policy” in June, 20C
Following the plan, a concrete strategy of Japanese lunar exploration had been discussed in "Study group for lunar exploratior
of Japanese government which was organized from August, 2009 to July, 2010. The final report of the group indicates that
spacecraft should land on lunar surface in around 2015 to promote lunar exploration using advanced robot technology in 202(
Despite of this result, the SELENE-2 is delayed and still remains as the Phase-A study. Presently, the earliest launch date is 20:
when we successfully proceed to Phase-B within the fiscal year 2013.

One of our meager but important progresses are that technological development of candidate instruments, especially, w
have developed seismometry system and camera system, both of which were considered to be main scientific instruments f
geophysical and geological instruments. As for the seismometry system, we have almost successfully performed interface tes
which were done by international collaboration. Development of a sensor of the visible to near infrared camera system, on th
other hand, also conducted good performance under the suitable temperature condition on board the rover.

We are preparing for the upcoming review board to proceed to phase-B study. In order to achieve it, we are under investigatio
to make high reliable system, and realistic scenario of the mission profile assuming some appropriate landing sites which hav
been selected among the Japanese lunar scientists. Further technical development is also to be aggressively continued for redu
risks.
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Recent status of SELENE-2/VLBI instrument
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Fuyuhiko Kikucht, Koji Matsumotd*

00000 RISEDODOOOOO
'RISE Project, National Astronomical Observatory of Japan

We proposed a VLBI (very long baseline interferometry) radio source mission for the Moon lander SELENE-2. The purpose
of our mission is to improve the lunar gravity field and to estimate the lunar interior structure. Differential VLBI observations be-
tween an orbiter and a lander are carried out to determine the position of the orbiter and the lander in addition to the conventione
2-way Doppler observation (Fig.1). VLBI measures a difference in an arrival time of a signal transmitted from a radio source to
two ground stations. This measurement gives plane-of-sky position information of the radio source in contrast to 2-way Dopplel
measurement that gives line-of-sight position information. The combination of VLBI with Doppler is effective for precise posi-
tion determination of the spacecratft.

This presentation shows the recent status of the VLBI radio source mission of SELENE-2.

1. A simulation study of the lunar gravity field estimation is carried out. The result shows that a potential Love number k2
accuracy better than 1 % can be achieved by 3 months of the VLBI mission duration provided that arc length is 14 days and the
historical tracking data including SELENE are combined with.

2. The sensitivity of the geophysical parameters, in particular that of k2, the moment inertia of the Moon, and the seismic trave
time, for the lunar deep interior structure is evaluated. A preliminary result shows that a density and a radius of the lunar core
can be estimated within the error of 10 %.

3. We have conceptual design for an antenna that will be used on the lunar surface. A simulation evaluates the electric chara
ters of the antenna, which are the gain, the beam pattern, and its temperature characteristics.

4. In order to decrease the power consumption of the VLBI radio source, the observation method and the manner of the oper:

tion are reconsidered.

Keywords: selene-2, vibi, moon, internal structure
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An implementation of a visualization system for large scale moonquake data considering

waveform similarity
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Develpoment of the retro-reflector on the moon for the future lunar laser ranging
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Performance of a visible-InGaAs sensor onboard a lunar exploration camera
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Chikatoshi Hond&, Daisuke Torif, Makiko Ohtaké, Tatsuo Kinoshitl, Kazuto Saiki, Tomokatsu Moroth Hisashi Ootaké
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LUniversity of Aizu,?Osaka University?Japan Aerospace and Exploration Agerityagoya University

Information of the lunar highland could help us to know the solidification of the lunar magma ocean and to estimate the internal
structure of the Moon. We are now planning to develop a visible-SWIR macro camera with rock abrasion tool (RAT) which is
required to establish a light-weighting for setting on a head of rover’s arm. The purpose of this camera is to observe the textur
of polished rock surface (grain size, shape, species, and crystal configuration) to investigate the geologic history of the rock. Th
target crystal grain size is about 200 um in average diameter. We thus need a 500 x 500 pixel sensor to achieve 20 um/pixel spat
resolution with fields of view exceeding 100 mmphi. Spectra in the 0.8 ? 1.7 um region is important to analyze major mineral
species found on the Moon. So, these requirements are achieved by a visible-InGaAs sensor which has sensitivity from visible
infrared wavelength. It is important to know the performance for using space exploration, especially, an environment at the luna
surface. We'll report the details of the examinations about a dark current test of a visible-InGaAs sensor.

Keywords: visible-InGaAs sensor, dark current
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High-resolution spectroscopic observation of sodium atom emitted from th

using a Haleakala 40cm telescope

lunar surface
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Subsurface magnetization source of Reiner Gamma and Rima Sirsalis magnetic anomalis

on the Moon

oooo ™ ooot,oooo!
takashi yokoyam, Futoshi Takahashj Hideo Tsunakawa

l00o000O00O0O0oOooOoon
IDepartment of Earth and Planetary Sciences, Tokyo Institute of Technology

goooooooobobooooooooboboooooooooooDoboboboobooboobDoDbUob oo
goooooooboboooooooooboboobooooobobobooboooobDOobobooboobooDbOoD
obooooooobOoboboooooooboboboooooooobOobOoboboooooooboOoboboooon
O00000ReinerGamma RimaSirsalis ] 0 0000000000000 COOO0O0O0OOOOO0O0O0OOO Lunar
Prospecto 000 0000000000000 00O0DODOOOO0O0O0ODODOO0OO00O00OODOOOOOO0OODOO
oooooooooooboooooooooooooboooooDboOo0OoooDboO0ObO0O0ooOooosS0o0oooooon
O000000000OReinerGamma 00 0000000000000 O0ODODOOOO00OO0OOODOOODODOOOOO
goooooooboboboooooooboboooooooboob0obobooobooboobobobobobooooon
OoOoO0O0OOODOO0OO0OOO0OORMaSisali0O00O0COOOOOOOOOOOODODOODOODODKMOOOOODOOO
gbooooooobobooooobooboboboooooooboboboooooooboOobobooboooooon
bbooooboobobobooooooobobobooooobooooboboboooooooboOoboboboooon
ooooboboooooboboboooobooooboobooogoooo

ooo0o0:0,0000,000000,0000,00
Keywords: moon, magnetic anomaly, prism source, swirl, rille

1/1



	PPS23-P01
	PPS23-P02
	PPS23-P03
	PPS23-P04
	PPS23-P05
	PPS23-P06
	PPS23-P07
	PPS23-P08
	PPS23-P10
	PPS23-P11
	PPS23-P12
	PPS23-P13
	PPS23-P14
	PPS23-P15
	PPS23-P16
	PPS23-P17

