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Mare basalt volcanism within the giant impact structure of the Moon

FH T e 1 5 RER v b gk fipeh !
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I'Nagoya University Graduate School of Environmental studies

Toward an understanding of the evolution of the Earth and other terrestrial planets, it is important to study the thermal evolutior
of the Moon. Estimate of volumes and eruption ages of lava ponds is essential to construct the volcanic history of the Moon
Therefore, these estimates have been performed in the lunar maria, a lowland area covered with basalt.

The South Pole-Aitken (SPA) basin, located on southern lunar farside, is one of the oldest and largest impact structures in th
solar system. The basin ranges "13 km in depth, and its rim crest diameter is about 2500 km. Previous studies of numeric:
simulation for SPA-forming impact indicate that the large impact generated a melting zone ranging 500 km depth and change:
the thermal condition of the underlying mantle.

In order to evaluate the effect of the SPA-forming impact on volcanic activity, we estimated the thickness and the volumes of
lava ponds of Apollo, Leibnitz, Ingenii, located within the SPA, using high-resolution image data obtained by Kaguya. Volumes
of these maria were estimated as 4440-7330 km3, 4880-12580 km3, and 5830-53570km3, slightly smaller than estimate ¢
previous study. In comparing the volumes of lava ponds of northern lunar farside, there is no significant difference, suggesting
that SPA-forming impact did not contribute to magma production.
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Global spatlal distribution of the Iunar craters characterlzed by the Voronoi tessellation
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A surface of bodies in the solar system has been exposed by numerous numbers of impact craterings. The impact crate
are formed by the hypervelocity impact of meteorites or interplanetary bodies. The impact craterings basically occur at randon
on the planetary surface. However, the surface of the Moon, which has same rotation and revolution periods, is expected t
indicate a bias of spatial distribution of craters even though the surface has a same formation age. According to theoretice
analyses, cratering rate altered by this synchronized rotation effect indicates maximum at the apex of leading side and minimur
at the trailing side (Zahnle et al., 2001; Le Feuvre and Wieczorek, 2011). On the other hand, this asymmetry of crater spatis
distribution by synchronized rotation effect was assessed by Morota et al. (2005) and Werner and Medvedev (2010). Morota €
al. (2005) showed that number density of rayed craters at the apex is the highest on the lunar surface. Werner and Medved:
(2010) showed that peak of high number density of rayed craters observed at the distance of about 60? from the apex where
at the leading side including the apex. Because the formation term of rayed craters is in the past from the present to 1 Ga, tf
synchronized rotation effect of impact cratering had been achieved in this term.

A purpose of this research is to assess the spatial distribution of the global lunar craters without distinction of rayed or not. The
assessed craters contain older craters than that of rayed craters, so we could evaluate the synchronized rotation effect at the anc
time before the rayed crater formation. By using the Voronoi tessellation, the global spatial distribution of the lunar craters have
the potential of differences by assessing several crater-sets. A result of this research might suggest that the synchronized rotati
effect to the lunar craters was not identified in the term before rayed crater formation. In addition to this result, we confirmed the
effect of secondary craters which were produced by the Orientale basin formation near the apex.

F—TU—R: A7 L—&—, 2210, a1 5E
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Three-dimensional lunar mare subsurface structures based on the SELENE radar sound
ing
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HOWHIEICHRE L TO2IEED 5. AOXIEBIOEREZ #ind 2 7z0Ic. TN E TIAS DO [e.g., Hiesinger
et al., 2000F®, < D#HAK [e.g., Lucey et al., 2000] H i DOHHJE [e.g., Haruyama et al., 2008 £ D 3= & LT HZE O
T—RIEHE Ul HOMBERDMER & N T & 7 [e.g., Hiesinger et al., 2000; Hackwill et al., 2006; Bugiolacchi and Guest,
2008}, —/TC. HTWE., REDOHEMIZT THL, 19704EKD 7 R 1753 v 2 3 % 2007~20084ED SELENE (h
SR Ty var TN RL—EY Y T4 VI K> THE FOBIIB TN T3, Th S ORI L
B TiEbhoan FEDO DR O RAEG ORI DR D, HIEBROIHER TIrbN TE IHEMIROMEEE 75
TWL T EWTE S,

MORERICEBHEINIAL—X—Y o2 — (LRS) &, BHIEZHAT L. HEEHI R0 5 OREEZBHL., 7
O—/\)Vx H il FGEZEE 2175 72 [Ono et al., 2009] T OFTHIT— 2 L HEROHEK [5FoT] ZLEEE L. HOIASOE
7 Z v 7 X [Oshigami et al., 2014% H DA D 2213 [Ishiyama et al., 2013Da&amA 7h N iz, RFZETIE E ST,
PEROHER & DLELEE, FilcGHENAOHGZHIEL T, MEJTIANC 1° . BREJTIANCK 2° DUF ORIRE CH T RS T
DEEE 2N, WFRHHED 30T —ZN—AZ{FR LTz, #HTld. TOT—XN—RA%Zffi> 7z H Difgiasic B
% 3JocHll PhiE 2. TERDOHEX & O HEBRREE DRV Z /T %o
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An interpretation of formation process of the lunar highland crust using Th distribution
map and crustal thickness data
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H OHGEDOKEIE & Z OEBGHRRIC DV T ORRIE. HOWIHOREL ZifIHd 2 FTEETH S, RFFE T, Hik
DIEFBGAFRIC DWW T DTN D 21535 Tzdic, HDEHNCIBW T, Kobayashi et al. (2012 &% SELENE®D /> <R A
R7FAA=ZNSELNEAD M) Y LS E, LROBELU GRAIL RN 5B 5N/ HOMRIES v 7' & OB Z
#A# L7z, Kobayashietal. (2012E BV THHIRENT WA K 1T, WiF IdEARMIC BWVHEZRT, L LEDS,
I BN EZ S THED . MUY LDHEDNN L OO DN ZHib, ZNETNORE T DA TN EHE TRV D
IR U, HGREOMAKMIGIKE S OENEE TH O, RmFAABEED 22 HICHMS T 2o BNH O EHi CHB L T2
TOEZHAT S7zHI, DRDODNILLTFO K S & EBEOHBIEKDO > TV A EEZ T, Thbb5, 1))%0)%@0;
WY AE U T Oz il & LTI A TAIDO IR K 2 OWHERDOE OB, 2) H DHGRIED 55 HicBib % 2
DEDTANDOKERGRE, THS, NI TLORHELTIAB I EDTESDIT L) DDA THH, bhbh
. TNHHGRIE & D2 —2 DEWEER L TWAED TRV EEZ T, FBETIE, 2Diie, #BEDODWIDOH
DOHGTBIE DI DORESGHIC OV Tz BT K 9,

F—T—F: MUY LA, AHR)E, SELENE, GRAIL, H HIFRIE AR
Keywords: Thorium abundance, lunar crustal thickness, SELENE, GRAIL, lunar crustal formation
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Mineral distribution on lunar highland in the southwest sector of the Crisium basin with
SELENE MI

(A= G R el
SUGAMIYA, Takesht* ; HIRATA, Naru!

1 2K CAIST/ARC-Space
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SELENE (Kaguya) Multiband Imager (MI) provides a global and homogeneous spatial coverage of multiband data set of the
moon. Its spectral coverage ranges visible and near infrared wavelength including absorption features of major lunar highlan
minerals: plagioclase, olivine, and pyroxene. We perform an extensive survey of mineral outcrops with Ml multiband data on
lunar highland in the southwest sector of the Crisium basin. It is reported that outcrops of these major minerals are found ir
this region by sparse survey with SELENE (Kaguya) Spectral Profiler observation (Nakamura et al., 2012; Yamamoto et al.,
2010, 2012, 2014). It is also expected that a large impact event forming the Crisium basin excavate vertical stratigraphy of luna
highland, and possibly mantle materials.

Possible mineral outcrops are identified at which deep absorptions are found in continuum-removed spectra of MI. Position o
absorption centers of plagioclase, olivine, and pyroxene are 1250, 1050, and 950 nm, respectively. Most outcrops are associat
to craters in the target regions. They are often found on the inner wall and the ejecta blanket of craters.

Plagioclase outcrops exhibit PAN (purest-anorthosite) like spectra with the clear 1250 nm absorption that was reported b
Ohtake et al. (2009) and Yamamoto et al. (2012). Most of them are found at small craters with diametekrof whereas
Ohtake et al. (2009) reported that PAN were found mainly on craters with diamet&ikm. However, our researched region
is placed adjacent or within the Crisium basin. As Yamamoto et al. (2012) suggested, PAN blocks could be excavated from dee
region of the highland crust by the Crisium basin impact event. We also confirm an observation by Yamamoto et al. (2012) tha
olivine outcrops also associate with PAN exposures in this region.

F—T—R: R, ML H, i, BEA, GO
Keywords: SELENE, MI, the Moon, Highland, Plagioclase, Mare Crisium
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Unsupervised Classification of the Moon’s Surface Reflectance Spectra and Geologic:

Significance (2)
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HAREYAMA, Makoto* ; ISHIHARA, Yoshiak? ; OHTAKE, Makiko?
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Clarifying of lunar geological map is essential in understanding the initial formation of lunar crust and the mixing process
of lunar surface rocks due to igneous activities and meteorite impacts. However, the global geological map shown today ha
been published in the 1980s after the Apollo era, which does not include various new knowledge found in recent exploration
Therefore, we started a project to make a new global geological map of the Moon based on new data as topography, mineral a
elemental composition acquired by Japanese lunar explorer "Kaguya”.

A basic item for the project is a classification map of reflectance spectra obtained by Maltiband Imager (MI) and Spectral
Profiler (SP) aboard Kaguya, which include information of rock and mineral kinds. However, since the data collected by MI and
SP is very huge, data processing for whole moon is impossible to complete by working of only human’s eyes and hands. And
the classification should be exclude researcher’s subjective or philosophy as possible, especially in the first phase of analysi
Standing this point of view, we adopt ISODATA (lterative Self-Organizing Data Analysis Technique) method as Unsupervised
Classification (UC) with Independent Component Analysis (ICA) for classification of the reflectance spectra.

ICA is a powerful tool for analysis of multispectral or hyperspectral datasets to extract mutually independent components (ICs)
from a set of mixed-random signals. This work is the first examination to apply ICA to the reflectance spectra from lunar surface,
though ICA has been adopted to lunar gamma-ray spectra obtained gamma-ray spectrometer onboard Kaguya [10]. It was foul
that the global maps of extracted ICs clearly showed some mineral and/or rocks distributions as true signals, some characteris
patterns as noises due to mechanical and observational conditions and many random noises.

After ICA, the signal ICs are put in UC. This work employed ISODATA method as UC. ISODATA calculates class means
evenly distributed in the data space then iteratively clusters the remaining pixels using minimum distance techniques. User
do not need to know the number of clusters and can define threshold values for parameters as minimum distance or minimu
number of pixels for a class and so on. As a result, whole moon were divided into 50 -100 classes, though it was depended c
the threshold values.

This report will shows the detail procedure for classification of lunar reflectance spectra and discusses validity and applicability
of this procedure based on the results.

Keywords: Moon, Geological Classification, Reflectance, Independent Component Analysis, Unsupervised Classification, Kagu
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Gravity anomaly uncorrelated with topography in the Moon and its origin
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Zuber et al (2013)%. HHEER GRAIL DWHAS v ¥ 3 > 7 = — XOEHIT— Z OFFTIC K - THRS N7 BRRATEI AL
A20 R F TS NI-E NG T —XICHEDE, 80 X~300RUCHEWTFEJENERT > v )LD 98V HIFEER TH %
M, RO D 2% L B S RO @& EMEICKEINT % LIRIB L7z, BIETIE GRAIL DEI vy g YT 2 —AD
BT — 2 OfiTic X 0. HOEJIGIXERMEFRAIBIL 900 XX TE TN TH D (Lemoine et al., 2014 ; Konopliv et al.,
2014). HNEBOREM7Z G RZ IS % C LW AREIC > Te,

AW T BFORA 7T —2ICHEDEHICET L L LR WENBRENRD bh Bzt L, 7—7 —
FLH D 3 ROTHHT O FMEIC K D HFRN O EREE & Z DORIROHEEZ Hig T,

HIE 7 — 2 WX BRI RE £ 1080 XD € 7)1 LRO_LTMO1_PA 1080 (Neumann, 2013y i\ %, 7 —7 — ¥ 13 ER
FHFIBEE 900 R DE SR T > ¥ ¥ JUEET— % (Lemoine et al., 2014Y HiJE 7 — 2 HEFE S % (i E# % 2560 kg/m™3)
BB T7—7 =5, BEHETIVOEENE (Lemoine et al., 2014 &5 L, BREMAAIBIE D B AIE % 6000 L TR
Oic, BoNIT =7 —HET—2LHET—20 5, g EMHEIL TOWERWERENRD 5N 5 23 szt U
teo 7= —FH B EREDZEE % Wieczorek and Phillips (1998DE Jj 1 > /3—Y 3 VTR L, BREOEIRIC K
27— —H1EEELGIWET =7 —HE 2 RN OB EREIC K 27— — 81 (LR, ERE7—7—581H) 9%,
TRAEDOEE 2RO BBRIE, LTI X % 7R 1211459 1 - OHFRITE & iR O FEE S L MNEEXICE %
X9 ITHIFRAEE (2750 kg/m™3)& < > R IVIREE (3360 kg/m™3Ye ik i@ Uiz, LD T —7 —EENIHFICED 5 NS 14
Hulkicxf U T, Banerjee and Gupta (1970 AT LI Tk 25 M U, Hysrh O @ s i fEiE (72 610 kg/m™3)DIEIR A
UfiiEx AREE 57z, 50 O 9HIICDWTIE, 7 — 7 —R®ENZF 0 &40, P LHEL Thirny—F—H
HHNERHDERTHHTZ ST DT> T,

MAASELIZERH Ufe 14 A T B0V T, #ifdrh O @@ s F i gl L7 IR THh b . ERMEICHET %
XS IThiBET %, HEER TH <R (SELENE) DOXILF NV RA X—T % (MI)(Ohtake et al., 2008)c & - T1H5 N7zl
B 750nmOHE< y T L DN 5. T D 14 IS RS RMENBIC M 5. Ko, SO 14HKIE ) v P 0fE%e
DY) >V TREEICIN S THAT %, LIeW > T AHSELEITIE DN @S E IR EOKSTEE & V) v P - B2
DR 7ot ZICBEE L TWE T EHRBENS,

DEXKD, ROFIUANEZEND, U THBNIEEZEGHORKDOER, HiRNICECBRICK>TY I~
BAMMEES N, HBRANT VOB EA LR, UL UAOHREEMEIZZ L. BADKIC 2K - FhhiEon
Eno eI, BRMEHLO MRS T ENCRICIED % K D ICE AT U, Mk o @a FEREE O KK & 725
oo 72¥5. TOMREEHEEKOEEZY Y MVERFEEEZ DNE D, AN TIRBEEDOEVWEDICOWTIEERED
ERE LT ENTEEZBNS,

HiRE © ABTZE Tl LOLA Data Archive (http:// imbrium.mit.edu/LOLA.htmiD 17— % . NASA PDS Geoscience Node
(http:// pds-geosciences.wust.edu/missions/grail/default BERY ] KT > > ¥ VDRET— 2 Z A LE Uiz, iz, £F
M OHEE N CERIODIIRIC KB T —7 —HHEOFHRICIE SHTOOLS(http://shtools.ipgp. e iV & Uiz, &d U CGHIER
LEd,

F—U— R VD WA, EA =23 v BA, RIES)
Keywords: ridge, impact basin, gravity inversion, intrusion, magmatism
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The effect of thermal fatigue on the moon surface
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KIKDERMEIREEZ Z DO RKADHEEEFE R KM L TWB & EZZ BN, HERKIC KK TZORmIRAE T KE R
Ho T3, IEZRXARIMIIFIEAEDHR 552 LT ABICEDLN. MREA MATIKIERIVE=ICEDN
Tzl & L3 RSB NIMEENMEET %,

ek, FIVE— SRR LT 2 RN NRIADE DN IR TH 5 & SN TE Tz, LA LIEH, /NEERmICHBW
TORIVE—DOHIE, MR LIS IZ M MEZE X D & BEHIC K DK Z WVATREIEAERI S T 5 (Delbo et al. 2014)
Z T TAWIE T, IRERE DR 2 HO/REHE & S EMHRIc B 5/ L—2I > To RV X — D% A X5fi%x
B L. BUEINC X BRIV A — DR L DB OV TR 50 HWV T —X13 LRO O & fRREHIRTH %,

FERELUT, NI L—RIC K > THER R CJEPNCAEAE S BRIV Z —DEEREIIRE Bk o Tz, ThUIhg
L—ZDERERE KL TEO ., Flfa g L—2137 L—R2ERIFIC DL 5N DRV E—=ZHFEL TS
DICH L, B 2D ONRIVE =D N, MRt L TWA T EEZNL TV, T OR)IVE—ORHEEEE O
EERAF IS OV T RS 5,
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Water trapped at lunar regolith

T FEA
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ek, AmEIEFRIC R A THIP R L BICIZEUKTH S L BEA BN TV, 7RI vy g Yk EOiEEDEH
TH HEAOKIIHER T E R o7z, MNEARKRBGEIC X > TAHIKIBKOHHGIEH S & L TH AT NizkidEBIC
FHEMANTCRLUAMmICIIES BNWEA S EBbNTWe, LML, EFEOBIHII Yy > 3 VIS5V E— b2V T
XD, Al —ERDKMFET 5 T L 2R3 2B RN 5N DDH %, 2009FICT TNz LCROSSDERA
THOMIEIZIZ 5.6 £ 2.90WtWDIKDMFIET % F2med S BIIFERMGE 5N TW%, (Colaprete et al.,2000 F 7z /R 71
HITE EERT/KEEDHER S N TN T T UI AT EO/KDOIEEZ/RT ARENEDH %, (Pieters et al.,2009
AHEICKNH 2 L3 25750 THORKRE], $xbb,. AT 2/KkOMHs, Al L TOKOBE), Hifi COKDHH
. AN S OKOEGRD X 5 7KDWN 2B A 200 BENH %, RAEERTIE, HHEICHHE T NIKOHIE L WS il
HU. ZLHOKOEBZEHES I 2 L— 3 /KD EBER LU, [AROEEZ Schorghofer & Taylor (2007p 15> TV
%o WHIEL IV AZHEKT 25 AR T NOIKDOIEICTEH U, /KD FIVEANOIE & itz iR Lahs L d
Y ZICHHEINDE AN A LZFOR U, THUEEIC, MICIFEIET 2 RARRIC I 2 /KOMHEICHIET 5, Uk
L. AW HBW TR BIE. KEDED Y72 D KHIDIREMN K E < HEZ(LT 2 TOKDHFIEICDONTER L, L
IV ZANHOMREE, B emBORBICB N TIE, HIBICEONKRELSZHTEMN, ZRLIETIE. BE—EZRT, &
MEEICB VTR, L3V AGEROEFREICHE WO TOKNERET 2, LU AHOEMRE & /KA DOILEUZ LS 5 & |
IKDNEERE L7 0 Tld . BAK D B/KZRKD A DIESHLES 5. & TAM. IKDVEHES 2 (RRETld. /KEKEDN T
MBI, IKWVIRNICBEITE A< 7G5, AN B (B2 0, HETHER T, Al L TmdizAce LTF
159 K0 Fld. W, WED TN -7 LIV AKRMICEHET 5o R L 7ok, BRI HITEFET 5, K&
LKO—FEL T AWNEBNEILET 5, HIRBUCIBDN S K 5 ICNEBICHEE U Tz7kR&E, KiRA L 3V AEERIc W
THAEL. T CHEE - ERES N B,
VIal—ya VOR, HOE 84 LI EOHIPHIICHENT, LIV AHNTKDERE L. EFRMERE IS e
WERRE Nz, ZDFE R H ORI LT 0.1%EE TH o 7o KDE X, LTV ADFEE 10 cmPl LDFRAICH
WTOHRSNTz, ThE, LIV AKEZ Al F2h SRS L TEMILE NV, RNz AR/KOFEZERT %,

F—U—R: H, LdUZX, K ¥Ial—yav
Keywords: moon, regolith, water, simulation
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Features of 3D shapes of lunar regollth particles: comparison with Itokawa particles anc

experimental impact fragments

PR B3 by Rl BH L Ay A] 2 BAS fHORER 3
SAKURAMA Takashi* TSUCHIYAMA Akiral : NAKANO, Tsukas& ; UESUGI, Kentaré

LR E R AR B A e R BR S E R A I, 2 pESERANRE SIS eT UG ZE R, 3 D R At > 2 —
ATVT8
IDivision of Earth and Planetary Sciences, Graduate School of Science, Kyoto Univdgsitipogical Survey of Japan, AIST,
3SPring-8/JASRI

HRNEEZ EDORGDHENKETOL TV ADEK « L ZHSMCT B2, LIV AR 1D 3XeIRDHH
AR I N, EEEZEEBRE PR T & QN2 EN TV, ERSTEIEIC X Z/NKEA N AT ORI TO 3 XotiMEIX
AU CTICKDHEEEN[1]. ZD 3 :ﬁﬁﬂﬂiﬁ%fﬁfa‘*@f%‘é%ﬁﬁﬁ%%ﬁ? 2] DED L IFXAITEAWVA, 7R 1 165
(FH)U iy o AR F (6050D [3] 1&1 B A TR FICHANT X D ERIRISEWC EAMRIEE Nz, £/, 60501
T7ARu 115 (Ehoi) OHKT (10084 O 3 XyTRAHMNHIE SN [4]. 1008401 &1 kA TR 1K DERIKIC
HNT EARENTZ, LELEDS, TNHOMFETIE LR FEZ CTIRE L TW\WAd, T—2HIFICEREZET %
BT, ZORTHE 60EREICHEHE>TWVD, iz, HOL I XF—RCIEZHMEEE TS EEZ LN
5128, K0ZLDY Y TINOT—=2ZNRIKRDZEND S, Z T TAWZETIE, KOEZLDOAL IV Rk
YIIEDWTHHREL CTiz L. ALY AKFD 3TUTBIROFFEZIHSMCT 2 L LB, A M A TR E®H
TE IR L1 & DL 23K 7z

7 Ray 7 )L (10084, 60501)C A T, |HY #HOMAH AL T 16, 20, 2450 Kb > 72 ¥ > 7)1 L1613-3 (Luna

6: EhDiF), L2001-4 (Luna 20: 7 K= A &), L24130.3-2"4(Luna 24:fERniE) O 7 FEEEOY > T )V & V=,
TS 7T — 7 728E D, ZORDICL IV A FZIEOIT 5 2 &Ik D, —EICZHOK T DR % SPring-8
BL20B2 DA~ A 78 X #t CT ZHWVT o7 (X #RT3bF—: 17.9, 18.1F 7213 20 ke, HiZEYT 1 X1 1.73
mivoxel), —fELIC K DI U7ehir0 5 BE %7 3 RoTIZIKRIE A Al 7k 100004 EOEZE 7z & DRi1- [5] D5 b,
R TRl DE L L TR WAL R LTz (BED & T4 100841% 15611, L2001-41% 90 {HZfi#HT L72),

ki OEDORIEICIE., 3 HiHEFIAUILL (Ovoid Approximation: OA)EI LK UF/ X (Bounding Box: BB % [4] = H]
Wiz, 3 BBIETIE. il (S) - Hhil (1) - Eiil (L) 2RO BIEFIC K DIENE D S 728, EZLIB AR 7 ORIEIC
MIGd 2Kk - i - BHIOIE[6] BXRTE - i - WHIONAICIRS 5 [2] D 2 DDOFEZ W, TOXIICLTRD
T & il R & O 3TUCIEIRD 2 RD, HERD AR T — % [3,4] A A UKIT [7]. IR R
+[2,5,6] £ Ll L7z, Kolmogolov-Smilnov(KSIRE % W T, 2 DDONIHICHEREVWDH 2 ED ZRE LTz,

CORER, Dix< & E 10084 DN Tid s /7iE (LA T X T2 IEFRFICZE) DEWVIC KB ARZEVIZED bk
Mmotze Flz, BIEMNT LizY > IO TIE, AL 3V AR FELTldiE & @thoEN & & THRARMICITE A7
EWNIFRO NG o T, — T A MAT L3V AR @ diE 2 RZER O R D0 L ik % & AR oMM &
DERIRICENC Ehb 5Tz, AT L IV XA TOWERED 10 fZFEFRRE [8] L EWeo, EHIcbz0 i—FT =
KDALY R FIEEFEL., BRIRIGED W TV o/ EZ bNE, HRETICWE., K02 DYV T IVEMITT
5TETHS,

[1] Tsuchiyama et al. (2011) Science 333: 1125. [2] Capaccioni et al. (1984) Nature 308: 832. [3] Katagiri et al. (2014) J.
Aerosp. Eng.. 10: 1061. [4] Tsuchiyama et al., (2013) Goldschmidt Conf. Abstract 2368 Hb5{2014) kB A2 HI22RF2E
FHE L5/, [6] Fujiwara et al. (1978) Nature, 272: 602. [7] Tsuchiyama et al (2014) MAPS, 49: 172. [8] Wieler (2002) Rev.
Mineral. Geochem., 47: 21.

F—T— F: 7ROEHE, UG, ($0 S5 EEHE, X R CT, A7V 78
Keywords: Apollo mission, Luna mission, Hayabusa mission, X-ray tomography, SPring-8
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Development of hollow type retroreflector for future LLR - thermal tolerance test of the
optical contact surface -

SR AR T B PG L BPE FEOR L 2 o 2 A 2 R Al L iR — L ORIT i 3
B 4 4

ARAKI, Hiroshi'* ; KASHIMA, Shingo' ; NODA, Hirotomad' ; YASUDA, Susumd ; UTSUNOMIYA, Shir? ;
TSURUTA, Seiitsti ; ASARI, Kazuyoshi ; OTSUBO, Toshimichi ; KUNIMORI, Hiroo*

VENIRSCE, 2 FHIMAEIIZERITERERS, 3 — R, ¢ IS HGEE U
I'National Astronomical observatory of Japddapan Aerospace Exploration Agenylitotsubashi University: National Insti-
tute of Information and Communications Technology

HL—4HIEE (LLR) & 19694D H i K SRR IED Skt LTI, HDME, KAFUEREIER, TV A, HiEK -
HFRI%. AWNERRGEMIASIC Bz iz LT Xz, UL UH ORGSR Z 8D % T= DITIFBLR (/ —< )V
RA VBT 2emBLF) O LML EOEREENRE L TN, KEIREOEOHHRO A KRR ENEEN TN S,

C DDA FERO A&z AU, JREEAICRHIBRRR 2 R T 8w TH—F R o —RI 4k (Corner
Cube Mirror; CCM) DBIFEMIEZHED T 5, WEFEEIZIEE 20emD CCMIC DWW T H DR EEREIC 1 5 2D
INEY R ab—a VTV, BEESD) aAVHEEE TRE TH B T AR LT, CCM DOEWEREZ 3 D #iE H
WKEMICE ST ANV ayEZ 7 395 =G ZR=ACEITWDS, T2 VAV EZ 0 s OBEITESER
OERUEETHREET NS T RGN TE D, ZOEENFHIE CCM OFGEF FEETH %,

SRR HEESR D AV EX ST VAV R N XY T IVEFNT 100°CTH S 1000°CE TORIRE 5 LK
BR7Z21T0 . 1000°C T U7z > 7' )L O BSIKH&RAE 1 100 CULEL DY > 7 )N AT 5-6 fiFiR{k X 1, HD T DI K
ZHHFEE., HHESOPHLIIBHTE % C 2R Lz, BIERSM S ) aV8oO% 20emCCME T NV 2B WEHTH %,
TDETINCOWTE [ARED SRR EER 2170, A EZEOMERSRERELT S TETH S,

F—U—F: AL—YIEE, FaR, R —8, e EHas, Ingl, s
Keywords: LLR, CCM, hollow, optical contact, thermal, strength
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SELENE-2H ERFERE (LEMS): £ 23—V a3 Y DT Ak (2 §
SELENE-2/Lunar ElectroMagnetic Sounder (LEMS): a test of inversion (2)

MRS BCEE 5 TEOK AT 2 Bk VERA S A Y ks RS M) SR L s SRS M

ZINFH TR B 5 /N A 9 EHEP mr

MATSUSHIMA, Masakil* ; SHIMIZU, Hisayosht ; TOH, Hiroak? ; YOSHIMURA, Ryokett ;

TAKAHASHI, Futosh? ; TSUNAKAWA, Hideo! ; SHIBUYA, Hidetoshf ; MATSUOKA, Ayako’ ; ODA, Hirokuni® ;
OGAWA, Kazunor? ; TANAKA, Satoshf

VISR, 2 SRGURSAHIEEIIIEAN, ® SURLRSA, * HURRRSERS SRS, © TUNKEE, O BRAE, T il Ze e i S e
WETRITIET, ® PESERRHE S IFILT, O B

I Tokyo Institute of Technology?ERI, University of Tokyo,>Kyoto University,"DPRI, Kyoto University,”Kyushu University,
6Kumamoto University? ISAS/JAXA, 8AIST, ®University of Tokyo

The so-called giant impact hypothesis is likely to explain the origin of the Moon in view of physical and chemical evidence
such as angular momentum, materials possibly through magma ocean processes, and compositional similarity of the Earth a
the Moon. Numerical simulations of such a giant impact indicate that most of the Moon-forming material around the proto-
Earth originates from the projectile. This means that such a standard giant impact is difficult to form the Moon whose isotopic
composition is essentially identical to the Earth’s as found from the lunar samples in the Apollo mission. This would be a reasor
why new giant-impact models are devised. It should be noted that the lunar samples were obtained only from the lunar surfac
and that information on bulk composition and interior structure of the Moon is still insufficient. Therefore it is of significance to
obtain information regarding the whole lunar composition and interior structure, which can advance our understanding of lunal
origin and evolution.

Inthe SELENE-2 mission, we propose a lunar electromagnetic sounder (LEMS) to estimate the electrical conductivity structure
of the Moon. The electrical conductivity varies with temperature even for the same composition, and therefore it can be used t
deduce the present thermal structure of the Moon.

Temporal variations in the magnetic field of lunar external origin, which can be observed by magnetometers onboard a luna
orbiter and a lunar lander, induce eddy currents in the lunar interior depending on the electrical conductivity distribution and
frequencies of the temporal variations. The eddy currents, in turn, generate temporal variations in the magnetic field of luna
internal origin, which can be observed by a magnetometer onboard a lunar lander. Thus electromagnetic response of the Mo
is obtained by magnetic field measurements. Then the electromagnetic response function is used to estimate the electric
conductivity structure by solving an inverse problem. We show results for some tests of inversion, assuming a one-dimensione
interior structure for electrical conductivity distribution.

F—U— R BHERE, H NG, SELENE-2
Keywords: electromagnetic sounding, lunar interior structure, SELENE-2
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