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Gravity field studies have been playing an important role in investigating physical
properties, origin, and evolution of terrestrial planets and satellites. Information on
the Moon’s gravity field has been provided by radio tracking data of lunar satellites.
The study began in 1966 with the satellite Luna 10, followed by Lunar Orbiters I-V and
Apollo 15, 16 sub-satellites in 1960’s. Several gravity field models, based on a spherical
harmonic expansion, were produced from the analysis of the tracking data. The
accuracy of the gravity model was dramatically improved by the recent two lunar
satellites, the Clementine and the Lunar Prospector in 1990’s.

The Lunar Prospector was launched on January 7, 1998. After finishing the 1 year
nominal mission at the 100km X 100km polar orbit, 6months long extended mission
was carried at the average height of 30km. The highest'resolutioh gravity model called
LP165P was produced from the low-altitude extended mission tracking data. Lunar
gravity studies have a difficulty peculiar to the Moon. i.e., direct tracking data are
available only at the lunar nearside because of its synchronized spin and orbital
motion. The lack of farside data has been hindering us from making high resolution
gravity anomaly map. In fact, the LP165P gravity anomaly map, obtained imposing
artificial constraints to stabilize the estimation of coefficients using only nearside
tracking data, has many spurious linear fe‘atﬁres; the nibdel is reliable only up to 110th
degree/order at the farside.

On the other hand, line-of-sight acceleration of the Lunar Prospector satellite during
its extended low-altitude mission are available at the Planetary Data System
Geosciences Note web site. Direct inversion of such data into surface mass distribution
has two merits,l.e., high resolution can be attained without relying on artificial
constraints, and short computation time by estimating regional parameter sets
stepwise. We downloaded the LOS data product and used them for analysis of lunar
gravity field. We assume that masses giving rise to the gravity anomaly are condensed
in a thin layer on the lunar reference surface. First the surface is divided into large
blocks as large as 500-600km, then they are subdivided into small brocks of about
25km in size. Assuming gravity anomaly at satellite positions are sum of the gravity
fields of these small brocks, we estimated their masses using the least-squares method.
The validity of the method is also confirmed using synthesized data. We moved the
position of large block throughout the nearside to get the free-air gravity anomalies
over the entire nearside. Resolution of the obtained anomaly map is equivalent to
conventional model using spherical harmonics complete to 225th degree/order. Our
model has much less spurious signatures than past models.

To take advantage of the high resolution of the obtained map, we calculated mass
deficits associated with medium-sized craters (mostly formed in 4.6-3.9 Gy before

present, 80-300km in diameter). They are found to be nearly proportional to 2.6 power



of crater diameter. This is somewhat smaller than those inferred from topographies,
which may be due to the existence of higher density impact melt sheet on the crater
- floor.

Next we performed terrain corrections for the raw LOS acceleration data using the
lunar topography grid data obtained by the Clementine laser altimetry. By conducting
same inversion for the corrected data, we obtained Bouguer gravity anomaly map that
mainly reflects the topography of Moho. Mass deficits are not seen in the Bouguer
anomaly map for the medium-sized craters, suggesting that isotatic compensation did
not occur for craters up to 300km in diameter. This indicates the lunar lithosphere was
already as thick as 100km at the time of these crater formations, which will serve as
an important constraint to discus the initial thermal status and the cooling history of

the Moon since its genesis.



MY BEEMROEER

BERADWHTHEEZRAIFEREILT, EARHAMBZOEESHEL TEMLSHAS
NTEF. BREBTOHROBKEEDITDEREDEHNEN TN EZERTHAIALEHZED
BEOBHMSFHAINZ LI T2, BHEEOENRENSIILBNEBEVNWE S OFE
BESTAVAI D —FHHEEOBERNESN., BEREOCENRENSIBEREDELIOMEK
EOEP AR BEETREOKRFHAECHTELOEE (REKOFEES) CHEIT2E
BNEOND, ERERICLZDAE, ZEEO-oM, BHBASAOREE ELICET
DRABBEICENZYVOCRVIAD I ETARBRCESTHEEELEZION D,

AOEHOMEIZYVEDONFEHESCT AUADOTYROGETHED., RIEOI L AH
AVEERINF— s TOARITI—HHE (WTNHTAUR) THEST—FEZFAL T,
BOXRAOEREDENAEEZRD. TIhsARTOEE. VIR TzTETAVRY
—WE., AORBEZEERULBDOTH S,

WHRADENBIMOXREKERRCENZERT v VERBERTEBALEZEZDORK
BARM—IZARE) ELTRBEINTELE, LALARBEEBEENAENEBL TS 2D,
HWERNSBRZRD ZENTERW, BABOETIVGE. B2ARTLIEEDO B = MK
BTZELEBORABEEO Ry VS — 25 ll—5 &L TRDEND, OoTHODENE.
FINOHFEE., FRFTOFETF—y2bECEFENIC/O-NIVABEKTHE AN~
ABEBEHRETDAIENIBEZEODERITONTVS, TORORERIT., KL &HITR
BNNEILBBENIRE (WU SOEA) #MEREHFELTHNTWE, LALWERSE
HOBMIWIKENNET B2, ACFHHMT—FEANTOMEZF LI THELSNSET
WRKESBEBRLIHEENBo . ELFEBROUEREHOBERT,. BRBEEET—KICH
ETHONRETHo -, HFEENERLE, regional CAXRTOEENMEZBEEHET
LZHERIDODZDOHEERRLZDDTH 0., ERHNRMMENE W,

BONEENABRIE. BEERIO /A ANNIVWEANKEETHS. HEHFIITNE
ENT il L—%— (HEEZM) EWS5SOR—ORRTEL, QLT A1XINE
BZolMBICEBL., TNEOEHNEENS AR ENHEMEICROMAKL. ¥T4HDE
HEE (JU—IT7RE) DoFEKEDOZ L —¥%— (B 60km~300km) OHEXREL
P —F—BEROBEBERBRNICRD ., FORZROKBRIENZANVWTATHD TR
EFEINEZHOTHHN, MR ETHEAINZLZDADK, DO RERI L —F—DNT
WHEINEZEIGEWDDTH o, EEETHIRETEDEBROT—FDELEDEN, H
BEODENRERITIEISBDDOEN, APV ABRKTELERRKOENREREAN
FEBEIDEEREIDNSILSRBIENERINE,

IHICHBFER LV - VYEEHOT Iy RF—F2HANWTHRAERBIIZ2ENRED
SEBROBRE WMBHE). ECHTOREERMRTIEHRER (F—F—BE) 2ER
L7ze AOHMTEETRKEVWEEI RN SAMNEFEDORBNHBREENT Y MIOESR
THDERETH . VLV —F—DLIBMMNTES L, EFRENRHELEN>TTY 1Y
AT —HEBEERLEDET S, LOALEBRCERAOBEVWRANSCHL2BEDRS X
TO®WG (VYRT727) BESZ>THBD HENTELIOAFHEN), TO b HH
HORET, EREEOHMBLEREOHB THEOCEENR LS., BHEHFITERE 300km



BEEETOIL——DOTOEFRHEWRESLTHS (FT—F—RBRENYD) TEE2RHL,
BEREOMENI VAT 7 ORIETXZAONTVAIEZHRALE., ZHIIRKRRZEZD
REVWENREHEZXR-ARTONTNERILJKOERICREEZ DI LZ2EELRERTH
Do

UVAT 27 RBICHEREHEEZ 52 2DITITEEN 300km 22 52HREHTOEER
DWREAMBDLEND D, TNOEDOEZRBAEMATOXRAEREDEHICX> T2
v (EEBEY) Lo Twnwd, XEAIRHBEMZAOHBEALDBEENRENY, BHE
BIBOLREODEEZ2AED O TETNOLOFESEZWM OB UBEERZE L. AAMERD
T—=T—EBENRENS, BREABRVAXOHEAMTOEROED LNV ERD., £ O
RAMWBERENZX IV T ROV R T 27 EDN 20km M5 60km BEDOHICZH 5
EERMBUE, BEYKBT /I -y UREEEE > T AR ICHARELL.
JYRT7x7RBIEBREEDICHBRLTERLEZEZONS, HFEHFIZL>THESNZYUY
AT7z7RIE, RTIIFT -y OBIRZTOHDODAR Y MIAB OB R A LITEL T
BOBRBOMBICHARMRGEGEZEZD2DOTHD., TOREMNBRERIBLFEMTE
%,

BRBEBATIEY D TIVER DR REWDERDIIHEEZVDR, BOKEDFLITEN
BEUVVRTzT7NEVWERNEZATBY., HOBEASAREIRICAE —TH o =k
HERERLTWVWS, ZNEFROBRNEO A BRESHE (SELENE £ #E) THOER &L
HOBHRET —IPHRBRINZBROMESNERBTI2EERREETH S,

B, BEEZBL2BOHFEOT. RMOGNXRERET> k. £7., HEHEICLDIH XN
HOOEFEEREN 40 DTV, TORSIEHREHFLE LN LEEZER VN —RE#EC
KBHEBEREER 20 217> T,

HEEL. HEOER, B - BR., B - BMAFEOWHEHEE, ELMERROES,
TOEERDLIOBITEA AT M EiIZDWT, HIBRICHBEL., BRI L TH
BRI IR L7z,

TOBRBEZRBDOAIELDFHEETo> . TORRE., HXOFEWMARMEIT TR
5N5FE, HIRFAODZEMMBXDED T, FEEOHFLHERETHI2EL2HERA L. THK
HEEDODRNZFICHETZ2ZBCNED T THD I 2Rl EERYPHARDELT
MR ENTNBEENS, BEAHICOVWTHMERWIEEZHERL .

REOHRR - FEOKR., PHEFRIRIHZICBNT, #BL (21 0%MNEZ TS
SATOLWVWHEBEZRDDOLRAD., BEEZEL2BE—RTXDERKREHEL =,





