Asymmentrical cratering on the moon
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ABSTRACT

The synchronous rotation of the satellite ought to cause a spatial variation
in the cratering rate over its surface. Cratering asymmetry caused by
impactors with lowest velocity is investigated. The motions of the
impactors are simulated by invoking Hill’s equation in a restricted
four-body (The Sun, Earth, Moon, and a projectile) problem. The obtained
cratering rates are asymmetrical with the maximum values at the apex.

Objects that are captured by the Earth-Moon sysfem to have retrograde
geocentric orbits substantially contribute to the asymmetry in the
cratering rate. In order to investigate spatial variation in the recent
cratering rate, 222 rayed craters larger than 5 km in diameter are
identified. The crater density decreases as a sinusoidal function of the
angle from the apex. The observed ratio of the density at the apex to that
at the antapex is 1.5. The ratio suggests that recent lunar craters are
formed mainly by NEAs rather than cometsnwith higher encounter velocities. ’
The distribution for the lunar basins is asymmetrical not between the
leading and trailing hemispheres but between the nearside and farside. I
assume not only the spatial variation in the cratering rate but also the
lunar reorientation after the heavy bombardment. The asymmetry in the basin
distribution is arisen buring post—Nectarian period rather than pre—

Nectarian period. For the post-Nectarian basins the nearside density is
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2 - 3 times higher than the farside density.

FELHIZ

KBERDEL DEEIIEE - AGRAHI—HL TRV, BIZEEIIXNLEA
—EmEMIT TS, ZOL3REEOFRBEERIL, 7 L —FARRITHIRES
#£27 [e.g., Wood, 1973]. #HRZED R F —1 & LTIE, AEEBDOEITH
BEFWTWBHME (apex) TZ L —FERRBIIRKRT. ZOMEILDOAHE
BEL L HITEA L, BT HFROEEEZ RV ZALE (antapex) TH/MNE725B L
EZxbhb.

BEDYI 2 Lb— g yROERARIFENDS [e.g., Ishizaki and Furumoto,
1997; Zahnle et al., 2001], 7 L — ¥ ARFOHIREDOREREIIFHEDAEE
EL, ZOREMHREI AT AT OHREREOEEIKFT DI L35 H
N3, BHEXREOEREICH L, HEOAEEEN KX ITNIX, 71 —F4&
FREOHIRZIITEE L 720, MICHEEOLEREER+HSIT/NS T, HilgzE
TR Z 5720,

IRLOZ NG, b UMEEE., MREREEEL 7 L —& £REOHIR
ZOBEENAERMICERS AL, BERBCRE SN L—FDONHEE
RIEWEFARD Z L T, BEOHEOHERIELOHBRREDOEEER TS
EBTED. AHRTIIAIRBIT S (DHFKI L—F & @ N—RA DO
BEIZOWVWTHAND. L7 V—FITBHREICERINE L—F T, X
—AVIIRGREBAIFOREBRBERI/ELNIZRI L—FTHS.

ADI Vv—23HERIDENC, ETEHERREOEEL 7 V—FERED
HIRZEDBRE RETHERDS. BEOWE TR KRKBOENEREERINT
BHT, BIEEEORBICL-TRIBZ L—FEREBOHIEN S ORE
THLPAMBN TN,

BESIalb—vay

I THMROBEIIWERRGELZEEL, £/ HEKX [Nakazava and
Ida, 1988] Z AWz 44 (K. #EK, A, MKRE) ¥ I=2b—Ta 217
Sf. HER— B AT L0 0 156 B A ERBENT- BN L/ REOEE »3HE
L. ACERLEGE, TOEEMEBELZHE L., /e, BOAGEEE
DEBLYRARD20, BEOHMER— A MER & Z0E50HA THRIEHEZIT
o7, '

FNENDEHE T, 684, 1897 BIDEENE Z o7z, FHEREAEDOHMIL, B
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RSN B F — L RRIZ, apex THRA T, antapex THR/INTHS.
FOHE L7 V—FERKZED apex/antapex thlX 2.4, 3.3 Thotz. ZD#h
MEITBROKBESN & B LI BAL 0 ITHh~, BRIz S,

BIZERLEREDOHELFOE IZ—EHIRENIC 5 v 7 &, HERE IS
BERBETH. ETOEIC T v 7 ENT/IREIT A I BICEET B3, ¥
TN v P ENTEREORESILE ORTEICERET 3.

W& V—F D%

FTHEI V—FDORELEITI. HEEXI L—FhoHERIZOTEEW
FTARREEFEOEET, EREFZLIZTARNIEL 2B, —BIZ. RE2EH
7 L— B I3BEM 10 BEMCERIS N EEL RS,

WEDFEZHBTHEIT, NASA OBREH I LAV XA 2B/ bRTz
750nm-mosaic BB EZH WD, 7 LA U F A VEBITEMNMEADODEET TN
LD THAH, AREEREDTARRFEZLISRBLTEY, %&&Eo/
L—ZORHICELTWS. L LsBEHIE T RBEOAFTARNKEL A
D, BEFRFBERLIZW. Z07D, XFEIV—FDH T MNILBRHIEEE
(42°5-42°N) TiTo7=. Fh, RBHEOB O BPAFORFERIIEEELE X
Z)ﬂﬁ'é‘@ﬁﬁ)él LS [e.g., McEwen et al., 1997]. &{D#E (70°W-70°E)
CEMAIZH B South Pole-Aitken Basin, 4 DL FEATHIIR LW, &
ZV—ZDREIIZEFDI L—FH A4 XD 1/20 ULOBBERLEL IS
[McEwen et al., 1997]. 7 VAL ¥ A VEBOMEBEEIL 0.1-0. 2kn/pixel T
HBZ D, ERkn A EDKEI V—FDRIENFRELEZ L ONS.

B bkm LLEDHERZ L—F 222 HERELE. RAELEXEZI L—FOD
BT MaEwen et al. [1997T]1DONE I L —FDEEL L —HKT BRI b,
A EORRTEHICHDNEI VLV —F 2T RTHV L P TERLEZD.

apex MHDHEDEEE LTHEI L—F OXH LTI BE. HLMIC
apex fTIETZ L—# NE < | antapex [ZIEFIZ oM LTWB Z &b
o 7-. apex/antapex kit 1.50£0.09 TH3B. LTHRREXSIT, 7L —F4
RBOHIRZEDREIX, RE—MEL AT ACKT AHEREOEE ITKRET
4. AR TEONR 1.50+0.09 DOkiX, 10-17km/s OFREREOREIZFEY
T4, ZOEEIX NEAs (Near Earth Asteroids) OHER—A X F AlZxt1 5
WE (10-15km/s) & X< —&T 3. ZOEENL, BFE 10 BEEIIBIT 3R
BZERAEIE NEAs ThH O, EEH. RAFBEDISRIVEEREOREIZ X
BERIIFB ThHoT-LEZLNS.
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Wilhelms [1987] CEIF bhiz 45 DR—RA U OHHEF-. FRAINS
X5 281E &L BEOMOFERNFIEA LR, L L, R—2LOEicRHMA L
ERAITHLLRBVEALN. ZOZhb, BOBEORAITERREIC
BT, fi@EANTWW=EEZ2 N5, |

%®§§MK%”6§W@pmﬂmmﬁm’%fxyfﬁﬁﬁﬁ%ﬂ&%.
INEFBELL, R—ZAVEFRA L KERICL Y -V OHEREBWIZ &
50y 7 BEXTNEZRDHTHAH. HIZ post-Nectarian ~N— R 2 CliEM &
BRDIEAHFBRRE. TOR—RVEEORBELIT 2-3 #TH 5. ZHITE
HERKEBRELEYI2b—Yar TEONARERERL L IZIF—3KT 5.
IO, N—=RUERR LI/ REIHERBPEISGEVERE ThH o &
EZzbhb.
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FARNBERRDOEE

BRI, NEBRBICHEET S EIE>TTED I L— I OEMAHIC L AR RELED
DTH5B, BESHDTABROBREOIEIEALE, BERELREDOH D TONGEE EN—KL TV,
COLSBE, HERFAUAESERSAICHTTNSED, XEEOHZEERNETH<, BETEL
EFHEING, ARBEOHBTIRZINNERIZINTWS, LML SRKER, B0 TIHZDIEYEHMET
FLTHAZINZNWEWNSONERTH - 2N, AOREEENBOERIZERTELWMASFEL T,
MEINTETWE, BFLEEESN-AOEKERRICHAN, HENEE (08 HELN) KBREN
EEZOND, BAWHEMERDY L—F 2 RUHL, ENHEORNET>. TORE, HEE
HERERELE. AOEFRSAOMATOY L—FHER, TORMEOHSTOEELD L5 HAEn
CEERLE, —F, BERRBHEOL I 2L —2 3 b, 0L S RIEEISHIREEE I AN
DEAREHORGEOHREEEZI DI ET, NEFEORVATHRET B EERLE, RROEXT
i3, BMEXEODZESIBHBETHIEEASNTEREN, BEOERBINVEEVWTD D, Pz &b/hE
HOWMEFEIL, BEHEN S NEERBALTL L ARICHICHEL TN &R 5, £BXE, AL
THREIRICHEET HFREICELT, RROEREZBET L EDHLLBRESA TS, Lo THLHRXIC
BT BN,
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