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Abstract Investigation of Mare impact basin, especially ancient Mare impact basin, can contribute to deeply understand two kinds
of geological processes on the moon and even on the solar system, which are endogenous and exogenous geological processes,
respectively. And, study of ancient Mare impact basin is an important tie between early evolution and current state. Mare Nubium
impact basin is one of the most ancient impact basins, forming at Pre-Nectarian Period, and has been modified extensively by later
endogenous and exogenous geological processes. In order to reconstruct the original Mare Nubium impact basin and understand the
geological evolution processes, we attempt to investigate its geological evolution through multi-source remote sensing data, such as LRO
WAC image data, LOLA topographic data and GRAIL gravity data. The results show that the Mare Nubium basin is a triple-concentric
rings impact basin with central uplift, and the diameters of triple-concentric rings are 740km, 500km, 340km, whose center location is
at 16°W, 21°S, approximately. The event of Mare Nubium impact basin destroyed the primeval structure of crust in this region and
subsequently flooded by mare basalt, forming the current terrain features and gravity anomaly features that we observed.

Key words Mare Nubium; Impact basin; Multi-source data; Basin reconstruction; Geological evolution
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20 42 60 £t %], Hartmann F1 Kuiper F| f # 65
WEE & B, A% A B A7 A 30 R).CoR 54 7R R RUBE 48 4
REE ¥, 38 Hoan & 8 KB £ 35 2 #b ( Hartmann and
Kuiper, 1962) ,Bi/G “ £ (basin) " iX — £ A # |~ & [ FH £
HEERRETERERE Y, 2T, RENASEER
H#i( EA2KTF 300km) #1 7 188 F R — &, (B2 FEE I
FEAWHRHEA INRB KB H A A B REANF AR
AR TIERH, BI KR RTES ) S e A T il
B, EEEGHRE F/MIEFNERE MABREES
IR BB B E RS 37 A AR R B T L e
WAEER, RENS I HEERTERG, FeZ R HEE
HLARAE B9 %] 4 ( Wilhelms et al. , 1987; Heiken et al. , 1991
Jolliff ez al. , 2006) , FE I, BFRA BEL AR, AHELE
WAEEN, EBTRANBRARTIZXRHERPRMAS) ¥
AL AR, RNy 3h 77 s B AR FA R Ah 3 0 s R AE A R R
ARBEHPFAFASREWEEAT

FEEHFA B ZEARENRE, H 3R EiR5 & riE
T B A IR, R HITEARE, ERBI T 40 £
A~ 42 35 18 o 45 #b ( Stuart-Alexander and Howard, 1970; Pike
and Spudis, 1987; Wilhelms et al. , 1987; Wood, 2004) , %5
SR RARWEBERME, RANHTEL B IERKRT
300km Fyi8 7 2 ( Frey, 2011) , {H 2iX 2 £ 5 & #h 3 R A
8 ARG %40 ( Oriental Basin) AREE S5 # 1 T , K B4 s it 3R
REWEY G B RERBR, AN BEH T LERHE
T. Bt g AR SREFE, FEREZNS
W, IR T G A AR/ 2 JLAFLL IR RS
%% (Spudis, 1993; Spudis et al. , 1994),

EXHAXEIARFEAER = EBHX (E 1), RiEE
HAEMEHNBRLEE, REEEANCERAMEAR LR
HENETERZ —, H—KEEEAERN, BR T
YE42 (24 39 ~ 45 {Z.4E) ( Hartmann and Wood, 1971; Stuart-
Alexander and Howard, 1970; Wilhelms et al. , 1987 ; Neumann
et al. , 1996) , B 5 B2 0T HH B I A XS R B AL B AR
SR, HRE, ANEEANNZEBELHEZREHEFHE
BHEBNE LA, MR XR A TP R Z % (De
Hon, 1977; Hartmann and Wood, 1971; Hawke and Head,
1977) . FA6h B TFRPEERBEMBEVRR, T EHRE
T AR T REMKE

ATHRE N ERTBELAM, BANRZ X AR
FEANR AXMAT ZHLE B EEE, SRGES
FH BT R E IR R 5 HMX R EEIEHE. X4, fMEA
EK 3] %35 %8 ( Lunar Reconnaissance Orbiter, LRO) fI35E
FEEi}( Lunar Orbiter Laser Altimeter, LOLA) ¥ %} = g b T
HIT =R R, AT GEG A AR REE T EBIEE; o
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2.1 EHEEENE

BHEEARAR EBRFENMRERZ —, RIEHEE
BERHT/NMIBEHMEER BR T AR EEERKMEE
bl MEVIMABT TR =M B (Melosh, 1989): (1) #
- FE 4R I B, 1Bt i S5 R T oy R i 7 Ak b B R AR 4R, v
HE e ST SRR RIS R TR, Mk st
BFEZE 1 ~2Gpa B, s B bR (M) , AR
Be 34 R & AR PR B AR R, X b R T AT R 4 (A
2); )R P RIEHE SR, M G BT EM K BT A
ARHU A e, 6 B AR Y B, T 3l B I B b R 1 S
Pt , v b g U B B T RUIR SRR Y
Ry %R, B BB ST(E 2)  3) BdHiR e sk
&, NBRSHUE A R TR 46, Pl R 2 R R 28
WALk

JE XA [ R A 8 T U 25 O SR AL B SRR AR, 4%
i B = 28 (Head, 1977; Pike, 1976; Heiken et al. ,
1991 ; Jolliff et al. , 2006) : (1) fRj 2@ (& 3a) ; (2) B4
BEGT(E3L) ;)T A ABEIHFAH (B 3c), M
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Simplified formation mechanism of impact crater
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PRGN, KER XA EHE X, Bif E—&
W AT 200 ~ 300km f3E D YUK 48 7 20 ( Spudis, 1993)
A F B A ARG (1) R A, — R BN
FREEZHA TR, IR, WH R LR REH, B
HeREPRLBE A T , B 2P 2§ A i id 2K
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Fig.3 Classification of crater

(a) simple crater; (b) complex crater; (c¢) multi-rings basin
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ARBEEMEAREAMRR, BAl, EAREERFEBTE
498 MEZE AT 300km ffE o7 2 (Frey, 2011) . HiH|
PRl A S A LUT LA

(1) RAEM R EWER E PR GEH, S
Z IR AR AR FR Y AR L2 H9v2 , A 22 40y 2 (Hartmann and
Kuiper, 1962; Stuart-Alexander and Howard, 1970; Pike and
Spudis, 1987) ;

(2) B 8 4R o9 & 5 2r s 9% 5f B ( Hartmann and
Wood, 1971; Hartmann, 1981) ;

GYBEFEHLT . REEWAHMEL P RERAR, H
B EHBE RN, )3 E LB BE (Wilhelms e al. ,
1987 ; Spudis, 1993);
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4, 7E1% X 18, 2 Bl [A] %1 #% ( De Hon and Waskom, 1976) ;

(6) 445 H R F T, AR A R RER BB R Ao
£ ( Neumann et al. , 1996; Wieczorek and Phillips, 1999;
Potts et al. , 2002; Frey, 2011);
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Melosh et al. , 2013),
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(LRO) FH#5HFos wn BEAN R4S T H AR S5 ) ¥t i
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Fig. 5 3D figure of Mare Nubium’s LOLA elevation map with possible triple-concentric rings (up) and topographic profiles of

AA’ and BB’ (down)
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Fig. 6 The bouguer gravity anomaly map of Mare Nubium with AA’ profile (a) and the crust thickness map of Mare Nubium with
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Dotted line is the inferred triple-concentric rings by topography , solid line is isopach line of crust thickness
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F1 3800, BLF] LIS 2l Bt T R i 5 R E S R
A ENRE. A TAREENAR, ARKWAHKRE
NRERFERTH A RN B R E R R
A VBB Y B B B E % B ( Wieczorek and Phillips,
1998 ; Zuber et al. , 1994) , =T EHHERMBEI, b ERIR
AN W SERT, F 2 F E T KB R TAE (Konopliv et al.
1993 ; Lemoine et al. , 1997; ER#[E %, 2010; Goossens et
al. , 2011; Zuber et al. , 2013; Konopliv et al. , 2014), 5
ShETENGEREMB LR, T2 FERER TENA
F 2 BE ) A Bl ( Wieczorek and Phillips, 1998; Ishihara et
al. , 2009; FEHEE, 2012; Wieczorek et al. , 2013), H T K
R M A R BRRIE, ASCHER T PDS AT
GRGMO00C A58 {46 T ) I B JUE, 57 BE 3 8pix/deg,
N TFEIEE B R BR &, % B8 R BB 600 By KA. 5
SN, BT Wieczorek et al. (2013) ZF) iH#7# GRAIL &

TIRF LOLA B8 21007 ¥ A 52 R B O 43km 1
AFEREEER,

ERBELAMNARENRE A ETTUEL, 58
FH AR TR ( Mare Humorum) 8 18 ( Mare Nectaris) | R ¥
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FERESFAAOTR, B EFERKN SIS, N E
(2010) REAERT MBS, AT AR A=A 0T : (1) & B
MAYRMESE: (2) REENERTHE; (3) REER Moho
HHWER, B, 2BEZHNNGHRENREOLEREEN
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HEBZRERARENACERZ —, FERE T ARE
wAMZ P ERAME, S 2 A RERK 17% £ 4 (Head,
1976) . B, A XRENRE SE &AM AT AMNEH
BARRRR, EE T R E G 2mA h3, A R
FREHRR(Flinh RERARE) Wh%. BdxABLTR
HRERMGE, W LU b 2 R R ] R

RERET 25708 AR R BE 18 i 5, HoAs R v
EIMJLKBULT K [ ith, B d 50T LIRS KR4 7L, X
ZRAWMBEEHRTAR, ABZRAEEEEEAEIL KT
JLF 2 (De Hon, 1977, 1979; Budney and Lucey, 1996,
1998 ; Thomson et al. , 2009) ,{B 23 F AR H A, HE
BEASET 4km(Jolliff et al. |, 2006)
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PEEMRFENE LN ERE/N, BEAEREZ ]
BE, XA RHGE SRR E, RS THE
ZHISFEEA SRR, FEHMREAE . () HESE
RE;Q)RBERLMEY R, EXREEEAR L. ¥E
FERW R R S SRS R A B R R
KAE BN E S S FRRARS RIE S, # 8
LOLA fy# 7% 088, SR H & B SR I 7 2, K38 Melosh
(1989) HHE TS IR SRR , AEC M IR T W =R A 2

(R KR AR MR R A R A TR 55
ZRAWR R TR E IR R AL B R & /M, 7R R
BESH R, RN EER G,

BARBZMK 16 MNEEES S, XREEECERN
0.9 ~2. Tkm, RFLBEEHERHALHN LT RESER(E T2) , 8
TRZ A M AP S DX R B TR B L B B R, T
SRAEFHA M R R p 1 FREEAL , X Z i sk
HA—EHER, X 5% A R E K75 R -3,
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Y B RIHTEFRVE 54T , 7T LA 45 B = v e o i B P s
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RABBEAW T RNA—HHETH, I0R T AR L
SRETEZM/MTEREEM . B A BREREST, AR
B RRE ORI RAETE 38 ~ 41 {Z4 Z [7] ( Norman,
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8] A BRE 32 T R AMT BB F 4, i G RO
HZ 7 (Late Heavy Bombardment, LHB) , . F5¥ 39 {24 kK
54 (Cohen et al. , 2000; Ryder, 2002) , 7£ fE A BATE A%
TSGR, BiEEG A NRARE, X5
HAMABR T ENEGEMZ —, B 8T % 8L (Swart-
Alexander and Howard, 1970; Hartmann and Wood, 1971;
Neumann et al. , 1996) , K . = i & 2 oI RE R 7E IR K
wEEA PR,
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Fig. 8 Simplified model figure of initial structure and later

evolution of Mare Nubium
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