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Abstract Imbrium basin is the most studied multi-ring structure on the moon. The ancient and young basalts on the moon are all
distributed here. Therefore, Imbrium is an ideal area for the research on filling periods of mare basalt magmatism. In order to
determine the evolution history of basaltic magma more reasonably in Mare Imbrium, a main combination of petrology, chronology and
other analysis are made in this paper, aiming to make a re-division with the filling stages of mare basalt of Mare Imbrium. By making
use of the Chang’ E-1 [IM spectral dataset to draw distribution diagram of the rock type in this area, 5 different titanium contents of
mare basalts are initially divided. Besides, with the help of LRO image data of wide viewing angle with high resolution of 100m, impact
crater size and frequency distribution measurements { CSFD) are used to re-determine the age of the mare basalt in this area and 35
basali units are divided, It is found that 3. 49 ~2. 23Ga of the area has a filling activity of basaltic magma occurring in several stages.
On the establishment of the relationship between different types of mare basalts, morphology and the model ages, this paper divides the
basalt filling into four stages: very low titanium mare basalt (3.49 ~3.20Ga), low titanium mare basalt (3.29 ~2.83Ga), medium
titanium mare basalt (3. 13 ~2,52Ga), (very) high titanium mare basalt (2.92 ~2.23Ga). The topographic features of the terrain
and the different surface ages of the basalt units are negatively correlated. Therefore, in consideration of the stage division of basaltic
magma in this area, not only the composition of mare basalt should be considered, but also the characteristics of the chronology and
morphology which are closely related to basalt evolution should be combined with. Only by making use of morphology, composition data
and chronology information as a common constraint can determine the stage division and evolution history of the basaltic magma.
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Fig. 1 Mosaic image of LRO LROC in Mare Imbrium
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Fig.2  Topography map in Mare Imbrium ( based on LOLA data)
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Fig.3 The FeO content distribution in Mare Imbrium
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H16.8% ,

TR A K S5 A R R L, A UK W iES
A—HR5r R 8 K HbEa N 3 K, Al EA NS %,
LA A KA KREEP & EHRRKEREEEREE,
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Fig.4 Spatial distribution map of mare and highlands in Mare Imbrium region

(a) FeQ content of 11% as the boundary to divide; (b) FeO content of 12% as the boundary to divide; (¢) FeO content of 13% as the boundary

to divide; (d) FeO content of 14% as the boundary to divide
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FFH Giguere et al. (2000) 2 T Clementine }% Galileo 7 5%
HIEEFRBENARTHAGHMRABZTR AR TE
(DRI ZLRE( <1% ) ; )RR LKA (1% ~4.5% ) ;
B)PH®REXRKE(4.5% ~7.5% ) () BEZERE(7.5% ~
10% ) ; (5) AR K RE( > 10% ) ) HIREN A X K ila
Gap i

HRIE Wu et al. (2012) FIFI“ i 1%—S " IIM BUE TR
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Fig.5 The TiO, content distribution in Mare Imbrium
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Table 1  Statistical table of TiO,{ wt% ) classification criteria of lunar mare basalts
RAREK fiR%k 4k FEEK mEk HEK ERB B S/ B
1.0~5.0 9.0~14.0 Papike et al. , 1976 =
<2.0 2.0~3.0 3.0~6.0 >6.0 Johnson et al. , 1977 1R
<1.0 1.0~5.0 9.0~14.0 Papike and Vaniman, 1978 =i
<4.0 3.0~7.0 Johnson et al. , 1977 ; Pieters, 1978 FE SR
<0.5 0.5~1.0 1.O0~1.7 1.7~2.3 2,3~3.0 >3.0 Davis, 1980 jr3:8
<1l.5 1.5~9.0 9.0~15.0 Heiken et al. , 1991 BEf
<3.0 3.0~4.0 4.0~5.0 5.0~6.0 6.0~7.0 >7.0 Johnson et al. , 1991 B
<1.0 1.0~6.0 >6.0 Neal and Taylor, 1992 =
<2.0 <4.0 3.0~7.0 >6.0 Pieters et al. , 1993 B
<3.0 3.0~6.0 6.0~9.0 >9.0 Melendrez et al. , 1994 R
<15 1.5~9.0 >9.0 Papike et al. , 1998 N
1.0~6.0 6.0~14.0 Neal, 1999 Pz
<1.0 1.0~4.5 4.5~7.5 7.5~10.0 >10.0 Giguere et al. , 2000 3 B
<l.5 1.5~6.0 >6.0 Le Bas, 2001 pa 2
<1.0 1.0~4.0 4.0~8.0 >8.0 Jolliff et al. , 2006 p
<l.5 1.5~6.0 >6.0 )R, 2010 B
<4.0 4.0~6.0 6.0~9.0 9.0~11.0 >11.0 BRENE, 2014 TR

(DR ZTRE (2% ~5.5%); (3) FHERE (5.5% ~
8.5%); () BMEHLRE(8.5% ~11% ) ; S) MEHKLRE
(>11%), BRAFHBTHNELR TR AALBSHE (B
6)., BWFEME (2014) Xt A BRIE T F & 4 -4 % (LQ-
)X (L FERE R 60° ~0°W,65° ~30°N) ABLRE
ISR s 26, AR I T ORBHRERE
(<4% ) ;OMBHLRE (4% ~6% ) ; QHFEHK X RE (6% ~
9% )@ FHEKKXRAE (9% ~11%); OB BHRELRE

(>11% ) (3% 1) H Ti0, TR R BEHBEN T REAZHME
XRAFRMEIE, BEXPE L RER SRR 5H R
AAR ., BEAEEARESRE AU LR, KRBT E
R ARSI AL RAER NSRS AAR L, WE
HEER AR — AW, SLBAA SO A i KA H R 43
PRI R B, T7ER R KRR Z A & 0 4 1
FRERSA AR W0 RR R o T BT 6 A B9 AR TR i o 3 S S Bl
k&
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Fig. 6 Distribution map of the main rock types in Mare Imbrium
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TERETFILE R EAER LSRR LB E AR S5
bRt , FIFT ENVIBKIEX T2 & B4 A B T AT T 20260
R AEHIA T T S ER KR, RIESA Arcgis
AR IRE . W 6 ATLIE L, AR A B LR AN
HEEBONE R T B SRR S L R
HRA R, HEBOEREE FRBET, HP, LR
IREE- RS Z R L BE RN RS, 2 TR Y
9 50% LA, LMESL KB4 A ETARSE) s T S k-1 A Ak X
REHBEPAX S, EE MR IET G PR K , %55k
ZRECEN BENAFESKRLRES,

EARR K RAWNE MR L, KPR BBR N
B LR IR Ek X A 0 3, T LB L 047 3 RBUE
RR AT A B KR 5 P FeO 195 B R BN
KR B B RES, TEUP-ShETRE N
£ M 3 R R PR REAY FeO f95 BLR AN B RS
. RS RNKRES M HEERET ABLRE
WSS SRR SR B BT R TR
BRI 43 AS— 3, 38t B7 A ( Bugiolacchi and Guest, 2008;
Morota et al. , 2011; FIEJR S, 2012) FFST R, EHEH#RKX
LRAEPH FeO B TiO, 7555 8144 B A E HLA — & (Y EAR
S, 5 LA AR IL - 6 K 2 AR AU A 2 B A
o 757 B A B T 65 -8 R FE 48, B0 by (AR ) IR KR
B IR T () BBk B Ak K B 7 18 B SRR AL AR, TR
AR R REA B, X IR A R AR
T SR K IR, FTRE F 5 R P 0 3 4 A T

R 5L BB 2 (Morota et al. , 20117,

AR ZRETT YRS E, BiERE LART
RNAF FIB B GIE BB R H RIS T W LE, Pieters et al.
(1980) FI A B EX MK FROZRENEHTEH
EfBASAR EEMm KM X REHEUNRBER UV/
VIS LA FS L (B A K &8k X iUE BA B 1000nm 1§ ik
B, HRIGEER K, ZEX TR EFTETEMR AT Y,
Staid and Pieters(2001 ) ] f clementine UV/VIS %% %48 iE
ETEMNEBXERTRET T ETEMMAT Y, MAME
BEE R E RS KRR EHA, M A0S
ZRETHRA B 2 Staid et al. (2011) 38 137
ARG PHEMN (M) BT TR K SR ZRERH
B 1000nm 7 Uk 36 < B W% UOEE B 3R MR K, B
2000nm P LKL BB WIR E B 5, KU EARX S X
REHHMA 3 B85 Thiessen et ol. (2014) B FI &
7 ) S i 4 BEER () M (I 1K 8 I 72 400 ~ 3000nm ) 18 8%
JCIE R AT IR K I8 T R TE 4 10000m LA
K 2000nm BYFEPER 4y, X8 7E T 6 4 AT FESE B S R 26 Y
B RS A T AR A LA B A Y 2 [ 4 i 1 B 1
Hp g d 83 M EMT YRS ZREHIT, 5 Schaber
(1973) & Hiesinger et al. (2000, 2003, 2010) Fr & X X143 19
ZRARITH IR T R0 — Bt , X R B X
i M EROBRTRE FTESEMM A, MAAX &
M- RRE R EEEERREN, X5 RIIIE(2014) Fr
R S R A — B, R84 B 43 X 7 g 3 (K AN [
Ti0, AR EERITRISY b, BEE A R A, B
H HE RO XA T BRI R A R E A
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Fig.7 Spatial distribution map of model ages for spectrally defined basaltic units in Mare Imbrium

GEFRANFRERAEATHRYAFERLE, EE
FEETZRANRS (TRREY) BARFFEXS Hf 172
. BEHTARKEENABZTR AR ELNBITRES
ZRAMHRERRE —EMHEXYE, EZRARTHRR
SEELE EEGESZRABEMEERHFRERHE. B
BEARSOX T X A S R 1T RGBT 5T, ML
EEE BRI RIAR A BT X 2R A RITR TG
R RA KB 2 B EERREFE SR,

4 WX A s A RERERTR

AR AN ERERTTRERRMREFE Eif
YiiR{by: HE X R P CSFD # H i R T -9 % ¥ (Gillis et
al. , 2004) , H5, fTEMRER AN ZEANGTER
T € 4F 10 J7 5 B 2 1 T 51 R P30 3 3 (Mesween et al.
2014) o X FEARELIFEEMX , CSFD Jr kR —F 4t £
AMNEE RN EE S, BERR TR, Mm%k
MTFEARENITERERER-MEFEENBREAR
R UK LI N FR, REFHTEHEELARK
RE IR0, B gBR A EEn /N TR IR R A #
#Z (Hiesinger et al. , 2000, 2010; ¥ f % ,2013), ZEEE
BARWESFERER —MRERE, RAETREERX
FXE, FRE., REBEHERAEBERAEN S HE
ik (Mesween et al. , 2014), AL ARERERBEENX
BhHTFRMER LEHNETREE, SFEESHESE
Ui, B8E i BB B B A F CSFD 7 48 J7 B HE Uit AR X A

Y XPAE RS (Morota et al. , 2011) , RFZ, A THRBIXRE
W 8 753X 4~ B TT P ) A 8 37 10 B9 B 42 (Hiesinger et al.
2000) , FMAZEFETERN THREBEERNFR, EXRER
TRISGER L, N EXBEEMITRFGER 2 HAEE L
FREHRET, —BAAR— KR LT RELEESY—, 1
RERERBA X —, KRR — A KRR 2 &
BRI (Hiesinger et al. , 2000; FZEHK S, 2012), A
Clementine UVVIS £ BRHE Bk B LU (E B0 I Ik #AT IR &
ERESHR, TURABHXAXR AR NESR, 8 ZH A
HATFZRE B ITHR 4 (Bugiolacchi and Guest, 2008; Kramer
et al. , 2008; Hackwill, 2010) , H B &S %% Red,Ryp/Ryis 3
Green,R,5 /Ry ;Blue,Ry5/Rigp o HILIZBEAEZRFRARH
B R B T R IR] 4 R A AR BR R, 1R 4R R 6 i AR AL B AT
TEXTHER R 43 o A [F) R B T4 i . EA X IERI 43 T 35
MRREET, AR TR A ER RERAEREELE7, &
BRIE 2, HTEE RIS ERFEEEINR
HYBEMBRERRME GRS, MTEHRBRZEHY
YU IRER, 10 b BT BRI B H TS, R X
53 FIMT S Bl — B BT, A SO Bt KA 3 TR 43

2 3CF A Neukum e al. (2001) W75 64T T & AR
BT B ST RERITTE, BREARXR() (2):

1

log(N,.) = a, + ;ak(logD)" (1)

N, (D=1km) =5.44 x10 " [ exp(6.93 xt) —-1] +
8.38 x 10 %1 (2)
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Table 2  Attributions of each basaltic unit in Mare Imbrium

X W EGAEEN() REFS  FRiREo
RS (km®) (x107%) (Ga) (Ga)
Il 3340 3.34 3.20 +0.25, -1.50
2z 129000 2.84 2.92 +0.69, -2.20
3 18900 3.59 3.27 +0.07,-0.11
4 1880 4.51 3.42 +0.13, -1.30
I5 5650 3.43 3.23 + 0.17, -0.61
16 10200 3.75 3.31 +0.12, -0.36
17 66600 5.40 3.49 +0.04, -0.05
I8 11400 3.90 3.34 +0.06, -0.11
19 28800 3.74 3.31 +0.09, -0.20
110 28400 4.78 3.45 + 0.05, ~0.08
11 59000 3.87 3.33 +0.14, -0.85
12 20400 3.35 3.20 +0.14, -0.42
113 20300 3.13 3.1 +0.12,-0.20
4 23000 3.24 3.16 +0.10, -0.18
115 32900 3.17 3.13 +0.29,-1.20
116 19200 3.42 3.22 +0.09, -0.16
n7 65800 2.77 2.85 +0.38, -0.69
118 15100 3.68 3.29 +0.07,-0.12
n9 14800 3.13 3.11 +0.21, -0.61
120 39500 3.61 2.83 +0.21,-0.29
121 50800 2.94 2.99 +0.18, -0.34
22 1860 3.55 3.26 +0.20, -1.30
123 10700 3.30 3.18 +0.13, -0.30
24 35200 2.43 2.52 +0.74, -1.20
25 8130 2.84 2.92 +0.17,-0.24
26 3950 2.92 2.98 +0.05,-0.06
27 96500 2.76 2.84 +0.29,-0.45
128 2050 2.61 2.7 +0.69,-2.20
29 94600 2.14 2.23 +0.10, -0. 11
130 631 2.20 2.29 +0.23,-0.25
31 1390 2.59 2.69 +0.29, -0.37
132 1600 2.57 2. 66 +0.62, -1.30
133 3600 2.48 2.57 +0.23,-0.26
134 2860 3.57 3.27 +0.25,-2.20
35 21600 2.97 3.01 +0.19, -0.35

A1) A H T4 R (PF) , AR (2) AEEFR
R (CF), X, a = —3.0876, a, = 3.557528, a, =
0.781027,a, = 1. 021521 ,a, = - 0. 156012, a, = — 0. 444058,
ag = 0.019977, a, = 0.086850, a, = — 0.005874, a, =
-0.006809,a,, =8.25 x107*,a,, =5.54 x10™°, D pi&EH
PLER (km) N, HEH I BREE (ko) ¢ BRI
REFEW(Ga)

AXEMRETEATERERBERIBRY ,EHT
Arcgis ¥+ 6 1Y cratertools T EfE T IDLIESHE B
craterstats #{F, DHIFRAEHRE R EXBERITELT
I E R, ¥t BT 3001 78 43 32 100m 9 LRO [~ £
MAVER EL W, BT 2 REGHEEEPERINMER
RN, RAEHEE 2 KEER SHRAX/ DM REEEERX

Ik, HEFHREE T & MMMEE (D < 1km) $dE o HE
R, ERTEHL B TT R AR K o I it o7 S AR5 /N
FTYLLE -1 B b 5T B2 JC A 42 % ( Boyee, 1976; Head, 1976
HEBES%, 2013), AMAXFEITWEERER D=1k, H
KT X B} P35 3 4 AR 25 /9 38 &5 5T 42 ( Wilhelms,
1987) , FESci B HmHER 7 2R R 2 WSt
T2 2 X R i R S B S

B 7 ] LAE B RO X B T - B R I R O
ARAPKER AN AEAES, ENREN LR EETH
(3.49Ga) , BFBMNZTRALITN 129(2.23Ga) , HTTLA
EEARRREREFHRIEETE 2.23 ~3.49Ga, RHKHX
RABITER R RSN AR B LR
AT FXTRERT, 40 12,120 121 \ 124 125 133 BT AE #4435l
% 2.92Ga 2. 83Ga 2. 99Ga 2. 52Ga 2. 92Ga k& 2. 57Ga, iH{L
EFEZNERCTE, MERILTEEN LR A EBNHE
SHEE N 17-111 BT 43 B2 3.49Ga 3. 34Ga 3. 31Ga,
3.45Ga.3.33Ga, IARE PR IGH FTE, MIEFHILE
HHOZRAFEREMBEENER, KER 8K X AT 42 Fad
MK KSR SR,

HTACRE T SEMNZRBEARZTRER RS 2,
HYERKSREREREESHI A LMY RETERE
(E6FR), MAEMNERNELRE LT ER 5 HE
(A7) FHERNZRAERTZH, A EITERY
SERS A —F, I B SEIE IR BL % 2 57 T 1R 48 Ay et ] ]
W ATEFRIAFAPRZTRE SENFRY XK, &
AREMIEHFR—EHTiTiE. BB LRE R
REKUSE(ET) 5EEEALRHHE(E 6) i
st , B AL X RAESERNFRHMN LR, ZH
AR () SR ERE KSR 2 &k 129 T, A4
TEESEPTE2.23 ~2.926Ga Z 8] FEK K R A KF &+
7 12 115,120 124 \127-129 #a50, KA e B F B E P&
2.52 ~3.13Ga Z[A], Lt (#%) T Sk K BB A AR 10 1 X3 P 1
KRR K R A K45 P £ 112-23 125,126, 130-133, I35
G, KR ERTEE FEEF7E2. 83 ~3.29Ca Z i, 5
R AR AR RS R A RIRK X R E K BB 7E
ATHERARTF, KB TREN R, K
KRERFEEDIE3.20 ~3.49Ca 2], SHMA TR AER
FERHLBE R, S LR, A EREHX ZRETHE
BRI KR 4 MR AR KR A (3.20 ~3.49Ga) K4k
ZRE(2.83 ~3.29Ga) - A E R 2 (2.52 ~3.13Ga) -(#%)
AL RE(2.23 ~2.92Ga) ,

5 Wi

T2 3 B0 X A ST SR R A X I AL s B
— A BB, AN T SR ERBUA R FEHES, A
UES T R GYURTR (W EES S  BER T RS
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Table 3 Comparison of different estimates for ages of flow units in Mare Imbrium

& $EH} (Ga)
I 3.6+0.1 3.6 +0.1 3.5+0.3 3.5+40.1 3.5+0.2 3.3+0.1
I 3.3+0.2 3.1+0.2 3.3+0.3 3.0+0.4 3.1+0.2 3.0+0.2
I 2.8+0.3 2.640.3 2.5+0.3 2.6+0.4 2.6 +0.3 2.3+0.5
SRR Head Boyce Whitford-Stark and Friedman et al. Hiesinger et al. Bugiolacchi and
) (1976) (1976) Head (1983) (1996) (2000) Guest (2008)
b le—2.83Ga—»
-10004
-12004 «—2.92Ga———>| B
-14004
1500 «—3.45Ga—»| |€«—3.11Ga—>»
B
. -18001
®
2 2000
~2200-
-24004A }A\/\\J_/_A/‘
26004
J-/J\/\/\/}.ZOGa
-2800

T T T T T T T
0 100 200 300 100 500 600 700

PEES (km)

B8 Fyig X S A R R A T R A R A R
ERARiRT AB R , 3 i A LR 2

T T T T T
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Fig.8 Spatial distribution diagram of topographic profiles and surface ages of basaltic units in Mare Imbrium

Figure marks AB elevation profile, section position see in Fig 2

I BKZR R R P 45 st X, S 7S 2 Xt SR R A I SR B 5 2k
M B, ZTHARRZATE LM X RAE RS
SHEBARRIS N 3 A(E ) HE S MK, B RKEE
BHZRERAAR, T HABIERNERA(EEET)
F L R S M A TEEE ( Bugiolacchi and Guest, 2008) , H3&
3 Fk 2, BT A (Boyce, 1976; Bugiolacchi and Guest, 2008;
Friedman et al. , 1996; Head, 1976; Hiesinger et al. , 2000;
Whitford-Stark and Head, 1983) X @& H /R4 T 3 45
FTENZRAARTEE M, EAES®-PE-RE IR A%
BOARKEERR T ARMERERTER. BEduARXE
RATHNERERRIIE, KAWL SR SHRZTREREE
AT -AMRRAHBET T, RRENEE R BESRT2
Dy ey bt 18] 6] B AR R e A — B, JLP- 2 2 3R R e 8 R 2 G T R,
Hr=, RRIEENIRAA—PXREREEFEREE.
B XA KRR S MR L R A AT 5E T, RBUARIE
PH AR F I (3. 20 ~3.49Ca) B X B 1A
AR (2.83 ~3.29Ga) X E £, MHAXIBEAXFHEZR
A S [ R A FRIE B Bl SR R BRT RIS RAFAC R GRRE
FIE, ENTERLZAARA X R R B BT 4 R A R A4 0
TRERE, N ZAER S X R AR T, WA
FERUS A —PRATREERKAHEFRFGEWN,
HIAEF X X RAE KRR ER L, AMUELE TR E KR

ML, ERE RS SRR ERMBENHENERFESH
HE, FARD FER S EE BRI AR, A REE &Y
ER A K Z R KRR 4 B h .

AT EEMEBERBRFIESARAPRABLRER
T4 4 2 (6] B AR DG, HE T s TG X R FE LR A 4
S MNR R, ACF A LRO 384 LOLA BB
P& (ZS A B 60m) HIVE T Mg K s S B (1B 2) , %
H EPRH T4~ LOLA &2 AB i, @ KB F R B H
SWERRABTTEUER E (B 7) kst % HE T
B X R R M LR AR TERT R AR RE(ES),
HE 8 BiR °] LUR B TE 3 1 A-B, B8 & 18 4R 49 A 157 1Y
L, AB X RENERZHE —F W R T RGBS, X
BYFSERK % (2012) IR BIM S R EA—B, NE2 TTUFE
WA X ZEAR AR X (R b oh ) Bk B W8, S
EERMTEEHX, TMAE 7 /TLE HA RAERILERH
KEREWEARERBEMAN ETABMK, XBRHE
REERMNB/DZ RAE LT TAXBRAEEN
X, FH A [F B BT B R R T AR R R R B K R A B T R
Bl FRENBENXRERITZ LM, Schaber
(1973) K Thiessen et al. (2014) AN X WX R EE S
ROEX RN BE XX VA RELE, ¥ 8K TRE
(Euler) a7 5T (K 2) . TIFHEH S (2012) R TR HIX A
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BEZREEN T ZHRERRALE, HEH b i mE itk
3, AR LB/ I A K2 B A SR T BB A KB
HURHES A 3=, t T L SRR R e &
3, T BOA XM R AL 38- 7 1 3 % il BT AR 3 10
HfiFt. BHARMP B mBFESARAREFERHZTR
HRITZ A S R I —RE U,

HET AW ZRE SR EEAWMHILSE  — R AH T/
RS HER, FEAREORERBTE B X —WAR
MZEFANEA MRS REWERA TR~ EARY
A ARG A T SR R A R M K A B XA
FA—FRANAN AR R EE T ARBEKRRE

B, AR Y 249 400 ~ 700km 35 29 3g/em’ 40 FFHEIH %

FREGEBABRRE. FE—WNAHNEFEARNRER
EERERABXREBR PR, EABXRARMNE
PeRlgE— I A @ RAY—H, E A BT REBXHBR
AFH. BEREMFEESRFE—F WA (1R XN, 2010),
i TR A R TR AT KA 3. 85 ~ 4. 00Ga Z17 &
Ry R — X REEEERERY, G R XREREN
RSB EMIME, MEMERME S8, £
G EHEREMEMRETHE (LIRS
A-TEBRAHCO S SR BUR IR T 7 5 203 18 o5 4 B A i I
&) (Spudis, 1993) , A IEHE 875 M5 % 2530 B0 1 5
AL FEHE AR 2 JE 4 19 A 72 (Bills and Ferrari, 1977;
Goins et al. , 1979) . JG 3@ 3 F F & R8T 57 F B S W
BRI RE , KRR — 28 A 2Rk IEA
FRYE , REER TSN ESEEEE AN Z TS
F\| B #8 (Spudis et al. , 1988 ; Spudis, 1993) , MM iZ FBEIT
A7 AR K X RAEXFRe e R, RAAK
13,49 ~2.23Ca A Z R AR FRIHIES, B ZHIRE,
BT R RE RS A RHME, BH RETE 3.85Ga &£
LHREELTZNXRERITHER, B S WEaHmETG
BHEE FRENERE AR AR ZREERE
FHEME R, A CE G M.
EARZRAEREREHR T E, 8 TABRZRERS
BB R E AR NP ERENEREX R R
SUSCRBEREREZR . FX(R) BETRE S () KE
ZRERAARKNYT Y TRAMRMEAR, el ge
KRBETFARBBEXEE (K 9), Philpotts and Schnetzler
(1970) .Anderson et al. (1970) & H FIMERE R A A BRA
R B BRI BUREE 2 700km BB R H KB A E
HEausr FAE AL 7E 200 ~ 400km BRALTE B HE f 8 2 9 IR 4K
TRERK AN AMEARN & 58T R RHE
AFERERT WL B 57, TR S K Boa I X ; iR ¥ Delano
et al. (1980) BB B A MZ A MR MBI LG R, 30 F¥
7E 400km B4k B3R E E P RERER R T e,
BRERA Y RFE /AT 200kn, i (&) K Z RAERE
BRI J7 500 ~ 1000km , B Ik 76 3 3 P 0 B 34 BR 1o 18 T B

[ 7 —
won K .
ZRA :(,’: ;I!Q oy &
A ZRE
A

T

A

A &

L gy R L
w B

Az R

AR IX

K Z R
=R X
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HAE 4k %
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K9 HilZRAREBEIRERE (4 Shearer and
Papike, 1999 {&2k)

Fig.9 Theoretical model diagram for the generation of lunar
mare basalts (modified after Shearer and Papike, 1999)

BTARKENABZTRENERSHHEK, WEHKX
RNEBS R G RRAE R, BRI T &R RERNA
BEHNR) SR TR (ERAHETR) HIRX T
HARBYFE SRS SEAR, KT ESESH4a .2
FEONMRKKT R EERERHNERAIRA X
(Bugiolacchi and Guest, 2008), (%) R ZTRE(FHEE
TTETH) &Kk IEKEE M E R, Beard et al.
(1998) AR () M X REMBE XA Sy, MEHA
BRP BRI R A, R F B R RS A
TEAMIENRMEAAY, HERERTFEXENRE
W OEAKEAAR LSRN Y, X5 Taylor and
Jakes(1974) ;1% LHI(2010) X (HR ) K45 (]) MEA KRG
BRI R B UM BT R 2 R B — B,

6 &g
A SCEA AR — 5 TIM YGRS LRO B 4 HhR
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LROC SEM ML AEHE & LOLA RREHE, T ERTAA
% ERFEETENAR TR K ARG SR ETES
EE, FEBHUT Q418

(WEAXABSHAAFUOEEE, AMUEEZE
FeO oM %, FEL & LRO WA BIER IR AR, HE
LA FeO SBAE 13% AREBERITABERHMACGHAT,
AR L — FeO HiArEURERI AR WS S AL , IR 2R
BHNEEF X ZRENE R AAR TREIHRLE
KT 2 R RAL

(2)FEFASHADT A BREH 1A O KB K AR Al
b AR5 T REOCHE (IM) K5 R4 5 E
fImEXAn XMy AEG. £FRBEREHRIF
R 256 ABOES 2 M AFE, B H A X 5 48R Tio, &
BHMABZTRA.

(3)F1F LRO W SEM AR QIR TS IR - R
A (CSFD) MM R TR A#T TRAFERERE,
R4 T 35 MR TiO, FBLRAAIT, HREF T
BI7E 2.23 ~3.49Ga, R ARIEHNLRE JEHKFIT
SEXERHE R RERM L, RAEREMXZTRE
FHEBEHRAH 4 M HK-BRBEZTRE (3.49 ~
3.20Ga) KE LR A(3.29 ~2.83Ga) . HEKXTRA
(3.13 ~2.52Ga) (HR) B Z R AE(2.92 ~2.23Ga) , &~
RS E RGBT A EN TR AR ZN B K, FRE
RESARSRFELESARNROFRITRERTZME
BE LRI —E R AN, 5% ECA B A KRR
W o E AR

B ASURRCRR—S T BB U S R
B LR KA B ROR R 8 IR R At , e b R n Rt LRO
f¥) LOLA S5¥45 3k B 52 € NASA PDS QMR o AT
WHERE RN AR WEHREL!
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