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stratigraphic features of the Copernican Period of the Moon. Acta Petrologica Sinica, 32(1) ;10 - 18

Abstract The Copernican strata is the youngest stratigraphic units of the evolutionary history of the Moon. A few impact craters
formed in Copernican Period, but the Copernican strata formed by them are indeed global and very significant. Most scholars generally
believed that there are no magmatism and tectonic activity basically in the Copernican Period. The radiation paitern of the craters in
highlands is relatively better development than which on the mare area through the study of geological mapping of Copernican strata of
the Moon, the reason may be the rocks on highlands or on the mare are different in nature, and the size, energy, material
characteristics of small objects and the different angles of the impact, and so on. The strata of Copernican Period can be divided into
Early Copernican Series ( C,), Middle Copemican Series ( C,) and Late Copernican Series (C,). This paper explained the
stratigraphic characteristics of each epoch of Copernican Period through the analyzing and studying on the typical impact craters, which
provided the information for the features and effects of the younger impact action of the Moon. Finally, this paper discussed the
stratigraphic boundary of Copernican Period-Eratosthenian Period briefly, and proposed a new program by integration discrimination
based on lunar chronology multi-source data to re-determine the lower limit of Copernican Period.

Key words Stratigraphic features of the Copernican Period of the Moon; Division of the Copernican Period; Tectonic evolution;
Stratigraphic boundary of Copernican Period-Eratosthenian Period
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PREBBRREIRAREARRENAR EERRFRAFHY, TOREWETIS AT TARERE(C) FFHE
R BE(C)FHFGREE(C) AT EHRARERGINEREL, BT T OREE AN E, ATFREAK
R EEAREE XSGR TRBT M. ST GRE-ZHALBERERREF T I RT, REARFRE S REE

ZHARNEFE, REHRELZTFGREFNXT R,
XER
FEZESES P69l

1 51

HF H /£ ( Copernican Period) f& A BR B SR 52 9 3L R AE AR
BT, B S5 A M B 0 B S MY Bt (Wilhelms et al. , 1987; BX
FRIZE, 2005), SRR EHBMESUX ST
HitrtsESy, eNB8EEmA R e X2 B, %
WARKFERMN AR T AT, WX E Lunar Impact
Crate Database 2011 ${#2E , 7E 8 3 8 2 61 BT AL A9 68 48
HHL R A 41 P ER KT 30km, 058 4 18 &5 5T ( Tycho
Crater) . B} H JE 8 1 3T ( Copemnicus Crater) | 37 % U3 5 3¢
(Stevinus Crater) | Kk & 7 7 27 18 &5 5% ( Eudoxus Crater) 105
WAE i i 51 ( Harpalus Crater) %, HRB KK A FFHEHE
HYL, A8 97km, BAER LB R & ARKm IR/ —H
43 AEEFMBNR XM EZLRERN(E 1), 08 AH
RERBAEEGHABFTYILTFEZTAREERE RSB
(Dundas and McEwen, 2007) ,

FHELHE AR RAEF T AR EFERMREF

AR b R BRI TG RENER G TR F O REe-Z e LR R

BORIE, G EREZ G ARG SR ERE L EHS
TR A BR o R A 69 3 w2 3R % B B 1) (Claeys and
Morbidelli, 2011; Gomes et al. , 2005) , MAXH T, FHEL
RARBEENES AES/ N, HEREthEET
HUBR EFER B A R AL, 7T LAy B o sk AL 3
fIRfi. MARFARESHZ SHTEAHTHR, BEE
AR ARER SAMER KA RESHE, FEHRTET
BB LR EEe X EE A REAPHERY TFIMRA
BRAEBITEMNEHECEAEEENL,

2 FrAJeLHERIS SHHE

2.1 FaRLHEMIRS

— kUL, BUE A R R TR M 5 H S A R R AR
FFEER =Fh, 4% BT A R R /AME R T SR A
HEREH EMEEN(HEF, 2013), FEBLH AR
REER/NA— B R, A B eGSR
HHEE, MASHAL RN ARRE A 431 {ZF LR

2,500 5,000 km

1 HAmkEaRaesEsiimnE

[ P R — 5 " CCD S ARBUR, U A B R TR LR , P R N 270°W

Fig.1 The distribution of Copernican crater of the Moon

Using Chang’ E-I CCD image data, projection for Moore Vader and 270°W for the central meridian
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BRHBERWETES, IFHRLEATHBHEK SHE
¥ 30 ( Head and Wilson, 1992 ; Nakamura et al. , 1973) , B3R
EHUZ R4 RS s ER MR R 4 R, A Bk R — R
2 DA 4% 5} ] - 2t 2 805 o A M SR AR L DO R R B b R
AL E R AR B 4T R4 , Shoemaker and Hackman( 1962 ) LLh
BRESE QX R R TR AKE, FRARCEEHEN
B AR AR E MR, Bl TR A BRBEF
RRISFE, HREHEXLRNERFEN S AR #
BT, FEA R VR, RFRRBRZRIZ, S5
TCHEHEEE LA SEER /N, N B BT Z BT X4
¥ (FRFH B 1%, 2005; Shoemaker and Hackman, 1962), fifl]
BWRELT ARFHRLRMANMBERAR R, IAAFEH
R fiE it i R AR MR A AR AT S, — RS EF B R 2 MTT
e (A SCABA W R AR S S R U T R ], B R
FEhEBL,

FARLEHZEFENFRELIEANATE 5B
Sy, AR EEEFHERMYE, 2 ARRFRMN
Hi R B0, KR AR W R RA SRR E RECRK
RS RSE. BHEUR UE G L 2 HERE W E R
51, R BA/MNEE IR Y R AT IR R
R, b LR T A TR = R S A FUE B R
RAYTEE, BHQERBAZMT A —E BELKN 216,
BELEHMEHS, SEERPOEAFERER(ER
%, 2015), SEHEE R EERL N E A HRCE 4 FEE .
R AR BRI RO BB AR %, B8 R
TR BB RS LU B A R R R £

FHELEGRMEMA RN AR E, BASER
S EEEENBNAMGEHERHE. BRUA-EFARE
T TR ST AR Rk, A &R e d o i SR
MEX 43, (X 43 3 S48 o JU 9 O v 2 — B A L9 B 0 06 i
1, pm F1 2pm FEFARLHBETHRHRES, BAE
TR BT 545 SR B 5 3 38 4 IR L 1) L HCAth B S B R B o
DIRE R, i WG B AR B R R

AT HRLHBEE TR R BERBEHTHA, AR
o2 AL B ( Optical maturity parameter, OMAT) 2 A BE43
R BB T F I, R (] 35T A B0RL % =S W PR AR
BHTRE TR, BB B A R—E WS EE B, A%
BRAERG -, A RSRER, W GERE; HERRE
B, WAL PR ARHE (Lucey et al. , 2000) o F SRBE LR
TESFL B R o A A T o AR R OB S TR U R SRR ST, B
HEELHE. ERE(2015)FIH“HE—S" CCD ZHHK
#EANEE Clementine %I 048 #1E i) H B BVE B X B 5
RASE/EHYUHT T HARFHREE, RS T KRN
TaRLHZ, EAEGHEBS HMHEHTCESER
1k 560000km’ ,

2.2 B¥FaRKBMWESTH
FaRLHENTHRLERIERERNEERR
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F B R R, REBEGVIERY LB B RER 5
AMRARI 5 G YU SRR BTR 43 - p R ERR X (
SEYIF) DR R X (SRR (IR UL BE I Hk
UM (SUREYI R ) JSUG AR (W) VGBS HER R E ¥
BATE B (RS R) % RIK A Cop . Cf\Cw . Crh FI Crr
Fr. RIBFHERLHZRHESHEEHES WEXR,. &
EZEEDAH1:100 F5 1 : 500 77 B Bk Hs ik & & Lunar
Impact Crate Database 2011 (38 &, {# FH“ i, — 5" CCD ¥
B3R . DEM BB K “ IR — 5" CCD RS T H
REAREHZ M E, IRGIH Y 611 NMERKT Skm iy
FaroEE(E2), B F -SREHEHEREPRER
SrPEEREE, TR TR X 4 HEBUA 28, W LUSTUR SUBE B sk
BRFRAEMESN

WiEARFHREHRZSHET LR L, ARERBX
AR H R LM (L) FERK, EE I RN B8
K, BB ERNEWN SHERER, MFGEEER.$
BEHT I CELRNS, BB MR ARSI, LT
FxTAREERERES  HELKER 12 KBS A
FHEEIILRA K — &KL 4 1800km, FF R T ST K HEE
BT ¥ R B 2 54T B3k 560000km’ ( Dundas and McEwen,
2007) MAHETHHRTARLHZE (EER) A HEER
N, ERERR/MIE LY. REFOREHEHES A%
A E TR LRI, A 3R st X 18 o ST ST AU RS A 83
REHYUELRE NS TGS ABEAERARE, 5
WBXESEEMRKESEEEREE, BREERK, K4t
EAX, ABth XA A FER T L B RE R, ZEEERE
EX . FHFERNAERTRIAE, BRI EBEEKX
(Zhang et al. , 2015) , B ., 7€ 7 b th X 48 o /BRI B L0 48
HEFEAAEREA A BBRE SR IR s il
YERBmE/N AREE/DNEIRE, EIE RN R
BB/, WA, TR B FREGH/DREIER R YR
fEREL M A ESEEARFRN, R8F oG iE
LSRR BAF

2.3 FHEREHEXS RIS

TR (2015) ARG F s A B H R ST 5T
T RE, st R G AR A REHER 2R 3 4
%, B EE AR (C,) E PR (C,) HEMB A B
et C,) 2 , FF R & it 18 o 0 e s R AR AE AT T 404 B
RBETHMARMEFERR P TR(E D), RFRH
RFHEIE T YA BIREAR I 798 i 5T ( Langrenus Crater) (55 J@
F JE3#8 o 4T ( Manilius Crater ) . #3 #1f8 J§7 18 i 5 ( Harpalus
Crater) Fl b A% 8 5T ( Burg Crater) %, 8 R QU il
YA BRZ RS 757 ( Eudoxus Crater) | BT 3% 7 {18
Fi50( Aristillus Crater) | 8 % 32 3% 15 41 ( Stevinus Crater ) F18f
1 @13 5% ( Copernicus Crater) % ; B8 F e AR M T 1
HEAEFYHL (Tycho Crater) | & % 5B ## i 31 ( Proclus
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Fig.2 The stratigraphic distribution of Copernican Period of the Moon
The yellow area is Copernican strata, white area is the strata older than Copemican; the projection same as Fig. 1
1 AMMRERYLIFAR
Table 1 The new division of Lunar geological time
BEHTERRS) FIRFBR(Ga) TERMA
RACTRERSS, “ Boprib” BB, U FTU D B SRR
BEEEL(Cy) 0~0.19 1> SR R
RALTREERLSS, “ BB B, TN A B
HHRLE(C) TEFAREI(C,) 0.19 ~0. 625 /b SRR B AR
HAH LR HEBIRE , “ FROBLAL ™ B HE B3R , UM/ T S
BEARH(C) 0.625 ~0.8 et ovipha)
B (E) B ERIFLRHE(E,) 0.8 ~2.8 R ICR ST S i
e SEABUE) 2.8 316 EEABKREWR
(D BMREH(L) 3.16~3.8 KA ZREZE(PREABZRE)
ERBEH(L) 3.8~3.85 (1) WEFA W (2) REEG . R
kit WA (N) 3.85-3.92 JLREEANS 10 - 12 MAREEAS
= R AREERILE (SPA) 23 7E N TR B i 30 4~
VHL(A) 3.92~4.2 M
RAE RIEHEL(pA) 4.2 ~4.56 HEHFENEFKER TS
Crater) % (£ 24, 2015), “IFR=5"F R KFGMNELY S0m (HRFQRMEEEERY(E 3) 4% THEHE

RBANERY 450m B, B I iR 553547,
ITEBRZREHIERA RN 27 ~80Ma, ER TR H L%
W] (Xiao et al. , 2015) , BIBEBF {JE i,
FaAimnefiEs FaREGRSEES
JURAE REFREL AN SURE EE SR E LR
FEME S SEIRR, UL R RERESE, BET
BRE AR O e i FG e O e b2 10T .

HYZAH, A T RSS2 b, FLRSE N 52°
45'45. 44"N ,43°25'20. 34"W, H 42 39km, .0 F E -4706m,
BEHENATTREZREFEL, R, EE R
LREWEE, B, 2K-ERERE, Piig oER IR
WP AR BRI R RER R, POBERY R
AL B, BAHERLD. EREEHEGIRT, AORDE
L, BREM IR, 3 58 A HHERP 07 TH O
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Fig.3 The characteristics of Harpalus crater in Early Copernican Epoch

By using Chang’ E-1I CCD image data; (a) the characteristics of Harpalus crater rays; (b) the characteristics of the central peak, the bottom and

boundary faults of Harpalus crater
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Fig.4 The characteristics of Copernicus crater in Middle Copernican Epoch

-22° -20° -18°

By using Chang’ E-][ CCD image data:(a) the characteristics of Copernicus crater rays; (b) the characteristics of the central peak, the bottom and

boundary faults of Copernicus crater

XL, N SRR B2 29 2km,
(2)dhEF e Ry R B A T (& 4) < 400 T R A
Z ARG , Ak T TR 55— P 04 4 o U HE AR SR P, PO L
Bk 9°37'18.05"N,20°6'14.87"W, M AT T Lo ERA
O HE X B Ao R E B A0 - 3514m, HiR Y
97. 45km, PRAFELIT 1 5 B AR ST S0 R A IR L SR
M AR b e O HERR IR BT B R R IR 7 28
TRAFBEEWE W T D HERR IR B SRR BRORE Ak 52
e 3f A 8., (EURLREAE /N . PRI 30 51U 24 AN SO Bt e R
JREEA WA B LA . AFE e dTH, AN
WAL, A BMARY , 3L 73 4, 3 A2 & T 41 Tl
HEFRIX G, N TR K AR 2 2. 3km,
(3)WeRF e B A YT (& 5a, b) : 045 T A BRIE

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved.

T H X Ol s R E X (E 1) o i
frE R 43°20'46. 107S,11°27'23.36"W, OB IR B EA N
=2217m, HA22 86. 13km , (R A7 5¢ 4F , 8 oy 5T K 4R 5 U0 3R
B, BRE-RK AR, SEEGENSESH 12 4,
KEAR— L THEEHERZIERMEN - FBEHEKEY
1800km , H e HTRHERR SR T HE RN IR IE W7 R4 £ 47
T SERE T o rp O HERUPRER A sk B 2 9O Wy
SHERRY  BRRLAE ™ AU T ORI B i . 7ES 4348
HYUP Y Tl ST R A R A TR S A
a1 5 A i R A /N T SR T ([ 6) o fE 3T
AN ST AR D, B M, R/IME i RS B
A 344 MEEYURCOKERZ 1 3km (L1 4>) o ] LOLA
DEM 8l i85 43 i T NE-SW il fif— 4% AB H12K (4] S¢)

http://www.cnki.net
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Fig.5 The characteristics and geological profile of Tycho crater in late Copernican Epoch

(a, b) using Chang’ E-1I CCD image data; (a) the characteristics of Tycho crater rays; (b) the characteristics of the central
peak, the bottom and boundary faults of Tycho crater; (¢) DEM map of Tycho Crater by using LOLA data, AB is a tangent of
sectional view; (d) the geological scetion of Tycho crater and adjacent areas

N T — A AT RO 4 0 5 A Ot O A EAh, HBRRF e 20 b 2 R IR K A A SR gl Bk
LA 5d. B E AT B S RS MRS S ENTR R AR

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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B meEEyNELE

(a) RIS U TR BT TIMEREM,: (b)) WHEHE LT
ER ARSI FERAMI; (o) SRS, TR RE S
SR IR (d) BURBBE, A F S Ak VYU R IR
Fig.6 The small structure of Tycho crater

(a) mud lake, outside of the southeast of boundary fault of Tycho
crater; (b) sliding groove, outside of the west of boundary fault of
Tycho crater; (c) domal structure, in the center of Tycho crater;
(d) grid-like fracture, in the center of Tycho crater

AN SRR BT b, s KIS & R
AB% Sfzs) TER SRR E S BUE B d
ARSE RiEshiE 5 ] REMERRIE L, PR3 Ak
I B REAE R R BT (A] BRI 2 R B 0T A 7T, /My
BU(HEES%, 2013) . KA HBLHRIEKE K&
ARSI AR U5, BB A BT B e 4
B EF iR A eSS S ER B AT
K AR ASBELRE,

3 #rafeal-BhItHa e iTie

REFORLERFEELMARMFERETZ —
(Shoemaker and Hackman, 1962) , AT B EHRENTHE
LA ITAE % F BR B 5 H B 1 % & 1 #5540 ( Eratosthenian
Period) 2 [&] i) #1 JZ A B} ( Hawke et al. , 2004; Wilhelms,
1970; Wilhelms ez al. , 1987) ,HEI A THBR LTRSS AL
PER B, B35 21 {24 (Ryder et al. , 1991; Stoffler and
Ryder, 2001) .15 {Z.4E ( Neukum and Ivanov, 1994) 12. 9 {Z4E
(Bernatowicz et al. , 1978) 11 {Z4E ( Turcotte and Schubert,
1982) A J 8 Z4F (Jolliff et al. , 2006) &5 %,

Xt B E R L4 1 R AR IR T Apollo 12 BIRE S,
MTEEREL SRS S T Apollo 12 4% &4, BT LU
INRIZR M ARSI KREEP SRS RO THARE
TS 1T K 1 ( Meyer et al. , 1971) , &%t Apollo 12
FEf R A BB H KREEP 4 B + & 89 & 12032 #1
12033 #4743 47, U-Th-Pb #3853 80 % X 3,7 850 + 100Ma %
AT RALZ B3 (Silver, 1971) , 7% Ar-* Ar 3 & 4 R BLEE
800Ma &4 T —WK B & B9 = S 1€ ( Alexander er al. , 1976;

Acta Petrologica Sinica #& %3k 2016, 32(1)

Eberhardt e al. , 1973 ) ,Bogard et al. (1994 ) % KREEP 3 5%
BRI SRR KB 800 + 15Ma HASE L £S5,
RER AN 8 {04 105 4 J2 48 &5 14 # ( Deutsch and
Stoffler, 1987; Jessherger et al., 1977; Ryder and Spudis,
1987 ; Stadermann et al. , 1991; Stoffler et al. , 1985; Stoffler et
al. , 2001; Wilhelms et al. , 1987; T#HB% 2014; Fi%%,
2015) , B A ZHF 8. 5 {Z (98 H Jé 18 5 i 4F % ( Hartmann e
al. , 1981; Neukum and Ivanov, 1994) ,{H H #i & EFH AN IR
A BRRET R T 8 {48 (Stoffler and Ryder, 2001)
ik, 40 R LUBEF B R S AT B 14 B B R 2 B G
ERY, W Z R R E-T H R LER S RN 8 24 (Stoffler
et al. , 2006)

Bernatowicz et al. (1978) FI I Ar-CAr R T Apollo
15 #h 15405, R BLBRE @IT R T 72 12. 9 {ZEERT R AE ) — K
HEEEF BT EXBETERA R E B S Hw
( Autolycus Crater ) 8% B B 3t 3 /R §81 &5 41 ( Aristillus Crater) 4
RS RS, WA X B MES SO R P2 — B4 T
BEN 129 25 A EBRERTABHALELNTARLH
— A BEER . TR Apollo 15 A 5 X U 25 A AT B BH
YU KREEP Z B AR ST 50 & , Ryder et al. (1991) 4R
P A Ar SRR T — 4 21 LEMEHERTR, SR
RFECHRHELUE LT ARE, WF H B LHER R R
FTRE L Z BT A R F 8 ¥ K — % ( Stoffler and Ryder,
2001) ,

Neukum et al. (1994 ) 4% A 3k J/MTE Gaspra F1 Ida 9
HAICRBIR T PR RIS YA/, AT Bx s
LG R TER A T/MTEN, FREH PR AT
= RBIET HR < km 18§ 5057 B 2 ( Neukum and
Ivanov, 1994), #R#E Neukum and Ivanov(1994) & Fi& # 4
KDN-BRGHHITE T, FARLCHEBRFER N 1512
£EHl,

ET X B UMt At M9 8RRk o R 4E AR
(Guinness and Arvidson, 1977; Hartmann, 1972; Neukum and
Konig, 1976 ; Soderblom et al. ,1977; Young, 1977), Wilhelms
et al. (IVN)GH THABFLUEGR R, HEBATHREL
BIFFEEITIEL N 11 1248, B A 9 B i FE b 40 -BF B JE 2 B B
55 A 1AL, 11 ILEE R T EREH BT RIARLE, 7T
AT A AR F 5 ENEREHERY S, B 5T
RYIE RSB K 8 {LEARFE, MAHRLENTREMNT
FaRHZ L 5E B8 3 R MHEH—3(Wilhelms e
al. , 1987),

B THAE T2A BRI, —%E R T LR
B5HRMAATTEREA —E MK R (Grier et al. , 2001;
Hawke et al. , 1999) , Hawke et al. (2004)7A 5, {U{VIRIEE
BRERHEHEEENFER S ERATERN, Hawke %
15 P 2L 6 3 AR SA BUE LA e & TF Clementine UV/VIS [
FeO TiO, FOLIE A BB T A BB S X a0 i A
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By, RUBENTEAREREESNTZ LR ERAESE
(Lucey et al. , 2000) I AR Rk E X BN TEHL-FHRBE
BYFBR, TR B R 2 BT L B R — A BRI A Rk
B &b BB AT R (Hawke ef al. , 2004) BB
BRAESIMEARLST R S4BT EEBEHNPTR
2,

ERERMEERARL-ZNARLTR, GAFE
HHFARLKEE X, A REELETREABHL
HE H R BT YIE R AT E A SRR R — R R
HEL5EZHICHE , X B2 A 2 1R R 2 P B
AT A RRAE F AN BRI R RANEES Y
FIR RAEARF P AR, FEHNSEERRHEEL
XA BEAEBTFRNEARE, T EEHESFX
3, 3F5 Apollo 1 Luna A BREE S R R BB ST AT L,
FAELEREER T EE RS R TE R, B s A
R ZrrdER T, AR REREZEREESSH A
B, REEFARLHES KBRS ER TR,

4 g

ARFARLREARELTEEBINE, FOREE T
NPEBRES BEERNTARLHENREIREMN.
EHEBEN, KEFEELRANNTARLELABEFEELK
BB SWETES, 4300 AT AR LB HT T R HEE
o, Bl B AR L-S a2 2 R R TR, 18 3
TUTFFELREIAA:

(1)#E£3 E Lunar Impact Crate Database 2011 & {3 5038
ERIE 8 M AL RKBERN, AXSEEXEL 100
J7.1 1500 77 A BRI B B TR e B AR E A B, F
F“M®—5" CCD 44 .DEM $iE . “ HR — 5" CCD
HERE, RIEE AR L8 & YIRRE, R 2 611 4~ FF
BRI, A h A BRE b X8 S YR S 80X A i
HXEBSO R T RS, UL R E AT AR S A A a1k
BRARR EH /DR EER R Y RFIE L RE A
B HEEARSERE

()AL EEbG Rk SSemt
goasl St RFARH THEEH MEFORHESHETN
BT R R RESST T X iR R F O e R 2 R
BEBGRIL BB BERR , SIAF/DA B ER L, B
SHERRE; PFOEMEZ N REMS, R k”
BEDE, SINF/DANBERS , BH O E AR BREE
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