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Fig. 1 Northern Oceanus Procellarum domes CE2 LRO_ WAC and
Clemetine UV VIS false color composite image features
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Table 1 Division of lunar extrusive domes

B Ry15/R350 YeRE () HE1%/km AR /km’ MR/ (m's') I R B 1] /a i/ (Pa-s)
A >0.64 0.3~1 5~13 <3 100~620 0.05~0.3 10°~10°
B, 0.55~0.64 2~54 6~15 5~32 30~200 3~18 10°~10"
B, 0.55~0.64 1.3~19 8§~15 2~21 80~170 0.7~1.2 10*~10°
C 0.55~0.6 0.6~1.8 13~28 7~50 200~2 000 0.06~7 10*~10°
C, 0.6~0.64 1~25 8§~17 4~17 100~300 0.5~7 10*~10°
D >0.64 1.3~1.5 ~25 40~67
E, 0.58~0.62 2~4 <6 0.5~0.8 ~25 1.0~1.7 10°~10°
E, 0.58~0.62 <2 <6 0.5~0.8 100~300 0.05~0.3 10°
G 0.55~0.6 >6 7~30 20~400 48~120 12.8~42 10°~10’
H, 0.62~0.68 <5 <5 <2 10~100 ~2 ~10°
H, 0.62~0.68 2~5 5~15 1~43 10~100 ~4 ~10°
H; 0.62~0.68 5~9 5~13 7~37 10~100 ~10 ~10’

s M SCER[13]1E .



F3M

RICE, 5 DRI S RN RUR G S B SR IE B BRI 323

TR 2 H R AT B BRI (WA R Wi H
R, WURFREERIED o B, ARCESANTRIERS
5 H i A8 22 2 50 % Mons RiimkerfMairan 2 2 347 %}
Lewfoe, FHMRXMRES BRI, DU
B B O H BRFE R o ) S b o 3 S0t AU 3R I S 4
IF R X AL s AR AL L ) S K

1 EENRERMERHGE

11 #E

N T AU B AR Ik TS (CB-5) A
(X 5 B U S e AIE A1 23 AT R AR, A SO B s A5 308
H: “HEREHMEE AT (Lunar Reconnaissance
Orbiter, LRO) % f ALK K BH & & A #dE (LRO
WAC) HliClementine UVVISIRFE & G, BEE
FEZHRys50v Rars/RysoMRoso/Ryso 3N BEA e “U 1k

=57 (CE-2) Z4r #3250 m/pixel ()5 7 = A2
7 (Digital Elevation Model, DEM) FIZS[0] 73 #5K N

50 m/pixel (%5 1E 4t 5214 B (Digital Orthophoto
Map, DOM) . CE2TMap2015 P & i 2 7E21~97 m

Z 08, R 2 AE2~19 m Z [A]. DEM K& HUE b
XE@EMNESHSH, DOMEIE IWACKH .
UV VIS E G LA RC #E 42 L 5 fE IK B, Clementine
UV VISR F & B BRI R BAIE 73 5 8 B9 5 B
7. BIREARRHE IR 2R o
12 EBEXNS5IRAKEE

MG E TR BN 5 A5 77 AR AHIERE, B
PF A E BT UL AR S8, (RS
BRI E A4, AU Clementine UVVISHRF to & ik
K ELEX N HESESEABS®E. Fik, A3
XU 0 5 7 R R 2% X M ons Riimker H i 5 2
HiMairiandE 7 #E S @RI 73 T BRI TIREF 5K,
KN T 2R .
13 EBEEZESHREENSGZE

1 H g 5 B 7 KA ad B Fe v, @ H R A
B TR, @B RIEAER. BESERSH
(R3) . XIS HE 205 T R AA ik
NN T @G MRS R EN KA S . @Y
RO A R AL S8, WIEEREy (o Bk

*2 AW ETE AR EE
Table 2 Data used in this study"*"
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Table 3 Quantitative characterization parameters of dome
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Fig. 3 Distribution of northern Oceanus Procellarum domes
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Table 4 Extraction results of dome morphological parameters and rheological characteristic parameters in the study area

S SR 4R/ 4 RREM SRs SEEHE Ry R Bk IRPERGE iy SuE IR
EKH T W) (°ND Ak’ EH/m  D/km &) SV/km®  5REr/Pa n () / (Pa's) E/ (m*s™) AT s
1 47.7 41.4 146.9 902.2 13.7 7.5 60.6 1.3x10° 1.0x10° 36.0 1.7x10°

. 2 48.4 41.8 48.2 845.4 7.8 12.2 20.4 1.9x10° 2.9x10° 12.6 1.6x10°

EIER:=:

= 3 47.7 40.8 22.6 492.1 5.4 10.4 3.5 9.5x10* 5.3x10° 10.2 3.4x10°
4 49.9 43.7 11.6 266.3 3.8 7.9 2.3 3.9x10* 6.2x10 9.7 2.4x10°

5 58.4 39.9 54.0 371.9 8.3 5.1 18.1 3.5%10* 4.9x10" 32.1 5.6x10°

6 58.7 40.1 61.1 318.5 8.8 4.1 10.9 2.4x10° 2.0x107 2.5 2.6x10°

7 58.4 39.9 82.9 300.4 10.3 33 11.5 1.8x10° 1.0x107 61.1 1.9x10°

8 58.2 40.1 75.2 3245 9.8 3.8 18.7 2.3x10° 1.7x10 513 3.6x10°

9 58.5 40.3 80.0 581.3 10.1 6.6 31.0 7.1x10° 2.6x10° 30.5 1.0x10°

10 58.8 40.6 227.7 493.6 17.0 33 86.6 3.0x10° 3.4x10 102.1 8.5x10°

11 59.5 40.8 63.5 281.8 9.0 3.6 15.2 1.9x10° 1.1x107 49.9 3.0x10°

H‘g'ﬁ 12 59.5 41.1 30.4 390.3 6.2 7.2 9.7 5.2x10° 1.2x10° 17.2 5.7x10°
13 59.3 413 252 321.5 5.7 6.5 6.9 3.8x10° 6.0x10 17.4 4.0x10°

14 58.7 41.1 97.2 363.0 11.1 3.7 28.3 2.5x10° 2.1x107 59.2 4.8x10°

15 58.5 41.4 74.9 457.1 9.8 53 58.6 4.5x10° 8.9x10 36.3 1.6x10°

16 57.9 41.2 95.9 305.7 11.0 32 25.7 1.8x10° 9.5x10° 69.4 3.7x10°

17 57.4 40.8 34.7 2242 6.7 3.9 7.8 1.6x10° 7.3x10° 343 2.3x10°"

IEAH % . IR 5 oM 4 Blake! V4% HY i A ok it 5
(%3, RppREARKEE. HARRVAESEH
A Z R AHm, HHEEEY >2 000 kg/m’,
GruithuisenflMairandE F #§ 5 & 0] 58 2 1 %5 FE AR 241K A0
L RA AR, WilsonZE" 6 H g Ak H i
BREMVE KB L NN EEREN, INE X RS
(RIS AN K, AR SCHORE 25 9% B p 3 HL2 000 kg/m’s
Fihb, AR RER A R R ER T R AR KL
WA KA, R—1ME5EREKERD. S&&
FE HRG 5 Y 8Os el SR & . BRI S
WA HIE R 2 B E AR, ETHERs)
AR E e R E, HRUEER LN EE ST &
HANG S B R Z RN &2, HES @A
YeiE, ATLLHDEM#EIEIREL, MEBRIEER LN %S
R ECE LU R e . S RIS I B A A R
e UAE0.72, TfiMairandFE H i 5 B —MHL0.7"" . 44 5 Wt
KRR A T2 9 1 40 70 Wi R I8 22 EAN 8 R vk 1T 12 L 1)
ZH4, v DU S R AR S W B LR TR

RS IR AR E SR AT A (R3) X
2R E M S BT TR SHETHE (R
HHEERER, MairandE BiEE@E (1~4%5) K%
JEHFE~6.2x10"~ 1.0x10° Pa-s, M§ARHERNEEF7E
9.7 ~36.0 m'/s, WiRFFELHINFH]7E2.4%10° ~1.7x107 s,
H5R 1P mEBENNG. HAKE @ IR FREK M

L, Sl e R R L AR R AR RHE . R IX PR
M S @A MNERES, BRFFENARK, &
RS HGE T, R R R bR S &
Mons Riimker H ¥ 5 @2 (1) 4 5 36 FE A 1 £E7.3%x10°
~ 2.6x10" Pa's, WiRHEBEERIELT2 ~ 102.1 m'/s,
W5 AR (I 1A 1.9 10°~1.6x10"s, AR ASHE
WRHES R 1HB. HRE @AM, 53197 RIE SR
SR IRimker 5 — R HBETEMNE LKA BT E
XL, A AF . HH, Mons Riimkersf—38
RS RIERREF SRS EREE (7.3x10° ~
3.4x10" Pass) « HIMTRIEZR (34.3 ~ 102.1 mYs) [I4F
fE, RS BRI SO R s R A R, &
TR B B, RS WIS &
Riimker?f RS BN LI HB MR (4.9x107 ~
2.6x10° Pa-s ) MIMERIEZE (17.2 ~ 363 m’/s) , 5
Mairan 3. 4°5 5 @ (1) 35 4 B B I W R - SN (A1 AR
(B 5 R A & T Mairan 3. 45 58, RUSE
R T AR E R, SECAERREIMER
7, FTCATEARGS @ s R N T RN R e SR

3 BEMNLESTEEXSRE

EBRMHF R ERREFFEN L
ARG S BT A s E B, SasE

3.1



326 PRI 2 (R3S

20224F

TS H, W RIS "R A G XS 'R R
Mons Riimker H ¥ Z & (5~17%%) MiMairandf AiEE
@ (1~4%5) . IWNKTBAERES B 2R H
o, AFEMZ ST & MairandE HIE S @ ¥ &
bE, HAEEBKF7°. Mons Riimkers —38 H i 5 &
(B BE38<5°, WiE200 ~400 m) 2 BRI NG
2%, i FHI4EE. Mons Rimkers “ AW EE (K
JE5°0~7°, FEFE300~ 600 m) FEILESIA. R Kbk
FE SR EHIX 3, 45 SRIEAMELL, Bk,

M TR TR NS KR KT, MairandlE H g
FE (1~45, E3) WA KB ER SR T Mons
Rimker Hig 58, (HHE K LA S T Mons
Riimker H #§ 5 @ . Mairan 1. 2°5 5 @]tk Mairan 3.
45 E RIS, HAKFEIRG . Mairan 3,
45 BB I FRHE HE AL T Mons Riimker 28 — 28 Hifg
R, A IR R e A B AR R I
KIEE, ESREFIE . Mons Riimkersi —25 AiF =
RE A AR RS i (34.3~ 1021 mYs) « &
WRFERAL (7.3%10° ~3.4x10"Pa-s) , HigIgmikE
WHARRIE . WA R A RE .

Guit4E KK, Mairan 1'5 SBEMAETEK, Kb
AREER G, WRE A 5T Mons Riimker 3 7
RS @, WORPTRFERN a4 23K . Mairan 25
SERWEEMGESR TR, SEBELIITEE,
R HWBUR BEBEL, HHERFEMRE, SRR
FREEII A . PRE, SRR, ARMER R AR A K
(IS R I T2 T R “ i BE 7 I B LR 3, TR R
RS R W TR 2 K R

Mons Riimker# —38 H if§ 5 2 () 8RR E (45
WS MR L FSH) 5R1PB REECAME
L, RIS BNRE (62T Hilg. %
g KT, RFE. SWUKHEE) o Mairan 1. 255
R SRR B I ¥ SRR RRHE (IRiT s, &
BE, EiFRFE. MUBTKIEA) , TMMairan 3. 45 S @
Emmitioe, EAWRENESRSIEABISERT
BRI, HIB N 2 HONL AL 5 2 HURE TR AU T
RITH,ERE®E.

32 EBRERIENFFHENLL

Mons Riimker f£7E P A AR MY 1) il S e (R
AP F)Mons Riimkersi—. “RE@E) , XH
KEBEDRAS LA, HEFeO. 7£Si0,, &
Mons Riimker K &SN =47 . HIXPEFRA K S @
B MR B ES AN E R, B RTEERH
FONBEIEIRE, TEROZR T RIS KB &, &

XM RS @A Re L 7 AFFEL IS . Zhao5 )
51 % B Mons Riimkerflc 22 ¥1 5 B2 X R ] (£3.5 Ga)
EjMons Riimker X g 870 K ILITE SN A TE] (£3.71 Ga,
3.58 Gafl13.51 Ga) HFEEUE, f£Mons Riimkers 1%
SR, wBER S B AH K T Mons Riimker X i
FEITIE R ] (£93.51 Ga) , HokiliGsh— B R4k
B 7P (£13.0Ga) , f=Mons Riimker /K 1117
AR EREA B LY, Mons
Riimker K 1L & FERAEA R B, mbER S RE
IR PSR A B K, 7EMons Riimker# 336 8 K
W, ARt DANIFBCERFE G, RN TR
HRER S E .

MairandF 5§ 5@ K4S @ (Mairan &,
Mairan T, Mairanfd #AIPE LS B>, XN AR
HiEE®R1~455%8) £ H E2&EH (B3,
EATZ B ] BRAAAE G LRI R . WilsonE! " JiX Lt
BRIV RHEHERT P X L 5 @ 1) A R A =
TR A X s, wd RIS RS K0
JRBRIE . BEPEREFE . W R AR HRR SR I [A] g — IR SE
THE KRR S @S KA E— 8. k4 TE
o B s RS s A ES, HRWALT AKX,
Gt HEOCTEM4M e &a KB, B2 nlE
THSL ) KBRS AR B L A SCH
Glotch% "2 i) Bik4 T 2 04 RN E L, +
A LR JLAJRRK: OLRO WACKIEZor (E1 (o) -
(e) ), Mairan & Z &5 mHAHE, (AEY K
R EEESIO, TFeO, Al Hifg % UE 5k
A B X @ Mairan S B A KGN T £
3.84+0.11 Ga, L-FFIN (£93.75+0.1 Ga) B T
Mairan TAIMairanfg# 5 @, =F 7L S [A] 1%
DINK 2 @Mairan ¥ 5 [ 2 BT LS e i 2 [) 10 5 PR
AN B AR AT B A2 A i AN R 3 R S SR A A
2B NG T I o A8 TR BB B ¥t A 4k 3 K
WiEsh (4373 £0.1 Ga) , ZJ5 EEA I KILTE
B tHIAEMairan 5 5 A1 X (£93.35+0.2Ga)
55— R EE SN A K AE Mairan 358 S 2 (1) ARSI R
77 T DA SR 2R Ab i A, 58 — I AR S10, A s
1) FeO By A (R T T8 i 5 B TH UG 44 24 1)
Si0, « FeO& &) A T Mairan™ #8251 H J
JR2 BRI F iR Mairan 5 8 G W] RESE A —CE K
TR, H AT XS T Mairan 5 @905 %5 M EARE
EEMAAL, Rl 45 5@ (M Mairanfi bt S
B, MHAZEBRESHEINEE (1~3%5) HEEK
T, WO _FR ORI I 7 — P ) A L I0E



% 3 40 RICE, 5 DRI S RN RUR G S B SR IE B BRI 327
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Study on Morphological Characteristics and Genesis of Dome Around Chang’E-5

Sampling Point
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Abstract: Mons Riimker and Mairan volcanic dome structure are distributed around Chang’E-5 sampling point. At present,
there is a lack of comparative research on their morphological characteristics, genesis and classification standards. Therefore, this
paper compared the morphological characteristics and formation factors of the two types of domes through Chang’E image and
topographic data, and discussed the division criteria of domes. In this study, 13 lunar mare domes of Mons Riimker and 4 non-mare
domes of Mairan were delineated, and the magma rheological parameters during the formation of the domes were calculated. The
results show that the Riimker lunar mare domes are relatively low and flat. According to the slope and height, the domes are divided
into Riimker type I lunar mare dome (slope < 5 °, height 200-400 m) and Riimker type II mare dome (slope 5 °-7 °, height 300-600
m). Among them, the second kind of higher and steeper lunar sea dome has higher viscosity and lower eruption rate. Compared with
the Riimker mare dome, the Mairan non-mare dome is higher and steeper, and its magma eruption rate is generally lower than that of
mare domes, with high magma viscosity, poor fluidity and long eruption cycle. Spatially, the four non-lunar mare domes where
Mairan is located are linearly distributed and their material composition and formation time are similar, indicating that they are likely

to be related to each other.
Keywords: surrounding area of Chang’E-5 sampling point; volcanic dome structure; morphological characteristics of
dome; genesis of dome

Highlights:

e Using Chang’E image and morphological data, 17 volcanic domes around Chang’E 5 sampling point are delineated, of which the

newly discovered dome is No. 11.

e Based on morphological and rheological characteristics, the characteristics of Riimker mare domes and Mairan non-mare domes

around Chang’E-5 sampling point are compared.

e The division of lunar mare domes and non-lunar mare domes should be determined by using a combination of morphological

parameters, geographical location, rheological parameters, material composition and other parameters.
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