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Fig. 2 The pre-analysis results and accurate analysis results of he best window for calculating the relief amplitude
of lunar surface by the change-point in the mean based on LOLA data
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Tab. 1 Quantile statistics of lunar surface relief amplitude
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Tab. 2 Percentile of accumulated frequency of lunar surface relief amplitude
BT (%) 10 20 30 40 50 60 70 80 90
FER FE (m) 299 562 803 1022 1240 1481 1767 2140 2688
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e ' e
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5 ARG IE S AT

Fig. 5 Distribution characteristics of lunar surface relief amplitude, with mare labelled by grey lines
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Fig. 6 The basic geomorphic landforms of lunar surface
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Tab. 3 Quantile statistics of lunar surface relief amplitude in lunar basic geomorphic landforms
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Fig. 7 Frequency distribution histogram of lunar mare and highland
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Fig. 8 Frequency distribution histogram of lunar wrinkle ridges and lunar sinuous rilles
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Tab. 4 Cumulative frequency of lunar surface relief amplitude in basic geomorphic landforms and
the relief amplitude corresponding to cumulative frequency
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Fig. 9 Frequency distribution histogram of impact craters and basin
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Tab. 5 Statistics of classification criterion of lunar surface relief amplitude
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Fig. 10 The classification results of lunar surface relief amplitude
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Fig. 11 SLDEM data and the analysis results of the change-point in the mean of lunar surface relief amplitude

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



7H] MR 45 HRMAGEIIE ST RHIE B Iy BARERT T 1805

AR SCHETF LOLA 3 HER 250 118 m i DEM 50, A HIIEAR s ifE T H R
REETHE AR O, FExt 4 H BRI ST Mo, #E#H RHIERRE /59
bR, 25800 .

(1) FEFYEA SIEEE R, A SCHE T8 A FRARE R HERE O ALl 624
Bt (Z4153n km?) RRRMABTESE . AR SCH 2 H Bk lidedr .t . AR H
Bii 4 FhIEA MBS B0, JEXHE T e A T AR ik SR BT AR R S A T
fiF5% .

(2) S Hb3k b oS AR () BT A AR o3 FAm i A ] BRHB SRS R SEBRAB 0L, B T
EARE RS EE M 100 m, 200 m, 300 m, 700 m., 1500 m LA K 2500 m, FfIETi%H
EK A 2R R AR R ORR S i BUNER R ANER I iR
FAR R 1Ly DA KA AR L 7 4~

(3) R JR EB A A E H DR X i BTy X oA Lk sy
FE o A R X 38 BGAR 5 b = B A e H i A A Bl XA S A X iR
W 3B A E 1B N A5 A5 v BTG X e D N e s R W A X IV ER L Ty
A e T Je g DX 3 Ak AR L M 32 B A e T DU AN RE S Y IR L it
BERNYT S P X . o A 700 5 A B Aot I DX D % 3 B 5 4 e O DX, KRR A
WAL AR L Ml = 250 FE T T U RE DX ek | 48 o b 2R X3k

5 % ik (References)

[ 1] Ouyang Ziyuan. Scientific objectives of Chinese lunar exploration project and development strategy. Advance in Earth
Sciences, 2004, 19(3): 351-358. [¥KFH 2. T8 H BRERI W SRR F H bR 5 % B GEns. MhaRkBl2=iE g, 2004, 19(3):
351-358.]

[2] Wilhelms D E, Mccauley J F, Trask N J. The Geologic History of the Moon. Washington, DC: U.S. Geological Survey
Professional Paper, 1987.

[ 3] Ouyang Ziyuan. Introduction to Lunar Science. Beijing: China Astronautic Publishing House, 2005. [[FXFH [ . A BRF
SAMEE. ARt A E T A, 2005.]

[4] Cheng Weiming, Liu Qiangyi, Wang Jiao, et al. A preliminary study of classification method on lunar topography and
landforms. Advances in Earth Science, 2018, 33(9): 885-897. [F24EH, X%, FWr, 45, 4 H BRIE SR 243207740
R, HERRIEERE, 2018, 33(9): 885-897.]

[5] Cheng Weiming, Zhou Zengpo, Wan Cong, et al. Introduction to Lunar Morphology Science. Beijing: Geological
Publishing House, 2016. [F24EH, JEI383, 7N, 55, HERIESBI2AEE. JUat: it ih it 2016.]

[6] Zhou Zengpo, Cheng Weiming, Zhou Chenghu, et al. Characteristic analysis of the lunar surface and automatically
extracting of the lunar morphology based on CE-1. Chinese Science Bulletin, 2011, 56(1): 18-26. [J&| 343, 4, JH
TR G T IR — 5 ] RS R 5 H S BLAE N, 2011, 56(1): 18-26.]

[7]1 Wang J, Cheng W M, Zhou C H, et al. Automatic mapping of lunar landforms using DEM-derived geomorphometric
parameters. Journal of Geographical Sciences, 2017, 27(11): 1413-1427.

[8] Cheng Weiming, Wang Jiao, Zhou Chenghu. Analysis on research progress and tendency of lunar morphological
characteristics. Geographical Research, 2014, 33(6): 1003-1014. [F24E8H, L%, B g, A £ SUERIEWT 58 08 e Fo#a
HYHT. HIFEDFSY, 2014, 33(6): 1003-1014.]

[9] Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences. 1: 1000000
Geomorphological Mapping Specification (trail). Beijing: Science Press, 1987. [ W [ERl=Be BT AT, HHIE 1:100 77
HOAR IR P RIE G0 T). st Bk e, 1987.]

[10] Li Bingyuan, Li Juzhang. 1:4000000 Geomorphological Map of China. Beijing: Science Press, 1994. [Z=4 7T, 254f
PR 1:400 7 HBAR AL JU s BT, 1994.]

[11] Li Bingyuan, Pan Baotian, Han Jiafu. Basic Terrestrial geomorphological types in China and their circumscriptions.
Quaternary Sciences, 2008, 28(4): 535-543. [ZERITE, V45 11, 15 35 4. o FEIE HOAE A H 352000 KL S bRaios. 48
PO BF5Y, 2008, 28(4): 535-543.]

%

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



1806 i B 2E 774

[12] Liu Qiangyi, Cheng Weiming, Yan Guangjian, et al. Distribution characteristics and classification schemes of lunar
surface elevation. Acta Geographica Sinica, 2021, 76(1): 106-119. [XIA%9#%5, BR2EA, fa)) #, 4. A 2Rk aE &
HAARERIE. P47, 2021, 76(1): 106-119.]

[13] Smith D E, Zuber M T, Frey H V, et al. Mars orbiter laser altimeter: Experiment summary after the first year of global
mapping of Mars. Journal of Geophysical Research: Planets, 2001, 106(E10): 23689-23722.

[14] Smith D E, Zuber M T, Neumann G A, et al. Initial observations from the Lunar Orbiter Laser Altimeter (LOLA).
Geophysical Research Letters, 2010, 37(18). DOI: 10.1029/2010GL043751.

[15] Cavanaugh J F, Smith J C, Sun X L, et al. The mercury laser altimeter instrument for the MESSENGER mission. Space
Science Reviews, 2007, 131(1-4): 451-479.

[16] Mazarico E, Rowlands D D, Neumann G A, et al. Orbit determination of the lunar reconnaissance orbiter. Journal of
Geodesy, 2012, 86(3): 193-207.

[17] Barker M K, Mazarico E, Neumann G A, et al. A new lunar digital elevation model from the Lunar Orbiter Laser
Altimeter and SELENE Terrain Camera. Icarus, 2016, 273: 346-355.

[18] Han Haihui, Gao Ting, Yi Huan, et al. Extraction of relief amplitude based on change point method: A case study on the
Tibetan Plateau. Scientia Geographica sinica, 2012, 32(1): 101-104. [#EEEIE, &5, Sy W, 2. FEF A48 55 B ik SR B
PR EE: AT e o ). s FERLE, 2012, 32(1): 101-104.]

[19] Tu Hanming, Liu Zhendong. Demonsration on optimum statistic unit of relief amplitude in China. Journal of Hubei
University (Natural Science), 1990, 12(3): 266-271. [J 1, XUPRAR. r [ $4i AR B e A 4e 1T FR o i sRAIE. )bk
2RV IRBIE ), 1990, 12(3): 266-271.]

[20] Tukey J W. Exploratory Data Analysis. Reading: Addison-Wesley Publishing Company, 1977.

[21] Milier R L, Brewer J D. The AZ of Social Research: A Dictionary of Key Social Science Research Concepts. Padstow:
SAGE Publications, 2003.

[22] Warren P H. The magma ocean concept and lunar evolution. Annual Review of Earth & Planetary Sciences, 1985, 13
(1): 201-240.

[23] Warren P H. Early lunar crustal genesis: The ferroan anorthosite epsilon-neodymium paradox as a possible result of
crustal overturn. Mathematical Gazette, 2001, 36(Suppl.): 219-220.

[24] Robbins S J. A new global database of lunar impact craters >1~2 km: 1. Crater locations and sizes, comparisons with
published databases, and global analysis. Journal of Geophysical Research: Planets, 2019, 124(4): 871-892.

[25] LiuJ Z, Guo D J, Chen S B, et al. Chinese 1:2.5 M geologic mapping of the global moon. Proceedings of the Lunar and
Planetary Science Conference, 2016.

[26] Hartmann W K, Wood C A. Moon: Origin and evolution of multi-ring basins. Moon, 1971, 3(1): 3-78.

[27] Che X C, Nemchin A, Liu D Y, et al. Age and composition of young basalts on the moon, measured from samples
returned by Chang'e-5. Science, 2021, 374(6569): 887-890.

[28] Hiesinger H, Jaumann R, Neukum G, et al. Ages of mare basalts on the lunar nearside. Journal of Geophysical
Research: Planets, 2000, 105(E12): 29239-29275.

[29] Strom R G. Lunar Mare Ridges, Rings and Volcanic Ring Complexes: The Moon. Dordrecht: Springer, 1972: 187-215.

[30] Yue Z, Li W, Di K, et al. Global mapping and analysis of lunar wrinkle ridges. Journal of Geophysical Research:
Planets, 2015, 120(5): 978-994.

[31] Hurwitz D M, Head J W, Hiesinger H. Lunar sinuous rilles: Distribution, characteristics, and implications for their
origin. Planetary and Space Science, 2013, 79: 1-38.

[32] Baker D M, Head J] W H. New morphometric measurements of craters and basins on Mercury and the Moon from
MESSENGER and LRO altimetry and image data: An observational framework for evaluating models of peak-ring
basin formation. Planetary and Space Science, 2013, 86: 91-116.

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



7 XA A HRIAURARIE S0 AR AE L2 oy Bhnedit 72 1807

Morphological differentiation characteristics and
classification criteria of lunar surface relief amplitude

DENG Jiayin"?, CHENG Weiming"*®, LIU Qiangyi"’, JIAO Yimeng"’, LIU Jianzhong™**

(1. State Key Laboratory of Resources and Environmental Information System, Institute of Geographic and
Natural Resources Research, CAS, Beijing 100101, China; 2. University of Chinese Academy of Sciences,
Beijing 100049, China; 3. CAS Center for Excellence in Comparative Planetology, Hefei 230052, China;
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Abstract: The lunar landform is the result of the geological and geomorphic processes on the
lunar surface. It is very important to identify the type of the lunar landforms. Geomorphology is
the scientific study of the origin and evolution of topographic landforms on the planetary
surface. Elevation and relief amplitude are the most commonly used geomorphic indexes in the
study of geomorphological classification. Previous studies have determined the elevation
classification criterion of lunar surface. In this paper, we focus on the classification criterion of
the topographic relief amplitude of the lunar surface. As for the estimation of the best window
to calculate the relief amplitude of the lunar surface, we used the method of change-point in the
mean based on LOLA (Lunar Orbiter Laser Altimeter) DEM data and DEM that combines the
LOLA and SELENE TC (Terrain Camera) merged Digital Elevation Model (SLDEM2015).
According to the statistical analysis of the basic lunar landforms, the classification criterion of
lunar surface relief amplitude is determined. Taking the topographic relief amplitudes of 100 m,
200 m, 300 m, 700 m, 1500 m and 2500 m as the thresholds, the lunar surface is divided into
seven geomorphic types, including slightly micro-relief plains (< 100 m) , slightly micro-relief
platforms [100 m, 200 m), micro-relief landforms [200 m, 300 m), small relief landforms [300
m, 700 m), medium relief landforms [700 m, 1500 m), large relief landforms [1500 m, 2500 m)
and extremely large relief landforms (= 2500 m). The slightly micro-relief plains are mainly
distributed in the maria, and the floor of craters and basins that are filled with basalts, while the
slightly micro- relief platforms are mainly distributed in the transition regions between the
maria and highlands. The micro-relief landforms are mainly located in the regions with higher
topography than the mare, such as wrinkle ridges and sinuous rilles in the mare. The small
relief landforms are mainly scattered in the central peak and floor- fractured of craters. The
medium relief landforms are mainly distributed in the transition regions between the rater floor
and carter wall, between the crater wall and crater rim, between the basin floor and basin wall,
and between the basin wall and basin rim. Large and extremely larger relief landforms are
mainly scattered in the crater wall and basin wall. The determination of classification criteria of
lunar surface relief amplitude in this paper can provide important references for the
construction of digital geomorphology classification schemes of the lunar surface.

Keywords: lunar geomorphological classification schemes; morphometric features; lunar relief
amplitude; characteristics analysis; classification criteria
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