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Figure 1 (Color online) The Chang’E-5 landing region. (a) LROC WAC image. (b) SLDEM2015 topography. All the maps in this paper are
projected into a Lambert conformal projection, with center meridian of 59°W, and center line of 45°N. The Chang’E-5 landing site was named “Statio

Tianchuan” and marked with a red flag.
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Figure 2 (Color online) Compositional distribution of Chang’E-5 landing region. (a) FeO abundance map derived from Kaguya MI data; (b) WAC
TiO, abundance map; (c) Mg# map derived from Chang’E-1 IIM data; (d) Th abundance map. The basemap is LOLA shaded relief. The black lines are
indicative of the boundaries of well-defined mare units. The Chang’E-5 landing site is marked with a red flag.
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Figure 3 (Color online) Spectral characteristic and spectral survey of small craters among six mare units at the Chang’E-5 landing region. (a)
Locations of small craters where representative spectra in six mare units are extracted; (b) color composite of M’ IBD data; (c) false color composite of
mineral indices; (d) the distribution of mineral ratio of high-Ca pyroxene (HCP) to low-Ca pyroxene (LCP) derived from MGM method; (e) HCP/LCP
ratio map from the interpolation using Kriging interpolation technique. The basemap is LOLA shaded relief. The black lines are indicative of the
boundaries of well-defined mare units. The Chang’E-5 landing site is marked with a red or white flag.
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RLRA. (h) SR A O ) F B . SRR . R R MBI B oK 1 STk [46)

Figure 4 (Color online) Spectral characteristic and spectral survey of small craters among six mare units at the Chang’E-5 landing region. (a), (b)
Representative spectra of small craters in six basalt units with/without continuum removal. (c), (d) The 3D scatter plotting of pyroxene absorption band
positions at 1 and 2 pm and HCP/LCP ratios derived from MGM method. (e), (f) The histogram of HCP/LCP ratios from the spectral survey of small
craters. (g) The plotting of pyroxene absorption band positions at 1 um (BC I) and integrated band depth ratio (IBDR). The polygon and elliptic fields
represent different mineral assemblages modified from refs. [22,54]. CPX: clinopyroxene; OPX: orthopyroxene; OL: olivine and monomineralic
olivine assemblages; OC: ordinary chondrites; BA: basaltic achondrites. (h) HCP INDEX vs. OL INDEX plot. The clinopyroxene, orthopyroxene,
olivine, and glass data are sourced from ref. [46].
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WIS B B X CF S H A 6 1 15 46 Bl i AL E R AR v

Figure 5 (Color online) (a) The mosaic image of integrated band depth at 2 um around the Chang’E-5 landing region; (b) Kaguya MI-retrieved mafic
mineral abundances of Chang’E-5 landing region; (c) the distribution of CF values at the Chang’E-5 landing region. The Chang’E-5 landing site is

marked with a red flag.
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BIEHEK H SR [46]

Figure 6 (Color online) Topography, spectral characteristics, and mineral distribution at the Chang’E-5 landing region. (a) Kaguya TC image. (b)
Kaguya TC DTM topography. (c) False color composite of mineral indices. (d) The histogram of mineral abundance distribution. (¢) The plotting of 1
and 2 pum absorption center wavelengths extracted from the spectra of small craters. The spectra data of synthetic pyroxenes are from ref. [60]. The
spectra data of natural pyroxenes are from refs. [61,62]. (f) The plotting of pyroxene absorption band positions at 1 um (BC I) and integrated band
depth ratio (IBDR). The polygon and elliptic fields represent different mineral assemblages modified from refs. [22,54]. CPX: clinopyroxene; OPX:
orthopyroxene; OL: olivine and monomineralic olivine assemblages; OC: ordinary chondrites; BA: basaltic achondrites. (g) HCP INDEX vs. LCP
INDEX plot. (h) HCP INDEX vs. OL INDEX plot. The clinopyroxene, orthopyroxene, olivine, and glass data are sourced from ref. [46].
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Compositional characteristics and remote sensing of regional
geology at the Chang’E-5 landing site

CAO HaiJun', CHEN Jian', QIAO Le'", FU XiaoHui"”, LU XuelJin', QI XiaoBin',
WAN Shengl, LING ZongChengl’z* & LIU JianZhongz’3

! Shandong Provincial Key Laboratory of Optical Astronomy and Solar-Terrestrial Environment, School of Space Science and Physics,
Institute of Space Sciences, Shandong University, Weihai 264209, China;
2 Center for Excellence in Comparative Planetology, Chinese Academy of Sciences, Hefei 230026, China;
? Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China

Chang’E-5 (CE-5) collected 1.731 kg of lunar regolith materials in the northern Oceanus Procellarum. These unique
samples complement the Apollo and Luna collections of lunar materials for a better understanding of the petrogenesis
and evolution of young mare basalts. This work aims to obtain new knowledge on young mare basalt evolution from
spectral and mineralogical perspectives, using the latest multi-source high-resolution orbital datasets in combination with
CE-5 sample analysis. The CE-5 landing site is mainly composed of Imbrian-aged basalts with low to very low Ti
compositions and Eratosthenian-aged intermediate-Ti basalts. The spectral characteristics of young mare basalts indicate
a stronger 1-um absorption feature and a relatively weak 2-um absorption, which seem to indicate stronger olivine
signatures, possibly suggesting the presence of abundant olivine. However, the returned CE-5 samples revealed lower
proportions in olivine abundance than that of Kaguya MI mineral maps. We infer that olivine-rich spectral features in
remote sensing datasets are possibly contributed by ferropyroxene, Fe-rich glass, space weathering effects, and fayalite.
A synthesis of CE-5 sample analyses and remote geological studies of CE-5 landing site indicates that the Fe-rich young
mare basalts may be sourced from the extensive fractional crystallization of late-stage basalt magma from a shallow,
clinopyroxene-rich upper mantle cumulate.

Chang’E-5, young mare basalt, late-stage lunar magmatism, olivine-rich feature
PACS: 95.55.Pe, 96.25.Hs, 96.20.Dt, 95.75.Fg

doi: 10.1360/SSPMA-2022-0289

239605-17



