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Introduction: On the 3™ January, 2019,
Chang’E-4 (CE-4) landed on the east of Von Kaman
crater (177.6 °E and 45.5°S) within South Pole-Aitken
basin (SPA). This is the first in-situ exploration mis-
sion on lunar farside. In this study, we investigated the
geochemical characteristics of this area and its subsur-
face structure. This could provide geological back-
ground for further in-situ data interpretation.

Geological background: SPA is a vast, ancient
impact structure on the Moon. This unique location is
known holding keys to understanding several funda-
mental questions in lunar and planetary science, such
as lunar cataclysm and impact flux in early lunar histo-
ry, lunar crustal structure and compositional heteroge-
neity, lunar farside volcanism™. SPA basin has been
proposed as the landing area of several sample return
missions, such as MoonRise missionf?l.

Using Moon Mineralogy Mapper (M) data, Mo-
riarty et al. (2018) revealed four distinct compositional
zones across SPA: SPA Compositional Anomaly
(SPACA), Mg-Pyroxene Annulus, Heterogeneous An-
nulus, and SPA Exterior B,

Von Kaman crater is a pre-Nectarian crater with
the diameter of 186 km. It is located to the south of
Leibnitz crater, is joined to the northeast rim of Finsen
crater. Attached to the southern rim of Von Kama is
Alder crater. Oresme and Oresme V crater (a thorium
hotspot) is located to the west-northwest of Von K&
rma. Finsen crater and other complex large craters
(Bhabha, Stoney) within SPACA exhibit distinctly
Mg-rich pyroxenes in their central peaks, Ca/Fe-rich
pyroxene in the walls and floors. Von Kaman and
Alder craters both lies in Mg-Pyroxene Annulus and
presents extensive Mg-pyroxene bearing materials.
Except this, pure plagioclase was found in the eastern
mound and southern wall of Alder crater, which is
quite rare within SPAEI,

Geochemistry of CE-4 landing site and regolith
mixing: The landing site of CE-4 mission lies on the
eastern floor of Von Kaman crater. The floor is most-
ly covered with mare basalt. Using the Clementine and
Lunar prospector data, we found the area shows low
FeO (13-18wt%) and TiO2 (1-3 wt%) I, but elevated
Th (2.0-2.5 ppm) B, The intermediate FeO and moder-
ate to low Th features fit the criteria for high-Al (HA)
mare basalts: FeO = 12-18 wt%, TiO2 =1-5 wt%, Th =
0-4 ppm [, This suggests Von K&mé crater a poten-
tial location of HA basalt exposures.

HA basalt are mostly found in the Apollo 14
samples. Apollo 14 landed on the Fra Mauro region,

one of Thorium-rich spots. These basalts are relatively
enriched in Al203 (11-16 wt%)l"). HA Basalt fragments
are also identified in Luna 16 samples. The Al-rich
nature of this type basalt is related with more modal
plagioclase in them than other mare basalts. Apollo 14
HA basalt, with the age from 3.9-4.3 Ga, represents
mare volcanic activities predates the main mare mag-
matism in lunar nearside (3.9-3.1 Ga) ["). Luna 16 HA
basalts are much younger (~3.4 Ga)t®l,
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Figure 1 Variations of FeO and TiO: in lunar rock, soil and
regolith samples. This diagram is modified from [9]. The data of
Apollo and Luna soils and regolith breccias are from [10].
Chang’E-3(CE-3) basalt data are from [11].

For Von Kaman crater, Huang et al. (2018) de-
termined the absolute model ages of the mare units
located within Von Kaman 2, They yielded the Im-
brium age (~3.6 Ga) for both whole volcanic floor and
CE-4 landing subarea. Mare unit filled Von Kaman
floor falls in the major volcanism peak ranging from
3.9-3.1 Ga, being clearly younger than typical Apollo
14 HA basalt. We cannot rule out the presence of HA
basalt on the basis of the existing geochemical and
chronology facts. Clearly, more evidences are needed
to test this hypothesis.

Except for HA basalt, another explanation for the
distinct geochemical characteristics of this region is
lateral impact mixing. On the TiO2 abundance map
derived from Wide Angle Camera [*%l, it is obvious that
the ejecta derived from Finsen crater covers the eastern
part of Von Kaman crater floor. In Fig. 1, we notice
Apollo 15 soil and regolith breccias falls in CE-4
chemical domain. Apollo 15 soils contain 4 chemical
components: mare basalt, KREEP basalt, pyroclastic
green glass and highland materials 4],

Apparently, CE-4 landing site is contaminated
with the ejecta from surrounding craters. The materials
in this area could be the mixture of local mare basalt,
mafic ejecta from Finsen crater, highland materials
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from Alder crater and others Th-rich materials from
Oresme V crater. Low-Ti basalt and Finsen ejecta
(Ca/Fe-rich pyroxene) are the two most significant
components of the regolith in the CE-4 landing site

(Fig. 2).
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Fig. 2 Variations of FeO and Th in lunar rock, soil and regolith
samples. The Th-FeO diagram shows the different lunar rock
domains. This plot is modified from [15-16]. Apollo and Luna
soils chemical data (red squares) are derived from [17]. Blue
circles represent Apollo 14 HA basalts [7].

Dark haloed craters and their implication for
the landing site subsurface structure: On the Moon,
the young lunar craters are usually surrounded by
bright ejecta patterns or high reflectance ray system,
due to the excavation of fresh, high-albedo material
from beneath the mature deposits. The existence of
dark-rayed /dark haloed craters (DHC) has long been
noted. They are interpreted as the excavation of low
albedo material from subsurface. The presence of
DHCs has been taken as the indicator of ancient lunar
volcanic deposits or cryptomarial®l.

Fig. 3 DHCs n the eastern floor of Von K&man crater. Yellow
arrows show two DHCs. Two small craters with bright rays have
also been noted (red arrows).

Using LROC NAC images with solar incidence
angle between 40 and 55 degrees, 16 DHCs have been
identified in the eastern region of Von Kaman crater
(Fig. 3). This confirmed our above observation that the
continuous ejecta blanket from Finsen crater deposits
on the mare basalt plain. Most of these DHCs are small
crater with the diameter less than 1 km. The DHCs size
and distribution on the floor could help constrain the
subsurface structure of CE-4 landing site.
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Fig. 4 Distribution of Finsen ejecta within Von K&man crater.
Ejecta thickness (red curve) was calculated using the model of
[19]. The radius of Finsen crater (R) is 36 km.

We collected the diameters of 16 DHCs and their
distances (r) from Finsen crater center. The ejecta
Thickness (T) was calculated using the equation of
[19]. The excavation depth of each crater was calculat-
ed with the equation Dex.=D*0.1%. Note all DHCs
circles lie on or above the ejecta thickness curve (Fig.
4). This suggests the two layers structure in CE-4 land-
ing site: Finsen ejecta and low-Ti basalt. The
McGetchin model could be used to determine the
thickness upper limit of Finsen ejecta distributed in
Von Kama. In future, we plan to search more DHCs
and bright craters (not penetrate Finsen ejecta) to con-
strain subsurface structure of CE-4 landing site, and
perform a mineralogic survey for these craters using
the M? reflectance data. These works will provide val-
uable information about the structures and the mineral
compositions of CE-4 stratigraphy.
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