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Topography

Thermal Emission
The passive microwave signals are very sensitive to the composition and
temperature of the lunar regolith [9-11]. The CE-2 CELMS data are used
to generate the brightness temperature (TB) maps of Von Kármán Crater
(Fig.1).
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Von Kármán Crater, inside the South Pole-Aitken (SPA) basin on the
lunar farside, is initially selected as the landing area of Chinese
Chang’E-4 mission [1]. It is a pre-Nectarian circle whose diameter is
180 km and center is 175.9°E, 44.8°S [2,3]. Von Kármán Crater is
substantially filled with mare basalt flows and it possess a cental peak
[4]. Also, the Crater is within the estimated dimensions of the SPA Basin
[5,6]. Combined with the approximated relatively thinner crust [4] and
the Thorium anomaly distribution [7], Snape et al. considered it as a
promising location for sampling SPA-derived impact melt, the lower
crust and probably upper mantle mateials [8]. We outline the prospective
scientific objectives of Von Kármán Crater with the topography,
compositions, temperature and gravity observations.

The LRO LOLA data are employed to analyze the topography features (Fig.2(a),(b)).
Figure 2(a) shows that the Von Kármán crater is a newer crater that has been superimposed on the
previously formed ancient crater, at the same time, the Von Kármán crater is approximately 180 km [8] in
diameter, and its interior has a central peak. Therefore, the landing detection of the Von Kármán crater is
likely to collect the purer original SPA material, the sample of the lower moon shell, and the material of the
moon's upper mantle.
The change in the topography of the northeastern crater is relatively large, indicating that the Leibnitz
and Finsen impact have a greater effect on the area. In general, the basin，which has a total area of
approximately 37594.5 km2, is about 4 km lower than the eastern area, about 2.5 km lower than the southern
area. The basin is approximately 200 km long from east to west, approximately 160 km long from north to
south. The highest elevation in the Crater occurs at the central peak (175.9°E, 44.5°S), with about -4323.8
m high, while the lowest is in the carter (174.9°E, 44.3°S), about -6621.3 m. The average elevation of the
floor of the carter is about -5852.0 m. The northern Crater floor is about 4 km lower than the southern part.
The western part of the Crater floor was thought as mare dome material (Imd), generated by basaltic
intrusions or extrusions [8,18]. However, the topography indicates that the high elevation is continuously
with its western rim, and this is interpreted as a huge gravitational landslide masses in our study. In contrast,
the southernmost part of the Von Kármán Basin (region I) has the lowest average elevation, with an average
elevation of approximately -5963.4 m. The topographic relief of the area is weak, and the number of craters
is small, indicating that the area is relatively new. The average elevation of the central, eastern and northern
parts of the crater is approximately -5848.4 m, which is relatively large compared to the southern region.
Among them, the terrain in the entire northwest (region II) is more complex and there are larger impact
craters, indicating that the age of this area is older.
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Fig.3 (a). Illumination distribution map in 2018; (b). Illumination distribution map of the bottom;
(c) the distribution of landing sites.

Based on the illumination model established by DE/LE ephemeris and
LOLA elevation data, Zhang Jidong can calculate the illumination model
of any area and year on the lunar surface [19]. Based on this model, the
illumination rate of the Von Kármán crater in 2018 was calculated. The
results are shown in Figure 3(a). The calculation results show that the
lighting conditions are best in the southern basin floor, the northern side
of the central peak and the southern wall. The difference in illumination
between the northern and southern sides of the central peak is obvious.
Several small craters in the basin floor are the areas with the shortest
illumination duration. Figure 7c better shows the light duration at the
bottom of the crater at 44%. The results showed that the illumination
conditions were best at the top ridge of the central peak, the illumination
rate was 49%, and the illumination rate was more than 48% in most of
the floor south of the central peak. In areas near the crater wall, the
illumination rate is slightly lower, about 47%. In the northern part of the
crater, there is also a well-illuminated area with an illumination rate of
about 47.5%.Although there are many places with better illumination
conditions in the northeast of the central peak, the area is relatively small
and the distribution is not continuous. The minimum of the basin
illumination rate still appeared at C1, only 17.2%.
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Fig.1 Brightness temperature of the Von Kármán Crater at 37 GHz.

The TB performance in the southern part of the Crater agrees well
with the high FTA value according to the conclusions by Meng et al.
[12]. However, in the northern part, the TB is relatively high no matter
at noon or at midnight, which is even higher than that in the southern
part with higher FTA. This is not rational. Meng et al. also found the
same phenomenon in Orientale basin, and reasoned as the higher
substrate temperature [12]. If so, the in-situ temperature probe will
provide a new and important reference to better understand the thermal
evolution of the Moon.

Deep Structure
Based on the newly acquired GRAIL gravity data[13], the subsurface
structure of the Von Kármán Crater is estimated. Results show a positive
Bouguer anomaly in the center and the sourthern rim of Von Kármán.
This indicates that there possibly existed a huge uplift magma intrusion.
Thus, the later Von Kármán impact event likely diged out the deep
mantle material.
Moreover, the crust thickness of the Von Kármán Crater is relatively
thin, less than 5 km [14]. The lunar radar and other equipment carried by
CE-4 will provide important support for the detection of this target

Compositions
Based on the improved Lucey model [15-17], the (FeO+TiO2) abundance
(FTA) of Von Kármán Crater was inverted from the Clementine UV-VIS
data. Fig.2(c) presents the relatively higher FTA values within the floor.
But, in the craters (176.0°E, 46.8°S), (177.0°E, 176.96°S),
(177.26°E,177.26°S), (177.29°E, 177.29°S, (177.54°E,46.36°S),
and northern (174.82°E, 174.82°S),(174.81 ° E, 44.28 ° S) and their
nearby regions, the FTA is higher than the surroundings. Such
phenomenon hints the FTA-rich mare basalt in depth in the Crater.
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Fig.2 (a) The elevation map of selected area, (b) The elevation map of Von Kármán crater floor and the divided area,(c) (FeO+TiO2) abundance map.

Potential Landing Sites
We identified three potential landing sites within Von
Kármán Crater (Fig.4), including Site I in the northern
part, Site II near the central peak, and Site III in the
southern rim of the Crater floor.
Site I. There is a small uplift structure in the area,
which is the remnant of the original Von Kármán impact
event. Two large and several relatively smaller craters
also exist in the Site. The possible scientific discoveries
are as follows:
• (1) To measure the older Imbrian basalt samples and
study the original raw material of the SPA basin.
• (2) To study the layered structure of the mare basalt
and the compositions of the substrate medium.
Fig.4 Candidate landing sites of Von Kármán
• (3) To pursuit the causes of TB anomalies. It is of great significance to better understand the thermal
evolution of the Moon.
Site II. The second site is in the central portion of the crater, which straddles the boundary between the
older northern part and the younger southern part. The central peak is in the north, and the huge landslide
masses are in the west. The possible scientific discoveries are as follows:
• (1) To sample the original plagioclontic and KREEP materials in the landsite masses.
• (2) To study the rocks representing the lower crust or even mantle near the central peak.
• (3) To determine the basalts ages of Von Kármán Crater and SPA basin through measuring the rocks in the
western, northern, southeastern parts and the cental peak.
• (4) The TB is abnormal in the north and it is normal in the south. The in-situ measurements will identify
the causes of the temperature anomaly over the Moon surface.
Site III. The third site is near the south crater rim, and the surface is covered by the later mare basalt. The
possible scientific discoveries are as follows:
• (1) To obtain the later Imbrian basalt samples.
• (2) To analyze the layered structure of the mare basalts through the study of the materials around the
relatively small crater with high FTA.
• (3) Terrain analysis results show that the Von Kármán Crater overlaid in a existed larger older crater
(named Von Kármán M). Thus, this site may collect the original SPA substance, material from M crater
and the late Imbrian basalt.
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Von Kármán Crater is located in the middle of the largest impact
basin in the moon, which is our CE-4 mission scheduled landing site.
This will be the first time of lunar farside soft landing and insitu
exploration, whose achievements will be significant for the current
scientific researches of the Moon.
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