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Abstract—The work carried out a comprehensive analysis of engineering and scientific requirements within
the main landing ellipses of the Luna-25 expedition. To detail the landing ellipses, data on the conditions of
the Earth’s visibility, illumination, critical slopes and cratering, in combination with the geological structure and
the presence of hydrogen-containing components in the soil, were considered. Within the ellipses, areas with high,
medium, and low engineering constraints on the landing and operation of the descent vehicle were identified. Pos-
sible sources of matter accumulated in different locations of the landing ellipses are estimated. These data are
important for the interpretation of the soil analysis results at the landing site of the descent vehicle.
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INTRODUCTION
The size of the previously selected main landing

ellipses 1 (68.773° S, 21.21° E), 4 (68.648° S, 11.553° E)
and 6 (69.545° S, 43.544° E) of the Luna-25 expedi-
tion is 15 × 30 km (Djachkova et al., 2017). The inter-
nal structure of ellipses is heterogeneous, both from a
geological and an engineering point of view (Ivanov
et al., 2018) and, therefore, within the ellipses there
are more and less safe landing sites with the potential
for sampling the regolith of different geological com-
plexes.

The landing site must have a detailed geological
description, which would make it possible to recon-
struct the history of the formation of the tested geolog-
ical complexes and to determine the sources of their
matter. This knowledge plays a decisive role in the
interpretation of the results of analyses that the lander
will carry out on the surface. The purpose of this work
is a general engineering and geological detailing of the
previously selected ellipses, with the determination of
the scientific potential of geological and geomorpho-
logical units and the search for possible sources of
matter accumulated in potential landing sites.

INITIAL DATA AND RESEARCH METHODS
The work uses the results of previous studies, (Iva-

nov et al., 2018; Krasilnikov et al., 2018, 2021), as well
as new data for selected ellipses obtained using LEND
instruments (Sanin et al., 2017) and Diviner (Paige
et al., 2010) installed on the LRO (Lunar Reconnais-
sance Orbiter) orbiter. For engineering–geological
detailing of the ellipses, a detailed geological map was
compiled for the landing sector (65°–75° S and 0°–

52° E) at a scale of 1 : 300000 and maps at a scale of 1 :
100000 on landing ellipses of the Luna-25 expedition.
Geological analysis of the landing area was based on
mosaics of images of wide-angle (WAC, Wide Angle
Camera) and narrow-angle (NAC, Narrow Angle
Camera) cameras of the LRO spacecraft with a spatial
resolution of 100 and 0.5–1 m/px, respectively (Rob-
inson et al., 2010), and also on a digital elevation
model (DEM) with a resolution of 60 m/px, built
according to the LOLA altimeter (Lunar Orbiter Laser
Altimeter; Smith et al., 2010). For the ellipses, geolog-
ical sections were built to estimate the power of the
ejection craters overlapping the study region. NAC
images were also used to determine the power of small
crater ejections (less than 1 km in diameter), to calcu-
late the density of small craters and rockiness of the
surface.

Geological sections through the landing ellipses
were built using laser altimetry data with LOLA,
model emission power and geological maps compiled
in this study based on works (Ivanov et al., 2018) and
(Krasilnikov et al., 2021). The data of the morpholog-
ical structure of the surface and the nature of the dis-
tribution of the ejected material were taken into
account. For better visualization of the sections, the
ratio of the horizontal and vertical scales was 1 : 5. The
emission power was calculated for all craters/basins
(impact structures with a diameter of more than
300 km) affecting the geological structure of the land-
ing ellipses. The power was calculated using the model
of Housen et al. (1983) for large craters with a diameter
of more than 45 km and the Sharpton (2014) model for
smaller craters. In the model of Housen et al. (1983)
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Fig. 1. Surface inclination based on 60 m/pix LOLA data.
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the radial decrease in the emission power is described
by the formula:

and in the model of Sharpton (2014):

The model of Fassett et al. (2011), which describes
the change in radial power by the formula:

for all formulas R is the radius of the crater/basin, and
r is the distance from the center of the crater.

The emission power was calculated along the
radius from the side of the crater/basin with a step of
5 km. When constructing the section, deposits of
small craters were also taken into account, which eject
and move material from under the overlying layers on
a local scale (hundreds of meters to kilometers).

ENGINEERING REQUIREMENTS
Illumination of the surface and line of sight from

the Earth are among the important engineering
requirements for the landing site of the descent vehi-
cle. The illumination of the device will allow it to gen-
erate enough energy for its operation on the surface,
and the line of sight from the Earth will allow estab-
lishing stable radio communications for data transmis-
sion. These requirements are considered in more
detail in the work (Djachkova et al., 2017). In our arti-
cle, we used the averaged values of the surface illumi-
nation by the Sun and visibility from the Earth for the
year (Mazarico et al., 2011), obtained from the LOLA
data. The areas with high limits are pixels with an illu-

( )−= × 2.610.0078 ,T R r R

( ) −= ± 0.399 33.95 1.19 ( ) .T R r R

( ) ( )− ±= ± × 2.8 0.52900 300 ( ) ,T R r R
mination value of ≤40% per unit time, areas with an
average limit correspond to an illumination of 40–
45%, and with illumination >45%, the territory is con-
sidered to be a low restriction area. A similar classifi-
cation has been applied to line-of-sight data from the
Earth: ≤95%, high limits; 95–99%, medium; and
100%, low.

To determine the slopes of the surface, LOLA data
with a resolution of 60 m (Fig. 1) and the shadow
method were used, which makes it possible to estimate
the incidence of slopes on a base comparable to the
horizontal dimensions of the descent vehicle of 3.5 m
(Abdrakhimov et al., 2015; Krasilnikov et al., 2018).
Sloped surfaces <7° (at a maximum base of 60 m) have
low limits, with 7°–10° slopes medium, and >10°
high.

GEOLOGICAL STRUCTURE 
OF THE RESEARCH SECTOR

To reconstruct the geological history in the landing
sector of the Luna-25 expedition, its geological map-
ping was carried out on a scale of 1 : 300000, the
results of which were compared with earlier maps: with
a global geological map at a scale of 1 : 5000000 (Wil-
helms, 1972) and with a geological map of the landing
sector at a scale of 1 : 500000 (Ivanov et al., 2018). Our
geological map of the landing sector covers an area
between 65°–75° S and 0°–52° E and presents a frag-
ment of a regional geological map of the Moon’s south
pole, which is being prepared for publication.

Impact cratering is the dominant factor in the
renewal of the lunar surface. The main episode of this
renewal in the southern polar region is associated with
the formation of the South Pole, the Aitken (SPA)
SOLAR SYSTEM RESEARCH  Vol. 56  No. 3  2022
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basin more than four billion years ago (Hiesinger
et al., 2012). The pre-Nectarian craters Boguslawsky,
Boussingault, Manzinus and Simpelius (pNc), the
Nectarian crater (Nc) Boussingault A, and the
Imbrian craters Moretus (Ic1) and Schomberger (Ic2)
formed on the cover of the basin’s emissions. The
main part of the studied region (Fig. 2) is covered by
ejections from the crater Moretus (Lower Imbrian
Age, 3.76 ± 0.03 Ga) and Schomberger (Upper
Imbrian Age, 3.66 ± 0.04 Ga).

The stratigraphic age on the regional map (Fig. 2)
and the ellipse map (Figs. 3–5) is shown in capital let-
ters and corresponds to the classification Wilhelms
(1972). The map shows the sediments of the pre-Nec-
tarian (pN), Nectarian (N), Imbrian and Eratosthe-
nian (E) Ages. The Imbrian Age has been divided into
the Lower Imbrian (I1) and Upper Imbrian (I2). Low-
ercase subscripts after the age indicate the type of sur-
face: “c,” the inner part of the crater; “se,” the solid
cover of secondary ejections from the crater; and “sc,”
the chains and fields of secondary craters. The main
geological and geomorphological divisions: “rp,” the
rough cratered surface of undetermined age; “sp,” the
flat surface of a plain of undetermined age; and “cl,”
landslides, mainly on the slopes of craters.

GEOLOGICAL STRUCTURE OF LANDING 
ELLIPSES AND PRESENCE OF HYDROGEN 

IN THE GROUND

In our work, the geological maps of the main land-
ing ellipses were published earlier (Ivanov et al., 2018).
The indexes on the ellipse map correspond to the clas-
sification described above. After the stratigraphic age
and surface type, geological and geomorphological
subdivisions are indicated on the ellipse map in accor-
dance with the classification proposed in (Krasilnikov
et al., 2021). For the considered ellipses, subdivisions
were allocated: “pc” for a cratered gently undulating
plain with a medium or high density of small (up to
1000 m in diameter) craters; “rp,” a hilly-depression
plain with a low to medium density of craters; “sh,”
gently sloping hills, with insignificant elevation differ-
ences and a low or medium density of craters; “c,”
medium-sized craters (from one to several kilometers
in diameter), for which an ejection zone can be iden-
tified.

Surface rockiness was assessed by comparative
analysis of Diviner radiometer data and LROC NAC
images. Bandfield et al. (2011) built a mosaic of images
on the rockiness of the surface based on Diviner data.
The presence of stones within a pixel is indicated by an
increase in the thermal inertia of more than 1570 J m−2

K−1 s−1/2 at 200 K. Analysis of the mosaic by the main
ellipses showed low rockiness values with a maximum
of 0.02% (percentage of the surface with stones 0.5–1 m
in diameter from the area of one pixel of the Diviner
survey, 237 m2). Analysis of LROC NAC images also
SOLAR SYSTEM RESEARCH  Vol. 56  No. 3  2022
did not reveal significant concentrations of rocky
material on the surface (Ivanov et al., 2018). An
increase in the number of stones is characteristic of fresh
steep craters with surface slopes of more than 10°, which
is already a limiting engineering factor, therefore, it is
not considered separately in this work.

The main landing ellipses of the Luna-25 expedi-
tion have higher values of the water equivalent of
hydrogen in comparison with the rest of the ellipses.
Average WEH values are: ellipse 1 (0.13 ± 0.01 wt %,
hereinafter 1σ), ellipse 4 and 6 (0.12 ± 0.01 wt %). The
spatial distribution of WEH within the ellipses is
uneven, for ellipse 1 and 6 there is a gradual increase
in values to the north and northeast, respectively, and
for ellipse 4, higher values are observed in its south-
western part (Figs. 3–5).

Ellipse 1 (68.77° S, 21.21° E) is located on an inter-
crater plain formed by the ejecta of craters Manzinus
and Simpelius A, presumably pre-Nectarian (pNec)
in age (Fig. 3). Within the ellipse, three main geologi-
cal subdivisions have been distinguished:

(1) A relatively f lat cratered plain of Lower Imbrian
age, occupying 70.5% of the ellipse (Isc1pc). The
plain was formed by ejections from the Manzinus cra-
ter with traces of secondary craters from the crater
Mutus B (pNec), subsequently overlapped by ejec-
tions from the Moretus crater (Isc1). The absolute
model age of the plain, estimated from the frequency-
size distribution of impact craters, is ~3.82 ± 0.02 Ga
(Ivanov et al., 2018). For this unit, an increase in the
values of the water equivalent of hydrogen to 0.13–
0.14 wt % is observed in the central part of the ellipse,
and the average value for the entire unit is 0.13 ± 0.01 wt
%. The area with high restrictions for the landing and
operation of the descent vehicle in this subdivision is
4.5% of its total area, and with average restrictions, 6.3%.

(2) A slightly sloping hilly-depression surface with
elongated ridges and depressions of the Upper
Imbrian age (Isc2rp) is located in the eastern part of
the ellipse and occupies 21.1% of its surface. The plain
rests on a pre-Nectarian basement and is partially
overlapped by the Upper Imbrian deposits of the
Manzinus E crater and an unnamed crater to the
northwest of the ellipse. The absolute model age of the
plain is ~3.62 ± 0.02 Ga (Ivanov et al., 2018). The
average WEH value is 0.13 ± 0.01 wt %. The area with
high limits within this subdivision is 4.6%, and with
low limits, 11.3%.

(3) A crater 1.4 km in diameter and its Upper
Imbrian ejections are located in the western part of the
ellipse (Ic2) and occupy 8.4% of its area. The average
WEH associated with the crater is 0.14 ± >0.01 wt %.
A significant percentage of the high (22.8%) and
medium (7.2%) limits within this subdivision are asso-
ciated with the steep inner crater slopes.

Longitudinal and transverse geological sections
through ellipse 1 show its model internal structure
(Fig. 6). The material from ejecta accumulated in this
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Fig. 3. Landing ellipse 1. Shown from left to right: surface morphology from WAC imagery, geological map of the ellipse (red lines
show the position of geological sections, see (Fig. 6) and distribution of water equivalent hydrogen (WEH) abundance.
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Fig. 4. Landing ellipse 4. Shown from left to right: surface morphology from WAC imagery, geological map of the ellipse (red lines
show the position of geological sections, see (Fig. 6) and distribution of water equivalent hydrogen (WEH) abundance.
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area lie predominantly subhorizontally. At the base of
the sediments, there are ejecta from the SPA basin
with an estimated thickness of about 870 m. They are
overlain by ejecta from the Manzinus pre-Nectarian
crater, which have a thickness of 180 to 85 m from N–E
to S–W, respectively. Above, there are deposits of the
crater Simpelius A (pNec) with a thickness of 35–18 m
from S–W to N–E. On the surface itself, there are
undifferentiated low-thickness deposits: from craters
of pre-Nectarian age (Manzinus H with a thickness of
6 to 1 m from west to east, respectively; Manzinus D,
22–5 m, SE–N–W); Nectarian age (Manzinus C,
19–2 m, S–N) and Upper Imbrian age (Manzinus E,
SOLAR SYSTEM RESEARCH  Vol. 56  No. 3  2022
2–1 m, E–W). The surface is complicated by a small
number of small craters, the deposits of which are
shown by the subscript (uc), but since the section does
not always intersect these craters at the central point,
the zone of their maximum excavation is shown with a
dashed line (Fig. 6). The excavation depth of all the
large craters presented, except for the craters Manzi-
nus H (pNec) and Manzinus E (UpImb), is greater
than the cover of the SPA sediments, and their ejecta
may contain material that is older than in the SPA.

The proportion of surface slopes based on the first
meters exceeding 10° and determined from the shad-
ows in the NAC imagery is 26% (Krasilnikov et al.,
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Fig. 5. Landing ellipse 6. Shown from left to right: surface morphology from WAC imagery, geological map of the ellipse (red lines
show the position of geological sections, see (Fig. 6) and distribution of water equivalent hydrogen (WEH) abundance. 
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2018), and according to LOLA data on the base of 60 m,
4.15%. The sharp increase in the proportion of slopes
is associated with the influence of small (the first tens
of meters in diameter) craters with steep slopes (>7°).
The average distance between such nearest craters in
ellipse 1 for subdivision Isc2rp is ~23.3 ± 13.3 m, and
for subdivision Isc1pc 14.2 ± 7.7 m (Ivanov et al.,
2018).

Ellipse 4 (68.65° S, 11.55° E) has the most complex
geological and geomorphological structure (Fig. 4).
The ellipse is located on an intercrater plain composed
of ejections from the Curtius, Simpelius E, and, pre-
sumably, from the Pentland A and Simpelius A craters
of the Pre-Nectarian or Nectarian Age. Subsequently,
the surface was covered by ejecta from the Lower
Imbrian Moretus crater. Most of the ellipse is over-
lapped by ejecta from the Upper Imbrian age crater
Pentland E, located on N-B outside the ellipse.

Within ellipse 4, four geological and geomorpho-
logical subdivisions are marked:

(1) The Lower Imbrian slightly sloping surface with
hills and elongated depressions (Isc1sh, 27.7% of the
ellipse surface) with an insignificant concentration of
small craters is located in the northwest of the ellipse. The
average WEH value for this unit is 0.12 ± 0.01 wt %. The
surface area of this subdivision with high limits is
10.2%, and with medium limits it is 13.1%.

(2) The Lower Imbrian hilly-depression plain is
characterized by elongated depressions of secondary
impact craters (Isc1rp, 13.4% of the ellipse surface)
and is located in the southern part of the ellipse. The
absolute model age is ~3.82 ± 0.04 Ga (Ivanov et al.,
2018); for them, there is an increase in the average
WEH values up to 0.13 ± 0.01 wt %. The surface area
of this subdivision with high limits is 15.5%, and with
medium limits it is 12.8%.

(3) Located in the northeastern part of the ellipse,
the Upper Imbrian surface with gentle hills (Isc2sh)
was formed by the ejecta of the Pentland E crater,
occupies 10% of the territory and has a low concentra-
tion of small craters. The absolute model age of the
surface is estimated as ~3.6 ± 0.03 Ga (Ivanov et al.,
2018). The WEH values are 0.1 ± 0.01 wt %. The sur-
face area of this subdivision with high limits is 2.2%,
and with medium limits it is 12%.

(4) Upper Imbrian cratered low undulating plain
with a high concentration of small craters (Isc2pc,
48.9% of the territory). Presumably, the surface of this
subdivision was formed by ejecta from the Pentland E
crater and has an absolute model age of ~3.69 ± 0.03 Ga
(Ivanov et al., 2018). The WEH values for this unit are
0.12 ± 0.01 wt %. The plain has a small area with high
(4.5%) and medium (4.9%) limits.

Geological sections through the ellipse (Fig. 6)
show that in its southeastern and central parts, the
ejecta occur subhorizontally, and in the northwestern
part, there is an uneven thickening of ejecta from the
Curtius crater, due to which hills and depressions are
formed on the surface. At the base of the sediments,
there is SPA material with a thickness of about 850 m.
Above the section, there are sediments of the Curtius
pre-Nectarian crater, the thickness of which varies from
90 to 52 m in the NE–SW direction, while in the NW
part of the ellipse the thickness deposits can double due
to the uneven distribution of the ejected material. Above,
there are deposits of the crater Simpelius E (pNec), the
thickness of which decreases from 95 to 8 m in the
S–N direction. Above, there are deposits of the crater
Simpelius A (pNec) with a thickness of 48–21 m (SE–
SOLAR SYSTEM RESEARCH  Vol. 56  No. 3  2022
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NW). At even higher horizons in the eastern part of the
ellipse, deposits of the pre-Nectarian craters Simpe-
lius H and Simpelius F can be encountered, which
were not noted in the section due to their low thick-
ness. Crater Pentland A (Nec) formed ejecta with a
thickness of 63–10 m (NE–SW). The surface layer of
the ellipse is formed by ejections from the Lower
Imbrian crater Moretus with a thickness of 20 to 16 m
in the SW–NE direction. The section is complicated
by small elongated craters, presumably secondary,
from the Moretus crater.

The proportion of slopes >10° based on several
meters using the shadow method is 23% (Krasilnikov
et al., 2018), and according to LOLA data, the slope
value >10° is 6.34%. As in ellipse 1, the sharp increase
in steep slopes is associated with a large number of
small (first tens of meters) steep craters.

Ellipse 6 (69.55° S, 43.54° E) has a relatively homo-
geneous geological and geomorphological structure
(Fig. 5). The ellipse is located between three large pre-
Nectarian craters: Boguslawsky (~95 km in diameter),
Boussingault (~128 km) and Boussingault E (~107 km).
The surface of the ellipse is composed mainly of ejecta
from the Boussingault crater and possibly from the
neighboring craters Boussingault A (Nec), Boussin-
gault K and Boussingault F (Ic2). In the hilly-depres-
sion plain of pre-Nectarian age with an average con-
centration of craters (pNserp), subdivisions of the sec-
ond order can be distinguished: a hilly-depression
slightly sloping surface with elongated relief forms
(80.8% of the territory) and elongated depressions
(19.2%) (Ivanov et al., 2018). Their absolute model
age is ~4.04 ± 0.03 Ga (Ivanov et al., 2018). In the
southern part of the ellipse, there is a landslide body
with deposits of pre-Nectarian age (dl, Fig. 6). The
WEH values gradually increase when moving from
south to north and amount to about 0.14 wt %. The
share of the territory with high limits is 7.2%, with
medium limits, 12.1%.

At the base of the geological section of ellipse 6
(Fig. 6), there are SPA deposits with a thickness of
about 1 km. The SPA deposits are overlain by ejecta
from the Boguslawsky crater, the thickness of which
varies from 74 to 32 m in the S–N direction. Above are
the deposits of the crater Boussingault E (pNec) with
a thickness of 152–95 m (N–E–S–W) and Boussin-
gault (pNec ) with a thickness of 210–85 m (E–W).
The deposits of the Nectarian crater Boussingault A
within the ellipse are probably fragmentary and have a
thickness of 20–14 m. The thickness of the deposits of
the youngest large craters Boussingault F (UpImb)
and Boussingault K (UpImb) within the landing
ellipse does not reach 2 m in total and, apparently, did
not have a significant impact on the geological struc-
ture of the territory. These craters most likely pierced
the cover of the SPA sediments and may contain older
material in their ejecta. The surface of the ellipse is
complicated by younger small craters of the Imbrian-
Copernican age and a landslide in the southern part of
the ellipse.

The proportion of surface slopes exceeding 10° on
a 3.5 m base, according to the shadow method, is esti-
mated as the smallest among the studied ellipses and
amounts to 17% (Krasilnikov et al., 2018). According
to LOLA, the area of the territory with a proportion of
slopes >10° is 5.28% (Krasilnikov et al., 2021). The
average distance between shaded small craters for
pNserp is ~18.5 ± 10 m, for elongated depressions
18.4 ± 10.2 m (Ivanov et al., 2018).

LANDING SITE DETAILS
AND CONCLUSIONS

Taking into account the spatial distribution of
slopes on the basis of 60 m (Fig. 1), surface illumina-
tion by the Sun and visibility from the Earth within the
area of the major landing ellipses with high (red area),
medium (yellow), and low (green) engineering con-
straints on the landing and subsequent operation of
the descent vehicle were identified (Fig. 7). For areas
with low limits, all engineering requirements for the
lander are met: surface illumination >45%, line of
sight from the Earth 100%, and surface slopes <7°.
Areas with average restrictions are characterized by the
presence of one or several limiting factors with average
indicators: the share of the average surface illumina-
tion is 40–45%, the share of visibility from the Earth
is 95–99%, and the slopes on the surface are 7°–10°.
Areas with high limits are characterized by surface
slopes above critical (10°), a low proportion of the
average surface illumination (≤40%), a low (≤95%)
proportion of visibility from the Earth, or some of
these parameters. High slope values are mainly associ-
ated with small craters, elongated ridges and troughs,
indicating an uneven distribution of materials from
nearby craters. For ellipses 1 and 4, small craters, how-
ever, can represent objects of high scientific impor-
tance, since they often penetrate the thin cover of the
emissions of the Imbrian Age and could bring to the
surface samples of the underlying layers of the Nectar-
ian and Pre-Nectarian Ages.

Within ellipse 1, there are three geological and geo-
morphological subdivisions: (1) a relatively f lat cra-
tered plain of the Lower Imbrian Age (Isc1pc, occupy-
ing 70.5% of the territory), (2) a slightly sloping hilly-
depression surface with elongated ridges and depres-
sions of the Upper Imbrian Age (Isc2rp, 21.1%) and
(3) an average crater with ejecta (Ic2, 8.4%). The most
promising from a scientific point of view can be con-
sidered the northern part of the first subdivision
(Isc1pc), where the average WEH values are 0.13 ±
>0.01 wt %. The f lat cratered plain of this subdivision
is composed of ejecta from the crater Moretus of the
Lower Imbrian Age (~3.82 ± 0.02 Ga) with a thick-
ness of about 10 m. Further down the section, there
are deposits of pre-Nectarian craters: Manzinus D
(~30 km in diameter), Simpelius A (~58 km) and
SOLAR SYSTEM RESEARCH  Vol. 56  No. 3  2022
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Fig. 7. Engineering and technical limitations for the landing and operation of the lander.
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Manzinus crater (~94 km). The dimensions of these
craters suggest that the excavation depth (usually taken
equal to 1/10th of the crater diameter) was sufficient to
eject material from under the SPA cover (model thick-
ness 870 m) and, therefore, the SPA impact event
prior to the impact event. This substance must belong
to the very early stages of the formation of the lunar
crust and is an object of extremely high scientific
value.

Within ellipse 4, four geological and geomorpho-
logical subdivisions are marked: (1) a slightly sloping
Lower Imbrian surface with hills and elongated
depressions (Isc1sh, 27.7% of the ellipse surface), (2) a
hilly-depression plain of the Lower Imbrian Age is
characterized by elongated depressions of secondary
impact craters (Isc1rp, 13.4%), (3) located in the
northeastern parts of the ellipse Upper Imbrian sur-
face with gentle hills (Isc2sh, 10%), (4) Upper Imbrian
cratered weakly wavy plain with a high concentration
of small craters (Isc2pc, 48.9%). Scientifically prom-
ising is a part of the Upper Imbrian (~3.69 ± 0.03 Ga)
cratered plain (Isc2pc) with a high concentration of
small craters in the western part of the ellipse (Fig. 7).
The WEH values gradually increase towards the
southwest of the ellipse and in this region reach 0.13 ±
0.01 wt %. In this area, under the thin (<5 m) Upper
Imbrian deposits of the Pentland E crater (~11 km in
diameter) are the Lower Umbrian deposits of the
Moretus crater (~116 km), Pentland A (Nec, ~43 km),
Simpelius A (pNec, ~58 km ), Simpelius E (pNec,
~40 km), and Curtius (~95 km). The model SPA sed-
iment thickness in this area is ~850 m. The ejections
from these and small craters, ubiquitous within this
area, should contain Nectarian and pre-Nectarian-
Age material ejected from the surface sediments.

Ellipse 6 is located on a hilly-depression plain of
the pre-Nectarian age with an average concentration
SOLAR SYSTEM RESEARCH  Vol. 56  No. 3  2022
of craters (pNserp) and has a homogeneous geological
structure, but elongated depressions with higher slope
values may be dangerous when landing. From a scien-
tific point of view, the most promising can be consid-
ered the eastern part of the ellipse (Fig. 7), where the
WEH values averaged 0.13 ± >0.01 wt %. The surface
in this part of the ellipse is represented by a hilly-
depressive plain of the pre-Nectarian age (~4.04 ±
0.03 Ga, subdivision pNserp), composed of ejecta
from the Boussingault crater (pNse, ~129 km) with a
model thickness of about 210 m. On the surface, a
fragmentary presence of crater deposits is also possi-
ble. Boussingault A (Nec, ~75 km) with a thickness of
up to 20 m. Down the section, there are deposits of
Boussingault, Boussingault E (pNec, ~107 km) and
the Boguslawsky crater (~95 km). The diameters of
these craters are such that the excavation depth
exceeds the model capacity of the SPA emissions, and
their ejecta may contain samples of older rocks that
precede the formation of the SPA basin.
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