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Information about Martian surface materials can be used for compared planetology and
spacecraft landing calculations. One of the major processes that influenced on Mars exterior is
the eolian process represented by dust storms and dust devils. Modeling of the eolian process
is necessary to research surface processes on Mars, insofar it changes relief of the planet and
mixes soils entirely for several years. Also, the eolian process should be considered to
establish the correct operating mode of descent vehicles.

Major compositions elements were SiO; and Fe;O3 (FeO), from 42 to 45 wt% and 15 to
23 wt% respectively. Al,O3, MgO, CaO, SOs3 are also found in amounts of more than 5 wt%
(Table 1). Therefore, it can be argued that the crucial minerals in the Martian regolith are
olivine, pyroxene, plagioclase, ilmenite, and magnetite or hematite (Shekhovsova, Korolev,
2019).. The dust is represented by secondary weathering products of mafic igneous rocks
(Martian basalts), as well as iron-containing smectite clay.

The shape of the particles is tabular, angular, rounded, which of course is explained by the
rolling of particles in the eolian stream (Fig. 1). On the surface we can see individual particles
up to 2 mm diameter 1-40 mm diameter agglomerates, accordingly, sand size (> 100 pm)
basalt particles are quickly comminuted to silt and clay size particles by Mars eolian
processes. Particles with a size of 0.1-10 pm are always in the air, dust with a size of 5-100
um are transferred by dust storms and dust devils, also 20-60 um diameter particles lacking on
Earth, may be rare on Mars as well. The study of the particle size distribution of sediments
was carried out during different missions, so during the Viking 1,2 missions the particle size
distribution of deposits from 0.001 mm to 10 mm in size was obtained (Fig. 2).

Physical and mechanical properties of Martian eolian materials were observed by various
spacecraft missions, for example, by Spirit Rover, Pathfinder, Viking Lander 1. Undoubtedly
physical properties explore should be started from information about density and porosity,
insofar as it exposes a real state of drift deposits. Density data were obtained in the range from
1.1 to 1.3 g/cm® with an error corresponding to the test methods. It will not be correct to talk
about such a concept as the porosity of eolian sediments, however, during the tests, values
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from 35 to 65% were received. Also, data were retrieved on the density of the solid phase

deposits equal to 2.6-3.1 g/cm? for individual particles.

Table 1 — Major element composition of Martian soil (wt%) (Zeng et al, 2015)

Viking 1 Viking 2 | Pathfinder Spirit Opportunity | Curiosity

Si02 43.00 43.00 42.00 45.80 43.80 42.88
TiO> 0.66 0.56 0.80 0.81 1.08 1.19
AL O3 7.30 - 10.30 10.00 8.55 9.43
Cr03 - - 0.30 0.35 0.46 0.49
Fe 03 18.50 17.80 21.70

FeO 15.80 22.33 19.19
MnO - - 0.30 0.31 0.36 0.41
MgO 6.00 - 7.30 9.30 7.05 8.69
CaO 5.90 5.70 6.10 6.10 6.67 7.28
Na,O - - 2.80 3.30 1.60 2.72
K20 <0.15 <0.15 0.60 0.41 0.44 0.49
P>0s - - 0.70 0.84 0.83 0.94
SO; 6.60 8.10 6.00 5.82 5.57 5.45

Cl 0.70 0.50 0.90 0.53 0.44 0.69
Total 88.81 75.81 99.80 99.37 99.18 99.85

Fig. 1. Typical example of the Meridiani Plains soil (Fergason et al, 2006)

88




100
90
80
70
60
50
40
30
20
10

Particle content, %

0,001 0,01 0,1 1 10
Particle size, mm

—@— Viking 1 Viking 2

Fig. 2. Grain size distribution of the Martian regolith according to Viking 1,2
(Zimmer et al, 1977)

Also, the instruments, which participate in the missions, are described above researched
several mechanical properties associated with the strength characteristics of eolian deposits,
allowing them to be considered as soils. The values of the angle of internal friction angle were
obtained in the range from 18° to 34.3°, however, the predominant number of indicators was
about 20°. Additionally, cohesion was also reviewed, which results from 0.042 to 1.6 kPa
were received (Table 2).

Table 2. Mechanical properties of Martian regolith at different Mars langing sites
(Zeng et al, 2015)

Missions Soil type Bulk density | Cohesion (kPa) Internal
(kg/m?) friction angle
)
Spirit Rover Drift material 1200-1500 1-15 ~20
Pathfinder Drift material 1285-1518 0.042 343
Viking Lander 1 | Drift material 1150£150 1.6+1.2 18.0+£2.4

For modeling, it is necessary to choose the most suitable soil for mixing, so the array of
minerals must be defined to determine the rocks composing of the surface materials of Mars.
Thus, to model a sample of Martian eolian deposits, it is recommended to use Kamchatka
basalts and smectite clays to create the closest mineral composition. Viking 1,2 data should be
taken as a reference particle size distribution, but use information only about drift materials
with particle size from 0.001 mm to 0.1 mm. Also, during the study the model, its density
should be measured in loose and dense addition, and calculate the porosity of the sample
using the density of the solid phase. Strength tests should be carried out to compare them with
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the data of real Martian deposits. It is proposed to conduct a compression test of the model of
eolian deposits to create a prediction of the deformability of real drift materials on Mars.

Also, an analogy criterion should be developed that takes into account all the properties of
the resulting model and the coherence of the corresponding parameters to real Martian eolian
materials. Speaking about the analogy criteria, it is necessary to introduce auxiliary criteria for
assessing the similarity of each selected category. Separately, it is necessary to evaluate the
similarity in composition, shape, density, and porosity, as well as strength characteristics. For
each of them, the scale of values should be divided into 5 categories: Very strong analogy,
Strong analogy, Average analogy, Weak analogy, Very weak analogy. The same scale can be
used for the general analogy criterion.

References:

1. Fergason, R. L., P. R. Christensen, J. F. Bell III, M. P. Golombek, K. E. Herkenhoff,
and H. H. Kieffer. Physical properties of the Mars Exploration Rover landing sites as inferred
from Mini-TES—derived thermal inertia // Journal Geophysical Research, 111 — American
Geophysical Union, 2006 - E02S21 p.1-18. DOI:10.1029/2005JE002583.

2. Medvedev V. A., Korolev V. A. Creation of an engineering-geological model of the Martian
regolith // Engineering surveys in construction (Materials of the Tenth Scientific and Practical
Conference of Young Specialists). — PNIIIS Moscow, 2014. — p. 10—16. (In Russian)

3. Perko Howard A., Nelson John D. and Green Jacklyn R. Review of Martian dust.
Composition, transport, deposition, adhesion, and removal // Proceedings of Engineering,
Infrastructure, and Sciences in Space 2002 — ASCE Press — 2002 - p.1-14
DOI: 10.1061/40625(203)25

4. Shekhovtsova A.V., Korolev V.A. To the creation of Mars soil-analogue // 21st
Century Geologists (XIX All-Russian Scientific Conference of Students, graduate students
and young professionals), Samara — 2019 — p. 142—145.

5. Zeng Xiaojia, Li Xiongyao, Wang Shijie, Li Shijie, Spring Nicole, Tang Hong,
Li Yang and Feng Junming, JMSS-1: a new Martian soil simulant // Earth, Planets and Space
- Ne67 —2015 - p.72-82, DOI 10.1186/s40623-015-0248-5

6. Zimmer, H.; Moore, H. J., II; Shorthill, R. W.; Hutton, R. E. Grain size distribution of
the Martian soil inside the Viking Lander 2 - Footpad 3 // COSPAR, Plenary Meeting, 20th -
Tel Aviv, Israel, June 7-18, 1977, — 1977 — p. 9-20.

90



