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ABOUT LIFE IN "DRY RIVERS" OF MARS

The presence of long valleys, resembling dried-up riverbeds on Earth, should indicate that once upon a time there were
conditions on the surface of Mars under which liquid water could exist. Now water in various states is located under the surface of
the planet. Areas under the surface could be a kind of oases for possible biological activity. Therefore, they, together with
clay-covered areas of Mars, can be a promising place to search for traces of life. The Mars rover "Spirit" was sent to the Gusev
crater with a diameter of 180 km located near the equator. The channel of an ancient river flows into this crater. In the past, this
crater could have been a lake. The Mars rover "Opportunity" descended into the Eagle crater, located near the equator on the
opposite side of Mars from the Gusev crater. An increased concentration of hematite, which on Earth is formed only in an aqueous
environment was found there. The main mission of the Perseverance rover is to search for signs of modern bacterial life on Mars,
or for its past existence. Observations using spectral instruments on the Perseverance rover have shown that organic molecules
have been found in some rocks and in fossilized mud. They are the basis of all life on the planet. There is many evidence that from
3.5 to 2.5 billion years ago, a powerful hydrosphere existed on Mars. Measurements by the Curiosity rover have allowed us to
indicate the volume of water lost by Mars. The data obtained have led us to conclude that Mars was not just covered in water in the
past but could also retain it in liquid form for hundreds of millions of years. A study of the ratio of deuterium to hydrogen in its
atmosphere has led us to conclude that greenhouse gases could retain water in liquid form. Greenhouse gases were quite capable
of warming Mars enough to provide a stable climate for millions of years. This allowed conditions to be maintained for chemical
evolution, a stage that precedes the emergence of life.
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Background

The presence of numerous winding valleys with great length, with tributaries and islands, resembling dried-up riverbeds
of terrestrial rivers, should indicate that previously there were conditions on the surface of Mars under which liquid water could
exist (Clancy, & Nair, 1996; Vid'machenko, 2009a; Vid'machenko, 20096). According to current estimates, the main reserves
of water are concentrated in the northern polar cap (Conway et al., 2012; Vidmachenko, 2015). The southern cap consists
mainly of carbon dioxide (Becerra et al., 2019). As well, layered deposits consisting of water ice and fine dust coming from
various eroded areas of the surface can form in the polar cap region (Cutts, 1973).

Water reserves in the atmosphere are also insignificant. But water once flowed along the currently dry riverbeds. Now,
most likely, water in one form or another is located under the surface of the planet. This is also indicated by the results
obtained with the help of various spacecraft (SA). It is estimated that quite large (30—100 m thick and up to 10 km in diameter)
lenses of liquid water can form in the permafrost layer, which are heated by local tectonics. Under certain conditions, the
lenses can overheat, boil, and displace a certain volume of water onto the surface of Mars, forming catastrophic mudflows
that can even form deep canyons (Vidmachenko, & Morozhenko, 2014; Vidmachenko, & Morozhenko; 2019). The most
noticeable features of this type of Martian relief are the Maadim and Nirgal valleys (Fig. 1, left).
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Fig. 1. Left: image of the Nirgal River (http://photojournal.jpl.nasa.gov/). Right: image of Candor Chasma Canyon
(http://photojournal.jpl.nasa.gov/)

Results

"Dry channels" of Mars. Evidence that water once flowed deep beneath the surface of this planet has been revealed by
faults, outcrops, and landslides now visible on the surface of the Red Planet. Such underground channels could collapse after
millions of years and appear on the modern surface (Chevrier, Altheide, & Hanley, 2009). Previously, when studying traces
of liquid water activity on Mars, special attention was paid to details of the relief, which were probably once either riverbeds,
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lake beds, or obvious manifestations of water erosion. Now, further evidence of Mars' watery past has emerged from
observations of the incised canyon Candor Chasma (Fig. 1, right) with a spatial resolution of better than 1 m, where very
interesting geological details became visible.

Along some fault lines, which extend for several kilometers, thin strips of light material were found (Fig. 2). It is believed
that initially it could have been a kind of "pipe" through which a liquid (water, liquid carbon dioxide with or without water) with
substances dissolved in it flowed. These substances from the flow precipitated and accumulated on the walls of the "pipe".
After hundreds of millions of years, erosion greatly changed this area. And what was once under the surface is now revealed
on the dark background of the surface as light stripes.

These deep subsurface areas could have been havens for a variety of biological activities that may have occurred there.
Therefore, they, along with clay-covered areas of Mars, could be promising places to search for signs of life (Kuznyetsova,
Vidmachenko, & Steklov, 2019; Steklov, & Vidmachenko, 2019). Moreover, similar streaks along cracks and fractures in the
surface have been found not only in images of the Candor Chasma region, but also in several other areas of the planet.

Some of the layered rocks are similar to terrestrial sedimentary rocks that remained after the sea retreated. Among the
formations discovered on the surface of Mars, channel-like ditches, similar to dried-up riverbeds, and the so-called meander
valleys deserve special attention. Of course, at this time, rivers cannot flow on the surface of Mars due to the absence of
liquid water there due to insufficient atmospheric pressure and low temperatures. The temperature on Mars can be as high
as 20° C or as low as about —153° C.

Fig. 2. Visible and infrared images from the Mars Reconnaissance Orbiter show bright areas
on rocks that may be the result of ancient water flows (http://photojournal.jpl.nasa.gov/)

After all, at such a low pressure that exists currently on the planet, water boils at a very low temperature. Meanders could
only appear in the presence of water flows that existed in the past, i.e. rivers. It is believed that in early eras the atmospheric
pressure on Mars was significantly higher than now, and then it was warmer and wetter there (Clancy, & Nair, 1996). Itis also
possible that meanders could leave moving masses of glaciers, which form deep furrows on the Earth's surface. But dark
areas are not always depressions. For example, the Greater Sirte is an elevated plateau with slopes in all directions. These
channels originate from Valles Marineris and could have been formed during a flash flood. There is every reason to believe
that there is a lot of water on Mars, and that water still exists in the form of permafrost.

Current evidence of liquid water on Mars

However, these Martian valley networks are still less developed than typical terrestrial drainage systems. Due to the lack
of relatively small flows in the Martian valley networks, it can be assumed that the valleys were formed primarily by water
flowing from the soil, rather than as a result of precipitation (Goldspiel, & Squyres, 2000). Liquid water is extremely unstable
on the surface of Mars at this time. However, slow groundwater could still form valley networks if water flowed, for example,
from under frozen ice. These valleys are limited to relatively old regions of Mars. Therefore, their presence may inpdicate that
Mars had a warm and humid climate in its early history.

In September 2019, magnetic fluctuations were reported to be consistent with a large reservoir of liquid water deep beneath
the surface. Also, spectral observations and researches at landing sites of Mars have detected abundant perchlorates (Hecht et al.,
2009), (Chevrier, 2022) that induce an antifreeze effect, lowering the freezing point of liquids by tens of degrees. With the
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temperature at the base of the polar cap estimated at 205 K, it is assumed that water can remain there in a liquid state precisely
due to the antifreeze effect of magnesium and calcium perchlorates (Chevrier, Altheide, & Hanley, 2009), (Gough, Chevrier, &
Tolbert, 2014). The 1.5 km ice sheet covering this lake is composed of 10-20 % water ice mixed with dust (Morozhenko, &
Vidmachenko, 2017; Morozhenko, & Vidmachenko, 2020; Morozhenko, Vidmachenko, & Kostogryz, 2015), which is seasonally
covered by a layer of COz ice up to 1 m thick (Vidmachenko, & Morozhenko, 2014). It is believed that water may be present in
other places beneath the surface of Mars (Vidmachenko, & Morozhenko, 2019). There is some observational evidence that liquid
water could have played a significant role in the downslope flow of contaminated fluids (mud) from the seepage area. Larger falls
were formed in the place of larger watercourses. The fact that there are no impact craters in such channels indicates their
geological youth (less than a few million years, and possibly a few weeks or even days).

To explain this, the properties of concentrated salt solutions formed by perchlorates and sulfates of ferric iron Fe2(SOa4)3
were studied in detail. Their freezing point is 205 K. It is believed that Newton crater was formed probably more than 3 billion
years ago in a collision with an asteroid. It is approximately 287 km in diameter. Figure 3 shows the northern wall of a small
(diameter about 7 km) impact crater located in the southwestern part of Newton crater. Its northern slope is eroded by many
narrow drains. Each outpouring of water with soil occurred in the upper part of the crater at a depth of about 100 m under the
soil layer. Then, under the influence of gravity, it headed downward, subject to evaporation and freezing.
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Fig. 3. Bright streaks with branching ends are "alluvial" flows in one of the impact craters in Newton Crater, 2000
(http://photojournal.jpl.nasa.gov/)

In order to search for geological formations that require the presence of long-lived water bodies, the Mars rover "Spirit"
was sent to the Gusev crater, located near the equator, with a diameter of 180 km. An ancient river flows into this crater.
Therefore, this crater could have been a lake in the past. The second rover, "Opportunity”, landed in the Eagle crater, located
near the equator on the opposite side of Mars from the Gusev crater. There, an increased concentration of hematite, which
on Earth is formed only in an agueous environment, was found.

The eroded features shown in Fig. 4 are also examples of many water channels. They are located on the cliff of a flat
plateau. As can be seen, the layer from which the watercourses emerge has had enough time to form a ledge below the
harder rock layer. In place of the relatively larger watercourses, larger collapses have also formed in the harder soil above
the ledge. Below the possible aquifer, dark narrow channels are clearly visible, along which mudflows descended. Although
the dark color of the channels in this image is probably not the result of the presence of wet soil there at that moment, it still
indicates that water has seeped out of the soil and moved down the slopes very recently. After all, quite noticeable contrasts
between dark and light areas could hardly be maintained on Mars for a long time, because dust would quickly cover the darker
surface and reduce the differences in its brightness. Such an analysis suggests that the area shown in this image may have
been subjected to water erosion as a result of water seepage only a few years ago. The thickness of such an aquifer in this
location on Mars does not exceed 100 m (Heldmann et al., 2005), (McEwen, Ojha, & Dundas, 2011).
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Fig. 4. Image of the subsolar slope of a valley about 1.2 km long, obtained in 2000 in the Gorgonum Chaos region
(http://photojournal.jpl. nasa.gov/)

Discussion and conclusions

The primary ideas of this work can be listed as follows:

1. The main mission of the Perseverance rover is to search for signs of modern bacterial life on Mars, or for evidence of its
existence in the past (Vidmachenko, 2016a; 20166; 20168). For this purpose, it was specially sent to the Jezero crater. After all,
a powerful river flowed into it several billion years ago. Therefore, the development of certain life forms could well have begun in
its sedimentary rocks. Observations using spectroscopic instruments on the Perseverance rover showed that organic molecules
were found in some of the rocks. The presence of hydrocarbons was indicated by four different types of fluorescent signals and
three types of Raman scattering signals. The rover also found individual samples of organics in fossilized mud. While in the
Jezero crater, the Perseverance rover was able to collect samples containing the largest number of organic molecules ever found
on Mars. The indicated location is in the area where a river flowed into this crater billions of years ago.

So, organics on the surface of Mars turned out to be more widespread than previously thought. Organic signatures
obtained by the Perseverance rover in two different samples differ in the amount and types of mineral bonds. Moreover, the
molecules in both samples show signs of changes that could only occur in the presence of water. That is, water could have
played a role in their formation.

2. Organic molecules are compounds of carbon and, mainly, oxygen and hydrogen. They are the basis of any life on the
planet, but they can also be formed by non-biological processes. Therefore, it is clear that organics found on Mars do not
indicate the presence of life there (Vidmachenko, 2017). After all, to obtain such a conclusion, these samples must be
delivered to Earth and studied in laboratory conditions. And although carbon is the main "building" material for life forms.
However, this element is also present in many inorganic compounds. Of course, the discovery of organic compounds on Mars
is very encouraging in the search for an answer to the question, whether we are alone in space.

3. There is a lot of evidence that in the period from 3.5 to 2.5 billion years ago, a powerful hydrosphere existed on the planet.
It is also known that at that time, the Sun shone almost 30 % weaker. Therefore, the question of the reason why the local oceans
did not freeze has been repeatedly raised. The essence of the research was to establish the ratio between ordinary hydrogen
atoms and deuterium, which is a stable isotope of hydrogen. Since deuterium is heavier than ordinary hydrogen, it was much
more difficult to "knock" it out of the atmosphere by the solar wind. The Curiosity apparatus measured the ratio of these atoms
in the modern atmosphere, as well as in clay samples formed more than 3 billion years ago. The estimates made it possible to
indicate the volume of water lost by Mars (Vidmachenko, & Morozhenko, 2014; Vidmachenko, & Morozhenko, 2019).

New data obtained by the Curiosity rover equipment allowed us to conclude that Mars was not just covered with water in
the past but could also retain it in liquid form for hundreds of millions of years. It is believed that the water on Mars was not
allowed to freeze by greenhouse gases. The study of the ratio of deuterium to hydrogen in its atmosphere allowed us to
conclude that greenhouse gases could keep water in liquid form and not allow it to freeze due to the weak power of the Sun
at that time. After that, a new model of the Martian atmosphere was created, and it was reported that powerful greenhouse
gases were quite capable of warming Mars enough to provide a stable climate for millions of years. This allowed to provide
conditions for chemical evolution — the stage that precedes the emergence of life.

Authors' contribution: Anatoly Vidmachenko — conceptualization, formal analysis, methodology, writing — an original draft, revision and
editing; Yuliana Kuznyetsova — writing — an original draft, revision and editing.
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MPO XNUTTA B "CYXUX PIYKAX" MAPCA

IMpucymHicmb doezaux donuH, wo Hazadyromb eucoxJsli pycna pi4yok Ha 3emsi, mae ceidyumu npo me, Wo Konuckb Ha noeepxHi Mapca 6ynu
yMosu, 3a siKux Moasia icHyeamu pidka eoda. 3apa3 8oda 8 pi3HUX cmaHax Micmumabcsi Nid nosepxHeto nnaHemu. [insiHku nid nosepxHero Moaau
6ymu ceoepidHuMu oa3ucamu 05151 Moxiueor 6ionoz2ivHoi akmueHocmi. ToMy 80HU, pa3oM i3 MOKpumumu 2nuHoto dinssHkamu Mapca, Moxxymb 6ymu
nepcrnekmusHuUM Micyem Onsi nowyky cnidie xummsi. Mapcoxid "Spirit" 6ye HanpaeneHuli do kpamepa I'ycesa diamempom 180 kM, pozmawosaHo20
nobnuly ekeamopa. Y yel kpamep enadae pycso cmapodasHboi pidyku. B MuHynomy uyel kpamep mie 6ymu o3epom. Mapcoxid "Opportunity”
cnycmuecsi 8 Kpamep Eagle, pozmawoeaHuli no6nu3y ekeamopa Ha npomusiexxHomy 6oui Mapca eid kpamepa 'yceea. Tam eusiesnieHo nidguweHy
KOHUeHmpauito 2emamumy, sikuli Ha 3emsi ymeoproemscsi nuuwie y o0Homy cepedoeuuwyi. [onoeHa micisi mapcoxoda Perseverance — nowyk o3Hak
cy4yacHo2o 6akmepianbHo20 xumms Ha Mapci a6o (oz2o icHyeaHHs1 y MuHysioMy. CriocmepexeHHs1 3a 0MOMO2010 creKkmpasnbHux npusnadie Ha
Mmapcoxodi Perseverance rnokasasnu, wjo opaaHiyHi monekynu 6ynu 3HalodeHi 8 desikux 2ipcbKkux nopodax i ckam'saHinomy myni. BoHu € ocHogoro
8Cb020 Xummsi Ha nnaxHemi. IcHye 6azamo dokasie mozo, wjo eid 3,5 do 2,5 mnpd p. momy Ha Mapci icHyeana nomyxHa 2idpocgepa. BumiproeaHHs
mapcoxoda Curiosity do3eosnunu Ham susHa4yumu o6'em eodu, empaveHoi Mapcom. Ompumani daHi daromb Ham 3Mo_2y 3pobumu eUcHO80K, wo Mapc
y MuHynomy 6ye He npocmo nokpumuli eodoro, a U Miz ympumyeamu ii e pidkili ¢popmi npomsicoM comeHb MinblioHie pokie. BueyeHHsi
cniesidHoweHHs1 delimepito ma 800HI0 8 lio2o ammocghepi Ao380s1un0 HaM 3pobumu 8UCHOBOK, WO MapHUKO8i 2a3u Moasiu ympumyseamu 600y &
Piokiti gpopmi. MapHukosi 2a3u 6ynu yinkom 30amui Haepimu Mapc docmamHbo, w06 3abe3nedyumu cmabinbHull Kilimam NPomsi2oM MinblioHie pokis.
Le ymoxnueuno nidmpumaHHsi yMoe 0151 ximiyHoi egonroyii — emany, ujo nepedye UHUKHEHHIO XUmmsi.

Knwo4yoBi cnoBa: Mapc, nonspHa warnka, cyxa piyka, 6oda, opa2aHika, nepxsopamu.
ABTOpK 3aABNSAOTL NPO BiACYTHICTb KOHMMIKTY iHTepeciB. CnoHcopn He Bpanu yyacTi B po3pobneHHi AocnimKeHHs; y 30opi, aHanisi un
iHTepnpeTauii AaHuX; y HanucaHHi pyKonucy; B piLleHHi Npo ny6nikavjio pe3ynbTaTiB.
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