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Received 02.01.2023; Abstract. Contemporary concepts of Martian Valley formation and the current state of their
Received in revised form 02.03.2024; study are examined. Three-dimensional modeling was conducted using the examples of two
Accepted 12.03.2024 regions on Mars, the Lani Chaos Region and Kasei Vallis, to determine and map the main mor-

phological features typical of Martian valleys as a basis for identifying xenolandscapes. The
xenaxiomatic author’s concept was applied as a means of investigating xenolandscape diversity on the surface of Earth-like planets, in
this case, Mars. The xenaxiomatic concept is the result of incorporating and utilizing traditional knowledge of the differentiation and
application of axioms of cognition. Specialized for xenoplanetological use, this integrative cognitive tool is a variant of an axiomatic
approach. The main essence of this approach, in the case of distinguishing xenolandscapes, lies in developing a unified scheme for
searching for corresponding xenolandscape elements that are axiomatically elementary fragments of the planet’s surface, followed by
their classification and xenolandscape interpretation. Scientific awareness has been achieved by filling it with all available informa-
tion from various natural sciences related to xenoplanetology and subsequent exploratory xenolandscape interpretation and synthetic
cartographic representation of characteristic, typical local xenolandscape formations on Mars (part of the Kasei Vallis valley). These
depicted objects are extra-rank, meaning they have not yet been ranked in terms of xenolandscape formations but are uniformly formed
due to the synergy of influences and interactions of different forces, yet genetically stemming from the same xenolandscape-forming
factors of material and energy-field xenonature. A mechanism for the formation of modern Martian valleys is proposed through the
influx of heat flow and impact events. Exploratory xenolandscape studies, with their positions verified by this conducted research in
terms of theoretical, methodological, and methodical content, have become an unexpected benchmark for the effectiveness of similar
theoretical and methodological components of classical landscape science, with which the research capabilities of landscape science
can and should be compared.
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®opmyBaHHs QUIIOBIAJBLHUX KCEHOJAHAIAPTIB MapciaHCHbKHUX A0JIMH i KaHATIB
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AnoTanisi. Po3msiHyTO cydacHi ysBiIeHHs (OpMyBaHHS MapciaHCHKHX JOJHH i CTaH iX BUBYeHHs. Ha mpukiani 1Box perioniB Mapca
Lani Chaos Region Ta Kasei Vallis BukoHaHO TpUBHMIipHE MOJICIIOBAHHS 3 METOI BH3HAUCHHS Ta KapPTyBaHHS TOJOBHHUX MOpPdOII0-
TYHMAX €JIEMEHTIB THIOBHMX IS IUIAHETH JOJIMH SK IIATPYHTS UL BUAUJICHHS KCEHONaHAMA(TIB. 3aCTOCOBAHO KCEHOAKCIOMaTHUHY
ABTOPCHKY KOHLIEIIIIO SIK 3aCi0 TOCIiKEHHs KCeHOMaHIad THOTO Pi3HOMAHITTS HOBEPXHI ITAHET 3eMHOT IPYITH (B HAILIOMY BHUIAJIKY
Mapca). KcenoakciomariyHa KOHIICILIIS € Pe3y/IbTaToM 3aIydeHHs i BUKOPHCTaHHs 3HAHb TPAJMLIIHOIO JJIsi HAyKH BHPI3HEHHS Ta
3aCTOCYBaHHs akcioM mi3HaHHs. CrienianizoBaHuil JUIs1 KCEHOIUIaHEeTOJIOTTYHOTO BUKOPUCTAHHSI, el IHTerpaTUBHUIA 3aci0 Mi3HaHHS €
BapiaHTOM aKcioMaTH4YHOro miaxoxy. OCHOBHA CyTh LIbOTO IiAXOMY, Y BHIAJKy BUPI3HEHHs KCeHONaHadTIB, moisrae y BUpoOIeHi
€IMHOT CXEeMH IIOIIYKY BiJIIOBIIHUX KCEHOJNIAHIMA()THAM OKPEMOCTSM aKCiIOMaTHYHO eJIeMEHTapHHUX ()parMeHTiB IMOBEPXHI IUIAHET
3 MOJAJIBIIOK TX KIacCH]IKaIlier0 Ta KCCHONAHMIIA(THOK IHTEpIpeTallie. 3MiHCHEHO HAyKOBE YCBiJOMIICHHS, HAITOBHCHHS YCI€I0
JOCTYITHOIO, HAJISKHOIO PI3HUM NPUPOIHUYUM HayKaM iH(QOpPMAI€I0 i3 KCEHOIUIAaHETOJIOTIYHMM | HACTYITHHM HOIIYKOBHM KCEHO-
naHAmadTO3HABYMM IHTEPIIPETYBaHHAM 1 CHHTE3HUM KapTorpadivHHM MPEACTABICHHSIM XapaKTepHHUX, TUIIOBUX JIOKAJIIbHUX KCEHO-
nanmmadTHAX yTBOpeHb Mapca (vactuHa nonuuu Kaceit). [Ipudomy 1i BigoOpaskeHi 00’ €KTH — MO3apaHroBi, TOOTO Ili¢ HE BU3HAUC-
Hi IOJI0 paHTiB KCeHONaHIA(GTHUX yTBOPEHb, OMHOTUITHO ChOPMOBAHHMX BHACHITOK CHHEPTii BIUIMBIB Ta B3a€MOJiil pi3HOI cuiy,
aJie TCHETHYHO OJJHUX 1 THX )K€ HAasBHHUX BHUXIIHUX KCEHONAHIIIA(TOYTBOPIOIOYNX YMHHUKIB PEUOBUHHOI Ta €HEPreTUIHO-TIOIEOBOT
KCEHOIPUPOAHU. 3alpONOHOBAHO MeXaHi3M (opMyBaHHSI Cy4aCHHX MapCiaHCHKHUX JIOJNWH IIISXOM HAJIXOJKEHHS TEIUIOBOTO HMOTOKY
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Ta CIIPUYMHEHUMH IMIOAKTHUMHM NoAisMH. [TonrykoBi kceHomaHAmadTo3HaBYI HAMPAIFOBAHHS, MAO4X CBOT BepHU(iKOBaHi LM 3/ikHC-
HEHUM JOCIIUKEHHSIM MOJIOKEHHS! TEOPETUYHOTO, METOJOJIOTiYHOr0, METOIMYHOTO 3MICTy, BXXE€ € HECIOIIBAHIM pErepoM Ji€BOCTI
QHAJIOTIYHUX TEOPETHKO-METOJOJOTIYHMX CKIIAJIHHUKIB KIIACHYHOTO JIaHAIIA(TO3HABCTBA, 3 IKUM MOXKHA 1 BApTO IIOPiBHIOBATH JOCIi/I-

HULBKI CIPOMOXKHOCTI HayKH PO JTaHAIADTH.

Knrouosi cnosa: Mapc, donunu, kananu, kcenonanowagmu, Lani Chaos Region, Kasei Vallis.

Introduction

Retrospective review of the nature of Martian
valleys and channels. Countless valleys of fluvial
origin have been discovered on the surface of Mars.
Their existence was suspected long before the start of
the space age (Baker, 1982). Early telescope obser-
vations of Mars revealed Martian shapes, which the
Italian astronomer Secchi proposed in 1869 to call the
Italian word «canale» (channel) to describe the visible
lines on the planet’s surface. Between 1877 and 1888
Schiaparelli identified many canals. His work led to
the famous Mars controversy (Irwin et al., 2008).

For the first time, detailed photographs of the
surface of Mars, where Martian valleys were clear-
ly visible, were taken by a series of American au-
tomatic interplanetary stations «Mariner». As a re-
sult of their analysis, it was possible to identify two
main types of Martian valleys — which for the most
part appear on the surface as systems of ravines and
wide trough-shaped, branched valleys, as indicated
by Brakenridge et al. (1985), Baker (2001). Most
of them demonstrate spatial relationships with im-
pact structures, especially young craters, which are
associated with systems of small valleys. The for-
mation of large valleys obviously ceased at the end
of the period of heavy bombardment, approximately
3.8 billion years ago.

The identification of Martian channels and valleys
and the numerous relief morphosculptures associated
with them with signs of water origin is of great im-
portance in comparative planetology (Mars Channel
Working Group, 1983).

The emergence of fluvial activity and the presence
of stagnant water on the surface in the early geologi-
cal history of Mars is a matter of debate (Mangold &
Ansan, 2006). Pieri (1979) identified a range of fluvi-
al landforms in the Thaumasia region, indicating the
presence of water flow over geologically long periods.
Such a long time is explained by the presence of large
deltas found within several impact craters formed at
the exit from deep valleys. Obviously, the water filled
and overflowed the rims of these craters, creating sev-
eral inlet and outlet valleys. These landforms clearly
show that one of the impact craters in such regions,
25 km in diameter, contained a lake up to 600 m deep.
Similar formations are often observed on Earth.

Clay minerals have recently been discovered on
the surface of Mars, widely distributed within ar-
eas with valleys and canales (Ehlmann et al., 2011).
These minerals testify to a long-term interaction be-
tween water and rock more than 3.7 billion years ago.
An analysis of how they formed should indicate what
environmental conditions dominated the geographic
envelope of early Mars.

Further evidence of relatively recent fluvial activ-
ity on the planet is the discovery of pebbles by the
American rover Sojourner, both within the Ares Val-
ley and within rock formations, which may be sedi-
mentary in nature rather than volcanic (Team, 1997).

Numerous models of Martian hydrothermal sys-
tems clearly indicate that valley systems are associated
with magmatic intrusions. According to these models,
it has been found that several hundred cubic kilometers
of heavily intruded lithospheric strata could provide
sufficient groundwater outflow to form the Martian
valleys and canales observed today (Gulick, 1998). In
general, this process could last several thousand years,
until the ice layers were depleted, and the process of
valley formation stopped. However, some of the large
canales on Mars show characteristic features, in partic-
ular, elements of morphological structure, which indi-
cate their origin under the influence of running water.
As for the smaller canales, especially on steep slopes,
they could be formed under the influence of precipita-
tion. The systems of dendrite-like canyons widespread
on the planet and their morphology indicate significant
flooding by groundwater, which was an effective agent
for the destruction of their sides. In general, the great
plains have evolved through the destruction of large
canyons and the subsequent redistribution of the de-
stroyed material.

For the geomorphological processes mentioned
above to occur, the climate of early Mars must have
supported a complex hydrological system and possi-
bly the Northern Ocean covering up to one-third of
the planet’s surface (Di Achille & Hynek, 2010).

Later, the remaining separate parts of them were
modified by the direct action of the wind and can be
considered as relic forms of the fluvial stage of the
Martian geological history. At the later stages of the
geological history of the planet, when the climate
changed dramatically and Mars approached its pres-
ent state, impact processes began to play the main
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role in the formation of small valleys. As for the early
hydrothermal centers, they may have provided at one
time the appropriate environment for the initiation of
life or its oases (Carr, 1996).

The high-quality images obtained by the Amer-
ican automatic interplanetary station Mars global
surveyor during its three-year intensive work in the
orbit of Mars have dramatically changed the views of
scientists about this planet (Malin & Edgett, 2001).
Among the most important observations and interpre-
tations obtained from these images, it can be noted
that most of Mars, at least to a depth of several kilo-
meters, has a layered structure.

The geomorphology of Martian valleys is also
being explored from a hydrological point of view to
develop an evidence base for the origin of dendritic
valleys through precipitation, global heat flow, and
localized hydrothermal systems (Gulick, 2001). Com-
parison of the morphology and spatial distribution of
valleys on surfaces of different ages with the existing
surface valleys indicates that most of the Martian lin-
ear erosional forms probably did not form due to rains,
as well as ambiguously indicate the development of an
early, global and uniformly increased heat flow.

In general, the valleys are not evenly distributed
over uneven-aged surfaces. They tend to form either
as isolated systems or in clusters on a coeval surface
with large areas of parts of these surfaces — virtual-
ly untouched by linear erosion. Interestingly, most of
the branched valley networks are mainly confined to
heavily cratered areas. Carr & Chuang (1997) deter-
mined the density of horizontal dissection on Mars.
Indicators range from O in vast areas of volcanic
plains to 0.3 — 0.5 km/km? inside individual volcanic
structures.

a

In total, over the past 30 years of intensive ob-
servations of the surface of Mars and its dynamics,
including with the help of space probes, many reg-
ularities in the formation and evolution of Martian
valleys and canales have been established. Data from
the Mars Global Surveyor mission support the view
that short water-related episodes, including glacia-
tions, have permeated the entire geologic history of
Mars. The last of these episodes probably occurred in
the last 10 million years (Erkeling et al., 2012). The
interpretation of the new data is controversial, but a
consistent explanation of the anomalies leads to po-
tentially fruitful hypotheses for understanding the
evolution of Mars concerning the Earth.

Area of the study

Two sites on Mars were chosen for modeling: the
Lani Chaos Region (Neukum, 2006) (Fig. 1a) and the
Kasei Valles (Rosiek et al., 2005) (Fig. 1b).

The Lani Chaos Region is a chaotic region with
complex terrain, located in the south of the Ares Val-
lis channel. It is believed that most of this area was
formed due to the melting of the cryolithosphere and,
as a result, a powerful outflow of groundwater, which
led to significant surface flooding and the direct for-
mation of Ares Vallis in the planet’s geological past.

Within the Lani Chaos, low-angle, medium-dark
to light-colored rock strata have formed, rich in hy-
drated minerals that are most likely gypsum and he-
matite (Gendrin et al., 2005).

The Kasei Vallis is part of one of the largest can-
yon systems on the surface of Mars. Their total length
exceeds 3,000 kilometers. In the southern part, it
emerges from the Echus Chasma basin and ends in

Fig. 1. Key sites: the Lani Chaos Region (a) and the Kasei Valles (b)
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the Chryse Planitia plain. The eastern boundary of the
Kasei Valles smoothly merges into the western mar-
gin of the Lunae Planum plateau.

Methodology

Identification of morphological units on the Mar-
tian surface is based on the author’s method described
in (Kyryliuk & Kholiavchuk, 2017) which consists
of understanding the fundamental nature of the ele-
mentary form on the planet’s surface and identifying
it with simple geometric shapes (circle, square, tri-
angle) to identify nodes. By moving these figures in
space, it becomes possible to reproduce integral im-
ages, that is, geosystems. According to the theory of
symmetry, the number of such motions is extremely
limited, which contributes to the rapid identification
of all groups of motions and the formation of their
combinations. In our case, a group is a set of elements
on which the operation of multiplication is given and
satisfies the following axioms:

1. The group is closed concerning the multipli-
cation operation: for any two elements of the group,
there is a third one that is their derivative:

VA,BEGHCEGAB:C (1)

Such cases can be observed during the distribu-
tion of individual Martian xenolandscape complexes
(secondary craters, crater catenas, etc.).

2. Associativity of the multiplication operation:
the order of multiplication does not matter:

VA,B,CeG:A4-(B-C)=(4-B)-C=4-B-C (2)
For the most part, such groups characterize the
uniform distribution of Martian xenolandscapes in a
particular area (marine craters, undulating plains with
alternating depressions and elevations, etc.).

3. The existence of a single element: in the group,
there is a specific element E, the derivatives of which
with the favorite element of the group A gives the
same element A:

JEeG:VAeGA-E=E-A= A4, (3)

These are single xenolandscape complexes that
do not fit into typical forms (volcanic (effusive) for-
mations, sinuses, etc.).

4. Existence of an inverse element: for any ele-
ment of the group A, there is such an element A—1 that
the derivatives give the identity element E:
VAEG:EIA"eG:A-A_le_l-A:E’ 4)

A striking example of such a group can be groups
of craters that do not differ in shape but have different
formation ages.

Results and Discussion

Possible mechanism of modern formation of
Martian valleys by subsurface flushing. Thus, the
mechanism for the development of large valleys on
Mars, according to general ideas, is a combination
of rapid movement to the surface of water and ice.
It is probably directly related to the influence of hy-
drothermal systems in the early stages of the geolog-
ical history of Mars and partly indicates that for the
formation of Martian valleys, the planet should not
have a dense atmosphere. Fig. 2 shows the formation
of modern Martian valleys according to our ideas on
the example of one of the valleys in the Lani Chaos
Region.

It is believed that at the present stage, valleys do
not form on Mars, and all the observed ones arose
long ago, even by geological standards. However, an
analysis of images of different ages of individual re-
gions of the planet indicates that small valleys are still

Fig. 2. The possible mechanism of formation of modern Martian valleys: 1 — Heat flow; 2 — Riverbed and the valley of the young

channel; 3 — Martian surface; 4 — Cryolithosphere
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forming on Mars. The process of their formation is
especially observed on the outer parts of young ring
structures. Obviously, during the impact event, part
of the cryolithosphere melts, and the released water
either by temporary flows on the surface or by longer
underground flows leads to the formation of a system
of young valleys.

Thus, cryolithospheric layers experiencing in-
tense intrusion of magmatic bodies or thermal flux
during impact-explosive events may provide suffi-
cient underground water drainage for the formation
of Martian valleys and channels (Fig. 2). This process
could likely span thousands of years until specific icy
layers are depleted and valley formation ceases. In
this manner, unique hydrothermal systems sustain the
viability of an entire complex of relief-forming pro-
cesses, ultimately leading to the formation of modern
Martian valleys and channels.

Basic elements of Martian valleys. Three-di-
mensional modeling of the key area of the Lani Chaos
Region (Figure 1a) made it possible to identify sever-
al morphological elements typical of Martian valleys
(Fig. 3).

1. Riverbeds. They are clearly traced on the surface
but are often fragmentary since in some areas they
are disturbed by landslides and accumulations of
colluvial and eolian strata.

2. Typical morphological elements of valleys (flood-
plains, terraces, etc.). Like terrestrial river valleys,
typical morphological elements can be traced in
the Lani Chaos Region: floodplains, terraces, and
riffles, which are convincing evidence that, if not

all, then some of the valleys were formed due to
surface flowing waters (possibly in a short peri-
od).

3. Landslides in the key area are most likely associ-
ated with the current subsurface activity of the
cryolithosphere. It is obvious that some of its stra-
ta sometimes release or vice versa restore H,O re-
serves, which leads to surface deformations.

4. The upper layers of the cryolithosphere are saturat-
ed with H O ice.

5. The cratered surfaces surrounding the valleys have
local accumulations of eolian deposits in the form
of dunes and small barchans.

Xenolandscape complexes of the Martian val-
leys. The presented area of Mars is in the region of one
of the upper reaches of the Kasei Vallis, lying to the east
of the grandiose volcanic region Tharsis (Fig. 1b, 4).
The Kasei Vallis are perhaps the largest outflow chan-
nels on Mars. The Kasei Vallis themselves were prob-
ably formed during giant floods that arose during the
intensification of volcanic and tectonic activity in the
Tharsis region and in the province of Farsida.

According to the four multiplication groups, the
following xenolandscape complexes are identified
within the covered territory:

1. The main riverbed of the Kasei Vallis. In the relief,
it appears as a flat surface with single depressions
caused by permafrost processes in the subsurface
layers. Sufficiently wide from 10 to 50 km. With-
in the complex, there are local accumulations of
aeolian material in the form of small dunes and
single, rather large dunes. The time of the forma-

Fig. 3. The main elements of the surface forms of the Martian valleys (for example, part of the Lani Chaos Region): 1 — Riverbeds;
2 — Typical morphological elements of valleys (floodplains, terraces, etc.); 3 — Landslides; 4 — Upper layers of the cryolithosphere;

5 — Cratered surfaces
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Fig. 4. A section of the Mars region «Upper reaches of the Kasei Vallis» with xenolandscapes typical of the planet: 1 — The main river-
bed of the Kasei Vallis; 2 — Tributaries of the main riverbed with signs of subsurface flushing; 3 — Forms of subsurface flushing second
and third terraces; 4 — First terrace; 5 — First terrace with chaotic relief; 6 — Steep slopes of first terrace; 7 — Steep slopes of terraces
second and third; 8 — Second terrace; 9 — Third terrace; 10 — Ridge-like dorses; 11 — Crater bottoms; 12 — Internal crater slopes; 13 —

Crater rims; 14 — Outer crater slopes and crater rims; 15 — Small craters.

tion of the early Hesperian epoch is the time of the
global reformatting of the planet’s nature.

2. Tributaries of the main riverbed with signs of sub-
surface flushing. The younger formations, which
were formed due to subsurface flushing caused by
the cyclical activation of volcanic processes in the
Tharsis region, which led to local rapid melting of
accumulated ice in the subsurface layers, and as a
result formed a dense network of erosional forms,
mainly on steep slopes.

3. Forms of subsurface flushing on the first and
second terraced surfaces. The formations are like
the previous ones, however, they are characterized
by much larger manifestations on the surface and,
mainly, by remoteness from the main «riverbed».

4. First terrace. Predominantly flat surfaces formed by
the catastrophic flow of large volumes of water.
It is characterized by a significant accumulation
of eolian deposits, among which sand accumula-
tions predominate in the form of localized fields
of dunes and low barchans. Eluvial deposits are
distinctly distinguished by individual islets.

5. First terrace with chaotic relief. Surfaces with in-

tensely rugged relief, have all the signs of repeat-
ed flushing and repeated activation of subsurface
flushing, which as a result was reflected in the for-
mation of an extremely complex relief system.

6. Steep slopes of the first terrace. Slopes of intensive

incision of the ancient riverbed. In the relief, they
appear as steep, sometimes more than 40° slopes
with numerous subsurface shallow rinsing.

. Steep slopes of second and third terraces. Like

the previous formations but are characterized by
much larger manifestations in the relief and distri-
bution within the covered territory.

8. Second terrace. Relatively flat surface compared to

previous terraces. Within its limits, there are very
few eolian deposits, but much more eluvial ones.

9. Third terrace. Like the previous one, but on a larger

scale. It is in this terrace that the largest subsur-
face flushes are incisions. Individual islands here
are distributed as complexes of dunes and barch-
ans, as well as surfaces with rather thick accumu-
lations of eluvial deposits.
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10. Ridge-like dorses. One of the oldest formations
within the region, which in the relief appears as
elongated low ridges, extending mainly from
north to south. These are probably fragments of
ancient rocky formations buried under layers of
eolian material, and even earlier covered by flu-
vial sediments during the formation of the Kasei
Vallis.

11. Crater bottoms. Within the mapped region, only
a group of relatively small, young craters formed
during the Amazonian period can be traced. All
of them have clear elements inherent in the ring
structures characteristic of Mars. The bottoms are
mostly flat, in some craters there are small islands
of low dunes.

12. Internal crater slopes. Distinct, relatively steep,
without visible gravitational landforms.

13. Crater rims. Well-preserved, mostly simple struc-
tures, uncomplicated by axial uplifts.

14. Outer crater slopes and crater rims. Clear, with
pronounced elements of the fluidity of the materi-
al during the excavation stages, are generally sim-
ilar to each other in most craters. The difference is
only in the intensity of manifestation of the fluidi-
ty of the substance in different craters, which indi-
cates the differentiation of the ice content during
the formation of a particular ring structure.

15. Small craters. Craters in which it is impossible to
distinguish their structural parts at a given scale.
Thus, within the region of the «Upper reaches

of the Kasei Vallis», ancient fluvial forms are well

preserved on the surface, which was formed during
the intense volcanic stage in the Tharsis region. This
largely represents the main riverbed of the Kasei Val-
lis and terraced surfaces, which are now significant-
ly modified by landslides, collapses, impacts, and
intense aeolian activity. Alongside ancient forms,
young, small valleys are clearly observed, mostly
representing forms of modern sub-surface erosion
on the first and second terraced surfaces. Signs of in-
tense fluvial activity in the past are clearly expressed
in well-preserved and familiar features of river val-
leys on our planet, such as riverbeds, floodplains, and
terraced surfaces. These mentioned elements are well
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