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Eggésidggsogﬁgzogo special importance where it has a complex preserved geological rec

pled.es a time period longer than on Earth. Many regions of Mars planet
Email: subjected to observations through the obtained satellite image
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colorized digital terrain model (DTM), indicate that many exis
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where the main trend is NEW. These lineaments are thought to
responsible with erosion processes about the origination of tinage
network of Mars. The hydrogeomorphology of Mars planet suggests
wetter conditions where the transition from wet to dry surface condit
is evidenced through a variations in the spatial distribution of drai
networks. It can be thought thétte selected landforms in this stuc
(drainages, deltas, gorges, palakes, paleechannel), are revealing a
ancient wet climates where precipitation was leading to surface rt
with main role of the tectonic influences existed on structural lineam
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that these sites had potential of water resources that may be pi
chances for past life existence unkie microbial level.
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Introduction variation of landscapes through the actidwater, wind
andice (Rossi and Gasselt, 201Mlowever, the Mars
People around the world are wondering about thejandforms suggest a past wetter climate where the
importance of Mars studieend why the space agencies transition from wet to dry is evidenced by a change in
are still sending many spaceflightttas planetandwhat  the spatial distribution of drainage networks (Jacobsen,
motivates that many scientists are interested to study th@016). The largest drainagietworks suggest a climatic
Mars. The answer is simply that the Mars has a complexconditions for fluvial runoff (Hynek and Phillips, 2003;
preserved geological record provide information about aHoward et al, 2005). It is observed that the younger
time period longer than on Earth, where the Earth wascraters are dissecting the drainage networks which
irreversibly lost a lot of its geological history due to the suggest the valley networks were formed throughout the
past crustal recycling occurred through the terrestrialpoundarie lying between the Noachian and Hesperian
Plate Tectonics (Hamilton, 2007An exogenic forces  Epochs (about 3.7 GajHowardet al, 2005; Fassett and
have been forming the Martian landforms and led to aHead, 2008). This event is followed by a changes in
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surface hydrology which evidenced by a reduction which are sufficiento cover the whole Mars planet to a
characters of the valley networks (size, numhed depth of 35 m (Christensen, 2006).

distribution) during the Late Hesperian and Early In the current research, many regions or localities of
Amazonian (about 3.0 GajJFassett and Head, 2008; Mars planet are subjected to brief observatittmeugh
Hynek et al, 2010, Jacobsen, 2016)he history of the obtained satellite imagésig. 1). These localities are
hydrologic cycle of Mars can be obtained through selected carefully where they are containing landforms
paleodischargeanalyses which can be considered asand deposits reveal the palaeohydrologic regime of
important factor to Study the Mars science where it Mars. Also, some localities of Earth are selected to show
depends on a proxy fahe past runoff, paleoclimate the same conditions rectid from Sahara deserts. This

and evolution of landform models (Howard, 2007; iS representing a testing approach to employ the
Hokeet al, 2014). The paleodischarges canelséimated landforms and deposits to elucidate the palaeohydrologic
for the Mars fluvial features through the applicaticof ~ Setting of any area on Mars or Earth. The approach
empirical relationships related to the terrestiaed assufmes that the palpluwalll perrllods Ead Iehft r;;a”,yl
(Jacobsen and Burr 2018), which express about relatior@"dforms and deosits resulted throughout the fluvia

between channel width to an calculate approximately ofanOI wa_ter activities. The applied side of _this approach_ s
peak flow discharge (Irwiet al, 2005; Burret al, 2010; determined the areas that had been subjected to previous

Kite et al, 2015; Jadssen and Burr, 2016)\owadays, recharge and consequen_tly can s_tore water in subsurface
. . . . as groundwater. The main objective of therent study
the most of water is existed on Mars in the form of ice or. . — . i
as vapor with small guantiies in themosphere is investigating the different landforms which reveal the
. o alaeohydrologic regime of Mars in comparison with the
(Jakosky and Haberle, 1992Zhe water ice can be visible P y g g P

\ | h heorth polar i same recorded features of Earth. The study can be
in one place where theorth polar ices cafCarr, 1996) considered as an attempt léarnabout early Earth

The common water ice exists under the permanenth.ogh the investigation otheé older planet such as
carbon dioxide ice cap in the South Pole of Mars andyjars Mars can be considered a unique planet in the

also at the shallow depths underground at moregp|ar system where it provides information that thought
temperate conditions (Bibringt al, 2004; ESA, 2004). g be really ever been Earlike. Therefore, investigation
Indeed, there are more than®20° cubic kilometes of of the palaeohydrologic regime has a significance

ice have been recorded in the shallow surface of Mar§mportance tahe Earth.

Topography
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Y™ The white rectangular represents the investigated areas where the satellite images were studied

Fig. 1: Key map of the investigated areas on Maa$Three dimensional global view of Mars based on the Global Surveyor Orbiter
Camera. lf) Global topography of Mars where blue color expresses about the low topography of the northspmdremi
(assumed to be the location of a primordial ocean that was includes liquid water, Brandenburg (1987). The white rectangular
represents he investigated areas where the sites of these areas are determined using the Gddwedfpnight note for
these images and their interpretation: for images (1.a); Credits: NASA/JPL/MSSS and for image (1.b); Credits: NASA/JPL
Caltech/GSFC
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Volcanoes

Credits:NASA /JPL/Goddard Space Flight Center

Cross section along tectonic valleys

Fig. 2: General geomorphology of Mars from the Mars Orbiter Laser Altimeter (MO{&)and (b) The false color images ar
showing Mars topography where blue areas illustrate elevation low regions, while red and white areas corresponding to high
elevated regions of the planet (accessed from CRISM, 2()9]ross section along the tectonic valleys showing the great
variation elevations, created through Google Earth profijeThree dimensional views of the eastern portion of the tectonic
val l eys that cal (e)®iditalfelsvatior neodel ahthe easteenrportom aof the tectonic valleys where blue
color indicdes low elevation and red color show the high elevation (NASA/JPL/University of AriZzénd)he image shows
eastern part of the Valles Marineris, where multi layers are existed on the slopes descending through the edgeopf the flat t
rim composed frontacustrine and/or Aeolian sediments and are resolved into a outcrop-etaleeboulders which reflect
the high water energy (NASA/JPL/University of Arizoné)) The image indicates a small portion of the northern wall of
Valles Marineris (that is corders the largest canyon in the solar system). This canyon illustrates a view deep into the crust
of Mars where A sequence of thin layers can be seen in the upper roughly 1000 m of the valley wall (NASA/JPL/University
of Arizona). The two images (f and tjere captured through the High Resolution Imaging Science Experiment (HIRISE)
camera on board NASA's Mars Reconnaissance Orbiter (MRO) spac&beftopyright note for these images and their
interpretation: for images (2.a and 2.b); CredN&SA/JPL/Godlard Space Flight Center, for images (2.e, 2.f and 2.h);
Credits NASA/JPL/University of Arizona

General Geomorphology of Mars The outsi_de of Mars is an incorporated record of the

geographical procedures that have followed up on the

In spite of the fact that Mars imparts a few highlights planet over its history where the geomorphic landforms

in like manner to Earth, it is likewise altogether different. give proof to constructional occasions just as huge
It has afew volcanoes like those on Earth. In any case, erosion scenes in Mars'istory (NAS, 2003). By

they are very colossal and would smaller person even thaimilarity with geomorphic includes on Earth, it has been

biggest ones here on Earth. Mars additionally has valleygesolved that volcanism, sway cratering, wind and water

and channels. A few researchers accept that these are thave been basic drivers of surface alteration and wide

aftereffect of past water and geaghical movement. requirements have been put on the overall significance of
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these topographical procedures through time (NAS, the three dimensional views of the eastern portion of the
2003). The science and mineralogy of surface materialsvalles Marineris (Fig. 2d) and the digitlevation model

give extra imperatives on the idea of the procedures asvhere blue color indicates low elevation and red color
well as on the physical conditions present on or close toshow the high elevation (Fig. 2e). The two satellite images

the surface (e.g., temperature, pH and daesp). The of this portion (Figs. 2f and 2h) illustrate that the slopes
main geomorphologic units such as; tectonic valleys,are descending through the edges of the flat top rim
volcanoes, impact basins, northern plains and southermomposed fsm lacustrine sediments and also indicates a
highlands, are illustrated in Fig. 2a and 2b. The createdsmall portion of the northern wall of Valles Marineris has
cross section along the tectonic valleys (Valles Marineris)a view deep into the crust of Mars (images were captured
illustrates the hil rift affecting the topography of Mars through the High Resolution Imagii8gience Experiment

where the difference in elevation reaches to 7 km alongi Hi RI SE 0 camer a on boar d
the main channel (Fig. 2c). This case is confirmed throughRem nnai ssance Orbiter AMROO s|

Mars Cratering Chronology Model
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Fig. 3: (a) Chronology model of Mars planet with indicated Martian eras (Hartmann and Neukum, 2001; Rossi and van Gasgbjt, 2010).

Geological map of Mars, illustration the three eras on this planet: Noadht&nt¢ 3.7 Gyr), Hesperian (3.7 to 3.0 Gyr) and
Amazonian (3.0 Gyr till the present), (Scott and Tanaka, 1986; Greeley and Guest, 1987; Rossi and van Gasselt, 2010)

19



Mohamed Yousif Space Science Internatior2018, Volume 4 16.36
DOI: 10.3844ajssp2018.16.36

General Geology of Mars used images are, Nation&ronautics and
. . SpaceAdministration  (NASA, USA), Deutsches

The learning on Martian Geology has hugely zenyym fir Luft und Raumfahrt (DLR, German
expanded in last 40 ges where several missions circling Aerospae Center), th&uropean Space Agency
or meandering Mars altered our comprehension of itS(ESA)and the Arizona State University (USA). The

advancement and topographical highlights, in a few qoe)jite images were produced through the following:
different ways like Earth (Rossi and van Gasselt, 2010). g P g g

The subdivision of the stratigraphic arrangement of Mars ) Global Surveyor Orbiter Camera

depends on marker skylines that are framed by fields (NASA/JPL/MSSS)

shaping volcanism (Scott and Carr, 1978; Tanaka, 19865y The Mars Orbiter Laser Altimeter (MOLA)
Tanakaet al, 1992). Martian geologic timeframes are (NASA/JPL/University of Aizona) '

from most established to most youthful: The Noachian,3) High Resolution Imaging Science Experiment

the Hesperian and the Amazonian and subiivs into (HIRISE) camera on board NASA's Mars

ages (Scott and Carr, 1978; Tanaka, 1986; Tantlké, Reconnaissance  Orbiter (MRO)  spacecraft

1992). For Mars, a few order models were proposed and (NASA/JPL/University of Arizona)

changed throughout the accessibility of new higher goals, Digital elevation model (DEM) of the eastern
information (Rossi and van Gasselt, 2010). A portion of portion of Marsé Valles Ma
these endeavors haleen joined of late to shape the Berlin, G. Neukum)

right now ongoing order model by Hartmann and 5y The \ars Global Surveyor throughout 2003
Neukum (2001). Stratigraphic (limits of timeframes) are (NASA/JPL/Malin Space Science Systems)

marginally unique which has prompted a Hartmann 6) The stereo and color channels of (HRSC) on

Model (HM) and a Neukum Model (NM). The brief board ESAG6s Mars Express s
geologic setting was achied by (Rossi and van Gasselt, and FU Berlin, the Mars Express HRSC images

2010), as following (Figs. 3a and 3b): are published under a creati commons license
. . ) . since Dec. 2014 (ESA/DLR/FU Berlin, CC BY
1 A PreNoachian periods casually settled in spite SA 3.0 IGO)
of the fact that the Noachian premise isn't 7 Google Mars pro. Images are used to create an
uncovered; be that as it may, radiometrically elevation profile for different locations and also for
determined ages for the Martian shooting star 3D views, where the Mars satellite images are
ALH84001 with a crystallization time of 4.5 Gyr obtained through the option of switchetween

fits into this period (Mittlefehldt, 1994) Mars and Earth. The credits for these images are to:

1  The Noachian Periods described by the oldest, Image/NASA/USGS and ESA/DLR/FU Berlin (G.
thickly cratered units in the good countries Neukum).
covering a period scope of more seasoned than
3.97 Gyr back to 3.74 Gyprior (Tanakaet al, Consequently, the visual interpretation represents the

1992; Hartmann and Neukum, 2001) main tool that is applied for obtained satellite images.
T The Hesperian Periods subdivided into the  ajso some features are extted and illustrated through
Early and Late Hesperian ages spreading overpe jnyestigation of the Mulirbit Digital Terrain
3.74 Gyr to 2.9 Gyr prior and is described by the \;qqels (DTM) derived from multiple stereo image strips
Hesperia Pla_num ] ) of the HighResolution Stereo Camera (HRSC) of ESA's
T The Amazonian time franteaverses quite abof  \1ars Express (HRCS web GIS, FUB/DLR/ESA). This
Martian history and starts 2.9 Gyr back as indicated 1y js ysedfor extraction of the inferred faults and/or
by_ the Ha_rtmann model (HM) and up to 3.31 Gyr fractures (structural lineaments). Consequently, the
prior -as |nd|c_ate<_j by the Neukum order m(_)del visual interpretation represents the main tool that is
(NM). The period is fo_r the_'T”OSt part characterized applied for obtained satellite images. Also, some
t;\'/;g‘;?g‘ lulri)trscaenddurf?esi dlsd(ra]?z;[[fgiilswgz dt?se dgg?g&g features are extracted and illustrated through the
by broad reemerging forms investigaion of the Multiorbit Digital Terrain Models
(DTM) derived from multiple stereo image strips of the
High-Resolution Stereo Camera (HRSC) of ESA's Mars
Express (HRCS web GIS, FUB/DLR/E$AThis DTM
The current research is based on satellite imagess used for extraction of the inferred faults and/or
which obtained from different space agencies. Thereforefractures (structural lineaments). The Global Mapper 10,
the credits of each image is added at the bottomdaf ea Arc GIS ver. 10.4 and Surfer 13 are the main used
image and also mentioned in the caption to illustrate thesoftware in the current study to produce maps, cross
rights. The main agencies which have the credits of thesections and 3D visual views.

Data Sources and Methods
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Results peaks of topographic divides. This geomorphologic
) feature suggests an origin resulted from a hydioédg
Structural Lineaments cycle driven by precipitation (rain or ice). In the present

The visual interpretation of the digiteérrain model study, the drainage networks of Mars are subdivided into

of Mars reveals that there are many faults affecting the!© categories according to their origithe firstis the
surface of Mars. The difference in elevation can reach todrainage was resulted through melting of ice on the
10 km like the case reported in the canyon of VallesCrater rim (Fig. 6),the secondthat was originated
Mariner is (Figs. 4a, 4b and 9a). The extracted structuraffough the action of precipitation where a dendritic
lineaments arecorresponding to the main rifts in the drainage network is developed (Fig. 7). For both types,
Tharsis region of Mars which recorded through the worksthe low drainage ratios with a large number of open
of Hauberet al (2010). These rifts are differentiated in Crater lakes can provide indications about high

their trends and their iRgeipiglonrasassociatedwiha wef glimaie)(Fasseft, ¢

structural lineaments (faults and/or fractjresre and Head, 2008). This condition is recorded in Arabia

associated with these rifts (Fig. 4a) where the main trend! €@ and north of Hellas (Fig. 11) where the opasin

is NE-SW and NWSE. The extracted lineaments (Fig. 4b) lake dralnagg ratios are varying with location and with
are based on the distributions of volcanoes and theVelter formation conditions (Fassett and Heza0s). _
differencein elevation. Also, the visual interpretations of N the current study, the first drainage category is
the Mars Orbiter LaserAltimeter (MOLA) global investigated in the crater of Noachis (Fig. 6a) where
elevation model hitshade for five areas (Fig. %) numerous valley networks can be seen on the inner rim
clarify the minor and major fractures appear on the and indicates the presence of ice in the subsurface. This

1

surface and affecting t hedrainagecis mainlyp sheituremesting amphgheatet h o u g |

that the drainage network of the Mars is controlled by headed tributaries that were formed along the major
the fracturesystems as it happen on the Earth where theescarpments and on the slopes of volcanic cones. The
water are usually flows along the weakest path. image of the gullies and concentric Fill in an Unnamed
Rampart Crater in Noachis Terra shows about 14 km
across of a crater in Nohis Terra where these gullies in
its walls indicate the existence of ice and water
Drainage Network throughout its history. The illustrated pattern on the
image indicates that iegéch or watefrich materials were
excavated at the time of impact (Fig)6Based on this
theory, the rocks of this crater are mixed with water;
therefore they are flowed easily along the surface through
the drainage (NASA/JPL/University of Arizona).

Hydrogeomorphologic and  Palaeohydrologic
Features

The drainage or valley networks are the most
important evidence in favor of a radically different
climate on early Mars. Like many drainage systems on
Earth, Martian valley networks can be dendritic
(branching) with many tributaries that begin near the
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Extracted photogeological structural lineaments (inferred main faults or fractures) of Mars.

Fig. 4: (a) The main rifts in the Tharsis region of Mars, in stereographic projectionb@dati al, 2010).(b) Multi-orbit digital
terrain models (DTM) derived from multiple stereo image strips of the-Riggplution Stereo Camera (HRSC) of ESA's
Mars Express (HRCS web GIS, FUB/DLR/ESA) that used for extraction of the inferred faults aactiet (illustrated by
the dashed lines). These lineaments represent the extensional structures of Mars. The DTM product hashaekenl faitid
colourcoded by Freie University of Berlin. The white letters with blue backgroartd {) are showing théocations for
some investigad areas discussed in Fig. 5
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Fig. 5: Local fractures and/or faults affecting the surface of Mars planet illustrated through the MOLA (Mars Orbiter Laser

Altimeter) global elevation model, grayscale {silade (HRCS web GIFUB/DLR/ESA). The locations of these sites are

shown in figure 4. The five images clarify the minor and major fractures appear on the surface and affecting the rock

exposures. The red arrows refer to the inferred structural lineaments.

Also, this type ofdrainage is recorded along the edge of Fossae( ES A6 s Mar s Express or bi

the Kaisercrater that thought to be formed throughout the Berlin, G. Neukum) provides an indication of the planet
rainy seasons (Fig. PBc The obtained image watery pastwhere along channel with their tributaries are
(NASA/JPL/University of Arizona) clarifies that the flowing for about 80 km distance, from the crater in the
gullies along thevall of Kaiser crater where the drainage south to the low elevation areas in thethofhe second
(dark black color) indicating the presence of water type of the drainage network that was recorded on Mars
resulting from ice melting and flows to the floor of the is the dendritic drainage network of driag valleys. It
crater (Fig. 6f). This feature is like the drainage network was noted to the east of Huygens crater (north of Hellas),
along the edge of Sin ElI Kadab plateau (Fig. 6g) of( Fi g . 7 a, t he i mage from
Western Desert of Egypt where theiormation is during Mars Expressrbit). The valley networks which
thought to be resulted from heavy precipitation during showdistinctly dendritic tributary patterns are thought
the past pluvial times and/or through the action of to be formed during heavy precipitation events. This
groundwater sapping. If it was originated by the assumption is based on the investigation of the
groundwater sapping, this means that water was flowingdendritic type on the Earth, such as the case of Wadi
from theEarth under pressure tbe surface with a huge Qena basi (Egypt, Fig. 7d). In addition, the structural
amount and causes the formation of these drainages. Thilneaments that affect the surface of Mars can play an
can be also a hypothesis to the drainage appears in imagmportant role in the origin of the dendritdrainage
(Fig. 6f) which need more investigation. On the other network, where the surface water flows along the
hand, the digital terrain model (Fig. 6h) of Hephaestusfracture systems forming a branched form.
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