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Why this lecture

• Mars is the first planet beyond the Earth 
suspected of harbouring life.

• It is also the most thoroughly explored 
planetary body.

• The search for life on Mars is the model for 
similar searches across the Solar System



Goals for today

• Learn about the present conditions on Mars.

• Focus on the concept of habitability applied to 
Mars.

• Learn about the development of 
understanding of Mars’ past.



The channels of Schiaparelli



And yet, many of the names in the 
map of Schiaparelli are still in use
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Mariner 4 flew over Mars in 1965

• The image of the Mariner 4 
shows a surface similar to 
the moon

• The image was taken at 
13,000 km and shows a 
region of 253 by 225 Km.

• Mariner 4 also determined 
that the atmosphere of 
Mars is tenuous (1% of 
Earth's) and composed 
mostly of CO2



Fly by of Mars on 31 Jul 1969

- came within 2,130 miles of Mars

- pictures of ~20% surface (missed important volcanic features)

- sent back ~80 photos (Mar. 6) and ~120 photos (Mar. 7)

Mariners 6 and 7 had scientfic instruments to study Martian atmosphere: 

- composition, pressure, density, and temperature

- two cameras

- infrared spectrometer

- ultraviolet spectrometer

Mariners 6 and 7



Mariner 9 - The first spacecraft to go 
into orbit around another planet



Viking 1 and 2 – Orbiter & Lander

Valley networks



Searching for life with the Vikings

• The Viking landers conducted 
biological experiments designed to 
detect life in the Martian soil (if it 
existed) with experiments designed 
by three separate teams.

• One experiment turned positive for 
the detection of metabolism (current 
life), but based on the results of the 
other two experiments that failed to 
reveal any organic molecules in the 
soil, most scientists became 
convinced that the positive results 
were likely caused by non-biological 
chemical reactions from highly 
oxidizing soil conditions

• Although there is consensus that the 
Viking lander results demonstrated a 
lack of biosignatures in soils at the 
two landing sites, the test results and 
their limitations are still under 
assessment.



Mars as a planet today

• Mars is approximately half the 
diameter of Earth

• Its surface area is only slightly 
less than the total area of 
Earth's dry land

• Mars is less dense than Earth, 
having about 15% of Earth's 
volume and 11% of Earth's 
mass, resulting in about 38% 
of Earth's surface gravity

• The red-orange appearance of 
the Martian surface is caused 
by iron(III) oxide, or rust



Orbit

• Mars's average distance from the Sun is 
roughly 230 million kilometres, and its orbital 
period is 687 (Earth) days

• The solar day (or sol) on Mars is only slightly 
longer than an Earth day: 24 hours, 39 
minutes, and 35.244 seconds

• A Martian year is equal to 1.8809 Earth 
years, or 1 year, 320 days, and 18.2 hours

• The axial tilt of Mars is 25.19 degrees relative 
to its orbital plane, which is similar to the 
axial tilt of Earth

• Mars has a relatively pronounced orbital 
eccentricity of about 0.09, but it is known 
that in the past, Mars has had a much more 
circular orbit than it does currently

• Mars's cycle of eccentricity is 96,000 Earth 
years compared to Earth's cycle of 100,000 
years



Topography



Internal structure

• Like Earth, Mars has differentiated into a dense metallic core 
overlaid by less dense materials

• Current models of its interior imply a core region about 1,794 ± 65 
kilometers in radius, consisting primarily of iron and nickel with 
about 16-17% sulfur

• The core is surrounded by a silicate mantle that formed many of the 
tectonic and volcanic features on the planet, but it now appears to 
be dormant

• Besides silicon and oxygen, the most abundant elements in the 
Martian crust are iron, magnesium, aluminum, calcium, and 
potassium

• The average thickness of the planet's crust is about 50 km, with a 
maximum thickness of 125 km

• Earth's crust, averaging 40 km, is only one third as thick as Mars', 
relative to the sizes of the two planets



Surface composition

• Mars is a terrestrial planet that consists of minerals containing 
silicon and oxygen, metals, and other elements that typically make 
up rock

• The surface of Mars is primarily composed of tholeiitic basalt, 
although parts are more silica-rich than typical basalt and may be 
similar to andesitic rocks on Earth or silica glass

• Regions of low albedo show concentrations of plagioclase feldspar, 
with northern low albedo regions displaying higher than normal 
concentrations of sheet silicates and high-silicon glass

• Parts of the southern highlands include detectable amounts of high-
calcium pyroxenes

• Localized concentrations of hematite and olivine have also been 
found

• Much of the surface is deeply covered by finely grained iron(III) 
oxide dust



Paleomagnetism



Soil

• The Phoenix lander returned 
data showing Martian soil to 
be slightly alkaline and 
containing elements such as 
magnesium, sodium, 
potassium and chlorine

• These nutrients are found in 
gardens on Earth, and they are 
necessary for growth of plants

• Experiments performed by the 
lander showed that the 
Martian soil has a basic pH of 
7.7, and contains 0.6% of the 
salt perchlorate



Tharsis and Elysium volcanic provinces

• Straddling the dichotomy boundary in Mars's 
western hemisphere is a massive volcano-
tectonic province known as the Tharsis
region or the Tharsis bulge

• This immense, elevated structure is 
thousands of kilometers in diameter and 
covers up to 25% of the planet’s surface

• Averaging 7-10 km above datum (Martian 
"sea" level), Tharsis contains the highest 
elevations on the planet and the largest 
known volcanoes in the Solar System

• A smaller volcanic center lies several 
thousand kilometers west of Tharsis in 
Elysium

• The Elysium volcanic complex is about 2,000 
kilometers in diameter and consists of three 
main volcanoes, Elysium Mons, Hecates
Tholus, and Albor Tholus

• The Elysium group of volcanoes is thought to 
be somewhat different from the Tharsis
Montes, in that development of the former 
involved both lavas and pyroclastics



Large impact basins

• Several enormous, circular impact 
basins are present on Mars

• The largest one that is readily visible 
is the Hellas basin located in the 
southern hemisphere

• The lowest elevations on the planet 
are located within the Hellas basin, 
with some areas of the basin floor 
lying over 8 km below datum

• The two other large impact structures 
on the planet are the Argyre and 
Isidis basins

• All of the large basins on Mars are 
extremely old, dating back to the late 
heavy bombardment

• They are thought to be comparable in 
age to the Imbrium and Orientale 
basins on the Moon



Equatorial canyon system

• Near the equator in the western 
hemisphere lies an immense 
system of deep, interconnected 
canyons and troughs collectively 
known as the Valles Marineris

• The canyon system extends 
eastward from Tharsis for a 
length of over 4,000 km, nearly a 
quarter of the planet’s 
circumference

• The Martian equatorial canyons 
were of tectonic origin, i.e. they 
were formed mostly by faulting

• They could be similar to the East 
African Rift valleys



Ice caps

• The seasonal caps (those seen in the telescope to 
grow and wane seasonally) are composed of carbon 
dioxide (CO2) ice that condenses out of the 
atmosphere as temperatures fall to 148 K, the frost 
point of CO2, during the polar wintertime.

• In the north, the CO2 ice completely dissipates 
(sublimes) in summer, leaving behind a residual cap 
of water (H2O) ice. At the south pole, a small 
residual cap of CO2 ice remains in summer

• Both residual ice caps overlie thick layered deposits 
of interbedded ice and dust

• In the north, the layered deposits form a 3 km-high, 
1,000 km-diameter plateau called Planum Boreum

• A similar kilometers-thick plateau, Planum Australe, 
lies in the south

• The layered deposits probably represent alternating 
cycles of dust and ice deposition caused by climate 
changes related to variations in the planet's orbital 
parameters over time (Milankovitch cycles)

• The polar layered deposits are some of the 
youngest geologic units on Mars



Permafrost



Liquid water on Mars (sometimes)



Amount of water on Mars



Atmosphere

• Atmospheric pressure on the surface today 
ranges from a low of 30 Pa (0.030 kPa) on 
Olympus Mons to over 1,155 Pa (1.155 kPa) 
in Hellas Planitia, with a mean pressure at 
the surface level of 600 Pa (0.60 kPa)

• Both Mars Global Surveyor and Mars Express 
have detected ionised atmospheric particles 
trailing off into space behind Mars

• The scale height of the atmosphere is about 
10.8 km, which is higher than Earth's (6 km) 
because the surface gravity of Mars is only 
about 38% of Earth's, an effect offset by both 
the lower temperature and 50% higher 
average molecular weight of the atmosphere 
of Mars

• The atmosphere of Mars consists of about 
96% carbon dioxide, 1.93% argon and 1.89% 
nitrogen along with traces of oxygen and 
water

• The atmosphere is quite dusty, containing 
particulates about 1.5 µm in diameter which 
give the Martian sky a tawny color when 
seen from the surface



Methane!







Chaotic terrain and outflow channels

• The terrain at the eastern end of the Valles 
Marineris grades into dense jumbles of low 
rounded hills that seem to have formed by 
the collapse of upland surfaces to form 
broad, rubble-filled hollows

• Called chaotic terrain, these areas mark the 
heads of huge outflow channels that emerge 
full size from the chaotic terrain and empty 
(debouch) northward into Chryse Planitia

• The presence of streamlined islands and 
other geomorphic features indicate that the 
channels were most likely formed by 
catastrophic releases of water from aquifers 
or the melting of subsurface ice

• The channels are enormous by terrestrial 
standards, and the flows that formed them 
correspondingly immense



Valley networks

• They are branching networks of 
valleys on Mars that superficially 
resemble terrestrial river drainage 
basins

• They are found mainly incised into 
the terrain of the Martian southern 
highlands, and are typically - though 
not always - of Noachian age 
(approximately four billion years old)

• The individual valleys are typically 
less than 5 kilometers wide, though 
they may extend for up to hundreds 
or even thousands of kilometers 
across the Martian surface

• Some authors have argued that the 
properties of the networks demand 
that a hydrological cycle must have 
been active on ancient Mars



Rampart craters

• Rampart craters show a lobate outer margin, 
as if material moved along the surface, 
rather than flying up and down in a ballistic 
trajectory

• The ejecta look as if they move as a mudflow
• Although rampart craters can be found all 

over Mars, the smaller ones are only found in 
the high latitudes where ice is predicted to 
be close to the surface

• Since ice is thought to be close to the surface 
in latitudes far from the equator, it does not 
take too strong of an impact to reach the ice 
level

• It is generally accepted that rampart craters 
are evidence of ice or liquid water beneath 
the surface of Mars

• The impact melts or boils the water in the 
subsurface producing a distinctive pattern of 
material surrounding the crater



Polygonal patterned ground

• It is commonly believed to 
be caused by the 
sublimation of ice from the 
ground

• Sublimation is the direct 
change of solid ice to a gas

• Places on Mars that display 
polygonal ground may 
indicate where future 
colonists can find water ice

• Patterned ground forms in a 
mantle layer, called latitude 
dependent mantle



A global view of water-related features



The geological history of Mars



A comparison of geologic timelines













Estimates of the global water content





The Martian climate history

• Although evidence for liquid
water on the surface of 
early Mars is conclusive, 
explaining a wet early
climate is problematic.

• The Sun was only 75% of its
cirrent luminosity in the 
Noachian

• A thicker CO2 atmosphere
would have resulted in a 
strong greenhouse effect, 
but too dense an 
atmosphere would have
collapsed
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End-member scenarios for the early
Martian climate
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Geomorphological evidence

• Dendritic valley networks are rare on 
Hesperian and Amazonian terrain but 
common on Noachian terrain

• They are predominantly seen at 
equatorial latitudes between 60°S 
and 10°N

• Landform evolution models suggest 
minimum formation timescales for 
the valley networks of 105 to 107

years under climate conditions 
appropriate to arid regions on Earth

• Crater lakes interlinked with the 
valley networks are abundant in the 
Noachian southern highlands

• Closed-basin lakes greatly outnumber 
open-basin lakes

• This is seen as evidence against a wet 
climate
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Geochemical evidence

• Iron- and magnesium-rich phyllosilicates 
(clays) are found extensively over Noachian 
terrain

• To form, these minerals require the presence 
of liquid water and near-neutral-pH 
conditions

• If the phyllosilicates mainly formed on the 
surface, this would represent evidence in 
favor of a warm and wet early martian
climate

• In most cases their mineralogy may best 
represent subsurface formation in 
geothermally heated, water-poor systems

• Carbonate is conspicuous by its low 
abundance on the martian surface

• Surface carbonate formation should be very 
efficient on a warm and wet planet with a 
basaltic crust and CO2-rich atmosphere

• The absence of surface carbonates is a strong 
indication that early Mars was either only 
episodically warm, or very dry
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Climate modelling

• Many aspects of Mars’s 
atmospheric evolution are highly 
uncertain

• It is likely that Mars had a thicker 
CO2 atmosphere in the late 
Noachian

• This atmosphere could have been 
as dense as 1–2 bar, but likely no 
more than this

• An atmosphere denser than 1 bar 
would still have a mean 
temperature below freezing

• However, it would also change 
the surface temperature pattern, 
with temperature depending 
more strongly on altitude than on 
latitude
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An episodically warm Mars?
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To summarize

• Mars underwent an extended period of surface erosion and chemical weathering 
by liquid water until around 3.5 Ga, during the late Noachian and early Hesperian 
periods.

• The weight of the observational evidence favors a mainly cold climate with 
episodic warming events, rather than permanently warm and wet conditions.

• If early Mars was once warm and wet, thick wet-based ice sheets would have 
formed on the Noachian highlands when the warm period ended, causing 
significant glacial erosion.

• Constraints on the early solar luminosity, martian orbit, and radiative transfer of 
CO2 strongly disfavor a warmer climate due to CO2 and H2O only.

• Under a thicker atmosphere, adiabatic cooling of the surface causes transport of 
snow and ice to the valley network source regions.

• Repeated episodic warming events probably caused ice and snowpacks in the 
Noachian highlands to melt, carving valley networks and other fluvial features.

• The precise mechanism that caused the warming events is still poorly constrained. 
The two most likely forcing mechanisms are meteorite impacts and volcanism, 
although the details remain unclear.
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The final word has not been said yet





Where has the remaining water gone?



NASA’s strategy



Mars Global Surveyor (1996)



Mars Odyssey (2001)



Mars Express (2003)



Hydrated minerals



Methane



Mars Exploration Rovers (2003)



Mars Reconnaissance Orbiter (2005)



Phoenix (2007)



Mars Science Laboratory (2011)



Mars Atmosphere and Volatile 
EvolutioN Mission (2013)



Mars Express (2018)





Future developments



References

• This presentation is largely based on Chapter 
12 of the book “Astrobiology – A 
Multidisciplinary Approach”, by Jonathan I. 
Lunine, Addison Wesley, 2005



Further reading

• Des Marais, D. J. et al. 2008. The NASA 
Astrobiology Roadmap, Astrobiology, Volume 
8, Number 4, pages 1-16. Freely available at 
http://www.geology.wisc.edu/~astrobio/docs/
Astrobiology_Roadmap_9AB346.pdf



Postcards from Mars










































