


The above 1mage 1s a mosaic of the Valles Marineris
hemisphere of Mars. The center of the scene shows the
entire Valles Marineris canyon system, more than 3,000
kilometers long and up to 8 kilometers deep. Although 1t
appears to be a canyon formed by water, 1n fact, Valles
Marineris 1s a deep crust fracture.
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Mars 1s the fourth planet from the Sun and the second-
smallest planet 1in the Solar System, after Mercury. Named
after the Roman god of war, 1t 1s often referred to as the
"Red Planet" Dbecause the 1ron oxide prevalent on 1ts
surface gives 1t a reddish appearance. Mars 1s a
terrestrial planet with a thin atmosphere, having surface
features reminiscent both of the impact craters of the Moon
and the valleys, deserts, and polar ice caps of Earth.



Although Valles Marinerilis origlinated as a tectonic
structure, 1t has been modified by other processes.
This 1mage shows a close-up view of a landslide on the
south wall of Valles Marinerilis. This landslide
partially removed the rim of the crater that 1s on the
plateau adjacent to Valles Marineris. Note the texture
of the landslide deposit where 1t flowed across the
floor of Valles Marineris. Several distinct layers can
be seen 1n the walls of the trough.



The water that carved the channels to the north and
east of +the Valles Marineris canyon system had
tremendous erosive power. One consequence of this
erosion was the formation of streamlined islands where

the water encountered obstacles along 1ts path.



This 1mage of the head of Ravi Vallis shows a 300-
kilometer (186-mi1le) long portion of a channel. Like many
other channels that empty 1into the northern plains of
Mars, Ravi Vallils originates 1n a region of collapsed and

disrupted ("chaotic") terrain within the planet's older,
cratered highlands.
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Mars has two permanent polar 1ce caps.
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large regions devoid of faults or craters (not maria since
no young craters are found). Observations by Viking
Orbiter showed them to be deserts with dunes.






The Tharsis and Elysium regions are rich 1n old cone
volcanoes, averaging over 500 km across and 25 km high.
The largest 1s Olympus Mons, shown above. These are
" "hotspot'' volcanoes like the Hawaii Islands.

hotspot volcanoes

Earth

no plate motion
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There 1s a great deal of evidence of the existence of liquid
water on Mars, at least in the far past.

The secondary atmosphere for all terrestrial worlds 1s rich
in C0O2, H20 and SO2. On Earth, the temperature 1s just right
for HZ20 to rain out and form oceans. On Venus, the
temperature 1s too hot and H20 stays as a vapor to be
destroyed by photodisintegration. On Mars, 1t 1s too cold
for large amounts of liquid water (i1i.e. oceans and lakes).
Currently, all the H20 1s 1locked wup 1n permafrost and
subsurface 1ce reservoirs.
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These Mars global maps show the likely distribution of water ice buried within the upper 3 feet (1 meter) of the
planet’s surface and represent the latest data from the SWIM project. Buried ice will be a vital resource for

astronauts on Mars, serving as drinking water and a key ingredient for rocket fuel.
NASA/JPL-Caltech/PSI <




Compared to Earth, the atmosphere of Mars 1s quite rarefied.
The highest atmospheric density on Mars 1s equal to that
found 35 km (22 mi) above Earth's surface. The resulting
mean surface pressure 1s only 0.6% of that of Earth (101.3
kPa) .

The atmosphere of Mars consists of about 96% C0O2, 2% N2, 2%
Ar and 1less than 1% 02. A high noble gas content 1implies
that Mar's atmosphere was much thicker in the past (noble
gases do not react with other elements and are heavy enough
to stay within the gravitational field of Mars). The
atmosphere 1s quite dusty, contalining particulates about
0.015 mm 1n diameter which give the Martian sky a tawny
color when seen from the surface.






Scientists think that the bands of rocks seen 1in this
image may have been formed by a very fast, deep river -
the first of 1ts kind evidence has been found for on
Mars. NASA’s Perseverance Mars rover captured this
mosalc at a location nicknamed %“Skrinkle Haven” using
1ts Mastcam-7Z camera between Feb. 28 and March 9, 2023
(between the 721st and 729th Martian days, or sols, of
the mission) .



Mars Exploration Family Portrait

42: MAVEN
November 18, 2013
41: Mars Orbiter Mission En route to Mars
mm \ovember >, 2013 1, 2: MARS TM No. T / MARS 1M No. 2

S55 Enroute to Mars October 10 / October 14, 1960 1

Both destroyed during launch

40: Mars Science Laboratory Curiosity
November 26, 2011
Exploring Gale Crater

3, 4,5, 8 MARS 2MV-4 No. 1 / Mars 1 / Mars 2MV-3 No. 1 / Zond 2 |
October 24 / November 1 / November 4, 1962 / November 30, 1964

39: Phobos_Grunt Broke up in Earth orbit / Radio failure en route / Stranded in Earth orbit / Radio failure en route
— : =

November 8, 2011 |
Stranded in Earth orbit A 6, 7: Mariner 3 / Mariner 4
November 5 / November 28, 1964
S

— " Payload fairing failed to open / First flyby and picture return

38: Phoenix
August 4, 2007
Landed at northern polar region, returned data

9, 10: Mariner 6 / Mariner 7
February 25 / March 27, 1969
Both flew by, returned pictures

37: Mars Reconnaissance Orbiter
—— August 12, 2005
= Orbiting Mars

35, 36: Mars Exploration Rovers Spirit and Opportunity
June 10 / July 7, 2003
Explored surface for six years / Continuing to explore

34: Mars Express / Beagle 2 lander
esa June 2, 2003 ZZ][

Orbiting Mars / Lost after separation

11, 12: Mars 1969 A / Mars 1969 B
. March 27 / April 2, 1969 N
F; Both destroyed during launch

13, 17: Mariner 8 / Mariner 9
May 8 / May 30, 1971
Destroyed during launch / First probe to orbit Mars

Curiosity ;¢ .ds
4

S 40

18,19, 20, 21: Mars 4 / Mars 5 / Mars 6 / Mars 7
July 21 / July 25 / August 5 / August 9, 1973
Missed planet / Orbited planet / Lander failed (6 and 7)

33: Mars Odyssey
March 7, 2001
=== Orbiting Mars

22, 23: Viking 1 / Viking 2
August 20 / September 9, 1975
Both landers and orbiters returned data

32: Mars Polar Lander / Deep Space 2
— January 3, 1999
=== Crashed on surface

24, 25: Phobos 1 / Phobos 2
July 7 / July 12, 1988
Lost communication en route / Lost communication near Phobos

A

31: Mars Climate Orbiter
December 11, 1998
=== Crashed on surface

30: Nozomi

KX juy4, 1998

Missed planet

fony
/ 26: Mars Observer

- September 25, 1992

N Lost communication near Mars

29: Mars Pathfinder
December 4, 1996 e &
Landed on surface, deployed Sojourner rover /
28: Mars 96

27: Mars Global Surveyor
November 7, 1996
Orbited and returned data

November 16, 1996
Destroyed during launch







Mars has a surface and soil that 1s mostly old impact debris
with sand-blasted gravel. The soi1il 1s rich in Si and Fe, Fe
oxide (rust) given Mars 1ts red color.
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Scientists today view Mars as having had three broad ages, each

named for a geographic area that typifiles 1it:

The Noachian Era 1s the name given to the time spanning perhaps
exlstence after the planet was

the first billion years of Mars'
formed 4.6 billion vyears ago. In this era, scientists suspect
of warm and wet

that Mars was qgquite active with periods
environment, erupting volcanoes and some degree of tectonic
The planet may have had a thicker atmosphere to support

activity.

running water, and 1t may have rained and snowed.

. |
fusion curve |
|
|

' liquid _ itical
| . .
/" pomnt

|/ vaponzation curve

pre SsSure C . —~*
sublirmination '3111"“a triple point

2as

temperature ——p




In the Hesperian Era, which lasted for about the next 500 million to
1.5 billion years, geologilc activity was slowlng down and near-surface
water perhaps was freezing to form surface and buried 1ce masses.
Plunging temperatures probably caused water pooled underground to
erupt when heated by 1mpacts 1n catastrophic floods that surged across
vast stretches of the surface -- <floods so powerful that they
unleashed the force of thousands of Mississippi Rivers. Eventually,
water became locked up as permafrost or subsurface 1ce, or was
partially lost i1nto outer space.

The Amazonian Era 1s the current age that began around 2 billion to 3
billion years ago. The planet 1s now a dry, desiccating environment
with only a modest atmosphere 1n relation to Earth. In fact, the
atmosphere 1s so thin that water can exist only as a solid or a gas,
not as a liquid.



