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The four inner planets of our solar 

system are small and rocky.

Although Venus is most similar to Earth 

in terms of size, Mars is most Earthlike

in terms of surface conditions.



MARS – most Earth-like planet





Until we sent spacecraft to Mars, 

as fly-bys, orbiters or landers,

we knew very little about the 

planet



Photographs from Earth showed little 

surface detail; drawings showed more

IR and violet light

photographs

IR photograph

And drawing



Percival Lowell drew Mars in 1894



1950 speculative painting of Mars surface



The Soviet Union first launched a Mars 

flyby mission in October 1960, but had 

nine failures before their first success, 

Mars 2 in 1971

NASA Mariner 4 launched November 

1964, passed Mars on 14 July 1965 

and took 20 photographs



Mariner 4 photographic track



Mariner 4 photographs



1969 NASA Mariner 6 and 7 fly bys



1971 Mariner 9 orbited Mars for a year

Because of a dust storm it only took images 

after about 2 months, then took 7,329 photos

Olympus Mons
Valles Marineris

300 miles 2,500 miles



1971-72 Soviet Mars 3 orbiter achieved 

20 orbits, took 60 photos, and the 

lander made a soft landing

Because of a dust storm, the photos 

showed little surface detail

Lander measured surface pressure

5.5 – 6 mb, temperature -110
o

to +13
o

C



20 July 1976, NASA landed Viking 1 on 

Mars, followed on 3 September by Viking 2







Viking 1 carried three biology 

experiments to look for evidence of 

life. It also carried a mass 

spectrometer to measure the organic 

compounds in the Martian soil.

One experiment gave a positive 

result, but this was dismissed as 

false.



On Viking 2 two of the four biology 

experiments gave positive results, 

but these were dismissed as false.

The soil analysis showed that it 

resembled soil produced from 

weathering lavas. 



After more failures, both Soviet and 

American, the next success was 

Mars Global Surveyor, which 

entered orbit 12 September 1997.  



High-resolution images showed 

gullies and debris flows, and 

possible sources of liquid water 

near the surface. 
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Sedimentary rock layers
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NASA Mars Pathfinder, with the rover 

Sojourner, landed 4 July 1997

south

Tianwen



The air bag landing system



Sojourner uses its Alpha Particle X-ray 

Spectrometer 



Sunset

Communication failed 7 October 1997



The next success was Mars 

Odyssey, which entered initial orbit 

24 October 2001.  Spacecraft is still 

operational.

Odyssey has mapped water and ice 

that is close to the surface, and also 

acts as a comms link with probes on 

the surface.



Mars Odyssey – Valles Marineris

4,000 km long, 200 km wide, 7 km deep



Mars Odyssey – Ares Vallis



ESA Mars Express entered orbit 25 

December 2003, carrying the Beagle 2 

lander.  Orbiter is still operational.

Mars Express is imaging the surface 

and mapping minerals, radar sounding 

the subsurface down to the permafrost, 

and determining the atmospheric 

circulation and composition.



Beagle 2 landed, but the deployment of 

the solar cells or aerial failed.



Mars Express – evidence of past 

flooding in Mangala Valles Region 



NASA rovers Spirit and Opportunity 

landed on 4th and 25th January 2004. 

They survived 2,208 sols (Martian days) 

(to 2010) and 5,351 sols (to 2018).



These opened a series of 

explorations using rovers, which 

continues with Mars 2020 

(Perseverence)



Spirit and Opportunity mission 

“Follow the water”

To seek geological evidence of 

water on Mars in the past (and 

maybe now)



The landing was cushioned by air bags

Spirit landing site



Spirit’s main discovery was that 

many rocks had been altered by 

the action of water, but only small 

amounts of water.



Spirit found rocks rich in 

magnesium and iron carbonates. 

These formed when Mars was 

warm and wet, and could have 

supported life.



Opportunity got lucky on landing.  

In its airbags, it bounced into a 22 

metre crater.  In the crater were 

outcrops of sedimentary rock, and 

the rover found Haematite, which 

forms in water.  The crater was 

the location of a former somewhat 

acidic and salty sea.



Opportunity landing site

Eagle crater, with sedimentary rocks

and Hematite “blueberries”



Haematite spherules in situ and on 
crater floor



At the 22 m crater, water once 

flowed over the surface and 

soaked the subsurface of the area. 

At Endurance crater, 130 m wide 

and 20 m deep, liquid water flowed 

across the surface from time to time, 

with floods periodically washing over 

the landscape.



Endurance crater and Burns cliff



At Victoria crater, 730 m wide and 

70 m deep, there was evidence of 

past water, but acidic and highly 

saline and not suitable for life.

At Endeavour crater, 22 km wide 

and 200-300 m deep, there was 

evidence of past water with a 

neutral pH, suitable for life.



Opportunity at Victoria crater



Victoria crater



Western rim of Endeavour crater



Perseverance valley at Endeavour crater, 

where Opportunity ended its mission 



Mars rovers compared

Spirit and Opportunity;  Sojourner;                             Curiosity



Distances travelled by NASA rovers

as of 7 June 2018



The NASA Mars Reconnaissance 

Orbiter arrived10 March 2006.

MRO carries cameras, radar and 

spectrometers, to analyse 

landforms, minerals, and ice



The high resolution camera is a 0.5 m 

telescope with has a resolution of 0.3 

m from an altitude of 300 km (190 mi). 

HiRISE can produce stereo pairs of 

images from which heights can be 

calculated to an accuracy of 0.25 m



MRO's Shallow Subsurface Radar 

is designed to probe the internal 

structure of the Martian polar ice 

caps.  It also gathers planet-wide 

information about underground 

layers of ice, rock and possibly 

liquid water.



The NASA lander Pheonix

landed on 25 May 2008 in the 

north polar region.



Pheonix found water ice under a 

shallow layer of dirt.

The site had a wetter and warmer 

climate in the recent past. Finding 

calcium carbonate suggests the site 

had been wet in the geological past. 



Some new craters on Mars have 

excavated relatively pure water ice. 

After being exposed, the ice gradually 

fades as it sublimates away. 



And that’s not the only one



The NASA rover Curiosity landed on 

6 August 2012 to explore Gale crater.



Atmospheric re-entry



Curiosity landing, photographed by MRO



Final descent



Curiosity Sky Crane for final landing



Curiosity drives away from landing site



The mission’s goals include 

biological (the chemical building 

blocks of life), geological and 

geochemical (surface composition 

and the processes that have formed 

rocks and soils)



Curiosity in Gale crater

Mount Sharp in background
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Lake-floor sedimentary deposit not far from 

where flowing water entered a lake



Inclined beds of sandstone, the deposits of 

small deltas fed by rivers flowing down from 

Gale Crater rim 



A former stream bed



Scientific discoveries

Ancient Mars could have 

supported living molecules;

Rocks contain organic molecules;

10-fold increase in methane over 

2 months;

Found a former stream bed.



Next missions (all July 2020 launches)

UAE   Hope Mars Mission   Orbiter

NASA Mars 2020   Rover + helicopter

Chinese mission     Orbiter, rover

ESA ExoMars 2020  Lander, rover 

(delayed to Sept 2022 by COVID-19)



Questions?



OPPORTUNITY ON MARS

https://www.youtube.com/watch?v=1Ll-VHYxWXU

CURIOSITY LANDING 2012

https://www.jpl.nasa.gov/video/details.php?id=1103

CURIOSITY ON MARS

https://www.youtube.com/watch?v=X2UaFuJsqxk

https://www.youtube.com/watch?v=-WnPQ9BZIl0

https://www.youtube.com/watch?v=P4boyXQuUIw

INSIGHT LANDING 2018

https://www.youtube.com/watch?v=PDSbUpmRksI

https://www.youtube.com/watch?v=1Ll-VHYxWXU
https://www.jpl.nasa.gov/video/details.php?id=1103
https://www.youtube.com/watch?v=X2UaFuJsqxk
https://www.youtube.com/watch?v=-WnPQ9BZIl0
https://www.youtube.com/watch?v=P4boyXQuUIw
https://www.youtube.com/watch?v=PDSbUpmRksI






NASA InSight lander and cube sats

landed and flew by November 2018



InSight has deployed a seismograph and 

a thermal conductivity sensor


