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Mission Overview

Two robotic geologists 
are currently exploring 
two distinct sites on the 
Martian Surface.  Each 
rover carries a suite of 
science instruments 
designed to search for 
evidence of water.

…Why search for water?





First close-up views

Mariner 4 Viking 1







Robotics: How to build a geologist















Landing Site Selection



Candidate Landing Sites

A) ±15° Latitude Band, <-1.3 km Elevation;  ~5% of Surface
B) Smooth, Flat Over Ellipse, ~155 Possible Landing Sites
C) 25 of these sites were selected by the Scientific Community for 

further consideration



The Landing Ellipse

about 50 miles long by 6 miles wide



And the winners are…

Meridiani Gusev Crater

Water-formed hematite? Ancient lake sediments?



Gusev Crater

• Compelling evidence that 
water pooled in the crater

• Lakebed deposits can 
preserve substantial 
evidence of past water-
related processes, 
environmental conditions, 
and habitability

• Ice-covered lake? Short-
lived playa lakes? Muddy 
debris flows? Ancient 
highland rocks deposited in 
the crater?



MOC image 3 km across, 3 m/pixel
(2 miles across, 10 feet/pixel)
NASA/JPL/MSSS

Meridiani Planum
Gray hematite: Precipitate from large 

standing body of water? Precipitate from 
warm percolating water? Cold ground 

water? Surface weathering coatings on 
rocks? High-temperature oxidation of 

volcanic rock?

119 km x 17 km landing ellipse
(75 miles x 11 miles)



LaunchSpirit Opportunity



CruiseThe Cruise TrajectoryThe Cruise Trajectory



Entry, Descent, & Landing Timeline

Petals & SA 
Opened: L+90 min

Lander Separation: E+ 325 s, L – 95 s

Heatshield Separation: E+ 315 s, L – 105s

Parachute Deployment: E+ 295 s, 11.8 km, 430 m/s

Cruise Stage Separation: E- 15m

Deflation: L+20 min

Airbags Retracted:
L+74 min 

Airbag Inflation:  355 m, L - 10.1 s

Bridle Cut: L- 3 s, ~20 m

Rocket Firing:  L- 7 s, ~150 m, 90 m/s

L = Landing: ~E+420 s
Roll-Stop:L+2 min

Entry Turn & HRS Freon Venting: E- 70m

Entry: E- 0 s, 125 km, 5.7 km/s

Bridle Deployed: E+ 335 s, L – 85 s
Radar Ground Acquisition: L - 18 s

Bounces



Opportunity EDL



Entry, Descent and LandingEntry, Descent and Landing

Any steeper and 
you get to the 

ground too fast!   

Any steeper and 
you get to the 

ground too fast!   

Any shallower 
and you “skip 
out” back into 

space!   

Any shallower 
and you “skip 
out” back into 

space!   

Entry:  11 Degree Angle



Heatshield takes out 90% of the 
energy

Heatshield takes out 90% of the 
energy



Parachutes open at Mach 1.3 and slow 
the lander to 200 mph

Parachutes open at Mach 1.3 and slow 
the lander to 200 mph



Rockets and airbags do the restRockets and airbags do the rest



Another Successful Landing!



Martian Landscapes

Viking 1 Viking 2

Pathfinder
Spirit



A new view



A new view



Once safe on the surface, it’s time to:
Open up the lander and unfold the 

rover,

Call home,
Look around, 

Get moving and explore!

Once safe on the surface, it’s time to:
Open up the lander and unfold the 

rover,

Call home,
Look around, 

Get moving and explore!



Operations Timeline
Activity Planning

Sequencing

Final
sequences

Surface Operations
Science D/L Mtg

Engineering Tag-up

Science Planning
Activity Plan

Operate

Uplink

Downlink

Master Sequence

Engineering 
Sequences

Science 
Sequences

Integration & ValidationUplink & Review Products

Command Approval 
Meeting





Science Results



Preliminary Hints of Water @ Gusev

• Fractures filled with 
alteration material 
indicate rocks may 
have been altered 
by a small amount 
of water

“Humphrey”

“Mazatzal”





Evidence of Water @ Meridiani



Chemical Evidence
• High concentrations of 

sulfate salts
• Jarosite (hydrated iron 

sulfate)
• On Earth, rocks with as 

much salt as this mars 
rock either have formed in 
water or, after formation, 
have been altered by long 
exposures to water.  



Geological Evidence:  Vugs

• Crystals of salt 
minerals form within 
rocks that sit in briny 
water.

• Crystals disappear by 
erosion, or by 
dissolving in less-salty 
water

• Voids, called ‘Vugs’
are left behind.

• Vugs shown are about 
1 cm long



Geological Evidence:  Spherules
• “Blueberries” could be 

formed by:
– Volcanic Eruption
– Molten rock ejected during 

impact
– Accumulation of minerals 

coming out of a solution inside a 
porous, water soaked rock

• Hematite
• Grain Size consistent with 

hematite formed in a wet 
environment.

• Interlocking spherules, 
random distribution support 
a wet past



Geological Evidence: Cross-Bedding

• Layers that lie at an 
angle to main layers 
can result from the 
action of wind or water

• The small scale and 
concave patterns 
shown here hint at 
water.





Mars in the classroom

• http://marsrovers.jpl.nasa.gov/classroom/

• Classroom Activity Guide
– Rover Races
– Martian Candy Core Samples

http://marsrovers.jpl.nasa.gov/classroom/


Before and After

image credit: NASA/JPL/Malin Space Science Systems. 



Before and After

image credit: NASA/JPL/Malin Space Science Systems. 





Additional Images







Extras

• Spirit’s Drive to Bonneville

• Spirit Launch

• Fun Stuff

• Extra Images















Potential Records in 2005 Guinness

• First inspection of a rock 
interior on another planet: 
Spirit

• Biggest Science Web Event:  
MER (4.4 billion hits)

• Heaviest Rover on Mars:  Spirit 
& Opportunity (174 kg each)

• Most bounces on surface of 
Mars:  Spirit, 28

• Highest Resolution Image: Spirit 
& Opportunity

• Most Images returned by Mars 
Rover in 1 day:  Spirit, 349 

• Most Data returned by a Mars 
Rover:  TBD

• Highest  number of 
science instruments on a 
mobile surface probe:  
Spirit & Opportunity, 7 ea

• Fastest Rover on Mars, 
Spirit & Opportunity, 3 
meters/minute

• Longest distance 
traversed in one sol, 
Opportunity, ~100 meters

• Most Sleep Deprived 
group, MER team

• Longest Living Rover on 
Mars, Spirit, 107 sols



Unused Material



Why search for water?





Mars in the classroom

• http://marsrovers.jpl.nasa.gov/classroom/

• http://origin.mars5.jpl.nasa.gov/classroom/
students.html

• http://passporttoknowledge.com/mars/firstl
ook.html

• http://www.marsquestonline.org/mer/

• http://zipcodemars.jpl.nasa.gov/index.cfm

http://marsrovers.jpl.nasa.gov/classroom/
http://origin.mars5.jpl.nasa.gov/classroom/students.html
http://origin.mars5.jpl.nasa.gov/classroom/students.html
http://passporttoknowledge.com/mars/firstlook.html
http://passporttoknowledge.com/mars/firstlook.html
http://www.marsquestonline.org/mer/
http://zipcodemars.jpl.nasa.gov/index.cfm


Diet Pepsi Commercial
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