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   MARS   EARTH 
 
Mean radius:   3390 km   6371 km 
Semi-major axis:  1.523 AU   1 AU 
Obliquity:   25.19° (NOW!)  23.45° 
Length of day:  24 h, 37 m   24 h 
Orbital period:  686 Earth days  365.2 days 
Surface gravity:  3.7 m/s2   9.78 m/s2 
Atmosphere:   95.3 % CO2   78 % N2 

   2.7 % N2   20.9 % 02 
Surface Pressure:  5.6 mbar   1014 mbar 
 
Ratio of total surface area on Mars to that on Earth (land): 0.976 
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Season         Earth     Mars 
 
Spring   93  171 
Summer  94  199 
Fall   89  171 
Winter   89  146 

Northern Hemisphere has a shorter and  
more “mild” winter while summer is 
longer and cool 
 
Southern Hemisphere has a shorter and 
“hot” summer while the winter is  
longer and cold 



Martian Orbital Parameters 
 
 
 
 
Obliquity cycle = 120,000 yr 
Precession cycle = 51,000 yr 
Eccentricity = 0.093 
 
 
vs. Earth  
Obliquity = 41,000 yr 
Precession = 26,000 yr 
Eccentricity = 0.017 
 



Byrne (2009) 
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Dust storms on Mars  
 

Sun gives energy source 
 
Big dust storms can last 
for weeks 



Dust storms on Mars  
 

NASA/JPL 

Dust devil traveling 16 feet / second 

Sun gives energy source 
 
Big dust storms can last 
for weeks 

Dust devil  
tracks 



Mars Exploration Rover Spirit landing site (NASA/JPL-Caltech/Cornell)  



Evidence for exchange of volatiles and dust  
between the poles and mid-latitudes? 
 

 - Obliquity changes the stability of ice around the planet 
 

 - Ground ice – polygons and other unique terrain; gullies 
 

        
  

Head et al. (2002)  

(Earth!) 



Distribution of fresh impact craters 



Brief history of spacecraft and landers… 

 
 

Mariner 3-4, 6-9 
(1964-1971) Viking 1-2 (1975) Mars Global 

Surveyor (1996) 
Mars  
Odyssey 
(2001) 

Mars  
Reconnaissance  
Orbiter (2003) 

Phoenix Lander 
(2007) 

Mars  
Exploration  
Rovers (2003) 

Curiosity Rover 
Mars Science Lab 
(2011) 



Image Credit: MOLA Science Team 



North South 

Image Credit: MOLA 
    Science Team 

Southern 
Highlands 
about 
6 km 
higher than 
Northern 
Lowlands 



1.2 million km3 1.1 million km3 



30 million km3 6 million km3 









1.  Basal Deposits -- meters to hundreds of meters 

 

Image Credit: MOLA Science Team 

North:  basal unit and surrounding polar sand erg (10-50 m high) 
South:  “Dorsa Argenta” formation 

bottom 

top 



Basal Unit 

But how does the 
layer brightness 
relate to material 
content … 
 
How much ice is in 
a bright layer? 



1.  Basal Deposits -- meters to hundreds of meters 

2.  Polar Layered Deposits (polar ice caps) -- kilometers 

 

Image Credit: MOLA Science Team 

North:  basal unit and surrounding polar sand erg (10-50 m high) 
South:  “Dorsa Argenta” formation 

Layers of ice/dust (possibly CO2 clathrate) 
Troughs, scarps, chasmae   
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1.  Basal Deposits -- meters to hundreds of meters 

2.  Polar Layered Deposits (polar ice caps) -- kilometers 

3.  Residual Ices – meters to ten meters 
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North:  basal unit and surrounding polar sand erg (10-50 m high) 
South:  “Dorsa Argenta” formation 

Layers of ice/dust (possibly CO2 clathrate) 
Troughs, scarps, chasmae   

North: water ice; over much of the cap, ~ m thick 
South:  CO2 ice – known from Tsub = 148 K; over small area, ~ 10 m thick 
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1.  Basal Deposits -- meters to hundreds of meters 

2.  Polar Layered Deposits (polar ice caps) -- kilometers 

3.  Residual Ices – meters to ten meters 

4.  Seasonal Ice – centimeters to meters 
 Image Credit: MOLA Science Team 

North:  basal unit and surrounding polar sand erg (10-50 m high) 
South:  “Dorsa Argenta” formation 

Layers of ice/dust (possibly CO2 clathrate) 
Troughs, scarps, chasmae   

North: water ice; over much of the cap, ~ m thick 
South:  CO2 ice – known from Tsub = 148 K; over small area, ~ 10 m thick 

CO2 ice – slab ice deposits 

bottom 

top 



How old are the polar layered deposits? What are their 
glacial, fluvial, depositional, and erosional histories? 

 
 

 - Crater counts – only have remote sensing data 
 

 - Ice flow? Modified only by wind and deposition?  
 

 - Stratigraphy: past atmospheric conditions 
 

 - Astrobiological implications 



What chronology, compositional variability, and record of 
climate change is expressed in the stratigraphy? 

 
 

 - How to date internal layers? 
 

 - Visible stratigraphy vs. radar stratigraphy – what are the layers? 
 

 - Variations in obliquity and cycling of ice from poles to midlatitudes 
 

 - Can we see the same layer in the north and south? 





Image: MOLA Science Team 

North Polar Layered Deposits 



North Polar Layered Deposits 

Byrne (2009) 
 
Interesting structures: troughs, pronounced layers, chasma – 
We don’t see these things in Antarctica or Greenland! 

(i)  smooth layers 
(ii)  fractured 
(iii)  sand-rich unit 



NASA Mars Reconnaissance Orbiter 



North Polar Layered Deposits 

- Extremely regular, linear layered structure 
- Composition: undetermined ratio of dust, ice, void space 
-  Exposed primarily in troughs 

Image Credit: NASA/JPL/MSSS 



Slope failure -- 
dust avalanche 



North Polar shaded relief showing  
exposed layers in troughs on a large  
scale 
 
 
 High resolution camera images  
 resolve small scale layering  
 features in individual troughs 



Holt et al.  
(2010) 

Hypothesis for  
formation of 
Chasma Boreale: 
 
 300 miles long 
 60 miles wide 
 1.2 miles deep 

Present Base 

Unconformity surface 
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Holt et al.  
(2010) 

Present Base 

Deposition 
 
Erosion 
 
Deposition 
 
 
Erosion 
(non-uniform) 
 
 
Deposition 
(non-uniform) 
 
 
Recent erosion 
(steepening slopes) 
 
 

Hypothesis for  
formation of 
Chasma Boreale: 
 
 300 miles long 
 60 miles wide 
 1.2 miles deep 



Troughs 

Curvilinear structures, swirl outward counter-clockwise from the pole 
 
Enhanced steepness with increased latitude not due to latitudinal 
variations in sublimation 
 
Equator facing slopes steeper than Pole facing slopes 
 
 

Pathare and Paige (2005) Fishbaugh and Head (2002) 



Smith and Holt (2010): 
 
New hypothesis that troughs 
are constructional features 
 
- Solar ablation, wind transport, 
and atmospheric deposition 
 
Balance of these processes  
will cause more or less migration, 
deposition, or erosion 
 
 
Traced for upper 600 meters 



South Polar Layered Deposits 

- SPLD to furthest extent ~72° S  
  latitude 
 
- Almost entirely considered  
 layered deposits, not residual cap 
 



Southern  
Residual  
Cap  
(CO2 ice) 

Martian South Polar Cap (Image: NASA/JPL/MSSS) 



North vs. South Layer Comparison 

North        South 

South                                       North 

Images: Malin and Edgett, JGR 2001 



So, where are we at now? 

Mars actually had a dynamic history and processes  
are active today, especially for polar ice 

 - Deposition and sublimation of CO2 
 - Erosion by wind, ablation, and slope failure 
 - On longer timescales ice stability locations change 

Imagery, topography, radar stratigraphy data abundant  
 
New Mars missions providing new information 

There are still big research questions: 
 - history of the polar ice  

   - climate conditions in the past – how warm was it? 
 - cycling of ice from poles to mid-latitudes 


