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Introduction:  The warming early Mars prob-

lem has been a subject of debate for decades.  A 

consensus has yet to be reached regarding the 

warming mechanisms that allowed for fluvial fea-

ture formation to occur.  One school of thought 

suggests early Mars was warmed by a thick 

greenhouse atmosphere, while others suggest that 

early Mars was cold but warmed occasionally by 

impacts or by episodes of enhanced volcanism.  

However, these latter hypotheses struggle to pro-

duce the amount of rainfall needed to form the 

martian valleys.   

Recently, a new warming mechanism has been 

proposed for early Mars to levels that could sus-

tain liquid water long enough to produce fluvial 

features.  Using an energy balance climate model 

(EBM), it has been shown that Mars should oscil-

late between globally glaciated states and shorter 

periods of warmth [1].  The existence of these 

limit cycles forgo the necessity for Mars to exist 

in a warm steady-state in order to produce the 

observed fluvial features.   

Limit Cycling and the Habitable Zone:  The 

role of the carbon-silicate cycle on long term hab-

itability is a concept that has been studied and 

extensively modeled.  Put simply, as planetary 

temperatures decrease, so does silicate weather-

ing.  This causes a negative-feedback, allowing 

the atmosphere to accumulate CO2 which re-

warms the planet.  This in turn increases silicate 

weathering, again cooling the planet.  The feed-

back-mechanism suggests that planets with rela-

tively low solar flux and/or volcanic outgassing 

rates cycle between prolonged periods of glacia-

tion, and shorter warm climatic periods [1].  The 

model used explored these cycling conditions 

near the outer edge of the conventional liquid-

water habitable zone and found that warm periods 

on the order of 10 Myr could have existed on ear-

ly Mars, which could perhaps have allowed suffi-

cient time for fluvial feature formation [1,2].   

 

 

Collision-Induced Absorption:   

In previous model runs using the EBM it was 

found that CO2 by itself is not able to completely 

deglaciate early Mars, so substantial amounts of 

H2 and/or CH4 outgassed into the atmosphere 

were used to increase the greenhouse effect [3].  

However, the concentrations required of CO2, H2, 

and CH4 to produce an effective greenhouse ef-

fect to undergo limit cycling are higher than many 

workers think are reasonable for an early martian 

atmosphere.   

Calculations for collision-induced absorption 

spectra for CO2-H2 have shown that the green-

house effect is further amplified by this interac-

tion, allowing for lower greenhouse gas concen-

trations to be used.  Recently, updated absorption 

coefficients for CO2-H2 have been calculated, 

suggesting an even stronger greenhouse effect 

[4].  Testing these new coefficients with the EBM 

and 1-D climate model may yield sufficient con-

ditions for limit cycling to occur, but with lower 

concentrations of CO2 and H2.  Furthermore, new 

calculations for collision-induced absorption co-

efficients between CO2-CH4 suggest even more 

greenhouse warming, reducing the concentrations 

necessary even further [4].   

Limit cycling offers a plausible solution to the 

warming early Mars paradox.  It allows for liquid 

water to persist for long enough periods of time 

to create fluvial features.  By improving the limit 

cycling model with the new collision-induced 

absorption coefficients, the greenhouse concen-

trations can be lowered to more plausible levels.   
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