
 The climate of early Mars has been debated for at 
least the past 30 years. Nearly all researchers agree that 
the martian valleys and valley networks were formed by 
running water 
 
 Debate has persisted as to how warm the surface must 
have been to form these features and how long this warmth 
must have lasted  
 
 The widely cited impact hypothesis (Segura et al.,2002; 
2008) suggests that large impacts occurring during the 
Heavy Bombardment Period could have heated the surface 
for brief intervals and that the valleys were formed by the 
ensuing water that rained out 
 
 Other workers have pointed out that the valleys are 
more extensive than originally realized, and Hoke et al. 
(2011) have argued that the amount of time and surface 
runoff needed to form them was much larger than Segura 
et al. (2008) assumed 
 
Even though the early martian climate was probably warm, 
all previous 1D CO2 and H2O climate models have been 
unable to produce above-freezing surface temperatures 
because of a combination of CO2 condensation and 
Rayleigh scattering 
 
 The recent study by Ramirez et al. (2014) is the first to 
demonstrate a feasible warm and wet greenhouse solution 
for early Mars 
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The presence of valleys on ancient terrains of 
Mars suggests that liquid water flowed on the 
surface ~4 Gyr ago. The above-freezing 
temperatures required to explain valley formation 
could have been transient or they could have 
been caused by long-lived greenhouse warming. 
Our 1-D climate model calculations demonstrate 
that an atmosphere containing 1.3 – 4 bar of CO2 
and water, in addition to 5–20% H2, could have 
raised the mean surface temperature of early 
Mars above freezing. A dense early atmosphere 
is consistent with the recent Kite et al. study 
based on cratering data. 

 1-D cloud-free radiative convective climate model 
 

 A delta two-stream approximation parameterizes gaseous 
absorption across 38 solar intervals and 55 infrared intervals 

 
 A time-stepping routine is used that iterates until: 

 Absorbed and emitted fluxes in the stratosphere are 
balanced 

 Surface temperature converges to a steady state value 
 

 New HITRAN 2008 coefficients for CO2 and HITEMP 2010 
coefficients for H2O were derived 
 

 The BPS continuum of Paynter and Ramaswamy (2011) is 
employed for the far wings of H2O. This replaces Roberts 
(1976) 
 

 The Gruszka-Borysow-Baranov (GBB) parameterization is  
used for CO2-CO2 collision-induced absorption (CIA) 
 

 The H2-N2 CIA data of Lothar and Frommhold (1986) are used 
as a proxy for H2-CO2. Self-broadening by H2-H2 pairs follows 
Borysow (2002) 
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•The abundance of fluvial features suggests that early Mars (3.8 Ga) was once a warm, 
wet place 

•In contrast to Segura et al. (2002;2008), Hoke et al. (2011) show that voluminous 
amounts of water over long time scales are required to form the ancient valley networks 

•Early Mars could have been warmed with a combination of CO2, H2O, and H2 

•Future work requires a 2-D hydrodynamic model that includes spherical geometry 

•Treatment of magnetic fields would require a 3-D model 

 

ARE HIGH H2 AMOUNTS POSSIBLE? 

The relationship between mantle fugactiy (fO2) and the outgassing pressures of H2 and 

H2O, respectively is: 

  

 

 

But Mars’ mantle may be up to 5 orders of magnitude more reduced than Earth’s (Grott 

et al., 2011),  so much more H2 can be outgassed. 

Fig. 3: Surface temperature and planetary albedo as a function of 

surface pressure for two 95% CO2, fully-saturated early Mars (S/So = 

0.75) atmospheres containing (a) 5% N2, (b) 5% H2, and (c) 5% H2 with 

a relative humidity of 50%. Six solar zenith angles were used.  

Fig. 4: Emission spectrum for a 2-bar early Mars (S/So = 0.75) atmosphere containing 95% 

CO2 and 5% N2 (blue), 95% CO2 and 5% H2 (red), or 80% CO2 and 20% H2 (green). The 

surface temperature is 273K, and the stratospheric temperature is fixed at 167 K. Adding 

5% and 20% H2 reduces the outgoing infrared flux by ~6 W/m2 and 22 W/m2, respectively.   
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General guidelines 
 
These templates are fully editable.  They are created at various 
percentages of the final printed size.  We will use this page size 
(100%) for a 24x36 inch poster, 150% of this page size for a 
36x54 inch poster, and 200% of this page size for a 48x72 inch 
poster.  Viewing the poster on the screen at the above 
(underlined) magnifications (“view” menu…then “zoom”) will 
give you a feeling for the final appearance even though you will 
only be able to see a fraction of the entire poster.   
 
Text sizes and fonts may be freely changed, as can sizes, 
colors and shapes of text and figure boxes. Click to select the 
box and then drag to reposition.  Once the boxes are selected, 
they can be resized and reshaped by clicking and dragging the 
selection handles.  Any text within will automatically reformat to 
fit the box.  The text size will not change.  Pictures within boxes 
however will be distorted when resizing unless they are resized 
from the corner selection points while holding the shift key 
down.  After filling the boxes with your data, remove the red 
“xx”.  Text boxes will adjust to fit the new size.  The surrounding 
lines may be kept or changed in size, type or color.  They can 
be deleted by selecting “no line” in the “format” colors and lines 
menu. If you intend to fill the boxes with a color, make it light so 
that the dark colored text is not overpowered.   
 
Text sizes should be no smaller than ¼” or 24 point at the final 
magnification.  That is, if you are using a template which will be 
enlarged at 100%, use a minimum of 24 point type.  If it will be 
enlarged at 200%, use a minimum of 12 point type. 
 

Importing data from other programs:    
 
Excel- select the chart, then “edit…copy”, and then 
“edit…paste” into your poster. The chart can be resized as 
needed.  The chart can be “ungrouped” for editing once it is in 
PowerPoint. 
 
Word or existing PowerPoint slide file- select the text to be 
brought into poster, choose “edit…copy”, then “edit…paste” the 
text into a new or existing text box on your poster. Then you 
may edit your text at will. 
 

Pictures and fonts: 
 
Scans-Images need to be greater than 85 dpi in their final 
printed size, in order to avoid visible pixelation.  (See the 
scanning table in our website “poster creation” page). 
 
Picture files-Select “Insert…picture…from file” from your 
PowerPoint menu.  This will paste the picture file into your 
poster.  Resize as needed.  Use only “JPEG” or “Tiff” files for 
your poster inserts.  
 
Fonts- If you do not use common fonts (ie. Arial, Times New 
Roman, Symbol, etc. on the PC, Helvetica,Times, Symbol, etc. 
on the Mac), you need to tell us.  We have most fonts, but if 
you are using one we do not have, it will not print properly.  We 
will ask you to send us that particular font file.  Simple 
procedure…we will walk you through it. 
 
This box may be left or deleted when you have finished using it.  
It will not print on the poster. 

Fig. 1:Mean surface temperature as a function of surface pressure for a fully saturated (95% 

CO2, 5% N2) early Mars atmosphere at different solar insolation levels. The assumed surface 

albedo is 0.216.  

Fig. 2: Surface temperature (a) and planetary albedo (b) as a function 

of surface pressure for different early Mars atmospheric compositions.  
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• Grott et al. (2011) argued that C would have remained in graphite form and not 

outgass as CO2 in a very reduced early Mars atmosphere 

• However, C would have likely outgassed as Fe-carbonyl (Fe(CO)5) + minor CH4 and 

then get oxidized to CO2 (Wetzel et al. 2012) 

DEGASSING OF CARBON 

http://www.nature.com/ngeo/journal/vaop/ncurrent/full/ngeo2000.html#contrib-auth

