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Reducing greenhouse gases (e.g. H2, 
CH4) as a potential solution to the faint 
young Sun paradox (Ramirez et al., 2014; 
2017; Wordsworth et al., 2017; Turbet et 
al., 2019)

Wordsworth et al. (2017)
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Collision induced absorption (CIA) 
between CO2 and H2 increases IR opacity

High H2 concentrations could raise early 
Mars surface temperatures > 273 K



Mechanisms for producing reducing greenhouse 
gases

Volcanic Outgassing

Serpentinization

Impact degassing 

Ramirez et al., 2014, 2017; Wordsworth et al., 2017; Schaefer and Fegley 2007; Hashimoto 
et al., 2007



Haberle et al. (2017, 2018): Reducing greenhouse gases could 
be synthesized in aftermath of large impact on early Mars



Haberle et al. (submitted, 
GRL)

H2 concentrations high 
enough to induce 
above-freezing surface 
temperatures could 
persist for 100,000+ 
years following a very 
large impact.

Psurf = 1 bar
Dimp = 275 km
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Haberle et al. (submitted, 
GRL)

Impact events are 
infrequent enough 
that the effect would 
not be continuous, 
but cumulatively 
could be significant.



Goal: Explore an early Mars scenario in which 
H2 is produced in the aftermath of an impact 
using a global climate model



NASA Ames early Mars Global Climate Model 
(eMGCM)

3-D model (5 x 6 degree resolution in lat/lon, 24 vertical 
atmos layers) with ARIES dynamical core (Suarez & 
Takacs 1995)

75% of present day solar flux, increased CO2 surface 
pressures

Collision induced absorption (CIA) between CO2-CO2 
(Wordsworth et al., 2010); CO2-H2 (Wordsworth et al., 
2017; Turbet et al., 2019)

CO2 and H2O cycles (bulk cloud condensation, 
sedimentation, radiatively active clouds)

Dust not included here



Model Initial Conditions: 100-km impact in a 2-bar CO2 atmosphere with H2

100-km

PSurf = 2 bar

Segura et al. (2008)



Model Initial Conditions: 100-km impact in a 2-bar CO2 atmosphere with H2

Ejecta has been distributed globally 
(includes Fe from impactor, molten 
rock, water)

PSurf = 2 bar

Segura et al. (2008)



Model Initial Conditions: 100-km impact in a 2-bar CO2 atmosphere with H2

Molten rock has rained out on to surface

Water Vapor 

PSurf = 2 bar

Segura et al. (2008)



Model Initial Conditions: 100-km impact in a 2-bar CO2 atmosphere with H2

PSurf = 2 bar

Water Vapor 

Hot (1600 K) debris 
layer 2.23 m thick

Segura et al. (2008)

Warm atmosphere
Tsurf = 700 K



From Segura et al. (2008):

● Hot (1600 K) subsurface layer 2.23 m deep
● Hot atmosphere following moist adiabatic temp profile with Tsurf 700 K

Calculated here:

● From 1.75 m of water (global equivalent layer; Segura et al., 2008), and assume all Fe 
delivered by 100-km diameter impactor that is 30% Fe by mass (high for H-type ordinary 
chondrites, Kallemeyne et al. 1989)

Fe + H2O → H2 + FeO

● 0.5544 m of water (global equivalent layer) initialized as vapor
● H2 molar mixing ratio 0.054

Infinite water source at north pole (running with present day Mars obliquity)

Model Initial Conditions: 100-km impact in a 2-bar CO2 atmosphere with H2







Fractional Habitability (ft): 
fraction of time over one year in which 273 K < Tsurf < 373 K

Spiegel, Menou, Scharf (2008)
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Asymmetry due to Mars’ topographic dichotomy 



Fractional Habitability (ft): 
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Earth today 
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Summary
● Hypothesis: large impacts that lead to reducing greenhouse gas production might 

induce partially habitable conditions episodically during Mars’ first billion years.

● Following a 100-km diameter impact in a 2-bar CO2 atmosphere, we simulate a short 
period with meters of rainfall (~2 years) followed by a long warm period

○ Assumes Mars had a massive CO2 atmosphere and ideal post-impact conditions to produce H2 
such that warming from CO2-H2 collision induced absorption is significant 

○ Future work: explore sensitivities to cloud microphysics that might affect precipitation, estimate 
erosion rates and clay formation rates
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Questions for this group
● To what extent could a large (100-km diameter) impact sterilize the surface/subsurface?

● How might the episodic nature of this mechanism affect the ability of life to begin or 
thrive? 

● Would life already need to be around to recolonize a newly habitable environment that 
might be induced by an impact? How close by does life need to be?



Surface temperatures remain warm while precipitation rates 
sharply decline after first few years



Fractional Habitability

Earth today 
(Spiegel, Menou, Scharf, 2008)
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