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Introduction:  Recent detections of trace gas con-
centrations  in Mars’ atmosphere at wavelengths con-
sistent  with  methane  (CH4)  [1,2,3,4]  raise  intriguing 
questions about the source(s) of that gas, and the de-
sire to more strictly constrain the specific gas(es) being 
detected. Questions regarding the identification of the 
gas as CH4 are raised by the rapid (< 1 terrestrial year) 
‘destruction’ (removal from the atmospheric column) 
lifetime of the gas. We are using numerical atmospher-
ic modeling to investigate surface source magnitudes 
(and spatial and seasonal extents) consistent with the 
observed gas concentrations, destruction times that can 
reproduce  the seasonality  of  the  observed  gas  abun-
dances, and other thermodynamic characteristics of the 
Mars  atmosphere/surface  system  that  might  aid  in 
identifying the gas(es) being detected.

Background:  CH4  (or a gas with a similar spectral 
signature) was first detected in the Martian atmosphere 
in 2004 [2,3] from both ground based and spacecraft 
observation.  Krasnopolsky et al. (2004) estimated an 
atmospheric column mixing ratio of ~10 parts per bil-
lion (ppb). Formisano et al. (2004) determined mixing 
ratios varying between 0 and 30 ppb over the planet, 
with an average of 10 ppb during the period of obser-
vations (January to May 2004). 

Mumma et al. (2009) have more recently detected 
spectral features consistent with CH4 via ground based 
observations and conclude that the magnitude of CH4 

abundance changes on a seasonal timescale (observa-
tions at Ls 17°,  121°, and 155°) and is spatially vari-

able. Their maximum mixing ratio values (~45 ppb at 
Ls 155°) exceeded the values estimated by [2] and [3] 

(Figure  1).  The  observations  of  [2]  were  from early 
northern summer, when [1] estimates the source to be-
gin  seasonal  activity.  The  observations  of  [3]  span 
northern  mid-winter  to  mid-spring,  when  [1]  deter-
mined a mixing ratio of a few ppb. 

Fonti and Marzo (2009) have recently investigated 
three Martian years of MGS TES spectra to reveal a 
temporally  and  spatially  variable  spectral  feature  at 
1306 cm-1 (7.6 μm), coincident with CH4 bands. Their 
results span a wider seasonal range than those of [1], 
and are globally extensive, but also suggest a northern 
summer maximum in gas abundance. These observa-
tions  also  suggest  that  the  detected  gas  has  a  much 
shorter lifetime in the Martian atmosphere (~0.6 terres-
trial years) than is expected if destruction (of CH4) is 
due to photochemistry alone (~350 years).

GCM  Simulations:  Lefevre  and  Forget  (2009) 
have investigated the photochemical  destruction time 
of  a  trace gas  using a highly localized and  sporadic 
CH4 source using within simulations  conducted  with 
the  Laboratorie  de  Meteorologie  Dynamique  global 
climate model (GCM). They use episodic releases last-
ing  60  sols,  and  show that  the  spatial  and  temporal 
variability  in  the  observations  cannot  be  reproduced 
without a much shorter atmospheric lifetime. They de-
termine that an atmospheric lifetime of less than 200 
days  is  necessary  to  reproduce  the derived  temporal 
variability of gas abundance. 

Our work: We are using the NASA Ames GCM 
(Version 1.7.3) to constrain the magnitude, spatial ex-
tent, and duration of a surface trace gas source, and the 
destruction (‘loss’) rate of that gas, required to repro-
duce the observations of [1] and [4].  

Mumma et al. (2009) proposed that a surface CH4 

source magnitude of 0.6 kg s-1 and a source ~1013 km2 

in extent centered in Syrtis Major could, under condi-
tions of diffusive mixing, ‘fill’ their observed plume in 
an appropriate time interval. Simulation results (Figure 
2) with those source specifications  produced column 
gas mixing ratio values more than one order of magni-
tude less than detected  by [1].  This result  arises  be-
cause the simulated advection of the introduced gas is 
much  more  efficient  (gas  is  more  rapidly  dispersed 

       Figure 1: Derived mixing ratio latitude pro-
files from the observations of Mumma et al. 2009
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away from the source region) than the diffusion coeffi-
cient suggested in [1]. A source magnitude ~30 times 
more intense is required to produce column abundance 
values  that  agree  with  those  of  [1]  (Figure  2).  This 
same source magnitude also produces column mixing 
ratio patterns globally which are in reasonable agree-
ment with those of [4], except for their preferred Thar-
sis source region.

The destruction mechanism for  this trace gas has 
not been determined. Comparisons of simulations us-
ing less or more intense sources  and sinks (as an e-
folding time) have been made. Further simulations in-
cluding different destruction mechanisms such as sur-
face  or  airborne  dust  interactions  and  condensation 
will be made.

The seasonal time of source activation can be con-
strained by [1] and [4] to initiate after Ls 17° but prior 

to  early  northern  summer,  and  to  persist  at  least 
through middle northern summer.  Additional  simula-
tions will determine when the source activity must be-
gin and end in order to agree with all observations. 

 From  the  model,  we  determine  the  parameters 
which  describe  the  behavior  of  the  gas.  These  con-
straints can show whether the observations can realisti-
cally  be  CH4,  which  would  require  destruction  pro-
cesses  much  more  robust  than  photochemical  life-
times, or whether it must be another gas with different 
removal processes.
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Figure 2: Dashed lines: 0.6 kg s-1 source magnitude 
(peak of few ppb), solid lines: 18 kg s-1 source mag-
nitude. Both have a 0.6 year destruction time
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