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Introduction:  Trace gases in the atmosphere of 

Mars can be signatures of subsurface activity, either 
geological or biological in character. If such a gas has 
a distribution with a local maximum over some part of 
the surface, this distribution may be the result of a 
plume of gas that has been released from a surface 
location. Located below the surface source might be a 
subsurface habitable zone or even an oasis of life. 

The interpretation of observations of localized at-
mospheric trace gas distributions in terms of identify-
ing where on the surface the gas is released requires 
use of a Mars-specific general circulation model 
(GCM). The redistribution of gas due to the global 
circulation can lead to the observed plume maximum 
concentration being distant from the surface location 
from which the gas was released. 

With an understanding of how the global circula-
tion influences the distribution of trace gases released 
from a specific point of the surface, the recently re-
ported observations of atmospheric methane [1] have 
been simulated using the MarsWRF GCM. The analy-
sis suggests that these observations are best fit with a 
source that is east of the observed methane maximum 
distribution. The methane was released over an ex-
tended latitudinal range (~60-80° latitude spread) and 
released quite near to the time of the observations 
(perhaps as short as 12 hours prior). 

Behavior of Plumes in the Martian Atmosphere:  
The dispersal of gas released from a location on the 
Mars surface was simulated using the Cal-
tech/JPL/Cornell MarsWRF GCM [2]. The dispersal of 
the plume by model numerical diffusion (a common 
model artifact) has been minimized by running the 
model at 1.25° x 1.25° resolution (288 x 144 grid 
points yielding ~75 km resolution at the equator). 

Some basic concepts about the behavior of a gas 
plume in the Martian atmosphere were explored. The 
global circulation is so strong that gas redistribution by 
small-scale diffusive transport is minimal. Whether gas 
is released close to the surface or injected higher into 
the atmosphere, the nature of the resulting plume is 
quite similar. If the gas is released slowly over an ex-
tended period of time, the local maximum in the plume 
distribution will be “locked” to the surface source loca-

tion. However, if all the gas is released practically in-
stantaneously, then the maximum in the observed 
plume distribution can be offset from the surface re-
lease location to a substantial degree. In addition, the 
intensity of a plume resulting from a single outburst 
rapidly diminishes as the plume is dispersed. After as 
few as 20 sols, a plume can dissipate, becoming indis-
tinguishable against the background global distribu-
tion. The gross shape of a plume can be quite different 
depending on where on the surface gas is released, and 
the distribution can be affected by topography to a 
significant extent.  

Simulating the Observed Methane Distribution:  
The observations of atmospheric methane reported by 
[1] provide both a distribution with latitude and a two-
dimensional (lat/lon) plume ’map’. These data serve as 
the reference for identifying the nature of the source of 
this plume. 

A range of parameters were explored with tracer 
calculations within the MarsWRF GCM: the duration 
over which gas was released, where the gas was re-
leased, and when the observed gas was released. 

For a methane atmospheric loss timescale longer 
than a few hundred sols, within the suggested range of 
[1], and a release <100 sols prior, little of the methane 
will be chemically decomposed, so the observations 
will have detected all the gas that was released. There-
fore we used the deduced abundance of 1.87 x 107 kg 
[1] as a constraint for the amount of gas released. 

However, with this constraint, we cannot reproduce 
the observed peak abundance with anything other than 
a single short-lived burst emission. Moreover, the lati-
tudinal width of the plume requires an extended source 
on the scale of the observed plume. Smaller release 
regions do not simultaneously provide the latitudinal 
extent and signal strength seen by [1]. Finally, because 
the source is a burst, the location of the maximum 
abundance is advected steadily west of the surface lo-
cation from which the gas was emitted. 
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