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Introduction:  The recent detection of methane in 

the Martian atmosphere (Muma et al., 2004; Kras-
nopolsky et al., 2004; Formisano and Cottini, 2004) 
has led to considerable speculation regarding the na-
ture of its source.  Methane can originate from both 
biotic and abiotic processes, the most plausible sources 
being emissions from subsurface methanogens or re-
cent volcanic activity (Fisk and Giovannoni, 1999; 
Wallendahl and Treiman, 1999; Max and Clifford, 
2000; Krasnopolsky et al., 2004).  The need for recent 
activity is because the photodissociation of atmos-
pheric methane by solar UV limits its lifetime to only 
340 yrs.  Thus, for methane to be detectable today, 
some process for its active replenishment must exist 
(Krasnopolsky et al., 2004).   

Observations by the Planetary Fourier Spectrome-
ter (PFS) onboard ESA’s Mars Ex-press spacecraft, 
suggest that the concentration of methane and water 
vapor in the lower atmosphere are both correlated and 
enhanced in three broad equatorial regions -- Arabia 
Terra, Elysium Planum and Arcadia-Memnonia 
(Formisano and Cottini, 2004).  This association is 
interesting in that these regions appear to correspond 
to areas where the Gamma-Ray Neutron Spectrometer 
onboard NASA's Odyssey spacecraft has detected a 
local enrichment in the abundance of hydrogen in the 
top meter of the regolith (possibly in the form of ice), 
an observation that Formisano and Cottini (2004) sug-
gest may be indicative of a common subsurface source. 

A possible explanation for the apparent association 
of atmospheric methane and water vapor is that it may 
result from the decomposition of a subsurface ice-like 
compound known as methane hydrate.  Gas hydrates 
(also known as clathrates) can form when molecules of 
methane (and other gases, like CO2 and H2S), are con-
centrated under condi-tions of high pressure and low 
temperature in the presence of H2O – where they can 
become trapped in the crystalline cages formed by 
water ice molecules.  Such conditions might conceiva-
bly result from the presence of methanogens in sub-
permafrost aquifers, whose gas emissions, confined by 
the cryosphere, could yield methane hydrate in con-
cen-trations ranging from a dispersed contaminant to 
massive deposits (Max and Clifford, 2000).  In this 
regard, the stability field of methane hydrate extends 
from ~15 m beneath the Martian surface (correspond-
ing to a confining pressure of ~140 kPa, at 200 K), to a 

maximum depth of as much as much as a kilometer 
below the base of the cryosphere. 

Alternatively, atmospheric methane might also 
originate from direct emissions from the subsurface via 
pathways associated with local thermal anomalies, 
such as those which occur on the Earth’s seafoor.  
Wood et al. (2004) describe modeling of heat flux at 
fluid and gas seep localities in the northern Gulf of 
Mexico.  The seeps, which are associated with low 
upwelled mud mounds and circular depressions 200 
and 500 m across, are associated with mounds and 
pockmarks in the Atwater Valley at about 1300 m wa-
ter depth.  Heat flow gradients in the deepest measured 
sections indicate that advection has been minimal for 
at least several decades.  The presence of free gas be-
low the mounds is interpreted from seismics to be from 
60-70 mbsf while the top of free gas away from the 
mounds that hosted the seeps is on the order of 200-
300 mbsl.  The top of the gas defines the base of the 
hydrate stability zone, within which natural gas, prin-
cipally methane, is found in the form of gas hydrate.  
Upwelling of the gas and fluid has altered the local 
thermal strcuture of the crust, ‘pulling up’ the base of 
the gas hydrate stability zone in the immediate subsur-
face below the seep as the warmer deep fluids and gas 
(which drives the buoyancy of the fluid) ascend.   

Geothermometry of the seafloor and heat flow 
measurements have identified clear thermal anomalies 
associated with fluid and methane venting in the north-
ern Gulf of Mexico (Hagen et al., 2004) and off the 
coast of Chile (Gardner et al., 2004).  Measurements 
showed seafloor temperatures near the vents that were 
elevated by up to 0.3 °C relative to the surrounding 
seafloor, while heat flow values of around 160 mW/m2 
at one location and 132 mW/m2 at another, are much 
higher than the usual 40 – 50 mW/m2 values of the 
surrounding sediments.   

The heat transfer conditions at the seafloor loca-
tions (seafloor temperatures below 4 °C) are consid-
erably different from the heat transfer conditions that 
are likely exist on Mars.  Nonetheless, it may well be 
that crustal thermal anomalies on the order of up to 
several hundred meters across and on the order of 
0.25°C may exist on Mars in the vicinity of methane 
seeps. 

The presence of such anomalies may be identified 
by high-resolution thermal mapping of the planet’s 
surface – potentially occurring in association with 
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pockmarks and faults.  Faults or pillar seeps would 
provide the structural breaks through which fluids and 
gas could propagate, and buoyancy from the gas could 
provide a substantial upward driving force far in ex-
cess of normal percolation.  Near the locations of the 
most active seeps on Mars, the subjacent geothermal 
gradients can be expected to be greatest, as they are on 
Earth.  The shallowest deep biosphere on Mars may be 
found in these seep-related thermal domes. 
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