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Introduction:  Methane recently detected in 
the Martian atmosphere is generally regarded as 
leaking from a subsurface source. The possibility 
of methane and substantial methane hydrate has 
immense implications for exploration of Mars. 

Methane genisis:  While the exact nature of 
the early Martian climate is unclear, there is 
considerable evidence that the early terrestrial and 
Martian environments shared a number of 
similarities that may have aided the in situ 
synthesis of prebiotic organic molecules and 
eventual emergence of life [1].  If so, then it is 
possible that during the transition to a colder 
surface environment, this early life adapted to a 
subterranean existence where warmer temperatures 
and the potential presence of groundwater enabled 
it to persist to the present day.  

Such life may resemble the anaerobic bacterial 
communities found in the deep biosphere of Earth  
[2,3].  If so, then methane has likely been 
produced in substantial quantities within the 
Martian subsurface [4,5], an expectation that is 
consistent with the origin the vast majority of 
methane produced on Earth, which arises from 
either the metabolism of methanogenic bacteria, 
the decay of organic matter, or from subsequent 
chemical reactions involving the thermogenic 
alteration of coal and petroleum [4,6,7]. 

However, methane may have also been 
produced abiotically – for example, as 
fractionation fractionation product of magma 
crystallization or by the alteration of basalts in a 
subpermafrost aquifer, sequestered from contact 
with the ambient atmosphere by several kilometers 
of ice-saturated frozen ground.  This possibility 
has recently been advanced by Wallendahl and 
Treiman [8], who calculate that as much as 0.2 
bars of CH4 could have been produced if the only 
source of carbon available beneath the permafrost 
was the atmospheric CO2 initially present in the 
crustal pores.  This abiotic production of methane 
would be greatly enhanced if the crust contains 
substantial deposits of carbonate. 

Hydrate stability:  On Earth, methane 
produced in the subsurface is often naturally 
concentrated by buoyant migration and 
confinement beneath low permeability strata and 
ice-sealed traps [7].  On Mars, this potential is 
likely enhanced by the expected widespread 
occurrence of ice-saturated permafrost [4]. 

 

 
Figure 1. Compound Water - Ice / Gas Hydrate 
Cryosphere (Alaska - from drilling data).  After T. 
Collett, U.S. Geological Survey. 

 
The methane trapped in these deposits may 

occur as both gas pockets or, under appropriate 
conditions of temperature and pressure, as a 
hydrate that takes the form of intergrown, poorly-
defined ice-like crystals.  Hydrocarbons (mostly 
methane), as well as other gases, are 
thermodynamically stabilized in gas hydrates by 
hydrogen bonding (Van der Waals weak electrical 
forces) within a cubic crystalline lattice of water 
molecules [9].  Because not all the guest sites 
within the lattice are generally occupied, gas 
hydrates are non-stoichiometric compounds of 
methane and water [CH4 • 6.1 (±0.1%) H2O].  
Hydrate formation concentrates methane by 
forcing the molecules into closely packed lattice 
sites in the hydrate crystals (at a molecular density 
that exceeds that of even liquified methane). 
Typically, 1 m3 of naturally occurring 90% 
saturated methane hydrate contains ~160 m3 of 
methane gas (at STP) and 0.87 m3 of liquid water 
[9]. 

The stability field of methane hydrate is 
constrained by the increase in crustal temperature 
and pressure that occurs with depth.  On Earth, 
hydrate is found in the intergranular pore space of 
rocks and sediments at depths as shallow as 150-
200 m in permafrost regions [10,11], and in the 
low-temperature, high-pressure conditions found 
on the deep ocean floor [12].  Like permafrost, the 
maximum depth at which hydrate remains stable is 
limited by crustal temperature.  The region of the 
crust that satisfies the thermodynamic stability 
criteria for methane hydrate is called the Hydrate 
Stability Zone (HSZ), whose thickness is governed 
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by the magnitude of the local geothermal gradient.  
Beneath this depth, methane persists as a gas. This 
stratification of methane hydrate within the HSZ 
and gaseous methane below, is characteristic of all 
known oceanic hydrate systems on Earth [12]. 
In permafrost regions, methane hydrate and ice 
form a compound cryogenic zone.  At the 200 K 
average surface temperature of Mars, hydrate is 
not stable at less than about 140 kPa [13], which 
corresponds to a depth of ~15 m (assuming an ice-
saturated permafrost density of 2.5x103 kg m-3).  
Given a reasonable estimate of the thermal 
properties of the Martian crust, the base of the 
HSZ should then extend to depths that lie from 
several hundred meters to as much as a kilometer 
beneath the base of the cryosphere.  Thus, the total 
thickness of the Hydrate Stability Zone on Mars is 
likely to vary from ~3-5 km at the equator, to ~8-
13 km at the poles [5]. 

Implications for Mars Exploration:  On 
Earth, hydrate in seafloor sediments and in 
permafrost regions holds as much as 10,000 Gt of 
carbon, which is on the order of twice as much 
conventional gas, coal, and oil, may be sequestered 
in Earth’s natural gas hydrates.  Hundreds of 
millions of dollars are now being spent in learning 
how to obtain the natural gas from the hydrate 
resource. 

The existence of accessible methane hydrate 
on Mars would greatly assist the human 
exploration of the planet, providing many of the 
basic elements necessary for sustaining a long-
term human presence, including: potable water, 
fuel for energy and transport, and industrial 
feedstock [14, 15].   

Thus, the discovery of methane hydrate on 
Mars would provide not only insights into its past, 
but the foundation for its future human 
exploration.  
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