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Introduction: Gas hydrates are gas molecules sur-

rounded by a cage of water ice. They form under high 
pressures and low temperatures.  Gas hydrates have 
been recognized  as a possible source for green house 
gases which can drive climate changes on Earth and 
Mars [1]. The impact of gas hydrates on planetary at-
mospheres, and hence climate change is still poorly 
understood due to inaccurate and imprecise estimates 
of the size and distribution of hydrate reservoirs as 
well as the rates of hydrate formation and dissociation.  

One possible source for methane on Mars is the 
dissociation of methane hydrates.  These methane 
plumes have been observed remotely, both from Earth 
and from Mars orbit.  Formisano et al. [3] used the 
Planetary Fourier Spectrometer (PFS) on the Mars 
Express spacecraft to measure the amount of methane 
present in the atmosphere. Mumma et al. [2] described 
the magnitude and size of methane plumes on Mars 
using ground based telescopes.   

This work aims to summarize the rates for methane 
hydrate dissociation in the literature and determine if 
dissociation of methane hydrate reservoirs could pro-
vide fluxes of methane comparable to seasonal me-
thane plumes observed by the Mars Express PFS [3] 
and Earth-based telescopes [2].   

Literature Rates: Literature rates of hydrate for-
mation and dissociation span several orders of magni-
tude. Several factors may affect clathrate formation 
and dissociation kinetics including pressure, tempera-
ture, composition of the gas, and reaction mechanism. 
Table 1 sumarizes methane hydrate dissociation  rates 
collected from various literature sources. 

Feasibility Calculations:  Dissociation rates from 
the literature were compared to plume observations 
reported by [2] to test the feasibility of methane hy-
drate dissociation as a source for recent plumes ob-
served on Mars.  Since the rate data reported in the 
literature were measured over a limited temperature 
range (258-277K), rates of hydrate dissociation were 
extrapolated to lower temperatures (200-270K), rele-
vant to the surface of Mars using a variation of the 
Arrhenius equation: 
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where k1 and k2 are rate constants, Ea is the activation 
energy in J/mol, R is the gas constant with a value of 
8.314 J/K mol, and T1 and T2 are temperatures of rates  

k1 and k2 (respectively) in K.  Two different activation 
energies, 20.1 kJ/mol [8] and 59.8 kJ/mol [9] were 
used.  These two values represent the minimum and 
maximum activation energies in the literature for the 
range of temperatures being investigated. The results 
are shown in Figure 1.  
 
Table 1.  Methane hydrate dissociation rates and dif-
fusion coefficients from the literature 
T (K) P 

(MPa) 
k Source 

276.65 10.48 0.34-0.4x10-3 
mol/m2s 

[4] 

272.65 0.1 1.70x10-13 m2/s [5] 
271.15 0.25 6.70x10-14 m2/s  [5] 
268.15 0.5 2.90x10-14 m2/s [5] 

270 6 7.5x10-2 m2/s [6] 
268 6 7.44x10-2 m2/s  [6] 
263 9 7.31x10-2 m2/s  [6] 
263 3 7.31x10-2 m2/s  [6] 
263 6 7.31x10-2 m2/s  [6] 
258 6 7.17x10-2 m2/s  [6] 
267 0.1 1x10-5-3x10-6 

mol/m2s 
[7] 

 

Figure 1.  The temperature-rate constant relationship 
plotted for two different activation energies from the 
literature. 

 
Plume Footprint: Using these calculated rates, we 

determined the minimum methane hydrate source 
footprint needed to produce the observed methane 
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plumes based on the minimum and maximum rate con-
stants calculated from the data taken from [4] and [7].  
Sun and Chen did not report an experimental surface 
area so an area of 1 m2 was assumed.  Mumma et al. 
[2] reported a total  of 1.17x109 mol methane released 
in the plume.  Assuming a release period of 120 days 
and a maximum footprint of 5.56x105 km2, the rate of 
methane released over the footprint was found to be 
2.03x10-10 mol/m2s.  Using the same quantity of me-
thane released over the same time period and the min-
imum and maximum rate constants calculated above 
for both activation energies, the methane hydrate foot-
print needed for the same plume release was calcu-
lated.  These results are reported in Table 2 below.   
 
Table 2.  Minimum and Maximum rates and  foot-
prints calculated from [4] and [7]. 
Ea (kJ/mol) 20.1 [8] 58.9 [9] 
Rehder et al.  [4 ]  
Minimum rate (200K) 8.64x10-5 5.2x10-6 
Maximum  rate (270 K) 3.4x10-4 2.8x10-4 
Maximum footprint (km2) 1.3 21.7 
Minimum footprint (km2) 0.33 0.4 
Sun and Chen [7 ]  
Minimum rate (200K) 1.74x10-6 1.37x10-7 
Maximum  rate (270 K) 6.79x10-6 7.39x10-6 
Maximum footprint (km2) 64.85 823.7 
Minimum footprint (km2) 16.62 15.27 

 
Conclusions:  The rate of methane release  calcu-

lated from the values reported by Mumma et al. [2] 
was orders of magnitude lower than the minimum rate 
constants calculated from the literature, even when the 
effects temperature were taken into account.  The foot-
print described by Mumma et al. [2] is six orders of 
magnitude larger than the footprints calculated using 
the literature rates. Therefore, dissociation of relatively 
small localized methane hydrate reservoirs could re-
lease methane at rates necessary to form 20-50 ppb 
seasonal methane plumes on Mars.  
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