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Introduction:  Being a potential biosignature, de-

tection of methane on Mars has been pursued vigor-
ously. There is an apparent discrepancy between the 
newly acquired TGO data, which show no methane on 
Mars, and seven years of MSL data, which show a low 
background level of methane and occasional spikes. 
Here we discuss the potential role of surface oxidants 
to reconcile the difference. In particular, we propose a 
hypothesis of fast destruction of methane near the sur-
face of Mars.  

Methane by MSL:  The Tunable Laser Spectrome-
ter (TLS) of the Sample Analysis at Mars suite (SAM) 
on the Curiosity Rover of the Mars Science Laboratory 
(MSL) has carried out in situ measurements of me-
thane at the surface of Mars since the rover landed in 
Gale Crater in August 2012 [1,2]. Initially, measure-
ments were done by directly ingesting Mars air. A 
cluster of 4 spikes averaging 7 ppbv was detected with-
in a period of 2 months from November 2013 to Janu-
ary 2014, and a lone spike of about the same magni-
tude was recorded four months earlier on 16 June 
2013, which was absent when the next observation was 
done a week later. As no measurements were done 
over the 4-month span between the June spike and the 
set of 4 spikes starting November 2013, we cannot be 
certain whether spikes came and went during that time. 
Using a spot-tracking mode and by binning hundreds 
of spectra, Planetary Fourier spectrometer (PFS) on 
Mars Express confirmed the 16 June 2013 spike rec-
orded previously by TLS-SAM [3]. PFS did not ob-
serve Gale during times of other spikes recorded by 
MSL.	Beginning in March 2014, the Mars air sample 
delivered to the TLS was pre-enriched in methane by 
SAM that scrubbed CO2 and H2O from the sample, but 
not CH4, resulting in a factor of ~25 increase in the 
methane abundance analyzed by the TLS. These data 
yield a precise measurement of methane, which shows 
a low background level of methane at Gale Crater, 
averaging 0.41 ± 0.16 ppbv, and showing a strong sea-
sonal variation ranging from 0.24 to 0.65 ppbv.      

Methane by ExoMars:  The ACS and NOMAD 
instruments onboard ESA’s ExoMars Trace Gas Orbit-

er (TGO) have searched for methane on Mars using a 
highly-sensitive solar occultation mode. The early re-
sults from April to August 2018 detect no methane, 
giving an upper limit of 0.05 ppbv [4], which is at least 
a factor of ten lower than the MSL result. The best 
results from TGO are above 5 km altitude and in high 
northern latitudes. Because of the constraints of solar 
occultation geometry, observations covering Gale 
Crater are not yet available. Nevertheless, it appears 
there is a discrepancy between the TGO and MSL re-
sults on methane.  

ExoMars-MSL Methane Dilemma:  At first 
glance, it could be argued that since TGO and MSL are 
sampling two different altitude regimes, and in differ-
ent locales, differences between their methane results 
can be a real possibility. However, when one considers 
that the time for vertical mixing can be as short as 1 
day (and up to 10 days, depending on the strength of 
vertical mixing), TGO should be detecting approxi-
mately similar abundance of methane as MSL detects 
at the surface. It would be especially true if there are 
distributed sources of methane like Gale Crater scat-
tered all over Mars, considering that meridional mixing 
would spread methane over the planet in about 3 
months, and the photochemical equilibrium lifetime of 
methane in the atmosphere of Mars is about 350 years 
[5].  That poses a dilemma – how to reconcile the MSL 
and TGO results. 

Surface Oxidants to Reconcile the Methane Di-
lemma:  A plausible scenario involves rapid removal 
of methane near the surface of Mars. The mechanism 
does not operate on Earth, nor is it expected to, allow-
ing atmospheric photochemistry alone to control the 
10-year lifetime of methane in the Earth’s atmosphere. 
Laboratory experiments relevant to Mars have previ-
ously suggested methane can be sequestered in activat-
ed quartz grains produced by wind erosion process [6], 
but it is not evident whether it is a temporary storage 
and whether the process can be efficient close to the 
surface of Mars, where the average winds speeds (few 
m/s) are relatively low. On the other hand, chemical 
removal of methane near the surface is a real possibil-
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ity. Hydrogen peroxide (H2O2) and perchlorates 
(ClO4−) are potent oxidants implicated in the destruc-
tion of surface organics on Mars. They could also de-
stroy atmospheric methane. Loss of methane by “chlo-
rine” from perchlorates would result in chlorine-
bearing molecules in the atmosphere, which have not 
been detected even at 0.1 ppbv levels. Though H2O2 
does not directly destroy methane, highly reactive su-
peroxides resulting from it such as HO2 and O2

− can 
[7,8]. Instruments to detect H2O2 in the surface/regolith 
of Mars have not yet flown, but it is expected to be 
present there. Low levels of H2O2 up to 40 ppbv have 
been detected in the atmosphere of Mars [9]. Moreo-
ver, electrochemistry models predict large production 
of H2O2 by triboelectric process in convective dust 
events on Mars [7,10], and laboratory experiments 
confirm the validity of the process [11]. Upon diffu-
sion into the regolith, the H2O2 concentration would 
build up [12]. Subsequent mineral reactions and radi-
olysis ground-penetrating galactic cosmic rays are ex-
pected to produce abovementioned superoxides from 
H2O2. 

It has been suggested previously that any methane 
produced by biology or geology on Mars may be 
stored in subsurface reservoirs as clathrates [13]. When 
that methane is released, the same process is likely to 
trigger the release of oxidants and associated products 
including superoxides along with it. The ensuing fast 
reactions would result in a rapid destruction of me-
thane close to the surface, before it has a chance to mix 
vertically and globally. Thus, the low background level 
of methane detected by SAM’s TLS instrument sug-
gests a continuous source associated with continuous 
removal of methane at a rapid rate.  As the proposed 
destruction of methane on oxidants takes place near 
surface, TGO may not detect the methane that MSL 
records at the surface. 

Caveats and Future Work: Finally, it important 
to remember that it is too soon to conclude from the 
limited set of TGO observations over only a fraction of 
one Mars year that there is no methane anywhere, any-
time on Mars. Should TGO detect large concentrations 
of methane sometime in the future, the above mecha-
nism of loss of methane on oxidants near the surface 
may be slow to act. The oxidant hypothesis presented 
here would greatly benefit from relevant laboratory 
simulations, and measurements of H2O2 and superox-
ides in the surface/regolith as well as atmospheric elec-
tric fields on future Mars missions.                
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