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Molecule Methane 

Elements 
present 

Carbon, Hydrogen 

Molecular 
formula 

𝐶𝐶𝐶𝐶4 

Molecular 
weight 

16.0425 amu (National 
Institute of Standards and 
Technology, 2017) 

Structure 

Image 
source: 
Ball, D., 
Hill, J., and 
Scott, R. 
(2011). 

Tetrahedral pyramidal (The 
Editors of Encyclopedia 
Britannica, 2018) 

Melting 
point 

-182° Celsius (The Editors of 
Encyclopedia Britannica, 

2018) 

Boiling 
point 

-162° Celsius (National 
Institute of Standards and 

Technology, 2017) 

Bonding 
Structure 

Covalent, single C-H bonding 
(The Editors of Encyclopedia 

Britannica, 2018) 

 

Just as the Moon was the scientific frontier of the twentieth century, Mars is proving to be the 
challenge of the twenty-first. The forefront of this research focuses on the atmospheric 
composition of the planet, particularly whether the methane molecule is present (Clark, 2014). 
Atmospheric analysis provides information not only about Mars, but about the evolution and effect 
of an atmosphere on a planet (Clark, 2014). The nature of the atmosphere is also an indicator of 
the presence of life, given it regulates temperature, minimises radiation, and provides the 
chemical components to sustain life (Seeds, 2001). Experiments conducted in the 1950s by 
Harold Urey and Stanley Miller demonstrated that a combination of methane, ammonia, and 
water vapour formed amino acids (complex organic molecules able to form proteins) when 
subjected to lightning (Clark, 2014). These results were astounding, elucidating the impact of a 
favourable atmosphere on the creation of life, suggesting methane may precede life (Clark, 
2014). Hence, we look to the Martian sky for these clues. Methane dominates the discussion 
here, as 90% of the methane in our atmosphere has biotic origins, prompting scientists to link the 
presence of methane in an extra-terrestrial setting to the possibility of life there (Grossman, 2014).  

To gather data from a planet with an average distance of 225 million kilometres away (Seeds, 
2001) requires a great deal of ingenuity. However, as the Sun’s light passes through the 
atmosphere of a planet, the particles in the atmosphere absorb a photon of light, which excites 
an electron in the particle (Stoner et al., 2017). This photon is then “missing” from the absorption 
spectrum, producing a band at a certain wavelength (Hawking, 1988). Each unique particle has 
a characteristic absorption spectrum, allowing for the identification of elements and compounds, 
without collecting a physical sample (Hawking, 1988). This technique is known as absorption 
spectrometry, and can be applied to analyse the atmosphere of Mars, and therefore, to identify 
methane (Lakdawalla, 2012). Methane has two strong peaks in the infrared, at wavelengths of 
approximately 7,700 nanometres, and 3,300 nanometres (National Institute of Standards and 
Technology, 2017). Absorption spectrometry also has applications in determing the chemical 
composition of stars and supernovae (Clark, 2014).  

 

 

 

The Puzzle of Mars 
Flatulence 

A whodunnit search on Mars, 

or the whoopee cushion of 

data error? 
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Image source: NASA Mars 
Exploration Image Gallery, 2018 

Image Source: NASA Space 
Science Data Coordinated 
Archive, 2010 



 

  

Despite our undisputed 
ability to detect methane, 
there remains scepticism 
about the data gathered by 
Michael Mumma and his 
team at the NASA Goddard 
Flight Centre (in 2004), 
which concluded that 
methane was present on 
Mars (Courtland, 2010). The 
results of years of 
observational measurements 
using infrared telescopes 
(Brown, Neal-Jones and 
Steigerwald, 2009) 
determined that methane 
was not homogenously 
spread through the Martian 
atmosphere, but was 
concentrated in plumes 
(Courtland, 2010). Notable 
opposition to these 
conclusions includes Kevin 
Zahnle, a planetologist at the 
NASA Ames Research Centre 
(Peplow, 2013), who argues 
the missing wavelengths in 
the absorption spectrum 
correspond instead to the 
rarer isotope of the carbon-
13 version of methane in the 
Earth’s atmosphere 
(Courtland, 2010). The path 
of a photon of light from 
Mars to the telescopes on 
Earth would encounter 2000 
times more methane 
molecules on 

 

Mass Spectrometry 

With the progress in 
interplanetary probes, 
researchers can now collect 
methane samples on Mars 
(Webster, 2011). The 
technique of mass 
spectrometry uses the 
property of molecular weight 
to distinguish compounds  
collected (Reusch, 2013). 
First, the sample is 
vaporized (Gothard and 
Rosen, 2009). It would then 
be exposed to a beam of 
electrons, which ionizes the 
sample (using electron 
impact ionization) (Gothard 
and Rosen, 2009). This 
creates various ion 
fragments. The ions are then 
accelerated. Since  an  ion 
has a charge, it is affected 
by changes in magnetic 
fields (Reusch, 2013). A 
magnet is placed to deflect 
the accelerated ions, but this 
effect is contingent on the 
mass of the particle 
(Reusch, 2013). A particle of 
greater mass will have less 
deviation in its path in 
comparison to a lighter one 
(Gothard and Rosen, 2009). 
The deflected ions then 
come to a detector, which 
tabulates the data based on 
their mass to charge ratios 
(Reusch, 2013). In relation to 
the methane molecule, it has 
a characteristic 
fragmentation pattern, which 
if detected, would indicate 
the presence of methane in 
the sample (Lakdawalla, 
2012). 

Earth (compared to Mars), 
increasing this likelihood (The 
Economist, 2010). Mumma 
testifies to his methodical 
proofing of his results (Peplow, 
2013) and argues that given the 
large data set over a significant 
period, the carbon-13 signal 
would be a systematic error 
present in all his data 
(Courtland, 2010). His findings 
were also corroborated with 
different telescopes (Brown et 
al., 2009). Subsequent 
measurements taken both from 
direct sampling and an 
absorption spectrometry data 
suggest that this methane has 
disappeared (Clark, 2014). 
Methane molecules on Mars do 
decompose due to the intense 
ultraviolet radiation on the 
surface of the planet (Zahnle, 
2015). Scientists estimate the 
life span of a methane molecule 
to be 300 years considering this 
mechanism (Grossman, 2014), a 
number not in accordance with 
the rate of disappearance 
observed (600 times faster than 
predicted) (Clark, 2014). Zahnle 
views this as evidence for the 
lack of methane on Mars 
(Peplow, 2013)- to observe the 
decline of 19 thousand tonnes of 
methane (the largest plume), 
there would need to be a 

 

planet-wide catalyst with 
incredible efficiency 
(Peplow, 2013). This is 
speculated to be more 
improbable than an error in 
the data, as methane is not 
an unstable compound 
(Zahnle, 2015). Others 
propose systems which have 
the capability to dissipate 
methane in the quantities 
seen, theorizing methane-
eating bacterium or soil 
compounds capable of 
reacting with it (The 
Economist, 2010)(Clark, 
2014). There is no evidence 
for these claims; they are at 
best speculation (Oehler and 
Etiope, 2017). The validity of 
Mumma’s claims are reliant 
on a plausible explanation 
for the disappearance of the 
methane. In the absence of a 
reason with conclusive 
evidence, there shrouds 
uncertainty over the data.  

 

 

 

  

Whiffs of methane, or 
Earthly variables? 

Image source: NASA Mars 
Exploration Gallery, 2017. Image source: Bronkhorst UK, (n.d.) 



  

  
Biological 
Mechanisms 
Anaerobic Bacteria: these 
archaic bacteria are the 
primary producers of methane 
on Earth (Tenenbaum, 2008). 
The methane on Mars must be 
replenished as it is destroyed 
by the atmosphere, so a 
culture of organisms can 
account for that (The 
Economist, 2010). 

Thermogenesis (biotic origins): 
Methane release from the 
heating of organic compounds 
derived from ancient biotic 
origin (Oehler and Etiope).  

Seasonal Plumes: the 
seasonality and locality of the 
methane data is behaviour that 
is typical of life (Oehler and 
Etiope, 2017). 

Evidence Against 
Biological Origin 
Curiosity’s radiation 
measurements suggest that 
the most radiation tolerant life 
on Earth would not be able to 
survive (Oehler and Etiope, 
2017). The conditions on the 
surface of Mars would only suit 
extremophiles, the extreme 
temperature fluctuations and 
thin atmosphere necessitate 
this (Clark, 2014). 

If methane-eating bacteria 
were consuming methane, it 
would make evolutionary 
sense to consume the far more 
abundant carbon monoxide too 
(The Economist, 2010). This 
contains more energy- but 
scientists do not observe this 
phenomenon (The Economist, 
2010).  

Life generally uses the lighter 
isotopes of elements (Brown et 
al., 2009). The Curiosity 
mission has insufficient data to 
analyse the isotopic 
composition of this methane 
(Billings, 2014).  

The Viking landers (I and II) 
collected soil samples on Mars 
in 1976 (Seeds, 2001). They 
submerged the samples in a 
mix of nutrients but did not 
observe sufficient evidence of 
organisms consuming those 
nutrients (Seeds, 2001).  

 

  

 

Geological Mechanisms of Methane Production Evidence Against Geological Mechanisms 
Thermogenesis (abiotic): the process of carbon compounds 
being heated by geological phenomena to produce methane 
(Oehler and Etiope, 2017).  
 
Fischer-Tropsch Reactions: chemical reactions resulting in the 
hydrogenization of carbon oxide forms (see equation below) 
(Oehler and Etiope, 2017). This is the abiotic factor 
responsible for the most non-biological methane production on 
Earth (Oehler and Etiope, 2017). 

𝑪𝑪𝑶𝑶𝟐𝟐 + 𝟒𝟒𝑯𝑯𝟐𝟐 → 𝑪𝑪𝑯𝑯𝟒𝟒 + 𝟐𝟐𝑯𝑯𝟐𝟐𝑶𝑶 
 
Active Volcanism: the degassing of primordial methane 
reserves in magma (Oehler and Etiope). Methane present from 
initial formation of Mars (Oehler and Etiope, 2017). Usually 
produces sulfur dioxide too (Aron, 2016). 
  
Ultraviolet Irradiation of Meteorites: the decomposition of 
potential carbon compounds within meteorites, caused by 
exposure to ultraviolet radiation (Wall, 2012).   
 
Methane trapped in clathrates: methane release could be the 
product of the melting of Martian ice containing clathrates 
(Brown et al., 2009).  

 

There is no observational evidence of active 
volcanism on Mars (Brown et al. 2009). There is 
the possibility of geothermal activity deep below 
the mantle, but this is not proven (Oehler and 
Etiope, 2017). There has been no detection of 
sulfur dioxide, a common gas released due to 
volcanism (Brown, et al., 2009). On Earth, this 
mechanism produces very little methane (Oehler 
and Etiope, 2017).  
 
The Martian atmosphere contains xenon, which is 
comparable to methane and should show similar 
levels in clathrates (The Economist, 2010). 
However, xenon levels do not fluctuate like the 
methane (The Economist, 2010).  
 
Curiosity rover detected seasonal changes in 
methane, but the fluctuations were too large to 
account for ultraviolet irradiation to be the primary 
cause (Hand, 2018).   

 
 

There are two schools of thought regarding the production of methane on Mars: those who 
attributed it to geological causes, and those who attributed it to biological causes 
(Tenebaum, 2008). This debate is an extrapolation of methane production methods on 
Earth. Whilst this is a valid line of thought with the lack of evidence, it is an assumption that 
the processes on Earth are universal. This is speculation about planet 225 million kilometres 
away (Seeds, 2001), and as both perspectives explain the fluctuations of methane, more 
data is required to validate these ideas beyond theory (Oehler and Etiope, 2017). 

  

Origin of Martian Methane 

Image source: Villanueva, G., Mumma, M., and Novak, R. (2009) 



 

If Curiosity killed the cat, then its penance is roving Mars. Curiosity’s two main armaments for the detection of 
methane are the ChemCam, and Sample Analysis at Mars (SAM) (Schirber, 2011). ChemCam specifically investigates compounds 
within rocks, and vaporizes these using a high-energy laser (Webster, 2010). The flash of light produced then travels through the 
telescope to the spectrometers, producing an emission spectrum (data used to recognize compounds) (Webster, 2010). SAM 
comprises technologies with the ability to determine concentrations, isotopic abundancy, and highly precise mass spectrometry 
measurements (Webster, 2011). These elements work in conjunction to detect methane- ChemCam may sense methane in a rock, 
and SAM would gather more data to increase sample concentration, and verify with a mass spectrum (Lakdawalla, 2012).  

Curiosity’s initial measurements in 2012, much to the dissatisfaction of watchful scientists, were negative for methane (Wall, 2012). 
However, by finetuning Curiosity, the rover was able to 
detect a background atmospheric level of around one part 
per billion (ppb) (Billings, 2014). In 2014, there was an 
observed increase in methane concentration,  ranging from 
5.5 to 9 ppb (Grossman, 2014). Yet, again this methane 
disappeared as mysteriously as it arrived (Zahnle, 2015). 
This is perhaps the most credible evidence for the 
existence of Martian methane (Grossman, 2014), and its 
fluctuation verifies the predictions made by scientists 
(Zahnle, 2015). The methane is therefore not a stagnant 
component of the atmosphere (Brown and Webster, 2013)- 
Curiosity’s findings dictate an explanation that accounts for 
methane’s variance (Zahnle, 2015). Curiosity’s data is 
valuable for its certainty, and the new doors it opens in 
interplanetary science (Grossman, 2014). 

 

  

Curiosity Rover 

Mastcam acts as 
the “eyes” of 

Curiosity 
(Schirber, 2011). 

REMS serves as 
an onboard 

weather station 
(Schirber, 2011). 

Underground 
water detector 

(DAN) (Schirber, 
2011). 

ChemCam exposes rocks to infrared-
laser beams to analyse the compounds 

present (Lakdawalla, 2012). 

RAD acts as the 
radiation monitor 
(Schirber, 2011). 

CheMin: uses x-ray diffraction 
to determine mineral 

structure (Lakdawalla, 2012). 
 

SAM: Sample 
Analysis at Mars. 

Complete with Gas 
Chromatography, a 
Quadrupole Mass 

Spectroscope, and a 
Laser Spectrometer 
(Lakdawalla, 2012). 

MARDI: descent camera 
(Schirber, 2011). 

MAHLI: Mars Hand Lens 
Imager (Schirber, 2011). 

APXS: Alpha Particle X-ray 
Spectrometer (Schirber, 2011). 

Image source: NASA 2012, The Five Most Abundant Gases in the Martian Atmosphere.  

Image source: NASA Jet propulsion Laboratory, (n.d.) 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Where are we now? 

The presence of methane on Mars is now generally undisputed, in light of Curiosity’s results 
(Grossman, 2014). Although, the mechanisms proposed for the depletion and production of 
methane still incite debate (Oehler and Etiope, 2017). However, the possibility of widespread 
Martian bacteria is improbable, given the lack of life-indicating evidence (Brown and 
Webster, 2013). This debate is likely to continue, alleviated only by pushing the boundaries 
of science to gather data (Zahnle, 2015).  
 
The European Space Agency has launched a new mission (ExoMars Trace Gas Orbiter) 
designed to investigate the atmosphere of Mars in great depth (Aron, 2016). It was launched 
on the 14th of March, 2016. It is undergoing a slow maneuver to reside in a lower orbit (Aron, 
2016). Calibration will commence in March, after which the intended data will be collected 
(European Space Agency, 2018). The purpose of the orbiter is to discover more about the 
comprehensive Martian atmosphere and increase the sample size of information (European 
Space Agency, 2018). Its ability to analyse samples from a wider region of Mars (compared 
to Curiosity) gives the mission the potential to verify or dismiss the original spectroscopic 
data gathered on Earth.  
 
 Curiosity now aims to gather more precise data, to have the ability to investigate isotopic 
abundancy in greater detail (Billings, 2014). The isotopic information may be the key to the 
abiotic/biotic methane controversy (Webster, 2011). NASA also plans to build another rover 
in 2020 (Billings, 2014). The future of Mars exploration deviates from following the water, to 
tracing the methane (Webster, 2011).  
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