
Isotopic Characterization of Martian Methane by CRDS.  J. D. Kessler, T.C. Onstott1 and K. Lehmann2, Dept. 
of Geosciences, Princeton University, Princeton, NJ 08544, jdkessle@princeton.edu, 2Chemistry Department, Univ. 
of Virginia, VA , kl6c@virginia.edu. 

 
 

The stable isotopes of methane (δ13C-CH4 and δ2H-
CH4) have been used to distinguish methane formation 
mechanisms (biogenic, thermogenic, and abiogenic) 
and isotopic fraction caused by mixing and methane 
oxidation.  These isotopic measurements are being 
used to study methane cycling on Earth and have been 
proposed as a way to study the cycling of Martian 
methane.  In order to use the stable isotopes to quan-
tify sources, sinks, transport, and mixing of methane, 
measurements of δ13C-CH4 and δ2H-CH4 must be 
made with precisions of <2‰ and <15‰, respectively.  
Remote sensing techniques can make quantitative 
measurements of methane concentration, however, the 
required isotopic precisions can only be realized with 
ground based techniques.  Nonetheless, remote tech-
niques can be used to guide placement of a ground 
based isotope spectrometer.  We are currently develop-
ing a Cavity-Ringdown Spectrometer (CRDS) capable 
of measuring methane concentration and stable iso-
topes (δ2H-CH4 and δ13C-CH4) in the field with preci-
sions comparable to standard laboratory techniques 
(e.g. Isotope Ratio Mass Spectrometry [IRMS]).  
CRDS is an infrared absorption spectroscopy tech-
nique that achieves high precisions and sensitivities by 
measuring the exponential decay of a specific wave-
length of energy through a sample cell bounded by 
highly reflective mirrors.  In order to achieve the re-
quired isotopic precisions, the exponential decay 
events (or ringdown times) must be measured with 
precisions of 0.01 %.  Our preliminary CRDS has 
achieved a precision of 0.03 %, surprising close to the 
0.01 % threshold, especially for a version of this in-
strument that has not yet been optimized.  We are cur-
rently testing diode and quantum cascade lasers to tar-
get near- and mid-infrared absorption peaks and how 
they influence sensitivity, precisions, and portability.  
Once the instrument is optimized, the stability of this 
CRDS for Earth as well as Martian experiments will be 
investigated including flight testing for a future Mars 
expedition.  
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