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Introduction: The isotopic composition of plane-

tary atmospheres and surface materials are high prior-
ity measurements identified by the Mars Exploration 
Program Analysis Group (MEPAG) and Planetary Sci-
ence Decadal Survey White Papers [1-2].  Carbon iso-
topic fractionations have been shown to fingerprint 
abiotic and biological processes on Earth, along with 
contextual geochemical information.  If organic carbon 
exists on other planets, carbon isotopes are crucial in 
determining the biogenicity of this carbon. However, 
the capability to measure 13C/12C of solid species of 
carbon such as carbonate and reduced organics in rego-
lith has yet to be fully developed. 

Advances in laser based technologies, such as tun-
able laser spectrometry (TLS) have made possible both 
concentration and isotopic measurements of atmos-
pheric gases such as methane and CO2 [3-4], and will 
be flown as part of the Sample Analysis at Mars 
(SAM) suite on MSL [5]. These technologies measure 
gaseous species of carbon (e.g. CO2), but cannot, 
alone, measure the carbon isotopic composition of car-
bonate or other non-gaseous organic carbon species 
that might exist in Martian regolith.  In order to do this, 
an interface to convert solid carbon to CO2 must exist 
between the solid sample acquisition/processing unit 
and the laser detector. Therefore, the development of a 
high temperature combustion interface that will oxi-
dize organic carbon to CO2 for 13C/12C isotopic analy-
sis by laser spectrometric techniques is of high priority.  
Such an interface must produce comparable results to 
those obtained by bulk combustion of solid samples by 
EA-IRMS and carbonate analysis by gas bench-IRMS. 

Background: Evolved Gas Analysis (EGA) was 
used on the Mars Phoenix Mission [6] and will be used 
on SAM on MSL to examine the chemical composition 
of gases evolved from stepped heating of Martian re-
golith.  Briefly, a pyrolysis unit heats a solid sample to 
temperatures of ~1100° C and the gases evolved from 
this heating are detected by a quadrupole mass spec-
trometer.  Results of SAM breadboard tests using car-
bonate standards and Mars analog materials show dif-
ferent carbon species are evolved at different tempera-
tures (Fig. 1).  Fragments from various organics are 
detected 300° and 700° C.  Between 700° and 800° C, 
CO2 is evolved from the thermal decomposition of 
carbonate.  

In order to analyze the 13C/12C ratios of organic 
carbon species coming off between 300° and 700° C, 
they must be oxidized to CO2.  This is done in conven-

tional laboratory elemental analysis coupled with iso-
tope ratio mass spectrometry (EA-IRMS) by “flash” 
heating of organics in tin cups under a flow of oxygen.   

 
Figure 1.  An Evolved Gas Analysis (EGA) run on the 
SAM breadboard.  In the absence of oxygen, CO2 is 
evolved from carbonate between 700° and 800° C, 
while reduced organic fragments (alkanes, fatty acids) 
are identified by their masses (see legend) and evolve 
at lower temperatures. 
 

Approach:  To measure δ13C of gases evolved 
from solid samples, we will interface an EGA pyroly-
sis unit with a commercial benchtop cavity ringdown 
spectrometer (CRDS, Los Gatos Research Company) 
capable of analyzing concentration and 13C/12C of the 
generated CO2.  Our setup consists of a high tempera-
ture Inconel cell heated with platinum wire and insu-
lated with nichrome.  Solid samples are introduced via 
a quartz “boat” that can slide into the cell horizontally.  
To oxidize organics in our samples, we will introduce 
oxygen into the cell prior to heating.  The evolved CO2 
will then flow into the CRDS for isotopic analysis. 

 

 
Figure 2.  Schematic of front end combustion unit to 
be interfaced with a commercial cavity ringdown spec-
trometer (CRDS) for CO2 isotopic analysis.  Oxygen 
will be introduced into the cell prior to heating.  CO2 
calibration gas with known concentration and δ13C will 
allow monitoring of the system.   
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TLS and CRDS were designed to measure reser-
voirs of atmospheric gases as they are pumped con-
tinuously through the cavity.  Because we will be 
combusting a solid to produce a limited amount of 
CO2, we will test using a static or “batch” method, 
where the CRDS is evacuated and isolated from further 
pumping, and a “slug” of CO2 gas is introduced and 
interrogated by the laser detection system. 

Expected Results: We will present results from 
experiments to optimize our system for CO2 evolution 
from carbonate, combustion of organic carbon, and 
bulk carbon isotope analysis of analog samples with 
both organic and inorganic carbon. We will start with 
samples containing pure inorganic carbon (i.e. calcite, 
CaCO3).  We will then perform experiments with or-
ganic rich samples to optimize the amount of oxygen 
necessary for full combustion. We will also look at the 
effects of adding a catalyst, such as tin, to organic rich 
samples to promote complete oxidation, and the effects 
of oxidizing minerals in samples that may promote 
oxidation. Finally, we will examine more complex 
samples to determine whether δ13C from organic car-
bon and carbonates can be separated by manipulating 
temperature ramps and CO2 trapping. 

Incomplete oxidation of organics could lead to iso-
topic fractionation, so it is important that we compare 
our isotopic results to identical materials analysed by 
conventional laboratory IRMS. Bulk carbon isotopic 
data has already been obtained for calcite and several 
Mars analog samples using EA-IRMS.  Table 1 shows 
δ13C values for total carbon (TC) and total organic 
carbon (TOC) of several Mars analog materials.  We 
will also compare 13C/12C measurements of CO2 
evolved from the heating of carbonates to conventional 
13C/12C measurements of carbonates using gas bench-
IRMS. 

 
Table 1. δ13C of bulk total carbon (TC) and total or-
ganic carbon (TOC) for several analog materials.  
Measurements made by EA-IRMS before (TC) and 
after (TOC) removal of inorganic carbon by acid fumi-
gation.  Total inorganic carbon (TIC) measurements 
will be made for these analogs using gas bench-IRMS. 
Analog TC δ13C (‰) TOC δ13C (‰) 
AT06-3A -2.1 -25.9 
AT06-3B 1.7 -26.2 
SO-RT4 -0.7 -23.7 
JRST-01 -26.7 -28.2 
Murchison  -5.6 -10.3 
Rio Tinto -23.3 -24.6 
JSC-01 -23.0 -25.5 
AMASE07 -6.4 -27.6 
GRS-01 -18.4 -28.8 

Significance: The past several years of Mars re-
search have shown us a more complex and possibly 
dynamic planet than formerly known.  With the dis-
covery of temporal variations of methane on Mars [7-
9] and the identification of carbonates by both Phoenix 
and MRO [10-11], we can confirm that at least 3 car-
bon species exist on Mars (CO2, CH4, and carbonates).  
The capabilities of SAM to detect trace amounts of 
organic carbon compounds are unprecedented and 
MSL may reveal the presence of organic carbon on 
Mars.  The ability to measure the carbon isotopic com-
position of the atmospheric reservoir of carbon (CO2) 
and all organic and inorganic carbon species on Mars 
is integral in determining if life ever existed on Mars. 

The development of a front-end combustion unit to 
interface with laser spectrometric technologies for bulk 
13C/12C measurements is the first step in determining in 
situ the carbon isotopic composition of individual or-
ganic molecules including those with biological or 
prebiotic significance (amino acids, fatty acids, nu-
cleobases). 
 

References: 
[1] http://mepag.jpl.nasa.gov/reports/index.html [2] 

http://www8.nationalacademies.org/ssbsurvey/publicvi
ew.aspx [3] Webster, C. R. (2005) Applied Optics, 44, 
1226-1235. [4] Tarsitano, C. G. and Webster, C. R. 
(2007) Applied Optics, 46, 6923-6935. [5] Mahaffy, P. 
R. (2008) Space Science Reviews, 135, 255-268. [6] 
Hoffman, J. H. et al. (2008), J Am Soc Mass Spectrom, 
19, 1377-1383. [7] Formisano, V. et al. (2004) Science, 
306, 1758-1761. [8] Krasnopolosky, V. A., et al. 
(2005) Icarus, 172, 537-547.  [9] Mumma, M. J., et al. 
(2009) Science, 323, 1041-1045.  [10] Boynton, W. V., 
et al. (2009) Science, 325, 61-64. [11] Ehlmann, B. L., 
et al. (2008) Science, 322, 1828-1832. 

5410.pdfAstrobiology Science Conference 2010 (2010)


