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Introduction:  In October 2014, the Mars Science 

Laboratory (MSL) “Curiosity” rover drilled into the 
sediment at the base of Mount Sharp in a location nam-
sed Cionfidence Hills (CH). CH marked the fifth sam-
ple pocessed by the Sample Analysis at Mars (SAM) 
instrument suite since Curiosity arrived in Gale Crater, 
with previous analyses performed at Rocknest (RN), 
John Klein (JK), Cumberland (CB), and Windjana 
(WJ) [1-2]. Evolved gas analysis (EGA) of all samples 
has indicated H2O as well as O-, C- and S-bearing 
phases in the samples, often at abundances that would 
be below the detection limit of the CheMin instrument. 
By examining the temperatures at which gases are 
evolved from samples, SAM EGA data can help pro-
vide clues to the mineralogy of volatile-bearing phases 
when their identities are unclear to CheMin. SAM may 
also detect gases evolved from amorphous material in 
solid samples, which is not suitable for analysis by 
CheMin. Finally, the isotopic composition of these 
gases may suggest possible formation scenarios and 
relationships between phases. We will discuss C iso-
tope ratios of CO2 evolved from the CH sample as 
measured with SAM’s quadrupole mass spectrometer 
(QMS) and draw comparisons to samples previously 
analyzed by SAM. 

Experimental Methods: In EGA experiments, 
powdered solid samples are heated in one of SAM’s 
pyrolysis ovens to release volatiles. The samples dis-
cussed here were processed through a 150 m sieve 
before loading. SAM utilizes He carrier gas to sweep 
volatiles through the gas manifold and QMS, with 
nominal pressure and flow rate of ~30 mb and ~0.8 
sccm, respectively. The QMS continuously samples the 
outflow from the pyrolysis oven, scanning over the m/z 
range of interest. Integration of the QMS signal over 
time for particular m/z allows quantitative estimates of 
chemical and isotopic abundance. A portion of the gas 
stream, parameterized by a desired range of sample 
temperature, was also collected during each run for 
isotopic and abundance analysis of CO2 and H2O by 
the SAM tunable laser spectrometer (TLS).  

 

 
Figure 1. Major volatiles released from the CH drilled 
sample. The legend indicates the time trace of signal at 
the m/z values shown, e.g., m32 implies m/z 32. The ab-
breviation “est” indicates that the major isotopologue 
shown saturated the QMS detector, so the signal was 
estimated from a minor isotopologue for illustrative pur-
poses.  

 
During a nominal experiment, the sample is heated 

to ~850 C at a rate of 35 C/min. The RN experiments 
revealed an instrument background from products of a 
derivatization reagent, N-methyl-N-(tert-butyldimeth-
ylsilyl)-trifluoroacetamide (MTBSTFA), carried by 
SAM [3], which has continued to be evident in all sub-
sequent samples. In an effort to deconvolve potential 
contributions to the CO2 release, various heating proto-
cols were employed at JK and CB. The first three JK 
runs included a “boiloff” at the beginning of the exper-
iment, in which the sample was held at a temperature of 
~200-300 °C for ~1/2 hour, designed to eliminate in-
strument background components that would thermally 
degrade or combust at low temperature before perform-
ing the final pyrolysis ramp. Additional measures were 
taken at CB to reduce adsorption of MTBSTFA to the 
cup and sample by warming the sample handling sys-
tem during loading. The science goals at CH included 
targeted analysis of low-temperature water by the TLS, 
so no special background strategies were employed. 

EGA Results: The H2O, O2, CO2 and SO2 released 
by the CH sample are shown in Figure 1. This figure 



shows the major molecular ion for each species for 
ease of comparing approximate relative abundances. In 
cases where the major molecular ion saturated the 
QMS detector, its value was estimated based from oth-
er isotopologues for the purpose of this plot. The vola-
tile of greatest abundance in this sample was H2O, fol-
lowed by CO2 and SO2.  

Carbon isotope ratios: The compound peak shape 
of the CH CO2 EGA trace shown in Figure 1 suggest 
contributions from multiple carbon sources. Candidates 
for the carbon source include adsorbed CO2, combust-
ed or decarboxylated organic compounds from back-
ground or martian sources, and Fe- or Mg-bearing car-
bonates. The temperature cut directed to the TLS for 
analysis was below 160 C, so the TLS was unable to 
analyze the isotopic composition of the largest CO2 
peak at ~375 °C. For this reason, we have estimated the 
isotopic composition of evolved CO2 from QMS EGA 
data in an effort to understand the carbon source. 

Interference from other compounds at m/z 12 and 
13 and detector saturation at the major molecular CO2 
ion of m/z 44 typically precluded the use of these m/z 
values in determining 13C (with respect to V-PDB), 
which was instead computed from m/z 22, 45 and 46. 
The oxygen isotopic composition ( 18O) of the CO2 
was computed from data at m/z 22 and 46, and carbon 
isotopic composition was computed from data at m/z 
22 and 45. In addition, 13C was also computed from 
data at m/z 45 and 46, using the previously computed 

18O. The CO2 release likely reflects a mixture of car-
bon and oxygen from multiple sources. Minimum ana-
lytical uncertainties in 13C are currently estimated at ± 
10‰, based on repeated laboratory EGA analyses [4]. 
Additional uncertainty arises from background effects 
and interference from other compounds. We will dis-
cuss the resulting 18O and 13C in light of possible 
sources that may have contributed to the CO2 releases.  
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