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Introduction:  The ESA-led Mars rover ExoMars 

(launch in 2018) will carry a suite of instruments, one 

of which is the Mars Organic Molecule Analyzer 

(MOMA). Organic material in Martian soil including 

drill samples as deep as 2 m will be either pyrolyzed at 

temperatures of up to 1000°C and separated by gas 

chromatography, or volatilized with the help of a UV 

laser. A mass spectrometer will be the detector for both 

methods. 

Chlorinated methane derivates like chloromethane 

and dichloromethane have been detected in pyrolysis 

GC-MS experiments on Mars two times. The first time 

was during the Viking mission in 1976 [1]. For a long 

time the results were interpreted as contamination by 

cleaning solvents [1]. The discovery of perchlorates by 

the Phoenix mission and subsequent analysis of pyroly-

sis in the presence of perchlorates gave rise to the sug-

gestion that chloromethane derivates are produced dur-

ing pyrolysis by the chlorine produced from the de-

composition of perchlorate [2,3]. The reinterpretation 

of Viking data in light of those new results was refuted 

by the principal investigator of the Viking GC-MS ex-

periment. The peer reviewed discussion included three 

publications ([3], [4], [5]) and has yet to lead to a clear 

conclusion.  

With the results of the Sample Analysis on Mars 

(SAM) instrument onboard the Curiosity rover the situ-

ation changed again. The first samples analyzed were 

surface sand. The sample was intended to represent 

uniformly distributed Mars sand as well as serve as a 

pre-cleaning test of the rover’s sampling system. The 

pyrolysis products contained mono-, di- and trichloro-

methane. These results indicate that perchlorates and 

organic material are present. The similar results of Vi-

king and Curiosity when analyzing surface sand might 

lead to the conclusion that both instruments detected 

traces of organics which reacted with the perchlorates. 

The source of the chloromethanes is however unclear 

lacking an unambiguous reaction mechanism leading to 

them. Inorganic sources for the carbon are discussed 

and even the decomposition of organic contamination 

is possible [6].  

A better understanding of the influence of perchlo-

rates on the pyrolysis is necessary. The pyrolysis of 

spiked analog samples and the pyrolysis of terrestrial 

rock samples can significantly aid understanding. With 

the spiked rock samples the exact starting material is 

known making it easier to determine the reaction 

mechanism. The drawback is that the distribution of the 

spiked material is not the same as a naturally-deposited 

sediment sample. On the other hand, terrestrial rocks 

reflect natural deposition patterns but the exact compo-

sition of the contained organic material is unknown and 

pyrolysis gives only the fragments of the original mole-

cules.  

Our spiked-sample pyrolysis results have been pub-

lished [7] and indicate that the oxidation of organic 

compounds dominates the reaction and even very sta-

ble aromatic hydrocarbons are readily oxidized. Small 

aromatic ring systems with C-H bonds have a chance to 

get transformed into chlorobenzenes [7].  

Pyrolysis of black shale: The natural black shale 

was pyrolyzed and the resulting plot shows a complex 

mixture of aromatic and aliphatic hydrocarbons. Most 

of the smaller products are created by the breakup of 

complex organic compounds. Those simple compounds 

are too volatile to stay in the rock over a geologic time 

frame. The addition of perchlorates changes the GC-

MS plot significantly: mostly the long chain hydrocar-

bons vanish while the aromatic hydrocarbons survive, 

unless large amounts of perchlorates are added. In 

these experiments the perchlorate is added as a solution 

of magnesium perchlorate in water resulting in an inti-

mate mixture of the organics and the perchlorate. The 

reaction can already take place between the organic 

material and the perchlorate. Both materials are not 

very volatile and need to be transformed into more 

volatile compounds. In a second experiment, perchlo-

rate is not mixed with the sample but only soaked into 

pulverized basalt and placed next to the black shale 

sample. In this case only the gaseous decomposition 

products of the magnesium perchlorate, mostly oxygen 

and chlorine, react with the gaseous pyrolysis products 

of the black shale. This reaction takes place in the gas 

phase above the sample. The resulting reaction prod-

ucts are dominated by small organic molecules with 

one or two carbon atoms and a varying amount of chlo-

rine and hydrogen attached.   
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Figure 1: The blue curve shows the amount of 

CH3Cl CH2Cl2 and CHCl3 created during pyrolysis 

when the perchlorate is not in close contact with the 

black shale, while the red line shows the amount creat-

ed when the perchlorate is in close contact with the 

black shale. 

Conclusion: The separation of organics and per-

chlorates creates much larger amounts of the small 

chlorinated hydrocarbons than the pyrolysis in close 

contact. With a sample similar to the black shale large 

amounts of small chlorinated hydrocarbons would indi-

cate that the perchlorates were separated from the or-

ganics. This experiment might help in the interpretation 

of the Viking and Curiosity results which also yielded 

chloromethane derivates.  
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