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Introduction:  Since landing at Gale Crater Gale 

Crater (4.5°S, 137.4°E) on August 6, 2012, the Sample 
Analysis at Mars (SAM) instrument suite aboard the 
Curiosity Rover has conducted multiple analyses of 
scooped and drilled sediment samples and has identi-
fied a collection of chlorinated hydrocarbons including 
chloromethane, dichloromethane, trichloromethane, 
chloromethylpropene, 1,2-dichloroethane, 1,2 dichlo-
ropropane, 1,1- and 1,2-dichlorobutanes and chloro-
benzene1-3. These compounds were identified after 
samples were pyrolysed at temperatures up to ~835°C 
through a combination of Evolved Gas Analysis 
(EGA) and Gas Chromatography Mass Spectrometry 
(GCMS) and were well above the background levels, 
as determined by empty cup blanks analyzed prior to 
solid sample analyses. Laboratory experiments con-
ducted with the MXT-CLP column (SAM GC-5 chan-
nel) used for the GC–MS analyses of the martian soil 
samples support all the compound identifications made 
to date4. 

 
Following the unambiguous detection of perchlo-

rate by the Phoenix lander, Navarro-Gonzalez and col-
leagues conducted ‘Viking-like’ pyrolysis experiments 
on terrestrial soils from the Atacama Desert containing 
32 ± 6 ppm of organic carbon mixed with 1 wt% mag-
nesium perchlorate upon which chloromethane and 
dichloromethane were identified as products5,6. Other 
analog experiments constrain the characteristics of 
molecules that are prone to chlorination by the prod-
ucts of perchlorate decomposition under SAM-like 
pyrolysis conditions7.  

 
In the present study, we pyrolyzed a simple Mars 

analog soil comprising olivine sand mixed with Mur-
chison meteorite in the ratio 95: 5. No other salts or 
minerals were present. This was pyrolyzed alone and 
after addition of 1% and 5% calcium perchlorate and 
utilizing three heating rates.  The perchlorates were 
added aqueous solution to aliquots of the analog soil 
and dried overnight.  Internal standards of pyrene and 
decafluorobiphenyl were included to aid recovery es-
timates. 

 

Pyrolysis of Murchison meteorite yields suites of 
mono- to triaromatic hydrocarbons and small organo-
sulfur compounds comprising thiophene together with 
mono- and dimethyl analogs and benzothiophene, as 
previously reported8. Pyrolysis in the presence of 1% 
perchlorate afforded mixtures of chlorinated alkanes 
and chlorbenzenes and thiophenes all of which have 
been identified in SAM analyses of samples at Gale 
Crater. Pyrolysis in the presence of 5% perchlorate 
resulted in much diminished yields overall with tri-
chloromethane, carbon tetrachloride and chloroben-
zene the main products identified. Product yields were 
optimal when using a ballistic heating ramp and de-
clined significantly as the heating rate was lowered. In 
the presence of perchlorate we observed a trade-off 
between chlorination and combustion with combustion 
predominating at low heating rates. In summary, we 
find that meteoritic organic matter, pyrolyzed in the 
presence of perchlorate can account for all the organic 
compounds identified, so far, by SAM 
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