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Introduction: The Viking mission results were the 

first to indicate that the martian surface material con-
tains a number of different reactive oxidizing species 
that likely impact the preservation potential of bio-
markers [1]. Following Viking, results from the Phoe-
nix mission revealed that the samples from the north-
ern polar region contained ~0.5% (by wt.) perchlorate 
[2]. Although perchlorate salts can behave as strong 
oxidants at elevated temperatures, their stability pre-
cludes them from directly explaining the results of the 
Viking Gas Exchange (GEx) and Labeled Release 
(LR) experiments. However, perchlorate radiolysis 
products, specifically hypochlorite (ClO¯), and trapped 
oxygen species may provide an explanation for the LR 
and GEx results [3]. Recently, samples collected by the 
Mars Science Laboratory (MSL) and analyzed using 
the Sample Analysis at Mars (SAM) instrument suite 
produced oxygen, hydrochloric acid, chloromethane, 
dichoromethane, and other chlorinated hydrocarbons 
that have been attributed to the thermal decomposition 
of perchlorate and reactions of perchlorate with organ-
ics [4].  

Experimental/Results: Ionizing radiation in the 
form of galactic cosmic rays (GCR) and solar energetic 
particles (SEP) is only slightly attenuated before reach-
ing the martian surface and the penetration depth of the 
more energetic GCR radiation, exceeds the Viking and 
MSL sampling depths. The thermal decomposition and 
effects of humidification on irradiated verses non-
irradiated perchlorates have been investigated in the 
context the MSL SAM and Viking results. Magnesium 
and calcium perchlorate samples were irradiated using 
a 60Co source under both simulated Mars (CO2) and 
inert (He) atmospheres. After irradiation, the thermal 
evolved gas analysis of irradiated- and control-samples 
was performed using a laboratory Pyroprobe-
Quadrople Mass Spectrometer (QMS) using SAM-like 
analysis conditions (He carrier at 1.0 atm-cc/min and 
30 mbar pressure). Figure 1 shows an example of labo-
ratory measured O2 release from irradiated and non-
irradiated calcium perchlorate compared to the MSL 
SAM Rocknest (Sol 93) data obtained from the NASA 
Planetary Data System.  

Discussion: Calcium perchlorate is good candidate 
for the higher temperature peak seen in the SAM 
Rocknest data and peak broadening can be attribute to 
sample matrix effects [5]. Compared to the control 
sample, the irradiated perchlorate decomposes at a  

 
slightly lower temperature, and an additional ~300°C 
O2 peak is observed. In the both laboratory EGA data 
(irradiated samples) and the SAM Rocknest data the 
evolution of two distinct O2 peaks below 500°C can be 
seen. We attribute the lower temperature O2 evolution 
to the release of trapped oxygen upon fusion/melting 
of perchlorate. Humidification also releases O2 from 
irradiated perchlorate upon deliquescence. Quantitative 
results from laboratory experiments will be compared 
the MSL SAM and Viking data sets. These results 
have important implications for possible distributions 
of reactive oxidants, the history of water exposure, and 
the preservation of biomarkers in martain surface ma-
terials.  
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Fig. 1. Thermal analysis of Ca(ClO4)2 and irradiated 
Ca(ClO4)2 compared to SAM PDS data from the sol 93 
analysis of the Rocknest sample. The irradiated per-
chlorate (black) data shows an additional low tempera-
ture O2 peak, compared to the non-irradiated perchlo-
rate sample (blue). Two distinct O2 (over lapping) 
peaks below 500˚C  are present in the SAM data 
(green). 
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