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Introduction:  Detection of the organic matter on 

Mars is one of the main goals of the future martian 
landing missions. Yet, degradation of organic mole-
cules by cosmic ray irradiation on Mars is often ig-
nored. We calculated the organic degradation rates due 
to exposure to solar cosmic rays (SCRs) and galactic 
cosmic rays (GCRs) at various depths in the shallow 
Martian subsurface. We demonstrated that the heavy 
organic molecules would not survive in the shallow 
subsurface of Mars if the exposure age of a geologic 
outcrop would exceed 300 Myr. Our results have direct 
implications to the current Mars Science Laboratory 
(MSL) mission. 

Method: We first calculated the ionization rates 
using the new version of the standard GEANT4 code 
(http://geant.cern.ch) - an approach similar to [1]. 
Then, we used the calculated ionization rates and the 
radiolysis constants for aminoacids from [2] to calcu-
late the time of exposure necessary to destroy organic 
molecules of various masses at different depths on 
Mars.  

Results:  Fig 1 shows the time of exposure needed 
to decrease abundance of organic molecules a 1000-
fold at 4-5 cm depths which is the max depth of MSL 
sample drilling. At 4-5 cm depths SCRs produce no-
ticeable but not the dominant contribution towards the 
degradation of organic molecules. We found that 100 
amu organic molecules could be detectable at 4-5 cm 
depths even after 1 billion years of exposure to both 
SCRs and GCRs. Given that at least 3 cm of soil would 
be eroded in this period of time we conclude that 100 
amu organic molecules have a decent chance of detec-
tion by MSL. In contrast, heavier organic molecules 
(300 amu and larger) make a 1000 fold drop due to 
ionizing radiation in less than 300 Myr. Furthermore, 
the degradation rate due to GCRs at 20 cm depth de-
creases only by ~10% comparing to the degradation 
rate at 5 cm. Therefore, assuming even the higher av-
erage rates of erosion (1 nm/year), heavier organic 
molecules were likely to be degraded by ionizing ra-
diation at the depths of MSL’s future drilling.    

 
 
 
 
 
 

 
 
 

 
 
 
 

 
Fig 1 Time of exposure of the Martian rocks at 4-5 

cm depth necessary to degrade various organic mole-
cules (100-500 amu) below the MSL detection limits.   

 
Conclusions: Our modeling results suggests that 

heavy ancient organic molecules (biological or abiotic 
from meteorites) can be effectively destroyed in the 
shallow Martian subsurface by cosmic rays. We find 
that the radiation dose accumulation rates from galactic 
cosmic ray particles are not very sensitive to the type 
of rock in the first 20 cm of the Martian regolith. We 
find that the solar cosmic rays (SCRs) destroy organic 
compounds effectively in the first 2cm of the martian 
rock, while below 2 cm organic matter is destroyed 
primarily by the galactic cosmic rays (GCRs). We 
show that the preservation of the ancient complex or-
ganic molecules in the shallow (~10 cm depth) subsur-
face could be highly problematic if the exposure age of 
a geologic outcrop would exceed 300 Myr. We demon-
strate that more simple organic molecules with masses 
~100 amu should survive in the shallow subsurface of 
Mars for ~1 billion years and can be detected by MSL.  
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