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Seeking Signs of Life on Mars: In Situ 
Investigations as Prerequisites to 
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Mars Landed Missions Exploration 
Strategies: past, present and future 

•   Search for life -- Viking 
•   Follow the water -- Pathfinder, MER, Phoenix 
•   Follow the carbon -- MSL  What if MSL detects  

 organic carbon?  How would this impact the  
 search for life? 

•   The Search for Life -- How do we do this?  In situ  
 analyses or Mars Sample Return?   

It is generally assumed that any direct  evidence for life will not 
be easy to find.  “Direct evidence of life might not be everywhere  
on the surface (the premise of the Viking experiments) but  
biosignatures could still be present, within the rocks at  
shallow depth.”      Mustard, White Paper, 2009. 



The Search for Life:  the Origin of 
Life on Earth as a Model 



We do not want to miss life before the DNA/Protein world. Search 
strategies for “Weird Life” should not be included because there are no 
known examples of other types of life and thus there is no way to know 
what to search for.   

In Seeking Signs of Life on Mars, What 
do we Search for?  

? 



Life as we know it: The major compounds in 
bacterial cells (E. coli) are amines. 

Follow the nitrogen+ should be the next step in Mars 
exploration if seeking evidence of life is a goal. 
Compound Occurrence Mass % 

amino acids proteins, peptidoglycan 62.7 % 

nucleobases RNA, DNA 19.7 % 

ethanolamine lipids, lipopolysaccharides 0.7 % 

amino sugars lipopolysaccharides  0.3 % 

diamines putrescine, spermidine, peptidoglycan 0.9 % 

                                                TOTAL 84.3 % 

* Dry weight basis (Neidhardt & Umbarger, 1996); Only primary amines are labeled by the fluorescence 
reaction;  Quantification after complete hydrolysis. 

+  See Science 312, 708-709 (2006)   



Follow the Nitrogen:  Target Compounds �

Prebiotic Chemistry Extant Life Extinct Life

Amino acids**
PAHs ? 
Nucleobases ?

Amino sugars ?

*racemic
D/L = 1

**mixture L and D

Amino acids* 75+
PAHs 2-3 rings

Nucleobases 

Amino acids+ 20
Nucleobases

Amino sugars 

+only L or D



Follow the Nitrogen 
What would be the optimal samples? 

•   Evaporitic Materials (Sulfates, Halites) 
•    Carbonates 
•    Polar Layered Deposits  
•    Phyllosilicates ? 
•    The best chance to detect any compounds would be in the  

 subsurface below a depth of 1 m. 
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Surviving fraction of amino acids vs. depth after 
being exposed for 0.5 (red), 1 (blue), and 3 billion 
years (green) to the ionizing radiation in the 
Martian near-surface.



Advantages of in situ investigations as 
precursors to Mars sample return 

•   Highly sensitive methodologies are available to carry out organic 
nitrogen compound characterization and many are suitable for 
spacecraft applications. 
•   Extraction methods are well developed to isolate intact organic 
nitrogen compounds for analyses from natural samples. 
•   Chirality of organic nitrogen compounds such as amino acids can be 
used to access abiotic vs. biotic sources. 
•  Advanced instrumentation prototypes have been developed and 
tested in terrestrial localities. 
•   Further advances in prototype instrumentation such as the addition 
of ion-spray mass spectrometry would provide enhanced identification 
capabilities. 
•   Several landed missions using MER-type spacecraft equipped with 
sensitive organic nitrogen detection capabilities could be carried out 
for far less money than a Mars Sample Return mission.   
•    There are compelling scientific reasons that a “Follow the Nitrogen” 
strategy provides the best approach for the optimal selection of 
samples prior to Mars Sample Return.  



Disadvantages of in situ investigations as 
precursors to Mars sample return 

Disadvantages 
•   The analytical instrumentation required for sensitive organic nitrogen 
analyses have not yet flown on a spacecraft. 
•   Several missions would be needed to determine the best 
environments for the preservation and detection of organic nitrogen 
compounds.   
•   Controlling spacecraft forward contamination to a level that would 
allow for sensitive in situ analyses is challenging. 
•   Cost-based limitations may limit what type of analyses could be 
carried out. 
•   Drilling into the sub-surface along with the required sample handling 
systems is still under development. 



Urey Instrument suite as an example of in situ 
instrumentation for Follow the Nitrogen 

1.  Subcritical Water Extractor (SCWE) 
2.  Mars Organic Detector (MOD) 
3.  µ-Capillary Electrophoresis (µ-CE) 
4.  Mars Oxidant Instrument (MOI) 

 Extraction Systems 

Analytical Systems 



Advantages of Mars sample return as a 
precursor to in situ investigations  

Advantages 
•   Extensive investigations using methodologies and instrumentation 
that is not suitable for accommodation on spacecraft could be utilized. 
•   Samples could be processed using several different methods to 
optimize specific organic compound detection. 
•   Using state of the art imaging methods, the distribution of organic 
compounds in different mineral assemblages could be determined. 
•   Specific organic compound isotope analyses would provide another 
parameter for determining the possible origin of any detected organic 
compounds.  However, it may be difficult to distinguish between abiotic 
and biotic isotopic fractionation. 
•   ????? 



Disadvantages of Mars sample return as a 
precursor to in situ investigations  

Disadvantages 
•   Only a very limited amount of sample can be return (300-400 g).  From 
what sites?  Spacecraft technology for MSR has not been tested.   
•   In situ analyses would be needed for acquiring samples that would have  
the optimal chance of yielding significant results.  This means all the 
disadvantages associated with in situ analyses listed previously would 
apply here as well.   
•   Controlling contamination during sample collection, storage and return 
to Earth as well as curation and processing on Earth would be 
challenging. 
•   Sample containment and quarantine means that only a handful of 
scientists will have access to returned samples until they are proven not 
to be hazardous.  How long would the quarantine last?  Who gets selected 
and how? 
•   The total cost of the mission and the receiving facility would cripple 
other Mars mission programs.   
•   The lack of evidence for life would not conclusively answer the life on 
Mars question because of the limited selection of samples returned to 
Earth.  But it could effectively halt an further missions to search for life on 
Mars (the Viking example).   



Some Lessons to Remember from Apollo 11* 
•   22 kg of rocks and dust were returned to Earth, ~ 50x 
more than would be returned from Mars. 
•   Samples collected on the moon where sealed on the 
lunar surface and not opened until in the Lunar Receiving 
Facility.   
•   Total Organic Carbon (TOC) analyses of some samples 
found ~10 ppm TOC but some chips of rocks contained 
nearly 100 ppm TOC “as a result of sample 
handling” (this was not discussed further in the SCIENCE 
paper).   
•   40K-40Ar ages measurements gave ages of 3-4 billion 
years with the conclusion that even though “rocks from 
Apollo 11 do not take us back to the time of formation of 
our sister planet, then rocks from other regions on the 
moon will”.   *  SCIENCE 165, 1211-1227 (1969). 



Recommendations 
•   Mars Sample Return should only be supported after landed in situ 
analyses have shown what samples would likely yield the most 
significant results for answering the question of whether life does or 
did exist on Mars.   
•   Adapting the “Follow the Nitrogen” approach is the best way to 
assure that the search for evidence of life is optimized.   
•   Instrumentation used for in situ analyses must have highly specific 
capabilities for key molecules such as amines in order to investigate 
possible presence of organic nitrogen compounds derived from both 
abiotic and biotic processes.  
•   Landed mission site selection should focus on mineralogical 
environments  that show a high organic nitrogen compound 
sequestrating potential on Earth. 
•   There is a compelling scientific rational that a “Follow the 
Nitrogen” strategy provides the best approach for the optimal 
selection of samples prior to Mars Sample Return.   


