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Introduction: NASA is assessing the habitability 

of extraterrestrial bodies [1-3]. They are not directly 

looking for life, but are trying to find places that are 

capable of supporting life. Their primary focus has 

been on the planet Mars. It is impractical to send 

people to Mars for this type of work. So, researchers 

do the next best thing; they use terrestrial analogs.  

One such Mars analog is the McMurdo Dry Valleys 

of Antarctica. The Dry Valleys are a cold (sub-zero 

temperatures), dry (low humidity), and rocky polar 

desert. What little moisture that does fall is normally 

sublimated and not biologically available. This area 

also experiences daily freeze-thaw cycles, high solar 

radiation (seasonal “ozone-hole”), strong and desiccat-

ing winds (RH ~0%), and elevated salt concentrations. 

All of this is very reminiscent of what we currently 

know about Mars. Yet, as extreme as this environment 

is, life is still found there. How can life exist in such a 

harsh clime? If we can understand how and why this 

can happen on our planet, we can use that knowledge 

to guide our habitability assessments elsewhere. 

Discussion: Antarctica was not always as it is to-

day. In the distant geological past it had a warmer and 

wetter environment [3, 8]. Slowly, as conditions grew 

more and more extreme, some of these organisms 

found a way to adapt. We believe that some of the orig-

inal microbes must have retreated into the pore spaces 

within the surrounding rocks. These rocks could help 

mitigate the extreme local conditions, allowing some 

organisms to survive. Conditions on early Earth were 

perhaps similar to those on early Mars [3]. Therefore, 

if terrestrial organisms could find refuge in rocks from 

their increasingly harsh environment, could not a simi-

lar scenario have played out on Mars?  

An endolithic existence should also provide protec-

tion from rapid temperature fluctuations and UV radia-

tion. Solar irradiance can be attenuated by as much as 

an order of magnitude by a thin, transparent (e.g. 

quartz), overlying mineral layer [4]. These mineral 

grains should also permit the penetration of photosyn-

thetically active radiation for photoautotrophic com-

munity members.  Any microorganism that could co-

lonize these interstitial pores, and take advantage of 

these potential microniches, should greatly increase 

their odds of survival under extreme conditions – no 

matter where they might be found. 

Sample Collection Site: In February 2005 (austral 

summer season), a team of scientist from NASA’s Jet 

Propulsion Lab (JPL) went to the McMurdo Dry Val-

leys in Antarctica. They collected rock specimens at 

the Battleship Promontory (76° 55'S, 160° 55'E) [3].  

The Dry Valleys are a series of parallel valleys that 

form an oasis of exposed terrain.  This 4800 km
2
 sec-

tion of rock and soil is kept free of snow and ice by the 

cold, dry katabatic winds that roar down from the high 

Polar plateau. Due to the heating of the rock surfaces 

by the continuous summer sun, the north-facing rocks 

can reach temperatures that are favorable for microbial 

metabolic activity. So, the warmer north-facing rocks 

were covered by red, orange, yellow, brown, and black 

patches indicating the presence of potential microbial 

inhabitants.  The colder south-facing rocks were not.  

The rocky outcrops of Beacon sandstone still had 

traces of snow on them.  Average daily air tempera-

tures ranged from approximately -25 to +5°C, with a 

mean of -10°C. The continuous summer sun raised the 

internal temperature of the rocks as high as 15 to 20°C 

above the ambient temperature [3, 5]. Sparse precipita-

tion combined with the dry katabatic winds and low 

surface albedo created hyperarid conditions (RH ~0%). 

Specimens: Several rock specimens of various siz-

es were collected by the JPL team. Specimens #1 (SP1) 

and #2 (SP#2) were quartzite sandstones. Their surfac-

es  were primarily stained a reddish-orange (Figure 1). 

The top and side surfaces were also covered with black 

“speckles”, approximately 1mm in diameter.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Approach: We are currently in the preliminary 

stages of an ambitious inorganic and organic characte-

rization of two of these specimens. These assessments 

are designed to provide the data needed to more clearly 

define the geomicrobiological interdependence occur-

ring within these cryptoendolithic communities.   

Figure 1. Specimen #1 (SP1) was a 

Devonian quartzite sandstone from 

the Battleship Promontory in the 

McMurdo Dry Valleys of Antarctica.   
(T. Nickles, July 2009) 
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SP1 was removed from its canvas bag after 53 

months of cold storage (-28
o
C) for an inorganic cha-

racterization.  This work began with a thorough do-

cumentation of surface features using high-resolution 

digital photography.  This was followed by a regiment 

of optical microscopy utilizing a binocular dissecting 

microscope and a polarize-light microscope (PLM). 

We are just now starting work with the scanning elec-

tron microscope (SEM). This SEM also has an energy 

dispersive x-ray spectroscopy (EDS) detector. We are 

using the EDS for qualitative spectral identification, 

quantitative chemical analysis, and elemental mapping.   

A lapidary saw was used to remove a quarter of 

SP1 to study the specimen’s cross section (Figure 2).  

Mineralogical grains were also harvested and mechani-

cally ground for work with the powder x-ray diffracto-

meter (XRD). The XRD is helping to identify various 

minerals associated the specimens’ layers. 

JPL specimen #2 (SP2) is a more pristine speci-

men, with a lower risk of prior contamination. SP2 will 

be used to conduct an organic characterization. Work 

with SP2 will begin with the same visual and micro-

scopic survey as was conducted for SP1. It will then be 

aseptically broken into smaller pieces. Material col-

lected from potential organic sites will be analyzed. In 

some cases this material will also be crushed with a 

sterile mortar and pestle for organic assays, culturing, 

and DNA extraction. Our goal is to thoroughly assess 

population diversity, and characterize the distinct pri-

mary producers and consumers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Additional surface scrapings will be aseptically col-

lected from SP2. We will begin with the red-stained 

surface layer and continue inward until clear quartz 

grains are reached. Having determined the inorganic 

nature of each layer, we want to clearly identify any 

microbes that might be associated with this mineralogy 

and geochemistry. Flame-sterilized dissecting tools will 

also be used to remove approximately 50 mg of rock 

grains containing potential members of this endolithic 

community.  These samples will be placed directly into 

sterile microcentrifuge tubes for DNA extraction, po-

lymerase chain reaction (PCR) amplification, and dena-

turing gradient gel electrophoresis (DGGE) analysis 

using markers for 16S rRNA [6].    

Besides doing standard culturing, enriching, and 

isolation work with SP2, we will also perform a survey 

of the biodiversity of any cryptoendolithic communities 

by analyzing clone libraries of rRNA genes amplified 

from environmental DNA. Phylogenetic analysis will 

be conducted using unique rRNA gene sequences. 

Together, the data collected from the inorganic 

(SP1) and organic (SP2) characterizations should pro-

vide the fundamental data necessary for an integrated 

geomicrobiological analysis of these specimens. 

Concluding Remarks: One area of keen interest is 

the interrelationship between any organisms, their en-

dolithic habitats, and the harsh Antarctic environment.  

Their microbiology and the geochemistry should be 

intricately linked.  We are also trying to answer several 

questions concerning the role of iron in these diverse 

communities. For example: (1) What is the original 

source of this iron?  (2) How did this iron get deposited 

onto the surfaces of these rocks? (3) What is the mi-

crobiological role in this geochemistry? (4) Is an entire 

iron-cycle taking place within these communities? Are 

iron-oxidizers depositing the reddish material in the 

uppermost layer of quartz grains?  We see evidence of 

the removal of iron oxides around organisms within 

these rocks.  Is this simply leaching as a byproduct of 

normal biochemistry? Or is this the work of iron-

reducers producing the raw material for iron-oxidizers? 

The inorganic and organic assessments of these speci-

mens should provide answers to these questions.  It 

should also introduce exciting new questions. 
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Figure 2.  Cross section of SP1 at 90X (bar 

is 0.5 mm).  There were four distinct layers.          
 

(T. Nickles, Aug 2009) 
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