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Introduction. The polar desert of the 
McMurdo Dry Valleys is a matrix of permafrost, 
soils, glaciers, streams, and lakes that together 
form the southern-most, functioning terrestrial 
ecosystem on Earth. The ice-cemented soils, gul-
lies, and paleo-lake deposits of the Antarctic Dry 
Valleys may be strongly analogous to ice-
cemented soils, gullies, and paleo-lake deposits 
on Mars [1-5]. In these planetary habitats, proc-
esses governing hypothetical water and nutrient 
cycling are poorly constrained, challenging ef-
forts to efficiently explore and test these loca-
tions for signs of past or present biological activ-
ity [6-8]. The McMurdo Dry Valleys are one of 
the most Mars-like environments on Earth, pro-
viding an ideal natural laboratory for defining the 
physical and chemical processes that combine to 
generate habitable oases that sustain simple eco-
systems under cold and dry conditions [9-11].  

Here, we report on advances in understand-
ing water and nutrient cycling through Antarctic 
permafrost based on investigations conducted 
during the 2009-2010 austral summer in Taylor 
Valley, Antarctica. Measurements were taken in 
conjunction with McMurdo Dry Valleys Long-
Term Ecological Research (MCM-LTER) pro-
gram in order to assess the biological signifi-
cance of physical permafrost processes. Observa-
tions were also linked towards inventorying land-
scape geomorphological response to differences 
in microclimate conditions [11].  

Active Layer Processes on Earth and 
Mars. The active layer is the upper section of a 
permafrost column that seasonally experiences 
temperatures above 0˚C [12]. Given the observa-
tions suggesting potential active layer conditions 
on Mars as recently as 10 Ma [13], the presence 
of ice-rich, “ice-age” terrains thought to have 
formed as part of the martian Latitude Dependent 
Mantle (LDM) over the past ~1-4 Ma [14], and 
the presence of water-carved martian gullies in 
localized micro-environments within the past ~2 
Ma [3, 15], several critical questions regarding 
the behavior of ephemerally-wetted, cold-desert 
ecosystems can be addressed in terrestrial analog 

environments. In particular, 1) How do interac-
tions between liquid water and the ice-cement 
table modify the soil habitat—physically, chemi-
cally, and morphologically (Fig. 1)? 2) How does 
ice-cemented permafrost limit or expand stream- 
and lake-margin hyporheic zone water availabil-
ity to soil ecosystems (Fig. 1)? 3) How do inter-
actions between brines and the ice-cement table 
improve ecosystem access to legacy nutrient res-
ervoirs? 

We address these questions through mapping 
of the distribution of soil moisture, electrical 
conductivity (salinity), and pH as a function of 
time, location, and depth in the active layer in 
Taylor Valley, and through integration of these 
physical parameters with permafrost geomor-
phology and ecosystem response [16-18].  

Defining the effect of shallow permafrost on 
near-surface soil moisture is critical for assessing 
the potential habitability of astrobiologically im-
portant permafrost environments on Mars, where, 
like the Dry Valleys, water activity is a primary 
determinant of habitability [10]. The documenta-
tion of pervasive ice-rich permafrost in the upper 
~1 m of martian high-latitude regolith raises 
questions regarding the accessibility of past mar-
tian active layer moisture to ephemerally present 
habitable zones in the martian subsurface. Dem-
onstrating how permafrost depth controls soil 
moisture profiles in the Dry Valleys can help as-
certain how much moisture would be available to 
potential martian active layer habitats present 
within craters and other sheltered microenviron-
ments [11], and in turn, can be used to “work 
backwards” from martian permafrost geomor-
phological analysis (below) to determine the de-
gree to which active layer processes have af-
fected recent martian permafrost terrains [5, 14]. 
In doing so, we can refine planetary protection 
protocols for exploring potentially habitable 
“special regions” [10]. 

Exploring Martian Permafrost Land-
forms. Permafrost-related landforms dominate 
the surface at martian high latitudes [5, 14]. Fol-
lowing the approach taken to analyze transects of 
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soil properties developed for characterizing Ant-
arctic permafrost habitats and landforms (above), 
we present a geo-traverse of martian permafrost 
landforms, anchored at the Phoenix landing site 
and extending north to the edge of the north-polar 
cap, and south to the edge of the Tharsis rise. By 
documenting martian permafrost landforms, in-
cluding high- and low-centered thermal contrac-
tion crack polygons [11], sorted or otherwise ar-
ranged boulders (including “boulder halos”) [19], 
and both massive- and pore-filling ground ice, we 
will be able to evaluate the soil and climate con-
ditions prevailing during the formation and modi-
fication of these cold-desert landforms.     
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Figure 1. The Onyx River, Wright Valley, Antarctica. At image top, changes in surface microtopography 
caused by thermal contraction crack polygons strongly influence the distribution of soil moisture (indi-
cated by soil darkening). In contrast, at image bottom, fluvial channel structure more strongly influences 
the spatial distribution of soil moisture and biological productivity.  
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