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Abstract 
The Antarctic Dry Valleys (ADV) represent a unique 
analog for Mars, as they are extremely cold and dry 
desert environments [1,2]. Elevated clay and salt 
components just below the surface indicate an active 
subsurface alteration environment where liquid water 
is seasonally present. Similarities in the climate, 
surface geology, and chemical properties of the Dry 
Valleys to that of Mars imply the possible presence 
of these soil-formation mechanisms on Mars, other 
planets and icy satellites.  

1. Introduction 
Physical or mechanical weathering predominates in 
general over chemical weathering processes in the 
ADV [3]. Although chemical alteration is a 
secondary process it plays an important role in 
formation of clays and salts. In order to better 
understand Martian surface processes, systematic soil 
and rock collections were completed over time 
followed by extensive analysis. Sampling locations 
and sample characteristics are summarized in Figure 
1 and Table 1, respectively.  

 

Figure 1: Sample locations in the Antarctic Dry Valleys. 

 Valley Locality Number of 
cores

Number of 
samples

Depth range 
[cm]

 Total 
C & S

Taylor Valley Lake Hoare 3 13 0-25 X
8 0-1 X

Lake Hoare bottom 6 59 0-47.5 X
Lake Fryxell 11 0 X

Wright Valley Lake Brownsworth 4 0 X
Lake Vanda 7 104 0-80 X

7 0
Wright Valley Don Juan Pond 8 120 0-31 X

14 0-2
Wright Valley Don Quixote Pond 4 48 0-16

18 0-1
TOTAL 406 0-80

Soluble 
Ions

INAA

X
X
X

X
X

X

X

 
Table 1: Samples under investigation 

2. Chemical alteration 
Reflectance spectra of ADV soils from Lakes Fryxell 
and Brownworth (Figure 1) illustrate differences in 
the mineralogy (Figure 2). The VNIR spectra show 
Fe2+ (electronic) pyroxene bands for less altered 
soils/sediments. Features due to H2O, OH, SO4 and 
CO3 are observed in more altered surface sediments. 
The mid-IR spectra show vibrational bands of quartz, 
pyroxene, and feldspar. Orthopyroxene/clinopyr-
oxene ratios are ~40/60 for most samples with higher 
pyroxene abundances near Lakes Vanda and 
Brownworth [4].  

 
Figure 2: Reflectance spectra of Lakes Fryxell and Brownworth 

SO4
2-, Cl-, and NO3

2- anions were detected in ADV 
samples and gypsum was found by XRD and VNIR 
spectra. Salt concentrations are compared with SiO2 
abundance for 4 samples collected at different depths 
in a soil pit from the Wright Valley (Figure 3). 
Reflectance spectra of these 4 samples are compared 
with spectra of clays and salt minerals (Figure 4). 
Gypsum plus montmorillonite or hydrated silica 
appear to be present in these samples based on the 
spectral features. Additional hydrated salt (e.g. 
sulfate, phosphate, nitrate and perchlorate) 
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components could be contributing to the 2.44 µm 
band and the 2.09 µm shoulder.  

 

Figure 3: Abundance of soluble anions and SiO2 in Wright Valley 
soil pit samples as a function of depth. Sample numbers are 
provided. Elevated levels of SO4

2-, Cl-, and NO3
2- anions were 

found at 2-4 cm below the surface where the SiO2 abundance is 
lower. Distribution maxima of these ions are at different depths. 

Figure 4. Reflectance spectra (0.35-2.5 µm) of Wright Valley soil 
pit samples are compared to spectra of Al/Si-hydroxide species 
(montmorillonite and opal) and salts: gypsum (gold); szomolnokite 
(green); childrenite (brown), Mg per- chlorite (purple), and K 
nitrate (pink).  

The S values for some surface and shallow depth 
samples are similar to Mars Exploration Rover soil 
and rock S abundances. Total S abundance in 13 
Taylor Valley surface samples is only ~0.02 wt.%, 
while the Wright Valley surface samples (51) 

generally have slightly higher total S abundances, 
varying from a low of ~0.009 – 0.3 wt.%. In contrast, 
the subsurface samples from Prospect Mesa pit #1 
and the Don Juan Pond area have concentrations as 
high as 2.2 and 6.2 wt.% S (15.5 wt.% SO3 
equivalent). Reflectance spectra of these samples 
indicate increased levels of hydrated sulfates. 
Additional analyses for these S-rich samples are 
underway to determine associations of S, Ca and Cl 
with implications for Mars [5, 6, 7]. 

3. Summary and Conclusions 
The soils under investigation contain aeolian, salt, 
active, and permanently frozen zones. Coordinated 
chemical and spectroscopic analyses indicate that 
clays, sulfates and other salts are present at elevated 
abundances a few cm below the surface. Continued 
analyses are expected to reveal associations among 
these components, increase our knowledge of 
geochemical provenance in the ADV, and contribute 
to our understanding of the Martian near-surface 
environment. Elemental abundance measurements 
allow the calculation of Chemical Indices of 
Alteration and relationships to soil sources [8, 9, 10]. 
Broadened knowledge of sedimentary processes in 
the Wright and Taylor Valleys will be useful for the 
interpretation of information obtained from current 
missions to Mars and also to solar system satellites 
beyond Mars’ orbit.  
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