
Figure 1. Map of the Ata-
cama Desert. Samples were
collected along a north-
south transect from near
Yungay to just south of Co-
piapo.
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The liquid phase pH and EH has been measured for soil
samples collected along a north-south transect (~ 70o

W longitude) in the Atacama Desert, which is located
along the northern Chilean pacific coast (from 30°S to
20°S latitude). The parts of this region between 22°S
and 26°S are extremely arid; its total rainfall of only a
few millimeters over decades makes it one of the driest
deserts in the world [1].  These conditions have existed
in the region for 10-15 Myrs [2], making one of the
best analogs on Earth for the present dry conditions on
Mars.  The driest parts of the region appear to be de-
void of life, including hypolithic algae that are found
in other arid deserts on Earth.

Samples were collected at sites along a climatic gradi-
ent from more southern humid regions (28°S) near
Copiapo to the most arid region in the north (24°S)
near Yungay (figure 1).   Studies of the presence of
culturable bacteria in the Atacama region from 24°S to
28°S indicate that the numbers of heterotrophic bacte-
ria and diversity increases as a function of local water

availability. In the
driest regions (24°S)
there are sites where
no bacteria could be
isolated [3].  The dri-
est, apparently sterile,
regions also are de-
pleted of, or possibly
completely lacking,
carbon in the soil.
Soils collected from
these regions were
reported to be essen-
tially free of organic
matter based on flash
pyro lys i s  GCMS
analysis [4]. Although
the exact mechanism
resulting in the deple-
tion of organics in
these regions has not
yet been established,
the condition of or-
ganic-depleted,
apparently sterile soil
is a remarkable Earth
analog of the martian
surface mater ia l .
Likewise, on Mars the

Viking GEx and LR experiments were unable to dem-
onstrate the presence of culturable bacteria, and the

pyrolysis-GCMS was unable to detect organic com-
pounds [5].

The motivation for this work is to perform quantitative
site characterizations of soil chemical processes to al-
low further development and field validation of the
Mars Oxidant Instrument (MOI). The MOI is an in situ
survey instrument designed to establish the presence of
reactive chemical species in the martian soil, dust, or
atmosphere, and to provide detailed reaction model
system measurements to enable comprehensive Earth-
based study. Functioning as a survey instrument, MOI
tests the broad range of hypotheses explaining the re-
activity of the martian surface material that have been
put forth since the Viking experiments. This work is
currently being carried out under the NASA ASTEP
funded AstroBioLab (Jeffery Bada, PI).  A second ob-
jective is to use Atacama field and Viking data to per-
form comparative studies, with the goal of furthering
the understanding of the formation mechanisms and
properties of martian oxidants.

An EH-pH diagram for the soils analyzed along the
Atacama transect is shown in figure 2.  As can be seen
in figure 2, all of the soils are oxidizing with pH values
ranging from 5.5 to 8.5.  Additionally, the values do
not follow a simple north-south gradient, instead they
reflect the local microenvironment at the sample sites.

Figure 2. EH-pH diagram of soil samples collected
along a north-south Atacama Desert transect.

In our experimental method we measure the EH-pH of
the soil immediately following addition of water as a
function of time, instead of waiting for equilibrium to
be approached prior taking measurements.  Both the
release of oxygen in the Viking Gas Exchange Ex-
periment and the decomposition of organics in the La-
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beled Release experiment were rapid processes [5].
Since it is our desire to better understand the Viking
results, the EH and pH values achieved upon the initial
wetting of the soil is key to understanding the redox
chemistry of the soils.  In figure 3, the EH-pH values of
several samples collected at the driest Atacama site
(240 4' S) referred to as the "Rock Garden" are shown.
Curve 4 in figure 3 shows the EH-pH shift for a soil
analyzed in water de-gassed with helium while the
other sample were analyzed in air equilibrated water.
The helium results are of interest since the Viking GEx
analysis was carried out in a He headspace. In all
cases, the rock garden samples show a
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Figure 3. Rock Garden soil EH-pH diagram. Sam-
ples 1-3 measured in air equilibrated water.  Sam-
ple 4 measured in water de-gassed with Helium.

shift from an acidic pH to a more basic pH when water
is added. This trend is consistent with the pH shift (de-
rived from CO2 uptake) seen in the Viking GEx [6].

We will present complete EH-pH diagrams (Pourbaix
Diagrams) for all samples collected along the transect
and discuss the major redox couples in these systems.
Compositional results will be presented using both
bulk analytical methods and XPS-based surface analy-
sis. Preliminary x-ray Photoemission Spectra of a
powdered soil sample from the Rock Garden area (fig-
ure 4), produces an energy distribution curve with
peaks resulting from Si, O, Fe, C, Na and Al. Cu is
also identified to high confidence in the energy distri-
bution curve.  This spectrum was obtained at 1eV
resolution.  Species that are qualitatively identified,
pending higher signal/noise ratio spectra include S,
Mn, F, and Ca.  Peaks attributable to Zr, Sb, Ni, K, Cd
and Ba are apparently present at detection limit levels
in these spectra.  High-resolution spectra of these and
other samples will be used to understand the nature and
origin of redox couples in the electrochemical experi-
ment. These results will also be discussed in relation to
the reactive soil chemistry seen in the Viking Biology
Experiments.

0.E+00

1.E+04

2.E+04

3.E+04

4.E+04

5.E+04

6.E+04

7.E+04

8.E+04

9.E+04

1.E+05

-1000 -900 -800 -700 -600 -500 -400 -300 -200 -100 0

eV

Figure 4. X-ray Photoemission Spectrum of a Rock
Garden surface sample.
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