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Overview: The Atacama Desert in northern Chile 
(14°S - 27°S) is one of the driest locations on Earth. The 
desert occurs in a valley bounded on both sides by 
mountain ranges: the Coastal Cordillera to the west and 
the pre-Andean cordillera to the east.  The local geology 
is the result of tectonic activity along an active 
continental margin, producing basaltic to andesitic 
magmatic arcs that have migrated progressively eastward 
since the upper Triassic [1,2]. The regional geology is 
comprised of Mesozoic and Cenozoic sedimentary units 
(fluvial, lacustrine, alluvial fan, and evaporite deposits), 
interspersed with volcanic/intrusive deposits [3-6]. 
Evaporites include large volume surface halite deposits 
[7] and saline soils dominated by sulfates (typically 
gypsum or anhydrite) with local concentrations of 
economic evaporites (e.g. nitrates) [8,9]. The extreme 
aridity coupled with the surface chemistry suggests the 
Atacama as a terrestrial analog for Mars [e.g. 10-12].

The Monturaqui impact structure is an asymmetric 
360x380x34 m crater located in the northern part of the 
Atacama (23°59’S, 68°15’W) [13].  First identfied by 
aerial photograph [14], later studies noted the crater had  
formed in igneous rock (ignimbrites overlying granite cut 
by mafic dikes) [15-17]. Spherules (typically iron oxide) 
have weathered out of the local vesicular impactites, 
where metal oxides and sulfides filled a fraction of the 
pores [16-18]. The presence of these iron oxide spherules 
suggests this particular impact as a potential analog for 
exploring the impact spherule hypothesis for formation 
of hematite spherules in Meridiani Planum, Mars.

Comparison to Meridiani: Concentrations of 
hematite observed in Thermal Emission Spectrometer 
data [19] were among the reasons for the selection of 
Meridiani Planum as a landing site for the Mars 
Exploration Rover (MER) mission. Initial results 
identified millimeter scale grey spherules (nicknamed 
‘blueberries’) weathering out of local source rock and 
later confirmed that the ‘blueberries’ are dominantly 
composed of the iron oxide observed from orbit. The 
texture, mineralogy, and chemistry of the spherules and 
associated source rock are similar to those of terrestrial 
sedimentary concretions and possible evidence of past 
aqueous activity at Meridiani [e.g. 20-24].  The formation 
mechanism, however, has been disputed by others, who 
suggest the observed evidence may also be consistent 
with volcanic (e.g. accretionary lapilli) [25,26] or impact 
[27,28] processes. In both cases, observed layered 
outcrops represent surge deposits later altered to the 

chemistries observed by MER. An earlier portion of this 
project examined silica spherules at Salar Grande (also in 
the Atacama Desert), which were found to be 
hydrothermal deposits that filled amygdules in andesite 
source rocks. These spherules weather out and form a lag 
deposit similar to the Martian blueberry deposits [29]. 

Initial Results: An overview of the Monturaqui field 
area was obtained via satellite data analysis,  including 
data from both the IKONOS satellite (GeoEye) and the 
Advanced Spaceborne Thermal Emission and Reflection 
Radiometere (ASTER, aboard the Terra satellite). The 
IKONOS data set has a spatial resolution of 1 m/pixel 
with four bands: blue, green, red, and near infrared 
(NIR)  [30]. This particular dataset is ideal for obtaining 
high-resolution views the site. Compositional data have 
been examined using the ASTER dataset, which has 3 
wavelength bands in the visible and NIR (15 m/pixel 
resolution), 6 bands in the short wave infrared (SWIR) at 
30m/pixel, and 5 bands in the thermal infrared (TIR) 
with a resolution of 90m/pixel [31]. ASTER Level 2 data 
(radiometrically corrected and processed to either 
reflectance or emission), including a correction for 
crosstalk problems affecting SWIR data [32], were 
requested and form the basis of compositional results.

IKONOS data (Fig. 1) provide context for the 
compositional results. The crater appears slightly 
subdued and lacks an apparent ejecta blanket. Inside the 
crater is a bright playa deposit at the lowest point: the 
off-center location is an indication of the asymmetric 
nature of the crater itself.  Fluvial channels are visible in 
as well: the large east-west trending channel just 
northeast of the crater is visible in compositional data.

Spectral variations in the SWIR and TIR data are 
initially identified using a minimum noise transform 
(MNF).  Regional spectral (thus likely compositional) 
variations are related to fluvial and volcanic processes. A 
small subset of the SWIR MNF (Fig. 2) shows the 
variations near the crater itself. Fluvial deposits are 
distinct, while subtle variations around the crater suggest 
compositional variations related to ejecta (and later 
reworking processes). Linear unmixing of TIR data (Fig. 
3) are consistent with regional geology (altered volcanic 
rocks and deposition of evaporites). Variations in end-
member concentrations appear related to compositional 
variations indicated by the SWIR MNF. Correlations 
with field samples and the observed geomorphology will 
be used to isolate compositional variations possibly 
related to spherule formation.
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Conclusions: The Monturaqui impact crater in Chile 
provides a unique opportunity to study iron oxide 
spherules that formed in a volcanic and impact 
environment for comparison to the hematite 
‘blueberries’  found in Meridiani Planum. Both satellite 
and field data will be compared to results from Mars to 
explore hypotheses for spherule formation.
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Figure 2: Subset of  ASTER SWIR MNF(crater outlined for 
reference). Color variations are related to spectral variations.

Figure 1: Subset of  IKONOS (1m/pixel) visible image of 
Monturaqui  crater  and local area. A high-albedo deposit is 
visible on the crater floor at the lowest point.

Figure 3:  Linearly unmixed ASTER TIR data illustrating 
compositional variations (R: sulfate, G: clay, Be: volcanic tuff)
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