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Introduction: Sulfate minerals have long been 

thought to exist in relatively small abundances within 
Martian soils based on chemical measurements made 
in-situ by the Viking Landers [1]. More recently, infra-
red spectral mapping using data from the Observatoire 
pour la Minéralogie, l’Eau, les Glaces, et l’Activité  
(OMEGA) revealed discrete deposits of sulfate-
bearing, layered rocks in the plains around Meridiani 
Planum, within many chasmata, and in the Olympia 
Undae north polar dune field [2-4]. Concurrently, the 
Opportunity Rover has discovered sulfate-rich, clastic, 
layered rocks at Meridiani Planum and performed an 
extremely detailed analysis of a stratigraphic section 
there [5-6]. A wealth of spectral data at higher spatial 
resolution from the Compact Reconnaissance Imaging 
Spectrometer for Mars (CRISM) have enabled a num-
ber of analyses focused on specific deposits [7-9]. 
Taken together, these data have led to the development 
of multiple working hypotheses for the origin of sul-
fate deposits on Mars. 

Four main hypotheses have been proposed to ex-
plain the origin of sulfate deposits at Meridiani: 1) 
formation in a large sebka in association with ground-
water and transient surface waters [4-5], 2) formation 
in association with impact base-surge [10], 3) fuma-
rolic-type alteration of ash and clastic sediments [11], 
and 4) formation of sulfates through weathering of dust 
within massive, ancient ice deposits [12]. These hy-
potheses are largely based on observations at Meridiani 
Planum, but may also apply to other sulfate deposits. 
We seek to test these hypotheses through spectroscopic 
and geomorphic studies of the various sulfate deposits 
on Mars. To do so, we are carrying out an updated 
global analysis of all of the recognizable sulfate depos-
its on Mars using Mars Express (MEx) OMEGA data. 

Early results from the OMEGA instrument were 
based on data from the first year of mapping (~1000 
MEx orbits) [2]. Here we present maps based on 7000 
MEx orbits of data. The goals of this work are to: a) 
determine if new occurrences of sulfates are discov-
ered through more complete data coverage, b) re-
evaluate the context of known deposits though infusion 
with recent imaging data and co-located CRISM data, 
c) search for correlations among various global 
datasets (i.e. compare thermal inertia, albedo, geomor-
phology, mineralogy, among various instruments for 

the various deposits), and d) rigorously test the existing 
hypotheses for sulfate formation on Mars. 

Data processing:  OMEGA is a visible-infrared 
imaging instrument with 3 separate detectors. Here we 
focus only on data from the C-channel, which has 128 
spectral bands from (λ=) 0.92-2.69 µm. Images from 
orbits 0-7000 were processed to calibrated I/F through 
a tested data pipeline to correct for instrument artifacts, 
geometric distortions, and atmospheric effects [13]. 
Correction for atmosphere is achieved through the use 
of an atmosphere transmission spectrum derived over 
the topographically variable, but compositionally ho-
mogenous, dusty flank of Olympus Mons, scaled for 
path length to each OMEGA observation by the depth 
of the major CO2 absorption feature [3]. In addition, 
data for global mapping were queried conservatively 
(water ice criterion < 1% and CO2 ice criterion < 0.6 
%) to avoid features associated with atmospheric ice 
and surface frost.  

Each image was processed using spectral index cri-
teria to identify features of sulfates located at (λ=) 1.9 
µm, 2.1 µm, and 2.4 µm (Figure 1).  The 1.9 micron 
criterion detects most minerals containing bound H2O. 
Global mapping of this parameter has been discussed 
by previous authors, although the emphases of these 
studies are largely on phyllosilicates occurrences [13-
14]. The 2.1 micron criterion is modified from Pelkey 
et al. [15] who developed the index for mapping of 
monohydrated sulfates with CRISM data. The 2.4 mi-
cron criterion is adopted from  Griffes et al. [16], who 
used the index to map polyhydrated sulfates. Index 
maps were co-registered in a GIS environment to other 
global datasets (MOLA, TES, THEMIS, geologic 
mapping, etc.). 

Preliminary results and ongoing studies:  The 
updated global maps positively identify known sulfate 
deposits throughout the Meridiani Planum, Valles 
Marineris system, and northern dunes, which provides 
support for our mapping procedure. In addition, a 
number of smaller deposits have been detected in the 
high northern plains, throughout low latitude chaos 
regions, in the greater Arabia Terra region, and in low 
latitude regions associated with the Dorsa Argentea 
Formation. Validation of these additional detections is 
ongoing. While the spectral indices used here are tai-
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lored to identify sulfates, the index values are not 
uniquely indicative of sulfate minerals.  

We are in the process of systematically analyzing 
individual detections to determine the distribution of 
true sulfate deposits. Using the GIS environment, we 
are correlating the occurrence of spectral identifica-
tions with thermal inertia derived from TES and 
THEMIS data, albedo, dust cover, and geologic con-
text derived from CTX, MOC, and THEMIS. CRISM 
data are also being used to a) corroborate detections 
and b) investigate the context of sulfate detections at 
higher spatial and spectral resolutions.  

Preliminary results suggest that sulfates, though not 
pervasive, are probably more common than has been 
previously reported from earlier data.  
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Figure 1: Reference spectra from the CRISM spectral 
library showning examples of sulfate spectra at OMEGA 
spectral resolution. Lines indicate spectral regions tar-
geted by spectral indices. 
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Figure 2: A global map of the 2.4 µm spectral index map is 
shown at the top. Below, OMEGA spectral maps for both the 
2.4 µm and 2.1 µm indices draped over THEMIS daytime IR 
and MOLA topography are shown. The index maps clearly 
show evidence for both monohydrated and polyhydrated sul-
fates in many deposits within the Valles Marineris system.  
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