
SULFATES AND IRON OXIDES IN OPHIR CHASMA, MARS. L. Wendt1, C. Gross1, T. Kneissl1, M. Sowe1, 
J.-P. Combe2, L. LeDeit3, P. C. McGuire1 and G. Neukum1. 1Freie Universität Berlin, Inst. of Geosciences, Malte-
serstr. 74-100, 12249 Berlin, Germany, lorenz.wendt@fu-berlin.de. 2The Bear Fight Center, P.O. Box 667, Winth-
rop WA 98862, USA, 3German Aerospace Center (DLR), Rutherfordstr. 2, 12489 Berlin, Germany.   

 
 
Introduction: The mineralogy of the light-toned 

deposits (LTD) in Valles Marineris on Mars has been 
studied on a regional scale by [1] and [2] based on 
short-wave infrared (SWIR) data from the Observa-
toire pour la Minéralogie, l'Eau, les Glaces et 
l’Activité OMEGA, the Compact Reconnaissance Im-
aging Spectrometer CRISM and thermal Infrared data 
from the Thermal Emission Spectrometer TES [3]. 
Studies encompassing light-toned deposits in selected 
chasmata [i. e., 4-7] and a comparative study by [8] 
suggest that the geological history of the LTDs in the 
individual chasmata is much more diverse than it ap-
peared earlier, which raises the need of detailed studies 
of the prominent sedimentary basins in Valles Marine-
ris.  

In this study, we analyze SWIR data from OMEGA 
and CRISM acquired over Ophir Chasma in conjunc-
tion with panchromatic and color imagery from HRSC, 
Themis, CTX, MOC and HiRISE and a mosaicked 
digital elevation model of Valles Marineris with a map 
scale 100 m [9] to understand the mineralogy, local 
stratigraphy and layering attitude of the water-related 
minerals found here: sulfates and iron oxides.   

Datasets and Methods: OMEGA is an imaging 
spectrometer operating in the visible to near infrared  
and in the SWIR onboard Mars Express. Due to its 
highly elliptic orbit, the spatial resolution varies be-
tween approx. 2-4 km and 300 m per ground element. 
We used only data between 1 and 2.6 µm and con-
verted to physical units of reflectance (I/F). The con-
tribution of the atmosphere was removed using the 
method by [10]. CRISM is an imaging spectrometer 
operating at wavelengths between 0.38 and 4 µm simi-
lar to OMEGA, but provides a better spatial resolution. 
In its multispectral (MSP) mode, CRISM acquires data 
in 72 selected spectral channels at a resolution of 100 
or 200 m per pixel. In the targeted mode, data is ac-
quired in all 544 channels at a spatial resolution of 18 
to 40 m, at the expense of a much smaller spatial cov-
erage. The data from CRISM was converted to atmos-
pherically corrected reflectance (I/F) values and arti-
facts and bad bands were removed using the algo-
rithms described in [11, 12]. We used data between 1 
and 2.6 µm over the entire study area, where available, 
and combined these with data in the visible range on 
selected observations.  

We mostly used the spectral indices described by 
[13] to identify individual minerals or mineral groups 

in CRISM and OMEGA data, but mapped the presence 
of iron oxides by the spectral slope between 1 and 1.3 
µm as in [4, 5]. To provide a complete coverage of 
Ophir Chasma, we combined data at all available reso-
lutions but analyzed only the best resolving data at 
each spot. The spectral index maps were overlain on 
georeferenced image data using a geographic informa-
tion system.   

Results: Sulfates were observed in the valleys 
north, east and south of Ophir Mensa. Within Ophir 
Mensa, only a few locations show sulfate signatures, 
despite locally relatively high thermal inertia values. 
The prevailing mineral is kieserite. 

 North of Ophir Mensa, most of the chasm floor is 
covered by landslide deposits, but a few locations have 
remained uncovered. The sulfate deposits at some of 
these locations, and the observation of material with a 
texture similar to the LTDs, but without sulfate signa-
ture at other places, suggest that 1.) the LTDs reach 
further north underneath the landslide deposits and 2.) 
these LTDs are locally overlain by sulfates.   

In the flat central valley east of Ophir Mensa, mo-
nohydrated and polyhydrated sulfates are found. The 
transition between the two mineral groups is not sharp, 
but polyhydrated sulfates are found in the topographi-
cally lower places, mostly below  -4400 m, and mono-
hydrated sulfates dominate above this level, up to an 
elevation of approx. -4300. Locally, jarosite is de-
tected. The sulfates-bearing deposits have a rough sur-
face texture, which is dissected by numerous joints and 
fractures. Observed joint fills are more resistant to 
erosion and stick out. The spectral slope between 1 and 
1.3 µm indicating iron oxides increases towards the 
south, which is consitent with accumulations of hema-
tite observed in TES data [3]. Sulfates and iron oxides 
stratigraphically overlay the LTDs of Ophir Mensa.  

In the valley south of Ophir Mensa (fig. 1), sulfates  
are found both associated with the LTD and superim-
posed on the basaltic southern wall of Ophir Chasma. 
The highest elevation at which sulfates are detected 
decreases from ~400 m above datum in the west to 
-2100 m in the east. A resistant layer within Ophir 
Mensa suggests an internal zonation/layering of this 
LTD, which is not horizontal, but roughly follows the 
curvature of the outer surface. 

On the southern wall, sulfates are partly layered 
and dip downslope. The bulk of the sulfates are kiese-
rite, but polyhydrated sulfates and jarosite are also 
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identified, which in part seem to discordantly overlay 
the monohydrated sulfates.   

Iron oxides are found as lag deposits on the floor 

of the mineral bowl and on the southern slope, and are 
often associated with polyhydrated sulfates.  

Ophir Mensa 

Figure 1: A: Shaded HRSC dtm mosaic of Ophir Chasma 
with the major sulfate and iron oxide outcrops marked red. 
B: Combination of several OMEGA, CRISM MSP, HRL and 
FRT observations over HRSC image. Red: slope between 1 
and 1.3 micron, green: inflection at 2.4 µm (SINDEX), blue: 
2.1 µm band depth (BD2100 [13]).  
 

Discussion and conclusions: We conclude, that at 
least two sulfate-forming events have to be considered: 
one forming the sulfates within Ophir Mensa, and a 
second one forming those in the central valley after the 
excavation of the valley itself. The occurrence of vari-
ous sulfate species, including jarosite, and  iron oxides 
indicates a geochemically similar environment as in 
Meridiani Planum [14], but the suggested interdune 
playa-like facies is only consistent with the low-lying, 
approximately flat deposits in the central valley. In the 
valley south of Ophir Mensa the varying, but high to-
pographic elevation and the dip of the layering sug-
gests a drape deposit, which is neither formed by a 
standing body of water, nor by groundwater upwelling. 
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Figure 2: CRISM observation FRT A86A over CTX 
image. Colors as in fig. 1. Spectra suggest the presence 
of monohydrated sulfates (blue), polyhydrated sulfates 
(green), jarosite (black) and iron oxides (red; mixed 
with sulfates).  
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