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Overview:  The interior layered deposits (ILDs) of 

Valles Marineris occur throughout the chasma system, 
locally forming deposits 5 km or greater in thickness 
[1]. Orbital remote sensing by the OMEGA 
visible/infrared spectrometer on Mars Express revealed 
widespread occurrence of monohydrated and 
polydrated sulfate minerals within the ILDs, and close 
spatial association of sulfates with crystalline iron 
oxides [2,3]. This mineral assemblage is interpreted to 
indicate an acid, saline depositional environment [4]. 
Subsequent higher resolution observations from the 
CRISM spectrometer on the Mars Reconnaissance 
Orbiter have revealed complex stratigraphic relations 
between beds containing different iron and sulfate 
minerals. In Juventae [5] and western Candor Chasma 
[6] and in Aram Chaos [7], polyhydrated sulfate-
bearing material is stratigraphically above 
monohydrate-bearing material; locally, both are 
underlain by anhydrous ferric hydroxysulfate-bearing 
material [7]. In eastern Candor [8] and Melas Chasma 
[9] stratigraphy is more complicated and layers having 
different sulfate mineralogies are interbedded. It has 
been proposed that the ILDs formed where discharge 
of sulfate-bearing groundwater trapped eolian sediment 
[6,7,10] and that mineralogy was controlled by 
chemistry of the depositional environment [6,8].  

Here we report first results from analysis of CRISM 
data covering western Tithonium Chasma, including a 
a far-western outlier of the ILDs whose location tests 
proposed genetic mechanisms and regional relations. 
Tithonium ILDs are draped over remnants of eroded 
highland crust, and exhibit less lateral continuity than 
typical in other chasmata. ILDs in eastern Tithonium 
have been interpreted as disrupted by faulting and flow 
[11]. This discontinuity also challenges interpretation 
of CRISM data taken under differing illumination and 
atmospheric conditions, which introduce inter-scene 
differences in spectral properties. 

Data and Methods. Figure 1A shows image 
footprints from observations that cover the Tithonium 
ILDs and their surroundings, including hyperspectral 
(FRT) observations (544 wavelengths, 18 m/pixel) and 
half resolution (HRL) observations (36 m/pixel) and 
multispectral survey strips (200 m/pixel, 72 
wavelengths). All of the data were processed using the 
latest version of the radiometic calibration ("TRR3") 
[12], corrections for atmospheric gas absorptions using 
a modified version of the "volcano scan" correction 
with reduced artifacts near 2.07 µm [13], fitting of I/F 
as a function of phase and emission angles to 
normalize atmospheric opacity to that at a near-nadir 
viewing geometry, and division by cosine of solar 

incidence angle to approximate Lambert albedo [12].  
Spectral Results. Figures 1B through 1D illustrate 

spatial distributions of different mineral groups shown 
by their absorption features to be present. Figure 2 
shows spectra of type occurrences of different materi-
als. Typically the ILDs are elevated in albedo with 
absorptions near 2.11 and 2.40 µm indicating the pres-
ence of monohydrated sulfate minerals. In the same 
materials there is a steep visible-wavlength spectral 
slope, and the weak ~1-µm band typical of "dust" is 
shifted to shorter wavelengths due to an absorption 
near 0.9 µm characteristic of crystalline ferric oxide. 
Locally the signature of monohydrated sulfate is re-
placed by a band near 1.93 µm and a downward inflec-
tion in the spectrum at >2.3 µm, indicating one or more 
polyhydrated sulfates. In some locations in addition to 
the 1.93-µm band there are weak absorptions at 2.21, 
2.27, 2.40, and 2.47 µm consistent with a component 
of jarosite. The ILDs are surrounded and partially 
draped by sand deposits having spectral signatures 
typical of highland mafic rocks with shallow 1- and 2-
µm pyroxene absorptions. 

Stratigraphic Relations. Stratigraphy of the Tithoni-
um ILDs is complex. Locally the polyhydrated sulfate-
bearing material is interbedded with monohydrate-
bearing material; elsewhere it and/or jarosite occupy 
topographic lows in eroded ILDs or basement. In other 
locations the planform of domains having different 
mineralogy suggests faulting and ductile flow. A mo-
saic of CRISM observations covering these ILDs is 
being assembled and will be draped over terrain mod-
els to better understand these relations. 
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Figure 1.  (A) Location map showing footprints 
of CRISM mapping and targeted observations 
in western Tithonium Chasma, and the 
footprints of observations shown in 1B, 1C, 
and 1D. (B through D) False color composites 
of full-resolution observation IDs 3EEF, 510D, 
and 97B1. At top are RGB false-color 
composites created from corrected I/F at 2.53, 
1.33, and 0.77 µm; at bottom are RGB 
combinations of summary parameters 
SINDEX, BD2100, and BD2290. In the bottom 
views, areas with spectra typical of mafic 
materials having pyroxene absorptions are 
blue to blue-green. Materials with spectra 
consistent with monhydrated sulfates are 
green to yellow-green, and polyhydrated 
sulfates and jarosite red to magenta.  
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Fig. 2. Lambert albedo spectra showing 
type examples of absorptions. 1- mafic 
material (broad features near 1 and 2 
µm due to pyroxene); 2 - mono-
hydrated sulfate (near 2.11 and 2.40 
µm); 3 - polyhydrated sulfate (near 
1.93 µm with a falloff longward of 2.3 
µm); 4 - jarosite (weak features near 
2.21, 2.27, 2.40, 2.47 µm).   
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