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Introduction:  The recent discovery of abundant phyl-
losilicate minerals with bound water in certain Noa-
chian aged terrains on Mars [1] is suggestive of an 
early period in Mars’ history when climate conditions 
were more clement and, potentially, more conducive to 
the emergence of life.  One of the prominent exposures 
of phyllosilicate minerals is in the terrain surrounding 
the Mawrth Vallis outflow channel (centered approxi-
mately at 25° N, 340°E).  Mawrth Vallis ranges in 
width from 15-25 km along most of its 800 km course 
across Arabia Terra. The channel then widens up to 50 
km as it empties into southeastern Acidalia Planitia. 
The source region for Mawrth Vallis is not apparent 
unlike the other outflow channels which have large 
regions of chaos or fissures located at the channel 
heads; however, some small patches of chaos have 
been observed.  Indications of multiple episodes of 
fluvial activity include: the primary channel of Mawrth 
Vallis, inner channel terraces of Mawrth Vallis, 
notches and grooves cutting the inner channel terraces 
and inverted channels.  The region displays a dark-
toned mantling material that is being eroded to expose 
an underlying light-toned layered unit. Exposures of  
light-toned, layered rocks at Mawrth Vallis were also 
pointed out in [2] as being exhumed from depths be-
low the more extensive layered deposits in Terra Me-
ridiani.  Phyllosilicate minerals with metal-OH fea-
tures centered at 2.2 and 2.3 μm have been noted [1,3].  
These spectral features are consistent with those of the 
minerals montmorillonite and nontronite respectively.  
While these mineral phases were described in [3] and a 
montmorillonite-rich region was pointed out, these 
regions were not placed into a stratigraphic context.  In 
this paper we describe an analysis of OMEGA data 
with mineral maps superimposed on color HRSC data 
with additional context provided from MOC, MOLA, 
TES, THEMIS, and HiRISE. 

Data:  A number of OMEGA scenes were ana-
lyzed in this study.  A survey of the region was con-
ducted with the Orb0353_3 scene [4] which has a spa-
tial resolution of approximately 1454 m / pixel.  
Higher spatial resolution scenes have recently been 
made available through the ESA Planetary Science 
Archive.  These include a set of scenes with spatial 
resolutions on the order of 645 m / pixel.  We primar-
ily worked with the OMEGA C spectrometer data.  
Data from the Visible spectrometer were also utilized 
in a more qualitative sense for color comparisons.  We 

also utilized three HRSC scenes, from orbits 1293, 
1326, and 1337, covering the Mawrth Vallis region.  
The color HRSC data have spatial resolutions between 
51 and 52 m/pixel.  These data, and derived data prod-
ucts, were placed in a GIS.  Background context in the 
GIS was provided by MOLA gridded topography and 
MOC WA camera mosaics.  Mosaics of THEMIS 
Visible camera and day and night MWIR image data 
were also utilized as were public HiRISE image data. 

The OMEGA C spectrometer radiance data were 
divided through by incident solar irradiance.  Two 
separate atmospheric correction approaches were util-
ized in order to compare the resulting output.  These 
approaches consisted of an internal average relative 
reflectance (IARR) correction [5] and also the atmos-
pheric scaling approach utilized in most of the 
OMEGA team’s published work [e.g., 1,3,6].  Reflec-
tance spectra obtained by the two methods were gener-
ally in good agreement. 

HRSC color bands are collected time sequentially 
and thus cover somewhat different surface areas with 
somewhat different viewing geometries.  We regis-
tered the image bands by manually selecting ground 
control points and using a simple rotation, scaling and 
translation (RST) registration of one color band to 
another. 

OMEGA Data Analysis and Observations:  The 
C spectrometer OMEGA data was analyzed using a 
spectral endmember determination approach resident 
in the commercial ENVI software and described in [7] 
for MER Pancam data.  Endmember spectra deter-
mined through this approach could be mapped out 
using a constrained energy minimization (CEM) tech-
nique [8] which determines the relative abundance of a 
target spectrum relative to the spectra of undesired 
background materials.  These results are presented in 
the form of fraction images in which the data values 
range approximately between 0 and 1 with higher val-
ues indicating greater spatial coverage of the pixel by 
the target material. 

The spectral endmember analysis of the 
Orb0353_3 C spectrometer data produced several geo-
logically significant endmembers including pixels with 
spectra that had prominent exposures of the material 
with the 2.3 μm band, the material with the 2.2 μm 
band and dark floored craters with spectra consistent 
with ferrous silicate, nominally pyroxene-rich, miner-
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alogies.  Analysis of the higher spatial resolution 
OMEGA scenes produced a similar set of endmembers 
albeit with an increased separability of the endmember 
spectra.  Also, in the higher spatial resolution data 
there appears to be a third light-toned material end-
member which displays a 1.9 μm bound water feature 
but no discernable metal-OH feature.  Figure 1a 
shows a subsection of  the 1.7 μm band of the 
OMEGA Orb0353_3 scene georegistered based on 
pixel coordinates provided with the data.  Figure 1b 
shows a composite of three georegistered CEM frac-
tion images.  The red channel is assigned to the mate-
rial with the 2.2 μm band, the green channel to the 
material with the 2.3 μm band, and the blue to the py-
roxene-rich dark-floored crater material.  Figure 2 
shows spectra of these materials.  The distinctive 2.2 
and 2.3 μm  absorption features are noted with arrows.  
Note also the prominent 1.9 μm bound water features 
in these spectra. 

Thermal Infrared Observations:  Examination of 
THEMIS daytime thermal infrared multispectral data 
do not indicate especially distinctive color anomalies 
associated with the phyllosilicate-rich Mawrth Vallis 
deposits.  Examination of night-time THEMIS data 
indicate that the thermal inertia of the light-toned de-
posits is high, but not as high as many of the basaltic 
sand covered regions on the channel floor and else-
where.  Since many of these surfaces appear to be free 
of dust, work is on-going to examine TES hyperspec-
tral data for the light-toned regions with the objective 
of performing linear deconvolution of the data for min-
eralogic assignments. 

Overlay of OMEGA Mineral Maps onto HRSC 
Images: The OMEGA data is provided with informa-
tion on the Lat. and Lon. coordinates of each pixel.  
This information was used to overlay mineral maps 
from the OMEGA scenes onto the HRSC data.  Minor 
adjustments in spatial translation were required in or-
der for the vectorized information from OMEGA to be 
properly registered with the HRSC scenes.  An exam-
ple result from the h1326_0000 scene with mineral 
map pixel centers from the Orb0353_3 scene is shown 
in Figure 3a.  It can be seen that the nominally non-
tronite-rich material is associated with a color unit 
which, in this RGB composite, has a plum color and 
which in a decorrelation stretch (DCS) version of the 
same composite and subsection appears red (Figure 
3b).  The nominally montmorillonite-rich material is 
associated with a cyan color unit in the DCS image. 

Textural Characteristics of Mineral Units: Fig-
ures 4 and 5 show subsections from the HiRISE scene 
PSP_003063_2050 over areas interpreted to be non-
tronite and montmorillonite-bearing respectively.  

These areas were selected based on the color associa-
tions noted above for HRSC RGB composites.  A sub-
section of the HRSC scene h1326_0000 matching the 
coverage of the HiRISE scene was examined. The sub-
section in Fig. 4 was selected from an area correspond-
ing to a red area in the HRSC image and a subsection 
from an area corresponding to a cyan colored area was 
selected for Fig. 5.  It can be seen that the nontronite-
bearing surfaces (Fig. 4) tend to be smoother, some-
times displaying scalloped hills, presumably rounded 
by eolian abrasion.  The montmorillonite-bearing sur-
faces (Fig. 5) tend to be rougher in texture with a 
higher level of fracturing of the surface and with a 
number of rough-textured hills or mounds. 

Interpretations of Mawrth Vallis Geology and 
Stratigraphy: As noted above, the nominally non-
tronite and montmorillonite-bearing surfaces are dis-
tinguished spectrally in the SWIR in the OMEGA data 
by their 2.3 and 2.2 μm absorption bands.  These sur-
faces are distinguished in stretched red-green-blue 
composites of HRSC data with the nontronite-bearing 
surfaces appearing red and the montmorillonite-
bearing surfaces having a cyan color.  Examination of 
HiRISE images indicates textural differences between 
these units as well with the nontronite-bearing surfaces 
tending to be smoother, sometimes with wind-
scalloped hills while the montmorillonite-bearing sur-
faces display rougher, more fractured surfaces.  These 
light-toned surfaces are surmounted by darker-toned 
mantling material that is also indurated and in which 
layering is also apparent.  This mantling material does 
not display any distinguishing spectral features in the 
C spectrometer OMEGA data that was examined.  The 
relative stratigraphic ordering of the surfaces display-
ing the 2.2 and 2.3 μm absorption features is not clear 
cut based on the images examined.  It appears that the 
montmorillonite-bearing material surmounts the non-
tronite-bearing material or, alternatively it might be 
that the two are at an equivalent stratigraphic level and 
that the different areal locations were subjected to dif-
fering diagenetic or alteration histories.  If the mont-
morillonite-bearing unit is stratigraphically above the 
nontronite-bearing unit, its more fractured appearance 
might be a result of its (relatively) recent emergence 
from the dark mantling unit, and that it might be in the 
process of being stripped by eolian erosion off of the 
underlying nontronite-bearing unit. 

Geochemical Implications: The presence of clay 
minerals is a strong indication that significant quanti-
ties of moderate pH water interacted with the Martian 
crust near the Mawrth Vallis channel.  The lack of 
evidence for mineral phases such as kaolinite (1:1 
layer silicate) or gibbsite (Al-hydroxide) may indicate 
weathering conditions similar to those found in tem-
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perate climates on Earth, where smectites tend to be 
the dominant clay mineral in weathering profiles and 
soils [9].  It is significant that the production of clay 
minerals via the weathering of bedrock at Mawrth Val-
lis indicates a water-rock interaction process not yet 
encountered at landed mission sites on Mars (Viking, 
Pathfinder, and MER).  All available evidence sug-
gests that water-limited, low pH conditions were the 
defining characteristic of the weathering environments 
at those sites [10, 11]. 
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Figure 1. A. 1.7 μm band of subsection of OMEGA 
scene Orb0353_3. B. Composite of CEM fraction im-
ages of materials in the Mawrth Vallis region.  Red = 

material with 2.2 μm band; green = material with 2.3 
μm band; blue = basaltic sands. 

 
 

 
Figure 2. C spectrometer spectra of materials mapped 
in Fig. 1b.  Arrows indicate 2.2 and 2.3 μm absorption 
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bands.  Basaltic sand spectrum was additively in-
creased by 0.35. 

 
 

 
 
Figure 3.  A. RGB composite of first three bands from 
subsection of HRSC scene h1326_0000 centered on 
19° W and 24° N.  Red circles are pixel centers of 
montmorillonite-bearing samples and blue squares are 
pixel centers of nontronite-bearing samples determined 
from OMEGA scene Orb0353_3. B. Decorrelation 
stretch version of Fig. 3a. Nontronite-bearing materi-
als appear hot pink to red in this representation and 
montmorillonite-bearing materials are cyan to tur-
quoise. Scale bar in both images is 20 km in length. 
 

 
 
Figure 4. Subsection from HiRISE image PSP_ 
003063_2050 showing smooth, scalloped surface of 
nontronite-bearing unit centered at approximately 
25.03° N, 19.79° W.  The image is approximately 175 
m × 175 m in coverage. 
 

 
 
Figure 5. Subsection from HiRISE image PSP_ 
003063_2050 showing rougher more fractured surface 
of montmorillonite-bearing unit centered at approxi-
mately 24.89° N, 19.79° W. The image is approxi-
mately 175 m × 175 m in coverage. 
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