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Introduction:  Tyrrhena Terra is located northeast 

of Hellas Planitia and west of Hesperia Planum; this 
study focuses on the eastern side (0º – 15º S, 85º – 
100º E) (fig. 1).  Many fluvial features dissect the area 
[1, 2], and several craters in the region have been iden-
tified as potential paleolacustrine environments [3].   
Previous studies of the region have included photo-
geologic descriptions of the region (e.g., [4]) with 
some focus on the morphology and history of fluvial 
processes [1, 2].  More recently, [5] discussed the oc-
currence and setting of olivine-bearing materials 
within Tyrrhena Terra via spectroscopic investigation. 

 

 
 

Figure 1.  Study area map (from USGS MOLA eleva-
tion shaded relief map) with crater 84 outlined in red. 
 

Further spectroscopic investigation will help deci-
pher emplacement mechanisms, potential material 
sources, and the modification.  The Thermal Emission 
Imaging Spectrometer (THEMIS) aboard the Mars 
Odyssey spacecraft, and the Thermal Emission Spec-
trometer (TES) aboard Mars Global surveyor both 
acquire thermal infrared emission data for spectro-
scopic use, and temperature data for thermophysical 
study.  These instruments provide the base of this 
study, supplemented with the Mars Orbiter Camera 
(MOC), Viking imagery, and Mars Orbiter Laser Al-
timeter (MOLA) data for geographic context. 

[3] identified 179 potential impact crater paleolakes 
based on association with valley networks and inflow 
features, with additional possible geomorphic features 
such as terraces, potential shorelines, deltaic structures, 
and smooth interior deposits.  For this study, eight of 
these potential paleolakes were selected for further 
study based on THEMIS and TES data coverage.  In 
an effort to characterize the geology, history, and tim-
ing of events within eastern Tyrrhena Terra, this study 
examines these eight craters, expanding into a more 
regional view of the study area.  A concurrent study of 
western Tyrrhena Terra is being undertaken by Mest 
[6].  The aim of our study is to determine if spectral 
variability exists within eastern Tyrrhena Terra, what 
such variability represents (compositionally), and to 
correlate any such variability with morphology.  Spe-
cific issues that will be addressed in our study include 
the following: 

 1) Features described as lacustrine environments 
would be expected to favor evaporite formation.  The 
detection of evaporites would be strong evidence in 
support of a persistent water-based origin.  We address 
whether evaporites are detected in these areas. 

2)  A potential contradiction occurs when an inter-
pretation of structures associated with water processes 
coincides with detection of olivine-rich deposits; oli-
vine readily weathers in the presence of water, and is 
therefore not expected in a aqueous environment.  We 
address spatial distribution of each feature. 

3)  Near sub-surface materials revealed by impact 
craters should be contained in the surrounding ejecta 
blanket.  We address the relationship of exposed mate-
rials and the surroundings. 

Data Sources:  The THEMIS instrument acquires 
images in the thermal infrared range (~6.8 – 14.9 µm) 
in 9 different wavelength bands (Bands 1 and 2 are 
duplicates).  Of these nine bands, eight are geologi-
cally pertinent (the ninth is intended to sample atmos-
pheric absorptions).  Though THEMIS has low spec-
tral resolution, bands are chosen to be sensitive to ma-
jor mineralogic groups such as carbonates, sulfates, 
and silicates.  The spatial resolution of THEMIS is 100 
m/pixel.  This high spatial resolution allows THEMIS 
to be sensitive to variability in spectral emissivity at 
outcrop scales.  Because of the low spectral resolution, 
THEMIS infrared is best viewed as a spectral unit 
mapper.  

The TES instrument measures thermal infrared 
spectra at high spectral resolution (10 cm-1) in the 
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range of ~6 – 50 µm, with a spatial footprint of 3 x 5 
km.  The high spectral resolution of TES allows for 
determination of specific mineralogies, however, the 
low spatial resolution does not allow for the mapping 
of such information on an outcrop scale.  TES, in con-
cert with THEMIS, provides a powerful tool for sur-
face investigation; THEMIS is used to identify regions 
of spectral interest, which may then be described in 
detail with TES spectroscopic data (e.g. [7, 8]). 

Methods:  THEMIS infrared images were visually 
inspected for relative temperature differences.  Rela-
tively warm (i.e. bright) areas in nighttime infrared 
correspond with higher thermal inertia materials than 
colder (darker) areas.  THEMIS daytime infrared im-
age strips are chosen based on temperature; emissivity 
can only be reliably extracted from scenes with an 
average temperature of ~>240K [9].   

The Arizona State University (ASU) image correc-
tion tool designed specifically for THEMIS 
(http://themis.asu.edu/thmproc) removes some instru-
ment artifacts, and partially corrects for atmospheric 
absorptions.  A final image in USGS ISIS cube format 
can then be downloaded for further processing.  Using 
custom correction routines created for ITTVis’ ENVI 
package, an additional multiplicative atmospheric 
component is removed via the comparison of co-
located TES spectra within the scene [9].  The correc-
tion factor is then applied to every pixel within the 
scene, resulting in an atmospherically-corrected sur-
face emissivity image. 

Further analysis is completed with ENVI’s princi-
ple components-based routine of Minimum Noise 
Fraction (MNF).  This produces an 8-band image cube 
with associated eigenvalues.  Eigenvalues correlate 
with spectral variation – higher eigenvalues for a given 
output MNF band indicate more correlated spectral 
variation, and lower values indicate noise (no real 
spectral variation).  A three band RGB image of MNF 
data associated with high eigenvalues will reveal 
where real spectral variation occurs throughout the 
scene as areas of contiguous color.  Regions of interest 
(ROI’s) are selected based on this RGB image, and the 
mean spectra are extracted from co-located ROI’s in 
the emissivity scene following the method of [7]. 

Further analyses will include the extraction of TES 
spectra (where available) from the defined ROI’s; min-
eralogic data will then be available for deconvolution 
and interpretation.  Ultimately, visual and elevation 
data will be incorporated, thus providing geomorphic 
context to the spectroscopic data. 

Results:  Eight craters and their immediate regions 
have been treated in the manner described above, and 
we are currently examining them for spectral variabil-
ity.  Here we present an analysis of our first scene, 

which displays significant spectral variability associ-
ated with surface geology. 

 

 
Figure 2.  Forward Minimum Noise Fraction stretch of 
corrected THEMIS image I17458024, overlain on a 
temperature image displaying geomorphic context.  
ROI’s are shown as patterned spots. 

 
THEMIS image I17458024 covers the right hand 

side of an unnamed crater referred to as number 84 
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from [3].   Eight ROI’s were defined based on color 
differences (one ROI may consist of several smaller 
patches), and the mean spectra were extracted (fig. 3).  
Each ROI is found to correspond to a different mor-
phology.  Northern intercrater plains unit #1 (blue in 
MNF image), corresponds to areas within close prox-
imity to crater 84.  Northern intercrater plains unit #2 
corresponds to local topographic edges (e.g. cliffs, and 
crater walls).  Four units are distinct crater-related 
units, representing floors, walls, and rims.  Two addi-
tional units are associated with southern intercrater 
plains.  Distinct variations are noted between most of 
the ROI spectra (fig. 2 and 3).  The northern intercrater 
plains units are spectrally distinct (fig. 4).  Band 5 
(~9.3 µm) and 6 (~10.2 µm) show deeper absorptions 
with a slightly different shape for unit #1.  The spectra 
from the southern plains visually display variability; 
however, no significant spectral variation exists (fig. 
5).  Spectral units are distinct between the northern and 
southern plains (fig. 6) showing the greatest difference 
in absorptions in bands 4 5 and 6.  Deposits within 
crater 84, and additionally within a smaller crater to 
the southeast, show considerable spectral variability 
(fig. 7).  Absorption differences occur in bands 4 (~8.5 
µm), 5, 6, 7 (~11.0 µm), 8 (~11.8 µm), and 9 (~12.6 
µm). 

 Discussion:  Seven separable spectral units are 
found associated with geology in the scene.  In com-
parison with library endmembers of common Martian 
materials (fig. 8 and 9), the spectra of these units do 
not match atmospheric or surface dust signatures, nor 
do they match surface types 1 or 2.  Most variability 
occurs in bands 5 and 6, which are centered on absorp-
tions found within the silicate mineral group. The 
wavelength positions and shape of these absorptions 
suggest a suite of materials less mafic (relatively en-
hanced silica content) than common Martian materials.  
Beyond these seven units, other spectral variations are 
mainly associated with instrument effects.  Residual 
instrument effects in some areas give the appearance 
of surface spectral variability where none exists. 

Evaporite signatures are not evident here, either in 
spectral absorption features, or in characteristic “bulls-
eye” spatial patterns commonly associated with such 
deposits.  Northern plains unit #2 may represent an 
ejecta blanket of material, based upon proximity to the 
crater.  Northern plains unit #1 outcrops in distinct 
patches which may correlate to some specific eleva-
tion, or geomorphic feature, which will be later tested.  
The intracrater deposits are all distinct, which may 
represent different processes of emplacement, different 
source materials, and/or distinct subsurface exposures.  
The crater wall unit and northern plains unit #2 share a 
similar shape, but still differ in absorption depth; the 

plains unit may represent a mixture of the wall unit 
and another unit to be determined.  The northern plains 
unit #1 and small crater floor unit are similar, and may 
represent a single source with some modification. 

Further investigations will include with the analy-
sis of co-located TES spectra for specific mineralogic 
information on described units.  Visible images from 
Viking, MOC, and THEMIS VIS will be overlain with 
spectroscopic data for geomorphic context.  Finally, 
elevation data from MOLA (both gridded data and 
individual PEDR’s) will be used to define units spa-
tially and stratigraphically. 

Summary:  Eastern Tyrrhena Terra displays geo-
morphological evidence of fluvial and lacustrine proc-
esses in addition to the ubiquitous impact gardening of 
its surface.  The spectral data reflect a surface of varied 
composition, different from TES Surface Types 1 and 
2.  None of these spectral units resemble evaporite 
deposits, lending no evidence that crater 84 was once a 
paleolake.  Further investigation will incorporate more 
data sets for geographic context.  
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Figure 3.  Plot of mean emissivity spectra extracted 
from all ROI’s. 
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Figure 4.  Comparison spectral plot of northern inter-
crater plains units. 

 
Figure 5.  Comparison spectral plot of southern inter-
crater plains units. 

 

 
Figure 6.  Comparison spectral plot of northern and 
southern intercrater plains units. 
 

 
Figure 7.  Comparison spectral plot of interior crater 
units. 

 

 
Figure 8.  Endmember library of atmospheric dust . 

 

 
Figure 9.  Endmember library of major surface types 
on Mars. 
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