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Introduction:  Intracrater dark-toned features are 
common on the Martian surface, and are typified by 
distinctly lower albedos and higher thermal inertias 
relative to their surroundings [1].  Commonly these 
features are found to be deposits of sand-sized parti-
cles, either locally or regionally derived [2,3,4].  This 
particular study concentrates on intracrater features 
found in the Amazonis Planitia region.  Since the 
majority of this region is covered in a high albedo, 
globally homogenized dust, studies of these intrac-
rater features can yield important information about 
local, and possibly regional, geology. One intracrater 
feature in this area (crater #17) has been previously 
studied and found to be composed of locally derived 
clinopyroxene-rich sediment [5,6].  Another study 
has characterized the geomorphological, thermo-
physical, and spectral properties of the 23 Amazonis 
Planitia intracrater features using THEMIS data [7]. 
This study divided the intracrater features into two 
groups based on the spectral shape of their THEMIS 
apparent emissivity ratio spectrum (ratio of dark fea-
ture to bright crater floor).  Their distribution is 
shown in Figure 1.  Group #1 (yellow) have a 
THEMIS spectral ratio similar to crater #17, which 
has a mafic-rich (clinopyroxene with lesser olivine) 
composition.  Group #2 (blue) have a THEMIS spec-
tral shape consistent with surface type I, which is 
generally basaltic [8,9].  The purpose of the present 
work is to build on these results by investigating the 
spectral and compositional properties of the features 
using TES data.  Here we present spectral and com-
positional variations among the dark-toned intracrater 
features, using data from the Mars Global Surveyor 
Thermal Emission Spectrometer (TES).  

     
 
 

   Data: TES is a hyperspectral, interferometric 
spectrometer with selectable ~5 or ~10 cm-1 sampling 
between ~5 – 50 µm [10].  TES also contains 
broadband visible (0.3 – 2.7 µm) and thermal (5 – 
100 µm) bolometers; these subsystems are used to 
examine albedo and thermophysical properties of the 
Martian surface [10]. 

Methods:  For each of the intracrater features, we 
attempted to extract TES spectra for the low albedo 
material comprising the feature based on low albedo 
(<0.20), location, low atmospheric dust (<0.20) and 
water ice (<0.10), and overall high data quality.  Ac-
ceptable TES spectra were found for thirteen of the 
23 dark-toned intracrater features.  Next we extracted 
TES spectra for bright crater floor near each of the 
dark intracrater features, and produced a TES spectral 
ratio for each feature (dark feature divided by bright 
crater floor).  Spectral ratioing with TES data pro-
vides a first order atmospheric correction thereby 
revealing the spectral difference between the two 
surfaces [11].  These TES spectral ratios are shown in 
Figure 2.  Ratios for two of the features (craters #1 
and #3) could not be produced due to lack of accept-
able TES data for the bright crater floor.  In the 850-
1300 cm-1 region, three of the ratio spectra have a 
similar spectral shape to the spectral ratio of intrac-
rater feature #17.  Three other spectral ratios show a 
greater similarity to the spectral ratio of a dark-toned 
intracrater feature in Arabia Terra, known to have a 
basaltic composition similar to surface type I [6, 11].  
The five spectral ratios in Figure 2B could not be 
classified due to low number of acceptable TES spec-
tra (2- 3) or a higher degree of noise. 

Next, the averaged TES spectrum for the low al-
bedo material comprising each intracrater feature was 
deconvolved using the exact same end member set 
(including atmospheric, high albedo surface (dust), 
and mineral end members) used to previously decon-
volve the low albedo material in crater #17 [6].  Re-
sults are listed in Table 1.  The intracrater features 
listed below the dashed line in Table 1 have a very 
low number of acceptable TES spectra (2-3, craters 
#8, 10, 13, 15) or noisy spectra (crater #21), so the 
detection limits are likely higher than the 10-15% 
normally assumed for TES spectral deconvolutions. 

Conclusions and Further Work:  Our analysis 
with TES data indicates that there are both spectral 
and compositional variations among the dark-toned 
intracrater features found in Amazonis Planitia.  
Based on TES data, the features can be divided into 

Figure 1.  Intracrater dark-toned features in Ama-
zonis Planitia. Colors correspond to classification 
based on THEMIS spectral data [7].  Yellow is group 
1, and blue is group 2.  Crater #8 could not be classi-
fied due to lack of acceptable THEMIS data. 
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two compositional groups.  Features in group #1 are 
mafic-rich (> 40% pyroxene + olivine) with low 
abundances of feldspar (< 10%).  The TES spectral 
ratio of some of these features is similar to the spec-
tral ratio of crater #17, also a mafic-rich lithology.  
Group #2 have a composition that is comparatively 
richer in plagioclase (> 20%) with mafic abundances 
from 30 to 40%.  As expected, the spectral ratios of 
some of these features show a similarity to the spec-
tral ratio of the basaltic intracrater feature in Arabia 
Terra [11].  While the TES data support the two spec-
tral groupings previously established using THEMIS 
data, TES data reclassifies two of the intracrater fea-
tures (craters #1 and #12) as mafic-rich lithologies, 
rather than as basaltic lithologies previously sug-
gested by THEMIS spectral ratios.   Unfortunately, 
due the low number or quality of TES data for five of 
the intracrater features (below dashed line in Table 
1), these features cannot be unequivocally classified 
into either compositional group. 

In the future we will improve the model fit and 
accuracy of the deconvolution results by tailoring the 
mineral end member for each intracrater feature.  We 
will also extract TES and THEMIS thermal inertia 
for each intracrater feature, and use this data in con-
junction with visible images to determine the geo-
morphology of each feature.  At this time, the distri-
bution of the two groups of deposits shows no corre-
lation to the geology of the Amazonis region, but this 
will be explored in further detail.  The ultimate goal 
of our study is to determine if any of the dark-toned 
intracrater features in the Amazonis Planitia region 
have a similar origin and/or geologic history, and 
determine the relationship between the intracrater 
features, if one exists. 
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Figure 2.  TES spectral ratios, offset for clarity.  Com-
pare spectral shapes in 850-1300 cm-1 region. A) Cra-
ters #5, 9, and 12 have strong similarity to crater #17 
(negative slope and ~900 cm-1 minimum), while craters 
#18, 7, and 4 show greater similarity to Arabia Terra 
feature (~1050 cm-1 minimum and absence of strong 
negative slope).  B) These spectral ratios could not be 
classified due to low number of available TES spectra 
or noisy data. 
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Table 1.  Deconvolution results normalized to remove atmosphere and surface dust, then rounded to nearest 5%.  Detec-
tion limit is 10-15%.  Row color on left side of double line corresponds to THEMIS-based classification (Figure 1), row 
color on right corresponds to classification based on TES spectral and compositional results.  Yellow is group #1 (mafic-
rich lithology), blue is group #2 (basaltic lithology).  Note that TES data reclassified features #1 and 12.   Intracrater 
features below dashed line could not be reliably classified.  
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