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Introduction:  Mars Global Surveyor Thermal Emis-
sion Spectrometer (TES) data may be used to derive 
the modal mineralogy of the upper ~10-100 µm of 
coarse particulate surfaces on Mars.  Previous work by 
[1-6] have shown that mineralogic diversity occurs at 
global, regional and local scales, including spatial 
variations in plagioclase, pyroxene, high-silica (Si/O > 
~0.35) component(s), olivine, and hematite abundance.  
In addition, [1] demonstrated that the spectral response 
of low-albedo surfaces may be grouped into two broad 
classes, referred to as “global endmembers”: 1) Sur-
face Type 1, which is occurs primarily in the southern 
highlands, with a few isolated occurrences in the 
northern lowlands, and 2) Surface Type 2, which is 
found primarily in the northern lowlands, but also has 
significant concentrations scattered throughout the 
southern highlands.  However, since these initial stud-
ies, local occurrences of extremely-different mineralo-
gies from those characteristic of Surface Types 1 and 
2, such as the olivine-rich [5-8] and quartz-rich [6,9] 
terrains have been identified.  In addition, larger re-
gions have been shown to have subtle spectral differ-
ences from the global endmembers, including but not 
limited to Solis Planum [4], Ares Vallis [7], and non-
hematite regions in Aram Chaos [10].  The differences 
in spectral shapes of these regions indicate that they 
may differ in primary mineralogy or alteration history 
from areas that exhibit the typical spectral character of 
Surface Types 1 and 2. 
Objective: The objective of this work is to: 1) re-
examine martian low-albedo surfaces to define re-
gional surface spectral shapes, 2) to determine the mo-
dal mineralogy of each regional spectral shape, and 3) 
to clarify the distributions of previously identified sur-
face types [1], and determine the distributions of new 
surface spectral shapes.  Additional motivation for 
reexamination of low-albedo regions are that, since the 
initial work of [1]:  1) the ASU mineral library has 
been updated to include the 200-400 cm-1 spectral re-
gion, allowing more TES spectral channels to be used 
for surface analysis (note that this spectral region was 
included in [4]), 2) additional spectral endmembers are 
available for use (olivines, smectites, silica polmorphs, 
and global surface dust) [11-14], and 3) 2200 addtional 
orbits prior to OCK (TES team Orbit Counter Keeper, 
OCK 1=MGS First Aerobraking Phase Orbit 1) 7000 
are available for analysis, extending warm-surface 
(>270 K) spatial coverage in the southern hemisphere 
(note that this  OCK range was also included in [4]).   
Approach: Large-scale variations in mineralogy are 

clearly present on a global scale [4], however it is dif-
ficult to visualize how mineral assemblages (example:  
clinopyroxene + plagioclase + olivine) vary together 
spatially.  This kind of visualization is important for 
relating bulk surface mineralogy to other crustal prop-
erties, such as surface morphology/age, crustal thick-
ness, and volcanic provinces.  The approach of using 
“spectral unit types”, such as that of [1], allows the 
user to classify a particular mineral assemblage by its 
characteristic spectral shape, and then determine the 
distribution of that mineral assemblage. In this work, 
surface spectra derived from individual orbits were 
examined for 28 low-albedo (defined here as TES-
derived lambert albedo < 0.14) regions.    
Derivation of average regional spectral shapes:  TES 
data used was limited to OCKs 1683-7000, dust ex-
tinctions <0.15, ice extinctions < 0.04, target tempera-
tures > 270 K, emission angles < 30°, and restricted 
solar panel and HGA motions.  For each orbit within a 
particular low-albedo region, 18-250 spectra are se-
lected and averaged.  The atmosphere is removed from 
the average spectrum using the linear deconvolution 
method [15-16], with a spectral library of mineral and 
atmospheric endmembers [15].  The average surface 
emissivity spectra from each orbit within one study 
region are plotted for comparison.  Similar spectra 
(usually ≥ 80% of the total available orbits) are nor-
malized to the average spectral contrast, and then aver-
aged to produce a representative regional surface emis-
sivity shape. 
Global spectral shape classification:  The average 
surface emissivity shapes from each region are normal-
ized to the average spectral contrast and plotted for 
comparison.  If 2 or more shapes from different re-
gions are similar (∆ε  <0.002 for all channels), then all 
averaged-orbit spectra that went in to the final shape 
from each region are averaged together to produce the 
final spectral response of those regions.  Each spectral 
shape is then deconvolved with 4 different mineral 
libraries, and the derived mineral concentrations using 
each library are averaged and rounded to the nearest 
5%, with the range of concentrations also reported. 
Spectral shape distribution:  Derived spectral shapes 
and atmospheric endmembers [15] are used to decon-
volve emissivity spectra binned at 1 pixel-per-degree.  
The output of the model are maps of spectral shape 
concentrations and rms error.  This approach is similar 
to that of [4], except that regional surface spectra are 
used instead of mineral endmembers. 
Corroborative techniques:  There may be some con-
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cern that slight inaccuracies in the linear deconvolution 
atmospheric removal technique or spectral artifacts 
due to spacecraft movements may leave small spectral 
features in the derived surface emissivity shapes.  Be-
cause the subtle spectral differences from the original 
Surface Types 1 and 2 are the focus of this work, other 
techniques are being used to confirm the derived sur-
face shapes for each low albedo region.  The initial 
and perhaps most robust check on the validity of the 
derived regional surface shape is if a consistent surface 
spectrum is obtained from orbits with widely-varying 
levels of atmospheric contributions.  Other techniques 
being used in this work include: 1) spectral ratios [17], 
2) examination of non-atmospherically corrected spec-
tra from single orbit tracks that cross “spectrally-
different” regions for changes in the 300-500 cm-1 
spectral region (where atmospheric components are the 
most transparent), 3) multiple emission angle observa-
tions [14] where available, and 4) high-resolution stud-
ies of potential boundary areas with THEMIS data.   
Results:  Eleven average spectral shapes are shown in 
Fig. 1, and are representative of the spectral response 
from the 28 low-albedo regions studied.  In general, all 
derived shapes are similar to the original surface types 
of [1], with broad absorptions between ~800-1200cm-1 
and 220-500 cm-1. While each of the derived shapes 
have spectral differences from each other, only some 
shapes have derived mineralogies that are statistically 
distinct from the others.  Concentration maps for each 
spectral shape were produced, and two examples are 
shown in Fig. 2.  All maps were found to have spatial 
coherence and distinct distributions.  The derived min-
eralogy for the two examples shown are: 25-30% pla-
gioclase, 25-30% clinopyroxene, and 10-15% high-
silica component(s) for Aonium Sinus, and 15-25% 
plagioclase, 40% clinopyroxene, and 10% high-silica 
component(s) for Hesperia Planum.  The distributions 
for each spectral shape are still being analyzed and 
validated, however initial results suggest that the 
southern highlands may exhibit differences in spectral 
response between different terrains (for example, low-
albedo areas in Hesperia Planum are spectrally differ-
ent than those in Aonium Sinus and Phrixi Regio, see 
example in Fig. 2).  Likewise, a spectral difference 
exists between Southern Acidalia and Northern Acida-
lia (Fig. 1).  Averaging the spectral shapes that are 
most similar to the Surface Type 1 endmember pro-
duces a reasonable match to the Type 1 derived by [1], 
and likewise for Surface Type 2, indicating that the 
original surface types are truly representative of the 
average of all low-albedo regions. Finally, modal min-
eralogies derived for each spectral type compare well 
with those of [4].   
Conclusions and Future Work:  Region-to-region 
differences in spectral response exist for low-albedo 

surfaces.  These differences may be due to variations 
in modal mineralogy, although non-linear effects such 
as thin (~2 µm) dust coatings, pure silica coatings [18] 
or secondary amorphous silicates in weathering rinds 
[19] could also contribute to the observed shapes.  Fut-
ure work includes detailed analysis of the distributions 
and mineralogy for each spectral shape, in the context 
of large-scale surface morphology (relative age), 
crustal thickness, geographic location and latitude.   
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Figure 1. Derived regional spectral shapes with +/- σ shown 
for each average.  Spectra are offset for clarity.  

       
Figure 2.  Concentration maps (centered at 0° lon. ) for 2 of 
the spectral shapes in Fig. 1.  The spatial resolution is 1 ppd.  
Areas with low surface spectral contrast (defined here as 
average ε between 1015-1120 cm-1 > 0.97) are masked out.  
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