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Introduction:  Linear deconvolution of Martian 
thermal infrared spectra using a library of mineral and 
phase endmembers [1] is the primary tool used to in-
terrogate the mineralogy of the Martian surface.  Accu-
rate interpretation of Martian surface mineralogy and 
chemistry via deconvolution rely on use of a robust, 
but realistic, endmember library.  To that end, we cre-
ated a suite of five glasses with a broad range of Mars-
relevant compositions for inclusion in endmember 
libraries (Fig. 1).  We have investigated the presence 
and importance of these new glass endmembers in 
deconvolutions of global and regional Martian spectra 
[2,3].  Assessment of the importance of these new 
glass endmembers has been complicated, however, by 
use of lengthy endmember libraries with a wide variety 
mineral groups.  Our results, those of other deconvolu-
tion studies and results from other Mars datasets sug-
gest that some of those mineral groups can be simpli-
fied or eliminated entirely from the endmember li-
brary.  We first discuss our modifications to the end-
member library and then present the deconvolution 
results obtained with that library. 

Library Modification:  Past studies [2,3,4,5] indi-
cate that certain minerals or mineral groups consis-
tently appear in deconvolution results primarily be-
cause they reduce the RMS error of the deconvolution 
solution.  They appear in sufficiently small quantities 
that their actual presence on Mars is unlikely.  These 
mineral groups include carbonates, amphiboles, 
clays/phyllosilicates and alkali feldspars.  Further, 
data from TES, MER and OMEGA [6,7,8] indicate 
that these mineral groups either do not occur in sig-
nificant quantities on Mars or occur only in restricted 
regions.  These findings preclude use of these mineral 
groups in endmember sets used to deconvolve spectra 
of broad regions.  Thus, we eliminated the minerals in 
the above groups, with the exception of serpentine.  
We also changed the library to include sulfates rele-
vant to the results of MER and OMEGA [7,8].  We 
altered the sulfate spectra so that they have the spec-
tral contrast of coarse particulate samples. To ensure 
that mineral groups robustly detected on Mars were 
well-represented, we expanded the number of low- 
and high-Ca pyroxenes.  

In addition to simplifying the library, we also 
modified it by utilizing high wavenumber contrast 
reduced (HWCR) olivines.  HWCR olivines, which 
have their contrast reduced by 50% on the high 
wavenumber side of the Mars CO2 band, account for 

an observed difference in the spectral contrast at 1200-
800 cm-1 in Martian surface olivines relative to labora-
tory samples and Martian meteorite spectra [9]. [9] 
found that these olivines were better able to reproduce 
the spectral contrast of Martian surface spectra at long 
wavelengths and provide better model fits than the 
unmodified laboratory spectra.  The final library is 
listed in Table 1. 

Results: We deconvolved the classical Surface 
Type 1 (Syrtis) and Surface Type 2 (Acidalia) TES 
global spectra [10] and eleven regional spectra derived 
by [5] from 1240-300 cm-1.  The results are summa-
rized in Table 2 and a representative meas-
ured/modeled spectral pair is shown in Fig. 2.  The 
lack of minor phases in the library to account for mi-
nor features in the spectra leads to some increase in 
rms error over previous studies [2,3].  However, the 
overall ability of the simplified library (Table 1) to fit 
the Mars spectra is good.  In over half of the deconvo-
lutions, at least one of the new glass endmembers is 
used in amounts above standard TES detection limits 
(~10%).  In some cases, the new glasses completely 
replace the K-rich obsidian glass used in previous 
studies [e.g. 10].  The most commonly used new 
glasses are the TES basalt, TES andesite and the inter-
stitial dacite.  The Martian meteorite-like basalt and 
interstitial andesite glasses are not used in any of the 
deconvolutions.  It is interesting to note that while the 
new glasses are used in the deconvolution of the global 
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Figure 1: New glass spectra; spectra are offset for 
clarity. Origins of the different glass compositions are 
described in [3].  Martian meteorite basalt (black), 
TES basalt (green), TES andesite (blue), interstitial 
andesite (pink), interstitial dacite (yellow). 
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 ST1 and ST2 spectra, they are not used in regional 
spectra (Syrtis  Major, southern and northern Acidalia) 
related to these global surface types.  The surface spec-
tra that use the new glasses in their deconvolutions 
tend to have pyroxene/plagioclase ratios approaching 
two, similar to the basaltic Martian meteorites.  Chem-
istry is also altered by use of new glasses in deconvo-
lutions.  For example, comparison between multiple 
chemistries derived for ST2 as summarized by [11] to 
the ST2 chemistry derived from this study shows that 
the ST2 chemistry from this study is Fe-enriched and 
Si- and Al-depleted relative to the previously-derived 
ST2 chemistries. It is unclear, however, to what extent 

the derived chemistry differences are due to the new 
glasses or to other differences between our library and 
those of the other studies. 
      In addition to exploring the findings of these de-
convolutions further, we will ultimately determine if 
the new glasses provide statistically significant im-
provements over using the K-rich glass alone. 
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Table 2: Deconvolution results for global and regional Martian spectra 
 Plagioclase High-Ca Pyx Low-Ca Pyx Olivine Sulfates Glasses 
      K-rich New 
ST1 21 0 21 26 6 14 12 
ST2 12 0 22 10 12 22 22 
S. Acidalia 21 0 8 40 6 26 - 
N. Acidalia 24 0 19 26 4 27 - 
Cimmeria-Iapygia 19 1 25 26 5 - 25 
Aonium-Phrixi 26 0 8 38 5 24 - 
Mare Sirenum 11 0 21 21 17 15 14 
Meridiani 13 1 23 21 17 9 16 
Syrtis Major 21 0 13 44 3 19 - 
Hesperia Planum 15 0 19 31 11 15 9 
Tyrrhena Terra 6 3 25 22 13 0 31 
Solis Planum 14 0 24 16 14 0 32 
Pandorae Fretum 22 0 21 23 14 17 3 

Table 1: Endmember Library 
 Albite WAR-0244  Serpentine HS-8.4B 

 Oligoclase WAR-5804 HWCR Olivine Fo91 
 Andesine BUR-240 HWCR Olivine Fo68 
 Labradorite WAR-

RGAND01  HWCR Olivine Fo53 

 Labradorite WAR-4524 HWCR Olivine Fo39 
 Bytownite WAR-1384 HWCR Olivine Fo18 

 Anorthite BUR-340 HWCR Olivine Fo1 
 Enstatite HS-9.4B  CR Anhydrite ML-S9 

 Bronzite NMNH-93527  CR Gypsum ML-S6 

Avg. ALH84001 CR Hexahy-
drite/Kieserite 152959 

 Avg. Lindsley pigeonite CR Kieserite 
 Diopside WAR-6454  Hematite Endmember 

Diopside NMNH-R15161  K-rich Glass 
Diopside NMNH-107497  Martian met. basalt glass 

Diopside WAR-6474  TES basalt glass 
Hedenbergite WAR-

HED01  TES andesite glass 

 Augite BUR-620 Interstitial andesite glass 
 Augite NMNH-9780 Interstitial dacite glass 

HWCR = high wavenumber contrast reduced 
CR = contrast reduced 
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Figure 2: Measured (black) and modeled (pink) spectra 
from ST2.  The rms error is representative of the size of 
error of the deconvolutions of this study. 
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