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Introduction:  Mineralogical and spectral data 
from multiple sources indicate that a broad range of 
igneous products exist on the Martian surface. The 
Martian meteorites [1], basalts at the Spirit landing site 
[2], basalt and andesite detected by the Thermal Emis-
sion Spectrometer (TES) [3] and granitoid rocks de-
tected by the Thermal Emission Imaging System 
(THEMIS) and TES [4] represent petrologic diversity 
that must be considered in efforts to establish the min-
eralogy of remotely-sensed lithologies on the Martian 
surface.  Currently, diversity is lacking in composi-
tions of glasses available to constrain the mineralogy 
of remotely sensed lithologies.  High-SiO2 glass, a 
significant endmember of the deconvolved mineralogy 
of the TES andesite [3], is one of the few glasses 
available in endmember libraries.  It is unclear if this 
glass is sufficient to represent all glasses potentially 
associated with the known variety of Martian litholo-
gies.  

The goal of our work is to obtain spectra of glasses 
with a range of compositions relevant to Martian igne-
ous lithologies and investigate them as spectral end-
members in deconvolutions of TES spectra.  We de-
rived glass compositions from a number of sources.  
One  glass is based on the high-FeO, low Al2O3 basalt 
composition connected to multiple Martian meteorites 
[e.g., 5].  Two other glasses are interstitial melt com-
positions derived from partial crystallization of this 
Martian meteorite basalt.  One glass is based on the 
interstitial melt composition present after 90% crystal-
lization of the basalt under anhydrous conditions [6]; 
the composition is andesitic in nature.  The other glass 
is the interstitial melt composition present after 80% 
crystallization of the basalt under hydrous conditions 
[6]; the composition is dacitic in nature.  We also util-
ized the derived major element compositions of TES 
basalt and andesite [7]. 

Experimental: Each glass composition was cre-
ated from a mixture of oxide, carbonate and phosphate 
powders.  Powder mixture was fused in either an Fe-
saturated Pt or AgPd tube sealed under vacuum within 
a SiO2 glass tube.  The Martian meteorite basalt was 
fused at 1300 °C, the andesitic interstitial glass was 
fused at 1100 °C and the dacitic interstitial glass was 
fused at 1130 °C.  Experiments on the TES basalt and 
andesite compositions are ongoing. 

Because of the large amount of glass desired (~1 g) 
for spectral analysis, multiple fusion runs were con-

ducted on a single composition to produce sufficient 
amounts of glass.  The average composition from each 
run was measured separately and in all cases the aver-
age compositions of the runs fell within error of each 
other.  With compositional homogeneity ensured, the 
products of each of the runs were pooled together.  
The average compositions of individual runs were 
combined to represent the bulk composition of the 
glass by calculating a weighted average, weighted by 
the mass each run contributed to the total mass of 
glass.  Prior to spectral analysis, the glasses were 
sieved to yield samples with particle sizes ≥500 µm. 

Analytical: Glass compositions were analyzed by 
electron microprobe using a JEOL JXA-8600 at Ari-
zona State University and a Cameca SX-100 at Brown 
University running a Na loss program.  Data were ob-
tained using a 15 kV, 10 nA, 10 µm beam. Thermal 
emission spectra of the glasses were obtained in the 
thermal emission spectroscopy laboratory at Arizona 
State University.  Data were collected from 200-2000 
cm-1 at a 2 cm-1 sampling interval.  Each spectrum is 
the result of 270 scans.  Deconvolutions were carried 
out using an endmember set incorporating standard 
igneous phases adopted from [7] and the new glass 
spectra. TES Type 1 and Type 2 spectra and the spec-
tra of eleven spectrally distinct regions identified 
within Martian dark regions [8,9] were deconvolved 
between 400 and 1300 cm-1, exclusive of the region 
containing the atmospheric CO2 absorption. 

 Results: Glass compositions are contained in Ta-
ble 1 and their spectra are pictured in Figure 1.  The 
basalt spectrum has broad, featureless absorptions be-
tween 800-1200 cm-1 and 400-500 cm-1. The glasses 
with the interstitial melt compositions exhibit narrower 

Table 1: Glass compositions 
 Basalt Andesite Dacite 

SiO2 50.4 56.7 67.8 
Al2O3 8.5 11.1 11.7 
MgO 7.2 1.1 0.9 
FeO 18.7 16.5 8.0 
CaO 9.9 7.8 4.5 
Na2O 1.9 2.2 4.3 
K2O 0.3 1.5 1.6 
TiO2 1.0 0.7 0.7 
P2O5 0.7 1.5 0.3 
MnO 0.5 0.2 0.3 
Total 99.1 99.3 100.1 
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absorptions over those same wavenumber ranges.  The 
andesitic glass has a minimum at 1061 cm-1 and the 
dacite has a minimum at 1078 cm-1. Both minima are 
at smaller wavenumbers than the minimum of the 
SiO2-rich glass used in the several deconvolutions of 
the TES surface types [e.g., 10]. 

The deconvolutions yield surprisingly consistent 
trends in the incorporation of the new glass spectra 
into the derived modes of the Martian spectra.  The 
basalt and dacite glasses are effectively unused in de-
convolutions.  The lone exception is incorporation of 
the dacite endmember in the mode derived from the 
Mare Sirenum regional spectrum.  However, the dacite 
endmember makes up only 8% of the mode, an amount 
below the traditionally cited detection limit of the de-
convolution of TES spectra [11].  In contrast, the an-
desite glass appears in all of the deconvolved modes in 
amounts between 26-51%. Table 2 compares modes 
for the TES Type 1 and Type 2 spectra derived with 
libraries with and without [7] the glass spectra of this 
study.  Incorporation of the andesite glass in the mode 

of the deconvolved spectra is effectively entirely ac-
commodated by lowered amounts of plagioclase.  In-
clusion of the andesite glass in the deconvolved modes 
increases the pyroxene/plagioclase ratio of both Type 
1 and Type 2 surfaces.  The modeled spectra provide 
reasonable fits to  the measured spectra, with rms er-
rors of 0.30 and 0.26 for the Type 1 and Type 2 sur-
faces, respectively. In comparison, deconvolution of 
the TES spectra without the glasses of this study yields 
rms errors of the modeled Type 1 and Type 2 spectra 
of 0.26 and 0.23, respectively [7].  

Comparison of the modes derived for the eleven 
regional spectra with and without [9] the glasses of 
this study is complicated by the fact that [9] used a 
more comprehensive library for spectral deconvolu-
tion, including a suite of “high-SiO2 phases” incorpo-
rating phyllosilicates, SiO2-rich glasses and opals.  
Whereas the deconvolutions of [9] use high-SiO2 
phases in amounts between 12-33%, our deconvolu-
tions utilize 1.6-2 times more andesite glass.  Andesite 
glass is not strictly substituting for the high-SiO2 
phases since no deconvolution was run with both high-
SiO2 phases and andesite glass; however, andesite 
glass appears to serve  a similar role as high-SiO2 
phases in contributing to the modeled spectral shapes.  
Additionally, our derived modes tend to contain less 
pyroxene than those derived by [9]. 

These preliminary results provide intriguing insight 
into the potential signature and role of glass in the de-
rived mineralogies of remotely-sensed Martian litholo-
gies.  Foremost, the presence of andesite glass rather 
than high-SiO2 phases would alter the major element 
composition of the lithologies derived through decon-
volution and would change the petrologic implications 
of the lithologies.  We intend to run deconvolutions 
out to 200 cm-1 and with a broader array of phases 
(e.g. olivines with a range of Fo values, phyllosili-
cates) to fully assess the potential signature of glass in 
Martian surface spectra. 
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Table 2: Comparison of derived modes for TES Type 
1 and Type 2 spectra 

 Type 1 Type 2 

 
This 
study 

H2001 
mode1 

This 
study 

H2001 
mode1 

Cpx 20 20 13 0 
Opx 7 8 3 8 
Plag2 32 55 27 50 
Olivine 3 0 0 3 
Glass 36 9 51 30 
Amph3 0 2 4 4 
Quartz 2 0 2 0 
Serp4 0 5 0 8 
1Modes derived by Hamilton et al. (2001). Glass in the 
mode is the Si-K obsidian glass of [10]. 
2Plagioclase; 3Amphibole; 4Serpentine 
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Figure 1: Emissivity spectra of the basalt (blue), an-
desite (pink) and dacite (green) glasses.  Spectra are 
offset for clarity. 
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