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Introduction:  The martian surface is dominated by 

igneous materials whose mineralogy and composition 
have been investigated through remote sensing studies 
[e.g. 1,2]. MGS TES identified two major spectral 
shapes that dominate the dark regions of Mars [1].  The 
spectral type interpreted as plagioclase-rich basalt [1,2] 
occurs almost exclusively in dark regions of the south-
ern highlands and Syrtis Major while the spectral type 
interpreted as plagioclase- and glass-bearing andesite 
(or basaltic andesite) is found in dark regions across 
the planet [1]. 

The interpretation of the latter spectral shape as 
andesitic largely depends on the SiO2-rich nature of the 
glassy component utilized in deconvolutions of TES 
spectra [1]. The compositions of the glasses utilized in 
the TES deconvolutions originate from analyses of 
interstitial glasses found in andesitic rocks [3]. How-
ever, these interstitial glass compositions may not be 
relevant to the mafic lithologies observed by TES in 
southern highland and Syrtis Major dark regions and 
present in the current collection of the martian meteor-
ites.  How do the compositions and spectral properties 
of interstitial glasses present in mafic materials compare 
to those of glasses currently available as deconvolu-
tion endmembers?  Could incorporation of new glass 
endmembers into deconvolutions of TES spectra alter 
conclusions about the mineralogy and composition of 
dark region materials?  This work seeks to answer these 
questions by establishing the compositions and spec-
tral characters of interstitial glasses relevant to mafic 
igneous rocks on Mars. 

Relevant Compositions:  Basaltic materials on Mars 
can be divided into two categories: martian meteorite 
basalts and TES basalts.  Martian meteorite basalts 
have FeO-rich, Al2O3-poor (relative to most terrestrial 
basalts) compositions which result in pyroxene-rich, 
plagioclase-poor mineralogies (Table 1, [e.g. 4]).  The 
martian meteorite basalt composition in Table 1 has 
been linked to members of each major martian meteorite 
class: shergottites [5], nakhlites [6] and Chassigny [7]. 
TES basalt has plagioclase as a dominant component 
[e.g. 2], which leads to a compositional and mineralogi-
cal resemblance to terrestrial basalts (Table 1). The 
connection between TES basalt and terrestrial basalts 
is demonstrated by the good qualitative match of Dec-
can flood basalt and TES basalt spectra [2]. The two 
basalts offer starting comp ositions from which to ex-

plore the range of interstitial glass compositions that 
could be present in martian basaltic lithologies. 

Dry interstitial melts. The crystallization of basalts 
containing no water leads to a specific set of interstitial 
melt compositions.  Laboratory studies of martian me-
teorite and terrestrial (in analogy to TES basalts) basalt 
crystallization provide insight into interstitial melt com-
positions that result from dry basalt crystallization [e.g. 
4,8]. Interstitial melt compositions in basalts (terrestrial 
or martian) remain basaltic over large portions of the 
dry basalt crystallization sequence because the propor-
tion of SiO2 that plagioclase and pyroxene remove from 
the melt during crystallization roughly equals the SiO2 
content of the initial basalt. Interstitial melt composi-
tions initially resemble the composition of the initial 
basalt but continuous plagioclase and pyroxene crys-
tallization eventually lead to basaltic interstitial melts 
that are MgO-poor, Al2O3-poor and FeO-rich relative to 
the initial basalt comp osition [e.g. 8].  

The interstitial melt composition of a crystallizing 
dry basalt deviates from a basaltic composition upon 
crystallization of Fe-Ti oxide minerals. The removal of 
Fe-Ti oxides, which contain no SiO2, from a crystallizing 
basalt causes the SiO2 content of the interstitial melt to 
increase leading to andesitic interstitial melt composi-
tions. At large enough degrees of crystallization (80-
90%), Fe-Ti oxide crystallization leads both terrestrial 
and martian meteorite basalts toward similar SiO2-
enriched interstitial melt comp ositions (Table 1, Figure 
1).  A factor that can also influence Fe-Ti oxide crystal-
lization is the oxygen fugacity (fO2) of a crystallizing 
basalt.  Higher fO2’s facilitate and lower fO2’s hinder 
Fe-Ti oxide crystallization [e.g. 4]. Compositions of in-
terstitial melts during dry basalt crystallization are rela-
tively insensitive to changes in oxygen fugacity, how-
ever, because Fe-Ti oxide crystallization occurs in the 
late stages of basalt crystallization even in FeO-rich 
basalts at moderately high fO2’s [4]. 

 Overall, interstitial melts that are relevant to dry 
crystallization of basalts associated with Mars can be 
grouped into three compositions (Table 1): 1) basalts 
that resemble the comp osition of the initial basalt 
(whether it is terrestrial or martian), 2) basalts that are 
MgO-poor, Al2O3-poor and FeO-rich relative to the 
initial basalt composition and 3) SiO2-enriched melts 
produced after large degrees of crystallization. 
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Table 1: Melt (glass) compositions expected in basaltic martian lithologies 
 Martian meteorite 

basalt1 
TES (terrestrial) 

basalt2 
Dry interstitial 
basalt (90%)3 

Wet interstitial 
basalt (50%)4 

Wet interstitial 
basalt (80%)5 

SiO2 51.5 50.7 56.9 59.8 66.2 
Al2O3 8.7 13.0 11.1 12.9 11.7 
TiO2 1.6 2.1 0.7 1.0 0.7 
MgO 7.1 6.3 1.0 1.4 0.9 
FeO 19.0 14.9 15.6 11.1 8.5 
CaO 8.5 9.3 7.4 6.2 4.3 
Na2O 2.3 2.8 2.9 3.8 4.0 
K2O 0.8 0.4 1.6 1.0 1.6 
P2O5 - 0.3 1.5 0.7 0.4 
MnO 0.5 0.2 0.2 0.3 0.3 

 
1 Initial melt composition for martian meteorites from [7]; consistent with similar melt compositions compiled by [5]. 
2 Initial melt composition of Deccan flood basalt that yields spectral match to TES basalt lithology [2]; composition 
normalized from 97.8% (~2.3% LOI) to 100%. 
3 Interstitial melt composition remaining after 90% dry crystallization of a basalt; derived from experiment results of 
[4]. 
4 Interstitial melt composition remaining after ~50% hydrous crystallization of a basalt; the composition resembles 
that of the interstitial melt composition in column 3; derived from experiment results of [4]. 
5 Interstitial melt composition remaining after 90% hydrous crystallization of a basalt; derived from experiment results 
of [4]. 

 
 
 
 
 

 
 
 

                       
Figure 1: Graphical representation of melt (glass) compositions relevant to martian basaltic lithologies. Red 
square = initial martian meteorite basalt; blue square = initial TES basalt; filled diamond = dry interstitial melt 
and wet interstitial melt after 50% crystallization; open diamond = wet interstitial melt after 80% crystallization. 
Interstitial melt compositions currently available in endmember libraries fall off the plot in the rhyolite field.  
Figure adapted from [3]. 
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Hydrous interstitial melts. Water has a known 
and significant effect on the composition of interstitial 
melts of a crystallizing basalt. Water hinders crystalli-
zation of silicate minerals but does not affect crystalli-
zation of Fe-Ti oxides, which effectively shifts the 
timing of Fe-Ti oxide crystallization to earlier in 
thecrystallization sequence of a hydrous basalt. The 
early and continuous crystallization of Fe-Ti oxides 
leads to an early and steady increase in the SiO2 con-
tent of interstitial melts during hydrous basalt crystal-
lization. Interstitial melt compositions are initially ba-
saltic, transition to andesitic compositions near ~50% 
crystallization and to dacitic compositions near ~80% 
crystallization (Table 1). The andesitic interstitial 
melts in hydrous basalts are similar in composition to 
the interstitial melt comp ositions in dry basalts at 
~90% crystallization (Table 1). Oxygen fugacity is 
more effective at influencing the composition of hy-
drous interstitial melts than dry interstitial melts. Hy-
drous basaltic melts crystallizing at higher fO2’s reach 
more SiO2-rich melt compositions for a given degree 
of crystallization than those crystallizing at lower 
fO2’s. At the highest oxygen fugacities associated 
with martian igneous processes (QFM, [9]), however, 
the SiO2 contents of interstitial melts do not exceed 
dacitic SiO2 contents [4]. 

While the interstitial melts of steadily increasing 
SiO2 content that exist at each stage of hydrous basalt 
crystallization could exist in martian basalts, three 
compositions should be broadly representative of 
interstitial melt compositions expected in crystallizing 
hydrous basalts: the initial basalt composition, the 
interstitial melt composition present at intermediate 
degrees of crystallization and the interstitial melt that 
is present at large degrees of crystallization (Table 1). 

Spectral Properties: With a range of interstitial 
glass compositions established that are relevant to 
martian mafic comp ositions (Table 1), the spectral 
variability represented by these compositions must be 
determined.  The interstitial glasses predicted to exist 
in martian mafic lithologies are expected to have spec-
tral differences from the glasses used in TES decon-
volutions, as demonstrated by Figure 2.  The signifi-
cant differences that exist between spectra of glasses 
with basaltic and rhyolitic compositions underscore 
the need for incorporating the spectra of glasses of a 
range of compositions into endmember libraries util-
ized for deconvolution of martian spectra. 

 
 
 
 
 
 

Future Work:  We intend to synthesize glasses 
of the compositions listed in Table 1 and obtain ther-
mal infrared spectra of the glasses in order to deter-
mine the spectral differences between them and the 
currently available glass endmembers used in TES 
deconvolutions. The spectra will ultimately be incor-
porated into mineral libraries used in deconvolution 
exercises. 
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Figure 2: Mid-infrared spectra of two glasses.  The 
emissivity spectrum of obsidian (blue) is from the 
glass endmember utilized in deconvolution of TES 
spectra.  The biconical reflectance spectrum (pink, 
converted to emissivity) of basalt is from a pure 
glass of martian meteorite basalt composition [10]. 
The biconical reflectance spectrum of the basalt is 
not strictly comparable to the emissivity spectrum of 
the obsidian, but the spectra are sufficient to dem-
onstrate the significant differences in spectral char-
acter of glasses of differing compositions. 
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