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Introduction: The Thermal Emission Spectrometer 

(TES) uses thermal infrared energy emitted from the 
Martian surface to identify rock compositions and 
surface lithologies [1]. TES analyses have identified 
two widespread, compositionally distinct surface types 
on Mars [2,3]. Surface type 1 (ST1) has been identified 
as basalt, and surface type 2 (ST2) has been suggested 
to be either andesite [2,3] or partially weathered basalt 
[4,5].  Both of these volcanic surface compositions are 
subalkaline, but several lines of evidence from Martian 
SNC meteorites and from Gusev Crater rocks analyzed 
by the Spirit Rover suggest alkalic magmatism may 
also have occurred on Mars [6]. For instance, mineral 
assemblages and LREE enrichment signatures of the 
Chassigny meteorite are comparable to those of intra-
plate terrestrial magmas, prompting [7] to propose that 
Chassigny may have formed from a sodic, silica-
saturated alkalic magma. In addition, fractional 
crystallization modeling of the Nakhla parent magma 
using the MELTS program [8] produces a liquid line of 
descent that is mildly alkaline [9], as does the 
composition of olivine-rich basalt from the Gusev 
plains [10]. Several basaltic rocks in Gusev have 
compositions that lie along this alkaline fractionation 
trend [6]. These observations suggest that Martian 
volcanism may not have been strictly subalkaline, as 
current remote sensing data would suggest. 
     Methodology: To test the validity of the 
assessment of surface type 1 and 2 as subalkaline 
rocks, ST1 and ST2 were unmixed using a linear 
deconvolution technique [11] involving two spectral 
endmember libraries. The linear deconvolution 
technique [11] is based on the principle that the energy 
emitted from a mixed TIR spectrum is equivalent to 
the energy of its components in proportion to their 
areal percentage. The algorithm requires three inputs, a 
spectrum to be deconvolved, a library of end-members, 
and a wavelength range over which to perform the fit. 
Spectra were deconvolved at TES resolution (10 cm-1), 
and fitting was constrained to 400-1300 cm-1, to avoid 
atmospheric H2O and CO2 features. Outputs from the 
algorithm include, the percentage of each end-member, 
a best-fit modeled spectra, and a root-mean-square 
(RMS) error value, which measures goodness of fit.   
    Endmember set A, which is tailored for alkalic 
rocks, consists primarily of feldspars, pyroxenes, and 
amphiboles from [12], and contains several 
endmembers formerly not available. These include 
three pyroxenes (omphacite, aegerine, aenigmatite) and 
two Na- and Ca-rich amphiboles (richterite and 
arfvedsonite) that are common to alkalic rocks. 
Endmember set B contains endmembers in set A plus 

clay and sheet silicate spectra. The latter phases were 
included in the second mineral library to provide a 
more accurate comparison with deconvolutions from 
previous studies [2,3,13], which included sheet silicate 
and clay endmembers. 

Results: Modeled Spectra. Deconvolution of ST1 
and ST2 using endmember set A yields RMS errors of 
0.201 and 0.144, respectively. Spectral fit using 
endmember set B is slightly better, with RMS errors of 
0.187 for ST1 and 0.139 for ST2. These RMS errors 
are comparable to those obtained in [2,3,13], 
suggesting that major rock-forming minerals are well 
represented in both endmember sets and provide good 
spectral fits for ST1 and ST2.  

Mineralogy. Modal mineralogy is determined 
directly from the linear deconvolution algorithm and is 
reported as the percentage of each endmember present. 
Table 1 lists model-derived modal mineralogies of 
ST1, as determined using both of our spectral 
endmember sets, and previous studies [2,3,13] for 
comparison. Model-derived mineralogies of ST2 are 
listed in Table 2. Numbers in italics modeled at or 
below the TES instrument detection limits of ~10-15 
vol % as defined by [2,13]. 
Table 1: Surface Type 1 Mineralogies (vol %)  
Mineral Group [13] [2] [3] Set A Set B 
Feldspars  45 50 55 35 40 
Clinopyroxene 26 25 21 31 28 
Glass    9 1 3 
Sheet Silicates  15 15 5  <1 
Orthopyroxene  5 8  <1 
Amphibole    2 5 7 
Olivine  12   6  
Na Pyroxene    16 15 
Siderite         5 6 

Overall, there is very little difference between 
deconvolutions of ST1 using sets A and B. The biggest 
discrepancy is the absence of olivine in deconvolution 
B, which models at 6 vol % in A. All other mineral 
phases are within 5 vol %. Compared to previously 
derived mineralogies of ST1, our new deconvolutions 
most accurately match mineralogies determined by 
[13]. Deconvolution B is slightly more accurate in 
reproducing [13], as model-derived feldspar and 
clinopyroxene abundances differ by only 5 and 2 vol 
%, respectively. The largest discrepancy between our 
modeled modes and [13] is the absence of sheet 
silicates and the presence of Na-pyroxene in our 
derived ST1 mineralogies. Our model-derived modes 
also contain small abundances of amphibole and 
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siderite, however both are below the reported detection 
limits using TES data [2,13]. 

Unlike ST1, there are some significant differences 
between ST2 deconvolutions using A and B 
endmembers. Feldspars and clinopyroxene differ by 15 
and 13 vol %, respectively, while other phases used in 
both deconvolutions differ by 1-7 vol %. When clays 
and sheet silicates are added in the second 
deconvolution, the clay palygorskite models at 46 vol 
%, much higher than what is expected in igneous 
rocks. This, and the fact that modes from 
deconvolution B do not resemble mineralogies from 
previous studies, may suggest that set B cannot 
accurately model ST2. However, using set A, 
deconvolved mineralogies of ST2 are similar to 
abundances determined in [2] (Table 2). Like [2], the 
most abundant phases modeled in deconvolution A are 
feldspars and glass. Clinopyroxene, amphibole, and 
olivine model at comparable abundances. With the 
exception of sheet silicates and Na-pyroxene, phase 
abundances modeled in deconvolution A and [2] do 
not differ by more than 8 vol %. As with ST1, the most 
significant difference between mineralogy from 
deconvolution A and previous mineralogies is the 
absence of sheet silicates, which is compensated for by 
the presence of Na-pyroxene.   

Table 2: Surface Type 2 Mineralogies (vol %) 
Mineral Group [2] [3] Set A Set B 
Feldspars  35 49 30 15 
Clinopyroxene 10  13  
Glass  25 28 17 7 
Sheet Silicates  15 8  <1 
Orthopyroxene  8 2 6 
Amphibole  6 4 9 2 
Olivine  3 3 5 6 
Na Pyroxene   17 16 
Siderite    6 3 
Clays         46 
Chemistry. Bulk rock chemistries of each surface 

type were derived from modeled mineralogies by 
combining endmember compositions in proportion to 
their abundances (recalculated to wt%). Derived silica 
and alkali oxides from both of our deconvolutions and 
[2,3,13] are plotted on the classification diagram of 
[14] (Figure 1). ST1 is classified as a basaltic 
trachyandesite, while ST2 is classified as an andesite 
using both of our endmember libraries. The chemistry 
of ST1, as derived from endmember set A, is only 
slightly different from that of set B. However, there are 
significant differences in the chemistry of ST2 
depending on the end-member set used. Although both 
modeled ST2 compositions fall in the andesite field, 
the alkalic endmembers (A) have higher alkali element 
abundances than those derived using set B. However, 

this is not unexpected, as the mineralogy from 
deconvolution B is highly depleted in both silica and 
alkalis due to the presence of 46 vol % palygorskite.   
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Figure 1: Derived compositions of ST1 and ST2 plotted on [14].  

Conclusions: Both deconvolutions of surface type 
1 closely resemble those of [13], supporting previous 
findings regarding ST1 mineralogy. Although our 
model-derived chemistries place ST1 in the basaltic 
trachyandesite field rather than the basaltic andesite 
field, this is likely a result of the alkali-rich nature of 
our end-members. With the addition of error bars, our 
ST1 chemistries correspond more closely with 
chemistries derived by [2,3,13]. Unlike ST1, 
deconvolved mineralogies and chemistries of ST2 do 
not correspond well with those from [2,3,13]. The 
addition of clay and silicate end-members has a 
significant effect on the determination of both 
mineralogy and chemistry, strengthening the argument 
of [4,5] that the composition of ST2 cannot be 
regarded with as much certainty as that of ST1. 
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