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Introduction: Spectral un-mixing of TES and 

THEMIS data from Mars currently uses a series of 

databases and libraries containing various synthetic 

and terrestrial analogues alongside a few lunar samples 

to provide reference spectra. At present, there are no 

Martian samples within these spectral libraries to act as 

a reference when analysing data from the Martian sur-

face. Whilst we do not at present have sample return 

from Mars, the growing collection of Martian meteor-

ites provides us with the only in-situ opportunity to 

study Martian material on Earth [1].  

Previous micro-FTIR studies [2-5] have assessed 

the viability of the mid-IR spectra from meteorite sec-

tions being used as a reference, and others have shown 

using terrestrial samples that bulk-rock spectra can be 

theoretically mixed from and/or compared to synthetic 

analogues where actual samples are not available [6]. 

However, individual mineral spectra for Martian-

specific compositions are not presently available 

within these libraries.  

In this study, we isolate the mid-IR spectral charac-

teristics of the individual, Martian-specific primary 

minerals most abundant in the Shergottite meteorites; 

pyroxene (both augite and pigeonite) and olivine where 

present. We aim to illustrate that the often variable 

compositions within their Shergottite hosts are re-

flected in their spectra, particularly with respect to 

Fe/Mg and Ca, due to the typical zoning patterns seen 

in these meteorites when compared to those used from 

library references. Variability in Martian spectra, at least at 

cm-m scales, might also shed light on mineralogical varia-

tions. 

Samples & Analytical Techniques: Individual 

spectra have been determined by Micro-FTIR analysis 

of five Shergottites; three basaltic Shergottites; 

EETA79001 lith. B (loan), Zagami, (BM1966, 54) and 

Los Angeles, (BM2000, M12), alongside two olivine-

phyric Shergottites; DAG476, (BM2000, M7), and 

SAU005, (BM2000, M40). Two thin sections of Los 

Angeles and two from DAG476 were analysed along-

side one thin section from each of SAU005 and 

EETA79001. 3 thin sections in total were analysed 

from Zagami. For the purposes of this abstract we are 

focusing on the Zagami meteorite however full results 

will be presented at the meeting.  

Mineral spectra were collected using a Perkin 

Elmer SpectrumOne
®
 Fourier Transform Infra-Red 

spectrometer with an AutoIMAGE
®
 microscope at-

tachment at the Natural History Museum (NHM) in 

London, UK. The mid-IR wavelength range was used; 

λ=3-30μm (4000-600cm
-1

), with 20 scans at an aper-

ture size of 100μm. The data were processed in the 

Perkin Elmer Spectrum
®
 software.  

The geochemical data were collected on the 

Cameca SX-100 electron microprobe within the 

EMMA Unit at the NHM, London. Operating parame-

ters were: 20kV accelerating voltage, 20nA current and 

a 5μm spot size. 

Results & Discussion: Vibrational spectra from 

the Shergottite meteorites exhibit the typical features 

that one would expect of the associated primary miner-

als. The most abundant mineral in the Shergottite me-

teorites are clinopyroxenes and these have two distinct 

absorptions between 1200cm
-1

 and 800cm
-1

, with the 

absence of the characteristic orthopyroxene ‘V’ at 

~600cm
-1

, [6]. Within the meteorites however there are 

two clinopyroxenes present in the samples; a high-Ca 

pyroxene (augite) and a low-Ca pyroxene (pigeonite), 

in almost equal proportions, [7], and their spectra are 

readily distinguishable from one another due to struc-

tural differences.  

 

 

 
 

 

 

Figure 1: Example pyroxene compositions from the 

Zagami meteorite used in this study; the separation 

between high-Ca clinopyroxene (augite) and low-Ca 

clinopyroxene (pigeonite) is clearly apparent.  

 

Preliminary results from this study indicate that 

whilst the spectra display a general trend compatible 

with the library entries for the primary phases, Mar-

tian-specific spectra show a larger variability in the 

prominence of the features observed related to the 

composition of that phase. E.g., with respect to the 

Di Hd 

En Fs 
                   are zoned pyroxenes from cores to rim, are augite 

crystals and            are averaged pigeonite compositions from 

microprobe analysis of the Zagami meteorite. 
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pyroxene phases in Zagami, plotting band depth [8] 

against their composition (Fe/Mg+Ca wt% oxide) al-

lows the high-Ca (augite) and low-Ca (pigeonite) py-

roxenes to be distinguished from their zoning profiles, 

fig 2a. Band depth calculations plot a broadly similar 

relationship to composition irrespective of the band 

selected. 

 

 
Figure 2a: Separation of high-Ca (augite) and low-Ca 

(pigeonite) phases indicated from composition versus 

band depth in their mid-IR spectrum. Points 1-11 are 

different pyx crystals within the Zagami meteorite. 

 

 
 

Figure 2b: Averaged mid-IR spectrum from high-Ca 

(augite) and low-Ca (pigeonite) phases as seen in fig. 

2a with the zoned region discussed above for compari-

son. 

Whilst the pyroxene (augite and pigeonite) phases 

can be broadly resolved in terms of their spectra, band 

depth varies with Ca content sufficiently to allow high-

Ca and low-Ca pyroxenes to be distinguished, how-

ever, intermediate compositions of high temperature 

pyroxenes have overlapping band depth. Variability in 

band depth may be due to Fe/Mg content and warrants 

further investigation. The results presented may not aid 

in spectral un-mixing of global TES data on the whole 

due to a different wavelength range but they should be 

applicable for deconvolution of THEMIS data over a 

range of mineral compositions far broader than those 

previously seen within library spectra.  

Spectroscopic surface measurements from orbital 

data of both visible and near infra-red reflectance spec-

tra indicate that much of the Martian surface is likely 

to be basaltic in composition [9] and where available, 

rover data [10] support this understanding. The nature 

of remote thermal emission spectra only allows for 

sampling of the outermost 10-100μm of the crust and 

therefore unlikely to sample true igneous material un-

affected by surface alteration. However, in regions of 

the Martian surface where spectral signatures are con-

sidered to be more likely to represent unaltered Mar-

tian crust such as Meridiani and Bounce Rock [11], 

their spectral signatures are more in agreement with 

those seen in the unaltered Shergottite meteorites, and 

plot in the tholeiitic basalt field [12].  

Further spectra need to be obtained on a wider 

range of compositions before Martian meteorites can 

be used to deconvolve global spectral map data, how-

ever the far-reaching implications of this study and the 

affect of zoned compositions on phase spectra could 

begin to suggest as to why the FeO/MgO ratio of TES 

or THEMIS-derived compositions differ from those of 

global distribution maps from other spectrometers, i.e. 

the gamma-ray spectrometer (GRS) where spectral 

measurements are taken at a far greater depth and 

therefore sampling a less altered composition.  
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