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Introduction:  Missions to bodies of our solar sys-

tem are coming up and imply new instrumentation to 
investigate the surface of the planetary body in the best 
case in situ. One of the fundamental aims of space mis-
sion is to understand formation conditions and there-
fore draw conclusions about former processes on Earth 
as well as on other planets and/or asteroids in our solar 
system. In the case of such missions it is significant to 
expect the estimated data in order to support a correct 
interpretation. This could be done by the investigation 
of analog material.  

Here we present the results of a Raman study on 
different iron sulfides in various environmental condi-
tions. For this study we chose iron sulfides because it is 
a well known phase on planetary surfaces and in mete-
orites [e.g. 1,2]. Iron sulfides are difficult to study 
while they occur in a large range of possible oxidation 
states and are difficult to investigate with Raman due to 
a possible laser-induced alteration and fluorescence 
[3]. Therefore a proper investigation mode for this kind 
of minerals should be developed. Additionally, anal-
yses in vacuum at different temperatures with a Raman 
spectrometer allow a continuous completion of the 
Raman database for upcoming missions, e.g. the Ra-
man Laser Spectrometer (RLS) onboard of ExoMars 
[4]. 

 
Samples:  At the beginning of this investigation we 

examined pyrite (FeS2-cubic), marcasite (FeS2-ortho-
rhomic), chalcopyrite (CuFeS2), pyrrothine (Fe1-xS), 
and a declared pyrrhotite within the martian meteorite 
Dar al Gani (DAG) 670 [5].  

 
Sample Preparation and Technique:  For Raman 

spectroscopy due to the size of the vacuum chamber in 
the cryostat each sample is not larger than 1cm × 1cm 
× 0.5cm. Based on the natural origin of the iron sul-
fides and the meteorite sample a proper flat surface 
must be prepared for Raman investigations. Accurate 
measurements on the samples are guaranteed by a 
plane parallel and polished surface. Special attention is 
payed by using a polishing powder with a known Ra-
man spectrum. In addition, no mineral has a specific 
crystallographic orientation. 

We performed Raman measurements with a confo-
cal Raman microscope Witec alpha300system. The 
laser excitation wavelength is 532 nm; the resolution of 
the spectrometer is 4-5 cm-1. A Nikon 10 x objective is 

used with a spot size on the sample in focus of about 
1.5 μm. To develop a well functioning measurement 
method different laser power and temperatures are cho-
sen. For the investigations each of the samples is fixed 
in the cryostat and the measurements in the cryostat are 
as follows: 
- in vacuum (<10-4 mbar) from  ~ 10 K with increasing 
temperature back to room temperature (RT), and 
- at room temperature under air at ambient pressure, to 

show the behavior of iron sulfides on the Raman la-
ser. 

 
Results:  The results of the Raman measurements 

are given in figures 1-5.  
 

 
Fig. 1: Raman measurements at RT of pyrrhotite with 
30mW laser power in vacuum (red) and in air (green). 
 

 
Fig. 2: Raman measurements at RT of pyrrhotite with 
different laser power in air.  
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Fig. 3: Raman measurements of the iron sulfide in 
DAG 670 at different temperatures and in vacuum with 
a laser power of 7mW. 
 

 
Fig. 4.: Raman measurement at the same position ana-
lysed in Fig. 3 in air and at RT showing conversion 
into a spectrum for hematite. 
 

 
Fig. 5: Raman measurement on another iron sulfide in 
DAG 670 in air and at RT shows the transformation to 
another phase. 
 

The Raman peak positions of pyrrothite (Fig. 1) meas-
ured in air and in vacuum, respectively, are clearly 
different from each other. Investigations of pyrrothite 
in air with different laser power (Fig. 2) show a signifi-
cant relation between the used laser power and the Ra-
man peak position. By using less power (1mW) the 
peaks are similar but shallow compared to those ob-
tained in vacuum, whereas with increasing power new 
peaks start to grow representing a new phase. 
Iron sulfides within the DAG 670 meteorite analysed in 
vacuum and at different temperatures show no signifin-
cant variation in the Raman spectra (Fig. 3). However, 
by measuring the same sample in air hematite can 
clearly be identified (Fig. 4) demonstrating a mineral 
reaction due to laser irradiation on the sample. Figure 5 
shows that iron sulfide in the same meteorite measured 
in air exhibits a change of the Raman shift position. 

 
Discussion:  Our investigations show that the iron 

sulfides with a double sulfur in the stoichiometric for-
mular are very stable minerals concerning Raman spec-
troscopy. Raman spectra in vacuum at different tem-
peratures show no variation compared with Raman 
spectra at RT in ambient air [6]. On the other hand iron 
sulfides with only one sulfur or no fixed value of sulfur 
in the stoichiometric formular are sensitive  to ambient 
atmosphere during Raman measurement. These sul-
fides exhibit a clear trend to react with O or OH of the 
ambient air by building new minerals like e.g. magnet-
ite or hematite. Laser-induced heating serves apparent-
ly as an accelerator of these chemical reactions. With 
measurements in vacuum it is possible to suppress this 
reaction. 

 
Future plans: Future work includes a systematic 

study of iron sulfides in different meteorites and other 
sulfides. 
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