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Introduction: Upcoming lander missions to planetary bodies require new innovative techniques for in situ inves-

tigation of their surfaces and near surface materials. In recent years, Raman spectroscopy has successfully been pro-
posed for planetary missions. For example, the Raman Laser Spectrometer (RLS) [1,2] of the joint ESA and Roscos-
mos mission ExoMars will for the first time in space identify minerals and organic compounds in Martian surface 
rocks and soils.  

In preparation of space missions, the goal of our present study is to investigate iron sulfides with respect to their 
possible response to relevant environmental conditions. Iron sulfides are chosen because they are widely disseminated 
on the Martian surface; they might also be present in the rocks of Jupiter’s satellites Ganymede and Callisto, as well 
as on the lunar surface. In addition, they are present in almost all meteorites [3,4]. Since on Earth in ambient air iron 
sulfides are very sensitive to laser irradiation, it is necessary to know how these minerals react under conditions that 
are similar to space or Martian environments. Additionally, analyses in vacuum, at different temperatures, and Raman 
excitation with varying laser power produce a comprehensive Raman database for upcoming missions. 

Samples:  Here we present the results of a Raman study on different iron sulfides in various environmental con-
ditions. For this study, we selected pyrite (FeS2-cubic), marcasite (FeS2-orthorhomic), chalcopyrite (CuFeS2), pyr-
rothine (Fe1-xS), and troilites within the martian meteorites Dar al Gani 670 [5] and Sayh al Uhaymir 051 [6]. Iron 
sulfides occur in a large range of possible oxidation states and are difficult to investigate with Raman spectroscopy 
due to a possible laser-induced alteration and fluorescence [7]. Therefore a proper investigation mode for this kind of 
minerals should be developed. The spectra were taken with various laser power and in various environmental condi-
tions that included ambient air, vacuum down to 10-6 mbar, 8 mbar CO2 atmosphere, and temperatures ranging be-
tween room temperature and ~ 10 K, resembling those on Mars, as well as on the Moon, on asteroids, and beyond.  

Preparation, and Technique:  Based on the natural origin of the iron sulfides and the meteorite sample a proper 
flat surface was prepared for Raman investigations. Accurate measurements on samples are rather guaranteed by a 
plane parallel, polished than on a rough surface. Since our sample were cut arbitrarily, no surface has a specific crys-
tallographic orientation in a particular main crystallographic axis. 

For measurements in vacuum at different temperature, and in CO2 atmosphere a Witec alpha300system confocal 
Raman microscope was applied (DLR-OS, Berlin). The laser excitation wavelength was 532 nm; the resolution of the 
spectrometer is ~4 cm-1. A Nikon 10 x objective was used with a spot size on the sample in focus of ~ 1.5 μm. To 
develop a well-functioning measurement method different laser power values (from 1 mW to 30 mW) and tempera-
tures (from 300 K down to 10 K) were chosen for vacuum measurements. Raman investigations with increasing laser 
power values from 1.4. mW to 43.1 mW in room temperature under ambient air were conducted using an Ocean Optics 
IDR-Micro Raman system (Institut für Planetologie, Münster), which operated with the OneFocus optical system 
equipped with a 40 x objective. The laser excitation was 532 nm and the spectral resolution is about 7 cm-1. The 
spotsize on the sample is ~ 2 µm. 

Results and Discussion:  All investigated samples produce evaluable spectra. Our investigations show that iron 
sulfides with double sulfur in their stoichiometric formula are very stable minerals with respect to the used range of 
laser intensity at any environmental conditions. On the other hand iron sulfides with one sulfur or no fixed value of 
sulfur in the stoichiometric formula are sensitive to the ambient atmosphere during Raman measurements.They con-
vert into hematite and magnetite. However, most important for space missions, no effects were found with increasing 
laser power in vacuum. In addition, a CO2 atmosphere does not affect the spectra of the investigated minerals, a finding 
particularly important for missions to Mars, including ExoMars. 
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