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Introduction: Analysis of 0.25-5 μm reflec-

tance spectra acquired by the Visible and Infra-

Red Thermal Imaging Spectrometer (VIRTIS) 

onboard Rosetta orbiter revealed that the sur-

face of comet 67P/CG is dark from the near-UV 

to the IR and is enriched in refractory phases 

such as organic and opaque components [1,2]. 

The broadness and complexity of the ubiquitous 

absorption feature around 3.2 μm suggest a va-

riety of cometary organic constituents [2]. For 

example, complex hydrocarbons can contribute 

to the feature between 3.2 and 3.5 μm and to the 

low reflectance of the surface in the visible [2]. 

Relevance of natural macromolecular solids, 

such as solid oil bitumens (asphaltites, kerites, 

anthraxolites [3]) and coals as spectral analogs 

for the hydrocarbon part of cometary refractory 

organics were discussed in detail in [3, 2, 4]. 

Fine-grained opaque refractory phases (e.g. iron 

sulfides, Fe-Ni alloys) are likely responsible for 

the low IR reflectance and low contrast of the 

3.2 μm absorption band [1, 2]. Other non-icy 

constituents that may contribute to spectral re-

flectance properties of the 67P surface include 

amorphous and crystalline silicates.  

Results and conclusions:  Here we report and 

discuss the 0.3-5 μm reflectance spectra of rele-

vant Fe-sulfides (meteoritic troilite and several 

terrestrial pyrrhotites) ground and sieved to var-

ious particle sizes. We report the results of the 

synthesis, analyses, and/or spectral reflectance 

measurements of Fe-free low-Ca pyroxenes (or-

tho- and clinoenstatites), forsterites, and a high-

Ca pyroxene (diopside). We present reflectance 

spectra of intimate mixtures of powdered Fe-

sulfides with kerite (as an example of a relevant 

macromolecular organic solid) and synthetic 

orthoenstatite. We investigate and discuss the 

ability of Fe-sulfides to suppress absorption 

bands of other cometary refractory components 

and to affect the spectral slopes and reflectance 

values of the 67P/CG surface at different wave-

lengths from the near-UV to the IR. Finally, we 

discuss the evolution of organic absorption 

bands as a function of sulfide content in the 

mixtures and the possibility for detection of in-

dividual C-H stretching bands in the VIRTIS 

spectra of 67P/CG. We show that spectral re-

flectance of the ubiquitous dark material on the 

surface of 67P is mostly controlled by fine-

grained opaques and organic refractories, while 

silicate components play a less significant role 

and are unlikely to contribute significantly to 

the VIRTIS spectra and to the observed spectral 

variations across the 67P surface. We demon-

strate that fine-grained Fe-sulfides (troilite and 

pyrrhotite) are effective darkening agents from 

the near UV to IR that can explain the very low 

IR reflectance of the 67P nucleus. The shape of 

the VIRTIS spectra in the visible range is con-

sistent with the  presence of polyaromatic-rich 

organics together with Fe-sulfides. Fe-sulfides 

intimately mixed with other components signif-

icantly influence shapes and relative contrasts 

of absorption bands of other  phases. If real, the 

fine structure in the VIRTIS spectra between 

3.2 and 3.5 µm could be indicative of individual 

C-H absorption bands in aromatic structures, 

methyl and methylene groups. Further work is 

needed to clarify which species contribute to the 

broad complex 3.2-µm band in the VIRTIS 

spectra and to the spectral shape between 1.5 

and 2.5 µm.  
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