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The Rio Tinto area hosts the largest known volcanogenic massive sulfide deposits on Earth. We have 
investigated 614 sites along a river bed (Fig. 1) located 3 m from each other. At each site, we 
investigated 5 random samples for pyrite content. The pyrite content was always estimated by 2 to 
4 researchers, and the average for each site was computed. The average pyrite content in the entire 
investigated area is 7.0 vol.% (12.6 wt.%). We have observed two fields, 30 x 30 m, and 30 x 60 m, 
with average pyrite contents >50 wt.%, which should be suitable for its detection from the orbit, 
both with Sentinel-2 (field resolution of 10 m) and Landsat (30 m). Principle Component Analysis of 
the obtained spectra from Sentinel-2 (Fig. 2) gives similar results to mineralogical data we have 
retrieved in the field during our geological mapping. 
By establishing our test field for remote sensing of sulfide deposits in a planetary field analog on 
Earth, we will be able to determine abundance thresholds for the detection of major sulfide phases 
on Mars and identify their key spectral features. Our results will help in 1) more efficient use of the 
current NIR Martian spectrometers to detect ore minerals and 2) designing new space instruments 
optimized for ore detection to include in future missions to Mars such as one developed at the 
Institute of Geological Sciences and the Space Research Centre of the Polish Academy of Sciences 
called MIRORES (Martian far-IR ORE Spectrometer). 
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Sulfides are the most important group of ore minerals and are especially crucial for copper, 
silver, and gold. Despite the lack of direct evidence, sulfide ores are anticipated on Mars 
(Pirajno and van Kranendonk, 2005; West and Clarke, 2010). Rover and orbiter data along 
with geochemical modeling suggest the presence of pyrite (FeS2), marcasite (FeS2), and 
pyrrhotite (Fe1−xS) at the Martian surface (Ehlmann and Edwards, 2014). In addition, Martian 
meteorites show that the Martian crust is significantly enriched in chalcophile elements 
compared to the Martian mantle (Wang and Becker, 2017) and host a variety of magmatic 
and hydrothermal sulfides similar to that on Earth (Baumgartner et al., 2017; Lorand et al., 
2018). 

Infrared spectrometers orbiting Mars with high capabilities to use in mineralogical 
studies include CRISM (Compact Reconnaissance Imaging Spectrometer for Mars) 
operating in a wavelength range of 0.4–3.9 µm onboard Mars Reconnaissance Orbiter 
(MRO), OMEGA (Observatoire pour la Minéralogie, l’Eau, les Glaces et l’Activité; 0.4–5.1 
µm) and PFS (Planetary Fourier Spectrometer; 1.3–45.0 µm) onboard Mars Express (MEX). 
To date, however, few works were able to localize sulfides from the orbit due to difficult 
interpretation caused by spectral interferences with common silicates, which are impossible 
to resolve without ground calibration (Horgan et al., 2014). To overcome this, we have 
mapped for pyrite content a 500 m x 100 m test field rich in pyrite within the Rio Tinto 
planetary field analog mining area in Spain for pyrite to compare the obtained results with 
remote sensing data from the Landsat 8, Sentinel-2, and ASTER satellites.  

The Rio Tinto area hosts the largest known volcanogenic massive sulfide deposits on 
Earth (Martin-Izard et al., 2015). We have investigated 614 sites along a river bed (Fig. 1) 
located 3 m from each other. At each site, we investigated 5 random samples for pyrite 
content. The pyrite content was always estimated by 2 to 4 researchers, and the average for 
each site was computed. The average pyrite content in the entire investigated area is 7.0 vol.% 
(12.6 wt.%). We have observed two fields, 30 x 30 m, and 30 x 60 m, with average pyrite 
contents >50 wt.%, which should be suitable for its detection from the orbit, both with 
Sentinel-2 (field resolution of 10 m) and Landsat (30 m) (see Ciazela M. et al., this session). 

Principle Component Analysis (PCA) of the obtained spectra from Sentinel-2 (Fig. 2), 
which has the best field resolution (10 m) of the three, gives similar results to mineralogical 
data we have retrieved in the field during our geological mapping in March 2022. 

By establishing our test field for remote sensing of sulfide deposits in a PFA site on 
Earth, we will be able to determine abundance thresholds for the detection of major sulfide 
phases on Mars and identify their key spectral features. Our results will help in 1) more 
efficient use of the current NIR Martian spectrometers to detect ore minerals and 2) designing 
new space instruments optimized for ore detection to include in future missions to Mars such 
as one developed at the Institute of Geological Sciences and the Space Research Centre of 
the Polish Academy of Sciences called MIRORES (Martian far-IR ORE Spectrometer).  
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Figure 1. The ordinary kriging interpolation maps of pyrite content based on 614 sampling 
sites. 
 



 
Figure 2. False-color composite, Sentinel-2A PCA (10 m/px) for the study area: PC1, PC2, 
and PC3 in R, G, and B channels, respectively. PCA image was calculated from the original 
9-band (VNIR + SWIR) of Sentinel-2A (bands 1, 9, and 10 were excluded from this analysis 
as they do not contain mineralogical/geological information). Three first PCA components 
(PCA1, PCA2, and PCA3), containing the highest topographical and spectral information, 
are suitable for lithological discrimination, especially for arid region such study area. The 
pink color indicates areas with high pyrite content. The white frame in panel 'a' marks the 
region of the Rio Tinto Mining area in Spain. The white frame with the star in panel 'b' shows 
our study area for geological mapping. 
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One full paper combining geological and remote sensing results is planned and it will be 
submitted in 2023.  
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