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ABSTRACT 
The PRISMA hyperspectral imaging satellite of the Italian Space Agency records in the 0.4-2.5 μm wavelength region at a 

spatial resolution of 30 m. This study used the PRISMA hyperspectral imagery to characterize an extensive hydrothermal 

alteration system in the Kap Simpson igneous complex in central East Greenland. The prospection for economic 

mineralization in the study area has been in the focus of the activities of several mineral exploration companies. The PRISMA 

data were analyzed using the Adaptive Coherence Estimator. The hyperspectral imagery mapped the spatial distribution of 

several alteration minerals. The hyperspectral data identified widespread iron stained zones consisting of limonite and jarosite. 

All these zones constitute prospection targets for the localization of economic mineralization of molybdenum, rare earth 

elements, gold, silver, and base metals. The study indicates the applicability of PRISMA imagery for the prospection of 

economic mineralization. The results should also be useful for the evaluation of the PRISMA hyperspectral imagery in 

geoenvironmental applications.  
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Introduction 

The PRISMA (Hyperspectral Precursor of 

the Application Mission) hyperspectral imaging 

satellite of the Italian Space Agency is a pushbroom 

sensor that records in the 0.4-2.5 μm wavelength 

region (Heller Pearlshtien et al., 2021; Bedini and 

Chen, 2020; Pignatti et al., 2013). The PRISMA 

hyperspectral data have a spatial resolution of 30 m. 

The PRISMA satellite hyperspectral data are used in 

environmental monitoring, agriculture, forest and 

grassland mapping, land use and land cover 

mapping, hydrology, glaciology etc. The visible to 

short wave infrared (0.4-2.5 μm) region of the 

electromagnetic spectrum is also useful for the 

remote sensing of natural resources (e.g. van der 

Meer et al., 2012; Bedini, 2017; and references 

therein).  

An extensive hydrothermal alteration system is 

exposed in central East Greenland in the area of Kap 

Simpson (figure 1, Conradsen and Harpøth, 1984). 

The Kap Simpson igneous complex has been in the 

focus of the activities of several mineral exploration 

companies (Geyti, 1979; Damtoft and Grahl-

Madsen, 1982; CGRG, 2012; among others). 

Lithogeochemical data have indicated high 

anomalous values of molybdenum, and rare earth 

elements. The alteration in the area has also been 

investigated by the analysis of Landsat imagery 

(Conradsen and Harpøth, 1984), Advanced 

Spaceborne Thermal Emission and Reflection 

Radiometer (ASTER) data, and airborne 

hyperspectral imagery (Bedini, 2011).  

This paper reports on the application of the 

PRISMA satellite imagery for the characterization of 

the hydrothermal alteration in this area of East 

Greenland. The analysis of PRISMA hyperspectral 

data could be useful to guide field activities in the 

area for the prospection of molybdenum, rare earth 
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elements, lead and zinc, gold and silver resources. 

The results should also be useful for the evaluation 

of the PRISMA satellite hyperspectral imagery in 

geoenvironmental applications. 

 

 

Figure 1. The study area in central East Greenland (indicated by the white dashed-line rectangle) shown on a 

Landsat color-infrared composite image.  

 

Materials and methods 

Study area  

The Paleogene intrusions and magmatic 

complexes emplaced in East Greenland host a range 

of economic mineralization (Harpøth et al., 1986; 

Tukiainen and Thomassen, 2010). The Kap Simpson 

igneous rocks complex occurs in central East 

Greenland. The eastern part of the Kap Simpson 

igneous rocks complex is composed of a caldera with 

extensive hydrothermal alteration including 

silicification, argillization and pyritization. The 

alteration includes large areas of iron oxide staining 

with spectacular colour anomalies visible on the 

surface (figure 2). The area has been explored for 
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porphyry molybdenum deposits, fluorite, rare earth 

elements, gold, silver etc., by geochemistry of stream 

sediments and lithogeochemistry (e.g., Harpøth et 

al., 1986). Molybdenum mineralization has been 

found at several localities, but the size and grade are 

insignificant (Harpøth et al., 1986). 

The PRISMA hyperspectral imagery of the 

Kap Simpson study area (figure 3) was recorded on 

July 27, 2021. The PRISMA apparent surface 

reflectance data (L2D) have been shown comparable 

to airborne hyperspectral data (Bedini and Chen, 

2020; Heller Pearlshtien et al., 2021). In order to 

have a full coverage of the study area subsets of two 

PRISMA scenes were merged. A strip of no-data 

occurs between two consecutive PRISMA scenes. 

The georeferencing accuracy of the hyperspectral 

scenes was improved by using ground control points 

from topographic maps.  

The spectral reflectance properties of the altered 

rocks 

Reflectance spectra in the 0.4-2.5 μm wavelength 

range of altered rock samples from the Kap Simpson 

complex were recorded using an Analytical Spectral 

Device (ASD). The visible to short wave infrared-

active alteration mineralogy in the reflectance 

spectra of these samples consists mainly of limonite, 

jarosite, illite and kaolinite. The reflectance spectra 

of the altered rocks from the Kap Simpson complex 

display absorption features due to electronic 

processes involving Fe3+, and to molecular 

vibrational processes in OH- bearing minerals (figure 

4; Bedini, 2011; Bishop and Murad, 2005). The 

mineral jarosite has a broad ferric iron absorption 

feature near 0.90 µm, is more reflective overall than 

limonite and displays a local reflectance maximum at 

near 0.70 µm. Jarosite has also vibrational absorption 

features due to Fe-OH and OH stretches and bending 

(Bishop and Murad, 2005). Limonite (goethite) has 

characteristic absorption features in the visible to 

near infrared wavelength region due to electronic 

transitions of ferric iron (Clark, 1999). Limonite 

displays a broad ferric iron absorption feature near 

0.90 μm, and two additional features near 0.50 μm 

and 0.66 μm with a peak near 0.75 μm (Clark, 1999). 

The reflectance spectrum of illite displays an intense 

Al-OH absorption feature near 2.20 µm, whereas the 

reflectance spectrum of kaolinite displays an Al-OH 

doublet absorption feature at around 2-17-2.20 μm 

(Clark, 1999).  

 

 

 

Figure 2. Extensive iron stained zones in the Kap Simpson complex. (a) Føndal. Relief is ca. 400 m. (b) in the 

western side of Forårsdal. Relief is ca. 500 m. (Field photographs courtesy of Bjørn Thomassen, Geological Survey 

of Denmark and Greenland).   

 

         

a b 
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Figure 3. The Kap Simpson PRISMA image (band 32 = 0.65 μm). 

 

 

 

Figure 4. Several reflectance spectra of altered rock samples from the Kap Simpson study area. 
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Analysis of PRISMA data 

The PRISMA image was processed using the 

Adaptive Coherence Estimator (ACE), a partial 

unmixing algorithm (e.g., Manolakis et al., 2016). 

The analysis of PRISMA hyperspectral image was 

focused in the wavelength regions where diagnostic 

absorption features of the main alteration minerals 

occur. The Adaptive Coherence Estimator is 

described as the squared matched filter normalized 

by terms proportional to the magnitude of the target 

in the matched filter space and the magnitude of the 

reference spectrum in the matched filter space (e.g., 

Schott, 2007). The reference spectra were derived 

from the hyperspectral image using the ‘‘hourglass” 

processing scheme (e.g., Kruse et al., 2006; 

Boardman and Kruse, 2011). 

 

Results and discussion 

The results of the Adaptive Coherence 

Estimator (ACE) analysis of the PRISMA 

hyperspectral image for the alteration minerals in the 

study area are shown in figure 5. The illite is related 

to the sedimentary lithology in the southern margins 

of the Kap Simpson complex, but also as an 

alteration product of the igneous rocks, spatially 

associated with zones of limonite and jarosite. The 

occurrence of kaolinite is related to zones of argillic 

alteration at Føndal. The hyperspectral data have 

identified widespread iron-stained zones consisting 

of limonite and jarosite. All these areas constitute 

prospection targets for the localization of economic 

mineralization including molybdenum, rare earth 

elements, gold, silver, and base metals. Intensive 

pyritization of the rocks correlates with the mapping 

of the mineral jarosite. Jarosite, an iron-sulfate 

mineral, is common in acidic, sulfate-rich 

environments formed by the oxidation of sulfides, 

especially pyrite (Baron and Palmer, 1996). At the 

Føndal area occur diffused pyrite to pyrite-hematite 

mineralization that in silicified zones reaches up to 

several weight per cent of the rock (CGRG, 2012). 

In another setting, some 60 km south-west of the Kap 

Simpson complex, in the Werner Bjerge igneous 

complex, very close to a pyritizated zone is located 

the Malmbjerg world-class porphyry molybdenum 

deposit (Harpøth et al., 1986; Bedini, 2012). By 

analogy, the jarosite areas (shown in yellow color in 

figure 5) constitute prospection targets especially for 

porphyry molybdenum deposits. Lithogeochemical 

and stream sediment geochemistry investigations 

have shown Mo anomalies in these areas (e.g. 

Harpøth et al., 1986). From the perspective of the 

potential of the occurrence of significant 

accumulation of the Mo-porphyry type of 

mineralization, the most promising is the Føndal area 

(CGRG, 2012; figure 5). Rock samples from the 

Føndal area have Mo commonly between 5 to 50 

ppm, less frequently above 100 ppm, whereas in two 

samples Mo contents higher than 1000 ppm have 

been recorded (CGRG, 2012). 

 

 



129 
 

129 

Bendini & Chen, 2022. Journal of Hyperspectral Remote Sensing. 

 

Figure 5. Results of the Adaptive Coherence Estimator (ACE) analysis of the PRISMA satellite hyperspectral 

imagery showing jarosite (in yellow color), limonite (in red color), illite (in blue color) and kaolinite (in green 

color).  

 

Conclusions 

Imagery recorded by the PRISMA 

hyperspectral imaging satellite of the Italian Space 

Agency was used to detect the zones of hydrothermal 

alteration in the Kap Simpson igneous rock complex 

in central East Greenland. The results bring new 

information for the iron stained areas in the igneous 

complex and the surrounding sedimentary units. The 

iron stained zones constitute prospection targets for 

a number of economic mineralizations. The zones 

distinguished by the spectral reflectance of the 

mineral jarosite correlate with intensively pyritizated 

areas and constitute prospection targets especially for 

molybdenum deposits. The PRISMA hyperspectral 

data have potential to provide useful information in 

the prospection for economic mineralization. On the 

other hand, the accurate mapping of surface 

mineralogy from hyperspectral data is also useful in 

geoenvironmental studies (e.g. Swayze et al. 2000).       
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