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ABSTRACT 

Today rare earth elements are of great interest for the global economy. They are of particular 
importance in modern technology, such as batteries, LCD displays and catalytic converters. 
Hyperspectral imagers, like the Earth Observing-1 Hyperion and the future environmental mapping 
and analysis program (EnMAP) bear a potential to identify rare earth element enriched zones in 
hardly accessible terrains on Earth. Moreover, it is a brilliant technology for monitoring exploration 
with regard to environmental pollution and protection of local communities. Hence, a fast and 
accurate geological prospection algorithm using highly spectrally resolved satellite and airborne 
images is necessary. Since a lot of competing absorptions (e.g. vegetation, iron oxides and 
atmospheric water) take place in the VNIR spectral range and the shape of rare earth element 
absorption bands are usually similar to the shape of noise, a detection of Rare Earth Elements is 
hampered.  

In situ field spectrometer data were gathered to analyze the connection between characteristic 
spectra of rare earth element bearing rocks and its geochemistry. Søvite-carbonatites were 
sampled and thin slices were produced for a microscopic study of the geochemical composition 
(Micro XRF) and spectroscopic behavior (Hyspex Imager). This dataset builds up the base for the 
identification of indicative features in the spectra, whose absorption depth significantly varies with 
the amount of rare earth elements. Therefore, a spectral library with its rare earth element related 
parameters was set up and used for a Richardson Lucy Deconvolution. It was applied to extract a 
certain frequency range of the spectrum and was used to deconvolve the composite image spectra 
into the rare earth element related part of the spectrum and the residual part of the spectrum. The 
results show new implications for the use of hyperspectral spectroscopy in exploration research by 
detecting REE bearing minerals and mineralized areas. This also enables the aggregation of the 
developed approach to be applied in 2D image scenes acquired in the near. The outcome of this 
project is a final verification of spectroscopic mineral detection algorithms. 
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Figure 1: a) Reflectance Spectra of the reference material monazite and b) reflectance spectra of 
superimposing materials. 
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Hyperspectral remote sensing is a widely used technique to analyze images for the mineral content 
of the surface. Those surfaces can be spatially close to the sensor like outcrops or distant, that 
requires airborne or spaceborne acquisitions. Here, the imaging spectroscopy is applied to analyze 
the surface of an outcrop that mainly consists of calcite carbonatites. The present study focusses 
on the spatial detection of Rare Earth Elements (REE) of the outcrop by analyzing every image 
pixel spectrum for the presence or absence of neodymium related absorption bands. According to 
[1] neodymium bearing materials show distinct absorption bands that are unique and can therefore 
be used as a basis for the identification of enriched zones. Figure 1a shows the reflectance 
spectrum of the reference material monazite, a neodymium bearing phosphate with its 
characteristic absorption bands at 740, 800 and 860 nm. An important spectral property of REE 
related absorption bands are their narrow shape with a width of the concave feature of about 60-80 
nm [1]. 

 

 Geological Setting 

The studied outcrop is an open street cut along Grønvoldvegen 
Road in Ulefoss, Nome, Norway. It belongs to the Fen complex that 
is a worldwide known type locality for carbonatite rocks (figure 2). 
Three different types of carbonatites belong to the main rock units 
at Fen Complex. The open cut outcrop belongs to the calcium-
carbonatite unit that is mainly characterized by silico-calcium 
carbonatite rocks that bear REE phosphates, REE carbonates, REE 
epidotes and other ore minerals, such as Pyrites [2–5]. 

 

 

 

 

 

METHODS 

 

In order to achieve the multi-temporal 
hyperspectral data cube, a Hyspex imager that 
collects the visible and near infrared part of the 
electromagnetic spectrum was used (VNIR:450-
1000nm)[6]. The camera was mounted on a tripod 
and moved clockwise to scan the outcrop surface 
line-by-line and a field of view extender was used. 
In addition to the two dimensional image collection 
with the hyperspectral system, discrete 
geochemical measurements were made at 
selected points. Therefore rock samples were 

processes to thin slices and analyzed on a micro 
scale using a stationary electronmicroprobe 
(SuperProbe Jeol JXA – 8230)[7]. A total number 
of 19 monazite crystals could be detected within 

Figure 3: The filtered spectra using a 
Richardson Lucy Deconvolution. The spectra 
are sharpened for the neodymium related 
absorptions. 

Figure 2: Overview map of 
Norway indicating the 
capital city Oslo and the 
study region Fen Complex. 
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the thin slice that were geochemically analyzed and averaged for element concentrations. 

The first step of the imaging spectroscopy approach is the collection of a multi-temporal dataset. 
Those images were transferred to reflectance data by using 5%, 20%, 50%, 90% and 95% 
calibrated reflective standards by rationing radiance with irradiance. The reflectance data cube was 
then averaged using a weighted mean according to the spectral homogeneity measured on the 
reference panels. After smoothing the spectra the Richardson Lucy Deconvolution was applied to 
sharpen the REE related absoprtion bands remaining the rest of the spectrum unchanged (figure 
3). 

The Richardson Lucy Decovolution is the multiplication of the initial image spectrum  and a 

multiplier (H), which is the deconvolution term as given by the following equations: 

 

 

(1) 

 

(2) 

where  is the filter function for the Richardson Lucy Deconvolution (a Gaussian distribution with a 

standard deviation σ=1.5). 

The second part of the processing of imaging spectroscopy retrieved data is the selection of the 
most diagnostic absorption band. Figure 1a shows the most important absorption bands at 740, 
800 and 860 nm. The 740 nm feature is close to the atmospheric absorption band for oxygen 
(figure 1b) and is therefore superimposed. An analysis of this feature would therefore give false 
positive identifications for neodymium. The 860 nm feature is close to the edge of the VNIR 
detector and is therefore affected by higher noise (figure 3). Hence, the only robust feature is the 
800 nm feature. After having the 800 nm band selected, a continuum removal for features was 
applied. That means that only the continuum between the two shoulders of a distinct feature is 
reduced to enable the estimation of the depths of this absoprtion band. All pixel, where the 
absorption depths is higher than three sigma of the noise (according to the SNR of the reference 
panels) are marked as REE indicative pixels. Outlier were supressed by applying a 3x3 median 
filter. 

 

RESULTS 

The resulting image is used to highlight the local neodymium distribution as an indicator for Light 
REE (LREE). The center area of the outcrop (figure 4b) shows an internal structure of white and 
blueish bands that can be identified to be LREE enriched. To the left of the outcrop one white long 
band of calcium-carbonatite of about 4m can be detected from the top to the bottom of the outcrop 
(figure 4a). This band is also identified to indicate LREE enriched material. The reference panels 
and georeferencation control points are marked as white areas. Moreover another zoom image 
(figure 5) was generated that is shown in yellow box of figure 4a. In this zoom image the four 
spectra were spectroscopically analyzed in more detail and the field samples for the geochemical 
evaluation were there collected. According to the geochemical analysis at this location the ore 
minerals are mainly monazites (table 1) and contain a neodymium concentration of about 15 ppm.  
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Figure 4: The resulting map showing the analyzed outcrop. Neodymium enriched areas are flagged 
in red color. b) shows a zoom image of the center area, a highly enriched zone, c) shows the left 

side of the outcrop with a neodymium enriched 4m long band. 

 

Table 1: The average weight percent for 19 monazite minerals that were measured with a electron 
microprobe (SuperProbe Jeol JXA – 8230). 

Element 
Oxide 

   
P2O5   

   
CaO    

   
SiO2   

   
FeO    

   
Y2O3   

   
La2O3  

   
Ce2O3  

   
Nd2O3  

   
Pr2O3  

   
Sm2O3  

   
Gd2O3  

   
Tb2O3  

   
Dy2O3  

   
Ho2O3  

   
Er2O3  

   
Yb2O3  

   
Lu2O3  

  
Total   

Average 
weight 
percent 

30.05 0.79 0.35 0.36 0.12 12.98 31.83 15.61 4 1.81 0.6 0.03 0.08 0.01 0.03 0.01 0 98.94 

 

The zoom image in figure 5 shows the reflectance spectra of four pixels and their associated 
continua. From the center of the enriched zone to the border to less enriched silico-carbonatites 
the absoprtion depth is reduced from 1.1 to 0.72. All those pixels are flagged as REE indicative 
pixels (red color) since their absorption depths are higher than the three sigma of the noise. At the 
silico-carbonatites in-between the REE enriched clusters where mineralization is low the 
absorption depth is even negative. That means no neodymium related absorption is detectable and 
therefore this area is not flagged as enriched material. 
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DISCUSSION 

Figure 6 shows the result of a spectroscopic analysis without using part one of the approach (the 
Richardson Lucy Deconvolution as a method for spectral sharpening). Compared to figure 5a, 
figure 6c shows that only the orange and yellow marked pixels could be identified with a positive 
absorption depth. The green pixel was not identified. Moreover figure 6a and b show that the 
amount of false positive identified pixels is considerably high and it is necessary to smooth with a 
broader median kernel than 3x3. Hence, the Richardson Lucy Deconvolution is nesseccary for a 
robust identifaction of LREE enriched zones. 
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Figure 6: a) shows the resulting map without applying the Richardson Lucy Deconvolution b) a 
zoom image showing the zoom image of the highly enriched zone, c) shows the image spectra that 

a 
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Figure 5: a) The absorption depth of four distinct image pixels b) a zoom image showing the 
location where the image spectra of figure 5a) were extracted. 
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are generated without the Richardson Lucy Deconvolution at the same locations where the spectra 
of figure 5a) were extracted. 

CONCLUSIONS 

The results of this study show that a mapping of neodymium can be obtained using the new 
spetcral sharpening technique. The most diagnostic feature for REE detection appears to be at  
800 nm. The integration of multi-temporal images improves the detection of REE enriched 
zones. Contrast enhancement and spectral sharpening based on the Richardson Lucy 
Convolution is necessary if the SNR is low. The proposed approach is a fast and easy 
applicable method that can be used in the near field for direct REE mapping of outcrops. In 
addition, it enables a robust, spatially wide but highly resoluted mapping of the spatial 
distribution of minerals and related REE concentration of carbonatite outcrops.  
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