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Figure 1. Samples plotted in the #Mg–
#Cr plane. 

Figure 2. The CAMEVA System (School of Mines, 
UPM)  

Abstract 
The relationship between the chemical composition and the multispectral reflectance values of chromite in the VNIR (Visible and Near-Infra-Red) realm is tested and mathematically 
analysed. Statistical tools as Pearson’s correlation coefficients, linear stepwise regression analysis and least-square adjustments are applied to two populations of data obtained from 
14 selected samples of chromite: multielemental microprobe analysis and multispectral reflectance values (400-1 000 nm). Results show that both data sets correlate, and suggest 
that the VNIR reflectance spectra can be used as a tool to determine the chemical composition of chromites. 
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Samples and Compositional Data 
The ores were selected to cover an appropriate compositional range for natural chromites, from 14 samples described by Gervilla and 
Leblanc (1990), Proenza et al. (1999), Henares et al. (2010), González-Jiménez et al. (2011) and Gervilla et al. (2012).  Analysed 
compositions cover a wide area in the Fe3+-free (or Fe3+-poor) base of the Haggerty (1976) spinel prism (Figure 1). 
 
Chemical composition of chromite was determined by electron microprobe, using a CAMECA SX50 instrument in wavelength dispersive 
mode, at the Serveis Cientifico-Técnics of the University of Barcelona (Spain). A total of 105 analysis of this type were performed over 
the fourteen above mentioned samples. 

Measurement of VNIR Reflectances. The CAMEVA system 
Multispectral reflectance measurements have been carried out with the CAMEVA System (Figure 2), jointly developed by UPM and 
AITEMIN (Castroviejo et al. 2009), and specifically designed for the acquisition of multispectral microscopic images in the visible and 
near infrared (VNIR: 400-1000 nm) range. 

Figure 3. Quadratic curves fitting the expe-
rimental reflectance data 

Figure 4. Reflectance at 400 nm 
calculated from the composition against 
the measured reflectance. Blue dots 
represent control samples. 

Figure 5 Reflectance measured at 400 
nm against FeO and MgO contents 
(dashed lines represent fitted models). 

Conclusions 
Systematic analysis of both multispectral reflectance and multielement compositional values from 14 selected chromite samples covering a wide compositional area shows that 
both data sets can be mathematically correlated.  

Multispectral Reflectance Values as a Function of Composition 
This topic was analysed in two steps.  Firstly, by the least squares method, curves of the type R = a + bλ + cλ2 were fitted.  In all 
cases with coefficients of determination greater than 0.97 (Figure 3).  Secondly, the curve parameters a, b and c were correlated 
with the compositional elements of the analysed samples.  As a result, the following relationsips were obtained: 
 

 a = 23.018 – 0.169 Al2O3 – 0.372 Fe2O3 – 3.063 NiO 
106c = –0.739 – 690.608 b – 0.034 Cr2O3 

 
where elemental contents are expressed in weight percent.  Relative errors for  parameter a and c are less than 2% and 8% 
respectively.  Values of parameter b were fixed to its mean value (–0.011) which has a standard deviation of 0.002.  The 
reconstructed R=f(λ) curves have relative errors regarding the experimental curves smaller than 6%. 

Chromite Compositions Calculated from VNIR Values 
From stepwise multivariate linear regression analysis: 

R400nm = 17.824 – 0.120 Al2O3 – 0.180 Fe2O3 –2.393 NiO R700nm = 15.522 – 0.097 Al2O3 – 0.084 Fe2O3 –2.343 NiO 
R1000nm = 14.861 – 0.086 Al2O3 – 0.088 Fe2O3 –2.498 NiO 

 
with a coefficient of determination (R2) greater than 0.9 (see Figure 4).  For FeO and MgO it was necessary to use a quadratic model (see Figure 5):  
 

 R400nm = 6.831 + 0.869 FeO – 0.022 (FeO)2     (R2 = 0.5)   R400nm = 8.886 + 1.292 MgO – 0.062 (MgO)2     (R2 = 0.5) 

Although the limited sample size allows only preliminary 
conclusions and further data should be tested to fit a 
model of general validity, some significant trends have 
been disclosed, suggesting: 
• The correlation functions obtained allow the 

determination of compositional parameters from 
multispectral VNIR data, and viceversa. 

• The correlation of a, b and c parameters with  
chromite composition. 

• The differing relationships of reflectance with the 
contents of trivalent ions Al3+, Fe3+, Cr3+ and of 
Fe2+/Mg2+.  

• The influence on reflectance of Ni2+ contents may be 
negligible, given the usually small Ni values. 

• The possibility to build robust models of general 
validity correlating chromite composition with 
reflectance measures. 
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