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Abstract
This study evaluates the suitability of portable X-Ray fluorescence spectrometry (PXRF) in the environment of granites and greisens 
with Sn-W and secondary mineralization of other important elements (Rb,Y, La, Ce, Nb, Ta and Tl). International certificated refer-
ence materials (CRM), historical data from the sixties based on the borehole CS-1, current analyses in accredited laboratory and data 
measured by a portable X-ray fluorescence spectrometer (PXRF) with factory settings were evaluated in this study. Powder CRMs and 
samples from borehole CS-1 were analysed by PXRF. The results of PXRF analysis were then tested for reliability, credibility, accuracy 
and precision. The accuracy was calculated as a relative percent difference (RPD), regression equations and correlation coefficients. 
A detailed statistical evaluation of the results proves, that PXRF can be a very useful method for a primary determination of main, 
secondary and trace elements. Comparison of the conventional methods and the PXRF shows a good correlation of different ana-
lytical methods and a good possibility of using the PXRF method for a future selection of samples for subsequent more demanding 
and expensive conventional and special analyses. A calibration of the PXRF spectrometer to the lithological environment of Sn-W 
ore-bearing granites and greisens was made by the statistical comparison of the methods.
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Introduction
Currently is increasing use of portable X-ray flu-

orescence (PXRF) technology as a routine tool for 
data collection in mine and exploration settings. 
Studies several authors demonstrate a diverse range 
of applications of PXRF data including resolving 
stratigraphic complexity [1], prediction of mineralo-
gy and metallurgical performance at a deposit-scale 
[2], studies of elements associated with Au mineral-
ization [3], and exploration targeting for Ni-sulphide 
systems [4]. These PXRF case studies demonstrate 
that, with careful sampling and analytical protocols, 
a large geochemical dataset can be produced rapidly 
and at low cost. In this paper we present a case study 
which utilises PXRF data collected on granites and 
greisens environments with Sn-W mineralisation, 
to better understand their geochemistry. The PXRF 
data were compared with conventional chemical 
methods. In the study, the authors have carried out 
of an experiment to apply user calibration and cor-
rection factors to PXRF for better approximation of 
the measured values to the real concentrations which 
provide conventional laboratory methods.

About 1600 m deep borehole CS-1 was realized 
in the centre of the cupola in sixties of the last centu-
ry [5]. The borehole CS-1 was previously studied by 
several other authors (e.g. [6,7]).

Methods
Studied materials

Three international CRMs (GnA – greisen; 
TRV - ore of rare earth elements and ZW-C – zin-
nwaldite), five internal standards (E1 – granite; 
E34 – Sn-W ore Cínovec South I; E35 – Sn-W ore 
Cínovec South I;I E36 – Sn-W ore, Krásno and 
E37 – Sn-W ore, Krupka) and 14 samples from 
historical borehole CS-1 from greisenized granite 
body (3 samples of granites, 4 samples altered gran-
ites, 3 samples feldspatites, 3 zinnwaldite-granites 
samples and one sample of greisen) were used for 
calibration of the PXRF. Elemental concentrations 
in these international CRMs were taken from [8]. 
The samples were selected to cover a broad range 
of compositions in each of the groups, especially 
for trace elements and metals. Total of 171 samples 
from the borehole CS-1 (104 granites samples, 43 
samples of zinnwaldite-granites, 9 samples of the 
altered granites, 9 samples of feldspatites and 6 
samples of greisens) were measured to test the cali-
bration. All samples were homogenized by standard 
preparation, firstly crushed in a jaw crusher, then 
quartered and milled in agate mills for analytical 
fineness (grain > 0.063 mm).

PXRF
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Measurements were performed by spectrome-
ter Delta Premium 50 (Olympus Innov-X Systems, 
USA), where is installed the mode Light matrix for 
measurement of geological samples (using three dif-
ferent beams with different intensity: 50 kV, 40 kV and 
15 kV, measured reliably lower concentration with an 
upper limit of 10%). Overview of elements measured 
in the mode Light matrix is shown in Table 1. 

The measurement time of each beam was 120 
seconds. During the measuring the head was firmly 
fixed in the spectrometer measuring table. The in-
strument was standardized to outer metal standard 
supplied by the manufacturer before the measure-
ment. The excitation source of the apparatus uses 
a built-in X-ray tube with Ag-anode at a voltage of 
10–50 kV, current 5–50 μA and six internal filters. Si 
PiN diode detector is embedded to capture ionizing  
radiation. 

Conventional chemical analysis
Basic analytical work was carried out in the lab-

oratories of Bureau Veritas (former ACMELabs) 
in Vancouver. Each sample was distributed twice. 
Multi-acid decomposition with HF (pseoudototal de-
composition) was carried out to the samples, which 
were subsequently analysed by ICP-MS for Tl. For 
analysis of the elements Rb, Y, Nb, Sn, La, Ce, Ta 
and W, the samples were melted with  LiBO2, dis-
solved in acid solution (HCl) and subsequently ana-
lysed by ICP-MS.

Accuracy
Measurement accuracy (RPD) was evaluated 

based on the comparison of the certified values with 
the values measured by PXRF [9]:

where RPD is relative percent difference, VC is the 
CRM value and VXRF is the mean of the PXRF mea-
surement value.

Positive values of RPD indicate lower measured 
concentrations than the real ones, negative values in-
dicate higher measured concentrations than the real 
ones. XRF spectrometer measurement accuracy was 
evaluated according to [9] for each studied element 
as follows: excellent result |RPD| < 10%, good result 
10% < |RPD| < 25%, fair result 25% < |RPD| < 50% 
and poor result 50% < |RPD|.

Calibration
22 samples, which were measured in the labora-

tory of the Bureau Veritas (former ACMELabs) in 
Vancouver, were measured for the correctness of re-

sults. These samples were used as a geo-referenced 
material. They were measured by the PXRF each 
sample 30 times and the means of the measurements 
were plotted to graphs together with the results from 
Bureau Veritas’s laboratory measurements. From 
these graphs, were calculated trendline equation 
(Fig. 1). Correction factor for each element was cal-
culated using following equation:

where: a – slope of the trendline; b – intersection 
with the Y axis.

The calculated correction factors were exchanged 
in the factory settings. 

Testing of the calibration
A total of 171 samples from the borehole CS-1 

were first measured by PXRF with the factory set-
tings and then with calculated correction factors for 
the individual elements. The results of both measure-
ments were compared with the measurement of ICP-
MS (Bureau Veritas, Fig. 2).

Results
The measured concentrations for each element 

according to the PXRF were plotted against the Bu-
reau Veritas (ICP-MS) concentrations, and compared 
to a 1:1 line to evaluate how well the original values 
were reproduced. Results for CRMs and selected 
rock samples are presented in Figure 1 and results for 
a whole set of samples from CS-1 are showed in Fig-
ure 2. Table 2 shows the results of calculation of the 
RPD from measurements of the CRMs and measure-
ments of selected 14 samples from the borehole CS-
1. Figure 3 shows the example of analysis of samples 
from the borehole CS-1 of greisen deposit Cínovec 
very good reproducibility of the results PXRF (with 
factory settings and with settings of the correction 
factors) with conventional method (ICP-MS).

Discussion and conclusions
The best results by measurements without cor-

rection factor (Tab. 2) were reached for Tl (|RPD| < 
10%), Rb (|RPD| < 15%), Sn, W, La (|RPD| < 25%) 
and Nb (|RPD| < 50%). RPD for other studied ele-
ments (Y, Ce and Ta) was worse than 50%. When 
compared with the real samples, RPD values were 
slightly better (Tab. 2). Using the correction factor 
resulted in significant improvement for some ele-
ments (Rb and Nb). 

The accuracy of the results depends on the matrix 
of the studied material, as well as on the analytical 
methods in the conventional laboratory. To verify the 
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Tab. 1. List of elements measured in various modes

Fig. 1. Comparison of the PXRF-measurements with the certified values and results of the conventional method in the 
accredited laboratories (ICP-MS: Bureau Veritas Vancouver)

Tab. 2. Minimum, maximum RPD values calculated from CRMs and average RPD values from 
selected samples from CS-1 for studied elements

Tab. 1. Wykaz pierwiastków mierzonych różnymi metodami 

Rys. 1. Porównanie pomiarów PXRF z wartością uzyskaną w akredytowanych laboratoriach  
(ICP-MS: Bureau Veritas Vancouver)

Tab. 2. Minimum, maksimum wartości RPD wyliczonej z CRM I średniej wartości RPD  
dla wybranych próbek z CS-1 
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Fig. 2. Comparison of the PXRF-measurements with the results of the conventional method in the accredited labora-
tories (ICP-MS: Bureau Veritas Vancouver)

Rys. 2. Porównanie pomiarów PXRF z wartością uzyskaną w akredytowanych laboratoriach  
(ICP-MS: Bureau Veritas Vancouver)

Fig. 3. Example of the use of the PXRF method for the analysis of pulp samples from the drill core of  the borehole 
CS-1 and its comparison with the conventional method made by accredited laboratories  

(ICP-MS: Bureau Veritas Vancouver): Rb and Y
Rys. 3. Przykład wykorzystania metody PXRF do analizy próbki z odwiertu CS-1 i porównanie z wynikami z akredy-

towanego laboratorium (ICP-MS: Bureau Veritas Vancouver): Rb and Y
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reliability of the measurements, a comparison with 
commonly used and proven laboratory methods (ICP, 
AAS) was used in number of works. Statistical eval-
uation of samples prepared for measurement with 
portable XRF made for example [10]. Other authors 
[11,12] discussed rapid verification of a wider range 
of trace elements in the various types of geological 
materials by portable XRF spectrometer. Comparison 
of results of portable XRF spectrometer with FAAS 
method was done by [13] and comparison of portable 
XRF spectrometry with ICP-OES method tested [14]. 
Both the major and trace elements studied and mea-
sured by PXRF [15],  and calculated the average RPD 
in the range from 3 to 31.2% in basalts and rhyolites. 
Three CRMs were compared by [16] with PXRF data 
for selected elements. They calculated [16] the RPD 
values for elements which we study too, as follows: 
La (9 and 279%), Ce (2 and 163%), Y (17%), Nb (31, 
34 and 41%), Rb (43 and 48%), Zr (25 and 71%), Mo 
(4 and 34%) and W (435 and 718%). In our study 
are showed excellent results (according to [9]) of the 
PXRF measurements in comparison with the CRM 
values for elements such as Tl, and for real samples 
Sn, W, Rb and Ce. The elements W, Rb and La show 
good results in comparison with CRM, for real sam-
ples it concerns elements Y and Tl.

The PXRF is an effective method for determin-
ing the geochemical characteristics of the envi-

ronment and it is possible to use it for example for 
surface screening of the source of mineralization. 
Data from PXRF correlate well with conventional 
chemical analyses. Modern PXRF spectrometers 
achieve ppm level for a wide range of elements, 
including major, basic elements, some special met-
als, some LREE as well as some precious metals. 
Wide range of detectable elements makes this tool 
useful in exploration for many types of ore. The 
example from greisen deposit Cínovec showed a 
very good reproducibility of results compared to 
real results. It could serve for selection of samples, 
which would be analysed by more expensive con-
ventional analytical methods. Calculation of the cor-
rection factor for some elements shifted the results 
closer to the real values, but it was not always the 
case. The calculation is time consuming and the out-
come is not corresponding to the effort. It is better 
to use the calculated RPD values of the international  
CRMs.
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Kalibracja przenośnego spektrometru fluorescencji rentgenowskiej (XRF) na granitach zawierających 
Sn-W ze złoża Cínovec (Erzgebirge / Krušné Hory Mts., Republika Czeska)

Niniejsze badania sprawdzają przydatność przenośnego spektrometru fluorescencji rentgenowskiej (ang. skrót PXRF) w warunkach 
występowania granitów i grejzenów z Sn-W oraz wtórnej mineralizacji innych pierwiastków (Rb, Y, La, Ce, Nb, Ta i Tl). W bada-
niach uwzględniono międzynarodowe certyfikowane materiały odniesienia (ang. skrót CRM), dane historyczne z lat 60 oparte na 
odwiertach CS-1, bieżące analizy w akredytowanych laboratoriach i dane uzyskane z przenośnego spektrometru fluorescencji rent-
genowskiej (PXRF) z ustawieniami fabrycznymi. CRM proszkowe oraz próbki pobrane z odwiertu CS-1 przeanalizowano w PXRF. 
Wyniki analizy PXRF zostały następnie poddane testom na niezawodność, wiarygodność, dokładność i precyzję. Dokładność została 
policzona jako względna różnica procentowa (RPD), równania regresyjne i współczynniki korelacji. Szczegółowa ocena statystyczna 
wyników dowodzi, że PXRF może być pomocną metodą we wstępnym określaniu zawartości pierwiastków głównych, wtórnych 
i  śladowych. Porównanie metod konwencjonalnych z metodą PXRF pokazało pozytywną korelację różnych metod analitycznych 
i możliwość stosowania metody PXRF do przyszłych doborów próbek w celu dalszych trudniejszych i droższych analiz konwencjo-
nalnych i specjalistycznych. Kalibracja spektrometru PXRF do warunków występowania litu w granitach i grejzenach zawierających 
rudę Sn-W została sporządzona została na podstawie statystycznego porównania wymienionych metod. 
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