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ABSTRACT 

 
The study of archaeological and cultural heritage artifacts by means of analytical techniques with portable 

equipment has become increasingly routinely today. Various types of portable EDXRF equipment have been 

used in many different situations involving in situ analysis covering a wide range of geometries, detectors, 

current and voltage applied in the X-ray tubes. Therefore, it’s extremely important that the geometry of the 

portable systems used in these studies be suitable for accurate acquisition and subsequent analysis of data. This 

work aim to improve the analytical sensitivity for elemental determination in archaeological objects in the 

laboratory and in situ, especially obsidian. The measurements were performed with two portable Energy 

Dispersion X-ray Fluorescence (EDXRF) systems. The variables studied were: 1 - Distance between sample and 

detector, 2 - Distance between sample and X-ray tube, 3 - Current applied in X-ray tube and 4 - Voltage applied 

in X-ray tube. The PXRF-LFNA-02 system, used for analysis of elements with atomic number greater than 26, 

is composed of a 4W X-ray tube (with Ag filter and target) and a Si-PIN detector model XR-100CR Ampetc 

Inc., which has a resolution of 221eV for the 5.9keV line (25μm-thickness Be window and Ag collimator). For 

the analysis of elements with atomic number lower than 26 the system used was PXRF-LFNA-03, composed of 

a 4W X-ray tube with W target and a Si-PIN detector, model XR - 100CR of Ampetc Inc., which has a 

resolution of 149eV for the 5.9keV line (12.7μm-thickness Be window and Ag collimator). The results showed 

that the best values for the investigated variables, which resulted in better analytical sensitivity for the two 

systems were: for PXRF-LFNA-02, Current 8μA and Voltage 35kV, distance between sample and tube 1.4cm, 

distance between sample and detector 1.7cm, and for PXRF-LFNA-03, Current 3μA and Voltage 30kV, 

distance between sample and tube 1.9cm, distance between sample and detector 2.3cm. 

 

 

1. INTRODUCTION 

 

Obsidian is volcanic natural glass formed by rapid cooling of lava consists basically of silicon 

dioxide, also known as silica (SiO2), not having crystal formation. The existence of sources is 

restricted to regions that have undergone tectonic volcanic events from the time there are 

tertiary formations of obsidian in New Zealand, Europe, Japan, North America, Central 

Mexico and South America. The elemental composition of a source is then characteristic of 

the rock formation and lava flow that caused it. Because they are easy to manipulate were 

widely used as decorations, tips of arrows, objects used in rituals, earrings, decorative objects 

and various types of tools by pre-Hispanic cultures [1]. These artifacts can be produced with 

obsidian found in archaeological sites far from the volcanic areas which results in transport 

and possible trade between different cultures [2,3,4]. The correct location and 
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characterization of possible sources of these materials allows archaeologists a better 

understanding of past human interference to allow for possible trade and cultural relations 

and eventually deciphering "the obsidian old routes" between the prehistoric populations of 

different localities.  

 

In addition, due to its importance to humanity, several museums such as the Louvre Museum 

in Paris, British Museum in London have its permanent collection composed of obsidian 

artifacts [5,6]. It is therefore important to carry out more elaborate studies on the 

characterization of these artifacts which will help to the understanding of ancient 

civilizations.  

 

Thus, currently several methods are used to determine the chemical composition of obsidian, 

and all are based on analytical techniques that require a physical or chemical processing of 

samples (preparation of samples), and then these analytical procedures become expensive 

[7,8]. Besides the fact that these procedures destroy the samples and don´t preserve the 

integrity of archaeological artifact.   

 

It is so of vital importance to the archeologists use of non-destructive analytical methods that 

are easy to use and low cost which enable the analysis of artifacts without any chemical or 

physical preparation. Portable Energy Dispersive X-ray Fluorescence (EDXRF) is 

appropriate for this purpose, because the equipment can be moved to museums or the field for 

analysis [9,10]. 

 

The aim of this work is to optimize the measurements systems (PXRF-LFNA-02 and PXRF-

LFNA-03) to improve the analytical sensitivity for elemental determination in archaeological 

objects in the laboratory and in situ, especially obsidian. 

 

 

2. MATERIAL AND METHODS 

 

The measurements were performed with two portable Energy Dispersion X-ray Fluorescence 

(portable-EDXRF) systems in order to study the following variables: 1 - Distance between 

sample and detector, 2 - Distance between sample and X-ray tube, 3 - Current applied to the 

X-ray tube and 4 - Voltage applied to the X-ray tube.  

 

In first stage of the measurements, it was used the PXRF-LFNA-02 system. The PXRF-

LFNA-02 system, used in this experiment for analysis of elements with atomic number 

greater than 26, is composed of a 4W mini X-ray tube (model FTC 100 Moxtek Inc. with Ag 

filter and target) and a Si-PIN X-ray detector model XR-100CR Ampetc Inc., which has a 

resolution of 221eV for 5.9keV line (25μm-thickness Be window and Ag collimator) coupled 

to a pre amplifier, both cooled by Peltier effect. It has also, a voltage source with amplifier, 

model PX2CR, multichannel analyzer, MCA8000A and a notebook for data acquisition. 

 

In a next step, the measurements were performed with PXRF-LFNA-03 system. This system, 

employed in this experiment for analysis of elements with atomic number lower than 26, is 

similar to the system PXRF-LFNA-02, but has a Si-PIN X-ray detector, model XR - 100CR 

Ampetc Inc., which has a resolution of 149eV for the 5.9keV line (12.7μm-thickness Be 

window and Ag collimator). All measurements were taken with an ecuadorian obsidian 

sample from the Cotopaxi volcano (South of Quito) region, with a 2mm diameter Ag 
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collimator positioned at the detector entrance to avoid scattered radiation, measuring time 

was 1000s for a 45° detector-tube geometry of the systems. To reduce the bremsstrauhlung 

hump and the energy range of incident beam, for the PXRF-LFNA-02 system, Ag filter was 

positioned in the end tube. This yields high peak-to-background ratios for lines in the energy 

range of interest [11].   

 

 

 

 
 

Figure 1. Portable Energy X-ray Fluorescence 

(EDXRF) system used for the analysis. 

 

 

 

In detector-tube positions analysis (1 and 2 variables) with PXRF-LFNA-02 the adjusted 

current and voltage were 10μA and 28kV, respectively. While for PXRF-LFNA-03 this values 

were 4μA and 30kV, respectively, both for seven different positions measurements. Similarly, 

the current-voltage analysis (3 and 4 variables) were performed for fixed position chosen in 

agreement with previous results of the detector-tube positions analysis.    

 

 

 

 
 

Figure 2. Detailed view of the detector and mini X-

ray tube. 
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2.1. Spectra Analysis 

 

After the taken measurements, the spectra were analyzed using the aquisition software 

PMCA. Through this software, the gross and net area peak determination were performed for 

elements of interest. From these areas values the peak-to-background ratios were calculated 

using the following formula: 

 

  1
 i

N

i

G

i

Ni AAAR               . (1) 

 

Where i

NA  is the net area peak and i

GA  is the gross area peak for the element (i) of interest. 

The area peak determinations for the Fe, Y, Sr and Zr elements of the position 7 spectrum are 

shown at Fig. 3.  

 

 

 

 
 

Figure 3.  Gross and net area peak determination 

for the Fe, Y, Sr and Zr elements of the position 7 

spectrum. 

 

 

 

3. RESULTS AND DISCUSSION 

 

Elements K, Ca, Ti, Fe, Y, Sr and Zr were measured. The peak-to-background ratios results 

obtained are show in Tables 1 to 4. 

 

The peak-to-background ratios obtained for PXRF-LFNA-02 system detector-tube positions 

(distances on sample-detector and sample-tube) are displayed in Table 1. 
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Table 1.  Values found for the peak-to-background ratios of elements Fe, Y, Sr and Zr 

for the PXRF–LFNA-02 system with current and voltage adjusted to 10μA and 28kV. 

 

(sample-detector, sample-
tube distances) (cm)  

Fe Y Sr Zr 

Position 1 (1.7, 1.4) R1= 4.07 R2= 0.184 R3= 0.641 R4= 0.205 

Position 2 (1.6, 1.4) R1= 3.11 R2= 0.107 R3= 0.596 R4= 0.129 

Position 3 (1.8, 1.8) R1= 1.51 R2= 0.188 R3= 0.610 R4= 0.148 

Position 4 (1.5, 1.4) R1= 2.78 R2= 0.157 R3= 0.568 R4= 0.192 

Position 5 (2.0, 1.9) R1= 2.50 R2= 0.144 R3= 0.520 R4= 0.194 

Position 6 (1.5, 1.0) R1= 2.63 R2= 0.0827 R3= 0.326 R4= 0.119 

Position 7 (1.5, 1.3) R1= 3.59 R2= 0.174 R3= 0.615 R4= 0.229 

 

 

 

Table 2.  Values found for the peak-to-background ratios of elements Fe, Y, Sr and Zr 

for the PXRF–LFNA-02 system in detector-tube position 7. 

 

Assays Current and 
Voltage 

Fe Y Sr Zr 

Assay 1 8μA - 35kV R1= 3.65 R2= 0.197 R3= 0.671 R4= 0.257 

Assay 2 10μA – 25kV R1= 3.87 R2= 0.0680 R3= 0.487 R4= 0.130 

Assay 3 10μA - 30kV R1= 3.25 R2= 0.197 R3= 0.684 R4= 0.256 

Assay 4 10μA - 35kV R1= 3.49 R2= 0.241 R3= 0.670 R4= 0.228 

Assay 5 12μA - 28kV R1= 3.67 R2= 0.217 R3= 0.637 R4= 0.233 

Assay 6 15μA - 20kV R1= 4.31 R2= 0.0537 R3= 0.219 R4= 0.0783 

Assay 7 15μA - 25kV R1= 3.56 R2= 0.149 R3= 0.465 R4= 0.141 

Assay 8 15μA - 30kV R1= 3.15 R2= 0.211 R3= 0.624 R4= 0.221 

Assay 9 15μA - 35kV R1= 3.34 R2= 0.192 R3= 0.740 R4= 0.229 
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The results in Table 1 were obtained for detector-tube position 7, which was chosen 

randomly. In general, the position 1 data on the distances of 1.7cm for sample-detector and 

1.4cm for sample-tube provided peak-to-background ratios better than all others.  

 

In Table 2 are displayed peak-to-background ratios results obtained for PXRF-LFNA-02 

system for the variables current and voltage. 

 

These results indicate that the best current-voltage values combination are given for the assay 

1, which corresponds to 8μA and 35kV, respectively. 

 

In Table 3 are displayed the peak-to-background ratios results obtained for PXRF-LFNA-03 

system detector-tube positions. 

 

 

 

Table 3.  Values found for the peak-to-background ratios of elements K, Ca, Ti and Fe 

for the PXRF–LFNA-03 system with current and voltage adjusted to 4μA and 30kV. 

 

(sample-detector, sample-
tube distances) (cm) 

K Ca Ti Fe 

Position 1 (2.2, 1.7) R1= 0.395 R2= 1.09 R3= 0.335 R4= 3.71 

Position 2 (2.3, 1.8) R1= 0.384 R2= 1.04 R3= 0.372 R4= 3.81 

Position 3 (2.3, 1.7) R1= 0.288 R2= 1.04 R3= 0.356 R4= 3.70 

Position 4 (2.2, 1.8) R1= 0.470 R2= 1.11 R3= 0.391 R4= 3.70 

Position 5 (2.2, 1.9) R1= 0.635 R2= 1.17 R3= 0.314 R4= 3.71 

Position 6 (2.3, 2.0) R1= 0.679 R2= 1.23 R3= 0.384 R4= 3.69 

Position 7 (2.3, 1.9) R1= 1.12 R2= 1.25 R3= 0.444 R4= 3.55 

 

 

 

Data of Table 3 show that the best results for peak-to-background ratios correspond to 

position 7, with distances of 2.3cm for sample-detector and 1.9cm for sample-tube. 

 

In Table 4 are displayed the peak-to-background ratios results obtained for PXRF-LFNA-03 

system for the variables current and voltage. 

 

According to Table 4 data, it can be seen that the best results for peak-to-background ratios 

correspond to assay 1, where the combination of current-voltage values are 3μA and 30kV, 

respectively.  
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Table 4.  Values found for the peak-to-background ratios of elements K, Ca, Ti and Fe 

for the PXRF–LFNA-03 system in detector-tube position 6. 

 

Assays Current and 
Voltage 

K Ca Ti Fe 

Assay 1 3μA - 30kV R1= 0.730 R2= 1.33 R3= 0.426 R4= 3.95 

Assay 2 3μA - 40kV R1= 0.599 R2= 1.03 R3= 0.411 R4= 3.99 

Assay 3 5μA - 30kV R1= 0.637 R2= 1.16 R3= 0.351 R4= 3.54 

Assay 4 5μA - 36kV R1= 0.575 R2= 0.984 R3= 0.329 R4= 3.36 

Assay 5 5μA - 38kV R1= 0.547 R2= 0.878 R3= 0.285 R4= 3.31 

Assay 6 5μA - 40kV R1= 0.510 R2= 0.870 R3= 0.280 R4= 3.33 

Assay 7 6μA - 30kV R1= 0.645 R2= 1.11 R3= 0.334 R4= 3.33 

Assay 8 6μA - 40kV R1= 0.465 R2= 0.789 R3= 0.293 R4= 3.00 

Assay 9 10μA - 40kV R1= 0.365 R2= 0.544 R3= 0.182 R4= 2.07 

 

 

 

The assays on the Table 4 were performed in PXRF-LFNA-03 detector-tube position 6, which 

was chosen randomly. The results obtained here are extremely important, but is not full, it’s 

essential that these results serve as a basic for the further study, such as factorial design based 

on the variables studied here. 

 

 

3. CONCLUSIONS  

 

The optimum selection of the voltage and current are critically important for the best data 

from an EDXRF system, as with all spectrometry methods. The principal driver for best 

precision and detection limits is peak-to-background ratio for an specific matrix, obsidian in 

this case. The basic sensitivity for analysis is governed by the current-voltage applied to the 

X-ray tube and to the system geometry.  

  

The results obtained for obsidian matrix showed that the optimization of each system 

analyzed based on the peak-to-background ratios analysis has a set of different values for the 

same variables, because the employed systems have a better sensitivity for different spectral 

regions. However, these results can be improved further with a 2
4
 factorial design which is in 

progress. 
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