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1- Description 
 

After the civil war (1975-1990) and during the reconstruction project of the Beirut 

city center, large-scale campaigns of archeological excavations were undertaken that 

unearthed remains dating from the Bronze Age to the Ottoman period.  

Since 1999 a particle accelerator, located at the Lebanese Atomic Energy 

Commission in Beirut, has been devoted to elemental analysis in different domains of 

application: Archeology, Environment and Material Science. It constitutes the first and 

unique, till now, ion beam analysis facility in Lebanon. Several nuclear analytical 

techniques are performed, such as PIXE, RBS, PIGE, ERDA and others. 



In view of the considerable Lebanese heritage, special attention was given to 

PIXE applications in archeology. It is known that ‘Particle Induced X-ray Emission’ 

technique is suitable for the study of archeological objects because it is sensitive, multi-

elemental, relatively fast and could be non-destructive. Comparing to other analytical 

techniques that require sample digestion, chemical extraction and some other preparation 

before analysis, the advantages of PIXE are enhanced especially when a considerable 

number of objects are analyzed.  

The setup of an experimental protocol capable of performing accurate 

measurements using PIXE technique was the first priority, in order to provide the 

elemental composition of archeological ceramics. Ceramics could then be classified into 

groups having similar elemental composition, which are assumed to correspond to the 

same provenance. The determination of the provenance of ceramics is of special interest, 

as it gives valuable insight into ancient trade connections. 

Our first application of PIXE in archeology has been focused on the study of 

Beirut ceramic products, in particular Roman amphorae. It concerned an excavated site, 

which was a Roman kiln and workshop for amphorae and common-kitchen wares. The 

output of this workshop was chemically characterized and, consequently, provided the 

first step of a Lebanese database, as a reference data for pottery production in Beirut, for 

future studies. Furthermore, the analysis of carrot amphorae found in Gaul (south of 

France) showed that some of them were of Beirut products and hence emphasized the 

role of Beirut city in the Mediterranean trade in the Roman period. Both the definition of 

reference groups and the tentative attribution of exported ceramics to their origin relied 

on the use of multivariate statistical techniques. 

 
2- Results 
 

Under this project, two experimental protocols were tested and compared, in order to 

choose the most appropriate and convenient way to do rapid and accurate measurements 

of archeological objects. The procedure was done, using two Geo-standards DR-N and 

BE-N and prepared as thick targets, as a quality control for the experimental protocols. 

PIXE measurements were carried out in order to determine almost 20 elements. The 



different PIXE spectra were processed with the Gupix package (Guelph PIXE software 

package). 

2.1.Two-run measurement 

The first protocol consisted of a two runs where the different prepared samples should 

be exposed to a proton beam at two different energies: 

 (1) 1 MeV for matrix determination (Fig.1a), which is constituted by major and 

minor elements (Na, Mg, Al, Si, K, Ca, Ti, Mn and Fe). Tentative measurements, for V 

and Cr, were performed as well, but were not further used due to low precision and 

accuracy. However, the use of more appropriate filters showed a better and acceptable 

determination for these elements. Consequently, this determination required a third 

acquisition for the same sample, which is not appropriate for the study of a large number 

of objects; therefore a compromise between time of analysis, which constitutes a part of 

the experimental protocol, and necessary elements needed for classification is obtained 

by the elimination of these two elements. Due to the close distance between the target and 

the detector, a beam current of 0.4 nA and an acquisition time of about 10 minutes were 

enough for the analysis. The total integrated charge for each sample was 0.2 μC and the 

count rate did not exceed 500 counts/sec. 

 (2) 3 MeV to determine the heavier elements (Fig.2b) with Z ≥ ZFe. In the case of 

ceramics, they are usually the trace elements such as Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Ba, 

Pb and others. An Al filter of 250 μm of thickness was positioned in front of the detector 

entrance in order to absorb the low energy X-rays emitted by the major elements. To get 

good statistics within a reasonable time of acquisition (~10 minutes), the beam current 

was increased to ~100 nA. Thus, the total integrated charge was 60 μC and the count rate 

was found to be less than 1000 counts/sec. 
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Fig. 1: X-ray spectrum of DRN standard, which shows the major and trace elements at respectively: (a) 1 

MeV and (b) 3 MeV of proton beam. 

 

2.2. One-run measurement 

 The second protocol, which was developed later, consisted on the use of one-run 

PIXE, instead of two, for time consuming in order to analyze a large number of samples 

in due time. This procedure allowed both the lighter (10< Z< 27) and heavier elements (Z 

>26) to be analyzed simultaneously. Indeed, the so-called funny filter (a filter with a tiny 

hole drilled at its center) is an x-ray absorber foil that is placed in front of the Si(Li) 

detector. This absorber has only a small effect on the less intense higher energy x-rays, 

but it stops most or all the intense low energy x-rays except for those that pass through 

the pinhole. The result is a spectrum where both low and high energies X-rays are 

accumulated. 



The use of the Al pinhole filter provided 22 elements in one spectrum (Fig. 2): (i) Na, 

Mg, Al, Si, P, Ca, K, Ti, Mn and Fe as major and minor elements, and (ii) V, Cr, Ni, Cu, 

Zn, Ga, Rb, Sr, Y, Zr, Nb and Pb as trace elements. 

 

3- Conclusion  

In conclusion, the second protocol was adopted, as it showed enough efficiency 

and accuracy for almost twelve elements (Mg, Al, Si, K, Ca, Ti, Fe, Ni, Zn, Rb, Sr, Zr) 

that will be used in the classification of archeological objects (Table 1). Some elements 

were not considered, such as V and Cr, for analytical reasons and also in the case of Ba 

because its concentration may have been altered during the burial of the sherds. The 

experimental procedure for sample preparation, in order to be suitable for ion beam 

analysis under vacuum conditions, will be exposed in details in the final report. There are 

two sets of ceramics, 40 samples each, represent two different archeological context and 

problematic are almost ready to be analyzed with the one-run protocol. The different 

obtained results will serve as well for the already established database related to the 

elemental composition.  

 

 



Fig. 2: PIXE spectrum of a Byzantine amphora from the Beirut 002 site and corresponding to the second 

group B. The prepared sample was bombarded with 3 MeV protons and a 250 μm Al funny filter was 

placed in front of the Si(Li) detector, as X-ray absorber 
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               DRN               BE-N     DR-N   BE-N   

Majors      cv mv cv mv Traces cv mv cv mv 

Na2O 3.05 2.52 3.28 3.36 Ni 15 11 275 277 

MgO 4.49 3.84 13.56 11.01 Cu 51 56 74 63 

Al2O3 17.89 17.82 10.39 11.59 Zn 148 155 124 113 

SiO2 53.97 54.42 39.41 39.71 Ga 22 20 18 14 

P2O5 0.26 0.27 1.08 1.21 Rb 75 75 48 51 

K2O 1.74 1.7 1.43 1.61 Sr 408 440 1413 1538 

CaO 7.20 7.31 14.31 14.91 Y 29 25 31 28 

TiO2 1.11 1.15 2.69 2.67 Zr 128 115 273 281 

MnO 0.22 0.25 0.21 0.16 Ba 393 472 1057 1053 

Fe2O3 9.91 10.5 13.25 13.26 Pb 56 62 4 6 

Table 1. Comparison of the certified values cv (after normalized to 100%) and the measured values mv, of 

major (%) and trace elements (ppm) for DR-N and BE-N standards, using 3 MeV protons and Al “funny 

filter”. 
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