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The Migration Period on the present Polish territories is considered as a time of depopulation of Oder, Warta,

and Vistula basins. The prerequisite for such assumption is lack of the archaeological finds in these regions.
In contrast, on the Mrągowo Lake District and in the Lyna basin, one can find wealth of burial crematory equipped
with items from the Roman period and made in the Germanic style. The analyses using the physics techniques
gives an opportunity to the meeting of history with the contemporary times and the lost things may see the
light of present day. The discovered artefacts may constitute a source of knowledge, which, after analysis, will be
able to fill the gaps on the map of settlements in the Polish territories. The energy-dispersive X-ray fluorescence
system was used to analyze the set of Polish archaeological artefacts found in an excavation in Masurian Lakes
District. The compact X-ray tube developed in the National Centre for Nuclear Research (NCBJ) was used as an
X-ray source in the system designed for the energy-dispersive X-ray fluorescence studies. The X-ray fluorescence
spectra of the artefacts were registered with the Amptek SDD spectrometer and the concentrations of elements
were determined. The measurements show that the X-ray system developed in NCBJ with transmission type X-ray
tube and the Amptek SDD spectrometer is an effective tool for chemical composition analyses of archaeological
objects and can be successfully applied in archaeometry.
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1. Introduction
The Migration Period dated to AD 480–550 induces

many polemics among archaeologists studying the pre-
historic times of the Polish lands. Research on prob-
lems of contacts of that areas covers the influence of the
Roman provincial culture which can play an important
role in clarifying issues related to the times of the Mi-
grations Period in Poland. In the middle of the fifth
century there was a radical change in the situation of the
settler-culture on Polish territory. As a result of leaving
the population of residential areas and small stabilization
of settlement in the late phase of the Migration Period,
as well as a result of the spreading of new forms of rit-
ual burial, there is a problem with serious poverty of
archaeological material from that period. Nevertheless,
the Masurian Lake District in the south-western part of
the Mrągowo Lake District is rich in crematory ceme-
teries with burials equipped with pottery and ornaments
continuing local traditional style of the Roman period.
The brooches, parts of the belts and bracelets found in
Masuria represent interregional Germanic style of the late
Migration Period. The culture group related to fusion of
local and foreign influences as well as the Germanic tradi-
tions, originally was given name Masurgermanische Kul-
tur [1–3] and after WorldWar II it was named the Olsztyn
group [4] and is classified as the Western Baltic culture.
The Olsztyn group occupies a unique place on the map of
archaeological cultures of Central Europe. During all the
turbulent transformation of the V, VI and VII centuries
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it is characterized by stable settlement and unique wealth
coming from multidirectional European trade relations.
Thus the unique sepulchral complex Kosewo has become
an important part of the archaeological studies.

Archaeology as a scientific discipline incorporates use
of methodological workshops of various fields of science.
The analysis of antique objects made from metal alloys is
an area of interest of archaeometallurgy, dedicated to the
research related to finding the origin of the raw material
alloy and technological processes and also the degrada-
tion problem resulting from corrosion of the object, which
directly influences in restoration works.

A most useful research method used in material com-
position determination is the X-ray fluorescence (XRF).
The elemental composition of the studied material can
be identified basing on X-ray emission of specific ele-
ments. The concentration of a specific element can be
determined using the relationship between the intensity
of characteristic X-ray and the concentration of the ele-
ment in the sample. The determination of the elemental
composition of material is one of the primary interests
from the archaeological point of view. Thus, the analyt-
ical X-ray spectrometry techniques are often used in the
art and cultural heritage research [5–9].

Since the XRF method is non-destructive, it gives,
among others, an opportunity to analyze archaeological
artefacts composition. The analysis of elemental com-
position of artefacts studied can give important infor-
mation about mines [10, 11] and a mint technique [12]
in the interest region at specific time. A large num-
ber of researches has been performed using various ra-
diation sources as well as various techniques involving
the XRF. The X-ray tubes [13, 14] as well as radioactive
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sources such as americium (241Am) [5] and plutonium
(238Pu) [15] were used to excite X-ray fluorescence.

The aim of this research was to check the usefulness
of the novel energy dispersive XRF (ED-XRF) system
which contains the compact transmission X-ray tube
with silver anode and the Amptek SDD spectrometer.
The ED-XRF system was used for the first time in el-
emental composition analysis of selected artefacts from
the archaeological site in Kosewo (administrative district
of Gmina Mrągowo in northern Poland).

2. Method and materials

2.1. ED-XRF system and measurements
The ED-XRF system presented in this paper has been

used to study X-ray spectra of selected archaeological
artefacts dated to the Migration Period, which is referred
to the Middle Iron Age. Each sample under study has
undergone irradiation induced by X-ray tube. The X-ray
radiation from the X-ray tube can lead to the ioniza-
tion of K-shell or L-shell of elements in a specific sam-
ple. The electron transition from higher shell (L or M)
fills the hole in the K-shell and initiates the Kα and Kβ

(or Lα, Lβ) transitions that can be observed in spectra as
characteristic X-ray lines. Each element has its own spe-
cific transition energy. Thus, the characteristic lines of
the X-ray spectrum constitute a signature of the specific
element in the studied object. The energy and intensity
of the X-ray transitions can be accurately determined by
the X-ray spectroscopic method.

Fig. 1. Experimental setup of the XRF system.

In the XRF measurements the X-ray generator de-
signed and built in the National Centre for Nuclear Re-
search (NCBJ) in Świerk, Poland was used. The com-
pact X-ray generator was constructed within the trans-
mission X-ray tube technology. The generator consists
of two subassemblies: electronics (power supply control
unit) and X-ray tube. The X-ray generator is compact
with the weight of 0.835 kg and length of 430 mm. Di-
ameter of the power supply-control unit is 55 mm. The
anode component is 190 mm long with the diameter of
8 mm, while the target diameter is 5 mm. The power

supply control unit is powered by an external power sup-
ply of 12 VDC and load up to 1 A. The accelerating
voltage and the beam current can be continuously ad-
justed. The maximum voltage is 50 kV. The focused
electron beam hits the anode silver target sputtered on
beryllium and X-ray radiation is generated. The sys-
tem was designed to irradiate the 2.1 cm2 of studied sur-
face. There can be obtained in that way the average
value of the elemental composition. We believe that this
may be an important advantage in comparison with other
commercially available XRF systems which can irradiate
only a very small part of the studied sample. The X-ray
generator was operated with anode voltage and current
equal to 40 kV and 30 µA, respectively. The fluorescence
spectra of artefacts were registered with SDD detector.
The energy resolution of the Amptek detector was pre-
viously assumed to be 149 eV at 5.9 keV photon energy.
Whereas the measured energy resolution at 5.9 keV was
found to be 152.9± 0.3 eV. The distances between X-ray
source and measured object (SO) and between objects
and detector (OD) were set to 9 cm and 11.5 cm, respec-
tively (Fig. 1). The energy spectra were analyzed by the
Amptek ADMCA multi-channel analyzer. The summary
of the experimental system is shown in Table I.

TABLE I

Experimental system of performances.

X-ray tube type transmission
anode of X-ray tube Ag

HV 40 kV
anode current 30 µA

detector SDD 25 mm2

source–object distance (SO) 9 cm
object–detector distance (OD) 11.5 cm

incident angle 90◦

detector angle 45◦

irradiated area 2.1 cm2

Before the measurements of the artefacts with X-ray
tube, the detector was energetically calibrated by use
of the radioisotope sources:55Fe: 5.9 keV (Mn Kα) and
6.5 keV (Mn Kβ); 109Cd: 22.1 keV (Ag Kα) and 24.9 keV
(Ag Kβ); 137Cs: 32 keV (Ba Kα). The good linearity in
the energy calibration was found in the whole X-ray en-
ergy range applicable for our studies (8–25 keV). The lin-
ear fit of energy calibration was made with χ2 = 0.999.

2.2. Archaeological artefacts

The composition of 9 bronze objects, found in cre-
mation cemetery in the Masurian Lakes District, dated
to the Migration Period were investigated. There are
fragments of bracelet and fibulae among them (Fig. 2).
The previous studies on the fibulae which were found
in other archaeological sites in Masuria showed that the
brooches bear witness to foreign styles, whereas most of
the plate fibulae, including in particular the specimens of
bronze, were made at the Masurian Lake District [16].



Analysis of the Elemental Composition of the Artefacts. . . 1417

Fig. 2. Bronze bracelets numbered #122 and #127,
middle #301 and #307, down #134 and #308 and
bronze fibulae numbered #126 and #147.

Since the archaeological site Kosewo is dated to the
Migration Period it was assumed that the ancient met-
allurgists probably used the melting technique in metal
art production. The basic technique of manufacturing
of metal products was casting which consists in pouring
molten raw material into appropriate mould to obtain
desired shape.

Analysis of plate fibulae indicate that they were prob-
ably made by casting into a clay mould. The bracelets
were probably forged by use of cast rod or ingot. The in-
termediate products were then shaped with use of various
types of punches and hammers [17].

There should considered in chemical analysis the pres-
ence of alloy dopants used in order to give such proper-
ties of the alloy like ductility, malleability, and strength,
which allowed for metallurgical processing (milling, forg-
ing, and casting) [18, 19]. Corrosion degradation due to
soil deposition over the years could influence the compo-
sition of the artefacts found. According to the character
of the archaeological site all the objects demonstrate mor-
phological changes caused by secondary heat treatment
associated with burning at the stake. Moreover, the set
of the bracelets pieces of found together suggests that
they might had originally constituted one object.

3. Results and discussion

Figures 3 and 4 show the XRF spectra of artefacts af-
ter background subtraction. The background subtraction
was made as follows: the XRF spectra of artefacts were
measured during t = 120 s, then the background spec-
tra (without artefacts) were collected during the same
time. Finally, the background spectra were subtracted
from the artefacts XRF spectra using the ADMCA soft-
ware. The spectra were analyzed using the XRF-FP soft-
ware (X-ray fluorescence — energy dispersive spectrom-
etry — fundamental parameter program). The first step
was the elemental identification and Gaussian smoothing
of each channel in spectrum. The next step was the peak
intensities extraction by integration of counts for defined
region of interest (ROI) of studied peak. The overlap-
pings of peaks are corrected by Gaussian deconvolution.

The Ag Kα (22.1 keV) and Cu Kα (8.04 keV) charac-
teristic lines were fitted using Gaussian profile. Because
it is not possible to separate the pattern lines, the over-
lapped lines were taken into account (Kα = Kα1 +Kα2 ,
Kβ = Kβ1 +Kβ3). The composition analysis consists in
the conversion of peak intensities to concentrations of el-
ements. The conversion is made by using of implemented
database in the XRF-FP software.

Fig. 3. Measured XRF spectra of bracelet.

Fig. 4. Measured XRF spectra of fibulae.

The results of the analyses performed on the stud-
ied artefacts indicated that almost all of them are made
of copper (with concentration of 77.2%–81.8%), lead
(7.7%–8.1%) and tin (1.5%–4.4%) with silver, zinc, iron,
palladium, and gold impurities. The bracelets #301 and
#307 seems to be made from the same material contain-
ing almost identical concentration of Cu, Pb, Ag, and
Sn. This can confirm the hypothesis that they might had
originally constituted one item. The bracelet #308 and
fibulae #147 have quite different composition, in com-
parison to other artefacts, with relatively low content of
Cu and high concentration of Pb. The bracelet #308
is only one artefact with tin and iron content of 14.2%
and 4.9%, respectively.

The analyses indicate that studied artefacts can be
marked as a products made of tin-lead bronzes or lead
bronzes. The deviation from the modern bronzes can be
explained as the result of use of non-purified raw mate-
rials and the uncontrolled mixing arising solely from the
experience of the ancient metallurgist. The presence of
silver as well as traces elements such as indium and palla-
dium occurring in the silver ore deposits may confirm the
use of silvering or melting raw material containing these
components. Silvering is a technique consisting in coating
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of the objects made of metal, mostly copper alloys, with
a thin silver layer. The artefacts finished in this way had
to imitate items made from noble metal. The ancient
bronze items are mostly low-tin bronzes (Sn<17%), and
many of them are leaded [18, 20]. The traces visible in
analysis of the artefacts from Kosewo indicate that most
likely the ancient metallurgists used the amalgam coat-
ing technique. This technique consists in dissolving the
noble metal in mercury. As a result of high temperature
mercury evaporates leaving a thin layer of noble metal
on the surface of an ornament item. Some amounts of
zinc and silver can be explained by the fact that the sil-
ver layer could have been removed during the process of
degradation in soil induced by heat influence during body
burning.

The quantitative analytical results (with 10% error)
are shown in Table II. As trace elements there were con-
sidered the elements which are detectable but not quan-
tified (less than 1%).

TABLE II

Elemental concentrations determined using XRF-FP
software.

Elemental concentration [wt%]
Element #122 #127 #134 #301 #307 #308 #126 #147

Cu 77.2 81.8 80.3 62.1 60.5 43.5 77.7 50.4
Ag 6.3 3.1 trace 13.2 13.8 3.7 1.1 13.4
Pb 7.7 9.3 8.1 12.2 12.1 27.8 10.3 22.6
Zn 2 2.4 5.2 2.2 2.3 3.6 4.9 2.2
Sn 4.4 1.5 2.5 7.5 7.4 14.2 2.4 6.4
Fe trace trace 1.6 trace 1.4 4.9 1.5 2.9
Pd trace trace trace trace trace trace trace trace
Au trace trace trace trace trace trace trace trace
In trace trace trace trace trace trace trace trace

4. Conclusions
The crematory cemetery with visible remains of funeral

pyre and with burned human remains was uncovered in
2014. The form of the land on which the cemetery was lo-
cated carried visible signs of advanced erosion, especially
in the deep furrows of plowed forest.

There have been found fragments of metal orna-
ments like bracelets and fibulae in violated litter. Bronze
bracelets were the most popular decoration throughout
the Migration Period therefore they are items mostly dis-
covered in the archaeological sites. Brooch, also called
fibula, is the most popular relict discovered by archaeol-
ogists at graveyards and bears the stamp of the periods
of influence of Romans and Migration. The often chang-
ing characteristic shapes and ornaments, depending on
the current fashion, are the best indicator allowing to es-
timate burials dates [21, 22]. This unique relict was a
combination of utilitarian function such as clothing clasp
and a decorative one. Fibulae probably were not worn
every day, but only on special occasions on complement
ceremonial costume. Fibulae and other metal costume
elements and everyday use objects, were placed together

with the deceased on the funeral stack. During the Mi-
gration Period, in the ritual cremation, they were placed
together with the burned remains in the tombs. Many of
them carry signs of a strong burnout or had completely
melted, which significantly impedes their identification.
Nevertheless, on the base of research of a small piece, the
reconstruction of original form becomes possible. Thus
the artefacts studied can be qualified to the appropriate
type.

The assembly composed of the X-ray tube developed
in the NCBJ and the SDD spectrometer was used to
perform a basic test of a system for archaeological stud-
ies. The measurements indicated that the compact X-ray
generator developed in NCBJ can be applied to XRF re-
search with operating parameters of voltage of 40 kV and
current of 30 µA.

The compact and safe in use ED-XRF system pre-
sented in this paper collects data from the 2.1 cm2 of
surface of the tested material and can be used in ar-
chaeometry to obtain an average value of any element
concentration in entire artefact. Thus we believe that it
is an effective tool for chemical composition analyses of
archaeological finds.
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