
Abstract: The following study deals with a looted metal sheet artefact probably originating from the Balkan region. Our 
main goal is to give a preliminary technological characterization of the object by the aid of four different analytical methods (macro- 
and microscopic observations, Neutron and X-ray Radiography, X-ray Fluorescence Spectroscopy). Using these different techniques 
together allowed us to characterize this complex metal sheet object more precisely than it would have been possible by traditional 
archaeological methods. According to our results, it seems that the technological characters of the artefact (e.g. the manufacturing 
technology, decorations, repair marks) are very similar to the metal sheet cauldrons of the Late Bronze Age and Early Iron Age. 

Keywords: Late Bronze Age–Early Iron Age, illicit antiquities trade, bronze metal sheet technology, round shield or 
cauldron, macro- and microscopic observations, Neutron and X-ray Radiography, Portable handheld X-ray Fluorescence Spectro
scopy (pXRF)

1. INTRODUCTION

It is a well-known fact that in recent decades due to systematic looting and illicit antiquities trade, numerous 
finds of great value have been smuggled out from East- and Southeastern Europe. These artefacts have finally ended 
up in Western European auction houses (Hermann Historica, Gorny&Mosch etc.) or they were sold to private collec-
tors on online marketplaces such as eBay. Hungary, as the border of the Schengen Area lies at the crossroads of inter-
national smuggling routes therefore it is a key area of illicit antiquities trade toward the western part of the European 
Union. The artefact, which our study is dealing with, is one of the latest “victim” of this unfortunate phenomenon. 

To compare with other cases, this remarkable object was confiscated at the Hungarian part of the Schengen 
border just before it had the chance to reach an auction house. The round-shaped bronze artefact was seized in 2008 
by The National Tax and Customs Administration (NTCA) Bács-Kiskun County Tax and Customs Directorate at 
the border crossing of Hercegszántó from Mladenovic Toplica, a Serbian citizen who tried to smuggle the object to 
Germany and sell it to an auction house (Fig. 1). According to NTCA Bács-Kiskun County Tax and Customs Di-
rectorate, except from the smuggler’s name and the year of confiscation, no additional data had been recorded about 
the artefact’s exact find spot or circumstances of discovery. The only known fact about the object, beside the na-
tionality of the smuggler, is the direction of his route which supports the possibility that the find spot could have 
been somewhere in the Balkans. The object remained unknown to research until 2014 when the Hungarian border 
control contacted Ildikó Szathmári and János Gábor Tarbay from the Archaeological Department of the Hungarian 
National Museum (HNM) for determining the authenticity of the artefact. 

In the Archaeological Department of the HNM, preliminary macro- and microscopic observations were 
carried out on the artefacts by J. G. Tarbay. Based on the results of this analysis, the prehistoric origin of the object 
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Fig. 1. Photography of the looted metal sheet artefact (Hungarian National Museum, Photos: J. G. Tarbay) 
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seemed to be verified. However, the frequent appearance of professional forgeries1 called for further scientific in-
vestigation. In March 2015 Zoltán Kis and Boglárka Maróti, colleagues from the Nuclear Analysis and Radiography 
Department of the Centre for Energy Research, Hungarian Academy of Sciences (MTA EK NAL) were invited to 
perform neutron and X-ray radiography (NR, XR) and X-ray Fluorescence Spectroscopy (XRF) on the artefact. 
These analyses not just confirmed the authenticity of the artefact but also revealed significant information on its 
manufacturing technology. By the aid of the applied analyses it was possible to classify this unique object more 
precisely based on technological arguments and it could also tell more about its prehistoric use-life even if it is 
originating from a completely unknown context. 

2. METHODS 

2.1. Macro- and microscopic observations

The preliminary macro- and microscopic examination of the artefact was carried out by high resolution 
pictures and a dnt Digi-Micro Mobile microscope camera. Traceology,2 this long used visual analytical method, is 
suitable for documenting surface technological traits (usage, prehistoric manipulations, recent damages etc.), and 
for addressing questions regarding manufacturing techniques to limited extent. The results of the examination are 
very often hypothetical in nature, and need to be substantiated with additional analytical methods and experiments. 
In the Hungarian LBA (Late Bronze Age) research the method was first applied by Amália Mozsolics and then 
further taken by Géza Szabó in his archaeometallurgical and experimental archaeological studies.3

2.2. Neutron and X-ray radiography

Imaging is a powerful technique for non-destructive and non-invasive investigation of complex samples.4 
Looking through and into objects made of a few varied materials, created by complex manufacturing processes and 
used for different purposes is a common objective.5 Based on the transmission images neutron and X-ray radiogra-
phy (2D) and tomography (3D) could provide information about the inner structure of the sample by detecting the 
modification of an incident beam as it passes through matter. The complementary character of the two radiations 
can easily be understood. For neutrons, hydrogenous materials deliver high contrast, and many metals can easily be 
trans-illuminated. For X-rays, light elements (e.g. organic materials) have low contrast, and heavy elements (e.g. 
metals) are difficult to transilluminate.

The measurements were carried out at the RAD station of the Budapest Research Reactor (BRR).6 This 
station is capable carrying out bimodal imaging using both the thermal neutron beam of BRR and a portable X-ray 
source (ERESCO 42 MF3.1). Using suitable scintillator screens neutrons and X-rays were converted into visible 
light, which was projected onto the chip of a digital camera (Andor Neo 5.5 sCMOS 2560×2160 px). The spatial 
resolution falls between R=200-400 µm and the exposure times were in the second’s range. Due to the large size 
of the object the imaging was carried out with several overlapping tiles by moving the sample into desired positions. 
The image processing and analysis were done with the latest version of the FIJI code. During imaging experiment, 
neutrons, unlike X-rays, could generate radioactive isotopes which reaction is called activation. A few days of decay 
after the imaging experiments can therefore be necessary to get rid of the induced radioactivity in the object. As the 
number of affected atoms is negligibly low, activation has no macroscopic effect on the physical integrity of the 
object, neither on its composition. 

1 See Craddock 2009. 
2 See Semenov 1964; Thomas et al. 2011. 
3 See Mozsolics 1984; Szabó 2013. 

4 NeutronImaging&ActivationGroup 2011.
5 Szilágyi–Kis–Szentmiklósi 2016.
6 Kis et al. 2015.
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2.2. X-ray Fluorescence spectrometry

X-ray Fluorescence spectrometry (XRF) is a non-destructive analytical method for the elemental composi-
tion analysis of various types of objects, e.g. metals, glasses and ceramics. The technique is based on the detection 
of characteristic X-ray lines emitted after excitation of the atomic shell. The energies of the X-rays refer to the ele-
ments present in the sample (qualification), while the calculation of the elemental concentrations is based on their 
intensities (quantification). The sensitivity of the XRF method increases monotonously with the atomic number, 
making the technique well applicable in the analysis of copper based materials and alloys.

The measurements were carried out with an Olympus Innov-X Delta Premium type handheld XRF equip-
ment, which is applicable for the analysis of elements heavier than Mg.7 The beam spot size of the XRF spectro
meter is 3 mm in diameter, and the time requirement is 30 s per measurement point. The evaluation of the results is 
based on the Fundamental Parameters (FP) approach. This is a standardless method therefore it does not require 
calibration by the user. The detectable chemical elements in Alloy Plus mode are: Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, 
W, Hf, Ta, Re, Pb, Bi, Zr, Nb, Mo, Ag, Sn, Sb, with some light elements as Mg, Al, Si, P. 

The XRF technique can be used only as a near-surface analytical method, as the penetration depth of both 
the exciting radiation and the emitted X-ray photons are limited to few tens of microns depending on the composi-
tion of the sample. If the metal object is covered by patina or corrosion layer, the XRF results are not representative 
of the whole object’s alloy composition.8

3. ARCHAEOMETALLURGICAL CHARACTERIZATION OF THE ARTEFACT: RESULTS AND CONCLUSIONS

3.1. Preliminary description of the object – Macro- and microscopic observations 

The analysed artefact is a round-shaped, slightly convex metal sheet object with a relatively large size 
(Diameter: 50.5x50.3 cm, Height: 7.2 cm, Thickness: 1 mm, Weight: 1785 g). Along the edges powerful hammering 
marks were clearly visible to the naked eye (Fig. 2.1, Fig. 3.1a). The shape of the edge is irregular and obvious 
damage like sections can be seen in two segments (Fig. 3.1.b). A few centimetres from the edge 13 small perfora-
tions can be observed in regular position, and on almost all of them imprint of rivets were visible (Fig. 3.2.c). The 
outer part of the round metal sheet is decorated with 28 larger and 46 smaller circle of embossed dots in irregular 
position.9 The imprints of embossing tools can only be seen on one side of the larger dots (Fig. 3.2.d), and on both 
sides of the smaller ones (Fig. 2.2, Fig. 3.2.e). In the middle of the artefact the contour of two metal sheet circle can 
be seen. In both cases oval-shaped hammer marks were observed along their edges (Fig. 2.5). Hammering marks 
were also visible on a few spot at the middle of the object. Based on the macroscopic examination, it seems that 
these metal sheets were joint together by rivets arranged in two rows (Fig. 2.4, 6, Fig. 3.2.f).10 In the outer rivet 
circle, close to the larger rivets, smaller ones were also observed in some cases (Fig. 2.4). The innermost part of the 
object was in a very fragmentary state. Due to its unknown context, it is not entirely clear whether it was the result 
of taphonomic process, usage, prehistoric manipulation or it can be interpreted as a recent damage caused by the 
finder. A “serrated” edge can be recognised on the surface of the damaged sheet. According to the results of the 
microscopic observation, it seems that this “serrated” phenomenon also continues on other parts of the object but 
its exact form is hard to determine by this method (Fig. 2.3). The reverse side of the artefact is completely smooth, 
as well as the lower parts of the outer rivet circle. Creasing of unknown origin can only be observed at the middle. 
A single round metal sheet can be seen here with traces of a less visible “fishbone-like” decoration arranged in one 
circle (Fig. 3.3). From the reverse side, imprint of embossing tools can also be detected in and around the dots 
(Fig. 3.2.d, e). During the macro- and microscopic examination of the artefact, remains of organic materials were 
not observed only traces of soil residues were identified in the innermost part of the object.

7 Innov-X Systems, DELTA Premium Handheld XRF Ana-
lyzer Specifications, n.d. http://www.olympus-ims.com/hu/.downloads/
download/?file=285214185&fl=en_US (accessed December 17, 2013).

8 Robbiola–Blengino–Fiaud 1998.

9 The average diameter of the larger ones is 3.2 cm and 
1.5 cm of the smaller ones. 

10 29 large rivets can be found in the outer circle and 30 in 
the inner one.
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As a result of the macro- and microscopic examination, the picture of a peculiar metal sheet object with 
embossed decoration was revealed, which consists of different layers of metal sheet circles joint together by rivet-
ing. However, the limits of the applied preliminary method also become clear. It was not possible to determine 
significant technological questions such as how many metal sheets does the object consists of and what are their 
exact positions. There were also a few technological phenomena which were less visible, such as the embossing 
tool marks or the “serrated edge” at the middle. Moreover, the manufacturing technique of the metal sheets were 
not entirely clear due hammering marks were only visible on a few spots. 

Fig. 2. Observations made during the microscopic examination (front view). 1: Hammering traces on the edge; 2: Imprint of the embossing 
tool around one of the smaller dots; 3: Crenellated joint; 4: Hammered smaller rivet head (II/1); 5: Oval-shaped hammer marks along the con-

tour of the outer metal sheet circle; 5: Hammered greater rivet head (Microscopic images: J. G. Tarbay)
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Fig. 3. Observations made during the macroscopic examination (bottom view). 1a: Hammered marks on the edge;  
1b: Hammered damaged part; 2c: Imprint of a conical-shaped rivet; 2d: Imprint of the embossing tool on one of the greater dots;  
2e: Imprint of embossing tool around the smaller dots (these imprint cover D metal sheet); 2f: Completely hammered rivet head;  

3: Fishbone-like decoration (Photos and drawings: J. G. Tarbay)
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3.2. X-ray Fluorescence spectrometry

As a first step, due to the large dimensions and the complexity of the artefact, on-site measurements in the 
Hungarian National Museum were done in order to determine the elemental content using a handheld XRF device. 
As XRF is a surface analytical technique, and the ancient copper-based metal artefacts are covered with altered outer 
layer, the original alloy composition cannot be determined by this method. Taking into account the limits of the 
technique,11 our aim was the separation of the different sheet parts. The artefact, evenly covered by green patina was 
measured in 100 different points in two steps. The XRF results are listed in Table 1 in the Appendix. The detection 
limits of the elements in copper matrix are listed here: Ni 0.019 mass percent (m%), Sn 0.06 m%, Sb 0.06 m%, Fe 
0.012 m%, Pb 0.008 m%, Bi 0.049 m% and Zn 0.07 m%.

At first we investigated the composition of both the front and the bottom of the different plates separable 
with naked eye.12 Figure 9 shows that the artefact consist of at least three sheets, and at the edge of two inner sheet 
two rows of rivets (I, II) can be observed. The rivets, arranged in these two rows were also measured. The rivets 
belong to sheet D contained various elements. (Sheets’ structure and numbering will be detailed later.) The outer 
(near to the edge of sheet D) and the inner side of the rivets showed different compositions. After a more careful 
microscopic observation of the hammered large rivets of sheet D it was revealed that the outer row of rivets consist 
of two rivets (Fig. 2.4), which are different in size and in element content. The X-ray and neutron radiography im-
ages verified the XRF results.

All the parts were identified as copper-based metals, with less than 1 mass percent of Fe, Ni, Sn, Sb, Pb 
and Bi content. Presence of Sn and Sb were only detected in two parts of the repair sheets in the middle of the ar-
tefact. Based on the major and minor constituents (Cu, Sn, Sb, Fe, Ni, Pb and Bi), 4 main class can be distinguished 
within the parts of the object using the Agglomerative Hierarchical Clustering (AHC) in XLSTAT statistical soft-
ware for PC (Fig. 4).13 The dendrogram of the XRF results B1 and C sheet belong to the first class (C1), together 
with the front side of rivets of C sheet and the front side of the larger rivets of sheet D. The rear side of the large D 
sheet rivets and D sheet itself belong to the second class (C2). From all the four class, C1 and C2 are the most 
similar to each other. Third class (C3) contains the sheet A and the small rivets of D sheet. B2 and B3 are the most 
different from the other parts, they form the forth class (C4).

11 Giumlia-Mair 2005.
12 After the complex layered structure of the artefact were 

revealed by microscopic observations and radiography, the object was 
examined again by XRF, particularly to the inner part. 

13 Addinsoft. 2016. XLSTAT 2016.

Fig. 4. Results of the Agglomerative Hierarchical Cluster (AHC) analysis (Cluster: Boglárka Maróti)
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3.3. X-ray and Neutron Radiography

The resulting images showing interesting features are presented in the following section. The darker the 
colour the stronger is the attenuation of that area. According to the XRF results the elemental composition of the 
object is quite homogeneous from the viewpoint of the X-ray or neutron radiography therefore it can be stated that 
the darker colour means thicker material. The object was not cleaned before the irradiations, thus external contami-
nation (if exists) could affect the attenuation of the neutron and the X-ray beam, and as a result, artifacts could appear 
in the final images. This is true for invisible contaminations too, e.g. for materials stuck between the metal layers.

Since sectional images were acquired during the measurement, there was an intention to produce a spec-
tacular, composite image showing the entire object produced by stitching together the individual overlapping im-
ages. Apart from some distortions of such composite images originating from the stitching process (e.g. some 
unsharpness and geometrical biasing), we could get valuable information about the structure and the condition of 
the object. In our case, the composite image was produced stitching together the individual overlapping X-ray im-
ages (see Fig. 5.1) because stitching neutron images gave too many distortions. 

Both the composite X-ray and the individual neutron image of the object show many lighter spots distrib-
uted more or less evenly (see Fig. 5.1–2, Fig. 7.1) which were not visible neither to the naked eye nor under micro-
scope. These spots occur even in the one-layer-thick rim implying thinner material at these regions. Their forms are 
slightly irregular, round or oval-shaped (Fig. 7.2.a). Such traces could be the consequence of repeated hammering 
which was hypothesized by the research as a crucial manufacturing technique of greater metal sheet artefacts such 
as shields and cauldrons.14

The rivets holding the layers together are the darkest spots on the images (See Fig. 5.1–2). This comes 
from the fact that their material is quite opaque for both the X-ray and neutron radiation, and they are longer along 
the beam compared to the added thickness of the layers they hold together. Moreover, at several rivets the images 
show a “twin” structure, i.e. a possible use of a larger and a smaller rivet to join the layers together.

14 See Northover 2010; Uckelmann 2011. Similar ham-
mering marks were identified by radiography on the Pergamon shield 
from the Antikensammlung Berlin. See Peltz Abb. 14.

Fig. 5. 1: The composite X-ray radiography image showing the entire object, which was stitched together using the individual  
overlapping images; 2: An individual neutron radiography image showing a part of the object (Images: Zoltán Kis)
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Both types of the images (see Fig. 5.1–2) show different material thicknesses according to the layered 
structure of the object. A detailed study of the layered structure can be seen in Fig. 6, which is an X-ray radiography 
of a part of the object. From outside to inside (i.e. from the rim to the middle point) the number of the overlapping 
layers is increasing reaching at least 3, but probable 4 layers in the middle. The change in the number of the layers 
can be followed as e.g. gray scale profiles along a selected Region Of Interest (ROI). To make such a profile, a ROI 
is selected as one can see the white rectangle in Fig. 6.1. and Fig. 6.3. The gray scale profile along the long side can 
be seen in Fig. 6.2. The steep changes along the profile marks where the number of the layers changes. Based on 
this we can count 4 layers, which were not visible neither to the naked eye nor under microscope. Because the en-
ergy spectrum of the X-ray tube and the bulk elemental composition of the sheets is not known precisely, the exact 
layer thicknesses cannot be calculated reliably.

A more detailed study of the images reveal several type of fine structures due to various impacts on the 
objects (e.g. embossed tools marks, hammering of the rim, crenellated joint). The embossed decorations were cre-
ated probable by a punching tool. Around some of them the circular shaped impact of the tool (embossed tools 
marks) could be clearly noticed (Fig. 7.2.c–d). Moreover, the dense hammering spots of the rim can be seen as well 
(Fig. 7.2.b). In Fig. 7.4 one can see two impact marks in the central part of the object (see black arrows) an in 

15 Similar crenellated joint was identified by X-ray images 
on a Byzantine trumpet. See Anheuser 2009, Fig. 3.95.

Fig. 6. 1: The X-ray transmission image of a part of the object with the ROI (white rectangle) selected; 2: The grayscale profile along  
the long side of the ROI. The 0 pixel position refers to the centre of the object. Based on this we can count 4 layers;  

3: Different metal sheet parts on the X-ray image, 4. Crenellated joint patches (Images: Zoltán Kis)
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Fig. 7. 1: The X-ray transmission of the object showing dense hammering in concentric circles on the entire surface of the object;  
2a: An oval-shaped hammering mark; 2b: Hammering spot of the rim; 2c: Different traces of punching tools; 3: Fishbone-like pattern;  

4: Two impact marks in the central part of the object (Images: Zoltán Kis)
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Fig. 6.4. the “serrated” like structure of the crenellated joint technique.15 This type of joint is clearly visible between 
the sheets marked B2 and B3. The joint is less recognizable between the sheets B1 and B2, where only a darker 
stripe is visible. These joints and the crenelated joint next to the rivets form the triangular-shape B2 sheet. The 
fishbone-like decoration which was identified by macroscopic images also has become visible (Fig. 7.3).

An even more interesting part of the object can be seen in Fig. 8.1–2. A part of the object, e.g. where the 
rim and the adjacent layer is held together, could contain from outside invisible materials, which are different com-
pared to the object’s own material. There are darker spots, which give contrast in both the X-ray and the neutron 
images (arrows labelled by 1 in Fig. 8.1–2). These are presumably the broken-down parts of the rivets. There are 
darker spots, which give contrast in the X-ray image, without giving contrast in the neutron image (arrows labelled 
by 2 in Fig. 8.1–2). These could be materials with higher atomic number (e.g. lead), which have high and low at-
tenuation for X-rays and neutrons, respectively. There is a darker spot, which gives contrast in the neutron image, 
without giving contrast in the X-ray image (arrow labelled by 3 in Fig. 8.1–2). This could be an organic material.

3.4. The structure of the artefact

The parallel use of four different analyses allowed us to give a detailed technological characterization of 
this unique artefact. The X-ray images clarified adequately the manufacturing technique of the object’s metal sheet 
parts. Based on the shape of tool imprints, each discs gained its final form through repeated hammering. 

Furthermore, the complex metal sheet structure of the artefact was revealed. It consists of four main metal 
sheet discs (A, B, C, D). The largest disc replaced by multiple metal sheets (B1, B2, B3). These patch-like parts with 
serrated edges can be identified as traces of the so called crenellated joints; a special metalworking technique, which 
was used for both repairing and manufacturing metal sheet objects.16

An additional metal sheet disc (C) was attached to the backside of the object by a circle of rivets (I). These 
riveting penetrated disc B which proves that this was the next repairing phase. Later, sheet D with fishbone-like 
decoration was riveted onto sheet C and A from the backside. All analyses suggest that this circle of rivets consisted 
of larger (II) and smaller ones (II/1). After the riveting of discs C and D, their contours were hammered on sheet A, 
which has well-visible traces on microscopic images. According to macroscopic observations and radiographic im-

16 It is common that the crenellation was combined with 
soldering, but the presence of solder was not found by the aid of app
lied methods. See van der Heide 1991, 129–130, Fig. 6; Mundel 

Mango–Bennett 1994, 474–477, Fig. 15.5, Fig. 15.6; Nagy–Tóth 
1990, 22, Fig. 3.

Fig. 8. A part of the shield around some rivets, e.g. where the rim and the adjacent layer is held together, could contain invisible materials, 
which are different compared to the shield’s own material. 1: X-ray transmission image of the area; 2: Neutron attenuation image of the area. 

One can see the various labelled spots around the rivets (see text) (Images: Zoltán Kis)
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ages, some embossing tool imprint of the inner dots overlay sheet D which indicates that this decoration was made 
after the riveting of sheet D. Another possibility is that an original, larger embossed decoration was modified to a 
smaller one. The impact marks in the middle of the object are also interesting. If they are prehistoric in origin, these 
could suggest that the middle part of the object was exposed to some sort of damages, which could explain why this 
part was repaired so many times. The perforated edges of sheet A are also important as their appearance indicates 
that the artefact is incomplete and it was most likely the part of a larger object.

4. ROUND SHIELD OR CAULDRON? 
THE DATING AND INTERPRETATION OF THE ARTEFACT

Due to the unknown context and unique form of the artefact, the definition of its exact function is chal-
lenging. However, its detailed technological characterization provided significant amount of data that helped us to 
find finer typological aspects for its function and chronological position. The overall technological character of the 
bronze sheet object, especially the embossed decorations shows close similarities with the metal sheet products from 
the LBA (Ha B) and EIA. Based on typological and technological evidences two types of interpretation (round 
shield or cauldron) are plausible. 

4.1. Round shield?

During the very first examination of the object, it was interpreted as a LBA–EIA bronze round shield, 
based on its relatively flat body and characteristic embossed decoration. Bronze shields have appeared in the ar-
chaeological material at the earlier stages of the LBA (Br D–Ha A1) in Continental Europe, along with other defen-
sive weapon types (helmet, cuirass, greaves) and sets of other prestigious metal vessels.17 The distribution of these 
exclusive metal products shows clear interregional features, very similar pieces were found even in the most distant 
parts of Europe.18 According to archaeological experiments and metallographic analysis, these bronze round shields 
were hammered out from a cast copper alloy disc. The raw cast blank was flattened out into a metal sheet by time-
consuming hammering and annealing.19 In some cases macroscopic traces of hammer marks on LBA shields proves 
this process. Regardless of their type, almost all of them have a shield boss and a rolled-over rim, which serves to 
strengthen the most vulnerable part of these defensive weapons.20 Another main formal characteristic is the grip that 
was riveted onto the backside.21 Their Iron Age counterparts shows many similarities and except from some minor 
formal, stylistic and technological traits they were made in the same way.22

In respect of the analysed object’s dimensions, such as its diameter, weight and thickness, it correlates 
with the average data of the LBA and EIA round shields.23 The embossed decoration which consists of two rows 
of bosses is also one of the most common pattern on shields.24 If the repaired damages of the edge (Fig. 3.1) and 
the two impact marks in the middle were not recent in origin (Fig. 7.4), then they can also confirm the shield 
hypothesis. However, if we take a closer look at the LBA and EIA round shields from Europe, there are only a 
few and quite distant parallels of this analysed object. These are the so called Athenry-Eynsham type bucklers,25 
for which’s chronological position is less certain as all of them are stray- or river finds. Based on stylistic aspects 
they were associated with the Penard (Ha A1–Ha A2) and Wilburton-Wallington Period (Ha B1).26 It should be 
emphasized that their main distribution area is far from the possible find spot of this object, moreover the appear-
ance of these bucklers are strictly limited to the British Isles and Ireland.27 The only similarities between this 

17 Patay 1968a; Uckelmann 2012, 159–169, Abb. 27; 
Jockenhövel 1982, 467.

18 Uckelmann 2012, Fig. 1, Fig. 5.
19 Uckelmann 2011, 189; Goodway–Chen 1996, 52.
20 Uckelmann 2012, 1–13. For damages on edges and 

shield boss, see: Molloy 2009, 1059–1060, Fig. 4–6.
21 Ucklemann 2011, 189. 
22 Geiger 1994, 9–27.

23 See Geiger 1994, 9–10; Uckelmann 2011, 189; 
Uckelmann 2012, 11, Abb. 3, Tab. 2.

24 Uckelmann 2012, 14. 
25 Uckelmann 2012, 35–36, Taf. 34.24, Taf. 36.26, Taf. 

37.27, Taf. 38.28, Taf. 39.28, Taf. 40.29. 
26 Uckelmann 2012, 36–37.
27 Uckelmann 2012, 37, Taf. 158. 
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distant LBA shield group and looted object is their relatively large size of embossed decoration and the lack of 
rolled-over rim.28 In the EIA of Eastern Europe and the Balkans only bronze phalerae can be found which were 
interpreted as shield bosses but their technological and stylistic character significantly differs from the analysed 
object.29 The same can be stated in regard of the round shields from Greece and Italy.30 Only the shield boss from 
Banská Bystrica should be mentioned because of the lack of rolled-over rim and its perforated edges that makes 
it similar to the looted artefact.31

In sum, the form and style of the average LBA and EIA round shields greatly differs from the analysed 
specimen. The shields, which seem to be similar to the looted artefact, are from distant parts of Europe. The lack of 
shield boss, rolled-over rim and the uncharacteristic riveted reparations are all against the defensive weapon inter-
pretation. 

4.2. Bottom of a cauldron

At the end of the looted artefact’s examination, its overall technological character raised a much more 
probable interpretation. The riveted multiple repairing, the perforated edges, but even the diameters of the objects 
are similar to the bottom parts of the LBA and EIA bronze sheet cauldrons.

These large ceremonial vessels were used for cooking or boiling liquids, according to burnt traces on some 
specimens and written sources from the Eastern Mediterranean, Aegean and Early Middle Ages. They were as-
sociated with alcohol and even drug consumption, but their symbolic values (e.g. wealth, redistributive power, 
generosity) and magical properties were also stressed out based on later written sources. However, cauldrons were 
more likely used in collective feasting ceremonies for meat cooking.32 In the Atlantic, cauldrons distributed in the 
same area as other parts of the feasting equipment, such as flesh-hooks, spits, bowls, stands.33 From these, flesh-

28 Ucklemann 2011, 191. Another less certain parallel can 
be found in the territory of Italy within the group of miniature round 
shields which appeared as grave goods in elite burials (e.g. Quadrato 
di Torre Spaccata Grave 1) dated to the 11th and 10th century BC (Pro-
tovillanova Period). Uckelmann 2011, 89–92, Abb. 10.

29 See Egg 1996; Kemenczei 2009, 50–51, Anm. 403–408. 
30 Geiger 1994. 
31 Bartík 2001, 81–82, Obr. 1–2.
32 Green 1998; Armada 2011, 168. 
33 Armada 2011, 168, Fig. 9.1. 

Fig. 9. 1. The identified metal sheet parts of the object. 1.1: Front view; 1.2–1.3: Bottom view; 2: Cross-section (see text)  
(Drawings: Anna Mária Tarbay and J. G. Tarbay)
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hooks are the most important because of their combined deposition with cauldrons and appearance in Eastern 
Europe.34

The manufacturing of cauldrons shows similarities with the shields. Development of the metal sheet parts 
started with a cast blank,35 which went through a series of cold working and annealing until it reached its required 
form.36 The final product was constructed to a circular bottom and wall sheets. These different parts were assembled 
by rivets. Depending on the place of origin different kind of handles (strapless and ring handles, straped-handles 
etc.) were also attached to the vessels’ rim.37 It has been observed on many Atlantic cauldrons that their damaged 
bottom was replaced or repaired with different circular disc and rivets (e.g. Fig. 10.6). No wonder, this section was 
not just simply the most vulnerable part of the vessel but it was constantly exposed to intensive heat.38 As Sabine 
Gerloff noted, these repairs are “much cruder workmanship” which seem to be carried out by “unskilled crafts-
men”.39 This “cruder workmanship” is also visible on the analysed object. While the middle part was repaired with 
a very fine crenellated joint technique (B1–3 sheets) (Fig. 2.3, Fig. 6.4) the workmanship of the C and D sheets are 
less sophisticated.

Cauldrons have appeared in the BA in different territories of Europe: 1. Mycenae, 2. Atlantic, 3. Carpathian 
Basin, 4. Northern coast of the Black Sea (Fig. 10.1–4). Although their manufacturing techniques show similarities, 
they represent different chronological periods, and their origin and technological connection with each other is not 
yet fully understood. The first cauldron types made of multiple, riveted metal sheets (Variant A and B) have appeared 
in the Aegean. The find from Tylissos (Crete) was dated to the MM III–LM I, the vessels from the Mainland and 
the pieces from the Mycenaean shaft graves were dated to the LH I.40 Even though these are the oldest finds, it is 
not entirely clear how they influenced the metal vessel production of other European regions. Some researchers 
argued that this sheet-metal working technique could have find its way to the Carpathian, while others, like 
Bochkarev completely rejects the Mycenaean origin in the case of the Eastern European types, and stated that this 
metal sheet technique was already present in Eurasia between the 3rd and 2nd millennium BC.41 Most of the cauldrons 
were found in the Atlantic. These globular-shaped, large metal vessels distributed in the territory of Ireland, Britain, 
France and in the North-western part of Iberia. Their first specimens (Class A0) have appeared in the Appleby/Pe-
nard 1/Rosnoën period (1300 BC) and their production lasted through the Iron Age A/Dowris C period (600 BC).42

In East Central Europe only a few cauldrons are known. The earliest was found in the Austrian Sipbachzell 
hoard.43 The Sipbachzell type cauldron which has only one known specimen from the above mentioned hoard, has 
a globular outline and two strap handle, similar to the Kurd buckets.44 Based on these typological features and the 
chronological position of the hoard, it was dated to the Br D–Ha A1 period.45 The specimens known from the Car-
pathian Basin are younger. Three cauldrons of the so called Sümeg type have been found in Hungary, in the Sümeg-
Újhegy (Fig. 10.2)46 and Várvölgy-Uzsabánya47 hoards. Pál Patay dated the first to the Ha B1 period and interpreted 
this type as a “local product”.48 The list of the Sümeg type cauldrons was expanded by some less certain fragments 
from the 2nd Bodrogkeresztúr49 hoard and other East European assemblages. An uncertain metal vessel is also known 
from the Ha B1 Corneşti (Romania) hoard which was reconstructed from a few parts by Mircea Petrescu-
Dîmboviţa.50

34 Gerloff 2010, 116. For flesh hooks, see: Hundt 1953; 
von Brunn 1953; Jöckenhövel 1974; Needham–Bowman 2005. For 
hooks from the territory of Hungary: Ilon 2002, 158.

35 A casting mould which can also be associated with metal 
sheet vessel manufacturing can be found in Dolánky (Czech Repub-
lic). Kytlicová 1991, 96, Taf. 12.62; 137, Blažek et al. 1998, 67, 
137, Taf. 9.8. 

36 See Northover 2010.
37 Gerloff 2010, 41–42, Fig. 2.
38 Gerloff 1986, 87; Gerloff 2010, 115–116. Carpathian 

example for repairing: Sümeg. Szenthmártoni Darnay 1889, 262.
39 Gerloff 1986, 87; Gerloff 2010, 42.
40 Mätthaus 1980, 85. 
41 Gerloff 1986, 106; Бочкарёв 2010, 186, 204–205.
42 Gerloff 2010, 333–343, Pl. 167; Armada 2011, Fig. 

9.1; Bordas 2016, 147, Fig. 21.

43 Höglinger 1996, 72, Taf. I.1.
44 Gerloff 2010, 391. 
45 Gerloff 2010, 391. Ha D3 specimens are also known 

from Austria (Hallstatt, Hallein) but their form differs greatly from the 
standard cauldrons. Prüssing 1991, 76, Taf 70/71.270, Taf. 71.271.

46 Szentmártoni Darnay 1889, 262, T. I–II; Darnay 
1899, 20–21, T. VIII, T. IX; Patay 1990, 80, Taf. 64.114.

47 László 1982, 27; Patay 1990, 80, Taf. 66.145A. 
48 Patay 1990, 80. 
49 Hampel 1886, T. XCVI.8; Patay 1968b, 71, 81, Fig. 

15.1, Fig. 16; Kemenczei 2003, 26, Taf. 7.21; Gerloff 2010, 390. 
50 Petrescu-Dîmboviţa 1978, 141–142, Taf. 230.46, 49–

51; Soroceanu 2008, 194, No. 136.a–k, Taf. 49.136.a–k. A fragment 
from Băleni was also associated with cauldrons. Petrescu-Dîmboviţa 
1977, 73–74, Pl. 87.9; Бочкарёв 2010, 207.



Acta Archaeologica Academiae Scientiarum Hungaricae 68, 2017

THE BOTTOM OF THE LOOTED CAULDRON 233

Fig. 10. Cauldrons from different territories of Europe. 1: An Atlantic cauldron from Ballyshannon, Ireland (Gerloff 2010, Pl. 53.33.b);  
2: A cauldron from Sümeg, Hungary (Szentmártoni Darnay 1889, T. II); 3: The metal vessel with iron handle from Lysianska, Ukraine  

(after Клочко–Козыменко 2017, илл. 2); 4: The cauldron from Novopavlivka, Ukraine (Кривцова-Гракова 1955, рис. 31.3);  
5: Fishbone-like pattern on the bottom of the metal vessel from Lysianska (Клочко–Козыменко 2017, илл. 2.6);  

6: Repaired bottom of a cauldron from Raffrey Bog, Ireland (Gerloff 2010, Pl. 93.56) 
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Groups of several different cauldron-like vessels, made of multiple riveted metal sheets can be found in 
the eastern part of the Carpathian Basin. Their primary distribution area is the Northern coast of the Black Sea. More 
precisely, the territory of Southern Moldova, Volga and the Ural region, Volhynia, but specimens are known from 
Romania, Serbia and Central Kazakhstan, as well.51 Throughout the history of research several different classifica-
tion schemes were proposed by the Eastern European researchers,52 the latest and most detailed was carried out by 
V. S. Bochkarev.53 According to his typo-chronology, the eastern cauldrons can be divided into 3 different groups 
(I.–III.) based on fine typological features. The earliest is the I. group which appeared in the LBA (Periode III/Br 
D–Ha A1), the latest is the III. group, which correlates with the end of the LBA and the EIA (Periode IV–V/Ha 
A2-B1–Ha B2/3–Ha C1).54 From typological point of view, these metal vessels differ greatly from the Carpathian, 
and Atlantic ones. These cauldrons are often equipped with a base, their general shape is more elongated, the tech-
nique and shape of the handles are also different, for instance later ones are often equipped with iron handles.55 The 
reason why this vessel group should be mention here is because of two specimens from Ukraine. The first one is 
the cauldron from Novopavlivka (Kirovohrad Oblast), which was considered to be atypical in this region 
(Fig. 10.4).56 The lack of base and the shape of this round-bottomed specimen is more similar to the western caul-
dron types, and also to the analysed metal sheet object. The second is a new find from Lysianska (Cherkasy Oblast) 
in Central Ukraine. This small situla like vessel57 is equipped with iron handles and made of different riveted sheets. 
The most interesting part is its bottom which is decorated with the same fishbone-like pattern as our specimen (Fig. 
10.3, 5).58 At first glance, these parallels seem to be quite far from the suspected finding place of the analysed object. 
But we must not forget that the distribution area of the eastern cauldrons cover the territory of the North Balkans. 
Fine example of this is the handle fragment which was found in Serbia, in the hoard from Mesić (Stufe II/Br D–Ha 
A).59 Except from the above mentioned fragment, we are not aware of any metal sheet cauldrons from the North 
Balkans between the LBA and EIA.

In conclusion, different technological aspects can support the cauldron function: 1.) The artefact consists 
of different circular metal sheets joint by riveting which is a very common reparation technique for cauldrons but 
uncharacteristic for LBA and EIA shields. 2.) Crenellated joint is an impermeable repairing technique which is a 
perfect proof against leaks.60 Considering the completely smooth surface and flattened rivets on the backside of the 
artefact, later repairing phases also sought to archive a similar effect. 3.) The average size and convex shape of the 
artefact also correlates well with the larger round-bottomed cauldrons. 4.) Decoration of disc D shows similarities 
with an EIA large metal vessel made of different metal sheets from Lysianska. 

The dating of the object is much more problematic and without the context and the lack of exact parallels, 
it is still quite a challenge. One of the main evidence for prehistoric dating (LBA–EIA) is the embossed decoration, 
which is uncharacteristic for later periods. According to our knowledge, the crenellated joint repairing technique is 
unknown in the eastern part of Europe during the LBA, which could argue for later dating, however it raises the 
necessity for more detailed analyses on comparable metal sheet products from this region. The relative large size of 
the dots and the parallel of the fishbone-like pattern on the back could support the EIA dating. 

5. CONCLUSIONS 

In this study, a looted metal sheet artefact was characterized from technological point of view. As the re-
sults of the applied analyses technological hypotheses based on macro- and microscopic observations were proved 
and explained in detail. It was possible to reconstruct, a complex metal sheet object which was repaired by different 
techniques (crenellated joints, riveting) during its prehistoric use-life. Combining the typological, stylistic and 

51 Dergačev 2002, 134–135, Taf. 107; Бочкарёв 2010, 
187. 

52 With citations see Dergačev 2002, 134–135; Бочкарёв 
2010, 185.

53 Бочкарёв 2010, 180–208, Рис. 2–4, 6.
54 The group II. partly overlaps with both (Periode IV/Ha 

A2–B1). Бочкарёв 2010, 208.
55 Бочкарёв 2010, 188–192, pис. 2–4, 6.

56 Кривцова-Гракова 1955, 133, pис. 31.3; Бочкарёв 
2010, 191, pис. 4A.

57 Its dimensions are the following: Height: 47 cm, Dia-
maters: 70 cm–40 cm. Клочко–Козыменко 2017, 218.

58 Клочко–Козыменко 2017, 221, илл. 2.6.
59 Рашаjcки 1975, 67, T. LXII.15; Бочкарёв 2010, 207, 

pис. 8.7.
60 Nagy–Tóth 1990, 22.



Acta Archaeologica Academiae Scientiarum Hungaricae 68, 2017

THE BOTTOM OF THE LOOTED CAULDRON 235

technological arguments allowed us to identify the artefact as a bottom part of a large cauldron, which was most 
likely a product at the end of the LBA or the EIA. Due to the lack of exact parallels it is hard to determine the ob-
ject’s possible find spot. Based on the route of the smuggler it could originate from the Balkans. However, consid-
ering international smuggling routes outside of the European Union other finding places are also possible. 

The examination of the object is not finished yet. The following step of the research project is to determine 
the original alloy composition of the different sheets of the object. These data can be compared with the elemental 
concentration data of previously examined cauldrons, available in the literature.61 Due to the large dimensions of 
the object, PGAA measurement is not feasible but by measuring the carefully unpatinated surface using XRF equip-
ment, and using destructive methods, such as NAA or ICP-MS the bulk elemental content can be obtained. Addi-
tional aim of the further research is the detailed and focused examination of the different sheet edges. The question 
is whether the crenellated joint, successfully identified in the present research, was supplemented by soldering or 
not. Time-Of-Flight Neutron Diffraction (TOF-ND) measurements are planned in order to reveal microstructural 
information of the object. This method is capable of providing information about the metal phase composition of 
bulky objects without sampling. The presence of certain phases in the metal may refer to the production and the 
usage of the object,62 e.g. cooking vessel.
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APPENDIX

Table 1: XRF results of different parts of the artefact in mass percent unit. The uncertainty of the results was taken into account 
 in the decimals. Note, that the sum of the results is not 100 in all case. Some other light elements, such as Al, Si, P were detected,  

but these are considered as elements of soil origin63 and not listed here in the table.

Sheet Spectrum 
code Side Measurement 

position Fe Ni Cu Sn Sb Pb Bi

Sheet A

#45C rear sheet 0.48 0.10 95 <LOD <LOD 0.11 0.07

#46C rear sheet 0.28 0.10 94 <LOD <LOD 0.08 0.07

#47C rear sheet 0.47 0.09 95 <LOD <LOD 0.14 0.06

#48C rear sheet 0.29 0.12 95 <LOD <LOD 0.10 0.07

#51C rear sheet 0.29 0.10 95 <LOD <LOD 0.11 0.08

#52C rear sheet 0.23 0.08 97 <LOD <LOD 0.10 0.09

#53C rear sheet 0.24 0.09 96 0.39 <LOD 0.11 0.08

#54C rear sheet 0.31 0.08 95 0.45 <LOD 0.09 0.08

#55C rear sheet 0.13 0.10 97 0.23 <LOD 0.10 0.09

#49C rear sheet rim 0.18 0.10 96 <LOD <LOD 0.10 0.07

#50C rear sheet rim 0.24 0.10 96 <LOD <LOD 0.09 0.08

#5C front sheet 0.14 0.10 92 <LOD <LOD 0.13 0.10

#23C front sheet 0.34 0.11 88 <LOD <LOD 0.10 0.06

#61C rear hammering trace 0.39 0.10 95 <LOD <LOD 0.08 0.06

#2C front repoussé pattern 0.18 0.11 92 <LOD <LOD 0.12 0.06

#4C front repoussé pattern 0.22 0.10 83 <LOD <LOD 0.08 0.06

63 Robbiola – Blengino – Fiaud 1998.
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Sheet Spectrum 
code Side Measurement 

position Fe Ni Cu Sn Sb Pb Bi

#34C front repoussé pattern 0.06 0.12 98 <LOD <LOD 0.13 0.09

#35C front repoussé pattern 0.06 0.10 95 <LOD <LOD 0.11 0.08

#37C front repoussé pattern 0.12 0.12 89 <LOD <LOD 0.12 0.08

#38C front repoussé pattern 0.14 0.13 97 <LOD <LOD 0.12 0.08

#36C front sheet 0.12 0.10 96 <LOD <LOD 0.12 0.08

#3C front shield rim 0.15 0.14 92 <LOD <LOD 0.27 0.21

#29C front shield rim 0.15 0.09 97 <LOD <LOD 0.16 0.05

#30C front shield rim 0.29 0.11 96 <LOD <LOD 0.18 0.08

#31C front shield rim 0.35 0.10 97 <LOD <LOD 0.14 0.09

#32C front shield rim 0.07 0.09 98 <LOD <LOD 0.13 0.08

#33C front shield rim 0.06 0.10 96 <LOD <LOD 0.12 0.08

#92C front sheet 0.23 0.09 90 <LOD <LOD 0.10 0.07

#93C front sheet 0.13 0.09 94 <LOD <LOD 0.19 0.13

#94C front sheet 0.15 0.10 90 <LOD <LOD 0.17 0.12

#128C front sheet 0.12 0.06 94 <LOD <LOD 0.20 0.07

#129C front sheet 0.21 0.11 94 <LOD <LOD 0.17 0.13

#133C front sheet 0.21 0.06 94 <LOD <LOD 0.09 0.05

#134C front sheet 0.13 0.09 95 <LOD <LOD 0.14 0.10

#135C front sheet 0.15 0.11 95 <LOD <LOD 0.16 0.13

  #136C front sheet 0.08 0.09 97 <LOD <LOD 0.13 0.08

Sheet B

#10C front sheet 0.41 <LOD 82 <LOD <LOD 0.13 <LOD

#11C front sheet 0.06 0.03 95 <LOD <LOD 0.13 <LOD

#12C front sheet 0.07 <LOD 91 <LOD <LOD 0.15 <LOD

#14C front sheet 0.10 0.11 96 <LOD <LOD 0.02 <LOD

#102C front sheet 0.16 0.08 95 <LOD <LOD 0.03 <LOD

#104C front sheet 0.15 0.11 95 <LOD <LOD 0.03 <LOD

#106C front sheet 0.15 0.09 96 <LOD <LOD 0.03 <LOD

#107C front sheet 0.48 0.07 85 <LOD <LOD 0.02 <LOD

#108C front sheet 0.12 0.10 96 <LOD <LOD 0.03 <LOD

#109C front sheet 0.12 0.08 96 <LOD <LOD 0.02 <LOD

#110C front sheet 0.18 0.09 95 <LOD <LOD 0.03 <LOD

#122C front sheet 0.13 <LOD 95 <LOD <LOD 0.14 <LOD

#123C front sheet 0.61 0.04 79 <LOD <LOD 0.16 <LOD

#124C front sheet 0.06 <LOD 92 <LOD <LOD 0.18 <LOD

#125C front sheet 0.09 <LOD 95 <LOD <LOD 0.15 <LOD

#126C front sheet 0.10 <LOD 95 <LOD <LOD 0.15 <LOD

#127C front sheet 0.06 0.02 92 <LOD <LOD 0.16 <LOD

#130C front sheet 0.18 <LOD 94 <LOD <LOD 0.17 <LOD
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Sheet Spectrum 
code Side Measurement 

position Fe Ni Cu Sn Sb Pb Bi

#131C front sheet 0.19 <LOD 95 <LOD <LOD 0.16 <LOD

#132C front sheet 0.05 <LOD 96 <LOD <LOD 0.16 <LOD

#21C front sheet 0.24 <LOD 86 0.75 0.08 0.51 <LOD

#111C front sheet 0.13 0.02 91 0.32 0.11 0.57 <LOD

#112C front sheet 0.19 0.02 93 0.53 0.12 0.63 <LOD

#113C front sheet 0.14 0.02 95 0.37 0.10 0.55 <LOD

#114C front sheet 0.19 0.03 90 0.26 0.10 0.43 <LOD

#115C front sheet 0.13 <LOD 94 0.30 0.10 0.58 <LOD

#116C front sheet 0.15 0.02 90 0.54 0.09 0.58 <LOD

#117C front sheet 0.12 0.03 91 0.27 0.10 0.47 <LOD

#118C front sheet 0.13 0.03 94 0.33 0.13 0.57 <LOD

#119C front sheet 0.19 <LOD 99 0.45 0.12 0.56 <LOD

#120C front sheet 0.17 0.02 90 0.24 0.10 0.51 <LOD

  #121C front sheet 0.09 0.03 93 0.28 0.09 0.54 <LOD

Sheet C

#17C front rivet 0.17 0.04 87 <LOD <LOD 0.41 <LOD

#18C front rivet 0.18 <LOD 85 <LOD <LOD 0.03 <LOD

#19C front rivet 0.16 <LOD 92 <LOD <LOD 0.02 <LOD

#137C front rivet 0.09 0.05 96 <LOD <LOD 0.15 <LOD

#138C front rivet 0.23 <LOD 90 <LOD <LOD 0.07 <LOD

#139C front rivet 0.09 <LOD 91 <LOD <LOD 0.02 <LOD

#15C front sheet 0.12 0.08 96 <LOD <LOD 0.02 <LOD

  #16C front sheet 0.09 <LOD 95 <LOD <LOD 0.03 <LOD

Sheet D

#8C front rivet 0.12 <LOD 92 <LOD <LOD 0.05 <LOD

#24C front rivet 0.36 <LOD 93 <LOD <LOD 0.07 <LOD

#25C front rivet 0.09 <LOD 92 <LOD <LOD 0.03 <LOD

#27C front rivet 0.07 <LOD 92 <LOD <LOD 0.03 <LOD

#56C rear rivet 0.55 <LOD 94 1.1 <LOD 0.03 <LOD

#57C rear rivet 0.87 <LOD 95 0.35 <LOD 0.10 <LOD

#59C rear rivet 1.25 <LOD 93 <LOD <LOD 0.25 <LOD

#60C rear rivet 0.41 <LOD 92 <LOD <LOD 0.03 <LOD

#6C front rivet 0.08 <LOD 93 0.20 <LOD 0.23 <LOD

#141C front rivet 0.16 <LOD 91 <LOD <LOD 0.03 <LOD

#142C front rivet 0.16 0.02 92 <LOD <LOD 0.06 <LOD

#7C front smaller rivet 0.25 0.08 88 <LOD <LOD 0.12 0.05

#9C front smaller rivet 0.09 0.12 91 <LOD <LOD 0.12 0.11

#26C front smaller rivet 0.19 0.09 90 <LOD <LOD 0.13 0.07

#28C front smaller rivet 0.15 0.11 96 <LOD <LOD 0.12 0.08
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Sheet Spectrum 
code Side Measurement 

position Fe Ni Cu Sn Sb Pb Bi

#39C rear sheet 1.27 <LOD 94 <LOD <LOD <LOD <LOD

#40C rear sheet 0.64 <LOD 95 <LOD <LOD 0.02 <LOD

#41C rear sheet 0.63 <LOD 96 <LOD <LOD <LOD <LOD

#42C rear sheet 1.74 <LOD 94 <LOD <LOD 0.02 <LOD

#43C rear sheet 1.48 <LOD 94 <LOD <LOD <LOD <LOD

#44C rear sheet 0.84 <LOD 95 <LOD <LOD <LOD <LOD

#101C rear sheet 0.78 <LOD 95 <LOD <LOD 0.02 <LOD


