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Abstract The purpose of the article is to compare the chemical content of the type-4 coins of Władysław 
II Wygnaniec (Wladislaw II the Exile) and the type-1, 2 and 3 coins of Bolesław IV Kędzierzawy 
(Boleslav IV the Curly) of the Głogów hoard and of the Dąbrowa Górnicza-Łosień hoard (“the 
metallurgist’s hoard”). A non-invasive method of X-ray fluorescence spectroscopy (XRF) was used 
to study the chemical content. The analyses indicated a similar concentration of elements in the 
coins that were studied. However, differences were registered in the content of silver lumps and bars. 
According to the authors of the article, it is likely that the silver bars from Głogów did not result 
from the smelting of silver from the local Silesian deposits but they are derived from the smelting 
of silver which was acquired earlier. The chemical content may indicate a purposeful addition of 
copper and small amounts of gold. This would mean that the silver that was deposited in the Głogów 
hoard could have been a semi-finished product that was furnished directly for the mint. It is also 
possible that the bars were made after the 12th-century coins were melted. The silver from Łosień 
is derived directly from the smelting of the local raw material, which is indicated inter alia by the 
percentage of lead (up to 18%) and contaminants.
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More than twenty years ago an impressive great hoard from the turn of the 13th cen-
tury was discovered in Głogów. The deposit contained more than twenty thousand 
coins, a few thousand fragments of coins, hollow disks – blanks – and silver bars. 
The monuments are gradually described and analysed; in 2013 the results of specialist 
analyses of a selection of monuments from the Głogów hoard were published (Książek 
et al. 2013)1.

Nineteen years later in the remote Dąbrowa Górnicza-Łosień the archaeologists 
also discovered a hoard at an archaeological site which used to be an early medieval 

1  A very intersting results of the analises of early medieval cois were given in the article published 
in 2015 (del Hoyo-Meléndes et al. 2015, 6 – 16). 
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silver and lead smelting plant. The 12th-century deposit was named the “the metallur-
gist’s hoard”. The latter consisted of the following items: a cross denar, a type-3 denar 
of Bolesław III Krzywousty (Boleslav III the Wrymouth), the type 2 and 4 denarii of 
Wladislav II the Exile and the type 1–4 denarii of Boleslav IV the Curly. Apart from 
the coins 179 silver lumps were deposited (Rozmus, Tokaj 2009, 104–115).2 The hoard 
was hidden most probably at the beginning of the 1160–1165 (Krudysz et al. 2009, 59).

Heretofore the coins which found their way to the Muzeum Miejskie “Sztygarka” 
in Dąbrowa Górnicza were analysed from a number of perspectives – there was a pre-
liminary analysis inter alia of a part of the problems associated with the iconography 
of the selected denarii – the figures of St. Adalbert (Rozmus, Tokaj 2010; Rozmus, 
Tokaj 2013), hunting scenes (Rozmus 2012); the first part of the monograph of the 
find was also published (Rozmus et al. 2014). The latter includes photographs of all 
coins, registers of their weights and diameters, the models of the mutual associations 
of the obverse and the reverse sides of coins and a catalogue with the seals/stamps of 
all types of coins which were recognised3. Also 20 lumps of silver which are a part of 
the deposit were preliminary studied and examined (Rozmus, Tokaj 2009, 104–115; 
Chabrzyk, Młodecka 2012, 111–130; Garbacz-Klempka et al. 2013, 203–224; Rozmus, 
Suchodolski, Tokaj 2014, 201–220). Moreover, selected analyses and remarks concern-
ing the methods of cupellation were published (Garbacz-Klempka, Rozmus 2015).

The team also conducted a series of preliminary metal science analyses of the 
coins. The find has a uniform structure, owing to which the conduct of research in 
the context of the content of elements will be reliable (the bulk of the hoard includes 
three types of coins – type-4 deniers of Wladislaw II the Exile and the type 1, 2 and 
3 deniers of his younger brother, Boleslav IV the Curly – these types constitute groups 
which contain more than one hundred coins).

The preliminary metal science research of the coins from the “metallurgist’s 
hoard” was conducted at the Faculty of Foundry Engineering of the University of 
Science and Technology in Kraków, in the Research Laboratory of Metals, Alloys 
and Archaeological Monuments. The historical material was subject to non-invasive 
research of chemical content by way of the method of X-ray fluorescence spectros-
copy (XRF) with the X-ray fluorescence spectroscope with SPECTRO Midex-type 
dispersion of energy. In order to analyse the various facets of the samples, inductive 
radiation was reduced by way of the application of screens which were available. Up 
to three measurements were made on the surface of each of the coins. Repeatable re-
sults were acquired. These were averaged out, placed in tables and presented in graphs. 
Moreover, during research a comprehensive macroscopic documentation was drawn 

2  Currently the Muzeum Miejskie “Sztygarka” in Dąbrowa Górnicza has a collection of 1125 coins. 
These include not only the coins of the “metallurgist’s hoard” discovered in 2006 and its direct vicinity but 
also the coins which were acquired during the research in the subsequent excavation seasons (2007, 2008). 
Everything seems to support the idea that apart from one specimen which was discovered earlier, in 2004, 
(Wladislaw II the Exile, type 4) all coins derive from the deposit whose contents were scattered along. 

3  Consult the following about the method itself (Suchodolski 2012, 69–88). 
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up owing to which one could discern details which may not be seen on traditionally-
made photographs4 (Fig. 1). The results of the analyses of the selected coins from the 
“metallurgist’s hoard” were published in 2013 (Garbacz-Klempka et al. 2013, 203–224).

Thanks to the specialist analyses (conducted and published by the Archaeological 
and Historical Museum in Głogów) of the selected monuments of the hoard which 
was discovered in 1987 we acquired material for the purpose of comparison. The coins 
of the Głogów hoard were examined with the application of two analytical methods 
– XRF and SEM-EDS. The research was conducted by mgr inż. Halina Młodecka 
in the laboratory of the Archaeological and Ethnographical Museum in Łódź. The 
analysis of the chemical content of the coins was conducted with the application of the 
following device – a type PW 4030 PANalytical energodispersion X-ray fluorescence 
spectrometer (the analysis of the chemical content of the coins) . Due to the historic 
value of the objects, the researchers did not decide to acquire samples – the measure-
ments were made directly on the surface of the monuments (Książek et al. 2013, 9–10).

The researchers managed to prepare a preliminary compilation of the results of the 
analyses of the “metallurgist’s hoard” with the analyses which were conducted upon 
the coins and lumps of silver from the Głogów hoard. Moreover, the state of research 
and certain facts concerning the comparison of two finds were updated. The update 
was based on the preliminary report associated with the discovery of the “metallur-
gist’s hoard”. It contains analyses of two coins which, among other things, did not 
contain gold. Further research demonstrated that other coins from the Dąbrowa hoard 
nevertheless contained an admixture of gold (further twenty denarii were examined).

Both deposits contain denarii which belonged to the same rulers – Wladislav II 
the Exile and Boleslav IV the Curly, and even though in the Łosień hoard they con-
stitute the bulk of the find, and in the case of the Głogów hoard they are actually an 
admixture, they are a great material for comparative studies.

The publication concerning the Głogów hoard also contains photographs of the 
coins which were examined. The researchers managed to establish the type of die that 
was used to strike a part of the coins. These are dies which were identified in the Łosień 
hoard (as indicated in the table). Unfortunately, due to the inferior quality of some of 
the pictures it was impossible to establish what type of die was used to strike coins. 
Perhaps these are variants which were not identified in the Dąbrowa Górnicza-Łosień 
hoard. Therefore the denars have to be examined and carefully studied in this context. 
If we knew more about this aspect, we could perform a more detailed comparison of 
the coins of the “Głogów hoard” with the denars of the “metallurgist’s hoard”.

The purpose of the article is to compare the chemical content of the type-4 coins 
of Wladislaw II the Exile and the type 1, 2, 3 coins of Boleslav IV the Curly and the 
lumps and bars of silver from the Głogów hoard and the Dąbrowa Górnicza-Łosień 
hoard (“the metallurgist’s hoard”).

4  Owing to the examination of the selected denariuli under a microscope the researchers also ma-
naged to “identify” a “flax thread mark” on a coin (Garbacz-Klempka et al. 2013, 204, 215, 217). 
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Fig. 1. Dąbrowa Górnicza – Łosień, the obverse and reverse of a type-4 denar of Wladislaw II the Exile 
(“metallurgist’s hoard“, inventory number MMS/A/81/2006/131) – the photograph was made during 
research, a photograph by Aldona Garbacz-Klempka)

Owing to the compilation of the results of the analyses of the particular types of 
coins which were heretofore conducted we could discern similarities and differences 
between them (Table 1–4).

Both finds also contained lumps of silver, whereas in the Głogów hoard the lumps 
had the form of purposefully fashioned bars, and in the Dąbrowa Górnicza hoard 
they had irregular shapes of cast silver and a lead alloy which solidified and which 
featured a peculiar surface achieved through free solidification.

The bars and a lump of the Głogów hoard were examined by way of the method of 
SEM-EDS scanning electron microscopy by dr Barbara Łydżba-Kopczyńska from the 
Laboratory of the Research of Cultural Heritage of the University of Wrocław. A Hitachi 
S-3400N scanning electron microscope with an EDS Thermo Scientific Ultra Dry 
detector was used5. However, the lumps of the “metallurgist’s hoard” were examined 
in the University of Science and Technology in Kraków, analogically as the coins, with 
the use of the XRF spectroscopy methods and the X-ray SEM-EDS microanalysis. The 
results of research are presented in table 5.

The compilation of the chemical analyses of silver lumps and bars of the Głogów 
hoard and the “metallurgist’s hoard” enabled us to draw a number of conclusions6.

Copper was not detected in the lumps of the “metallurgist’s hoard” whereas in the 
majority of the bars of Głogów this element does occur. The lack of copper in Łosień 
is testimony to the initial smelting of the raw material from galena, a local sulphate 
lead and silver ore. The presence of copper in Głogów allegedly proves that there was 

5  A description of the method that was used (Książek et al. 2013, 44–45). 
6  When we draw conclusions about the silver lumps and bars that were studied we must take into 

consideration the fact that the bars of the Głogów hoard were preserved whereas the lumps of Łosień 
were not.
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Table 1. The weight percentage of the selected elements in type-4 denarii of Wladislaw II the Exile of 
the “metallurgist’s hoard” and the Głogów hoard*

No. Inventory no.
Variant Metalls

Av/Rev Ag Cu Pb Au Zn Fe Bi

Głogów hoard

1. MG/N/S2/03609 2/9 95,65 2,88 0,81 0,28 0,05 0,25 –

2. MG/N/S2/13515 26(?)/14 96,08 2,48 0,22 0,41 0,04 0,71 –

3. MG/N/S2/13516 14/40 96,70 1,92 0,56 0,30 0,04 0,40 –

4. MG/N/S2/13524 unspecified 96,68 1,86 0,31 0,24 0,04 0,72 –

5. MG/N/S2/13526 unspecified 96,03 2,39 0,28 0,25 0,10 0,78 –

Dąbrowa Górnicza-Łosień hoard

6. MMS/A/81/2006/8 9/3 94,31 4,46 0,54 0,35 <0,010 <0,025 <0,001

7. MMS/A/81/2006/15 35/38 93,14 5,60 0,57 0,34 <0,010 <0,025 <0,001

8. MMS/A/81/2006/16 5/16 93,6 4,61 0,26 0,13 <0,010 <0,025 <0,001

9. MMS/A/81/2006/20 33/44 94,91 3,30 1,26 0,17 <0,010 <0,025 <0,001

10. MMS/A/81/2006/31 58/71 92,18 6,22 1,3 0,10 <0,010 <0,025 <0,001

11. MMS/A/81/2006/37 19/7 95,82 2,71 0,86 0,23 <0,010 <0,025 <0,001

12. MMS/A/81/2006/113 8/1 93,57 4,75 0,96 0,15 <0,010 <0,025 <0,001

13. MMS/A/81/2006/131 24/12 94,45 4,10 0,77 0,34 <0,010 <0,025 <0,001
* The tables are based on the data drawn from the publication devoted to the Głogów find (Książek 

et al. 2013), and the analyses conducted by dr Aldona Garbacz-Klempka in the Faculty of Foundry En-
gineering of the University of Science and Technology in Kraków with the use of an X-ray fluorescence 
spectrometer with the SPECTRO Midex energy dispersion. 

The coins of the Głogów hoard are marked in bold. 

a further stage of the production of materials such as making alloys i.e. purposeful 
introduction of alloy additions.

1. A low concentration of lead was observed in the bars of the Głogów hoard. This 
may indicate that the silver monuments of Głogów were made of silver which was 
purified from other admixtures. The Łosień silver is derived directly from smelting 
and it contains elements which occur in ores, mainly lead whose concentration reaches 
even up to 18% (Rozmus, 2014, 185–186). The separation of the components of the silver 
and lead alloy required the application of the process of cupellation.

2. The admixture of gold is visibly greater than in the Głogów lumps. As far as the 
quantity is concerned, it resembles the content of gold in coins. According to the 
authors of the article, the bars of the Głogów hoard most likely are not a product of 
the direct smelting of ores but a secondary smelting which was performed in order 

SSA57.indb   265 2016-06-28   18:04:30



A. Garbacz-Klempka et al.266

Table 4. The weight percentage of the selected elements in the type-3 denarii of Boleslav IV the Curly 
of the “metallurgist’s hoard” and the Głogów hoard

No. Inventory no. Variant
Av/Rev

Metalls

Ag Cu Pb Au Zn Fe Bi

Głogów hoard

1. MG/N/S2/ 03610 unspecified 97,50 1,30 0,33 0,43 0,04 0,20 -

2. MG/N/S2/ 20572 unspecified 96,50 2,07 0,53 0,44 0,03 0,19 -

Dąbrowa Górnicza-Łosień hoard

3. MMS/A/81/2006/1044 40/26 97,25 1,56 0,47 0,36 <0,010 <0,025 <0,001

Table 3. The weight percentage of the selected elements in type-2 denarii of Boleslaw IV the Curly of 
the “metallurgist’s hoard” and the Głogów hoard

No. Inventory no. Variant
Av/Rev

Metalls

Ag Cu Pb Au Zn Fe Bi

Głogów hoard

1. MG/N/S2/03615 3/111 96,16 2,57 0,59 0,36 0,04 0,23 -

2. MG/N/S2/ 11887 unspecified 97,28 1,71 0,37 0,36 0,04 0,20 -

3. MG/N/S2/ 11889 47/31 95,60 2,22 0,11 0,87 0,03 0,94 -

Dąbrowa Górnicza-Łosień hoard

4. MMS/A/81/2006/667 35/57 94 3,92 0,76 0,25 <0,010 <0,025 <0,001

Table 2. The weight percentage of the selected elements in the type-1 denarii of Boleslav IV the Curly 
of the “metallurgist’s hoard” and the Głogów hoard

No. Inventory no. Variant
Av/Rev

Metalls

Ag Cu Pb Au Zn Fe Bi

Głogów hoard

1. MG/N/S2/03607 26/40 97,20 1,74 0,31 0,40 0,04 0,25 -

2. MG/N/S2/05426 20/50 97,40 1,56 0,29 0,36 0,04 0,23 -

3. MG/N/S2/13031 31/49 96,50 2,12 0,06 0,36 0,04 0,82 +

Dąbrowa Górnicza-Łosień hoard

4. MMS/A/81/2006/195 23/21 97,32 1,67 0,33 0,19 <0,010 0,059 <0,001

5. MMS/A/81/2006/275     7/9 94,45 3,70 1,13 0,28 <0,010 <0,025 0,028
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Table 5. The weight percentage of the selected elements in the lumps and bars of the Głogów hoard and 
the Dąbrowa Górnicza-Łosień hoard

No. Inv. no MG/N/S2 Sample 
mass [g]

Silver lumps and bars (% weight)

Ag Cu Pb Au Zn

Głogów hoard

 1. MG/N/S2/20510 201,76 94,02 3,46 0,39 0,50

 2. MG/N/S2/20511 187,66 95,90 1,75 - 0,48

 3. MG/N/S2/20512 112,77 86,72 6,69 0,28 0,24

 4. MG/N/S2/20513 108,43 82,73 7,84 0,20 0,13

 5. MG/N/S2/20515 73,30 94,45 2,06 0,44 0,09

 6. MG/N/S2/20516 4,26 95,42 0,06 0,16 0,58

 7. MG/N/S2/20517 2,74 94,23 1,98 0,34 0,34

Dąbrowa Górnicza-Łosień hoard

 8. MMS/A/81/2006/B/59 3,4 87,35 0,096 12 0,075 0,035

 9. MMS/A/81/2006/B/75 6,0 93,4 0,079 5,96 0,095 0,031

10. MMS/A/81/2006/B/84 3,5 95,0 0,11 4,51 0,068 0,03

11. MMS/A/81/2006/B/130 10,5 92,25 0,104 7,07 0,063 0,04

12. MMS/A/81/2006/B/147 16,1 92,95 0,081 6,44 0,081 0,03

13. MMS/A/81/2006/B/150 20,9 94,9 0,068 4,51 0,10 0,008

14. MMS/A/81/2006/B/162 20,5 91,15 0,15 8,11 0,06 0,033

15. MMS/A/81/2006/B/163 25,5 89,55 0,092 9,82 0,080

16. MMS/A/81/2006/B/51 3,9 86,9 0,15 12 0,13 0,04

17. MMS/A/81/2006/B/72 5,2 91,9 0,09 7,49 0,08 0,03

18. MMS/A/81/2006/B/78 6,2 81,4 0,12 17,8 0,08 0,03

19. MMS/A/81/2006/B/88 5,6 80,8 0,11 18,2 0,09 0,05

20. MMS/A/81/2006/B/123 5,7 82,3 0,11 16,9 0,09 0,02

21. MMS/A/81/2006/B/127 11,2 88,0 0,12 11,2 0,12 0,03

22. MMS/A/81/2006/B/136 11,0 80,3 0,13 18,6 0,1 0,03

23. MMS/A/81/2006/B/131 8,5 94,6 0,1 4,78 0,091 0,047

24. MMS/A/81/2006/B/146 11,9 83,0 0,13 16,1 0,1 0,05

25. MMS/A/81/2006/B/153 13,3 88 0,11 11,3 0,1 0,02

26. MMS/A/81/2006/B/164 21,20 84,4 0,05 14,68 - 0,005

27. MMS/A/81/2006/B/50 3,47 84,57 0,09 14,80 - 0,005
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to acquire a marketable material7. This may be also indicated by the copper that was 
added to those bars. Most likely this copper is not derived from ores8; its presence in 
the bars that were examined is more likely a result of a purposeful addition of this 
element. Analogically as in the case of the coins, also the aforementioned gold seems 
to be an intentional component.
3. It is also possible that the bars were made after the 12th-century coins were melted.
4. Except one instance, the content of gold in the particular bars is similar. If the 
silver of which they were made is derived from a copper ore (which also features an 
admixture of gold) then the distribution of the content of gold would be chaotic. Ho-
wever, if the gold manifests comparable values, and this is the case in 5 instances in 
7 then this means that they were added purposefully. Therefore here we are dealing 
with the same production process as in the case of the production of coins.

In conclusion, one should add to the aforementioned conclusions a remark that, 
as we may infer from the preliminary examination, a part of the coins that were ana-
lysed were struck with the same dies therefore the slight differences in their content 
may have resulted from the application of different research devices and, perhaps, 
from the conditions in which these monuments existed in the earth over the course 
of centuries. Nevertheless, we postulate the conduct of further, more in-depth com-
parative research.

The conduct of such research on a greater quantity of denarii which belong to va-
rious types and the conduct of a comparison between them in the future may furnish 
an answer to various interesting questions. Until now research problems and questions 
were put forward, which perhaps will be answered thanks to the conduct of a series 
of further analyses.

The first and the basic question is this – were there distinctive differences in the 
chemical content in the particular emissions of denarii? An answer to this question 
provokes another question – were the possible differences caused by political events? In 
this case it is about the civil war between Wladislaw II the Exile and his half brothers 
or a military intervention in Poland, launched by Emperor Frederick I Barbarossa in 
1157, and another question: how does the quality of coin struck by one ruler change? 
Another important question has to do with the following: from which ore the material 
from which the Piast princes struck dinars was derived?
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