provided by Directory of Open Access Journals

Archaeologia Polona, vol. 57: 2019, 241-255
PL ISSN 0066-5924
DOI:10.23858/APas7.2019.017

Origin and Production of Silver in Early
Medieval Poland

Ewelina A. Mista-Jakubowska’, Renata Czech Blorniska’, Wladystaw
Duczko®, Aneta M. Gdjska’, Pawel Kalbarczyk‘, Andrzej Turos/,
Grzegorz Zabinski¢and Maciej Widawski”

Modern archaeology makes use of analytical methods in order to answer questions about
deposit and technological provenience of artefacts. This paper discusses selected and the most
interesting, results obtained during the completion of a research project which focuses on silver
from the 10th and 11th centuries in Poland. In total, 200 silver artefacts known from Polish hoards
(found in Kalisz-Dobrzec, Nowa Obra, Wolsztyn District, Zalesie, Olsztyn District, Stuszkéw
and Jastrzgbniki, Kalisz District, Kalisz-Rajskéw and Stojkowo, Kolobrzeg District and
Naruszewo, Plofsk District) were studied. A micro-invasion LA-ICP-MS (Laser Inductively
Coupled Plasma Mass Spectrometry) was used for determinining lead isotope ratios in silver. The
data obtained were evaluated using statistical methods which allowed reliable isotopic ratios in
inhomogeneous alloy to be obtained. In order to study the provenance of silver, the obtained
lead isotope ratios in the artefacts were compared with those of silver deposits. The use of
SEM-EDX allowed the tracing of morphological changes and the measurement of quantitative
elemental composition of coins, raw silver and jewellery according to technological traits.
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INTRODUCTION

During three years (2014-2017) a project was carried out that focused on attempts
at defining the provenance of silver in Polish coins and West Slav jewellery discovered
in deposits — hoards from 10th and 11th century Poland. The material from selected
Polish hoards underwent analytic studies by elemental and lead isotopic ratio deter-
mination. This paper discusses results obtained for 60 coins, 26 jewellery artefacts and
25 pieces of raw silver. The coin assemblage contained Saxon deniers of Otto and
Adelaide (10 items), cross deniers (3 items) from the Stuszkéw hoard and Polish coins
— Palatine Sieciech’s deniers (10 items from the Stuszkéw hoard), different varieties of
cross deniers (27 items from the Jastrzebniki and Stuszkéw hoards). Furthermore,
dirhams (10 items) from the As-Sas, Madin and Andaraba mints from the Nowa Obra
and Zalesie hoards were studied. The jewellery finds come from the Rajskéw, Stuszkéw
and Stojkowo hoards. Raw silver “cakes” were part of the Kalisz-Dobrzec and Jastrzgb-
niki hoards, while bars were present in the Naruszewo hoard.

The use of non-invasive scanning electron microscopy with X-ray microanalysis
(SEM-EDX) provided information about the elemental composition and structural
characteristics in relation to technological aspects of the finds. However, the main goal
of this project was to reveal the origin of silver which is connected with the study of
lead isotope ratios as “fingerprints” of the artefacts and silver ores. The micro-invasive
Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS; e.g.
Dziunikowski 1998; Gale and Stos-Gale 2000; Pariczyk ez al. 2015) was used to deterime
lead isotope ratios. Until know only Pariczyk et al. (2015) have published results of
a provenance study on medieval silver coins from Poland. However, in this work
a different statistical approach was used than in the present paper. What Panczyk
et al. did was collect a series of isotopic data for one artefact and then average them.
In our study we propose a new innovative approach consisting of taking into account
all the measurement results per one artefact and then their statistical calculation, chiefly
with the use of linear discrimination models. This eliminates improper historical infer-
ence being a result of the average of the measurements’ value. The lead isotope inho-
mogeneity of a given artefact is an effect of several factors: I. use of re-melted metal
from other artefacts (e.g., dirhams: Eniosova and Mitoyan 2011; Eniosova 2009; Merkel
2016) II. use of several ores and/or one ore which may be characterised by isotopic
inhomogeneity (see Fig. 1); I1I. the use of lead from different places in the cupellation
process (Merkel 2016). Therefore, one and the same artefact may display more than
one lead isotope ratio value.

The origin of the silver which was in use in early medieval Poland is still largely
unknown. There is literature and finds data that suggest the acquisition of ore from
Germany (Harz Mountains), Czech and Slovak deposits, as well and Polish ores from
the Dabrowa Gérnicza region (e.g., Rozmus and Bodnar 2004; Rozmus 2014;
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Fig. 1. Literature lead isotope data of ores presented as a***Pb/>**Pb and *7Pb/>**Pb

Garbacz-Klempka and Rozmus 2015; Merkel 2016). Furthermore, artefacts form the
Middle East, especially dirhams, could have been used for re-melting (Merkel 2013,
2016; Eniosova and Mitoyan 2011; Eniosova 2009). The composition of hoards and
loose finds show that silver reached Poland in the Early Middle Ages in three phases.
To the end of the 10th century (Phase 1) there is a prevalence of oriental silver, that is
Arab dirhams (Bubnova 1963; Burikov 1965, 1974; Dekéwna 1971: 496—487; Cowell
and Lowick 1988). In the second half of the 1oth century, Western European coins
became more frequent in Poland. Then, the inflow of German coins prevails due to
the discovery of silver deposits in the Harz region (Jammer 1952: 62; Suchodolski 1971: 22).
The third phase is related to the period of rule of Bolestaw Krzywousty (1107-1138)
when raw silver dominates in hoards.

Generally, until now only basic issues concerning the attribution of silver artefacts
(Kiersnowski 1960) are known. There is a direct relationship between coinage and
authority in medieval Poland. Therefore, the study of such archacological material
must also take political issues into consideration (Suchodolski 1973; 2012). In the light
of research results, one of the most interesting types of coins are the cross deniers with
peculiar thickened edges (Kedzierski 1998; Kedzierski er al. 2011). These have been
regarded as silver coins until now.

An interesting phenomenon in early medieval Poland is the presence of raw silver
ingots, so-called “cakes”. These finds are considered to be specific only for Poland
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Fig. 2. LDA results for selected ores group (2 parametrs: ***Pb/>*°Pb i **’Pb/***Pb, 6 grups). These
deposits are historically significant in the analysis of the provenance of European artefacts.
The data show a good separtaion by LDA model

(Rozmus and Tokaj 2009; Kedzierski 2011; Rozmus 2014; Garbacz-Klempka and Roz-
mus 2015; Kedzierski and Wyczétkowski 2017). Such a type of silver artefacts are dis-
covered in some Scandinavian hoards, especially from Swedish Scania and these are
obviously of Polish origin. On the other hand, typical Scandinavian raw silver, repre-
sented by bars, often provided with so-called pecks, appears in Polish deposits (Duczko
2002). Both types of raw silver were studied during our project.

Jewellery is a separate issue. The large assemblage of material recovered mainly
from silver hoards— one of the largest groups of this kind of material in Europe —
consists of female ornaments dominated by artefacts decorated with granulation and
filigree (Duczko 1985). Typologically, they have late antique roots and they represent
art developments within the former Roman province of Pannonia, reaching the
highest level in the first Slav state of Great Moravia in the 9th century. After the fall
of Moravia at the beginning of the 1oth century, its jewellers moved to the rising
Czech state of the Premyslids and to the east, to Swedish Rus (Duczko 2018). Orna-
ments produced in eastern and especially in western workshops can be found in
Polish hoards. Such ornaments also appear in Scandinavian hoards (Stenberger 1958;
Duczko 1972; 1985).
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METHODOLOGY

The methodological approach is based on non- and micro-invasive techniques,
which is a necessary trait in studies on archaeological finds.

Micro-invasive LA-ICP-MS allows the determination of lead isotope ratios in arte-
facts. Measurements were carried out using an ELAN 9ooo Inductively Coupled
Plasma Mass Spectrometer (Perkin Elmer SCIEX, Canada: www.perkinelmer.com)
equipped with an LSX-200" laser ablation system (CETAX, USA: www.cetax.com).
The LSX-200* combines a stable environmentally selected 266 nm UV laser (Nd-YAG,
solid state, Q-switches) with a high sampling efficiency, variable 1 to 20 Hz pulse
repetition rate and maximum energy up to 6 mJ/pulse. A NIST 981 reference standard
material was used for quantitative determination of lead isotope concentrations with
a standard deviation (SD)<0.1%. For each artefact n=40 measurements were carried
out with SD<3% in series. Such sampling provided information about silver inhomo-
geneity. All obtained data were statistically processed in such a manner.

Morphological changes of the artefacts” surface were registered by scanning electron
microscopy (SEM) as secondary electron (SE) images. Then, the elemental composi-
tion of such selected micro-areas was determined by X-ray microanalysis (EDX) up
to a 4 pm depth for silver-copper alloy. For each micro-area at least n=3 measurements
were carried out. Measurements were done using a Carl Zeiss EVO MA1o Scanning
Electron Microscope equipped with an EDAX X-Flash Detector soro with a 123 eV
spectra resolution (Zeiss Poland; www.zeiss.com) and provided with a Bruker Quantax
200 Esprit 1.9 system for analyses of EDX spectra. The image analysis was carried out
using a secondary electron detector (SE) with a resolution up to 2.0 nm. Other parame-
ters were the following: accelerating voltage 20 keV; measurement time: 120 s,
LLD=o.1wt%. The current and field magnification was adjusted to the type of mor-
phology of each studied surface. Quantitative analysis was done using the non-pattern
method with an error <3% for main elements and <20% for trace elements below rwt%.

The results of the elemental composition and lead isotope ratios obtained were
processed using statistical methods, such as Linear Discriminant Analysis (LDA) and
Principal Component Analysis (PCA). A supplementary method was Kernel Density
Estimation (KDE) which allowed us to obtain a 3D model of lead isotopic ratio dis-
tribution in artefacts (e.g. Baxter 2003, 2016; Everitt and Hothorn 2011; see Fig. 3).

RESULTS AND DISCUSSION

Assessing the provenance
Fig. 1 offers a linear presentation of the results of lead isotope ratios for geological
ores. **Pb/**Pb and **7Pb/>**Pb ratios were taken into consideration. The deposit isotope
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data was mainly obtained from the literature (Hatz e# /. 1991; Chiaradia e al. 2006;
Pavlova and Borisienko 2009; Merkel ez al. 2013; Ettler et al. 2015; Merkel 2016). These
authors used an invasive mass spectrometry technique which produced averaged results
in the sampling stage. Samples from Pomorzany and Olkusz mines were examined in
the course of the project. Moreover, a sample from Dabrowa Gérnicza-Losien (Rozmus
2014) was also analysed. In this case, the results are similar to those for the Pomorzany
and Olkusz project samples, but are significantly at variance with the trend shown in
Fig. 1. Therefore, only the data from the literature data eventually used in our prove-
nance study. What is important, until now there is still a lack of an adequate data base
(like OXALID: http://oxalid.arch.ox.ac.uk/, access on 25 April 2019) containing iso-
topic data for deposits which are important for the circulation of silver in the discussed
period. Bearing this in mind, our provenance study based on available literature data
has a pioneering character. Further provenance studies should be successively extended
in relation to new available data and it is a matter of utmost importance to set up
a freely available lead isotope data base.

Fig. 2 offers LDA (Kulczycki 2005; Smit and Semrov 2006) lead isotope ratio
distribution for the discussed ores. Both Figs. 1 and 2 demonstate that there is a sig-
nificant overlap in isotopic values for various ore deposits.

Fig. 1. shows that taking into account all literature data in a study of provenance
of silver artefacts may be a source of confusion in further provenance studies This is
due to the fact that isotopic “fingerprints” for deposits from different regions are similar
or overlap. According to the results of the LDA analysis, group allocation, i.e., a rela-
tively good isotopic separation is shown by deposits from Rammelsberg (85%), Uzbek-
istan (53%), Afghanistan (91%), Kyrgyzstan (80%) and China (67%). The largest degree
of isotopic heterogeneity is exhibited by deposits from the areas of Freiberg, Ober-
lausitz, Upper Harz and Mongolia. Therefore, in further provenance investigation,
only ore groups presented in Fig.2 as a LDA transformation were used.

As regards the LDA separation data presented in Fig. 2, the LDA allocation in
groups in Fig. 2 is better after the removal of three strongly overlapping sets of data
(Gammersham, Oberlausitz/Buchberg and Upper Harz) and ores from China, Mon-
golia and Kyrgyzstan which was used only to provenance study of dirhams. Namely,
after the selection, the OlkChrzPom deposits shows an improvement from 40 to 100%,
Kutna Hora/Pribram from 20 to 40%, Freiberg from 31 to 35%, and Rammelsberg
from 85 to 96%. There is no change for Uzbekistan (53%), while the classification for
Afghanistan improves from 91 to 94%. Only in the case of the Polish deposits (OlkChrzPom),
Rammelsberg and Afghanistan, is the separation satisfactory. The deposit from Freiberg
is the least homogeneous. Therefore, any provenancing classifications to this deposit
are to be treated with care. The same applies to the Kutna Hora deposit.

Figs. 3 and 4 offer examples of the results obtained during the study on detailed
isotopic variation in artefacts. An example of the lead isotope ratio distribution
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including all n=40 measurements in one artefact can be seen in Fig. 3. Similar inho-
mogeneous isotope distributions were observed in all studied finds and this fact is
connected with the possibility of use of different substrates and processes in silver
production described in the introduction to this paper.

Due to the inhomogeneous lead isotope characteristics of the silver artefacts it is
necessary to use statistical tools to interpret these results. Two approaches can be pro-
posed. In the first one, the most probable value can be applied as a lead isotope ratio
indicator. For example, in Fig. 3:b for ***Pb/***Pb it is the maximum value of 0.054
with error FWHM-=0.003, while for >°*Pb/>**Pb it is the maximum value of 2.083 with
error=0.211. This approach allows us to obtain one measurement value per artefact
with an error corresponding to the FWHM for a series of n-measurements, as it can
be seen in Fig. 3. Unfortunately, this does not take lack of homogeneity of alloys into
consideration (see peaks with lower intensity in Fig. 3:b), and this inhomogeneity may
be a result of the use of various sources and deposits. Besides, as it can be seen in Fig. 4,
the coins alloy demonstrates (as it was the case with the deposits), a significant degree
of lead isotope ratio overlapping.

Therefore, it seems appropriate to include into the calculation all measurement
results obtained for one artefact. Then, the LDA analysis can classify this data to
deposit values. In this way, we do not lose information about the possibility of use
of several deposits and sources in the manufacturing process of artefacts by means of
re-melting. In addition, we also take into consideration the isotope inhomogeneity of
the ore deposits, which is shown in Figs. 1 and 2.

Tab. 1 presents LDA provenance study results obtained for Polish and Saxon coins,
raw silver (cakes) and jewellery. The LDA analysis of the detailed isotopic variability
in the group of Polish and Saxon coins seems to imply that they are made from metal
coming from the same source (see Tab. 1). Furthermore, it is not possible to separate
subgroups of silver sources in coin types which originate from these countries.

As can be seen in Tab.1, the dirhams from Northern Afghanistan (from the
Andaraba and Madin mints) and dirhams from mints in Uzbekistan (the As-$as mint)
fit very well within the deposit data available in literature (Merkel ez al. 2013). A sig-
nificant part of coin and jewellery silver is constituted by Central Asian bullion. On
the other hand, the silver in these artefacts was also smelted from German (Fr, Ram)
and Polish ores (OCP). In the coins and jewellery the share of the Czech ores (KHP)
is slight which is in contrast to the raw silver. Cakes are mainly made of silver from
Czech (25%) and Polish (33%) deposits, which is consistent with their identification
as local semi-finished products (Rozmus 2014; Garbacz-Klempka and Rozmus 2015).
However, they were not semi-products for the manufacture of the artefacts studied in
the course of this project.
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Table 1. Correlation matrix (LDA) for a set of artefacts and deposit data. Explanations: “no match”
— no reliable allocation for the deposit group, lack of lead isotope data; the geological ores:
KPH - Kutna Hora and Pribram; Fr — Freiberg, Ram — Rammelsberg, OCP — Olkusz Chrzanéw
Pomorzany, U — Uzbekistan, A — Afghanistan, M — Mongolia, K — Kyrgyzstan, Ch — China.

(%) ne KHP Fr Ram | OCP U A M K Ch
match

Saxon coins 17 1 13 12 9 26 22 — —

Polish coins 18 1 10 2 10 27 22 - -

Raw silver g

(cakes) 33 25 1 33 - - - -

Jewelleries 19 2 I 2 8 25 24 - - -

Dirhams ¢ S 6

(from N. Afgh.) 40 B B B B ? 5 4

Dirhams 6

(from Uzb.) 79 - - - - ! 2 - - 3

Elemental composition analysis

During the elemental composition study of the coins, the following types could
be distinguished: (i) coins from Asia (dirhams) with significant contents of lead up to
20%wt and bismuth up to 10%wt in micro-areas, (ii) typical coins with the main alloy
components: silver up to 80%wt and copper up to s%wt, and (iii) coins with element
concentration anomalies on the surface that are characterised by an enrichment of
copper and zinc in the coin core. This occurs in the case of cross deniers with thickened
edges. Fig. s offers a distribution of the main elements in individual coin groups.

The results obtained during the present project are similar to those reported by
Hensel for finds from the Ostréw Lednicki hoard (Hensel 2013). As can be seen in
Figs. 5 and. 6, Otto and Adelaide deniers (OA) and dirhams show copper enrichment
while Polish cross deniers demonstrate a higher content of zinc in the surface. This
phenomenon is related to technological aspects of minting of cross deniers (Mista and
Gojska 2015; Mista ez al. 2016). Namely, corrosion loss was observed for some variants
of cross deniers (CNP 813, 858 and 860) in the SEM—SE image. In these micro-areas a higher
content of copper and zinc was observed. This indicates that that Polish cross deniers
and also Palatine Sieciech’s coins (as reported Kedzierski 1998) may have copper-based
cores with addition of zinc.
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Fig. 5. PCA (correlation) results for silver, copper and zinc concentrations in different type of coins.

Fig. 6 presents the main elements’ distribution in the silver alloy of different types of
artefacts. Silver (Ag), copper (Cu), lead (Pb) and zinc (Zn) concentrations (wt% norm.)
were taken into account in the studied types of artefacts.

For raw silver, we observed elemental concentration anomalies for the cakes. The
SEM-EDX results show that the surface of some artefacts from this group is enriched
in lead. There are micro-areas with a lead content up to ca. 67wt%. In the cross-sections
of these artefacts, the lead content is ca. 6wt%, which is considerably higher than in
the case of the coins and jewellery under study. This fact can suggest that lead surface
enrichment in the form of oxides represents the remnants of an unfinished process of
silver extraction from galena deposits (Garbacz-Klempka and Rozmus 2015). Moreover,
the alloy of the cakes lacks a copper addition which also indicates that these were
semi-finished products for the smelting of pure silver (Ashkenazi ez a/. 2017; Garbacz-
-Klempka and Rozmus 2015). As can be seen in Fig. 6, the bars are characterised by
a different alloy with higher contents of zinc and copper.

During the SEM-EDX study of the jewellery, two technological areas were selected
— the base alloy exposed on the surface, as well as areas of granulation and soldering.
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Fig. 6. Silver (Ag), copper (Cu), lead (Pb) and zinc (Zn) concentrations (wt% norm.)
in the studied types of artefacts.

The latter has a different elemental composition, which is related to technological
aspects. The soldering region shows copper enrichment related to a higher oxygen
content and sometimes to the presence of low-melting elements such as antimony
(Sb). The high oxygen content indicates the use of thermal treatment in the soldering
process while the copper content in the solder may indicate the use of chemical bonding,
such as the chrysocolla process (Duczko 1985; Demortier er al. 1999; Ashkenazi et al.
2017; Mista-Jakubowska ez /. 2019).

CONCLUSIONS

The present study on silver artefacts provides some clues for understanding silver
circulation in early medieval Poland. A detailed analysis in terms of elemental com-
positions is a very difficult task. This is primarily due to the lack of homogeneity of
the alloys and geological ores and also to a different production technology of each
type of silver artefacts: jewellery, coins and raw silver ingots. The data collected during
the project is still undergoing statistical processing. Since the analysed finds were
produced by a series of anthropogenic actions (extraction of raw metal, recycling,



252 | Ewelina A. Mista-Jakubowska, Renata Czech Blotiska, Wiadystaw Duczko, Aneta M. Gdjska ...

alloying with other metal) their structures are heterogeneous in the micro-scale. Thus,
the obtained average elemental composition may be burdened with uncertainty (Liu
et al. 2018). Therefore, the results should be analysed using advanced statistical methods
without averaging results.

On the other hand, it can be said that some key information has been obtained
during the research. The Polish and Saxon coins are made from the same silver source,
which was based mainly on ores mined in Afghanistan, Uzbekistan and Germany.
Furthermore, copper-based cores covered with silver sheets were discovered in the cross
deniers. The same technology may have been used in the minting of Palatine Sieciech’s
deniers (Kedzierski 1998). Concerning their elemental and isotopic composition, North
Afghanistan dirhams from Madin and Andaraba mints are similar. As is reported in
the literature, ores from Panjhir Valley were used in their manufacture (Cowell and
Lowick 1988). All dirhams are characterised by higher content of copper, bismuth and
lead in micro-areas of the surface. This indicates a low degree of mixing and admixture
extraction. Furthermore, mainly Central Asian silver was used in the manufacture of
the jewellery, as it has been reported by other scholars (Eniosova 2009; Eniosova and
Mitoyan 2011; Merkel 2016). This metal may also have come from re-melted dirhams.
A significant contribution was also made by Germany deposits located in Freiberg and
Rammelsberg. The elemental composition and surface morphology study allowed to
conclude that the ornamentation on the surface of the jewellery was made with the
use of chemical soldering (Duczko 1985; Mista-Jakubowska ez al. 2019). The cakes
called raw silver are characterised by different isotopic and elemental composition than
the other artefacts studied. The results confirm the supposition that these are local
semi-finished products, final products of extraction and the cupellation process from
the ores. They lack copper admixture with a higher content of lead and their isotopic
composition corresponds to Polish and Czech ores.
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