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Abstract 18 

This paper represents the first systematic Pb isotope investigation of Italian Medieval coins and aims 19 

to provide new parameters for a general historical interpretation of coin production and circulation in 20 

Medieval Europe. We collected more than one hundred specimens, minted in a period between 9th - 21 

14th centuries AD and coming mostly from archaeological sites of Tuscany. Here we report the results 22 

on the oldest group of (44) coins, dated between the end of the 9th and 11th centuries. All coins where 23 

previously characterized with handheld X-ray fluorescence (pXRF) analysis and lead isotope 24 

composition (PbIC) was performed using an MC-ICP-Mass Spectrometer. The Carolingian coins 25 

have PbIC compatible with Melle silver district; the few Carolingian coins possibly minted in Italy 26 

(Venice and Milan) are also compatible with ore districts such as Melle and Harz Mountains. Coins 27 

in the names of Italian rulers (9th-10th century) from Lucca, Pavia and other uncertain mints show 28 

PbIC compatible with Melle, Black Forest and the Harz Mountains as well. A quite similar pattern 29 

applies to coins in the names of Otto I-III and Conrad II (10th-11th century) from Lucca and Pavia 30 

mints, although they show a better overlap with the Harz Mountains. The vast majority of early 31 

medieval coins issued by the Italian mints investigated in the present paper show isotope 32 

compositions that do not match with silver (lead-copper) mines from the Colline Metallifere district 33 

of southern Tuscany, notwithstanding their exploitation in the considered period is suggested by many 34 

settlements located near mining sites. 35 

 36 
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1. Introduction 41 

The aim of this research is to investigate mechanisms and evolution of the economic growth of central 42 

and northern Italy in the Middle Ages through the characterization of metal provenance in coins by 43 

means of Pb isotope analysis. This is the focus of the ERC-Advanced European project (nEU-Med; 44 

www.neu-med.unisi.it), from which this study has developed, and differs from previous research 45 

primarily focussed on documentary sources (Franceschi, 2017). This study has been developed from 46 

a multidisciplinary project based on archaeological findings that involves archaeologists, historians, 47 

numismatists, archaeometrists, geomorphologists, archaeobotanists, zooarchaeologists, 48 

anthropologists, chemists and computer scientists (Bianchi and Hodges, 2018; 2020). The studied 49 

period ranges from the Early Middle Ages up to the 12th century, when municipal cities gained 50 

independence and the main trade routes had been gradually recovered.  51 

We report data from a Tuscan sample area that can be usefully compared to the results from other 52 

areas of central and northern Italy. The territory under investigation corresponds to a large portion of 53 

Western and southern Tuscany, the Colline Metallifere district (Fig. 1), which is well known from 54 

numerous research projects undertaken over the last thirty years that have focused upon 55 

archaeological and historical issues such as mining deposits and natural resources (Bianchi, 2010; 56 

Bianchi et al., 2012; Dallai and Francovich, 2005; Bianchi et al., 2013; Bianchi and Rovelli, 2018). 57 

The Colline Metallifere district possesses important base and precious metal ore deposits that fed a 58 

long-living mining and metallurgical industry. These were certainly exploited since Copper Age 59 

(Artioli et al., 2016a) up to the 1970s for the production of copper, lead, silver and iron (Benvenuti 60 

et al., 2014). 61 

 62 

The nEU-Med project poses economic growth as one of its main goals, so the study of silver coin 63 

minting and monetary circulation in central-northern Italy is a theme of particular relevance.  64 

The aim of this work is to try to relate the numismatic evidence with the minting activity and the 65 

possible supply of raw metals.  66 

Written sources about mines are often fragmentary and mostly focussed on late medieval times 67 

(mainly 11th - 12th AD); they mention only three mining districts existing on the territory of Regnum 68 

Italiae (Rovelli, 2004): Trentino (the Mt. Calisio mine), Tuscany, and later Lombardy (the Ardesio 69 

mine).  70 

From the point of view of the numismatic sources, scholars had often argued about the rarity of Italian 71 

coin findings, the scarce ad irregular activity of mints and the rarity of hoards, especially for the 72 
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Carolingian period (Rovelli, 2012a; Coupland, 2011). It is worthwhile to remember that the Lucca 73 

mint, which during the Lombard period had a significant production of gold tremisses, and which lies 74 

quite near the Colline Metallifere district, declined significantly and almost ceased production 75 

between the end of 8th and the first half of 10th AD with the arrival of the Franks and the introduction 76 

of the silver denairus (Saccocci, 2013). 77 

To explain the reasons of this apparent paradox it is of primary interest to trace the provenance of 78 

silver struck at Lucca during the second half of the 10th, when, during the Ottonian period, the activity 79 

of the mint was to become more regular, although the volume of its issues continued to be low 80 

(Matzke,1993). 81 

We need to bear in mind that also the Ottonian coins found in Tuscany (as elsewhere in Italy and 82 

north of the Alps) are mainly issued by the palatine mint at Pavia (Benvenuti et al., 2018). The coins 83 

analysed in the present paper represent an exception, thanks to the many samples from National 84 

Archaeological Museum of Florence that kindly provided us with a good selection of coins minted 85 

both in Lucca and Pavia. What were the causes of this weak coin production in central Italy?  What 86 

was the role of the local silver-bearing mines in ensuring coin production and when did these mining 87 

activities begin? Do we need to hypothesise the re-use of hoarded silver or the contribution of metal 88 

from non-local mines? 89 

In order to answer some of these questions, we measured the lead isotopic composition (PbIC) of 90 

silver coins produced by northern and central Italy mints (especially Pavia and Lucca) found during 91 

the last thirty years of archaeological excavation in southern Tuscany (mainly Colline Metallifere 92 

area). As mentioned before the question is closely connected with times and methods of ore 93 

exploitation in the Colline Metallifere, especially with silver production, for which there is written 94 

and archaeological information for the period between 10th- 14th centuries but an almost total silence 95 

for the early medieval period (Bianchi, 2018). In fact, there seems to be a contradiction between this 96 

late chronology of silver exploitation, and the presence of sites in the Colline Metallifere territory 97 

(Rocca San Silvestro, Rocchette Pannocchieschi, Cugnano,) between the 8th and 10th centuries 98 

(Francovich, 1991; Grassi 2013, Bruttini et al., 2009, Bianchi et al., 2012). All these sites lie near the 99 

main Cu-Pb-Fe (Ag) ore occurrences, but no evidence of metal working before the late 10th century 100 

has been so far reported (Mascaro et al., 1995; Benvenuti et al., 2014).  101 

 102 

We collected more than 120 specimens, minted in a period between 8th - 14th cent. AD and coming 103 

from archaeological sites of Tuscany recently investigated. An exceptional number of coins came 104 

from the key site of Vetricella (Fig.1), recently excavated, that produced 21 coins belonging to the 105 

early Medieval period (9th-11th centuries) (Rovelli, 2020). Here we report the results on the oldest 106 

group of coins, dated between the end of the 9th and 11th centuries.  107 
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It is important to bear in mind that the 44 samples analysed in the present paper (and more specifically 108 

the 21 specimens from Vetricella site) are undoubtedly unique in the panorama of archaeometric 109 

analyses of Carolingian and Italian kings' coins found in Tuscany and more general in Italy. In 110 

Tuscany, in fact, have been found just over 100 pieces of coins of this period coming from nineteen 111 

different sites; almost 60 specimens come from two or possibly three, hoards (see table A1 for 112 

details). This paper thus represents the first systematic archaeometric investigation of Italian 113 

Medieval coins, and one of the few among European coeval contexts (Hatz et al., 1991;Téreygeol et 114 

al., 2005; Sarah et al., 2008; Merkel, 2016). Its aim is providing parameters for a general historical 115 

interpretation of coin production and circulation in Medieval Europe. 116 

 117 

2. Lead isotope analyses on medieval coins: potential, limits, and sampling strategy  118 

Lead isotopic analysis is the most widely used archaeometric tool for tracing the provenance of metals 119 

employed for the production of artefacts. Both lead isotopic measurements of metallurgical 120 

experiments in the laboratory (e.g. smelting and cupellation of argentiferous galena from 121 

Rammelsberg mine) and of Athenian silver tetradrachms minted from Laurion silver ores confirmed 122 

that Pb does not undergo measurable isotopic fractionation by smelting or cupellation (Stos-Gale and 123 

Gale, 2009 and references therein). This means that silver produced from smelting and cupellation of 124 

lead-bearing ores will have lead isotope ratios that reflect the ore used (Brill and Shields, 1972; Stos-125 

Gale and Gale, 2009). So far, PbIC (lead Isotope Composition) has been widely employed to 126 

investigate the provenance of ancient (mostly Roman) coins (Attanasio et al., 2001; Brill and Shields, 127 

1972; Desaulty et al., 2011; Klein et al., 2004; Ponting et al., 2003). 128 

The main limits of the method lie in the inevitable overlap of the PbIC fields of lead-silver ore 129 

deposits. Since the PbIC of a given deposit depends on its geological history and evolution, its 130 

isotopic composition may in some cases be unique, but it is very likely that more than one deposit, 131 

located in different parts of the world, will have a similar PbIC, such that their compositional fields 132 

overlap (Brill and Shields, 1972; Gale and Stos-Gale, 2000). This means that PbIC rarely gives a 133 

positive identification of the provenance of a given metal. An isotopic mismatch between an object 134 

(metal) and deposits clearly allows negative statements, but the overlap does not give a positive 135 

assignment, it can only suggest a number of possible sources and reliably exclude others. For this 136 

reason, the archaeological and historical evidence for silver production must also be taken into 137 

account in order to produce a positive confirmation of provenance (Baron et al., 2014). One of the 138 

advantages in this study is that the PbIC of polymetallic ores from southern Tuscany (Colline 139 

Metallifere – Campiglia Marittima) is strongly different from most other silver-rich deposits of 140 

central-western Europe (France, Germany, Czech republic, Slovakia…) and Italy (Trentino Alps), 141 

which were exploited for silver in Medieval times. Thus, if only silver from southern Tuscany had 142 
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been employed for coinage in Tuscan and/or Italian mints it should be easily traceable. Otherwise the 143 

great similarity of the PbIC of the many central-western Europe metalliferous districts makes it very 144 

difficult to distinguish the provenance among them. 145 

Further sources of ambiguity are mixing, alloying and refining, which may all impact the lead isotope 146 

composition. The small amount of lead in the silver may have become mixed during recycling (Gale 147 

and Stos-Gale, 2000) or even reflect a different source if the silver was refined through the cupellation 148 

process with imported lead, as was demonstrated by the jarosite ore and slags from Rio Tinto 149 

(Anguilano et al., 2010; Anguilano, 2012; Birch et al., 2020; Craddock, 1995, Westner et al., 2020). 150 

A brief characterization of European mines included in our database and the age of their exploitation 151 

is summarized in Appendix B. 152 

Very few data of Pb isotope composition of silver medieval coins are reported in literature (Guénette-153 

Beck and Serneels, 2010). All the published samples coeval to our set of coins are included in our 154 

database for comparison (Hatz et al., 1991;Téreygeol et al., 2005; Sarah et al., 2008; Merkel, 2016). 155 

Coins were mainly sampled from castles, monasteries, inland and coastal plain sites (Fig. 1a): the 156 

castles of Donoratico (Bianchi, 2004), Miranduolo (Valenti, 2008, Cicali, 2008); the village of San 157 

Genesio (Cantini, 2008; 2010); the monastery of S. Pietro a Monteverdi (Francovich and Bianchi, 158 

2006); the Pieve of Pava (Campana et al., 2008); and the site of Vetricella (Marasco, 2013). Few 159 

samples came also from Abbadia San Salvatore (Cambi and Dallai, 2000). 160 

Significant samples of Carolingian coins have been analysed thanks to a collaboration with a private 161 

collector (PV), including samples from mints in present-day France, while many coins attributed to 162 

Otto II are from the National Archaeological Museum of Florence (NAMF). 163 

The sampled sites are summarized in figure 1a; mining districts and mints are shown (with coin 164 

issues) in figure 1b. 165 



 

6 

 

 166 

Figure 1 – a) Location of sampled sites of coins investigated in the present work; b) Location of mints 167 

with a list of investigated coin series and main mining districts included in the lead isotope database. 168 

 169 

3. Analytical methods 170 

 171 

Before lead isotope measurements all coins were characterized with a handheld X-ray fluorescence 172 

(pXRF) analysis to determine the major and minor elements composition. The instrument and its 173 

laboratory station were moved to Florence and Pava museums reducing any movement of the coins. 174 
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We used pXRF both to check the amount of lead in the coins to select the most suitable materials for 175 

the isotopic Pb analysis, as well as to have also a semi-quantitative chemical composition of the alloy 176 

that enabled us to create a compositional data-base of all the coins sampled, especially for those 177 

conserved and held in the museums which would not have been available for more detailed, but semi-178 

destructive, analysis.  179 

The instrument used is an Olympus Delta Premium Innov-X spectrometer, equipped with an X-ray 180 

tube of 40kV, 4W and 200 μA, Rh anode, a large area SDD detector for the analysis, available at the 181 

Department of Biotechnology, Chemistry and Pharmacy of the University of Siena. Six analyses for 182 

each coin (three for each side) were acquired in precious metals mode, with an acquisition time of 40 183 

s. The position of the spot was carefully chosen through a camera built into the instrument trying to 184 

avoid the main alteration patinas. 185 

Micro-samples (usually < 0.5 mg) were taken using a sterile scalpel from the edge of the coin without 186 

altering the inscription and weight of the coin. The sampled area is visible only for few months before 187 

silver natural re-oxidation. The samples were analysed for lead isotopes at the laboratory of the 188 

Institut für Geologie, at the University of Bern, using an MC-ICP-MS Nu Instruments™. The samples 189 

were dissolved in concentrated nitric acid. The Pb was purified with cation exchange resins, as 190 

detailed in Villa (2009). Thallium was added to samples prior to mass spectrometer analysis to correct 191 

for instrumental mass fractionation. Numerous measurements of the NIST SRM 981 international 192 

standard were carried out during analysis, to estimate the degree of analytical accuracy. The measured 193 

PbIC was indistinguishable from that reported in the literature (Rehkämper and Mezger, 2000). 194 

 195 

4. Results and discussion 196 

All analysed coins and their PbIC are reported in table 1. 197 
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 198 

sample 

identification 
site/collection name 

coin 

denomination 
authority mint age 

Ag 

wt%   
±2σ 

Cu 

wt% 
±2σ 

Pb 

wt%   
±2σ 

206Pb/ 
204Pb 

±2σ 
207Pb/ 
204Pb 

±2σ 
208Pb/ 
204Pb 

±2σ 

coin 1 San Genesio 32648 Dernier Charlemagne Tours 793/4-812 96.9 0.5 0.3 0.04 0.8 0.08 18.365 0.001 15.653 0.001 38.492 0.002 

coin 2 PC MC 300 Denaro Louis the Pious Milan ? 822-840 94.3 0.4 4.5 0.4 0.7 0.02 18.566 0.001 15.655 0.001 38.597 0.005 

coin 3 PC MC 805 Denaro Louis the Pious Venice ? 822-840 93.4 0.7 5.6 0.7 0.5 0.01 18.498 0.001 15.660 0.001 38.560 0.003 

coin 4 Pava 1976 (19) Obol Louis the Pious Milan? 822-840 94.5 0.4 4.0 0.4 0.7 0.03 18.493 0.003 15.660 0.003 38.568 0.007 

coin 5 PC MC 120 Denaro Louis the Pious Milan ? 822-840 95.0 1.8 3.6 1.3 0.6 0.02 18.496 0.003 15.650 0.003 38.457 0.008 

coin 6 PC MC 180 Dernier Charles the Bald Melle 840-864 98.1 0.3 1.2 0.2 0.3 0.03 18.483 0.001 15.672 0.001 38.572 0.004 

coin 7 PC MC 75 Dernier Charles the Bald Blois 864-877 97.6 0.1 1.2 0.1 0.2 0.08 18.487 0.001 15.669 0.001 38.574 0.004 

coin 8 San Genesio 12006 Dernier Charles the Bald Orleans 864-877 54.5 1.0 37.0 0.9 0.8 0.03 18.477 0.001 15.660 0.001 38.518 0.002 

coin 9 PC MC 50 Dernier Charles the Bald St. Denis 864-877 97.0 0.2 1.5 0.1 0.4 0.08 18.492 0.002 15.665 0.002 38.573 0.005 

coin 10 
Pava 1265 (20) 

Denaro 
Berengar I Milan 

898-900 / 

902-915 93.6 2.5 4.3 2.8 0.6 0.05 18.496 0.001 15.659 0.001 38.639 0.003 

coin 11 
Vetricella  

CSN09 Q G9 US215 

sf 19 Denaro 
Berengar I 

Pavia 

898-900 / 

902-915 73.4 8.0 23.0 7.8 0.4 0.09 18.401 0.001 15.651 0.001 38.548 0.004 

coin 12 
Vetricella  

CSN09 Q G9 US215 

sf 18 Denaro 
Berengar I 

Pavia 

898-900 / 

902-915 71.1 2.4 24.0 2.8 0.5 0.09 
18.504 0.002 15.657 0.001 38.601 0.003 

coin 13 
Vetricella  

CSN09 Q G8 US118 

sf 52 Denaro 
Berengar I 

Pavia ? 

898-900 / 

902-915  42.0 3.3 55.5 3.5 0.3 0.04 18.501 0.001 15.659 0.001 38.604 0.003 

coin 14 
Vetricella  

CSN11 Q G9 US190 

sf 152b Denaro 
Berengar I 

Pavia ? 

898-900 / 

902-915  47.3 6.6 48.7 6.7 1.0 0.08 18.607 0.001 15.666 0.001 38.705 0.004 

coin 15 
Vetricella  

CSN11 Q G9 US190 

sf 152a Denaro 
Berengar I 

Pavia 

898-900 / 

902-915  48.1 3.3 48.2 3.0 0.5 0.12 18.516 0.001 15.659 0.001 38.629 0.004 

coin 16 
Vetricella  

CSN16 Q G9 US190 

sf 94 Denaro 
Berengar I 

Pavia ? 

898-900 / 

902-915  55.4 4.6 42.2 4.3 0.6 0.06 18.492 0.001 15.658 0.001 38.582 0.004 

coin 17 
Monteverdi 

MU06 A2500 

US2502 Denaro 
Berengar I 

Pavia ? 

898-900 / 

902-915 67.2 3.4 24.3 3.5 1.3 0.03 
18.513 0.002 15.651 0.001 38.617 0.003 

coin 18 

Abbadia San 

Salvatore 
ASS 07 US9 

Denaro 
Berengar I 

Pavia 915-924 94.4 0.2 3.4 0.2 0.8 0.10 18.488 0.001 15.653 0.001 38.554 0.004 

coin 19 
Vetricella  

CSN16 Q G8 US 

118 sf 104 Denaro 

Hugo and 

Lothair II   Pavia 
931-947 

76.5 7.3 20.8 7.3 0.9 0.07 18.502 0.002 15.653 0.002 38.608 0.005 

coin 20 
Vetricella  

CSN09 Q G9 US194 

sf 20 Denaro 

Hugo and 

Lothair II   Pavia 
931-947 

95.9 1.0 1.7 1.2 0.3 0.08 18.485 0.001 15.655 0.001 38.599 0.004 

coin 21 
Vetricella  

CSN16 Q F9 US118 

sf 109 Denaro 

Hugo marquise 

of Tuscany          Lucca 

986ca -

990ca 75.2 2.4 16.7 1.4 1.1 0.04 18.451 0.001 15.647 0.001 38.527 0.004 

coin 22 Donoratico 7614 Denaro Otto I Pavia 962-967 93.0 0.4 3.2 0.2 1.3 0.03 18.463 0.003 15.656 0.003 38.555 0.007 

coin 23 
Vetricella  

CSN16 Q H11 

US416 sf 107 Denaro 
Otto I - Otto II    

Pavia 
962-967 

76.4 4.3 20.8 4.1 0.6 0.05 18.574 0.002 15.647 0.002 38.643 0.004 



 

2 

 

coin 24 

Vetricella  

CSN18 QH8 

US3048 SET III 

SF636 Denaro 

Otto I - Otto II    

Lucca 

962-967 up 

to 983 
97.2 0.1 0.9 0.1 0.6 0.02 

18.518 0.001 15.677 0.001 38.709 0.002 

coin 25 
Vetricella  

CSN11 Q G7 US 

301 sf 153 Denaro 
Otto I - Otto II     

Lucca 
962-967 

68.8 13.0 26.9 11.9 0.2 0.03 18.595 0.002 15.673 0.001 38.750 0.004 

coin 26 
Vetricella  

CSN09 Q E10 

US207 sf 24 Denaro 
Otto III  

Pavia 
983-1002 

77.8 7.4 18.5 6.6 1.0 0.02 
18.456 0.003 15.643 0.002 38.516 0.006 

coin 27 
Vetricella  

CSN 17 US 1318 sf 

235 Denaro 
Otto II  

Pavia 
973-983 

93.2 1.2 3.6 1.1 0.8 0.02 18.473 0.001 15.656 0.001 38.568 0.004 

coin 28 
Vetricella  

CSN 17 US 1318 sf 

235b Denaro 
Otto II  

Pavia 
973-983 

92.0 0.3 3.1 0.3 0.4 0.01 18.545 0.001 15.660 0.001 38.646 0.003 

coin 29 NAMF 34956 Denaro Otto II Lucca 973-983 94.7 0.4 3.4 0.4 0.7 0.02 18.429 0.001 15.623 0.001 38.460 0.004 

coin 30 NAMF 34953 Denaro Otto II Lucca 973-983 91.3 2.5 6.4 1.8 0.6 0.02 18.446 0.001 15.648 0.001 38.560 0.003 

coin 31 NAMF 34952 Denaro Otto II Lucca 973-983 85.3 1.3 10.7 1.8 0.4 0.02 18.507 0.002 15.659 0.001 38.635 0.004 

coin 32 NAMF 34951 Denaro Otto II Lucca 973-983 91.4 1.4 7.2 1.1 0.2 0.01 18.428 0.001 15.628 0.001 38.498 0.004 

coin 33 NAMF 34954 Denaro Otto II Lucca 973-983 79.6 6.1 15.7 6.1 0.7 0.10 18.453 0.001 15.646 0.001 38.542 0.008 

coin 34 NAMF 34955 Denaro Otto II Lucca 973-983 89.2 3.4 8.7 3.1 0.5 0.02 18.520 0.006 15.648 0.005 38.622 0.012 

coin 35 Vetricella CSN11 US 0 sf 150 Denaro Otto II Pavia 973-983 88.0 3.1 7.4 2.3 0.6 0.04 18.417 0.004 15.627 0.003 38.448 0.007 

coin 36 
Vetricella 

CSN18 QE8 US0 sf 

659 Denaro 

Otto III 

(minority) 
Lucca 983-996 82.4 6.2 

15.4 6.1 0.5 0.04 
18.581 0.002 15.669 0.002 38.783 0.005 

coin 37 

Abbadia San 

Salvatore 
ASS 07 US15 

Denaro 
Otto III Pavia 983-1002 

93.1 1.6 5.7 1.8 0.6 0.04 18.394 0.001 15.631 0.001 38.391 0.002 

coin 38 Vetricella CSN11 US 0 sf 151 Denaro Conrad II  Lucca 1027-1039 87.1 9.0 10.0 8.5 1.1 0.06 18.383 0.015 15.650 0.012 38.512 0.041 

coin 39 Vetricella CSN05 Q2079 Denaro Conrad II  Lucca 1027-1039 76.5 3.2 19.4 3.0 1.8 0.14 18.463 0.001 15.651 0.001 38.577 0.004 

coin 40 
Vetricella 

CSN16 Q H9 US550 

sf 120 Denaro 
Conrad II  

Lucca 
1027-1039 

91.9 0.2 6.5 1.1 0.4 0.05 18.372 0.001 15.630 0.002 38.387 0.006 

coin 41 
Vetricella 

CSN18 sett. IV US 0 

SF 660 Denaro 
Conrad II  Lucca 1027-1039 

54.8 1.2 42.7 1.2 1.0 0.20 18.481 0.001 15.657 0.001 38.615 0.003 

coin 42 Miranduolo 274 Denaro Conrad II  Lucca 1027-1039 90.1 0.3 8.0 0.3 1.0 0.05 18.393 0.001 15.646 0.001 38.494 0.004 

coin 43 Miranduolo 278 Denaro Conrad II  Lucca 1027-1039 82.2 6.6 15.7 6.8 1.3 0.07 18.641 0.003 15.682 0.002 38.820 0.005 

coin 44 Pava 1289 (21) Denaro Conrad II  Lucca 1027-1039 89.4 1.8 8.0 1.8 1.5 0.07 18.457 0.001 15.649 0.002 38.563 0.005 

 199 

Table 1 – Analysed coins, mean composition and lead isotope composition. 200 
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4.1. Carolingian coins (8th-9th centuries) 201 

This set of coins includes samples from private and Museum collections (San Genesio, Pava). For the 202 

sake of clarity their Pb isotope analyses have been plotted in three separate diagrams and compared 203 

with compositional fields of ores from Melle, Massif Central (France); Rhenish Massif (Germany); 204 

Tuscany; Black Forest, Erzgebirge (Germany-Czech Republic); Italian Alps; Austria; Harz 205 

Mountains (Germany); northern Tuscany (Apuane Alps) and southern Tuscany (Figs. 2, 3 and 4). 206 

The coins of this period comprise four coins of Louis the Pious (including one obol from unknown 207 

mint), and three denari presumably from Italian mints. The obol (coin 4) and the coeval denaro 208 

possibly minted at Venice (coin 3) are compatible with both Melle and Harz Mountains ores (Figs. 2 209 

and Fig. 4). 210 

The other two coins 2 and 5, possibly minted at Milan in the name of Louis the Pious do not fall 211 

within the Melle compositional field, but - like many other denari of Louis the Pious from the Italian 212 

mints of Venice and Pavia (cf. Sarah et al., 2008) - they fall in a broader area of the diagram with a 213 

partial overlapping with ores from the Black Forest and Harz Mountains districts.  214 

The four Carolingian coins in the name of Charles the Bald from the mints of Melle, Blois, Orléans 215 

and Saint Denis (coins 6-9: Table 1) are clearly compatible with the Melle district. Although these 216 

coins are isotopically compatible also with other European mines like the Harz Mountains, it is highly 217 

likely that Melle is the source of silver, on the bases of Pb isotope analyses of Carolingian and most 218 

Merovingian coins from the Cabinet des Médailles de la BnF (Téreygeol et al., 2005: data reported 219 

in figure 2). Intense exploitation of Melle silver mines during the Merovingian and Carolingian 220 

empires is clearly confirmed by archaeological data (Téreygeol 2007; Téreygeol, 2013). 221 

The dernier of Charlemagne from Tours (793/4-812), (coin 1 in Table 1), the earliest coin analysed 222 

here, does not match with Melle ores but could be isotopically compatible with Massif Central or 223 

Italian Alps/Trentino districts (Fig. 3). The provenance of the silver of this coin remains uncertain, as 224 

there is no clear evidence of exploitation for the latter mining regions during this period (see 225 

Appendix B). It is worth noting that there is only one coin of this type. Moreover, the sample could 226 

be also the result of recycling of previous or foreign silver coins or objects.  227 
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 228 

Figure 2 - 207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) diagrams for 229 

Carolingian coins from the present work and from the literature, and Melle, Massif Central, 230 

Pyrenees, Rhenish Massif-Eifel, southern Tuscany ore districts. Symbols employed for coins are 231 

larger than analytical error bars, not reported in diagrams. Coloured polygons are employed for 232 

each mining district, they do not have any statistical meaning but simply enclosed all lead isotope 233 

(LI) data reported in literature as illustrated in Appendix B. Literature data of Carolingian and 234 

Merovingian coins from Téreygeolet al., 2005; Louis the Pius coins from Sarah et al., 2008. 235 



 

3 

 

 236 

Figure 3 - 207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) diagrams for 237 

Carolingian coins and Austria, Black Forest (dashed line Wiesloch ores/slags), Erzgebirge and 238 

Italian Alps ore districts (references in Appendix B). Literature data of Carolingian and Merovingian 239 

coins from Téreygeol et al., 2005; Luis the Pius coins from Sarah et al., 2008. 240 
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 241 
Figure 4 - 207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) diagrams for 242 

Carolingian coins, Harz Mountains, Apuane Alps and southern Tuscany ore districts (references in 243 

Appendix B). Literature data of Carolingian and Merovingian coins from Téreygeol et al., 2005; 244 

Louis the Pius coins from Sarah et al., 2008. 245 
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4.2. Coins from Italian kings and marquesses (9th-10th centuries)  246 

This set of coins comprises nine coins attributed to Berengar I from mints of Milan and probably 247 

Pavia, (Rovelli, 2020). Most of these coins have been found at the Tuscan coastal site of Vetricella 248 

(recently excavated during the nEU-Med project) which returned 21 denari datable to the period 249 

between Berengar I and Conrad II.  250 

The PbICs of most Berengar coins (898-900/902-915?) are quite similar (except for coins 11 and 14, 251 

see below) and closely cluster in a restricted area of the diagrams (Figs. 5-7). Their distribution only 252 

partially overlaps with the Melle field (Fig. 5) (coins 10, 16, 18), but it seems to better fit with other 253 

silver districts like the Black Forest or the Harz Mountains (Figs. 6-7). 254 

Coin 11, on the other hand, could be isotopically compatible either with France ores of Massif Central, 255 

German ores of Black Forest and Harz Mountains, while coin 14 only with Massif Central and Black 256 

Forest. 257 

The two rare coins of Hugo and Lothair II (931-947) from Pavia (coins 19 and 20 in Table 1) are 258 

clearly superimposed on the large group of Berengar I coins and are thus partially compatible with 259 

Melle or better with both the Black Forest and Harz Mountains districts. 260 

The rare coin in the name of Hugo marquess of Tuscany (or Hugo the Great) minted in Lucca at the 261 

end of 10th century (coin 21 in Table1) shows a PbIC that overlaps with the Melle, the Black Forest 262 

and Harz ore districts. 263 

Among these districts, Melle appears to decline in the 10th century; thus, a provenance from this area 264 

is probable only for coins minted up to the middle-end of this century (Téreygeol, 2013). On the other 265 

hand, a provenance from the Massif Central seems less probable for this set of coins, since 266 

exploitation of the Pb-Ag Mont-Lozère mine (southern Massif Central) should have started not earlier 267 

than the end of 10th century (Baron et al., 2006). 268 
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 269 

Figure 5 - 207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) diagrams for 270 

coins of Italian rulers and Melle, Massif Central, Pyrenees, Rhenish Massif-Eifel, southern Tuscany 271 

ore districts (references in Appendix B). The PbIC of Melle lead bars and silver coins belonging to 272 

the 9th-12th centuries have also been reported for comparison in figure (Téreygeol et al., 2005). 273 
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 274 

Figure 6 - 207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) diagrams for 275 

coins from Italian rulers and Austria, Black Forest, Erzgebirge, Italian Alps ore districts (references 276 

in Appendix B). 277 
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Archaeological data regarding the Black Forest mines apparently exclude a provenance of silver 278 

from this district, since there are some evidence of Roman production this region possibly resumed 279 

in the Carolingian period but the main archaeological evidence of mining remains and radiocarbon 280 

dates ranging from the late 10th to the 12th centuries (Hildebrandt, 2012; Steuer, 1993).  281 

Differently many traces of Pb-Ag exploitation during the 9th century are concentrated in the Wiesloch 282 

region (Hildebrandt, 1993), whose PbIC is isotopically incompatible (see figure 5) (PbIC data from 283 

Ströbele et al., 2015). 284 

A provenance from the Harz Mountains is possible, since production increased in the 9th century 285 

probably due to the organization and control of mines first by the Carolingians and later by the 286 

Ottonians (Klappauf et al., 1991). 287 

Other mining districts sporadically exploited during 9th-10th centuries, like Spain or Anatolia (see 288 

Appendix B), are not isotopically compatible with the analysed coins.  289 

As illustrated also for the previous Carolingian coins from Italian mints, all these coins issued by 290 

Italian rulers in the Italian mints of Pavia, Milan and Lucca show isotope composition that do not 291 

match with Italian silver mines presumably exploited in medieval times. 292 



 

9 

 

293 
Figure 7 - 207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) diagrams for 294 

coins of Italian rulers and, Harz Mountain, Apuane Alps, Samanid Dirhams (Merkel, 2016) and 295 

southern Tuscany ore districts (references in Appendix B). 296 
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 297 

4.3.Coins in the names of Otto I-III and Conrad II (10th-11th centuries) 298 

The largest group of coins analysed so far (coins 22 to 37 in Table 1) consists of sixteen denari in the 299 

name of Otto (I-III), coined in the mints of Pavia (7 coins) and Lucca (9), datable to the period 300 

between AD 962 and 1002.  301 

Most of the coins (except for coins 25 and 36) are concentrated in a rather narrow compositional field 302 

(Figs. 8-10), regardless of the mint which they come from. This field happens to overlap with many 303 

ore fields of central-western Europe, in particular Melle, the Black Forest and Harz Mountains, which 304 

should be considered as potential source areas. 305 

The denari in the name of Otto are isotopically very close to two contemporary coin series (the 306 

Sachsenpfennige, 950-1000, and the Otto-Adelheid-Pfennige, 985-1040) minted by Otto I–III in 307 

Saxony, probably in Magdeburg and Goslar (white and green triangles in figure 10) in the Harz massif 308 

(cf. Merkel, 2016). Most of the latter German coins (with very few exceptions illustrated in the upper 309 

part of figure 10) have a chemical and isotopic composition compatible with the mines of northern 310 

Harz (see figure B3 in the Appendix), where there is contemporary archaeological evidence of silver 311 

production. It is thus likely that these denari were produced with metal mined from the Harz 312 

mountains (Merkel 2016).  It is reasonable to suppose that coins struck in Italian mints in the same 313 

period by the same sovereigns were made from Saxon silver as well. 314 

One possibility is that coins were produced using recycling previous coins, or using silver looted from 315 

outside the Ottonian empire. Several authors contend that at the end of 9th there was a significant 316 

change of silver routes in the north east of Europe which is indicated by the huge amounts of dirham 317 

coins (or “Kufic” silver) found in Scandinavian silver hoards and settlements (Blanchard, 2001, 318 

Kilger, 2008, Spufford, 1988). This evidence is connected with the Samanid Empire expansion 319 

between the 9th-10th centuries AD and the issuing of large quantities of silver coins. Since these 320 

dirhams coins were not generally found in coeval German and west Europe hoards it was commonly 321 

thought they could have been reused and recycled during the Ottonian dynasty (Spufford, 1988). This 322 

hypothesis is exhaustively discussed by Merkel (2016) who analysed the PbIC of many Samanid 323 

dirhams. The latter are reported also in figure 10. PbIC data evidently demonstrate that the present 324 

Ottonian coins from Italian mints are incompatible with a predominant use of recycled Samanid 325 

silver. Notably, samples from northern Afghanistan have high bismuth concentrations between 0.4 326 

and 14 wt% (Merkel, 2016), whereas the present coin collection mostly contain < 0.4 wt% bismuth. 327 

 328 
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 329 

Figure 8 - 207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) diagrams for 330 

Otto and Conrad II coins and Melle, Massif Central, Pyrenees, Rhenish Massif-Eifel and southern 331 

Tuscany ore districts (references in Appendix B). 332 
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The seven denari in the name of Conrad II (1026-1039), from the Lucca mint, except for coin 43, all 333 

contain characteristics plot close to the deposits in Saxony1. 334 

In general, most coins belonging to this group (Ottonian dynasty and Conrad II) do not appear to 335 

show clear Pb isotopic footprint referable to the Italian peninsula, neither from southern Tuscany nor 336 

from Italian Alps (Calisio, Ardesio mines). As to the latter mines, this evidence is in agreement with 337 

written sources documents attesting that these ores were exploited only from the late 11th-12th century 338 

(Menant, 1987; Ciurletti, 1997). However, at least three settlements were built in the 8th-10th centuries 339 

in the Colline Metallifere district, in close proximity to ore deposits, already known in the antiquity 340 

since the Chalcolitic (Francovich, 1991; Bruttini et al., 2009; Bianchi et al., 2012; Grassi 2013). This 341 

might suggest a recovery of mining activity already in the Early Middle Age.  342 

A footprint possibly related to Tuscan ores is observed in three coins 25, 36, 43 (in the names Otto I, 343 

Otto III, Conrad II, respectively and possibly also coin 14 ascribed to in the name of Berengar I) with 344 

characteristics which plot neither in the main fields of European deposits nor in that of southern 345 

Tuscany. Instead their PbIC falls midway between the field of southern Tuscany and the field of the 346 

European deposits, which suggests that Tuscan silver was sporadically mixed with Saxon metal. 347 

Evidently, if silver was mined in this period in southern Tuscany, it was scarcely employed for the 348 

production of coinage. 349 

 350 

 
1
 Most of these data are hypothetically compatible also with some English ores (see Appendix B); 

note Tylecote’s (1986) statement “Britain was mainly a silver importer at all times”, PbIC of Britain 

ores have been not reported in diagrams (see Appendix B for details). 
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 351 

Figure 9 - 207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) diagrams for 352 

Otto coins and Conrad II coins and Austria, the Black Forest, Erzgebirge, Italian Alps ore districts 353 

(references in Appendix B). 354 
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 355 
Figure 10 - 207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) diagrams for 356 

Otto and Conrad II coins and Harz Mountain, Apuane Alps, and southern Tuscany ore districts 357 

(references in Appendix B). Literature data of Samanid dirhams, Sachsenpfennige, Otto-Adelheid-358 

Pfennige and Archbishop Colonia coins from Merkel, 2016; Otto-Adelheid-Pfennige from Hatz et al., 359 

1991 360 
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It would now appear that some lead taken from the mines of this territory was employed for local 361 

purposes (e.g., production of glazes: Fornacelli et al., 2020). It is interesting that recent Pb isotope 362 

analyses of local glazed ware found in the Donoratico castle (a coastal site very close to the Colline 363 

Metallifere district) and dated to the 9th century (Briano and Sibilia, 2018) clearly indicate two distinct 364 

sources of lead in the glaze: the Colline Metallifere district and a "foreign" source, isotopically 365 

compatible with several ore districts form central-western Europe (e.g. Melle, Harz Mountains and 366 

Rhenish Massif). Most of the glaze samples from Donoratico lie along a clear mixing line connecting 367 

southern Tuscan ores to the central-western Europe mining districts, suggesting the mixing of Pb 368 

batches of both local and "foreign" sources (Fornacelli et al., 2020). The reuse of semi products or 369 

wastes from the silver/lead production chain, for the manufacture of glasses, even coming from very 370 

distant sources, has been already mentioned in Carolingian times. As illustrated by Gratuze et al., 371 

(2014) PbIC confirms that lead slag from Melle were reused for the production of a great numbers of 372 

glass pebbles (or smoothers) that circulates in the late Carolingian times all over Europe up to 373 

Novgorod in Russia. It is then not surprising that glaze samples produced at Donoratico, could have 374 

also reemployed some lead semi-products from other European sources. 375 

From our results it emerges between 8th and the middle of 11th century AD silver used for coinage 376 

circulating in southern Tuscany, either minted in Italy (Milan, Venice, Pavia, Lucca) or abroad 377 

(France), come from silver-bearing districts of central-western Europe. It is not clear, at this stage of 378 

the archaeological research, in which forms (ingots, row metals, coins or other forms of treasures to 379 

be recycled) silver was circulated to royal mints, but Italian mints mostly produced coins with silver 380 

from central-western Europe.  381 

It seems, therefore, that the southern Tuscany district, and in particular the Colline Metallifere area, 382 

was not mined for silver in this period of time. It could be surmised that the extraction of silver from 383 

these ores required rather sophisticated metallurgical skill and as a result did not occur. As illustrated 384 

in Appendix B, the Colline Metallifere Cu-Pb-Fe (Ag) ores are mostly characterized by galena, 385 

chalcopyrite, sphalerite associated with variable amounts of silver-bearing minerals, mainly fahlerz 386 

(tetrahedrite-tennantite) with up to 2% silver, pyrargirite, proustite; the silver content of galena 387 

appears to be negligible (Domnori, 2013; Benvenuti et al., 2019). It is therefore possible that silver 388 

extraction from these complex ores implied a multi-step smelting process (that need to make large 389 

additions of lead in the silvery copper which leads to a very strong lengthening of the cupellation 390 

phase) so that silver recovery was not feasible and/or economically too expensive.  391 

Otherwise, we can suppose only a very limited and sporadic extraction of silver from the Colline 392 

Metallifere district (probably from the end of 10th as suggested by coins 14, 25, 36, 43) but its 393 

employment and mixing in the mints with more abundant metal from Europe mines inevitably 394 

obliterated the PbIC signature thus limiting the archaeometric record.  395 
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 396 

5. Conclusions 397 

Lead isotope analyses of 44 early Medieval coins found in southern Tuscany, mainly minted in the 398 

Italian mints of Pavia and Lucca, allow us to make inferences about the provenance of silver 399 

employed for coinage. 400 

Both early (8th cent. AD) and late Carolingian coins (first half of the 9th century AD) found in southern 401 

Tuscany, including those minted in Italy (Venice and Milan), have PbIC compatible with ore deposits 402 

from central-western Europe (Melle or other Frankish silver ore districts, maybe also the Harz 403 

Mountains). 404 

Coins in the names of Italian rulers (9th-10th century) mainly from Pavia and Lucca mints similarly 405 

point to source areas of silver compatible with Melle, Black Forest and the Harz Mountains districts.  406 

A very similar pattern applies to coins in the names of Otto I-III and Conrad II (10th-11th century) 407 

from Pavia and Lucca mints. The cluster of data points are slightly shifted in the PbIC diagrams 408 

relative to earlier coins and show a better overlap with the Harz Mountains than with Melle. 409 

In general, the vast majority of early medieval coins (9th-11th AD) issued by the Italian mints and 410 

investigated in the present paper show isotope compositions that do not match with Italian silver-411 

bearing ores in the Colline Metallifere, notwithstanding the making of settlements and fortifications 412 

near mining sites suggesting some exploitation occurred in this period (Bianchi, 2018). 413 

Only four silver coins (in the names of Berengar I, Otto I, Otto III, and Conrad II) have isotopic 414 

compositions midway between the fields of central-western Europe and southern Tuscany. This could 415 

point to sporadic mixing of silver from both sources at least from the 10th century. 416 

The analysed silver coins were minted from metal coming from mines of central-western Europe. 417 

Due to the long-distance transportation issues, it is likely that silver reached the mints in Italy as a 418 

metal and not as ore. However, it is not possible to determine in what form (raw metal, ingots, older 419 

coins or other types of metallic artifacts).  420 

The present lead isotope analyses of coins suggest a highly centralized administration of silver used 421 

for minting during the Carolingian, especially Ottonian period and partly Salic dynasties. This 422 

hypothesis therefore introduces a scenario of considerable complexity that implies a more in-depth 423 

critical analysis of the economic relations between Italy and the heart of the Frankish and Ottonian 424 

empires, together with a discussion of the economic and management strategies of mining resources 425 

by these central powers. Addressing this type of analysis is beyond the scope of the present 426 

contribution, which focuses on the detailed presentation of the provenance analyses of the raw 427 

materials used for coins, a preliminary and essential objective of the numismatic task of the nEU-428 

Med project. Because of their complexity, the results of these analyses will be discussed in subsequent 429 

articles with a more marked historical-economic approach. 430 
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Regarding the role of mineral resources in the Colline Metallifere, PbIC of the analysed coins does 431 

not support the significant employment of silver from the Colline Metallifere area for coinage in the 432 

imperial and royal mints. It is therefore probable that polymetallic (Cu-Pb-Fe±Ag) resources were 433 

exploited for local use only production. During the 9th century, for example, local lead sources were 434 

certainly employed for the production of Pb-rich sparse glazed ware produced at Donoratico 435 

(Fornacelli et al., 2020). A different pattern of metal procurement is exemplified by the iron objects 436 

found in the fortified costal site of Vetricella. This royal property, founded around the 8th-9th centuries 437 

AD, evolved during the 10th century as an important centre for the control and management of the 438 

territory and its productive activities. Its role is testified by the large quantity of finds and by the high 439 

number of coins that have been discovered in the site (even if the abundance of coins might also be 440 

viewed as a dispersed hoard). The metal objects, especially iron, were probably produced in the 441 

surrounding territory with local iron and stored in the fortification (Bianchi and Hodges, 2020). The 442 

polymetallic resources of the Tuscan Colline Metallifere were evidently employed for various 443 

purposes different from coinage in Early Medieval times. Further analyses of later coins from Tuscan 444 

mints, still in progress, may clarify the history of the subsequent use of Tuscan silver. 445 
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Carolingian and Italian kings' coins found in Tuscany 466 

 467 

site 
type of 

recovery 

coin 

denomination 
authority mint age 

Nr. of 

coins 
bibliography 

Colle del Pionta, 

Arezzo  
single find denaro Otto (I,II, III?) Lucca  962-1002 1 Gianazza, 2021 

Cosa, Grosseto 
single find denaro Otto I Emperor Pavia 962-973 1 

Buttery, 1980 
single find denaro Otto III Emperor Pavia 983-1002 1 

Donoratico, Livorno single find denaro Otto I Emperor Pavia 962-967 1 unpublished 

Filattiera, Massa-

Carrara 
single find denaro Berengar II and Adalbert Pavia 951-961 1 Saccocci, 2010 

Galli Tassi, Lucca hoard 

denaro Ugo di Arles King of Italy Venice 926-947 2 

Saccocci, 2001, 

2002 

 

denaro Lothair II King of Italy Pavia 945-950 2 

denaro Berengar II and Adalbert Pavia 951-961 1 

denaro 
Otto I Emperor and Otto II 

King 
Pavia 962-967 14 

denaro 
Otto I Emperor and Otto II 

King 
Lucca 962-983 4 

denaro Otto I Emperor Magonza 962-973 1 

Gorfigliano, Lucca single find denaro Otto III Emperor Pavia 983-1002 1 
Baldassarri, 
2004 

Gronda di 

Luscignano, Massa-
Carrara 

single find denaro Otto II Emperor Pavia 947-983 1 Davite, 1988 

Piazza S. Giusto, 

Lucca 
single find denaro Otto III Emperor Milan 983-1002 1 Saccocci, 2019 

Miranduolo, Siena 
single find denaro 

Otto I Emperor and Otto II 

King 
Pavia 962-967 1 

unpublished 

single find denaro Conrad II Lucca 1027-1039 3 

Monteverdi 

Marittimo, 

Monastero di S. 
Pietro, Pisa 

single find denaro Berengar I 

Unspecified 

mint 

(Pavia) 

898-900/902-915 1 unpublished 

Pieve di Pava, Siena 

single find obol Louis the Pious Milan 822-840 1 

Arslan, 2004 

single find denaro Berengar I Milan 890-902 2 

single find denaro Ugo di Arles King of Italy Pavia 931-947 1 

single find denaro Berengar I Pavia -------- 1 

single find denaro Conrad II Lucca 1027-1039 2 

Pieve a Nievole, 

Pistoia 
hoard 

denaro Christus Imper, type Venice 1002-1027 21 
Saccocci, 2003 

denaro Henry III Pavia 1039-1056 5 

Poggio Cavolo, Siena single find denaro 
Otto I Emperor and Otto II 

King 
Pavia 962-983 2 

Vaccaro and 

Salvadori, 2006 

Aulla, San Caprasio, 
Massa-Cassara 

single find denaro Ugo di Arles King of Italy Venice 926-931 1 

Arslan, 2006 

single find denaro Berengar II and Adalbert Pavia 951-961 1 

single find denaro 
Otto I Emperor and Otto II 

King 
Pavia 962-967 2 

single find denaro Otto III Emperor  Pavia 996-1002 2 

single find denaro Conrad II Milano 1026-1039 1 

single find denaro Conrad II Lione 1032-1039 1 

San Genesio, Pisa 
single find denaro Charlemagne Tour 793-794/812 1 

unpublished 
single find denaro Charles de Bald Orleans 864-877 1 

San Pietro ad Asso, 
Siena 

single find denaro Conrad II Lucca 1027-1039 1 Rovelli, 2012b 

San Quirico di 

Populonia, 
Monastero, Livorno 

single find denaro Conrad II Lucca 1027-1039 1 Cicali, 2016 
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Scarlino, Grosseto single find denaro 
Otto I Emperor and Otto II 

King 
Lucca 967-983 1 Rovelli, 1996 

Verticella, Grosseto 

Hoard? 

denaro Berengar I 
Unspecified 
mint 

(Pavia) 

898-900/902-915 3 

Rovelli, 2020; 

Marasco and 
Cicali, 2020 

denaro Berengar I Pavia 
898-900/902-

915(?) [902-907] 
3 

denaro Hugh of Arles and Lothar II Pavia 931-947 1 

single find denaro Hugh of Arles and Lothar II Pavia 931-947 1 

single find denaro 
Otto I Emperor and Otto II 
King 

Lucca 962-967 1 

single find denaro Otto II Emperor Pavia 973- 983 2 

single find denaro 
Otto I Emperor and Otto II 

King 
Pavia   3 

single find denaro Otto III (minority) Lucca 983-996 1 

single find denaro Otto III (?) Pavia 983-1002 (?) 1 

single find denaro Hugo, marquis of Tuscany Lucca 986-c.990  1 

single find denaro Conrad II Lucca 1027-1039 4 

Total finds 106  

Table A1 – Summary of Carolingian and Italian kings' coins (9th - first half of 11th cent.) found in 468 

stratigraphic contexts and hoards of Tuscany. 469 

 470 

APPENDIX B 471 

 472 

Mining districts included in the PbIC database 473 

Southern Tuscany 474 

Metal deposits of southern Tuscany (Colline Metallifere area) are mostly characterized by Cu-Pb-Zn 475 

(Ag) vein bodies associated with late-Apenninic tectonic lineaments and emplaced by magmatic-476 

meteoric hydrothermal fluids in the late stage of the Apenninic orogeny (Lattanzi et al., 1994). Two 477 

main areas of southern Tuscany show occurrences of silver bearing ores which could have been 478 

exploited in Medieval times: the first near Massa Marittima and the second near Campiglia Marittima. 479 

Ore district includes several Cu-Pb-Zn (Ag) ore occurrences among which the silver richest are those 480 

among Massa Marittima like Montieri, Cugnano and Rocchette castles. Following Pratellesi (1984) 481 

the mineralizations in the Montieri area occur generally as small ore veins and stockworks; main ore 482 

mineralogy includes: galena, argentian tetrahedrite, sphalerite, pyrite and chalcopyrite in a calcite-483 

rich gangue with gypsum, fluorite and quartz.  The main silver carriers are fahlerz ores (tetrahedrite-484 

tennantite) with up to 2% silver and other minerals like pyrargirite-proustite, the presence of 485 

argentiferous galena generally mentioned in ancient papers is more probably due to small pyrargirite-486 

proustite inclusions within galena (Domnori, 2013; Benvenuti et al., 2019) 487 

Isotope data from: Chiarantini et al., 2018; Lattanzi et al., 1997; Stos-Gale et al., 1995. 488 

 489 

Apuane Alps 490 

Others silver mines in Tuscany are those located in the northern part of the region, near the Apennine 491 

Ridge, and so called Apuane Alps. Silver occurrences are mainly due to pre presence of silver bearing 492 

galena veins at Tambura mine associated with hematite ores, but exploited only in 16th century 493 

(Mascaro et al., 1991), and the Pb–Ag–Zn ore deposits associated with tourmalinite (D’Orazio et al., 494 

2016 and reference therein) of the Bottino–Gallena-Argentiera area where the first traces of silver 495 

exploitation dates back to 11th century. 496 

Isotope data from: D’Orazio et al., 2016; Lattanzi et al., 1992. 497 

 498 

Italian Alps 499 
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Several small silver mines are mentioned scattered along the whole Italian Alps and a fully exhaustive 500 

description of all them is far behind the purpose of this paper. A general description of main copper-501 

polymetalllic ore of Italian Alps and their lead isotope composition is provided by Artioli et al. 502 

(2016b), Giunti (2011), Nimis et al. (2012). Some of the more famous Alpine silver mines, like those 503 

of Auronzo (Veneto) have been included in the database, even if they have been exploited mostly 504 

from late Medieval or later times (www.minda.org). 505 

Some silver occurrences that are mentioned to be possibly exploited in early Medieval times are those 506 

of Carnic Alps (Monte Avanza) firstly mentioned in 8th century AD and later deeply exploited in 13th-507 

14th centuries under Venice Republic (Zucchini et al., 1998). 508 

Following Rovelli (2004), written fragmentary sources mention two mining districts along Italian 509 

Alps: Ardesio mine (Lombardy) and Mt. Calisio mine (Trentino). 510 

The Ardesio-Gorno mining district (Val Seriana) is characterized by several Zn- Pb-(Ag) and fluorite-511 

barite ore bodies. The Gorno deposit represents one of the numerous carbonate hosted base-metal ore 512 

concentrations of the Alpine chain, also known as “Alpine-type” Zn-Pb mineralizations (Leach et al., 513 

2003). The economically most significant deposits are those of Raibl, Salafossa, and Gorno (Italy) in 514 

the southern Alps, and Bleiberg (Austria) and Mežica-Topla (Slovenia) in the Northern Alps (Leach 515 

et al., 2003; Schroll 2005; Köppel and Schroll, 1988). The Ardesio mine was exploited between the 516 

late 12th and the mid 13th century AD (Menant, 1987). The first mention of the valley date back to a 517 

diploma dated 774, with which Charlemagne donated lands from the imperial domain located in Val 518 

Camonica, Val Seriana and Val di Scalve to the Abbey of Saint-Martin de Tours. This document is 519 

often cited but it does not contain any reference to the existence of silver veins. Charlemagne probably 520 

did not donate "the silver mines" but, more simply, the above mentioned valleys (Rovelli, 2004). 521 

Sulphide-bearing ores of Trento area include silver-rich Pb–Zn–Cu mineralization exploited at 522 

several phases since the Middle Ages up to 1964, when the last mine of Calceranica was closed. 523 

Sulphide deposits are widespread in the area as attested by massive veins (dominated by pyrite) 524 

observed in Calceranica and the polymetallic veins (pyrite, galena, sphalerite, chalcopyrite with Bi 525 

Ag sulphides) at Erdemolo lake and Cinque Valli. Early Triassic magmatism, induced further 526 

remobilization and formation of ore deposits (galena, sphalerite, pyrite, chalcopyrite, tetrahedrite, and 527 

barite) as observed in the Werfen formation outcropping at Mt. Calisio and Maso Furli (Lavis) (Artioli 528 

et al., 2016b, Bianchini et al., 2019, Nimis et al., 2012). The studies of Gianni Ciurletti (1997) 529 

however exclude the exploitation of the silver mines of Mont Calisio before the end of the 11th, 530 

except, some superficial and modest-scale interventions for the needs of a small local community. 531 

Isotope data from: Artioli et al., 2016b, Giunti, 2011, Köppel and Schroll, 1988, Nimis et al., 2012. 532 

 533 

Melle  534 

The mines of Melle in Aquitaine were perhaps the most important silver mines during the times of 535 

Merovingian kings and Carolingian emperors. The mining of argentiferous galena began probably in 536 

the 5th century AD but a massive increase in the scale of production occurred in the late 7th century 537 

AD in association with the Merovingian Empire (Téreygeol, 2007; 2013). As a result, the coinage of 538 

Melle and of Aquitaine (8th-10th centuries AD) are found over a broad geographic area from Spain to 539 

eastern Europe (Téreygeol, 2007). The exploited ore was massive galena containing from one and 540 

five per thousand amounts of silver (Coiteux, 1982). The mineralization takes place in a karst 541 

structure with Melle as the south border. Most of galena was concentrated between 2-5 metres below 542 

the ground level. Mines were exploited as open pit mining through fire-setting. The global contents 543 

of lead and silver were thus estimated as 750,000 tons of lead and 1,400 tons of silver (Téreygeol, 544 

2013). The abandonment of the mine at the end of the 10th century AD and absence of subsequent 545 

reworking of the deposit helped to preserve traces of medieval mining. The charcoal residue of fire 546 

setting extraction helps to reconstruct the chronology of mining through radiocarbon dating 547 

suggesting that mining was actively pursued between the last quarter of the 7th century AD until the 548 

end of the 9th century AD, and production declined in the 10th century AD partially due to the 549 

decreased wood supply (Téreygeol, 2013). 550 

Isotope data from Téreygeol et at., 2005. 551 

http://www.minda.org/
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 552 

Massif Central  553 

The French Massif Central hosts a number of lead polymetallic ores (Zn, Sb, Pb, Ag, Cu, Sn, W) of 554 

Permo-Triassic age generally associated to the emplacement of Hercynian granitoids or, in more 555 

general terms, to fluid circulations associated with the Hercynian orogeny. Many of them (Malines 556 

Mine, Les Borderies, Haut-Allier, Montagne Noire – Cevennes, Mont-Lozère) have been deeply 557 

exploited during 20th century mostly for Zn-Sb extraction and deeply investigated. Lead and 558 

polymetallic deposits of this area were mined in the pre-Roman and Roman periods between the 2nd 559 

century BC and the 1st century AD (Meier, 1995).  560 

Medieval mining of argentiferous galena is attested by about 70 smelting sites in the in the Mont-561 

Lozère region with radiocarbon dates ranging from the late 10th century AD to the 13th century AD 562 

(Baron et al., 2006). There is a concentration of the radiocarbon dates from the first half of the 12th 563 

century AD (Ploquin et al., 2003) and the dating of the lead-silver production might indicate that this 564 

region took over as mining operations at Melle ceased at the end of the 10th century AD. Lead-rich 565 

slag was found at 70 sites in the Mont-Lozère region dating from this period (Baron et al., 2006).They 566 

conclude from the lead isotope analysis of ore and slag from the region that galena from the mines of 567 

Montmirat and Les Bondons was the most likely ore smelted, although these mines are not the nearest 568 

to the slag heaps. It is thought that the ore was brought to the smelting sites because of the available 569 

wood supply or for political reasons (Baron et al., 2006). 570 

Isotope data from: Brevart et al., 1982; Cassard et al., 1994; Le Guen et al., 1991; Marcoux et al., 571 

1988; Marcoux and Bril, 1986; Marcoux and Picot, 1985. 572 

 573 

Other France silver mines 574 

Outside these regions other medieval mines in France are documented in the Pyrenees region with 575 

the exploitation of polymetallic or lead-silver deposits to various extents (Marcoux, 1986; Marcoux 576 

et al., 1991). In this area there is the Castel-Minier site (Aulus-les-Bains) which was one of the most 577 

important silver mines in the French kingdom during the second part of the 14th Century. The site 578 

includes both facilities related to the production of silver and iron with the beginning of the 579 

exploitation of silver deposits at the beginning of 12th century. Mining activity lasts until the 15th 580 

century. The importance of silver production and its role in the medieval economy explain why the 581 

viscount of Couserans installed the eponymous fortification. The castle is occupied and maintained 582 

as long as the mine lasts (Téreygeol, 2016). Isotope data from: Marcoux, 1986; Marcoux et al., 583 

1991. 584 

Another silver lead mine is that at L’Argentière-La Bessée, the largest mining districts of the French 585 

southern Alps (Ancel, 2010; Ancel et al., 2010). Medieval mining works were developed with 586 

opencast (over 2400 m2) and underground for nearly 2 km. Manuscripts and written sources document 587 

mining between 1150 and 1250 AD and radiocarbon dates stretch this chronology from the start of 588 

the 10th to the late 13th AD (Py et al., 2014) Isotope data from: Py et al., 2014. 589 

 590 

Rhenish Massif (Eifel, Hunsrük, Bergisches Land, Siegerland, Sauerland, Taunus) 591 

The fold-thrust-belt of the Rhenish Massif forms a major part of the northern external zone of the 592 

Central European Variscan orogen. Fluid processes causing hydrothermal mineralization can be 593 

related to four major periods of large-scale tectonic evolution, which are: pre-orogenic extension, 594 

syn-orogenic compression, late-orogenic exhumation, and post-orogenic extension (Hein and Behr, 595 

1994) with ages ranging from Middle and Upper Devonian to Meso-Cenozoic.  596 

The Rhenish Massif display a number of Pb-Zn-Cu and Ag mineralization. In the region spanning 597 

from Liege to Aachen, Trier, Cologne and Dortmund there are several mines dating to the Roman 598 

period, but mining in the there is currently little evidence of Carolingian-era mining activities. The 599 

earliest evidence of mining and smelting of lead-silver ores in the Bergisches Land region, dates back 600 

to the 11th-13th century, while in the Siegerland region the first activities can be observed as early as 601 

the 9th-10th centuries. 602 
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Historical records indicate that silver mining was active at least in the 12th and 13th centuries (the 603 

mine of Mechernich near Aachen, Lüderich, Altenberg in Siegerland, Bad Ems (Bartels and 604 

Klappauf, 2012). Many ore deposits worked by the Romans continued to be mined or were reactivated 605 

in the medieval period under the governance of the Carolingian/Ottonian/Salian sovereigns or the 606 

Archbishops of Cologne or Trier. There is evidence for mining at some localities in the Carolingian 607 

and Ottonian periods, but it is sporadic and often indirect. Some examples are: the lead-silver deposit 608 

of Lüderich (east of Cologne ) with traces of Roman mining and silver production (Bode, 2008) and 609 

probably resumed the Carolingian period (9th century) (Gechter, 2001); the Ramsbeck mine where 610 

there are evidences that medieval lead-copper-silver mining began in the 10th-11th century AD, though 611 

the first historical mention of the mine is only in the 14th century (Strassburger, 2007); and many 612 

others Pb-Ag ore occurrences (see Merkel, 2016 for further details). 613 

Isotope data from: Durali-Mueller et al., 2007, Large and Schaeffer, 1983, Krahn and Baumann,1996; 614 

Lehmann, 2011, Wagner and Schneider, 2002. 615 

 616 

Harz Mountains  617 

There are two main ore mineralizations in the Harz Mountains: Rammelsberg, which is characterized 618 

by banded fine-grained intergrowth of pyrite, chalcopyrite, galena, sphalerite, and fahlore 619 

(tetrahedrite), and the Upper Harz, which is characterized by hydrothermal veins with large crystal 620 

growths of galena, sphalerite, pyrite, chalcopyrite and fahlore (Asmus, 2012). The two deposits 621 

formed under very different geologic conditions and ages. The Rammelsberg deposit formed in the 622 

Carboniferous during the Variscan orogeny, while those in the Upper Harz are distinctly younger and 623 

formed during the post-Variscan Triassic era. Both types of deposits host silver ores, but the Upper 624 

Harz deposits are on average richer and can be easier beneficiated since characterized by pockets of 625 

mineralization and veins containing high-grade silver ore can be found (argentiferous galena – 626 

tetrahedrite) (Asmus, 2012; Stedingk, 2012). 627 

 628 

Mining in the Harz Mountains probably occurred since the 3rd century AD (Klappauf, 1989). Copper, 629 

lead, and silver were produced in the following centuries with an increase in production in the 9th 630 

century probably due to the organization and control of mines first by the Carolingians and later under 631 

the Ottonians (Klappauf et al., 1991). The first historical mentions of silver mining come from the 632 

History of the Saxons by Widukind von Corvey in 968 stating that “veins of silver were opened in 633 

the land of the Saxons”. In the same manner Thietmar of Merseburg in the early 11th century wrote 634 

that under the reign of Otto the Great (936-973 AD), “the first silver mine was established in the land 635 

of the Saxons” (Steuer, 2004). Silver mining in the Harz have often been associated with the 636 

Rammelsberg deposit, which is however primarily a copper deposit while ore deposits of the Upper 637 

Harz and western Harz were probably more important for medieval silver production (Klappauf, 638 

2011; Klappauf et al., 2008). 639 

Also the archaeological evidence in the Upper Harz indicates that Cu-Pb and silver were already 640 

produced in the 9th century (Alper, 2003) and the sharp increase of silver mining in the 10th century 641 

may have been a result of the combined efforts of Ottonian emperors and ecclesiastic administration 642 

in Magdeburg.  643 

In the settlement of Badenhausen were found remains of smelting and cupellation dating to the 9th -644 

10th century (Brockner et al., 1989; Klappauf, 1993).  645 

Isotope data from: Hatz et al., 1991; Lehmann, 2011; Lévèque and Haack, 1993. 646 

 647 

Erzgebirge 648 

Most of the base metal deposits in the Erzgebirge are hydrothermal polymetallic (Pb-Zn-Cu-Ag-Sn-649 

Co) sulphide-vein mineralizations (Baumann et al., 2000; Niederschlag et al., 2003). The Saxonian 650 

Erzgebirge is famous for its rich silver deposits, which were mined in the High and Late Middle Ages. 651 

The first historical mentions of silver ore at Freiberg date to around 1168 AD (Schwabenicky, 2011), 652 

a time when the development of mining laws started a period of intensive colonization in the region 653 
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(Asrih, 2013). Archaeological evidence of silver metallurgy is attested in the Erzgebirge in the 13th 654 

and 14th centuries AD (Eckstein et al., 1994). 655 

Mining of silver in Slovakian Erzgebirge may have begun in the Early Middle Ages when the gold-656 

silver ore deposits in the region of Banská Štiavnica were particularly important. Silver mining in this 657 

region may have had its roots in the 10th century AD as mentioned in the Nestor Chronicles written 658 

in 969 AD. In the Middle Ages Banská Štiavnica region may have produced silver with a high gold 659 

content (up to 1 %) (Zámora et al., 2008) and the historical accounts suggest that silver was produced 660 

in quantities large enough for export, at least into the Danube-Dnieper river systems. 661 

Isotope data from: Niederschlag et al., 2003 662 

 663 

Black Forest and Odenwald  664 

In southwestern Germany there are more than 1000 hydrothermal mineralizations of Permian to 665 

Cenozoic age most of which occur in the Black Forest area which is part of the European Variscan 666 

fold belt. The mineralizations are typically classified as hydrothermal vein-type deposits (Pfaff et al., 667 

2009, Staude et al., 2009), strata bound mineralizations of sedimentary origin (Hofmann, 1979; 1989), 668 

and carbonate-hosted, strata bound Mississippi Valley-type deposits (Pfaff et al., 2010).  669 

In the Black Forest a document issued by Konrad II in 1028 AD mentions the silver mines south of 670 

Freiburg, donating the mines and the mineral deposit to the bishop’s church in Basel. There is 671 

evidence of Roman lead and silver production in the area near Sulzburg, and mining was possibly 672 

resumed in the Carolingian period but archaeological evidence for production has been radiocarbon 673 

dated from the late 10th to the 12th centuries AD (Hildebrandt, 2012; Steuer, 1993).  674 

 675 

At Wiesloch in the Odenwald, a number of mines, ore-beneficiation sites, and smelting sites have 676 

been discovered dating to the 9th and 10th century AD (Hildebrandt, 1993; 2012). The Mississippi-677 

Valley-Type lead-zinc-silver deposit of Wiesloch was exploited by the Romans. In the past it was 678 

thought that the medieval production focused on the extraction of lead and zinc sulphides 679 

(Hildebrandt, 1993; 2012), but more recent research indicates that lead-zinc deposits containing 680 

calamine were probably more important for silver production, since a notable silver content up to 681 

5000 ppm is found in sphalerite and other zinc minerals (Kötz et al., 2009). The slags from Wiesloch 682 

are thought to have been produced during the smelting of argentiferous calamine and galena (Ströbele 683 

et al., 2010).  684 

Isotope data from: Hatz et al., 1991; Ströbele et al, 2012; 2015.  685 

 686 

Austria 687 

Several silver rich ore deposits occur in Austria, among them the large copper deposits in the Schwaz–688 

Brixlegg area in the Inn Valley (Gstrein, 1979). They contained predominantly argentiferous 689 

tetrahedrite, which formed the basis of enormous wealth in the 14th and 15th centuries AD producing 690 

about 3000 metric tons of silver and about 250000 metric tons of copper (Hanneberg and Schuster, 691 

1994). 692 

The mineralizations in the Schwaz–Brixlegg area occur in different geological complexes:  the 693 

Triassic limestones are partly mineralized with copper, lead and zinc ores, with minor cobalt and 694 

silver minerals, while the fahlore composition in the Palaeozoic gneiss and the Schwazer dolomite 695 

(lower Devonian) is predominantly arsenical tetrahedrite and in the Triassic limestone it is mainly 696 

tennantite. The primary ore of the deposits between Schwaz and Brixlegg is almost exclusively 697 

arsenical tetrahedrite with significant concentrations of Zn, Hg, Fe and Ag. In decomposed fahlores, 698 

Ag and Hg are enriched. This mineral paragenesis is characteristic of the so-called Grauwackenzone 699 

of the northern Alps (Höppner et al., 2005). 700 

Other precious metal-bearing ore districts occur the eastern Tauern window south of Salzburg: the 701 

Au-quartz veins in the Badgastein-Sonnblick area (Feitzinger and Paar, 1991); the As±Au±Ag 702 

deposits around Rotgülden (Weidinger and Lang, 1991); and the Au district of Schellgaden near the 703 

eastern margin (Göd, 1981). These deposits played an important part in the historical and cultural 704 
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development of the region. Mining of gold and silver-bearing lodes up to an elevation of more than 705 

3000 m, started probably in pre-Roman times and flourished between the 15th and the 18th century. 706 

Isotope data from: Höppner et al., 2005; Horner et al., 1997, Schroll et. al., 2006. 707 

 708 

England and Ireland 709 

Following Tylecote (1986) “Britain was mainly a silver importer at all times”. There is limited 710 

evidence suggesting that some newly mined silver came from English sources from the 10th century 711 

onwards but it was not until the early part of the 12th century that firm evidence is available 712 

(Claughton and Rondelez, 2013). Some documentation of silver production is reported from the 713 

mines of Alston, Cumberland between 1100-1307 AD, while much more evidence of Pb production 714 

was concentrated in Derbyshire and the Mendips (Tylecote, 1986), where silver production in 9th 715 

century is still uncertain (Blanchard, 2001). The only known documentary evidence for silver 716 

production in England before the 12th century is to be found in Domesday Book, which was compiled 717 

from a survey made in 1086. The five Derbyshire manors of Darley, Matlock, Wirksworth, 718 

Ashbourne, and Parwich were recorded providing an annual payment of 40 pounds of pure silver in 719 

1066. The resources of the manors included lead works or mines (plumbiariae), which may well have 720 

been the source of the 40 pounds of silver. During the 12th century the main focus of silver production 721 

in the Pennines moved from Derbyshire in the south to the northern Pennine ore field, which covers 722 

parts of Cumberland, Northumberland, and Durham. The English Crown controlled the dispersed 723 

collection of workings known as the ‘mine of Carlisle’, which were actually around Alston about 35 724 

miles to the east of Carlisle, where the mining operation here probably began in the 1120 (Allen, 725 

2011). Once the silver-bearing deposits in the North Pennines had been worked out in the late 12th 726 

century, England had to rely on continental European resources until new mines were opened up in 727 

Devon at the end of the 13th century (Claughton and Rondelez, 2013).  728 

Ross Island in Ireland is mentioned as a Cu-Pb-Zn-Ag deposits exploited since Bonze Age with 729 

evidence also of early medieval workings (Ixer and Budd, 1998). Copper matte found in slags dated 730 

to the 9th century contains some silver; however, it is unknown if silver was indeed produced at Ross 731 

Island (Meyerdirks et al., 2004), and in what amounts. 732 

Isotope data from: Rohl, 1996. 733 

 734 

Other mining districts exploited in Early Medieval Times 735 

Silver is well known to have been produced in Iberia during Phoenician and Roman times, but not 736 

after the Barbaric Invasions. Following Blanchard (2001) silver production resumed during the 9th-737 

10th centuries in the Roman mines at Carthagena and Mazarrón. 738 

Some evidence of Pb-Ag exploitation in Anatolia during the Byzantine Empire since the 7th century 739 

AD came from the famous deposit of Tralles, near Magnesia in SW Anatolia (present-day Gümüşköy; 740 

Meier, 1995), and small workings of silver mines after the 8th cent. are testified in the region 741 

(Matschke, 2002). 742 
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 743 
Figure B1 -  207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) diagrams 744 

displaying Melle, Massif Central, Pyrenees, Rhenish Massif-Eifel and southern Tuscany ore 745 

districts. Coloured polygons enclosed all LI data from literature as reported in Appendix B. 746 

 747 
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 748 
Figure B2 - 207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) Austria, Black 749 

Forest, Erzgebirge and Italian Alps ore districts. Coloured polygons enclosed all LI data from 750 

literature as reported in Appendix B. 751 

 752 
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 753 
Figure B3 - 207Pb/204Pb vs. 206Pb/2046Pb (top) and 208Pb/204Pb vs 206Pb/204Pb (bottom) diagrams 754 

displaying  Harz Mountain, Apuane Alps and southern Tuscany ore districts. Coloured polygons 755 

enclosed all LI data from literature as reported in Appendix B. 756 

 757 

 758 

 759 
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pp. 111-139. 842 

Bianchi, G., Hodges, R. , 2020. nEU-Med project: Vetricella, an Early Medieval royal property on 843 

Tuscany’s Mediterranean, All’Insegna del Giglio, Firenze. 844 

Bianchini, G., Natali, C., Ferretti, P., Casagrande, L., Conedera, M., Marchina, C., 2019. Trace-845 

Element Distribution on Sulfide Mineralization in Trento Province, NE Italy. Minerals 9, 736. 846 

Birch, T., Westner, K. J., Kemmers, F., Klein, S., Höfer, H. E., Seitz, H. M., 2020. Retracing Magna 847 

Graecia's silver: coupling lead isotopes with a multi‐standard trace element procedure. 848 

Archaeometry 62(1), 81-108. 849 

Blanchard, I., 2001. Mining and Minting in the Middle Ages, Vol. 1, Asiatic Supremacy, 425-1125, 850 

Franz Steiner Verlag, Stuttgart.  851 
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