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Abstract. — Sixteen archaeological findings of 
Iron age from three sites in the Campania region 
have been examined for their mineral components, 
chemical and Pb-isotope composition by a multi-
technique approach (XRD, SEM-EDS, ICP-MS, 
AAS and LIRMS). Mineralogical analyses have 
emphasized the occurrence of three types of objects, 
Pb- and Cu-based artefacts and finds made of Fe-
bearing phases. Qualitative and quantitative chemical 
analyses have allowed the characterisation of 
different elements from the metal and slag objects. 
Pb-isotope signatures suggest a wide range of 
possible provenances of the source ores throughout 
the Mediterranean realm. The results are discussed in 
relation to mineral characterization, to some aspects 
of local metallurgical techniques and metal source 
areas.

Riassunto. — Sono state esaminate le 
caratteristiche mineralogiche, chimiche e isotopiche 
di sedici reperti risalenti all’Età del Ferro provenienti 
da tre siti archeologici della Campania, tramite un 
approccio multianalitico (XRD, SEM-EDS, ICP-
MS, AAS e LIRMS). Le analisi mineralogiche hanno 
evidenziato la presenza di tre tipologie di manufatti, 
reperti a piombo e rame prevalente e reperti con 

fasi ricche in ferro. Le analisi chimiche qualitative 
e quantitative hanno premesso la caratterizzazione 
dei diversi elementi presenti negli oggetti metallici e 
nelle scorie. I dati isotopici del piombo suggeriscono 
un ampio spettro di possibili provenienze concernenti 
i giacimenti originari nell’ambito del Mediterraneo. I 
risultati sono discussi in relazione alla caratterizzazione 
mineralogica, ad alcuni aspetti delle antiche tecniche 
metallurgiche e alle possibili aree di provenienza dei 
metalli.

Key words: Southern Italy; Campania; Iron Age 
culture; archaeological metal artefacts; mineral 
assemblages; chemical composition; lead isotope 
ratios.

Introduction

It is well known that a great abundance of 
metallic artefacts and fragments of scrap-metals 
occur in several archaeological sites in the 
Campania region (Southern Italy), bearing witness 
of local metal working activities throughout several 
cultures. Nevertheless, detailed mineralogical 
and geochemical studies aimed to clarify the 
composition of the objects and raw materials of 
prehistoric and historical times found in this region 
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are still quite scarce. Since the 18th century several 
analytical methods have been used to identify the 
chemical composition of the archaeological artefacts 
and the technology involved in their production. 
In the last decades the analyses have been carried 
out with many techniques, like X-ray fluorescence 
and diffraction and/or microdiffraction, scanning 
electron microscopy, SEM and microprobe, mass 
spectrometry and other spectroscopy techniques 
(i.e. Freestone and Middletone, 1987; Corsi et al., 
2005; Kuleff, et al., 2006; Maggetti and Messiga, 
2006; Rapp and Hill, 2006; Schwab et al., 2006; 
Zasztovszky, et al., 2008).

The characterization of the archaeological 
artefacts is also aimed to the study of the production 
of metals in antiquity, as well as the processing 
and smithing technologies (Pernicka, 2004 and 
references therein), and to detect the source of 
the raw materials used in their manufacture for 
investigating on trade exchanges and other form 
of cultural interactions (Craddock, 1995; Pinarelli, 
et al. 1995; Stos-Gale et al., 1997; Tykot, 2004). 
The geological source areas of most metals objects 
can be mainly established by their elemental and 
isotopic composition and ratios. In particular, 
the lead isotopes have been extensively used in 
archaeometry and archeaometallurgy to trace the 
provenance of metal ores, because they are not 
fractionated during ore processing (Gale and Stos-
Gale, 2000). However, it can be also considered 
that lead isotope signature of the ore districts may 
overlap considerably (Degryse et al., 2007 and 
reference therein). Many works have been devoted 
to this topic in the last years (e.g. Stos-Gale et 
al., 1995, 1996; Chalkias et al.,1988; Rohl,1996; 
Sayre et al., 2001; Ceyhan, 2003; Niederschlag et 
al., 2003; Santos Zalduegui et al., 2004; Höppner 
et al., 2005; Wilkinson et al., 2005). More recently, 
isotope ratios of other metals have been exploited 
for archaeological provenance aims, such as tin, 
copper, osmium, zinc, iron and gold (Begeman et 
al., 1999; Junk and Pernicka, 2003; Klein et al., 
2004; Rehren and Pernicka, 2008; Eugster et al., 
2008).

As regards southern Italy, it is known that 
Campania and surrounding areas do not have 
metallic ore deposits, so most of the metals used in 
antiquity have been necessarily imported from other 
countries, likely throughout in the Mediterranean 
realm. For this area, Pb-isotopic studies are widely 

dedicated both to the genesis of ore deposits in 
the Mediterranean basin (e.g. Lattanzi et al. 1992, 
1994, 1997; Arribas and Tosdal, 1994; Boni and 
Köppel, 1995; Velasco et al., 1996; Jebrak et al., 
1998) and to archaeological provenance studies 
(e.g. �����Boni et al., 1998, 2000a, b; ���������Begemann et al., 
2001������������ ; Balassone et al., 2002��).

In the present research we have applied several 
bulk analytical techniques, such as X-ray powder 
diffraction (XRD), scanning electron microscopy 
and energy dispersive spectrometry (SEM-EDS), 
inductively coupled plasma mass spectrometry 
(ICP-MS) and atomic absorption spectrometry 
(AAS), as well as lead isotope ratio mass 
spectrometry (LIRMS), to the characterization and 
provenance study of a set of metallic artefacts from 
Iron age cultures in the Campania region.

The archaeological context and the 
materials studied

In the Campania region various sites of the 
Iron Age culture occur (Fig. 1). Their ages range 
generally span between the IX and the VIII century 
B.C. The archaeological artefacts investigated 
in this study come from three Iron Age sites: 
1) Longola-Poggiomarino (near Pompeii), 3) 
the Sarno river valley and 3) the Castel Vetrano 
necropolis (near Salerno).

The Longola-Poggiomarino protohistorical 
village was discovered in the year 2000 along the 
Sarno river not far away (almost 10 km) from the 
ancient estuarine area, which is located nearby the 
harbour of the roman town of Pompeii. The site 
has been thoroughly investigated by drilling and 
digging of trenches (Albore-Livadie and Cicirelli, 
2003). It has been inhabited from BM3 and the late 
Bronze Age. Current investigations are concerned 
with the stratified sections belonging to the early 
Iron Age and to the Orientalizing period, until the 
early twenty years of the VI century B.C., when 
the site was definitely abandoned (Cicirelli et 
al., 2006). This is the first protohistoric village 
discovered in this area; other two similar nearby 
sites are currently under investigation. The 
Longola-Poggiomarino settlement occurs in a wet 
environment strongly controlled by human activity. 
A great abundance of metallic objects has been 
found; few objects have been also encountered 
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in the dwellings and the surrounding areas. The 
objects display a variety of types and diversified 
materials (lead, bronze, iron and gold), pointing to 
several distinct working/smelting sites throughout 
the village. In these working sites, fair evidences 
of heating have been detected on several materials. 
The numerous metallic objects found at Longola-
Poggiomarino include several metal scraps, half-
worked parts, small rods, filaments and working 
tools, while many smelting slags have been also 
found mostly in the sandy sediments corresponding 
to the infill of the main channel cutting through the 
village. The slags are mainly derived from bronze 
casting. Some small lead ingots have been also 
recorded.

In the Campania region various sites of the 
Iron Age culture occur (Fig. 1). Their ages range 
generally span between the IX and the VIII century 
B.C. The archaeological artefacts investigated 
in this study come from three Iron Age sites: 
1) Longola-Poggiomarino (near Pompeii), 3) 
the Sarno river valley and 3) the Castel Vetrano 
necropolis (near Salerno).

The Longola-Poggiomarino protohistorical 
village was discovered in the year 2000 along the 
Sarno river not far away (almost 10 km) from the 
ancient estuarine area, which is located nearby the 
harbour of the roman town of Pompeii. The site 
has been thoroughly investigated by drilling and 
digging of trenches (Albore-Livadie and Cicirelli, 
2003). It has been inhabited from BM3 and the late 
Bronze Age. Current investigations are concerned 
with the stratified sections belonging to the early 
Iron Age and to the Orientalizing period, until the 
early twenty years of the VI century B.C., when 
the site was definitely abandoned (Cicirelli et 
al., 2006). This is the first protohistoric village 
discovered in this area; other two similar nearby 
sites are currently under investigation. The 
Longola-Poggiomarino settlement occurs in a wet 
environment strongly controlled by human activity. 
A great abundance of metallic objects has been 
found; few objects have been also encountered 
in the dwellings and the surrounding areas. The 
objects display a variety of types and diversified 
materials (lead, bronze, iron and gold), pointing to 

Fig. 1 – The sampling localities of this study, Campania region (Italy).
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several distinct working/smelting sites throughout 
the village. In these working sites, fair evidences 
of heating have been detected on several materials. 
The numerous metallic objects found at Longola-
Poggiomarino include several metal scraps, half-
worked parts, small rods, filaments and working 
tools, while many smelting slags have been also 
found mostly in the sandy sediments corresponding 
to the infill of the main channel cutting through the 
village. The slags are mainly derived from bronze 
casting. Some small lead ingots have been also 
recorded.

Many other necropolises and graves of 
comparable ages are known in the Sarno valley. 
In this area more than hundreds graves have been 
discovered, spanning in time between the second 
half of IX century B.C. and VI century A.D. (de’ 
Spagnolis, 2001, 2006).

Close to the towns of Salerno, Benevento and 
Caserta many areas are also known to host Iron Age 
cultures (D’Agostino and Gastaldi, 1989; Gastaldi, 
1998; Johannowsky, 1994). In the municipality 
of Salerno two large Iron Age necropolises 
have been discovered during the preliminary 
geoarchaelogical prospections, requested by the 
Superintendence of Salerno before starting a new 

phase of road workings for the Salerno-Reggio 
Calabria motorway. The necropolises date back to 
the second half of the 8th century B.C. and consist 
of pit graves delimitated and covered by cobbles, 
where the body was laid in a supine position. The 
funerary set is made of impasto pottery and of 
bronze and iron ornaments, mainly fibulae. In one 
of the graves, set in the Castel Vetrano necropolis, 
several well-preserved leaden objects were found 
(Fig. 2).

A total of 16 samples with different typologies 
have been considered for the present work. The 
detailed description and localization of each sample 
is reported in Table 1, and the most representative 
artefacts are shown in Fig. 3. Taking into account 
their macroscopic features, they consist of lead- 
and copper-rich objects and slag fragments. Most 
of the investigated specimens were collected in 
Trench A (samples A1a, A1b, A1c, A2, A3, A5a, 
A5b, P05-10) and Trench B (samples B1, B2, B3 
and B4) of the Longola-Poggiomarino settlement.

The specimen named P05-4 has been sampled 
from a necropolis of the Sarno valley. It consists of 
a lead fragment with a withish patina.

Two lead artefacts in form of small animals 
were collected in the tomb T88 of Castel Vetrano, 

Fig. 2 – The Castel Vetrano necropolis, Tomb #88. On the right the funerary set.
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which is a woman’s tomb located in the “southern 
quarter” of the necropolis. Sample A-T88 is a 
small bird, and sample B-T88 can be identified as 
a small monkey (Fig. 3g and 3f, respectively).

Analytical Methods

Small chips from the archaeological specimens 
were separated under a stereomicroscope for the 
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instrumental analyses. No samples form the two 
finds A-T88 and B-T88 could be available for 
chemical determinations, due to the invasive nature 
of this kind of analyses. Po�����������������������  wder X-ray diffraction 
data were collected with a ����������������  Seifert–GE MZVI 
diffractometer����������������������������������    , under the following conditions: 
�&�X�.�.�� �U�D�G�L�D�W�L�R�Q�� �D�W�� ���� �N�9�������� �P�$�� ��������40 kV and 30 mA, 2 and 1 
mm divergence slits, 1 mm receiving slit 0.1 mm, 
antiscatter slit 1 mm, step scan 0.05°, counting 
time 5 sec/step. �����������������������������   The software package RayfleX 
(GE Inspection Technologies, 2004) was used for 

data processing, phase identification was made by 
means of the ICDD-PDF2 database.

SEM micrographs and EDS spectra of selected 
specimens have been obtained by a JEOL-JSM 
instrument 5310, equipped with a Link EDS 
operating at 15 kV. ���������������������������    Data were processed by the 
software INCA version 4.08 (Oxford Instrument, 
2006).

Chemical analyses for selected major, minor and 
trace elements have been performed using ICP-MS 
by ACME (Environment Research and Service 

Fig. 3 – Selected measured objects. a) Round leaden plate, Poggiomarino; b) flat fragment of metallic lead, Poggiomarino; c) 
fragment of metallic lead elongated with a shape of a small paw , Poggiomarino; d) lead fragment with a patina, Poggiomarino; 
e) metallic slag, Poggiomarino; f) leaden object in form of a small bird, Castel Vetrano; g) leaden object in form of a small 
monkey, Castel Vetrano.






























