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Preface

This volume represents the highest point of a 
long-time collaboration existing between the 
(former) ‘Soprintendenza per i Beni Archeologici 
del Piemonte’ (Superintendence for the 
Archaeological Heritage of Piedmont) and the 
University of Turin – Departments of Earth 
Sciences and Chemistry, which started in 2008 
to study whitish decorative encrustations on 
proto-historic pottery in the Piedmont region 
(Northwestern Italy). In the years that followed, 
this initiative was extended – by also dragging 
in several international institutions – to the 
study of particular encrustations and/or insets 
made of presumed coral (Corallium rubrum) on 
bronze fibulae of the Iron Age – a subject hardly 
considered in the literature existing so far.
In this context, the project “Tecnologia e 
scambi nella prima età del Ferro tra Europa 
e Mediterraneo: studio archeometrico delle 
decorazioni campite su ornamenti metallici” 
(Technologies and Trades in the early Iron Age 
between Europe and the Mediterranean Sea: 
Archaeometric Studies of inset decorations on 
metal ornaments), developed between 2020 and 
2023 at the University of Turin by the Author – 
Giulia Berruto, PhD – within the “Technology 
Driven Sciences: Technologies for Cultural 
Heritage (Tech4Culture) PhD projects, certainly 
represents a key issue. 
This sophisticated investigation, in fact, not only 
covered a very large sample-set of artefacts 
(mainly fibulae, pendants and beads), collected 
from various Iron Age sites of Northern Italy, 
but also followed an innovative and compre-
hensive approach, which includes both archae-
ological and scientific methods. The true benefit 
is represented by that fact that all these compe-
tences were directed and summoned by a single 
person – namely, the Author – whose expertise 
covered both fields. This dual and parallel in-
vestigation allowed intertwining the obtained 

outcomes from both a historical-artistic (litera-
ture studies, production and trades of these ar-
tefacts between prehistory and the beginning of 
the last century, census of specimens and relat-
ed chrono-typological background) and archae-
ometric (non – or micro-destructive analyses, 
characterization and provenance of the con-
stituent materials, conservation issues) point of 
view, elaborating them in the competent geo-
graphical context and pursuing straightforward 
results, hardly achievable in a different way.
Red coral from the Mediterranean Sea (some 
raw branches of which, with known contextu-
alization and provenance, were also studied for 
comparison purposes) was widely used in Italy, 
starting from the earlier attestations during 
Neolithic (V-IV millennium BC) until the Iron 
Age (VIII-V century BC), to decorate ornaments 
and clothing (especially for women). The survey 
was focused in the latter period, which undoubt-
edly represents the best-attested age in which 
coral was widely used and diffused in Northern 
Italy, by sketching and outlining as a premise 
the relationships existing between the main in-
volved cultural areas (i.e., Golasecca, Ligurian, 
Este and Northeastern Italy, Etruria padana). 
This goal was achieved at first through a de-
tailed and meticulous census activity, involving 
both local and national institutions, an activity 
that brought to a thorough contextualization 
and chrono-typological revision of the artefacts 
and provided updated photographic reports of 
the finds and the decorations to be analyzed. 
The resulting catalogue is wide and exhaustive 
and comprehends any possible problematic re-
lated to these objects finding and raw materials 
circulation.
The scientific magnitude of this survey stands 
out for both its high methodological standard 
and the originality of the archaeometric frame-
work. The core of the research, in particular, lies 
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in the development of a rigorous analytical pro-
tocol, specifically calibrated for highly delicate 
archaeological artefacts such as those studied 
here, aimed at reliably identifying the light-co-
loured inlay materials, traditionally attributed 
to Mediterranean red coral.
This protocol consisted of a multi-technique, 
non-destructive (or only micro-destructive, 
whenever required and allowed) approach, 
based on the synergistic integration of vibra-
tional spectroscopies (µ-Raman and FT-IR), mi-
cro X-ray diffraction (µ-XRD) optical microscopy 
and scanning electron microscopy with ener-
gy-dispersive spectrometry (SEM-EDS). This 
combined methodology allowed discriminat-
ing different Ca-carbonate polymorphs (calcite 
and aragonite), detecting possible diagenetic 
transformations, characterizing diagnostic mi-
crostructures/textures and identifying the ac-
cessory components or binding media. By sys-
tematically applying this procedure on a wide 
corpus of artefacts, integrated by the analysis of 
modern reference samples and controlled ex-
perimental tests, the robustness and reproduc-
ibility of the obtained results was ensured.
This study showed that the macroscopic attri-
bution and characterization of materials may 
be misleading, highlighting the necessity of 
analytical checks aptly supported by objective 
mineralogical and chemical-structural data. The 
dissertation is characterized by methodological 
consistency, analytical precision, and a high lev-
el of expertise in instrumental techniques. The 
Author’s work represents thus a solid and inno-
vative contribution to the establishment of ar-
chaeometric standards, applicable to the study 
of organogenic and composite materials in the 
archaeological context.
As an alternative approach, these artefacts were 
also studied from a strictly technological point 
of view – i.e., facing the difficulties encountered 
by the prehistoric artisans deputed to their 
production. To do this, experimental archae-
ologists were involved, with whom the Author 
tested the feasibility and the pros-and-cons of 
the manufacturing and decorating techniques 
possibly available at the time. Even for this as-
pect, the archaeometric approach proved to be 
fundamental, since a preliminary radiographic 
and tomographic survey on the ancient arte-
facts represented the key to unveil fundamental 
details about their production techniques.



Lorenzo Zamboni

I am particularly pleased to welcome Giulia 
Berruto’s volume to the Cisalpine Studies series, 
for two main reasons. First, this is the first book 
in the series to be published in English, thus 
addressing – we hope – a broader internation-
al readership. Second, Giulia’s work represents 
a remarkable example of a line of research 
that remains underrepresented not only in the 
Italian scholarly tradition but also within aca-
demic curricula, especially for late protohis- 
toric and classical contexts: namely, archaeolog-
ical science.
By this I mean a rigorous scientific approach 
applied to archaeological assemblages, conduct-
ed not only by external specialists in physics or 
chemistry, but also by scholars trained within 
the humanities who have also acquired labora-
tory expertise and methodological competence 
in archaeometric analysis. This integration of 
disciplinary perspectives embodied in the pre-
sent volume demonstrates how productive such 
a trajectory can be. The results presented here 
are, in my view, exemplary, and point toward 
what may become, if not the only, certainly a 
central professional path for future generations 
of archaeologists.

A few final words on the title. Coral Lies cryp-
tically echoes poetry and music – from Edward 
Elgar’s Where Corals Lie (1899) to The Beatles’ 
“Octopus’s Garden” (1969): “We would shout 
and swim about the coral that lies beneath the 
waves.” At the same time, the title plays on the 
elusive and ambiguous nature of this precious 
and alluring material, especially in archaeologi-
cal contexts. As this book makes clear, coral was 
highly sought after, and likely highly valued, in 
antiquity. Yet artisans could sometimes deceive, 
and buyers may have accepted compromises. In 
this tension between authenticity and imitation 
– and in the scientific protocols that enable us to 
understand it – lies one of the most fascinating 
aspects of the story this volume unfolds.

Editor’s note





1. Introduction

Abstract

Nel nord Italia a partire dalla prima età del Ferro il corallo rosso del Mediterraneo è utilizzato per 
decorare oggetti di ornamento in bronzo, quali fibule e pendenti. In particolare, le fibule a sanguisuga 
con intarsi bianchi o rosati sono tra i reperti più comuni tra la metà del VI e la metà del V sec. a.C. 
Il materiale decorativo, tradizionalmente identificato come Corallium rubrum sbiancato, potrebbe in 
realtà essere costituito da altre sostanze, tra cui osso, avorio, smalto, rocce carbonatiche o talco. Le 
analisi scientifiche condotte finora sono state di limitata portata e spesso condotte con metodologie 
incomplete. Gli intarsi, spesso inferiori ai 2 mm, richiedono indagini archeometriche specifiche per 
una corretta identificazione. Studi recenti hanno evidenziato l’uso di pigmenti sintetici (come il ‘bian-
co d’ossa’) nella decorazione di intarsi su ceramiche dell’età del Ferro, o sostanze artificiali usate in 
restauri storici di ornamenti metallici, come il biossido di titanio.
Questo studio vuole proporre un approccio innovativo che unisce archeologia tradizionale, archeo-
metria e analisi tecnologiche, superando i limiti del metodo crono-tipologico. Un progetto condotto fin 
dal 2014 presso l’Università di Torino ha consentiro di sviluppare un protocollo multi-analitico, non 
distruttivo o micro-invasivo, basato su tecniche come µ-Raman, FT-IR, µ-XRD e SEM-EDS. Il protocollo è 
stato applicato allo studio di 372 reperti, oltre a campioni di corallo moderno, nell’ambito del progetto 
di dottorato della scrivente che culmina in questa pubblicazione.
Lo studio ha inoltre incluso un approccio archeo-tecnologico, con sperimentazioni pratiche di produ-
zione e decorazione, rivelando informazioni preziose sulla tecnologia dell’epoca, i materiali utilizzati 
e i legami culturali tra le società antiche dell’Europa settentrionale e meridionale.

Overview
In northern Italy, in the Early Iron Age, partic-
ularly from the 7th century BCE, Mediterranean 
red coral is widely used in the production of 
bronze ornamental and dress accessories, such 
as pendants and fibulae. It appears in a range 
of forms, from the simplest use of raw coral 
branches to more complex applications as inlays 
in technologically sophisticated decorations. 
Both the decorative insets and the coral branch-
es generally display a whitish or whitish-to-pink 
hue, rather than the characteristic red colour.
Leech fibulae with insets (Fig. 1) are the most 
widespread artefacts. Quite common from the 
mid-6th to the mid-5th century BCE (Schindler, 
de Marinis 2000), these objects are character-
ised by a leech-shaped bow, generally contain-
ing a terracotta core, and a long foot ending in 
a small globe with a vase or truncated cone-
shaped terminal. Their decoration is defined 
by the presence of small circular perforations 
filled with a whitish-to-pink material, arranged 
in multiple rows on the bow (the number of 
which increases as the type evolves over time) 

F igure 1. Archeomuseo 2.0, Arona, Motto Lagone, 
Mercurago, tomb 1: leech fibula with circular insets, first 
half 5th century BCE (ph. Berruto; metric reference 1 cm).

and, in later phases, also on the small globe.
Archaeological literature has traditionally iden-
tified this light-coloured material with Corallium 
rubrum, assumed to have been whitened by the 
effects of time. However, scientific analyses ad-
dressing this issue are scarce and have gener-
ally been conducted using outdated methods 
(de Marinis 2000; Mangani 2016; Perrin 2000; 
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Schvoerer et al. 2000). In the case of raw cor-
al, macroscopic and microscopic observation of 
the surface typically allows for a general char-
acterisation, but in the case of small circular in-
tarsia, even of very limited size (Ø ≈ 2 mm for 
leech fibulae), a more in-depth archaeometric 
investigation is required. Moreover, whitish or 
grey inlays can be made of different materials, 
such as bone, ivory, pressed carbonate powder, 
enamel, carbonate rocks, kaolin or talc.
Red or reddish inlays may also consist of mate-
rials such as enamel, amber, carnelian, minium 
(Bente et al. 2015a) or dyed white stony corals. In 
addition, a replacement of coral by ZnO (zincite) 
and TiO₂ (anatase) was identified in an Iron Age 
fibula from central Germany (Hänichen), prob-
ably inserted during a restoration around 1900 
(K. Bente, personal communication). Therefore, 
artefacts macroscopically and archaeologically 
identified as coral must be systematically veri-
fied using a combination of advanced archaeo-
metric methods.
Previous studies on Early Iron Age ceramic dec-
orations from the Golasecca area, filled with 
whitish material, have demonstrated the use of 
a synthetic pigment obtained through the cal-
cination of bones (the so-called “Bone White”), 
revealing the presence of biogenic hydroxyap-
atite. This contrasts, for example, with ceram-
ics from earlier periods (Neolithic and Bronze 
Age), in which a different white agent – talc – 
was used (Berruto et al. 2014; Giustetto et al. 
2012; 2013). 
Enamel should also be considered among the 
possible materials used to replace coral, as at-
tested in Late Iron Age La Tène artefacts from 
the transalpine area. The use of red enamel, 
probably an imitation of coral, is well docu-
mented among the transalpine populations 
already before the 4th century BCE. Two tech-
niques are documented: glass coatings fused 
onto metal substrates, and the application of 
decorative moulded glass fragments to arte-
facts, often secured with rivets (Early La Tène 
period torcs and brooches: Zlámalová Cílová et 
al. 2024). Red enamel, however, does not whit-
en over time; therefore, it is unlikely to have 
been used in the decoration of Early Iron Age 
Cisalpine artefacts.
Therefore, this study proposes a shift in perspec-
tive for the investigation of these archaeological 
materials, which are often studied primarily 
through traditional typological and chronolog-
ical approaches. Such an approach does not 

allow for a comprehensive understanding of the 
technological development of ancient societies, 
the specific production techniques of different 
artefacts, and, consequently, the system of cul-
tural interactions in which these societies were 
embedded. In contrast, an archaeometric and 
multi-analytical approach is innovative and, 
by complementing traditional methods, can 
provide a more accurate analysis and a deeper 
understanding of the relationships between an-
cient societies in central and southern Europe. 
The archaeological record considered includes 
bronze ornaments from northern Italy with 
presumed coral decorations, primarily dating to 
the Iron Age (mainly the Early Iron Age), with a 
particular focus on leech fibulae with insets. For 
the sake of completeness and comparison, other 
artefacts of similar chronology with presumed 
coral elements have also been examined.
Based on the results of some preliminary in-
vestigations, conducted since 2014 by the 
University of Turin in collaboration with the 
former Soprintendenza per i Beni Archeologici 
del Piemonte (Berruto et al. 2018; Cicolani, 
Berruto 2017) and on an extensive bibliograph-
ic research, a multi-analytical, non-destruc-
tive (or only micro-destructive) protocol has 
been developed to identify the presence of 
Mediterranean red coral. It involves the syner-
gic combination of vibrational spectroscopies 
(µ-Raman and FT-IR), micro-X-ray-diffraction 
(µ-XRD) and scanning electron microscopy with 
microprobe (SEM-EDS). These techniques were 
selected based on the primary archaeological 
questions, namely the identification of the whit-
ish raw material and the possible presence of 
binders. The choice was also determined by 
the nature of the samples, i.e., archaeological 
artefacts whose integrity must be preserved. 
Analyses were therefore conducted using en-
tirely non-destructive methods, or, when arte-
facts could not be moved to laboratories, min-
imally invasive micro-destructive techniques 
involving the extraction of micro-samples invis-
ible to the naked eye.
As part of this project, 372 archaeological ar-
tefacts were examined using both tradition-
al archaeological and archaeometric, as well 
as technological approaches (Berruto 2025). 
Compared to the literature survey conducted 
during the early stages, only a portion of these 
artefacts could be studied in depth, due to bu-
reaucratic obstacles and/or delays.
These archaeological finds come from a wide 
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Abbreviations
The abbreviations used in this volume, particularly in the lists of findings for the various types, are 
explained in detail below:

geographical area and are held in different 
institutions (e.g., local and national muse-
ums, Soprintendenze Archeologia Belle Arti 
Paesaggio – SABAP), each subject to different 
protection regulations. Nevertheless, the anal-
ysed record is exhaustive with respect to the to-
tal number of finds, particularly regarding the 
main types. The same protocol was also applied 
to a set of modern coral samples for compara-
tive purposes.
The research also included an experimental 
technological study, occasionally supported 
by radiography to investigate aspects of the 
production processes. This approach involved 

experimental tests focused on the manufac-
ture and decoration of newly crafted artefacts, 
providing valuable insights into the production 
technology of these objects and the use of cor-
al. These results are largely consistent with the 
data obtained from the archaeometric analyses. 
This broad-ranging approach, combining ar-
chaeological, archaeometric, and technological 
perspectives, enabled a comprehensive over-
view of these artefacts. It provided informa-
tion about the raw material used in the whitish 
decorations, the binders, the composition of the 
metal alloy and the technological processes.

A-MANM Ancona - Museo Archeologico 
Nazionale delle Marche

A-MAA Arona - Museo Archeologico del 
Comune di Arona

A-MAN Altino - Museo Archeologico 
Nazionale

B-CG Bellinzona - Castelgrande

B-MC Belluno - Museo Civico

B-MA Bergamo - Museo Archeologico

B-MVF Berlin - Museum für Vor- und 
Frühgeschichte

B-IB Borromeo Isola Bella

Bra Bra - Museo civicio di Palazzo 
Traversa

Bre Brescia - Museo di Storia
Naturale

BSV Bagnolo San Vito
 - Antiquarium

C-ADGH Chur - Archäologischer Dienst 
Graubünden Haldenstein SLM

C-CPD Corbetta - Collezione Pisani Dossi

C-MC Como - Museo Civico Giovio

C-RM Chur - Rätisches Museum

CT-GSAC Castelletto Ticino - Sede GSAC 

E-MNA Este - Museo Nazionale
Atestino

G-MA Gavardo - Museo Archeologico

G-MPSA Gorizia - Museo Provinciale di 
Storia ed Arte

G-MPSA Gorizia - Museo Provinciale di 
Storia ed Arte

G-MAP Genova - Museo Archeologico 
Pegli

G-SABAP Genova - Soprintendenza
Archeologia Belle Arti 
Paesaggio

I-TLF Innsbruck - Tiroler 
Landesmuseum
Ferdinandeum

L-M Lugano - Museo

L-MCA Locarno - Museo Civico
Archeologico

M-M Marzabotto - Museo

MAM Mel - Museo Archeologico di Mel

M-MCA Milano - Museo Civico
Archeologico Castello
Sforzesco

M-MC Merano - Museo Civico

M-MN	 Mantova - Museo Nazionale

M-PS	 Munchen - Prahistorische
Staatssamml

M-MSNA Montebelluna - Museo di
 Storia Naturale ed Archeologia

MRT Musei Reali - Museo di
Antichità di Torino



16 Coral Lies. Unveiling Technological Exchange and Trade in the Early Iron Age

V-MCA Verucchio - Museo Civico 
Archeologico di Verucchio

V-MSN Wien - Naturhistorisches
Museum

MANL	 Vigevano - Museo
Archeologico Nazionale della 
Lomellina

WL Stuttgart - Württembergisches 
Landesmuseum

Z-LM Zurich - Landes Museum

M-SABAP Milano - Soprintendenza
Archeologia Belle Arti
Paesaggio

MUCIV Roma - Museo delle Civiltà,
Museo Pigorini

N-MC Novara - Museo Civico

NA Numana - Antiquarium

O-MCF Oleggio - Civico Museo
Fanchini

P-MC Padova - Musei civici

P-SABAP Padova - Soprintendenza
Archeologia Belle Arti
Paesaggio

P-UNIPD Padova – Università

PV-MC Pavia - Musei Civici

P-MAVT Pianello V.T. - Museo
Archeologico della Valle 
Tidone

P-M Pilsen - Museum

RE-MGC Reggio Emilia - Museo Gaetano 
Chierici di Paletnologia

SC-CMA Sesto Calende - Civico Museo 
Archeologico

S-H Singen - Hegaumuseum

S-VM Slaný - Vlastivědné muzeum

SC-MC Sesto Calende - Museo Civico

S-CS Stenico - Castello di Stenico

S-MA	 Sulmona - Museo Archeologico

SGL-MAN Paris - Saint-Germain-en-Laye
 - Musée d’Archeologie
Nationale

SL-CV	 Somma Lombardo - Castello
Visconti

T-CB Trento - Castello del
Buonconsiglio

T-MC Treviso - Museo Civico
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2. Corals. Biology and History

Abstract

Fin dall’antichità, il corallo ha suscitato fascino e mistero per la sua origine incerta, essendo ritenuto 
ora minerale, ora vegetale o animale. Autori come Teofrasto, Dioscoride e Plinio ne descrivono l’a-
spetto e le proprietà, anche collegandolo a miti come quello di Medusa. Ritenuto in possesso di poteri 
magici e terapeutici, veniva usato come amuleto e medicinale. Solo nel XVIII secolo si dimostra scien-
tificamente la sua natura animale, grazie a studiosi come Marsigli e Peyssonel. Lamarck lo classifica 
come Corallium rubrum nel 1816. Nel XIX secolo Lacaze-Duthiers fonda la scienza moderna sui coralli 
preziosi, con la pubblicazione di un volume dedicato a questo materiale. Le ricerche si interrompono 
nella prima metà del XX secolo a causa delle guerre mondiali e riprendono in seguito, anche grazie a 
nuove tecniche subacquee.
I coralli sono un ampio gruppo di organismi, gli cnidari, principalmente marini, alcuni dei quali con 
scheletri minerali (cornei, fosfatici o carbonatici) secreti dal cenosarca.
Gli Ottocoralli, come le gorgonie e il corallo rosso (Corallium rubrum), hanno piccoli polipi a otto ten-
tacoli connessi dal ‘coenenchima’. Il corallo rosso mediterraneo è l’unico dotato di scheletro rigido, di 
colore rosso intenso. Vive in ambienti poco illuminati tra pochi e 400 metri di profondità e cresce len-
tamente. Il suo scheletro è usato in gioielleria ed è composto da calcite magnesiaca e pigmenti organici, 
la cui alterazione può sbiancare il materiale.
Nel Mediterraneo esistono anche coralli bianchi di acque profonde (Cold-Water Corals), relitti post-gla-
ciali, oggi spesso in stato di degrado. La loro pesca non era compatibile con le tecniche antiche (ad 
esempio l’apnea), ma frammenti morti potevano essere raccolti e utilizzati. Fonti storiche e ritrova-
menti archeologici (tra i quali Tas Silg a Malta) attestano il possibile uso di questi coralli.

Introduction
The term “coral” refers to a large group of ma-
rine organisms, the cnidarians, some of which 
possess mineralised skeletons. Belonging to the 
phylum Coelenterates, they are almost exclu-
sively marine, except for a few freshwater spe-
cies (i.e., the Hydrozoa). Coelenterates have a 
sack-shaped body with a cavity, the coelenteron, 
from which the phylum derives its name. Their 
reproductive cycle alternates between fixed 
and mobile forms, polyps and jellyfish. The 
fixed forms may produce skeletons composed 
of corneous or phosphate substance, aragonite 
or calcite. In the Hydrozoa and Anthozoa, the 
sessile, skeleton-producing form predominates, 
leaving abundant fossil traces, whereas in the 
Scyphozoa, fossil evidence is sporadic (D’Arpa, 
Di Patti 2006). 
Corals include both solitary and colonial spe-
cies. In colonial forms, the skeleton is secreted 
by the coenosarc, a soft tissue that occupies the 
spaces between individuals. The corals involved 
in reef construction belong to the Anthozoans 

and possess skeletons composed of either 
chitin or calcium carbonate. They are divid-
ed into classes, including the Octocorals and 
the Zoantharians. The latter encompasses 
Tetracorals and Hexacorals, among which the 
most significant are the Coelenterates (D’Arpa, 
Di Patti 2006). 
Hexacorals (Scleractinia) first appeared in the 
Mesozoic, particularly in the Middle Triassic 
(250 million years ago), and continue to exist 
today. The last coral reefs in the Mediterranean 
date to the Middle Miocene (20 million years 
ago). They grow with the formation of six septa 
or multiples thereof. They may be solitary, con-
sisting of a single polyp, as in sea anemones and 
cerianthids, or colonial, formed by multiple in-
terconnected polyps, as in sea daisies and black 
corals. Madrepores can be either solitary or co-
lonial, depending on the species. They secrete 
a robust and complex Ca-carbonate skeleton 
of variable morphology. In colonial forms, the 
growth rate of the calcareous skeleton is very 
slow. Hexacorals are among the main reef-build-
ers, partly due to their symbiotic relationship 
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2.1. Skeletal mineralisation in corals
Most mineralised corals belong to the hexacor-
als, which have a calcareous skeleton based on 
aragonite – the least stable phase of Ca-carbonate 
(Fig. 2). In contrast, the Mediterranean red coral, 
C. rubrum, is an octocoral with a calcite-based 
calcareous skeleton and a bright red colour 
(Taviani 1997). The mineralised skeleton of cor-
als can consist of calcite and/or aragonite, two 
polymorphs of Ca-carbonate (CaCO3) that some-
times contain small amounts of Mg2+ in the crys-
tal lattice (Hasegawa et al. 2012, p. 1; Rahman et 
al. 2011). Carbonate ions (CO3

2–) are the building 
blocks of these minerals, but the precipitation 
of a given polymorph depends on several fac-
tors. Although some crystallisation mechanisms 
have been described, a complete understanding 
of the carbonate precipitation in corals remains 
limited (Amos et al. 2010; Belcher et al. 1996; 
D’Souza et al. 1999; Stephenson et al. 2008). In 
the marine environment, at different depths, 
the concentration of CO3

2– can decrease below 
thermodynamically favourable levels for the 
formation of Ca-carbonate minerals. The ‘ara-
gonite saturation horizon’ (ASH) is defined as 
the depth at which the saturation state of ara-
gonite (ΩAr) is < 1 and its dissolution is favoured. 
This depth has risen significantly over the past 
centuries (Chung et al. 2003; Feely et al. 2004; 
2008; Sabine et al. 2002). In addition, carbonate 

with the unicellular algae Zooxanthellae. At 
present, there are virtually no reef builders in 
the Mediterranean Sea, except for Cladocora 
coespitosa, which still builds relatively large 
bushes, and Astroides calycularis, an encrusting 
madrepore from the southern Mediterranean 
that produces rounded pillows (D’Arpa, Di Patti 
2006; Trainito, Baldacconi 2016). However, rel-
ict colonies of scleractinian corals have recently 
been documented in the Mediterranean basin, 
including Desmophyllium diantus, Madrepora 
oculata, Desmophyllum Pertusum, Dendrophyllia 
ramea (D’Arpa, Di Patti 2006; Freiwald et al. 
2009; Taviani et al. 2005).
Octocorals (or Alcyonarians) have very small 
eight-tentacled polyps, always associated in 
colonies. The tissue connecting the polyps 
within the same colony is called coenenchyme. 
Among Octocorals, the Gorgoniaria include 
the Gorgonians and C. rubrum, as well as the 
Tubipora musica. These organisms do not al-
ways possess a rigid skeleton; some species 
secrete small calcareous elements known as 
sclerites. Gorgonians also produce a protein-
aceous skeleton composed of gorgonin, which 
is rigid yet flexible and may be partially cal-
cified or not, allowing colonies to reach large 
sizes. The Mediterranean red coral is the only 
gorgonian that produces a calcite skeleton, hard 
and branched (D’Arpa, Di Patti 2006; Harmelin 
2000; Taviani 1997; Trainito, Baldacconi 2016).

Figure 2. Solubility of common carbonate minerals (after Railsback 2006).
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phases tend to become more soluble in colder 
environments and at higher pressures, making 
them even more vulnerable to dissolution in 
deep oceans (Mucci 1983; Acker et al. 1987). In 
the past, coral skeletal composition in the oceans 
alternated between calcite and aragonite domi-
nance, depending on the concentrations of dis-
solved Mg²⁺ and Ca²⁺, the ratio of which is influ-
enced by variations in seafloor spreading rates 
at mid-ocean ridges. During crystallisation in 
vivo, Mg2+ inhibits calcite formation producing 
metastable, Mg containing calcite meta-crystals. 
Sometimes aragonite coexists, together with 
calcite (Davis et al. 2000). Historically, a period 
of ‘aragonite seas’ (Stanley, Hardie 1998) and 
two distinct periods of ‘calcite seas’ have been 
reported (Sandberg 1983). 
Today, the Mg2+/Ca2+ ratio is 5:1, thus favouring 
the formation of aragonite, which is more sol-
uble than calcite. Many tropical and cold-water 
hard corals, pteropods and molluscs form nee-
dle-shaped skeletons consisting exclusively of 
this material. In contrast, soft corals only form 
calcite crystals without aragonite. Recent stud-
ies claim that the secretion of extracellular pro-
teins may be the key factor in inducing calcite 
precipitation in soft corals, regardless of the 

chemical conditions of the surrounding seawa-
ter (Rahman et al. 2011).
The presence of coral in archaeological finds 
is generally referred to C. rubrum. However, 
other types of coral from relatively recent de-
posits may also have been used since antiquity 
(Taviani 1997). The possible use of fossil materi-
als can be investigated through the analysis of 
Sr, B, O, and C isotopes (Bente et al. 2023).

2.2. Mediterranean red coral
The phylogenic position of the Mediterranean 
red coral is summarised in: Phylum Cnidaria; 
Subphylum Anthozoa; Class Octocorallia; Order 
Alcyonacea; Family Corallidae; Genus Corallium; 
Species rubrum (Fig. 3) (D’Arpa, Di Patti 2006; 
Harmelin 2000; Quek, Huang 2022; Trainito, 
Baldacconi 2016; WoRMS Editorial Board 2024). 
C. rubrum grows in poorly illuminated envi-
ronments, such as caves and steep walls, and 
is difficult to supply (Cattaneo-Vietti, Cicogna 
1994; D’Arpa, Di Patti 2006; Taviani 1997). The 
bathymetric range in which it can be encoun-
tered is vast, extending from a few metres be-
low the surface in caves, to environments some 

Figure 3. Phylogenetic family tree of Corallium rubrum, in relation to other corals (modified after D’Arpa, Di Patti 
2006; Harmelin 2000; Quek, Huang 2022; Trainito, Baldacconi 2016; WoRMS Editorial Board 2024).
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and some trace elements. The Mg-content in 
high-magnesian calcite (HMC) varies between 
8 and 15 mol% MgCO3. The organic matrix of 
the axial skeleton consists of acidic proteins 
and sugars, together with a small amount of or-
ganic pigments, polyenes or carotenoids with 
different numbers of double C=C bonding. The 
skeleton has a bright red hue, due to organ-
ic pigments. The chemistry of these pigments 
is still debated: some authors report presence 
of carotenoids while others identify them as a 
mixture of partially/completely demethylated 
polyenes (Barnard, de Waal 2006; Bente et al. 
2017; Bergamonti et al. 2011; 2013; Berruto et 
al. 2023a; Brambilla et al. 2012; Dauphin 2006; 
Fan 2018; Fernandes et al. 2015, p. 438; Fürst et 
al. 2016; Grillo et al. 1993; Hasegawa et al. 2012; 
Kaczorowska et al. 2003; Kiefert, Karampelas 
2011; Kupka et al. 2009; Macchia et al. 2016; Maia 
et al. 2010; Rahman et al. 2011; Smith et al. 2007; 
Urmos et al. 1991; Vielzeuf et al. 2008; 2013).
When red coral undergoes alteration, its colour 
tends to fade gradually, possibly as a result of 
the encapsulation of organic pigments within 
the axial skeleton (Fürst et al. 2016). This whit-
ening makes primary C. rubrum more difficult 
to identify, owing to the degradation of both or-
ganic pigments and carbonates. When exposed 
to burning, coral turns grey (Mangani 2016; 
Perrin 2000). In addition, coral is easily con-
fused with other materials, such as ivory, bone, 
shell, limestone, or carnelian (chalcedony).

Figure 4. Detail of the canalicular surface of a sprig 
of C. rubrum under the optical microscope (ph. 

Berruto; metric reference 1 mm).

C. rubrum can be considered an Atlantic-
Mediterranean species, mostly concentrated in 
the western and central Mediterranean. In the 

300 metres deep on rocky canyon walls. It has 
also recently been collected at a depth of 400 
metres in the Sicilian channel (C attaneo-Vietti, 
Cicogna 1994; Harmelin 2000). 
Red coral is a colonial animal, meaning that 
each branch hosts numerous individual organ-
isms, the polyps, each of which is independent in 
terms of nutrition and reproduction. Their body 
is composed of three layers: the outer epiderm, 
the inner gastroderm, which lines the intestinal 
cavity, and the mesoglea, the middle layer. The 
intestinal cavity has only one external opening, 
the mouth, surrounded by tentacles (Cattaneo-
Vietti, Cicogna 1994; Harmelin 2000).
The polyps are joined by channels, the gastro-
dermal tubes, through which the products of 
metabolism and information circulate. They are 
included in a common mass, called the coenen-
chyme, consisting of a thick mass of mesoglea. 
The surface of the entire colony is covered by 
a layer of ectoderm that connects with the ec-
toderm of the polyps. The coenenchyme grows 
around a robust calcareous skeleton, called 
sclerasse. This grows in an arborescent manner, 
under the influence of multiple micro-environ-
mental parameters, including hydrodynamics, 
trophic inputs, light intensity and sedimenta-
tion, to which it is particularly sensitive. C. ru-
brum therefore tends to grow mainly on vertical 
walls or rocky rooftops, with geocentric growth. 
Colonies are on average 10 or 15 cm high; their 
growth rate is quite slow: 2-8 mm per year. 
Colouration also varies depending on the area 
and depth of growth; very rare albino colonies 
are also attested (Cattaneo-Vietti, Cicogna 
1994; Harmelin 2000). The skeleton of C. rubrum 
comprises a skeletal axis and various sclerites, 
dispersed in the mesoglea. The axis is formed 
by the sclerites; each is surrounded by a small 
epithelium, which produces calcite. The first 
outline of the axis appears after six months and 
grows by aggregation of the sclerites themselves 
in a concentric manner (Harmelin 2000, p. 285). 
The part of C. rubrum used in jewellery is the 
red-coloured skeleton, once the coenenchyme 
has been removed. Beneath this layer, the cor-
al surface displays a characteristic canalicular 
morphology, oriented parallel to the axis of 
branch growth and reflecting the traces of the 
animal’s gastrodermal canals (Fig. 4; Fürst et al. 
2016). 
The skeleton of C. rubrum is mainly composed 
of Ca-carbonate (CaCO3) in the form calcite, with 
a varying content of Mg2+ in the crystal lattice 
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Atlantic Ocean, it occurs on the rocky seabed off 
southern Portugal, in the area of Lagos, where 
it was exploited between the 15th and 18th centu-
ries. It is also found along the Atlantic coasts of 
Morocco, where exploitation has been intensive 
in recent years. Its presence in the archipelagos 
of Madeira and the Canary Islands remains un-
certain. Red coral has been recorded in the Strait 
of Gibraltar and the Alboran Sea (approximately 
120 km southwest of Almería, Spain), an area of 
recent exploitation. In the Mediterranean, red 
coral occurs along the coasts of the Maghreb, 
with Tunisia and Algeria hosting large depos-
its. Its presence off the coast of Libya has never 
been reported (Cattaneo-Vietti, Cicogna 1994; 
Harmelin 2000). 
In the Mediterranean Sea, it is found mainly in 
the western basin. In the northern part of this 
basin, coral can be found on almost all rocky 
coastlines. The most renowned corals are those 
of Catalonia, Sardinia, Corsica and the Hyères 
Islands (French Rivera). The Marseille region 
in particular reveals an abundant presence, 
even at shallow depths of less than 10 meters in 

Figure 5. a) Geographical distribution of C. rubrum (modified after Harmelin 2000, p. 15, fig. 4); b) Distribution of 
living colonies of deep white corals (modified after Freiwald et al. 2009, fig. 1).

caves. Coral is also well known in Liguria and 
on the coasts of the Tyrrhenian Sea, where the 
deposits are more superficial, at a depth of 30 
or 40 metres, and heavily overexploited. In the 
eastern Mediterranean, by contrast, coral oc-
curs only sporadically (Harmelin 2000).
In the Adriatic Sea, red coral occurs along 
the coasts of Croatia, Albania, and the Ionian 
Islands; along the Italian coast, it is found 
only as far south as Apulia, below the Gargano 
Peninsula. There are no records of exploitation 
of these deposits in antiquity. In Greece, red 
coral has been reported from very few locali-
ties (Cattaneo-Vietti, Cicogna 1994; Schmid-
Sikimić 2000a) (Fig. 5a).
At the end of the 19th century, huge beds of 
sub-fossil coral with by a pinkish hue were dis-
covered at a depth of 300 and 200 metres in 
Sciacca, in the Strait of Sicily, probably formed 
as a result of seismic movement linked to volca-
nic activity (Harmelin 2000). Due to the consid-
erable depth of the outcrop, they cannot be con-
sidered potential sources of supply in antiquity.
Mediterranean red coral is now a protected 
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(Angiolillo et al. 2023; D’Arpa, Di Patti 2006; 
Freiwald et al. 2009; Schembri et al. 2007; 
Taviani et al. 2005; Zibrowius, Taviani 2005). 
The presence of CWCs has also been recently 
documented in the Levantine Mediterranean 
Sea. Dendrophyllia ramea occurs in this area 
and has also been reported along the south 
Mediterranean coasts on rocky slopes and 
cliffs, in the Ionian Sea on soft substrates, and 
in the Alboran Sea on shallow rocky bottoms 
(Angiolillo et al. 2022; Orejas et al. 2019; 
Salvati et al. 2004).
The presence of white coral in the Mediterranean 
Sea is of particular interest for the study of whit-
ish coral decorations on the metal ornaments 
common in Early Iron Age northern Italy. This 
material may have been traded in a manner 
similar to C. rubrum and used in the production 
of these artefacts, producing a different colour 
effect in relation to the bronze. 
However, the bathymetric distribution area of 
these corals is not compatible with free-diving 
fishing methods that were likely used in the Iron 
Age. Nevertheless, some evidence suggests that 
their use in antiquity cannot be entirely ruled 
out: dead fragments have been recovered in 
fishermen’s nets in the Ligurian Sea, and histor-
ical sources from western Provence (13th – 16th 
centuries CE) document the trade of white coral 
alongside red coral, primarily for pharmaceuti-
cal purposes (Chazottes 2018). The Greek bota-
nist Dioscorides, in the 1st century CE, mentions 
red coral as well as white, black, and purple 
varieties (Faget, Vielzeuf 2018). Archaeological 
evidence records the presence of Dendrophyllia 
ramea in Malta, at the sanctuary of Tas Silg, in-
terpreted as a votive deposition dating to the 4th 
and 3rd centuries BCE and again during the late 
Republican and early Imperial Roman period 
(Quercia 2008).
As hexacorals, Scleratinia are characterised by 
a calcareous aragonite skeleton (Taviani 1997). 
In principle, the distinction between the ara-
gonitic skeleton of these madrepores and the 
calcitic skeleton of C. rubrum can be achieved 
using various analytical techniques (e.g., X-ray 
diffraction, Raman spectroscopy, or infrared 
spectroscopy). However, aragonite may under-
go post-mortem diagenetic transformation into 
secondary calcite within a few thousand years, 
either through dissolution and redeposition or 
by direct inversion (Budd 1988; Hall, Kennedy 
1967). Under specific conditions, such as reduc-
ing environments, the preservation of aragonite 

species. In antiquity, it was harvested using the 
ingegno, or “St Andrew’s cross,” from a boat – 
a method that caused considerable damage, 
as for every 10–20 kg brought on board, often 
more than twice that amount remained bro-
ken and ruined on the seabed. This technique 
allowed coral to be collected at depths of up to 
200 meters (Cicogna 2000, p. 286). Today, coral 
is harvested by divers, who may also remove 
portions of the bedrock, but their methods are 
more selective and considerably less destruc-
tive (Filocamo 2000).

2.3. White corals in the Mediterranean 
Sea
In most oceans, at cold-water depths ranging 
from 200–300 to 3,000–4,000 metres, shoals of 
white corals (Scleractinia), commonly referred 
to as cold-water corals (CWC) or “madrepores,” 
are widespread. They are also present in the 
Mediterranean Sea (Fig. 5b), at depths between 
180 and 1100 m, with sporadic colonies gener-
ally in a state of decay, relicts from the Last Ice 
Age (30,000-12,000 years ago), along with, of 
course, many fossils. The Mediterranean’s white 
corals are the result of the postglacial decline in 
benthic colonisation of the basin following the 
reflooding of the Atlantic through the Strait of 
Gibraltar, after approximately 5.3 million years 
ago (D’Arpa, Di Patti 2006; Freiwald et al. 2009; 
Taviani et al. 2005). 
Reports on the presence of deep white corals 
generally rely on data obtained from scientific 
and fishing dredge and trawl hauls, although 
recent studies have increasingly employed re-
motely operated vehicles (ROVs). Cold-water 
corals (CWCs) in the Mediterranean can be 
found in two types of areas: provinces and con-
nectivity sites. Provinces correspond to the path 
of the mid-Levantine water in the northwestern 
and central parts of the basin, while connectiv-
ity sites are smaller, less complex areas where 
these corals still persist (e.g., the Levante Ligure 
canyon). CWCs include solitary species, such as 
Desmophyllium diantus (or Desmophyllium cri-
stagalli), and colonial species. For the colonial 
species in the Ligurian and Tyrrhenian Seas, 
Madrepora oculata reefs have been found at a 
depth of 450 metres, and Desmophyllum pertu-
sum (or Lophelia pertusa) sprigs in the Sicilian 
Channel, also identified in the Gallic Gulf, on 
the coasts of Puglia and in Greece (Fig. 5b) 
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is possible, as demonstrated by studies of certain 
Tertiary and Mesozoic fossils (Hall, Kennedy 
1967). However, such conditions do not cor-
respond to those of an archaeological context. 
Consequently, any madrepores used in the dec-
oration of archaeological finds would likely no 
longer retain an aragonite-based skeleton, but 
instead be calcite-based, making differentiation 
from the C. rubrum skeleton more difficult. In 
the case of burnt materials, such as those asso-
ciated with funerary practices (e.g., cremation), 
polyenes and Mg-containing calcites undergo 
decomposition depending on the temperature. 
The transformation of metastable aragonite to 
stable calcite through heating at high tempera-
tures has been widely documented (Parker et 
al. 2010; Yoshioka, Kitano 1985).

2.4. The study of corals: origins and 
advancements
2.4.1. Coral: myth and magic
Coral has always been shrouded in mystery due 
to its nature and origin. In antiquity, its classi-
fication – whether mineral, animal, or plant 
– was widely debated, and discussions on this 
topic continued into the 18th century (Harmelin 

2000). Ancient literary sources describe this ma-
terial as being associated with blood and life, 
and they discuss its origins (Tagliente 2006).
In 300 BCE, Theophrastus (De Lapidibus, fr. 38 
W) describes it as resembling a root growing in 
the sea. In the 1st century CE, Dioscorides (De 
Materia Medica, V, 121, 1-3) referred to it as a 
“sea bush” that hardens upon contact with air 
after being removed from the water (Leurini 
2000; Weinberg 1994).
Pliny the Elder in the 1st century CE tells of its 
controversial origin: «coral turns into hard 
stone after being soft in the sea» (Naturalis 
Historia, XXXII, 11, 22). He also describes coral 
fishing, which was carried out using two iron 
arms joined by a central lead pin, to which nets 
were attached and dragged by boats: «if it is 
alive, it immediately petrifies and can be caught 
and torn away with nets or severed with a sharp 
iron instrument» (Naturalis Historia, Liber 
XXXII, 11, 22; Mastrocinque 2006; Tagliente 
2006) (Fig. 6).

forma est ei fruticis, colos viridis. bacae eius 
candidae sub aqua et molles, exemptae con-
festim durantur et rubescunt qua corna sa-
tiva specie atque magnitudine. aiunt tactu 
protinus lapidescere, si vivat; itaque occu-
pari evellique retibus aut acri ferramento 

Figure 6. Coral fishing by free diving - Stradano, 16th century CE - engraving (modified after Tagliente 2006, p. 15).
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treatises recognise its astringent and refresh-
ing properties. According to Pliny (Naturalis 
Historia, XXXII, 24), it was used against colic if 
burnt and drunk with water, or with wine to 
promote sleep, against fever with water, or as 
an astringent and anti-inflammatory if used as 
eye drops. According to Dioscorides, coral is use-
ful against diseases of the urinary tract. Coral 
was described as having numerous medicinal 
properties: anti-rheumatic, anti-arthritic, an-
ti-colitic, and anti-dysenteric, as well as diuretic, 
and particularly useful in ophthalmology for the 
treatment of cataracts and eye spots. It was also 
considered beneficial in dentistry – as a whiten-
er and for treating dental trauma – soothing for 
spleen ailments, effective against papillomas, 
capable of thinning the blood, and helpful in 
healing ulcers and scars, as well as promoting 
sleep. Coral was administered crushed or mixed 
with liquids such as water, wine, or pomegran-
ate juice, and was also used as ash or in tablet 
form (Leurini 2000; Marastoni 2006; Tagliente 
2006; Ugolini 2006a).

surculi infantiae adalligati tutelam habere 
creduntur contraque torminum ac vesicae 
et calculorum mala in pulverem igni redacti 
potique cum aqua auxiliantur, simili modo ex 
vino poti aut, si febris sit, ex aqua somnum 
adferunt – ignibus diu repugnat –, sed eodem 
medicamine saepius poto tradunt lienem 
quoque absumi. sanguinem reicientibus ex-
creantibusve medetur cinis eorum; miscetur 
oculorum medicamentis, spissat enim ac re-
frigerat, ulcu cava explet, cicatrices extenu-
at. (Pliny the Elder, Naturalis Historia, XXXII, 
11, 24).

Regarding the Iron Age, it is not possible to state 
with certainty whether coral was attributed an 
apotropaic function. However, it is notewor-
thy that finds containing coral in Early Iron 
Age northern Italy, particularly associated with 
the Este and Golasecca cultures, are primarily 
linked to funerary contexts and female buri-
als, according to published literature. The pres-
ence of amulets and rough coral branches has 
also been reported in child burials within these 
cultures, as well as in Etruria Padana (e.g.,Bor-
go Virgilio, Arginotto, tomb 5), the Hallstattian 
area (Spain, Emporion - Gerona: two infantile 
tombs, Ha D3) and in southern Italy (Foggia, 
Ordona: two infantile tombs) (de Marinis 2000, 
p. 172; Fürst 2014, pp. 54-55). This practice is 

praecidi, qua de causa curalium vocitatum 
interpretantur. probatissimum quam max-
ime rubens et quam ramosissimum nec 
scabiosum aut lapideum aut rursus inane 
et concavum (Pliny the Elder, Naturalis 
Historia, XXXII, 11, 21).

The ancient belief that coral originated from 
the petrification of sea plants is linked to the 
myth of Medusa, a figure from Greek mythology 
who lived on an island at the edge of the world 
and was the daughter of the sea gods Ketos and 
Phorkys. Medusa had the power to turn anyone 
to stone with her gaze. Ovid mentions her in 
the Metamorphoses (IV liber, v. 740-752) and re-
counts how Perseus, after killing Medusa, paused 
on his way home to cleanse himself. He carried 
her severed head in a bag, placing it on reeds so 
that it would not be ruined. Upon contact with 
Medusa’s blood, the reeds were transformed into 
coral. The sea nymphs, enamoured with this ma-
terial, scattered the seeds of the reeds among the 
waves, thereby spreading it. Pliny also recounts 
this origin of coral, explaining that it is for this 
reason that it is called “Gorgia” or “Gorgonia” 
(Leurini 2006, pp. 85-86; Mastrocinque 2006; 
Tagliente 2006; Purpura 2005).

Ipse manus hausta victrices abluit unda, an-
guiferumque caput dura ne laedat harena, 
mollit humum foliis natasque sub aequo-
re virgas sternit et inponit Phorcynidos ora 
Medusae. virga recens bibulaque etiamnum 
viva medulla vim rapuit monstri tactuque 
induruit huius percepitque novum ramis et 
fronde rigorem. at pelagi nymphae factum 
mirabile temptant pluribus in virgis et idem 
contingere gaudent seminaque ex illis iter-
ant iactata per undas: nunc quoque curali-
is eadem natura remansit, duritiam tacto 
capiant ut ab aere quodque vimen in aequo-
re erat, fiat super aequora saxum (Ovidius, 
Metamorphoses, IV, 740-752)

Pliny (Naturalis Historia, XXXII, 24) reports that 
coral protected children, safeguarded those 
going to war, and warded off lightning and ty-
phoons. Similarly, the Orphic Lithika, ancient 
magical-astrological treatises, attribute to coral 
a variety of protective properties: aiding sailors 
and merchants, shielding against storms and bad 
weather, guarding against ghosts, nightmares, 
spells, envy, traps, and snake venom, as well as 
influencing matters of love and passion. Medical 
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analogous to the use of coral described by Pliny 
the Elder in the 1st century CE.

2.4.2. Coral in scientific research: mineral, 
plant or animal?
Ancient authors were the first to describe cor-
al and debate its mineral or vegetal nature. 
Theophrastus, a Greek philosopher of the 4th-3rd 
centuries BCE, was the first to discuss it, includ-
ing it among stones in his De Lapidibus. Later, 
the Greek Dioscorides of Anazarbus mentions 
coral in De Materia Medica, a text composed 
around the 1st century CE, with the oldest known 
copy dating to the 4th century. He questioned its 
true nature, noting its hardness once removed 
from the water, yet comparing it to plants. Pliny 
the Elder, also writing in the 1st century CE, con-
tinued to express substantial uncertainty over 
whether coral was mineral or vegetal (Faget, 
Vielzeuf 2018; Weinberg 1994).
During the Renaissance, the translation and 
dissemination of important ancient texts, fa-
cilitated by the advent of printing, revived the 
theories of the Greek and Roman worlds. By 
the 17th century, scientific research had large-
ly settled on the mineral nature of coral, with 
few exceptions, building on the studies of nat-
uralists from the previous century. During this 
period, attempts were also made to explain cor-
al formation, and the myth that coral resulted 
from the hardening of a soft material in water 
upon contact with air was debunked by Fabri 
de Peiresc in 1624 and Paolo Silvio Boccone in 
1674. Boccone studied this material extensively 
and published in his Recherces et observations 
naturelles a theory about its formation, called 
«juxtaposition», which involves the agglomera-
tion of a sea mineral salt, the «tartre corallin», 
around a central element, «matière glutineuse 
semblable de la cire fondue». Boccone’s publi-
cation compiles a series of letters he wrote to 
various personalities between 1670 and 1673, 
along with a few replies. Among these, Jean 
Swammerdam reports for the first time having 
observed the sclerites of octocorals.
In the same period, the London Royal Society 
confirmed coral’s classification as a mineral and 
explained its plant-like morphology as the result 
of progressive encrustation of a wooden struc-
ture by mineral deposits. In 1700, Tournefort 
addressed the Royal Academy of Sciences in 
Paris on marine plants, including coral among 

them, and was the first to describe the larva of 
C. rubrum, although he did not recognise it as 
such (Faget, Vielzeuf 2018; Weinberg 1994). 
It was not until the 18th century that truly sci-
entific research on coral began, with the rise of 
systematic experimental practice. Ferdinando 
Marsigli worked in Provence, collecting numer-
ous samples of coral and other marine organ-
isms. In December 1706, he became the first to 
demonstrate the living nature of Mediterranean 
red coral by placing a freshly harvested branch 
in a glass jar of water and observing the pres-
ence of white “flowers” supported by a calyx, 
from which eight rays radiate to form a star. 
Marsigli is credited with definitively excluding 
coral from the mineral kingdom and providing 
the first accurate description of its natural habi-
tat (Faget, Vielzeuf 2018; Weinberg 1994). 
In 1723, Jean-André Peyssonel repeated 
Marsigli’s experiment and was the first to iden-
tify the animal nature of coral. He described 
Marsigli’s “flowers” as “insects, similar to jel-
lyfish or small octopuses,” noting how they 
leave holes in the red skeleton when removed. 
Peyssonel’s theory initially met with opposition 
but was ultimately accepted in 1742, when it was 
included in Réaumur’s Treatise on Insects. At the 
same time, Diacinto Cestoni also recognised the 
animal nature of coral, although his observa-
tions went unnoticed. In 1742, Filippo Cavolini, 
working in the Gulf of Naples, was the first to 
describe how coral reproduction, observing the 
expulsion of larvae that settle near the mother 
colony. Later, in 1760, Jean-Étienne Guettard 
correctly classified coral as a colonial organism 
(Faget, Vielzeuf 2018; Weinberg 1994). 
In 1758, red coral entered scientific nomen-
clature with the inclusion of Madrepora rubra 
in Carl Linnaeus’s Systema Naturae. However, 
Linnaeus considered its polyps to be plants 
(plantae vegetantes floribus animatis) and did 
not classify them as animals until 1784, when 
he included them among the Vermes. The first 
to designate the Mediterranean red coral as 
Corallium rubrum was Jean-Baptiste de Lamarck 
in 1816 (Weinberg 1994).
In 1860, the French government commissioned 
Henry de Lacaze-Duthiers to investigate the 
methods, seasons, and conditions most favour-
able for red coral fishing, dispatching him on a 
mission to Algeria. This assignment was moti-
vated by the need to establish a reliable scien-
tific basis for regulating the exploitation of this 
resource.
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In 1864, H. de Lacaze-Duthiers published his 
influential work Histoire Naturelle du Corail, 
which laid the foundations of modern scientif-
ic research on precious corals. In this study, he 
provided a detailed account of their geographi-
cal distribution, ecology, anatomy (recognizing 
the presence of a central axis and sclerites), 
reproduction, fishing practices, as well as the 
related industries and trade (Faget, Vielzeuf 
2018; Weinberg 1994).
Research on red coral was interrupted in the 
early 20th century and resumed only after the 
Second World War, facilitated by the introduc-
tion of snorkelling and the use of submarines. 
In the 1980s and 1990s, research shifted toward 
conservation-oriented approaches, leading to a 
substantial increase in publications on this spe-
cies in the following century (Faget, Vielzeuf 
2018; Weinberg 1994).



3. Ornamental Use of Coral from the Neolithic to 
the 19th century

Abstract

L’uso del corallo è documentato in Europa a partire dal Neolitico (dal IV millennio a.C.). Oggetti orna-
mentali come perle e pendenti in corallo rosso mediterraneo sono stati rinvenuti in tombe e contesti 
abitativi. Nell’area egiziana e anatolica, si utilizzavano anche specie del Mar Rosso, spesso legate a 
culti religiosi. Dall’età del Rame all’età del Bronzo le attestazioni di corallo diventano più sporadiche.
Nel corso dell’età del Ferro (IX – II sec. a.C.), il corallo mediterraneo si diffuse in tutta l’area greca, 
egizia, fenicio-punica, italica e celtica. Nella Grecia arcaica era presente soprattutto in santuari legati 
a divinità femminili e marittime. In Egitto fu importato attraverso i commerci greci a partire dal VII 
sec. a.C. Nel mondo punico il suo uso è documentato nei centri del Mediterraneo occidentale. In Italia, 
seppur raro, si trova in tombe e luoghi di culto. In Europa continentale il corallo decorava fibule, elmi 
e ornamenti, simboli di status e potere.
In Italia settentrionale preromana il corallo era ampiamente utilizzato, ad esempio nell’ambito delle 
culture di Golasecca e veneta, ed è stata ipotizzata una sua provenienza dalla Campania tramite gli 
Etruschi, sebbene manchino prove dirette di pesca o lavorazione. Il corallo poteva anche arrivare dal 
Mar Adriatico, dalla Liguria o da Marsiglia, importante centro di pesca e commercio nel VI secolo a.C., 
mentre a partire dal IV secolo a.C. il commercio si spostò verso la Linguadoca e la Catalogna. 
Nel periodo romano il corallo più pregiato proveniva dal Golfo del Leone, dalle isole Eolie, da Trapani 
e Napoli, mentre Plinio il Vecchio segnala coralli scadenti da Asia Minore e Mar Rosso. Altre aree di 
esportazione erano l’India, l’Egitto e la Cina. Tuttavia, i riscontri archeologici in queste zone sono scar-
si. Nel Medioevo la pesca si sviluppò nel Maghreb, in Sicilia, in Provenza, in Corsica, in Liguria e in 
Catalogna. In età moderna la produzione si concentrò a Genova e soprattutto a Napoli.

3.1. Neolithic (5th – 4th millennium BCE)
The use of coral in European prehistory is rela-
tively rare, primarily due to the difficulties as-
sociated with its procurement (Taviani 1997). 
Coral is attested from the Neolithic period on-
ward. In particular, by the beginning of the 4th 
millennium BCE, the use of coral ornaments 
began to spread notably in the Western Alpine 
region and Central Europe (Fig. 7; see also de 
Marinis 1997). 
In continental Europe, the earliest evidence 
consists of three coral beads from the tomb of 
a young male at the Pully Chamblandes necrop-
olis (Pully, Vaud, Switzerland), dated 4100-3700 
BCE (Borrello 2001, p. 192; de Marinis 1997). 
Between the end of the 5th and the beginning of 
the 4th millennium BCE, further finds of beads 
and pendants made of coral and seashells are 
documented. In Saint Léonard / Carrière (Valais, 
Switzerland), 10 tubular coral beads were found 
in an infant burial dated to the Middle Valaisan 

Neolithic (4320-4050 BCE) (Borrello et al. 2012, 
pp. 74-75). In Gavà (Barcelona, Spain), a burial 
dating from the end of the 5th to the beginning 
of the 4th millennium BCE (radiocarbon dating 
5220 ± 100 BP) from the Square Mouthed Pottery 
(SMP) Culture yielded numerous variscite and 
coral beads: the 241 coral beads are all tubular, 
ranging in colour from pale pink to orange-red, 
with some altered specimens appearing whitish 
(Borrello et al. 2012, pp. 76-77). At Cal Rjolic 
(Olius, Spain), a Middle Neolithic burial from 
Catalonia has yielded a coral bead, previously 
identified as magnesite, associated with beads in 
other materials (Borrello et al. 2012, pp. 77-78). 
At La Serreta (Barcelona, Spain), five cylindri-
cal coral beads have been documented in buri-
als dated between the Ancient Cardial and the 
Final Veraza periods (Borrello et al. 2012, pp. 
78-79). Red coral was found in unknown strati-
graphic position at the Seuil des Chèvres cave 
in La Balme-les-Grottes (Auvergne-Rhône-Alpes, 
Savoy, France): small red coral bead (de Marinis 
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1997; Borello 2001, pp. 191, 193; Borrello et 
al. 2012, p. 71).
For Neolithic coral ornaments in the Alpine area 
and Central Europe dating to the 4th millennium 
BCE, an origin from the west coast of Sardinia 
has been hypothesised, based on the large size 
of the Chamblandes beads. This provenance has 
been linked to the obsidian trade from Monte 
Arci (Morgongiori), which is well documented 
in Corsica, southern France and northern Italy 
in the Middle and Late Neolithic (de Marinis 
1997).
At Lora (Burgos, Spain), a megalithic burial site 
dated to the 4th millennium BCE yielded coral 
identified as fossil, consistent with the nearby 
Upper Cretaceous formations at Paramo de Las 
Tuerces (Palencia, Spain) (Borrello et al. 2012, 
p. 71). This finding raises the question of wheth-
er fossil coral may have been used as a raw ma-
terial wherever it was locally available.
In the north-western Mediterranean, in ad-
dition to the Spanish finds mentioned above, 
red coral is also attested in Italy. The oldest 

example is a partially worked and pierced sprig 
of Mediterranean red coral from the levels of 
the Impressed Ware Culture (5260–5040 BCE) at 
the Caverna delle Arene Candide. This specimen 
represents the earliest known occurrence of red 
coral in the western Mediterranean (Borrello 
2001, p. 193; Borrello et al. 2012). A more recent 
example is a pendant from Grotta dei Piccioni di 
Bolognano, found in a level of the Ripoli Culture 
(4700–3800 BCE). It consists of a fragment of a 
coral branch, showing the beginning of a bifur-
cation and a perforation for suspension. Surface 
traces indicate that the raw material may have 
been transported by the sea (Borrello 2001, p. 
193; Borrello et al. 2012; de Marinis 1997). At 
Sant’Angelo di Statte, near Taranto, a polished 
and carved branch of coral was found in asso-
ciation with Scaloria-style pottery (4500 BCE) in 
cave settlement levels (Borrello 2001, p. 193; 
Borrello et al. 2012). Finally, in Carpignano 
Salentino, burials within artificial cavities dated 
to the Final Neolithic (4560-3440 BCE) yielded a 
pendant consisting of a perforated coral branch, 

Figure 7. Distribution of coral between the Mediterranean and continental Europe from the Neolithic to the 
Bronze Age. Elaborated by the author in QGIS 3.40.8 (2025); base map: Natural Earth (Gray Earth raster “GRAY_

LR_SR_OB_DR”), public domain.
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with a partially polished surface (Borrello et 
al. 2012, pp. 72-73).
It is also worth mentioning coral finds discov-
ered out of stratigraphic context, datable ap-
proximately from the Cardial to the Bronze Age, 
in Liguria (Grotta della Matta and Grotta del 
Frate), Sardinia (Cucurru S’Arriu), and Apulia 
(Grotta della Tartaruga – Lama Giotta). No 
specific studies or analyses have been carried 
out on these materials (Borrello 2001, p. 193; 
Borrello et al. 2012, p. 71).
In the eastern Mediterranean, the use of cor-
als is documented in Egypt and Turkey, where 
several species from the Red Sea are also identi-
fied. In Turkey, coral has been reported among 
the cult offerings at Çatalhöyük (4th millennium 
BCE; Morel 2006; Meeks 2000, pp. 105-106). 
In Egypt, ‘madrepores’ appear to have been pre-
ferred over C. rubrum (Meeks 2000). The litera-
ture reports the discovery of Tubipora musica, 
along with other madrepores common in the 
Red Sea, in burial contexts dating to the 5th – 4th 
millennium BCE. In contrast, the use of C. ru-
brum in Egypt is associated with the arrival of 
the Greeks near the Nile Delta in the 7th century 
BCE (infra) and appears to have been limited to 
this area (de Marinis 1997; Mastrocinque 2006; 
Meeks 2000, pp. 104-105; Morel 2006). However, 
these identifications are not supported by ar-
chaeometric analyses, and, in many cases, the 
materials are no longer traceable (Meeks 2000). 
Archaeological documentation reports the dis-
covery of red tubular coral branches, as well 
as white or yellow coral branches. However, 
Dentalium, a tubular shell found in the Red Sea, 
was likely occasionally mistaken for tubular 
coral (Meeks 2000).
Egyptian finds are sometimes associated to vo-
tive deposits dedicated the goddess Hathor, as 
well as with sanctuaries connected to the un-
derworld, the journey to the afterlife, or watery 
realms (Meeks 2000, pp. 105-106). There is also 
mention of the use of black coral from the Red 
Sea, which the Egyptians called the “hair of Isis”, 
a deity associated with the moon and naviga-
tion, often connected to Hathor (Mastrocinque 
2006; Meeks 2000, pp. 109-110; Morel 2006). 
Regarding this material, the scientific literature 
identifies two black corals whose distributions 
are compatible with the reported finds. The first 
is Antipatharia, a cnidarian with a black axis 
and iridescent surface spots, whose skeleton 
is not calcareous but composed of a chitin-like 
substance. It occurs in the Mediterranean Sea at 

considerable depths, typically over 100 metres. 
The second is the “gerardia” (Savalia savaglia), 
also called “false black coral”, which settles on 
the axes of gorgonians and secretes a non-calcar-
eous skeleton made of black chitin. This species 
is uncommon in the northern Mediterranean 
but frequent in the Sea of Marmara (Harmelin 
2000, p. 285).

3.2. Copper Age - Bronze Age (3rd - 2nd 
millennium BCE)
In the central-western Mediterranean and con-
tinental Europe, the use of coral is not docu-
mented from the Copper Age until the end of 
the Bronze Age (de Marinis 1997). Between 
the Early and Middle Bronze Age this material 
is attested (Fig. 7) by some beads at the Grotte 
de Bringairet (Armissan, Aude, France) and by 
a single bead from the site of the Grotte de la 
Treille (Mailhac, Aude, France), generically at-
tributed to the Bronze Age (Borrello 2001, 
p. 193; Rondi-Costanzo, Ugolini 2000, pp. 
178-179).
The coral from the settlement of Schussenried 
(Baden-Württemberg, Germany; de Marinis 
1997) has a doubtful chronological attribu-
tion, as do the two perforated coral discs from 
tomb 32 of the Jászladány necropolis (Jász-
Nagykun-Szolnok, Hungary), attributed to the 
Bodrogkeresztúr Culture (de Marinis 1997), as 
well as reports of two coral-decorated bracelets 
at Kaltbrunn on Lake Constance (Switzerland; 
Borrello 2001, p. 193). White coral is report-
ed from settlements of the Cortaillod culture 
in Concise (Neuchâtel, Switzerland: worked 
white coral) and Port Conthy (Neuchâtel, 
Switzerland: a white coral bead) (de Marinis 
1997; Borello 2001, p. 191; Skeates 1993). In 
addition, a coral ornament with a suspension 
hole, reportedly found by G. B. Amerano in the 
Pollera Cave (Finale Ligure), lacks precise prov-
enance and contextual data (Borrello 2001, 
p. 193; Borrello et al. 2012; de Marinis 1997). 
Archaeological literature also reports the dis-
covery of numerous coral beads attributed to 
the Ozieri culture at the Dasterru Cave (Punta 
Giglio, province of Sassari, Sardinia) (Borrello 
2001, p. 193; Borrello et al. 2012; de Marinis 
1997). Chemical and microscopical analyses 
carried out on one of them revealed a ceramic- 
based composition – possibly an imitation of 
coral (de Marinis 1997).



30 Coral Lies. Unveiling Technological Exchange and Trade in the Early Iron Age

As far as the central and eastern Mediterranean 
are concerned, available data are scarce. Coral 
was probably known to Minoan populations, 
but there is no evidence that it was used. It ap-
pears to be depicted on Late Minoan IB pottery 
in the so-called “marine style,” yet it has never 
been found in archaeological contexts as a raw 
material or used for ornamentation (de Marinis 
1997; Morel 2006). Evidence for the presence of 
coral in the Bronze Age is nonetheless attested 
at Mallia, Kos, Episcopi-Hierapetras, Perati, and 
Hagia Triada (Borrello 2001, p. 193).

3.3. Iron Age (9th - 2nd century BCE)
Between the late 8th and the 7th century BCE, the 
use of Mediterranean coral spread to Greece, 
Egypt, the Punic world, and peninsular Italy. 
From the end of the 6th century BCE onward, it 
also extended north of the Alps, reaching south-
ern France, Austria, and Germany, within vari-
ous regions associated with the Hallstatt and La 
Tène cultures (de Marinis 1997). 

3.3.1 Coral for ancient Greeks
In the Ancient Greek world, coral is rare in ar-
chaeological contexts and generally dates to 
the Archaic period (7th - 6th century BCE) (Fig. 8; 
Morel 2006; Hermary 2000). 
Coral is often associated with the feminine 
sphere. In the Greek world, his material is found 
along the coast, particularly in sanctuaries ded-
icated to female deities or in contexts connected 
with maritime trade. The absence of coral of-
ferings in inland sanctuaries suggests that they 
were intended as gifts to deities associated with 
navigation (de Marinis 2000, p. 172; Tagliente 
2006, p. 13; Mastrocinque 2006; Morel 2006).
The highest concentrations in the Archaic pe-
riod are found in the region north-east of the 
Peloponnese and Corinth. These include sanc-
tuaries dedicated to Hera at Perachora (17 coral 
artefacts, partly raw and partly worked) and at 
Argos (1 coral fragment), temples dedicated to 
Demeter and Kore at Corinth, and to Poseidon 
and Palemon near the Isthmus of Corinth. Also, 
finds in the Cyclades at Delos (sanctuary of 
Hera), at Samos in eastern Greece (sanctuary 
of Hera), at Ephesus (sanctuary of Artemis), at 
Rhodes (sanctuaries of Athena at Lindos and at 
Camiro), at Megara Hyblaea in Sicily, at Velia, at 
Paestum (sanctuary of Hera del Silari) belong to 

the Archaic period (Morel 2006; Hermary 2000).
In the Greek temple of Gravisca, the harbour of 
the Etruscan city of Tarquinia, a sarcophagus 
containing the simulacrum of Adonis was bur-
ied, accompanied by a crater full of coral. The 
cult of Adonis was linked to Aphrodite; in fact, 
Adonis was a young man loved by the goddess 
who died of a wound inflicted by a wild boar. 
Coral represented all that is beautiful but ster-
ile; a plant born from the sea, like the goddess, 
and therefore associated with her. Gravisca 
is also one of the most important coral sup-
ply areas in the north-western Mediterranean 
(Tagliente 2006, pp. 13-14; Mastrocinque 2006; 
Morel 2006; Ugolini et al. 2000, p. 139; Ugolini 
2006b, p. 91).
Eight white coral fragments were recovered in 
Malta from the sanctuary of Tas Silg: one dated 
to the 4th - 3rd century BCE and the others from 
late Republican or early Imperial levels1, most-
ly from discharges in secondary position. These 
finds have been interpreted as votive deposits, 
also based on their association with inscrip-
tions to Hera (Quercia 2008; Mastrocinque 
2006; Morel 2000, p. 125; 2006, p. 69). The coral 
fragments (length ≈ 6-14 cm) were attributed to 
the species Dendrophyllia ramea, a white coral 
of the south-western Mediterranean living at 
depths between 100 and 300 meters (Quercia 
2008, pp. 204-207).

3.3.2 Coral in Egypt
The Mediterranean Sea played a key role in 
Egypt’s trade with the wider world since the new 
empire (7th century BCE). Among the various 
sites where C. rubrum was found are Memphis 
(coral beads, settlement, late 6th century BCE; 
coral necklaces, settlement, 5th - 4th century 
BCE), Défenneh (white coral branches, 6th centu-
ry BCE), Nébéchen, Naucratis (red coral beads, 
settlement, 5th century BCE). The presence of C. 
rubrum in Egypt is particularly associated with 
settlements near the Nile Delta, coinciding with 
the arrival of the Greeks (7th century BCE). Other 
finds occur in different areas of the Nile Valley, 

1  The sanctuary has been used since 2500 BCE. The 
megalithic temple was integrated into the phoenician 
sanctuary dedicated to Astarte from the 8th century 
BCE. In the same place later in Hellenistic and then 
Roman times, the cult of Hera and Juno is attested re-
spectively, and then in the Byzantine age, around the 
5th - 6th century CE, a readaptation and the formation 
of a church with baptistery. 
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extending as far south as Nubia, but these are 
much later in date (2nd - 4th century CE) and re-
flect Roman trade networks (Morel 2006).

3.3.3 Coral in the Phoenician-Punic domain
Coral was used in the Phoenician-Punic world 
from early periods, but the majority of docu-
mented finds date to the 7th century BCE and 
occur in both funerary and cultic contexts 
(Mastrocinque 2006). At present, the presence 
of coral in Phoenicia and in Cyprus (i.e. in the 
Syrian and Libyan littoral) is unknown, where-
as it is well attested in the colonised territories 
of the western Mediterranean. Coral was wide-
ly available in Malta, western Sicily, western 
and southern Sardinia, the Balearic Islands, 
Andalusia, and the Algerian-Tunisian area (al-
though the latter does not seem to have been 
exploited in these ancient phases: Morel 2000; 
2006, pp. 68-69) (Fig. 9). 
At Carthage, C. rubrum has been documented in 
both funerary and settlement contexts. Fifteen 

tombs, dated between the second half of the 7th 
and the first half of the 2nd century BCE, yield-
ed raw coral sprigs, worked items, and a few 
branches of Dendrophyllia ramea. The coral 
from Carthage is generally of low quality, often 
displaying a “moth-eaten” appearance, likely 
due to collection from secondary deposits along 
the beach. Examples include nearly 30 small 
branches recovered from the metallurgical 
workshops of Byrsa, in layers datable between 
the 4th and mid-2nd century BCE, or those found 
(together with shells, obsidian, and carnelian) 
in a jeweller’s workshop, also in Byrsa, attribut-
ed to the first half of the 2nd century BCE (Morel 
2000; 2006, p. 68). 
In general, coral is absent in Phoenician or 
Punic sites in Africa, with the exception of 
Hadrumentum (Sousse, Tunisia), where 60 cor-
al cylinders were found in a 6th century BCE fu-
nerary context, primarily associated with child 
burials and possibly reflecting Libyan influenc-
es (Morel 2006, pp. 68-69). Outside Africa, coral 
is sporadically attested in burials in Andalusia 

Figure 8. Location of coral evidence in the Greek world in Archaic period. Elaborated by the author in QGIS 3.40.8 
(2025); base map: Natural Earth (Gray Earth raster “GRAY_LR_SR_OB_DR”), public domain.
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(Spain) at Villaricos (unworked and worked), 
in Ibiza (Balearic Islands), in Sicily at Mozia 
and Lilybeo (Marsala), and in Sardinia at Nora, 
Caralis (Cagliari) and Tharros. In all these cas-
es, it is generally unworked C. rubrum and to a 
lesser extent Cladocora coespitosa (found only 
in Cagliari). There are also finds in domestic 
contexts at Villaricos, Mozia, Nora and Tharros 
(Morel 2006, pp. 68-69). In Majorca (Balearic 
Islands), a sprig of polished red coral was found 
at a Phoenician-Punic shipwreck, dating to the 
second quarter of the 6th century BCE (Morel 
2006, p. 69; Purpura 2005, p. 96). Raw coral find-
ings, without any indication of the discovery 
context, are reported at La Alcudia del Elche 
in Spain, Mozia in Sicily, Cagliari, Nora and 
Tharros in Sardinia. Among the most import-
ant finds was the discovery of 3 kg of raw coral 
in the temple-theatre in Cagliari, in Via Malta, 
dedicated to the cults of Aphrodite-Astarte and 
Adonis, dating from the second half of the 3rd - 
1st century BCE (Morel 2006).

3.3.4 Coral among the Italic populations
One of the earliest Iron Age evidences of coral 
use in Italy is a coral bead from a Villanovan 
tomb at Veio (tomb 15, Vaccareccia necrop-
olis), dated to 770–720 BCE, now preserved 
in Rome at the Museo delle Civiltà (formerly 
Museo Nazionale Preistorico Etnografico Luigi 
Pigorini) (de Marinis 1997, p. 154; Ugolini et al. 
2000, p. 139; Ugolini 2006b p. 91).
Coral is rarely found among Italic cultures, 
mainly in funerary contexts or cult areas 
(Fig. 11), such as the artefacts from Teano in 
Campania (Fondo Ruozzo sanctuary: coral and 
bronze pendant, 6th-4th century BCE) or the small 
branches from Capua (cult context, large coral 
branch), Pompei (votive deposit, calcined coral, 
late 3rd century BCE), Paestum (cultual context, 
two arborescent coral branches, 3rd century 
BCE) and in Apulia from Oria (‘Thesmophorion’, 
vase-shaped pendant, approximately 500 BCE) 
(Mastrocinque 2006; Ugolini et al. 2000, p. 142; 
Ugolini 2006b, p. 92).  

Figure 9. Location of coral evidence in the Phoenician-Punic world. Elaborated by the author in QGIS 3.40.8 
(2025); base map: Natural Earth (Gray Earth raster “GRAY_LR_SR_OB_DR”), public domain.
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In Basilicata (Fig. 11), during the 5th–4th cen-
tury BCE, coral appears in funerary contexts, 
used to decorate iron fibulae with a bone dol-
phin-shaped bow (Fig. 10a), whose red eyes are 
made of presumed coral or carnelian (Tagliente 
2006; Ugolini 2006b, p. 92; Ferrero, Rubat Borel 
2017). These artefacts were found in the burials 
of contrada Tesoro, via Di Palma and contrada 
Madre Grazia (tomb VIII) in Taranto, dated to 
the 4th century BCE, and do not always retain 
the inset (Ugolini 2006b, p. 92; Bianco 2006, p. 
127). There are parallels in Greek (Herakleia) 
or indigenous burials, such as at Metaponto 
(Pantanello necropolis, indigenous tomb, 5th 
century BCE: fibulae decorated with shells or 
coral and a rough coral branch), Lavello and 
Sant’Arcangelo in Basilicata (Tagliente 2006; 
Ugolini et al. 2000, p. 141). Two dolphin-shaped 
bone fibulae were found in Herakleia (Policoro, 
Basilicata) in female burial 50 in Via Avellino, 
dated to the end of the 4th century BCE. Another 
example of a dolphin-shaped fibula also comes 
from the Sanctuary of Demeter in Herakleia, 
whose body was made of ivory accompanied by 
a coral inlay in the eyes (Bianco 2006, p. 127).
Three analogous specimens from the Assi col-
lection, with no indication of provenance, are 
preserved in the Musei Reali in Turin (Fig. 10a). 
For them, the raw material of the eyes was iden-
tified macroscopically as hard stone, but based 

on no archaeometric analysis (Ferrero, Rubat 
Borel 2017, pp. 5-6, fig. 13). Due to this, these ar-
tefacts were included in the current project, on 
specific request of the Musei Reali: two of them 
retain eye insets, identified as C. rubrum and 
probable Spondylus gaederopus, respectively.
Another dolphin-shaped fibula, presumably 
of Apulian origin, is preserved in the Museo 
Archeologico Nazionale in Florence. It is made 
of bovine bone and decorated with circular in-
lays of presumed ivory (Iozzo 2013, fig. 3) in the 
eyes and along the entire body, giving the arte-
fact a spotted appearance, unique among the 
known specimens (Fig. 10b). 
Lead imitations of coral sprigs were discovered 
on the acropolis of Herakleia (Bianco 2006, 
p. 127). Rough coral branches were found in 
Archaic tombs in Alife (Caserta) and in a tomb 
in Pontecagnano, adapted as pendants, dated to 
the first quarter of the 6th century BCE (Ugolini 
et al. 2000, p. 142; Ugolini 2006b, pp. 92-94). 
Between the 4th and 2nd century BCE, coral was 
widespread throughout the indigenous world 
in the Italian peninsula. One of the most fa-
mous finds is the iron and bronze parade hel-
met found in Canosa and dated to the 4th centu-
ry BCE, embossed and decorated with coral, of 
Celtic import and manufacture. The coral cabo-
chons of this artefact are similar to those found 
in Montlaurès, in France (Ugolini 2006b, pp. 

Figure 10. a) Dolphin-shaped fibula, Musei Reali inv. 23.M380-9.8 (Assi collection 15/18; ph. Berruto; metric ref-
erence 1 cm); b) Dolphin-shaped fibula, Museo Archeologico Nazionale di Firenze (metric reference 1 cm; modi-

fied after Iozzo 2013, fig. 3).
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92-94). In burials, fibulae with coral decorations, 
referable to the 4th century BCE, are made of iron 
(Ordona, 5th century BCE; Paestum), bronze, sil-
ver (Teano and Paestum) or gold (Lavello tomb 
955 and Melfi; Paestum and Alife) (Ugolini et al. 
2000, p. 142; Ugolini 2006b, pp. 94-95). Iron fib-
ulae with foots covered by perforated cylindri-
cal white elements were found in grave goods 
from Metapontum or the ‘chora Metapontina’2. 
These cylindrical elements have been variously 
attributed to shells or corals, though scientific 
investigations are not detailed (Bianco 2006, pp. 
120-131). Coral beads come from child graves in 
Ordona (4th century BCE) and from a burial in 
Ruvo (6th - 3rd century BCE) (Ugolini et al. 2000, 
p. 142; Ugolini 2006b, p. 94). 

2  Tombs 66, 83, 95, 350 from Pizzica Pantanello; 
tomb 11 from Agrobios Pantanello, tomb 45 from San 
Salvatore, tomb 2 From Bivio Franchi, tomb 125 from 
Casinello, tomb 358 from Destra Basento-SS106.

3.3.5 Coral in Iron Age Europe 
In the Early Iron Age, coral was widely used 
in Italy in the regions to the north of the Po 
River, namely by the Golasecca culture to the 
west and the Venetic-Atestine culture to the 
east (de Marinis 2000). Most discoveries come 
from funerary contexts, especially female buri-
als, although some finds also appear in settle-
ments, such as at Forcello di Bagnolo San Vito 
in Etruria Padana. Studies on Golasecca sites, as 
well as on other Iron Age cemeteries in Europe, 
indicate that coral amulets were predominant-
ly placed in the graves of women and children, 
suggesting a close association with the female 
sphere and childbirth (de Marinis 2000, p. 172). 
In th e Golasecca area, from the 4th century BCE 
onwards, these objects also appear in male buri-
als, likely reflecting the influence of the La Tène 
culture (de Marinis 2000, p. 172).
In th e Iron Age, the use of coral is particular-
ly common among Celtic populations (Taviani 
1997), probably due to trade networks with 
north-italic communities or italic and medi-
terranean regions (de Marinis 2000, p. 172), 

Figure 11. Location of coral evidence in southern Italy in the pre-Roman period. Elaborated by the author in QGIS 
3.40.8 (2025); base map: Natural Earth (Gray Earth raster “GRAY_LR_SR_OB_DR”), public domain.
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where this material was used for manufactur-
ing beads, pinheads and composite beads, or 
used raw in necklaces (Fig. 12; de Marinis 1997, 
p. 157). Between the end of the 6th and 5th cen-
tury BCE, this material is widespread in the 
Cisalpine, Golasecca (GIIB and GIIIA1 phases), 
Venetic-Atestine (Este III-medium) and transal-
pine Hallstattian (Hallstatt D 3) areas. Western 
Hallstattian fibulae, with ornithomorphic foot 
or Fußzier type, often show three or four trans-
verse grooves on the bow filled with a white 
material, identified as bleached coral. Fibulae 
with a dovetailed foot or a long foot ending in a 
double small globe also display the same deco-
ration (de Marinis 1997, p. 157).
The use of coral in the Early Iron Age is docu-
mented in Languedoc by two beads dated to 
the mid-7th century BCE, isolated finds from 
two burials, near the Pyrenees and in the lower 
Aude valley (Ugolini 2006a, p. 80). This materi-
al is attested in central and eastern France, as 
well as in Switzerland, as a raw material and in 
the form of jewellery during the 6th century BC 
and especially between the end of the 6th and 
the first half of the 5th century BC in settlements 
and necropolises. It is much more common in 
the later phases in Provence and Languedoc, 
in relation to its use by Celtic craftsmen from 
La Tène A onwards (Ugolini 2006a, pp. 86-87). 
In Catalonia and Provence between the 6th and 
3rd century BCE, coral is relatively abundant. In 
the centers occupied by the Greeks (Marseille, 
Béziers, Emporion, Olbia, Arles, Agde), raw cor-
al branches are predominantly found, whereas 
worked artefacts prevail in the indigenous set-
tlements (Ugolini 2006a, p. 86).
Celts in the late Iron Age used this raw material 
to decorate fibulae, torques, armillae, rings, belt 
plates, helmets, sword scabbards and bronze 
vessels (de Marinis 1997, p. 158; Fürst 2014; 
Ugolini 2006a, p. 79; Zlámalová Cílová et al. 
2024). They attributed great value to red cor-
al, which was difficult to obtain and therefore 
quite expensive. Artefacts decorated with coral 
are, in fact, few in number and highly refined 
(Ugolini 2006a, p. 79). They probably imported 
raw coral and processed it locally3. Raw cor-
al was indeed found in the so-called princely 

3  As probably already occurred in earlier times; 
raw coral has also been found in Hallstattian con-
texts: e.g., Bourguignonès-lès-Morey, France, and 
Poříčany, Czech Republic (Perrin 2000, p. 196; 
Zlámalová Cílová et al. 2024).

residences of the Heuneburg (Hundersingen, 
Baden-Württemberg), Mont Lassois (Châtillon-
sur-Seine, Côte-d’Or; Borrello 2001, p. 194; 
de Marinis 1997, p. 157; Fürst 2014), Bourges-
Port Sec (together with finished products; end 
of 6th-5th centuries BCE: Augier et al. 2012, p. 
229; Cicolani 2017) and Zvoleněves (3rd centu-
ry BCE: Zlámalová Cílová et al. 2024). It was 
also found in a hillfort, Bourguignon-lès-Morey 
‘Camp de César’ (Fürst 2014, p. 54), and fre-
quently in Hallstattian settlements in the plains: 
Weingarten ‘Krummäcker’ (Germersheim dis-
trict), Gerlingen ‘Obere Gerteisen’ (Ludwigsburg 
district), Geispolsheim ‘Bruechel’ (Lower Rhine 
department), Bragny-sur-Saône (Saône and 
Loire department) (Fürst 2014, p. 54).
This exotic product was used ostentatiously and 
is also found in high-ranking tombs as part of 
the grave goods. A unique example is repre-
sented by the statuettes supporting the bronze 
bench discovered in the male tomb of Hochdorf 
(Eberdingen, Baden-Württemberg), which fea-
ture coral inlays reproducing jewellery on the 
depicted human figures. Dated to around 530 
BCE, it was likely imported from northern Italy 
(Verger 2006a). 
Coral use is also documented in the female tomb 
of Vix in France, underlining the use of this 
material in princely tombs, i.e. of individuals 
with political, religious and warrior functions 
(Perrin 2000, p. 196).
In the Late Iron Age, the use of coral moved 
northwards, especially in Champagne region in 
France (La Tène A and La Tène B periods) and 
in the south-western area of Germany from La 
Tène A period (Fürst 2014). Among these cul-
tures, strong attraction to coral has been related 
to the use of wine and the male deity associat-
ed with the symbolism of the tree of life and its 
magical powers since the 5th century BCE (Kruta 
1986; 1987; Morel 2006, p. 77; Perrin 2000, pp. 
196-198). 
From LT C (c. 300 BCE) the presence of coral-dec-
orated artefacts is reduced (Zlámalová Cílová 
et al. 2024). A representative example is that 
of the Mitteldeutsche Korallenfibeln, generally 
made of iron with bronze parts (rarely in oth-
er precious metals) and decorated with whitish 
beads in alleged coral. Three main types can 
be distinguished (LT C2 – LT D1): Brücken (e.g. 
Hänichen, Kleinkorbetha, Gräfenhainichen, 
Langenau, Leimbach fibulae), Andisleben and 
Körner. Scientific analyses revealed the use of 
materials other than coral in the manufacturing 
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of these objects – such as white fossil coral lime-
stone from the Baltic Sea region or the glaciers 
of northern Germany. Composite artefacts are 
also found, involving the use of red and white 
corals (e.g. fibula from tomb 227 in Dürrnberg/
Hallein), coral and enamel (e.g. fibula from tomb 
17 in the Nebringen necropolis, Böblingen dis-
trict) (Bente et al. 2014; 2020; Rauchfuss 2016; 
Schrickel, Bente 2013; Schrickel et al. 2014).
In some regions, such as Champagne, coral con-
tinued to be used extensively for highly refined 
objects, including armaments and war chariots. 
In other areas, substitute materials, such as red 
glass and enamel, became increasingly wide-
spread, particularly from the 4th century BCE on-
ward (Perrin 2000, p. 198). It is unclear whether 
this change was due to the depletion of sources, 
shifts in trade networks, or simply a change in 
preference. However, the continued use of coral 
in later periods suggests that the first explana-
tion can likely be ruled out (Zlámalová Cílová 
et al. 2024; Fürst 2014). 

3.3.6 Supply areas in pre-Roman times
For the coral used in the Golasecca and Este cul-
tures (see further in this volume), a provenance 
from Campania, mediated by the Etruscans, is 
traditionally assumed. This hypothesis is based 
on the spread of the raw material from around 
700 BCE, coinciding with the arrival of the first 
imported objects from Etruria (de Marinis 2000, 
p. 164; Ugolini 2006b, p. 90). Numerous frag-
ments of raw coral were found in the De Luca, 
Arnoaldi and Certosa cemeteries in Bologna, 
which are considered to support this hypoth-
esis (Fig. 14; Tab. 1; de Marinis 1997, p. 157). 
However, there is almost no evidence regarding 
the extraction or use of coral in the Etruscan 
world (e.g., fishing or processing tools), despite 
the presence of coral banks within the areas 
influenced by these populations (Ugolini et al. 
2000, p. 139; Ugolini 2006b, pp. 90-91). 
The discovery of numerous raw coral fragments 
at Forcello di Bagnolo San Vito (near Mantua) 
apparently further supports this hypothesis 
(Figs. 13-14; Tab. 1; de Marinis 1997, p. 157). It 

Figure 12. Distribution map of coral artefacts in Europe during the Hallstatt D2-D3 phases (c. 575-450 BCE); 
black circles = more than 5 coral artefacts; white circles: artefacts that have lost their insets; squares = settle-

ments with corals (after Fürst 2014, fig. 2).



37 Giulia Berruto Ornamental Use of Coral

is allegedly an Etruscan settlement and a trad-
ing center along the route that led from the 
Adriatic ports to Mantua, Brescia and Como (de 
Marinis 1987) (see also Chapter 4, this volume). 
Molluscs of Adriatic origin were also found in 
the same site, confirming exchanges with these 
areas (Schmid-Sikimić 2000a, pp. 152-153; 2002, 
p. 129). A small branch of raw coral is also pres-
ent in the infant burial (tomb 5, inv. 169394) in 
Borgo Virgilio-Arginotto (Mantua).

Figure 13. Forcello di Bagnolo San Vito, raw coral 
branch, inv. no. St. 98799 (ph. Berruto; metric refer-

ence 1 cm).

A provenance mediated by the Etruscans does 
not necessarily imply that the coral originated 
in Campania. The raw material could also have 
come from the Ligurian or Adriatic Seas, as 
well as from the coasts of Istria and Dalmatia, 
which were rich in coral beds and maintained 
early cultural and commercial contacts with the 
Italian shores (Ugolini 2006b, p. 90; Schmid-
Sikimić 2000a; 2002, p. 129). The latter hy-
pothesis would be supported by the frequent 
discovery of coral necklaces near Budapest in 
Hungary. However, these findings are more re-
cent (La Tène B, 4th century BCE), suggesting a 
possible Adriatic origin of the coral, transported 
along the Sava Valley and reaching the Danube 
near Vukovar. If the Adriatic origin is correct, 

coral would likely have been readily available 
in the markets of Adria and/or Spina, where the 
Etruscans stocked up (Schmid-Sikimić 2000a). 
Trade along the Adriatic route is well attested by 
the presence of Apulian-Daunian pottery, start-
ing from the 8th century BCE, towards Istria and 
the Dolenjsko group. Moreover, the distribution 
of Venetic, Apulian and Greek ceramics con-
firms the exchanges with these areas (Schmid-
Sikimić 2000b; Nascimbene 2009, p. 7).
A fragment of raw coral is also reported in Genoa 
(San Silvestro, Oppidum del Colle di Castello), 
dating to the 5th century BCE (Figs. 14, 22; Tab. 
1; Melli 2021, p. 75, fig. 48; Milanese 1987, pp. 
155 (n. 243), 352, 380; Rondi-Costanzo, Ugolini 
2000, p. 181; Ugolini 2006b, p. 91), which could 
be related to a possible local origin, since coral 
fishing on the Rapallo coast is documented in 
historical times.
The Greek colony of Marseille played a key role 
in the coral trade during the 6th century BCE. 
Large concentrations of raw coral have been 
found in settlement levels from this period (La 
Tourette and Butte Saint-Laurent), and further 
insights come from a shipwreck discovered in 
1993 during excavations at the ancient port 
(Place Jules Verne) (Figs. 14-15; Tab. 1; Rondi-
Costanzo, Ugolini, 2000, p. 177; Purpura 2005, 
pp. 97-98; Ugolini 2006a, pp. 80-81). The ship-
wreck – a small Greek boat dating from the sec-
ond half of the 6th century BCE – is the oldest 
evidence of coral fishing. The boat’s interior had 
been waterproofed with pitch, which preserved 
12 small coral branches that had accidentally 
fallen during the initial processing of the raw 
material on board (Pomey 2000; Purpura 2005, 
pp. 97-98).
In the immediate surroundings of Marseille, 
worked coral is already present in the 7th cen-
tury BCE at Mailhac. In the following century, 
engraved coral (‘corail incisé’) appears at Baou 
de Saint-Marcel (580-550 BCE), while both rough 
coral and a fibula decorated with coral are doc-
umented at Gros Ped and in a settlement at 
Saint-Blaise (6th century BCE) (Fig. 15; Rondi-
Costanzo, Ugolini 2000, pp. 178-179).
In this period, the use of coral is also wide-
spread in Burgundy, where is used to decorate 
fibulae (Ugolini 2006a, pp. 80-81), as well as in 
the Jura and Centre-Val de Loire (Bourges) re-
gions (Augier et al. 2012, p. 229; Cicolani 2017) 
and in northern Italy. It is therefore plausi-
ble that the Etruscans played an active role in 
the coral trade, following an alternative route 
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(Ugolini 2006b, p. 91) that involved the upper 
Tyrrhenian Sea and, after the foundation of the 
Etruscan-Ligurian emporium at Genoa in the 
6th century BCE, reached the Po Valley via the 
Scrivia Valley (Melli 2021).
For the trans-Alpine Celtic area in the Late Iron 
Age, it is generally assumed that coral was im-
ported via Massalia and the Rhone and Saône 
valleys, providing access to central and eastern 
France as well as the Helvetian trans-Alpine 
region. However, a provenance from Etruria 
via the Alpine passes cannot be ruled out (de 
Marinis 1997, p. 157; Ugolini 2006a, pp. 80-81). 
Coral was not widely used in the coastal centers 
where it was harvested, suggesting that it may 
not have been considered particularly valu-
able by the fishing and collecting communities 
(Ugolini 2006a). 
In the 5th century BCE, evidence in Marseille 
(Tunnel de la Major) and Provence (Saint-Blaise; 
Arles; Marduel; Grotte de La Lioure) is scarce, 
whereas abundant in western Languedoc, espe-
cially in the center of Béziers, a settlement with 

a strong Greek presence, active in the 5th and 4th 
century BCE (Fig. 15; Rondi-Costanzo, Ugolini 
2000, pp. 179-180; Ugolini 2006a, pp. 81, 86). In 
Languedoc, raw coral is abundant in residential 
levels, while processed material originates from 
indigenous centers. However, coral is found 
only in coastal sites or along trade routes and 
is absent from the rest of the territory (Fig. 15). 
Marseille probably remained a coral-fishing 
center during these phases but lost its commer-
cial function. The sandy coasts of Languedoc 
did not allow coral to grow, so it likely contin-
ued to come from Provence and the Pyrenean 
coasts, which were still rich in coral banks. 
From Béziers, coral was traded northwards to 
France via the Aquitaine route, which leads to 
the Gironde estuary and then the Loire basin, 
or along the right bank of the Rhône (Ugolini 
2006a, pp. 81, 86). At Béziers, coral is found 
unworked and relatively dispersed within the 
settlement. Worked material (beads or pierced 
branches), on the other hand, comes from near-
by sites (Montfo, Montlaurès, Mailhac, Cesseras, 

Figure 14. Distribution of raw coral branch discoveries north and south of the Alps between the 8th and 6th century 
BCE. Elaborated by the author in QGIS 3.40.8 (2025); base map: Natural Earth (Gray Earth raster “GRAY_LR_SR_

OB_DR”), public domain.
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Saint-Brès, Salses-Le Port, Les Gardies, Plan de 
la Tour, Saint Vincent – Gaujac; Rondi-Costanzo, 
Ugolini 2000, p. 180). Towards the end of the 5th 
century BCE (after 420-400 BCE), coral-decorat-
ed metal ornaments in Celtic style, especially 
fibulae, are common along the coast (Grotte de 
Sargen en Rouergue, Saint-Rome-de-Cernon; 
Fig. 15). 
In Catalonia, at the Greek colony of Emporion, 
two raw coral branches were found in child 
burials, while raw or worked coral objects 
have been reported from Pontòs and Ullastret 
(Fig. 15; Rondi-Costanzo, Ugolini 2000, p. 180; 
Ugolini 2006a, pp. 81, 86).
Between the 4th and 3rd century BCE, evidence 
for the presence of coral becomes consider-
ably scarcer in Provence and is completely 
absent in Marseille (Fig. 15). In Provence, fib-
ulae with coral appear in Martigues, Saint-
Pierre-Les-Martigues, on the Island of Sainte-
Marguerite (Cannes) and raw coral on the 
Island of Sainte-Marguerite (Cannes), in Fréjus 
(Var) and Cucuron (Vaucluse). In Languedoc, 

Figure 15. Coral discoveries in Iron Age archaeological contexts in Provence, Languedoc and Catalonia between 
the 7th and 3rd century BCE. Elaborated by the author in QGIS 3.40.8 (2025); base map: Natural Earth (Gray Earth 

raster “GRAY_LR_SR_OB_DR”), public domain.

coral is still present, being found only along the 
eastern coasts at Lattes and Le Marduel (Rondi-
Costanzo, Ugolini 2000, p. 181), whereas it is 
abundant along the western coast. 
In the 4th century BCE, Béziers still had abun-
dant raw material, but this declined by 300 BCE. 
Ensérune, an indigenous settlement, was partic-
ularly rich in the 3rd century BCE, yielding both 
raw material and worked objects (beads, fibu-
lae, zoomorphic heads, sword scabbards, em-
bossed foils, decorated with coral and referable 
to Celtic models datable between the 5th and 3rd 
century BCE; Rondi-Costanzo, Ugolini 2000, 
pp. 181-183; Ugolini 2006a, pp. 81-84). Raw cor-
al is also reported in Agde (Rondi-Costanzo, 
Ugolini 2000, p. 181) and worked coral in 
Montlaurès (Rondi-Costanzo, Ugolini 2000, p. 
183). Between the 4th and 3rd century BCE, ob-
jects decorated with coral in La Tène style are 
found in indigenous settlements in Catalonia 
(Ullastret and Emporion), less frequently than 
in Gaul (Rondi-Costanzo, Ugolini 2000, p. 185; 
Ugolini 2006a, p. 86). In the second half of the 3rd 
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and 2nd century BCE, these finds decrease in gen-
eral everywhere (Ugolini 2006a, p. 86). In the 4th 
century BCE, coral almost completely disappears 
in northern Italy, while in the south it is wide-
ly used between the 4th and 3rd century BCE in 
the indigenous world, particularly in Campania, 
Basilicata and Apulia. The origin of the raw ma-
terial remains unknown, although a provenance 
from the nearby Campania coral banks has been 
hypothesised (Ugolini 2006b, p. 96). 

3.4. Roman period
In Roman times, Pliny the Elder (Naturalis 
Historia, XXXII, 11, 21) reported that the dark-
er-coloured coral came from the Persian 
Gulf and the Red Sea, while that from Eritre 
(Asia Minor) was soft and worthless (Fig. 16). 
Probably, this was not C. rubrum but anoth-
er species, such as Tubipora musica which is 
also attested in Egypt in earlier periods (Meeks 
2000). According to Pliny, the best coral came 
from the ‘Gallic Gulf’, near the ‘Stoechadae’ 

Islands (‘îles d’Hyères’ or ‘îles d’Or’, Var depart-
ment, Provence) and the Sicilian Sea, near the 
Aeolian Islands and Trapani (‘Drepana’), as well 
as from Naples and Gravisca. Among ancient 
authors, Dioscorides and Oribasius indicate its 
origin from Cape Pachino near Syracuse (Bresc 
2000; Leurini 2006, p. 85; Mastrocinque 2006; 
Morel 2006, p. 71; Tagliente 2006). Not men-
tioned in these sources are the deposits in the 
Algerian-Tunisian area, which became import-
ant in later centuries, nor those in Catalonia or 
the Alboran Sea (Morel 2006, p. 72). Pliny the 
Elder describes the scarcity of this material, re-
ferring specifically to to deposits exploitable by 
free diving (Bresc 2000):

Gignitur et in Rubro quidem mari, sed nigrius, 
item in Persico, vocatur lace, laudatissimum 
in Gallico sinu circa Stoechadas insulas et in 
Siculo circa Aeolias ac Drepana. Nascitur et 
apud Graviscas et ante Neapolim Campaniae 
maximeque rubens, sed molle et ideo vilissi-
mum Erythris (Naturalis  Historia, XXXII, 11, 
21).

Figure 16. Coral supply areas in Roman times. Elaborated by the author in QGIS 3.40.8 (2025); base map: 
Natural Earth (Gray Earth raster “GRAY_LR_SR_OB_DR”), public domain.
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In the Roman period, coral artefacts are few, 
generally amulets forming pendants associated 
with necklaces, necklace and figurine elements, 
gems, cameos and carvings. These artefacts gen-
erally relate to the 3rd and 4th century CE (Morel 
2006, p. 72), whereas findings of raw coral are 
completely absent (Feugère 2000). 
From the 1st century CE, most of the C. rubrum 
fished in the Mediterranean Sea was exported 
to India (Pliny, Naturalis Historia, XXXII, 21-23).

Auctoritas bacarum eius non minus Indorum 
viris quoque pretiosa est quam feminis nos-
tris unions gestamen amoliendis periculis 
arbitrantur. Ita et decore et religione gau-
dent. Prius quam hoc noresceret, Galli gla- 
dius, scuta, galeas adornabant eo. Nunc tan-
ta paenuria est vendibili merce, ut prequam 
raro cernatur in suo orbe (Naturalis Historia, 
XXXII, 11, 23).

This information is also contained in the 
Periplus Maris Erythraei (1st century CE), mar-
itime routes of the Red Sea, the Indian Ocean 
and the Persian Gulf (Morel 2006, p. 72), and 
in the Descriptio Orbis of Dionysius Periegetes 
(Leurini 2006, p. 86). Some authors (De Romanis 
2000) identify four phases between the 2nd cen-
tury BCE and the 1st century CE: 1) export of 
mediocre coral from the Persian Gulf; 2) export 
of better quality Mediterranean coral to the 
Nile delta (Meeks 2000), northern India, south-
ern India and Sri Lanka; 3) the trade extends 
to Bactrian (Afghanistan) and 4) to China, as in 
Hellenistic times (Morel 2006, p. 72). However, 
archaeological records do not confirm such an 
abundance in India and Sri Lanka, where it is 
only reported in few locations (Morel 2006, pp. 
73-75; Vidale 2001; Vidale et al. 2015). Amulets 
and coral jewellery of this phase are document-
ed in Afghanistan and China (Tagliente 2006). 
In Egypt, findings of red coral are found in the 
Delta and surrounding areas; in Alexandria, 
180 fragments of raw coral were found on the 
Broucherion Coast, identifying a probable pro-
duction ‘atelier’. In Nubia, jewellery dating 
from the 2nd to 4th century CE has been found 
(Meeks 2000, p. 104).

3.5. Middle Ages (476-1492)
In the Middle Ages, the areas of supply changed, 
according to Jewish geographers and traders in 
the 11th and 12th century CE (Fig. 17): the Maghreb 
coasts were exploited by local populations, par-
ticularly in the site of Marsa al-Kharaz, today’s 
La Calle (Marsacarès-La Calle), where fishing is 
attested from the 10th century CE and two centu-
ries later. Sicily, particularly the Trapani coast, 
still produces coral of excellent quality (Bresc 
2000; Chazottes 2018; Piccinno 2006). Fishing 
areas were also located towards the Provençal 
rocky coast of Marseille in Saint-Raphael, near 
the Estérel, and the Ligurian Gulf (in particular 
from 1140 in Genoa, from 1154 in Portofino), 
in Corsica and on Catalan coast, also exploited 
from the 11th century, with an intensification in 
the 14th century CE (Bresc 2000). Coral fishing 
in Naples is attested between 1000 and 1200 CE, 
with Norman regulation (Sirago 2006).
In the 13th century, Provençals fished coral along 
the coasts of Provence, Sardinia, Corsica, Sicily, 
southern Italy and the Gulf of Naples (Bresc 
2000; Chazottes 2018; Sirago 2006). Between 
the end of the 13th and the beginning of the 14th 
century, numerous fishing facilities were ex-
ploited in the Gulf of Naples and Capri (Bresc 
2000). The port of Marseilles becomes very im-
portant (Chazottes 2018) and trades exist with 
the Levant or Egypt, Arab, Indian and Persian 
markets.
From the 12th century and particularly in the 
14th century, Sardinia was exploited by the 
Provençals, in competition with the Pisans 
(in Cagliari) and the Ligurians (in Bonifacio). 
Between the end of the 14th and the beginning of 
the 15th century, the Catalans also began to fish 
in Sardinia, partly replacing the ‘Marseillais’ 
(Bresc 2000). Between the 14th and 15th centu-
ry, small Jewish coral workshops opened in 
Trapani (Costanza 2006).
Archival documents in Provence mention the 
use of large amounts of red and white coral for 
pharmaceutical purposes between the end of 
the 14th and 15th century CE, in continuity with 
practices already documented in Roman times 
and later in the early modern period (Chazottes 
2018, pp. 145-148).
Ligurians have been fishing in the Sardinian Sea 
since the beginning of the 14th century, when 
the Doria and Malaspina families settled on the 
west coast. In 1354, Venetians and Catalans suc-
ceeded in taking these fishing areas away from 
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the Ligurian populations. The latter then moved 
to Corsica and along the African coast, where 
the Catalans and Provençals were already fish-
ing (Piccinno 2006). In the 15th century, fishing 
restarted in Marsacarès-La Calle by the Catalans 
and from 1429 onwards also in Tabarka, where 
new deposits were discovered (Bresc 2000).
In 1469, Genoa had contracts with Alghero but 
later referred instead to the Spanish Crown (af-
ter 1528; Piccinno 2006).
After the sack of Marseilles, the loss of Naples 
and the exclusion of Marseilles from the de-
posits of Sardinia, the Provence coasts were ex-
ploited and explored anew. The Florentines and 
Venetians, with the Catalans, took advantage of 
the ambitions of René d’Anjou on the Aragonese 
throne to monopolize the Provençal coral. This 
was a time of exploration and search for new 
areas of supply. In 1418, new coral deposits 
were discovered in the sea of Trapani; searches 
were also made in Civitavecchia and Corneto, 
without much success. The Marseillais left the 
Mediterranean and in 1443 obtained an exclu-
sive coral fishery in the Portuguese Algarve, the 

southernmost region of mainland Portugal, out-
side the Strait of Gibraltar; this was the first ex-
ploitation of Atlantic coral (Bresc 2000).

3.6. Modern Age (1492-1789)
In the 16th century, Ligurians and Provençals 
fished in Corsica and Sardinia. Manufacturing 
was concentrated in Genoa, in the Bisagno and 
Polcevera Valleys (Doneddu 2006; Piccinno 
2006). In 1599, new coral banks were discovered 
near the islands of San Pietro and Sant’Antioco, 
where the Ligurians had exclusive exploitation 
(Piccinno 2006). Between the 15th and 16th centu-
ry CE, other fishing sites are found in southern 
Italy (San Vito lo Capo in Sicily, Ponza, Marsala, 
Syracuse, Cape Pachino), along the coast of the 
Spanish Levant (Cabo de San Antonio, Portmàn, 
Vera, Almeria) and Mediterranean Morocco (La 
Alcudia and Penon de la Gomera) (Bresc 2000).
Between the 16th and 18th century CE, coral 
guilds were established in Trapani, while fish-
ing activities also continued to be carried out 

Figure 17. Coral supply areas in historical times. Elaborated by the author in QGIS 3.40.8 (2025); base map: 
Natural Earth (Gray Earth raster “GRAY_LR_SR_OB_DR”), public domain.
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along the North African coasts. By the end of the 
16th century, the coral banks in the Naples area 
had been largely depleted, prompting a shift in 
fishing towards Corsica and Sardinia, mainly by 
the Livornesi (Costanza 2006). Between the 16th 
and 17th century CE, coral processing developed 
in Naples (Sirago 2006).
In the 16th century, the Adriatic was also the fo-
cus of an important coral trade under the con-
trol of Venice (Schmid-Sikimić 2000a, p. 155; 
Ugolini 2006b, p. 91). 
In the 17th century, coral fishing saw a Genoese 
hegemony, with boats leaving from Cervo, Santa 
Margherita Ligure and Laigueglia towards 
Ajaccio and Bonifacio; fishing by Sardinians and 
Corsicans was subordinate. Fishermen from 
Campania were also active in these areas, selling 
the raw coral to merchants from Livorno, who 
were responsible for its processing and market-
ing. In contrast, coral-related activities in the 
Trapani area experienced a decline (Doneddu 
2006; Sirago 2006).
During the 18th century, the Genoese maintained 
their dominance, while the Corsicans began 
fishing and trading both corsican and sardin-
ian coral. The corsican deposits went soon ex-
hausted, but the exploitation of sardinian de-
posits continued until the end of the century 
(Doneddu 2006; Piccinno 2006). The people of 
Campania also continued to fish in these seas; 
however, unlike in the previous century, they 
sought to establish local processing and trad-
ing activities in order to increase profits, with-
in the framework of the Bourbon attempts to 
regulate the coral trade (First Bourbon period: 
1734–1806). Skilled workers from Trapani and 
Livorno were brought to Naples, where pro-
duction activities were concentrated along the 
Sellaria road. In 1790, the Regia Compagnia del 
Corallo established a factory in Torre del Greco, 
but only four years later a volcanic eruption 
triggered a political and economic crisis that 
affected these initiatives (Sirago 2006). Later in 
the 18th century, fishing in Corsica and Sardinia 
became unprofitable due to the depletion of cor-
al banks, and exploitation consequently shifted 
towards North Africa (Doneddu 2006). 

3.7. Contemporary Age (1789-1904)
The profession of coral craftsman was charac-
teristic of Naples throughout the 19th century. At 
the beginning of the 19th century (French period: 
1806-1815), another factory was set up in Torre 
del Greco by a entrepreneur from Marseilles 
(1805), followed by the opening of numerous 
others. Coral fishing continued mainly in North 
Africa, despite the persistent risks of piracy. The 
second Bourbon period (1815–1860) was partic-
ularly turbulent: in 1816 a massacre of fisher-
men occurred in North Africa; in 1817 a plague 
outbreak affected the same areas; and in 1818 
coral fishing was officially banned. As a result, 
the number of Neapolitan fishermen operating 
in other regions increased, alongside a revival 
of coral processing in Marseille around 1820 
(Sirago 2006). In the second half of the 19th cen-
tury, Torre del Greco was the most important 
center and the development of this trade cul-
minated with the establishment of a school for 
corallers in 1878. At the same time, the Genoese 
were fishing in Provence (Gangemi 2006; Sirago 
2006). 
In 1875, following the discovery of abundant 
coral deposits in Sciacca, overproduction led to 
a collapse of the market. As a consequence, in 
1887 a ban on fishing in the Sciacca area was 
imposed, prompting a return to the exploitation 
of older coral banks as well as renewed fishing 
activity in Lazio, near Civitavecchia. Between 
1892 and 1904 there were signs of revitalisation 
of the sector; however, most coral banks were 
already largely depleted. In 1905, the import 
of Japanese coral began, marking a significant 
shift in supply. In 1932, the Museo del Corallo 
was founded in Torre del Greco (Gangemi, 2006; 
Sirago 2006). 
The coral species exploited in more recent times 
have diverse origins and are generally deep-
sea corals. The best-known examples are from 
the Far East, used in fashion jewellery, such as 
the red C. japonicum from Japan, C. nobile from 
the Philippines, and C. secundum from Hawaii, 
which is pink or otherwise pale in colour. These 
species, native to the Pacific Ocean, are much 
larger than Mediterranean red coral, whose 
branches generally do not exceed 30 cm in 
height or 1 kg in weight (Harmelin 2000).





4. Coral in Northern Italy in the Iron Age

Abstract

In Italia settentrionale durante la prima età del Ferro si riscontra un’ampia diffusione di manufatti 
variamente decorati con corallo. Questo materiale è frequentemente utilizzato in oggetti di ornamen-
to e abbigliamento femminili, principalmente fibule e pendenti, soprattutto in contesti archeologici 
riconducibili all’area di Golasecca, a nord-ovest, e all’area paleoveneta-atestina, a nord-est. In queste 
aree, il corallo compare dall’VIII secolo a.C. e si diffonde ampiamente tra il VII e il V secolo a.C., con 
un’evoluzione tecnologica da forme più semplici (rami di corallo forati, perline) verso oggetti via via 
più complessi (fibule e pendenti).
Il tipo più diffuso è la fibula a sanguisuga con lunga staffa e arco con anima in cotto, decorata da 
piccoli inserti circolari. Esso è comune in due aree principali (cultura di Golasecca e di Este), ma atte-
stato anche in zone limitrofe (la Liguria interna e costiera, l’Etruria padana, ecc.), probabilmente in 
relazione alle principali vie di transito e alla circolazione di persone, oggetti e modelli. In questo senso 
si può notare una certa variabilità territoriale. Nell’area paleoveneta si trovano le forme più antiche, 
caratterizzate da un minor numero di fori sull’arco, nonché dalla predominanza di una variante con 
motivi lineari tra i fori. Tali varianti sono ben rappresentate anche nell’area di Golasecca, dove però 
sono attestate anche forme più evolute, indicando questa come probabile zona di origine. Nella zona 
di confine tra le aree di Golasecca, ligure e padana (come Alessandrino, Astigiano e Piacentino), è stata 
identificata una variante forse legata a una produzione locale, caratterizzata da un arco pieno a sezio-
ne piatta, lunga staffa con estremità appiattita e talvolta un rigonfiamento, decorato solo sulla faccia 
superiore.
L’origine del corallo utilizzato non è certa, ma si ipotizza un ruolo di intermediazione da parte degli 
Etruschi, attivi in quei territori. Tuttavia, mancano prove dirette dell’uso o pesca del corallo in ambito 
etrusco. Combinando le aree di pesca indicate da Plinio il Vecchio per l’epoca romana, con le aree di 
influenza delle popolazioni etrusche, è possibile identificare come possibili zone di approvvigiona-
mento: Gravisca, le ‘Stoechades’ e il Golfo gallico (Languedoc), e probabilmente anche le coste del Mar 
Ligure (Provenza e forse anche Liguria e Toscana).
Il corallo giunse nel mondo hallstattiano transalpino tramite le popolazioni dell’Italia settentrionale, 
dove fu utilizzato per la decorazione di fibule, in particolare delle fibule tardo-hallstattiane occidentali 
attestate anche in area cisalpina. Dai dati archeologici emerge una maggiore concentrazione di deco-
razioni in corallo nell’area cisalpina e soprattutto nel Nord-Est, come possibile indicazione di influen-
ze locali e rielaborazione di modelli. Presso le culture Golasecca e di Este è attestata fibula a sanguisu-
ga con decorazione a solchi trasversali sull’arco, intermedia tra i due tipi precedenti e probabilmente 
evolutasi localmente per la fusione di modelli cisalpini e transalpini. Il corallo diventa particolarmen-
te apprezzato dalle popolazioni transalpine nei periodi La Tène A e B1, fino circa al 300 a.C., mentre in 
Italia settentrionale si registra un graduale declino a partire dal IV secolo a.C., fino alla sua scomparsa.
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more illustrations (at least of those examined in 
this study), distribution maps, and a table listing 
known occurrences. 
The tables provide, for each artefact, the site of 
discovery, type of site and excavation details, 
country and region, inventory number, chronol-
ogy, current location, relevant literature, and 
indications of optical and/or archaeometric 
analyses (for abbreviations, see the list at the 
beginning of this volume).

Introduction
The use of coral in northern Italy can be traced 
back to the early Iron Age, when various types of 
ornament were produced, each characteristic of 
the different cultures that crafted them (Fig. 18).
The use of this material is well documented 
through a variety of artefacts, differing in form, 
distribution, and chronology. For each type, a 
description is provided, accompanied by one or 

Figure 18. Evidence of the presence of supposed coral (raw coral and artefacts) in the Cisalpine area in the Early 
Iron Age. Elaborated by the author in QGIS 3.40.8 (2025); base map: Natural Earth (Gray Earth raster “GRAY_LR_

SR_OB_DR”), public domain.
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Figure 19. Populations and cultural groups in northern Italy in the Early Iron Age (after Marzatico 2019, fig. 4).

Figure 20. Chronological reference table: H = Hallstatt; LT = La Tène; G = Golasecca; L = Ligurian; E = Este; V = 
Villanovan (modified after Gambari 2019a; de Marinis, Gambari 2005).
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4.1 The archaeological background. 
Northern Italy in the Iron Age
During the Early Iron Age, a transnational 
framework of cultural and commercial contacts 
and exchanges developed, centered on northern 
Italy. Within this framework, mutual influenc-
es emerged both across the Alps and between 
the regions bordering the Mediterranean. The 
Cisalpine population was internally diverse 
(Fig. 19) and traces its origins to earlier phases 
of the Late Bronze Age (Bietti Sestieri et al. 
2015; 2019; de Marinis 1991a). 
Among the Early Iron Age cultures, this study 
focuses on those involved in the trade and pro-
cessing of Mediterranean red coral – namely 
the Golasecca culture, the ‘Liguria Interna’, 
the Venetic-Atestine Culture and the ‘Etruria 
Padana’.
Northern Italy was an unavoidable transit area 
for trade, with continuous exchanges between 
the Hallstatt and Etruscan worlds, mediated 
bythe Golasecca populations. At the same time, 
the Venetic area flourished, and economic activ-
ity resumed in the upper Adriatic. Coral serves 
as an exemplary trade good, illustrating the cul-
tural contacts, exchanges, and movements of 
people during this period.

4.1.1 Golasecca 
The Golasecca area included western Lombardy, 
eastern Piedmont, Canton Ticino and the 
Mesolcina Valley (Fig. 21); it was bordered to the 
south by the Po River, to the west by the Sesia 
River and to the east by the Serio and Adda 
Rivers. 
This territory is geomorphologically heteroge-
neous, including plains, rivers, lakes, moraines, 
valleys and Alpine passes. The Golasecca cul-
ture has been divided in different chronological 
phases, from the Final Bronze Age (proto-Gola-
secca) to the Late Iron Age (Cicolani 2017; de 
Marinis 2009a; de Marinis, Biaggio Simona 
2000; Lorre, Cicolani 2009). In the Iron Age, the 
chronological articulation has three main facies 
in a chronological range from 900 BCE to 380 
BCE. Each of these has been further divided (Fig. 
20; Cicolani 2017; Peroni et al. 1975). 
The origin of this culture can be traced back to 
the Final Bronze Age (12th and 11th century BCE), 
in the areas of ‘Alto Verbano’ (settlements) and 
Bellinzona and Sopraceneri-Alta Val Mesolcina. 

In the 10th century BCE, settlements also spread 
to the south of Monte Ceneri (on the Lombard 
and Piedmontese shores of Lake Maggiore), 
along the Ticino in the hilly areas of Castelletto 
Ticino-Sesto Calende-Golasecca, Somma 
Lombardo and Malpensa, Como, Bergamo and 
the Lecco area, with diffusion into Valsassina 
and upper lake area towards Valtellina and 
Graubünden began, along the Po River in the 
Pavia area (Fig. 21; Casini 2022; de Marinis, 
Biaggio Simona 2000; de Marinis, Casini 2020; 
Lorre, Cicolani 2009; Teržan, de Marinis 2018; 
Welc et al. 2020).
The territory of this culture occupies a partic-
ularly favourable trading position from south 
to north, situated on a direct route through 
the central Alps. During the 7th century BCE, 
two main urban sites existed, Castelletto 
Ticino-Sesto Calende-Golasecca, in the western 
part, and Como, in the eastern part (Cicolani, 
Gambari 2021; de Marinis 2009a; de Marinis 
1991a). These two hubs, at the southern end 
of Lake Maggiore and Lake Como and in the 
gateway area of the Alpine regions, were stra-
tegically positioned and likely played a key 
role in supra-regional trade as transhipment 
and market centers. Their location along lakes 
and rivers provided both rapid and relatively 
safe transport of goods (Casini 2000a; Casini, 
Chaume 2014; Cicolani 2017; Cicolani, Huet 
2019; Cicolani, Gambari 2021; Schmid-Sikimić 
2002, p. 228). 
The existence of trade networks connecting the 
Etruscan world to continental Europe, through 
the Golasecca area, influenced the development 
of the Golasecca culture itself and the western 
Hallstattian culture. In both the Golasecca area 
and the transalpine Celtic regions, valuable and 
prestigious artefacts, including items produced 
locally in Golasecca, testify to trade networks 
connecting Etruria with the Celts on one side 
and with the Greeks on the other (de Marinis 
1991a).
At the end of the 6th century BCE, contextu-
ally with the decline of the urban center of 
Castelletto Ticino-Sesto Calende-Golasecca, the 
area of Milan gained importance with the foun-
dation of Mediolanum, which experienced a 
great development between the 4th and 3rd cen-
tury BCE (Casini 2022, p. 547). 
Gropello Cairoli (Santo Spirito) is another rele-
vant site, located at the southern border of the 
Golasecca Culture area, on a promontory north 
of the Po, on the route that connected Genoa 
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through the Scrivia Valley and Tortona to the 
Ticino in the 6th century BCE and then to Milan 
in the 5th century BCE (Casini 2022, pp. 552-553; 
Ruffa 2021).
Archaeological evidence for the Golasecca cul-
ture comes from both settlement and funerary 
contexts, known since the 19th century (Casini 
2022, p. 532). The widespread funerary rite was 
cremation, at least until the 6th century BCE. 
The ashes of the deceased were put in the tomb 
inside an urn together with the grave goods. 
The tombs generally consisted of simple pits, 
sometimes lined with stone slabs or pebbles. 
The practice of inhumation is only found in 
the Swiss area north of Monte Ceneri, probably 
due to Central European influences (de Marinis 
2019).
As far as funerary record is concerned, sumptu-
ous tombs are present in the 7th century BCE, less 
documented from the 6th century BCE (GII). In 
this period, contacts with Etruscan populations 

become more evident and rich female tombs 
are attested. In a period of extensive trade, cor-
al is one of the materials imported from the 
Mediterranean world (de Marinis 2009b).
In this later phase, the northern area of the 
Golasecca culture, including Monte Ceneri and 
the Mesolcina Valley (de Marinis 2009b), devel-
oped, although there is a gap in the documenta-
tion between the 10th and mid-7th century BCE 
(Casini 2022, p. 532).
During the GIIIA two different groups can be 
identified in the Golasecca culture area: the 
Lepontic/Alpine group in the Canton Ticino 
north of Monte Ceneri, the Mesolcina Valley in 
the Grisons, and the Ossola Valley in Piedmont, 
with evidence of the burial ritual of inhuma-
tion; on the other hand, in the area of Como, 
Canton Ticino south of Monte Ceneri, western 
Lombardy and ‘Novarese’ in Piedmont, the in-
cineration ritual prevails, as in the previous 
phases (de Marinis 1981; 2019).

Figure 21. Golasecca area and main sites (after Casini 2022, fig. 16).
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The economic development of the Swiss 
south-alpine valleys is also linked to supra-re-
gional trade and transalpine traffic. The pres-
ence of Golasecca materials in these areas, as 
well as north of the Alps, was most likely due 
to their role as intermediaries in supra-region-
al exchange networks. The archaeological re-
mains are mainly fibulae and jewellery, and 
thus allegedly correlated with the mobility of 
people and the creation of family ties between 
neighbouring populations, according to exoga-
mous patrilocal strategies (Casini 2000b; 2011; 
Schmid-Sikimić 2002, pp. 235-236). The crossing 
of the Alps by the Etruscans or Greeks is other-
wise not documented (Schmid-Sikimić 2002, pp. 
217-219). Recent studies have suggested revising 
this interpretative approach, which is not sup-
ported by bioarchaeological data from Italy, and 
instead propose an interpretation based on the 
circulation and imitation of artefacts (Cicolani, 
Zamboni 2023). 
To the North of the Alpine crest, in the Valais, 
Graubünden or Piedmont, copper-rich de-
posits must have played a role in the occupa-
tion of these areas and in the integration of 
the Golasecca Alpine group into a network of 
supra-regional economic relations (Schmid-
Sikimić 2002, pp. 217-219). In support of this 
hypothesis, Schmid-Sikimić (2002) reports that 
the presence of high levels of arsenic, antimony, 
nickel and silver in some bronze artefacts from 
the Arbedo treasure trove may suggest that the 
raw material originated in the Alpine region.
One of the most important sites in southern 
Switzerland is Minusio, located at the north-
ern end of Lake Maggiore, a point of trans-
shipment from water to land along the road 
leading north. From this site, Arbedo could be 
reached by land proceeding towards Como, 
passing through Bellinzona and Giubiasco and 
passing the sites of the Sottoceneri (Cademario, 
Pazzallo, Porza, Pregassona; Schmid-Sikimić 
2002, p. 228). Although no archaeological trac-
es of a settlement have been found, but only 
large cemeteries and a metallurgical deposit 
(Schindler 1997; 1998a; 1998b; Verger 2006b), 
Arbedo gained fundamental importance. It is 
located at the confluence of two main valleys, 
the Ticino and the Moesa, exerting a control 
for accessing the important pass routes to the 
north, via the San Bernardino pass, with the 
contribution of transit tributes. In this network 
of exchanges, the Golasecca populations may 
also have been directly involved in transport, as 

well as intermediaries, as suggested by the dis-
covery of Golasecca personal objects (in partic-
ular, fibulae) north of the Alps (Cicolani 2017; 
Güggisberg 2004; Schmid-Sikimić 2002, pp. 228-
229). In the Swiss Plateau, as well as in south-
western Germany, bronze artefacts of Golasecca 
origin or influence have been documented. The 
widespread use of coral there, probably for the 
local production of fibulae, is also likely linked 
to contacts with the Golasecca world (Cicolani 
2017; Cicolani, Huet 2019; Schmid-Sikimić 
2002, pp. 228-230).

4.1.2 Liguria
South of the Golasecca domain, the ancient 
Ligurian cultures are traditionally divided be-
tween ‘Liguria interna’ and coastal Liguria 
or ‘Liguria propria’. The term ‘Liguria inter-
na’ refers to the area now known as southern 
Piedmont, which was inhabited by Ligurian 
populations during the Iron Age. In the early 
Iron Age, the population of ‘Liguria Interna’ 
decreases, being concentrated in the highland 
settlements controlling the waterways, which 
consolidated in lower Piedmont in relation to 
Etruscan trade between the Early and Late Iron 
Age (Venturino 2024). 
Contacts with the Etruscan productions are sug-
gested between the 9th and 8th century BCE by 
imported artefacts, such as a crested Villanovan 
helmet found in Asti, in the Tanaro River. These 
areas were probably reached using the Po River 
and its tributaries. In addition, imitations of 
Etruscan figurative and technical influences 
can also be found. The Etruscan merchants may 
have been interested in establishing relations 
with the Ligurian population, opening new trade 
routes and acquiring raw materials including 
metals (Melli 2021, pp. 65-68; Gambari 2014; 
Aurino 2014, pp. 27-29; Venturino Gambari 
2011a, pp. 21-25). 
Late Villanovan materials found in coastal 
Liguria (mid-8th century BCE) suggest attempts 
by Greek and southern Etruscan groups to 
build a ‘cabotage route’ along the northern 
Tyrrhenian coast. In the 7th century BCE, coastal 
ports were founded in Liguria, including Genoa-
Portofranco (Gambari 2022, pp. 627-628), and at 
the same time the Etruscans moved towards 
southern Gaul and Iberia. The Ligurian coasts 
were included in the area influenced by Pisa, 
which expanded its commercial range as far as 
the Gulf of Lion (Melli 2021, pp. 67-68). 
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In 600 BCE, Marseille was established in the 
centre of the Gulf of Lion. Between the 6th and 
5th centuries BCE, a system of maritime ports 
and land trade routes to ‘Liguria Interna’ was 
established (Melli 2021, pp. 67-68; Gambari 
2014, p. 34). New strategic settlements emerged 
in southern Piedmont, along the routes inland 
from the Po Valley, and in the Scrivia and Curone 
valleys (e.g., Serravalle Scrivia, Tortona and 
Guardamonte di Gremiasco) (Fig. 22; Gambari 
2014).
The Serravalle Scrivia-Castello site yielded ar-
tifacts of the 6th century BCE (Zamboni 2021a), 
suggesting the existence of contacts between 
the Ligurian coast and the Golasecca and Po 
Valley area. The settlement of Collina di Castello 
in Tortona, inhabited from the second half 
of the 6th century BCE, shows contacts with 
the ‘Liguria Interna’ and the Golasecca areas. 
Guardamonte di Gremiasco, strategically locat-
ed at the intersection of the Staffora and Curone 
valleys, shows a consistent phase of occupation 
between the 6th and 5th century BCE (Baratti 
2014; Chiaramonte Trerè, Baratti 2016). Along 

the Scrivia route, the Ligurian area communi-
cated also with the ‘Pavese’ and ‘Lomellina’ ar-
eas, at the southern limit of the Golasecca cul-
ture, where it connected to the Ticino way in the 
6th century BCE and then to Milan in the 5th cen-
tury BCE (Casini 2022, pp. 552-553; Ruffa 2021).
Between the late 7th and 6th centuries BCE, a 
series of regularly spaced stopovers devel-
oped along the course of the Tanaro (Fig. 22): 
Montecastello, at the confluence of Bormida 
and Tanaro; Villa del Foro, at the confluence 
of Belbo and Tanaro; Castello di Annone and 
Variglie-Revigliasco; Alba and Pocapaglia. They 
show common archaeological features, except 
for Villa del Foro which shows a higher manu-
facturing specialization, producing ‘bucchero’ 
and other ceramics, bronzes and jewelry, as 
well as weaving and spinning tools (Venturino, 
Giaretti 2021).
Between the 7th and 6th century BCE, in the Cuneo 
area, a continuous occupation of sites already 
active in the Final Bronze Age occurs, such 
as Breolungi, Chiusa Pesio-Monte Cavanero, 
Castelvecchio di Peveragno, Valdieri (Faudino 

Figure 22. Distribution of the sites mentioned in the different areas in relation to waterways (in light blue. 
Elaborated by the author in QGIS 3.40.8 (2025); base map: © CARTO, © OpenStreetMap contributors; hydrogra-

phy data: Natural Earth (10m Rivers and Lake Centerlines, and Rivers Europe datasets, public domain).
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et al. 2014; Gambari 2014, pp. 33-34; Melli 2021, 
pp. 72-73; Venturino Gambari 2001a, pp. 21-25; 
2014, p. 61).
Genua is founded in the 6th century BCE, as 
suggested by archaeological finds at Collina 
del Castello (Gambari 2022, p. 631; Melli 2021, 
pp. 73-76). At the same time, a major Etruscan 
presence in the Po Valley is observed, repopu-
lating Felsina/Bologna, Marzabotto and Adria 
and founding new centers, such as the Forcello 
di Bagnolo San Vito. ‘Liguria Interna’ bene-
fited from this new territorial arrangement. 
Settlements located along the valleys of the Po’s 
tributaries received materials from Tyrrhenian 
trade through contacts with Genoa, as evi-
denced by Golasecca (or imitation) materials 
found along the Polcevera and Scrivia valleys, 
which connected Genoa’s port with southern 
Piedmont, as well as within the settlement and 
necropolis of Genoa (Gambari 2014, pp. 34-35; 
Melli 2017; 2021, pp. 73-76).
In the 5th century BCE ‘Liguria Interna’ witnessed 
a progressive abandonment of the commercial 
settlements that had flourished in the previous 
century. This depopulation can most likely be 
attributed, in addition to climatic deterioration, 
to economic factors related to a reorganization 
of Etruscan trade, which led to a reduced inter-
est in these territories, with the notable excep-
tion of the Scrivia route to Mediolanum (Aurino 
2014, p. 30; Gambari 2014, pp. 36-37; Melli 2021, 
pp. 76-77; Venturino Gambari 2014a, p. 61; 
Venturino 2024).

4.1.3. Este and northeastern Italy
In north-eastern Italy, the origin of the Iron Age 
population must be sought in the Bronze Age. 
The archaeological record reports the discov-
eries of Padua and Este – the two main cen-
tres in the Veneto region in the Early Iron Age 
(Bietti Sestieri 2015, p. 198; Chieco Bianchi 
1988, pp. 8-13). From the beginning of the 8th 
century BCE, a gradual population increase is 
observed, along with the consolidation of new 
centers located in agriculturally favourable ar-
eas, close to river routes or the sea. A clearer 
territorial organization emerges, with differen-
tiated land use. The course of the Adige River 
becomes a central axis supporting settlement, 
with most communities concentrated in the 
lower plain, where Este serves as the principal 
center. Smaller settlements arise to the west, 
in the Verona and Vicenza areas, following an 

itinerary that extends from Este through these 
zones toward Mantua, without a clearly defined 
boundary. A demographic increase is also evi-
dent in Padua, which develops an independent 
identity from Este, alongside the growth of the 
Montebelluna settlement toward the Piave val-
ley (Chieco Bianchi 1988, pp. 14-15; Zamboni 
2021b, p. 398).
The foundation of Este reflects a deliberate ur-
ban plan, with a clearly defined territorial or-
ganization. From the 8th century BCE, Este and 
other centers, such as those in the Verona area, 
entered the cultural sphere of the Villanovan 
world, while maintaining an autonomous iden-
tity, as indicated by funerary rituals and ce-
ramic production, which also display Central 
European and Balkan influences. Metallurgical 
production in the 8th century BCE shows clear 
affinities with the Villanovan tradition, partic-
ularly in Bologna, and was likely carried out in 
independent workshops located in major cen-
ters, including Padua, Mel, Baldaria di Cologna 
Veneta, and Gazzo Veronese (Fig. 23). However, 
the flourishing production of situlae also shows 
the presence of central-eastern European influ-
ences, possibly linked to the arrival of itinerant 
craftsmen (Chieco Bianchi 1988, pp. 16-32).
Burials are predominantly single, occasionally 
double, and consist of simple pit graves with 
grave goods reflecting gender roles. Early buri-
als are generally modest, but by the 8th centu-
ry BCE they become increasingly elaborate, 
reflecting emerging social differentiation and 
the transition toward a more complex econo-
my. There is also evidence of warrior burials 
with weapons (Chieco Bianchi 1988, pp. 31-34). 
During the 7th century BCE, cultural relations 
with the Etruscan areas are consolidated, with 
continuity in the privileged relationship with 
Bologna. Regarding funerary traditions, female 
tombs generally appear richer and more elabo-
rate than male ones, distinguished by abundant 
grave goods, including metal ornaments crafted 
from various materials (Chieco Bianchi 1988, 
pp. 36-40). 
From the 7th to the 5th century BCE, the different 
regions of the Adriatic Sea show several simi-
larities in material culture. This phenomenon 
was defined by Renato Peroni as Adriatic koiné 
and affects certain sectors such as metalwork-
ig involving highly specialised craft techniques 
(Peroni 1976). The distribution of these prod-
ucts is uneven. For some, diffusion by sea can 
be hypothesized; for others, a circum-Adriatic 
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route is apparent, encompassing the Veneto 
area, Slovenia, and the inland Balkans. In these 
cases, distribution likely occurred via continen-
tal routes or by coastal cabotage. For other ma-
terials, an Alpine component (referred to as the 
Alpine koiné) can be posited, spanning the terri-
tory of the Golasecca civilization, the Alpine and 
foothill regions, the Veneto area, Slovenia, and 
the Inner Balkans (Nascimbene 2009, pp. 7-13; 
Gangemi 2015, p. 25).
During the Iron Age, the Eastern Alps saw the 
development of distinct cultural groups, form-
ing a heterogeneous and composite reality (Fig. 
19). From the second half of the 6th to the 1st 
century BCE, the Fritzens-Sanzeno Culture ap-
pears in Trentino, South Tyrol and North Tyrol 
(Marzatico 2014). The ancient Venetians oc-
cupied the Veneto region, from the Pre-Alps of 
Verona to those of Belluno. The Friulian sector, 
by contrast, was characterised by a complex 
population that resists classification within a 
single cultural area, due to the marked dyna-
mism of networks in the upper Adriatic and 

strong contacts with the Veneto populations. 
In the Upper Isonzo (Soča) region, specific ar-
chaeological facies are attested, defined by the 
necropolis of Santa Lucia di Tolmino (Most na 
Soči), excavated between the late 19th and ear-
ly 20th century. The Slovenian territory was 
occupied by several groups showing varying 
degrees of Mediterranean influence, alongside 
Hallstattian cultural groups in the northern 
Alpine sector (Nascimbene 2009, pp. 13-18). 
The population of Veneto is traditionally divided 
into several territorial areas. On the plains and 
in the Brenta and Piave valleys, Venetic popula-
tions developed cultural unitarity from the first 
centuries of the 1st millennium BCE. In contrast, 
in the Vicenza and Verona Pre-Alps, from the 
6th century BCE an occupation developed with a 
dense network of hilltop villages in continuous 
cultural exchange (Ruta Serafini 1997, p. 543). 
The Piave Valley, an eastern link to the north, is 
also part of this vast area. Located in the central 
southern sector of the Eastern Alps, it is a nat-
ural passage between the pre-alpine and alpine 

Figure 23. Distribution of the sites mentioned in relation to waterways (in light blue). Elaborated by the author in 
QGIS 3.40.8 (2025); base map: © CARTO, © OpenStreetMap contributors; hydrography data: Natural Earth (10m 

Rivers and Lake Centerlines, and Rivers Europe datasets, public domain).
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zones, towards the passes of transalpine Europe. 
During the Iron Age, the material culture was 
relatively homogeneous, combining a Veneto 
matrix with influences from the surrounding 
areas, highlighting preferential contacts with 
the central-eastern perialpine regions, from 
Trentino to the Isontine valleys (Nascimbene 
2009, pp. 18-23; Ruta Serafini 1997, p. 543; 
Gangemi 2015, p. 25). Archaeological sites in the 
Piave Valley, distributed at crucial points along 
the river, yielded material dating from the 7th to 
5th century BCE (Fig. 23). At the opening of this 
valley into the plain, close to the course of the 
Brenta river, Montebelluna has craft structures 
specialised in the production of ceramics as ear-
ly as the 9th-8th century BCE. In the Iron Age, this 
site developed characteristics similar to those of 
the dominant centers on the plain. Cemeteries 
have been known since the end of the 19th cen-
tury, with cremation burials mainly from the 7th 
- 5th century BCE (Nascimbene 2009, pp. 18-23; 
Gangemi 2015). Several prestige objects come 
from the cemeteries of the Belluno territory, re-
lated especially to women’s burials – a sign of 
development of these areas favoured by their 
position controlling the Alpine passes. The grave 
goods, dating from the late 7th to the 5th century 
BCE, indicate strong connections with the Alps, 
the plain, and the Adriatic. Notably, in contrast 
to the necropolises of the Venetic plain, there is 
an almost complete absence of ceramic vessels 
associated with funerary rituals. Conversely, 
the rich warrior panoply found in the tomb of 
Limade di Caverzano reflects influences from 
the central-eastern Alpine area, likely due to its 
position along the trade route of the ‘lebetes’ 
connecting the Hallstatt centers to Padua – a 
route also well attested in Montebelluna, Asolo, 
Mel, and Cadore (Fig. 23; Ruta Serafini 1997, p. 
543).
The Adige valley represents the western com-
mercial and cultural connection axis with the 
Alpine area in relation to the Veneto plain, 
through the territorial system of the high-
land sites of the Vicenza and Verona. Along 
this route, significant evidence of exchanges 
with the Rhaetian area is attested, which had 
a significant impact on various aspects of dai-
ly life, as shown primarily by settlement finds. 
Ornamental objects, however, appear to main-
tain a preferential connection with the Atestine 
area (Ruta Serafini 1997, p. 546). 
In this network of relations between the Veneto 
plain and the transalpine world, the territories 

of present-day Friuli Venezia Giulia are also rel-
evant, as various indicators point to a degree of 
‘osmosis’ between these populations. From the 
late 8th century BCE, in the Carnic and Julian 
Alps, where a strong Venetic presence is attested, 
a series of foothill and valley centers developed, 
linked to the control of trade routes to the north, 
as well as contacts with the Hallstatt groups and 
the northern Balkans (Vitri 1997, pp. 566-567). 
The Friulian Alpine area maintained connec-
tions with Veneto and central Friuli until the 6th 
century BCE, and from then until the first half of 
the 4th century BCE with the Alpine and pre-al-
pine regions of Veneto, Trentino, and Slovenia 
(Vitri et al. 2014).

4.1.4. Etruria Padana
In the Final Bronze Age (11th –10th century BCE), 
the population in Emilia-Romagna was sparse, 
following the abandonment of the plain after the 
collapse of the Terramare culture in the 12th cen-
tury BCE, with communities concentrating in-
stead in western Veneto, particularly in the area 
around Frattesina (Bietti Sestieri et al. 2015; 
2019; Zamboni 2021b). During this phase, trac-
es of occupation are identifiable in Apenninic 
Emilia at certain strategic locations (Pianello 
Val Tidone, Bismantova, Montecastagneto and 
Monte Valestra).
In the Early Iron Age (9th–8th century BCE), the 
situation remained unchanged west of the 
Panaro River (Zamboni 2018, p. 35; 2022, pp. 79, 
81), whereas in the eastern plain a shift towards 
new centers, such as Bologna and Verucchio, is 
observed (Fig. 24; Bietti Sestieri 2015, pp. 208, 
212, 222; Zamboni 2021b, p. 393). The Emilian al-
luvial plain records signs of Etruscan influence, 
with Felsina/Bologna as the main center. The 
7th century BCE is marked by a phase of cultur-
al opening, influenced by wide-range contacts 
with the surrounding areas: Golasecca, Liguria, 
Veneto and the Adriatic region (Zamboni 2018, 
pp. 232-233). From the 6th century BCE, a ‘urban 
revolution’ took place with the foundation of 
trading hubs along the commercial routes, such 
as Adria, Spina, Forcello and Marzabotto (Fig. 
24; Zamboni 2021b, p. 406; 2022, p. 81; Cicolani 
et al. 2024). Established during the third quarter 
of the 6th century BCE, the Etruscan settlement 
of Forcello, north of the Po, occupied a strate-
gic position at the confluence of fluvial and 
terrestrial routes. The site has also yielded ma-
terials linked to the Golasecca and Hallstattian 
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cultures, attesting to interregional relationships 
and exchanges (Fig. 24; de Marinis et al. 2017, 
pp. 13, 36; Sordi 1986, p. 111).
In Emilia, Felsina/Bologna is the main center, a 
major crossroads in trade connection between 
the Mediterranean Sea, northern Italy, and cen-
tral Europe. Its foundation is dated to the mid-
8th century BCE and resulted from the planned 
unification of several villages established in the 
previous century. The creation of the new urban 
center was guided by a form of political union 
and involved the construction of public infra-
structures (Ortalli 2020; Ortalli et al. 2024; 
Vanzini 2018; 2023). Felsina/Bologna differed 
from other important centres in northern and 
central Italy, as well as in the ‘Etruria’, in terms 
of environmental setting, poleogenesis and ma-
terial culture (Ortalli 2020).
In contrast, Verucchio, the other preeminent 
Villanovan site in eastern Romagna, shares 
several features with settlements in the Etruria 
region south of the Apennines. Emerging in the 
9th century BCE, it developed into a hegemonic 

center controlling the coastal plain, mari-
time connections, and inland routes along the 
Marecchia valley. Between the 8th and mid-7th 
century BCE, the settlement expanded, becom-
ing more complex and centralized. Funerary 
evidence indicates the emergence of a highly 
hierarchical society (Rondini, Zamboni 2020). 
Verucchio underwent a complex process of in-
ternal development involving periods of both 
success and crisis, ultimately resulting in its 
abandonment in the 7th century BCE (Ortalli 
2020; Rondini, Zamboni 2020).
Felsina/Bologna is the primary metallurgical 
production center of northern Italy, a role pre-
viously occupied by Frattesina. In the earliest 
phases, the metallic finds show a close relation-
ship with the Veneto region and contemporary 
Tuscan complexes. Later, connections with the 
north persist, documented by presence of fibu-
lae typically referable to northern Italy (Emilia, 
Veneto and Golasecca area; Bietti Sestieri 2015, 
pp. 216, 222).
In the region west of Bologna, a phase of slow 

Figure 24. Distribution of the sites mentioned in relation to waterways (in light blue). Elaborated by the author in 
QGIS 3.40.8 (2025); base map: © CARTO, © OpenStreetMap contributors; hydrography data: Natural Earth (10m 

Rivers and Lake Centerlines, and Rivers Europe datasets, public domain).
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repopulation started during the 8th century BCE, 
with the appearance newly established small 
sites. In the first half of the century, funerary 
evidence is reported between Bologna and the 
Samoggia, Panaro and Secchia valleys, with 
rank symbols in the burials. In the second half 
of the century, the evidence increased and pop-
ulation moved westwards towards the Secchia 
river, establishing contacts with the Golasecca 
and Veneto areas (Zamboni 2022, p. 80; 2018, pp. 
36-37).
During the 7th century BCE, rural settlements 
began to appear in the areas west of Bologna 
(‘Modenese’ and ‘Reggiano’). The population 
is scattered but strategically placed near trade 
routes. New successful settlements appear in the 
Modena area (Carpi, Nonantola) and between 
the Secchia and Enza riverbeads (Rubiera, 
Brescello and Servirola) (Fig. 24). The Parma 
and Piacenza areas seem to remain depopulated 
until the mid-6th century BCE. The material cul-
ture, and in particular the female funerary cos-
tume, shows a mixture of influences, combining 
local elements, as well as Golasecca, Venetian, 
Ligurian and eastern Hallstatt ornaments, in ad-
dition to Felsinian influence (Cicolani, Zamboni 
2023, p. 262; Zamboni 2022, p. 77; 2018, pp. 37, 
42, 45, 223). 
Overall, a gap in the documentation is observed 
for the first half of the 6th century BCE, followed 
by a reverse trend in the second half of the cen-
tury. This phase is likely connected to the activa-
tion of a settlement system centered on larger 
sites with a commercial vocation, which exer-
cised control over smaller villages focused on 
agriculture (Zamboni 2018, pp. 45, 223). In west-
ern Emilia, it is difficult to correlate settlements 
and necropolises, due to the absence of ceramics 
in the latter and of metal ornaments in the for-
mer. The richest grave goods belong to women, 
whose dress elements show influences from the 
Golasecca and Veneto regions, while evidence 
of banqueting and drinking appears to be com-
pletely absent (Zamboni 2018, pp. 224-232). 
In the second half of the 5th century BCE, a 
change becomes evident in Western Emilia, 
with the appearance of bronze and ceramic ves-
sels related to the drinking of wine, including 
imported ones. During this phase inhumation 
becomes more common (Zamboni 2018, pp. 
232).

4.1.5 The Late Iron Age
The Late Iron Age begins in the 4th centu-
ry BCE and continues until the onset of the 
‘Romanization’ process. The 4th century BCE 
marks the beginning of a period of territorial 
transformation. Archaeological evidence does 
not indicate any traumatic events, despite the 
general crisis affecting the period. In the 19th 
century, historical-cultural models relied on an-
cient authors to describe the peoples who settled 
in the Cisalpine region from the beginning of 
the 4th century BCE, particularly in central-west-
ern Transpadane Italy (Strabo, Geografia, V, 
9), the Cispadane and the Middle Adriatic area 
(Polybius, Storie, II; 16-17; Livy, Historiae, XXX, 
37,4; XXXIX, 55, 6; Strabo, Geografia, V, 4-12; 
Pliny, Naturalis Historia, III, 116) (Fig. 25; Vitali 
1991, pp. 224-225; 2014, pp. 733-734, 740-741).
The 4th century BCE has traditionally been de-
scribed as the period of the “Gallic invasions”. 
However, recent studies have reinterpreted 
these events as military expeditions directed 
against the Etruscans expanding north-west-
wards (Gambari 2019b; 2022, p. 633), or, alter-
natively, as part of more complex mobility pat-
terns (Zamboni 2025). During this period, some 
of the Cispadan Etruscan centers came to an 
end (e.g. Forcello di Bagnolo San Vito) (Gambari 
2019b, pp. 58, 62). 
According to some authors, despite the scarcity 
of archaeological evidence, such as the tumulus 
tomb of the Ospedale in Aosta and the Sant’Anna–
Tre Camini monumental tomb in Como, the 
Celtic presence in these areas predates the 5th 
century BCE. It is interpreted as the result of a 
‘cumulative celticity’, created through progres-
sive transalpine influxes, attested as early as 
the 7th century BCE in western Piedmont north 
of the Po, with gradual reinforcement between 
the 6th and the early 5th century BCE (Gambari 
2019b, pp. 57-59; 2022, p. 633; 2019b, pp. 61-62).
The Alpine area is characterized by easy circu-
lation along large valleys, forming a complex 
network of both transverse and longitudinal 
routes. Within this context, patterns circulated 
widely, contributing to a degree of homogeni-
zation of ‘Alpine styles’, while still preserving 
local traits in different areas. During the Late 
Iron Age, Alpine ornamentation reflects a com-
bination of Transalpine and Celtic influences, 
and, from the 4th century BCE onward, also in-
fluences from the Po Valley. These external ele-
ments were blended with local tastes, resulting 
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in large, visually striking ornaments featuring 
complex decorations, plastic motifs, and inlays 
in non-metallic materials (Adam 1997). Among 
the typical latenian materials, the presence of 
long swords (Vitali 2014, p. 744), pierced belt 
hooks (Frey 1991, p. 144) and especially fibu-
lae (typologically comparable to transalpine 
ones and characterized by bilateral double/tri-
ple-wound spring, bow with regular semicircu-
lar curvature, and folded foot, sometimes touch-
ing or overtaking the top of the bow: Kruta 
1978, p. 159; 1991, p. 195), suggests a significant 
cultural change.

4.2 The use of coral in the Golasecca 
culture
The use of red coral, an exotic good and pres-
tige symbol imported from the Mediterranean, 
in the area of the Golasecca culture is docu-
mented from the 8th to the 5th century BCE (de 
Marinis 1997), contextually (around 700 BCE) to 
the first imported Etruscan objects. C. rubrum 

was traded over long distances, as well as being 
highly valued among the local populations. The 
transport of this raw material is particularly ad-
vantageous as a trade commodity, as there is an 
optimal ratio between the weight/volume of the 
goods and their value (Schmid-Sikimić 2002, pp. 
227).
For what concerns the evolution in the use of 
coral over time, it is possible to identify an in-
creasing skill in its workmanship, with the pro-
duction of gradually more complex artefacts. 
During GIB and GIC (from the end of the 8th to 
the 7th century BCE), pendants of the Longone 
al Segrino type appear, consisting of a small 
branch of perforated coral tied to a bronze rod, 
wound in a spiral to form a ‘T’-shaped pendant 
(de Marinis 2000). From GII (6th century BCE), 
coral is mainly used to decorate fibulae, in par-
ticular in composite bow fibulae, with an evo-
lution towards more and more elaborate forms 
up to GIIIA1 (480-440 BCE), before disappearing 
in GIIIA2 (de Marinis 2000). 
In the GIIA-B (late 6th century BCE), leech-
shaped fibulae with long foot and bow with a 

Figure 25. Localization of Cisalpine populations based on indications from written sources according to Tarpin et 
al. 2000 (after Marzatico 2019, fig. 2).
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terracotta core (sometimes with a full-arch) ap-
pear, marked by circular insets filled with whit-
ish material (presumed coral) on the bow and 
sometimes on the small globe at the foot-end. 
The earliest forms are characterised by two or 
three rows of inlays on the arch; this decora-
tion evolves over time with an increase in the 
number of rows of inlays, until larger fibulae 
with a very high number of inlays on the arch 
and small globe(s) at the end of the foot are pro-
duced in the GIIIA1 (480-440 BCE; Casini 2000a; 
de Marinis 1981; 2000; von Eles Masi 1986, pp. 
163-169). All the various forms of arch and foot 
decoration are well attested in this area, certi-
fying an evolution of the type. It is worth not-
ing the predominance in the Po-Apennine area 
(on the border between the Golasecca, Ligurian 
and Etruscan-Po Valley areas of influence) of a 
sub-variant, in which the foot has a flattened 
globe and a bulge, both generally decorated 
only on the upper part. 
From the GII (6th century BCE), the decoration 
with circular inlays is also applied to richly 
decorated bronze grooming instruments and 
bronze bucket pendants, with a decoration 

consisting of five ‘occhio di dado’ motifs with 
a coral inset in a through-hole. Between the 6th 
and 5th century BCE, some leech fibulae show a 
variation in the decoration, consisting of inlays 
of presumed coral in longitudinal or transverse 
grooves to the main direction of bow develop-
ment. This decoration is similar to late Western 
Hallstattian fibulae which were simultaneously 
present in northern Italy. Some of these types 
(e.g. leech fibulae, bucket pendants, grooming 
tools, late-Hallstattian fibulae) are also found 
outside the Golasecca area (Adam 1996; Barbieri 
2019; Cicolani 2017; de Marinis 1981; 2000; 
Gambacurta, Serafini 2019; Mansfeld 1973; 
Nascimbene 1999; Roncoroni 2005). 

4.2.1 Longone al Segrino type pendant
In the Golasecca IB (late 8th - early 7th century 
BCE) and mainly in the Golasecca IC (7th centu-
ry BCE) tombs, coral is used in a simple man-
ner, without any processing, in the so-called 
Longone al Segrino pendant. It is marked by 
presence of a rough sprig of coral attached with 
a simple or double loop to a twisted bronze 

Figure 26. Longone al Segrino pendants, metric reference 1 cm: a) Como, Ca’ Morta, IACP terrain, tomb. 302, 
inv. no. St33593 (ph. Berruto); b) Castelletto sopra Ticino, loc. Motto Falco; double Longone al Segrino type pen-
dant, inv. no. CT179 (ph. Berruto); c) Golasecca; Longone al Segrino type pendant as parte of a necklace, inv. no. 

MV103 (ph. Diana).
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rod, forming a T-shaped pendant (Fig. 26a; de 
Marinis 1997, pp. 156-157; 2000, pp. 159-162). 
In one case (tomb XX, Valtravaglia necropolis, 
Castelveccana), a pendant made of horn instead 
of coral is described (de Marinis 2000, p. 163). 
A particular find from Motto Falco (Castelletto 
sopra Ticino) required a double support with 
a bronze rod, probably due to the length of the 
coral branch (Fig. 26b). 
This type of pendant could appear either in iso-
lation or alongside similar examples. A clear in-
stance of the former is the Longone al Segrino–
type pendant from Golasecca (inv. no. MV103), 
preserved in the Villa Mirabello Civic Museums 
in Varese, still attached to the necklace of which 
it formed a part (Fig. 26c). Instead, multiple pen-
dants in the same grave goods are reported (e.g., 
in tomb 302 from Ca’ Morta, IACP terrain, Como; 
de Marinis 2000, p. 161, fig. 2)
The distribution of this pendant is limited to the 
territory of the Golasecca culture (Fig. 27; Tab. 
2), with a higher frequency in the western area; 
there are examples in Castelletto Ticino, Sesto 
Calende, Golasecca, Como, Longone al Segrino 

and Castelveccana. 
The Musei Reali/Museo di Antichità in Turin 
houses a singular artefact made of presumed 
coral and interpreted as a 19th century ‘pastiche’ 
– namely a necklace consisting of bronze spirals 
alternating with coral cylinders and coral pen-
dants in the shape of bells, comprising 55 pieces 
of worked coral, the provenance of which is re-
ported from Golasecca (de Marinis 2000, p. 163).

4.2.2 Coral composite bow fibula
In the Golasecca culture, from the end of the 
7th century BCE, coral is used only to produce 
fibulae as a covering element for the bow. This 
fibula appears in the GIIA (late 7th - early 6th cen-
tury BCE), GIIA-B (mid-6th century BCE) and GIIB 
(late 6th - early 5th century BCE). It is character-
ised by the presence of a bronze rod arch, on 
which coral (or amber) elements are inserted; 
these elements can also be inserted in the form 
of a bead in the foot. The is documented both 
in the Como area (more frequently) and in the 
western area of the Golasecca culture (Fig. 28). 

Figure 27. Distributi on of the ‘Longone al Segrino’ type pendant. Elaborated by the author in QGIS 3.40.8 (2025); 
base map: © CARTO, © OpenStreetMap contributors; archaeological find: Como, inv. no. St.33593 (ph. Berruto).
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Archaeological finds are hardly complete; gen-
erally, fragments of coral are found as a small 
branch, truncated obliquely and perpendicular-
ly at both extremities, pierced by a longitudinal 
hole where the bronze rod forming the bow 
structure of the fibula is housed (de Marinis 
1997, p. 157; 2000, pp. 165-166). In other cases, 
coral is not preserved and only the bronze rod 
remains, as in the case of tomb 4, known as ‘del 
Tripode’ (loc. Mulini Bellaria, Sesto Calende), 
where excavation data report presence of white 
marks in the deposition soil (de Marinis 2009c, 
p. 443, fig. 14.4). A number of variants (Ca’ 
Morta type, Albate type, Golasecca type, Sesto 
Calende type and Lazzaretto type) were identi-
fied for this simpler type (referred to as type 1 
in Tab. 3), based on the angle of the arch and 

the cross-section of the cladding elements (see 
Cicolani 2017, pp. 117-118; de Marinis 1992, p. 
170, fig. 6).
The type evolved in later phases (GIIIA1, 480-440 
BCE) towards a more elaborate shape (referred 
to as type 2 in Tab. 3), well documented at Ca’ 
Morta in Como (tombs 116 and VIII-1926, tomb 
of the Chariot), in Cuggiono and Brembate Sotto-
tomb 12 (de Marinis 1981, pp. 223-224; 2000, pp. 
170-171). Now the coral segments covering the 
bow are shorter and more regular, each of them 
having one or two grooves for the insertion of 
a spiral-wound gold ribbon. As a result of the 
analyses carried out on coral in this study, it was 
also possible to identify, in two artefacts from 
Como (E5957-E5958, Respaù; Fig. 29), the pres-
ence of a silver thread. 

Figure 28. Distribution of the ‘Coral composite bow fibula’ type. Elaborated by the author in QGIS 3.40.8 (2025); 
base map: © CARTO, © OpenStreetMap contributors; archaeological find: Como, inv. no. 5957 (ph. Berruto).



61 Giulia Berruto Coral in Northern Italy in the Iron Age

4.2.3 Leech fibulae 
Leech fibulae (‘fibula a sanguisuga’) are wide-
spread throughout northern Italy and transal-
pine area, with a chronological range from the 
middle of the 6th and the mid-5th century BCE. 
They exhibit considerable variability in mor-
phology and decoration. The simplest and most 
common forms display only linear decoration 
along the bow, whereas the more elaborate ex-
amples are distinguished by insets. The size of 
the bow varies, and in some cases it contains a 
clay core. This type of fibula is typically associat-
ed with female burials (De Marinis 1981, p. 217; 
Peroni et al. 1975; von Eles Masi 1986, p. 144). 

4.2.4 Leech fibulae with circular insets
Starting from the GIIA-B (late 6th century BCE), 
coral is used as an inset in the decoration of the 
bow, generally of medium size, with a terracotta 
core, a long foot with a small globe termination 
and a truncated vase-like appendix (Fig. 1). The 
decoration lies on the top of the bow, with rows 
of circular inlays between two bands of trans-
versal lines, and sometimes also on the small 
globe (Tabs. 4-5; de Marinis 2000, pp. 169-171; 
von Eles Masi 1986, pp. 163-169; Schindler, 
de Marinis 2000, p. 167). Insets fill the holes 
(Ø ≈ 2 mm), usually arranged in parallel rows 
on the arch. When preserved, they are whitish, 
at times pinkish, traditionally identified in the 
literature as C. rubrum denatured over time 
– although scientific analyses are scarce and 

generally using unreliable methods. In some 
cases, dated to the late 6th and 5th century BCE, 
the bow has no terracotta core (in Tab. 5 in the 
column ‘Preserved parts’, indicated by an aster-
isk*) (de Marinis 2000; Perrin 2000; Schvoerer 
et al. 2000). This type of fibula is generally found 
in female or rarely mixed grave goods (probably 
bisome tombs) (Casini 2000a; 2000b; Cicolani, 
Zamboni 2022; de Marinis 1981, p. 217; 2000, p. 
171) and is well dated, thanks to its discovery in 
various grave complexes. The earliest examples 
can be dated before the middle of the 6th cen-
tury BCE, such as a burial from Sesto Calende; 
the later ones to the end of the 6th century BCE, 
including all Atestine artefacts (von Eles Masi 
1986, p. 168).
The leech fibula with circular insets is com-
mon in the area of the Golasecca culture (Sesto 
Calende, Golasecca, Castelletto sopra Ticino, 
Como, Switzerland), but also in other regions 
such as Etruria Padana (Adria, Lago superio-
re di Mantova, Forcello di Bagnolo San Vito, 
San Polo d’Enza, Marzabotto, Verucchio), 
Liguria Interna (Brignano Frascata, Villa del 
Foro, Valbrevenna), the Pavese (Verretto) and 
Reggiano (Bismantova), the Venetic (Este, 
Padua, Oppeano, Gazzo Veronese, Castellazzo 
della Garolda, Montebelluna) and the Alpine 
in the Belluno region (Caverzano, Chies d’Alpa-
go, Cugnan, Safforze), as well as in Santa Lucia 
di Tolmino (Most na Soči) and in Slovenian 
Hallstattian necropolises (Vače and Stična). 
Sporadically, it is found in the Rhaetian 
(Trentino, Mechel, Calferi di Stenico) and tran-
salpine areas (Fig. 30; tab. 5; de Marinis 2000, 
p. 170). 
It had a wide diffusion, evolving in the 5th cen-
tury BCE towards increasingly complex forms, 
when the ‘Palestro type’ appeared in the west-
ern area, particularly in Canton Ticino. This 
type was larger and had more rows of inlays on 
the bow and on the foot, marked by one or more 
small globes (de Marinis 1981, p. 220, fig. 4). 
This type is particularly common in the GIIIA1 
in the Golasecca necropolises (Como, Sesto 
Calende and Pombia) and Sopra Ceneri (Gudo, 
Cerinasca d’Arbedo, Gorduno, Dalpe, Minusio), 
in the Mesolcina Valley (Castaneda), as well as 
in the Po Valley (Palestro and Gropello Cairoli-
Santo Spirito) (de Marinis 2000, p. 170), Venetic 
(Este) and Etruscan Po Valleys (Forcello di 
Bagnolo San Vito, Verucchio) and Belluno area 
(Caverzano, Safforze) (tab. 5).

Figure 29. Como, Respaù, composite bow fibula, type 
2, inv. no. 5957 (ph. Berruto; metric reference 1 cm).
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Based on the arrangement of the inlays on the 
arch, different sub-types (varieties) were de-
scribed (von Eles Masi 1986, pp. 163-169), pre-
sented hereafter with some adaptations (Fig. 31):
-	 Variety A (in Tab. 5 column ‘Bow type’: A): 

coral insets arranged in three rows, between 
two bands of transverse lines, from which 
two main groups of small or large sizes are 
recognisable;

-	 Variety A-bis (in Tab. 5 column ‘Bow type’: 
A-bis): coral insets arranged in two rows, 
chronologically comparable to the previous 
one;

-	 Variety B (in Tab. 5 column ‘Bow type’: B): 
coral insets arranged in four rows, between 
two bands of transverse lines, each consist-
ing of four or more elements;

-	 Variety C (in Tab. 5 column ‘Bow type’: C): 
coral insets arranged in five rows, between 
two bands of transverse lines;

-	 Variety D (in Tab. 5 column ‘Bow type’: D): 
very small, closely spaced insets arranged 
in many rows, sometimes in an unordered 
manner and occasionally also on the ventral 

face of the bow of the fibula, between two 
bands of transverse lines;

-	  Variety E (in Tab. 5 column ‘Bow type’: A-E 
or B-E): variant characterized in the central 
panel by the presence of lines arranged lon-
gitudinally to divide the rows of embedded 
elements (three or four rows), between two 
bands of transverse lines, chronologically 
framed between the late 6th and early 5th 
century BCE;

-	 Variety F (in Tab. 5 column ‘Bow type’: A-F, 
B-F, or C-F): a variant characterized by small 
ribs instead of bands of transverse lines on 
either side of the bow, present for types A, B, 
and C and chronologically framed between 
the second half of the 6th and the beginning 
of the 5th century BCE;

-	 Variety G (in Tab. 5 column ‘Bow type’: G), 
also called ‘Palestro type’ (de Marinis 1981, 
p. 220, fig. 4): large fibulae, completely cov-
ered by embedded elements in the central 
panel of the bow and on the terminal foot 
globet(s), chronologically framed in the 5th 
century BCE (480-440 BCE).

Figure 30. Type distribution of ‘Leech fibula with circular inlays’. Elaborated by the author in QGIS 3.40.8 (2025); 
base map: Natural Earth (Gray Earth raster “GRAY_LR_SR_OB_DR”), public domain; archaeological find: Arona, 

Motto Lagone, tomb 1.
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Figure 31. Classification of the different types of leech fibulae with coral insets on the base of the bow decoration 
(metric reference 1 cm); images modified after: A (ph.Berruto Castelletto Ticino, inv. no. St. 2140, Torino, Musei 

Reali); B (ph. Berruto Bellinzago Novarese, inv. no. 197 – Novara, Museo Civico); C (ph.Berruto Castelletto Ticino/
Vigevano, inv. no. 947, Novara, Museo Civico); D (ph. Berruto Motto Lagone tomb 1, Arona, Museo Civico); G 

(ph.Berruto Como, via Isonzo, inv. no. St. 57244, Como, Museo Civico); A-bis (ph. Berruto Como Ca’ Morta, inv. 
no. St. 114084, Como, Museo Civico); A-bis-L (after Ruta Serafini 1997, fig. 5.5); A-var (ph. Berruto; sx: Villa del 

Foro, inv. no. St. 66132, Torino, Musei Reali; dx: Rottofreno, loc. Cascina Rondinino, inv. no. St. 259507, Museo 
Archeologico della Valle Tidone); B-E (ph. Berruto, Padova, Piovego, inv. no. IG 224255); A-E (ph. Berruto, Pieve 

d’Alpago, inv. no. IG 312349); C-F (after von Eles Masi 1986, n. 1585); A-F (ph. Berruto, Como Ca’ Morta, inv. no. St. 
879, Como, Museo Civico).
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Some exceptions or variants to type A/A-bis 
have also been described, less diffused:
-	 The upper face of the bow may be flat with 

an oval cross-section, decorated with two 
lines of circular holes (in Tab. 5 ‘Bow type’ 
column: A-bis-L), as in the case of the fib-
ula from Este (PD; inv. no. 9628; von Eles 
Masi 1986, no. 1596) or that from Borso del 
Grappa (inv. no. 259929; Nascimbene 2009, 
p. 134, n. 3; Endrizzi, Marzatico 1997, p. 
545, fig. 5,5). 

-	 Decoration with small circular holes can 
be marked by a concentric pattern, with in-
sets (in Tab. 5 column ‘Bow type’: A-var), on 
full-arch fibulae, as in the case of specimens 
from Este-Capodaglio (inv. no. 3145; Chieco 
Bianchi et al. 1976, pp. 19, 39, t. 13.10) and 
Rottofreno (inv. 259507), or with a wide, flat-
tened full arch, as in the examples from Villa 
del Foro (inv. no. 66132; Faudino et al. 2014, 
p. 132, fig. 7.8), San Polo d’Enza (Damiani et 
al. 1992, pp. 129, 308, t. LXII.933) and Gazzo 
Veronese (Salzani 1976, pp. 422, 425, fig. 
16.4). 

-	 A bronze ornithomorphic double element 
may exist on the bow, inserted in the centre 
of the three-row circular inset decoration (in 
Tab. 5 column ‘Bow type’: A-P), as in three 
specimens from: Castelletto Ticino (inv. no. 
D2773; von Eles Masi 1986, t. 119.1459), 
Padova (inv. no. 60735; von Eles Masi 1986, 
p. 157, t. 119.1459A) and San Polo d’Enza 
(Damiani et al. 1992, pp. 128, 222, 307, fig. 
10, t. LXI.931). 

A sample from Mel (inv. no. 9271; Fig. 32) rep-
resents a ‘unicum’ (in Tab. 5 Bow type column: 
M); it is an intact miniature leech fibula (total 
length 2.9 cm) with a long foot with terminal 
swelling and decoration on the arch, consisting 
of a single hole for housing an inlay, between two 
bands of transverse ribs. It can be referred to 
the type of miniature leech fibulae, which how-
ever has no insets and often with a bow tending 
to a lozenge shape, unlike the specimen from 
Mel. These small fibulae are attested in ‘Liguria 
Interna’ (Villa del Foro, Castello di Annone and 
Cossano Belbo: Faudino et al. 2014, pp. 133-
134, fig. 9), in Emilia-Romagna (Baganzola, 
Sant’Ilario d’Enza - Bettolino, Felsina/Bologna) 
and in the Venetic area (Faudino et al. 2014, p. 
133; Damiani et al. 1992, t. LX, n. 900-902).

Figure 32. Mel, miniature leech fibula with inset, inv. 
no. 9271 (ph. Berruto; metric reference 1 cm).

The geographical distribution of the different 
variants (Tab. 4) shows that variant A is the 
most widespread in absolute terms (Fig. 34); 
variants B (Fig. 35) and C (Fig. 36) seem to be 
equally distributed and involve northern Italy 
and Canton Ticino; type D (Fig. 37) ia apparently 
most present in the Golasecca and Ligurian ar-
eas; type G is an evolution of the latter, but with 
a much more capillary diffusion (Fig. 40), again 
affecting northern Italy and Switzerland; type 
E (Fig. 38) seems most common in northeastern 
Italy and Slovenia, but has also attestation in the 
Golasecca area; type F is less significant in dis-
tribution (Fig. 39) and number of attestations.
A further classification can also be made based 
on the foot termination (Fig. 33), which can be:
-	 type P: pointed for the insertion of an amber 

‘vagus’ (in Tab. 5 column ‘Foot type’: P); 
-	 type R: dovetailed (in Tab. 5 column ‘Foot 

type’: R);
-	 type S: with globet end and spheroidal ter-

mination (in Tab. 5 column ‘Foot type’: S);
-	 type V: with globet end and vase termina-

tion (in Tab. 5 column ‘Foot type’: V);
-	 type Q: with foot bulge, decorated (in Tab. 5 

column ‘Foot type’: QB) or not (in Tab. 5 col-
umn ‘Foot type’: QA), globet end and vase ter-
mination (in Tab. 5 column ‘Foot type’: Q);

-	 type GG: with double globet and vase termi-
nation (in Tab. 5 column ‘Foot type’: GG);

-	 type GGG: with triple globet and vase termi-
nation (in Tab. 5 column ‘Foot type’: GGG);

-	 type TA: enlarged foot with globet termina-
tion, similar to ‘Late Alpine fibulae’ (in Tab. 
5 column ‘Foot type’: TA).
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Figure 33. Class ification of the different types of leech fibulae with coral insets on the base of the foot-ending; 
images modified after: P (ph. Berruto, Castelletto Ticino, inv. no. D2104); R (after von Eles Masi 1986, n. 1859); S 
(Museo Civico Giovio di Como, inv. no. E17022); V (ph. Berruto, Piovego, t. 108.3); Q (ph. Berruto, Pombia, inv. 

no. St. 83946); GG (after Ravaglia 2000, fig. 1, n. 2); GGG (after Rageth 1997, p. 244, fig. 15); TA (after von Eles Masi 
1986, n. 1593); QA (after Schmid-Sikimić 2002, fig. 3.20.17); QB (after Damiani et al. 1992, t. LXII, n. 934); 0 (ph. 

Berruto Piovego, t. 108.3); 1 (after Berruto et al. 2023a, fig. 1, n. 1); 2 (after Berruto et al. 2023a, fig. 1, n. 3); 3 (after 
Damiani et al. 1992, t. LXII, n. 935); 4 (after Damiani et al. 1992, t. LXI, n. 930).
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(note that the S type is attested exclusively in 
Switzerland and Como). The globet-ended and 
vase-terminated (V; Fig. 33) type is the most 
common of all (Fig. 43), both geographically and 
chronologically, with variation in the position 
of the inlays (late 6th to 5th century BCE). Finally, 
types with foot bulge (Q; Fig. 33), double or tri-
ple globet ending (GG and GGG; Fig. 33), are very 
common and chronologically more recent, gen-
erally associated with the G variant of the arch, 
‘Palestro type’ (Fig. 40). However, a different geo-
graphic distribution should be highlighted, with 
the foot with double or triple globet ends (type 
GG or GGG) mainly found in the Swiss area of 
the Golasecca culture (Fig. 44), with three excep-
tions in the plains of Pavia (Palestro, Gropello 
Cairoli-Santo Spirito) and in the Apennines of 
Piacenza (Borgonovo Val Tidone), while the foot 
with bulge before the globet (type Q) – partic-
ularly the subvariant with flattened globet and 
bulge, both decorated only on the upper part 
(type QB3, blue in Fig. 45) – mostly occurs along 
the northern Apennines (Fig. 45).

The terminal globet of the foot may or may not 
have (in Tab. 5, column ‘Foot type’: V0) decora-
tion with circular insets; sometimes, only one 
inset is present in the vase-like termination (in 
Tab. 5, column ‘Foot type’ indicated by the pres-
ence of an asterisk*). Decoration, when present, 
may involve the entire surface of the globet, a 
single row (in Tab. 5 column ‘Foot type’: V1, S1, or 
GG1), several rows with rhomboidal or random 
distribution (in Tab. 5 column ‘Foot type’: V2, S2, 
Q2, GG2) or only the upper part of it (in Tab. 5 
column ‘Foot type’: V3/Q3, if globet flattened on 
lower face, or V4/Q4, if globet is spheroidal). 
Differences in the shape of the foot termination 
are more or less common. The following are un-
common: the late-alpine-like type (TA; Fig. 33), 
for which only one specimen is identified from 
Golasecca (inv. no. A0.9.4842; von Eles Masi 
1986, no. 1593), and the swallowtail type (R; Fig. 
33), such as the exemplar from Carceri d’Este 
(von Eles Masi 1986, p. 185, t. 144.1859). The 
pointed (P; Figs. 33, 41) and spheroidal-ended 
(S; Figs. 33, 42) types are slightly more common 

Figure 34. Ty pe A (bow) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); base map: Natural 
Earth (Gray Earth raster “GRAY_LR_SR_OB_DR”), public domain; archaeological find: Castelletto Ticino, inv. no. 

St. 2140 (ph. Berruto).



67 Giulia Berruto Coral in Northern Italy in the Iron Age

Figure 35. Type B (bow) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); base map: © CARTO, © 
OpenStreetMap contributors; archaeological find: Bellinzago Novarese, inv. no. 197 (ph. Berruto).

Figure 36. Type C (bow) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); base map: © CARTO, © 
OpenStreetMap contributors; archaeaological find: Castelletto Ticino/Vigevano, inv. no. 947 (ph. Berruto).
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Figure 37. Type D (bow) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); base map: © CARTO, © 
OpenStreetMap contributors; archaeological find: Arona, Motto Lagone, tomb 1 (ph. Berruto).

Figure 38. Type E (bow) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); base map: © CARTO, © 
OpenStreetMap contributors; archaeological find: Pieve d’Alpago, inv. no. IG 312349 (ph. Berruto).
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Figure 39. Type F (bow) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); base map: © CARTO, © 
OpenStreetMap contributors; archaeological find: Como, inv. no. St. 879 (ph. Berruto).

Figure 40. Type G (bow and foot: for the G variety ‘Palestro’, foot terminations with related characteristics, i.e., 
Q, GG, and GGG types, were also considered) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); 

base map: © CARTO, © OpenStreetMap contributors; archaeological find: Como, inv. no. St. 57244 (ph. Berruto).
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Figure 41. Type P (foot) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); base map: © CARTO, © 
OpenStreetMap contributors; archaeological find: Castelletto Ticino, inv. no. D2104 (ph. Berruto).

Figure 42. Type S (foot) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); base map: © CARTO, © 
OpenStreetMap contributors; archaeological find: Como, inv. no. E17022 (ph. Berruto).
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Figure 43. Type V (foot) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); base map: © CARTO, © 
OpenStreetMap contributors; archaeological find: Piovego, t. 108.3 (ph. Berruto).

Figure 44. Type GG or GGG (foot) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); base map: © 
CARTO, © OpenStreetMap contributors; archaeological find: after RAGETH 1997, p. 244, fig. 15.
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and a needle-stop ring. Again, there are other 
variants based on the termination of the foot, 
which is not always vase-shaped (double globe, 
triangular section, point terminating, dovetail 
terminating). 
A particular variant is the leech fibula with 
swallow-tailed foot, in which the front end of 
the foot is elongated, ending in a double point. 
This type is documented mainly in northeast-
ern Italy, especially in necropolis of the Atestina 
area, as well as in Most na Soči culture (e.g., 
cemetery of Santa Lucia in Tolmino), between 
the end of the 6th and the beginning of the 5th 
century BCE (von Eles Masi 1986, pp. 184-185). 
While the filling of circular holes with alleged 
coral is widely documented, the possibility that 
the incised lines could also have been filled 
with decorative material had never been con-
sidered. Archaeometric analyses carried out in 
this project on a large number of samples from 
the site of Villa del Foro (inv. no. St. 66131; Fig. 
46.a; Berruto et al. 2021; 2023) have proved for 
the first time that C. rubrum was indeed used 
to fill linear decorations too, possibly by us-
ing coral paste or some other kind of material. 
However, the obtained experimental outcomes 
show that the percentage of linear engravings 

4.2.5 Leech fibulae with linear decoration
Long-foot leech fibulae with vase termination, 
marked by simple linear decoration on the bow, 
are the most abundant; they date between the 
late 6th and early 5th century BCE and have a 
wide distribution throughout northern Italy 
and the transalpine area (Cicolani 2017, p. 107; 
de Marinis 1981, pp. 217-223; von Eles Masi 
1986, pp. 169-177). For reasons of space, the full 
distribution and list of attestations are omitted 
due to their length.
They show great variability, especially in the 
size and morphology of the bow, which can be 
either full or with a terracotta core. Based on 
the arrangement of the decoration on the bow, 
several variants have been distinguished (von 
Eles Masi 1986, pp. 169-177):
-	 Variety A: presence of two groups of ribs on 

either side of the arch;
-	 Variety B: presence of groups of transverse 

lines on either side of the arch;
-	 Variety C: presence of broad transverse line 

bands on either side of the arch.

This type can also have a circular section at the 
beginning of the foot, decorated with ring lines, 

Figure 45. Type Q (foot) distribution map. Elaborated by the author in QGIS 3.40.8 (2025); base map: © CARTO, 
© OpenStreetMap contributors; archaeological find: Pombia, inv. no. St. 83946 (ph. Berruto).
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still retaining traces of such a filling is extreme-
ly small (e.g., 14% of the samples analysed in 
Berruto et al. 2021). The different conserva-
tion within the two types of decoration (circu-
lar holes and linear engravings) can probably 
be attributed to the reduced depth of these in-
cisions with respect to the holes, together with 
an easier dispersion of the material in relation 
to the morphology of the support within which 
it was placed, which favoured a more or less 
durable adhesion over time and consequent 
preservation.
In this study, it was decided to extend the statis-
tical record by also including some specimens 
with a different provenance – but without con-
sidering all the artefacts belonging to this type. 

Figure 46. Leech fibulae (metric reference 1 cm): a) with linear decoration, Villa del Foro, inv. no. St. 66131, 
Musei Reali (e modified after ph. Sani); b) Como, Ca’ Morta, with ‘occhio di dado’ decoration, inv. no. St. 864 (ph. 

Berruto); c) Como, Ca’ Morta, with ‘occhio di dado’ decoration, inv. no. St. 865 (b) (ph. Berruto).

4.2.6 Cross-panel leech fibulae
Variants of the leech fibula include artefacts 
with cross-panel decoration on the bow. These 
are medium-sized fibulae, with a terracotta core 
and decoration on the arch with geometric mo-
tifs in various syntaxes. In only one case is the 
long foot preserved, with a terminal button and 
a double small globe (von Eles Masi 1986, pp. 
161-162).
A variant, consisting of two fibulae found in the 
same tomb at the Ca’ Morta in Como (inv. no. St. 
864, St. 865; Figs. 46b, 46c; von Eles Masi 1986, 
no. 1502-1503), has a ‘occhio di dado’ decoration, 
i.e. composed of impressed circles. Traces of 
material within the engraved decoration were 
searched in this project, but the performed ar-
chaeometric analyses gave negative results.
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(Conradin 1978; Schmid-Sikimić 2002) and 
Slovenia (Marchesetti 1893), and can be dated 
between the end of the 6th and the first decades 
of the 5th century BCE (Fig. 48; Tab. 6).
It has some less common varieties, marked 
by different foot termination and/or bow 
decoration:
-	 type R: with a swallow-tailed end of the foot 

(Fig. 47a letter R; in Tab. 6, column ‘type’ = 
R); it is represented by only two specimens 
from the same Atestine tomb, dating from 
the late 6th to early 5th century BCE (Este-
Pelà, tomb 14; von Eles Masi 1986, p. 186, t. 
144.1861-1862);

-	 type C: with circular inlays (Fig. 47a letter C; 
in Tab. 6, column ‘type’ = C): characterised 

4.2.7 Leech fibulae with transversal grooves
A particular case is the leech fibula with grooved 
decoration (Fig. 47a). It is similar to the previous 
ones, but has a difference in the decoration of 
the bow, where transversal grooves are found 
between two bands of transversal lines. These 
grooves preserve, in some cases, a white filler 
of presumed coral. The bow usually has no ter-
racotta core, and the foot is long with a globe-
shaped end and a vase-like terminal appendix. 
The spring is one-sided. This type is not wide-
ly distributed: it is found almost exclusively in 
Italy (Adam 1996; Chieco Bianchi et al. 1976; 
Chierici 1999; Fogolari, Frey 1965; Frey 1969; 
Nascimbene 1999; Peroni et al. 1975; von Eles 
Masi 1986), with a few cases in Switzerland 

Figure 47. a) Classification of the different types of leech fibulae with grooves on the bow. Image modified after: 
top left, ph. Berruto, Bellunese, Belluno, Museo Civico; R von Eles Masi 1986, n. 1861; C von Eles Masi 1986, n. 

1839; L Ruffa 1999, t. IV.7. b) Atypical exemplar with hybrid characteristics, Caverzano, loc. Masiera-Font (after 
Leicht 1871, fig. 13).
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by a peculiar decoration on the bow, where 
several lines of circular insets are found at 
intervals with the grooves, and by a double 
small globe at the end of the foot; it is repre-
sented by few examples in the Venetic area 
and dated between the end of the 6th and the 
beginning of the 5th century BCE (Este, Costa-
Martini, tomb 43 and Ospedaletto Euganeo, 
tomb Palugana; Chieco Bianchi et al. 1976, 
pp. 19, 39, t. 13.11; von Eles Masi 1986, p. 
184, t. 143.1839);

-	 type L: with longitudinal grooves (Fig. 47a 
letter L; in Tab. 6, column ‘type’ = L): char-
acterised by a peculiar decoration on the 
arch, where the grooves are longitudinal to 
the direction of the main bow length, and a 
double small globe at the end of the foot; it 
is represented by two specimens, one from 
the Golasecca area (Castelletto Ticino, loc. 
Cascina Riviera, Merlotitt; Ruffa 1999, p. 
31, t. VI, no. 7) and the other from Venetic 
area (Carceri d’Este, tomb 48; von Eles Masi 
1986, p. 184, t. 143.1840). For the Castelletto 
Ticino sample, pertinence to GIIIA1 (480-440 
BCE) was proposed (Ruffa 1999, p. 31).

Figure 48. Distribution of the  type ‘Leech fibulae with grooves’. Elaborated by the author in QGIS 3.40.8 
(2025); base map: © CARTO, © OpenStreetMap contributors; archaeological find: Castelletto Ticino, inv. no. 

23.M380-9.3.

The decoration of this type of fibula closely re-
sembles those of late western Hallstattian fibu-
lae, and in particular the Fußzierfibeln, which 
often show similar decoration with a supposed 
coral coating. 
The two types mainly differ in the thickness 
and width of the arch (more pronounced in the 
case of leech fibulae), as well as in the shape 
of the foot (leech fibulae have a long-straight 
foot, while Fußzierfibel fibulae are folded up, 
with various configurations) and the shape of 
the spring (generally unilateral for leech fibu-
lae and bilateral for late-Hallstattian fibulae). In 
some fragmentary specimens, lacking foot and 
spring and with intermediate characteristics as 
far as the bow is concerned, it is difficult to dis-
tinguish the different types. 
Some atypical artifacts exist, likely local produc-
tions, such as the small artefact from Caverzano, 
loc. Masiera-Font, with a long foot and a small 
globe-shaped end, a curvilinear arch decorated 
with transversal grooves and a bilateral spring 
(Fig. 47b; Nascimbene 1999, pp. 80-82, fig. 16, 
no. 164; Leicht 1871, fig. 13). Unfortunately, this 
sample could not be examined directly.
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4.2.8 Late Hallstattian fibulae
This term identifies a large group of Celtic shape 
fibulae (Mansfeld 1973; Fig. 49), also attested 
occasionally in northern Italy from the late 6th 
and early 5th century BCE onwards (Frey 1969; 
1971; Gambacurta, Ruta Serafini 2019, p. 19). 
In Italy, they indicate intervened contacts with 
north-Alpine populations.
Among the vaste Celtic production, the ornitho-
morphic and F2 Mansfeld type possibly present 
coral within the decorations. Some examples 
from the Italian territory are therefore also con-
sidered in the analytical record of this study. The 
two variants at times associated with presence 
of coral – i.e. the Vogelkopffibeln/Entenkopffibeln 
and the Fußzierfibel type F2 – are examined in 
detail.

Ornithomorphic fibulae

Fibulae with a duck-head foot termination – 
called Entenkopffibeln (type I.17; Nascimbene 
2009, pp. 153-159; Frey 1969; 1971) or 
Vogelkopffibeln (de Marinis 1987; Frey 1969; 
1971) – may retain parts of presumed coral. 

Figure 49. Mansfeld classification for late Hallstattian fibulae: groups DP, F e DZ (after Adam 1996, p. 36, fig. 1)

They are made of a bronze rod arch and foot 
with a U-shaped section, conformed to an orni-
thomorphic protome backwards with upward 
beak. The spring is bilateral, wound around a 
pin inserted into the pierced head of the bow. 
In general, the decoration consists of transverse 
grooves on the bow, with supposed coral inlays, 
and eye filled with the same material, some-
times found inside the beak or in a small trans-
verse groove at the top of the duck’s head (Adam 
1996, p. 41).
Several classifications have been proposed for 
them. On a chronological basis, specimens with 
a curvilinear profile of the bow would be older 
(late 6th century BCE), while those with a rectan-
gular profile would be more recent (5th century 
BCE; de Marinis 1987). On a geographical basis, 
an open beak with coral element would be found 
south of the Alps, while a closed beak would re-
cur in the northern and eastern Alpine area.
In an attempt to unify these two classifications 
(Nascimbene 2009, pp. 152-155), two varieties 
are identified (in Tab. 7, column ‘type’ = A or B; 
Fig. 50) based on the shape of the bow, divided 
into subvariants based on their decoration:
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-	 Type A – round arch:
o	 A1: transversal grooves decoration;
o	 A2: longitudinal grooves decoration;
o	 A3: bow without grooves, inorned or 

with ribs;
o	 A4: decoration with transverse 

grooves alternated with circular in-
sets, eye without inset

-	 Type B - rectangular profile arch, right-an-
gled with flattening top, or attenuated an-
gles and convex top:

o	 B1: transversal grooves decoration;
o	 B2: longitudinal groove decoration;
o	 B3: linear decoration. 

Even in this case there are specific variants, 
such as the one with the beak joined to the arch 
(in Tab. 7, column ‘type’ = J), attested in Italy at 

Figure 50. Classification of several type of Late Hallstattian ornithomorphic fibulae; image modified after: A (ph. 
Berruto, Piovego, inv. no. 95.11); B (ph. Berruto, Caverzano, loc. Masiera, inv. no. 284, Museo Civico Belluno); A1, 

A2, A3, B1, B2, B3 (after Adam 1996, p. 41, fig. 3); A4 (after Courtois 1968, fig. 2).

Mechel (Fig. 51) and at Padua-Piovego (Gallo 
2023), and in France at Salins-les-bains (Champ 
de Chateau) and La Rivière-Drugeon (Adam 
1996, pp. 34, 41, 43).
The type of late hallstattian ornithomorphic fib-
ulae has a wide distribution between north-cen-
tral Italy and central Europe (Tab. 7; Fig. 52). 
South of the Alps, these findings are concentrat-
ed along the course of the Adige River, in the 
Etruria Padana (Forcello di Bagnolo San Vito and 
Monte Bibele) and in the upper Adriatic involv-
ing the Venetic plain centers (Este and Padua), 
that of Altino and sporadically the middle course 
of the Piave River, the Trieste Karst and Slovenia 
(Santa Lucia di Tolmino – Most na Soči). In the 
transalpine area, these fibulae are common 
in France, east of the Saone and in the north, 
Germany, Austria and Bohemia. The variety 
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most represented is type A, while type B is doc-
umented in Veneto, in the Etruria Padana area 
and at Mark-Forst north of the Alps, from the 
last quarter of the 6th to the mid-5th century BCE. 
The type recurs in female burials, some of which 
prestigious (Nascimbene 2009, pp. 153-159).
Among the late Hallstattian fibulae, the ornitho-
morphic types are the most common south of 
the Alps, and a development in the Italian con-
text, particularly in northeastern Italy, has been 
hypothesized for them. Since the Italian finds 
show more coral decoration, it has even been 
assumed that the presence of this material is a 
characteristic feature of south alpine ‘officines’ 
(Adam 1996, p. 42). Figure 51. Ornithomorphic type, jo int type, Mechel or 

Sanzeno (after Adam 1996, t. I.2).

Figure 52. Distribution of the Late -Hallas tattian ornithomorphic fibula type. Elaborated by the author in QGIS 
3.40.8 (2025); base map: © CARTO, © OpenStreetMap contributors; archaeological find: Forcello di Bagnolo San 

Vito, inv. no. St. 99211 (ph. Berruto).
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Fußzierfibeln

F-group fibulae of Mansfeld typology, or 
Fußzierfibeln, are marked by a simple, more or 
less thick bow and a raised foot, wich morphol-
ogy led to four major types (Mansfeld 1973; fig. 
49).
The type F1 is marked by modest dimensions, a 
simple bow and a small mushroom-shaped ele-
ment, attached to the end of the foot. They are 
widespread in Germany in Baden-Württemberg 

and north-eastern France, in Alsace and 
Champagne; some specimens have also been 
found in Dürrnberg (Austria) and northern Italy 
(Tab. 8; Fig. 53; Adam 1996, pp. 49-50; Frey 1971; 
Mansfeld 1973).
Fibulae of type F2 (Fig. 54; Tab. 9) are very com-
mon in the transalpine area in the Hallstatt D3 
phase (indicatively 500-450 BCE), but in most 
cases they have a smooth bow (Chaume 2001, 
pp. 109-111; Mansfeld 1973). 

Figure 53. Distribution of the type Fußzierfibel F1 in Italy. Elaborated by the author in QGIS 3.40.8 (2025); base 
map: © CARTO, © OpenStreetMap contributors; archaeological find: after Damiani et al. 1992, t. LXIV.967.
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Figure 54. Distribution of type Fußzi erfibel F2 in Italy. Elaborated  by the author in QGIS 3.40.8 (2025); base map: 
© CARTO, © OpenStreetMap contributors; archaeological find: Forcello di Bagnolo San Vito, inv. no. St. 99209 

(ph. Berruto).

4.2.9 Navicella fibulae
This term identifies a large group of fibulae 
characterised by a hollow bow, obtained by re-
moval of the clay core through a ventral open-
ing, which can vary in width and profile. 
The earliest finds (mid-8th century BCE) come 
from north-eastern Italy and Bologna. In north- 
western Italy (Golasecca culture area), the type 
is documented from the end of the 7th century 
BCE, with variants with a lozenge arch, with or 
without lateral appendices, and with a simple 
arch, with several sub-varieties (Casini 2000a; 
de Marinis 1981; Faudino et al. 2014, pp. 129-
131; Saronio 1970, t. VIII.11-12; von Eles Masi 
1986, pp. 85-143). This type is characteristic of 
female grave goods from the GIC (675-625 BCE) 
onwards. In the western Alpine area, in the 6th 
century BCE, large navicella fibulae with a long 
foot and a spherical or modelled end, with a hol-
low bow decorated with bands of lines, associat-
ed or not to rows of small circles, are also docu-
mented. A list of attestations and a distribution 
map for the ‘Navicella’ and large ‘Navicella’ 

fibulae is not included here, referring to the 
classification proposed by von Eles (von Eles 
Masi 1986, pp. 85-143).
The possible presence of coral in the decora-
tions of this type was assumed in this study 
mainly because of the evident whitish hue of 
the decorations of some finds from Parre (Civico 
Museo Archeologico di Bergamo) and consider-
ing the doubts about their authenticity raised by 
Raffaele de Marinis, due to the lack of specific 
analyses. 
Linear geometric decorations on a few finds 
were therefore considered (Tab. 10), name-
ly three from Parre (Museo Archeologico di 
Bergamo, inv. no. 48-49-119; Figs. 55a, 55b, 55c), 
one from Villa del Foro (Musei Reali di Torino, 
inv. no. St. 66120; Fig. 55.d) and circular deco-
rations on a large ‘Navicella’ type fibula (‘Val 
Varaita type’; Museo Civico Giovio Como, inv. 
no. E17738; Fig. 55e). The main purpose of the 
analyses was to identify the nature of the bright 
whitish material within these decorations. The 
survey identified no material related to ancient 
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decorations, but only a modern restoration in-
tervention for the three finds from Parre (i.e., 
the whitish decorations had been painted with 
White Indian Ink). For these reasons, the survey 
was not extended to the other specimens.

4.2.10 Bucket Pendants
In the Golasecca and Venetic areals, o ther cop-
per alloy objects with coral inset decorations 
also appear, such as bucket pendants, groom-
ing tools, and drop-shaped pendants at the end 
of chains in Trezzo-type pendants (de Marinis 
1981, pp. 229-232; 2000, p. 170; Peroni et al. 
1975, pp. 58-59).
Bucket pendants owe their name to their spe-
cific shape: they consist of a body and a semi-
circular suspension element for insertion into a 
support. They were cast in bronze with a matrix 
with a terracotta core, held by a suspension stick 
that often causes two opposing holes to appear 
on either side of the pendant. This technological 
reconstruction is confirmed by the discovery at 
Mondovì-Breolungi of a manufacturing waste 
(Venturino Gambari 2001a, pp. 24-25, fig. 17; 
Giaretti 2001, p. 159, fig. 131-2). Their function 
is that of an amulet or a simple ornament, due 

Figure 55. Navicella fibula examples c onsidered in the current work (ph. Berruto; metric reference 1 cm): a) 
Parre, inv. no. 119; b) Parre, inv. no. 48; c) Parre, inv. no. 49; d) Villa Del Foro, inv. no. St. 66120; Val Varaita, inv. no. 

E17738.

to their presence in female or infant burials 
(Barbieri 2019; de Marinis 1981, pp. 229-232; 
2000, p. 170; Peroni et al. 1975).
This type has many variations and wide distri-
bution in shape and profile, as well as decora-
tion, and several classifications were attempted 
(de Marinis 1981, pp. 229-232; Casini 2 000a; 
Tessmann 2007; Nagy 2012; Barbieri 2019). de 
Marinis (1981, pp. 229-232) divides them into 
three main groups, based on bottom shape: 
type 1) with rounded bottom; type 2) with con-
ical bottom; type 3) with profiled termination, 
each divided in further subvariants, based on 
morphology. The rounded-bottomed bucket 
pendant (type 1), outside of Italy, is differently 
distributed depending on the variant (Casini 
2000b; Cicolani 2017; Tessmann 2007).
Type 1A, with a rounded bottom, 8-shaped pro-
file with a strong constriction at the handle 
junction, may have two types of decoration: i) 
with bands of horizontal lines, with a cross mo-
tif on the bottom, or ii) with a ‘occhio di dado’ 
motif. In northwestern Italy, it is typical of the 
GIIB phase (second half of the 6th century BCE) 
(Barbieri 2019; de Marinis 1981). 
Type 1A pendants are found in northern 
Germany, Slovenia, and rarely in the French, 
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Swiss, and Austrian Alpine areas. Because of 
their pronounced presence in the Golasecca 
culture area, it has been hypothesized that this 
type may have spread northward from here to 
the other territories (Tessmann 2007, p. 669). 
Type 1A pendants with ‘occhio di dado’ decora-
tion are particularly interesting in this investi-
gation (Fig. 57). They have five concentric circles 
(four on the sides and one on the bottom of the 
bucket) with a central through-hole for housing 
a small coral sprig. 28 specimens of this type 
were identified (Tab. 11; Fig. 59) in the Venetic 
areal (Padua, Piovego necropolis and vicolo San 
Massimo; Pieve d’Alpago, Pian della Gnela ne-
cropolis; Cavarzano; Gallo 2023; Barbieri 2019; 
Tessmann 2007; Gangemi et al. 2015; Nascimbene 
1999), Golasecca areal (Bellinzago Novarese; 
Golasecca; San Bernardino di Briona; Barbieri 
2019; de Marinis 1992), ‘Etruria Padana’ areal 
(Forcello di Bagnolo San Vito; Barbieri 2019; de 
Marinis 2007; de Marinis et al. 2017), Slovenia 
(Santa Lucia d’Isonzo; Barbieri 2019; Tessmann 
2007; Marchesetti 1893) and Germany (Singen; 
Barbieri 2019; Maier 1957; 1958). The high-
er concentration, based on the available data, 
seems to be the Veneto region (17 finds; graph 
Fig. 56). 

Type 1B, with a rounded bottom, has a semicir-
cular profile and is typical, like the previous one, 
of the GIIB phase. It is found, in addition to Italy, 
in France and Switzerland. It may have double 
linear decoration in the upper part of the buck-
et, accompanied by multiple bordered circles on 
the lower face in a disordered disposition, pre-
sumably coated by coral (Casini 2000b; Casini, 
Chaume 2014; Faudino et al. 2014; Cicolani 
2017, pp. 138-150; Barbieri 2019, p. 46).
Type 1B pendants with this decoration are at-
tested at the Forcello di Bagnolo San Vito (inv. 
no. RR745; Barbieri 2019, fig. 10.3, 11.3; de 
Marinis 1991b, p. 243, fig. 3.3) and San Polo 
d’Enza (inv. no. S37/86; Barbieri 2019, p. 46; 
Damiani et al. 1992, pp. 167, 331, t. LXXXV.1324). 
Archaeometric analyses performed on the dec-
orations of type 1B pendant from Forcello di 
Bagnolo San Vito (Fig. 58) did not confirm pres-
ence of coral.
Archaeometric analyses were also performed 
on a funnel pendant type 3D of de Marinis from 
Pianello Val Tidone (inv. no. St. 18711; unpub-
lished; Fig. 60), with profiled and knob termi-
nation decorated with concentric circles motif 
(de Marinis 1981, pp. 229-232) but detected no 
decorating materials.

Figure 56. Graph regarding the number o f 1A bucket pendants with ‘occhio di dado’ decoration at the different 
sites where they are being attested.
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Figure 57. San Bernardino di Briona, Typ e 1A bucket pendant with ‘occhio di dado’ decoration, inv. no. 23.M380-
9.7 (ph. Berruto; metric reference 1 cm).

Figure 58.  Forcello di Bagnolo San Vito,  Type 1B bucket pendant with circles decoration on the bottom, inv. no. 
RR745 (ph. Berruto; metric reference 1 cm).
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Figure 59. Distribution of type 1A bucket pendants with ‘occhio di dado’ decoration with coral insets. Elaborated 
by the author in QGIS 3.40.8 (2025); base map: © CARTO, © OpenStreetMap contributors; archaeological find: 

San Bernardino di Briona, inv. no. 23.M380-9.7 (ph. Berruto).

Figure 60. Pianello Val Tidone, Type 3D bucket pendant with ‘occhio di dado’ decoration, inv. no. 18711 (ph. 
Berruto; metric reference 1 cm).
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4.2.11 Grooming tools
Grooming tools spread from the early 7th centu-
ry BCE in the western Hallstattian and Golasecca 
areas (Figs. 61, 62; Tab. 12). Contextually, they 
are attested in Chiavari, Este, Oppeano, Bologna, 
Slovenia, and Etruria (Fig. 62; Tab. 12; Zamboni 
2018, p. 187). In the Golasecca area, grooming 
sets date from GIC to GIIIA1 and are normally 
composed of six items (three in the case of iron 
sets): two scalptoria (clean-nails or clean-teeth) 
with dovetail termination, two auriscalpium 
spoon-shaped (ear-cleaner) and two tweezers 
(Peroni et al. 1975, pp. 220-221; Roncoroni 
2005, pp. 46-47).  
Sometimes, however, fewer elements may 
be present (such as in the case of Cuggiono, 
Cunardo, Sesto Calende-Gajaccio, Como Albate), 
or one element may have dual function (e.g., 
nail-cleaner and tweezer; Peroni et al. 1975, pp. 
220-221). They are generally made of bronze, 
but iron (e.g., Castelveccana-Castel Valtravaglia; 
Peroni et al. 1975, pp. 220-221, fig. 61-2), gold 
and silver (e.g., Como-Rebbio) specimens are 
also documented. The oldest findings are in iron 
(7th century BCE), then from GII the most used 
material is bronze, while gold and silver appear 
from the 5th century BCE. They are functional as 
well as symbolic objects, associated either with 

male or female grave goods (Cicolani 2017, pp. 
154-155; Roncoroni 2005, pp. 46-47). 
Grooming tools generally consist of a metal rod 
with one or more bulges and a suspension hole; 
the rod ends in a spoon, tweezer (Fig. 61) or 
dovetail shape. The thickness of this rod varies 
according to use: it is thicker for body care and 
thinner when these objects begin to be worn 
as pendants suspended from fibulae, especial-
ly in female grave goods. Thinner artifacts are 
generally more decorated and may have coral 
encrustations or fine moldings; they can be dat-
ed to GIIB or GIIA1 (Casini 2000a, pp. 138-139; 
Cicolani 2017, pp. 154-155). Morphology and 
decoration can be simple or elaborate; the most 
common decoration is linear, which can be as-
sociated with holes for coral insertion (as in 
the case of Castelletto sopra Ticino; Golasecca; 
Gropello Cairoli; Padova-Piovego).
The attachment system also evolves in time to-
wards more complex forms. In the early stages 
these objects are simply threaded into the pin of 
a fibula or inside a ring. From the GIIB-GIIIA1, 
a more complex suspension system, known as 
a ‘hinge’, is introduced, based on which five 
different types of suspension have been distin-
guished, produced in distinct cultural regions 
(Cicolani 2017, pp. 154-155).

Figure 61. Castelletto sopra Ticino, grooming tool (tweezer) with presumed coral decoration, inv. no. 1063 
(Museo Civico Novara) (ph. Berruto, metric reference 1 cm).
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coral was also found in Genoa-San Silvestro 
(Colle di Castello), also dated to the 5th century 
BCE (Fig. 63; Melli 2021, p. 75, fig. 48; Milanese 
1987, pp. 155 (n. 243), 352, 380; Rondi-Costanzo, 
Ugolini 2000, p. 181; Ugolini 2006b, p. 91). 
Leech fibulae with insets from southern 
Piedmont are similar to Golasecca artefacts but 
exhibit distinctive features suggesting local pro-
duction: a higher occurrence of the full-arch 
(without a terracotta core), flattened lenticular 
or biconvex bow morphology, and small size. In 
particular, the discovery of several bronze arti-
facts and their specific features would suggest 
the presence of a local production workshop 
at Villa del Foro (Cicolani 2021, pp. 533-534). 
The fibulae from Genoa and its surroundings 
do not seem to show the peculiarities identified 
for the artifacts from ‘Liguria Interna’, as far 
as can be deduced from literature (since it was 
not possible to study directly the artefacts), and 
they would seem to refer to the more evolved 
Golasecca type (i.e. ‘Palestro type’).
No further evidence of coral presence in these 
areas has been documented for the Iron Age. 

4.3 The use of coral in Liguria Interna 
and coastal Liguria
The presence of coral during the Early Iron Age 
in southern Piedmont and Liguria was less pro-
nounced than in the Golasecca cultural area 
and was likely connected to interactions with 
the Golasecca and Etruscan populations.
Leech fibulae with long foot and bow with ter-
racotta core, decorated with circular inlays of 
presumed coral, are documented in southern 
Piedmont at Brignano Frascata (Berruto et 
al. in press), Villa del Foro, Pontecurone and 
Castello di Annone, with dates ranging from the 
6th to 5th century BCE (Berruto et al. 2021, p. 552, 
fig. 337; 2023a, fig. 1; Cicolani 2021, p. 533, fig. 
323; Cicolani et al. 2024; Faudino et al. 2014, p. 
132, fig. 7). In Liguria, all evidence is confined 
to Genoa, 5th century BCE (three fibulae from 
Genoa Colle di Castello, and one fibula from 
Genoa-Valbrevenna; Archeologia a Genova 1977, 
p. 22, fig. 24; de Marinis, Spadea 2005, p. 323, 
V.2.19-21; Melli 2007, p. 50; von Eles Masi 1986, 
p. 167, t. 127.1574). A fragment of pinkish rough 

Figure 62. Distribution of grooming tools. El aborated by the author in QGIS 3.40.8 (2025); base map: Natural 
Earth (Gray Earth raster “GRAY_LR_SR_OB_DR”), public domain.
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This scarcity in coastal centers aligns with ob-
servations from the Catalan and Gaulish coasts 
between the 7th and 2nd centuries BCE, where a 
structured organization can be inferred, with 
harvesting occurring near the fishing areas and 
sale and/or processing taking place at inland 
centers (Ugolini 2006a, pp. 78-79).

Figure 63. Raw coral from Genova-San Silvestro (met-
ric reference 1 cm; modified after Melli 2021, fig. 48).

4.4 The use of coral in Este culture 
and north -eastern Italy 
In the Venetic area, the use of Mediterranean 
red coral is documented from the 8th centu-
ry BCE, contemporaneous with its presence in 
the Golasecca culture and possibly facilitated 
by Etruscan intermediaries. Pearls and tubu-
lar elements are the oldest coral artefacts (e.g., 
‘Longone al Segrino-type’ pendants are not doc-
umented in north-eastern Italy). Between the 7th 
and 6th century BCE, it is mainly used to produce 
beads and necklaces, together with other mate-
rials such as glass, amber, terracotta, copper and 
gold, from the Este II-late to Este III-late phases 
(approximately 7th - 5th century BCE; de Marinis 
1997, p. 157; 2000, p. 172; Schmid-Sikimić 2002, 
pp. 219-221). 
Leech fibulae with long foot, bow with a ter-
racotta core, decorated with circular insets of 
presumed coral, spread in north-eastern Italy 
between the 6th and 5th century BCE, in the 
Este III-Middle period (525-475 BCE), as weel 
as in north-western Italy and Canton Ticino 
(de Marinis 2000, p. 172). However, a predom-
inance of the ‘older’ types with fewer rows of 
inlays on the arch is observed in these areas, as 
well as a higher recurrence of the variant with 
longitudinal lines separating the circular inlays. 
The variant with a transversal or longitudinal 
grooves, filled with alleged coral, is also attest-
ed by few specimens in north-eastern Italy. Late 

western Hallstattian fibulae (Entenkopffibeln 
/ Vogelkopffibeln – ornitomorphic type and 
Fußzierfibel type) decorated with coral inlays, 
bucket pendants with ‘occhio di dado’ deco-
ration and bronze grooming tools, variously 
decorated with coral, are also documented (de 
Marinis 2000, p. 172). On the other hand, cor-
al-composite bow fibulae, found in the Golasecca 
area, are completely absent (de Marinis 1997, 
p. 157; 2000, p. 172). A type occurring here but 
not in Golasecca area is the dragon fibulae 
(Hornchenfibeln) with lateral daisies and coral 
insets, well documented in the Slovenian area 
and across the Alpine arc (Nascimbene 2009, 
pp. 75-86). As already mentioned for Golasecca, 
some of these types are also widely distributed 
in other areas. 

4.4.1 Beads and pendants
The earliest coral finds in the Venetic area are 
small raw corals, cut and pierced, from tombs 
234 and 149 in Este, Casa di Ricovero, dated 
between the 8th century BCE and the begin-
ning of the 7th century BCE (Fig. 65; Tab. 13). 
The presence of this raw material is therefore 
contemporaneous with its attestation in the 
Golasecca area, where pendants of the ‘Longone 
al Segrino’ type appear in these phases. In the 
Atestine area, in the 7th - 6th century BCE, coral 
was worked mainly in the form of beads (Figs. 
64-65) and inserted into necklaces, together 
with other materials, such as glass, initially in 
a few units with a progressive increase in the 
following phases (Schmid-Sikimić 2002, pp. 
219-221). From the 7th century BCE, coral is also 
found north of the Alps (Fig. 65; e.g., Heuneburg, 
Courtesoult, Kaltbrunn, Magdalenenberg). It 
occurs in the form of spherical beads from 
the 6th century BCE (e.g., Singen, Esslingen, 
Ditzingen-Schockingen, Nordhouse), also 
used as pinheads (e.g., Nordhouse, Kaltbrunn, 
Ditzingen-Schockingen) (Schmid-Sikimić 2002, 
pp. 219-221).

  
Figure 64. Pieve d’Alpago, Pian della Gnela, coral bead, 

I.G. 355534 (ph. Berruto; metric reference 1 cm).
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4.4.2 Dragon-shaped fibulae with daisies 
Dragon fibulae (Hörnchenfibeln), a type typical-
ly associated with male burials, are common 
across regions both south and north of the Alps. 
They are multicurvilinear bow fibulae, found 
in various types and variations and diffused 
throughout the Italian peninsula and Slovenian 
area from the late 8th to the late 6th century BCE 
(Mansfeld 1973, p. 9; Chieco Bianchi et al. 1976, 
tav 19; von Eles Masi 1986, p. 234; Cicolani 
2017, pp. 87-98). 
Specimens with presumed coral inlays include 
the variant with daisies and a three-lobed ap-
pendix (Chieco Bianchi et al. 1976; Nascimbene 
2009, pp. 75-86, tipo I.2). The bronze rod bow is 
folded to form two elbows, as in the case of the 
serpentine bow fibulae. On the one next to the 
head of the bow a pair of daisies or discs with 
a three-globe appendix is attached. A fold-stop-
ping disk is observed at the head of the bow. The 
foot is long with a J-shaped cross-section and a 
simple globet or vase termination. 
Two varieties were identified: i) type A, which 
is larger in size and has linear decoration on the 

bow and foot, and ii) type B, which is smaller in 
size and undecorated. Variety A is further subdi-
vided into two sub-varieties: type A1 also has el-
ements embedded in the decoration, while type 
A2 has a conical expansion at the head of the 
arch (von Eles Masi 1986, pp. 241-242, nn. 2519-
2524; Nascimbene 2009, pp. 75-86). A specimen 
with preserved whitish decoration from Ponte 
nelle Alpi-Casan (Fig. 66) was considered in this 
study.
More than 200 specimens of dragon fibulae 
with daisies have been found1 in more than 30 
archaeological sites pertinent to Caput Adriae, 
particularly in Most na Soči and Inland Slovenia, 
in Friuli and eastern Veneto, in the Belluno 
area, and in the Laguna area at Altino. Outside 
of the main area of distribution, sporadic occur-
rences appear in Veneto at Este, Rhaetian areal 
at Mechel and Rasun, Balkan territory at Donja 
Dolina, and transalpine area at Hallstatt, Gurina 
and Gracarca. More than half of the specimens 
come from male grave goods from the Santa 

1  For the list of attestations, refer to Nascimbene 
2009, pp. 78-85. 

Figure 65. Distribution between the 7th and 6th century BCE of beads, pierced branches, and pendants. 
Elaborated by the author in QGIS 3.40.8 (2025); base map: © CARTO, © OpenStreetMap contributors.
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Lucia necropolis (Most na Soči). Among the dif-
ferent variants, variety B is predominant. The 
type is first attested in the second quarter of the 
6th century BCE in Slovenia, where it becomes 
more frequent between the middle and the end 
of the same century and is still present in early 
5th century BCE contexts. The Italian specimens 
come from grave goods dated to the second half 
of the 6th century BCE and from a 6th - 5th centu-
ry BCE residential context (Fig. 67; Nascimbene 
2009, pp. 75-86). 

Figure 66. Ponte nelle Alpi, loc. Casan, Dragon-
shaped fibula with daisies (ph. Berruto; metric refer-

ence 1 cm).

Figure 67. Distribution of the type ‘Dragon-shaped fibulae with daisies and a three-lobed appendix’. Elaborated 
by the author in QGIS 3.40.8 (2025), after Nascimbene 2009; base map: © CARTO, © OpenStreetMap contributors; 

archaeological find: Ponte nelle Alpi, Casan (ph. Berruto).
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terracotta core, flattened lenticular or biconvex 
arch morphology, flattened morphology of the 
terminal globe of the foot.
Late-Hallstattian fibulae are well attested north 
of the Po, at Forcello di Bagnolo San Vito, among 
which some are characterized by presence of 
alleged coral: two Fußzierfibeln (de Marinis 
1986b, fig. 146.6; 1987, p. 91-92, fig. 4.f; 1997, p. 
157; 2007, p. 209, fig. 130.8; 2010, fig. 13.11; de 
Marinis et al. 2017, p. 33-34, fig. 6.11-14) and 
one ornithomorphic (de Marinis 1986b, p. 245, 
n. 334, fig. 146.2; 1987, pp. 91-92, 94, 95, ffig. 4.b, 
5.11; 2007, p. 209, fig. 130.10; 2010, fig. 13.15; 
de Marinis et al. 2017, p. 35, fig. 7.1). Sporadic 
specimens are reported for the rest of Emilia: 
a Fußzierfibel from San Polo-Campo Servirola 
(Damiani et al. 1992, pp. 131-310, t. LXIV, n. 967; 
de Marinis 1987, p. 95, fig. 5.15; Frey 1971, p. 
377, list 1, fig. 2.9) and one ornithomorphic from 
Montebibele-Monterenzio (de Marinis 1986b, 
p. 243; Kruta, Moucha 2018, p. 83, n. 34; Adam 
1996, p. 43, n. 25). Among the artefacts with pre-
sumed coral decoration the discovery of a type 
1A bucket pendant with ‘occhio di dado’ deco-
ration should also be reported at the Forcello di 
Bagnolo San Vito (Barbieri 2019, pp. 45, 46, 50, 
53, 56, fig. 10.1, 11.1; de Marinis 2007, p. 205, fig. 
129.6; 2010 fig. 14.1; de Marinis et al. 2017, p. 
32).

4.5 The use of coral in Etruria Padana
Coral does not appear to have been widely dis-
tributed in eastern Etruria Padana, although 
it certainly circulated in these areas, likely in 
connection with trade. As discussed in the pre-
vious section, a supply via the Etruscans can 
be hypothesized for the Golasecca and Venetic 
populations in northern Italy, as well as for 
transalpine Hallstatt groups. Supporting this 
hypothesis are the numerous fragments of raw 
coral found at Forcello di Bagnolo San Vito, the 
small branch from Borgo Virgilio–Arginotto, 
and the pieces discovered in the De Luca, 
Arnoaldi, and Certosa necropolises in Bologna 
(de Marinis 1997, p. 157; Quirino 2011). 
Regarding artefacts potentially made with cor-
al, it is worth mentioning the discovery of long-
foot leech fibulae with circular decoration. In 
the eastern area, one example was found at 
Marzabotto (de Marinis 2000, p. 170), another 
one at Gaggio (Giordani 2008, fig. 1) and two at 
Verucchio (Pozzo di Pian del Monte: Bentini et 
al. 2020, pp. 396-397, fig. 13; Casini 2000b, p. 88, 
n. 63; de Marinis 2000, p. 173, note 40; Morico 
1987, pp. 270-273, fig. 176.9). Four fibulae are re-
ported north of the Po in the Mantua area: at 
Mantua-piazza Santa Barbara (unpublished, inv. 
St. 169519; Fig. 68), Lago Superiore in Mantua 
(not found; de Marinis 2000, p. 170; Nascimbene 
2009, p. 135, no. 23), Castellazzo della Garolda 
(not found; de Marinis 2000, p. 170; Tamassia 
1979, pp. 520-521, t. LXXXII.b) and Forcello di 
Bagnolo San Vito (not found; de Marinis 2000, 
p. 173, note 40; Colonna 1979, t. LXXVII.b). 
This type, however, is most frequently doc-
umented in the western Apennine sector of 
Emilia, bordering the Etruria Padana, Ligurian 
and Golasecca areas. In the Reggiano area, 
twelve artefacts are reported from San Polo-
Campo Servirola (Damiani et al. 1992, pp. 
128-129, 222, 226, 307-308) and four from 
Bismantova (Damiani et al. 1992, pp. 129, 308). 
In the Piacentino, one specimen (not found) 
from Bobbio should be mentioned (Casini 
2000b, p. 88, n. 36; Catarsi, Dall’Aglio 1987, p. 
407, fig. 2.8; Morelli 1888, p. 19, t. I, n. 2) and 
seven from the Tidone Valley (unpublished: 
Borgonovo, Pianello and Rottofreno). Some 
pieces found in the western Apennines show 
peculiarities already mentioned for artefacts 
from southern Piedmont, suggesting that they 
may sometimes be a local production or a vari-
ant: higher frequency of the full-arch without a 

Figure 68. Mantua, Piazza Santa Barbara, leech fib-
ula bow with coral insets, inv. no. St. 169519 (Museo 
Nazionale di Mantova, ph. Berruto, metric reference 

1 cm).
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4.6 The use of coral in the Late Iron Age
The use  of coral for decorating jewellery, weap-
ons, and other valuable objects was widespread 
among the Celtic populations of the Late Iron Age 
(Fig. 69). Transalpine Celtic craftsmen use this 
material extensively from the La Tène A phase 
onwards (Fürst 2014; Ugolini 2006a, p. 87).
Beginning in the 4th century BCE, Celtic art expe-
rienced a renaissance characterized by a “veg-
etal” style, featuring racemes and palmettes 
arranged in sophisticated compositions. This 
development reflects the influence of transal-
pine Celtic populations on Italic communities. 
Such decoration is often associated with a par-
ticular type of fibula, distinguished by a dis-
coidal foot designed to hold a coral cabochon. 
The use of raw coral is relatively common in the 
production of jewellery (e.g., fibulae, torques) 
and weapons (e.g., sword scabbards, helmets), 
compared with earlier phases in transalpine ar-
eas (Kruta 1991, pp. 198-199).
In northern Italy, the number of latenian artifacts 

dated to the 4th century BCE is generally scarce 
(Kruta 1991, p. 201). Few pieces of evidence at-
test to the use of coral in decorating fibulae, ei-
ther as insets along longitudinal grooves on the 
bow or as a cabochon at the end of the foot.
In these phases, the use of coral presumably 
shifted southwards. From the La Tène phases 
onward, the overall quantity of artefacts deco-
rated with coral increases in southern Italy with 
respect to the northern areas, where this raw 
material was widespread in the Early Iron Age. 
A similar trend is observed in the transalpine 
area, with an increase in coral finds in southern 
France – the assumed areas of provenance. This 
phenomenon has traditionally been linked to 
the so-called ‘Celtic migrations’, through which 
artefacts with worked coral may have circulat-
ed back southwards (Fürst 2014, pp. 55-56). 
In this research, the examination of coral orna-
ments for this chronological period is limited to 
a partial survey of Piedmontese artefacts and 
does not aim to cover the entirety of the materi-
al from northern Italy.

Figure 69. Distribution map of coral artifacts in the La Tène A-B period (450-275 BCE); black circles = more than 
5 coral artifacts; white circles = artifacts that have lost coral insets; black squares = settlements with coral (after 

Fürst 2014, fig. 3).
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4.6.1 Ancient La Tène fibulae, furrowed bow 
and coral applications
This group of fibulae is marked by a broad bow 
with a curved profile, which elongates and 
flattens to become angular. It sometimes has 
a thin central groove for the insertion of coral 
and various patterns of decoration, linear or in 
relief. This type has foot folded down to touch 
the top of the arch, sometimes passing over it, 
forming a cup, perhaps also decorated with 
coral, followed by a moulded spatula-shaped 
end, sometimes decorated with parallel or fan-
shaped incisions. It generally has bilateral four- 
or six-turn springs of medium size (Adam 1996, 
pp. 118-120). 
Its features are extremely variable and can 
be dated to the early to mid-early La Tène (5th 
century BCE), with a strong diffusion in the 
transalpine area, in Champagne, Switzerland, 
Austria, Bohemia and Bavaria. In northern 
Italy (Fig. 71), it is common in Emilia (Bologna, 
Arnoaldi necropolis; Kruta 1978, p. 158, fig. 6, 
n. 2-3; Marzabotto; Kruta-Poppi 1975, fig. 3.5; 
in ‘Modenese’; Kruta-Poppi, 1977, p. 426, fig. 1), 

‘Vicentino’ (Santorso, Montebello Vicentino, San 
Tomio di Malo; Ruta Serafini 1984, pp. 19-20, 
fig. 7) and Lombardy (Vho di Piadena), as well as 
in Trentino Alto Adige (Mechel and Campolino-
Lothen) (Fig. 70; Adam 1996, pp. 118-120). 
The use of coral in the decoration evolves in the 
Swiss plateau in the ‘Münsingen’ type, between 
LT B1 and LT B2 (4th century BCE).

Figure 70. Fibula from Mechel (inv. no. 1470; after 
Adam 1996, p. 118. t. IV. 99).

Figure 71. Distribution of the ‘Ancient La Tène furrowed bow fibula’ type in northern Italy [elaborated by the 
author in QGIS 3.40.8 (2025); base map: © CARTO, © OpenStreetMap contributors].
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4.6.2 Massive bow fibulae with wide central 
application and disc-shaped appendix
This group of fibulae is marked by a massive oval 
or hemispherical bow, decorated with a central 
groove for the insertion of coral, surrounded by 
variable decorative motifs; at the bottom of the 
groove a hole is visible, through which a hook 
passed, designed to hold the coral. This type has 
folded foot with discoidal appendix, varying in 
size and decoration, and generally bilateral six-
turn spring (Adam 1996, p. 158).
It is documented in the southern Swiss val-
leys, particularly in the Canton Ticino (Fig. 72; 
Butti Ronchetti 2012, p. 18; Nagy 2012; Tori et 
al. 2010), as well as in ‘Comasco’ (Casini et al. 
2001, fig. 19) and ‘Bresciano’ (Vitali 1991, p. 
222), from the end of LT B2 (300-275 BCE), and 
also in Trentino Alto Adige, throughout LT B (4th 
century BCE), with a specific evolution with-
in the cultural area (Adam 1996, pp. 162-163). 
Ticinese fibulae with applications developed in 
parallel with Trentine fibulae, based on Swiss 
and Ticinese models, from which both series de-
rive. This is a typically Alpine production type, 
found up to LT C2 (200-150 BCE). The diffusion 

Figure 72. Fibula from tomb 21 Giubiasco (after Butti 
Ronchetti 2012, fig. 9a).

Figure 73. Massive bow fibulae with wide central application and disc-formed appendix: Trentino areal sub-types 
(after Adam 1996, p. 166).

of this type indicates the development of new 
trade routes within the Alpine region, through 
the longitudinal valleys (Casini et al. 2001; de 
Marinis 1988a).
Adam (1996, pp. 158-161) identifies, for the 
Trentino area, several subtypes (Fig. 73):



94 Coral Lies. Unveiling Technological Exchange and Trade in the Early Iron Age

a)	 Wide profile bow, slightly enlarged, marked 
by transverse groove (type a1) or curvilin-
ear (type a2) decoration and human mask at 
the end of the terminal appendix of the foot; 
six-loop spring with circular cross section;

b)	 Bow with convex profile, marked by longi-
tudinal and transverse rectilinear decora-
tion; spring with six loops, circular section;

c)	 Mandolin bow, marked by oblique incised 
decoration and inverted V motifs (type 
c1), sometimes accompanied by ‘occhio di 
dado’ decoration (type c2); flattened section 
spring;

d)	 Massive arch, marked by ‘meander’ decora-
tion; spring with flattened section.

Unfortunately, within this study it was not possi-
ble to examine Trentino fibulae with presumed 
coral applications; however, some typologically 
similar piedmontese specimens were instead 
considered. 
As far as jewellery is concerned, there is continu-
ity with previous phases in Piedmont during the 
Late Iron Age, while at the same time new types 
of transalpine origin are observed. Typical La 
Tène-style fibulae were found in the ‘Novarese’ 
area and in the Susa Valley (Gambari, Venturino 
Gambari 1997; Gambari 1998, p. 144). Among 
the latter, bronze fibulae datable to the Ancient 
La Tène (4th century BCE), discovered in the 19th 

century were retrieved during the construction 
of the Frejus tunnel (Gambari, Rubat Borel 
2011, p. 63; Gambari 1998, pp. 143-144, fig. 125); 
more recent findings were found in a tomb at 
Villar Dora and two others at Chiomonte, dat-
ed to the 4th century BCE and excavated in the 
1980s. Among the tombs of Chiomonte, loc. La 
Maddalena, in one case the burial of a high-rank-
ing female individual can be identified, marked 
by presence of rich ornaments of mixed lo-
cal-transalpine features (Gambari, Rubat Borel 
2011, p. 65; Padovan, Thirault 2007, pp. 45-46). 
This burial yield two bronze folded foot fibulae 
with large disc appendix, containing presumed 
coral remains (inv. no. St. 74974-74975, Musei 
Reali; Fig. 74).
Archaeometric analyses performed on these 
two artifacts, however, ruled out the presence 
of C. rubrum. Conversely, quartz, possible illite 
and kaolinite were detected, suggesting that the 
residues could be referred to deposition soil or 
else a kaolinite-based decoration (Giustetto 
2008; Giustetto et al. 2013). The use of adhe-
sives to accommodate a coral cabochon or vitre-
ous material is well documented for transalpine 
artifacts of similar chronology, contextually 
with the use of rivets (Zlámalová Cílová et al. 
2024, pp. 59-60); however, presence of adhe-
sive was not identified by the performed analy-
ses (on only one archaeological find). Based on 

Figure 74. Chiomonte, loc. La Maddalena, female burial (4th century BCE): Latenian folded foot fibulae with 
disc-appendix containing presumed coral encrustations (ph. Berruto; metric reference 1 cm; inv. no. St. 74974, 

a - St. 74975, b, Musei Reali)
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available data, a sharp material identification is 
thus not possible.
The anthropic traces visible on the residual 
material inside the disc-shaped appendix (Fig. 
75a) could therefore be attributable to spatu-
la marks of a ‘decorative paste’ – or viceversa 
imprint of a superimposed decorative material, 
which has been lost. The colour and appear-
ance of the blackish material preserved on St. 
74975 apparently supports the latter hypothe-
sis, probably birch pitch (Fig. 75b) documented 
on similar artifacts in transalpine contexts (e.g., 
Münsingen brooches: Zlámalová Cílová et al. 
2024). However, further analysis is needed to 
better understand the technological aspects of 
the artifacts.
Finds from the Novara area highlight the impor-
tance of the local celtic substrate, testifying to 
the presence of mixed cultural aspects and con-
tinuity of influxes from abroad (Gambari 1998, 
p. 144). At Galliate, some graves under tumu-
lus were discovered, with cases of cremations, 
datable to LT B1 and LT B2. At Dormelletto a 
necropolis was found, with inhumation tombs 
datable to LT C1 (second half of the 3rd - early 2nd 
century BCE), with mixed elements of external 
influence and local elaboration (Gambari 1998, 

Figure 75. Chiomonte, loc. La Maddalena, female burial (4th century BCE): light microscope image of the material 
(ph. Berruto; metric reference 1 mm; inv. no. St. 74975, Musei Reali).

p. 144; Spagnolo Garzoli 2009). Among the typ-
ically Celtic ornaments, such as bronze ovoli an-
kle rings, free-foot bronze fibulae with human 
head button can be found, called Kopffibeln, 
also popular in Canton Ticino and sometimes 
characterized by the presence of coral elements 
(Deodato 2013, p. 20, fig. 5; Nagy 2012; Tori et 
al. 2010; Schmid-Sikimić 2002; Sormani 2013). 
In this study, one of these fibulae was examined 
(Fig. 76), kept at the Archaeological Museum in 
Arona. Unfortunately, no trace of coral or other 
organic material was found (Fig. 77). It is dated 
to 250-175 BCE and marked by a massive arch, 
with a groove for coral insertion and geometric 
decoration, a folded foot with a disc-shaped ap-
pendix and a human head termination. The fib-
ula can be referred to the ‘A1 massive bow type’ 
from Adam (Adam 1996, pp. 158-161).
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4.7 Discussion. Coral in Iron Age 
northern Italy
In northern Italy during the Early Iron Age, ar-
tefacts decorated with coral were widely dis-
tributed. This material was frequently used to 
embellish women’s ornaments and clothing 
accessories, particularly fibulae and pendants, 
especially in archaeological contexts associated 
with the Golasecca area in the northwest and 
the Venetic-Este area in the northeast. 
In these areas, coral appears from the 8th cen-
tury BCE and becomes widespread from the 7th 
to the 5th century BCE. It is possible to identify a 
technological evolution in the artefacts manu-
facture, from simpler forms (e.g., pendants with 
pierced coral branches, coral beads) towards in-
creasingly complex objects (e.g., composite bow 
fibulae, ‘Palestro-type’ leech fibulae).
The most illustrative type is the leech fibulae 
with a long foot and bow with a terracotta core, 
variously decorated with small circular insets. 
It has several variants, identified based on dec-
oration and morphology; it is common in two 
main areas (i.e., Golasecca and Este cultural 
areas), but also attested in neighbouring areas 
(e.g., ‘Liguria Interna’; coastal Liguria; Etruria 
Padana), linking to the main transit routes and 
circulation of people and objects, but also of 
models.
Some territorial variability should be noted. In 
the Venetic area, the earliest forms are found, 
marked by fewer holes decorating the arch, 
as well as the predominance of a variant that 
shows linear motifs between the holes, forming 
squares on the bow. All these variants are well 
represented in the Golasecca area, highlighting 
this as the probable area of origin and evolution, 
with a predominance of the more evolved forms 
in the Ticino area of the Golasecca culture in the 
5th century BCE. In the border area between the 
Golasecca, Ligurian, and Po Valley areas (e.g., 
Alessandrino, Astigiano, and Piacentino), the 
presence of a variant possibly linked to a local 
production was identified, marked by a full arch 
with flattened section, long foot with a flattened 
globet and sometimes a bulge, decorated only 
on the upper face. 
The provenance of the coral remains unknown 
at the current state of research, but several 
hypotheses have been proposed, all of which 
involve the intermediation of Etruscan popu-
lations, whose trade networks were active in 

Figure 76. Dormelletto, via San Rocco, tomba 43: 
Massive arched fibula with groove for coral insertion 

(ph. Diana; metric reference 1 cm; Arona, Museo 
Civico Archeologico).

Figure 77. Dormelletto, via San Rocco, tomb 43. 
Digital microscope image of areas of possible coral 

insertion (ph. Berruto; metric reference 1 mm): a) 
groove along the arch; b) disc-like appendix.
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these areas (de Marinis 2000, p. 164; Ugolini 
2006b, p. 90). Unfortunately, no evidence is 
known regarding the fishing and use of coral in 
the Etruscan world (Ugolini et al. 2000, p. 139; 
Ugolini 2006b, pp. 90-91). 
Pliny the Elder (Naturalis Historia, XXXII, 11, 
21) mentions several supply areas active in the 
1st century CE: to his knowledge, the best coral 
came from the Stoechades Islands (Îles d Hyères) 
in the Gulf of Lion and from the Aeolian Islands 
near the city of Drepana (Trapani), as well as 
from Gravisca and Naples: these were probably 
the supply areas exploitable with the techniques 
of the time. The actual fishing areas in the Early 
Iron Age, however, may not have corresponded 
to those active centuries later and mentioned by 
Pliny for the Roman Age. It is therefore possible 
to analyse the fishing grounds accessible to the 
Etruscans, who maintained contacts with the 
cultures of northern Italy during the Iron Age, 
by considering the areas of influence active at 
the time. Following this reasoning, the Aeolian 
Islands, under Punic control, and Naples, under 
Greek control, can be excluded. By contrast, the 
coast near Gravisca, the harbour of the Etruscan 
city of Tarquinia, may have represented poten-
tial supply areas. The Stoechades and the Gallic 
Gulf (Languedoc), and probably also the coasts 
of the Ligurian Sea (Provence and perhaps also 
Liguria and Tuscany), were areas of Etruscan 
influence from the 8th century BCE (Camporeale 
2006). These regions may therefore have served 
as coral supply areas, with merchants possibly 
using waterways connected to the Po River or 
the lower Piedmont territories to ensure the dis-
tribution of coral to the Golasecca culture area. 
Coral reached the transalpine Hallstattian 
world through the populations of northern Italy 
(de Marinis 1997, p. 157) where, in addition to 
the production of beads and brooches, it was 
used to decorate certain types of fibulae, the 
late Western Hallstattian fibulae, also attested 
in the Cisalpine area. From the archaeological 
record, it is possible to find a higher occurrence 
of coral decorations in the Cisalpine area and 
in north-eastern Italy in particular (Adam 1996, 
p. 47), a possible indication of local influences 
and reworking of models: ornithomorphic fib-
ulae are mainly found in north-eastern Italy, 
with a few occurrences in Etruria Padana, and 
Fußzierfibeln are widespread and are also at-
tested in the Golasecca area.
Both in the Golasecca and Este cultures an in-
termediate type is also attested, the leech fibula 

with grooved decoration on the bow – probably 
a local evolution, which originated from the 
fusion of Cisalpine coral leech models with the 
transalpine ones of the late Hallstattian fibulae. 
Coral became particularly popular among tran-
salpine populations during the La Tène A and 
B1 periods, roughly until 300 BCE (Fürst 2014), 
whereas in northern Italy, its use gradually de-
clined from the 4th century BCE until its eventu-
al disappearance (de Marinis 2000, p. 172).





5.  Archaeometry and Corals

Abstract

Il capitolo si concentra sull’analisi archeometrica di decorazioni in materiale biancastro, tradizional-
mente identificato come corallo, applicate su ornamenti metallici della prima età del Ferro nell’Italia 
settentrionale. Se tradizionalmente lo studio di tali oggetti è stato affrontato prevalentementedal pun-
to di vista formale e tipologico, negli ultimi anni si è manifestata una maggiore attenzione rivolta all’i-
dentificazione dei materiali decorativi, grazie all’applicazione di tecniche scientifiche multi-analitiche. 
Dovendo operare su manufatti di interesse archeologico, una delle difficoltà principali riguarda l’im-
possibilità di campionamento invasivo, rendendo necessaria l’applicazione di tecniche non distrutti-
ve o micro-distruttive. Il corallo rosso mediterraneo (Corallium rubrum) può essere identificato gra-
zie alla presenza contestuale di calcite e pigmenti organici che donano il caratteristico colore rosso. 
Tuttavia, alterazioni post-deposizionali ne causano lo sbiancamento, complicando l’identificazione. 
Recenti studi hanno evidenziato microstrutture e composizioni chimiche caratteristiche, permetten-
done la distinzione da altri materiali biancastri.
La determinazione della provenienza del Corallium rubrum in contesto archeologico rappresenta una 
questione cruciale per comprendere reti di scambio e dinamiche socio-culturali antiche. Tuttavia, ad 
oggi, non esistono studi specifici dedicati a questo tema, se non in ambito paleo-ambientale. Le meto-
dologie principali considerate sono l’analisi isotopica e quella degli elementi in traccia, entrambe com-
plesse da applicare al corallo a causa di fattori come la diagenesi e la scarsa disponibilità di campioni 
comparativi.
L’analisi isotopica (Sr, C, O) può fornire indicazioni ambientali e geografiche, ma è ostacolata dall’alte-
razione post-deposizionale dei carbonati biogenici, che modifica la composizione originale. La distri-
buzione del C. rubrum si concentra inoltre nel bacino mediterraneo, rendendo difficile distinguere le 
singole aree di approvvigionamento antiche. L’analisi degli elementi in traccia, utile per identificare 
firme geochimiche locali, si scontra con problematiche analoghe, aggravate dall’impossibilità di con-
frontare i dati con campioni antichi, oggi esauriti o contaminati. Sono stati valutati anche approcci 
genetici e biomolecolari, che risultano inapplicabili a causa dell’esiguità del materiale organico con-
servato e della necessità di campioni di confronto con provenienza certa. In sintesi, nonostante la 
rilevanza della questione, al momento non esistono metodi pienamente efficaci per determinare con 
precisione la provenienza del corallo archeologico.
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5.1. The archaeological question
Studies of metal artefacts have traditionally 
relied on standard archaeological approaches. 
Only recently have a few investigations focused 
on the archaeometric analysis of the materials 
used in the decorations of some metal artefacts. 
The research project presented here focuses on 
the study of metal ornaments – mainly fibulae 
– dating back to the Early Iron Age in northern 
Italy, which feature decorations or entire por-
tions made of a whitish non-metallic material, 
traditionally identified in the literature as coral. 
However, similar materials were widely used 
in pre- and protohistory, and visual examina-
tion alone is insufficient to determine their pre-
cise nature. An innovative archaeometric and 
multi-analytical approach can provide a more 
accurate analysis of the technological develop-
ment and the cultural interactions systems be-
tween ancient societies in northern and south-
ern Europe.
This study adopts an interdisciplinary ap-
proach, examining these artefacts from an 

archaeometric perspective to identify their con-
stituent materials and investigate their produc-
tion technology 
The traditional and typological archaeological 
study, presented in the previous chapter and 
based on the existing literature, also informed 
the selection of materials to be included in the 
analytical record. This combined approach pro-
vided new typological insights, thanks to the ex-
tensive area investigated and the large number 
of artefacts considered. 
However, the archaeometric study is the main 
focus of this project. One major limitation is the 
nature of the artefacts – archaeological objects 
of great workmanship and value, for which 
sampling is generally not possible. The analyt-
ical protocol must therefore balance between 
this necessity and the actual efficiency of the 
analyses. 
The main goal is the characterisation of the 
whitish material, traditionally identified with 
coral. An attempt was also made on pursuing 
information about the possible presence of or-
ganic binders, suitable for the adhesion of this 

Figure 78. Schematic overview of the interdisciplinary approach applied in the study of the considered artefacts.



101 Giulia Berruto Archaeometry and Corals

material to the metal support. Questions about 
the provenance of the whitish raw material were 
also raised. In the case of coral, determining the 
source of the material is fundamental for under-
standing the circulation networks and the con-
tacts established between different populations.
Evidence of manufacturing traces on these 
archaeological finds was also investigated to 
identify details of the production technology. 
Further verifications were carried out through 
experimental archaeology (Fig. 78).

5.2. Previous studies
The occurrence of coral in archaeological con-
texts is generally underestimated, as this materi-
al is often not recognised. It tends to degrade in 
ancient artefacts, losing its original features and 
being macroscopically assimilable to other mate-
rials – such as bone, ivory or shell. Its alteration 
leads to the partial or total disappearance of the 
characteristic red hue, replaced by a whitish or 
pinkish colour, while in the event of combustion 
(as in cremation) it turns into grey (Perrin 2000; 
Mangani 2016)1. As far as colouration is con-
cerned, it should be noted that coral varies in co-
lour depending on its origin and depth of growth, 
ranging from the rare albino specimens to red, 
orange, pink, and chamois hues (Borrello 2001).
Improper methods were often used in the past 
for an archaeometric characterisation of cor-
al, e.g., acid attack, resulting in effervescence 
through CO2 release (Schvoerer et al. 2000; 
Viollier 1907). Corallium rubrum skeleton is 
in fact mainly composed of Ca-carbonate, and 
this reaction can discriminate coral from the 
red enamels used to imitate it – a common prac-
tice in the last stages of European protohistory 
(Perrin 2000; Schvoerer et al. 2000). However, 
this evidence is inadequate: carbonate can have 
different origins and, most of all, the material 
can be irreparably damaged (Viollier 1907). 
Microscopic observation of the texture of the 
material is also a valid method2. The exoskeleton 

1  Coral is thermolabile and turns to yellow at 150°C, 
darkens at 200°C and then switch to grey, as is known 
from incineration burials (Borrello 2001).
2  There are numerous cases in the literature, such 
as the analyses carried out in 1885 by O. Tischler 
on a parure from Saalberg (Königsberg), those of 
M. Olshausen on a fibula with coral encrustations 
from Schwabsburg-Nierstein in Germany, those of 
M. Capellini in 1876 on a fibula from Bologna with 

of Corallium rubrum, at the optical microscope, 
shows a typical radiate, woody structure, with 
lines parallel to the axis development (Borrello 
2001; de Marinis 2000; Fürst et al. 2016; Perrin 
2000; Schrickel et al. 2013; Schvoerer et al. 
2000). Identification of unworked coral may 
thus be easy; when worked, on the other hand, it 
loses its shape and recognition is more difficult.
In 1996 (Schvoerer et al. 2000), a French team 
discussed an overview of methods to character-
ise or date ancient corals, such as X-ray diffrac-
tion (useful for the mineralogical characterisa-
tion), Raman (to recognise the dyes responsible 
for the red hue), X-ray fluorescence (XRF) and 
scanning electron microscopy with microprobe 
(SEM-EDS) (to determine chemistry). Other 
techniques include neutron activation gamma 
spectrometry [or analysis by neutron activation 
(AAN), to accurately determine major and trace 
elements], thermoluminescence (TL), the radio-
carbon (14C) or uranium-thorium (U-Th) method 
for dating. C isotopes are present in seawater, 
in which 238U is soluble, where they participate 
to the construction of the aragonitic and calcit-
ic carbonate skeleton of corals. Electron Spin 
Resonance (ESR) is also mentioned to measure 
the radiation dose received by coral sample af-
ter crystallisation (Schvoerer et al. 2000).
Regarding the types presented in this study – i.e., 
leech fibulae with inlays and pendants made of 
presumed coral – archaeometric investigations 
are scarce and often carried out with insufficient 
methodologies (Giumlia-Mair 1998; Mangani 
2016; Schmid-Sikimić 2002; Viollier 1907)3.

coral decoration, the identification of coral by L. 
Campi in 1897, or Bleicher’s analyses under an op-
tical microscope of material from Haguenau forest 
in 1920 (de Marinis 2000; Perrin 2000). In 1969, 
following an investigation initiated by V. Moucha, 
staff at the Senckenberg Museum in Frankfurt am 
Main identified the shell of Cypraecassis rufa, a 
Mediterranean helmet snail, through microscopic 
analysis in the decoration of a shield from Tomb 1 
of the Sulejovice necropolis in the Czech Republic. 
Moucha subsequently published the report (Schri-
ckel et al. 2013).
3  In the Swiss Golasecca area, fibulae from Ceri-
nasca d’Arbedo were investigated in 1907 by effer-
vescence by D. Viollier, in 1996 by A. Meier (adopted 
methodologies not reported) and in the 2000s by C. N. 
Zwicky-Sobczyk with thin sections microscopical ob-
servation, leading to the identification of C. rubrum. 
In Slovenia some XRD analysis are reported for Santa 
Lucia – Most na Soči necropolis, with the identifica-
tion of white fine-grained local limestone.
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Among the Italian artefacts, two leech-like fibu-
lae, a bucket pendant and a bead were recently 
studied from the Pian della Gnela necropolis in 
Pieve d’Alpago. XRPD and SEM-EDS were used, 
identifying a carbonate composition (calcite or 
Mg-calcite, seldom accompanied by dolomite) 
and excluding use of bone or ivory (Angelini, 
Molin 2015). 
Giustetto et al. (2013) studied a leech fibula 
from the site of Castello di Annone, southern 
Piedmont, in a broader study focused on the 
characterisation of whitish materials on vari-
ous supports (Berruto et al. 2014). In 2014, the 
decorations on 33 artefacts from the sites of 
Castelletto Ticino, Brignano Frascata and Villa 
del Foro, belonging to the Golasecca culture area 
and the ‘Liguria Interna’, were studied by FT-IR, 
Raman and XRPD, partly within an internation-
al project funded by the ‘Agence nationale de la 
recherche’ (CAECINA project; Cicolani, Berruto 
2017). Analyses revealed presence of calcite and 
at times polyenes, typical of Corallium rubrum. 
A filler was also found in the engraved line dec-
orations – a possibility never considered before. 
In almost all samples organic materials were 
found, perhaps related to processing techniques 
or previous surface treatments (Berruto et al. 
2021; 2023a; 2023b).
Concerning the characterisation of coral on ar-
chaeological artefacts, recent studies are worth 
mentioning. As part of the Coral Trade Project 
(2014-2017), a Franco-German research team 
worked on the characterisation of presumed 
coral on trans-Alpine archaeological artefacts 
(Early to Late Iron Age) by using a non-destruc-
tive multi-analytical ‘in situ’ approach (p-optical 
digital, Raman and seldom XRF, XRD and SEM 
analyses) and comparing them to modern cor-
als (Fürst et al. 2014; 2016). The characteristic 
micro-structure of coral (longitudinal crenula-
tion on lateral observation and concentric wavy 
growth lines in cross-section; a ‘coral foam’ 
structure for big pieces from the base of a cor-
al colony) were observed at the optical micro-
scope. Raman spectroscopy allowed, recogniz-
ing both calcite and polyenes, an assumption of 
the effective nature of Mediterranean red coral. 
Distinction between different degree of crystal-
linity in calcite was performed basing on the 
peak shape in the Raman spectrum: both geo-
genic calcites (marble) and biogenic ones (shells 
from sea snails and mussels) have a higher 
degree of crystallinity than the high-Mg-calcite 
of C. rubrum. An unsolved problem involves 

discrimination between Corallium rubrum and 
Spondylus gaederopus – a Mediterranean shell 
whose red-coloured outer upper valva has a cal-
cite and polyene composition. The two materials 
would be distinguishable only by measuring the 
Mg-content in calcite using elemental analysis 
techniques, as the upper S. gaederopus valva is 
composed of low-Mg-calcite (LMC). Another ap-
proach to assess Mg-content, based on evaluat-
ing the width of the carbonate bands by Raman, 
is not applicable to archaeological finds, due to 
the plausible substitution of magnesium over 
time (Fürst et al. 2016). 
Loss of colour, a typical feature of C. rubrum 
on archaeological finds, was also investigated. 
Raman spectra on whitish parts of modern cor-
al reveal absence of polyenes, while archaeolog-
ical C. rubrum whitened by the action of time 
shows the constant presence of these pigments 
– even where the hue is not preserved. An en-
capsulation of the polyenes in the coral’s axial 
skeleton process was assumed to explain disc-
olouration, but the sure reason was not found. 
Some phenomena, e.g., the possible diagenesis 
of the high-magnesian calcite (HMC) into LMC 
(as demonstrated in aragonitic corals), are ap-
parently involved (Bente et al. 2023; Budd 
1988; Fürst et al. 2016; Hall, Kennedy 1967; 
McGregor, Gagan 2003).
In the same period, a German research group 
worked on the characterisation of coral on ar-
chaeological artefacts, investigating the beads 
used to decorate a specific type of fibula, the 
Mitteldeutsche Korallenfibel, widespread in the 
second Iron Age in central Germany. Also, later 
coral finds (1300 CE; late Middle Ages/Modern 
age), african ethnographic finds and modern 
corals and fossils were examined. µ-Raman 
(identification of polyenes), µ-XRD (identifica-
tion of the Mg-amount), SEM and TEM (for in-
ternal micro-morphology), µ-XRF and La-ICP-
MS (for the study of Sr, B, O and C isotopes, for 
dating and identification of coral formation wa-
ter temperature, as well as formation in fresh or 
marine water; Bente et al. 2023) were used. Also, 
micro X-ray computer tomography (μ-XCT) was 
experimented for the first time. This technique 
is useful for non-destructive 3D imaging of the 
density and the inner structure of coral objects, 
such as inside relic structures and cavities, by 
comparison with modern coral samples (Bente 
et al. 2015a; 2015c; 2017; 2022; 2023; Keuper et 
al. 2015; Gerdes et al. 2015). 
C. rubrum (polyenes and HMC with ~ 10-12 
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mol% MgCO3) has consistently been identified 
in modern, medieval or ethnographic samples. 
Conversely, the analysis of protohistoric ar-
tefacts yields challenging results, identifying 
different materials. The fibulae from southern 
Germany and Austria are likely composed of C. 
rubrum (polyenes and calcite with ~ 8 mol% of 
MgCO3, minimal Mg-content of leached coral), 
while the inlay material of those from central 
Germany consists of calcite or LMC. This sug-
gests the possible use of fossil coral, or lime-
stone, or white aragonitic corals (with second-
ary calcite recrystallisation), or glacial debris. 
The study of stable isotopes compositions pro-
vided further information, suggesting an ori-
gin from C. rubrum also for finds from central 
Germany as well, together with a contribution 
from secondary freshwater. Following laborato-
ry experiments on modern corals, it has been 
hypothesised that central german grey coral 
artefacts were heat-treated at temperatures 
between 400 and 600°C, resulting in the loss of 
chromophores and magnesium content (Bente 
et al. 2014; 2017; 2020; 2022; 2023; Gerdes et al. 
2015; Schrickel, Bente 2013; Schrickel et al. 
2014). 
This group considered several hypotheses for 
bleaching, from interment in post-depositional 
soil t o the use of already bleached coral at the 
time of the artefact production. Possible bleach-
ing conditions were simulated in laboratory on 
modern C. rubrum (accumulation on the sea-
bed, anthropogenic bleaching while processing, 
post-depositional bleaching), in both acidic and 
basic environments, reducing and oxidising 
solutions and heating. Results were obtained at 
T » 200°C in oxidising solutions of potassium per-
manganate (KMnO4), nitrate and ceric ammo-
nium nitrate [NH4NO3; Ce(NH4)2(NO3)6] and so-
dium or ammonium sulphates [(Na,NH4)2SO4]4. 

4  KMnO4 transforms HMC in Mg-free compounds. 
(Na,NH4)2SO4 leads to a surface bleaching by the for-
mation of gypsum, thermonatrite, portlandite or 
aragonite. NH4NO3 whitens red skeletons without 
destroying neither the morphology nor the polyenes 
and the Mg-content. Also Ce(NH4)2(NO3)6 bleaches 
the surface, with loss of typical coral features and 
Mg-content reduction. Heat treatment (4 hours at 
200°C) destroys polyenes and greys the coral, main-
taining morphology and Mg-content. Heat treat-
ment in air at different temperatures showed that at 
190°C<T<220°C the polyenes become carotenoids and 
the colour of the coral changes to pink; at T>220°C 
the coral turns grey and the chromophores are lost; 
at 400°<T<625°C there is a loss of Mg-cation in the cry-

In situ and ex situ high-temperature revealing 
data are shown in Bente et al. 2023. TEM and 
XRD data revealed that whitening is caused by 
the transition, within calcite mesocrystals, of 
oriented nanocrystals optically transparent to 
optically dispersive opaque nanocrystals, losing 
their orientation, without affecting the organic 
matrix and polyenes (Bente et al. 2015b; 2015c; 
2016; 2023; Schrickel et al. 2013). 
The provenance issue for bleached archaeo-
logical coral has also been discussed for Indo-
Pakistani contexts in the same period, without 
direct archaeometrical investigations, hypoth-
esising the use of Indo-Pacific corals, despite 
the different indications of historical sources 
(Vidale et al. 2015). 

 5.3. The provenance problem
The provenance determination for archaeolog-
ical C. rubrum would be fundamental. In fact, 
the identification of possible supply areas in an-
cient times would provide very important infor-
mation on trade, relations and influences in the 
ancient world. 
Literature on this topic has been explored and 
no specific studies on coral exist, apart from pa-
leoenvironmental studies (Chaabane et al. 2014; 
2016). Two possible approaches are mentioned 
for carbonate materials of biogenic origin: iso-
topic and trace elemental analysis. Both tech-
niques unfortunately proved to be difficult to 
apply to C. rubrum, but they should be tested in 
the future. 

5.3.1. Isotopic analysis
Literature is mainly focused on aragonitic 
shells, through the study of Sr- C- and O-stable 
isotope compositions.
Strontium isotopes are used as indicator of cli-
matic conditions and geographical origin. 87Sr 
is radiogenic and originates by decay of 87Rb. 
87Sr/86Sr ratio is determined by age and compo-
sition of the rock substrate, reflecting the zone 
variation. Incorporated by tissue during meteo-
rological processes, 87Sr/86Sr value is used to iden-
tify the living area of an organism. In marine 
organisms it reflects the isotopic composition 

stal lattice, due to lattice expansion; at T>625°C the-
re is a transformation of HMC into secondary CaCO3 
(Bente et al. 2015b; 2015c; 2016; 2023; Schrickel et 
al. 2013).
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of the aquatic environment. Absorption mecha-
nisms depend directly on the mineralogy of the 
material, growth rate, diet, water salinity, tem-
perature. In archaeomalacology, these analyses 
are aimed at studying climate, water tempera-
ture and paleo salinity, as well as determining 
provenance (Douka 2011). For ancient coral, 
they are used in dating, discriminating between 
fossil and recent marine coral (Bente et al. 
2015a; 2015c; 2017; 2023; Gerdes et al. 2015).
Carbon occurs in nature with three isotopes 
(stable 12C and 13C and unstable 14C), simultane-
ously incorporated during bio-mineralisation 
in equilibrium with the environment. It derives 
from dissolved inorganic carbon, assimilated 
during carbonate precipitation, and from CO2 
resulting from food metabolism. After the or-
ganism’s death, 12C and 13C provide interesting 
paleoenvironmental and biological informa-
tion. 14C decays at a constant rate and its mea-
surement returns a date of the death (Douka 
2011; Sakalauskaite et al. 2019). 
Oxygen has three stable isotopes in nature: 16O, 
17O e 18O. The 18O/16O ratio significantly varies on 
land in direct dependence on certain parame-
ters such as latitude, longitude and altitude. In 
marine biogenic carbonate it is affected by wa-
ter temperature and water isotope ratio, influ-
enced by evaporation. This process causes an 18O 
enrichment of water, preferentially extracting 
light water molecules. Conversely, the inflow of 
freshwater poor in 18O (e.g. precipitation or riv-
er runoff) causes 18O decrease. Oxygen isotopic 
variations in biogenic carbonate give seasonal 
and paleotemperature information and, con-
sequently, provenance ones from supply areas 
with different isotopic compositions (Bajnóczi 
et al. 2013; Bente et al. 2023; Douka 2011; Leng, 
Lewis 2016; Pierre 1999).  
The C. rubrum distribution is mainly relat-
ed to the western Mediterranean basin, with 
some Atlantic exceptions in southern Portugal 
and Morocco (Cattaneo-Vietti, Cicogna 1994; 
Harmelin 2000; Liverino 1989; Vielzeuf et al. 
2013). The precise provenance determination 
within the same basin is very problematic. 
Conversely, there are no problems in distin-
guishing between distinct basins, such as the 
Aegean and the Black Sea (Bajnóczi et al. 2013; 
Claassen, Sigmann 1993). In the Early Iron Age, 
it is plausible that the C. rubrum supply areas 
were limited to the Mediterranean Sea, and it 
is therefore difficult to apply a provenance 
study (e.g. to discriminate between supply in 

the Tyrrhenian or Adriatic Sea) based on stable 
isotope composition. 
Another problem is the diagenesis: chemi-
cal, physical and biological factors can cause 
post-mortem changes in marine carbonates, 
such as the preferential leakage of certain el-
ements, resulting in alterations of the original 
biochemical composition and incorporation of 
exogenous material (on the surface, or within 
the structure). HMC of C. rubrum and aragonite 
are metastable and generally reduced to stable 
LMC, with the variation of the isotopic com-
position, reflecting environmental conditions. 
The archaeometric approach is based on the 
absence of post-depositional processes. The ef-
fective presence and extent of diagenesis must 
be determined: this can be done quite easily 
by combining XRD and SEM-EDS to assess the 
structural and mineralogical integrity of the 
material, or by the use of cathodoluminescence. 
Any exogenous contaminants, tipically in the 
form of LMC or other substances such as Fe/Mn 
(oxy)hydroxides, phosphates, sulphates (gyp-
sum), silicates/detritus, and/or copper corrosion 
products (in the case of bronze contact), must 
be identified, isolated and removed (Bajnóczi et 
al. 2013; Barbin 2013; Barbin, Schvoerer 1997; 
Douka 2011; England et al. 2006; Grellet-
Tinner et al. 2010; Leng, Lewis 2016; Moreno-
Azanza et al. 2016).

5.3.2. Trace elements analysis
The growth areas of different species have a dif-
ferent geochemical signature, given by the ero-
sion of rocks and sediments, to which marine 
species are sensitive, as demonstrated for mol-
luscs. Ions, the result of sediment erosion, pass 
through the water into the organism, which 
secretes its skeleton in CaCO3 and organic ma-
trix. Chemical elemental fingerprints are typi-
cal of the area of origin and its study provide 
consequently information about provenance 
(Bajnóczi et al. 2013; Claassen, Sigmann 1993). 
Provenance studies on aquatic organisms (e.g., 
shells) are problematic, because these organ-
isms are generally a continuous resource, i.e. 
wide hydrographic basins. In order to obtain 
indications of provenance, it is essential to have 
more difference between several possible sup-
ply regions considered, than within the same 
region. Such a phenomenon could occur in 
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different basins5, or in the same basin along the 
coast, where the composition of seawater can 
vary considerably under the influence of local 
geology and hydrological inputs of freshwater 
(Claassen, Sigmann 1993; Eerkens et al. 2007; 
Macchia et al. 2016). 
Determining the provenance of archaeological 
samples would require an exhaustive analy-
sis of all potential historical collection sites for 
comparative purposes. In the case of C. rubrum, 
this assumption is not feasible, as the ancient 
supply sites, located at shallow depths, are now 
certainly depleted. Modern pollution represents 
an additional complication, as it can affect 
present-day reference samples, as demonstrat-
ed by previous studies on molluscs (Claassen, 
Sigmann 1993).
Diagenesis represents a further significant is-
sue, as it can lead to changes in elemental com-
position influenced by soil pH, temperature, 
and humidity. Its effects are generally reduced 
in alkaline environments and enhanced in hu-
mid settings and at higher temperatures.
In order to evaluate its influence, soil samples 
of depositional ground should be examined, 
to verify whether any exchanges of elements 
with the soil could have occurred, that could 
prevent significant elemental assays (Claassen, 
Sigmann 1993; Eerkens et al. 2007). It should 
also be noted that the available literature refers 
mainly to molluscs and marine carbonates in 
general, without a specific focus on the biomin-
eralogical and biogeochemical characteristics of 
Corallium rubrum, which should be considered 
in more depth.
In relation to the present study, an attempt to 
determine coral provenance through the study 
of chemical elemental fingerprints does not 
seem applicable. The considered artefacts most-
ly come from non-recent excavations, for which 
the specific context is sometimes unknown (i.e. 
it is impossible to have deposition soil samples 
for comparison), and generally from burial in 
association with metal artefacts, which may 
have caused the incorporation of their elements. 
Potential overprints are likely and should be 
demonstrated empirically on a case-by-case ba-
sis, spatially localised on the archaeological find 

5  For modern coral, a study demonstrates the pos�-
sibility of easily discriminating between Mediter-
ranean and Pacific corals, which belong to distinct 
hydrographic basins, by analysing the difference in 
elemental composition (Macchia et al. 2016).

(e.g., surface vs. core) and evaluated in relation 
to the specific analytical question. In fact, for 
carbonate biominerals, diagenetic and contam-
inative processes are strongly controlled by the 
depositional setting and micro-environment; 
they are common, but neither inevitable or uni-
form in terms of extent or spatial distribution.

5.3.3. Others possible approaches
Other potential approaches, such as genetic and 
biomolecular analyses, were also evaluated but 
proved impracticable for various reasons. 
The existing scientific literature on the study of 
DNA on C. rubrum is mainly focused on living 
coral and therefore on the analysis of polyps. 
Some works has focused on the coral skeleton 
in modern artefacts, with the aim of identifying 
poaching activities in protected areas (Aurelle 
et al. 2011; Cartier et al. 2018; Costantini et al. 
2016; Ledoux et al. 2010; 2013; 2016; Lendvay et 
al. 2020). This approach is very promising, but 
it requires a large amount of sample (2-38 mg) 
and the availability of comparison specimens 
with known provenance, impossible condition 
for ancient supply sites. 
A biomolecular approach was also evaluated for 
the taxonomic identification of finds for which 
no typical features are recognisable by micro-
scopic observation. This approach, derived 
from amino acid racemisation dating (AAR), 
requires the analysis of amino acids of the in-
tracrystalline proteins present in any preserved 
organic fraction. It allows the taxonomic identi-
fication of organisms, with respect to the closest 
available taxa. Diagenesis must again be consid-
ered and the extent of its intervention assessed; 
however, it has been successfully applied to the 
study of molluscs in an archaeological context 
(sample of ~ 2 mg). Palaeoproteomics, using the 
peptide mass fingerprint (PMF), provides more 
precise taxonomic identification (e.g. success-
fully applied to shells) and is generally used in 
the study of the abundant collagen contained in 
bones and ivory, requiring minimal sampling. 
Unfortunately, shells and corals contain a much 
smaller organic fraction, trapped in carbonate 
nanocrystals, requiring significantly more in-
vasive sampling (~ 20 mg: Demarchi et al. 2014; 
2020; Sakalauskaite et al. 2019; 2020a; 2020b), 
impossible in the present case.





6. Materials and Methods

Abstract

Il sesto capitolo si concentra sull’analisi di reperti archeologici in presunto corallo, databili all’età del 
Ferro e provenienti dall’Italia settentrionale, con un’attenzione particolare alle fibule a sanguisuga 
con inserti circolari biancastri, tipiche delle culture di Este e Golasecca. Sono stati individuati 750 
reperti con presunti inserti in corallo; tra questi, 372 sono stati analizzati ‘in situ’ con microscopio 
digitale portatile e 264 selezionati per approfondimenti archeometrici.
L’indagine ha comportato complesse interazioni con istituzioni italiane (Soprintendenze, musei na-
zionali e civici, università), che in gran parte hanno collaborato positivamente, permettendo anche 
l’analisi di materiali inediti. Il protocollo sviluppato, interamente non invasivo, ha dimostrato alta effi-
cacia nel distinguere il C. rubrum da altri materiali simili, grazie all’impiego combinato di microscopia 
ottica, spettroscopia Raman e infrarossa (FT-IR), diffrazione a raggi X (XRD) e microscopia elettronica 
a scansione con spettrometria a dispersione di energia (SEM-EDS). Tre approcci analitici alternativi 
sono stati proposti, adattati ai vincoli conservativi: uno completamente non invasivo, uno micro-di-
struttivo (campionamento di circa 300 µm) e uno esclusivamente ‘in situ’.
In particolare, Raman e SEM-EDS sono risultati fondamentali per identificare i pigmenti polienici e per 
determinare il contenuto in Mg della calcite, parametri discriminanti per confermare la presenza di 
corallo rosso. Radiografie e sperimentazioni tecnologiche hanno inoltre fornito ulteriori dati sui pro-
cessi produttivi degli oggetti analizzati. Sono stati esaminati anche campioni moderni di corallo e po-
tenziali leganti organici antichi (ambra, cera d’api, resine naturali), per confronto con i reperti antichi. 

6.1. Analytical record 
6.1.1. Archaeological record
The archaeological record considered in the 
present study includes all artefacts made of 
presumed coral, datable to the Iron Age and 
originating from northern Italy, with particu-
lar attention to leech fibulae featuring circu-
lar whitish insets. The focus on this type stems 
from the fact that the characterization of these 
inlays specifically requires an archaeometric 
approach: their small size and intricate manu-
facture prevent reliable identification through 
simple macroscopic observation, as is often pos-
sible with raw coral branches. 
In a first step, a survey was conducted to iden-
tify the objects for analysis. Geographically, 
the entire territory of northern Italy was con-
sidered, in relation to the distribution area of 
leech fibulae with insets (Figs. 79, 81; see section 
4.2.4). For practical reasons, the investigation 
was limited to artefacts preserved on Italian 
territory, thereby excluding all non-Italian finds 
(e.g., from Swiss territory).
A careful review of the literature (see Chapter 4) 
was carried out in order to identify the published 

finds, the related areas and periods of discovery 
and, wherever possible, their current location. 
In the consulted literature, findings of different 
types – but having a potential interest for the proj-
ect, due to similarities in their constituent materi-
als – were also considered and noted, such as:
-	 ‘Longone al Segrino’ type pendants (see 4.2.1);
-	 beads and pendants (see 4.4.1);
-	 coral composite bow fibulae (see 4.2.2);
-	 leech fibulae with incised line decoration (see 

4.2.5) and transversal grooves (see 4.2.7);
-	 western late-hallstattian fibulae (see 4.2.8);
-	 dragon-shaped fibulae with lateral daisies 

(see 4.4.2);
-	 bucket pendants (see 4.2.10);
-	 grooming tools (see 4.2.11);
-	 La Tène fibulae (see 4.6.1);
-	 dolphin-shaped fibulae (see 3.3.4)1;
-	 raw coral (see 3.3.6).  

1  Three dolphin-shaped fibulae (supra, Fig. 10), held 
in the Musei Reali in Turin, characterised by a bone 
body with red eyes in presumed coral, were studied 
in close collaboration with A. Monticone (Depart-
ment of Life Sciences and Systems Biology, University 
of Turin): the study of the presumed coral eyes is part 
of this project, while the bioarchaeological study of 
the bone material was carried out by my colleague.  
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The first survey leads to the identification of 750 
published archaeological finds in Europe with 
presumed coral parts, having a similar chronolo-
gy. Among these productions 534 archaeological 
finds are attested in Italy. The current location is 
known – on a bibliographic basis – for only 532 
of these finds, of which 436 are in Italy. Of these, 
372 could be examined ‘in situ’ with a portable 
digital microscope; from these, 264 were select-
ed for archaeometric analysis, based on the ac-
tual preservation of presumed coral parts.
The capillary distribution of artefacts over 
northern Italy required interaction with 

numerous actors (i.e., Soprintendenze, National 
Museums, Civic Museums, small local archae-
ological groups, Universities). Although this 
considerably extended the bureaucratic pro-
cedures, it facilitated the development of an 
extensive network of productive contacts and 
valuable collaborations (Fig. 80)2. 

2  The response from the Authorities was generally 
positive and collaborative, even providing unpubli-
shed artefacts (Fig. 80a); However, in certain cases, 
bureaucratic obstacles prevented the inclusion of 
some areas in the study (Fig. 80b).

Figure 79. Distribution map of published leech fibulae with circular insets. Elaborated by the author in QGIS 
3.40.8 (2025); base map: Natural Earth (Gray Earth raster “GRAY_LR_SR_OB_DR”), public domain: 0) Brignano 

Frascata; 1) Castello di Annone; 2) Villa del Foro; 3) Genova; 4) Adria; 5) Altino; 6) Aosta; 7) Arbedo; 8) Chur; 
9) Balzers; 10) Bellinzago Novarese; 11) Motto Lagone; 12) Castelletto Ticino-Sesto Calende-Golasecca; 

13) Como; 14) Pombia; 15) Bismantova; 16) Rottofreno; 17) Borgonovo V.T.; 18) Pianello V.T.; 19) Bobbio; 20) 
Montebelluna; 21) Padova; 22) Este; 23) Mantova; 24) Forcello di Bagnolo San Vito; 25) Borso del Grappa; 26) 
Gazzo Veronese; 27) Malgesso; 28) Palestro; 29) Pieve d’Alpago; 30) Ponte nelle Alpi; 31) Castellavazzo; 32) 

Cademario; 33) Castaneda; 34) Casteggio; 35) Roncoferraro; 36) Castello Valtravaglia; 37) Cavarzano; 38) Chies 
d’Alpago; 39) Claro alla Monda; 40) Gavardo; 41) Dalpe; 42) Eschen; 43) Gaggio; 44) Gamsen; 45) Gorduno; 46) 
Gudo; 47) Libna; 48) Ludiano; 49) Marzabotto; 50) Mechel; 51) Mel; 52) Mesocco; 53) Minusio; 54) Monte Loffa; 

55) Montebello; 56) Verucchio; 57) Oppeano; 58) Orvieto; 59) Osco; 60) Pianezzo; 61) Masurian Lake District; 
62) Pontecurone; 63) Pozzuolo del Friuli; 64) Rivoltella; 65) San Bernardino di Briona; 66) Safforze; 67) San Polo 

d’Enza; 68) San Romano in Garfagnana; 69) Santa Lucia di Tolmino; 70) Santo Spirito, Gropello Cairoli; 71) Sirolo-
Numana; 72) Solduno; 73) Stenico; 74) Stična; 75) Tamins; 76) Treviso; 77) Vače; 78) Verretto; 79) Zugo-Baar.
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Fi gure 80. a) contact with the Soprintendenze, re-
sponses: positive in green, negative in red, absent in 
black; b) archaeological finds: in green examined, in 
orange unexamined, in grey not considered, in black 

absent. Elaborated by the author in QGIS 3.40.8 
(2025); base map: © CARTO, © OpenStreetMap con-
tributors; administrative boundaries: Natural Earth 

(10m Admin 1 – Provinces, public domain).

Figure 81. Leech fibulae with circular insets: 
distribution.

Figu re 82. Leech fibulae with circular insets: A = an-
alysed; L= looked; N = not searched; D = impossible 

to found.

Out of a total of 422 published leech fibulae with 
circular insets (Figs. 79, 81), 220 were not con-
sidered (Fig. 82: letter N) for various reasons 
(e.g., location abroad, bureaucratic problems, 
unavailability), 133 were analysed (Fig. 82: let-
ter A) and 31 were examined but discarded due 
to the lack of residues of the presumed coral 
decoration (Fig. 82: letter L). In some cases (37), 
no correspondence was found between litera-
ture information and availability of materials 
(Fig. 82: letter D). 

For north-western Italy (Golasecca culture), an 
exhaustive sampling was performed: 103 (78 
analysed and 25 viewed) out of 142 fibulae (Fig. 
83). As far as north-eastern Italy is concerned 
(Venetic, Belluno and Rhaetian area: 101 finds), 
for bureaucratic problems only 41 artefacts 
were examined (34 analysed and 7 viewed; 
Fig. 83) from the Padua area and the Piave val-
ley (Belluno, Montebelluna, Mel). From the Po 
Valley and Apennine area, 21 fibulae out of 51 
could be analysed, mainly due to bureaucratic 
problems and delays (Fig. 83).
Furthermore, the statistical record was also 
extended to other types of similar items, ei-
ther in the decorations or the material (Fig. 84). 
Including the aforementioned leech fibulae 
with circular insets, a total of 372 artefacts were 
examined ‘in situ’ with a portable digital micro-
scope, 264 of which (71 %; Fig. 85) were selected 
for archaeometric analysis, on the basis of the 
actual preservation of presumed coral parts. 
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The findings were located in 22 different 
Institutions in northern Italy (Fig. 86, Tab. 14).

Figure 83. Leech fibulae with circular insets: per-
centage of artefacts analysed (A), viewed (L), not 

considered (N) and not found (D).

Figu re 84. Graph of the quantity of archaeologi-
cal finds analysed in relation to the different types 
considered [Leech-C = leech fibulae with circular 

decoration; Leech-L = leech fibulae with linear deco-
ration; Leech-T = leech fibulae with transversal groove 
decoration; LH = late-hallstattian fibulae; Composite-
bow = Composite bow fibulae; Navicella = Navicella 
fibulae; La Tène = La Tène fibulae; Dolphin = Dolphin-
shaped fibulae; Grooming = grooming tools; Bucket-P 
= bucket pendants; Pendant = pendants and Longone 
al Segrino type pendants; Bead = beads; Raw coral = 

raw coral branches; Other =others types].
Figure 85. Graph of the percentage of archaeological 

finds analysed with archaeometric approach (71%) or 
only examined ‘in situ’ with digital microscope (29%).

Figure 86. Graph of the percentage of archaeological artefacts examined ‘in situ’ with a digital microscope 
(Examined finds) and with an archaeometric approach (Analysed finds), in relation to the different locations 

(abbreviations: see pages 15-16).
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Figure 87. Modern samples of Mediterranean red coral (Corallium rubrum): (1) raw C. rubrum skeleton from the 
Ligurian sea (r_Cr_L); (2) surface-polished C. rubrum piece of unknown origin (w_Cr_u); (3) C. rubrum round bead 
from a from an early 20th century silver necklace (w_Cr_ub); (4) raw C. rubrum pierced branches from Sicily, col-

lected on the beach and with whitish portions (r_Cr_Si)
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Figure 88. Modern samples of coral, Bivalvia and fossil coral: (5) pinkish-to-white, surface-polished coral from 
Sardinia (w_pCr_Sa); (6) white tin coral from Ligurian sea (r_c_L); (7) Spondylus gaederopus from Sardinia, col-
lected at a depth of 5 m, on a rock, in the Cagliari Gulf (r_Sg_Sa); (8) Piedmontese fossil coral from the Asti area 

(r_fc_P).
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6.1.2. Mo dern samples
For comparative purposes with the archaeo-
logical samples, some specimens of modern 
Mediterranean corals and a bivalve, belong-
ing to private collections, were also investigat-
ed. These included samples of various colours 
and shapes, both worked and unworked. These 
specimens are shown in Figs. 87 and 88. Some 
samples were also submitted to heating treat-
ments (see section 7.1.3), simulating exposure 
on funeral pyres, to check possible changes in 
colour, consistency, chemistry and permanence 
of polyenes.
After a survey on the possible antique organic 
binders consistent with the examined period 
(Chen et al. 2022; Courel et al. 2018; Rageot et 
al. 2019; Regert et al. 2019; Zlámalová Cílová 
et al. 2024), samples were collected and anal-
ysed using vibrational spectroscopies for com-
parison. These samples were partly purchased 
from the company Kremer Pigmente and partly 
kindly provided by the Center for Experimental 
Archaeology in Turin (CAST – Centro di 
Archeologia Sperimentale Torino):
-	 Amber (Kremer Pigmente, 60200);
-	 Beeswax (CAST);
-	 Bone glue cow (Kremer Pigmente, 63000);
-	 Birch bark tar (CAST);
-	 Casein (Kremer Pigmente, 63200);
-	 Colophony (Kremer Pigmente, 60300);
-	 Egg (CAST);
-	 Hide glue cow (Kremer Pigmente, 63021);
-	 Myrrh (Kremer Pigmente, 60260);
-	 Mastic from Chios (Kremer Pigmente, 

60050);
-	 Olibane incense (Kremer Pigmente, 60270);
-	 Pine resin (CAST);
-	 Rabbit skin glue (Kremer Pigmente, 63025).

Two samples of Paraloid were also considered 
for comparison, to test possible presence of the 
consolidant on the archaeological artefacts:
-	 Paraloid B44;
-	 Paraloid B72.

6.2. Analytical protocol
A completely non-invasive multi-analytical ar-
chaeometric protocol has been developed to 
characterise the whitish material on the con-
sidered archaeological finds – tailored (basing 
of previous works in the scientific literature: 

Berruto et al. 2023a; Giustetto et al. 2013; see 
section 6.2) on the identification of Corallium 
rubrum. In addition to standard archaeological 
and photographic documentation, this proto-
col includes optical microscopy (OM), Raman 
and infrared spectroscopies, X-ray diffraction 
and scanning electron microscopy with Energy 
Dispersion Spectrometry (EDS). The same pro-
tocol was also applied to samples of archaeolog-
ical coral, burnt or unburnt, and to samples of 
modern C. rubrum (burnt and unburnt), other 
corals, shells and fossil coral (Asti, Piedmont) 
for data comparison. 
Complementary information about the alter-
ation by-products of the ancient alloy were 
also obtained, offering interesting suggestions 
regarding its composition and technological 
choices. These data, improved by some radiog-
raphies and archaeo-technological experimen-
tations, led to interesting conclusions about the 
production processes.

6.2.1. Analytical approaches
Taking into account the different protection 
requirements for the archaeological artefacts 
in relation to the analytical needs, three alter-
native analytical approaches were developed 
(Tab. 15) and proposed to the conservation 
Authorities for them to choose one, according to 
individual conservation requirements. 
The first and second approaches proved to be the 
most fruitful, as the application of a multi-ana-
lytical protocol allows a clearer overview of the 
raw materials. 
The first approach was preferred in most cases 
(Fig. 89), because of its complete non-invasive-
ness and completeness. It required moving the 
finds to the laboratories of the University of 
Turin, at the Department of Earth Science3. This 
protocol involves using 4 different methods (i.e. 
OM, µ-Raman, µ-XRD and SEM-EDS), allowing 
unequivocal identification of C. rubrum (when 
present and well preserved) and/or other mate-
rials (e.g., bone). More analytical spots are col-
lected on the same object, enhancing the quality 
of the results.

3  All the equipment was located at the same depart-
ment, requiring no further transfers and thus great-
ly facilitating the authorisation procedures. This is a 
very important factor in the management of archae-
ological finds.
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The second micro-destructive approach (ex-
traction of µ-samples of ~ 300 µm with the help 
of a p-digital microscope for collection) was 
also frequently chosen – e.g., when conserva-
tion authorities preferred not to move artefacts 
from their locations, for reasons of protection 
or fruition (e.g. materials exposed to the pub-
lic). Availability of samples allows for faster 
and more versatile analyses, also supplement-
ed by diamond cell µ-FT-IR spectroscopy, to ob-
tain further information on organic materials. 
However, a single site of analysis is considered, 
chosen at the time of sampling.
The third approach was proposed in those cases in 
which neither transport nor µ-sampling was possi-
ble. Unfortunately, it provides only partial informa-
tion (p-optical digital and p-Raman spectroscopy)4.

4  In the experimented case (Museo Civico Archeolo-
gico Castello Sforzesco in Milan) the analysis sessions 
were not very productive, partly due to the different 
characteristics and performance of the hand-held 
instrumentation compared to the bench-top one: 
high fluorescence, that hide diagnostic peaks. Fur-
thermore, all examined finds came from 19th century 
excavations and had probably undergone several 
restorations over time, fact that probably influenced 
negatively analysis and require for the use of other 
techniques (i.e. XRD).

6.2.2. Involved techniques
The multi-analytical protocol was extensively 
tested during the project and proved to be very 
efficient. Among the involved techniques, two 
proved fundamental in the identification of C. 
rubrum – i.e. Raman spectroscopy and SEM-EDS. 
XRD is particularly useful when surface resto-
ration products hinder other techniques. In the 
study of metal alteration by-products, µ-XRD 
and SEM-EDS analyses proved to be the most 
successful techniques. 

6.2.2.1. Optical microscopy

Microscopic observation was carried out in two 
steps. In the first step, the archaeological arte-
facts were examined ‘in situ’ using a portable 
digital microscope, to verify presence of whitish 
material in the decorations and consequently 
an interest for archaeometric studies (Fig. 90a). 
Optical microscopy was also involved in a sec-
ond step in the laboratory, by observing the ar-
chaeological artefacts in greater detail and ex-
trapolating archaeological, archaeometric and 
technological information (Fig. 90b). A MAOZUA 
5MP 20-300x optical digital microscope was 
used in the first instance and a OPTIKA SZO-4 
stereomicroscope – equipped with a OPTIKA 

Figure  89. Different adopted approaches and percentage of choice (LAB. TRANSP. = direct analysis on the object 
by transporting to the laboratories; SAMPLE = µ-sampling and analysis; IN SITU = partial characterization by in-si-

tu portable approach).
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C-B18+ camera – in the following one. For those 
artefacts for which no transfer was contemplat-
ed, the second step was carried out directly ‘in 
situ’ with the portable digital microscope.
µ-observation of the artifacts allows technologi-
cal interpretation about their manufacture and 
decorations. It is also useful in raw material char-
acterization, especially when typical structural 
features are visible (e.g., C. rubrum or bone). 
This is valid especially for not-worked coral 
branches, while in the decoration of the leech-
shaped fibulae is more difficult.  Characteristic 
structures of the red skeleton of C. rubrum are 
the longitudinal crenulations on the surfaces, 
visible both on the outer surface of the coral 
branches and in the cross-section, with the char-
acteristic garland-like morphology, consisting in 
a wavy edge. C. rubrum also often shows pres-
ence of superficial speckling and pitting, as well 
as concentric structures in the cross-section, in-
dicating the medullar region, corresponding to 
the growth rings of the organism. If the exam-
ined coral comes from the socket of a colony, a 
porous structure, so-called ‘coral foam’, is often 
visible (Debreuil et al. 2011; Fan 2018; Fürst et 
al. 2016; Perrin et al. 2015; Vielzeuf et al. 2008). 

6.2.2.2. Raman spectroscopy

Raman is a vibrational spectroscopy, com-
plementary to IR-spectrophotometry. When 
monochromatic radiation impacts on a given 
material, there can be elastic or inelastic inter-
action; the molecules of the material move to 
an unquantized virtual state, from which they 
decay with photon emission. If the interaction 
is elastic, these photons have the same energy 
as the incident ones (Rayleigh scattering); if it is 
inelastic, they have different energy (Raman ef-
fect), lower (Stokes lines) or higher (anti-Stokes 
lines). In the Raman spectrum, signals related to 
Rayleigh radiation, Stokes and anti-Stokes lines 
are present. Stokes lines give information about 
the functional groups of the material, providing 
the compounds identification (Kellnert 2003). 
This technique is non-destructive, does not re-
quire contact with the sample, and is suitable 
for gaseous, liquid and solid samples; the anal-
ysis is superficial. The applications for cultural 
heritage stuff are various; organic and inorgan-
ic substances can be characterised, including 
pigments, dyes and binders.
Portable Raman analysis were performed ‘in 
situ’, directly on the archaeological finds (Fig. 

Figure 90. a) Observation of finds by p-digital microscope at the Musei Civici di Varese -Villa Mirabello; b) 
Observation of finds with OPTIKA SZO-4 microscope; c) Raman-analysis with portable instrumentation at the 

Musei Civici di Milano; d) µ-Raman-analysis at Centro Scansetti Laboratory.
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90c), with a portable i-Raman Plus (BWTEK)5, 
equipped with a green excitation laser (532 
nm), a spectrometer (BWS465-532S) working in 
the range of 150 to 4200 cm−1, with a resolution 
of 7.3 cm−1, using a CCD sensor with a cooling 
system; to achieve better results the instrument 
was connected to the portable BAC151 com-
pact Raman microscope, provided with several 
lenses able to focus the signal.  Signal collection 
was carried out at room temperature and in the 
dark. 
µ-Raman data were collected, directly on the 
archaeological finds, with a Horiba Jobin Yvon 
HR800 spectrometer6, with polarized green la-
ser (solid state Nd; wavelength 532 nm; pow-
er 250 mW; Fig. 90d) with edge filter, 600 
grooves/mm gratings, an air-cooled CCD detec-
tor, equipped with an Olympus BX41 optical 

5  The execution of these analyses was possible 
thanks to a collaboration with Prof. S. Grassini and 
Dr. L. Es Sebar of the Polytechnic University of Turin.
6  The micro-Raman measures have been obtained 
with the equipment acquired by the Interdepartmen-
tal Center ‘G. Scansetti’ for Studies on Asbestos and 
Other Toxic Particulates with a grant from Compagnia 
di San Paolo, Torino, Italy.

polarizing microscope. Analyses were carried 
out with 10X and 20X magnifications, differ-
ent filters (between 0.3 and 2), in the spectral 
range 100-2000/4000 cm-1. Pure silicon was used 
to calibrate the spectrometer. Signal collection 
was carried out at room temperature and in the 
dark. The Labspec 5 software was used for im-
aging and data collection and OPUS 6.0 software 
was used for elaboration and interpretation, by 
comparing the experimental signals with the 
RRUFF™ Project database (Lafuente et al. 2015).
Raman spectroscopy is fundamental for identi-
fying the organic pigments typical of C. rubrum, 
a mixture of partially or completely demethyl-
ated polyenes – the chemistry of which is still 
debated – which gradually denature over time 
(Barnard, de Waal 2006; Vielzeuf et al. 2008; 
2013; Bergamonti et al. 2011; 2013; Rahman 
et al. 2011; Hasegawa et al. 2012; Brambilla 
et al. 2012; Fernandes et al. 2015; Fürst et al. 
2016; Kaczorowska et al. 2003; Keuper et al. 
2014; 2015; Kiefert, Karampelas 2011; Kupka et 
al. 2009; Macchia et al. 2016; Maia et al. 2010; 
Smith et al. 2007). This technique also allows de-
tection of calcite or other carbonates, as well as 
other materials (i.e. other pigments or binders).

Figure 91. Raman spectra of the same modern coral sample (ball_800; C. rubrum) with green laser (532 nm) in 
green and with red laser (633 nm) in red: in the first case, the peaks relating to the presence of polyenes clearly 

predominate over those of calcite, while in the second case the calcite signals are preponderant.
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The green laser (wavelength 532 nm) is the most 
suitable for detecting polyenes, while the red one 
(785 nm) is for calcite (Fig. 91). At lower wave-
length, these organic molecules have a strong 
resonance effect, which enhances their diffu-
sion over the fluorescence emission and miner-
al signature. Conversely, higher wavelength bet-
ter detect mineral phases, causing fluorescence 
reduction (Brambilla et al. 2012, p.1457 note 
6; Fürst et al. 2016; Kiefert, Karampelas 2011; 
Kupka et al. 2009, p. 655). The green laser causes 
no physical degradation of the samples (Perrin, 
Smith 2007), in contrast to the red one, which 
generally causes surface µ-burning. By varying 
lasers, small shifts in the position of some peaks 
may occur (Fig. 92; Merlin, Delé Dubois 1986).
Figure 91 shows the Raman spectra obtained 
from the same C. rubrum sample by using the 
532 and 785 nm lasers. The main peak of HMC 
occurs » 1089 cm-1, related to the symmetric 
(CO3)2- stretching mode (ν1). Two signals appear 
in the lattice vibration region at 285 (L, libra-
tional mode) and 15 (T, translational mode) 
cm-1 (only one peak for aragonite at 208 cm-1). 
The characteristic (CO3)2- ν4 in-plane bending 
appears at » 717 cm-1 (a double band for arago-
nite at » 702 and 706 cm-1). The main peak shifts 

Figure 92. Raman spectra of the same sample (CT15b) with green laser (532 nm) in green and with red laser (633 
nm) in red: small peak shift is evident using different lasers.

toward higher wavenumbers in the presence of 
high Mg-contents, as Raman spectra of carbon-
ates are sensitive to the structural and chemical 
changes that occur when Mg2+ replaces Ca2+ in 
the crystal lattice. This substitution generates 
disorder, because of the smaller radius of the 
Mg2+ ion; the Mg-O bond becomes shorter and 
stronger than the Ca-O bond. The volume of 
the unit cell decreases as the Mg-concentration 
increases linearly, resulting in a change in the 
position of the Raman bands (Bischoff et al. 
1985; Borromeo et al. 2017; Edwards et al. 2005; 
Fürst et al. 2016; Macchia et al. 2016; Urmos et 
al. 1991). 
The spectral range between 1100 and 1400 
cm-1 is the fingerprint region for organic pig-
ments. In Fig. 91, the 1519 cm-1 band represents 
the strong ν1 C=C stretching vibration mode of 
the polyenic chain and the 1131 cm-1 one the 
strong ν2 C-C stretching mode. The ν2 region 
(1100 and 1300 cm-1) is sensitive to the chain 
configuration: differences in peak position in-
dicate that the polyene chain structure varies, 
with a downshift when the number of meth-
yl groups decreases. At » 1020 cm-1 we can see 
the low ν3 CH=CH wagging mode and at 1300 
cm-1 the low ν4 CH3 in-plane rocking motion of 
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methyl groups. In addition, a series of organic 
overtones and combinatorial bands are present 
in the range 1600-5000 cm-1 [at 2250 cm-1 (2ν2), 
2635 cm -1 (ν1 + ν2), 3035 cm-1 (2ν1)], whose posi-
tion is related to the number of C double-bonds 
in the polyene chain (Bergamonti et al. 2011; 
2013; Brambilla et al. 2012; Kupka et al. 2009; 
Macchia et al. 2016; Merlin 1985). It is import-
ant to note that the v2 band shifts from demeth-
ylated (polyenes) to methylated (carotenoids) 
from ~ 1130 to 1160 cm-1, as observed by Bente 
et al. 2023 during modern coral combustion ex-
periments (at 190°C < T < 220°C).
However, detection of calcite and organic pig-
ments by Raman does not mean certain iden-
tification of C. rubrum. Other organisms (i.e. 
Spondylus gaederopus), in fact, have the same 
Raman spectrum (Fig. 93; Fürst et al. 2014; 2016; 
Sakalauskaite et al. 2020). S. gaederopus has a 
large shell characterised by calcitic and arago-
nitic parts and was used since prehistory for 
ornamental purposes (Borrello, Micheli 2004; 
2011; Micheli 2004; 2012; Sakalauskaite et al. 
2020; Windler 2019). Other techniques are nec-
essary to determine the Mg-content in calcite 
(Fürst et al. 2016; Vielzeuf et al. 2008; 2013).

6.2.2.3. Inf rared spectroscopy

IR-spectrophotometry allows identifying mol-
ecules with respect to classes of compounds, 
recognising the presence of specific functional 
groups. Each functional group has several vi-
brational modes, involving specific energy con-
sumption, which gives absorption in a specific 
region (Derrick et al. 1999; Kellnert 2003). This 
technique is useful to identify inorganic and or-
ganic compounds (e.g., the whitish raw material 
and possible organic binders used in the leech 
fibulae decoration).
Fourier transform infrared spectroscopy (FT-
IR) was performed in transmission on a Bruker 
Vertex 70 spectrophotometer7, coupled with a 
Bruker Hyperion 3000 IR microscope, equipped 
with an MCT detector (Infrared Associated 
Inc.) and an anvil cell (High Pressure ‘Diamond 
Optics, Inc.’). For each spectrum, 32 or 64 scans 
were collected in the 4000-600 cm-1 range, with 
an average resolution of 4 cm-1.
In the IR spectrum of C. rubrum, calcite signals 
predominate over those of organic pigments, 
which are generally hidden (Kupka et al. 2009). 
Calcite peaks appear at 1700/1804, 1450/1475, 

7  Analyses were performed at Centro Conservazio-
ne e Restauro ‘La Venaria Reale’, Venaria Reale (TO). 

Figure 9 3. Raman spectra of C. rubrum in red and S. gaederopus in blue, acquired with green laser (532 nm).
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881/913, 733/750 cm-1, water at 3430/3450 cm-1, 
aliphatic organic compounds at 2900/2914 (CH2 
symmetric stretching) and 2873/2887 (CH3 sym-
metric stretching) cm-1 (Kaczorowska et al. 2003).

6.2.2.4. Micro-X-Ray diffraction analysis

X-ray diffraction (XRD) provides information 
about the crystalline structure. This technique 
generally requires grinding, but in ‘µ-area 
mode’ (µ-XRD) it can be applied directly to 
small poly-crystalline samples without any 
pre-treatment.
XRD allows discriminating different carbon-
ates – such as aragonite, calcite and dolomite. 
Aragonite generally forms shells and madre-
pores while calcite forms the skeleton of C. ru-
brum and part of the upper valva of S. gaedero-
pus (Schvoerer et al. 2000; Taviani 1997). 
Mg-free and Mg-poor calcite is more stable (Fig. 
2) and can therefore originate from aragonite or 
HMC, through the combined effect of pressure, 
temperature and time (Schvoerer et al. 2000, p. 
227). The angular position of the main reflection 
(104) of calcite gives information about pres-
ence of Mg in the crystal lattice: a shift towards 
higher values indicates higher Mg-contents (a 
HMC), after smaller lattice constants, due to the 
tinier ionic radius of Mg2+ (Bente et al. 2017). 
However, in µ-area mode, a peak-shift may also 
be influenced by different µ-orientations of the 
crystallites in the non-pulverised sample. 
In this resea rch, XRD analyses were mainly per-
formed in µ-area mode. Some difficulties arose 
related to specimen morphology, which is not al-
ways flat: anomalous phenomena affected there-
fore the background, sometimes interfering with 
the peaks position. Nevertheless, in most cases 
analyses gave excellent qualitative results. 
µ-XRD data were acquired on the artefacts ‘as 
such’ (i.e. with no preparation or preliminary 
sampling) using a SMARTLAB XE – Rigaku dif-
fractometer, in µ-area mode (Fig. 94): Cu-kα ra-
diation, optical device CBO (Cross Beam Optics; 
parallel beam), µ-area optical device CBO-f, 0.5 
mm incident slit, detector HyPix-3000 (verti-
cal). The analysis was carried out in the range 
of angular values from 3 to 70° 2θ, under the 
following conditions: Scan mode: 0D (contin-
uous)/1D(scan)/2D (scan); Energy mode: stan-
dard; Slit: 2 mm; Step: 0,02°; Speed: 0,2-0,5°/min; 
average collection time 3h. Each point of analy-
sis was annotated on the specimen image, and 
a microscopic image was acquired for each of 

these at varying magnification. 
Also (3 cases), XRPD analysis were collected 
with:
-	 an automatic diffractometer ‘MINIFLEX 

600’ - Rigaku in Bragg-Brentano geometry, 

Figure 94. µ-XRD instrumentation during the analysis 
of some archaeological finds.

with θ-θ setup, using monochromatized Cu-
Kα radiation, in the angular range from 3 
to 70° 2θ (step 0.02°), collection time 1 hour, 
on a flat sample holder, without any sample 
pre-treatment8;

-	 an automated PW3050/60 PANalytical 
X’Pert-PRO diffractometer in Bragg-
Brentano geometry, with θ-θ setup and an 
RTMS (Real Time Multiple Strip) detector 
using monochromatized Cu-Kα radiation, 
in the angular range from 3 to 70° 2θ (step 
0.02°), collection time 1 hour, on a zero-back-
ground Si-monocrystal flat sample holder, 
by pre-crushing in an agate mortar9.

The results are displayed in the form of 

8  Analysis of a leech fibula from Golasecca-loc. Gal-
liasco (inv. no. 22.S288-1.205).
9  These data refer to previous analysis on samples 
BF1 (inv. no. C-FR-NE/1) and VF7 (inv. no. SP27), re-
spectively from Brignano Frascata and Villa del Foro 
fibulae (Berruto et al. 2023).
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diffractograms, with angular 2θ values (x-axis) 
vs. intensity of the diffracted radiation (y-axis). 
For data interpretation, the software ‘DIFFRAC 
PLUS, EVA Application 7.0.0.1’ (2001) was used, 
by comparing the positions and intensities of 
diffraction peaks with suitable computer data-
bases (JCPDS-ICCD; ICSD; PCPDFWIN).

6.2.2.5. Chemical analysis: µ-XRF and SEM-EDS

According to literature, a determination of the 
Mg-content in calcite is possible both by Raman 
(Borromeo et al. 2017; Fürst et al. 2016) and 
X-ray diffraction (Bente et al. 2017; 2022; Gerdes 
et al. 2015; Schrickel et al. 2014). However, to 
obtain more reliable data and cross-check the 
quantifications performed with other methods, 
elementary chemical analyses were also includ-
ed in the protocol. 
X-ray fluorescence spectrometry (XRF) was con-
sidered at first for this purpose (Macchia et al. 
2016). This technique allows the quali-quan-
titative analysis for elements with an atomic 
number (Z) > 5 (bench-top instrumentation) 
or 10 (portable one), by measuring the energy 

generated by the fluorescence emission of elec-
trons, shifted from their energy level due to the 
X-rays influence. Returning to their level, they 
generate characteristic radiation. Sensitivity de-
pends on the investigated element (greater for 
elements with higher Z), as well as on the sam-
ple preparation and the instrument (Apollonia, 
Volpin 1999). 
Portable instrumentation was excluded due to 
the size of the analytical spot and lower sen-
sitivity. Tests were performed with X-ray mi-
cro-fluorescence instrumentation (µ-XRF)10 on 
an archaeological sample and a modern C. ru-
brum one. The setup is made of a µ-XRF Eagle 
III-XPL spectrometer, equipped with an EDS Si 
(Li) detector and with an Edax Vision32 micro-
analytical system. Unfortunately, this instru-
ment was unable to identify elements with Z 
< 17 (Fig. 95a). SEM-EDS was therefore used to 
perform chemical analysis (Fig. 95a).

10  The micro-XRF measures have been obtained 
with the equipment acquired by the Interdepartmen-
tal Center ‘G. Scansetti’ for Studies on Asbestos and 
Other Toxic Particulates with a grant from Compa-
gnia di San Paolo, Torino, Italy.

Figure 95. a) µ-XRF analysis on a modern C. rubrum sample: detail of the area corresponding to the emergence 
of the signals of the lighter elements, unfortunately not detectable; b) SEM-EDS non-invasive analysis on some 

archaeological finds from Gropello Cairoli, loc. Santo Spirito.
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Figure 96. Archaeological decoration sample - copper and lead ‘crust’ on Ca/Mg-based material, high vacuum: a) im-
age obtained with secondary electron detector (ESE); b) image obtained with backscattered electron detector (BSE).

Scanning electron microscope (SEM) on un-
treated specimens (i.e., neither Au nor C coat-
ing) allow observing at high magnifications the 
µ-morphology of the sample (Vielzeuf et al. 
2008). Energy dispersion spectrometry (EDS) al-
lows the collection of an elemental, albeit only 
semi-quantitative analysis. 
A JEOL JSM IT300LV (High Vacuum - Low 
Vacuum 10/650 Pa - 0.3-30kV) was used, coupled 
with an EDS Oxford INCA Energy 200 equipped 
with an INCA X-act SDD ‘thin window’ detector, 
allowing chemical analysis of light elements 
down to Boron. Data were collected in low vac-
uum (35 Pa) on uncoated samples (neither C nor 
Au). Standardization was performed using pure 
Co. Working parameters: acceleration voltage 
15 kV; working distance 10-13 mm; probe cur-
rent 1 nA; spectra acquisition time 60-300 s (Fig. 
95b). Specimens were fixed to an aluminium 

sample holder with double-sided carbon tape11. 
The Inca 200 Microanalysis Suite Software, 
version 4.08, was used for data collection and 
elaboration. 
Images are generally recorded in the Back-
scattered Electron (BSE) mode, which is indica-
tive of the elemental composition, depending on 
the atomic weight of the material12. Tests were 
also performed in high vacuum, with no sample 
preparation, but BSE-images (Fig. 96) become no 
more indicative of the composition of the mate-
rial, due to the influence of charge differences.
SEM-EDS is very useful to identify the Ca2+/Mg2+ 

11  As a result of using an aluminium sample hol-
der, the detection of this element can be distorted, 
especially in low vacuum (wider skirt: ~200-300 µm).
12  The penetration depth of the BSE into the mate-
rial is approximately 3-4 µm: the presence of restora-
tive/protective agents may therefore adversely affect 
the analysis.
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ratio in C. rubrum, distinguishing between dif-
ferent biogenic calcites, and presence of trace 
elements that may provide further information 
about the material and its origin. Calcite com-
position in the C. rubrum skeleton ranges from 
9 to 15 mol % MgCO3, with an average 12±1.0 % 
value. The Mg-content in a single sample var-
ies at mm, sub-mm scale and down to the mm. 
Chemical analyses of its skeleton show a pre-
dominance of Ca plus subordinate Mg. Other el-
ements may also appear (Na, S, Sr, K, P, B, Ba, Fe, 
Li, Mn, Pb and U). Sulphur is a common element 
in marine and biogenic calcites, detected both 
in the inorganic and organic parts of C. rubrum. 
In contrast, phosphorus is predominantly in the 
organic matrix and is used as a marker of its 
presence in biominerals (Busenberg, Plummer 
1985; Hasegawa et al. 2010; Hermans 2010; 
Floquet et al. 2015; Macchia et al. 2016; Perrin 
et al. 2017; Pingitore et al. 1995; Vielzeuf et al. 
2008; 2013; Weinbauer et al. 2000).

Figure 97. S etup of radiographic analysis and detail 
of the artefact under investigation.

6.2.2.6. Radiographic analyses

The archaeo-technological study was imple-
mented by radiographies of some archaeologi-
cal finds13. A custom-tailored instrument for the 
study of artworks of different sizes and shapes 
was used. The used setup consists of an X-ray 
source, an X-ray detector and a rotating plat-
form. The X-ray source is placed on a table to 
control the distance from the detector and the 
correct height of the focal point. The use of a 
mechanical X-Y scanning system to move the 
detector allows its alignment to the X-ray source 
(Fig. 97; Tansella et al. 2022; Vigorelli 2023). 
The X-ray source consists of a Microfocus L8121-
03 from Hamamatsu, with a tungsten anode, a 
200 µm thick Be-window and equipped with an 
air-cooling system. Analytical conditions are: 
voltage 40-150 kV; current 10-500 µA; max. pow-
er 75W; focal spot size 5-50 µm; target material 
W; cone beam angle 43°; min. focus-object dis-
tance 17 mm.  The X-ray detector used is a flat 
panel Shad-o-Box 6K HS from Teledyne Dalsa, 
consisting of a 2304 × 2940 pixel matrix, corre-
sponding to an active area of 11.4 × 14.6 cm², 
with an individual pixel size of 49.5 µm, protect-
ed by a thin carbon fiber cover. Each pixel con-
sists of a direct contact scintillator (Cs-iodide), a 
photodiode and a CMOS transistor. The rotating 
platform is the Newport URS150BPP model, in-
stalled on a triangular metal support for level-
ling during the alignment phase. An additional 
support is mounted on the platform to align the 
sample with the focal point of the X-ray source. 
The rotation speed of the sample and the angu-
lar step are adjusted with a software developed 
in LabVIEW to control the movements of the 
platform (Tansella et al. 2022; Vigorelli 2023).
Radiographic ana lyses at this stage focused ex-
clusively on the technological study of the met-
al artefact (see section 8.2), without further in-
vestigation concerning the density of the coral. 
An approach involving high-resolution µ-X-ray 
computed tomography aimed at studying the 
internal structure of the coral parts, where not 
biased by the presence of metal, would be use-
ful in confirming presence of C. rubrum, when 
dubious (Bente et al. 2015c; 2017).

13  This radiographical investigation were possible 
thanks to a collaboration with Physic Department of 
the University of Turin (A. Lo Giudice, A. Re, L. Vigo-
relli and F. Tansella).
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Abstract

Lo studio archeometrico ha coinvolto 264 reperti archeologici. La scoperta più significativa è la ricor-
renza di una fase carbonatica nei materiali decorativi della maggior parte dei reperti (163 casi), sep-
pure declinata in differenti forme (calcite pura, calciti ad alto, medio o basso contenuto di Mg – HMC, 
MMC, LMC –, corallo rosso, ecc.). In particolare, il corallo rosso (Corallium rubrum) è identificato con 
certezza in 46 reperti (17 %), grazie alla compresenza di calcite alto magnesiaca (HMC o MMC) e pig-
menti organici (polieni). L’identificazione di calcite basso o medio magnesiaca, in assenza dei polieni, 
può essere ricondotta all’impiego di altri materiali. Tuttavia, alterazioni post-deposizionali possono ri-
durre il contenuto di Mg, trasformando HMC in MMC o LMC, con perdita dei polieni; una riduzione nel 
contenuto di Mg può anche essere indotta da eventi termici (es. cremazione). Circa il 26 % dei reperti 
non mostra tracce di materiali decorativi, mentre piccole percentuali rivelano altri materiali, come ‘in-
chiostro di China’, vetro, apatite (osso), o gesso/anhidrite (verosimilmente riconducibile ad alterazione 
di materiale carbonatico). L’aragonite, meno comune, è stata rilevata in un solo oggetto, come anche 
l’impiego di Spondylus gaederopus.
La correlazione dei risultati in base alla tipologia, cronologia e provenienza geografica degli oggetti 
non ha identificato particolari tendenze. Per quanto riguarda le fibule a sanguisuga con inserti, tutta-
via, il C. rubrum sembra essere più comune nei reperti più recenti (480–440 a.C.), mentre riscontriamo 
una maggiore diversificazione in quelli più antichi (560–480 a.C.), suggerendo una progressiva affer-
mazione del corallo rosso. 
L’identificazione della presenza di eventuali leganti organici è risultata problematica a causa della 
natura stessa di questi materiali, verosimilmente presenti solo in traccia, nonché della somiglianza 
spettrale con sostanze moderne usate nei restauri. 
Le analisi condotte sulla superficie metallica degli oggetti suggeriscono una verosimile gestione in-
tenzionale della composizione delle leghe in funzione delle esigenze tecniche di lavorazione. Questa 
prassi è coerente con quanto noto per l’età del Ferro nelle culture dell’Alto Adriatico, etrusca, fenicia, 
mesopotamica, della Magna Grecia e Hallstatt. Il tenore di stagno varia in base alla destinazione fun-
zionale: è più elevato negli oggetti destinati alla sola fusione, dove aumenta fluidità e resistenza; è 
più basso nei manufatti soggetti a lavorazioni post-colata, poiché tenori superiori al 10% riducono la 
duttilità. Anche il piombo era probabilmente aggiunto nei materiali finiti dopo fusione, per migliorare 
la colabilità e la lavorabilità dell’oggetto, abbassando il punto di fusione e fungendo da lubrificante 
interno. Le fibule a sanguisuga con anima in cotto sembrano essere caratterizzate da elevati tenori di 
piombo, necessari per ottenere leghe altamente fluide, adatte a riempire stampi complessi e produrre 
decorazioni raffinate direttamente nel modello in cera. Inoltre, le analisi sembrano confermare la 
natura composita di tali manufatti, evidenziando differenze composizionali tra il corpo e l’ardiglione, 
coerenti con diverse esigenze funzionali e tecniche di produzione.
Lo studio sottolinea l’importanza di analisi multidisciplinari per ricostruire le tecniche in uso nell’an-
tichità, l’origine e la trasformazione dei materiali decorativi nel tempo.
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The characterisation of the whitish decorative 
materials is the main focus of the research 
(section 7.1), but significant results were also 
obtained from the analysis of the bronze alloy 
alteration by-products (section 7.2), performed 
in 141 cases out of 264 specimens (i.e. in case of 
direct approach).

7.1. Whitish decorative materials
The results are discussed on the basis of the an-
alytical technique used. The same protocol has 
been applied to modern samples (section 7.1.1) 
and archaeological finds (section 7.1.2), as well 
as to samples resulting from combustion sim-
ulations on modern coral (section 7.1.3). In the 
concluding remarks (section 7.1.4), a final inter-
pretation is provided relating it with the archae-
ological types, to check for trends.

7.1.1. Modern samples
The results reported in this paragraph refer to 
the analysis of 8 modern samples: 
-	 5 samples of Corallium rubrum with differ-

ent origins and characteristics:
o	 1 sample of raw ligurian red C. rubrum 

collected under the sea (r_Cr_L),
o	 1 sample of worked red C. rubrum of un-

known provenance (w_Cr_u),
o	 1 sample of worked (bead shape) red 

C. rubrum of unknown provenance 
(w_Cr_ub),

o	 1 sample of raw sicilian red C. rubrum 
collected on the beach (r_Cr_Si),

o	 1 sample of worked sardinian white-to-
pinkish C. rubrum (w_pCr_Sa);

-	 1 sample of raw ligurian white coral (r_c_L);
-	 1 sample of raw sardinian Spondilus 

gaederopus (r_Sg_Sa);
-	 1 sample of raw piedmontese fossil coral 

(r_fc_P). 
These specimens are shown in Figs. 87 and 88 
(see section 6.1.2).

7.1.1.1. Optical stereomicroscope 

By comparing archaeological artefacts with 
modern specimens, we found that they shared 
the same typical µ-features of C. rubrum, such 
as longitudinal crenulation (Fig. 98a; Vielzeuf 
et al. 2008). In processed samples (i.e. sam-
ples ‘w_Cr_u’, ‘w_Cr_ub’ and ‘w_pCr_Sa’), these 

µ-structures are hardly recognisable. Sample 
‘r_Sg_Sa’ (S.  gaederopus) reveals the presence of 
the characteristic squamae (Fig. 98b).
Specimen ‘r_Cr_Si’ (C. rubrum collected on the 
beach) is made of several small branches with a 
common origin. Longitudinal crenulations and 
bifurcations are well evident, as well as surface 
smoothing traces resulting from sea transport 
(Fig. 98c) and traces of bio attack by other or-
ganisms (Fig. 98d). These features are not so 
dissimilar from those recognisable on some ar-
chaeological finds1, suggesting the latters might 
also have been collected on the beach2. 
Sample ‘r_fc_P’ (Figs. 98e, 98f) shows elongated 
µ-structures with Ø ≈ 2 mm, with a compact, 
granular surface, typical of secondary calcite 
resulting from recrystallisation.

7.1.1.2. µ-Raman analysis

Compared to the mineral calcite (Lafuente et al. 
2015)3, C. rubrum shows a slight peak shift at-
tributable to its high-Mg-content (Bischoff et al. 
1985; Borromeo et al. 2017; Edwards et al. 2005; 
Fürst et al. 2016; Macchia et al. 2016; Urmos et 
al. 1991). In the Raman spectra of modern of C. 
rubrum, bands of both calcite and polyenes are 
present, but the former are very weak if com-
pared to the latter (e.g., sample ‘w_Cr_ub’: Fig. 
99)4. 
In sample ‘r_Cr_Si’ (C. rubrum), different spec-
tra are recorded in the red and white areas 
(Fig. 100): in the red ones, the bands of calcite 
and polyenes appear, whereas in the white 
ones the signal of aragonite is present5. Sample 

1  e.g., inv. no. MV103 (Golasecca, Longone al Segrino 
type pendant, Fig. 26c), St. 78799 (Forcello di Bagnolo 
San Vito, coral branch, see Appendix 1, Fig. 217.d.h).
2  For further examples see Appendix 1, Figs. 224, 225a.
3  Mineral-derived calcite (RRUFF spectra id: 
R040070 and R050127) shows bands at 1086-1092 cm-1 
(h), 282-284 cm-1 (m), 152-154 cm-1 (mw), 1750-1755 
cm-1 (w), 1439-1443 cm-1 (w), 713-719 cm-1 (w) [peak 
intensity with 532 nm green laser: h=high; m=me-
dium; w=weak; s=shoulder; v = very].
4  C. rubrum has contemporaneously both calcite 
[1089 cm-1 (m), 285 cm-1 (w), 1752 cm-1 (vw), 717 cm-1 
(w), 157 cm-1 (vw)] and polyene signals [at 1519 cm-1 (h), 
1131 cm-1 (h), 2253 cm-1 (m), 2636 cm-1 (m), 3034 cm-1 
(w), 2984 cm-1 (s), 2533 cm-1 (w), 2147 cm-1 (w), 1021 cm-1 
(mw), 1300 cm-1 (mw), 3375 cm-1 (vw), 3742 cm-1 (vw)].
5  The spectrum shows peaks at 1085 cm-1 (h), 703-
707 cm-1 (w), 206 cm-1 (w) and 153 cm-1 (m). This latter 
peak in aragonite is not always present (e.g. RRUFF 
R040078) but is sometimes reported (e.g. RRUFF 
R060195).
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Figure 98. a) Crenulation (C. rubrum, ‘r_Cr_Si’); b) Squamae (S. gaederopus, ‘r_Sg_Sa’); c) Surface smoothing 
due to marine transport (C. rubrum, ‘r_Cr_Si’); d) Traces of biogenic attack by other organisms (C. rubrum, ‘r_Cr_

Si’); e) Elongated µ-structures and a grainy, compact surface (fossil Piedmontese coral, ‘r_fc_P’); f) Elongated 
µ-structures and a grainy, compact surface (fossil Piedmontese coral, ‘r_fc_P’).



126 Coral Lies. Unveiling Technological Exchange and Trade in the Early Iron Age

Figure 99. Comparison between Raman spectra of red C. rubrum  
(samples: ‘r_Cr_L’, ‘w_Cr_u’, ‘w_Cr_ub’, ‘r_Cr_Si’); 532 nm green laser, extended range, 6 seconds for 6 cycles, 

10x magnification, D0.6 filter.

Figure 100. Comparison between Raman spectra collected on sample ‘r_Cr_Si’ in the red (red) and white (blue) 
portions, respectively composed of calcite with polyenes and aragonite; 532 nm green laser, extended range, 6 

seconds for 6 cycles, 10x magnification, D0.6 filter.
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Figure 101. Comparison between Raman spectra of the Sardinian coral pendant (w_pCr_Sa) in the white portion 
(in black) and the pink portion (in fuchsia); 532 nm green laser, extended range, 6 seconds for 6 cycles, 10x  

magnification, D0.6 filter.

Figure 102. Raman spectrum of fossil coral from Piedmont (r_fc_P): calcite; green laser 532 nm, extended range, 
6 seconds for 6 cycles, 10x magnification, D0.6 filter.
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Figure 103. FT-IR spectra of modern samples of C. rubrum (r_Cr_L), S. gaederopus (‘r_Sg_Sa’; fuchsia), ligurian 
white coral (‘r_c_L’; green), fossil piedmontese coral (‘r_fc_P’; blue), RRUFF calcite R040170.

7.1.1.4. µ-XRD analysis

Calcite is identified in all samples, with a sys-
tematic shift in the positions of the reflections, 
possibly related to Ca2+/Mg2+ substitution in the 
lattice but also to irregularities in the surface 
morphology. The magnitude of this shift is ap-
parently higher for Corallium rubrum (‘r_Cr_L’; 
Fig. 104), less marked for S. gaederopus (‘r_Sg_
Sa’; Fig. 106) and even lower for white Ligurian 
coral (‘r_c_L’; Fig. 105) and the whitish-to-pink 
Sardinian coral (‘w_pCr_Sa’). Whitish portions 
on sample ‘r_Cr_Si’ are identified as aragonite 
(Fig. 107). Sample ‘r_fc_P’ (fossil coral) reveals 
the presence of calcite and plagioclases (Fig. 
108).

‘w_pCr_Sa’ (C. rubrum) reveals the typical cal-
cite + polyenes bands in both the pink and white 
portions (Fig. 101), with polyenes signals being 
less pronounced in the latters. The spectrum of 
S. gaederopus (sample ‘r_Sg_Sa’; Fig. 93) is sim-
ilar to C. rubrum one6. Raman spectrum of the 
fossil coral (sample ‘r_fc_P’; Fig. 102) reveals only 
the bands of calcite (1090, 717, 286, 160 cm-1). 
Shift of the ν1 peak suggests presence of Mg.

7.1.1.3. FT-IR analysis

Systematic presence of calcite is detected (main 
band at ≈ 1500-1400 cm-1; others at 2516, 1795, 
876 and 711 cm-1: Fig. 103). In addition, some sig-
nals appear in the 3000-2800 cm-1 range (found 
also in archaeological samples: see section 
7.1.2.3) – perhaps related to the organic fraction 
in the C. rubrum skeleton (Vielzeuf et al. 2008).

6  The spectrum of S. gaederopus shows calcite sig-
nals [at 1091 cm-1 (m) and 284 cm-1 (vw)] and polyenes 
bands [at 1513 cm-1 (h), 1126 cm-1 (h), 1021 cm-1 (mw), 
2245 cm-1 (m), 3020 cm-1 (w), 2983 cm-1 (s), 2621 cm-1 
(m), 2523 cm-1 (w), 2144 cm-1 (w), 1301 cm-1 (w), 3712 
cm-1 (vw), 3349 cm-1 (vw)].
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Figure 104. µ-XRD diffractogram of ‘r_Cr_L’ (ligurian C. rubrum): Mg-calcite.

Figure 105. µ-XRD diffractograms of ‘r_c_L’ (Ligurian white coral): calcite.
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Figure 106. µ-XRD diffractograms of ‘r_Sg_Sa’ (Spondylus gaederopus): calcite.

Figure 107. µ-XRD patterns collected on different areas (red or white) of ‘r_Cr_Si’ (C. rubrum from Sicily), with in-
dication of their positions on the magnified image of the coral fragment.
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7.1.1.5. SEM-EDS analysis

SEM-EDS analyses revealed significant differ-
ences among C. rubrum, white coral (r_c_L), 
Spondylus gaederopus (r_Sg_Sa) and fossil coral 
(r_fc_P) – on both a µ-morphological and compo-
sitional level.
The surface of ‘r_Cr_L’ (Ligurian C. rubrum), re-
veals presence of characteristic C. rubrum scler-
ites, µ-protuberances with a specific morpholo-
gy embedded in the calcareous mass (Weinberg 
1993; Vielzeuf et al. 2008; Fig. 109a). Such struc-
tures are not present in ‘r_Cr_Si’, referable to si-
cilian C. rubrum transported by sea (Fig. 109b), 
and not even in ‘w_Cr_u’, the worked specimen 
of unknown Mediterranean provenience. ‘w_
pCr_Sa’, the whitish-to-pink worked sardinian 
coral, has a compact surface (Fig. 109c). ‘r_c_L’, 
the white Ligurian coral (Fig. 109d) shows a 
completely different microstructure, as does 
‘r_Sg_Sa’ of sardinian S. gaederopus (Fig. 109e; 
Sakalauskaite et al. 2020). Finally, ‘r_fc_P’, the 
fossil coral, is characterised by a compact mi-
crostructure (Fig. 109f)7.
Semi-quantitative chemical analysis by EDS 
identifies predominance of Ca, with variable 

7  For further examples Appendix 1, Fig. 225b-f.

Mg-contents in the different samples (Fig. 110): 
in red C. rubrum samples (‘r_Cr_L’, ‘w_Cr_u’ and 
‘r_Cr_Si’) the Mg-contents vary between 11.95 
and 12.25 mol% MgCO3, which is consistent with 
literature data (Hasegawa et al. 2010; Floquet et 
al. 2015; Vielzeuf et al. 2008; 2013; Weinbauer 
et al. 2000). In sardinian withish-to-pink C. ru-
brum (w_pCr_Sa) an average Mg-content of 
10.65 mol % MgCO3 is found (intermediate be-
tween HMC and MMC), but highly variable be-
tween the white (9.98 mol% MgCO3) and pink 
(12.32 mol% MgCO3) areas of the coral (Fig. 110). 
In white ligurian coral (r_c_L) a Mg-content in 
the MMC range is found (10.11 mol% MgCO3). 
In S. gaederopus sample (r_Sg_Sa) a 3.51 mol% 
MgCO3 is found, compatible with LMC accord-
ing to literature (Sakalauskaite et al. 2020). In 
piedmontese fossil coral (r_fc_P), an even lower 
Mg-amount is found (1.11 mol% MgCO3).
The Mg/Ca ratio (Fig. 111) is fairly constant in the 
different analysed spots for samples ‘w_Cr_u’, 
‘r_Sg_Sa’ and ‘r_fc_P’ (referable respectively to 
modern worked C. rubrum sample, S. gaedero-
pus sample and fossil coral sample), while it is 
very variable from point to point for samples ‘r_
Cr_L’, ‘r_Cr_Si’, ‘w_pCr_Sa’ and ‘r_c_L’ (referable 
respectively to modern unprocessed C. rubrum 

Figure 108. µ-XRD diffractograms of ‘r_fc_P’ (fossil coral from Piedmont): calcite (red) and plagioclases 
(pink and purple).
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samples, the whitish-to-pink worked coral and 
the white modern unprocessed coral sample).
Other minor and trace elements were also de-
tected (Tab. 16; Figs. 112-113). For instance, Si is 
a probable residue of the marine sediment; in 
fact, it is only present in unprocessed samples. 

Na and Cl are abundant in samples ‘r_Cr_L’ and 
‘r_Sg_Sa’, which were not cleaned after collec-
tion from seawater and probably retain salt res-
idues. S, indicator of a biogenic origin, is abun-
dant in samples ‘r_Cr_L’ (C. rubrum) and ‘r_c_L’ 
(white coral). 

Figure 109. a) BSE-image of sample’ r_Cr_L’: ligurian C. rubrum with sclerites; b) BSE-image of sample ‘r_Cr_Si’: 
sicilian C. rubrum with traces of marine transport polishing; c) BSE-image of sample ‘w_pCr_Sa’: Sardinian 

polished worked whitish-to-pink C. rubrum; d) BSE-image of sample ‘r_c_L’: Ligurian white coral; e) BSE-image of 
sample ‘r_Sg_Sa’: Spondylus gaederopus;  f) BSE-image of sample ‘r_fc_P’: fossil coral.
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Figure 110. Mg-content (mol% MgCO3) in different modern samples [r_Cr_L: unworked ligurian C. rubrum; w_Cr_u: 
worked-polished C. rubrum; r_Cr_Si: sicilian C. rubrum collected on the beach; w_pCr_Sa: sardinian pinkish-to-
white worked coral; r_c_L: Ligurian white coral; r_Sg_Sa: Sardinian S. gaederopus; r_fc_P: Piedmont fossil coral].

Figure 111. Mg-content variation in each sample (bar indicates the variation between minimum and maximum 
value) and average value (point indicates the average value of all the points of analysis on the sample) [r_Cr_l: 
unworked ligurian C. rubrum; w_Cr_u: worked-polished C. rubrum; r_Cr_Si: sicilian C. rubrum collected on the 

beach; w_pCr_Sa: sardinian pinkish-to-white worked coral; r_c_L: Ligurian white coral; r_Sg_Sa: Sardinian S. 
gaederopus; r_fc_P: Piedmont fossil coral].
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Figure 112. Graph of the occurrence of some minor elements (Na, S, Cl, K, Fe, Sr) in different samples [r_Cr_L: 
unworked ligurian C. rubrum; w_Cr_u: worked-polished C. rubrum; r_Cr_Si: sicilian C. rubrum collected on the 

beach; w_pCr_Sa: sardinian pinkish-to-white worked coral; r_c_L: Ligurian white coral; r_Sg_Sa: Sardinian S. 
gaederopus; r_fc_P: Piedmont fossil coral].

Figure 113. Graph of the occurrence of Al and Si in different samples [[r_Cr_L: unworked ligurian C. rubrum; 
w_Cr_u: worked-polished C. rubrum; r_Cr_Si: sicilian C. rubrum collected on the beach; w_pCr_Sa: sardinian 

pinkish-to-white worked coral; r_c_L: Ligurian white coral; r_Sg_Sa: Sardinian S. gaederopus; r_fc_P: Piedmont 
fossil coral].
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Table 17 summarises the main characteristics of 
the various calcite materials examined, includ-
ing their characteristic surface microstructures, 
magnesium content, and polyene presence.

7.1.2. Archaeological finds
The results reported in this paragraph refer to 
the analysis of 264 archaeological finds of var-
ious types, examined using the same archaeo-
metric protocol used for the study of modern 
comparison samples.

7.1.2.1. Optical microscopy 

It allows to detect the µ-morphologies typi-
cal of C. rubrum (Tab. 18; Debreuil et al. 2011; 
Fan 2018; Fürst et al. 2016; Perrin et al. 2015; 
Vielzeuf et al. 2008). In unprocessed or poorly 
processed artefacts, these features are well pre-
served (34 cases out of 46; ≈ 74%); for highly 
processed artefacts, their incidence is signifi-
cantly lower (19 cases out of 149; ≈ 13%;). These 
structures are visible also when low to medium 
Mg-calcite (LMC/MMC) is identified by other 
techniques.
46 unprocessed / poorly-processed archaeolog-
ical finds were examined (6 raw coral branch-
es, 12 beads, 9 composite bow fibulae and 19 
pendants). The most common features identi-
fied are longitudinal crenulations (30 cases; Fig. 
114a), corresponding to the position of the gas-
trodermal canals in C. rubrum. In few cases (6 
finds; Fig. 114b), concentric structures are also 
identified, corresponding to the growth rings of 
the organism (i.e. medullar region). In 3 cases, 
deeper furrows are visible (Fig. 114c), traces 
of bio attack by other organisms originating in 
post-depositional diagenesis or before collec-
tion on the beach (see section 7.1.1.1)8. 
In the decorations of elaborated artefacts (e.g., 
leech fibulae with circular insets: Ø ≈ 2 mm), 
garland-like morphology is the most abundant 
feature (17 cases; Fig. 114d), corresponding to a 
wavy edge visible in the cross-section of the cor-
al branch. In one case, the presence of medul-
lar region concentric structures is visible (Fig. 
114e), while longitudinal crenulations are dis-
cernible in two cases (Fig. 114f).
Other than coral, in five cases9 typical bone 

8  For further examples see Appendix 1, Figs. 215-
220.
9  Inv. no. St. 1993, St. 124133, D1667, D2109. Iden-
tification is more complex for a bead fragment (St. 

µ-morphologies are observed (Figs. 114b, 114c, 
115b): mosaic morphology, cracking on the sur-
face and µ-porosity in the inner-parts; Tappen, 
Peske 1970; Pokines et al. 2018). Two of these 
finds (D1667 and St. 124133) are identifiable 
as burnt bone remains, due to the presence of 
characteristic bone structures (e.g., trabeculae; 
Fig. 115b) and factors indicating combustion. 
These include their colouring and characteristic 
deformations, such as a mosaic of polygonal mi-
cro-fractures (Fig. 114g) and conchoid fractures 
(Fig. 114h; Gonçalves et al. 2011; Krap et al. 
2017). In other cases, different µ-morphologies 
were also observed: i.e. Motto Lagone bead (T2) 
shows a microcrystalline structure (Fig. 115c), 
while a bead of unknown provenance (inv. no. 
MV5916) has a structure suggesting deer ant-
ler use (characteristic granulated pattern: Fig. 
115d; Paral et al. 2007). 
However, in most cases (76%: Fig. 116) optical 
microscope does not identify any specific mor-
phology. In circular decorations, the whitish 
material often has a compact and pasty appear-
ance (Fig. 115e), indicating either the possible 
use of a paste or an alteration by recrystallisa-
tion of the original material.
Metal alteration by-products often form above 
the whitish decoration, obliterating it complete-
ly or in part. In most cases, they form from the 
edge towards the core of the hole, but some-
times also from the core to the edge (Figs. 115d, 
115e). They are generally greenish in colour; 
seldom a blue hue is also recorded (Fig. 115h)10, 
sometimes erroneously interpreted as a vitre-
ous glaze (i. e. Montebelluna, loc. Posmon). Such 
bluish hue recurs in the Venetic context, maybe 
due to a different soil composition11.

18.236/CT1141; Fig. 99.a) due to the treatment of the 
material used to make the object; in this case, it could 
be either bone or deer antler.
10  Inv. no. 217, I.G. 304784, I.G. 304780, I.G. 312348, 
IG. 34914.
11  For further examples see Appendix 1, Figs. 219-
220.
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Figure 114. a) Golasecca - Longone al Segrino pendant (inv. no. D1668; Museo Giovio Como): longitudinal cren-
ulation; b) Pieve d’Alpago, Pian della Gnela - Bead (inv. no. I.G.355534; SABAP): medullar region concentric 
structures; c) Golasecca - Longone al Segrino pendant (inv. no. MV103; Museo Archeologico Villa Mirabello 

Varese): biological attack features; d) Borgonovo V. T. - Leech fibula with circular insets (inv. no. 20.S258-2.118; 
Museo Archeologico della Val Tidone): garland-like morphology; e) Pontecurone - Fibula (inv. no. 23.M.380-9.6; 

Musei Reali Torino): crenulation; f) Castelletto Ticino - Vigevano (?) - Leech fibula with circular insets (inv. no. 
946; Museo Novara): medullar region concentric structures; g) Como, Ca’ Morta - Composite bow fibula (inv. no. 
St 1993; Museo Giovio Como): burnt bone features; h) Como, Ca’ Morta - Fragments (inv. no. St. 124133; Museo 

Giovio Como): burnt bone features.
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Figure 115. a) Castelletto Ticino - Bead (inv. no. CT1141; 18.236; GSAC); b) Golasecca - Fragment (inv. no. D1667; 
Museo Giovio Como): bone features: trabeculae; c) Motto Lagone - Bead (grave 2; Arona Museum): crystalline 
structure; d) Unknown provenance - Bead (inv. no. MV5916; Museo Archeologico Villa Mirabello Varese): deer 

antler’s characteristic granulated pattern; e) Golasecca - Leech fibula with circular insets (inv. no. D2065; Museo 
Giovio Como): whitish inlay; f) San Bernardino di Briona - Leech fibula with circular insets (inv. no. 23-M380-9.1; 
Musei Reali): green metallic alteration products on the circular decoration; g) Como - Leech fibula with circular 
insets (inv. no. St. 57262; Museo Giovio Como): green metallic alteration products on the circular decoration; h) 

Montebelluna, loc. Posmon - Leech fibula with circular insets (inv. no. I.G. 304784, Montebelluna Museum): blue 
metallic alteration products on the circular decoration.
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Figure 116. Graph c oncerning the incidence of 
µ-morphologies useful for material characterisation 

with respect to the whole archaeological record  
under examination.

7.1.2.2. Raman analysis 

Raman analyses were carried out on almost 
all archaeological finds (Tab. 20) using two in-
struments with the same laser wavelength 
(see section 6.2.2.2): a bench-top µ-Raman (246 
finds) and a portable-one (18). Higher fluores-
cence effects were recorded using the portable 
instrument. 
In 7 cases, analyses were not performed due 
various reasons (e.g., artefact too large or too 
small). For 56 finds (21% of the record), no sig-
nal (or only fluorescence) was observed – and in 
13 finds the interpretation was doubtful. In all 
other cases, various materials were identified – 
but mainly Ca-carbonate. Sometimes, aragonite 

and calcite were discriminated, due to the typi-
cal signals (Fig. 117).
Contextual presence of calcite (signals at 
1083/1094, 714/717, 282/289 and 153/159 cm-1) 
and polyenes (signals at 3028/3035, 2631/2638, 
2530, 2253/2256, 2143/2149, 1518/1521, 
1294/1298, 1134 and 1017/1020 cm-1) suggests 
presence of C. rubrum (Fig. 118) (though other 
validations should also be done: e.g., by SEM-
EDS; see section 6.2.2.5). In many cases, only 
the bands of calcite are visible (Fig. 119), re-
vealing the absence of polyenes bands. At times 
fluorescence allows only the identification of 
the main CaCO3 peak at ≈ 1086 cm-1 (Fig. 120), 
without discerning the different polymorphs. 
Calcite, aragonite and vaterite, in fact, can be 
distinguished basing on minor peaks position 
(Tab. 19; Barnard, de Waal 2006). In one case 
(linear decoration on a grooming tool; Fig. 121), 
presence of aragonite is observed (main peak 
at 1087 cm-1, doublet at 710-706 cm-1 and bands 
at 156, 207, 271 cm-1). Various strategies can be 
adopted to minimise fluorescence, such as base-
line correction algorithms or changing the exci-
tation laser wavelength. In this study, we opted 
for the green laser due to its efficacy in identify-
ing polyenes (see section 6.2.2.2; Figs. 91-92), but 
a red laser would be more effective in identify-
ing carbonate polymorphs when fluorescence 
hinders identification.

Figure 117. Inorganic compound identified by Raman analysis and abundance.
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Figure 118. Raman spe ctrum of whitish circular decoration on Motto Lagone leech-fibula (magnification 20X,  
filter d 0.3): polyenes and calcite.

Figure 119. Raman spectrum of whitish circular decoration on Como (Ca’ Morta, Rebbio, Cava Ballerini) leech 
fibula (inv. no. St. 879; magnification 10X, filter d 0.3): calcite.
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Figure 120. Raman spectrum of whitish inset on a bronze fragment from Pontecurone (AL; inv. no. 23.M.380-9.6): 
CaCO3.

Figure 121. Raman spectrum of whitish linear decoration on a grooming tool (tweezer) from Piovego (PD; T95.10): 
detail of the part of interest, showing characteristic peaks of aragonite.
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Figure 122. Graph showing the frequency of different values for the main carbonate peak (ν1) in spectra with (in 
red) and without (in blue) polyenes, as a percentage of the total (see Appendix 2, Tab. 38).

Figure 123. Graph showing the frequency of different values for the main carbonate peak (ν1) in spectra with (in 
red) and without (in blue) polyenes, as a percentage of the total (see Appendix 2, Tab. 38).
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The main band of Ca-carbonate shows a sys-
tematic shift at 1082 cm-1 in the spectra collect-
ed with the portable instrument. Conversely, 
in those obtained with the bench-top instru-
ment this band has variable shifts at higher 
and/or lower wavenumbers (from 1081 to 1094 
cm-1). By processing these spectral data, the ν1 
peak of carbonate without polyenes is most-
ly located in the 1087-1090 cm-1 range, while 
if polyenes occur the range is 1093-1095 cm-1 
(Figs. 122-123; Appendix 2, Tabs. 38, 40). This 
behaviour could also be related to a variation 
in the Mg-content of the carbonate (Bischoff 
et al. 1985; Borromeo et al. 2017; Edwards et 
al. 2005; Fürst et al. 2016; Macchia et al. 2016; 
Urmos et al. 1991), which is supported by com-
parative analyses performed on modern C. ru-
brum (see section 7.1.1.2). Although the trend 
is not so clear-cut – straight comparison with 
semi-quantitative SEM-EDS data on archaeo-
logical samples indicates that this band occurs 
at lower wavenumbers for LMC and at higher 
ones for MMC/HMC, (Fig. 124; Appendix 2, Tabs. 
39-40). In conclusion, the exact position of the 
main carbonate band in Raman spectra appear 
to be partly related to the Mg-content, but this 
evidence is not so reliable to be used as a sub-
stitute for chemical analyses12. In some cases, 

12  To see detailed data: Appendix 2, Tabs. 38-40).

calcite and anhydrite (CaSO4; bands at 1010 and 
497 cm-1) appear together (Fig. 125), suggesting a 
possible alteration of calcite into gypsum (CaSO4 
* 2H20; see section 7.1.4) followed by heat treat-
ment. In one case (Fig. 126) gypsum/anhydrite 
were identified as the sole components (bands 
at 3410, 1010, 497 cm-1. Sometimes, calcite and 
apatite [Ca5(PO4)3(Cl/F/OH); signals at 965, 585, 
438 cm-1] are present suggesting either the use 
of both materials in the decoration or contam-
ination by human remains in burial conditions 
(Fig. 127). TiO2, in the form of rutile (bands at 
801, 614, 446, 244 cm-1) or anatase (638, 516, 395, 
142 cm-1), was also found and related to modern 
highlighting of the decorations (Fig. 128).
As far as organic compounds are concerned, 
beeswax is sporadically identified (10 cases, 
some dubious) as well as pine resin or Paraloid 
(14 cases: signals at 2939, 1734, 1455, 812 cm-1) 
(Fig. 129). In one case (leech fibula with insets, 
G-type; inv. no. St. 57244), calcite, polyenes and 
beeswax (2883-2846-1439-1298-1134 cm-1) are 
detected simultaneously (Fig. 130). Beeswax 
could represent a binder for the decoration, but 
its signals are similar to those of synthetic wax. 
Besides, both beeswax and synthetic wax have 
long been used as restoration materials and, 
without a restoration report, it is impossible to 
verify their origin.

Figure 124. Graph of the frequency (as a percentage of the total) of the different values for the main carbonate 
peak (ν1) in the spectra of high/medium/low magnesium calcite (HMC/MMC/LMC) (see Appendix 2, Tab. 39).
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Figure 125. Raman spectrum of whitish circular decoration on Golasecca leech fibula (inv. no. D2065;  
magnification 10X, filter d 0.3): calcite and anhydrite.

Figure 126. Raman spectrum of whitish Longone al Segrino type pendant from Como, Ca’ Morta, grave 302  
(inv. no. St. 33593; magnification 10X, filter d 0.3): gypsum.
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Figure 127. Raman spectrum of whitish Longone al Segrino type pendant from Como, Ca’ Morta, grave 200 (inv. 
no. St. 124142; magnification 10X, filter d 0.3): apatite. Further points of analysis on the same find show the clear 

presence of calcite; the signs of apatite are probably attributable to contamination by bone tissue referable to 
the deceased.

Figure 128. Raman spectrum of whitish decoration on a fibula from Parre (inv. no. 40; magnification 10X, filter d 
0.3): anatase.
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Figure 129. Comparison of Raman spectra obtained from analysis of the find CT824 in black, Paraloid B44 in blue 
and calcite in red; 10X magnification, D0.3 filter.

Figure 130. Comparison of Raman spectra obtained from analysis of the circular decoration of find St57244 in 
blue, beeswax in green and Corallium rubrum in red; 10X magnification, D0.3 filter.
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7.1.2.3. FT-IR analysis 

104 µ-samples, collected from 264 archaeologi-
cal finds, were analysed. In a few cases, multi-
ple samples were extracted from a single find, 
but the obtained results are comparable and 
will be treated uniquely.
Organic and inorganic and materials were iden-
tified (Tab. 21; Fig. 131), mostly calcite (69%), 
followed by quartz and silicates (32 %) and 
malachite [Cu2(CO3)(OH)2; 13 %]. Aragonite is 
only occasional (1 case), with gypsum (3 cases), 
oxalates (4 cases), apatite or hydroxyapatite 
(Ca5(PO4)3(OH); 3 cases), antlerite (Cu3(SO4)(OH)4; 
2 cases) and baryte (BaSO4; 1 case). Calcite, ara-
gonite and apatite could result from decorative 
materials, but apatite may be also related to a 
bone contamination from the burial. Gypsum 
could indicate the presence of a pigment, as well 
as result from the alteration of calcite. Oxalates 
are also likely to be attributed to calcite alteration 
products. Malachite and antlerite were probably 
derived from alteration products of the copper 
alloy. Silicates, quartz and (perhaps) barite, are 
indicative of traces of depositional soil. 
Main Ca-carbonate band is located at ≈ 1450 
cm-1 (generally saturated in our samples), relat-
ed to the C=O asymmetric stretching vibration 

ν3. Calcite shows signals at 2513, 1796, 1450, 
876, 711 cm-1 (Fig. 134); aragonite at 1784, 1450, 
1086, 858, 716, 713, 700 cm-1 (Fig. 135). The latter 
is distinguishable by the presence of a doublet 
around 700-713 cm-1 in our spectrum (703-708 
cm-1), together with other signals at 1787/1814, 
1088/1118, 866/907 cm-1. Calcite, in addition 
to the main peak, show signals at 1700/1804, 
881/913, 733/750 cm-1 (Kaczorowska et al. 2003). 
Cu-carbonates (i.e. malachite and azurite) are 
characterized by CO3

2- stretching bands at 1530-
1350 cm-1, O-C-O bending bands at 900-650 cm-1, 
O-H stretching bands at 3700-3100 cm-1 ad O-H 
bending bands at 1100-1000 cm-1.
Quartz and silicates show a strong Si-O stretch-
ing band near 1100 cm-1 and a Si-O absorption 
band at 1200-800 cm-1. Quartz is identifiable by 
a small doublet near 790 cm-1 (Fig. 136). Sulfates 
(gypsum, baryte and anhydrite) show a strong 
S-O stretching band at » 1200-1050 cm-1 (which 
may split for specific sulfates) and a small band 
near 1000 cm-1 (S-O bending vibration), together 
with others at 700-600 cm-1. Gypsum is identi-
fiable by presence of the OH absorption band 
near 3500 and 1600 cm-1 (Derrik et al. 1999; Fig. 
137). Hydroxyapatite (Fig. 138) is identified by 
bands at 3572 and 630 cm-1 (OH- ion), 1460 and 
875 cm-1 (-CO3-), 1040, 1093 and 962 cm-1 (PO4

2-), 

Figure 131. Compounds identified (‘X’) by FT-IR analysis and dubious identifications (‘?’).
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plus others related to water peak (1640 and be-
tween 3250 and 3500 cm-1: Farmer 1974).
Interpretation of organic signals was more 
complex. Peaks in the 2800-3100 cm-1 range are 
frequent and may indicate presence of organic 
compounds – such as binders, restoration prod-
ucts, contaminants or even the organic fraction 
of the coral, if preserved (Casanova et al. 2016; 
Derrik et al. 1999). Paraloid (signals at 2986, 
2985, 1732, 1476, 1449, 1387, 1368, 1270, 1236, 
1177, 1151, 1028, 988/976, 861/849, 754 cm-1) 
seems to be the most abundant (21%): though 
its spectrum is similar to those of natural resins, 

in some cases it was possible to identify it by 
comparison with the pure Paraloid spectra (Fig. 
132). Beeswax and synthetic wax have simi-
lar spectral signatures (distinguishable from 
a band at 1740 cm-1, very intense for natural 
wax: Casanova et al. 2016) and were identified 
in 10% of the samples (Fig. 133). Polyvinyl ace-
tate (PVAc), used for restoration purposes, was 
at times detected (6%). Signals in the 2800-3100 
cm-1 region are perhaps traces of the organ-
ic fraction of the coral, as they also appear in 
spectra collected on modern corals (see section 
7.1.1.2).

Figure 132. Comparison between FT- IR spectra of an archaeological sample (decoration of circular decoration of 
a leech fibula; inv. no. I.G. 7489; Montebelluna) in black and Paraloid B72 an B44 in fuchsia and red.
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Figure 133. Comparison between FT-IR spectra of an archaeological sample (red bead; inv. no. MV5924; Varese 
Museum) in black and beeswax in green (comparison database).

Figure 134. FT-IR spectrum of sample collected from a leech fibula with circular decoration  
(inv. no. 22.S288-1.205; Golasecca, loc. Galliasco): calcite.
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Figure 135. FT-IR spectrum of a sample collected from a grooming tool (tweezer; grave 95.10, Padova,  
loc. Piovego): aragonite.

Figure 136. FT-IR spectrum of a sample collected from a bead (inv. no. I.G. 355542; Pieve d’Alpago): calcite, 
quartz and org. mat.
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Figure 137. FT-IR spectrum of sample collected from a leech fibula with circular decoration (Collezione Bellini; 
Museo Civico Archeologico Sesto Calende): calcite, gypsum, silicate, org. mat.

Figure 138. FT-IR spectrum of sample collected from a leech fibula with circular decoration (inv. no. St. 23751; 
Sesto Calende, loc. Mulini Bellaria, grave 4; Museo Civico Archeologico Sesto Calende): hydroxylapatite and 

 organic material.
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7.1.2.4. µ-XRD analysis

XRD investigation was carried out for 141 out of 
264 finds (Tab. 22), mostly in µ-area mode, de-
spite the lower quality of the resulting diffracto-
grams – if compared to those obtained by XRPD 
(Fig. 139). This choice was dictated either by the 
need to analyse the archaeological finds pre-
serving their integrity or, else, by the availability 
of µ-samples. This inevitably affected the quality 
of the results: µ-area data often show quite con-
voluted backgrounds (due to the non-flatness of 
the samples). Besides, the reflections intensity is 
non-useable for quantitative purposes. Also, in 
some cases a systematic shift in the reflections 
position is observed, impairing the data quality 
(Fig. 140). All these factors had to be properly 

considered in data interpretation. 
µ-area mode analyses were carried out by  us-
ing a 2 mm incident slit – which roughly corre-
sponds to the width of the X-ray beam effective-
ly ‘bathing’ the sample surface. Therefore, while 
analysing the tiny decorations on the artefacts 
as such, part of the surrounding metal support 
was also at times affected by the X-ray beam 
(see section 7.2.3). In most cases, only one spot 
per artefact was investigated; in others, howev-
er, several spots were investigated (e.g., due to 
presence of different materials). In some cases, 
the inadequate morphology of the sample sur-
face (e.g. too pronounced curvature, cavities) 
precluded analysis.

Figure 139. Comparison of diffractograms of samples collected from finds (a) inv. no. C-FR-NE/2 (Brignano 
Frascata, leech fibula with circular decoration) and (b) 22.S288-1.205 (Golasecca, loc. Galliasco, leech fibula 

with circular decoration), analysed by micro-area XRD (left) and XR Powder Diffraction (right), respectively.
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In most cases, the analyses yielded interpretable 
qualitative results (only 11 out of 141 gave none), 
despite the difficulties related to the samples ir-
regular surfaces. Presence of calcite recurs in 
almost all samples – either as a pure crystalline 
phase (CaCO3: 33 cases; 1 dubious) or contain-
ing a certain amount of Mg (i.e., Mg-calcite: 29 
cases; 2 dubious). Discrimination was attempted 
by basing on the position of the related reflec-
tions13. However, it has to be pointed out that by 
operating in µ-XRD mode, other factors may also 
affect a peak shift (e.g., a peculiar orientation of 
the crystallites in the non-pulverised sample). 
In order to test their reliability, the Mg-amounts 
calculated by basing on the shifts of the XRD re-
flections were compared with those extrapolated 

13  For what concerns the quantification of the 
Mg-amount in calcite, an accurate measure of the 
shift affecting the (104) reflection should provide an 
estimate of this value (expressed as mol% MgCO3: 
Bente et al. 2017; 2022; Goldsmith et al. 1961; Han et 
al. 2013; Pagani, Turi 1977; Ries 2011).

by the EDS-semi-quantitative chemical analy-
ses, carried out on the same objects (possibly, in 
the same spots: see section 7.1.2.5; Fig. 141; to 
see detailed data: Appendix 2, Tab. 42). As far as 
presence of Mg is concerned, 87% of all speci-
mens catalogued by SEM-EDS as HMC, were also 
identified as Mg-calcite by XRD. Conversely, of 
all the samples catalogued by SEM-EDS as LMC, 
75% were recognized as pure calcite by XRD. 
Regarding those samples identified at SEM-EDS 
as MMC, the situation is even more controver-
sial: they are identified either as Mg-calcite 
(30%) or as pure calcite (70 %). Furthermore, in 
10 out of 62 cases, presence of calcite is detected 
by XRD but not confirmed by SEM-EDS. 
This lack of accuracy is certainly to be a scribed 
to the abovementioned caveats and limitations 
related to XRD data collection in µ-area mode 
on non-flat samples (i.e., Fig. 140) – which in-
evitably affects the exact position of the (104) 
reflection biasing the accurate extrapolation of 
the related Mg-amount. In this case, therefore, 

Figure 140. Comparison of diffractograms obtained from the same piece of modern C. rubrum (w_pCr_Sa). The 
object is perfectly flat on one side and worked on the other. The diffractogram obtained from the flat side (in 

black) is of considerably better quality and shows the presence of the Mg-calcite peaks (in red). The one collect-
ed on the worked side (in blue) shows the irregular background and a consequent shift of the calcite peaks.
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the measurement of the calcite (104) peak shift 
is not sufficient, ‘per se’, to achieve an accurate 
quantification of the Mg-amount in calcite. 
In addition to calcite, other crystalline phases 
were also identified, including possible deco-
rative materials and residues of the deposition 
soil, as well as alteration products of the metal 
alloy (Fig. 142; see section 7.2.4):
-	 dolomite [CaMg(CO3)2; Fig. 143], ankerite 

[Ca(Fe2+,Mg)(CO3)2], CaO, gypsum [Fig. 145] 
and portlandite [Ca(OH)2], referable to dif-
ferent pigments or even calcite alteration 
products (Charola et al. 2007; Giustetto et 
al. 2020; Siedel, Siegesmund 2014); 

-	 fluorapatite [Ca5(PO4)3F], hydroxylapatite 
[Ca5(PO4)3(OH)], carbonatehydroxylapatite 
[Ca5(PO4,CO3)3(OH,O); Fig. 146], whitlockyte 
[Ca9Mg(PO4)6(PO3OH); Fig. 147] and brushite 
[Ca(PO3OH) · 2H2O], related to the presence 
of bone material in decorations or contami-
nation by bones from the burial;

-	 anatase and rutile (Fig. 148), related to m od-
ern interventions; 

-	 albite [Na(AlSi3O8)], anorthite [Ca(Al2Si2O8)], 
muscovite [KAl2(AlSi3O10)(OH)2], illite  
[ K 0 . 6 5 A l 2 . 0 [ A l 0 . 6 5 S i 3 . 3 5 O 1 0 ] ( O H ) 2 ] , 
talc [Mg3Si4O10(OH)2], cristobalite [SiO2], 
quartz (Fig. 144), kaolinite [Al2(Si2O5)(OH)4], 
gehelenite [Ca2Al[AlSiO7]], probably residue 
from the deposition soil;

-	 wax (Fig. 149; Gaillard et al. 2011; 
Schoening 1980), referable to the use of a 
binder or to restoration activities. 

Plagioclases (albite and anorthite) and quartz 
are quite common materials, presumably de-
riving from residues of the interment soil. 
Unidentified peaks are often also present (Tab. 
22) – e.g., a recurring one at d=5.45-5.55 Å, for 
which possible presence of a restoration prod-
uct was assumed.

Figure 141. Correspondence percentage between SEM-EDS and µ-XRD data for HMC (in red on the left), MMC (in 
yellow in the centre) and LMC (in blue on the right).
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Figure 142. Identified crystalline phases (excluded bronze alteration products) and relative abundance  
(X = sure identification; ? = doubtful).

Figure 143. Diffractogram portion of the sample VF13 (collected by finds St. 51877, Villa del Foro): main reflec-
tions of HMC (blue) and dolomite (green) visible, together with other crystalline phases.
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Figure 145. Gypsum diffractogram of the pendant inv. no. St. 33593 (Como, grave 302).

Figure 144. Quartz diffractogram (blue reflex) of the sample VF9, collected from fibula inv. no. St. 66132 
(Villa del Foro).
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Figure 146. Carbonate-hydroxylapatite diffractogram of the sample St. 124133
(Como, Ca’ Morta) with background rise, but no peak shift.

Figure 147. Whitlockite diffractogram of the sample inv. no. St. 1993 (Como, Ca’ Morta).
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Figure 148. Diffractogram of the fibula inv. no. 199 (Parre): in red rutile reflections, in orange cuprite reflections, 
in green doubtful malachite reflection.

Figure 149. Diffractogram of the object inv. no. MV5924 (presumably amber by microscopic observation; 
unknown provenance, Musei Civici Villa Mirabello Varese): reflections attributable to wax (Gaillard et al. 2011; 

Schoening 1980), instead of amber (Pakutinskiene et al. 2007).
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7.1.2.5. SEM-EDS analysis 

SEM-EDS analyses were performed for almost 
all the analytical record, leaving out only 23 
finds14. 241 artefacts were analysed, obtaining 
no interpretable results only in 12 cases, mainly 
due to the presence of surface protective mod-
ern products that hampered investigations (Fig. 
150a)15.
EDS semi-quantitative chemical analyses of the 
decorations are in general agreement with the 
results obtained by the other techniques (Fig. 
151). A Ca-carbonate composition is mostly de-
tected (57%; 133 finds). Conventionally, calcite 
with a content higher than 10.5 mol% MgCO3 is 
defined as HMC. However, a debate exists about 
the specific Mg-content discriminating HMC 
from LMC. Some authors indicate that both LMC 
(0-5.5 mol% MgCO3) and HMC (10.5-20 mol% 
MgCO3) exist in nature, whereas unaltered cal-
cites with intermediate values (5.5-10.5 mol% 
MgCO3) do not (Borromeo et al. 2017; Fürst et 
al. 2016; McGregor, Gagan 2003). While inter-
preting our results, the following intervals were 
adopted (Tab. 25):
-	 ‘CALC’ = 0 mol% MgCO3;
-	 ‘LMC’ = 0-5.5 mol% MgCO3;
-	 ‘MMC’ = 5.5-10.5 mol% MgCO3;
-	 ‘HMC’ = MgCO3 > 10.5 mol%.

In the investigated record, LMC is predomi-
nant (22% of cases; 51 samples), followed by 
MMC (18%; 42), HMC (15%; 35) and pure calcite 
(CALC: 2%; 4 samples). However, the Mg-content 
can significantly vary – even within the same 
sample – in different analytical spots (Figs. 152, 
153a). 
Sometimes Ca and P are detected as major el-
ements (5%; 11 samples), suggesting the occur-
rence of phosphates (bone materials). If Ca and 
S are predominant, presence of gypsum was hy-
pothesized (2 cases). Sporadic Ti predominance 
was correlated with the use of White Indian Ink 
(3%; 8). When Cu, Sn and Pb are abundant (7%; 
15), they refer to bronze alteration by-products, 
while predominance of Si and Al is referred to 
residues of the deposition ground (10 %; 23). 

14  18 finds analysed only ‘in situ’, 1 fibula did not fit 
in the chamber (inv. no. D2077), 3 unnecessary analy-
ses due to the nature of the finds (inv. no. MV5924, 
2019-01-109 and 2021-01-179), 1 sample was depleted 
by other analyses (inv. no. St. 66120).
15  For further examples see Appendix 1, Figs. 221-
223.

In 17 % of the cases (39), bronze alteration 
by-products and soil residues were identified in 
combination. 
If HMC is present, the decoration is likely to be 
made of C. rubrum. In its skeleton, in fact, the 
Mg-content ranges from 9 to 15 mol% MgCO3, 
with a mean value of 12±1.0%. The extreme 
variability in the Mg-content in different analyt-
ical spots on the same sample is another occur-
rence compatible with this kind of material. In 
the C. rubrum calcitic skeleton, minor elements 
 are also present (Na, S, Sr, K, P, B, Ba, Fe, Li, Mn, 
Pb and U: Hasegawa et al. 2010; Floquet et al. 
2015; Vielzeuf et al. 2008; 2013; Weinbauer et 
al. 2000), which are also detected in the inves-
tigated artefacts – together with others derived 
from soil of bronze alteration (Na, Al, Si, P, S, Cl, 
K, Ti, Mn, Fe, Ni, Cu, Zn, As, Sr, Ag, Sn, Pb: Fig. 
153b; Tabs. 23-24). 
Sulphur (S) – a common element in marine and 
biogenic  calcites, detected both in the inorgan-
ic and organic parts of C. rubrum – is abundant 
in both HMC and MMC, but lower in LMC. This 
is in agreement with a possible biogenic origin 
of these materials (Busenberg, Plummer 1985; 
Hermans 2010; Macchia et al. 2016; Perrin et al. 
2017; Pingitore et al. 1995; Vielzeuf et al. 2013). 
Phosphorous (P) represents a marker of the or-
ganic matrix presence in biominerals (Vielzeuf 
et al. 2013) and is more abundant in HMC than 
in MMC and LMC. Such a depletion could indi-
cate an occurred loss of the organic portion in 
the skeleton of an originally biogenic organism 
and, consequently, a possible alteration of the 
original material. Cl and Pb show similar be-
haviours; both can be related to the alteration 
of bronze (Angelini et al. 2009; Scott 2002). 
As already done for optical microscopy, SEM 
also allows to investigate the finer details of 
these decorations – e.g., the borders of the small 
decorating inlays (i.e., where they are wedged 
in the circular hosting holes on the fibulae: Fig. 
150b) and observe the µ-morphologies typical of 
C. rubrum. These are visible in separate samples 
as well as on intact finds, especially when there 
are areas with detached material. Biogenic car-
bonatic insets show different textures: multi-
branched or aghiform with various orientations 
(Fig. 154a), microporous and with spheroidal 
particles (Fig. 154b), mammellonary or cauli-
flower (Fig. 154c), crusty (Fig. 154d), compact 
(Fig. 154e). Sometimes the typical structures of 
C. rubrum are evident: crenulation (Fig. 154f), 
wavy, medullar features. In 2 cases (inv. no. 
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Figure 150. a) BSE-image of the decoration of pendant inv. no. St. 18711 (Pianello Val Tidone): the decoration is 
completely filled with a consolidant, probably Paraloid, which conceals the underlying material; b)BSE-image of 
a circular decoration (Motto Lagone, grave 1): detail of the presence of incoherent material standing between the 

inset and the border of the hole containing it.

3051-3052), the overlapping of the growth rings 
is clearly visible (Fig. 155e). 
Non-carbonate materials show, instead, differ-
ent µ-features: vitreous materials have a con-
choid aspect (Fig. 155b), White Indian Ink looks 
like varnish (Fig. 155c), bone shows a typical 
microporosity (Fig. 155d), gypsum is compact in 

aspect (Fig. 155e). At times, peculiar details are 
observed: e.g., in the inv. no. D1750 pendant (Fig. 
155f), some fibers are trapped in the spring16.

16  For further examples see Appendix 1, Figs. 222-
223.
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Figure 151. Macro-categories identified on the basis  of major elements: ‘HMC’ = high-magnesian-calcite, ‘MMC’ 
= medium-magnesian-calcite, ‘LMC’ = low-magnesian-calcite, ‘CALC’ = calcite, ‘BONE’ = apatitic material, 

‘GYPSUM’ = gypsum, ‘ARAG’ = aragonite, ‘CHINA’ = White Indian Ink, ‘GLASS’ = vitreous material, ‘MET’ = metal 
alloy and its alteration; ‘SOIL’ = deposition ground and ‘MIX’ a mixture of MET and SOIL.

Figure 152. a) LMC samples: Mg-content variation in each sample (bar indicates the variation between minimum 
and maximum value) and average value (point indicates the average value of all the points of analysis on the  

sample); b) MMC samples: Mg-content variation in each sample (bar indicates the variation between minimum and 
maximum value) and average value (point indicates the average value of all the points of analysis on the sample).
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Figure 153. a) HMC samples: Mg-content variation in each sample (bar indicates the variation between minimum 
and maximum value) and average value (point indicates the average value of all the points of analysis on the 

sample); b) Graph of the occurrence (as a percentage of the total)  of minor elements in calcites with different 
Mg-content.
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Figure 154. a) BSE-image of a circular decoration (Motto Lagone, T1): multi-branched micro-morphology; b) 
BSE-image of a circular decoration (Bra Museum, inv. no. M589/3): micro-porous morphology; c) BSE-image of a 
circular decoration (Novara Museum, inv. no. 946): mammellonary micro-morphology; d) BSE-image of a sample 

from a circular decoration (Brignano Frascata, inv. no. C-FR-S/2): crusty micro-morphology; e) BSE-image of a 
circular decoration (Motto Lagone, T1): compact micro-morphology; f) BSE-image of an element of a composite 

bow fibula (Brembate Sotto, inv. no. 3052): crenulation features.
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Figure 155. a) BSE-image of an element of a composite bow fibula (Brembate Sotto, inv. no. 3052): superposition 
of different concentric growth-rings in annular region; b) BSE-image of a vitreous bead (Castelletto Ticino, inv. no. 
CT14031X, CT868b): conchoid micro-morphology; c) BSE-image of the TiO2 decoration of a fibula (Parre, inv. no. 
3002): varnish aspect; d) BSE-image of a bone fragment (Golasecca, inv. no. D1667); e) BSE-image of a Longone 

al Segrino type pendant (Como, inv. no. St. 33593): compact micro-morphology of gypsum; f) BSE-images of 
Longone al Segrino type pendant (Castelletto Ticino, inv. no. D1750): detail of the presence of fibre residues 

trapped in the bronze rod spring.
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7.1.3 Combustion experiments
Most of the analysed archaeological finds come 
from incineration burials. They may therefore 
have been burnt on the funeral pyre, but often 
they were placed in the grave only after crema-
tion, as documented by the absence of traces 
of combustion. Some objects were, however, 
certainly burnt, as is evident by examining the 
metal surface of the artefact. 
To simulate such conditions, a burning experi-
ment was carried out in the laboratory on sam-
ples of modern Corallium rubrum for compar-
ison purposes. 5 small fragments of modern C. 
rubrum (numbered: 0, 1, 2, 3, 4: Fig. 156a) were 
chosen and analysed by µ-Raman, SEM-EDS and 
FT-IR before and after combustion, to verify 
possible changes in the Mg-content. All analyses 
were performed in the same analytical condi-
tions as those adopted for the study of the ar-
chaeological finds. 
Coral samples were placed in ceramic crucibles 
and burnt at a constant temperature of 750°C 
overnight (Fig. 156b) in agreement with litera-
ture data (identifying T ≈ 600-700°C for cremat-
ed human remains found in Iron Age Piedmont 
contexts: Bedini, Petiti 2015). The following 
morning, they had lost their characteristic red 
colour but retained their shape. After about a 
week in the air at room temperature, they also 
lost their shape and considerably increased in 
volume (Figs. 156c-d). This experiment allowed 
recognizing the formation first of calcium hy-
droxide (portlandite) and then of secondary 
calcite. After combustion, the Mg-content de-
creased, according to literature (Floquet et al. 
2015), from an average of 12 to 9 mol% MgCO3, 
variable from sample to sample. 

CaCO3 → CaO +CO2↑
CaO + H2O → Ca(OH)2

Ca(OH)2 + CO2 → CaCO3 + H2O↑

As shown in the reaction, above the de-carbon-
ation temperature (T > 800°C) calcite decompos-
es into calcium oxide (CaO), with the release of 
CO2. Reacting with humidity in the air or soil, it 
turns into calcium hydroxide [Ca(OH)2], which 
reacts with CO2, leading to the recrystallisation 
of calcite. The de-carbonation temperature for 
calcite is not compatible with those identified 
for cremation in the Iron Age. Floquet et al. 
(2015), however, demonstrated how this tem-
perature limit is significantly lowered in the 
case of the Mg-calcite constituent C. rubrum 
(550°C). The data are in good agreement with 
ex-situ and in-situ annealing experiments per-
formed on C. rubrum by Bente et al. (2023).

7.1.3.1. µ-Raman analyses

Spectra were collected before combustion and 
then 9 months after. Before combustion, red cor-
al shows the typical peaks of calcite (1752, 1089, 
718, 280, 157 cm-1) and polyenes (3746, 3376, 
3034, 2633, 2533, 2256, 2144, 1520, 1299, 1132, 
1022, 349 cm-1). After combustion, the spectra 
show the signals of calcite (probably second-
ary), calcium hydroxide (3624, 363 cm-1) and cal-
cium oxide (3655 cm-1) with variable intensity 
(Schmid, Dariz 2015). The amount of secondary 
calcite, calcium hydroxide and calcium oxide 
residues varies in the different samples and in 
different areas in the same sample, as testified 
by the variation in intensity of the bands (Fig. 
157; Tab. 26).
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Figure 156. a) C. rubrum samples before heating treatment; b) Positioning in the oven; c) Sample 1 after heating 
treatment: appearance the day after treatment; d) Sample 1 after heating treatment: appearance after one week.

Figure 157. Comparison of the different Raman spectra of  burnt corals 9 months after combustion, from top to 
bottom: zero (blue), one (orange), two (red), three (black), four (green).
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7.1.3.2. FT-IR analyses

FT-IR analyses were performed 3 months after 
combustion (Tab. 27; Fig. 158). The spectra show 
bands of both calcite (2514, 1796, 1416, 876, 714, 
671 cm-1) and Ca-hydroxide (3648, 1648, 1444, 876 
cm-1), with variable intensity (Cizer et al. 2012). 

7.1.3.3. SEM-EDS analyses

SEM-EDS analyses performed before combus-
tion show a relatively homogenous Ca-based 
composition, with ≈ 12 mol% MgCO3 and 

other minor elements (i.e., Na, S, Al, Si). The Mg-
content slightly varies from sample to sample 
(Tab. 29). Post-burning analyses show a differ-
ent composition, still Ca-based but with a differ-
ent Mg-content.  The amount of Mg undergoes a 
general depletion after combustion, decreasing 
from ≈ 12% to ≈ 9%, with slight variations in the 
different samples, thus affecting the Ca/Mg ratio 
(Tab. 28; Fig. 159). Also, other trace elements ap-
pear (i.e. K, Fe, Sr; Tab. 30) Such evidence con-
firms that a possible Mg-loss may occur during 
the burning of the artefacts on the funeral pyre.

Figure 158. Comparison of different FT-IR spectra of burn t corals 3 months after combustion, from top to bottom: 
zero (blue), one (orange), two (red), three (black), four (green).
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Figure 159. Graph of the variation in magnesium content in calcite before and after burning coral samples.

Figure 160. Different identified materials and relative abundancy.
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7.1.4 Considerations 
In this study, 264 archaeological finds were an-
alysed by using three different archaeometric 
protocols (i.e. direct-transport, µ-sampling, ‘in 
situ’), with variable degrees of accuracy. Among 
these, the most fruitful proved to be the first 
one, since not only it is totally non-destructive, 
but allows applying different techniques and 
analysing several sites on the artefact, enhanc-
ing the quality and reliability of the results. 
The most significant outcome is that a carbonate 
phase represents the common factor detected 
in the decorations of most artefacts (163). This 
common aspect, however, can be declinated and 
contextualized in several different, multifacet-
ed materials (red coral, pure calcite, HMC, MMC, 
LMC, etc: Fig. 160), each one characterized by 
peculiar features and origins. The reasons of 
these supposed differentiations are exposed 
hereafter – as are also the other situations, in 
which a carbonate phase has not been detected.
The occurrence of C. rubrum can be certainly 
acknowledged in 46 (17 %) of the analysed arte-
facts. This certainty is provided by the contextu-
al presence of both calcite, with a significantly 
high Mg-content (HMC), and the spectral Raman 
features of organic red pigments (Hasegawa 
et al. 2010; Floquet et al. 2015; Vielzeuf et al. 
2008; 2013; Weinbauer et al. 2000). More specif-
ically, HMC is unequivocally present in 29 cas-
es (11%), while in 17 specimens (6 %) the Mg-
content is likely to be more relatable to MMC. 
This may be due to an incipient alteration pro-
cess affecting the biogenic carbonate (in table 
31 identified with altered C. rubrum), also in 
relation to the common co-occurrence of other 
materials (e.g., gypsum). In both cases (HMC and 
MMC), an extreme variability exists in the Mg-
content from one analytical spot to another, in 
agreement with what reported in the literature 
for C. rubrum (Bente et al. 2023; Vielzeuf et al. 
2008; 2013).
The archaeological artefacts for which analyses 
identify HMC and polyenes include both pinkish 
and white areas in the decorations, with no dif-
ferences in the related spectral features (differ-
ently from what observed in the modern coral 
samples, analysed for comparison purposes). 
Presence of a lower Mg-content in calcite, de-
tected in the remaining cases, opens some prob-
lem of interpretation. Referring to the conven-
tionally adopted values (Borromeo et al. 2017; 
Fürst et al. 2016; McGregor, Gagan 2003), 

calcite-based specimens have been divided, 
based on the Mg-content, in: ‘CALC’ = 0 mol% 
MgCO3; ‘LMC’ = 0-5.5 mol% MgCO3; ‘MMC’ = 5.5-
10.5 mol% MgCO3; ‘HMC’ = > 10.5 mol% MgCO3.
In the absence of polyenes, 13 artefacts (5 %) 
show presence of HMC and 24 (9 %) of MMC. 
Besides, in 50 archaeological finds (19 %) LMC 
is detected, with no polyenes. Finally, 21 speci-
mens (8 %) are made of pure calcite (in one case 
coupled to gypsum and in another one with 
bone). The absence of polyenes, as well as the 
Mg-depletion, may be related to heat treatment 
(e.g. combustion on the funeral pyre, or during 
a domestic fire, as in the case of the raw coral 
branches from Forcello di Bagnolo S. Vito, inv. 
no. 1060). In fact, polyenes decay at » 200°C, 
with consequent colour alteration (white or 
grey; Bente et al. 2023). This hypothesis may be 
valid for artefacts that also show clear signs of 
combustion in the metal parts (around 20% of 
those examined).
Several causes can justify a different Mg-content 
in calcite. For example, variations in the Mg-
content could be related to the use of materials 
other than coral – e.g., non-biogenic carbonates. 
However, as far as biogenic carbonate is con-
sidered, variations in the Mg-content could also 
be justified by a post-depositional alteration of 
the metastable HMC typical of C. rubrum, or – 
else – of aragonitic materials (e.g. white corals 
or shells).  
Both LMC and HMC can exist in nature, as far as 
non-biogenic calcites are concerned, while un-
altered calcites with intermediate values were 
never found (Borromeo et al. 2017; Fürst et al. 
2016; McGregor, Gagan 2003). This is the reason 
why when MMC is identified in an archaeolog-
ical find, with or without presence of polyenes, 
its nature is with all due probability attribut-
able to an alteration of an original C. rubrum – 
rather than to the use of other non-biogenic cal-
careous materials. Supporting this assumption, 
abundant S is usually found both in HMC and 
in MMC, indicating a probable biogenic marine 
origin in both cases (Busenberg, Plummer 1985; 
Hermans 2010; Macchia et al. 2016; Perrin et al. 
2017; Pingitore et al. 1995; Vielzeuf et al. 2013).
Therefore, alteration phenomena affecting 
an original C. rubrum – or even other mate-
rials – cannot be excluded. A loss in the Mg-
content can be induced by meteoric diagene-
sis, leading to the formation of MMC, or even 
LMC, starting from an original HMC (typical of 
red coral), or even from aragonite (principal 
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component of deep-water-corals) (Angelini, 
Molin, 2015; Borromeo et al. 2017; Fürst et al. 
2016; McGregor, Gagan 2003). Those artefacts 
in which either pure calcite, LMC or MMC are 
detected could therefore result from post-depo-
sitional diagenesis in the soil of an original red 
coral. However, though presence of MMC could 
be caused by diagenetic alteration, some alter-
native explanations – not to be completely ruled 
out – may also exist.  These include the selection 
and use, by the ancient craftsmen, of white cor-
als resulting from post-mortem diagenetic phe-
nomena in the marine environment, or that of 
fossil corals17 (Bente et al. 2015; 2017; Schrickel 
et al. 2013; 2014). This hypothesis is also sup-
ported by some outcomes achieved in the cur-
rent study. In fact, the analysis of the modern 
sample of white coral ‘no. 6’ brought to the iden-
tification of MMC (10.11 mol% MgCO3), suggest-
ing that similar materials might also have been 
used in ancient times (see section 7.1.1.5). An en-
richment of the comparative studies performed 
on modern corals for comparison purposes, es-
pecially on white Mediterranean corals, could 
help in shedding light upon this aspect for the 
future.
For what concerns the rest of the investigat-
ed record, in 70 artefacts (26 %) no decorative 
material was detected in the artefact’s circular 
holes or engravings, etc., but only soil residues 
or metal alteration products (Fig. 160). In 6 cas-
es (all with the ‘in situ’ approach), the analyses 
were inconclusive. In 2 cases (both La Tène fibu-
lae18), the interpretation is doubtful (Figs. 74-75) 
since the analyses exclude the presence of Ca-
carbonate material, detecting instead quartz, 
possible illite and kaolinite by µ-XRD. As such, 
they could refer to a kaolin-based decoration, or 
to traces of soil retained by a binder, original-
ly applied to hold cabochons in other materials 
(e.g., coral or glass) that might have been lost 
(Zlámalová Cílová et al. 2024, pp. 59-60). Raman 
analyses unfortunately give no indication and 
further investigations are necessary for their 
sharp characterisation (see section 4.3.2).  In 8 
cases (3 %) the presence of ‘White Indian Ink’ 
was identified, surely related to a modern inter-
vention (late 19th-early 20th century; Schrickel, 

17  The latter would be easily identifiable with the 
study of C and O isotopes, because they yield very dif-
ferent data from modern or altered coral (Bente et 
al. 2023).
18  I.e., inv. no. St. 74974 and St. 74975, from Chio-
monte (TO).

Bente 2013; Fig. 161a)19. Vitreous material was 
detected in 4 cases (< 2 %), referring to beads 
and pendants. 
In 14 cases (5 %), the analysis revealed the pres-
ence of apatite. It is sometimes exclusive and 
suggests that a material other than coral – prob-
ably bone – was used for decoration purposes20. 
Conversely, when apatite is accompanied by 
other materials (7 cases: 6 leech fibulae with cir-
cular decoration and a grooming tool), the inter-
pretation becomes troublesome. Apatite, in fact, 
is detected only by certain methods; moreover, 
in these cases Cu (detected by EDS) is abundant, 
suggesting a possible contamination by both 
metal alteration products and bone material 
present in the burial. In 3 of these cases, gyp-
sum was also detected, indicating an interven-
ing marked post-depositional alteration, which 
may also have played a role in this respect. 
Gypsum or anhydrite were detected in 8 cas-
es (3 %), generally in association with calcite 
and/or bone – except in two cases21.  Rather 
than a further decorative material, presence 
of these sulfates is probably due to a gradual 
transformation after an original coralline ma-
trix, occurred during the artefact’s interment 
in acidic soils. In some cases (e.g., inv. no. St. 
33593) OM-observations clearly identify the 
canalicular µ-morphologies typical of C. rubrum 
(see Appendix 1, Fig. 217b). Transformation of 
Ca-carbonate into gypsum due to sulfation is a 
well-known process, with SO2 and SO4

2- being 
the most important S-sources in air and water 
(Charola et al. 2007; Siedel, Siegesmund 2014). 
Formation of gypsum on a calcareous matrix af-
ter weathering depends on several factors (e.g., 
pollutants concentration, moisture, surface het-
erogeneity and porosity), with a growth rate of 

19  This is not a common practice but a specific 
case, brought to my attention during the survey for 
the identification of the analytical record: 10 fibulae 
from the archaeological site of Parre (BG), known for 
the discovery of a conspicuous bronze hoard at the 
end of the 19th century, displayed various linear and/
or geometric decorations, marked by an unusually 
bright white colour.
20  In this case, the objects belong to different cate-
gories: 3 beads (one of which was probably made of 
deer antler), a composite bow fibula, a Late Hallstat-
tian fibula and 3 fragments of burnt bone (mistakenly 
confused with decorative material, but probably part 
of the cremated remains).
21  I.e. a pendant ‘Longone al Segrino’ type (Como, 
Ca’ Morta, grave 302, inv. no. St. 33593) and a fibula 
with ‘occhio di dado’ decoration (Parre, inv. no. 128).
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few μm/year (Giustetto et al. 2020). Simulations 
were also performed on modern C. rubrum, 
which proved that a superficial gypsum film 
forms when treating coral with a (Na,NH4)2SO4 
solution (Bente et al. 2015c). Its presence in as-
sociation with calcite in 4 cases22 supports this 
hypothesis. 
In a few cases (9, all related to an ‘in situ’ ap-
proach), presence of a generic Ca-carbonate 
was recognised by p-Raman (the only one use-
able in that situation), without the possibility 
of discriminating between calcite or aragonite 
(due to a marked fluorescence covering almost 
all signals). This further confirms that by apply-
ing a single analytical method (e.g., in the ‘in 
situ’ approach), only limited information can be 
obtained. 
Aragonite was identified only on one artefact, 
i.e., in a grooming tool from the Piovego necrop-
olis in Padua (grave 95, no. 11, tweezer). This 
tool is part of a more elaborate grooming set, 
consisting of tweezer, ‘auriscalpium’ and ‘scalpi-
torium’, held together by a suspension element. 
This exquisitely crafted bronze set has a mixed 
linear and circular decoration, containing insets 
of presumed coral. For this set, the extraction of 
only two micro-samples was authorised: a circu-
lar decoration on the ‘scalpitorium’ and the lin-
ear decoration on the tweezer were thus chosen 
(Fig. 161b). The analysis of the linear decoration 
evidenced presence of aragonite, whereas that 
of the circular inset revealed presence of LMC 
(4.21 mol% MgCO3). These results open to differ-
ent interpretations: 1) original aragonitic com-
position for both decorations (white deep-sea 
Mediterranean coral or shells), with alteration 
of circular decoration in secondary LMC; 2) use 
of different materials. Further analysis on other 
decorations on this or other similar grooming 
sets may help in solving such an issue. 
In one case, the possible use of Spondylus gaedero-
pus has been identified, indicated by presence 
of LMC (4,26 mol% MgCO3) and polyenes. The 
identification of HMC and polyenes would in 
fact suggest the use of C. rubrum as a possible 
decorative material. Its skeleton is composed of 
HMC, with a MgCO₃ content ranging from 8-9 to 
15 mol%, and polyenes. However, the low Mg 
content detected by SEM-EDS in this artefact, 
in association with the presence of polyenes, 

22  I.e. inv. no. St. 72276 from Pombia, D2065 from 
Golasecca, 23.M380-9.2 and NCT0100026418 from San 
Bernardino di Briona.

suggests the use of a portion of the upper co-
loured valve of S. gaedeopus instead. 
Unfortunately, this artefact (dolphin-shaped fib-
ulae) is not from northern but probably from 
southern Italy (Basilicata) and has been anal-
ysed for comparison purposes (see section 3.3.4; 
Fig. 162). The red eyes of two of the artefacts23 
were examined and found to be made of C. ru-
brum (9.91 mol% MgCO3) in one case and of S. 
gaederopus in the other. This differentiation 
suggests that a degree of heterogeneity may 
have existed in the selection of raw material 
sources, possibly in relation to different coastal 
geographical areas.
The recurrence in the use of a particular mate-
rial was also evaluated in relation to the main 
types of archaeological artefacts, in an attempt 
to understand whether the ancient artisans may 
have privileged the use of certain materials for 
producing specific types of artefacts. However, 
the number of objects analysed for each type 
varies considerably. In some cases, such as 
grooming tools, it is very low, whereas in others, 
such as leech fibulae, it is very high. An attempt 
was made to correlate the type of archaeologi-
cal find with the raw material used. However, it 
is worth noting the statistical uncertainty that 
affects these considerations.
The different types considered were also 
grouped into two main macro-groups: less-pro-
cessed objects, which retain clearly visible sur-
face micro-morphologies useful for identifying 
the raw material (e.g., C. rubrum), and artefacts 
with highly worked coral parts, for which it is 
less easy to recognise characteristic surface 
morphologies.
For what concerns the less processed objects, 
a predominance of C. rubrum is not observed, 
though in some cases its typical µ-morpholo-
gies (see section 7.1.2.1) can be appreciated. It 
is predominant only in the rough coral branch-
es (50% C. rubrum; 17% altered C. rubrum; 
33% MMC; Fig. 163a). The greatest variability 
in materials is observed in beads (Fig. 163b); 
their composition seems to vary geographical-
ly: those from the Venetic area show a predom-
inant Ca-carbonate composition. For this type, 
C. rubrum or altered C. rubrum are again pre-
dominant, respectively 8% and 42%. The situ-
ation varies for the pendants (Figs. 163c-d) as 
well as for the composite fibulae (Fig. 163e): the 

23  I.e. inv. no 23-M380-9.8 (Fig. 10) and 23-M380-
9.10 (Fig. 164).
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Figure 161. a) White Indian Ink decoration of fibula inv. no. 40 from Parre (Bergamo Archaeological Museum; ph. 
Berruto; metric reference 1 cm); b) Grooming tools set from Piovego necropolis, Padua (tomb 95, no. 10): sam-

pling point and detail of the analysed areas (ph. Berruto; drawing modified after Gallo 2023).
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analyses identified mostly carbonate material, 
with a predominance of LMC. As the µ-features 
of C. rubrum are often visible, a greater inter-
vention of alteration phenomena is assumed for 
these materials.
The situation is similar for artefacts with highly 
worked coral parts. For both bucket pendants 
(Fig. 163f) and grooming tools (Fig. 163g), an 
exclusively Ca-carbonate composition is identi-
fied, with a strong predominance of LMC (50%). 
Some categories, such as late-Hallstattian fibu-
lae, are poorly represented. The best represent-
ed category is that of leech fibulae with circular 
decoration (Fig. 163h), for which a carbonate 
composition is predominant again, with a few 
rare exceptions. For this type, there is greater 
variability among the materials identified, due 
to the larger number of finds analysed: 22% 
LMC, 16% C. rubrum, 12% calcite, 11% MMC, 6% 
HMC, 5% altered C. rubrum, 3% CaCO3, 2% other 
materials, 23% no decoration. 
An examination of the occurrence of differ-
ent raw materials across artefact types did not 
reveal any statistically significant trends. An 
important finding is the association of char-
acteristic morphologies of C. rubrum in some 
less-processed objects with the predominance 
of LMC in the archaeometric analysis, which 
is probably an indication of marked alteration 
phenomena. This phenomenon is most no-
ticeable in artefacts with metal parts, such as 
Longone pendants and composite bow fibulae. 
By contrast, it does not occur in artefacts with-
out metal parts, such as raw coral branches 
and beads, where archaeometric investigations 
mainly identify C. rubrum or altered C. rubrum. 
It is therefore possible to hypothesise the occur-
rence of alteration phenomena involving Mg 
depletion and polyenes loss in relation to depo-
sition in contact with bronze. If this hypothesis 

were true, this data would be crucial for inter-
preting the results of archaeometric analyses 
of bronze artefacts with highly worked coral 
parts, such as leech fibulae, bucket pendants 
and grooming tools. Close contact with metal in 
these artefacts may have promoted post-deposi-
tional alteration, making it difficult to identify 
C. rubrum in the absence of micro-morpholo-
gies that are recognisable under an optical mi-
croscope. However, it should be noted that the 
corpus considered for this correlation is not 
homogeneous. The number of archaeological 
finds analysed for each type is not always com-
parable (e.g. 3 pendants and 133 leech fibulae). 
These considerations therefore remain specula-
tive and would require further analysis to make 
the comparison statistically relevant.
Focusing exclusively on leech fibulae, the best rep-
resented type, an attempt was made at identifying 
possible trends in relation to other factors, such 
as: occurred combustion (Fig. 164a), typological 
based-chronology (Fig. 164b), year of discovery 
(Fig. 164c) and macro-area of origin (Fig. 164d).
Relating data to a possibly intervened combus-
tion provides some interesting considerations 
(Fig. 164b). Such an event, in fact, has a cer-
tain recurrence in those leech fibulae in which 
LMC and/or pure calcite are found (incidence of 
burnt artefacts ≈ 50 %) – thus being responsible 
(in whole or in part) for a certain depletion in 
the Mg-content. Conversely, C. rubrum is always 
found on non-combusted artefacts. Also, the in-
cidence of combustion is almost negligible for 
the HMC-based (1 case out of 8) and MMC-based 
(3 out of 15 cases) decorations. In the case of 
HMC, combustion may have accounted for loss 
of the polyenes (at T > 200°C), whereas for MMC 
(according to experimental data from modern 
coral combustion), it might have explained a 
gradual depletion in the Mg-content.

Figure 162. Dolphin-shaped fibula of unknown provenance (Collezione Assi, Musei Reali, Torino;  
inv. no. 23-M380-9.10, 4/27; ph. Berruto; metric reference 1 cm).
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Figure 163. a) Identified materials for 6 raw coral branches; b) Identified materials for 12 analysed beads; c) 
Identified materials for 15 Longone al Segrino type analysed pendants; d) Identified materials for analysed 3 

other pendants; e) Identified materials for 9 analysed composite fibulae; f) Identified materials for 8 analysed 
bucket pendants (1A type); g) Identified materials for 6 analysed grooming tools; h) Identified materials for 133 

analysed leech fibulae with circular decoration.
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Figure 165. Graph of the quantity of burnt and unburnt artefacts by type of material identified.

Figure 164. a) Leech-fibulae with circular decoration: percentage of burnt finds; b) Leech-fibulae with circular 
decoration: different artefact dates on a typological basis and relative percentages; c) Leech-fibulae with circular 

decoration: year of discovery and relative percentages; d) Leech-fibulae with circular decoration: geographical 
macro-areas of origin and relative percentages.
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As far as chronology is concerned, another in-
teresting trend emerges. On a typological basis, 
by correlating the presumed dating of the leech 
fibulae with the identified decorating materials, 
two main chronological macro-divisions (560-
480 BCE and 480-440 BCE) can be individuated 
–plus a third overlapping phase (525-440 BCE)24 
(Tab. 31; Fig. 166). According to this trend, the 
following generalisations can be sketched:
-	 C. rubrum is most frequently found in the 

decorations of the more recent artefacts 
(480-440 BCE), where LMC is absent;

-	 Higher variations in the Mg-content charac-
terize the oldest chronology (560-480 BCE).

However, it should be noted that the more recent 
finds are the less represented in the analytical 

24  The chronological classification (see section 
4.2.1.4) of leech-fibulae with circular decoration is 
based firstly on the variants of bow decoration, iden-
tifying two macro-groups: classical type (variants A, 
B, C, D, E, F: 560-480 BCE) and evolved ‘Palestro’ type 
(variant G: 480-440 BCE). If the bow is not preserved, 
it can be referred to the foot, with three chronological 
subdivisions: classical type (variants P, S, V: 525-480 
BCE), ‘Palestro’ type (variants G or GG: 480-440 BCE) 
and intermediate type Q (525-440 BCE).

record (Fig. 164b) – which might also explain 
the higher variability in the Mg-content of the 
older finds (as the number of analysed finds in-
creases, so does the variability). In spite of this, 
the higher incidence of C. rubrum in the more 
recent artefacts could hint that this material be-
came more and more used in time. 
Based on the year of discovery, the leech fibulae 
were divided into 6 groups: i) pre-1900, ii) 1900-
1950, iii) 1950-1980, iv) 1980-2000, v) 2000-today, 
vi) no data indication. All groups are well repre-
sented in the analytical record (Fig. 164c) and 
no specific trend is highlighted by comparing 
this data with the frequency of the different ma-
terials identified (Fig. 167).
The leech fibulae were also divided into 6 groups 
on the basis of the cultural affiliation to the site 
of origin: i) Golasecca area, ii) Venetic area, iii) 
Liguria Interna, iv) Etruria Padana, v) western 
Po valley and vi) unknown (Fig. 164d). Etruria 
Padana is the least represented area (only 1 
fibula), while the best represented ones are the 
Golasecca and Este (or Venetic) cultures, with 69 
and 34 analysed items respectively. Occurrence 
of LMC is higher in the Este culture area than in 
the Golasecca area, where instead calcite is well 

Figure 166. a) Occurrence of different materials in fibulae decorations dated to 480-440 BCE; b) Occurrence of 
different materials in fibulae decorations dated to 525-440 BCE; c) Occurrence of different materials in fibulae 

decorations dated to 560-480 BCE.



176 Coral Lies. Unveiling Technological Exchange and Trade in the Early Iron Age

Figure 167. Occurrence of different materials in different discovery chronological ranges.

Figure 168. Frequency of different materials in different geographical macro-areas.



177 Giulia Berruto Archaeometric Analyses: Results

Figure 169. a) Occurrence of different materials in fibulae decorations from Golasecca area; b) Occurrence of 
different materials in fibulae decorations from Este area; c) Occurrence of different materials in fibulae decora-

tions from Liguria Interna; d) Occurrence of different materials in fibulae decorations from western Po Valley.

documented. The incidence of some materials 
is slightly unbalanced in favour of the Venetic 
macro-area (i.e., altered C. rubrum and MMC), 
while the occurrence C. rubrum is slightly high-
er in the Golasecca area (Figs. 168, 169a). Some 
trends are also observable for ‘Liguria Interna’ 
and the western Po Valley (Figs. 168, 169c), but 
they are scarcely significant, due to the low 
number of artefacts from these areas (Fig. 164d).
Based on these trends, as far as leech fibulae 
with circular insets (the most represented type 
of the dataset) are concerned, the most rele-
vant discriminant factor concerning the use of 
red coral seems to be based on chronological 
issues. The higher incidence of C. rubrum has 
been identified in the more recent finds (480-
440 BCE). This could indicate that, in the earliest 
phases, the use of different materials to produce 
these decorations was also common practice, 
and that the use of coral became more and more 
consolidated in time – maybe also favoured by a 
stylistic development that caused a certain evo-
lution in the manufacture of more sophisticat-
ed – hence, more precious – objects of fine art. 
This hypothesis should be confirmed by extend-
ing the analytical record to a higher number of 

fibulae of the evolved type – which prevail in 
the Swiss area of the Golasecca culture.
Supporting this evidence, the case of a leech-fib-
ula from San Bernardino di Briona (Fig. 170; inv. 
no. NCT0100026418; 525-480 BCE) is singular. In 
the decoration of this object, the use of differ-
ent materials (C. rubrum, apatite and gypsum) 
is documented. If gypsum could result from an 
alteration of calcite (as indicated by the simulta-
neous presence, in one hole, of both analytical 
signals), apatite may indeed indicate the use of a 
different material. This artefact is also singular 
in its manufacture, since – unlike general uni-
formity – it has variable hole sizes (Ø 2-4 mm). 
As such, it could thus represent an experimenta-
tion of a sophisticated manufacturing technique 
in the artefact design, corroborated by the adop-
tion of several decorating materials.
By extending the discussion to each and every 
type of artefact examined in our dataset, the ar-
chaeometric analyses in many cases identified 
LMC or MMC in poorly worked artefacts, which 
simultaneously retain surface traces of the 
µ-morphologies typical of C. rubrum. In these 
cases, any anomalous compositional variation 
(i.e., a lower Mg-content) should depend – with 
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Figure 170. Leech fibula with circular decoration from San Bernardino di Briona (inv. no. NCT0100026418).

Figure 171. Bead on a composite bow fibula from Brembate Sotto (inv. no. 67): a) detail of the fracture (metric ref-
erence 1 mm); archaeological find (ph Berruto, metric reference 1 cm).
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all due probability – on an occurred alteration 
of C. rubrum, which brought to Mg-depletion 
and denaturation of polyenes. To corrobo-
rate such interpretation, a particular situation 
must be described: composite bow fibula from 
Brembate sotto (inv. no. 67, Fig. 171) with a bead 
inserted in the foot. In this artefact, no specific 
µ-morphologies of coral were observed at the 
microscope, but useful suggestions came from 
the archaeometric results. Its chemical com-
position, measured by EDS, revealed presence 
of LMC (average 4.25 mol% MgCO3) on the en-
tire surface of the bead, further confirmed by 
Raman. However, presence of a small fracture 
allowed µ-Raman analysis of an inner portion, 
in which both polyenes and calcite were identi-
fied. Such evidence confirmed that an alteration 
of an original C. rubrum had indeed occurred, as 
diagenesis during burial of the artefact caused 
Mg-depletion, proceeding from the surface in-
wards and resulting in the preservation of the 
original composition only in the core of the 
object, as demonstrated in previous studies on 
a similar artefact from Leinbach (Bente et al. 
2020)25.
Finally, with regard to the organic materials, 
an identification was attempted comparing the 
related spectral features with those of modern 
samples and literature (Casanova et al. 2016; 
Rageot et al. 2019). Unfortunately, materials 
used as ancient binders often show spectra very 
similar to those of synthetic materials used now-
adays for restoration purposes (having at times 
been used as restoration materials themselves: 
e.g., beeswax). It was therefore not possible to 
identify with certainty the presence of organic 
binders, also due to the absence of any data re-
garding the restoration history of the artefacts.

25  In the case of a fibula from the Second Iron Age 
(La Tène) from Leinbach (similar because it is cha-
racterised by a metal arch covered with coral beads), 
TEM-AEM and µ-XRD analyses detected a different 
composition between the surface (Mg-free calcite) 
and the inner part (HMC), probably resulting from 
interaction with meteoric water (Bente et al. 2020).

7.2 Metal surface
The results reported here refer to the analysis 
of 118 archaeological finds (plus 23 addition-
al samples)26. Different non-invasive analyti-
cal techniques were applied in this study – i.e., 
µ-Raman, µ-XRD and SEM-EDS; the latter two 
proved to be the most effective for investigating 
bronze alteration products27.

7.2.1. Optical microscopy
Optical microscopy provides information about 
the technological aspects (see section 8.1) and 
conservation purposes. The artefacts are affect-
ed by different levels of alteration, probably re-
lated to diagenetic phenomena occurring in the 
post-burial phase, or influenced by post-excava-
tion life and restoration.
Generally, the metallic surface is covered by a 
patina of alteration of various colours, appear-
ances and extent. At times, it has been removed 
(as in the artefacts from Como, via Isonzo, 
where microscopic examination reveals traces 
of heavy abrasion during restoration: Fig. 172a). 
Elsewhere, no intervention was done, and the 
alteration products are perfectly preserved (Fig. 
173), sometimes even obliterating the decora-
tions (Fig. 174; see section 7.1.2.1). Occasionally, 
post-excavation life alteration is visible, (e.g., 
growth of alteration products after restoration: 
Fig. 172b). 

26  This investigation has always been performed 
on all the metallic artefacts transported to the Univer-
sity’s laboratories (118), for which has been possible 
to collect many points of analysis. Data on metallic al-
teration products, obtained from µ-sample analysis, 
are also reported for completeness.
27  Due to the short acquisition times, many analyti-
cal spots on the artefact were acquired for µ-Raman 
and SEM-EDS investigations; for µ-XRD, only one spot 
was usually analysed; in this case, the data refer to 
the areas around the decorations.
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Figure 172. a) Leech fibula decoration (Como, via Isonzo; inv. no. St. 57262): heavy abrasion during restoration on 
both the metallic and coral parts; b) Fibula from Parre (inv. no. 49): bronze alteration products on modern White 

Indian Ink decoration.

Figure 174. Leech fibula with circular insets from 
Piovego necropolis (inv. no. 86.3a; ph. Berruto;  
metric reference 1 cm): detail of the bow upper 

part, showing an almost complete obliteration of 
the decoration due to presence of surface alteration 

products.

Figure 173. Leech fibula with circular insets from 
Piovego necropolis (inv. no. 108.3): not restored arte-

fact with marked patina (ph. Berruto; metric  
reference 1 cm).
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Figure 176. µ-Raman analysis results and relative abundance per number of artefacts.

Figure 175. St. 72276 (Pombia necropolis): Raman spectrum of the metal surface analysis in black and compar-
ison with the spectrum of beeswax (orange) and malachite (RRUFF database - malachite Zaire: Lafuente et al. 

2015; green).
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7.2.2. µ-Raman analysis
They were carried out on 118 archaeological finds 
with preserved metallic portions, using a bench-
top µ-Raman instrument. In most cases (72 %, 85 
archaeological artefacts), no interpretable signal 
was obtained, with due exception (Fig. 176) – such 
as malachite (Fig. 175), cuprite (1 case each), mala-
chite & cuprite (1), cerussite (2) and cassiterite (2). 
Organic compounds have also been detected, i.e., 
Paraloid (2 cases) and beeswax (2). For a more de-
tailed overview, see Tab. 32.

7.2.3. µ-XRD analysis 
Several crystalline phases were detected (Fig. 177; 
Tab. 33) related to metal alteration by-products, 

suggesting a possible composition for the original 
alloy. Copper alteration products are various (Figs. 
180-184)28, followed by tin alteration products 
(Fig. 187)29, indicating that bronze is indeed the 
alloy forming the artefacts. Lead by-products are 
also present (Figs. 185-186)30, which (as corrobo-
rated by EDS analyses: see section 7.2.5) provide 
interesting technological suggestions (see section 
8). In some cases, reflections at d = 2.12 and 1.84 
Å specifically indicate presence of bronze (Fig. 
179: Asnavandi et al. 2013; Liao et al. 2018; Song, 
Tegus 2023) – especially in those artefacts where 
the surface alteration patina is reduced or absent. 
Moreover, the identification of mckinstryite (Ag2S; 
Fig. 178) suggests presence of silver (also con-
firmed by EDS).282930

28  i.e. malachite [Cu2(CO3)(OH)2], presudomalachi-
te [Cu5(PO4)2(OH)4], azurite [Cu3(OH)2CO3], cuprite 
(Cu2O), atacamite [Cu2(OH)3Cl], paratacamite [(Cu, Zn, 
Ni, Co)2(OH)3Cl], mcguinnessite [(Mg,Cu)2(CO3)(OH)2], 
tenorite (CuO), tennantite [Cu6(Cu4Zn2)As4S13].
29  i.e. cassiterite (SnO2), burtite {Ca[Sn(OH)6]}.
30  i.e. teallite (PbSnS2), cerussite (PbCO3), pyromor-
phite [(PbCl)Pb4(PO4)3], caracolite [Na3Pb2(SO4)3Cl].

Figure 177. Identified crystalline phases (bronze alteration products) and relative abundance 
(X = sure identification; ? = questionable).
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Figure 178. Diffractogram of composite fibula inv. no. E5957 (Como): Mckinstryite (blue), silver (light blue),  
Mg-calcite (red), teallite (orange), albite (pink), anorthite (purple).

Figure 179. Diffractogram of fibula inv. no. 9 (Parre) with linear decoration: bronze (d = 2.12 e 1.84) 
and unidentified reflections at d = 3.03, 3.31, 4.12 e 5.47.
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Figure 180. Malachite diffractogram (leech fibula inv. no. D2773, Castelletto Ticino).

Figure 181. Diffractogram of fibula inv. no. St. 57244 (Como, via Isonzo): azurite (light blue), malachite (green) 
and quartz (blue).
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Figure 182. Diffractogram of fibula inv. no. 46 (Parre): cuprite (orange) and doubtful quartz (blue).

Figure 183. Diffractogram of sample VF43c, collected on fibula inv. no. SP28b (Villa del Foro): tenorite (red) and 
quartz (blue).
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Figure 184. Diffractogram of a point of the bow of the fibula inv. no. St. 99209 (Forcello di Bagnolo San Vito): ata-
camite (green) and quartz (blue).

Figure 185. Diffractogram of bucket pendant inv. no. St. 145782 (Forcello di Bagnolo San Vito): cerussite (orange) 
and calcite (red).
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Figure 186. Diffractogram of a point on the foot of the fibula inv. no. St. 99209 (Forcello di Bagnolo San Vito): teal-
lite (green), calcite (red) and quartz (blue).

Figure 187. Portion of the diffractogram obtained on the fibula’s foot inv. no. 2021.01.181 (Gropello Cairoli, 
loc. Santo Spirito): cassiterite.
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7.2.4. SEM-EDS analysis 
Semi-quantitative chemical EDS analyses were 
performed on 116 archaeological finds. Analyses 
were carried out on different metallic areas and 
then averaged, in order to obtain a meaningful 
composition (Tab. 37). 
Data were treated separately in the case of com-
posite artefacts (4 cases), for which, on the basis 
of archaeological and technological observa-
tion, the presence of several joined parts is ob-
served or assumed: e.g. leech fibulae in which 
body and needle are the result of two different 
casting moments. This choice is dictated by the 
need of verifying possible compositional differ-
ences (i.e. presence/absence of Pb).
Based on the obtained data, interesting tech-
nological considerations emerge, which should 
be considered with caution. The investigations 
carried out, in fact, do not relate directly to the 
original alloy composition, but rather to surface 
analyses which are, in most cases, influenced by 
presence of related alteration products. The re-
sults are therefore variously influenced by the 
alteration processes that occurred in the depo-
sition ground and later in the various phases of 
the artefacts post-excavation life (e.g., cleaning 
and/or restoration interventions, or conserva-
tion issues, etc.).
Copper almost systematically present in the 
metal alteration products, often accompanied 
by tin in (82% of the cases; 95 objects) and lead 
(66%; 77) (Figs. 188-189). Sometimes Pb is found 
even when Sn is not detected. In many cases, Sn 
and Pb amounts are quite high (in 33 cases Sn 
> 20 wt% and in 21 cases Pb > 20 wt%). Such an 
anomaly might be explained by the above-men-
tioned surface alteration phenomena, which 
may cause considerable compositional varia-
tions (Angelini et al. 2009; Northover 1998; 
Scott 2002). The high Pb content may also be 
the result of extreme segregation: during cast-
ing, in fact, it tends to migrate to the surface be-
cause it cools down less quickly than Cu and Sn 
(Charalambous et al. 2014; Giumlia-Mair 2003; 
Northover 1998).
Considering the high number of finds and their 
typological variety, an analysis of the data is at-
tempted here by grouping them in functional 
classes. For each type, the presumed tin and lead 
wt% content was checked, as well as the pres-
ence of trace elements (i.e. Ni, Zn, As, Ag, Sb). 
Chemical analyses also identified the presence 
of other minor or trace elements (i.e. Na, Mg, Al, 

Si, P, S, Cl, K, Ca, Ti, Mn and Fe), but these are not 
considered hereafter, as they are likely to result 
from enrichment phenomena in the corrosion 
layer and/or related to the depositional ground 
(Dungworth 1996; Ingo et al. 2006).
It is well known that the actual composition of 
the alloy is directly related to the possible tech-
nological processes involved in the manufac-
ture of the various instruments. Artefacts that 
involve processing after casting (e.g. hammer-
ing) will require a strong, elastic and ductile 
alloy (i.e. bronze with a Sn content < 10 wt%), 
while those that are cast-finished (e.g. with very 
thin or finely decorated parts) will require a 
very fluid alloy in casting, with high Sn content 
and eventually addition of Pb (Figs. 188-18931; 
Charalambous et al. 2014; Giumlia-Mair 1998; 
2000; 2003; 2005; Giumlia-Mair et al. 2016; 
Klein, Hauptmann 1999; Northover 1998). 
Based on such premises, the most significant 
outcome is the constant presence of lead in 
cast-finished artefacts and its quite total lack in 
those requiring post-casting working (Fig. 189). 
In the latter case, there are some differences be-
tween the macro-categories identified (Tab. 34): 
the pendants Longone-type and the composite 
bow fibulae are characterised by no or very low 
tin content (0-3/4 wt%), while this seems to be 
higher in the more elaborate fibulae (i.e. arch 
fibulae from Parre32 and latenian fibulae from 
Chiomonte33). This difference is consistent with 
the technological aspects of the artefact pro-
duction: lower tin contents correlate with ful-
ly hammered objects. The artefacts from Parre 
show a lead content < 1%, not suggesting an in-
tentional addition. 

31  As the record examined consists predominantly 
of cast-finished artefacts (95) and to a lesser extent 
post-cast worked artefacts (24), the values in the hi-
stograms have been normalised as a percentage of 
the total artefacts for each type (i.e. cast-finished or 
worked).
32  Several types of fibulae involving post-casting 
processing steps from the Parre (BG) deposit have 
been grouped in this category: i.e. arch fibula, low 
arch fibula, flat-arched fibula, foliate-arch fibula.
33  This category is here represented by the two La-
tenian folded-foot fibulae from Chiomonte (TO).
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The averaged Sn content of the cast-finished 
artefacts is generally > 10 wt%, except in the 
navicella fibulae (Fig. 190a; Tab. 35). A high tin 
content improves the castability of the alloy and 
is consistent with elaborate artefacts.
Leech fibulae have been subdivided according 
to the decoration (circular, linear, or transver-
sal) and the features of the arch (full or with 
terracotta core), as these factors are likely to 
have an influence on the production technol-
ogy. This division shows that the Pb content is 
actually higher in leech fibulae with a terracot-
ta core (11-14 wt% average) than in those with 
full-arch (4-9 wt% average), in agreement with 
what expected (Fig. 190b; Tab. 35) 34. The differ-
ence between the two types is striking and can 
probably be attributed to a difference in con-
tent even in the original alloy. The first type of 
arch is characterised by presence of a terracotta 
core surrounded by a thin layer of metal (≈ 1 
mm thick), which requires the use of a very flu-
id casting alloy.

34  These values are slightly high compared to what 
is reported in the literature, probably due to segrega-
tion or alteration phenomena (Angelini et al. 2009; 
Charalambous et al. 2014; Giumlia-Mair 1998).

Figure 188. Sn wt% content frequency for cast-finished and worked after casting objects: each column counts 
the number of objects having Sn in a concentration range of 1% by weight.

The pin, on the other hand, has to be made in 
a different moment and then incorporated into 
the fibula body. As such, it requires a differ-
ent composition because it has to be worked 
by hammering after casting. Analysis of the 4 
available pins from leech fibulae confirmed the 
archaeo-technological hypotheses (see section 
8.1), revealing the absence of lead and a low tin 
content (average 5 wt%; Tab. 34).
A difference in the amount of Pb is shown also 
by other archaeological types (Tab. 35). The lev-
els found in bucket pendants (average 19 wt%)35 
and Late Hallstattian fibulae36 (average 14 wt%) 
are comparable to those found in leech fibulae 
with terracotta core. Conversely, grooming tools 
show lower Pb levels (average 4 wt%)37.

35  Four bucket pendants were analysed, one of 
which was covered with Paraloid (inv. no. St. 18711) 
and therefore not considered.
36  Full-arch leech fibulae with transverse decora-
tion and late-hallstattian fibulae have been grouped 
in this category for similarity.
37  Of the 3 grooming tools analysed, 2 showed tra-
ces of combustion. Combustion may have favoured 
the migration or loss of volatile elements, altering 
the composition even more. The Sn and Pb conten-
ts for the non-combusted artefact are 23 and 4 wt % 
respectively.
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The low Sn content (< 10 wt%) and almost total 
lack of Pb (< 1 wt%) in the navicella fibulae is sur-
prising. From a technological point of view, this 
type shows several similarities with the leech 
fibulae with terracotta core but seems to have 
a very different composition. Both are in fact 
modelled in wax around a clay core (lost-wax 
technique: Giumlia-Mair 1998). Unfortunately, 
these data lack statistical significance, due to 
the low number of analysed artefacts of this 
type. A bigger navicella fibula (Valvaraita type; 
Fig. 55e) was not included in this category due to 
evident size differences. The Sn and Pb contents 
recorded in this case are 44 % and 6.74 wt% re-
spectively; this is consistent with literature data, 
which state that bigger castings normally con-
tain a higher amount of lead than those found 
in similar smaller objects (Giumlia-Mair 1998).
A triangular lamina pendant was also included 
in the analytical record, with the following val-
ues: Sn 25 wt%, Pb 19 wt% and As 0.05 wt%. The 
high Pb content is anomalous for a laminated 
object (as is the high Sn content). However, it 
may be related to the decoration, maybe made 
after casting by punching.
Presence of silver in composite bow fibulae 

from Como was confirmed by EDS investiga-
tions (inv. no. E5957-5958). This type of artefact 
is characterised by the presence of bronze and 
coral beads, inserted into the bronze rod arch. 
These coral beads are decorated with thin rods 
composed mainly of Ag and S; nowadays they 
appear black in colour, when observed at the 
optical microscope, but they were originally 
made of silver (Fig. 191). Such evidence can be 
interpreted with the use of additional decora-
tive elements: for this kind of artefact, these 
decorative elements were usually made of gold; 
in this case, however, they consisted of tiny sil-
ver rods nowadays completely transformed into 
Ag sulphide.

Figure 189. Pb wt% content frequency for cast-finished and worked after casting objects: each column counts 
the number of objects having Pb in a concentration range of 1% by weight.
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Figure 191. Silver rod on the HMC bead of the E5957 fibula: a) OM-image detail of the black band, in relief with 
respect to the surrounding areas (metric reference 0.5 mm); b) BSE-image of the black band (the yellow square 

marks the analytical spot); c) related EDS spectrum.

Figure 190. Sn wt% (a) and Pb wt% (b) values in different functional categories: bar indicates the variation be-
tween minimum and maximum value and point indicates the mean value (calculated on the average between the 
different specimens; ‘Leech-core’ = leech fibulae with terracotta core; ‘leech full’ = leech fibula with full arch; ‘C’ 
= circular decoration; ‘L’ = linear decoration; ‘LH’ = late Hallstattian fibulae; ‘oth-fib’ =other type of fibulae; ‘comp’ 

= composite bow fibulae).
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Trace elements have also been considered, as 
they can sometimes give an indication about the 
type of ore used for copper extraction. However, 
these impurities are commonly found in several 
deposits, often spread over large geographical 
areas, as they result from the same geological 
processes and are not homogeneous in the same 
outcrop.  These residual phases also depend on 
the melting conditions, and the materials pres-
ent in the furnace. For these reasons, they are 
often insufficient for a determination of prov-
enance (Artioli et al. 2009; Dungworth 1996).
Excluding elements that are likely to be en-
riched from the soil, the sum of the main trace 
elements (i.e. Ni, Zn, As, Ag, Sb) is generally < 1 
wt%, with an average value of 0.77 wt% (min. 
0 and max. values 17.11 wt%) for the entire an-
alytical record and 0.62 wt% (min. 0 and max. 
7.36 wt%) for the leech fibulae with terracotta 
core and circular decoration. Such a limited 
presence of trace elements indicates that the 

used copper has a high degree of purity, gener-
ally associated with the most elaborated arte-
facts (Giumlia-Mair 1998; Dungworth 1996).
An attempt was made at correlating the pres-
ence and quantity of some trace elements (i.e. 
Ni, Zn, As, Ag, Sb) with the geographical area of 
origin of the artefacts (Fig. 192). Four geographi-
cal and cultural areas were identified: Golasecca 
area (95 artefacts), Liguria Interna (3), Etruria 
Padana (8) and Western Po Valley (9).
Arsenic is always present, with similar values 
in the different areas (≈ 0.32 wt%), while Sb 
is almost always absent38. All trace elements 
considered are present in all areas, except for 
Liguria Interna, where the number of samples 
is not statistically significant. Ni is present, with 
varying tenors, only in Etruria Padana (0.02 
wt%) and in the Golasecca area (0.15 wt%). Zn 
is quite always present, with comparable values 
(≈ 0.04 wt%). Ag is almost always present, how-
ever with different values (Tab. 36).38

38  Sb is only attested in fibula St. 57216 from Como, 
Golasecca area.

Figure 192. Frequency % of the most significant trace elements in relation to main geographical-cultural areas.
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7.2.5. Considerations
The analyses of the metal alloy degradation 
by-products seem to reveal compositional dif-
ferences in relation to the different classes of 
objects, which may be indicative of a possible in-
tentional control of the alloy composition in re-
lation to the properties desired for the planned 
working technique. This observations are con-
sistent with what is known for the Iron Age, 
according to practices that were widespread 
during the same period in the Upper Adriatic, 
Etruscan, Phoenician, Mesopotamian, Magna 
Graecia and Hallstatt civilisations (Giumlia-
Mair 1998; 2000; 2003; 2005; 2009; Artioli et al. 
2024; Angelini et al. 2009; Piccardo et al. 2010; 
Charalambous et al. 2014; Klein, Hauptmann 
1999; Northover 1998).
Tin is found in varying amounts, generally 
higher in artefacts that require more fluidity 
during casting and no post-processing activities. 
Objects that require post-casting hammering 
have instead quite low tin contents. Tin increas-
es elasticity, strength and ductility of the alloy 
up to values of 10 %; additions between 10 and 
20 % increase hardness and strength but reduce 
ductility; above 20 % the alloy becomes fragile. 
Such additions also lower the melting tempera-
ture, with economic and technical advantages 
(Giumlia-Mair 1998; 2003).
As regards lead, the most significant outcome is 
just its presence. This, in addition to further low-
ering the melting temperature, makes the alloy 
more fluid and less viscous in the molten state, 
even at very low levels (2 wt%). In higher quan-
tities, it increases the solidification interval, 
making it easier to fill complex moulds or large 
castings (e.g. large objects or multiple castings): 
channels remain in the metal structure through 
which the hot metal can continue to flow, en-
suring that all spaces are filled correctly. It also 
increases the workability for post-processing 
operations such as cutting, drilling and punch-
ing, because it acts as an internal lubricant, 
but it is not compatible with hammering (e.g. 
sheets-metal or rods). Lead is in fact not soluble 
in copper and forms a compound with globules 
within the metal structure, points of weakness 
during hammering operations because lead 
crushes more easily than the surrounding metal 
(Charalambous et al. 2014; Giumlia-Mair 1998; 
2000; 2003; Giumlia-Mair et al. 2016; Klein, 
Hauptmann 1999; Northover 1998).
In the analyses presented here, lead is generally 

absent in artefacts for which post-processing af-
ter casting is required and seems to have higher 
concentrations for more complex artefacts (e.g. 
leech fibulae with terracotta core), maybe indic-
ative of an intentional addition. The arch of this 
type of fibula is characterised by the presence of 
a terracotta core surrounded by a thin layer of 
metal (≈ 1-2 mm thick), thus requiring the use of 
a very fluid casting alloy. There are also refined 
decorations on the surface, probably made di-
rectly on the wax model, in order to minimise 
the post-casting processing of the artefact and 
reduce the risk of breakage due to the fragility 
of the lead alloy.
A further significant result is the identification 
of compositional differences in leech fibulae be-
tween the body of the fibula (bow and foot) and 
the pin – with Pb being detected only in the for-
mer (11-14 wt%) – which confirms the archaeo-
logical attribution to composite objects for this 
type of artefacts. 





8. Experimental archaeology contribution

Abstract

Il contributo dell’archeo-tecnologia allo studio delle fibule a sanguisuga con inserti circolari ha per-
messo di approfondire le tecnologie di produzione di questi complessi manufatti. Il lavoro, condotto 
con il supporto del Centro di Archeologia Sperimentale Torino (CAST), ha integrato l’analisi tecnologica 
(microscopica e macroscopica), radiografica e archeometrica, con attività di archeologia sperimentale.
Tutte le fibule analizzate presentano caratteristiche riconducibili alla tecnica della cera persa, compa-
tibile con la complessità interna (presenza di un’anima in argilla e spessori metallici ridotti, ≈1 mm). 
La variabilità dimensionale e decorativa indica produzioni individuali piuttosto che seriali. Le radio-
grafie di 45 esemplari hanno evidenziato, in 36 casi, la presenza di anima in cotto e tracce costanti 
del possibile uso di supporti interni per le varie fasi di lavorazione. Inoltre il negativo in argilla delle 
decorazioni circolari probabilmente contribuiva al sostegno dell’anima durante la fusione, rendendo 
tale decorazione funzionale oltre che esteticamente gradevole.
Le prove sperimentali (32 fibule e 9 ardiglioni) hanno consentito la ricostruzione ipotetica della catena 
operativa: modellazione dell’anima in argilla, rivestimento con cera tramite immersioni successive, 
realizzazione del modello in cera (con decorazioni, fori per inserti e inserimento dell’ardiglione, pre-
parazione dello stampo in argilla, colata del metallo dal lato della staffa, raffreddamento e rifinitura, 
fino all’inserimento degli inserti in corallo). L’inserimento degli inserti in corallo è stato oggetto di 
specifici test, mostrando che l’uso di piccoli frammenti sagomati – con o senza adesivi (cera d’api e 
resina di pino) – è più efficace rispetto all’uso di paste di corallo, che risultano instabili e alterate 
cromaticamente.

Introduction
An archaeo-technological approach was also em-
ployed to study leech fibulae with circular inlays, 
with essential support provided by the ‘Centro di 
Archeologia Sperimentale Torino’ (CAST).
A technological study of artefacts is fundamen-
tal for interpreting the processes that led to 
their production. It must inevitably begin the 
analysis of technological traces preserved on 
archaeological finds, in order to identify the dif-
ferent phases of manufacture, and then proceed 
to experimental replication and verification of 
the observations and hypotheses formulated 
(Gaj, Maestro 2023; Gaj, Burdese 2009; Fazzini 
2020; Cerezer 2014; Bente, Berthold 2018; 
Kuijpers 2018).

8.1. Technological study
The technological study was carried out on all 
leech fibulae with circular insets (164) and in-
volved both macroscopic and microscopic (op-
tical or digital) investigation. It also used the 
results of the archaeometric investigations (see 

section 7), as well as radiography (for 45 arte-
facts; see section 8.2).
All examined fibulae belong to the same type, 
with numerous variations with regard to deco-
ration (e.g. number of holes) and size (see sec-
tion 4.2.1.4). From a technological point of view, 
no substantial differences were found between 
the type variants. The main difference lies in 
the presence or absence of an inner clay core, 
which could be inserted to economise bronze 
and reduce the global weight, especially in larg-
er artefacts. Full-arch objects are less common 
and generally smaller in size. In undamaged ar-
tefacts, the presence or absence of an inner core 
can be identified from the weight of the objects. 
In the considered record, no fibulae are of equal 
size and shape, as evidenced by a detailed mea-
surement of the different parts1. This suggests 

1  The artefacts were weighed and measured in de-
tail: overall length (if preserved), length of the arch, 
foot and pin; height of the arch; thickness of the arch; 
width of the arch and of the foot; diameter of the 
spring, the small globe, the termination and any bul-
ges; decoration: diameter of the holes and depth (if 
visible), thickness of the lines. 
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the use of a lost-wax technique, rather than 
that of a bivalve matrix, as otherwise suggested 
by the study of similar finds from the Arbedo 
hoard in Switzerland (Schindler 1998b). The 
use of this technique appears to be the most 
plausible, particularly for specimens with a clay 
core; indeed, in a bivalve mould it would not be 
possible to keep the core perfectly in position 
by means of pins (surrounding metal thickness 
≈ 1 mm; Fig. 193). The only way to achieve the 
required thickness is by repeatedly immersing 
the core in a bath of liquid wax. The presence of 
supports was in any case necessary to keep the 
core in place after the removal of the wax by 
heating the mould.
An examination of the artefacts reveals the con-
stant presence of two holes on the upper face of 
the arch – a larger one on the spring side and 
a smaller one on the foot side. The first one is 
generally filled with metal, making it difficult to 
detect on the surface. A larger metal gusset is 
also visible on the ventral face of the bow (Figs. 
194a-d). Radiographic investigations identify, 
on each of these details, the constant presence 
of an internal metal element (hole on the spring 
side), an elongated cavity (small hole on the 
foot-side; Fig. 202b) and a conical dowel (lower 
face). At first, we thought that these might rep-
resent three support elements of the inner core, 
which had been removed or cut on the surface 
after casting. However, no evidence of surface 
cutting of any pin was found. Examination of 
the foot often shows traces of scraping on wax 
in the needle holder, further supporting the 
hypothesis of adopting the lost-wax technique 
(Fig. 194e-f).

Figure 193. Section of leech fibula with circular dec-
oration, metal thickness around the inner core is 

visible (inv. no. E5868, Como).

Filling such a small thickness required a very 
fluid alloy – i.e., with a high tin content and the 
addition of lead, as suggested by archaeometric 
investigations of metal composition of corrosion 
layers (see section 7.2). The pin, instead, was 
made separately, using a different alloy and a 
different processing. As such, it was inserted lat-
er into the wax model, as is clearly visible on the 
artefacts (Figs. 194g-h), by X-ray imaging (Fig. 
202d) and consistently with all previous stud-
ies (Buson, Baldini 2003; Giumlia-Mair 1998; 
Schindler 1998b). It sometimes has a quad-
rangular or rounded section (≈ 2 mm thick) at 
the insertion point and spring, which is always 
rounded in the needle. Manufacturing probably 
involved casting a bar slightly thicker than ≈ 2 
mm, which was hammered to give the desired 
shape and then curved at the spring. The cre-
ation of non-rounded, semi-finished products 
has considerable advantages: it is easier to make 
an asymmetrical bivalve matrix with only one 
worked valve than a symmetrical one with two 
perfectly matching semicircular grooves. The 
difference in composition between the alloy of 
the fibula body and that of the pin also allowed 
the latter to be encapsulated. In the same way, 
any metal support pins (whose existence was 
hypothesised by other studies: Buson, Baldini 
2003; Giumlia-Mair 1998; 2000; Schindler 
1998b), would also have been incorporated in 
the artefact, hindering extraction after casting.
The use of a very fluid alloy probably allows to 
directly replicate the decorations made on wax, 
both in terms of circular and linear decoration, 
thus reducing processing of the artefacts after 
casting. Examination of the decorations under 
the microscope often shows traces of wax eleva-
tion and corrugation (Fig. 195-197). 
The holes of the circular decorations generally 
have a standardised diameter (≈ 2 mm), with 
some exceptions (lower or higher values are re-
corded sporadically: 1.5-3 mm: Fig. 198). They 
are deeper (≈ 3-4 mm) than the thickness of the 
metal (1 mm) and have a conical shape – visi-
ble when the coral inset is lacking. These holes 
were made on the wax model until the clay core 
was reached and then filled with a fine clay 
paste during mould construction. After the met-
al casting, during removal of the clay ‘pin’, their 
depth was increased.
This decoration is also functional in supporting 
the core in the mould after the wax has been 
removed. Its negative imprint is composed by 
a series of small clay ‘pins’ which surround the 
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Figure 194. a) Detail of the hole at the foot-side (inv. no. D2049, Golasecca); b) Detail of the hole at the foot-
side, absent metal part (inv. no. D2073, Castelletto Ticino); c) Detail of the hole at the foot-side (inv. no. D2104, 

Castelletto Ticino); d) Detail of the ventral-face gusset (inv. no. 6615, loc. Prà, Chies D’Alpago); e) Detail of 
pin support, traces of scraping on wax (inv. no. 870, San Bernardino di Briona); f) Detail of pin support, trac-

es of scraping on wax (inv. no. 868, San Bernardino di Briona); g) Detail of the pin insertion point (inv. no. 947, 
Castelletto Ticino-Vigevano?); h) Detail of the pin insertion point (inv. no. CT1144, Castelletto Ticino).

clay core and hold it in place, together with a 
single pin on the ventral side, without the need 
for other longitudinal suspension elements.
Finally, regarding the coral inclusion, the pres-
ence of an inset is sometimes evident (Figs. 98c-d), 
while in other cases a pasty material seems to fill 

the holes (Fig. 99e), possibly also related to an 
alteration of the original inset. A detailed exam-
ination also revealed that sometimes the deco-
rating material did not fill the hole completely 
(Fig. 200f).
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Figure 195. Detail of linear decorations: white arrows = grooves/linear pattern; yellow arrows = trace of wax  
elevation; red arrows = trace of wax corrugation (inv. no. St. 83946, Pombia, NO).

Figure 196. Detail of circular decoration: white arrows = trace of wax elevation (tomb 1, Motto Lagone, NO).
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Figure 197. Detail of linear decorations: yellow arrows = trace of wax elevaton (inv. no. St. 63413, loc. Monsorino, 
Golasecca).

Figure 198. Detail of the circular decoration on 
the bow of the fibula NCT0100026418 (San Ber-

nardino di Briona, NO): holes with several size and 
superpositions.

Figure 199. Clay cores with a peduncle on the ven-
tral face (after Buson, Baldini 2003, fig. 21).
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Figure 200. a) Detail of the ventral-face gusset (inv. no. St. 57216, Como); b) Detail of the ventral-face residual 
hole of the gusset (inv. no. E5552, Como); c) Detail of the upper face of the bow and the point of emergence of 

the spring-side ‘support’: linear decoration in continuity (tomba 1, Motto Lagone, Arona); d) Detail of the  
upper face of the arch: the circular decoration covers the linear one, with a wax coating (tomba 1, Motto Lagone, 
Arona); e) Detail of the core mixture (inv. no. St. 57220, Como); f) Section of a full-arch fibula: detail of the inset in 
the hole (inv. no. Sp834, Villa del Foro); g) Foot termination drilled after casting (inv. no. 23-M380-9.4, Castello di 

Annone); h) Coarse foot termination (probable casting funnel; inv. no. E5873, Como).
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8.2. Radiographic examination
X-ray radiographies were collected on 45 leech 
fibulae, partly from the Como area and partly 
from the provinces of Varese and Novara, corre-
sponding to the two main areas of the Golasecca 
culture. No substantial technological differenc-
es were found between the two groups of mate-
rials (Tab. 38). 
The inspection identified the presence of a ter-
racotta core in 36 of the examined fibulae; a 
full-arch was observed in six cases (Figs. 201-
202b). In 4 artefacts, the insertion of the pin into 
the metal is observed (Fig. 202c)2, confirming 
the archaeo-technological hypotheses. Such an 
insertion never affects the profile of the terra-
cotta core, indicating it was made only in the 
wax model. Radiographs show the almost con-
stant presence of an inner element on the up-
per-spring-side and another shorter one on the 
ventral face (Fig. 202a). The former is generally 
pointed and no longer than half the length of 
the arch. An internal element has never been 
found on the upper-foot-side, where the hole on 
the external surface of the artefact is. When the 
bronze coating is not preserved, an elongated 
void in the clay core is shown at this point – pos-
sibly the trace of a pin that is no longer present 
(maybe because made of perishable material; 
Fig. 202d)3. In any case, the two pivots on the 

2  For further examples see Appendix 1, Figs. 227-
231.
3  Any voids inside the core are visible when the ou-
ter metal cover is preserved and become detectable 

Figure 201. Leech fibula with terracotta core from Tomb 1 of Motto Lagone (Arona).

upper side of the bow are always distinct and 
generally not aligned.
Particular circumstances were also observed, 
such as:
-	 an additional internal element on the ven-

tral face of a fibula (one case; Fig. 202e);
-	 an ornithomorphic decorative element 

emerging from the bow of the fibula, sup-
ported by a clearly visible internal pin, per-
haps having a support function (one case; 
Fig. 202f).

The circular decoration is clearly visible in ra-
diography, both in the case of the presence of a 
terracotta core or not, as are the linear decora-
tions. For these, the radiographic examination 
allows more complex decorative variants to be 
better appreciated – e.g., alternating relief lines 
of variable thickness (Fig. 202g). Such a motif 
was certainly made with a special tool on wax, 
since no similar result could be obtained direct-
ly on bronze decoration. 
Fibula feet were observed in 7 cases, never with 
an internal core (Fig. 202h). 
With regard to conservation, radiographic in-
vestigation is particularly useful for identifying 
micro-fractures and surface corrosion affecting 
the materials (e.g. St. 2208; Fig. 202i), as well as 
evidence of previous restoration work, includ-
ing additions and the recomposition of fractures 
(e.g., St. 2206; Fig. 202l).

exclusively in its absence: specimens inv. no. D2065 
e St. 83966.
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Figure 202. a) Detail of the bow with terracotta core and internal metal elements (tomb 1, Motto Lagone, Arona); 
b) Detail of the full-arch of the fibula inv. no. St. 114083 (Como); c) Detail of the pin insertion point in the bow 
body (inv. no. 944, Castelletto Ticino – Vigevano?); d) Detail of the hole left by the inner element on the upper-

foot-side (D2065, Golasecca); e) Leech fibula with terracotta core with double ventral side support pin (inv. 
no. CT728, Castelletto Ticino); f) Leech fibula with terracotta core with orthomorphic internal element (inv. no. 
D2773, Castelletto Ticino); g) Alterned linear decoration (inv. no. St. 879, Como); h) Fibula foot with globe and 

vase-shaped final part (inv. no. St. 83937, Pombia); i) Full-arch fibula, detail of superficial corrosion (inv. no. St. 
2208, Como); l) Full-arch fibula with recomposed fracture (inv. no. St. 2206, Como).
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8.3. Experimental archaeology tests
A technological study of the artefacts offers mul-
tiple interpretative perspectives, inevitably re-
vealing discrepancies that may be related to the 
adoption of different techniques by individual 
artisans. An experimental approach is therefore 
necessary to address and clarify these issues. 
These experimental simulations were carried 
out by trying to reproduce the ancient techno-
logical procedures, adopting a protocol respect-
ful of previous methodologies, materials and 
tools compatible with the considered period 
(Gaj, Maestro 2023; Gaj, Burdese 2009). Two 
main paths were followed, based on the data 
obtained from the study of the ancient artefacts: 
i) the placement of the insets in the decorations 
and ii) the bronze casting. Various experimental 
sessions (≈ 40 non-consecutive days) took place 
over the course of two years. During each ses-
sion, the environmental conditions, people at 
work, assumptions, criticalities and results were 
systematically recorded. During all phases, the 
newly obtained artefacts were examined under 
an optical microscope. The results of the exper-
imental investigations provided a considerable 
amount of data, while also highlighting numer-
ous difficulties and extremely long timescales.

8.3.1. Placement and bonding of coral 
insets
Since the study of coral decorations is the pri-
mary aim of this project, and, consequently, the 
understanding of how they were set from an 
experimental perspective, we initially focused 
on this aspect, leaving aside the manufacture of 
the bronze components. For the sole purpose of 
testing the insertion and gluing methods of cor-
al inlays, suitable test specimens were produced 
to simulate the morphology of the perforations. 
These consisted of hollow copper cylinders, 1 
mm thick, which were drilled using modern 
tools to obtain series of holes of different diam-
eters (2, 2.5, and 3 mm). The tubes were filled 
with clay to simulate the presence of a fired 
core; the clay was first air-dried and then fired 
in an electric kiln. It soon became evident that 
these test specimens were unsuitable for this 
purpose, as the fired clay tended to move with-
in the tubes as a result of drying shrinkage (Fig. 
203b). 

An attempt was made at simulating the deep-
ening of the holes in the clay, using specially 
prepared tools equipped with a metal tip, and 
consequent insertion of the coral (Figs. 203a-c). 
The test specimens used showed considerable 
problems: the terracotta core, in fact, tends to 
fracture inside the copper tube when deepening 
the holes. In those cases, in which such an op-
eration is successful, the hole obtained is point-
ed, reminding those seen on the archaeological 
finds. 
In a following stage, potential adhesives (name-
ly birch pitch, beeswax and resin, alone and/or 
mixed with one another) were tested and heated 
(Fig. 203d). Several attempts were made, with or 
without adhesives, cutting the coral fragments 
to size (with flint or metal tools) or breaking 
them directly inside the holes (Figs. 203e, 204a). 
Small, period-compatible tweezers were also 
used to soak the pieces in the binder. The im-
mersion of the coral fragments in containers of 
different depths was attempted, finding that the 
better results were obtained by using millimet-
ric layers of adhesive (in semi-flat containers: 
Fig. 203f). 
The production of a coral paste for filling the 
holes, obtained out of powders prepared by 
using lithic grindstones, was also attempted. 
These powders, however, lose their typical red 
colour and glossy aspect after grinding. Once 
mixed with beeswax, the powder even changes 
colour (turning to yellow-brown), making such 
a paste unsuitable for the purpose. An attempt 
was also made at producing a whitish paste by 
grinding the shells, but the colour obtained once 
the binder is added is even less suitable (Figs. 
204b-f).
The possible removal of the insets from the 
hosting cavities was also tested to verify the ad-
hesives tightness. Some specimens were worn 
for a day, so as to check consequences on their 
aspect. In some cases, if the inset is juxtaposed 
in the hosting cavity, tightness is effective even 
with no adhesive. Among the tested adhesives, 
birch pitch is the worst, both in terms of colour 
and tightness. Pine resin soils the metal surface. 
Beeswax works but has a moderate tightness. 
The mixture of beeswax and pine resin seems 
the best option, in terms of application, hold and 
colour rendering. If the insets are smaller than 
the hosting hole, a mixture of coral paste and 
beeswax is effective both as a bonding agent 
and to fill the gaps with an acceptable hue.
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Figure 203. a) Drilling tools; b) Copper and clay tests; c) Deepening the holes in the inner core; d) Binders: birch 
pitch, beeswax and a mixture of beeswax and pine resin; e) Cutting tests with bronze tool; f) Insertion of the coral 

inset.
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Figure 204. a) Cutting tests of the already inserted inset; b) Coral grinding; c) Shell grinding; d) Paste of shells and 
beeswax; e) Insertion of coral with binder; f) Ground coral paste (beeswax).
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In addition to the aptly prepared test specimens, 
these experimental attempts aimed at coral in-
sertion were also tested on leech fibulae made 
experimentally by casting bronze alloys (see 
section 8.3.2)4. The specimens obtained are of-
ten incomplete, but nevertheless suitable for 
simulations. 
The adopted tools proved to perform well with 
the newly produced artefacts – producing a 
conical hole in the terracotta core akin to that 
observed in the decorations of the ancient ar-
chaeological finds. Since the use of coral pastes 
of different kinds gave unsatisfactory results, 
we decided to proceed with the sole insertion 
of small coral insets, using the previously men-
tioned binders. The results are similar to those 
already highlighted by the previous experi-
ments. The best results are obtained when the 
inset is perfectly sized to fit its hosting hole. In 
this case, the binder is even unnecessary, the 
insertion being excellent with just the joint. To 
prevent it from being dislodged during use, it 
should not protrude from the fibula. If a pro-
truding inset is used, no binder is effective in 
glueing it to the fibula. In this case, the exceed-
ing part can easily be removed, once in its slot, 
by using a clean, light tap with a small bronze 
chisel. The method of causing a lever fracture at 
the edge of the hole sometimes does work and 
at times not. 
Among the binders, pitch works well, especially 
when it is very liquid, but a very thin black layer 
forms around the coral. However, the hold is not 
so good, as the coral falls off after a short time. 
Pine resin alone is not effective, as it crystallises 
during drying, becoming fragile. Independently 
from temperature, it becomes solid when ex-
posed to the air, even before reaching the fib-
ula. Beeswax works well, but the surface of the 
inset becomes dirty; however, the gaps around 
the holes are well filled and the colour is clear. 
Although being a bit pasty and difficult to insert, 
the grip is good (but not great). The best binder 
is a 50%-50% mixture of wax and resin: easy to 
place (if sufficiently liquid), its colour is clear 
and has a good grip. However, liquid wax tends 
to settle on the surface, therefore the mixture 
needs to be mixed frequently. Wax can also be 
added after a while, as it wears off before resin.  

4  Few simulations were carried out by using only 
tin, and others using bronze and lead bronze.

Figure 205. a) test 6: evidence of coral embedding 
with different binders; b) failed embedding of coral 

inset held by birch pitch.

8.3.2. Bronze casting
Experimental tests for the production of leech 
fibulae with a terracotta core by using ancient 
technologies and materials are still ongoing, 
and some hypotheses have not yet been ful-
ly developed and verified. These experiments 
were carried out in different steps and by per-
forming various attempts. In the following re-
port, we will examine the process as a whole, 
discussing the critical issues encountered so far 
and related considerations. Based on observa-
tions made on archaeological artefacts, the only 
possible way to manufacture these objects is the 
so-called ‘lost wax technique’. For this reason, it 
is the only one attempted here: the thickness of 
the metal around the core, in fact, does not allow 
production by reusable moulds to be plausible.
The technological study on leech fibulae with a 
terracotta core (see sections 8.1 and 8.2) led to 
some general considerations:
-	 traces of the presence of pins are often vis-

ible in specific sites on the fibulae surface 
(marked as A, B and C in Fig. 206);

-	 radiographic investigation shows presence 
of internal elements in those sites marked as 
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point of the needle, so that it is completely encap-
sulated. The decorations are made directly on 
the wax, consistently with the traces observed 
on ancient artefacts. The availability of a fluid 
alloy, in fact, allows for a perfect reproduction of 
the decorations on the wax model, reducing the 
need for refining the artefact after casting. For 
a circular decoration, a metal awl (either heated 
or not) can be used in the early stages. However, 
the wax edge around the hole is much more pro-
nounced than that observed on the ancient finds. 
Removal with a blade was attempted, but the 
traces left on the wax are different than those 
observed on the archaeological finds. Hollow 
materials (such as wheat stalks or feathers) were 
thus used and found to be more suitable, since 
they allow the exceeding wax to be removed by 
slightly rotating them5. The traces around the 
hole become thus comparable to those seen on 
the archaeological artefacts (Fig. 207e).
To produce the linear decorations, a metal blade 
or wire were used, both of which swinging across 
the bow (hot and cold; Figs. 208a-b). Traces left 
by the metal blade, thin and with slight raised 
edges, are compatible with what observed on 
the archaeological artefacts. However, presence 
of support pins in A and B hinders the produc-
tion of these linear decorations and at times 
makes it impossible to reproduce them (e.g. 
the linear decoration observed on the T1 fibu-
la from Motto Lagone: Fig. 200c). Their removal 
from the wax model was then tested; wooden 
rather than metal pins are easier to remove.
Once the wax model is finished, the needle, 
equipped with an already preformed spring, is 
inserted into the wax in position D. The model 
can then be covered with the mould clay (Fig. 
208c). The first layers of clay must be very liq-
uid and purified in order to perfectly trace the 
decorations. The clay ‘pins’ – resulting from the 
negative mould of the circular decoration them-
selves – act as a support for the clay core, when 
the wax is removed by heating. The outer clay 
mould always tends to break while drying, as 
it shrinks around the wax model that instead 

5  When some wheat is used, a new part of the stem 
must be cut after each hole is drilled, since the wax 
cannot be removed from the inside; however, the 
different portions have various dimensions and this 
does not agree with the traces found on the archaeo-
logical finds (Ø ≈ 2 mm constant). The use of feathers 
is more efficient, allowing for a uniform diameter; 
the material is also much more resistant and can be 
emptied several times by slight heating.

Figure 206. Attempted reconstruction of the fibula 
structure.

A and C, while B is always empty (Fig. 206);
-	 the sites marked as A and B (Fig. 206) are 

generally not aligned and do not deepen 
throughout half of the fibula body.

The first step consists in producing the clay core, 
then incorporated into the wax model. Different 
types of clay were used. Industrial clays (i.e., 
those used in art, to be fired in electric ovens) 
tend to explode when the mould is heated; to 
prevent this problem, a semi-pure natural clay 
was used instead. 
Based on technological issues, pivots for the sup-
port of the clay core were located in specific sites, 
marked as A, B and C (Fig. 206). During firing of 
the mould, the release of wax would require a 
support to the inner core, which would otherwise 
move in the cavity. Various kinds of support (me-
tallic and non-metallic, multiple or alternating, 
inserted in the core) were tried out (Fig. 207a). 
The clay core, once exsiccated, was covered 
with wax, experimenting different methods 
(dipping, making a sheet, etc.; Figs. 207b-c). The 
best results are obtained by repeated immer-
sions in a bath of liquid beeswax – but not too 
hot, otherwise the layer created is compromised 
during immersion. The pins in A and B proved 
to be very useful at this stage. Cooling of the wax 
layers was checked both in air and water, the 
former reducing the risk of bubble formation. 
The core should be rotated to obtain a uniform 
coverage and alternately soaked by holding it 
with the two pins, to avoid formation of a thick-
er covering on the underside. Five immersions 
are optimal for obtaining a wax layer of approx-
imately 1-1.5 mm thick, compatible with what 
observed on the archaeological finds. 
Then, the wax model of the fibula must be mod-
elled. The bow and foot are worked and deco-
rated separately and then joined (Fig. 207f). The 
bow needs a thicker wax layer at the insertion 
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Figure 207. a) Clay cores; b) Coating a clay core with a wax sheet; c) Immersion of a clay core in a liquid wax 
bath; d) Making the circular decoration with a metal punch; e) Making the circular decoration with a feather;  

f) Foot modelling.
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Figure 208. a) Metal wire for linear decoration; b) Metal blade for linear decoration; c) Filling decorations with  
liquid clay; d) Preparation of the mixture for the mould: clay and animal fur; e) Beeswax vents; f) Gramineous 

stem vents.
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maintains the same size. To overcome this prob-
lem, the clay was mixed with organic material 
(animal hair; Fig. 208d) with excellent results. 
At this stage, vents for the escape of air at the 
metal inlet must be inserted. Initially, these 
vents were made from thin wax threads – but 
they were difficult to apply, too thick and also 
difficult to remove. Hollow grass stems were 
successfully tried instead (Figs. 208e-f): despite 
their partial combustion when heating the 
moulds, they allowed air to pass through while 
hindering loss of metal and are easier to apply. 
No trace about the position of the casting funnel 
was found on the archaeological artefacts. In 
our initial attempts, we placed it close to the in-
sertion of the pin (D), but the moulds did not fill 
because the molten metal was restrained from 
passing through the reduced thickness around 
the core. The casting funnel was thus placed at 
the opposite end (the end of the foot), so that the 
molten metal could pass from a larger to a small-
er thickness, limiting its cooling; such an expe-
dient brought to successfully fill the moulds.
Trials on bronze casting were carried out in 
several stages, starting with the bow and pro-
ceeding with the rest of the fibula. An earthen 
furnace with two bag bellows and a single blow-
pipe with upper insufflation was adopted (Figs. 
209a-b), and both natural clay and graphite 
crucibles were used – completely covered with 
a charcoal pile to achieve the desired tempera-
ture and reduce heat loss. Natural clay crucibles 
work well but can only be used for a single cast-
ing with no lid, due to the melting-casting-glaz-
ing (Fig. 209c). Graphite crucibles were used 
with a ceramic or metal lid (Fig. 209d), which 
helps in performing the casting. All tested lids 
are welded to the crucible and must be removed 
prior to casting with a sharp blow from the bot-
tom to the top. The presence of a lid greatly fa-
cilitates the operation. 
The used alloys were prepared ‘ad hoc’ with 
industrial metals. Bronze alloys with a low tin 
content proved not to be very fluid for filling 
the moulds, and alloys compatible with the data 
obtained from the analysis of the artefacts, con-
taining tin and lead, were tested. For the per-
centages of the different metals, bibliographical 
data from comparable artefacts were used:

1.	 87 % Cu, 10 % Sn, 3 % Pb (Charalambous 
et al. 2014);

2.	 80 % Cu, 18 % Sn, 2 % Pb (Sfrecola 
2021);

3.	 77 % Cu, 17 % Sn, 6 % Pb.

The results obtained with the first two formu-
lations are good; the third composition was de-
veloped in order to test whether a higher lead 
content favoured casting in complex moulds. 
For each casting, 200 g of alloy was produced: 
enough for a whole fibula or two bow test spec-
imens. To obtain a flowable metal suitable for 
casting.
Either direct casting of the fibula or casting of 
an ingot were attempted. In the latter case, the 
colour is more uniform (Figs. 209e-f). 
The moulds were never fired separately, but di-
rectly on the furnace during heating of the met-
al, and placed with the funnel downwards to al-
low the wax to escape (Figs. 209g-h). At the time 
of casting, they were turned upside down and 
held in place inside a container filled with sand.
Pouring must be done quickly (in a few seconds) 
and continuously, to avoid creating defects 
(Figs. 210a-c, 210e). A large, narrow-necked cast-
ing funnel can be used to favour continuity and 
avoid material dispersion. 
The results obtained are good, but there are still 
many defects in the artefacts, especially at the 
bow. As mentioned before, different supports 
(wood, metal or clay) and different positions of 
the vents were tested, which brought to the fol-
lowing considerations:
-	 The pin remains incorporated inside the 

artefact; similarly, any metal pins are also 
trapped and the only way to remove them 
is to saw them off at the surface (which is 
not easy);

-	 The internal wooden pins are charred 
during firing/casting and remain in the 
form of charcoal, preventing the passage of 
metal;

-	 A clay (rather than metal) pin can be made 
on the ventral side of the bow, with excel-
lent results (it would not be possible to saw 
a metal pin after casting in that position); 

-	 The presence of the clay pins in the circu-
lar decoration, together with a clay pin in 
C (even in the absence of pins in A and B), 
holds the core in place;

-	 The presence of the needle helps the sup-
port of the core by contact;

-	 The wide casting funnel prevents dispersion 
of the metal during casting (Fig. 210f);

-	 Presence of the foot promotes casting in the 
mould; 

-	 Wax vents are too big and fill up with metal, 
which is then difficult to remove;

-	 Grass stem vents work well and do not let 
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metal through, but only air;
-	 Two attempts were made without venting: 

the metal bubbled up in the casting funnel 
and the moulds filled perfectly;

-	 Mould fractures occur almost always; 
-	 After casting of the mould, rapid cooling in 

water or slow cooling in air does not seem to 
affect the final result;

-	 The firing of the moulds already takes place 
by placing them on the furnace, so it may 
not be useful to fire them.

Variables still to be verified include:
-	 The firing of the moulds before casting;
-	 The absence of vents;
-	 The creation of moulds out of clay and veg-

etable material, rather than animal hair, to 
verify whether fractures can be reduced. 

Work was also carried out on the needles, which 
were cast separately using a different alloy. 
According to the literature, the optimal alloy for 
needles contains around 8-10 wt% Sn (Giumlia-
Mair 1998; 2003). The alloys used in the experi-
ments ranged between 6 and 12 wt% Sn. 
Initially, a bivalve matrix made of two refractory 
bricks was used. The two valves were smoothed 
by grinding them against each other with sand 
(Fig. 211c). A straight groove and thin 45-degree 
vents were made on one of them with a bronze 
awl, as well as a casting funnel. The union of the 
two valves results in preliminary, semi-finished 
products with a triangular section (Fig. 211d); in 
the future, different shapes (e.g. quadrangles) 
will also be considered. The two valves are held 
together by a wooden clamp held by a rope (Fig. 
211e). This is crucial to improve adhesion be-
tween the valves, enhancing the quality of the 
finished products (Figs. 211g-h). 
Hammering trials were started with the aim of 
producing circular sections, proceeding step by 
step and working on the edges, alternating with 
the negative tampering of the semi-finished 
product (Figs. 212a-d). Experimentation with 
bending to make a spring were also attempted 
successfully, on fully hammered bars.
Experimental tests are still in progress. No an-
nealing events (e.g. firing or cremation) have 
been simulated on finished artifacts (with the 
exception of laboratory simulations on modern 
coral: section 8.1.7), which are likely to be useful 
in order to identify any melting phenomena on 
the bronze corpus of the fibulae.

8.4 Considerations
The technological study of the leech fibulae with 
a terracotta core is very complex: in fact, these 
are composite and very elaborate artefacts, the 
production of which must have required con-
siderable skills. The traces visible on the surface 
of the ancient artefacts and the information 
obtained from their radiographic observation 
provided various interpretations, also identify-
ing some problems, especially in relation to the 
actual presence and disposition of internal sup-
ports for the clay core.
The experiments carried out (32 tests on fibu-
lae and 9 pins) allowed certain problems to be 
solved and a possible production chain to be re-
constructed for the manufacturing of these fibu-
lae (see below). It must be pointed out, however, 
that this is a preliminary study, as the experi-
ments are still in progress and some variables 
remain to be tested.
The study of archaeological artefacts revealed 
(Fig. 213.0):
-	 the presence of an internal metal element in 

site A, obstructed on the surface, but some-
times decipherable;

-	 the presence of a hole in site B;
-	 the presence of a metal piece in site C;
-	 the incorporation of the pin in site D.

Based on this evidence and experimental trials, 
a possible chain can be proposed for the pro-
duction of leech fibulae with circular insets:
1 – Realisation of the clay core with a protuber-
ance in C and two wooden supports in A and B 
(Fig. 213.1);
2 – Coverage of the core with ≈ 5 baths of bees-
wax (in yellow in Fig. 213.2): pins A and B are 
functional for immersion;
3 – Modelling the wax model, including several 
steps (Fig. 213.3): 
-	 cleaning of protuberance C, 
-	 removal of the pins in A and B, 
-	 blocking of the larger hole in A with wax, 
-	 drawing of the linear decoration,
-	 drilling of the wax at the circular decoration 

up to the terracotta core, 
-	 addition of the foot;
4 – Preparation of the mould, including several 
steps (Fig. 213.4): 
-	 reinsertion of the pin in B (functional for 

dipping in the first baths of semi-liquid clay 
for filling the decorations), 

-	 insertion of the pin in D, 
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Figure 209. a) Two bellows melting furnace; b) Two bellows melting furnace; c) Ceramic crucible after a bronze 
casting; d) Graphite crucible with ceramic cap, after casting; e) Bronze ingot; f) Fibula with non-uniform colouring 

for direct realisation, without preliminary ingot: test specimen 19; g) Heating the moulds on the furnace during 
casting; h) Vertical positioning of the mould after casting (right); furnace (background); graphite crucible and 

metal cup (left).



213 Giulia Berruto Experimental archaeology contribution

Figure 210. a) Extracting the crucible from the furnace; b) Casting the bronze in the mould; c) Casting defect 
due to flow interruption: test 20; d) Alloy melting in progress, combustible addition; e) Casting the bronze in the 

mould; f) Molten bronze in the mould and vents in action; g) Breaking the clay mould with a scalpel: test 21;  
h) Casting defect due to incorrect filling of the gap around the inner core: test 21.
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Figure 211. a) Fibula with vents originally made of beeswax: test 15; b) Casting defect due to incorrect filling of 
the gap around the inner core; c) Uniformity by rubbing the surface of the two valves; d) Bivalve matrix; e) Fixing 
the two valves before casting; f) Bronze casting; g) Pin resulting from a casting with not perfectly joined valves: 

presence of many casting burrs; h) Successful example, the result of the correct joining of the two shells.
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-	 immersion in semi-liquid clay and partial 
drying, 

-	 covering with clay to create the mould,
-	 drying;
5 – Wax removal by heating or partial firing of 
the mould: release from the foot (Fig. 213.5);
6 – Bronze casting: infusion of molten metal from 
the foot and incorporation of the pin (Fig. 213.6);
7 – Post processing (Fig. 213.7):
-	 Removal of the clay mould, 
-	 Cleaning and deepening of the circular dec-

oration holes and of the prominence in C;
8 – Insertion of a bronze cap in C (Fig. 213.8);
9 – Insertion of coral in circular decorations 
(Fig. 213.9).
Experimentation of casting by using a lead 
bronze alloy with a high tin content showed that 
the final colour of the object may have been, in 
ancient times, much silverier than that of classi-
cal bronze, influencing the final reconstruction 
of the artefact. Red-coloured coral insets are 
highlighted in these artefacts (Fig. 214).
Very good results were obtained about the pos-
sible procedure according to which coral insets 

were placed in the circular decorations. The 
study of the archaeological finds led to the for-
mulation of two hypotheses: i) insertion of a cor-
al piece or ii) filling with a paste. Experimental 
tests showed that the use of a paste is hardly 
feasible, whereas the insertion of tiny coral 
portions is easy – either without glue or using a 
mixture of beeswax and pine resin.

Figure 212. a) Reheating the semi-finished product by reverse tempering; b) Processing by hammering;  
c) Breaking defect during hammering; d) Detail of the folding of the edges of the semi-finished product.
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Figure 213. 0) Schematisation of observations made on archaeological artefacts; 1) Clay core; 2) Beeswax  
coverage; 3) Modelling the wax model; 4) Preparation of the mould; 5) Wax removal; 6) Bronze casting; 7) Mould 

opening; 8) Cap insertion; 9) Coral elements insertion.
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Figure 214. Colour rendering of artefacts.





9. Conclusions

Abstract

Questo volume è dedicato all’analisi archeologica e archeometrica delle fibule a sanguisuga con in-
serti circolari, databili tra VI e V sec. a.C. e diffuse principalmente in Italia settentrionale negli areali 
delle culture di Golasecca e di Este. Questi manufatti bronzei presentano decorazioni circolari cam-
pite da materiale bianco, tradizionalmente interpretato come corallo rosso mediterraneo (Corallium 
rubrum). Per la loro caratterizzazione è stato sviluppato un protocollo non distruttivo multi-analitico 
che integra microscopia ottica, spettroscopia Raman e FT-IR, diffrazione a raggi X e SEM-EDS. Lo studio 
archeo-tipologico di dettaglio ha permesso l’identificazione di alcune tendenze nella manifattura di 
questi ornamenti, rilevando la presenza di oggetti con caratteristiche meno elaborate nell’area della 
Liguria interna e della Pianura Padana occidentale, probabilmente in quanto imitazioni locali dei tipi 
golasecchiani.
Nel record esaminato sono state incluse per confronto anche altre tipologie di reperti cronologica-
mente affini, accomunate dalla presenza di parti in presunto corallo, per un totale di 372 reperti esa-
minati nel dettaglio. Tra questi, su 264 reperti selezionati per le analisi archeometriche, solo il 17% 
ha mostrato segnali diagnostici certamente riferibili a C. rubrum, grazie alla compresenza di calcite 
magnesiaca (MMC-HMC) e polieni. Il 43% invece è identificabile come materiale carbonatico (calcite 
con vari tenori di Mg), senza polieni. In altri casi sono stati identificati materiali alternativi come osso, 
gesso, aragonite e Spondylus gaederopus, oppure è stata rilevata l’assenza di una campitura decorativa. 
L’analisi metallurgica superficiale, mediante µ-XRD e SEM-EDS, ha suggerito un verosimile control-
lo intenzionale della lega: bronzo povero di stagno per gli oggetti che richiedevano una lavorazione 
post-fusione, e bronzo ricco di stagno e con tracce di piombo per i manufatti finiti in colata. La tecno-
logia impiegata è coerente con la fusione a cera persa, con decorazioni realizzate sul modello in cera.
Le problematiche aperte riguardano la verifica di una maggiore incidenza del Corallium rubrum in 
oggetti più recenti, la spiegazione dell’abbondanza di calcite basso magnesiaca e la possibile determi-
nazione della provenienza del corallo.

9.1 Project overview
The main goal of the present research is the 
archaeometric and archaeological study of the 
decorations of a specific type of fibula, wide-
spread in northern Italy during the Early Iron 
Age (6th - 5th century BCE), namely the leech fib-
ula with circular insets. It is characterised by a 
leech shaped bow, generally with a clay core, 
and a long foot, ending with a small globe. Its 
distinctive consiste of several small circular 
holes, filled with a white material, traditionally 
identified as coral.
Coral spreads in northern Italy from the end 
of 8th and throughout the 7th century BCE and 
continues to be used until approximately the 
5th century BCE. After this period, it disappears 
from these regions, while it remains attested 
north of the Alps and in southern Italy. During 
the Early and Middle Iron Age, this material was 
employed in the production of various types of 

ornaments in northern Italy, with a distribution 
mainly concentrated in two areas: the Golasecca 
cultural sphere and the Venetic–Este area. It is 
possible to identify a general evolution from 
less elaborated artefacts, such as the ‘Longone 
al Segrino’ pendants or the Venetic beads, to-
wards more and more elaborated forms, such 
as the leech fibula with insets, or with trans-
verse groove decoration, or the bucket pendants 
with ‘occhio di dado’ decoration. The coral dec-
orations are generally white in colour today, 
with few exceptions, and the attribution to red 
Mediterranean coral (Corallium rubrum) has 
generally been made on the basis of the litera-
ture, by comparison with some finds that pre-
serve red or orange hue. 
In order to try to solve this incertainty in the ma-
terial characterisation, a specific non-destruc-
tive protocol has been developed and applied on 
several archaeological artefact from northern 
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Italy, with a specific focus on leech fibulae with 
presumed coral circular insets, complemented 
by a comparative analysis of other Iron Age ar-
tefacts sharing similar characteristic.
This research proposes a change of perspective 
in the study of archeological finds and their dec-
oration by integrating the traditional archeo-ty-
pological approach with archaeometric and 
archeo-technological analyses. This combined 
methodology aims to achieve a more compre-
hensive understanding of both the artefacts 
themselves and the cultural contexts that pro-
duced them.

9.2 Archaeotypological study: 
archaeological trends
The typological assessment of leech fibulae with 
insets, based on both published literature and 
unpublished artefacts from Italian collections, 
revealed crucial patterns in the cultural dis-
semination, chronological development, and 
regional variation of these objects. The fibulae 
are most commonly associated with the Este 
and Golasecca cultural spheres, but their dis-
tribution also includes more peripheral regions 
of northern and central Italy, as well as transal-
pine territories. Of the 421 leech fibulae with 
insets identified, including published and un-
published material, only 296 are preserved in 
Italy. This type is dated between the mid-6th and 
mid-5th century BCE and is traditionally subdi-
vided into several varieties based on the num-
ber and distribution of circular holes on the 
bow. In this study also the conformation of the 
foot termination has been considered, in order 
to check for the presence of any chronological 
or geographical trends: it is generally charac-
terised by the presence of globet, which can 
be round or flattened, decorated with circular 
insets or not, placed all around or only on the 
upper face; it may be accompanied by a bulge, 
which may be decorated; finally the foot termi-
nation may have particular shapes (i.e. pointed, 
swallow-tailed, vase-shaped). Eight different 
subtypes have been identified, with varying 
frequency and with different geographical and 
chronological distribution. The types with dou-
ble or triple globet ends are mainly found in the 
Swiss area of the Golasecca culture, with three 
exceptions in the Po Valley and the Apennines, 
while the ‘Q type’, with foot with bulge before 
the globet, and in particular the sub-variant 

with flattened globet and bulge, both decorated 
only on the upper part (‘type QB3’), is more com-
mon along the northern Apennines.
The extensive study of Italian artefacts also 
allowed the identification of a novel type, the 
leech fibulae with grooves, which can be subdi-
vided into sub-types based on the orientation of 
the grooves on the bow and on the presence or 
absence of circular inlays alternating with the 
grooves. This type probably originated in the 
Italian context from the fusion of typical features 
of leech fibulae with coral inlays with those of 
late-Hallstattian fibulae, as it has many similar-
ities with both. The so-called Late Hallstattian 
fibulae, found in Italy in few exemples, are a 
typical Celtic production of the HAD3-LTA peri-
od. Among this vaste production two types may 
have coral inlays. The presence of these fibulae 
in the eastern part of Italy has led some authors 
to suggest that the use of coral was a local elab-
oration of trans-Alpine types. The leech fibulae 
with grooves combine typical characteristics 
of leech fibulae, such as the morphology of the 
foot, the unilateral spring fused with the body 
of the fibula, with a type of decoration referable 
to the late-hallstattian fibulae with coral, which 
have variously folded foots and bilateral spring, 
inserted separately in a hole in the arch.
Based on the archaeological evidence, it is diffi-
cult to identify the locations of possible produc-
tion centres. The main indicators that can be 
considered are the discovery of raw materials 
and of artefacts – particularly those clearly as-
sociated with production contexts. Regarding 
leech fibulae with inlays, there are some dif-
ferences between artefacts produced in the 
Golasecca cultural area and those from Liguria 
Interna and the western Po valley. The former 
are generally more refined objects with a clay 
core and standardised characteristics, while the 
latter are similar but have specific features that 
suggest they may be the result of local produc-
tion, such as a greater incidence of full arches, 
flattened lenticular or biconvex bow morpholo-
gy and reduced dimensions. Consequently, it is 
possible to hypothesise the presence of at least 
two different production areas, with the first 
production centres linked to Golasecca, such 
as probably Castelletto Ticino-Sesto Calende or 
Gropello Cairoli or Como, and other centres (such 
as Villa del Foro and perhaps Brignano Frascata, 
San Polo d’Enza and Pianello Val Tidone), where 
these products were imitated less skilfully by lo-
cal craftsmen. This is evidenced by the greater 
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incidence of full bow fibulae, which are easier 
to make.
Artefacts from Genoa appear to be more closely 
related to those from the Golasecca area, sug-
gesting that they are not locally produced but 
rather represent original Golasecca items. This 
may be related to a raw coral trade across the 
Scrivia valley, as suggested by the presence of 
a raw coral element in the Genoa Castello ex-
cavations. In north-eastern Italy, leech fibulas 
with insets are mostly attributable to the oldest 
variants and display highly refined character-
istics, as in the case of the golasecchian fibu-
las. These were probably manifactured in the 
main production centres, such as Este, Padua, 
Montebelluna.
Concerning the presence of raw materials for 
the production of these artefacts, the site of 
Forcello di Bagnolo San Vito is particularly note-
worthy, as numerous coral fragments have been 
recovered there, suggesting local processing of 
the material. However, no direct evidence of ac-
tual production activities has been documented.

9.3 Archaeometric analysis: protocol 
and results 
The archaeometric characterisation of pre-
sumed coral parts has been achieved with a 
non-destructive multi-analytical protocol, spe-
cifically designed for the characterisation of 
Corallium rubrum. This involves the use of op-
tical microscopy, vibrational spectroscopies 
(µ-Raman and FT-IR with a diamond cell), µ-X-
ray diffraction and scanning electron microsco-
py with micro-chemical analysis. 
The proposed protocol enables three different 
archaeometric approaches (‘in situ’, in laborato-
ry, µ-sampling) in the white material characteri-
sation and is thus adaptable to the conservation 
requirements of museums and conservation 
institutions. It combines the needs for preser-
vation of archaeological finds with the relai-
bility of the archaeometric investigations. The 
most effective approaches involve complete 
characterisation, either through µ-sampling or 
by transporting the findings to the laboratory 
without sampling. Both approaches use several 
techniques and do not require any pre-treat-
ment; they are equally valid. The latter allows 
completely non-invasive multi-spot analysis. 
Meanwhile, µ-sampling avoids the need for 
transport and ensures the artefact remains on 

public display at the museum. The least effec-
tive approach is the ‘in situ’ approach, which 
only allows partial characterisation and in-
volves portable Raman instrumentation and a 
digital microscope.
Such a versatility implies limitations in the reso-
lution of analyses, particularly for what concerns 
some methods. In fact, µ-XRD investigations are 
strongly influenced by the surface irregularity 
of some samples, leading to a shift in the char-
acteristic peaks and mostly preventing all ex-
trapolations about correlating this shift with the 
chemistry of the samples. SEM-EDS analyses in 
low vacuum, with no surface pre-treatment of 
the specimens, lead to semi-quantitative results, 
sufficient to adequately infer the Ca/Mg ratio in 
calcite.
The archaeological record considered in the 
present research comprises all artefacts con-
taining presumed coral parts from northern 
Italy that can be dated to the Iron Age. Particular 
focus is given to leech fibulae with insets. A re-
view of the literature identified 534 published 
archaeological finds with presumed coral parts. 
The current location of only 436 of these is 
known. Of these, 372 artefacts were examined 
‘in situ’ using a portable digital microscope and 
264 were selected for archaeometric analysis 
based on the preservation of the presumed cor-
al parts.
The reason for focusing on this particular type 
of fibula is its specific nature, as the character-
isation of its small inlays requires an archae-
ometric approach. Their size and method of 
manufacture make identification by simple 
macroscopic observation difficult, as is often 
the case with raw coral branches.
Archaeometric investigations allowed the un-
equivocal identification of C. rubrum in 17 % of 
the analysed artefacts, due to the simultaneous 
identification of calcite with a medium-to-high 
magnesium content (MMC-HMC) and polyenes. 
In 43% of cases, carbonate phases (i.e., medi-
um-high magnesian calcite, calcite with reduced 
or no magnesium content) were identified, but 
no polyenes. 
The identification of low magnesian calcite 
(LMC) or pure calcite (29 %) raises interesting 
questions, as these materials could result either 
from the use of rock-forming carbonates (e.g. 
limestones or marbles) or coral skeletons sub-
jected to post-depositional alteration processes 
(e.g. altered C. rubrum or altered white coral or 
fossil coral). The sporadic occurrence of gypsum 
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(1%) is the result of transformation from a pos-
sibly biogenic carbonate matrix after burial in 
acidic soils. Similarly, it seems plausible to attri-
bute the presence of LMC to post-depositional 
diagenesis, rather than to the selection and use 
of different raw materials.
Occasionally, the performed analyses also iden-
tified different materials in the decorations – 
such as bone, glass, aragonite, S. gaederopus and 
White Indian Ink. However, in 29 % of the cases 
no adequate filler was identified.
Correlating these data with the artefact type 
revealed no clear trend. For leech fibulae with 
insets, the best-represented type, correlations 
with several other variables (e.g., possible com-
bustion, year of discovery, dating, provenance) 
were also examined. This analysis indicated a 
higher occurrence of C. rubrum in the more re-
cent artefacts (480–440 BCE), whereas the old-
est artefacts (560–480 BCE) are characterised by 
calcite lacking polyenes and exhibiting greater 
variability in Mg content. This evidence sug-
gests the diversified use of various materials 
in earliest phases, culminating in the consoli-
dation of the use of C. rubrum in more recent 
phases. However, the record of more recent ob-
jects is less abundant than that of older ones, 
which may contribute to the apparent lower 
diversification of materials. Consequently, the 
chronological hypothesis should be tested by 
extending the analysis to Swiss artefacts, partic-
ularly those dating to GIIIA1.
Overall, the results obtained are largely con-
sistent with previous archaeometric studies on 
Iron Age transalpine fibulae (Furst et al. 2016; 
Bente et al. 2015c; 2016; 2020; 2023). In partic-
ular, some similarities exist with the study of 
Mitteldeutsche Korallenfibel, metal-bow fibulae 
with coral beads, dated to the Late Iron Age and 
widespread in Germany and Austria (Bente et 
al. 2023). C. rubrum, in fact, was identified in 
some cases and poor-Mg-calcite or calcite in oth-
ers, posing similar problems of interpretation 
about the origin of the latter. In this case, the in-
tegration of Raman and µ-XRD studies with µ-CT 
(internal density) and isotopic analyses proved 
to be particularly useful in identifying C. rubrum 
with a recent marine origin, excluding the use 
of fossil coral (Bente et al. 2015c; 20-23). Finally, 
the analogy between an Italian fibula (Brembate 
Sotto) and a transalpine one (Leinbach; Bente et 
al. 2020) is particularly interesting, as it reveals 
a compositional difference between the surface 
(LMC or simple calcite) and the inner part (C. 

rubrum, HMC with polyenes), indicating pres-
ence of an external alteration.

9.4 Critical issues: LMC problem
Low magnesium calcite has been identified in 
many cases, raising issues of interpretation re-
garding the origin of this material. It may in fact 
derive from the use of a different raw material, 
such as calcareous stone, or from the red coral 
altered by diagenesis in the soil. Another factor 
to consider is the potential influence of the dep-
ositional context. For instance, artefacts from 
incineration tombs may have been exposed to 
heat during funerary rituals. 
Approximately 20% of artefacts composed of 
LMC show signs of combustion. This phenom-
enon could explain the loss of polyenes, which 
occur above 200°C, as documented in the liter-
ature. In order to verify a potential decrease in 
Mg content, combustion tests were performed 
in laboratory on modern coral at temperatures 
consistent with those reported by archaeologi-
cal data for Iron Age funeral pyres. Measuring 
the Mg-content in the calcite before and after 
combustion revealed an effective decrease, re-
sulting in the formation of MMC from the HMC 
that constitutes the coral. However, burnt ar-
chaeological finds only account for a small pro-
portion, so this phenomenon cannot completely 
explain the presence of LMC. 
In the considered record, C. rubrum is obvious-
ly never detected in burnt artefacts. These are 
generally associated with calcium carbonate, 
pure calcite or LMC, compared to MMC or HMC. 
An attempt was made to correlate the materi-
als with the year of discovery, to assess whether 
post-excavation alterations could have influ-
enced the results; however, no significant cor-
relations were identified. According to liter-
ature (Borromeo et al. 2017; Fürst et al. 2016; 
McGregor, Gagan 2003), both LMC and HMC 
can exist in nature; however, unaltered cal-
cites with intermediate values have never been 
found. This is why, when MMC is identified in an 
archaeological find, with or without polyenes, it 
is attributed to the alteration of an original C. 
rubrum. A loss in the Mg-content can be induced 
by meteoric diagenesis, leading to the formation 
of MMC or even LMC, starting from an original 
HMC (typical of red coral) or even aragonite (the 
main component of deep-water corals).
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9.5 Critical issues: coral provenance
Regarding the provenance of ancient coral, 
Pliny the Elder tells us that the finest material 
came from the Gallic Gulf and the Sicilian Sea, 
near the Aeolian Islands and Trapani, as well 
as from Gravisca and Naples. Dioscorides and 
Oribasius, for their part, report that it originates 
from Cape Pachino, near Syracuse. In previous 
centuries, evidence of red coral has been doc-
umented along the coasts of the Marseille and 
Béziers areas, as well as in the excavations of 
Genoa Castello. In northern Italy, raw coral has 
been found in Como, Forcello and the Este area. 
In central and southern Italy, votive depos-
its have been discovered in Cagliari, Gravisca, 
Foce del Sele, Velia and Oria. During the Middle 
Ages, exploitation continued in the same areas, 
but new sites were also documented, such as 
Corsica and Sardinia from the 13th century, and 
North Africa from the 14th century.
Furthermore, other white corals are document-
ed in the Mediterranean Sea. These are known 
as cold water corals (CWC) or, more commonly, 
madrepores, and are generally sporadic colo-
nies in a state of decay or fossils. The presence 
of white corals in the Mediterranean Sea is of 
interest in the context of this study, as this mate-
rial may also have been used in the production 
of Iron Age artefacts. However, the bathymet-
ric distribution of CWC at greater depths is not 
compatible with free-diving fishing methods 
and they were probably not or less exploited 
in ancient times. Nevertheless, some evidence 
suggests that these corals were used in antiqui-
ty, as pointed out by medieval texts from west-
ern Provence mentioning the trade in white and 
red coral for use in pharmaceuticals. In the 1st 
century, Dioscorides wrote about red and white 
corals. The earliest evidence of the use of these 
corals was found at the Tas-Silg sanctuary in 
Malta. Eight fragments of the Dendrophyllia ra-
mea coral were found there as a votive offering. 
These fragments were dated partly to the 4th 
century BCE and partly to the late Republican 
and early Imperial Roman periods.
Unfortunately, archaeometric methods current-
ly cannot determine with certainty the sourcing 
areas of the coral used in these artefacts. While 
no specific studies exist for coral, some authors 
have focused on shell provenance (Bajnóczi et 
al. 2013; Bente et al. 2023; Claassen, Sigmann 
1993; Douka 2011; Leng, Lewis 2016; Pierre 
1999), mentioning two possible approaches: 

isotopic and trace-element analysis – both of 
which are, however, difficult to apply to C. ru-
brum. The main problem is that C. rubrum main-
ly come from a single basin, Mediterranean Sea. 
Both isotopic signature and chemical elemental 
fingerprints are quite stable inside the same ba-
sin. Furthermore, provenance determination 
on archaeological samples would require an 
exhaustive analysis of all possible old collection 
sites, for comparison purposes. In C. rubrum 
case, this assumption is not feasible, because 
the ancient supply sites, located at a low depth, 
are certainly now depleted. Modern pollution 
is another potential problem. Additionally, the 
effects of diagenesis have to be considered be-
cause calcite recrystallisation reflects the envi-
ronmental conditions at the site of recrystallisa-
tion rather than the area of provenance of the 
material. The effective presence and extent of 
diagenesis might be determined: by combining 
XRD and SEM-EDS to assess the structural and 
mineralogical integrity of the material, or by the 
use of cathodoluminescence.

9.6 Archaeometallurgical insights
The metal surfaces of the objects were also ana-
lysed using the same protocol, which indicated 
variations in composition that appear to cor-
relate with the different manufacturing process-
es involved in producing the artefacts. These ob-
servations, however, should be interpreted with 
caution, as the results are inevitably influenced 
by post-depositional alteration processes.
Good results were obtained with µ-XRD and 
SEM-EDS investigations, which identified sever-
al crystalline phases related to metal alteration 
products containing copper, tin and lead. The 
analyses revealed compositional differences 
in relation to the different classes of objects, 
suggesting a possible intentional control of the 
alloy composition in relation to the properties 
desired for the planned working technique. 
In particular, analysis of the metal surface al-
teration by-products revealed low tin content 
for objects requiring post-casting hammering, 
while, conversely, complex artefacts requiring a 
liquid casting alloy appear to have high levels of 
tin and lead.
A further significant result is the possible evi-
dence of compositional differences in leech fib-
ulae between the body of the fibula (bow and 
foot) and the pin, confirming that these objects 
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can be considered ‘composite’ artefacts. The pin 
and spring seem to be made of tin-poor bronze, 
while the bow and foot are composed of tin-
rich bronze with lead. The amount of lead also 
appears to vary depending on the presence or 
absence of a clay core in the bow, with higher 
values in the former case. The arch of this type 
of fibula is characterised by the presence of a 
clay core coated by a thin layer of metal, thus 
requiring the use of a very fluid casting alloy. 
There are also refined decorations on the sur-
face, probably made directly on the wax model, 
in order to minimise the post-casting processing 
of the artefact and reduce the risk of breakage 
due to the fragility of the lead alloy. These are 
composite artefacts that require a high degree 
of technological craftsmanship.
Trace elements have also been considered, in 
order to check for some suggestion about the 
possible ore used for copper extraction, but not 
significant result emerge. Excluding elements 
that are likely to be enriched from the soil, the 
sum of the main trace elements is generally 
minor than 1 wt%, indicating a high degree of 
purity for the used copper, an important techno-
logical information. 
Finally, the study of two composite bow fibulae 
with coral beads from Como reveals the pres-
ence of a decoration with thin rods originally 
made of silver, now blackish in colour. For this 
type, these decorative elements were usually 
made of gold and the identification of the use of 
silver is of particular interest.

9.7 Archaeo-technology
The archaeo-technological study focuses on 
leech fibulae with inlays. No substantial differ-
ences were found between type variants. The 
main difference lies in the presence or absence 
of an inner clay core. This core could be insert-
ed to economise bronze and reduce the global 
weight, especially in larger artefacts. 
The fibulae in the record vary in size and shape, 
suggesting the use of a lost-wax technique. This 
technique also allows decorations to be easily 
created directly on the wax model, as evidenced 
by the traces on the edges of the linear and cir-
cular decorations found on the archaeological 
artefacts. 
Supports were necessary to keep the core in 
place after the wax was removed from the 
mould by heating. Examination of the artefacts 

reveals the constant presence of two holes on 
the upper face of the arch: a larger one on the 
spring side and a smaller one on the foot side. 
The former is generally filled with metal, which 
makes it difficult to detect on the surface, and is 
sometimes decorated, such as in the fibula from 
Motto Lagone. A large metal gusset is also gener-
ally visible on the ventral side of the bow.
An in-depth radiographic examination was per-
formed on 45 fibulae from the Golasecca area 
to examine their internal structure. The study 
revealed the constant presence of an internal 
metal element in the upper part of the bow that 
matched the hole on the spring side. It also re-
vealed an elongated cavity in correspondence 
with the small hole on the foot side and a con-
ical element on the lower face. X-rays also al-
lowed observation of the pin insertion point 
in the metal part of the fibula body and never 
inside the clay core, together with some particu-
lar other evidences, such as the insertion of the 
rare ornitomorphic element.
Subsequently, experimental archaeology led to 
the reconstruction of a potential lost-wax pro-
duction process. The data obtained from the ex-
perimental tests are consistent with the results 
of the archaeometric analyses conducted on the 
metal surface. Experimental tests on the man-
ufacture of these bronze artefacts are ongoing 
and will hopefully validate the remaining iden-
tified variables.
As far as circular decorations are concerned, 
experimental archaeology tests proved that it is 
easier to frame a coral inset in the hosting cavity 
than to fill it with a paste, and that this produces 
a much better aesthetic result. Various binders 
were tried out, and a mixture of beeswax and 
pine resin was found to be the best option in 
terms of application, holding power and colour 
rendering. However, a binder is unnecessary 
when the inset is placed exactly in the hosting 
cavity.

9.8 Future perspectives
Possible future developments of this research 
could focus on addressing the critical issues that 
have been identified.
Further studies on this topic could investigate 
the apparently higher prevalence of C. rubrum 
in more recent artefacts. This could be achieved 
by expanding the sample to include a larger 
number of the more evolved leech fibulae with 
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insets, which are particularly abundant in the 
Swiss sector of the Golasecca culture.
The presence of calcite with different Mg-
content could also be investigated using various 
methods, such as isotopic analysis to identify 
recent, altered or fossilised coral (Bente et al. 
2023), cathodoluminescence (Moreno-Azanza 
et al. 2016), X-ray computed tomography, and 
TEM data on nanostructure and microstruc-
ture arrangements, as for mesocrystals and 
their transition and local chemical composi-
tions. Other future developments may focus on 
understanding the whitening of originally red 
coral decorations, to be investigated through 
experimental simulations. This phenomenon 
could result from the partial or complete deg-
radation of C. rubrum, interactions with burial 
soils (e.g., humic solutions), or heat exposure (as 
suggested by Bente et al. 2023). 
The interdisciplinary, non-destructive study of 
the bronze and coral artefacts presented here 
has allowed for a comprehensive understand-
ing of both their constituent materials and the 
production techniques involved in their man-
ufacture. This research thus provides an inno-
vative perspective on the study of these archae-
ological objects, linking multiple disciplines to 
enhance our understanding of the artefacts.
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Le Marduel 38, 39 
Lecco 48
Leimbach 35
Les Gardies, Pignan - Oppidum des Gardies 39
Libya 21, 31
Liguria	 9, 21, 27, 29, 38, 45, 50, 51, 54, 58, 64, 86, 
90, 96, 97
Liguria Interna 45, 48, 50-52, 61, 64, 86, 96, 102, 
175, 177, 192, 219, 220
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Ligurian Gulf 41
Ligurian Sea 22, 37, 97
Lilybeo - Marsala 32
Livorno 43
Loire basin 38
Loire department 35
Lombardy 48, 49, 92
Longone al Segrino 59
Lora 28
Lower Rhine department 35
Ludwigsburg district 35
Magdalenenberg 87
Maghreb 21, 27, 41
Mailhac 29, 37, 38
Majorca 32
Mallia 30
Malpensa 48
Malta 17, 22, 31, 223
Malta, Tas Silg 17, 22, 223
Mantua, piazza Santa Barbara 90
Mantua 36, 37, 52, 90
Marduel 38, 39
Marmara Sea 29
Marsa al-Kharaz - Marsacarès-La Calle 41, 42
Marsacarès-La Calle - Marsa al-Kharaz   41, 42
Marsala - Lilybeo 32, 42
Marseille 21, 35, 37, 38, 39, 41-43, 51, 223
Marseille, Butte Saint-Laurent 37
Marseille, La Tourette 37
Marseille, place Jules Verne 37
Marseille, Tunnel de la Major 38
Martigues 39
Marzabotto 52, 54, 61, 90, 92
Massalia - Marseille 38
Mechel 61, 77, 88, 92
Mediolanum - Milan 48, 52
Mediterranean Sea 9, 18, 21, 22, 29, 30, 41, 55, 
104, 223
Megara Hyblaea 30
Mel 52, 54, 64, 109
Melfi 34
Memphis 30 
Mesolcina Valley 48, 49, 61
Metaponto 33
Metapontum - Metaponto 34
Milan 48, 49, 51
Milano, Museo Civico Archeologico Castello 
Sforzesco 114
Minusio 50, 61
Modena 56
Modenese 56, 92
Moesa valley 50
Mondovì, Breolungi 51, 81
Mont Lassois 35

Monte Arci 28
Monte Cavanero, Chiusa Pesio 51
Monte Ceneri 48, 49
Montebello Vicentino 92
Montebelluna 52, 54, 61, 109, 135, 221
Montebelluna, Posmon 135
Montecastagneto 54
Montecastello 51
Monterenzio, Monte Bibele 90
Monte Valestra 54
Montfo 38
Montlaurès 33, 38, 39 
Morgongiori 28
Morocco 21, 42, 104
Most na Soci, Santa Lucia di Tolmino 53, 61, 72, 
77, 88, 89, 101
Motto Lagone 135, 207, 224
Mozia 32
Naples 40-43, 97, 223
Naples, Sellaria road 43
Naucratis 30
Nébéchen 30
Nebringen necropolis 36
Neuchâtel 29
Nile 30, 41
Nonantola 56
Nora 32
Nordhouse 87
North Africa 43, 223
Novara 95, 201
Novarese 49, 94
Nubia 31, 41
Obere Gerteisen - Gerlingen 35
Olbia 35
Olius 27
Oppeano 61, 85
Ordona 24, 34
Oria 32, 223
Ospedaletto Euganeo 74
Pacific Ocean 43
Padova, CUS-Piovego 77, 82, 85, 170
Padova, vicolo San Massimo 82
Padua, Padova 52, 54, 61, 64, 77, 82, 109, 170, 221
Paestum 30, 32, 34
Palencia 28
Palestro 61, 66
Palugana, Ospedaletto Euganeo 74
Panaro River-Valley 54, 56
Pantanello necropolis 33, 34
Paramo del Las Tuerces 28
Parma 56
Parre di Sotto 80, 169, 188
Pavese 51, 61
Pavia 48, 66
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Pazzallo 50
Peloponnese 30 
Penon de la Gomera 42
Perachora 30
Persian Gulf 40, 41
Peveragno, Castelvecchio 51
Philippines 43
Phoenicia 30-32, 193
Piacentino 45, 90, 96
Piacenza 56, 66
Pianello V.T. 54, 82, 90, 220
Piave valley 52-54, 109
Piedmont 9, 48-52, 56, 86, 90, 94, 97, 102, 113, 164
Pieve d’Alpago, Pian della Gnela 82, 102
Pignan, Oppidum des Gardies 39
Pisa 50
Plan de la Tour 39
Pocapaglia 51
Polcevera Valley 42
Po River 34, 48, 50, 97
Policoro - Herakleia 33
Policoro, Via Avellino 33
Pollera Cave 29
Pombia 61, 170
Pompei 32
Ponte nelle Alpi, Casan 88
Ponte nelle Alpi, Cugnan 61
Pontecagnano 33
Pontecurone 86
Pontòs 39
Ponza 42
Poříčany 35
Port Conthy 29 
Portmàn 42
Portofino 41
Portugal 21, 42, 104
Porza 50
Pregassona 50
Provence 22, 25, 35, 38-43, 97, 223
Pully Chamblandes 27
Punta Giglio 29
Pyrenees 35
Rapallo 37
Rasun 88
Red Sea - Mar Rosso 27, 29, 40, 41
Reggiano 56, 61, 90
Rhodes 30
Rhone 27, 38
Roma, Museo delle Civiltà, Museo Pigorini 32
Rome 32
Rottofreno 64, 90
Rubiera 56
Ruvo 34
Safforze 61

Saint Léonard, Carrière 27
Saint Vincent, Gaujac 39
Saint-Blaise 37, 38
Saint-Brès 39
Saint-Pierre-Les-Martigues 39
Saint-Raphael 41
Saint-Rome-de-Cernon 39
Salins-les-bains, Champ de Chateau 77
Salses, Le Port 39
Samos 30
San Bernardino di Briona 82, 170, 177
San Pietro island 42
San Polo d’Enza 61, 64, 82, 90, 220
San Tomio di Malo 92
San Vito lo Capo 42
Santa Lucia, Tolmino 53, 61, 72, 77
Santa Margherita Ligure 43
Sant’Angelo di Statte 28
Sant’Antioco island 42
Sant’Arcangelo 33
Sant’Ilario d’Enza, Bettolino 64
Santo Spirito, Gropello Cairoli 48, 61, 66, 85, 220
Santorso 92
Sanzeno 53
Saône department 35, 77
Saône valley 38
Samoggia River 56
Sardinia 21, 28, 29, 31, 32, 41-43, 223
Sava valley 37
Savoy 27
Schussenried 29
Sciacca 21, 43
Scrivia River-Valley 38, 49, 51, 52, 221
Secchia River-Valley 56
Serio River 48
Serravalle Scrivia 51
Servirola 56
Sesto Calende 48, 59, 60, 61, 85, 220
Sesto Calende, Gajaccio 85
Sesto Calende, Mulini Bellaria 60
Seuil des Chèvres cave 27
Sicilian Channel 20, 22
Sicilian Sea 40, 223
Sicily 21, 30-32, 41, 42
Singen 82, 87
Slovenia 53, 54, 61, 64, 77, 81, 82, 85, 87-89, 101
Soča region 53
Somma Lombardo 48
Sopraceneri, Alta Val Mesolcina 48, 61
Sottoceneri 50
Sousse - Hadrumentum 31
Spain 21, 27, 28, 32
Spina 37, 54
Sri Lanka 41
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Stenico, Calferi 61
Stična 61
Stoechadae Islands, Hyères Islands 40
Strait of Gibraltar 21, 22, 42
Strait of Sicily 21
Susa Valley 94
Swiss plateau 50, 92
Switzerland 27, 29, 35, 50, 61, 64, 66, 82, 92, 196
Syracuse 40, 42, 223
Tabarka 42
Tanaro River 50, 51
Taranto 28, 33
Taranto, contrada Madre Grazia 33
Taranto, contrada Tesoro 33
Taranto, via di Palma 33
Tarquinia 30, 97
Teano 32, 34
Tharros 32
Ticino Valley 50 
Torre del Greco 43
Tortona 49, 51
Toscana 45
Trapani 27, 40-43, 97, 223
Trentino Alto Adige 53, 54, 61, 92-94
Trieste karst 77
Tunisia 21, 31, 40
Turin 9, 14, 113, 116, 122
Turin, Musei Reali, Museo di Antichità di Torino 
33, 59, 107
Turkey 29
Tyrrhenian Sea-coast 21, 22, 38, 50, 52, 104
Ullastret 39
Upper Isonzo 53
Vaccareccia necropolis 32
Vače 61
Valais 27, 50
Valbrevenna 61, 86
Val de Loire 37
Valdieri 51
Valsassina 48
Valtellina 48
Var department 39, 40
Varese 201
Varese, Villa Mirabello Civic Museums, Museo 
Civico Villa Mirabello 59
Variglie-Revigliasco 51
Vaucluse 39
Vaud 27
Veio 32
Velia 30, 223
Veneto	52-56, 78, 82, 88
Venice 43
Vera 42
Verona 52-54

Verretto 61
Verucchio 54, 55, 61, 90
Verucchio, Pozzo di Pian del Monte 90
Vho di Piadena 92
Vicentino 92
Vicenza 52-54
Villa del Foro 51, 61, 64, 72, 80, 86, 102, 119, 220
Villar Dora 94
Villaricos 32
Vix 35
Vukovar 37
Weingarten - Krummäcker 35
Zvoleněves 35 
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Appendix 1 – Supplementary Figures

Figure 215. a) Crenulation (Castelletto Ticino, Motto d’Egro; Longone al Segrino pendant; inv. no. CT179; GSAC); 
b) Crenulation (Brembate Sotto; composite bow fibula; inv. no. 3051; Museo Civico Archeologico Bergamo); 

c) Crenulation (Golasecca; Longone al Segrino pendant; inv. no. D1669; Museo Giovio Como); d) Crenulation 
(Castelletto Ticino; Longone al Segrino pendant; inv. no. D1750; Museo Giovio Como); e) Crenulation (Castelletto 

Ticino; Longone al Segrino pendant; inv. no. D1750; Museo Giovio Como); f) Medullar region concentric struc-
tures (Castelletto Ticino; Longone al Segrino pendant; inv. no. D1750; Museo Giovio Como); g) Crenulation 

(Como, Respaù; composite bow fibula; inv. no. E5957; Museo Giovio Como); h) Crenulation (Como, Respaù; 
composite bow fibula; inv. no. E5958; Museo Giovio Como).
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Figure 216. a) Medullar region concentric structures (Pieve d’Alpago; bead; inv. no. I.G.355538; SABAP); b) 
Medullar region concentric structures (Pieve d’Alpago; bead; inv. no. I.G. 355542; SABAP); c) Crenulation 

and medullar region concentric structures (Pieve d’Alpago; bead; inv. no. I.G. 355679; SABAP); d) Bio-attack 
(Golasecca; Longone al Segrino pendant; inv. no. MV103; Museo Civico Archeologico Villa Mirabello Varese); e) 
Crenulation (Piovego, grave 5.99; UNIPD); f) Medullar region concentric structures (Piovego, grave 5.99; UNIPD); 
g) Bio-attack (Piovego, grave 110.13; UNIPD); h) Crenulation (Como, Ca’ Morta; composite bow fibula; inv. no. St. 

1230; Museo Giovio Como).
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Figure 217. a) Crenulation (Como, Ca’ Morta; composite bow fibula; inv. no. St 1397; Museo Giovio Como); b) 
Crenulation (Como, Ca’ Morta; Longone al Segrino Pendant; inv. no. St33593; Museo Giovio Como); c) Crenulation 

(Como, Ca’ Morta; Longone al Segrino Pendant; inv. no. St. 33594; Museo Giovio Como); d) Shell (Forcello di 
Bagnolo San Vito; inv. no. St.78799; Museo Nazionale Mantova); e) Crenulation and bio-attack (Forcello di 

Bagnolo San Vito; inv. no. St.78799; Museo Nazionale Mantova); f) Crenulation (Forcello di Bagnolo San Vito; inv. 
no. St.78799; Museo Nazionale Mantova); g) Crenulation (Forcello di Bagnolo San Vito; inv. no. St. 78797; Museo 
Nazionale Mantova); h) Crenulation (Forcello di Bagnolo San Vito; inv. no. St. 78798; Museo Nazionale Mantova).
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Figure 218. a) Garland-like morphology (Borgonovo V. T., leech fibula with circular insets; inv. no. 20.S258-2.119; 
Museo Archeologico della Valle Tidone); b) Garland-like morphology (Borgonovo V. T., leech fibula with circular 
insets; inv. no. 20.S258-2.171; Museo Archeologico della Valle Tidone); c) Crenulation (Golasecca, bucket pen-
dant; inv. no. A.4858; Musei Civici Milano); d) Garland-like morphology (Golasecca, Lazzaretto, leech fibula with 

circular insets; inv. no. A.17519; Musei Civici Milano); e) Garland-like morphology (Cavarzano, Masiera, leech 
fibula with circular insets; inv. no. 217; Museo Civico Belluno); f) Garland-like morphology (Golasecca, leech fib-
ula with circular insets; inv. no. D2049; Museo Giovio Como); g) Garland-like morphology (Motto Lagone - grave 
1, leech fibula with circular insets; Museo Archeologico Arona); h) Garland-like morphology (Pianello V. T., leech 

fibula with circular insets; inv. no. St. 200191; Museo Archeologico della Valle Tidone).
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Figure 219. a) Garland-like morphology (Como, leech fibula with circular insets; inv. no. St. 57210; Museo Giovio 
Como), b) Garland-like morphology (Villa del Foro, leech fibula with circular insets; inv. no. St. 66132; Musei Reali 
Torino); c) Garland-like morphology (Pombia, leech fibula with circular insets; inv. no. St. 83946; Museo Fanchini 

Oleggio); d) Garland-like morphology (Mantova, leech fibula with circular insets; inv. no. St. 169519; Museo 
Nazionale Mantova); e) Unknown provenance; Leech fibula with circular insets (inv. no. MV589/3; Bra Museum): 

whitish inlays; f) Golasecca; Leech fibula with circular insets (inv. no. D2059; Museo Giovio Como): green metallic 
alteration products on the circular decoration; g) Como; Leech fibula with circular insets (inv. no. St.57244; Museo 
Giovio Como): green metallic alteration products on the circular decoration; h) Piovego, Padua; Leech fibula with 

circular insets (inv. no. I.G. 34914, UNIPD): blue metallic alteration products on the circular decoration.
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Figure 220. a) Montebelluna, loc. Posmon; Leech fibula with circular insets (inv. no. I.G. 304780, Montebelluna 
Museum): blue metallic alteration products on the circular decoration; b) Montebelluna, loc. Posmon; Leech fib-
ula with circular insets (inv. no. I.G. 304784, Montebelluna Museum): blue metallic alteration products on the cir-
cular decoration; c) Pieve d’Alpago; Leech fibula with circular insets (inv. no. I.G. 312348, SABAP): blue metallic 
alteration products on the circular decoration; d) Cavarzano, Masiera; Leech fibula with circular insets (inv. no. 

217, Museo Civico Belluno): blue metallic alteration products on the circular decoration.
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Figure 221. a) BSE-image of a circular decoration (Motto Lagone, T1); b) BSE-image of a circular decoration with 
high presence of Paraloid on the metal surface (Motto Lagone, T1); c) BSE-image of a circular decoration (Motto 

Lagone, T1): multi-branched micro-morphology; d) BSE-image of a pendant surface (Brembate Sotto, inv. no. 
3016): garland-like wavy structure; e) BSE-image of an element of a composite bow fibula (Brembate Sotto, inv. 
no. 3052): micro-porous morphology; f) BSE-image of a sample from a circular decoration (Brignano Frascata, 

inv. no. C-FR-NE/2): multi-branched micro-morphology.
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Figure 222. a) BSE-image of a sample from a circular decoration (Brignano Frascata, inv. no. C-FR-NE/2): mam-
mellonary micro-morphology; b) BSE-image of a vitreous bead (Motto Lagone, grave 1): conchoid micro-mor-

phology: c) BSE-image of a vitreous bead (Castelletto Ticino, inv. no. CT14031X, CT868c): high presence of 
Paraloid on the surface; d) BSE-image of a circular decoration (Como, via Isonzo, inv. no. St.57220): detail of 

the presence of incoherent material standing between the inset and the border of the hole containing it; e) BSE-
images of Longone al Segrino type pendant (Castelletto Ticino, inv. no. D1750): detail of the presence of fibre res-
idues trapped in the bronze rod spring; f) BSE-images of Longone al Segrino type pendant (Castelletto Ticino, inv. 

no. D1750): detail of the presence of fibre residues trapped in the bronze rod spring.
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Figure 223. a) BSE-images of Longone al Segrino type pendant (Castelletto Ticino, inv. no. D1750): detail of the 
presence of fibre residues trapped in the bronze rod spring; b) BSE-images of Longone al Segrino type pendant 

(Castelletto Ticino, inv. no. D1750): detail of the presence of fibre residues trapped in the bronze rod spring; c) BSE-
image of ‘r_Cr_L’: ligurian C. rubrum with sclerites.; d) BSE-image of ‘r_Cr_L’: ligurian C. rubrum with crenulations;  
e) BSE-image of ‘r_Cr_L’: ligurian C. rubrum with sclerites; f) BSE-image of ‘w_Cr_u’: polished worked C. rubrum.
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Figure 224. a) Traces of biogenic attack by other organisms (C. rubrum, ‘r_Cr_Si’); b) Traces of biogenic attack 
by other organisms (C. rubrum, ‘r_Cr_Si’); c) Surface smoothing due to marine transport and races of biogenic 
attack (C. rubrum, ‘r_Cr_Si’); d) Surface smoothing due to marine transport and races of biogenic attack (C. ru-

brum, ‘r_Cr_Si’); e) Surface smoothing due to marine transport (C. rubrum, ‘r_Cr_Si’); f) Surface smoothing due to 
marine transport (C. rubrum, ‘r_Cr_Si’); g) Surface concretions (C. rubrum, ‘r_Cr_Si’); h) Surface smoothing due to 

marine transport C. rubrum, ‘r_Cr_Si’).
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Figure 225. a) Surface smoothing due to marine transport (C. rubrum, ‘r_Cr_Si’); b) Elongated µ-structures and 
a grainy, compact surface (fossil Piedmontese coral, ‘r_fc_P’); c) Elongated µ-structures and a grainy, compact 

surface (fossil Piedmontese coral, ‘r_fc_P’); d) Elongated µ-structures and a grainy, compact surface (fossil 
Piedmontese coral, ‘r_fc_P’); e) Elongated µ-structures and a grainy, compact surface (fossil Piedmontese coral, 

‘r_fc_P’); f) Elongated µ-structures and a grainy, compact surface (fossil Piedmontese coral, ‘r_fc_P’).
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Figure 226. a) BSE-image of ‘r_Cr_Si’: sicilian C. rubrum with traces of marine transport polishing; b) BSE-image 
of ‘r_Cr_Si’: sicilian C. rubrum with traces of marine transport polishing; c) BSE-image of ‘w_pCr_Sa’: Sardinian 

polished worked whitish-to-pink C. rubrum; d) BSE-image of ‘r_c_L’: Ligurian white coral; e) BSE-image of ‘r_c_L’: 
Ligurian white coral; f) BSE-image of ‘r_fc_P’: fossil coral.
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Figure 227. a) Radiography of inv. no. 868; b) Radiography of inv. no. 197; c) Radiography of inv. no. 870; d) 
Radiography of inv. no. 198; e) Radiography of inv. no. 944; f) Radiography of inv. no. 946; g) Radiography of inv. 

no. 947; h) Radiography of inv. no.  949; i) Radiography of inv. no.St.83925; l) Radiography of inv. no. St. 83925; m) 
Radiography of inv. no. St. 83946; n) Radiography of inv. no. St. 83946.
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Figure 228. a) Radiography of inv. no. St. 83966, b) Radiography of inv. no.St. 83966, pin; c) Radiography of inv. no. 
St. 83966; d) Radiography of inv. no.  CT29; e) Radiography of inv. no. CT728; f) Radiography of inv. no. CT728; g) 

Radiography of inv. no. CT1144; h) Radiography of inv. no. D2049; i) Radiography of inv. no. D2059; l) Radiography 
of inv. no. D2064.
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Figure 229. a) Radiography of inv. no. D2073; b) Radiography of inv. no. D2077; c) Radiography of inv. no. 
D2104; d) Radiography of inv. no. D2773; e) Radiography of inv. no. E5552; f) Radiography of inv. no. E5553; g) 

Radiography of inv. no. E5667; h) Radiography of inv. no. E5865.
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Figure 230. a) Radiography of inv. no. E5868; b) Radiography of inv. no. E5873; c) Radiography of inv. no. 
E13225; d) Radiography of inv. no. St.864; e) Radiography of inv. no. St.864; f) Radiography of inv. no. St.865; 

g) Radiography of inv. no. St. 57210; h) Radiography of inv. no. St. 57244; i) Radiography of inv. no. St. 57220; l) 
Radiography of inv. no. St. 57250.
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Figure 231. a) Radiography of inv. no. St. 57262; b) Radiography of inv. no. St. 114084; c) Radiography of inv. no. 
St. 139651; d) Radiography of inv. no. St. 139652; e) Radiography of inv. no. CT728.
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This volume investigates Iron Age ornaments from northern 
Italy decorated with white inlays traditionally identified 
as coral, with particular focus on leech fibulae. Combining 
typological study, archaeometric analysis and experimental 
archaeology, it identifies the materials used and reconstructs 
the techniques behind their manufacture. The results reveal 
the presence of Mediterranean red coral (Corallium rubrum) 
alongside other materials, offering new insights into craft 
production, technological knowledge and long-distance 
interactions in Iron Age Europe.
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