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ABSTRACT

The research focused on the chemical and minecabsgfudy of ornamental vitreous
materials belonging to different archaeologicasiof south and north Italy, dated from the
Middle Bronze Age to the Iron Age. Composition,ttee and morphological characteristics
of glass beads are investigated in order to syt 6in the different types of raw materials
used and on the evolution of the production tealsgn the within the examined period.

The ornamental vitreous materials dated to the Bro\ge come from Lipari and Salina
(Southern ltaly), two islands strategically locaitethe Aeolian archipelago and characterized
by important commercial trading with the Mediteran area throughout the Bronze Age. The
vitreous materials are composed by 66 beads afrdiit color and typology from Lipari —
Acropolis and Piazza Monfalcone cemetery — andn8ak Villaggio di Portella — dated
between the Middle Bronze and the Final Bronze Agée Iron Age ornaments come from
Padova (Piovego cemetery) and Villa di Villa (Cgrino, Treviso), two important contexts
located in the Nortastern Italy. Both sites are positioned in themerAdriatic area which played

a very important role in the connection betweeretdstern Mediterranean area and continental Europe.
Moreover, they are the first archaeometric datmosf Age ornamental vitreous materials from North-
East Italy. From the Piovego Necropolis crematioavgs come 38 glass beads ddwetiveen the
second half of the'6century and the end of th& 6entury B.C. The& ornaments from Villa di
Villa site are very different for typologies andeagcovering a time span ranging from the Final
Bronze Age to the Late Roman Age

The ornaments were sampled from the bodies andigberations to obtain 130 micro-samples of
different kind of glass. The samples weareorporated in epoxy resin, surface-polisted
analyzed by SEM-EDS and EPMA, whereas non — ineasiRay Diffraction was performed on the
beads. Some samples were also studied by meariaghé €rystal X-Ray Diffraction anilicro —
Raman Spectroscopy to identify nano — crystallireduisions

The analyzed glasses from Lipari and Salina, dated the Middle Bronze Age (MBA) to the
Final Bronze Age (FBA), were obtained using twdeatiént fluxes: soda — rich plant ashes
(HMG glasses) and mixed alkali plant ashes (LMH#&sgks). The MBA samples from Lipari
and Salina show a HMG composition, which is pregemiie whole Italian peninsula in that
period. The only MBA1-2 glass is from Lipari Acrdigoand it is a HMG amber glass colored



by a Fe-S complex produced in a reducing atmosphbeeMBA3 samples are all from Salina
and show a HMG composition. They are mostly bluereal by Co associated to Cu even
though a few amber glasses and one white glasprasent. Different cobalt sources were
hypothesized suggesting the use of different raweri@ds and, probable, provenance from
different production centerkterestingly, the only analyzed white glass setnis the early
presence in Italy of Ca antimonates to obtain amap white glass, while this technology is
well known in the same period in Egypt.

The samples dated to the Final Bronze Age (FBA)adirérom Lipari (Piazza Monfalcone
cemetery and Acropolis) and belong to 2 composiignoups: 15 samples are HMG glasses
while 50 are LMHK glasses, produced with mixed hlkahes as flux. Additional 2 glasses
have a particular high content of potash, like lackass of LMHK glasses (LMHK —K class)
identified in Northern Italy. The HMG glasses arestty blue all colored by low amounts of
copper, even though also a few amber and blackegagre present. The LMHK glasses are
blue, colored by Cu (sometimes associated to Sfoa6th) or by Co associated to Cu, Ni and
As, as found in the coeval cobalt blue North Italggasses. Nine FBA LMHK white glasses
from the decorations of the beads were also andlyieey are opacified by silicates phases
(Ca silicates with variable stoichiometry and/ora@m) as attested in some coeval north Italian
and European glasses. The presence of LMHK glassesith Italy during the FBA is relevant
because testify a circulation of these materiamfnorth Italy, where is well known the local
production of mixed alkali glasses, to south It&florover, the persistence of HMG glasses,
which are not attested in the Italian peninsularduthe FBA, underline the importance of
Lipari as trade center with the Aegean/Middle East.

Conversely, all the Iron Age ornaments are LMG spas obtained usingatron as flux,
according to the few data of the coeval Italiarsgés present in the literature. Only one sample
from the Piovego Necropolis is a HMG glass, pelyemdmparable with both typical Na — rich
ashes glasses of the MBA3 — RBA and with thosedtidipersist during the Early Iron Age.
No mixed alkali glasses are present in the analyimedAge samples, even if LMHK glasses
have been found, although rarely, in the Early kge materials, specifically in some beads
from Golasecca {9century B.C.) and Bologna'(&entury B.C.). The typologies of the 8 Villa
di Villa ornaments are variable but their chemicamposition is perfectly comparable with

coeval data in the literature for similar materialsvo of the three blue glass bracelets



unearthed in the site, have a particular compasitith high contents of ¥O that at, has no
comparison with coeval celtic arm rings to date.

Chemical composition in both Piovego Necropoli aritla di Villa samples has a large
variability depending on the color and opacity/sparency of the glass. Different materials
and coloring techniques were identified: Ca antiates are present in white and opaque pale
blue glasses, Fe is the main chromophore in traespgellow/amber glasses, while Pb
antimonates are used to color and opacify the andyyzed opaque yellow glass from Villa di
Villa. The blue color is poorly present and mosiligh dark shades due to Co, while Cu —
coloring glasses are extremely rare. The identifi@ce elements related to Co are not the same
in all the samples suggesting the use of Co-cotosgth different origins. High Fe and Mn
amount, in two cases associated with high Pb ingllhgs matrix (PbO up to 20% wit),
characterize some opaque black glasses. Sevesakglaxhibit a higher content of Al and Fe,
although the ratio is variable, as described irliteeature for some coeval materials.

The chemical composition and the morphology obsknvéhe Iron Age ornaments reflect the
variability of the materials: most of the samples & heterogeneous texture with metallic and
mineral inclusions due to unreacted raw materiat8a newly formed crystals, more similar
to Bronze Agalassy faiencéhan actual glasses

An interesting aspect is the complete change of materials and production technologies
during the transition from the Final Bronze to tfen Age. The Iron Age glasses show a very
high compositional variability, correlated to diféat raw materials used and to the wide range
of production techniques adopted (in particulartha glasses coloring). This variability does
not seem related to the different chronologicalselsaof the ornaments, but in several cases
shows a connection with the typology of the beallse data in the literature for this
chronological phase (half of th& @nd the end of the"century B.C.) and specific typology
are numerically scarce and therefore, at presengtipossible to identify the production areas
of the ornaments.

This study allows to clarify several aspects ofsgla@roduction during the period from the
Bronze to the Iron Ages, when the vitreous materak extremely varied in composition,

typology and, probably, origin.



RIASSUNTO

La presente ricerca e focalizzata sullo studio @uone mineralogico di materiali vetrosi per
ornamenti appartenenti a diversi siti archeolodédisud e del nord Italia e datati dal Bronzo
Medio alla piena Eta del Ferro. Le caratteristicheniche, tessiturali e mineralogiche dei
materiali sono studiate al fine di investigare vedsi tipi di materie prime utilizzate e
I'evoluzione delle tecniche di produzione nell’aotonologico considerato.

| materiali vetrosi ornamentali risalenti all'Etél Bronzo provengono da Lipari e Salina, due
isole situate nell’arcipelago eoliano e interessia@mnportanti traffici commerciali con l'area
del Mediterraneo durante tutta I'Eta del Bronzamateriali vetrosi sono composti da 66 vaghi
di colore e tipologia diversa da Lipari -AcropolNecropoli di Piazza Monfalcone - e Salina -
Villaggio di Portella — e datati tra il Bronzo Mede il Bronzo Finale.

Gli ornamenti dell’Eta del Ferro provengono da Rad{Necropoli del Piovego) e Villa di
Villa (Cordignano, Treviso) due importanti conted#l Veneto. Entrambi i siti sono situati in
prossimita dell'area nord adriatica, importante llaneli collegamento tra l'area del
Mediterraneo orientale e I'Europa continentalelttaple analisi di questi reperti costituiscono
i primi dati archeometrici per reperti ornamentalimateriale vetroso provenienti dal Nord-
Est Italia. Dalle tombe a cremazione della necriogel Piovego di Padova provengono 38
vaghi databili tra la seconda meta del VI secdmfene del V secolo a.C. Gli 8 ornamenti dal
sito di Villa di Villa, invece, sono molto divergier tipologia ed eta, e coprono un arco
temporale che compreso tra I'eta del Bronzo firedle tarda Eta Romana.

Gli ornamenti sono stati prelevati sia dai corpe clalle decorazioni dei vaghi, ove possibile,
e sono stati micro campionati 130 tipi diversi dire. | campioni sono stati incorporati in
resina epossidica, lucidati, grafitati e analizra¢idiante SEM-EDS e EPMA, mentre I'analisi
in diffrazione di raggi X e stata eseguita direttgute sui vaghi in maniera non invasiva. Alcuni
campioni sono stati anche studiati mediante diiwa& di raggi X a cristallo singolo e
spettroscopia micro Raman per identificare la r@atiglle inclusioni cristalline disperse nella
matrice vetrosa.

I materiali vetrosi da Lipari e Salina, datati abnzo Medio (BM) al Bronzo finale (BF),
sono stati prodotti utilizzando due diversi fondeogéneri di piante sodiche (vetri HMG) e

ceneri di piante ad alcali misti (vetri LMHK). legoioni di BM provenienti da Lipari e Salina
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presentano una composizione HMG, presente in tatfgenisola italiana in quel periodo.
L'unico vetro di BM1-2 proviene dall’Acropoli di pari ed € un vetro color ambra di
composizione HMG colorato molto probabilmente dahplesso Fe-S prodotto in atmosfera
riducente. | campioni di BM3 sono tutti da Salinba@ano una composizione HMG. Sono per
lo piu di colore blu colorati da Co associato a Olire ai vetri blu sono presenti anche pochi
esemplari di colore ambra e un vetro bianco. Devéositi di cobalto sembrano essere state
impiegate nella produzione dei vetri blu da Salswaygerendo 'uso di materie prime diverse
e, probabilmente, la provenienza da diversi cafitproduzione. E interessante notare che
I'unico vetro bianco analizzato di BM3 sembra dosté la prima evidenza in Italia dell’'uso
di antimoniati Ca per ottenere un vetro bianco opaentre questa tecnologia € ben nota nello
stesso periodo in Egitto.

| campioni risalenti al Bronzo finale (BF) sonotiwdta Lipari (Necropoli e Acropoli di Piazza
Monfalcone) e appartengono a due gruppi composatiioh5 campioni sono vetri HMG
mentre 50 sono di tipo LMHK. Due vetri blu hannocauparticolare composizione ad alto
contenuto di potassio, come gia identificato in so#oclasse di vetri LMHK (LMHK - classe
K) provenienti dal nord Italia. | vetri HMG di Bfeéso per lo piu blu colorati da piccole quantita
di rame, ma sono presenti anche vetri ambra e wa mero. | vetri LMHK sono blu, colorati
da Cu (talvolta associato a Sn e / o Sb) o Co &soa Cu, Ni e As, come nei vetri blu al
cobalto dal Nord Italia. Nove vetri bianchi LMHK BF dalle decorazioni dei vaghi sono stati
analizzati. Essi sono opacizzati da fasi silicai¢ilicati Ca con stechiometria variabile e / 0
quarzo), come attestato in alcuni vetri bianchdnitaliani ed europei. La presenza di vetri a
composizione LMHK nel sud Italia durante il BF ieviante perché testimonia una circolazione
di questi materiali dal nord Italia, dove e benanatproduzione locale di vetri ad alcali misti,
al Sud ltalia. Inoltre, la persistenza di vetri H\Vi&he non sono attestati nella penisola italiana
nel corso del BF, sottolinea l'importanza di Lipguale luogo di circolazione di materiali
provenienti dall'area Egea / Medio Orientale.

Tutti gli ornamenti della piena eta del Ferro, ioesono di tipo LMG, ottenuti utilizzando
natron come fondente. Solo un campione dalla netirdel Piovego é di tipo HMG, ed ha
composizione perfettamente comparabile sia coi H#NIG di BM3 - BR sia con quelli che
ancora persistono durante la prima eta del ferom $ono invece presenti vetri ad alcali misti

che in alcuni casi invece persistono, anche senete, nei materiali della prima eta del Ferro,



in particolare in alcuni vaghi della cultura di @sécca (IX secolo a.C.) e da Bologna (VI
secolo a.C.).

| vetri di Villa di Villa, aventi tipologie ed eténolto differenti fra loro, hanno composizioni
comparabili con i dati coevi di materiali similiggenti in letteratura. E interessante notare che
due dei tre bracciali di vetro blu rinvenuti nébsihanno una particolare composizione ad alto
contenuto di KO che non trova invece riscontro, almeno per il moto, con i coevi dati
disponibili per i bracciali celtici.

La composizione chimica dei materiali dal Piovegtad/illa di Villa ha una grande variabilita
in funzione del colore e dell'opacita / traspareheavetro. Materiali e tecniche di colorazione
differenti sono state identificate: gli antimonidtiCa sono presenti nei vetri turchesi e bianco
opaco; il Fe é I'elemento cromoforo principale weiri trasparenti giallo / ambra, mentre gli
antimoniati di Pb vengono utilizzati per colorareogacizzare I'unico vetro giallo opaco
analizzato, proveniente da Villa di Villa. Il coeblu &€ poco presente e nella maggior parte
dei materiali con tonalita scure per la presenz&ali mentre i vetri colorati al Cu sono
estremamente rari. Gli elementi associati al Co sono gli stessi in tutti i campioni
suggerendo l'uso di fonti di cobalto di diversagore e, quindi, una provenienza diversa dei
materiali. Alti tenori di Fe e Mn, in due casi asisdi ad alto Pb nella matrice vetrosa (PbO
fino al 20% in peso), caratterizzano alcuni veln & marrone opaco. Diversi vetri presentano
un alto contenuto di Al e Fe, anche se il rappentariabile, come riscontrato in letteratura per
alcuni materiali coevi.

La variabilitd chimica e morfologica osservata neghamenti dell’eta del Ferro riflettere le
diverse tessiture dei materiali: la maggior pagechampioni ha una tessitura eterogenea con
inclusioni metalliche e minerali dovute a relittirdaterie prime non reagite e / o a cristalli di
nuova formazione, e piu paragonabifagencedell’eta del Bronzo che a vetri veri e propri.

Un aspetto interessante e il cambiamento complete dnaterie prime e tecnologie di
produzione durante il passaggio dal Bronzo Finlletaadel Ferro. | vetri dell’eta del Ferro
mostrano una elevata variabilitd composizionalegtata a diverse materie prime utilizzate e
alla vasta gamma di tecniche di produzione addfitaggarticolare per la colorazione dei vetri).
Questa variabilita non sembra correlata alle devéasi cronologiche degli ornamenti, ma in
molti casi alla diversa tipologia dei vaghi. | dati letteratura per questa specifica fase

cronologica (meta del VI e fine del V secolo a€tipologie di materiali sono numericamente
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scarsi e quindi, allo stato attuale, non é possildentificare le zone di produzione e/o
provenienza dei reperti. Tuttavia, questa ricereamgtte di chiarire alcuni aspetti della
produzione del vetro nel periodo compreso tra ketiBronzo Medio e la piena eta del Ferro,
in cui i materiali vetrosi sono evidentemente darézati da una estrema variabilita in termini

di composizione, tipologia e, probabilmente, orggin
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CHAPTER1

INTRODUCTION

The thesis was carried on thanks to the co — sigienvof Dr. Ivana Angelini (Geosciences
Department, Padova University) and Prof. Michelgi@u(Department of Cultural Heritage,

Padova University).

1.1 Project origin

The research focused on the chemical and minecalbgtudy of ornamental vitreous
materials belonging to different archaeologicasivf southern and northern Italy, and dated
from the Middle Bronze Age to the Iron Age. A langember of archaeometric studies on
Italian vitreous materials have been carried oefr dhre years, covering periods ranging from
the Early Bronze Age to the Late Iron Age (Angekial. 2004, 2005, 2006, 2010a and b,
2011; Arletti et al. 2010a, 2011a, 2012; Artioliagdt 2008; Biavati et al. 1989; Brill 1992;
Henderson 1988; Santopadre e Verita 2000; Tite 2088a, b and c; Towle et al. 2001). The
results show that there are different compositimtadses of glass, sometimes with peculiar
textures, associated with specific ages, typologiesprovenances. In the transition between
the Final Bronze Age to the Iron Age, variationstypology and important chemico-
compositional changes occurred in the productioglags (Angelini et al. 2011; Arletti et al.
2010, 2011a; Artioli et al. 2013; Poktaal. 2011; Tite et al. 2008), both associated with the
main trade networks of the different periods. Iis fight, the selected finds belong to two
archaeological contexts, differing in age and gaplic position:

1) Lipari (Acropolis and Piazza Monfalcone ceme}eapd Salina (Villaggio di Portella),
Southern ltaly. They are important sites charaoterby a widespread trade network with the
entire Mediterranean throughout the Bronze Age dredefore, a significant location to study
the circulation routes of the different glass prithns. The project is part of an earlier study
started in 2006 in collaboration with the GeoscenbDepartment of Padova University (Dr.
Ivana Angelini and Prof. Gilberto Artioli), the Saptendenza of Trento (Paolo Bellintani) and
the Istituto Italiano di Preistoria e Protostofldne studied materials cover a chronological
range from the Middle Bronze Age 1-2 to the Finedize Age 2-3.
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2) Padova (Piovego cemetery) and Villa di Villa I[&idi Villa site, Cordigano, Treviso),
North-Eastern Italy. The sites are both locatethenVeneto region and more generally in the
north-Adriatic area, which plays a very importaoierin the connection between the eastern
Mediterranean and continental Europe, becauses afeibgraphic location. Furthermore, the
analyzed finds represent the first archaeomettiatd on Iron Age ornaments from North-East
Italy. The project has been developed in cooperatith the Cultural Heritage Department of
Padova University (Prof. Giovanni Leonardi, Profchele Cupito, Dr. Benedetta Prosdocimi,
Dr. Stefano Boaro).

The glass beads form the Piovego cemetery of Paai@veated to the second half of tife 6
century and the end of th& Sentury B.C. (second Iron Age). The ornaments fiiha di
Villa are very different both in typologies and ageovering a wide chronological range from
the Final Bronze Age to the Late Roman Age.

1.1 Theaim of theresearch

Composition, texture and morphological charactesgsof vitreous material ornaments are
investigated in order to shed light on the différgqpes of raw materials used and on the
evolution of the production techniques within theamined period, especially for the
production of ornaments. In particular, for Lipamd Salina the relationship with coeval
Mediterranean and Near Eastern glass productidhbevconsidered, in order to evaluate the
trade routes according to the ornaments’ circulaf@rthermore, southern Italy materials will
be compared with those of northern Italy in oradeevaluate any possible spreading of the
production techniques and/or objects in the Itapaninsula. While for the Bronze Age there
are numerous and detailed archaeometric studi#tal@n vitreous materials, for the Iron Age
data are more fragmentary. In this line, the stofdihe vitreous materials from the Veneto
region will be interesting to define any possibésvrcompositional classes with respect to the
Bronze Age tradition, and to study the evolutiommaterials and production techniques in the
transitional phase from the Final Bronze Age tolth@ Age. Comparisons between Italian
Iron Age materials and coeval European glass ptazhgwill also be considered.

The analyses’ results are explained in ChaptermieChapter 6 presents the discussion and
the comparison with coeval Italian and Europeanifidednean glass productions.

14



CHAPTER 2

ARCHAEOLOGICAL CONTEXTS

The materials analyzed in this research belongydoxell distinct chronological phases of

the Italian protohistory — the period between thddie Bronze Age and the Final Bronze

Age on one hand and the second Iron Age on ther dthed — and to important

archaeological sites located in two different paftialy (Fig. 2.1). The finds dated to the

Bronze Age come from Lipari and Salina, two islanfishe Aeolian archipelago (Sicily

region, southern Italy). The Iron Age ornaments edrom Padova and Villa di Villa di

Cordignano, near Treviso, both in the Veneto re@gnmmth-eastern Italy).
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Fig. 2.1: Map of ltalyThe two areas of provenance of the studies materials are highlighted in red. Detailed maps

of the Veneto region and the Aeoclian Islands ase atported.
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2.1 Lipari and Salina

Lipari and Salina are two islands in the Aeolieshgelago located in the lower Tirreno
See in front of the north-east point of Sicily. Jlaee the first and the second largest islands
in the archipelago, respectively, followed by otleminor islands (Panarea, Alicudi,
Filicudi, Stromboli and Vulcano). The knowledge te prehistory and protohistory of
these islands is due to the exceptional researoht@s carried out since the half of the
20" century by Luigi Bernabo Brea, one of the mostangnt Italian archaeologists of all
time.

In the Aeolian Islands the first phases of the Nedgkonze Age (MBA 1-2) correspond
to the second phase of the Capo Graziano cult@fe{E" century B.C.). The name of this
culture derives from the Montagnola of Capo Grazisite, in the island of Filicudi. The
last phase of the Middle Bronze Age (MBA3) corresi®to the Milazzese culture (14
century B.C.) from the name of a promontory in tiearby Panarea Island, where a site
related to this period was identified and excavaié@ excavations of the Aeolian Islands
highlighted the presence of archaeological evidemetated to the Subapennine culture,
typical of the Recent Bronze Age (RBA, end of"4first half 12" century B.C.) of
continental Italy, above the levels of the Milazzesilture; traces of this archaeological
aspect, which in the Aeolian Islands is called Ausd, also appeared in north-eastern
Sicily. This cultural, and probably ethnic, changesrespond to what is reported by the
literature sources — Thucydides, Dionysius of Hahassus, Diodorus Siculus — about one
or more invasions of the Aeolian Islands and Sieilypopulations coming from the Italian
peninsula — the Ausones, led by King Auson - arahedld' century B.C. According to a
legend told by Diodorus Siculus, the son of Ausas Wiparus, from whom the Lipari
Islands derive their name. The Final Bronze AgeAF&cond half 12- 10" century B.C.)
corresponds in the Aeolian Islands to the Ausohaulture.

The correlation between the Aeolian phases antldh&n sequence of the Bronze Age are
based on the research of Peroni and coauthorsr(€@arat al. 1996) while absolute datings
of each phase are based on the research of Pdceiaod.
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Salina Island — Village of Portella

The glass beads from Salina Island analyzed in¢smsarch belong to Villaggio di Portella,
a typical site of the Milazzese culture, and ated# MBA3. The village, discovered in 1955
in Portella, on the eastern coast of the islands @cavated by Luigi Bernabo Brea. It was
located in proximity of the sea, surrounded by steeck faces in an extremely difficult
position to reach. The village was composed byi&&lar huts composed of a single space
with dry stone walls and perishable material cowgriThe huts were destroyed by a fire. At
present, the village of Portella is an archaeokgiark open to the public.
The glass beads analyzed all come from the d@ajzanna F(Fig. 1a), a hut located in the
northern part of the settlement, near another amstructureCapanna FA(Fig. 1b); however,
this hut seems to date earlier tt@apanna F The unearthed finds are composed by several
Milazzese culture vessels, stones tools and gladscarnelian ornaments (see below);
interestingly, there are also some Apennine andevgean pottery fragments (Bernabo Brea
et al. 1968). In fact, the Milazzese culture shdle highest concentration of Mycenaean

evidence together with typical aspects of the ead¥kediterranean, particularly Cyprus.

—
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Fig. 1. a. Salina — Villaggio di Portella (from froMartinelli 2005). b. detail of Capanna F and FioMm Bernabo
Brea et al. 1968).

Lipari Island — Acropolis Village and cemetery od#za Monfalcone
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The materials from Lipari analyzed in this work aofrom different settlement levels
of the Acropolis, attributed to Capo Graziano, Auisd and Ausonio Il phases — dated to
the MBA 1-2, RBA and FBA , respectively—, and fréime Ausonio Il cemetery of Piazza
Monfalcone — dated to the FBA.

Lipari — Acropolis Village

The Acropolis of Lipari Island was excavated bydiiBernabo Brea, in different steps,
from 1950 to 1970. It was a natural fortress inifficdlt position to reach and not
particularly large, about 31,00’ noval-shaped. The Bronze Age settlement locatéuisn
area was characterized by numerous huts with diffeshapes according to the various
phases — from circular to oval and to sub-quadranguand a single fireside inside. They
were built with wood and the floor, made of stooegravel covered by clay, was at a
lower level with respect to the soil. The villagkeveloped without interruption from the
Capo Graziano phase (MBA1-2) to the Ausonio Il gh@BA), was destroyed by a fire
(Bernabo Brea 1958; Bernabo Brea et al. 1980).

The four glass beads analyzed from the Lipari Acliggsettlement come from structures
belonging to different levels; in particular (fig): Capanna XXI (Capo Graziano culture,
MBA 1-2, 17-15" century B.C.); Capanna O grave Il (Ausonio | atdt RBA, end of
14"-first half 12" century B.C); CapannaVIl and Capanng V (Ausonio Il culture, FBA
2-3, 110" century B.C.
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Fig. 2: Plan of the Acropolis excavations (from B&ipo Brea et al. 1980). The red squares show ttikesent

of origin of the beads analyzed in this work.
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Lipari — Piazza Monfalcone cemetery

The Piazza Monfalcone cemetery was discovered 94 Hdd the excavations, direct
by Luigi Bernabo Brea, unearthed about fifty gravidse cemetery is dated to the initial phase
of the Ausonio Il, corresponding to the FBA 1-2 gha&f peninsular chronological sequence,
corresponding to the second half of th&-12™" century B.C. (Bernabo Brea et al. 1960). Some
graves, generally the most ancient onesgashytrismograves, with the skeleton crouched
into apithoslying horizontally, similarly to other graves dfet Middle Bronze Age (Bernabo
Brea 1958) and often characterized by rich grawegoThe others are cremation graves, with
the bones ashes insideitula, lying horizontally and closed by a large stoner(iabo Brea
1958; Bernabo Brea et al 1960).

The 53 glass beads selected from the Piazza Mami@lcemetery belong to graves 18
and 31 (fig. 3). Some beads exhibited at the Arcloggcal Museum of Lipari and analyzed in
this work are indicated as belonging to grave 18weler, it does not correspond to the
excavation report (Bernabo Brea et al. 1960). @rctintrary, these beads could possibly be a
part of the goods of grave 18 (personal commurdndtly P. Bellintani).

Grave 18 is aenchytrismograve with githoslying down with the opening oriented to the
East. A bronze fibula, a bronze rod, numerous aitsematerial beads (see Ch. 3.2.1) and three
amber beads compose the grave goods.

Grave 31 is aenchytrismograve with a bigithos(detail in the red square, fig. 3) horizontally
lying with the opening oriented to the East. Thevgrgoods of this inhumation are particularly
rich and composed, above all, by numerous ornaménteng them: a bottle, with spheroidal
body and cylindrical neck with flat rim and vertidendle, from body to rim and a chestnut
polished paste; two armrings in thick cylindricaldyrod with hooked ends; a small bronze
dagger with flat handle melted with the blade,rgking at the center and widening on the end,
with a slightly curved pierced edge, the handleater thicker than the blade; six clasps or
perhaps ornaments from a large belt, composedbytaal ring with a cross, with an oval ring
clasp on one end, and with a T clasp on the otiwerlarge bronze brooches with one rod, bent
in a large 8 shape on one end; a quadrangularromth with 6-spoke wheel pinhead, broken
in three fragments; a cylinder formed by a spirading of a thin bronze thread; a fibula with

an elongated lowered arch, formed by a bronze emered on the ends; two bronze band
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digital rings, with loose ends; a digital ring comspd of four spiral windings of a thin bronze
thread; an earring formed by an incomplete hoothim bronze thread; nineteen big amber
beads, numerous necklace beads of different dimessand materials (vitreous material,
amber, rock crystal, stones, bronze). Focusindherglass beads, they are 36 large beads and
about 600 small annular beads mostly blue-colowath (different shades). The glass beads
were assembled in a copper filament that probabfpped the arms and the legs of the dead
(Bernabo Brea et al. 1960).

Fig. 3: Plan of the Piazza Monfalcone cemetery sohio phase. Black arrows indicate graves 18 anfr@h

which come the analyzed finds; the red square itsgodetail of grave 31 (from Bernabo Brea et 86Q).
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2.2 Piovego Cemetery

In the first half of the 6 century B.C. the protourban center of Padova, dedrbetween
the end of the'®and the beginning of thé"&entury B.C., was affected by important changes:
as other protourban Veneto centers, it developathan structure and became a city-state,
acquiring an important role in the relationshiphntihe Hallstatt culture and Greek traders in
the Adriatic See.

A consequence of this transformation was the renzgtion of spaces by building new
orthogonal streets and canals together with the adjustment of the funerary area. In this

light, the foundation of the new large Piovego ctamewas particularly significant (Fig. 2.2.1,
red circle).

settlement

cemeteries

s - Mmain watercourse

= == = = minor watercourse

Vial. Le:\adan
0

Via G.B. Trepo!uf\ﬂa S. Massimo

1 |
Viia Umberto l/palazzo Emo Capodilista

Fig. 2.2.1: Map of the pre — Roman Padova centethk red circle, the Piovego cemetery is repoftethge
courtesy of Prof. Michele Cupitd, University of Bad).
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The Piovego cemetery was excavated between 198h&/7986-89 by the Institute of
Archaeology of the Padova University, under thedaion of Loredana Capuis and Elena di
Filippo Balestrazzi, followed by Giovanni Leonarttiis located in the eastern periphery of
the pre-Roman center of Padova, between the Rdtecaweatercourse (the ancient
MeduacufBrenta river) and the medieval Piovego canal. Gametery is perfectly aligned
with other eastern protohistoric funerary areaPadova (via Tiepolo/via San Massimo and
via Ognissanti) all located along the northern bafithe ancienMeduacudBrentariver (Fig.
2.2.1). Two cemeteries were also found in via Lare@nd via Umberto I/Palazzo Emo
Capodilista, located at north and south of thereenit Padova, respectively (Fig. 2.2.1).

The cemetery was characterized by bi-ritualismdratnation — with graves in circular pits
with wooden walls and in large storage vesselsé@led “dolii”, fig. 2.2.2) — was predominant
with respect to inhumations — with graves in singats. Cremation graves usually had grave
goods — very rich in a number of cases — compogg@dtbery and bronze vessels; bronze, iron,
gold, amber, coral and glass ornaments; bronzeirandtools and, rarely, iron weapons;
inhumations normally had no grave goods. As itroftappened in Iron Age cemeteries in the
Veneto region, horses were buried and an exceptamele burial with a man and a horse
was found. About 4,000+4of the Piovego cemetery were excavated, unearftifgremation
graves, 30 inhumation graves, 6 horses graves; Vewéhe total number of graves was
probably higher, but agriculture and building workfier the Roman age destroyed the
archaeological stratification. Inside the cemetehg space was perfectly organized with
sepultures allocated in various groups, differimghie density and richness of the grave goods;
however, unlike other coeval Padova cemeteries, siqgulture groups do not create
accumulation structures forming a “tumulus”.

The cemetery was founded in the first half of thecéntury and was used until the first half
of the 4" century B.C. It was probably used by a new langstacratic group, perhaps of
foreign origin, as suggested by the Celtic rodhefnameTival-Belleninscribed in the pebble

— probably dedicated to the founder — unearthedanitual area of the center of the cemetery
(Calzavara Capuis and Leonardi 1979; Cupito 2013itG 1997; Leonardi et al. 1989;
Leonardi 2004; Marinetti 2013; Paltineri 2013).
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The Piovego cemetery case study is going to beighdd in the Progetto di Eccellenza
Cariparo “PATAVNOS-Padova citta-stato protostorica.studio di caso della necropoli del
CUS-Piovego (VI-IV sec. a.C.)", edited by Giovaeionardi and Michele Cupito.

Fig. 2.2.2: Example of a cremation grave enclosea i‘dolio” (image courtesy of prof. Giovanni Leormt,
University of Paodva).
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2.3 Villadi Villa dsite

The Villa di Villa site is part of a plateau locdten the southern side of Colle Castelir (353
m, Fig. 2.3.1a-b), a strategic position characgetizy the presence of the Meschio river to the
west and the Livenza river to the east, near thnthary line between the Veneto and Friuli-

Venezia Giulia regions (Northeast Italy).

Colle Castelir

Plateau of the
_ Villa di Villa site

b)

Fig. 2.3.1: a) Air photo of the Colle Catelir; lmdge of the position of the site in the plateaua@des courtesy

of Stefano Boaro).
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The site was inhabited since the Late Bronze Agé 113" to the 12 century B.C.)
then there was a very intensive occupation of thuthern side of the hill between the"and
the beginning of the8century B.C. As for the'7century B.C. the inhabitation of the site is
very poor but, in the laté"6century B.C. the hill gained a very important raea cultual area,
becoming a Sanctuary. The Sanctuary activity tdakepfrom the 8 century B.C. to the™
century A.D., even though the excavation findssite periods of fragmentary use. The site
has been excavated since 1976, unveiling the presence of cultual evidences; starting from 2004
it has become the object of annual micro stratigiaptudies by the University of Padova. At
present, the unearthed area only involves the Rizatzon and Early Imperial phases.
However, the excavations have also confirmed thesgmce of layers related to the
protohistoric sanctuary, in the whole area belogvRomanization and Early Imperial phases,
as revealed by the discovery of pottery, metaldifice. rings, fibula, pendants) and glass
ornaments (analyzed in this work with other vitreonaterials) dated td"ea" century B.C.
Only a few “stratigraphic windows” of the primarygpohistoric deposit have been excavated
to date and the work is still in progress.

The 2010 campaign improved the contextualizatioth@ichronology and the definition of the
phasing of the structures of the Romanization aadyBmperial period in the previously
investigated cult area. The results, although legsome problems unresolved, have partially
modified the hypotheses proposed at the end a2@08 campaign (Leonardi et al. 2009). In
fact, it was ascertained that the structures’ ramaiere not related to a single phase with
several structures, as initially supposed, but to tconstruction phases (from

http://www.fastionline.org:

Building phase 1: 2 — B half of the ¥ century B.C.

This was the earliest life phase of the Romanimaperiod, characterized by the use of
brick/tile as construction materials. The remairfsaofirst sacred structureare razed
foundations with a north-west/south-east alignm&he votive finds belonging to this phase
were all found in a secondary deposition and arestttoited by jars with ‘brushed’ surfaces
and/or high everted rim, grey pottery bowls, a-tasting bronze figurine, silver coins and

glass objects (including the three arm rings arelyin this work).
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Building phase 2

Between the end of thetTentury B.C. and the beginning of th& dentury A.D. the area
underwent a radical restructuring, involving thenddtion of the phase &tructureand the
moving back of the cult structures to an area @effiny a containing wall downhill.

The alignment of the cult structures in this pherse the dating of the votives seem to indicate

the existence of two sub-phases that were vergdogerhaps overlapping in date.

Building phase 2 A: end of thé tentury B.C.-beginning of thé'tentury A.D.

A small square structure containing the votive dgpoamed US 16, dates to this phase. It
overlay the area of the phase 1 structure on thee signment and reproduced its simple
square plan on a smaller scale. This structure lmeagonsidered a reconsecration, within the
new spatial organization, of the preceding strictamd perhaps of the votives related to its
previous phase of use, including bronze votive tem®j a full-casting bronze figurine,
numerous fragments of jars for cultual use, a gladsfragment with a semicircular section

(analyzed in this work) and a large numbers of afsrbones (burnt or not).

Building phase 2 B:®half of the # century A.D.

Phase 2B presents a second structure, only vigiblde flattened foundation trenches,

southwards opened and on a strictly north-sougmaient.

The overall plan suggests greater monumentalizatigth the cult structures situated on a
raised platform with respect to the access route.

Unfortunately, nineteenth century disturbance rassed the almost total loss of phase 2B
votives; the dating is proved by impasto jars and sigillata pottery, some of which stamped,

found in residual levels.

The vitreous materials analyzed in this work caroenf2004, 2008 and 2010 excavations and
belong to secondary deposition layers. A complepent of the excavations is not published
to date, but preliminary data can be found in Ledinet al. 2009 (with previous references)

and inhttp://www.fastionline.org
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CHAPTER 3

MATERIALS

3.1 Samples selection

In this study, 130 vitreous material slivers weempled from the beads for the
chemical, textural and mineralogical analysis. Shenpling was carried out by means of a
scalpel and under the optical microscope (OM, see4pl) to choose the less invasive and not
weathered areas. The slivers (about 200-5G)were sampled from the body and, when
possible, from the decorations of the beads inrdalkave all the different types of glass. The
sampling methodology and the analytical protocebusave been validated in several previous
works (Angelini et al. 2002; Artioli et al. 2008).

The selection of the materials was performed camsid the age, the provenance contexts and
the typologies of the objects. The different proijesrof the glasses were also considered, such
as color/opacity, conservation state and the nateharacteristics (porosity, inclusions,

fractures, etc.).

3.2 Samples description

3.21Lipari and Salina

The total beads selected for this study are 9 féatina (Villaggio di Portella) and 57
from Lipari (Acropolis and Piazza Monfalcone cemgtefrom which 10 and 66 vitreous
materials samples were selected, respectively. Sdlaa ornaments are composed by 4
fragments with uncertain typologies and 5 half danbeads; the Lipari beads are 36 annular,
1 double annular, 7 globular (one with spiral ane with eyes decoration), 3 barrel-shaped
with spiral decoration, 6 fragments, 2 cylindrigath spiral decoration, 1 bead with 4 eyes

decoration and 1 trunk-conic bead.
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Salina — Villaggio di Portella

The unearthed beads are constituted by differpoidgies and materials and they were
assembled in one or more necklaces (Fig. 2a.).eTaexr 54 carnelian annular and globular
beads, with a central larger oval-shaped and fdaate, and numerous vitreous material beads
with varying typologies (Bernabo Brea et al. 198ytinelli 2005); the segmented typologies
comparable with Mycenaean segmented beads areyparly interesting (Nightingale 1994).
However, the glass beads analyzed in this work doome a plate of broken beads preserved
in the Archaeological Museum of Lipari, togethettwsome copper fragments (Fig. 2b.).

The complete details (dimension, weight, NCS —Ghke4 — color etc.) and images of the

materials are collected in Table 1 and Figures 3ddpectively.

a.

Fig. 2. a. Necklaces of carnelian (the smaller ceet) and vitreous material beads. b. Broken glassdb with

copper fragments, Archaeological Museum of Lipa@hie analyzed samples come from this group.

Below is a summary of the samples’ labels of thedisdragments selected for the analysis and
the main characteristics of the finds, groupedyipplogy:

e SALFAL, SALFA2, SALFA3 and SALFA4 are three half-annular blue-colored
beads, characterized by a brown/yellow weathefigg3-6).
e SALFAS is a half-annular blue bead with a spiral decora{inot preserved) and a

brown/yellow weathering (fig. 7).
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e SALFFR, SALCFR1and SALCFR3are three blue fragments with an irregular shape

and a brown/yellow weathering (fig. 8-10).

e SALCFR4B-Bi is a blue fragment with a white decoration and aworyellow

weathering (fig. 11).

Dimensions NCS | Weight
Samples Age Provenance Typology (cm) Color color )
Milazzese Capanna F, d=0.3;
SALFA1 MBA3 broken beads  Annular L =0.5; Blue n.d. <1
14" century B.C. plate h=0.3
Milazzese Capanna F, d=0.2;
SALFA2 MBA3 broken beads  Annular L =0.6; Blue | n.d. <1l
14" century B.C. plate h =0.3
Milazzese Capanna F, d=0.3;
SALFA3 MBA3 broken beads  Annular L=0.6; Blue | n.d. <1l
14" century B.C. plate h=0.3
Milazzese Capanna F, d=0.5;
SALFA4 MBA3 broken beads  Annular L=0.6; Blue | n.d. <1l
14" century B.C. plate h=0.3
Milazzese Capanna F, . _ o
SALFAS MBA3 broken beads ~Mnular ;’V'th d ‘_052_’ L= Blue | nd.| <1
14" century B.C. plate spira 06:h=02
Milazzese Capanna F, . _ .
SALFFR MBA3 broken beads .I:ragn;entr\]mth th. B 0.2 Blue | n.d. <1
14" century B.C. plate irregular shape L =0.6
Milazzese Capanna F, Fragment with L=0.3;
SALCFR1 MBA3 broken beads . d=0.2; Blue | n.d. <1
14" century B.C. plate irregular shape h=0.26
Milazzese Capanna F, . _ .
SALCFR3 MBA3 broken boads Fragment with) - L =05 | Bue | nd.| <1
14" century B.C. plate irregular shape th.=0.3
Milazzese Capanna F,| Fragment with L=03 Blue
SALCFR4B-Bi MBA3 broken beads  a white th = 0 2 and n.d. <1
14" century B.C. plate decoration ) ) white

Table 3.2.1Glass beads from Salina — Villaggio di Portellapganna F, analyzed in this work. (L = mean width;

h = mean height; d. = mean diameter; th. = thicksies.d. = not determined). The finds are samplednfthe

broken beads plate (fig. 2b).
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Figures 3-11: Optical microscope (OM) images of the glass befads1 Capanna F in Salina — Villaggio di
Portella, analyzed in this work. In the scale, A&pcorresponds to 1 mm.
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Fig. 3. SALFAL. Fig. 4. SALFA2.
I |
—
| ——
- —
__
Fig. 5. SALFAS. Fig. 6. SALFAA4.

Fig. 7. SALFAS. Fig. 8. SALFFR.
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Fig. 9. SALFFR1.

SALFFR4B

SALFFRA4BI

Fig. 11. SALFFR4B-Bi.

N S

Fig. 10. SALFFRS.
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Lipari — Acropolis

The analyzed beads typologies are 1 globular, dnfemat and 2 annular dated to the
MBA 1-2 (17"-15" century B.C.), RBA (end of 1% first half 12" century B.C.) and FBA 2-
3 (11"-10" century B.C., respectively.
The complete details (dimension, weight, NCS cefar) and images of the materials are
collected in Table 2 and Figures 13-16, respegtivel

Below is a summary of the samples’ labels and tammharacteristics of each find:

e LC21IM is a globular transparent yellow/brown bead fronp&@mads XXI, Capo
Graziano phase, MBA 1-2, #715" century B.C. (Bernabo Brea 1958, Bernabo Brea
et al. 1980). The surface of the bead presentsite wieathered layer (fig. 13). The
bead was found in the settlement in associatiorn widme Mycenaean pottery
fragments (Bernabo Brea et al. 1980).

e LOIIIG s afragment with a white/yellow color due to theathering of the bead (fig.
14). It belongs to grave lll located in the growfdCapanna O (Bernabo Brea et al.
1960) Ausonio | phase, RBA, end off4first half 12" century B.C. (Bernabo Brea
1958). It is a cremation grave with a ribkstlla (a bucket-shaped vessel) in vertical
position (Bernabo Brea et al. 1960 pg. 162).

e LB5AG is an annular transparent yellow bead from Cap@naAusonio Il phase,
FB 2-3, 11-10" century B.C. (Bernabo Brea 1958, Bernabo Brea.et280). Its
surface is characterized by an opalescent whitéheeag layer (fig. 15).

e La7AA is an annular pale blue bead from Capamnél, Ausonio Il phase, FB 2-3,
11-10" century B.C. (Bernabo Brea 1958, Bernabo Bred. et980). A white/gray
weathering layer covers the surface of the begd 16).
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Table 3.2.2: Glass beads from the Lipari Acropalimlyzed in this work. (T = grave; Inv. = inventarymber

assigned to the find; L = mean width; h = mean heigl. = mean hole diameter; int. = internal glassst. =

external layer).

San;ple Age Provenance | Typology | Dim. (cm) Color NCScolor | Wt. (g)
Gg;io;no Capanna Est.: S0502-
LC2IM | MBA1-2 XXI, Inv. | Globular | - = 111 =07 Yellow/ |~ G50Y; <1
h 1 h d=05 brown | Int.: S8020-
1715 7758
Y70R
century B.C.
Ausonio |
RBA Fragrr_lent .
LONIG | End 14first | ©3PaNNA O, T. (possibly| L =0.9; | White/ | 5550, y5op| <1
h Il annular o h=0.8 yellow
half of 12 lobular)
century B.C. 9
iy | capana v
LB5AG th 4 ~h Inv. 10629, | Annular h=0.3; Yellow ; ’ <1
1110 BH19 d=04 Int.: S3050-
century B.C. s Y10R
Ausonio | Capannar Est.:
La7AA | TBAZS Vil inv. | Annular |57 5N =07 paje by SO80SY: oy
11710 10630. B58 d=04 Int.: S1050-
century B.C. ' B10G
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Figures 13-16: Optical microscope (OM) images of the glass beagis the Lipari Acropolis analyzed in this
work. For each figure, labels, provenance and inegnnumber of the samples are reported. In théesdaspace
corresponds to 1 mm.

HHTTTRTTT IR

Fig. 13. LC21M, Capann&XXI, Inv. 7758. Fig. 14. LOIIIG, Capanna O, T. IlI.

Fig. 15. IB5AG, Capanng V, Inv. 10629, BH19. Fig. 16. La7AA, Capanna VII, Inv. 10630, B58.
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Lipari — Piazza Monfalcone cemetery

The ornaments selected for this study are compok&8d beads belonging to grave 18 and 38
belonging to grave 31. The materials from grave/8de sampled both from the large necklace
(fig. 18a) and from broken beads in plates 1, 2 dndfig. 18b-d) preserved in the
Archaeological Museum of Lipari.

The complete details (dimension, weight, NCS celar) and images of the materials are
collected in Table 3 and Figures 19-45, respedtivel

Below is a summary of the samples labels and tha ofaracteristics of the finds, grouped

by grave and typology:

Grave 18:

e L12SM, L12V1, L12V2, L12VA, L12AN1, L12AN2, L12CO, L18AA2, L12AA1,
L12AA2,L18CO and L18AA1 are twelve small annular beads with different skade
blue/green (L12SM, V1, V2, VA), dark blue (L12ANH&AN2), blue (L12CO and
L18CO) and pale blue (L12AA1 and AA2, L18AA1 and RA Some representative
images are reported in fig. 19-21.

e LI12BOTA-Bis abarrel shaped bead with a blue body (A) anbite spiral decoration
(B) (fig. 22).

e L12GA is a globular blue/green bead (fig. 23).

e L 12DA is a dark blue double annular bead (fig. 24).

Grave 31:

Necklace:

e | 31CAAL L31CAA2and L31CAAS are three big annular beads, blue and pale blue
colored (fig. 25).

e | 31CB2B-A and L31CB1B-A are two blue (L31CB2A and 1A) barrel shaped beads
with a white (L31CB2B and 1B) spiral decoratiorg(f26).

e | 3ICCR and L31CSB are two cylindrical beads with a white spiral dedtamn.
L31CCR (fig. 27) has a brown body while L31CSB (f&8) has a blue one. In both
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case, the white decoration were not sampled inraa@void damage to the well
preserved surface of the bead.

L31CGB-A is a blue (A) globular bead with a white (B) dedmma (fig. 29).

L31CTA is a trunk-conic blue bead (L31COB) (fig. 30).

L31COA-B is a globular dark blue bead (L31COA), with tracésvhite decoration
(L31COB) and possibly remains of eyes decoratian 81).

Plate 1:

L311AB1, L311AB2, L311AN1, L311AA1 and L311AA2 are five small annular
beads with different shades: pale blue (L311AB1 &), black (L311AN1) and
blue/green (L311AA1 and AA2). Some representatimages are reported in fig. 32-
34.

L31101A is a blue bead with a non-preserved eyes decordigmrss).

L31102B-A, L31103A-B, L31104A-B are three blue (L31102A, 3A and 4A) bead
fragments with a white (L31102B, 3B and 4B) dedorgtpossibly eyes (fig. 36).
L311FR2 and FR1 are two pale blue (FR2) and blue (FR1) bead fragsnesith
unknown typologies (fig. 37).

L311GM1lis a brown globular bead (fig. 38).

L311SPA-B is a blue (A) globular bead with a white (B) spidaicoration (fig. 39).

Plate 2;

L312AA1, L312AA2, L312AA3, L312AN1 and L312AN2 are five small annular
beads pale blue- (L312AA1, AA2 and AA3) and darkesl (L312AN1 and AN2)
colored (fig. 40-41).

Plate 4:

L314AZ1, L314AZ2, L314AA1, L314AA2, L314AN1, L314AN2, L314CO1,

L 314C02, L 314XA are nine small annular beads with different bluedgls: pale blue
(L314AZ1, AZ2, AA1 and AA2), dark blue (L314AN1, ANXA) and blue (L314CO1
and CO2). Some representative images are reporfeyl 42-44.

L 314GA is a blue globular bead (fig. 45).
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a. Necklace b. Plate 1

~ d.Plate4

c. Plate 2

Fig. 18. a: Glass beads from grave 31 of Piazzafsloone cemetery, analyzed in this work. a: neaklac
composed by 36 beads of different typologies; bkén beads, plate 1; c: broken beads with somelmeta

filaments, plate 2; d: annular beads of differehtdbshades, plate 4.
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Table 3.2.3: Glass beads from Lipari — Piazza Mtwtfae cemetery analyzed in this work (typ. = typgla. =
grave; L = mean width; h = mean height; d. = meaiendiameter).
Samples Age Provenance | Typology Dim. (cm) Color 2‘0?0? Wt. (9)
Ausonio Il L=05
FBA1-2 o Blue/ S4040-
L12SM | second half of 1211t g-18 Annular :I_:%ZS green | B60G <1
century B.C. '
Ausonio Il L =05
FBA1-2 e Blue/ S6030-
L12V1 | second half of 1211t g-18 Annular h __0'3’ green | B30G <1
d=03
century B.C.
Ausonio Il L=05
FBA1-2 o Blue/ S6030-
L12V2 | second half of 1211 g.18 Annular h __0'3’ green | B30G <1
d=0.3
century B.C.
Ausonio Il L=05
FBA1-2 o Blue/ S4040-
L12VA | second half of 1211 g.18 Annular h __0'2’ green | B30G <1
d=0.3
century B.C.
Algéznlg” L =06 Dark
L12AN1 second half of 12th-11th g. 18 Annular h :_0.3; blue S7020-B <1
d=0.3
century B.C.
A:;(H?ZII L=04 Dark
L12AN2 second half of 12th-11th g. 18 Annular h :_0.2; blue S7020-B <1
d=0.2
century B.C.
112CO second half of 12th-11th 9-18 Annular h :_0'2; Blue R90B <1
d=0.3
century B.C.
Ausonio Il L=07
FBA1-2 A Pale S5040-
L18AA2 second half of 12th-11th ¥ 18 Annular h __0'4’ blue B20G <1
d=04
century B.C
Algéznlg” L=05; Pale
L12AA1 second half of 12th-11th 9" 18 Annular h =_0.3; blue S2065-B <1
d=0.3
century B.C.
AIl:JL:cAmllf)zII L=0.7; Pale
L12AA2 second half of 12th-11th g. 18 Annular h :_0.4; blue S2065-B <1
d=0.3
century B.C
oy
L18CO second half of 12th-11th 9" 18 Annular h f 0.2; Blue S4055-B <1
d=0.2
century B.C.
Algéinll?zn L =06 Pale
L18AAL second half of 12th-11th 9" 18 Annular h = 0.2; blue S1565-B <1
d=0.3
century B.C.
L12BOT Ausonio Il Barrel L=0.2 Blue S4050-
A FBA1-2 18 shaped with - _ 01 body R80B 122
L12BOT | second half of 12th-11th 9 spiral d_— 0'4’ White | S0510- '
B century B.C. decoration T spiral Y10R
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Ausonio Il

L=0.5;
FBA1-2 Y Blue/ S3560-
L12GA second half of 12th-11th 9" 18 Globular h __0'3' green G10Y <1
d=0.2
century B.C
Ausonio Il
FBA1-2 Double L=0.6;h=| Dark
L18DA second half of 12th-11th g-18 annular 0.6;d=0.4| blue S7020-8 <1
century B.C
Ausonio Il
L31CAA FBA1-2 g. 31, large Annular Pale S2050- 1
1 second half of 12th-11th necklace blue B20G
century B.C.
Ausonio Il
L31CAA FBA1-2 g. 31, large Annular Pale S2555- 1
2 second half of 12th-11th necklace blue B40G
century B.C.
Ausonio Il
L31CAA FBA1-2 g. 31, large Annular Blue S4040- 1
3 second half of 12th-11th necklace R10G
century B.C.
L31CB2 Ausonio Il Barrel White
B FBA1-2 g. 31, large| shaped with spiral S1000N 1
L31CB2 | second half of 12th-11th necklace spiral Blue S4040-
A century B.C. decoration body B10G
Ausonio Il
L31CB1 FBA1-2 White
B second half of 12th-11th Barrel spiral S1000-N
century B.C g. 31, large| shaped with 2
Ausonio Il necklace spiral
L31CB1 FBA1-2 decoration Blue S4050-
A second half of 12th-11th body B10G
century B.C
Ausonio Il . Brown
L 31CCR FBA1-2 g. 31, large Wﬁgcs‘ﬁ; body | S/020R )
second half of 12th-11th necklace decoration White S1502-
century B.C. spiral Y50R
Ausonio 11 Circular Blue | S4030-
ircu
L31CSB FBAL-2 g- 31, large|  uy spiral body | B10G 1
second half of 12th-11th necklace decoration White S1010-
century B.C. spiral | Y20R
Ausonio Il White
L31CGB FBA1L-2 g. 31, large Qlobul_ar spira S1000N
second half of 12th-11th necklace with sp|_ral Blue 2
L31CGA century B.C. decoration body S6030-B
Ausonio Il
FBA1-2 g. 31, large| Trunk — Pale B4040-
L31CTA second half of 12th-11th necklace conic blue B30G 2
century B.C.
Globular Blue S3050-
L31COA with body | B10G
Ausonio Il irregular
FBA1-2 g. 31, large| shape and 2
second half of 12th-11th necklace white White
L31COB century B.C. decoration eyes S1010-¥
(probably

eyes)




Ausonio Il

FBA1-2 . 31, plate Pale
L311AB1 second half of 12th-11th 1 Annular blue S3020-B <1
century B.C
Ausonio I
FBA1-2 . 31, plate Pale S2030-
L3LIAB2 second half of 12th-11th 1 Annular blue | B104G | <%
century B.C
Ausonio Il L= 01"
L311AN FBA1-2 . 31, plate R -
1 second half of 12th-11th 1 Annular h=06; Black | S6030-B 1
d=0.2
century B.C.
Ausonio Il L=05
L311AA FBA1-2 . 31, plate Ay Blue/ S6030-
Annular h=0.2; <1
1 second half of 12th-11th 1 _ green B50G
d=0.2
century B.C.
Ausonio I
L311AA FBA1-2 . 31, plate Annular Irregular Blue/ S3040- <1
2 second half of 12th-11th 1 shape green B40G
century B.C.
. Bead with 4
Ausonio Il white L=0.1:
L31101 FBA1-2 . 31, plate decorations  h B 0‘ 7’, Blue/ S4050- <1
A second half of 12th-11th 1 (possibl d_— 0‘ 3’ green B50G
century B.C. P y e
eyes)
Ausonio I White S0520-
1311028 FBAL-2 .31, plate fr%eﬁ;ittegf Iregular | dec. | Y10R o
L31102 | second half of 12th-11th 1 . ges ead| Shape [ Blue | S2040-
A century B.C. y body B20G
L31103 Ausonio Il Blue S2040-
A FBA1-2 . 31, plate fgieﬁ;ittegf Irregular body B20G <1
La1103p| Second half of 12th-11th 1 . ges ead| Shape [ White | S0520-
century B.C. Y dec. Y10R
Ausonio Il Fragment L=01
FBA1-2 . 31, plate with o Pale
L311FR2 second half of 12th-11th 1 irregular r:j__?(';"é blue S1040-B <1
century B.C. shape )
Ausonio |l Fragment L=06
FBA1-2 . 31, plate with oy S2555-
L311FR1 second half of 12th-11th 1 irregular h B 0.5 Blue B30G <1
d=0.3
century B.C shap
Ausonio I L=0.7:
L311GM FBA1-2 . 31, plate Globular h_— O 7 Yellow/ | S5020- <1
1 second half of 12th-11th 1 = | brown Y60R
d=0.2
century B.C
L31104 Ausonio Il Decorated Blue S2040-
A FBAL1-2 . 31, plate fragment of Irregular body B20C <1
La1104p| Second half of 12th-11th 1 . ges ead| Shape [ White | S0520-
century B.C. y dec Y10R
L311SPA Ausonio Il Globular | L=07; | BY® | s30208
FBA1-2 . 31, plate with spiral h=05 body <1
L311SPB second half of 12th-11th 1 decoration d=02 Whlte S1030-
century B.C. spira Y10R
Ausonio Il L= 0.6:
L312AA FBA1-2 . 31, plate Annular h_- 0 3 Pale S3050- <1
1 second half of 12th-11th 2 . Blue B40G
d=0.2
century B.C.

42



Ausonio Il

L =0.6;

L312AA FBA1-2 . 31, plate _ . Pale S3050-
2 | secondhalfof 12th-11th 2 Anndlar | h=03 1 g | paog | <t
d=0.3
century B.C
Ausonio I L=07
L312AA FBA1-2 . 31, plate Annular h B O. 3' Pale S3050- <1
3 second half of 12th-11th 2 e Blue B40G
d=0.4
century B.C
Ausonio Il L=06
L312AN FBA1-2 . 31, plate O Dark
1 second half of 12th-11th 2 Annular h __0'3' blue | S7020-B <1
d=35
century B.C.
Ausonio | L=05
L312AN FBA1-2 . 31, plate s Dark
2 second half of 12th-11th 2 Annular h __0'3' blue | S7020-B <1
d=0.2
century B.C.
Ausonio Il L= 06
FBA1-2 . 31, plate R Pale
L314AZ1 second half of 12th-11th 4 Annular h —_0.2. blue S1565-B <1
d=0.4
century B.C
Ausonio I L=06
FBA1-2 . 31, plate e Pale
L314AZ2 second half of 12th-11th 4 Annular h __0'2’ blue S1565-B <1
d=0.4
century B.C
Ausonio Il L=05
L314AA FBA1-2 . 31, plate s Pale
1 second half of 12th-11th 4 Annular h __0'2' blue | S1965B8 <1
d=0.4
century B.C
Ausonio I
L314AA FBA1-2 . 31, plate Pale
2 second half of 12th-11th 4 Annular blue | S1°65B <1
century B.C.
Ausonio I L=06
L314AN FBA1-2 . 31, plate s Dark
1 second half of 12th-11th 4 Annular h __0'2 blue S7020-B <1
d=0.4
century B.C.
Ausonio Il L =06
L314AN FBA1-2 . 31, plate N Dark
2 second half of 12th-11th 4 Annular h__ 0; blue | S7020-B <1
d=0.4
century B.C.
Ausonio Il L=05
FBA1-2 . 31, plate o S5540-
L314COY oo cond half of 12th-11th 4 Annular | h=02; | Blue | "pqnp <1
d=0.2
century B.C
Ausonio I L=0.6:
FBA1-2 . 31, plate s S5540-
L314C0O2| ocond half of 12th-11th 4 Annular | h=02; | Blue | ‘pgnp <1
d=0.3
century B.C
Ausonio Il L=06
FBA1-2 . 31, plate I Dark
L314XA second half of 12th-11th 4 Annular h __0'4' blue S7020-8 <1
d=0.3
century B.C
AES%T.OZH 31, plate L=0.6;
L314GA second half of 12th-11th 4 Globular h :_0.4; Blue S3060-B <1
d=0.2
century B.C.
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Figures 19-45:; Optical microscope (OM) images of the glass bdani® Lipari — Piazza Monfalcone cemetery
analyzed in this work. In each figure, labels amdvenance of the samples are reported. In the sdapace
corresponds to 1 mm.

Fig. 19. L12SM, Grave 18.

=

ATITYT I T T

Fig. 21. L12CO, Grave 18. Fig. 22. L12BOTA-B, Grave 18.

LR

Fig. 23. L12GA, Grave 18. Fig. 24. L18DA, Grave 18.
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Fig. 25. L31CAA2, Grave 31, necklace.

Fig. 27. L31CCR, Grave 31, necklace.

Fig.

29. L31CGBA, Grave 31, necklace.

Fig. 26. L31CB1, Grave 31, necklace.

T

Fig. 28. L31CSB, Grave 31, necklace.

Fig. 30. L31CTA, Grave 31, necklace.
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Fig. 33. L311AN1, Grave 31, plate 1.

[T

Fig. 35. L31101A, Grave 31, plate 1.

Fig. 32. L311AB2, Grave 31, plate 1.

Fig. 34. L311AA1L, Grave 31, plate 1.

Fig. 36. L31102BA, Grave 31, plate 1.
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Fig. 37. L311FR1, Grave 31, plate 1. Fig. 38. L311GM1, Grave 31, plate 1.
B =

Fig. 39. L311SPAB, Grave 31, plate 1. Fig. 403. L312AA2, Grave 31, plate 2.

Fig. 41. L312AN1, Grave 31, plate 2. Fig. 42. L314AA1, Grave 31, plate 4.
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Fig. 43. L314AN2, Grave 31, plate 4.

Fig. 45. L314GA, Grave 31, plate 4.

Fig. 44. L314C0O2, Grave 31, plate 4.
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3.2.2 Piovego cemetery

The Archaeological study

The archaeological study of the vitreous matergds of the Piovego cemetery was
carried out by B. Prosdocimi, M. Cupitdo and G. Laah. of the Department of Cultural
Heritage of the Padova University; a short paperthoa topic was presented in XLVIII
Riunione Scientifica dell’lstituto Italiano di Petoria e Protostoria, Padova, 2013 (Olmeda et
al. in press).

The sample of vitreous material beads found incrmaetery is composed by 31 beads with a
diameter between 0.8 and 2 cm and 49 particulanblideads with a diameter below 0.5 cm;
all items have been found in 16 cremation gravesmay be dated between the second half
of the & century and the end of th& Bentury B.C.

The Piovego cemetery beads were most likely usperdants assembled in fibula rather than
in necklaces, as suggested by the frequently fétwonze clips. An exception is given by the
47 small annular beads and some bead fragmentd fogmnave 127, all in blue glass, probably
associated into a complex jewel.

Most of the samples analyzed in this research lpalmsimple typologies, such as annular (fig.
1.5), small annular and globular beads with diffierelimensions (for the typologies
nomenclature, see Gambacurta 1987, p. 193). Spegiblogical considerations can be made
on more particular typologies, such as the dispstidlue bead with 5 horns (Fig. 1.1) from
grave 108 (dated to the last quarter of thecéntury B.C.), which is comparable to similar
beads found in later contexts from Este (Padowan ¢hough the number of horns is variable
and the colors are different (the Este beads hallewy shades). The most representative
examples from Este for this typology are the stedalGrave of Nerka” (Casa di Ricovero
23/1984) and the nearby grave n. 36/1984, bottddatéhe beginning of the%century B.C.
(Chieco Bianchi 1987, fig. 17.23, 30-31 and fig.35Two samples were also found in the
Benvenuti 123 gravéEste || table 154.72-73) dated between the half of tHeaBd the
beginning of the % century B.C. Outside lItaly, a bead with similarariology, color and
typology was found in grave 121 of tumulus 48 atist in Slovenia (Gabrovec 2006, tav.
71.15).
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The biconical bead with ribbed edges from gravesl(fig. 1.13), dated to the beginning of
the 8" century B.C., has a well attested typology in salvgraves from Este of the same
chronology as Piovego, as in grave 254 of the ceny&asa Muletti Prosdocinitétel, table
245.23c) and graves 93, 103, 296 of the cemetellg Benvenuti Este 1| tables 84.13,
102.25, 215.23b). However, the biconical beads f&ste are not yellow/brown-colored as the
Piovego one. Indeed, the same color characterizesoaical bead from Sina, Slovenia,
which has a slightly different shape, as it hastapplied on the body (Gabrovec 2006, grave
8 of tumulus 48, table 3.8). This typology, withwaithout horns applied, is well attested also
in amber beads from EstEdte | grave 13 of Casa Alfonsi cemetery, table 264.E%te ||
grave 95 of the Villa Benvenuti cemetery, table28@nd Altino, Treviso (Gambacurta 1987,
fig. 12); consequently, the brown glass bead cbeld copy of the amber objects.

When decorated, the beads of the Piovego cemetesgmt eyes (black, blue, white), both
simple (Gambacurta 1987, type F) and stratifiednf@acurta 1987, type E); anyway, in the
literature it is difficult to find eyes beads wittie same color, morphology and dimensions of
the Piovego ones. The black and white eyes ofrthelar bead from grave 47 (black narrow
in fig. 1.6) are, to date, unusual, unlike the wlsihd blue eyes decoration of the globular bead
from grave 106 (fig. 1.10). Two particularly larglbular beads (about 2 cm) in black and
brown glass with white eyes were found in gravesfis 1.4) and 86 (fig. 1.3). Beads of the
same size are attested in Este from the cemetéasa di Ricovero grave 149, Casa Muletti
Prosdocimi graves 254 and 298s(e | tables 43.29, 243.22 and 248.15, respectivelg) an
Villa Benvenuti graves 78 and 12Egte I tables 49.13 and 184.80). Other examples come
from the cemetery of Ca’ Cima (Adria), grave 16(%8wle et al. 2001, fig. 9.80) and Reggio
Emilia area (Damiani et al. 1992, tables XCIl.146Bgads with the same typologies but
different colors were found in Hallstatt sites dafi@m the last quarter of thé tentury B.C.
and the middle of thescentury B.C., as in graves 2363 from S. Luciaaiiino (Terzan et

al. 1985, table 143A.7) and grave 40 of tumuluthfMagdalenska Gora (Tecco-Hvala et al.
2004, table 37B.7), both located in Slovenia.
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1(T. 108 n. 2)

5 (T. 97 n. 17ter)

4(T. 15 n. 19)
‘1’
b 8@ 4

8(T.108n.46)  9(T. 108 n.41)

~.‘
i@ N

11 (T. 83 n. 48) 12 (T. 106 n. 9) 13 (T. 1bis n. 43)

Fig. 1. Vitreous material beads from the Piovegmetery, Padova (scale 1:1; drawings courtesy oP&nello

and S. Tinazzo, Department of Cultural HeritageiMdrsity of Padova).

Beads with stratified eyes decoration are attestdtie Piovego cemetery in globular (fig.
1.11) or annular typologies and in one case, natlyaad in the present research for
conservative purposes, with double eyes (fig. 1. IB¢ opaque pale blue bead with blue and
white stratified eyes found in grave 83 (fig. 1.1dyery common in Veneto and, in general,
in the Po Valley. Indeed, beads with the same tgpoland colors were found in Altino
(Gambacurta 1987, fig. 12), Montebelluna (Manetsil.e2003, table 57.33b), Adria (Towle
et al. 2001, fig. 9.88-89), Bologna (Macellari 20@&ble 38), near Modena (Pizzirani 2009,
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table 28.12) and in Forcello di Bagnolo San Vitee (Marinis et al. 2005, fig. 111). Similar
objects also come from S. Lucia di Tolomino (Terztnal. 1985, table 143A.7) and
Magdalenska Gora (Tecco-Hvala et al. 2004, tabE A7 Slovenia.

The Piovego cemetery does not present the opadwevyeead typology with white and/or
blue eyes, which was very common in Italy during liton Age (Gambacurta 1987).
Concerning the type of ornaments, the Piovego caméieads were used more probably as
pendants assembled in fibula rather than in neeklaas suggested by the bronze clips
frequently found. An exception is given by the 4viall annular beads and some bead

fragments found in grave 127, all in blue glaseppbly associated into a complex jewel.

Samples description

For this study 42 different samples of glass wezrleced from the body and the

decoration (where possible) of 38 beads belongirigtcremation graves: numbers 1bis, 5, 7,
14, 15, 22, 47, 67, 83, 86, 89, 97, 106, 108, 127, As for typology, the analyzed sample is
composed by 9 globular and 13 annular beads —owithithout eyes decoration — 3 beads with
particular shapes and 13 fragments with no defenabépe.
The complete details (dimension, weight, NCS ceftar) and images of the materials are
collected in Table 1 and Figures 2-22, respecti@gJow is a summary of the samples’ labels
and the main characteristics of the finds, groupetypology. The relative and absolute dating
for each analyzed object are based on the chrop@ladporated by Renato Peroni and other
authors in 1975 for the Este cemeteries (Peroal 4975).

Beads fragments:

e PG-FVA1, FVA5, FVA7, FVA22, FVA67 and FVA97 (Tab. 1.2-3-4-8-13-21) are six
transparent green-blue beads fragments belongidifféoent graves 1bis, 5, 7, 22, 67, 97,
respectively; all graves may be dated to the BEIephase (575-525 B.C.) and Este 11ID1
phase (525-450 B.C.). In fig. 2 the image of fragmBG-FVAG67 is reported, as a

representative example.
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e PG-FGIi8 (Tab. 1.27)is a transparent yellow bead fragment from grav& dfted to the
transition Este Ill C/Este D1 phases, around 5Z5 B.is similar to PG-FGi (see below).

e PG-FGi (Tab. 1.12)is a transparent yellow bead fragment from gravedéfed to the
transition Este Il C/Este D1 phases, around 5Z5 @ig. 3).

e PG-FM14, FM83 and FM89 (Tab. 1.6-15-18)are three brown/amber colored beads
fragments from graves 14, 83 and 89, respectivB:. FM14 is dated to Este [l phase
(575-525 B.C.) whereas PG-FM83 and FM 89 belonti¢oEste 11l D1 (525-450 B.C.)
phase. A white opalescent weathered layer charaesesample PG-FM14 (fig. 4). In fig.
4 the image of fragment PG-FM147 is reported, eepeesentative example.

e PG-FN (Tab. 1.25)s a black fragment from grave 108 dated to thasiteon Este IIIC/Este
D1 phases, around 525 B.C. (fig. 5).

e PG-FA (Tab. 1.23)s a blue fragment from grave 106 dated to the HsB? phase (450-
350 B.C.), probably at the beginning of the phéise §).

Globular beads:

e PG-GVA97 (Tab. 1.20) is a transparent green/blue globutadidrom grave 97, dated to
the Este IIID1 phase (525-450 B.C.), probably a& tieginning of the ! century. A
particular porosity yellow weathering layer on theface characterizes the ornament (fig.
7).

e PG-GAT7(Tab.1.11)is atransparent pale blue globulad lbedonging to grave 47, dated
to the transition Este IlIC/Este 11ID1 phases, 625 B.C. It is assembled together with
beads PG-AOBi and AN in the same pendant (figahd 8).

e PG-GAT1(Tab. 1.28) is a transparent blue globular beat fycave 121, dated to the Este
[lIC phase, 575-525 B.C. (fig. 9).

e PG-GOA-B-Bi (Tab. 1.14)s a pale blue globular bead (GOA) with four douttiatified
eyes, blue (GOB) and white (GOBI), belonging tovgr&3 and dated to the Este Ill D1
phase, 525-450 B.C. On two sides of the ornamemgsalual bronze chain may be
observed (fig. 10).

e PG-GO3B-Bi (Tab. 1.16)s a fragment of a blue globular bead (GO3B) wittiteseyes
decoration (GO3BI) from grave 83, dated to the HHDE phase, 525-450 B.C. (fig. 11).
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e PG-GOG6B-Bi (Tab. 1.22) is a blue globular bead (GO6B) withteld@yes — perhaps four
— which are not preserved except for a small res{@®O6Bi). The bead is from grave 106,
dated to Este phase 11ID2 phase, 450-350 B.C. ghiglat the beginning of the phase (fig.
12).

e PG-GOBS8 (Tab. 1.26) is a blue globular bead with a three-@gcoration — not preserved
—and a residual bronze chain on two sides of lijgct The bead is particularly weathered
on the surface and a corroded brown superfici@rlas/present. The bead belongs to grave
108 and dated to the transition Este IlIC/Este &t&und 525 B.C. (fig. 13).

e PG-GO5-Bi-N (Tab. 1.7) is a particularly large (about 2 cm)cklglobular bead (GO5N)
with three white eyes decoration (GO5BI) and a beochain on two sides of the object.
The bead was found in grave 15 and dated to theelE<E phase, 575-525 B.C. (fig. 14).

e PG-GONM-Bi (Tab. 1.17) is a fragment of a brown globular b@@@NM) with a residual
white eyes decoration (GONBI) from grave 86 datethé Este 11ID1 phase, 525-450 B.C.
(fig. 15).

Annular beads:

e PG-AVT (Tab. 1.19) isa transparent green annular bead from grave 9&d datthe Este
[ID1 phase (525-450 B.C.), probably at the begigniof the 8 century. A white
weathering layer on the surface characterizesrhaneent (fig. 16).

e PG-AOBi and PG-AN (Tab. 1.9-10) belong to grave 47, dated to thesttam Este
IIIC/Este D1 phase, around 525 B.C. The three basglsssembled in the same pendant
as shown in fig. 1.6 and 8. PG-AOBi is a black danbead with three white eyes
decoration (two of which remained unaltered) anly tme white glass was sampled. PG-
AN is a black annular bead probably with a threeseyecoration, not preserved.

e PG-AAB (Tab. 1.33) is a blue annular bead fragment froavgrl27 dated to the Este Il
D1 phase, 525-450 B.C. (fig. 17).

e PG-AB9a-b-c-d, PG-ABOa-b and PG-ABS8 (Tab. 1.31-32-34) are seven very small
(about 0.4 cm large) blue annular beads from gt@vedated to the Este 1l1ID1 phase, 525-
450 B.C. A representative example of these smallibés reported in fig. 18.
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e PG-AB and AB1/2 2 (Tab. 1.29-30) are two blue annular beads fromeayd21 dated to
the Este IIIC phase, 575-525 B.C. PG-AB is halfkerowhereas AB1/2 is a half annular
bead. The two beads are very similar and in figghE9mage of PG-AB is reported.

Particular shapes:

e PG-CM (Tab. 1.1) is a dark yellow biconical bead withbell edges from grave 1 bis,
dated to the Este IlID1 phase (525-450 B.C). Thedddeas a particular porosity and an
opaque brown weathering layer on its surface 2.

e PG-SB (Tab. 1.24) is a disc-shaped opaque blue beadfiwéthorns, particularly porous
and weathered on its surface, from grave 108, date¢be transition Este IlIC/Este D1
phase, 525 B.C. (fig. 21).

e PG-FUA (Tab. 1.5) is a blue bead with a residual bronige The object is partially melted
and it is not possible to establish its typologycdmes from grave 14, dated to the Este
[lIC phase, 575-525 B.C. (fig. 22).
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Table 3.2.4: Glass beads from the Piovego cemataajysed in this work. (T = grave; Inv. = inventarymber

assigned by the University of Padova after the eattans; L = mean width; h = mean height; d. = mdzole

diameter; int. = internal glass; est. = externalrface).

Samples Age Prov. Typology Dim. (cm) Color NCScolor | Wt. (g)
Este D1 | ... | Biconical | L=1.50;h=0.71 bg;‘t"’_” sit(:)s?ﬁiq
1. PG-CM 525-450 | "0 with ribbed | d. est. = 0.7; d.int . P 0.75
B.C 43 edges 2032 yellow S3030-
T ) int. Y30R
Este IlID1 . Transpare
2.PG-FVAL | 525-450 | 1S MW Eragment | L=1,h=037|ntgreen ] S2°0°° | 014
44 B80G
B.C. blue
Transition
Este llI Transpare  go-os
3. PG-FVAS C/Este D1, T.5,Inv. 8| Fragment| L =0.92; h=0.4xtgreen - B20G 0.25
around 525 blue
B.C
Transition
Este lll T 7 Inv. 16 Transpare
4. PG-FVA7 C/Este D1, ..  ap Fragment | L=0.57; h=0.40nt green -| S0502-G 0.06
around 525 G 149527 blue
B.C
Este lllC | T. 14, Inv. S3060-
5. PG-FUA 575-525 191G Unknown | L=2.68;h=1.15 Blue B20G 5.77
B.C. 152903
Transpare Weathered:
Este Il C | T. 14, Inv. ntp S0520-
6. PG-FM14 575-525 261G Fragment L=2.05h=1 brown/am B30G; Int: 1.13
B.C. 152910 ber S4550-
Y60R
Este llIC | T. 15, Inv. _ L Black N = S7502-
7. PG-GO5BI-N| 575525 | 191G wciilhoguela;s L= Zazf'ohsgl'% with white| Y;Bi= | 12.18
B.C. 152929 Y s eyes | S1002-Y
Transition
Este lll T. 22, Inv. Transpare S0510-
8. PG-FVA22 |C/Este D1, 351G Fragment | L =1.39; h =0.6[nt green - B90G 0.64
around 525 15024 blue
B.C
_ o Black | N = S8502-
9. PG-AOBi | Transition Annular | L=1.15 h =0.77 i white|  v; Bi =
with 3 eyes d =0.425
Este Ill eyes S1002-Y N
C/Este D1, T.47, Inv.a L=0.92 Pendant 3
10. PG-AN around 524 IG 34923 Annular h=0.575: d = 0.25 Black S8502-Y 33.72
B.C L=1.6; h=1.11;| Transparg S0510-
11. PG-GAT7 Globular d=065 nt blue B30G
Transition
Bste lll |1 47, Inv.a L =0.97; h=0.67{ Transpard S1070
_ . . y . - . y - . = b}
12.PGFGL | CIBste DL 11G 34923 | Fragment d=047 | ntyellow| Y10R '
B.C
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Este llIC | T. 67, Inv. Transpare S0505-
13. PG-FVA67 | 575-525 351G Fragment L =0.68; h=0.5 nt green - B20G 0.06
B.C. 149781 blue
A = S3020-
Este Ill D1 Pale blue| B10G; B =
14. PG- GOA- 595450 T.83,Inv. | Globular | L=0.95; h=0.97]with white| S4550- 0.76
B-Bi B.C 48 with 4 eyes d=0.33 and blue | R70B; Bi = ’
e eyes S1002-
R50B
Este Il D1
15. PG-FM83 | 525450 | | O™ | Fragment | L=0.45;h=0.4500mam|  S8595 | o3
B.C. er Y20R
Bi = S1002-
16. PG-GO3-B- E;;%I'A!S%l T.83,Inv. | o | L=0.75,h =052 Bluewith| YSOR;B=| .
Bi B.C 59 d=0.58 white eyes  S6030- '
s R80B
Globular
Este IlID1 with
1_7. PG-GONM- 525-450 T. 86, Inv. residual L=19:h=08 Black/bro| N = S8502- 1.86
Bi 27 wn Y
B.C. eyes
decoration
Este 1l D1
18. PG-FM89 | 525-450 | 1" 82 WV- | progment | L =1.38: h=o0.gBrownam  S8502- 9.58
B.C. 62bis ber Y20R
Este 1lID1 Transpare
(525-450 nt green nggégezrid
19. PG-AVT BC) |7 97, 1nv.7 Annular | L5 218-h=086] witha " 2.8
probably d=1.03 white
beginning weathered S0520-
~ G30Y
5" century surface
Este 1lID1
(525-450 Transpare
B.C.), T. 97, Inv. L =1.36; h=0.91] ntwitha S2020-
20. PG-GVAJY probably 17ter Globular d=0.53 yellow Y20R 1.58
beginning weathered
5 century
Este 1lID1
(Sé %—4)'50 T. 97, Inv. Transpare
21. PG-FVA97 Lo 69 and Fragment L=1.2; h=0.57 ntgreen-| S0505-B 0.2
probably .
SO 69bis blue
beginning
5 century
Beginning Globular B = S5540-
22. PG- Este [lID2 | T. 106, Inv. with L =1.40; h = 0.97] Blue with | R90B; Bi = 172
GO6B-Bi (450-350 52 probably 4 d=0.4 white eye§  S1502- :
B.C.) eyes Y50R
Weathered
Beginning = S3050-
23. PG-FA E(j;eo'_ggg T-195. I\ Fragment | L=064;h=047  Blue| 00O 0.11
B.C)) S5540-
R70B
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Transition

Este lll Disc - _ L i
24. PG-SB C/Este D1, 108, Inv. shaped with L= 2'9§’ h=122 Blue S4020 5
2 d=0.51 B10G
around 525 5 horns
B.C.
Transition
Este Il
25. PG-FN C/Este D1, 13% Inv. Fragment L=0.73; h=0.6 Black 8\(88%05 0.33
around 525
B.C.
Transition
Estelll |+ 108, inv.| Globular |L=0.70; h=0.53: d S7010-
26. PG-GOB8 | C/Este D1, [ T T 2 1 Dark blue 0.22
around 524 41 with 3 eyes =0.28 Y30R
B.C.
Transition
Estelll |1 108, Inv Transpard ~ S2050-
27. PG-FGI8 C/Este D1, 48, ‘| Fragment| L=0.98;h=0.5 ”p Y30R 0.21
around 525 nt yellow
B.C.
Este llIC
. 121, Inv. L =0.92; d =0.29] Transparg S3060-
28. PG-GAT1 57BE>-C525 4 Globular h = 0.68 nt blue B20G 0.63
Este llIC
. 121, Inv. L=0.94;h=0.61 S6030-
29. PG-AB 57BE>-C525 4 Annular d=042 Blue RSOB 0.45
Este llIC
. 121, Inv. L=0.88; h=0.6; S6030-
30. PG-ABY2 5785-(5525 4 Annular d=034 Blue RSOB 0.25
a: L=0.34;
d=0.18; h=0.3;
Este l1ID1 b: L=0.34; a=0.02;
31. PG-AB9a-b- 525.450 . 127, Inv. Annular h=0.23;d=0.24; Blue S6030- | b =0.007;
c-d B.C 39 c:L=0.33; R70B c=0.02;
T d=0.18; h=0.27 d=0.02
d: L =0.36;
h=0.28; d =0.23
a:L=0.3;
Este IlID1 ’
. 127, Inv. d =0.15; h =0.24 S6030- | a=0.005;
32. PG-ABOa-b 5285-5150 o Annular b: L= 0.3; Blue RSOB b = 0.006
T h=0.18;d=0.2
Este IlID1
. 127, Inv. L=0.71; h=0.66; S4050-
33. PG-AAB 5285-5150 o Globular d=032 Blue RSOB 0.25
Este lID1
. 127, Inv. L=0.35;d=0.19 S6030-
34. PG-ABS 5285-5150 38 Annular h=028 Blue RSOB 0.015
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Figures 2-22: Optical microscope (OM) images of the glass beaois the Piovego cemetery analyzed in this
work. For each figure, labels, provenance (T. =\@pand inventory number (Inv.) of the samplesreperted.
Images 7-10, 14, 16, 20-21 are courtesy of S. Giafladova University. In the pink scale, 1 spaceresponds

to 1 mm.

Fig. 3. PG-FGi, T. 47, Inwt IG 34923.

Fig. 5. PG-FN, T. 108, Inv. 40.

Fig. 4. PG-FM14, T. 14, Inv. 26 IG 152910.

Fig. 6. PG-FA, T. 106, Inv. 108. Fig. 7. PG-GVA97, T. 97, Inv. 17ter.
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Fig. 10. PG-GOA-B-Bi, T. 83, Inv. 48. Fig. 11. PG-GO3B-Bi, T. 83, Inv. 59.

PC-GOG6B;

PC-GOG6E

Fig. 12. PG-GO6B-BI, T. 106, Inv. 52. Fig. 13. PG-GOBS, T. 108, Inv. 41.
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PC-GONBj 4

' " PG-GO5N
PG-COEBi

Fig. 14. PG-GO5BI-N, T. 15, Inv. 19 IG 152929.  Fig. 15. PG-GONM-Bi, T. 86, Inv. 27.

Fig. 16. PG-AVT, T. 97, Inv. 7. Fig. 17. PG-AAB, T. 127, Inv. O.

Fig. 18. PG-AB9-d, T. 127, Inv. 39. Fig. 19. PG-AB, T. 121, Inv. 4.
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Fig. 20. PG-CM, T. 1bis, Inv. 43.

:
]

L)

L
SR -

B

Fig. 22. PG-FUA, T. 14, Inv. 19 IG 152903.

Fig. 21. PG-SB, T. 108, Inv. 2.
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3.2.3Villadi Villa

The vitreous materials found in the site are vaffgint for typology and dating. They are

composed by 2 annular beads, 1 globular bead wét @ecoration, 1 melon bead, 3 arm rings

and 1 rod fragment with a semi-circular sectione Tinaments were all unearthed from

secondary deposition layers (stratigraphic units), Sated to widely different chronological

ranges.

The complete details (dimension, weight, NCS celtar) and images of the materials are

collected in Table 2 and Figures 23-30, respegtivel

Below is a summary of the samples’ labels and thenroharacteristics of each find, together

with typological comparisons from the literature:

VV-AB and VV-ABG6 are two blue annular beads unearthed from SU 2hgilg to the
protohistoric phase of the site (fig. 23 and 24 &nnular shape is very common from the
Bronze Age throughout the Iron Age and, therefame, significant chronological
information may be inferred from the typology.

VV-BRB2, VV-BRB5 and VV-BRB9 are three dark blue bracelet fragments coming from
SU 2, SU 19 and SU 4, respectively (fig. 25-27)mBles VV-BR2 and VV-BR5 are
characterized by a complex rib decoration simitatypology 8 (a and c) of Haevernick
1960. VV-BRB5 was found in the layers belongindghe phase 1 structure"f2- 15 half

of the Ftcentury B.C.) and consequently dated to tieéntury B.C. due both to the lying
position and the typology of the object. FragmewtBRB2 is dated to same period as it
has the same typology of sample VV-BRBS5. Typologyeétnick 8c is also attested in one
bracelet from Aquileia (Mandruzzato 2008, cat. R) dated to the -1t century B.C.
This typology is considered of central Europearvenance and started spreading north of
the Alps between the end of tHeé &nd the beginning of thé®:entury B.C. (Tarpini 2007)
with its maximum development in La Tene D perioeifelova 1989; Vellani 1997). In
Italy, the typology is present in the Cisalpinesaa@d in particular in the Emilia-Romagna
region (Vellani 1996; Tarpini 2007). The BRB9 spaem is a smaller undecorated
fragment of a D section arm ring, belonging to tggy 3a of Haevernick 1960, dated to

the 39-2"d century B.C., based on the typology and contekis Ts the most common
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typology and of longest duration, from the La T&n&00-500 B.C. (Haevernick 1960) to
the Late Roman period (Roffia 1993). It is mostiifused in the Danube and Rhine area
(Karwowski 2004; Venclova et al. 2009fdZinova et al. 2013) whereas in ltaly it is
attested in the Lombardy-Piedmont area (Vellani6}%nd in Aquileia (Mandruzzato
2008, cat. 41-42).

VV-GGi is an opaque yellow globular bead with four bland ahite eyes (two of which
double), a typology well attested during the IrogeAn the entire ancient world and also
in the north Adriatic area, as Altino (Gambacur@82) and Aquileia (Mandruzzato 2008,
cat. 85-86). The bead is a sporadic survey buititccbe dated between the end of the 6
and the beginning of thé"&entury B.C. according to/given its context. Utfioately, to
preserve the conservation of the bead, only a sinagiment from the yellow body was
sampled (fig. 28).

VV-FBT-Gi-Bi-B is a transparent (T) rod fragment with a semi-d¢acsection, decorated
by pale blue (B), yellow (Gi) and white (Bi) glaspirals (fig. 29), probably used as a
parietal decoration. This hypothesis is supportadnly by the semicircular section with
the undecorated flat side, but also by the marreis (murex pecten) found in the SU
together with the find, and similarly associatedtess rods applied in wall decorations of
the Ptcentury A.D. as in Aquileia (Chiesa Sena et 888)9This use seems to have ancient
origins and it was attested since tecéntury B.C. (Sear 1975; Barbet 1981) and not over
the first half of the 2 century A.D. The rod here analysed comes from $larid the
provenance context allows dating the find betwé&eneind of the®century B.C. and the
beginning of the $century A.D. All four different glass colours wesampled.

VV-MB is a turquoise melon bead with marked ribs anead&r shape, unearthed from
SU 4 (fig. 30). The typology is known in Northetaly since late protohistory (Gambacurta
1986) but only in thest2"d century A.D. it became largely used (Cavada 19&aij] the
4h-5th century A.D. (Tori et al. 2006). Interestinglypale blue melon bead was also found
in grave 16 of the S. Floriano di Polcenigo (PNnetgery (Vitri et al. 2006), dated to the
4h-5th century A.D., 10 km away from the Villa di Villi#s. Several turquoise melon beads
are also attested in Aquileia and dated to #d"century A.D. (Mandruzzato 2008, cat.
71-74).
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Even though the bead comes from a secondary depolsiyer and its dating is not certain,
the site excavations attested a lack of inhabitdbietween the end of thé géentury A.D.
and the end of thé®century A.D. Moreover, the melon bead typologyas attested north

of the Po before the late protohistory. Accordimgthese reasons, the sample here
investigated could be doubtfully dated from tliecgéntury B.C. to thesicentury A.D. or

to the 39 — 4" century A.D.

coltivi da riporto
dello spietramento

us L2 |,

frequen tazione
X-villa. C.

colluvio X-VIII
Materiale
/

di spolio
Us-18 s

Fig. 3.2.. : Section of the examined area of tHe\di Villa site. In the red squares, the SU ofpenance of

the finds are reported (image courtesy of Stefanar®).
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Table 3.2.5: Glass ornaments from the Villa di&/glte analysed in this work. (Inv. = inventory ragnassigned

by the University of Padova after the excavatiddS; = stratigraphic unit; S = sporadic; L = mean wid h =

mean height; d. = mean hole diameter; th. = thidsyent. = internal glasg

Samples Ages Prov. Typology | Dim. (cm) Color NCScolor | Wt. (g)
VV/- Inv. 3012 I1G Bracelet L= 1.44;
BRB2 2" B.C. 311.209B, fragment h=1.21; Blue S4550-R70B 1.12
SU 2 th. = 0.52
V- Inv. 1635 IG Bracelet L = 3.45;
BRB5 2MB.C. 311.256, SU fragment h =1.89; Blue S4550-R70B 5.37
19 th. = 0.68
V- Inv. 1539 1G| o ajet | L =2:25;
BRBO 3d.2d B C. 311.253, fragment h=1.52; Blue S4550-R70B 2.76
SU 4 th. =0.82
Late 8" L=1.34; | Yellow Gi\:(fggw
ate 6"- =1.34; . :
W-GGI | Earlyar | "M SZIC | GIODUEAr| o gg; | WIINDIUE | g 51000-N;| 174
B.C. ' cea d=0.7 a”ey‘g’s' € Blue: S2565-
R80B
Weathered:
Inv. 374 1G Melon L = 1.65;
w-mB | FaLate | Tagg 1817 | head | h=1.29; | Pale blug| SS90 B30G 4 44
Roman Age suU 4 fragment| d = 0.93 Int.: S2020-
' Y20R
BFrg‘rf‘z'e Inv. 3001G | Annular | L =0.83;
VV-AB Age-Early 311.239, bead h=0.5; Blue S2060-R80B 0.2
SuU2 fragment| d=0.5
Iron Age
Broi';‘:'Age Inv. 2006 IG| Annular | L =0.64; szvggéf‘i;r%‘f_\;
VV-AB6 311.254, bead h=0.38; Blue ; 0.06
- Early Iron sU 2 fragment| d=0.37 Int.: S7020-
Age ) R80B
Rod Transpare T: SO0505-
W- | g e | INV. 311.402] fragment| L= 0.28; ”ltjl‘l’;’(':h Biséggéz-
FBT-Gi- | IG 1577, with h =2.33; ! : . 2
Bi-B AD. SU 11 semicircul| th.=0.67 yellow_ . R50B;
ar section and.whlte Gi: S0530-Y;
spirals | B: S1040-B
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Figures 23-30: Optical microscope (OM) images of the glass oraata from the Villa di Villa site analyzed in
this work. For each figure, labels, provenance (&E8y inventory number of the samples are repoti@dges

26, 28, 29-30 are courtesy of S. Castelli, Padowévetity. In the scale, 1 space corresponds to 1 mm

3mm

Fig. 23. VV-AB, Inv. 300 IG 311.239, SU 2. Fig. 24. VV-ABG, Inv. 2006 IG 311.254, SU 2.

Fig. 27. VV-BRB9, Inv. 1539 IG 311.253, SU 4. Fig. 28. VV-GGi, Inv. S2 IG 311.235, sporadic syve
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Fig. 29. VV-FBT-Gi-Bi-B, Inv. 311.402
IG 1577, SU 11.

Fig. 30. VV-MB, Inv. 374 I1G 311.181, SU 4.
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CHAPTER 4

ANALITHYCAL TECHNIQUES

The ornaments were first studied macroscopicallyoltect their external characteristics,
such as dimension and color, by means of NCS (Ha@eolor System) tables. The whole
objects were weighed and photographed. They weea tnalyzed under the optical
microscope (OM) to observe the conservation stafushe glass and choose the more
representative sample from the examined objects@h®ling of the bodies and the decoration
of the ornaments was performed using a scalpel.

In order to obtain a flat surface for the chemanad textural analysis, 130 micro-samples
(ca. 200-500 pA) were embedded in epoxy resin and manually lapsaty 800, 1200, 2400
and 4000 grit SiC papers. Subsequently, samples gamtly cleaned with ethanol and then
smoothed by means of an automatized polisher (Pnd-Struers). The polishing was
achieved using first 6 and then 1 micron size diaginguspension (Dp-suspension-Struers) on
a silk cloth for 5 minutes at 300 RPM. The specisjemmersed in a colloidal silica
suspension, were finally polished by means of daraatic vibratory polisher.

The samples prepared as indicated above were adalyy SEM-EDS, EPMA-WDS and
micro Raman spectroscopy, whereas non-invasive XHRavder Diffraction was performed

directly on the ornaments surfaces.

4.1 Optical microscopy (OM)

Stereoscopic optical microscopy (OM) was carriedasuwhole objects in order to study
the weathering conditions, morphologic charactesstraces of manufacturing and to collect
detailed photographic images of the ornaments. Mi@oscope used at the Geosciences
Department of the Padova University is a Nikon SE# with a Photonic Optics led

illumination, equipped with a digital camera forages collection (Nikon Coolpix 6.1).
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4.2 Scanning Electron Microscopy (SEM-EDS)

Scanning Electron Microscopy (SEM) enabled the ystoidthe morphological and textural
characteristics of the glass matrix. In particutsackscattered electrons (BSE) images were
used to detect the contrast between areas witkreiff chemical compositions and to evaluate
the weathering conditions of the samples. The ct@&nainalyses on the crystalline inclusions
dispersed in the amorphous phase were performedray energy dispersive spectrometer
(EDS). SEM-EDS experiments were performed at thpallenent of Earth Science of the
University of Milano using a Cambridge Stereosc&® 3canning electron microscope
connected to a Link ISIS X-ray energy dispersivecsmmeter (EDS). It was run at 20 kV
accelerating potential and with a beam current eetwd.2 and 0.9 nA and a spot size of about
2 micron. The count time applied for the EDS analis60 s. Internal standards (Jade, MgO,
Al203, Orthoclasio, Wollastonite, pure elements) weredu®r the EDS measurements and
data were automatically processed for ZAF correctio

Measurement precision with such instrumental caovbt starts at about 0.2% for Na; the
figure decreases for heavy elements, also accotditige lateral resolution.

The analyses were performed on the polished settisamples, coated with a thin carbon

layer.

4.3 Wavelength — disper sive electron probe microanalysis (EPMA-WDYS)

Quantitative chemical analyses of the glass phadenaneral inclusions were performed at
the CNR-IGG laboratory in Padova, using a CAMECAS8>¢lectron microprobe fitted with

four vertical wavelength-dispersive spectromete¥8DE) and one energy dispersive
spectrometer (EDS). The working conditions usecdevaecelerating voltage of 20 kV, beam
current intensity of 2nA for Na, K, Al, Si and o 2A for P, S, CI, Ca, Ti, Mn, Fe, Co, Ni,

Cu, Zn, As, Sn, Sb, Pb and counting times of 5-10-&n background-peak-background,
respectively. The spot size of the beam was ab@ut th for the samples with a large number
of inclusions, whereas to prevent the known migragphenomenon of alkalis under the
electron beam, in the homogeneous samples a 10giosused electron beam was used.

Synthetic pure oxides were used as standards fdfé\INi and Sn, synthetic AsGa for As, a
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synthetic MnTi oxide for Mn and Ti, diopside for, 8ia and Mg, plagioclase for Na, vanadinite
for Cl, galena for Pb, orthoclase for K, apatite B sphalerite for S and Zn, &bfor Sb, and
pure elements for Co and Cu. The analyzer crystate: LIF (LiF) for Mn, Fe, Co, Ni, Cu
and Zn; TAP (GHsO4Tl) for Na, Mg, Al, Si, P and As; PET (H1204) for S, Cl, K, Ca, Ti,
Sn, Sb and Pb. The results were processed usirfgARegCAMECA) software for the ZAF
corrections. Measurement precision was within 1#4rfajor elements, about 3-4% for minor
elements and about 8% for trace elements. The todetsction limits of EMPA with these
analytical conditions were approximately 0.1 wt% foe major and minor elements, and
varied from 250 ppm for Co to 1400 ppm for Pb acé& elements. The results of the EPMA
chemical analyses are expressed as weight pemer) Of element oxides, calculated as a
mean of 5+10 point analysis with the relative seaddleviations (SD).

The analyses were performed on the polished sectisamples coated with a thin carbon
layer.

4.4 X-Ray Powder Diffraction (XRPD)

X-ray diffraction analyses were performed to idnthe crystalline phases dispersed in the
glass matrix. The measurements were acquired ii@cthe beads surfaces in a non-invasive
mode, with a methodology developed in previousistiffrtioli et al. 2008). XRD data were
obtained at the Geosciences Department of the Radioiversity using a computer-controlled
Philips X'Pert PRO, with Bragg-Brentan®® 6 geometry, equipped with an X'Celerator
detector. The normal focus Cu X-Ray tube (Gu K= 0.154056 nm) operated at 40 kV and
40 mA. Data were recorded in the 3°-80F range, in step scan mode with step width
increments of 0.017°62and a step counting time of 100 s. Data were sz by X'Pert
HighScore (PANalytical software).

4.5 Single-Crystal X-Ray Diffraction

Single-Crystal X-ray diffraction analyses were gatrout to identify the crystalline phases
dispersed in the glass matrix of samples whicmdidcallow operating on the whole ornament

(see par. 4.4). The measurements were acquiredass ffagments of about 1 mm. The
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analyses were performed at the Geosciences Depdrohehe Padova University using a
single-crystal diffractometer Agilent Supernova ipged with a micro-X-ray source (using
the Kalpha of Mo) working at 50 kV and 0.8 mA wdtspot size of 0.11 mm. The instrument
is also equipped with a Pilatus 200 K detector (B&callowing very fast measurements
accompanied by high sensitivity and dynamic raridata were collected in micro-X-ray

powder diffraction mode due to the presence oftatiyse inclusions in the analyzed material.

4.6 Micro Raman Spectroscopy

Raman spectroscopy was performed on the polistatidsed samples in order to characterize
unreacted raw materials and/or newly formed crgsth$persed in the amorphous phase.
Indeed, the XRD analysis enabled the identificatbbthe major mineral phases in the glass
while the smaller and less abundant inclusionsccoot be detected.

The analyses were carried out using two differestruments. Some spectra were obtained at
the Department of Scientific Research of the Matlitgn Museum of Art (New York City,
NY) by means of a Bruker Senterra Raman microsasp®y 785 and 480 nm excitation lasers
(spot size ~ 2 um) with power ranging from 4 tad/ and by focusing with a 50 x objective
(Olympus BX). The acquisition time for a single sjpem was 30 s, no spectra accumulation
was used.

Other spectra where obtained at the Departmenheiristry Science of the Padova University
using a DXR Thermo Scientific Raman microscopejmapd with a diode-pumped solid state
532 nm laser, operating at a power variable fraim BOmW, with a spectral resolution in the
range of 2.7—-4.2 cthand a spatial resolution of luin. The acquisition time adopted was 5 s
for 32 or 64 scans accumulation. The point analys=e performed with a 50 x LWD (Low
Working Distance) objective.

The attribution of the Raman signatures of crystalphases was made by comparison with

data in the literature as well as in the on-lind.lBR databasenttp://rruff.info).
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CHAPTERS

RESULTS

This chapter presents the results of the chent@ei ral and mineralogical analysis of
the samples. The data, grouped by archaeologialosiprovenance, will be discussed in
Chapter 6.

5.1Lipari and Salina

e Sand and flux composition

The results of the EPMA chemical analysis (Tablg Show that all samples are silica
glasses with Si@ranging from 57.10 to 77.17 wt%. The alkali comtierextremely variable:
NaO varying from 0.76 to 20 wt%, 40 from 2.01 to 17.23 wt%, CaO from 1.30 to 12 wt%
and MgO from 0.46 to 8.20 wt%. This clearly showattdifferent glass recipes were used;
actually, considering the potassium, magnesium asodium values (Fig. la-b), two
compositional classes are present. The first oasenits levels of ¥O ranging from 2 to 3.6
wt%, MgO from 4.9 to 8.2 wit% and Ma from 15.3 to 20 wt% as in the High Magnesium
Glasses (HMG) obtained using soda-rich plant askeftux (Henderson 1989, 2000; Tite et
al. 2003). Also the Ca and P contents fall witthe tompositional range typical for these
glasses: CaO = 4.5+9.5 wt% angDP= 0.10+0,30 wt%. Fifteen samples from Lipari afid a
those from Salina are HMG glasses. The second ©assmposed by fifty samples from
Lipari, 48 of which containing 6.12+12.38 wt% of®, 0.47+1.3 wt% of MgO and 7.37+8.83
wt% of N&O, typical of the Low Magnesium High Potassium Géss(LMHK) produced with
mixed alkali plants ashes as flux (Angelini et2004, 2010a; Brill 1992; Henderson 1988;
Santopadre and Verita 2000; Towle et al. 2001). @dleium contents ranging from 1.30 to
2.90 wt% (CaO) is actually low for ash-based glass# typical of the LMHK class, for which
the use of leached plant ashes is hypothesizell {B€2; Tite et al. 2006). The highest levels
of Ca (CaO = 8+12 wt%) in the white glasses decamatare due to the presence of Ca silicates
finely dispersed in the matrix (see below). TheoRtent (BOs = 0.06+0.34 wt%) is in the
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range of the LMHK glasses. The #dK20 ratio (Fig. 1b) ranging from 0.36 to 1.35, isitgs

for the use of mixed alkali plants ashes as flux.

Interestingly, the other two glasses from LiparBIRAA2 and L18AA1) have a lower
NaO/K>0 ratio (0.04+0.14, fig. 1b, pink circles) due tparticularly high K content (O =
17.23 and 16.05 wt%, respectively) and a lower Mawnt (NaO = 0.76 in L312AA2 and
2.20 wt% in L18AA2). They are glasses produced gutant ashes rich in K as flux.
Interestingly, the Ca and Mg contents are low (GaR06 and 2.18 wt%, MgO = 0.74 and
0.69 wt%), similarly to the other LMHK glasses. Jhglass type has been identified as a
subgroup in the Frattesina productions (Angeliniaét 2010). For these reasons, the
compositional class has been named here LMHK- Bscla

Interestingly, the only MBA 1-2 sample is from Lipand is an HMG glass; all the MBA3
samples are from Salina and are HMG glasses; the RBA glass is from Lipari but,
unfortunately, it is weathered and will not be adaged in the discussion; all the FBA samples
are from Lipari, 15 of them are HMG glasses while other 50 are LMHK. This is evident in
the MgOvs K20 and NaO vs KO plots (fig. 5.1a-b) where provenance and agéeofinds
are reported. For these reasons, considering hieabrtly MBA 1-2 glass and all the FBA
glasses are from Lipari and all the MBA 3 glasgesfiom Salina, in the other plots we have
considered only compositional classes and ageqroeéenances.

The use of sand as a source of silica in the ntgjofithe samples is testified by the high
guantity of Al and Fe as shown in fig. 5.2a and .Tali, even though in some blue-black
glasses the high Fe contents could be linked todlwing agents. However, a few samples (4
blue samples and 3 yellow/brown samples from L)pae characterized by particularly low
Al and Fe contents (AD3 < 1 and FeO < 0.5) which could suggest the usemire sand or
guartzite as a source of silica. They are all HM&sgges from Lipari, in detail 4 blue glasses
dated to the FBA 1-2; one MBA 1-2 glass, brown osdip one FBA 1-2 brown glass and one
FBA 1-2 yellow glass.

Four glasses from Salina show particularly highteots of Al and Fe in comparison with
those from Lipari: two blue samples (SALCFR1 andLBAS) and the white glass
(SALCFRA4-Bi) have 4.42, 4.47 and 3.10 wt% 0#@d, respectively; the blue bead SALCFR3
has 3.25 wt% of FeO (fig. 5.1c).
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Considering the MnQ@s SkpO3 contents they are mostly under the detection dimitpresent
in low amounts (fig. 5.1 bis). Antimony, when pretds related to the coloring/opacifying
agents. Manganese is present in significant amaumisin two blue samples from Salina,
SALFAS and SALCFR1, and in one yellow/brown sanfpden Lipari, L311GM1, presenting
0.17, 0.16 and 0.83 wt% of MnO, respectively. Tiitamlevels are low in all glasses, ranging
from 0.03 to 0.14 wt%.

The amounts of all other oxides are mainly linkedhie color and the opacity of the samples.
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Fig. 5.1.a) andb) MgOvs K>O and NaO vs K>O contents of the glass phase in the analyzed ssmelspectively.
Dotted lines are the conventional areas of the amsitipnal classes (geometric shapes = provenanoaers =
ages; empty symbols = blue beads; crossed full sisrbyellow-brown beads; black- bordered full syotsh=
white beads)c) FeO vs Al,Os; contents of the glass phase in the analyzed samfdeometric shapes =
compositional classes; colors = ages; empty symbdikie beads; crossed full symbols = yellow-brdveads;

black- bordered full symbols = white beads).
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Fig. 5.1 bis: MnO vs SkOs contents of the glass phase in the analyzed samfldetail of the dotted square is

reported (geometric shapes = compositional classelrs = ages; empty symbols = blue beads; crosatd

symbols = yellow-brown beads; black- bordered $yinbols = white beads).
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e Colorants and opacifiers

Blue glasses

Most of the beads are blue colored with differdrades, due to Co and/or Cu. Observing the
CoOvs CuO contents of the blue beads in fig. 5.2, tloempositional groups are clearly
identified. The first group (1) is characterizedtogh levels of Cu (CuO = 2.8 +5 wt%) and
Co under the detection limit (CoO < 0.03 wt%). Tdpisup is represented by 26 LMHK glasses
(including the 2 LMHK- K class) from Lipari. The @and group (2) is composed by Co-
colored glasses (CoO = 0.05+0.25 wt%) and with @uents ranging from 0.1 to 2 wt%. They
are 13 LMHK glasses from Lipari and 6 HMG glasgesT Salina. The third samples’ set (3)
is formed of glasses colored by low contents of(CuO = 0.5 +0.87 wt%) and Co under the
detection limit (CoO < 0.03 wt%). They are 10 HM{sses from Lipari. Two blue glasses
from Salina, SALFFR and FR3 (black narrows in &), have very low contents of Co (CoO
<0.03 and 0.03 wt%, respectively) and Cu (CuO 8 @rid 0.06 wt%, respectively). However,
the color may also be due to Fe, possibly in acedwxidation state, present in particularly
high contents in SALCFR3 (FeO = 3.25 wt%) and acés in SALFFR (FeO = 0.53 wt%).
One blue sample from Salina, SALCFR4 B, has no €C&€w and the only chromophore
element is Fe (FeO = 0.50 wt%), probably in a reduaxidation state.

Interestingly, the Cu contents in the LMHK and HM{asses vary largely. In LMHK glasses,
copper is very high in the copper colored glasggsup 1, CuO = 2.8 =5 wt%) and has
significant levels in the Co-Cu colored ones, p@(p 2), in which copper ranges from 0.1 to
2 wt% (CuO). Conversely, in HMG glasses, coppeddgnitely lower both in the copper
colored glasses (group 3, CuO = 0.5 +0.87 wt%)iartde Co-Cu colored ones (CuO < 0.35
wt%, dotted line in fig. 5.2).
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Fig. 5.2. CoOvs CuO contents of the glass phase in the analyzaglss. Dotted lines highlight the three different
compositional groups (geometric shapes = compasilialasses; colors = ages; empty symbols = blusdse

crossed full symbols = yellow-brown beads; blackrdered full symbols = white beads).

As regards the trace elements in the Co and/orotuwed glasses, they vary depending on the
different colorant sources. Cu-colored HMG glasBesm Lipari have no trace elements
correlated to the colorant. Cu-colored LMHK glasfesn the same site have traces of Sb
(SkO3 = 0.04+0.14 wt%) and about one half of them oft6a,(SnrO = 0.04+0.35 wt%).
Instead, the Co-colored glasses have various @l@reents in the two compositional groups,
LMHK and HMG, showing that different cobalt soureesre used. In three HMG glasses from
Salina, SALFA1-A2 and A4, Co is associated to Sb@& = 0.16+0.20 wt%) and in SALFA1
and A4 to Pb, too (PbO = 0.12 wt%). SALCFR4 hagraoes of Sb and Zn (values with the
same magnitude of the detection limits). The otihwer HMG glasses from Salina, SALFAS
and SALCFR1, present Ni (NiO = 0.12 and 0.11 wt%d &n (ZnO = 0.16 and 0.13 wt%)
together with Mn (MnO = 0.17+0.16 wt%, respectiyeind high contents of Al (ADs = 4.47
and 4.42 wt%, respectively). Conversely, Co-coldrBtHK glasses have Cu contents ranging
from 0.1 to 2 wt% and traces of Ni (NiO = 0.23+-0w®%), As (A30s = 0.10+0.47 wt%) and
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Sb (SkhOs3 = 0.10+0.6 wt%). Samples L314AN1-AN2-CO1 and XAahave significant Zn
traces (ZnO = 0.06+0.12 wt%). Sample L18DA has soaAd presents traces of Pb (PbO =
0.12 wt%).

The Nivs SkbOs contents of the Co-colored glasses (fig. 5.3artyedistinguish HMG glasses
from LMHK glasses which present higher contentbliohnd Sb.
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Fig. 5.3. NiOvs SbkOs contents of the glass phase in Co-colored glassasLipari and Salina (geometric shapes

= compositional classes; colors = ages).

In the blue glasses both homogeneous and hetermgetexture are present. HMG glasses are
generally more homogeneous, while LMHK glasses clraracterized by numerous SiO
inclusions dispersed in the glass phase, with @@mtyor rectangular morphologies. HMG
glasses present in some cases newly formed crystalza-Mg and Na-Ca silicates. The

characteristics of the inclusions will be discussedetail below fexturg.
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Yellow/Brown glasses

There are four yellow/brown glasses: two from tlygaki Acropolis, IB5AG and LC21M, and
two from grave 31 of Piazza Monfalcone cemeterylC3R and L311GML1. They are all
HMG glasses (Fig. 1a-b, full-crossed symbols) withtrace elements but only characterized
by low contents of Fe (FeO = 0.22+0.57 wt%) an®&& (= 0.11+0.36 wt%). The darker brown
sample, L311GM1, has higher contents of Fe andilsmespect to the other three glasses and
presents also manganese (MnO = 0.83 wt%). Intagdgfithe finds dated to different ages:
LC21M to the MBA 1-2, L31CCR and L311GML1 to FBA 1a8d LB5AG to FBA 2-3.

Black glass

The only black bead, L311AN1, is from Lipari anégents high levels of both Fe (FeO = 0.73
wt%) and S (S@= 0.60 wt%) with no other trace elements. It has@ogeneous texture with

no inclusions or bubbles.

White glasses

No white beads are present in the finds from thelide islands and white glass is used only
for the bead decorations.

Nine white glasses were sampled from the beadsraldmos. The first, SALCFRA4BI, is the
only white glass from Salina and is part of theebHMG fragment SALCFR4B, Fe-colored
(see above). The other eight, L311FR1Bi, L31102EB@BIB, L31CGB, L31CB2B,
L31COB and L31CB1B, are LMHK glasses from the Ligametery (grave 31), all applied
on Cu-colored beads with different typologies. SA4Bi is a HMG glass colored and
opacified by Ca antimonates crystals disperseldamatrix (see belovextureandcrystalline
phaseyand presents high levels of Sb in the glass p{&is©s = 2.86 wt%, fig. 4). The white
glasses from Lipari are obtained with two differéethnologies. Samples L311FRBI,
L31102B-03B-04B and L31COB contain a large numbBe3i®. inclusions (see below) and
low levels of Ca (CaO = 1.63+ 1.92 wt%). Insteadmples L31CGB, L31CB2B and

L31CB1B have a large number of Ca silicates inclusidispersed in the glass matrix (see
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below) and present higher contents of Ca (CaO 2 8v%) with respect to the type with SIO
inclusions.

Considering the CaO and MgO contents of all glafifes5.4), the difference between LMHK
and HMG types, in particularly for the white onés,clear. Indeed, LMHK glasses have
generally low Mg and Ca contents except for sarhpRBOTA that has a value of Ca slightly
higher than the other (CaO = 5.40 wt%). The whitsges opacified by Ca silicates have the
highest Ca amounts (CaO = 8.7+12 wt%) and slightgjrer Mg contents (MgO = 1.10+1.30
wt%), while the white glasses opacified by Sifxlusions have the same Ca and Mg contents
of the other LMHK glasses. Conversely, all HMG glas have high Mg and high Ca contents.
Interestingly, the white HMG glass obtained with&#imonates has a lower Ca content (CaO
= 6.91 wt%) with respect to the white LMHK glassdsained with Ca silicates (CaO = 8+12
wit20).
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Fig. 5.4. MgOvs CaO contents of the glass phase in the analyzassgs from Lipari and Salina (geometric
shapes = compositional classes; colors = ages).
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e Texture

SEM analyses show that both homogenous and heterogs textures are present in Lipari
and Salina samples. However, LMHK glasses are meterogeneous due to the presence of
numerous Si@inclusions dispersed in the glass phase (Fig- 6WG glasses are generally
more homogeneous (fig. 5) and are only charactkiirzeome cases by the nucleation of Ca-
Mg and Na-Mg silicates or residual metal inclusi@fig. 9-10).

Except for 4 homogeneous beads (example in fig. @hCu-colored LMHK glasses from
Lipari have a large number of Siinhclusions; they are single elongated crystalsnore
rectangular when grouped in big aggregates. L31CR2ACOA and L31102A SEM-BSE
images are reported as representative exampleso@-ig). The single elongated crystals have
a size of about 10 um while the aggregates are @p@+200 pum large. The largest grains are
systematically surrounded by large fractures duehnges in volume during glass cooling
(Artioli et al. 2008) (details in fig. 6¢-e, 7b-and 8b). Beside the SiOnclusions, one Cu-
colored sample (L311AA2) has a residual inclusion m Sn with a rounded morphology (fig.
6f).

Similarly, only three Co-colored LMHK glasses frauipari are homogeneous. The sample in
fig. 7a, L18DA, shows a texture without inclusiactzaracterized only by a few bubbles of
about 50 um. All the others have numerous elongatddsions of SiQdispersed in the glass
matrix, grouped in aggregates with dimensions raggrom 50 to 100 um (Fig. 7b-c).
Interestingly, sample L12AN1 presents a recrygatiion of lamellar inclusions on the edges
of the largest grains (fig. 7c).

Several Cu- and Co-colored LMHK glasses have baiitisa different chemical composition
due to a variation in the Cu content (Fig. 8a-tHMA analysis show that lighter gray bands
observed at the SEM correspond to higher contdn@aCuO up to 4.63 wt%) with respect
to the dark grey ones (CuO up to 3.07 wt%). InGleeCu colored glasses the variation of Cu
corresponds to the variation of Co (CoO up to @1% in the dark gray band and up to 0.24
wt% in the light grey one).

Cu- colored HMG glasses from Lipari dated to theARBe mostly homogeneous, except for
samples L31CSB and L311SPA, which are charactel@edumerous crystals of Ca-Mg
silicates and Na-Ca silicates (fig. 9a-d) and sanall rounded Cu drops (Cu = 97.7 wt%, EDS
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data, Fig. 9e). The silicate inclusions have regiitar or polygonal shapes, sometimes
dendritic (fig. 9d), and a size ranging from 1020 pm. Sample L311SPA presents, as
previously seen for other samples, bands with greifit chemical composition due to the
variation in their Cu content (CuO up to 0.78 wi¥%the dark gray band and up to 0.89 wt%
in the light gray one, fig. 9a).

All MBA 3 HMG blue glasses from Salina are mostlgnmogeneous, except for occasional
inclusions of Ca-Mg silicates and Na-Ca silicatéangular shapes and dimensions of about
10+20 um (fig. 10a). Sample SALFAL has differengrmical composition bands caused by a
Cu content variation (CuO up to 0.12 wt% in thekdgray band and up to 0.57 wt% in the
light gray one — Fig. 10b). Interestingly, it pretelamellar-shaped Ca antimonates inclusions
(fig. 10c) of about 20 um in length and very thingum) rounded metal inclusions made of
Cu-Sb-Ni-As (fig. 10d). At the same time, SALFFRosls a heterogeneous chemical
distribution with zones particularly rich of Cu (Owp to 0.34 wt%) with respect to the mean
value in the glass matrix (CuO < d.l.). Moreoveérarely presents rounded inclusions of Cu-
Pb-Sb-S and occasionally crystals of Ca-Na silgate

Sample SALCFR3 has a dark blue color and showsréift chemical composition areas due
to the Fe content variation. In particular, darkygrones have Fe mean contents up to 3.34
wt% while the light grey one is up to 6.51 wt% (fid.a). According to the high level of Fe in
the glass phase, SALCFR3 have numerous inclusibRe-och Ca-Mg silicates (FeO up to
14.38 wt%) with different chemical composition zendepending on the Fe contents;
specifically, dark gray zones have lower Fe amotlrds the light gray ones (fig. 11b and c).
The inclusions have angular or dendritic shapesdaménsions ranging from 20 to 100 pm.
Moreover, SALCFR3 presents rounded metal inclusafridu-Fe-S alloy with segregations of
Pb, Ni and Sb, with dimensions about of about 8 @amd, are distributed mainly in the Fe-rich
bands of the glass (e.qg. fig. 11d).

The only HMG white glass SALCFR4 Bi comes from 8aliis dated to the MBA 3 and has a
heterogeneous texture due to the presence of nusm@a antimonates finely dispersed in the
glass phase (fig. 12a-c). As shown in fig. 12ahlibe blue body and the white decoration are
partially weathered; however, some portions ard melserved and useful for the analysis.

The Ca antimonates have irregular morphologies aiittensions ranging from a few microns
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to 20 um. The passage between the blue body and/hite decorations is clear and no
blending between the two colors occurs (fig. 12a).

The white LMHK decoration glasses from Lipari datedhe FBA can be distinguished in two
groups. In the first one, constituted by five saesp{L311FRBI, L31102B-0O3B-04B and
L31COB), the glass matrix contains numerous;Snolusions with rounded and/or elongated
shapes of dimensions ranging from 20 to 100 pm (f®gn). This glasses are strongly
weathered, characterized by fractures and porgs lgy to 50 um (fig. 13a) and is associated
to beads with eyes decorations. The contact betiteeblue body and the white decoration is
clearly visible and the colors do not seem to beeahi(fig. 13aa).

The white glasses belonging to the second groupjposed by 3 samples (L31CB2B,
L31CGB and L31CB1B), are characterized by anheQgasilicates crystals finely dispersed
in the glass phase and bubbles with a size rarfging 10 to 50um. In sample L31CB2B, Ca
silicates have a composition including Na, K and iM@ variable stoichiometry; a few SIO
crystals are also present in the glass phase. @hgli€Cates inclusions have irregular and not
defined shapes with particularly small dimensigasging from a few microns to 20 um (fig.
13b).

Samples L31CGB and L31CB1B are characterized oplynhall and euhedral crystals of Ca
silicates (13c and d). The dimensions of the aggesgrange from a few microns to 20 um
and the stoichiometry is very close to wollastorfi@aSiQ). Both types of glass with Ca
silicates are associated to globular or barrel $&ath spiral decoration. The passage between
the blue body and the white decorations is not edhdnd the two colors are partially mixed.
In sample L31CB1B some bubbles appear concentiratibé boundary line of the two colors
(fig. 13c).

Yellow/brown glasses have a homogeneous texturég e only black glass (L311-AN1,

Lipari) presents a few metal inclusions of Cu-Fedsh traces of Ni, particularly small (1-
2um).
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e Crystalline phases

The crystalline phases of the inclusions studiethatSEM-EDS were characterized by p-
Raman spectroscopy.

All SiO2 inclusions in LMHK glasses are mainly tridymitetiwioccasional traces of quartz.
The analyses were carried out both on the singlegalted crystals and on the large aggregates
considering the core and the edges of the graihs. Spectra highlights in the different
morphologies the same peaks at 435, 353, 306,r&1148 crt typical of tridymite (fig. 15a);

in several cases a low intense peak at 463appear, typical of quartz (fig. 15a). The presence
of tridymite as the only phase is confirmed by 8egle Crystal X-ray diffraction. The X-ray
pattern diffraction has d spacing df & 4.34A, 4.12 A, 3.84 A, 2.58 A and 2.51 A typict
tridymite (fig. 15b).

Ca-Mg silicates in HMG glasses from Lipari and Baliare composed by diopside
(CaMgSi0Oe), with main peaks at 1012, 856, 668, 391, 366, 235 and 140 crh(fig. 16a).
Fe-rich Ca-Mg silicates in sample SALCFR3 are ctimrazed by diopside in the grey zone
observed at the SEM-EDS and by a phase more sitoikangite in the light gray one (richer
in Fe), that does not have a peak at 366 (fig. 16b). The phases identified at the Raman
spectroscopy are consistent with what observelteaSEM-EDS.

Ca-Na silicates are probably due to devrificatibages in the glass (e.g., combeite, devitrite)
even though so far no match between the collegedtisa and those in the literature has been
identified.

Lamellar Ca antimonates in sample SALFAL are piteigetine hexagonal habit, Cafh, as
shown by its characteristic peak at 670'dmfig. 17a.

The only white glass from Salina has numerous Giaanates finely dispersed in the glass
phase in the orthorhombic structure 8a0;, which has two characteristic peaks at 635 and
482 cmt (fig. 17b).

In the Lipari LMHK white glasses, Ca silicate ciistare made of wollastonite (CaSj@ith
main peaks at 969, 636 and 4107c(fig. 18a-b); however, in the inclusions with adred
morphologies (L31CB2B) the spectrum presents paak€96 and 550 cirelated to the
amorphous phase (fig. 18a), while the well-crystadl aggregates (L31CGB and L31CB1B)

present a pure wollastonite spectrum (fig. 18bQ.Srystals in sample L31CB2B are mostly
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of tridymite and rare quartz with the charactecigieak at 465 crh (fig. 19a and b,
respectively).

The white glasses opacified by Sil@clusions dispersed in the glass matrix wereyaeal by
Single Crystal X-ray Diffraction. The analyses weeggried out on a glass fragment of about
1mm analyzing the entire volume. The analyses shawthe only phase present is tridymite,
which has characteristic d spacing 6fa2 4.31 A, 4.09 A, 3.8 A, 2.97 A and 2.49 A (fa).

Fig. 5. SEM-BSE image of HMG sample L12SM charazésr by a homogeneous texture.
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Fig. 6. SEM-BSE images of Cu colored LMHK sampbgst31CB2A, b) L31COA, c) detail of the white sqeiar
in fig. 6b, d) L31102A, e) detail of the Sithclusions of the sample L31102A and f) detaifnfinclusion rich
in Sn in sample L311AA2, with EDS data reported.
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Fig. 8. SEM-BSE images of the different chemicampositional bands in a) Cu-colored LMHK sample
L314AZ1 and b) Co-colored LMHK sample L314CO1.
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Fig. 9. a) SEM-BSE image of Cu-colored HMG sampd 1SPA from Lipari, b) detail of Ca-Mg silicate fno
blue sample L31CSB, c) and d) details of Ca-Naat# from blue samples L311SPA and L31CSB, respygfi
e) detail of a Cu drop from sample L311SPA with Ef2$a reported.
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Cu - poor band

A

c) d)
Fig. 10. SEM-BSE image of Co-colored HMG sample SAL from Salina, a) detail of Ca-Mg silicates with

stoichiometry close to diopside, b) different cheshcompositional bands, c) detail of elongateca@@monates
and d) detail of an inclusion rich in metals.

94



R= 40BSD

* Fe-rich zone

Cu-Pb-Sand
minor Fe-Ni-Sb

5 | |

Fig. 11. a) SEM-BSE image of Co colored HMG samBlLCFR3 from Salina with different chemical
composition zones, b) and c) details of Fe-richMgpsilicates with different chemical compositionnes and
variable EDS data, d) detail of an inclusion of E24+S alloy with segregations of Pb, Ni and Sb.
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Blue body

Fig. 12. a) SEM-BSE image of blue body and whiteodation (with aggregates) of sample SALCFR4BBixfro
Salina, b) detail of Ca antimonates finely dispérsethe glass phase, c¢) detail of a Ca antimocatgtal with
crystals grouped in aggregates with irregular molgdies.
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Fig. 13. SEM-BSE images of LMHK white decorationsnfi : a) L31COB with Si@inclusions, aa) detail of

the contact zone between the body and the decor&iid-31CB2B with Ca silicates and Sifdclusions, c)
L31CB1B, with Ca silicates and d) detail of an elrfaéaggregate.
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Fig. 14. a) SEM-BSE images of the black HMG gla3831AN1, b) detail of the metal inclusions in theitgh
square of fig. 14a.
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Fig. 17. Raman Spectra of Ca antimonates a) &&a3texagonal habit, sample SALFAL (fig. 10c), by&@a0;,
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Sample Na2O MgO Al20s SOz P:0s SO3 CI K20 CaO TiO2 MnO FeO CoO NiO CuO ZnO As0s SnO2 Sh203 PbO Tot.
d.l. (%) 0.13 0.05 0.07 01 0.05 0.08.02 0.08 0.03 0.03 0.05 0.050.03 0.04 0.03 0.04 01 004 004 01
LC2IM 16.90 7.43 0.85 65.86 0.10 0.29 1.08 3.15 5.54 0.03 0.05 0.22 <d.. <d.l. <d.l. <d.l. <dl. <dl <dl <d.l 10161
SD 0.27 0.09 0.07 0.34 0.03 0.08.05 0.19 0.07 0.02 0.01 0.03 0.01
SALFA1
Cu-rich* 177 51 22 56. <dl 02 02 51 8%t <dl <dl 2& <dl <dl 0.€ <dl <dl. <dl <dl <dl 99.:
Cu-poor* 157 58 11 591 <dl 03 03 523 82 <dl <dl 1.2 <dl <dl 01 <dl <dl <dl <dl <dl 97¢
mean 17.02 820 1.19 60.07 0.20 0.31 0.61 3.49 8.82 0.10 0.06 1.16 0.06 <d.. 0.34 <d.l. <dl <dl 0.16 0.12 101.96
SD 0.29 0.10 0.11 0.65 0.05 0.08.08 0.16 0.30 0.02 0.01 0.220.04 0.02 0.05 0.09 0.06
SALFA2 17.07 8.03 1.05 59.70 0.17 0.32 0.58 3.42 8.62 0.08 0.06 1.29 0.06 <d.. 0.31 <d.l. <dl <dl 0.20 <d.. 101.12
SD 0.43 0.09 0.27 0.84 0.07 0.02.09 0.17 0.51 0.03 0.02 0.240.02 0.02 0.04 0.07
SALFA3 19.24 6.59 1.04 61.67 0.20 0.45 0.97 3.47 7.01 0.07 <d.l 0.89 0.06 <d.. 0.10 <d.l <d.l. <dl 0.04 <d.l 10197
SD 0.11 0.11 0.06 0.29 0.05 0.08.02 0.12 0.18 0.01 0.040.02 0.02 0.05 0.03
SALFA4 1855 6.90 1.00 60.27 0.25 0.46 0.71 3.58 7.76 0.09 <d.l 0.82 0.08 0.04 0.35 <d.l <dl. <dl 0.17 0.12 101.21
SD 0.25 0.04 0.0 0.33 0.06 0.08.04 0.14 0.06 0.02 0.040.02 0.03 0.06 0.05 0.07
SALFAS 18.71 491 4.47 62.27 0.16 043 0.81 244 478 0.12 0.17 058 0.14 0.12 0.28 0.16 <d.. <d.l 0.04 <d.. 100.66
SD 0.32 0.04 0.16 0.28 0.04 0.08.04 0.11 0.07 0.03 0.04 0.040.02 0.03 0.04 0.06 0.04
SALCFR1 19.05 4.89 442 62.09 0.23 0.48 0.82 247 468 0.12 0.16 0.59 0.13 0.11 0.28 0.13 <d.l. <d.l. 0.04 <d.. 100.76
SD 0.27 0.07 0.23 0.28 0.05 0.06.03 0.22 0.04 0.02 0.03 0.030.03 0.04 0.02 0.04 0.03
SALFFR
Cu-poor 1833 7.29 0.90 62.290.21 0.46 0.90 3.21 8.47 0.06 0.05 0.35<d.| <d.l. <dl. <dl <dl <dl <dl <d.l 102.62
SD 0.49 0.19 0.23 066 0.05 0.00.11 0.18 0.20 0.02 0.01 0.10
Cu-rich 1850 7.05 0.69 62.400.17 0.54 0.78 3.15 832 0.03 <d. 0.710.03 <d.l. 0.34 <dl <dl <dl <dl <d.. 102.80
SD 0.3z 0.2 0.0z 047 0.0¢ 0.08 0.01 0.1¢ 0.2z 0.01 0.5C 0.01 0.42
mean 1842 7.17 0.79 62.35 0.19 050 0.84 3.18 8.39 0.05 <d.l 053 <dl <d.l 0.18 <dl <dl <dl <dl <dl 10271
SD 0.42 0.22 0.21 055 0.05 0.08.11 0.16 0.20 0.02 0.30 0.25
SALCFR3
Fe-rich* 170 45 1.2 5838 02 08 50 57 <d!l 6.5 <ddl<<dl <dl <dl <dl <dl <dl 997
mean 16.86 6.31 0.89 63.15 0.15 0.49 091 3.39 575 0.06 <d.l 3.25 0.03 <d.. 0.06 <d.. <dl <dl 0.06 <d.. 101.48
SD 0.40 0.15 0.5 115 0.02 0.06.03 0.22 0.22 0.02 0.620.02 0.03 0.04
SALCFR4Bi 18.73 6.92 3.10 57.10 0.19 0.38 0.83 3.16 6.98 0.06 0.05 0.40 <d.l. <d.l <dl <dl <dl <dl 2.86 <d.l 100.84
SD 0.78 0.31 0.6 103 0.01 0.08.05 0.22 0.72 0.01 0.02 0.05 0.52
SALCFR4B 1941 595 2.10 6393 0.14 055 1.00 2.23 537 0.14 <dl. 050 <d.l. <dl <dl <dl <dl <dl <dl <d.l 10150
SD 0.33 0.11 0.13 0.43 0.02 0.08.06 0.20 0.14 0.02 0.02



Sample Na2O MgO Al20s SOz P:0s SO3 CI K20 CaO TiO2 MnO FeO CoO NiO CuO ZnO As0s SnO2 Sh203 PbO Tot.

LO-IIIG** 0.07 159 090 85.39 0.14 0.04 <d.l. 0.19 0.90 0.03 <d.l 056 <d.l. <dl 0.03 <dl. <dl <dl 011 1.16 91.20
SD 0.04 0.70 0.06 152 0.27 0.03 0.06 051 0.02 0.10 0.02 0.02 0.37
LB5AG 16.38 575 0.93 70.50 0.11 0.11 1.23 2.50 4.52 0.07 0.05 0.36 <d.. <d.. <d.l. <d.l <dl <dl <dl <d.l 10260
SD 0.26 0.10 0.06 041 0.03 0.08.05 0.04 0.06 0.03 0.03 0.02

L31CCR 16.71 7.15 0.78 66.42 0.15 0.30 1.05 2.96 5.50 0.03 <d.l 0.23 <d.l. <d.l <dl <dl <dl <dl <dl <dl 10139
SD 0.28 0.04 0.04 0.79 0.03 0.08.02 0.17 0.06 0.02 0.03

L311GM1 17.49 597 0.86 65.06 0.30 0.36 1.21 2.04 7.63 0.11 0.83 0.57 <d.l. <dl 0.04 <dl. <dl <dl <dl <d.l 10255
SD 0.32 0.20 0.09 044 0.05 0.08.03 0.05 0.16 0.02 0.03 0.03 0.03

L311AN1 17.10 6.51 1.30 63.63 0.23 0.60 1.19 3.59 6.70 0.08 0.06 0.73 <d.. <d.. <d.l. <d.l. <dl <dl <dl <d.l 101.80
SD 0.66 048 049 179 0.10 0.10.19 0.13 0.32 0.04 0.04 0.06 <d.l. <d..

L 311SPA

Cu-rich* 177 4.2 06 623 <dl.04 10 33 82 «<dl<dl 04 <dl <dl 09 <dl <dl <dl <dl <dl 99.0

Cu-poor* 164 3.9 05 639 <dl.04 11 34 58 «<dl<dl 03 <dl <dl 08 <dl <dl <dl <dl <dl 965
mean 1842 6.36 0.52 61.48 0.21 0.36 1.40 2.22 9.54 0.06 0.09 040 <d.l. <d.. 0.85 <d.l. <dl. <dl <dl <d.l 10196
SD 0.11 0.09 0.06 0.81 0.07 0.08.04 0.03 0.19 0.02 0.01 0.11 0.03 <d.l.

L311FR2 19.68 5.04 0.55 63.22 0.19 0.34 1.41 245 7.89 0.05 <d.l 0.28 <dl <dl 0.83 <dl <dl <dl <dl <d.l 101.98
SD 0.22 0.08 0.09 040 0.02 0.08.06 0.22 0.17 0.02 0.04 0.02 <d.l.

L311AB1 20.36 8.06 1.02 61.27 0.16 0.43 0.99 2.66 6.62 0.06 0.06 0.50 <d.. <d.. 0.66 <d.. <dl <dl <dl <dl 102.98
SD 0.39 0.17 0.07 0.19 0.03 0.08.04 0.02 0.03 0.01 0.00 0.02 0.06 <d.l.

L311AB2 19.63 6.15 0.55 63.35 0.16 0.39 1.43 241 7.28 0.06 0.05 0.28 <d.. <d.. 0.87 <d.l. <dl <dl <dl <dl 10271
SD 0.25 0.05 0.10 0.29 0.03 0.08.06 0.16 0.07 0.02 0.01 0.01 0.02 <d.l.

L31CAA1 1530 6.82 1.17 65.24 0.16 0.35 0.78 3.25 7.15 0.09 0.06 0.56 <d.l. <d.l 0.64 <dl <dl <dl <dl <d.l 101.68
SD 0.39 043 0.07 0.73 0.04 0.08.06 0.17 0.08 0.02 0.02 0.03 0.13 <d.l.

L31CAA2 17.48 6.29 0.99 61.91 0.21 0.45 0.69 3.12 8.30 0.07 0.07 0.53 <d.l <dl 0.66 <dl <dl <dl <dl <d.l 100.90
SD 0.31 0.04 0.10 045 0.02 0.08.02 0.08 0.10 0.02 0.03 0.04 0.03 <d.l.

L31CAA3 17.39 6.55 0.96 62.99 0.18 0.45 0.69 3.26 7.78 0.07 <d.. 045 <d.l <dl 0.74 <dl <dl <dl <dl <d. 101.66
SD 0.46 0.09 0.07 023 0.04 0.08.03 0.14 0.09 0.00 0.04 0.02 <d.l.

La7AA 16.79 7.33 1.05 63.90 0.16 0.44 0.73 3.02 7.14 0.07 0.06 0.64 <d.l. <d.l 058 <dl <dl <dl <dl <dl 10197
SD 0.22 0.19 0.07 043 0.03 0.08.05 0.16 0.21 0.01 0.02 0.04 0.07 <d.l.

L31CTA 16.74 7.04 153 63.41 0.14 0.50 0.64 295 7.21 0.09 0.06 053 <d.l <dl. 0.70 <dl <dl <dl <dl <d.l 101.63
SD 040 0.05 0.16 056 0.02 0.08.05 0.08 0.11 0.01 0.03 0.02 0.09

L31CSB 1991 7.27 1.11 59.03 0.15 0.51 0.53 3.05 7.85 0.07 0.05 0.54 <d.l <dl 0.73 <dl <dl <dl 0.04 <d.. 10092
SD 0.51 057 0.07 074 0.04 0.00.02 0.12 0.36 0.02 0.01 0.05 0.02 0.04



Sample Na2O MgO Al20s SOz P:0s SO3 CI K20 CaO TiO2 MnO FeO CoO NiO CuO ZnO As0s SnO2 Sh203 PbO Tot.
L312AA2 0.76 0.74 136 7291 0.26 0.04 <d.. 17.23 2.18 0.05 <d.. 0.40 <d.. <d.l. 4.00 <d.l. <d.l <dl 0.07 <d.. 100.18
SD 0.06 0.02 0.1 0.82 0.04 0.04 0.27 0.08 0.02 0.02 0.05 0.02

L18AAL 220 0.69 151 72.06 0.24 0.03 <d.. 16.05 2.06 0.07 <d.l. 051 <d.l <dl 4.04 <dl <dl 016 0.09 <d.l. 99.82
SD 0.10 0.09 0.21 034 0.04 0.02 0.36 0.14 0.02 0.10 0.40 0.10 0.03

L311FR1-A 754 0.61 199 74.62 0.16 0.05 0.12 853 1.88 0.09 <d.. 0.63 <d.. <d.l. 3.65 <d.l. <d.l <dl 0.09 <d.. 100.08
SD 0.33 0.04 0.08 062 0.04 0.08.02 031 0.09 0.01 0.05 0.10 0.03

L311FR1-Bi 7.76 0.59 2.03 75.67 0.12 0.04 0.11 822 1.83 0.08 <dl 0.64 <d.l <dl 3.02 <dl <dl <dl 0.08 <d.l. 100.29
SD 0.16 0.03 0.1 051 0.05 0.08.01 0.18 0.03 0.01 0.05 0.07 0.04

L311AA1 6.26 0.47 128 75.70 0.12 0.03 0.04 9.76 1.30 0.05 <d.. 041 <d.. <d.l. 490 <d.. <dl <dl 0.10 <d.l. 10053
SD 0.31 0.03 0.08 0.24 0.04 0.02.01 0.32 0.04 0.01 0.05 0.08 0.04

L311AA2** 0.05 0.70 142 79.94 0.28 <d.. <dl. 155 2.07 0.04 <dl. 0.44 <d.l <dl 286 <dl <dl 0.16 <d.. <d.l. 89.62
SD 0.05 0.02 0.04 097 0.03 0.41 0.02 0.02 0.03 0.09 0.04

L312AA1

Cu-poor 484 0.63 257 75.460.09 0.05 0.04 11.06 151 0.10 <d.l. 0.65<d.l <d.l. 291 <dl <dl <dl 0.11 100.11
SD 0.27 0.01 0.3 115 0.04 0.00.01 0.16 0.03 0.04 0.06 0.29 0.02

Cu-rich 49z 05¢ 221 75.7¢ 0.11 0.0¢ 0.0¢ 1097 1.4z 0.0¢ <dl 0.5€ <dl <dl 337 <dl <dl <dl 0.0¢ 100.2¢
SD 0.19 0.06 0.27 0.87 0.03 0.08.02 0.12 0.06 0.01 0.10 0.13 0.02

mean 489 060 235 75.66 0.10 0.05 0.04 11.01 146 0.08 <d.l 059 <dl <dl 318 <dl <dl <dl 0.10 <d.l 100.22
SD 0.22 0.05 0.28 094 0.03 0.02.01 0.14 0.07 0.03 0.09 0.31 0.02

L312AA3

Cu-poor 471 056 147 75.100.15 0.05 0.05 12,53 140 0.05 <d.l. 0.40<d.l. <dl 3.07 <dl <dl. 028 0.11 <d.l. 99.97
SD 0.24 0.0 0.06 0.3z 0.01 0.0¢ 0.01 0.21 0.0¢ 0.0z 0.0¢ 0.37 0.1 0.0z

Cu-rich 480 054 143 74.870.14 0.04 0.06 12.21 1.36 0.06 <d.l. 0.42<dl <d.l 336 <dl <dl 031 0.12 <d.l. 99.80
SD 0.24 0.02 0.12 051 0.02 0.0.00 0.23 0.04 0.01 0.05 0.34 0.04 0.01

mean 477 055 1.45 7496 0.14 0.05 0.05 12.34 1.38 0.06 <d.l 042 <dl <d.l 336 <dl <dl 030 0.11 <d.l. 99.99
SD 0.23 0.02 0.10 044 0.01 0.02.01 0.27 0.05 0.02 0.04 0.36 0.08 0.02

L314AZ1

Cu-poor 6.15 095 237 75.480.21 0.02 0.07 9.20 2.28 0.09 <d.l. 0.83<dl <dl 256 <dl <dl 005 0.10 <d.l.100.46
SD 0.42 0.09 0.30 0.37 0.03 0.0p.01 0.22 0.07 0.03 0.08 0.29 0.06 0.03

Cu-rich 7.03 0.73 180 73.480.16 0.04 0.08 9.16 2.13 0.09 <d.. 0.60<d.l. <dl 4.63 <dl <dl 016 0.14 <d.l.100.35
SD 0.8¢ 0.0¢ 0.17 1.6¢ 0.0t 0.0¢ 0.0¢ 0.3 0.21 0.01 0.0z 0.61 0.0: 0.0¢

mean 6.69 0.82 2.02 74.24 0.18 0.03 0.08 9.17 2.19 0.09 <d.. 0.69 <d.|. <dl 383 <dl <dl 012 0.12 <d.. 100.40
SD 0.82 0.13 0.36 1.65 0.05 0.08.03 0.29 0.18 0.02 0.13 1.16 0.07 0.04



Sample Na2O MgO Al20s SOz P:0s SO3 CI K20 CaO TiO2 MnO FeO CoO NiO CuO ZnO As0s SnO2 Sh203 PbO Tot.

L314AZ2 6.36 0.73 2.01 74.69 0.14 0.04 0.10 893 2.01 0.07 <dl 0.61 <dl <d.l 4.22 <dl <dl 015 0.14 <d.l 10034
SD 0.26 0.04 0.6 052 0.03 0.02.02 0.33 0.17 0.02 0.04 0.18 0.04 0.04

L314AA1 7.86 0.69 2.02 75.80 0.06 0.04 0.14 751 1.33 0.10 <d.l. 0.65 <d.. <d.l. 3,55 <d.l. <dl 0.23 0.07 <d.l 100.16
SD 0.19 0.06 0.0 0.60 0.03 0.02.02 0.20 0.04 0.01 0.03 0.11 0.04 0.05

L314AA2 7.77 0.72 2.08 75.39 0.06 <d.l. 0.11 7.88 1.34 0.08 <d.l 0.64 <dl. <dl 3.36 <dl. <dl 014 0.07 <d.l 99.75
SD 0.28 0.02 0.11 0.64 0.04 0.0D.16 0.04 0.01 0.02 0.09 0.04 0.04

L12AA1 446 057 1.44 7459 0.15 0.05 0.05 12.30 1.32 0.06 <d.l. 040 <d.l <d.l 369 <dl <dl 027 0.06 <d.l 9948
SD 0.24 0.01 014 050 0.03 0.08.01 0.26 0.04 0.01 0.03 0.16 0.03 0.04

L12AA2 4.46 057 135 74.23 0.15 0.06 0.04 12.39 1.32 0.06 <d.l 0.39 <d.l <d.l 381 <dl <dl 029 0.07 <dl 99.25
SD 0.14 0.02 0.08 0.65 0.03 0.02.01 0.26 0.03 0.01 0.03 0.09 0.03 0.04

L12SM 731 0.78 1.81 74.84 0.13 <d.. 0.10 8.29 1.37 0.09 <d.l. 0.62 <d.l <dl. 453 <dl <dl 0.06 0.07 <d.. 100.09
SD 0.19 0.01 0.06 056 0.05 0.00.19 0.02 0.02 0.04 0.08 0.02 0.04

L12v1 6.84 069 191 74.65 0.20 0.03 0.08 8.11 1.81 0.07 <d.l. 061 <d.l <dl. 491 <dl <dl <dl. 0.08 <d. 10011
SD 0.18 0.05 0.0 056 0.02 0.08.01 0.25 0.04 0.02 0.06 0.15 0.04

L12v2 6.98 0.77 156 75.09 0.17 0.03 0.09 7.88 1.69 0.06 <d.. 057 <d.. <d.l. 459 <dl. <dl 030 0.04 <d.l. 99.90
SD 0.16 0.02 0.09 042 0.03 0.02.02 0.16 0.03 0.02 0.03 0.06 0.02 0.03

L12VA** 0.07 0.64 1.16 77.52 0.34 0.03 <d.. 1.77 191 0.05 <d.l 042 <d.l <d. 437 <dl <dl 025 <dl <d.l 8863
SD 0.08 0.03 0.07 048 0.03 0.02 0.22 0.05 0.01 0.02 0.12 0.06

L18AA2 6.81 0.68 229 7491 0.11 0.04 0.15 9.16 1.41 0.08 <d.. 057 <d.l <dl 393 <dl <dl <dl 0.08 <d.. 100.31
SD 0.25 0.05 0.1 050 0.05 0.02.01 0.21 0.09 0.02 0.04 0.17 0.03

L12GA 553 0.64 1.09 75.46 0.09 0.03 <d.. 1048 1.60 0.05 <d.l 0.37 <d.l <d.l 443 <dl <dl. 0.05 0.06 <d.l. 100.05
SD 0.21 0.02 0.16 048 0.05 0.02 0.19 0.05 0.03 0.04 0.17 0.02 0.03

L314GA 573 060 1.65 73.43 0.15 0.05 0.11 10.80 1.83 0.06 <d.l. 045 <d.l <d.l. 469 <dl <dl 017 0.05 <d.l 9984
SD 0.31 0.03 0.08 057 0.03 0.08.01 0.26 0.04 0.02 0.03 0.11 0.03 0.03

L31101A 6.49 0.62 229 76.15 0.12 0.04 0.10 9.03 1.63 0.08 <d.. 055 <d.. <dl. 3.00 <d.l. <dl. 0.04 0.09 <d.. 100.30
SD 0.15 0.03 0.18 056 0.01 0.02.01 0.17 0.05 0.01 0.03 0.01 0.07 0.00 0.02 0.02

L312AN1 6.50 0.83 154 77.16 0.18 <d.l. 0.04 9.30 1.73 0.07 <d.l 0.77 0.13 0.25 0.86 <d.. 0.16 <dl 0.24 <d.l 99.88
SD 0.30 0.03 0.08 0.23 0.04 0.00.27 0.05 0.02 0.050.03 0.01 0.03 0.04 0.04

L312AN2 6.45 0.62 199 7553 0.10 0.05 0.12 10.01 1.56 0.06 <d.. 0.66 0.08 0.59 1.26 <d.. 0.47 <dl 0.39 <d.. 100.03
SD 0.15 0.06 0.2 040 0.03 0.08.03 0.30 0.15 0.02 0.040.01 0.03 0.05 0.03 0.03

L314AN1 7.12 0.84 220 74.36 0.14 0.05 0.15 853 225 0.11 <d.l 1.07 0.09 047 1.82 0.11 0.25 <dl 0.39 0.10 100.09
SD 0.16 0.03 0.10 0.30 0.03 0.02.03 0.21 0.07 0.01 0.050.01 0.01 0.05 0.02 0.02 0.04 0.04

L314AN2 7.05 0.87 2220 74.27 0.18 0.05 0.16 8.64 2.13 0.09 <d.. 1.16 0.08 0.64 2.03 0.10 0.34 <d.l 043 <d.. 10052
SD 0.28 0.03 0.09 048 0.04 0.08.02 0.33 0.03 0.02 0.040.02 0.05 0.05 0.03 0.07 0.05



Sample Na2O MgO Al20s SOz P:0s SO3 CI K20 CaO TiO2 MnO FeO CoO NiO CuO ZnO As0s SnO2 Sh203 PbO Tot.
L314C0O1
Cu-poor 6.64 058 174 76.210.10 <d.. 0.05 8.84 1.67 0.08 <d.l. 1.060.18 0.33 1.33 0.05 0.24 <dl 043 <d.l99.64
SD 0.09 0.01 0.09 050 0.01 0.0D.10 0.06 0.01 0.050.03 0.07 0.07 0.01 0.03 0.03
Cu-rich 6.31 0.5¢ 1.7C 76.1Z 0.1C <d.. 0.0t 8.9¢ 1.7 0.0¢ <dl. 1.28 0.24 0.4¢ 1.77 0.06 0.3z <dl 0.6z <dl 100.4:
SD 0.35 0.02 0.09 0.65 0.04 0.0D.28 0.05 0.02 0.050.03 0.03 0.08 0.03 0.05 0.02
mean 6.41 059 1.71 76.15 0.10 <d.. 0.05 891 1.71 0.08 <d.. 1.19 0.22 0.44 164 0.06 0.30 <d.l. 0.57 <d.. 100.22
SD 0.33 0.02 0.09 058 0.03 0.0p.24 0.05 0.02 0.100.04 0.09 0.23 0.02 0.06 0.10
L314CO2 6.08 0.80 246 75.93 0.11 0.04 0.07 8.69 216 0.10 <dl. 1.26 020 0.37 0.70 <d.. 0.18 <d.l. 0.27 <d.. 99.53
SD 0.26 0.03 0.16 041 0.04 0.02.03 0.26 0.05 0.04 0.050.08 0.14 0.25 0.08 0.10
L 314XA 7.01 087 219 73.73 0.17 0.05 0.17 8.80 2.14 0.09 <d.. 1.13 0.08 0.62 2.01 0.12 0.30 <dl 0.42 0.10 100.02
SD 0.32 0.04 0.2 062 0.06 0.02.02 0.28 0.07 0.01 0.030.02 0.04 0.10 0.03 0.05 0.05 0.07
L12AN1 594 0.93 227 77.15 0.17 <d.. 0.05 8.49 2.62 0.10 <dl. 0.81 0.14 0.23 0.32 <dl. 0.10 <dl. 0.19 <d.l. 99.63
SD 0.22 0.04 016 046 0.04 0.00.19 0.08 0.02 0.020.02 0.04 0.03 0.03 0.05
L12AN2 6.51 081 1.75 7556 0.19 0.04 0.03 8.70 1.86 0.06 <d.. 1.06 0.25 0.62 1.16 <d.. 0.38 <d.l. 0.59 <d.l. 99.66
SD 0.25 0.03 0.10 0.27 0.04 0.08.01 0.32 0.04 0.02 0.050.04 0.05 0.04 0.03 0.05
L12CO 6.44 0.75 1.90 74.84 0.18 0.05 0.06 9.53 2.38 0.08 <d.l. 094 0.13 0.23 150 <dl. 0.18 0.04 0.48 <d.l. 99.75
SD 0.34 0.07 014 0.81 0.04 0.08.01 0.28 0.18 0.01 0.070.03 0.03 0.09 0.06 0.02 0.09
L18CO 6.27 0.82 159 77.17 0.17 <d.. 0.04 9.25 1.74 0.07 <dl. 0.73 0.11 0.27 0.85 <d.l. 0.19 <dl. 0.22 <d.l. 99.60
SD 0.27 0.02 0.07 047 0.04 0.00.23 0.04 0.01 0.040.02 0.02 0.05 0.04 0.03
L18DA 537 0.92 197 7526 0.21 0.05 <d.|. 9.95 2.69 0.08 <dl. 1.06 0.19 0.37 144 <dl. <dl <dl. 0.16 0.12 99.98
SD 0.41 0.07 0.23 049 0.03 0.02 0.12 0.21 0.02 0.110.03 0.05 0.09 0.03 0.02
L 31102B 7.48 095 272 76.59 0.14 0.04 0.11 820 1.91 0.12 <dl. 0.92 <d.. <d.l. 0.03 <d.l. <dl <dl 0.10 <d.. 99.38
SD 0.82 0.13 0.27 0.27 0.03 0.02.01 0.61 0.12 0.02 0.15 0.03 0.04
L31102A 741 062 2.02 74.88 0.17 0.04 0.12 859 1.89 0.08 <d.. 0.64 <d.. <dl 3.66 <dl <dl <dl 0.09 <d.| 100.26
SD 0.33 0.01 011 093 0.03 0.08.02 0.10 0.14 0.02 0.05 0.17 0.02
L31103A 7.87 0.58 1.89 74.74 0.14 0.04 0.09 8.04 180 0.06 <d.l 054 <dl <dl 4.01 <dl <dl <dl. 0.09 <d.. 100.00
SD 0.49 0.07 013 109 0.03 0.08.02 0.53 0.12 0.02 0.05 0.24 0.04
L31103B** 0.06 0.50 1.87 85.68 0.14 0.03 0.09 0.35 1.84 0.07 <d.l. 050 <d.l. <dl. 0.36 <d.l <dl <dl <dl <dl 9159
SD 0.06 0.10 0.27 258 0.05 0.08.03 0.58 0.34 0.02 0.10 0.94
L31104B** 0.16 0.83 2.28 81.10 0.13 0.09 0.08 0.37 1.63 0.07 <d.l. 052 <d.l. <dl 0.65 <d.l <dl <dl <dl <d.l. 88.00
SD 0.17 056 0.30 599 0.06 0.12.03 0.23 0.62 0.02 0.09 1.06
L31104A 8.15 0.75 2.20 73.48 0.26 0.06 0.12 8.68 2.29 0.07 <d.l 059 <d.l <dl 288 <dl <dl 006 0.09 <d.l 9981
SD 0.44 0.17 057 145 0.09 0.08.01 0.30 0.37 0.03 0.14 0.48 0.05 0.03



Sample Na2O MgO Al20s SOz P:0s SO3 CI K20 CaO TiO2 MnO FeO CoO NiO CuO ZnO As0s SnO2 Sh203 PbO Tot.

L31CGA 824 101 218 74.49 0.22 0.04 024 6.12 291 0.10 <d.l 0.63 <d.l <dl 3.67 <dl <dl. 035 0.04 <d.l 100.32

SD 046 012 0.11 126 0.05 0.08.02 0.27 242 0.03 0.04 1.18 0.16 0.03

L31CGB 7.68 129 218 7155 0.26 0.09 0.24 6.68 8.75 0.10 <d.. 0.67 <d.. <d.l. 027 <dl. <dl <dl 0.04 <d.l 99.86
SD 049 0.04 0.07 040 0.04 0.00.02 033 0.28 0.01 0.04 0.15 0.03

L31CB2B 5.38 1.10 193 71.32 0.24 <d.l. 0.07 6.83 12.00 0.09 <d.. 0.64 <d.l. <dl. 0.15 <dl. <dl. <dl 0.06 <dl 99.94
SD 0.44 0.07 0.17 211 0.06 0.0D.48 2.79 0.02 0.07 0.03 0.04

L31CB2A 7.71 0.74 163 75.38 0.06 <d.l. 0.17 7.38 1.73 0.07 <d.l 055 <dl <dl 436 <dl <dl 023 0.05 <d.l 10021
SD 0.21 0.05 014 095 0.01 0.0D.39 0.65 0.02 0.03 0.35 0.04 0.03

L31COA 8.83 0.82 169 76.55 0.17 <d.l 0.23 6.84 167 0.07 <dl 053 <dl <dl 3.05 <dl <dl. 0.14 0.08 <d.. 100.76
SD 0.27 0.09 0.11 1.02 0.05 0.09.26 0.19 0.01 0.06 0.39 0.03 0.04

L31COoB** 0.06 0.61 2.30 85.75 0.08 <d.. 0.19 0.38 1.63 0.08 <d.. 0.68 <d.l. <dl. 0.05 <dl. <dl <dl <dl <dl 91.94
SD 0.08 0.24 020 0.81 0.02 0.08.13 0.21 0.02 0.05 0.03

L31CB1B 7.58 1.23 235 69.72 0.21 0.07 0.12 7.39 8.83 0.09 <d.l 0.73 <d.l. <d.l. 0.86 <d.l. <d.l. 0.04 0.04 <dl 99.34
SD 0.17 0.02 0.05 058 0.03 0.08.01 0.15 0.09 0.02 0.04 0.16 0.05 0.04

L31CB1A 7.48 0.78 1.75 76.53 0.09 0.03 0.14 7.93 152 0.07 <dl 062 <dl <dl 318 <dl <dl. 019 0.09 <d.l 10051
SD 0.17 0.02 0.05 058 0.03 0.08.01 0.15 0.09 0.02 0.04 0.16 0.05 0.04

L12BOTA 6.22 0.77 198 74.12 0.26 0.04 0.11 7.90 5.40 0.07 <dl. 0.79 0.16 0.64 081 <dl. 030 <dl 0.10 <dl 9974
SD 0.25 0.03 0.08 059 0.04 0.02.02 031 0.12 0.02 0.030.03 0.04 0.04 0.05 0.04

L12BOTB  6.03 0.79 2.07 74.02 0.28 0.06 0.10 8.07 5.48 0.08 <d.. 0.82 0.15 0.64 0.80 <d.. 0.30 <dl 0.10 <d.l. 99.84
SD 0.23 0.04 0.04 055 0.04 0.02.02 0.18 0.06 0.01 0.060.02 0.02 0.03 0.01 0.06 0.02

Tab. 5.1. EPMA chemical analyses (oxides wt%) efdlass phase in the Lipari and Salina analyzed€8ée labels are the same reported in Tables 1-
3 (par. 3.2.1). Data are calculated as a mean D9 peint analysis (d.1.= detection limit; SD = EPMA standard deviation; * = EDS data; ** weathered

glasses: they will be considered only partiallyhie discussion).



5.2 Piovego cemetery

e Silica source and flux composition

The chemical composition of the glass phases paddrby means of EPMA (Tab. 5.2.1),
highlights that the samples are soda-lime-siliesggs composed of Si€anging from 50 to

70 wt%, NaO from 7 to 20 wt% and CaO from 5 and 11 wt%. Fégu$.2.1 and 5.2.2 report
the MgOvs K20 and NaO vs K20 contents of the glass phases, commonly usediteedae
compositional classes of protohistoric vitreousariats. Plots are based on objects’ typologies
and colors. In fact, even though they may be sudbeld/into chronological sub-phases (see
Tab. 1 par. 3.2.2); compositional variations do se#m to be related to the objects' age. For
example, in the Mg@s K20 plot in which samples are grouped by colors dmwdrwlogical
phases (Fig. 5.2.1 bis) it is clear that glassé&sigeng to the same phase (e.g. Este IlIC phase)
have different Mg and K contents.

The Mg and K amounts (Fig. 5.2.1) are particulsoly for all but two of the samples §R =
0.08+0.66 wt% and MgO = 0.34+0.78 wt%) as it isitgpin the Low Magnesium Glasses
(LMG) obtained usingratronas flux. Similarly, the S and CI contents ¢500.08+0.55 wt%,
Cl20 = 0.65+2.11 wt%) are in the range of theron-based glasses (Shortland et al 2009).
Interestingly, only the bead PG-FUA presents 2.8% wf K2O and 3.13 wt% of MgO as in
the High Magnesium Glasses (HMG) produced with sothaplant ashes as flux (Fig. 5.2.1).
Sample PG-GON5 presents an intermediate compodigtween these two compositional
classes, with slightly higher contents of Mg (MgQ.76 wt%) and K (KO = 0.74 wt%) (Fig.
5.2.1). Except for sample PG-FUA, the,Nass K-O contents (fig. 5.2.2) are in the range of
the natron-based glasses, even though theQMK2O ratio is variable. In fact, colorless and
transparent glasses (pale blue, pale green andwyblown) have a high N&/K-0O ratio
(114+426) due to very low K contents (up to 0.180ytee tab. 5.2.1). In the other samples,
the ratio ranges from 23 to 80 depending on theitents varying from 0.20 to 0.67 wt%
(tab. 5.2.1). Potash can also be introduced bysémel and consequently the variation of K
content may be related to a variation in the ravten used as source of silica (Tite et al.
2008c). Among the LMG glasses, samples PG-CM andPB8 have the lowest Ma/K>0
ratio (10.5 and 16.8, respectively) due to bothhargk contents (KO = 0.66 and 0.57 wt%,
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respectively) and lower Na amounts fRa= 6.98 and 9.54 wt%, respectively) (Fig. 5.2.2).
Similarly, sample PG-GO5Bi presents a low Na IO = 11.96 wt%, Tab. 5.2.1) even
though the N£O/K>O ratio (about 22) is comparable to other analygledses. Besides the
low contents of Na, samples PG-GO5Bi, PG-CM and@WB8 are characterized by high
concentrations of Pb (PbO = 16+25 wt%), which hégsglass matrix fluidity (Fig. 5.2.3 bis)
with a good negative correlation between the twidex Moreover, samples PG-CM and PG-
GOBS8 have high levels of Al (ADs = 2.0 and 1.63 wt% respectively), Fe (FeO = 4188 a
6.92 wt%) (fig. 5.2.3) and Mn (MnO = 0.87 and 0v&®6). Other opaque blue beads (Pg-FA,
PG-AB and PG-AB1_2) show significant Pb amountsQPb 6.70, 2.57 and 2.81 wt%,
respectively) even though Na contents are compawaith the other samples (Fig. 5.2.3 bis).
Generally, Al and Fe contents are low in the cels| transparent pale blue and yellow/amber
glasses (AlOs = 0.30+0.55 wt% and FeO = 0.20+0.38 wt%) and gamred or quartzite may
be used for the production of these glasses. ldsieahe other samples alumina and iron
concentrations are variable but mainly highe@sl= 0.40+2.60 wt% and FeO = 0.30+6.4 wt%)
suggesting the use of sand as source of silice$kare et al. 2002). The highest percentages
of Fe (2.78+6.90 wt%) are attested in the dark bl brown/black opaque beads (fig. 5.2.3)
and are related also to the color.

The other minor and trace elements are variableemdpg on the color and

opacity/transparency of the glasses.

e Colorants and opacifiers

Blue glasses

The blue beads are mostly colored by Co (CoO =@.@¥ wt%), contain also minor amounts
of Cu (CuO = 0.08+1.07 wt%) and present a partictdature (see below). They are seven
small annular beads (PG-AB8, PG-AB9a/b/c/d and BB®&a/b), three annular beads (PG-
AB, PG-AB1_2, and AAB), two eyes globular beaddddaue body PG-GOA and blue eye
PG-GOB-Bi, and PG-GOBS8), a 5 horned bead (PG-S&)pae bead fragment with undefined
shape (PG-FA). Only three glasses are Cu-colora®(€0.09+1.00 wt%) with Co under the
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detection limit and they are: one simple globulead (PG-GAT1), one eyes globular bead
(GO6B-Bi) and the HMG blue bead with unknown tygpldPG-FUA).

The Co colored glasses have similar monovalendf@NK>O) and bivalent (MgO, CaO) alkali
contents (Tab. 5.2.1), even though three samplesGPB8, PG-GO3B-Bi and PG-FA) have
higher CaO amounts (7+8.75 wt%) than the other (E&©6 wt%). The Al content is mostly
< 1wt% (Tab. 5.2.1) except for samples PG-GOB83B®Bi, PG-GOA and GOB-BI in which

it ranges from 1.63 to 3.00 wt%. Iron is generally wt% and particularly high (FeO = 6.97
wt%) in sample PG-GOBS8 that presents also manggis® = 0.54 wt%).

The Co and Cu contents in the Co-colored glassegaarable (Fig. 5.2.4). In the samples the
Cu content is higher than Co and the CuO/CoO gieerally ranges from 1.20 to 4.31 except
for sample PG-AAB in which it is particularly high3.41) due to a higher Cu content (CuO
= 1.07 wt%) than Co (Co = 0.08 wt%). Only sample ®GB-Bi presents a higher content of
Co (Co = 0.24 wt%) with respect to Cu (CuO = 0.@80)vand a CuO/Co0O ratio of 0.34 (Fig.
5.2.4). Mostly of the small annular beads havéighest Co contents (CoO = 0.39+1.07 wt%)
associated to significant Cu amounts (CuO = 0.65+Wt%) (Fig. 5.2.4 dotted line).

In addition to copper, the other elements assati@eobalt are extremely variable. Samples
PG-AB8, ABOa/b and AB9a/b/c/d have Ni (NiO = 0.4B89wt%), As (AsOs = 0.17+0.68
wt%) and Sb (SiDs = 0.21+0.34 wt%); moreover, samples PG-ABOa/b RGdAB9c also
have Pb (PbO = 0.30+0.47 wt%). Interestingly, theyall small annular beads belong to grave
127 and dated to the Este IIID phase, 525-450 @aB. 1.31-32-34, par. 3.2.2).

Considering the Nvs As,O3 contents (fig. 5.2.5) these samples can be digshgd in two
groups: the first constituted by samples PG-ABGath PG-AB9c (inside the continuous line)
and the second characterized by samples PG-AB8A&%&/b/d (inside the dotted line).
Moreover, the second group seems to show a lireaelation between Ni and As that does
not occur in the first one. Interestingly, the gyai samples ABOa/b and PG-AB9c is different
from samples PG-AB8 and AB9a/b/d also for the presef Pb, as previously said.

Samples PG-AB1_2 and AB present only Ske(alabout 0.35 wt%) and Pb (PbO = 2.57+2.81
wt%) as other minor elements (fig. 5.2.5bis). Theaments are: one annular bead (PG-AB)
and half annular bead (PG-AB1_2) belonging to gre®® dated to the Este IlIC phase, 525-
450 B.C. (tab. 1.29-30, par. 3.2.2). Similarly, ptes PG-GO3B-Bi and PG-FA have
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significant levels of Sb and Pb but with differembounts (fig. 5.2.5bis). Sample PG-GO3B
have a Sb content in the range of the other cdihadt beads (SK: = 0.33 wt%) but the Pb
amount is lower than in samples PG-AB1_2 and ABJRH).17 wt%). PG-FA has the highest
Sh level (SbOs = 2.77 wt%) and a high Pb content (PbO = 6.70 wt¥g¢ther with traces of
Zn (ZnO = 0.04 wt%). Sample PG-GOBS8 has the higkstontent (PbO = 18.50 wt%)
together with lower contents of Ni (NiO = 0.07 wt%)s (A30s = 1.68 wt%), Sb (SiDs =
0.64 wt%) and traces of Zn (ZnO = 0.05 wt%). SanfileGOB-Bi (blue eye decoration) has
a significant amount of Sb (8B = 1.95 wt%) and traces of Zn (ZnO = 0.04 wt%) ehil
sample PG-SB only has Ni traces (NiO = 0.36 wt%amfple PG-GOA (pale blue body) has
Sb (ShOs = 1.92 wt%) and Pb (PbO = 0.17 wt%); the presaicgb in the pale blue body
PG-GOA is consistent also with the Ca antimonaygstats dispersed in the glass matrix (see
below) as opacifier. Interestingly, sample PG-AA& o other element associated to cobalt
beyond copper.

Summarizing the results it is possible to note thatchemical composition of the elements
related to the coloring agent is extremely variabléype and amounts, and this testifies the
use of different cobalt sources.

The copper-colored sample PG-FUA has an HMG cortipodhat is comparable with both
HMG glasses dated to the MBA3-BR (Angelini et &09, 2010b) and those rarely found in
the Early Iron Age (Angelini et al. 2011, Arletti@. 2010, Polla et al. 2011). The other two
copper colored LMG glasses (samples PG-GAT1 andsP&B-Bi) have similar monovalent
and bivalent alkali contents (Tab. 5.2.1). Intaregy, sample PG-GAT1 has a lower Ca
content (Ca= 4.73 wt%) than the other (CaO = 8+1%Mmand presents manganese (MnO =
0.92 wt%).

The ALOs amount ranges from 1 to 2.50 wt% except for sasnBB-GAT1 and PG-FUA in
which it is 0.85 and 0.68 wt% respectively. Iromcentration is 0.86 wt% only in sample PG-
GOG6B-Bi while in the others is < 0.50 wt%.

In samples PG-FUA and PG-GATL1, copper ranges fr@d @ 1 wt% while the globular bead
PG-GOG6B-Bi has a particularly low Cu content (Cu0.89 wt%). The HMG glass PG-FUA
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has no trace elements associated to the coloriegta§ample PG-GOG6B-Bi only has traces
of Sb (ShOs = 0.52 wt%).

Yellow glasses

PG-FGi and PG-FG8 are two transparent yellow giafeen two different graves and dated
to different phases (tab. 1.12-27, par. 3.2.2) yTieeve a very similar chemical composition.
They were both obtained with a pure sand or quertznce the Al content is very low (&8s

= 0.30 wt%) as well as Fe (FeO = 0.16+0.17 wt%ngaguently, in the absence of any other
coloring elements, the color is due to Fe assati@e& (SQ = 0.10+0.15 wt%).

Brown glasses

The five brown glasses analyzed are differentyfpokogies and chemical characteristics. The
transparent fragment PG-FM14 was produced withécpéarly pure sand as source of silica,
since it has very low contents of Al (&3 = 0.33 wt%) and Fe (FeO = 0.20 wt%). A similar
composition characterized the amber glasses (PGRGPG-FGi8). The color is due to an
iron sulfide complex formed in a reducing atmosph{@ackson et al. 2006; Nenna et al. 1997).
The opaque fragment PG-FM89 and the opaque glol@lad fragment PG-GONM have
similar monovalent e bivalent alkali contents (Tal2.1), very low Al amounts (403 = 0.37
wt%) and low Ti (TiQ = 0.11 wt%). By contrast, the Fe content is higltG-FM89 (FeO =
2.57 wt%) and very high in sample PG-GONM (FeO 694nt%). Moreover they both have
traces of Sb (S3 = 0.04 wt% and 0.19 wt%, respectively). The opdgagment PG-FM83
and the biconical bead with ribbed edges PG-CMatle characterized by higher levels of Al
(Al203 = 2.41 and 2 wt%, respectively) and Ko(X= 0.63 and 0.66 wt% respectively) than
the other brown glasses g8z about 0.30 wt% and 40 = 0.07+0.14 wt%). In both samples,
the color is due to Fe probably present in its éggloxidized state (FeO = 2.78 wt% in PG-
FM83 and 4.83 wt% in PG-CM). However, PG-CM is ctetgly different from the other
brown glasses both for texture (see below) and @@momposition of the glass phase. In
fact, it has lower contents of SI(19.86 wt%), CaO (4.19 wt%) and Na (6.98 wt%) tttan
othernatron-based glasses (Tab. 5.2.1). Interestingly, itéh&ery high Pb amount (PbO =

25.23 wt%) found for Iron Age ornaments only in soglasses andlassyfaiencefrom
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Lombardy (Angelini et al. 2011). Moreover, it pregehigh Fe contents (FeO = 4.83 wt%),
significant Mn amounts (MnO = 0.87 wt%) and traoé€o (CoO = 0.03 wt%), Cu (CuO =
0.12 wt%), Zn (ZnO = 0.29 wt%), As (AQs = 1.91 wt%) and Sb (803 = 0.11 wt%).

Black glasses

Two opaque black glasses are present in the Picsemetery, they have different typologies
and chronological phases (tab. 1.7-10, par. 3.P&GO5N is a large globular bead with a
three white eyes decoration, while PG-AN is an éambead probably with a three eyes
decoration not preserved.

PG-AN is colored by high contents of Fe (FeO = &4%) since there are no other coloring
elements. The Al content is low @&s = 0.52 wt%) and it has a presence of Ti (I#0.19
wt%) and Sb (SiDs = 0.09 wt%).

As mentioned above, PG-GO5N has a particularlyniméeliate composition due to higher Mg
and K contents than the otheatron-based glasses (Fig. 5.2.1 and tab. 5.2.1). It@issents
lower Ca (CaO = 6.65 wt%) and higher Al {8k = 1.74 wt%) contents than PG-AN (tab.
5.2.1). The coloring of PG-GO5N is due to pooreaf®unts (FeO = 0.80 wt%). And to traces
of Mn (MnO = 0.50 wt%); moreover, Sb (£ = 0.40 wt%) and Pb (PbO = 0.66 wt%) are
present in the glass phase. Interestingly, it ptsseumerous small copper sulfides inclusions
finely dispersed in the glass matrix (see below).

White glasses

Six white glasses (PG-GO3Bi, GO5Bi, GONBi, GO6BOB and AOBI) were selected for
this study and they are all eyes decoration of opdajack, brown and blue globular or annular
beads (Tab. 1.7-9-14-16-17-22, Par. 3.2.2). They @acified by the presence of Ca
antimonates dispersed in the matrix (see below) aiEb content in the glass phase ranging

from 2.76 to 8.52 wt% (SKs). All but one white glass have similar monovaland bivalent
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alkali contents (Tab. 5.2.1 and Fig. 5.2.1-2). Aheontent is variable and ranging from 0.36
to 2.24 wt% while Fe is < 1 wt%. Sample PG-GO5B tmaver Na (NgO = 11.60 wt%) and
Ca (CaO = 4.50 wt%) contents than the other (C8018 wt%) and presents high Pb amounts
in the glass phase (PbO = 15.92 wt%) (fig. 5.2)3lhnderestingly the glass of the associated
black body (sample PG-GO5N) does not show the poesef high Pb contents (PbO = 0.66
wt%). Low Pb amounts are also present in samplé&5@3Bi and GO6Bi (PbO = 0.93 and
0.50 wt%, respectively), in the latter togetherhnat low manganese content (MnO = 0.10
wt%).

Transparent and colorless glasses

Among the analyzed glasses there are nine trarmgypard colorless glasses with shades from
very pale green to very pale blue. They are sixibéagments with undefined typologies (PG-
FVAL, FVA5, FVA7, FVA22, FVA67 and FVA97), two glallar beads (PG-GVA97 and PG-
GAT7) and one annular bead (PG-AVT). They have amaigle monovalent and bivalent
alkali contents (Tab. 5.2.1) together with low ainan (Al2Oz = 0.30+0.50 wt%) and Fe
amounts (FeO = 0.20+0.36 wt%) testifying the usquafrtzite and/or a pure sand as source of
silica. Sample PG-FVAG7 is different from the otlfa@rthe lower content of Ca (CaO = 5.84
wt%) and the presence of manganese (MnO = 0.42 viA&yever, that amount of manganese
is too low to decolorize since at least 1 wt% of Mis required to ensure the glass is
decolorized (Brems et al. 2012) and, in any caskin®/(FeOz)toT ratio > 2 is required
(Silvestri et al. 2008). Considering the2Obvs MnO contents of the transparent samples (Fig.
5.2.6) it is clear that, except for PG-FVA67, mamgge is under the detection limit while
antimony ranges from 0.17 to 1.64 wt% for colorlgiesses and is 3.57 wt% in the transparent
green one. This testifies an intentional additibardimony to decolorize the glass since small
guantities (0.2 wt%) are required to render thesgleolorless (Sayre 1963), although two or
possibly three samples are borderline (dotted fige5.2.6). The semi-transparent green glass
(PG-GVA97) has the highest content of Sh2(&b= 3.57 wt%) and presents Ca antimonate
crystals dispersed in the glass matrix (see belévowever, Ca antimonite crystals are
numerically scarce and do not opacify the glass.
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e Texture

Both homogeneous and heterogeneous textures a@adtthe Piovego cemetery glasses.
The heterogeneous texture is due to the presencpauifiers, as in the white or turquoise
glasses, or to metal inclusions, unreacted raw naéeand/or newly formed crystals, like in
some dark blue and brown glasses. In some santi@esyistalline inclusions are particularly
numerous and the texture is similar tglassyfaience in which the quantity of crystalline
inclusions (i.e., quartz, feldspar and metals)amparable with the quantity of amorphous
phases (Angelini et al. 2002).

Colorless, transparent pale blue and transparelhdw/amber glasses mostly have a
homogeneous texture without bubbles as well abltk glass PG-AN. The colorless sample
PG-GVA97 is the only transparent glass that preseaterous inclusions of Ca antimonates,
finely dispersed in the glass matrix and conceatrahto preferential bands. The bands in
which they are concentered have a higher amouBbdfight gray band, mean value of.6b

= 4.5 wt%, Fig. 5.2.7a and Tab. 5.2.1) with respethe mean value in the glass matrix (dark
gray band, SiDs = 3.1 wt%, Fig. 5.2.7a and Tab. 5.2.1). The inols have irregular
morphologies — in some cases elongated and insotbended — and dimensions ranging from
a few microns to 50 um (Fig. 5.2.7b). The Ramartyaea (see below) show that the inclusions
are composed by CaZbs.

Transparent brown samples have generally a homogentxture; rarely, they present
devitrification inclusions such as Ca silicate®$e to CaSig) or Na-Ca silicates. They present
dendritic or elongated morphologies and dimensranging from a few microns to 50 pm
(Fig. 5.2.8a-b); interestingly, sample PG-FM83 pres an inclusion of CaSiQwith iron
oxides (FeO) finely dispersed and newly formed taigsof Na-Fe silicates (stoichiometry
close to NaFe30De) with elongated morphology and about 10 pm laFig.(5.2.9a-b).

The only opaque brown glass, PG-CM, presents numeiaclusions of different nature
dispersed in the glass matrix (Fig. 5.2.10a). Iripaar there are numerous residual Ca-Mg
silicates and Sirelics, followed by minor Ca-silicates, Na-Cagilies, Ca phosphates and
CusS inclusions. Ca-Mg silicates have a variable mmstion ranging from an estimated
stoichiometry of CaMgSDe similar to diopside (fig. 5.2.10d) to a stoichidnyeof (Na,
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Ca)(Fe, Mg, Al) SiO7 similar to aegirine-augite (fig. 5.2.10c). Theyvhairregular
morphologies and dimensions of 15+30 um. Besidesethsome devetrification phases are
present such as Ca silicates (about g@spiand Na-Ca silicates with irregular morphologies
and dimensions of about 10 um (detail in fig. 30B.nd d). Interestingly, numerous small
(about 5 um) Ca phosphates are finely dispersethenglass matrix with elongated or
sometimes polygonal shapes (fig. 5.2.10e). Seveeatdl inclusions are also observed; they
are particularly small (~5um) rounded and made afper sulfides (about G8) with
segregation rich in Pb and traces of Ag (fig. 9.1

A similar texture characterized the Co-colored Wead PG-GOBS8. Similarly to sample PG-
CM it presents numerous Ca silicates (about Cg3igp 5.2.11a) and Si€elics (fig. 5.2.11b).
Moreover it has numerous iron oxides (about Fef Fi2.11b) and small rounded patrticles of
copper sulfide (about CuS). Interestingly, it préseelongated crystals with a complex and
variable stoichiometry based on Pb (22.6+43.1 w8)3.4+14.5 wt%), Ca (11.8+15.9 wt%),
Fe (2.0+5.5 Wt%), S (1.2+1.7 wt%), P (5.7+8.1 wigajl O (32.1+35.9 wt%) (fig. 5.2.11c).

A large number of Si@relicts characterize the annular and small anrmdtarcolored beads.
The morphologies of the inclusions vary from eldedato sub-angular and the dimensions
range from a few microns to 100 um testifying aacturate grinding of the raw material (fig.
5.2.12a). Sometimes the Sidclusions are surrounded by fractures occurrethduhe glass
cooling. Some samples present other unreactedrtialpareacted raw crystals derived from
raw materials such as: Na-Al silicates (NaA%), K-feldspars (KAISOg) and zircon
(ZrSi0y). In particular, silicates crystals present rouhdelges partially reacted and the
dimensions are of about 10+20 pum (fig. 5.2.12b).tiAd¢se inclusions are possibly related to
the sand used. The other inclusions are relatdktooloring agent, specifically several copper
sulfides are observed in the glass matrix: they@waded and particularly small (up to 10 pm)
and with a stoichiometry close to £31 Frequently, the sulfides present segregatiafsini

Ni, As and Ag (Fig. 5.2.12c-d) and in some casé wices of Sb. Interestingly most of them
have very small and irregular inclusions of Ca-Magphates (NaCaRJ(Fig. 5.2.12e-f).

The five horns sample PG-SB has a very similautexto that of the annular blue beads and
presents copper sulfides inclusions {&uenriched in Ni, As and Ag.

Cu-colored glasses are perfectly homogeneous dsasethe Co-colored blue bodies of
samples PG-GOBBi and GO3BBi, and the annular fragni®G-AAB. The Co-colored
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turquoise body PG-GOA has numerous Ca antimonatel/fdispersed in the glass matrix
with some aggregates with dimensions of up to 5(fign 5.2.14a-b). The Co-colored blue
fragment PG-FA presents a poor quantity of Ca asriees dispersed in the glass matrix and
most of them are particularly small (1-2 um) exdepta few crystals aggregates large about
10 pm (fig. 5.2.13).

The six white glasses belonging to eyes decoratawasopacified and colored by a large
number of Ca antimonates finely dispersed in thegimatrix. Morphologies are euhedral and
they generally present particularly small dimensiaf about 1-2 pm and sometimes they
group in larger aggregates up to 20+30 um (fig.1®&-c). In three samples (PG-GOBBI,
GO3BBi and GO6BBI) we have sampled together the blady and the white decoration. The
passage from the body to the decoration is welhddfand the two colors are not mixed (fig.
5.2.15d-e). Interestingly, the bubbles are coneg¢edrin the boundary line from the two types
of glass (fig. 5.2.15d-e).

The large globular black colored bead, PG-GO5Nharacterized by numerous small (a few
microns) rounded inclusions of €31 Some of them also present traces of Pb, Ni &ndid
5.2.16a-b).
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Fig. 5.2.7: SEM-BSE images of sample PG-GVA97eildbf the Ca antimonates dispersed in the glass
matrix and of the bands with different Sb amoubitsletail of an aggregate of Ca antimonate crystals
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Fig. 5.2.8: SEM-BSE images of a) sample PG-FM8B8 witletail of the Ca silicate (CaSjOand a residual
quartz. b) sample PG-FM89 detail of a Na-Ca silecéilaCaSiOy).
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Fig. 5.2.9: SEM-BSE images of sample PG-FM83. ajiltzate (CaSi@) and Ca silicate enriched of iron oxides
with different morphologies. b) detail in the reghiare in fig. a) of elongated Na-Fe silicates (N&8E&s).
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Fig. 5.2.10: a) SEM-BSE image of sample PG-CMno) @ SE images of details n.1 and 2 in fig. &sB)mage
of a detail of Ca-Mg and Na-Ca silicates. e) BSEgm of a detail of Ca phosphates. f) BSE imageopper
sulfide inclusions.
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Fig. 5.2.11: BSE images of sample PG-GOBS8. a) Hetéihe Ca silicates dispersed in the glass matpdetail
with marked Si@relicts, iron oxides and bubbles. c¢) detail oflirsions with a complex chemical composition
(black harrows).
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Fig. 5.2.12: a) BSE image of sample PG-AB8. b)itlefea K-feldspar in the white square in fig. 3.and d)
details of a copper sulfides with segregations iitiNi, As and Ag in samples PG-AB8 and AB9c, retsply.
e) and f) details of Ca-Na phosphates in samplesABSc.
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Fig. 5.2.14: BSE image of sample PG-FA characteriag very small Ca antimonates (white) dispersethén
glass matrix and several larger ones.
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Fig. 5.2.13: a) BSE images of sample PG-GOA charatd by Ca antimonates (white) finely dispersethe
glass matrix and b) detail of Ca antimonate crystal
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Fig. 5.2.15: BSE images of white glasses. a) sa@esO6BBi characterized by numerous Ca antimonates
finely dispersed in the glass matrix sometimes eg@pes in particular morphologies. b) and c) detaif some
euhedral Ca antimonates crystals in samples PG-G@B88 PG-GO5BI, respectively. d) sample PG-GO3BBi,
detail of the blue body and the white decoratigreample PG-GOBBI, detail of the blue body anchef t

double white eyes decorations.
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Fig. 5.2.16: BSE images of sample PG-GO5N. a) Giésse with copper sulfides inclusions dispersethén
glass phase. b) detail of a copper sulfide inclosigth metals segregations.
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e Crystalline phases

The crystalline inclusions of some beads were aea\by XRPD and/or by micro Raman
spectroscopy.

The XRPD analyses performed on the whole blue antndads show that the Sifdclusions
are composed by quartz, while no trydimite or obslite are present (example in fig. 5.2.16).
This is confirmed by the Raman spectra obtainethersiQ inclusions that generally may be
identified as quartz (example in fig. 5.2.17).

However, the analyses performed on some 8i€@usions with a lamellar shape, highlight the
presence of both quartz and cristobalite. In paldic the spectrum obtained in the core of the
inclusion in fig. 5.2.18a, presents an intense @aak63 crmt corresponding to the main peak
of quartz, while the cristobalite signal at 415 228 cm' is lower (red spectrum, fig. 5.2.18b).
Conversely, the spectra obtained on the lameligtals in fig. 5.2.18a, shows a more intense
signal of cristobalite with respect to quartz (grepectra, fig. 5.2.18b).

The unreacted Na-Al silicates in the blue annukads analyzed by micro Raman result very
similar to anorthoclase, (NaK) Al&ds (example fig. 5.2.19). The Na-Ca phosphates have a
stoichiometry very similar to buchwaldite (NaCafp®ut, to date, non-standard spectra are
available for this mineral on the online databaseas the literature. However, comparing the
experimental spectrum of this inclusion with thedpa of the RRUFF database, it results very
close to apatite (example fig. 5.2.20).

The XRPD analysis of the biconical bead with ribleeldjes PB-CM highlights that quartz is
the most abundant phase present (fig. 5.2.21), thargh the interpretation of the spectrum
is not easy because of the irregular morphologhefead, which is not optimal for the non-
invasive XRPD analyses. The micro Raman analydesv alefining accurately the main
inclusions dispersed in the glass matrix. The CasMgates are composed of diopside/augite
while the Ca silicates are wollastonite crystaig. (6.2.22a-c). The Raman spectra of Na-Ca
silicates (about NaCadgds) andCa phosphate@bout CaSiP.010) have no correspondence in
the RRUFF database and in the literature at present

Similarly, sample PG-GOBS8 presents diopside andastinite crystals but in addition to iron
oxides very close to magnetite (fig. 5.2.23).
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The characterization of the Ca-antimonates inchssin the white and blue/turquoise samples
highlights the presence of bothexagonalphase CaSks and the orthorhombic one,
CaShO7. XRPD analyses carried out on the whole objects atcaltow obtaining clear Ca
antimonates X-Ray diffraction patterns, becausetmbshe beads are globular with eyes
decoration, and Ca antimonates are present onthdnwhite decoration, that sometimes
remains only in small areas. However, in some cteesgletermination of the Ca antimonate
phase was obtained, as in sample PG-GO5Bi thatmiethe hexagonal phase Ca&H{fig.
5.2.24). In the other samples the characterizatidghe Ca antimonates phases was performed
accurately on the single crystal by means of mitaman spectroscopy.

The Co-colored blue fragment PG-FA and the Cu-ealdurquoise body PG-GOA present
the orthorhombic phase, €07, which has two characteristic peaks at 635 andct82
(fig. 5.2.25, green and red spectrum, respectively)

The white glass PG-GO5Bi seems to have only thadmxal phase, CaZbs, according to
what observed at the XRPD (fig. 5.2.24), which iasharacteristics peak at 670 ‘¢iffig.
5.2.26). The other white glasses present both ghafsantimonate. However, in samples PG-
GO3Bi, GO6Bi and AOBI, the orthorhombic phase igdaminant while in sample PG-
GONBiI the hexagonal antimonate is the major phdsetified. Sample PG-GOBi seems to
present an equal distribution of the two phaseeréstingly in some cases, as sample PG-
GOG6BI, inclusions with both phases in the sameegape are present (fig. 5.2.27).

The only colorless glass that has Ca antimonatesFA97, presents as predominant phase
the hexagonal one, Cafls (fig. 5.2.28).
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Fig. 5.2.16: X-Ray Powder Diffraction pattern oiggle PG-AB that presents quartz as main phase.
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Fig. 5.2.17: Raman spectrum of sample PG-AB9adrez) performed on one;Si rounded inclusion. A standard
spectrum of quartz from RRUFF library (blue onedliso reported.
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Fig. 5.2.18: a) BSE image of a Si@clusion in sample PG-AB9c. b) Raman spectraanfipde PG-AB9c
performed on the core (red one) and on the edgesigone) of the Sidnclusions in fig. a. Standard spectra of
quartz and cristobalite from RRUFF library (bluedamiolet ones) are also reported.
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Fig. 5.2.19: Raman spectrum of sample PG-AB9adres) performed on one Na-Al silicate. A standartspim
of anorthoclase from RRUFF library (blue one) is@ateported.
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Fig. 5.2.20: Raman spectrum of sample PG-AB9c pedd on a Na-Ca phosphate inclusion (red one).
standard spectrum of apatite (blue one) is als@rta.
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Fig. 5.2.21: X-Ray powder diffraction pattern ofigale PG-CM, presenting quartz as main phase.
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Fig. 5.2.22: Raman spectra of sample PG-CM perfarime a) Ca silicate (red one), b) and c) Ca-Mgcsite

(red one). Standard spectra of wollastonite (greee), diopside (pink one) and augite (blue one) @s®
reported.
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Fig. 5.2.23: Raman spectra of sample PG-GOB8 peréal on an iron oxide (red one). Standard spectra of
magnetite (green one) are also reported.
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Fig. 5.2.24: X-Ray powder diffraction pattern oirgale PG-GO5Bi that shows the presence of the hevedgo
phase CaSi®s.

MUU;PG—GOA
iPG-Fa
1000+

6338

481.1

Raman intensity

400%
zuné
-300é___4,\,ﬁ,"'_"“_A‘A‘”k“4_A___«\’4N4/4»_ﬁn_______k‘ﬁnH744__f<‘,,,»»~—-<4_.4‘,44<“4<4__H_k‘ﬁ___
400%
"0 w0 a0 a0 s0  e0 a0 2w

Raman shift (cm-1)

Fig. 5.2.25: Raman spectra of samples PG-GOA (reg) and PG-FA (green one) performed on a Ca antaten
that presents its orthorhombic phase ,8la0O;.

149



3200 {PG-GO5Bi

3000 -

6704

2800—5
2600
2100
2200—5
20004
1500

16001

Raman intensity

14004
1200
1000

8001

600
400
200+

1800 1600 1400 1200 1000 800 600 400 200
Raman shift (cm-1)

Fig. 5.2.26: Raman spectrum of sample PG-GO5Bigmentd on a Ca antimonate that presents a hexagonal
phase, CaSiDs.
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Fig. 5.2.27: Raman spectrum of sample PG-GO6Bigpered on a Ca antimonate that presents both hexagon
CaShOs, and orthorhombic phase, e20;.
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Sample  Na;O MgO Al20s SiO2 P:0s SOs Cl:O K20 CaO TiO2 MnO FeO CoO NiO CuO ZnO As0s SnO2 Sho0Os PbO  Tot.
d.l. (%) 0.13 0.05 0.07r 0.10 0.05 0.08.02 0.08 0.03 0.03 0.05 0.09.03 0.04 0.03 004 010 0.04 0.04 o0.10
PG-FVA1 18.90 0.67 0.29 68.44 <d.. 0.19 1.83 0.08 9.44 0.12 <dl 0.22 <dl <dl <dl <dl <dl <dl 059 <d.l 10084
SD 0.14 0.0z 0.04 0.37 0.0¢ 0.0¢ 0.0z 0.07 0.01 0.01 0.0¢
PG-FVA5 20.1C 0.6€ 0.31 66.7% <d.l 0.2¢ 1.8: 0.0¢ 912 0.07 <d.l 0.21 <dl <dl <dl <dl <dl <dl 097 <dl 10051
SD 0.28 0.02 0.05 0.28 0.0D.03 0.04 013 0.01 0.01 0.06
PG-FVA7 17.2¢ 0.5& 0.3¢ 709t <d.l 0.0¢ 156 <dl 93z 0.0€¢ <dl 0.2: <dl <dl <dl <dl <dl <dl 0.1¢ <d.l 10072
SD 0.3t 0.0z 0.0t 0.3¢ 0.0 0.0 0.11 0.0z 0.0¢ 0.0
PG-FVA22 16.80 0.56 0.27 71.37 <d.. 0.16 152 0.12 9.03 0.12 <d.l 0.26 <d.l. <dl <dl <dl <dl <dl 017 <d.l 10047
SD 0.4€ 0.04 0.0t 048 0.0z 0.0¢ 0.0¢ 0.1¢ 0.01 0.0¢ 0.04
PG-FVA67 17.47 0.64 0.4C 728 <dl 051 0.71 0.1C 584 0.1¢€ 0.4z 0.3t <dl <dl <dl <dl <dl <dl <dl <dl 9954
SD 032 0.02 0.06 0.28 0.00.05 0.03 0.08 0.01 0.05 0.03
PG-GVA97
Sk-rich* 9& 0t 0.€ 617 12 01 7€ 0.3 4.t 86.5
Sb-poorer* 10.7 0.5 0.6 628 12 02 83 0.5 3.1 87.8
mean 15.6¢ 0.7¢ 0.58 67.6¢ 0.1C 0.1t 1.6¢ 0.14¢ 8.8¢ 0.1C <d.l 0.3€ <dl <dl <dl <dl <dl <dl 357 <dl 99.68
SD 0.4 0.0t 0.0t 0.5¢ 0.01 0.0¢ 0.0e 0.0¢ 0.1C 0.0z 0.11 0.41
PG-FV97 1897 0.68 0.31 67.21 <d.l. 0.19 1.69 0.09 9.61 0.07 <dl 0.20 <dl <dl <dl <dl <dl <dl 039 <dl 9951
SD 0.2¢ 0.0z 0.06 0.3/ 0.0¢ 0.0¢ 0.0z 0.0¢ 0.0z 0.0z 0.05
PG-AVT 19.17 0.7¢ 0.3z 64.3¢ <d.l 0.2C 2.11 0.0¢ 11.3¢ 0.0t <d.l 0.21 <dl <dl <dl <dl <dl <dl 164 <d.l 10043
SD 0.24 0.02 0.03 0.45 0.09.05 0.02 0.08 0.03 0.03 0.05
PG-GAT7 16.6¢ 0.6C 0.31 71.2f <d.l. 0.1% 15¢ <dl 9.2¢ 0.14 <dl 0.2¢ <dl <dl <dl <dl <dl <dl 02z <dl 10053
SD 0.7C 0.0z 0.07 0.4z 0.0 0.04 0.1f 0.0z 0.0t 0.0
PG-FGi 18.12 0.67 0.27 69.79 <d.. 0.15 1.96 <d.. 10.00 0.04 <d.l. 0.16 <dl. <dl <dl <dl <dl <dl <dl <dl 10132
SD 0.4z 0.0¢ 0.0t 0.3Z 0.0 0.1z 0.17 0.0z 0.0z
PG-FGi8 18.4¢ 0.5¢ 0.2¢ 70.4¢ 0.0¢ 0.1C 1.9z <d.l 85 0.0¢ <dl 017 <dl <dl <dl <dl <dl. <dl <dl <d.l 100.75
SD 036 0.04 0.08 0.55 0.02 0.08.05 0.11 0.00 0.03
PG-FM14 18.7¢ 057 0.3¢ 69.1C 0.11 0.1¢4 1.9¢ <dl 9.2z 0.0¢ <dl 0.2C <dl <dl <dl <dl <dl <dl <dl <d.l 100.60
SD 0.3t 0.0t 0.0z 0.24 0.0z 0.0t 0.07 0.07 0.01 0.0z
PG-GONM 17.98 0.49 0.37 6595 0.10 0.27 164 0.13 851 0.11 <dl 4.09 <dl <dl <dl <dl <dl <dl 019 <d.l 99.90
SD 054 0.0t 0.0z 0.8C 0.0: 0.0: 0.0t 0.0c 0.1: 0.0z 0.1¢ 0.05
PG-FM83 19.3¢ 0.64 241 64.4< 0.11 0.2¢ 137 0.6 8.0€¢ 0.06 <d.l 27¢ <dl <dl <dl <dl <dl <dl <dl <dl 10028
SD 042 0.04 018 0.50 0.02 0.08.05 0.06 0.34 0.02 0.33
PG-CM 6.9¢ 0.61 2.0C 49.8¢ 0.9¢ 0.11 0.6t 0.6€ 4.1¢ 0.1z 0.87 4.8: 0.0¢ <dl 0.1z 0.2¢ 191 <dl 011 252¢ 9951
SD 0.24 0.0€ 0.0¢ 0.3C 0.3¢ 0.07 0.0¢ 0.1: 0.31 0.01 0.0t 0.2¢ 0.0¢ 0.11 0.01 0.1% 0.0 0.71
PG-FM89 17.18 0.64 0.37 68.19 <d.l. 0.29 1.74 0.14 955 0.11 <dl 257 <dl <dl <dl <dl <dl <dl 0.04 <dl 10097
SD 0.2C 0.0t 0.1C 0.2¢ 0.0t 0.1C 0.0z 0.0¢ 0.0z 0.1z 0.0z



Sample  Na;O MgO Al20s SiO2 P:0s SOs3 Cl2O K20 CaO TiO2 MnO FeO CoO NiO CuO ZnO As0s SnO2 ShoOs PbO  Tot.
PG-GO5N 16.80 1.76 1.74 68.95 0.05 0.16 0.87 0.74 6.65 0.12 0.55 0.80 <d.l. <dl. 010 <d.l <dl <dl 040 0.66 10044
SD 043 0.03 019 0.36 0.05 0.00.03 0.09 0.15 0.02 0.02 0.02 0.08 0.17 0.09
PG-AN 1522 0.67 0.5z 65.2¢ 0.1C 0.2¢ 1.6€ 0.1z 954 0.1¢ <dl 6.4C <dl <dl <dl <dl <dl <dl 0.0¢ <d.l 100.10
SD 0.28 0.02 0.06 0.44 0.04 0.00.05 0.03 0.08 0.02 0.08 0.08
PG-FN 132 4.83 10.80 48.61 3.67 0.05 0.00 2.81 19.59 0.70 0.40 7.18 <d.l. <d.l <dl <dl <dl <dl <dl <dl 10004
SD 038 03t 08C 1.84 0.6€ 0.0c 0.0C 0.5z 1.5t 0.0¢ 0.0¢ 1.0C
PG-AB8 16.79 0.42 0.75 70.94 0.06 0.19 1.60 043 4.83 0.14 0.08 155 045 048 095 <dl 0.17 <dl 028 <d.l 10014
SD 0.08 0.03 0.06 0.71 0.02 0.08.06 0.10 0.12 0.02 0.01 0.0®.03 0.03 0.06 0.03 0.04
PG-AB1 2 16.2¢ 0.34 0.4: 70.9¢ 0.0t 0.21 1.1€¢ 0.2 53z 0.0/ <dl 1.6 0.1€ <dl 04t <dl <dl <dl 03z 2.81 10043
SD 036 0.05 0.04 094 0.05 0.10.08 0.07 0.08 0.02 0.020.03 0.12 0.07 0.30
PG-AB%9a 15.15 043 0.64 7234 <d.l. 026 148 0.30 454 0.14 0.06 148 045 0.64 1.07 <d.l 0.65 <dl 024 <d.l 100.02
SD 3.44 0.0€ 0.1€ 5.7¢ 0.0¢ 0.1¢ 0.0¢ 0.41 0.0z 0.01 0.1z 0.0f 0.07 0.1 0.11 0.0z
PG-AB% 16.36 0.47 0.72 70.31 0.05 0.29 155 042 4.80 0.15 0.08 159 047 0.69 1.07 <dl 0.78 <dl 025 <d.l 10012
SD 0.47 0.06 0.08 0.47 0.04 0.08.05 0.07 0.07 0.02 0.04 0.00.02 0.04 0.01 0.04 0.02
PG-AB9c 15.87 0.6z 0.7z 69.6¢ 0.4: 0.2z 151 0.2 597 0.1z <dl 127 04C 0.4z 0.67 <dl 0.66 <dl 034 047 99.62
SD 035 0.03 0.08 0.62 0.15 0.08.05 0.05 0.14 0.02 0.060.03 0.04 0.04 0.04 0.04 0.06
PG-AB9d 16.60 0.46 0.63 71.67 <d.. 0.27 147 030 440 0.13 0.06 140 042 058 1.04 <dl. 055 <dl 021 <d.l 100.30
SD 166 0.06 0.0¢ 3.3¢ 0.0¢ 0.3C 0.0¢ 0.8C 0.0¢ 0.0 0.2¢ 0.0¢ 0.1z 0.17 0.14 0.04
PG-ABOa 16.49 0.65 0.77 69.65 0.76 0.25 156 0.24 5.89 0.10 0.08 1.13 0.34 0.41 090 <dl. 052 <dl 030 0.29 100.33
SD 0.22 0.02 0.08 0.60 0.05 0.08.04 0.02 0.09 0.02 0.01 0.09.04 0.04 0.05 0.06 0.03 0.03
PG-ABOb 16.97 0.6z 0.84 69.8¢t 0.81 0.2¢ 15¢ 0.2z 591 0.11 0.07 1.1z 031 0.3¢ 091 <dl 05: <dl 03C 0.3C 101.16
SD 0.34 0.03 0.22 049 0.10 0.00.04 0.04 0.09 0.01 0.02 0.08.02 0.02 0.06 0.03 0.03 0.06
PG-AB 15,51 0.37 049 69.73 0.06 0.18 1.37 0.22 562 0.06 <d.. 1.82 0.18 0.04 0.21 <d.l <dl <dl 035 257 9884
SD 0.2: 0.0z 0.07 0.6¢ 0.0z 0.01 0.0¢ 0.0¢ 0.1 0.0z 0.11 0.0z 0.01 0.0: 0.0z 0.0¢
PG-SB 16.50 0.59 0.71 70.85 0.19 0.15 1.71 0.20 7.10 0.07 <d.l. 043 0.32 0.36 0.69 <d.l <dl <dl 0.05 <d.l 10003
SD 0.27 0.01 0.08 0.35 0.01 0.08.04 0.05 0.05 0.01 0.030.01 0.083 0.03 0.03
PG-GOB8 954 057 1.6¢ 51.82 0.31 0.2z 0.81 057 4.11 0.0¢ 057 6.9z 007 0.07 021 0.0t 1.6¢& <dl 0.64 185( 98.38
SD 057 0.05 0.11 050 0.05 0.0R.04 005 0.12 0.01 0.04 0.1®.01 0.02 0.09 0.01 0.03 0.06 0.33
PG-GO3B 18.83 0.65 259 66.70 0.13 0.21 1.16 0.67 7.64 0.07 <d.l. 059 004 <dl 0.07 <dl <dl <dl 033 0.17 99.96
SD 0.2¢ 0.0z 0.2C 0.31 0.0z 0.01 0.0¢ 0.0 0.1C 0.0 0.0: 0.01 0.01 0.0z 0.04
PG-FA  16.15 0.64 144 59.37 <d.. 0.38 1.09 0.34 8.75 0.10 0.06 1.27 0.09 <d.l. 040 0.04 <d.l <dl 277 6.70 99.68
SD 0.20 0.03 0.11 0.28 0.09.04 006 0.10 0.02 0.03 0.09.03 0.04 0.03 0.01 0.13 0.38
PG-GOB 16.9¢ 054 1.7¢ 69.5¢ <d.l. 0.27 15¢ 0.4¢&¢ 53¢ 0.06 <dl 0.6€ 0.2¢ <dl 0.0¢ 0.0¢ <dl <dl 198 <dl 99.63
SD 0.67 0.03 0.10 0.32 0.0D.10 0.07 0.27 0.01 0.020.04 0.03 0.02 0.10
PG-AAB 17.33 0.51 041 70.16 <d.. 0.26 1.36 0.24 7.48 0.08 <dl 054 0.09 <dl 118 <dl <dl <dl <dl <dl 9978
SD 0.4z 0.0z 0.1C o0.6C 0.0z 0.0¢ 0.0¢ 0.07 0.01 0.0¢ 0.0¢ 0.0¢



Sample  Na;O MgO Al20s SiO2 P:0s SOs3 Cl2O K20 CaO TiO2 MnO FeO CoO NiO CuO ZnO As0s SnO2 ShoOs PbO  Tot.

PG-FUA 15.06 3.13 0.68 68.66 0.15 0.25 0.94 2.04 8.00 0.06 <d.l. 043 <dl <dl 101 <dl <dl <dl <dl <d.l 10053

SD 034 0.05 0.06 0.43 0.03 0.08.04 0.13 0.07 0.02 0.02 0.03

PG-GAT1 17.7¢ 0.8: 0.8t 71.8¢ <d.l. 0.2¢ 1.1¢ 0.1€ 4.7¢ 0.1t 0.9z 044 <dl <dl 09C <dl <dl <dl <dl <d.l 100.20
SD 0.20 0.03 0.07 0.58 0.09.03 0.03 0.15 0.02 0.03 0.03 0.06

PG-GO6B 16.78 0.67 1.09 67.59 0.14 0.20 1.37 0.23 10.77 0.10 <d.l. 0.86 <d.l. <d.l 0.09 <dl <dl <dl 052 <d.l 10050
SD 0.3z 0.0z 0.0¢ 0.1¢ 0.0¢ 0.0z 0.0¢ 0.07 0.2C 0.01 0.04 0.01 0.0z

PG-GOA 1596 0.69 2.32 67.02 <d.l. 0.17 1.72 059 859 0.05 <dl 045 0.04 <dl 069 <dl <dl <dl 192 0.17 10047
SD 0.26 0.03 0.09 0.76 0.09.03 0.11 0.08 0.02 0.020.01 0.11 0.07 0.07

PG-GO3Bi 16.8¢ 0.5€ 2.24 66.5] 0.0¢ 0.3C 14z 0.61 8.1&¢ 0.0t <d.l 0.2¢ <dl <dl <dl <dl <dl <dl 27€ 0.9 100.85
SD 040 0.02 0.05 1.12 0.03 0.08.11 0.09 0.34 0.02 0.03 0.64 0.11

PG-GO5Bi 11.60 0.71 0.52 57.71 <d.l. 0.48 065 0.36 4.49 0.06 <dl 0.98 <dl <dl 0.05 <dl <dl <dl 520 1592 9898
SD 0.4z 0.0t 0.08 1.1¢ 0.2z 0.0c 0.0¢ 0.2¢ 0.0C 0.0¢ 0.0z 1.8¢ 0.77

PG-GONBi 16.81 0.58 0.36 64.32 0.11 0.12 155 0.25 8.93 0.04 <d.l. 035 <dl <dl <dl <dl <dl 0.04 6.07 <dl 9970
SD 049 0.04 0.08 0.41 0.02 0.00.28 0.04 011 0.01 0.03 0.03 0.33

PG-GO6Bi 18.0z 0.74 1.6 61.8¢ 0.1¢ 0.5t 1.2z 0.31 10.2¢ 0.07 0.1C 0.5¢ <d.l <dl 0.0¢ <dl <dl <dl 46t 0.5C 100.71
SD 063 0.03 0.13 0.88 0.01 0.06.06 0.05 0.37 0.02 0.02 0.06 0.01 0.37 0.05

PG-AOBi 14.35 0.62 042 63.16 <d.l. 0.18 146 0.24 9.67 0.05 <d.l. 0.67 <dl <dl <dl <dl <dl <dl 852 <d.l 9959
SD 1.0€ 0.0z 0.0¢ 0.81 0.01 0.0¢ 0.07 0.2¢ 0.01 0.04 0.6t

PG-GOBi 16.59 0.66 2.17 63.49 <d.l. 0.36 157 046 836 0.04 <dl 041 <dl <dl 0.08 <dl <dl <dl 518 <dl 9948
SD 049 0.03 0.12 0.76 0.0%.07 0.06 0.20 0.02 0.03 0.03 0.60

Tab. 5.2.1: EPMA chemical analyses (oxides wt%hefglass phase of Piovego cemetery beads. This lateethe same as reported in Table 1 of pa2,3.2.
and are calculated as a mean of 5+10 point analpsit are reported as obtained by the analyseslatedtion limits are also described (SD = standard

deviationof the measures; * = EDS data).



5.3Villadi Villasite

The results of the chemical analysis (Tab. 5.3bsthat all the samples are silica soda lime
glasses with values of Si@anging from 61.70 to 76.95 wt%, pafrom 7.45 to 18.60 wt%
and CaO from 2 to 8.45 wt%.

The levels of MgO, KO and NaO in Fig. 5.3.1 a and b show that the analyzedsgksontain
different compositional groups. In seven samplepr@sented by empty symbols) MgO and
K20 never exceed 0.7 wt% and#alevels range between 12.15 and 18.60 wt%. Thatse d
indicate that the glasses were produced usatigpnas flux (LMG, Low Magnesium Glass),
which is also consistent with the contents ot §D07+0.43 wt%) and @D (0.77+1.73 wt%).
VV-ABG is the only sample with low MgO content (W8%), lower NaO concentration (7.45
wt%) and high KO (8.37 wt%), typical of Low Magnesium High Potassiglasses (LMHK)
produced with mixed alkali ashes as flux (Fig. 5&8and b, black circle). The turquoise melon
bead (VV-MB) and the two decorated bracelet fragéWVV-BRB5 and VV-BRB9) have
particular intermediate compositions with MgO cangeranging between 0.92 and 1 wt% and
K20 between 1.80 and 2.45 wt% (Fig. 5.3.1a blackastdrdiamonds).

The use of sand as a source of silica, insteadudd guartz or quartzite, is proved by the
significant presence of alumina and iron in all $henples and ranging between 1.82 and 3.29
wt% (Al203) and from 0.26 to 1.01 wt% (FeO) (fig. 5.3.2).

The other minor and trace elements in the sampiesaiable and depend on the color and
opacity/transparency of the glasses.

Below are the main compositional features of thddiaccording to their specific typologies.
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LMHK glasses
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Fig. 5.3.1: a) and b) Mg@sK;0 and NaO vsK;0 contents of the glass phase in the analyzed sanmam the
Villa di Villa site (symbols = sample; colors: eyipt natron— based glasses; full = other composition).
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Fig. 5.3.2: Feas Al,0; contents of the glass phase in the analyzed sarfrpla the Villa di Villa site (symbols
= sample; colors: emptymatron— based glasses; full = other composition).
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Annular beads

The two annular blue beads were produced usingdifferent fluxing agents. Sample VV-
ABG6 is a LMHK glass as shown by the MgS K20 and NaO vs K20 plots (Fig. 5.2.1a and
b): it has 7.45 wt% of N®, 0.52 wt% of MgO and 8.37 wt% of2&. The CaO (1.57 wt%)
and BROs (0.22 wt%) contents also are in the range of thiélK glasses (Angelini et al. 2004,
2010a; Brill 1992; Henderson 1988; Towle et al. Z0Bantopadre and Verita 2000)

By contrast, sample VV-AB is a typical LMG glasgdahed withnatron as flux, and presents
17.43 wt% of NaO, 0.52 wt% of MgO and 0.33 wt% ob® (Fig. 5.3.1a and b). The contents
of S& and CHO — 0.19 and 1.73 wt%, respectively — are condistéh the use ohatronas
flux.

Sample VV-AB presents a significant Al content{@d=1.78 wt%) suggesting use of impure
sand made of feldspar minerals and small amouriteafy metals, in accordance with the Fe
content (FeO = 1.01 wt%). The same may be saidmopte VV-AB6, which has greater Al
content (AbOz = 2.97 wt%) but lower Fe (FeO = 0.6 wt%) (Fig..2)3

The blue color of VV-AB and VV-AB6 is due to Co (0a0.04 and 0.15 wt%, respectively)
associated to low contents of Cu (CuO 0.12 and @t¥, respectively). In addition, cobalt in
the LMHK bead is associated with Sb §8b= 0.12 wt%). Instead, cobalt is not associated
with any other element in VV-AB.

SEM-EDS analysis shows that in contrast with sarfMeAB, whose homogeneous texture
has rare bubbles of about 10 um, sample VV-AB6ldmae numbers of Signclusions (Fig.
5.3.3a). The crystals have lamellar or rectangularphologies, with size ranging from a few
microns to 10 um, and are frequently grouped igdaounded or sub rounded aggregates with
dimensions up to 100 um. The biggest grains aendtirrounded by large fractures due to
changes in volume during glass cooling, especiathen phase transitions from quartz to
tridymite and/or cristobalite occur (Angelini et 2D04; Artioli et al. 2008) (Fig. 5.3.3b-c).
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Crist+Qtz

tridymite

tridymite

0

\ cristobalite +

quartz

c)

Fig. 5.3.3: a) SEM-BSE image of the LMHK sampleAB& characterized by numerous gi@clusions in the
glass matrix. b) and c) SEM-BSE images of,$iGlusions of tridymite (a) and of a grain withistobalite and
quartz in the core and tridymite in the edges by (= tridymite; Crist = cristobalite; Qtz = quar)z

The lamellar crystals- analyzed through p-Ramauctspgcopy — are of tridymite (Fig. 5.3.3b
and 5.3.4a) while the more rectangular are ofaelite (Fig. 5.3.4b). The rectangular crystals
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grouped in large rounded aggregates are charaadelly cristobalite and quartz in the core
and by trydimite in the edges (Fig. 5.3.3c and4g-&l).
The presence of cristobalite is indicative, sirtds bne of the high-temperature polymorphs

of silica (see details in the discussion, par..6.3)
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Fig. 5.3.4: Raman Spectra of some Si@clusions of sample VV-AB6. a) lamellar crystéltidymite; b)

rectangular crystal of cristobalite; c) and d) agaks on a rounded inclusion performed on the corarid on

crystals in the edges (d). In the images, the spa&gt the sample inclusions (in red) and standgrecéra from

the RRUFF database are reported.
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Bracelet fragments

The three blue bracelet fragments belong to differgpologies: VV-BRB9 is plain with a D-
shaped section and corresponds to group 3a of iHaekel 960, while VV-BRB5 and VV-
BRB2 are decorated by ribbing similar to group 8d a of Haevernick 1960. The different
typologies are associated with different glasssdasVV-BRB9 is a typical LMGatron
based glass, with 0.64 wt% MgO and 0.54 wt%OK(Fig. 5.3.1a empty diamond), in
accordance with the contents ob@I(1.15 wt%) and S¢X0.24 wt%). VV-BRB5 and VV-
BRB2 have higher levels of MgO (0.94 and 0.92 wi8spectively) and especially.® (1.80
and 1.84 wt%) (Fig. 5.3.1a black diamonds) whichally never exceed 1.5 wt% in typical
natron-based glasses. However, the flux is probablyondue to the N#O/K>O ratio (about
7.5 in both arm rings) and the high K content soagted with sand type (see below). On the
other hand, it is worth noting that the low S amq@0s about 0.05 wt%) and P content(B
about 0.19 wt%) are compatible with the use of {oées.

The levels of AIO3z and FeO are similar in all three samples and rbegeeen 2.38 and 2.41
wt%, and between 0.60 to 0.80 wt%, respectively.

The three glasses are colored by Co (CoO = 0.16+Q1t%) associated to Cu (CuO =
0.20+0.24 wt%). Moreover, they contain Mn in simitncentrations (MnO = 0.41+0.79
wt%). These quantities are not sufficient to ob@@coloration, and were therefore probably
introduced as impurities from the raw materialsdugmssibly the coloring agent).

The three arm rings have a homogenous textureabiasacterized by a few bubbles with size
up to 100 pum (Fig. 5.3.5).
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Fig. 5.3.5: SEM-BSE image of sample VV-BRB9. Tktereis homogeneous except for a few bubbles.

Globular bead with eyes decoration

The globular yellow bead VV-GGi was produced usiagron as flux, as suggested by its
levels of MgO and KO <1 wt% (Fig. 5.3.1), GD (1.23 wt%) and S£X0.07 wt%). The glass
phase of the bead body shows PbO an®sbf 10.71 and 1.05 wt%, respectively, with.Na
(12.15 wt%) lower than the otheatronbased glasses from Villa di Villa (Fig. 5.3.2, @mnp
square).

This is consistent with numerous crystals richlinalAd Sb in the glass matrix, as observed by
SEM-EDS (Fig. 5.3.6). The Pb antimonates are vhriabsize from a few microns to 25-30
pum, and these inclusions are generally groupeddgregates with irregular shapes (Fig. 5.3.6a
and c, white aggregates). Crystals of S&de also present, with lamellar or rectangular
morphologies 20 to 50 um in size (Fig. 5.3.6 alananhd sometimes grouped in large rounded
aggregates with lamellar inclusions on the edgeg. (5.3.6a, dark gray grains). XRD
characterization of the mineral phases on the wlnblgct identified quartz, tridymite,
cristobalite and bindheimite (Fig. 5.3.7a). Rampacsroscopy identified Pb antimonates as
bindheimite phases (P®l»0O), with characteristic peaks at 140, 335, 458 at@éldn' (Fig.
5.3.7b). As regards the distribution of silica pbegsthe p-Raman data show that the bigger
aggregates are characterized in the center bylbabte (Fig. 5.3.7c) and in the edges by

lamellar crystals of tridymite (main peaks: 44653289 cnt) plus cristobalite (main peaks:
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423 and 221 crh (Fig. 5.3.7d). As for sample VV-ABB6, the presewtéoth cristobalite and
tridymite is indicative of the temperature reacleding the melting process. The quartz
identified by X-ray diffraction is not confirmed byaman spectroscopy in the yellow glass,
and is probably associated with the blue and wéyss.

Fig. 5.3.6: SEM-BSE images of the LMG yellow eyalbéV-GGi. a) detail of the heterogeneous textwre th
Pb antimonates aggregates (white ones), lamellgstails of tridymite and cristobalite and large aggates of
cristobalite in the core and of cristobalite anddiymite in the edges. b) detail of lamellar crystef tridymite

plus cristobalite. c) detail of Pb antimonates agggites. (Try = tridymite; Crist = cristobalite).
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R= 40BSD

Fig. 5.3.7: a) X-Ray pattern diffraction obtainedrh surface analysis of eye bead VV-GGi. b)-d) Re8ectra

of some inclusions in sample VV-GGi obtained omftbmonates (b) and on SiQarticles (c and d).
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Rod fragment

The rod fragment with semicircular section hasaagparent body (VV-FBT) decorated with
yellow (VV-FBGIi), blue (VV-FBB) and white (VV-FBBi)spirals. The four glasses are all
natron based, with levels of MgO an® < 1 wt% (Fig. 5.3.1, empty triangles) and in line
with Cl.O (0.77+1.46 wt%) and S30.14+0.43 wt%) contents.

MnO and FeO contents in samples VV-FBT, B and Bgeabetween 0.32 to 0.58 wt% and
between 0.37 and 0.91 wt%, respectively.

The transparent yellow spiral, VV-FBGi, has a lowentent of FeO (0.26 wt%) than the other
3 analyzed glasses, suggesting use of a purercsandartzite as source of silica. As there are
no other coloring elements, the color may have lpreduced by an iron sulphide complex
producing this shade in a reducing atmosphere $daiokt al. 2006; Nenna et al. 1997; Schreurs
and Brill 1984).

The blue spiral is colored by Fe (FeO = 0,91 wt¥ppbly in a bivalent oxidation state and
presents also traces of Cu (CuO = 0,09 wt%).

The white glass is colored and opacified by firdigpersed Ca antimonates in the glass matrix
(SkOs in the glass phase = 8,86 wt%). The Ca-antimoeaystals (Fig. 5.3.8a, white
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aggregates) have particularly small (1- 30 pmputar morphologies (Fig. 5.3.8b), apparently
elongated and oriented like the bubbles. Micro Raaraalysis on the Ca antimonates shows

they are all composed by the orthorhombic phasgsiga:.

Transparent
body

2.00 K PHOTO= 62

Fig. 5.3.8: SEM-BSE images of rod sample VV-FBB@i. a) detail of white spiral VV-FBBi (with Ca

antimonates, white aggregates) and transparent hOdFBT. b) detail of a Ca antimonate aggregate.

Melon bead

The glass phase of the blue melon bead VV-MB isemgalof kO = 2.45 wt%, MgO = 1.01
wt% and CaO = 3.56 wt%. The Na content is assatiatd natronas flux (NaO = 13 wt%),
although levels of K and Mg are slightly high (FEg3.1a and b). However, as the last 2
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elements partially derive from the particular tgfesand used (see below), we can assume that
the glass phase is a LMG type.

The high content of both alumina &8k = 3.29 wt%) and K suggest the sand used wasiich i
feldspar minerals with traces of heavy metals,hasve by FeO (0.77 wt%) and T3@0.16
wt%) (Freestone et al. 2002). The blue color is ueigh concentrations of Cu (CuO = 3.78
wt%) associated to Sn (Sp@ the glass matrix = 0.11 wt%, Tab. 2), and dispé cassiterite
inclusions suggest that Cu could derive from bronze

The heterogeneous texture is typical ddi@nce in which there are greater concentrations of
crystalline inclusions (i.e., quartz, feldspar ametals) than glass matrix (Angelini et al. 2002).
The melon bead of Villa di Villa does not presethe glaze phase, except for a small
weathered relict 120 pm thick (Fig. 5.3.9a). Thesglphase in the core is well preserved and
the texture is scarcely porous with bubbles upQqB in diameter. The mineral grain sizes
range between 30 and 150 um, showing both roundecstdngular shapes, so no accurate
grinding and dimensional selection of the sandegased out when producing the bead. SEM-
EDS data show that the inclusions are mostly o6 3y0ssibly due to unreacted quartz crystals
(Fig. 5.3.9b dark grey grains). Occasionally, &sfeldspars relicts (detail in Fig. 5.3.9b) are
present.

EHT= 20.0 KV WD= 25 mm MAG= X 180.  PHOTO- 66
m
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Fig. 5.3.9: a) SEM-SE image of the melon bead tingttlights the weathered glaze. b) SEM-BSE imagheof
melon bead with quartz inclusions (dark gray) aethd of a K-feldspar relict (dark gray in the whibordered

picture).

The micro Raman analyses on the K-feldspar crysht®v a high compatibility with

microcline (fig. 5.3.10).
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Fig. 5.3.10: Raman spectra of a K-feldspar inclusiothe sample VV-MB (red one) and of a standdodauline
(violet one) from the RRUFF database.
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Sample NaxO MgO Al0s SOz P20s SOs3 Cl20 K20 CaO TiO2 MnO FeO CoO NiO CuO ZnO As03 SnOz Sh20s PbO Total

VV-FBT 16.7¢ 0.6¢ 2.6¢ 68.6( 0.0¢ 0.2¢ 1.4€ 0.61 8.1z 0.0¢ 0.4&¢ 047 <dl <dl <dl <dl <dl <dl <dl <dl 100.29
SD 045 004 015 042 0.05 0.04 0.05 0.07 0.0810W®03 0.03

VV-GGi 12.15 0.32 1.82 6548 <dl 0.07 123 0.37 574 0.07 <dl 0.73 <dl <dl <dl <dl <dl <dl 1.05 10.71 99.87
SD 0.2¢ 0.0z 0.2C 0.57 0.0z 0.0¢ 0.0¢ 0.1z 0.01 0.0¢ 0.14 0.3¢

VV-FBGi 17.79 058 253 68.37 007 014 135 0.75 845 0.06 <dl 0.26 <dl <dl <dl <dl <dl <dl <dl <dl 10045
SD 098 004 012 055 0.02 001 0.07 005 0.27 0.02 0.02

VV-BRB2 13.85 0.92 241 7044 019 005 092 184 7.92 0.08 049 0.60 0.11 <dl 024 <dl <dl <dl <dl <dl 10014
SD 0.2¢ 0.0¢4 0.11 064 0.0: 0.0 0.0¢ 0.11 0.11 0.001 0.0¢ 0.0¢ 0.04 0.0¢

VV-BRB5 13.63 0.94 238 70.66 0.19 0.05 093 1.80 7.85 0.07 0.79 0.70 0.10 <d.l. 020 <dl <dl <dl 0.06. <d.l. 10044
SD 025 004 008 041 0.04 002 0.01 0.12 0.09 0.011100.06 0.03 0.04 0.03

VV-BRB9 17.15 0.64 239 69.64 <dl 024 115 054 6.60 0.06 041 0.80 0.16 <d.l 020 <dl <dl <dl <dl <dl 100.11
SD 035 002 013 0.28 0.03 0.05 0.06 0.09 0.03 0.0803 0.02 0.03

VV-AB 1743 052 1.78 69.67 <dl 019 173 0.33 7.04 0.07 <dl 101 0.04 <dl 0.12 <dl <dl <dl <dl <dl. 100.06
SD 0.3t 0.0z 0.07 0.38 0.0 0.0¢ 0.0¢6 0.07 0.01 0.0¢ 0.0z 0.0

VV-AB6 745 052 297 76.95 0.22 <dl 010 837 157 0.07 <dl 061 015 0.06 0.15 <dl «<dl <dl 012 <dl 9943
SD 029 0.04 013 044 0.06 0.02 0.25 0.04 0.02 0.093 0.02 0.04 0.03

VV-FBB 18.60 0.60 2.62 66.01 0.11 0.22 1.38 0.66 8.19 0.06 058 091 <dl <dl 0.09 <dl <dl <dl <dl <dl 10019
SD 0.4z 0.0t 0.2 04& 0.0c 0.0z 0.0¢ 0.0¢ 0.1¢ 0.01 0.0¢ 0.0¢ 0.0

VV-MB 1259 1.01 329 7091 0.07 0.06 0.99 245 356 0.16 <dl. 0.77 <dl <dl 378 <dl <dl 011 <dl <dl 99.82
SD 058 021 055 145 0.02 002 0.09 0.16 0.62 0.04 0.13 0.34 0.03

VV-FBBi 14.23 0.66 2.38 61.70 0.10 0.43 0.77 051 841 <dl 032 0.37 <dl <dl <dl <dl 011 <dl 886 <dl7 99.08
SD 076 002 005 09 0.01 006 0.04 003 024 0.020200.03 001 002 000 003 0.09 002 032 0.06

Table 5.3.1: EPMA chemical analyses (oxides wt%hefglass phase in the finds of Villa di VillaesiThe labels are the same as reported in Tahle, &i2d
are calculated as a mean of 5+10 point analydis (detection limit; SD = standard deviation).
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CHAPTER 6

DISCUSSION

6.1 Lipari and Salina

In the discussion of the analytical data the défgérprovenances, ages and typologies of the
beads were considered; however, except for the tfp#ux used, the major chemical
differences are related to the nature of the glesir and opacity/transparency. Moreover,
most of the beads have a simple typology (Tabb.ga8 3.1) and specific typological
comparisons are not always possible. Thereforegr alome general compositional
consideration, the results will be presented asdudised for material colors.

The chemical composition of the analyzed glassas 1, tab. 1) allows their classification
as silica glasses produced with two main diffeflerdes: soda — rich ashes and mixed — alkali
ashes plus a subclass of glass (two samples) pedduith K plant ashes (composition close
to LMHK glass except for the Na-K contents). Sarspl€21M (Middle Bronze Age 1-2) and
LOIIG (Recent Bronze Age) from Lipari Acropolisll samples from Salina — Villaggio di
Portella (Middle Bronze Age 3) and fourteen samjilesn Lipari Acropolis and grave 31 of
Piazza Monfalcone cemetery (Final Bronze Age 1.@28) are HMG glasses produced using
soda-rich plant ashes as flux. Most of them are lld only four are yellow/brown colored.
They have mostly simple typologies (annular, glabok fragments), two are cylindrical beads
with spiral decorations and one is globular witBpéral decoration. The first HMG glasses
appeared in the f9century B.C. in the Near East (at Deir 'Ain 'Ahatardan, and Tel Dan,
Israel) and since the 1614™ centuries B.C. also in Egypt and in the Easternlidderanean
(Henderson 1989, 2000; Tite et al. 2003). The sadasource used in these glasses comes
from halophytic ashes (Henderson 2000; Towle et28D1; Gratuze and Billaud 2003)
obtained from burning plants, mainly of tBalicorniaandSalsolaspecies, growing in salty
lacustrine environments and desert areas (Hendd&g&®, 2000). Today, these species occur
in Iraq, Iran, Syria and Egypt (Henderson 1985, @D06) but also in Western Europe and
Greece (Tite et al. 2006). The presence of HMGsglasn Italy is attested since the Middle
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Bronze Age 1-2 in Central and Southern Italy (Angett al. 2003, 2005; Bellintani et al.
2006), generally colored by copper. In the samsden Northern Italy there were onfjyassy
faiencewith a special local typology (conical buttonsdddVIHK glass phase compaosition.
Someglassyfaienceconical buttons were also found in Central Ita@#ipgelini et al. 2005) but
with a different Na/K ratio than in the Northeralit ones. The particular typology, not found
in Southern Italy, and the LMHK composition, suggekcal production for thglassyfaience
conical buttonsThe HMG glasses, present in this phase only init@eand South Italy, were
probably traded from the Near East or Egypt, as agthe only HMG samples from Lipari
dated to the MBA 1-2, even if presents a transpgayreltow/brown color not detected in the
coeval Southern Italian objects. During the MBA RBA the local production of LMHK
glassyfaiencestopped and only HMG vitreous materials, widespraathe entire Italian
peninsula and in Sardinia, were present (Angelirale2002, 2005, 2012; Bellintani et al.
2006). The objects were both glasses and mosthgygltaience beads of Eastern provenances
(Mycenaean area), included the first Italian Cosoedl glassy faience (Angelini et al. 2005;
Santopadre and Veritd 2000) similar to the blueoreal Aegean beads (Tite et al. 2005;
Angelini et al. 2005). In this line, the HMG glassaf MBA3 from Salina were considered of
Near Eastern/Egypt or Aegean origin. HMG glassese h#t been attested in the Italian
peninsula during the Final Bronze Age and the HM&ges from Lipari dated to that period
may be the first evidence, together with a few dasifrom Sardinia (Angelini et al. 2012).
Both at Lipari and Salina HMBG glasses are notsétd, i.e. HMG brown glasses having a
unique composition and texture and considered ahior Italy local production (Angelini et
al. 2005; Artioli et al. 2008).

Thirteen samples from graves 31 and 18 of LipRiazza Monfalcone cemetery (Final Bronze
Age 1-2 and 2-3) are LMHK glasses obtained usingahalkali plant ashes. They are all blue
colored with different shades; the typologies axestly simple annular (large or small size)
together with several fragments and other typo®{gébular, barrel, cylindrical, horned eyes,
trunk-conic) sometimes with white eyes or spira@satations. This composition is exclusively
typical of the central European productions of Bmeal Bronze Age (Brill 1992; Henderson

1988, 1993; Gratuze et al. 1998; Santopadre €08I0; Towle et al. 2001; Bellintani et al.

2006; Angelini et al. 2002, 2004, 2005, 2010; Aige2009, 2011; Artioli e Angelini 2013).
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Interestingly, the only known working/productiomters of the period were all in the Veneto
region and, among these, Frattesina (Rovigo) slgtine most important and best known one
(Angelini et al. 2004, 2010a; Brill 1992; Hendersk#88; Santopadre and Verita 2000; Towle
et al. 2001). Other working/production centerslaoated in Mariconda di Melara (Rovigo),
Montagnana (Padova), Caorle (Venezia) and Fond@amaiverona) (Angelini et al. 2010a
and b). LMHK glasses, largely diffused in Northétady, start to be massively produced and
they have been found also in several Italian ddgeated in Emilia Romagna, Trentino Alto
Adige, Lombardy, Piedmont and central Italy (Angeét al. 2002, 2004, 2010b, 2006, 2007,
2009; Tecchiati et al. 2006). LMHK glasses wereasganally found in several Early Iron Age
beads dated to thé"@. B.C. from Lombardy (Angelini et al. 2011) amd\illanovian beads

of the 8" century B.C. from Bologna (Arletti et al. 2010hd& source of alkali used for their
production has long been discussed (Henderson Bi&8ati and Verita 1989; Brill 1992;
Santopadre et al. 2000); at present, on the ba#ie analysis of different plants ashes species,
the most widespread hypothesis is the use of lehotired-alkali plants ashes (Brill 1992;
Tite et al. 2006; Santopadre and Verita 2000).

Interestingly, the other two glasses from LipafPiazza Monfalcone cemetery dated to the
FBA 1-2, are similar to the LMHK glasses but havBedent Na and K contents and are
produced using plant ashes rich in K. This glaps tyas been identified also as a subgroup in
the Frattesina productions (Angelini et al. 2018 &as been named here LMHK- K class.
The presence of the LMHK glasses in the Lipari dasips particularly interesting because it

testifies a circulation of the vitreous productidram north to south Italy.

Blue glasses

The blue beads are colored by Cu or Co and Cupekmesamples SALFFR3 and SALCFR4B
whose color is probably due toFéons. The glasses dated to the Middle Bronze Ageak
HMG glasses, while those dated to the Final BroAge have both LMHK and HMG

composition.

HMG glasses colored by Co are all dated to the Midtonze Age 3 and come from Salina.

The main recipes of these glasses are in line thizghcoeval Italian production, even though
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Italian HMG blue glasses are colored by copper evhibbalt has been attested only in the
Sardinia samples (Angelini et al. 2012). The colgris due to cobalt and copper ranging from
0.05 to 0.3 wt% (CoO) and from 0.09 to 0.35 wt% Q@Jurespectively. The chemical
composition is variable, but the alkali contentlgracteristic of the soda-rich glasses (Na =
17+19.41 wt%, K = 2.23+3.58 wt%, Mg = 8.20 +4.89%ytCa = 4.68+8.82 wt%) and
comparable with both the coeval Italian and NeastiEgyptian productions (Angelini et. al
2002, 2005, 2012; Brill 1999; Nikita et al. 200éid8tland and Eremin 2006; Tite et al. 2008a;
Walton et al. 2009). However, samples SALFAS and SPR1 show significantly lower Ca
(CaO = 4.78 and 4.68 wt%, respectively) and Mg (Mg@.91 and 4.89 wt%, respectively)
contents, probably related to minor concentratmfithis two elements in the plant ashes used
as flux and/or in the sand. These two samples hagwarticularly high content of Al and Fe,
the last element also related to the coloring afse below). All the other samples have low
Al and Fe contents that testify the use of sargbasce of silica. The minor and trace elements
are related to the coloring agent and are varidépending on the different cobalt source. Four
samples (SALFA1, A2, A3 and A4) have traces of Sb@®s; = 0.04+0.20) and two of them
also of Pb (PbO =0.12 ca.). The occurrence ofranty in the glass matrix is consistent with
the presence in the glass phase of Cu-Sb inclusionshed of Ni and As traces (fig. 10d, Ch.
5). Similar elements associated to Co are presdatancefrom central Italy dated to the MBA
3-RBA (Santopadre et al. 2000; Angelini et al. 20&&d in a few Mycenaedaience / glassy
faiencefrom Crete and Psara dated to the 1400 B.C. d¢te €T al. 2008a). However, in the
mentioned vitreous materials the amounts of Co,Sbuand Pb are significantly higher (CoO
= 0.83+1.60 wt%; CuO = 1.60+2.70 wt%; 8 = 0.75+1.20 wt%; PbO = 2.15+2.82 wt%)
than in Salina glasses. Therefore, the elementxiadi®n seems to suggest the same type of
cobalt source even though the elements ratios @réha same and may be due to different
concentration of the elements in the same cobattsmr to the use of different cobalt sources.
The SEM study highlights in some samples the psehnumerous diopside (CaMgSs)
inclusions with angular and/or dendritic morpholdfjg. 9b-c, Ch. 5) dispersed in the glass
matrix. From the crystal morphology shown in thgufies, there is no doubt that a
crystallization process took place during the aopbf the material from the melt, in presence
of high Ca and Mg amounts that is typical in the Glglasses (Artioli et al. 2008). Moreover,

other newly formed crystals occur in presence ghhevels of Ca, such as elongated crystals
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of Ca antimonates (hexagonal habit, C&%p in sample SALFA1, according to the Sb
observed in the glass phase.

It also presents compositional bands with a higloetent of Cu (CuO up to 0.57 wt%) with
respect to the Cu mean value in the glassy ma@uO(up to 0.12 wt%). This suggests that the
colorless glass bead was produced first and sedbnttee coloring agent was added, which

did not blend perfectly into the glass mixture tirggthe different compositional bands.

Two samples (SALFAS and SALCFR1) show differentér&lements associated to Co. In
particular, they present Ni, Zn together with Fd aigh contents of Al and Mn that are typical
of the cobaltiferous alum salts, sulphates of Al-Mg containing Ni and Zn, found in the
Kharga and Dakhla Oasis in the Western Desert ypE@'ite et al. 2008b). This is considered
the main coloring agent in the cobalt blue glaskemg the 18 Egyptian Dynasty (Shortland
2000; Shortland et al. 2000; Reheren 2001; Titd.e2008b). The same colorant was found in
several ingots from Uluburun (Brill 1999; Jacksdrak 2010) and in some vitreous material
from the Eastern Mediterranean (Nikita et al. 2dB6uiquillon et al. 2007; Tite et al. 2008a).

Three HMG samples from Salina, similarly datedite MBA 3, have a different coloring
technology. Samples SALFFR and SALCFR3 have veny@u (CuO = 0.18 and 0.06 wt%,
respectively) and especially low Co contents £@bl.), while SALCFR4B have both elements
under the detection limits. In sample SALCFR4B timdor is probably due to Fe possibly
present in its reduced oxidation state; Fe amosiiow (FeO ~ 0.60 wt%) and therefore
involuntarily added through the sand used as amaterial, according to the high level of Al
(Al203 = 2.10 wt%).

Instead, sample SALFFR has the same mean leved, diuf has a low level of Al (AD3 =

0.8 wt%) and shows a heterogeneous texture duentsawith higher levels of copper (up to
0.34 wt%) and zones with copper under the deteditoits. As in sample SALFAL, it seems
that the coloring agent was added in a later stagjee colorless glass bead. Moreover, in the
glass phase there are rare inclusions of Cu-Pb;3él&8ed to the use of metal sulphides as
source of colorant. Occasionally it presents daaiion phases (e.g., combeite, devitrite) that
normally occur in silica-soda-lime glasses at terapges between 750 to 1200°C (Morey
1930; Simmons et al. 1981) and observed in earypian glasses, too (Lahlil et al. 2010a).
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SALCFR3 has the same Al level of sample SALFFR dlitigher Fe amount intentionally
added to the glass (FeO = 3.25 wt%) that causebltigecoloring, probably due to its reduced
state. The combined activity of Mg, Ca, and Fe eletsin this sample produced the nucleation
and growth of dendritic pyroxene crystals from thelt, with the simultaneous presence of
diopside and augite; the relative abundance oftloephases depends on the substitution that
occurs in the pyroxene structure. The high contehtse are related to the presence of metal
inclusions as coloring agent, as attested by thegmce of Cu-Fe-S inclusions enriched in Pb,
Ni and Sb.

In contrast with the Salina samples, the HMG glassfethe FBA from Lipari are colored
exclusively by copper. The presence of HMG glaseethe Final Bronze Age is a new
evidence; in fact, soda-rich glasses are not ptesdhe Italian peninsula during this phase,
while they are widespread in the coeval New Ea#fgyptian productions (Henderson 1989,
2000; Tite et al. 2003). They are very similarhrit alkali contents and in line with the typical
HMG compositions (Na = 15.30+20 wt%, K = 2+3.60 wi%g = 5.75+8 wt%, Ca = 4.52+9.54
wt%). They are colored by low contents of Cu (0858 wt%) with no other element
associated to copper, making it difficult to idéntihe coloring source. However, in one
sample a Cu drop was found, which may suggest $keeofi metallic copper as a coloring
source. They have a homogeneous texture excepiviorglasses characterized by a few
diopside and Ca-Na crystals as seen for HMG glagses Salina. At the same time, one
sample (L311SPA) presents differences in the chandistribution of copper in the glass

matrix, due to the coloring technique.

The blue LMHK glasses from Lipari are all datedhe Final Bronze Age, consistently with
the glass production of the period in the Italimipsula and in Central Europe. Most of them
are Cu-colored with high contents of Cu (CuO =-58wt%), while thirteen are colored by
Co (CoO = 0.07+0.25 wt%) and Cu (CuO = 0.3+2 wtB)th Cu- and Co-colored glasses
have similar monovalent (Na and K) and bivalent &8d Mg) alkali contents.

The KO vs MgO diagram (Fig. 6.1a), used to characterizedifferent compositional glass
classes, highlights that the Lipari glasses haweegaof K (KO = 6.12+12.38 wt%) and Mg

(MgO = 0.47+1.30 wt%) characteristic of mixed alkglasses. This is true also when
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comparing, in the same diagram, the Lipari glasgdscoeval data from the literature of blue
glass beads from north-eastern Italy (Angelinile@04, 2010a; Brill 1999; Santopadre and
Verita 2000; Towle et al. 2001) and Central Eurapeparticular Switzerland (Henderson
1993), France (Croutsch et al. 2011; Gratuze €1388; Séguier et al. 2010) and Bohemia
(Venclova et al. 2011). All samples show similaakd Mg amounts, except for some glasses
with higher Mg levels, and testify the use of tlaene alkali source. This is confirmed also
considering the N®/K>0O ratio that ranges from 0.36 to 1.35 in Liparisgies, as well as in
the north-eastern and central European glassebighwt varies from 0.35 to 1.47 (fig. 6.1b).
Na and K are strongly negative correlated, sugggstihe same provenance for the two
elements (the alkali source). However, two Lipatnples (L312AA2 and L18AAl) have a
particularly low NaO/K20O ratio (0.04 and 0.18, respectively), indicating-aich source of
alkali as flux. These characteristics were alsaébun one crucible, one annular bead and one
vessel from Frattesina (Rovigo) and in one annodead from Narde (Rovigo) (Angelini et al.
2010a; Towle et al. 2001); in the European glaisese seems to be no use of K-rich flux,
except for one fusiform Cu-colored bead with a @ispirals decoration from Bohemia (empty
star, fig. 6.1b) (Venclova et al. 2011). The blnawaar bead L312AA2 is more similar to two
of the glasses from Frattesina gR#&K-O = 0.05 and 0.07, Towle et al. 2001), while sample
L18AAL is similar to the other samples from Frattes Narde and Bohemia (Ma/K>O =
0.11+0.12, Angelini et al. 2010a; Towle et al. 200&nclova et al. 2011). The presence at
Lipari — Piazza Monfalcone cemetery of the K clasbgroup associated to other LMHK
glasses (same graves and necklace), suggesthéhawd types probably travelled together
and, therefore, that the LMHK — K class was typufathe Frattesina or more generally of the

north Italian vitreous productions.

Comparing Al and Fe values (fig. 6.2a), it is eviléhat Al contents are quite high in all
samples (AlOs = 1+2.50 wt%) and probably related to the feldspamerals present in the
sand (source of silica), while Fe contents arealdei In the Cu-colored samples Fe is low
(FeO = 0.37+0.68 wt%) and due to impurity imporbsdthe sand; moreover, with respect to
the Al and Fe contents, the Cu-colored glasseslaser together than the Co-colored glasses,
indicating similar values of the two elements (f6g2a dotted line). Conversely, in the Co-

colored samples the iron content is higher (FeO73-L.25 wt%) and its concentration is not
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only related to the sand but possibly also to otaer materials, as the coloring agent source.
This is in line with literature data, too, where-€alored glasses present higher amounts of Fe
with respect to the Cu-colored ones. In particidamnjlar high levels of Fe are attested in cobalt
blue beads from Mariconda, Narde and Frattesin&i¢fep (Angelini et al. 2010a; Brill 1992;
Towle et al. 2001) and also in two beads from Eirs{France) (Croutsch et al. 2011) and in
one barrel bead from Hauterive-Champréveyre (Swird) (Henderson 1993). The
difference between the two material classes (Co-Gunrcolored glasses) is more evident when
considering the trace elements associated to temg source.

Most of the Lipari samples are Cu-colored with hagipper concentrations (CuO = 2.8 =5
wt%) as in the considered samples from north-eadtaly (Angelini et al. 2004, 2010a; Brill
1999; Santopadre et al. 2000; Towle et al. 200 @ntral Europe (Croutsch et al. 2011,
Gratuze et al. 1998; Henderson 1993; Séguier é20dl0; Venclova et al. 2011n all the
analyzed samples there are low levels of Sb@Sb 0.04+0.14 wt%) and both of Sb and Sn
in half of them (SO = 0.04+ 0.35 wt%). The presence of Sn could keed to the use of
bronze slags as a source of Cu, as testified insanmgle (L311AA2) by the presence of Sn
oxides inclusions (fig. 6f, Ch. 5), as in some shlsirom Frattesina (Santopadre et al. 2000,
Angelini et al. 2004) and Narde (Angelini et al1P). Considering the literature data, generally
Cuisrelated to Sn but rarely to Sb only or tchd®h and Sb. In particular, copper is associated
to Sn (SpO = 0.07 + 0.90 wt%) in the glasses from Le Th8iin-et-Marne and Eirstein
(France) (Croutsch et al. 2011; Gratuzeet al. 18#juier et al. 2010) and from Frattesina
(Rovigo) (Angelini et al. 2004, 2010a; Brill 1999antopadre et al. 2000; Towle et al. 2001).
In the samples from Narde (Rovigo) (Angelini et 2010) and Hauterive-Champréveyre
(Switzerland) (Henderson 1993) Cu is related in sa@ases exclusively to Sn and in fewer
cases to both Sn and Sb. Considering both Sb amadl t8e Cu-colored samples (fig. 6.3) we
clearly distinguish the glasses from Lipari contagnboth Sb and Sn from those containing
only Sb (with Sn under the detection limit). Intgiegly, in the Cu-colored glasses from
Lipari, copper is never related only to Sn as ogdnrthe other coeval glasses instead. The
presence of both Sn and Sb is attested only in samples from Narde (Rovigo) (Angelini et
al. 2010a) and in one sample from Hauterive-Chavgyre (Switzerland) (Henderson 1993)
while copper related exclusively to Sb is presena ifew beads from Mariconda and Narde
(Rovigo) (dotted circle in fig. 6.3).
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Therefore it seems that the Cu-colored Lipari sasgrobably have two different copper
sources: in one case Cu-Sb ores and in the otherCaSn-Sb- ores or metal scraps containing

these elements.

In the Co-Cu colored LMHK glasses from Lipari traca Ni together with As and Sb were
found. Nickel is correlated, even if not systemaltic to Co (fig. 6.4a) as in some glasses from
Frattesina, Narde, Mariconda (Rovigo) (Angelinaet2004, 2010a; Brill 1999; Santopadre et
al. 2000; Towle et al. 2001), Switzerland (Hendar$893) and France (Croutsch et al. 2011,
Gratuze et al. 1998; Séguier et al. 2010). ConsideCovs ShOs, the situation is variable.
Some Lipari glasses have a higher concentratid®bofShO3z = 0.38+0.6 wt%) rarely found
in coeval glasses, except for one glass from Boaddutted circle fig. 6.4b) (Venclova et al.
2011). The other samples have a lower Sb contdnOgS= 0.1+0.2 wt%) as samples from
Marconda, Narde (Rovigo) (Angelini et al. 2010a;wl® et al. 2001) and Switzerland
(Henderson 1993).

Essentially, in the coeval cobalt blue samples froonth-eastern Italy and central Europe
considered, Co is always associated to Cu and MNinbti systematically to As and Sb.
Concerning the Lipari samples, the cobalt soureenseto contain a Cu-As-Ni-Sb ores that is
difficult to identify. Samples L314AN1-AN2-COL1 alshow significant Zn traces while only
sample L18DA has no As but Pb, suggesting a difite@®» source or possibly a variability in

the composition of the same Co source.

Beyond the chemical differences linked to the défé coloring sources, both Cu and Co
LMHK glasses show numerous crystals of tridymitiégeo grouped in large aggregates. In all
the analyzed glasses, tridymite is the only phdeatified both in the elongated crystals and
in the rectangular ones (often grouped in largeeggges). The tridymite> quartz transition
starts around 870°C and is stable between 870 4na°C (Stevens et al. 1997).

In the Lipari glasses the presence of tridymiteaasiique phase testifies that all the quartz
reacted into tridymite and the lamellar morpholofithe crystals indicates crystallization from

the melt at high temperature (Artioli et al. 200Buring the cooling a volume contraction
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occurred, producing circular cracks around thetatgsHowever the fractures are present only
around the large aggregates and not on the lanoeilstals.

The coloring techniques seem to be characterizeddy the production of the colorless glass
and then by adding the coloring agent, which samedi did not mix well, causing the
formation of bands with different amounts of cop@es observed at the SEM. This has been
verified both for Co- and Cu-colored HMG and LMHkagses.

No white beads are present in the finds from theliaa Islands and white glass is used only
for the bead decorations.

The white glasses analyzed in this study belorsptoe decorations of blue beads. One glass
is dated to the Middle Bronze Age 3, while the otight white samples are dated to the Final
Bronze Age.

The MBAS3 glass is a HMG glass and comes from Salivdllaggio di Portella and is part of
a blue fragment (SALCFR4B). As the blue body, theitev decoration is characterized by
higher levels of Al (AlOs = 2.10 wt%) with respect to the other blue HMGebglasses from
Salina. The glass phase also has high amounts (8803 = 2.86 wt%), which is consistent
with the presence of numerous small (a few um) i@e@nate crystals, finely dispersed in
the matrix. The use of Ca antimonates as coloopgdifier agent is not attested in Italy during
the Middle Bronze Age 3, while it is known in thanse period in the Egyptian glass
productions (Shortland 2002). Small particles (1% of calcium antimonate within the glass
were also found in some HMG white glasses from Mk(near Thebes) and Amarna in
Middle Egypt, dated to the f8®ynasty, 1570-1292 B.C. (Shortland 2002). The@armnate

in these glasses is in the orthorhombic phasgSie@y, like in those from Salina, with similar
Sb contents in the glass phasex(B= 2.50 wt%). Some differences occur in the Al eont
which is higher in the Salina glass {8k = 3.10 wt%) with respect to the Egyptian onesQAl

= 0.8 wt%). In the glasses from Malkata and Amaheeglass matrix of the calcium antimonate
glasses is on average lower in lime than its calcmtimonate-free counterpart. This implies
that antimony (or a simple antimony compound, saglan oxide or sulphide) was added to
the glass batch or to the raw glass to generatedfloe. Consequently, the lower values of lime

in the glass phase probably result from the calcumtimonate crystals forming as the glass
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cools and drawing lime out of the glass matiix itu crystallization). This aspect does not
occur in the Salina glass; in fact, the white gleas a higher amount of lime (CaO = 6.98 wt%)
with respect to the blue body (CaO = 5.37 wt%). &bwer, also considering the other
translucent blue glasses form Salina, the Ca cobmgerariable, in some cases it is lower and
in others it is higher than in the calcium antimenahite glass. Nevertheless, for Egyptian
glasses recent studies seem to suppoexéna situcrystallization and an intentional addition
of the synthesized G807 crystals to translucent glass (Lahlil et al. 2010adeed, the
experimental study highlights that in thesitu crystallization the nucleation of the crystals
occurs randomly or at preferential nucleation sitethe vitreous matrix, producing isolated
crystals or crystals around bubbles. The very catngad widespread crystals observed in the
Salina glass, are not compatible withsitu crystallization. Moreover, it was proved that
CaSh0; is thermodynamically stable and grows at the espeof CaS#Ds, which is
kinetically favored. Consequently, thesitu process implies that when £&0; is the major
phase obtained, crystals are not nano-metric, @g dne in the Salina glass instead. The
hypothesis of thextra situcrystallization is also compatible with the higla@nounts of Ca in
the white glass with respect to the blue body, esitiee calcium is also introduced by the

opacifier and not only by the sand.

The technology used to obtain the white LMHK glas&em Lipari is completely different.
They all have similar contents of Na, K and Mg camgble with the other glass colors and in
line with the mixed alkali glasses composition.dad, based on the calcium contents and on
the types of inclusions present, it is possibldistinguish two different technologies that were
identified also in coeval northern Italian LMHK gkes (Angelini et al. 2010a). Actually, in
the first one the opacity is produced by abunda@t 8clusions identified as tridymite. The
glass phase in these samples is unfortunately westhbut in the only two samples preserved
the amount of Si@in the amorphous phase is about 75 wt%. Most efwiite glasses
analyzed were opacified in this way.

In the second one, the opacity is produced by tkegmce of Ca silicates dispersed in the
matrix. The Lipari glasses opacified with this teclogy are characterized by higher amounts
of Ca (CaO = 8+12 wt%) in the glass phase tharother glasses (CaO = 1.63+1.92 wt%),
and by lower Si contents (SiG 70 wt%). This suggests that calcium was interatily added
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to the glass batch and the nucleation of the @aas#s occurred during the glass cooling. The
Ca silicates are made of wollastonite (Casp€¥en though some differences are present inside
this group. Sample L31CBZ2B is characterized by agtinite inclusions with irregular shapes,
finely dispersed, and with a few tridymite and dmanclusions. Instead, samples L31CGB
and L31CB1B are characterized only by wollastomiéh euhedral morphology and the
inclusions seem more isolated. Interestingly, lad#l white decorations belong to Cu-colored
blue beads, but those opacified by Sifxlusions are applied to beads with eyes deaorsfi
while those opacified by wollastonite inclusione associated to globular or barrel beads with
spiral decorations. It may be possible that thedvfferent technologies were used for specific
typologies, but the analyzed white glasses of thalBronze Age are still scarce and do not
give significant information about the texture. Tdrdy data available are those from Narde,
Rovigo (Angelini et al. 2010) where two white deations glasses were analyzed. The study
highlights the presence of both technologies inglasses from Lipari, even though in the
glasses from Narde the use of a specific technadegyns to be more related to the color of
the bead body (Co- or Cu-colored) than to its tggyl

Among the analyzed glasses there are four transpgedlow/brown glasses and one black
sample, all with HMG compositions.

The yellow samplesf5AG and LC21M come from the Lipari Acropolis ane aated to the
Final Bronze Age 2-3 and to the Middle Bronze Agg, Tespectively. Samples L31CCR and
L311GM1 are from grave 31 of the Piazza Monfalcoametery and are dated to the Final
Bronze Age 1-2. They all have comparable alkalitents and low amounts of Fe and Al
suggesting the use of a pure sand. As there angheo coloring elements, the color may have
been produced by an iron sulphide complex produtiilgyshade in a reducing atmosphere
(Jackson et al. 2006; Nenna et al. 1997). The Ré&eats ranges from 0.22 and 0.36 wt% in
the yellow shades (I5AG, LC21M, L31CCR) and is 0.57 wt% in the trangpdrbrown one
(L311GM1). The latter presents also manganese (MRG3 wt%).

Coeval transparent yellow/brown beads in the Itafianinsula are scarcely present. The only
transparent HMG yellow bead dated to the MBA3-RBArom Sardinia (Angelini et al. 2012)
even though the contents of Al and Fe is lower tinahose from Lipari. During the MBA3-

RBA in north-central Italy particular brown glassesre produced (HMBG glasses) but with
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a completely different composition, characterizgdhigh levels of Al, Fe and K and with
numerous inclusions of augite, diopside and coppkrhides (Angelini et al. 2005; Artioli et
al. 2008; Angelini 2011). Instead, the Lipari gias$iave a very similar composition to that of
some Egyptian samples, where the production osparent yellow/brown glasses is well
attested (Shortland et al. 2006).

Concerning the Final Bronze Age in Italy, the promon of transparent yellow/brown glasses
is not attested, except for some amber glasses$amdinia dated to the RBA-EIA, but having
LMG compositions (Angelini et al. 2012).

The only black HMG glass is from grave 31 of thaZ2a Monfalcone cemetery and is very
similar to the transparent/brown glasses for thegmsition of the main elements. It only
presents high contents of Fe (FeO = 0.73 wt%),(% 50.60 wt%) and Al (AIOz = 1.30%).
The dark coloring and opacity are probably due &#sGu-Fe sulfides enriched of Ni, rarely
found in the glass matrix. Similar black beadsreeattested in the coeval literature; dark blue
beads are also present but colored by Co and soewtraces of Cu. The first black glasses
in Italy are attested in some Early Iron Age bdanis Bologna, but have an LMG composition
(Polla et al. 2011).

Fig. 6.1. a) MgQrs K0 and b) NgO vsK»O contents of the glass phase in the analyzeddalomples (pink) of
the FBA from Lipari in comparison with coeval liggure data (black and gray). Grey and black symbols
provenances of the literature data; empty symbdBu=blue beads; full symbols = Co blue beads (Refs:
[1] Towle et al. 2001; [2] Angelini et al. 2010;][Bngelini et al. 2004; [4] Brill 1992; [5] Santodee et al. 2000;
[6] Henderson 1993; [7] Croutsch et al. 2011; [8a@ze et al. 1998; [9] Séguier et al. 2010; [1@hwlova et
al. 2011).
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6.2 Piovego cemetery

The EPMA chemical analysis of the analyzed glagfab. 5.2.1) show that all, but one, are
soda lime silica glasses obtained usiagronas flux and are classify Low Magnesium Glasses
(LMG). Only sample PG-FUA, coming from grave 14 atated to the Este IlIC phase (575-
525 B.C.), is produced using soda — rich plant astseflux and is a High Magnesium Glass
(HMG). It has an undefined typology, is Cu — cotb(€uO = 1.01 wt%) and has a composition
perfectly comparable with those of typical HMG gles dated to the MBA 3- RBA (Angelini
2009; Angelini et al. 2010), and with those of tkIG glasses that still persist during the
Early Iron Age (Angelini et al. 2011; Arletti et.&2010a; Polla et al. 2011). Interestingly, in
the Piovego cemetery there are not mixed alkaBsgla LMHK typical of the Final Bronze
Age (Angelini 2009; Angelini et al. 2010) and foyn@rely, also in the Early Iron Age,
specifically in some beads from Lombardy datechio® century B.C. (Angelini et al. 2011)
and from Bologna dated to th& 8entury B.C. (Arletti et al. 2011).

Most of the Iron Age analyzed vitreous materiatslependently to their typology and colors,
are LMG glasses. The use wétron - evaporitic mineral deposits of sodium carbonéade-
testified since the Final Bronze Age — Early IrogeA(EIA) in a few beads from Sardinia
(Angelini et al. 2012). In the continental Italygltompositional class is present only since the
EIA in some beads from the Villanovian necropolesar Bologna (Polla et al. 2011) and,
outside Italy, in some coeval European ornameits) fFrance (Gratuze and Billaud 2003).
However, it was during the second Iron Age andughmut the Roman Empire that LMG
glasses became widespread, both in European andeiMadean contexts (Angelini et al.
2010a; Arletti et al. 2010, 20114a; Artioli and Afige2013; Hartmann et al. 1997; Freestone
et al. 2000; Gratuze et al. 2006, 2007; Polla.&2@l1; Read et al. 2009; Purowski 2012, 2014,
Shortland et al. 2009; Towle et al. 2001, 2007)e fmatron lakes of the Wadi el-Natrun in
Egypt have long been favoured as the most likelyra® of these evaporites in antiquity
(Forbes 1957; Henderson 1985; Nenna 2000; Shorl@@d). It is conceivable, however, that
other sources of evaporitic sodium carbonates lead bxploited (Shortland et al. 2005).
During the Iron Age, variations in typology and, particular, important chemical changes
occurred in the glass composition, testifying thiieaduction of new technologies in the glass

production. At present, the few analytical studaes Italian EIA vitreous materials were
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performed to on samples from Lombardy and datetieédd” — 7" century B.C. (Angelini et
al., 2011) and from the Villanovian cemetery of &pia (Polla et al., 2011). The analyses
show that both LMG and HGM glasses are preserioadth is evident a remarkable change
in the raw material used, especially in the colgriachniques, and the introduction of new
recipes. Since theM6century B.C. both glass beads and core-formingealssatron — based
are present in the Etruscan centers of Adria anth3md analyzed by different authors (Arletti
et al. 2010, 2011a and b; Panighello et al. 201Ryl& et al. 2001; Towle and Henderson,
2007). Coeval LMG glass ornaments are also attedtdbzia, south Italy, and dated to the
6th — 4" century B.C. (Arletti et al. 2012). No other data available in the literature for pre-
Roman Iron Age glasses.

It is therefore clear that only a few archaeometrétata are available for Italian ornamental
vitreous material belonging to the Iron Age angarticular there are no data on north-eastern
Italian glasses. In this line, the study of the@mgo cemetery beads is particularly interesting
to shed light on the different raw materials archtelogies used during the Iron Age in the

Italian peninsula.

e Sand and flux composition

The Piovego glasses, dated between the secondfrtaé 6" century and the end of thé 5
century B.C., are soda lime silica glasses producgdg natron as flux (LMG glasses),
according to the few data of the coeval Italiarsgés present in the literature. Only samples
PG-FUA is produced using soda — rich plant ashdkiafHMG). Considering the MgQ@s
K20 contents (fig. 6.2.1), commonly used to defiree¢bmpositional classes of protohistoric
vitreous materials, and comparing the Piovego glaesth those from the literature for Italian

ornaments, we can note a variation of the chensmaidposition during the time.
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Fig. 6.2.1: a) MgOrs K>O contents of the analyzed glasses from the Piovegetery in comparison with Italian
coeval materials from the"&entury to the '8 century B.C. b) detail in the red square of figllaegend for the
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***Arletti et al. 2011; ****Arletti et al. 2010a; *****Arletti et al. 2012].
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The Early Iron Age glasses from Bologna and Golesdangelini et al. 2011; Arletti et al.
2011; Polla et al. 2011) have both HMG and LMG sggmsand a few LMHK dated to th# 9
century B.C. are also persist. However, the Mg®-0 contents are variable and numerous
samples result outside of the conventional LMG<Idig. 6.2.1). The only HMG glass from
the Piovego cemetery is the sample PG-FUA, datéuket&ste I1IC phase (575-525 B.C.), and
is perfectly comparable to the Early Iron Age HMIasges from Bologna (Polla et al. 2011;
Arletti et al. 2010a). Since thd'@entury B.C. th@atron— based glasses are predominant and
the chemical composition became more uniform. Tibgdo glasses present a MgoK-0
contents similar to the coeval samples from GoleseBologna, Mozia and Spina (Angelini
et al. 2011; Arletti et al. 2010a; Arletti et aDI2) (fig. 6.2.1b). However, the K contents is
variable, ranging from 0.08 wt% to 1 wt%; the diffet content of KO in glasses made using
natural soda may be duertatronhaving a variable composition (Henderson 1985).ddwaer,

in some cases 4O could have got into the glass even with the samdl therefore may be
related to a variation in the raw material usedsasrce of silica (Tite et al. 2008c).
Consequently, even though the-Nacontent in the considered literature data is a6t20
wit%, the NaO/K20 is extremely variable, ranging from 14 to 180thesPiovego glasses. The
CaO contents is more homogeneous, 5+10 wt%, corlganath the Piovego samples and in
line with the typicahatron— based glass.

Considering the coeval European productions, dutivg Iron Age is attested the same
variability in the glass production. In fact, iretkarly Iron Age, beside the first LMG glasses,
persist the presence of compositional classesdlypiche period from the Middle Bronze Age
to the Final Bronze Age. In particular, HMG and LKlHdlasses are still present in two glasses
dated to the @ — 7" century B.C. from lower Saxony (Hartman et al. 29and LMHK
composition characterize also some glasses froimgahi(Ireland) dated to thé'9- 6" century
B.C. (Henderson 1988). Interestingly, some glagses Polonia (Purowski et al. 2012) dated
to Hallstatt C period (7 — 6" century B.C.) have LMMK composition (Low Magnesium
Medium Potassium).

The Europeamatron — based glasses of the second Iron Ade<6# century B.C.) have
monovalent and bivalent alkali contents comparatith those of the Piovego ones, and

generally with the other Italian material conside(&ratuze et al. 2006, 2007; Hartmann et al.
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1997; Haevernick 1983; Henderson 1994, 1995; Haodeet al. 1981; Purowski et al. 2012,
2014).

The FeOvs Al>Os contents (fig. 6.2.2) is extremely variable. Thghlest Fe contents (FeO =
6.09+14.64 wt%) are attested in the opaque bludaman glasses and are related not only to
the sand as source of silica but especially tosthece used as coloring agent. In the other
Italian contexts here considered the Fe amoungengrally higher than in the Piovego one
(FeO = 2.78+6.90 wt%) and in general the highekiesare attested in the glasses dated to
the 8" — 7" century B.C. from Bologna and Golasecca (Angedtral. 2011; Arletti et al. 2011;
Polla et al. 2011) even though several beads stiagdy registered also the lower amounts of
Fe and Al (fig. 6.2.2b, green, blue and turquoigalsls). The Al contents in the Piovego
glasses is present in significant amounts@Al= 0.40+2.60 wt%) as well as for the other
coeval samples. The highest amounts of AbQAl= 4.02+8.06 wt%) are in some samples
dated to the 8— 7" century B.C. from Bologna and Golasecca (Angadtral. 2011; Arletti et

al. 2011; Polla et al. 2011) and in one sample@Ak 3.44 wt%) date to the"6- 4" century
B.C. from Bologna (Arletti et al. 2010a). Considhgyithe coeval European glasses, the iron
content is totally comparable with the Piovego miicbn and strictly related to the color of
the glass. Generally, in the considered Europeassgk alumina content is largely variable; in
particular, comparable levels of Al with the Piogegrnaments are attested in glasses from
France (Gratuze et al. 2006, 2007; Gratuze 20@9)erl Saxony (Hartmann et al. 1997),
England (Henderson 1995) and Slovenia (Haevern@83)in which AO3z ranging from
0.40+4.9 wt%. Interestingly, alumina contents adipularly high in some vitreous materials
from Polonia (Purowski 2011, 2014) and dated tddtat C and D period {7— 5" century
B.C.) in which AbOs is up to 8.13 wt% similarly to some samples froold§na dated to the
gih — 7 century B.C. (Polla et al. 2011).

These data clearly show that in the majority ofdhse sand was used as source of silica rather

than quartzite. Moreover generally the sand ispaoticularly “pure”.
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e Coloring and opacifiers

Different colors characterized the Piovego glas$és. most representative color is blue (19
beads), while the other colors are transparent phle/green (9 beads and fragments),
transparent yellow (1 bead and 1 fragment), tramspepaque brown (5 beads and
fragments), opaque black (2 beads), white (6 egesrdtions).

The blue beads are mostly colored by cobalt (Co@04+0.47 wt%) associated to copper
(CuO = 0.08+1.07 wt%). Among these, 7 small annb&ads (PG-AB8, PG-AB9a/b/c/d and
PG-ABOa/b), 2 annular beads (PG-AB and PG-AB1_2) tre 5 horned bead (PG-SB)
present a texture more similar t@lassy féencethan an actual glass (see below). The small
annular beads, belong to the grave 127 and datéet&ste 11ID1 phase (525-450 B.C.),
present traces of Ni, As, Sb and in two samples@li&b. Cobalt associated to Cu, Ni, As and
Sb was previously found in some blue beads fromFihal Bronze Age site of Frattesina
(Angelini et al. 2004; Angelini et al. 2010; Towd¢ al. 2001). In the Iron Age glasses it is
difficult to find the compresence of all these edgns associate to cobalt, even though nickel
and arsenic are not measured in the most of tratitre works. However, cobalt associated
to nickel and antimony or to arsenic and/or antim@present in some blue beads from
Golasecca culture and dated to tHe-75" century B.C. (Angelini et al. 2011). Copper and
nickel are presents in a few Co blue beads frono@w, in two cases associated also to
antimony and lead, dated to th& 8 7" B.C. (Arletti et al. 2011). Considering the coeval
European production, the compresence of Ni, As,aBth P are interestingly present in
numerous vitreous materials from Polonia datedht Hallstatt C period (Purowski et al.
2014). In particular, considering the Co® NiO contents of the cobalt blue beads from
Piovego compared with those from Golasecca cultureombardy (Angelini et al. 2011),
Bologna (Arletti et al. 2011) and Polonia (Purowskal. 2014), is evident a general trend of
some samples (fig. 6.2.3, inside the dotted limside this general tendency, we can note a
similarity in the Ni and Co amounts of Piovego saawith some glasses from Golasecca

culture and Polonia (fig. 6.2.3, inside the contiasi line).
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[references data: *Angelini et al. 2011; *Purowski al. 2014; ***Arletti et al. 2011].

Interestingly, the vitreous materials from Poloaed Lombardy present a texture very similar
to aglassy féenceas in the Piovego ones, characterized by numerdds @ystals and
inclusions rich in metal elements. Inclusions ia tbbalt blue Piovego samples are particularly
interesting. They are very small, mostly round aachetimes irregular shaped, and made up
of sulfides with chalcocite composition (§3) and characterized by segregation of Ni, As, Ag
and in some cases also of Sb and Fe. Their pregetioe raw material may be due to poly -
metallic ores possibly associated to the sourde@médded to the glass melt for color effect.
During the cooling process the alloys crystallizéokming characteristics intergrowths
depending on the composition of the specific di®gme composition characterized metals

inclusions in several vitreous materials from P@difPurowski et al. 2014); considering also
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the close correlation Co-Ni between the small aanbeads and some Polonia samples, we
can hypothesizes the same cobalt source (fig.,6l2t8d line).

Numerous studies have been carried out on the eaircobalt in glasses (i.e.: Henderson
1985, 2000; Shortland and Tite 2000, Reheren 2@ hfuze 2009). Generally, Piovego
glasses have not significant levels of Al and Mfpasid in some cobalt blue glass from France
in the Iron Age (Gratuze 2009). Furthermore, cobsltnot related to Mn as in the
Mediterranean Group Il date to the Iron Age (Arlettal. 2011). Similarly, Piovego glasses
are not comparable with the Egyptian/ Near Eastebalt blue vitreous production in which
the cobalt source is due to cobaltiferous alums$8hortland 2000; Shortland et al. 2000;
Reheren 2001; Tite et al. 2008b). However, evéhefsources of Co for the Piovego glasses
are not identify at the moment, we cannot exclbdéthe cobalt source originate from Europe,
as cobalt minerals are common in modern Germanstriay Switzerland, Czech Republic and
Slovakia (Henderson 1985).

Beyond the metals inclusions, the heterogeneouargerf these glasses is due to numerous
unreacted quartz grain related to the use of sarsbarce of silica, together with traces of
albite/anorthoclase and K-feldspars. The presehc#icates relicts and the absence of the
quartz polymorphs tridymite/cristobalite (except éme inclusion) testify a temperature not
particularly high reached in the melting procesgerestingly, some newly formed Ca-Na
phosphates were identify. The raman spectra okthretusions is similar to the apatite one,
with the stoichiometry very close to the buckwad(iNaCaP®@. The presence of Ca

phosphates testify that low quantity of bones vgeesent in the mix of the raw materials.

The two cobalt annular beads PG-AB and PG-AB1_2thadb horned bead PG-SB have a
similar texture of the small annular beads evenghaifferent association to Co are present.
In fact, PG-SB, dated to the Este IlIC-IIID1 ph#&about 525 B.C.), presents only Cu and Ni
in the glass matrix, with a good correspondencevdéent Co and Ni (fig. 6.2.3, full blue

triangle). The metal inclusions in the glass phasee the same composition of those in the
small annular beads, composed of chalcocite$Tanriched in Ni, As and Ag. Instead, PG-
AB and PG-AB1_2 present Cu, Sb and Pb but not Ni&s) as found in other coeval glasses
from Adria (Towle et al. 2001), Bologna (Arletti &t 2010a) and Mozia (Arletti et al. 2012).

Similar elements in cobalt blue glasses were oleskrvcoeval European glasses from Polonia
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(Puroeski et al. 2012) and France (Gratuze et @622007). For these glasses, we can
hypotheses a different cobalt ore as source ofringiaagent with respect to the previous
discussed Co — colored glasses from the Piovegeteeyn Same trace elements are observed
in the blue body PG-GO3B, even though Pb is skgbtiver and it not presents any inclusions
in the glass phase.

Homogeneous texture characterized also the blug B&GOB and the annular bead PG-
AAB, but the first one presents in the glass pt@sand significant amounts of Sb, while the
second one has only traces of Cu. Very differeminfall the other are samples PG-FA and
PG-GOBS8. The first one has the highest Sb level@Sk 2.77 wt%) with respect to other
cobalt blue glasses and presents high amounts @ = 6.70 wt%) that improve the fluidity
of the melt. The high Sb is in accordance with @nes of very small Ca antimonates finely
dispersed in the glass phase, and crystallizeldein brthorhombic phase, £&»0;. Sample
PG-GOBS8 has cobalt associated to traces of Cu,9\ad Sb as in the small annular beads.
However it has a particularly high Pb content ia tflass phase (PbO = 18.50 wt%) and a
particularly texture as well as in the sample PG-&i will be discuss together below.

It is evident that the Co-Cu colored glasses ofRlevego cemetery have difference both in
the trace elements and texture. For these glaseesaw hypnotizes different cobalt ores
sources and also different production techniquetallly, considering the elements association,
we can identify 4 different association possibliated to the cobalt source:

a) Co, Cu, As, Ni, Sb and Pb; b) Co, Cu, As Ni{t&ces of Zn); c) Co, Cu, Sb, Pb, (traces of
Zn); d) Cu, Sb. However, some elements, such ag Bb, can be voluntary added or related

to other raw materials.

The Cu coloring is poorly present in the Piovegasges and observed only in four glass with
low Cu contents (CuO = 0.09+1 wt%). Sample PG-FWQAhe only HMG glass, with a
composition comparable with both HMG glasses d&efBA3-BR (Angelini et al. 2009,
2010b) and those that persist in the EIA (Angedinal. 2011; Arletti et al. 2010a; Polla et al.
2011) even though the Cu content in the Piovegssgdad in those of the EIA is lower than
the MBA3-RBA glasses. It has a homogenous textu r2o trace elements associate to
copper.
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The three LMG copper colored glasses have low @Qiecds (CuO = 0.46+0.90 wt%) except
for sample PG-GOG6B in which copper is particuldoly (CuO = 0.09 wt%). Different are the
trace elements observed in the glass phase. S®GIBATL presents significant amount of
Mn (MnO = 0.92 wt%). Values of Mn® 0,3 wt% are due to impurities in the raw materials
since at least 1 wt% of MnO is required to enslaegjis decolorized (Brems et al. 2012) and,
in any case, a MnO/(E®3)Tor ratio > 2 (Silvestri et al. 2008). As regards skRG-GAT1,

the quantity of manganese is too high to come sand alone, and too low to have been added
deliberately. It may be due to both the sand anlkdgeecycling of decolored glass, even though
at the Piovego cemetery are not present Mn deeeldiglasses.

The blue bodies PG-GO6B and PG-GOA present Shighatlow amount in the first one
(SkO3 = 0.52wt%) and in significant amounts in the sebone (SbO3 = 1.92 wt%). In sample
PG-GOA the higher contents of Sb are in accordémti®e presence of Ca antimonates finely
dispersed in the glass matrix, crystallized inrtleethorhombic phase, €8»O7. Moreover

are present also small amounts of Pb (PbO = 0.1ywt%

In coeval Italian vitreous materials copper is lisuabserved as coloring agent in turquoise
glasses, associated to the presence of Ca antiesotia.: Arletti et al. 2010a, 2012). In the
Piovego glasses Ca antimonates are present oplyeimpaque turquoise sample (PG-GOA)
while the other glasses have only low amounts ofa@elitransparent with darker shades and a

homogenous texture as well as the HMG glass PG-FUA.

Yellow coloring is present only in two transpargtdss fragments. They have a homogenous
texture and are both obtained using a very purd séih very low Al and Fe contents (bath
0.30 wt% of the oxides). Consequently, in abserfieamyp other coloring elements, the color is
due to Fe associated to S @59©0.10+0.15 wt%).

Similar composition characterized the amber glagsasuced by an iron sulphide complex in
a reducing atmosphere (Jackson et al. 2006; Neinala 2997). Amber glasses with similar
characteristics were also found in some sample® ffoance and dated to the Iron Age
(Gratuze 2009). At present, the only yellow glagems Italy are attested in Sardinia (Angelini
et al. 2012). Interestingly, in the Piovego cemetee not attested opaque yellow glasses with
Pb antimonates, a technology present in the Itajiass beads since the Early Iron Age
(Angelini et al. 2011, 2012; Arletti et al. 201@%11, 2012; Polla et al. 2011).
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Brown glasses in the Piovego cemetery are botlsparent and opaque, homogeneous and
heterogeneous. However, the only chromophore eleimenn, possibly in its oxidized status,
that ranging from 0.20 to 4.83 wt% (FeO content) aive different shades to the glass.
Despite the Fe contents, samples PG-FM14, PG-GONMPEG-FM89 have a very similar
chemical composition and a homogeneous texturéheydare obtained with a very pure sand,
poor in feldspar minerals. Sample PG-FM14 haveracpar low content of Fe (FeO = 0.20
wt%). The other two samples, PG-FM83 and PG-CMgHhagher contents of Al and K and
testify the use of a more impure sand rich in feidsninerals. However, if sample PG-FM83
has a homogenous texture, sample PG-CM has a \eyolgeneous texture due to the
presence of numerous crystalline inclusions witfietent nature. Moreover, it has high
contents of (PbO = 25.23 wt%), Fe (FeO = 4.83 we#td Mn (MnO = 0.87 wt%). Same
characteristics are observed in the blue sampl&PB8. They both have a texture very close
to aglassy faiancecharacterized by comparable concentrations aftalline inclusions and
glass phase (Angelini et al. 2002). They both teal@ver Na contents (N@ = 6.98 and 9.54
wt% in PG-CM and PG-GOBS, respectively) and highaRimounts (PbO = 25.23 wt% and
18.50 wt% respectively), that facility the fluidigf the glass melt. Similar chemical and
textural characteristics were found only in somesgks andlassy faiancérom Lombardy
dated to 9 — 7" century B.C. (Angelini et al. 2011). The typologjief these beads are similar
in the case of PG-GOB8, even though with yellowseyehile no typology comparison are
available for the biconical bead PG-CM. The fewadatailable to date, do not allow to define
specific areas or production centers fro thesequéat glassesdlassy faiance.

The crystalline inclusions present in samples PGabiPG-GOB8 are mainly residual quartz
crystals. Wollastonite and Na-Ca silicate phasesalmo present, due to the devitrification of
the glass that normally occur in silica — sodanelglasses at temperature between 750 to 1200
°C (Morey 1930; Simmons et al. 1981). In addictiample PG-CM presents some
diopside/augite crystals with irregular or sub-rded morphologies and Ca phosphates. The
high Fe contents could be due to the insertionethislags as coloring materials, as indicated
by the presence of inclusions rich in metal (Cy,A% Ag) and dispersed in the glass phase.
Furthermore, elongated crystals with a peculiar position made of Pb-As-Ca-Fe-P-O,

characterized sample PG-GOBS.
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These glasses seems to be obtained with a veryréngaund rich in silicates and produced

using low firing temperature.

Two black glasses are present in the Piovego ceynefe annular bead PG-AN has a
homogenous texture and is obtained with a pure,gaoat in feldspar minerals, and colored
by high amounts of Fe (FeO = 6.40 wt%). These dbanatics are present also in some black
glasses from France, even if they contain alsesat Ni, Co and Zn, not observed in the
Piovego one, and an Egyptian origin is supposethi®iFrench materials (Gratuze 2009). In
the coeval Italian materials, black coloring isyoattested in a few Early Iron Age glasses
from Bologna (Polla et al. 2011).

The large globular black bead PG-GOS5B is diffetasth for its major and minor elements. It
has higher Mg and K with respect to the otieiron— based glasses (Fig. 5.2.1 and tab. 5.2.1).
It has higher contents of Al than sample PG-AN laasltraces of Mn, Sb and Pb. The coloring
is due to low Fe contents (FeO = 0.80 wt%) possiblassociation with copper sulfides
(chalcocite, CeS) enriched in Fe, Pb and occasionally Ni; theskigions are finely dispersed
in the glass phase and the coloring is probably lWuéhe absorbent effect of the copper

sulifdes. Therefore, different raw materials wesediin the production of these black glasses.

The white glasses in the Piovego cemetery areoldred and opacified by Ca antimonates.
The use of Ca antimonates as opacifier is attéstEdypt since the 18th Dynasty, 1570-1292
B.C. (Shortland 2002), while in Italy this prodwstitechnique appear during the Early Iron
Age (Angelini et al. 2011, Arletti et al 2010a; Roét al. 2011) and is attested also in Europe
(Henderson 1995; Gratuze et al. 2007; PurowsHKi 2041). However, as previously discussed
(par. 6.2.1), the early use of calcium antimonagespacifier is attested by the research of this
thesis in one white glass from Salina —Villaggid®drtella, dated to the MBA3.

The white glasses belong to the eyes decoratiotisedbeads. Samples PG-GO3Bi and PG-
GOBi are applied on Co — colored blue body; PG-GiO€Bpplied on a Cu — colored globular
bead; PG-GONBI is applied on a brown globular b&@:GO5Bi and PG-AOBI are applied
on black bodies. Sample PG-GO5BI is particularlienesting because presents high Pb
contents in the glass matrix (PbO = 15.92 wt%) d@hengh it is white colored and opacified

by Ca antimonates. Moreover, the black body (PG-&)@h which is applied the white glass,
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has a different glass composition without Pb. fiassible that Pb was added to give brilliance
and to improve the fluidity of the white glass chgyithe working process.

Calcium antimonate has two different phaskexagonal CaShOs, and orthorhombig
CaShO7. Except for sample PG-GO5BI that present onlyht@eagonaphase, CaShs, the
other glasses have botiexagonaland orthorhombic phases. The ratio amounts of Ca
antimonate phases CaSls/CaSkhO7 may provide information on the temperature rarggelu

to produce opaque glass. The synthesis of pur¢éatsyd Ca antimonate shows that C#&
crystallizes from 927 °C at the expense 0#SIe0O7, which forms at lower temperatures, and
becomes the only phase from 1094°C (Butler et2d01Lahlil et al. 2008). However, a recent
experimental study by Lahlil et al. (2010a) on &gses ofn situ opacified glass carried out
at 1100°C from periods ranging from 30 min to 18j4ighlights that CaS0s is kinetically
favored, whereas GahO; is thermodynamically stable. Therefore, both tioiefire and
temperature play an important role in the crysation of the two different Ca antimonates
phases. In the Piovego white glasses, sample P@G&@2ms to have only theexagonal
phase, CaSksand, interestingly, it has high Pb content (Pb®G:92 wt%) in the glass matrix
indicating a particular recipe in the productiorto$ glass. The only presence of the hexagonal
phase allow us to hypothesize a high melting teatpes for the production of this glass and/or
short firing time. The same is for sample PG-GOMBvVhich thehexagonaphase is the major
phase identified. Instead, in samples PG-GO3Bi, B@&d AOBI, theorthorhombicphase

Is predominant suggesting possibly lower meltimggderature or longer firing time. Sample
PG-GOBIi seems presents an equal distribution oftwee phases indicating a favorable
temperature and time conditions for both the phases

Considering the morphologies of the crystals, @weyfinely and homogeneously dispersed in
the glass matrix. The very small dimensions ofghsicles (a few microns) suggest that they
are newly formed crystalg(situgrowth). The inclusions show in several cases@uahbabits
and sometimes they are grouped in larger aggre@apeto 20+30 um) with very irregular
shapes. Except for sample PG-GO3BBi, the Sb amaaontise glass phase are very high,
ranging from 4.65 to 8.62 wt% (8s), even though we have to note that the Ca antit@oni
crystals are finely dispersed in the glass matnia the spot size of the microprobe (~1pm)
could have involuntary detected also some nandalsysHowever, the high levels of antimony

and the euhedral morphologies of the inclusiormalls to hypotheses ansitu crystallization

203



for these samples, with the precipitation of Cananmates from soda — lime glass melt by
intentional adding of antimony, possibly-83 (Lahlil et al. 2008; Mass et al. 1998; Shortland
2002).

As regards the decoration techniques, the markeddetween the blue body and the white
decoration observed for several glasses at the SEd§fjests that the white eyes were applied
secondarily on the cooled or partially cooled bbady, according to the bubbles aligned on

the boundary line.

Nine samples are colorless, transparent with valg Iplue or green shades. They are produced
with particularly poor sand and, except for sanip®&FVAG67, are decolorized by antimony.
Sample PG-FVA67 has manganese (MnO = 0.42 wt%) év&not enough to decolorize the
glass (Brems et al. 2012; Silvestri et al. 2008) iars probably due both to the sand and to the
recycling of decolorized glass. Samples decoloredriiimony have a homogeneous texture
except the globular bead PG-GVA97 that has nume@auantimonite crystals dispersed in
the glass matrix in itkexagonaphase, CaSs, and the glass appear semi — transparent.
Colorless glasses decolored by antimony are typictile Iron Age and are attested in several
glasses from Golasecca culture and Bologna (Anigetiial. 2011; Polla et al. 2011) and also

in some samples from France (Gratuze 2009).
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6.3 Villadi Villasite

Annular beads

The two annular blue beads were produced usingdifferent fluxing agents. Sample VV-
ABG6 is a LMHK glass as shown by the Mg@ K20 and NaO vs K20 contents (Fig. 5.3.1a
and b). Mixed alkali glasses were widespread duttiegFinal Bronze Age in northern lItaly
and central Europe. Interestingly, the only knoworking/production centers of the period
were all in the Veneto region and, among thesetdsiaa is surely the most important and
best known (Angelini et al. 2004, 2010; Henders®88} Towle et al. 2001). LMHK glasses
were occasionally found in several Early Iron Agadis from a tomb dated to thHé @&ntury
B.C. belonging to the Golasecca culture (Lombatdyigelini et al. 2011) and in Villanovian
beads of the®8century B.C. (Arletti et al. 2010). By contrasingple VV-AB is a typical LMG
glass obtained withatron as flux, in accordance with its contents ot&@d C4O - 0.19 and
1.73 wt%, respectively. The userddtronis testified since the Early Iron Age in some lsead
from the Villanovian necropoleis near Bologna (Rat al. 2011) and occasionally in some
coeval European ornaments from France (Gratuzé 0@3). However, it was during the
second Iron Age and throughout the Roman Age tMi lglasses became widespread, both
in European and Mediterranean contexts (Angelinale010; Arletti et al. 2010, 2011a;
Artioli et al. 2013; Hartmann et al. 1997; Freestetal. 2000; Gratuze et al. 2006; Polla et al.
2011; Read et al. 2009; Shortland et al. 2009; €atlal. 2007).

The alumina in VV-AB is slightly high (AD3=1.78 wt%) suggesting use of impure sand made
of feldspar minerals, calcite and traces of heagtas, in accordance with CaO and FeO levels
- 7 and 1 wt%, respectively. The same may be sagample VV-AB6, which has greater
alumina content (2.97 wt%), slightly lower FeO (W8%0) and CaO (1.57 wt%), typical
features of LMHK glass (Angelini et al. 2004, 20B0ill 1992; Henderson 1988; Towle et al.
2001; Santopadre and Verita. 2000).

The blue color of VV-AB and VV-AB6 is due to Co (Od.04 and 0.15 wt%, respectively).
Both of the samples present also Cu (CuO 0.12 arsv@®%, respectively). In addition, cobalt
in the LMHK bead is associated with low Sb contgipOs = 0.12 wt%), like in the Co—

colored mixed alkali glasses from Frattesina, algioin that case the Cu level is higher (CuO
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= 0.37+0.9 wt%) and cobalt is also associated withel (Angelini et al. 2010; Brill 1992).
Cobalt is not associated with any other elemeM\IRAB, which makes identification of its
cobalt source difficult. In any case, results ssggéferent provenances of the cobalt ores for
the two annular blue beads.

SEM-EDS analysis shows that in contrast with samrMfeAB, which has a homogeneous
texture, sample VV-AB6 has large numbers of Si@lusions with lamellar or rectangular
morphologies, often grouped in large aggregates.bigest grains are often surrounded by
large fractures due to changes in volume duringsgleooling, especially when phase
transitions from quartz to tridymite and/or crisddite occur (Angelini et al. 2004, Artioli et al.
2008). However, these inclusions are more propmrhsidered relicts of initial raw material,
as testified by the recrystallization of lamellaclusions on the edges of the biggest grains.
The large aggregates of Si© analyzed through p-Raman spectroscopy - are rapdef
cristobalite and quartz, while the lamellar crystale tridymite. The presence of cristobalite is
indicative, since it is one of the high-temperatpodymorphs of silica. Pure quartz starts
converting into cristobalite above 1300°C, depegdin the heating path and kinetics, with
fast transformation rates above 1470 °C (Artiolaket2008; Sosmans 1995; Stevens et al.
1997). However, both cristobalite and tridymite st&bilized by alkali ions, such as Na and
K, and research shows that cristobalite crystdlbmain alkali environments starts as a
cristobalite/tridymite inter-growth, evolving towds cristobalite or tridymite depending on
temperature, time and alkali concentration (Artalial. 2008; Stevens 1997). Therefore, the
temperature reached during the production of saMpl&B 6 might have been lower than
1300°C, but nonetheless quite high, possibly 102@31C.

Bracelet fragments

The three blue bracelet fragments belong to diffetgpologies: VV-BRB9 is plain with a D-
shaped section and corresponds to group 3a of iHaekel 960, while VV-BRB5 and VV-
BRB2 are decorated by ribbing similar to group Bd a of Haevernick 1960. The different
typologies are associated with different glasssedasVV-BRB9 is a typical LMGatron
based glass, with 0.64 wt% MgO and 0.54 wt%@Kin accordance with the contents oilI
(1.15 wt%) and S©(0.24 wt%). VV-BRB5 and VV-BRB2 have higher levelsMgO (0.94
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and 0.92 wt%, respectively) and especialpOK(1.80 and 1.84 wt%) which usually never
exceed 1.5 wt% in typicalatron-based glasses. However, the flux is probablyondue to
the NaO/K20 ratio (about 7.5 in both arm rings) and the presef ClI (CO about 0.9 wt%),
while the high K content is associated with sametfsee below). On the other hand, it is worth
noting that the low S amount ($@bout 0.05 wt%) and P traces@g about 0.19 wt%) are
compatible with the use of plant ash. Similar alkahtents were found in a fewatron-based
bracelets from Brittany, some samples of which hH&@ = 1.5+3 wt% with BOs ~ 2 wt%
(Dinard 2009).

The levels of AlOs and FeO are similar in all three samples and raetygeen 2.38 and 2.41
wt%, and between 0.60 to 0.80 wt%, respectivelyoTywoups are clearly identified by
comparing the contents of A3 vs FeO of the three samples with those of arm ringhe
literature (Fig. 6.3.1a and b): the first one wiigh amounts of A3 varying between 1.91
to 2.96 wt% (symbols in the dotted line) and theosel one with low AIOs levels (0.7-1.46
wt% (symbols in the circled line). In both groupsOrcontent is low (0.14-0.9 wt%), except
for several green and yellow glasses in which isothe principal chromophore (Fig. 6.3.1a
and b, symbols outside the lines). The two growggsst two different sand sources and the
3 samples from Villa di Villa belong to the grougtiwthe highest alumina content. The data
suggest that different raw materials are apparemitye closely associated with bracelet
typology (Fig. 6.3.1b) rather than color (Fig. 6.

The three glasses are colored by Co (CoO = 0.16+0t%) and they also present Cu (CuO =
0.20+0.24 wt%) (Fig. 6.3.2). As regards the corgaitCo and Cu, the three samples from
Villa di Villa are very similar to some blue braetd from Austria (Karwowski 2004), and
sample VV-BRB9 to some samples from Brittany (Dihda009) and Slovakia (Brezinova et
al. 2013). There appears to be no correlation betvtee CoOvs CuO contents and the
typologies of bracelets from Villa di Villa and tlkeiropean sites examined.

All the Villa di Villa arm rings contain Mn in sirfar low concentrations (MnO = 0.41+0.79
wt%). These quantities are not sufficient to ob@coloration, and were therefore probably

introduced as impurities from the raw materialsdugessibly the coloring agent).
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Fig. 6.3.1a and b: Fe®s Al,O; contents of the 3 blue arm rings grouped by typpl@) (Haevernick 1960) and
color (b). Reference data are also reported (Gra8rezinova et al. 2013; Dark gray= Venclova et d€002;
Empty= Dinard 2009).
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Similar interesting Mn contents were found in otlwebalt blue bracelets from Austria
(Karwowski 2004), France (Dinard et al. 2009), $kia (Brezinova et al. 2013) and the Czech
Republic (Venclova 2009). Henderson (2000) repthrés around the "™ century B.C., the
source of cobalt used in European blue glassegieddrom an antimony-rich to a manganese-
rich source, at the same time as industrial andakscentralization changes occurred. By
contrast, other authors argue that the associafionbalt with manganese or antimony could
also be due to the recycling of manganese- andhanti-bearing glass in different periods,
and not only to the changes in the minerals empl@gecobalt-bearing phases (Arletti et al.
2011b).

Considering the total chemical characteristicshaf bracelets from Villa di Villa, we can
conclude that samples VV-BRB2 and B5 are very simil both major and minor elements,
and were perhaps produced in the same centerathdtee arm ring VV-BRB9 differs for the

type of flux and/or sand used in its manufacture.
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Fig. 6.3.2: CoOvs CuO contents of the 3 blue arm rings. Referenta oftblue arm rings are also reported and
grouped according to their provenance (*Dinard 200%Brezinova et al. 2013; ***Venclova et al. 2009;
*rexarwowski 2004).
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Globular bead with eyes decoration

The globular yellow bead VV-GGi was produced usiagron as flux, as suggested by its
levels of MgO and KO <1 wt%, C}O (1.23 wt%) and S€X0.07 wt%). The glass phase of the
bead body shows PbO and-Sbof 10.71 and 1.05 wt%, respectively, with.Rdower than
the othematron-based glasses from Villa di Villa. This is consmtwith numerous crystals
rich in Pb and Sb in the glass matrix, as obsebyeS8EM-EDS. Although this bead typology
was common between th& 6nd 3 century B.C. in northern Italy (Gambacurta 198@wle

et al. 2001), as of today no chemical analyses haea performed on the same typology, and
data are only available for some opaque yellow §é&aon Bologna (Polla et al. 2011; Arletti
et sl. 2010) and for opaque yellow decorations feaweral sites in northern Italy (Angelini et
al. 2011; Arletti et al. 2010; Polla et al. 201A3.shown in Fig. 6.3.3, PbO contents are variable
and the highest value is about 37 wt% for some wpagqllow decorations from Bologna dated
to the Early Iron Age (Polla et al. 2011). Othernqpe yellow decorations of Early Iron Age
beads belonging to the Golasecca culture (Angetial. 2011) have a particular glass matrix
composition without N#D and with PbO up to 17 wt%. The yellow bead froite\has 10.71
wt% PDbO content in the glass matrix and, in paldicia PbO/NgO ratio very similar to some
samples from Bologna and Spina (Arletti et al. 20d#ed to the B4™" century B.C. This
similarity is also found in the value of %&b, which is 1.05 wt% in the Villa di Villa bead and
0.8-1.3 wt% in the samples from Bologna and Spina.

BSE images show a heterogeneous glass textursritih antimonates and SiGrystals. The

Pb antimonates are have a dimension of a few nscaod are grouped in aggregates of 25-30
pm with irregular shapes. Silica inclusions havedHfar or rectangular morphologies 20 to 50
pKm in size and sometimes are grouped in largereggtgs. As in sample VV-ABG6, lamellar
inclusions on the edges of the biggest grains gkavystallization of silica from the sand used
as raw material. XRD characterization of the mihpfases on the whole object identified
guartz, tridymite, cristobalite and bindheimite nian spectroscopy identified Pb antimonates
as bindheimite phases (&nOy).

As regards the distribution of silica phases, tHegman data show that the bigger aggregates
are characterized in the center by cristobaliteiaride edges by lamellar crystals of tridymite

plus cristobalite. As mentioned above, the preseasfcboth cristobalite and tridymite is
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indicative of the temperature reached during thiimgeprocess. The quartz identified by X-
ray diffraction is not confirmed by Raman spectopscin the yellow glass, and is probably
associated with the blue and white eyes.
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Fig. 6.3.3: NaO vs PbO contents of yellow bead VV-GGi. Reference dataalso reported and grouped
according to age and provenance (Age in centuispty= 8"-7" B.C.; Black=8"-4" B.C.; *Arletti et al. 2010;
**Polla et al. 2011; **Angelini et al. 2011).

Rod fragment

The rod fragment with semicircular section hasaagparent body (VV-FBT) decorated with
yellow (VV-FBGi), blue (VV-FBB) and white (VV-FBBi)spirals. The four glasses are all
natron based, with levels of MgO anc® < 1 wt% and in line with GO (0.77+1.46 wt%)
and SQ (0.14+0.43 wt%). This is consistent with the cosipon of Early Roman glass
production (Silvestri et al. 2008) and the estirdaéechaeological dating. MnO and FeO
contents in samples VV-FBT, B and Bi range betw@8&a to 0.58 wt% and between 0.37 and

0.91 wt%, respectively. Values of Mn©0,3 wt% are due to impurities in the raw materials
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since at least 1 wt% of MnO is required to ensueegis decolorized (Brems et al. 2012) and,
in any case, a MnO/(E@s)Tor ratio > 2 (Silvestri et al. 2008). As regards sksp/V-FBT,

B and Bi, the quantity of manganese is too higbame from sand alone, and too low to have
been added deliberately. It may be due to boths#imel and to the recycling of decolorized
cullet, which was very common in the Roman perigivéstri et al. 2008). The transparent
yellow spiral, VV-FBGI, has a lower content of F€@26 wt%) than the other 3 glasses
analyzed, suggesting use of a purer sand. As Hrerao other coloring elements, the color
may have been produced by an iron sulphide comptegucing this shade in a reducing
atmosphere (Jackson et al. 2006; Nenna et al. B9ieurs and Brill 1984).

The blue spiral is colored by Fe (FeO = 0,91 wigtdbably in a bivalent oxidation state traces,
and presents also traces of Cu (CuO = 0,09 wt%).

The white glass is colored and opacified by firdigpersed Ca antimonates in the glass matrix
(SkOs in the glass phase = 8,86 wt%, Tab. 2). The Canantte crystals have particularly
small (1- 30 um) irregular morphologies, apparesetbngated and oriented like the bubbles.
Micro Raman analysis on the Ca antimonates shosysate all composed by the orthorhombic
phase Czs£5h0y.

The identified types of coloring agents are typiithe glass production techniques used in

the Early Roman Age, and consistent with the agaefind.

Melon bead

The glass phase of the blue melon bead VV-MB isemgdof KO = 2.45 wt%, MgO = 1.01
wt% and CaO = 3.56 wt%. The Na content is assatiaith natronas flux (NaO = 13 wt%),
although levels of K and Mg are slightly high. Hoxee as the last 2 elements partially derive
from the particular type of sand used (see belaxs)can assume that the glass phase is a LMG
type.

The high content of both alumina & = 3.29 wt%) and K suggest the sand used wasrich i
feldspar minerals with traces of heavy metals,rmsws by FeO (0.77 wt%) and T3@0.16
wt%) (Freestone et al. 2002). The blue color is ugigh concentrations of Cu (CuO = 3.78
wt%), and traces of Sn (Sa@n the glass matrix = 0.11 wt%), and disperseditarge

inclusions suggest that Cu could derive from bronze
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The heterogeneous texture is typicafaience in which there are greater concentrations of
crystalline inclusions (i.e., quartz, feldspar ametals) than glass matrix (Angelini et al. 2002).
The melon bead of Villa di Villa does not presethe glaze phase, except for a small
weathered relict 120 pum thick. The glass phasbkarcore is well preserved and the texture is
scarcely porous with bubbles up to 50 um in diamdtee mineral grain sizes range between
30 and 150 pum, showing both round and rectanghlapes, so no accurate grinding and
dimensional selection of the sand was carried dwgnaproducing the bead. XRD and SEM-
EDS data show that the inclusions are mostly madefuquartz and by relict K-feldspars
cassiterite, titanite and iron oxides.

Although coeval melon beads are largely attestdthin (Tori et al. 2006), analytical data are
only available for one turquoise melon bead fronzMalated to the'®4th ¢ B.C. (Arletti et

al. 2012) and 4 blue melon beads from Tebtynisddaiehe Late Roman Age (Bettineschi
2014, unpublished data). As regards glass compaosiie melon bead from Villa di Villa is
more similar to those from Tebtynis, which have panable values of O, Al,O3, CaO and
CuO associated with traces of Sn@onversely, the melon bead from Mozia has a #&pic
natron-based composition @O and MgO < 0.6 wt%), with fewer K- feldspar minlsrdigher

CaO and very low Cu in its sand composition.
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CHAPTER 7

CONCLUSIONS

A combined approach, involving chemical, mineratagjiand textural analyses, was carried
on in the present research to study the evolutidheomaterials and technologies adopted in
the production of vitreous material ornaments atyit during several chronological phases:
from the Middle Bronze Age to the second Iron Agke thesis involved the study of 112
different glass ornaments found in important arol@gcal sites: Padova and Villa di Villa
(Veneto region, north east Italy) and Lipari andirfsaislands (Aeolian archipelago, south
Italy).

In particular, 130 glass fragments were sampleah fitte body and the decoration of the beads
and underwent SEM-EDS and EPMA whereas non — ingaXi-Ray Diffraction was
performed on the beads. Some samples were alsedtogl means of Single Crystal X-Ray
Diffraction and Micro — Raman Spectroscopy to idfgrarystalline inclusions dispersed in the

glass phase.

§ Lipari and Salina §

The analyzed glasses from Lipari and Salina, diated the Middle Bronze Age (MBA) to the
Final Bronze Age (FBA), were obtained using twdetiént fluxes: soda — rich plant ashes
(HMG glasses) and mixed alkali plant ashes (LMH#&sgks).

e The only bead dated to the MBA 1-2 is from Lipadr@polis and has a HMG composition.

Chemically, it is comparable to the coeval vitreoosterials of central and south Italy,
even though is brown colored and not blue as comymattested in this phase. It was
obtained with a particularly pure sand or quartaite the coloring is probably due to an

iron sulfide complex produced in a reducing atmeseh
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The glasses dated to the MBA 3 are all from Saliddllaggio di Portella and have HMG

composition. They are blue colored and also a vgiéss from a bead fragment decoration
is present.

Blue glasses
Most of the samples are colored by Co associat€ditdn the analyzed blue samples from
Salina, 3 different cobalt sources seems to be:used
1. two samples present cobalt associated to Ni, Zgngehave high contents of Al
and Mn typical of the Egyptian cobaltiferous alualts
2. four samples show cobalt associated to Sb andarcases also to Pb similarly to
some coevdhiencefrom central Italy (Santopadre et al. 2000; Angjedt al. 2005)
and to a few Mycenaednience/glassy faiendeom Crete and Psara (Tite et al.
2008a). However, the ratio amounts of the elemientsese vitreous materials is
not the same and the use of a different cobaltceocannot be excluded for the
glasses from Salina;
3. one sample is characterized by rarely Cu-Pb-S$mhs in the glass phase possibly
related to the use of a source of cobalt containogper sulfides.
The different cobalt sources suggest thereforeutfe of different raw materials and,
probable, provenance from different production eent
Several blue samples present crystals of diopsidéadevitrite due to the devitrification
that can occur in the glass between 750°C and ©20élfowing to evidence the glass
furnace treatments (Lahlil et al. 2010).
Two blue beads from Salina have Fe as only chrom@blement. In one case the Fe
amount is very high and the glass phase is chaizedeby newly formed crystals very
close to augite. Instead, the other one is homagenand with low Fe content. In these
glasses the color is probably due to Fe in itslbitaoxidation state.
The blue glasses from Salina present in severaschands with different chemical
composition due to a heterogeneous distributioth@fchromophore agent (Cu-Co or Fe)
suggesting that first the beads were obtained bgtarogeneous mixing of a strongly

colored glass with the colorless matrix.
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White glasses

At Salina are not present white beads and thewhite glass belong to a bead fragment
decoration. It is colored and opacified by Ca aohate crystals present in the
orthorombicphase, C&O7. The technology to produce this glass is probdhbyto
extra situcrystallization with an intentional addition ofrgiiesized C&lpO; crystals.
Interestingly, it seems to be the early presendtaly of Ca antimonates to obtain an
opague white glass, since this technology is rtestgd during the Bronze Age while
is well known in the same period in Egypt (Shortl&902), therefore it may suggests
the Egyptian or Near Eastern provenance for thi<3HnMhite glass.

The HMG glasses are attested in Italy since the MRAand in that period were present only
in south and central Italy. Widespread presencddM in the Italian peninsula starts only
since the MBA3 — RBA. The presence of this glape tstarting from south Italy suggests that
they were probably treaded from the Near East dsawé¢he HMG glasses from Salina.

e The only studied RBA bead is from Lipari Acropatiat, unfortunately, the glass is

weathered and no information can be inferred onptioeluction technology of this
object.

e The beads dated to the FBA come mostly from Lipakzza Monfalcone cemetery and
only three from the Lipari Acropolis. The threeggas from the Acropolis have a HMG
composition. The glasses from the cemetery havelynr@ad MHK composition even
though a group of 15 samples are HMG glasses. Meretwo glasses are obtained
with a K — rich flux as a particular sub group (LMH K class) found at the moment
mainly in the Frattesina productions and in oneeptilass from north Italy (Angelini
et al. 2010).

In this light, we can highlight three important@smnces:
1. the presence of soda — rich glasses during the iERArticularly interesting since
this composition is not attested in the Italianipsala in this period but only in the

Mediterranean islands (one samples comes from r8aydhngelini et al. 2012)
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while is typical in the coeval Near East/Egyptiaoductions and therefore we can
hypothesize an exotic provenance for these glasses;

the presence of LMHK glasses is coherent with tdeval production of the Italian
peninsula, in particular of north Italy, and attastirculation of these objects from
north to south. Moreover, the presence at Lip&iazza Monfalcone cemetery of
the K class subgroup associated to other LMHK gkassiggests that the two types
probably travelled together and, therefore, thatltMHK — K class was typical of
the Frattesina vitreous productions, even thougheVidences are numerically
scarce.

The presence in the grave 31 of the Lipari cemeiEbpth LMHK and HMG glass
beads, testify that materials of different proveremwere imported and used at the

same time.

As regards the glass coloring in the FBA glassesftipari we can summarize as

following.

Blue glasses

The blue HMG glasses are all colored by low amafimbpper and probably iron
involuntary introduced through the sand used asceoaf silica. No any other
minor element is associated to copper and no irdbam can be inferred on the
copper source but we can exclude the use of bramseurce of Cu, as verified the
LMHK FBA beads (Angelini et al. 2004, 2010a; Towleal. 2001; Santopadre and
Verita 2000). Moreover, they present a homogenetaxdure with rarely
devetrification phases (e.g.: diopside, devitriie)eor residual inclusions rich in
metal elements;

the blue LMHK glasses are mostly colored by coet only thirteen by cobalt
associated to copper. The copper colored glassesiigher amounts of Cu with
respect to the HMG ones and have a heterogenedusgeue to numerous crystals
of tridymite. In particular, the lamellar crystalbserved, testify a crystallization
from the melt at high temperature (Artioli et ab08). Two different ores, Cu-Sb

and Cu-Sn-Sh, seem to be used as raw materifld@oloring agent. Interestingly,
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in the copper colored glasses from Lipari, copparaver associated only to Sn as
occur in the most coeval north Italian and Europglasses (Angelini et al. 2004,
2010a; Brill 1999; Croutsch et al. 2011; Gratuz®8,9Santopadre et al. 2000;
Séguier et al. 2010; Towle et al. 2001).

- The cobalt blue beads present cobalt associatéd,tdli, As and Sb. In the coeval
glasses from north Italy (Angelini et al. 2004, @81Brill 1999; Santopadre and
Verita 2000; Towle et al. 2001) and Europe (Cradutstal. 2011; Gratuze 1998;
Seguiér et al. 2010; Venclova et al. 2011) colsadlystematically associated to Cu
and Ni and, in some glasses, with a good correldietween Ni and Co. We can
therefore hypothesize the same cobalt sourcestbwagh not all the literature data
have associated also As and Sb because of thelityolat these elements and
because in some publications these elements araeasured.

Similarly to the HMG Salina glasses, several LMHKebglasses present bands
with different chemical composition due to a hegemeous distribution of the
chromophore agent (Cu-Co or Cu) suggesting thstttfie beads were obtained by

a heterogeneous mixing of a strongly colored ghaisthe colorless matrix.

Yellow glasses

No opaque yellow beads with Pb antimonates arstatiat Lipari but only transparent
yellow/brown glasses, even though this color is@n only in 4 glasses. They show
all homogeneous texture and HMG composition andther is to ascribe to the iron
sulfide complex obtained in a reducing atmosph8tedurs and Brill 1984). In one
brown glass the darker shade is due also to tteepce of significant amounts of Mn.
Interestingly, the beads have different ages anggmance: two of them come from
the Acropolis and are dated to the MBA 1-2 andh&RBA 2-3; two are from the grave
31 of the Piazza Monfalcone cemetery and are daté@BA 1-2. No comparison are
known in Italy for the MBA1-2 amber glasses, butydor one HMG amber glass dated
to the MBA3-RBA and four LMG amber glasses datetheoFBA-EIA from Sardinia
(Angelini et al. 2012).

218



Black glasses

Black color is present only in one annular beacdlad FBA 1-2. It is homogenous

with a HMG composition. Interestingly, the Fe andd®tents are slightly higher than

in the yellow/brown glasses. In absence of anyratheomophore element, is possible
that the color is due to the Fe-S chromophoreticaddilly used to produce amber glass

and which in sufficiently high concentrations apsdalack.

White glasses

As observed at Salina, no white beads are preseigai but white glasses are attested
only as decoration in globular and barrel — shdyezdis. They all are applied to LMHK
glasses colored by copper and they are LMHK glasses

Two opacifying technologies are attested, as ifledtin coeval north Italian LMHK
glasses (Angelini et al. 2010a): (i) in the firaepthe glass is opacified by the presence
of SiO; crystals possibly added trough the sand used vasnraterials. The Si©
inclusions are all of tridymite, indicating thatl @uartz reacted into tridymite, a
transition that starts around 870°C. The passatyecke the blue body and the white
decoration is marked suggesting the applicatiothefeye to the cooled or partially
cooled body. Most of the white glasses are opatifighis way; (ii) in the second one,
which characterized 3 samples, the glasses ardfiepgaby Ca silicates. Inside this
group we can distinguish one sample characterigeghiiorphous Ca silicate crystals
(close to wollastonite) with variable stoichiometaigd finely dispersed in the glass
phase, plus quartz and tridymite inclusions. Indtieer two samples we have euhedral
crystals of wollastonite and the inclusions seerosenisolated each other.
Considering the morphologies of the crystals amdhilgh contents of Ca in the glass
phase, we can hypothesizes that calcium was ioteaity added to the glass batch and
the nucleation of the Ca silicates occurred dutiteggglass cooling. The passage from
the blue body is not marked suggesting the applicaif the decoration on the not
totally cooled body.

Interestingly, the glasses opacified trough Caaitis are all spiral decorations applied
to globular or barrel — shaped beads, while thesgia opacified trough tridymite are

all eyes decorations applied to globular beadsndty be possible that the two
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technologies were used for specific decoration lygies or that were produced into
different production centers. However the analysethe texture of the LMHK white
glasses are still scarce and do not allow surethgses. Nevertheless, the available
analyses of FBA LMHK glasses from Hauterive-Champyé&res (Switzerland,
Henderson 1993) support what observed at Lipafiadty even though the crystalline
phases are not determined, in the Swiss glassegitespiral decorations are obtained
with Ca silicates while the eyes decorations amepmsed of Si@inclusions. Similarly,
the only analyzed white glass from Greece is ars elgcoration and show SiO

inclusions (Nikita and Henderson 2006).

The data show a large variability of colors anddoiciion techniques especially at Lipari. The
presence of both LMHK and HMG glasses in the g@vef the Piazza Monfalcone cemetery
is particularly interesting because highlight timportant role of Lipari as trade center in which
circulated materials coming both from North ItahdaNear East/Egypt.

8 Piovego cemetery §

The archaeometric study of the glass beads frorRithve2go cemetery can be considered the
first, very representative, analyses on northdaBah vitreous materials dated to the second
Iron Age (second half of thé"&entury-end of the'century B.C.).

The chemical data show that:

e all but one glasses are obtained usiaggonas flux and are classified as LMG glasses;

e only one sample is a HMG glass produced with satigplants ashes as flux as typical of
the Italian glasses during the MBA3 — RBA, gengrafiterpreted as imported Near
Eastern, Aegean or Egyptian materials and alsdasitoithe HMG glasses that still persist
during the Early Iron Age;

e interestingly, no mixed alkali glasses are presettie analyzed Iron Age samples, even
if LMHK glasses have been found, although raretythe Early Iron Age materials,
specifically in some beads from Golasecch ¢@ntury B.C., Angelini et al. 2011) and

Bologna (8' century B.C., Polla et al. 2011). Therefore, wa cansidered completely
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disused the mixed plant ashes as flux rmeirion seems to be essentially the only flux used
in the Italian vitreous materials in this periodctédally, also the HMG glasses are
extremely rare, only one sample at the Piovego tames present;

e the Al and Fe contents are extremely variable &stad in the coeval European objects
(Gratuze 2009). In some Piovego samples (in paaticsemitransparent or colorless
glasses), Al and Fe contents are very low, tegyive selection and use of “pure” sand
depending on the colors of the objects. In faet,R content is also related to the coloring

agent especially in the dark blue and opaque bidack beads.

Except for the flux, the other elements show a fdlgamical variability related both to the
different raw materials used and to the wide ramfgeroduction techniques used (especially
for the glass color). This variability is not apgatly related to the different chronological
phases identified (Este phases), but rather, irestases, to the beads typologies as well as,
obviously, to the specific colors. This may suggast production based on different raw
materials depending on the colors/typologies of bleads, or the presence of different

production centers “specialized” in the use of #geaw materials and/or beads production.

Different colors are present at the Piovego cemetalorless/transparent (very pale blue and
very pale green), transparent yellow, opaque/trams brown, opaque/transparent blue, black

and opaque white.

Blue glasses
The blue coloring is the predominant one; mosheflieads are colored by Co associated to
Cu while three beads are only Cu colored.

- The identified minor elements associated to Co different testifying possible
different cobalt sources. The seven small annuwtadb belong to the grave 127 and
dated to the Este IlID1 phase (524-450 B.C.) alispnt the Cu, Ni, As and Sb
association in the glass phase suggesting the fube same raw material as cobalt
source. In particular the raw material used forcibigalt source seems to contain copper

sulfides particularly enriched in Ni, As, Sb and agjtestified by the metal inclusions
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present in the glass phase. Three of the severl amallar beads show also low
amounts of Pb (PbO = 0.30+0.50 wt%) in the glasspland a lower NiO/A®s ratio.
Interestingly, same characteristics were founcdmes vitreous materials from Poland
dated to Hallstatt C period (Purowski et al. 2014).

Two annular beads belong to the grave 121 and datée: Este IIIC phase (525-450
B.C.) present the same inclusions of the small nranes, even though they have in
the glass phase only Cu, Sb and significant amoainBb (PbO = 2.81+2.57 wt%)
suggesting the use of a different poly-metallicsore

At present the cobalt source for these Piovegasgtabas not been identified, but we
can suppose a European origin since the EgyptidiNear East glasses have a different
composition.

The other cobalt colored glasses are different fileerannular and small annular beads
both for texture and chemical composition; the @ets related to cobalt varying from
sample to sample in particular as regards the ataolihe main identified association
of elements are: (i) Cu, Ni, As, Sb, Zn; (ii) Cip, b, Zn; (iii) Cu, Sh. However some
elements, such Sb or Pb, when presents in signifazaounts are to be related not only
to the coloring agent, but they are also due tartalry adding or introduced by other
raw materials. In particular, the Sb content cdaddelated to the use decoloring agent
or to the recycling of decolored glasses, while®lld be add in some cases to improve
the fluidity or the brilliance of the materials.

The Cu coloring is poorly present and due to loveants of copper (CuO = 0.90+1.01
wt%) and in one case very low (CuO = 0.09 wt%). Txture is homogeneous without
any inclusions. Among these, there is the only Higl&ss found in the Piovego

cemetery.

Yellow glasses

The transparent yellow glasses have a homogenestigd and are obtained by a very

pure sand or quartzite and colored by a iron seilfigimplex as typical in the amber glasses.

Interestingly, at the Piovego cemetery the opacgllw coloring is not attested even

though is very common in the coeval Italian glasgemals.
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Black glasses

A particular coloring technique was observed in opaque black glass in which the iron
amount is not particularly high (FeO = 0.98 wt%dl &ime very dark coloring an the opacity
are due to the absorbent effects of the numerowdl snetal inclusions (Gi$) finely

dispersed in the glass phase.

White glasses

The white glasses are present in the Piovego ceynetty related to the decorations of
the beads (blue, black and brown bodies), whiletevheads are not attested. They are
colored and opacified by Ca antimonates finely elised in the glass phase. In all but one
of the samples both the orthorombic and hexagohatgs of the Ca antimonate were
identified. The euhedral morphologies and smalé ¢ the crystals and the high Sb
contents in the glass phase, allow us to hypoteefiz these glasses an situ
crystallization by adding antimony oxides to a limdch glass batch. The decoration was
applied to the cooled body of the bead as testyfytHe marked line between the two

different colors.

Interestingly, three beads (PG-CM, PG-GOB8 and Rib&) present very high amounts of
Pb in the glass matrix (15+25 wt%) as observed @lyome Early Iron Age glasses from
Lombardy (Angelini et al. 2011). However, thesesgks have different colors (brown, blue
and white) and texture and belong to different bagdologies, so it is no possible at present
to identify a specific compositional class.

The texture observed in the Piovego glasses igcpktly interesting. The annular and small
annular beads and the 5 horned bead are charactdnza texture very close togéassy
faience due to numerous residual quartz crystals and miothher minerals (e.qg.:
albite/anorthoclase, K-feldspar) or metals inclasioelated to the coloring agent. A similar
texture characterized also the opaque brown saP@kCM and the opaque blue one PG-
GOB8. In addiction the last two samples also presmwly formed crystals such as

wollastonite, diopside and augite.
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The presence in these glasses of unreacted rawialatestify the use of melting temperature
not particularly high and considering also the cioamvariability testify a period of

experimentation using different production techeisju

In conclusion, it is clear that this period is dwerized by new experimentation using different
raw materials (especially for the coloring ageats] receipts. This variability seems to suggest
that the samples were produced in different pradnatenters and/or geographic areas.

The data in the literature for this chronologichbhpe (half of the'®®and the end of thes
century B.C.) and for similar bead typologies atenarically scarce and do not allow to
identify possible production areas of the ornaments

§ Villadi Villagte§

The ornaments from Villa di Villa are differentloth type and age, cover a time span ranging
from the Final Bronze Age to the Late Roman Ageal ahow great variations in the glass
production techniques involved.

All but one of the samples are LMG glasses producgdgnatron as flux. In addition to
homogeneous glasses, there are also heterogenassssganthience

Considering the different typologies of the ornateeme can summarize as following:

e although most of the samples are LMG glasses, lbow a LMHK composition which
is typical of northern Italian production in then&l Bronze Age;

e archaeometric analyses identified the ages of tmmullar beads belonging to the same
SU. The LMHK one was produced in the Final Bronzge Awhereas the LMG one
certainly dates back to the Iron Age;

e the 3 dark blue glass arm rings were colored usoilt related to copper and traces
of manganese, typical of other coeval Europeanebetsc(Karwowski 2004; Dinard et
al. 2009; Brezinova et al. 2013; Venclova 2009ei@estingly, all the arm rings from
Villa di Villa have high Al content like other Eupean bracelets of the same typology.
Moreover, the 2 decorated bracelets were probablyyced at the same site, whereas

the chemical signature suggests a different ofmjithe undecorated one.
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e Opaque white and yellow glasses are opacified adrexd by calcium and lead
antimonates, respectively;

¢ the color of the transparent yellow glass of theelRoman rod is due to an iron sulfide
complex obtained in a reducing atmosphere;

e thefaiencemelon bead is pale blue due to copper, which waieduced in the glass
using bronze scraps. In addition, the mineralogicel chemical compositions of the
bead are interestingly similar to some analyzedpEgy melon beads dated to the Late
Roman Age (Bettineschi 2014, unpublished data).

Archaeometric analysis on the ornaments from \dil¥illa provides a fascinating case study
because it enables us to distinguish the diffecentpositions and textures of each find, and
to verify correlations between raw materials arasglproduction techniques during the great
time span examined. Moreover, in the case of naseiound in secondary deposition and/or
dated to a wider time range, the analytical datavige more detailed information about the

ages of the ornaments.

*kkkkkkkkhkkkkhkkkik

Final remarks

The study of a great number of vitreous materiaborents belonging to different periods
between the Middle Bronze Age to the second Iroa,Afjow us to highlight some aspects on

the evolution of the flux and coloring/opacifyirechniques used.

Flux

e The first HMG glasses appeared in th& t@ntury B.C. in the Near East and since the
16M-14" centuries B.C. they start to be massively produasd in Egypt and in the
Eastern Mediterranean (Henderson 1989, 2000; Tae 2003, 2008b). The presence
of HMG glasses in ltaly is attested since the MB& Ih central and southern Italy
(Angelini et al. 2003, 2005; Bellintani et al. 20@&d during the MBA 3 — RBA only
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HMG vitreous materials, widespread in the entiedidh peninsula and in Sardinia,
were present (Angelini et al. 2002, 2005, 2012fiBini et al. 2006).
Therefore, considering that HMG glasses:

i.  first appeared in the Near East, Egypt and Eadfedliterranean;

ii. inthe Italian peninsula they are attested latériara lower number;

iii.  in the Italian peninsula their circulation starteidce the south/central Italy
during the MBA1-2 when in the meantime LMHK vitrepmaterials were
attested in north Italy (Angelini et al. 2005);

we can conclude that HMG ltalian glasses were ttafilem the Near East or

Egyptian/Mediterranean area as well as the HMGsglafrom the Aeolian Islands.

During the FBA both LMHK (plus LMHK-K class) and H&I glasses are present at
Lipari while HMG glasses are not attested in tladidh peninsula in the same period.
This testify the important role of Lipari as tradenter in which circulated materials

coming from both North Italy and Near East/Egypt.

The few Italian EIA glasses analyzed to date avenfcentral and north — west Italy
(Angelini et al. 2011; Arletti et al. 2011; Pollaa. 2011) and have essentially LMG
and HMG compositions, although they show a remdekdbgree of compositional
variation in the raw material used, especially te toloring techniques, and the

introduction of new recipes.

During the second Iron Age HMG glasses seems &pgdisar from the Italian peninsula
(but not in Sardinia, Angelini et al. 2012) witletxception of one glass at the Piovego
cemetery. The LMGatron — based glasses are essentially the only glagsthat
circulated in Italy in this period, even though ealedata are still scarce at present

making difficult to know the production areas oé$le glasses.
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Coloring/opacifying

The HMG glasses dated to the MBA are mostly blue-Colored even though a few
amber glasses and one white glass are presenterd®iff cobalt sources were
hypothesized suggesting the use of different ratenas and, probable, provenance
from different production centers. Interestinglyy blue Cu — colored glasses are
present in the HMG MBA glasses but only in the HHABA ones (see below).
Interestingly, the only analyzed white glass setni®e the early presence in Italy of

Ca antimonates to obtain an opaque white glass.

Similarly, the FBA glasses are mainly blue coloaee to (i) cobalt associated to
copper or (ii) copper. Beside the blue glasses,afsew amber, black and white glasses
are present.

Cu — colored glasses show both LMHK and HMG contpmsbut they differ both in
the amounts of copper, that is very high to obtlanblue LMHK glasses and very low
in the HMG ones, and in the texture, that is hgjen@ous in the mixed alkali glasses
and homogeneous in the soda — rich ones.

Co — colored LMHK glasses seems to be colored usiiegsame cobalt source
comparable with that used for the coeval northdtatobalt blue LMHK glasses.

The analyzed white glasses are opacified not byar@enonates but by SiQor Ca

silicate inclsuions.

During the Iron Age new components are used irsgtasduction, including: (1) lead

antimonate as yellow colorant; (2) Ca antimonatthenwhite opaque glass; (3) high
amounts of Fe, and sometimes Mn, in the dark blaekiglass; (4) Pb in opaque dark
blue/black glass objects which show numerous dg/stad inclusions rich in heavy

metal elements.

The compositional variability of the glass is likéb be related both to different origins

of the materials and to the glass recycling pracess
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