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Abstract

The Iron Age was a period of change, with many innovations in the glass-making technology. The chemical composition
of the set of objects considered in the present study demonstrates the diversity of the raw materials used and the depth of
knowledge about the manipulation of glass appearance in the eighth-sixth centuries BCE. The study was carried out using
fibre optics reflection spectroscopy and portable X-ray fluorescence spectrometry at the museums’ premises to examine a
large number of glass beads and preliminarily group them on the basis of their composition and spectral characteristics. In
addition, a smaller set of selected samples was analysed by laser ablation inductively coupled plasma mass spectrometry
to provide a comprehensive chemical characterisation of the material. The compositional data indicated that the samples
belonged to the high magnesium and low magnesium glass compositional types. Only one sample was recognised as low
magnesium medium potassium glass. Glasses within each group were made from different sands, suggesting different
provenances. Some of the samples were suggested to be of local origin, while the others were interpreted as imported glass.
Evidence of glass colouring, decolouring and recycling are also discussed.

Keywords Ancient glass - Raw materials - Iron Age - pXRF - LA-ICP-MS

Introduction of raw materials ready to be fused. As it was unattainable
for the ancient furnaces to melt pure quartz, certain (usually
alkali-rich) materials were used to obtain eutectic systems,
which significantly lowered the temperature required to melt
the batch (Brill 1963; Henderson 1985; Angelini et al. 2019).
These materials are usually referred to as fluxing agents, or

simply fluxes.

One of the first steps in glass making is the selection of the
raw materials. In the first half of the first millennium BCE
ancient craftspeople could use silica-rich sand or crushed
quartz (Moretti and Hreglich 2013; Rehren and Freestone
2015) to make the base of the glass batch, i.e. the mixture
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By 500 BCE, several kinds of fluxes were known: the
ash of halophytic plants, the use of which resulted in the
production of the so-called High Magnesium Glass (HMG);
the evaporitic deposits of soda minerals, which were used
for the production of the so-called Low Magnesium Glass
(LMG); a material with comparable soda and potash con-
tent, which was used for the production of a specific type of
mixed alkali glass (this glass was not produced during the
Iron Age, though); and a potash-rich flux, which was used
for the production of glass with a high potassium concen-
tration (Shortland et al. 2006a; Moretti and Hreglich 2013;
Henderson 2013; Mildner et al. 2018; Conte et al. 2018,
2019; Angelini et al. 2019; Reade 2021). The first two fluxes
mentioned above were the most popular choice for glass-
makers in the Mediterranean in the early first millennium
BCE, but by the middle of the millennium, most of the glass
circulating in the region was made by adding evaporitic min-
erals rich in sodium carbonates, usually referred to in the
literature as natron (Shortland et al. 2006a; Panighello et al.
2012; Conte et al. 2016).

Natron glass could not be durable without the presence
of a stabilising component, usually an alkali-earth oxide
added in the form of lime. Several sources of lime have
been hypothesised to have been used in the past, including
shells and limestone, some amount of which can be present
in sand (Wedepohl et al. 2011; Henderson 2013; Angelini
et al. 2019). Plant ashes naturally contain certain amounts
of lime, making the addition of lime to a lime-poor silica
source unnecessary if plant ash is used as the fluxing agent
(Tite et al. 2006; Rehren 2008).

In addition to these two or three main components,
ancient artisans attempted to modify the appearance of the
final product by adding colourants — usually oxides or other
compounds of the transition metals (Mirti et al. 2002; Hen-
derson 2013), and opacifiers — crystalline compounds that do
not dissolve in the glass matrix, preventing light from pass-
ing through the solid (Lahlil et al. 2011; Biron and Chopinet
2013). Without the addition of these components, the glass
is expected to have a light tinge related to some impuri-
ties in the silica source, which almost always contains iron
minerals in different amounts. The first attempts to decol-
ourise glass (basically, to remove the unintentional colour
caused by iron) date back to the middle of the first millen-
nium BCE (Silvestri et al. 2008; Biron and Chopinet 2013;
Blomme et al. 2017; Abd-Allah 2022). The composition of
glass objects has great potential to shed light on the batch
formulas that have been used during times.

In order to trace the use of different raw materials during
the Iron Age in the Mediterranean, a diverse set of glass
objects, consisting mainly of monochrome beads and dat-
ing mainly from the eighth—seventh centuries BCE, with
two objects from the sixth century BCE (out of a total of
sixty-three objects) was examined in this study. They were
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excavated in South Etruria and Latium (today’s Lazio region
of Italy). This set provides an opportunity to study the raw
glass composition of finds belonging to a period still under-
represented in glass studies. In fact, many of the objects
discussed in this paper show no evidence of intentional addi-
tion of colouring agents and are referred to in the text as
“uncoloured”. Their faint colours can be reasonably attrib-
uted to the effect of colourants (mainly iron ions) from the
natural impurities of the raw materials, making it possible
to establish the base glass compositional characteristic(s)
and to elaborate the data in order to highlight the possible
existence of several centres supplying glass to the Italian
peninsula during the period under consideration.

The first part of the analytical study was carried out using
non-invasive methods and portable equipment at the Museo
Nazionale Etrusco di Villa Giulia and the Museo delle Civ-
ilta (both in Rome, Italy), where the objects are kept. Fibre
Optics diffuse Reflection Spectroscopy (FORS) and port-
able X-Ray Fluorescence spectrometry (pXRF) have been
employed in this step. A smaller set of samples was then
analysed in the laboratory by Laser Ablation Inductively
Coupled Plasma Mass Spectrometry (LA-ICP-MS) to gain
a deeper insight into the composition of the glass through a
micro-invasive approach. The main aim of the pXRF survey
was to highlight trends that would allow the identification of
groups on a compositional basis in order to possibly extend
the results obtained by LA-ICP-MS to all the samples in the
same compositional group. The data set obtained by LA-
ICP-MS was compared with other compositional data sets
to suggest the use of specific materials and to narrow down
the suggestions as to where the glass was produced.

Materials

Glass beads and other objects within the study were found
in funerary contexts. They mostly belong to the inventory
of the females’ graves. The archaeological sites where the
objects were found are located in the historical regions of
South Etruria and Latium. They belong to the Early Iron
Age II (800-720 BCE), Orientalising (720-580 BCE) and
Archaic (580—480 BCE) periods. The sites in Etruria are the
following necropolises, each pertaining to an ancient proto-
urban or urban agglomeration (descriptions of the sites and
graves is given in the references): Arcatelle of Tarquinia
(Babbi 2003); Polledrara of Bisenzio (Delpino 1977); Vac-
careccia (Palm 1952) and Quattro Fontanili of Veio (Fal-
coni Amorelli et al. 1963); Caolino del Sasso di Furbara
(Brusadin Laplace et al. 1992) and Cava della Pozzolana
(unpublished) of Cerveteri; Poggio Maremma and Osteria
of Vulci (Sgubini Moretti 2001); Dei Tufi necropolis of
Narce (Carlucci and De Lucia 1998); Montarano of Falerii
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(Ligabue 2022); Saliere (Stefani 1912) and Monte Cornaz-
zano (Paribeni 1906) of Capena.

The Latium sites are represented by the Caracupa necrop-
olis near Sermoneta (Mengarelli and Savignoni 1903); Ris-
erva del Truglio near Marino (Taloni 2013) and Osteria
dell’Osa necropolis, near the Roman city of Gabii, within
the territory of present-day Rome (Bietti Sestieri 1992). The
context for each sample is reported in Table 1. The DMS
coordinates of the mentioned sites are reported in the sup-
plementary information (Table SI 1).

All the archaeological finds considered in this study are
translucent (Table 1). The majority of them — forty-nine
objects — can be included into a loosely defined generic type
of simple spherical and slightly oblate monochrome beads
of various sizes and hues. Such beads represent the simplest
idea of glass bead making, and show no clear size and colour
boundaries that would allow the identification of sub-groups.
In addition, their simple shape and wide distribution do not
give clear archaeological evidence for period and site(s) of
production, although we can consider that similar beads are
well known in Italy and in the wider Mediterranean area
(Reade et al. 2006; Olmeda 2015; Oikonomou and Trian-
tafyllidis 2018; Conte et al. 2019; Koch 2020).

Other types of objects are also present in the set. Six
(PG69-72, PG75 and PG76) are simple ring beads in blue,
yellow and purple colours found in a single tomb (n. 48)
in the necropolis of Caracupa (Sermoneta). Differently col-
oured ring beads (translucent and opaque) are well known
in the Italian contexts (Koch 2020; Ferri et al. 2020; Yat-
suk et al. 2023) though they are usually made of intensely
coloured glass. Two other artefacts are the so-called bird
beads of different colours (PG172 and VG88). The occur-
rence of these beads is frequent in Rhodes, but examples
from Euboea and from Italian necropolises (around forty
beads) are also known (Koch 2018). Two other finds from
Vulci have a button-like appearance. They are flattened
round objects with a cavity (pit) on one side with traces of
iron inside, suggesting that the cavity was probably used to
accommodate a metal ring for fixing them to something.

Other types include one pear-shaped object decorated
with yellow waves (PG90). Its shape is reminiscent of the
spindle whorls for cloth production, however the size speaks
in favour of the decorative purpose of this object (used, for
example, as a bead). Another find, that was recognised as
the part of a fibula or a simple pin (Falconi Amorelli et al.
1963), consists of two beads of different sizes joined on a
metal rod (VG56). It will be referred to as a decorative ele-
ment. The list of samples also includes one so-called melon
bead, featuring ribs parallel to the aperture (VG86). Such
beads were produced through a long period of time in many
colour variations and are widely distributed in the Mediter-
ranean (Ignatiadou 2012; Kolesnychenko and Kiosak 2018;
Kaparou and Oikonomou 2022; Yatsuk et al. 2023). Finally,

a fragment of a simple hemispherical glass bowl (VG114)
was included in the list. Such bowls are rare in the Italian
peninsula, but they were found more frequently in the East-
ern Mediterranean, where they are thought to be produced
by mould shaping (O’hea 2011; Cellerino 2021). The appar-
ent colours of the finds are given in Table 1, and the photo-
graphs of selected representatives of the main typological
group of samples, and most of the other objects, are shown
in Fig. 1.

Methods
FORS

The instrumental setup consisted of a 20 W Tungsten halo-
gen lamp HL-2000-HP-FHSA produced by Ocean Insight
(Orlando, USA), a2 m long Y-shaped fibre optic probe with
a core diameter of 400 um, and an Ocean Insight QEPro
spectrometer equipped with a CCD detector (HC1 grating).
The system was operated in the spectral range between 350
and 1000 nm, with an optical resolution of 6.78 nm FWHM.
Before and during the analyses, the intensity of the reflected
light was calibrated against a highly reflective Spectralon
reference. Each spectrum was obtained as the average of at
least 40 scans with a minimum dwell time of 0.019 s. During
the analyses the probe was placed at an angle of approxi-
mately 45° to the surface of the object, and several spectra
were acquired for each sample. As expected, some highly
translucent beads did not allow spectra to be recorded in
the reflectance mode. Where informative reflectance spectra
were obtained, they were normalised to 100.

PXRF

Three different pXRF units were used in the museums.
An XG Lab — Bruker ELIO spectrometer (XGLab S.R.L.
Milan, Italy; Bruker, Billerica, MA, USA) with Rh radia-
tion source, 25 mm? Silicon Drift Detector (SDD) was
used to analyse the PG series of samples. The beam was
focused on the 1.2 mm spot with the following settings:
acquisition time — 90 s, current — 40 pA, voltage — 40 keV.
The majority of the VG series of samples were analysed by
a Unisantis XMF-104 spectrometer (Geneva, Switzerland),
equipped with a Mo anode and a 7 mm? Si-PIN detec-
tor. A polycapillary optical system focused the beam on
a spot of 80 pm. The following settings were used: time
— 150 s, current — 300 pA and voltage — 50 keV. VG82,
VG83 and VG84 were analysed by an ad-hoc instrument
called Frankie, created by the Italian National Institute of
Nuclear Physics-LNF (INFN-LNF Frascati, Italy). This
last device has a W radiation source and a 20 mm? SDD
detector. Equipped with polycapillary optics, it focuses the
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Table 1 Appearance and archaeological context of the objects discussed in this study. Diameter is measured for beads as the largest dimension in
the direction perpendicular to the aperture. N/A: not applicable (for bead fragments or other non-bead objects)

Inv. number Sample name Colour Diameter*, Site Locality Grave Absolute Period
mm date, years
BCE
Spherical-oblate monochrome beads

25,338 PGl Honey-yellow 16 Tarquinia  Arcatelle - 800-720 EIAII

25,339 PG2 Honey-yellow 20 Tarquinia  Arcatelle - 800-720 EIAI

51,946 PG7 Green 15 Bisenzio  Polledrara Tomb 11 800-720 EIAIL

51,946.001 PGS Blue 15 Bisenzio  Polledrara Tomb 11 800-720 EIAIL

51,946.003  PG9 Blue 15 Bisenzio  Polledrara Tomb 11 800-720 EIAIL

51,946.004  PG10 Honey-yellow 12 Bisenzio  Polledrara Tomb 11 800-720 EIAIL

51,946.006  PGl1 Honey-yellow 15 Bisenzio  Polledrara Tomb 11 800-720 EIAIL

51,946.01 PG12 Uncoloured 11.5 Bisenzio  Polledrara Tomb 11 800-720 EIAII

51,946.012 PG13 Honey-yellow N/A Bisenzio  Polledrara Tomb 11 800-720 EIAIL

51,946.013 PGl14 Honey-yellow N/A Bisenzio  Polledrara Tomb 11 800-720 EIAIL

51,946.014  PG15 Uncoloured N/A Bisenzio  Polledrara Tomb 11 800-720 EIAIL

68,026.005 PG31 Honey-yellow 5 Veio Vaccareccia Tomb 6 650-630 Orientalising

69,798 PG67 Honey-yellow 10.5 Sermoneta Caracupa Tomb 48 770-720 EIAII

69,798.004  PG68 Uncoloured 13 Sermoneta Caracupa Tomb 48 770-720 EIAII

87,440 PG95 Green 17 Marino Riserva del Tomb 3 730-600 Orientalising
Truglio

87,440.001 PGY96 Honey-yellow 15 Marino Riserva del Tomb 3 730-600 Orientalising
Truglio

87,863 PG104 Honey-yellow 18 Marino Riserva del - 730-600 Orientalising
Truglio

109,402 PG117 Honey-yellow 15 Rome Osteria Tomb 10 800-750 EIAII
dell'Osa

109,403 PG118 Honey-yellow N/A Rome Osteria Tomb 10 800-750 EIAIl
dell'Osa

109,405 PG119 Uncoloured 16 Rome Osteria Tomb 10 800-750 EIAIL
dell'Osa

109,407 PG120 Honey-yellow N/A Rome Osteria Tomb 10 800-750 EIAII
dell'Osa

165,945.004 PG137 Uncoloured 13 Cerveteri  Sasso di Fur- ~ Tomb 29 770-730 EIAIL
bara, Caolino

165,993 PG140 Honey-yellow 12 Cerveteri ~ Sasso di Fur- ~ Tomb 34 770-730 EIAI
bara, Caolino

165,993.002 PG142 Honey-yellow N/A Cerveteri  Sasso di Fur-  Tomb 34 770-730 EIAIL
bara, Caolino

165,993.003 PG143 Uncoloured N/A Cerveteri ~ Sasso di Fur- ~ Tomb 34 770-730 EIAII
bara, Caolino

166,019 PG145 Green 14 Cerveteri  Sasso di Fur- Tomb 40 770-730 EIAIT
bara, Caolino

166,019 PG146 Green 14 Cerveteri  Sasso di Fur- Tomb 40 770-730 EIAIT
bara, Caolino

166,019 PG147 Green 15 Cerveteri  Sasso di Fur- Tomb 40 770-730 EIAIL
bara, Caolino

166,022 PG153 Honey-yellow 15 Cerveteri  Sasso di Fur-  Tomb 40 770-730 EIAII
bara, Caolino

166,034 PG154 Honey-yellow 8 Cerveteri  Sasso di Fur-  Tomb 41 770-730 EIAII
bara, Caolino

132,644— VG14 Honey-yellow 15 Vulci Poggio Tomb "a fossa  725-700 Orientalising

132,652 Maremma profonda"

49,990- VG48 Green 16 Cerveteri  Cava Della Tomb XXVII  800-730 EIAIT

49997 Pozzolana
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Table 1 (continued)
Inv. number Sample name Colour Diameter*, Site Locality Grave Absolute Period
mm date, years
BCE
49,990- VG49 Green 19 Cerveteri  Cava Della Tomb XXVII  800-730 EIAIL
49997 Pozzolana
49,990- VG52 Uncoloured 11 Cerveteri  Cava Della Tomb XXVII  800-730 EIAII
49997 Pozzolana
49,990- VG53 Uncoloured 14 Cerveteri  Cava Della Tomb XXVII  800-730 EIAI
49997 Pozzolana
62,236 VG57 Green 16 Veio Quattro Font- Tomb HH 750-730 EIAIL
anili 11-12
62,236 VG61 Uncoloured 17 Veio Quattro Font- Tomb HH 750-730 EIAII
anili 11-12
62,236 VG62 Green 12 Veio Quattro Font-  Tomb HH 750-730 EIAIl
anili 11-12
62,236 VG63 Green 14 Veio Quattro Font-  Tomb HH 750-730 EIAII
anili 11-12
- VG82 Blue 13 Narce Necropolidei  Tomb 1 800-720 EIAII
Tufi
- VGS83 Uncoloured 18 Narce Necropolidei  Tomb 1 800-720 EIAIl
Tufi
- VG84 Uncoloured 15.5 Narce Necropolidei  Tomb 1 800-720 EIAII
Tufi
- VGS87 Green 14 Falerii Montarano Tomb 17 700-600 Orientalising
(XXVI)
- VG89 Honey-yellow 14 Falerii Montarano Tomb 17 700-600 Orientalising
XXVI)
- VG0 Honey-yellow 13.5 Falerii Montarano Tomb 17 700-600 Orientalising
XXVI)
16,530 VG102 Honey-yellow 14 Capena Saliere Tomb 104 800-750 EIAIL
16,530 VG103 Blue 15.5 Capena Saliere Tomb 104 800-750 EIAII
16,530 VG104 Uncoloured 16.5 Capena Saliere Tomb 104 800-750 EIAI
16,530 VG105 Green 26 Capena Saliere Tomb 104 800-750 EIAI
Small ring-beads
69,801.001  PG69 Blue 7 Sermoneta Caracupa Tomb 48 770-720 EIAIL
69,801.001  PG70 Blue 7 Sermoneta Caracupa Tomb 48 770-720 EIAIL
69,801.001 PG71 Honey-yellow 7 Sermoneta Caracupa Tomb 48 770-720 EIAI
69,801.001 PG72 Honey-yellow 7 Sermoneta Caracupa Tomb 48 770-720 EIAI
69,801.001  PG75 Purple 7 Sermoneta Caracupa Tomb 48 770-720 EIAIL
69,801.001 PG76 Purple 6.5 Sermoneta Caracupa Tomb 48 770-720 EIAI
Bird beads
109,312.005 PG172 Purple +opaque 11.5 Rome Osteria Tomb 82 750-720 EIAIl
green stripe dell'Osa
- VG388 Green+opaque 12 Falerii Montarano Tomb 17 700-600 Orientalising
yellow stripe (XXVI)
Buttons
131,433 VG5 Uncoloured 16.5 Vulci Osteria Kottabos tomb  520-500 Archaic
131,433 VG6 Uncoloured 17.5 Vulci Osteria Kottabos tomb  520-500 Archaic
Other objects
75,266 PG90 Uncoloured 19 Capena Monte Cornaz- Tomb 100 730-675 Orientalising
body + opaque zano
yellow wave
66,292 VG56 Green 19 Veio Quattro Font-  Tomb AA1 770-730 EIAII

anili
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Table 1 (continued)
Inv. number Sample name Colour Diameter*, Site Locality Grave Absolute Period
mm date, years
BCE
- VG86 Green 21 Falerii Montarano Tomb 17 700-600 Orientalising
(XXVI)
- VG114 Yellow N/A - - - 720-630 Orientalising

Fig. 1 Photographs of rep-
resentative samples for each
typological group (spherical,
oblate and ring beads) with
indication of their colour. For
the other objects the type is
indicated. Scale is true for all
the objects in the same frame.
© Museo Nazionale Etrusco di
Villa Giulia and Museo delle
Civilta

PG11
(honey-yellow)

PG7
(green)

PG117
(honey-yellow)

Spherical and oblate monochrome beads

VG48
(green)

Small ring-beads

PG119 PGS
(uncoloured) (blue)

V7, PG69

" (blue)

3 PG71

/\ g‘%’ (honey-

VG61 VG103 - yellow)
(uncoloured) (blue)

PG75

(purple)

5mm
Other objects
PG172 VG838 VG5 VG6 PG90 VG56
(bird bead)  (bird bead) (button) (button) (pear shaped bead) (decorative element)
&
VG86
(melon bead) VG114

(bowl fragment)

X-rays into a 300 pm spot. Analysis lasted 200 s, the cur-
rent was set to 80 pA, and voltage — 40 keV. Three spectra
were acquired for each sample. When decorative elements
of other colours were present, three additional spectra
were acquired on the decoration. The procedures employed
to ensure comparability between the data from the three
spectrometers, and the quality of the pXRF results, are
discussed with details in Yatsuk et al. (2022). Spectra were
fitted using PyMCA software (Solé et al. 2007) based on
the Fundamental Parameter algorithm improved by the use
of matrix-matching reference materials.

@ Springer

LA-ICP-MS

A NexION 300 x ICP mass spectrometer from Perkin-Elmer
(Waltham, USA) coupled to an ESI NWR 213 laser abla-
tion system (ESI New Wave Research Co., Cambridge, UK)
was used. The settings, already presented in Yatsuk et al.
(2023), are reported as supplementary information (Table
SI 2). The laser was run for 10 s to remove the first (possibly
altered) surface, in order to allow the sampling of pristine
material for the mass spectrometric analysis. The signal from
38 masses was measured. As discussed with details in a
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previous paper (Yatsuk et al. 2023), accuracy was estimated
based on data for CMOG A and NIST 614 reference glasses,
which were used for quality control throughout the analyses,
and it is reported as supplementary information (Table SI 3).
The final composition of the sample was determined as the
average of three to five acquisitions. The Ca concentration
obtained from the pXRF analyses were used as the internal
standard. The data were normalised to 100% after convert-
ing the elemental concentrations of the major and minor
elements to their respective oxides.

Results

FORS

Diffuse reflectance did not allow to record meaningful spec-
tra for all the samples considered, and only samples that
produced meaningful spectral information are included in
this section. Most of the beads can be considered as different
varieties of “aqua” colour, whereas other samples show more
intense hues. Glasses of different shades yielded different
spectra (Fig. 2), supporting the detection of the colouring
species (Mirti et al. 2002; Micheletti et al. 2020). The spec-
tra of the honey-yellow samples are characterised by the

a Yellow-honey samples
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Fig.2 Examples of FORS spectra of different coloured samples:
a — honey-yellow samples. The dotted line indicates the spectrum of
PG71 (small ring bead); b — blue and purple samples. The spectra of
small ring beads PG69 (blue) and PG75 (purple) are given as dot-

intense absorption in the UV-blue region of the spectrum
(350-500 nm), where absorption bands of Fe** can be dis-
tinguished (Fig. 2a). Absorptions in the range 480-520 nm
can be caused by Mn>* ions, which are not expected to
contribute any yellow colour to glass. Further insight into
the presence of manganese will be given in the subsequent
sub-sections of the results, where data from pXRF and LA-
ICP-MS are reported. The NIR part of the spectra is highly
variable in the relative reflectance, mainly due to the pres-
ence of Fe>* ions in variable concentration. The small ring-
beads of yellow colour (PG71, PG72) yielded a different
kind of spectrum, with extremely intense UV-blue and no
NIR absorption (Fig. 2a).

Blue samples are, expectedly, reflecting more light in
the blue region (Fig. 2b), but this was obtained by different
chemical species. Most of the blue samples have intense
Fe?* absorption in the NIR region, whereas small ring-beads
show different spectra: the blue ones (PG69 and PG70) have
their maximum of reflectance shifted towards the green
region, at the same time the maximum absorption is regis-
tered at 750-900 nm, which corresponds to the absorption
band of Cu®*.

The purple samples (PG75 and PG76) show even more
shifted reflectance maxima (around 600 nm) and a Mn>*
band centred at 490 nm (Fig. 2b).

b Blue and purple samples
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d Green samples
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Normalised reflectance

350 400 450 500
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Wavelength (nm)

ted lines; ¢ — uncoloured samples; d — green samples. Fe** bands are
marked with vertical lines; Mn>*, Cu>* and Fe.”* bands are marked
as wavelength ranges. A summary of the absorption bands for dis-
solved ions in glass is given by Micheletti et al. (2020)
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Samples with very weak colouration (termed as uncol-
oured throughout the text) show pronounced Fe** and Fe?*
bands (Fig. 2c), with no Mn>* detected. Spectra for samples
with green colouration (Fig. 2d) are not significantly differ-
ent from those of the uncoloured samples, suggesting iron
ions as the main colouring agents. The lower reflectance in
the yellow-red region of the spectrum (600-700 nm) sug-
gests a higher contribution of Fe* with respect to Fe** to
the final colour of the glass.

It is worth noting that in some samples, the spectrum
shows a band centred around 650 nm (Fig. 2a and d), the
origin of which is unclear.

PXRF

The results of the pXRF measurements are reported as sup-
plementary information (Table SI 4). As discussed in Yatsuk
et al. (2022), the accuracy of the pXRF data may not be
ideal for some elements, but the data set still had the advan-
tage of allowing compositional groups to be highlighted.
In all the typological groups of samples, only Ca, Fe, and
Sr are always present above the quantification limits of the
pXRF instruments. Nevertheless, the non-invasive screening
allowed some preliminary inspection of the compositional
features of the samples. K,O is above 1% (note that the limit
of quantification for the ELIO pXRF unit is 1.2%) in all the
green spherical and oblate beads; elevated concentrations
were also recorded in about half of the uncoloured beads
and in a few of the blue and yellow beads. This suggests
that 1% K,O can be set as a preliminary threshold to dis-
tinguish compositional groups of samples. By comparing
the two groups of spherical and oblate monochrome beads
(the “low K,O” and the “hight K,0”, with concentrations of
K,O above and below 1% respectively), other compositional

differences can be observed (Fig. 3). Although the groups
are not perfectly resolved, it is evident that the high K,O
samples tend to have a lower CaO/SrO ratio (median value
161, st.dev. 23) compared to the low K,O samples (median
196, st. dev. 29). Some samples in the low K,O group have
a lower CaO/SrO ratio, suggesting that these samples were
not assigned to the high K,O group because of their K,0
content was slightly below 1%, which is below the limit of
quantification of the ELIO pXRF unit. Samples PG104 and
VG83 gave extremely high values for CaO/SrO (94 and 760
respectively) and are not included in Fig. 3.

In addition, the high K,O samples tend to have a higher
amount of Fe,O5 (0.58% on average) compared to the low
K,0 beads (0.32% on average). Consequently, the former
group has a higher Fe,0,/SrO ratio than the latter. The
same samples in the low K,O group that have a CaO/SrO
ratio similar to that of the high K,O group (namely, PG118,
PG154 and VG52) also have a similar Fe,0/SrO ratio, con-
firming that they can be included in the high K,O group.

With regard to the other typological groups, the small
ring beads and the bird beads are strongly associated with
the other high K,O beads (Fig. 3), although in some of them
the K,O concentration was below the quantification limit.
The other objects, with the exception of PG90, all have their
K,0 concentrations above 1%. Finally, the buttons seem to
stand out from this general picture, as they have different
K,O levels that would not allow them to be assigned to one
of the two main compositional groups in terms of oxide
ratios.

Transition metals were sporadically detected at concen-
trations above 0.1%. MnO was detected in all purple glasses,
which (together with the evidence from FORS) indicates
its use for colouring. Noteworthy is its presence in some
uncoloured and honey-yellow samples (PG2, PG104, VG53,

260

i . Blue
e * - e
240 K20 Other 20 s . Yellow-honey
above typological ®
1% groups o - Green
220 : .
+VG114 8 " 2 Colourless
200 +PG90 Y . t
§ Median B rurple
5 : a o . e
S180 oy 4 3 Median & SVEEE 2 ) Spherical and oblate
S a +VGS6 o 210 ; M monochrome beads
Median
160 ; ° @ smallring-beads
H # Median
- . +PGY0 “ A Bird beads
L 4
: g ° X Buttons
120 ~ K.0 K20 Other K.0
$ below above typological below = Other objects
& 1% 1% groups 1%
100 0

Fig.3 Ratio of CaO and Fe,O; to SrO (pXRF data). Markers, one for each typological group, are coloured according to the colour of the sam-

ples. Outliers (PG104 and VG83) are not reported in the plots
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VG61, VG104) and one green sample (PG147). Copper is
a green—blue colourant, and it was indeed detected in some
blue and green samples (PG69, PG70, VG57, VG63, VG82,
VG88, VG103), but also in uncoloured (VG52, VG83) and
yellow (VG102, VG114) samples. Copper was probably also
used to colour the decorative glass on the bird bead PG172.
Another bird bead decoration (VG88) was probably coloured
by lead antimonate, based on the detection of the elevated
PbO and Sb,05 concentrations in the decorative element
compared to the bulk of the bead. Antimony (without associ-
ated lead) was detected in many green and uncoloured sam-
ples at concentration mainly below 1% by weight as oxide.

LA-ICP-MS

Twenty samples were allowed to reach the laboratory for
LA-ICP-MS analysis. These data will form the basis of the
discussion on raw materials and will integrate the pXRF data
to extend the interpretation of the elemental evidence to the
wider set of the samples.

The major and minor element compositions determined
by LA-ICP-MS (expressed as oxides) are presented in
Table 2. The data for major elements allow all the samples
to be assigned to soda-lime-silica glass. However, the vari-
ability of other major oxides, such as MgO and Al,O; sug-
gests the use of different raw materials. Iron is consistently
present in minor quantities (usually less than 1% oxide by
weight). MnO and Sb,0Os concentrations are elevated in a
number of samples, as already suggested by the pXRF data.
The other oxides listed in Table 2 are present at near trace
concentrations (below 1000 ppm). The yellow decoration of
PG90 is probably coloured by lead antimonate, as indicated
by the elevated concentrations of lead and antimony in the
decorative element compared to the bulk of the bead.

The concentrations of trace elements determined by the
LA-ICP-MS are given in Table 3. The data show some vari-
ability for Sr, Ba and Ce, which will be discussed in the
following section.

Discussion

Both pXRF and LA-ICP-MS results allow to distinguish two
compositional groups divided by their K,O concentrations.
LA-ICP-MS analyses showed that the group with the higher
K,O concentration (above 0.5%) also contains at least 2%
by weight of MgO. In the literature, such glasses are usually
referred to as HMG, with Egyptian examples for LBA and
IA glass featuring the lowest concentration of K,O (Sayre
and Smith 1961; Rehren 2000; Mirti et al. 2008; Purowski
et al. 2018; Angelini et al. 2019; Conte et al. 2019). For
these samples, no correlation emerged between the con-
centration of MgO and that of lime or other silica-related

oxides, further supporting the hypothesis that the glass was
prepared with plant ash. Samples with high Na,O concentra-
tions and both MgO and K,O concentrations below 0.5% can
be attributed to natron (LMG) glass production (Sayre and
Smith 1961; Henderson 1985; Shortland et al. 2006a; Conte
et al. 2019). The concentration of other elements further sup-
ports the existence of two compositional groups, as shown in
Fig. 4, which shows the CaO/SrO vs Fe,0,/SrO binary plots
obtained for both the pXRF and the LA-ICP-MS datasets. It
can be seen that the high K,O (HMG) and low K,O (LMG)
samples tend to cluster in different areas of the plots showing
some consistency, although the division between the groups
is not very clear. PG118, PG154 and VG52, that are assigned
to the low K,O group by the pXRF data, are instead grouped
with the high K,O group by the LA-ICP-MS data. On the
other hand, PG2 and VG61 were attributed to the high K,O
group, but are in the low K,O group (pXRF data). It can
be assumed with reasonable confidence that all the small
ring beads, bird beads and most of the other objects (VG56,
VG86, VG114) can be assigned to the HMG group. The
glass buttons, on the other hand, remain undetermined in
this classification, although they seem to be closer to the
LMG samples.

No evident chronological division emerge between these
compositional groups. Moreover, the present sample set of
translucent glass from South Etruria and Latium is approxi-
mately equally subdivided between HMG and LMG glass
(thirty-four HMG samples against twenty-seven LMG sam-
ples based on the pXRF data).

The composition of PG104 makes this sample an out-
lier: its concentration of Al,O;, and the amount of some
major oxides and transition metals, are more similar to the
so-called LMMK glasses (Low Magnesium Medium Potas-
sium), for which the use of evaporitic deposits has been pro-
posed (Purowski et al. 2012).

Some information about the provenance of the raw glass
can be obtained by the content of the elements that are asso-
ciated with the silica source, as it is assumed that the chemi-
cal composition of the silica source used in glassmaking can
be reflected to some extent in the composition of the base
glass (Brems and Degryse 2014). We therefore compared the
minor and trace element content of the samples considered
here with each other and with other coeval glasses for which
a region of provenance has been suggested.

As far as TiO, and Fe,O; concentrations are concerned,
they are strongly correlated with each other throughout the
dataset (except for PG104, which is an outlier), with a cor-
relation coefficient of 0.7. However, if the established HMG
and LMG compositional groups are considered separately,
the correlation coefficient rises even higher (0.93 and 0.9
respectively). The TiO,/Fe,O; ratio is also different between
the groups: 0.12 (st. dev. 0.02) and 0.22 (st. dev. 0.07) for
HMG samples and LMG samples, respectively. This could
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Table 2 (continued)

CoO NiO Cu0  ZnO  As,0, SnO,  Sb,0;  PbO

MnO  Fe,04

V,05

TiO,

K,0 CaO

Sio,

Na,0 MgO ALO,

Sample/st.dev

0.0003
0.0001

0.0006
0.0001

0.0040  0.0003  0.0001
0.0003

0.009
0.001

0.0018
0.0001

0.0006
0.0001

0.60
0.03

1.9
0.1

0.068  0.0047
0.003

9.1

0.60
0.03

3.0 0.88 66
0.04

0.1

16

PG75

0.0001

0.0001

0.0002

0.3

st.dev
Other objects

0.0035
0.0008
12.2693
5.6828
0.0003
0.0001

3.8

0.0013  0.0015 0.004

0.0005  0.0002

0.003
0.001

0.002
0.001

0.0002
0.0001
0.0007
0.0004
0.0013
0.0003

0.0001
0.0001
0.0002
0.0001
0.0002
0.0001

0.010 0.24
0.001

0.0009

11.22  0.061

1.28

68.34 0.09
6.31

0.33
0.04
0.4
0.2

0.57
0.07

0.5

15

PG90

0.3
2.1

0.003
0.002
0.001

0.02

0.0001

0.006

0.01
0.06

st.dev

0.04
0.02

0.006

0.067 0.0025 0.010 0.8
0.029  0.0002
0.055

52
3.44
8.43
2.05

7.

73.95

2

PGI90y
st.dev

0.9

0.002

0.005 0.3

31.95 0.03
65.52

0.2

0.39
0.09

0.0004  0.00001

0.0002

0.0007  0.006
0.0002

0.015 04

0.0018

1.76

0.7

17

VG114

0.00001

0.001

0.004 0.1

0.014  0.0005

16.68 0.44

0.2

st.dev

be evidence of the use of different sands to produce these
glasses, and consequently of different origins of the glass,
since both titanium and iron are almost exclusively associ-
ated with the impurities in the silica source in the quantities
observed here (Degryse 2014).

Looking at the UCC-normalised profile of the trace ele-
ments (Fig. 5) it can be seen that the HMG samples tend
to have positive Ba and Ce anomalies (Fig. 5a), while the
LMG samples have a positive Hf anomaly (Fig. 5b). Besides
this general indication, it is important to stress that there
is a certain heterogeneity within each group. In the HMG
group, samples PG2, PG68 and VG114 have a weaker Ba
anomaly, and none at all for Ce values. They also have a
slightly higher TiO,/Fe,Oj; ratio, which brings them closer
to the LMG samples.

VG114 is the only piece of a vessel within the samples
investigated here, and its typological attribution and compo-
sition place it in close association with similar bowls from
Gordion and Nimrud (Reade et al. 2009), thus suggesting a
separate site of origin for the raw glass of this bowl.

The LMG group also shows some variability, with sam-
ples with high Hf values and others with relatively flat trace
element profiles, such as PG10, PG13, PG14, PG96 and
PG137. The profile of sample PG14 is shown in Fig. 5b for
comparison with PG90, which shows a significant enrich-
ment in REE, and even more so in Hf. These trends suggest
that the LMG glass in this study may originate from two
separate silica sources: one rich in REE and zircon (con-
taining Zr and Hf bearing minerals) and another with lower
impurity levels.

The high-Hf glasses are usually associated with Egypt,
where sands have an elevated zircon content (Shortland et al.
2007). Furthermore, they show compositional parallels with
other glasses found in Italy and the Eastern Mediterranean
(Blomme et al. 2017; Conte et al. 2019; Reade 2021; Costa
et al. 2021; Yatsuk et al. 2023). Samples with a flat trace
element profile do not have pronounced compositional fea-
tures that would facilitate the search for their origin, but
such glasses have been found elsewhere in Italy (Conte et al.
2019). Samples with high relative Ba and Ce concentrations
are only similar to a handful of samples from Southern Italy
(Francavilla Marittima) presented in Conte et al. (2019). For
these samples, a local production can be suggested, since
(to the best of the authors’ knowledge) there are no glasses
with a similar trace element profile outside of the Italian
peninsula.

Unfortunately, the (rare) bird beads associated with
HMG by pXRF could not be analysed in the laboratory
with LA-ICP-MS, so their trace element profiles are not
yet available. This is an important point that deserves fur-
ther research: if the bird beads have similar Ba and Ce
concentrations to the samples from Francavilla Marittima
samples, then they may have been produced locally, which
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Table 3 LA-ICP-MS results. Trace elements concentrations of the analysed samples expressed in ppm. <LOQ — below the limit of quantifica-

tion, N/A — not analysed. “y” after the name of PG90 means yellow part

[Tanl}

SampleId Rb Sr Zr Cs Ba La Ce Nd Sm Eu Gd Tb Dy Er Yb Lu Hf TI Th U
Spherical and oblate monochrome beads
PG2 52 260 <LOQ 0.17 46 13 31 12 0.26 0.06 0.23 0.03 0.23 0.12 0.10 0.02 0.28 0.01 033 1.7
stdev 0.8 40 - 0.03 8 02 0.6 0.1 009 003 005 001 0.04 0.02 0.02 0.0 0.03 0.01 0.08 0.3
PG7 5.67 440 <LOQ 0.15 67 33 26 3.09 0.61 0.12 0.55 0.08 047 0.26 0.25 0.03 0.50 0.001 0.58 0.73
st.dev 008 20 - 0.03 3 01 1 0.08 0.05 0.01 0.04 0.01 0.06 0.01 0.03 0.01 0.04 0.002 0.03 0.06
PGY 3 500 <LOQ 0.08 100 4 16 4 08 021 08 009 06 03 03 0.05 04 <LOQ 0.6 09
st.dev 1 200 - 0.03 30 1 5 1 0.3 0.06 04 003 02 01 01 002 01 - 02 03
PG10 32 230 <LOQ 0.07 60 1.0 19 09 0.17 0.04 0.18 0.02 0.20 0.11 0.12 0.02 0.34 0.003 0.25 0.24
stdev 0.6 40 - 002 10 02 04 0.1 005 001 0.05 001 0.04 0.04 0.03 0.01 0.07 0.002 0.06 0.06
PG13 1.78 213 6.4 0.05 43.6 0.79 1.39 0.74 0.20 0.05 0.23 0.02 0.16 0.13 0.11 0.01 0.13 0.003 0.17 0.39
stdev 004 2 0.1 0.01 0.8 0.01 0.04 0.05 0.08 0.01 0.05 0.0 0.03 0.03 0.01 0.001 0.02 0.005 0.04 0.04
PG4 3 260 17 008 50 11 18 09 03 0.03 015 0.03 0.18 0.10 0.14 0.02 0.4 0.003 0.18 0.3
stdev 1 70 4 0.04 10 03 05 03 01 0.01 008 001 0.09 006 0.04 0.01 0.1 0011 0.01 0.1
PG15 31 170 61 009 26 34 52 31 06 013 0.6 0.09 045 0.29 030 005 14 <LOQ 0.51 046
stdev 02 10 4 0.01 2 02 04 01 01 001 01 002 006 006 0.10 001 02 - 0.07 0.07
PG68 44 380 N/A 012 76 22 42 2.0 045 0.11 045 0.06 0.44 0.28 0.26 0.04 0.56 0.01 0.44 0.40
stdev 0.8 30 N/A 0.08 6 02 02 02 004 0.02 002 001 0.05 004 0.03 0.0 0.06 0.01 0.07 0.04
PG9% 2.0 230 129 006 44 079 14 0.70 0.24 0.03 0.13 0.02 0.16 0.13 0.08 0.02 0.27 0.001 0.17 0.20
stdev 01 20 0.7 0.01 4 0.06 0.1 0.0 005 0.01 0.04 0.01 0.02 0.06 0.03 0.01 0.06 0002 0.0 0.04
PG104 60 200 N/A 1.7 700 24 50 23 5 1.05 5 07 5 3 3 051 7 0.07 7 3
stdev 20 60 N/A 0.5 200 8 20 7 2 0.33 2 02 2 1 1 015 2 0.02 2 1
PG118 2.1 200 100 007 32 42 7 37 08 015 0.7 010 0.6 042 043 0.06 23 0005 0.7 0.7
stdev 04 40 20 0.02 6 0.7 1 08 0.1 0.01 02 004 01 0.09 009 001 04 0003 0.1 0.1
PG119 5.0 300 N/A 009 61 31 17 31 0.62 0.14 0.61 0.07 0.34 0.22 0.25 0.03 034 <LOQ 0.38 0.74
stdev 02 20 N/A 0.02 3 01 1 0.2 0.05 0.03 0.07 0.0 0.05 0.02 0.03 0.0 0.03 - 0.05 0.07
PG137 3.67 200 7 010 51 0.7 16 0.7 0.13 0.05 022 0.02 0.14 0.10 0.11 0.01 0.16 0.03 0.11 0.2
st.dev 40 1 0.08 9 0.2 09 02 0.04 004 007 0.01 0.02 002 0.03 0.01 007 0.03 0.04 0.1
PG142 1.8 230 51 007 34 17 28 15 031 0.07 033 0.05 0.27 0.16 0.19 0.03 1.1 0.001 0.29 0.8
stdev 02 30 7 0.02 5 0.3 06 0.1 008 001 0.04 0.01 005 004 0.02 0.01 02 0.004 003 02
PG143 4 230 30 010 40 2.0 4 1.8 04 0.07 04 007 04 020 02 004 0.7 <LOQ 04 22
stdev 1 80 10 005 10 08 1 0.7 03 005 01 004 01 008 01 002 03 - 02 09
PG147 8 400 <LOQ 0.10 62 25 9 24 050 0.10 0.44 0.06 0.34 0.21 0.18 0.03 037 0.001 043 1.1
st.dev 1 60 - 0.02 9 04 1 04 0.04 0.01 0.02 001 0.06 0.03 0.04 0.0 0.08 0.001 0.06 0.2
Small ring-beads
PG71 3.6 500 N/A 0.07 230 271 11 27 0.6 013 05 0.07 05 025 0.21 0.03 040 0.002 04 05
stdev 0.9 100 N/A 0.02 50 075 3 08 0.1 0.03 01 002 01 0.06 003 001 0.10 0.004 0.1 0.1
PG75 3.7 460 N/A 0.06 520 2.67 9.83 2.7 0.60 0.18 0.62 0.09 0.46 0.31 0.32 0.04 0.42 0.004 0.37 0.59
stdev 0.3 20 N/A 0.01 20 0.05 04 0.2 0.03 0.03 0.04 0.01 0.02 0.03 0.04 0.00 0.06 0002 0.02 0.04
Other objects
PG90 2 430 <LOQ 0.06 38 50 72 47 10 019 09 0.12 08 0.56 045 0.08 3.15 0.024 0.66 1.24
st.dev 1 50 - 0.01 4 05 05 06 01 001 01 001 01 009 005 001 035 0015 0.08 0.07
PG990y 3 300 <LOQ 0.11 40 o6 9 6 1.0 025 1.0 0.15 09 060 0.6 0.08 281 0.095 09 3.8
st.dev 1 100 - 0.01 20 3 3 2 04 0.09 05 007 04 024 02 0.04 120 0041 04 0.2
VG114 7 30 1457 018 50 24 5 23 05 012 0.5 0.06 04 025 022 0.03 0.32 0.0001 04 1.6
st.dev 2 70  3.63 006 10 06 1 0.7 02 0.04 0.1 0.03 01 0.09 0.07 001 0.10 0.0001 0.1 0.4
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Fig.4 Comparison of pXRF
and LA-ICP-MS data. Binary XRF data B sBlue
plots of CaO/SrO vs Fe,05/ 25
SrO show that high K,O glass B vellow-honey
corresponds to the HMG glass A PG118 .
(as determined by LA-ICP-MS) 20 |o g X > Green
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would significantly change the discussion about their prov-
enance. For the moment, the only (weak) indication of
provenance may be the presence of manganese as a colour-
ing agent, which would link them to an overseas origin of
the glass (Koch 2018).

The uniqueness of the high Ba and Ce group of samples
can be seen even more clearly in Fig. 6, where they diverge
from the general trend formed by the glasses from the
Eastern Mediterranean and match well with the aforemen-
tioned samples from South Italy discussed in Conte et al.
(2019). Samples with flat profiles from both groups align
with the Late Bronze Age Mesopotamian glasses discussed
by Shortland et al. (2007). Another suggestion that arises
from Fig. 6 is that the imported glass was very common
in the Italian peninsula during the Iron Age.

This makes most of the HMG group appear unique in the
larger context. Without compositionally compatible glass
found outside the Italian peninsula, it can be tentatively
suggested (until a more complete compositional database
arises) that at least part of the samples might be of local
origin. Indeed, it would be more feasible to produce plant
ash glass in the Italian peninsula, with no historically known
high-soda mineral deposits and abundant halophytic plants
near the coasts (Sciandrello and Tomaselli 2014). HMG
glass production originated in Mesopotamia or Egypt, and
the technology may have been somehow transferred to other
parts of the Mediterranean (Tait 1991). Interestingly, this
technology was used instead of the LMHK glass technol-
ogy, which flourished in the Italian peninsula during the
Final Bronze Age (Henderson 1988; Towle et al. 2001).
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Fig.6 Binary plot of La against Ce values (LA-ICP-MS data). HMG
and LMG samples within this study are compared with glasses of dif-
ferent origin and other Iron Age glasses found in Italian peninsula.
External data sources: Mesopotamian and Egyptian origin — Short-

In any case, the tradition of LMHK glassmaking does not
seem to have continued into the Iron Age on the Italian pen-
insula (Towle et al. 2001; Conte et al. 2019; Yatsuk et al.
2023). Besides the above-discussed samples, the rest of the
glasses seem to be imported from Egypt (high Hf LMG)

@ Springer

land et al. (2007); Levantine origin — Blomme et al. (2017), Costa
et al. (2021); IA glasses found in Italy — Panighello et al. (2012) and
Conte (2019)

and Mesopotamia (samples with flat and low trace elements
profiles).

Most of the samples in this set owe their colours to the
presence of iron, which was likely naturally present in the
silica sources (Degryse 2014). The presence of Fe’™ and



Archaeological and Anthropological Sciences (2024) 16:129

Page150f18 129

Fe’* was detected by FORS in the majority of samples that
gave meaningful spectra. In addition, several other ele-
ments influenced the colours in certain samples. Cu>* was
detected in samples PG69 and PG70 during FORS analyses
and confirmed by pXRF. This suggests a deliberate addition
of copper to colour these beads. VG82 and VG103 (blue
oblate beads) contain much lower amount of CuO yet it also
influences their colour. The purple coloured PG75 and PG76
show a Mn** band in the FORS spectrum and contain 0.8
— 1.9% of MnO (determined by pXRF and LA-ICP-MS).
Use of manganese for purple colouring has long history in
the Mediterranean (Lankton et al. 2022; Muros et al. 2023)
and its presence may also be revealed by dark stains on the
surface due to glass weathering (Gulmini et al. 2009). Glass
of the bulk of the bird beads was coloured by copper (VG88)
and by manganese (PG172). Their decorative elements are
made of opaque glass, opacified by antimonate containing
compounds and coloured by copper (PG172) or both opaci-
fied and coloured by lead antimonate (VG88).

Translucent glasses were probably prepared in different
ways which is reflected in their apparent colour. For honey-
yellow samples, the colour could be created by Fe’* ions
in coordination with oxygen or by the formation of ferri-
sulphide complex — Fe** — $*~ (Schreurs and Brill 1984;
Moncke et al. 2014). Strong and broad absorption in the UV-
violet part of FORS spectra did not allow to unequivocally
confirm the presence of the characteristic band of this
chromophore (centred at 405 nm) but there is a reason to
assume its presence anyway. In the spectra of honey-yellow
samples Fe?* band is usually well-pronounced, even though
not so consistently as in other colour groups. Presence of
Fe* should cause the shift of colour to blue, which is not the
case. Fe** — §2~ is a strong chromophore and can overcome
the influence of Fe?* in glass. Formation of ferri-sulphide
complex requires reducing conditions (Schreurs and Brill
1984; Meulebroeck et al. 2010), so presence of Fe®" is also
expected.

The green and uncoloured glasses are not so different
when the colouring mechanism is concerned. These glasses
were coloured by iron, particularly Fe** signal seems to be
more consistent in comparison with the honey-yellow group.
Fe?*/Fe* ratio must have been managed during the glass
production to keep the tinge of the resulting glass in the
neutral greenish range (Moncke et al. 2014). In blue samples
that are not coloured by copper (PG8, PG9) this ratio must
be more in the Fe?* favour than in the rest of the translucent
beads.

Noteworthy is the presence of antimony in some of the
glasses. With the exception of the PG1, PGS and PG90, it is
present only in the HMG samples. The concentration of the
element, almost always less than 1% by weight of oxide, sug-
gests glass decolouring (Silvestri et al. 2008). Interestingly,
its presence was detected in many green and uncoloured

glasses, but not so much in the honey-yellow ones. Consider-
ing the period to which these glasses are assigned (most are
attributed to the eighth century BCE), they could be one of
the earliest examples of Sb-decoloured glass ever produced
(Biron and Chopinet 2013).

Manganese can also be used to decolour glass. Apart from
the purple beads, where it was used in the colouring process,
manganese was found in the composition of many high K,O
samples. LA-ICP-MS analysis showed that the MnO content
was 0.2% in PG2 and 0.1%. in PG71. The MnO concentra-
tions in the samples not analysed in the laboratory are also in
this range (Table SI 4). This amount is insufficient to affect
the colour of the beads and could be interpreted as an indica-
tion of glass recycling, where some Mn-coloured glass was
mixed into a new batch of uncoloured glass (Silvestri et al.
2008). At the same time, sands with MnO contents as high
as 0.2% have been found on the Italian peninsula (Brems and
Degryse 2014). Impurities in the silica source could be the
reason for the high MnO content in PG104, as this bead is
made of a different type of glass.

Similar (or slightly higher) concentrations of CuO are
observed in many high K,O glasses. However, in the LA-
ICP-MS dataset, an elevated CuO amount (up to 200 ppm)
is associated with LMG glasses. This may be evidence for
recycling in both LMG and HMG glasses.

Another indication of glass recycling is the slightly ele-
vated CoO content (about 40 ppm) in PG9. This amount
is several times higher than in other beads, and also seems
to be associated with an increased NiO and ZnO amounts,
indicating Egyptian alum (Shortland et al. 2006b; Abe et al.
2012). Also, the use of skutterudite, linked to elevated As,05
levels, has been reported in the literature (Genga et al. 2008),
and cannot be excluded for this sample. We can therefore
assume that some Co-coloured glass entered the batch of
PG9. The majority of the examples for which recycling was
detected are attributed to the glass that we assumed was
locally produced. This means that local artisans used dis-
carded glass to facilitate the melting of the batch and/or to
increase the mass of the resulting glass. In any case, they
appear to have known how to decolour glass, which is an
advanced level of technology for the time.

Conclusion

This study allowed us to collect compositional data for an
interesting set of samples, which provided an opportunity
to highlight the diverse technological and trade landscape
of the Italian peninsula in the eighth-seventh centuries
BCE. The compositional analyses of this set of samples,
mostly monochrome translucent beads, revealed in fact
the diversity of the raw materials that were used for their
production. Firstly, several sources of silica were used
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as the main component of each batch of glass, suggest-
ing diversified sources of raw glass for the beadmaking.
Many samples seem to have been imported from different
regions of the Eastern Mediterranean, which is in line with
the current view of glass supply in the Iron Age, but it
appears that a significant number of the beads considered
here were probably produced locally, as evidenced by the
uniqueness of the minor and trace element composition.
The set of beads and other objects appears to be represent-
ative of the two competing traditions in glass making at the
time: the use of natron and the plant ash as fluxing agents,
which is consistent with the silica sources identified.
The imported glass was predominantly produced using a
mineral flux (natron), whereas the samples thought to be
locally produced were made with plant ash. In addition,
the compositional data documented evidence of early glass
decolouration and recycling. It is difficult to know where
these changes to the primary glass happened. The loose
typological classification for the majority of the beads pre-
vents direct parallels, and therefore it is difficult to sug-
gest for them a specific place of production by merging
compositional and archaeological evidence. Compositional
data may support in the future a more detailed typological
classification. Nevertheless, it is important to note that
the bird beads and the bowl fragment were attributed to
the plant ash glass production, that by the seventh century
BCE was on decline in the Mediterranean.

All above said indicates that Southern Etruria and
Latium were experiencing the same trends in glass pro-
duction and supply as the most socially and economically
developed parts of the Mediterranean.
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