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Reducing waste and CO, emissions, saving energy and raw materials, and helping the environ-
ment; recycling in contemporary contexts is an imperative if we want to enjoy the future on
this planet, and communities worldwide are encouraged to stay in the recycling loop. Although
glass recycling has been practiced from ancient times, and glass containers were reused regu-
larly in the nineteenth and twentieth centuries, present-day large-scale recycling started only
in the 1970s (Dyer 2014: 191). The switch from the debatably more sustainable and environ-
mentally conscious reuse to the more “convenient” recycling occurred through the promotion
of technological advancements and marketing. This transition could historically be interpreted
as a downgrade caused by a shift in consumption dynamics, symptomatic of our “throwaway
culture” (cf. Friedel 2014), However, the aftermath of the switch is that nowadays glass is recy-
cled almost everywhere in Europe, to varying extents.

Overall, around two thirds of all glass bottles, approximately 30 billion, are recycled each year.
In 2012, the Croatian Agency for the Protection of the Environment measured that on average
a Croatian citizen produces 390 kg of communal waste per year, which is 102 kg less than the
average for the EU. Unfortunately, only around 16% of this waste is recycled, and about 7% of
the recycled total is glass (MZOIP 2015). There are only two companies that recycle glass in
Croatia, but recycling is regionally encouraged by a container deposit for PET and glass bottles
which can be returned to a shop, redemption point, or recycling yards. However, glass recycling
trends in Croatia are steadily growing, from less than 800 t in 2012 to almost 1200 t in 2015
(Cistoéa 2017).

In principle, glass can be completely recycled for an unlimited number of times without losing
any of its qualities: this is known as “closed-loop” recycling (Dyer 2014: 191). As to amount
of resources and energy saved, it has been calculated that 1000 kg of recycled glass saves 700
kg of sand, 200 kg of lime, and 200 kg of soda; and one glass bottle gives us enough energy to
power a 60W bulb for 4 hours, a computer for 30 minutes or a TV for 20 minutes (Vetropack
2017). Before it is recycled, the glass cullet (scrap glass, broken glass vessels) is sorted by its
colour-quality requirements to supress colourant contamination (Dyer 2014: 194) - but it is
exactly these contamination traces that turn out to be useful in archaeological investigations,
as further explained below.



Glass as a recyclable material

If we exclude the practice of grog tempering (adding crushed pottery fragments to any type
of unfired clay), the first man-made material - ceramic - was not recyclable, so in the past the
practice of recycling related mainly to the pyrotechnologies of metal and glass production. The
secret to the recyclability of glass lies in its inherent thermodynamic characteristics. Unlike
clay ceramics which are plastic and are shaped at room temperature, then are fired solid at
high temperatures, glass is a stiff viscous liquid at high temperatures but becomes rigid when
cooled. It can be re-heated and softened into the liquid state repeatedly to be shaped into new
forms, and it is this property which makes it an ideal material for recycling.

Glassmaking requires only a few specific raw materials. Most ancient glasses comprise just
three essential components and frequently these were obtained as just two ingredients. Sili-
ca, the glass-former, is found as sand or quartz minerals, but it has a very high melting point
(17002C) which could not be attained in ancient furnaces. The melting point of the glass was
lowered by the addition of a compatible flux, typically soda. In ancient times, soda was obtained
either from naturally occurring mineral deposits such as natron, a type of sodium carbonate
found in Egypt, or alternatively from the ash formed when certain plants from arid or coastal
regions are burned. The soda flux breaks up the strong atomic bonds which link the silica mol-
ecules and this lowers the melting point of the glass, making it less stiff and easier to work. A
pure soda-silica glass is water soluble so a third ingredient, termed a stabilizer is needed to
insure the stability and durability of glass. The stabilizer typically introduced in glass was lime
(calcium oxide), which could have been derived from limestone, plant ash or from marine shell
found in sand. The soda-lime-silica composition was in use from the Late Bronze Age and re-
mains the basis of many modern container and window glasses. Its simplicity has meant that it
has been possible to melt glasses from many different sources together without major changes
in properties, a crucial factor in being able to recycle on a large scale.

In addition to the three major ingredients, small percentages of various metal oxides, such as
those of copper and cobalt, were added to give the glass colour, to decolourise it, or to make
it opaque (Moretti & Hreglich 2013: 28-32). While in principle, colourants could be added at
a later time to the already produced glass, the archaeological evidence suggests that coloured
glass was traded as ingots and there is very limited evidence of colourant trade per se - rather,
for certain periods such as the Late Bronze Age the existence of workshops specialised in pro-
duction of specific colours of glass has been hypothesized (Pusch & Rehren 2007; Shortland
2012:154).

Research into the chemical composition of ancient glasses provides a timeline of succession of
various technological recipes, which are predominantly discernible in the type of flux used (fig.
1). Plant ash, a soda source with higher potassium levels, was in use during the second millen-
nium BCE, and was succeeded by the purer mineral natron, retrieved from the evaporitic lakes
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Fig. 1. General timeline showing the major types of prehistoric glass.
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Fig. 2. Compositional difference in
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of the Wadi el Natrun and Nile Delta in Egypt, in the first millennium BCE. A short-lived occur-
rence of local European mixed alkali glass is recorded in LBA Italy, but was soon replaced with
natron glass (Venclova et al. 2011). Natron glass was produced until around the ninth century
CE, when there is once again a switch to plant ash glasses (Phelps et al. 2016). From this point
glass was being made in various locations with a variety of plant ash type fluxes, which have a
somewhat more complicated and variable fingerprint (Henderson et al. 2016). Glasses made
from the two types of soda may in most cases be distinguished by their potash and magnesia
contents (fig. 2).

Practicalities of Recycling

Recycling is a part of the chaine opératoire of glass production, and is fundamental to the study
of glass use in the past since it provides insight into the methods used by the ancient craftsmen
and the mechanism of supply and demand of goods in the past (Paynter & Jackson 2016: 32).

In ancient times glass could be recycled only a limited number of times before a fresh batch had
to be added, as the loss of sodium at high temperatures would cause the viscosity of the melt to
become too high, making the material too stiff for working. Secondary workshops would have
had the capacity to recycle glass, as the temperatures needed to melt and mix the glass were
in principle no higher than those for glass-working. Glassworkers could have recycled broken
glass by adding glass cullet into a glass batch while melting it, or mixing crushed or powdered
ground glass with scrap glass and then melting them together (Shortland 2012: 31, 224). A
major benefit of using cullet in glass production is that it requires less energy to melt than the
raw materials, and the durations and temperatures needed for recycling were significantly less
than for primary glass making.

Recycling was not a homogenous practice, it would have varied in size and form within house-
hold, military, and medieval monastic contexts (Foster & Jackson 2010: 3072; Freestone 2015:
29, 34). Recycling was also performed for a variety of reasons, triggered not only by the lack
of fresh raw materials, but by a spectrum of other motivations, as for example the recycling
of coloured Roman glasses after the fourth century, to meet the demand for coloured glass
(Paynter & Jackson 2016: 46-48). However, there is now considerable evidence that Roman

147



natron glass was recycled even when fresh material and the specialised knowledge of coloured
glass production was still abundantly available, meaning recycling was carried out due to its
economic and social advantages. Overall, the evidence for glass recycling appears greater in the
western provinces, away from the primary production centres, than in the eastern provinces
but this may be an effect of the extent of the more intensive study of glass in Western Europe
at the present time.

Reuse, Reshape, Recycle

With respect to terminology, we should make a distinction between reuse and recycling: reuse
implies “second or further use” of an item that is broken or otherwise defective in terms of its
primary function, whereas recycling implies “the reuse of material in an industrial process”,
where the item is returned “to a previous stage of a cyclic process” (OED), and used to make a
completely new thing - “so that its original identity is lost” (Degryse et al. 2006: 494).

Examples of the reuse of glass can be seen in the Iron Age lapodean material from Lika, where
fragments of glass bracelets were used as decorations on metal fibulae (fig. 3). At a later date,
pieces of Roman glass objects were also often repurposed and are easily identifiable as such
since they are stylistically anachronistic with respect to the rest of the object, such as the Ro-
man jugs’ mask medallions, or gold leaf decorated bowls bases, turned into “keepsakes, lids
and counters” (Paynter & Jackson 2016: 36). Remnants of this practice has been documented in
Switzerland, Israel, France, Germany, and Great Britain. Some Roman glass fragments, like the
ones retrieved in Augusta Raurica in Switzerland, as well as several sites in Syria and Belgium,
resemble lithic tools. The use for these pieces is still unknown, but could possibly have been re-
lated to textile, leather and fur processing, or, alternatively, ceramic decoration and/or basket
weaving (Finfschilling 2015: 171, 174-6).

Examples from the modern period include nineteenth-century Aboriginal Australian arrow-
heads, spearheads and knife blades, which were pressure-flaked from discarded European bot-
tles, as well as the reuse of beer bottles as jam jars in first half of the twentieth century in the
Otway Ranges in Australia (Stuart 1993: 17; Harrison 2004: 1; Harrison 2006: 65).

Glass cullet was sometimes repurposed altogether and used as a flux in metal production:
cross-craft interactions between metallurgists and glassmakers and the use of one material in
the production of the other was quite frequent. Glass was used to facilitate the assaying and

Fig. 3. lapodean fibulae decorated with glass
bracelet fragments — an example of glass reuse
(photo: A Franjic).
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Fig. 4a-b. Microphotographs of slag inclusions in lapodean eye beads (scanning electron microscope: A Franjic¢).
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smelting of noble metals in the Renaissance, which was also advised by Agricola in his De re Me-
tallica (Hoover & Hoover 1950: 238; Mongiatti et al. 2009: 40; Dyer 2014: 199). Use of crushed
glass beads as a flux to facilitate the agglomeration of the individual gold flakes in the gold re-
fining process has also been documented in an early Islamic context at the Tadmekka site in the
present-day Republic of Mali, while a similar practice of gold aggregation, with borax instead
of glass beads, still exists in the area today (Rehren & Nixon 2014: 33, 37-8). Conversely, use
of metallurgical slag as colourant is documented in the cases of Iron Age lapodean eye beads
(Franji¢ & Freestone 2017: 138; figs. 4a-b), early Anglo-Saxon opaque red glass (Peake & Free-
stone 2012) and Roman glass from Serdica (Cholakova & Rehren 2012).

Enamelled twelfth-century metalwork provides evidence of connection between the recycling
of Roman glass mosaic tesserae and enamelling practice (Freestone 2015: 37). However, it is
interesting to note that red enamels were freshly made in contemporary workshops from plant
ash glass coloured with copper, suggesting recycling tesserae for other colours was due to the
lack of appropriate pigments and/or knowledge to produce the desired colour (Freestone
2015: 38). The use of tesserae in enamelling terminates around 1200 CE, probably due to a
shortage in supplies of old Roman glass, mirrored also in the discontinuation of tesserae recy-
cling for the production of stained glass windows at about the same time (Freestone 2015: 39).

The origins of recycling

It is possible that an understanding of the potential of glass to be recycled first occurred in
primary workshops, where the craftsmen started recycling waste products of glass production
(Degryse et al. 2006: 494). The reasons for adoption of the practice were probably of a techni-
cal and economical nature: shortage of raw material, availability of scrap glass in the vicinity,
decreased cost of production. Stern (1991: 441, 450-51) suggests that the discovery of recy-
cling was closely related to the realisation that molten glass can be blown, and the invention of
glassblowing, whereas earlier recycling practices involved only reuse and not re-melting. This
hypothesis remains to be fully investigated; however, there is compositional evidence sugges-
tive of recycling in Hellenistic cast bowls, produced before the introduction of glass blowing in
the first century BCE (eg. Reade & Privat 2016).
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Evidence (if any) for recycling of prehistoric glass must be sought in the archaeological record.
Although early Mesopotamian and Egyptian texts offer instructions on how to make glass and
illustrate its value, they do not mention recycling (Paynter & Tite 2001: 240, 253; Shortland
2012: 56, 122-125;). Recycling practice can be confirmed with certainty only from the first
century CE, although it is implausible to assume that prehistoric craftsmen did not notice the
potential of recycling themselves. However, in the Flavian period we see the rise of cullet col-
lection and trade, which possibly becomes more noticeable due to the rise of large-scale glass
production following the invention of glassblowing (Silvestri 2008b: 1489). Roman glass pro-
duction was monumental in scale: for example, 16,900m? of glass were required only for the
mosaic in the Baths of Caracalla in Rome (DeLaine 1997).

The first-century CE poets Martial, Statius, and Juvenal offer insights into recycling routines of
the Romans, mentioning street vendors trading sulphur (used for matches) for broken glass
(Juvenal & Persius 1928: 73; Martial 1993: 67; Keller 2005: 67; Statius 2015: 69). However,
recycling is not mentioned in the elaborate description of glassmaking processes in Pliny’s
Natural History (ca. 77-79 AD), suggesting that he was still unaware of the existence of the
practice (Natural History 36.199; Stern 1999: 451). Cassius Dio (1955: 411) recounts that dur-
ing Claudius’ reign obtaining Roman citizenship became as cheap and easy as "giving the right
person some bits of broken glass”. Epigraphic evidence from the third century CE references a
soldier from the Legio XIV Gemina in Carnuntum who was making windows, attesting to the
Roman army’s practice of recycling glass for their needs, to avoid dependency on long-distance
trade (Keller 2005: 67-8). Low profit in glassblowing handicraft after the introduction of Dio-
cletian’s price edict might have been the reason for a boost in glass recycling (Stern 1991: 464).

Recycling of Roman glass is likewise mentioned in medieval texts, most notably in Theophilus’
twelfth-century treatise De diversis artibus, describing how coloured glass mosaic tesserae are
diluted with fresh glass in the production of blue stained windows (Hawthorne & Smith 1976:
59). Furthermore, Eraclius, writing on the arts of painting, describes how molten Roman glass
is pressed into clay moulds to “make beautiful shining gems” (Merrifield 1999: 196). An exam-
ple of this practice is seen in the head reliquary of St. Eustace from the Cathedral Treasury of
Basel (Joyner et al. 2006).

Traces of Recycling in the Archaeological Record

While physical evidence of recycling such as collected broken glass and leftovers from the
glassmaking process would have been present in glass workshops, it is likely to be most visible
in the archaeological record only in the case of sudden abandonment of the site (e.g. Schibille
& Freestone 2013: 1). The poor quality of the glass produced in the Middle Kingdom Pyramid
complex at Lisht, south of Cairo, where fragments of Egyptian Blue, faience, glass, rods, and
runs (leftovers from the production process) were discovered, has been interpreted as the re-
sult of glass recycling (Shortland 2012: 97). Known examples of stored scrap glass from later
dates include the workshops in the Levant and the two shops in Sardis (Turkey) (Degryse et
al. 2006: 495), while the earliest documented scrap glass comes from a pit deposit at Gresham
Street (50-60 CE), Regis House (65-70 CE) and Watling House (50-100 CE) in London, all situ-
ated on the periphery of the city (Shepherd 2015: 42-3), and Pompeii (79 CE) (Degryse et al.
2006: 495).

In the Roman period glass cullet was collected on different scales and in different contexts.
There are many known cullet assemblages discovered in military camps, villas and towns
(Wardle et al. 2015; Paynter & Jackson 2016: 35; Keller 2005: 66). Cullet left at the military
camp in Nijmegen, after the legion moved, indicates broken glass was not worth transporting,
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but was collected on site as needed (Keller 2005: 69). Towns in Italy display a complex model
of scattered, small glass-recycling activities, for example in the vicinity of Aquileia, a famous
glassworking centre. Glassblowing waste dated to fourth century CE was found in Sevegliano
near Aquileia, as well as in a domestic context in the Domus delle Bestie Ferite (first to fifth
century CE), where glass tesserae were used to make beads, and tesserae mixed with window
glass to make ornaments. This assemblage, along with the seventh-century glass from Roman
villa of Aiano near Siena, demonstrates that the recycling of tesserae from mosaics was already
taking place before the medieval period (Boschetti et al. 2016: 72, 84-5).

Furthermore, substantial demand for scrap glass, and the practice of its collection in various
locations is indicated by the shipwreck of Iulia Felix (third century CE), which was carrying a
large cargo of glass cullet, as well as by the large amounts of cullet (70 kg) unearthed at Guild-
hall in London (first to fourth century CE). Negative evidence of the lack of broken glass in
some archaeological contexts can also be taken to indicate routine collection and recycling of
glass in the Roman period (Keller 2005: 68).

During the Byzantine period churches had an important economic role in scrap glass collecting
and recycling. Although broken holy vessels had to be buried, glass from lamps and windows
was collected, as is documented in several sacral architectural complexes in Jordan. The de-
mand for glass was still high, so glass collection and storage within the church’s perimeter was
necessary in order to provide for and maintain the large monastic estates (Keller 2005: 69-74).
Glass recycling practices were simultaneous to use of imported fresh glass during the seventh
century, and evidence for recycling intensifies in the early eighth century (Freestone 2015: 35).
Recycling of Roman glass continued throughout the early medieval period. Primary production
of natron-based glass in the eastern Mediterranean ended by the middle of the ninth century
(Phelps et al. 2016), and it was replaced with soda plant ash glasses in the South and potash-
based glass in the North, but the demand for coloured window panes called for the recycling
of Roman coloured glass, as seen for example in the monastery of San Vincenzo in South Italy
(Schibille & Freestone 2013). On the other hand, re-melting Roman tesserae as a source of glass
material, and not colour, is documented in the ninth-to tenth-century vessels from Anglo-Saxon
contexts of modern-day Southampton which have elevated levels of transitional metals (Free-
stone 2015: 36).

Fig. 5. Nineteenth-century table top
by G. Rossignani, made of hundreds of
ancient glass cuts. Corning Museum of
Glass 97.3.10 (photo: | Freestone).




In the Islamic world, a 3-tonne cargo of glass dating to the eleventh century and including cul-
let for re-melting is documented in the Serce Limani shipwreck, off southern Turkey (Bass et
al. 2009). Cullet collection is also documented in eighteenth-century French workshops, and
is still practiced in contemporary workshops in Cairo and Damascus (Keller 2005: 68). Roman
glass kept its allure long after the Middle Ages and the symbolic power of Roman glass is mate-
rialised in a nineteenth-century table top by Venetian Giovanni Rossignani, made of hundreds
of Hellenistic and Roman glass cuts (fig. 5). Roman glass is still valued today and continues to
be (re)used for fine jewellery (Freestone 2015: 39).

Using glass composition to recognise recycling

Current investigations of glass recycling in the ancient world are heavily dependent upon the
evidence of scientific analysis. The organisation of production is the first step in the under-
standing of the dynamics of glass use. The centralised production of raw glass, with only a few
large glassmaking sites located near raw material sources in the Mediterranean, appears to
have been a standard model of glass production until medieval times. These primary produc-
tion workshops made glass from raw materials, and then traded the glass in the form of ingots
(LBA, EIA) or lumps (Roman period; fig. 6) to the more common secondary glass workshops
situated throughout Europe and the Mediterranean, which worked the raw glass into finished
objects.

The existence of a relatively small number of primary production centres, in specific geograph-
ical locations with distinct compositional features (for example slightly different amounts of
components such as Ca0, AlLO, or TiO,) provides a framework within which recycled glass
may be identified. Nonetheless, recognising ancient glass recycling poses many challenges, the
most obvious one being the invisibility of a large scale and efficient recycling system. Efficient
recycling implies repeated re-melting and mixing of glasses from a range of sources, so all glass
recovered from a specific period in the archaeological record would have gone through numer-
ous cycles of mixing and re-melting and converged upon a single hybrid composition without
traces of the original characteristics of the individual furnaces. Truly efficient recycling can
therefore leave no obvious trace of the process in the composition of the glass. We are depend-
ent upon the failure of societies to behave in such an efficient manner to detect and understand
the process. Inevitably glass artefacts are recovered which were made from fresh glass which

Fig. 6. Chunks of raw glass found in
a Byzantine glass workshop at Beth
Shean, Israel and on display in the
Israel Museum (photo: | Freestone).
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Fig. 7. Major glass compositional groups of the first millennium CE. Each colour symbol represents the products
of a distinctive production centre (after: Freestone et al. 2018).
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had undergone minimal recycling. These may be used to establish the primary glass compo-
sitional groups, representing fresh glass from the primary production workshops (e.g. fig. 7).
Recycled glass may then be identified as compositions which are mixtures of these primary
groups.

In many cases the glass used in a region at a specific time may be derived from a single primary
glass source. Then, even after many cycles of mixing and re-melting, the bulk glass composi-
tion will still reflect the primary production centre. To confirm that the glass was recycled, the
compositional clues that must be sought include the contamination of the glass by the uninten-
tional incorporation of coloured glass in the recycled material. This coloured glass may have
been added in the form of handles or decorative threads on otherwise plain recycled vessels,
or as coloured mosaic tesserae, bangles or beads which were included because they extended
the amount of glass available but, in relatively small quantities, did not affect the colour of
the glass. An example might be a vessel of green glass coloured by two per cent copper oxide,
CuO. Addition of just one percent of this copper green glass to a batch for recycling will elevate
the bulk copper content of the recycled glass from around 50 parts per million to about 200
parts per million. Such a low concentration of copper will have a barely detectable effect on
the colour of the glass but the change will be relatively easy to detect using modern methods
of analysis and is a clear indication of the presence of recycled glass. Other colourants, such as
lead, antimony, cobalt and tin are also modified by such imperfect recycling practices and taken
together provide a good fingerprint for the recycling process.

In addition to the mixing of different primary glass types and contamination by coloured glass,
simply re-melting glass may result in some compositional change, due to loss of elements that
are volatile at high temperatures such as sodium or chlorine, contamination by fuel ash which



can add elements such as potassium and phosphorus or contamination from the melting pot or
furnace wall (Jackson & Paynter 2016; Al Bashaireh et al. 2015). There is no reason for a single
artefact to be reheated, so re-melting implicitly indicates a recycling process.

The foregoing indicates that the recognition of recycling is far from straightforward. While we
may in many cases identify that recycling has occurred, we are still limited in our ability to
determine the intensity of the process, that is, how many episodes of mixing and re-melting
have occurred. While patterns of recycling are evidence of “social, economic and inter-regional
relationships in the past” (Schibille & Freestone 2013: 1), we are far from providing the quan-
tification needed to robustly assess its importance in the ancient economy.

Case Studies: Glass composition and recycling

Roman Transparent Glass

It has been recognised for some time that Roman colourless glass of 15-4t centuries CE com-
prises two main types: Rom-Sb, decolourised by the addition of around one per cent antimony
oxide, and Rom-Mn, characterised by around one per cent manganese oxide. The two types
differ in other ways, in terms of their levels of soda, lime and alumina (fig. 7), and it appears
that they were produced in two primary production centres. Current thought seems to be con-
verging on the idea that Rom-Sb was made in Egypt (Degryse 2014; Schibille et al. 2017) while
the Mn-variety was produced in Palestine, as suggested some years ago by Nenna et al. (1997).
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Fig. 8. Manganese- and antimony-decoloured glass of the lulia Felix plotted against the alumina content, showing
the mixing line between the low-alumina antimony-decolorized glass and the high-alumina manganese-decolor-
ized glass (after: Freestone 2015: 32, fig. 2).
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The bulk of Roman transparent glass, however, is not colourless but green-blue, and much of
this contains both antimony and manganese. As inferred by Silvestri et al. (2008a, b) and by
Jackson & Paynter (2016) in their study of first- to fourth-century colourless glass from Roman
Coppergate, this glass, which contains both decolourisers, is likely to be recycled; a mixture of
Rom-Mn and Rom-Sb.

An example is provided by the Iulia Felix ship, sunk near Grado (Udine, Italy). It carried a 1.4 m
high wooden barrel, with over 11,000 fragments of glass vessels of various types, mostly natu-
rally coloured, with fewer fragments of transparent glass, and rare dark glass fragments. The
limited variety of glass indicates sorting to prevent colourant contamination, and possibly sug-
gests that glass might have been collected to serve orders requiring certain weight of a certain
glass type (Silvestri et al. 2008a: 335). This is the first documented example from the Roman
period of recycling glass carried on cargo ships, whereas other studied wrecks carried only raw
glass and fine tableware (Silvestri et al. 2008a: 331, 332; Silvestri 2008b: 1492). The two types
of colourless glass were identified: Rom-Sb seems to have comprised high-quality vessel cullet,
while Rom-Mn and mixed Mn-Sb glass comprised lower-grade container cullet (Silvestri et al.
2008a: 331). Silvestri’s data are re-plotted in fig. 8, which shows a linear relationship, or mix-
ing line, between the Mn-rich and Sb-rich glasses. It appears that the antimony decolourisation
produces a much more stable colourless glass than the manganese, as most of the green-blue
tinted glasses lie closer to the Rom-Mn compositions. Furthermore, it looks as if the Roman
glassworkers tried to keep the higher quality antimony decolourised glass unadulterated by
manganese-bearing glass where possible, as there is a gap in the trend towards the Rom-Sb
composition.

A more complex situation was recorded by Jackson & Paynter (2016) in the glass from York.
These authors observed the mixing of antimony and manganese-bearing glasses and raised
levels of copper and lead in the mixed glasses, indicating contamination by coloured glass.
However, they were able to infer from the range of concentrations “different recycling histo-
ries”: some of the glass had been recycled at least twice—first as colourless and then with
the naturally coloured batch (Jackson & Paynter 2016: 78). The high amount of recycled glass
suggests limited access to fresh glass in Britain, as well as the custom of more frequent use of
fresh glass for the production of fineware, and recycled glass for the low-status everyday ware
(Jackson & Paynter 2016: 82).

Early Medieval Glass from San Vincenzo al Volturno

A later, ninth-century example is the glass from a workshop at the Monastery of San Vincenzo
al Volturno, Molise, Southern Italy (fig. 9). Hundreds of glass tesserae from mosaics were found
along with used crucibles, some containing the partially melted remains of tesserae. The ab-
sence of glass mosaics indicate that the tesserae were collected to be recycled as a source of
glass and/or colourants (Schibille & Freestone 2013: 2, 8, 11) and they were dated to the first
to third century based on their composition (no traces of the tin opacifier, which is typically
used after the fourth century). The study shows that the blue windows of the monastery were
formed by melting tesserae, as documented by Theophilus for the later medieval period (Schi-
bille & Freestone 2013: 7-8).

Furthermore, it was shown that the glass worked on the site comprised three compositional
groups: one equivalent to a mixture of molten tesserae, one equivalent to third-century Rom-
Mn glass which had undergone minimal recycling, and a mixture of these two types. This point-
ed to the use of scavenged Roman glass removed from a single source—a large Roman building
which had extensive wall mosaics and glass windows, the windows providing the Rom-Mn type
glass. Such an origin would be consistent with the widespread use of spolia in architecture at



Fig. 9. Glass items and working waste from San Vincenzo al Volturno (after: Schibille & Freestone 2013: 3, fig. 1).
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the time. In the twelfth-century Chronicon Vulturnense, abbot Giovanni recounts how San Vin-
cenzo was given a Roman temple in Capua, whose columns were used in the construction of the
church (cf. Giovanni & Federici 1925; Schibille & Freestone 2013: 11).

Recycling glass from trade beads

Some interesting examples of glass recycling may be found in the practices of indigenous peo-
ples who first encounter glass in the form of trade beads and have no local glass-making indus-
try of their own. For example, analysis of trapezoidal blue glass pendants used by the indig-
enous peoples of North American Upper Great Lakes has indicated that they were produced by
crushing and re-melting European glass trade beads during the early years of European contact
in the seventeenth and eighteenth centuries (Walder 2013: 365-366).

A similar situation appears to have occurred in southern Africa where large numbers of Indo-
Pacific beads of a specifically South Asian composition, comprising a mineral soda-lime-silica
glass with high alumina, are found in tenth- to thirteenth- century contexts. Also present is a
type of locally made bead, the Garden Roller, so-called because of its resemblance to the lawn
levelling device of the same name (Wood 2016). In a comprehensive investigation of the chem-
istry of beads from southern Africa, Robertshaw et al. (2010) were able to show that the gar-
den rollers were produced by recycling the glass from the Indo-pacific beads. The method of
production varied; the Indo-Pacific beads could be crushed or melted whole in clay moulds to
produce the larger garden rollers (Wood 2016).
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These examples of recycling, from very different places and periods, suggest that when people
are confronted with a new material such as glass, a process of exploration occurs which may
eventually allow them to manipulate it in a creative fashion to produce their own artefacts.
They provide clues as to how the technological transfer of glass technology may have occurred
in the past.

Conclusion

Although there are many uncertainties and limitations in the study of the mechanisms of an-
cient recycling, technological analyses of chemical compositions and isotopic ratios in glass
artefacts do offer us a key for deciphering at least a minute part of the glasses’ life histories.
As some of the presented case-studies hopefully demonstrate, recycling as a process cannot
be explained as simply a consequence of the lack of fresh material, but is influenced by many
other social and situational factors. Production, use, discard and re-use of glass, or any material
in that respect, is firmly embedded in the larger social, cultural, environmental and economic
practices of ancient societies.

Recycling is an essential part of the chaine opératoire of glass production. The scale and pat-
terns of recycling shed light on the systems of procurement, organisation of production, tech-
nological choices, the extent of knowledge of the ancient craftsmen, and the overall demand
for glass in a society. These trends have determined trade systems, developed local economies,
and influenced the life-histories of glass artefacts. The cycles of use and reuse of a material
offer information about regional relationships and map not only the rise and decline in the
prominence of a certain material, but also the changes in traditions, adaptations to demand
and different specialised tasks. These kinds of information make a valuable contribution to our
knowledge about the past technologies and societies, upcycling the present understanding of
the social values and worldviews hidden in the archaeological record.
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