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ABSTRACT

The Impact of Glassblowing on the Early-Roman Glass Industry (circa 50 B.C. —
A.D. 79) by Jonathan D. Prior

In the late 19" and early 20™ centuries, ancient glass was frequently treated as
though it was a prestigious product, owned only by the elites of society. Research was
primarily art-historical, and focused on select museum pieces. As archaeology
developed, it became clear that glass vessels were used at many, if not most, Roman
sites, from the late first century B.C. onward, and in many different social contexts,
contradicting the idea that only the rich could afford them. Scholars began to explain the
increased prevalence of glass by arguing that the invention of glassblowing (circa 50
B.C.) had increased production speed while lowering production costs, making glass
vessels cheap and widely available across the social spectrum This thesis explores the
role of blown glass by comparing the percentages and forms produced by older casting
techniques in glass vessel assemblages from military sites, civilian sites, frontier
settlements, and settings at the heart of the Roman world. It seeks to understand the
social and economic status of blown glass and cast glass: why did cast glass persist after
the invention of cheaper blown glass? Was cast and blown glass equally accessible to
different levels of society? And to what extent can the invention of glassblowing bear
responsibility for the rise in glass vessel use in the Roman world? By drawing
comparisons between vessels from different production methods, and from different
social and geographical contexts, this thesis begins to identify emerging patterns in
glass use across Roman society and finds that both cast and blown vessels were used
across all levels of society and that there was no strict divide between the use of casting

for luxury wares and glassblowing for cheap utilitarian wares.
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Chapter 1 : Introduction and Literature Review

1.1 Introduction

The study of archaeological glass is an expanding field, which began primarily
as an art-historical subject, focused on select museum pieces (Cool and Baxter 1999:
74). It has since branched into studies of production, and an increasingly scientific field
utilising chemical analysis to work out composition and attempt to discover provenance.
There have been studies of the use and production of glass covering the entire known
history of manufactured glass, but there is still relatively little known about actual usage
patterns and the role of glass vessels in ancient societies. Archaeological glass is rare in
Bronze Age through Classical Greek contexts, but it is found regularly in Roman
contexts from the first century B.C. onward. This increase in the presence of glass in
archaeology coincides with the earliest evidence (circa 50 B.C.) for the discovery that
the breath of a glass worker could inflate a bubble of glass, or paraison (Avigad 1971:
199; Gorin-Rosen 2000: 56; Grose 1977: 12; Harden ef al. 1987: 88; Isracli 1991: 47;
Israeli 2005: 54-57). The new technology of glassblowing allowed for much more rapid
production and a much wider variety of vessels than core-forming, cutting, or mould-
pressing techniques, and is still the basis for mechanised glass production today (British
Glass Manufacturer’s Confederation 2013). In spite of the resulting prominence of glass
in the Roman archaeological record, there is still relatively little that is clearly
understood about the use of glass in Roman society, the role of glass in the Roman
economy, how widely glass was used, or the true impact of the new technology of
glassblowing, which is arguably the greatest development in the history of

manufactured glass production (Grose 1977: 9).



It has often been assumed that, because of the coinciding time-frame,
glassblowing itself was responsible for bringing the sudden increase in the frequency
and number of glass finds in the late Republic and early Empire and for enabling the
general population to afford glass vessels (Grose 1977: 9'; Harden et al. 1988; Isings
1957: 1; Stern 1998: 535; Vickers 1998: 17). Past display and publication of Roman
glass routinely suggested that it was primarily a luxurious, decorative medium utilised
by the upper echelons of society, and only by looking onto excavation finds catalogues
could one see that the use of glass was widening in the Roman world (Vickers 1998: 17;
Harden et al. 1988). This expansion in use has traditionally been put down to a
technological change (Isings 1957: 1, 14). The high speed of production, made possible
through glassblowing, is often used as evidence that glassblowing would have made
glass vessels more affordable, because more objects would be produced in a shorter
time period, making more pieces available for purchase. Isings (1957: 1) even argues
that it was the relative ease of glassblowing that allowed workers to set up workshops
and begin local production in Italy and the West rather than importing expensive,
mould-pressed, Egyptian glass, hinting at a traditional bias towards cast glass always
being expensive and produced in the East. The strong presence of glass in Roman
archaeological settings does support the argument that glass was accessible in the early
Roman period, but although logic would state that widely available objects would
decrease in price, it is impossible to quantify the effect that glassblowing had on the
cost of glass due to the dearth of evidence for glass vessel costs prior to the fourth-
century Maximum Price Edict of Diocletian. This document, however, only compares

colourless glass to natural coloured glass, rather than comparing blown vessels to

! Grose credits glass with being a major advancement, is a bit reserved in the argument that glassblowing
was responsible for its cheapness and availability. Even later in his 1977 article he hints that other
techniques may have already begun making glass popular.



vessels produced in other ways (Graser 1940; Price 2005: 179; Roueché 1989: 265-361;
Stern 2004: 106; Stern 1999: 461).

The archaeological record certainly supports the suggestion that glass use took
off in the early Roman world, was used at all levels in Roman society and that it was
found at virtually every late-Republican and Imperial site. It was even valued enough in
the Roman world that many ancient writers, from Pliny the Elder (Nat. Hist. 36.193), to
Strabo (Geog. 16.2.25), to Martial (Ep. 1.41.3-5 and 10.3.3-4) and Juvenal (Sat. 5.47-
48), as just a few examples, commented on it. The authors who use this evidence to
support the belief that glassblowing changed glass from a luxury item to a common item
show no real evidence that correlation equals causality. There has been very little,
exploration into the actual level of glass use immediately on either side of the invention
of glass use, and in one of the few pieces of writing that comments directly on glass use
just prior to glassblowing, David Grose (1989: 241) indicates that new casting
techniques may already have been speeding up production and spreading glass use. The
fact that Romans were using glass widely meant that the demand could outpace
production by any method aside from glassblowing, potentially making it the most
common method by necessity. It is entirely possible that demand drove the use of new
technology, rather than technology driving demand. Stuart Fleming, for instance, argued
that glass became a rival to pottery (a somewhat extreme view, which requires more
support or qualification than he provides), and estimated that by the second century
A.D., as many as eight million households within the Empire would have been using 60
or more glass items in an average day.” He then uses this number to calculate demand
and make an estimation of a necessary production level of 100 million vessels annually

to meet the Roman demand for glass vessels, accounting for an average breakage level

? Fleming does not actually explain how he comes to this estimate, or how he uses the data to calculate
demand and production so this estimate must be viewed sceptically.



of 12 items per household per year (Fleming 1997: 3; 1999: 60). Marianne Stern
emphasises the tremendous rate at which glassblowing took off by stating that glass
vessels outnumbered thin-walled ceramics at Pompeii by as much as two or three to one
(Stern 2004: 103), seemingly implying that this was representative of the Roman world
in general. These arguments suggest that glassblowing had a radical impact on the level
of glass use in the Roman world, but they may be based on cherry-picked results and
may overstate the use of glass in relation to ceramics.’

The argument for glassblowing deserving the bulk of the credit for widespread
Roman glass use has been losing some support in the last twenty or thirty years (Cool
2006; Cool and Baxter 1999; Grose 1989). Even Grose, who in much of his work
comments on the great significance of glassblowing, implies that it was not entirely the
cause of a shift in usage. He suggests, as noted above, that advanced casting techniques
were already reducing the time and costs required to produce glass vessels, and that
glass use was becoming common even in the years leading up to the invention of
glassblowing. Grose (1989: 241) argues that casting techniques such as sagging were
vital to the growth of the glass industry, and were only gradually replaced by blowing.
He does not in any way suggest that glassblowing was insignificant. In fact, in his 1977
paper for the Journal of Glass Studies he explicitly states that glass shifted from a
luxury product to a commonplace one when the new glassblowing technology
revolutionised the industry (Grose 1977: 9), and he fully recognises that it was a
technological advancement that allowed for major changes in the variety of possible
forms and the speed of production. He argues that the aesthetic and utilitarian qualities
of blown glass quickly made it a preferred substance for tableware, for the storage,

preservation, and transport of goods (Grose 1977: 9). What Grose’s argument suggests,

3 Stern’s statement is not backed up with data in her article, but chapter six of this thesis works out how
this number could be obtained and how reliable it is for calculating the relationship between glass and

pottery.



however, is that glassblowing’s role in changing usage is greatly over-stated. Grose
notes that blown vessels of the late first century B.C. and early first century A.D. were
becoming more popular, but when he comments that authors like Seneca and Petronius
both marvelled at the low cost, the speed at which glass became common, and the novel
qualities of glass — such as its lustre, transparency, and lack of odour and taste
(Petronius, Satyricon 50; Seneca, Epistulae Morales 90.31) — he remarks that no Roman
author provided specifics on the production types behind the glass on which they wrote
(Grose 1989: 242). Furthermore, the production advances facilitating the manufacture
of glass and producing a variety of colours in Grose’s work relate to casting more than
to glassblowing (Grose 1977: 13-14).

In spite of some movement away from the idea that glassblowing made vessel
glass widely accessible there are few who have taken the time to discuss the impact of
glassblowing on a similar scale to Isings, Fleming, and especially Stern. This thesis
therefore seeks to explore archaeological evidence for both sides of this argument — that
glassblowing made glass affordable to the masses (i.e. all levels of society, not just the
wealthy elites of equestrian and senatorial rank), and that glass had already begun to
have widespread use that was simply accelerated by glassblowing — through a series of
case studies, which evaluate what roles blown and cast glass vessels actually played in
the lives of people across the Empire in the first century and a half after the invention of
glassblowing, and the ratios of each that are represented. Tracing usage over time on
numerous individual sites has proven impractical due to the scarcity of sufficient sites
with adequate assemblages spanning pre-and post-glassblowing contexts, in sealed
datable sequences. Therefore, this thesis will primarily study the relationships between
production techniques and the vessel types that were popular following the invention of

glassblowing. By looking at forms, colours, and numbers of vessels formed through



glassblowing and older casting techniques it will be possible to evaluate the level to
which older techniques were still valued, and whether older techniques produced vessels
that were widely affordable and utilitarian, or whether the cost and speed of casting
restricted it to the production of costly luxury items.

The prominence of glassblowing is impossible to ignore, and one must suspect
that it played some part in accelerating the spread of glass simply by making more items
available, or serving as a response to demand. It is important to look at evidence for the
use of cast glass in the Roman world to understand if it actually was available to people
in a range of economic standings, how widely it was used, and whether sagged forms
that were easily produced were widely used both before and along side blown glass. The
possibility that the use of glass had already begun to spread socially must be considered,
and that the huge explosion of glass across the Empire had more to do with the spread
of Roman hegemony and safe trade routes, which came to include the major regions of
glass production, such as Phoenicio-Syrian Coastline in 63 B.C. and then Egypt in 30
B.C. (Grose 1977: 10), than with the invention of glassblowing. The Pax Romana,
which was established circa 30 B.C. following the civil war between Octavian and
Marcus Antonius, would have allowed craftsmen and traders to easily move about the
Empire and spread glass use, whether through casting or blowing. The concentration of
crafts in Italy, and the import of craftsmen and slaves from the newly acquired
territories of Judea and Syria, would have exposed more people to glass and allowed for
vessels to be produced locally in the heart of the Roman world (Fleming 1997: 3). In
this scenario, the technology may take secondary importance behind the political and

economic climate.



1.2 Literature Review

Before tackling raw data and trying to answer the core research questions about
the true impact of glassblowing, it is important to gain a broader understanding of the
role of ancient glass prior to the invention of glassblowing, and the work that has been
done on the use of glass in the Roman world. This section will explore the spread of
manufactured glass, from its roots in Bronze Age Mesopotamia and Egypt up to the
invention of glassblowing and Roman glass in the first century and a half after the
invention of glassblowing, and will explore the methods and technology of production
to understand how it may have impacted the accessibility and use of glass. It will touch
briefly on the availability and popularity of glass, and how widely glass vessels were
used, and what their role in society may have been. This chapter begins with examining
the history of glass and what little is known about its place in society before moving on
to looking at what has been said about the changing forms and methods of production,
which have been the primary focus of glass literature. The latter part of the chapter will
explore the treatment of glass in literature and archaeological record, including the
relatively small body of work on the reception of early-Imperial glass. This will address
the problems with the way glass has been discussed and the difficulties of dealing with
glass in this historical context, and will set the stage for the new research presented
herein and how this thesis hopes to address the issues that exist within this field of
study. This chapter will conclude with a brief example of data presented in an example
of a glass assemblage from the Israeli site of Tel Anafa. This will illustrate the role of
glass in a settlement under the Roman sphere of influence immediately before and after
the invention of glassblowing to serve as a sort of baseline, by which we may judge the

impact of glassblowing on usage.



1.2.1 Early History of Glass

When trying to understand the changes in the glass industry of early-Imperial
Rome and how different production types relate to one another, it is useful to
understand the traditional roles played by glass and glass vessels before the rise of
Rome. This will help to establish the level of truth to the argument that glass vessel use
held a position of prestige throughout its pre-glassblowing history. It is also of key
importance to understand the basics behind how each significant production method
worked, since streamlining production — making glass cheaper and faster to produce,
and therefore, more widely available and affordable to people beyond the wealthy elites
of society — is the basis of the argument in favour of glassblowing as the driving force

behind widening usage.

1.2.1.1 Origins of Glass

The archaeological record shows that glazed objects were produced as early as
4000 B.C., and that objects fabricated entirely out of manufactured glass, have been
produced since as early as the middle of the third millennium B.C. (Harden 1956: 311;
Pfaender 1983: vii), but there is no archaeological or historical source that can provide a
clear start date. The first written record that discusses the origins of manufactured glass
dates to the Roman period, nearly 3000 years after the earliest archaeological glass. The
legend claims that natron traders accidentally discovered the method of producing glass
when they used their cargo to support their cooking pots on a beach, and that the fire
had caused the natron and the sand to fuse and form glass (Pliny the Elder Nat. Hist.
36.198). Regardless of the truth of this anecdote, Pliny is likely correct in suggesting
that the discovery that man could make glass came from observing accidental

vitrification of sandy material while working with fire since, as Bill Bryson neatly



pointed out with the words “Call me obtuse, but you could stand me on a beach until the
end of time and never would it occur to me to try to make it into windows” (Bryson
1996: 111), the process of mixing sand and an alkali at high temperature to make glass
certainly is not intuitive. Due to the temperatures required to make glass, however,
Pliny’s cooking pot story is not likely to be true, and a much more reasonable scenario
would be that glass was discovered by noticing vitrification in high-temperature
furnaces used for other fire-based industries like pottery making, bronze smelting, or
making faience, the last of which utilises the same raw materials as glass (Moorey 1994:
167, 189; Pfaender 1983: 1).

Based on the earliest documented glass finds, the first glass production probably
occurred in either Egypt or Mesopotamia with most experts leaning toward the latter,
citing evidence that some Mesopotamian glass may predate Egyptian finds, the earliest
of which only date to around 1500 B.C. (Shortland 2012: 57, 60), by up to 1000 years.
Glass items become relatively regular finds in Mesopotamian contexts from about 1600
B.C. 1100 B.C. (Newton 1980: 176; Nicholson and Jackson 2000: 11; Shortland 2012:

47).

1.2.1.2 Glass From the Bronze Age Through the Hellenistic Period.

There is evidence for glass being connected to the highest levels of society in the
earliest civilisations in which it is found. The evidence comes not only from the dearth
of glass finds, and the temple and palace contexts from which the limited glass finds
come, which could be skewed due to the relative ease of identifying palaces and temples
and the traditional interest in such lavish contexts, but also from primary-source
documentary evidence. Documentary evidence, is in fact one of our most valuable
sources due to the small number of actual glass finds, and the fact that glass of the

fourth through early second millennia B.C. can be too badly corroded to recognise.
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Documents from the royal archives of Amarna (the Egyptian capital from circa 1353-
1332 B.C.), for example, show that even the trade of raw glass, not to mention worked
glass objects, was something that took place between kings. The pharaoh Akenaten is
recorded as trading glass with the kings of Tyre and other Eastern Mediterranean cities
(Tatton-Brown and Andrews 1991: 24).

Glass technology may have been something that was sought after as a part of the
spoils of war. The first arrival of glass production in Egypt seems to coincide with the
military campaigns of Tuthmosis III (1479-1425), into Syria and to the borders of
Mesopotamia, from which he could have brought back workers to create an Egyptian
industry, rather than relying on foreign trade. Egyptians carried on using core-formed
mosaic glass styles similar to those in Mesopotamia, but with their own sets of forms, as
did the people of the Aegean, who imported Mesopotamian glass in the late Bronze Age
(Tatton-Brown and Andrews 1991:28; Shortland 2012: 162-163; Stern 1999c: 36-37).

Glass ingots were traded into the Aegean where the Mycenaeans were using
both imported glass items and objects of their own design,* produced from imported
glass (Shortland 2012: 162-163). Although the Mycenaeans largely used imported glass,
Linear B tablets suggest by the end of the Mycenaean age (circa 1200-1100 B.C.) they
may have been producing some of their own raw glass. This is backed up by chemical
analysis, which shows that their glass contains a plant ash flux differing from that used
by the Egyptians or Mesopotamians of the time, and the levels of metal oxides used to
colour the glass were also distinct’ (Nikita and Henderson 2006: 75-119).

Glass became scarcer in the Mediterranean following the end of the Bronze Age

and only began to recover in the ninth century B.C. in the form of inlays (mostly

* Excavations at Mycenae’s citadel have turned up some bead moulds, and a few game pieces, as well as a
fragment of a bull-shaped inlay from a typically Mycenaean style of sword hilt (Shortland 2012: 162-
163).

> Mycenaeans used higher levels of zinc, nickel, and manganese in their glass (Nikita and Henderson
2006: 75-119).
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monochrome) in ivory plaques and panels decorating luxury furnishings. Vessel use
began to recover more slowly about a century later in the form of small hemispherical
bowls, occasionally with mosaic inlays. True mosaic bowls did not reappear until the
third century although small Mesopotamian style, oenochoe, lagyoni (jugs), and
alabastra as well as jewellery items such as core-formed beads brooch runners, and
bracelets had begun being appearing in in the seventh and sixth centuries with
circumstantial evidence pointing to a production centre on Rhodes® (Tatton-Brown and
Andrews 1991: 38-41; Triantafyllidis 2009: 26-34). Between 550 and 50 B.C.
Mediterranean workshops produced core-formed vessels based on contemporary Greek
metal and ceramic vessels. These small vessels came in strong colours, and were found
in all major Greek centres (Stern 1999c: 36-37; Tatton-Brown and Andrews 1991: 42-
43).

Glass had a place of prestige in Greek architecture and sculpture. It was used as
inlays on the capitals on the North porch of the Erechtheion on the Athenian acropolis,’
as inlays for statue eyes, as in the Delphi charioteer and the Riacce Bronzes, as well as
for sculptural clothing folds such as those that were used in Pheidias’ seated Zeus statue
from Olympia® (Pedley 2007: 234; Stern 1999¢: 39).

Glass was also incorporated into luxurious gold and silver jewellery. Stern
(1999c: 21) cites, as an example, a gold ring with a glass inlay from the Kerch peninsula
and a similar silver ring from Thessaly. Gold rings with glass inlays are also well
known from Hellenistic tombs from southern Italy (De Julius ef al. 1989: 295-301).

Glass was also worthy of note in literature; first being recorded in Aristophanes’

% This is based on a concentration of core-formed vessel finds in Kamiros on Rhodes (Triandyllidis 2009:
26-34).

7 Brightly coloured inlays were still visible on the Ionic capitals of the Erechtheion until the 19™ century
(Stern 1999c¢: 37).

¥ Although the statue itself is lost, glass moulds for cloth folds were found it Pheidias’ workshop at
Olympia (Stern 1999c: 39).
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Acharnai verses 72-73 where returning Athenian ambassadors report that the Persian
court drank out of vessels of glass and gold, placing both materials in a high courtly
standing (Stern 1999c: 23). This matches up with archaeological records of the time,
which shows the Persian aristocracy using horizontally ribbed bowls, ribbed phials, and
ovoid beakers (Schmidt 1957: 91). Aristophanes also mentions glass in Clouds verse
768 using the term Ayalinai to describe something transparent. The same term is used in
a testamonium of goods dedicated at the Parthenon from 399-398 B.C. to describe
multi-coloured gems. The only material available at the time that could be both multi-
coloured and transparent was glass (Stern 1999c: 20). Glass was clearly a material of
some prestige as it is not a particularly common find in Classical Greek excavations, but
it appears in temple dedications from the Parthenon from the years 405/404-370/369
B.C. and from the Athenian Asklepieion from the mid-fourth to the mid-third centuries
B.C. The dedications included vessels, gems, jewellery, raw glass ingots, and even a
glass ear (Stern 1999c: 20).

There was a last great surge of Mediterranean core-forming in the late
Hellenistic between the 2" and mid-first century that gave upper class Romans a taste
for glass and produced a large quantity of luxury wares (Tatton-Brown and Andrews
1991: 44). The major late-Hellenistic style, which was common throughout the Greek
word and the Roman Republic, consisted of mosaic vessels produced using multi-
coloured canes often with spiral or star patterns interspersed with plain coloured or gold
‘sandwich-glass’ (clear glass with gold foil ‘sandwiched’ inside). Lacework or network
glass was produced from canes of intertwining spiralled threads of different colours.
There were also complete dinner services of plain, often decolourised glass. Common
shapes included large plates, dishes, hemispherical bowls, mixing jugs or kraters, bowls

with projecting bosses on the outer walls and linear-cut lotus petals spreading from a
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rosette on the bottom, and cups with winged handles. All of these forms were luxury
items imitating hammered silver and bronze vessels (Tatton-Brown and Andrews 1991:
49). Though we have little archaeology to support it, there is textual evidence from the
Roman period that many of the best of these wares came from Alexandria (Isings 1957:

1, 15; Tatton-Brown and Andrews 1991: 49).

1.2.1.3 Glass in the Roman World

The late-Hellenistic surge of core-formed vessels was impressive, but with the
invention of glassblowing and its rapid spread, encouraged by Roman hegemony, core-
forming would never again be the dominant form of glass production. Glassblowing
allowed for rapid and inexpensive production of glass in a much greater variety of
forms. This invention rapidly gained popularity and, although often mechanised today,
it has been the dominant form of glass production ever since. Glassblowing is arguably
the greatest advance in glass production since the craft’s inception, even when
considering modern fire glass and high-durability glass, because even they rely on the
basic principals of glassblowing. Nevertheless, the origin of glassblowing is almost as
hazy as the origin of manufactured glass itself. There are no ancient sources known that
comment on the invention of glassblowing (Grose 1977: 12), and we cannot say for
certain where, when, in what manner, or by whom glassblowing was invented.

For about a century, scholars put forward hypotheses on the origins of
glassblowing — Isings (1957: 1) credits the Sidonians, for example — but it is only since
the 1960s and 70s that we have begun to develop a good picture of the earliest
glassblowing. The general emergence of blown glass has led most to agree that
glassblowing must have been invented in the eastern Mediterranean sometime in the
middle of the first century B.C. (Israeli 1991: 46). There have been detractors who

argued that glassblowing was actually invented much earlier but never really caught on.
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There was a 19" century B.C. tomb painting from Egypt that was once interpreted to
show glassblowers, but Sir Flinders Petrie and others demonstrated convincingly that it
was actually showing metal workers using tubes instead of bellows to create drafts. In
addition, no blown glass has ever been found in Egypt that predates Roman occupation.
Grose notes that an early argument suggested that glassblowing was used as early as
250 B.C. in Seleucid Mesopotamia (Grose 1977: 10-11), and Pfaender argues that
glassblowing had existed around Sidon since around 200 B.C. only spreading out of the
region as a result of Roman trade (Pfaender 1983: 3-4). The argument for the Seleucid
blown glass was based several glass pieces with smooth interiors and exteriors (Grose
1977: 10-11). G. Eisen suggested that the earliest glassblowing stemmed from a desire
to produce vessels out of the same mosaic glass from which beads were produced. He
suggested that workers just pinched the ends of beads, or tubes intended for beads and
inflated them (Eisen 1916: 134; Israeli 1991: 46). There is, however no evidence for
these claims regarding the earliest evidence of glassblowing, and all other similar claims
have been discredited (Grose 1977: 11). The first major breakthrough came in 1961
when a small blown bottle was found among datable grave goods in a cave burial near
En-Gedi, in the Judean desert. The ceramics among the grave goods are contemporary
to those of an adjacent town site that was destroyed circa 40-37 B.C. This glass bottle
predated all previously discovered blown glass (Grose 1977: 12). Another even more
important find was made a decade later in a 1970-71 excavation by N. Avigad in the old
Jewish Quarter of Jerusalem. He did not discover a workshop with unique glassblowing
tools, but there was a workshop dump that contained clear evidence of glassblowing in a
sealed mid-first century B.C. context. The dump was found in one of a group of
abandoned cisterns and Jewish ritual bathing pools over which Herod the Great had

built a road in 37-34 B.C. The find included glass rods, hollow glass tubes, partially
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blown bulbs of unfinished vessels, glass chunks, deformed fragments, cast bowls, and a
number of smaller fragments. Some of the tubes had been pinched shut and heat sealed
at one end to allow inflation from the open end. These have been interpreted as early
experiments in glassblowing. The materials discovered here were not only
stratigraphically datable, but it also contained ceramics and over 100 coins from the
reign of Alexander Jannaeus (103-76 B.C.). The latest date for the dumping of the
materials can safely be placed around 50-40 B.C. (Avigad 1971: 199; Gorin-Rosen
2000: 56; Grose 1977: 12; Harden et al. 1987: 88; Israeli 2005: 54-57; Israeli 1991: 47).
This deposit is the earliest solid evidence that has been found to date for the practice of
glassblowing, and it convincingly supports the hypothesis that glassblowing was
invented in the Levant in the early first century B.C. It also partially supports Eisen's old
idea that some of the earliest glassblowing was in fact experimentation with closing
tubes of glass at one end and trying to inflate them from the other, possibly even
without the use of a blowpipe (Israeli 1991: 47).

Other evidence that can be dated no more precisely than the first century B.C.
has been discovered in the east at sites in Syria, Palestine, and Cyprus. Most of this
early evidence is in the form of ordinary natural bluish/greenish colourless oil and
perfume bottles. These styles also appear in first century A.D. contexts, along with non-
blown wares, and show that the technique of glassblowing was spreading and being
adopted in many regions of the Empire in the Augustan period.

Roman hegemony had just begun to extend to major regions of glass production
about the time of glassblowing’s invention. The Phoenician-Syrian coastline came
under Roman control in 63 B.C. and then Egypt, having already had close ties with
Rome under the Consulship and Dictatorship of Julius Caesar, officially came under

Roman control in 30 B.C. as Augustus secured power after the battle of Actium (Grose
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1977: 10). As Rome consolidated power in the eastern Mediterranean and shifted from
Republic to Empire, many craftsmen, likely including glassworkers, were brought back
to Rome and Italy, bringing knowledge of their crafts and technologies with them
(Fleming 1997: 10). In addition to slaves, free labourers gained greater mobility due to
the relative peace and stability initiated by unified, Roman control of the region. This
atmosphere of open and secure trade and travel spurred industrial growth, and by the
Tiberian period, blown glass was common, and mould-blown glass was in regular
domestic use (van den Dries 2007: 23).

As glass became popular throughout Roman society, in the first century A.D., it
began appearing in literature and other forms of art. Blown vessels are visible on frescos
at Pompeii and Herculaneum (Tatton-Brown 1991: 64-65), glassblowers are depicted at
work on clay oil lamps from Dalmatia and Ferrara (Stern 2002: 159), and writers
including Strabo noted production in Campania and Rome (Strabo Geog. 16.2.25). The
archaeological record suggests that numerous workshops also existed in the Po Valley
and at Aquileia in Northern Italy, and at Locarno and Vindonissa, in Switzerland
(Tatton-Brown 1991: 66). Strabo was not the only Roman writer to comment on the
impressive nature of glass during the period immediately following the invention of
glassblowing. Pliny wrote nec que est alia nunc sequacior material “there is no other
material nowadays that is more pliable (Nat. Hist. 36.198) and he listed flatu figurare or
‘shaping by breath’ as one of the glass-working techniques used in Sidon which he
considered chief among production centres for high quality glass (Nat. Hist. 36.193).
Petronius depicted glass as something that would be more valuable than all the gold in
the Empire if it were not fragile (Petronius Sat. 51).

In spite of its importance as a form of glassblowing, free-blowing gets much less

attention in the literature than mould-blowing does in the first century A.D. Grose
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suggests that this is because most free-blown glass of this period was naturally coloured
and was non-decorative. The artistic taste of the time was leaning toward mould-
blowing or cast mosaic glass, and until those styles declined free blowing was
somewhat overshadowed. Plain, natural coloured tableware was the norm for free-
blown glass from about A.D. 25 to the end of the Empire (Tatton-Brown 1991: 76), and
this was of little interest to early archaeologists and collectors. Grose uses the example
of glass from a possible shop storage room at Cosa (room 22.1I),” which was destroyed
by the collapse of the basilica wall between A.D. 40 and A.D. 45 to show the typical
range of glass available for purchase at the time. Of the blown vessels present there, 36
were natural blue-green, three were light green, and one was colourless. Grose says that
Cosa’s glass was not unique, but rather that it was quite representative of the glass of its
time in Italy and the West at the very least. Glass finds at Vindonissa in Switzerland,
and Camulodunum and Fishbourne Villa in Britain showed similar results (Grose 1974:
42, 48).

Free-blown glass could, however, be highly artistic even in the first century
A.D. when mould-blowing was in its prime. Decorative free-blown vessels included
ointment containers like the birds with heat-sealed tails, as well as other forms such as
pecten shells, which were also imitated in terracotta and silver, as were 12 examples
from the silver hoard at Boscoreale. These kinds of decorative containers existed right
alongside plain, heat-sealed, glass vials that were also used for ointments and perfumes

(Giordano and Casale 2007: 22). Another free-blown form that appeared in the first

? Room 22,11 contained over 200 Arretine vessels, 12 amphorae, over 40 clay lamps, and 76 glass vessels
of 31 shapes that were mostly tableware. The vessels all lacked signs of wear suggesting that they were
new and waiting to be sold (Grose 1974: 32-33; Price 2005: 180; Stern 2004: 105). This example as well
as another from a building destroyed by fire, circa A.D. 50-55 or A.D. 60/61°, in the Roman colonia at
Colchester, England show that glass and ceramics were frequently sold along side one another. The
example Colchester contained hundreds of South Gaulish Samian vessels, and a large amount of glass,
which had melted so it is impossible to tell the number of vessels that were represented or what forms
they took (Price 2005: 180)
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century A.D. was the teardrop bottle for storing perfumes. This was one of the most
persistent vessel forms and it remained popular for between 200 and 300 years (Tatton-
Brown 1991: 76).

The actual trade of glass and its role in society is discussed in fairly broad terms,
but rarely with data to compare it to other commodities. The general consensus is that
most household items were sold and used in a fairly close proximity to where they were
made, and many of the craftsmen likely sold their products locally out of shops attached
to the workshops (Stern 1999b: 470). Much of this is speculation and we cannot tell if
glassworkers were also retailers or if someone else took care of sales. Unless retail
space was destroyed suddenly, it is usually difficult to tell what products were sold
there, because a shop that simply closed would have been cleared out of its wares (Price
2005: 179-180). Extra rooms appended to workshops cannot always be proven to be
retail for the products of the workshop either. The space could easily have been storage
for cooling vessels, raw materials, or furnace fuel. Such a space could also represent a
room where finished works were gathered and then sold to other producers who would
fill the vessels with their wares before sale to the public, as was likely done in Puteoli
and Pompeii where epigraphic evidence shows close working connections between
incense dealers and glassworkers (Price 2005: 179), or to merchants or wholesalers who
would then sell the wares to the public elsewhere. We do have evidence for wholesale
of glass from several locations. Stern says that wholesale batches, containing over 600
vessels of approximately 40 shapes and subtypes, have been discovered in a Flavian
context at Augsburg, and that they came from a northern-Italian workshop (Stern
1999b: 474). She also makes note of vessels at Herculaneum that were still packed in
straw from shipping and divided into separate packages according to vessel shape (Stern

2004: 105).
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Some glass was transported over a long distance, but it was not usually shipped
in huge amounts and was not usually the main cargo of ships. Glass has been found in
shipwrecks, but in most cases, such as a wreck near Antikythera in South-western
Greece, it was filling up free space in cargoes of ceramics or statuary (Fleming 1999:
14). Other evidence for long-distance glass trade comes from a shipwreck six miles
from Grado, near Aquileia, which contained ceramics, glass (mostly in cullet form), and
other materials. It is not clear whether the glass was in cullet form before the wreck, so
it is difficult to be certain whether this wreck indicates the trade pattern of glass, or of
the contents of bottles, some of which bear the stamp of C. Salvius Gratus whose work
was common in Northern Italy and Southern Germany (Stern 1999b: 468). A problem,
therefore, arises when discussing the glass trade. Bottles were often sold with contents,
and they represent the commerce of the contents rather than the commerce of glass
(Stern 2004: 103). Squat, square-sided jars were easy to pack together in crates and
were quite durable, which, combined with the fact that glass does not have a porous
surface that absorbs its contents, or a surface that imparts a scent or flavour on