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ABSTRACT

The study of Late Bronze Age (LBA) glasses has developed significantly over the last few
decades. The advance of analytical methods capable of the sensitive detection of major, minor
and trace elements have enabled researchers in this field to gain a greater understanding of
LBA glass compositions in addition to being able to distinguish between glasses manufactured
in Egypt and Mesopotamia, the two regions believed to have been the original innovator of
glass. This thesis examines a series of LBA glasses excavated from historically significant sites
in Egypt, Sinai and the Levant using Laser Ablation Inductively Coupled Mass Spectrometry
(LA-ICP-MS). The analysis of unanalysed material from an undisturbed tomb in Gurob, the
only confirmed harem palace in Egypt, the temple of Hathor, in Serabit, Sinai and the
strategically important site of Tall Zira’a in the Levant are discussed in this thesis. Early glasses
from KV35, the tomb of Amenhotep II (1427-1400 BCE) are examined as part of this thesis:
these glasses were previously analysed using scanning electron microscopy; however, this
research re-examines the material using LA-ICP-MS, thereby providing trace element data of
several colours to determine the provenance of these early royal glasses in addition to
presenting trace element data for some of the earliest Egyptian glass colouring strategies. By
assessing the strategic importance of the sites in conjunction with the elemental analyses,
colouring strategies and provenance of the glasses connected with the sites, this research
answers questions about where the first glasses were made and what information the context
tells us about the first glasses ever produced. This thesis also readdresses the importance that
women played in the transportation and distribution of glass in the LBA. This research also
examines the compositional changes in LBA glasses to identify key markers which can be used
to date glasses by providing a production era, and consequently indicate the workshops which
produced them. Finally, this thesis discusses the control and the volumes of glass moved in the

LBA and proposes a model for the LBA glass system.

Keywords: Glass, Egypt, Mesopotamia, Provenance, Composition, LA-ICP-MS, LBA, New
Kingdom
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1 Introduction

1.1 Background

Archaeometric research of ancient glasses has significantly enhanced the quantity of elemental
and isotopic data that can be acquired from Late Bronze Age (LBA) glasses (Shortland, Rogers
and Eremin, 2007; Shortland, Freestone and Rehren, 2009; Gratuze, 2013; Degryse et al., 2020;
Lankton, Pulak and Gratuze, 2022). Isotopic analysis, developed for dating and other
applications in geological studies, has been adapted for the use in archaeological science
including applications within glass production, providing further information about raw
material sources and possible trade connections (Shortland, 2006; Degryse et al., 2010, 2015,
2020). The application of Laser Ablation Inductively Coupled Mass Spectrometry (LA-ICP-
MS) has made it possible for researchers to detect geologically relevant trace elements which
enable the distinction between glasses manufactured in Egypt and Mesopotamia, the two
regions where the first glassmaking innovation is presumed to have taken place (Shortland,
Rogers and Eremin, 2007). This is significant as research examining the earliest glasses has
long sought to establish the originators of glass and how this innovative technology was
distributed as one of the most high-status items in the LBA (see section 1.7). The regular
manufacture of glass appeared in the archaeological records of Mesopotamia and Egypt around
1500 BCE, but the exact geographical source of glassmaking is unconfirmed (Lilyquist et al.,
1993, p23; Tite and Shortland, 2008, p209; Shortland et al., 2017). It was proposed by Petrie
that glass was first produced in Mesopotamia and was subsequently introduced to Egypt in the
mid-15th century BCE, an idea which has been fostered by Oppenheim and other researchers
discussed in chapter 8 (Petrie, 1924; Oppenheim, 1973). Iconographic sources discussed in
section 1.5.4.1.1 depicts this first apparent import of glass to Egypt as tributes from the Levant
and Syria (Wreszinski, 1923, p40), as such this is a discussion that will be addressed in this

thesis.

Because of its distinctive status in LBA society and as a man-made material, glass is uniquely
placed in archaeology to provide key information about the connections between LBA
Egyptian society to luxury goods, LBA trade networks and distribution. Luxury goods in the
LBA included gold, silver, semi-precious stones, ivory and jewellery as seen in royal grave
goods, iconographic sources (see section 1.5.4.1.1) and detailed in correspondence between

Egypt and other rulers in Mesopotamia and the Levant (see section 1.5.4.1.2). Materials such
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as gold, silver and stones are challenging to provenance, however, glass is man made and
incorporates a number of raw materials which can be identified using analytical techniques that

can be categorised using a chemical “fingerprint”.

It has been proposed that production and distribution of glass was controlled by the Egyptian
Royal Court and therefore was restricted and administered as one of the most prominent luxury
items, only bestowed upon society’s elite (Moorey, 2001, p4; Shortland, Nicholson and
Jackson, 2001, p157). LBA glasses found in Egypt are usually linked to high-status tombs and
temples and because of the advantageous preservation conditions of Egypt, glass is relatively
easy to identify and recovered from these archaeological contexts. Combined with the well-
established Egyptian chronology, analytical research on glasses from secure contexts have the
capability of providing crucial supporting evidence for this critical period in which craftsmen

become proficient in glass production.

Compositional analysis to determine the provenance of the very earliest glasses is relatively
sparce, partly due to the semi destructive nature of LA-ICP-MS analysis and the ethical
requirement to preserve historically important objects. Therefore, glasses which are excavated
or associated with a confirmed early context presents a valuable opportunity for analysis which
will provide deeper insights into the initial technology of composition, the raw materials used,
colouring strategies and the provenance. In addition, to date it is rare that Mesopotamian
glasses are discovered in Egypt and vice versa (Walton ef al., 2009), however it is likely that
with the increasing number of analyses more transported foreign glasses are likely to be
discovered; especially from legacy collections which contain smaller glass items such as
jewellery, vessel fragments or damaged pieces which can be made available for analysis. Items
fulfilling these criteria that are attributed to the same significant context may therefore present

a viable sample for provenance analysis.

It is vital to understand the significance of these research papers within the context of glass as
a material (section 1.2.1). The previous work on LBA glasses (section 1.2.5), and the
archaeology of the period (section 1.5). Therefore, this chapter provides a comprehensive
background and literature review of the most relevant research to this thesis. This chapter then
summarises the structure of the thesis, giving details of each of the papers, and then progresses

to discuss the aims and objectives which flow through the papers.
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1.2 Literature review

A number of subject areas are covered within this thesis therefore the structure of the literature
review is clearly defined to introduce the relevant information to the reader. The review starts
by defining glass as a material, its composition, and then specifying these subjects within the
context of the LBA, specifically focusing on the raw materials and colourants that were used
in early manufacture. The discussion continues with an overview of how raw glass was made
and defines the two distinct stages of early glassmaking in sections 1.4.1 and 1.4.2. While the
evidence for the production of glass from raw materials is scant, glassmaking in the LBA has
been extensively studied and the key sites are introduced and discussed, along with the key

evidence for glassmaking and glassworking.

The background to the social impact of glass is then discussed, including how glass was
controlled, distributed, and used within LBA Egypt and neighbouring societies. Sections 1.4.3
and 1.4.4 present the early uses vessels, the objects that were made out of glass, the perceived
value of glass and the patterns of distribution. These topics are placed within a reference guide

which facilitates the information for the reader.

1.2.1 What is glass?

Kinetic theory defines the three material states as being solid, liquid and gaseous (Brill, 1962).
Glass by definition is an amorphous solid (Paul, 1990, p1,9), lacking the long-range order of
other crystalline materials, but instead having a specific internal atomic arrangement which is
highly complex and therefore difficult to define (Zachariasen, 1932; Shelby, 2005, p3). When
observed at a molecular level, the characteristics of glass fall between the regular rigid form of
solid-state bodies and the random, disordered structure observed in liquids (Newton and
Davison, 1989). The structure of glass more closely resembles malleable materials such as
rubber or plastic (Dyre, 2006). This disordered structure consists of entangled long chains of
molecules which provide the material with some small fluidity while providing the rigidity to
maintain form (Le Bourhis, 2014, p57). Therefore, glass is considered to be a distinct form of
“polymerised state” which maintains a high level of rigidity at standard temperatures due to

the elevated quantity of cross-linking between the long molecular chains (Le Bourhis, 2014,

p65).
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The term “glass” specifically describes the structure, rather than the composition (Newton et
al. 1989, p4), therefore all glasses have similar atomic arrangements which gives this group
comparable structures and properties. The structure of ancient glass is necessary for
understanding how particular compositions were worked and used (Rehren, 2000b, 2000a), in
addition to providing insight into how LBA glasses maintained the levels of preservation
observed today (Hench and Clark, 1978). The actual number of glass compositions can be
infinite and are classified according to the elements they contain (Shortland, 2012, p20),
however the composition itself fundamentally affects the respective physical properties

(Henderson, 2013, p5).

1.2.2  The analysis of glass

For this thesis, the collection of major, minor and trace elements are fundamental for answering
the research questions described in section 1.10. Laser Ablation with Inductively Coupled Mass
Spectrometry (LA-ICP-MS) is a highly sensitive analytical technique which is widely used for
the detection of major, minor and trace elements in LBA glasses. Sensitive detection is essential
for accurate composition determination and the provenancing of glass, in addition to
identifying relevant elements at low levels which provide critical information about raw
materials, specifically colourants (Gratuze, Blet-Lemarquand and Barrandon, 2001; Shortland,
Rogers and Eremin, 2007; Walton et al., 2009; Lankton et al., 2016; Lankton, Pulak and
Gratuze, 2022; Jackson and Nicholson, 2023). Furthermore, LA-ICP-MS has many advantages
including the low limit of detection, accurate determination of a wide range of elements, and
the ability to analyse relatively small samples of approximately 2mm or less. The technique is
also virtually non-destructive, ablating a small sample size approximately 8um in diameter.
Samples can be secured and loaded directly into the sampling chamber or be mounted in resin

prior to the analysis, for example small fragments of glass.

The LA-ICP-MS protocol including the standard reference materials used for each research

project in this thesis is described in each chapter under the methodology section.

1.2.3 Network formers and network modifiers

The physical properties of the glass are directly influenced by the elemental composition; these

elements are classified as “network formers”, “network modifiers”, colorants and opacifiers

(Zachariasen, 1932; Newton and Davison, 1989, p5). Elements defined as network formers are
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the prime contributors to the three-dimensional structure of the glass, providing the stability.
The primary network forming oxide in ancient glasses is silica. Crystalline silica, such as
quartz, forms tetrahedrons with the silicon atoms at the centre with oxygen atoms at each corner
(Doremus, 1994, p25). The tetrahedra form a lattice that repeats regularly, creating a “long
range order” which is stable and resistant to high temperatures and chemical influence. Molten
silica which is cooled extremely quickly does not have the time to form the regular order, and

instead the glass forms an irregular, non-crystalline structure (Le Bourhis, 2014, p56-57).

Oxygen atoms that form bonds with two silica tetrahedra are termed “bridging oxygens”,
whereas oxygen atoms that form bonds with only one silicon atom are “non-bridging oxygens”
(Rao, 2002, p25). Crystalline silica contains only bridging oxygens whereas in the non-
crystalline structure, spaces between the silica chains can incorporate cations, specifically
alkali components which are called “network modifiers” (Zachariasen, 1932), positively
charged ions which are attracted by the negatively charged non-bridging oxygens (Brill, 1962).
Network modifiers in ancient glasses are the monovalent alkali metals sodium (Na*) and
potassium (K") and divalent calcium (Ca?") and magnesium (Mg?*). The presence, absence and
relevant percentages of network modifiers fundamentally affect the physical properties of the

glass (Kurkjian and Prindle, 1998; Dériano, 2002).

Monovalent ions Na“ and K*, derived from fluxes, can only bond with one non-bridging
oxygen each, therefore forming a comparatively weak connection within the network and
resulting in the melting point of the structure being significantly reduced (Le Bourhis, 2014,
p57). The loose bonds between the monovalent alkali metals and the oxygen atoms can result
in the glass dissolving or in extreme cases, being fully soluble in water as the monovalent ions

move into the water and are replaced with the incumbent H+ ions (Newton and Davison, 1989,

po).

The divalent ions Ca*" and Mg?" typically derived from limestone or lime containing materials,
in comparison, form new bridges and therefore stronger bonds within the structure by bonding
across two non-bridging oxygen atoms (Le Bourhis, 2014, p8). These atoms are more

stationary thereby providing increased stability within the glass (Shelby, 2020, p90).
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1.2.4 Fluxes

The melting temperature of pure quartz is 1713°C which was impossible to achieve using
ancient technology, therefore another compound referred to as “flux” was used to lower the
melting temperature of the glass (Wedepohl, 2003). Several fluxes have been used in history to
lower the melting temperature of a glass batch, making it possible for ancient glassmakers to
melt silica. Fluxes were used in the production of vitreous materials including glazed stones,
faience, and glass. The fluxes used specifically in the LBA and IA discussed in this thesis are

plant ash and natron fluxes.

Plant ash has been widely used as a flux in the LBA, the medieval period, East of the Roman
Empire and throughout the Islamic world. It was also used later in Europe and has also been
employed up until relatively recently (Turner, 1956a, 1956c; Freestone, 1991). Plant ash was
established as the source of the alkali by Brill in 1970 and further work by Henderson
confirmed the high MgO content, characteristic of plant ash Egyptian glass (Brill, 1970;
Henderson, 1988). Since its proposition, it has been accepted that the main type of plant ash
flux used in the LBA was derived from “halophytic plants™: plants that thrived in, or were at
least resistant to, the relatively high salt content in the soil (Turner, 1956c). Soda-rich plants
such as Salicornia and Salsola kali (Freestone, 1991; Nicholson, 1993; Henderson, 2000) could
be sourced from the edges of the desert, coastal margins and dunes and contain a relatively
high concentration of magnesia and potassium oxide which is detected in the final composition
of the glass (Nicholson and Henderson, 2000, p25). Sayre and Smith classified glasses as high
magnesia glass (HMGQ), which describe the plant ash glasses, and low magnesia glass (LMG)
which can be used to describe natron glasses. Glasses which contain between 2-4% potash and

above 2% magnesia indicate that a plant ash flux has been used (see Figure 1)
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Figure 1: Ranges of normalised potassium and magnesium oxides for soda-lime glasses of natron and
plant-ash types, with Egyptian cobalt and noncobalt glasses superimposed (Lilyquist et al., 1993, p53,
fig 51).

The second relevant source of flux came from soda-rich compounds derived from large,
evaporitic lakes such as the Wadi Natrun in Lower Egypt, approximately 100km northwest of
Cairo (Shortland, 2004). These mineral deposits are often referred to as “natron”, especially
within archaeological contexts, however natron refers to sodium carbonate 10-hydrate, whereas
the primary compound in these deposits is sodium carbonate bicarbonate 2-hydrate
(NA2CO3.NaHCOs3.2H20), also known as trona (Shortland et al., 2006a). As mentioned, natron
glasses contain relatively low concentrations between 0.5-1.5% of both magnesia and potash,
therefore are compositionally distinct from plant ash LBA glasses. In addition to the use of a
flux for vitreous materials, natron was widely used for other applications including for

medicine and for mummification (Henderson, 1985).

1.2.5 Raw materials and composition of LBA glass

The usual composition of unweathered Egyptian HMG LBA glass is typically 60-63% silica,
16-18% soda, 6-9% lime, 2-6% magnesia, and 2-3% potash and between 1-4% alumina (Sayre
and Smith, 1961a; Brill, 1963, 1999b; Lilyquist ef al., 1993, p41; Tite and Shortland, 2003;

Shortland and Eremin, 2006). Current consensus accepts that silica was likely sourced from
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either quartz pebbles or sand for ancient LBA glassmaking. Excavations at Amarna by Petrie
identified quartz pebbles lining the base of glass kilns, leading him to the conclusion that the
heating and cooling of pebbles would facilitate easier pulverisation for eventual glassmaking
(W. M. F. Petrie, 1894, p26). Analysis by Rehren and Pusch on both semi-finished glass and
archaeological finds of vessels containing pure white quartz dust at Qantir has confirmed that
crushed quartz was the main source of silica, thereby supporting Petrie’s original theory
(Rehren and Pusch, 2008, p30). Crushed white quartz pebbles are one of the purest sources of
silica, however, impurities such as aluminium, titanium and iron were potentially introduced
as a result of the grinding tools used in the crushing process (Pusch and T Rehren, 2007).
However, the use of sand as a raw material is still a possibility, with Nicholson proposing that
a low-impurity quartz sand was used at Amarna, based on the lack of evidence for associated
grinding tools during his excavations of site O45.1 (Jackson and Nicholson, 2007a). Sand as a
raw material contributes a number of impurities such as iron oxides, lime and alumina
depending on the source; Egyptian sands can contribute between 1-4% alumina and up to 18%
lime (Tite and Shortland, 2003, p290), notably Amarna sands can contain up to 20% lime
(Nicholson and Henderson, 2000, p197). Research by Stoch et al. confirmed that shape, texture
and defects in sand grain shape affected how quickly a batch of glass could be melted, therefore
grinding materials was a necessary step to reduce excessive fuel and time consumption (Stoch,

Pakulska and Stoch, 1978).

The source of soda from LBA glasses is widely accepted to come from plant ash, contributing
significant amounts of soda and being a minor source of potash, lime, and magnesia. The use
of plant ash as an alkali source was identified by Brill in 1970 from ancient Mesopotamian
texts, with supporting analytical evidence by Henderson, who determined the high magnesia
content of both plant ash and Egyptian glass (Brill, 1970; Henderson, 1989). In the IA, natron
was widely used as the source of the soda flux in glass production (Shortland et al., 2006a).
This mineral source is relatively low in magnesia and potash compared with LBA plant ash
glasses, enabling distinction between the two glassmaking periods first proposed by Sayre and
Smith in 1961 (Sayre and Smith, 1961b). The source of LBA and IA fluxes are discussed in
further detail in 1.8.4.

Lime is an essential component and acts as a stabiliser, thereby increasing the preservation
properties of the glass and making it resistant to water (Nicholson and Henderson, 2000; Stern,

2017). Lime is introduced to the glass with the raw materials as a component of calcareous
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sand, the plant ash, or introduced into the glass through the lime-rich parting layer of the
crucible lining which served as an anti-contamination measure and to aid the separation of the
glass ingot from the ceramic (Turner, 1956¢; Henderson, 1985; Rehren, 2008). There is also

the potential for the deliberate addition of lime by glassmakers.

For compositions of glass containing 73.1% silica, 21.9% soda and 5% lime modelled in phase
diagrams, there is a theoretical minimum melting temperature of 725°C (Cox, Bell and
Pankhurst, 1979, p42). However, LBA soda-lime-silica glass compositions differ from modern
compositions due to the relatively high concentrations of impurities due to unrefined raw
materials (Turner, 1956b, 1956c¢). Therefore, while the primary oxide components in ancient
compositions are soda, silica and lime, there are typically seven elements that are detected in
concentrations over 0.5% such as Si, Na, Ca, Mg, K, Al, and Fe (plus Cl). Other elements such
as cobalt and copper act as colourants as discussed in section 1.2.6, and antimony is often used
as an opacifying agent. As analytical techniques become more sensitive, the number of

elements that can be accurately detected at low concentrations increases.

1.2.6 Colourants

Almost all LBA glass is coloured, therefore colourants are an important part of the glassmaking
process and provide key information about the provenance and technology of LBA glasses.
Glass is coloured by the addition of transition metals to the base mixture at some stage in the
process. These agents also provide some opacity to the glass: copper, cobalt, lead, iron,
manganese, and antimony are added to the glass alone or combined to produce red, white,
yellow, green, purple, brown, black, amber and hues of blue including sky blues, turquoises,

and dark blues.

Egypt produced the largest range of coloured glasses in the LBA; therefore, the focus of the
colourant sections is on this region. The main differences in LBA colouring strategies between

Egypt and Mesopotamia are listed in Table 1 below:
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Colouring strategy Egypt Mesopotamia

Colourless X 0

Co blue XXX X

Cu blue XXX XXX
Co+Cu blue XXX 0

Cu + Sb Turquoise XXX XXX
Co + Cu + Sb opacified blue XX 0

Co + Sb opacified blue XXX 0

Sb white XX [xx]*
Pb + Sb yellow XX 2[x]*
Mn black X 0
Other blacks X XX
Cu + Pb + Sb green XX 0

Fe green X X
Mn purple XX 0

Cu red X 0

Table 1: The prevalence of colouring technologies in Egypt and Mesopotamia the LBA. Adapted from
Shortland et al., 2017 and updated with data from Walton et al., 2012, Varberg et al., 2016 and Reade
2021 (Von Saldern, 1970; Walton et al., 2012; Varberg et al., 2016; Shortland et al., 2017; Reade, 2021).
Key = xxx common, xx present, x rare, o not observed, *Due to poor preservation, the colour may be
weathered blue beads (Starr, 1939).

1.2.6.1 Colourless, amber, and brown glasses

Colourless, amber, and brown glasses are glasses which appear to contain no deliberately added
colourant, therefore it is by comparing the composition of colourless glasses to coloured glasses
that the strategy for coloured glasses and the associated elements of specific colourants are
determined. There is a significant portion of glasses which are technically “colourless” and
exhibit as optically colourless to amber and even deeper shades of brown due to the oxidation

conditions of iron present in the glass.
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This is observed from the analysis of brown and amber glasses from Malkata and Amarna that
appear to be manufactured with no deliberate colourant added (Shortland and Eremin, 2006).
Brown and amber glasses are relatively rare and are usually dated to between the reigns of

Tutankhamun (1336-1327 BCE) and Pinudjem II (959-945 BCE) (Nolte, 1968).

1.2.6.2 Blue to dark blue

The deeper hues of blue and dark blue were usually created by the addition of cobalt. Cobalt
was used alone, or used in addition with copper which is discussed in section 1.2.6.3. Cobalt
ores are relatively rare and virtually never appear as a native element, occurring more
frequently in complex ore bodies (Andrews, 1962). Cobalt ores usually contain other associated
transition metals such as manganese, iron, zinc, nickel, copper, arsenic and aluminium which
are unchanged as they become incorporated into a glass batch; these associated elements are
detected during the analysis of glasses thereby provide provenancing information about the
source of the ore used (Shortland and Tite, 2000). Cobalt is one of the strongest transition metal
colourants which can colour glass a distinct blue hue with concentrations as low as 0.05% CoO
(Weyl, 1951; Shortland and Eremin, 2006; Lankton, Pulak and Gratuze, 2022). An excess of
cobalt can also achieve a very dark blue colour which appears black, however most Egyptian
LBA glasses coloured exclusively by cobalt do not contain in excess 0.3% (Shortland and

Eremin, 2006; Lankton, Pulak and Gratuze, 2022).

JSES

Figure 2: (left) Unprocessed cobalt alum from the Western Oaéesl, Egypt.
Figure 3: (right) Processed cobalt ore with the resulting dark blue cobalt coloured glass.

The first identified use of cobalt colourants in glass date to the mid-18™ Dynasty during the
reign of Tuthmosis III (1479-1425 BCE). This cobalt source is a cobaltiferous alum, likely
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sourced from the Dakhla and Kharga Oases in the Egyptian Western Desert and contain
characteristic elevated concentrations of Ni, Mn and Zn (Kaczmarczyk, 1986) (see Figure 2 and
3), which make this ore discernible from other cobalt sources, which in turn has been used to
document the trading of Egyptian glass to Mycenaean Greece and Tell Brak in northern
Mesopotamia (Henderson, 1998; Walton et al., 2009). In addition, 18" Dynasty cobalt glasses
have characteristic low concentrations of potash averaging 1% with elevated concentrations of
up to 5.8% alumina compared with non-cobalt coloured glasses (Shortland and Eremin, 2006;
Lankton, Pulak and Gratuze, 2022). The use of cobalt as a colourant in glass occurs almost
exclusively in Egypt but very rare examples have been identified in the Near East (Walton et

al., 2012).

Source Source of cobalt/ Period used Al Ni Zn Mn Fe
of glass Type
Dakhla and Kharga 1550-1295 BCE
Egypt Oases/Western 18" Dvnast
desert Type “A” ynasty
Eovot Unknown 1295-1069 BCE
EYP Type “R” Ramesside period
664-300 BCE
Egypt Unknffwn,, Late Period/ Ptolemaic
Type “N1 .
period
. 664-300 BCE
Egypt L1ke1}‘1‘ Qa’r,nsar, ran Late Period/ Ptolemaic
Type “N2 .
period

- High |:| Greatly elevated |:| Somewhat elevated |:| Compares with colourless glass - Not detected

Table 2: The general characteristics of different cobalt types and source (Kaczmarczyk, 1986; Abe et
al., 2012).

The cobaltiferous alum from the Dakhla and Kharga oases was used until the 20" Dynasty,
however analyses on glasses securely dated to the 19"-20"™ Dynasties from Dahshur North and
Northwest Saqqara show that a different cobalt source, likely from a cobaltiferous siliceous
ore, was primarily used to colour Ramesside co-blue glasses (Abe ef al., 2012). The use of the
new cobalt source appears to coincide with the Asian campaign undertaken by Ramesses II and

the research by Abe et al. shows contemporaneous use of both cobalt sources, therefore, the
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introduction of the new cobalt source was not due to the depletion of the Western Desert source.
It has been theorised that the use of a new cobalt source may have been due to the geographical
separation caused by the relocation of the Egyptian capital from Thebes to Memphis, which
was more than twice the distance from the Western desert oases compared with the New

Kingdom glass centres of Malkata and Amarna (Shortland and Eremin, 2006; Abe et al., 2012).

The Ramesside cobalt source exhibits low concentrations of Zn with elevated Ni and although
the origin of the Ramesside cobalt is not known at this time, it has been concluded that it is not
derived from the Iranian cobalt sources (Abe ef al., 2012). The same study by Abe et al. (2012)
also confirms that a third source of cobalt appeared after the Late Period, designated as “Type
N (Abe et al., 2012). This ore appears in two forms which is distinguished by the Mn content:
type N1 is characterised by a depletion of Mn and lack of Ni, and type N2 is characterized by
high Mn and a depletion of Zn (Abe ef al., 2012). The origin of type N2 is likely from asbolane
from Qamsar, Iran (Allan, 1973), which is a manganese rich cobalt ore. The source of type N1
is currently unknown. Therefore, the distinct cobalt sources provide key supporting evidence

for indicating the production era of cobalt coloured glass (see Table 2).

1.2.6.3 Light blue to turquoise blues

Copper was widely used in the LBA to create light to turquoise blue hues in glasses. Egyptian
glasses containing copper often contain elevated levels of tin indicating that a bronze source
was used (Kaczmarczyk and Hedges, 1983), whereas copper glasses from the Near East are
characteristically low in tin indicating that a purer source was used (Brill, 1999a; Shortland and

Eremin, 2006; Shortland, Rogers and Eremin, 2007).

1.2.6.4 Blue Cobalt-copper (Co+Cu) glasses

Co+Cu glasses are common in Egypt and fall into a distinct colour category as the elevated
concentrations of cobalt and copper suggest that both were deliberately added to achieve the
required blue colour. The cobalt content in Co+Cu glasses can exceed 0.4% which could
indicate that a satisfactory blue was not achieved and copper was added to the glass for the
desired effect (Shortland, 2012, p107). Co+Cu glasses are defined as being glasses which have
more than 0.05% CoO and more than 0.1% CuO respectively or of 300 ppm Co and 850 ppm
Cu, respectively (Shortland and Eremin, 2006; Smirniou and Rehren, 2013).
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1.2.6.5 Opacified glasses - White

Antimony, used to create glasses which are “white” in appearance, is commonly found in lead
and silver ores (Mass, Wypyski and Stone, 2002), the major ore being stibnite (Sb2S3) which is
found in Iran, Anatolia and Caucasia but it is also found in its raw metallic state (Shortland,

2002). There are no known sources in Egypt, therefore antimony was an imported material.

The addition of up to 2% of antimony to a colourless batch achieves a white glass (Shortland
and Eremin, 2006) which was primarily used to decorate vessels, creating the feather, garland,
arcade marvered patterns and the polychromatic twisted rim and feet seen in the iconic
Egyptian vessels (Nolte, 1968). Vessels with bodies (also known as ground colour) made of
white glass are known, however they are rare with approximately 16 white bodied vessels from
Ancient Egypt in existence, which equates to 5% of the total number of relatively intact vessels
from Ancient Egypt (Nolte, 1968). It should also be noted that white glasses are rarely found
in the Near East (Kirk, 2009; Shortland et al., 2017; Reade, 2021).

In addition to creating white glasses, antimony was also commonly used in the LBA as an
opacification agent. Combining antimony with calcium produced calcium antimonate, another
LBA opacification agent. Understanding of the opacification process has advanced as a result
of several focused studies in the past 10 years, but interpretation of the evidence is challenging.
Studies have focused on specifically when the opacification agent was prepared and when it
was added to the glass batch, in addition to the implications of the lime and antimony content
in translucent and opacified glasses. Shortland observed that the method of opacification
differed between Egyptian and Near Eastern glassmakers; Egyptian glasses contain the same
concentrations of lime in both translucent and opacified glasses, suggesting that antimony is
used as the sole agent for opacification (Shortland, 2002; Shortland and Eremin, 2006). By
comparison, glasses produced in Nuzi show an increased concentration of lime in opacified
glasses of 9.0% compared with translucent glasses containing 6.0% (Shortland et al., 2017). It
has been proposed by Shortland ef al. in the same study that this may have been due to factors
in the raw materials i.e., a higher lime content plant ash used by workshops producing opacified
glasses, or that lime was methodically added in addition to antimony to opacify the glasses in
the Near East. Another proposal is that glasses in Nuzi were created using a higher temperature

and that the parting layer of the crucibles contribute to the lime content.
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1.2.6.6 Opacified glasses - Yellow

Lead antimonate was used in Dynastic Egypt to produce opaque yellow glasses which were
largely utilised, like white glasses, for the decorative pattern element which was applied to
vessels in the 18" Dynasty. Lead antimonate is rare, the main lead compound responsible for
the yellow colour being Pb>Sb,O7 (Molina et al., 2014), however the main ores of lead and
antimony; galena (PbS) or a lead-zinc ore such as sphalerite (ZnS) and stibnite (Sb2S3) are
reasonably common. Therefore, it is likely that lead antimonate was produced by roasting
galena and stibnite with an excess of lead to achieve the five to one ratio observed in analytical
studies (Molina et al., 2014). Subsequent mixing, grinding and roasting steps would result in
the lead antimonate forming a lead rich matrix (Shortland, 2002). Lead isotope analysis of lead
antimonate glasses from the sites of Malkata and Amarna indicate that the ore is galena (lead
sulphide) and the source is likely from Gebel Zeit situated on the Red Sea Coast, Egypt (Castel,
Pouit and Soukiassian, 1988; Shortland, Nicholson and Jackson, 2000; Shortland, 2002;
Shortland, 2006). The source of stibnite is likely from the Caucasus, where antimony mines

known to be active in the LBA were discovered (Chernykh, 1992; Shortland, 2002).

Yellow glass vessels are rare, with only nine mostly intact vessels from Ancient Egypt
remaining (Nolte, 1968). These vessels are challenging to date using elemental compositional
information only, however, yellow bodied vessels been broadly dated to the Ramesside period

(1295-1069 BCE)(Nolte, 1968).

1.2.6.7 Black

Black glasses are frequently used for both decorative twisted rims and feet on vessels in
addition to being the second most common body colour in Ancient Egypt after the blue hues
(Nolte, 1968). Analyses of early black glasses from ancient Egypt and Mesopotamia dated
between the reigns of Tuthmosis III and Tuthmosis IV (1400-1390 BCE) show that an optically
black hue was achieved in glass by adding an excess of one or a combination of transition
metals including copper, cobalt, manganese, and iron (sometimes with the addition of the
metalloid antimony), therefore creating glasses which were very dark blue or purple (Lilyquist

et al., 1993; Shortland and Eremin, 2006; Jackson and Nicholson, 2007a).

Analyses of later LBA black glasses dated between 1348-1069 BCE from the Egyptian sites of

Amarna, Gurob, Timna, and Badari and from the Iranian and Syrian sites of Choga Zanbil and
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Tell Brak respectively, and Pella in Jordan show that copper, cobalt, and manganese were
detected in trace concentrations, i.e., significantly lower than the levels required to impart a
deep hue resembling black. Instead, these black glasses do not appear to have any colourants
deliberately added but exhibit relatively elevated concentrations of Fe>Os, known to create
black glasses in addition to pale green or amber/brown hues (Shortland and Eremin, 2006;
Reade, 2021, p80; Lankton, Pulak and Gratuze, 2022). This indicates that ancient glassmakers
adopted a new strategy for creating black glasses sometime after the reign of Tuthmosis IV.
Iron was introduced as an impurity into glass batches via the silica source, and other raw

materials with a large proportion of iron impurities (Rehren, 2008).

1.2.6.8 Green, opacified and not opacified

Green glasses were used in jewellery (see Figure 4) and inlays; green glass vessels are rarely
found in the New Kingdom but appear to become more popular after the 18" Dynasty (Nolte,
1968).. Analysis has shown that Egyptian New Kingdom green glass was achieved in mainly
two ways: 1.) opacified green was created by combining lead antimonate and copper or 2.) a
translucent green was created by the presence of iron. Studies undertaken using SEM-EDS
(Scanning electron microscopy with energy dispersive spectroscopy) and LA-ICP-MS
analysed 30 samples of green glasses from Malkata and Amarna; interestingly all 30 samples
were coloured using the former strategy of combining copper and the opacifying agent lead
antimonate (Shortland and Eremin, 2006; Lankton, Pulak and Gratuze, 2022). Mass also
reported that seven green glasses from Malkata were coloured using copper and lead
antimonate, however one green glass had no copper detected. This may have been a detection
limit issue as lead and antimony were detected in comparable levels to the other green glasses

(Mass, Wypyski and Stone, 2002).

The latter iron-based strategy appears to have been largely adopted by craftsmen at Amarna
which was then continued into the Ramesside period. The analysis of green glass rods
excavated from Amarna by Varberg et al. in 2016 established that of the four green glass rods
examined in the study, two were identified as Mesopotamian in origin and one as Egyptian in
origin; all three rods contained copper and lead antimonate. A further rod, found to of Egyptian
provenance, contained trace levels of copper, lead and antimony with elevated levels of Fe>O3

compared with the other three rods. This confirms not only the exchange of glass between the
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two regions, but also that the two colouring strategies were worked contemporaneously at

Amarna (Varberg et al., 2016).

1.2.6.9 Purple

The primary colourant responsible for purple glasses is manganese oxide. Purple glasses can
contain up to 2.62% magnesia, however a purple glass from Amarna (198) analysed in research
by Lankton (2022) shows that the sample contains both 2.56% MnO and 1.67% CuO. Purple
glasses are relatively rare in Egypt and rarer in the Near East and were likely produced at

specialist workshops.

The main ore of manganese is pyrolusite (MnQO2), which is a relatively pure source of
manganese, therefore the lack of associated elements means that the exact source of manganese
still remains unknown. Other manganese oxides include psilomelane ((Ba, Mn) Mn4Og (OH)),
both ores being common in Egypt (Lucas and Harris, 1962; Kaczmarczyk and Hedges, 1983,
p34-5). The minerals can be differentiated by the barium content which indicates that
psilomelane or another hydrated manganese ore was used (Kaczmarczyk and Hedges, 1983,
p106-110). LBA glasses show no significant barium, usually 0.04% or less, therefore pyrolusite
is the likely source (Shortland, 2012, p117).

1.2.6.10 Red

The primary colouring agent for red glass is copper, but in the reduced Cu" state rather than the
oxidised Cu** used to create blue glasses (Weyl, 1951). The production of red glass requires a
greater degree of control over the raw materials, the colourants, and the firing conditions. To
maintain the Cu” state require for the red colour, the glass must be maintained in a reducing
atmosphere so that the copper separates from the melt in the form of cuprous oxide crystals
(Cu20, cuprite) or as metal microparticles which create the red colour (Bandiera et al., 2020).
Antimony was also used to control the redox reaction in the creation of red glasses in addition

to charcoal and sometimes iron (Cable and Smedley, 1987; Freestone et al., 2003).

Red glass vessels are also rare with few examples found in Egypt although it was frequently

used during the reigns of Tuthmosis III and Amenhotep II (1427-1400 BCE) for mosaic style

glasses and later for inlays and other decorative purposes like jewellery (Nolte, 1968; Aldred,

1971; Lilyquist et al., 1993, p34). Analyses by Lankton et al. (2022) on eleven red glasses show

that ten of the samples, excavated from Amarna and dated to 1348-1320 BCE, are Egyptian in
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origin and only one is from Mesopotamia dating to ¢. 1275 BCE (Lankton, Pulak and Gratuze,
2022). The analysis to date shows that red glass composition appears to be the most variable
of all the glasses, with several strategies using copper alone, or in combination with antimony,
tin, lead and zinc; regardless, copper is present in significant quantities of up to 14.9%
(Lilyquist et al., 1993; Shortland and Tite, 2000; Shortland and Eremin, 2006; Jackson and
Nicholson, 2007a).

Qantir is identified as a Ramesside production site for red glass on an industrial scale and also

as a copper smelting site (see section 1.5.1.3).

1.3 Glassmaking procedure

The previous section defined the raw materials which have been identified in LBA glasses
primarily from the interpretation of analyses. This section discusses how raw materials were

combined to create glass and then worked into finished objects.

It is recognised that LBA glassmaking and glassworking are two separate industries and should
not be confused; glassmaking refers to the manufacture of glass from the raw materials,
whereas glassworking refers to the practice of working the raw glass to form objects such as
vessels. The raw materials, usually including a colourant and an opacifier, are combined to
create a “batch” which is then heated in a kiln or furnace. The melting temperatures required
to make the glass will be significantly higher than those required to “work” the glass, depending
on the composition. Rehren ef al. have proposed that some primary glassmaking workshops in
Egypt and Mesopotamia specialised in specific colours, whereas others produced several

different colours (Rehren, Pusch and Herold, 2001, p233-4; Pusch and Rehren, 2007, p161-3).

Experiments to recreate the LBA glassmaking process by researchers working at different sites,
such as Nicholson et al. and Hodgkinson at Amarna and Rehren at Qantir, may propose
alternative procedures using their interpretation from site-specific archaeological evidence and
the analysis of the glass finds (Jackson and Nicholson, 2007a; Merkel and Rehren, 2007; Pusch
and Rehren, 2007; Schoer and Rehren, 2007; Hodgkinson, 2015). However, the theories
generally follow the same principles: white quartz pebbles would be ground to a fine, flour-
like quartz powder and combined with the other raw materials and mixed in a reaction vessel
lined with a lime parting layer to enable removal of the raw glass from the vessel. The parting

layer also served as a contamination barrier to avoid the glass mix encountering the ceramic.
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The vessel containing the raw materials was then fired at approximately 900°C to produce a
batch of semi-finished glass. This stage would melt the non-reactive salts which would form a
separate liquid for absorption by the ceramic. The semi-finished glass would then be crushed
and mixed with the colourants in a cylindrical crucible. The crucible would also be lined with
lime-based parting layer and more flux would be added if required. Finally, the crucible was

then fired to temperatures exceeding 1000°C to produce the glass ingot.

This reconstruction is based on evidence from established workshops, however the discussion
of processes undertaken at an early Egyptian workshop, and the potential location of a
glassmaking factory from the reign of Tuthmosis III has not been discussed. There are several
sources of textual evidence to confirm that envoys, women and specialists including craftsmen
travelled between Egypt and Mesopotamia at this time, therefore it is likely that the technology
transfer of glass could be made relatively rapidly (Zaccagnini, 1983, 2000; Moorey, 2001).

As discussed, there may have been variations in the colours of glass produced at specific sites,
therefore glassmakers and glassworkers were likely linked through an LBA network which
facilitated the exchange of such exclusive services and goods (Sherratt and Sherratt, 1991).
Such networks also likely included supplying glassworking sites with the required colours,

perhaps in ingot form, to make vessels and objects (Smirniou and Rehren, 2011).

1.4 Early glasses

In this section, the very earliest glass finds are discussed. Early glass finds, defined by
Peltenburg as “Stage 17, are rare, sporadic, and debated (see section 1.4.1). This section then
goes on to discuss the later uses of glass, particularly the most important and ‘iconic’ core

formed vessels, the key object type produced using glass in this period (see section 1.4.4.1).

1.4.1 “Peltenburg Stage 1” - the earliest man-made glass

1" Dynasties, however these are

Small “glass” items are known dating to between the 5™ and 1
sporadic and are likely accidental by-products from other vitreous or pyrotechnic
manufacturers, such as faience (Beck, 1934; Peltenburg, 1987, Moorey, 1999, p190-2).
Peltenburg (1987) has described between 25-30 instances of early glass finds and has explained
the issues relating to these early finds of glass. Specifically, archaeological methods did not

always follow rigorous methodology which would lead to unreliable or inaccurate recording of
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both stratigraphy and finds. Consequently, the dating of items would be lost in the process. In
addition, items believed to be glass were found to be glazed objects on later examination or

lack reliable provenance.

Peltenburg has defined two distinct stages to describe glass production which are pertinent to
this thesis: Stage 1 is defined as a “pre-adaptive stage characterised by the very infrequent and
irregular use of glass” (Peltenburg, 1987, p18), thus glass which has been created as an
unintentional by-product. It has been proposed that faience was the precursor to glass, however
there is no evidence which demonstrates a credible progression from this industry towards the
regular glass production observed in Stage 2 (Peltenburg, 1987, p16). The proposition that
contemporary metalworking provided the trigger for the first glasses has been discussed by
several researchers as both groups shared similar working conditions and practiced the skill of
manipulating molten product under controlled temperatures, specifically vessels (Brill, 1963;
Peltenburg, 1987; Mass, Wypyski and Stone, 2002) in addition to the proposition that the
colourants were metallurgical in origin (Brill, 1963; Peltenburg, 1987, p20; Swann, McGovern
and Fleming, 1990). Hence, products classified according to the definition of Stage 1 are not
discussed further as this thesis is exclusively concerned with the intentional manufacture of

glass production as described by Stage 2.

Early glass artefacts, such as beads, have been identified in several tombs before the reign of
Tuthmosis III. These examples were historically cited as the first examples of glass in royal
burials, specifically those seen from the burial of Queen Ahhotep, the mother of Ahmose (1550-
1525 BCE), the first king of the 18" Dynasty (Lilyquist et al., 1993, p23). However, the
circumstances surrounding the original excavation of the burial and the contents of the tomb
are contentious due to the lack of contemporaneous record keeping (Miniaci, 2022, p66). It has
also been suggested that the burial assemblage was an amalgamation of items from other
interments, some indicating that the coffin was reinterred in the Third Intermediate Period
(1069-945 BCE) (Lacovara, 2022, p153). Therefore, the early glass finds associated with
Ahhotep must be viewed with some reservation, and for the purposes of this research are also

not considered.

1.4.2 “Peltenburg Stage 2” — deliberately manufactured glass

Stage 2 is defined as “That period in the history of glass in which its individual properties have

first been realized and the products exhibit characteristics unique to glass-working” ,

Page 36 of 374



(Peltenburg, 1987, p18). Therefore, it is the beginning of Stage 2 relating to the first deliberate
innovation of glass, and how this early phase then reflects the continuation of Stage 2, which

1s discussed in this research.

It has been proposed that the original innovation of glass came from the Near East and was
subsequently transported to Egypt following military campaigns undertaken by Tuthmosis III
(Petrie, 1924; Lucas and Harris, 1962; Oppenheim, 1973; Peltenburg, 1987; Moorey, 1999;
Jackson and Nicholson, 2007a). Researchers have cited several sources as evidence: the Eridu
fragment (see section 8.1), the relief scenes from the Hall of Annals which show glass being
given as gifts to the temple of Amun; the items have been interpreted as tribute and “booty”
from Mesopotamia (see section 1.5.4.1.1) and glassmaking texts believed to show that
glassmaking was known to Mesopotamia as early as 2112-2004 BCE (Garner, 1956; A L
Oppenheim, 1970; Spalinger, 1977). Archaeological evidence for early Mesopotamian glasses
transported to Egypt comes from the tomb of the “Three Foreign Wives of Tuthmosis I1I”” which
contained stylistically foreign glass vessels, objects, and jewellery (see section 1.5.4.1.4).
However, glassmaking remains in Mesopotamia are rare and definitive physical evidence for

glassmaking in Mesopotamia has yet to be discovered (Moorey 1999, p201-202).

Based on the convention that glass was invented in Mesopotamia, it has been proposed that an
Egyptian glassmaking industry was established shortly after the introduction of glass to Egypt
using foreign glassmakers and workers (Lilyquist ez al., 1993; Nicholson and Henderson, 2000,
p195; Moorey, 2001). This thesis will discuss this topic and propose that glassmaking was
established in Egypt during the reign of Tuthmosis III (see section 8.2.1) (Shortland 2012, p47-
49; Walton et al. 2012).

1.4.3 Uses of glass

One of the original uses of glass was to imitate precious and semi-precious stones, particularly
lapis lazuli and turquoise, simulated by cobalt and copper coloured glass respectively (see
Figure 4). The colour blue was significant in the Ancient Egyptian ideology, physically
representing a spectrum of spiritual meanings, including the colour of divine truth and justice.
Lapis lazuli was the colour of the ‘holy sky realms’ and turquoise was recognised as the colour
of transcendence (Aldred, 1971; Ragai, 1986). Turquoise was relatively rare, thereby making
it highly prized in Egypt and therefore used frequently with Egyptian jewellery, (Aston, Harrell
and Shaw, 2000, p62). Turquoise could be obtained relatively locally by Egyptian miners at
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Wadi Maghara and at Serabit el-Khadim in Sinai, however extracting turquoise was a laborious
process and mining expeditions were undertaken by private individuals and military forces with
ranking officials present to ensure that the venture was successful (Redford, 1992, p79). It
should also be noted that periods of turquoise mining appear to run parallel with political
stability in Egypt. Despite the lucrative market, the turquoise mines at Serabit were abandoned
at the end of the 12" Dynasty following the invasion of the Hyksos and work was only
reinitiated when political stability returned in the New Kingdom era after 12 years of stability

under Amenhotep I (1525-1504 BCE) (Grimal, 1992, p391; Mumford, 1999, p724).

Figure 4: 18" Dynasty c. 1340-1320 BCE. Findspot: The Valley of the Kings. Description: Complex
necklace, formed with two strings of beads, made from gold, glass and semi-precious stones. This
necklace demonstrates the use of early glasses in jewellery (as beads) along with other semi-precious
stones. British Museum, EA65617 (https://www.britishmuseum.org/collection/object/Y EA65617).

Lapis lazuli was also favoured by both the Ancient Egyptians and Mesopotamians; the source
came from Badakhshan in Afghanistan, therefore was a highly desired item that the Egyptians
could not source domestically (Aldred, 1971, p34; Wilkinson, 1971, p7). The king of Babylonia

and the king of Mitanni seemingly both had access to rich sources of lapis lazuli, but both rulers
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state in correspondence to the king of Egypt (cuneiform tablet ABL 1240) that the combination
of the high price of lapis lazuli, the associated difficulties to obtain it in combination with the
high volumes demanded by Egypt created civil unrest in their respective countries (Oppenheim,
1970, p12). Given the cultural significance and the relentless demand for blue stones, it seems
understandable that an alternative source, even one which was profoundly labour intensive,
would serve as a reliable and even more attractive substitute. It is notable that the dark blue
glass inlays in the gold funerary mask of Tutankhamun was initially recorded as lapis lazuli by

some scholars (Tiradritti, 1998, p235).

In addition to the manufacture of artificial coloured stones, early glasses were used to make
beads, small items such as scarabs, inlays for jewellery, figurines, formed and polished disks
and plaques for decorative purposes (Figure 4) (Nicholson and Henderson, 2000, p196; Reade,
2021, pl). Glass was also used to create vessels in a variety of shapes; the shapes of these
vessels often took the same form as ceramic vessels and were named as such (Nolte, 1968). It
has been suggested that core formed vessels appeared later “after the middle of the second
millennium” as vessel production required advanced techniques as well as the developed
infrastructure and resources (Oppenheim, 1970, p16). However, this has not been confirmed

with strong archaeological evidence.

1.4.4 Glass vessels

Early vessels were created by casting glass into a shape and then “cold-working” using lapidary
techniques usually employed for creating stone vessels (Broschat and Rehren 2017). For
example, a kohl pot dated to the early 18" Dynasty (Figure 5) shows evidence of this technique

as the interior appears to have been drilled (Nicholson, 2012).

It has been proposed that glass produced in the LBA would have been too viscous to pour into
a mould in the same way that bronze was cast (Brochat and Rehren, 2017), therefore the glass
would have been added in powder form to a continually heated mould and gradually melted
until the mould was full, a process which has been recreated experimentally (E. M. Stern and

Schlick-Nolte, 1994).
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Figure 5: 18" Dynasty kohl jar made from opaque turquoise-blue glass and dated to the reign of
Tuthmosis 11, findspot: Egypt. This kohl jar represents one of the earliest glass vessels discovered in
Egypt and is believed to have been cold worked. British Museum, EA24391.
https://www.britishmuseum.org/collection/image/515543001 .

1.4.4.1 Core-formed vessels

The technique most associated with vessel production in LBA Egypt is core forming. This
process represents a significant advance in glassworking technology and vessel production,
although to date there is no substantial evidence to suggest where the practice originated and
when (Shortland, 2012, p212). A ‘core’ made from a mixture of dung and clay would be formed

around a “handling piece” which would create the inside shape of the vessel.

It was believed that the core was originally made from sand, however later studies examining
the core of two vessels described the core as a dark-brown flaky material with remains of seeds
and leaves, thereby indicating that the core was made with a large amount of organic matter
(Bimson and Werner, 1969b, 1969a). It is believed that the pliability of the core was key in
preventing the glass from cracking as the organic material was capable of contracting with the
glass as it cooled. The core would be coated in clay containing significant iron oxide content
and it has been suggested that an outer coating of similarly high iron oxide, but finely ground,
mixture of limestone/calcite may then have been applied (Wosinski and Brill, 1968). The core
would then be heated and rolled in powdered glass, adding layer upon layer to create the vessel
or by trailing molten glass around the core (Figure 6), although other methods have been

proposed (Schuler, 1962; Labino, 1966; E M Stern and Schlick-Nolte, 1994).
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Figure 6: Figure 3. Production of core-formed vessels: (A) metal or wooden rod; (B) formation of
core form; (C) firing the core; (D) glass application via rolling in crushed glass; (E) firing of applied
layer; (F) completed object; (G) vessel after removal of rod/core. Alternate methods for glass
application: (D") coiling strands of softened glass around the form or (D") dipping the core in molten
glass (Rasmussen, 2012).

Coloured glass rods were used to apply patterns to a glass vessel; the rod would be heated until
pliable and applied by winding around the vessel. The vessel with the applied decoration would
then be marvered on a stone surface and an implement used to “drag” the surface, creating the
garland, feather, or chevron patterns (Nolte, 1968, p40-41). Handles, feet and rims would have
been formed by manipulating the body while still malleable and decorative elements, such as

twisted rods in two or more colours, would be added (see Figure 7 for example) (Nicholson

and Henderson, 2000, p203-204).

Completed vessels needed to be cooled gradually in a process called annealing. There is some
debate on how this would have been achieved in the LBA; researchers Stern and Schlick-Nolte
(1994) have proposed that completed vessels would be placed in the ashes of the working fire
to complete the annealing process. Once cooled, the core could be removed from vessels with
a wide neck and opening. Vessels with narrow necks presented difficulties, therefore these

vessels can appear more opaque due to remnants of the core remaining inside the vessel.
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Figure 7: 18" Dynasty c. 1390-1352 BCE. Findspot: Memphis, Egypt. Core formed glass vessel
(cosmetic jar). This vessel demonstrates the iconic 18" Dynasty style vessel made from dark blue
glass with polychromatic pattern applied to the body and neck. British Museum, EA4741.
(https://www.britishmuseum.org/collection/object/Y EA4741).

1.5 Archaeological sites significant to this thesis

This section provides the archaeological background to the sites that are most mentioned in
this thesis, thereby enabling the reader to navigate to the information in context with LBA glass.
The section starts with the important centres of LBA glassmaking and glassworking and key
find sites which are central to the topics discussed in this thesis, and a short background for

other relevant, important sites are given.
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Archaeological examination of kilns, tools and glassmaking/glassworking debris from
workshops is key for identifying glassmaking and glassworking sites. The examination of
crucibles has been central in providing important evidence indicating the manufacture of glass
from raw materials; specifically by identifying the microstructural state of semifinished glasses
which represents the intermediate stages of primary glassmaking (Rehren and Pusch, 2005;
Pusch and T Rehren, 2007). However, the study of the earliest LBA glasses in relation to
original innovation presents specific challenges; glass that is recovered from Egypt is usually
well preserved, owing to the arid environment, whereas glass recovered from excavations in
Mesopotamia is frequently degraded owing to the humidity or have decomposed to the point
where identification is not possible (Von Saldern, 1970, p204). Mesopotamian glasses that are
correctly identified and subsequently recovered may not perform well under analysis, thereby

enforcing an archaeological bias.

1.5.1 Centres of glassmaking and glassworking

There are several sites in Egypt associated with glass; the earliest known being at the Palace
complex of Malkata which was built during the reign of Amenhotep III (1390-1532 BCE)
(Keller, 1983). The second site, Amarna, was founded by the son of Amenhotep III: Akhenaten
(1352-1336 BCE) (also known as Amenhotep IV), and occupied until approximately Year 1 of
the reign of Tutankhamun, the son of Akhenaten (Van Dijk, 2000, p281; Snape, 2014, p163).
The glassmaking complex at Qantir was established during the reign of Rameses II (1279-1213
BCE) (Pusch and Th Rehren, 2007, p129) with the site eventually being abandoned around
1069 BCE (Shaw and Nicholson, 1995, p237). The last proposed Egyptian LBA glass
workshop 1s Lisht, where glass related activity dates between 1295-1070 BCE (Keller, 1983),

therefore contemporaneous with glass activity at Qantir. A map and summary of these sites can
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be seen in Figure 8 and Table 3: Main glassmaking/glassworking sites in Egypt and the

products
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Figure 8: Map showing the location of the four main glassmaking/glassworking sites in Egypt
between the 18" — 20" Dynasties (Abe et al., 2012).
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Site Years active Glassmaking | Glassworking Produced
(approx.)
Malkata 1390 - 1347 BCE | Uncertain Yes Vessels
Ingots
Amarna 1347 - 1335 BCE | Yes Yes Vessels
Beads
Qantir 1279 - 1099 BCE | Yes Possibly Raw glass ingots
Vessels
Lisht 1295 - 1070 BCE | Yes Yes Beads
Inlays

Table 3: Main glassmaking/glassworking sites in Egypt and the products (Rehren and Pusch, 1997;
Mass, Wypyski and Stone, 2002; Shortland, 2012).

1.5.1.1 Malkata

Malkata, located on the west bank of Thebes, is the location of the palace of Amenhotep III
and the earliest known excavated site containing evidence of glassworking. Excavations by the
Metropolitan Museum uncovered artifacts of glassworking including fragments of crucibles,
glass slag, waste vessel fragments, glass rods in several different colours and a piece of partially
fired of uncoloured glass (E M Stern and Schlick-Nolte, 1994, p26). To date there are now
many hundreds of fragments of glass that have been excavated from the site of Malkata, which
indicates the prosperity of the city during the reign of Amenhotep III. However, crucibles
excavated from the site were not retained by the museum, therefore this crucial evidence cannot
be used to substantiate Malkata as a true glassmaking site (Mass, Wypyski and Stone, 2002).
In addition, the archaeological records do not state where the production site was, meaning any

subsequent researchers are unable to locate the original site.

1.5.1.2 Amarna

The site of Amarna was founded under the reign of Akhenaten and is one of the most significant
sites of study in Egyptology as well as glassmaking. Located on the east bank of the Nile
approximately halfway between Thebes and Memphis, the original name of the city, Akhetaten,
translates to “Horizon of the Aten” (Snape, 2014, p47, p156). The city was built in a previously

unoccupied location in Egypt, effectively “virgin soil’, in the 5" year of the reign of Akhenaten
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and occupied most likely a year or two after (Grimal, 1992, p227; Van Dijk, 2000, p269). By
creating a new city, Akhenaten broke all ties with the traditional religious capital of Thebes and
the cult of Amun and sought to establish a simpler religion worshipping the sun disk, Aten.
This religious and political reform known as the “Amarna Period” revolutionised the Egyptian
way of life, lasting less than 20 years and ending in the first regnal year of his son and successor,
Tutankhamun (Shaw, 2003, p281). Amarna became an impressive metropolis; large buildings
were constructed for palaces, government offices, temples, and dedicated areas for workmen

(Boyce, 1995).

Despite being thoroughly looted in antiquity and exposed to treasure hunters in the 19" century,
excavations at Amarna have yielded significant evidence for glassmaking, glassworking, and
faience production (Petrie, 1894; Shortland and Tite, 2000). Lilyquist describes the finds from
Amarna as “the best provenanced and most numerous compositional values of Egyptian glass
up to now” (Lilyquist et al., 1993, p44). Recent excavations in the southern part of the city has
revealed numerous glassworking finds as part of a possible bead and amulet workshop,
including over 300 glass chips from ingots and 116 glass rods and beads, thereby inferring that

the workshops would have processed relatively large amounts of glass (Hodgkinson, 2015).

The initial excavation took place in the winter of 1891-1892 and Petrie, with a young Howard
Carter in attendance, discovered remains of what they interpreted as “the sites of three or four
glass factories and two large glazing works”. In these areas, Petrie described fragments of glass
waste, frit, fragments of ceramic vessels used for the fritting process, cylindrical ceramic jars
with glass/glaze remains on the external surface (crucibles), beads, glass rods and “hundreds
of pieces of glass vases” in addition to other semi-fused pieces of glass (W. M. F. Petrie, 1894,
p26). The finds relating to glass from Amarna now reside in several museums including the
British Museum, the Manchester Museum and the Ashmolean Museum, Oxford. The majority
of the finds are stored at the Petrie Museum of Egyptian Archaeology, University College
London. The finds continue to be studied as they represent the most significant evidence and
the most detailed information about Egyptian glassworking techniques (Tatton-Brown and
Andrews, 1991; E M Stern and Schlick-Nolte, 1994). Petrie had a special interest in glass and
recorded that significant quantities of glass were excavated from the central city “palace

wasteheaps” and the north-western main city at Amarna (Petrie, 1894).
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The site of Amarna is still the subject of ongoing research and excavations; in the 1993 -1994
CE seasons, Nicholson excavated two furnaces in an area that Petri marked as “moulds” on a
map from his field notes. Although during his excavations Petrie states that there is no evidence
found specifically for glassmaking furnaces, he describes a furnace believed to be used for
charcoal burning (W. M. F. Petrie, 1894, p25-26). An experimental reproduction of this furnace
using the exact dimensions described by Petrie demonstrated that such a furnace could exceed
the 1,100 °C temperature required for glassmaking (Nicholson and Jackson, 1998), however,
there is no direct evidence to show that the furnaces identified by Petrie were used specifically

for this purpose (Jackson and Nicholson, 2007a; Pusch and Th Rehren, 2007).

Fritting vessels described by Petrie were based on a pan of frit from Amarna which formed the
impression of the original production vessel (Petrie Museum UC36457). Once again, there is
no physical evidence for the actual fritting vessels from these excavations. Cobalt blue frit is
closely associated with the glassmaking process and was found at Amarna in large quantities,
however the direct role of frit is unknown (Shortland and Tite, 1998; Shortland and Tite, 2000;
Shortland, 2000; Tite and Shortland, 2003; Shortland et al., 2006b). The presence of frit found
among glass related debris and of other vitreous materials suggests that the glassmaking
process and the materials used was a complex process as denoted by cuneiform texts (Brill,
1970; Jackson and Nicholson, 2007a). It was the presence of frit at Amarna that Petrie proposed
it was a site of primary production, and although this was accepted by several researchers, the
evidence based on the presence of cylindrical crucibles used for ingot production, was largely
circumstantial (Petrie, 1894, p26; Turner, 1956¢; Kaczmarczyk, 1986; Nicholson, Jackson and
Trott, 1997; Rehren, Pusch and Herold, 1998)

To summarise, the range of archaeological evidence from Amarna shows that a significant
glassworking industry was operated from the city as part of a wider complex of craftsmen
specialising in the production of vitreous materials (Shortland, 2000; Jackson and Nicholson,
2007b). Several semi-finished glasses identified at Amarna have provided the evidence for
primary glassmaking; work by Smirniou and Rehren verified that the microstructural and
chemical compositions of finds of raw glass and white working waste from Amarna compared
with those found in Qantir, a known primary glass production site (Rehren and Pusch, 2005;

Pusch and Th Rehren, 2007; Smirniou and Rehren, 2011).
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The textual (Oppenheim et al., 1970) and archaeological evidence (Rehren and Pusch, 2005;
Pusch and Th Rehren, 2007) along with the practice of experimental glassmaking to
demonstrate Partial Melting and Two Melt Models (Rehren, 2000b; Shugar and Rehren, 2002;
Tanimoto and Rehren, 2008) indicates that glass was likely made by executing a number of
discrete production steps. This would result in a semi-finished product that required additional
working in a second stage before being processed into a final object. The presence of semi-
finished glass is an indicator of primary glass production; to date there is no archaeological
evidence which shows the trade or transport of LBA glass in its semi-finished state, therefore,

its presence at a site strongly suggests that primary glassmaking was being undertaken.

In addition to glassmaking and glassworking, Amarna is a significant site for other
archaeological finds connected with glass which are discussed in section 1.5.4.1.2, therefore

Amarna is listed twice.

1.5.1.3 Qantir

The site of Qantir, also known as Qantir-Piramesses, is located approximately 100km northeast
of modern Cairo in the eastern Nile delta and was founded by Seti I (1294-1279 BCE) and
became the capital city during the reign of Ramesses II (1279-1213 BCE) (Shaw and
Nicholson, 1995, p237). An expansion of the important city of Avaris, the new city was
originally named Pi-Rameses (“House of Ramesses”) and was purposely built to appear
imposing and impressive to Egypt’s enemies (Snape, 2014, p203). The city was strategically
situated to better confront the Hittites in the struggle for dominance in the Levant, however,
evidence shows that Hittites and Egyptians lived together after a peace treaty between Rameses
IT and Hattusili IIT (Pusch and Herold, 1999, p648). International trade could also be better
facilitated from the northeast delta region (Van Dijk, 2000, p292). Although the city of Pi-
Ramesse was extremely cosmopolitan and the most significant international trade centre in
Egypt, it was primarily a military complex built to address the rise in conflict in the Near East
(Wilkinson, 2013, p337). Pi-Ramesse was inhabited for approximately 180 years and was
finally abandoned in the 21% Dynasty when the eastern branch of the Nile became exhausted

and the harbours became unusable (Snape, 2014, p205).

The analytical, archaeological, and experimental work undertaken by Thilo Rehren, and co-
researchers have demonstrated that Qantir was a large glassmaking facility, capable of

producing many hundreds of ingots, which is indicated by fragments representing 250-300
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cylindrical vessels and crucibles (Rehren and Pusch, 2005; Pusch and Th Rehren, 2007, p131).
Specifically, Qantir primarily produced red glass on an industrial scale which was a more
complex process and required controlled reduction conditions, in addition to producing some
cobalt blue glasses and purple (Rehren and Pusch, 2005). Other significant finds providing
evidence for raw glassmaking were pure white quartz dust, a complete ingot of red glass and a
well preserved crucible containing a corroded block of raw glass (Rehren and Pusch, 2005). It
was noted that most of the glass found attached to the ceramic vessels was cuprite-red (Rehren,
Pusch and Herold, 1998; Rehren and Pusch, 2005). The evidence for secondary glass
production is relatively sparse at Qantir, indicating that this was a glassmaking site only and

not glassworking for the production of objects (Shortland, Nicholson and Jackson, 2001, p151).

1.5.1.4 Lisht

Lisht is located approximately 65km south of Cairo on the left bank of the Nile and is the site
of a renowned necropolis and Pyramid complex dating to the Egyptian 12" Dynasty (1985-
1773 BCE). Lisht is the site of two significant burial complexes which includes the burial of
Amenemhat (1985-1956 BCE), the first King of the 12" Dynasty, who established the city and
the burial of his son Senwosret I/ Senusret I (1956-1911 BCE).

Glass finds representing glassmaking were excavated from the site including glass waste and
slag, glass vessel fragments, blue glass canes and rods, strings of glass and faience beads, a
large blue glass ingot and fragments of ceramic crucibles with glass still adhered (Keller, 1983;
Kozloff and Bryan, 1992). The presence of half completed glass and faience objects suggested
to the excavators that a glaze factory was located in the complex (Mace, 1911, p25) but
unfortunately, the various finds from Lisht were catalogued somewhat randomly over the 30

years of the excavations and therefore cannot be attributed to specific archaeological contexts.

The site of Lisht was also a secondary glassworking site and produced vessels, inlays and other
items in several colours including green, purple, brown, black, white, yellow and Cu-blue
(Keller, 1983). The evidence suggests cobalt blue glass was not produced at Lisht, however
evidence of glass recycling is present (Keller, 1983; Brill, 1999b; Mass, Wypyski and Stone,
2002). Research on materials produced at Lisht indicate that these glasses have their own
distinctive chemical “fingerprint” characterised by low concentrations of alumina, iron oxide
and lime with relatively high soda concentrations compared with other Egyptian glasses

(Smirniou, Rehren and Gratuze, 2018).
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The glass related activity at Lisht has been dated using finds including scarabs of Seti I (1294-
1279 BCE) and Rameses II from the 19" Dynasty and Sethnakht (1186-1184 BCE) first ruler
of the 20™ Dynasty. These finds indicate that the glass related activities spanned from 1295
BCE to 1070 BCE (Keller, 1983), therefore Lisht is a later, post-Amarna, glassmaking site.

1.5.2  Other sites connected with glassmaking/glassworking.

Two other sites, Menshiyeh (Keller, 1983) and Kom Medinet Ghurab (Kozloff and Bryan,
1992), also known as Gurob, have been indicated as possible sites with evidence of glass

processing activities (Hodgkinson, 2017, p8).
1.5.3 Outside Egypt: glassmaking/glassworking centres in Mesopotamia

Although the proposition that Mesopotamia was one of the likely places where glass first
originated, the archaeological evidence of primary glass production in this region is virtually
non-existent and largely tenuous. Despite very good evidence for production in this area, there

is no certain site outside Egypt which is confirmed as a glassmaking site.

The proposed sites for contemporary LBA Mesopotamian glassmaking are Tell Brak in Syria
and Nuzi. Tell Brak was an important Mittanian city in the 2! Millenium which shows evidence
of deliberate glass production in the form of core-formed vessels, beads and plaques from
around 1500 BCE and some raw glass finds or ingots and glass waste from the 14" century
(Oates and Oates, 1991). The site of Nuzi in modern day Iraq was excavated between 1925 and
1933 with core formed vessels and moulded objects being listed among the finds (Barag, 1970)

in addition to glass waste and raw glass which indicated a developed industry (Vandiver, 1983).

More details about Mesopotamian sites and the connected archaeological glass finds are

described in section 03.

1.5.3.1 Tell Atchana

The site of Tell Atchana, also known as Alalakh, located in modern day Turkey shows potential
for being a northern Syrian LBA glass production site (Dardeniz, 2016, 2018). Excavations in
2011 discovered production debris including a crucible with “crystalline phases identified as
diopside and silica”, which has been used in previous studies as an identifier of primary glass

production (Rehren and Pusch, 2005; Dardeniz, Henderson and Roe, 2022). Other connected
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debris included frit and glass along with a heavily damaged kiln; Dardeniz also notes the
similarity between the workshop area of Tell Atchana and that of O0.45.1 in Amarna possibly
suggesting some technology transfer (Jackson and Nicholson, 2007a). Samples analysed using
LA-ICP-MS and isotope analysis from the site also indicate a glass trade with Egypt and
Mesopotamia. The ceramic finds associated with a glassmaking crucible have dated the finds
to the LBI/LBII transitional phase, therefore, the relative chronology indicates that this
glassmaking evidence is earlier than any currently known in Egypt (Dardeniz, Henderson and

Roe, 2022).

The analysis of some glasses excavated from Alalakh show distinct a composition which are
relatively high in yttrium, very low in lanthanum with variable chromium (Dardeniz, 2016),
with later work suggesting that the distinguishing signature for Alalakh glasses is vanadium-

chromium (Dardeniz, 2018).

1.5.3.2 Mycenae

The proposition of Mycenae as a glassmaking region has been discussed in previous studies
seeking to determine the provenance of glasses excavated from several Mycenaean sites.
Earlier studies have focused on the source of the cobalt colourant (Sayre and Smith, 1961b,
1974; Dayton and Lamberg-Karlovsky, 1993; Brill, 1999b) or have collected only major
elements (Nikita and Henderson, 2006) however later analysis using LA-ICP-MS by Walton et
al. determined the provenance of glass beads from the palatial centre of Tiryns using trace
element composition (Walton et al., 2009). This research confirmed all objects analysed in the
study were of Mesopotamian and Egyptian origin, therefore were imports to this region. Glass
waste examined from the site may indicate that this was a site for glassworking (Panagiotaki
et al., 2005) however substantial archaeological evidence for primary production of glass that
dates contemporaneously with Egyptian and Mesopotamian LBA early production is yet to be
discovered (Zacharias et al., 2018). Glasses connected with Mycenae are discussed in this
thesis as a reference to the LBA trade networks only, and Mycenae as a potential primary

glassmaking site is not debated further.

1.5.4 Important sites connected with glass

This section introduces the most important sites connected with glass which are relevant to

this thesis. Sites in the main cities of Karnak and Amarna are presented first, then the related
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tombs located in Thebes. This section then moves outside the core areas of the capital cities

to discuss the Harem Palace site of Gurob.

1.5.4.1 Egypt

1.5.4.1.1 Karnak — Hall of the Annals

The temple of Karnak in Thebes is the largest Egyptian temple and was dedicated to the primary
deity Amun-Ra (Legrain, 1929; Wilkinson, 2017, p73). Within the temple is an area termed the
“Hall of Annals” which depicts Tuthmosis III dedicating goods to the temple, in celebration of
his successful military campaigns in Syria and the Levant. The offerings include what are
understood to be glass ingots (see Figure 9) (Wreszinski, 1923-40; Legrain, 1929; Sherratt and
Sherratt, 1991).
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Figure 9: The relief scene showing tributes to the Temple of Amun by Tuthmosis I1l. The items
believed to be glass are highlighted and enlarged in the top right corner image. Adapted from a
drawing by Wreszinski (Wreszinski, 1923).
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The scene depicts registers of gifts, starting with the most valuable objects of gold and silver
followed by precious stones and what is believed to be glass, the round objects being a
representation of ingots (Figure 9). The quantity of glass depicted in this scene has been
interpreted in slightly different ways owing to the translation of both the terms for glass and of
the quantities. Shortland has stated that basket 1 and basket 3 represent ingots and “lumps” of
dark blue glass respectively and basket 5 represents light blue coloured glass (Nicholson, 2006;
Shortland, 2012, p144). The quantities of glass in baskets 1 and 3 are given as 24 pieces or
55kg, and approximately 60kg respectively making a total of 115kg of dark blue glass
(Nicholson, 2006). Basket 5 has two interpretations owing to the reading of one sign: 10913.8
deben which converts to 993kg, or 913 deben equalling 84kg (Sherratt and Sherratt, 1991;
Nicholson, 2006), the most likely being the latter (Shortland, 2012, p144).

1.5.4.1.2 Amarna: The Amarna Letters

The Amarna Letters are a series of over 300 clay cuneiform tablets which detail the diplomatic
correspondence during the reigns of Amenhotep III (1390-1532 BCE) and Akhenaten (1352-
1336 BCE) between Egypt and the Mesopotamian kings of Babylonia, Assyria, Mitanni, and
Hatti and also from minor rulers of the Levant (Liverani, 1999) (for an example, see Figure
10). The correspondence were sent during a timeframe of under 30 years and are primarily
written in a form of Canaanite-Akkadian, a writing system of ancient Mesopotamia (Moran,
1992). The tablets themselves provide a wealth of information about international relations
between the ‘Great Powers’ (see section 1.6) and their respective cultures. The correspondence
deal with a range of subjects, from requests by Levantine rulers for military assistance to assist
with squabbles between neighbouring states, to lists of gifts sent by “brother” kings to Egypt.
The Amarna tablets have played a key role in establishing the chronology of the period and

contemporaneous rulers of the time.
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Figure 10: 18" Dynasty c. 14" Century BCE. Findspot: Amarna, Egypt. Clay cuneiform tablets
representing communications from Yidya to the king of Egypt. Also known as one of the Amarna
Letters. British Museum, E29837. (https://www.britishmuseum.org/collection/object/W 1888-
1013-75).

1.5.4.1.3 The Valley of the Kings

The Valley of the Kings is located on the West Bank of the Nile in the Wady Biban el-Muluk,
opposite Thebes (modern-day Luxor). The site is the royal necropolis for the majority of

Egyptian kings from the 18™ to the 20" Dynasty.

1.5.4.1.3.1 KV34 —The Tomb of Thutmosis III (1479 — 1425 BCE)

The tomb of Tuthmosis III is significant for this thesis as there are several glass vessels
associated with the tomb believed to be some of the earliest glass vessels created: a dark blue
lid from a kohl pot and a light blue handled vessel (core-formed). There is also a fragment of
light blue glass with a yellow and dark blue decorative pattern applied and a well preserved
juglet with a floral motif and an inscription to Tuthmosis III, which is believed to have belonged
to Tuthmosis III (Nicholson, 2006). These vessels show that the methods of cold working and

core forming glass vessels were practiced contemporaneously (see Figure 5).

1.5.4.1.3.2 KV35 — the Tomb of Amenhotep II (1427-1400 BCE)

The tomb of Amenhotep II contained a large amount of funerary items including furniture,
stone, wood, faience and glass vessels, the latter of which there were a considerable amount
(Reeves and Wilkinson, 2008, p103). The tomb goods sustained considerable damage and it
has been noted that all objects were reduced to fragments. Unlike previous tombs, KV35 was

examined with more care and some partial records were made of the excavation (Reeves and
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Wilkinson, 2008, p100). Therefore, the tomb of Amenhotep II represents one of the earliest
archaeological sites connected with very early glassmaking. The analysis of glass fragments

attributed to the tomb of Amenhotep II are presented in chapter 4.

Figure 11: 18th Dynasty c. 1427-1400 BCE. Find spot Valley of the Kings, Thebes. Fragments
analysed in chapter 4: Top right: EA64125 middle right: EA64124, bottom right: Find spot
(Acquired): Thebes. EA64163. British Museum.

1.5.4.1.3.3 KV62 — The Tomb of Tutankhamun (1336-1327 BCE)

The tomb of Tutankhamun is one of the finest examples of an ancient Egyptian royal burial
with a relatively full complement of grave goods; it is all the more impressive because of the
short reign of approximately 9 years from a young ruler. The tomb is comparatively
undisturbed, although it is estimated that the tomb was entered by looters twice, therefore it is
significant for this thesis as it illustrates the breadth of technical skill of glassworkers towards
the end of the 18" Dynasty and provides further evidence of the high status of glass in the LBA.
Grave goods include two glass headrests made of turquoise and dark blue glass (Brochat and
Rehren, 2017), the famous golden burial mask inlayed with dark blue glass, a writing palate
made of glass with blue and yellow glass rods in place of reeds, glass figurines, many items of

jewellery and objects incorporating glass.
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1.5.4.1.4 Wadi Qurud — The Tomb of the Three Foreign Wives of Tuthmosis I1I

The Tomb of Three Foreign Wives of Tuthmosis III is located in the Wady “D” Gabbanat el-
Qurud, southwest of the Valley of the Kings, Thebes, and contained three “Asiatic Princesses”
named Menhet, Menwi and Merti and their lavish grave goods (Lilyquist, 2004) (see Figure 12
and Figure 13). The wives were buried in Egyptian style however many of the grave goods
were stylistically foreign and were among the earliest foreign women known to be associated
with the royal Egyptian New Kingdom household (Lilyquist, 2004, p336). It is estimated that
the burial of the three princesses is dated to approximately 25 years before the death of

Tuthmosis I1I.

Figure 12: 18" Dynasty c. 1479-1425 BCE. Findspot: Wadi Gabbanat el-Qurud, Wadi D. Headdress
from the Tomb of the Three Foreign Wives of Tuthmosis I11, made from gold, semi-precious stones
and glass. This headdress demonstrates the fine grave goods buried with the foreign princesses in
addition to some of the first uses of glass. Metropolitan Museum of Art, Number: 26.8.117a.
https://www.metmuseum.org/art/collection/search/548677
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Figure 13: 18" Dynasty c. 1479-1425 BCE. Lotiform chalice made from glass. Find site: Upper
Egypt, Thebes, Wadi Gabbanat el-Qurud, Wadi D, Tomb of the Three Foreign Wives of Thutmose
I11. This chalice demonstrates a typically Egyptian style vessel which was interred with the three
princesses. Metropolitan Museum of Art, 23.9.
https://www.metmuseum.org/art/collection/search/544859

The tomb was discovered by looters in 1916 who removed items of gold, jewellery, and other
valuables, however items such as stone vessels, cosmetic jars, containers, and a glass vessel
likely imported to Egypt was present in the tomb. The majority of the funerary goods were
recovered by the Metropolitan Museum of Art and now reside in New York. The standard
reference work for the Tomb of the Three Foreign Wives was written by Lilyquist in 2004 and
is a comprehensive study of the tomb and the contents (Lilyquist, 2004).
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1.5.4.1.5 Gurob

The site of Gurob, also known as Medinet Gurob or Kom Medinet Gurob, is situated in the
Faiyum region of northern Egypt and is most well known as the location of the only confirmed
Harem Palace in Egypt (Shaw, 2011b). Tuthmosis III established the town, but it is during the
reign of Amenhotep III when the site flourished into a thriving community. Flinders Petrie
initiated preliminary excavations at Gurob between 1888-1890 and left to concentrate on
neighbouring Illahun, leaving the work at Gurob to Hughes-Hughes, a volunteer who had little
formal training in archaeology or surveying. Brief plans were drawn when Petrie returned but
overall, little was recorded (Petrie, 1891, p15). Later teams excavated the site, mentioning that
progress was impeded by lack of documentation from previous excavations. The significant
work was undertaken in 1920 by Brunton and Engelbach who focused on the temple and
surrounding cemeteries. Glass beads and scarabs were recovered from tombs dating to
Amenhotep I, but Brunton and Engelbach caveated the date by stating that pottery recovered
from the same tombs were usually attributed to Tuthmosis III (Brunton and Engelbach, 1927).
Approximately 15 glass vessels have been excavated from Gurob, dating between the reigns of

Tuthmosis III and the Ramesside period, including kohl tubes (Nolte, 1968).

It has been proposed that Gurob is a contemporaneous site to Malkata, or slightly later based
on evidence of “glass factories and lime-kilns” (Brunton and Engelbach, 1927, p3; Tait, 1991,
p31). Glass finds have been discovered dating from the New Kingdom to the 20™ Dynasty
including beads, inlays and vessels (Brunton and Engelbach, 1927, p20; Nolte, 1968).
However, there is little evidence to suggest this was a true glassmaking site, therefore is not

discussed in this context for the purposes of this thesis.

1.5.4.2  Other sites outside Egypt

This section discusses the sites outside Egypt in connection with glass which are relevant to
this thesis, starting with Serabit in the Sinai Peninsula, Mesopotamia and Tall Zira’a in the
Levant. The last site discussed is the Uluburun shipwreck which sank just off the coast of

Turkey.

1.5.4.2.1 Serabit, Sinai

Serabit el-Khadim, or Serabit, is the site of an ancient turquoise mining development located

halfway down the western coast of the Sinai Peninsula (Figure 14). Serabit became one of the

Page 58 of 374



most significant centres of Egyptian activity in the Sinai-peninsula during mining periods
(Wilkinson, 2017, p239). It is also the site of a temple constructed in the early 12" Dynasty and
dedicated to the Goddess Hathor, who was considered to be the patron goddess of foreign

expeditions and turquoise miners.

Jaffae
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eSerabit el-Khadim

® Thebes

Figure 14: Map showing the location of Serabit el-Khadim in relation to the ancient cites of Memphis
and Thebes (Koch, 2017).

The temple itself contains many inscriptions which detail the increasing number of turquoise
mining expeditions undertaken in the years the mine was active. After 12 years of peace
under Amenhotep I (1525-1504 BC), mining was re-established in the 18" Dynasty along and
the temples received many repairs and embellishments between the reigns of Hatshepsut
(1473 — 1458 BC) and Amenhotep IIT (1391-1353 BC). The temple also became a famous
pilgrimage site with many gifts and offerings being placed as tribute (Caelen, 2013, p7). The
last recorded offerings to the site were made in 20" Dynasty during the reign of Rameses VI

(1143-1136 BCE). The site of Serabit is discussed later in more detail in chapter 5.
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1.5.4.2.2 Nuzi

Nuzi (modern day Yorghan Tepe) is located near the Tigris River and southwest of the city of
Arrapha. As part of the Mittani empire, the city reached the height of its importance in the 15%-
14™ centuries BCE until the 14™ Century when it was assimilated by the Hittite uprising and
gradually declined thereafter. The actual name of the city “Nuzi” was correctly appointed after
the discovery of approximately 5000 clay tablets found in excavations dating from 1925-1931.
The excavations also uncovered large amounts of glass, concentrated in Stratum II which is
connected with the Mitanni period. The glass finds include beads, pendants, fragments of

vessels and around three fragments of raw glass (Shortland et al., 2017)

1.5.4.2.3 Tell Brak

During the 15" Century BCE, Tell Brak was one of the most significant cities in upper
Mesopotamia. The city was important for trade and was the centre of Mitanni before being
destroyed by Assyria circa 1300BCE. Several cultures inhabited the city and was a religious
centre, attracting many pilgrims. Excavations between 1976 and 1993 by the University of
London recovered a number of cuneiform tablets and a large cache of gold, silver, carnelian
and lapis lazuli. Excavations of the second millennium levels recovered large amounts of glass,
glass vessels and glass ingots, including glass gaming pieces and pieces of glass cullet (Oates,

Oates and McDonald, 1997, p81; Oates, 2005).
1.5.4.3 The Levant

1.5.4.3.1 Tall Zira’a

Tall Zira‘a is located in the Wadi al-‘Arab, northern Jordan, roughly 5 km from the ancient
Decapolis city of Gadara. Archaeological evidence shows that the site was almost continuously
inhabited for 5000 years, likely due to the fertile soil, proximity of fresh water sources and an

artesian spring on the surface of the Tall (Adan-Bajewitz et al., 2017, p14-21).

The Wadi al-‘Arab was part of a significant trade route, linking several key cities and ports
from the Jordan Valley to the Irbid-Ramtha basin (Soennecken et al., 2021, p13); the route
connected the Jordan valley with Amman, Bagdad or DimaSq (Damascus), the Jezreel plains
and Tall al-Hisn (Beth Shean) and the eastern Jordanian highlands. Internationally, the route

was used to connect to the Mediterranean coast via the northern Jordan ford at Gisr al-
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Magami‘(Geser), starting in Egypt in the south, across the Sinai peninsula, through Damascus
and arriving at Syria-Mesopotamia in the north (Soennecken et al., 2021, p2). Numerous finds
at Tall Zira’a attest to international trade of many types of goods, including ceramic vessels
from Cyprus, Greece and Syria, faience and glass from Egypt, and copper from the sites of
Faynan in Southern Jordan and/or Timna, located in modern southern Israel (Adan-Bajewitz et

al., 2017).

1.5.4.4 The Uluburun Shipwreck

The Uluburun shipwreck is the best evidence for long-distance glass transport and provides
crucial information about the patterns of exchange and production in the Mediterranean. It has
been proposed that The Uluburun shipwreck represents an LBA trading vessel which sank close
to the east shore of the Uluburun coast in Turkey (Figure 15) containing over 20 tons of cargo
from the Levant, Nubia, Cyprus, Mesopotamia and Egypt, including raw copper, oxhide ingots,
tin, Canaanite jars, ivory, gold, carnelian and approximately 200 glass ingots (Bass, 1987;

Pulak, 2008; Lankton, Pulak and Gratuze, 2022).
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Figure 15: Location of the Uluburun shlpwreck (Friedman, 1998, p264, map 1) and selection of the
ingots recovered from the wreck.

Therefore, the Uluburun shipwreck contains more LBA glass than any other archaeological site
on record which is significant to this thesis and will be discussed further in chapter 8. The cargo

bears striking similarities to the diplomatic gifts given between royal courts, therefore it should
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also be considered that the vessel represents a diplomatic “gift-giving” ship (Pulak, 2001).
Evidence suggests that the ship sank circa 1300 BCE, corresponding with the end of the
Amarna period (Manning et al., 2009). It has been suggested that the ship departed from a
Syro-Palestinian port and that the destination may have been Mycenae, which was large enough
to accept and administer the quantity of goods on the Uluburun vessel. Goods received at
Mycenae would likely be distributed to ports such as the southern Tiryns, a known recipient of
Egyptian glasses (Walton et al., 2009). The purpose and contents of the Uluburun vessel

relating to distribution in the LBA are discussed in further detail in section 1.8.1.

1.6 Egypt and the Near East in the LBA

It is important to provide the historical and geographical setting at the time in which the
innovation of glass was placed, in addition to providing an overview of the states who were
directly involved with the innovation, trade and consumption of LBA glass. See Figure 16 for

a map of the key areas discussed in this thesis.

Egypt, located in north Africa, was fragmented under the rule of several rival kings at the start
of the 16" Century; the 15" Dynasty were foreigners, known as Hyksos, who established their
northern capital city at Avaris, close to Memphis. The 16" Dynasty consisted of lesser Hyksos
Kings who ruled in parallel with the 15" Dynasty (Bietak, 1999, p377). The 17" Dynasty were
native Egyptian rulers who controlled Upper Egypt from the southern capital city of Thebes
(Grimal, 1992, p187). The Egyptian rulers of the 17" Dynasty campaigned against the foreign
factions in the North, successfully expelling the Hyksos, uniting Upper and Lower Egypt and
forming the Egyptian 18" Dynasty in ¢.1550 BCE (Bourriau, 2000, p203).
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Figure 16: Map of the Ancient Mlddle East and Mesopotamia and keys states of the 2nd Millenium
BCE (http://web.cocc.edu/cagatucci/classes/hum213/Maps/Maps2HistoryAncient.htm).

Subsequent rulers of the 18" Dynasty strengthened Egypt’s position as a “Great Power” by
asserting military dominance over neighbouring lands. The spoils reaped from successful
military campaigns, the increase in trade relations, and the demands for tribute all contributed
to the increasing wealth and status of Egypt (Bryan, 2000a). A network of diplomatic
relationships between Egypt and other ruling powers in Mesopotamia were formed, including
political marriages with foreign princesses (Bryan, 2000; Lilyquist, 2004; Snape, 2014, p48).
The ‘Great Powers’ were Mittani (whose lands encompassed northern Syria and southeast
Anatolia), Babylonia (central-southern Mesopotamia), Hatti (Upper Mesopotamia) and Asyria
(eastern Mesopotamia): an elite “brotherhood” whose rulers were referred as “Great King” in
communications such as the Amarna Letters (see section 1.5.4.1.2, also Table 4 for a
chronology of contemporaneous rulers during the Egyptian 18" Dynasty) (Moran, 1992;
Mynatova, 2007, p40). Independent and vassal states (for example, in the Levant) were also
recognised but were not considered part of the elite brotherhood (Moran, 1992; Cohen and
Westbrook, 2000, p6). It should also be noted that the term “Mesopotamia” is used throughout
this thesis when referring to the collective LBA Near-Eastern states that made up the lands near

the Euphrates and Tigris, including Babylonia and Assyria (Oppenheim, 1977, p35-48).
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Egypt had a complicated history of relations with Mittani, who had gone from enemies to
diplomatic allies after a peace treaty was formed under Amenhotep II (Bryan, 2000b, p77).
Peace was further consolidated when Amenhotep III engaged in a diplomatic marriage with
Princess Gilukhepa, daughter of Shuttarna II, King of the Mittani and the sister of Tushratta
who succeeded the throne and was a contemporary of Akhenaten (see Table 4) (Bryan, 2000b,
p80; Snape, 2014, p48). The Mittani state was overpowered during the invasion of Syria, driven
by the Hittite expansion directed by King Suppiluliumas. It should also be noted that the son
of Suppiluliumas was intended to be married to the widow of Tutankhamun but died enroute,
possibly murdered, leading to armed aggression from the Hittite quarter (Moran, 1992, p114-
117; Cohen and Westbrook, 2000, p7).

Babylonia was assimilated by the foreign Kassite dynasty at the end of the 16" century but had
been on relatively good terms with Egypt, and Assyria, a former vassal state that was now
beginning to assert itself as a Great Power. The diplomatic relationship between Egypt and the
King of Assyria, Assur-uballit, resulted in some protests from Burraiburiyash, the king of
Babylonia. Babylonia eventually made tenuous peace with Assyria following the diplomatic

marriage of a daughter and son respectively (Cohen and Westbrook, 2000, p7).

The Levant played a central role as an LBA international communication system in addition to
being a strategically important location (Pfélzner, 2012, p770). The established trade routes
undertaken by specialist merchants represented an important part of the LBA economy
(Sherratt and Sherratt, 1991; Renfrew, 2011, p455-71). The Levant was a suzerainty formed of
several independent “city-states” which were frequently subjected to the competing influences
of the ‘Great Powers’ of Egypt, Mittani and Hatti in addition to sustaining regular Egyptian
military campaigns (Reader, 2003, p349). Political stability between Egypt and Mesopotamia
provided the city-states with prosperity and peace with only minor quarrels between Levantine
“princes” as detailed in several Amarna Letters (Moran, 1992). Relations between Egypt and
Canaan intensified when Tuthmosis III began systematically expatriating the Levantine ruling
class to Egypt to condition them to Egyptian society. The intention was to reinstate

‘Egyptianized-Canaanites’ as administrators for the Egyptian state (Ahituv, 1999, p188).
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Egyptian Approximate
chronology Egypt PP Hittite Mitanni Assyria Kassites
Year BCE
(BCE)
1470 Ashur-shaduni
Huzziya Il
1460 Ashur-rabi |
Tuthmosis |11 '
1479-1425 Shaushtatar Ulamburiash
Hatshepsut 1450
(1473 - 1458) Kashtiliash 111
Muwatalli | Ashur-nadin- | (uncertain)
1440 ahhe |
Agum Il
Parattarna Il (uncertain)
1430 Enlil-nasir 11
Ashur-nirari Il
1420 Ashur-bel-
1427-1400 | A hotep Il Hattusili 1T Shaitarna nisheshu
- menhote tt
P 1410 e Ashur-rim- Karaindash
nisheshu
1400 -nadin-
1400-1300 | Tuthmosis IV Tudhaliya I pehurnadin | adashman-
Harbe |
1390 Artatama |
Arnuwanda |
Kurigalzu |
1380 (uncertain)
Eriba-Adad |
Tudhaliya II !
1390-1352 | Amenhotep 111 Shuttarna I dash
1370 Tudhaliya III Kadashman-
Enlil |
1360 Artashumara
Suppiluliumas .
1350
Akhenaten | fE s Ashur-uballit Burnaburiash
1352-1336 | (Amenhotep | 1
V) 1340
1336-1327 | Neferneferuaten Artatama 1l
1330 Arnuwanda Il | Shuttarna Il Kara-hardash
1336-1327 | Tutankhamun - —— -
Mursili 1T Shattiwaza Enlil-nirari Nazi-Bugash

Table 4: Chronology of the Egyptian, Hittite, Mittani, Kassite and Assyrian rulers correlating with the
Egyptian 18" Dynasty from Tuthmosis III to Tutankhamun. Rulers who are mentioned in this thesis are
highlighted in blue (Oppenheim, 1977, p338, 345; Shaw, 2003, p485).
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In summary, the relationships between the ‘Great Powers’ and the Levant were volatile,
complex and dynamic. However, the important and formalised convention of diplomatic gift-

giving was strictly adhered to (Liverani, 2000).

1.7 The Value of Glass within the LBA Society and Diplomatic Gift-giving

Glass in 18" Dynasty Egypt was one of the most high-status objects in the LBA, only bestowed
upon society’s elite as indicated by the higher concentration of glass objects present in royal
and elite burials, palaces and temples (Nolte, 1968; Oppenheim, 1973; Nicholson and
Henderson, 2000, p194). The Hall of Annals in the Temple of Karnak depict the dedication of
gifts from Tuthmosis III, believed to be goods claimed from his campaigns in the Near East, or
described as “imports” (Hodgkinson et al, 2019). The objects are arranged by order of
importance/value, starting with gold and silver, then proceeding with semi-precious stones of
turquoise and lapis lazuli depicted as being adjacent to glass, which is followed by bronze and
copper. Therefore, this relief confirms that glass is placed among the most valuable tributes
(Sherratt and Sherratt, 1991; Shortland, 2001, p214). Where glass is depicted, the royal
cartouche appears next to the word for glass: “hsbd”, indicating an exceptional royal interest
or connection as no other offering is linked with the royal cartouche (Wreszinski, 1923;

Shortland, Nicholson and Jackson, 2001, p151).

The Amarna Letters provide further evidence that glass was considered to be among the most
important of gifts given (see section 1.5.4.1.2); glass is the eleventh gift mentioned on letter
EA14 before over 50 gifts of gold are listed, indicating that it was a significantly valuable gift.
Letter EA14 details the gifts given by the King of Egypt to Burnaburiash II, the Kassite ruler
of Karaduniya§ (Moran, 1992, p27-37), and letters from the King of Egypt to the Syria-
Palestinian states confirm the increasing royal demand for glass in letters EA 148, 235, 314,
323 and 331 (Moran, 1992, p235, 293, 347, 351, 355). This is notable as glass is the only item
in the Amarna Letters for which an entire tablet is dedicated to that single request (all other
letters requesting tributes contain demands for several items), indicating that glass is special
above all other tributes. Glass was therefore of significant value and exchanged at the highest
level between royal courts. Objects such as vessels played an instrumental role in diplomatic
gift-giving and bestowed upon preferred members of the court or as tributes to temples

(Liverani 2000, p24; Shortland et al. 2001, p153).
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In addition to its function in royal life, glass was used in some of the most significant
archaeological objects found in tombs, such as the gold funerary mask, inlayed with glass, and

the glass headrests from the tomb of Tutankhamun (KV62) (Brochat and Rehren, 2017).

1.8 Distribution and trade in the Late Bronze Age

The LBA is renowned as an important period for trade, both raw materials and finished objects.
Archaeological evidence for the trade of goods is seen when an object is identified as clearly
belonging to a foreign culture. Stirrup jars are a clear example: distinctive pale painted pottery
with a “stirrup”-shaped handle that originate from Crete. Stirrup jars have been found
throughout the Aegean region but examples have also been found in the Near East and Egypt,
thereby representing imports from Crete (Shortland, 2012, p139). These objects expose a direct
or indirect exchange between different cultures, in addition to providing evidence of a trade or
gift exchange network. These items also provide sequential markers which can be used to
reconstruct relative cultural chronologies. The Tomb of the Three Foreign Wives of Tuthmosis
III is also an important example of foreign people and goods being transported to Egypt (see

section 1.5.4.1.4).

Textual evidence for trade also comes from the Amarna Letters which detail the exchange of
many types of gifts, and in great quantities, between the ‘Great Powers’ including horses, gold,
lapis lazuli and servants; this “exchange of gifts” was in effect a “commercial network between
courts” (Moran, 1992; Rivero, 2021). The Hall of Annals also details large amounts of items
requisitioned from military campaigns and tributes from vassal states (Wreszinski, 1923). It is
also likely that glassmakers were ‘gifted’, loaned or requisitioned as part of the royal gift-

exchange (Moorey, 2001, p9).

As discussed, historically items have been provenanced stylistically, however, analytical
techniques provide key evidence for trade and transport of goods, specifically methods such as
elemental analysis or isotopic techniques to identify and provenance the raw materials or

components of an object (Henderson, Evans and Nikita, 2010).

1.8.1 Control and distribution of glass in the LBA

Based on the distribution of glass finds in the proximity of royal residences, it is very likely

that the LBA glass industry was the subject of a royal monopoly, and that the production and
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distribution of items were strictly controlled by the Egyptian Royal Court (Nolte, 1968;
Nicholson, 1995; Shortland, Nicholson and Jackson, 2001, p153). It is often the case that royal
patronage develops the arts and it has been argued by Moorey that the elite were central to
luxury industries as they possessed the resources required to build and sustain them (Smith,
1981; Moorey, 2001, p4). Glass was highly portable in several forms and was likely distributed
according to their value; ingots were exchanged at the highest level between royal courts,
objects such as glass vessels were gifted to the elite and smaller items such as beads and small

amulets were sold to the general populace (Shortland, Nicholson and Jackson, 2001, p153).

Trace element analysis specifically has been key in establishing a “compositional fingerprint”
which differentiates between Egyptian and Mesopotamian glasses. This technique defined by
Shortland ef al. uses the geologically relevant trace elements chromium, lanthanum, titanium
and zirconium which has enabled researchers to provenance LBA glasses, some as far as
Europe, thereby providing evidence for trade networks (Shortland, Rogers and Eremin, 2007;
Walton et al., 2009; Varberg, Gratuze and Kaul, 2015; Varberg et al., 2016).

As discussed in section 1.5.4.4, the Uluburun vessel provides key information about the
transport and distribution of glass in the LBA. It has been proposed by Pulak that the cargo
aboard the Uluburun vessel specifically represented a royal or elite gift exchange; the cargo
showing many parallels with goods discussed in the Amarna Letters (Pulak, 2001, 2008, p299).
It is believed that the ship followed the coast anticlockwise to collect goods in a “point-to-
point” system (Pulak, 2008, 208-299). It is not known if the transport of glass by sea
represented the routine method of distribution, or if the Uluburun vessel, and others like it,
were employed at a later stage in LBA glassmaking to support an overall increasing demand
and/or supply to a long distance trade industry to the Aegean (Walton et al., 2009; Sherratt,
2016).

An early method to indicate the origin of the ingots recovered from the Uluburun shipwreck
was to compare the dimensions of the ingots with crucibles found at Amarna (Nicholson,
Jackson and Trott, 1997). Later analysis using LA-ICP-MS by Jackson and Nicholson in 2010
on three of the ingots confirmed that the ingots were Egyptian in origin (Jackson and
Nicholson, 2010). Recent analysis by Lankton ef al. sampled the majority of the ingots (192)
which confirmed that all ingots were of Egyptian composition. Further insights from work by

Lankton on the ingots recovered from the Uluburun shipwreck show that the majority of the
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ingots (90%) were produced in batches of up to at least 16 ingots. Each batch has a high
chemical uniformity, substantiating that glass production in Egypt was a highly organised
industry which conformed to standardized procedures, capable of producing over 40kg of raw
glass per batch (Lankton, Pulak and Gratuze, 2022). The dating of the ship is speculated as
sinking shortly after the Amarna period concluded, and both the date and the quantity of glass

confirm that the ingots are the products of an organised and large-scale Egyptian glass industry.

In addition to transport by sea, established overland trade routes were widely used throughout
the LBA; the advantage of overland transport being that caravans could be monitored by
administrators at a series of checkpoints, thereby maintaining control of the consignments
(Sherratt, 2016; Huang, 2018). Using the comparative example of the transport of lapis lazuli,
three main routes were historically used to connect Mesopotamia to Egypt: two by land and
one by sea. The land routes were not exclusive and interlinked creating additional trade
networks and were used by both royal executives in addition to some private trade (Huang,
2018). Therefore, it could be suggested that glass may also have followed this transport model,
with ingots and vessels being transported by royal caravan or sea directly between courts, and

smaller items being distributed along overland networks which evolved over time.
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1.9 Structure of the thesis

This thesis takes the paper format structure where each paper has been written by Victoria
Kemp as the first author with other authors as detailed. The structure of this thesis follows the
preferred PhD thesis format defined in section 2.1 in the Senate Handbook which is the official
Cranfield University guidance. The research questions are met within the research papers and

are presented under the thesis chapters.

To place this research in context, the first chapter is a literature review which provides a general
background which introduces glass as a material by outlining the raw materials such as silica,
fluxes and colourants, the general composition, basic structure, and physical properties glasses.
This is then refined to glasses of the LBA and describes the specific materials used including
the colourants and their sources, and the process by which glasses were manufactured, then
worked into objects such as vessels. Understanding the source and elemental characteristics of
the raw materials is vital for this thesis as the elements of geologically relevant components
remain relatively unchanged when incorporated into the glass, thereby enabling this research
to identify and distinguish between sources. Therefore, this information provides the basis for
the later research discussions on the archaecometric analysis of LBA and IA glasses and why
this is relevant when determining composition type, the colouring strategies used, and

identifying the geologically relevant trace elements for determining the provenance.

The literature review then describes the world in which glass was first innovated and
developed, introducing the key players and political environment in which glass was
established and then describes the archaeological significance of glass as a high-status item, its
inherent portability and its role as a crucial part of an international diplomatic gift-giving
network and a larger LBA trade network. In summary, the literature review provides a reference

guide for the reader to navigate to the key information where required.

Chapters 2 to 7 present the published research undertaken throughout the course of this doctoral
research. All papers have been published in peer reviewed journals. A short summary is
provided in the section below to introduce the connecting research elements in this thesis (see

Table 5 for a summary):

Chapter 2 presents the elemental analysis of blue glass beads from an undisturbed tomb in

Gurob, in the southern Faiyum region of Egypt. The beads are dated to between the reigns of
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Amenhotep I and Tuthmosis III making this some of the earliest glass manufactured. The
glasses analysed from the early context of the New Kingdom cemetery from Gurob dated to
between Amenhotep I and Tuthmosis Il indicate that glasses made in Mesopotamia were being
transported by foreign women likely in connection with the harem palace. It is known that glass
was gifted to the King as part of the diplomatic gift-giving protocol, however, this research
provides evidence that some early glasses in Egypt were imports from Mesopotamia as
personal possessions in the form of jewellery, amulets and vessels, i.e., as finished objects

which were transported into Egypt by foreign people of high status.

Chapter 3 builds on the work presented in chapter 2 and discusses the elemental analysis of a
scaraboid bead from the same undisturbed context. The provenance of the very early scaraboid
glass bead is discussed with a focus on the inhabitants of the tomb and their connection with

the Gurob harem palace.

Chapter 4 presents the analysis of polychrome vessel fragments from an early Egyptian royal
tomb, KV35, to determine composition and provenance. The fragments are among the first
vessels known in Egypt; therefore, this research discusses the archaeological implications for
the tomb, the vessels, and the interpretation of early excavation work. The analytical data from
this study further indicates that glass fragments from tomb KV35 represent some of the earliest
glasses to be manufactured domestically in Ancient Egypt and that Egypt was technologically
capable of making several colours using locally sourced raw materials from an early phase in
glassmaking history. This is also significant for addressing research question 1 as these glasses
pre-date the known archaeological evidence for Egyptian glassmaking sites. Therefore, this
paper provides new supporting evidence for an earlier glass industry from at least as early as
the reigns of Tuthmosis III and Amenhotep II and potentially a currently undetected
glassmaking site in Egypt, the inference being that shortly after the proposed introduction to
Egypt, glass was being produced domestically and contemporaneously with imports of glasses

from Mesopotamia.

Chapter 5 presents the analysis of a series of rare glass votive offerings from the temple of
Hathor at Serabit, Sinai. This research demonstrates how LBA glass compositions develop over
approximately 300 years, and how these changes can be used to date glass of unknown
provenance. Colourants, specifically cobalt, and stylistic features can be used to provide dating

indicators. Consequently, this research establishes that compositional grouping can be used to
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date certain colours of unknown glass using analytical data alone or in conjunction with
stylistic features, depending on the colourant used. It is clear from the archaeological evidence,
specifically from the temple inscriptions, the reports by Petrie and the glass fragments
themselves, that significant numbers of glass vessels and items containing inlays were
transported to the site of Serabit, likely by royal officials overseeing the mining activities, to
be made as offerings to the temple. Therefore, the site of Serabit can be seen as a major

consumption site of glass.

Chapter 6 steps outside Egypt to the Ancient Levantine city of Tall Zira’a and examines glasses
through a range of periods, reinforcing the work done in chapter 5 concerning provenance and
composition through time and their ability to interpret the dating of stratum and the overall
archaeological site. Notably, Tall Zira’a received glass from both Egypt and Mesopotamia and
is thus the second known site to have received foreign glass objects from both ‘Great Powers’
after the palatial site of Tiryns, Mycenae (at the time of publishing). The presence of Egyptian
core-formed vessels establishes that this was an important city with high status, likely
indicating that Tall Zira’a and its resources were key in ensuring successful trading ventures
on the route between Egypt and Mesopotamia. The presence of approximately 142 glass
fragments recovered from LBA contexts and 287 fragments from IA contexts demonstrates that
Tall Zira’a received significant quantities of glass in many forms (vessels, beads, figurines etc)
from both Egypt and Mesopotamia in the LBA, and that the city maintained its affluence and
continued to support a thriving trade of luxury goods into the IA. The vessels were likely
transported via the same, well established trade route which crossed the Sinai Peninsula,
traversed the Levant to Damascus and then arrived in Mesopotamia and the Euphrates. This
research confirms that compositional glass grouping and provenance can be used in several
ways to provide supporting dating evidence; the analysis not only provided dating evidence for
the object itself but also provided supporting evidence for dating the stratum from which they

were excavated.

Chapter 7 represents the results of a data exercise using the data from the most important glass
vessels of this period from Ancient Egypt described in Nolte’s ‘Die Glasgefdfie im Alten
Agypten’. It is the first time that this data has been analysed and grouped to examine styles of
glass, including typical and atypical features within the LBA, and connected glass production

period.
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Finally, chapter 8 summarises the conclusions of the previous chapters and discusses the
contribution of the research findings to the field of study. Chapter 9 concludes the findings

from the research and makes suggestions for further research.

All projects are covered under the ethics approval CURES/16644/2022, the Cranfield
University ethics approval scheme.

1.10 Research Questions

The present study focuses on the elemental analysis in conjunction with the archaeological and
iconographic evidence to establish new understandings about the earliest glasses to be
produced, the development of glass from the 18" Dynasty to the end of the Late Bronze Age
as an emerging technology, and its distribution as one of the most valuable and high-status
objects in the LBA. It also aims to re-address the role of women in the LBA glass system as a

mechanism for the transport of early glasses to Egypt from Mesopotamia.
This research is addressed using four research questions:

Research question 1: Where were the first glasses produced and what does context and

analysis tell us about the first glasses?

This thesis demonstrates how the interpretation of elemental analysis of early glasses from
significant, strategic sites in Egypt and the Levant provide a more complete understanding of
the LBA glass system; compositional analysis provides a wealth of information about where
the glasses were produced, the raw materials used, and the colouring strategies. This thesis will
discuss how the information can also be used to establish the technological capability of glass
producing states at the early stages of glassmaking. This research also discusses how the
presence of LBA glasses at specific sites, especially those which provide a firm date for the
context, provides significant information about the period of production, the status and function
of the site in addition to indicating relationship and trade connections with the glass producing
regions. Therefore, this thesis shows how the combination of analytical data in conjunction
with the archaeological context, with the consideration of the object itself, establishes new
information about these sites and early glasses within the context of the wider LBA glass

system.

Research question 2: What is the role of women in the LBA glass system?

Page 73 of 374



Here this thesis examines the role of women in the New Kingdom, specifically within the
context of the LBA glass system. Glass beads and a scaraboid bead from an undisturbed tomb
in Gurob were analysed to determine the provenance: this thesis discusses how the analytical
findings in conjunction with the early date of the tomb provides key information about the
transport of glass goods by women. The thesis will further discuss how foreign women of high
status, likely in connection with the harem palace, were significant in the transportation, and
therefore importation, of the earliest glasses, especially in the setting of diplomatic marriages,
which is discussed in this thesis as a likely key factor in the mass transportation of glass objects,

gifts and personal possessions.

Research question 3: Can compositional changes in glass from the 18" Dynasty be used for

dating?

Here the thesis examines the major, minor and trace element analysis to determine how the
composition of LBA glasses can provide dating information to indicate the period of
production. Major composition can determine between LBA and IA glasses relatively easily by
examining the magnesia and potash contents, which is useful for discriminating between these
production periods. This thesis demonstrates how the analyses of LBA glasses from the sites
of KV35 in the Valley of the Kings, Serabit in Sinai, and Tall Zira’a in the Levant were used to
identify minor and trace elemental patterns to compare with known compositions and colouring
strategies. This thesis also demonstrates how the identification and use of morphological
aspects of vessels in conjunction with the compositional data and colouring strategy is crucial

for fragment dating.

Research question 4: How was production and transport of glass controlled in Egypt and

across the Near East?

This thesis will examine the structure within the Egyptian hierarchy and how the glass
production and administration was placed within the royal organisation. This question also
discusses why glass appears to have been of singular interest to the ‘Great Powers’ and how it
was controlled and transported as a high-status commodity. This thesis seeks to provide an
updated model of the LBA glass system based on the analytical evidence presented in this

thesis.
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The topics addressed by the four research questions recur through the thesis and are discussed

in chapter 8 and chapter 9 in the discussion and conclusion.

_ Research o
Chapter | Paper Title ) Citation
Questions
Kemp V, McDonald A, Brock F &
LA-ICP-MS Analysis of Late Shortland AJ (2020) LA-ICP-MS
2 Bronze Age Blue Glass Beads 1,2,4 analysis of late bronze age blue glass
from Gurob, Egypt beads from Gurob, Egypt,
Archaeometry, 62 (1) 42-53.
Kemp V, McDonald A & Shortland
. . . AJ (2017) Ancient biographies: trace
Ancient Biographies: Trace o .
) ) element analysis to investigate
Element Analysis to Investigate i
. provenance and transportation
3 Provenance and Transportation 1,2,4 _
mechanisms of Late Bronze Age
Mechanisms of Late Bronze _
glass, Archaeological and
Age Glass.
Environmental Forensic Science, 1
(2) 161-174.
Kemp V, Brownscombe W &
The Investigation and Shortland AJ (2022) The
Provenance of Glass Vessel investigation and provenance of glass
4 Fragments Attributed to the 1,4 vessel fragments attributed to the
Tomb of Amenhotep II, KV35, tomb of Amenhotep II, KV35, Valley
Valley of the Kings. of the Kings, Archaeometry, 64 (1)
147-160.
Kemp V, Delbey T & Shortland A
) (2023) The dating and provenance of
The dating and provenance of ]
) glass fragments from the site of
5 glass fragments from the site of 3,4

Serabit el-Khadim, Sinai.

Serabit el-Khadim, Sinai, Journal of
Archaeological Science: Reports, 49
(June) Article No. 103920.
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Kemp V, Schmidt K, Brownscombe
W, Soennecken K, Vieweger D,

Dating and provenance of glass
Haéser J & Shortland A (2020) The
artefacts excavated from the
6 1,3,4 dating and provenance of glass
ancient city of Tall Zira“a,
artefacts excavated from the ancient
Jordan.

city of Tall Zira‘a, Jordan,
Archaeometry, 62 (6) 1164-1181.

Kemp V, Rohan R & Shortland A
(2021) Identifying and evaluating

Identifying and Evaluating Atypical atypical traits in Ancient Egyptian

Traits in Ancient Egyptian Glass .

glass vessels using raw data
7 Vessels  attributed to the New 1,3 usi q
analysis and expert assessment,
Kingdom using Raw Data Analysis y P

and Expert Assessment Archaeological and

Environmental Forensic Science,

2(1) 1-17.

Table 5: Summary of the chapters and the research questions addressed in each.
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2 LA-ICP-MS Analysis of Late Bronze Age Blue Glass Beads
from Gurob, Egypt

2.1 Abstract

LA-ICP-MS analysis was undertaken on 37 blue glass beads excavated from a tomb in Gurob,
in the Southern Fayum region of Egypt. The tomb was undisturbed, contained the remains of
seven females and two children, and dated between the reigns of Amenhotep I (1525-1504 BC)
and Tuthmosis III (1479-1425 BC). The glass beads are coloured by copper and the trace
element concentrations are compositionally consistent with glasses from Mesopotamia, rather
than from Egypt. Therefore, these glass beads represent a rare example of Mesopotamian glass
to be discovered in Egypt, in addition to being some of the earliest glass found. Gurob is known
to have been the site of a ‘harem palace’ established in the reign of Tuthmosis III (1479-1425
BC), the implication being that these beads represent luxury items transported into Egypt by

high-ranking foreign women, possibly in connection with the harem palace.

2.2 Introduction

The first regular finds of glass appear in the archaeological records of Mesopotamia and Egypt
around 1500 BC (Lilyquist et al., 1993, p23; Nicholson, 1993, p45-46; Tite & Shortland. 2008,
p209), but the exact geographical source of the first glassmaking is still a matter of debate.
Excavations have provided supporting physical evidence of glass making sites at Qantir and
Amarna in Egypt (Lucas and Harris, 1962 p179-194; Jackson and Nicholson, 2007 p13-25;
Pusch and Rehren, 2007; Smirniou and Rehren, 2011), and glassworking at Tell Brak and Nuzi
in modern-day Syria and northern Iraq respectively (Henderson, 1998; Shortland et al., 2017).
However, the evidence for the manufacture of glass from raw materials is often inferred,
particularly in Mesopotamia where poor preservation conditions impact the successful
recovery of glass artefacts and no glassmaking site has been confidently identified (Shortland
et al., 2007; Shortland, 2012, p49). It is very rare to find glass identified as Egyptian in
Mesopotamia or vice versa (Walton et al., 2009); the sole example being two green glass rods
excavated from Amarna in Egypt, trace element analysis of which suggested that the

composition was similar to glasses of Mesopotamian origin (Varberg et al., 2016).
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Glass was an extremely valuable commodity in the Late Bronze Age, the ownership of which
was closely controlled by, and limited to, royalty or the elite. Therefore, it played a significant
role in the elaborate ritual of gift exchange between Egypt, the Near East and their vassal states
(Liverani, 2000, p 24). Contemporary textual evidence for the supply of glass to Egypt appears
in the Amarna Letters (EA 148, EA 235, EA 314, EA 323 and EA 331), cuneiform tablets that
detail the diplomatic correspondence between Egyptian officials and vassal states during the
reigns of Amenhotep III (1391-1353 BC) and Akhenaten (1353-1333 BC) (Moran, 1992;
Shortland, 2012 p147; Rehren, 2016) . The text explicitly documents the ‘ordering’ of glass
from the Syria-Palestinian states by the King of Egypt. In addition, the Hall of the Annals in
Karnak, dated to the mid-15" Century (Spalinger, 1977) illustrates the apparent import of glass
into Egypt from the Levant and Syria, either as spoils of the military campaigns undertaken by
Tuthmosis III, or ‘gifts’ made in tribute by subordinate foreign rulers (Wreszinski, 1923-1940,
p50). Physical evidence for the import of glass in this early period has not been found until the

results reported in this paper.

Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) can be used to
quantify geologically significant trace elements in glass, enabling the region of production to
potentially be inferred (Shortland et al., 2007; Walton et al., 2009). Trace elements are
introduced during the glassmaking procedure by the addition of raw materials rather than
during the glassworking process, which may have occurred at a different site or another country
(Shortland, 2005; Jackson & Nicholson, 2010). These compositional differences have been

crucial in distinguishing between glasses manufactured in Egypt and the Near East.

The analysis and provenance of early examples of glass could provide fundamental supporting
evidence for the location of primary sites capable of manufacturing glass from raw materials.
The subsequent transport of glass and the patterns of exchange would contribute to the
understanding of an important emerging technology and the subsequent exchange of its
products. A number of mechanisms might be responsible for glass transportation between the
two countries: direct diplomatic gifts, personal items brought by royalty, diplomatic parties,
others of high status, or even movement of glassworkers. Diplomatic marriages were common
in both Egypt and Mesopotamia (Bryan, 2000 p80), and it was customary that the intended
bride would be joined by a substantial entourage (Snape, 2014, p48): it can be assumed that
glass objects in the form of jewellery were among the personal effects of such elite retinues of

women and potentially part of other gifts. Royal harems in Egypt would almost certainly have
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included foreign women who were married to the king to secure diplomatic relationships
especially with the Hittite and Mitanni nations (Shaw, 2011b). Examples of this include the
three ‘Foreign Wives’ of Tuthmosis III, who may have been residents of the palace at Gurob
discussed here, but were buried near Thebes (Lilyquist, 2004, p336). Although little is known
of the princesses, they were described as ‘Asiatic’ women of high status and their tomb
contained elaborate headdresses and jewellery inlayed with some of the first glass known, and
possibly of foreign, perhaps Mitanni, styles (Feucht 1999, p385). Another later example is the
diplomatic marriage between Amenhotep III and Mitanni princess Gilukhepa where it is
recorded on a commemorative scarab that she was accompanied by 317 ‘chief women of the
harem’ (Snape, 2014, p48). This indicates the size of a palace and the resources required to

accommodate multiple royal marriages and associated retinues.

2.3 The Medinet el-Ghurob site

Medinet el-Ghurob, or Gurob, is located in the Faiyum region of Northern Egypt and is of
particular interest as it is the site of the only palace identified as a harem (Shaw, 2011b). It has
been proposed that the harem palace was established during the reign of Tuthmosis III (1479-
1425 BC) with the primary purpose of accommodating royal foreign women who had been
married to the King (Hodgkinson, 2017 p188). The palace was situated near the ancient town
of Mer-wer and thrived during the reign of Amenhotep III (1390-1352 BC), expanding to
provide for larger structures including a fort and a temple, as well as cemeteries and areas of
local settlement. The palace itself is a large construction, the enclosure measuring
approximately 240x225m, which served as a ceremonial centre as well as having an
administrative function (Hodgkinson, 2017 p192). As semi-independent institutions, harems
had autonomous economic importance, and therefore significance. The harem palace at Gurob
would have also accommodated senior royal wives, lesser wives and concubines in addition to

their staff, servants and the harem officials (Kemp, 2006, p288).

In 1920, Brunton and Engelbach excavated the main New Kingdom cemetery at Gurob and
discovered three undisturbed tombs at its northernmost point. The three tombs were distinctly
separate, located approximately 365 meters from the main concentration of burials and
subsequently labelled as Tombs 20, 26 and 27. Tomb 27 was the largest of the three and
contained the remains of seven females, two children and their associated grave goods (Brunton

and Engelbach, 1927). These goods comprised pottery vessels, one brick-red handled pot, and
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a variety of cosmetic items including several kohl pots and a mirror, likely bronze. The smaller
finds, including the beads, were scattered by the collapse of the roof and the exact location in
the tomb could not be recorded once the tomb was entered. The smaller finds were listed as
twenty-nine scarab-like beads, some of which were mounted in silver or gold, and strings of
stone and glass beads. The excavators asserted that the three tombs probably belonged to a
family group and determined the date by examination of the grave goods as being from the
reign of Amenhotep I, but caveated the date by stating that the ceramic vessels were
customarily dated slightly later to the reign of Tuthmosis III (Brunton & Engelbach, 1927, p10).
It is inferred that the women might have a foreign origin as there is a notable lack of shabtis
and canopics in all three of the tombs in the family group, important parts of the Egyptian burial
ritual (Ikram, 2015 p129) and other foreign objects are present, for example a spindle bottle.
The isolated position of the tomb, the all-female nature of the dead and the “foreignness”
speculated on by the excavators all suggest the possibility is that these women were part of the
harem and/or its organisation. This study reports the analysis of one of the finds from Tomb
27: a string of blue and clear beads, now in the Hunterian Museum, Glasgow (D.1921.48,

Figure 17).
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Figure 17: Beads excavated from Tomb 27, Gurob, Egypt in 1920. Bead B1 is lower left and the
beads were numbered sequentially anticlockwise to B44 (Hunterian Museum Glasgow, D.1921.48).
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2.4 Methodology

D.1921.48 is a string of forty-four beads; beads 1, 2, 9, 15, 24 and 33 are transparent quartz
with a partial blue glaze on the surface. This paper reports the analysis of 37 of the remaining
38 beads all of which are made of translucent, blue glass. The single missing bead was bead
28, which fell out of focus during the run; therefore, the results have been omitted from the

final reporting. Only 37 beads are therefore discussed in the results.

The beads were ablated directly in the large sample chamber of an ESI New Wave laser ablation
system attached to a Thermo X-Series II ICP-MS. The laser ablation settings and ICPMS
system were optimised using a series of standards to determine the working conditions used.
The laser spot diameter was 80 microns with an energy of 0.42mlJ, pulsing at 10Hz. The helium
carrier gas flow rate was 500 ml min™!' through the laser into an argon stream for the ICPMS.
The nebuliser flow rate was 0.6-0.7 L min™'. The spectrometer dwell time was 20ms per mass,
and 10 sweeps were averaged. The beads were analysed in three analytical runs, each
interposed with gas blank analyses and calibrated against NIST SRM 610 and 612 reference
glasses employing the consensus values (Jochum et al., 2011). Two measurements of the
Corning A standard were carried out in each analytical run, one at the beginning and one at the
end and evaluated against the accepted values. Vicenzi and Shortland uses the same sets of
values, Wagner slightly different ones (Vicenzi et al., 2002; Shortland et al., 2007; Wagner et
al., 2012), see Table 6. The results on the Corning A standard show that the majority of the
elements were in good agreement with accepted values; when expressed as a percentage
difference between the ascertained and accepted values (RD) the values are typically better
than 20%. It should also be noted that the Corning A standard was never intended as an LA-
ICP-MS standard, so some trace elements were never intended to be used as standard values.

However, agreement in general is good.

Each bead was subjected to three measurements on one spot and the results were averaged. The
beads were not cleaned before analysis; however, preablation would remove the very outermost
weathering and care was taken to avoid apparent patches of corrosion. Most of the beads are in
good condition although some exhibit some surface corrosion mainly in the form of pitting and
mottling. During an initial examination of the beads small bubbles in the glass were observed

below the surface and were avoided.
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n=6 Corning A, Shortland et al., 2007/ Wagner et al., 2012

2 with each analytical run Vicenzi et al., 2002
Average St dev prec ref values deltawt% ref values deltawt%

Li 47 0.8 1.7 46 24 51 -7.8
B 548 64.4 11.8 537 2.0 851 -35.6
Na 101387 1050.0 1.0 106083 -4.4 99407 2.0
Mg 16439 242.1 1.5 16043 2.5 15078 9.0
Al 5040 134.0 2.7 5291 -4.8 4339 16.2
Si 316488 1746.3 0.6 310883 1.8 316768 -0.1
K 21031 2022.0 9.6 22639 -7.1 28714 -26.8
Ca 36872 615.8 1.7 35954 2.6 35311 4.4
Ti 4468 286.2 6.4 4226 5.7 4428 0.9
Cr 19 0.7 3.7 17.9 6.2 21 -7.4
Mn | 7221 437.1 6.1 6921 4.3 8752 -17.5
Fe 6654 323.0 4.9 6537 1.8 6841 -2.7
Co 1182 128.4 10.9 1188 -0.5 1336 -11.6
Ni 170 6.5 3.8 160 6.3 181 -5.9
Cu 9346 346.9 3.7 7842 19.2 8786 6.4
Zn 502 81.8 16.3 410 22.5 386 30.3
Rb 86.8 2.7 3.1 81.5 6.5 82 5.5
Sr 951 13.9 1.5 860 10.5 897 6.0
Y 0.28 0.0 6.8 n.d. n.d. n.d. n.d.
Zr 44 1.7 4.0 39.9 10.9 37 19.5
Sn 1490 92.4 6.2 1194 24.8 1357 9.8
Sb 14334 1521.6 10.6 10649 34.6 14002 2.4
Ba 4605 175.4 3.8 3905 17.9 4122 11.7
La 0.34 0.0 12.4 0.28 20.7 n.d. n.d.
Ce 0.27 0.0 9.1 0.24 12.4 n.d. n.d.
Pb 694 68.1 9.8 595 16.7 678 2.5
Bi 8.6 0.6 7.2 7.8 9.8 9 -4.5
Th 0.30 0.0 6.5 0.30 2.5 n.d. n.d.
U 0.18 0.0 9.0 0.16 13.5 n.d. n.d.

Table 6: Average results of the Corning A secondary standards (n = 6), compared to two sets of
reference values (Vicenzi et al., 2002; Shortland et al., 2007; Wagner et al., 2012). Values in ppm.
The results were calibrated using the mathematical approach first proposed by Gratuze (1999)
as an alternative to the use of an internal standard. The protocol used here was derived from
that and follows van Elteren et al. (2009). This essentially works in a similar fashion to a

normalised EDS system on an SEM. It assumes that all elements are measured and calculates
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oxygen by stoichiometry. The total is then normalised to 100% and either presented as weight

percent oxide or converted back to elemental ppm (Table 6).

2.5 Results

The data are presented in Table 7.

2.5.1 Major Elements

LA-ICP-MS analysis of the 37 blue glass beads showed that they are a soda lime silicate glass
with typically 2-4% KO and 5-7% MgO. This major element composition was consistent with
a typical LBA, plant ash glass, which have high soda (>15% Na;O) and significant magnesia
(> 3.0% MgO) and potash (>2.0% K,O). All the beads were coloured by copper, with an
average of 1.03 % CuO. Antimony was present only in trace levels (<25ppm Sb), indicating

that this was not deliberately added as an opacifier.

2.6 Discussion

All 37 beads appear optically similar in colour however, interesting compositional differences
could be observed in the major elements. Figure 18 shows MgO plotted against CaO. Two
groups are evident: a low MgO group with MgO content between 5.1% to 5.8%, and a high
MgO group with MgO content between 6.2% to 6.9%. The beads in the high MgO group
consistently contained the highest concentrations of Na, Li and Cu, and the lowest
concentrations of Ti, Y, Mn, Zr. These distinct groupings indicate that the beads were
potentially made from two main separate batches of glass, probably from slightly different
plant ashes (Figure 18). Two outliers were observed, bead 21 and bead 35; potentially
representing other batches. It is rare to be able to analyse all the beds of a necklace. More
typically, one or two might be chosen. This is one of the advantages of LA-ICPMS, the very
minimal damage caused in sampling allows more objects to be analysed and highlights

interesting variations like this.
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Figure 18: Covariation of MgO with CaO of the blue beads in % indicating two distinct main groups;
high and low MgO, with two outliers, potentially representing other batches.

2.6.1 Colourant

Egyptian copper-blue glasses tend to exhibit elevated levels of lead, arsenic and tin (Smirniou
et al., 2013) which is attributed to the use of bronze as a source of copper for the colourant
(Kaczmarczyk et al., 1983; Freestone, 1991; Shortland ef al., 2000). In contrast, Near Eastern
glasses tend to have these elements at no higher than trace levels. The beads analysed here
contained only trace levels of tin and lead; averaging 17 ppm and 19 ppm respectively,
indicating that a purer copper source was used, conforming with the characteristic colourant

composition of Near Eastern glasses.

2.6.2 Trace Element Composition

LA-ICP-MS Trace element analysis can provide concentrations of Cr, La, Ti and Zr which form
a ‘compositional fingerprint’ which can be used to distinguish between LBA glasses of
unknown sources (Shortland et al., 2007). Egyptian glasses exhibit a relatively low Cr/La ratio
with a higher, more variable Zr/Ti ratio. Conversely, glasses originating from Mesopotamia
exhibit lower, but consistent, Zr/Ti ratios, and higher, more variable Cr/La ratios,

Mesopotamian glasses being relatively rich in Cr.
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The LA-ICP-MS trace element data (Table 7) shows that the glass beads contained relatively
high concentrations of Cr; between 18.7 ppm to 54.2 ppm, with an average of 31 ppm, and
lower concentrations of La (1.5 ppm to 3.1 ppm averaging 2.4 ppm). This data was plotted
against the trace element values obtained from the LA-ICP-MS analysis of glasses from known
Egyptian and Mesopotamian origin (Shortland et al., 2007; Walton et al., 2009), and illustrated
in Figure 19. The beads show a positive correlation with the Mesopotamian glasses, but it was
observed that they have an overall higher average Cr concentration than the Mesopotamian

glasses analysed in the Shortland (2007) and Walton (2009) studies.
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Figure 19: Covariation of La with Cr in the blue beads of unknown origin compared with Egyptian
and Mesopotamian blue and colourless glasses of known origin (Shortland et al., 2007; Walton et al.,
2009).

The Ti concentration of the beads ranged from 164 ppm to 452 ppm with an average of 274
ppm; the Zr concentration ranged from 7.0 ppm to 19.2 ppm with an average of 13 ppm. When
plotted with the glasses of known origin, the trace element data from the beads are consistent
with the composition of the Mesopotamian glasses, illustrated in Figure 20. Trace element
compositions therefore strongly suggest that the beads are compositionally consistent with
Near Eastern glasses and distinct from almost all the glass previously recovered and analysed

from Egypt. They are also early, some of the earliest glass known in Egypt, which has
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implications for the study of where the first glass might have originated (see Shortland et al.,
2017 for a summary). Traditionally it has been assumed that glass originated in the Near East
and this early Near Eastern glass in Egypt tends to support that. However, it is clear that there

is glass nearly this early as this in Egypt, so it is far from clear which has priority (Shortland et
al., 2017).
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Figure 20: Covariation of Zr with Ti in the blue beads of unknown origin compared with Egyptian and
Mesopotamian blue and colourless glasses of known origin (Shortland et al., 2007; Walton et al.,
2009).
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Bead Na’0 MgO APO® Si0? KO CaO Fe’0® CuO Li B Ti Cr Mn Co Ni Cu Zn Rb Sr Y Zr Smn Sb Ba La Ce Pb Bi Th U

B3 166 52 1.0 680 23 52 06 1.0 17 136 269 33 254 18 12 7658 20 10 342 26 110 36 17 62 22 75 9 02 06 02
B4 172 56 1.0 656 30 56 07 09 21 122 38 37 303 16 16 7422 38 17 421 27 155 118 109 49 25 53 21 02 07 03
B5 132 67 0.5 695 33 50 03 12 31 111 161 27 224 14 12 9212 18 21 3% 16 69 1.1 34 29 13 34 10 01 03 0.1
B6 169 56 1.0 663 30 55 06 09 21 151 331 40 274 13 15 6965 24 17 420 25 148 61 64 50 22 54 8 01 06 02
B7 180 67 0.5 640 36 54 03 12 38 8 170 30 247 18 12 9569 20 15 373 19 90 11 36 27 16 33 10 01 04 0.1
B8 182 62 0.7 652 3.1 49 04 10 24 167 233 20 246 19 13 7798 19 17 392 21 96 16 07 37 18 40 5 01 04 02
B10 183 6.6 0.6 643 33 53 03 1.1 37 111 169 22 218 14 12 8535 38 15 360 1.8 84 71 55 112 14 32 14 02 04 0.1
B11 188 67 0.8 629 34 55 04 1.0 29 193 255 27 237 16 13 7878 47 14 459 24 128 44 61 37 17 37 25 02 05 02
B12 185 64 0.5 639 35 52 04 12 39 8 192 21 254 17 13 9428 35 17 361 18 86 35 202 28 16 34 36 01 04 0.1
B13 169 57 1.1 663 27 57 06 08 21 159 323 39 270 13 14 6648 21 16 434 28 168 503 64 50 23 53 10 01 06 02
B14 163 53 1.1 680 20 54 06 0.9 17 139 275 28 248 17 11 7393 18 8 361 32 134 94 05 62 24 52 5 02 07 02
B16 188 69 0.6 639 28 53 03 1.0 40 106 18 25 213 13 12 8I12 28 15 353 18 79 60 41 24 13 39 11 02 03 0.
B17 155 54 1.3 681 21 56 06 0.9 16 139 309 27 248 17 16 7064 41 8 363 32 134 40 46 66 25 61 27 02 07 02
B18 168 55 1.1 675 19 54 06 0.9 19 137 315 22 242 18 11 6979 19 10 365 32 128 28 12 65 23 54 8 03 07 02
B19 167 57 1.1 664 27 57 06 08 21 143 321 41 274 13 15 6677 32 17 448 29 169 296 105 54 24 55 36 02 06 02
B20 177 58 1.1 658 23 55 06 09 23 151 344 45 276 13 15 6897 30 16 416 28 165 473 68 45 22 53 21 02 06 02
B21 181 48 0.8 642 38 64 04 1.1 16 111 239 24 227 9 15 8428 35 11 417 21 106 506 43 37 18 41 19 01 05 02
B22 178 62 0.5 647 35 49 04 1.6 38 84 221 24 248 18 13 12788 97 15 337 16 97 252 68 27 15 35 37 05 04 02
B23 158 52 1.0 682 25 53 07 1.0 17 106 283 25 280 21 12 7739 31 12 353 30 129 23 10 8 29 55 8 02 08 02
B25 18.1 64 0.5 645 36 50 03 12 39 79 164 27 246 17 13 9515 41 16 35 18 82 848 45 31 17 35 15 02 04 02
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B26

B27

B29

B30

B31

B32

B34

B35

B36

B37

B38

B39

B40

B41

B42

B43

B44

17.0 5.3
16.3 5.1
16.4 5.4
18.1 6.6
16.7 5.6
16.8 5.7
17.8 6.4
15.9 3.7
16.4 5.4
15.9 5.2
18.4 6.6
18.0 6.7
16.8 5.8
16.2 5.4
18.0 6.6
16.7 5.7
16.1 5.3

1.0

1.0

1.0

0.5

1.1

1.1

0.5

1.4

12

1.0

0.7

0.6

2.9

2.5

3.0

29

2.8

2.6

33

29

29

22

33

2.8

2.4

1.8

2.8

2.8

2.0

5.3

52

5.5

5.1

5.7

5.5

52

42

5.8

5.3

52

5.3

5.8

52

52

5.5

5.3

0.6

0.7

0.6

0.3

0.6

0.6

0.3

0.8

0.7

0.7

0.4

0.3

0.6

0.6

0.3

0.6

0.6

0.9

1.0

0.9

1.1

0.9

0.8

1.1

1.1

1.0

0.8

0.9

1.1

0.8

0.9

1.1

0.9

0.9

21

22

40

21

22

38

33

41

22

18

40

21

18

120

104

111

99

111

140

95

64

111

121

168

99

140

130

96

137

125

320

286

353

178

337

319

170

451

346

318

208

197

357

304

177

317

312

40

30

51

26

39

40

23

19

37

24

23

33

55

25

23

40

27

305

286

297

216

306

265

221

174

303

246

230

218

274

246

215

269

247

7502

7958

7371

8567

7111

6619

9075

8647

7622

7102

7537

8729

6607

7072

8454

6808

7191

74

28

26

25

36

113

87

29

79

37

50

24

32

22

19

32

20

410

349

421

347

454

435

368

224

451

367

433

369

456

352

363

446

356

2.7

2.9

2.8

1.8

32

3.0

1.8

32

32

32

23

1.9

3.1

3.1

1.8

2.9

3.1

Table 7: Results of LA-ICP-MS analyses of the blue beads (Oxides in percent oxide; trace elements in ppm).
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15.9

17.0

9.7

19.2

17.4

8.5

15.9

19.2

14.3

11.9

8.2

18.8

13.5

9.7

17.6

8.9

19.1

10.1

153

12.3

9.1

16.0

12.8

17.1

33

4.8

2.6

3.9

9.1

3.0

85

3.4

12.9

9.2

7.8

11.8

49

5.5

5.0

9.2

22

3.4

7.0

50

69

54

24

55

52

29

47

59

71

34

28

48

57

26

52

59

2.6

2.8

2.8

3.0

24

2.7

3.1

2.6

23

2.4

5.4

5.7

5.6

4.9

59

5.6

3.7

5.4

6.1

5.8

3.8

35

5.7

5.6

3.5

55

5.8

62

37

20

20

0.3

0.2

0.2

0.1

0.2

0.2

1.0

1.0

1.3

0.3

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.7

0.9

0.7

0.3

0.8

0.6

0.3

0.8

0.8

0.7

0.5

0.3

0.6

0.7

0.3

0.3

0.3

0.3

0.1

0.3

0.2

0.1

0.3

0.3

0.2

0.2

0.1

0.2

0.2

0.1

0.2

0.2
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2.7 Conclusion

The 37 blue glass beads analysed by LA-ICP-MS in this study have trace element compositions
consistent with glass manufactured in Mesopotamia, therefore represent the only confirmed
finished object of Mesopotamian glass to be discovered in Egypt. The major element
composition is consistent with that of standard Late Bronze Age plant ash glass but potentially
represents two main compositional groups; a low MgO group and a high MgO group,
suggesting that these beads were manufactured from two different batches of glass. A pure form
of copper was used as a blue colourant, as opposed to a bronze source which was typically the
practice in LBA Egyptian glass technology. The beads were excavated from a previously
undisturbed tomb, which contained the remains of seven women and two children. The tomb,
and therefore the beads were dated from between the reign of Amenhotep I (1525-1504 BC)
and Tuthmosis III (1479-1425 BC) and are therefore some of the earliest glasses identified.
The excavators implied that the women were foreign by the manner of the burial and from the
associated grave goods and context (Brunton & Engelbach, 1927, p10). The beads found in the
tomb are certainly consistent with glass from the Near East. Evidence from the analysis of the
beads should be considered alongside the isolated location of the “higher status” brick
constructed tomb, which contained only females and children. The nearby harem palace may
be the origin of these individuals, and it would be consistent with the evidence if the beads
were brought to the among the personal effects transported into Egypt from Mesopotamia by

women of status in connection with that palace.
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3 Ancient Biographies: Trace Element Analysis to Investigate
Provenance and Transportation Mechanisms of Late Bronze

Age Glass.

3.1 Abstract

LA-ICPMS analysis was carried out on a scaraboid blue glass bead (Hunterian Museum
Glasgow, D.1921.39) excavated from Tomb 27 in Gurob, in the Southern Fayum region of
Egypt. Gurob is known to have been the site of a “harem palace” established in the reign of
Tuthmosis III (1479—-1425 BC). The tomb was located at the northernmost point of the New
Kingdom cemetery and was undisturbed, containing the remains of seven females and two
children, and was dated by the excavators to between the reigns of Amenhotep I (1525-1504
BC) and Tuthmosis III. The glass scarab was coloured by copper and trace element values of
La, Cr, Ti and Zr exhibited compositional consistency with glasses from Mesopotamia, rather
than from Egypt. Therefore, the glass scarab represents a rare example of Mesopotamian glass
to be discovered in Egypt, in addition to being some of the earliest glass found. The finds
support iconographic references in the Hall of the Annals at Karnak to the import of early glass
into Egypt. The implication is that these beads represent luxury items transported into Egypt

by high-ranking foreign women perhaps in connection with the Gurob harem palace.

3.2 Introduction

The theory and practice of both forensic science and archaeology are based on the same
underlying principles: both disciplines use standard operating practices, developed over years
of best practice, to collect, preserve and examine physical evidence to support scientific

propositions, which in turn substantiate facts.

Forensic science and archaeology are correlative and often overlap, not only using similar
methodologies but also employing the same analytical techniques which find practical
applications in both modern crime investigations and ancient contexts. Although forensic
science is concerned primarily with obtaining results for presentation in a court of law,
archaeology also relies on the same incontestable recovery and analysis of evidence. The

results obtained from archaeological analyses are considered to establish new hypotheses or
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support existing theories, which can significantly alter the understanding of historical events,

cultures or a specific individual.

Fundamentally, the application of forensic science and archaeology is to examine associated
objects to construct a factual narrative of events. This paper examines a glass scarab found in
an undisturbed tomb dated to the early New Kingdom era. The trace element analysis
undertaken on the scarab provides provenance data, contributing to the biography of the women

in connection with a harem palace in Ancient Egypt.

3.3 The resource of grave goods

The provision of grave goods was fundamental in ancient Egyptian funerary practices, and
protocol dictated that the deceased be interred with items they used in everyday life, in addition
to amuletic objects that would protect the dead, allowing them to continue their existence in
the afterlife (Piccione 1999, p841). Burials of the poor would include a few modest belongings,
whereas the tombs of the elite would contain prestige items, such as gold jewellery and
cosmetics. The quantity and quality of grave goods were directly determined by the material
wealth and social importance of the individual, with most items specially made for an

individual post-mortem.

When placed in the context of an extensive cemetery, patterns of social stratification can be
identified and applied regarding the town, city and area. Jewellery specifically played a
significant role in Egyptian life and death; ceremonial jewellery and amulets were purposefully
manufactured for the deceased once they had died; these items were placed on the body, within
the linen wrappings, as well as in the tomb. It is acknowledged that only a fraction of funerary
jewellery remains from the quantity initially produced in the Dynastic period (Aldred 1971,
p14). In modern archaeology, grave goods are one of the most critical and common sources of
evidence which allow both scientists and archaeologist to establish facts about the culture and

society of a group, as well as evidence of the technological capabilities of the era.

The arid environment in Egypt has in many cases allowed both grave goods and human remains
to remain remarkably preserved, however the frequent tomb robberies, both in antiquity and
relatively recently, has meant that critical information about the Egyptian ‘mortuary cult’ has
been lost or destroyed. Before Egyptology and archaeology employed standard operating

procedures for recording and excavating, artefacts were removed from affluent burials and
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distributed between sponsors and museums, with few records made of the context. These pieces
when removed from their original location immediately lose vital information, specifically the
contextual meaning and evidential weight; many artefacts also sustain damage due to the
clandestine manner of the removal. The discovery of the tomb of Tutankhamun in 1922 was a
significant landmark because, for the first time, the relatively undisturbed tomb provided a
complete picture of how a king of Egypt was buried. Tutankhamun was not a notable potentate
in his lifetime, yet the find revealed the variety and wealth of grave goods that were afforded
to a minor ruler. The opportunity enabled Howard Carter to make a meticulous survey of the
burial, and the grave goods in context, as well as taking a photographic record over the eight

years required to clear the tomb.

The excavators of a small, but significant Egyptian site, Medinet el-Ghurob, or Gurob, in the
Southern Faiyum region of Northern Egypt, also employed a more structured approach to
earlier excavations in 1918-1920. The work carried out by Brunton and Engelbach was more
comprehensively documented than previous investigations, comprising of a plan of the area
and town, descriptions of the excavated graves and tombs, as well as lists and diagrams of the
items recovered. Most of the smaller or seemingly less valuable items were removed from site
and archived in museum legacy collections. In conjunction with the archaeological reports and
historical data, the application of more developed analytical techniques to ostensibly less
prestigious artefacts from legacy collections can provide new information about domestic
technological capability, foreign migration and the transport of luxury items. In the case of

Gurob, specifically by foreign women of high status who were resident at the harem palace.

3.4 Foreign women in Egypt

Diplomatic marriages were customary in ancient Egypt and Tuthmosis 11 (1479-1425 BC),
like other Kings of Egypt, entered into several unions with foreign women of high status to
cement advantageous relations and political stability with other states (Shaw 2011b; Kemp
1989, p 293). A tomb discovered in 1916 by local villagers in Wadi Qurud (a remote valley
southwest of the Valley of the Kings, near modern Luxor) which contained the remains of three
women also provides contemporary archaeological evidence of three diplomatic marriages
made by Tuthmosis III during his reign. Although the walls of the chamber were undecorated,
hieroglyphs on the canopic jars and other grave goods revealed that the tomb was constructed

for three ‘Asiatic’ women of high status, who were married to Tuthmosis III (Lilyquist, 2004,
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p47). The names of the women: “Manuwai”, “Manhata” and ‘“Maruta” were determined as
being West Semitic in origin (Lilyquist 2004, p.333), although the tomb and its grave goods
provide the only tangible information on the archaeological record about the three women. It
is not known precisely which country they were from, or if they were related. The coffins and
remains of the women were in an extremely advanced stage of decomposition due to flood
water entering the tomb; therefore, the bodies themselves could not be examined. The tomb
was dated to approximately 1450 BC, during the joint reigns of Hatshepsut and Tuthmosis III,
which predates the death of Tuthmosis III by approximately 25 years (Lilyquist 2004, p 333).
Although considered to be lesser wives of Tuthmosis 11, the tomb contained a quantity of glass
grave goods including jewellery, bracelets, headdresses and vessels. This collection of royal
grave goods is an example of early New Kingdom glass jewellery related to foreign women of
high status, potentially from both Egypt and Mesopotamia. The tomb contained a lotiform
chalice (Accession Number: 23.9, Metropolitan Museum of Art) bearing the name of
Tuthmosis III, which is recognised as stylistically Egyptian (Lilyquist & Brill 1993, p.62). The
goldwork was also considered to be primarily Egyptian, apart from the granulated gold beads
(Lilyquist 2004, p185). Other pieces in the tomb, however, showed a strong influence from
Mitanni design: A wig covering, comprising of gold rosettes, described as the ‘Great
Headdress’ (Metropolitan Museum of Art, New York, Accession Number: 26.8.117), is
attributed to Near Eastern technique and style. The gazelle diadem (Metropolitan Museum of
Art, New York, Accession Number: 26.8.99) also shows strong foreign influence (Feucht 1999,
p 385).

Lilyquist proposed that the most likely residence for the three foreign wives of Tuthmosis III
would have been at the harem palace at Gurob. Gurob was recurrently inhabited from the pre-
dynastic era (circa 3000 BC). However, it was during the 18™ Dynasty that the site gained real
significance, with a temple and a ‘harem palace’ being established during the reign of
Tuthmosis I1I (Shaw, 2011b). Harems played an essential function in ancient Egypt: the palaces
provided accommodation for female members of the royal family, including widows of former

kings and lesser wives of the incumbent ruler (Kemp 1989, p288).

3.5 Archaeological excavations at Gurob

Flinders Petrie initiated work at Gurob between 1888-1890, but only preliminary excavations

were achieved. The second season of excavations at Gurob was left in the hands of a volunteer,
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Hughes-Hughes while Petrie devoted his time to the nearby sites of Illahun and Kahun.
Hughes-Hughes had little formal archaeology training or surveying experience, and few
records of the excavation were completed. A brief plan of the area was drawn when Petrie
returned at the end of the second season to finalise the work (Petrie 1891, p15). Currelly and
Loat undertook subsequent excavations in 1904, and a brief investigation by Ludwig Borchardt
was completed in 1905. Brunton and Engelbach initiated excavations in 1920 but noted that
progress was impeded by the lack of records produced by the previous excavators, particularly

when opening graves that had already been cleared (Brunton & Engelbach 1927, p 1).

The excavations undertaken by Brunton and Engelbach focused on the remains of the temple
and surrounding cemeteries. The main cemetery contained individuals of lower or middle
status and the burials were classified by era, ranging from the 0-1% dynasty to burials from the
19" dynasty (Brunton and Engelbach, 1927, fig. 1). Brunton and Engelbach also surveyed 500
New Kingdom shaft tombs belonging to officials and high-status individuals; this included the

tomb of Pi-Ramessu who may have been the son of Seti L.

At the northernmost point of the main cemetery site, point Q, three tombs were discovered in
an isolated group; Tombs 20, 26 and 27. The three undisturbed tombs were similar in
construction and design, being brick lined with arched roofs and plastered walls (Brunton, G.
Engelbach 1927, p10.). The excavators also commented that it was likely that the three tombs
belonged to a family group. Tomb 27 was the largest of the three tombs and contained the
remains of seven females and two children with associated grave goods. Although larger
objects were recorded in situ by Brunton and Engelbach in a scaled plan (Brunton, G.
Engelbach 1927, plate XX), the positions of the small objects were not recorded in the
publication due to the displacement caused by the accidental collapse of the roof during

excavations.

3.6 Evidence of Foreign Occupation at Gurob

Although there is evidence stating that large numbers of foreign women of high status were

forcibly transported to Egypt following one of the first campaigns of Tuthmosis III, conclusive

evidence for foreign occupation of high-ranking women specifically at Gurob during the reign

of Tuthmosis III is limited. The seventh pylon from the temple at Karnak describes the capture

and deportation of that the wives and children of the King of Qadesh, and of other Syrian

leaders, by the King of Egypt, who were given as servants (Sethe 1907, p185) and subsequently
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disappear from the archaeological records. Other textual evidence comes from the Gurob
Papyri, discovered by Petrie between 1889 and 1890; Papyrus UCL 32795 states that foreign
wives were in residence at the palace in the Ramesside era. It was proposed that foreigners
were resident on the site, most likely in connection with the harem (Petrie 1891, p16; Bard

1999, p361).

In the excavation records, Petrie claimed that there were ‘light haired bodies' in the Gurob
cemetery and noted the discovery of a custom, previously unseen in ancient Egypt; the burning
and deposition of valuable possessions in pits, under the floor of a residence, none of which
appeared to contain human remains. Petrie attributed this custom to foreign residents at Gurob
(Petrie 1891, p 16), the find being comparable with documented Mesopotamian burial customs

(Van De Mieroop 1997, p83; Cohen 2005, p16).

Brunton and Engelbach did not record the presence of canopic jars in any of the three tombs at
Point Q, which indicates that the individuals were not mummified, despite being wealthy
enough to afford a private tomb (Brunton & Engelbach 1927, p10). Mummification during the
New Kingdom era was standard practice for Egyptian burials and had been adopted by non-
royal individuals who could afford it (Ikram 2015, p65). However, few canopic jars were in
evidence at the site, and most of the tombs at Gurob were regarded as “shaft tombs”, suggesting
that a simpler burial was the prevailing practice performed at Gurob. It is the notable lack of
shabtis in tombs 20, 26 and 27 which is most significant; shabtis would be expected in an
Egyptian burial regardless of status (Ikram, 2015, p129), and they are in evidence elsewhere in
contemporaneous tombs about the site. Therefore, the evidence indicates elements associated
with a foreign burial. Further studies investigating the extent of the presence of foreigners at
Gurob, particularly Hittites and Mycenaeans, are currently ongoing (Hodgkinson 2017, p189).
Current fieldwork also aims to establish more information about the Gurob site, including
ascertaining a firm chronology of the site, undertaking further excavations of the ‘industrial
area’ where kilns were identified, and cataloguing small finds following a series of illicit

lootings in 2011-2012 (Shaw, 2011a, 2012).

3.7 The Grave Goods of Tomb 27, Gurob

Among the grave goods recovered from Tomb 27 were thirteen pottery vessels and a kohl pot,
sixteen scaraboid beads (including one glass example, the subject of this paper), cosmetic tools
and strings of stone and glass beads. Using evidence from the grave goods, Brunton and
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Engelbach dated all three burials to the reign of Amenhotep I but did caveat the date by noting
that some of the pottery was usually attributed to the reign of Tuthmosis III, therefore giving a
conservative date of 1525 - 1425 BC. The scarab is 15mm long by 11mm wide at its widest
point; One side is domed, the other side is flat and without inscription (Figure 21). The domed
side has two shallow inscribed lines representing the two front legs of the beetle, and a slight
depression representing the mouth. In transmitted light, the scarab is translucent blue, with a
green tinge. The drill hole can be seen running longitudinally, and was drilled from each end,
meeting in the middle. Part of the original threading is present - a stiff thread, probably organic

- that still survives extending 2mm from the thread hole.

Figure 21: Scarab D.1921.39. Left in transmitted light and right in reflected light. The thread can be
seen at the bottom and the inscribed legs at the top. The thread hole is seen in transmitted light and the
black coating in both. The grid is 5mm squares.

A surface ‘coating’ was observed on the two ends of the scarab, particularly at the rear end.

The coating appeared dark grey to black but was not present on the raised areas of the scarab

or the flat surface on the back.

The scarab was not cleaned before the Environmental Scanning Electron Microscopy (ESEM)
or the Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) analysis

and care was taken to avoid patches of visible corrosion or coating for the analysis of the body
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area of the scarab. The purpose of the ESEM analysis was to produce elemental data from the
surface of the glass body, thereby enabling the identification of any original coatings or

evidence of decorative settings.

The research question required that LA-ICP-MS analysis was conducted to provide major
element compositional data from below the surface of the scarab to identify the scarab as being
made from a typical Late Bronze Age high magnesia, plant ash glass. LA-ICP-MS analysis
also provided trace element compositional data to confirm the provenance of the scarab by
identifying the concentrations of known trace elements which are incorporated during the glass
making process and occur in discrete levels, thereby enabling discrimination between the

regions of production (Shortland, Rogers and Eremin, 2007).

ESEM and LA-ICP-MS analysis was performed on the scarab; The results of both analyses
are presented in Table 8. ESEM was performed using a Hitachi SU3500N, running at 20kV
with a live time of 50s. Quantification was carried out with standard EDAX software. The
scarab was ablated directly in the large sample chamber of a New Wave 213 laser attached to
a Thermo Series II ICP-MS. The conditions for analysis are laid out by Giannini (Giannini,

Freestone & Shortland, 2017).

3.8 Results

The LA-ICP-MS analysis of the glass body, showed significantly higher soda with magnesia
and potash, confirming that the glass is consistent with the well-documented composition of
Late Bronze Age, plant-ash glass (Turner, 1956a, 1956b; Henderson, 1985; Lilyquist et al.,
1993), and that the scarab was coloured with copper. The covariant trace element analysis of
the scarab showed that it was relatively high in chromium, with an average of 17 ppm, and

lower in lanthanum, zirconium and titanium, with an average of 1.6 ppm, 8.1 ppm and 288.8
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Figure 23). This signature is characteristic of glass made in Mesopotamia rather than Egypt,
therefore it is very likely that the scarab represents imported glass from the Near East.
Conversely, glasses made in Egypt are characteristically higher in titanium, zirconium, and

lanthanum, but lower in chromium.

Egyptian blue glasses which are coloured with copper exhibit characteristically higher levels
of lead, arsenic and tin (Smirniou ef al., 2013) which is attributed to the use of bronze as a
source of copper for the colourant (Kaczmarczyk et al., 1983; Freestone, 1991, p.43; Shortland
et al., 2000). The expected level of tin present as an associated element in Egyptian copper-
coloured glasses is approximately 10% of the copper value. In contrast, the scarab analysed
here had an average copper concentration of 7053.1 ppm, but contained only trace levels of
lead, arsenic and tin; averaging 361.9 ppm, 43.9 ppm and 66.7 ppm respectively, indicating
that a purer copper source was used, conforming with the characteristic colourant composition

of Near Eastern glasses.

Images taken from the ESEM analysis (Figure 22) showed that the dark coating, thought

initially to be a weathering layer, appeared bright in the backscatter image; subsequent analysis
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showed that the coating contained silver with sulphur and chlorine. It is probable that the scarab

was originally mounted in silver, and that the detected sulphides and chlorides are a result of

corrosion.

4.70K
Ag
423K
3.76K
3.29K
2.82K
2.35K

1.88K]

141K
0.94K

0.47K
Si Fe

0.00% 4 13 26 39 5.2 65 78 91 104 117 130

Lsec: 30.0 139 Cnts 3.695 keV Det: Octane Plus

Figure 22: SEM results for the scarab. The image, in backscattered electron mode, shows a bright
partial layer on the glass, which the EDS spectra confirms is silver rich.
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ESEM-EDS LA-ICP-MS
%
NaO 5.0 4.0 5.4 13.9 12.5 14.9
MgO 4.3 4.4 4.1 2.6 2.5 2.5
ALO; 2.7 2.8 2.6 0.7 0.7 0.6
SiO, 64.3 69.7 61.9 73 75.6 73.2
P>0:s 1.6 1.1 2 0.2 0.2 0.2
SO3 2.7 2.2 3.1 - - -
Cl 2.9 2.6 3 - - -
AgO 3.8 1.9 4.6 see ppm
K>O 1.9 1.8 2.1 2.1 2.0 2.2
CaO 6.9 6.5 6.8 6.2 5.0 5.1
TiO; 0.3 nd 0.5 see ppm
Fe 03 1.3 1.2 1.3 0.3 0.3 0.3
CuO 2.4 1.7 2.6 0.8 0.9 0.9
ppm
Ti - - - 295 285 285
Cr - - - 17 16 17
Zr - - - 9 8 8
Ag - - - 5 10 6
Sn - - - 65 68 66
La - - - 1.6 1.6 1.6

Table 8: Analyses of the scarab by ESEM-EDS and LA-ICP-MS (nd = not detected).
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Figure 23: 1000Zr/Ti ppm against Cr/La ppm of the D.1921.39 scarab compared with Egyptian and
Mesopotamian blue and colourless glasses of known origin (Shortland, Rogers & Eremin, 2007;
Walton et al., 2009).

Compared with the LA-ICP-MS data, the ESEM analysis of the surface suggests lower soda
and higher magnesia, alumina, iron and copper due to weathering of the glass. The relatively
high levels of sulphur, chlorine and phosphorus on the surface can be attributed to corrosion
caused by routine handling, or from contact with substances with a high salt content (Aldred
1971, p.33). The high silver level detected on the surface of the glass which appears uncoated

suggests that a larger surface area of the scarab was covered in silver than is evident from the

visible black coating.

3.9 Origin of glass and the transportation of luxury items by foreign women of

high status

By employing a multi-disciplinary approach to the investigation of the scarab and combining
the analysis data with the burial context, this research establishes that Mesopotamian glass was
being brought into Egypt possibly from the reign of Amenophis I by foreign women of the
social elite. The results of the SEM and LA-ICP-MS analysis confirms that the scarab

represents one of the first examples of Mesopotamian glass to be identified in Egypt (Figure
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23); It is also the first confirmed Mesopotamian glass object to be presented in a typically
Egyptian design. Because Near Eastern glass is generally poorly preserved when excavated
domestically, well preserved examples which can be reliably dated to the early New Kingdom
contributes to the knowledge of Mesopotamian glassmaking on the archaeological record, and

thereby negating the preservation bias.

Further provenance analysis of glass objects from undisturbed, early New Kingdom tombs in
Gurob would provide frequency data of foreign versus domestic glass from the earliest known
production era, hence providing supporting evidence for the original region of glass production.
Supporting evidence for the original production site of glass is supported by textual, stylistic,
compositional and technological evidence, the two primary candidates for the original
production of glass being Egypt and Mesopotamia. The first significant amounts of glass on
the archaeological record come from Egyptian tombs, specifically from Tuthmosis III’s tomb
and the tombs of the three foreign wives. However, the dating of the first glass vessel is
complicated owing to the reburial of Tuthmosis I by his grandson, and it cannot be confirmed
if the glass vessels were part of the original grave goods of Tuthmosis I (Shortland 2012, p.50).
The glasses from the tomb of Tuthmosis III date to the later part of his reign, whereas the glass
items from the tomb of the foreign wives contained pieces which were made approximately 25

years earlier.

The earliest datable glass was discovered in quantity at the site of Tell Atchana in the Levant;
unequivocal archaeological evidence of glass making in Syro-Palestine to date is rare (Moorey,
1994, p.202; Shortland ef al., 2017). Further evidence of glassmaking and glassworking sites
has been proposed by the discovery of glass debris or associated tools and kilns (Pusch &
Rehren 2007; Nicholson 2007), particularly in Mesopotamia (Shortland, Rogers & Eremin,
2007; Shortland, 2012). Archaeological evidence of primary production of glass was only
recently established in Amarna, Egypt (Smirniou & Rehren, 2011) and green glass rods,
Mesopotamian in composition, were discovered as part of glass making debris (Varberg et al.,
2016). As discussed, early Mesopotamian glass is generally poorly preserved, and therefore the
recovery of intact pieces is rare; It is also equally rare to find Mesopotamian glass in Egypt,

and vice versa (Shortland 2012, p.49).

Stylistic and textual evidence has supported the supposition that glass first originated in

Mesopotamia and was imported into Egypt initially as a direct result of the successful military
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campaigns of Tuthmosis III (Moorey, 1999). The Hall of Annals in Karnak depicts in detail
what is believed to show the range of tributes extracted, or given as gifts, from vassal states,
which include glass vessels and what has been interpreted as coloured raw glass ingots
(Wreszinski 1923, p.50; Moorey 2001, p.9). The Amarna Letters, cuneiform texts dating from
between the reigns of Amenhotep III to Tutankhamun, record the orders for glass which were
regularly requested by the King of Egypt from vassal states, Canaan and Amurru (Moran 1992,
p-351-355). Evidence of other methods of transportation from Mesopotamia to Egypt has also
been discussed, such as the capture or loaning of skilled workers, or artisans who were in the
employ of the royal court (Moorey 2001, p.11). Studies undertaken by Shortland, Walton and
Jackson and Nicholson have demonstrated the efficacy of using trace element analysis to
distinguish between glasses made in Egypt and Mesopotamia. Geologically relevant trace
elements incorporated into the glass during manufacture can be detected using LA-ICP-MS,
thereby determining the origin of production and when placed in the context of the burial, the
mechanism of migration of the glass objects themselves (Shortland, Rogers & Eremin, 2007,

Walton et al., 2009; Jackson & Nicholson, 2010).

3.10 Discussion

The proposed date of the tomb establishes the scarab as some of the earliest glass on the
archaeological record and the first confirmed Mesopotamian glass found in Egypt. The scarab,
in connection with the contextual burial at Gurob potentially establishes the importance of
women in the transport of early glass from Mesopotamia to Egypt. The grave goods from Tomb
27 contained several items of glass, gold and silver jewellery, which denotes that the women
were of elevated status, or in the employ of a high ranking individual; jewels were customarily

given to favoured servants and officials as a sign of the owners wealth (Aldred 1971, p.18).

The silver coating detected on the scarab suggests that the body may have been entirely coated
in metallic silver, or more likely mounted in a bezel as other examples of this kind of setting
were recovered from the site. Brunton and Engelbach also describe another scarab from Tomb
27 as having a silver mount. Silver was rare in Egypt, and there are few examples of it being
used in the New Kingdom (Ogden 2000, p.170; Aldred 1971, p.33). Silver items were also
found in the tomb of the Three Foreign Wives of Tuthmosis III (Lilyquist 2004, p.152), which
draws another contemporary similarity with the tomb at Gurob. Silver coatings on glass are

unusual in Egypt, with gold coatings being more common in Egypt and Mycenae. This use of
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glass is unknown, but most likely lies in the amuletic value of glass, evident from written
sources, which detail in length the power of stones and glass to ward off evil and heal the body
(Wilkinson 1971, p.7). The scarab, although characteristically Egyptian, was exported from
Egypt in large quantities from the Twelfth Dynasty (1985-1795 BC) to the Levant and
subsequently increased in popularity, being widely distributed from Canaan throughout the
Mediterranean. In a non-Egyptian context, the scarab may not have inferred religious
connotation, however the desire for foreign jewellery may have been a driving factor for the

prevalent adoption (Reader, 2003, p.219).

3.11 Conclusion

The data obtained by LA-ICP-MS shows that the scarab is consistent with the known
composition of standard Late Bronze Age plant ash glass. The scarab is coloured with a pure
source of copper which is indicative of glasses from the Near East. The trace element analysis
also indicates that the scarab is consistent with glasses of Mesopotamian origin. The date of
the tomb, between Amenophis I (1525-1504 BC) and Tuthmosis III (1479-1425 BC), indicates
that the scarab represents some of the earliest Mesopotamian glass to be identified in Egypt,
and associated with foreign women of high status living at Gurob. The scarab also represents
an early example of Mesopotamian glass being used to make amulets in the shape of a
quintessentially Egyptian symbol. The ESEM analysis indicates that the scarab was coated or
had been mounted in silver, which is unusual in Egyptian grave goods, suggesting a foreign

influence.
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4 The Investigation and Provenance of Glass Vessel Fragments
Attributed to the Tomb of Amenhotep II, KV35, Valley of the
Kings

4.1 Abstract

Four polychrome glass fragments, excavated from tomb KV35 in the Valley of the Kings,
attributed to Amenhotep II, were analysed to further investigate the composition and
provenance of early Late Bronze Age glasses. An additional fragment, EA64163, cited by the
British Museum as being stylistically analogous to the fragments from KV35, although with a
findspot simply recorded as “Thebes”, was also analysed. LA-ICP-MS analysis was used to
analyse multiple colours on the fragments to determine the major element composition, the
colouring strategies and establish provenance using trace element analysis. The resulting data
obtained was compared with four polychrome fragments of standard LBA Egyptian
composition, excavated from the palace of Amenhotep III at Malkata, previously analysed by
SEM-WDS. Analysis showed that the glasses excavated from KV35 are standard LBA glass of
Egyptian composition and were most likely produced in Egypt in the 18" Dynasty. The
fragment EA64163 is a low magnesia, low potash glass, comparable with Iron Age
composition, therefore should be reconsidered as a later glass. The analysis of glasses,
excavated from a reliable, early Egyptian context supports the proposition that glass technology

for multiple colours was established in Egypt at least as early as 1400 BCE.

4.2 Introduction

The first man-made glass appears in the archaeological record in quantity in the Late Bronze
Age (LBA) of Egypt and the Near East. There are early, sporadic finds of glass stretching back
to the third millennium BCE (Beck, 1934; Peltenburg, 1987; Moorey, 1994 p190-2), but it is
fifteenth century contexts where the first glass in any quantity is found. Most commentators of
the last thirty or so years have placed the source of the glassmaking innovation in the Near
East, perhaps in Northern Syria (Lilyquist, Brill and Wypyski, 1993; Nicholson, 1993; Moorey,
1999; Shortland et al., 2017). However, recent re-examination of finds and their contexts have
suggested that this is by no means as clear as first thought and proposed that it is difficult to
determine whether Egypt or the Near East was the source of the first glass (Shortland et al.,
2017). Certainly, there are good textual and iconographic sources that show that glass was a
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prized commodity in the LBA, with a value similar to a precious stone, at least in the first
century of its production (Oppenheim, 1973; Nicholson, Jackson and Trott, 1997). As such,
glass was used for several purposes, including beads, inlays, and amulets. However, the most
significant object produced in glass was the core-formed glass vessel, manufactured by hot-
working the glass around a clay/dung core (Nicholson and Henderson, 2000, p203). The most
common body colour was blue, ranging from light to very dark blue hues, and vessels were
often decorated with contrasting colours including yellow and white. Glass in green, red,
brown, colourless, and black were also used, but less often in vessels (Nolte, 1968). It is also

often the case that vessels that appear black are in fact very dark purple, blue, or brown.

Because of its perceived high value and portability as beads, jewellery and ingots, glass was
therefore part of a wide-ranging exchange network, with evidence that Egyptian and Near
Eastern glass was being transported as far as Mycenae (Walton et al., 2009) and later as far as
northern Europe (Varberg, Gratuze and Kaul, 2015; Varberg et al., 2016). The Ulu Burun
shipwreck found off the southern coast of Turkey and dating to around 1300 BCE contained a
large consignment of glass ingots, some or all of which originated in Egypt (Nicholson, Jackson
and Trott, 1997; Pulak, 2001; Jackson and Nicholson, 2010) Glass is therefore an interesting

material to attempt to provenance, being of markedly high-value and apparently widely traded.

Glass discovered in Egypt tends to be almost always found in royal tombs in this earliest period,
with the first regular finds of glass to be recovered in palaces, temples, workshops, or other
urban settings not common until the fourteenth century BCE. Early glass objects excavated in
Egypt, such as beads, are seen from the tomb of Queen Ahhotep, mother of Ahmose (1550-
1525 BCE), and from contemporary tombs in Qau (Lilyquist et al., 1993, p23). Blue transparent
beads and a glass scarab were excavated from a later tomb from the site of Gurob, the location
of the Harem palace established during the reign of Tuthmosis III (1479-1425 BCE) although
these were items were determined as being Mesopotamian in origin (Kemp, McDonald, A and
Shortland, 2017; Kemp et al., 2019). It is during the reign of Tuthmosis III where glass vessels
appear in quantity and from multiple sources, such as the tomb of the three foreign wives and
the tomb of Tuthmosis III, KV34 (Lilyquist et al., 1993, p25-6). ‘Die Glassgefdsse im alten
Agypten’ describes and dates (where possible) the largely intact early glass vessels excavated

or acquired in Egypt, thereby establishing a timeline (Nolte, 1968).
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We are fortunate to have an excellent chronology for the Egyptian kings, which means many
of these tombs can be dated to a particular decade, or with even greater accuracy. In the Near
East, the pattern is more mixed, and the dating can be problematic, in part due to the less
expedient preservation conditions. Work by Dardeniz extends the glassmaking regions to
northern Syria, specifically Tell Atchana, Ancient Alalakh, proposing that production in this
area may pre-date workshops at Amarna (Dardeniz, 2018). Further evidence is pending to
support an early glassmaking industry, specifically a detailed chronology for the site and the
dating of pyrotechnic installations at Tell Atchana. It is therefore to Egypt that one first looks

in order to investigate the beginning of glass production.

This paper analyses glass attributed to KV35, the Tomb of Amenhotep II (1427-1400 BCE)
with the aim of demonstrating whether this early glass might have been made in an Egyptian

workshop or imported from the Near East.

4.3 Dating glass

Attempts to date early glass objects stylistically have been problematic. As mentioned above,
there seems a preference for many early glass vessels in blue, but certainly not all blue glasses
are among the first vessels produced. A safer method of dating is to resort to the classic
archaeological procedure of context. For example, it is very likely that glass recovered from
the Valley of the Kings tombs of Tuthmosis III (KV34) and Amenhotep II (KV35) dates to
those kings’ reigns. A second way of dating the glass is where the glass object has a king’s
name inscribed upon it. Egyptian kings of this period have distinguishing names which are
represented in a “cartouche”. It is likely that an object that bears a king’s cartouche dates to his
reign, but some kings were the subject of cults after their death, so it is possible, if unlikely,

that they could be later.

This represents the simple pattern for dating an object, but it should be noted that it can be
more complex than this. Good examples are two small, turquoise-coloured glass persea fruits
which were found by Howard Carter in KV62, the Tomb of Tutankhamen (Lilyquist et al.,
1993, p25-6). This tomb dates to 1327 BCE, plus or minus a year or two, but one fruit bears the
cartouche of Tuthmosis III, who had been dead for nearly 100 years at this point. It is likely
that this is a curated object, saved from his reign, but Tuthmosis III was the subject of a

significant cult, so it could have been produced later. It is certainly no later than the completion
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of Tutankhamen’s tomb. It is therefore safer to regard cartouches as a terminus post quem,

whereas a secure tomb is a ferminus ante quem.

4.4 Provenancing glass

Glassworking sites might reveal themselves by having distinctive object types or producing
distinctive styles of decoration, although ultimately this has been exceedingly difficult to prove
with LBA sites (Rehren, 2000a; Rehren, Pusch and Herold, 2001a; Jackson, 2005). However,
glassmaking sites can only be determined by something distinctive in the composition of the
glass that they produce. Much work has been devoted to analysing LBA glass in an attempt to
determine where it was made and trace element analysis, therefore, has proved useful for

provenance studies.

The production of glass objects can be divided into two distinct stages: glassmaking and
glassworking. Glassmaking is the production of glass from its raw materials, in this period
quartz pebbles, plant ash, colorant(s) and perhaps a lime source (Brill, 1999b). It requires a
furnace capable of temperatures in excess of 1000°C to produce. LBA glasses discovered in
Egypt, the Near East and ancient Greece have a silica content of 62-65%, a high soda content
of between 15-20% and elevated levels of magnesia, approximately 2-5%, with a similar potash
content of between 2-4% and a lime content of 4% (Sayre and Smith, 1961a; Lilyquist et al.,
1993; Shortland and Eremin, 2006). However, trace element analysis of LBA glasses has
shown a distinct compositional difference between LBA glass found in the Near East and
Egypt. The first element shown to distinguish between these two groups was titanium, which
is high in Egyptian glasses, but relatively low in Near Eastern glasses (Shortland, Rogers and
Eremin, 2007). Further analysis of a full suite of trace elements showed that almost a clear
distinction could be drawn between glasses of the Near East and Egypt by plotting covariates
of titanium, chromium, lanthanum, and zirconium. It is this method that was successfully used
in the provenancing of Mycenaean, Ulu Burun and Levantine glasses (Shortland, Rogers and

Eremin, 2007; Walton et al., 2009; Jackson and Nicholson, 2010; Kemp et al., 2020).

4.5 Previous analysis of Amenhotep II glass

The most recent analysis of glass thought to be from the reign of Amenhotep II is by Nicholson
and Jackson (Nicholson and Jackson, 2013). The analysis was of a single sherd of a glass vessel

now in the Swansea Museum (Swansea 959.3), believed to have originally been part of CG
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24804, a particularly fine vessel which was later reconstructed in Cairo Museum (Nolte, 1968,
p53; Stern and Schlick-Nolte, 1994, p25). It is 43mm across and features what is quite clearly
part of the two cartouches of Amenhotep II. However, the object was recorded as being
originally found in KV55, a hotly debated tomb in the Valley of the Kings with connections to
the Amarna Royal family (Reeves and Wilkinson, 2008, p120-121; Saleem and Hawass, 2015,
p119) Although curatorial history of the sherd is equivocal, it is likely that the piece dates from
the reign of Amenhotep II and was originally part of his burial equipment (Nicholson and
Jackson, 2013). Nicholson and Jackson carried out trace element analysis using LA-ICP-MS
on the piece and compare the trace element plots with Shortland et al. (2007). They conclude
that it has much in common with the Egyptian composition with relatively high lanthanum and
titanium, but in the Cr/La plot, the concentrations of the amber and white samples from the

Swansea glass sit slightly outside the general compositional group for Egypt.

This paper provides additional analyses of early glass material on a range of colours from nine
fragments from and attributed to tomb KV35 and the palace at Malkata (Newberry, 1900, 1902;
Tytus, 1903). The Malkata material is of standard Egyptian LBA glass composition and was
analysed as a control to observe whether a small offset from the Egyptian field was directly
comparable or reflected slightly different analytical settings in two different LA-ICP-MS
systems. By analysing the Malkata controls in the same machine and at the same time as the
KV35 unknown small differences in minor and trace elements, indicative of composition, can

be observed and compared as well as negating any potential detection drift.

4.6 Methodology

Museum ) o
Colour Findspot Origin
number
Blue Fragment from the neck and shoulder of a globular,
amphora vessel in translucent dark-blue glass. On the
EA64123 KV35 o )
neck and shoulder are decoration in turquoise-blue,
Yellow .
yellow, and white.
Purple Fragment of a vessel with opaque deep-violet body,
EA64124 KV35 decorated with wide threads in yellow, white, light
Yellow green, and turquoise-blue in a marbleized pattern.

Page 116 of 374



Page 117 of 374

Fragment from the shoulder and neck of a vessel in

opaque dark-blue glass. There are remains of four

EA64125 | Blue KV35 _ o
impressed units in the form of cornflowers or rosettes
represented in top view.
Blue Fragment of a jar which had a hemispherical body. with
a dark-blue ground. Decorations of chevrons on the
EA59244 KV35 o
neck, clustered festoons on the body, both combining
White .
opaque white and yellow.
Red An unusual fragment with a chequer-board pattern
e

Thebes (?), | closely following those found in moulded, fused bowls

stylistically | from the tomb of Amenhotep II. Impressed on both the
EA64163 | White related  to | exterior and interior surfaces are registers of opaque red

fragments in | squares and translucent dark-blue squares, alternating.

KV35 The squares are arranged so that a red and a blue square
Bl
ue touch only at their corners.
Fragment from the body of a vessel in deep-violet glass
Purple
Malkata decorated with clustered festoons in white, yellow, and
EA64149 _ ) : .
Palace light blue. Directly over these decorations vertical canes
Yell . . :
cHow were impressed, three of which survive.
Purple Fragment from the lower neck and body of a vessel in
Malkata opaque amethyst glass, with decorations in yellow,
EA64151 pad . e . y‘
Yellow Palace opaque white, and turquoise-blue, probably simple
festoons.
Black Fragment of bowl: fragment of a shallow, opaque
mosaic glass bowl, matt surface. Assembled from
) Malkata several layers of small pieces of brick-red, turquoise-
EA64154 | Turquoise
Palace blue, opaque white, yellow, and black glass. The bowl
was formed by moulding either in an open mould or by
White .
press-moulding.
Red .
Fragment of a shallow mosaic glass bowl, composed of
Malkata
EA64155 | Blue small pieces of light- and dark-blue, red, and white
Palace |
Turquoise glass.
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Table 9: Objects analysed by LA-ICP-MS, described in the Catalogue of the Egyptian antiquities of
the British Museum: VVolume IV, Glass (Cooney, 1976).

The objects analysed in this paper were originally sampled for Shortland ef al. (2006) and
analysed by SEM-WDS. The same SEM blocks and samples were used here. A total of nine
objects were selected, all glass vessel fragments. Four are securely provenanced to KV35, the
Tomb of Amenophis II, by the British Museum who describe the provenance as
“probable”’(Cooney, 1976, p52, pl43) however it is known that KV35 was later opened and
used as a cache for royal mummies (Baikie, 1932). The provenance of fragment EA64163 is
given as “probably Thebes” by the British Museum and is described as having “a chequer-
board pattern closely following those found in fused bowls from the tomb of Amenhotep II”
(Cooney, 1976, p53), being stylistically comparable to the bowl sherd MMA 26.7.1164 from
KV35 (Lilyquist et al., 1993, p29, p35).

Three of the fragments attributed to KV35 can be viewed on the British Museum website:
https://www.britishmuseum.org/collection/object/Y EA64163; EA64125 is shown in the top
right, EA64124 middle right, EA64163 is pictured on the bottom right (Figure 11 also see Table

9 for descriptions). Four other vessels from the Palace of Malkata dating to Amenhotep III
(1390-1352 BCE) were also analysed as controls — by all expectations these should be Egyptian

in composition.

The samples were subjected to LA-ICP-MS analysis at the Natural History Museum, London.
The instruments used were an Agilent 7700 ICP-Q-MS mass spectrometer coupled to an ESI
NWR193 with laser type ArF excimer with an ablation spot of 50um, as detailed in Table 10.
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Laser ablation system

Instrument

Laser type

Wavelength

Pulse duration

Repetition rate

Analysis type

Spot diameter

Fluence

Carrier gas (He)

Primary reference material
reference

Secondary

material(s)

ESINWR193
ArF excimer
193 nm

<4 ns

10 Hz

Spot

50 um

3.5 J/em?

500 ml/min
NIST 612
NIST 610, Corning A, Corning B

Mass spectrometer

Instrument

Plasma gas flow (Ar)
Individual element dwell time
Analysis duration

Blank duration

Table 10: Conditions for the LA-ICP-MS analysis.

Agilent 7700 ICP-Q-MS
1.1 I/min

0.01s

60s

30s

Each sample was analysed at five different spots, avoiding any obvious weathered areas.

Corning A standard was run throughout the LA-ICP-MS analysis to check for accuracy and

drift. The results on Corning A secondary standards show good agreement for the most

elements, with the standards averaging less 10% error on the accuracy. Results consistent with

Kemp et al., 2020 (Kemp et al., 2020).

(next page) Table 11: Average results of the LA-ICP-MS analyses showing major and minor elements
of the samples from KV35, the palace at Malkata and the fragment stylistically attributed to KV35,
findspot cited by the British Museum as Thebes in %.
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Sample Number Colour Na,O MgO AlLO; Si0, P,05 K>O CaO MnO FeO CoO CuO Sb,03 PbO
KV35

EA64123 Blue 17.5 3.7 1.8 66.1 0.10 0.72 8.9 0.24 0.12 0.11 0.03 0.19 0.04
EA64125 Blue 19.5 3.9 2.9 61.6 0.22 1.24 7.5 0.29 0.18 0.25 0.21 1.5 0.02
EA59244 Blue 19.9 5.1 2.8 61.2 0.17 1.09 8.4 0.25 0.24 0.16 0.03 0.08 0.02
EA64124 Purple 19.4 3.7 0.74 65.4 0.23 2.61 6.9 0.61 0.15 0.01 0.01 0.01 0.00
EA59244 White 18.9 4.9 0.74 60.4 0.15 1.89 9.9 0.02 0.15 0.00 0.01 2.6 0.04
EA64123 Yellow 16.3 32 0.65 59.1 0.25 1.85 7.7 0.10 0.17 0.00 0.11 1.4 8.4

EA64124 Yellow 18.5 5.5 0.59 60.3 0.14 2.30 9.7 0.02 0.10 0.00 0.07 2.7 0.04
Malkata Palace

EA64154 Black 15.6 3.7 0.79 65.9 0.17 2.15 7.5 1.95 0.18 0.02 1.6 0.02 0.09
EA64155 Blue 19.5 4.8 1.9 62.1 0.22 1.77 6.8 0.19 0.15 0.20 0.31 1.5 0.01
EA64149 Purple 20.3 3.7 0.73 64.5 0.24 2.71 6.8 0.61 0.16 0.01 0.06 0.01 0.00
EA64151 Purple 17.1 33 0.40 66.8 0.21 3.07 8.0 0.55 0.30 0.01 0.06 0.01 0.00
EA64155 Red 14.7 3.8 0.96 53.1 0.22 2.14 8.8 0.02 0.25 0.02 13.1 2.1 0.14
EA64154 Turquoise  17.6 52 0.65 60.2 0.17 2.41 7.8 0.02 0.15 0.01 2.4 2.9 0.05
EA64155 Turquoise  19.7 4.7 0.48 59.8 0.25 2.45 7.0 0.03 0.13 0.01 2.9 2.3 0.03
EA64154 White 19.1 4.7 0.71 62.5 0.22 2.30 7.6 0.02 0.15 0.00 0.07 2.5 0.04
EA64149 Yellow 14.9 43 0.73 52.6 0.21 243 7.5 0.22 0.30 0.00 0.06 4.0 11.5
EA64151 Yellow 18.0 3.2 0.38 67.6 0.18 3.05 6.2 0.46 0.30 0.01 0.03 0.02 0.41

Fragment stylistically related to KV35, findspot cited by the British Museum as "Thebes"

EA64163 Blue 17.9 0.98 2.6 67.9 0.10 1.03 6.2 0.81 0.78 0.10 0.47 0.48 0.24
EA64163 Red 13.7 1.9 3.1 58.7 0.73 1.90 10.2 0.74 0.60 0.02 2.8 0.40 4.4
EA64163 White 15.4 0.79 2.2 61.7 0.14 1.12 5.8 0.85 0.25 0.02 0.04 6.8 4.6
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Y Colowr Li Be B Ti V Cr Mn Fe Co Ni Cu Zn As Rb St Zr Nb Ag Sm Sb  Cs Ba La Ce Au Pb Bi Th U
KV35

EA64123  Blue 5.9 0.09 131.8 489 5.8 43 1884 933 888 466 251 650 5.3 4.0 670 456 14 034 12 1565 0.06 536 2.7 6.3 0.03 338 0.03 0.64 040
EA64125  Blue 102 0.00 938 661 112 7.6 2220 1432 1931 974 1711 2477 194 64 505 48.8 1.9 025 42 12562 0.09 573 39 10.5 0.12 185 0.01 1.00 0.69
EA59244  Blue 8.3 023 1413 791 113 5.0 1899 1856 1269 848 207 1840 52 7.8 560 472 23 0.17 94 703 0.12  66.6 4.8 11.8 0.02 148 005 123 071
EA64124  Purple 9.6 0.18 704 588 13.8 5.1 4717 1131 4.6 45 110 253 09 9.8 738 589 1.7 0.16 1.1 6.8 011 752 34 6.6 0.00 1.7 005 0.84 052
EA59244  White 7.8 0.08  69.7 463 7.5 5.3 164 1181 3.9 8.1 101 264 550 11.7 985 42.1 1.5 029 1.1 21970 021 400 3.0 6.0 0.00 41.0 0.04 0.77 0.31
EA64123  Yellow 6.3 0.11 798 444 6.5 104 795 1349 3.1 6.3 840 3615 236 11.1 1294 374 13 1.7 42 11630 0.12 998 2.6 4.7 0.04 78370 3.1 0.57 0.57
EA64124  Yellow 5.5 0.00 645 345 6.0 4.1 178 788 1.7 6.0 57.0 229 666 107 1127 326 12 021 0.85 22153 028 355 22 4.2 0.06 359 0.04 054 022
Malkata Palace

EA64154  Black 6.1 0.14 490 656 346 7.7 15095 1406 11.8 179 12833 389 393 97 651 58.5 1.7 0.68 705 182 012 185 3.6 6.4 0.17 798 026 0.62 1.02
EA64155  Blue 9.4 0.09 792 421 6.2 42 1443 1191 1592 892 2476 1296 12 6.2 563 312 12 1.4 2.0 12386 0.07 417 22 5.4 004 134 0.02 052 0.18
EA64149  Purple 7.7 0.03  73.1 583 139 5.1 4747 1229 47 44 49.9 257 09 8.8 727 634 1.7 032 1.1 7.5 011 773 35 6.9 0.04 1.63 0.05 0.89 0.54
EA64151  Purple 9.2 0.10  56.7 291 5.9 4.1 4242 2367 4.7 5.6 473 989 1.3 132 1372 369 088 0.03 094 11.5 0.14 458 19 3.7 0.00 3.94 0.00 047 0.56
EA64155  Red 7.8 013 59.0 766 120 9.1 176 1963 180 892 104726 32,6 530 9.4 828 519 1.9 7.9 1993 17637 0.12 515 3.4 6.6 029 1279 0.78 0.78 0.32
EA64154  Turquoise 7.2 0.00 775 419 6.4 32 129 1145 44 148 19371 245 130 127 966 378 1.3 0.78 1652 24074 0.14 328 25 5.0 033 443 0.14  0.62 022
EA64155  Turquoise 9.6 0.06 763 370 5.7 35 243 1025 6.6 163 22927 257 111 8.8 579 292 1.0 1.8 571 19405  0.09 346 1.9 3.8 035 289 009 046 0.17
EA64154  White 6.8 0.07 737 419 6.4 49 141 1160 2.9 7.3 56.4 182 574 100 550 298 1.5 1.1 1.6 21179 0.15 439 3.0 5.8 0.04 385 0.04 0.66 0.20
EA64149  Yellow 57 0.08 106 441 9.2 141 1687 2328 3.7 19.1 495 7581 49.1 112 1140 400 1.3 1.5 3.7 33459 0.17 251 3.1 5.7 0.07 107019 095 0.72 0.85
EA64151  Yellow 6.6 028 499 277 5.8 39 3577 2358 44 5.1 245 823 1.0 11.0 969 33.1 087 0.67 0.96 13.0 0.11 351 1.6 34 0.06 3818 0.01 044 046
Fragment stylistically related to KV35, findspot cited by the British Museum as "Thebes"

EA64163  Blue 70 006 210 1188 227 263 6299 6028 754 310 3793 858 7.1 7.1 431 993 32 36 92 3994 0.1 218 77 147 004 2210 02 17 14
EA64163 Red 6.5 020 134 1764 30.0 299 5718 4700 178 252 22321 148 101 10.7 667 145 53 7.7 2933 3325 020 280 103 203 0.06 40387 38 24 14
EA64163  White 59 021 132 950 19.6 229 6552 1913 151 13.7 280 429 229 64 417 884 28 50 396 56556 0.08 221 7.3 133 024 42726 3.0 1.6 1.3
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(Previous page) Table 12: Average results of the LA-ICP-MS analyses in ppm.

4.7 Results

The results are presented in(next page) Table 11 (Previous page) Table 12, showing analyses
of the glasses excavated from KV35 and fragment EA64163, which has been stylistically
ascribed to KV35, and glasses from the palace at Malkata.

4.8 Discussion
High magnesia/high potash glasses

All samples apart from fragment EA64163 are consistent with Late Bronze Age plant ash

glasses which are characterised by a high magnesia and high potash content.

4.8.1 Malkata

The glass samples analysed here that were excavated from the palace at Malkata are all
compositionally standard LBA glasses of Egyptian composition, which have been widely
published. These can therefore be used as a reference to comparatively discuss the samples

attributed to KV35.

The black glass in EA64154 contains the highest concentration of manganese in the study
group (2.0% MnO) with elevated levels of copper (1.6% CuO), therefore making this glass
optically very deep purple-blue to achieve a black hue.

The blue glass from EA64155 is coloured with both cobalt and copper at 0.2% and 0.3%
respectively, and opacified with 1.5% of an antimony opacifier, most likely calcium antimonate
(A. Shortland, 2002). EA64155 exhibits the elevated levels of aluminium, manganese, nickel
and zinc and low concentrations of potash, which is the expected composition pattern for LBA
Egyptian glass coloured with cobalt (Shortland and Eremin, 2006; Shortland, Rogers and
Eremin, 2007).

The Malkata turquoise glasses, EA64154 and EA64155, are similar in major element
composition and colouring strategy; these glasses are coloured with a relatively higher

concentration of copper (2.4% and 2.9% CuO respectively) and are opacified with an antimony
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constituent (containing 2.9% and 2.3% Sb2Os respectively), thereby representing typical

copper coloured, opacified, turquoise glasses of Egyptian composition.

The two purple glasses, EA64149 and 64151, are both coloured with a concentration of 0.6%
manganese. Although there is a slight variation in the major elements, both glasses exhibit

standard LBA Egyptian purple glass composition.

The red glass, EA64155, exhibits noticeably lower levels of silica and soda compared with the
other coloured glasses: 53.1% (Si02) and 14.7% (Na2O) respectively. However, this
corresponds with the WDS analysis findings in Shortland and Eremin (2006) of LBA Egyptian
red glasses. The glass is coloured with copper and represents the highest concentration of the
study group (13.1% CuO). An antimony opacifier (2.11% Sb»03) with some trace

concentrations of lead (0.1% PbO) was also detected.

The white glass, EA64154, contains excess antimony (2.5% Sb203) suggesting this glass is
opacified by calcium antimonate (A. Shortland, 2002), representing a typical LBA Egyptian
white glass composition (Shortland and Eremin, 2006). The two yellow glasses show variation
between their respective major element compositions and colouring strategies: EA64149
contains high levels of lead (11.5% PbO) whereas EA64151 contains comparatively low
concentrations of lead (0.4% PbO), however both are comparable with known compositions of

LBA Egyptian yellow glasses (Shortland and Eremin, 2006).

4.8.2 KV35

The glasses excavated from KV35 are typical high magnesia, high potash (HMHK) plant ash
glasses comparable to the glasses analysed from Malkata and standard Egyptian LBA glasses
produced in the 18" Dynasty (Shortland and Eremin, 2006), both in major elemental
composition and colouring strategy. The two blue glasses coloured only with cobalt, EA64123
and EA59244, show the expected elevated levels of aluminium, manganese, nickel and zinc
and relatively low concentrations of potash that are characteristic of LBA Egyptian cobalt
coloured glass. The composition of the blue cobalt-copper coloured glass from KV35,
EA64125 is comparable to that of Malkata, EA64155, specifically with regards to the colouring
strategy, which is almost identical, containing similar concentrations of cobalt, copper, and

antimony.

Page 123 of 374



Page 124 of 374

The purple glass, EA64124, is coloured with manganese and compares well with the purple
glasses from Malkata, particularly EA64149 which is almost identical to the KV35 purple

glass.

The white glass from KV35, EA59244, is almost compositionally identical to EA64154 from
the palace at Malkata; the lime content is the only major difference which is 9.9% in the KV35
white glass and 7.6% in the Malkata glass. As mentioned above, the two yellow glasses from
Malkata exhibit notably different compositions; the two yellow glasses from KV35 also show
some variation between the two compositions. EA64123 from KV35, comparable with
EA64149, contains lead (8.4% PbO) and antimony (1.4% Sb203), therefore likely coloured
yellow by lead antimonate (A. Shortland, 2002). However, lead was not detected in the yellow
glass in EA64124 but exhibits elevated levels of antimony (2.65% Sb203). The two KV35
glasses exhibit decreased levels of manganese compared with the two yellow glasses from

Malkata.

4.8.3 EA64163, a low magnesia/low potash glass

Across the three glasses, EA64163 contains an average magnesia content of 1.2% MgO and an
average potash content of 1.4% K>O, which is notably different compared with the
compositions of the HMHK glasses from Malkata and KV35. Natron glasses, using a soda-
mineral flux, are characteristically low in magnesia and potash, containing concentrations of
less than 1.5% each. Therefore, the major element composition of the glasses constituting
EA64163 are comparable with natron glasses commonly produced in the Iron Age (IA) (Sayre
and Smith, 1961; Freestone, 1991, p39-40).

The blue, red and white glasses comprising the EA64163 fragment exhibit over double the
concentrations of the major elements aluminium, manganese and iron in addition to containing
over double the average concentrations of the geologically relevant trace elements titanium,
chromium, lanthanum and zirconium compared with those from the HMHK group. This
elevated concentration is also seen across the rare earth and transition metal elements analysed.
The cobalt-copper coloured blue glass in EA64163 exhibits elevated levels of manganese, iron,
and lead, compared with the KV35 and Malkata blue glass samples in the study group. The

cobalt colourant used to colour the EA64163 blue glass is compositionally consistent with
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cobalt sources used to colour later glasses (Abe ef al., 2012). This is significantly different to
the zinc-rich Egyptian cobalt used to colour the HMHK glasses and is likely from an Iranian
source, characterised by low levels of nickel and zinc, with an elevated concentration of

manganese. (Kaczmarczyk, 1986; Mass, Wypyski and Stone, 2002).

The red glass in EA64163 exhibits notably low levels of silica and a low soda concentration,
containing 58.7% and 13.7% respectively, comparable with the silica and sodium levels
observed in the red glass EA64155 from Malkata. However, as mentioned previously, the
EA64163 glass contains significantly elevated levels of aluminium (3.1% Al20O3), manganese
(0.7% MnO), iron (0.6% FeO), copper (2.8% CuO) and lead (4.4% PbO). As discussed in the
HMHK section, the composition of red glasses is known to be variable, however, the red glass
from EA64163 is distinctly different from the standard LBA Egyptian glass and that of

EA64155 from Malkata in both major element and colourant composition.

The white glass in EA64163 has the highest lime concentration in the study at 10.2% and
contains the highest concentration of antimony in the study group (6.8% Sb>03). Two studies
on LBA Egyptian white glass conducted by Mass ef al. (2002) and Shortland et al. (2006)
showed that the antimony concentration did not exceed 3.9% and 3.3% respectively. Therefore,
the antimony content of EA64163 is significantly higher than the expected antimony content
in an LBA white glass. In addition, EA64163 contains 4.6% PbO compared with the white

glasses from KV35 and Malkata that contain no detectable lead content.

Therefore, both major and trace element compositions, in addition to the colouring strategies
for the blue, red and white glasses are notably different to the HMHK glasses from the KV35
tomb and Malkata groups, thereby making them notably distinct from standard LBA glasses
produced in the 18" Dynasty.

4.9 The provenance of the glass fragments from and stylistically attributed to

KV35

Titanium, chromium, lanthanum, and zinc can be used to distinguish between glasses most
likely manufactured in Egypt, and those produced in the Near East. Figure 1 shows the data
from the glasses excavated from KV35, the fragment stylistically attributed to KV35 and the
fragments from the palace at Malkata plotted in a covariant plot of La against Cr, compared

with the data from the Swansea fragment (Nicholson and Jackson, 2013) and data from the
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glasses in Shortland ez al. (2007). As mentioned, the majority of the glasses from the study
show a positive correlation with those of Egyptian composition, however, two yellow glasses,
EA64123 from KV35, and EA64149 from Malkata appear to lie between the Egyptian and
Near Eastern compositions due to the high chromium content. This indicates that yellow
glasses may have been produced at a third site using chromium rich raw materials, or that raw
yellow glass may have been imported from the Near East, which was then diluted with Egyptian
colourless glass (Mass, Wypyski and Stone, 2002). The glasses comprising EA64163 can be
seen as the outliers in Figure 24. Figure 25 shows the same data plotted in 1000Zr/Ti against
Cr/La. This plot provides greater distinction between the Egyptian and Near Eastern trace
element compositions. The analysis strongly suggests that all the HMHK glasses from KV35
and the palace at Malkata are of Egyptian manufacture, paralleling the analysis of the Swansea

fragment (Nicholson and Jackson, 2013).
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Figure 24: Covariant plot of La with Cr comparing the glasses from KV35, the palace at Malkata, the
fragment attributed to KV35 (findspot described by the British Museum as “Thebes”) and the
Swansea fragment (Jackson and Nicholson 2013). Samples are plotted against the Egyptian and
Mesopotamian glasses of known origin (Shortland, Rogers and Eremin, 2007).
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Figure 25: Covariant plot of 1000Zr/Ti with Cr/La comparing the glasses from KV35, the palace at
Malkata, the fragment attributed to KV35 (findspot described by the British Museum as “Thebes”)
and the Swansea fragment (Jackson and Nicholson 2013). Samples are plotted against the Egyptian
and Mesopotamian glasses of known origin (Shortland, Rogers and Eremin, 2007).

4.10 Conclusion

The four fragments recorded as being excavated from the tomb KV35 in the Valley of the Kings
are of standard LBA Egyptian composition and compare well to the glasses from Malkata. In
addition, all the colours analysed on each fragment are comparable to those of Egyptian
provenance, the implication being that early Egyptian glassmaking technology was refined
enough at this early stage of glassmaking history to produce glasses in several colours using a
range of compositions and obtaining domestically sourced raw materials distinct from the Near
Eastern sources. This signifies that early glassworkers working in Egypt were not as dependent
on imported glasses manufactured in the Near East as previous research has speculated. The
analysis of fragment EA64163, which is only stylistically attributed to Amenhotep II, shows
that the composition of all three colours is significantly different compared with the same
colour groups in the LBA glasses from KV35 and Malkata. This is established in the major,

minor and trace element findings in the raw materials of the glass and the colourants; the low
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magnesium, low potash content exhibited by EA64163 is characteristic of later glasses

produced in the IA using natron as an alkali flux.
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5 The Dating and Provenance of Glass Fragments from the Site

of Serabit El-Khadim, Sinai

5.1 Abstract

Serabit el-Khadim, located on the western coast of the Sinai Peninsula, is the site of an ancient
turquoise mine established in the early 12" Dynasty (c. 1985 BCE) and active between the 18%
and 20" Dynasties (c. 1550-1136 BCE). The temple dedicated to Hathor at Serabit detail the
number of offerings made, thereby recording the level of activity at Serabit during each reign.
The last offerings were made by Rameses VI (1143-1136 BCE) corresponding with the collapse
of the Late Bronze Age before the site was abandoned. 976 glass fragments were given to the
Ashmolean Museum by Flinders Petrie following his 1905-6 excavations. 41 fragments from
the collection were selected for LA-ICP-MS analysis with the aim of provenancing and dating
an unknown collection of glass using composition and available stylistic features to further
narrow the date of manufacture and therefore indicate the possible workshop of origin. The
analysis showed that all 41 fragments are of Egyptian provenance and of standard Late Bronze
Age high magnesia plant ash glass, except one fragment which is a unique example of natron
blue glass applied as decoration to a white plant ash vessel body. Subtle compositional
differences show that 18" Dynasty plant ash glass, plant ash Ramesside glass and natron
Ramesside glass are all present, therefore corresponding with the known Egyptian activity at

Serabit.

Keywords: Glass; New Kingdom; Ramesside; Late Bronze Age; Serabit el-Khadim; Sinai; LA-
ICP-MS; Composition

5.2 Introduction

Serabit el-Khadim, or Serabit, is an ancient mining development located approximately 7km
east of the modern port of Abu Zenima, halfway down the western coast of the Sinai Peninsula.
Due to the inhospitable environment, ancient Sinai was regarded as little more than a land
bridge connecting Egypt and the Levant until the discovery of turquoise in the early dynastic
period (c. 3150 BCE) (Mumford, 1999, p722). Strongly associated with ancient Egyptian
jewellery, turquoise is a relatively rare stone and compounded with religious significance

(Aldred, 1971, p34), therefore it was a highly prized, luxury item and used extensively for
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amulets and jewellery (Aston, Harrell and Shaw, 2000, p62). Despite the extraction of turquoise
being exceedingly labour-intensive (Aldred, 1971, p128), the ancient Egyptian market was
particularly lucrative, and private Egyptian workers, military forces and ranking officials were
dispatched to ensure the successful recovery of the stone (Redford, 1992, p79). Thus, Serabit
became what was arguably one of the most significant centres of Egyptian enterprise in the

Sinai-peninsula (Wilkinson, 2017, p239).

In the early 12" Dynasty (c. 1985 BCE), a temple dedicated to the Goddess Hathor, also named
“the Mistress of Turquoise” and the “Lady of Malachite” was constructed; Hathor was the deity
responsible for foreign expeditions and was believed to be the patron goddess of turquoise
miners (Giveon, 1978, p54-62). Serabit was also a popular pilgrimage site with many gifts and
offerings being placed at the temple as tribute, making evident the ancient Egyptian belief that
mining expeditions would only be successful if the proper religious respects were paid (New,
1932; Mumford, 2006; Caelen, 2013). The temple itself contains numerous inscriptions
denoting the increasing number of turquoise mining expeditions undertaken from the reign of
Amenemhat I (1985-1956 BCE), the first king of the 12" Dynasty, to Amenemhat IV (1786-
1777 BCE). Mining activities ceased at the end of the 12" Dynasty (c. 1785 BCE) following
the immigration of the Canaanites and invasion of the Hyksos (Barrois, 1932; Grimal, 1992,
p391), and only resumed when political stability returned following the formation of the New
Kingdom (Mumford, 1999, p724). After 12 years of peace under Amenhotep I (1525-1504
BCE), mining was re-established along with the tradition of monument building; repairs,
extensions and embellishments were made to the temple between the reigns of Hatshepsut
(1473-1458 BCE) and Amenhotep III (1390-1352 BCE) (Mumford, 1999a, p725; Wilkinson,
2017, p239). It is from the mid-18" Dynasty (c. 1550 BCE) that glass vessels and objects were
included as part of the temple offerings. Strictly administered and regulated by the Egyptian
royal court, glass became one of the highest symbols of elite status in the New Kingdom
(Shortland, Nicholson and Jackson, 2001, p153), therefore the presence of glass core formed
vessels at the temple demonstrates the high value of offerings made to Hathor and confirms the

importance of turquoise mining activities at Serabit.

According to the temple inscriptions, 71 votive offerings were placed at Serabit between the
reigns of Tuthmosis III and Ay (1327-1323 BCE) (Mumford, 2006) and an estimated 329
votives were placed between the reigns of Rameses 1 (1295-1294 BCE) and Tawosret (1188-
1186 BCE), with 66 votives offered during the Iron Age (IA) reigns of Sethnakht (1186-1184
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BCE) onwards (Mumford, 2006). Further building work, offerings and inscriptions were made
between the reigns of Rameses IV (1153-1147 BCE) and Rameses VI (1143-1136 BCE), which
were the last recorded activities, with the mines subsequently being abandoned, corresponding
with the collapse of the Late Bronze Age (LBA) (Eckenstein, 1921, p63). Periods of mining
activity at Serabit and political and social stability in Egypt and the Near East are therefore
analogous, indicating that even highly profitable endeavours were abandoned during times of

political crisis (Giveon, 1978, p51).

5.3 The Excavation at Serabit

The temple at Serabit was re-discovered in 1762 by Carsten Niebuhr and revisited by several
scholars, whose work was largely limited to making copies of inscriptions (Eckenstein, 1921,
p17). The first extensive excavation was undertaken by Petrie in the winter of 1905-6, which
resulted in the first complete plan of the temple with over 300 photographs taken of the site
(Petrie, 1904).

According to Petrie’s excavation notes, the temple offerings were mainly of “glazed ware”,
such as vases, bowls and cups, as well as other offerings such as menats, bracelets, sistra and
wands. The damage to the offerings was so extensive that no item was observed intact, with
the remains forming a layer on the temple floor “two or three inches thick” (Petrie, 1906, p138).
After attempting some reconstruction work, Petrie concluded that a large portion of the
fragments were missing, likely scattered outside the temple and left to disintegrate in the severe

atmospheric conditions (Petrie, 1906, p122, p139).

5.4 Samples

The Serabit expedition finds were divided between several museums, including the Cairo
Museum, the British Museum, London, and the Ashmolean Museum, Oxford (Petrie, 1906,
p123). 976 glass fragments from Serabit (Accession number E.4486) reside at the Ashmolean
Museum (Simpson, 1990). Most fragments are on average between 1 to 4 centimetres, and are
coated with a white, salt deposit or the distinctive red-brown deposit that reflects the red Nubian
sandstone geology of Serabit. Although heavily coated with deposits, some fragments that have
sustained recent breakage show good preservation. The colours are remarkably vibrant;
turquoise, light and dark blue hues, black, brown, green and white are included in the collection.

Also visible on some fragments are fine examples of feather and garland patterns applied in
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white and yellow, as well as rims created from thin, twisted coloured glass rods. Handles and

other defining features allows the inference of the vessel type, therefore it can be speculated

that pots, amphora, spherical vessels, pomegranate vessels and kratiskeros were among those

presented to the temple (Nolte, 1968), in addition to items with glass inlays.

Forty-two fragments which exhibited good preservation, glass matrix uniformity and clarity of

colour were selected for laser ablation inductively coupled plasma mass spectrometry (LA-

ICP-MS) analysis. Description of the fragments are included in Table 13. All fragments

included in the study are relatively small, therefore the pattern described per fragment cannot

be considered as descriptive of the complete object. Small samples were taken from the

fragments with a pair of wire cutters and then mounted in resin blocks and polished.

Acc. # Main  body Opaque/ Fragment description Shape and
colour Translucent approximate size
in centimetres
Vessel fragment with feather, garland or
ot arcade dragged pattern applied in two
emi
0X122 Black colours: white and  apparent 3.0x2.5
translucent . )
yellow/brown.  Transecting thicker
white band bordering the pattern.
Semi Vessel fragment with straight white
0X144 Black ) . 25x1.5
translucent band applied transecting the fragment.
Vessel fragment with straight white
0X299 Black Translucent ) ) 3.0x2.0
band applied transecting the fragment.
Vessel fragment with decorative threads
0X358 Amber/brown  Translucent  of yellow/white visible on the cross 2.5x 1.5
section. Pattern imperceptible.
Vessel fragment with garland pattern
0X420 Brown Translucent 4.0x4.0
applied in at least two different colours.
Vessel  fragment with  possible Oblong fragment
0X561 Brown Translucent
decoration applied in yellow. 20x2.5
Vessel fragment with flat
0X189 Mid Blue Translucent  arcade/garland pattern applied with 3.5x 3.0

three colour thread combination.
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0X193

0X414

0X433

0X437

0X669

0X84

0X107

0X183

0X200

0X481

Dark blue

Dark blue

Dark blue

Dark Blue

Dark blue

Dark blue

Dark blue

Dark blue

Dark blue

Black/dark
blue

Translucent

Opaque

Translucent

Translucent

Translucent

Translucent

Semi

translucent

Translucent

Translucent

Semi

translucent

Pattern appears to be applied in the
pattern form rather than using an
implement to drag over the surface,
forming the pattern.

Vessel fragment with elaborate feather
pattern applied in apparent white and
yellow threads.

Unknown object. No perceptible
pattern, prominent white thread
transecting the fragment.

Vessel fragment with possible garland
pattern applied in lighter colour.

Vessel fragment with possible garland
pattern applied in at least two different
colours. Rim made from twisted
threads.

Vessel fragment with regular white
garland/arcade pattern applied in lighter
colour.

Vessel fragment with possible feather
pattern and two white transecting
bands.

Possible vessel fragment with no
perceptible pattern.

Vessel fragment with elaborate pattern
(possibly feather) applied in at least
three colours

Vessel fragment with pattern applied
with yellow, white and light blue
threads.

Vessel fragment with white thread

present in rim section.
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Roughly
triangular

1.5x3.0

35x1.5

30x2.0

2 fragments, both
20x 1.5

Triangular
fragment

25x1.5

2.5x3.0

1.5x2.0

Triangular

3.5x2.0

Roughly
triangular
fragment approx.
3.2 x 1.7 at widest
point

Triangular
fragment

2.0x2.0
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0X501

0X70

0X103

0X127

0X195

0X198

0X235

0X429

0X442

0X472

0X482

0X488

Dark
blue/black

Light blue

Turquoise

Mid blue

Blue

Light blue

Light blue

Turquoise blue

Light blue

Turquoise blue

Blueish green

Mid blue

Semi

translucent

Translucent

Translucent

Translucent

Semi

translucent

Translucent

Semi

translucent

Translucent

Translucent

Translucent

Translucent

Translucent

Unknown object type with no
perceptible pattern.
Vessel fragment with yellow and dark

blue thread applied in a straight design.

Unknown object type with no
perceptible pattern.
Unknown object type with no

perceptible pattern. Semi translucent.
Vessel fragment with consistent, even
feather pattern applied in three (?)
colours.

Vessel fragment with apparent feather
pattern applied in yellow and white
threads, thicker white band transecting
the fragment.

Vessel fragment with possible feather
pattern applied in yellow and white
threads.

Vessel fragment with no perceptible
pattern. Rim contains merged yellow
and blue glass.

Vessel fragment with possible garland
or feather pattern applied. Rim applied
with at least two colours of twisted
glass of apparent white and dark blue.
Vessel fragment with feather pattern
applied in two other colours, one
possibly yellow.

Vessel fragment with garland pattern
applied with at least two different
colours, one being yellow. Rim applied
in solid opaque yellow.

Vessel fragment with no perceptible
pattern, rim applied in darker blue and

white twisted glass.
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Oblong fragment

3.0x2.0

1.5x2.5

30x25

20x3.5

35x2.0

Triangular
fragment

2.5x3.0

2.0x2.0

4.0x4.0

25x2.0

2.5x2.0

Triangular
fragment

20x2.0

Square

1.0x 1.0

fragment
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0X897

E.4486

E.4486.1

0X140

0X484

0Xx77

0X85

0Xo641

0X264

0X444

0X334

0X226

Light blue

Green

Green

Green

Green/blue

Black/Purple

Purple/brown

White

Yellow

Yellow

Dark red

Amber/brown

Translucent

Opaque

Semi

translucent

Opaque

Translucent

Translucent

Translucent

Opaque

Semi

translucent

Opaque

Semi

translucent

Translucent

Vessel fragment with no perceptible

pattern.

Unknown object type. Fragment is flat
with no perceptible pattern applied
Unknown object type with no
perceptible pattern.

Unknown object type with no
perceptible pattern.

Rounded fragment - "leaf" from a
pomegranate vessel? Yellow rim

applied to the edge of rounded section.

Vessel fragment with pattern applied in

at least two different coloured threads.
Unknown object type with no
perceptible pattern.

Vessel fragment with dark blue/black
band visible under red deposit, white
prominent thread transecting fragment
Vessel fragment with no perceptible

pattern.

Vessel fragment with no perceptible
pattern. Rim applied in white and
black/dark brown coloured glass.
Unknown object type with no
perceptible pattern.

Vessel fragment with undetermined
pattern applied in two lighter colours,

possible yellow and white.

Square

1.7x1.5

fragment

Irregular  shaped
fragment
25x2.0
Irregular  shaped
fragment

2.5x2.0
1.5x2.0

Rounded
fragment

20x 1.5

3.0x2.0

6.0x3.0

Oblong fragment
32x1.7

Roughly
triangular
fragment

3.0 x 1.7 at widest

point

25x2.5

20x2.0

3.0x20

Table 13: Description of glass fragments from Serabit selected for analysis by LA-ICP-MS.
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5.5 Methodology

The analyses were carried out with an Agilent 8900 triple quadrupole ICP-MS coupled with an
ESI New Wave Research NWR 193 ArF excimer laser. The operating conditions for the laser
ablation system were set at 7J/cm? with a frequency of 15Hz and a spot size of 70 pm. The
ICP-MS was operated with a RF power set at 1380W, a plasma gas flow of 15 L min"! and an
auxiliary gas flow of 0.90 L min!. Helium was used as carrier gas (800 mL min~!) in single
MS mode with no cell gas. The ICP-MS was tuned before each session on the glass SRM
NIST612 to achieve high sensitivity and stability (RSD <5%). The plasma condition was
monitored with U/Th ratio (0.9—1.1) and ThO/Th ratio was used to assess a low oxide level
(ThO/Th <0.01). The ICP-MS was setup in full-quant mode for the acquisition of 42 masses.
Gas blanks were recorded during the 15 sec warm-up time and 15 sec washout time. Each
sample was analysed in triplicate with 60 sec of ablation per spot. The first 20 sec of ablation
were considered as pre-ablation and were not used in the calculation of the concentration.
Quantitative data were obtained using the calibration protocol described by Van Elteren et al.
(Van Elteren, Tennent and Selih, 2009) using linear combination of a set of four glass SRMs as
external standards (NIST 612, NIST 610, Corning B and Corning D) and SiO> as the internal
standard. The full set of SRMs used as external standards were regularly measured in the
batches and the results were comparable to the accepted values (E P Vicenzi et al., 2002;

Jochum et al., 2011; Wagner et al., 2012).

5.6 Results

The glasses contain between 16.0% and 22.8% NaxO ((Next page) Table 14) therefore represent
the expected values for un-weathered Egyptian LBA glass. All samples contain an average of
4.2% MgO and 1.7% K70, thus compare with standard Egyptian LBA plant ash glasses
produced in the 18™ Dynasty (Sayre and Smith, 1961a; Lilyquist et al., 1993; Shortland and
Eremin, 2006) The exception is the Co+Cu blue glass from fragment OX641 which is discussed

separately.

(Next page) Table 14: Average results for the LA-ICP-MS analyses showing major and minor elements
of the samples from Serabit (%).

(From page 143) Table 15: Average results for the LA-ICP-MS trace elements analyses of the samples
from Serabit (ppm).
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Major and minor elements [wt %]

High Magnesia High Potash

As. Number Colour group Translucent/ .

Opaque Na:0 MgO ALO3 SiO2 P20s K0 CaO MnO Fe203 CoO CuO Sb203 PbO
0X122 Black Opaque 16.01 4.64 0.73 67.89 0.11 1.31 7.47 0.02 0.43 0.00 0.01 0.00 0.00
0X144 Black Opaque 17.75 4.93 0.66 61.72 0.10 1.89 8.11 0.02 0.67 0.00 0.12 0.38 2.42
0X299 Black Semi-translucent 18.47 4.65 0.76 62.75 0.13 1.76 9.40 0.02 0.43 0.00 0.00 0.00 0.00
Black average 17.41 4.74 0.72 64.12 0.11 1.65 8.33 0.02 0.51 0.00 0.04 0.13 0.81
0X358 Brown Opaque 17.80 4.09 0.65 64.21 0.15 1.61 6.52 0.03 0.45 0.00 1.84 0.15 0.92
0X420 Brown Opaque 18.34 3.50 0.41 64.99 0.16 1.53 5.81 0.02 0.28 0.00 2.02 0.19 0.88
0X561 Brown Translucent 18.15 5.33 0.44 63.56 0.16 2.06 6.94 0.03 0.37 0.00 0.87 0.05 0.53
Brown average 18.10 4.30 0.50 64.25 0.16 1.73 6.42 0.02 0.37 0.00 1.58 0.13 0.78
0X189 Co blue Translucent 20.79 5.33 3.17 59.25 0.11 0.98 7.99 0.21 0.44 0.07 0.02 0.03 0.00
0X193 Co blue Translucent 18.77 3.50 1.10 65.90 0.10 0.93 7.08 0.08 0.52 0.13 0.03 0.01 0.01
0X414 Co blue Opaque 19.66 3.36 2.12 62.33 0.18 1.20 8.22 0.18 0.33 0.18 0.01 0.29 0.00
0X433 Co blue Translucent 20.66 4.94 2.25 58.74 0.09 0.84 9.73 0.11 0.47 0.10 0.01 0.07 0.00
0X437 Co blue Translucent 20.35 5.41 3.01 59.88 0.12 0.93 7.74 0.16 0.50 0.08 0.02 0.00 0.00
0X669 Co blue Translucent 20.30 5.10 2.96 60.19 0.13 0.99 7.85 0.15 0.47 0.07 0.02 0.00 0.00
Co Blue average 20.09 4.61 2.43 61.05 0.12 0.98 8.10 0.15 0.45 0.10 0.02 0.07 0.00
0X84 Co+Cu blue Translucent 20.13 3.57 1.54 64.62 0.09 0.60 6.06 0.18 0.71 0.10 0.35 0.09 0.03
0X107 Co+Cu blue Opaque 20.67 3.98 1.37 63.29 0.15 1.21 6.25 0.09 0.43 0.19 0.15 0.28 0.00
0X183 Co+Cu blue Translucent 19.27 4.64 1.56 61.05 0.16 1.51 8.26 0.11 0.49 0.06 0.97 0.07 0.00
0X200 Co+Cu blue Translucent 22.27 3.51 2.95 61.04 0.09 0.90 6.24 0.20 0.52 0.10 0.22 0.00 0.00
0X4381 Co+Cu blue Opaque 19.05 3.80 1.33 66.23 0.15 1.12 5.61 0.08 0.40 0.16 0.13 0.25 0.00
0X501 Co+Cu blue Opaque 21.67 3.90 1.39 58.89 0.15 1.07 8.79 0.14 0.90 0.07 0.18 0.50 0.16
Co+Cu blue average 20.51 3.90 1.69 62.52 0.13 1.07 6.87 0.13 0.58 0.11 0.33 0.20 0.04
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Major and minor elements [wt %]

High Magnesia High Potash
As. Number Colour Group Translucent/ .

Opaque Na:0 MgO ALO3 SiO2 P20s K0 CaO MnO Fe203 CoO CuO Sb203 PbO
0X70 Cu blue Translucent 16.69 3.98 0.83 67.27 0.17 1.46 7.29 0.02 0.46 0.00 0.45 0.02 0.05
0X103 Cu blue Translucent 18.35 4.28 0.37 62.97 0.16 2.27 9.16 0.01 0.22 0.00 0.49 0.04 0.28
0X127 Cu blue Translucent 18.58 3.44 0.55 64.88 0.16 1.74 7.57 0.02 0.33 0.00 0.97 0.01 0.00
0X195 Cu blue Opaque 19.31 3.23 0.35 64.37 0.23 2.52 6.21 0.02 0.28 0.00 0.42 1.28 0.00
0X198 Cu blue Semi-translucent 18.15 4.28 0.83 63.95 0.17 1.51 7.59 0.02 0.46 0.00 1.05 0.26 0.01
0X235 Cu blue Translucent 18.09 4.49 0.53 66.08 0.21 1.41 6.57 0.02 0.33 0.00 0.71 0.02 0.00
0X429 Cu blue Translucent 18.69 4.80 0.73 62.77 0.21 2.44 7.75 0.02 0.41 0.00 0.76 0.00 0.00
0X442 Cu blue Opaque 22.81 3.33 0.36 60.72 0.22 2.57 6.80 0.02 0.31 0.00 0.58 0.44 0.00
0X472 Cu blue Opaque 19.44 4.46 0.63 61.17 0.18 1.87 8.18 0.02 0.39 0.00 1.24 0.60 0.02
0X482 Cu blue Translucent 16.69 3.66 0.78 67.58 0.15 1.22 741 0.02 0.48 0.00 0.38 0.07 0.14
0X488 Cu blue translucent 20.48 4.16 0.51 63.00 0.18 1.76 6.32 0.03 0.31 0.01 1.65 0.02 0.00
0X897 Cu blue Translucent 18.05 4.42 1.10 65.83 0.19 1.45 6.48 0.02 0.33 0.00 0.69 0.02 0.00
Cu blue average 18.78 4.04 0.63 64.22 0.19 1.85 7.28 0.02 0.36 0.00 0.78 0.23 0.04
E.4486 Green Opaque 18.54 4.72 0.39 61.34 0.20 242 9.07 0.01 0.28 0.00 0.01 0.16 1.46
E.4486.1 Green Semi-translucent 20.01 3.88 0.49 65.32 0.16 1.87 6.22 0.02 0.32 0.00 0.01 0.00 0.00
0X140 Green Semi-translucent 18.82 4.87 0.47 63.20 0.11 1.65 8.97 0.02 0.28 0.00 0.01 0.00 0.00
0X484 Green Opaque 17.22 4.33 0.48 61.41 0.15 2.07 9.20 0.02 0.42 0.00 0.01 0.50 2.81
Green average 18.65 4.45 0.46 62.82 0.16 2.00 8.37 0.02 0.33 0.00 0.01 0.16 1.07
oxX77 Purple Translucent 18.28 3.65 0.57 65.04 0.20 2.26 6.98 0.75 0.71 0.00 0.05 0.00 0.00
0X85 Purple Translucent 19.69 3.79 0.58 63.08 0.18 1.94 8.50 0.27 0.34 0.00 0.01 0.00 0.00
0X444 Purple Translucent 19.43 3.39 0.80 63.90 0.17 1.83 7.58 0.21 0.80 0.09 0.00 0.00 0.00
Purple average 19.13 3.61 0.65 64.01 0.18 2.01 7.69 0.41 0.62 0.03 0.02 0.00 0.00
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0X122 White Opaque 18.43 4.01 0.48 64.60 0.21 2.34 6.70 0.03 0.28 0.00 0.18 0.85 0.01
0X641 White Opaque 21.75 3.35 0.54 61.49 0.17 1.71 6.27 0.02 0.31 0.00 0.16 2.26 0.00
White Average 20.09 3.68 0.51 63.05 0.19 2.02 6.48 0.02 0.30 0.00 0.17 1.56 0.01
0X264 Yellow Opaque 19.71 4.79 0.40 59.00 0.22 2.47 9.56 0.01 0.29 0.00 0.09 0.20 1.51
0X444 Yellow Opaque 17.07 4.65 0.65 56.34 0.10 1.76 7.75 0.02 1.31 0.00 0.10 1.40 7.36
0X561 Yellow Opaque 18.04 4.40 0.49 58.99 0.16 2.05 9.32 0.02 0.46 0.00 0.08 0.72 3.35
Yellow average 18.27 4.61 0.51 58.11 0.16 2.09 8.88 0.02 0.69 0.00 0.09 0.77 4.07
0X334 Red Opaque 20.55 3.79 0.41 63.91 0.24 2.20 5.45 0.02 0.26 0.00 1.20 0.14 0.01
0X226 Amber Translucent 19.91 4.23 0.38 64.74 0.26 2.80 5.43 0.03 0.25 0.00 0.01 0.00 0.00
Low Magnesia Low Potash

0X641 Co+Cu blue Opaque 21.80 0.49 1.00 64.94 0.03 0.91 2.69 0.01 0.69 0.08 1.33 1.08 2.76
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Trace elements (ppm)

High Magnesia High Potash

gzmber gC:;z:r B’;‘:;L‘;“e“” Li Be B Ti v Cr Mn Fe Co Ni Cu Zn As Rb Sr Zr Nb  Ag Sn Sb Cs  Ba La  Ce Au  Pb Th U
0X122 Black Opaque 5.9 0.1 sa | 47 | 75 53 | 186 3012 | 67 7.6 464 108 | 13 73 670 25 |15 | o1 22 26.1 02 | 495 32 | 61 00 | 134 0.6 0.2
0X144 Black Opaque 52 02 65 338 | 67 53 | 148 4665 | 1.9 47 926 151 | 85 8.1 710 292 |13 | 6.1 7.4 3174 0.1 | 377 23 | 47 0.0 | 20991 | 06 0.2
0X299 Black tsrzzfl'ucem 49 0.1 70 | 446 | 83 66 | 170 3010 | 1.9 41 248 126 | 12 8.8 1075 | 384 | 1.6 | 04 0.6 21.0 02 | 392 29 | 57 00 | 27 0.7 03
Black average 53 0.2 63 | 403 | 75 58 | 168 3562 | 35 5.4 332 18 | 37 8.0 819 300 | 14 | 22 34 1074 02 | 421 28 | 55 0.0 | 7002 0.6 0.3
0X358 Brown Opaque 6.8 0.1 88 372 | 66 58 | 215 3165 | 109 | 13.6 | 14727 | 248 | 268 | 69 507 333 | 12 | 41 746 1211 0.1 | 424 24 | 46 0.7 | 7927 0.5 03
0X420 Brown Opaque 4.1 0.1 72 | 240 | 50 49 | 128 1946 | 2.9 9.7 16155 | 223 404 | 72 524 270 | 08 | 45 1517 | 1574 0.1 | 485 18 | 34 3.7 | 7648 04 03
0X561 Brown Translucent 7.2 0.1 74 | 237 | 55 39 | 231 2571 | 3.9 6.8 6972 758 378 | 66 593 168 | 1.0 | 1.6 343 423 0.1 | 379 23 | 44 04 | 4599 0.4 0.2
Brown average 6.0 0.1 78 | 283 | 57 49 | 191 2561 | 5.9 100 | 12618 | 335 350 | 6.9 541 257 | 10 | 34 869 1070 01 | 429 21 | 42 1.6 | 6725 0.5 0.2
0X189 Co blue Translucent 9.1 2.6 84 328 | 62 41 | 1607 | 3059 | 562 369 141 698 23 5.0 703 321 |12 | 00 6.4 217 0.1 | 294 30 | 82 00 | 69 419 | 419
0X193 Co blue Translucent 7.0 0.8 148 | 43¢ | 74 44 | 646 3614 | 1060 | 1260 | 250 279 23 39 | 495 380 | 13 | o1 157 | 85.5 0.0 | 326 25 | 53 0.0 | 479 0.4 0.2
OX414 Co blue Opaque 5.6 0.6 106 | 311 | 49 32 | 1398 | 2201 | 1391 | 820 52.4 1600 | 6.0 6.0 1328 | 293 | 1.0 | o1 1.4 2463 0.1 | 311 22 | 61 0.0 | 192 0.4 0.2
0X433 Co blue Translucent 10.3 22 133 | 457 | 7.6 7.1 | 861 3262 | 787 877 89.6 462 3.1 5.2 1084 | 585 | 16 | 02 5.9 558 0.1 | 450 33 | 75 0.0 | 106 0.6 03
0X437 Co blue Translucent 9.6 1.7 132 | 407 | 71 37 | 1274 | 3473 | 638 423 648 762 25 47 725 379 | 14 | o1 7.4 8.4 0.1 | 333 36 | 95 00 | 52 L1 0.7
0X669 Co blue Translucent 9.9 15 128 | 377 | 69 41 | 1158 | 3286 | 515 310 128 547 22 4.9 736 389 | 14 | 01 43 9.2 0.0 | 342 34 | 83 00 | 52 0.7 03
Co Blue average 8.6 1.6 122 | 386 | 6.7 44 | 157 | 3164 | 826 677 218 725 3.1 4.9 845 390 | 13 | 01 6.9 557 0.0 | 343 30 | 75 0.0 | 158 7.5 7.3
0X84 Co+Cublue | Translucent 10.9 0.9 134 | 678 | 113 | 80 | 1383 | 4967 | 788 634 2776 250 100 | 47 | 418 491 | 24 | 03 209 714 0.1 | 494 49 | 100 | 01 | 299 1.1 0.7
0X107 CotCublue | Opaque 8.4 04 120 | 473 | 84 65 | 704 3015 | 1476 | 1331 | 1209 358 1.1 | 59 517 468 | 16 | 03 684 | 2346 0.1 | 403 32 | 66 02 | 290 04 0.9
0X183 CotCublue | Transhucent 7.1 05 98 | 476 | 87 6.1 | 857 3405 | 482 259 7748 664 307 | 94 807 385 | 18 | 11 789 552 02 | 425 35 | 77 02 | 431 0.8 04
0X200 CotCublue | Transhucent 9.9 1.8 132 | 4714 | 72 58 | 1547 | 3644 | 781 570 1742 821 5.6 53 701 460 | 15 | 03 100 16.9 0.1 | 40.1 31 | 74 02 | 134 0.7 03
0X481 Co+Cublue | Opaque 6.2 0.4 123 | 452 | 69 54 | 646 2822 | 1256 | 1186 | 1061 291 8.6 49 | 427 392 | 14 | 02 509 | 2122 0.1 | 365 27 | 54 02 | 268 0.6 03
0X501 Co+Cublue | Opaque 10.6 0.7 73 sgs | 124 | 99 | 1087 | 6292 | 527 343 1474 21 175 | 4.1 757 396 | 1.7 | 04 186 4175 0.1 | 462 32 | 7.0 03 | 1427 1.1 0.8
Co+Cu blue average 8.9 0.8 ma | 523 | 91 69 | 1037 | 4024 | 885 721 2668 434 139 | 57 604 432 | 17 | 04 235 1654 01 | 425 34 | 713 02 | 306 0.8 0.5
High Magnesia High Potash

ﬁf.'m ber gz)’z:’ g:::l']‘(‘ece“" Li Be B Ti v cr | Mn Fe Co Ni Cu Zn As Rb | Sr zr Nb | Ag | Sn Sb Cs | Ba La | Ce Au | Pb Th u
0X70 Cu blue Translucent 53 | 02 75 480 | 82 65 | 164 3241 | 57 7.0 3591 204 | 132 | 70 | 419 306 | 1.6 | 03 179 208 0.1 | 417 32 | 62 0.1 | 413 0.7 03
0X103 Cu blue Translucent 63 | o1 83 198 | 3.9 27 | 82 1507 | 22 3.6 3896 149 7.5 6.5 1092 | 179 | 07 | 06 201 301 0.1 | 259 14 | 26 04 | 2442 03 0.1
0X127 Cu blue Translucent 58 | o1 78 335 | 65 3.0 | 135 2340 | 36 7.0 7747 138 | 224 | 74 569 299 | 1.1 | 06 536 91.7 0.1 | 29.1 21 | 42 05 | 247 0.5 0.2
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0X195 Cu blue Opaque 6.2 0.1 87 194 5.5 3.7 193 1974 4.0 4.3 3352 522 30.2 6.6 552 12.9 0.7 1.4 104 10715 0.1 44.9 1.8 3.4 0.1 28.3 0.3 0.6
0X198 Cu blue tsrze:::sil-ucem 73 0.0 62 452 8.7 53 186 3223 7.9 10.7 8363 24.1 32.6 8.0 630 30.3 1.6 0.4 330 2188 0.1 43.0 33 6.4 0.2 45.8 0.7 0.3
0X235 Cu blue Translucent 4.7 0.1 79 278 5.7 4.0 177 2297 3.6 5.9 5641 13.2 19.4 5.5 532 15.5 1.0 0.3 330 184 0.1 28.9 2.1 4.2 0.1 38.3 0.4 0.2
0X429 Cu blue Translucent 6.3 0.1 72 459 7.6 5.4 173 2899 2.4 5.7 6089 17.6 18.8 8.5 920 41.0 1.5 0.9 414 5.5 0.1 38.4 2.7 5.3 0.9 16.7 0.6 0.3
0X442 Cu blue Opaque 6.7 0.1 64 189 6.3 3.6 146 2141 1.8 3.1 4658 41.6 23.1 7.1 602 14.9 0.7 0.7 160 3640 0.1 42.8 2.0 3.8 0.1 16.2 0.4 0.9
0X472 Cu blue Opaque 7.9 0.1 73 379 7.6 4.8 177 2700 6.7 8.9 9879 21.2 63.2 6.5 737 30.4 1.3 0.7 366 5016 0.1 38.7 2.7 53 0.2 132 0.6 0.3
0X482 Cu blue Translucent 4.1 0.2 84 485 8.1 6.5 168 3340 20.9 18.2 3049 21.1 8.8 4.4 667 26.0 1.3 0.4 269 548 0.1 44.8 2.7 5.4 0.1 1181 0.6 0.3
0X488 Cu blue translucent 5.2 0.1 71 302 5.7 34 225 2159 57.4 48.1 13206 61.6 32.5 5.9 497 16.0 1.0 1.0 913 179 0.1 33.8 1.9 3.7 0.3 26.0 0.4 0.2
0X897 Cu blue Translucent 4.2 0.1 77 272 5.5 3.9 177 2282 3.6 5.6 5527 13.0 18.7 5.6 514 14.8 0.9 0.4 322 205 0.1 28.4 2.0 4.0 0.1 40.5 0.4 0.2
Cu blue average 5.8 0.1 76 335 6.6 4.4 167 2509 10.0 10.7 6250 37.4 24.2 6.6 649 23.4 1.1 0.6 344 1940 0.1 36.7 2.3 4.5 0.3 367 0.5 0.3
E.4486 Green Opaque 5.7 0.1 75 219 43 33 106 1980 1.4 2.5 58.1 710 2.6 11.0 1314 24.3 0.8 0.3 1.4 1322 0.1 72.4 1.7 33 0.0 12641 0.4 0.2
E.4486.1 Green tsrfl;‘sil-ucent 4.2 0.1 72 292 5.7 4.6 158 2243 1.6 32 438 12.4 1.0 8.3 535 21.2 1.0 0.1 1.1 13.0 0.1 29.4 1.7 33 0.0 24 0.4 0.2
0X140 Green tsr:?sil-ucem 6.5 0.1 62 270 52 52 128 1948 2.1 33 98.2 19.8 1.2 33.1 1232 28.7 1.0 0.1 2.1 7.2 0.6 24.0 1.9 3.9 0.0 12.7 0.4 0.2
0X484 Green Opaque 5.5 0.1 69 288 5.5 4.8 125 2966 1.8 3.5 54.2 1067 4.5 9.6 1397 360.0 1.0 0.5 2.9 4155 0.1 89.7 2.1 4.2 0.0 24358 0.5 0.4
Green average 5.5 0.1 70 267 5.2 4.5 129 2284 1.7 3.1 63.6 452 23 15.5 1120 27.6 1.0 0.3 1.9 1374 0.2 53.9 1.8 3.7 0.0 9254 0.4 0.2
0X77 Purple Translucent 9.1 1.0 65 341 8.9 4.3 5795 4948 9.7 12.3 386 157 3.6 8.5 552 23.5 1.3 0.4 11.3 33.7 0.1 50.4 3.0 5.8 0.0 26.9 0.6 0.6
0X85 Purple Translucent 6.2 0.1 58 384 7.8 5.8 2080 2389 2.2 3.3 51.6 229 1.7 8.2 897 37.2 1.3 0.1 3.1 0.9 0.1 57.1 2.3 4.5 0.0 4.2 0.5 0.3
0X444 Purple Translucent 6.3 0.4 84 491 8.0 7.1 1651 5606 717 281 30.8 132 1.1 5.9 787 29.7 1.5 0.0 1.4 11.7 0.1 45.8 2.6 6.2 0.0 8.8 0.7 0.3
Purple average 7.2 0.5 69 405 8.2 5.7 3175 4314 243 99 156 104 2.1 7.5 746 30.1 1.3 0.2 5.2 15.4 0.1 51.1 2.7 5.5 0.0 13.3 0.6 0.4
0X122 White Opaque 8.6 0.1 100 315 5.4 33 205 1981 1.4 2.6 1401 12.6 23.3 4.9 576 21.8 0.9 0.1 1977 7137 0.1 37.3 1.9 3.6 0.0 63.4 0.4 0.2
0X641 White Opaque 4.5 0.1 71 335 6.7 3.3 169 2173 1.9 2.9 1304 15.1 30.5 4.9 555 13.3 1.0 0.3 1.2 18899 0.1 30.2 1.9 3.7 0.3 27.1 0.5 0.4
White Average 6.6 0.1 86 325 6.1 3.3 187 2077 1.6 2.7 1353 13.9 26.9 4.9 565 17.5 1.0 0.2 989 13018 0.1 33.8 1.9 3.7 0.2 45.2 0.4 0.3
0X264 Yellow Opaque 6.1 0.1 74 237 4.6 3.6 108 2058 1.4 2.7 700 914 3.0 10.9 1371 24.6 0.8 0.4 12.5 1672 0.1 72.0 1.8 35 0.0 13053 0.4 0.2
0X444 Yellow Opaque 53 0.4 59 341 6.8 5.4 146 9148 2.0 4.7 827 23.5 23.2 7.4 687 273 1.2 11.3 1.6 11654 0.1 38.4 2.3 4.5 0.0 63781 0.6 0.3
0X561 Yellow Opaque 5.7 0.1 67 295 5.6 5.3 127 3247 1.8 3.7 669 1426 5.8 9.4 1542 36.5 1.0 0.6 3.0 6037 0.1 107.7 2.2 4.2 0.0 29053 0.7 0.4
Yellow average 5.7 0.2 67 291 5.7 4.7 127 4818 1.7 3.7 732 788 10.7 9.2 1200 29.4 1.0 4.1 5.7 6454 0.1 72.7 2.1 4.1 0.0 35295 0.6 0.3
0X334 Red Opaque 53 0.1 85 263 5.6 4.0 167 1853 4.2 8.0 9584 17.1 41.5 6.6 424 13.1 0.8 0.9 952 1140 0.1 32.0 1.7 33 0.1 45.8 0.4 0.2
0X226 Amber Translucent 53 0.1 91 300 4.2 4.1 255 1719 0.8 1.6 41.9 9.3 0.8 3.9 391 19.1 1.0 0.0 0.4 3.2 0.1 32.5 1.8 3.4 0.0 1.1 0.4 0.1
Low Magnesia Low Potash

0X641 Co+Cu blue Opaque | 7.7 | 0.2 102 | 591 | 9.3 | 6.9 | 83 4819 | 667 | 12.0 | 10662 | 92.6 | 88.3 | 5.3 | 222 | 50.0 | 1.8 | 1.1 | 314 8998 | 0.1 | 424 | 3.0 | 6.0 | 1.6 | 23930 | 0.7 0.8
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5.7 Provenance

Shortland et al. demonstrated that by using a covariant plot of Cr/La vs 1000Zr/Ti, glasses of
Egyptian and Mesopotamian origin can be distinguished (Shortland, Rogers and Eremin,
2007). The trace elements from the Serabit study group (Table 15) were plotted against the

glasses of known Egyptian and Mesopotamian origin, showing that all Serabit glasses are of

Egyptian provenance (Figure 26).

Egyptian LBA glasses
125 e_' = Mesopotamian LBA Glasses
A Serabit Co Blue
A Serabit Co+Cu blue
m N .
| A Serabit Cu blue
105 A I Serabit green
A & B M Serabit purple
A : m B Serabit red
£ 85 ﬁ Serabit yellow
a A B Serabit black
= .
= M Serabit brown
5 ]
S A O Serabit white
~—
65 ‘D O Serabit amber
[ |
o A
[ | i =
45 = e
0 - - - -
25
0 2 4 6 8 10 12 14

Cr/La ppm

Figure 26: Covariant plot of Cr/La vs. 1000Zr/Ti comparing the glasses from Serabit. Samples are
plotted against the Egyptian and Mesopotamian glasses of known origin (Shortland, Rogers and

Eremin, 2007).

5.8 Discussion

5.8.1 Style and workshops

Vessels produced between the reigns of Amenhotep III and Akhenaten are considered to

represent the “golden era” of Ancient Egyptian glassmaking due to the fine artistry and high
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quality of production. New Kingdom vessels are typified by the amphoriskos and krateriskos
shape, created primarily in blue hues, with yellow and white threads applied in feather and
garland patterns. Ramesside vessels by comparison show a diversity in colour and shape (such
as the introduction of pomegranate and pilgrim flasks) often with no or basic patterns applied.
Ramesside glasses are notably less sophisticated, both in glass quality and artistry following

the decline of the glass industry after the end of the 18" Dynasty (c. 1295 BCE) (Nolte, 1968).

Two significant Ramesside glass workshops are known: debris from Qantir indicates that this
was a primary glassmaking site between c. 1300-1270 BCE (Pusch and Rehren, 2007, p131)
for the mass manufacture of red glass (and some cobalt glasses) in the form of ingots rather
than objects (Rehren, Pusch and Herold, 2001a; Rehren and Pusch, 2005; Rademakers, Rehren
and Pernicka, 2017). The later site of Lisht is known to have produced vessels and other items,
such as inlays, in a range of colours including Cu-blue, yellow, white, black, purple, brown and
green dated to between 1295-1070 BCE (Keller, 1983). Notably, evidence of cobalt blue glass
production at Lisht has not been confirmed, however, evidence of recycling is present at this
site (Keller, 1983; Brill, 1999b; Mass, Wypyski and Stone, 2002). Research indicates that
glasses produced at Lisht have a distinctive chemical signature, characterised by low levels of
lime, alumina and iron oxide in addition to relatively high concentrations of soda compared
with other Egyptian glasses (Smirniou, Rehren and Gratuze, 2018). Also, Lisht Cu-blue glasses
generally contain very little, if no, tin; therefore, both factors can indicate later Lisht glasses,

or be used as exclusion criteria when comparing unknown samples.

Gurob has been identified as a lesser Ramesside glassworking site (Brunton and Engelbach,
1927 Shaw, 2007) and the available analyses suggest that white, black, Cu-blue (with elevated
tin) and Co+Cu-blue glasses were worked at the site, the latter containing the “Type R” cobalt
source, used exclusively in Ramesside glasses and characterised by low Zn, elevated Ni and
lower Al compared with New Kingdom Co-glasses (Abe et al., 2012; Lankton, Pulak and
Gratuze, 2022).

5.8.2 Cobalt Blue

All six glasses in the Co blue group contain between 0.84% and 1.2% K,O with an elevated
average content of 2.43% Al>Os3, therefore comparable to standard CoO Egyptian LBA glasses,
which are well published (Shortland and Eremin, 2006; Shortland, Rogers and Eremin, 2007;

Kemp, Brownscombe and Shortland, 2021). The glasses in this group are coloured with an
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average of 0.1% CoO and exhibit elevated levels of associated elements Mn, Ni, and Zn and
with an average of 0.15%, 677ppm, and 725ppm respectively. Therefore all glasses in the
Serabit CoO group are coloured with the characteristic cobaltiferous alum used exclusively in
the Egyptian 18™ Dynasty, known as “Type A”, hence were likely manufactured between the
reigns of Tuthmosis III (1479-1425 BCE) and Akhenaten (1352-1336 BCE (Kaczmarczyk,
1986; Abe et al., 2012).

5.8.3 Co+Cu Blue

The six glasses contain between 0.06-0.19% CoO and 0.13-0.97% CuO, therefore conform to
the definition of Co+Cu glasses (Shortland and Eremin, 2006; Smirniou and Rehren, 2013).
All Serabit Co+Cu blue glasses contain an average concentration of 1.69% Al,O3 with elevated
Ni, Zn, and Mn, hence characteristic of the Type A cobalt source used exclusively in the 18
Dynasty (Kaczmarczyk, 1986; Abe et al., 2012). Therefore, all six Co+Cu glasses were likely
produced in the 18" Dynasty. In addition, several fragments from both the Co- and Co+Cu-
blue groups exhibit finely applied patterns in several colours and styles, supporting the
evidence that these were produced in the 18™ Dynasty, likely by expert craftsmen at Malkata
or Amarna (Shortland, 2012, p62).

5.8.4 Copper blue

All 12 Cu-blue glasses in this group are within known LBA Egyptian Cu-blue composition
ranges, coloured with an average of 0.78% CuO and contain associated elevated levels of Sn
of between 104ppm and 913ppm, indicative of a bronze copper source (Kaczmarczyk and
Hedges, 1983; Shortland and Eremin, 2006; Shortland, Rogers and Eremin, 2007). Cu-blue
glasses are one of the most prevalent types of glass in the Egyptian LBA and outliers of
indicative elements can make dating difficult. One dating indicator for later Cu-blue glasses is
the use of lead-rich bronze used in the Ramesside period (Rademakers, Rehren and Pernicka,
2017). However, this presents challenges as atypically high lead contents are observed in
several studies examining Egyptian Cu blue glasses which are firmly dated to the 18" Dynasty
(Shortland and Eremin, 2006; Shortland, Rogers and Eremin, 2007; Lankton, Pulak and
Gratuze, 2022).

0X195, OX198 and OX235 exhibit fine examples of feather patterns in yellow and white,
therefore are stylistically typical of 18" Dynasty vessels (Nolte, 1968). Two of the Serabit Pb-

Page 147 of 374



Page 148 of 374

rich glasses, OX70 and OX482, have basic yellow patterns applied, therefore the high lead may
be due to contaminated crucibles or represent less skilful vessels produced at a later workshop
using a lead rich bronze. Stylistic elements on the remaining fragments are either obscured by
thick surface deposits or do not have a perceivable pattern, therefore cannot be used to further

narrow the production epoch.

5.8.5 Yellow

Although variations are observed in Egyptian LBA yellow glasses, notably in the
concentrations of Sb and Pb, the three yellow glasses are comparable with published Egyptian
LBA compositions (Shortland and Eremin, 2006; Shortland, 2012; Kemp, Brownscombe and
Shortland, 2021). In the 18™ Dynasty, yellow glass is more commonly used for decorative
elements but became more common for ground colour after the Amarna period (Nolte, 1968).
0X264 and OX561 are similar in composition, but different formats; OX264 is a yellow
monochrome fragment with no distinguishable pattern whereas OX561 is a brown glass
fragment with an undetermined yellow pattern (possibly uneven feather?) applied. Only seven
yellow vessels are described in ‘Die Glassgefisse im alten Agypte’, all of which are broadly
dated to between the reigns of Tutankhamen (1336-1327 BCE) to Pinodjem II (990-969 BCE)
the latter whose reign stands at the end of the 21% Dynasty, therefore it is likely that 0X264 is

a vessel produced after the Amarna period. OX561 is described in the brown glass section.

0X444 1s a rounded, opaque, yellow core formed vessel fragment with a dark and white glass
twisted decoration. Two opaque yellow pilgrim flasks, described in Die Glassgefisse im alten
Agypten, dated between the 19" and 20" Dynasty, show strong stylistic similarities (Nolte,
1968, p75). 0X444 also contains the highest SboO3, PbO, and Fe.O3 content of the group and
exhibits significantly higher concentrations of As and Ag with significantly lower
concentrations of Zn and Sr, which indicates that the lead source may have been derived from
a by-product of silver production, litharge (Mass, Wypyski and Stone, 2002). This would
account for the higher Ag content and the low Zn content, which would be considerably
depleted during this process. The processing of litharge is a later practice, and therefore
supports the proposition that this vessel was likely produced between the 19 and 20" Dynasty
(Nolte, 1968). The purple glass from the same fragment (described in the later section) also

provides strong evidence for classification of 0X444 as a Ramesside glass.
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5.8.6 Black

The three black Serabit glasses have the highest average MgO of all the colour groups at 4.74%
and the highest AI2O3 concentration at 0.72% in the study group, excluding those glasses
containing significant cobalt. The Serabit black glasses contain very low levels of Co, Cu and
Mn and therefore reflect the colouring strategy that achieves a dark/black hue without the
apparent deliberate addition of colourants (Turner, 1956b; Sayre and Smith, 1974). OX122 and
0X299 are similar in composition and both appear closer to LBA Egyptian colourless glasses
(Shortland, Rogers and Eremin, 2007) compared with early black glasses from the reigns of
Tuthmosis I1I and Amenhotep II, that achieved black hues by colouring the glass a very deep
blue or purple using copper, cobalt, manganese or a combination of colourants (Lilyquist, Brill
and Wypyski, 1993, p36; Jackson and Nicholson, 2007, p107). Interestingly, the composition
of OX144 is comparable with green samples E.4486 and OX484, which also contain trace
levels of CuO and elevated Sb,O3; and PbO with lower concentrations of Fe»Os and ALOs,
indicating that both glasses were manufactured according to an exacting process, possibly at

the same workshop.

The Fe-black colouring strategy is identified in other black glasses from Amarna and in later
glasses from Lisht, Gurob and Timna (Brill, 1999b; Shortland and Eremin, 2006; Lankton,
Pulak and Gratuze, 2022). Therefore, the black Serabit glasses represent later Fe-black glasses,
which appear from the reign of Akhenaten. A particularly skilful feather pattern is applied to

0X122 which could indicate that this was an early Fe-black glass vessel produced at Amarna.

5.8.7 QGreen

The four Serabit green glasses fall into two distinct groups: The first group, E.4486 and OX484,
contain 0.16% and 0.5% Sb20O3, high concentrations of 1.46% and 2.81% PbO respectively,
and notably elevated zinc which suggests that they were opacified with lead antimonate (A. J.
Shortland, 2002). The second group, E.4486.1 and OX140, contain below 50ppm of Zn, Sb,03
and Pb. All four glasses contain trace CuO, therefore the green hue is likely achieved from
natural impurities in the raw materials (Schreurs and Brill, 1984; Varberg, Gratuze and Kaul,

2015).

Remarkably, SEM-WDS analysis of 15 green glasses (working debris, rods and vessel
fragments) from the LBA Egyptian sites of Malkata and Amarna (Shortland and Eremin, 2006),
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and LA-ICP-MS analysis of 10 green glasses from Amarna (Lankton, Pulak and Gratuze, 2022)
showed that all 25 samples were coloured using CuO, 24 of which were opacified using lead
antimonate. Research undertaken by Varberg et al. identified green glass rods from Amarna
that showed three distinct compositions and were of both Egyptian and Mesopotamian origin,
confirming not only the exchange of glass between the two regions, but also that both Cu and
non-Cu green colouring strategies were worked contemporaneously at Amarna (Varberg et al.,
2016). E.4486.1 and OX140 specifically are comparable with a green glass rod from the
Varberg study, 7412, which is of Egyptian provenance and exhibits similar low concentrations

of Sb, Pb, and Zn all below 50ppm with low levels of CuO (Varberg et al., 2016).

Therefore, the four green Serabit glasses are likely produced from the Amarna period onwards,
however, one of the green fragments, 0X484, has a distinctive rounded edge with a yellow rim,
likely a “leaf” from the neck of a pomegranate vessel. A green pomegranate vessel with a
yellow rim is described in Die Glassgefiisse im alten Agypten (Accession Number AF 1571,
p133, plate number XXVII) and a virtually identical vessel is currently held at the Metropolitan
Museum of Art, New York (Accession Number 44.4.52). Pomegranate vessels are broadly
dated between the reigns of Tutankhamen (1336-1327 BCE) to Pinodjem II (990-969 BCE)
(Nolte, 1968), therefore OX484 represents a later non-Cu green glass produced after the
Amarna period (Nolte, 1968).

Brown

The three brown Serabit glasses are compositionally similar and follow the same colouring
strategy, containing between 0.87% and 2.02% CuO and likely opacified using lead
antimonate. They contain the associated high levels of Sn and As at 867ppm and 33ppm
respectively, indicating a bronze Cu source was used. The Serabit brown glasses are therefore
compositionally different to brown glasses analysed in the 2006 Shortland et al. study which
include an early glass, twelve glasses from Malkata and Amarna, and two glasses from Lisht,
all of which have no deliberately added colourant (Shortland and Eremin, 2006). Brown vessels
are rare and are broadly dated from the reign of Tutankhamun to Pinodjem II (Nolte, 1968),
although some brown glasses are known from Amarna (Jackson and Nicholson, 2007a). OX561
has a yellow glass applied which appears to be a later composition from the by-product of
litharge practiced in the Ramesside period (Mass, Wypyski and Stone, 2002). Therefore, the

three Cu-brown glasses may represent a new colouring strategy at a specialist workshop.
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5.8.8 Amber

0X226 is a pale amber hue with no apparent colourant deliberately added, therefore this glass
is comparable with published amber/colourless glasses from the LBA (Shortland and Eremin,

2006; Shortland, 2012, p104). Notably, this glass falls within the Lisht compositional criteria.

5.8.9 Purple

The Serabit purple glasses show some variation between the colouring strategies, however all
three are comparable with known Egyptian LBA manganese-purple glass compositions
(Shortland and Eremin, 2006; Kemp, Brownscombe and Shortland, 2021). Both OX77 and
0X444 exhibit a visibly deeper hue than OX85, which contains 0.27% MnO with no additional
colourants added. OX77 contains 0.75% MnO, the highest concentration in the Serabit glasses,

in addition to an elevated Fe>Os concentration of 0.71%.

0X444 contains 0.21% MnO, 0.80% Fe>Os, and interestingly 0.09% CoO which likely
contributes to the darker hue. Purple glasses enhanced with cobalt and/or elevated
concentrations of Fe have been observed in the LBA, therefore OX444 exhibits a known
colouring strategy (Shortland and Eremin, 2006). 0X444 contains significantly lower alumina
than New Kingdom glasses containing cobalt and has depleted Zn with elevated Ni, therefore
comparable with the “Type R” source used during the 19'1-20™ Dynasty (Abe et al., 2012). This
date is consistent with the yellow glass from the same fragment described earlier, and therefore

can be confidently dated to the Ramesside period.

5.8.10 Red

0X334, the only red glass from the selected Serabit material, is a standard high magnesia LBA
Egyptian red glass coloured with 1.2% CuO and opacified with 0.14% Sb>Os3 with an associated
elevated concentration of Sn (952ppm), As (42ppm) but notably very low lead (46ppm). Red
is one of the rarest Egyptian LBA glasses and published compositions from the 18" Dynasty
show wide variations in base composition and colouring strategy (Lilyquist et al., 1993;
Shortland and Eremin, 2006; Pusch and Rehren, 2007; Kemp, Brownscombe and Shortland,
2021; Lankton, Pulak and Gratuze, 2022). The red glass from Serabit also falls within the Lisht

compositional criteria.
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5.8.11 White

0X122 is a standard white LBA glass opacified with antimony (Shortland and Eremin, 2006;
Kemp, Brownscombe and Shortland, 2021) and applied to a Fe-black vessel, the composition

of which indicates a later glass as discussed.

5.8.12 OX641

0X641 is a white core-formed vessel fragment, with a dark blue (possibly garland) pattern
applied. The white glass is of standard LBA composition but contains notably high soda, and
is low in lime, alumina, and iron oxide, consistent with glasses produced at Lisht (Smirniou,
Rehren and Gratuze, 2018). The blue Co+Cu decoration from the same fragment contains
0.49% MgO and 0.91% KO, therefore consistent with natron glasses produced in the IA which
are characterised by MgO and KO concentrations between 0.5-1.5% (Lilyquist et al., 1993,
p56). The blue glass contains 2.7% CaO which is significantly lower than the lime content of
the other Serabit glasses in addition to containing a high concentration of CuO with low Sn,
indicating the use of a pure copper source. The blue OX641 glass also contains 1.0% Al,O3 and
low levels of nickel, zinc and manganese, therefore compares with “Type N1 cobalt,
characterised as having “lack of nickel and depletion of zinc” with low MnO, and used in natron
glasses during the Late Period (Abe et al., 2012). Therefore, OX641 represents the first

identified example of a vessel composed of a plant ash body with a natron glass decoration.

The OX641 Co+Cu blue glass is similar in composition to those from the tomb of Nesikhons,
containing between 0.3-1.2% MgO, 0.4-0.9% K>0 and 1.3-4.8% CaO (Schlick-Nolte and
Werthmann, 2003). These glasses are considered to be among the last glass vessels produced
in Pharaonic Egypt, manufactured in the early 10™ century BCE. OX641, therefore, was the
last glass offering made to the temple in the study group and likely corresponds with the

culmination of Egyptian presence at Serabit in the 20" Dynasty.
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A summary of proposed production dates can be seen in Table 16

As.
Number Proposed production date

High Magnesia High Potash glass fragments

Black

0X122

Amarna period onwards, from the reign of Akhenaten (1352-1336 BCE) to

OX144 Rameses VI (1143-1136 BCE).

0X299

Brown

0X358

Amarna period onwards, from the reign of Akhenaten (1352-1336 BCE) to

OX420 Rameses VI (1143-1136 BCE).

0X561

Co blue

OX189

0X193

OX414 18" Dynasty, between the reigns of Tuthmosis III (1479-1425 BCE) and

Akhenaten (1352-1336 BCE).

0X433

0X437

0X669

Co+Cu blue

0X107

0X183

0X200 18" Dynasty, between the reigns of Tuthmosis III (1479-1425 BCE) and

Akhenaten (1352-1336 BCE).

0X481

0X501

0Xg4
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Cu blue

0X195
Stylistically dated to 18" Dynasty between the reigns of Tuthmosis III (1479-

0X198 1425 BCE) and Akhenaten (1352-1336 BCE) owing to the fine examples of
pattern application.

0X235

0X70 Composition potentially indicates post-Amarna production due to high lead
content and basic pattern application. From the reign of Akhenaten (1352-1336

0X482 BCE) to Rameses VI (1143-1136 BCE).

0X103

0X127

0X429

0X442 Dated to between the reigns of Tuthmosis II1 (1479-1425 BCE) and Rameses VI
(1143-1136 BCE).

0X472

0X488

0X897

Green

E.4486

E 44861 Amarna period onwards, from the reign of Akhenaten (1352-1336 BCE) to

) ) Rameses VI (1143-1136 BCE).

0X140

0X484 Pomegranate vessel produced between the reigns of Tutankhamen (1336-1327
BCE) and Rameses VI (1151-1143 BCE).

Purple

OX717 Dated to between the reigns of Tuthmosis III (1479-1425 BCE) and Rameses VI

OX85 (1143-1136 BCE).
19'1-20" Dynasty - Rameses I (1295-1294 BCE) and Rameses VI (1143-1136

0X444
BCE).

White

0X122 Amarna period onwards, from the reign of Akhenaten (1352-1336 BCE) to

Rameses VI (1143-1136 BCE).
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Yellow
0X264 . .

Amarna period onwards, from the reign of Akhenaten (1352-1336 BCE) to
0X561 Rameses VI (1143-1136 BCE).

19th-20th Dynasty - Rameses 1 (1295-1294 BCE) and Rameses VI (1143-1136
0X444 BCE).

Red

0X334 Dated to between the reigns of Tuthmosis III (1479-1425 BCE) and Rameses VI
(1143-1136 BCE).

Amber

0X226 Dated to between the reigns of Tuthmosis III (1479-1425 BCE) and Rameses VI
(1143-1136 BCE).

Low Magnesia Low Potash Co+Cu blue and white glass fragment

Likely represents one of the last glass offerings made to the temple, therefore

OX641 (later) 20™ Dynasty.

Table 16: Summary of Serabit glass production periods.

Conclusion

All glasses in the Serabit study group, excluding fragment OX641, are high magnesia plant ash
glasses of Egyptian provenance. Excluding OX641, the 12 blue glasses containing cobalt can
be confidently dated to the 18" Dynasty by the characteristic cobaltiferous alum, therefore
likely produced in the workshops of Malkata and Amarna. Fragment OX444, containing both
purple and yellow glass, can also be confidently dated to the 191-20™" Dynasty by the distinctive
Type R cobalt signature and likely use of litharge for the lead source. Unlike early compositions
of green and black glasses, the Serabit green and black glasses appear to have no deliberate
colourant added and therefore compare with later glasses made during the Amarna period and
after. The Serabit glass group exhibit differing strategies for producing ‘rarer’ ground colours,
which became more commonly used in the Ramesside period, therefore reflective of the
increase in activity at Serabit during this time. Where present, the stylistic features of vessel
types provided production period ‘milestones’ and were used in conjunction with
compositional information to narrow the dates of production; this is exemplified by the green

fragment OX484 which is likely a leaf from a pomegranate vessel.
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0X641 is a unique example of a vessel using early natron Co+Cu blue glass, coloured with the
later N1 cobalt source, to decorate a white vessel made of high magnesia plant ash glass, with
both glasses falling clearly within the Egyptian provenance range. That the Co+Cu natron blue
glass is applied to a white glass body of standard LBA plant ash glass confirms that the two

glass technologies were worked contemporaneously.

Three periods of Egyptian core-formed vessel glassmaking are therefore represented at Serabit:
18" Dynasty plant ash glass, plant ash Ramesside glass and natron Ramesside glass, which

corresponds with the known periods of Egyptian activity at Serabit.
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6 Dating and Provenance of Glass Artefacts Excavated from the

Ancient City of Tall Zira‘a, Jordan

6.1 Abstract

Fourteen glass objects recovered from excavations at the ancient city of Tall Zira'a, Jordan,
were analysed using laser ablation inductively coupled plasma mass spectrometry (LA-ICP-
MS) to determine the period and origin of manufacture. The composition of glasses
manufactured in the Late Bronze Age (LBA) and Iron Age are distinctly different, therefore
major element analysis can be used to distinguish between the groups relatively easily. The
LA-ICP-MS analysis provided quantitative trace element data which were used to determine
the provenance of those glasses identified as LBA. This research discusses the implications of
the presence of both Egyptian and Mesopotamian LBA glasses and examines the varying
compositions and colour strategies employed in both the LBA and Iron Age objects.
Specifically, glass in the LBA was considered to be one of the highest status items attainable,
playing an instrumental role in diplomatic gift-giving. When considered with the
archaeological information, the significance of these finds at Tall Zira'a indicates that this city
was a settlement of high status, not primarily a convenient trading stop on the Transjordan

route.

Keywords: Tall Zira‘a, Glass, Late Bronze Age, Iron Age, LA-ICP-MS, Egypt, Mesopotamia

6.2 Introduction

The first deliberate manufacture of glass occurs in the sixteenth century BC, although the origin
of the material is still a focus of debate; Egypt or Mesopotamia being the most likely innovator.
The conventional approach is that glass technology first developed in Mesopotamia (Barag,
1970, p131-4; Moorey, 1994, p192; Shortland ef al., 2017) and that the subsequent transfer to
Egypt could be ascribed to tribute associated with the successful military campaigns in the
Levant by the Egyptian king, Tuthmosis III (1479-1425 BC). Although there is textual and
iconographic evidence for the production, supply and transport of glass between Egypt, its
vassal Levantine states and Mesopotamia, it is very rare to find Egyptian glass in Mesopotamia
or vice versa (Walton et al., 2009). The exceptions to date are two green glass rods found in

Amarna, Egypt, which have trace element compositions consistent with Mesopotamian glass,
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and a collection of blue glass beads and a scarab recovered from a tomb in Gurob, Egypt, which
also showed compositional consistency with glasses of known Mesopotamian origin (Varberg
etal.,2016; Kemp, McDonald, A and Shortland, 2017; Kemp et al., 2019). Although ubiquitous
in modern life, glass in the Late Bronze Age (LBA) was meticulously controlled by the
Egyptian royal court (Moorey, 2001, p 4). Glass in the LBA denotated high status and had
sufficient value and importance to be a gift appropriate for the upper Egyptian elite, therefore
playing an instrumental role in the etiquette of diplomatic gift-giving and tribute (Na’aman,
2000; Shortland, Nicholson and Jackson, 2001). To date, no glass of Egyptian trace element
composition has been identified in the Levant or Mesopotamia. However, Egyptian glass has
been identified in the Uluburun shipwreck, a vessel which sank in the late 14™ Century off the
southwest Turkish coast with a large consignment of internationally sourced goods including
ebony, pottery from several states, elephant and hippopotamus tusks, copper ingots, tin ingots,
and 175 glass ingots (Pulak, 2001; Jackson and Nicholson, 2010). Glass of both Egyptian and
Mesopotamian compositions has also been identified at Tyrins, Mycenae (Walton ef al., 2009;

Smirniou and Rehren, 2013; Varberg ef al., 2016).

These observations strongly suggest that Egyptian and Mesopotamian glasses were extensively
traded outside of their production areas, and this paper attempts to identify such glasses at Tall
Zira‘a. When referring to glasses as “Mesopotamian”, it should be noted that the samples
analysed by LA-ICP-MS analysis in Shortland ef al. 2007 were excavated from the sites of
Nuzi and Tell Brak specifically, therefore the term Mesopotamia is used in this paper to
describe the collective LBA Near Eastern states that ruled the lands near the Euphrates and
Tigris, including Assyria and Babylonia (Oppenheim, 1977, p35-48). Laser Ablation
Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) provides a quantitative analysis
of geologically relevant trace elements including, most importantly, Cr, La, Ti and Zr, which
form a “compositional fingerprint” that can be used to ascertain the region of manufacture
(Shortland, Rogers and Eremin, 2007). Samples analysed from Tall Zira‘a are compared with

glasses from known centres of LBA glass production: Egypt and Mesopotamia.

When considered with the contextual and historical data of the Tall Zira“a site, the provenance
data of early glass technology is pertinent to key research questions such as exchange
mechanisms between foreign states, and relationships between proximate and distant areas of
a single state. Therefore, the provenance information can be used to investigate the connections

and diplomatic affiliations that this ancient city maintained with both Egypt and Mesopotamia
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through the LBA and IA. In addition, the presence of LBA glass would infer that Tall Zira‘a
was more than a convenient stopping point on a trading route, but an important city in its own

right which was rewarded with the one of the highest accolades in the LBA.

6.3 The Levant

The Levant became the centre of an LBA international communication system, with long-
distance trade routes playing an integral part (Pfdlzner, 2012, p770). The relationship between
LBA Levantine potentates of the ‘city-states’ and the Egyptian royal administration can be
perceived from the Amarna Letters, cuneiform tablets which contained the diplomatic
correspondences between states (Moran, 1992). From the language used in the Amarna Letters,
the Levant was considered as a subordinate vassal state and was persistently subjected to the
competing, dominating influences of the Egyptians, Mitanni and Hittites, and endured routine
military campaigns which maintained Egyptian and then other supremacy over the Levant
(Reader, 2003, p 349). However, trade and improved diplomatic relations between Egypt and
Mesopotamia provided the Levant with stability, peace and prosperity, with only minor quarrels
forming between neighbouring Levantine cities. The political landscape changed in 1350-1200
BC when the Hittites conquered northern Syria by defeating the Mitanni, thereby initiating

critical civil and political disorder.

After the battle of Qadesh in 1275 BC between the Egyptian and Hittite armies, and the
subsequent collapse of the LBA, the southern Levant endured an extended period of complex
social change during the IA; the ‘Great Powers’ of Egypt and Mesopotamia withdrew, resulting
in urban decline. The resulting power vacuum allowed the Levantine elite to re-establish their
power and assume positions of rule, subsequently allowing the city-states to assert their
independence and expand their international connections (Joffe, 2002). Some central Levantine
cities also continued in a contracted state but were quickly reoccupied by the Philistines,
Teukrians and incumbent tribal factions that joined to form the states of Israel (Redford, 1992,
p289, p298). The Levant accumulated independent wealth and the Egyptian nation rekindled
their interest in goods provided by the lucrative Phoenician trade, maintaining relations to

secure the supply of imported and luxury commodities (Goedicke, 1975).
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6.4 Tall Zira‘a

Tall Zira“a is located in the Wadt al-‘ Arab situated in northern Jordan approximately Skm from
the ancient Decapolis city of Gadara in modern-day Umm Q&s (fig. 1). Excavations were
carried out by the German Protestant Institute of Archaeology, Amman (GPIA), and the
Biblical Archaeological Institute in Wuppertal (BAI), University of Wuppertal. The current
excavations are supported by the Department of Antiquities of Jordan and financed by the

German Archaeological Institute (DAI).

The site is located in the middle of the Wadi al-“Arab, providing excellent living conditions
with its numerous springs, fertile soil and temperate climate (Hanbury-Tenison, 1984). The Tall
measures approximately 200m in diameter, with the highest point located 17m below sea level.
The significance of the site can be directly attributed to the artesian spring situated in the centre.
The advantageous settlement conditions meant that Tall Zira‘a was consistently occupied from
the Early Bronze Age to the Islamic period, providing the singular opportunity to examine an
unbroken comparative stratigraphy (Steuernagel, 1926; Vieweger and Héser, 2017, p16-19).
Notably, Tall Zira‘a was located on a LBA and IA trade route, which connected the Jordan
Valley with the Mediterranean coast via the Jezreel plain and Tall al-Hisn (Beth Shean) in the
west and with the Jordanian highlands in the east (Figure 27). Owing to this favourable geography
as well as to numerous finds that testify the trade between the inhabitants of Tall Zira'a with
neighbouring regions, the excavators infer that the Wadi al-*Arab was part of an important trade route

connecting Egypt with Syria and Mesopotamia (Vieweger and Héser, 2017, p14, p21-22).
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Greece

Cyprus

Figure 27: Map showing the location of Tall Zira'a in the Wadr al-‘Arab (Design after Walter,
in Vieweger and Héser, 2019, 29, fig. 1.5).

6.5 Samples and methodology

The glass objects analysed in this paper were excavated from Area I on the western slope of
the Tell. Overall, approximately 142 pieces of glass from the LBA (stratum 14, 1500/1450—
1200/1150 BC) and approximately 287 pieces from the IA period were recovered: 92 from 1A
I (stratum 13, 1200/1150-1000/980 BC) and 195 from IA IIA-C (stratum 12-10, 1000/980—
520 BC) period.

The LBA settlement (strata 16—14) consists of agglutinating domestic buildings and a casemate
wall with an attaching tower. The LBA Temple (complex D) was built on a terrace in the last
phase of the LBA period; the radiocarbon samples from the cella of the Temple indicating the
date between 1450 and 1300 BC. The discovery in this area of a scarab with the cartouche of
the Egyptian king Amenhotep III (1388—1351 BC) confirms this date (Vieweger and Hiser,
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2019, p57-59). The final LBA phase can be attributed to c. 1200-1150 BC, again according to
radiocarbon dating (Soennecken, 2017, p223).

The Temple consists of a rectangular cella (2.15m x 3.40m) with a central column for carrying
the roof, a portico, a staircase (numbered D2), a large well-paved courtyard (D4) (150m?) and
four small rooms in the east (D5-8). The solid foundations of the temple, as well as the
staircase, indicate that the building had at least two stories (Soennecken, 2017, p171-188,
p327; Vieweger and Hiser, 2017, p56). Five of the glass objects analysed were found in
deposition layers in the Temple cella and one was excavated from the courtyard area, see Table

17.

Unfortunately, many contexts around the temple area which yielded glass finds appear to be
disturbed by later building activities, and thus do not provide a precise date, for example:
contexts 4674,6343, 2726. Around 1200 BC, the LBA temple together with the entire city was
destroyed; shortly after but still during the IA I period the Temple was re-erected but changed
its outline. In the IA II period, the temple was abandoned, and residences were built directly on
the former IA I Temple using its foundation walls. The two glass finds from the IA II period
(stratum 12) were found in a deposition layer (locus 2650) of one of these domestic building

complexes, complex B (room B3) (Soennecken, 2017, p588-590).
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Sample | Find Objegt . Colour Locus | Context
number | number | description
Iron Age context
Stratum 10 (IA 1IC)
Tz Fragment of a | Opaque
15329 | 015329- spacer bead | turquoise 4674 | Deposition layer located in the area
001 above the Late Bronze Age Temple
courtyard.
2
TZ Core formed g&iwgarlf) Stratum 12 (lA ”A/B)
16753 | 016753- | vessel blue and 5410 — -
001 fragment \ Deposition  layer located in
white “Complex A”, room A3.
Stratum 12 (1A 11 A/B)
12 Fragment of a | Translucent iti
10047 010047- g L 2726 Deposition layer located west of the
001 spacer bead | turquoise large complex B; most probably
mixed with earlier layers that
belong to the LBA Temple
TZ Translucent Stratum 13 (IA 1)
Fragment of a — -
10048 | 010048- yellow/ 2728 | Round silo in complex G; domestic
round bead . -
001 brown context with storage facilities and
working areas.
TZ Core formed Translucent Stratum 13 (IA 1)
18802 | 018802- | vessel dark blue 5942 | Filling layer located in “Complex
001 fragment C” east of the paved Temple
courtyard C1.
TZ Stratum 13 (1A 1)
Irregular Translucent
16622b | 016622- 5105
fragment colourless
001
7 = ot Floor level of area B2, on the
ragment of a outside (north) of the IA | Temple.
16622a | 016622- | hemisphere Tgﬁr;f,[lucem 5105 (north) P
001 bead y
Late Bronze Age context
T7 Frigg"e?t Ofla | Stratum 14 (LBA)
10779 | 010779- | aked female | Translucent | ,,qq — :
001 figurine turquoise Deposition layer in the cella of the
pendant Temple.
Irregular
TZ fragment, \(/)vﬁizue with
10772 010772- | probably a 2777 Stratum 14 d (final LBA)
. opaque blue
001 piece of raw
centre
glass
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TZ . .
10170 010170- F_ragment of a Opaqug Deposition layer in the cella of the
001 disc pendant | turquoise Temple.
Tz Fragment of a | Translucent
10762 | 010762- g Stratum 14 d (final LBA)
bead dark blue
001
Tz Fragment of a | Opaque Deposition layer in the cella of the
10765 | 010765- . .
001 spherical bead | turquoise Temple.
TZ Trans| ‘ Stratum 14 d (final LBA)
16759 | 016759- | Irregular lump I.“;‘]”S ueent 1 s520 — _
001 Ight green Deposition layer in courtyard D4 of
the LBA Temple complex.
TZ f | Stratum 16, 15, 14 (MBA C-LBA)
19322 019322- Fragment of a | Trans l_Jcent 6416 .
001 spacer bead turquoise “Complex A”, room 4, mixed
filling layer.
TZ F falo Stratum 16 (MBA C)
19320 | 019320- | 'agment of a | Opaque 6343 - _
001 bead turquoise Deposition layer in the area of room
9 “Complex B”.

Table 17: Summary of objects excavated from Tall Zira‘a.

The 15 glass or related objects selected for LA-ICP-MS analysis were chosen primarily to
represent a range of object types and periods from the site, with the emphasis on the LBA
period. Secondly, these objects were selected as they appeared to show a good level of
preservation, the criteria of which included no obvious degradation or weathering, strong
colour and clarity. Previous experience of work by ICP-MS on glass has shown that weathered,
white, powdery glasses (which is often the norm) rarely produce interpretable results and

should be avoided.

Small samples around a few millimetres across were clipped from the 15 glass objects and
fragments with a pair of wire cutters. The samples were mounted in resin blocks and polished
flat. The samples were subjected to LA-ICP-MS analysis at the Natural History Museum,
London. The instruments used were an Agilent 7700 ICP-Q-MS mass spectrometer coupled to
an ESI NWR193 with laser type ArF excimer with an ablation spot of 50um, as detailed in the

supplementary material.

Each sample was analysed at different 12 spots, avoiding any obvious weathered areas. Rarely,
where low sodium values suggested that weathered areas were sampled, these points have been

removed to standardise the consistency of the samples and ensure the accuracy of the results.
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Corning A standard was run throughout the LA-ICP-MS analysis to check for accuracy and

drift. The results are shown in Table 18 where they are compared to established values for the

standards. The values for the major elements for Corning A were taken from Vicenzi et al.

(2002). The results show good agreement for the most elements, with the standards averaging

less 10% error on the accuracy. Elements that greatly exceed these values can be split into two

groups: elements where the standard only contains parts per billion and it is not well determined

(e.g. Au and Cs) and elements where the ICP struggles because of interferences, monoisotopic

elements and/or other factors (e.g. P).

Shortland et al. (2007) and
Vicenzi et al. (2002)

Wagner et al. (2012)

Avergge
Analyte Atomic mass Sa?lﬁgg ¢ frorﬁ éaclflzptrefg kg - Relative ézflfleep‘:li kg | Relative error
Measured Tall Zicia | 1 error 1

(n=15)
Na,O Na23 14.3 14.3 -0.1 134 6.2
MgO Mg24 2.4 2.7 -11.4 2.5 -4.7
AlLO3 Al27 0.9 1.0 -9.0 0.8 10.6
SiO Si29 67.2 66.5 1.1 67.8 -0.8
P»,0s P31 0.1 0.1 243 0.1 17.6
K,O K39 3.0 2.7 8.8 3.5 -15.6
CaO Ca43 52 5.0 2.8 4.9 4.5
MnO Mn55 1.0 0.9 10.1 1.1 -13.7
FeO Fe57 0.8 0.8 -1.0 0.9 -5.7
CoO Co59 0.2 0.2 12.2 0.2 1.3
CuO Cu65 1.2 1.0 194 1.1 9.7
Sb0;3 Sb121 1.6 1.3 18.8 1.7 -6.8
PbO Pb208 0.1 0.1 18.1 0.1 NR
Li Li7 51.3 46.0 51.0 10.3 0.5
Be Be9 0.1 0.1 NR 31.8 NR
B BI11 751 537 851 28.5 -133
Ti Ti47 4867 4226 4428 13.2 9.0
\Y V51 36.0 34.0 39.0 5.5 -8.4
Cr Cr52 21.2 18.0 21.0 14.9 0.8
Ni Ni60 186 160 181 13.8 2.5
Zn Zn66 413 410 386 0.8 6.6
As As75 30.7 25.0 NR 18.5 NR
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Rb Rb8&5 85.8 82.0 82.0 4.5 4.5
Sr Sr88 935.0 860.0 897.0 8.0 4.1
Zr 7190 38.2 40.0 37.0 -4.8 3.1
Nb Nb93 0.6 0.6 NR -6.3 NR
Ag Agl07 17.2 14.0 NR 18.4 NR
Sn Snll8 1482 1194 1357 19.4 8.4
Sb Sbi21 13109 10649 14002 18.8 -6.8
Cs Cs133 0.3 0.2 NR 26.4 NR
Ba Bal37 4651 3905 4122 16.0 11.4
La Lal39 0.3 0.3 NR -6.5 NR
Ce Cel40 0.2 0.2 NR 19.3 NR
Au Aul97 0.2 0.1 NR 41.4 NR
Bi Bi209 9.1 7.8 9.0 14.4 1.3
Th Th232 0.3 0.3 NR -6.8 NR
U U238 0.2 0.2 NR -5.8 NR

Table 18: Average results of the Corning A standard, compared with two sets of reference values
(E P Vicenzi et al., 2002; Shortland, Rogers and Eremin, 2007; Wagner et al., 2012). Oxides

values in %, elemental values in ppm.

6.6 Results

The average compositions of the major elements in Table 19 show that 14 samples were glasses,
and that they fall into three distinct compositional groups: high magnesia/high potash (HMHK),
high magnesium/low potash (HMLK) and low magnesia/low potash (LMLK). The remaining

sample (16622a) was not glass and is discussed below.
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Sample number  Na;O MgO  ALOs SiO2 P20s K:0  CaO MnO FeO CoO CuO Sb203  PbO
%

High Magnesia/High Potash

10772 15.8 3.9 0.93 58.5 0.19 3.4 9.9 0.03 0.73 0.01 1.04 5.21 0.02
10170 14.1 34 0.43 65.3 0.12 2.9 10.4 0.02 0.19 0.00 1.19 1.75 0.02
19322 17.6 3.8 0.54 66.6 0.18 4.4 5.5 0.02 0.35 0.00 0.93 0.00 0.00
10048 19.3 4.8 0.72 65.6 0.19 3.7 5.1 0.05 0.24 0.00 0.00 0.00 0.00
10079 18.2 5.0 0.66 66.8 0.11 3.0 4.7 0.03 0.29 0.00 1.13 0.00 0.00
15329 12.4 32 0.39 69.0 0.18 2.4 9.2 0.02 0.16 0.00 1.15 1.72 0.00
19320 12.4 3.1 0.38 69.1 0.18 2.3 9.2 0.02 0.16 0.00 1.16 1.78 0.00
10765 18.2 4.0 1.76 67.2 0.10 2.9 4.1 0.04 0.33 0.00 1.20 0.00 0.00
10047 17.63 5.34 0.70 65.38 0.17 348 570 0.03 0.19 0.00 1.24 0.00 0.00
Low Magnesia/Low Potash

18802 17.0 0.6 2.16 65.8 0.11 1.0 8.1 1.20 1.31 0.19 0.32 0.68 1.35
16759 16.5 0.6 233 68.7 0.23 1.0 9.0 0.58 0.51 0.00 0.01 0.29 0.02
16622b 11.83 0.94 2.25 72.65 0.06 0.56 1131 0.01 0.05 0.00 0.00 0.00 0.00
High Magnesia/Low Potash

16753 18.0 3.5 1.63 66.0 0.12 0.9 8.2 0.16 0.39 0.09 0.10 0.26 0.04
10762 20.6 2.7 2.35 64.6 0.11 1.3 6.2 0.21 0.49 0.14 0.33 0.37 0.02
Non glass

16622a 0.2 0.0 0.33 99.2 0.00 0.0 0.1 0.00 0.1 0.00 0.00 0.00 0.00

Table 19: Results of the LA-ICP-MS analyses of the major and minor elements of the Tall Zira’s samples in wt%.
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iz‘:lgler Li Be B Ti V Cr Mn Fe Co Ni Cu Zn As Rb Sr Zr Nb Ag Sn  Sb Cs Ba La Ce Au Pb Bi Th U
ppm
High Magnesia/High Potash
10772 154 02 163 352 11 18 260 5662 488 151 8309 784 4637 229 554 136 1.0 09 17.9 43516 0.65 104 24 46 0.1 209 0.1 0.6 03
10170 16.0 0.1 104 163 5 17 167 1466 4.5 35,5 9507 157 1375 105 443 59 04 39 31.7 14607 041 333 1.1 2.1 0.6 147 1.0 02 0.1
19322 19.5 0.0 125 198 6 14 166 2756 7.1 18.6 7442 244 297 153 411 7.0 0.5 1.1 3.97 9.3 037 438 14 2.8 0.4 5 0.3 03 0.1
10048 26.7 0.1 168 190 6 17 360 1863 1.2 9.2 15.0 16.0 1.18 127 501 9.6 0.7 0.1 1.81 0.2 031 378 19 3.8 0.0 5 0.0 04 02
10079 194 0.1 172 249 6 19 229 2293 194 146 9014 202 202 6.3 342 7.8 0.7 05 2.59 33 0.18 338 19 3.7 0.1 3 0.1 04 02
15329 162 0.0 95 147 4 14 119 1220 1.3 13.8 9227 151 824 184 605 6.5 04 1.1 2.44 14408 052 421 1.2 24 0.1 21 0.2 02 0.1
19320 146 0.1 95 146 4 14 118 1231 1.3 13.7 9310 147 81.7 177 601 6.4 04 1.1 248 14868 0.48 419 12 24 0.1 20 0.2 02 0.1
10765 248 04 215 271 8 10 320 2557 7.9 13.9 9628 183 19.6 187 312 121 2.0 04 3.75 6.30 031 550 29 59 0.1 9 0.3 1.2 0.6
10047 119 0.1 119 286 8 23 201 1439 4.2 16.8 9898 243 45 16.7 337 9.6 07 1.8 2.1 32.6 0.3 405 1.7 3.5 0.3 9 0.4 04 02
Low Magnesia/Low Potash
18802 5.6 0.3 146 390 17 10 9307 10197 1527 503 2575 78.6 36.4 11.6 556 348 13 124 1135 5707 0.1 255 591 106 0.11 12496 0.3 0.8 0.8
16759 4.6 0.3 183 528 20 15 4468 3928 53 10.7 417 296 99 9.6 459 456 1.8 0.09 604 2381 0.1 269 6.0 10.8 0.0 206 0.0 09 1.1
16622b 246 129 209 272 6 10 47 352 2.5 4.5 7.3 16.9 1130 149 51 247 7.8 0.1 12.9 9.2 11.8 597 8.5 11.5 0.0 41 0.5 6.8 27
High Magnesia/Low Potash
16753 8.0 1.6 149 589 8 7 1250 3050 735 695 816 2316  10.1 5.7 631 483 1.8 04 41.5 2176 0.1 64.1 3.5 8.2 0.1 362 0.1 09 0.6
10762 112 14 243 636 11 9 1655 3789 1063 710 2638 1904 27.7 7.5 511 489 1.8 0.6 38.2 3102 0.1 634 34 8.5 0.2 151 0.2 1.0 1.0
Non-Glass
16622a 0.0 0.0 67 269 4 1 1 662 0.9 0.4 1.9 5.8 0.0 0.2 8.1 40 0.9 0.0 1.8 0.9 0.0 0.7 0.0 0.2 0.0 0.84 0.0 02 0.0

Table 20: Results of the LA-ICP-MS analyses of the trace elements of the Tall Zira’s samples in ppm.
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6.7 Discussion

LBA glasses found in Egypt and Mesopotamia that date from the middle of the second
millennium typically have high soda (15-20%) and significant magnesia (2-5%) and potash (2-
4%) (Lilyquist, Brill and Wypyski, 1993, p41; Shortland and Eremin, 2006), suggesting that
they were produced using plant ash glass as the principal source of soda, perhaps from the
genera Salicornia or Salsola which are both found in Egypt and the Middle East. Later glasses
from the first millennium BC, or Iron Age (IA), used a different source, for example sodium
rich evaporite minerals which occur in the Wadi el-Natrun or the Beheira province both located
in Egypt (Turner, 1954, 1956b; Henderson, 1985). Natron glasses are characteristically low in
both magnesia and potash, with both components at levels of approximately 0.5%, and
therefore compositionally distinct from plant ash glasses (Sayre and Smith, 1974). The
elemental composition of both plant ash and natron glasses are well published and can be used
to distinguish between these glassmaking periods (Sayre and Smith, 1961; Lilyquist, Brill and
Wypyski, 1993; Brill, 1999; Henderson, 2000; Shortland and Tite, 2000).

6.8 HMHK and HMLK

The HMHK group is consistent with the typical composition of high magnesia glasses
produced in the LBA using a plant ash flux, glasses that are relatively common through Egypt,
Mesopotamia and the Greek World. These glasses are low in aluminium, indicating that a
relatively pure source of silica was used, such as ground quartz pebbles. The HMHK glasses
coloured with copper are relatively low in tin, indicating that an unalloyed source of copper
was used. This tin-free copper source is more consistent with Mesopotamian copper coloured
glasses from sites such as Nuzi and Tell Brak (Walton et al., 2012), than Egyptian copper
coloured glasses which tend to have higher tin contents, although not always (Shortland and
Eremin, 2006). Four of the copper coloured glasses contain antimony, which was used to make
opaque glasses in this period (Nicholson and Henderson, 2000, p197; Shortland and Eremin,
2006). The addition of an antimony compound creates calcium antimonate crystals in the glass
which render it opaque, and at least two different methods of achieving this are known in this
period. In Egypt, an antimony compound alone appears to be added to the glass, whereas in
Mesopotamia, both a calcium compound and an antimony compound (perhaps combined
before addition) are added. This means that whilst in Egyptian sourced glasses the lime content

of both the non-opacified and opacified glasses are very similar, in Mesopotamia, the lime
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content of antimony opacified glasses tends to be greater than that of the non-opacified glass
(A. J. Shortland, 2002; Shortland and Eremin, 2006; Shortland ef al., 2017). In the blue glasses
from this site, it can clearly be seen that the lime content of the opacified glass (averaging 9.7%
Ca0) is higher and distinct from the translucent glass (averaging 4.9% CaO). This once again
suggests that at least the four opaque blue glasses are more consistent with Mesopotamian
technology than Egyptian. The composition of 10765 is consistent with the HMHK group but

shows an elevated Al and Nb content.

The single yellow-brown glass, 100488, is the only non-blue glass in the HMHK group.
Yellow-brown glasses are relatively rare, but analyses are available from Amarna, Malkata and
Lisht (Shortland and Eremin, 2006) and from Nuzi (Kirk, 2009). These glasses range in colour
from very pale amber to deep brown due to the presence of relatively low levels of iron in
varying oxidisation conditions. The yellow-brown glass in the HMHK group is consistent with
the composition of other LBA brown glasses, containing low concentrations of iron (<0.25%

FeO) and no other colouring elements in significant concentrations.

Interestingly, two objects of the HMHK group, 15329 and 19320, both spacer-beads, exhibited
almost identical compositions for all elements. The compositions are so close that this cannot
be mere chance; indeed, the variation is so small as to fall within the range that would be
expected if the analysis was carried out on the same piece of glass. It is probable, therefore,
that the objects were made from the same glass ingot or glass batch. The contexts in which they
were found are different, however, as discussed later. The composition of the HMLK glasses,
16753 and 10762, is consistent with copper-cobalt coloured plant ash glass manufactured in
Egypt in the LBA (Shortland and Eremin, 2006). The HMLK group exhibits elevated levels of
aluminium, manganese, iron, nickel, and zinc with accompanying low levels of potassium
(>1.6% K:0), which is characteristic of Egyptian cobalt-coloured glasses, made from an
Egyptian Oasis sourced cobalt alum-based colourant (Sayre and Smith, 1961; Kaczmarczyk,
1986; Shortland and Eremin, 2006; Walton et al., 2012). The HMLK glasses were also coloured
with copper and contained elevated levels of tin, indicating that a tin bearing source of copper
was used, such as bronze. Antimony is present once again as an opacifier and at consistent

levels to copper/cobalt coloured glasses analysed previously (Shortland and Eremin, 2006).
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As mentioned above, concentrations of Cr, La, Ti and Zr can be used to discriminate between
glasses produced of Egyptian and Mesopotamian origin (Shortland et al., 2007); Egyptian
glasses have relatively low Cr and La concentrations with elevated, but varying Zr and Ti
concentrations, whereas Mesopotamian glasses have the opposite (Table 20). Figure 28 shows
the HMHK and HMLK groups plotted against data from Shortland et al. (2007). The HMHK
group shows compositional similarities with the glasses from Mesopotamia, whereas the
HMLK group showed a strong correlation with Egyptian compositions. This is consistent with
the different colouring strategies discussed above and the evidence from the major elemental
compositions. The analysis strongly suggests that the nine HMHK glasses, blue and yellow-
brown, come from Mesopotamia, whereas the two HMLK cobalt/copper coloured glasses come
from Egypt. HMHK glass 10765 exhibits the lowest concentrations of Cr with the highest
concentrations of La in the HMHK group, which are comparable with Egyptian composition,
however the Ti and Zr levels are consistent with Mesopotamian composition, however this
could be an outlier and without a larger sample group, it cannot be said that this sample

represents a Levantine glass composition.
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Figure 28: Covariant plot of 1000Zr/Ti with Cr/La of the Tall Zira’a HMHK and HMLK groups

compared with Egyptian and Mesopotamian glasses of known origin (Shortland, Rogers and Eremin,
2007).
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6.9 LMLK

The LMLK group is compositionally consistent with low magnesia glasses produced in the [A
and later using natron as an alkali flux and sand as a silica source. The LMLK group has
significantly higher levels of aluminium compared with the HMHK group, but comparable
with that of the HMLK group (where alumina is introduced with the cobalt colourant). The
cobalt-coloured glass (18802) has relatively high levels of a range of elements including cobalt,
copper, manganese, iron, lead, antimony, tin and even silver when compared to the other
HMLK glasses and such glasses in general. This trace element pattern for the cobalt used to
colour the glass has been identified before in other glasses found in Europe from the early 1A
until the end of the twelfth century (Gratuze, 2013). It is very distinct from the standard,
Egyptian Oasis sourced cobalt used in the HMLK glasses and bears compositional similarities
with the “Type N cobalt colourant defined by Abe (2012). Cobalt Type N is recognised as the
cobalt colorant that was used after the Late Period, and in distinguished by its relatively low
amounts of zinc and a deficiency of nickel. Both levels of zinc and nickel in the cobalt coloured

glass 18802 conform with this composition (Abe et al., 2012).

The pale translucent green and colourless translucent glasses appear to have no deliberate
colourant added, but in detail they are very different glasses. The translucent green glass
(16759) has significant manganese (4469 ppm Mn) and antimony (2381 ppm Sb), suggesting
that the glass may have been deliberately decolourised with these elements. The occurrence of
both Mn and Sb at intentional levels could also indicate a Roman glass composition. The
colourless translucent glass 16622b contains only a tenth of the iron (352 ppm Fe) of 16759
and only trace manganese and antimony. The zirconium content is also high in 16622b. It does,
however, contain significant arsenic at 1130 ppm As. The Rb/Sr ratio of the two colourant-free
LMLK glasses are very different, with 16759 having a ratio of 0.02 and 16622b much higher
at 2.9. 16622b was excavated from an IA context, however the composition is comparable with

late 19" Century glasses decolourised with As.

6.10 Archaeological implications

The trace elements of the nine Tall Zira‘a glasses in the HMHK group match the composition
of LBA glasses originating from Mesopotamia, whereas the two HMLK glasses analysed match
the composition of LBA glasses originating from Egypt. The pieces belonging to the HMHK
group allow good parallels to glass finds from Mesopotamia (e.g., disc pendant, spacer bead)
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and partly also from the Levant (e.g., naked female figurine pendant). The findings as well as
the analysis show that Tall Zira‘a was the recipient of glass exports from both Egypt and
Mesopotamia. The Egyptian and Mesopotamian origins of the glasses are furthermore also
reflected in other finds from the cella, for example: 24 cylinder seals which can be attributed
to the Syrian or Syro-Palestinian Style of the Mitanni glyptic (Syro-Palestine), a silver pendant
depicting a goddess with parallels in Ugarti, Tall al- "Ajjul and Megiddo, a scarab with the
cartouche of Amenhotep III, and various faience objects (scarabs, vessel fragments) which

originate from Egypt.

Only one other LBA site has been identified to contain glasses from both Egypt and
Mesopotamia: Mycenae. Beads excavated from the palatial centre of Tiryns, Greece were
analysed and identified as coming from both Egypt and Mesopotamia (Walton et al., 2009). No
other site in the Levant has yet been identified with a similar pattern, although further work
would surely indicate that this was the case. Tall Zira‘a was on a significant trading route
connecting Egypt with Mesopotamia. The trading route started in Egypt, traversed the Sinai
Peninsula, diverted north along the Mediterranean further on to Damascus to arrive at the
Euphrates in Mesopotamia. Therefore, it can be inferred that high-value items such as glass
and other materials were transported via this route and, at least partly, arrived at Tall Zira‘a as

tribute to the Temple.

Seven of the twelve glass objects identified as being LBA plant ash glass were excavated from
the LBA stratum 14 and are therefore consistent with the stratigraphy. Five were found in the
cella of the Temple or in close proximity: a fragment of a naked female figurine pendant
(10779), a disc pendant (10170) (Figure 29), a fragment of a bead (10762), a suspected piece of
raw glass (10772), and a spherical bead (10765). These pieces can also be dated according to
typological comparisons: for example, 10779 can be identified as the arm of a typically LBA
naked female figurine. The best comparable pieces comes from Tall Zira‘a itself (Schmidt
2019, 46),as well as from Tall al-Fukhar (Jensen, 2015, p331), Lachish (Tufnell, 1958, pl. 27:
3), and Tall al-Hisn (Beth Shean) (Rowe, 1940, pl. LXVIIIA: 7). In addition, a large number
of sites are known to yield naked female figurine pendants (Brill, 1970, appendix II). Due to
the thickness and rounded shape, it is credible to identify 10170 as part of disc pendant, as they
were similarly found in LBA contexts in Nuzi, where they were decorated with stars (Starr,

1939, pl. 120; Barag, 1970, fig 100, 101). In Nuzi, the star-pendants are connected with the
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cult of the goddess Ishtar, a similar function as temple dedication can also be suggested for the

piece from Tall Zira“a.

Glass beads, amulets and pendants could be purchased by those who could afford them and
were eminently tradable as objects of elevated status. Numerous glass fragments identified as
parts of disc pendants found at the site supporting the inference that smaller glass objects were

transported from Mesopotamia to Tall Zira“a.

i B

Figure 29: Fragment of a disc pendant (10170).

According to chemical analysis, four LBA glass objects were primarily classified to have been
retrieved from IA deposition layers. However, in each case it was observed by the excavators
that probable mixing of the deposition layers had occurred. The production of plant ash glass
continued into the A, however the HMHK glasses excavated from the IA contexts exhibit
characteristic LBA composition: the spacer bead fragment 15329 was found in the [A
deposition layer in close proximity to fragment 19320, which has an almost identical
composition but originates in an adjacent LBA context. The HMHK composition of 15329,
typical of a LBA glass, therefore, adds credence to the excavators’ interpretation that these
contexts were mixed during later construction works. Likewise, another fragment of a spacer
bead (10047) of LBA composition was found in IA stratum 12, again thought to be disturbed
by the digging of a later pit. The round bead 10048 of LBA plant ash composition was

excavated from an [A I stratum, however there is evidence yet again of later works on this area,
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including the conversion of the structure into a residence. The core formed vessel fragment
(16753) was located north of the former temple (IA I A) and can also be identified as being
excavated from a mixed stratum, and has a typical LBA Egyptian cobalt glass composition.

Once again, this supports the excavators’ interpretation that these contexts were mixed.

The presence of Egyptian composition LBA core formed vessels (16753) at the site also implies
that, Tall Zira‘a was connected with influential individuals, equivalent to the second rank elite
of Egypt. Although the Levant was considered as vassal, and subject to the influences of Egypt
and Mesopotamia, the presence of core formed vessels indicates that Tall Zira“a was considered

to be a LBA city of particular significance.

Object 16759, a translucent light green object described as an “irregular lump” is consistent
with [A natron glass but was excavated from the deposition layer in the courtyard of the LBA
Temple complex. However, stratum 14d is described as being a very late phase of the LBA,
therefore it can be inferred that this is an early example of IA glass at Tall Zira‘a. The natron
glass core formed vessel fragment (18802) was excavated from stratum 13 (IA I) which is
attributed to the 13-12% century BC, and therefore the composition of this glass is consistent
with the date of the phases. The translucent, colourless glass fragment (16622b) was excavated
from the north outside area of the temple also from stratum 13 (IA I) however the composition

is atypical for LMLK glass.

16622a, a yellowish, translucent hemisphere, likely quartz, and 16622b, a translucent,
colourless glass fragment, were found mixed, and in large number on a floor to the north of the
IA T temple (stratum 13) of an area identified as a possible workshop. The composition of the
translucent, colourless glass fragment 16622b is however atypical for LMLK glass. The area
was interpreted as workshop area indicated by the presence of a large number of working
stones, slags and fireplaces, but containing no vessels associated with cooking or food
preparation. The presence of these numerous glass fragments and quartz pebbles suggest that
craftsmen at Tall Zira“a may have used these quartz pebbles as raw material and incorporated
glass fragments as part of the glass working process. Further evidence for glass working at the
site comes from 10772, identified as a piece of raw glass (or part of an ingot) of plant ash
composition. This suggests that glassworking may have occurred on site from the LBA and

continued into the IA. The continued presence of glass at Tall Zira‘a during the IA suggests
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that the city was affluent enough to sustain the trade of luxury items after the collapse of the

LBA and had sufficient resources to support a craft industry encompassing vitreous materials.

6.11 Conclusion

The chronological classification of the glass finds from Tall Zira‘a shows that glass analyses
can be used as a method for dating finds. This is an additional source of information in view of
the stratigraphic contexts, which are often difficult to date, as they are often strongly mixed.
Of the 14 glass objects analysed in this study, nine plant ash glasses show a positive correlation
with the composition of LBA glasses manufactured in Mesopotamia. The remaining two plant
ash glasses are consistent with the composition of LBA Egyptian made glasses. Therefore, Tall
Zira‘a represents one of only two LBA sites which are known to have received glass objects
from both Egypt and Mesopotamia. This goes hand in hand with the archaeological findings,
both with the glass objects themselves as well as with the other finds made in the cella of the
LBA Temple. There is also some evidence of glassworking at the site, suggesting that raw glass,
possibly in the form of ingots was transported to the city. The presence of a LBA core formed
vessel with an Egyptian composition indicates and affiliation directly or indirectly with the
upper elite of Egypt. The presence of natron glass confirms that the trade of luxury goods
continued at Tall Zira‘a into the IA after the collapse of the LBA, and that the city was
prosperous enough to sustain craftsmen which probably provided glass working. The presence
of these three types of glass demonstrates that Tall Zira‘a was a well-connected settlement of
significant social importance during the LBA, maintaining affluence and trade links into the

IA.
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7 Identifying and Evaluating Atypical Traits in Ancient Egyptian
Glass Vessels Attributed to the New Kingdom Using Raw Data

Analysis and Expert Assessment

7.1 Abstract

The descriptive data pertaining to the remaining, largely intact, glass vessels produced in
ancient Egypt between the reigns of Tuthmosis IV (1400-1390 BCE) and Pinudjem II (959-
945 BCE) contained in ‘Die Glasgefifie im Alten Agypten’ [The Glass Vessels in Ancient
Egypt], was extracted and standardised to create a dataset that could be analysed to determine
the most typical and atypical features of vessels attributed to the New Kingdom in the corpus.
Seven descriptive categories were assessed based on the percentage of incidence to determine
if a vessel could be defined as statistically ‘atypical’. An expert’s evaluation was employed as
a second assessment method. The two methods identified 76 vessels from a total number of
320 vessels and agreed on 16 vessels considered as atypical, all of which had little or no
provenance information. The resulting 76 vessels identified as ‘atypical’ by the combined
methods were subsequently compared with the respective provenance information and current
location to determine patterns of collection and distribution throughout the world. The data
showed that the Americas held the largest number of vessels that had little or no provenance
data, including those held in private collections. The combined atypical tests identified that the
Americas hold the largest proportion of atypical vessels. It is not the intention of this research
to undermine the authenticity of vessels but to determine if data methods can be used to identify
atypical traits in archaeological collections and to encourage the application of archacometric

testing to provide supporting information on statistically rare objects.

7.2 Introduction

‘Die GlasgefiBe im Alten Agypten’ [The Glass Vessels in Ancient Egypt], produced by Birgit
Schlick-Nolte in 1968, is a catalogue of 344 remaining, largely intact vessels from ancient
Egypt produced between the eighteenth and twenty-first Dynasties (between approximately
1550 to 945 BCE). Each vessel is recorded in detail, describing the morphology, colour,
decoration, and specific features, such as the handles, feet, neck, and rim. Very few vessels
have been added to the corpus since this time, therefore the information contained in Schlick-

Nolte’s catalogue continues to represent a relevant data set. Although many other vessels were
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produced in, and excavated from, ancient Egypt, these vessels cannot be reliably restored from
the fragments, however, it is reasonable to expect that the corpus described in Die
Glasgefdfre represents the corpus of vessels that were created overall. Using the Schlick-Nolte
catalogue, the descriptive information pertaining to the colour of the body, the shape of the
vessel, opacity, colour of the neck rim, handles, pattern colour and pattern design was extracted
and standardised to create a data set that could be used to quantify and assess patterns in the
attributes of the vessels. The data was used to identify the number of incidences of certain
characteristics, thereby distinguishing what could have been the most common usages of
colours, preferred shapes, and favoured decorative patterns. Using the same data, vessels that
present statistically rare attributes can be identified as ‘atypical’ and when compared with the
provenance information, these vessels can be the subject of further investigation. This study
also seeks to compare the current location of the post-study data set vessels with the provenance
information and to use the results of the atypical study to examine the distribution of this

particular subset of vessels throughout the world.

Although a novel technology in the Late Bronze Age (LBA), glass was rapidly assimilated by
the ancient Egyptian elite to become an important symbol of high status. The ensuing
production of glass was strictly regulated by the Egyptian royal courts and administered
according to a rigid distribution model. Ingots of raw glass were exchanged between royal
courts at the highest level, while glass vessels were an exclusive commodity suitable for high-
level gift-giving between rulers of LBA states and preferred members of the domestic court
(Na’aman, 2000, p130; Shortland, Nicholson and Jackson, 2001, p153). Early vessels were
created using the ‘cold-working technique’ by which glass would be poured into a cast, and
then shaped using lapidary techniques (Broschat and Rehren, 2017). The invention of core-
forming represented a significant advance in glass vessel production technology (Shortland,
2001, p212), transforming how glass vessels could be created, shaped and decorated. A ‘core’
made from a mixture of clay and dung was moulded to form the interior shape of the vessel
around a long pole called a ‘handling piece’. The core was heated and rolled in powdered glass,
then worked in the form of a “pasty mass”, upon which layer after layer was applied to create
the vessel (Nicholson, 1993, p53). The foot, handles and decoration were added before the
vessel was left to slowly cool, after which the core and handling piece was removed (Nicholson

and Henderson, 2000, p203).
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Establishing a reliable timeline for early glass vessels has proven to be problematic: reburials,
destruction and transference of goods caused by extensive looting or the actions undertaken by
the priests of the necropolis administration to preserve their charges has rendered the context
of items in these tombs unreliable in several instances (Reeves and Wilkinson, 2008, p125).
Glassworking was undertaken by multiple glass workshops, who based their work on the
modes of the time. The workshops of Malkata and Amarna represent the peak of Egyptian glass
production, predominantly in the number of vessels produced, the technical accomplishment
of the craftsmen and the stylistic uniformity; namely the iconic vessels of blue glass with
yellow and white threads applied to create feather or garland patterns (Petrie, 1894, p25). In
Die Glasgefdfse, Schlick-Nolte assigns the vessels into groups and subgroups: The first group
comprises of the vessels that can be reliably dated to a specific time of manufacture, having
either come from a reliable archaeological context such as the tomb of Amenhotep II, or are
stylistically dated with confidence. Even though this group is comparatively small, the author
emphasises the archaeological importance of having such pieces recorded from reputable
investigations (Nolte 1968, p46). The second, and largest group comprising of 213 vessels, are
divided into “Werkkreis”; this term is often used to refer to an Old Master artist and his
associated assistants and followers - “circle of workshops” is perhaps the nearest translation.
The vessels in the Werkkreis groups have been approximately dated according to the stylistic
features and some are attributed to known workshop locations such as Malkata and Amarna.
At the beginning of the 14th Century BCE, a more uniform approach to style was taken for the
production of glass vessels, however, subtle changes in features such as the diameter of the
neck, the shape of a spout, handles and the shape and size of the feet provided key elements
that narrow estimates for the period of production. As such, the Werkkreis are divided into six
groups, the largest of which, Werkkreis 6, contains 43 vessels and dates between the reigns of
Tutankhamun (1333-1323 BCE) and Pinudjem II (959-945 BCE), an era of approximately 390
years, thereby making any speculation pertaining to periodical trends somewhat tenuous. Of
the vessels contained in the Werkkreis groups, only 15% are of known origin, 19% are of
unknown origin, 32% are of ambiguous origin and the remaining 35% belong to private
collections. Two additional groups are also described: the Kohlpalmsdulchen, or kohl palm
vessels, that contain 58 vessels and “special shapes™ that contain 19 vessels. The vessels in
both groups are dated from Amenhotep III (1391-1353 BCE) to the Ramesside period (ending
in 1070 BCE), spanning approximately 320 years.
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7.3 Methodology

To accurately assess the characteristics that exemplify typical and atypical features of the New
Kingdom, this paper concentrates on the vessels that were attributed to between the reigns of
Amenhotep II (1427-1400 BCE) and Rameses III (1194-1163 BCE). The 15 early vessels that
are reliably dated between the reign of Tuthmosis I1I (1479-1425 BCE) to Amenhotep II were
excluded from the data set as they exhibit unusual shapes, colours and morphology that have
been attributed to the experimental phase of early glassmaking® (Nolte, 1968, p5). The six
vessels that are reliably dated to the 21% Dynasty and the three vessels, recorded as lost, are

also excluded from the data set.

The descriptive information of the remaining 320 vessels exactly as reported by Schlick-Nolte
was collated into a working database using Microsoft Excel. Seven attributes were chosen to
assess typical and atypical features for the purposes of the study: the colour of the body, or
‘ground colour’, the vessel shape, neck rim colour, handle colour, the pattern colour and the
pattern type on the neck and body. The foot colour and foot rim colour were not included in the
data as the information did not provide sufficient discrimination between the vessels; over a
third of vessels were not made with a foot. The pilgrim flask, for example, is the second most
common vessel shape in the corpus, and the majority of the remaining vessel feet were created

using the ground colour.

For clarity, colours are standardised into the main colour groups, rather than listing individual
hues as described by the author; for example, ‘olive green’ is noted in the dataset as green. As
the most prevalent colour, blue is standardised into three main groups: light blue (which
contains the colours described as light blue, sky blue and turquoise), mid blue (blue, bright
blue, copper blue, grey-blue and lapis lazuli blue) and dark blue (black blue, cobalt blue, dark

blue, deep blue and ultramarine).

1These vessels are: 24391, 47620 (British Museum), 19657 (University College London), 23.9, 26.7.1175,
26.7.1179 (Metropolitan Museum of Art), AS 630 (Bavarian State Collection of Egyptian Art, Munich), E 2451
(Ashmolean Museum), 24761, 24761 bis, 24768, 24804, 24808, J 33827 (Cairo Museum), E 6201 (Brussels
Royal Art and History Museum).
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The vessels are categorised into 14 main shape types using the terminology described in Die

Glasgefdfie. The origin of these names are mainly derived from traditional ceramic vessels:

Krateriskos refers to vessels that have a wide, cylindrical, crater-like neck with a short
spherical body, usually with a foot attached.

The thick walled krateriskoi exhibit a broader neck and have thicker, less defined
handles that do not protrude far from the body of the vessel.

The simple krateriskoi is a basic version of the krateriskos and may not contain handles,
feet, or decoration.

The pilgrim flask has a small cylindrical neck with a round, lenticular body. Pilgrim
flasks can be large or small; specifically between 45mm and 145mm tall, with no, or
two to three handles attached.

Kohl tubes are modelled on the Egyptian palm columns and have a rounded or flat base
with a long, narrow body and an opening that is fashioned into leaves surrounding the
rim.

Amphoriskos vessels are composed of a cylindrical, narrow, or conical neck with board
shoulders and a tapered base.

Jug-shaped vessels have narrow neck with a wider, oval body with a handle attaching
the neck and shoulder.

The spherical vessel is defined by the orbicular body but can have a long or short neck
with various handle types and a stand.

The flask or bottle type is generally composed of a long and narrow neck with an oval
body and rounded base without handles.

The beaker has no handles or rim applied and tapers to a flat base.

The pomegranate vessel exhibits a distinctive pomegranate shape with a spherical body,
no handles and a narrow, cylindrical neck that opens into several small leaf shapes.
The lotus beaker is modelled after the lotus flower and contains a small foot and no
handles (Loat, 1905 pl 4-30; Nolte, 1968, p149).

One vessel described in Die Glasgefdfse is identified as ‘pilgrim flask and pomegranate vessel’;

this vessel consists of a pilgrim flask and a pomegranate vessel which appears fused at the

body, most likely accidentally, and is therefore described as one vessel throughout.
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The category of ‘special shapes’ consists of glass objects that cannot be classified into the main
shape groups; these include fish-shaped vessels, curved and flat bowls and the alabastron style

vessels.

The colour of the neck rim and handles are also described in the main colour groups. Where
two or more colours are used, this is described as polychrome. It should be noted that no colour
combination in the polychrome group exceeds 5% of instances in the respective category,
therefore all polychrome combinations used for the neck, rim and handles are classified as

atypical for the study.

The colours of the patterns were assessed by counting the total number of instances that a single
colour occurred across the corpus of vessels overall. The colour combinations of patterns used
for each vessel were also assessed to determine frequency of colour combinations. The vessel
patterns in Die Glasgefipf3e are described in detail to convey information about the style and
aesthetic of the vessel, such as: ‘Especially generous, even garlands’ and ‘Garlands turning into
a regular feather pattern, irregular feather pattern’. For clarity when comparing the data, the
patterns were standardised into basic types: garland, feather, arcades, zigzag, other, unknown
and none. Where multiple patterns were used on the body or neck, these were added as a
separate category, for example ‘arcades merging into feather pattern’ was described in the data
as ‘arcades > feather’. Where the vessel type did not comprise a neck, such as the beaker shape,
the kohl tubes, and the special shapes, this was shown in the data as ‘not applicable’. In some
instances, more than one type of pattern was applied to the vessel on the body and neck, thereby
adding another feature for trend comparison. It was noted whether the patterns on the body and
neck were the same pattern, two distinctly different patterns, or had the same pattern on the
body and neck with an additional pattern emerging, for example, one vessel (67.1, Toledo
Museum of Art) is described as having a feather pattern applied to the body and a feather
pattern, that turns into garlands on the neck (Nolte, 1968, p85).

Characteristics that represented less than 5% of the whole category were identified as an
atypical trait, for example, yellow represented 3% of vessel ground colour, thereby classifying
it as an atypical trait. If a vessel exhibited three or more atypical traits, the vessel as a whole

was classified as atypical for the purposes of the study.

Finally, the information pertaining to the provenance and the location of the vessel were
reviewed with the post study data set. Four categories were given to describe the origin of each
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vessel: ‘Origin known’ describes a vessel that is recorded as being excavated from a specific
archaeological context, i.e., a grave or tomb, whereas ‘Origin ambiguous’ indicates that the
vessel is recorded as coming from a specific region or town, such as ‘Malkata’, ‘Cairo’ or more
generally ‘Egypt’. It is possible (indeed probable in many cases) that the object was bought
rather than found there. ‘Origin unknown’ refers to the vessels that have no provenance
information, or that the information refers only to the date or location of acquisition. Finally,
‘Private collection’ refers to those vessels where only the collection name is listed, but there is
no information regarding the actual origin, such pieces usually having been bought or
exchanged through the art market. During the research for this paper, it was apparent that the
locations of some vessels have changed, for instance, where vessels have been purchased by
museums from private collections. While these locations were updated, no active investigation
to confirm the current location of each vessel was undertaken as part of this research. For
clarity, the regions of Egypt and the Levant, Europe and the Americas were used to define

locations, rather than individual countries, unless pertinent to the information.

In addition to using the raw data approach, a second test method using a ‘connoisseurs’ eye’
was employed. A specialist in the area of ancient Egyptian glass, Professor Andrew Shortland,
was asked to use their expert opinion to appraise each vessel using black and white images
without context. The specialist was asked to categorise each vessel as typical or atypical based
on shape, design, and discernible pattern type. The two methods were designed to provide
virtually opposite techniques of assessment; the ‘connoisseurs’ eye’ method was intended to
assess the vessels using a minimal amount of visible data, compared with the raw data approach
which presented attribute categories, but with no stylistic description. Each method was

performed independently.

7.4 Results

Blue was revered above all colours by the ancient Egyptians and utilised extensively in painted
reliefs, protective amulets, and jewellery; it symbolised many significant spiritual meanings,
including representing the embodiment of divine truth and justice (Birren, 1950, p37). It is
unsurprising, therefore, that 80% of the vessels described in Die Glasgefifse were produced
with a ground colour of either dark, mid, or light blue glass. The next most prevalent colour is
black which represents a significantly smaller group of 6% of the vessels. Some ‘black’ vessels

are actually very dark blue vessels coloured with cobalt, or very dark purple glasses coloured
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by manganese, however as mentioned previously the characteristics of each vessel are reported
as described by Schlick-Nolte. The remaining colours used for the body in descending
frequency are white, green, yellow, grey, brown, purple, unknown, polychrome, and red,
representing between 5% to less than 1% per colour. Also, 86% of vessels in the dataset are
described as opaque, rather than translucent, making this by far the most typical trait of ancient
Egyptian vessels. However, because the incidences of translucent vessels are above 5%, they
are not classified as an atypical trait for this study. It should also be noted that the classification
of atypical vessels in this study is performed using the data as unrelated variables and no
attempt is made to link stylistic characteristics, however, where it is appropriate, the style and

date is considered in the discussion section.

The most common four vessel shapes are the krateriskos, the pilgrim flask, the kohl tube, and
the amphora. The remaining vessel shapes accounted for 6% or less per vessel shape type
(Figure 30). With the exception of the thick-walled krateriskos, the beaker shape, pomegranate
vessels and the unusually merged pilgrim flask and pomegranate vessel, blue is the most

predominant colour for all vessel types.
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Figure 30: Chart illustrating colour prevalence in each vessel type attributed to the New Kingdom.
Centre bar labels indicate number of vessels.
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Figure 31: Distribution of colours used in vessels attributed to the New Kingdom to create patterns,
handles, neck rim and the vessel body. Where vessels do not contain a neck rim or handles, or are
recorded as ‘not present', these have been removed from the figure.

Of the 320 vessels observed, 92% of vessels have a rim which is still preserved. 35% of these
vessels presented rims created from the same tone as the ground colour, 20% of vessels used
yellow and 21% of vessels were recorded as polychrome, exhibiting 22 different colour
combinations of two or more colours (Figure 31). The most common polychrome combination
being black and white, occurring in 4% of instances. 8% of vessels were observed as having

no rim, broken from the body of the vessel.

34% of ancient Egyptian vessels were produced without handles, with the same percentage of
vessels exhibiting handles made from the same tone as the ground colour used for the body of
the vessel. 14% of vessels are recorded as once having had handles, however, these have been
broken and are missing from the vessel thereby preventing colour determination. The

remaining 18% of handles equate to 29 different colour combinations; therefore, classified as
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atypical. 11 handles are described as translucent and appear to be made in a different colour to
the vessel ground colour, making this an unusual trait. However, it should be noted that the
translucency of a vessel may be more difficult to discern due to the thickness of the glass used
for the body, any weathering of the vessel and any core remaining inside the vessel. The hue
of the handles, therefore, may appear optically distinct from the vessel body. As discussed, for

the purposes of the study, the colours are reported as stated in Glasgefifse.

The three most frequently used colours for pattern application across the corpus of the 320
glass vessels are yellow, white, and light blue. 76% of vessels had a yellow pattern applied,
and 74% of vessels had a white pattern applied; light blue is the third most common pattern
colour, used on 33% of vessels. However, it is the combination of colours which were the most
statistically significant when identifying atypical pattern traits. Patterns applied using yellow
and white combined comprised 35% of the vessels in the dataset, with the second most common
combination of pattern colours being yellow, white, and light blue at 28%. The third-largest
group totalling 20% of vessels have no decoration applied to the body. The remaining pattern
colours were mid or dark blue with yellow or white, and the use of green, red, purple, or black
in various colour combinations. 13% of vessels exhibited combinations of yellow or white with
one or multiple other colours such as green, red, or purple. These ‘atypical’ colours and
combinations presented 18 separate incidences of single and polychrome combinations,

comprising the remaining 17% of vessels, hence less than 1% per incidence.

The garland pattern followed by the feather pattern are the two most likely patterns to be
applied to both the body and neck of a vessel; the third most common pattern type is ‘no pattern’
applied. Combinations and fusions of feather, garland, and arcade patterns, zigzag, or other
patterns occur in 5% or less of vessels per pattern type. Although not assessed as part of the
atypical traits, it was noted that 61% of vessels that are created with the garland pattern have
the same pattern on the neck and body, and 63% of vessels created with the feather pattern have
the same pattern on the neck and body. 8% of vessels showed a combination of patterns that
merged on the neck or body, for example, a vessel that is described as having a feather pattern
on the body and a neck pattern that showed both a garland and feather pattern. 22% of vessels
from the dataset do not comprise necks and were described as ‘not applicable’. 35% of vessel
rims were created using the ground colour, followed by 20% of vessels using yellow. 8% of
vessels are recorded as the rim not being present, either from damage or because of the vessel

design, for example, fish-shaped vessels in the ‘special shapes’ category, white composed 7%
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of rim colours. The remaining 30% of vessels exhibit multiple different single colour or

polychrome combinations, less than 1% per incidence.

7.5 Provenance review

From the corpus, 17% of vessels are of known origin, having been excavated from a specific
archaeological context such as a tomb or grave. 34% are described as ‘Origin ambiguous’, 18%
are ‘Origin unknown’ and finally, 32% have been or are still part of a private collection where
virtually no information is known about the origin of the vessel (Figure 32). The distribution
of vessels was assessed by comparing the region with the provenance category; the vessels of
known origin in the post-study group equate to 53 vessels; the country with the largest number
of known vessels is the United Kingdom with 15 vessels. Egypt holds the second largest
number equating to 13 vessels, followed by Israel with 6 vessels of known origin. The

remaining 19 vessels of known origin are distributed throughout 9 different countries.

Egypt and the Levant (n = 36) 56% 14% 19% 11%
Europe (n =142) 23% 30% 22% 27%
The Americas (n = 142) 2% 43% 13% 42%
Grand Total (n = 320) 17% 34% 18% 32%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

Origin Known @ Origin Ambiguous Origin Unknown Private Collection

Figure 32: Vessel provenance category by current regional location.

The data also showed that although the Americas contained the same number of ancient
Egyptian glass vessels as Europe, 142 vessels each in total, only 3 vessels are of known origin
with the remaining 139 vessels having very little or no recorded information about the
provenance. Of the vessels located in the Americas, 42%, equating to 59 vessels, are recorded

as belonging to private collections, meaning that the Americas have the largest number of
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privately owned ancient Egyptian glass vessels in the world, also representing 18% of the total
number of vessels in the world. By comparison, the number of vessels in private collections in
Egypt and the Levant is 4, equating to 10% of the total number of vessels in this region. Europe
has 39 vessels in private collections overall, equating to 27% of the total number of vessels in

this region.

7.6 Discussion

Using the raw data approach, 44 vessels were identified as having three or more atypical traits
according to the test criteria, thereby classifying them as atypical vessels. The expert
identification method distinguished 48 vessels as atypical. Both methods combined identified

76 vessels in total, with 16 vessels being identified as atypical by both methods.

The largest group of shape type distinguished in the raw data atypical test is the pilgrim flask,
formerly the third most frequent vessel type in the corpus; the frequency of this vessel increased
from 18% to constitute 27% of the atypical vessels. The second most prevalent shape in the
atypical group is the spherical vessel, composing 16%, previously it occurred in only 5% of
the corpus. The third most frequent is the thick-walled krateriskos, that comprises 11% in the
atypical group, but only 3% in the corpus. The amphora shape was the fourth most common
vessel shape in the corpus at 13% and occurs in 9% of the raw data atypical group. The most
prevalent vessels from the corpus, the krateriskos and the kohl tube represented 21% and 18%
respectively, however, in the atypical group they represented 7% and 5% of the vessels
identified as atypical. Therefore, the krateriskos and the kohl tube show the largest decreases
in frequency in the atypical raw data group, and the pilgrim flask and the spherical vessel show
the largest increases in frequency in the atypical raw data group. The only two vessels not
detected in the atypical group are the merged pilgrim flask & pomegranate vessel and the lotus
beaker shape. The expert assessment differed to the raw data test by identifying the amphora
shape, krateriskos, kohl tube and pilgrim flask as being the four most prevalent atypical vessel
types (in this order) but did not identify any thick-walled krateriskos shape or beaker shaped

vessels as being atypical.

The most prevalent ground colour distinguished by the raw data atypical test is dark blue
comprising 27%, compared with the pre-test corpus which comprises 40%. The remaining
ground colours distinguished in the atypical test differ in frequency to the corpus order; the
second most prevalent ground colour is green, which represents 14% of the ground colour, the
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third being white and light blue at 11% each. Therefore, the incidences of green more than
triple in the raw data atypical group, white more than doubles in the atypical test, whereas light
blue represents almost the same percentage in the atypical group. Mid blue, the second most
prevalent corpus ground colour at 29% is seen in only 5% of atypical vessels. The remaining
colours ranged from 9% to 2% which included two polychrome vessels and one vessel of
unknown colour, meaning that at least one of each colour category is represented in the raw
data atypical test. The expert test identified atypical vessels which were primarily dark blue
vessels at 54%. The remaining vessels were light blue, mid blue, black, white, green, and

yellow: almost identical to the order of prevalence seen in the corpus.

The polychromatic combinations of the neck rim colour in the raw data test were most prevalent
at 61%, whereas it accounted for 21% in the corpus; the two most prevalent colour
combinations in the polychromatic group being black and white and blue and white in both the
corpus, the raw data test and the expert test. By comparison, the ground colour accounted for
11% of the neck rim colour of the raw data atypical test but accounted for 35% in the corpus.
Yellow accounted for 20% in the whole corpus but only accounts for 11% in the raw data
atypical group. The expert test also identified vessels that had polychrome neck rims (31%),
ground colour (27%), yellow (21%) and white (13%) respectively as the most prevalent

atypical colours in the neck rim category.

27% of handles in the atypical raw data group are made from the ground colour and are
therefore the most prevalent. ‘No handles’ in the atypical group represented the second largest
group at 20%. In the corpus, the ‘no handle’ group and the ground colour group were the most
frequent at 34% each. Vessels which were recorded as handles ‘not present’, i.e. vessels which
showed evidence of comprising handles, but were no longer surviving on the vessel, was the
third largest group at 14% in the corpus, however, in the raw data atypical group, only 5% of
vessels are recorded as having handles ‘not present’. Dark blue represented 11% in the raw
data atypical group, while only comprising 2% in the corpus. The polychrome group
represented 18% of the handle occurrence in the raw data test, the most prevalent colour
combination was blue and white, comprising of 5% of the handle colour. The most prevalent
handle colour of atypical vessels indicated in the expert assessment were made from the ground
colour then ‘no handles’ at 35% and 31% respectively, but the remaining nine categories were

seen at 6% or less.
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The most common pattern colours in the raw data atypical group were the combinations of
white, yellow, and light blue occurring in 25% of the atypical vessels, compared with 28% in
the corpus. Vessels that were reported with no pattern applied were noted at 23% in the raw
data atypical group and 20% in the corpus. The most prevalent colour combination of pattern
in the corpus is the combination of white and yellow, which occurred in 35% of the corpus
compared with 18% in the raw data atypical group. Patterns applied singly in white or yellow
occur in 5% and 2% of the atypical vessels respectively but each occurred in 2% of the whole
corpus. The remaining colours and combinations are noted at 6% or below in the atypical
group. In the expert assessment, the two most prevalent patterns were yellow and white at 38%
and yellow, white, and light blue at 31%. ‘No decoration’ and yellow, white, and dark blue both
accounted for 8% each of the expert pattern identification, the remaining six categories

accounting for 4% or less.

The most prevalent body pattern in the raw data atypical group was the feather pattern at 23%,
‘other’ and ‘no pattern’ are the second most common representing 18% of the atypical vessels
each, with the garland pattern comprising 17% of the atypical group. In comparison the most
common three pattern types in the main corpus were garlands (35%), feather (33%) and ‘no
pattern’ (19%); all other pattern types represented 5% or less. Patterns described as ‘other’
represented 5% in the vessel corpus. The expert test indicated a total of seven body pattern
categories in contrast to the raw data method that indicated nine; the three most prevalent
patterns in the expert test were garland, feather, and ‘other’ at 40%, 27% and 13% respectively,

with the remaining four categories accounting for 8% or less per pattern type.

The most common neck decoration group in the raw data atypical vessels group was ‘no
pattern’ and garlands at 20% each, and ‘other’ at 16%. Zig-zag represented 14% of the atypical
vessels, with the feather pattern appearing on 11% of atypical vessels. The corpus by
comparison showed that the neck pattern fell into four major categories; garlands were most
prevalent at 27%, feather 23%, ‘no neck’ at 22% and ‘no pattern’ at 19%. All others occurred
in under 3% of incidents, including ‘merged’ patterns. The expert assessment for the neck
decoration showed the garland and feather patterns being the most prevalent respectively at
31% and 27%, with ‘no neck’ accounting for 21% and ‘no pattern’ accounting for 10%. Only

two other pattern types, ‘zig-zag’ and ‘other’, were identified by the expert assessment.
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The raw data approach identified four vessels of known origin as atypical whereas the
connoisseur’s eye method identified only one, equating to a total of five vessels identified of
known origin. Overall, the raw data approach identified more atypical vessels as being from
the ‘origin ambiguous’ category, whereas the connoisseur’s eye method indicated more atypical

vessels as being from private collections (Figure 33 and Figure 34).

Egypt and the Levant (n=7)

Europe (n = 25) 36%

The Americas (n = 44)

39%

Grand Total (n =76) 34%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

M Origin Known  ® Origin Ambiguous M Origin Unknown Private Collection

Figure 33: Combined percentages of provenance type by region of atypical vessels using both the raw
data method and the connoisseur’s eye method.

Page 201 of 374



Page 202 of 374

Origin Known (n = 53) 9%

Origin Ambiguous (n = 108) 68%

Origin Unknown (n =57) 18%

Private Collection (n = 102) 25%

Grand Total (n = 320) 24%

0% 10% 20% 30%  40% 50% 60% 70% 80% 90%  100%

Atypical H Typical

Figure 34: Percentage of provenance category: typical, atypical, and total number of vessels in the
experimental group using the connoisseur’s eye and raw data methods combined.

Using the combined methods, it was observed that 31% of the total number of vessels reported
as being located in the Americas were identified as atypical, constituting 56% of the total
number of atypical vessels in the world. Also, 33% of the atypical vessels located in the
Americas are of ambiguous or unknown origin. Only 1% of the vessels identified as atypical
located in the Americas (constituting one kohl tube vessel), was of known origin, and this was
indicated by the connoisseur’s eye method. The Americas also has the largest percentage of
atypical vessels held in private collections at 22%, compared with the private collections in
Europe that hold 10%, and Egypt and the Levant that have only 1% of atypical vessels (Figure
35).
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Figure 35: Percentage of atypical and typical vessels by region. Atypical vessels identified by the raw
data method and connoisseur’s eye method combined.

Egypt has the smallest number of vessels identified as atypical, although three vessels of known
origin were indicated by the raw data method. The raw data method identified four vessels of
known origin in total: the remaining vessel being located in the United Kingdom, Europe. Three
of these vessels have been dated approximately, and are described as having white, brown and
polychrome ground colour respectively with two additional atypical features. The remaining
vessel of known origin (Cairo museum, 46955) was excavated from the main site of the city of
Amarna and is arguably a typical 18" Dynasty style vessel: described as a dark blue jug with
trailed decoration in the feather /garland pattern applied in yellow and white. Dated to the reign
of Amenhotep IV this vessel was noted as atypical from the three ‘atypical’ features: the colour
combination of yellow, white and blue on the rim and handles and the pattern merging from

feather to garlands on the body.

The 16 vessels that were indicated as atypical by both methods were all described as having
little or no provenance information: nine vessels being from the origin ambiguous group, four
vessels from origin unknown and three vessels from private collections. No vessels from the
known origin group were identified from the combined methods. By country, 11 of the atypical
vessels indicated by the combined methods are located in the Americas, four in Europe and one

in Egypt and the Levant.
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7.7 Dating and stylistic trends

This paper seeks to discuss the viability of using datasets to detect and assess atypical
characteristics for comparison with the respective provenance of vessels attributed to the New
Kingdom period. Taking the example of the thick-walled krateriskos (n = 10) and the
pomegranate vessel (n = 5) the most prevalent colours are white and green, respectively. Two
of these vessels were reliably dated to between the 19" dynasty and the 20" dynasty, with 13
assigned to Werkkreis 4 to 6, spanning a total reign of Tutankhamun to Pinudjem II, therefore
it cannot be said if these represent a link between a colour preference for these specific vessel
types. Likewise, vessels that exhibit multiple colours in patterns may denote a trend for
polychromatic vessels, however, these vessels are relatively evenly distributed over the known
reigns of production and Werkkreis 1 to 5. The largest group of polychrome patterned vessels
belongs to Werkkreis 4 that spans the reigns of Tutankhamun (1333-1323 BCE) - Rameses 11
(1290-1224 BCE), therefore showing little statistical significance. Hence, it can be claimed
that these epochs are too broad and span considerable periods of political and social change to
reliably assign trends to specific reigns or even Dynasties and may not recognise periods of
experimentation as seen in early glass vessel production, of which some vessels are of known
origin and can be reliably dated. Therefore, assessing a dataset that spans discrete periods of
glassworking institutions and styles, where dating is largely equivocal, is challenging.
Including all data prevents cognitive bias that could be introduced by attempting to refine the

dataset, however, this presents limitations which should be considered for future study design.

The composition of ancient glass and associated colourants are well documented and analytical
techniques have proven extremely effective in determining the period of glass production from
their raw materials. Establishing the period of production would help narrow dating epochs of
ancient Egyptian glass vessels, specifically the vessels which are categorised in the broader
Werkkreis groups that span both the Late Bronze Age (LBA) and Iron Age. Where vessels are
of known origin and date, elemental analysis could offer new insights regarding raw material
trading including colourants and variances in composition, which would be particularly
valuable when examining translucent vessels and those with statistically rare colours. Although
non-destructive techniques, such as X-ray fluorescence, are currently used, some analytical
methods are not sensitive enough to detect trace elements which are used to unequivocally
confirm provenance in LBA vessels, however, as non-destructive analysis techniques develop

to provide greater sensitivity, compositional data can be obtained with little sample preparation
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and with no risk to the vessel. However, analytical analysis may not be a pragmatic solution
for items located in countries with strict legislation, such as Egypt, which strictly regulates

sampling of artefacts.

7.8 Conclusion

Using the information from Die Glasgefdffe and applying the raw data test, an ancient Egyptian
vessel is statistically more likely to present characteristics typified by vessels produced during
the height of the glassmaking industry in the 18™ dynasty. However, some vessels of known
origin do not conform to this ‘statistical ideal’ and should be highlighted and investigated as
particularly rare stylistic pieces. Overall, the ‘connoisseurs’ eye’ method appeared to be more
discriminatory, identifying fewer attributes per category than the raw data atypical test. This
was apparent in the higher percentages (>30%) seen in the top two to three most prevalent
attributes per vessel, rather than the raw data atypical test that showed a lower percentage
(<30%) in the top four to five categories. Therefore, raw data extracted from detailed
descriptions can be useful to help define typical and atypical traits, but it does not take into
account the aesthetic properties of each vessel or any potential trends throughout the ancient
Egyptian glassmaking and glassworking era, therefore, an expert visual analysis should also be
used for appraisal. However, the combined methods were by no means conclusive, only
‘agreeing’ on 16 vessels of the 78 vessels identified as atypical and identifying five vessels of
known origin. Therefore, any vessels to be examined should also be subjected to compositional
analysis, where appropriate. The Americas were identified as containing the largest number of
atypical vessels and the largest proportion of vessels with little or no provenance information,
including those vessels that are contained within private collections. Finally, it is not the
intention of this research to undermine the authenticity of the vessels identified in this study as
atypical, but to articulate the value of the information that has been lost as a result of poor
documentation during historical excavations, and how important information may be gained

by subjecting these pieces to archaeometric study.
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8 Overall Discussion

8.1 Introduction

The final chapter summarises the results of the preceding chapters, examines how the key
findings answer the research questions and discusses the findings within the context of the
research chapters. The aim of this study was to investigate the development of LBA glass
technology from early contexts onwards in conjunction with patterns and methods of transport
between Egypt, the Levant and the Near East. The role of women and their impact on the LBA

glass system is also discussed in this chapter as part of the research questions.

This thesis proposes that the rapid establishment of a glassmaking industry in Egypt was driven
primarily by royal demand, discussed later in section 8.2.3. This research is the first analytical
study to examine several polychrome fragments from the tomb of Amenhotep II, thereby
contributing significant supporting evidence for an early pre-Malkata Egyptian glassmaking
industry. The major, minor, and trace element analysis conducted in chapter 4 provides
conclusive evidence to support the theory of an early Egyptian glassmaking workshop by
establishing that the provenance of the polychrome fragments from KV35, the tomb of
Amenhotep II, were of Egyptian manufacture. In addition to the trace element confirmation,
the three dark blue glasses were confirmed as being coloured by cobalt and containing elevated
levels of the associated elements Mn, Ni, and Zn therefore characteristic of the Western Oases

sources typified in Egyptian cobalt glasses.

In addition to the analytical evidence, this thesis compiled the archaeological evidence which
indicates the use of cobalt in the earliest glasses depicted and observed in Egypt. This thesis
referenced scenes from the Hall of Annals of Tuthmosis III showing the king dedicating gifts
to the temple in celebration of his victories in the Levant; where glass is indicated, the scene
has maintained the light blue and dark blue colours, signifying that both copper and cobalt-
coloured glasses are represented in this scene. The depiction of dark blue glass is strong
evidence suggesting the use of cobalt as a colourant during the reign of Tuthmosis III; as
discussed in section 1.2.6.2 and in section 5.8.2, the almost exclusive use of cobalt to colour
Egyptian glasses dark blue suggests that these were glasses produced in Egypt. The presence
of the king’s cartouche next to the depiction of glass has been emphasised as indicating a special

royal interest, or as Sherratt terms it “royal lapis lazuli” (Sherratt, 2016) but it could also
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indicate royal ownership, i.e., glass produced in Egyptian glassmaking workshops by order of
the king, or from the king’s workshop. Nicholson states that the fact Tuthmosis III associated
his name with glass indicates some personal “excitement” for this new material (Nicholson,
2012). As discussed in section 3.3, the quality of grave goods were a critical part of the Egyptian
mortuary cult; the curation of possessions for a tomb were a direct reflection on the social
importance of the individual, therefore it is likely that a glassmaking industry was established

to provide the king with the highest status goods in this life and for the afterlife.

8.2 Origin of the first glasses

It has been proposed that the invention of glass originated in either Egypt, Mesopotamia or
possibly Mycenaean Greece, however identifying the exact region of invention is challenging.
As discussed in section 1.5.3.2, to date there has been no definitive archaeological evidence for
primary glassmaking workshops in Mycenae and compositional analysis on early glasses from
sites in this region show that they are most likely imports from Egypt and Mesopotamia
(Walton et al., 2009; Polikreti et al., 2011; Zacharias et al., 2018). Therefore, to date there is
little evidence to suggest that Mycenae was the innovator of glass in the LBA, and therefore is

not included in this discussion.

The original supposition that Mesopotamia was the original innovator of glass is still largely
held today, some suggesting that glassmaking in Mesopotamia potentially predates Egyptian
production by centuries (Barag, 1970a, p133). There are several sources of evidence which
form the argument for this model: It has been maintained that textual evidence for very early
Mesopotamian glassmaking comes from Assyrian glassmaking texts which were translated by
Oppenheim and believed to date to the Third Dynasty of Ur, approximately 2112-2004 BCE,
therefore pre-dating the earliest finds of glass in Egypt (Oppenheim, 1970, 1977, p336).
Archaeological evidence confirming the location of a primary glassmaking or glassworking
site in Mesopotamia, as indicated by finds of glass waste products, crucibles or kilns have yet
to be discovered, therefore the evidence for glassmaking in Mesopotamia has largely come
from the glass finds themselves (Shortland, 2012, p49; Shortland et al., 2017; Reade, 2021,
p4). A lump of bubbly blue glass excavated in 1919 from the site of Eridu, in Abu Shahrein in
southern Mesopotamia, is believed to be dated to as early as 2000 BCE, hence represent one
of the earliest glasses (Beck, 1934; Hall, 2014). However, there appears to be no recent analysis

despite the significance of this piece, the last analysis being performed in 1956 (Garner, 1956).
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In addition to the texts and the Eridu fragment, a survey of glass objects undertaken by Barag
and Von Saldern in 1970 suggested that early glass was being produced in Mesopotamia in a
variety of shapes and colours and that glassmaking was conducted at several sites (Barag, 1970;
Von Saldern, 1970; Shortland, Rogers and Eremin, 2007; Shortland, 2012; Walton et al., 2012;
Shortland et al., 2017). Finally, a re-examination of the finds from Nuzi has identified chunks
of glass thought to be part of an ingot, therefore this suggests some limited glassworking was

undertaken at Nuzi (Shortland et al., 2017).

This thesis presented the first ever elemental analysis of very early glass objects from a
previously undisturbed tomb at the site of Gurob; in total, 38 glass items were analysed from
the burial of foreign women and children. The trace element analysis confirms that the glasses
analysed from the tomb were all of Mesopotamian manufacture, therefore the research in
chapters 2 and 3 provide the first trace element analysis confirmation that early glasses dated
to the reign of Amenhotep I to Tuthmosis III were transported from Mesopotamia to the harem
palace in Egypt by women. As discussed in section 2.3, 3.4 and 3.6, the transport of glass in
the form of personal possessions, such as small items of jewellery and amulets, by women of
high status was likely achieved in connection with foreign princesses travelling to Egypt as
part of diplomatic marriages. The research in sections 2.6 and 3.10 represent the second
instance of Mesopotamian glasses found in Egypt at the time of publishing, in addition to
confirming the beads and the scaraboid as some of the earliest glasses ever manufactured. A
comparison of the glass goods, specifically personal possessions, transported by women is
made between the Tomb of the Foreign Wives and tomb 27 at Gurob, both of which contained

multiple bodies of women buried with glass possessions (Lilyquist, 2004).

As discussed in sections 1.5.3.1 and 4.2, recent work at the site of Tell Atchana, ancient
Alalakh, has presented archaeological evidence for glassworking including a crucible
containing partially fused glass, some associated glassmaking debris and the presence of kilns.
The chronology is believed to predate the Egyptian glassmaking sites at Malkata and Amarna
and therefore indicates an early glassmaking site outside the core areas of Mesopotamia and
Egypt (Dardeniz, 2018; Dardeniz, Henderson and Roe, 2022). Elemental analysis on glasses
excavated from Tell Atchana using LA-ICP-MS suggest that these glasses can be distinguished
by the vanadium and chromium concentrations when compared with glasses from Nuzi, Tell

Brak, Amarna and Malkata (Dardeniz, 2018; Dardeniz, Henderson and Roe, 2022). Work is
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ongoing at this site to confirm both the chronology and further evidence of glassmaking,

however the evidence to date presents interesting new information to this field.

One of the critical issues to address when discussing physical finds of early glass is the
difference in the environmental conditions of both Egypt and Mesopotamia: preservation
conditions in the Near East are challenging, with many specimens of glass being degraded to
the point where analysis is impossible, if they are recognised as glass at all. Therefore, as
discussed in section 3.3, it is the advantageous preservation conditions of Egypt in conjunction
with the established chronology which provides the most reliable sources of evidence and
dating for early glasses, especially when excavated from a relatively secure context. This is
well demonstrated when considering the Mesopotamian glass beads and scaraboid analysed in
chapters 2 and 3; all items showed good preservation and were excavated from a secure context.
The first identified site in connection with glass production is the palace complex of Malkata,
the Theban residence of Amenhotep II1 (1390-1352 BCE). As discussed in section 1.5.1.1, finds
including crucibles, glass slag, waste fragments of vessels, coloured glass rods and an
uncoloured piece of partially fired glass supports the proposition that the site of Malkata was
engaged in glassworking, however the status of Malkata as a true glassmaking site is
contentious as the primary evidence from this site can no longer be examined (Mass et al.,
2002). The evidence for the first Egyptian LBA glassmaking workshops is discussed in sections
1.5.1 and 5.8.1. Excavations at the New Kingdom sites of Amarna, Lisht and Qantir have shown
that glassmaking evidence such as crucibles with partially formed glass, semi fired glass
batches, kilns, and glassmaking waste provides firm evidence that glass was being produced at
these sites from raw materials (Mass, Wypyski and Stone, 2002; Jackson and Nicholson, 2007a;
Pusch and Th Rehren, 2007; Smirniou and Rehren, 2011).

As shown in Table 1 and discussed in section 1.2.6, copper blue is the most prevalent glass
colour produced in Mesopotamia (Reade, 2021, p17). Although other colours were produced
in Mesopotamia, it is in Egypt where a visible expansion of colouring technology is observed
in vessels and objects (Nolte, 1968). The earliest glasses from the reign of Tuthmosis III are
primarily blue, but glasses attributed to the reign of Amenhotep II, his son, show a marked
progression in the number of colours used to create glass vessels. Vessels created using black,
white, purple and yellow in addition to the use of cobalt blue, utilised exclusively in Egypt, are
observed in what is believed to be an early experimental phase in Egyptian glassmaking (Nolte,

1968; Lilyquist et al., 1993).
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This is also reflected in other vitreous industries: Faience produced before the New Kingdom
era was coloured blue using copper and purple/black/brown using manganese. During the New
Kingdom this range of colours expanded to include cobalt dark blue, lead antimonate yellow,
green by combining copper and lead antimonate and iron oxide red. It has been suggested that
the expansion of the faience colour range can be directly attributed to the production of “new”
colours in Egyptian glassmaking (Kaczmarczyk and Vandiver, 2008, p57). Therefore, the
development of colourant technology demonstrates that upon the establishment of Egyptian
glassmaking industry, it is in Egypt where the technology for colour creation and innovation

thrived.

To summarise, it has been advocated that the textual evidence and the early finds such as the
Eridu fragment indicates that glass was originally invented in Mesopotamia and that the
technology was subsequently transferred to Egypt, likely as a result of the military campaigns
undertaken by Tuthmosis III. However, the physical evidence for a Mesopotamian
glassmaking industry is scarce. As stated in section 8.1, the confirmation of Egyptian
manufactured glass in several colours from the tomb of Amenhotep II analysed as part of this
thesis proved that an established glassmaking industry was in operation, and potentially more
advanced than Mesopotamia in terms of colourant production by the reign of Amenhotep II,
thereby pre-dating the archaeological evidence of the Malkata workshop. The glass beads and
scaraboid from the site of Gurob are dated by the excavators to the reign of Tuthmosis III at
the latest, therefore, this thesis confirmed the presence of very early Mesopotamian glass in
Egypt in addition to the evidence for an Egyptian glass industry dating to Amenhotep II, if not

earlier.

8.2.1 Evidence for a pre-Malkata Workshop in Egypt

As previously discussed in 8.1 the research undertaken in chapter 4 presented the elemental
analysis of several colours from polychrome glass fragments attributed to the tomb of
Amenhotep II, KV35. All colours contained on the polychrome fragments were confirmed to
have been manufactured using Egyptian raw materials. In addition to the major composition,
the dark blue glasses were found to be of typical Egyptian cobalt blue glass, exhibiting the
characteristic low potassium content and elevated levels of Al, Ni, Mn and Zn. The copper-
blue glasses are also compositionally characteristic of Egyptian turquoise or mid-blue glasses,

which contain elevated levels of Sn indicating that the copper colourant was sourced from
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bronze. All glasses from KV35 compare well with glasses from the later Malkata palace,
indicating that an Egyptian glass industry was established and was capable of producing

standard Egyptian glass compositions at this early stage.

This research therefore greatly expanded on the work by Lilyquist e al. and Shortland et al.
by performing major minor and trace element analysis on early glasses to confirm that all
colours analysed were of Egyptian provenance (Lilyquist et al., 1993, p36-39; Shortland and
Eremin, 2006). In addition to the analysis by Lilyquist et al. Section 4.5 describes more recent
analysis undertaken on an early vessel fragment connected with Amenhotep II by Nicholson
and Jackson; the research performed LA-ICP-MS analysis on three colours from a
polychromatic vessel fragment from KV55. Although this tomb is highly disputed it is believed
to be connected with Amenhotep II (Nicholson and Jackson, 2013). The work in chapter 4 built
and improved on previous works by providing several analyses on a larger range of colours
from fragments with secure attribution to Amenhotep II. Therefore, the research in chapter 4
confirms that glass was produced in a variety of colours in an early pre-Malkata Egyptian

workshop using domestically sourced raw materials.

Based on the research findings presented in chapter 4 and from early analyses of glass goods
from the tomb of the Foreign Wives of Tuthmosis III, this analysis undertaken as part of this
thesis supported that although glass may have been introduced to Egypt from Mesopotamia, a
glassmaking industry in Egypt was likely established in the reign of Tuthmosis III. Crucial
evidence for an early Egyptian glassmaking workshop comes from the SEM-EDS analysis of
very early polychrome glass vessel fragments attributed to Tuthmosis III and glass from a
headdress and pendant from the tomb of the Three Foreign Wives. The analysis of the items
show that cobalt was used as a colourant for blue glasses; furthermore the elevation of
associated elements of aluminium, nickel and zinc confirms that the cobalt source used is from
the Western desert Oases (Lilyquist ef al., 1993, p36-39). As discussed, this distinct cobalt
source was exclusively used in the Egyptian New Kingdom to colour dark blue glasses (see
section 1.2.6.2). Cobalt blue glasses are virtually absent in Mesopotamia, with only sporadic
finds attributed to Egyptian imports and a very rare example of ceremonial axes which use a
distinct cobalt source (Walton et al., 2012). It has been proposed that the three foreign wives
died in the early to mid-reign of Tuthmosis I1I, possibly between year 7 and year 22 (Lilyquist,
2004); therefore, the presence of cobalt blue glasses with a distinct Egyptian composition as

part of the grave goods suggests that glassmaking workshops were established in Egypt as early
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as 1472 BCE. The establishment of a pre-Malkata glassworking site has also been suggested
by Shortland, who argues that although raw materials could have been exported, it is more
likely that the cobalt blue glass was manufactured in Egypt using domestically sourced raw
materials (Shortland, 2001, p218). Lilyquist acknowledges that a pre-Malkata workshop
existed but states that the number of factories and their locations are not known (Lilyquist et
al., 1993, p41). Lilyquist also proposes that the technology behind Egyptian glass is foreign,
citing that the glass beads and inlays from the tomb of the foreign wives were either “made by
Canaanites or by Egyptians having learned glass technology from them” and proposes that

workmen were transported to make glass (Lilyquist, 2004, p337).

The establishment of an Egyptian glassmaking industry may have been accelerated by the
acquisition of foreign glassworkers who brought expertise and knowledge, thereby effecting a
rapid technology transfer to Egypt (Moorey, 2001, p6; Shortland, 2001, p218). The mobility of
craftsmen are known in the New Kingdom, and it has been contended by Lilyquist ef al. and
Eyre that foreign craftsmen were indeed present in Egypt from an early stage in the New
Kingdom (Eyre, 1987; Lilyquist et al., 1993, p43). Textual reports in the Amarna Letters detail
requests for skilled workers therefore it was likely common practice for accomplished and
valued personnel to be loaned to foreign courts as a gift when required by a brother king

(Moran, 1992, p61; Bryce, 2004, p118).

8.2.2 Possible locations for an early glass factory in Egypt

Glass was a high-value item and consequently regulated by the Royal Court, therefore the
location of an early glassmaking workshop would have likely been situated at an existing
palace or temple workshop with knowledge of pyrotechnology and access to raw materials and
kilns (Nicholson and Peltenburg, 2000, p177-196; Nicholson, 2012). There is evidence at Deir
el-Medina, the workman’s village next to the Valley of the Queens located near Thebes, for
existing faience workshops however there is no evidence for glass production at this site
(Shortland, 2000, p81). The modern cities of Cairo, Luxor and Karnak are built on top of the
ancient capital sites of Memphis and Thebes; therefore, it is likely that any glassmaking sites
in this area are now lost. The two early glassmaking sites of Malkata and Amarna are slightly
unusual in that the respective kings moved the location of their palaces outside the core capital

areas; the sites were subsequently vacated and were not built upon afterwards. The evidence
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for an early glassmaking site in Egypt therefore comes from the iconographic and

compositional evidence as discussed in the previous sector.

The city of Memphis had declined in preference of Thebes and Karnak in the 18" Dynasty
(Bryan, 2000a, p236) and a new burial place for the royal family was established: The Valley
of the Kings, the New Kingdom necropolis, is located on the West bank of the Nile directly
opposite Thebes, hence a proximate glassmaking workshop would have been well situated to
produce vessels and objects for the court and for royal and elite tombs. The results from chapter
4 confirm that there was an established glassmaking industry in Egypt before or during the
reign of Amenhotep II, and as discussed in 1.8.1, primary glassmaking sites in Egypt are found
in proximity to palatial centres or temples, and finds of glasses such as vessels, jewellery and
inlayed furniture and coffins are excavated from high status burials. Therefore a glassmaking
centre at the temple of Thebes, a favoured site of Tuthmosis III, would be credible (Nolte, 1968;
Nicholson, 1995; Shortland, Nicholson and Jackson, 2001, p153).

8.2.3 Demand for an Egyptian glass industry

It is with certainty that royal demand drove the establishment of the first Egyptian glass
industry. When discussing the models of production and control, the evidence suggests that
glass was primarily produced and controlled by the elite for the elite. The New Kingdom period
was one of affluence, therefore the display of wealth and gift giving, shown by the exchange
of gifts detailed in the Amarna Letters, was an important part of international relations (Bryce,
2004). In addition to displaying wealth in life, one of the most important tasks of the elite,
especially the king, was the preparation of his tomb. In the New Kingdom, elite burials would
contain items made specifically for the tomb, including amulets and jewellery, shabti, along
with objects used in everyday life (Grajetski, 2003, p66; Ikram, 2015, p95). Therefore, the need
to exhibit wealth, power and status in the New Kingdom, and to reciprocate the same value of
gifts from the other ‘Great Powers’, in addition to preparing for the afterlife, would have been
primary drivers to establish the luxury industry of glassmaking by the king. This research
confirmed that glass was produced in Egypt using raw domestic materials from the reign of
Amenhotep II, consequently, it is very likely that the royal court would be one of the few
organisations able to supply the ample resources required to rapidly establish a complex
industry involving the administration and refinement of raw materials, therefore they would

hold the monopoly on the glass industry to maintain status.
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8.2.4 Control of glass

This thesis redefines the model for the administration of glass in the LBA first proposed by
Shortland et al. (Shortland, Nicholson and Jackson, 2001, p152), by incorporating the key
findings from the research chapters contained in this thesis. Figure 36 incorporates significant
sites, such as Serabit, now confirmed as a major consumer of Egyptian glass. The schematic
also shows the potential mechanisms for the wider distribution of glass items into the general
populace and ultimately transported as part of international trade. Glass vessels and objects
(such as jewellery, glass inlayed furniture and sarcophagi) provided the royal family and high-
ranking members of the court with grave goods which would reflect their status in this life and
the afterlife (Shortland, Nicholson and Jackson, 2001, p152; Kemp, 2006, p308). The giving
of high status gifts by the King would be made during a ceremony whereby courtiers and high
officials would be led before the “Window of Appearance” and have rewards of gifts and
honours bestowed upon them (Kemp, 2006, p276). Therefore, the giving of luxury objects was
a ritualised event in the New Kingdom and it is likely that glass objects were part of the gifts,
as indicated from the numerous glass goods recovered from tomb of Thuya and Yuya, the
parents of Queen Tiye, wife of Amenhotep III; both of who were high members of the court
and held many titles (Davis ef al., 1907). From the research undertaken on the fragments from
Serabit, Sinai, the worth and quantity of votive offerings of Egyptian glass to temples is now
established as a significant part of the LBA glass system. The addition of the movement of

glass as containers for luxury goods are also represented in this new model.

Glassmaking was a labour-intensive process in addition to requiring the sourcing and refining
of raw materials, including colourants such as cobalt which were sourced from the western
oases. Therefore, the role that royal courts played in the resourcing of technological
developments is highly relevant to this industry; Moorey states that only in such organisations
could the necessary resources, workshops and workforce be provided to initiate artistic

ventures on the scale required (Moorey, 2001, p4).

Smaller goods such as beads and amulets were clearly obtained by members outside the upper
elite of the royal court (Figure 36), however it is questionable if glass was intended to be
directly available to the common people as part of the wider Egyptian economy. Kemp, who
has written extensively on the economics of ancient Egypt in his seminal book “Ancient Egypt:

Anatomy of a Civilization”, states that Egypt operated on an administrative, redistribution
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system, however there was also a private sector for “trade” (Kemp, 2006, p302-304). Records
of workmen from the artisan town of Deir el-Medina indicate that they were employed by the
state, but also were free to practice privately, therefore excess or waste materials from
glassmaking/glassworking may have been used for smaller items such as beads or amulets and
subsequently traded. This thesis supports this concept by presenting the analysis from small
items excavated from Tall Zira’a as discussed in chapter 6; in addition to the core formed
vessels from both Egypt and Mesopotamia, many small items such as beads and religion
pendants made from glass are present at this significant site. The trace element analysis
conducted as part of this research confirmed that small glass objects from both Egypt and
Mesopotamia are present from both LBA and IA contexts; many hundreds other glass finds
have been recovered from Tall Zira’a, therefore indicating that there was routine, ongoing trade
for these objects manufactured in both states and transported to the city. An alternative
mechanism for the entry of glass jewellery into wider circulation could also have been

accomplished from looting.
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Figure 36: Proposed model for the control and distribution of glasses in the LBA, adapted from
Shortland et al. 2001 (Shortland, Nicholson and Jackson, 2001, p152).
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8.3 The movement of glass

This thesis established that significant amounts of glass from Egypt was transported
internationally, specifically large quantities of glass vessels were regularly conveyed to the
temple of Hathor, with vessels and beads being transferred to the Levant. Within Egypt, the
Nile was the main method of transporting goods, and this also applied to the trade of exotic
goods from Nubia which was administered through personnel employed by the temple (Kemp,
2006, p308). Traders were not regarded highly in Egyptian society (Brier and Hobbs, 2008)
however, the political stability cemented in the early 18" Dynasty allowed Egypt to prosper
through newly formed diplomatic relationships, and as a result the trade of exotic and imported
goods increased: scenes from the 18" Dynasty tomb of Ken-Amun, the chief steward of
Amenhotep II, depict a fleet of sea-going ships arriving from Syria and the Aegean, laden with
goods (de Garis Davies, 1973; Wilkinson, 2010). By the 18" Dynasty, Egypt had also built sea-
worthy ships which could transport large quantities of cargo such as raw materials or groups of
people; Hatshepsut’s mortuary temple at Dier el-Bahri also show depictions of soldiers on boats
accompanying a trading expedition for luxury items to Punt. Therefore, the facility to transport
large quantities of goods and people nationally and internationally both from and into Egypt
by sea-going vessel was well established, as was the practice of using the Egyptian army to
ensure the delivery of high-value items (McDermott, 2004, p93). Foreign brides, their goods
and retinue were also likely transported by military convoy to the royal harems in Egypt

(Lilyquist, 2004, p336; McDermott, 2004, p96).

Alternative methods of transport were by foot and donkey, and military routes were well
established with forts and wells dug along the roads which supplied water (McDermott, 2004,
p94). One such route was “The Way of Horus” which led out of Egypt into Canaan (Moshier
and El-Kalani, 2008). It is very likely that glasses manufactured in Egypt would be transported
to Serabit partially along this route to be offered at the temple of Hathor. Valuable trade and
military routes were actively protected by the Egyptian army, however the exact routes are
difficult to reconstruct based on the shifting geographical landscape and the ancient barriers
which have changed over time (Pelletier, 2013). The likely LBA trade routes are shown in
figure 38 and as discussed in section 1.8.1, varying routes were used. For example, three routes
for transporting lapis lazuli were generally used: one by sea and two by land. The overland
routes changed over time as networks were adapted (Huang, 2018). The trade routes followed

in connection with the site of Tall Zira’a are detailed in section 1.5.4.3.1.
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Caravans are mentioned multiple times in the Amarna Letters in connection with gift transport;
therefore, it is reasonable to suggest that this was the regular method for transporting high value
goods between Egypt and Mesopotamia, despite the risks as discussed previously in this
section. Once again, the courts could maintain control this way by equipping the caravan with
a military presence and performing official checks along the route. The main LBA trade routes
in Figure 37 shows that one route follows the coast, while the other follows an inland route
which connects with the ancient city of Tall Zira’a, also the recipient of glass vessels and
objects from both Egypt and Mesopotamia as discussed in chapter 6. Although shipment by sea
cannot be entirely disregarded when considering the Uluburun shipwreck, shipping by sea may
have been the alternative method for transporting glasses where overland routes were not
possible. As discussed in the previous section, chapter 6 combines archaeological information
and elemental analysis to confirm that both Egypt and Mesopotamia transported high value
core-formed vessels in addition to smaller items such as beads and amulets. The frequency of
small glass items found at the site across several contexts from the LBA to the IA indicate that

there was regular influx of these items into the city.

Based on existing texts, it is highly likely that there was a military presence with supervision
by an official element involved with glass transport; overland transportation would have been
subjected to regular checks enroute by the Egyptian administration and goods arriving in Egypt
were also likely received by an official (Sherratt and Sherratt, 1991; Kemp, 2006, p324;
Sherratt, 2016; Huang, 2018). Therefore, enforcing the proposition that all aspects of glass,

from production to transport were controlled by the royal court.

The Amarna Letters provide textual evidence that items of high value were transported
overland to Egypt, with letters EA7 and EA8 describing the robbing of caravans containing
gifts for the Egyptian king (Moran, 1992, p14, p16). Letter EA7 from Burnaburiash, the king
of Babylon, states that the caravans bearing gifts including gold and silver for Akhenaten were
robbed by the pharaoh’s own officials (Moran, 1992, p12-14), therefore it can be assumed that

glass was transported overland from Mesopotamia as it ranked below gold and silver in value.

Page 219 of 374



Page 220 of 374

MITANNI

o Aeppo

% ‘il:);:‘r Emars 3

' SYRIA @o
<

'
A ; o Qatna
2. O
'

¥ Cacesh

¢ City state

* Ship wreck EGYPT

Land based irade routes >

s

- === Ses bated Yode 10ues >
MB route (probably also LB) ﬁ

Figure 37: Late Bronze Age trade routes connecting Egypt to Mesopotamia and the Aegean
(Josephson Hesse, 2008, p171).

The Uluburun shipwreck is one of the most important archaeological sites connected with the
transportation of glass, the details of which are discussed in section 1.5.4.4. It is the primary
evidence for transportation of glass by sea and is often referred to as a “trading vessel” or a
vessel associated with the trade of goods in the LBA (Bass et al., 1989; Brown and Harrell,
1995; Nicholson, Jackson and Trott, 1997; Pulak, 2001, 2012; Jackson and Nicholson, 2010;
Lankton, Pulak and Gratuze, 2022), however based on the similarity of goods described in the
Amana Letters it could be argued that this was a vessel containing diplomatic gifts bound for
the Aegean, and not a ship containing random items for trade. This is further indicated by
evidence of high-ranking Mycenaean officials aboard the vessel; finds of two Aegean swords
and “Mycenaean glass pendant beads from at least two separate pectorals” and other functional
Mycenaean pottery suggests the element of foreign supervision and therefore of diplomatic

purpose (Pulak, 1998; Demand, 2012, p176).
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8.3.1 Forms of glass and movement

As discussed in 8.2.4 and shown in figure 36, this research redefines and expands the
hierarchical model previously proposed for the control and distribution of glass which
associates the value of the glass object to the relevant status in LBA society (Shortland,
Nicholson and Jackson, 2001, p152): ingots were exchanged at the highest level between royal
courts, and vessels and objects were given to the upper elite and preferred members of the
court. Items such as necklaces and jewellery and smaller items such as beads and amulets were
also presented as gifts (Moran, 1992, p72-75; Kemp, 2006, p276). This research also advocates
a new international model in Figure 38 which incorporates the research from the key sites
presented in this thesis, confirming them to be significant parts of the larger international LBA
glass system. Specifically, this schematic links the analytical findings from Gurob, KV35,
Serabit and Tall Zira’a to elucidate the movements of glass to consumption sites (palaces,
tombs, temples and international cities respectively) in addition to the raw materials required
by the Egyptian glassmaking industry. This model also adds greater details to the model by
indicating the forms of glass that were moved internationally, such as glass as containers and

consumption sites such as tombs and Serabit, as discussed throughout this thesis.

The evidence from the Uluburun shipwreck indicates that official gift giving between courts
that required long distance transportation of glass was undertaken in the form of ingots which
were relatively robust. Although it could be argued that they are not ‘finished’ objects, they are

coloured glasses, rather than colourless glasses, and may represent a ‘diplomatic currency’,
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never intending to be worked into an object but presented a symbol of wealth to be displayed

or circulated between brother kings.

Figure 38: Summary of the supply of raw materials, exchanges and movement of glass in the LBA.
Adapted from Shortland (Shortland, 2000, p145).
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The Amarna Letters EA17 and EA27 describe bottles of oils and letter EA48 describes jars
containing balsam (Moran, 1992, p42, p89, p120). These items may have been presented in
glass vessels, therefore evidence of glass vessels recovered from archaeological sites may not
tell the whole story, being that the vessel itself does not represent the whole item being gifted,
but that they were prestigious containers for another luxury item. The clearest examples for
using glass for personal cosmetic items are kohl pots and palm shaped kohl vessels, where
traces of remaining contents can confirm the purpose of such items (Nolte, 1968; Ribechini et
al., 2011). “Oily substances” and “waxy blue traces” are among descriptions of the remains of
contents still present on glass vessels and fragments described in ‘Die Glasgefifie im Alten
Agypten’; Nolte confirms that larger glass vessels would be used for precious ointments,
smaller vessels for perfumes and pots for cosmetic goods such as eye colours. Nolte also
describes evidence of closures likely made from wax, verifying that glass vessels held a

functional purpose (Nolte, 1968, p42).

Chapter 5.3 assesses Petrie’s assessment that the site of Serabit must have contained many glass
vessels (Petrie, 1906, p139); the hundreds of fragments recovered from Serabit indicate that
glass vessels as finished objects were therefore routinely transported to the site. The analysis
of the fragments in chapter 5 confirms that glass vessels were transported to Serabit over a
period of approximately 300 years, from as early as 1450 BCE during the reign of Tuthmosis
IIT as discussed in section 8.2 and culminating with the final offerings made by Rameses VI
before the collapse of the LBA as indicated by the fragment of natron glass using a later cobalt
source discussed in section 5.8.12. Therefore, this research verified that the Temple of Hathor
at Serabit can be considered as a major consumption site for Egyptian glass as votive offerings.
The route from Egypt to Serabit, was well established as discussed in section 8.3, serving both
the convoys of workers and royal officials and those embarking on the well-travelled route to
the turquoise mines and the temple of Hathor, therefore enabling the routine transport of glasses

for the temple.

8.3.2 Movement of glass by women

This thesis is the first study to combine elemental analysis and archaeological research to
redefine the critical role of women in the international glass system. By confirming the
presence of very early Mesopotamian glass in Egypt as part of foreign female burial this thesis

presents conclusive evidence for the transport of glasses by women from the reign of Tuthmosis
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III. Glasses were transported from Mesopotamia in connection with diplomatic foreign
marriages which was accomplished at distinct levels: the highest level being the official gift
items as part of the dowry, the high-status personal possessions of the royal bride and finally
the personal possessions of those accompanying the foreign princesses. This research
conclusively proves that foreign women, likely in connection with the harem palace travelled
to Egypt with personal possessions and remained at Gurob as part of the harem community

until their death.

Diplomatic marriages in the 18™ Dynasty are well known, one of the most significant in the
New Kingdom being the marriage of Tuthmosis III to three “Asiatic” princesses. The contents
of their tomb are meticulously described in Lilyquist’s “The Tomb of the Three Foreign Wives
of Tuthmosis III” and indicate that they were buried in Egyptian style by the presence of
canopic jars and other Egyptian ritualistic burial materials. Although they were regarded as
relatively minor wives, they were buried with rich grave goods of gold, silver, and glass.
Interestingly, their grave goods also contained stylistically un-Egyptian items such as a gazelle
diadem and a glassy-faience vessel created in a foreign design, suggesting that the princesses
were transported to Egypt along with personal possessions from their homeland (Nolte, 1968,

p49; Lilyquist, 2004, p337).

Other diplomatic marriages, recorded in the Amarna Letters, meticulously list the gifts sent as
the dowry. A notable marriage by Amenhotep III was to Princess Gilukhepa, the daughter of
Shuttarna II, King of the Mitanni. According to a commemorative scarab, Princess Gilukhepa
was accompanied by 317 ladies in waiting, likely bringing their personal possessions,
jewellery, and cosmetic items to Egypt. Another diplomatic marriage made by Amenhotep 111
was to Tadukhepa, the daughter of Tushratta, King of the Mitanni (and the niece of Gilukhepa).
The dowry list includes items of jewellery and other adornments, such as finger rings and
ornamental dress pins (Moran, 1992, p72-81). Approximately 270 female and 30 male
attendants were mentioned along with many gifts for the attendants themselves, indicating that
high ranking personnel were required to be appropriately dressed and decorated as befitting
their station (Moran, 1992, p79; Kemp, 2006, p293). This can be seen in grave goods of the
foreign female burial at Gurob, having been interred with personal cosmetic items and other

items of jewellery.
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Upon arrival in Egypt, the foreign princesses were probably settled at the harem palace in
Gurob with some, if not all, of their entourage (Lilyquist, 2004, p337). Other than the
princesses’ names, the identity of the foreign women travelling to Egypt are not recorded in the
correspondence, however the gifts which accompany them are always provided in detail. Once
the princesses and women reached Egypt it is apparent that they effectively disappear from the
archaeological record, however, their role and influence on the LBA glass system is significant,
albeit on an undocumented level. It is seen from the Tomb of the Three Foreign Wives, and to
a lesser extent tomb 27 from Gurob, that foreign women travelling to Egypt were given burials
befitting their status with numerous glass objects and jewellery containing glass, and some
items of a foreign style, which were transported from Mesopotamia. It may even be suggested
that the desirability of glass objects brought in by foreign women drove the desire for a

domestic industry to supply the royal women at the court and at Gurob with glass items.

8.3.2.1 Domestic vs. foreign glasses

As discussed, the availability of the pre-Malkata glasses for LA-ICP-MS analysis are rare,
therefore indicators of provenance are determined from the previous analyses available.
Although the sample size is conservative, it is interesting to note that all glasses analysed from
KV35 in chapter 4 and Serabit in chapter 5 were of Egyptian provenance only, therefore this
provides further supporting evidence as established in the analysis of the polychrome fragments
from the reign of Amenhotep II that the glass industry in Egypt was fully established and
capable of supplying the demand for glass in Egypt. It may also further support the model of
strict control by the Egyptian court, i.e. that glasses produced in Egypt were allocated to
specific “Egyptian purposes” or considered to be more appropriate for usages connected with
religious or high-level votive offerings. As discussed in previous sections, the identification of
Mesopotamian glass in Egypt is rare, despite the textual evidence in the Amarna Letters that
glass was demanded from foreign sources. This may indicate that ingots were directly traded
rather than worked into objects; however, there Hodgkinson has provided evidence that some
ingots were worked and distributed among glassmaking workshops at Amarna for processing

(Hodgkinson et al., 2019).

8.4 Using compositional development of LBA glass for dating

There are three standard methods for dating glass objects from the LBA: the first is the

traditional method of dating by context and the second is dating by the cartouche inscribed on
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the object; however, some kings were subject to a mortuary cult and there are examples of New
Kingdom tombs containing objects inscribed with the cartouche of a previous ruler that are
observed as part of the grave goods. One such instance is a persea fruit inscribed with the
cartouche of Tuthmosis III which was excavated from the tomb of Tutankhamun (Lilyquist et
al., 1993, p50). The presence of the persea fruit can be interpreted in several ways: that the
item was made during the reign of Tuthmosis III and represents an heirloom, that it was made
in Tutankhamun’s reign reflecting a mortuary cult of Tuthmosis III, or that the item is erroneous
and has been introduced from another source. Given that Tutankhamun reigned for a relatively
short amount of time and died unexpectedly, research has suggested that many of the grave
goods were acquired from the collections intended for other tombs rather than being made
specifically for Tutankhamun, therefore it is likely that this item was curated, or an heirloom.
As such, cartouches should be considered as Terminus post quem, whereas the context of a

secure tomb is regarded as terminus ante quem.

The third method is the dating of objects stylistically; this method requires considerable
expertise and is the most open to interpretation (see section 8.4.3). The stylistic method of
dating was used extensively by Nolte in her seminal work ‘Die Glasgefifse im Alten Agypten’

which is used as the primary data source in chapter 7.

This thesis presents a fourth method: dating by composition which is discussed in the next

section.

8.4.1 Dating by glass composition

The elemental analysis of LBA glasses is widely published and show that the base composition
of the earliest HMHK glasses (which fall within the definition of Peltenburg’s Stage 2) are
generally consistent throughout the LBA. Therefore, this indicates that the methods of
production and the sources of the raw materials used to make glass, such as silica and plant ash
flux, remain largely unchanged throughout the LBA (Lilyquist et al., 1993, p41; Shortland and
Eremin, 2006; Abe et al., 2012; Lankton, Pulak and Gratuze, 2022). Therefore, our
understanding of the compositions and colouring strategies of glass, how glass composition

changes and how it is moved allows us to use it for dating purposes.

The elemental examination of colouring strategies provides key information about the

development of glass composition during the LBA and beyond. This research is the first major
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work to use compositional to identify unknown samples from the significant sites of Serabit in
Sinai and Tall Zira’a in the Levant. This thesis conclusively concludes that the most indicative
glasses for discriminating between production periods are blue cobalt glasses. Sections 4.8.3,
5.8.9, 5.8.12 and 6.9 examine one of the most interesting and valuable compositional
modifications in these glasses; namely the change in the source of cobalt used for glassmaking
in Egypt. Chapters 4, 5 and 6 demonstrate that the three main distinct sources of cobalt used
for glassmaking in ancient Egypt, defined by Abe et al. as “Type A” used in the 18" Dynasty,
“Type R” used in the Ramesside period and “Type N” used in the Late Period, indicate the
production era of the glass itself and can also be used to date the related context (Abe et al.,

2012).

As discussed in section 5.8.1, in addition to the production dating information provided by the
cobalt source, it follows that the use of the cobalt sources can be used to indicate the workshops
where the glasses were produced, therefore it is likely that 18" Dynasty cobalt coloured glasses
were produced at Malkata or Amarna, or an earlier workshop as proposed in section 8.1, and
that Ramesside cobalt blue glasses could have been produced at Qantir (Shortland and Eremin,
2006; Shortland, Rogers and Eremin, 2007; Smirniou, Rehren and Gratuze, 2018; Lankton,
Pulak and Gratuze, 2022). The use of cobalt as a dating indicator is particularly valuable for
polychromatic fragments, where the cobalt type can be used to indicate the production era for
the overall fragment, and the other colours can be considered for potential compositional
characteristics. It is noteworthy that a purple fragment, OX444, from Serabit and discussed in
section 5.8.9 contains “Type R cobalt, therefore this research identifies a very rare example
of cobalt being used to colour LBA purple glasses, one earlier example is from Malkata which
shows similar concentrations of cobalt from the Type A source, but much higher concentrations
of manganese of 2.62% (Shortland and Eremin, 2006; Abe ef al., 2012; Lankton, Pulak and
Gratuze, 2022). As discussed in section 1.2.6.9, purple glasses are relatively rare in the LBA
and the source of the main colourant, manganese, has not been definitively confirmed due to

the lack of associated elements which would indicate the ore type.

The change in cobalt source from ‘Type A’ from the Western Desert to ‘Type R’ coincides with
the relocation of glass factories from the south of Egypt to the North. This implies that the
movement of raw materials for glassmaking was impractical, and therefore may have directed
Egyptian glassmakers to change raw material supply and strategies. This is further indicated

by the Serabit glasses which show notable changes in the colouring strategies for green and
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black coloured glasses compared with earlier glasses from Malkata (Shortland and Eremin,
2006). Green glasses produced before the Ramesside period are relatively rare, but as discussed
in section 5.8.7, the four green glasses from Serabit are coloured by iron rather than a
combination of copper and lead antimonate, as observed with all 25 samples in the Shortland
and Lankton studies (Shortland and Eremin, 2006; Lankton, Pulak and Gratuze, 2022). The
black glasses from Serabit also demonstrate a change in strategy from adding an excess or
combining several transition metal colourants to using iron as discussed in section 5.8.6, a
practice which is more commonly observed in Mesopotamian glassmaking (Reade, 2021,
p228-236).The LA-ICP-MS analysis of Egyptian copper-blue glasses in this research show that
the major, minor and trace element composition remains relatively consistent therefore
indicating that the LBA copper blue glass recipe remained largely unchanged (Shortland and
Eremin, 2006; Lankton, Pulak and Gratuze, 2022). Therefore, narrowing the production
window for copper blue glasses using elemental analysis is challenging: chapter 5.8.1
highlights the exception that five out of seven copper-blue glasses from Lisht contained lower
levels of tin, however this may not be a consistent or reliable indicator of detecting later
Ramesside copper blue glasses (Smirniou, Rehren and Gratuze, 2018). White Egyptian glasses
are another example of LBA glass which maintains a standard composition in the LBA.
Changes in the colour preference for glass vessels comes after the end of the Amarna period,
although blue is still a favoured colour in LBA Egypt, section 7.7 discusses the significance of
other colours becoming more prevalent in the 19'"-20™" Dynasties. The analysis of the Serabit
glasses discussed in chapter 6 identify changes in the compositions of specific colours of

glasses from Serabit and compares them with known compositions from other LBA sites.

The presence of both copper and iron-green glasses at Amarna were identified in the Varberg
study, in addition to the presence of Egyptian and Mesopotamian green glasses (Varberg et al.,
2016). The presence of both green colouring strategies may indicate that glassmakers at
Amarna were effecting a period of technology transfer and experimentation. The use of iron as
a colourant may have been adopted at Amarna to reduce the importation and processing of
colourants, thereby optimising the process. These successful strategies were continued into the
Ramesside period, as can be confirmed from the iron-green fragment of a pomegranate vessel,

known to have been introduced after the Amarna period (see Figure 39).
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Figure 39: (Left) A green glass pomegranate vessel dated to 1295-1070 BCE. Find site: “Egypt”.
Metropolitan Museum of Art 44.4.52 (https://www.metmuseum.org/art/collection/search/590955)

compared with a green glass fragment OX484 from Serabit (Right). The fragment from Serabit is
likely a “leaf” from a pomegranate vessel as it is very similar to an intact example from the MMA.

8.4.2 Identification of later glasses (Late LBA and [A)

The use of compositional analysis is well established in the archaecometric field. The
composition of both LBA and IA glasses is well published, therefore analysis using analytical
techniques which detect major and minor elements are sufficient for distinguishing between

standard LBA and IA compositions (Figure 1).

This thesis discusses the distinction between LBA and IA glasses using major composition:
section 5.8.12 discusses the composition of a unique example of an early natron glass discussed
as part of the research undertaken in chapter 5. Fragment OX641, is a polychromatic fragment
of a white body vessel with blue decoration applied. Minor element analysis showed that the
blue glass contains the low concentrations of magnesia and potash (see Figure 1) and was likely

coloured using type N1 cobalt, therefore can be classified as a later glass.
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Another analysis comes from the polychromatic fragment discussed in section 4.8.3, EA64163
(see Figure 40); the piece was marked as coming from “Thebes” and had been stylistically
dated to grouped with the Amenhotep Il fragments. Fragment EA64163 contains red, blue and
white glasses and the analysis showed that all three colours contained low concentrations of
both magnesia and potash (less than 1.9% for each value) thereby indicating the fragment was
natron glass, and consistent with later glasses produced in the IA. The blue glass coloured by
cobalt also indicates this was from the N2 source, therefore confirming a later date of

production.

Figure 40: Left image showing fFagment from the tomb of Amenhotep 1, Metropolitan Museum of
Art. Right image showing the fragment EA64163 analysed in section 4.8.3, labelled as find site
“Thebes” and attributed to the reign of Amenhotep |1, later determined to be a later 1A natron glass.
British Museum.

In addition to the identification of individual glasses as being produced in the LBA or IA, this
research demonstrates that the major composition of glasses can be used to provide supporting
information for the dating of the strata from which they were excavated. The research presented
in chapter 6 from the site of Tall Zira’a show that the major composition of glasses from both

the LBA and the IA can be used to date the strata at archaeological sites, in addition to verifying

the archaeological evidence for mixed contexts.

8.4.3 Authentication of glass

Chapter 7 presents the findings from the first ever large data study relating to Ancient Egyptian

vessels. This chapter demonstrates how morphological data can be used to highlight atypical
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glass vessels from ancient Egypt using raw data extracted from Nolte’s catalogue in
conjunction with expert appraisal. The research presented in chapter 7 indicates that there are
a higher number of vessels from private collections which show atypical features, and that are
excavated from unknown contexts, or where the context provided is from a general area, rather
than a specific tomb or site. The “Werkkreis” system employed to date vessels by stylistic
features is used by Nolte in ‘Die Glassgefiisse im alten Agypte’, meaning that 284 vessels were
given broad production windows, ranging from 54 to 360 years. The reason for this
phenomenon is unclear. It may be that collectors have acquired items that appear unique but
are unaware of the standard style and form of ancient Egyptian vessels and therefore have

consequently acquired mis-dated objects or imitations.

9 Conclusion

In section 1.10 the research questions were outlined clearly; chapter 9 now considers each in

turn and shows how they are answered by the discussion in chapter 8.

This thesis concurs with the accepted convention that glass was invented in Mesopotamia and
subsequently introduced to Egypt following military campaigns during the reign of Tuthmosis
III. Previous research has posited that Egypt was reliant on the supply of glass from
Mesopotamia, however the findings from this thesis confirm conclusively that craftsmen were
able to produce glass in several colours using Egyptian raw materials from the earliest stages
of glassmaking in the LBA. Therefore, this research definitively proves that an established
Egyptian glassmaking industry was in operation by the reign of Amenhotep II, if not earlier,
hence proving that Egypt was one of the very first manufacturers of LBA glass. Consequently,
this evidence also proves the existence of a pre-Malkata workshop in Egypt, one which was
technologically advanced enough to create polychrome core formed vessels, pertaining to the
question of where the first glasses were produced and what the context and analysis shows
about the first glasses (research question 1). This thesis provided analytical evidence to further
answer this research question by examining the iconographic and analytical evidence to
propose that an Egyptian glass industry was very likely to have been established between years
7 and 22 of the reign of Tuthmosis III. Therefore, the research presented in this thesis proves
irrefutably that the very first glasses were produced in both Egypt and Mesopotamia; although
previous researchers have insinuated earlier workshops, this thesis definitively proposes and

provides evidence for a fully functional early glassmaking site in Egypt. In addition, this thesis
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also considers the analytical results from the Harem Palace site in Gurob (chapters 2 and 3);
the Harem palace was established in the reign of Tuthmosis III so it is feasible that glass was
being manufactured in Egypt at this time in parallel with the transport of glass by foreign

women of high status from Mesopotamia.

This research answers the question of how production and transport of glass was controlled in
Egypt and across the Near East by presenting the analytical data from early glasses in
connection with historically important tombs, temples, and sites. Using the evidence from the
analytical data in conjunction with the research findings, this research establishes that glasses
were transported at several levels: as personal items, dowry gifts, diplomatic gifts, as votive
offerings and as likely containers for other luxury items such as oils and perfumes. In the case
of Serabit, the analysis and context tells us that significantly large quantities of glass
manufactured using raw materials from Egypt were consistently moved from Egypt to Serabit
over the course of up to 300 years, thereby not only showing the scale of the Egyptian glass
industry but also conclusively proving for the first time that the temple of Hathor at Serabit is

to date one of the largest confirmed consumers of Egyptian glass in the LBA.

This research presented the first ever compositional and provenance analysis from the
significant Levantine site of Tall Zird’a and is the first study to confirm the presence of
Egyptian and Mesopotamian glass at any site in the Levant. This context tells us that glass was
routinely moved from both Mesopotamia and Egypt, likely overland in caravans travelling the
established LBA trade routes. The presence of natron glass indicates that Tall Zira’a maintained
its status after the collapse of the LBA and was able to support the trade of luxury goods into
the IA, further confirming the importance of this site in the LBA and wider glass system.

One of the major outputs of this thesis are two novel schematics showing for the first time the
proposed model for the control and distribution of LBA glass, from an Egyptian domestic
perspective and from the wider international LBA glass network which specifically incorporate
the significant findings and key sites from this research. Integrating the evidence from this
research, figure 36 shows how glass was administered, controlled, and distributed, by
encompassing the key Egyptian sites studied in this thesis: Gurob, the Valley of the Kings and
the Egyptian-controlled site of Serabit. For the first time in a glass system schematic, this figure
includes the mechanism for the distribution to the general populace, broader trade and

ultimately the international market. Figure 38 expands the model to demonstrate the wider
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international system of LBA glass by incorporating the first archaecometric data from significant
site of Tall Zira’a in the Levant, and Mesopotamia. Figure 38 therefore represents the first
proposed international model for LBA glass, showing the central mechanisms of glass transport

and the links between all sites studied in this thesis.

This thesis represents the first ever archacometric research to confirm the primary role of
women as mechanisms for glass transport and in the larger international LBA glass system
(research question 2). Women are largely missing from the archaeological record however the
analysis conducted in this research establishing the presence of Mesopotamian glass in Egypt
substantiates the importance women played in the transport and distribution of glasses at the
undocumented level. This thesis described how diplomatic marriages created a practice
whereby foreign women of high status were systematically transported to Egypt, and that they
were customarily accompanied by high value gifts as dictated by the protocol of the “Great
Powers”. In addition to the foreign princesses, the textual records state that the princesses
travelled with many other members of their court, therefore, it is very likely that royal women
and their retinue, whose personal possessions would have included jewellery, cosmetics, oils,
and perfumes, would have also brought their glass belongings to Egypt. These possessions
represent not only the earliest glasses but some of the earliest imports of glass from
Mesopotamia. Although previous research has discussed the subject of foreign women in
connection with glass, the topics relate to prestigious objects in connection with the Tomb of
the Three Foreign Wives of Tuthmosis III, or in research relating to the Amarna Letters.
However, this thesis focuses on the principle that large quantities of lesser-status glass,
employed as everyday items, used, or worn routinely by women, were introduced to Egypt on
a level largely undocumented by history, therefore, that women were instrumental in the LBA
glass system by transporting and ultimately distributing many types of glass objects, especially
items such beads which have been discovered in as part of LBA burials in Romania, Denmark

and Germany.

Research investigating the analysis of glass to determine composition and provenance has
expanded considerably over the last few decades. However, the work undertaken in chapter 5
is the first study to present compositional and provenance analysis from the highly significant
site of Serabit, Sinai, now identified as a major consumer of Egyptian manufactured glass from
the 18™ to the 20" Dynasties as a major impact of this research. This thesis examined a curated

selection of fragments from this discrete site to establish elemental and stylistic indicators for
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compositional dating. Therefore, the question of if the examination of compositional changes
in glass from the 18" Dynasty can be used for dating (research question 3) is answered by the
research presented in chapters 5 and 6, which demonstrates that the major, minor and trace

elements from the analysis of LBA glass can be used for three types of dating:

1. To indicate the era of production of the glasses themselves.
2. To provide supporting evidence for dating the context from which they were recovered.

3. To verify the textual evidence of presence or periods of activity at a site.

To conclude, this research significantly contributes to LBA glass research by adding substantial
new information from previously unanalysed objects from significant and highly relevant sites
associate with the larger LBA glass system. In addition, this thesis presents new analytical data
of glasses to prove the existence of an early Egyptian glassmaking workshop. The discussions
pertaining to production and control throughout this thesis support the model that raw glass
produced in the glassmaking workshops, and the objects produced in the glassworking sites,
would have been tightly controlled by the royal court. This thesis proposes that vessels and
jewellery were gifted to the high elite, not just as solitary objects, but likely containing
cosmetics, precious oils and perfumes. Glass vessels, along with other gifts, would have been
shipped long distances overland in caravans using the established LBA trade or military routes
and likely with a military presence, thereby answering the question of the control of glass in
the LBA and addressing how glass was moved from the production site to the place it was used
(research question 4). Trade routes in and out of Egypt were actively policed by the Egyptian
army and caravans were subject to official checks along the route, consequently maintaining
the element of control. Two detailed schematics have been produced incorporating this research
to demonstrate the positioning of these significant glass-related sites examined in Egypt, Sinai
and the Levant as part of the wider international LBA glass system. Research question 2, which
discussed the role of women in the LBA glass system, also links to research question 4 which
discusses the transport of glass. Overall, this thesis suggests that women were a significant part
of the glass system and were instrumental in transporting large quantities of glass goods as

their personal possessions.

9.1 Future work

This section identifies and discusses future areas of work which could enhance the research
discussed in this thesis and the field of LBA glass study.
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The work presented in chapter 7 is a data exercise, therefore the use of non-destructive
techniques, such as hand-held X-ray Fluorescence (XRF) on a selection of the more accessible
objects mentioned in ‘Die Glasgefiiie im Alten Agypten’ and highlighted as being atypical
would determine the major composition and provide further information about the colouring

strategy, thereby narrowing the window of production.

The same non-destructive technique could also be used to triage a wider sample selection of
the glass fragments from Serabit. An initial selection of fragments which contained identifying
features would provide the more information which could be used in conjunction with the XRF

data. Other fragments which exhibited unusual colours or patterns should also be investigated.

As discussed in chapter 5, characteristic compositions which can determine the production
windows of copper-coloured glasses are difficult to distinguish, therefore a wider study of these
glasses using lead isotope analysis in conjunction with the elemental analysis my provide

indicative patterns.

Overall, more analytical work which provides elemental data in conjunction with firm early
contexts would establish the number of imports or confirm the composition of the earliest
vessels and glasses ever produced. This could also include analysis on the Eridu fragment and
areanalysis of the glasses studies by Lilyquist in 1993 with XRF, as more recent handheld XRF
models have shown to be sensitive enough to detect some trace elements capable of
distinguishing between Egyptian and Mesopotamian glasses (Hodgkinson ef al., 2019). The
work by Lankton in 2022 provides 373 analyses of LBA glasses with the colour, description,
country, site and approximate date, however these analyses are not discussed in context with

the archaeological data. They are, however, very useful for comparing general compositions.
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11 Appendix A

Supplementary material submitted with Kemp V, Delbey T & Shortland A (2023) The dating and provenance of glass fragments from the site of

Serabit el-Khadim, Sinai, Journal of Archaeological Science: Reports, 49 (June)

Main bod Opaque/
ain bo o
Acc. # colour y Translucen Fragment description Image
t
Vessel fragment with feather, garland or
Semi arcade dragged pattern applied in two

0X122 | Black translucent colours: white and apparent

yellow/brown. Transecting thicker white

band bordering the pattern.
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0X144

Black

Semi
translucent
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Vessel fragment with straight white band
applied transecting the fragment.
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Vessel fragment with straight white band

X299 Black Translucent applied transecting the fragment.
Amber/brow Vessel fragment with decorative threads
0X358 0 Translucent | of yellow/white visible on the cross

section. Pattern imperceptible.
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0X420

Brown

Translucent
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Vessel fragment with garland pattern
applied in at least two different colours.

0X561

Brown

Translucent

Vessel fragment with possible decoration
applied in yellow.
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Vessel fragment with flat arcade/garland
pattern applied with three colour thread
combination. Pattern appears to be

OX189 | Mid Blue Translucent applied in the pattern form rather than
using an implement to drag over the
surface, forming the pattern.

Vessel fragment with elaborate feather
0X193 Dark blue Translucent | pattern applied in apparent white and

yellow threads.
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Unknown object. No perceptible pattern,

0X414 Dark blue Opaque prominent white thread transecting the
fragment.
0X433 Dark blue Translucent Vessel fragment with possible garland

pattern applied in lighter colour.
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Vessel fragment with possible garland

0X437 Dark Blue Translucent | pattern applied in at least two different
colours. Rim made from twisted threads.
Vessel fragment with regular white

0X669 Dark blue Translucent | garland/arcade pattern applied in lighter

colour.
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0Xg4

Dark blue

Translucent

Page 268 of 374

Vessel fragment with possible feather
pattern and two white transecting bands.
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0X107 | Dark blue Semi Posmbl; vessel fragment with no
translucent | perceptible pattern.
Vessel fragment with elaborate pattern
0X183 Dark blue Translucent | (possibly feather) applied in at least three

colours
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Vessel fragment with pattern applied with

0X200 | Dark blue Translucent yellow, white and light blue threads.
Black/dark Semi Vessel fragment with white thread present
0X481 o .
blue translucent | in rim section.
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0X501

Dark
blue/black

Semi
translucent

Page 271 of 374

Unknown object type with no perceptible
pattern.
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0X70

Light blue

Translucent

Page 272 of 374

Vessel fragment with yellow and dark
blue thread applied in a straight design.
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0X103

Turquoise

Translucent

Page 273 of 374

Unknown object type with no perceptible
pattern.
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0X127

Mid blue

Translucent

Page 274 of 374

Unknown object type with no perceptible
pattern. Semi translucent.
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0X195

Blue

Semi
translucent

Page 275 of 374

Vessel fragment with consistent, even
feather pattern applied in three (?)
colours.
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Vessel fragment with apparent feather
pattern applied in yellow and white

OX198 Light blue Translucent threads, thicker white band transecting
the fragment.
Semi Vessel fragment with possible feather
0X235 Light blue pattern applied in yellow and white
translucent

threads.
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N\

Vessel fragment with no perceptible

Turquoise pattern.
OX429 blue Translucent Rim contains merged yellow and blue
glass.

JLE0 LT TR
12 3

Vessel fragment with possible garland or
feather pattern applied. Rim applied with
at least two colours of twisted glass of
apparent white and dark blue.

0X442 | Light blue Translucent
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Turquoise Vessel fragment with feather pattern
0X472 blu eq Translucent | applied in two other colours, one possibly
yellow.

Vessel fragment with garland pattern
applied with at least two different
colours, one being yellow. Rim applied in
solid opaque yellow.

0X482 | Blueish green | Translucent
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Vessel fragment with no perceptible

0X488 Mid blue Translucent | pattern, rim applied in darker blue and
white twisted glass.
| 10" =1l
ity
0X897 Light blue Translucent Vessel fragment with no perceptible

pattern.
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Unknown object type. Fragment is flat

E.4486 | Green Opaque with no perceptible pattern applied
lll’HH [HI|11] HH’HH [T
s 7 a
E.4486.1 | Green Semi Unknown object type with no perceptible
translucent | pattern.
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Unknown object type with no perceptible

0X140 Green Opaque pattern.

Rounded fragment - "leaf" from a
0X484 | Green/blue Translucent | pomegranate vessel? Yellow rim applied
to the edge of rounded section.
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OX77

Black/Purple

Translucent

Page 282 of 374

Vessel fragment with pattern applied in at
least two different coloured threads.

O0X8&5

Purple/brown

Translucent

Unknown object type with no perceptible
pattern.
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Vessel fragment with dark blue/black

0X641 White Opaque band visible under red deposit, white
prominent thread transecting fragment
0X264 | Yellow Semi Vessel fragment with no perceptible
translucent | pattern.

) 11 12 1
TR
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Vessel fragment with no perceptible
pattern.

OX444 | Yellow Opaque Rim applied in white and black/dark
brown coloured glass.
0X334 | Dark red Semi Unknown object type with no perceptible

translucent | pattern.
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0X226

Amber/brow
n

Translucent

Page 285 of 374

Vessel fragment with undetermined
pattern applied in two lighter colours,
possible yellow and white.
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archaecometry
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LA-ICP-MS ANALYSIS OF LATE BRONZE AGE BLUE GLASS
BEADS FROM GUROB, EGYPT*

V. KEMP}
Defence Academy of the UK, Cranfield Forensic Institute, Cranfield University, Shrivenham SN6 SLA, UK

A. MCDONALD
University of Glasgow, 11 Eldon Street, GlasgowG3 6NH, UK

F. BROCK and A. J. SHORTLAND
Defence Academy of the UK, Cranfield Forensic Institute, Cranfield University, Shrivenham SN6 SLA, UK

Laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) analysis was
undertaken on 37 blue glass beads excavated from a tomb in the southern Faiyum region of
northern Egypt. The tomb was undisturbed, contained the remains of seven females and two
children, and dated between the reigns of Amenhotep I (1525-1504 BCE) and Tuthmosis I
(14791425 BCE). The glass beads were coloured by copper and the trace element concentra-
tions were compositionally consistent with glasses from Mesopotamia rather than from Egypt.
Therefore, these glass beads represent a rare example of Mesopotamian glass to be discovered
in Egypt, in addition to being some of the earliest glass found. Gurob is known to have been the
site of a ‘harem palace’ established in the reign of Tuthmosis 11I, the implication being that
these beads represent luxury items transponted to Egypt by high-ranking foreign women,
possibly in connection with the harem palace.

KEYWORDS: EGYPT, GLASS, GUROB, HAREM, LA-ICP-MS, LATE BRONZE AGE,
MESOPOTAMIA

INTRODUCTION

The first regular finds of glass appear in the archacological records of Mesopotamia and Egypt
¢.1500 BCE (Lilyquist et al. 1993, 23; Nicholson 1993, 45-46; Tite and Shortland 2008, 209),
but the exact geographical source of the first glass-making is still a matter of debate. Excavations
have provided supporting physical evidence of glass-making sites at Qantir and Amarna in Egypt
(Lucas and Harris 1962, 179-194; Jackson and Nicholson 2007, 13-25; Pusch and Rehren 2007,
Smimiou and Rehren 2011;), and glassworking at Tell Brak and Nuzi in modern-day Syria and
northem Iraq, respectively (Henderson 1998; Shortland et al.2017). However, the evidence for
the manufacture of glass from raw materials is often inferred, particularly in Mesopotamia, where
poor preservation conditions impact the successful recovery of glass artefacts and no glass-mak-
ing site has been confidently identified (Shortland ef al. 2007; Shortland 2012, 49). It is very rare
to find glass identified as Egyptian in Mesopotamia, or vice versa (Walton et al. 2009). The sole
example is two green glass rods excavated from Amama in Egypt, the trace clement analysis of
which suggested that the composition was similar to glasses of Mesopotamian origin (Varberg et
al. 2016).

*Received X0 March 2019; accepied 16 August 2019
tCarsponding suthor: emal v. ke mp@ cranfield ac.uk
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Glass was an extremely valuable commodity i the Late Bronze Age, the ownership of which
was closely controlled by, and limited to, royalty or the élite. Therefore, it played a significant
e in the elabomate ntua of @it exchange between Egypt, the Near East and their vassal states
(Liveram 2004}, 24). Contemporary textual evidenee for the supply of glass to Egypt appears in
the Amarna letters (EA 148, 235, 314, 323 and 331), cuneiform tablets that detail the diplomatic
comrespondence between Egyptian officials and vassal states during the reigns of Amenhotep I11
(1391-1353 BCE) and Akhenaten (1353-1333 BCE) (Moran 1992; Shortland 2012, 147; Rehmen
2016). The text exphicitly documents the ‘ordering’ of glass from the Syna-Palestimian states
by the king of Egypt In addition, the Hall of the Annals in Karnak, dated to the mid- 1 5th century
BCE (Spalinger 1977), Mllustrates the apparent import of glass into Egypt from the Levant and
Syria, cither as spoils of the military campaigns undertaken by Tuthmosis I or as ‘gifts’ made
in tribute by subordinate foreign rulers (Wreszinski 1923, 40). Physical evidence for the import
of glass in this early penod has not been found until the mesults reported in this paper.

Laser ablaton-inductively coupled plasma-mass spectmometry (LA-ICP-MS) can be used o
quantify geologically sigmficant trace elements in glass, enabling the region of production
potentially to be mferred (Shortland ef ol 2007; Walton et al 2009). Trace clements are
introduced during the glass-making procedure by the addition of raw materials rather than during
the glassworking process, which may have occurred at a different site or another country
(Shortland 2005; Jackson and Nicholson 2010). These compositional differences have been
crucial at distinguishing between glasses manufactured in Egypt and the Near East.

The analysis and provenance of carly examples of glass could provide fundamental supporting
evidenee for the locaton of pnmary sites capable of manufacturing glass from raw materials. The
subsequent transport of glass and the patterns of exchange would contnbute to the understanding
of an important emergng technology and the subsequent exchange of its products. Severl
mechanisms might be responsible for glass tmnsportation between the two countries: direct
diplomatic gifts; personal items brought by royalty, diplomatic parties others of high stats; or
even the movement of glassworkers. Diplomatic mamiages were commaon in both Egypt and
Mesopotarmia (Bryan 2000, 80), and it was customary that the intended bnde would be jomed
by a substantial entourage (Snape 2014, 48); it can be assumed that glass objects m the form
of jewellery were among the personal effects of such élite retinues of women and potentially part
of other gifts. Royal harems in Egypt would almost certainly have included foreign women who
were married to the king to sccure diplomatic relatonships, especially with the Hittite and
Mitanni nations (Shaw 2011). Examples of this include the three “Foreign Wives™ of Tuthmosis
I, who may have been esidents of the palace at Gurob discussed here, but who were buned near
Thebes (Lilyguist 2004, 336). Although hittle 15 known about the poneesses, they were described
as “Asiatic’ women of high status and their tomb contained elaborate headdresses and jewellery
inlayed with some of the first glass known, and possibly of foreign, perhaps Mitanni, styles
(Feucht 1999, 385). Another later example 15 the diplomatic marmmiage between Amenhotep 111
and Mitanni princess Gilukhepa, where it 15 recorded on a commemorative scarab that she was
accompanicd by 317 “chiel women of the harem’ (Snape 2014, 48). This indicates the size of a
palace and the resources required to accommodate multiple royal mamages and associated
retinues.

THE MEIMMET EL-GHUROB SI'TE

Medinet el-Ghurob, or Gurob, 15 located m the Faiyum region of northem Egypt and s of
particular interest as it is the site of the only palace identified as a harem (Shaw 2011). It has been

0 019 University of Osford, Archaesmerry 62, 1 (2000) 42-53
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proposed that the harem palace was established during the reign of Tuthmosis [III
(1479-1425 BCE) with the primary purpose of accommodating royal foreign women who had
been married to the king (Hodgkinson 2017, 188). The palace was situated near the ancient town
of Mer-wer and thrived during the reign of Amenhotep I (1390-1352 BCE), expanding to
provide for larger structures, including a fort and a temple, as well as cemeteries and arcas of
local settlement. The palace itself is a large construction, the enclosure measuring approximately
240 x 225 m, which served as a ceremonial centre as well as having an administrative function
(Hodgkinson 2017, 192). As semi-independent institutions, harems had autonomous economic
importance, and therefore significance. The harem palace at Gurob would have also accommo-
dated senior royal wives, lesser wives and concubines in addition to their staff, servants and
harem officials (Kemp 2006, 288).

In 1920, G. Brunton and R. Engelbach excavated the main New Kingdom cemetery at Gurob
and discovered three undisturbed tombs at its northemmost point. The three tombs were distinetly
separate, located approximately 365 m from the main concentration of burials and subsequently
labelled as Tombs 20, 26 and 27. Tomb 27 was the largest of the three and contained the remains
of seven females, two children and their associated grave goods (Brunton and Engelbach 1927).
These goods comprised 26 pottery vessels, one brick-red handled pot and a variety of cosmetic
items, including several kohl pots and a mirror, likely bronze. The smaller finds, including the
beads, were scattered by the collapse of the roof, and their exact location in the tomb could not
be recorded once the tomb was entered. The smaller finds were listed as 29 scarab-like beads,
some of which were mounted in silver or gold, and strings of stone and glass beads. The excava-
tors asserted that the three tombs probably belonged to a family group and determined the date by
examination of the grave goods as being from the reign of Amenhotep I, but caveated the date by
stating that the ceramic vessels were customarily dated slightly later to the reign of Tuthmosis 111
(Brunton and Engelbach 1927, 10). It is inferred that the women might have a foreign origin as
there is a notable lack of shabtis and canopics in all three tombs in the family group, important
parts of the Egyptian burial ritual (Tkram 2015, 129) and other foreign objects are present, for ex-
ample, a spindle bottle. The isolated position of the tomb, the all-female nature of the dead and

npgnqugyuuyg;rnungli.'i
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Figure | Beads excavated from Tomb 27 at Gurob, Egypt, in 1920. Bead Bl is lower left; the heads were numbered se-
quentially antidockwise to B44. Cowrtesy: Hunterian Museuny Glasgow, D. 1921 48

© 2019 Universty of Oxford, Amhacomerry 62, 1 (2020) 42-53
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the “foreigness’ speculated on by the excavators all suggest the possibility 1 that these women
were part of the harem and/or its stalf,

This study reports the analysis of one of the finds from Tomb 27: a string of blue and clear
beads, now in the Hunterian Museum, Glasgow (D.1921.48) (Fg. 1).

METHODOLOG Y

[.1921.48 15 a stnng of 44 beads; beads 1, 2,9, 15, 24 and 33 are tmansparent quartz with a partial
bBlue glaze on the surface. This paper reports the analysis of 37 of the emaming 38 beads, all of
which are made of translucent, blue glass. The single missing bead was bead 28, which fell out of
focus during the run; therefore, the results have been omitted from the final reporting. Culy 37
beads are therefore discussed o the results.

Table 1 Average results af the Comning A secondary standards (n= ), compared with two sets of regference values

n=6Corning A, two with each Shortland a al (2007) and Vicenz et
analytical run al. (A2 Wagner et al. {20112)
Average 5D Frecision Raerence value deltawte Reference value  debawr®

Li 47 .8 1.7 46 24 51 78
B 548 4.4 118 557 2 g5 —354
Ma 101 387 1050 1 106 083 —4 4 994407 2
Mg 1643 242 1.5 16143 25 15078 9
Al 5040 134 27 5291 —48 4339 14.2
50 16 488 1746 0.6 310883 1.4 a768 =11
K 2103 222 9.6 22639 7.1 25714 —26.8
Ca 36872 615 1.7 35954 26 isin 4.4
Ti a8 256 6.4 4226 57 4428 0.9
Cr 19 0.7 37 179 62 21 -T74
L] 7221 437 6.1 6921 4.3 B752 —17.5
Fe Hh54 323 4.9 6537 1.5 6541 =27
Co 1182 128 1049 1188 -5 1336 —-11.6
Mi 170 6.5 35 160 6.3 181 —-59
Cu G346 6 37 TR42 19.2 BTRA 6.4
“n 502 g2 163 410 225 386 303
Eb B6.8 27 31 815 05 82 55
5r 951 139 1.5 L] 10.5 L [
¥ 0.28 0.0 6.8 n.d nd nd. n.d
o 44 1.7 4 3949 1049 kT 19.5
Sn 14 924 6.2 1194 248 1357 9.8
5b 14334 1521 106 10 644 346 1402 24
Ba 46015 175 38 30 1749 4122 11.7
La 0.34 (.0 124 028 207 n.d. n.d
Ce 0.27 (1.0 9.1 024 124 n.d. n.d.
Fh a4 6.1 0% 5405 167 a78 25
Bi L] L6 7.2 74 9.8 9 —-45
Th 03 {10 6.5 (.3 25 n.d. n.d.
U 0.1% 0.0 0 016 135 n.d. n.d.

alues ane pyan.
Souwrces Vicensi et al {2002), Shartland et al, (2007 and Wapner et al {2012)

NG Unversity of Osford, Archeremmetry 62, 1 {20205 42-53
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The beads were ablated direetly m the large sample chamber of an electrospray omzation
(ESI) new-wave laser ablation system attached to a4 Thermo X-Scenes 1T mduetively coupled
plasma-mass spectrometry (ICP-MS). The laser ablation settings and ICP-MS system were
optimized wsing a series of standards to determine the workmg conditons used. The laser spot
diameter was 80 pm with an energy of 0.42 ml, pulsing at 10 Hz. The helium carmier gas flow mte
was 500 ml min~! through the laser into an argon stream for the ICP-MS. The nebulizer flow rate
wis (,6-0.7 Lmin~". The spectrometer dwell time was 20ms per mass, and 10 sweeps were av-
eraged. The beads were analysed in three analytical runs, cach interposed with gas blank analyses
and calibrated against NIST SRM 610 and 612 reference glasses employing the consensus values
(Jochum et af. 2011). Two measurements of the Corning A standard were carried out in each an-
alytical run, one at the beginning and one at the end, and evaluated against the accepted values.
Vicenzi and Shortland vse the same sets of values; Wagner slightly different ones (Vicenzi et
al.2002; Shortland ef af 2007; Wagner ef al.2012) (Table 1). The results on the Corning A stan-
dard show that the majority of the elements were in good agreement with aceepted values; when
expressed as a percentage difference between the ascertuned and aceepted values (RD), the
values are typically = 20%. Note, too, that the Cornng A standand was never intended as an
LA-ICP-MS5 standard, so some trace elements were never intended to be used as standard values.
However, agreement in general 15 good.

Each bead was subjected to three measurements on one spot and the results were averaged. The
beads were not cleaned before analysis; however, pre-ablation would remove the very outermeost
wieathenng and care was taken to avoid apparent patehes of cormsion. Most of the beads were in
good condition, although some exhibited some surface cormsion mainly 1o the form of piting
and mottling. Dunng an imigal examinaton of the beads, small bubbles in the glass were ob-
served below the surface and these were avoided

The results were calibmated using the mathematical approach first proposed by Gratuze (1999)
as an altermative to the use of an internal standard. The protocol wsed here was derived from that
and follows van Elteren er al. (20009). This essentially works in a similar fashion to normalized
scanning clectron microscopy with energy-dispersive spectroscopy (SEM-EDS). Tt assumes that
all elements are measured and cakeulates oxy gen by stoichometry, The total 15 then nommalized to
100wt and either presented as weight per eent oxide or converted back to elemental ppm.

RESULTS

The data are presented 1in Table 2.

Major elements

The LA-ICP-MS analysis of the 37 blue glass beads showed that they are a soda lime sihcate
glass with typically 245 K0 and 5-7% MgO. This major element composition was consistent
with a typical Late Bronze Age, plant ash glass, which have high soda (= 15% Na,0) and
significant magnesia (> 3.0% Mz0O) and potash (> 2.0% E.0). All the beads were coloured
by Cu, with an average of 1.03 wt% Cul). 5b was present only o trace levels (< 25 ppm Sb),
indicating that this was not deliberately added as an opacifier.

DISCUSSION

All 37 beads appear optically similar in colour; however, interesting compaositional differences
could be observed in the major clements. Fig 2 shows MgQ plotted agaimst CaQ, Two groups

© 2019 Universty of Oxford, Archaeemetne 62, 1 {20200 42-53
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i LBA glass beads from Gurob, Egypt

15 a

LA-TCP-MS analys
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are evident: a low MgO group with MgO content between 5.1 wit® and 5.8 wit%, and a high MgO
group with MgO content between 62wt and 6.9 wt%. The beads in the high MgO group
consistently contained the highest concentrations of Na, Li and Cu, and the lowest concentrations
of Ti, Y, Mn and Zr. These distinct groupings indicate that the beads were potentially made from
two main separate batches of glass, probably from slightly different plant ashes. Two outliers
were observed, beads 21 and 35, potentially representing other batches, It 1 rare to be ablke to
analyse all the beads of a necklace. More typically, one or two might be chosen. This is one of
the advantages of LA-ICP-MS: the very minimal damage caused in sampling allows more
objects to be analysed and highlights mteresting vanations such as this.

Colourant

Egyptian Cu-blue glasses tend to exhibit elevated levels of Pb, As and Sn (Smirniou et al. 2013),
which is attributed to the use of bronze as a source of Cu for the colourant (Kaczmarczyk et al
1983; Freestone 1991; Shortland et al. 2000). In contrast, Near Eastern glasses tend to have these
elements at no higher-than-trace levels. The beads analysed here eontamed only trace levels of Sn
and Pb, averaging 17 and 19ppm, mespectively, indicating that a purer Cu source was used,
conforming with the charmetenstic coloumnt composition of Near Eastern glasses.

Trace element composition

LA-ICP-MS trace clement analysis can provide concentrations of Cr, La, Ti and Zr, which form a
‘compositional fingerprint’ that can be used to distinguish between Late Bronze Age glasses of
unknown sources (Shortland et af. 2007). Ezyptian glasses exhibit a relatively low Co'La mtio
with a higher, more vanable ZoTh rato. Conversely, glasses onginating from Mesopotamia
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Figure 2 Covariation of Mgi? with Ca? of the blue beads (wi%) indicating two distinct main groups: high and low
Mgl with rwa ourliers, porentially representing other hatcher.
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cxhbit lower, but consistent, Zo'Ti mbtios and higher, more vanable, Co'la mtios, Mesopotamian
glasses bemg relativdly rich in Cr.

The LA-ICP-MS trace clement data (Table 2) show that the glass beads contamed relabvely
high concentrations of Cr, between 18.7 and 542 ppm, with an average of 31 ppm, and lower
concentrations of La (1.5-3.1 ppm, averaging 2.4 ppm). These data were plotted against the trace
clement values obtained from the LA-ICP-MS analysis of glasses from known Egyptian and
Mesopotamian origin (Shortland ef af. 2007; Walton et al. 2009) (Rgz. 3). The beads show a
positive correlation with the Mesopotamian glasses, but it was observed that they have an overll
higher average Cr concentration than the Mesopotamian glasses analysed by Shortland ef af,
(2007) and Walton (2009).

The Ti concentration of the beads ranged from 164 to 4532ppm, with an averge of
274 ppm; the Zr concentration ranged fmom 7.0 to 19.2 ppm, with an average of 13 ppm. When
plotted with the glasses of known ongin, the trace element data {rom the beads are consistent
with the composition of the Mesopotamian glasses (Fig. 4). Trace clement compositions there-
fore swongly suggest that the beads ame compositionaly consistent with Near Eastern glasses
and distinet from almost all the glass previowsly meovered and analysed from Egypt. They are
also eary, some of the ecariest glass known in Egypt, which has implications for the study of
where the first glass might have originated (sce Shortland ef af. 2017 for a summary). Tradi-
tionally it has been assumed that glass onginated in the Near East, and this early Near Eastern
zlass in Egypt tends to support that fact However, it is clear that there is glass nearly this
carly as this in Egypt, so it 15 far from elear which has prionty (Shortland et af. 2017).
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Figure 3  Covariarion af La with Cr in the blue baady of uninown arigin compared with Egvprian and Mesopatamian
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COMNCLUSIONS

The 37 blue glass beads analysed by LA-ICP-MS m this study have trace clement
composiions consistent with glass manufactured 1n Mesopotamig, therefore they represent
the only confimrned finished object of Mesopotamian glass to be discovered in Egypt. The
major clement composition is consistent with that of standard Late Bromee Age plant ash
glass, but potentially represents two main composibonal groups: a low Mg0O group and a high
MgO group, sugeesting that these beads were manufacured from two different batches of
elass. A pure form of Cu was used as a blue colourant, as opposed to a bronze source, which
was typically the practice in Late Bronze Age Egyptian glass technology. The beads wemne
excavated from a previously undisturbed tomb that contained the remains of seven women
and two children. The tomb, and therefore the beads, were dated from between the reigns
of Amenhotep I (1525-1504 BCE) and Tuthmosis I (1479-1425 BCE), and are therefore some
of the cariest glass identified. The excavators implicd that the women were foreizn by the
manner of the burdal and from the associated grave goods and context (Brunton and
Engelbach 1927, 1), The beads found in the tomb are certzinly consistent with glass from
the Near East. Evidence from the analysis of the beads should be considered alongside the
isolated location of the ‘higher status” brick-constructed tomb, which contained only females
and children. The nearby harem palace may be the ofgin of these individuals, and it would
be consistent with the evidence of the beads were brought to the among the personal effects
transported mto Egypt from Mesopotarmia by women of status m connecton with that palace.
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LA-ICPMS analysis was carried out on a scaraboid blue glass bead (Hunterian Museum
Glasgow, D.1921.39) excavated from Tomb 27 in Gurob, in the Southern Fayum region
of Egypt. Gurch iz known to have been the =ite of a *harem palace” established in
the reign of Tuthmeosis 111 (1479-1425 BC). The tomb was located at the northernmest
point of the New Kingdom cemetery and was undisturbed, containing the remains
of seven females and two children, and was dated by the excavators to between the
reigns of Amenhotep I (1525-1504 BC) and Tuthmeosis 111 The glass scarab was coloured
by copper and trace element values of La, Cr, Ti and Zr exhibited compositional con-
sistency with glasses from Mesopotamia, rather than from Egypt. Therefore, the glass
scarab represents a rare example of Mesopotamian glass to be discovered in Egypt,
in addition to being some of the earliest glass found. The finds support iconographic
references in the Hall of the Annals at Karnak to the import of early glass into Egypt.
The implication is that these beads represent lusury items transported into Egypt by
high-ranking foreign women perhaps in connection with the Gurcb harem palace.

Introduction

The theory and practice of both forensic science and archaeology are based on the
same underlying principles: both disciplines use standard operating practices, devel-
oped over years of best practice, to collect, preserve and examine physical evidence
to support scientific propositions, which in turn substantiate facts.

Forensic science and archaeology are correlative and often overlap, not only using
similar methodologies but also employing the same analytical techniques which find
practical applications in both modemn crime investigations and ancient contexts.
Although forensic science is concerned primarily with obtaining results for presen-
tation in a court of law, archaeclogy also relies on the same incontestable recovery

Ke_‘,rwurds: Late Bronze Age g]ﬂss, LA-ICP-MS5, Gurob, grave go-ods, trace element, evidence,
forensic, Egypt, Mesopotamia
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and analysis of evidence. The results obtained from archaeological analyses are con-
sidered to establish new hypotheses or support existing theories, which can signifi-
cantly alter the understanding of historical events, cultures or a specific individual.
Fundamentally, the application of forensic science and archaeclogy is to examine
associated objects to construct a factual narrative of events. This article examines a
glass scarab found in an undisturbed tomb dated to the early New Kingdom era. The
trace element analysis undertaken on the scarab provides provenance data, contrib-
uting to the biography of the women in connection with a harem palace in Ancient

Egypt.
The resource of grave goods

The provision of grave goods was fundamental in ancient Egyptian funerary prac-
tices, and protocol dictated that the deceased be interred with items they used in eve-
ryday life, in addition to amuletic objects that would protect the dead, allowing them
to continue their existence in the afterlife (Piccione 1999, 841). Burials of the poor
would include a few modest belongings, whereas the tombs of the elite would con-
tain prestige items, such as gold jewellery and cosmetics. The quantity and quality of
grave goods were directly determined by the material wealth and social importance
of the individual, with most items specially made for an individual post-mortem.

When placed in the context of an extensive cemetery, patterns of social stratifica-
tion can be identified and applied regarding the town, city and area. Jewellery spe-
cifically played a significant role in Egyptian life and death; ceremonial jewellery and
amulets were often purposefully manufactured for the deceased once they had died;
these items were placed on the body, within the linen wrappings, as well as in the
tomb. It is acknowledged that only a fraction of funerary jewellery remains from
the quantity initially produced in the Dynastic period (Aldred 1971, 14). In modern
archaeology, grave goods are one of the most critical and common sources of evi-
dence which allow both scientists and archaeologist to establish facts about the cul-
ture and society of a group, as well as evidence of the technological capabilities of
the era.

The arid environment in Egypt has in many cases allowed both grave goods and
human remains to remain remarkably preserved, however the frequent tomb rob-
beries, both in antiquity and relatively recently, has meant that critical information
about the Egyptian “mortuary cult” has been lost or destroyed. Before Egyptology and
archaeology employed standard operating procedures for recording and excavating,
artefacts were removed from affluent burials and distributed between sponsors and
museums, with few records made of the context. These pieces when removed from
their original location immediately lose vital information, specifically the contex-
tual meaning and evidential weight; many artefacts also sustain damage due to the
clandestine manner of the removal. The discovery of the tomb of Tutankhamun in
1922 was a significant landmark because, for the first time, the relatively undisturbed
tomb provided a complete picture of how a king of Egypt was buried. Tutankhamun
was not a notable potentate in his lifetime, yet the find revealed the variety and
wealth of grave goods that were afforded to a minor ruler. The opportunity enabled
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Howard Carter to make a meticulous survey of the burial, and the grave goods in con-
text, as well as taking a photographic record over the eight years required to clear
the tomb (Reeves 2007).

The excavators of a small, but significant Egyptian site, Medinet el-Ghurob, or
Gurob, in the Southern Faiyum region of Northern Egypt, also employed a more
structured approach to earlier excavations in 1918-1920. The work carried out by
Brunton and Engelbach was more comprehensively documented than previous
investigations, comprising of a plan of the area and town, descriptions of the exca-
vated graves and tombs, as well as lists and diagrams of the items recovered. Most
of the smaller or seemingly less valuable items were removed from site and archived
in museum legacy collections. In conjunction with the archaeological reports and
historical data, the application of more developed analytical techniques to ostensibly
less prestigious artefacts from legacy collections can provide new information about
domestic technological capability, foreign migration and the transport of luxury
items. In the case of Gurob, specifically by foreign women of high status who were
resident at the harem palace.

Foreign women in Egypt

Diplomatic marriages were customary in ancient Egypt and Tuthmosis III (1479
1425 BC), like other Kings of Egypt, entered into several unions with foreign women
of high status to cement advantageous relations and political stability with other
states (Shaw 2011b; Kemp 2006, 293). A tomb discovered in 1916 by local villagers
in Wadi Qurud (a remote valley southwest of the Valley of the Kings, near modern
Luxor) which contained the remains of three women also provides contemporary
archaeological evidence of three diplomatic marriages made by Tuthmosis III during
his reign. Although the walls of the chamber were undecorated, hieroglyphs on the
canopic jars and other grave goods revealed that the tomb was constructed for three
“Asiatic” women of high status, who were married to Tuthmosis I1I (Lilyquist 2004, 7).
The names of the women: “Manuwai,” “Manhata” and “Maruta” were determined as
being West Semitic in origin (Lilyquist 2004, 333), although the tomb and its grave
goods provide the only tangible information on the archaeological record about the
three women. It is not known precisely which country they were from, or if they
were related. The coffins and remains of the women were in an extremely advanced
stage of decomposition due to flood water entering the tomb; therefore, the bodies
themselves could not be examined. The tomb was dated to approximately 1450 BC,
during the joint reigns of Hatshepsut and Tuthmeosis 111, which predates the death of
Tuthmosis 111 by approximately 25 years (Lilyquist 2004, 333). Although considered to
be lesser wives of Tuthmosis III, the tomb contained a quantity of glass grave goods
including jewellery, bracelets, headdresses and vessels. This collection of royal grave
goods is an example of early New Kingdom glass jewellery related to foreign women
of high status, potentially from both Egypt and Mesopotamia. The tomb contained
a lotiform chalice (Accession Number: 23.9, Metropolitan Museum of Art) bearing
the name of Tuthmosis 111, which is recognized as stylistically Egyptian (Lilyquist
and Brill 1993, 62). The goldwork was also considered to be primarily Egyptian, apart
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from the granulated gold beads (Lilyquist 2004, 185). Other pieces in the tomb, how-
ever, showed a strong influence from Mitanni design: a wig covering, comprising
of gold rosettes, described as the “Great Headdress" (Metropolitan Museum of Art,
New York, Accession Number: 26.8.117), is attributed to Near Eastern technique and
style. The gazelle diadem (Metropolitan Museum of Art, New York, Accession Num-
ber: 26.8.99) also shows strong foreign influence (Feucht 1999, 335).

Lilyquist proposed that the most likely residence for the three foreign wives of
Tuthmoesis Il would have been at the harem palace at Gurob. Gurob was recurrently
inhabited from the pre-dynastic era (circa 3000 BC). However, it was during the 18th
Dynasty that the site gained real significance, with a temple and a “harem palace”
being established during the reign of Tuthmosis 111 (Shaw 2011b). Harems played an
essential function in ancient Egypt: the palaces provided accommeodation for female
members of the royal family, including widows of former kings and lesser wives of
the incumbent ruler (Kemp 2006, 288).

Archaeological excavations at Gurob

Flinders Petrie initiated work at Gurob between 1888-1890, but only preliminary
excavations were achieved. The second season of excavations at Gurob was left in
the hands of a volunteer, Hughes-Hughes while Petrie devoted his time to the nearby
sites of Illahun. Hughes-Hughes had little formal archaeology training or surveying
experience, and few records of the excavation were completed. A brief plan of the
area was drawn when Petrie returned at the end of the second season to finalize
the work (Petrie 1891, 15). Currelly and Loat undertook subsequent excavations in
1904, and a brief investigation by Ludwig Borchardt was completed in 1905. Brunton
and Engelbach initiated excavations in 1920 but noted that progress was impeded by
the lack of records produced by the previous excavators, particularly when opening
graves that had already been cleared (Brunton and Engelbach 1927, 1).

The excavations undertaken by Brunton and Engelbach focused on the remains of
the temple and surrounding cemeteries. The main cemetery contained individuals
of lower or middle status and the burials were classified by era, ranging from the
0-1st dynasty to burials from the 19th dynasty (Brunton and Engelbach 1927, fig. 1).
Brunton and Engelbach also surveyed 500 New Kingdom shaft tombs belonging to
officials and high-status individuals; this included the tomb of Pi-Ramessu who may
have been the son of Seti L.

At the northernmost point of the main cemetery site, point Q, three tombs were
discovered in an isolated group; Tombs 20, 26 and 27. The three undisturbed tombs
were similar in construction and design, being brick lined with arched roofs and plas-
tered walls (Brunton and Engelbach 1927, 10.). The excavators also commented that
it was likely that the three tombs belonged to a family group. Tomb 27 was the largest
of the three tombs and contained the remains of seven females and two children with
associated grave goods. Although larger objects were recorded in situ by Brunton
and Engelbach in a scaled plan (Brunton and Engelbach 1927, plate X¥), the positions
of the small objects were not recorded in the publication due to the displacement
caused by the accidental collapse of the roof during excavations.
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Evidence of foreign occupation at Gurob

Although there is evidence stating that large numbers of foreign women of high status
were forcibly transported to Egypt following one of the first campaigns of Tuthmosis
111, conclusive evidence for foreign occupation of high-ranking women specifically at
Gurob during the reign of Tuthmosis I11 is limited. The seventh pylon from the temple
at Karnak describes the capture and deportation of the wives and children of the King
of Qadesh, and of other Syrian leaders, by the King of Egypt, who were given as serv-
ants (Sethe 1907, 185) and subsequently disappear from the archaeological records.
Other textual evidence comes from the Gurob Papyri, discovered by Petrie between
1889 and 1890; Papyrus UCL 32795 states that foreign wives were in residence at the
palace in the Ramesside era. It was proposed that foreigners were resident on the site,
most likely in connection with the harem (Petrie 1891, 16; Bard 1999, 361).

In the excavation records, Petrie claimed that there were “light haired bodies” in
the Gurob cemetery and noted the discovery of a custom, previously unseen in ancient
Egypt: the burning and deposition of valuable possessions in pits, under the floor of a
residence, none of which appeared to contain human remains. Petrie attributed this
custom to foreign residents at Gurob (Petrie 1891, 16; Politi 2001, 107-111), the find
being comparable with documented Mesopotamian burial customs (Van De Mieroop
1997, 83; Cohen 2005, 16).

Brunton and Engelbach did notrecord the presence of canopic jarsin any of the three
tombs at Point Q, which indicates that the individuals were not mummified, despite
being wealthy enough to afford a private tomb (Brunton and Engelbach 1927, 10).
Mummification during the New Kingdom era was standard practice for Egyptian
burials and had been adopted by non-royal individuals who could afford it (Tkram
2015, 65). However, few canopic jars were in evidence at the site, and most of the
tombs at Gurob were regarded as “shaft tombs,” suggesting that a simpler burial was
the prevailing practice performed at Guraob. It is the notable lack of shabtis in tombs
20, 26 and 27 which is most significant; shabtis would be expected in an Egyptian
burial regardless of status (Ikram 2015, 129), and they are in evidence elsewhere in
contemporaneous tombs about the site. Therefore, the evidence indicates elements
associated with a foreign burial. Further studies investigating the extent of the pres-
ence of foreigners at Gurob, particularly Hittites and Mycenaeans, are currently
ongoing (Hodgkinson 2017, 189). Current fieldwork also aims to establish more infor-
mation about the Gurob site, including ascertaining a firm chronology of the site,
undertaking further excavations of the ‘industrial area’ where kilns were identified,
and cataloguing small finds following a series of illicit lootings in 2011-2012 (Shaw,
2011a, 2012).

The grave goods of Tomb 27, Gurob

Among the grave goods recovered from Tomb 27 were thirteen pottery vessels and
a kohl pot, sixteen scaraboid beads (including one glass example, the subject of this
article), cosmetic tools and strings of stone and glass beads. Using evidence from the
grave goods, Brunton and Engelbach dated all three burials to the reign of Amenho-
tep 1but did caveat the date by noting that some of the pottery was usually attributed
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Figure 1. Scarab D.1921.39 Left in transmitted light and right in reflected light. The thread
can be seen at the bottom and the inscribed legs at the top. The thread hole is seen
in transmitted light and the black coating in both. The grid is 5mm squares.

to the reign of Tuthmosis III, therefore giving a conservative date of 1525-1425 BC.
The scarab is 15mm long by 11mm wide at its widest point; One side is domed, the
other side is flat and without inscription (Figure 1). The domed side has two shallow
inscribed lines representing the two front legs of the beetle, and a slight depression
representing the mouth. In transmitted light, the scarab is translucent blue, with a
green tinge. The drill hole can be seen running longitudinally, and was drilled from
each end, meeting in the middle. Part of the original threading is present - a stiff
thread, probably organic - that still survives extending 2mm from the thread hole.

A surface ‘coating’ was observed on the two ends of the scarab, particularly at the
rear end. The coating appeared dark grey to black but was not present on the raised
areas of the scarab or the flat surface on the back.

The scarab was not cleaned before the Environmental Scanning Electron Micros-
copy (ESEM) or the Laser Ablation Inductively Coupled Plasma Mass Spectrometry
(LA-ICP-MS) analysis and care was taken to avoid patches of visible corrosion or
coating for the analysis of the body area of the scarab. The purpose of the ESEM
analysis was to produce elemental data from the surface of the glass body, thereby
enabling the identification of any original coatings or evidence of decorative settings.

The research question required that LA-ICP-MS analysis was conducted to provide
major element compositional data from below the surface of the scarab to identify the
scarab as being made from a typical Late Bronze Age high magnesia, plant ash glass.
LA-ICP-MS analysis also provided trace element compositional data to confirm the prov-
enance of the scarab by identifying the concentrations of known trace elements which
are incorporated during the glass making process and occur in discrete levels, thereby
enabling discrimination between the regions of production (Shortland et al. 2007).
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Table 1.  Analyses of the scarab by ESEM-EDS and LA-ICP-MS.

ESEM-ED3 LA-ICP-MS
Wi
Na,0 5.0 4.0 5.4 13.9 12.5 14.9
MgO 4.3 4.4 41 2.6 2.5 25
P.]!D! 2.7 2.8 pll 0.7 0.7 0.6
5i0, 64.3 69.7 61.9 73 75.6 73.2
PO, 1.6 11 2 0.2 0.2 0.2
S0, 2.7 2.2 31 — — —
cl 29 2.6 3 — — —
ApQ 3.8 1.9 4.6 see ppm
K0 1.9 1.8 21 21 20 22
Cal 6.9 6.5 6.8 6.2 5.0 51
TiO, 0.3 nd 0.5 see ppm
Fe O, 1.3 1.2 1.3 0.3 0.3 0.3
Cul 24 17 il 0.8 0.9 0.9
pPpm
Ti — — — 295 285 285
Cr — — — 17 16 17
Zr — — — g g 8
Ag — — — B 10 6
Sn — — — 65 68 66
La — — — 16 1.6 1.6

ESEM and LA-ICP-MS analysis was performed on the scarab; The results of both
analyses are presented in Table 1. ESEM was performed using a Hitachi SU3500N,
running at 20kV with a live time of 50s. Quantification was carried out with standard
EDAX software. The scarab was ablated directly in the large sample chamber of a New
Wave 213 laser attached to a Thermo Series I1 ICP-MS. The conditions for analysis are
laid out by Giannini (Giannini et al. 2017).

Results

The LA-ICP-MS5 analysis of the glass body, showed significantly higher soda with mag-
nesia and potash, confirming that the glass is consistent with the well-documented
composition of Late Bronze Age, plant-ash glass (Turner 1956a, 1956b; Henderson
1985; Lilyquist et al. 1993), and that the scarab was coloured with copper. The covari-
ant trace element analysis of the scarab showed that it was relatively high in chro-
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mium, with an average of 17 ppm, and lower in lanthanum, zirconium and titanium,
with an average of 1.6 ppm, 8.1 ppm and 288.8 ppm respectively (Figure 3). This sig-
nature is characteristic of glass made in Mesopotamia rather than Egypt, therefore
it is very likely that the scarab represents imported glass from the Near East. Con-
versely, glasses made in Egypt are characteristically higher in titanium, zirconium
and lanthanum, but lower in chromium.

Egyptian blue glasses which are coloured with copper exhibit characteristically
higher levels of lead, arsenic and tin (Smirniou et al. 2013) which is attributed to the
use of bronze as a source of copper for the colourant (Kaczmarczyk et al. 1983; Free-
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Figure 2. SEM results for the scarab. The image, in backscattered electron mode, shows a
bright partial layer on the glass, which the EDS spectra confirms is silver rich.
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Figure 3. 1000Zr/Ti ppm against Cr/La ppm of the D.1921.39 scarab compared with Egyptian
and Mesopotamian blue and colourless glasses of known origin (Shortland, Rogers
and Eremin 2007; Walten et al., 2009).

stone 1991, 43; Shortland et al 2000). The expected level of tin present as an associ-
ated element in Egyptian copper coloured glasses is approximately 10% of the copper
value. In contrast, the scarab analysed here had an average copper concentration of
7053.1 ppm, but contained only trace levels of lead, arsenic and tin; averaging 361.9
ppm, 43.9 ppm and 66.7 ppm respectively, indicating that a purer copper source was
used, conforming with the characteristic colourant composition of Near Eastern
glasses.

Images taken from the ESEM analysis (Figure 2) showed that the dark coating,
thought initially to be a weathering layer, appeared bright in the backscatter image;
subsequent analysis showed that the coating contained silver with sulphur and chlo-
rine. It is probable that the scarab was originally mounted in silver, and that the
detected sulphides and chlorides are a result of corrosion.

Compared with the LA-ICP-MS data, the ESEM analysis of the surface suggests lower
soda and higher magnesia, alumina, iron and copper due to weathering of the glass.
The relatively high levels of sulphur, chlorine and phosphorus on the surface can be
attributed to corrosion caused by routine handling, or from contact with substances
with a high salt content (Aldred 1971, 33). The high silver level detected on the sur-
face of the glass which appears uncoated suggests that a larger surface area of the
scarab was covered in silver than is evident from the visible black coating.
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Origin of glass and the transport of luxury items by high status foreign women

By employing a multi-disciplinary approach to the investigation of the scarab and
combining the analysis data with the burial context, this research establishes that
Mesopotamian glass was being brought into Egypt possibly from the reign of Amen-
hotep I by foreign women of the social elite. The results of the SEM and LA-ICP-MS
analysis confirms that the scarab represents one of the first examples of Mesopo-
tamian glass to be identified in Egypt. It is also the first confirmed Mesopotamian
glass object to be presented in a typically Egyptian design. Since Near Eastern glass is
generally poorly preserved when excavated domestically, well preserved examples
which can be reliably dated to the early New Kingdom contribute to the knowledge
of Mesopotamian glassmaking on the archaeological record, and thereby negating
the preservation bias.

Further provenance analysis of glass objects from undisturbed, early New Kingdom
tombs in Gurob would provide frequency data of foreign versus domestic glass from
the earliest known production era, hence providing supporting evidence for the orig-
inal region of glass production. Supporting evidence for the original production site
of glass is supported by textual, stylistic, compositional and technological evidence,
the two primary candidates for the original production of glass being Egypt and Mes-
opotamia. The first significant amounts of glass on the archaeological record come
from Egyptian tombs, specifically from Tuthmosis III's tomb and the tombs of the
three foreign wives. However, the dating of the first glass vessel is complicated owing
to the reburial of Tuthmosis I by his grandson, and it cannot be confirmed if the glass
vessels were part of the original grave goods of Tuthmosis I (Shortland 2012, 50). The
glasses from the tomb of Tuthmosis I1I date to the later part of his reign, whereas the
glass items from the tomb of the foreign wives contained pieces which were made
approximately 25 years earlier.

The earliest datable glass was discovered in quantity at the site of Tell Atchana in
the Levant; unequivocal archaeological evidence of glass making in Syro-Palestine
to date is rare (Moorey 1994, 202; Shortland et al 2017). Further evidence of glass-
making and glassworking sites has been proposed by the discovery of glass debris or
associated tools and kilns (Pusch and Rehren 2007; Nicholson 2007), particularly in
Mesopotamia (Shortland, Rogers and Eremin 2007; Shortland 2012). Archaeological
evidence of primary production of glass was only recently established in Amarna,
Egypt (Smirniou and Rehren 2011) and green glass rods, Mesopotamian in compo-
sition, were discovered as part of glass making debris (Varberg et al. 2016). As dis-
cussed, early Mesopotamian glass is generally poorly preserved, and therefore the
recovery of intact pieces is rare. It is also equally rare to find Mesopotamian glass in
Egypt, and vice versa (Shortland 2012, 49).

stylistic and textual evidence has supported the supposition that glass first origi-
nated in Mesopotamia and was imported into Egypt initially as a direct result of the
successful military campaigns of Tuthmosis 111 (Moorey 1994). The Hall of Annals in
Karnak depicts in detail what is believed to show the range of tributes extracted,
or given as gifts, from vassal states, which include glass vessels and what has been
interpreted as coloured raw glass ingots (Wreszinski 1923, 50; Moorey 2001, 9).
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The Amarna letters, cuneiform texts dating from between the reigns of Amenhotep
III to Tutankhamun, record the orders for glass which were regularly requested by
the King of Egypt from vassal states, Canaan and Amurru (Moran 1992, 351-355).
Evidence of other methods of transportation from Mesopotamia to Egypt has also
been discussed, such as the capture or loaning of skilled workers, or artisans who were
in the employ of the royal court (Moorey 2001, 11). Studies undertaken by Shortland,
Walton and Jackson and Nichelson have demonstrated the efficacy of using trace
element analysis to distinguish between glasses made in Egypt and Mesopotamia.
Geologically relevant trace elements incorporated into the glass during manufacture
can be detected using LA-ICP-MS, thereby determining the crigin of production and
when placed in the context of the burial, the mechanism of migration of the glass
objects themselves (Shortland, Rogers and Eremin 2007; Walton et al. 2009; Jackson
and Nicholson 2010).

Discussion

The proposed date of the tomb establishes the scarab as some of the earliest glass
on the archaeological record and the first confirmed Mesopotamian glass found in
Egypt. The scarab, in connection with the contextual burial at Gurob potentially
establishes the importance of women in the transport of early glass from Mesopo-
tamia to Egypt. The grave goods from Tomb 27 contained many items of glass, gold
and silver jewellery, which denotes that the women were of elevated status, or in the
employ of a high ranking individual; jewels were customarily given to favoured serv-
ants and officials as a sign of the owners wealth (Aldred 1971, 18).

The silver coating detected on the scarab suggests that the body may have been
entirely coated in metallic silver, or more likely mounted in a bezel as other exam-
ples of this kind of setting were recovered from the site. Brunton and Engelbach also
describe another scarab from Tomb 27 itself, specifically as having a silver mount.
Silver was rare in Egypt, and there are few examples of it being used in the New
Kingdom (Ogden 2000, 170; Aldred 1971, 33). Silver items were also found in the
tomb of the Three Foreign Wives of Tuthmosis I1I (Lilyquist 2004, 152), which draws
another contemporary similarity with the tomb at Gurob. Silver coatings on glass are
unusual in Egypt, with gold coatings being more common in Egypt and Mycenae. This
use of glass is unknown, but meost likely lies in the amuletic value of glass, evident
from written sources, which detail in length the power of stones and glass to ward
off evil and heal the body (Wilkinson 1971, 7). The scarab, although characteristi-
cally Egyptian, was exported from Egypt in large quantities from the Twelfth Dynasty
(1985-1795 BC) to the Levant and subsequently increased in popularity, being widely
distributed from Canaan throughout the Mediterranean. In a non-Egyptian context,
the scarab may not have inferred religious connotation, however the desire for for-
eign jewellery may have been a driving factor for the prevalent adoption (Richard
2003, 219).
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Conclusion

The data obtained by LA-ICP-MS shows that the scarab is consistent with the known
composition of standard Late Bronze Age plant ash glass. The scarab is coloured with
a pure source of copper which is indicative of glasses from the Near East. The trace
element analysis also indicates that the scarab is consistent with glasses of Meso-
potamian origin. The date of the tomb, between Amenhotep I (1525-1504 BC) and
Tuthmosis III (1479-1425 BC), indicates that the scarab represents some of the earli-
est Mesopotamian glass to be identified in Egypt, and associated with foreign women
of high status living at Gurob. The scarab also represents an early example of Mesopo-
tamian glass being used to make amulets in the shape of a quintessentially Egyptian
symbol. The ESEM analysis indicates that the scarab was coated or had been mounted
in silver, which is unusual in Egyptian grave goods, suggesting a foreign influence.
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The investigation and provenance of glass vessel
fragments attributed to the Tomb of Amenhotep II,
KV35, Valley of the Kings
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Kingdom, Shrivenham, 1TE Four polychrome glass fragments, excavated from

“The Natural History Museum, Lordon, UK tomb KV35 in the Valley of the King,s, attributed to
Amenhotep I1, were analysed to further investigate the

gﬁu?ﬁulf:f:namu R composition and provenance of early Late Bronze Age

Cranfield Univerity, Defevee Academy ofhe | (LBA) glasses. An additional fragment, EA64163, cited

United Kingdom, Shriverham SN6 SLA, UK. by the British Museum as being stylistically analogous

Email: vkempieranfield ac.uk to the fragments from KV35, although with a findspot

simply recorded as *“Thebes’, was also analysed. Laser
ablation inductively coupled plasma mass spectrometry
(LA-ICP-MS) analysis was used to analyse multiple
colours on the fragments to determine the major ele-
ment composition, the colouring strategies and to
establish provenance using trace element analysis. The
resulting data obtained were compared with four poly-
chrome fragments of standard LBA Egyptian composi-
tion, excavated from the palace of Amenhotep III at
Malkata, previously analysed by scanning electron
microscopy with wavelength dispersive spectroscopy
(SEM-WDS). Analysis showed that the glasses exca-
vated from KV35 are standard LBA glass of Egyptian
composition and were most likely produced in Egypt
during the 18th Dynasty. The fragment EA64163 is a
low magnesia, low potash glass comparable with Iron
Age composition and therefore should be reconsidered
as a later glass. The analysis of glasses excavated from
a reliable, early Egyptian context supports the proposi-
tion that glass technology for multiple colours was
established in Egypt at least as carly as 1400 BcE.
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INTRODUCTION

The first man-made glass appears in the archacological record in quantity in the Late Bronze
Age (LBA) of Egypt and the Near East. There are early, sporadic finds of glass stretching back
to the third millennium sce (Beck, 1934; Peltenburg, 1987; Moorey, 1994, 190-192), but it is
1 5th-century contexts where the first glass in any quantity 15 found. Most commentators of the
last 30 or so years have placed the source of the glass-making innovation in the Near East, per-
haps in Northern Syria (Lilyquist, Brill, & Wypyski, 1993; Moorey, 1994; Nicholson, 1993;
Shortland et al., 2017). However, recent re-examination of finds and their contexts have
suggested that this is by no means as clear as first thought and proposed that it is difficult to
determine whether Egypt or the Near East was the source of the first glass (Shortland
et al., 2017). Certainly, there are gooed textual and kconographic sources that show that glass
was a prized commodity in the LBA, with a value similar to a precious stone, at least in the first
century of its production (Nicholson et al., 1997; Oppenheim, 1973). As such, glass was used
for several purposes, mcluding beads, inlays and amulets. However, the most significant object
produced in glass was the core-formed glass vessel, manufactured by hot-working the glass
around a clay/dung core (Nicholson & Henderson, 2000, 203). The most common body colour
was blue, ranging from light to very dark blue hues, and vessels were often decorated with con-
trasting colours including yellow and white. Glass in green, red, brown, colourless and black
were also used, but less ofien in vessels (Nolte, 1968). 1t 5 also ofien the case that vessels that
appear black are in fact very dark purple, blue or brown.

Because of its perceived high value and portability as beads, jewellery and mgots, glass was
therefore part of a wide-ranging exchange network, with evidence that Egyptian and Near
Eastern glass was being transported as far as Mycenae (Walton et al, 2009) and later as far as
Northern Europe (Varberg et al,, 2015, 2016). The Ulu Burun shipwreck found off the southern
coast of Turkey and dating to ¢.1300 scE contained a large consignment of glass ingots, some
or all of which originated in Egypt (Jackson & Nicholson, 2010; Nicholson et al, 1997;
Pulak, 2001). Glass is therefore an interesting material to provenance, being of markedly high
value and apparently widely traded.

Glass discovered in Egypt tends to be almost always found in royal tombs in this earliest
period, with the first regular finds of glass to be recovered in palaces, temples, workshops or
other urban settings not common until the 14th century Bce. Early glass objects excavated in
Egypt, such as beads, are seen from the Tomb of Queen Abhhotep, mother of Ahmose (1550
1525 wcE), and from contemporary tombs in Qau (Lilyquist, Brill, Wypyski, & Koestler, 1993,
23). Blue transparent beads and a glass scarab were excavated from a later tomb from the site
of Gurob, the location of the Harem palace established during the reign of Tuthmosis I
(14791425 rce), although these were items were determined as being Mesopotamian in origin
(Kemp et al, 2017, 2019). It is during the reign of Tuthmosis 1T where glass vessels appear in
quantity and from multiple sources, such as the tomb of the three foreign wives and the Tomb
of Tuthmosis TT1, KV34 (Lilyquist, Brill, Wypyski, & Koestler, 1993, 25-26). Die Glassgefisse
im alten Agypten describes and dates (where possible) the largely intact early glass vessels exca-
vated or acquired in Egypt, thereby establishing a timeline (Nolte, 1968).

We are fortunate to have an excellent chronology for the Egyptian kings, which means
many of these tombs can be dated to a particular decade, or with even greater accuracy. In the
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Near East, the pattern is more mixed, and the dating can be problematic, in part due to the less
expedient preservation conditions. Work by Dardeniz extends the glass-making regions to
Northern Syria, specifically Tell Atchana, ancient Alalakh, proposing that produciion in this
area may pre-date workshops at Amarna (Dardeniz, 2018). Further evidence is pending to sup-
port an early glass-making ndustry, specifically a detailed chronology for the site and the dat-
ing of pyrotechnic nstallations at Tell Atchana. It is therefore to Egypt that one first looks to
in order to investigate the beginning of glass production.

This paper analyses glass attributed to KV35, the Tomb of Amenhotep 1T (1427-1401 scE)
with the aim of demonstrating whether this early glass might have been made in an Egypiian
workshop or imporied from the Near Easi.

Dating glass

Attempts to date early glass objects stylistically have been problematic. As mentioned abowve,
there seems a preference for many early glass vessels in blue, but certainly not all blue glasses
are among the first vessels produced. A safer method of dating is to resort to the classic archae-
ological procedure of context. For example, 1t is very likely that glass recovered from the Valley
of the Kings tombs of Tuthmosis IIT (KV34) and Amenhotep 1T (KV335) date to those kings’
reigns. A second way of dating the glass is where the glass object has a king's name inscribed
upon it. Egyptian kings of this period have distinguishing names which are represenied in a
‘cartouche’. It 15 likely that an object that bears a king's cartouche dates to his reign, but some
kings were the subject of cults after their death, so it is possible, if unlikely, that they could be
later.

This represents the simple pattern for dating an object, but it should be noted that it can be
more complex than this. Good examples are two small, turquoise-coloured glass persea fruits
which were found by Howard Carter in KV62, the Tomb of Tutankhamen (Lilyquist, Brill,
Wypyski, & Koestler, 1993, 25-26). This tomb dates to 1327 scE, plus or minus a year or two,
but one fruit bears the cartouche of Tuthmosis [TI, who had been dead for nearly a century at
this point. It is likely that this is a curated object, saved from his reign, but Tuthmosis [T1 was
the subject of a significant cult, so it could have been produced later. Tt is certainly no later than
the completion of Tutankhamen’s tomb. It is therefore safer to regard cartouches as a ferminus
post guem, whereas a secure tomb is a terminus ante guem.

Provenancing glass

Glassworking sites might reveal themselves by having distinctive object types or producing
distinctive styles of decoration, although ultimately this has been exceedingly difficult to prove
with LBA sites (; Rehren, 2000; Rehren et al. 2001; Jackson, 2005). However, glass-making sites
can only be determined by something distinctive in the composition of the glass they produce.
Much work has been devoted to analysing LBA glass to determine where it was made, and
trace element analysis, therefore, has proved useful for provenance studies.

The production of glass objects can be divided into two distinet stages: glass-making and
glassworking. Glass-making s the production of glass from its raw materials, in this period
quartz pebbles, plant ash, colorant(s) and perhaps a lime source (Brill, 1999). It requires a
furnace capable of temperamres = 1000°C to produce. LBA glasses discovered in Egypt, the
Near East and ancient Greece have a silica content of 62-65%, a high soda content of between
15% and 2004, and elevated levels of magnesia, approximately 2-5%, with a similar potash
content of between 2% and 4% and a lime content of 4% (Lilyquist, Brill, Wypyski, &
Koestler, 1993; Sayre & Smith, 1961; Shortland & Eremin, 2006). However, trace element
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analysis of LBA glasses has shown a distinct compositional difference between LBA glass found
in the Near East and Egypt. The first element shown to distinguish between these two groups
was Ti, which is high in Egyptian glasses, but relatively low in Near Eastern glasses (Shortland
et al., 2007). Further analysis of a full suite of trace elements showed that almost a clear
distinction could be drawn between glasses of the Near East and Egypt by plotting covariates
of Ti, Cr, La and Zr. This method was successfully used in the provenancing of Mycenaean,
Ulu Burun and Levantine glasses (Jackson & Nicholson, 2010; Kemp et al., 2020; Shortland
et al., 2007; Walton et al., 2009).

Previous analysis of Amenhotep I1 glass

The most recent analysis of glass thought to be from the reign of Amenhotep IT is by Nicholson
and Jackson (2013)). The analysis was of a single sherd of a glass vessel now in the Swansea
Museum (Swansea 959_3), believed to have origmally been part of CG 24804, a particularly fine
vessel which was later reconstructed in Cairo Museum (Nolte, 1968, 53: Stern & Schlick-
Nolte, 1994, 25). Tt 15 43 mm across and features what is quite clearly part of the two cartouches
of Amenhotep [I. However, the object was recorded as being originally found in KV335, a hotly
debated tomb in the Valley of the Kings with connections to the Amarna Foval family
(Reeves & Wilkinson, 2008, 120-121; Sakem & Hawass, 2016, 119). Although curatorial
history of the sherd is equivocal, it is likely that the piece dates from the reign of Amenhotep 1T
and was originally part of his burial equipment (Nichokon & Jackson, 2013). Nicholson and
Jackson carried out trace element analysis using laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS) on the piece and compared the trace element plots with Shortland
et al. (2007). They concluded that it had much in common with the Egyptian composition with
relatively high La and Ti, but in the Cr/La plot the concentrations of the amber and
white samples from the Swansea glass sat slightly outside the general compositional group for
Egypt.

The present paper provides additional analyses of early glass material on a range of
colours from nine fragments atiributed to tomb KV33 and the palace at Malkata
(Newberry 1900, 1902; de Tytus, 1903). The Malkata material is of standard Egyptian
LBA glass composition and was analysed as a conirol to observe whether a small offset
from the Egyptian field was directly comparable or reflected slightly different analytical set-
tings in two different LA-ICP-MS systems. By analysing the Malkata controls in the same
machine and at the same time as the KV35 unknown, small differences in minor and trace
elements, indicative of composition, can be observed and compared, as well as negating
any potential detection drifi.

METHODOLOGY

The objects analysed in this paper were orginally sampled for Shortland et al. (2006) and
analysed by scanning electron microscopy with wavelkngth dispersive spectroscopy (SEM-
WDS). The same SEM blocks and samples were used here (Table 1). A total of nine objects
were selected, all glass vessel fragments. Four are securely provenanced to KV33, the Tomb of
Amenophis II, by the Britush Museum, which describes the provenance as ‘probable’
(Cooney, 1976, 52, 143); however, it is known that KV35 was later opened and used as a cache
for royal mummies (Baikie, 1932). The provenance of fragment EAG4163 is given as ‘probably
Thebes” by the British Museum, and is described as having ‘a chequer-board patiern closely fol-
lowing those found in fused bowls from the tomb of Amenhotep II" (Cooney, 1976, 53), being
stylistically comparable with the bowl sherd MMA 2671164 (The Metropolitan Museum of
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TABLE 1

Museum

EAB4123

EA64124

EAB4125

EA 59244

EAG4163

EAG4149

EAnd151

EAB4 154

EAB4155

Objects analysed by laser ablation mnductively coupled plasma mass spectrometry (LA-ICP-MS),
described in the catmlogue of the Egyvplisn antiquities of the British Museum (Cooney, 1976)

Colour
Blue

Yellow

Purple
Yellow

Blue

Blus
White

Red
White
Blus

Purple
¥ellow

Purple

Yellow
Black

Turguoise

White

Red
Blue

Turquoise

Findspot
KV15

K35

KV33

EV3a

Thebes (7), stvlisncally
related to fragments in

KV3i5

Malkata palace

Malkatn palace

Malkata palace

Malkata palace

Origin
Fragment from the neck and shoulder of a globular,

amphora vessel in transluent dark blue gliss. On the
neck and shoulder are decoration in turguoise blue,
wvellow and white

Fragment of a vessel with opagque deep violet body,
decorated with wide threads in yellow, white, light
green and turguoise blue in a marbleized pattern

Fragment from the shoulder and neck of a vessel in opague
dark blue glass. Thers are remains of four mpressed
units in the form of comilowers or rossttes represented
in the top view

Fragment of a jar with a hermispherical body, dark blue
gronmd, decorations of chevrons on the neck and
clustered festoons on the body, both combining opague
white and vellow

Unusual fragment with a chegquer-board pattern closely
fellowing those found in moulded, fused bowls from
the Tomb of Amenhotep II. Impressed on both the
exterior and interior surfaces are registers of opague red
squarss and translucent dark blue squares, allernating.
The squares are arranged so that a red and a blue
square touch only at ther corners

Fragment from the body of a vessel in desp violet glass
decorated with clustered festoons in white, yellow and
light blue, Directly over these decorations vertical canes
were impressed, three of which survive

Fragment of the lower neck and body of a vessel in opague
amethyst glass, with decorations in yellow, opague
white and turguoise blue, probably simple festoons

Fragment of a shallow, opaque mosac glass bowl, matt
surface. Assembled from several lavers of small pieces
of brick red, mrquoise blue, opague white, vellow and
black glass. The bowl was formed by moulding either
in an open mould or by press-moulding

Fragment of a shallow mosaic glass bowl composed of
small pieces of light and dark blue, red, and white glass

Art, New York) from KV35 (Lilyquist, Brill, Wypyski, & Koestler, 1993, 29, 35). Three of the
fragments attributed to KV35 can be viewed on the British Museum website (httpsy//waw.
britishmuseum.org/collectionfobject/Y _EA64163); EA64125 1s shown a top right, EA64124 at
middle right and EA84163 at bottom right (also see Table 1 for descriptions). Four other vessels
from the Palace of Malkata dating to Amenhotep I (1390-1352 sce) were also analysed as
controls—by all expectations these should be Egyptian in composition.

The samples were subjected to LA-ICP-MS analysis at The MNatural History Museum,
London. The imnstruments used were an Agilent 7700 quadrupole inductively coupled plasma
mass spectrometer (ICP-Q-MS) coupled to an ESI NWR193 with laser-type ArF excimer with
an ablation spot of 50 pm, as detailed in Table 2.
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TABLE 2 Set-upconditions for the laser ablanon inductively coupled plasma mass spectrometry { LA-ICP-MS)

Laser ablation system

Instrument ESI NWER193

Laser type ArF examer

Wavelength 193 nm

Pulse duration <4 ns

Repettion rale 10 Hz

Analysis Lype Spot

Spol diameter S0 pm

Fluence 3.5 Mem®

Carrier gas (He) 500 mL/min

Primary reference material NIST 612

Secondary reference matermlis) NIST 610, corning A, corning B
Mss spectromiter

Instrument Aglent 7700 ICP-0-MS
Plasma gas flow (Ar) 1.1 Limin

Individual element dwell time 001 s

Analysis duration Bk

Blank duration 3k

Each sample was analysed at five different spots, avoiding any obvious weathered areas.
Corning A standard was run throughout the LA-ICP-MS analysis to check for accuracy and
drifi. The results on Corning A secondary standards show good agreement for the most ele-
ments, with the standards averaging < 10% error on the accuracy. The results were consistent
with Kemp et al. (2020)).

RESULTS
The results, presented in Tables 3 and 4, show analyses of the glasses excavated from KV35 and

fragment EA64163, which has been stylistically ascribed to KV33, and glasses from the palace
at Malkata.

DISCUSSION
Hig h magnesia/high potash (HMHK) glasses

All samples apart from fragment EA64163 are consistent with LBA plant ash glasses, which are
characterized by a HMHEK content.

Malkata
The glass samples analysed that were excavated from the palace at Malkata are all composi-

tionally standard LBA glasses of Egyptian composition, which have been widely published. These
can therefore be used as a reference to comparatively discuss the samples attributed to KV35.
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The black glass in EA64154 contains the highest concentration of Mn in the study group
(2.0% MnO) with elevated levels of Cu (1.6% CuQ), therefore making this glass optically very
deep purple-blue to achieve a black hue.

The blue glass from EA64155 is coloured with both Co and Cu at 0.2% and 0.3%, respec-
tively, and opacified with 1.5% of an Sb opacifier, most likely Ca antimonate (Shortland, 2002).
EA64155 exhibits the elevated levels of Al Mn, Ni and Zn and low concentrations of potash,
which is the expected composition pattern for LBA Egyptian glass coloured with Co (Shortland
et al., 2007; Shortland & Eremin, 2006).

The Malkata turquoise glasses, EA64154 and EAS4155, are similar in major element com-
position and colouring strategy; these glasses are coloured with a relatively higher concentration
of Cu (2.4% and 2.9% Cu0, respectively) and are opacified with an Sb constituent (containing
2.9% and 2.3% Sbs0s,, respectively), thereby representing typical Cu coloured, opacified, tur-
quoise glasses of Egyptian composition.

The two purple glasses, EAG64149 and EA64151, are both coloured with a concentration of
0.6% Mn. Although there is a slight varation in the major elements, both glasses exhibit stan-
dard LBA Egyptian purple glass composition.

The red glass, EAG4155, exhibits noticeably lower levels of silica and soda compared with
the other coloured glasses: 53.1% (Si0s) and 14.7% (Na»0), respectively. However, this corre-
sponds with the WDS analysis findings in Shortland and Eremin (2006) of LBA Egyptian red
zlasses. The glass is coloured with Cu and represenis the highest concentration of the study
zroup ( 13.1% CuO). An Sb opacifier (2.11% Sh:04y) with some trace concentrations of Ph (0.1%
PhO) was also detected.

The white glass, EA64154, contains excess Sh (2.5% SbyOs), suggesting that this glass is
opacified by Ca antimonate (Shortland, 2002), representing a typical LBA Egyptian white glass
composition (Shortland & Eremin, 2006). The two yellow glasses show variation between their
respective major element compositions and colouring strategies: EA64149 contains high levels
of Pb (11.5% PbO), whereas EA64151 contains comparatively low concentrations of Pb (0.4%
PbO); however, both are comparable with known compositions of LBA Egyptian yellow glasses
(Shortland & Eremin, 2006).

KV35

The glasses excavated from KV35 are typical HMHEK plant ash glasses comparable with the
zlasses analysed from Malkata and standard Egyptian LBA glasses produced in the 18th
Dynasty (Shortland & Eremin, 2006), in both major elemental composition and colouring strat-
egy. The two blue glasses coloured only with Co, EA64123 and EAS9244, show the expected
elevated levels of Al, Mn, Ni and Zn and relatively low concentrations of potash which are
characteristic of LBA Egyptian Co coloured glass. The composition of the blue Co-Cu coloured
glass from KV35, EA64125, is comparable with that of Malkata, EA64155, specifically with
regards to the colouring strategy, which is almost identical, containing similar concentrations of
Co, Cu and Sh.

The purple glass, EA64124, is coloured with Mn and compares well with the purple
glasses from Malkata, particularly EA64149, which is almost identical to the KV35 purple
zlass.

The white glass from KV35, EASY9244, 1s almost compositionally identical to EA64154 from
the palace at Malkata; the lime content is the only major difference, which is 994 in the KV35
white glass and 7.6% in the Malkaia glass. As mentioned above, the two yellow glasses from
Malkata exhibit notably different compositions; the two yellow glasses from KV335 also show
some variation between the two compositions. EA64123 from KV35, comparable with
EA64149, contains Pb (8.4% PbO) and Sb (1.4% Sb20y), therefore likely coloured yellow by Ph
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antimonate (Shortland, 2002). However, Pb was not detected in the yellow glass in EA64124
but exhibits elevated levels of Sb (2.65% SbaOy). The two KV35 glasses exhibit decreased levels
of Mn compared with the two yellow glasses from Malkata.

EA64163, a low magnesia/low potash glass

Across the three glasses, EA64163 contains an average magnesia content of 1.2% MgO and an
average potash content of 1.4% K,0, which is notably different compared with the composi-
tions of the HMHE glasses from Malkata and KV35. Natron glasses, using a soda-mineral
flux, are characteristically low in magnesia and potash, each containing concentrations < 1.5%.
Therefore, the major element composition of the glasses constituting EA64163 are comparable
with natron glasses commonly produced in the Iron Age (Sayre & Smith, 1961;
Freestone, 1991, 39-40).

The blue, red and white glasses comprising the EA64163 fragment exhibit over double
the concentrations of the major elements Al, Mn and Fe in addition to containing over
double the average concentrations of the geologically relevant trace elements Ti, Cr, La
and Zr compared with those from the HMHEK group. This elevated concentration is also
seen across the rare earth and transition metal elements analysed. The Co-Cu coloured blue
glass in EA64163 exhibits elevated levels of Mn, Fe and Pb compared with the KV35 and
Malkata blue glass samples in the study group. The Co colourant wsed to colour the
EA64163 blue glass is compositionally consistent with Co sources used to colour later
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FIGURE 1 Covarant plot of La with Cr comparing the glasses from KV335, the palace at Malkata, the fragment
attributed o KV35 (the findspot described by the British Museum as “Thebes") and the Swansea fragment (Micholson &
Jackson, 201 3). Samples are plotted agamst the Egyvptian and Mesopotamian glasses of known origin (Shortland

et al., 20407)
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FIGURE 2 Covarant plot of 1000Z6Ti with Co/La comparing the glasses from KV33, the palace at Malkata, the
fragment attributed o KV35 (findspot described by the British Museum as “Thebes") and the Swansea fragment
(Micholson & Jackson, 201 3). Samples are plotted agninst the Egyptian and Mesopotamian ghsses of known origin
(Shortland et al., 2007)

glasses produced in the 19th and 20th Dynasties (Abe et al, 2012). This is significantly dif-
ferent to the Zn-rich Egyptian Co uwsed to colour the HMHEK glasses, and is likely from an
Iranian source, characterized by low levels of Ni and Zn, with an elevated concentration of
Mn (Kaczmarczyk, 1986; Mass et al,, 2002).

The red glass in EA64163 exhibits notably low levels of silica and a low soda concentration,
containing 58.7% and 13.7%, respectively, comparable with the silica and Na levels observed in
the red glass EA64155 from Malkata. However, as mentioned previously, the EA64163 glass
contains significantly elevated levels of Al (3.1% AlOs), Mn (0.7% MnO), Fe (0.6% FeQ), Cu
(2.8% Cu0) and Pb (4.4% PbO). As discussed in the HMHEK section, the composition of red
zlasses is known to be variable; however, the red glass from EA64163 is distinetly different from
the standard LBA Egyptian glass and that of EA64155 from Malkata in both major element
and colourant composition.

The white glass in EA64163 has the highest lime concentration in the study at 10.2% and
contains the highest concentration of Sb in the study group (6.8% Shs04). Two studies on LBA
Egyptian white glass conducted by Mass et al. (2002) and Shortland and Eremin (2006) showed
that the Sb concentration did not exceed 3.9% and 3.3%, respectively. Therefore, the Sb content
of EA64163 is significantly higher than the expected Sb content in an LBA white glass. In addi-
tion, EA64163 contains 4.6% PbO compared with the white glasses from KV35 and Malkata
that contain no detectable Pb content.

Therefore, both major and trace element compositions, in addition to the colouring strate-
zies for the blue, red and white glasses, are notably different to the HMHEK glasses from the
KV35 tomb and Malkata groups, thereby making them notably distinct from standard LBA
glasses produced in the 18th Dynasty.
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Ti, Cr, La and Zn can be used to distinguish between glasses most likely manufactured in Egypt
and those produced in the Near East. Figure | shows the data from the glasses excavated from
KV35, the fragment stylistically attributed to KV35 and the fragments from the palace at
Malkata plotted in a covariant plot of La against Cr, compared with the data from the Swansea
fragment (Nicholson & Jackson, 2013) and data from the glasses in Shortland et al (2007). As
mentioned, the majority of the glasses from the study show a positive correlation with those of
Egyptian composition; however, two yellow glasses, EA64123 from KV35 and EA64149 from
Malkata, appear to lie between the Egyptian and Near Eastern compositions due to the high Cr
content. This indicates that vellow glasses may have been produced at a third site using Cr-rich
raw materials, or that raw yellow glass may have been imported from the Wear East, which was
then diluted with Egyptian colourkess glass (Mass et al., 2002). The glasses comprising
EA64163 can be seen as the outliers in Figure 1. Figure 2 shows the same data plotted in
1000Zx/T1 against Cr/La. This plot provides greater distinction between the Egyptian and Near
Eastern trace element compositions. The analysis sirongly sugeesis that all the HMHE glasses
from KV35 and the palace at Malkata are of Egyptian manufacture, paralleling the analysis of
the Swansea fragment (Nicholson & Jackson, 2013).

CONCLUSIONS

The four fragments recorded as being excavaied from the tomb KV35 in the Valley of the Kings
are of standard LBA Egyptian composition and compare well with the glasses from Malkata.
In addition, all the colours analysed on each fragment are comparable with those of Egyptian
provenance, the implication being that early Egyptian glass-making technology was refined
enough at this early stage of glass-making history to produce glasses in several colours using a
range of compositions and obtaining domestically sourced raw materials distinct from the Near
Eastern sources. This signifies that early glassworkers working in Egypt were not as dependent
on imporied glasses manufactured in the Near East as previous resecarch has speculated. The
analysis of fragment EA64163, which is only stylistically attributed to Amenhotep 11, shows
that the composition of all three colours is significantly different compared with the same
colour groups in the LBA glasses from KV35 and Malkata. This is established in the major,
minor and trace element findings in the raw materials of the glass and the colourants; the low
Mg, low potash content exhibited by EA64163 is characteristic of later glasses produced in the
Iron Age using natron as an alkali flux.

PEER REVIEW
The peer review history for this article is available at hitps://publons com/publon/10.111 Varcm.
12687.

ORCID
Victoria Kemp © https:forcid .org/0000-0002-6447-1624
Andrew Shortland @ hitpsy//orcid.org/0000-0003-2460-9358

REFERENCES

Abe, Y., Harimoto, R., Kikugawa, T., Yarawa, K., Mishisaka, A, Kawai, N., Yoshimura, 8., & Nakai, 1. (3012).
Transibon in the use of cobalt-blue colorant in the new kingdom of Egvpt. Journal of Archaeological Science,
JO6), 17931808, https:iidoi.org/10. 1016/ jas 201201 .021

Baikie, J. (1932). Egyptian antiguities i the Nile Valley: A descriptive handbook. London: Routledge.

Beck, H. (1934). Glass before 1500 BC, andent Egypt. London: Macmillan,

Page 323 of 374



Page 324 of 374

GLASS FRAGMENTS AMENHOTEPIT KV33 J ]

Brll, B. H. (1999). Chemina! analyses of early plasses: Volume [ (tables) and 2 { catalogue) . Coming, New York:
Coming Museum of Glass,

Cooney, 1. D, (1976). Catalogue of the Egyption antiguities of the British Musewn: Volume IV, London: Glass, British
Muszum.

Dardeniz, . (2018). The Preliminary Archasological and Scientific Ewvidence for Glass Making at Tell
Atchana/Alalakh, Hatay (Turkey), Anaiolian Archaeological Studies, Japanese Institute of Anatolian Archaeology,
Promedings of JIAA Late Broneze Age Glass Workshop held at 27th—28th September, 2014 in Kaman, Turkey.

de Tys, B, P (1903). Preliminary report on the re-exoavation of the palace of Amenhotep 111 New York: Winthrop

Press,

Frestone, I C. (1991). Looking into Glass. In 5. Bowman (Ed.), Science and the pasi (pp. 37-56). London: British
Mussum Press,

Jacksom, C. M. 2005). Glassmaking in bronze ape Egypl. Science, 308, 1750-1752, hitps:idot.org/10.1 126science.
1112553

Jacksom, C. M., & Micholson, P. T. (2010). The provenance of some ingots from the Uluburun shipwreck. Journal of
Archaeological Science, 37(2), 295-301. hitps:idoi.org/10.1 01 &/ jas. 2009 09,040

Kacamarceyk, A. (1986). The source of cobalt in ancient Egyptian pigments. InJ. 8. Olin & M. J. Blackman (Eds.),
Proceedings of the 24th international Archasometry symposziom (pp. 369-376). Washington: Smithsonian,

Kemp, V., McDonald, A, Brodk, F., & Shortland, A, J. 2019). LA-TCP-MS analvsis of late bronze age blue glass
beads from Gurob, Egvpl. Archosomeiry, 62(1), 42-53,

Kemp, V., McDonald, A, & Shortland, A 1. (2017). Ancient biographies: Trace eement analvsis 1o mvestigate prove-
nanes and transportation mechansms of late bronee age glass, Archarological and Environmental Forensic Science,
i(2), 161-174.

Kemp, V., Schmidt, K., Brownscombe, W, Somnecken, K., Vieweger, D, Haser, 1., & Shoctland, A, (2020). Dating
and provenance of ghss artefacts excavated from the ancient city of tall Zird'a, Jordan, Archasometry, 6200),
1164-1181. htps:idoi.org/10.1 11 Waran. | 2588

Lilvgquast, C., Brll, B, H., & Wypyski, M. T, (1993}, Studies in early Egyptian glass. New York: Metropolitan Museum
of Art.

Lilvguist, C., Brill, B. H., Wypvski, W. T, & Koestler, R, 1. (1993). Part 2. Glass. In C. Lilyguist & R. H. Brill (Eds.),
Studies in ancient Egypiian glass (pp. 23-58). Mew York: Metropolitan Museum of Art,

Mass, 1. L., Wypyski, M. T., & Stone, R. E. (2002). Malkata and Lisht glassmaking technologies: Towards a specific
link between second millennium BC metallurgists and glassmakers, Archasometry, 44(01), 6782 https/fdoi.org/ 10,
LI 1475-47 54 00043

Moorey, P.R. 8. (19%). dndent Mesopotamian materials and industries. Oxford: Oxford University Press.

Mewherry, P E. (1900). Extracts from My Note-books (IIT). PSBA 22

Mewberry, P, E. (1902). Extracts from My Note-books (V). PBSA 24,

Micholson, P. T. (1993). Ancient Egyptian faimce and glass. London: Shire Egyptology.

Micholsom, P. T., & Henderson, 1. (2000). Glass. In P. T. Nicholson & 1. Shaw (Eds.), Andent Egyption materials and
technology. Cambridge: Cambridge University Press,

Micholson, P. T., & Jackson, C. 2003). Glass of Amenhotep 11 from tomb KV35 in the valley of the kings. The Journal
of Egyptian Archaenlogy, 99, 85-99, hupsiidoi.org/1 0.1 177030751 33 1309900103

Micholson, P. T., Jackson, C. M., & Trott, K. M. (1997). The uu Burun glass ingots, ovlindncal vessels and Egyptian
glass, Jowrnal of Egyptian Archaeology, 83, 143-153, htips:/idoi.org/ 101 17703075 1339708 300108

Molte, B. (1968). Die Glassgefisse im alten Agypten, Mimchner Agyptologizche Studien. Berlin: Verlag Bruno Hessling.

Oppenheim, &. L. (1973). Towards a historv of glass in the ancient near east. Journal of the American Oriental Society,
91, 2560-266. hitps:idoi.org/10.2 307/5994 59

Peltenburg, E. 1. (1987). Early faience: Recent studies, origins and relations with glass. In M. Bimson & [. C. Freestone
(Eds.), Early vitreous materials (Vol, 5-29). Brinsh Museum.

Pulak, C. (2001). The cargo of the Uluburun ship and evidence for trade with the Aegean and bevond. In L. Bonfante,
V. Karageorghis, Costakis and Leto Severis Foundation, & C. Micosia (Eds.), ftaly and Cyprus in antiguity 1500
450 BC: Proceadings of an international symposium held at the falion academy for advanced studies in Amerioa ai
Columbia University, November f6—18, 2000 (pp. 13-60). Micosia: The Costakis and Leto Sevens Foundation

Resves, N, & Willinson, R. H. (2008). The compleie valley of the kings: Tombs and tressures of Egypt's greatest
pharachs. London: Thames & Hudson.

Rehren, T. (2000). New aspects of ancient Egyptian glassmaking. Journal of Gloss Stadies, 42, 13-24.

Rehbren, T, Pusch, E., & Herold, A, (2001). Problems and possibilities in workshop reconstruction: Qantir and the
organisation of LBA glass workshops, In A, J. Shortland (Ed.), The sodal context of technological dhange, Oxford:
Obow books,

Saleem, 5. M., & Hawass, Z. (2016). Scanning the phargohs: CT imaging of the new kingdom Royal Mummies. Cairo:
American University in Cairo Press,

Sayre, E. V., & Smith, R. W. (196]). Compositional categories of ancient glass. Science, 137, 18241826

Page 324 of 374



Page 325 of 374

14 KEMPET aL.

Shortland, A. (2002). The use and origin of antimonate colorants in early Egyptian glass. drcharomerry, 44(4), 517-330,
https:fidoi.org/ 10111 1/1475-47 54 00083

Shortland, A J., & Eremin, K. (2006). The analysis of second millennium glass from Egvpt and Mesopotami, part 1:
Mew WDS analvses. drchasometry, 48(4), 58 1-605. hitps:/idoi.or g/ IO 1T 1475-4754 2006.00274 x

Shortland, A T, Kirk, 5., Eremin, K., Degryse, P, & Walton, M. 8 (201 7). The analysis of late bronze age glass from
Muzi and the guestion of the origin of glassmaking. drchasometry, G4), T64-T83,

Shortland, A J., Rogers, M., & Eremin, K. (2007). Trace element discriminants between Egyptian and Mesopotamian
late bronze age glasses. Journal of Archaeological Scimee, 34(5), T8 1-T89. hups/idoiorg/ 10, 1016/, jas. 2006.08 004

Stern, E. M., & Schlick-Nolte, B, (1994). Early glass of the ancient world: [60 B.C —-A.D. H): Emesto wolf collection.
Ostfildern: Verlag Gerd Hatje.

Varberg, I, Gratuze, B, & Kaul, F. (2015). Between Egypt, Mesopotamia and Sandinavia: Late bronee age glass
beads found in Denmark. Jowrnal of Archasological Sdence, 54, 168-181.

Varberg, I, Gratuze, B., Kaul, F., Hansen, A, ., Rotea, M., & Wittenberger, M. (2016). Mesopotamian glass from
late bromze age Egyvpt, Romania, Germany, and Denmark. Journal of Archaeological Science, 74, 184-194. https:Y
doi.org/ 10,1016/ jas 200 6.04.010

Walton, M., Shortland, A. J, Kirk, 8., & Degryse, P. (2009). Evidence for the trade of Mesopotamian and Egyptian
ghss o Mycenean Greece. Journal of Archaeological Science, 36, 1496-1503. https:/idoi.org/10. 1016/ jas 2009,
02012

How to cite this article: Kemp, V., Brownscombe, W., & Shortland, A. (2021). The
investigation and provenance of glass vessel fragments attributed to the Tomb of
Amenhotep IT, KV35, Valley of the Kings. Archaeometry, 1-14. https:/doi.org/10.1111/
arcm. 12687

Page 325 of 374



Page 326 of 374

15 Appendix E Publication 4

Joumnal of Archasclogical Scisnce: Reports 49 (2023) 103920

Contents lists available at ScienceDirect

Journal of Archaeological Science: Reports

journal homepage: www.elsevier.comidocetejasrep

The dating and provenance of glass fragments from the site of Serabit
el-Khadim, Sinai

i=

Victoria Kemp , Thomas Delbey, Andrew Shortland

Cranfield Forensic festinge, Crongield Untversity, Defence Academy of the Urnided Kingdom, Shrivenham, UE

ARTICLEINFO

ABSTRACT

Feywords:

Clasc

New Hingdom
Ramesside

Late Bromme Age
Serabit «-Khadim
Simai

LA-ICP-M=S
Composition

Serabit el Fhadim, located on the westemn coast of the Sinai Peninmula iz the site of an ancient turquoise mine
establiched in the early 12th Dymasty (c. 1985 BCE) and active between the 18th and 20th Dhymaoties (c.
1550-1136 BCE). The temple dedicatad to Hathor at Serabit decail the number of offaringe made, theraby
reconding the level of activity at Serabit during each reign The last offarings were made by Rameces W1
(1143-1136 BCE) corresponding with the collapee of the Late Bronze Age befors the cite was abandonsd. 976
glacs fragments weese given to the Achmolean Museum by Flinders Petrie following hiz 19056 excavations. 41
fragmants from the collection were select=d for LA-ICP-MS anabmin with the aim of provenancing and dating an
unknovwn collection of glass uning composition and available otylistic feanwes to further narow the date of
mamafacture and therefore indicate the pomible workshop of origin. The analyzin showed that all 41 fragments
are of Egyptian provenance and of standand Late Bronze Age high mapnesis plant ash glaze, except ane fragment
which iz 2 unique sxample of natron blue glas applied 2z decoration to a white plant ach vemel body. Subde
compositional diferences chow that 18th Dynacty plant ash glam, plant ach Ramesside glass and natron

Ramezgide glam are all present, therefore corresponding with the known Egyptian activiry at Serabir.

1. Intredusdon

Serabit el-Fhadim, or Serabit, iz an ancient mining development
located approximately 7 km east of the modem port of Abo Zenima,
halfiway down the westem coast of the Sinai Peninsula Due to the
inhospitable environment, ancient Sinai was regarded as litde more than
a land bridge connecting Egypt and the Levant until the discovery of
murquoise in the early dynastic pedod (e. 3150 BCE) (Mumford, 1999,
p722). Strongly associated with ancient Egyptian jewellery, turquoise iz
a relatively rare stone and compounded with religious significance
(Aldred, 1971, p34), therefore it was a highly prized, luxury item and
used extensively for amulets and jewellery (Aston, Hamell and Shaw,
2000, p62). Despite the extraction of turquoize being exceedingly
labour-intensive (Aldrad, 1971, p128), the ancient Egyptian market was
particularly luerative, and private Egyptian workers, military forces and
ranking afficials ware dizpatched to enmire the successful recovery of the
stone (Fedford, 1992, p79). Thus, Serabit became what was arguably-
one of the most significant centres of Egyptian enterprize in the Sinai-
peninzula (Wilkinson, 2017, p239).

In the early 12th Dynascy (e 1985 BCE), a temple dedicared to the

Goddess Hathor, also named “the Mistress of Turquoize™ and the “Lady
of Malachite” was consoucted; Hathor was the deity responsible for
foreign expeditions and was believed to be the patron goddess of mur-
quoise miners (Giveon, 1978, p54-62). Serabit was also a popular
pilgrimage site with many gifts and offerings being placed at the temple
as tribute, making evident the ancient Egyptian belief that mining ex-
pedition: would only be successful if the proper religious respects werse
paid (New, 1932; Mumford, 2006; Caelen, 2013). The temple itzelf
containg numercus inscriptions denoting the increasing number of mur-
quoize mining expeditions wndertaken from the reign of Amenemhat |
(19851956 BCE), the first king of the 12th Dynasty, to Amensmhbat IV
(1786-1777 BCE). Mining activities ceased at the emd of the 12th Dy-
nasty (c. 1785 BCE) following the immigration of the Canaanites amnd
invazion of the Hyksos (Barrois, 1932; Grimal, 1992, p391), and only
rezumed when political stability retumed following the formadon of the
New FKingdom (Mumford, 1999, p724). After 12 years of peace under
Amenhotep [ (1525-1504 BCE), mining was re-establizhed along with
the tradifion of monument building; repairs, extensions and embellizh-
ment:s were made to the temple between the reign: of Hatshepout
(14731458 BCE) and Amenhotep I (1390-1352 BCE) (Mumford,
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1999a, p725; Wilkinzon, 2017, p239). It is from the mid-18th Dynasty
(. 1550 BCE) that glass westels and objects were included as part of the
royal court, glass became one of the highest symbols of elite statmez in the
New Kingdom (Shortland, Nicholeon and Jackson, 2001, pl153), there-
fore the presence of glass core formed vessels at the temple demonstrates
the high value of offeringz made to Hathor and confirms the importance
of turquoize mining activities at Serabit.

According to the temple inceriptons, 71 votive offerings were placed
at Serabit between the reigns of Tuthmosiz T and Ay (1327-1323 BCE)
(Mumfornd, 2004) and an estdmated 329 votves were placed betwreen the
reigns of Rameses 1 (1295-1294 BCE) and Tawosret (1138-1186 BCE),
with 66 votives offered during the Iron Age (IA) reigns of Sethnalht
(1186-1184 BCE) onwards (Mumford, 2006). Further building warl,
offerings and inceriptions were made benween the reigns of Rameses IV
(1153-1147 BCE) and Rameses VI (1143-1136 BCE), which were the
lazt recorded activities, with the mines subsequently being abandoned,
corresponding with the collapse of the Late Bronze Age (LBA) (Eck-
enstein, 1921, ph3). Perods of mining actvity at Serabit and political
and zocial stability in Egypt and the Near East are therefore analogous,
indicating that even highly proficable endeawvours were abandoned
during times of political erizis (Giveon, 1978, pblL

1.1. The excavation af Serabit

The temple at Serabit was re-discovered in 1762 by Carsten Niebohr
and revisited by several zcholars, whose work wazs largely imited to
making copies of inscrptions (Eckenctein, 1921, pl17). The first exten-
sive excavation was undertaken by Petrie in the winter of 190586, which
resulted in the first complete plan of the temple with over 300 photo-
graphs taken of the site (Petrie, 1904).

Accarding to Petrie’s excavation notes, the temple offerings were
mainly of “glazed ware”, such az vasez, bowls and cups, as well as other
offerings such as menats, bracelets, sistra and wands. The damage to the
offerings was 0 extensive that no item was observed intact, with the
remains forming a layer on the temple floor “two or three inches tuick”™
(Pemrie, 1906, p138). After attempting some reconstructon work, Petrie
concluded that a large portion of the fragments were missing, likely
seatterad outside the temple and left to disintegrate in the severe at-
mospheric conditions (Petrie, 1006, pl22).

1.2 Samples

The Serabit expedition fAnds were divided betwean several musewms,
including the Cairo Muzeum, the British Museum, London, and the
Ashmolean Museum, Oxford (Petrie, 1906, p123). 976 glaz: fragments
from Serabit (Accesion number E4486) reside at the Ashmolean
Museum (Simpson, 1990 Maost fragments are on average between 1 and
4 cm, and are coated with a white, salt deposit or the distinctive red-
brown deposit that reflects the red Nubian sandstone geology of Ser-
abit Although heawily coated with deposits, some fragments that hase
sustained recent breakage show good preservation The colours are
remarkably wibrant; murquoize, light and dark blue hues, black, brown,
green and white are included in the collection. Also vizible on zome
fragments are fine example: of feather and garland patterms applied in
white and yellow, as well a= rims created from thin, twisted coloured
glazz rodds. Handles and other defining features allows the inference of
the wessel type, therefore it can be zpeculated that pots, amphora,
spherical vessels, pomegranate vessal: and kratisheros were among those
prezented to the temple (Molte, 1965), in addidon to items with glasz
inlays.

Farty-two fragments which exhibited good preservation, glass matrix
uniformity and claricy of colour were zelected for lazer abladon indue-
dvely coupled plasma mass spectrometry (LA-ICP-MSI) analysis.
Diescription of the fragments are included in Table 1. All fragments
included in the smudy are reladvely small, therefore the pattern

Journal of Archasclogical Scence: Hepors 49 (2023) 103920

Table 1
Description of fragments from Serabit selected for analymia by LA-ICP-MS.

Ace. ¥ Main O pis] ez
by Translhseent
calour

Fragment Shape and

description approximate
size in
centimetres

X122 Hlack Seml
transhscent

Vessel fragment 30x 25
with feather,

garland or arcade

dragged pattern

applied in two

colours: white and

apparent yellow,

browm

Tramsecting
thicker white band
bordering the
pattern.

Vezsel fragment
with straight white
band applisd
tramsecting the
fragment.

Vessel fragment
with straight white
band applied
transecring the
fragment.

Wessel fragment
with decomtive
threads of yellow
white wisible on
the cross section.
Fatterm
impercepeible.
Vezsel fragment
with garland
pattern applied in
ot Jeast two
different colours.
Vessel fragment
with possible
decoration applisd
im yellow.

Vessel fragment
with flar arcade;s
garland parters
applied with three
codour thread
combination.
Fartern appears to
ke applied in the
pattern form
rather than osing
an implement to
drag over the
surface, forming
the pattern.
Wezsel fragmeant
with elabarute
feather patbern
applied in
apparent white
and yellow
threads.

Unknows object.
No perceptible
parem,
promizent white
thread transecting
the fragment.
Vessel fragment
with possible
garland patters
applied in lighter
eolour.

K144 Hlack Semil
transhscent

OX2 Hlack Transhscent 30x 20

La ] Transhscent

Thrown

OX420 Transhscent 4.0 = 4.0

OX5E] Transhscent Ohlong fragment

20x 25

OX1E9 Mid Blse Transhscent 35x 30

ox19e Dark Blus Transhscant Roughly

triangular

15x 3.0

OX414 Dark blue

Opaque

0X433 Dark blue Transhscent 30x 20

OX437 Dark Bhee Transhscent

{oonmnsed on neod page)
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Table 1 (continued Table 1 (comtimued §
LT Bl Dpaqise,’ Fragment Shape and Ace. ® Main O i Fragment Shape and
ealour size in enbour size in
centimerres cEntimetres
Vessel fragment 2 fragments, applied in yellow
with possible both and white thresds.
garland pattern 0= 1.5 OXAZ Turguoise Transhecent Wessel fragment 4.0 = 40
applied im at least ihse with no
twi different percepdible
ecbours. Rim made pattern. Rim
from twisted eomtains merged
threads yellow and bhee
QXS Dark bloe ‘Trapslucent Vessed fragment Triangular glass.
with regular white  fragment Ox442 Light blus Transhscent Wessel fragment 25 20
garland/arcade 15% 15 with possible
pattern appliad in gurland or festher
lighter coloar. pattern applied.
QxS Dark boe Trasslucent Vessel fragenent 15 30 Rim applied with
with possible at least twio
feather pattern eodours of teisted
and two white glass of apparent
transecting bands. white and dark
L eling Dark bloe Semi Possible vessel 15 20 biwe.
trazslucent fragment with e Ox472 Turquolse Transhscent Wessel fragment 25 20
perceptible e with feather
[pattern. pattern applied in
axes Dark boe Trazslucent Vessel fragment Trisngular twa ather coloars,
with elaborate 35 20 ‘ane possibly
pattern (possikdy yellow.
feather) applied in Ox4E2 Hlueish Transhscent Wessel fragment Triangalar
at bt thres grenn with garland fragment
eclours pattern applied 20 20
OxX200 Darkblue  Tramslucent  Vessel fragment Roughly with at beast two
with patters triengular different colours,
applied with fragment one being yellow.
wellow, white and approx. 3.2 Rim applied in
light blue threads. 1.7 at widest solid opague
point yellow.
X1 Black/dark  Semi Vessel fragment Triangular [ £1-] Mid blue Transhscent Vessel fragment Square fragment
Blue trasslucent with white thread  fagment with no 10 = 10
[present in rim 0= 20 perceptible
section. patiemn, rim
QX501 Dark bloe/  Semi Unknown object ‘Obloeg fragment applied in darker
black trasslucent type with ma 30 = 20 bhee and white
perceptible twisted glass.
[pattern. OXEg7 Light blus Transhscent Wessel fragment Square fragmient
QX Light bloe Trapslucent Vessel fragment 15= 25 with no 17x 1.5
with yellow and percepiible
dark blue thread pattem.
applied in & E4480 direen Opaque Usknows object Irregalar shaped
stralght design. type. Fragment is fragment
Lok o fic] Turguai Trazslucent Link n object A0« 25 flat with ma 25 20
type with mo perceptible
perceptible paticrn applicd
pattern. E44851  Green Semi Unknows object trregular shaped
ax1zy Mid blue Trasslucent Unkniown object 20 35 transhscent type with no fragment
typee with ma percepdible 25w 20
perceptible pattem.
pattern. Semmi ON140 fireen Opaque Unknown object 15x 20
translucent. ‘type with no
X145 Bhse Seml Vessel fragment 35 20 percepdible
translucent with consistent, pattem.
even feather Ox4Es Gipeeny Transhscent Rounded fragment  Rounded
pattern appliad in b - “leaf™ from a fragment
three (71 colours. pomegTanate 20x 1.5
X158 Light blue  Tramsh Wessel fragr Triangular vessel? Yellow rim
with apparest fragment applied to the adge
feather pattern 15 30 of rousded
applied in yellow section
and white threads, OXFT Hlack, Transhscent Wessel fragment 32000 L0
thicker white band Purple with pattern
transecting the applied in at beast
fragment. o different
axs Light blue Seml Vessel fragenent 20 20 eoloured threads.
tracslucent with peesible OXBS Purple/ Transhscent Unknows object 6 = 30
feather patiern lbpown. ‘type with no
{eonnmused sn et page)
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Table 1 (continued )

Kz, & Main Dhpasquse’
body Translscent
ealour

Shape and
approximase
size in
centimetres

Fragmesnt
description

perceptible
pattern.

Vessel fragenent
with dark bloss
hlack band visible
under red deposit,
white promizent
thread transecting
fragment

Vessel fragment
with mo

percepeible
pattern.

OXB4] White Oblong fragment

32x 17

X204 Velhow Seml Roughly
trisngular
fragment
3.0 1.7 at
‘widest paint
X444 25« 25

Vellow Vessel fragenent

with mo
perceptible
pattern. Rim
applisd iz white
and black/dark
e, codoured
lass.
Unknown objert
type with mo
perceptible
pattern.
Ambers ‘Trazslucent Vessel fragenent
brown with
undetermined
pattern applisd in
twe lighter
colours, possible
yellow and whine.

X334 X0 = 20

traeslucent

Lo e ] 3.0 = 20

described per fragment cannot be considered as descriptive of the
complete object. Small samples were taken from the fragments with a
pair of wire cuers and then mounted in resin blocks and polizhed.

2, Methodology

The analyzes were carried out with an Agi 8900 miple quadru-
pole ICP-MS coupled with an ESI New Wave Research NWR 193 ArF
excimer laser. The operating conditions for the lazer abladon syztem
were setat 7 J/em® with a frequency of 15 Hz and a spot size of 70 pm.
The [CP-MS was operated with a BF power =t at 1380 W, a plasma gas
flow of 15 L min~! and an auxiliary gas flow of 0.90 L min~'. Helium
was used as carrier gaz (800 mL min~ ') in single M5 mode with no call
gas. The ICP-MS was mmed before each zession on the glass SEM
NISTG12 to achieve high sensitivity and stability (R5D < 5 %). The
plazma condition was monitored with U/Th ratio (0.9-1.1) and Th/Th
ratio was used to aszess a low oxide level (ThO/Th < 0.01). The ICP-MS
was setup in full-quant mode for the acquisidon of 42 masses. Gas blanks
woere recorded during the 15 sec warm-up time and 15 sec washout time.
Each sample was analyzed in triplicate with 60 sec of ablation per spot.
The first 20 zec of ablation were considered as pre-abladon and were not
used in the caleulation of the concentration. (Quantitadve data were
obtained using the calibration protocol deseribed by Van Elteren at al
(Van Elteren, Tenment and Selih, 2009) using near combination of a set
of four glass SRM:= as external standards (NIST 612, NIST 610, Camning B
and Coming D) and 5i0z as the internal standard. The foll set of SRMs
used as external standarnds were regqularly measured in the batches and
the results were comparable to the accepred values (Vicenzi ecal, 2002;
Jochum et al, 2011; Wagner et al, 2012).
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3. Results

The glasses contain between 16.0 % and 228 % NazQ (Table 2)
therefore represent the expectad values for un-weathered Egyptian LBA
glass. All samples contain an average of 4.2 % Mg and 1.7 % K20, dms
compare with standard Egyptian LBA plant azh glazzes produced in the
18ith Dynasty (Sayre and Smith, 1961; Lilyquist et al., 1993; Shortland
and Eremin, 2006) The exception i the Co + Cu blue glass from frag-
ment X641 which is dizcussed separately.

3.1. Provenance

Shortland et al. demonstrated that by using a covariant plot of Cr/La
ve 1000Zr/Ti, glasses of Egyptdan amd Mesopotamian origin can be
diztinguizhed (Shortland, Rogers and Eremin, 2007). The trace elements
from the Serabit =tudy group (Table 3) were plotted against the glasses
of known Egypdan and Mesopotamian origin, showing that all Serabit
glasses are of Egyptian provenance (Fig. 1).(S=eTable 4.

4. Discussion

4.1. Stie and workshops

Veszels produced between the reigns of Amenhotep 01 and Alkhe-
naten are considered to represent the “golden era” of Ancient Egyptian
glassmaking due to the fine artistry and high quality of production. Mew
Kingdom wezzels are typifled by the anphorizkos and Areferizskos shape,
created primarily in blue hues, with yellow and white threads applied in
feather amd garland pattemns. Bamesside vessels by comparizon show a
diversity in colour and shape (zuch az the introduction of pomegranate
amd pilgrim flazks) often with no or basic patterns applied. Ramesside
glaszes are notably less sophisticated, both in glass quality and artisoy
following the decline of the glass industry after the end of the 18th
Dymasty (c. 1295 BCE) (Malte, 1963).

Two significant Ramesside glass workshops are known: debrds from
Qantir indicates that this waz a primary glassmaking site between o
1300-1270 BCE (Pusch and Behren, 2007, pl31) for the mass manu-
facoure of red glazs (and some cobalt glasszes) in the form of ingots rather
than objects (Rehren, Pusch and Herold, 2001; Rehren and Pusch, 2005;
FRademakers, Rehren and Pernicka, 2017). The later zite of Lisht iz
known to have produced vessels and other items, such as inlayz, in a
range of colours including Co-blue, yellow, white, black, purple, brown
amd green dated to between 1295 and 1070 BCE (Feller, 1983). Notably,
evidence of cobalt blue glass produetion at Lisht has not been confinmed,
however, evidence of recyeling iz preseant at thiz site (Feller, 1 223; Brll,
1999; Masz, Wypyzld and Stone, 2002). Research indicates that glasses
produeed at Lisht have a distinetive chemical signature, charactarized by
low levels of lime, alumina and iron oxdde in addifion to relatively high
concentrations of soda compared with other Egyptian glasses (Smimiou,
Rehren and Grameze, 2018). Aleo, Lisht Co-blue glazzes generally contain
very little, if no, dn; therefore, both factors can indicate later Lisht
glaszes, or be uzed as exclusion criteria when comparing unkmown
samples.

Gurob has been identified az a lemer Ramesside glassworking site
(Brunton and Engelbach, 1927 Shaw, 2007) and the available analyzes
suggest that white, black, Cu-blue (with elevated tn) and Co + Cu-blue
glaszes were worked at the site, the latter containing the “Type B™ cobale
souree, ured exclusively in Ramesside glasses and characterizad by lowr
Zn, elevated Ni and lower Al compared with Mew Fingdom Co-glaszes
(Abe et al | 2012; Lankton, Pulak and Gratuze, 2022).

4.2 Cobalr blue
All six glasses in the Co blue group contain between 0.84 % and 1.2 %

E; O with an elevated average content of 243 % AL, therefore com-
parable to sandard Col Egyptian LBA glasses, which are well publizhed
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Table 2

Joumnal of Archasclopical Solencer Repors 49 (2023) 103920

Average requltn for the LA-TCP-MS anabmes chowing major and minor element of the samples from Serabit (vwi).

Major and minor elements [wi %]

High Magnesia High Potash

As. Number Colour group  Transliscent/ Opague  NagD MgD  AlDy  Si0g Py Hgd Caly Mnl  Pegly Cod Cul  sh203 Fhiy
X1z Black Copaayue Thom A4 0.7z BFEy 11 131 747 ooz .43 DL a1 0.0 {HLe]
X144 Black COpsaayue 17.75 4593 0BG 6172 010 1.E9 211 ooz L1 £y DU 012 038 143
Lok e Black Semi-transhecent 1847 AR5 ) =] BETE oz 176 .40 ooz 0.4z [eE i) D00 0.0 {HL ]
Black EVernge 17.41 4.74 0.72 B4.12 011 L& 233 [ 0.zl LR o4 L% B (1K)}
EEE Brown Copaayue 17.ED 4059 OES B4.21 s 1.1 L8] (i .45 DL 1.24 015 A
QX430 Brocwm COpsaayue 18.24 2.50 0.4 45 L1 152 581 ooz L1 ) DU 102 .19 .84
QXSEL Ercwn Tramshicent 1|15 233 .44 B350 (ERE 106 LA (1R ic] 037 (LR 1) 0=y 0.05 053
Brown average 1810 4,30 0.50 (-2 o LU ] 1.73 .42 oz 03T L] 1.58 L% B LTE
X189 Co bloe Trazshizent 0.7 5.33 2ar BR2L 11 .58 T99 o .44 ooz L Y L] {HLe]
0x15E Co bloe Trarshieent |7 3.60 110 BESH iR ] 0.53 T8 e 0.52 o3 .03 0.0 (L)}
0xa14 Co bloe Crpsyuie 16 236 1z 6233 s 1.20 81z e 03z [ERE ] o 0.x9 {HLLH]
X433 Co blue Trasshecent 00 S 35 GET4 o 0.E4 2473 o1l .47 oo a1 0.o7 {HL ]
x43rT Co bloe Trasshucent 30.35 5.41 am el a2 0.e2 774 [0 1] 05D (] oz 0.0 (1L
OXGES Co bloe Trarshieent .30 510 L BOTY 13 059 785 onis 047 oaz 11143 .00 1144
Co Blue average 20009 461 2.43 &1.05 0.1z 098 810 15 045 010 002 0.o7 oo
x4 Co 4 Cu blse Tramshicent 2012 257 1.54 LS IV o e [AX ] e 071 oo 035 0. o3
axnT Co 4 Cu blee Copaayue 0BT 3.8 13T B3 15 121 L8] o 0.4z e 1E L) (1L
X183 Co 4 Cu blee Trazshizent w27 A4 1L.5& £1.05 {ER 2 1.51 o] o1 .49 OLDE oz 0.o7 {HLe]
X200 Co 4 Cu blse Trarshieent nix as 195 E£1.04 .o 050 b4 [ 0.52 oo 022 .00 1144
QXEH1 Co 4 Cu blse COrpsuie 16905 280 133 BB 15 112 SUE1 e .40 e 013 025 {HLLH]
[ek i} Co 4 Cu blee Crpague: .7 G0 139 SEaY 15 107 379 014 .50 oaz 018 050 {8 [:]
G 4 G bluse AVERERE 20.51 300 1.9 G152 013 107 L.ET .13 0.EzE 11 3z 020 o4
X7 Cu blue Trarshieent Th.iBd 348 083 ey 017 144 7.9 ooz .46 i) 045 .02 005
oxnE Ca blue Tramshicent 1835 4.8 03r B2Y7 (PRI I N 1] oo L1183 (LR L 0.04 028
oxizr Ca blue Tramshicent 1858 244 0.55 e84 (ERE 1.74 757 ooz 03z (LR 1) a7 nm {HLLH]
X195 Ca blue Copaayue 1.3 a3 035 437 L= 282 L84 ) ooz 0.2e [EE i) .42 1.2 (1L
axIse Cu blue Semnl-translscent 18.15 408 083 6395 017 1.51 7.59 ooz .46 i) 1.05 0.3 (L)}

Major and minor elements [we %]

High Magnesia High Fotash

As, Number  Colour Group  Translscent Opague MgD  AlDy  Si0y  PuDs  KeO  Cal  MnO  FeyOs  Col  CuD  5h208  PbO
oxas Cu bloe Tramshicent L 053 G, 0 oz 1.41 657 .02 033 L) T o DL
0xa19 Cu bloe Tramshicent 4.80 o073 BLTT o a4 775 .oz 041 oo (el 1) 0,00 {HLLH]
X442 Cu bloe Opagque 333 030 [0 B oz 257 &80 .oz 031 oo 058 LOE 2 {HL ]
X472 Cu bloe Opaque 44 a3 6117 o1E 187 818 0.0z 039 oo 124 Ll ) Ox
(IX4HZ Cu bloe Trazshicent 356 o7e 67.58 [ 1 122 741 0.0z .48 oo 028 0.o7 14
[eked. i) Cu bloe traslucent 4.6 ol &3.00 e 176 632 .02 03] LB 145 o DL
XEGT Cu bloe Trasshicent 442 110 GhL.ER [ -] 145 b.48 .oz 033 oo [eEiE) 0oz {HL ]
Cu blue AVERREE 4.04 Le3 &4.22 iy 1.BS Tae .02 0.3 0.0 n.7e 023 o4
E-443E Green Opaque 47X 03y B1.34 (e8] 242 L7 0.om oz oo o 014 1.4E
E.4480.1 ireen Semi-tramshescent 388 (L) B5.32 oLlG 187 622 .02 032 L) o 0.0 DL
X140 Green Semi-tramshuscent 487 (L r) 63,20 o1l 165 897 .oz oz oo oo 0,00 {HLLH]
X4H4 Green Opagque 4323 (R 6141 [ B<] T 9.20 .oz HE v oo oo 050 ) |
GISEN EVEFERE 445 D4 6283 (=8 £ 200 B.37 0.0 033 0.0 .01 LS ] 107
axFy PLIJ']:JE Tramshicent 365 os? G504 (B ] e ] b&98 0.75 0Tl oo onas .00 1144
0xEs Purple Tramshicent 379 05H [EcRE ] (e R 104 8.50 .z7 034 oo oo 0,00 {HLLH]
x4d4 .PI.IJ']]I: Trasshicent 33% naEn (=R oar 183 7.58 0.z1 OB L) (R i) 0.0 {HL ]
PI.EPJ:IFHIF 2Lkl LR &4.01 ol 201 709 041 062 n.03 .oz LR oo
X1z White Dpaque 401 o.48 (=R o 234 eT0 0.2 0z oo 018 L (L)}
OXLA1 ‘White Opaque 336 054 G149 T 1.71 627 .02 03] L) e im DL
White Average 3.68 051 63.05 19 202 648 0.02 0.30 0.0 17 1.56: ool
Lok =it ) Yellow Opaque 4.7 (R4 g ] o2 247 950 0.om 0.Z3 oo (e ) 030 1.51
X444 Yellow Opaque 455 (123 Bh.34 oo 1.7 7.76 0.0z 131 oo (B i) 1.40 736
X561 Yedlow Dpaque L] DL 5499 [ 1] 205 533 0.0z Oudds oo nias .72 135
Yellow average Akl 051 HE1 L8 L] 209 B.BE 0.02 0.69 0.0 o9 077 4.07
=34 Hed Opagque 379 041 3.9 o4 230 545 .oz .20 oo 120 014 {Hka) |
[k i) Amber Trasshicent 1991 423 038 (=SR] [ ] 280 543 0.0 025 oo oa 0.0 (1L
Lew Magnesin Low Potash

QX541 Co4Cu bloe Opagque 180 [ 100 . g [EE ) L% 0n.m HEEs nne 1323 1.08 XTE

(Shortland and Eremin, 2006; Shortland, Rogers and Eremin, 2007;
Femp, Brownscombe and Shortland, 2021). The glazzes in thiz group are
coloured with an average of 0.1 % CoQ and exhibit elevated levels of
azzociated elements Mn Ni, and Zn and with an average of 0.15 %, 677
ppmm, and 725 ppm respectively. Therefore all glasses in the Sarabit Col
group are coloured with the characteristic cobaltiferows alum wsed
exclusively in the Egyptian 15th Dymasty, known az “Type A", hence
were likely manufactured beoween the reign: of Tuthmesziz [T
(1479-1425 BCE) and Akhenaten (1352-1336 BCE (Faczmarczyk,

1]

1986; Abe et al., 2012).
4.3. Co + Cu biue

The six glazses contain between 0.06 and 0.19 % CoO and 0.13-0.97
%5 Cu, therefore conform to the definition of Co+ Cu glasses (Chortland
and Eremin, 2006; Smimiou and Rehren, 2013). All Serabit Co+ Cu blue
glazzes contain an average conceniration of 1.69 % Al,Oy with elevated
Ni, Zn, and Mn, hence characteristic of the Type A cobalt source used

Page 330 of 374



Page 331 of 374

Table 3
Average results for the LA-ICP-MS trace clements analyses of the samples from Serabit (ppm).
Trace elementz (ppm])
High Magnesia High Potash
Az, Number Colour group Translucent/Opague LI Bz B T v G Mn Fe Co Nl Cu In As Rb &r Ir Nb Az Sn b Cz Ba La Co Au Pb Th U
122 Black Cpaque 59 01 54 427 75 53 186 3012 67 76 464 108 13 73 670 225 15 01 22 261 02 495 32 61 00 134 06 02
o144 Elack Cpaque 52 02 65 333 67 53 148 4665 19 47 926 151 85 81 710 292 13 61 74 3174 01 377 23 47 00 20991 06 02
0X290 Black Cemi-ranclucent 49 01 70 446 83 66 170 3010 19 41 248 126 1.2 88 1075 384 16 04 06 210 02 392 29 57 00 27 07 03
Black average 53 0.2 63 403 7.5 58 168 3562 3.5 5.4 332 128 3.7 &0 819 30.0 L4 2.2 3.4 1074 0.2 421 2.8 55 0.0 7002 0.6 O3
0358 Brown Cpaque 68 01 88 372 66 585 ZI5 3165 109 136 14727 248 268 69 507 333 12 41 746 1211 01 424 24 46 07 7927 05 03
0X420 Erown Cpag 41 01 72 240 50 49 128 1946 29 09F 16155 223 404 72 524 270 08 45 1517 1574 0.1 485 18 34 37 7648 04 03
OX5661 Brown Translucent 72 01 74 237 55 39 231 2571 39 68 6972 758 378 66 593 168 1.0 16 343 423 01 379 23 44 04 4599 04 02
Browm average 60 o1 T8 283 57 49 191 2551 59 1000 12618 335 35.0 6.9 541 257 L0 3.4 860 1070 0.1 429 21 42 1.6 6725 05 02
OX189 Co blue Translucent 91 26 84 328 62 41 1607 3059 562 369 141 698 23 50 703 321 12 00 &4 217 01 294 30 82 00 69 419 419
OX193 Co blue Tranzlucent 70 038 148 434 74 44 646 3614 1060 1260 250 M 23 39 495 381 1.3 01 157 855 00 326 25 53 00 479 04 02
Ox414 Co blue Cpaque 56 06 106 311 49 32 1398 2291 1391 520 524 1600 60 60 1328 203 10 01 14 2463 01 311 22 61 00 192 04 02
OX433 Co blue Translucent 103 22 133 457 76 7.1 861 3262 787 ©&FF 896 462 31 52 1084 585 16 02 59 558 01 450 33 75 00 106 06 03
0437 Co blue Translucent 96 17 132 407 7.1 37 1274 3473 638 423 648 762 25 47 735 379 14 01 74 B4 01 333 36 95 00 52 1.1 o7
OX669 Co blue Tranzlucent 99 15 128 377 69 41 1158 3286 515 310 128 547 23 49 736 389 14 01 43 92 00 342 34 83 00 52 07 03
‘Co Blue average 86 1.6 122 386 6.7 4.4 1157 3164 826 677 213 735 31 49 345 391 13 01 69 557 0.0 343 3.0 75 00 158 75 7.3
0X84 Co+Cublue  Translucent 109 0.9 134 678 113 50 1383 4967 7880 634 2776 250 100 47 418 4901 24 03 209 714 01 494 49 101 01 299 L1 07
OX107 Co+Cu blue Cpag 84 04 120 473 B84 65 T04 3015 1476 1331 1209 358 111 59 G517 468 1.6 03 68.4 2346 01 403 32 66 02 200 04 09
ox133 Co+Cublue  Translucent 71 05 98 476 87 61 857 3405 452 259 7748 664 307 94 807 385 18 1.1 FA9 552 02 425 35 77 02 431 0s 04
OX200 Co+Cublue  Translucent 99 18 132 474 72 5% 1547 3644 781 570 1742 821 66 53 701 460 15 03 100 169 01 401 31 74 02 134 07 03
OX431 Co+Cublue  Opague 62 04 123 452 69 54 646 2022 1256 1186 1061 291 86 49 427 392 14 02 599 2122 01 365 27 54 02 268 06 03
OX501 Co+Cu blue Opaque 106 07 73 585 124 99 1087 6292 517 343 1474 211 175 41 757 396 1.7 04 186 4175 01 462 32 70 03 1427 11 08
Co+ Cu blue average 89 0.8 114 523 9.1 6.9 1037 4024 885 721 2668 434 13.9 57 o604 432 L7 04 235 1654 0.1 425 3.4 7.3 0.2 306 0.3 0.5
OX70 Cu blue Tranzlucent 53 02 75 480 82 65 164 3241 57 TFO 3501 204 132 7O 479 306 16 03 179 208 01 417 32 62 01 413 07 03
OX103 Cu blue Translucent 63 01 83 198 39 27 &2 1507 23 36 306 149 75 65 1092 179 0.F 06 201 301 01 2509 14 26 04 2442 03 01
OX127 Cu blue Translucent 58 01 78 335 65 30 135 2340 36 7O 7747 138 224 74 560 299 11 06 536 917 01 291 21 42 05 247 05 02
0195 Cu blue Opaque 62 01 87 194 55 37 193 1974 40 43 3352 532 302 66 552 129 0F 14 104 10715 01 440 18 34 01 283 03 06
0x198 Cu blue Cemi-tranclucent 73 00 62 452 87 53 186 32123 79 107 8363 241 326 8.0 630 303 1.6 04 330 2188 01 430 33 64 02 458 07 03
OX235 Cu blue Translucent 47 01 79 278 57 40 177 2M7 36 59 5641 132 194 55 532 155 1.0 03 330 184 01 289 21 42 01 383 04 02
OX420 Cu blue Translucent 63 01 72 450 76 54 173 2899 214 57 6089 176 188 85 920 410 15 09 414 55 01 384 27 53 09 167 06 03
OX442 Cu blue Opaque 67 01 64 189 63 36 146 2141 18 31 4658 416 231 71 602 149 0F 07 160 3640 0©O1 428 20 38 01 162 04 09
Trace elements (ppm)
High Magnesia High Potash
As. Number Colour group Translueent/Opaque 11 Be B T V & Mn Fe ©o NI Cu Zn As Rb S Zr Nb Ag Sn Sb € Ba Ia Ce Au Pb Th U
OX472 Cu blue Opagque 79 01 73 379 76 48 177 2700 67 8.9 9879 212 632 &5 737 304 13 0F 366 G016 01 387 27 53 02 132 06 0.3
OX4a2 Cu blue Transhicent 41 02 84 485 81 65 168 3340 209 182 3049 211 58 44 6657 260 13 04 260 548 01 448 27 54 01 1181 06 03
0438 Cu blue tranzlucent 52 01 77 302 57 34 235 2159 574 481 13206 616 325 59 497 160 10 10 913 179 01 338 19 37 03 260 04 02
0XB97 Cu blue Transhicent 42 01 77 272 55 39 177 2282 36 56 5527 130 187 56 514 148 09 04 322 MG 01 284 20 40 0.1 405 04 02
‘Cu blue average 58 01 76 335 6.6 4.4 167 2509 10.0 10.7 6250 374 242 6.6 649 234 1.1 0.6 344 1940 0.1 367 2.3 45 0.3 367 05 0.3
E 4486 Grean Opaque B7 01 75 219 43 33 106 1930 1.4 25 531 710 z6 110 1314 243 08 03 14 1322 01 724 17 33 00 12641 04 02
E 4486.1 Green Semi-manslucent 42 01 72 292 57 46 158 2243 16 32 438 124 10 83 53 21.2 10 01 11 13.0 01 294 17 33 00 24 04 02
OX140 Gresn Sami-ranslucent 65 01 62 270 52 52 123 1948 21 33 932 195 1.2 331 1232 257 10 01 21 7z 06 240 19 39 00 127 04 02
Ox454 Grean Opaque E5 0.1 69 288 55 48 125 2066 1.8 35 542 1067 45 96 1397 360 10 05 219 4155 01 897 21 42 00 24358 05 04
Green average 55 01 70 267 52 45 120 2284 L7 3.1 636 452 23 155 1120 276 1.0 03 1.9 1374 0.2 539 18 37 0.0 9254 0.4 0.2
OX77 Purple Transhicent 91 10 &5 341 39 43 ETO5 4042 97 123 335 Is7 36 &85 552 235 13 04 113 337 01 504 30 58 00 269 06 06
0X85 Purple Transhicent 62 01 53 354 78 55 2080 2389 22 33 516 229 1.7 82 897 372 13 01 31 o 01 571 23 45 00 42 05 03
OX444 Purple Transhicent 63 04 84 491 80 71 1651 5606 717 281 308 132 11 59 787 297 15 00 14 1.7 01 458 26 62 00 88 07 03
Purple average 72 0.5 69 405 8.2 57 3175 4314 243 o0 156 104 21 75 746 301 1.3 02 52 154 0.1 51.1 2.7 55 0.0 133 oG 0.4
ox122 White Opaque 86 01 100 315 54 33 205 1981 14 26 1401 126 233 49 G576 218 09 01 1977 7137 01 373 19 36 00 634 04 02
OX641 White Opaque 45 01 71 335 67 33 160 2173 19 29 1304 151 305 4% 555 133 10 03 12 18399 01 302 19 37 03 271 05 04
‘White Average 66 01 8 325 6.1 2.3 187 2077 16 2.7 1353 139 269 49 565 175 1.0 02 999 13018 0.1 238 1.9 37 0.2 452 04 03
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mem e @ exclusively in the 18th Dynasty (Faczmarezyl, 1926; Abe et al, 2012).
Slocoeca o Therefore, all six Co + Cu glases were likely produced in the 18th
TenYTy o Drmasty. In addition, several fragments from both the Co- and Co + Cu-
e blue groups exhibit finsly applied patterns in several colours and styles,
E;g“*am % supporting the evidence that these were produced in the 15th Dynasty,
SER R H likely by expert craftzmen at Malkata or Amarna (Shortland, 2012, p62).
2(933333 32 P
s|939333 ¢ o
s(a3ndonae = All 12 Cu-blue glasses in thiz group are within known LBA Egyptian
. Cuo-blue composition ranges, coloured with an average of 0.758 % CuO
P ﬁ%gag% .—:a and contain associated elevated levels of Sn of between 104 ppm amd
[, 913 ppm, imdicative of a bronze copper source (Faczmarczyl amd
Sldeddadas 2 Hedges, 1983; Shortland and Eremin, 2006; Shortland, Rogers amd
”""‘“ﬂi" - Eremin, 2007). Co-blue glasses are one of the most prevalent types of
glEs3z2g B glacs in the Egyptian LBA and outliers of indicative elementz can make
- " . dating difficult Ome dating indicator for later Cu-blue glazzes iz the uze
ElHE25EE = of lead-rich bronze used in the Ramesside period (Rademakers, Rehren
. and Pernicka, 2017). However, this presents challenges as atypically
¥ 323332 =2 high lead contents are observed in several studies examining Egyptian
glz®ssms = Cu blue glazees which are firmly dated o the 18th Dynasty (Shortlamd
e T e o and Eremin, 2006; Shortland, Rogers and Eremin, 2007; Lankton, Pulak
5 Epﬂgﬁ:a c and Gratuza, 2022),
- ug OX195, 0X1938 and OX235 exhibit fine examples of feather pattems
=|EE2ndE § in vellow and white, therefore are stylistically typical of 18th Dynasty
- wvezmelzs (MNolte, 1963). Two of the Serabit Pb-rich glasses, OX70 amd
a2 é;;ﬂﬁ" o 0X452, have basic vellow pattems applied, therefore the high lead may
m  Ben - be due to contaminated erucible: or represent less skilful veszels pro-
2| RGaSss B duced at a later workshop using a lead rich bronze. Stylistic elements on
. :?gﬁ::o o drremainingtmareeﬁhernbscumdhymjcksmhﬁedepmimur
[l o R S = do not have a perceivable pattern, therefore cannot be wsed to further
I narmow the production epoch.
slemzpEs £
Slredrows =
- 4.5 Yellow
-] = ]
F ] L -
. Although variations are observed in Egyptian LBA yellow glasses,
E|ES25Y3 # notably in the concentrations of Sb and Pb, the three vellow glasses are
5 E Beom o comparable with publizhed Egyptian LBA compositions {Shortland amd
ElazRe2E ¥ Eremin, 2006; Shartland, 2012; Kemp, Brownscombe and Shortland,
N 2021). In the 18th Dynasty, yellow glazs iz more commonly used for
E|2L323E8 B decorative elements but berame more commaon for ground colour after
slizanzg 9 the Amama period (Molte, 1263). OX264 and QX561 are similar in
compocition, but different formats; OX264 iz a yellow monochrome
= 328583 2 fragment with no distinguizhable pattern whereas OX551 iz a brown
E _|rsRggs = glass fragment with an undetermined yellow pattem (possibly uneven
3 Flananan o feather?) applied. Only seven yellow wvessels are described in Die
asl2zstes E Glassgefisse im alten Agypee, all of which are broadly dated to between
_E - the reigns of Tutankhamen (1336-1327 BCE) to Pinodjem I (990-969
¥ ldededd = BCE) the latter whose reign stands at the end of the 21:t Dymasty,
£ qledunan o therefore it is likely that OX264 is a veszel produced after the Amama
" period. OX561 is deseribed in the brown glass section
¥ 0X¥444 iz a rounded, opague, vellow core formed vesel fragment
g with a dark and white glazz twisted decoraton Two opagque yellow
= pilgrim flasks, described in Die Glamgefasse im alten Agypten, dated be-
E"L‘-’ LE . oween the 19th and 20th Dynasty, show sirong stylistic similarities
E g:g;': gE g (Molte, 1968, p75). OX444 also containe the highest Sbe0a, PO, amd
oo o =3 Fey0y content of the group and exhibits significantly higher concen-
"E & 5. madons of As and Ag with significantly lower concentrations of Zn amd
= EL-' 3£ Sr, which imdicates that the lead source may have been derived from a
- . Elrre 5 by-product of silver production, litharge (Mass, Wypyski and Stone,
E ﬂ; g IEE 3;55 2002). Thiz would account for the higher Ag content and the low Zn
| E £° '; content, which would be conziderably depleted during thiz process. The
,\_3-', :% g E processing of litharge iz a later practice, and therefore supports the
= = 2 ﬁiﬁgﬁﬁ 3 proposition that thiz vessel was likely produced between the 19th and
2 g 2 §§§§§O§§ 20th Dynasty (Molte, 1965). The purple glass from the zame fragment
£ o (deseribed in the later section) also provides strong evidence for

Page 332 of 374



Page 333 of 374

V. Kemp ot al

125 T-'

105 |

am
Dé

"

Journal of Archaeclgical Sclences Heporss 49 (2023) 103920

Egyptian LBA glasses
= besopotamian LBA Glasses
& Serabit Ca Blue
& 5erabit CosCu bluse
A Serablt Cu blue
E Serabit green
W Serabit purple
W Sesabit rad
Serabit yellow
W Serabit black

'-5 D W Serabit brown
= Serabit white
s . A o
¢ O 5erabit amber
=
n - -
Y
. = =
4 - - ==
O - - =
=
=
5
o F 4 -] 8 o 12 14
Crila ppm

Fig. 1. Covariant plot of Cr/La va 1000Zr, Ti comparing the glasses from Gerabit. Samples are plotted against the Bgyptian and Mesopotamian glasses of knovm arigin

(Shortland, Rogers and Eremin, 2007

classification of OX444 as a Ramezside glass.

4.6. Black

The three black Serabit glasses have the highest average MgO of all
the colour groups at 4.74 % and the highest Al,0; concentration at 0.72
% in the stdy group, excluding those glasse: containing sigmifcant
cobalt. The Serabit black glasses contain very low levels of Co, Cu and
Mn and therefore reflect the colowring strategy that achieves a dark’
black hue without the apparent deliberate addition of ecolourants
(Turner, 1956; Sayre and Smith, 1974). 0X122 and OX299 are similar in
composition and both appear clozer to LBA Egypdan colourless glasses
(Shortland, Rogers and Eremin, 2007) compared with early black glaszes
from the reigns of Tuthmosis [ and Amenhotep I1, that achieved black
huez by colowring the glasz a very deep blue or purple using copper,
cobalt, manganese or a combination of colourants (Lilyquist et al., 1993,
p36; Jackzon and Micholson, 2007, pl07). Interestingly, the composi-
don of ON144 iz comparable with green samples E 4486 and OXN454,
which alzo contain trace levels of Cud and elevated Sby05; and PO with
loweer concentrations of Fes0s and AlxOs, indicating that both glasses
were manufacrtured according to an exacting process, possibly at the
zame workshop.

The Fe-black colouring swategy iz identified in other black glasses
from Amama and in later glasses from Lisht, Gurob and Timna (Srill,
199%: Shortland and Eremin, 2006; Lankton, Pulak and Gratuze, 2022).
Therefore, the black Serabit glasses reprezent later Fe-black glastes,
which appear from the reign of Akhenaten. A partieularly skilful feathar
pattern is applied vo OX122 which could indicate that thiz was an early
Fe-black glass wveszel produced at Amarna

4.7, Green

The four Serabit green glasses fall into owo disdnet groups: The frst

group, E 4486 and OX484, contain 0.16 % amd 0.5 % 5by04, high con-
centratons of 1.46 % and 2.81 % PbO respectively, and notably elevated
zine which suggests that they were opacified with lead antimonate
(Shortland, 2002). The zecond group, E4486.1 amnd OX140, contain
below 50 ppm of Zn, 5by0= and Pb. All four glasses contain owace Cul,
therefore the green hue iz likely achieved from natural impurites in the
raw materials (Schreurz and Brill, 1984; Varberg, Grameze and Faul,
20150

Bemarkably, SEM-WDE analysis of 15 green glaszes (working debriz,
rods and wveszel fragments) from the LBA Egypdan sites of Malkata and
Amama (Shortland and Eremin, 2006), and LA-ICP-MS analyziz of 10
green glazzes from Amama (Lankton, Pulak and Gramze, 2022) showed
that all 25 zamples were coloured uzing Cod, 24 of which were opacified
using lead anfimonate. Bezearch undertaken by Varberg et al. identified
green glass rods rom Amama that showed three distinet compositions
and were of both Egypdan and Mesopotamian origin, confimming not
only the exchange of glass between the two regions, but alzo that both
Cu and non-Cu green colouring strategies were worked contemporane-
ously at Amarna (Varberg et al, 2016). E.4486.1 and OX140 specifically
are comparable with a green glass rod from the Varberg study, 7412,
which iz of Egyptian provenance and exhibitz zimilar low concentrations
of 5b, Pb, aml Zn all below 50 ppm with low level: of Cul (Varberg
eral, 2016

Therefore, the four green Serabir glasses are likely produced from the
Amama period onwands, however, one of the green fragments, OX484,
haz a dizdnetive rounded edge with a yellow rim, likely a “leaf” from the
neck of 2 pomegranate vessel A green pomegranate vessel with a yellow
rim iz dezeribed in Die Glassgefasse im alten Agypeen (Accession Number
AF 1571, pl133, plate number XXVII) and a virtually idenfical veszel iz
currently held at the Memopolitan Museum of Art, New York (Acceszion
Mumber 44.4.52). Pomegranate veszals are broadly dated between the
reigns of Tutankhamen (1336- 1327 BCE) to Pinodjem I (990-969 BCE)
(Molwe, 1968), therefore OX484 representz a later non-Cu green glass
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Table 4

As, Proposed production date

Nurnher

High Magnesia High Potach glass fragments

Hlack

X1z Amarna period onwards, from the relgn of Akhsnaten (12521236

OX144 BCE] to Hameses V1 [1143-1136 BCE)L

Lok et )

Hrown

X358 Amarna period onwards, from the reign of Akhenaten (1352-1336

Lok Cohin) BCE] to Rameses VI [1143-1126 BCEL

OXSE]

Cov bilse

X189 18th Dynasty, between the reiges of Tathmeosis 11 (14791425 BCE)

X163 amd Akhenaten (135213236 BCEL

X414

X433

X437

OXGES

G 4 Cu blue

[akwlir 18th Dynasty, between the reiges of Tathmeosis 11 (14791425 BCE)

OX182 and Akhenaten (13521336 HCE)L

D200

Xa81

OX507

0x=4

s blue

0xX1495 Srylistically dated to 18th Dynasty between the reiges of Tothmeesis 01

0xX198 (14791425 BCE) and Akhenstes (13521336 BCE) owing to the fine

oxs axamples of parters application.

QX7 Composition potentially indicates post- Amarna production due to

Oxagz high lead content and basic pattern application. From the reign of
Akhenaten (13521336 BCE) to Rameses V1 (11431130 BCE)L

OxX103 Dated to hetwesn the redgns of Tuthmosis [11 (14791425 HCE) and

0x1r Rameses V1 (11421136 BCE).

X419

OXa4z

X472

(X488

OXEEGT

Gresn

EL 4480 Amarna period onwards, from the relgn of Akhsnaten (1352-1336

EL4486.1 BCE] to Hameses V1 [1143-1136 BCE)L

0xX140

OXa84 Pomegranate vessel produced between the reigns of Tutankhames
[1336-1327 BCE) and Rameses V1 {1151-1143 BCE).

Purple

axXFy Dated to betwesn the reigns of Tuthmosis (1 (14751425 BCE) and

0xasE Rameses VI (1143-1136 BCE).

OXadd Vath-20th Dynasty - Rameses | (1265-1204 BCE) and Rameses V1
(174311386 BCE)

White

[k o g Amarna period onwards, from the reign of Akhenaten (1352-1336
BCE] to Hameses VI (11431126 HCEL

Vedlow

X204 Amarna period onwards, from the reign of Akhenaten (1352-1336

OX561 BCE] to Hameses VI (11431126 HCEL

OXadd Vath-20th Dynasty - Rameses | (1265-1204 BCE) and Rameses V1
(17431136 BCE)

Red

0xX334 Dated to hetwesn the redgns of Tuthmosis [11 (14791425 HCE) and
Rameses VI (1143-1136 BCE).

Amber

X2 Dated to hetwesn the redgns of Tuthmosis [11 (14791425 HCE) and

Hameses W1 [1143-1136 BCE).

Low Magnesin Low Potash Co 4 Cu blise and white glass

OXhA1 Likely represents one of the last glass offerings made to the temple,
therefome (later) st Dynasty.

produced after the Amama period (Molte, 1962).

4.5. Brown

The three brown Serabit glasse: are compositionally similar and
follow the same colouring strategy, containing between 0.87 %3 and 2.02

Joumal of Archasclogical Scence: Repores 49 (2003) 1039230

% CuD and likely opacified uzing lead antimonate. They contain the
aszociated high levels of Sn and A= at 867 ppm and 33 ppm rezpectively,
indicating a bronze Cu source was uzed. The Serabit brown glasses are
therefore compositionally different to brown glasse: analyzed in the
2006 Shortland et al. study which include an early glass, twelve glasses
from Malkata and Amama, and two glaszes from Lisht all of which hawve
no deliberately added colourant (Shortland and Eremin, 2006). Brown
veszels are rare and are broadly dated from the reign of Tutankhamumn to
Pmodjem II (Molte, 1953), although some brown glasze: are known from
Amama (Jackson and MWicholzon, 2007). OX56]1 haz a wellow glass
applied which appears to be a later composition from the by-produoct of
litharge practiced in the Rameszide period (Mass, Wypyzki and Stone,
2002). Therefore, the three Cu-brown glastes may represent a mew
colouring strategy at a specialist workshop.

4.9 Amber

OX226 iz a pale amber hue with no apparent colourant deliberatsly
added, therefore this glass is comparable with published amber/col-
ourless from the LBA (Shortland and Eremnin, 2006; Shartland,
2012, pl04). Notably, thiz glass falls within the Lisht compesitional

-

4.10. Purple

The Serabit purple glasses show zome variation between the col-
ouring strategies, however all three are comparable with knowm Egyp-
tian LEA manganere-purple glas compositions (Shortland and Eremmin,
2006; Kemp, Brownmscombe and Shortland, 2021). Both OX77 and
0X444 exhibit a visibly deeper hue than 0XE85, which contains 0.27 %
MnO with no additional colourants added. OX77 contains 0.75 % MnO,
the highest concentration in the Serabit glasses, in addition to an
elevated Fe; 05 concentration of 0.71 %

0444 contains 0.21 % MnO, 0.50 % Fex0s, and interestingly 0.09 %
Co which likely conributes to the darker hue. Purple glaszes enhanced
with ecobalt and//or elevated concentrations of Fe have been observed in
the LBA, therefore OX444 exhibitz a known colouring strategy (Short-
land and Eremin, 2006). OX444 contains significantly lower alumina
than Mew Eingdom glazse:s containing cobalt and has depleted Zn with
alevated Ni, thersfore comparable with the “Type " source uzed during
the 19th-20th Dynasty (Abe et al., 201 2). Thiz date iz consistent with the
vellow glass from the zame fragment described earlier, and therefore can
be confidently dated to the Ramesside period.

4.11. Red

OX334, the only red glass from the selected Serabit material is a
stamddard high magnesia 1BA Egyptian red glass coloured with 1.2 &
CuQ and opacified with 0.14 % Sby0s with an associated elevated
concentration of Sn (952 ppm), As (42 ppm) but notably very low lead
(46 ppm). Red iz one of the rarest Egyptian LBA glasses and publizhed
compositions from the 18th Dymasty show wide varations in baze
compoeition and colouring strateqy { Lilyquist et al, 1993; Shortland and
Eremin, 2008; Pusch and Rehren, 2007; Femp, Brownscombe and
Shordand, 2021; Lankton, Pulak and Gratuze, 2022). The red glass from
Serabit also fallz within the Lisht compositional criteria.

4.12. White

OX122 iz a stamdard white LBEA glas: opacified with antmomny
{Shortland and Eremin, 2006; Kemp, Browmscombe and Shortland,
2021) and applied to a Fe-black weszel, the composition of which in-
dicates a later glazs as discussed.
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0X64] iz a white core-formed wveszel fragment, with a dark blue
(possibly garland) pattem applied. The white glass is of standard LEA
composition but contains notably high soda, and iz low in lime, alumina,
and iron oxide, consistent with glasses produced at Lisht (Smimiou,
Rehren and Gramuze, 2012). The blue Co + Cu decoration from the same
fragment contains 0.49 % MgQ and 0.91 % K0, therefore consistent
with natron glasses produced in the IA which are characterized by MgD
and K30 concentrations between 0.5 and 1.5 % (Lilyquizt et al., 1993,
p56). The blue glas: contains 2.7 % Cal which is significantly lower
than the lime content of the other Sarabit glazses in additfon to con-
taining a high concentration of Cud with low Sn, indicating the use of a
pure copper source. The Blue OX641 glass also contains 1.0 % ALO: and
lows levals of nickel, zine and manganese, therefore compares with “Type
N17 cobalt, characterized as having “lack of nickel and depletion of minc™
with low MnO, and used in natron glasses during the Late Period (Abe
etal, 2012). Therafore, OX641 represants the first identified example of
a vezsal composed of a plant azh body with a natron glass decoration.

The OX641 Co+ Cu blue glass iz similar in compesition to those from
the tomb of Nesikhonz, containing between 0.3 and 1.2 % MgO, 0.4-0.9
%% K0 and 1.3-4.8 % Ca0 (Schlick-Nolte and Werthmann, 2003). These
glazzes are considered to be among the last glass vessels produced in
Pharaonic Egypt, manufartured in the early 10th cennury BCE. ONG641,
therafore, was the last glass offering made to the temple in the study
group and likely corresponds with the culmination of Egypdan presence
at Serabit in the 20st Dymasty.

5. Concluslon

All glasses in the Serabit study group, excluding fragment QXG641, ane
high magnesia plant ash glasses of Egyptian provenance. Excluding
OX641, the 12 blue glaszes containing cobalt can be confidentdy dated to
the 18th Dymasty by the characteristic cobaltiferous alum therefore
likely produced in the workshops of Malkata and Amama Fragment
0¥444, containing both purple and yellow glass, can also be confidently
dated to the 19th-20¢th [ynasty by the disinetive Type R cobalt signa-
ture and likely use of litharge for the lead source. Unlike early compa-
sitions of green and black glasses, the Serabit green and black glasses
appear to have no deliberate colourant added and therefore compare
with later glaszes made during the Amarna period and after. The Serabit
glazz group exhibit differing strategies for producing ‘rarer’ ground
colours, which became more commenly wzad in the Ramesside period,
therafore reflective of the increase in acdvity at Serabit during this dme.
Where present, the stylistic features of vessal types provided production

period ‘milestones’ and were used in conjuncton with compositonal
informaton to narrow the dates of production; thiz iz exemplified by the

green fragment OX454 which is likely a leaf from a pomegranate vessal.

OX64] iz a unique example of a veszel uzing early natron Co + Cu
blue glazs, coloured with the later M1 cobalt source, to decorate a white
wezzal made of high magnesia plant ash glass, with both glasses falling
clearly within the Egyptian provenance range. That the Co + Cu natmon
blue glass iz applied toa white glass body of standard LBA plant ash glass
confirms  that the ¢wo glass technologies were  worked
contemporansously.

Three periods of Egyptian coreformed vessel glassmaking are
therafore represanted at Serabit: 15th Drmasty plant ash glass, plant ash
Bameszide glass and natron Bamesside glass, which correzponds with
the known periods of Egyptian activity at Serabit.
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Fourteen glass objects recovered from excavations ai the ancient city of Tall Zird a, Jordan, were
analysed using laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) 1o
determine the period and origin of manufacture. The composition of glasses mamyfactured in
the Late Bronze Age (LBA ) and fron Age are distinctly different, therefore mafor element analvsis
can be used to distinguish between the groups relatively easily. The LA-ICP-MS analysis provided
guantitative trace element data which were used to determine the provenance of those glasses
identified as LBA. This research discusses the implications of the presence of bath Egyptian
and Mesopotamian LBA glasses and examines the varving compositions and colour srategies
emploved in both the LBA and Iron Age objects Specifically, glass in the LEA was considered
tr be one of the highest status items atainable, playing an instrumental role in diplomatic
gifi-giving. When considered with the archaenlogical information, the significance of these finds
at Tall Zind*a indicates that this city was a settlement of high status, not primarily a convenient
mrading siop on the Trangordan rowte.
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INTRODUCTION

The first deliberate manufacture of glass occurs m the 16th century BCE, although the ongin of
the material 15 still a focus of debate—Egypt or Mesopotamia bemg the most hikely innovator,
The conventional approach 1s that glass technology first developed in Mesopotamia (Barag 1970,
131—4; Moorey 199, 192; Shortland ef af. 2017) and that the subsequent transfer to Egypt could
be ascribed o tribute associated with the successful military campaigns m the Levant by the
Egyptian king Tuthmosis 111 (1479-1425 BCE). Although there is textual and iconographic
evidence for the production, supply and ransport of glass between Egypt, its vassal Levantne
states and Mesopotamia, it s very rare to find Egyptian glass in Mesopotamia, or vice versa
(Walton ef al. 2009). The exceptions o date are two green glass mods found m Amama, Egypt,
which have trace element compositions consistent with Mesopotamian glass, and a collection
of blue glass beads and a scarab recovered from a tomb m Gurob, Egypt, which also showed
compositional consistency with glasses of known Mesopotamian ongm (Varberg et al. 2016;
Kemp et al. 2017, 2019). Although ubiguitous in modern life, glass in the Late Bronze Age
(LBA) was meticulously controlled by the Egyptian royal court (Moorey 2001, 4). Glass m the
LBA denotated high stas and had sufficient value and importance w be a gift appropriate for
the upper Egyptian elite, therefore playing an instrumental role m the etiguette of diplomatic
gift-giving and tnbute (Na’aman 2000; Shortland ef al. 2001). To date, no glass of Egyptian trace
element composition has been identified in the Levant or Mesopotamia. However, Egyptian
elass has been identified m the Uluburun shipwreck, a vessel which sank in the late 14th century
off the south-west Turkish coast with a large consignment of mtemationally sourced goods,
including ebony, pottery from several states, elephant and hippopotamus tusks, copper ingots,
tin ingots, and 175 glass ingots (Pulak 2001; Jackson and Nicholson 2010). Glass of both
Egyptan and Mesopotamian compositons has also been identified at Tiryns m Mycenae (Walton
et al. 2009; Smimiou and Rehren 2013; Varberg ef al. 2016).

These observations strongly suggest that Egyptian and Mesopotamian glasses were
extensively traded outside of their production areas, and this paper atempts to identify such
glasses at Tall Zird"s, Jordan. When referning to glasses as ‘Mesopotamian®, it should be noted
that the samples analysed by laser ablation inductively coupled plasma mass spectrometry
(LA-ICP-MS) analysis in Shortland et af. (2007) were excavated from the sites of Nuzi and Tell
Brak specifically, therefore the term ‘Mesopotarmia’ is used here to deseribe the collective LBA
Mear Eastern states that ruled the lands near the Euphrates and Tigns, mcluding Assyria
and Babylonia (Oppenheim 1977, 35-48). LA-ICP-MS provides a quantitative analysis of
geologically relevant trace elements meludmg, most importantly, Cr, La, Ti and Zr, which form
a “compositional fingerprint” that can be used to ascertain the region of manufacture (Shortland
ef al. 2007). Samples analysed from Tall Ziri'a are compared with glasses from known centres
of LBA glass production: Egypt and Mesopotarmia.

When considered with the contextual and histoncal data of the Tall Zrd®a site, the provenance
data of early glass technology 15 pertment to key rescarch questions such as exchange
mechanisms between foreign states, and relationships between proxmmate and distant arcas of a
single state. Therefore, the provenance information can be used to investigate the connections
and diplomatic affiliations that this ancient city maintained with both Egypt and Mesopotamia
through the LBA and Iron Age (IA). In addition, the presence of LBA glass would mfer that Tall
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Zird’a was more than a convenient stopping point on a rading moute, but an important eity 1n its
own right, which was rewarded with the one of the highest accolades in the LBA.

The Levant

The Levant became the centre of an LBA international communication system, with
long-distance trade routes playing an mtegral part { Pfalener 2012, 770). The relationship between
LBA Levantine potentates of the ‘city-states” and the Egyptian roval administration can be
perecived from the Amarna Letters, cuneiform tablets which contamed the diplomatic
correspondences between states (Moran 1992), From the language used m the Amarna Letters,
the Levant was considered as a subordinate vassal state and was persistently subjected o the
competing, dommating influences of the Egyptians, Mitanni and Hittites, and endured routine
military campaigns which maintained Egyptian and then other supremacy over the Levant
(Reader 2003, 349). However, trade and improved diplomatic relations between Egypt and
Mesopotamia provided the Levant with stability, peace and prosperty, with only minor
quarrels forming between neighbourmg Levantine cities. The political landscape changed in
1350-1200 BCE when the Hitdtes conguered northem Syria by defeating the Mitanni, thereby
mitiating critical civil and political disorder.

After the Battle of Qadesh (1275 BCE) between the Egyptian and Hitate armies, and the
subsequent collapse of the LBA, the southem Levant endured an extended penod of complex
social change dunng the IA; the great powers of Egypt and Mesopotamia withdrew, resulting
m urban decline. The resulting power vacuum allowed the Levantne elite to re-cstablish
their power and assume positons of rule, subsequently allowing the city-states to assert their
mdependence and expand their international connections (Joffe 2002). Some central Levantne
cities also continued m a contracted state but were guickly reoccupied by the Philistines,
Teukrians and incumbent tribal factions that joined to form the states of Israel (Redford 1992,
289, 208). The Levant accumulated independent wealth and the Egyptian nation rekindled its
mterest in goods provided by the lucraove Phoenician trade, maintaining relations to secure
the supply of imported and luxury commodities (Goedicke 1975).

Tall Zird'a

Tall Zird"a s located in the Wadi al-_x0201B; Arab situated in northem Jordan, approximately
S5km from the ancient Decapolis city of Gadara in modern-day Umm Qés (Fig. 1). Excavations
were camried out by the German Protestant Institute of Archacology, Amman (GPIA), and the
Biblical Archacological Institute in Wuppertal (BAlI), Unmiversity of Wuppertal. The current
excavations are supported by the Department of Antiquitics of Jordan and financed by the
German Archacological Institute (DAT).

The site is located in the middle of the Wadt al- x0201B;Arab, providing excellent living
conditions with its numerous springs, fertile soil and temperate climate (Hanbury-Temson 1984,
The Tall measures approximately 200m in diameter, with the highest point located 17m below
sea level The significance of the site can be directly attributed to the artesian spring situated
in the centre. The advantageous settlement conditons meant that Tall Zwf’a was consistently
occupied from the Early Bronze Age to the Islamic period, providing the singular opportunity
o examing an unbroken comparative stratigraphy (Steuernagel 1926; Vieweger and Hiser 2017,
16—19). Notably, Tall Ziri'a was located on an LBA and 1A trade route, which connected
the Jordan Valley with the Mediterranean coast via the Jezreel plain and Tall al-_x01E24;isn
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Figure |  Location of Tall Zird a in the Wadr al-" Arab. Design: afier Walter, in Vieweger and Haser (2019), 29, fig. 1.5.

(Beth Shean) in the west and with the Jordanian highlands in the cast (Fig. 1). Owing to this
favourable geography as well as to numerous finds that testify to the trade between the mhabitants
of Tall Zira"a with neighbouring regions, the excavators infer that the Wadi al-_x0201B;Amab
was part of an important trade route connecting Egypt with Syria and Mesopotamia (Vieweger
and Hiser 2017, 14, 21-22).

SAMPLES AND METHODOLOGY

The glass objects analysed were excavated from Area I on the westem slope of the Tell. Overall,
approximately 142 pieces of glass from the LBA (stratum 14, 1500/1450-1200/1150 BCE) and
approximately 287 pieces from the 1A period were recovered: 92 from IA | (straum 13,
1200/1150-1000/980 BCE) and 195 from 1A 1IA-C (stratum 12-10, 1000980520 BCE) period.

The LBA setdement (strata 16-14) consists of agglutinating domestic buildings and a
casemate wall with an attaching tower. The LBA temple (complex D) was built on a terrace in
the last phase of the LBA period; the radiocarbon samples from the cella of the temple indicating
a date between 1450 and 1300 BCE. The discovery m this area of a scarab with the cartouche of
Egyptian king Amenhotep 111 (1388—1351 BCE) confimms this date (Vieweger and Hiser 2019,
57-59). The final LBA phase can be attnbuted to ¢.1200-1150 BCE, again according to
radiocarbon dating (Soennecken 2017, 223).
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The temple consists of a rectangular cella (2.15%3 40m) with a central column to carry the
roof, a portico, a staircase (numbered D2), a large well-paved courtyard (D4) (150 m®) and four
small rooms in the east (D5—8). The solid foundations of the temple, as well as the staircase,
indicate that the building had at least two stories (Soennecken 2017, 171-88, 327; Vieweger
and Hiser 2017, 56). Five of the glass objects analysed were found m deposition layers in the
temple cella, and one was excavated from the courtyard area (Table 1).

Unfortunately, many contexts around the temple area which yielded glass finds appear to be
disturbed by later building activities, and thus do not provide a precise date, for example:
contexts 4674, 6343 and 2726, Around 1200 BCE, the LBA temple together with the entire city
was destroyed; shortly afier but stll during the 1A [ penod, the emple was me-erected, but
changed its outline. In the IA I penod, the temple was abandoned and residences were built
dircetly on the former [A 1 temple usmg its foundation walls. The two glass finds from the
IA 1 penod (stratum 12) were found in a deposition layer (locus 2650) of one of these domestic
buildmng complexes, complex B (room B3) (Soennecken 2017, 588-90).

The 15 glass or related objects selected for LA-ICP-MS analysis were chosen primarily to
represent a range of object types and periods from the site, with the emphasis on the LBA penod
Second, these objects were selected as they appeared to show a good level of preservation, the
crteria of which included no obvious degradation or weathening, strong colour and clanty.
Previous experience of work by inductively coupled plasma mass spectrometry (ICP-MS) on
glass has shown that weathered, white, powdery glasses (which 1s often the norm) rarely produce
mterpretable results and should be avoided.

Small samples around a few millimetres across were clipped from the 15 glass objects and
fragments with a par of wire cutters. The samples were mounted in resin blocks and polished
flat. The samples were subjected to LA-ICP-MS analysis at the Matural History Muscum,
London. The mstruments wsed were an Agilent 7700 ICP-0)-MS mass spectrometer coupled to
an ESI NWR193 with laser type ArF excimer with an ablaton spot of 50pm, as detailed in
the in the additional supporting information.

Each sample was analysed at different 12 spots, avoiding any obvious weathered areas. Rarely,
where low Na values suggested that weathered areas were sampled, these points have been
removed to standardize the consistency of the samples and ensure the accuracy of the results.
Coming A standard was run throughout the LA-ICP-MS analysis to check for accuracy and
drift. The results are shown in Table 2, where they are compared with established values for
the standards. The values for the major elements for Coming A were taken from Vicenzi
et al. (2002). The results show good agreement for the most elements, with the standards
averagmg < 10% error on accuracy. Elements that greatly exceed these values can be split mto
two groups: clements where the standard only contams parts per billion and it is not well
determined (e.g., Au and Cs) and elements where the ICP struggles because of interferences,
monosotopic elements and/or other factors (e.g., P).

RESULTS

The average compositions of the major elements in Table 3 show that 14 samples were glasses,
and that they fall into three distinct compositional groups: high magnesia‘high potash (HMHEK),
high magnesium/low potash (HMLK) and low magnesialow potash (LMLEK). The remaining
sample (16622a) was not glass and is discussed below.
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Table 1 Summary of the abjects excavatad art Tall Zird" a, Jordan
Sample  Find number (hject Calour Locus  Context
number description
Iron Age congext
15329 TL 015329001  Fragment of a Cpagque 4674 Stratum 10 (LA THC)
spacer bead tumunise [reposition layer located in the area above
the Late Bromze Age (LBA) temple
courtyard
16753 TZ 016753001 Core-formed Opaque (7}, 5410 Stratum 12 (LA [IAB)
wvessel frgment black/dark Dieposition layer located in “complex A7
blue and room A
white
10047 TZ 0104 7-001  Fragment of a Trmanshwcent 2724 Stratum 12 (LA 11 A/H)
spacer bead turguoise Deposition layer located west of the large
complex B; most probably mixed with
earier layers that belong o the LBA
temple
10048 TL 010M4E-001  Fragment of a Translucent 2728 Stratum 13 (LA 1)
round bead yelloar/ Roound zilo in complex ; domestic
brown comtext with stomge facilities and
working ansas
18802 TZ 018802-001  Core-formed Transhwent 5042 Stratum 12 (L& I)
wessel fragment dark blue Filling layer located in ‘complex C° cast
of the paved temple courtyard C1
166220 TZ 016622-001  Ireegular Trmanshwcent 5105 Stratum 13 (LA I)
fragment colouress Floor level of arca B2, on the outside
166220 TZ 016622-001  Fragment of a Transhcent 5105 (north) of the LA 1 temple
hemisphere bead  yellow
Late Bronze Age context
10779 TL 010779001  Fragment of a Translucent 2796 Stratum 14 (LBA)
naked female tumunise Dreposition layer in the celiaof the tample
figurine pendant
10772 TZ010772-001  Irregular Opagque riyl Stratum 14 d (final LBA)
fragment, white with
prohably a piece  opague blue
of mw glass centre
10170 TZ 010170001 Fragment of a Opague Deposition layer m the cellaof the temple
disc pendant turguoise
10762 TZ 010762-001  Fragment of a Translucent Stratum 14 d (final LBA)
bead dark blue
10765 TLZ 010765001  Frgment of a Cpagque [reposition layer in the celiaof the teample
spherical bead tumunise
16759 TL 016759001 Irregular lump Tmnslucent 5530 Stratum 14 d (final LBA)
light green Deposition layer in courtvard D4 of the
LBA temple complex
19322 TZ 0193224001 Fragment of a Transhwent 6416 Stratum 16, 15, 14 (Middle Bronze Age
spacer bead tumguoise (MBA) C-LBA)
‘Complex A", room 4, mixed filling layer
19320 TZ019320-001 Frgmentofa  Opague 6343 Stratum 16 (MBA C)
bead turguoise Deposition layar in the area of mom 9
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Table 2 Average results af the Corning A standard compared with two sets of reference values

Analyte Atamic Average Coming Shortland et al. (2007) and Wagner et al. (2002)
measured Mass A values from Ficenzi ot al. (2iK12)
Tall Zird"a
fm=15) Accepred value Relarive Acceprad value Relative

fmg kg errar (mg kg™ errar
Ma (3 Na23 143 14.3 —.1 13.4 6.2
My Mg24 14 27 —11.4 25 —4.7
Al Al27 09 10 —4.0 [13] 10.6
510, 524 672 h6.5 1.1 678 —08
PO P31 0.1 0.1 243 0.1 17.6
E:0 K39 3.0 27 BE is —15.6
Caly Cadl 52 50 18 449 4.5
Mn(y Mnss 1.0 LI 11 1.1 —13.7
Fal} Fe57 0.5 08 —-1.0 LIRY —-57
Ciold CoS9 0.z 0z 122 0z 1.3
Cul) Cubs 1.2 10 19.4 1.1 9.7
Shody Sb121 1.6 13 18.8 1.7 —h8
PbO PhL208 0.1 0.1 18.1 0.1 n.t
Li Li7 513 46.0 510 10.3 0.5
Be Bed 0.1 0.1 nr. 318 n.r
B Bll 751 55 851 285 —-133
Ti Tid7 4867 4116 4428 13.2 9.0
W V5l 360 340 390 55 —8.4
Cr Cr52 e 18.0 21.0 14.9 0.8
M M6l 186 160 181 138 2.5
Zn Znih 413 414 386 [13] [illi]
As AsTS 0.7 250 nr. 18.5 n.r
Eb RbES B58 2.0 520 45 4.5
Sr STRE 9350 RE0 0 B970 80 4.1
Ir Zri) sz 40.0 7.0 —4.8 EN |
Mh Nb93 0.6 0.6 nr. —6.3 n.r
Ag Apl07 172 14.0 nr. 18.4 n.r
Sn SnllgE 1482 11494 1357 19.4 54
Sh Sb121 13,1108 10,6449 14,002 18.8 —h8
Cs Cs133 03 02 nr. 26.4 n.r
Ba Bali7 4651 1005 4122 16.0 11.4
La Lal39 03 03 nr. —6.5 n.r
Ce Celdd 0.2 02 nr. 19.3 n..
An Aul97 0.2 0.1 nr. 41.4 n.r
Hi Bix09 9.1 78 90 14.4 1.3
Th Th232 03 03 nr. —6.8 n.r
u U238 0.2 02 nr. —5.8 n..

Node: Onddes values (wita); elemental values (ppm). ., Not reported Sounces: Vieened ef ol (2002); Shortand er of (2007); Wagner
of al {A2)
DISCUSSION

LBA plasses found in Egypt and Mesopotamia that date from the mid-second millennium
typically have high soda (15-20%) and significant magnesia (2-5%) and potash (2—4%)
(Lilyquist ef al. 1993, 41; Shortland and Eremin 2006), suggesting they were produced using
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plant ash glass as the prncipal source of soda, perhaps from the genera Salicomia or Salsola,
which are both found in Egypt and the Middle East. Later glasses from the first millennium
BCE, or 1A, used a different source, for example, Na-nch evaporite mmerals which occur in Wadi
el-Natrun or Beherra provinee both located in Egypt (Turner 1954, 1956; Henderson 1985).
Matron glasses are chamctenstically low in both magnesia and potash, with both components
at levels of approximately 0.5%, and therefore compositionally distinet from plant ash glasses
(Sayre and Smith 1974). The elemental composition of both plant ash and natron glasses are well
published and can be used to distmguish between these glass-makmg periods (Sayre and
Smith 1961; Lilyquist ef al. 1993; Brill 1999; Henderson 2000; Shortland and Tite 2000).

HMHK and HMLK

The HMHE group is consistent with the typical composition of high magnesia glasses
produced m the LBA using a plant ash flux, glasses that are relatively common through Egypt,
Mesopotmia and the Greek world. These glasses are low m AL ndicatmg that a relatively pure
source of silica was used, such as ground quartz pebbles. The HMHEK glasses coloured with Cu
are relatively low in Sn, indicating that an unalloyed source of copper was used. This Sn-free
copper source 1s more conststent with Mesopotarmian Cu-coloured glasses from sites such as
Muzi and Tell Brak (Walton ef al. 2012), than Egyptian Cu-coloured glasses which tend to have
higher Sn contents, although not always (Shortland and Eremin 2006). Four of the Cu=coloured
glasses contain Sb, which was used to make opague glasses i this period (Nicholson and
Henderson 2000, 197; Shortland and Eremin 2006). The additon of an Sb compound creates
Ca antimonate crystals m the glass which render it opaque, and at least two different methods
of achieving this are known in this period. In Egypt, an Sb compound alone appears o be added
o the glass, whereas in Mesopotamia, both a Ca compound and an 8b compound (perhaps
combined before addinon) are added. This means that whilst in Egyptian sourced glasses the lime
content of both the non-opacified and opacified glasses are very similar, in Mesopotamia, the
lime content of Sb-opacified glasses tends to be greater than that of the non-opacified glass
(Shortland 2002; Shortland and Eremin 2006; Shortland ef al. 2017). In the blue glasses from this
site, it can clearly be seen that the lime content of the opacified glass (averaging 9.7% CaQ) is
higher and distmet from the translucent glass (averaging 4.9% Ca(Q). This once agam suggests
that at least the four opague blue glasses are more consistent with Mesopotamian technology than
Egyptian. The composition of 10765 is consistent with the HMHK group, but shows an clevated
Al and Nb content and 15 discussed further below.

The single yellow-brown glass, 100488, is the only non-blue glass m the HMHK group.
Yellow-brown glasses are relatively rare, but analyses are available from Amarna, Malkata and
Lisht {Shortland and Eremin 2006) and from Nuzi (Kirk 2009). These glasses mnge n colour
from very pale amber to deep brown due w the presence of relatvely low levels of Fe in varying
oxidization conditions. The yellow-brown glass m the HMHK group 15 consistent with the
composition of other LBA brown glasses, containmg low concentrations of Fe (< 0.25% FeQ)
and no other colouring elements in significant concentraions.

Interestingly, two objects of the HMHE group, 15329 and 19320, both spacer-beads, exhibited
almost identical compositions for all elements. The compositions are so close that this cannot be
mere chance; ndeed, the variation 15 so small as to fall within the range that would be expected if
the analysis were carried out on the same piece of glass. It 1s probable, therefore, that the objects
were made from the same glass mgot or glass batch. The contexts n which they were found are
different, however, as discussed below. The composition of the HMLE glasses, 16753 and
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10762, is consistent with Cu-Co coloured plant ash glass manufactured m Egypt in the LBA
(Shortland and Eremun 2006). The HMLK group exhibits elevated levels of Al, Mn, Fe, Ni,
and Zn with accompanying low levels of K (= 1.6% K,0), which 15 chamcteristic of Egyptian
Co=coloured glasses, made from an Egyptian Oasis-sourced Co alum-based colourant (Sayre
and Smith 1961; Kaczmarczyk 1986; Shortland and Eremin 2006; Walton ef al. 2012). The
HMLE glasses were also coloured with Cu and contamed elevated levels of Sn, indicating that
4 Sn-bearing source of copper was used, such as bronze. Sb is present once agam as an opacifier
and at consistent levels compared with the Cw/Co-coloured glasses analysed previously
(Shortland and Eremim 2006).

As mentioned above, concentrations of Cr, La, T1 and Zr can be used to disenminate between
glasses produced of Egyptian and Mesopotamimn origm ( Shortland er al. 2007); Egyptian glasses
have relatively low Cr and La concentrations with elevated, but varying, Zr and T1 concentrations,
whereas Mesopotamian plasses have the opposite( Table 4). Figure 2 shows the HMHK and HMLE
groups plotted agamst data from Shortland ef afl. (2007). The HMHEK group shows composidonal
similarities with the glasses from Mesopotamia, whereas the HMLE group showed a strong
correlation with Egyptian compositions, This is consistent with the different colouring strategies
discussed above and the evidence from the major elemental compositions. The analysis srongly
suggests that the nine HMHE glasses, blue and yellow-brown, come from Mesopotamia, whereas
the two HMLE Co/Cu-colowred glasses come from Egypt. HMHK glass 10765 exhibits the
lowest concentrations of Cr with the highest concentratons of La m the HMHK group, which
are comparable with Egyptian composition; however, the Ti and Zr levels are consistent with
Mesopotamian composition. However, this could be an outlier and without a larger sample group,
it cannot be said that this sample represents a Levantine glass composition.

LMLE

The LMLEK group is compositionally consistent with low magnesia glasses produced in the 1A
and later using natron as an alkall flux and sand as a silica source. The LMLEK group has
significantly higher levels of Al compared with the HMHK group, but comparable with that of
the HMLE group (where alumina is introduced with the Co colowrant). The Co-coloured glass
(18802) has relatively high levels of a mange of elements including Co, Cu, Mn, Fe, lead, 5b,
Sn and even Ag when compared with the other HMLE glasses and such glasses m general. This
trace element pattern for the Co used to colour the glass has been identified before in other
glasses found m Europe from the early [A until the end of the 12th century CE (Gratwze 2013).
It 1 very distinet from the standard, Egypnan Oasis-sourced Co used in the HMLE glasses
and bears compositional similarities with the ‘Type N Co colourant defined by Abe
ef al. (2012). Cobalt Type N 1 recognized as the Co colorant used after the Late Period, and
in distinguished by its relatively low amounts of Zn and a deficiency of Ni. Both levels of Zn
and MNiin the Co-coloured glass 18802 conform with this composition (Abe ef al. 2012).

The pale tanslucent green and colowrless translucent glasses appear to have no deliberate
colourant added, but in detail they are very different glasses. The translucent green glass
(16759) has significant Mn (4469ppm Mn) and Sb (2381 ppm Sb), suggesting that the glass
may have been deliberately decolourized with these elements. The occurrence of both Mn and
Sb at intentonal levels could also indicate a Roman glass composition. The colourless
translucent glass 16622b contains only a 10th of the Fe (352ppm Fe) of 16759 and only races
Mn and Sh. The Zr content is also high in 16622b. It does, however, contain significant As at
1130ppm. The Rb/Sr mtio of the two-colourmnt-free LMLEK glasses are very different, with
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Figure 2 Cowariant plat of 1000 ZeT5 with Crila af the Tall Zind'a high magneinhigh potash (HMHE) and high
magnesiumow potash (HMLE) groups compared with Egyptian and Mesopotamion glasses af known origin. Source:
Shortland et all (2007) {Colowr figure can be viewed at wilevonlingibran.com]

16759 having a ratio of 0.02 and 16622b much higher at 2.9, 16622b was excavated from an LA
context; however, the composition 15 comparable with late nineteenth-century CE glasses
decolounzed with As.

Archacological implications

The trace elements of the nine Tall Ziri'a glasses in the HMHK group match the composigon of
LBA glasses originating from Mesopotarmia, whereas the two HMLEK glasses analysed match the
composition of LBA glasses originating from Egypt. The pieces belonging to the HMHK group
allow good parallels to glass finds from Mesopotamia (e.g., dise pendant, spacer bead) and partly
also from the Levant (e.g., naked female fipunne pendant ). The findings as well as the analysis show
that Tall Zird"a was the recipient of glass exports from both Egypt and Mesopotamia. The Egyptian
and Mesopotamian origins of the glasses are furthermore also reflected in other finds from the cella,
for example: 24 cylinder seals which can be attnibuted to the Syrian or Syro-Palestmian style of the
Mitarmi glyptic (Syro-Palestine), a silver pendant depicting a goddess with paralldds m Ugarti, Tall
al="Ajjul and Megiddo, a scarab with the cartouche of Amenhotep 111, and various faience objects
(scarabs, vessel frmgments) which ongnate from Egypt.

Only one other LBA site has been identified to contain glasses from both Egypt and
Mesopotamia: Mycenae. Beads excavated from the palatial centre of Tiryns, Mycenae, were
analysed and identified as coming from both Egypt and Mesopotamia (Walton ef al. 2009). No other
site in the Levant has yet been identified with a similar pattemn, although firther work would surdy
mdicate that this was the case. Tall Zri"a was on a significant trading route connecting Egypt with
Mesopotamia. The trading route started in Egypt, traversed the Sinai Peninsula, diverted north along
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the Mediterranean further on to Damascus to arnve at the Euphrates in Mesopotarma. Therefore, it
can be inferred that high-value items such as glass and other matenals were transported via this route
and, at least partly, arnved at Tall Zird'a as mbute to the temple.

Seven of the 12 glass objects identified as being LBA plant ash glass were excavated from
the LBA stratum 14 and are therefore consistent with the stratigraphy. Five were found 1n the cella
of the temple or in close proximity: a fragment of a naked female figurine pendant (10779), a disc
pendant (10170) (Fig. 3), a fragment of a bead (10762), a suspected piece of raw glass (10772), and
a sphencal bead (10765). These pieces can also be dated according to typological compansons: for
example, 10779 can be identified as the arm of a typically LBA naked female figurine. The best
comparable pieces comes from Tall Zird‘a itself (Schmidt 2019, 46), as well as from Tall
al-Fukhar (Jensen 2015, 331), Lachish (Tufnell 1958, pl 27: 3), and Tall al- x01E24;isn
(Beth Shean) (Rowe 1940, pl. LXVIIIA: 7). In addition, a large number of sites are known to yield
naked female figunine pendants (Bnll 1970, appendix 1I). Owing to the thickness and rounded
shape, 1t 1s credible to identify 10170 as part of disc pendant, as they were similarly found m
LBA contexts in Nua, where they were decorated with stars (Starr 1939, pl. 120; Barag 1970, figs
100, 101). In Nuz, the star-pendants are comected with the cult of the Goddess Ishtar, a similar
function as temple dedication can also be suggested for the piece from Tall Zird“a.

Glass beads, amulets and pendants could be purchased by those who could afford them and
were eminently tradable as objects of elevated status. Numerous glass fragments identified as
parts of disc pendants found at the site supporting the inference that smaller glass objects were
transported from Mesopotamia to Tall Zird‘a.

According to chemical analysis, four LBA glass objects were primanly classified to have been
retrieved from 1A depositon layers. However, in each case it was observed by the excavators that
probable mixing of the deposition layers had occurred. The production of plant ash glass
continued mto the IA; however, the HMHK glasses excavated from the IA contexts exhibit

Fiyure 3 Fragment of a disc pendant (10170). [Colour figure can be viewed at wileyonlinelbrary.com]
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charactenistic LBA composition: the spacer bead fragment 15329 was found in the 1A depositon
layer m close proximity to fragment 19320, which has an almost identical composition but
originates in an adjacent LBA context. The HMHK compositon of 15329, typical of an LBA
glass, therefore adds eredence to the excavators” mterpretation that these contexts were mixed
durmg later construction works. Likewise, another fragment of a spacer bead (10047) of LBA
composition was found m [A stratum 12, agam thought to be disturbed by the diggmg of a later
pit. The mound bead 10048 of LBA plant ash composition was excavated from an 1A 1 stratum;
however, there 1s evidence yet again of later works on this area, ncluding the conversion of
the structure into a residence. The core-formed vessel fragment (16753) was located north of
the former temple (LA 11 A) and can also be identified as being excavated from a mixed stratum,
and has a typical LBA Egyptian Co glass composition. Once again, this supports the excavators”
mterpretation that these contexts were mixed.

The presence of Egyptian compositon LBA core-formed vessels (16753) at the site also
mmplies that Tall Zirdi'a was connected with influential individuals, equivalent to the second-rank
die of Egypt. Although the Levant was considered as vassal, and subject to the influences of
Egypt and Mesopotamia, the presence of core-formed wessels indicates that Tall Zird'a was
considered to be an LBA city of particular sigmficance.

Object 16759, a translucent light green object described as an “irregular lump’, 15 consistent
with [A natron glass, but was excavated from the deposition layer in the courtyard of the LBA
temple complex. However, stratum 14d is desernbed as being a very late phase of the LBA,
therefore it can be inferred that this is an cary example of IA glass at Tall Zird"a. The natron glass
core-formed vessel fragment (18802) was excavated from stratum 13 (1A I), which 1s attributed to
the 13th—12th centuries BCE, and therelore the composition of this glass s consistent with the
date of the phases. The translucent, colourless glass fragment (16622b) was excavated from
the north outside area of the temple also from stratum 13 (1A I); however, the composition 15
atypical for LMLE glass,

166224, a yellowish, manslucent hemisphere, likely gquartz, and 16622b, a translucent,
colourless glass fragment, were found mixed, and in large number, on a floor to the north of
the LA 1 temple (stratum 13) of an area identified as a possible workshop. The composition of
the translucent, colouress glass fragment 16622b 15 however atypical for LMLEK glass. The arca
was interpreted as workshop area indicated by the presence of a large number of working stones,
slags and fireplaces, but contaming no vessels associated with cooking or food preparation. The
presence of these numerous glass fragments and quartz pebbles suggest that craftsmen at Tall
Ziri'a may have used these quartz pebbles as mw material and meorporated glass fragments as
part of the glassworking process. Further evidence for glassworking at the site comes from
10772, identified as a picce of raw glass (or part of an mgot) of plant ash composition. This
suggests that glassworking may have ocewred on-site from the LBA and continued into the
IA. The contnued presence of glass at Tall Zird"a during the LA suggests that the city was
affluent enough to sustain the trade of luxury items after the collapse of the LBA and had
sufficient resources to support a craft mdustry encompassing vitreous materials.

CONCLUSIONS

The chronological classification of the glass finds from Tall Zird"a shows that glass analyses can
be used as a method for dating finds. This is an additional source of information in view of the
stratigraphic contexts, which are often difficult to date, as they are ofen srongly mixed. OF
the 14 pglass objects analysed nme plant ash glasses show a positive comelation with the
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composition of LBA glasses manufactured in Mesopotamia. The remaming two plant ash glasses
are consistent with the composition of LBA Egyptian-made glasses. Therefore, Tall Zird"a
represents one of only two LBA sites which are known to have received glass objects from both
Egypt and Mesopotamia. This goes hand m hand with the archaeological findings, both with the
elass objects themselves as well as with the other finds made in the cella of the LBA temple.
There is also some evidence of glassworking at the site, suggesting that raw glass, possibly m
the form of ingots, was ransported to the city. The presence of an LBA core-formed vessel with
an Egyptian composition mdicates and affiliation directly or mdirectly with the upper elite of
Egypt The presence of natron glass confirms that the trade of luxury goods continued at Tall
Ziri'a into the 1A after the collapse of the LBA, and that the city was prosperous enough to
sustain craftsmen who probably provided glassworkmg, The presence of these three types of
glass demonstrates that Tall Ziri'a was a wellconnected settlement of significant social
importance duning the LBA, maintaining affluence and trade links into the 1A,
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The descriptive data pertaining to the remaining, largely intact, glass vessels produced
in ancient Egypt between the reigns of Tuthmosis IV (1401-1391 BCE) and Pinudjem II
(959945 BCE) contained in Die Glasgefife im Alten Agypten [The Glass Vessels in Ancient
Egypt], was extracted and standardized to create a dataset that could be analysed
to determine the most typical and atypical features of vessels attributed to the New
Kingdom in the corpus. Seven descriptive categories were assessed based on the per-
centage of incidence to determine if a vessel could be defined as statistically “atyp-
ical.” An expert’s evaluation was employed as a second assessment method. The two
methods identified 76 vessels from a total number of 320 vessels and agreed on 16
vessels considered as atypical, all of which had little or no provenance information.
The resulting 76 vessels identified as “atypical” by the combined methods were subse-
quently compared with the respective provenance information and current location
to determine patterns of collection and distribution throughout the world. The data
showed that the Americas held the largest number of vessels that had little or no prov-
enance data, including those held in private collections. The combined atypical tests
identified that the Americas hold the largest proportion of atypical vessels. It is not the
intention of this research to undermine the authenticity of vessels but to determine if
data methods can be used to identify atypical traits in archaeoclogical collections and to
encourage the application of archasometric testing to provide supporting information
on statiztically rare objects.

Introduction

Die Glasgefiifle im Alten Agypten [The Glass Vessels in Ancient Egypt], produced by Bir-
git Schlick-Nolte in 1968, is a catalogue of 344 remaining, largely intact vessels from
ancient Egypt produced between the eighteenth and twenty-first Dynasties (between
approximately 1550 to 945 BCE). Each vessel is recorded in detail, describing the mor-

Keywords: glass, vessel, Ancient Egypt, atypical, provenance, stylistic, morphology, origin
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phology, colour, decoration, and specific features, such as the handles, feet, neck, and
rim. Very few vessels have been added to the corpus since this time, therefore the
information contained in Schlick-Nolte’s catalogue continues to represent a relevant
data set. Although many other vessels were produced in, and excavated from, ancient
Egypt, these vessels cannot be reliably restored from the fragments, however, it is
reasonable to expect that the corpus described in Die Glasgefife represents the corpus
of vessels that were created overall. Using the Schlick-Nolte catalogue, the descrip-
tive information pertaining to the colour of the body, the shape of the vessel, opacity,
colour of the neck rim, handles, pattern colour and pattern design was extracted and
standardized to create a data set that could be used to quantify and assess patterns
in the attributes of the vessels. The data was used to identify the number of inci-
dences of certain characteristics, thereby distinguishing what could have been the
most common usages of colours, preferred shapes, and favoured decorative patterns.
Using the same data, vessels that present statistically rare attributes can be identified
as “atypical” and when compared with the provenance information, these vessels
can be the subject of further investigation. This study also seeks to compare the cur-
rent location of the post-study data set vessels with the provenance information and
to use the results of the atypical study to examine the distribution of this particular
subset of vessels throughout the world.

Although a novel technology in the Late Bronze Age (LBA), glass was rapidly
assimilated by the ancient Egyptian elite to become an important symbol of high
status. The ensuing production of glass was strictly regulated by the Egyptian royal
courts and administered according to a rigid distribution model. Ingots of raw glass
were exchanged between royal courts at the highest level, while glass vessels were
an exclusive commeodity suitable for high-level gift-giving between rulers of LBA
states and preferred members of the domestic court (Na'aman 2000, 130; shortland,
Nicholson and Jackson 2001, 153). Early vessels were created using the “cold-working
technique” by which glass would be poured into a cast, and then shaped using lapi-
dary techniques (Broschat and Rehren 2017). The invention of core-forming repre-
sented a significant advance in glass vessel production technology (Shortland 2001,
212), transforming how glass vessels could be created, shaped and decorated. A “core”
made from a mixture of clay and dung was moulded to form the interior shape of the
vessel around a long pole called a “handling piece.” The core was heated and rolled
in powdered glass, then worked in the form of a “pasty mass,” upon which layer after
layer was applied to create the vessel (Nicholson 1993, 53). The foot, handles and
decoration were added before the vessel was left to slowly cool, after which the core
and handling piece was removed (Nicholson and Henderson 2000, 203).

Establishing a reliable timeline for early glass vessels has proven to be problem-
atic: reburials, destruction and transference of goods caused by extensive looting or
the actions undertaken by the priests of the necropolis administration to preserve
their charges has rendered the context of items in these tombs unreliable in several
instances (Reeves and Wilkinson 2008, 125). Glassworking was undertaken by mul-
tiple glass workshops, who based their work on the modes of the time. The work-
shops of Malkata and Amarna represent the peak of Egyptian glass production, pre-
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dominantly in the number of vessels produced, the technical accomplishment of the
craftsmen and the stylistic uniformity; namely the iconic vessels of blue glass with
yellow and white threads applied to create feather or garland patterns (Petrie 1894,
25). In Die Glasgefife, Schlick-Nolte assigns the vessels into groups and subgroups:
The first group comprises of the vessels that can be reliably dated to a specific time of
manufacture, having either come from a reliable archaeological context such as the
tomb of Amenhotep II, or are stylistically dated with confidence. Even though this
group is comparatively small, the author emphasizes the archaeological importance
of having such pieces recorded from reputable investigations (Nolte 1968, 46). The
second, and largest group comprising of 213 vessels, are divided into “Werkkreis”; this
term is often used to refer to an Old Master artist and his associated assistants and
followers—“circle of workshops™ is perhaps the nearest translation. The vessels in
the Werkkreis groups have been approximately dated according to the stylistic fea-
tures and some are attributed to known workshop locations such as Malkata and
Amarna. At the beginning of the 14th Century BCE, a more uniform approach to style
was taken for the production of glass vessels, however, subtle changes in features
such as the diameter of the neck, the shape of a spout, handles and the shape and size
of the feet provided key elements that narrow estimates for the period of production.
As such, the Werkkreis are divided into six groups, the largest of which, Werkkreis 6,
contains 43 vessels and dates between the reigns of Tutankhamun (1333-1323 BCE)
and Pinudjem II (959-945 BCE), an era of approximately 390 years, thereby making
any speculation pertaining to periodical trends somewhat tenuous. Of the vessels
contained in the Werkkreis groups, only 15% are of known origin, 19% are of unknown
origin, 32% are of ambiguous origin and the remaining 35% belong to private collec-
tions. Two additional groups are also described: the Kohlpalmsiulchen, or kohl palm
vessels, that contain 58 vessels and “special shapes” that contain 19 vessels. The ves-
sels in both groups are dated from Amenhotep III (1391-1353 BCE) to the Ramesside
period (ending in 1070 BCE), spanning approximately 320 years.

Methodology

To accurately assess the characteristics that exemplify typical and atypical features
of the New Kingdom, this paper concentrates on the vessels that were attributed
to between the reigns of Amenhotep 11 (1427-1401 BCE) and Rameses 111 (1194-1163
BCE). The 15 early vessels that are reliably dated between the reign of Tuthmosis III
(1479-1425 BCE) to Amenhotep 11 were excluded from the data set as they exhibit
unusual shapes, colours and morphology that have been attributed to the experi-
mental phase of early glassmakingl (Nolte 1968, 5). The six vessels that are reliably
dated to the 21st Dynasty and the three vessels, recorded as lost, are also excluded
the data set.

The descriptive information of the remaining 320 vessels exactly as reported by
Schlick-Nolte was collated into a working database using Microsoft Excel. Seven
1. Thesze wvessel: aret 24301, 47620 (Britich Muzeum), 10657 (Univerzity College London), 23.0,

26.7.1175, 26.7.1179 (Metropolitan Museum of Art), 45 630 (Bavarian State Collection of Egyptian

Art, Munich), E 2451 (Achmolean Muzeum), 24761, 24761 biz, 24768, 24804, 24508, J 33827 (Cairo
Muzeum), E 6201 (Bruzzels Rn)ral Art and History Muzeum).
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attributes were chosen to assess typical and atypical features for the purposes of the
study: the colour of the boedy, or “ground colour,” the vessel shape, neck rim colour,
handle colour, the pattern colour and the pattern type on the neck and body. The
foot colour and foot rim colour were not included in the data as the information
did not provide sufficient discrimination between the vessels; over a third of ves-
sels were not made with a foot. The pilgrim flask, for example, is the second most
common vessel shape in the corpus, and the majority of the remaining vessel feet
were created using the ground colour.

For clarity, colours are standardized into the main colour groups, rather than
listing individual hues as described by the author; for example, “olive green” is noted
in the dataset as green. As the most prevalent colour, blue is standardized into three
main groups: light blue (which contains the colours described as light blue, sky blue
and turquoise), mid blue (blue, bright blue, copper blue, grey-blue and lapis lazuli
blue) and dark blue (black blue, cobalt blue, dark blue, deep blue and ultramarine).

The vessels are categorized into 14 main shape types using the terminology
described in Die Glasgefife. The origin of these names are mainly derived from tradi-

tional ceramic vessels:

» Krateriskos refers to vessels that have a wide, cylindrical, crater-like neck
with a short spherical body, usually with a foot attached.

= The thick walled krateriskoi exhibit a broader neck and have thicker, less
defined handles that do not protrude far from the body of the vessel.

= The simple krateriskoi is a basic version of the krateriskos and may not contain
handles, feet, or decoration.

= The pilgrim flask has a small cylindrical neck with a round, lenticular body.
Pilgrim flasks can be large or small; specifically between 45mm and 145mm
tall, with no, or two to three handles attached.

» Kohl tubes are modelled on the Egyptian palm columns and have a rounded or
flat base with a long, narrow body and an opening that is fashioned into leaves
surrounding the rim.

- Amphoriskos vessels are composed of a cylindrical, narrow, or conical neck
with board shoulders and a tapered base.

- Jug-shaped vessels have narrow neck with a wider, oval body with a handle
attaching the neck and shoulder.

- The spherical vessel is defined by the orbicular body but can have a long or
short neck with various handle types and a stand.

» The flask or bottle type is generally composed of a long and narrow neck with
an oval body and rounded base without handles.

» The beaker has no handles or rim applied and tapers to a flat base.

- The pomegranate vessel exhibits a distinctive pomegranate shape with a
spherical body, no handles and a narrow, cylindrical neck that opens into
several small leaf shapes.

- The lotus beaker is modelled after the lotus flower and contains a small foot
and no handles (Loat, 1905 pl 4-30; Nolte 1968, 149).
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- One vessel described in Die Glasgefdfie is identified as “pilgrim flask and
pomegranate vessel”; this vessel consists of a pilgrim flask and a pomegranate
vessel which appears fused at the body, most likely accidentally, and is
therefore described as one vessel throughout.

» The category of “special shapes” consists of glass objects that cannot be
classified into the main shape groups; these include fish-shaped vessels,
curved and flat bowls and the alabastron style vessels.

The colour of the neck rim and handles are also described in the main colour groups.
Where two or more colours are used, this is described as polychrome. It should be
noted that no colour combination in the polychrome group exceeds 5% of instances
in the respective category, therefore all polychrome combinations used for the neck,
rim and handles are classified as atypical for the study.

The colours of the patterns were assessed by counting the total number of instances
that a single colour occurred across the corpus of vessels overall. The colour combi-
nations of patterns used for each vessel were also assessed to determine frequency
of colour combinations. The vessel patterns in Die Glasgefiife are described in detail
to convey information about the style and aesthetic of the vessel, such as: “Espe-
cially generous, even garlands” and “Garlands turning into a regular feather pattern,
irregular feather pattern.” For clarity when comparing the data, the patterns were
standardized into basic types: garland, feather, arcades, zigzag, other, unknown and
none. Where multiple patterns were used on the body or neck, these were added as a
separate category, for example "arcades merging into feather pattern™ was described
in the data as “arcades > feather.” Where the vessel type did not comprise a neck,
such as the beaker shape, the kohl tubes, and the special shapes, this was shown
in the data as “not applicable.” In some instances, more than one type of pattern
was applied to the vessel on the body and neck, thereby adding another feature for
trend comparison. It was noted whether the patterns on the body and neck were the
same pattern, two distinctly different patterns, or had the same pattern on the body
and neck with an additional pattern emerging, for example, one vessel (67.1, Toledo
Museum of Art) is described as having a feather pattern applied to the body and a
feather pattern, that turns into garlands on the neck (Nolte 1968, 85).

Characteristics that represented less than 5% of the whole category were identi-
fied as an atypical trait, for example, yellow represented 3% of vessel ground colour,
thereby classifying it as an atypical trait for the purposes of the study. If a vessel
exhibited three or more atypical traits, the vessel as a whole was classified as atypical
for the purposes of the study.

Finally, the information pertaining to the provenance and the location of the vessel
were reviewed with the post study data set. Four categories were given to describe
the origin of each vessel: “Origin known” describes a vessel that is recorded as being
excavated from a specific archaeological context, i.e. a grave or tomb, whereas
“Origin ambiguous” indicates that the vessel is recorded as coming from a specific
region or town, such as “Malkata,” “Cairo” or more generally “Egypt.” It is possible
(indeed probable in many cases) that the object was bought rather than found there.
“Origin unknown” refers to the vessels that have no provenance information, or that
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the information refers only to the date or location of acquisition. Finally, “Private
collection” refers to those vessels where only the collection name is listed, but there
is no information regarding the actual origin, and such pieces usually having been
bought or exchanged through the art market. During the research for this paper, it
was apparent that the locations of some vessels have changed, for instance, where
vessels that have been purchased by museums from private collections. While these
locations were updated, no active investigation to confirm the current location of
each vessel was undertaken as part of this research. For clarity, the regions of Egypt
and the Levant, Europe and the Americas were used to define locations, rather than
individual countries, unless pertinent to the information.

In addition to using the raw data appreach, a second test method using “connois-
seurs’ eye” was employed. A specialist in the area of ancient Egyptian glass, Professor
Andrew Shortland, was asked to use their expert opinion to appraise each vessel
using black and white images without context. The specialist was asked to catego-
rize each vessel as typical or atypical based on shape, design, and discernible pat-
tern type. The two methods were designed to provide virtually opposite techniques
of assessment; the “connoisseurs’ eye” method was intended to assess the vessels
using a minimal amount of visible data, compared with the raw data approach which
presented attribute categories, but with no stylistic description. Each method was
performed independently.

Results

Blue was revered above all colours by the ancient Egyptians and utilized extensively
in painted reliefs, protective amulets, and jewellery; it symbolized many significant
spiritual meanings, including representing the embodiment of divine truth and jus-
tice (Birren, 1950, p37). It is unsurprising, therefore, that 80% of the vessels described
in Die Glasgefifie were produced with a ground colour of either dark, mid, or light
blue glass. The next most prevalent colour is black which represents a significantly
smaller group of 6% of the vessels. Some *black’ vessels are actually very dark blue
vessels coloured with cobalt, or very dark purple glasses coloured by manganese,
however as mentioned previously the characteristics of each vessel are reported as
described by schlick-Nolte. The remaining colours used for the body in descending
frequency are white, green, yellow, grey, brown, purple, unknown, polychrome, and
red, representing between 5% to less than 1% per colour. Also, 86% of vessels in the
dataset are described as opaque, rather than translucent, making this by far the most
typical trait of ancient Egyptian vessels. However, because the incidences of trans-
lucent vessels are above 5%, they are not classified as an atypical trait for this study.
It should also be noted that the classification of atypical vessels in this study is per-
formed using the data as unrelated variables and no attempt is made to link stylistic
characteristics, however, where it is appropriate, the style and date is considered in
the discussion section.

The most common four vessel shapes are the krateriskos, the pilgrim flask, the
kohl tube, and the amphora. The remaining vessel shapes accounted for 6% or less
per vessel shape type (Figure 1). With the exception of the thick-walled krateriskos,
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Figure 2 Distribution of colours used in vessels attributed to the New Kingdom to create pat-
terns, handles, neck rim and the vessel body. Where vessels do not contain a neck
rim or handles, or are recorded as “not pmsenl:," these have been removed from

the figure.

the beaker shape, pomegranate vessels and the unusually merged pilgrim flask and
pomegranate vessel, blue is the most predominant colour for all vessel types.

Of the 320 vessels observed, 92% of vessels have a rim which is still preserved.
Thirty-five percent of these vessels presented rims created from the same tone as the
ground colour, 20% of vessels used yellow and 21% of vessels were recorded as poly-
chrome, exhibiting 22 different colour combinations of two or more colours (Figure 2).
The most common polychrome combination being black and white, occurring in 4%
of instances. 8% of vessels were observed as having no rim, broken from the body of
the vessel.

Thirty-four percent of ancient Egyptian vessels were produced without handles,
with the same percentage of vessels exhibiting handles made from the same tone
as the ground colour used for the body of the vessel. Fourteen percent of vessels
are recorded as once having had handles, however, these have been broken and are
missing from the vessel thereby preventing colour determination. The remaining
18% of handles equate to 29 different colour combinations; therefore, classified as
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atypical. Eleven handles are described as translucent and appear to be made in a
different colour to the vessel ground colour, making this an unusual trait. However,
it should be noted that the translucency of a vessel may be more difficult to discern
due to the thickness of the glass used for the body, any weathering of the vessel and
any core remaining inside the vessel. The hue of the handles, therefore, may appear
optically distinct from the vessel body. As discussed, for the purposes of the study,
the colours are reported as stated in Glasgefdfe.

The three most frequently used colours for pattern application across the corpus
of the 320 glass vessels are yellow, white, and light blue. Seventy-six percent of ves-
sels had a yellow pattern applied, and 74% of vessels had a white pattern applied;
light blue is the third most common pattern colour, used on 33% of vessels. However,
it is the combination of colours which were the most statistically significant when
identifying atypical pattern traits. Patterns applied using yellow and white combined
comprised of the 35% vessels in the dataset, with the second most common combina-
tion of pattern colours being yellow, white, and light blue at 28%. The third-largest
group totalling 20% of vessels have no decoration applied to the body. The remaining
pattern colours were mid or dark blue with yellow or white, and the use of green,
red, purple, or black in various colour combinations. Thirteen percent of vessels
exhibited combinations of yellow or white with one or multiple other colours such as
green, red, or purple. These “atypical” colours and combinations presented 18 sepa-
rate incidences of single and polychrome combinations, comprising the remaining
17% of vessels, hence less than 1% per incidence.

The garland pattern followed by the feather pattern are the two most likely patterns
to be applied to both the body and neck of a vessel; the third most common pattern
type is “no pattern” applied. Combinations and fusions of feather, garland, and arcade
patterns, zigzag, or other patterns occur in 5% or less of vessels per pattern type.
Although not assessed as part of the atypical traits, it was noted that 61% of vessels
that are created with the garland pattern have the same pattern on the neck and body,
and 63% of vessels created with the feather pattern have the same pattern on the neck
and body. Eight percent of vessels showed a combination of patterns that merged on
the neck or body, for example, a vessel that is described as having a feather pattern on
the body and a neck pattern that showed both a garland and feather pattern. Twenty-
two percent of vessels from the dataset do not comprise necks and were described
as “not applicable.” Thirty-five percent of vessel rims were created using the ground
colour, followed by 20% of vessels using yellow. Eight percent of vessels are recorded
as the rim not being present, either from damage or because of the vessel design, for
example, fish-shaped vessels in the “special shapes” category, white composed 7% of
rim colours. The remaining 30% of vessels exhibit multiple different single colour or
polychrome combinations, less than 1% per incidence.

Provenance review

From the corpus, 17% of vessels are of known origin, having been excavated from
a specific archaeological context such as a tomb or grave. Thirty-four percent are
described as “Origin ambiguous,” 18% are “Origin unknown” and finally, 32% have
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Figure 3 Vessel provenance category by current regional location.

been or are still part of a private collection where virtually no information is known
about the origin of the vessel (Figure 3). The distribution of vessels was assessed by
comparing the region with the provenance category; the vessels of known origin in
the post-study group equate to 53 vessels; the country with the largest number of
known vessels is the United Kingdom with 15 vessels. Egypt holds the second largest
number equating to 13 vessels, followed by Israel with 6 vessels of known origin. The
remaining 19 vessels of known origin are distributed throughout 9 different countries.
The data also showed that although the Americas contained the same number of
ancient Egyptian glass vessels as Europe, 142 vessels each in total, only 3 vessels are
of known origin with the remaining 139 vessels having very little or no recorded
information about the provenance. Of the vessels located in the Americas, 42%,
equating to 59 vessels, are recorded as belonging to private collections, meaning that
the Americas have the largest number of privately owned ancient Egyptian glass ves-
sels in the world, also representing 18% of the total number of vessels in the world. By
comparison, the number of vessels in private collections in Egypt and the Levant is
4, equating to 10% of the total number of vessels in this region. Europe has 39 vessels
in private collections, equating to 27% of the total number of vessels in this region.

Discussion
Using the raw data approach, 44 vessels were identified as having three or more atyp-
ical traits according to the test criteria, thereby classifying them as atypical vessels.
The expert identification method distinguished 48 vessels as atypical. Both methods
combined identified 76 vessels in total, with 16 vessels being identified as atypical by
both methods.

The largest group of shape type distinguished in the raw data atypical test is the

pilgrim flask, formerly the third most frequent vessel type in the corpus; the fre-
quency of this vessel increased from 18% to constitute 27% of the atypical vessels.
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The second most prevalent shape in the atypical group is the spherical vessel, com-
posing 16%, previously it occurred in only 5% of the corpus. The third most frequent
is the thick-walled krateriskos, that comprises 11% in the atypical group, but only
3% in the corpus. The amphora shape was the fourth most commeon vessel shape in
the corpus at 13% and occurs in 9% of the raw data atypical group. The most preva-
lent vessels from the corpus, the krateriskos and the kohl tube represented 21% and
18% respectively, however, in the atypical group they represented 7% and 5% of the
vessels identified as atypical. Therefore, the krateriskos and the kohl tube show the
largest decreases in frequency in the atypical raw data group, and the pilgrim flask
and the spherical vessel show the largest increases in frequency in the atypical raw
data group. The only two vessels not detected in the atypical group are the merged
pilgrim flask & pomegranate vessel and the lotus beaker shape. The expert assess-
ment differed to the raw data test by identifying the amphora shape, krateriskos,
kohl tube and pilgrim flask as being the four most prevalent atypical vessel types
(in this order) but did not identify any thick-walled krateriskos shape or beaker
shaped vessels as being atypical.

The most prevalent ground colour distinguished by the raw data atypical test is
dark blue comprising 27%, compared with the pre-test corpus which comprises 40%.
The remaining ground colours distinguished in the atypical test differ in frequency
to the corpus order; the second most prevalent ground colour is green, which rep-
resents 14% of the ground colour, the third being white and light blue at 11% each.
Therefore, the incidences of green more than triple in the raw data atypical group,
white more than doubles in the atypical test, whereas light blue represents almost
the same percentage in the atypical group. Mid blue, the second most prevalent
corpus ground colour at 29% is seen in only 5% of atypical vessels. The remaining
colours ranged from 9% to 2% which included two polychrome vessels and one vessel
of unknown colour, meaning that at least one of each colour category is represented
in the raw data atypical test. The expert test identified atypical vessels which were
primarily dark blue vessels at 54%. The remaining vessels were light blue, mid blue,
black, white, green, and yellow: almost identical to the order of prevalence seen in
the corpus.

The polychromatic combinations of the neck rim colour in the raw data test were
most prevalent at 61%, whereas it accounted for 21% in the corpus; the two most
prevalent colour combinations in the polychromatic group being black and white
and blue and white in both the corpus, the raw data test and the expert test. By com-
parison, the ground colour accounted for 11% of the neck rim colour of the raw data
atypical test but accounted for 35% in the corpus. Yellow accounted for 20% in the
whole corpus but only accounts for 11% in the raw data atypical group. The expert
test also identified vessels that had polychrome neck rims (31%), ground colour
(279%), yellow (21%) and white (13%) and respectively as the most prevalent groups in
the neck rim category.

Twenty-seven percent of handles in the atypical raw data group are made from the
ground colour and are therefore the most prevalent. “No handles” in the atypical
group represented the second largest group at 20%. In the corpus, the “no handle”
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group and the ground colour group were the most frequent at 34% each. Vessels
which were recorded as handles “not present,” i.e. vessels which showed evidence of
comprising handles, but were no longer surviving on the vessel, was the third largest
group at 14% in the corpus, however, in the raw data atypical group, only 5% of ves-
sels are recorded as having handles “not present.” Dark blue represented 11% in the
raw data atypical group, while only comprising 2% in the corpus. The polychrome
group represented 18% of the handle occurrence in the raw data test, the most preva-
lent colour combination was blue and white, comprising of 5% of the handle colour.
The most prevalent handle colour of atypical vessels indicated in the expert assess-
ment were made from the ground colour then “no handles” at 35% and 31% respec-
tively, but the remaining nine categories were seen at 6% or less.

The most common pattern colours in the raw data atypical group were the com-
binations of white, yellow, and light blue occurring in 25% of the atypical vessels,
compared with 28% in the corpus. Vessels that were reported with no pattern applied
were noted at 23% in the raw data atypical group and 20% in the corpus. The most
prevalent colour combination of pattern in the corpus is the combination of white
and yellow, which occurred in 35% of the corpus compared with 18% in the raw data
atypical group. Patterns applied singly in white or yellow occur in 5% and 2% of
the atypical vessels respectively but each occurred in 2% of the whole corpus. The
remaining colours and combinations are noted at 6% or below in the atypical group.
In the expert assessment, the two most prevalent patterns were yellow and white
at 38% and yellow, white, and light blue at 31%. “No decoration” and yellow, white,
and dark blue both accounted for 8% each of the expert pattern identification, the
remaining six categories accounting for 4% or less.

The most prevalent body pattern in the raw data atypical group was the feather
pattern at 23%, “other” and “no pattern” are the second most common representing
18% of the atypical vessels each, with the garland pattern comprising 17% of the atyp-
ical group. In comparison the most commeon three pattern types in the main corpus
were garlands (35%), feather (33%) and “no pattern” (19%); all other pattern types
represented 5% or less. Patterns described as “other” represented 5% in the vessel
corpus. The expert test indicated a total of seven body pattern categories in contrast
to the raw data method that indicated nine; the three most prevalent patterns in the
expert test were garland, feather, and “other” at 40%, 27% and 13% respectively, with
the remaining four categories accounting for 8% or less per pattern type.

The most common neck decoration group in the raw data atypical vessels group
was “no pattern” and garlands at 20% each, and “other™ at 16%. Zigzag represented
14% of the atypical vessels, with the feather pattern appearing on 11% of atypical
vessels. The corpus by comparison showed that the neck pattern fell into four major
categories; garlands were most prevalent at 27%, feather 23%, “no neck” at 22% and
“no pattern” at 19% all others occurred in under 3% of incidents, including “merged”
patterns. The expert assessment for the neck decoration showed the garland and
feather patterns being the most prevalent respectively at 31% and 27%, with “no
neck” accounting for 21% and “no pattern” accounting for 10%. Only two other pat-
tern types, “zig-zag” and “other,” were identified by the expert assessment.
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The raw data approach identified four vessels of known origin as atypical whereas
the connoisseur’s eye method identified only one, equating to a total of five vessels
identified of known origin. Overall, the raw data approach identified more atypical
vessels as being from the ‘origin ambiguous’ category, whereas the connoisseur’s eye
method indicated more atypical vessels as being from private collections (Figure 4
and Figure 5).

The Amaricas [n = 44]

0% 10% 20% 0% 403 0% G0% T0%% Bl o0 100%

W Origin Known @ Origin Ambiguous W Onigin Unknown Private Collection
Figure 4 Combined percentages of provenance type by region of atypical vessels using both
the raw data method and the connoisseur's eye method.
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m Atypical B Typlcal
Figure 5 Percentage of provenance category: typical, atypical, and total number of vessels
in the experimental group using the conneisseur's eye and raw data methods com-
bined.
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Egypt and the Levant [n = 36) 19%

Europe [n = 142) 18%

1. 1% 20% e 40% 0% Bl 0% BD% 9% 100

Atypical B Typical

Figure 6 Percentage of atypical and typical vessels by region. Atypical vessels identified by
the raw data method and connoisseur’s eye method combined.

Using the combined methods, it was observed that 31% of the total number of
vessels reported as being located in the Americas were identified as atypical, con-
stituting 56% of the total number of atypical vessels in the world. Also, 33% of the
atypical vessels are located in the Americas and are of ambiguous or unknown origin.
Only 1% of the vessels identified as atypical located in the Americas (constituting one
kohl tube vessel), was of known origin, and this was indicated by the connoisseur’s
eye method. The Americas also has the largest percentage of atypical vessels held in
private collections at 22%. compared with the private collections in Europe that hold
10%, and Egypt and the Levant that have only 1% of atypical vessels (Figure 6).

Egypt has the smallest number of vessels identified as atypical, although three ves-
sels of known origin were indicated by the raw data method. The raw data method
identified four vessels of known origin in total: the remaining vessel being located in
the United Kingdom, Europe. Three of these vessels have been dated approximately,
and are described as having white, brown and polychrome ground colour respec-
tively with two additional atypical features. The remaining vessel of known origin
(Cairo museum, 46955) was excavated from the main site of the city of Amarna is
arguably a typical 18th Dynasty style vessel: described as a dark blue jug with trailed
decoration in the feather /garland pattern applied in yellow and white. Dated to the
reign of Amenhotep IV (Cairo Museum, 46955), this vessel was noted as atypical from
the three “atypical” features: the colour combination of yellow, white and blue on
the rim and handles and the pattern merging from feather to garlands on the body.

The 16 vessels that were indicated as atypical by both methods were all described
as having little or no provenance information: nine vessels being from the origin
ambiguous group, four vessels from origin unknown and three vessels from private
collections. No vessels from the known origin group were identified from the com-
bined methods. By country, 11 of the atypical vessels indicated by the combined
methods are located in the Americas, four in Europe and one in Egypt and the Levant.
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Dating and stylistic trends

This paper seeks to discuss the viability of using datasets to detect and assess atypi-
cal characteristics for comparison with the respective provenance of vessels attrib-
uted to the New Kingdom period. Taking the example of the thick-walled krateriskos
(n=10) and the pomegranate vessel (n=5) the most prevalent colours are white and
green, respectively. Two of these vessels were reliably dated to between the 19th
dynasty and the 20th dynasty, with 13 assigned to Werkkreis 4 to 6, spanning a total
reign of Tutankhamun to Pinudjem 11, therefore it cannot be said if these represent
a link between a colour preference for these specific vessel types. Likewise, vessels
that exhibit multiple colours in patterns may denote a trend for polychromatic ves-
sels, however, these vessels are relatively evenly distributed over the known reigns
of production and Werkkreis 1 to 5. The largest group of polychrome patterned vessels
belongs to Werkkreis 4 that spans the reigns of Tutankhamun (1333-1323 BCE)—Rame-
ses I1 (1290-1224 BCE), therefore showing little statistical significance. Hence, it can
be claimed that these epochs are too broad and span considerable periods of political
and social change to reliably assign trends to specific reigns or even Dynasties and
may not recognize periods of experimentation as seen in early glass vessel produc-
tion, of which some vessels are of known origin and can be reliably dated. There-
fore, assessing a dataset that spans discrete periods of glassworking institutions and
styles, where dating is largely equivocal, is challenging. Including all data prevents
cognitive bias that could be introduced by attempting to refine the dataset, however,
this presents limitations which should be considered for future study design.

The composition of ancient glass and associated colourants are well documented
and analytical techniques have proven extremely effective in determining the period
of glass production from their raw materials. Establishing the peried of production
would help narrow dating epochs of ancient Egyptian glass vessels, specifically the
vessels which are categorized in the broader Werkkreis groups that span both the
Late Bronze Age (LBA) and Iron Age. Where vessels are of known origin and date,
elemental analysis could offer new insights regarding raw material trading including
colourants and variances in composition, which would be particularly valuable when
examining translucent vessels and those with statistically rare colours. Although
non-destructive techniques, such as ¥-ray fluorescence, are currently used, this is
not sensitive enough to detect trace elements which are used to determine prov-
enance in LBA vessels, however, as non-destructive analysis techniques develop to
provide greater sensitivity, compositional data can be obtained with little sample
preparation and with no risk to the vessel. However, analytical analysis may not be
a pragmatic solution for items located in countries with strict legislation, such as
Egypt, which strictly regulates scientific investigation.

Conclusion

Using the information from Die Glasgefife and applying the raw data test, an ancient
Egyptian vessel is statistically more likely to present characteristics typified by ves-
sels produced during the height of the glassmaking industry in the 18th dynasty.

However, some vessels of known origin do not conform to this “statistical ideal” and
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should be highlighted and investigated as particularly rare stylistic pieces. Overall,
the “connoisseurs’ eye” method appeared to be more discriminatory, identifying
fewer attributes per category than the raw data atypical test. This was apparent in the
higher percentages (>30%) seen in the top two to three most prevalent attributes per
vessel, rather than the raw data atypical test that showed a lower percentage (<30%)
in the top four to five categories. Therefore, raw data extracted from detailed descrip-
tions can be useful to help define typical and atypical traits, but it does not take into
account the aesthetic properties of each vessel or any potential trends throughout the
ancient Egyptian glassmaking and glassworking era, therefore, an expert visual analy-
sis should be also be used for appraisal. However, the combined methods were by no
means conclusive, only “agreeing” on 16 vessels of the 78 vessels identified as atypical
and identifying five vessels of known origin. Therefore, any vessels to be examined
should also be subjected to compositional analysis, where appropriate. The Americas
were identified as containing the largest number of atypical vessels and the largest
proportion of vessels with little or no provenance information, including those ves-
sels that are contained within private collections. Finally, it is not the intention of this
research to undermine the authenticity of the vessels identified in this study as atypi-
cal, but to articulate the value of the information that has been lost during as a result
of poor documentation during historical excavations, and how important information
may be gained by subjecting these pieces to archasometric study.
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