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INNOVATIVE OR TRADITIONAL?
Di1AcHRONIC APPROACH TO WEAVING TECHNOLOGY IN BRONZE AGE GREECE

ABSTRACT

This paper aims at recognising potential innova-
tions in weaving technology that may have occurred in
Bronze Age Greece. It discusses whether these assumed
developments may be examined diachronically. This
discussion is based on archaeological evidence of textile
implements, such as loom weights and presumed traces
of warp-weighted looms, as well as knowledge of tradi-
tional craft and experimental archaeology. After a short
introduction discussing how technical innovations could
possibly be recognised in weaving, the paper explores
possible changes in the construction and functionality
of the warp-weighted loom and potential uses of other
types of looms in Greece. A distribution pattern of spe-

cific forms of a loom weight, e.g. discoid loom weights in
particular, is examined as an innovation responding to
the demand for fabrics of specific technical qualities and
appearance, possibly associated with a spread of new
weaving techniques which accompanied the transmis-
sion of these tools. Social relations and modes of organi-
sation of textile production are considered factors that
must have had a significant impact on creativity and in-
novativeness in weaving technology. However, the final
conclusion is that specific relations between the organisa-
tion of weaving and the occurrence of innovative pro-
cesses cannot be clearly recognised based on the available
evidence.

STRESZCZENIE

INNOWACY]NA CZY TRADYCYJNA? TECHNOLOGIA TKACKA W EPOCE BRAZU W GRECJI
W UJECIU DIACHRONICZNYM

Celem artykutu jest préba rozpoznania innowacji,
jakie zaj$¢ mogly w technologii tkackiej w epoce brazu
w Gregji, oraz przesledzenie potencjalnych zmian w trady-
cjach tkackich w szerszej perspektywie czasu i przestrzeni.
Podstawe dla dyskusji stanowia pozostatosci archeolo-
giczne, takie jak cigzarki tkackie i $lady po krosnach,
analizowane w odniesieniu do rzemiosla tradycyjnego
oraz archeologii eksperymentalnej. Po krétkim wpro-
wadzeniu okreslajacym czym mogly by¢ innowacje
w tkactwie, analizowana jest budowa i funkcjonalno$¢
krosna cigzarkowego, jego ewentualne zmiany w cza-
sie oraz inne typy krosien, ktére by¢ moze byly znane

w  Grecji. Geograficzne rozmieszczenie okreslonych
typéw cigzarkéw tkackich, jak np. dyskoidalnych,
omawiane jest jako innowacja odpowiadajaca zapotrze-
bowaniu na tkaniny o specyficznej strukturze i wygladzie,
odzwierciedlajaca, by¢ moze, rozpowszechnienie sig
okreslonych technik tkackich. Stosunki spoteczne i tryby
produkgji rozwazane s jako czynniki o istotnym znacze-
niu dla ksztaltowania innowacyjnoséci i kreatywnosci,
z koicowym wnioskiem jednakze, ze bezposrednie relacje
pomigdzy trybem produkeji a innowacyjnoscia, przy
obecnym stanie badari nad wiékiennictwem w Gregji
epoki brazu, nie moga by¢ czytelnie rozpoznane.

Keywords: Bronze Age Greece, textile technology, weaving, warp-weighted loom, loom weights, innovation,

tradition
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1o the memory of Jo Cutler

Introduction

Weaving in Bronze Age Greece has been acknowl-
edged as an advanced technology that enabled produc-
tion of substantial quantities of highly valued, fine qual-
ity textiles — goods of key importance to local econo-
mies (¢ Barber 1991; Tzachili 1997; Burke 2010; Shaw,
Chapin 2016).! However, diachronic developments of
weaving techniques are not easy to recognise or track
through the archaeological evidence, neither are the
potential innovations that may have enhanced growth in
production and improvements in the quality of fabrics.
Several elements in the archaeological evidence suggest
that weaving was a rather traditional and, technically, un-
changing craft, whereas others point out to innovative-
ness and dynamics of weaving (¢f Nosch 2015). All this
makes the general picture of developments in weaving
technology in Bronze Age Greece rather ambiguous.

The traditional and conservative character of weav-
ing technology may be suggested, e.g., by the continuous
use of the warp-weighted loom. This type of loom, at-
tested archaeologically by the presence of loom weights,
had already been in use in Greece since the Neolithic
and continued well after the end of the Bronze Age?
(¢f Hoffmann 1964; Barber 1991; Andersson Strand,
Nosch 2015a; Siennicka er al. 2018). Also, the param-
eters of archacological textiles from Greece (e.g. choice
of fibres, structure of yarns, and density of fabrics, that
is a number of warp and weft threads per cm) seem to
be rather homogenous throughout the entire Bronze
Age (Spantidaki, Moulherat 2012: 187-194; ¢f" Skals ez
al. 2015 for an overview of archaeological textiles in the
Neolithic and Bronze Age Mediterranean). Significant
improvements in the quality of textiles and threads
(increased density of fabrics, finer yarns, and different
structure of yarns) and an increased number of woollen
fabrics have only been observed at the transition from the
Bronze to Iron Age, e.g. in the assemblage of textiles from
the necropolis of Lefkandi (Spantidaki, Moulherat 2012:
194, 197, Tabs 7.2, 7.3). Yet, the actual textiles are rarely
preserved in Greece and, due to the limited number,
their technical parameters and structure cannot be seen

! This paper was based on the research carried out by the author
during the internship grantat the Centre for Research on Ancient
Technologies of the Institute of Archaeology and Ethnology,
Polish Academy of Sciences, awarded by The National Science
Centre in Poland (DEC-2015/16/S/HS3/00085). I would like
to express my thanks to the anonymous reviewer for their help-
ful comments and suggestions. I also thank Paul Barford for
improving my English.
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as fully representative of the wide variety of fabrics that
must have been produced in the Bronze Age. Moreover,
with the notable exception of Akrotiri on Thera, the
majority of preserved fabrics come from the funeral
contexts where the preserved textiles were used to wrap
mouths of clay jars or bronze objects (¢f Moulhérat,
Spantidaki 2007; Spantidaki, Moulherat 2012).

Significant changes or developments may be ob-
served in the exploitation of raw materials and in the
growth of wool economy (Breniquet, Michel 2014;
Nosch 2015), in the distribution pattern of loom weights
and introduction of new loom weight forms, the organi-
sation and scale of production, as well as the social rela-
tions of production and the mechanisms of transmission
of knowledge and skills (¢f Burke 2010; Cuder 2012;
2016a; Andersson Strand, Nosch 2015a; Gorogianni ez
al. 2015; Ulanowska, Siennicka forthcoming).

Moreover, the iconography of textiles, especially
those depicted in wall paintings, shows a variety of pat-
terned fabrics, confirming the existence of textiles that
were more sophisticated products than those that had
actually been preserved (Jones 2015; Shaw, Chapin 2016;
¢f- Moulhérat, Spantidaki 2007; Spantidaki, Moulherat
2012: 187-188). Linear B tablets enumerate a variety
of textile types and several professional designations of
textile workers, which implies complex specialisation
of the textile production that was controlled by the
Mycenaean palaces (Killien 2007; Bruke 2010; Del Freo
et al. 2010). All this suggests that textile production was
actually dynamic and diversified, and innovations result-
ing in transmission of new skills and new weaving tech-
niques occurred extensively during the Bronze Age.

Certainly, this paper does not attempt to explain all
the ambiguities that have been briefly outlined above. It
aims at examining what kind of potential technical de-
velopments in weaving may actually be recognised on
the basis of the available archaeological evidence and
experimental archaeology. It also discusses whether the
assumed innovations may be traced diachronically and
placed within a specific timescale, and, possibly, be re-
lated to a certain mode of organisation of textile produc-
tion.

? The Bronze Age in Greece is divided into three main chronolog-
ical phases, i.e. Early Bronze Age (EBA): 3100 — 2200/2050 BCE,
Middle Bronze Age (MBA): 2200/2050-1700/1675 BCE and Late
Bronze Age (LBA): 1700/1675 —1075/1050 BCE (Manning 2010:
Tab. 1).
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What are we looking for?
About recognising potential inventions
and innovations in weaving technology

In archaeology, an ‘invention’ may be defined as
an event that creates a new concept in technology “that
makes a new construction or system possible” (Kristiansen
2005: 113) and is substantially different from the tech-
nologies already existing. By adding a new solution, built
upon the already existing structures or components, the
invention introduces new social and economic prac-
tices (¢f” Kristiansen 2005: 113-116; Hollenback, Schiffer
2010: 332; Burmeister, Bernbeck 2017). On the other
hand, ‘innovation’ is a process that adds new methods,
ideas, or practices to the existing technology and, by cre-
ating new varieties, leads to improvements, e.g. refining
routines or increasing efficiency, and technological differ-
entiation. As a result of innovations, technology is gradu-
ally modified and diversified (Kristiansen 2005: 113;
Hollenback, Schiffer 2010: 332; see Jeffra 2011: 17-26;
Bender Jorgensen ez al. 2018 for a general discussion on
the concept of innovation and creativity).

According to these definitions, all societies are, in
general, more innovative than inventive, yet, according to
K. Kristiansen, “the number of inventions increases with
the development of complex societies and states which
have not only new needs but also potential to fulfil them”
(2005: 113, for a quotation see: 114). Both inventions and
innovations require new skills and motor habits that have
to be embodied and then transmitted. Both may change
the perception of the environment and the manner in
which the environment is manipulated and exploited (¢
Cutler 2016a: 174-175; Burmeister 2017: 31).

In weaving technology, the greatest invention may
possibly be recognised in the creation of a loom — the
first machine that, by a mechanism for shed changing,
made weaving automatic (for a loom as “one of the first
machines in human history” see Gromer 2016: 93; for
an overview of “advanced textile techniques”, including
weaving, ¢f Desrosiers 2010: 27, 3945, Fig. 3.4). The
date of this major invention has generally been placed
in the Neolithic period and related to the creation of
small implements for weaving narrow fabrics that pre-
ceded bigger looms (Broudy 1979: 9-11, 14-20; Barber
1991: 79-83, 254). The creation of the big looms, such
as a horizontal ground loom and a warp-weighted loom,
being dated to between the 7% and 6" millennia BCE
(¢f° Andersson Strand 2018; Siennicka e a/. 2018 for the
recent overview of the evidence), would thus be an
important innovation that facilitated weaving of large
pieces of fabric.

Other possible innovations may be sought in tech-
nical improvements of the existing looms (e.g. adding
more heddles to the warp-weighted loom), introduction
of new types of looms (e.g. a two-beam vertical loom),
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and introduction of new weaves, such as twills (¢f Nosch
2015). The knowledge of twill weaves and use of multi-
ple heddle bars (or heddles) have already been attested in
Bronze Age Central Europe and are considered a major
technical innovation of this age (Bender Jorgensen, Rast-
Eicher 2016: 80-86), whereas the two-beam loom, a new
type of loom in the Egyptian weaving tradition, was in
use in Egypt since c. the 15" century BCE (Broudy 1979:
44-46; Barber 1991: 113). An introduction of new types
of loom weights may also be seen as a technical innova-
tion responding to the demand for fabrics of a specific
structure and appearance (¢f Andersson Strand, Nosch
2015a). Whether and when these important innovations
may have occurred in Bronze Age Greece is discussed in
the following sections.

According to Anne Brysbaert, “As such, creativ-
ity can sit in the organizing processes, resulting in the
connecting efforts between tool, material and actors”
(2017: 21). Therefore, substantial changes in the social
relations of production and development of new modes
of production that result in the increase of production or
enhanced efliciency may also be seen as developments,
even if they were not accompanied by any specific inno-
vations in technology.

Construction of the warp-weighted loom
in Bronze Age Greece

The general construction of the warp-weighted
loom and the mechanics of its use in weaving have been
recognised on the basis of evidence from observation
of its traditional craft use, historical and iconographic
records, and experimental archaeology (¢f Hoffmann
1964; Broudy 1979; Barber 1991; Tzachili 1997;
Andersson Strand, Nosch 2015a). The construction of
the warp-weighted loom that was specific for a certain
period and area may be reconstructed based on in situ
remains of the warp-weighted loom, such as loom weights
or traces of loom uprights, and relevant iconography.

Archaeological evidence suggesting the general
construction and size of the warp-weighted
loom

In archaeological contexts from Bronze Age Greece,
in situ discoveries of the warp-weighted looms have
been rare. They are attested by the rows or concentra-
tions of loom weights (¢f” Kastanas: Aslanis 1985: 49-51,
Abb. 23-24; Mauel 2009; 2012; Tiryns: Siennicka 2012:
67; forthcoming; Chania: Brunn-Lundgren et a/. 2015:
199-200; Sitagroi: Elster ez a/. 2015: 305) and postholes
or remains of wooden parts of the loom (for possible
traces of decomposed or carbonised wood from looms,
¢f Carington Smith 1975: 303-304; Myrtos: Warren
1972: 53; Barber 1991: 102; Lerna: Wiencke 2000:
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Fig. 1. Two types of warp-weighted looms of modern construction: a) the Scandinavian type used in the Institute of Archaeology,
University of Warsaw (photo by the author), b) the free standing type used in the Biskupin Archaeological Museum (photo by Eukasz
Gackowski).

140-142, Plan 26; Aghia Triada: Militello 2012: 205;
Chania: Brunn-Lundgren ez a/. 2015: 199-200).

Since loom weights are often found scattered, it has
been assumed that textile production may have been
located on the upper floors of houses and workshops,
especially in Crete and at Akrotiri, where good light-
ing could be provided by windows (¢f Carington Smith
1975: 302-303; Tzachili 1990; Sakellarakis, Sapouna-
Sakellaraki 1991: 89; 1997: 225, 320; Gorogianni ez al.
2015: 900-902; Militello ez al. 2015b: 223; Poursat ez
al. 2015; Cutler 2016b; Hitchcock 2016). Sometimes,
the looms were placed in rooms with an oven or hearth,
e.g. in Room M, House I at Kastelli, Chania (Brunn-
Lundgren ez al. 2015: 198). Finally, larger concentrations
of loom weights were often found in a storage facility,
e.g. gathered together in — unpreserved now — baskets,
cupboards, or shelves (¢f” Burke 2010: 53, 56-58; Brunn-
Lundgren ez al. 2015: 200-201; Militello ez al. 2015a:
209; 2015b: 223; Papadopoulou er al. 2015: 294; Poursat
et al. 2015). Therefore, the exact position of the warp-
weighted loom(s), as well as potential spatial arrangement
of a workspace or traces suggesting a specific construc-
tion of the loom, have only been recognised occasionally.

The evidence suggests that two types of warp-
weighted loom may have existed. The first type, such as
the loom in Room 143 in Early Bronze Age Tiryns, was
placed close to a wall (Siennicka 2012: 67; forthcoming)
or pillars (Mauel 2009: Abb. 59; 2012: Pl. XXXVIb),
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and this was possibly similar to the Scandinavian warp-
weighted loom that was supported by its upper part lean-
ing against a wall. The second type, of a possibly freestand-
ing construction, was placed in an open space (Militello
2012: 205; Brunn-Lundgren ez 2l 2015: 200) (Fig. 1). In
Casa delle Sfere Firrili at Aghia Triada on Crete, four of
the postholes in Room 9 were interpreted as possible re-
mains of a warping frame that may have been placed in
the vicinity of the warp-weighted loom (Militello 2012:
206-207).

The width of the warp-weighted loom, calculated
on the basis of the width of the concentration of loom
weights or distance between two postholes, could range
between 89.5-100 cm (Chania, Brunn-Lundgren ez al.
2015: 200) and 110 cm (Casa delle Sfere Fittili, Aghia
Triada, Militello 2012: 206).

Heddle bar(s) and the number of rows of loom
weights

The general construction of the warp-weighted loom
allows the separation of the warp threads into two layers
tensioned by two rows of loom weights accordingly. The
front layer hangs over a shed bar, whereas the back layer
hangs freely. This creates a natural shed. By means of the
heddles knitted to a heddle bar, the warp threads from the
back layer are moved back and forth (Fig. 2). This way an
artificial or a counter-shed is created and weaving is made
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cloth beam

) shed bar

uprights

natural shed

artificial shed
3/1 or 2/2 twill setup

Fig. 2. The basic mechanics of the warp-weighted loom: construction of the loom, natural and artificial shed, setup for 3/1 or 2/2 twill

‘weaves.

fully automatic. In more complex weaves, such as twills,
the warp threads are divided into three or four layers and
the heddle bar is multiplied to two or three accordingly.

Schematic depictions of the warp-weighted loom
and bars with loom weights have been recognised in the
imagery of the Middle Bronze Age seals from Crete (¢f°
Burke 1997: 418—419; 2010: 45—47; Ulanowska 2016;
2017) and in a graphic form of the Linear A sign 54
(Barber 1991: 91; Militello 2007: 41; Burke 2010: 48—49;
Del Freo er al. 2010: 351-353, Fig. 17.11; Nosch 2012:
304-305, Fig. 1; Petrakis 2012: 78-79, Pl. CXXVI 1)
(Fig. 3). Although details explaining the mechanics of
the loom are generally absent in these simplified depic-
tions, the presence of a bar or two bars above the loom
weights motif on the Middle Bronze Age Minoan pris-
matic seals has been interpreted by the author as a possi-
ble indication of a heddle bar (Ulanowska 2017: 61-62).
Also, a sporadic duplication of the loom weights motif
on a seal face may be seen as a schematic reference to
two rows of loom weights and a set-up for a tabby weave
(Ulanowska 2017: 62—-63).

The spatial distribution of the loom weights found
in situ may also indicate whether the loom weights had
been set-up in two rows for a tabby or for twill weaves
when three or four rows of the loom weights are expected
(for the in situ discoveries of the loom weights set-up
for twill weaves, ¢f. Lassen 2013: 84; 2015: 127; Bender
Jorgensen, Rast-Eicher 2016: 86-97; ¢f- Firth 2015: 181—
184). However, no spatial distribution of loom weights
that may clearly be connected with the set-up for twill
has been compiled so far for Bronze Age Greece.
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Functionality of the warp-weighted loom

The warp-weighted loom may be used to weave
fabrics of various structures (e.g. tabby weave and, espe-
cially, twill weaves or possibly tapestry) of different
parameters (from coarse to fine) and sizes (¢f Hoffmann
1964; Carington Smith 1975; Barber 1991; Tzachili 1997;
Andersson Strand, Nosch 2015a; Andersson Strand
2018). In my own, still unpublished, experiments, I have
used the warp-weighted loom to weave also gauze weaves
and patterned textiles in tabby with supplemental weft.
These possibly multifunctional uses may explain the wide
dispersal of the warp-weighted loom in Europe and the
Mediterranean. However, unless archaeological textiles
are also preserved, it is difficult to reconstruct specific
weaving technique(s) related to this implement.

The width of a fabric woven on the warp-weighted
loom is related to its construction and the width of the
cloth beam. In the case of the looms from Chania and
Casa delle Sfere Fittili at Aghia Triada, it may be suggested
that fabrics of more than 60 cm wide could have been
woven. The length of a fabric depends on the length of
the warp threads. Thus, it may exceed the height of the
loom if the long warp threads are stored above the loom
weights, e.g. by a chain stitch, and unravelled successively
while weaving. However, there are no data that may sug-
gest the length of fabrics woven in Bronze Age Greece.

Regardless of the technique, weaving on the warp-
weighted loom has to be performed while standing and
a textile is made from the top of the loom downwards
(Figs 1, 2).
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New types of loom weight as technical
innovations

Complex and comprehensive analyses of the func-
tion of loom weights have been undertaken within
the research programme ‘Tools, Textiles, Texts and
Contexts’, carried out by the Centre for Textile Research
in Copenhagen between 2005-2010 (Andersson Strand,
Nosch 2015a). These studies were based on data com-
prising 3896 loom weights from Bronze Age Aegean
and Eastern Mediterranean, together with the results
of archaeological experiments, as well as the contextual
analyses of tools (Andersson Strand, Nosch 2015¢: 149,
Fig. 5.1.7; Andersson Strand, Nosch 2015a). This research
has demonstrated that functionally three main catego-
ries of loom weights should be distinguished: spheri-
cal, pyramidal, and discoid (Andersson Strand, Nosch
2015b: 371). These three basic forms, each comprising
loom weights of different types, “mark the most distinct
functional features” (Andersson Strand, Nosch 2015b:
371), i.e. the specific relationship between the weight
and thickness of a loom weight which results from its
geometry and determines what kind of textile may be
produced using it (Andersson Strand, Nosch 2015b: 371;
¢f Firth 2015: 168-180; Olofsson ez al. 2015: 87-97).
According to E. Andersson Strand, the variety of types
within these basic forms of a loom weight reflects cul-
tural and personal choices rather than any specific func-
tion (Andersson Strand, Nosch 2015b: 371; ¢f’ Andersson
Strand forthcoming).

Thus, according to this general understanding of the
functionality of loom weights, an introduction of a new
functional form, ie. pyramidal, spherical, or discoid,
may be considered as a technical innovation. In Greece,
pyramidal and spherical loom weights were already pre-

sent in the Neolithic (Carington Smith 1975: 122-123,
135-138, 154-157, 186; Barber 1991: 99-100), however,

the discoid loom weights were a Bronze Age innovation.

Discoid loom weights

Discoid weights were recovered first at Mytros
Phournou Koriphi on Crete, in an Early Bronze Age
context (EBA II) (Warren 1972). By the transition from
the Middle to the Late Bronze Age (MBA III/LBA 1),
they had spread all over Crete, the south-central Aegean
islands, and the shores of Asia Minor (¢f Burke 2010:
56-58; Cutler 2012; 2016a; Paviik 2012; Gorogianni e#
al. 2015; Kremer 2017). This has been thought to indi-
cate ‘Minoanisation’,® if not traces of a physical presence
of the Minoans (Carington Smith 1975: 276; Cutler
2012; 2014; 2016a; Gorogianni 2016). Moreover, since at
the majority of sites in the southern Aegean the discoid
weights are the only types of loom weights recovered,
their transmission has been connected with the intro-
duction or re-introduction of the warp-weighted loom
technology in this area (Cutler 2016a: 172). In the Late
Bronze Age, the discoid loom weights were still in use on
Cirete, in the southern Mainland, and in Troy (Carington
Smith 1975: 276-286; 1992: 687—691; Tzachili 1990;
Evely 2000: 498; Burke 2010: 56-58; Cutler 2012;
2016a; Pavik 2012; Kremer 2017).

The wide distribution of the discoid loom weights
has been seen as a result of the transmission of specific
textile techniques that originated on Crete and were ac-
companied by the introduction of these tools (Cutler
2012: 149; 2016a). According to ]J. Cutler, the ‘hori-
zontal’ transmission of technical skills (and the discoid
loom weights) between members of the same generation
in various communities resulted from the mobility of

.’ 1
\ CCrFrF .l T '
Frer T
[ —— :F::_\ /
NE)

Fig. 3. Iconography of the warp-
weighted loom in Minoan glyptic:
face a of the cuboid seal from Aghia
Triada (drawing by M. Jagodziriska
after CMS II.1 64a) and Linear

A sign AB 54 (drawing by the
author after Del Freo ez a/. 2010:
Fig. 17.11).

3 On the processes of Minoanisation and Mycenaeanisation,
¢f Gorogianni et al. 2016.

62



INNOVATIVE OR TRADITIONAL? DIACHRONIC APPROACH TO WEAVING TECHNOLOGY IN BRONZE AGE GREECE

Fig. 4. Different forms of copies of discoid loom weights made by
students of the Institute of Archaeology, University of Warsaw.
The top row: weights modelled after a template from the Loom
Weights Basement in Knossos (Burke 2010: 57, Fig. 36); the
third row: weights modelled after a template from Myrtos, cat.
no. 75 (Warren 1971: 243, Fig. 96); the second and fourth rows:
weights modelled from rolls of clay cut into slices with a string
(for the production method, ¢f Cheval 2008) (photo by the au-
thor).

female weavers, originally from Crete and then from the
southern Aegean communities that had already adopt-
ed Cretan weaving techniques. These weavers travelled
around the Aegean as brides, migrants, captives, slaves,
or as textile workers exchanged by the elites (Cutler 2012:
150; 2014: 139; 2016a: 175; Gorogianni ez a/. 2015).

Since the discoid loom weights were sometimes
found in large concentrations, comprising hundreds of
weights (¢f Tzachili 1990; Burke 2010: 56-58; Andersson
Strand, Nosch 2015a), it may also be suggested that they
were expedient tools for a larger scale textile production.
Recently, the broad distribution of the discoid weights
in the Mediterranean has also been connected to the
transmission of the purple-dye technology from Crete
(Kremer 2017: 101).

The discoid weights are flat discs featuring one to three
perforations. The general category encompasses rounded,
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elliptical, pear-shaped (“discoid tabulated”), trapezoid,
rectangular, and semi-discoid shapes (Martensson ez al.
2009: Fig. 2; Andersson Strand 2015: Fig. 5.1.4) (Fig.
4). The diameter of these tools ranges between 5-11 cm,
their weight between 50-350 g, and thickness between
1.5-3 cm (Carington Smith 1975: 276-277; Tzachili
1990: 383; Evely 2000: 498; Cheval 2008: 19; Burke
2010: 57; Firth 2015: 170-173, Fig. 5.2.20). The gener-
ally low weight cluster of the discoid loom weights (the
majority of them weigh between 100-200 g), their small
thickness (mostly ranging between 2-3 cm), as well as
the small thickness/weight ratio makes them suitable for
weaving low-tension, dense, possibly warp-faced fabrics,
i.e. with more warp threads than wefts per cm (Andersson
Strand 2015: 143, Figs 4.5.5, 4.5.6; Firth 2015: 170-173,
Fig. 5.2.23; Ulanowska forthcoming).

It may be suggested, therefore, that the introduc-
tion of the discoid weights was related to the need
for the manufacture of more dense and fine textiles
(¢f Andersson Strand, Nosch 2015a). However, based on
the functional analysis of the discoid weights and experi-
mental archaeology, it is difficult to recognise clearly any
specific weaving techniques that may have been used to
make these fine fabrics, e.g. tabby, twill weaves, or tapestry
(Andersson Strand 2015; Firth 2015:170-173; Ulanowska
forthcoming).

The use of the discoid loom weights continued in
Archaic, Classical, and Hellenistic Greece (¢f. Quercia,
Foxhall 2014; Lawall 2014: 161-166; Spantidaki 2016:
180-213), but it should be noted that it is not possible to
prove a direct continuation of this form from the Bronze

Age to later Antiquity.

Specific forms for specific techniques?
Cuboid and crescent-shaped loom
weights

Despite the functional relation between the form
of a loom weight and the structure and appearance of a
woven fabric, certain forms of the loom weights, e.g.
crescents and four-holed cubes, have been acknowledged
especially expedient for specific weaving techniques
(on the crescent-shaped weights, ¢f Lassen 2013; 2015;
Ulanowska 2018; Gromer forthcoming; on the cuboid
weights, ¢f. Carington Smith 1975: 186-187, 294; Burke
2010: 60; Ulanowska forthcoming).

The cuboid weights with four perforations appeared
first in the Middle Neolithic stratum at Knossos on Crete
(Evans 1964: 180, PL. 56.2, 57.2; Carington Smith 1975:
185-186). Continuation in the use of this form from the
Middle Neolithic to the Middle and Late Bronze Age
in Crete has been regarded possible (Carington Smith
1975: 186; Evely 2000: 498; Burke 2010: 59). The use of
the cuboid weights as tablets in tablet weaving has been
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primarily suggested on the basis of the number of perfo-
rations (Carington Smith 1975: 186-187). Generally, the
cuboid form demonstrates functional parameters similar
to the spherical loom weights (Firth 2015: 176) and is
optimal for weaving balanced or weft-faced fabrics.*

Crescent-shaped weights

Based on experimental archaeology, several specific
uses of the crescent-shaped weights have been suggested.
Inter alia, they have been recognised as tools suitable for
creating an off-loom device for band weaving made of
two crescents and heddles (Feldtkeller 2003; Gromer
2006; 2016: 100, Fig. 51; 2018; Ulanowska 2018). They
have also been considered practical as possible weights
tensioning warps on a twining frame. In this case, the
crescent-shaped weights, while being turned around their
axes, twined the warp threads they tensioned (Grémer

2018).

The crescent-shaped loom weights have been
acknowledged as practical for making tabby and
twill weaves in weaving on the warp-weighted loom
(Cornaggia Castiglioni 1964; Baioni ez /. 2003; Lassen
2013; 2014; Ulanowska 2018). In both techniques, each
crescent-shaped weight tensions two layers of warp
threads. For the 2/2 or 3/1 twill weaves and four layers
of warp threads, two sets of the crescent-shaped weights
are required (Lassen 2013; 2015) (Fig. 5). For the 2/1
twill and three layers of warp threads, one set of the cres-
cents should be combined with another type of a loom
weight that is tensioning the front layer of warp threads,
i.e. the one hanging over the shed bar (Firth 2015: 181;
Ulanowska 2018) (see Fig. 5).

In Greece, only a few crescent-shaped weights
have been discovered in contexts dating to the Early
Bronze Age, with the largest number recorded at Tiryns
(¢f Siennicka 2012: 70; Rahmstorf ez al 2015: 272).
Although it is impossible to say with certainty for what

Fig. 5. Crescent-shaped weights used as loom weights in the setup for tabby and twill: 2/1 twill in combination with spherical eights;

3/1 and 2/2 twill (photos by the author and K. Zebrowska).

# In my unpublished weaving experiments with the cuboid loom
weights, I used them to weave open tabbies (by setting up one
row of large cuboid weights for tensioning the front and back
warp layers simultaneously, and by setting up two rows of small
weights for the front and back warp layers separately). They were
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also used for twill weaves (small weights, 2/2 goose eye twill).
They also appeared practical when used as tablets, however, ac-
cording to our experience, turning more than four small unsup-
ported cuboid weights cannot be controlled securely. Braiding
with two or four small cubes was very effective and simple.
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Fig. 6. The manner of suspension
and the use-wear marks on

the copies of the crescent-shaped
weights from Tiryns used for tabby
and twill weaving (photos by the
author, M. Bogacki, and M. Dabski).

textile technique these crescent-shaped weights were
used, the archaeological context of the crescent-shaped
weights found iz situ in Demircihiiyiik, in Early Bronze
Age Anatolia (Korfmann 1981: 33-34, Fig. 45), indicates
that the crescent-shaped weights were indeed used as
loom weights, most probably for 2/1 twill weaving (cf°
Lassen 2013; 2015; Firth 2015: 181-186). The observed
use-wear marks on the actual weights from Tiryns, and
their copies used in experimental weaving carried out by
the author, additionally imply that these tools functioned
as loom weights (Ulanowska 2018) (Fig. 6). However, no
difference in use-wear that may reflect the type of weave
produced, e.g. tabby or twill, has been observed on the
copies of the tools.

Potential use of other types of looms

An apparent lack or noticeably reduced number of
loom weights in archaeological contexts dating to the
Middle and Late Bronze Age on the Greek mainland, and
prior to the Middle and Late Bronze Age in the south-
ern Aegean, suggests diachronic and regional variability
in the use of the warp-weighted loom in Bronze Age
Greece. This may imply that other types of looms might
have been known and used at this time (¢f Andersson
Strand, Nosch 2015b; Cutler 2016a). But it also suggests
that the warp-weighted loom technology may have been
temporarily neglected and then again adopted in several
regions of Greece (¢f Cutler 2016a).

The use of different types of looms has been attested
in many societies of the past (¢f Broudy 1979; Andersson
Strand 2018). Thus, in the Late Bronze Age, the horizon-
tal ground loom and the vertical two-beam loom were
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used simultaneously in Egypt, albeit by different weavers

who, it is assumed, would have specialised in producing
different types of textiles (Broudy 1979: 38-47; Barber
1991: 83-91, 113-116; Andersson Strand 2018). However,
according to E. Andersson Strand and M.-L. Nosch,
the Neolithic depiction of possibly two different looms
on a bowl from Badari may suggest that the use of two
implements beside each other goes back to much earlier
times (Andersson Strand, Nosch 2015b: 362). The simul-
taneous use of different types of looms, e.g. the horizontal
ground loom and the vertical loom, as well as possibly
the warp-weighted loom or the two-beam loom, has also
been discussed in regard to Bronze Age Mesopotamia
(Breniquet 2008: 140149, 157-166, 175180, 297-303,
326-328).

Although in Bronze Age Greece no direct evidence
suggesting any other specific type of loom has been dis-
covered, the horizontal ground loom and the two-beam
loom are considered possible choices (Carington Smith
1975: 403-410; Tzachili 1990: 386; Pavik 2012: 123-126;
Andersson Strand, Nosch 2015b: 362). Both implements
were in use in the neighbouring areas that were con-
nected with Bronze Age Greece via networks of various
economical and socio-political contacts (¢f” Antoniadou,
Pace 2007).

A potential use of a type of the horizontal loom
has also been proposed in relation to numerous finds
of spools or reels from mainland Greece and the north-
central Aegean dated to the Middle Bronze Age
(Carington Smith 1975: 403-410; Pavuk 2012: 123—
126; Cutler 2016a: 174; Siennicka, Ulanowska 2016:
33). According to J. Carington Smith, a special kind

of a spool which is characterised by a narrow waist and



Acata ULANOWSKA

flaring ends may serve as a part of didorpes — a device
for measuring equal lengths of the warp threads that are
required for setting up the horizontal loom (Carington
Smith 1975: 404405, 408—409). The potential use of
the vertical two-beam loom has been specifically dis-
cussed in regard to sail production at Akrotiri (Tzachili
1999: 859; ¢f. Tzachili 2007: 192) and the introduction
of the technique of tapestry (Andersson Strand, Nosch
2015b: 362; ¢f Broudy 1979: 44—47; Barber 1991: 158;
Smith 2012; 2013).

Organisational modes of textile
production

By analysing particular components of textile pro-
duction, e.g. its location and intensity, surplus, stan-
dardisation of tools and products, specialisation of pro-
duction, efc., various modes of production have been
distinguished (¢f” Costin 1991; 2005; 2007; Andersson
2003; Andersson Strand 2011; Andersson Strand, Heller
2016). These defined modes, such as household, individ-
ual, or embedded production, individual specialisation,
also ritual production, and finally attached production
controlled by palaces, proved to be useful in analysing
archaeological and textual evidence from Bronze Age
Greece (Ulanowska, Siennicka forthcoming). However,
even when specific evidence indicates a certain mode of
production, the dynamics of organisation of textile pro-
duction cannot be seen as linear, evolutionary develop-
ments. On the contrary, several modes of production,
while being complex, multifarious, and largely overlap-
ping processes, may have coexisted at the same time
(Ulanowska, Siennicka forthcoming). What may be sug-
gested, however, is a diachronically increasing scale of
textile production, with the assumed peak represented by
the industrial level of textile production controlled by the
Mycenaean palaces (¢ff Barber 1991; Burke 2010; Nosch
2014; Rougemont 2014).

The question whether and how a specific produc-
tion mode and the social relations related to it may have
prompted creativity and technical innovations in weav-
ing lies beyond the scope of this paper (¢f- Gorogianni ez
al. 2015; Cutler 2016a). Moreover, since the possible in-
novations in weaving technology may only exceptionally
be attributed to a certain site or loci, the available data
for attributing a specific innovation to a specific produc-
tion mode and a specific social context seems generally
insufficient.

However, if the discoid loom weights were indeed in-
troduced at Myrtos Phournou Koriphi on Crete, this in-
novation may possibly be related to the household mode
of production or to household industry, i.e. the mode in
which production is still undertaken on the household
basis but exceeds the needs of producers (for textile pro-
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duction components and social relations at Myrtos, cf
Warren 1972; Whitelaw 1983; 2007; for household and
household industry mode of production, ¢f Andersson
2003: 47, Fig. 1; Andersson Strand 2007: 151-152).

Moreover, the wide distribution of the discoid loom
weights throughout the southern Aegean in the Middle
and the early Late Bronze Age may be tracked chrono-
logically. As J. Cutler has demonstrated, the weights
at first appeared at Aghia Irini, Kolona, Ialysos, and in
the northern part of Rhodes, Miletus, and Lerna (early
Middle Bronze Age). They then appeared at Phylakopi
and Liman Tepe (MBA), at Koukonisi and Akrotiri (late
MBA), at Kastri, lasos, and Vathy Cave on Kalymnos
(at the transition from the Middle to the Late Bronze
Age), and finally in the Late Bronze Age at Teichioussa
and Cesme-Baglararasi (early LBA 1), at Serraglio on
Kos, Heraion on Samos, and possibly on Anitikythera,
Naxos, and Karpathos (later phases of LBA 1) (Cutler
2016a: 175). The overall timespan of their spread may
thus be estimated to a period of ¢. 250 years, which cor-
responds roughly to ¢. 10 generations, starting from the
moment of the first appearance of these loom weights
outside Crete.

Since the discoid loom weights were also found in
large concentrations, the transmission of these weights
may have reflected an increasing scale of production. Yet,
at some sites, e.g. at Phylakopi on Melos, only a few dis-
coid loom weights were discovered suggesting that the
adoption of new weaving techniques could have been on
a limited scale (Cutler 2016a: 175-176, 181). Thus, the
archaeological context of the discoid loom weights, e.g
Northern Sector at Aghia Irini, Kea (Gorogianni ez al.
2015), may suggest a household industry as well as more
complex modes of organisation of production, e.g. in
the Loom Weight Basement at Knossos (¢f” Burke 2010:
57-58) and at four houses at Akrotiri: West House and
Complexes A, B, and A (¢f Tzachili 1990; 1997: 190-192;
Karnava 2008; Tzachili ez a/. 2015; Cutler 2016a: 175-
176; Hitchcock 2016).

Therefore, the transmission of the discoid loom
weights could have possibly been connected with the
production of technically similar, perhaps standardised
fabrics, undertaken within various modes of produc-
tion, such as household, as well as, for instance, work-
shop production for trade, individual specialisation,
or even attached production (¢f Andersson 2003: 47,
Fig. 1; Andersson Strand 2007: 151-152; Cutler 2016a;
Ulanowska, Siennicka forthcoming). As suggested
by J. Cutler, the fabrics woven with the discoid loom
weights may have had a ‘Cretan-like’ visual appearance
and reflected a desire to copy ‘Cretan’ cloth worn by
the Minoans and by the local elites at a later date. Yet,
since more types of loom weights were in use on Crete
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and, presumably, more diversified fabrics were produced,
Minoan weaving technology was only partially adopted

outside Crete (Cutler 2016a: 176-178, 181).

Conclusions

Although the available evidence does not allow the
reconstruction of any detailed outline of technical de-
velopments in weaving throughout the Bronze Age in
Greece, certain technical innovations may be recognised
and placed geo-chronologically within a time scale.

The conservative, traditional character of weaving
has been suggested by the continued use of the warp-
weighted loom from the Neolithic throughout the entire
Bronze Age to the Iron Age, Classical Greece, and later.
However, the presence of loom weights in archaeologi-
cal contexts provides convincing evidence for such an
uninterrupted weaving tradition only on Crete. At sev-
eral sites of mainland Greece, the warp-weighted loom
technology may have been rejected for ¢. 700 years, with
a possible break dating from the end of the Early Bronze
Age to the Late Bronze Age II (¢f Cutler 2016a: 178).°
In the southern Aegean, however, the warp-weighted
loom technology may have only appeared at the end of
the Middle Bronze Age together with the discoid loom
weights. Potential re-introduction of the warp-weighted
loom technology in the areas where it was already in use
demonstrates that, in the longue durée, once acquired
and adopted weaving traditions could be rejected and
acquired again according to, for example, the technical,
economic, cultural, or aesthetic choices of the craftspeo-
ple or the organisers of production and their customers.

The temporal ratio of the transmission of the discoid
loom weights and warp-weighted loom technology into
the southern Aegean, counted in years and generations,
suggests that this innovative ‘package’ has been acquired
at a slow speed. However, according to my teaching ex-
perience,® the warp-weighted loom technology is not
very difficult to acquire, since it does not require any
specific manual dexterity. Again, based on my experi-
ence, I would suggest that a period between three to six
months would be enough to acquire some proficiency in
weaving tabbies by modern and unexperienced novices.
More time would be required to weave twills and pat-
terned textiles, e.g. with a supplemental weft. Thus, the

> For a possible use of spools as loom weights, ¢f Cutler 2016a;
Siennicka, Ulanowska 2016.

¢'This observation is based, at present (i.e. May 2018), on my
seven years experience in academic teaching about textile
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long period of transmission of the new weaving tech-
niques seems to reflect socio-cultural and economic pro-
cesses, such as the speed of the mobility of individual
weavers and culturally-biased (un)willingness to acquire
a new technology, rather than the time required for the
mere transfer of the new weaving skills.

The invention of a new functional form of loom
weight, i.e. the discoid loom weight, may be seen as one
of the most successful and long lasting innovations in
weaving dated to the Aegean Bronze Age. This innova-
tion reflects not only the need for finer and denser, and
perhaps standardised, textiles, but also the high expedi-
ency of the discoid weights in the warp-weighted loom
technology. The technical success of the discoid loom
weights may be analysed further to explain the engender-
ing of the craft of weaving, the social processes standing
behind the transmission of textile knowledge and skills,
and the general mechanism of acculturation (¢f Cutler
2012; 2013; 2016a; Gorogianni ez al. 2015).

On the other hand, the limited distribution of the
crescent-shaped weights in the Early Bronze Age may be
seen as a reflection of a rejected innovation that, despite
the potential (multi)functionality of these tools, was
seemingly not much appreciated or required.

Except for the changes in the form of loom weights,
potential modifications of the loom itself, e.g. its con-
struction and size, are not traceable through time.

The suggested introduction of other types of looms
may have been another important technical innovation,
yet it is difficult to date. If spools with narrow waists and
flaring ends could indeed be related to the use of the
horizontal loom, this innovation must have been quite
widespread in Middle Bronze Age mainland Greece and
the Aegean. The potential introduction of the two-beam
loom cannot be related to any specific area. Technically, it
may have accompanied the transmission of more sophis-
ticated weaving techniques, such as tapestry, and thus
could possibly be dated, like in Egypt, to the first half
of the Late Bronze Age (¢f- Broudy 1979: 44—46; Barber
1991: 157-162).

This paper aimed at recognising possible innovations
in weaving technology based on archaeological evidence
combined with experimental archaeology. However, the
phenomenon of the embodiment and transmission of
innovations may be analysed in a broader socio-cultural
context (¢f Cutler 2012; 2016a; Gorogianni er al. 2015).
The wide adaptation of certain textile techniques, or

technology and hands-on experience in weaving on the warp-
weighted loom with ¢. 116 students of archaeology and scholars.
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certain types of fabrics, may reflect the transmission of
fashion and a specific cloth or textile culture (¢f Cutler
2016a: 176-177). The term “cloth culture”, originally
coined by S. Harris (2012: esp. 62—63), now encompasses
the practical use of fibres, skins, and textiles, as well as the
cultural preferences for specific raw materials, cloths and
fabrics, aesthetics, and values (Harris 2012; Gleba 2017:

cal ‘package’, comprising the mobility of the craftspeople
with specific textile knowledge and skills, tools, and pos-
sibly raw materials, was an inevitable part of the process
of Minoanisation (¢f’ Gorogianni 2016; Gorogianni et al.
2016). However, other possible patterns of the transmis-
sion of weaving techniques, to be traced on the basis of
archaeological evidence, cannot be presently related to

esp. 1206). It seems that the transmission of a technologi- any specific socio-cultural contexts.

Bibliography:
Abbreviations:

KOSMOS — Nosch M.-L., Laffineur R.R. (eds) 2012 KOSMOS. Jewellery, Adornment, and Iextiles in the Aegean Bronze Age.
Proceedings of the 13* International Aegean Conference, University of Copenhagen, Danish National Research Foundation’s Centre
Jfor Textile Research, 21-26 April 2010, Aegaeum 33, Leuven, Liege.

TTC- Andersson Strand E., Nosch M.-L. (eds) 2015a Tools, Textiles and Contexts. Investigating Textile Production in the Aegean and
Eastern Mediterranean Bronze Age, Ancient Textiles Series 21, Oxford, Philadelphia.

Andersson E. 2003 Textile production in Scandinavia during the Viking Age, (in:) L. Bender Jorgensen, J. Banck-Burgess, A. Rast-
Eicher (eds), Textilien aus Archiologie und Geschichte. Festschrift fiir Klaus Tidow, Neumiinster, 46-62.

Andersson E. 2007 Engendering central places: some aspects of organization of textile production during the Viking Age,
(in:) A. Rast-Eicher, R. Windler (eds), Archiologische Textilfunde. Archaeological Textiles, North European Symposium for
Aarchacological Textiles IX, Ennenda, 148-153.

Andersson Strand E. 2011 Tools and textiles — Production and organisation in Birka and Hedeby, (in:) S. Sigmundsson (ed.), Viking
Settlements and Viking Society. Papers from the Proceedings of the Sixteenth Viking Congress, Reykjavik and Reykholt, 16%-234
August 2009, Reykjavik, 1-17.

Andersson Strand E. 2015 From tools to textiles, concluding remarks, (in:) 77C, 139-144.

Andersson Strand E. 2018 Early loom types in ancient societies, (in:) M. Siennicka, L. Rahmstorf, A. Ulanowska (eds), First
Textiles. The Beginnings of Textile Manufacture in Europe and the Mediterranean. Proceedings of the EAA Session Held in Istanbul
(2014) and the First Textiles’ Conference in Copenhagen (2015), Ancient Textiles Series 32, Oxford, Philadelphia, 17-29.

Andersson Strand E., Heller S.-G. 2016 Production and distribution, (in:) S.-G. Hellers (ed.), A Cultural History of Dress and
Fashion in the Medieval Age, London, Oxford, New York, New Dehli, Sydney, 29-52.

Andersson Strand E., Nosch M.-L. (eds) 2015a = T7C.

Andersson Strand E., Nosch M.-L. 2015b Summary of results and conclusions, (in:) 77C, 351-383.

Andersson Strand E., Nosch M.-L. 2015¢ Introduction to the CTR database, (in:) 77C, 145-152.

Antoniadou S., Pace A. (eds) 2007 Mediterranean Crossroads, Athens.

Aslanis 1. 1985 Kastanas. Die Friihbronzezeitlichen Funde und Befunde, Prihistorische Archiologie in Stidosteuropa 4, Berlin.

Baioni M., Borello M.A.,, Feldkeller A., Schlichtherle H. 2003 I pesi reniformi e le fusaiole piatti decorate della Cultura della
Lagozza. Cronologia, distribuzione georgafica e sperimentazioni, (in:) M. Bazzanella, A. Mayr, K. Moser, A. Rast-Eicher
(eds), Textiles. Intercci e tessuti dalla preistoria europea. Catalogo della mostra tenutasi a Riva del Garda La Rocca dal 24 maggio
al 19 ottobre 2003, Trento, 99-109.

Barber E.J.W. 1991 Prehistoric Textiles. The Development of Cloth in the Neolithic and Bronze Ages with Special Reference to the Aegean,

Princeton.
Bender Jorgensen L., Rast-Eicher A. 2016 Innovations in European Bronze Age textiles, Pribistorische Zeitschrift 91(1), 68-102.

Bender Jorgensen L., Sofaer J., Stig Serensen M.L. (eds) 2018 Creativity in the Bronze Age. Understanding Innovation in Pottery,
Textile and Metalwork Production, Cambridge.

68



INNOVATIVE OR TRADITIONAL? DIACHRONIC APPROACH TO WEAVING TECHNOLOGY IN BRONZE AGE GREECE

Breniquet C. 2008 Essai sur le tissage en Mésopotamie des premiéres communautés sédentaires au milieu du IIIF millénaire avant J.-C.,
Travaux de la Maison René-Ginouves 5, Paris.

Breniquet C., Michel C. (eds) 2014 Woo/ Economy in the Ancient Near East and the Aegean. From the Beginnings of Sheep Husbandry
to Institutional Textile Industry, Ancient Textiles Series 17, Oxford, Philadelphia.

Broudy E. 1979 The Book of Looms. A History of the Handloom from Ancient Times to the Present, Hanover, London.
Brunn-Lundgren M., Andersson Strand E., Hallager E. 2015 Textile tools from Khania, Crete, Greece, (in:) 77C, 197-206.

Brysbaert A. 2017 Artisans versus nobility? Crafting in context: introduction, (in:) A. Brysbaert, A. Gorgues (eds), Artisans Versus
Nobility? Multiple Identities of Elites and ‘Commoners Viewed through the Lens of Crafting from the Chalcolithic to the Iron Ages
in Europe and the Mediterranean, Leiden, 13-36.

Burke B. 1997 The organization of textile production on Bronze Age Crete, (in:) R. Laffineur, P. Betancourt (eds), TEXNH,
Crafismen, Crafiswomen and Crafismanship in the Aegean Bronze Age, Proceedings of the 6" International Aegean Conference
Philadelphia, Temple University, 18-21 April 1996, Aegaeum 16, Liege, Austin, 413—-422.

Burke B. 2010 From Minos to Midas: Ancient Cloth Production in the Aegean and in Anatolia, Ancient Textiles Series 7, Oxford,
Oakville.

Burmeister S. 2017 Innovation as a possibility. Technological and social determinism in their dialectical resolution, (in:)
S. Burmeister, R. Bernbeck (eds), 7he Interplay of People and Technologies, Archaeological Case Studies on Innovation, Berlin,
21-42.

Burmeister S., Bernbeck R. (eds) 2017 The Interplay of People and Technologies, Archacological Case Studies on Innovation, Berlin.

Carington Smith J. 1975 Spinning, Weaving and Textile Manufacture in Prehistoric Greece — From the Beginning of the Neolithic to
the End of the Mycenaean Ages; With Particular Reference to the Evidence Found on Archaeological Excavations, unpublished PhD
thesis, University of Tasmania.

Cheval C. 2008 Protohistoric weaving, the Minoan loom-weights: A first approach, (in:) C. Alfaro, L. Karali (eds), Vestidos, Textiles
y Tintes. Estudios sobre la produccion de bienes de consumo en la Antigiiedad. Actas del II Symposium Internacional sobre Textiles
y Tintes del Mediterrineo en el mundo antiguo (Atenas, 24 al 26 de noviembre, 2005), PURPUREAE VESTES II. Iextiles and
Dyes in Antiquity, Valencia, 19-24.

Cornaggia Castiglioni O. 1964 I “reniformi” della Lagozza. Origine e distribuzione eurasica dei pesi da telaio con fori apicali con-
trapposti, (in:) Societa archeologica comense (eds), Comum. Miscellanea di scritti in onore di Federico Frigerio, Como, 129-185.

Costin C.L. 1991 Craft specialization: Issues in defining, documenting, and explaining the organization of production, Archacological
Method and Theory 3, 1-56.

Costin C.L. 2005 Craft production, (in:) H.D.G. Maschner, Ch. Chippindale (eds), Handbook of Methods in Archaeology, Lanham
MD, 1032-1105.

Costin C.L. 2007 Thinking about production: Phenomenological classification and lexical semantics, Archaeological Papers of the
American Anthropological Association 17, 143-162.

Cutler J. 2012 Ariadne’s thread: the adoption of Cretan weaving technology in the wider southern Aegean in the mid-second
millennium B.C., (in:) KOSMOS, 145-154.

Cutler J. 2014 The fabric of Minoanization: textiles, the transmission of craft knowledge and social dynamics in the Bronze Age
Southern Aegean, The Mycenaean Seminar 2013—2014, Bulletin of the Institute of Classical Studies University of London, 138-139.

Cutler J. 2016a Fashioning identity: Weaving technology, dress and cultural change in the Middle and Late Bronze Age southern
Aegean, (in:) E. Gorogianni, P. Pavik, N. Girella (eds), Beyond Thalassocracies. Understanding Processes of Minoanisation and
Mycenaeanisation in the Aegean, Oxford, Philadelphia, 172-185.

Cutler J. 2106b Producing textiles: The evidence from the textile tools, (in:) M. Tsipopoulou (ed.), Petras, Siteia I. A Minoan
Palatial Settlement in Eastern Crete. Excavation of Houses 1.1 and 1.2, Philadelphia, 175-184.

Del Freo M., Nosch M.-L., Rougemont E 2010 The terminology of textiles in the Linear B tablets, including some considerations
on Linear A logograms and abbreviations, (in:) C. Michel, M.-L. Nosch (eds), Zextile Terminologies in the Ancient Near East
and the Mediterranean from the Third to the First Millenia BC, Ancient Textiles Series 8, Oxford, Oakville, 338-373.

Desrosiers S. 2010 Textile terminologies and classifications: Some methodological and chronological aspects, (in:) C. Michel,
M.-L. Nosch (eds), Zextile Terminologies in the Ancient Near East and the Mediterranean from the Third to the First Millennia
BC, Ancient Textiles Series 8, Oxford, Oakville, 23-51.

69



Acata ULANOWSKA

Elster E.S., Andersson Strand E., Nosch M.-L., Cutler J. 2015 Textile tools from Sitagroi, northern Greece, (in:) 77C, 299-308.

Evans ].D. 1964 Excavations in the Neolithic settlement of Knossos, 1957—60. Part I, 7he Annual of the British School at Athens
59, 132-240.

Evely R.D. 2000 Minoan Crafis: Tools and Techniques. An Introduction, Vol. 11, Studies in Mediterranean Archacology 92(2),

Jonsered.
Feldtkeller A. 2003 Nierenformige Webgewichte — wie funktionieren sie?, Archaeological Textiles Newsletter 37, 16-18.
Firth R. 2015 Mathematical analysis of the spindle whorl and loom weight data in the CTR database, (in:) 77C, 153-190.
Gleba M. 2017 Tracing textile cultures of Italy and Greece in the early first millennium BC, Antiguity 91(359), 1205-1222.

Gorogianni E. 2016 Keian, Kei-noanised, Kei-cacanised? Interregional contact and identity in Ayia Irini, Kea, (in:) E. Gorogianni,
P. Paviik, N. Girella (eds), Beyond Thalassocracies. Understanding Processes of Minoanisation and Mycenaeanisation in the Aegean,
Oxford, Philadelphia, 136-154.

Gorogianni E., Cutler J., Fitzsimons R.D. 2015 Something old, something new: Non-local brides as catalysts for cultural exchange
at Ayia Irini, Kea, (in:) C. Stampolidis, C. Maner, K. Kopanias (eds), Nostoi: Indigenous Culture, Migration and Integration in
the Aegean Islands and Western Anatolia during the Late Bronze Age and Early Iron Age, Istanbul, 889-921.

Gorogianni E., Paviik P, Girella N. (eds) 2016 Beyond Thalassocracies. Understanding Processes of Minoanisation and Mycenaeanisation
in the Aegean, Oxford, Philadelphia.

Gromer K. 2006 Vom Spinnen und Weben, Flechten und Zwirnen. Hinweise zur neolithischen Textiltechnik an &sterreichischen
Fundstellen, (in:) A. Krenn-Leeb, K. Gromer, P. Stadler (eds), Ein Léicheln fiir die Jungsteinzeit. Ausgewihlte Beitrige zum
Neolithikum Ostosterreichs. Festschrift fiir Elisabeth Ruttkay, Archiologie Osterreichs 17.2, 177-192.

Gromer K. 2016 The Art of Prebistoric Textile Making. The Development of Craft Traditions and Clothing in Central Europe,
Veréffentlichungen der Prihistorischen Abteilung 5, Vienna.

Gromer K. 2018 Late Neolithic weaving tools from Melk-Spielberg in Austria. Experiments with crescent-shaped loom weights,
(in:) M. Siennicka, L. Rahmstorf, A. Ulanowska (eds), First Textiles. The Beginnings of lextile Manufacture in Europe and the
Mediterranean, Proceedings of the EAA Session Held in Istanbul (2014) and the First Textiles’ Conference in Copenhbagen (2015),
Ancient Textiles Series 32, Oxford, 117-128.

Harris S. 2012 From the parochial to the universal: comparing cloth cultures in the Bronze Age, European Journal of Archaeology
15(1), 61-97.

Hitchcock L.A. 2016 Entangled threads: Who owned the West House at Akrotiri?, Journal of Prebistoric Religion XXV, 18-34.

Hoffmann M. 1964 (=second edition 1974) The Warp-Weighted Loom, Studies in the History and Technology of an Ancient Implement,
Oslo, Bergen, Tromse.

Hollenback K.L., Schiffer M.B. 2010 Technology and material life, (in:) D. Hicks, M. Beaudry (eds), 7he Oxford Handbook of
Material Culture Studies, Oxford, 313—-332.

Jeffra C. 2017 The Archaeological Study of Innovation: An Experimental Approach to the Pottery Wheel in Bronze Age Crete and Cyprus,
unpublished PhD thesis, University of Exeter.

Jones B.R. 2015 Ariadnes Threads: The Construction and Significance of Clothes in the Aegean Bronze Age, Aegacum 38, Leuven,
Liége.

Karnava A. 2008 Written and stamped records in the Late Bronze Age Cyclades: the sea journeys and administration, (in:) N.
Brodie, J. Doole, G. Gavalas, C. Renfrew (eds), Horizon. Opilwv. A Colloquium on the Prebistory of the Cyclades, McDonald
Institute Monographs — Stavros Niarchos Foundation, Cambridge, 377-386.

Killen J.T. 2007 Cloth production in Late Bronze Age Greece: the documentary evidence, (in:) C. Gillis, M.-L.B. Nosch (eds),
Ancient Textiles: Production, Craft and Society: Proceedings of the First International Conference on Ancient Textiles, Held at Lund,
Sweden, and Copenhagen, Denmark, on March 19-23, 2003, Ancient Textiles Series 1, Oxford, 50-58.

Korfmann M.O. 1981 Demircibiiyiik. Die Ergebnisse der Ausgrabungen 1975-1978.1. Architektur, Stratigraphie und Befunde, Mainz.

Kremer Ch. 2017 The spread of purple-dyeing in the Eastern Mediterranean — a transfer of technological knowledge?, (in:)
H. Landenius Enegren, E Meo (eds), Treasures from the Sea. Sea Silk and Shellfish Purple Dye in Antiquity, Ancient Textiles
Series 30, Oxford, Philadelphia, 96-108.

Kristiansen K. 2005 Innovation and invention — independent event or historical process?, (in:) C. Renfrew, P Bahn (eds),
Archaeology: The Key Concepts, London, New York, 113-116.

70



INNOVATIVE OR TRADITIONAL? DIACHRONIC APPROACH TO WEAVING TECHNOLOGY IN BRONZE AGE GREECE

Lassen A.W. 2013 Technology and palace economy in Middle Bronze Age Anatolia: the case of the crescent shaped loom weight,
(in:) M.-L. Nosch, H. Koefoed, E. Andersson Strand (eds), Zextile Production and Consumption in the Ancient Near East.
Archaeology, Epigraphy, Iconography, Ancient Textiles Series 12, Oxford, Oakville, 78-92.

Lassen A.W. 2015 Weaving with crescent shaped loom weights. An investigation of a special kind of loom weight, (in:) 77C,
127-137.

Lawall M.L. 2014 Transport amphoras and loomweights: integrating elements of ancient Greek economies?, (in:) M. Harlow,
M.-L. Nosch (eds), Greek and Roman Textiles and Dress. An Interdisciplinary Anthology, Ancient Textiles Series 18, Oxford,
Philadelphia, 150-189.

Manning S.W. 2010 Chronology and terminology, (in:) E.H. Cline (ed.), 7he Oxford Handbook of the Bronze Age Aegean, New
York, 11-28.

Mirtensson L., Nosch M.-L., Andersson Strand E. 2009 Shape of things: understanding a loom weight, Oxford Journal of
Archaeology 28(4), 373—-398.

Mauel S. 2009 Die Spinnwirtel und Webgewichte der bronze- und eisenzeitlichen Siedlung von Kastanas. Zur ITéxtilproduktion
Nordgriechenlands im 2. vorchristlichen Jahrtausend, unpublished MA thesis, University of Copenhagen.

Mauel S. 2012 Summarizing results of a new analysis of the textile tools from the Bronze Age settlement of Kastanas, Central
Macedonia, (in:) KOSMOS, 139-144.

Militello P. 2007 Textile industry and Minoan palaces, (in:) C. Gillis, M.-L.B. Nosch (eds), Ancient Textiles: Production, Craft and
Society: Proceedings of the First International Conference on Ancient Textiles, Held at Lund, Sweden, and Copenhagen, Denmartk,
on March 19-23, 2003, Ancient Textiles Series 1, Oxford, 36—45.

Militello P. 2012 New evidence for textile activity in Phaistos and Ayia Triada, (in:) M. Andrianakis, P Varthalitou, I. Tzachili (eds),
Archaiologiké érgo Kritis. Praktikd tis 2is Syndntisis, Réthymno, 26-28 Noemvrioy 2010 (Apyaioloyiké épyo Kpine. Hpoxtixd
¢ 2n¢ Zvvavenong, PéOvpvo, 26-28 Noeufpiov 2010), Rethymno, 203-212.

Militello P, Andersson Strand E., Nosch M.-L., Cutler J. 2015a Textile tools from Ayia Triada, Crete, Greece, (in:) 77C, 207-214.
Militello P, Andersson Strand E., Nosch M.-L., Cutler J. 2015b Textile tools from Phaistos, Crete, Greece, (in:) 77C, 215-228.

Moulhérat Ch., Spantidaki Y. 2007 Preliminary results from the textiles discovered in Santorini, (in:) A. Rast-Eicher, R. Windler
(eds), Archiologische Textilfunde. Archaeological textiles, North European Symposium for Archaeological Textiles IX, Ennenda,
49-52.

Nosch M.-L. 2012 The textile logograms in the Linear B tablets: Les idéogrammes archéologiques — des textiles, (in:) P. Carlier,
C. de Lamberterie, M. Egetmeyer, N. Guilleux, E Rougemont, J. Zurbach (eds), Etudes mycéniennes 2010. Actes du XIII
colloque international sur les textes égéens, Sévres, Paris, Nanterre, 20-23 septembre 2010, Biblioteca di Pasiphae X, Pisa, Roma,
303-346.

Nosch M.-L. 2014 Mycenaean wool economies in the later part of the second millennium BC Aegean, (in:) C. Breniquet,
C. Michel (eds), Wool Economy in the Ancient Near East and the Aegean. From the Beginnings of Sheep Husbandry to Institutional
Textile Industry, Ancient Textile Series 17, Oxford, Philadelphia, 371-400.

Nosch M.-L. 2015 The Wool Age: Traditions and innovations in textile production, consumption and administration in the
Late Bronze Age Aegean, (in:) J. Weilhartner, E Ruppenstein (eds), Tradition and Innovation in the Mycenaean Palatial
Polities. Proceedings of an International Symposium held at the Austrian Academy of Sciences, Institute for Oriental and European
Archaeology, Aegean and Anatolia Department, Vienna, 1-2 March, 2013, Mykenische Studien 34, Vienna, 167-201.

Olofsson L., Andersson Strand E., Nosch M.-L. 2015 Experimental testing of Bronze Age textile tools, (in:) 77C, 75-100.

Papadopoulou E., Andersson Strand E., Nosch M.-L., Cutler J. 2015 Textile tools from Archontiko, northern Greece, (in:) 77C,
293-298.

Paviik P 2012 Of spools and discoid loom-weights: Aegean-type weaving at Troy revisited, (in:) KOSMOS, 121-130.
Petrakis V.P. 2012 ‘Minoan’ to ‘Mycenaean’: thoughts on the emergence of the Knossian textile industry, (in:) KOSMOS, 77-86.

Poursat J.-C., Rougemont E, Cutler J., Andersson Strand E., Nosch M.-L. 2015, Textile tools from Quartier Mu, Malia, Crete,
Greece, (in:) TTC, 229-242.

Quercia A., Foxhall L. 2014 Temporality, materiality and women’s networks: The production and manufacture of loom weights in
the Greek and indigenous communities of southern Italy, (in:) K. Rebay-Salisbury, A. Brysbaert, L. Foxhall (eds), Knowledge
Networks and Craft Traditions in Ancient World. Material Crossovers, New York, London, 62-82.

71



Acata ULANOWSKA

Rahmstorf L., Siennicka M., Andersson Strand E., Cutler J. 2015 Textile tools from Tiryns, mainland Greece, (in:) 77C, 267-278.

Rougemont E 2014 Sheep rearing, wool production and management in Mycenaean written documents, (in:) C. Breniquet,
C. Michel (eds), Wool Economy in the Ancient Near East and the Aegean. From the Beginnings of Sheep Husbandry to Institutional
Textile Industry, Ancient Textiles Series 17, Oxford, Philadelphia, 340-370.

Sakellarakis J.A., Sapouna-Sakellaraki E. 1991 Archanes, Athens 1991.

Shaw M.C., Chapin A.P. 2016 Woven Threads. Patterned Iextiles of the Aegean Bronze Age, Ancient Textiles Series 22, Oxford,
Philadelphia.

Siennicka M. 2012 Textile production in Early Helladic Tiryns, (in:) KOSMOS, 65-76.

Siennicka M. forthcoming Craftspeople, craftsmanship and textile production in the Early Bronze Age Greece, (in:) K. Sarri,
L. Quillien (eds), Textile Workers. Skills, Labour and Status of Iextile Crafispeople Between Prebistoric Aegean and Ancient
Near East. Proceedings of the Workshop Held at the 10* ICAANE, 25 April 2016, Vienna, Oriental and European Archaeology

International Series.

Siennicka M., Ulanowska A. 2016 So simple yet universal. Contextual and experimental approach to clay ‘spools’ from Bronze
Age Greece, (in:) J. Ortiz, C. Alfaro, L. Turell, M*]. Martinez (eds), Zéxtiles, Basketry and Dyes in the Ancient Mediterranean
World. extiles, Cesteria y Tintes en el mundo mediterrdneo antiguo. Proceedings of the Vih International Symposium on Textiles
and Dyes in the Ancient Mediterranean World (Montserrat, 19-22 March, 2014), PURPUREAE VESTES V. Textiles and Dyes in
Antiquity, Valencia, 25-36.

Siennicka M., Rahmstorf L., Ulanowska A. 2018 Introduction, (in:) M. Siennicka, L. Rahmstorf, A. Ulanowska (eds), First Textiles.
The Beginnings of Textile Manufacture in Furope and the Mediterranean. Proceedings of the EAA Session Held in Istanbul (2014)
and the ‘First Textiles’ Conference in Copenbagen (2015), Ancient Textiles Series 32, Oxford, Philadelphia, 1-16.

Skals I., Moller-Wiering S., Nosch M.-L. 2015 Survey of archaeological textile remains from the Aegean and Eastern Meditteranean
area, (in:) 77C, 61-74.

Smith ].S. 2012 Tapestries in the Mediterranean Late Bronze Age, (in:) KOSMOS, 241-250.

Smith J.S. 2013 Tapestries in the Bronze and FEarly Iron Ages of the ancient Near East, (in:) M.-L. Nosch, H. Koefoed,
E. Andersson Strand (eds), Zextile Production and Consumption in the Ancient Near East, Ancient Textiles Series 12, Oxford,
Qakville, 161-188.

Spantidaki S. 2016 Textile Production in Classical Athens, Ancient Textiles Series 27, Oxford, Philadelphia.

Spantidaki Y., Moulherat Ch. 2012 Greece, (in:) M. Gleba, U. Mannering (eds), Textiles and Textile Production in Europe: From
Prebistory to AD 400, Ancient Textiles Series 11, Oxford, Oakville, 185-200.

Tzachili 1. 1990 All important yet elusive: looking for evidence of cloth-making at Akrotiri, (in:) D.A. Hardy, C.G. Doumas,
J.A. Sakellarakis, PM. Warren (eds), 7hera and the Aegean World III. Proceedings of the Third International Congress, Santorini,
Greece, 3-9 September 1989, vol. 1 Archaeology, London, 380-389.

Tzachili I. 1997 Yﬁmti/ez" kai yfiintres sto Proistorikd Aigaio 2000—-1000 p.Ch. (Ypavuki kar vpavipes oto Ilpoioropixd Aryoio 2000~
1000 =.X), Heraklion.

Tzachili 1. 1999 Before sailing: The making of sails in the second millennium B.C., (in:) PP Betancourt, V. Karageorghis,
R. Laffineur, W-D. Niemeier (eds), MELETEMATA. Studies in Aegean Archaeology Presented to Malcolm H. Wiener as He
Enters his 65" Year, Aegacum 20, Litge, Austin, 857-862.

Tzachili 1. 2007 Weaving at Akrotiri, Thera: Defining cloth-making activities as social process in a Late Bronze Age Aegean
town, (in:) C. Gillis, M.-L.B. Nosch (eds), Ancient Textiles: Production, Craft and Society: Proceedings of the First International
Conference on Ancient Iextiles, Held at Lund, Sweden, and Copenhagen, Denmark, on March 19-23, 2003, Ancient Textiles
Series 1, Oxford, 190-196.

Tzachili I., Spantidaki S., Andersson Strand E., Nosch M.-L., Cutler J. 2015 Textile tools from Akrotiri, Thera, Greece, (in:) 77C,
243-246.

Ulanowska A. 2016 Representations of textile tools in Aegean glyptic. Cuboid seal from the Tholos Tomb A in Aghia Triada, (in:)
P. Militello, K. Zebrowska (eds), Sympozjum Egejskie. Proceedings of the 2" Students’ Conference in Aegean Archaeology: Methods-
-Researches-Perspectives, Institute of Archaeology, University of Warsaw, Poland, (April 25" 2014), Catania, 109-125.

Ulanowska A. 2017 Textile technology and Minoan glyptic. Representations of loom weights on Middle Minoan prismatic seals,
(in:) K. Zebrowska, A. Ulanowska, K. Lewartowski (eds), Sympozjum Egejskie. Papers in Aegean Archaeology, Vol. 1, Warsaw,
57—-606.

72



INNOVATIVE OR TRADITIONAL? DIACHRONIC APPROACH TO WEAVING TECHNOLOGY IN BRONZE AGE GREECE

Ulanowska A. 2018 Experimenting with loom weights. More observations on the functionality of Early Bronze Age tools from
Greece, Early loom types in ancient societies, (in:) M. Siennicka, L. Rahmstorf, A. Ulanowska (eds), First Textiles. The
Beginnings of Textile Manufacture in Europe and the Mediterranean. Proceedings of the EAA Session Held in Istanbul (2014) and
the First Textiles’ Conference in Copenhagen (2015), Ancient Textiles Series 32, Oxford, Philadelphia, 163-174.

Ulanowska A. forthcoming Why are some discoid weights grooved? Answers from experimental archaeology on the functionality
of weaving tools in the Bronze Age Aegean, (in:) the Bronze Age Aegean, in: A. Piefikowska, D. Szelag, T. Waliszewski (eds),
Stories Narrated Around the Fountain. Festschrift on Occasion of Piotr Bieliniskis 70" Birthday, Warszawa.

Ulanowska A., Siennicka M. forthcoming The economics of textiles in Bronze Age Greece, (in:) M.S. Busana, M. Gleba, F. Meo
(eds), Textiles and Dyes in the Mediterranean. Economy and Society. Proceedings of VI PURPUREAE VESTES International
Symposium (Padua, 17-20 October 2016), Zaragoza.

Warren P. 1972 Myrtos: An Early Bronze Age Settlement in Crete, British School of Archaeology at Athens, suppl. vol. 7, Oxford.

Whitelaw T.M. 1983 The settlement at Fournou Korifi Myrtos and aspects of early Minoan social organization, (in:)
O. Krzyszkowska, L. Nixon (eds), Minoan Society: Proceedings of the Cambridge Colloguium 1981, Bristol, 323-345.

Whitelaw T.M. 2007 House, households and community at Early Minoan Fournou Korifi: methods and models for interpreta-
tion, (in:) R. Westgate, N. Fisher, J. Whitey (eds), Building Communities. House, Settlement and Society in the Aegean and
Beyond, British School at Athens Studies 15, London, 65-76.

Wiencke M.H. 2000 Lerna. A Preclassical Site in the Argolid: The Architecture, Stratification and Pottery of Lerna III, Vol. 1V,
Princeton, New Jersey.



