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Chapter 7

Summary of results and conclusions
Eva Andersson Strand and Marie-Louise Nosch

In this final chapter, it is our pleasure to
summarise the most important findings of
this volume. We will present our analysis of
spindle whorls and loom weights, respectively,
and highlight the results and conclusions, but
also discuss potential pitfalls in textile tool
analysis and interpretation. This also includes
our assessments of the more challenging
categories of textile tools, beads, kylix stems,
pierced sherds and conuli for spinning, and
pebbles for weaving.
The analysis of these textile tool categories
is then compared to the results we gained from
the experimental testing and from the external
analysis of the spinning and weaving tests.
In the second part of this chapter, we open
up the discussion of how textile tools can bring
about new information concerning Bronze
Age textiles and textile workers. The analysis
of textile tools can inform us about time
consumption, workshops and the mobility of
textile workers, about various craft traditions, the
usage of tools and how they are made. When the
functional analysis is combined with the study
of archaeological textiles and iconography, we
gain new knowledge of potential techniques,
colours and patterns, and on available fibres.
Written records name the textile workers and
their textile tools, provide detailed information

about those textile industries of interest to
palaces and administrations, and also afford a
glimpse of the non-functional parameters of
textiles and textile tools.

Spinning
Spindle whorls
More than 4000 items were recorded as
potential spinning tools in the TTTC database;
these include not only spindle whorls, but
also conuli, beads, kylix stems and pierced
sherds. As discussed in the introduction
to the textile tools database (chapter 5.1),
the tools recorded cannot be considered as
representative for the entire Bronze Age, or
for the Eastern Mediterranean region as a
whole. It is, therefore, difficult to compare
and contrast the production of spun yarn in
different sites, regions and periods.
However, the TTTC database includes a
large number of spindle whorls from Troia
(1,493, and an additional 10 conuli), spanning
the entire Bronze Age and representing
more than 35% of the total number of
whorls recorded. In the following, the spindle
whorl types from Troia are discussed from a
technological perspective, in order to shed
light on the development of spinning at the
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Fig. 7.1. Troia I–VII,
number of spindle whorls
with a recordable weight
and diameter, by period
and weight group.

Period

I

II

III

IV

V

VI

VII

100

231

194

159

90

367

219

spindle whorls 1–10 g

17

39

18

14

21

68

29

spindle whorls 11–20 g

22

50

58

31

22

97

59

No. of spindle whorls with
recordable weight and diameter

spindle whorls 21–30 g

36

64

52

41

20

114

63

spindle whorls 31–40 g

13

50

46

50

17

62

38

spindle whorls 41–50 g

6

17

14

17

6

17

24

spindle whorls 51–60 g

5

7

5

2

4

3

3

spindle whorls 61–70 g

1

4

1

4

4

3

2

spindle whorls 71–80 g

Fig. 7.2. Troia I–VII,
percentage of spindle
whorls with a recordable
weight and diameter, by
period and weight group.
Percentages of 15% and
above are highlighted in
grey.

Period
No. of spindle whorls with
recordable weight and diameter

I

II

III

IV

V

VI

VII

100

231

194

159

90

367

219

spindle whorls 1–10 g

17%

17%

9%

9%

23%

19%

13%

spindle whorls 11–20 g

22%

22%

30%

19%

24%

26%

27%

spindle whorls 21–30 g

36%

28%

27%

26%

22%

31%

29%

spindle whorls 31–40 g

13%

22%

24%

31%

19%

17%

17%

spindle whorls 41–50 g

6%

7%

7%

11%

7%

5%

11%

4%

spindle whorls 51–60 g

5%

3%

2.50%

1%

spindle whorls 61–70 g

1%

2%

0.50%

3%

spindle whorls 71–80 g

specific site of Troia itself, and, possibly, in
the Bronze Age Eastern Mediterranean as well
(see also chapter 6.13 for Troia). Various whorl
categories are then compared and contrasted
in terms of their suitability for spinning.
2000 years of spinning in Troia
The spindle whorls from Troia are dated to
all periods of the site (Troia I–VII, c. 3000–
950 BC) and are generally from household
contexts. The majority of the whorls are made
of clay and have a biconical shape. Of the
total number of whorls recorded, 1,360 have
a recordable weight and diameter. In order to
compare the types of thread that the whorls
within and between the different periods
would be suitable for spinning, the various
weight groups of these whorls were analysed
(Figs. 7.1 and 7.2).
It is significant that the distribution of the
whorls in different weight groups does not
change dramatically during a period of over
2000 years. Throughout the period, the largest
group is spindle whorls weighing between

1%

1%

1%

1%

0.50%

11–40 g. This distribution of spindle whorls
into different weight groups is evidence of a
consistently varied production of very thin to
thick threads.
It is also worth noting that, in period I, the
spindle whorls weighing 10 g or less already
constituted 17% of the total number of
spindle whorls (Fig. 7.2), a percentage that
continues more or less unchanged throughout
the Bronze Age. The spinning experiments
(chapters 1 and 4.2) clearly demonstrate that
it is possible to spin suitable thread on a
very light whorl of only 4 g. Furthermore,
ethnographic sources show that whorls as light
as 1 g and only 0.8 cm in diameter have been
used for spinning (chapter 2). The analysis of
the spindle whorls from Troia thus indicates
that spinning with very light spindle whorls
was already taking place at the beginning of
the Bronze Age.
When studying the spindle whorls from
the same context and period, it is evident that
even if several spindle whorls are from the
same room and/or house, they are often of
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Fig. 7.3. Troia VIf–h
spindle whorls: weight/
diameter. Please note that
some markers represent
more than one spindle
whorl.

different sizes and weight groups, suggesting
that, in all contexts and periods, different types
of yarn were being spun. The spindle whorls
primarily derive from household contexts.
If yarn was solely produced for household
consumption, the presence of the different
whorls clearly shows that different spindle
whorls were needed, i.e. that different types
of yarn were required on a household basis.
If the households also produced yarn for
others, again, the spinning tools suggest a
varied yarn production. If we hypothesise that
spinning workshops existed in Troia, we must
conclude that in these workshops, different
types of yarn were produced, and not merely
a single standard type.
A salient example from one of the later
periods (Troia VI phases f–h) is the 141 spindle
whorls from the Pillar House. Even if the
majority of the whorls are dated to phase h, the
whorls in all phases vary in weight and diameter,
signifying a continued varied production of
different types of yarn from thin to thick
(Fig. 7.3).
The results of the analyses demonstrate
that the inhabitants of Troia, throughout the
Bronze Age, required and produced yarn in

different qualities, indicating that they were
making textiles of very different types and
qualities. This suggests that spinners in Troia
could select the type of yarn they wished to
produce; they possessed adequate spinning
tools and, in all probability, the skills and
knowledge of how to use them.
Summary of the analyses of other types of
spinning tools
In this section, some object types that are
sometimes included in the textile tool repertoire
– conuli, beads, kylix stem whorls and pierced
sherds – are discussed from a functional
perspective, and the suitability of these items as
spinning tools and their place and distribution
within spindle whorl assemblages and contexts
are considered.
Conuli
Conulus is a technical term applied by some
Aegean archaeologists to small objects mostly
defined as:
1. Weighing less than 10 g
2. Conical in shape
3. Made of stone.
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In the TTTC database, conuli were recorded at
six different sites (Asine, Thebes, Tiryns, Troia,
Phaistos, Nichoria) and are all dated to the Late
Bronze Age. This type of object is also well
known from other Late Bronze Age sites, such
as Mycenae. The possible function of the conuli
as spindle whorls has been questioned and
discussed, and similar objects are sometimes
termed ‘buttons’ (Iacovidis 1977; Dickinson
2006, 158; Andersson et al. 2008; Rahmstorf
2009). The significant question here is whether
conuli are a distinct object type, with their
own properties and functionality, or whether
they are part of the spindle whorl repertoire;
whether the conulus classification mirrors
functionality, or is a stylistic description; and
ultimately whether conuli should be considered
as spinning tools.
In some sites conuli are found with other
textiles tools, but they are also found in burials,
and sometimes a large number of conuli are
found together (Iakovidis 1977). This could
indeed be an argument for the conuli having
been used for something other than spinning,
for example, dress adornments. However, the
Fig. 7.4. Midea, Tiryns
and Thebes: number
of spindle whorls and
conuli from securely dated
contexts (LH IIIA–C)
recorded in the TTTC
database.

Fig. 7.5a. Tiryns and
Thebes, LH III, conuli,
by type and material.

Spindle whorls

Conuli

Midea

48

Tiryns

32

43

Thebes

63

40

142

82

Total

Conuli
Tiryns

Biconical

relatively standardised shape and weight of the
conuli may suggest standardised Late Bronze
Age spinning tools for achieving a standardised,
thin yarn.
Spinning experiments (e.g. Andersson 2003;
chapter 4.1) have clearly demonstrated that it is
possible to spin on a whorl weighing less than
10 g and produce a thin but tenable thread. It is
important to consider, therefore, the technical,
functional and morphological differences that lie
between a conulus and a spindle whorl. In order
to explore this further, assemblages of conuli
and spindle whorls from securely dated contexts
(LH IIIA–C) at Midea, Tiryns and Thebes on
mainland Greece are here compared (Fig. 7.4).
Conuli material and shape compared to spindle
whorls
The objects classified as conuli from Tiryns and
Thebes are, in general, made of stone, while
only a few are made of clay (Fig. 7.5a). The
most common conulus type is conical, as the
name indicates. However, the objects recorded
as spindle whorls from Tiryns, Thebes and
Midea are generally also made of stone, with
60% having a conical shape (Fig. 7.5b). There
is no universal definition of what constitutes
a conulus; this is partly due to factors such
as academic conventions and traditions, and
the classification requirements integral to
archaeology.
When comparing the weight/diameter of
the spindle whorls with the weight/diameter

Concave conical

Conical

Convex

3

34

1

stone

Thebes clay
1

Biconical

Concave conical

20

Other

Spherical

Various shapes
with hollow top

1

12

1

1

3

4

3

7

clay

9

1

10

10

9

22

stone

1

Discoid

clay

clay

16

Convex Cylindrical

Thebes
Midea

1
1

1

4
1

5

Conical

Tiryns

stone

Various shapes
with hollow top

2

stone

Spindle whorls

Discoid

5

38

Fig. 7.5b. Tiryns, Thebes and Midea, LH III, spindle whorls, by type and material.
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of the conuli, it is evident that the latter are
mostly smaller than the former. However, in
Tiryns several of the spindle whorls and conuli
are of the same size (Fig. 7.6). When including
the spindle whorls from Midea (Fig. 7.7), it is
clear that some of these spindle whorls are of
precisely the same type and are similar in size
and weight to the smallest conuli from Thebes
and Tiryns.
Thus, we can conclude that the weight and
diameter of the objects classified as conuli
lie within the overall spindle whorl weight/
diameter range. They may have been utilised
for several purposes, and possibly had specific
significance; however, from a functional
perspective, there is no reason to assume
that they could not have been used as spindle
whorls.
Beads
It can be very difficult to differentiate between
a small spindle whorl/conulus and a bead.
Moreover, ethnographic sources demonstrate
that spindle whorls have sometimes been used
as beads and beads as spindle whorls (Liu 1978),
indicating that both object categories can have
more than one function. Thus, some objects
classified as beads may also have functioned as

355
spindle whorls, as an example from the TTTC
database of 16 beads from LM III contexts
at Khania, Crete, demonstrates: 10 of these
beads are made of stone, nine have a conical
shape (the remaining whorl is concave conical),
and they have the typological characteristics of
conuli (Fig. 7.8).
The beads from Khania are of the same
size as many of the whorls recorded as conuli
elsewhere (Fig. 7.9). However, all beads cannot
be interpreted as spindle whorls; if the hole
measures merely a few millimetres it will be
too small for a spindle rod. It is important
to consider their find context, as well as their
morphology, and to verify whether they were
found with other textile tools.
Kylix stem whorls
Kylix stem whorls, here termed KS whorls,
constitute another category of whorls. Fifty
KS whorls from Khania with a secure LM
III date were recorded in the TTTC database.
Eighteen of these were excluded as spinning
tools on the basis that the hole is not centered
and/or that the stem is unevenly cut. The
analyses demonstrate that the KS whorls form
a more homogenous group than the spindle
whorls, not only in shape, but also in weight
Fig. 7.6. Tiryns and
Thebes, LH III, spindle
whorls and conuli:
weight/diameter. Please
note that some
markers represent more
than one spindle whorl or
conulus.
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Fig. 7.7. Tiryns, Thebes
and Midea, LH III,
spindle whorls and conuli:
weight/diameter. Please
note that some markers
represent more than one
spindle whorl or conulus.

Beads
Khania

Biconical

Concave conical

Conical

bone
clay
stone

Fig. 7.8. Khania, LM
III, objects classified as
beads.

Convex
1

2

2
1

1

9

and diameter. This is not surprising; the KS
whorls are naturally more homogenous since
they are all cut from kylix stems, thus deriving
from a quite standardised form. It is plausible
that in a large-scale production, and if aiming
to produce a standardised yarn and textile,
standardised textile tools would also have
been made and used. By cutting the spindle
whorls from kylix stems, it would have been
quite easy to produce many similar spindle
whorls that could be utilised to spin similar
yarns. It should also be noted that only a very
few spindle whorls from the same period
and site fall within this cluster of KS whorls:
in general, the spindle whorls of the same
period and place are either smaller or larger
than these KS whorls. This suggests that KS
whorls indeed form a separate spinning tool
category, an integral part of the spinning tool
kit, but with its own characteristics in terms
of tool shape and output, indicating that

regular spindle whorls were utilised for a variety
of yarns, while KS whorls were chosen for a
specific yarn quality.
This stands in contrast to the conuli,
which to a large degree overlap the shape and
weight distribution of regular spindle whorls,
and therefore appear to represent a specific
supplement to the spindle whorls, rather than
a separate category.
Pierced sherds
Pierced sherds (ceramic sherds with a drilled
hole) have also been recorded as possible
spinning tools. They are present during the
entire Bronze Age period at several sites,
for example, Arslantepe, Turkey and Tiryns,
mainland Greece. Most of these objects are
rounded, but the shape is in general irregular.
If a spinning tool does not have a regular
shape, it will not rotate in an optimal way: it
will be hard to spin with and the yarn is likely
to be unevenly spun. Furthermore, the hole
is often not centred and/or is hourglass in
shape, and this would not be convenient for
spinning. Therefore, it is difficult to confirm
a general interpretation of these objects as
spinning tools, since many would not have
functioned in an optimal way when spinning

7 Summary of results and conclusions
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Fig. 7.9. Tiryns, Thebes
and Khania, LH/LM
III, conuli and beads:
weight/diameter. Please
note that some markers
represent more than one
conulus or bead.

Fig. 7.10. Khania,
LM III, three types of
spinning tools. Please
note that some markers
represent more than one
spindle whorl, bead or
KS whorl.

Eva Andersson Strand and Marie-Louise Nosch
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with a suspended spindle. However, pierced
sherds are often found with textile tools, and
it is likely that some, which are evenly shaped,
with a centred hole, could have functioned as
spindle whorls, while others could have been
used for other purposes.
The majority of the pierced sherds that
could function as spindle whorls have a larger
diameter than regular spindle whorls. This is
evident, for example, when comparing spindle
whorls and conuli with pierced sherds from LH
III Tiryns (Fig. 7.11). Previous experiments
have demonstrated that a large diameter, in
relation to the weight, results in a thread that
is harder spun (Andersson 1996).

Bronze Age spinning tools:
summary and conclusions
The spinning tools in the TTTC database are
scattered in time and across regions; however,
it is striking that when several spindle whorls
are found in the same context at any given site,
they vary in size.
The spinning technique was already fully
developed at the beginning of the Bronze
Age. The very light spindle whorls dated to the
Early Bronze Age at Troia are not unique; for
Fig. 7.11. LH III
Tiryns, spindle whorls,
conuli and pierced sherds:
weight/diameter. Please
note that some markers
represent more than one
spindle whorl, conulus or
pierced sherd.

example, whorls weighing less than 9 g dated to
3000–2750 BC are found in Arslantepe, Turkey.
From the same site and period, textiles with
very thin threads (0.1 mm) have been found
(see chapters 3 and 6.1). Another example is an
Early Bronze Age spindle whorl from Sitagroi
that weighs only 8 g.
Heavy spindle whorls are also recorded
from Late Bronze Age sites. The results of
the various analyses suggest that not only the
spinners in Troia, but also Bronze Age spinners
in general, could produce different types of
yarn and thereby different types of textiles,
ranging from very fine to very coarse.
The spindle whorl data do not indicate the
types of fibres that were spun. It has been
suggested that very light spindle whorls are more
suitable for spinning short fibres; for example,
short staple wool, cotton and silk (Tiedman and
Jakes 2006). However, experiments have clearly
demonstrated that it is possible to spin a thin
linen thread with a spindle whorl as light as 5 g
(Andersson 2003, see also chapter 4.1) and the
experiments in this research programme have
also demonstrated that it is possible to spin flax
fibres with an 8 g spindle whorl. We therefore
conclude that spinning long fibres with light
spindles cannot be excluded. Furthermore,
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cotton and silk were not used in the Bronze Age
Eastern Mediterranean, as far as is known today
(chapter 3). Independently of fibre material, the
spinning experiments demonstrate that when
spinning with a light spindle, the raw material
has to be very well prepared in order to be able
to spin a thread strong enough to function
as a warp thread on a loom. The spinning
experiments have also demonstrated that it
takes a longer time to spin a thinner thread than
a thicker thread (chapter 4.1).
It is also necessary to take into account
that the amount of yarn required would be
considerably larger if using a thinner thread
rather than a thicker thread. If producing 1 m2
of textile with 20 threads per centimetre in a
balanced tabby, one would need to spin at least
4,080 m of thin yarn. If producing the same
type of fabric with thicker threads, and weaving
it less densely with 5 threads per centimetre,
the amount of yarn needed would be 1,010 m.
Not only would it take longer to prepare
the fibres and spin a thin thread, the fabrics
produced with these threads would have taken
considerably longer to weave. Thus, the choice
of spindle whorl not only reflects the choice
of yarn and fabric quality, it also defines the
length of time required for production. Yet,
the survey of Bronze Age archaeological
textiles (chapter 3) demonstrates that Bronze
Age people often chose to spend the time on
achieving very fine and elaborate textiles.
Spinning technology stands on a tradition
of plying threads. The survey of archaeological
threads demonstrates that Neolithic thread
is often z- or s-spun and subsequently Z- or
S-plied. Perhaps different spinning tools were
used for spinning and for plying. In the Bronze
Age plying is still widely used, but some areas
such as Syria also have many attestations of
delicate textiles woven from single spun yarn
only.
When analysing and comparing the whorls
from the TTTC database it is evident that in
some regions, and during some periods, the
number of whorls recovered is surprisingly
low. This is especially the case in the Cretan
sites of the Protopalatial and Neopalatial
periods. The absence of spindle whorls is
particularly intriguing in places with records
of loom weights, as it suggests a weaving
activity, but very little or no direct trace of
spinning tools. This could be due to various
factors, such as the selection of whorls
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recorded in the database, the use of whorls
made of perishable material, such as wood
and bone, or spinning taking place elsewhere.
It is also possible that spinners used alternative
spinning tools and spinning techniques, such as
spinning on a wooden spinning hook (chapter
2), which would leave no archaeological trace.
We can conclude that it is likely that different
spinning tools and techniques were utilised
simultaneously in the same site, region and
period. However, only the drop spindle with a
stone or clay spindle whorl is archaeologically
traceable.
When comparing the objects classified as
conuli, KS stems and beads in terms of type,
material, weight and diameter, it is not possible
from a functional perspective to distinguish
any clear-cut differences. The categories mirror
academic typologies rather than functional
differences. In terms of methodology, it is not
the chosen find category that defines whether
or not an object is functional as a spindle whorl.
The objects in the different categories could
have been used as spindle whorls, although this
does not exclude the possibility that they could
be utilised for other purposes as well.
The analyses in this volume conclude that it
is likely that many of the smaller whorls, conuli,
KS whorls and beads were used for spinning.
This suggests the use of well-prepared fibre
material (and indicates that the Bronze Age
spinners had the necessary knowledge, skills
and time); otherwise, the spun thread would
be thin but fragile and not suitable to use in a
fabric. The resulting textiles would be of fine
quality, and a large amount of yarn – and a great
deal of time – would have been required if a
dense fabric in this quality was desired.
With regard to the functionality and use of
pierced sherds as spinning tools, it does seem
likely that these were sometimes used as part
of the Bronze Age textile tool kit, but their
function(s) require further contextual and
experimental investigation.
Summary of the spinning experiments
and the external analyses of spinning test
samples
All the spindle whorl analyses are based on
the study of the objects, their contexts and
the assemblages of textile tools they are part
of, and are informed by the TTTC spinning
tests (chapter 4). A total of 64 spinning tests
(1 test being one full spindle) were conducted
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Fig. 7.12. Calculation
of metres of yarn per
100 g wool, 4 g, 8 g and
18 g whorls, comparing
the metres of yarn spun
by the two spinners.

Fig. 7.13. Calculation
of metres of yarn per
100 g flax fibres and
wool fibres, 8 g whorl,
comparing the metres of
yarn spun by the two
spinners.

by two experienced craftspeople using spindles
with whorls of different weights. Our choices,
strategies and procedure in carrying out these
tests were fully documented, enabling other
researchers to verify our work and results,
and also making it possible for further tests
to be conducted using the same guidelines,
in the future.
The two spinners reported a qualitative and
quantitative difference in output when using

the different tools. On the basis of numerous
spinning tests, we were able calculate the yarn
output per 100 g for both wool (4 g, 8 g and
18 g whorls) and flax (8 g whorl), and compare
the results (Figs. 7.12, 7.13).
In order to counter any subjective bias
on the part of the two spinners, since
they had handled the spindle whorls of
different sizes themselves and were therefore
aware of the difference between them, we
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submitted the reported results for further
evaluation and testing by an external expert,
thereby rendering the interpretation more
objective and less dependent on the spinners’
impressions. Was the perceived difference in
the yarn spun by the different spindle whorls
real, and visible in the yarn? Is there a direct
and visible relationship between spindle
whorl weight and yarn quality? It was possible
to ascertain, by measuring, that a longer length
of yarn was produced using the lighter spindle
whorls than when spinning the same amount
of raw material using the heavier spindle
whorls, but was yarn spun on an 18 g spindle
whorl thicker, containing more fibre, than the
yarn spun on an 8 g spindle whorl? And could
this be verified without prior knowledge of
who had spun it, using which tools? Firmer
answers to these vital questions would both
inform our analyses of archaeological textile
tools, and be valuable for the analysis of
archaeological textile remains.
The spinners also reported that the 4 g
spindle whorl needed a harder twist in order to
achieve smooth spinning, and this observation
needed verification, in order to be able to
indicate whether the spin angle is related to
personal practice or to the spinning tool.
From the spinning tests, 12 samples (four
samples of the yarn spun with each of the
three different spindles used in the test) were
sent for external analysis and 20 measurements
per sample were made. The yarn samples
were ‘anonymised’ in order not to reveal the
identity of the spinner or the type of spindle
whorl used. Even in this anonymised form,
without any knowledge of the spinners and
tools, the external analysis confirmed that
there was indeed a difference in the yarn
output when using an 8 g and an 18 g spindle
whorl, respectively. However, the difference
is 0.086 mm in mean diameter, and thus not
easy to measure, or to see with the naked eye.
Nevertheless, when these yarns are woven, two
quite different fabric qualities are produced.
The external analyses also demonstrated
that it is not always straightforward to state that
a difference in a spindle whorl’s weight would
automatically be reflected in the yarn diameter.
For Spinner 2’s yarn production, this equation
was always evident, but not for Spinner 1.
Nevertheless, the overall mean diameter of
yarns for both spinners was 0.3667–0.3759 mm
for an 8 g spindle whorl, and 0.4421–0.4734
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for an 18 g spindle whorl, therefore two clearly
distinguishable yarn types.
The spinning experiments also revealed
that the different tools may yield yarns with
different spin angles: when the two spinners
used the 8 g spindle whorl, their yarns had
spin angles of 31.03°–37.27°, while when
spinning with an 18 g spindle whorl, they
would tend to spin harder and achieve spin
angles of 36.83°–40.5°. However, it should
be noted that individual spinning techniques
and preferences are also at play here, since
Spinner 2 was generally observed to spin a little
harder than Spinner 1.
Finally, the external analysis confirmed that
yarns spun on an 18 g spindle whorl are heavier
per metre than those spun on an 8 g spindle
whorl: the difference is quite clear: 0.0976 g/m
(8 g spindle whorl) and 0.1606 g/m (18 g spindle
whorl). We can extrapolate that 1 km yarn spun
on an 8 g spindle whorl would weigh 97.6 g
while 1 km yarn spun on an 18 g spindle whorl
would weigh 160.6 g. These results enable us
to confirm that even if the visible difference
between the yarns is small and hard to perceive
with the naked eye, the fabrics made with
these two types of yarn would be significantly
different, especially in terms of weight: a 1 m2
balanced tabby with 10 threads per centimetre
would require c. 2 km yarn, with the piece of
fabric then weighing 195.2 g if the yarn came
from the 8 g spindle whorl, or 321.2 g if it came
from the heavier 18 g spindle whorl. Therefore,
even though the difference in weight appears
small when measured on single yarn samples,
this difference is amplified and scaled up when
the yarns are utilised in fabrics comprising many
kilometres of yarn.
The external analysis of wool yarns spun
on the light 4 g spindle whorl highlighted
the uniformity in yarn quality that the two
spinners were able to achieve with this small
tool, despite the fact that spinning with it was
not an easy task. Approximately one third of
the thread measurements yielded a diameter
of 0.3 mm. The tests with the 8 g whorl also
clearly demonstrate that, even if there was a
difference between the linen yarn that was spun
by the two spinners, very fine linen yarn can
be spun with light spindle whorls. The TTTC
tests also indicated that one can spin a thinner
linen thread than wool yarn using the same
tool; however, this requires further testing with
different qualities of fibres.
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The analysis of the weaving samples
further showed that both the wool and the
linen thread opened up in the woven fabric,
so the nature of the thread changes, with
the diameter increasing slightly. This is again
valuable information for future analyses of
archaeological textiles.

Weaving

Fig. 7.14. a–b Bowl
(UC9547), possibly
depicting two types of
loom. From Badari,
Egypt, dated to
Naqada II
(c. 3500–3200 BC)
(photos: published with
kind permission from
The Petrie Museum of
Egyptian Archaeology
UCL).

Loom weights demonstrate the use of the warpweighted loom in the Bronze Age. Where no
loom weights come to light, we can conclude
that either weaving did not take place, or was
conducted with tools which did not survive
in the archaeological record. In Middle and
Late Bronze Age mainland Greece, or in the
Early Bronze Age Levant, numerous spindle
whorls and even archaeological textiles testify
to an extensive textile production but loom
weights are mostly absent. Therefore, we can
conclude that several loom types were used in
the Eastern Mediterranean; in some places the
warp-weighted loom dominated, in others it

was absent, and in others again more than one
loom type was probably used simultaneously.
We know from Egyptian iconographical sources
that the vertical two-beam loom was used
for tapestry weaving in the Late Bronze Age;
Joanna Smith (2001; 2012; 2013) has surveyed
the epigraphical, technical and iconographical
evidence for tapestry and suggested that tapestry
was a widespread technique. This would not be
surprising, given the advanced textile technology
in the Bronze Age. The simultaneous use of the
horizontal two-beam loom and another type of
loom is possibly illustrated on a bowl from mid4th millennium Badari, Egypt (Fig. 7.14). It has
been suggested that the upper part of the image
showing two figures standing either side of a
structure with threads of double-length hanging
over a rope or pole, may depict the preparation
of the weft for the horizontal ground loom
below (see for example, Cortes 2011; ‘Textile
production and clothing: technology and tools in
ancient Egypt’ n.d.). An alternative interpretation
is that this image may show another type
of loom, such as a loom used for twining
(Andersson Strand forthcoming).
Loom weights
Approximately 4,000 objects from 27 sites
were recorded as loom weights in the TTTC
database. However, while the number of
weights from some sites is high, for example,
Malia on Crete (775), the number from other
sites is very low, for example, Ebla in Syria (2).
Often, when several loom weights are found
at a site, they are of different types. A vital
question we wished to answer, therefore, was
why loom weights appear in so many variations,
not only regarding type and numbers, but also
regarding sizes.
If all loom weights were suitable for
producing all types of fabrics, why do these
variations appear? What is the functionality
of these many types and shapes? Based on
loom weight tests/weaving tests, we can now
conclude that the weight of a loom weight
governs the number of warp threads of a
particular tension that would be optimal to
attach to it (chapter 4). Furthermore, the
thickness of a loom weight regulates the
number of warp threads per centimetre in the
finished fabric.
All the loom weights in the TTTC
programme were analysed according to the
results from the experimental testing; we also
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made preliminary decisions concerning the
design of the tests, for example the estimate
that 10–30 warp threads per loom weight is
considered an optimal range. Naturally, these
decisions have affected the interpretation of
the loom weight data; they could be discussed
further at a later stage.
Based on the analyses of the loom weights
in the TTTC programme, we can also conclude
that, independently of loom weight type and
shape, the same loom weight can be used in
different setups with different types of yarn
requiring different tensions. Thus, with one
specific type of loom weight a variety of fabrics
can be woven (see chapter 6). In fact, we have
established that certain loom weights are more
or less multifunctional and by simply changing
the type of thread, new types of fabrics could
be produced with them. For example, a loom
weight weighing 350 g and with a thickness
of 3.5 cm could function with warp threads
requiring tensions between c. 12.5–35 g and
would therefore be suitable for producing
fabrics with very different yarn types, both
thin and thick. Moreover, this particular loom
weight could have been used for producing
both tabbies and twills, and fabrics with a warp
thread count varying greatly between 6–32
threads per centimetre (chapter 4.5). Indeed,
a flexible and multifunctional tool.
Yet, certain other loom weights will
necessarily produce a much narrower range
of fabrics, and are much less multifunctional.
Only a limited range of yarns are suitable to
be used with them, and they can produce a
smaller variety of cloth types based on the
loom weight and the warp tensions. For these
fabrics, and for these kinds of loom weights,
the weaver’s flexibility does not consist in
changing the yarn types; instead new fabric
qualities are made by keeping a quite specific
warp setup and instead changing the fabric
types by adding more and/or thicker weft. As
an example, a loom weight weighing 150 g and
with a thickness of 3.5 cm would function best
with warp threads requiring lower tensions,
between c. 5–15 g, and would therefore mostly
be suitable for producing fabrics with thinner
warp yarns. This lighter loom weight could be
used to weave balanced tabbies with c. 4–12
threads per centimetre, but could also be used
for weft faced tabbies or twills (chapter 4.5).
Any loom weight typology is obviously
related to the shape of the loom weight: a
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spherical weight is rounded; a discoid weight
is rounded and flattened, etc. However, it is
interesting that from a functional perspective,
with regard to a loom weight’s suitability for use
in a loom setup, a spherical loom weight can
have the same weight as a discoid weight, and a
cylindrical loom weight the same thickness as a
pyramidal weight. The question to be answered
is, therefore, how does the choice of loom
weight type affect the finished fabric?
Different types of loom weights, different
types of fabrics? A discussion based on loom
weights from Quartier Mu, Malia
In Quartier Mu at Malia, Crete, 532 loom
weights were recovered from MM I–II contexts
(chapter 6.5; Cutler et al. 2013). This number
includes several different loom weight types;
the most common shapes are spherical, discoid
and pyramidal truncated, but biconical, conical,
cube, cylindrical, rectangular and torus-shaped
types are also recorded (Fig. 7.15).
The majority of the loom weights weigh
between 50 g and 400 g, and have a thickness
of 1.5–7.2 cm (Fig. 7.16; 498 of the weights
had a recordable weight and thickness). 1
Although the weight and thickness of the
Malia loom weights cover a wide range, there
are clusters around certain weight/thickness
combinations. One cluster consists of loom
weights weighing 300–380 g, with a thickness
of 6.5 to 7.2 cm. Two other clusters are visible
among the loom weights weighing 75–150 g;

MM IB

Fig. 7.15. Malia,
Quartier Mu, MM I–II,
loom weights, by type.

MM I–II

Spherical
Spherical lenticular

MM II

Total

267

267

15

15

Discoid

1

106

107

Pyramidal truncated

1

37

38
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1

1

Conical

1

1

5

5

38

40

6

6

5

6

Torus

17

17

Torus (small hole diam)

25

25

4

4

527

532

Cuboid
2

Cylindrical
Rectangular, flat
Rectangular, thick

1

Other
Total

3

2
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Fig. 7.16. Malia,
Quartier Mu, MM I–II,
loom weights: weight/
thickness, three clusters.

these represent loom weights with a thickness
of 1.5–2.3 cm, and 3–5.2 cm respectively.
These two latter clusters of loom weights,
have similar weight distribution, but one
cluster is composed of thin loom weights
which enable a dense weave, while the other
cluster is composed of thicker loom weights
which will yield either an open or a weft faced
weave. Both clusters, however, are designed
to weave with thin threads.
The weight/thickness variation is also
related to the loom weight type (Fig. 7.17). The
spherical weights form one group, while the
discoid weights and torus weights (torus and
torus with small hole diameter) form separate
groups. The cylindrical and pyramidal types
form intermediary groups. The difference
particularly with regard to the spherical and
discoid types, is indeed largely a result of the
loom weights’ morphology.
A further 132 naturally pierced pebbles
were also recovered from MM I–II contexts in

Quartier Mu. The majority of the 129 pebbles
with a recordable weight and thickness weigh
100– 250 g, with a thickness of 3–6 cm. When
comparing the pebbles to the loom weights,
we can conclude that these may also have
functioned as loom weights. Furthermore, for
the most part, the pebbles have properties that
are intermediate between the spherical and
discoid loom weights (Fig. 7.18).
The weight of the loom weights naturally
influences the range of textiles that can be
manufactured with them. Figure 7.19 shows
that, based solely on their weight, some of
the Quartier Mu loom weight types are more
suitable than others for use with warp threads
that require a particular tension. For example,
the discoid loom weights are associated with
the production of textiles made with very thin
threads corresponding to warp tensions of
5–15 g. In contrast, the spherical loom weights
could have been used to produce textiles made
with a wider range of thread types.
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Fig. 7.17. Malia,
Quartier Mu,
MM I–II, main loom
weight types: weight/
thickness. Cylindrical;
pyramidal; torus (torus
and torus with small
hole diameter); spherical;
discoid. Please note that
types with less than 20
weights are not included,
and a weight weighing >
1200 g is also excluded
from the graph.

Fig. 7.18. Malia,
Quartier Mu, MM I–II,
main loom weight types
and pebbles: weight/
thickness.
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Fig. 7.19. Malia,
Quartier Mu, MM I–II,
loom weight types and
their suitability for use
with different warp
tensions (based on the
loom weights recovered
from the excavated
buildings).

Through an analysis of the warp thread
count per centimetre that could have been
obtained in different types of weave when
using a loom weight of a given weight and
thickness with thread requiring a particular
tension, it became evident that the main loom
weight types could be used for both tabby and
twill techniques (chapter 4.5).
Since the discoid and the spherical weights
constitute the two largest categories of loom
weights from Quartier Mu, it is especially
interesting to compare the differences between
these two types. The analysis includes 237
spherical and 78 discoid loom weights
(representing the loom weights found in
secure MM I–II contexts within the excavated
buildings).
As demonstrated in Figures 7.20 and 7.21,
we can conclude that the fabrics produced with
the discoid loom weights would be denser than
the fabrics produced with the spherical loom
weights. The discoid loom weights are better
suited for use with thinner warp threads that
need less tension, while the spherical loom
weights are more suitable for thicker warp
threads that require more tension. Although
it would be possible to use the discoid loom

weights with warp threads needing between 5 g
and 35 g tension, the distribution demonstrates
that the majority are best suited for use with
very thin thread needing 5–10 g tension (Fig.
7.20). This suggests to us that the discoid loom
weights would have been suitable for making
a range of fabrics with very thin threads. The
analysis also shows that the majority of the
discoid loom weights could have been used for
producing tabbies with c. 21–24 warp threads per
centimetre using thread requiring 5 g tension, or
c. 10–13 warp threads per centimetre with thread
needing 10 g tension (Fig. 7.20). If weavers in
Quartier Mu wished instead to produce a 2/2
twill with four rows of discoid loom weights,
the majority of the loom weights could have
produced a fabric with c. 42–47 warp threads
per centimetre if using warp thread requiring 5 g
tension, or c. 22–24 warp threads per centimetre
if using warp thread needing 10 g tension. It
would also be possible to use the spherical loom
weights with threads requiring a tension of
between 5 g and 35 g, but the largest number are
best suited for use with thread needing 10–20 g
tension (Fig. 7.21). With 10 g tension thread, the
majority of the spherical weights could produce
a fabric with c. 5–9 warp threads per centimetre.
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Fig. 7.21. Malia,
Quartier Mu, MM I–II,
spherical loom weights:
weight tension/number
of threads per cm in a
tabby. N= the number
of loom weights from the
specific group (in this case
237 loom weights) that
could be used with thread
needing the given tension.
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Fig. 7.20. Malia,
Quartier Mu, MM I–II,
discoid loom weights:
weight tension/number
of threads per cm in a
tabby. N= the number
of loom weights from the
specific group (in this case
78 loom weights) that
could be used with thread
needing the given tension.
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The difference in thickness between the
spherical and discoid loom weights also has
a direct effect on the corresponding loom
setups, since for loom weights of the same
weight, used with warp threads requiring the
same tension, the number of loom weights
in each row of loom weights would be
considerably lower for spherical weights than
for discoid loom weights. Twice as many loom
weights would have been required if weaving
twill with four rows of weights.
To conclude, it is evident that the various
types of loom weights in Quartier Mu were
used to produce various types of fabrics.
When analysing the loom weights from the
same contexts, this becomes even more
evident (see chapter 6.5). A further finding
is that the discoid weights are preferable if a
denser fabric (both tabby and twill) is desired;
it was also ascertained that the discoid weights
are not optimal for use with as many types
of yarn as the spherical weights. Moreover,
it is clear that the suggested minimum of
10 threads per loom weight works well with
the spherical weights, since with less than 10
threads per loom weight, the fabric would
become extremely open.
Weaving in Phaistos during the
Protopalatial and LM IB periods
In Phaistos, Crete, loom weights have been
recorded from both the Protopalatial (1950–
1700 BC) and LM IB (1500–1450 BC) periods
(chapter 6.4, Cutler et al. 2015).
As can be seen in Figure 7.22, most of
the loom weights from both the Protopalatial
and LM IB periods are made of fired clay;
the majority of the Protopalatial weights are
Fig.7.22. Phaistos,
loom weights from
Protopalatial and LM
IB contexts: type and
material.

Protopalatial

Cylindrical
Spherical

cylindrical, whereas those from LM IB are
mostly spherical.
It is not only the loom weight type that
differs between these two periods, but also the
weight and thickness range: the LM IB loom
weights are generally larger and thicker than
the earlier loom weights from the Protopalatial
period (Fig. 7.23). Moreover, the loom weights
from the Protopalatial period are from contexts
within the palace whereas the LM IB weights
are from a household context.
In the following, the production during the
two periods is compared. However, very few
loom weights are from exactly the same context
(room, etc.); therefore, the comparison can only
be made on a general basis.
The analysis of the cylindrical loom weights
from the Protopalatial period demonstrates that
they are suitable for the production of fabrics
woven with threads requiring 5–35 g tension
(Fig. 7.24; chapter 6.4). In certain cases, only
one or two loom weights would function with a
given thread tension, for example 30–35 g, while
as many as 50 loom weights would function with
thread needing 10 g tension. The number of warp
threads per centimetre with 10 g tension thread
would in general vary between 5 and 9 threads
per centimetre (41 of the loom weights), while
fabrics woven with yarn requiring 15 g tension
would have 5–6 warp threads per centimetre. If
the weavers were weaving twill, the thread counts
would be approximately double.
We can therefore conclude that there was
an emphasis on the production of textiles
woven with quite thin and/or light threads,
but a smaller amount of fabrics with thicker
and/or heavier threads could also have been
woven. The fabrics would generally have been
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Fig. 7.23. Phaistos,
Protopalatial and LM
IB loom weights: weight/
thickness.
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quite open, especially when weaving with the
thinner yarn. This suggests that many of the
fabrics would have been weft faced, i.e., with
more and/or thicker weft threads than warp
threads per centimetre.
The analysis of the LM IB loom weights
from the house at Chalara demonstrates that

they would have been suitable for use with a
wider range of thread tensions (chapter 6.4).
Most of the loom weights (27 spherical and two
cylindrical) are from Corridor Gamma. The
thickest of these, a spherical weight weighing
1 kg, would work well with thread needing
35–100 g tension. The rest of the weights from

Fig. 7.24. Phaistos,
Protopalatial cylindrical
loom weights from palace
contexts: weight tension/
number of threads per cm
in a tabby (excluding a
cylindrical weight weighing
27 g). N= the number
of loom weights from the
specific group (in this case
62 loom weights) that could
be used with thread needing
the given tension.
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3

3
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1
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1
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Fig. 7.25. Phaistos, Chalara, Corridor Gamma, LM IB loom weights: weight tension/number of threads per cm in a tabby (excluding a spherical weight
weighing 1 kg). N= the number of loom weights from the specific group (in this case 25 loom weights) that could be used with thread needing the given tension.

this group could be used with thread requiring
5–50 g tension (Fig. 7.25). In some cases, only
one or two loom weights would function
with thread needing a specific tension, for
example 5 g and 45–50 g, while as many as
24 of the 25 loom weights with a recordable
weight and thickness would function with
thread needing 20 g tension. Based on this
analysis, we can state that textile production
in this LM IB household was more varied,
with an emphasis on slightly coarser textiles,
than the Protopalatial palatial production.
Another significant difference is the number
of warp threads per centimetre: only a few of
the LM IB loom weights would be suitable
for producing a fabric with more than 9 warp
threads per centimetre and it is noteworthy
that most fabrics would have only c. 3–5 warp
threads per centimetre, indicating either very
open or weft faced fabrics.
To conclude, at Phaistos a small but
significant difference is observed in the
production between the two periods and the
two contexts. The analysis of the loom weights
from Protopalatial palace contexts gives an
impression of fabrics primarily produced with
very thin to thin threads and in several qualities,
depending on 1) the type of yarn, 2) if it was a
balanced tabby or a weft faced tabby, and finally
3) the weight and thickness of the loom weight.
The analysis of the LM IB weights from the
house at Chalara instead suggests a more varied
production with thicker/heavier threads. Even
if LM IB fabrics could have been produced

with the same thin/light thread used during the
Protopalatial period, the LM IB fabrics would be
different: either more open, or more weft-faced.
Spools as loom weights
Approximately 340 weights in the database
are recorded as spools. A spool, according to
the TTTC typology, has a cylindrical shape.2
The majority are un-pierced, but some pierced
objects are also registered in the database.
Spools have been recorded at 14 sites. It is
important to note that the number of spools
recorded from some sites is high, for example
from Sitagroi and Tiryns in mainland Greece
(34 and 64, respectively), while the number
from other sites is low, for example Arslantepe
in Turkey (8). The majority of the spools are
dated to the Late Bronze Age, but spools are
found in Early Bronze Age contexts too, for
example at Sitagroi. Most spools are made of
fired or unfired clay, while a small number are
made of stone. In general, the spools are small
and weigh less than 100 g, while only 19 spools
have a weight of more than 100 g. These heavier
spools are dated to the Late Bronze Age.
The suitability of the spools as loom weights
has been debated, and spools have also been
interpreted as having other functions, such
as spacers in pottery kilns or game markers.
However, we observe that spools are often
from the same contexts as textile tools, which
suggests that the spools had a function in textile
production (see e.g. Gleba 2008, 140). Lorenz
Rahmstorf has thus far identified spools at 57
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sites, all dating to the last two centuries of the
2nd millennium BC (Rahmstorf 2011, 320)
and they continued in use in the Early Iron
Age, also in Cyprus, Italy and central Europe.
This sudden popularity of a new weight type
reveals that the warp-weighted loom continued
in use, but that new loom weight forms were
introduced. This change has thus far not been
fully understood or explained, but may be
related to mobility at the end of the Bronze
Age (Rahmstorf 2003; 2005; 2011; Cutler
forthcoming b; Nosch forthcoming c).
The TTTC weaving experiments with
spools, reconstructed on the basis of spools
from Khania, have clearly demonstrated that
especially the heavier spools would function
very well as loom weights for different types
of fabrics (see chapter 4.1). However, the
calculations also demonstrate that very light
spools are unlikely to be functional as loom
weights in a warp-weighted loom. Such a light
weight would only provide sufficient warp
tension for very few warps, and, because of
the thickness of the spools, the fabric would
become very open. The lighter spools could,
instead, have been utilised as weights for tablet
weaving, braiding or warping.

Bronze Age weaving tools:
summary and conclusions
Loom weights of many different types and
sizes were present in the Bronze Age Eastern
Mediterranean and it is evident that their
sizes, i.e. the weight and thickness, affect
the final product, the fabric, more than the
specific type does.3 Furthermore, analyses
of textiles from the same region and period
demonstrate a very varied production of
textiles; for example, tabby fabrics with more
than 40 warp threads per centimetre, but also
very coarse textiles with merely a few threads
per centimetre (chapter 3). We can conclude
that it is not the loom weight type itself that
determines what fabric could be produced,
but rather the relationship between its weight
and thickness (Mårtensson et al. 2009).
However, as demonstrated, some loom weight
types are more suitable than others for use in
the production of a specific textile.
It is often difficult to interpret groups of
loom weights, because loom weights being
found together does not necessarily suggest
that they were used together in the same
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loom setup. They could also have been stored
together, and the weaver would have known
which loom weights to select and combine in
a specific setup.
Another challenge is that even if it can be
suggested that loom weights had fallen from a
loom and been found in situ, some loom weights
could still be missing. An example of this is
the loom weights from Building 1 in Khania:
it is likely that they had fallen from a loom, but
they were spread out on the floor, indicating
that some weights are likely to be missing. It is
very rare that all the original weights survive.
However, on the basis of the remaining loom
weights, we are able to calculate the range
of fabrics that could have been made using
these loom weights together on the loom.
The analyses of the loom weights provide an
estimate of the range of textiles manufactured,
even if it is not always possible to be specific
about precisely what fabrics were woven.
The question of twill is still intriguing.
We have certain evidence for the existence
of twills in the Bronze Age, in textiles from
Alishar (chapter 3). In this volume we have
furthermore demonstrated how the existing
textile technology is perfectly suitable for
weaving twills as well as tabbies, both with the
‘conventional’ Bronze Age loom weights and
with the crescent shaped loom weights.
In the loom weight typology (Fig. 5.1.4) we
included at least 18 types. Yet, the functional
analysis demonstrates how they overlap.
Functionally, the three main categories are
spherical, pyramidal and discoid. These three
categories mark the most distinct functional
features of loom weights and contain a number
of loom weight types of different shapes.
The choice of shapes within these categories
probably relates to cultural and personal
choices, and less to function. We hope that
these personal choices and cultural conventions
in textile tools will be further explored in the
future.

Bronze Age textiles: discussion
and research outlook
In this final discussion, we summarise the
most significant results, and also discuss
the remaining open issues and unanswered
questions. We present our assessment of the
extent to which the textile tools enable us to
make definite conclusions, and we highlight the
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questions textile tools cannot help us answer.
This section also intertwines the other major
element of the Tools and Textiles, Texts and
Contexts research programme, the examination
of Bronze Age textile terminologies (Michel
and Nosch 2010), considered also in the
context of Aegean images of textiles (for
Aegean representations of textiles see Chapin
and Shaw 2015).
In recent years, new research projects on
textile tools have carried our research forward
and complemented our results. With regard
to the early periods of textile production in
the Aegean, for example, current research
being conducted at the time of writing that
will enhance our understanding of this
area include the following: Joanne Cutler
(Cutler et al. 2015; Cutler forthcoming b) and
Malgorzata Siennicka (2012; forthcoming)
are investigating Neolithic and Early Bronze
Age textile tools in terms of technology, craft
knowledge and potential changes in the fibres
used, as well as the wider social context of
textile production during these periods. Sophia
Vakirtzi is currently examining spinning
technologies in the Early Bronze Age (Vakirzti
et al. 2014; Vakirtzi 2015) and Kalliopi Sarri
(forthcoming) is exploring Neolithic textile
techniques and clothing.
Comparing different sources of evidence
As researchers, we separate textile tools into
distinct categories, such as spindle whorls,
loom weights and needles; but from a craft
perspective they all belong together and
depend on each other. A spinning tool must
produce a thread that can hold in a weave,
or that can be used for sewing; the choice
of loom weights depends on the fabric the
weaver aims to weave, but also on the qualities
of the yarns available. Therefore, an optimal
analysis of the potential textile production at
a site will merge the data and analytical results
from the spinning, weaving and sewing tools,
enabling a discussion of how they could be
used together. This is not always possible,
however, since, as we have seen above, certain
tool categories are systematically absent in
certain regions and periods (e.g. the very few
spindle whorls in Crete in the Protopalatial
and Neopalatial periods); secondly, and
equally importantly, even when tools are

found together, they would not necessarily
have been used together.
A place where the tools could have functioned
well together to make a range of textiles is in
Early Bronze Age Archontiko Phase IV (2135–
2020 BC) House A, where spindle whorls of
25–68 g came to light together with pyramidal
truncated loom weights (covering a wide range
of 154–1179 g and 4.1–8.8 cm thick) (chapter
6.11). The inhabitants of Archontiko could
have used the tools together to produce fabrics
with threads ranging from thin to thick.
In Sitagroi, textile tools can be compared
with textile imprints (chapter 6.12). However,
the imprints do not necessarily derive from
locally produced fabrics, and the Neolithic
textile impression at Sitagroi is dated to
Phase I (5500–5200 BC), while loom weights
only appear from the Chalcolithic Phase III
(4600–3500 BC). This raises the question of
the date and reasons for the introduction of the
warp-weighted loom. Again, it emphasises the
crucial issue of the invisible aspects of textile
production – within the textiles themselves, the
textile tools, and in the technology (Andersson
Strand forthcoming).
In Arslantepe (Frangipane et al. 2009) and
in Quartier Mu, Malia (Cutler et al. 2013) it is
possible to compare the recorded textile tools
with remains of archaeological textiles: an
extremely fine goat hair textile at Arslantepe
and a fine tabby at Malia. At both places, the
functional parameters of some of the tools
correspond well to the preserved textiles, i.e.,
the textiles could have been made with the
recorded tools.
At Thebes another valuable comparison
is possible, between the textile tools and the
Linear B inscriptions recording textiles (chapter
6.10). The type of yarn produced with the LH
IIIB2 spindle whorls, which was very probably
used to make some of the Mycenaean textile
types recorded in the tablets, seems to continue
uninterrupted into the LH IIIC strata, therefore
after the fall of the Mycenaean palaces. This
makes us wonder what impact the fall of the
many Bronze Age palace cultures in the Aegean,
Egypt and the ancient Near East, as well as
the shift from the Bronze Age to the Early
Iron Age, had on the local textile production
(Rahmstorf 2003; 2005; 2011; Sauvage 2013;
Nosch forthcoming c).
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Comparing tools from different periods and
contexts
With the mass of information gathered in the
present volume, it is tempting to arrange the
material into schemes and to search for patterns
of development over time. Although we do
indeed do this in the texts, we also proceed
with the utmost degree of caution. Overall, in
the TTTC database we observe a trend towards
heavier and larger spindle whorls in the earlier
phases, and smaller and lighter spindle whorls
at the end of the Bronze Age. This statement,
however, needs to be treated with caution, since
the Late Bronze Age conuli take up much of
the space in the statistics, and because Troia
represents such a large part of the spindle whorl
data. There are also significant exceptions, for
example Arslantepe and Troia, where all types
and sizes of spindle whorls are attested already
in the beginning of the Bronze Age. Moreover,
other recent research has demonstrated that a
range of spindle whorl weights were present
in Neolithic and Early Bronze Age Crete
(Cutler et al. 2015; Cutler forthcoming b) and
Early Bronze Age mainland Greece (Siennicka
2012; forthcoming), including some lighter
whorls, although these were not present in
large numbers.
Likewise for the loom weights, caution is
crucial when comparing tools from different
periods and contexts: in the palace context
at Phaistos, Crete, Protopalatial (MM IB to
MM IIB, c. 1950–1700 BC) loom weights are
cylindrical and the majority of them are best
suited for use with thread needing a warp
tension of c. 10 g, while in the subsequent
Neopalatial period (MM III–LM IB, c. 1700–
1450 BC) loom weights become heavier and
thicker and the majority are optimal for use
with thread needing a warp tension closer to
20 g. However, the Neopalatial loom weights
are not from a palace context. Thus, what
reality do we see here? An evolution towards
coarser fabrics? Or, a qualitative difference
between palatial and non-palatial textile
production? Continuing in Crete, in LM I Agia
Triada, the tools testify to an even larger variety
of fabric types and qualities in the range of
spherical and discoid loom weights.
Naming textile tools
We are rarely as lucky as Sauvage and Hawley
(2013) to find a spindle whorl inscribed
‘spindle’, so terms for textile tools must be
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identified in different contexts, such as work
assignments or ritual descriptions. In Linear B,
female textile workers are designated as a-ra-kate-ja, spindle/distaff women=spinners, and this
could suggest that *i-te-ja (weavers), ra-pte-ri-ja
(seamstresses) and pe-ki-ti-ja (combers) would
also contain the root for the occupational
designation and for the name of their textile
tools, the loom, the needle and the comb.
The Hittite texts refer to textile tools, such as
the spindle ((GIŠ)ḫue/iša-), distaff ((GIŠ)ḫulāli-),
and spindle whorl (panzakitti-) (Ofitsch 2001;
Baccelli et al. 2014, 110–111).
Workshops
Even in cases when a room suitable for use as a
textile workshop is identified, it is not possible
to conclusively identify it as such a workshop
(Tournavitou 1988; Alberti 2008). This raises
the question: how do we indeed define a textile
workshop? What would it look like? It is likely
that the answer depends on the organisation
of textile manufacturing. If the production
is organised on a household level, even in a
household industry or putting-out mode, the
work would have taken place in the domestic
settlement area. Such domestic workplaces are
crucial for the Old Assyrian trade based on
workshops in private homes in Assur (Michel
2006; Michel and Veenhof 2010).
The fibre preparation tools, the spindles
and spindle whorls, the looms and the loom
weights and baskets filled with different yarns
dyed in a range of colours might have been
stored in the same room, but this room could
also have had several other functions. However,
the plant fibre preparation most likely occurred
outside the buildings, and spinning could be
done everywhere. Washing and dyeing could
have taken place in the cooking area, where
the dyes could also have been stored. Even
if a room was used solely for textile work,
it is likely that other materials, for example
pottery (artisans do need to drink!), or bone
(and eat!), or other objects would be present
in the same archaeological context. A general
methodological challenge is also that textile
tools are generally used to identify a domestic
area, in contrast to bronze casting moulds, for
example, which are considered to be evidence
for a (non-domestic) bronze casting workshop.
The loom could also have been set up outside,
as is evidenced in ethnographical studies
(Breniquet 2008).
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In Late Bronze Age palace texts, women
(and children) in the textile industries are often
recorded in groups. Ur III texts record that
2–3 women work side by side to warp and
weave (Waetzoldt 1972; Firth and Nosch 2012).
Textile production also occurred in palaces,
sanctuaries or other official buildings. There
could have been separate rooms for spinning
and weaving, but this work could also have been
done together. If spinning on a spindle with
a whorl, this can easily be done when walking
around, but if using a spinning bowl, one needs
to stay in one place while spinning. Similarly,
when working on a spinning hook (chapter 2), it
is preferable to work seated. Moreover, when
spinning very thin threads with few fibres,
warping the loom and weaving elaborate
fabrics, such as textiles with many threads per
centimetre, or tapestries, artisans need a lot of
light. The colour of the wall against which the
loom leans, too, is of importance. If the wall
is white, it is very difficult to see thin white
threads, yet a white plaster does provide a
good light. There could also have been special
installations for dyeing and wool washing
(Alberti 2007; Mazow 2013), but here again, it
is difficult to identify these contexts. The rooms
and the spaces for producing textiles must have
been numerous and diverse, yet to identify
them requires a more detailed discussion on
how to identify a textile workshop.
Who were the textile workers?
Over the course of this project, a frequently
asked question at lectures and conferences was
about gender and textiles: did only women
make textiles, or did men also participate in
the production? As this volume demonstrates,
textile tools are key to the understanding of
textile production, but textile tool analyses
can provide no individual information on who
the textile workers were: their age, gender or
ethnicity. Through experimental archaeology,
we may be able to assess the level of skill the
textile workers possessed and thus evaluate
the necessary training level. Yet, textile tools
cannot reveal who held them in their hands.
The texts are instead an informative source.
Generally, there are many indications of a
gendered division of tasks in the Bronze Age
texts, but it is notable that the assignment
of these tasks is not consistently linked to a
gender or an age group, neither in the archives
nor in a given cultural sphere (Garcia-Ventura

2014). In Ur III texts of the 21st century BC,
women are recorded as textile workers with
children, even babies, but men are also recorded
as performing textile tasks (Waetzoldt 1972).
In Assur women produced textiles (Michel
2014), but men provided the wool and sold
these textiles in far off Anatolia in the early
centuries of the 2nd millennium BC (Veenhof
1972; Michel 2001; 2014). The Late Bronze
Age Linear B texts primarily record female
textile workers with children (boys and girls,
divided into age groups), but there are also male
weavers, and textile finishing is done by both
men and women (Nosch 2001; 2003b). If there
are some general trends, it is that spinning is
mainly associated with women; sheep herding
and fulling are tasks connected to men; weaving
and finishing/decoration are activities shared
by both sexes, and children are often involved
in textile work.
Mobility
As this volume demonstrates, textile tools are
key to the understanding of textile production.
However, textile tool analyses and experimental
archaeology can provide less information on
mobility; they can rarely enlighten us as to how
textiles travelled, were traded, and how textile
workers, too, may have travelled. Nevertheless,
texts and images inform us about how textiles
and fibres moved, as gifts, commercial objects,
investments, or along with textile workers. The
6th book of Homer’s Iliad mentions Sidonian
women, most probably textile workers, who
were taken to Troia by prince Paris; Linear
B records of female textile workers at Pylos
suggest that some of them could originate
from Anatolia, as migrant workers or captives
(Nosch 2003a).
At the end of the 3rd and beginning of the
second millennium BC in Mesopotamia, wool
was exchanged over short and long distances
for copper and silver (Sallaberger 2014). In
cases of shortage, wool could be sent all the
way from Anatolia to Assur (Michel 2014), and
textiles, too, were sent from Assur to Anatolia
on a regular basis as the Kaniš documentation
demonstrates (Veenhof 1972; Michel 2001;
Michel and Veenhof 2010).
Did textile tools, too, travel? Joanne
Cutler has observed that a number of textile
tools from various Bronze Age southern
Aegean settlements are not made of local
clay, suggesting that they arrived with the
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craftspeople who used them, from elsewhere
(Cutler 2011; 2012; forthcoming a; Cutler et al.
2013; see also chapter 6.6 for Akrotiri, Thera).
Moreover, recent isotopic tracing of wool in
northern Europe, both from the Bronze Age
and the Iron Age, has identified surprisingly
large amounts of non-local fibres, suggesting
that both wool and textiles were traded as a
commodity (Frei et al. 2009; 2015; Andersson
et al. 2010; Nosch et al. 2013).
Textile fibres – wool or flax?
Much attention is focused on wool as the new
fibre in the Bronze Age. This is an obvious
and attractive choice since wool engenders
innovations, changes in animal husbandry
and a series of new professions and new
technologies (McCorriston 1997; Breniquet
2008; Nosch forthcoming a; see also all
contributions in Breniquet and Michel 2014).
Wool is also used as a payment for workers
in Bronze Age palace administrations, and
it is used as an investment and currency
for obtaining copper and silver in late third
millennium BC Mesopotamia (Sallaberger
2014). In the written records we perceive
a clear interest – and bias – towards wool
textiles, and the Bronze Age scribes had a
keen interest in wool products (Breniquet
and Michel 2014). Already in the fourth
millennium BC at Jemdet Nasr (Charvát 2014),
we encounter two similar round signs for wool
and textile, respectively (Fig. 7.26).
The amounts of wool textiles recorded in
the Bronze Age accounting texts are highly
impressive: “in Mesopotamia, around 2050
BC, the annual production of textiles was
huge, certainly significantly more than 60,000
pieces”, writes Waetzoldt (2010, 201). In 23rd
to 22nd centuries BC Akkadian and Sargonic
texts, wool is a vital commodity for the palaces,
and it is given as rations to workers (Foster
2014). For Late Bronze Age Crete there are
records of some 100,000 sheep recorded by
palace officials, and this would give yields of
75,000 kilos of raw wool.
Wool represents a Bronze Age innovation,
even a revolution (McCorriston 1997), and a
new name for the Bronze Age could be the
Wool Age. Flax, however, continued to be a
major textile crop and an important textile fibre
(Helbæk 1959; Van Zeits and Bakker-Heeres
1974; Nosch forthcoming b), and perhaps held
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Fig. 7.26: SIG2 ‘wool’
and TUG2 ‘textile’.

a special significance for the cult (Bacchelli
et al. 2014; Quillien 2014). It is also important
to bear in mind that wool and flax are two
dífferent types of fibres and partly used for
different types of textiles (chapter 2).
A methodological bias in trying to assess the
relative importance of wool and plant fibres
in the Bronze Age Eastern Mediterranean is
that sheep, and also goats, leave much more
abundant archaeological traces (Ryder 1983;
Vila 1998; 2002) than do plant fibres, such
as flax (Karg 2011). In contrast, chapter 3 of
this volume clearly shows that from a textile
archaeological perspective, the vast majority of
recovered textiles are linen, a situation that may
also be at least partly due to preservation factors.
In the experiments of the present volume,
we primarily chose to test wool: preparation,
time, spinning and weaving. More experimental
tests of flax would substantiate the discussions
on fibres and enable a more precise comparison
of tools, techniques, and time consumption for
animal fibres and plant fibres. Exploring flax
species diversification and agriculture, and the
technologies related to flax fibres, constitute
other key areas for future research. Iconography
is rarely of much help in the exploration of flax
outside Egypt, but texts testify to the ranking
of many linen fabric qualities and to extensive
flax cultivation, both for linseed oil and for
linen fibres (Herslund 2010; Jones 2010). It only
adds to the complexity of the fibre question
that some of the archaeological textiles that
have been analysed are made of goat hair and
possibly nettle fibre (Frangipane et al. 2009;
Moulhérat and Spantidaki 2009).
It would be marvellous if the textile tools
could be used as markers for the introduction
of wool in textile production in the Neolithic
and Early Bronze Age, but thus far, we are
still unable to determine whether changes in
spindle whorls or loom weights can be related
to the choice of fibres; it is our hope that future
scholars are able to develop a methodology
for answering this crucial question about
prehistoric and early historic resources.
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Time and time consumption
The experiments conducted in the TTTC
project clearly demonstrate how time
consuming it is to produce even the coarsest
textiles (chapter 4.1). It is, certainly, difficult
to judge how much time was needed in
ancient times, for example, how skilled and
fast the craftspeople were. Another challenge
is to understand the concept of time in the
past. Today, there is a general assumption
that the longer it takes to produce an object,
the higher its value, but it is questionable if
this assumption is valid in the Bronze Age.
However, what we can conclude, based on
both experimental archaeology and on written
sources, is that textile production during this
period, too, took up a great deal of time.
Spinning, in particular, is very time consuming.
These are the average spinning speed results
of our tests:
•
•
•

18 g spindle whorl: 50 m/h.
8 g spindle whorl : 40 m/h.
4 g spindle whorl : 35 m/h.

Two Bronze Age texts enable us to compare
the time allocated to textile tasks with our
experimental results (chapter 4). The two
textile types concerned are guz-za and bar-dul5
fabrics.
In one Ur III text (ITT V 9996 iii 4-r. I
4=T.32 III 4-Rev. I 4 in Waetzoldt 1972) we
read about the production of a guz-za fabric
made from fourth-class wool, here cited in
Waetzoldt’s (2010, 205) translation:
1 guz-za-fabric from fourth-class wool, the
mixed wool for it (weighs) 4 kg
1 woman cleans and combs 125 g in a day (and)
1 woman ’mingles’ (HI.HI.) 1 kg in a day
(possibly production of roving/slubbing) the
warp threads for it (weigh) 333 g (and)
1 woman spins 8.3 g strongly twisted threads
(for the warp);
the weft threads for it (weigh) 1.66 kg (and)
1 woman produces 61 g (of them) in a day
(for the weft);
(the) length (of the guz-za-fabric is) 3.5 m
(and)
(the) width (is) 3.5 m;
3 women warp in 3 days (and)
2 women weave 50 cm in a day.
Another Ur III text (T.32 Rs. I 6–14) describes
the production of a type of textile called túgbardul5 or bar-dul5 (Waetzoldt 1972; 2010, 207):

1 bar-dul5-U2-fabric from fifth-class (wool),
the mixed wool for it (weighs) 2 kg;
1 woman cleans and combs 125 g in a day (and)
1 woman ‘mingles’ (HI.HI.) 1.5 kg in a day
(possibly production of roving/slubbing);
the warp yarns for it (weigh) 666 g (and)
1 woman spins 16.6 g strongly twisted threads
(for the warp);
the weft yarns for it (weigh) 833.3 g (and)
1 woman produces (of them) 41.6?? g in a day
(for the weft)
For the guz-za fabric, an amount of 4 kg of wool
is allocated, and for the bar-dul5 fabric 2 kg. For
the guz-za fabric, the warp weighs 333 g and the
weft 1.66 kg, which suggests a highly weft faced
textile; moreover, the warp and weft yarn must
be of very different quality since the output is
given per day and there is a clear difference in
spun thread output between the 8.3 g warp/
per day and the 61 g weft/per day; this would
suggest thin, strong and tightly twisted warps
interwoven with thicker wefts (Firth and Nosch
2012; Andersson Strand and Cybulska 2013).
For the bar-dul5 fabric, the warp weighs
666 g and the weft 833.3 g, suggesting a more
balanced weave. However, for the bar-dul5 fabric,
a woman spins 16.6 g warp per day and 41.6 g
weft per day which suggests that it was much
faster to spin the weft. It seems plausible that
the spinners used different spinning tools for the
warp and the weft, respectively. Both types of
textile, balanced and weft faced, are well attested
in the archaeological record, as we demonstrate
in chapter 3.
In both Ur III texts, a woman was able to
clean 125 g wool per day. This corresponds
quite well to the TTTC experiments in which
the textile technicians cleaned 133 g in 12 hours,
as we discuss in chapter 4.2.
The time measurements from the CTR tests
are within the same time frame as the time given
in the Ur III texts. The TTTC textile technicians
were both skilled, and had long experience of
spinning and weaving, which we also assume to
be the case of the Bronze Age artisans of Ur.
Even if time was not held to be as valuable as
it is today, this is still clear evidence of the high
value placed on textiles.
Similar methods are now employed on other
source materials. For example, experimental
data combined with Old Assyrian texts have
been used to estimate how many textiles
a household was able to produce per year,
and this hypothesis was then confirmed by
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including textual data related to the transport
of these textiles (Michel forthcoming).
In the Linear B texts, information is given
about various types of textiles and the amount
of wool required to make them (Killen 1964;
1966), which can be compared to the TTTC
experimental tests. The following example
concerns the Mycenaean textile called pa-wo
or pa-we-a in the plural form. It requires
c. 1.67 units of wool per piece of pa-wo, which
is equivalent to c. 5 kg of raw wool. According
to the TTTC experimental testing, the 5 kg
of raw wool would be reduced in the cleaning
and sorting process to 40% of its original
weight, thus 2 kg of prepared clean wool. The
combing would reduce this further by 22% to
1.56 kg of wool. In the TTTC spinning tests,
the following spinning outputs per 100 g of
prepared wool were achieved: 623.5 m on an
18 g spindle whorl, and 1,031 m on an 8 g
spindle whorl. When these results are applied
to Mycenaean pa-we-a, it implies that 1.56 kg
of prepared wool would yield c. 10 km when
spun on an 18 g spindle whorl, or c. 16 km
when spun on an 8 g spindle whorl. It would
take a spinner c. 200 hours to spin the c. 10 km
on an 18 g spindle whorl (50 m/h), and c. 400
hours to spin 16 km on an 8 g spindle whorl
(40 m/h) (Nosch 2012 with revised numbers).
These figures raise a series of questions
that we did not anticipate previously when
studying Linear B: first of all, the ta-ra-si-ja
obligation to receive wool and turn it into
specific textiles is highly time consuming;
secondly, a pa-wo is generally considered the
Mycenaean ancestor of the Homeric pharos, a
mantle, and thus a piece of wearable clothing.
The TTTC experiments suggest that this piece
of clothing would weigh c. 1–2.5 kg and contain
between 10–16 km of thread, and these
figures point towards a very large and densely
woven cloth, larger than a regular mantle.
Thus, it is legitimate to consider alternative
interpretations to the equation of raw wool
allocated to textile workers equalling a piece
of cloth. Perhaps a part of the wool was kept
by the textile workers as remuneration?
Texts, the textile tools and the archaeological textiles from the Bronze Age clearly
demonstrate the use of various fabrics, which
would have taken different lengths of time to
produce, and required different textile tools.
As discussed earlier, textiles produced with
very thin threads and woven in complicated
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techniques take much longer to produce than
coarser textiles in simpler techniques.
Temporality and seasonal textile activities
In the written records of Mycenaean Greece
as well as in various account systems of
Mesopotamia, wool yields are counted annually,
and so is the predicted number of newborn lambs (Michel 2014; Nosch 2014). In
Mesopotamia, wool was plucked in spring,
before the harvest, and we can assume that
in the Aegean plucking also took place at the
end of spring when the climate and animal
hormones change and provoke moulting, i.e.,
the natural shedding of the fibres. Experimental
archaeology and research in ancient breeds
have shown that the timing of plucking is
crucial and can neither be started too early
nor delayed. If too early, the fibres cannot be
detached easily; if too late, the new wool will
start growing out from under the old dead
wool and this will damage the quality of both.
The plucking period was a major operation
in Bronze Age palace and temple economies
and very large numbers of primarily men
were mobilised for this labour-intensive task
(Michel 2014). The rapidity of plucking varies
according to the sources (Andersson Strand
2014 estimates a rate of 10–12 sheep plucked
per man, per day, while at Ur III, Waetzoldt
(1972, 14–17) has documentation for 38 sheep
being plucked by one man a day). Choosing the
right moment for plucking was essential and
it is thus not surprising that at Mari a sample
of the first plucked wool had to be sent to the
king to assess its quality and determine if the
time was right (Michel 2014).
A sheep can only be plucked once a year,
when it is moulting. Early sheep breeds
moult during the late spring/early summer,
but the timing of the moulting naturally
varies according to climate and regions, i.e.,
between lowlands and highlands (Barber 1991;
Andersson Strand 2012; 2014). A significant
change in the temporal organisation of textile
production occurred when shearing became
common, probably in the Early Iron Age,
because by then sheep could be sheared twice
a year (Andersson Strand 2014).
Textile production follows a linear sequence
of essential processes carried out in a certain
order. At the same time, tasks related to
agriculture and animal husbandry are cyclical
in nature, defined by the year and the seasons.
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Figure 7.27: Le cycle des
travaux féminins. (The
cycle of female labour).
After Bourdieu 1980,
409.

The textile tools cannot inform us when
textile related processes took place, but a
potentially useful model in approaching this
question is Pierre Bourdieu’s visualisation
of two work seasons, summer and winter,
which was based on his fieldwork in Kabylian
villages in northern Algeria (1980) (Fig.
7.27). Here, the female textile activities are
fixed at certain periods and intervals; some
of these activities are based on practicalities,
such as flax harvest and shearing time, while
other tasks such as textile fibre processing,
spinning and weaving are instead much more
flexible processes which can be undertaken,
interrupted, and restarted when time and
place allow, and fitted in with other fixed
agricultural tasks such as the harvesting
of other crops, threshing, etc. Beyond the
practicalities, Bourdieu also emphasised the
many other symbolic, religious and gendered
aspects of life that govern the daily activities
in a village, including the activities related to
textile production. Weaving was conducted
primarily in winter. This seasonal model
of Bourdieu’s may be more suitable to
visualise the extended temporarily of textile
production, and Catherine Breniquet (2008)
introduced this line of thought into her
analysis of Mesopotamian textile production.

Patterns and images
As has often been observed, a large visual and
conceptual gap exists between the standardised
textile logograms noted in Linear A and B,
and the Minoan and Mycenaean textiles and
costumes depicted in contemporary frescoes.
The iconography demonstrates that Bronze
Age clothing combined textiles and animal
skins, and men and women, ages, classes,
status, even ethnicity, are clearly distinguished
(Chapin and Shaw 2015). That the frescoes do
not only illustrate the elite is seen, for instance
in the West House frescoes, which depict
people wearing simple clothing devoid of
decoration. Social hierarchies are expressed in
the richly decorated garments of the ‘priestess’
depicted in the same building, but textiles with
elaborate patterns are also often found on
furnishing textiles, curtains and wall hangings.
The taste for patterned textiles is highly
visible among the Minoan elites, but it may
have become more confined to a ceremonial
and ritual context in the Mycenaean societies
(Chapin and Shaw 2015).
From a functional perspective, this volume
demonstrates how Bronze Age communities
possessed an adequate tool kit for producing
both coarse and fine textiles, plain or patterned,
and the texts enable us to quantify the textiles
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and name them, but only the images can
inform us how they looked, who wore them,
and on what occasions.
The non-functional qualities of textile tools
We focus in this volume on the functional
properties of textile tools in order to assess
production and yields. Thus, only tools from
contexts where they may have been in use
were selected for analysis (houses, palaces,
courtyards), and textile tools from graves
were, therefore, omitted. The latter may,
however, weave another story of the spiritual
and symbolic properties of textile tools. They
accompanied the deceased, mostly woman
but also men, into the next world, ensuring
them useful tools and textiles in the hereafter.
Yet, beyond this pragmatic purpose lie the
rich spiritual and symbolic Indo-European
connotations of spinning as denoting life,
death and destiny (Andrés-Toledo 2010),
and weaving as the metaphorical action of
connecting and joining, creating unities and
cohesion (Fanfani, Harlow and Nosch 2016).
We have no direct evidence of this from the
Aegean Bronze Age, but in the underworld,
the Hattian goddesses of Fate (Gulšeš) spin
the lives of the Hittite kings and queens with
spindles and distaffs (Haas 1994, 372–373;
Baccelli et al. 2014, 114). In the Homeric
epics these symbolic concepts of weaving also
abound. Penelope, the faithful and resourceful
wife of Odysseus and queen of Ithaca, kept
her many suitors at bay by promising to
remarry only when she had finished a shroud
which she wove by day and unravelled at
night. It took them years to discover her plot.
Her lawful husband Odysseus weaves plans
and plots, too, and Greek uses the same verb
for weaving and plotting. Circe and Calypso,
enchantresses encountered by Odysseus on
his long journey, were weavers, as are all
women, elite or poor, in the Homeric epics
(Pantelia 1993, with references). It seems that
for the Greeks of the first millennium BC,
textiles were closely associated with myths
of the Bronze Age: Ariadne, the daughter of
King Minos of Knossos, gave Theseus a ball
of thread so that the young Athenian prince
would not get lost in the labyrinth on his quest
to slay the monstrous Minotaur. Theseus
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travelled between Athens and Crete in a ship
with two sets of sails, one white to announce
the victory over the monster, and a black set
to announce defeat.
Final remarks
Our approach to textiles is that they are not
simply binary systems of spun, twisted, or
spliced fibres, but, first and foremost, the result
of a complex interaction between resources,
technology and society. The catalyst for this
interaction is driven by the needs, desires, and
choices of any society, which in turn influence
the exploitation of resources and development
of technology. Conversely, the availability of
resources and the state of technology conditions
the choices of individuals and society.
In the Tools and Textiles, Texts and Contexts
research programme, textile tools, textile
ter minologies, archaeological textiles,
textile contexts, and images of textiles have
been interwoven. Each has been explored
extensively in the last decade. We hope that
our readers will take up the thread here and
continue the exploration into new areas,
asking new questions. With this book, we
have laid the methodological foundations for
this enterprise.

Notes
1 In measuring the thickness of the loom weights,
it is assumed that the spherical and cylindrical
loom weights would have hung with the hole
positioned horizontally (as indicated by string
wear). It is further assumed that the discoid
weights would have hung at right angles to the
shed bar; if they had hung parallel to the shed
bar, with the thickness therefore being equal
to the maximum diameter, the loom weights
would have moved out of alignment during shed
changes, and they would furthermore produce an
extremely open fabric.
2 These objects are sometimes called bobbins or
reels in archaeological publications (Gleba 2008,
140; Siennicka and Ulanowska forthcoming).
3 This result can be compared with, for example loom
weights recorded from Viking Age Scandinavia
(AD 800–1050). The Viking loom weights vary in
weight from c. 100 g to over 2000 g and in thickness
from c. 15 mm to over 120 mm. However, the
Vikings only had one type of loom weight, which
was donut shaped (Andersson 2003).
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