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Introduction
Experimental archaeology with textile tools 
has an important role to play regarding the 
understanding of  the technological parameters 
for textile production in ancient societies. For 
archaeologists working with ancient textiles 
and textile techniques, there is the advantage 
that many of  the techniques that were used 
during antiquity are still in use today. Through 
ethnographical sources, knowledge is readily 
available of  tool functions and different 
processes, such as fibre preparation, spinning 
and weaving. However, one of  the challenges 
is that craftspeople today may not use exactly 
the same type of  tools or techniques, or even 
the same type of  fibre material. Therefore, 
an important component in this research is 
the testing of  the function and efficiency of  
archaeological textile tools. In the following, 
the experimental tests on archaeological textile 
tools carried out in 2005–2010 within the Tools, 
Textiles, Texts and Contexts (TTTC) research 
programme will be presented. The results from 
the experiments, supplemented with results 
from earlier experiments, have formed the basis 
for interpreting the function of  different tools 
and for the evaluation of  what textiles may have 
been produced at different sites represented in 

the TTTC tool database. This inter-disciplinary 
approach involving archaeologists, craftspeople 
and historians was presented already in 2002 
at the 9th International Aegean Conference 
(Andersson and Nosch 2003). At the conference, 
experimental archaeology conducted on the 
basis of  Scandinavian Viking Age textile 
tools was applied to illustrate the Mycenaean 
textile production. In this chapter, however, 
Scandinavian tools have been replaced by tools 
from the Bronze Age Aegean and Eastern 
Mediterranean. The methods in use in these 
tests are developed from the experience gained 
from the Scandinavian experiments which were 
directed by Eva Andersson Strand (Andersson 
1999; 2003).

Since the majority of  excavated textile tools 
consist of  spindle whorls and loom weights, 
the priority in the research presented in the 
following was to investigate these tools, their 
definition and function. The experiments 
are thus principally divided in two parts, one 
concerning the function of  spindle whorls 
and the other concerning loom weights. The 
two parts were subdivided into different stages 
with different questions and aims. 

Specific principles developed for experimental 
investigations on the function of  textile tools 

Chapter 4.1

Experimental testing of  Bronze Age textile 
tools 

Linda Olofsson, Eva Andersson Strand and Marie-Louise Nosch
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will be presented, and by applying these to 
experimental testing the aim is to give new 
insight into textile production through textile 
experimental archaeology. Furthermore, 
this chapter presents an investigation of  the 
extent to which the individual spinner or 
the tool affects the yarn produced and the 
issue of  whether light whorls can be used 
as spindle whorls will be discussed. Since 
earlier experiments with light whorls yielded 
contradictory results, it was necessary to 
carry out new tests, using the new proposed 
principles as described below to elucidate 
the functionality of  light whorls for spinning 
yarn. 

Finally, the results of  the experimental 
testing of  the function of  loom weights are 
discussed. Different shapes of  loom weights 
were tested. Most shapes seem useful as 
weights on a warp-weighted loom. What is 
interesting, however, is which textiles different 
loom weights are optimal to produce. It has 
earlier been demonstrated that the weight 
of  a loom weight influences the number of  
threads that can be attached to each loom 
weight in order to obtain a suitable warp 
tension (Mårtensson et al. 2009).1 However, 
loom weights have not been investigated with 
the aim of  understanding if  other parameters 
influence the types of  textiles which different 
loom weights are most suitable to produce. 
Via the TTTC experiments these have now 
been identified and will be presented below. 

Our working hypothesis is that textile 
manufacturing in the Aegean and Eastern 
Mediterranean during the Bronze Age was 
well-planned, and that this was essential to 
the production. Planning and preparing as 
well as selection of  equipment was done with 
great care. Furthermore, the people making 
textiles were experienced and knew what 
decisions should be taken in order to facilitate 
optimal production of  textiles and to attain 
the desired result. Of  course, it cannot 
be excluded that beginners’ and children’s 
work form part of  the archaeological record 
(see discussion in chapter 2). However, in 
the TTTC programme it is assumed that 
textile production was primarily conducted 
systematically and by a large part of  the 
population with long and extensive experience 
in textile techniques.

Principles for utilising 
experimental archaeology  
as a method
The majority of  the tests were performed by 
two craftspeople. The aim of   working with two 
craftspeople with different textile backgrounds, 
both experienced in the processes involved 
in making textiles, was to ascertain whether 
these different backgrounds might also affect 
the individual outcome, such as the type of  
spun yarn. Anne Batzer (spinner/weaver 1), 
is a professional weaver at Sagnlandet Lejre 
(Land of  Legends), Centre for Historical and 
Archaeological Research and Communication 
(CHARC), (previously Lejre Historical and 
Archaeological Research Centre) in Denmark. 
Linda Olofsson, formerly Mårtensson (spinner/
weaver 2), trained in prehistoric technology 
at Bäckedal Residential College for adult 
education and Umeå University in Sweden.2 

It could be argued that interpretations 
of  archaeological finds are often based on 
experiments performed only in our minds. 
With experimental archaeology, these questions 
are tested in practice. The results can be 
used to improve our understanding of  the 
archaeological record. However, the results 
from experiments can only provide a basis 
for interpretations. Thus every step of  the 
experimental process as well as the results must 
be interpreted individually and critically. For this 
reason, every experiment should be designed 
based on principles or guidelines of  importance 
for the specific test. It is also of  importance to 
explain the motivation behind every decision 
taken during an experiment. To be able to use 
experimental archaeology and its results in 
research, it is fundamental that these principles 
and considerations are described, and that the 
experiments are carefully documented. Through 
a detailed and published documentation, the 
aim is to enable other scholars to use the results. 
Secondly, this will also enable future scholars 
to repeat the experiments and possibly obtain 
the same results. The development and use of  
principles is considered a way of  developing 
experimental archaeology as a method within 
the field of  textile experimental archaeology. 
In its most optimal design, experimental 
archaeology with textile tools should be based 
on the following eight principles: 
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• The primary parameter to be investigated 
is function and the purpose is not to make 
reconstructions of  ancient textiles. 

• Tools must be reconstructed as precise 
copies of  archaeological artefacts. 

• Raw materials, such as wool and flax, must 
be selected according to our knowledge of  
the time and area under investigation. 

• All processes must be performed by at least 
two skilled craftspeople. 

• Every new test should be preceded by some 
practice time. 

• All processes must be documented and 
described in writing, photographed and 
some filmed. 

• All processes must be studied individually. 
• All products must be submitted to external 

experts on textile analysis.

The last principle, all products must be submitted to 
external experts on textile analysis, is a new parameter 
within textile experimental archaeology. In 
addition to internal evaluations of  the results 
made by us, within the research programme, 
samples from spinning and weaving with 
the spun yarn were submitted to an external 
expert for archaeological textile analysis (see 
chapter 4.2). The aim was to gain further 
knowledge, beyond the primary evaluations of  
the experiments. Furthermore, the introduction 
of  external analysis would allow us to evaluate 
the methodology used in textile analyses: 
would analysis of  yarn and textiles made 
by the craftspeople within the experimental 
process shed new light on technical analysis 
of  archaeological textiles? Would an external 
expert be able to see all the documented 
processes carried out by the craftspeople? How 
far would differences in tools, fibres, skills 
and training be reflected in the fabrics? These 
were some of  the methodological questions 
addressed during the investigation. Samples 
from both spinning and weaving with spun 
yarn were sent to external textile expert Susan 
Möller-Wiering (see chapter 4.2). Finally, even 
if  a craftsperson is experienced, as soon as the 
textile making process is altered, or new tools 
or fibres are introduced, the learning process 
starts again. Every test was therefore preceded 
by some practice time before the actual test 
began. When testing the function of  loom 
weights it was neither possible nor necessary 
to apply all principles, depending on the 
specific experiment. Some of  the principles will 

therefore be presented again in connection to 
the tests of  loom weights, which are described 
below.

Function of  textile tools: spinning 
and TTTC spindle whorl tests
Previous spinning tests have yielded different 
results. The experiments performed by 
Carington Smith led to the conclusion that 
whorls weighing less than 10 g are too light to be 
used as spindle whorls (Carington Smith 1992, 
674, 694; Obladen-Kauder 1996, 233–235). On 
the other hand, the spinning tests performed by 
Andersson established that there are differences 
in spinning with different weights of  whorls, 
weighing from 5 g to 30 g, and that the resulting 
yarn is generally thinner and lighter, the lighter 
the spindle is, because there are fewer fibres 
per metre (Andersson 1999; 2003). Among the 
excavated whorls in the area under investigation, 
one group stands out in the discussion of  what 
is an adequate spindle whorl, i.e. the whorls 
that weigh less than 10 g, the so-called beads, 
buttons or conuli.3 As a consequence of  the 
tests done by Carington Smith and Andersson, 
the need to reconsider the interpretation of  
the whorls weighing less than 10 g found in 
the Mediterranean area is clearly demonstrated 
(Carington Smith 1992; Andersson 1999; 2003; 
Grömer 2010). Furthermore, it has not been 
established to what extent the spinner or the 
whorl primarily defines the outcome.

In order to further investigate these issues, 
the TTTC tests were conducted on different 
weight classes of  whorls, using identical fibres 
and two spinners working in parallel. The 
functionality of  three different weights of  
whorls, weighing 4 g, 8 g and 18 g, were tested 
using wool fibres, in order to examine if  the 
results obtained by the two spinners were similar 
or not. The same 8 g whorl was also tested 
using flax fibres, in order to investigate if  this 
light whorl’s functionality was influenced by a 
change in the type of  fibre used. 

Tools: reconstructing spindle whorls 
When the function of  tools, in this case 
spindles with whorls, is to be investigated, 
it is of  great importance that the tools are 
precise reconstructions of  the originals. All 
spindle whorls used in the experiments were 
reconstructed copies of  biconical and conical 
ceramic whorls from Nichoria in Greece dated 
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to the Bronze Age (Fig. 4.1.1) (Carington 
Smith 1992, no. 2605, 2656, 2647). Ceramist 
Inger Hildebrandt, CHARC, produced all the 
whorl reconstructions. The reconstructions 
were made of  local Lejre clay but their weight 
and dimensions were identical to those of  
three specific whorls from Nichoria. 

It was only possible to construct, not 
reconstruct the rods of  the whorls, since no 
rods from the same site have been preserved. 
Since spinning in present times suggests 
that rods were made of  wood, wooden rods 
were used in the experiments (Fig. 4.1.1). 
The rod diameter was based on the size of  
the whorl hole. In a previous experiment, a 
whorl weighing 5 g was put on a wooden rod 
measuring about 30 cm in length (Obladen-
Kauder 1996, 235). In another case, whorls 
with an average weight of  10 g were used with 
a so-called souvlaki stick as a rod (Carington 
Smith 1992, 694). In both cases, the spinning 
tests were regarded as unsuccessful, with 
the conclusion that the spindle was too 
difficult to work with. It must be noted that 
a conventional souvlaki stick is far too long 
to use as a rod for a small spindle whorl, as 
it would not provide adequate balance or 
regularity in the rotation. The experiments by 

Andersson clearly demonstrated that lighter 
whorls require a smaller and lighter rod than 
heavier whorls (Andersson 1999). If  the sizes 
of  the rod and the whorl are not in balance, 
the spindle will wobble and feel uncomfortable 
to use. Therefore, in the TTTC experiment 
the 18 g whorl was put on a rod with a length 
of  c. 24 cm and a weight of  3.5 g (Fig. 4.1.2). 
The 8 and 4 g whorls were used on smaller 
rods with a length of  c. 14 cm and a weight of   
2 g (Fig. 4.1.3) and 1 g (Fig. 4.1.4) respectively. 
Each whorl was fixed on the lower end of  the 
rod as a low-whorl spindle. This arrangement is 
the most common in European traditions since 
antiquity, as opposed to the high-whorl spindle 
(Barber 1991, 53. See also discussion in chapter 
2 of  this volume). 

Raw materials: searching for Bronze Age 
fibres
The selection of  fibre material for the TTTC 
tests was based on Linear B inscriptions 
mentioning sheep, wool and linen (Ventris 
and Chadwick 1973, 313–323). At the time 
of  the experiments, to our knowledge, no 
results from fibre analyses of  Bronze Age 
textiles were available. The quality of  fibres 
varies significantly between different sheep, 
within each breed, and even in a single fleece. 
Wool with low uniformity in its fleece was 
used in the tests as there is a discussion 
regarding the breed of  sheep that may have 
provided the wool in the Bronze Age Aegean 
and Eastern Mediterranean (e.g. Waetzoldt 
1972; Ryder 1992; see chapter 2). According 
to wool specialist and archaeologist Carol 
Christiansen from the Shetland Islands, this 
heterogeneous mix of  fibres in one fleece 
is considered as a characteristic feature of  
primitive sheep, in contrast to most modern 
sheep, which have a high uniformity of  fibres 
(Christiansen, personal communication). For 
the experiments, wool from Shetland sheep 
was used, since this breed of  sheep, among 
other breeds, has this characteristic feature. 
From several fleeces provided by Christiansen 
for the experiments, a white fleece was 
selected, weighing 2.7 kg, which had a staple 
length of  19–22 cm. This choice was made 
based on information concerning coloured 
textiles from the Bronze Age (Ventris and 
Chadwick 1973, 313–323; Carington Smith 
1992, 691–692). White wool has good dyeing 
possibilities. 

Fig. 4.1.1. Reconstructed 
spindle whorls based on 
finds from Nichoria, 
Greece (photo: CTR).

Fig. 4.1.2. Reconstructed 
low-whorl spindle used in 
experiments, 18 g whorl 
(photo: CTR).
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No information on what type of  flax was 
used in the Bronze Age and how it might 
have been prepared was available. Due to the 
lack of  information, pre-prepared flax fibres 
were used. Flax fibres were provided for the 
experiments by CHARC, weighing about 100 g 
and measuring approximately 50–100 cm in 
length (Fig. 4.1.5). The fibres had been stored 
for many years at CHARC, they were water 
retted and they were traditionally prepared 
(see chapter 2). The use of  wool from the 
same sheep and the same kind of  flax in 
every test made it possible to repeat the tests 
and compare the results from spinning with 
different tools. 

Fibre preparation
Before the wool can be used it is usually 
processed (see chapter 2). The wool used 
in the experiments was prepared as follows: 
Felted parts, dirt and the most irregular parts, 
such as the back and belly were first removed. 
After sorting the 2.7 kg fleece, 1.1 kg of  rather 
homogeneous wool remained to be used in 
the experiments. The discarded wool should 
not, however, be regarded as waste material 
as it could have been used for other purposes. 
Tufts of  wool from three different places on 
the fleece were then mixed and teased by hand. 
Earlier experiments have demonstrated that too 
much underwool in thin yarn will make it open 
and irregular and it will break easily (Andersson 
1999; 2003). Using wool combs can reduce the 
underwool (Fig. 4.1.6). Linear B inscriptions 
describe “wool carders” (Ventris and Chadwick 
1973, 570, pe-ki-ti-ra

2
), but it is not known what 

the associated tools may have looked like or how 
they may have been applied. Since there is no 
evidence for the carding of  wool until later times 
(Barber 1991, 261), the choice of  using wool 
combs in this experiment was considered more 
appropriate. In order to hold as the warp on a 
loom, the yarn needed to be strong and sturdy. 
To obtain the best results, a wooden comb was 
used (Fig. 4.1.7), even if  to our knowledge, 
none have been found in the Bronze Age 
Mediterranean area. It is likely that they were 
made of  perishable materials. The comb used 
in the experiments took its inspiration from the 
combs made of  bone and wood found in the 
Caspian Sea area, some of  them dated to the 
Bronze Age (Shishlina et al. 2000). 

By using the comb primarily on the ends 
of  the wool fibres, the wool could better 

Fig. 4.1.3. (left) 
Reconstructed low-
whorl spindle used in 
experiments, 8 g whorl 
(photo: CTR).

Fig. 4.1.4. (right) 
Reconstructed low-
whorl spindle used in 
experiments, 4 g whorl 
(photo: CTR).

Fig. 4.1.5. Flax fibres 
used in the experiment 
(photo: CTR).

be cleaned from defects such as wrong cuts, 
felted parts and exceptionally fuzzy and short 
underwool. In this way, the wool was not truly 
combed, but rather hackled at the ends; 22% of  
the wool was discarded in this process. Finally, 
the wool was fastened in the comb and pulled 
out of  the comb with one hand into a band 
of  fibres (Fig. 4.1.7). The wool was now ready 
for spinning. 
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Further preparation before 4 g whorl 
spinning
By conducting some initial test spinning with 
the 4 g whorl it was noticed that the process 
of  providing wool fibres with the hand while 
spinning took more time than reasonable. Even 
though the wool was specially prepared, the 
spinners still experienced difficulties in spinning 
with this light spindle whorl. Therefore, in 
order to test whether the 4 g spindle whorl was 
a suitable spinning tool at all, both spinners 
conducted a small reference test, spinning 
with another type of  wool. This test was 
made with rather fine and homogenous wool 
that had been machine carded and washed. It 
appeared to be much easier to spin with these 
fibres and the yarn produced was strong. Based 
on this experience, the wool for the primary 
experiments was washed, in order to obtain a 
fibre material more suitable for the 4 g whorl. 
It should be noted that it is known from other 
periods that wool was washed before spinning 
(Waetzoldt 1972, 109–119). The wool was thus 
washed in 40–60 centigrade water to reduce dirt 
and some of  the lanolin. Afterwards, the wool 
was combed as in the previous test.

Spinning wool and flax – two different 
processes
As one research question was how two 
individual spinners affect the spun thread, the 

Fig. 4.1.6. Wooden 
wool comb, used in the 
experiments (photo: 
CTR).

Fig. 4.1.7. Pulling out 
wool from the comb into 
a band of  fibres (photo: 
CTR).
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detailed technology of  spinning or the final 
wool yarn was not compared between the 
two spinners during the experiments. This 
was only done afterwards when the results 
were evaluated. 

There were some restrictions, however, for 
example, to sit on chairs when spinning (Fig. 
4.1.8). Furthermore, the yarn was spun in a z 
direction (Fig. 4.1.9), because this is considered 
to be the usual method in the area under study 
(Barber 1991, 66). All spindles were used with 
the suspended spinning technique, which is 
a common technique when spinning with a 
spindle and a whorl (Fig. 4.1.8; see chapter 2 for 
alternative techniques). The spinners commonly 
gave the spindle three twists by hand and then 
two final twists after approximately 1–1.5 m 
of  spun thread. By doing so, the spinners felt 
that the thread would thus hold as warp. The 
spinning continued until the spindle was filled, 
meaning that the weight of  the threads affected 
the rotation of  the spindle negatively.

Spinning flax, however, involved several 
additional procedures, such as the use of  a 
distaff  for keeping the long fibres organised 
and water for moistening the yarn during 
spinning. Flax fibres need to be moistened 
during spinning to make them flexible. This 
can be done by putting saliva or water on the 
thread while spinning. Using saliva was not 
considered in the experiment because this is 
rather unpleasant when one is spinning a large 
amount of  yarn. Instead, water was used and 
some linseed oil was also added to the water. 
One tablespoon of  linseed oil was mixed with 
12 centilitres of  water. Because of  the pectin, 
linseed oil is assumed to have a gluing effect 
on the yarn, making  it sufficiently strong to 
function as warp. This procedure may also 
prevent fibres sticking out of  the yarn. The 
arrangement of  these items, distaff  and water 
cups (Fig. 4.1.10), and the use of  them were to 
some extent discussed between the spinners 
beforehand. The equipment was arranged and 
prepared together by the spinners and both 
the technique of  spinning and the yarn were 
compared during the spinning. Therefore, 
the opportunity was taken to check if  it 
was possible to deliberately spin similarly 
by only watching each other spin. It was 
assumed that this would make the yarn more 
similar. According to the external evaluation, 
however, this did not turn out to be the case 
(see chapter 4.2). 

Fig. 4.1.8. Working position. Anne Batzer (spinner 1) is spinning wool fibres. The spindle 
is hanging freely, i.e. a suspended spindle (photo: CTR).

Internal and external evaluation  
of  spinning and yarn
In order to assess the results of  the experiments, 
two evaluations took place. One was done by 
the spinners themselves, the other by the 
external textile expert Susan Möller-Wiering 
(for the external evaluation see chapter 4.2). 
The aim of  the evaluations was to assess if  
there are any differences between the two 

Fig. 4.1.9. Depending on whether the yarn is spun 
clockwise or anti-clockwise, the yarn will be twisted in 
different directions called s or z. Depending on how much 
the yarn is twisted, the twist angle will be high or low 
(drawing: Annika Jeppsson).
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spinners, yarn, or between the yarns spun using 
different whorls. The following questions were 
discussed in the evaluation:

• How many metres are spun per 100 g spun 
fibres compared between the two spinners 
and the different tools?

• Did the spinning require the same amount 
of  time for the two spinners or were there 
major differences in time consumption?

• Was the spun thread suitable as warp?
• Were the threads spun by the different 

spinners suitable to use in the same weave? 

As part of  this the weight and length of  the yarn 
was measured and documented by the spinners, 
as was the time it took to spin a full spindle. 
Finally, the thread was tested for weaving on a 
warp-weighted loom. 

Spinning with 4 g, 8 g and 18 g whorls using 
wool fibres
In the conducted tests, 350 m to 800 m of  
yarn was spun, depending on what whorl was 
used. The results from spinning wool fibres 
with the 4 g, 8 g and 18 g spindle whorls 
confirmed previous results. When spinning 
with a suspended spindle and similar type of  
wool, the lighter the spindle whorl, the lighter 
and in general the thinner the thread will be. 
The new results from the TTTC experiments 
are that the output quantities of  yarn became 
similar for both spinners when using identical 
spinning tools and fibre material. The main 
differences are not seen between the spinners 
but between the three different whorl weight 
classes (Fig. 4.1.11). These results indicate that 
it is the tool and fibre rather than the spinner 
that defines the outcome yarn. If  one tries to 
spin thin yarn with few fibres per metre with a 
heavy suspended spindle, the thread will break, 
because of  the weight of  the spindle. On the 
other hand, if  spinning thick yarn on a light 
spindle, the spindle will only rotate with much 
effort, and the yarn will not be strong enough 
to be used in a weave. Furthermore, it should 
also be noted that it was of  great importance 
how the fibres were prepared before spinning. 
Although the 4 g whorl worked for spinning 
yarn, both spinners reported that further wool 
preparation or another type of  wool, which 
is finer and more homogenous, would be 
preferable in order to produce strong yarn when 
using the 4 g spindle. 

While spinning, further important observa-
tions were made. It was for example observed 
that spinning was greatly affected by whether 
the spindle whorl hole was centred or not. 
One of  the 8 g whorls had a hole that was only 
slightly off-centre. This spindle whorl required 
more force from the hand to rotate properly. 
The resulting yarn from spinning with the 
whorl with the slightly off-centre hole did not 
appear significantly different from yarn spun 
by the other 8 g whorls, but the measurements 
later showed a slightly lower output for the 
unbalanced whorl (see chapter 4.2).4 However, 
it was reported that the spinner’s hands ached 

Fig. 4.1.10. Linda 
Olofsson (spinner 2) is 
spinning flax fibres. The 
fibres are organised on 
a stand (distaff) which 
is fixed on a table (a 
reel was used for this 
purpose). Please note the 
small glass with water on 
the table (photo: CTR).
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after working with this specific whorl. On this 
basis, it was concluded that it is possible to spin 
with an unbalanced spindle whorl. This should 
not, however, be regarded as the spinner’s first 
choice. 

Spinning with an 8 g whorl using flax fibres
Overall, the result demonstrates that an 8 g 
whorl works well as a spindle whorl for 
spinning flax fibres. It was reported, however, 
that it was hard to spin homogenous linen 
yarn that was highly similar within all spinning 
tests. This could be due to the fact that the 
spinners had less experience in spinning flax 
as opposed to wool. The difference between 
the spinners appears clearly if  one calculates 
how many metres of  yarn were spun per 
100 g flax fibre (Fig. 4.1.12). This result is 
interesting, since both spinners in this case 
were trying to spin similarly. The matter 
may be clarified by some observations made 
while spinning. One important factor that 
might have affected the differences in the 
two spinners’ yarn was the application of  
water mixed with linseed oil, but this was 
not discussed in detail during the spinning 
experiment. It was reported later that one 
spinner used much more linseed water whilst 
spinning than did the other. The water and 
linseed mix may have helped to connect more 

fibres and thus made some threads thicker, 
i.e. the more watery spun thread was shorter 
than the other (Fig. 4.1.12). In this case, the 
difference between the spinners was probably 
caused by the habits of  the spinner rather than 
the spindle in use. 

It should be noted that yarn made of  
wool and yarn made of  flax have a different 
appearance and feel different irrespective of  
whether the yarn contains a similar amount 
of  fibres in grams. A comparison of  the 
experience of  spinning flax and wool fibres 
with the same whorl indicates two main 
differences according to the tool’s function 
while spinning. Firstly, when the spindle was 
almost full of  yarn, it started to wobble in a 
more extreme way while spinning with flax than 
it did with wool. The spindle changed quite 
abruptly to being hard to twist, it stopped and 
rotated in the opposite direction. It could be 
that the whorl may have managed to twist the 
flax fibres in a more balanced way if  the rod had 
been thinner in width, to expand the whorl’s 
diameter in relation to the rod.5 Secondly, the 
linen yarn also easily slipped off  the spindle 
while spinning, which was a rather distracting 
interruption. Perhaps the spindle would be 
more suitable in its function for spinning linen 
yarn if  the whorl had a larger diameter. This, 
however, was not tested.
 

Fig. 4.1.11. Calculation 
of  metres of  yarn per 
100 g wool, 4 g, 8 g 
and 18 g whorls, and 
comparing the metres of  
yarn spun by the two 
spinners.
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Spinning yarn takes time
The time consumption of  prehistoric textile 
production is considerable. Almost endless 
hours must have been spent on producing 
textiles, even if  it was only for one piece of  
cloth. In order to emphasise this almost infinite 
work, some conclusions drawn from the results 
from the TTTC spinning experiment will be 
outlined in the following. By making time 
studies of  these processes today it is possible 
to get an idea of  how time consuming this 
work can be. Owing to the design of  the 
experiments, it is also possible to compare the 
spinning time when using different spindles 
and between different spinners. The results 
of  these comparisons made it clear that there 
is a difference in time consumption when 
spinning with different whorls, though the 
differences must be seen as marginal (Fig. 
4.1.13). It is more time consuming to spin yarn 
with a light whorl than it is with a heavier one. 
The reason is probably that it requires a lot 
of  concentration to spin with the 8 g and 4 g 
whorls. The need for concentration, according 
to our experience, makes it doubtful that other 
household duties could be performed while 
spinning with these light whorls. Spinning 
flax fibres with an 8 g whorl took longer than 
spinning wool fibres using the same whorl. This 
contradicts other experiences and experiments 
where flax typically has taken less time to spin 
than wool (see chapter 2). A slight difference 
in time consumption can be identified between 

the two spinners as well. This is probably due 
to the individual habits of  the spinners and the 
strength in the spinners’ hands. 

In the experiments, it took about 12 hours to 
prepare 133 g of  wool for spinning. 1138 m yarn 
was spun from the 133 g of  wool using the 8 g 
and 18 g whorls. This work took approximately 
25 hours. Altogether, the spinners on average 
spun 27 m of  yarn before the spindle was 
considered full (that is, when the weight of  
the threads wound on the spindle affected the 
rotation of  the spindle negatively). This meant 
that in order to spin 1138 m of  yarn, the spindle 
had to be filled c. 42 times. Furthermore, time 
must be added for the winding of  the yarn on 
the spindle, which is estimated at three hours 
for 1138 m of  yarn. Based on these calculations, 
it would take approximately 40 hours for 
one person, including wool preparation, to 
produce 1138 m of  yarn. This illustrates the 
considerable amount of  time needed for 
spinning, particularly when noting that even 
the 1138 m of  yarn would only be sufficient 
for half  a square m of  fabric with c. ten warp 
threads per centimetre. 

Useful threads?
In order to understand the quality of  a yarn, 
its use and function in a textile must be taken 
into consideration. A further component of  the 
experiment was thus to examine the function 
of  the spun yarn in a textile. Yarn can be spun 
for different purposes, for making bands, nets, 

Fig. 4.1.12. Calculation 
of  metres of  yarn per 
100 g flax fibres and 
100 g wool fibres, 8 g 
whorl, and comparing the 
metres of  yarn spun by 
the two spinners.
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clothes and sails for example. Since the aim 
was to test the function of  whorls and not to 
make reconstructions of  textiles, no specific 
textile was targeted while spinning. As tabby 
weaving is considered the most common 
weaving technique during the Bronze Age, 
weaving samples were made in this technique.6 

Yarn from both wool and flax fibres spun 
with the 8 g whorl and wool fibres spun with 
the 4 g whorl were tested in warp-weighted 
loom setups. The loom weights used were 
reconstructions made based on a ceramic loom 
weight from Troia (Becks and Guzowska 2004, 
cat. no. 2). The reconstructions consisted of  a 
set of  discoid, grooved loom weights weighing 
183–187 g each and with a thickness of  2 cm. 
This accurately reflects the shape, thickness 
and weight of  the original Troia loom weights. 

Before weaving, one has to set up the 
warp. One half  of  the warp consisted of  only 
Batzer’s yarn and one half  only Olofsson’s 
(Fig. 4.1.14). Different types of  yarn require 
different weight tension when the yarn is used 
as the warp on a warp-weighted loom. In order 
to find out what tension these specific threads 
needed, small tests were made tensioning the 
different yarns spun with 4 g and 8 g whorls. 
The wool and linen threads spun with the 
same 8 g whorl required similar weight tension 
in the warp i.e. approximately 19 g per warp 
thread. The thin wool yarn spun with the 4 g 
whorl required c. 13 g per warp thread. It is 
notable that the yarn spun by using spindle 

whorls with different weights was not suitable 
to be used in the same weave. The number of  
warp threads attached to each loom weight was 
thus regulated according to the weight tension 
needed per warp thread, e.g. 14 threads per loom 
weight used for yarn spun with the 4 g whorl. 
All three loom setups were arranged in order 
to get an even distribution of  loom weights in 
relationship to the width of  the starting border, 

Fig. 4.1.13. Calculation of  metres of  yarn spun per hour with 4 g, 8 g and 18 g whorls using wool fibres, and 8 g whorl using flax fibres, and comparing 
the metres of  yarn spun by the two spinners.

Fig. 4.1.14. Weaving 
sample on a loom. This 
is the setup for the linen 
thread spun with the 
8 g whorl. The two 
spinners’ warp threads 
were marked with sewing 
thread (photo: CTR).
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i.e. the total width of  loom weights in a row 
was similar to the total width of  the starting 
border (Fig. 4.1.15). 

Both wool and linen yarn spun with the 
8 g whorl worked well when weaving. The 
wool yarn spun with the 4 g whorl worked, 
but was very sensitive to work with due to 
the wear on the threads caused by changing 
shed. However, this problem must be seen 
as natural when weaving tabby fabrics with 
a close warp on a warp weighted loom. The 
threads would probably work better if  they 
were arranged in a more open tabby with 
more space between the warp threads, or if  
they were treated with a type of  glue that 
would ensure the fibres stuck together. 

Generally, the different spinners’ wool 
threads appeared similar in the weaving 

samples. The linen threads, on the other hand, 
appeared different, since one of  the spinners 
had spun thinner thread than the other. There 
was an obvious imbalance between the two 
halves of  the linen weave, as one half  tended 
to be more tightly packed than the other, 
resulting in an asymmetrical effect on the 
textile (Fig. 4.1.14). It took about 50 minutes 
to weave 4 cm linen textile. 

No weaving test was made on yarn spun with 
the 18 g whorl since the main aim of  the TTTC 
experiments was to test whorls lighter than 10 g. 

To conclude, the weaving tests demonstrated 
that it is possible to produce yarn with whorls 
weighing less than 10 g which is strong enough 
for weaving. How the two spinners’ yarns 
appeared in the weaving samples is reported in 
the external analysis (see chapter 4.2).

Other spinning tests
The experiments could of  course have included 
several spindle whorl weight classes. The 
spinners from the TTTC programme tested 
heavier spindle whorls in a project performed 
by Linda Olofsson at CHARC in 2006.7 The 
whorls were reconstructed based on finds 
from Nichoria with a weight of  30 g and 50 g. 
The tests were designed similarly to the TTTC 
tests. However, the aim was also to investigate 
different spinning techniques. It was concluded 
that heavier spindle whorls are suitable to 
produce a wider range of  yarns than lighter 
whorls. This is valid if  the spindle is worked 
with either supported or suspended spinning 
techniques (Mårtensson 2006). It was not 
possible within the framework of  the TTTC 
programme to further test heavier whorls (for 
other tests on Scandinavian spindle whorls 
weighing up to 44 g see Andersson 1999; 2003).8

Results of  the TTTC tests of  spindle whorls
The tests confirmed that whorls weighing less 
than 10 g are suitable for spinning fine and thin 
threads. Consequently, whorls lighter than 10 g 
should be regarded as possible spindle whorls. 
This result does not, however, exclude the 
whorls’ possible function as beads or buttons. 
The problem of  having a spindle rod with a 
length that does not fit with the whorl may have 
been the reason why whorls with a weight under 
10 g have been regarded as problematic in their 
use as spindle whorls in earlier experiments. 

Furthermore, it is also of  great importance 
what fibres are used and how the fibres are 

Fig. 4.1.15. Warp-
weighted loom. The width 
of  the starting boarder is 
adjusted to the width of  
the row of  loom weights.  
This is the setup for the 
wool thread spun with 
the 8 g whorl. The loom 
weights are reconstructed 
based on finds of  discoid 
loom weights from Troia 
(photo: CTR).
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prepared prior to spinning. To use thin fibres 
is preferable when producing thread with a 
light whorl. When it comes to what is the 
lower weight limit of  a suitable spindle whorl, 
conclusions can only be drawn from what has 
been tested, i.e. that a 4 g whorl is well suited for 
spinning. It is not unlikely, however, that even 
lighter whorls can be used as spindle whorls, 
on the condition that correct fibre preparation 
has taken place. If  this were the case, the whorl 
would need a very small rod made of  a light 
material in order to achieve a balanced tool. 
Such spindles would probably be useful for 
spinning extremely thin yarn. 

One important aim was to determine to 
what extent it is the spinner or the spindle 
that affects the outcome, that is, the type of  
yarn produced. The spinning experiments 
with suspended spindles confirmed that it is 
primarily the quality of  fibres and the weight 
of  the spindle whorl that affect the finished 
product, i.e. the spun yarn. The height of  the 
spindle whorl is of  minor importance for the 
finished product. The diameter of  the spindle 
whorl may affect the yarn to some extent, such 
as the twist angle. A large diameter might also 
prevent linen yarn slipping off  the spindle 
while spinning. Thus, spindle whorls with 
a large diameter would be preferable when 
spinning flax.

To conclude, the weight of  whorls is found 
to be the key to understanding archaeological 
whorls. In general, different weights of  whorls 
suggest production of  different types of  yarn. 
Whorls of  similar weight, particularly with 
respect to lighter whorls, may suggest production 
of  similar types of  yarn. The weight of  a whorl 
is thus of  importance when interpreting 
archaeological whorls and what yarn may have 
been produced with them. Furthermore, the 
context the whorls are recovered from may 
provide additional information. 

However, it is not the object that dictated 
what fibres, tools and techniques should be 
used. It is of  course the given society’s desire, 
choices and needs that is reflected in the 
archaeological record, in this case the spindle 
whorls. It is thus a human being and the society 
surrounding them who primarily decided what 
yarn was spun. The assumption is that these 
decisions were taken with an awareness of  
the influence of  the tools and fibres. With 
comprehensive data on archaeological whorls 
it becomes possible to interpret what whorls 

were preferred at a given site and in a particular 
context. This information, combined with 
results from experiments, can thus indicate 
what types of  yarn were once spun. With no 
information on what fibres were used and what 
spinning technique was employed, however, 
the whorls can only be interpreted in terms of  
suggestions of  what it was possible to produce 
with them. Our suggestion is that the lighter 
the whorl, the lighter and in general thinner the 
produced yarn is. 

Based on results from textile experimental 
archaeology in the TTTC research programme, 
the following conclusions can be made 
concerning whorls and spinning: 

• Two spinners will never be able to produce 
identical threads, although some degree of  
uniformity can be achieved by using the same 
fibre and tool. 

• Apart from the spinner, it is primarily the 
quality of  fibres and the weight of  the spindle 
whorl that affect the finished product, i.e. the 
spun yarn. 

• Whorls lighter than 10 g should be regarded 
as possible spindle whorls. 

• In general, the lighter the whorl, the lighter 
and thinner is the yarn produced. 

• Wool yarn spun with the same spindle whorl 
but by different spinners could be used in the 
same weave, whilst yarn spun with different 
spindles was not optimal for use in the same 
weave, since the thread needed different 
amounts of  tension. 

Function of  textile tools: loom 
weights and TTTC weaving tests
There are several shapes and weights represented 
among the loom weights in the archaeological 
material. The diversity in shape and weight has 
been explained in terms of  cultural, geographical 
or chronological factors. In the following, 
however, investigations exploring whether the 
diversity in shape and weight instead reflects 
the loom weights’ function will be considered. 
By such investigations our aim is to further 
identify important factors in the weaver’s choice 
of  loom weights. It will be investigated if  it is 
possible to elucidate what textiles different loom 
weights are suitable to produce. Comprehensive 
knowledge of  these factors is of  importance 
when recording and interpreting loom weights 
as archaeological material. 
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Weaving on the warp-weighted loom
The warp-weighted loom can be operated in 
several ways, depending on, for example, what 
weaving technique is employed, such as tabby 
or twill. Since tabby weaving is considered 
the most common weaving technique during 
the Bronze Age (see chapter 3), we have used 
only this technique in the TTTC experiments 
and based calculations on this type of  fabric. 
The technical expressions and techniques 
mentioned below only demonstrate tabbies 
of  relevance for this chapter (see also chapter 
2). A balanced tabby has the same number 
of  threads and the same type of  yarn in both 
warp and weft. A weft faced tabby is when 
the weft is covering the warp threads. In a 
warp faced tabby the two thread systems 
work the opposite way. A fabric can also be 
open or closed. When producing a tabby 
weave, the loom weights hang from two 
thread layers (front and back). The loom 
weights in each row are positioned side by 
side. Every other warp thread is attached to 
a loom weight in the front layer, and every 
other warp thread to a loom weight in the back 
layer. One can use different sizes and weights 
of  loom weights if  one spends much time 
on calculating and distributing them evenly 
among the warp threads. Our approach, based 
on archaeological finds of  loom weights in situ, 
iconography and ethnographic knowledge, is 
that similar loom weights were used in a loom 
setup consisting of  homogenous warp threads 
(e.g. Hoffmann 1964; Barber 1991; Mannering 
and Andersson Strand 2009). 

The following list demonstrates features we 
consider required for optimal weaving on a 
warp-weighted loom. Obvious features such as 
good light and comfortable working position 
are not included. This list provided the criteria 
for optimal weaving when evaluating the 
weaving tests.

• Loom in stable position.
• Appropriate weight tension per warp thread. 
• Even distribution of  weight per warp thread 

in the whole loom setup.
• Loom weights positioned at the same level.
• Loom weights positioned side by side.
• Loom weights stable, i.e. not whirling or 

tangling.
• Warp threads hanging vertically and evenly 

distributed. 
• Warp threads do not tangle. 

• Warp threads do not break.
• Shed easy to change.
• Weft easy to insert evenly.
• Identical width of  fabric throughout the 

weaving.
• Edges of  the weave are straight.
• Even and regular feeling when weaving. 

Simple weights, but complex components in the warp-
weighted loom
Previously, craftspeople and different scholars 
have established that the weight of  loom 
weights influences weaving on a warp-weighted 
loom.9 Different types of  yarn need different 
tension and this limits how many warp threads 
can be attached to one loom weight. If  the 
yarn needs 20 g tension per warp thread, 
and the loom weight weighs 500 g, one can 
attach approximately 25 warp threads to this 
loom weight. If, however, one uses a yarn that 
requires 50 g tension, one can only attach ten 
warp threads to the loom weight. Likewise, if  
one uses a loom weight with a weight of  300 g, 
and a yarn that needs a tension of  20 g per warp 
thread, one can attach only 15 warp threads to 
each loom weight, but if  the required tension 
is 10 g per warp thread, then the weaver can 
attach 30 warp threads. The setup is therefore 
strongly related to the type of  yarn; and the 
choice of  loom weights is connected to the 
desired fabric and the type of  yarn.

In order to obtain an arrangement where the 
loom weights are hanging side by side at the 
same level and with an optimal warp tension per 
thread, the loom weight maximum thickness 
must play an important role. The loom weight 
thickness defines how closely they can hang 
side by side. The height of  the loom weight 
as well as its diameter partly defines its weight. 
However, these two parameters are of  minor 
importance during weaving since neither the 
height nor the diameter of  the loom weights 
affect the weaving process. The distribution 
of  warp threads should thus depend on the 
weight and the thickness of  loom weights (Fig. 
4.1.15). Furthermore, there is no advantage 
to attaching more than 30 threads to one 
loom weight. If  more threads are attached, 
it will create problems during the setup and 
weaving, thereby affecting the final product. 
On the other hand, if  just a couple of  threads 
are attached to one loom weight, considerably 
more loom weights will be required, thus also 
creating problems. At least ten or more threads 
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should be attached to each loom weight. If  the 
fabric to be produced has an extremely open 
warp system, however, it might be relevant 
to have fewer warp threads attached to each 
loom weight. 

In order to obtain a better knowledge of  the 
function of  loom weights and their arrangement 
on the loom, extensive experimental testing 
was undertaken within the TTTC research 
programme focusing on the thickness of  loom 
weights. The thickness does not appear to have 
been a subject of  discussion when interpreting 
loom weights in the archaeological scholarly 
works. Nor has the influence of  the thickness 
of  loom weights on weaving been an object of  
systematic studies in experimental archaeology. 

Two stages of  tests on loom weights in 
tabby weaving were made within the TTTC 
research programme with different aims 
(Mårtensson et al. 2009). The aim of  the first 
stage was to establish which parameters were 
to be included in tests of  the function of  loom 
weights. These parameters were established in 
order to establish a methodology applicable 
to experiments using reconstructions in later 
investigations. In the second stage, the aim was 
to demonstrate optimal weaving based on the 
results from the first stage and was developed 
by making case studies using reconstructed 
spool shaped loom weights. 

Principles for investigating loom weights
The principles for utilising experimental 
archaeology, which was applied in the 
experiments with spinning (see above), were 
not strictly followed through the entire 
procedure of  testing loom weights. The 
principles which were diverged from are 
explained in the following:

• Raw materials, such as wool and flax, must be 
selected according to our knowledge of  Bronze Age 
fibres and work processes. The yarns used in the 
TTTC experiments were machine spun; they 
were thus not made with work processes 
or fibre qualities known from the Bronze 
Age. The yarns were, however, selected in 
accordance with what it is possible to spin 
with Bronze Age whorls.

• Tools must be reconstructed as precise copies of  
archaeological artefacts. In the first stage of  
the loom weight tests, in order to fulfil our 
requirements of  specific thicknesses and 
weights, constructed loom weights were 

used, i.e. not reconstructions. However, in 
the second stage, loom weights reconstructed 
from the archaeological record were used. 

• All processes must be performed by at least two skilled 
craftspeople. Two weavers were working  in 
parallel in the first stage in order to get two 
people’s opinions of  the weaving and what 
the most optimal setup is regarding loom 
weights’ thickness. For the second stage, only 
one weaver was weaving. The arrangement 
of  the loom and weaving, however, were 
made based on both weavers’ opinions.

• All products must be submitted to external experts 
for textile analysis. The resulting fabric was not 
submitted to external experts for analysis. 
Instead, samples from weaving with the hand 
spun yarn from the TTTC tests were given 
priority, since more information could be 
obtained from these samples in the external 
analysis, e.g. warp and weft could be traced 
back to who had spun it and with what tool 
(see chapter 4.2). 

From loom weights to loom setups 
When weaving, it is usually the textile to be 
produced that defines how the loom is set up 
and what loom weights are used. In this test, 
however, the work procedure was reversed, 
since the aim was not to produce a specific 
textile, but to test the loom weights’ influence 
on weaving. The working procedure went from 
loom weights to loom setups and finally the 
weaving of  the textile. The tests were carried 
out by weaver 1, Anne Batzer and weaver 2, 
Linda Olofsson working in parallel. For the test, 
two different sets of  constructed ceramic loom 
weights made by ceramist Inger Hildebrandt, 
CHARC, were used on two warp-weighted 
looms. One set was composed of  22 loom 
weights with a thickness of  4 cm each (Fig. 
4.1.16), and the other set was composed of  
22 loom weights with a thickness of  2 cm 
each (Fig. 4.1.17). All loom weights had an 
identical weight (c. 275 g each) regardless of  
their thickness. In this experiment, they were 
not replicas of  archaeological textile tools i.e. 
the loom weights were specially designed for 
these tests, having identical weights, but divided 
into two sets of  loom weights with a thickness 
of  2 cm and 4 cm respectively. The loom 
weights were positioned side by side, close to 
each other, at the same level. This position of  
the loom weights has a practical function. If  the 
loom weights hang in a zigzag line at various 
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levels, the upper loom weights may cause wear 
damage on the warp threads. If  they are not 
hanging side by side, they might cause a wavy 
appearance of  the warp threads resulting in 
disturbance while weaving, and they might also 
tangle and twist the warp threads attached to 
them. Problems of  tangling and jangling loom 
weights have been experienced and described 
elsewhere (Carington Smith 1992, 690). Having 
the loom weights positioned side by side, closely 
and at the same level, affects the total width 
of  the row of  loom weights. A narrow row 
of  loom weights can be regulated with a chain 
spacing cord. Spreading out the loom weights, 
however, forms gaps between warp threads 
attached to different loom weights. These gaps 
can be hard to eliminate with a spacing cord 
and are often visible and undesired elements 
in the textile (Fig. 4.1.18). Spreading out 
loom weights is thus not regarded as optimal. 
Therefore, in optimal weaving, the loom weight 
thickness defines the width of  the row of  loom 
weights. 

In order to test how the total width of  
loom weights affects the weaving and the 
woven fabric, two identical warps with 
starting borders measuring 34 cm in width 
were arranged on the two looms. They were 
placed in identical setups, but using different 
thicknesses of  loom weights. On one loom, 

Fig. 4.1.16. Loom 
weight, thickness 4 cm, 
weight c. 275 g: 22 loom 
weights, 11 in each row. 
Total width c. 50 cm 
(photo: CTR).

Fig. 4.1.17. (below) 
Loom weight, thickness 
2 cm,  weight c. 275 g: 
22 loom weights, 11 in 
each row. Total width c. 
28 cm (photo: CTR).
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one row of  loom weights had a total width 
of  50 cm, and in the other loom the total 
width of  one row of  loom weights was 28 
cm. There was thus a difference of  22 cm in 
the total width of  loom weights between the 
two different loom setups.10  The number of  
warp threads was chosen in accordance with 
the number of  loom weights and their weight. 
The yarn used was machine spun and made of  
wool. It was as similar as possible to the wool 
yarn spun with the 8 g whorl: c. 1,000 m per 
100 g yarn. This yarn required a warp tension 
of  approximately 20 g per thread, resulting in 
groups of  14 threads per loom weight of  275 
g in both setups. Identical numbers of  warp 
threads attached to each loom weight were 
used throughout all weaving tests. 

Thickness of  loom weights and its 
importance
In the two loom setups, the influence of  the 
loom weights was clearly demonstrated. On 
the loom with the wide row of  loom weights, 
the warp threads were hanging outwards (Fig. 
4.1.19) and on the loom with the narrower row 
of  loom weights they were hanging slightly 
inwards (Fig. 4.1.20). In order to clarify how 
these arrangements influenced the weaving, 
both of  them were compared to the list 
of  features in optimal weaving, which was 
presented above. Both setups had negative 
features, some of  which were shared by both 
setups. In both setups, the warp threads were 
not hanging vertically and were not evenly 
distributed and the weaving was neither 
even nor regular. Both setups could thus be 
regarded as not being optimal for weaving. 
The resulting fabric from the setup with the 
widest total width of  loom weights, however, 
was a quite regular fabric in comparison to 
the fabric woven with the narrower row of  
loom weights. Thus, it was concluded that 
it is preferable to use loom weights with a 
total width that is identical or slightly larger 
than the width of  the fabric to be produced. 
In order to verify the result, the two looms, 
re-using the same loom weights, were set up 
again with new warps. Now, the warp threads 
were distributed evenly according to both the 
weight and thickness of  the loom weights. 
Using the same yarn as before, the setup 
with two narrow rows of  loom weights, 28 
cm, was suitable for producing a warp faced 
fabric (Fig. 4.1.21). The setup with two wider 

rows of  loom weights, instead, was suitable 
for producing an open and balanced or weft 
faced tabby (Fig. 4.1.22). 

Fig. 4.1.18. Gaps 
between warp threads 
caused by the warp 
threads slanting outwards 
(photo: CTR).

Fig. 4.1.19. The arrows indicate the 
direction of  the warp threads, which are 
slanting outwards (photo: CTR).

Fig. 4.1.20. The arrows indicate the 
direction of  the warp threads, which are 
slanting slightly inwards (photo: CTR).
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To conclude, by weaving samples of  fabrics 
with different thicknesses of  loom weights, it 
was clearly demonstrated that the thickness 
does play an important role when weaving 
and hence influences the choice of  loom 
weights. If  this would not have been the case, 
the weaving samples would have appeared 
more similar. We have concluded that in 
order to obtain a setup on the warp-weighted 
loom regarded as optimal for weaving, the 
thickness and the weight of  loom weights 
play an important role. Furthermore, we have 
concluded that it is preferable to use loom 
weights with a total width, when hanging 
in a row, which is identical or slightly larger 
than the width of  the fabric to be produced. 
It is thus vital to record both the weight 
and maximum thickness of  loom weights 
in archaeological assemblages. These factors 
form the key to the understanding of  the 
textiles produced with these tools. Based 
on this information we find it possible to 

outline what kind of  tabby textiles could have 
been produced with a given yarn quality. Such 
estimates will be presented in the following. 

Spool shaped loom weights from 
Khania – a case study
By using the spool shaped loom weights from 
Khania, we wanted to investigate further how 
different loom weight shapes function on 
a warp-weighted loom. This case study was 
carried out by Linda Olofsson.

The so-called spools have been a subject 
of  discussion. It has been questioned if  they 
could be used as loom weights at all (Rahmstorf  
2003; 2005, 156; Gleba 2009). It was therefore 
of  interest to reconstruct such spools for a 
case study (Figs 4.1.23 and 4.1.24). Spools are 
often found in sets of  similar shape and weight 
(Rahmstorf  2003, 402). Such sets could thus 
represent weights for one loom setup. 

Different groupings of  spool shaped loom 
weights of  similar weight and thickness have 
been found in Khania on Crete. To represent 
two different weight and thickness types of  loom 
weights, two unfired clay spools with different 
thickness and weight were selected from a pit 
deposit in Building 1, Room I, in Khania dated 
to LM IIIC (Hallager and Hallager 2000, 40–41). 

Fig. 4.1.21. (left)The 
warp threads are hanging 
vertically and are evenly 
distributed as a warp 
faced tabby (photo: CTR).

Fig. 4.1.22. (right) The 
warp threads are hanging 
vertically and are evenly 
distributed as a balanced 
tabby (photo: CTR).

Fig. 4.1.23. Reconstructed “small” spool (photo: CTR).

Fig. 4.1.24. Reconstructed “large” spool (photo: CTR).
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Based on these finds, two sets of  unfired clay 
spools were reconstructed by ceramicists Inger 
Hildebrandt and Marianne Gedsø Smith, 
CHARC. One set of  24 spools, each with a 
thickness of  c. 4 cm and a weight of  c. 105 g, here 
called small spools (Fig. 4.1.23), and another set 
of  16 spools, each with a thickness of  c. 5.5 cm 
and a weight of  c. 280 g, here called large spools 
(Fig. 4.1.24), were reconstructed.11 Two loom 
setups were made on warp-weighted looms: 
one loom was set up with only large spools, and 
the other with only small spools. In accordance 
with our previous results, the warp threads were 
arranged according to the thickness and weight 
of  the spools. The weft thread, however, is less 
influenced by the loom weights and can be 
inserted as desired. If  a fabric is made as an open 
tabby, it would thus be possible to make a weft 
faced tabby in the same loom setup.

Large spools
In accordance with the TTTC test results, the 
thickness and weight of  the spools were taken 
into account when selecting a suitable yarn for 
this setup. With two rows of  loom weights for 
tabby weaving, the 16 large spools were divided 
into two layers, with eight spools in each. The 
total width of  each row of  spools was 46 cm. 
Since we wanted the starting border to be of  
identical width or slightly narrower than the 
row of  loom weights, this meant that the warp 
threads needed to be distributed over a length 
of  about 40–46 cm. 

A wool yarn was selected to use in the 
TTTC tests. Similar yarn could have been spun 
using a spindle with a whorl weighing c. 8 g.12 

This estimate was based on the results from 
the experimental research reported above. 
Such yarn requires a tension of  c. 18–20 g 
per warp thread on the warp-weighted loom, 
and consequently 16 threads were attached to 
each spool. With two rows of  loom weights 
for tabby weaving, this meant 32 warp threads 
per 5.5 cm, and therefore only about six warp 
threads per centimetre, thus resulting in an 
open or weft faced fabric. One sample, sample 1, 
(Fig. 4.1.25) with this yarn as warp was woven, 
providing a suggestion as to a suitable textile 
to produce with these spools. In sample 1, the 
same yarn was used in weft as warp. On average 
the sample consisted of  6.1 warp threads per 
centimetre and 7.4 weft threads per centimetre, 
i.e. an open and rather balanced fabric, giving a 
transparent impression.

Small spools
With two rows of  loom weights for tabby 
weaving, the 24 reconstructed small spools had 
to be divided into two layers with 12 spools in 
each. The total width of  each row of  spools 
was thus 48 cm. Taking into account the light 
weight of  the spools, this meant that the spools 
would be suitable to produce an open fabric 
where the warp threads were distributed over 
the entire width of  48 cm. 

The spools in this setup had a lighter weight 
and narrower thickness than the large ones. 
Therefore it was necessary to use another type 
of  yarn. An extremely thin yarn was more 
suitable. With thin yarn requiring c. 10 g tension, 
the distribution would be c. 5 warp threads 
per centimetre, thus giving a very open fabric. 

Fig. 4.1.25. Sample 1 
made using large spools, 
producing an open and 
rather balanced fabric, 
giving a transparent 
impression (photo: CTR). 
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With a slightly thicker yarn requiring c. 15 g 
tension, the distribution would be only c. 3.5 
warp threads per centimetre and would thus 
result in an open fabric as well. With a yet 
thicker yarn requiring c. 25 g tension, these 
small spools would be suitable in a setup with 
only about two warp threads per centimetre; 
in this case, it would however be much easier 
to choose heavier and thicker loom weights. 
The first mentioned setup with the highest 
number of  warp threads per centimetre (five 
warp threads), was tested on a warp-weighted 
loom. 

The thinnest machine spun wool yarn 
available requiring c. 10 g tension was used 
and consequently 10 threads were attached to 
each spool. Similar yarn could have been spun 
using a spindle whorl weighing c. 4 g, if  very 
fine wool was used. This estimate is based on 
the results from the TTTC experiments as 
presented above. With this yarn as warp, two 
samples were woven, thus giving two possible 
suggestions regarding what fabric it is most 

suitable to produce using these small spools 
(see Figs 4.1.26.a and 4.1.26.b): In sample 
2a, the same yarn was used in weft as warp. 
On average, the sample consisted of  5 warp 
threads per centimetre and 8 weft threads per 
centimetre, i.e. a very open fabric, giving a 
transparent impression (Fig. 4.1.26.a). The hard 
spun yarn and the very open setup gave a lively 
and flexible appearance to the fabric. After 
washing the fabric, it shrank and the flexible and 
crepe-like appearance became more apparent 
(Fig. 4.1.27). This suggests a production of  a 
rather transparent fabric. 

Sample 2b was produced by using a thicker 
machine made wool yarn as weft, corresponding 
to thread spun with an 8 g whorl. The weft was 
beaten harder with the wooden sword beater 
in order to produce a weft faced fabric. On 
average the sample consisted of  5.8 warp 
threads per centimetre and 14.8 weft threads 
per centimetre, i.e. a very weft faced fabric (Fig. 
4.1.26.b). This suggests a densely woven and 
yet thin fabric.

On the functionality of  spool shaped loom 
weights
The spools functioned perfectly as loom 
weights on a warp-weighted loom. Weaving 
was accomplished without any problems. 
Furthermore, there were no problems with 
the spools being unfired in their use as loom 
weights. Used as loom weights in a loom setup 
with thin warp threads, we actually found the 
spools to be superior to other shapes of  loom 
weights, such as discoid and torus shapes. 
The spool shape was especially efficient when 
warping and when regulating the length of  the 
warp on the loom. 

Warping was made with a ribbon as starting 
border. By pulling out the weft of  the ribbon 
while weaving it, the weft becomes the warp. 
When enough weft threads are pulled out, 
equivalent to the number of  warp threads 
attached to two loom weights, the threads 
are divided and usually tied to a bobbin or 
laced together in order to keep control of  
the threads (Fig. 4.1.28). In the present test, 
however, every bunch of  warp threads was 
attached to a spool during warping (Fig. 4.1.29). 
The spools functioned perfectly as bobbins 
storing the warp as long as they were resting 
on the floor and did not pull down the starting 
border with their weight (Fig. 4.1.30). In this 
way the thin and lively yarn could be treated 

Fig. 4.1.26. (a) Sample 
2a: sample made using 
small spools. A very open 
fabric, giving a transparent 
impression.  (b) Sample 
2b: sample made using 
small spools and a thicker 
weft thread, i.e. weft faced 
(photo: CTR).

b

a
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in a very controlled and gentle way. Since the 
warp threads were already tied to the spools 
with a loop around them when the warp was 
arranged on the loom, they could simply be 
pulled down and the length of  the warp could 
easily be corrected if  needed (Fig. 4.1.31). 
The process of  tying and arranging the loom 
weights on the warp threads in the loom was 
therefore not necessary. In this sense, setting 
up the warp on the loom was easier with the 
spools than if  using, for example, discoid loom 
weights, which need to be tied to the warp. 
Furthermore, it was possible to work with 
several metres of  warp without having the 
extra metres wound onto separate implements 
tied to the loom weights or hanging freely by 
the side of  the loom weights (Fig. 4.1.31). 

To conclude, the shape of  spools does 
have a practical function whilst warping and 
weaving. It facilitates the work when setting 
up the warp on the loom and keeps extra warp 
organised while weaving. Spool shaped loom 
weights might thus signify a well-planned and 
efficient production of  textiles. The weight and 
the thickness of  loom weights, however, we 
conclude to be the most important parameters 
influencing what types of  textiles that are 
produced. 

From loom weight research to 
interpretations of  fabrics
The weaving tests have confirmed that in order 
to produce an open fabric or weft faced fabric 
using thick yarn, it would be optimal to choose 
heavy and thick loom weights; in order to 
weave a dense fabric using thick yarn, it would 
be optimal to choose heavier but thinner loom 
weights. On the other hand, in order to make a 
dense fabric using thin yarn with many threads 
per centimetre, it would be preferable to use 
light and thin loom weights. Finally, if  an open 
fabric or a weft faced fabric using thin yarn is 
desired, lighter and thicker loom weights would 
be the best choice. 

By recording weight and maximum thickness 
of  loom weights and combining these data 
with the results of  experimental weaving, 
it becomes possible to suggest the kind of  
textiles that could have been produced with a 
given yarn quality. 

The TTTC experiments and the associated 
interpretation of  loom weights resulted in a 
suggestion of  the TTTC choice of  tools for a 

Fig. 4.1.27. (above) 
Washed sample 2a made 
using small spools. The 
threads curled in a three 
dimensional way after 
washing, giving the piece 
a flexible and crêpe-
like appearance (photo: 
CTR).

Fig. 4.1.28. Laced warp 
threads: the warp threads 
are laced together in 
bunches corresponding to 
what will be attached to 
one loom weight (photo: 
CTR).

Fig. 4.1.29. Warp on a 
spool: attaching the warp 
threads to a spool by tying 
them with a loop around 
them (photo: CTR).
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Fig. 4.1.30. Spools 
resting on the floor during 
warping (photo: CTR).

Fig. 4.1.31. Arranging 
small spools on the loom. 
The warp is already 
attached to them (photo: 
CTR).

Fig. 4.1.32. Loom weight, weight 150 g, thickness 2 cm 
(drawing: CTR).

fabric, i.e. what is optimal. The TTTC choice of  
tools is presented below. Furthermore, several 
loom weights could be used for various types 
of  fabrics and consequently there can be more 
than just one TTTC choice. The example below 
is not based on any archaeological loom weights, 
but demonstrates how a calculation can be made. 
There is also an estimate of  how many loom 
weights and how many metres of  yarn would 
be required for various loom setups. 

The following is a suggestion of  fabrics that 
could be made using a set of  loom weights each 
with a weight of  150 g and a thickness of  2 cm 
(Fig. 4.1.32). The example demonstrates how 
such loom weights function with various types 
of  warp yarn. The weight of  the 150 g loom 
weight defines how many warp threads can be 
attached to it. If  a warp yarn requires 10 g warp 
tension (A), the weaver must attach 15 threads 
to each loom weight. If  a yarn requires 20 g 
tension (B), 7.5 warp threads can be attached to 
each loom weight. On the other hand, if  a warp 
thread requires 30 g tension (C), the weaver can 
only attach 5 warp threads to each loom weight. 
Finally, if  a warp thread requires 40 g tension (D), 
the weaver can only attach 3.75 warp threads to 
each loom weight (see Fig. 4.1.33). 

The loom weight has a thickness of  2 cm. 
In case (A), 15 warp threads from the loom 
weight in the front layer and 15 warp threads 
from the back layer must be packed in the space 
of  2 cm. The result is a fabric with 15 warp 
threads per centimetre. In case (B), the result 
is a fabric with 7.5 warp threads per centimetre 
and in case (C), the result is a weave with 5 warp 
threads per centimetre. Finally, if  the weaver 
chooses yarn requiring 40 g (D) warp tension, 
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the weaver could only attach 3.75 threads per 
loom weight, thus there would be 3.75 warp 
threads per centimetre. 

In cases (B), (C) and (D) it would have 
been sensible to choose a heavier loom weight 
instead. We therefore suggest that this type of  
loom weight is suitable when weaving with thin 
yarn requiring little tension. We consider (A) to 
be the best choice, the TTTC choice, since the 
loom weights were used in an optimal setting 
(i.e. 10 or more threads per loom weight). 

With focus on the best choice (A), we can 
hypothesise the following loom setup (Fig. 
4.1.34). 

It is possible to calculate the necessary 
yarn for producing specific fabrics. The 
required amount of  yarn depends on the 
number of  threads per square centimetre. 
The calculations are all based on a fabric with 
a length of  two metres and a width of  one 
metre. If  the fabric contains 15 warp threads 
and 15 weft threads per centimetre, 3000 m 
of  warp threads and 3000 m of  weft threads 
are needed, so a total of  6000 m of  yarn is 
required. However, if  the fabric is weft faced, 
a larger amount of  weft thread is required; if  
double the amount of  weft thread is needed, 
the total amount of  thread is 9000 m. A 
tabby is the result of  interlacing two thread 
systems crossing each other at right angles. 
Even if  both the warp and weft threads are 
taut, the threads will never be fully stretched 
or lie completely straight since they cross over 
and under each other. Furthermore, it is not 
technically possible to weave the last part of  
the warp, meaning that there will always be 
some waste warp yarn. For these reasons, 
one has to add approximately 2–5% more 
yarn when calculating the amount of  yarn 

required for one setup. In this calculation, 
we have chosen to add 2% more yarn for the 
calculated setup. 

Producing textiles takes time
In the following, an estimate of  how long 
it would take to make a textile using setup 
(A) will be presented. The example above 
demonstrates the substantial requirement 
of  yarn. The time needed to spin a specific 
amount of  yarn is difficult to estimate and it 
depends on a variety of  parameters such as 
the spinner’s skill, the quality of  the fibres, 
as well as the tool. According to the spinning 
experiments, the production of  the 6120 m 
yarn for a balanced tabby in this setup would 
take approximately 175 hours to spin with a  
4 g whorl (spinning rate 35 m/h). It would thus 
take approximately 22 days (eight hours per 
day of  uninterrupted spinning) to produce the 
yarn. It would take approximately 262 hours, 
e.g. approximately 33 days of  eight hours, to 
spin the 9180 m yarn for a weft faced tabby 
with double the amount of  weft yarn. To this 
the time for sorting wool and preparation of  
fibres must be added. 

When the yarn is spun, time for warping 
and setting up the loom must be added as 

Fig. 4.1.33. Loom weight, weight 150 g, thickness 2 cm. * Loom weight 150 g divided by 10 (warp tension). ** result above multiplied by number of  rows 
of  loom weights. *** Results above divided by loom weight thickness in centimetres (2 cm).

Fig. 4.1.34. Calculation 
of  a setup based on the 
TTTC best choice (A).

Loom weight; weight 150 g, thickness 2 cm

Setups A B C D

Warp threads requiring 10 g warp tension 20 g warp tension 30 g warp tension 40 g warp tension

Numbers of  warp threads per loom weight* 15 7.5 5 3.75

Numbers of  warp threads per two loom weight 
(one in front layer, one in back layer)**

30 15 10 7.5

Warp threads per cm*** 15 7.5 5 3.75

TTTC’s evaluation of  suitability of  the tool TTTC choice Not optimal Not optimal Not optimal

Loom setup A (calculated on 10 g warp tension)

Starting border (width of  the fabric): 100 cm

Number of  loom weights needed: 100 (50 in front layer and 50 in back layer)

Number of  warp threads: 1500 threads, 2 m each = 3000 m

Weft  in a balanced tabby = 3000 m

Total amount of  yarn with weft  (+ 2%) = 6120 m
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well as possible treatment of  the yarn, such 
as gluing. According to results from weaving 
in the TTTC experiments, one can weave  
c. 40–80 cm in eight hours, including preparation 
of  yarn and adjustments made while weaving. 
The time consumption when weaving depends 
on how many weft threads are inserted per cm 
and how thin the yarn is. Thick yarn with few 
weft threads per centimetre will of  course be 
quicker to weave than thin yarn with several 
weft threads per centimetre. It would thus 
take approximately five days to weave 2 m 
with thin yarn corresponding to the yarn spun 
with a 4 g whorl. To this, even more time must 
be added for cutting down the fabric and for 
finishing. The calculations presented above are 
based on specific examples and are thus not 
valid in all cases. It is important, however, to 
understand that producing textiles takes a lot 
of  time. In the example above, it would take 
at least 27 days to make only two metres of  
fabric, working a constant eight hours a day. 
Note that spinning the yarn corresponds to 
22 of  these days. 

Conclusion: from experimental 
archaeology to interpretations of  
archaeological textile tools
The fundamental principle in all the experi-
ments was to investigate and test the function of  
tools according to the eight principles outlined 
in the introductory section. 

In Aegean archaeology, it has been debated 
what is an adequate spindle whorl in terms 
of  size and weight, and a terminological 
confusion exists around the terms beads, 
buttons or conuli (Lakovidis 1977; Carington 
Smith 1992; Obladen-Kauder 1996; Becker 
2005). 

When spinning with a suspended spindle 
and a similar type of  wool, the lighter the 
spindle whorl, the lighter and, in general, 
thinner the thread. The new results yielded 
from the TTTC tests are that the output 
quantities of  yarn became similar for both 
spinners when using identical spinning tools. 
The main differences are not seen between the 
spinners, but between the three weight classes 
of  whorls. These results indicate that it is the 
tool rather than the spinner that defines the yarn 
produced. Even though the 4 g whorl worked 
for spinning yarn, both spinners reported that 
further wool preparation or another type of  

wool, which is finer and more homogenous, 
would be preferable in order to produce strong 
yarn. In this study it is thus demonstrated that 
light spindle whorls, even weighing only 4 g, 
function well as spindle whorls.

The experiments in spinning demonstrated 
that a substantial part of  the raw wool was 
discarded during cleaning, fibre preparation 
and spinning. After sorting the 2.7 kg fleece, 
1.1 kg of  rather homogeneous wool remained 
to be used in the experiments. It took about 
six hours for two people to prepare 133 g 
of  wool for spinning. Approximately 133 g 
prepared wool was the amount of  wool used 
in the experiment for spinning with the 8 g 
and 18 g whorls. About 1138 m yarn was spun 
using these whorls. This work took about 25 
hours. Based on these calculations, it would 
take about 40 hours for one person, including 
wool preparation, to produce 1138 m yarn. This 
would not be enough for even the warp when 
producing a one metre wide and two metre long 
fabric with 10 warp threads per centimetre.

Weaving is not as time consuming as spinning 
the yarn, but weaving has also occupied hours 
and hours of  labour. The most significant, 
and often only, archaeological remains from 
weaving, however, are loom weights. Despite 
the importance of  this tool group, loom 
weights have not been investigated extensively 
from a functional perspective until now. 
Experiments were conducted with weaving on 
warp-weighted looms, focusing primarily on 
the loom weights’ function. Two parameters, 
the weight and the maximum thickness, were 
identified. Based on this information it is 
possible to outline what type of  tabby textiles 
could have been produced with a given yarn 
quality. In order to obtain an optimal setup on 
the warp-weighted loom, the thickness and the 
weight of  loom weights play an important role. 
It is preferable to use loom weights with a total 
width, when hanging in a row, which is identical 
or slightly larger than the width of  the fabric 
to be produced. The warp threads should thus 
be distributed evenly according to both the 
loom weight thickness and the warp tension 
needed, as was demonstrated by the TTTC 
experiments. The shape of  loom weights also 
has a practical function while weaving. Flat 
sides of  loom weights are easy to handle when 
hanging in a row. Spool shaped loom weights 
appeared to be excellent when setting up the 
loom and weaving, due to their spool shape, 
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which enables the warp to be easily fastened 
to the spool. Spool shaped loom weights 
might thus signify a well-planned production 
of  textiles. The specific usefulness of  other 
loom weight shapes than spools and crescents 
(chapter 4.4) was not investigated within the 
TTTC research programme. No matter the 
shape, however, it is above all the weight 
and the thickness of  loom weights that are 
the most important factors influencing what 
types of  textiles are most optimal to produce. 
Comprehensive data on weight and thickness 
are thus of  importance when recording and 
interpreting archaeological loom weights. 

Based on results from textile experimental 
archaeology in the TTTC research programme, 
the following conclusions can be drawn 
concerning loom weights:

1. The weight and the maximum thickness 
of  loom weights are the most important 
parameters for the understanding of  textile 
production. 

2. Loom weights should have a total width, 
when hanging in a row, which is identical or 
slightly larger than the width of  the fabric 
to be produced. At the same time, the loom 
weights must give a suitable tension per 
warp thread. 

3. With data on the weight and maximum 
thickness of  loom weights it is possible to 
outline what kind of  tabby textiles could 
have been produced.
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Notes
 1 In general, thin yarn requires less warp tension 

and thick yarn needs more warp tension. By 
warp tension we mean the weight per warp 
thread needed for optimal weaving. Different 
fibre material in the yarn and variations in the 
yarn quality might also influence what warp 
tension is suitable (e.g. Andersson 2003, 27–29; 
Gleba 2009, note 11). 

 2 Anne Batzer has more than 40 years, experience 
of  working with prehistoric textile technology. 
Linda Olofsson has more than ten years, 
experience of  working with prehistoric textile 
technology. 

 3 For further discussion see Andersson and 
Nosch 2003, 202–203.

 4 The average of  the total amount of  metres of  
yarn from five full spindles was: unbalanced 
whorl (IId) spinner 1, Batzer: 946.6 m/100 g 
yarn; balanced whorl (IIb) spinner 1, Batzer: 
1110.4 m/100 g yarn; unbalanced whorl (IId) 
spinner 2, Olofsson: 906.6 m/100 g yarn; 
balanced whorl (IIb) spinner 2, Olofsson: 971.5 
m/100 g yarn.

 5 It should also be remembered that the wooden 
spindle rod and the yarn absorbed some of  
the linseed water, which may have affected the 
spindle’s weight above the whorl to a greater 
extent.

 6 For Bronze Age textiles see chapter 3.
 7 We are grateful to the Lejre Historical-

Archaeological Experimental Centre in 
Denmark for making the project on heavy 
spindles possible. The experiment was conducted 
at CHARC on reconstructions of  heavier whorls 
from Nichoria, weighing c. 30 and 50 g (Mårtensson 
et al. 2006). Depending on what spinning technique 
was employed, suspended or supported, as well as 
what kind of  fibre material was used, the spindles 
were suitable for producing different types of  both 
thick and thin yarn. By supporting a heavy spindle, 
even a 50 g whorl is suitable to produce thin yarn 
corresponding to yarn spun with a whorl weighing 
less than 10 g. Thick yarn, on the other hand, 
cannot be spun with a suspended light spindle. 

 8 Previous tests with much heavier suspended 
spindles have also demonstrated that the heavier 
the spindle, the thicker the thread will be (e.g. 
Holm 1996; Andersson 1999; 2003; Mårtensson 
et al. 2006). In the latter of  these tests, however, 
the spindles were used with both suspended and 
supported spinning methods. 

 9 Regarding warp tension when weaving with the 
spun yarn mentioned above, it was established 
that wool yarn spun with a 4 g whorl needed  
c. 13 g tension per thread, wool yarn spun with 
a 8 g whorl needed c. 19 g tension per thread 
and linen yarn spun with the same 8 g whorl 
needed similar weight tension per thread as the 
yarn made of  wool, c. 19 g per thread.

10 Please note that in a tabby weave two rows of  
loom weights are used, one in the front and 
one behind. The total width in one row of  
loom weights was identical for both rows in all 
weaving tests.

11 Smaller spools have also been found in the 
same context in Khania but were not taken into 
consideration in this test. These may have been 
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appropriate to use as supplementary weights 
or when weaving bands, as was demonstrated 
by Lise Ræder Knudsen. She used spools, 
typical of  Italian Iron Age contexts weighing 
maximum 50 g as warp tension in tablet 
weaving, for making borders on a mantle 
(Gleba 2009; Ræder Knudsen 2002).

12 We warmly thank hand weaver Anna Nørgård 
for providing the yarn. Perinnelanka (Nm 12/1) 
100 g = n. 1150 m 100% wool, Z twist.
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