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Introduction
In the experiments described in chapter 4.1, 
all weaving tests were tabbies. Experimental 
testing of  textile tools and weaving techniques 
was also conducted for twill weaving. These 
tests were conducted at CTR in 2008 as a 
collaboration between the TTTC research 
programme and a research project on the 
textile production at the Danish Iron Age 
site of  Vorbasse.1 The site of  Vorbasse 
contains both a settlement with textile tools 
and a cemetery with partly preserved textiles, 
in particular twills. Since both textile tools 
(torus shaped loom weights) and textiles were 
recovered, Vorbasse provides an extraordinary 
opportunity to test the textile tools, and to base 
the Vorbasse tests on knowledge about the 
yarn types and weaving techniques attested in 
the archaeological textiles at the site, which is 
not possible with the Mediterranean material. 
This chapter therefore aims to examine how 
well the finds of  loom weights from Vorbasse 
correlate to the finds of  textiles at the same 
site. The test was conducted by Linda Olofsson 
(née Mårtensson).2

Twill has long been considered an Iron Age 
weaving technique. This is due to exceptional 
twill textile finds from the Iron Age, for 

example in central Europe (Barber 1991; 
Grömer 2010). However, in recent years, 
Bronze Age twill has also come to light (see 
chapter 3). Secondly, measurements and 
recordings of  Bronze Age textile tools, for 
example the analyses of  textile tools from 
Malia, Crete, suggest that the tools would be 
highly suitable for twill weaving (Breniquet 
2008; Cutler et al. 2013).

Even though several twill setups have 
been tested in the past, it is highly relevant 
to test whether loom weights can be used 
indiscriminatingly for tabbies and/or twills; 
whether loom weights have characteristic 
features facilitating the weaving of  twill or of  
tabbies; and if  such functional features can be 
identified. In this chapter, the results of  twill 
weaving relevant for the purpose of  Bronze 
Age textile technology and textile tools are 
summarised.

Weaving at Vorbasse in the Roman Iron 
Age
During the Iron Age, twill fabrics became 
more common and the 2/2 twill is a common 
technique in the Vorbasse textile fragments. 
Since previous investigations focused on 
tabby weaving, it is important to investigate if  

Chapter 4.3

Test of  loom weights and 2/2 twill 
weaving

Linda Olofsson and Marie-Louise Nosch



Linda Olofsson and Marie-Louise Nosch120

loom weights, in this particular case the torus 
shaped loom weights attested at Vorbasse, are 
suitable for making the type of  twill textiles 
that have been found at the site. 

The twill weaving case study
A warp-weighted loom can be operated in 
several ways, depending on for example 
what weaving technique is employed, such 
as tabby or twill. Yarn types and choice of  
equipment also affect the weaving and there 
can be a difference in different weavers’ 
habits. Different sizes and weights of  loom 
weights can be used for all types of  weaving 
techniques. 

The twill weaving tests followed the 
guidelines for experimental textile archaeology 
outlined above for weaving in chapter 4.1. 
Obvious features such as good light and 
a comfortable working position could be 
added. Furthermore, the conclusions from 
previous weaving tests in chapter 4.1 should 
be included, i.e. that the total width of  loom 
weights hanging in a row should be similar or 
slightly wider than the fabric to be produced. 
Also, each warp thread should be given a 
suitable tension (see also Mårtensson et al. 
2009).

Reconstructed loom weights
The model for the loom weight reconstructions 
for the test was a torus shaped loom weight 
(Fig. 4.3.1) with a weight of  280 g and a 
thickness of  3.9 cm (Fig. 4.3.2).

Based on this find, several identical loom 
weights were reconstructed by ceramists Inger 
Hildebrandt and Marianne Smith at CHARC 
(Andersson Strand and Olofsson in Lund 
Hansen forthcoming) (Figs 4.3.3 and 4.3.4). 
The ceramists mixed clay and crushed stone 
in order to match the right features of  the 
original item, particularly regarding weight 
and thickness. The loom weights were lightly 
baked. 

The use of  similar loom weights in one 
loom setup facilitates the loom setup and a 
homogenous and equal warp tension. 

Other tools for weaving 
Apart from the essential loom and loom 
weights, there are additional textile tools of  
vital importance for the weaving process. 
Some kind of  shuttle is needed to insert the 
weft properly. For the warp-weighted loom, 

a simple wooden yarn holder is sufficient. In 
this weaving test, a thin and smooth twig was 
used (Fig. 4.3.5). Second, a smooth pin beater 
is very useful when inserting and positioning 
the weft and for separating the warp threads. 
With a pin beater, the weft can be positioned in 
a controlled manner and the warp threads can 
be adjusted individually if  needed. The weft 
thread can be beaten or pressed up between 
the warp threads with a sword beater. In the 
twill weaving test, a wooden sword was used 
as a weft beater (Fig. 4.3.6) and a bone needle 
as a pin beater (Fig. 4.3.7).

Yarn
In this case study, only machine spun yarn was 
used because of  time constraints.3 It is not 
possible to buy a yarn that matches the fairly 
hard spun and single spun archaeological yarn 
represented at Vorbasse. Since a single spun 
yarn was required, a loosely spun yarn close 
to the archaeological finds was bought.4 This 
yarn was thus woollier and more loosely spun 
than would normally have been preferred as 
warp. The yarn required a warp tension of  
approximately 18 g per warp thread. The same 
yarn was used in both warp and weft. 

Loom setup for 2/2 twill weaving
Two-row and four-row system
A loom setup made for twill weaving is done 
differently than for tabby weaving. In tabby 
weaving, every other warp thread is tied to 
the heddle rod. These threads are attached to 
a row of  loom weights, and the other warp 
threads are attached to a second row (see 
chapter 2).

For 2/2 twill weaving, the warp threads 
are grouped in a four-shed system. For every 
change of  shed, the system is moved one warp 
thread to the side thus producing the diagonal 
appearance that is the characteristic feature of  
twill weaving. The diagonal direction can be 
changed according to the desired pattern. In a 
2/2 twill weave, the warp threads must be tied 
to three heddle rods. 

Two main methods to set up and weave 
2/2 twill on a warp-weighted loom exist: one 
method has the warp threads attached to two 
rows of  loom weights, the so-called Icelandic 
system (Hoffman 1964); the other method has 
the warp threads attached to four rows of  
loom weights, the so-called four separate weight 
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system or four-row system (Haynes 1975).5 In the 
Icelandic system, it is difficult to control the 
distribution of  weight on the warp threads. 
Furthermore, loose threads might interfere 
negatively with taut warp threads. On the 
other hand, the Icelandic system does not 
require that many loom weights. 

An important benefit of  the four-row 
system is that uniform warp tension is 
constantly maintained (Haynes 1975, 163–
164). On the other hand, a large number 
of  loom weights are required. A variant 
of  the four-row system was also tested in 
combination with the so-called crescent 
shaped loom weights as discussed in chapter 
4.4 (see also Lassen 2007). 

Loom setup for 2/2 twill weaving
Before setting up the loom, the weaver decides 
what fabric to produce and with what thread 
density. These decisions then define the setup 
of  the loom and are thus directly related to the 
loom weights’ weight and thickness. 

As previously mentioned, the loom weights 
employed were c. 4 cm thick and weighed  
c. 280 g. The yarn chosen required about  
18 g tension per warp thread. Therefore there 
are two possible setups: 15 warp threads per 
centimetre in the four-row system and 7.5 warp 
threads per centimetre in the two-row system. 

As shown in Fig. 4.3.8, in the two setups 
with identical loom weights, identical thread 
type, identical warp tension and thus identical 

Fig. 4.3.1. Original torus shaped loom weight (photo: CTR).

Fig. 4.3.2. (top right) Loom 
weight: 280 g, Thickness: 
3.9 cm, Diameter:  
8.5 cm, Hole diameter:  
1.8 cm (photo: CTR).

Fig. 4.3.3. (bottom 
left) Reconstructed 
loom weights by Inger 
Hildebrandt and 
Marianne Schmidt at 
CHARC (photo: CTR). 
Fig. 4.3.4. (bottom 
right) Reconstructed 
loom weights by Inger 
Hildebrandt and 
Marianne Schmidt at 
CHARC (photo: CTR).
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Fig. 4.3.5. The shuttle 
used in the TTTC 
experiment, made from 
a thin and smooth twig 
(photo: CTR).

Fig. 4.3.6. (right)
Wooden sword used as a 
weft beater (photo: CTR). 

Fig. 4.3.7. Bone needle 
used as a pin beater 
(photo: CTR). 

Fig. 4.3.8. Calculations of  the number of  warp threads per loom weight and thread density 
in the two types of  setup, the four-row and two-row systems. The number of  warp threads 
per loom weight is calculated by dividing the weight of  the loom weight (280 g), by the warp 
tension needed per thread (18 g). The number of  warp threads per centimetre is calculated 
by multiplying the number of  threads per loom weight by the number of  rows, and dividing 
it by the thickness of  the loom weight (4 cm).

number of  warp threads per loom weight, with 
four rows of  loom weights, a denser fabric with 
higher thread count is achieved.

In contrast, using two rows of  loom weights 
would only be suitable for producing weft-faced 
twills. The first suggestion, 15 threads per 
centimetre, corresponds well with the textile 
finds from Vorbasse and was thus chosen.

Weaving test
The warp was made on a so-called Sami warping 
frame (Fig. 4.3.9). The starting border was made 
using tablet weaving. The weft of  the tablet 
woven band was pulled out like a loop while 
weaving the starting border (see chapters 2 and 
4.1). In this way, the weft threads were inserted 
two by two. These threads were to become 
the 3 m long warp which was to be set up in 
the loom (Fig. 4.3.10). When a group of  warp 
threads had been produced, they were taken 
off  the pegs of  the warping frame and rolled 
onto small spools. Since the loom weights with 
this type of  yarn could provide optimal tension 
for 15 warp threads each, the group had to 
contain 60 warp threads which were divided 
into four layers.

The starting border was made 60 cm wide, 
consisting of  15 warp threads per centimetre 
and thus resulting in a total of  900 warp threads. 
There were 15 warp threads per loom weight 
and a total of  60 loom weights, 15 in each of  
the four rows. When the starting border had 
been fixed onto the upper beam of  the loom, 

Four Rows of  loom weights:
Loom weight; weight 280 g, thickness 4 cm

Warp requirement (warp tension) 18 g

Number of  warp threads per loom weight 15 threads

Number of  warp threads per four loom weights 60 threads

Warp threads per cm in loom setup 15 threads

Two Rows of  loom weights:
Loom weight; weight 280 g, thickness 4 cm

Warp requirement (warp tension) 18 g

Number of  warp threads per loom weight 15 threads

Number of  warp threads per four loom weights 30 threads

Warp threads per cm in loom setup 7.5 threads
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the warp was rolled down and loom weights 
were attached to the four layers (Fig. 4.3.11). 
The warp threads in the three back layers were 
then attached to heddle rods, one rod for each 

layer (Fig. 4.3.12). The warp threads in the front 
layer were simply left hanging over the shed 
rod on the loom. Since the loom was leant at 
an angle against the wall, in this way, a natural 

Fig 4.3.9. Sami warping 
frame (photo: CTR). 

Fig 4.3.10. Tablet 
weaving of  the starting 
border (photo: CTR). 
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shed was produced, making a fourth heddle 
rod unnecessary. A sample of  20 cm fabric was 
woven (Fig. 4.3.13). 

Measurements taken on the sample fabric 
indicated an even distribution of  warp threads 
per centimetre, but the warp threads appeared 
more open at regular intervals all over the 
sample. Fourteen quite indistinct stripes are 
detectable in the fabric (Fig. 4.3.13). These 
open parts are directly related to where the warp 
threads are divided and attached to different 
loom weights. The use of  four rows of  15 loom 
weights is thus slightly visible in the fabric. It 
can be concluded that the appearance of  open 
warp threads at regular intervals is directly 
related to the use of  loom weights and thus a 
characteristic for this technology and for fabrics 
made on the warp-weighted loom. 

Other irregularities in the warp thread spacing 
could also be detected. There are several reasons 
that might cause such irregularities. Among these 
are irregularities in the warp yarn. Only a small 
variation in the thread thickness will affect the 
formation of  warp and weft and the appearance 
of  a fabric. There is no reed to ensure a consistent 
warp thread count in the warp-weighted loom. 
However, by selecting loom weights with an 
accurate weight and thickness and arranging the 
loom weights side by side and in straight lines, a 
more regular warp thread count can be achieved, 
in both tabbies and twills. 

Clearing the shed 
Before inserting the weft, the sheds always 
had to be cleared by hand (Fig. 4.3.14). In this 
setup, four sheds were used. Three of  the sheds 
were easy to shift, whereas one was a struggle. 
Combining warp threads from the very back 
layer and the very front layer made this shed 
difficult to clear (shed 0+III according to Batzer 
and Dokkedal 1992, 232; see Fig. 4.3.15).6 
Taking into account the quite woolly yarn, 
which easily tangles together, the difficulty was 
accepted as a normal part of  weaving as long 
as it did not cause too much wear and tear on 
the warp threads. The problem would probably 
have been worse in a dense tabby. 

Comments on the loom weights
The four rows of  loom weights were placed 
sloping so that the front rows were placed 
higher than the back rows. The aim was to avoid 
loom weights from the back layers slipping 
up on top of  the front layers when the shed 

Fig 4.3.11. Four rows 
of  loom weights, with 15 
loom weights in each row 
(photo: CTR).

Fig 4.3.12. The warp 
threads from the three 
back layers were tied to 
the heddle rods (photo: 
CTR).

Fig 4.3.13. (below) The 
20 cm long woven sample 
(photo: CTR). 
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Fig 4.3.14. Clearing the 
shed (photo: CTR). 

Fig 4.3.15. Four 
different sheds. A 2/2 
twill requires a 4 shed 
system. A shed is where 
the weft is inserted. In 
this system the warp 
threads are moved 
forward in pairs. Every 
fourth warp thread is 
attached to one row of  
loom weights and is tied 
to one heddle rod, except 
for the front layer. By 
moving the heddle rods 
it is decided what pairs 
of  warp threads should 
be in the front and what 
pairs should be in the 
back. The shed made by 
combining warp threads 
from the very back layer 
and the very front layer, 
shed 0+III, was most 
difficult to clear (photos: 
CTR).
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was changed. This initiative was successful. 
The four rows of  loom weights had stable 
positions, were not whirling and tangling, and 
did not slip on top of  each other. Furthermore, 
the loom weights were hanging level side by 
side (Fig. 4.3.11). 

Conclusions
The test demonstrated that the loom weights 
were suitable for producing the type of  twill 
fabrics recovered from the site, using four 
rows of  loom weights. They could of  course, 
also be used in other types of  weaves. If  used 
to produce a tabby with two rows of  loom 
weights, using the same type of  warp thread, 
the warp thread count would be 7.5 threads 
per cm, so the fabric would be very open or 
weft-faced. 

The warp-weighted loom is excellent for 
weaving dense twills, especially if  using thin 
loom weights, although in general all types 
of  loom weights could be used in a twill 
setup. Although very few Bronze Age textile 
fragments have been preserved in the Eastern 
Mediterranean and twills fabrics are extremely 
rare, the use of  loom weights and thereby 
the warp-weighted  loom clearly indicates the 
possibility of  twill weaving during this period.

Notes
1 Our sincere gratitude to professor Ulla Lund 

Hansen for the possibility to discuss the results 
of  the Vorbasse weaving experiment here.

2 The Vorbasse weaving experiment was designed 
by Eva Andersson Strand, and was conducted 
and reported by archaeologist Linda Olofsson 
(formerly Mårtensson) in consultation with 
the Vorbasse textile project team. A more 
comprehensive description of  the experiment, 
in relation to the site of  Vorbasse can be 
found in Linda Olofsson’s contribution in the 
publication of  the Vorbasse textile analysis: 
Lund Hansen forthcoming.

3 It would have taken too long to spin the yarn by 
hand, see chapter 4.1 for spinning results and 
time consumption. For the weaving, on average, 
it took 20 minutes to weave 8 wefts. This means 
that it would take about eight days (c. eight hours 
a day) of  intensive weaving to produce a 1 m 

sample. Weaving would have been faster if  it was 
done with less woolly yarn; the different steps in 
the process would also have been quicker as more 
routine was achieved.

4 Perinnelanka 100% wool, (Nm 12/1) 100 g = n. 
1150 m of  wool from New Zealand.

5 Thanks to hand weavers Ellinor Sydberg and 
Anne Batzer for interesting discussions on 
different loom setups.

6 This shed, as well as the shed made when the 
two back layers are moved up in front of  the two 
front layers (shed III+II according to Batzer and 
Dokkedal 1992, 232), was also difficult to clear 
in the weaving experiment discussed in chapter 
4.4 (see also Lassen 2007, 20).
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Loom weights can take on many different 
shapes and dimensions, but essentially they 
all perform the same task: they keep the warp 
threads taut on the warp-weighted loom. 
Due to their specific purpose, loom weights 
are usually a lump of  clay or stone with a 
perforation. The particular shape of  the weight, 
be that a carefully crafted pyramid or simply 
a crude sphere, usually does not influence 
the fabric woven on the loom, whereas the 
weight and size of  the loom weights to some 
degree determine the type and density of  the 
cloth. However, the loom weight treated in 
this chapter, namely the crescent shaped loom 
weight, seems to prove an exception to the 
rule that shape is less important for the weave 
(see Fig. 4.4.1). 

Crescent shaped loom weights appear in 
excavations in central and southern Europe 
in contexts dating from the Neolithic period 
onwards. In the Mediterranean area, they 
have been recovered in Italy and Greece, and 
functionally similar loom weights have been 
found in Spain (Batzer and Dokkedal 1992, 
231–234). Most notably, however, they appear 
quite frequently in Early and Middle Bronze 
Age layers in central Anatolia (see Fig. 4.4.2).

When found in situ, crescent shaped loom 
weights appear in all types of  contexts: 

palaces, temples, domestic areas and graves. 
They are found in larger or smaller groups 
as well as individually. This rather ambiguous 
find pattern does not immediately reveal any 
connection to textile production, although it 
does not exclude the crescent shaped objects 
from being loom weights (for a view that 
the crescent shaped loom weights are not 
loom weights, see Vogelsang-Eastwood 1990, 
103–104).

An interpretation of  them as loom weights 
is underpinned by the context in which they 
were found in the Early Bronze Age village 
of  Demircihüyük. At this site, crescent and 
pyramid shaped weights were found lying 
close together, in a manner indicating that they 
were used together on the same loom (Baykal-
Seeher and Obladen-Kauder 1996, 239). To 
test the functionality of  the crescent shaped 
loom weights, I conducted an archaeological 
experiment using reconstructed tools and 

Fig. 4.4.1. Crescent 
shaped loom weight 
from Karahöyük Konya 
(drawing: Annika 
Jeppsson, after Alp 
1968, 187 no. 574).

Chapter 4.4

Weaving with crescent shaped loom 
weights. An investigation of  a special 
kind of  loom weight

Agnete Wisti Lassen
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thread. This experiment, and the research 
history of  the crescent shaped loom weight, 
will be outlined below. 

Previous research
Previous attempts have been made to explain 
the possible function of  these crescent shaped 
objects.1 In 1964, O. C. Castiglioni published a 
study on crescent shaped loom weights (Italian 
‘pesi reniformi’) and suggested a reconstruction 
in which the weights were attached to the warp 
in a single row as indicated in Figure 4.4.3 
(Castiglioni 1964). Groups of  warp threads 
from the front thread layer were attached to 
one of  the holes in the weight, and groups of  
threads from the thread layer at the back were 
attached to the other hole. In this way only 
one row of  loom weights was used on the 
loom. The reconstruction was not tested in 
real life until recently, but Castiglioni’s idea for 
a reconstruction seems to have been generally 
accepted among archaeologists working in the 
Eastern Mediterranean, and was adopted by 
B. Kull in her work from 1988 which included 
a description of  the crescent shaped loom 
weights from Demircihöyük (Kull 1988).

An experiment to test Castiglioni’s one row 
reconstruction was recently conducted by M. 
Baioni (see Fig. 4.4.3) (Baioni 2003, 104–109). 
The published photographs indicate that only 
three crescent shaped loom weights were 
made and attached to the loom, which, in my 
opinion, makes the results of  the experiment 
less convincing. The loom was provided with 

Fig. 4.4.2. Find spots for crescent shaped loom weights in the Bronze Age. Please note that the list of  sites is not exhaustive (map: Agnete W. Lassen).

Fig. 4.4.3. (right) O. C. 
Castiglioni’s reconstruction 
of  crescent shaped loom 
weights in which the 
weights were attached 
to the warp in a single 
row and used for a 
tabby (drawing: Annika 
Jeppsson, after Castiglioni 
1964).  
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heddle bars, but not with a lacing cord above the 
weights, which caused a great deal of  friction 
between the threads during shedding. Baioni 
concluded that although the crescent shaped 
weights could be used for weaving, there are a 
number of  drawbacks. For example, the weights 
swing back and forth during weaving, causing 
them to collide and create an unevenness in the 
fabric. Baioni suggested that a cord or a stick 
connecting all the loom weights might alleviate 
this problem. However, had a lacing cord been 
crocheted to the warp threads (which is virtually 
what Baioni suggests), and had more weights 
been attached to the loom to make a proper 
row, this swinging would probably not have 
occurred. Further testing was necessary.

An experiment on crescent shaped loom 
weights (Nierenförmige Webgewichte) from central 
Europe was published in 2003 by A. Feldtkeller 
(Feldtkeller 2003, 16–19). She suggests a 
completely different reconstruction in which 
the weights are not used on a warp-weighted 
loom but instead on a band loom (see Fig. 
4.4.4). Here, the warp threads are divided into 
two layers for a tabby, but each of  the thread 
layers is also divided in two groups, with one 
group being attached to one hole in the loom 
weight and the other group being fastened 
to the other hole. According to Feldtkeller, 
the advantage of  this setup is that the warp 
threads are pulled apart, which does not only 
prevent the band from eventually tapering, 
but also facilitates the shedding process. In 
2007, Karina Grömer tested Feldtkeller’s 
reconstruction of  the Neolithic crescents on 
the band loom, but she found that the weave 
was unbalanced with a tendency to create a 
gap in the middle of  the band and denser 
parts at the edges (Grömer 2007, 5). Grömer 
also tested the crescents in a one row setup for 
tabby on a warp-weighted loom and concluded 
that they functioned well, provided that the 
loom was equipped with a shed rod (Grömer 
2007, 6). 

Hypotheses and technical 
considerations
In the following, I suggest and test a new 
reconstruction in which two rows of  loom 
weights are attached to the loom. The 
reconstruction is possible with two different 
setups: 1) the crescents are used as ‘regular’ 
loom weights in a tabby where the warp is 

Fig. 4.4.4. A. 
Feldtkeller’s 
reconstruction of  crescent 
shaped loom weights on 
a band loom (drawing: 
Annika Jeppsson, after 
Feldtkeller 2003). 

divided into two layers which are fixed to the 
crescents with a string that is fastened to each 
of  the crescent’s holes (see Fig. 4.4.5) and 2) 
the warp is divided into four layers for a twill 
and each thread layer is attached to a hole in 
the crescents (see Fig. 4.4.6). 

Both setups were tested in an experiment, 
and it was shown that crescent shaped weights 
can be used as ‘regular’ loom weights, i.e. 
with each shed fastened to a row of  weights. 
Although this type of  setup does make the 
weaving process both stable and easy, it takes 
advantage neither of  the particular shape of  the 
weights, nor of  the unusual double perforation 
with which they have been fashioned. In setup 2), 
each hole may be viewed as a ‘fastening point’ 
that can be attached to a layer of  warp threads, 
and thus, two rows of  crescent shaped loom 
weights can support four natural thread layers 
(see Fig. 4.4.7). This setup takes full advantage 
of  the shape of  the cresent loom weights.

A setup with four separate thread layers was 
actually suggested in 1975 by A. E. Haynes, 
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who proposed a setup in which four thread 
layers were attached to four rows of  ‘regular’ 
loom weights (see Fig. 4.4.8) (Haynes 1975). 
One layer was placed in front of  the shed bar 
and the remaining three were placed behind 
it. Each of  the thread layers behind the shed 
bar was heddled individually and thus had its 
own heddle bar. This setup has been dubbed 

the separate weights system. The advantages of  
the separate weights system is that it offers 
the possibility to weave and shift between 
tabby, panama, 2/2 twill, 3/1 twill and certain 
patterned weaves, without the time consuming 
task of  having to change the setup. Furthermore, 
because the warp threads are separated in four 
layers, less friction occurs between them during 
shedding, thus making it possible to weave 
fabrics with a high thread density. It also avoids 
some of  the problems inherent to the other 
known method of  twill weaving (the Icelandic) 
on the warp-weighted loom (Haynes 1975, 156).

In spite of  these advantages Haynes also points 
to some problems with his system. When the 
sheds 0+III and III+II (dubbed sheds B and D by 
Haynes) are created, layer III with its loom weights 
is pulled forward, causing interference with the 
other rows of  loom weights. The loom weights 
of  layer III collide with the weights of  layers II 
and I, thereby pulling all the layers forwards. This 
causes the shed to diminish and makes it difficult 
to insert the weft (see Fig. 4.4.9).

To deal with this problem Haynes suggested 
that the loom should be equipped with the so-
called ‘double notched heddle brackets.’ These 
special heddle brackets make it possible to pull 
out the thread layers both half  way and all the 
way. In a 2/2 twill woven in this setup, two thread 
layers together create the shed. When layer 0 (the 
stationary thread layer in front of  the shed bar) 

Fig. 4.4.5. (left) The first 
setup of  the experiment 
with two rows of  crescent 
shaped loom weights 
attached to the loom. The 
warp was divided into two 
layers, each with a row 
of  loom weights (photo: 
Agnete W. Lassen). 

Fig. 4.4.6. (right) The 
second setup of  the 
experiment. The warp 
was divided into four 
thread layers and each 
layer attached to a hole 
in the crescents (photo: 
Agnete W. Lassen).

Fig. 4.4.7. (left) In 
the second setup, each 
hole may be viewed as a 
‘fastening point’ that can 
be attached to a layer of  
warp threads, whereby 
two rows of  crescent 
shaped loom weights can 
provide tension for four 
thread layers (drawing: 
Agnete W. Lassen). 

Fig 4.4.8.(right)
The setup suggested 
by Haynes in which 
four thread layers were 
attached to four rows 
of  regular loom weights 
(drawing: Agnete W. 
Lassen, after Haynes 
1975). 
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forms part of  the shed, the other thread layer 
only needs to be pulled out enough to align itself  
with layer 0 – which is only half  way (see Figs 
4.4.10a and 4.4.10b): I+0 and 0+III). It is only 
when a shed is created with two layers that are 
both behind the shed bar (III+II and II+I) that 
the heddle bars need to be pulled forward all the 
way. Using the double notched heddle brackets 
would thus solve the problem with interference 
in sheds I+0 and 0+III (Haynes 1975, 161).2 

I suggest that the crescent shaped loom 
weights can function in a way similar to the 
separate weights system and have all the 
inherent advantages. In addition, the crescent 
shape of  the loom weights adds certain 
benefits to the setup. To test this suggestion I 
conducted an experiment at Sagnlandet Lejre 
(Land of  Legends) Centre for Historical and 
Archaeological Research and Communication 
(CHARC), in 2007 employing the guidelines 
for experimental archaeology devised by the 
TTTC research programme (see chapter 4.1). 

An experiment with crescent 
shaped loom weights: materials 
and tools
Both thread and loom weights for the experiment 
were chosen on the basis of  tools discovered in 
Middle Bronze Age layers in Karahöyük Konya 
and Demircihöyük in Turkey. 

Fig. 4.4.9. Haynes’ identified issues: when the sheds 0+III and III+II (dubbed 
sheds B and D by Haynes) are created, layer III and its loom weights are pulled 
forward, causing interference with the other rows of  loom weights. The loom 
weights of  layer III collide with the weights of  layers II and I, thereby pulling 
all the layers forwards. This causes the shed to diminish and makes it difficult to 
insert the weft (drawing: Agnete W. Lassen, after Haynes 1975). 

Fig. 4.4.10a–d. 
Representation of  the 
warp-weighted loom in 
profile. The X marks 
the shed (drawing: 
Agnete W. Lassen).
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On the basis of  the analysis of  the spindle 
whorls from these sites I decided to use a 
machine spun thread similar to one hand-
spun with a 14–18 g spindle whorl (Lassen 
2007, 10). The thread used in the experiment 
was suited to endure a vertical pull of  c. 25 g. 
For a discussion of  Bronze Age fibres and 
experimental archaeology, see chapter 4.1.

The loom weights were crafted by the 
potter’s workshop in Lejre on the basis of  
the archaeological loom weights from Middle 
Bronze Age layers in Karahöyük Konya 
published by Sedat Alp in 1968 (Alp 1968) (see 
Fig. 4.4.11).

The potters made a total of  42 crescents 
with an average thickness of  3.2 cm and a 
weight of  250 g. Measurements were taken 
on six randomly chosen reconstructed loom 
weights (Fig. 4.4.12).

The thread density per cm for the fabric 
woven on the loom can be calculated according 
to the following formula: 

Thread density = (Weight of  LW/Warp 
tension) × 2/Thickness of  LW. 

The number of  warp threads per loom weight 
can be calculated according to this formula: 

Weight of  LW/Warp tension (chapter 5.2).3 

Figure 4.4.13 shows possible loom setups with 
a crescent shaped loom weight with a thickness 
of  3.2 cm and a weight of  250 g.

According to the guidelines outlined by the 
TTTC programme for the calculation of  loom 
setups, it is not considered practical to attach 
fewer than 10 or more than 30 threads to a loom 
weight. Thus, this particular loom weight would 
not be optimal for use with 30 g tension thread. 
Furthermore, the warp threads would be very 
widely spaced in a one row reconstruction, and 
the textiles produced would therefore be very 
open, unless they were weft faced.

The weight distribution of  the spindle 
whorls from Karahöyük Konya indicates that 
threads that could carry between 15 g and 25 
g tension were most common. Such threads 
used with a batch of  Karahöyük Konya loom 
weights would result in a fabric with a thread 
density between 10–11 and 6–7 threads per 
centimetre in the two row reconstruction (see 
Fig. 4.4.13). 

The TTTC experiment 
The thread used in the experiment was suited to 
endure a vertical pull, i.e. warp tension, of  some 
25 g, meaning that each loom weight weighing 

Fig. 4.4.11. A batch 
of  the reconstructed loom 
weights (photo: Agnete W. 
Lassen). 

Fig. 4.4.12. 
Measurements of  
six randomly chosen 
reconstructed loom 
weights. 

 Thickness (cm) Weight (g) Distance between 
holes (cm)

Front layer 3.2 250 9.5

 3.2 245 9

 3.1 253 10

Back layer 3.0 247 9

 3.2 257 9.5

 3.1 255 9
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250 g would require 10 threads to hold its 
weights, five in each hole. With 42 loom weights 
this resulted in a total of  420 warp threads. The 
row of  loom weights was 67.2 cm wide (21 × 
3.2 cm) but we decided to make the textile 70 
cm wide, making the thread count 6 threads per 
centimetre (420 threads/70 cm).

The warping was done on a so-called ‘Sami 
warping frame’, which makes it easy to produce 
long warp threads of  equal length, and which 
divides the warp into the two thread layers 
before the warp has been attached to the 
loom. The 6 m long warp was initially arranged 
on the loom with only two thread layers for 
a tabby weave, which meant that extensive 
modification had to be done when the setup 
was later changed to four thread layers for 
twill weaving. A lacing cord was crocheted 
across each of  the thread layers, with each 
warp thread in its own loop. After weaving 
some centimetres of  tabby, the loom setup 
was changed to twill weaving and each of  the 
three thread layers behind the shed bar were 
heddled. The heddle bars were placed in two 
double notched heddle brackets. Heddle bar 
no. II was placed in the upper heddle bracket 
and heddle bars I and III were placed in the 
lower heddle bracket.

2/2 twill
Weaving was done by inserting the weft 
between the four thread layers, always with two 
layers in front, and two behind the weft. One 
of  the two warp threads the weft passed behind 
shifted either to the left or to the right with 

each shedding (see Figs 4.4.14 and 4.4.10a–d) 
and this movement created the diagonal lines 
characteristic of  twill. 

Figure 4.4.14 shows a schematic rep-
resentation of  the 2/2 twill shedding sequence. 
The line in the centre of  the figures marks the 
shed bar, the arrow signifies the weft direction 
and each dot represents a warp thread, or warp 
thread layer. In the first figure (I+O) thread 
layer I is pulled halfway forwards, aligning itself  
with layer O, thus creating the shed I+O. The 
weft is inserted behind layer I and O, and in 

Fig. 4.4.13. Possible 
loom setups with a 
crescent shaped loom 
weight with a thickness 
of  3.2 cm and a weight 
of  250 g.

Fig. 4.4.14. Schematic 
representation of  the 2/2 
twill shedding sequence 
(drawing: Agnete W. 
Lassen). 

Fig. 4.4.15. Interference 
(photo: Agnete W. 
Lassen).

Warp tension 15 g 20 g 25 g 30 g

Warp threads per loom weight (two holes) 16–17 12–13 10 8–9

Thread density per cm (one row reconstruction) 5 4 3 2–3

Warp threads per two loom weights (four holes) 33 25 20 16–17

Thread density per cm (two row reconstruction) 10–11 7–8 6–7 5–6
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front of  II and III. One thread layer is changed 
in each motion. The second figure (O+III) 
shows a shed in which layer O is retained, and 
layer I exchanged with III.

In the sheds O+III and III+II some 
interference between the two weight systems 
did occur (Fig. 4.4.15). The degree of  friction 
did not  hinder the weaving, but the shed was 
slightly diminished. The problem encountered 
in Haynes’ separate weight system, where 
weights slipped on top of  each other, was not 
encountered here. The crescents would simply 
tip, and the ends of  the loom weights would 
lift up. As layers III and II were attached to the 
same loom weight they, of  course, could not 
in any way interfere with each other. I wove 
11.5 cm of  2/2 twill with a thread density 
of  12 weft threads per centimetre. After the 
first half  was woven, I reversed the shedding 
sequence, causing the diagonal lines to change 
direction (Fig. 4.4.16).

3/1 twill
A change of  weft colour and a simple change 
in shedding procedure marked the transition 
from 2/2 to 3/1 twill (see Figs 4.4.17, 4.4.18 
and 4.4.19). 3/1 twill is an asymmetrical 
weave, and the weft passes over three warp 

Fig. 4.4.16. 2/2 twill. 
The image also illustrates 
the groups of  four warp 
threads that are created 
by the four rows of  loom 
weights (photo: Agnete 
W. Lassen).

threads and below one, unlike the 2/2 twill, 
in which the weft passes over two and below 
two. This causes the textiles woven in 3/1 twill 
to have uneven faces, making the weft threads 
dominant on the front of  the textile and the 
warp threads dominant on the back (Figs 
4.4.19a and 4.4.19b).

I wove 9 cm of  the 3/1 twill with 11 weft 
threads per centimetre.

Patterned weave
Two different types of  patterned weave were 
created with red and white weft thread. The 
first test was done with a type of  floating weft. 
The second test involved an attempt to explore 
the possibilities of  the four thread layers: one 
thread layer was pulled forwards and the other 
three left in resting position. Working only with 
these three layers, every second group of  threes 
was pulled out on a bar for patterned weaving 
(see Fig. 4.4.20). The red weft was inserted, 
and the bar was removed. It was then inserted 
again, this time with the groups of  three that 
had not been pulled out on the bar before. 
Then a white weft was inserted. The bar was 
removed, the heddle bar released and another 
heddle bar pulled forward. The heddle bars 
were pulled forward in the same sequence as 
in a regular 3/1 twill, and the pattern created 
by the process was much like the pattern of  
a regular 3/1 twill, except for the fact that 
every other of  the diagonal lines was done in 
red and every other in white (see Figs 4.4.20 
and 4.4.21).

Had the threads not been divided and 
heddled in four layers, the pattern would still 
be possible to produce, but each thread would 
have to be counted in order to determine which 
threads to use in each motion, making it a very 
time consuming task. By using the crescents and 
the separate weights system, the shift between 
the thread groups that cause the diagonal 
lines was carried out automatically with the 
heddle bars. The threads would naturally be 
clustered in groups of  three, and so the bar 
could be inserted simply by moving it over 
and under the groups without the need for 
the time consuming counting. This advantage 
in a systematisation and mechanisation of  the 
process applies to all patterns and weaves with 
four threads as the basic unit. 

A setup with three thread layers is also 
possible. One thread layer with regular one-hole 
loom weights would be placed in front of  the 
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shed bar, and two thread layers attached to 
crescent shaped loom weights would be placed 
behind the shed bar. This setup would be able 
to produce 2/1 twill and pattern weaves with 
three threads as its basic unit. Such a setup 
may have been discovered in Early Bronze Age 
Demircihüyük, as mentioned above.4 

Wear marks
The experiment lasted 15 days, and this rather 
limited time of  weaving did not produce any 
wear marks on the loom weights. It does, 
however, seem possible to predict where such 
marks would occur. The weaving movement 
was quite uniform and regular, and it produced 

Fig. 4.4.17. Schematic 
representation of  the 3/1 
twill shedding sequence 
(drawing: Agnete W. 
Lassen).

Fig. 4.4.18. A) shed 0 
B) shed I C) shed II D) 
shed III (drawing: Agnete 
W. Lassen).

Fig. 4.4.19. 3/1 twill 
(a) front and (b) back 
(photo: Agnete W. 
Lassen).

a b
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a consistent stress on two areas on the loom 
weights. Pulling forward thread layer III (and 
to a lesser degree also layer II) made the tips of  
the two rows of  weights bump into each other, 
which might cause some chipping although 
this was not observed during the experiment. 

Also, the string that tied the warp threads to 
the loom weights rubbed against the upper 
part of  the fastening hole and around it in an 
approximately 90 degree angle. Wear marks of  
this nature have been noted on the crescent 
shaped loom weights of  Demircihöyük (Kull 
1988, 201, Abb. 195). One might also have 
expected wear marks on the sides of  the loom 
weights caused by friction as they hung closely 
side by side. However, in using the loom it 
became clear that the weights all moved in 
unison during shedding, causing no, or only 
very limited, friction on the sides of  the loom 
weights.

Conclusions
The present experiment proves beyond any 
doubt that the crescent shaped loom weights can 
be used as loom weights on the warp-weighted 
loom; it even proves that they function well, 
both in a tabby and a twill setup. They can be 
employed in much the same way as Haynes’ 
separate weights system, and draw on the same 
advantage of  flexibility. Furthermore, as a result 
of  their particular shape, a setup with crescent 
shaped loom weights avoids the problems of  
interference. The thread layers are automatically 
kept apart and in place by the crescents. In his 
article on the crescent shaped loom weights 
from Italy, Baioni (2003) writes that the main 
advantage of  the crescents was that they 
had two holes so that their weight could be 
distributed on two thread layers instead of  
just one. Thus, in effect, they would halve the 
weight the threads would carry. According to 
Baioni,  this was desirable, because the Italian 
potters of  the time supposedly were unable to 
produce lightweight loom weights that would 
not break in use. The same reasoning cannot 
apply for the crescents from Turkey, as the 
potters of  the Middle Bronze Age showed 
considerable skill, and did in fact also produce 
functional light-weight loom weights. The 
present experiment rather suggests alternative 
advantages over other types of  loom weight. 
Plainly, the two holes make it possible to create 
four thread layers with only two rows of  loom 
weights. The crescent shape facilitates a steady, 
smooth movement when the thread layers 
are pulled forwards and one end of  the loom 
weights is lifted. To exploit this advantage, the 
loom weights must be used in a loom setup with 
three heddle rods. This makes a very flexible 
setup that can change instantly between 2/2 

Fig. 4.4.20. Groups of  warp threads are pulled forward and placed in front of  a flat 
bar, thus creating the additional shed (photo: Agnete W. Lassen).

Fig. 4.4.21. Two types of  patterned weave (photo: Agnete W. Lassen). 
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and 3/1 twill, tabby, panama, as well as pattern 
weaves with four threads as the basic unit. 
Furthermore, if  a row of  regular loom weights 
were attached to one thread layer in front of  
the shed bar, and two thread layers tied to the 
two holes in a row of  crescent shaped loom 
weights behind the shed bar, it would also be 
possible to weave 2/1 twill and pattern weaves 
with three threads as the basic unit. 

Notes
1 The earliest archaeological experiment on such 

objects was done by Danish and Spanish scholars 
in Lorca in Spain in 1991. In this area a number 
of  so-called ‘heart-shaped loom weights’ have 
been unearthed in excavations, and terracotta 
reconstructions of  such objects were used in 
the experiment. Although the shape of  the 
heart-shaped loom weights does not correspond 
exactly to the crescents from Anatolia, the two 
types appear to be functionally very similar. See 
Batzer and Dokkedal 1992, 231–234.

2 In 1975, when Haynes suggested the separate 
weights system, the existence of  double notched 
heddle brackets was only a technical assumption. 
Yet, during the later excavations in Trondheim in 
Norway in the late 1970s and 1980s, six medieval 
heddle brackets of  this type were uncovered, 
thus providing archaeological evidence for a 
hitherto hypothetical tool (Stærmose Nielsen 
1999, 93). On behalf  of  Trondheim Museum, 
Land of  Legends Lejre (then Lejre Historical 
and Archaeological Research Centre) carried out 
an experiment with the separate weights system 
and the double notched heddle brackets (Batzer 
and Dokkedal 1992, 231–234). Their assessment 
of  the functionality was generally positive, 
although they did encounter slightly diminished 
sheds as a result of  interference between the 
weight systems. They also noticed that when 
thread layer III (and to some degree also II) was 
pulled forwards, and the attached weights were 
lifted, these weights had a tendency to slip over 
the other lower hanging loom weights (Batzer 
personal communication). The lacing cords (and 
a string through the holes in the loom weights) 
ensured that the weight systems did not get 
entangled, but a lot of  extra tension was put on 
the threads attached to loom weights that were 
weighted down.

3 Note that the crescent shaped loom weight has 
two holes per loom weight and so to calculate the 

number of  warp threads per hole the number of  
warp threads per loom weight must be divided 
by two.

4 2/1 twills are particularly suited for sacking, 
and clay impressions of  this twill type have in 
fact been found in Turkey (see Kt. 90/499 (rev) 
from Kültepe, identified by Anne Batzer). Note 
also the extant textile fragments from Alishar 
(see chapter 3).
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