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Editoriéal

Editorial

Welcome to the world of textiles 2019. We hope
that everybody across the many different textile
communities of Europe and beyond have had a
fruitful year with great events and huge successes!

The transformation of the Archaeological Textiles
Review (ATR) into a mainly internet-based journal
is almost complete. It is still possible to purchase a
hard copy of the journal from the print-on-demand
service at the University of Copenhagen’s webshop.
However, we see a declining demand for this service
and it is a questionable how long it will be financially
viable to continue it. But even if ATR is not available
as a printed copy in the future, the editors have no
plans to close the journal. There is definitely a need
for a specialist journal in our field and in the wider
academic community because we cannot be sure that
all the articles published here would have found their
way into other journals. As long as we maintain high
standards for our work, ATR will survive. To that end,
we would like to thank the many excellent and hard-
working peer reviewers who have helped the authors
improve their contributions this year.

This year’s issue contains an interesting mix of articles
from arange of time periods and geographical areas, as
well as textile-related projects and experimental works,
which we hope readers will appreciate. Altogether,
there are eight articles and six project descriptions
which very well illustrate the many aspects of textile
research currently underway. It is truly inspirational
to see how many excellent researchers working in
this field are capable of creating new and innovative
projects with exciting results. We know from our work

at the Centre for Textile Research in Copenhagen that
there are many more projects which are not reported
here. We therefore encourage everybody to share their
knowledge and experience about the many textile-
related projects and conferences which take place
each year with their colleagues through ATR. Check
the back of this issue for instructions on submitting
articles and project reports, which are welcome before
1 May 2020. We encourage you to send them to us
as soon as they are ready, so that we can spread the
editing work over the year and have appropriate time
for the peer review process.

For the coming ATRs we would like to put more focus
on needle binding/nalebinding and fabric created
by looping techniques in general. We see a need to
propose appropriate terminology and protocols for
recording it, and if anyone would like to contribute
to this topic, please do contact the editors (our email
addresses are at the back of the issue).

Please also remember to send us news of PhDs,
publications and conferences at any time so that we
can be continue to be a hub for the archaeological
textile community. We also welcome ideas for
contributions for forthcoming issues — send us your
ideas and proposals so we can discuss how best to
accommodate them. The deadline is 1 May each year.
The next annual general meeting (AGM) of the Friends
of ATR will be held during NESAT XIV in Oulu in
Finland in May 2020 - we hope to see you there. More
information is on our homepage at www.atnfriends.
com.

The Editors
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Articles

Anne Drewsen

Spinning for the gods?
Preliminary observations on prehistoric
textile production at Hierakonpolis, Egypt

Abstract

Around 3500 BC, an adult elephant was sacrificed and buried in the elite cemetery of Hierakonpolis in the very south of
Egypt. The elephant was given a burial similar to humans including a linen shroud. This shroud is just one of an impressive
number of textiles found at the site illustrating a range of uses. The textiles of the late prehistory in Egypt, the predynastic
period, have not yet been thoroughly researched, and the linen of the elephant’s shroud therefore presents a unique
opportunity to consider the time used to produce it and the expertise of the spinners and weavers. The information from
textile tools found at Hierakonpolis can now also be added to this story. The results of research into the elephant’s shroud
and the textile tools question our perception of prehistoric society in Egypt just before state formation, especially in relation

to the organisation of textile production.

Keywords: Egyptian prehistory, animal burial, linen shroud, spindle whorl

Introduction

Textile production in Egypt is mainly known from
the pharaonic period, either in the shape of models or
wall paintings in tombs (Vogelsang-Eastwood 1995,
9) or in well-preserved textiles such as those from
Tutankhamun’s tomb (Vogelsang-Eastwood 1999).
Excavators of the 1800s and early 1900s had some
understanding of textile production and the related
tools, especially English excavators who were familiar
with textile production from industrialisation. Flinders
Petrie recognised and correctly registered textile tools
(Petrie 1917, 53). However, later archaeologists had less
knowledge of the processes, which resulted in incorrect
identification and registration of tools (Jones 2001, 13).
The main material known is from the Pharaonic period,
both the Middle Kingdom (2055-1650 BC) and the
New Kingdom (c. 1550-1070 BC). Two sites from those
periods, Lahun and Amarna, are well researched and
the results have been published - for example, Evidence
for linen yarn preparation in Ancient Egypt (Granger-
Taylor 1998) and The ancient textile industry at Amarna
(Kemp & Vogelsang-Eastwood 2001).

However, the predynasticperiod wasalmost1,000 years
before the Middle Kingdom, which questions whether

comparisons can be made without interpretation
being unduly influenced by the later processes.
For Egyptian prehistory, textile research is mainly
based on finds from burial sites, as few settlements
have been excavated resulting in very limited access
to information about domestic spaces with their
associated tools and household textiles. Furthermore,
the burial sites were often heavily robbed, meaning
that any data from the burials should be treated with
caution. Tomb robbers typically displace both grave
goods and the body leaving bones and textiles from
the burials to disintegrate on the surface making it
difficult to judge to what extent textile was used in the
burial. The elephant’s tomb at Hierakonpolis (HK6
Tomb 24) was robbed, too, but due to its size, enough
textile fragments remain to provide the basis for
research (Friedman 2003, 9-10). Fortunately, textile is
also found in numerous other sites, such as Badari and
Mostagedda (Jones 2007, 982); the best known piece of
textile is the Tarkhan tunic which has been 14C-dated
to 3482-3102 BC, i.e. at the very end of the predynastic
period (Barber 1991, 147, UCL 2016). The research is
further limited by a lack of typologies and catalogues.
Predynastic textile remains from nine sites have been
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compared (Jones 2008); the first analysis of early textile
tools from Egypt undertaken (Spinazzi-Lucchesi
2018); and more work is currently underway, such as a
PhD thesis by Alistair Dickey, University of Liverpool:
Textile of the elite and non-elite at ancient Nekhen (Nekhen
is the ancient Egyptian name for Hierakonpolis). This
renewed interest in early Egyptian textile production
will fill the gaps and make it possible to analyse the
economic and ritual impact of textiles.

Textiles in early Egypt

From prehistory to the end of the Pharaonic period,
Egyptian textiles are usually linen made from flax
(Linum usitatissimum) woven in a tabby weave
(Vogelsang-Eastwood 1992, 1). The process of turning
flax into textile requires several steps, each of which
necessitates a certain expertise (Vogelsang-Eastwood
1992, 1-35, Andersson Strand et al. 2010, 24-26). Flax
may be described as easy to grow, but it has very
specific requirements, such as slow running water, and
must be harvested by pulling the roots, not cutting. The
further extraction of fibres from the stems is no less
time consuming (Andersson Strand et al. 2010, 24-26).
At the predynastic site of Hierakonpolis, an impressive
quantity of textiles has been found, illustrating a range
of uses. Textiles are found in burials in the workers’
cemetery (HK43) and fragments are found in many of
the robbed human burials in the elite cemetery (HK6)
in addition to the burial of the elephant in Tomb 24
(Jones 2002, 13). Textile is also incorporated into the
wooden walls of fences and structures in the elite
cemetery, including the pillared halls, connected
to ritual offerings, where the textile was plastered
and painted in bright red, yellow, green and black
(Friedman 2011, 187; Friedman, nd). Model objects,
some possibly representing a shield and quiver, or a
backpack found in a burial are also made from linen
that has been plastered and painted (Droux 2016, 5;
Hendrickx & Eyckerman 2017, 9). In the courtyard of
a house within the settlement at HK11, a few bundles
of yarn were found as well as spindle whorls and
textile fragments, although in very modest amounts
(Jones 2001, 13). The yarn at HK11 was analysed and
found to be of good quality, finely and evenly spun
with most of the fragments showing evidence of a
new spinning technique which produced S-spun
yarn (Jones 2001, 13). In general, the textiles found in
the Naqada II phase of the Predynastic period show
that the textile workers had acquired the expertise to
produce linen of good quality that was evenly spun
and woven (Jones 2002, 13-14). Furthermore, analysis
of the Hierakonpolis textiles shows that textiles were
produced in both fine and coarser qualities suggesting

control, standardisation, and administration (Jones
2002, 13). The use of textile in burials was conventional
— a single shroud wrapped around the body, and in
a few examples of early mummification, pads of fine
quality textile soaked in resin wrapped around wrists
and neck, probably to maintain articulation in the
afterlife, and a shroud for the entire body made from
textile of a coarse quality. This use of textiles is also
found at HK6 (Jones 2002, 13).

Just a few hundred years later, in the Early Dynastic
period, evidence shows specialised workshops that
are attached to religious or administrative institutions
such as in Buto, where a stone vessel workshop was
housed in a building connected with rituals and/
or administration (Kohler 2010, 40). As early as 2900
BC, textiles are mentioned in historic records in the
shape of the so-called “linen lists” which were a part
of offering scenes detailing the amount and type
of linen given to the deceased. In the royal tomb of
the Late Predynastic period, tomb U-j from Abydos,
small ivory labels are found and believed to have been
attached to bunches of linen given to the king as grave
goods (Jones 2010, 81, 83). Throughout the Pharaonic
period, textiles were produced for gods and kings in
specialised workshops. Those working for gods and
kings received part of their wage in textiles.

The elephant’s shroud

Hierakonpolis is a unique site for the prehistoric
archaeology of Egypt, particularly the latter part of
the prehistoric period also known as the predynastic
period or the Naqada period (4000-3000 BC). Ithas been
excavated since the late 1800s, and for more than the
last 30 years, by the same team. It documents multiple
aspects of an early society with settlement, ritual
structures, production areas, and elite and workers’
cemeteries. All this served a strong power centre with
a population of possibly as many as 5,000 to 10,000
persons during the Naqada II period, c. 3500-3200 BC.
Hierakonpolis is considered to be the most important
city in the south of Egypt, providing evidence for the
first kings and religious practices in the area (Friedman
2011, 44), and ultimately becoming one of two major
cities vying for power at the time of the unification
of Egypt under one king (Wengrow 2006, 73-74, 80).
The elite cemetery, HK6, features fenced-in burial
complexes and superstructures (including a pillared
offering hall), not seen anywhere else in Egypt in this
time period. Although animal burials are not abnormal,
there are usually only few animals buried and not at
every site (Flores 2004; Wengrow, 2006, 59). However,
in HK6 animal burials are taken to a much larger and
complex scale with more than 100 animals - from the
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cattle and dogs seen in other sites, to exotic beasts
such as a leopard, several baboons, two crocodiles,
two aurochs and two adult elephants. In the burial
pits of the largest animals, such as the leopard, one
of the aurochs, perhaps one of the crocodiles as well
as the two elephants, textile remains have been found
suggesting they were buried in shrouds (Friedman et
al. 2017, 274-275). One of these shrouds, the shroud
of the elephant in Tomb 24, is the case study for the
calculation of textile production time. Textile from the
predynastic period is often found in small fragments
which makes it difficult to calculate size and thereby
production time. Despite this particular burial having
been robbed, parts of the body of the elephant were
found in situ with the textile adhering to the body both
on the top and on the bottom, as well as on the side of
the pit. It is this distribution which strongly suggests
that the textile was wrapped around the animal

(Friedman 2003, 9-10). An analysis of the elephant’s
bones showed that it was 6 to 10 years old and stood
2 m to 2.5 m in shoulder height (Friedman 2004, 149).
The textile distribution and its implications provide a
unique opportunity to estimate the size of the shroud
and consequently the production time for it (Jones
2002, 13; Drewsen forthcoming). The fragments of
the shroud are in parts well-preserved (fig. 1), and
described as follows:

“A fragment of textile from the side of the tomb was
selected for examination under a stereomicroscope
because it was extremely well-preserved, still pliable,
and a beautiful creamy gold colour ... The yarns are
mostly single, s-spun, with a few s2S plied yarns.
Thread diameters are fine to medium, ranging from
0.18 mm to 0.3 mm. The warp yarns are more tightly
spun than the weft, which were laid at an angle of

Fig. 1: Micrograph of a well-preserved fragment of the textile from
Tomb 24 (14x magnification) (after Friedman 2003, 8-9; image: R.
Oldfield)

60 degrees to the warp ... The weave is of medium
density, with a thread count of 20 x 10 yarns/cm, a
ratio of 2:1.This ratio is traditionally associated with
textiles of a later date, as most Predynastic textiles
have a ratio of 1:1, including those from the burials at
HK43.” (Oldfield & Jones 2003, 12).

Using tests carried out at the Ribe Viking Center in
spinning and weaving flax, the production time can
be calculated, though it should be noted that the tests
were not carried out with replicas of Egyptian material
and that they are therefore only an approximation.
A piece of textile large enough to cover an adult
elephant would be about 20 m?. The thread count of
20:10 threads per cm is equal to a total of 60,000 m
of spun yarn needed for the shroud. Since the tests
have shown that an experienced spinner can spin an
average of about 56 m of thread per hour (Ejstrud et
al. 2011, 62), the final production time for spinning
is 1,071 hours. This does not include harvesting the
flax and processing it to the point at which spinners
can use the fibres, which is a time-consuming process
(Andersson Strand et al. 2010, 24-26). The tests also
show that an experienced weaver can produce an
average of 5 cm of fabric per hour (Ejstrud et al. 2011,
67). However, this is on a warp-weighted loom. So
far, there is no evidence of vertical looms before the
New Kingdom (Vogelsang-Eastwood 1991, 35) and
the relevant loom would therefore most likely have
been a ground loom or horizontal loom producing
textiles with a maximum width of 100 cm to 130 cm
(Vogelsang-Eastwood 1993, 6). The shroud would then
have consisted of a minimum of four lengths, each of
5m, to reach a total of 20 m?. With a production rate of
5 cm per hour, the total time required for weaving the
shroud is estimated at 400 hours. This does not include
setting up the loom, which is another time-consuming
process (Ejstrud et al. 2011, 62). The grand total is 1,471
hours. Divided by eight hours of work every day, it
would have taken one person more than six months
to produce this shroud. Since the shroud is only one of
many pieces of textile, it underlines the fact that textile
production is an extremely time-demanding process,
which would have necessitated specialists working
full-time at spinning and weaving. Due to the state
of the fragments of the shroud, it is not possible to
determine whether it is a piece of repurposed textile.
However, in general, the textiles found in the workers’
cemetery in Hierakonpolis, HK43, show no signs of
repurposing, and it seems therefore that the textile
was produced specifically for burial (Jones 2002, 13).
Regardless, it was a wealthy society that allowed
time-consuming production of textile purely for ritual
consumption.

Archaeological Textiles Review No. 61 5
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Tools

The use and need for the quantity of textiles for funerals
is not in proportion with the amount of textile tools
found in Hierakonpolis. Many have been excavated
by Quibell and Green in the late 1800 (Adams 1974, 37,
plate 26) in the Early Dynastic town at Hierakonpolis,
amongst them limestone spindle whorls, such as
the one at Liverpool Museum (inventory number
16.11.06.371a). Finds of pierced discs made from
potsherds that could have been used as spindle whorls
are also known from the Predynastic settlement sites,
but except for a study of 12 ceramic disks found at
HK11, the spindle whorls have not been intensively
investigated (Jones 2008, 112). However, in 2016 a
number of these pierced ceramic discs were studied
by the author and are published in this article.

The pierced discs come from excavations at HK29, the
house and workshop of a pottery excavated in 1978-
1979 by Michael Hoffman (Hoffman 1982), and from
HK29A, a predynastic ceremonial centre investigated
in 1985-86, 2003 and 2008 by Michael Hoffmann and
Renee Friedman (Friedman 2009). The discs from
HK11 Square G, excavated in 2000-2001 by Ethan
Watrall and previously studied by Jana Jones were
also made available for study. The analysis was made

Table 1: Preliminary list of discs found at HK11

as a preliminary study to inventory possible textile
tools from the area, using a mobile phone camera
for the photographic record and a small scale for
recording weights. Subsequently professional photos
were taken of the discs. In total, 39 discs were recorded
from location HK?29, 90 discs from location HK29A,
and 19 from location square G, HK11 (tables 1-3 and
fig. 2, see also description of the sites further below).
The weights and dimensions of the pierced discs seem
to suggest that the textile production at all three
localities was not specialised for one type of textile but
produced both yarn of fine or semi-fine quality and a
few heavier, coarser qualities.

Clay spindle whorls are found in all sites not just
the Naqada power centres. They are found in the
settlement areas, for example at Adaima (Midant-
Reynes & Bucez 2002, 443-463). In El-Mahasna, pierced
discs were also found in Block 3, which is interpreted
as a ritual structure (Friedman, personal comment). In
other cultures and periods, it is not uncommon to see
tools in a burial but in the Predynastic period, Egyptian
grave goods are primarily personal belongings such as
ornaments and food for the afterlife, although pierced
disks are known from some burials of the period at
Hierakonpolis and elsewhere.
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Table 2: Preliminary list of discs found at HK29
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Table 3: Preliminary list of discs found at HK29A
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Table 3 continued: Preliminary list of discs found at HK29A
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Identification

All of the discs were repurposed potsherds, either
pierced or showing signs of an attempt at boring a
hole. The discs have been recorded on the premise that
some may be the result of trial and error in making
new spindle whorls and some of the fragmented
objects may have been dropped too many times to
be of further use for this purpose. This approach has
some inherent problems; while it is not possible to
classify all pierced discs as spindle whorls, it is equally
difficult to exclude some when no typology exists
(Jones 2008, 112).

In published catalogues, potential spindle whorls
made from potsherds are sometimes rejected
as being so. For example, in the catalogue from
Brooklyn Museum, the pierced discs from Adaima
were deemed “too light” in comparison to the more
aesthetically pleasing decorated limestone spindle
whorls (Needler 1984, 293-294, see also discussion
in Midant-Reynes & Bucez 2002, 446-447). However,
as the importance of the spindle whorls lies in their
weight, one type cannot replace the other and it is
more likely that both types were in use at the same
time. Specifically for the Hierakonpolis material,
there is an added question mark as the desert
settlement at Hierakonpolis, from which most of the
discs in this study were found was abandoned during
the late Naqada II period when the settlement shifted
closer to the Nile (Wengrow 2006, 92). It would be
natural for the crafts people to keep the best tools
and leave the broken behind and thereby also leave
an uneven record of the tools actually used at that
particular site. This could distort an understanding
of the production process.

A question also arises regarding the use of the pierced
discs. In the archaeological records, they have been
registered using the neutral terms “pierced disc”
or “pierced potsherd” or interpreted as “tokens”, or
“fishing net weights”. The interpretation as tokens
is usually relevant for any potsherd that has been
worked into a disc whether pierced or not. It is not
obvious for what the tokens would have been used.
The idea of using the pierced discs as fishing net
weights is relevant only in consideration of their
weight. Most pierced discs are too heavy to float and
too light to draw the fishing net down quickly. It is
equally important to note that the objects may be
multipurpose tools, or that a spindle whorl once too
fragmented for that purpose, could have been used
as a bottle stopper. Bottle stoppers are known from
later periods, when the potsherd was wrapped with
vegetable matter (plant stalks) to provide a secure
stopper.

Material

The material of the discs has not been analysed in
detail, but in general they are made from either coarse
ware or fine ware such as blacktopped redware. While
the coarse ware is tempered with straw and quite
coarse in fabric, the fine ware with its denser fabric
would have easier to polish on the edges and thereby
giving less trouble with snagging the thin flax fibres.

Context

The majority of the pottery discs, 90 in total, are
found in HK29A, the ritual structure in use during
Naqada II. HK29A includes an unusually large, oval
structure of 45 m x 13 m, with a number of refuse pits
just outside the enclosure walls containing primarily
animal bones of cattle and Nile perch as well as the
largest collection of bones from wild animals from any
predynastic settlement, all of which is connected with
rituals (Friedman 2009, 81). The structure is a part of
a ritual precinct covering perhaps one hectare with
a fenced-in area encompassing the ritual structure
itself and production areas for luxury items such as
stone vessels, flint tools and beads. The production
areas are described as workshops, although structural
remains are not obvious, but evidence from them
consists of considerable remains showing exceptional
specialisation, including tools such as drills for stone
vessel and bead manufacture as well as fine lithics

Fig. 2: Map of Hierakonpolis in the Nagada period (Image: P.
Robinson)
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Fig. 3: Examples of pierced discs from HK29A (from top left: 163,
164, 44, 61) (Image courtesy of the Hierakonpolis Expedition)

(Friedman 2009, 85, 89, 98; Hikade 2011, 83, 105). In this
area, the discs are tools of textile production, not the
finished products themselves. Of the 90 discs, only 12
are intact, the rest are fragments. As the discs are made
of potsherds, they will not tolerate being dropped on a
hard or semi-hard floor without the edges breaking or
snapping across the diameter and consequently losing
their value as tools. The discs most likely relates to the
specialised workshops attached to the ritual structure
(Friedman 2009, 89). The weight of the discs found

here range between 3.4 g and 37 g with four discs
being much heavier at 484 g, 73 g, 66.2 g and 724 g
(table 3 and fig. 3). In the neighbouring district to the
southeast, HK29, 39 pierced discs were found of which
only 12 are relatively intact (fig. 1). The weight ranges
between 3 g and 39.6 g (fig. 4). HK29 is an industrial
quarter bordering HK29A, the ritual structure, and
amongst other feature a potter’s house, preserved due
to a fire. The remains from the pottery production
suggest that the potter produced rough ware, not fine
ware (Hoffman 1980, 129).

A total of 18 pierced discs were found at HK11 (square
G), in the courtyard of a house (not fully excavated) in
a settlement area in a wadi, 4 km from the Nile and 1.5
km from the edge of cultivation. HK11 is an enigmatic
locality; being both the best preserved settlement area
and the one which raises most questions regarding its
location, as it lies so far from the Nile. HK11 is a site of
¢. 68,000 m? and includes a domestic area with houses
to the northeast and breweries and food preparation
on an industrial scale to the southwest (Friedman and
Baba 2016, 179). HK11 lies in the same wadi as the elite
cemetery, HK6 (fig. 2). Most of the discs were very
fragmented, probably by being dropped during the
spinning process that they cannot be used for spinning
any longer (table 1 and fig. 5). Besides the discs, spun
yarn and a piece of woven linen were found in a refuse
pit. The proximity to HK6 raises questions of whether
all or part of this site was established to service HK6

Fig. 4: Examples from HK29 (front and backside, from top left to right: No. 25, 1, 2 and 26) (Image courtsey of the Hierakopolis Expedition)

Archaeological Textiles Review No. 61 11
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(Baba & Friedman 2016, 181) or perhaps to evade the
annual flooding by the Nile (Watrall 2001, 8-9). The
impressive amount of beer that can be produced at one
of the breweries (Operation B) suggests it could easily
supply the funerary cults at HK6 (Baba & Friedman
2016, 193).

Spinning for the gods?

Relatively little is known about rituals and religion,
which gods were worshipped and how, in the
Predynastic period. The fact that a number of pierced
discs interpreted as spindle whorls have been found in
relation to ritual structures is interesting. The finds of
textile in all burials in HK43, as well as in many burials
in HK®6, point to textiles being used for ritual purposes
in protecting thebody. The use of textiles as padding for
wrists and neck points to the aim of maintaining body
articulation. The elephants and other powerful animals
being buried in textiles could relate to preserving the
power to protect the cemetery or perhaps limit their
power in the afterlife. That textiles have been found in
foundation deposits and used in walls in the pillared
hall in the elite cemetery further suggest that textiles
hold a ritual significance, perhaps as protection or as
a separation between the sacred and profane. The find
location of the pierced discs does not contradict this
connection to rituals. The discs are found in connection
with the ritual structure HK29A in an area connected
with specialised workshops for fine objects. Likewise,
they are found in HK29, an industrial area next to
HK29A, where pottery was produced. They are also
found at the enigmatic site, HK11, with evidence of
food production beyond that of a normal household,
and which lies close to the elite cemetery away from
the Nile. On the other hand, pierced discs are rarely
found in cemeteries such as the workers’ cemetery,
HK43. Jones sees the standardisation of textile quality
not only as related to a specialised funerary industry,
but also to an administration probably run by the
elite. The textiles analysed proved to be of uniform
quality, with evenly spun yarn, very few weaving
faults and a surprisingly high thread count which
points to an industry with specialised craftsmen and/
or craftswomen. The technological change from a
Z-spin to an S-spin at the start of Naqada II shows an
understanding of the technologies contributing to a
higher quality of finished product.

In combination, these facts suggest that at some time
during Naqgada II, the textile industry at Hierakonpolis
was intentionally developed on a grander scale than
household production with an impressive quantity
of textiles produced and used for ritual purposes.
Considering that a few hundred years later, textile

Fig. 5: Examples of discs from HK11 not to scale, see sizes in fig. 2
(Images: Anne Drewsen)

workshops were part of both temples and court,
producing textiles as payment for workers, for clothing
the gods, and for other ritual purposes, this evidence
suggests a new perspective on predynastic textile
production, administration and organisation. It raises
the question of whether the people of Hierakonpolis
were already spinning for the gods in the Naqada
period.
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Textiles from Zawaydah,
Naqgada, Upper Egypt

Abstract

The article presents the results of textile and fibre analysis of four textile fragments recovered during archaeological
excavations at the site of Zawaydah, Nagada, in Upper Egypt. Although the main phase of the occupation at this site is
ascribed to the Pre- and Protodynastic period (c. fourth millennium BC), the structural and fibre analyses of the textiles
and the subsequent radiocarbon dating of two fragments provide evidence of later phases of site use, to be assigned to
the Middle Kingdom, possibly the New Kingdom, and the Middle Ages (second millennium BC and second millennium AD).
The article offers an insight into the Egyptian textiles of these latter time periods at the site, and highlights the importance
of detailed structural and fibre analysis for acquiring dating information and informing the decisions to carry out further

analyses, such as radiocarbon dating.

Keywords: Egypt, Zawaydah, Nagada, archaeological textiles, radiocarbon dating

Introduction

Five textile fragments were found during excavations
conducted at the site of Zawaydah, Naqada, in Upper
Egypt (fig. 1a), by the Italian Archaeological Mission
of the then Istituto Universitario Orientale (IUO),
today the University of Naples L’Orientale, Naples
(Italy). These investigations took place from 1977 to
1986 under the direction of C. Barocas, R. Fattovich
and M. Tosi (Fattovich et al. 2007). Zawaydah refers to
a settlement site lying on a gravel terrace at the edge of
the low desert, whose northern portion corresponds to
the settlement known as South Town, investigated by
W. M. Flinders Petrie from 1894 to 1895 (fig. 1b; Petrie &
Quibell 1896, 50, 54, pl. IA, LXXXV). Naqada, the wider
multi-component site where Zawaydah is located, is
best known for its extensive cemeteries dated to the
Predynastic period (circa fourth millennium BC),
discovered and excavated by Petrie at the end of the
19th century (Petrie & Quibell 1896).

In the preparation of the finds and materials from the
Italian investigations at Naqada for its final publication
(Di Pietro, forthcoming), four of the five textile
fragments retrieved during this fieldwork underwent
in-depth analyses, the results of which are presented in

this paper. Due to the problematic nature of the contexts
from which these textiles were collected at Zawaydah,
one of the main objectives of these analyses was
dating them and defining their relationship with other
material culture from the site. The latter, which also
includes a conspicuous number of textile tools (Gleba
& Di Pietro forthcoming) is to be associated primarily
with the Pre/Protodynastic settlement at the site (Di
Pietro 2017). The detailed structural and fibre analyses
recently performed proved useful in providing crucial
new dating information and informed the decision to
carry out further analyses. An insight into the textiles
of the Middle Kingdom, possibly New Kingdom, and
Medieval Egypt, representing previously unknown
aspects of the material culture of Zawaydah, can now
also be offered as a contribution to ancient textile
studies.

Material and context

The textiles examined in this paper were recovered
from different squares and levels within two main
trenches investigated at Zawaydah by the IUO
Mission: ZWW (or Zawaydah west), excavated in 1979,
and ZWE (or Zawaydah east), excavated between 1979
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Fig. 1: a) Map of Egypt; b) Sketch map of the site of Nagada with an indication of the main sites explored by Petrie. The burial areas
are stippled (after Petrie and Quibell 1896, pl. IA); c) plan of the site of Zawaydah with an indication of the squares where the textile

fragments were collected (Image: Grazia Di Pietro)

and 1986 (fig. 1c). As far as the collection methods are
concerned, based on the available archival records, it
is unclear whether the textile fragments were hand
picked over the course of the excavation or were
collected from sieved deposits.

Four of the five textiles were exported to Italy, together
with samples of other archaeological materials, in
order to undergo analyses that could not be conducted
in Egypt. This followed practices that were common
and legal at the time of the fieldwork (in contrast to
later constraints upon the transfer of archaeological
samples out of Egypt) and are reflected in the
documents on file in the archives of the IUO Mission.
In recent years, these fragments, previously kept at the
Bioarchaeological Research Centre of the International
Association of Mediterranean and Oriental Studies
(IsMEO) in Rome, have been made available for
study, in anticipation of the final comprehensive
publication of the finds from the Italian investigations
at Naqgada (Di Pietro, forthcoming). The fifth textile
fragment, currently kept at the Storehouse of the

Supreme Council of Egyptian Antiquities in Qift, was
photographed during the 2008 and 2009 study season
conducted by one of the authors in Egypt but could not
be re-examined for the purpose of the present study.
Details regarding the context of recovery of all the
textile fragments from Zawaydah and associated
cultural material are presented in table 1, while a
brief overview of the site’s state of preservation and
chronological framework is presented below. At the
time of the Italian fieldwork, the site of Zawaydah had
suffered ubiquitous disturbance. Although during
the excavation different stratigraphic layers were
distinguished, the deposits were too heavily disturbed
to allow a clear subdivision of these vertical units in
chronological terms.

Due to the dearth of samples deemed suitable for
radiocarbon dating, pottery has been the key tool used
for defining the chronology for the different cultural
phenomena recorded at the site. In particular, the
ceramic evidence indicates that the occupation in the
area of the western trench (ZWW) covered a relatively
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Table 1: List and contexts of recovery of textile fragments at Zawaydah

broad stage of the Predynastic period: approximately
Naqgada I-II (circa 3700 BC to 3400 BC). A negligent
component (ranging from 0.55 % to 2.96 %) of the
ceramic assemblage may be connected to later
(post-prehistoric) activity in this part of the site.
This is confirmed by at least one clay sealing with
an impression featuring a hieroglyphic inscription,
found in the square IWV (level 1-2). In the area of the
eastern trench (ZWE), the majority of the pottery can
be assigned to the Late Predynastic-Protodynastic
period (circa Naqada IIC-IID to Naqada IIIA; circa
3500 BC to 3150 BC; Di Pietro 2016). Here, too, a
minor component of the ceramic assemblage (ranging
between 10 % and 30 %) relates to a later occupational
phase, or at least the site’s use, dated provisionally
to the New Kingdom (circa second half of the second
millennium BC).

Based on currently available evidence, the major
ancient phase of occupation at Zawaydah is to be
ascribed to the Pre/Protodynastic period, with a
minor phase possibly occurring in the New Kingdom.
Human presence and activity at the site certainly
predate the fourth millennium BC, as demonstrated
by a few Palaeolithic stone implements retrieved
here (Giuseppina Mutri, pers. comm. 2018), and
presumably never ceased between the fourth and the
second millennium BC as well as afterwards. Indeed,
the temple of Nubt located nearby, to the north of
the terrace of Zawaydah (fig. 1b), was in use almost
continuously at least from the middle of the third

to the early first millennium BC (Petrie & Quibell
1896, 34, 60, 65-70). Post-Pharaonic remains in the
wider site of Naqada are also reported by Petrie (for
example, some New Kingdom rock-cut tombs being
re-used by Coptic hermits, fig. 1b; Petrie and Quibell
1896, 34, 69, pl. I-1A), and highlighted by the recent
archive- and field-based research (Stevenson & van
Wetering, forthcoming). Ongoing studies of the rest
of the archaeological materials collected at Zawaydah
by the Italian expedition, as well as forthcoming
publications arising from investigations carried out
at the site by other teams (for example, Stevenson &
van Weterin, forthcoming) are expected to elucidate
further chronology and character of human activity at
the site, especially during the historical phases, which
are poorly known so far. In the meantime, the results
from the analyses that were performed on the textile
fragments and are reported below add invaluable
new information to the reconstruction of the complex
history of this site, along with their contribution to
ancient Egyptian textile studies.

Textile analysis

The structural examination of four textile fragments
was carried out at the McDonald Institute for
Archaeological Research, University of Cambridge.
Digital microphotographs were taken using a
portable Dino-Lite digital microscope at different
magnifications (x 20, x 50, x 230 magnifications). The
data on the fifth fragment 598 was extrapolated from
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a photograph (fig. 4). The summary of the structural
textile analysis is presented in table 2.

One object (676) is a short cord fragment, while the
remaining three fragments are woven in tabby (fig. 2).
None of the fragments preserve any other structural
features. The absence of edges precludes definitive
identification of warp and weft direction.

The four objects analysed have different yarn
structures (fig. 3). The cord 676 is Z-plied of two
s-twisted yarns. Fragment 741 is woven in spliced and
S2-plied yarn, with clearly visible splices. The slightly
denser system in this fragment is most likely the warp,
as is common with spliced Egyptian textiles, which
tend to be warp-dominant, i.e. with more warp than
weft threads per cm. Textile 852 is woven in single
s-twisted yarn. Finally, textile 853 is woven in single

z- or clockwise-twisted yarn. The threads appear to be
unevenly dyed in a dark (originally black?) colour.
Although it was not possible to examine the fifth textile
found at Zawaydah, the photograph taken during the
preliminary examination in Egypt shows that this
fragment, too, is a tabby, with circa 6 to 8 threads per
cm in both systems and s-twisted yarn (fig. 4).

Fibre identification

Fibre identification and analysis of the textiles
from Zawaydah were carried out at the McDonald
Institute for Archaeological Research, University of
Cambridge using Hitachi TM3000 TableTop Scanning
Electron Microscope (SEM) in order to determine
the morphological characteristics of the fibre and to
acquire more detailed surface information for fibre

Fig. 2: Micrographs of textile fragments from Zawaydah (Images: Margarita Gleba)

Table 2: Technical textile data summary (thread counts are in threads per cm; diameters measured in mm; NA=not applicable)
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identification. The following instrumental settings
were used: analytical condition mode at 15.00 kV
accelerating voltage, compositional imaging and
working distance of 5 mm to 10 mm. The fibres were
examined longitudinally and, where possible, in cross
section for morphological features. The diameter of
fibres was measured using the SEM utility tool. The

measurements were carried out at x 400 magnification.
The samples were not coated. The results are
summarised in table 3.

Fibres were well preserved, allowing identification of
the raw material in all four cases. Fragment 741 is made
of flax (Linum sp.), as indicated by the characteristic
dislocations or nodes, the fibre diameters (table 2) and

Fig. 3: SEMicrographs of textile fragments from Zawaydah: a) 676; b) 741; c) 852; d) 853 (Images: Margarita Gleba)

Table 3: Fibre identification data summary (mean and range are in microns)
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Fig. 4: Image of the fragment 598 (Image: Grazia Di Pietro) Fig. 5: SEMicrograph of fibres in Zawaydah textile fragment 741
(Image: Margarita Gleba)

Fig. 6: SEMicrographs of fibres in Zawaydah textile fragment 676 (Images: Margarita Gleba)

Fig. 7: SEMicrographs of fibres in Zawaydah textile fragment 852 (Images: Margarita Gleba)
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Fig. 8: Fibre diameter distribution histogram of Zawaydah 676 (Image: Margarita Gleba)

occasional S-cracks in the fibres, which suggest the S
fibrillar orientation of the fibre (fig. 5) (Bergfjord &
Holst 2010, 1193; Haugan & Holst 2013; Suomela et al.
2018). Fibres are still in bundles, which is typical for
spliced threads (Gleba & Harris 2018).

Cuticular scales were present in fragments 676 and
852, indicating animal fibre (fig. 6 and fig. 7). Both are
likely to be sheep’s wool, as indicated by the irregular
mosaic cuticle pattern, but differ substantially in

quality, with the former having a narrower diameter
range of 19 microns to 65 microns, a few coarser
fibres and higher mean diameter of 42.4 microns, in
comparison to the wider range of 11 microns to 113
microns (with many interruptions) and lower mean
diameter of 27.3 microns in the latter (fig. 8 and fig.
9). Based on Ryder’s system, fragment 676 can be
classified as Hairy Medium, while fragment 852 is
closer to Generalised Medium (Ryder 1964).

Fig. 9: Fibre diameter distribution histogram of Zawaydah 852 (Image: Margarita Gleba)
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Fig. 10: Micrographs of fibres in Zawaydah: a) 676; b-c) 852, showing pigmentation (Images: Margarita Gleba)

In both cases, the wool is pigmented, ranging from
brown to almost black, with larger fibres medulated
(fig. 10). In 852, one of the systems is woven in
darker, almost black, fibres, while the fibres in the
other system range from beige (originally white?) to
brown. Fragment 598, currently stored in Egypt, may
also be made of animal fibre based on its macroscopic
appearance and variable brown colour, but nothing
more can be said about it based on the inspection of
a photograph (fig. 4). Fragment 853 is made of cotton,
which has long ribbon-like fibres twisting in the Z
direction (fig. 11).

Dating

Fibre and structural analysis of the textile fragments
from Zawaydah provided some initial indications
regarding their dating. Linen textile 741, from ZWE,
was the most likely of the group to date to the
Predynastic period. However, given that the splicing
technique continued in Egypt until about 600 BC
(Granger-Taylor 1998), precise dating was not possible
on the basis of structural analysis alone.

The wool fragments, also recovered in the eastern
trench (ZWE), could have been Pharaonic in date
but unlikely to be Predynastic, given that their wool
quality was comparable to that of the textiles from
the Workmen’s Village at Amarna, dated to the New
Kingdom (Kemp & Vogelsang-Eastwood 2001, 40-51).
Nevertheless, the dating of these fragments requires
further verification either by means of radiocarbon
dating or by a close comparison with material coeval
with most of the other finds from Zawaydah (i.e.
Predynastic wool textiles). An ideal candidate for such
a comparative assessment would have been a “piece
of brown and white woollen knitted stuff” that Petrie
reports from tomb T26 of the nearby Predynastic
Cemetery T at Naqada (cf. fig. 1b; Petrie & Quibell
1896, 24) but its current whereabouts are unknown.
The cotton fragment was clearly a late intrusion in

the context of its retrieval (ZWW, the western trench;
cf. above), as cotton in Egypt was only introduced in
the Roman era (Wild et al. 2008). Its z-twist is unusual
for Egypt, where s-twist has been dominant since
prehistoric times. At the same time, although z-twist is
not common in Egypt until the Medieval era, z-twisted
cotton textiles were imported to Egypt from India in
Roman times (Kemp & Vogelsang-Eastwood 2001,
24-5; but see Wild et al. 2008, 146, for other potential
sources).

As funding was available to carry out two radiocarbon
dating analyses, the decision was made to date the
potentially oldest (linen) and youngest (cotton)
fragments. The results arising from radiocarbon dating
(AMS) (fig. 12), performed at the Royal Institute for
Cultural Heritage, in Brussels (Belgium), show that
the linen fragment 741 can be assigned to the Middle
Kingdom (circa 1980-1760 BC; cf. Hornung et al.
2006), while the cotton fragment 853 falls within the
Islamic period or Middle Ages (640 AD to 1517 AD; cf.

Fig. 11: SEMicrograph of fibres in Zawaydah textile fragment 853
(Image: Margarita Gleba)
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Fig. 12: a) Date of Zawaydah textile 741; b) Date of Zawaydah textile 853 (Images: Mathieu Boudin)

Petry 2008). Neither of the radiocarbon dated textile
fragments from Zawaydah dates to the Predynastic
times.

Discussion and conclusions

Results from the analyses conducted on four textiles
from Zawaydah presented above confirm that the
deposits and archaeological materials within the
two main trenches excavated at the site by the IUO
Expedition represent a “palimpsest” — a site with a
variety of features from different periods — as already
observed by the excavators and gleaned from post-
excavation studies on the ceramics. Yet, the textile
evidence suggests that Zawaydah had a more complex
site formation and history of human activity than that
reconstructed so far (i.e. two main phases ascribed to
the Predynastic and the New Kingdom; see above,
and Petrie & Quibell 1896, 54), and points to — at the
very least — further events in site’s use or frequentation
in the early second millennium BC and early second
millennium AD. These new data fit well within the
history of the wider site of Naqada as it is understood
today. However, only further in-depth research at
Zawaydah itself and on the other classes of material from
the site can clarify whether the textiles examined reflect
isolated episodes of human presence or can be related to
more substantial activity carried out at the site.

More generally, the present study reinforces the
importance of detailed structural and fibre analysis
of textile finds from complex archaeological contexts.
Such studies can provide crucial dating information
based on the technical characteristics and raw material
of the finds, which may inform the decisions to carry
out further analyses, such as radiocarbon dating. On
the other hand, investigation of textiles is important in

and of itself, as it adds to the understanding of textile
history in specific geographical areas: this study offers
new data that increases our current knowledge of the
ancient Egyptian textile industry during the Middle
Kingdom, potentially the New Kingdom and, later,
Medieval times.
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Late Antique textiles from
Egypt in the Ny Carlsberg
Glyptotek, Copenhagen

Abstract

The Ny Carlsberg Glyptotek (NCG) possesses a small collection consisting of 13 fragments of Late Antique textiles from
Egypt, possibly from the site of Akhmim. The collection primarily consists of cut-outs of decorative elements. The collection
has until now not received much attention nor been thoroughly analysed. The present study seeks to remedy this neglect
by performing fibre and dye analyses as well as including archival material from the museum collections.

Keywords: Late Antique textiles, Akhmim, HPLC, dye analyses, fibre analyses

Introduction

Numerous museum collections worldwide include
fragments of Egyptian textiles from the Late Antique
Period (circa 250 CE to 800 CE), often wrongly termed
“Coptic” textiles. Late Antique textiles from Egypt
were in previously thought to have been produced by
Copts (Christian Egyptians), which has given them
the designation “Coptic” textiles. This is, however,
a misleading term since their production was not
related to any specific religion or ethnicity. Neither
is the “Late Roman” the chronological equivalent
of what is usually meant by “Coptic”. Many dated
textiles formerly labelled “Coptic” in fact date to the
Roman Period, the Umayyad Period in Egypt or later
(Schrenk 2004). Although terminology is still an issue,
the term Late Antique textiles is used here to avoid
any religious or political affiliation. Many of these
museum collections are published in catalogues, which
were previously the dominant mode of publication,
overshadowing archaeological and technical studies,
which today have come to the fore (see, for example,
De Moor & Fluck 2009; 2011; De Moor et al. 2007;
2013b; 2015). These collection catalogues established
a strong tradition of physical description and art
historical interpretation based on motifs and stylistic

traits. The fragments were then categorized by their
motifs, colour schemes and techniques (Thomas 2007,
139, 142). By the mid-1960s, the catalogue of “Coptic”
textiles was an established genre which outlined
the history of the collection, gave brief descriptions
of materials and techniques followed by entries
for ornamental fragments from tunics and, rarely,
complete garments. The format was reinvigorated in
the 1980s by an explosion of collection and exhibition
catalogues that significantly altered the corpus of
known works (Thomas 2007, 149). From the 1990s
on, technical analyses and results from instrumental
methods of analyses as well as studies of function and
provenance have grown in significance in the study of
these textiles.

The majority of the Late Antique textiles in the collection
of the Ny Carlsberg Glyptotek (NCG) in Copenhagen,
Denmark have been summarily published in a similar
catalogue from 1930, including the larger part of the
museum’s Egyptian collection (Mogensen 1930). As
several new methods of analyses have appeared since
then, this paper seeks to include these and make the
existence of the small NCG textile collection known
and available for comparative studies.

Regrettably, many of these archaeological textiles
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in museum collections do not have any contextual
information, which makes a thorough study of them
challenging. At the end of the 19th century, astonishing
amounts of textiles were unearthed in Egypt, primarily
in burials at cemeteries and monasteries, but since
most of the early digs and exploration campaigns (not
to mention illegal looting and plundering) carried
out between 1880 and the 1930s predate rigorous
archaeological excavation, the majority of the early
textile finds have no contextual evidence and suffer
from inadequate recording (Thomas 2007, 141;
Wild 2012, 17; Pritchard 2006). The first private and
museum collections therefore acquired these textiles
with little or no information about their archaeological
context and in a fragmentary condition. Furthermore,
when burials were discovered during these early
explorations, the bodies were usually unwrapped
after exhumation and the better preserved pieces were
removed for collection. Since collectors prized colour
and ornamental compositions, decorated pieces, such
as panels (tabulae), medallions (orbiculi), and clavi
were cut out and retained while the plain-woven
and less well-preserved parts were usually discarded
together with the bodies. As a consequence, most of
the textiles from early excavations and exhumations
survive as mere fragments and complete garments are
rare (Thomas 2007, 141-142). Owing to the nature of
early museum collecting, there are still large gaps in
our knowledge on these textiles. There is, for example,
no reliable way to differentiate between men’s and
women’s garments (Bazinet 1992, 74). This underlines
the necessity of further research into these artefacts.

The textiles in the Ny Carlsberg Glyptotek (NCG)
The NCG possesses a small collection of 13 fragments
of Late Antique textiles, primarily consisting of cut-
outs of decorative elements, which until now have
not been thoroughly analysed. It is usually assumed
that these kinds of textiles are made of undyed linen,
while the decorative elements are of wool dyed in
different colours, primarily different shades of purple
(Bazinet 1992, 75; Gulmini et al. 2016, 485-86). This
assumption is also based on the testimonies of ancient
authors such as Herodotus, who describes how flax
was used for textiles in ancient Egypt. Priests were
required to wear linen garments (2.37) and linen was
also the proper fibre for funerary practices, while wool
was considered unclean (2.81; 2.86). The museum
collection also includes three pieces of undyed linen
(Schmidt 1899, catalogue number A 653; Schmidt 1908,
catalogue number E 806). The textiles are however
without provenance or date and have therefore been
excluded from this study.

The fragments are made in the weaving techniques
common in this area and period. The body of Late
Roman garments and furnishing textiles were usually
made in plain tabby weave in linen and wool. The
fragments in the NCG collection appear to be parts of
larger linen tabbies. Some of them still have part of
the tabby preserved (Z£IN 952 and 960, table 1.3 and
1.10). The decorations in purple and other colours
were carried out in different techniques, primarily
tapestry weave, which is a weft-faced plain weave
in which the dyed weft threads entirely cover the
warp threads creating coloured areas of pattern and
design only where needed. Additional effects are
sometimes added in other techniques, such as those
using a “flying shuttle” or “flying needle”, intended to
mimic woven ornaments. The flying shuttle technique
is employed at the same time as the tapestry weave
is made: a separate yarn is added to the weave with
a needle, carried on the front side of the textile and
sketching an image with fine lines. The thread only
goes into the textile to wrap around a warp thread
to secure it (Dross-Kriipe & Paetz gen. Schieck 2014,
207; Verhecken-Lammens 2013). This technique is
at first sight very similar to embroidery (which was
a relatively rare technique during Antiquity) but is
a completely different way of decorating textiles.
Embroidered textiles first appear in Egypt during the
18th Dynasty, but it is not until the Hellenistic and
Early Roman period that embroidery can be identified
again. The number of embroidered textiles slightly
increases during Late Roman times, but they are not
common until the Byzantine and Early Islamic period,
when embroidery becomes one of the most frequently
employed decorative textile techniques (Dross-Kriipe
& Paetz gen. Schieck 2014).

Pile weaving was also used. Weft-looping is the most
common type. It introduces a doubled or trebled
strand of linen (or wool), edge to edge (although
looping threads can also be introduced locally), in one
of the plain weave sheds, while pulling out a length
of this extra weft between warp threads at regular
or irregular intervals to an even length. When long,
the loops look like a fringe. Only one of the textiles
studied here is made using this technique (ZAIN 1021,
table 1.12).

Provenance

A total of 12 of the textiles (£IN 949, 950, 952-960
and 960bis, Table 1.1-1.11) were acquired by the
museum via the art market in 1906 from the Danish
art historian and Egyptologist Henry Madsen (1881-
1921), who lived in Paris from 1905 to 1908. He was
a student of H. O. Lange and had a short career in
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translation of the letter
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June 1906 (Image and
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Egyptology, publishing about 16 articles, but he never
conducted any excavations in Egypt (Hagen & Ryholt
2016, 122).

The last textile (AEIN 1021, Table 1.12) was given to the
museum as a gift in 1908 by Emile Guimet, founder of
the Museé Guimet in Paris. The museum archives have
revealed a letter from Henry Madsen to Carl Jacobsen
from June 1906 wherein Madsen enthusiastically tries
to convince Jacobsen to buy the collection of textiles
from an unknown art dealer in Paris for the price of
450 francs (fig. 1). Henry Madsen’s letter mentions 14
textiles, but only 13 were included in the museum’s
collections.

According to the museum records, the textiles are from
the cemeteries of ancient Panopolis, the modern city of
Akhmim, on the east bank of the Nile in Upper Egypt.
The city was known as Panopolis in Greek, and later,
Shmin in Coptic. According to Strabo (Geography XVII,
41), Akhmim/Panopolis was a well-known production
centre for linen fabrics from Pharaonic times. Up to
now, there has been little literary evidence of textile
production at the site throughout the Late Antique
Period, although some documents attest textile
specialists worked in the city during the fourth century
CE and an inscription on a rug from the Islamic Period
confirms that Akhmim remained a centre of textile
production in Islamic times (Fluck 2008, 211).

The excavations of the three major cemeteries
at Akhmim were conducted over several years
beginning in 1884 by the team of the French
Egyptologist and director of the Cairo Museum
Gaston Maspero (Pritchard & Verhecken-Lammens
2001, 21). Enormous quantities of textiles were
uncovered. Akhmim is generally considered one of
the major find-spots in Egypt for textiles of the first
millennium CE and it has been claimed that there
is no doubt that most of the textiles circulating in
the late 19th century, specifically in the years 1885
to 1886, when the excavations led by Maspero
took place, came from this site, particularly from
the al-Hawawis necropolis, placed northeast of
the city. Thus, inspired by Maspero’s finds, other
contemporary scholars and collectors such as
Vladimir G. de Bock, Theodor Graf, Carl Schmidt,
and Robert Forrer visited the site to purchase
textiles, many of which ended up in museum and
private collections (Fluck 2008, 212-213). However,
Akhmim became well known as a source of Late
Antique and Early Islamic textiles and the toponym
Akhmim may have been given to objects, especially
textiles, which did not come from the site (O’Connell
2008). Thus, it is not certain that the textiles in the
NCG are from this particular site.

Dating

Dating the textiles is a complicated issue as discussed
by scholars elsewhere (De Moor et al. 2007). The
lack of known find contexts for these textiles makes
dating extremely complicated. Previous scholarship
has therefore tended to base the chronology of these
textiles on iconographical and stylistic comparisons
with other artefacts such as mosaics, paintings or
sculptures. Since the textiles appear to have been
less influenced by artistic and technical changes than
other art forms, stylistic dating methods are generally
vague and highly subjective (Cabrera & Rodriguez
2007, 136-37; De Moor et al. 2007, 9). Radiocarbon
dating has become more common, but this method
of dating is not without complications either. A high
level of purity in the sample is necessary, i.e. no
contamination, which is sometimes not possible. Most
importantly, however, the method requires sample
material and is destructive. Although sample sizes for
radiocarbon dating have decreased significantly over
the years, sampling is often not possible due to the
state of preservation of the textiles. Owing to the state
of the NCG textiles, it has not been deemed possible to
take an extra sample of each for radiocarbon dating.
The database of radiocarbon-dated textiles, run by the
University of Bonn, is therefore an extremely helpful
tool when seeking to date fragile, archaeological textiles,
since it provides easy access to reliably dated textiles
from the first millennium BCE and CE (Internet source
1). Luckily, during the last few decades, a number of
textiles have been radiocarbon dated, which provides
expanding possibilities for comparison.

Fourof the NCG textiles (£IN 950,952, 953, and 955) are
quite similar with regard to decoration, motifs as well
as technique and colour. All four pieces correspond to
parallels, which have been radiocarbon dated. Three
similar medallion pieces from unknown sites in Egypt
(now in the Musée du Louvre) thus provide reliable
comparison for dating the NCG textiles. One is a weft-
looped linen tabby with decoration in tapestry weave,
dated to 1750 +35 BP (calibrated calendar date: 20 211
AD [92.8%] 395 AD) (Internet source 2). A second,
which is also a tapestry weave in linen and wool, is
dated to 1720 + 30 BP (calibrated calendar date: 20 248
AD [95.4%] 390 AD) (Internet source 3). A third, which
is also a tapestry weave in linen and wool, is dated
to 1610 £25 BP (calibrated calendar date: 20 403 AD
[95.4%] 536 AD) (Internet source 4). A final example
for comparison, provided by the database, is a linen
tabby with tapestry woven decoration in wool from
Antinoe/Antinoupolis/Shech Abade and now in the
Museu del Monasteri de Montserrat. The piece has
been dated to 1770 +40 BP (calibrated calendar date:
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20134 AD [93.3%] 352 AD) (Internet source 5). A likely
parallel for ZIN 949 is another piece from the Musée
du Louvre. It is a tabby with decoration in tapestry
weave from an unknown site in Egypt. It has been
radiocarbon dated to 1560+35 BP (calibrated calendar
date: 20 419 AD [95.4%] 574 AD) (Internet source 6).
Another possible parallel for Z£IN 949 (although in
a different colour) is a fragment of a breast panel in
tapestry weave of a tunic, now in a private collection.
It showed a radiocarbon age of 1653 +54 BP (Paetz gen.
Schieck 2007, 169).

A linen textile with brocaded, geometric pattern in
wool from Arsinoé/Krokodilopolis is very similar
to ZAIN 956 and 957. The brocaded parts have been
radiocarbon dated to the period from 660 to 780 AD,
which thus provide a possible parallel date for the two
NCG pieces (Fluck & Malck 2007, 158-59) (Internet
source 7).

The two bands Z£IN 958 and 956 have been variously
dated. According to Mogensen, they belong to the
eighth or ninth century AD (Mogensen 1930, 79, Cat.
A 626). Spies, on the other hand, suggests a date in
the 14th or 15th century AD, based on similarities with
tablet-woven bands used to decorate ecclesiastical
vestments belonging to the period from the eighth
to the 16th century AD (Spies 2000, 218). But, no
radiocarbon dating has been performed, and the
question must, for now, remain open.

The dates given in table 1 are the stylistic dates
estimated by Mogensen, who briefly dealt with the
textiles in her publication in 1930, as well as the dates
provided by comparison with similar radiocarbon-
dated textiles (where possible).

Dye analyses

Detailed information on the dye composition —
and therefore on the original appearance and
connotations of the ancient textiles — is obtainable
via high performance liquid chromatography
(HPLC). This method has, until now, allowed for the
identification of the largest number of colourants in
art and textile objects (Pozzi et al. 2012, 185). Over
the last few decades, a large number of Egyptian
textile finds from different sites and a wide timespan
has been analysed for dyes. These have revealed
more and more information about dye traditions,
the provenance and the exchange of dyes, and the
complexity of dye technology in Egypt (De Moor et
al. 2010, 2013a; Vanden Berghe 2017b, 2016b and 2011;
Van Strydonck et al. 2011; Wouters et al. 2008). The
dye investigations made it clear that a very restricted
palette of dye sources was used until the seventh
century AD. Madder root for red, indigo or woad as

a vegetal source for blue, and a luteolin-based dye
plant, weld or an equivalent such as sawwort, dyer’s
greenweed or chamomille, for yellow being most
prominent. In addition, a few identifications show the
use of kermes, cochineal, lichen and muricid purple. A
good knowledge of yarn and fleece dyeing, frequently
using a combination of different dyes and multi-step
processes with combinations of mordant and vat dyes,
compensated for the limited range of dye sources.
In addition, a range of metal mordants was used to
produce even more shades. New dye sources such as
sappan wood (also known as redwood), young fustic
and Indian lac were added to the existing palette or
used as substitutes after the Islamic conquest of Egypt
in the middle of the seventh century AD, owing to
political and economic changes and the emergence of
new trade routes (Forbes 1956; Vanden Berghe, 2011,
2017b; Wouters et al. 2008). The discovery of Indian lac
in Egyptian textiles was further refined to the period
between the last quarter of the seventh century and
the last quarter of the ninth century AD (De Moor et
al. 2017).

The knowledge gained on the use of dyes and
dyeing techniques in specific groups of firmly dated
Egyptian textiles makes it increasingly possible
to link identified dye sources to dating and/or
origin, provided that the analytical technique used
is highly sensitive and selective. The technique
must permit a separation between chemically very
closely related dye molecules. It must also permit
detection of and distinction between components
present in large and small quantities because the
latter is often important for detailed specification of
the dye source. So far, despite promising progress
in the field, this is still a major challenge for many
non-destructive spectroscopic techniques compared
to chromatographic separation techniques. Dye
identification has been performed with HPLC in all
cases where sampling was possible.

Methodology

Samples of 3 mm to 5 mm of threads were taken from
most of the textiles. Organic dyes were identified using
HPLC with photo diode array detection (HPLC-DAD)
(Vanden Berghe 2016a and 2017a). In the cases of ZEIN
950, 952, 958, 959, and 960bis it was not possible to
remove fibres of the relevant hues without causing
damage to the weave. ZEIN 957 was not sampled either
since it is represented by its counterpart Z£IN 956. The
HPLC analysis therefore included red and purple
fibres from AIN 949, 953-956, and 960 as well as
bluish-black fibres from ZAIN 1021. In a few instances,
including ZAIN 960bis, blue and yellow fibres were
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Table 1: Description of the textiles in the Ny Carlsberg Glyptotek collection, Copenhagen, Denmark (Images: Pernille Klemp)
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Table 1 (Continued): Description of the textiles in the Ny Carlsberg Glyptotek collection, Copenhagen, Denmark (Images: Pernille Klemp)
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Table 1 (Continued): Description of the textiles in the Ny Carlsberg Glyptotek collection, Copenhagen, Denmark (Images: Pernille Klemp)
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Table 1 (Continued): Description of the textiles in the Ny Carlsberg Glyptotek collection, Copenhagen, Denmark (Images: Pernille Klemp)
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Table 2: HPLC-DAD results. Percentages of the detected dye molecules in the acidic (HCI) or solvent (DMSO) extract, calculated after the
relative ratios of the peak areas measured at the indicated wavelength (nm)

included in the analysis for comparison. Prior to the
chromatographic analysis, the samples were examined
under a microscope in order to determine the colour of
the fibres and to remove potential contamination.

The chromatographic analyses were done with HPLC
equipment Alliance and photo diode array detector
from Waters (USA). Identification of the dye molecules
is done based on comparison of both absorbance
spectrum and retention time with spectra from the
in-house reference library of natural and synthetic
organic dyes. The colourants were recovered from
the fibres using either strong acidic extraction with
hydrochloric acid whereas dimethyl sulfoxide was
used in particular for the bluish and black samples.

A detailed analytical protocol for this is published
elsewhere (Vanden Berghe et al. 2009).

Results

The dye molecules identified after chromatographic
analysis are listed in table 2. The detection of the
anthraquinone dye compounds alizarin, purpurin,
anthragallol and munjistin is indicative of the use of
the roots of the madder plant (Rubia tinctorum L.) as a
red dye source. Indigotin and indirubin are the marker
compounds for blue dyeing with indigo (Indigofera sps.)
or woad (Isatis tinctoria L.). They are formed through
fermentation from the precursors naturally occurring
in these plants (Gulmini et al. 2013, 137). It is not
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Fig. 2: Micrograph of purple thread from Z£IN 949 (Image:
images@KIK-IRPA)

possible to distinguish between the two plant sources
since indigotin is the main chromophore in both of
them (Pozzi et al. 2012, 189). Thus, the HPLC results
can only show the presence of indigotin, but not the
origin, making it impossible to distinguish between
indigo and woad from the dye composition. When
brominated indigoid dye molecules are detected, an
indigoid source of animal origin, known as muricid
purple, has been applied. Luteolin, apigenin and their
glucosides are flavonoid compounds suggesting the
use of a yellow dye source, such as weld (Reseda [uteola
L.), sawwort (Serratula tinctoria L.), dyer’s greenweed
(Genista tinctoria L.), chamomile (Anthemis sps.) or
another equivalent.

Microscopic examination of the purple yarn from
ZEIN 949 shows that the thread is composed of white-
undyed, and blue-dyed fibres indicative for yarn
production with a mixture of undyed and fleece-dyed
fibres (fig. 2). The HPLC analyses revealed that the
blue fibres were dyed with real purple from molluscs.
The red/brown yarns from ZAIN 953 are dyed with
madder, while the dark red/purple threads from ZAIN
955 were achieved by dyeing with a combination
of indigo/woad and madder. Fragment ZAIN 954 is
made of more greyish-purple threads, dyed with
a combination of indigo/woad and madder. From
fragment ZIN 956, greenish-blue and orange/red
yarns were investigated. The greenish-blue is the
result of the use of a combination of indigo/woad and
a yellow dye source, which might be weld, sawwort,
dyer’s greenweed or chamomile. The orange red is
obtained with madder.

Fragment £IN 960 contains a pattern made of orange/
red, dark blue and yellow threads. Madder was
applied for the red colour, indigo/woad and madder
to produce the blue shade and the yellow was obtained
with the combination of madder and a yellow dye
source again either weld, sawwort, dyer’s greenweed
or chamomile.

By examination of the bluish fibres from fragment
ZIN 960bis under magnification, they appear to be
composed of blue, reddish and uncoloured fibres
suggesting yarn production with a mixture of different
fleece-dyed and undyed fibres (fig. 3). The identified

dye compounds of the two analysed extracts (table
2) only refer to dyeing with woad/indigo, while any
evidence of a red dye compound is lacking. Moreover,
the red dye is extremely light sensitive, as complete
fading of the red colour is observable during the
microscopic examination of the sample. As a result,
it can be suggested that lichen dyes might have been
used.

From fragment AIN 1021, dark bluish and black
threads were analysed. The dark, bluish black fibres
have been dyed with woad or indigo and a minor
amount of madder. Dye compounds from the same
dye sources are also present in the black threads but
the small amounts detected in the black excludes
that the black colour is the result of dyeing alone.
Possibly condensed tannin not detectable with HPLC
was added to produce the dark shade but it is even
more likely that naturally pigmented wool fibres
were used.

The identified dye sources present in the Late
Antique textiles under investigation are madder,
indigo or woad and weld or an equivalent yellow dye
such as sawwort, dyer’s greenweed or chamomile.
Several yarns described as purple, blue, greyish or
blackish-blue and red are dyed by the combination
of a vegetal indigoid dye, top dyed with red mordant
dyes from the roots of madder (Rubiaceae family),
the most common way to create purple shades in the
Roman and later “Coptic” periods. The purple yarns
from textile ZIN 960bis were dyed with indigo/woad
together with lichen. One textile fragment, textile
ZIN 949, is created with a purple configuration made
of “true purple”, obtained by the use of seashells.
Such muricid purple dyeing is identified rarely in
Egyptian textiles and can be considered as direct

Fig. 3: Micrographs of fading red colour in blue thread from ZIN
960bis. Top: Colours observed initially. Bottom: The red colour is
no longer visible after five minutes (Images: images@KIK-IRPA)
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evidence of the extremely high value of that textile
fragment (Vanden Berghe 2011; De Moor et al. 2010;
Wouters 2009; Wouters et al. 2008).

Fibre analyses

Although the coloured yarns in these kinds of weaving
are usually made from wool, nine textiles were selected
for fibre analyses to verify this. In the cases of ZAIN
952, 958, 959 it was not possible to remove fibres of the
relevant hues without causing damage to the weave.
ZIN 957 was not sampled since it is represented by its
counterpart Z£IN 956. Thus, the fibre analysis included

coloured fibres from ZAIN 949, 950, 953-956, 960, and
960bis, as well as from ZAIN 1021. Two samples were
taken from ZIN 956, one of the blue fibres and one of
the red fibres, as well as from ZAIN 960. Thus, 1 mm to
2 mm of thread was cut from each of 11 yarns in nine
textiles. The analyses were carried out with a Primo
Star iLED microscope from Zeiss equipped with and
AxioCam ERc5s camera. The fibres from each of the
selected yarns were spread on to microscope slides
using liquid paraffin for mounting and viewed in
longitudinal sections using a 10 x objective (circa
100 x magnification) and digitally photographed for

Fig. 4: Micrographs of fibres (100 x magnification). A) Z£IN 949 purple sample: The fibres appear uniform and with a clearly visible scale
layer. Different nuances of blue, green and purple can be distinguished. The light green fibres are probably the undyed fibres observed
in the dye analyses. B) £IN 950 blue sample: Different shades of blue and purple can be seen in the fibres. The fibre diameters appear
slightly uneven. C) ZIN 953 red sample: The fibres have slightly pink nuances. They have a visible scale layer and a round shape. The
fibre diameters appear slightly uneven. D) ZIN 954 blue sample: The fibres have bluish-purple nuances. They are uniform and have a
clearly visible scale layer. E) £IN 955 red sample: The fibres appear slightly pink. They are uniform and have a visible scale layer. F) £IN
956 blue and red samples: The blue fibres appear greenish and with discontinuous medulla. The red fibres are uniform and in orange
nuances. G) ZIN 960 blue and red samples: The blue fibres have a visible scale layer and the fibres are damaged. The red fibres appear
with pink and orange nuances. The fibre diameters vary. H) Z£IN 960bis blue sample: The fibres have green and yellowish-green nuances.
The fibre diameters vary and continue as broken medullas are visible. 1) Z£IN 1021 blue sample: The fibres have green and purple nuances
(Images: Irene Skals)
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documentation. All samples were identified as wool
(table 1). This identification is evident from the often
very visible scale structure and the roundish shape of
the fibres (fig. 4).

Conclusion and future perspectives

Although the NCG collection is small the information
that has been extracted from the technical and
instrumental analyses is a valuable addition to the
general knowledge about this particular group of
textiles. The lack of archaeological methodology
during their excavation has meant a great loss of
information about the society which now has to be
extruded by analyses of the preserved fragments.

A more exact dating of the textiles is of great interest
since very few late antique textiles have an exact date.
Furthermore, knowledge about the dye sources and
dyeing practices is most helpful together with other
material-based characteristics, such as the weaving
technology and iconography, to further situate the
individual finds in a broader historical context. To date,
there is an agreed understanding of the most common
dye sources in Egyptian textiles, but knowledge about
the less common dye sources is based on only a few
detections. This merits further study by widening the
range of analysed textiles. This will improve and refine
knowledge about the possible relationship between
the use of a dye and a particular period or economic
situation, which may eventually facilitate dye analyses
as an indirect dating method as was recently the case
with Indian lac (De Moor et al. 2017).

It would be highly relevant to compare the HPLC
results with non-invasive techniques for detecting
dyestuffs, particularly colour spectrometry. A study
by Fuchs and Paetz gen. Schieck performed on 19 late
Roman textiles from Egypt in the collections of the
Deutsches Textilmuseum in Krefeld (Germany) has
demonstrated how dyestuff s can be detected with
colour spectrometry also known as VIS spectrometry.
This non-invasive method records how a sample
reflects incident light in the range of 380 nm to 730
nm (visible light). Computer software allows the
spectrum to be plotted with its first derivation and the
result is visualised in a diagram, which is compared
to a reference database. The method is efficient in
certain cases, but has its limitations: black and white
are not detectable by the instrument, and yellow
dyes cannot be distinguished on textiles. In addition,
the identification of dye mixtures is another major
challenge. The species of scale insects cannot be
identified from the red shades. The study was able
to detect the following dyestuffs: shellfish purple,
cochineal, madder, indigo, and possibly safflower,

sawwort, and weld (Fuchs & Paetz gen. Schieck 2011).
Further ways forward in the study of the textiles
could be to include the identification of mordants
through either examination with micro-invasive
SEM-EDX, which is an accepted technique for such
identifications, or through examinations with micro
x-ray fluorescence spectroscopy (UXRF), which is a
non-invasive technique suitable for the detection of
inorganic compounds. Thus, Zvi Koren has recently
suggested an XRF method for the identification of
muricid purple based on the detection of bromine
(Koren2016). However, bromine has also been detected
in the presence of lichen dyes, and thus, this method
can only be used in combination with the detection of
organic indigoid dye compounds to provide evidence
for the presence of muricid purple (Aceto et al. 2015).
Moreover, it is possible that XRF could be useful for
the identification of iron-based mordants (Pozzi et al.
2012, 187). It should be noted, however, that there are
certain limitations to this technique for the detection of
light elements such as aluminium, which is important
for the identification of textiles mordanted with alum.
High-resolution x-ray images are a further non-
destructive method to consider in the study of ancient
textiles. Thus, a study of 39 Late Antique Egyptian
textiles in the collections of the Museum of Montserrat,
Barcelona (Spain), illustrated how x-ray images makes
it possible to follow the weft and warp threads on a
computer screen and gain data and insights into the
ways of working the loom. Furthermore, the study
showed how x-rays can illustrate, for example, the use
of substances as consolidants in the fibres (Borrego
& Vega 2015, 376-378). The same study included
multispectral analyses involving images taken in
the visible and near infrared ranges (FIR), and by
ultraviolet fluorescence (UVF). This study showed that
UVF photography can assist in differentiating linen
from wool fibres if they are undyed (wool presented
a bluish fluorescence, linen a pinkish one) as well as
revealing stylistic details, which were no longer visible
to the naked eye (Borrego & Vega 2015).

A further step could be to test the use of
photoluminescence photography as a non-invasive
method for the identification of red dyes. The efficiency
of photographic techniques for detecting colourants
in archaeological textiles (although not specifically
Egyptian) was suggested by a study, employing
ultraviolet and infrared photography (Baldia & Jakes
2007). The study showed that photographic techniques
can determine the exact nature of the applied
colourants on cellulosic or proteinaceous textiles, thus
providing a means to select sampling sites of clearly
different chemical compositions based on differences
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indicated in the respective images. Photoluminescence
is a form of luminescence (emission of light) following
photoexcitation (excitation by photons) of a shorter
wavelength than that of the emission (see, for example,
Dyer et al. 2013 for the use of multispectral imaging).
A combination of UV-induced visible fluorescence
(UVF) photography and visible-induced visible (Vis-
Vis) luminescence photography could be interesting
to test in relation to ancient textiles. UVF photography
is widely used in the examination of artefacts to reveal
the presence and spatial distribution of red, organic
lakes which fluoresce in a characteristic coral-red (De
la Rie 1982; Costello & Klausmeyer 2014; Grant 2000a;
2000b; Dyer et al. 2013). Vis-Vis luminescence, on the
other hand, is a very recently published technique
aimed at detecting and mapping organic, red lakes
(Kakoulli et al. 2017). It could be of great interest if
such photographic, non-invasive techniques could be
employed as a preliminary indication of dyes, since
this would allow a more targeted sampling strategy.
A similar non-invasive study has recently been carried
out on the collection of ancient Egyptian textiles from
the Museo Egizio in Torino (Italy). This collection was
analysed with fibre optics UV-Vis diffuse reflectance
spectrophotometry (FORS) and portable fibre optics
fluorimetry (FL), which proved to be a very useful
technique for the identification of dyes (Gulimini et
al. 2016). Other authors have considered Late Antique
Egyptian textiles as case studies for the comparison
of UV-Vis, fluorescence, and mass-spectrometry
detectors in HPLC detection of natural dyes (see, for
example, Szostek et al. 2003).
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Blue dyed textiles in
Early Iron Age Europe:
Accessible or exclusive?

Abstract

Evidence for blue dyed textiles becomes widespread in Europe during the first millennium BCE. The dyestuff was likely
dyer’s woad - Isatis tinctoria L. While archaeologists have done much to understand the dyeing process, archaeobotany
and chemical analysis of woad dye, there remains a question as to how accessible blue colour textiles were at this time.
The aim of this research is to investigate the accessibility or exclusivity of woad dyed blue textiles in this period in terms of
the resources, knowledge and skills required to produce them by asking the question “how many woad plants does it take

to dye 1 kg of wool yarn blue?”

Keywords: Blue, dyeing, Isatis tinctoria L., woad, wool, textile, first millennium BCE, Iron Age, Mediterranean, experimental

archaeology

Blue textiles and dyer’s woad (Isatis tinctoria) 1000-
500 BCE Europe

Blue dyed textiles are known from at least the second
millennium BCE in Egypt and Europe although
evidence becomes more frequent during the first
millennium BCE (Wild & Walton Rogers 2003, 25-26;
Cardon 2007, 374; Hofmann-De Keijzer et al. 2013,
143-145). One source of blue dye is natural indigo
pigment, attained from the chemical synthesis of
indigo precursors in leaves harvested from a range of
different plant species, genera and families (Angelini
et al. 2006, 285). In this paper, the terms “indigo
precursors” or “indigotin” are used to discuss dye
chemistry, and “indigo pigment” when focusing is on
the dyestuff. The research and experiments reported
here were only concerned with the woad plant (Isatis
tinctoria). No products from tropical indigo (Indigofera
tinctoria) were used as this plant is not relevant to the
archaeological period and place in question.

Isatis family plants produce indigo precursors (indican,
isatan B, and other isatans), which are extracted from
the leaves and used to make indigo (Angelini et al.
2006, 286). Chemical analysis of dye in archaeological
textiles detects the presence of indigotin. However, it

cannot identify plant species (Angelini et al. 2012, 286).
On the basis of its botanical presence in the region, Isatis
tinctoria L is believed to be the source of an indigoid
blue dye found in textiles in the first millennium BCE
in Europe and the Mediterranean basin (Zohary et
al. 2012, 167). Commonly known as dyer’s woad, it
belongs to the mustard family (Brassicaceae) (Hurry
1930, 1; Balfour-Paul 1998, 93; Zohary et al. 2012, 166-
167). The geographical origin of Isatis tinctoria L. is
debated; its native origin is usually attributed to Asia
or southwest Asia, and areas of south/southeastern
Europe (Zohary et al. 2012, 166; Guarino et al. 2000,
396).

Archaeological evidence of Isatis sp. seeds and accounts
in classical literature demonstrate that woad, along
with other plant dyes such as madder, was grown in
the Mediterranean, temperate Europe and southwest
Asia from the first millennium BCE (Korbe-Grohne
1987; Zohary et al. 2012, 166; Hofmann-de Keijzer et
al. 2013, 143-145). Traces of indigotin are found in
textiles across Europe from the late second, and more
frequently from the mid-first millennium BCE. For
example, indigotin is detected in a sizeable proportion
of textiles from the Middle Bronze Age (1458-1245
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Fig. 1: Tablet woven band with several shades of blue yarn.
Hallstatt Textile 123 (Image: Margarita Gleba, courtesy of Natural
History Museum Vienna)

cal. BCE) and Early Iron Age deposits at the Hallstatt
salt mines, Austria (Gromer et al. 2013, 451-452;
Hofmann-de Keijzer et al. 2013, 142-143) (fig. 1). The
borders of two garments from a well-furnished man’s
burial, Tomb 89, Lippi Necropolis in Verucchio, Italy,
circa 725 BCE to 675 BCE were dyed with indigotin

in combination with madder (Rubia peregrine L.) or
tannins (Stauffer et al. 2002, 216; Stauffer 2012; 247-
250). Wool stitching in clothing found at Riesenferner/
Vedretta di Ries, Italy, 795-499 cal. BCE has a blue
colour, chemically identified as indigo pigment
(Bazzanella et al. 2005). The elaborate princely burial
of Eberdingen-Hochdorf, Germany, circa 540 BCE, has
splendid coloured textiles, including those dyed blue
and red (Walton Rogers 1999; Banck-Burgess 2014,
150). There are also blue textiles shown in pictorial
representations. The colourful paintings inside the
Etruscan tombs of Tarquinia, Italy, circa 550 BCE,
depict men and women wearing vivid plain and
patterned blue and green (potentially yellow/blue dye
combination) textiles (Steingraber 1986) (fig. 2). While
in archaic Greece, the robes and patterned borders of
garments on marble statues of young women, possibly
goddesses (circa 520 to 500 BCE), are painted with blue
and green pigments, presumably representing blue or
green textiles (Catalogue 2012, 32, 40).

There has been significant research on the colour
of woad dyed textiles and the dye process (Hartl &
Hofmann-de Keijzer, 2005; Hartl et al. 2015). However,
in contrast to the attention given to the exclusivity
of shellfish purple dye for textiles (Edmonds 2000;
Ruscillo 2005; Landenius Enegren & Meo 2017), woad
blue textiles of this period are rarely considered

Fig. 2: Blue and green clothing, Tomb of the Lioness, Tarquinia, Italy circa 550 BCE (Image: Susanna Harris, by kind permission of Polo

Museale del Lazio — Tarquinia (VT), Necropoli di Monterozzi)
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Table 1: Chaine opératoire of the main stages of growing and harvesting dyer’s woad (/satis tinctoria L.), three alternative forms of dye

stuff preparation, vat preparation and dyeing

by archaeologists in terms of their accessibility or
exclusivity. Yet, this is crucial for understanding the
significance and value of blue textiles. Long distance
connections and the competitive relationships of early
urban living across the Mediterranean and central
Europe in the mid-first millennium BCE created the
desire for more, and more expensive possessions. The
expense and exclusivity of fine, colourful textiles make
them a ready form of personal comparison. They may
be a means to justify and legitimise the dynamics of
power (Harris 2017, 683). This raises the question:
were certain colours more accessible than others?

Methodology

By posing the question “how many woad plants does
it take to dye 1 kg of wool yarn blue?”, this research
aims to investigate the accessibility or exclusivity of
woad dyed blue textiles by considering the resources,
knowledge and skills required to produce them. This
question was investigated through interviews with
small-scale commercial dyers, published literature and
experimental dye vats. The chaine opératoire of woad
dyed textiles (Isatis tinctoria L.) was analysed in order
to investigate the accessibility of textiles dyed blue.

This analysis considered the resources, knowledge
and skills required at each stage of the process using
three lines of evidence: literature on woad growing,
processing and dyeing; interviews with small-scale
commercial dyers (Brenac, Howard and Lambert) and
one dyer working ina professional workshop (Roberts),
all of whom were asked qualitative and quantitative
questions about their experiences growing and dyeing
with woad; and the use of experimental dye vats to
investigate the quantity of woad plants required to
dye a specified weight of wool yarn blue. The use of
the vats permitted actualistic process and function
experiments (as in Outram 2008, 2) using accurate
materials (single spun wool yarns, dye ingredients) to
test the hypothesis that is both quantitative (number
of plants, weight of wool) and qualitative (knowledge
and skills). It was recognised that other colours can be
achieved with woad vats (Hartl 2015, 581, fig. 15) but
the concern here was with achieving blue.

Evaluating the chaine opératoire of woad dyed yarns
The main stages of the chaine opératoire of woad
growing, processing and dyeing are outlined in
table 1.
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Fig. 3: Modern seeds of dyer’s woad, Isatis tinctoria (Image:
Patricia Hopewell)

From woad seed to plants

Historically, woad was grown across Europe in a
variety of climates and terrains. Woad seeds should
be sown in a rich, alkaline, well-drained soil for robust
plant growth (fig. 3). The tendency of woad to leach
the soil of all goodness led to it being a banned crop
in some areas of 16th century England (Hurry 1930,
30). A biennial plant, the source of indigo pigment in
Isatis tinctoria is present during the first year of growth
when the leaves are at the rosette stage (Angelini et al.
012, 285), and a plant can be harvested multiple times.
In southern Italy, woad plants were sown in levelled,
furrowed ground in autumn (October) or early spring
(February). The plants were weeded, hoed several
times, and thinned if they had been planted too closely
(Guarino 2000, 398). The first leaf harvest was in early
June and repeated up to six times over the next two
to three weeks, although the quality of the indigotin
in the leaves decreased with subsequent harvests
(Guarino et al. 2000, 398). Left to seed, dyer’s woad
produces ample seeds; in some places woad is an
invasive weed. An individual woad plant can measure
up to 120 cm in height, and 60 cm in diameter with
as many as 90 leaves (Guraino et al. 2000, 395) (table
2). Today’s cultivated varieties are typically smaller,
and often harvested when they are 25 cm high and
with a rosette diameter of around 30 cm (Angelini et
al. 2012, 285-295). According to interviews with the
growers, depending on a variety of growing factors,
the leaf from a woad plant can weigh between 200 g
to 700 g (Howard 2019 pers. comm.; Roberts 2018b).
The quantity of leaves to one plant depends on many
factors, including growing conditions and the health
of the plant. A farm in Rochefort, France, cultivates

11,000 to 20,000 plants in one hectare of land (one
hectare equals 10,000 m?). The plants measure 30 cm
to 40 cm in diameter with 20 to 50 leaves on each plant,
with a mean of 25 to 35 (Brenac 2016, pers. comm.).
Here, plants are the smaller modern variety. In a good
year, there are up to 50 leaves per plant for the first
harvest and 30 to 40 leaves per plant for the second
harvest. In a poor year, there are as few as 20 leaves
per plant (Howard 2019, pers. comm.). However, the
size of plant does not guarantee a higher indigotin
content. A study of Isatis tinctoria cultivation showed
that higher air temperatures and radiation coupled
with low rainfall and regular irrigation led to a higher
isatan B content, the precursor most important for
indigo pigment production (Angelini et al. 2012, 289).
This correlates well to growers’ reports that higher
temperatures produce plants with more indigotin
content.

From woad plants to dye stuff

Fresh leaves can be used directly or processed through
a complex chain of biological reactions that take place
during the dyeing process (Cardon 2007, 338-340). In
current day practice, dyers prepare the plant in one
of three ways: fresh leaf, woad balls or woad powder
(also referred to as woad pigment). It is not known
which process was used in the first millennium BCE
in Europe.

Fresh leaf

The woad leaves are picked from the plant, immersed
in water with ingredients such as wood ash, soda ash
(sodium carbonate, Na,CO,) and urine which create an
alkaline liquid and commence fermentation (Balfour-
Paul 2011, 102) (fig. 4). Urine was used historically
in the dye process but the technique is not widely
practiced today.

Woad balls

Woad balls are made by pulping fresh leaves, which
are moulded into balls and dried (Cardon 2007, 369;
Balfour-Paul 2011, 102) (fig. 5). Historically, leaves or
woad pulp balls were left to ferment, a process called
couching. In the 19th century, the woad balls were
broken up and ground to a powder, whereupon it was
sprinkled with water and allowed to ferment for about
nine weeks, and turned regularly, with particular
care taken regarding the temperature, which should
not exceed 52°C (Hurry 1930, 26; Cardon 2007, 369).
According to Howard, approximately 500 g of fresh
leaf is required for one 60 g/70 g dry weight woad ball
(Howard 2019, pers. comm). About seven to ten times
the weight of fresh leaf is required to make a woad
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Fig. 4: Fresh woad leaves tightly packed in a sealed vessel to
ferment (Image: Patricia Hopewell)

ball; a ball equates to around one or two plants” worth
of leaf depending on the size of the plant. Woad ball
making is an historic practice, and today are only made
by contemporary dyers out of interest and curiosity.

Woad powder

Woad powder is commonly referred to as woad
pigment being the powdered preparation used today.
There is insufficient evidence to suggest which process
was used in prehistory. In the experiments, woad
powder was used as this is most familiar to the dye
experts involved. In present day commercial woad
production, the fresh woad leaves are prepared as
powder to maximise the indigo pigment yield (fig. 6).
The leaves are steeped in hot water at 70 °C to 75 °C
for seven to ten minutes to damage the wax surface
of the leaves (Stoker et al. 1998, 317) and extract
the precursors, indican and isatin B; this leads the
production of indoxyl (Cardon 2007, 340-341). After
removing the leaves, the water is rapidly cooled to
prevent the loss of the indigotin. At 25 °C, calcium
hydroxide is added providing the alkalinity required
to neutralise the acids produced during fermentation,

Fig. 5: Two prepared woad balls (Image: Patricia Hopewell)

until the solution turns green and the pH is between
10.5 and 11.5. It is then aerated for approximately
20 minutes to precipitate the blue pigment. The
mixture is settled overnight. After the surplus water
is removed, solid citric acid is added, which releases
the indigotin. The mixture should turn blue and the
pH falls to between 4 and 5. The solution is again
left overnight, any excess water is removed, and the
remaining sediment is dried to a powder (Howard
2019, pers.comm.).

According to Howard, approximately 5,000 woad
plants or 1 tonne (1,000 kg) of woad leaf is needed
to make 500 g of woad powder (Howard 2019, pers.
comm.). That equates to approximately five plants
or 1,000 g (1 kg) of leaf to make 0.5 g woad powder
(table 2). At Bleu de Lectoure, Gers, France, they use 1
tonne of leaf to make 2 kg of powder. This is similar to
the 1.9 kg to 2.3 kg of woad powder obtained from 1
tonne of woad leaf referred to by Cardon (2007, 371).
According to Brenac (see table 2, 2016, pers.comm.), 1
tonne of leaf produces 1 kg to 2 kg of woad powder.
That equates to approximately 1 kg of leaf to produce

Fig. 6: Two woad powders of different strength purchased from
The Woad Centre, Norfolk. Both batches of powder are prepared
from dyer’s woad, Isatis tinctoria, which is grown on the farm.
Prepared woad powder is also called woad pigment (Image:
Patricia Hopewell)
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Table 2: Quantity of dyer’s woad plants Isatis tinctoria L. required to produce dye ingredients based on interviews and published literature

1 g to 2 g of woad powder. For Roberts, 1 kg of woad
leaf will produce between 1 g to 4 g of woad powder
(Roberts 2018b). From these interviews, it is apparent
that 1 kg of woad leaf can produce between 0.5 g and
4 g of woad powder, although for the commercial
growers this range is more restricted with 1 kg of
woad leaf producing between 0.5 g and 2 g of woad
powder. In terms of the number of plants, based on
weight of an individual plant between 200 g and 700
g, from 1.5 to 5 woad plants are needed to make 0.5 g
to 2 g woad powder.

Dyestuff to blue textiles

The purpose of the experimental dye vats was to
recreate the process of dyeing wool yarn with woad to
gain quantitative and qualitative results and evaluate
the knowledge, skills and resources required to dye
textiles blue. The experiments were carried out with
experienced dyers Helen Melvin in north Wales
and Susanna Wareham in Cambridgeshire, United
Kingdom. Dye vats were prepared using three sources
of woad: freshwoad leaf, woad balls, and woad powder.
Fresh leaves were used from plants grown from seed
in Melvin and Wareham’s gardens. All woad powder

and woad balls were sourced from Ian Howard at The
Woad Centre, Norfolk, United Kingdom. All vats were
prepared in different parts of the United Kingdom in
July with temperatures of approximately 20°C in north
Wales and 25°C in Cambridgeshire. Woad is insoluble
in water; to prepare a fermentation vat today, woad
is often chemically reduced to a water soluble form
known as leuco-indigo (Hurry 1930, 35; Cardon
2007, 367-377). A reducing agent removes the oxygen
from the vat; with the oxygen removed, the indigotin
becomes soluble in water. A fermentation process
must take place by adding an appropriate substance.
Contemporary practitioners use various agents, such
as natural sugars from fruit (very ripe pears, bananas,
dates, fructose) or wheat bran, medicinal plants or
other dye plants (for example, madder, as used in the
vats below). To assist in this process, lime (calcium
hydroxide, Ca(OH),) is added as a base for the purpose
of controlling alkalinity. Fresh or dry chopped madder
roots may be used. However, a larger quantity of fresh
madder would be required per weight of fibre. At this
point, it becomes an alkaline soluble substance of pH
9/10, commonly called indigo white. Today, woad is
manufactured using reducing agents such as sodium
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Fig. 7: The woad dye vat (Image: Patricia Hopewell)

hydrosulphite or thiourea dioxide which are added to
remove the oxygen from the vat; these chemicals were
avoided in the experimental vats.

Single spun, non-pigmented wool yarn was selected
from Shetland breed sheep. The yarn was scoured
before dyeing to enable the dye to penetrate evenly.
Scouring removes the natural lanolin from the sheep
by soaking the yarns in a soap solution for several
hours then rinsing it well. The quantity of woad and
wool were measured for each vat. For the sake of
consistency, the aim was to dye the wool mid-blue,
Pantone 2915 UP (PANTONE® 2018). This is based
on preserved blue dyed yarns from textile fragments
from Vedrette di Ries, Italy and Hallstatt, Austria and
blue colour cloth and clothing in the Etruscan tomb
paintings of Tarquinia (for example, fig. 2). It was
important to gauge the shade to a certain degree, as it
requires more dye (stronger dye vat and/or multiple
dips) to dye a cloth dark blue than light or mid-blue.
As all dyers know, it is not possible to precisely control
the shade of each dye vat. However, the gradation of
blue that can be obtained from a dye vat is well known
(Cardon 2007, 58); dyers can judge the depth of colour
a vat will dye, and learn to adjust the number of dips
or strength of the dye vat to achieve the desired shade
(fig. 7 and 8).

In all cases, 200 g of wool yarn was dipped to achieve
the target mid-blue colour. The results were recorded
up to that point. Beyond that, further yarn could
have been dyed but the shade may have changed,
and weakened as the vat reached exhaustion. The vat
details are documented in table 3.

The experimental vats were not fully successful.
Despite working with experienced woad dyers, the

dye vats using fresh leaf or woad balls failed. This led
to the use of woad powder (Isatis tinctoria) produced
from woad plants grown at The Woad Centre in
Norfolk, United Kindom, a substance with which
today’s dyers are more familiar.

Vats with fresh leaf

Fresh leaves were picked directly from the plant,
tightly packed in glass jars with rubber seals and metal
sprung clips to secure the lids, and left to ferment for
21 hours following a published recipe (Wicken 1983).
Two of the fresh leaf vats followed a dye process
using either wood ash lye and wheat bran or calcium
hydroxide (lime) (table 3, Vats 1 and 2). The resulting
beige or faint blue did not match the desired shade
of mid-blue. The third fresh leaf vat contained human
urine, pH unknown, which had been kept under
warm conditions for eight weeks, as a fermentation
aid. However, no blue colour was achieved (table 3
Vat 3). The poor colour results from the vats using
direct dyeing with fresh leaves give credence to the
necessity of long natural fermentation processes,
which were used in the 16th and 19th centuries, for
which the leaves were cut, crushed and subsequently
went through a fermentation over several weeks
(Hurry 1930, 26). Dyeing with fresh leaf and urine
proved challenging, despite being carried out with
experienced dyers. Melvin in North Wales had many
earlier successes dyeing with urine; in this instance,
with a later addition of dates, a blue colour was
achieved (table 3, Vat 7). Reasons for the failure of the
urine vats could have been insufficient warm weather,

Fig. 8: Wool yarn drying after dyeing different shades of blue
(Image: Patricia Hopewell)
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insufficient time allowed for the fermentation process,
or poor indigotin content in the leaves. Hartl and team
also reported a disappointing outcome using urine in
north Wales. The process took so long that her urine
experiments were discontinued (Hartl et al. 2015, 35).
Despite efforts made to maintain optimum conditions,
the results with urine were disappointing, as it is
considered to be a relatively easy process.

On reflection, given the reports from the commercial
growers that it takes 1 kg of woad leaf to produce 0.5
g to 2 g of woad powder, the pale turquoise achieved
with the fresh leaf vats was probably due to the low
weight of fresh woad leaf (83 g to 300 g) used in these
vats, and the resulting weak dye solution rather than a
failure of the vat. For this reason, the fresh leaf vats did
not provide quantitative results for the calculations.

Vat with woad balls

To prepare the dyebath, the woad balls were crushed,
sprinkled with water and left for an hour or so then
added to the vat. The crushed balls were left in the vat
for the whole dyeing process. Following current dye
practices, the process of couching was not followed
here, which may be one of the reasons the initial results
failed to achieve a blue colour; blue was achieved
with the addition of further lime and ripe fruit (table
3, Vat 4). As with the vats using fresh leaves, the vats
with woad balls did not result in mid-blue dyed yarn,
only light blue. Hence, as with the fresh leaf vats, the
woad ball vat did not provide quantitative results for
calculations. Similarly, the results from the interviews
were not sufficiently clear as to the quantitative results
of woad balls to dye outcome.

Vats with woad powder

In two woad powder vats, ripe fruit (pH unknown)
was added to aid fermentation. Vats with apples failed
as the acid content was too high. Pears and prunes
produced good results (table 3, Vats 5 & 6). Vats using
woad powder and ripe fruit as a fermentation aid
produced suitable blue yarns. Doubling the quantity
of woad powder in Vat 6 resulted in darker shades of
blue than Vat 5.

As with the fresh leaf with urine (table 3, Vat 3), the
woad powder vat with urine as a fermentation aid
produced a dull beige colour, improving with the
addition of ripe fruit to light blue (table 3, Vat 7). Three
woad powder dye vats were undertaken using dyer’s
madder (Rubia tinctorum), as an aid to fermentation,
(table 3, Vats 8, 9, 10). Contrary to expectation, this
recipe produced blue dyed textiles, not purple,
despite the large ratio of 90 g of madder to 30 g of
woad powder.

Lime was added to the vat to control the alkalinity and
madder roots were used to aid the fermentation process
in the dye vat. It is aerobic bacteria which remove the
oxygen allowing the indigo to dissolve. In the dye vat,
the madder’s role is to help anaerobic bacteria convert
the insoluble indigo into indigo white. In the past,
aged urine was used extensively as a source of alkali,
which is necessary for the reduced indigo (indigo
white) to dissolve. The alkali and madder do not help
to remove oxygen (John 2016, pers. corresp.). Madder
is a versatile plant for dyeing and to aid fermentation
and is important for today’s natural dyers. Charllotte
Kwon at Maiwa Handicrafts often uses madder for its
fermentation properties when dyeing reds in organic
woad vats (Kwon 2016, pers. comm.). The woad
powder vat with ripe pears dyed a mid-blue colour,
as did the vats with woad powder, madder and lime.
The vats using woad powder, with either wood ash lye
and wheat bran or lime and madder were consistently
successful, producing blue yarns. In terms of
quantitative results, Vat 5 (table 3) used 10 g of woad
powder to dye 200 g of wool light blue; Vat 6 used 20 g
of woad powder to dye the same weight of wool yarn
a mid to dark shade of blue. Those vats using 30 g of
woad powder were not exhausted or dyed to a deeper
shade of blue than required. According to Roberts, 1 g
of woad powder will dye about 20 g of fibre (Roberts
2018b). This matches a general guide for contemporary
dyers that 10 g to 20 g woad powder dyes 200 g of
wool (Roberts 2016; Plantes de Couleur 2016).

How many woad plants are required to dye 1 kg of
wool yarn blue?

Using the information gathered above, it is possible
to attempt to answer the question: how many woad
plants are required to dye 1 kg of wool yarn blue? In
answering this question, there are three important
variables to consider: the size of the woad plants, the
quantity of woad powder produced from fresh leaves,
and the potency of the dye. In addition, the resources,
skills and knowledge required to achieve blue textiles
are also considered.

Given the variability in the production processes,
four possible scenarios based on the most and least
productive results, excluding dye vats that failed
(table 4) were assessed. Taking into consideration the
results above from the commercial woad growers
(summarised in table 2), it typically requires 1,000 kg
of woad leaf to make between 0.5 g and 2 kg of woad
power. Given a successful dye vat, this is enough
to dye between 5 kg and 40 kg wool yarn mid-blue
aiming for Pantone 2915 UP. From these results, and
assuming that all stages of the process are at their
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Table 4: Four possible scenarios for the number of woad plants required to dye 1 kg wool yarn blue based on the data gathered in this paper.
Three variables are considered: 1) size of the woad plant, 2) quantity of woad powder produced from fresh leaf, 3) potency of the dye

most productive, it could take as few as 36 large or 125
small woad plants with a yield of 25 kg of fresh woad
leaf to produce 50 g of woad powder, which could be
enough to dye 1 kg of wool yarn mid-blue. At a less
productive level, it could take as many as 286 large or
1,000 small plants with a yield of 200 kg of fresh woad
leaf to produce 100 g woad powder to dye 1 kg wool
yarn mid-blue (see an overview of results in fig. 9).
What is noteworthy in these results is the wide range
of plant numbers required to dye yarns blue: a dyer
could require as few as 36 large woad plants to dye 1
kg wool yarn blue, or as many as 1,000 small plants.
There are many factors that underlie this variation,
which may originate at any stage of the process; much
depends on the skill of the dyer.

Woad blue textiles: accessible or exclusive?

Dyer’s woad likes a rich, alkaline, soil, well drained for
robust plant growth. To gain a plant rich in indigotin,
the growing variables are considerable; they include
the prevailing conditions at planting through to
harvesting, the climate, the latitude, length of daylight
and ultraviolet rays, the length of hot dry days prior
to processing (Howard 2019, pers. corresp.). A cool
summer can have such an adverse effect that there is
only one annual harvest, with devastating results. In a
good year, woad plants grow easily and have a high
indigotin yield; in a poor year, the opposite is true.
This raises the question as to whether dyer’s woad
was widely cultivated across the Mediterranean in the

Early Iron Age. The agricultural economy of this period
was likely in small fields close to settlements, some of
which must have been dedicated to dyer’'s woad with
the intent to obtain blue dyestuff. In addition, farmers
of the first millennium BCE would have needed to
resolve a depletion in soil fertility after growing woad.
The risks and rewards of farming were no doubt an
aspect of life in the agricultural communities of the
early first millennium BCE. Assuming the availability
of the raw materials (seed, soil, climate), agricultural
knowledge and skills, this blue dye source could be
regarded as accessible, yet unreliably so.

What was learnt from the experimental dye vats? The
complexity in processing woad plants into dyestuff,
and the chemistry of the woad dye vat, adds elements
of risk to the dyeing process. There are three distinct
dyeing techniques: direct dyeing, mordant dyeing and
vat dyeing. Direct dyeing involves boiling or soaking
suitable plants in water, creating a dye bath into which
the material to be dyed is immersed (Cardon 2007, 4).
Mordant dyeing requires an agent to bind the dye
onto the fibre, such agents include alum (aluminium
sulphate), iron and tannin. Vat dyeing, as required
for woad and shellfish purple, is a more complex
affair because the dyestuff is insoluble and must be
reduced to its soluble form in alkaline conditions
to be absorbed by the fibres (Cardon 2007, 4-5). Vat
dyeing requires greater knowledge and skills than
direct dyeing or mordant dyeing. This hints at the
possibility of specialist and secret knowledge. Despite
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Fig. 9: Summary of results: how many woad plants does it take to
dye 1 kg wool yarn blue? (Image: © Susanna Harris)

working with experienced dyers, the direct dyeing
and urine dyeing in this experiment did not succeed.
Woad dyeing is not predictable; there is always the
possibility of shade differences or vat failure (see Hartl
et al. 2015, 22-26). Encouragingly, once the dye vat is
up and running, multiple dips or a richer dye solution
(more dyestuff) can achieve a deep blue colour, until
the vat is exhausted. It is well documented throughout
history that woad dyeing is erratic. Repeating the
same recipe under the same conditions will not
guarantee success or the same shade of blue. Indeed,
the historical and anthropological literature attests to
the many mysteries surrounding indigotin extraction
from a range of plants worldwide, and the resultant
dye vats (Balfour-Paul 2011, 100, 119). In this way, the
knowledge and resources needed to set up a woad dye
vat and the skills and practices required to achieve
blue textiles are less accessible than other dyeing
methods, and the colour results are unpredictable.
Thus, the skills to achieve blue dyed textiles may have
been relatively exclusive.

At the beginning of this research, it was tempting
to interpret the blue dyed textiles of the early first
millennium BCE as relatively accessible. In suitable
environments, the plant grows like a weed, and many
contemporary home dyers report success dyeing with
woad. During the progress of the research, it became
apparent that these expectations are deceptive.
Assuming the seeds became widely available across
Europe in the first millennium BCE, dyer’s woad was
likely a relatively accessible raw material compared
to shellfish purple. However, the unpredictability
of the indigotin content in the plant, leading to the
highly variable quantity of plants required to achieve
blue textiles, plus the depletion of soils, makes this a
somewhat unreliable crop. In addition, the specialist
skills and intensive labour required in processing the
plant into dyestuff, add to the unreliability of the dye
vat in the hands of the inexperienced. It seems dyers
today rarely report unsuccessful dye vats, giving a
false sense of success. Indeed, two of the failed dye
vats in this experiment are not reported here. Dye vats
may, and do, fail in the sense that they do not result
in blue dyed yarns (fibres or textiles). On the other
hand, a successful dye vat is an asset to a dyer, who
can prolong its life for months at a time, and use their
skill to achieve a whole host of blue shades.

Dyers of the first millennium BCE skilled in the
processes and knowledgeable about the techniques
should expect repeated success, and with it the ability
to produce various shades of blue, or indeed other
colours. These all point to woad blue as a colour that
was accessible to those with sufficient resources to
counter the cumulative risks involved in obtaining
it and the skills to carry out all stages of the process.
Through this research it became apparent that woad
blue dyed textiles were somewhat exclusive in terms
of the plant resources and the complex skills required
in processing the dye and creating a successful dye vat.
A stripe or pattern of blue may have been an everyday
luxury, to use the words of Lyn Foxhall (Foxhall 2005,
240), and available to many. By contrast, large dyed
blue or indeed green (yellow/blue dye combination)
textiles of the first millennium BCE may have been
items of distinction. If this conclusion is correct, large
quantities of blue or green textiles were part of the
material culture of luxury, expense and exclusivity
that characterised the life of early urbanites, aspiring
elites, and wealthy communities of this period.
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The Textiles of Uzuur Gyalan:
Towards the identification of a nomadic
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Abstract

This paper presents the analysis of textiles from the tenth century Mongolian rock burial of Uziiiir Gyalan. It is the only
undisturbed rock burial discovered to date and presents a unique opportunity to examine a complete set of grave goods,
both organic and inorganic, included in a Medieval horse-accompanied burial. The high degree of preservation and the
prevalence of woven wool textiles set it apart from other rock burials where silk, sheepskin, and felt garments have been
found. Certain features of the assemblage, including the abundance of the woven wools, their technical consistency, and
evidence for household rather than specialised production, suggest the work of local weavers. Drawing comparisons with
a living nomadic weaving tradition in Ladakh, Tibet, this paper relates aspects of the assemblage to production in a mobile

pastoralist context.

Keywords: Mobile pastoralism, Mongolia, rock burials, Medieval Eurasia, household craft production

Introduction

Mongolian rock or cave burials (hadnii orshyylga)
represent a long-running mortuary tradition attested
from the third to the 17th centuries CE in which
individuals were laid to rest in natural mountain
crevices. The rock burials that have survived are
typically found at high elevations in niches deep
enough to provide shelter from the elements. To
date, more than 100 rock burials have been recorded
in Mongolia, of which relatively few have been
comprehensively analysed. This is due in large
part to the constraints of recovery excavation and
the expense involved in conserving organic objects
and mummified human remains, which are typical
rather than exceptional in these contexts. Notable
publications gathering together evidence of multiple
rock burials include the German and Mongolian
language catalogues of special exhibitions held in
Bonn, Germany (Bemmann 2012) and Ulaanbaatar,
Mongolia (TepbaT & Dpasusbat 2014).

Rock burials are almost always discovered accidentally
by the herders who pasture their animals and camp
on the slopes below them. Their stories echo the
circumstances in which ancient and medieval herders

Fig. 1: Reconstruction of the tack, including saddle, embroidered
saddle blanket, felt saddle pad, and girth as they may have
appeared on the Uziiiir Gyalan horse, based on the exhibition
model constructed by the National Center for Cultural Heritage.
The saddle is made from carefully fitted wooden components held
together with rawhide thongs and covered with three layers of
quilted felt. The heavy polish on the cantle of the saddle attests to
its use over a long period of time. (Image: Kristen Pearson)
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Fig. 2: Embroidered saddle blanket (detail). The embroidered designs that peek out from underneath the saddle at the front and back
(fig. 1) are stitched on two separate panels of brown tabby fabric. One of the panels reveals a lack of forethought on the part of the
craftsperson — the foliate shapes become distorted as they approach the cut edge of the fabric, showing that the embroidery was done
after the fabric had been cut for the saddle blanket, that it was done freehand, and that the embroiderer miscalculated the space
available. The designs on either panel match in terms of their motif but they vary in its execution. This may represent the work of two
different people collaborating to produce a single object. (Image: Kristen Pearson)

may have interacted with the mountain landscape. In
2010, a group of herders on Monkhkhairkhan mountain
came upon a rock burial site when they had climbed
up to the ridge to collect baragshun, a medicinal tar-
like substance that seeps from the rocks in the ranges
of Central Asia. The burial remained a secret until five
years later, when two herders, D. Munkhtsooj and Ch.
Alagaa reported the find to the local museum. The
following April, a team from Khovd State University,
along with members of the Monkhairkhan Soum
Cultural Center, went to investigate.

It was the unlooted grave of a middle-aged woman.
She had been buried with a horse for riding and more
than 40 artefacts, most of them organic (fig. 1 and
fig. 2). The woman’s body and that of her horse were
naturally mummified, partially preserving their skin
and hair. The site was named for a nearby spring camp,
known locally as Uziiiir Gyalan (bright corner), but a
striking pair of embroidered boots quickly inspired
a nickname: the “Adidas Boots” burial (fig. 3). The
assemblage represents one of the largest collections
of complete garments and textile objects ever found
in Mongolia. This article presents a description of the
Uziiiir Gyalan textiles, particularly the woven wool
fabrics, and evaluates their significance in the context
of current understandings of textile production and
consumption among ancient and medieval nomads.

Fig. 3: The “Adidas Boots” (photo/line drawing composite). Though
the person who made these boots took care to conceal signs of
reuse, all the decorative elements (the embroidered uppers and
the straps with metal plaques) have been borrowed from other
objects (see Pearson 2018) (Image: Kristen Pearson)
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Fig. 4: Red deel (photo/line drawing composite). The Uziilir Gyalan
woman was buried wearing her red deel, which stands out from
the others not only because of its vibrant dyed colour, but also
because of the polychrome silk applied to the collar, armpit
gussets, and body (Image: Kristen Pearson)

Overview of the burial

An initial description of Uziiiir Gyalan was published
in a report shortly after it was excavated in 2016
(Menx06astp et al. 2016) The woman was buried
wearing a red wool deel (fig. 4), brown and tan wool
trousers, and leather and felt boots with embroidered
uppers — the “Adidas Boots” (fig. 3). Tucked inside the
boots were a samite fragment ripped into three pieces
and a small white felt bag containing a horn comb
and the broken corner of a mirror. The woman wore a
headdress of silk, with an ornamental strip of leather
appliqué over the brow. Her face was covered with a
piece of yellow silk, over which was tied a purple silk
eye mask. She was wrapped in two large felt shrouds,
one of which was decorated with painterly designs in
red and blue wool applied in the initial stages of the
felting process — a pressed felt technique still used to
this day in Central Asia (Bunn 2010).

Close to her body inside the shroud were a steel knife
in a wooden sheath and a leather pouch containing
two steel sewing needles. A small felt and leather bag
was also placed near the body. This was packed with
coils of plied wool and sinew thread, scraps of felt and
leather, rovings of combed wool ready for spinning, a
tassel of red-dyed horsehair. The woman’s sewing kit
evokes her work left unfinished when she died.

In addition to the garments she was wearing, the
woman of Uziiiir Gyalan was buried with additional
sets of clothing: two pairs of wool trousers (fig. 7 and
fig. 8), two wool deel (fig. 5 and fig. 6), an animal hide

Fig. 5: Tan deel (photo/line drawing composite). This deel is lined
with skins, whereas the other two fabric deel are lined with felt. The
gusset on the inner flap incorporates a small triangle of red fabric
and a segment of more finely woven tan fabric, which would have
been hidden when the deel was worn (Image: Kristen Pearson)

deel, a pair of plain leather boots with felt boot liners, a
felt, fur and cotton hat, and a wool and silk hat. Small
fragments of two poorly preserved garments were
also found: one, lined with lambskin, may have been
a third hat; the other is the sleeve of what may have
been another deel. All of the clothing shows signs of
wear and repair.

Other textiles included two wool saddle bags and one
of felt, a soft, rectangular wool textile with pile loops
(fig. 10 and fig. 11), two wool saddle blankets — one
of which was embroidered (fig. 1 and fig. 2) — and a
felt saddle pad. Two ovicaprid sacra were placed in
the abovementioned felt bag, and additional ovicaprid
elements, the remnants of a meal, were found inside the
niche. Additional grave goods included two wooden
trays, a wooden cup, a ceramic vessel encased in felt,
a small iron cauldron, a large bag made from a case-
skinned hide, a wooden rod, leather braided cords,
and a forked tool made of wood. The woman was
accompanied by a sacrificed horse with bridle, saddle,
girths, and crupper, as well as the pelt—with head and
legs attached —of a sheep. Both the horse and sheep
had earmarks, an ancient form of animal identification
still used on cattle and horses in Mongolia today.
Zooarchaeological analysis has revealed biographical
details of the horse, a chestnut gelding that — at 15
years of age when it was sacrificed — must have been a
favoured riding animal (Onar et al. 2019).

A year after its discovery, the Uziiiir Gyalan burial
was featured in an exhibition at the Mongolian
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National Museum along with an earlier male burial
found in the same region. The objects were cleaned,
conserved and photographed at the National Center
for Cultural Heritage (Coéapin OBmitH YHADCHMUI
Tes) under the direction of Ch. Enkhbat, and a
Mongolian-language publication was prepared
describing the burial, the finds, and the restoration
process (baspcarixan & Dux6ar 2017). Radiocarbon
C-14 analysis was conducted on nine samples with the
support of the Turkish Cooperation and Coordination
Agency (TIKA), returning a date in the tenth century
CE (baspcaiixan & Dux0ar 2017; Onar et al. 2019).

Though other rock burials and other textiles have
been found in Mongpolia, the finds from Uziitir Gyalan
stand out for the degree of their preservation. The
abundance of woven wool in the assemblage is also
striking; so far, the few complete garments from
the Medieval period found in Mongolia have been
made of silk (Oka 2009), with the notable exception
of a felt deel and fragments of a sheepskin deel from

the rock burial site of Dugui Tsakhir (Opasus0aT &
Amaprysmma 2014). Incidentally, these deel have
also been dated to the tenth century. Fragments of
wool fabric are common in rock burials but they are
seldom accessioned into institutional collections after
recovery and have not yet been subject to systematic
analysis. Naturally coloured striped wool textiles
bearing at least superficial resemblance to some of
the textiles from Uziiiir Gyalan have been reported at
other Medieval rock burial sites including Zavkhan
Erdenekhairkhan (baspcaiixan & Tysmmmkapraa
2016) and Tsagaan Khad (Ahrens et al. 2015). One of
the major questions addressed here is whether or not
the Uziiiir Gyalan woven wool textiles were produced
locally by nomadic pastoralists in the Altai (fig. 4).

Materials and methods

The inherent constraints on woven textile technology
(there are only two directions in which to spin fibres
into a single thread and only a handful of basic weaves)

Fig. 6: Brown deel (photo/line drawing composite). This is the most heavily patched of the fabric deel, with patches on the body and proper
right sleeve that would have been visible when it was worn. The brown outer fabric, though it appears monochrome from any distance,
actually incorporates subtle horizontal warp stripes. While it is conceivable that subtle vertical stripes could occur unintentionally if the
warp thread was spun from variegated wool, horizontal stripes must be built into the warp deliberately by alternating dark and light

threads (Image: Kristen Pearson)
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can make the development of reliable typologies
difficult, especially for technically simple fabrics. In
order to overcome these difficulties, textile typologies
must take into account a full reconstruction of the
textile chaine opératoire, the sequence of steps that go
into producing an object. Textiles are particularly
suited to this kind of analysis because every step in
the production sequence is readily discernible in the
final product. Peters (2012) refers to textiles as an
“agglutinative” technology for this reason.

This study relies on standard techniques of textile
analysis based on observation with the naked eye
and a hand-held digital microscope at 50 x. Data such
as thread count, spin direction and thread structure,
thread diameter, weave structure, etc. were recorded for
every unique piece of woven wool and cotton fabric in
the assemblage: in total 80 pieces spread over 16 objects
(table 1). Unique pieces were defined as demonstrably
distinct instances of weaving: separate but adjacent
pieces of fabric in one object which matched in thread
count and appeared visually indistinguishable (most of
the tailored components of the deel, for instance) were
recorded only once to avoid skewing the data towards
larger pieces (table 1, figs 5 to 8).

Consistency and variation in the assemblage
Nomadic weaving traditions are well documented in
western Central Asia. These include the pile carpets of
Iranian nomads (Huang 2014) and the flatweave rugs
(kilims) of Turkic nomads (Krody et al. 2018). These
traditions make it clear that weaving and pastoral
nomadism are compatible activities, that sophisticated
weaving can be accomplished on fully portable looms,
and that weaving carried out in mobile pastoralist
households is able to not only meet the domestic needs
of a family, but also create surplus value. Despite all
this, the possibility that weaving may have played an
important role among ancient and Medieval nomads
in Mongolia has not yet received serious consideration.
The wool fabrics are the focus of this study including
analyses of how fabrics were produced and how they
were incorporated into other objects. First, it is helpful
to establish a point of comparison with those materials
whose origins are less controversial: local felt, fur, and
leather on the one hand and non-local cotton and silk
on the other.

Felt is the prototypical fabric produced by
Eurasian mobile pastoralists and has been attested
archaeologically as early as the Iron Age in the
Pazyryk burials in the Altai (Bunn 2010; Rudenko
1970). Ethnographic studies conducted in Mongolia
and southern Siberia all emphasise the communal
nature of feltmaking (Vainshtein 1980; Kazato 2012;

Fig. 7: Patchwork trousers (photo/line drawing composite). These
are constructed entirely from patchwork fabric of 23 different
pieces applied to a lining of patchwork felt. Why did someone go
to the trouble of stitching a garment from so many pieces and
why did they do so in such an obviously haphazard way? A purely
economic explanation is not satisfactory given the treatment of
fabrics, scraps, and patches in the assemblage as a whole (Image:
Kristen Pearson)

Portisch 2011). Unlike woven wool textiles, which
can be produced by a single person and may require
days, weeks, or even months of labour, felt requires
the labour of many individuals over a short period
of time. It is not a regular activity, but an annual or
twice-yearly one, generally occurring over a period
of a few days in the summer or early autumn. Felt is
produced by rolling wool inside a piece of old felt,
a reed mat, or a large dehaired animal hide, which
determines the finished size and shape of the felt. The
felt is then cut into other shapes as needed, as it will
not fray. The long wool from animals sheared in the
spring produces thick felt ideal for rugs and ger walls,
while the shorter wool from an autumn shearing or
from lambs produces fine, flexible felt that can be
used in clothing. Both kinds of felt are present in the
Uziiiir Gyalan assemblage. The felt linings of the red,
tan, and brown deel are stitched together from several
pieces. This is necessary to create a flexible garment,
but it also allows for the incorporation of cuttings from
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Fig. 8: Red and tan trousers (photo/line drawing composite). These
have been patched on both sides, reflecting their extensive use.
The only pieces of clothing in the assemblage that do not have
evident signs of repair are the red deel and the brown and tan
trousers; the garments the deceased was wearing when buried
(Image: Kristen Pearson)

felt sheets that are produced only occasionally, stored,
and used as needed.

The significance of fur and leather in early nomadic
pastoralist societies is also well established, with
examples dating back to the Iron Age. One of the four
Uziiiir Gyalan deel is made from animal skins - sheep
and probably goat. The tailoring is similar to that of
the fabric deel (see below), with triangular gussets cut
from hide. Comprehensive fibre analysis of the wools
and furs in the assemblage and an ethnoarchaeological
study of the skin deel are ongoing. Soft furs from small
mammals are also represented. Pika (Ochotona sp.) fur
has been identified in the lining of the felt and cotton
hat and fox (Vulpes sp.) fur on the collar of the tan deel
using transmitted light microscopy.

Symmetrical cut-outs of thin leather with teardrop
and trefoil shapes were amongst the materials in the
sewing kit. Their intended use is suggested by the
leather appliqué decoration on the silk headdress: a
row of four delicate palmate shapes, each element
linking to the next in the manner of a paper doll chain.
Similar leather appliqués, used to decorate a leather
quiver, are known from the 14th century Tsagaan Khad
burial mentioned earlier (Ahrens et al. 2015). Finally,
leather appears in more utilitarian contexts such as on

the cuffs of the brown and tan deel, a treatment that
would have reinforced the wear-prone sleeves.
Unlike wool or animal hides, silk and cotton cannot be
cultivated or collected in the Altai or the surrounding
steppe. Both of these materials occur in the Uziiiir
Gyalan assemblage, but they make up only a small
fraction of the total fabric. Silk objects include the
woman'’s veil, eye mask, and headdress, which is made
of several squares of mismatched tabby and twill silk
pieced together. Small pieces of complex polychrome
silk were used for the collars and armpit gussets of
the red deel and a fragment of samite (polychrome
compound twill) with a Tang/Liao peony pattern
had been ripped into three pieces and put inside the
woman’s boot. The samite piece is certainly from
China, whereas the other silks could be from China or
Central Asia.

There are six instances of cotton fabric in the
assemblage, all used as patches except for one: a hat
made from felt, pika fur and cotton. This hat has two
layers, which can be completely separated from each
other. The upper layer is of fine brown felt, shaped like
a hood. The inner layer is made from two pika skins
with the fur facing inwards, the skin side covered
by cotton fabric. The fact that the inner layer is itself
finished with fabric suggests that the hat was designed
so it could be worn in three different ways (felt, fur and
cotton, or both together) perhaps for different seasons.
The cotton fabrics are notable for their balanced
weaves, contrasting with the wool fabrics. They are all
plain tabby weaves with tightly overspun warps and
wefts and relatively low thread counts. Three have s/s
spin, one s/z, and two z/z. Further study is necessary to
determine the origin/s of cotton in Medieval Mongolia.
By the tenth century, the Central Asia city states were
cultivating cotton, but it was not yet grown in China
(Dale 2009).

In abundance and a variety of applications, the woven
wool fabrics in the Uziiiir Gyalan assemblage more
closely resemble felt and leather than silk and cotton.
Woven wool fabric, often in combination with felt or
animal hide, comprises the bulk of both clothing and
non-clothing textiles, whereas cotton and silk are used
as patches, trim, or for small items such as hats and
headdresses. The sheer quantity of the woven wool
textiles, with multiple sets of clothing included in a
burial that would not otherwise be characterized
as “rich”, suggests that woven wool was an easily
attainable material. Further, wool fabric is frequently
used in redundant ways — to face a felt saddle blanket,
for example — and for objects and clothing that could
just as easily have been made of felt or leather, such as
saddle bags.
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As an assemblage, the wool textiles demonstrate a
degree of consistency suggestive of production within
a coherent tradition. However, without a substantial
body of evidence with which to compare these
materials, the geographical and temporal parameters
of such a tradition and the factors responsible for
variations within them cannot be established.

Fabric type

The wool fabrics are all in tabby weave, with the
exception of two fragments in half basket weave. In
all cases but two, singles are used for both warp and
weft. Whenever both weft selvedges are preserved,
the fabric was woven in strips no more than 31
cm wide. This indicates the use of a narrow loom.
Weaving errors, which occur at least once in most of
the objects, indicate that the looms were equipped
with heddles. There are no warp selvedges, starting
borders, corded edges, fringes, etc. Loose edges were
enclosed in seams or hems. Most of the weaves are
unbalanced or faced, with a dominant warp in every
case where it is possible to distinguish between the
two thread directions. Finer fabrics are generally
more unbalanced than coarser fabrics. The threads in
the dominant direction (warp/series 1 in table 1) are
generally more tightly spun than the threads in series
2, so it is likely that the dominant direction does in
fact correspond to the warp in most, if not all, the
fabrics.

Spin directions

Sewing threads are z-spun, S-plied without exception.
Embroidery threads are all loosely spun s. In woven
fabrics, the spin-direction is conservative in the
warp threads, which are z-spun singles with three
exceptions, where warps are plied (two of these occur
in a girth and one in the strap attached to the red and
tan trousers, so the plied warps could be functional).
Weft spin direction appears to be more complicated:
in 38 cases the wefts are z-spun singles, while in 30
they are s-spun singles. One of the remaining fabrics
in the girth has plied wefts in addition to its plied
warps. Another is a checked fabric with z-spun brown
wefts and s-spun white wefts, and three are fabrics
with infrequent and apparently random alternation
between z and s-wefts. These are instances where the
weaver began using a differently spun skein of weft
thread partway through the weaving process. This may
actually be a more widespread practice than the data
represent, since the majority of individual pieces of
fabric, particularly the patches, are small and unlikely
to capture alternations occurring over several metres
of weaving. As all of these fabrics are warp dominant

Fig. 9: The white selvedges of the brown deel. Note also the
generous seam allowances, the consistent pairing of selvedges
with cut edges, and the rough hemming of cut edges with overcast
stitched — all features of tailoring that are consistent throughout
the assemblage. (Image: Kristen Pearson)

or faced, switching the weft spin would have no visual
effect like that seen in spin-patterned twills.

Stitching

There are five types of stitch used in the assemblage,
each exclusively in a specific context. Overhand
stitch is used to join pieces of felt or leather, cross-
knit looping stitch is used to reinforce felt edges and
hem cut edges of fabric, running stitch is used to sew
woven fabrics, and chain and loose satin stitch are
used for embroidery.

Stripes and checks

While most of the fabrics are monochrome, there are
a few examples where stripes or checks are created,
taking advantage of natural variations in wool
colours. One-row-wide horizontal stripes are formed
in warp-faced fabrics by alternating colours in the
warp, so that on one pass only warps of one colour
are visible, and on the next, only warps of the other
colour. Vertical stripes are also built into the warp
with larger sets of differently coloured warp threads.
Horizontal and vertical stripes can be combined in the
same piece. A checked pattern is formed when weft
stripes are combined with vertical warp stripes in a
more balanced tabby. These patterning techniques
can be very dramatic or very subtle depending on the
range of colours used.

Double/triple warps

Random cases of thread doubling are usually
considered a weaving flaw (and a useful one, because
they can help distinguish warp and weft and indicate
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the use of heddles). These weaving flaws do occur, as
described above, but doubled or tripled threads also
appear in sets (up to seven pairs of doubled threads
in one weft pass) or in a repeating pattern. Sometimes
they run the whole length of the fabric, indicating a
variation encoded in the warp set-up, but in some
cases the stripes occur for only five to ten weft passes.
The sets of doubled or tripled warps create a subtle
but noticeable variation in texture (fig. 11).

Selvedge marking

The fine fabrics of the brown and tan deel were woven
with lighter coloured threads in the outermost warps,
which has the effect of marking the selvedges with a
thin stripe (fig. 9). The selvedges are not differentiated
in any other way. In Medieval western Europe, the
selvedges of tabby fabrics were frequently reinforced
with cords or a sequence of doubled warps in a
different colour than the body of the fabric (Crowfoot
et al. 2006, 48-49). Researchers have speculated about
a possible meaning encoded in the number or colour
of selvedge threads, such as fabric quality, workshop
or origin, and selvedge marking is associated with
workshop rather than household production. It is
unclear what the purpose of a selvedge marking could
be in the context of the Uziiiir Gyalan assemblage. A
scrap of plain tan fabric used as a patch on one of the
striped bags has a similar white selvedge. It does not
match the fabrics of the tan deel in thread count, so it is
not an offcut of the same piece, but it may represent a
scrap taken from a similar garment.

Thread count

Whenever decorative elements are incorporated into
the weaving, the weaver set up the pattern entirely by
eye, without counting threads. The thread diameter
is somewhat inconsistent so this may have ensured a
more regular appearance to the final pattern. Stripes
and checks, for example, vary in thread count but are
of consistent widths when measured.

Embroidery

Three objects feature colourful embroidery with
loosely spun wool threads — the “Adidas Boots”, an
embroidered saddle blanket, and a small leather bag.
All embroidery threads are s-spun, which emphasises
their contrast against fabrics faced with z-spun
threads.

Colour

Natural variation in wool colour, which can range
from white to dark brown or black in Mongolian
sheep, goat and yak, was used for aesthetic effects as

described above. For the finest fabrics, wools were
assiduously sorted for consistency in colour. Coarser
fabrics generally contain threads with mixed light
and dark fibres. Sometimes, fibres of different colours
were purposefully spun or felted together to create a
variegated pattern. The felt bag was made of mixed
dark brown and black wools, with light wool scattered
over the surface. Several fabrics were also dyed,
and it is possible that some of the fabrics that now
appear shades of brown were dyed with less stable
compounds that have now faded. The most common
surviving colour is light red/pink, which may have
been more vibrant originally. The only other colour
to occur on more than one object is a bright blue,
which appears on two objects: the felt shroud and
the embroidered saddle blanket. On the felt shroud,
designs were applied to the surface primarily in red
wool; blue appears as small, bright spots forming the
centre bosses of the quatrefoil motifs. Not only was it
applied in such a limited area, but it was applied very
thinly compared to the red, indicating that it was a
rare colour and had to be used sparingly. Dye analysis
is ongoing.

Construction of the garments and other objects

Tailoring traditions are closely intertwined with
the weaving traditions that produce the fabric to be
tailored. In some traditions, woven garments were
not tailored, but were used straight from the loom
with only minimal modification (Rosel-Mautendorfer
2018). The choice to weave a certain length and width
of fabric is made with reference to its intended use. In
urban workshop settings in Roman Egypt, tunics were
woven to a set of standard sizes for men and women
(Morgan 2018). But in contexts where a weaver was
producing clothing for her own household, the
dimensions of the weaving may correspond to the
measurements of known individuals. The loom used
and the method of attaching the warp ends also puts
limits on the dimensions of the fabric. Portable looms,
whether body tensioned or fix tensioned, produce
narrow widths of fabric. Garment traditions built
around the products of such looms use the narrow
strips in regular and efficient ways to construct
articles of clothing. The textile tradition of the Rupshu
pastoralists in Ladakh, Tibet, described in detail by
Monisha Ahmed (2002), provides an excellent case
study in a living, mobile pastoralist tradition. In
Ladakh, outer garments, blankets, and saddlebags are
all constructed from strips of fabric between 25 cm and
35 cm in width. The finer fabric for the outer garments
is woven to the length required for a specific person,
and garments are constructed using traditional
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patterns that make use of the narrow loom-widths,
where possible, as well as triangular pieces. Blankets
and bags are all made from loom-widths stitched
selvedge to selvedge, with three conventional sizes of
bags defined by the number of loom-widths used in
their construction (see below).

The Uziiiir Gyalan wool deel and two of the three
pairs of trousers (the third is made entirely from
patchwork; fig. 7) are constructed from loom-widths
and strips that are slightly tapered combined with
triangular and trapezoidal pieces. Ahmed does not
state whether the triangles used in Ladakhi tailoring
are cut in such a way that one selvedge is preserved,
but this is frequently the case in the Uziiiir Gyalan
material.

The three wool deel are tailored following the same
basic pattern: the A-line body with right-over-left
overlapping flaps is built from full and tapered loom-
widths arranged vertically and inset with gussets.
The triangular shape of the gusset can be pieced
together in different ways in order to make use of the
available fabric, including offcuts from other textiles.
Mismatched offcuts are only used on the hidden
inside flaps of the deel. Seam allowances are generous
— at least 1 cm and up to 2.5 cm — another indication
that woven wool fabrics were not of especially high
value to the people making the garments. The sleeves
are constructed from three tapered strips arranged
vertically.

The red deel and the brown deel are lined in the centre
with felt, while the tan deel is lined in the centre with
sheepskin. Full and tapered loom-widths of coarse
woolen fabric are used as a lining around the edges.
In the red deel and brown deel, the loom-widths
are arranged horizontally on the bottom edge and
vertically along the flaps, which is the most efficient
use of the fabric in terms of the sewing time. On the
tan deel, where the central lining is limited in area by
the size of the sheepskins, the lining on the bottom of
the deel is made from ten rectangles of checked fabric
applied vertically. This creates a lining that is 4 cm
wider than it would have been if the original strip,
which was 23 cm wide from selvedge to selvedge, had
been used horizontally.

The trousers are constructed from a single loom-
width arranged horizontally and attached to legs
made from loom-widths and a crotch made from
two triangles. They are perhaps more properly
described as one-piece suits, as the top section is
equipped with a strap that must have gone over the
wearer’s shoulder. Similar garments made from silk
and described as “underwear” have been found in
Khitan-Liao tombs in Inner Mongolia (Watt et al.

Fig. 10: Pile fabric. The function of this textile is unknown, although
the plushiness imparted by the long pile suggests a blanket or
shawl. The supplementary weft that forms the pile was spun in
several segments rather than one continuous yarn, and in a few
places the tail end of a segment has come loose and hangs off the
selvedge edge (Image: Kristen Pearson)

1997). Experimental reconstruction may shed light
on how this unusual garment was worn. Other wool
textiles — the saddle bags, the saddle blankets, and
the pile textile are made exclusively from loom-
widths. In the case of the saddle blankets, the loom
widths are stitched over a thick felt base, leaving a
“window” for the saddle.

The woven wool fabrics in the Uziiiir Gyalan burial
appear to have been manufactured in a fairly consistent
tradition and applied to the construction of objects
in ways that demonstrate their abundance and their
familiarity to those working at later stages in the chaine
opératoire. The people who constructed garments and
other objects for use by the Uziiiir Gyalan woman and
her community seem to have had access to a regular
supply of woven wool fabrics from a single or limited
number of sources. They knew what to expect from
these woven wool fabrics and created a garment and
object crafting tradition around the reliability of those
expected sources. Either the textiles were produced in
a specialised setting which allowed them to be sold
relatively cheaply and on a reliable basis to nomadic
pastoralists who did not weave or they were produced
in nomadic households.
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Fig 11: Pile fabric (detail) (Image: Kristen Pearson)

Towards the identification of a nomadic tradition

While the distinction between household and
workshop production of textiles is not always
straightforward, certain criteria can be used to suggest
one or the other alternative. Household production,
whether assessed through the textiles themselves or
the tools used to make them, is likely to involve a wide
range of non-standardised fabric qualities woven for
different functions (Brandenburgh 2010; Qye 2014).
In addition, textiles produced in the household might
show signs of imperfect planning, particularly if
a weaver is attempting a new or only infrequently
applied technique. A professional weaver, working
on a standardised product, knows exactly how much
material to prepare, how much space to leave for this
or that motif, etc., whereas a household craftswoman
might produce a weaving experimentally or
expediantly and keep the less-than-perfect results.
The pile textile (fig. 10 and fig. 11) from Uziiiir
Gyalan points to this kind of imperfect planning. It
was woven in one piece, with a z-spun warp of pink
wool and wefts that are sometimes brown, sometimes
pink, sometimes z-spun, sometimes s-spun in no
discernible pattern. Because this textile is warp
dominant, the result is a pink textile with subtle areas
of pink-brown shading where the brown weft shows
through. The pile is formed with a supplementary
weft inserted at intervals between several rows of
tabby. It is not knotted; loops are formed by pulling
short lengths of the supplementary weft out of the
woven matrix and allowing the overspun yarn to ply
back on itself. The weaver pulled out rather generous
lengths at first, creating a soft, thick pile but, as she
approached the end of the weaving, she began to run
out of yarn; the loops get smaller and smaller and

are spaced further and further apart. The last 15 cm
were woven without any pile. The weaver removed
the fabric from the loom, cut it into three equal
sections, and stitched the sections together selvedge
to selvedge with the last third of the weaving in
the middle. Evidently, she was not troubled by her
mistake — at least not enough to justify wasting the
last 20 cm of warp (fig. 10 and fig. 11).

If the Uziiiir Gyalan woven wool textiles were indeed
produced in the context of nomadic households, what
other evidence might be found? The ways in which
mobility shapes a nomadic textile tradition in the
present day are instructive as are comparisons drawn
between ethnographic and archaeological material.
Ahmed’s study of Rupshu weaving, previously
mentioned in the context of tailoring, provides one
example of how a substantial investment in weaving
can be integrated with a mobile pastoralist lifeway.
A direct comparison between weaving in present-
day Tibet and weaving in the Medieval Altai is not
suggested here; rather, Ahmed’s observations on
labour investment, timing, and seasonality may help
explain some of the features observed in the Uziiiir
Gyalan assemblage.

In Ladakh, men and women spin year-round during
spare moments, but especially during the winter. In
contrast, weaving can only be done in the summer
when it is warm enough to work outside. Enough
coarse fabric for two small bags or one medium-sized
bag can be woven in a single day if the thread has
already been spun, whereas larger bags or blankets will
take two or three days to complete. The strips of fabric
used to construct bags and blankets are always woven
as one piece, a labour-saving strategy as it consolidates
the process of laying out the warp. Ahmed stresses the
fact that woven bags are constantly in demand, that
they experience heavy wear requiring reinforcements
of felt, and that they are woven quickly and as needed.
The two woven saddle bags from Uziiiir Gyalan are
riddled with weaving errors and have been heavily
and not very carefully patched (fig. 12).

In contrast to the coarse fabrics for bags and blankets,
Ahmed tells us it takes two to three weeks of work to
weave enough of the much finer snam-bu fabric for one
person’s robe. She does not give the exact dimensions
but she states that the length of the warp required for a
garment can range from 36 to 44 mtho, a unit described
as the distance between the ends of the middle fingers
and thumb when the thumb is outstretched. The
width is about 30 cm. If the mtho is estimated at 20 cm,
then between 7.2 m and 8.8 m of warp must be laid for
one robe (2.16 to 2.64 square metres). She states further
that the snam-bu is woven in lengths called bubs, and
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Table 1: Technical data of the textiles from Uziilir Gyalan
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Table 1 (continued): Technical data of the textiles from Uziiiir Gyalan
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that two or more bubs may be necessary to produce a
garment for a larger person. She does not record how
the length of a bub is determined or if it can vary.

The tapering and gussets of the Uziiiir Gyalan deel
make it difficult to provide a precise measure of
the length of the fabric strips involved (as with the
trousers, experimental reconstructions would be a
helpful next step) but it is estimated that about 10 m of
22 cm wide fabric (2.2 square meters) were used in the
outer construction of the tan deel.

Ahmed does not give full thread counts for the snam-
bu, but she tells us that 160 plied threads are used for
the warp. This would correspond to 11.2 singles per
cm, significantly coarser than the outer fabrics of the
Uziiiir Gyalan deel. Without experimental data and
more accurate measurements of the quantity of fabric
involved, it would be premature to speculate on the
time required to weave the fabric for the deel but it can
be assumed that it would take longer than the two
to three weeks taken to the weave the snam-bu. This
provides a possible explanation for the use of bubs, that
is, lengths of fabric that are shorter than that ultimately
required for a single garment. As noted earlier in
relation to the bags, it is more efficient to warp a loom
once and weave a longer strip of fabric than to warp a
loom twice and weave two shorter strips. This is why,
in Rupshu, coarse fabrics are woven in maximally long
units. What is not needed immediately might be stored
for future use, just as felt is made all at once, stored,
and used as needed. Indeed, woven fabric is far more
efficient to store and transport than unprocessed wool.
This might provide an additional incentive for mobile
pastoralists to convert wool into coarse, multipurpose
fabrics without first identifying a specific use for them.
Note that a coarse checked fabric was used along with
sheepskin to line the tan deel which was 4 cm short of
the width required to complete the lining. It is clear
that it had not been woven specifically for that deel.
One can imagine the frustration of the craftswoman
upon realising that the available fabric would not be
sufficient. Rather than weave another length of fabric
27 cm wide — entailing at least a day’s work if she had
the thread on hand, and several days if not — she found
a way to make do with what she already had even at a
minor cost to efficiency.

Fine, time-consuming fabrics are woven not in
maximally long units but in the minimally long unit
required for a specific individual’s garment. If this
minimum unit is too long, the fabric is woven in the
even smaller unit of a bub.

Uziiiir Gyalan’s brown deel was woven in less-than-
maximal units with the outer fabric consisting of at
least two, possibly three nearly identical fabrics. This

can be determined only because the damage to the
lining permits a view of many of the selvedges in the
upper, more intensively tailored section of the deel.
One selvedge is plain brown, while several others
are marked with white stripes. Selvedges with eight
white threads and selvedges with ten white threads
are visible.

The bottom portion of the deel’s felt lining is intact,
making it impossible to see both selvedges on any
full width of fabric. But the presence of three different
selvedge patterns indicates that the fine, dark brown
fabric could not have been woven in just one piece. To
borrow the Rupshu terminology, it was woven in at
least two bubs.

One possible explanation could be the need to fit
weaving into mobile habitation cycles. Narrow body
tensioned and fixed tension looms are portable in
the sense that they are not bulky or heavy, and an
unfinished weaving can be carefully rolled for storage
overnight. However, transporting an unfinished
weaving on the loom is likely to result in inconvenient
tangles and snags at best and irreparable damage at
worst. Huang (2014) gives an account of a Qash-qua’i
nomad woman in Iran who had attempted to transport
an unfinished weaving to a new campsite: “She wove
half the carpet in winter pastures, dismantled the
loom, rolled up the weaving still attached to the end
beams and the heddle rod (kujay), and rebuilt the loom
after migrating to summer pastures. ‘I'll never make
that mistake again’ she reflected as she felt the ridges
and uneven edges” (Huang 2014, 80).

The Uziiiir Gyalan textiles and the Rupshu textiles are
not very similar from a technical perspective. Rupshu
threads for weaving are all plied, and the weave used
is an extended tabby with doubled warps. Snam-bu is
evidently coarser than the fabric used in the deel outer
layers, and it is also fulled and napped. Apart from the
use of narrow looms, the Uziiiir Gyalan and Rupshu
textiles bear only superficial resemblance to each
other; rather, it is the way the fabrics are used in the
construction of garments - and the decision-making
processes surrounding what to weave and how much
— that suggest an underlying similarity between the
two traditions.

In this paper, we have argued that the wool textiles
from Uziiiir Gyalan represent a weaving tradition
based in mobile households. Much work remains to
develop this hypothesis further and to consider its
ramifications for other time periods in the long history
of the steppe. We hope that this study will encourage
scholars working in the region to take a closer look
at textile finds from old and new excavations alike.
Archaeological research in Mongolia over the last
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two decades has pushed back against essentialising
narratives that described mobile pastoralism as a
static and marginal way of life. Textiles have a role to
play as these important arguments continue to unfold,
deepening our understanding of nomadic lifeways,
political trajectories, and the economies of the past
because “mobile pastoralist” should also modify
economies here.

Mongolian summary

Topuaoa:DHoXyy  eryyasas  MoHroa  yacwiH
AaTaliH yyACHH Y3YYp TIAJaaH X®M®9X Traspaac
oaacon 10 ayraap 3yyHB ye4 XxaMaapax XaAHBI
opulyyAraac MAPYYAC®H  JAaaByy 9AADAYYADA
XWMIICOH CyjaAraaHbl Yp AYHT TaHMALYYAXX OaifHa.
Yr xaaHpl opiiyyaraj Oyp®H TOHOT X®PBOICHA
Oyxmii aayy AaraadyyAaH TaBbCHaaC ragHa, OIT
XOHAOTAOOTY I aHXHBI 6a171p/1a/1aapaa Xaaraaaraask
ya4Xx95. TuiMasc DHA®DHC rapcaH OpraHUK 00A0H
opranmk 6yc mx 6yp®H 044BOPYY4 Hb CyJalraaHsl
OHAeP au X0A0OTA0ATON TOAUNIYI Tepea OypuitH
HapUIMBUYMACAH Cyjaaraa XWX XOBOP 00 AOMKUIT
cyadaadjad 0ATOX Oyl I0M.

Mam caifH XaAradargcaH H®XM®A HOOCOH JaaByy
94A9AUNH Oasiaar 1fyrayyara Hb Oycas XaAHBI
opiIyyaraac  oaacoop ©Oaliraa TOpPro, HOXWUIL,
SCIMI  XyBLAC XDPBIADADIC OHIAOI  sLATaaTall.
LlyrayyArsiH TOAOPXOW OHIJAOT INIMHX 4YaHapyyd,
Tyxaitla0ald, HOOCOH HOXMBDANMIH 5a09r 0aiigaa,
TOATDDPUNMH TEXHUKUIIH apra 30XUIJ0A Hb Tycramn
MDPIIIICOH YIAABDPADA IDXDICHD UAYY IDP axyuH
yp4aa, OpOH HYTIMVH YIAYAUIH 6YT99/1 00A0XBIT
XapyyZx OaiiHa. bua 0691499pmitH Maa aXX axyil
DPXADIYAUNH YUAABDPADAUMH LYTAYYATBIH IIMHXK
TOPXUIHX Hb XyBb4 eHeermitH Tyssamitn /lasax
MY>KUITH HYYADAYAUVIH HOXMODAUNH yAaM>KAaATau
Xapbllyy/AaH aBd y3499.
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Gwendoline Pepper

Time looms over us:

Observations from an experimental
comparison of medieval English loom-types

Abstract

The organisation of textile production in medieval England underwent a dramatic transition between roughly the tenth
and 12th centuries. These changes, which include the formation of weaving guilds and the evolution of weaving as a male-
dominated trade, are typically attributed to the adoption of a new, more efficient style of loom. In order to critically examine
the role of technology during this transitional period, an experiment was designed to compare the relative efficiency of two
different types of loom in use during the Middle Ages. The experiment yielded interesting timed results and experiential
observations, which indicate a difference in the skill level required by each loom, suggesting a complicated relationship
between gender, new technology, and the perception of skill in medieval England.

Key Words: Medieval England, weaving, time, gender, labour, looms, experimental archaeology, technology

Introduction

The process of weaving cloth is a task with heavily
gendered connotations. Weaving has been viewed at
different points in history as primarily a female or male
activity depending on the cultural context. This paper
is concerned with a point in medieval English history
during which the previous association of women with
weaving was switched to men.

For the purposes of this discussion, it is important to
acknowledge that biological sex and gender identity
are not one and the same, and neither biological sex
nor gender exist as a rigid binary (Gilchrist 1997, 43;
Parker Pearson 2010, 95). There is a risk of projecting
assumptions about a gender binary and also in
assuming which roles are carried out by a particular
gender in archaeological study. The negative impact
of assuming particular gender roles in a society has
been discussed by Conkey and Spectre (1984), among
other researchers. Written sources and archaeological
material from medieval Britain and Europe do indicate
a societal concept of male and female gender roles (Fell
1984, 39-40; Gilchrist 2012, 114). Even so, the rigidity
of this gender binary is uncertain and burial evidence
from early medieval England in particular indicates

some fluidity of the gender associations of certain
grave goods (Lucy 1997, 162-163). Furthermore, it
is clear that there was enough flexibility in gender
roles for a major shift in gendered work to take
place concurrent with the industrialisation of textile
production between the early and late Middle Ages.

A key variable in this transitional time for medieval
English cloth production was the equipment used in
the weaving process. There is substantial evidence
indicating that between the tenth and 12th centuries,
two new styles of loom were introduced to the British
Isles and employed to produce cloth: the two beam
vertical loom (fig. 1); and the horizontal treadle loom
(fig. 2). The horizontal treadle loom is the better
known of these two styles of loom. It is understood to
have dramatically increased the speed with which a
weaver could produce cloth. The increased efficiency
of this loom, in contrast to its predecessor, the warp-
weighted loom (fig. 3), is typically connected to the
adoption of weaving as a profession by men and
the commercialisation of cloth production on an
international scale (Hoffmann 1974, 258; Walton
Rogers 1997, 1827). While this technological transition
has been the topic of previous research (Endrei 1968;
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Fig. 1: A mid-12th century depiction of two-beam vertical loom
in use. Cropped detail from The Eadwine Psalter R.17.1, f263r
(Image: © The Master and Fellows of Trinity College Cambridge,
reproduced with permission)

Henry 2005; Oye 2016), there is very little information
on exactly how much more efficient this new type

Fig. 3: Artist’s interpretation of the Anglo-Saxon warp-weighted
loom in use (Image: Gwendoline Pepper)

Fig. 2: A 13th century depiction of the horizontal treadle loom in
use. Cropped detail from the Romance of Alexander 0.9.34, f032v
(Image: © The Master and Fellows of Trinity College Cambridge,
reproduced with permission)

of loom might have been. A previous estimate
that the horizontal treadle loom produced -cloth
at three times the rate of the warp-weighted loom
was made by Endrei (1968, 37-38) based on his own
research and recorded weaving times from the early
modern Icelandic Biialég, which are also described
by Hoffmann (1974, 215-216). Endrei’s research was
well reasoned using the resources available, but his
estimates were not based on a direct comparison and
are therefore missing crucial information, which can
only be obtained by observing both looms working
under similar conditions.

Experimental archaeology is the ideal way to address
the question of weaving efficiency and it was with
the goal of closing this gap in information that an
experimental programme was developed to compare
the weaving speeds of the warp-weighted loom and
the horizontal treadle loom. The experiment described
in this paper cannot be used to interpret the precise
number of hours it would have taken a medieval
English weaver to produce cloth, as there are too many
variables to replicate the process accurately. However,
the experimental results did provide some useful
efficiency ratios, which highlight key differences
between these two looms. These observed differences
in efficiency have, in turn, underscored some important
considerations concerning the relationship between
the introduction of new technology and changing
gender roles during the Middle Ages.
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Fig. 4: Side view of tabby weave set up on the warp-weighted loom (Image: Gwendoline Pepper)

Historical context

Textile production in early medieval England is
understood to have been organised and carried out
primarily by women (Henry 2005, 52; Walton Rogers
2014, 253-54). This does not necessarily mean that men
never participated in textile production at this time,
but rather that there seems to have been an established
practice in Anglo-Saxon England of women as the
key textile producers (Fell 1984, 40). Cloth would
primarily have been woven on the warp-weighted
loom during this early period (Walton Rogers 2001,
161). This style of loom is simple in construction (fig. 4)
and is often associated with the weaving of relatively
wide cloth. Many surviving Scandinavian looms from
the 18th and 19th centuries have widths of between
190 cm and 241 cm (Hoffmann 1974, 24-29), while a
find from medieval Greenland included a beam of a
warp-weighted loom measuring 188 cm (Qye 2016, 5).
Qye, however, has recorded clusters of loom weights
varying from one to two metres long as indications
of the varying potential widths of cloth woven on
this type of loom (Jye 2016, 5). Within Anglo-Saxon
villages, there is extensive evidence for the practice of
weaving in communal buildings, or Grubenhiuser, up

to the tenth century. This is suggested at settlement
sites including Mucking, Essex, and West Stow, Suffolk
(United Kingdom), by the concentrated groupings
of loom weights in specific areas of the settlements,
usually inside one or more Grubenhaus (Walton Rogers
1997, 1823). Walton Rogers suggests that weavers
would likely have worked collaboratively in this
setting with multiple women working together at one
loom (Walton Rogers 2014, 258).

Thedevelopmentofeconomiccentresand the formation
of prototowns from the ninth century onwards indicate
a transition towards more commercial craft production
(Henry 2005, 55). There is clear evidence of textile
production in these emerging urban centres (Walton
Rogers 2014, 267). Archaeological evidence from the
Coppergate site in York (United Kingdom) provides
fascinating insight into the changing organisation of
textile production in a developing urban setting. The
ninth century evidence at Coppergate indicates that
textile production occurred in communal locations
separate from other activities, which appears to have
been a typical rural pattern for this time (Walton
Rogers 1997, 1824). During the tenth century, the
distribution of weaving tools indicates that production
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had transitioned from communal buildings to taking
place within separate households. This change occurs
within the same context in which loom weights are
missing so it seems that this is concurrent with the
introduction of the two-beam vertical loom (Walton
Rogers 1997, 1824). Weaving activities appeared
to concentrate in two of the tenements around the
11th century, contemporaneous with the earliest
evidence for the introduction of the horizontal treadle
loom in England. This indicates craft specialisation
(Walton Rogers 1997, 1827) that is consistent with
the suggestion that this area of the city was one of
increasing commercial activity (Walton Rogers 1997,
1829). The example of Coppergate illustrates the
development of an urban setting in which weaving as
a specialised trade began to flourish.

The horizontal treadle loom was likely introduced
to medieval England around the year 1000 CE,
contemporaneous with evidence for the introduction
of this loom to western Europe (Hoffmann 1974, 258;
Walton Rogers 2001, 162; Jye 2016, 6). This loom was
more complicated in construction and featured new
developments including a built-in reed for spacing
threads evenly and foot-powered treadles with which

to change the shed (fig. 5). The adoption of the treadle-
operated loom is also associated with the evolution of
weaving into a guild-regulated trade (Hoffmann 1974,
258).

The earliest records for established weaving guilds
in England date to the 12th century. The 1130 pipe
roll identified five weavers’ guilds in London,
Winchester, Lincoln, Oxford and Huntingdon, while
York’s weaving guild appeared later in the pipe roll
of 1165 (Carus-Wilson 1944, 42). This suggests that
these organisations had already begun to form prior
to the mid-12th century, potentially concurrent with
the introduction of the horizontal treadle loom. The
theorised connection between early weaving guilds
and the introduction of the horizontal treadle loom
is often accompanied by the assumption that these
guilds were formed by men (Munro 2003, 195; Karras
2004, 94). This appears to be due at least in part to an
association of the horizontal treadle-loom with male
weavers.

There is no clear explanation of why this new type
of loom is so strongly linked to male weavers, but
historical sources do suggest that this was the case.
One often-cited piece of written evidence for this

Fig. 5: Diagram of the mechanics of a horizontal treadle loom (Image: Gwendoline Pepper)
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association is a 12th century account by Rashi of
Troyes of a foot-powered loom, described in contrast
to aloom controlled by the hands and used by women
(Munro 2003, 194; Oye 2016, 2). There are records of
women operating independently as weavers in the
late Middle Ages (Salzman 1923, 217; Kowaleski &
Bennett 1989, 476-477) and the proportion of female
weavers seems to have been higher in rural areas of
England (Goldberg 1992, 29). However, it seems that
the most common way in which women participated
within medieval weaving guilds was as the wives,
daughters or widows of male weavers and they were
rarely awarded the same status and privileges as their
male counterparts (Kowaleski & Bennett 1989, 476-
478; Goldberg 1992, 48). In this way, the roles women
played in weaving guilds were largely dictated by
their relationships to male guild members. That does
not mean there was no autonomy to be gained by
female weavers during this time period. In a survey
of female occupations in late medieval Yorkshire,
Goldberg found a significant number of women
occupied independently as weavers, although
their relationship to guilds is uncertain, and the
proportion of weaving households that were headed
by women was in the minority, particularly in urban
centres (Goldberg 1992, 9-18). There is also European
evidence of some women occupying higher ranking
roles in textile production, including the esteemed
role of draper in late medieval Leiden (Netherlands),
although interestingly there is no evidence of
female weavers or fullers in the city during this time
period (Howell 1988, 71-72). There were also three
women’s guilds in Cologne (Germany): the yarn
makers, gold spinners, and silk makers in which
women held the role of mistress in their own right
(Howell 1988, 124). Likewise, there were at least five
such guilds in medieval Rouen, and seven in Paris
(France) primarily focused on luxury textiles or linen
(Kowaleski & Bennet 1989, 481). Despite this, there
were still harsh restrictions on women’s involvement
in many other male-run guilds in Cologne, including
the wool weaver’s guild (Howell 1988, 134).

Essentially, while there are multiple examples of
enterprising women making space for themselves
in the late medieval textile industry, there is also
ample evidence of dominant male-run guilds placing
restrictions on women’s roles within the guild
structure. More to the point, while women continued
to weave in late medieval England, and in fact played
an important role even within the guild structure,
they were no longer the main organisers of cloth
production, as they seem to have been during the
early Middle Ages. Furthermore, there was no parallel

English formation of female-run textile guilds, even
in London (Kowaleski and Bennet 1989, 485). The
crucial activities of spinning and fibre preparation
remained the domain of women, either as side work,
or a sole occupation, but the work was not particularly
lucrative (Goldberg 1992, 47). It seems to be because
of these economic factors that past researchers such
as Salzman treated female involvement in textile
production as a mere footnote, at best, or assumed that
female dominated activities such as spinning involved
less skill, at worst (Stabel 2014, 52; Salzman 1923, 215).
Despite the work of many researchers challenging
these assumptions, this way of thinking left its own
scars on the subject of medieval textile production,
and the association of low status work with low
skilled work can at times be observed even in research
which has sought to illuminate the importance of
female economic contributions during the Middle
Ages (Karras 2004, 95; Howell 1988, 76).

Despite its relatively low status during the later Middle
Ages, the activity of spinning yarn is an important
aspect of medieval textile production. A competent
spinner must possess the skill and understanding of
raw materials required to spin strong yarn that will
not easily fray and break during the weaving process.
Therefore, the importance of skilled spinning should
not be underestimated. The distinction between the
tasksof weaving and spinning dueto craftspecialisation
is important to consider when discussing transitions
in textile processing. In the Anglo-Saxon period, the
weaver and spinner would likely be the same person;
she would understand what sort of yarn was required
for the cloth she would weave, and would know how
to produce this yarn. The evidence for specialisation
at Coppergate reflects the development of the early
household workshops that provided a foundation for
guild organisation and gradual separation of these
tasks. The archaeological evidence from Coppergate
also demonstrates the link between different styles of
loom and different approaches to textile production,
which further indicates that the introduction of the
horizontal treadle loom, and by inference the efficiency
of this loom, was a key factor in the evolution of the
medieval English cloth industry.

Methodology

This experimental programme had three main aims:
1. To better understand how the time invested by
medieval weavers would have been impacted by the
introduction of a new style of loom circa 1000 CE by
determining the difference in time it takes to weave
fabric on the warp-weighted loom and the horizontal
treadle loom.
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2. To record experiential observations over the course
of the experiment, including ease of weaving on each
loom, and any physical impact the weaving process
has on the weaver’s body.

3. To observe any physical differences between the
cloth samples resulting from the process of weaving
on each loom, including variations in the final
dimensions and/or thread count of the cloth.

Two out of the three looms from this transitional
period in medieval English cloth production were
selected for comparison, as they: 1) represent the two
extremes of time and gender division in weaving; 2)
are most frequently compared by scholars discussing
this transition; and 3) have been subject to previous
time estimates.

The following parameters were established to
eliminate as many variables as possible and to allow
for a more accurate comparison of the differences
between the looms:

1) The cloth produced in this process was not intended
to be an exact replica of any specific medieval cloth
fragment as a comparison of time was the primary
concern;

2) The cloth to be woven was to be set up to the same
width, length, weave structure and thread count on
each loom; and

3) In recording the time it took to set up and weave
on each loom, the process was broken down into
comparable steps, wherever possible, and timed with
a stopwatch. The actual weaving was conducted with
an hour-long timer, and the quantity of cloth woven
each hour was measured in centimetres.

It was decided not to correct any errors in threading
or weaving unless it would ultimately affect the
mechanics of the process. This was because the
primary focus of this experiment was the evaluation
of production time rather than producing a perfect
piece of cloth. Therefore, a broken thread was to be
fixed because too many broken threads would result
in an inability to weave the cloth. However, threads
threaded in the wrong order were to be left in place, as
long as they did not interfere with the changing of the
shed. This decision was also supported by evidence
of threading errors found in surviving medieval cloth
fragments (Pritchard 1984, 55; Walton 1989, 352).

Equipment

The warp-weighted loom and warping frame were
constructed several years ago by Penelope Walton
Rogers, who also commissioned the clay loom weights.
The weights are all of consistent size and weight but
are not specific replicas of an archaeological find.
Since the key goal was to compare the basic mechanics

of this loom, rather than observing differences in
potential variations of the warp-weighted loom,
this was not of particular concern. In order to more
closely replicate the Anglo-Saxon method of weaving,
a double-ended pin beater was fashioned from a
piece of wooden doweling. This experiment did not
have the resources to construct looms from scratch,
therefore, the horizontal treadle loom used in this
experiment was a countermarche loom loaned by
Ruth Gilbert along with a warping board, shuttle and
other pieces of equipment necessary for the setup
and weaving process. The loom is not a replica of a
medieval loom but matched the vital mechanics of
the medieval horizontal treadle loom, namely, treadle
operated harnesses, a suspended beater and reed, and
a front cloth beam and back warp beam. These two
looms permitted a reasonable comparison of these two
loom types.

Rulers, a measuring tape, tapestry needles, and glass-
headed pins were also used during the setup, weaving,
and recording of the pieces of cloth. Cotton seine
twine was used during various stages of setup. This is
a material that would not have been used during the
Middle Ages, but was the most economically viable
option available. A phone with a stopwatch and timer
app was used to record the times.

Rationale for the dimensions, fibre and structure of
the cloth

In order to ensure the experiment reflected weaving
practices that could have occurred on both looms, the
cloth needed to be of a structure and fibre that would
have been commonly produced in both early and
late medieval England. This presented a problem of
continuity with wool cloth, which was usually woven
in 2/2 twill during the Anglo Saxon period but by the
tenth century was more commonly woven in 2/1 twill
(Walton Rogers 2007, 73). This practice continued
into the 13th century when 2/1 appears to have
become the most common structure for wool cloth
(Crowfoot et al. 2006, 27). It has been suggested that,
in England, the switch to 2/1 twill is connected to the
use of the two-beam vertical loom, as the evidence
for the use of this loom is contemporary with the rise
in production of this type of cloth (Walton Rogers
2001, 166). It should be noted that the origins of this
trend in cloth structure has been the subject of some
debate. Hoffmann (1974, 202-04) has argued that
the warp-weighted loom is not ideally suited to the
weaving of a 2/1 cloth structure and considered the
production of 2/1 twills to have been something of a
mystery. There has been a suggested association with
the use of the horizontal treadle loom (Jye 2016, 10),
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but Crowfoot et al. argue that the horizontal treadle
loom is also ill-suited for weaving an unbalanced
structure (Crowfoot et al. 2006, 27). It is important
to note that neither Crowfoot et al. nor Hoffmann
have claimed that it would be impossible to weave
a 2/1 twill on a warp-weighted loom or a horizontal
treadle loom. It certainly is possible on both looms.
They have simply pointed out that an unbalanced
twill is not ideally suited to these looms since both
function optimally with a balanced weave and
therefore the 2/1 twill is not a logical structure
to have emerged from the use of these looms.
Comparing the process of weaving a 2/1 twill across
different types of loom is an interesting potential
experiment. However, it is beyond the scope of this
project and would have distracted from the main
research question of efficiency.

Linen cloth, in contrast to wool, seemed to change
little in connection with the introduction of new
weaving technology to medieval England. While a
small number of linen twills have been found from
the early Anglo-Saxon period (Walton Rogers 2007,
70), and from later Anglo-Scandinavian Coppergate,
York (Walton 1989, 354), the overall trend was for
linen to be woven in a tabby with z-twisted yarn
(Walton Rogers 2014, 268). Evidence from London
indicates that this continued into the high Middle
Ages (Crowfoot et al. 2006, 80). Linen tabby cloth was
therefore an ideal control test for the comparison of
the two looms, as it eliminated an additional variable
of changing cloth structure and, given the broad date
range during which this type of cloth was produced,
linen tabby could certainly have been woven on both
the warp-weighted loom and the horizontal treadle
loom. The linen thread for this experiment was
ordered from Borg’'s Vavgarner, a company based
in southern Sweden. This yarn is z spun, single ply
and the gauge of thread was 28/1, approximately 0.4
mm to 0.5 mm in diameter. This yarn weight falls
within the range of thread diameters from linen
textiles found in York and London (Pritchard 1984,
64; Walton 1989, 432-443).

Thread count

Thread counts varied broadly throughout the medieval
period, depending on the quality and purpose of the
cloth. Linen tabby weaves, the primary concern for
this experiment, tended towards slightly finer thread
counts than their wool counterparts, ranging from 8/7
to 44/22 during the Early Anglo-Saxon period.

The majority of Early Anglo-Saxon linen fragments
fall between 10/10 and 24/24 threads per cm (Walton
Rogers 2007, 67), which is a broad range. Linen

fragments from urban York and London dating from
the tenth to the 12th centuries are closer to 10 to 20
threads per cm (Walton 1989, 439-443; Crowfoot et al.
2006, 80). However, while some of the fragments are
perfectly balanced, there is an overall tendency for
slightly higher warp counts than weft counts.

A warp and weft count of approximately 14 threads
per centimetre was chosen for this experiment as it
fell within the range of warp thread counts from linen
textiles throughout the Middle Ages and was most
likely to produce a balanced cloth based on the gauge
of the linen thread.

Width

It was important for this experiment to approximate
the medieval experience of weaving linen yardage by
setting up a width of cloth that could be reasonably
woven on both looms. However, interpreting the
weaving width of cloth in medieval England is a
somewhat daunting task. The association of the warp-
weighted loom with relatively wide cloth widths
as well as the possibility of narrower widths being
woven has already been discussed. Cloth widths in
the transition from the warp-weighted loom to the
horizontal treadle loom are difficult to determine,
although they likely started out fairly narrow. Early
depictions of horizontal treadle looms (fig. 2) suggest
fairly narrow weaving widths. Archaeological
evidence for loom widths is scarce, but in tracing the
origin of the horizontal treadle loom, Carroll discusses
some surviving reeds of probable “Coptic” origin
which give an idea of the maximum fabric widths
which could be produced on early horizontal looms
in Egypt. The three examples measure 27, 29 and 26
inches wide (Carroll 1985, 169), or approximately 68.5
cm, 78.5 cm and 66 cm, respectively. As part of her
study of the way cloth widths might influence the cut
and construction of garments, Burnham estimated an
even narrower cloth width, asserting that the tunic of St
Louis, dated to the 13th century was constructed from
fabric 22 inches, or 56 cm wide. It should be noted that
Burnham was unable to make a “proper examination”
(Burnham 1973, 12) and so this measurement should
be considered with caution.

By the late 12th century, regulations on the
width of cloth for import and export in England
began to appear and these are far wider than the
measurements provided by Burnham and Carroll.
A royal proclamation from 1196 stated that cloth
woven should be two ells in width (Walton 1991,
328). Unfortunately, it is difficult to interpret the
equivalent modern-day measurement, as the study
of early medieval measurements is a field rich of
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ambiguity and disagreement. According to Prior, the
ell was equivalent to the yard (which was originally
a cloth measure) from the Norman conquest up to
the reign of Richard II (Prior 1924, 142). However,
we cannot be sure that the medieval yard was the
same as the modern yard, or even that it remained
consistent throughout the medieval period. Fernie
cited evidence for the English yard measuring 91.5
cm. He also referenced William of Malmesbury,
who described the length of a yard as equivalent
to the king’s own arm (the king in question being
Henry I) but argued that this may have been more
of a symbolic statement than a literal one and could
actually imply that the yard measured from the
king’s nose to finger tips, or his arms would have
been peculiarly long (Fernie 1985, 252). Gelsinger,
working from the same source, stated that an ell
was equivalent to the forearm of the king, and that
two ells made a yard (Gelsinger 1981, 128), which
suggests a similar measurement for the yard, but
implies a very short ell in contrast. Around 1100,
the early Icelandic ell was apparently replaced
by a shorter ell, which equalled the length of the
English ell (Hayeur Smith 2014, 36). Dennis et al.
suggest in their 1980 translation of the Gragas (early
Icelandic laws) that the Icelandic ell was initially 49
cm but was replaced by an ell of 54 cm to 57 cm
(Dennis et. al. 1980, 244), which seems to contradict
the suggestion that the ell was shortened to match
English standards. It is a little unclear how these
measurements were determined but, if nothing
else, this further emphasises the variability of this
measurement. From these sources alone, the width of
the English yard/ell potentially measured anywhere
from 54 cm to 91.5 cm, suggesting that in England
during the high Middle Ages, a two ell width of cloth

Fig. 6: Warp for the warp-weighted loom being wound on a
warping frame (Image: Ellie March)

might have measured anywhere from 104 cm to 183
cm. Regardless, this range of measurements does
suggest a gradual widening of woven cloth during
the later Middle Ages. That being said, there are late
medieval records of fines paid in order to continue
weaving a narrower width (Walton 1991, 328). This
makes sense, as transitioning to produce wider cloth
would require investing in a wider loom (Salzman
1923, 218). Essentially, while the set standard cloth
width by the 12th century was 2 ells, this does not
necessarily reflect what all professional weavers
produced. It is therefore possible for medieval
English cloth to have been produced in a variety
of widths from as narrow as 56 cm to upwards of
180 cm, and these higher widths would primarily
be limited individually by the width of loom in use.
Bearing in mind the potential range of fabric widths
throughout the Middle Ages, it was decided early
on that a narrower width within this range would
be preferable for this experiment, as the horizontal
loom to be used would not be able to accommodate
the same cloth width as the warp-weighted loom, and
time constraints needed to be taken into consideration.
Ultimately a starting width of 66 cm was selected
for this experiment as this was one of the middling
measurements of the previously discussed Coptic
reeds and seemed both wide enough to produce a
useful piece of cloth, yet narrow enough that the cloth
could fit both loom width and be woven easily by one
person.

Length

A 2 m warp length was chosen as this guaranteed
multiple hours of weaving on both looms, yet was
short enough to be woven within the three month time
frame of this experiment.

Fig. 7: Detail of the tablet-woven starting band showing the easy
division of alternating threads (Image: Gwendoline Pepper)
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Fig. 8: Lashing the warp to the warp beam (Image: Ellie March) Fig. 9: Chaining the spacing cord around the warp threads (Image:
Janet Finlay)

Process

Warp-weighted loom

The warp was made with a tablet woven starting

band on a warping frame (fig. 6) to ensure consistent

spacing of the warp threads and prevent tangling. This

method also allowed for easy division of alternating

threads (fig. 7). The separated thread bundles were

tied in slip knots to prevent tangling while the warp

was lashed to a dowel, which was then lashed to the

warping beam (fig. 8). The divided warp was arranged

with half of the alternating warp threads placed in

front of the warp beam, while the remaining were left Fig. 10: Tying the heddles around alternating threads (Image:
Gwendoline Pepper)

Fig. 11: Arranging the weft into place with a double-ended pin Fig. 12: Beating the weft with a weaving sword (Image: Penelope
beater (Image: Penelope Walton Rogers) Walton Rogers)
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Fig. 13: The warp for the horizontal treadle loom wound on a
warping board (Image: Gwendoline Pepper)

to hang behind. To keep the spacing of the threads
consistent, a cord was then chained across the warp,
looping around every three threads (fig. 9) and shifted
to the bottom of the loom. The heddles were tied
around every back thread, spaced with a rod, which
was placed in the shed and tied into place against
the loom uprights (fig.10). Before weaving, the weft
was wound on the end of a wooden dowel to keep it
from tangling and was then inserted with each change
of the shed and arranged into place using a double-
ended pin beater (fig. 11). At first, the weft was beaten
with the weaving sword (fig. 12) every shed change
but after about five hours of weaving, this switched
to beating every other shed change and at this point
the pin beater was also used to help separate the shed.
When running out of room to weave, the cloth was
rolled on to the cloth beam, the weights removed and

Fig. 15: Winding the warp on the horizontal treadle loom (Image:
Ruth Gilbert)

Fig. 14: The warp separated by lease sticks, attached to the
warp beam, and spaced in the raddle ready for winding (Image:
Gwendoline Pepper)

Fig. 16: Threading the heddles on the horizontal treadle loom
(Image: Ruth Gilbert)
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Fig. 17: Beginning the weaving on the horizontal treadle loom
with the starting band just visible (Image: Gwendoline Pepper)

tied lower on the warp. This was done twice before the
weaving was finished.

Horizontal treadle loom

The warp was wound on a warping board, crossing
threads to keep the yarn organised (fig 13). The cross-
end of the warp was attached to the back beam after
lease sticks were inserted into the cross and the warp
was then spaced across the raddle (fig. 14). The warp
was then wound on to the back beam while under
tension (fig. 15) and warp sticks were inserted at
intervals to keep the warp winding evenly. Each thread
was fed through a string heddle (fig. 16). After this, the
thread was pulled through the reed in a process called
sleying. Three threads per dent ensured the desired
thread spacing. After this, the warp was lashed on to
the front beam, tensioned evenly, and a short starting
band was woven to establish thread spacing. The cloth

was woven using a boat shuttle, beating the weft after
every shed change (fig. 17). The warp was wound off
the warp beam and the cloth was wound on to the
front beam as the weaving progressed, which, due to
the speed of weaving, was done multiple times per
hour.

Cloth finishing

The ends of both samples were finished with a simple
whipstitch to keep the cloth from unravelling. It was
then washed to relax the threads. The appearance,
thread counts and dimensions of the cloth produced
were recorded before and after washing.

Results and observations

The results of this experiment (table 1) confirm that it
is possible for a weaver to produce cloth significantly
faster on the horizontal treadle loom than on the warp-
weighted loom. The total time for cloth production on
the warp-weighted loom was 37 hours and 1 minute.
The total time for cloth production on the horizontal
treadle loom was 19 hours and 27 minutes. Therefore,
in terms of total production time, this means that the
weaver was able to produce cloth with the horizontal
treadle loom at approximately 1.9x the rate of
production on the warp-weighted loom. That being
said, the total setup times for both looms were nearly
identical, and threading the horizontal treadle loom
took more than twice as long compared to the warp-
weighted loom, which demonstrates that the newer
style of loom is not actually more efficient at every
stage of textile production.

The experiential aspect

A significant difference between the two looms,
which became immediately apparent during the
experiment, was the skill and experience required. The

Table 1: Timed results from each stage of weaving a linen tabby fabric, 66 cm width on a 2 m long warp made of z twisted yarn (z/z) with
a 0.4 cm to 0.5 cm thread diameter, and a thread count of 14 threads/cm in each direction (14/14)
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warp-weighted loom, being simpler in construction,
required more skill and care in order to weave
consistent cloth. Essentially, simpler equipment
results in more work for the weaver. At the time
of the experiment, the weaver had six years of
experience weaving cloth on multiple types of loom.

Fig. 18: Detail of the cloth woven on the horizontal treadle loom
showing the even spacing of weft threads (Image: Gwendoline
Pepper)

Fig. 19: Detail of the cloth woven on the warp-weighted loom
showing minorinconsistencies in weft spacing (Image: Gwendoline
Pepper)

Fig. 20: Detail of the cloth woven on the warp-weighted loom
showing more dramatic inconsistencies in weft spacing (Image:
Gwendoline Pepper)

Therefore, their skill level was such that they could
weave a reasonably consistent piece of fabric on the
horizontal treadle loom, where the reed ensured
consistent spacing of warp threads, while the
built-in beater (fig. 5) made it fairly easy to space the
weft evenly at a 90° angle to the warp threads (fig.
18). In contrast, the weaver struggled at times to
keep the spacing of the weft consistent and to beat
the weft evenly from edge to edge while working
with the warp-weighted loom (fig. 19). The level
of care required by the warp-weighted loom is an
important factor in the time it takes to weave, as can
be seen in sections of cloth where more centimetres
were woven per hour, but consistency was sacrificed
(fig. 20). Another aspect of this inconsistency, which
should be noted, is that the weaver had more
experience weaving with wool than with the linen
used in this experiment, particularly on the warp-
weighted loom. Linen is less forgiving than wool
due toitslack of elasticity. Should this experiment be
repeated, it would be worthwhile to weave a practice
cloth on each loom that would not be timed. This
recommendation for practice time before measuring
is a precedent set in the experimental practice for
the Centre for Textile Research’s Tools and Textiles -
Texts and Contexts project (Martensson et al. 2006, 3).
There was not enough time to run a practice session
within the schedule of this project; in future, this
would help ensure that the weaver was carrying out
the experiments with an established level of comfort
on the specific looms to be used.

Aside from skill and experience, stress may have
also been a factor, as the days which produced
particularly inconsistent lengths of cloth were usually
days during which the weaver was feeling distracted
or pressured. Interestingly, during this experiment
the same feelings of distraction and pressure did not
appear to have the same impact on the cloth woven
on the horizontal treadle loom as there was very
little variation in the thread density of the finished
cloth. Since archaeology is a material study of human
activity, it is worth considering how the mental state
of a craftsperson may be reflected in a finished object.
While the impact of emotions on craft practice may
be impossible to interpret from the archaeological
record alone, it can be argued that this is still a factor
worthy of reflection. For example, in relation to the
weaving process, the horizontal treadle loom acts as
an intermediary between weaver and cloth, which is
a useful role for a loom used to weave large quantities
of cloth commercially, and further emphasises that
an Anglo-Saxon weaver using a warp-weighted loom
would likely have needed to exercise more control,
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both of themselves, and of the threads throughout the
weaving process.

The previously mentioned difference in the ratio of
setup time to weaving time between the two looms
resulted in another interesting observation related
to the experience of weaving: it is commonly said by
modern hand-weavers that setting up a loom takes
longer than the weaving process. This experiment
demonstrates the truth of this in relation to the
horizontal treadle loom, while demonstrating that,
in contrast, weaving using the warp-weighted loom
takes significantly longer than setting up the warp.
Over the course of the experiment, this discrepancy
resulted in a difference in the levels of satisfaction
for the weaver while weaving on each loom: after
spending so long setting up the warp, weaving on
the horizontal treadle loom felt as though it was
over nearly as quickly as it began, and, as a result,
the weaver felt more focused on finishing the cloth,
than being immersed in the experience of weaving.
In contrast, the weaving stage on the warp-
weighted loom dominated their experience because
it took more time than setting up the warp. In
addition, the weaver was more aware of the full
sensory experience of the weaving process, from
the clacking of the loom weights, to the feeling
of the linen thread between the fingers as the
shed was changed. This difference is interesting
to consider when thinking about how an early
medieval weaver may have experienced the process
of making cloth in comparison to a late-medieval
weaver. Extrapolating further, it is possible that the
experienced early medieval weaver may have had a
calmer, more immersive sensory experience during
the cloth weaving process than the late medieval
weaver, who may have been pushed into a higher-
stress production mindset due to the increased
efficiency of weaving on the horizontal treadle loom.
That being said, it is possible to set up longer warp
lengths on the horizontal treadle loom in contrast to
the warp-weighted loom (Jye 2016, 6), which is a
factor not accounted for in this experiment. It would
be worth running a series of tests weaving different
lengths of warp on the horizontal treadle loom, in
order to determine where the equalisation point
might be between setting up the length of warp
and weaving. It is likely that while a longer warp
takes more time to weave, it also takes more time
to set up. Figuring out where these lengths of time
intersect would contribute to an understanding of
how weaving to maximise cloth production may
have been approached in a workshop setting during
the late Middle Ages.

Analysis

This experiment has allowed for an assessment of the
impact technology has on the time it takes to weave
cloth, but it has also illuminated how complicated
this comparison really is. While one may weave cloth
significantly faster on the horizontal treadle loom than
the warp-weighted loom, not every stage of the process
is more efficient; the setup times were nearly equal,
but the threading stage took longer on the purportedly
more efficient loom. In comparing the total times, the
horizontal treadle loom was only approximately twice
as fast as the warp-weighted loom. This highlights
the need to consider the entire weaving process when
discussing the horizontal treadle loom as a medieval
technological innovation.

Technology, skill and gender

This experiment has demonstrated that weaving
consistent cloth on the warp-weighted loom requires
more skill than weaving equivalent cloth on the
horizontal treadle loom. The issue of skill is significant,
as the skill of the weaver can be overlooked when
discussing technological innovation. This omission
is compounded by the fact that there has been an
unfortunate trend in writing on late medieval weaving
to describe the roles which women continued to
occupy in textile production as unskilled, without any
means of accurately quantifying the skill involved in
such tasks.

The horizontal treadle loom’s incorporation of a reed
and built-in beater allowed for functional cloth to be
woven with considerably less skill than the warp-
weighted loom. This does not mean that the operation
of the horizontal treadle loom is unskilled work, but
the level of automation provided by this new type
of loom meant that the male weaver in late medieval
England would have been able to produce cloth more
quickly, with less care than was previously the case.
This mild de-skilling of weaving associated with the
introduction of the horizontal treadle loom is another
important factor in the growth of the English textile
industry during the high to late Middle Ages. It should
not be considered a coincidence that this de-skilling
of labour preceded male clothiers/drapers/weavers
seizing control of textile production.

It is interesting that the introduction of a machine
which allowed for a reduction in the necessary skill
to produce serviceable cloth is so strongly connected
to increased craft specialisation. One might expect
a higher level of skill to have been involved in a
specialised trade. However, the fact that a weaver
could specialise in weaving as a trade, and focus his
time on a single task under the overall organisation
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of clothiers and/or drapers (Karras 2004, 97), rather
than working on multiple stages of textile production
,would also have a significant impact on the quantity
of cloth produced. In contrast, Anglo-Saxon textile
production did not involve this same division of labour
in terms of textile production, meaning it would have
been common for an Anglo-Saxon weaver to develop
skills beyond weaving alone.

One factor which likely contributes to the connection
of the horizontal treadle loom with the specialisation of
labour is the complication of acquiring the equipment
itself. Specialist knowledge would be required to
construct such a machine, making it more likely that
a weaver would need to import or commission the
construction of aloom. The horizontal loom would also
take up more space, which not every household would
be willing or able to accommodate. This was certainly
the case in Early Modern Iceland when the horizontal
treadle loom was introduced, and alterations to both
loom and house needed to be made to accommodate
this new weaving equipment (Hoffmann 1974, 225-
226). It is likely that the same space considerations
would have impacted the medieval weaver. The
expenses of owning a horizontal treadle loom would
have stretched beyond simply acquiring one: there
are recorded fees for owning and operating a loom
in late medieval England, such as the payment of five
shillings per year per loom to the town authorities
required in 13th century Winchester (Salzman 1923,
218-219). Therefore, it is not just the efficiency or the
de-skilling effects of this loom which encouraged
specialisation, but the nature of the machine, as both
a spatial and financial investment, which may have
made specialisation a necessity.

In order to interrogate why this specialisation is
connected primarily with men, one must focus on who
controlled textile production over time. The varied
ways in which women made vital contributions to
cloth production in England and in Europe in the late
Middle Ages has been discussed. It is clear however,
that despite these contributions, female textile workers
were frequently overlooked or treated as subordinate
by the English guild system, and it is clear that while
women still participated and played arguably crucial
roles in textile production, they no longer controlled
cloth production as they had during the early Middle
Ages. This is reflected by restrictions such as one at
Norwich, which alleged women did not have the
strength to weave proper worsted cloth (Salzman
1923, 217). The experimental loom comparison
demonstrates, however, that this assertion is false. The
weaver in this experiment can say from experience that
beating the weft vertically with a weaving sword while

working at the warp-weighted loom takes at least as
much strength as does beating the weft horizontally
with a beater bar on the horizontal treadle loom, and a
good deal more endurance due to the constant upward
arm movements. Such written evidence indicates a
bias against female labour in some primary medieval
sources, which is likely indicative of broader attitudes
during this time.

Exactly why this gender switch in weaving came
to be is complicated and merits further research.
The supremacy of male weavers in guilds contrasts
strongly with the role of women as key organisers of
textile production during the Anglo-Saxon period.
However, this displacement of women as organisers
of textile production appears to be congruent with
an overall reduction of female autonomy during the
Middle Ages. The status of women in medieval British
society appears to have been negatively impacted by
the Norman conquest of 1066, as an obsession with
land-tenure influenced attitudes towards marriage
and rights of inheritance, further infringing women’s
freedoms (Clark & Williams 1984, 149). From this
point on, a woman was unlikely to own land, had little
freedom of choice in marriage, and, upon marriage,
her finances were under her husband’s control (Clark
& Williams 1984, 149). Additionally, in contrast to the
relative equality experienced by both male and female
converts to Christianity during the Anglo-Saxon
period (Fell 1989, 109), a complicated relationship
developed between the Christian church and women
post-1066. Despite a belief in the equality of all souls,
anti-female attitudes seem to have increased, spurred
on by late 11th century Gregorian reforms (Clark &
Williams 1984, 152). However, this is not a clear-cut
issue. Canon law, for example, emphasised the idea
of spiritual love, leading to a requirement by canon
lawyers of full consent from both parties in the
event of marriage, while simultaneously alleging the
inferiority of women (Clark & Williams 1984, 153-
54). Based on this, one cannot attribute this reduction
in women’s status solely to Christianity, but an
increasing adherence to canon law after the Norman
Conquest may have played a significant role.

The observations from this experiment highlight
that, for centuries, the type of weaving that has been
typically defined as “women’s work” was a highly
skilled and time-consuming task. The adoption of new
specialised technology led to an increase in weaving
speed and a reduction in the skill required to produce
cloth. At the same time weaving as a trade became
associated with male craftsmen.

Ultimately, the adoption of new technology and
reduced weaving time appear to be key factors in
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the process of weaving becoming a male-dominated
trade, but these factors should not be taken for granted
as a complete explanation of why men came to inhabit
the role of weaver. The fact that male weavers are
so strongly connected to the growth of the English
cloth industry despite the continued involvement of
women, highlights a key issue in the discussion of
weaving and gender in the medieval period. Boulding
(1976, 96) writes, “Woman’s production is normally
noticed by statisticians only when it leaves the home.
Man’s production is more apt to be noticed whether
it leaves the home or not.” This illustrates how
our understanding of the status of female weavers
throughout history is at least partially coloured by
scholarly biases.

The academic diminishment of the role of medieval
women as administrators and organisers during the
later Middle Ages is a recognised problem in the field
of archaeology (Gilchrist 1997, 44). This has been
particularly demonstrated in the way that the role of
women in late medieval production has been discussed
in the past. Jye has called attention to a tendency
amongst historians to dismiss the likely crucial role
that wives and daughters would have played in
household-based production during the birth of the
guild systems (Jye 2016, 12), which underscores
Boulding’s argument. Therefore, the study of gender
and weaving in medieval England not only involves
the examination of shifting attitudes towards women
during the Middle Ages, but also requires the
acknowledgement of a foundational academic bias
that, despite being challenged by many contemporary
scholars, canstillinfluence the study of medieval female
labour. Technology-driven production organised by a
male workforce has previously taken precedence over
time (and skill) intensive female-organised labour in
the study of the medieval English cloth industry. If
we are truly to understand the changing role of time
and skill in connection to medieval weaving, this topic
must be examined through a feminist lens.

Conclusion

Examining time in relation to the processes of textile
production is significant to the study of medieval craft
practices, as it allows for a better understanding of
how labour may have been organised, the impact of
new technology on craft production, and, in a broader
sense, how different types of labour were regarded at
various points during the Middle Ages.

This experiment has focused on loom type as a factor
affecting weaving time. A controlled methodology
was achieved by using the same weaver, cloth width,
and thread density on two different looms, but the

results cannot accurately reflect specific early and late
medieval cloth production times. This experiment
has instead allowed for the isolation of technology
as a factor in weaving speed, which has clearly
emphasised that other variables such as skill and
access to tools, would have had an equally important
impact on production time and the organisation of
textile manufacture during the Middle Ages. The
issue of skill in particular highlights problems with
the way in which gendered labour has historically
been regarded. Further experimentation can address
differences in modes of production, factoring in other
variables and testing variations in equipment. It would
be worthwhile, for example, to build a horizontal
treadle loom of the style depicted in medieval sources,
keeping in mind what archaeological evidence is
available. It is likely that advances in the design of
this type of loom will have been made over time.
Therefore, while the basic mechanics are close enough
to the loom which was used for this experiment that
the results are still relevant, it would be worthwhile to
work with a custom-built loom in order to understand
any differences in operation which may have been
overlooked here. Regardless of these variables,
however, it is arguable that the general impression of
faster weaving on the horizontal treadle loom, and the
key observations of difference in required skill level
will likely remain unchanged.

The results of this experiment, when viewed in
relation to historical context demonstrate some of the
biases inherent in discussing gendered labour. The
emergence of the role of “weaver” as a profession is
the result of a number of factors, but this evolution
of weaving as a male-organised trade appears to be
strongly linked to the introduction of the horizontal
treadleloom. The key observation from this experiment
is that the skill necessary to produce cloth on the
warp-weighted loom is far greater than that required
by the newer horizontal treadle loom. Reframing the
discussion of this technological transition as not just
an increase in efficiency, but a moderate de-skilling
and increased division of labour, will allow for a more
nuanced discussion of gender roles and the medieval
textile economy. Furthermore, this experiment has
demonstrated the value of experimental archaeology
as a tool for conducting a feminist analysis of medieval
labour practices.
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Nets — Knots — Lace:
Early 16th century headdresses

from East Tyrol

Abstract

In memoriam Liselotte Zemmer-Plank

In an excavation carried out in 1968 four headdresses dating from the early to first half of the 16th century were discovered
in a crypt in the parish church of Lienz in East Tyrol (Austria). All four headdresses are remarkably well preserved and two
of them reveal techniques that are surprising considering the early date. A hairnet with macramé knots and a coif adorned
with bobbin lace most likely date before 1509 making them the earliest extant examples of macramé and bobbin lace to
date. This paper gives an account of the finds and considers the implications these headdresses might have on the history

of lace.

Key words: 16th century, headdress, netting, filet, macramé, bobbin lace, hairnet

The excavation

In the course of the restoration of the parish
church of St Andrew in Lienz-Patriasdorf in 1968
the Tyrolean State Museum Ferdinandeum
carried out extensive archaeological investigations
for the clarification of historical questions (Zemmer-
Plank 1974). The excavations revealed six tombs, two
in the north and one in the south aisle, a crypt located
in the western choir room, a crypt located in the
presbytery and a crypt in the central axis of the nave
in front of the crucifixion altar. The crypt in the central
axis in front of the altar (crypt II) was the entombment
of the Freiherr Michael von Wolkenstein-Rodenegg
and his wife Barbara von Thun. This was clarified by
a reference found in part III, section 3, caput XIII of
Matthias Burglechner’s manuscript Tirolischer Adler of
1619 (Burglechner 1619, III/3/XIII, 889). Burglechner
wrote: .... in mitten der Kirchen vor dem Kreizaltar
liegen Herr Michael Freiherr zu Wolkenstein, und sein
Gemahl Frau Barbara von Thun mit dieser grabschrift
hie ligen begraben die wolgeporn herr michel freyherr
zu wolgkenstain un sein gemachl frau barbara geborne
freyn zu thun die an mittich des XXIX tag augusti im
mdix und obbemelter freyherr an XV tag april und in
mdxxiii jar gestor[blen sein den got gnadig sein” (in the

middle of the church in front of the crucifixion altar
rests Michael Freiherr zu Wolkenstein and his wife
Barbara von Thun with this epitaph “Here rests the
noble Freiherr Michael von Wolkenstein and his wife
Barbara née Freiin zu Thun who died on Wednesday
29 August 1509 and aforementioned Freiherr on the
15th day of April in the year 1523 God have mercy.”
Freiherr was a title of nobility in the German-speaking
areas of the Holy Roman Empire. It corresponds to
baron in rank. The original distinction from barons
was that a Freiherr’s landed property was allodial
instead of a fief (an allod is a land over which the
owner can dispose freely). Freiin is the title of an
unmarried daughter of a Freiherr.

Michael von Wolkenstein-Rodenegg and Barbara
von Thun

Michael von Wolkenstein-Rodenegg came from
an old Tyrolian family and was the grandson of
the poet and composer Oswald von Wolkenstein.
Michael was a Knight of the Golden Fleece and a
particularly respected member of the Tyrolean
government who served as Landhofmeister (Lord
steward of a province — Ebers 1798, 480) at the court
of Emperor Maximilian I. Michael von Wolkenstein
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lived in the Hofburg in Innsbruck and had a high
salary of 1000 fIRh per year (fIRh = Rhenish guilder.
Latin: florenus Rheni). His accommodation included
a kitchen, cellar and bath. As additional benefits in
kind he could pick the fruit in the courtyard garden
as much as he needed, received wood for three
rooms and the kitchen stove, two deer every year and
enjoyed the duty-free import of a number of oxen
from Carinthia (Adler 1886, 384, footnote 1). A letter
from 12 October 1502 to the regiment in Innsbruck
(RIXIV, 4.1 n. 16988, in Regesta Imperii Online) proves
how high Michael von Wolkenstein stood in the
favour of the emperor. In it Wolkensteins debt of 300
guilders for pearls was erased. The reason was that
Maximilian and his wife Bianca Maria Sforza had
,ain kint aus der Tauf gehebt und ir dieselben Perlen in
das kindlpet geschenkt” (RI XIV.4.1 n. 16988 in Regesta
Imperii Online). They acted as godparents to a child,
Regina Bianca, of Michael and his wife Barbara and
the pearls were a baptism gift (Egg 1998, 155). Michael
von Wolkenstein-Rodenegg was also involved in the
completion of the Golden Roof in Innsbruck in the
years 1495 to 1500. His coat of arms is carved on the
back of a relief of one of the Moriskentinzer (Morris
dancer). The fact that a simple Freiherr was allowed
to place his coat of arms on a monument intended
to display the Glory of the King and the House of
Habsburg shows that Michael von Wolkenstein had
proved his skills as financier and commissary on
behalf of his king. In 1501 Maximilian I sold him the
rule of Lienz that included Bruck Castle, the city of
Lienz, the office and district court Lienz with the
associated courts and offices Kals and Virgen with
Defreggen for the price of 22.000 fIRh (RI XIV, 3.1 n.
12327, in Regesta Imperii Online).

Barbara von Thun belonged to the court of the
queen Bianca Maria Sforza. Barbara is mentioned
for the first time on 6 July 1494 as a member of the
Frauenzimmer and on 18 August 1495 named as lady-
in-waiting. At courts of the 15th century the entire
royal household of a noble lady and her apartments
was referred to as Frauenzimmer (frawenzymer). By
order of Emperor Maximilian she was raised in rank
as her family was ennobled to Reichspanierherren
(= Freiherren) in 1495 (RI XIV, 1 n. 3641, in Regesta
Imperii Online). Barbara von Thun married Michael
von Wolkenstein-Rodenegg on 29 March 1497. The
wedding took place in Innsbruck in the presence of
Maximilian I, but in the absence of the queen, who
resided in Worms at the time. Barbara remained
a member of the Frauenzimmer and probably only left
when her husband became Landhofmeister in Innsbruck
in 1500, officially the highest office of the Austrian

Fig. 1: Effigies of Michael von Wolkenstein-Rodenegg and his wife
Barbara von Thun. Table tomb in St Andrew, Lienz, East Tyrol (©
BDA. Image: Bettina Neubauer, 2012)

countries in the West. When Michael von Wolkenstein
acquired the rule of Lienz, the couple moved to
East Tyrol and resided at Bruck Castle. Barbara fell
severely ill after the birth of her seventh child in 1509
and died the same year on 29 August at the age of 26
years (Korotin 2016, 203-205).

When Michael von Wolkenstein-Rodenegg died
on 15 April 1523 in Innsbruck, they transferred him
to Lienz and buried him beside Barbara von Thun.
During his lifetime, he had already commissioned a
magnificent table-tomb in the parish church of Lienz
with effigies of himself and his wife (Mannhart 1958,
54-55) (fig. 1). The rule of Lienz belonged to the house
of Wolkenstein-Rodenegg till 1642 when the family
went bankrupt. This resulted in the transfer of the rule
of Lienz and thus also Bruck Castle to the Tyrolean
Prince Archduke Ferdinand Karl.
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The crypt — construction and contents

At a distance of 6.25 m west of the lowest step to the
presbytery, there is an excellently preserved Gothic
floor, a brownish screed interspersed with small
white limestones. A 0.89 m wide and 1.37 m long
granite stone slab with two heavy iron rings covers
the entrance to the crypt (Zemmer-Plank 1985, 26, fig.
2). Beneath the stone slab a stair leads to a small room
(1 m wide, 0.9 m deep and 1.24 m high) that served as
an antechamber to the actual burial room (Zemmer-
Plank 1985, 26-27, fig. 3 and fig. 4). A double-winged
wooden door separated it from the burial chamber as
some wood residues and two iron cones on both sides
of the stone doorframe show. The bottom of the burial
chamber with a barrel-vault lies around 0.35 m lower
than the antechamber. The crypt is 2.4 m long, 1.05
m wide with a maximum height of 1.69 m. The vault
starts at 1.2 m height at the two longitudinal walls.
The wall plaster was applied without special care and
has partially flaked off so that the stones are visible
between the unsmoothed mortar zones. On the vault
of the burial chamber the imprints of six 0.2 to 0.28
m wide wooden boards can be seen. The dirty brown
screed is rough and uneven. On the floor of the crypt,
in the eastern part of the burial chamber, five human
skeletons lay pushed together. Their disorder in the
crypt was so extensive that the skeletons were torn
completely out of their original context. There was no
anthropological investigation done and unfortunately
Zemmer-Plank, who excavated the crypt, made no
note in her site notebook if she was able to distinguish
between skeletal remains of children and adults, male
or female. The photographs taken inside the crypt are
inconclusive and the bones were reinterred. It cannotbe
determined when this disturbance took place. Perhaps
when the table tomb was dismantled in 1781 (Pizzinini
1973, 232) or during the restoration of St Andrew in
1860, when a new floor was laid, and the stone slab
covering the entrance to the crypt disappeared under
it. Mixed with the bones was an approximately 0.25
m high pile of debris consisting of crumbled plaster,
wood scraps from the coffins and the wing door, iron
bands and hinges and remains of the grave goods. A
sword with a long, narrow blade, fragments of a pair
of bronze wheel spurs with the associated buckles,
fragments of garments and a rosary with wood and jet
beads were also found (Zemmer-Plank 1992, 139-140,
fig. 12.15).

From the garments, only a few indefinable fragments
made of fine linen, set with a 50 mm wide velvet
border and a 7 mm wide dagged edging, including
one probable sleeve part, remained.

A very coarse piece of fabric in twill weave about the
size of a palm of undetermined use was still present
too. From the footwear, only some leather pieces could
be salvaged and the soles of a pair of shoes. Because
of their size, they must have belonged to a petite
woman or to a child. Only two heels of spruce (20
mm high, 57 mm wide and 85 mm long) as well as
the fragment of a shoe sole or patten made from cork
with a preserved length of 106 mm and a width of 74
mm and two leather soles of a total length of 200 mm
and a maximum width of 70 mm width (measured
at the forefoot and heel) were found (Zemmer-Plank
1992, 136 & 140, fig. 12.14, 139). The soles are rounded
at the toe. From the shoe upper, just some small
fragments provide no clues about the design of the
footwear. Amazingly well preserved were four pieces
of headwear, a padded roll with ties, two hairnets and
a coif. As with most finds from graves all objects now
show a uniform brown colouring, and the original
shades cannot be determined.

The reason why the four pieces of headwear are much
better preserved than the other textiles is unknown.
It could be due to the material, since the various
plant and animal fibres react differently to moisture,
temperature, oxygen, and other soil conditions such
as pH-value and salinity, or it could be due to their
position in the coffin — on the head — where they were
less exposed to the decomposing bodies.

Which five members of the house of Wolkenstein-
Rodenegg were buried in the crypt in St Andrew’s?
First, Barbara von Thun and Michael von Wolkenstein-
Rodenegg and maybe two of their seven children’,
Philipp and Bianca, who died at a juvenile age
(Zemmer-Plank 1985, 27). This was also the opinion
of Zemmer-Plank who saw the skeletal remains.
Therefore, it must be assumed that she identified at
least some of the bones as being those of juveniles, even
if she failed to make a note. The fifth was probably
their son Veit von Wolkenstein-Rodenegg. Zemmer-
Plank writes that he was buried in monasterio in Lienz,
information that she gathered from the "genealogies
of the Tyrolean nobility’, by Stephan von Mayrhofen.
This is a misunderstanding. The entry sepulta in
monasterio (Mayrhofen n.d., 844) refers to the burial
place of his wife Susanna von Welsperg (died 1580).
Veit died in 1538 when the crypt of his parents was
still relatively new. His wife Susanna outlived him
by 42 years. By then the tomb had not been used for
decades. It is also much more plausible that a widow
like Susanna entered a convent in her old age and was
then subsequently buried there, than Veit, who died —
probably unexpected — at the age of 31.
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Fig. 2: a) padded roll or wulst from the crypt; b) — d) microscope images of the fabric seen through the meshes of the crepeline cover.
Magpnification of b = 55 x, ¢ = 205 x, d = 30 x (O Tyrolean State Museum Ferdinandeum. Images: Beatrix Nutz)

The textile finds from the crypt

The textile finds from the crypt of Michael von
Wolkenstein-Rodenegg and his wife were first
published 1985 by Liselotte Zemmer-Plank in the
Festschrift (commemorative publication) for the 65th
birthday of Erich Egg (Zemmer-Plank 1985) even
though She admitted that textiles were not her area of
expertise. In addition, the paper is written in German
and did not gain the international attention it deserves.
The findsarenow housed at the Tyrolean State Museum
Ferdinandeum in Innsbruck, inventory number TLMF
U 18.475. Liselotte Zemmer-Plank passed away on 19
May 2015 and is sorely missed by her colleagues. In her
memory, the textiles were re-examined and the results

are to be published in English to make them known
to a wider audience. Elisabeth Macho-Biegler (Atelier
fiir Textilrestaurierung, e-mail: textilrest.emb@gmx.at)
conserved two of the textiles in 2000, as they were put
on display in a temporary exhibition (Zemmer-Plank
1992). To stabilize the fragile objects, a padded roll or
wulst and a knotted hairnet were covered with silk
crepeline. The wulst is completely encased except for
the two ties at the ends and the hairnet is sewn onto
the crepeline, which now obscures the inside as well as
the damaged lower parts of the hairnet on the outside.
Unfortunately, this makes it difficult to obtain all data
needed (e.g. weave and thread count of the fabric of
the wulst, type of knots with pile used and bottom
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finishing on the hairnet). It was also not possible to
analyse the fibres according to modern standards,
as the museum did not give permission to take fibre
samples. In her conservation report Elisabeth Macho-
Biegler identified the fibres of the knotted hairnet as
silk and Zemmer-Plank wrote that the wulst is made of
linen, but neither provided information on how they
achieved this identification. Personal communication
with Mrs Macho-Bieglerin 2019 provided no additional
information as she could not remember how she
identified the fibres as silk. The re-examination of the
textiles was done visually only using photography,
macro photography and microscope images taken
with a Dino-Lite-Microscope.

The headdresses

The padded roll

The padded roll or wulst is 505 mm long (without
ties), 16 mm wide and 10 mm thick (fig. 2a). It is
made from three strips of fine fabric sewn together
with whip stitches (fig. 2d) using sewing thread with
a thread diameter of 0.66 mm and stuffed with stiff
matter. As mentioned above, according to Zemmer-
Plank, the fabric is made of linen, but the threads show
no easily discernible twist when looked at under a
Dino-Lite-microscope with 60 x magnification giving
the impression of reeled silk (fig. 2b and fig. 2c). The
warp threads do appear to have a very slight S-twist,
which seems to be a characteristic of silk yarn used
in Italian silks in the 15th to 16th century, while older
silks are woven with Z-twisted yarns. This change is
probably associated with a technical development in
silk throwing (Crowfoot et al. 2012, 124). Lisa Monnas
and Roberta Orsi Landini wrote on S-twisted silk
threads: 'fourteenth-century [Italian] velvets usually
have Z-spun main ends ... but from the late 1420s
their main warp threads were generally S-twisted.
In contrast, Ottoman velvets of the late 15th and 16th
centuries generally have Z-twisted main warp threads’
(Monnas 2012, 15); “the finest silk thread was used for
the warp: strong shiny silk organzine, generally made
up of 2 S-twisted ends’ (Orsi Landini 2017, 15-16).
The thread diameters range from 0.2 mm (warp) to 0.3
mm (weft) and the fabric is woven in plain weave with
30 threads/cm, although it occasionally appears that
two threads are used in the weft in the same shed. The
ties are each 450 mm long and are now a loose bundle
of eighteen wavy threads once most likely either plied
or braided to form a cord. The material of the padding
could not be determined but it could be made from
cotton, strips of fabric or even bast. Cotton padding
was often used for doublets, duvets or sleeping caps

Fig. 3: a) netted hairnet; b) filet needle; c) braid — microscope
image, magnification 35 x; d) drawstring running through the
last row of netting loops and the loop at the end of the braid
(© Tyrolean State Museum Ferdinandeum, Image: Beatrix Nutz.
Filet needle: © Museum Schloss Bruck Lienz. Image: Sudtiroler
Landesmuseum fir Kultur- und Landesgeschichte Schloss Tirol)

(Zander-Seidel 1990, 398) and of two 15th century
rolls found at Lengberg Castle (Nutz 2015b, 29 and 30
fig. 4) one was stuffed with strips of linen fabric and
one with lime bast, Tilia cf cordata (analysis by Thilo
Kappelmeyer in 2013).

Netted hairnet®

The hairnet is made from a rectangular piece of
netting of 220 x 500 mm with an S-plied 2-ply thread
with a thread diameter of 0.75 mm (fig. 3a). The fine
mesh suggests that it was made using a filet needle.
Such a needle (length 153 mm, fig. 3b), dated to the
16th century was found in a vault at Bruck Castle
(Datterl 2009, 51), where the family of Wolkenstein-
Rodenegg resided. The rectangular net is folded and
"sewn’ together on one longitudinal side by running a
thread through the loops and winding another thread
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Fig. 4: Pattern of the netted hairnet with microscope images. a) the “seam’; b) the netting knots; c) and the drawstring; d) the knotted
end of the drawstring. Magnification of a =35 x, b =60 x, cand d = 25 x (© Tyrolean State Museum Ferdinandeum. Images: Beatrix Nutz)

as ‘spacer’ around the said thread. This side is then
gathered at the back of the head leaving a seam of 75
mm length. A narrow, 550 mm long and 4 to 5 mm
wide braid is sewn onto the edge of the face opening,
both ends folded to make 25 mm long loops (fig. 3c
and fig. 3d). The braid with a slightly D-shaped cross
section, flat on one side and ridged on the other, was
most likely done in a loop manipulation technique
in a pattern in 15th century braiding manuals called

"a broad lace of five loops” (Speiser 2000, 49; Benns
& Barrett, 2007, 39). Through the last row of netting
loops at the bottom edge and the loops of the braid
runs a 1970 mm long and 2 mm thick drawstring with
knotted ends made of three threads (fig. 4c and fig. 4d).
The pattern consists of alternating sections of plain
loops and crossed loops (16 sections of crossed loops
in total) (Dillmont 1890, 397-398). Thérése de Dillmont
explains “diagonal netting with crossed loops” for the
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Fig. 5: a) 16th century hairnet with netting knots using increases and decreases in the Bisschoppelijk Palais in Ghent (Belgium); b) knotted
hairnet with gold and silver wire in the Bisschoppelijk Palais in Ghent (Belgium) with close-up of the knots (© KIK-IRPA, Brussels, Object

numbers 93124 and 93121)

crossing of three loops, but here only two loops are
crossed (Dillmont 1890, 406-407, fig. 632). The pattern
changes slightly after the eighth section of plain loops
from a line composed of three rows of knots to two
rows of knots in between the crossed loops (fig. 4).
The net is finished with a row of decreasing loops for
the drawstring (Dillmont 1890, 400). A comparable
16th century hairnet using increases and decreases is
housed in the Bisschoppelijk Palais in Ghent (Belgium)
(fig. 5a).

The decreasing loops of the hairnet are characteristic
of a netting technique called mezzo (or mezza)
mandolina. According to Margaret Abegg mezzo
mandolina is a variety of network (Abegg 1978, 94). It
is an irregular mesh that employs increases, decreases,
different stitch lengths, dropped and added stitches,

to create the decorative effect. It is sometimes left
plain, like the hairnet from Lienz, but more often it is
embroidered in darning stitch which fills the mesh so
that the background can hardly be seen between the
interwoven figures. Ricci published a photograph of
a plain, unembroidered net with decreases on fig. 39
and believes the embroidered chemisette (or partlet) of
Eleanor of Toledo in her portrait by Agnolo Bronzino,
circa 1560, to be a mezza mandolina net (Ricci 1913, fig.
38 and fig. 39). Levey (1990) identified the partlet worn
by Isabella de Medici in her portrait by Bronzino (circa
1552-1553) as being mezza mandolina, but thinks the
partlet of Eleanor of Toledo is of burato, decorated in
imitation of mezza mandolina (Levey 1990, fig. 98 and
fig. 103). Burato is worked on a ground fabric woven
with an open gauze weave resembling the regular
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mesh of the hand-knotted net (Levey 1990, 18-19).
Patterns for mezzo mandolina can be found in Isabetta
Parasole’s Specchio delle virtuose donne published in
1595 and in Studio delle virtuose dame 1557 (Parasole
Catanea 1595; Parasole Catanea 1597). If the hairnet
from Lienz can indeed be labelled mezza mandolina
however is debatable. Johnstone describes the punto a
mezza mandolina as “stitch of half an almond shape”
(Johnstone 1926, 16). This is an acceptable translation
of the Italian term, as punto can translate to “stitch’,
mezzo to "half’ and mandolina to "almond-shaped’.

Pat Earnshaw gives both Abegg’s and Johnstone’s
opinions and says that the latter describes the simplest
form of buttonhole stitch loop (Earnshaw 1999,
110). Levey and Lewandowski define it as ‘a form
of lacis where the large square mesh is covered by a
cobweb-like pattern of darned thread” (Levey 1990,
122; Lewandowski 2011, 191). It is possible that mezzo
mandolina either just refers to the type of stitches used
to “embroider” the knotted net or to both the net and
the embroidery. Looking at Parasole’s patterns it is
most likely both.

Fig. 6: Knotted (macramé) hairnet with measurements and close-up (© Tyrolean State Museum Ferdinandeum. Images: Beatrix Nutz)
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Fig. 7: Pattern of the macramé hairnet with microscope images. a) the half hitch knots; b) the one and a half square knots; c) the rep
ribbon with picots; d) the loops for the drawstring with close-up (left) and microscope image (right). Magnification of a=30x, b =55 x,
c=25x,d=40x(© Tyrolean State Museum Ferdinandeum. Images: Beatrix Nutz)

Knotted hairnet

The second hairnet is worked from the top of the head
down, starting with a circular centrepiece (also called
an eye or crown) with swirls (fig. 6). The centrepiece
is followed by concentric strips alternating between
diagonal and triangular patterns separated by bars

of horizontal half-hitch knots (fig. 7a) adding threads
as the diameter increases (fig. 8b). The first diagonal
pattern row is followed by two very narrow ribbons
in warp-faced plain weave or rep (Emery 1994, 76-77,
86) with a width of 2 mm each that are sewn onto the
hairnet and obscure the knots underneath. The same
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Fig. 8: Macramé knots (Image: Beatrix Nutz)

type of ribbon frames the face opening of 530 mm. The
weft thread of this ribbon is used to make picots (fig.
7¢). The bottom ends in several V-shaped points, but
the exact pattern of the V cannot be determined due to
extensive damage and the crepeline cover. At the tips
of the V’s the threads used for the knots are gathered,
braided and the braid turned over to form a 20 mm
long loop (fig. 7d) for the now missing drawstring.
The surviving loops are 40 mm to 60 mm apart which
would make about eight loops in total. The knots are
of a type that is commonly known as macramé knots
today and the pattern is achieved with bars of double
half-hitch knots (fig. 8a), square knots or Solomon
knots (fig. 8e) and one and a half square knots (Emery
1994, 65) (fig. 7b and fig. 8h). Small fibre bundles (pile)
are knotted into the hairnet with square knots (fig. 8i).
Comparable hairnets with macramé knots are found
in the Czech Republic and Hungary.

The hairnet of Anne of Bohemia and Hungary, also
known as Anna Jagellonica (born 1503 — died 1547),
daughter of King Vladislaus II of Bohemia and
Hungary and the wife of Emperor Ferdinand I, that
was found in her tomb in St Vitus Cathedral in Prague
and a hairnet found in a well at Prague Castle dating
before 1580 (Archive of Prague Castle, inventory
numbers PHA 25/2 and PHA 40) both use square
knots (Czech: plochy uzel). But in contrast to the
hairnet from Lienz they also employ other techniques
such as needle lace and embroidery (Bravermanova
et al. 1994a; 1994b; Bravermanova 2005; Fucikova

1997, 592; Stkenik 2013, 55-56). The hairnet of Anna
Jagellonica is described as “a cap made of gold thread
with a bottom band of woven cloth from which there
is a sewn central medallion made in openwork from
“columns” of thread. Gold thread is fixed around the
circumference, and out of it the cap is made in knot-
work” and its origin as “probably Italy, Germany or
Austria, made up probably in Vienna or Prague’

Fig. 9: Hairnet with macramé knots found in St Martin’s Church,
Szombathely, Hungary (© Dominican Monastery and Museum
Vasvar)
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Fig. 10: Portrait of Barbara Schellenberger, née Ehem, 1507, by
Hans Burgkmair. Cologne, Wallraf-Richartz-Museum & Fondation
Corboud, Gemaldesammlung, Inv.-No. WRM 0851 (© Rheinisches
Bildarchiv, rba_c004538)

(Fucikova 1997, 592). It is additionally covered with a
silk muslin veil. In portraits of Anna painted by Hans
Maler zu Schwaz, she can be seen wearing hairnets
underneath large caps. Schwaz was a German painter
active as a portraitist in the village of Schwaz, near
Innsbruck in North Tyrol. His clients were members
of the Habsburg court in Innsbruck and Schwaz
merchants, especially members of the Fugger family.
He portrayed Ferdinand I at least three times and
Anna of Bohemia and Hungary four times (Mackowitz
1960, 42-46).

The hairnet from St Martin (parish church until 1638)
in Szombathely, Hungary (fig. 9), found in situ
in grave number 16 likewise is made with rows of
square knots (fig. 8f), some with picots (fig. 8g) (Sipos
1998). The grave, excavated in 1992 by Gabor Kiss,
situated next to the high altar of St Martin belonged
to a young woman of about 18 to 20 years, buried in
a wooden coffin. Apart from the hairnet, remains of

Fig. 11: Coif with bobbin lace edging (© Tyrolean State Museum
Ferdinandeum. Images: Beatrix Nutz)

her garments and a belt with silver fittings survived.
The burial is dated to the end (or last third of) the
16th century, certainly before the year 1605. The
hairnet is made of gilded silver threads. The eye on
the top of the head is made of a handful of sewn lace
rosettes framed by an embroidered net, followed by
a slightly narrower braid. The macramé starts at the
outer edge of the braid and the meshes are decorated
with drop-shaped spangles cut from gilded silver
plate, which were attached to the net with a metal
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thread (Sipos 1998, 233-234). The spangles and the
metal threads are reminiscent of the Flinderhaube,
Goldhaube or Haarhaube (hair cap/coif/net). With the
Haarhauben the complete covering of the hair was
first abandoned and the hairnets, worn with a free,
high forehead, clearly show Italian influence. The
Haarhaube was in fashion in Italy and with the nobility
as early as the 15th century, and appears on portraits
of German women of the urban upper class from
the late 1490s. Such hairnets were worn by married
women and young girls alike, alone or covered with
a veil, decorated with wreaths and hoops, and with
or without wimples. On the occasion of her wedding

with Hans Schellenberger, the 19-year-old Augsburg
woman Barbara Ehem was portrayed in 1507 by
Hans Burgkmair with a hairnet where the hair at
her temples is visible (fig. 10) (Zander-Seidel 1990,
119; Zander-Seidel 2010, 39-40, fig. 3). Incidentally
the gold spangled headdress of a Nuremberg
patrician woman, dated 1650/1700 is also made with
rows of square knots in gold-coloured silk thread
(Germanisches Nationalmusum, inventory number
T35). Another hairnet made with gold and silver
wire, today in the Bisschoppelijk Palais in Ghent
(fig. 5b) dated to the 16th century also uses one and
a half square knots and Josephine knots (fig. 8c). In

Fig. 12: Pattern with measurements of the coif. Microscope images. a-b) the seam at the parting outside; c-d) the seam inside; e) the
bottom edge outside; f) the bottom edge inside. Magnification of a, ¢, e and f = 55 x, b = 30 x, d = 35 x (© Tyrolean State Museum

Ferdinandeum. Images: Beatrix Nutz)
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Fig. 13: Close-ups and microscope images of the coif. a) fabric; b) stitches at the gathering; c and d) string threaded through the holes to
serve as loops and the drawstring; e) green staining on the end of the drawstring; f) end of the bobbin lace with loop. Magnification of a
=225x,b=25%,dand e =35 x (O Tyrolean State Museum Ferdinandeum. Images: Beatrix Nutz)

a painting by Agnolo Bronzino® (circa 1560) Eleonora
di Toledo can be seen wearing a similar hairnet with
Josephine knots.

The coif

The coif (fig. 11) is a similar shape to the netted hairnet
asittoois made with a rectangular piece of fabric of 315
x 400 mm, folded, sewn together at one longitudinal
end and gathered at the back of the head (fig. 13b),
leaving a 115 mm long seam at the parting (fig. 12). The

very fine, transparent fabric is woven with Z-twisted
yarn with a diameter of 0,065 to 0,09 mm and a twist
angle of 29° in half-basket weave (Emery 1994, 77, 87)
with 70 weft threads/cm and 40 double warp threads/
cm (fig. 13a). The bottom edge is folded twice to make
a 40 mm wide hem sewn with three rows of back
stitches (fig. 12e and fig. 12f). At intervals of about
10 mm, holes are punched into the very bottom of
the fabric without any overstitching to create eyelets
(Crowfoot et al. 2012, 164; Case et al. 2017, 170) and a
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string is threaded through the holes to serve as loops
for the drawstring. Both strings are 14 mm thick and
made with four S-plied, 2-ply threads Z-plied together.
The drawstring has a preserved length of 340 mm, and
the green staining at the remaining end indicates lace
chapes of nonferrous metal (fig. 13c to fig. 13e). The 440
mm long face opening is hemmed and decorated with

an 11 mm to 12 mm wide bobbin lace. The lace is made
with 12 bobbins using S-plied thread with a diameter
of 0.8 mm and the pattern called Kronle mit XII (crown
with 12 bobbins) in the Nitw Modelbuoch of 1561 (R.
M. 1561). The same pattern but with additional picots
appears in the Le Pompe, volume one of 1557 (fig. 14).
The braid at the straight edge of the lace is folded on

Fig. 14: Bobbin lace. a) on the coif with patterns from the Le Pompe and the Niiw Modelbuoch; b and c) Microscope images of the lace;
d) structure of 4-strand plait. Magnification of b = 20 x, ¢ = 55 x (© Tyrolean State Museum Ferdinandeum. Images: Beatrix Nutz)
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Fig. 15: How to wear: a) the macramé hairnet; b) the coif (Image:
Beatrix Nutz)

both ends to make loops for the drawstring (fig. 13f
— red arrow) and the lace is sewn on to the coif with
whip stitches. Due to the lace and the whip stitches
obscuring the edge of the fabric it is not possible to
detect a hem. The coif is well preserved except for the
left side where the bobbin lace has been partially torn
off the edge.

Who did the headdresses belong to and how were
they worn?

The macramé hairnet and the coif with bobbin lace
most likely belonged to Barbara von Thun. Hairnets
of this type were female headwear as the hairnet from
the tomb of Anna Jagellonica and from the grave in
St Martin, Szombathely show. The macramé hairnet
was probably given shape by a stiffener inside, as with
the other two hairnets found in graves, and looked
similar to the hairnet of Barbara Schellenberger, née
Ehem, in her portrait of 1507 (fig. 10). The now missing
drawstring is crossed at the nape and wrapped around
the stiffener (fig. 15a).

The coif with the bobbin lace also appears more
suitable for a girl or woman and might have been
worn either on top of the macramé hairnet, much
like the silk veil of Anna Jagellonica, or underneath
the net. It makes more sense to assume that the coif
is worn underneath the hairnet as wearing it on
top would spoil the impression created by the fibre
bundles knotted into the net. This way it would also
prevent any stray hair from sticking out through the
meshes of the net. Fortunately, this headdress was
not restored and the creases in the fabric caused by
wear can still be seen, suggesting that the coif was tied
at the back, the drawstring crossing at the nape, as
with the hairnet, and tied around a bun or padding
(fig. 15b). Spots of green copper oxide (patina) on both
the macramé hairnet and the coif indicate hairpins

penetrated both layers. Coifs or veils of transparent
fabric worn underneath a hairnet are depicted on
various paintings of the 16th century such as the
frescoes on the wall of the Golden Roof in Innsbruck
(Weiss 2010, 104, fig. 106).

The netted hairnet does not seem to be gender
specific and could have been worn by Barbara von
Thun, Michael von Wolkenstein-Rodenegg or his
son Veit. Yet, since it is unlikely that Barbara would
have worn three headdresses at the same time, the
netted hairnet was worn either by Michael or by
Veit von Wolkenstein-Rodenegg. Michael, who was
probably buried with parts of his equestrian harness
(presumably the harness that can be seen on his effigy),
as indicated by the wheel spurs and the sword, could
have worn the hairnet underneath his helmet. For Veit,
a rider’s harness no longer necessarily belonged to the
aristocratic symbol of class. He may have been buried
in festive Renaissance clothing.

The wulst or padded roll is not thick enough to provide
the large bumps seen on a Wulsthaube or Steuchlein
such as the one on Barbara’s effigy, but there are three
other possibilities for its use. Liselotte Zemmer-Plank
thought the wulst was used as a padded headband
(Stirnwulst), originally embroidered or adorned with
metal lace, to be worn alone or with a veil (Zemmer-
Plank 1985, 28-29, fig. 5). Since the wulst isnow covered
by silk crepeline it is not possible to see if there are
any holes in the fabric indicating that a needle and
thread was used for embroidery or to sew on lace.
This headband would not have covered the hair, as
was proper for a married woman and therefore could
only have belonged to Barbara’s daughter Bianca,
depending on how old she was at the time of her
death — which is not known. The portrait of one of
the daughters of Leopold III, Margrave of Austria,
on the Babenberg family tree in Klosterneuburg,
painted 1489-1492 by Hans Part, shows how this
supposed decorated headband could have been worn
(Klosterneuburg Stiftsmuseum, GM 86 and Nutz
2015a, 103, fig. 8). It is much more likely that the wulst
was used together with one of the hairnets. With the
macramé hairnet, the wulst would have been used
as stiffener at the back of the head or it might have
been worn on top of the head underneath the netted
hairnet, even if this hairnet belonged to one of the
men in the tomb. Men sometimes also wore a wulst
under a coif or hairnet, in a similar style to woman.
In the estate account of Lazarus Holzschuher of 1545,
a guldin Hauben mit sampt dem wulst (a golden cap/
coif with the wulst) is listed among other possessions
(Zander-Seidel 1990, 230 and fig. 212).
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Dating the headwear

For the same reason that no fibre analyses were done,
none of the finds from the crypt were radiocarbon
dated. Acting on the assumption that Veit von
Wolkenstein-Rodenegg was the last person to be
buried in 1538, all the grave goods must date to, or
pre-date 1538. If the macramé hairnet and the coif
with the bobbin lace indeed belonged to Barbara von
Thun they date no later than 1509 or are even older,
assuming she owned and wore them for some time
before her death. This would place both headdresses
among the oldest, if not the oldest, surviving examples
of the techniques of macramé and bobbin lace known
to date. In comparison with the hair nets of Prague
and Szombathely, the macramé hairnet of Barbara von
Thun s relatively simple. It was, apart from the narrow
rep-bands, only worked with macramé knots using
silk thread. The hairnets from the Czech Republic
and Hungary are more elaborately worked, combine
several textile techniques, and also use metal threads
and spangles, demonstrating the development of a
simple to a complex, elaborate and almost excessive
style. If this type of hairnet and macramé did indeed
originate in Italy, it is feasible that the technique and
the fashion reached Tyrol, before it spread further
north and east. The same can be said about bobbin
lace that develops from rather simple braid-like laces
to ever more complicated patterns.

Some thoughts on the history and development of
macramé and bobbin lace

Macramé

Macramé is an ancient technique whereby a row of
vertical threads is knotted into a decorative pattern
(Levey 1990, 122). The primary knots of macramé
are the square knot and various combinations of
half-hitches. Some books on macramé include the
Josephine knot (Sylvia 1890, 296).

The term macramé is believed to be related either to
the Arabic word maqrama (or mahramatun — Lunghi &
Pessa 1996, 32), meaning ‘towel’, or to the Moorish
word migramah, meaning ’striped towel” (Levey, 1990,
5) or ‘ornamental fringe” (Lunghi & Pessa 1996, 32).
Both suggest that it was based on the use of loose warp
threads, but it was also built up with long threads
secured to a single head-thread pinned horizontally
to a hard pillow. The horizontal position and the lack
of bobbins (except for occasional use — see Dillmont
1890, 359-360), together with its knotted structure
allows for no simple transition from macramé to lace.
It seems that macramé and the other horizontal fringe
techniques should be regarded as parallel methods,

benefiting from the same fashions that created lace but
not contributing directly to its development (Levey
1990, 5).

The technique of square-knotting probably first arrived
in Europe with the Moorish invasion of Spain in 711.
From Spain, where it was called fleco morisco, it might
have been introduced to Europe. Or it could have been
discovered (or re-discovered) during the Crusades,
in the period 1095-1228. Returning crusaders’ ships
carried the macramé art to Italy, notably Genoa (Carter
1998, 336). Nicolé Zoppino and Giovanni Tagliente
may have been referring to it with the term groppi
moreschi in their pattern books Esemplario di lavori
(Zoppino 1529) and Esemplario nuovo (Tagliente 1531).
Yet, although groppi moreschi may refer to macramé,
none of the patterns appear suitable for this technique
(Levey 1990, 121). Disagreement prevails between
various authors over whether the term punto groppo,
punto a gropo, or gropari, used by Pagano in 1542 for
his designs punti tagliati et gropposi, refers to macramé.
Palliser writes "Groppo, or gruppo, signifies a knot, or
tie, and in this lace the threads are knotted together,
like the fringes of the Genoese macramé’(Palliser 1869,
44). Levey defines the term punto groppo as "used to
describe needle lace made with a densely-worked
knotted buttonhole stitch; first found in the sixteenth-
century pattern books and thought to refer to macramé
but it probably indicated a pattern to be worked in
knotted embroidery stitches” (Levey 1990, 123). Sharp
speaks of punto a groppo, or knotted lace, now known as
macramé (Sharp 1913, 64), Lowes of punto a groppo, or
macramé (Lowes 1908, 62) and for Hudson Moore all
knotted laces are punto a groppo. ‘Punto a groppo made of
cords similar to what is known as macramé. . . . Punto
a groppo, or knotted lace, includes all the laces made
of knotted cords” (Moore 1904, 61, 80). In Earnshaw's
Dictionary of Lace the entry "Groppo, Punto a’ contains
several variants of knotted lace, (i) knotted buttonhole
stitch, (ii) macramé, (iii) puncetto, (iv) groppi moreschi
(Earnshaw 1999, 74-75). To add to this ‘Babylonian
chaos’, Florence May wrote that Moorish fringe (fleco
morisco) was contemporary with macramé, suggesting
that she believed it not to be the same technique, but
also mentions groppi moreschi et arabeschi and punto a
groppo in connection with macramé, and states that
the province of Huelva made a great deal of macramé,
but used the term fleco morisco (May 1939, 50-51). The
term ‘'macramé’ itself appears for the first time in a
document of 1584 in the Capitoli dell’ Arte dei Tovagliari
(ms., cart., sec. XVI-XVIII, Genova, Biblioteca Civica
Berio, m.r.1.3.20) (Lunghi & Pessa 1996, 47).

The earliest pictorial records of knotted fringes occur
in the 15th century. The tablecloth in the painting The
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Marriage at Cana by the Master of the Catholic Kings,
circa 1495/1497 (Washington, National Gallery of Art,
Samuel H. Kress Collection no. 1952.5.42), shows
a knotted fringe that could be made in macramé
(Lunghi & Pessa 1996, 89, fig. 116). A knotted fringe
(macramé?) can also be seen on the white and blue
cloth hanging on the wall behind Maria on the fresco
of the Annunciation by Joos Amann von Ravensburg
in the cloister of Santa Maria di Castello in Genoa,
painted in 1451 (Lunghi & Pessa 1996, 88, fig. 115).
Surviving examples are few, and none of them would
appear to date from before the late 16th century (Levey
1990, 19). The majority of the extant macramé pieces
are flat, two-dimensional knotted fringes on towels,
tablecloths or clothing. The hairnets, however are
three-dimensional garments in their own right, and
with the hairnet from East Tyrol most likely dating
to 1509, and the hairnet of Anna Jagellonica dating no
later than 1547, these are the oldest surviving examples
of the technique of macramé in Central Europe to date.
The hairnets also testify to the fact that macramé was
not only employed in making fringes, unless the term
macrameé is restricted to two-dimensional knot-work
without regard as to the type of knots used.

Bobbin lace

In the Encyclopeedia Britannica, bobbinlace, sometimes
also known as pillow or bone lace, because it is worked
on a pillow and bobbins are sometimes made of bone,
is explained as "a handmade lace important in fashion
from the 16th to the early 20th century. Bobbin laces
are made by using a “pricking”, a pattern drawn on
parchment or card thatis attached to a padded support,
the pillow or cushion [author’s note: freehand lace is
worked directly on the lace pillow without using a
pricked pattern]. An even number of threads (from
8 to more than 1,000) are looped over pins arranged
at the top of the pattern. Each thread is wound at its
lower end around the neck of an elongated spool, or
bobbin. Bobbins serve several purposes: their weight
provides a tension that makes manipulation of the
threads easier; they act as thread reserves; and they
help to keep the thread clean by providing a surface
other than the thread that can be touched frequently.
In the creation of bobbin lace, each hand holds one
of a pair of bobbins. The threads are crossed over or
twisted around each other to produce solid areas of
either linen-stitch (which resembles woven fabric) or
half-stitch (a more open stitch), areas of decorative
filling stitches, and a background (ground) of net or
bars linking the motifs together. The technique may
have developed from straight-sided braids converted
to openwork or from the plaiting or knotting of the

Fig. 16: a) Painting by Davide Ghirlandaio, Portrait of a young
woman, circa 1490; b) close-up of possible lace (©Gemaldegalerie,
Staatliche Museen zu Berlin, inventory number 83. Image:
Volker-H. Schneider (CC) BY-NC-SA)

warp-ends of woven fabrics. The first written mention
of bobbin laces dates from 1536 (in the introduction to
the Ziirich pattern book, printed in 1561) and places
their origin in Venice. Their first use in fashion dates
from the end of the 16th century, when they imitated
and began to compete with the needle lace reticella,
already in use for ruffs and other accessories. Two
main techniques linked to different geographical
areas can be distinguished: non-continuous-thread, in
which the design motifs are made first and then joined
together by attaching threads around them to work
the ground (mainly Brussels, Honiton, and Milanese
laces), and continuous-thread, where the same threads
work across the lace moving from ground to motif
to ground in continuity. Both techniques appear in
pattern books of the late 16th century (https://www.
britannica.com/art/bobbin-lace). This is a rather
simplified description and dating, as the history and
evolution of this technique is more complicated to
trace. Many books have been written on this topic,
some in agreement with one another, some with
contradictory opinions, especially on written sources
and the land of origin. Spain, Flanders and Italy are
all competing for that honour (Palliser 1869, 87; May
1939, 110-111). The most frequently cited source is the
Sforza Inventory of 1493 with the sentence binda una
lavorata a ponto de doii fuxi per uno lenzolo (Cittadella
1863, 532). While most researchers translate the doii
fuxi as "two sides’, and argue that no bobbin lace could
be produced with only two bobbins (Levey 1990, 10;
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Ricci, 1913, 6; van Overloop 1934, 97) the translation
"12 bobbins” (Italian: 12 = dodici) is sometimes given
(Lefébure 1904, 261; Verhaegen 1912, 10; Jackson 1900,
14). Jackson even quotes the words as punti dei dodisi
fusi. It is certainly right that no bobbin lace can be
made using only two bobbins. The pattern using the
smallest number of bobbins possible is the Spitzle mit
HII (lace with four bobbins) in the Niiw Modelbuoch of
1561 (R.M. 1561). Moreover, as the word dodici is also
found in the Sforza Inventory, it does not seem logical
that the writer would have used a different spelling
for the word 12 in this sentence. Could it be that all
that confusion simply originates in an erroneous
transcription of the handwriting? Nevertheless, the
common conclusion seems to be that bobbin lace
developed no earlier than the first half of the 16th
century. For that, researchers rely heavily on early
pattern books of the 16th and 17th century to chart the
development of the art (Waters 2012, 1). This is also
thought about the development of needle lace and is
based in general on the first pattern books, with the
earliest known book, Johannes Schonsperger’s Ein
New Modelbuch, printed in Zwickau in 1524. The oldest
pattern books for bobbin lace are the two volumes of
the Le Pompe published in 1557 and 1560 (Levey 1983).
The patterns of Book I consist mainly of geometric,
braid-like insertions and relatively few edging laces,
while those of Book Il include many free-flowing floral
and interlaced designs. The quite elaborate vandyked
edgings (named for the collars depicted in portraits by
Vandyke; with one of several V-shaped points forming
a decorative edging or a border of such points) would
seem to show bobbin lace at an advanced stage
(Levey 1990, 8). Since complex patterns such as these
do not spring up overnight, at least some time must
have passed since the first bobbin laces were made.
The textile collection in the Museo della Basilica in
Gandino houses several 16th century laces worked
with gold and silver metal thread very similar to the
patterns found in Le Pompe (Schoenholzer Nichols et
al. 2012, 32-51, cat. 1-22).

Bobbin lace must have found its way up north at a
much earlier date than 1557. At the time the La Pompe
was published lace making had already arrived in
Germany. Melchior von Ossa (born 1506 in Ossa,
Saxony; died 8 August 1557 in Frauenfels, Thuringia)
wrote in 1556: Ifzo findet man wol Weiber und Jungfrauen
von Adel ... sielassen theils die Schmuck-Rdicke. .. mit breiten
verkloppelten goldenen gezogenen Borten verbremen . . . Ja
izo bringen sie ein neu Verbreme der Schmuck-Rocke auf,
das heifSen sie Freulein-Geschlingk, daf$ sie drey quer finger
breit golden und silbern Striche kidppeln ... (Thonhauser
2006, 84; Ossa & Thomasius 1717, 522-523). Not only is

the German word for "making bobbin lace” — kldppeln
— used twice, but it becomes evident that these laces
were a ‘female thing’. Melchior von Ossa wrote that
noble women and maidens decorated their gowns
with golden borders that they call Freulein-Geschlingk
(damsel looping).

The second oldest pattern book for bobbin lace, entitled
Niiw Modelbuoch — Allerley Gattungen Dintelschnur,
was published in Zurich in 1561. The author of the
Niiw Modelbuoch, who is only known with her initials
RM (words in the title suggest that it was a woman,
since the patterns were intended as instruction for her
apprentice girls = jren Leertochteren) writes about the
introduction of bobbin lace to Switzerland by Venetian
merchants "Dan die selbigen im jar 1536 erstmals durch
die Kouffliit uf$ Venedig vu Italien ins Tiitschland bracht
worden” (RM 1561). Yet, if the date 1536 is even
approximately right, it was not the year that bobbin
lace was invented. It must have been common and
developed enough in Italy by that time to be considered
fit for export by the Venetian merchants.

When looking for more written sources on bobbin
lace one encounters the same problem as with the
sources on macramé. What was bobbin lace called
in its early days? The Le Pompe talks about merli di
diverse sorte (different types of lace) for various uses,
and in the Niiw Modelbuoch, the German pattern book
on bobbin lace, bobbins are called dentlen and the lace
Dentelschniiren.  Dentel probably derives from the
Latin word dens (plural dentis), meaning tooth, and in
the case of lace, something toothed or saw-toothed.
Yet, even before the Niiw Modelbuoch was published,
lace making was referred to as kloppeln, the German
word still in use today, with the noun Kildppel used as
the term for ‘lace bobbin’. The word Kldppel derives
from the (East) Middle High German word kloppen (=
Klopfer = beater) and is used to name a rod thickened
at one end for striking something, a bell clapper or —
due to its similar shape — a lace bobbin. Merli, modern
Italian merletto, translates to lace and the modern word
for bobbin lace is merletto a tombolo (pillow lace). In
French, bobbin lace is called dentelle aux fuseaux today,
which is related to the Italian punti dei fusi, both freely
translating to points/lace made with spindles/bobbins.
The use of different words at different times and places
for the same thing makes it difficult to detect historical
sources on almost anything.

Some authors try to date bobbin lace back to the
15th century with the help of paintings or sculptures
(Frauberger 1894, 212; Shepherd 2009, 21-36).
Rosemary Shepherd admits, however, that she is
"looking at paintings through lace-tinted spectacles’.
Indeed, some of the possible bobbin laces in the

Archaeological Textiles Review No. 61 105




Articles

paintings Shepherd selected are not very convincing.
The knotted fringes on the gown in a painting by
Bernadino dei Conti, Portrait of a Lady, painted before
1525, do look more like macramé than bobbin lace
(Shepherd 2009, 34; Levey 1990, 19, fig. 104). A close
look at the knotted fringe reveals something like
picots, but those can be made in macramé too. More
convincing is the lace seen on Andreas Mantegna’s
Presentation at the Temple, circa 1454, Sandro Botticelli’s
Annunciation, 1489-1490 and Domenico Ghirlandaio’s
Adorazione del Bambino before 1494 (Shepherd 2009,
26, 28-29). A painting by Davide Ghirlandaio, Portrait
of a young woman (Gemaéldegalerie Berlin, Inv.No.
83), circa 1490 can be added to the list. The border of
her shoulder cloth of transparent fabric seems to be
decorated with lace (fig. 16), the pattern is reminiscent
of the various Krdnle patterns in the Niiw Modelbuoch
and of the lace on the coif from Lienz.

Since most books and articles on the history of lace are
written by art or textile historians it might be helpful
to gain a new perspective by looking at lace from an
archaeological point of view. It is widely thought that
needle lace might have begun in the late 15th century
and developed over the course of the 16th century
(Levey 1990, 1-6). It is debated from whence the
punto in aria can be considered fully-fledged needle
lace (Levey 1990, 6-7). An archaeological find made
in 2008 at Lengberg Castle in East Tyrol shows that
the beginning of needle lace must be earlier. Four of
the textiles found in a vault inside the Castle were
adorned with needle lace, with one of the garments, a
headdress, being radiocarbon-dated to the first half of
the 15th century (AD 1390-1450: ETH-40538: 510+35BP,
probability 86.1%). The ties of the headdress, which
were still knotted together when the garment was
recovered, are connected to the main body of the
headwear in two different needle lace patterns, the
needle lace sewn onto the selvedges of the fabric of
both main body and ties (fig. 17). While this needle lace
is far from the elaborate and complicated needle lace
of later times, it adheres with the definition of needle
lace based on the type of stitches used: lace worked
with a needle and a single thread in a succession of
buttonhole stitches in varying degrees of tightness and
in straight lines that support further stitches (https://
www.britannica.com/art/needle-lace). Button hole
stitches decorating fabric edges even go as far back as
the Bronze Age (Broholm & Hald, 1940 93), but these
hardly qualify as needle lace.

Ifneedlelace canbetraced furtherbackby archaeology
than by consultation of written or pictorial sources
the same might be true of bobbin lace. This poses
the question from which older technique bobbin

Fig. 17: Needle lace on the ties of the headdress from Lengberg
Castle (Image: Beatrix Nutz)

lace might have developed. Methods of making
decorative braids or laces plaited in various ways,
as were most of the early bobbin laces, existed well
before the advent of bobbin lace. Possible early
connections are loop manipulating techniques such
as finger loop braiding, or plaiting with open ends
(Shepherd 2009, 1-4). In Europe, loop braiding
goes back at least to the 15th century when the first
instructions, the ‘Treatise on the making of Laces’
in the Tollemache Book of Secrets (privately owned)
and the Harley (British Library, MS Harley 2320)
were written. Finds from the prehistoric salt mines
at Hallstatt (Austria) even suggest that loop braiding
might date back to the Iron Age (Gromer et. al. 2015).
The similarity between loop braiding and the braids
of bobbin lace becomes obvious when comparing the
15th century openwork braid lace maskell made with
eight loops in the Tollemache (Speiser 2000, 65) with
a bobbin lace in the Museo della Basilica in Gandino
(Schoenholzer Nichols et. al. 2012, Cat. No. 3) and the
pattern in the Niiw Modelbuoch called Spirlin gstemlet
mit XVI (R.M. 1561) made with 16 bobbins. Except
for the picots of the bobbin lace in Gandino, which
cannot be achieved with loop braiding, the lace
patterns can easily be mistaken for each other. Three-
strand, and especially four-strand, plaiting with open
ends bear a great resemblance to early bobbin laces,
where braids are made with two pairs of bobbins
working together for a simple braid that is then
crossed with other braids, just as with the lace edging
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from Lienz, where three times four bobbins are used.
Three-strand plaits crossed to make a diamond mesh
were found in a layer dating to as early as the tenth
century at 16-22 Coppergate, York (Walton-Rogers
1989, 351, fig. 147, 353, 358-359). Instructions for
working a four-strand plait with open ends (four
strands = vir vadm, fol. 19v.) can be found in a German
manual of the 15th century among instructions for
loop braiding (Badische Landesbibliothek Karlsruhe
1445/1470, fol. 19v-20r; Speiser 2003; Obhof 2004). In
this manuscript, loops are called zwischt, the term for
loop braiding is schlahen, and plaiting with open ends
is referred to as flecht. It is only a small step from loop
braiding and open-end plaiting to using bobbins to
help organise and manipulate the threads for braids
with more strands.

Therefore, it is not too far-fetched to date the coif
with the bobbin lace from the tomb of Wolkenstein-
Rodenegg to 1509 — or earlier. If bobbin lace developed
in Italy, Bianca Maria Sforza might have brought some
garments with lace with her to Tyrol when she married
Maximilian I in 1498. No bobbin lace seems to be
mentioned in the inventory of her dowry (Calvi 1888,
131-147; Sailer 2010, 39-42), but maybe only the more

valuable items were listed and lace not made with
gold or silver thread was considered less important.
Since Barbara von Thun was one of Bianca’s ladies-
in-waiting she might have been introduced to bobbin
lace by what she saw the queen wearing. It is a nice
conceit to imagine Bianca giving Barbara the coif for
loyal service.

Extant textiles are a rare archaeological find as the
organic matter decays over time. Wood objects, even
though likewise organic, have a slightly better chance
of survival as they are for the most part not as fragile.
Therefore, it is advisable to look into surviving lace
bobbins to help date the beginnings of bobbin lace,
especially since lace bobbins can also be made of other
raw materials such as bone or metal (fig. 18e, fig. 18p
and fig. 18q). There is one problem though: there is no
guarantee that the first and earliest lace bobbins look
like what is now identified and recognised as such.
Whoever ‘invented” bobbin lace was faced with the
problem from where to obtain the bobbins. Certainly,
there were no readily available lace bobbins at the
time and the worker would have to use whatever was
at hand. That could be simple wood sticks, thread
spools (fig. 18j) or even tapestry bobbins. Comparing

Fig. 18: Thread spools, tapestry bobbins and lace bobbins (Image: Beatrix Nutz; Images: Andreas Blaickner, Institute for Archaeology,

University of Innsbruck)
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Fig. 19: Bobbin lace: a) and wire with metal thread; b) from the Benedictine Abbey of St John at Mustair, Switzerland (Images: Andreas

Blaickner, Institute for Archaeology, University of Innsbruck)

bobbins used for Honiton lace (Palliser 1869, 316-358;
Treadwin 1873, 48; Devonia 1875) with tapestry
bobbins of the ‘broche” type (Nutz & Ottino 2013,
56) reveals that, except for size, they are of almost
identical shape (fig. 18n and fig. 180). The size and
shape of a bobbin however relates to the type of
thread and the technique used. Thicker, heavier
threads need bigger, heavier bobbins in order to
be able to wind on enough thread and provide
adequate tension (fig. 18 and fig. 19). The woodcut
on the title page of the Niiw Modelbuoch shows rather
large bobbins employed by the worker, suggesting
she is working either with thick (or metal) threads,
maybe even using tapestry bobbins. A painting
by Allessandro Allori, Annunciazione, 1603 (Uffizi
Galleries Florence, inventory number 1494), shows
bobbins unlike any commonly used (Dahrén 2010, 61,
fig. 29). They resemble thread spools or ‘fllites” of the
low-warp tapestry loom (fig. 18k and fig. 18l). This
proves that bobbin lace can be worked with bobbins

initially serving other purposes. Even in times when
lace bobbins are the first choice, a craftsperson might
need to use other implements if lace bobbins are not
available. This could also result in bobbins hastily
made out of whatever is ready to hand. This might
have been the case with a tool found in the Benedictine
Abbey of St John at Miistair, Switzerland: a wire with a
length of 735 mm, bent to a loop on one end and with
a thread wrapped tight around the shaft. A gilded
silver thread (analysis by Andreas Saxer and Michael
Unterwurzacher, Institute of Structural Engineering
and Material Sciences, University of Innsbruck, 2013)
is loosely wound around the shaft at the end with the
loop. The wire was found together with fragments
of bobbin lace in a layer dated 1658 to 1659 by the
archaeologists and perhaps used as a makeshift
lace bobbin (fig. 19b). It even works the other way
round. When Kathe Todd-Hooker, a modern tapestry
weaver, first started weaving in the late 1970s she did
not use tapestry bobbins as they were not available in
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the United States. She used lace bobbins with small
rounded bottoms as substitutes. Other weavers even
went as far as cutting off the beads of spangled lace
bobbins to make them suitable for tapestry weaving.

Probably the oldest recognisable lace bobbins, aside
from the bobbins in the Niiw Modelbuoch woodblock
print, are depicted on an engraving by Adriaen
Collaert after Marten de Vos 1581. A bobbin with a
length of 80 mm and of almost the same shape as the
ones on Adriaen Collaert’s engraving The Seven Planets
and Ages of Man was found in Linkdping, Sweden, and
dated to the time between the end of the 15th century
and the later part of the 1550s (fig. 18d) (Dahrén 2010,
58, fig. 26). Among the finds from the Miihlberg-
Ensemble in Kempten (Bavaria, Germany) excavated
in 1996/1997, are six fragments of linen bobbin lace
worked with braids and linen-stitch (Rast-Eicher &
Tidow 2011, 317). Additionally a 71 mm long bobbin of
sycamore wood (Acer pseudoplatanus) with thread (fig.
18c) (Lohwasser 2011, 218 and plate 18, fig. 12) was
found in the same under floor space of room seven,
house eight, St-Mang-Square. The dating of the finds
vary between 15th century until circa 1520/30 for the
textiles (Rast-Eicher & Tidow 2011, 285, 343; Atzbach
2011, 357) and ‘from the last quarter of the 15th century;
nothing more specific can be said about the upper
limit of time’ for the wooden artefacts (Lohwasser
2011, 240). The coins found in the under floor space
accumulate around 1345/1356 (the house was built in
1356), 1424/53, 1549/1557, 1581/1635 and 1661/65 (four
coins), close to the heavy ice drift of 1670, which might
have caused considerable remodelling in or near room
seven (Atzbach 2011, 355-356). Hence, even though
Rast-Eicher writes that the finds from Kempten are
among the earliest datable bobbin lace (Rast-Eicher
& Tidow 2011, 317), no definitive statement can be
given about the dating of these finds. Archaeological
excavations in Bremerholm in Copenhagen also
unearthed early lace bobbins: a small turned bone
bobbin dated to 1550 (fig. 18a) and a larger wood
bobbin dated to 1570 (fig. 18b) (Tornehave 1987, 17,
fig. 3) of a similar shape to the find from Kempten.
Taking all of the above into consideration, further
research into the history of bobbin lace is required and
archaeologists especially should look at finds of textile
tools with open minds as to their possible use.

Mixing textile techniques — A short side note

Sometimes the braid-like structure of bobbin lace can
be found combined with (macramé) knots. A 16th
century bobbin lace in the Leopold Iklé Collection is a
plaited diamond net with cushion crossings and picots
made with 16 bobbins (eight pairs). In addition, eight

gimp threads used double form Josephine knots (Iklé
& Fah n.d., plate 15b; Shepherd 2009, 50). This serves
to show that it can be difficult to categorise textiles,
even more so if one goes looking for names in different
languages and from earlier periods.

Conclusion

The four headdresses excavated in 1968 in the parish
church of Lienz reveal the utilization of textile
techniques that are surprising considering the early
date. Especially the lace decorating the face opening
of the coif in particular provides new insight into
the development and the spread of bobbin lace. The
evidence from this study suggests that knots, today
commonly referred to as macramé, were used for
more than just knotted fringes, as previously believed.
Alook at finds from past excavations and old museum
collections, which are not yet identified and/or dated
incorrectly, forgotten in some depot, might bring more
textiles to light and help explain the development of
the various textile techniques. It is hoped that future
studies investigating written records, pictorial sources
and archaeological finds of textiles and textile tools
will be able to provide more data and help clarify the
rather confusing history of lace.

Notes

1. Regina Bianca (born 1502-died 1539), Elleonora
(born 1504—died 1549), Veit (born 1506-died 1538),
Catharina (born 1508-died 1568), Anna (born 1509—
died 1582), Philipp and Bianca (died juveniles — no
dates known) (Mayrhofen n.d., 844).

2. An image of this hairnet haunts the internet falsely
labelled as being from Linz, Upper Austria, instead
of Lienz in East Tyrol.

3. This painting was copied a lot of times by Bronzino’s
workshop and the copy in the Gemaéldegalerie
Berlin is attributed to Allesandro Allori.
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A mysterious little piece:
A compound-weave textile
incorporating sea silk from the
Natural History Museum, London

Abstract

Sea silk, derived from the beard of the Pinna nobilis clam, has often been described in historical sources, but only rarely
identified scientifically in extant textiles. This paper describes the microscopy of the fibres in a textile held in the Cuming
Collection at the Natural History Museum in London. The textile is a compound weave that incorporates yarns made of sea
silk, ordinary cultivated silk and a fine animal coat fibre. The fibres were identified by a combination of transmitted-light,
polarised-light and scanning electron microscopy. There is little documentation concerning the origin of the piece, but it is
likely to be18th-century Italian and may have come from a waistcoat.

Keywords: Sea silk, Pinna nobilis, byssus, compound weave, microscopy, 18th century, waistcoat

Introduction (FM)

For some years now, an almost forgotten textile
material has been discussed in archaeological textile
research: sea silk, a product of a large species of
marine bivalve mollusc, the noble pen shell, Pinna
nobilis L. (McKinley 1998) (fig. 1). Its antique origin,
its rarity, and, above all, its naturally golden-bronze
colour made it a subject full of myth and mysteries. A
few written sources from antiquity speak of sea silk,
mainly in paraphrases or in terms not yet clarified.
To this day, only one single fragment from antiquity
has been found, in a woman’s tomb in Aquincum
(Budapest), dated to the fourth century AD (Maeder
2008). A find from Pompeii, originally identified as
sea silk, turned out to be an ordinary sponge on closer
analysis (Maeder & Médard 2018). The next known
sea-silk item is 1,000 years later, dating to the 14th
century: a knitted beret found in Saint-Denis, near Paris
(for the history and production of sea silk, the biology
of the Pinna nobilis and its byssus, and an inventory of
sea-silk objects, see the project’'s homepage in English,
Italian and German at www.muschelseide.ch).

To date, only two places where sea silk has been
processed, at least since the 18th century, have been
proven: Apulia and Sardinia, both in southern Italy.

Various other places around the Mediterranean are
mentioned in the literature (Maeder 2016b), but,
as with everything that concerns sea silk, re-telling

Fig. 1: Live specimen of Pinna nobilis L., in the sea off Levanto,
Liguria (Image: Hechtonichus, Creative Commons Licence 3.0)
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of what has been heard or copies of what has been
read are frequent. Dictionaries and even professional
textile books are also extremely questionable sources
(Maeder 2017a). On the small Sardinian island of
Sant’ Antioco, several weavers still process sea silk for
demonstration purposes (Pes & Pes 2017). The raw
material used comes from old stock.

Various species of pen shells live in almost all oceans,
but the noble pen shell (Pinna nobilis L.) is found
only in the Mediterranean, where it grows up to
120 cm tall and lives sedentarily in coastal areas up
to a depth of approximately 50 m, anchored by its
fibre beard in sandy soil and in underwater seagrass
meadows. Once very common and sought primarily
as food, populations have been declining sharply
since the 1950s. The mollusc has therefore been
fully protected from over-fishing since 1992. This
led to a substantial recovery of the population, but
in 2016 it was discovered that a protozoan parasite
Haplosporidium pinnae sp.nov. was spreading through
the Mediterranean and causing mass mortality of P.
nobilis (Martinovic et al. 2019). The source of sea silk is
therefore once more under very serious threat.

The fibre beard, zoologically named byssus, consists
of thousands of fine filaments, up to 20 cm long,
formed from the secretion of the glands in the foot
of the mollusc. These harden on contact with the

Fig. 2: Textile fragment from the Cuming Collection, Natural
History Museum, London, turned to a window so that it catches
the light (Image: © ASLab)

Fig. 3: The whole fragment viewed from the front. Scale in mm and cm (Image: © ASLab)
Fig. 4: The whole fragment viewed from the back. Scale in mm and cm (Image: © ASLab)
Fig. 5: The whole fragment, edges unfolded, viewed from the back. Scale in mm and cm (Image: © ASLab)
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water and anchor the shell in the ground with fan-
like adhesive surfaces. The shells are brought up
whole, for processing on land. The filaments, once
removed from the shell, are then cleaned, washed,
carded and spun by hand and then made into small
accessories.

The Latin term byssus — derived from the Greek Buccog
— meant fine linen in antiquity (Maeder 2017a). The
term is known from the Old Testament, and also from
some Greek texts written on papyri or carved in stone.
In ancient Egypt, priests and statues of the gods were
dressed in byssus, and mummies were wrapped in it.
In the 16th century, natural scientists called the anchor
threads of Pinna and other bivalves byssus — due to a
misinterpretation of Aristotle’s Historia animalium. Here
the double meaning of the term started: since textiles
were also produced from the byssus of the noble pen
shell, called sea silk, many believed that the term byssus
already referred to sea silk in antiquity. The result of
this ambiguity is found in many encyclopaedias and,
in recent years, especially through mass and social
media (Maeder 2016a, 20174, b).

One of the reasons for the ignorance about this precious
material — beside its rarity —is the fact that nearly all of
the more than 80 objects identified to date are housed
in natural history collections, often displayed together
with the shell, and not in textile collections as might be
assumed (Maeder 2009). Women’s and men’s gloves
are the most common sea-silk items. Various sea-
silk objects can be found in the Malacology Section,
Life Sciences Department of the Natural History
Museum, London. Beside one pair and two single
gloves, there are two pieces of textile: a fur-like one,
and one labelled a “small fragment of twill-woven
fabric with felt backing”. Not much is known about
this last item, its date, provenance or function. The
annotation “Cuming” refers to the Englishman Hugh
Cuming (1791-1865), “Prince of collectors” as he was
named by his biographer, S. Peter Dance: “Among
19th-century men of action few contributed as much
to the material advance of natural history” (Dance
1980, 477). His main interests were in conchology
and botany, collecting especially in South America
and the Philippines. After his death, a great part
of his collection was bought by the Natural History
Museum. The small textile fragment to be described in
this paper was one of them (fig. 2).

The textile fragment (PWR)

The textile was provided by the Life Sciences
Department of the Natural History Museum (London)
for analysis at The Anglo-Saxon Laboratory in York.
It arrived in a small cardboard box with an internal

printed label which read: “Cloth woven from byssus
threads of Pinna nobilis o Mediterranean o H Cuming
Colln. o Acc. No. 1829 o Reg.No: 20040207”. Inside the
box was a single fragment of textile packed in tissue
paper. Both faces of the fabric proved to be covered in
a “bloom” of white cotton fibres, which suggests that it
was packaged in cotton wool at some stage. The textile
is a rectangular fragment, measuring 82 mm by 40
mm, with two adjacent stitched edges folded inwards;
and two other edges which have been cut (fig. 3 and
fig. 4). The folded edges have been turned in by 8 mm
to 11 mm and, when unfolded, the fragment measures
circa 90 mm to 95 mm by 50 mm (fig. 5). There is silk
stitching along the short edge and empty stitch holes
along the fold of the long edge.

The textile is 1.5 mm thick and, since front and back
are visually quite different, it gives the impression
of two textiles layered together. Examination with a
binocular microscope at x 10 magnification, however,
showed that it is in fact a compound weave which has
been “soft-finished” on the back. It was made from
yarns of three different fibres, sea silk, ordinary silk
(from Bombyx mori) and a very fine animal coat fibre
(see below). The exact structure of the weave could not
be determined, due to the heavy matting of fibres, but
it is some form of double-faced twill, with the silk yarn
running in one direction and the sea silk and animal-
fibre yarns in the other. The sea silk dominates on the

Fig. 6: a) Close-up of back of textile showing crossways silk yarns;
b) Close-up of folded-back edge of textile, showing crossways
silk yarns. The white fibres adhering to the surface are cotton
(Images: © ASLab)
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front of the fabric and has the appearance of a long
velvet-like pile, although, since the textile is very worn,
it is possible that the apparent pile in fact represents
the broken stumps of a floating yarn. The animal fibre
dominates on the back and has been “soft-finished” to
give a felt-like appearance. The Bombyx silk yarn, only
visible at the cut edges and in worn patches on front
and back, binds the sea-silk and animal-fibre yarns
together (fig. 6a and fig. 6b).

This, then, can be summarised as a twill-based
compound weave with a soft-finished reverse. All
yarns are Z-spun and single. Counting threads
accurately was difficult, but there appeared to be
approximately 24 sea-silk yarns and 12 silk yarns per
cm. The animal coat fibre yarns could not be counted
but they are at least as densely set as the sea-silk ones.
The sea silk is light golden brown, the silk is its natural
pale straw colour, but the animal coat fibre is an even
mid-brown and may have been dyed.

The stitching

The stitching visible inside the short folded end has
been worked in plied silk yarn, twisted Z2S (i.e.
two Z-twist yarns have been plied together in the
S-direction), circa 0.6 mm thick (fig. 7). It appears to
have been dyed red, although it would be impossible
to sample it without causing damage to the integrity
of the piece. The stitching looks to be the remains
of a running stitch, which will have attached this
piece to another element. The stitch-holes along the
longer edge represent the remains of a similar seam.
Together, they indicate that the fragment has come
from a garment or soft furnishing.

Fig. 7: Close-up of silk stitching along short edge, viewed from
inside. Scale in mm and cm (Image: © ASLab)

Fibre identification

Samples of 50 to 80 fibres from each of the three yarns
and the sewing thread were removed with tweezers.
They were mounted on glass slides in tap-water and
examined first with a microscope that has incident light
at magnifications between x 40 and x 160; transmitted
light at x 40 to x 640; and a measuring facility in the
form of an eyepiece graticule at x 40 to x 400 (pre-
calibrated with a stage micrometer). The mount was
then viewed with a polarised light microscope which
uses transmitted light at x 40 to x 400 and a rotating
stage. Cross-sections were prepared in an acetate-
based medium, sliced with a hand-held razor and
viewed with the same microscopes.

Sea silk

The distinctive glistening fibres of the yarns that
dominate on the front face, under the microscope were
clear, plain and wide (fig. 8a). Diameters recorded

Fig. 8: a) Fibres extracted from the sea-silk yarn, viewed with a transmitted-light microscope. Note how the wide filaments appear
narrow when viewed from the side. Image captured at x 40 magnification with camera zoom. Range of fibre widths in this image, 35
micron