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Editoriéal

Dear Readers,

Welcome to the 67th issue of Archaeological Textiles
Review in which we bring exciting news about Viking
Age and early medieval textiles, specialist analytical
techniques and experimental work. The section
on projects is again filled with really interesting
initiatives. In this issue, it is the Danish archaeologist
and Emerita, Ulla Lund Hansen, who reports about
her experiences in textile research. Unfortunately,
we also bring the obituaries of two well-known and
important textiles researchers, Noémi Speiser and
Elisabeth Wincott Heckett. However, reading about
their research and scientific impact is enlightening,
and this is definitely an important way to honour our
late colleagues.

Itis now four years since we upgraded our homepage,
where past issues can be downloaded free. The
editorial group has decided toinitiate further changes
for ATR. Ever since the publication of ATN was taken
over by an editorial team from the Centre for Textile
Research (CTR) at the University of Copenhagen
in Denmark in 2008 and later transformed into a
fully open-source digital publication in 2019, the
society of ATN Friends has funded the web hosting
and domain, from which the issue is distributed.
However, the current complexity of official society
rules and the exceptionally high annual banking fees
mean that this way of working is not viable in the
long term. Therefore, the editorial team has decided
that the journal will move to the online publishing
platform Tidsskrift.dk hosted by the Royal Danish
Library in Copenhagen. We have already signed a
contract and in 2026 we will begin the design of the

new ATR journal platform and start uploading back
issues.

In spring 2026, the editorial team will meet in
Copenhagen for an introductory course on the use of
the platform editorial system. We will gradually start
using the editorial service for the journal and plan
to use the system fully in 2027 for the publication of
ATR 69.

We hope that the editorial system will help
the publishing process and give authors more
transparency in the work on their texts. We also hope
that readers will appreciate the new platform and the
fact that the Royal Library will ensure the survival of
all your important work for the future.

Please keep sending articles in good time for our
annual deadlines, and please take great care to
conform to the Guidelines for Authors. The deadline for
articles for each issue is the 1 May. We need project
reports preferably before the end of June, but we
can accept conference reports right after conferences
finish, if they are held no later than 30 November. The
same deadline applies to all other announcements.

It is still possible to order a printed copy of any of
the journals from the web shop at the University of
Copenhagen in Denmark (www.webshophum-en.
ku.dk/shop/archaeological-textiles-664s1.html).
Please do enjoy ATR 67 and spread the word about it.
The ATR editorial team wishes you a colourful and
super exciting new academic year 2026.

The Editors
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Articles

Katherine Larson, Marta Klgve Juuhl and Monika Ravnanger

Twill on the warp-weighted
loom: reconsidering double-
notched supports

Abstract

In the 1970s, five wooden artifacts were extracted from the medieval layers in Trondheim (Norway). These implements,
30-34 cm in length with a notch at one end and in the middle, were interpreted as attachments for the warp-weighted
loom, a factor of keen interest to textile historians. Even before these implements were documented, a theory developed
for how “double-notched heddle-rod supports” could be used for weaving 2/2 twill. Other methods for weaving twill on
this loom have been proposed over time, with and without reference to the Icelandic method drawn from 18th to 19th
century records, but no other interpretation for how double-notched supports may have been used has been presented. In
this research, the role of these supports is reimagined, and an alternative method is proposed for how 2/2 twill may have
been woven. It is as effective, and more straightforward and intuitive than the previously proposed method.

Keywords: Warp-weighted loom, twill, heddle-rod supports, loom technology, medieval weaving

Introduction

The warp-weighted loom was a major element of
European weaving technology for thousands of
years. The primary products of this loom were plain
weave and the slightly more complex twill. Thanks
to Marta Hoffmann’s ground-breaking study, which
documented the few remaining warp-weighted loom
practitioners in Norway and Finland, the method
by which plain weave was woven on this loom in
northern Europe is well understood (Hoffmann 1964)
(fig. 1). The loom was no longer used to produce twill
by the 20th century, and therefore the exact method
by which this other major structure was woven is less
clear. Evidence survived from Iceland in the form of
late 18th century drawings depicting twill in progress
on the loom (fig. 2), and in late 19th century letters
from two elderly women who remembered weaving
twill on the warp-weighted loom in their youth. While

Fig. 1: The warp-weighted loom set up for plain weave in Hord-
aland (Norway), as documented by Marta Hoffmann in 1956.
Evident in the developing weave are several traditional hand-
selection techniques that were commonly woven in a plain-weave
setup (Image: Per Gaerder, Norsk Folkemuseum)
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Fig. 2: Twill weaving on the Icelandic loom, as published in a 1780
volume by Olaus Olavius, now in the collection of the Royal Dan-
ish Library (Image: Norsk Folkemuseum)

not as detailed as Hoffmann’s documentation of a
living tradition, the latter information, first published
in the yearbook of the Icelandic Archaeological Society
(Pérdarson 1914), was summarised in Hoffmann’s
treatment of the warp-weighted loom (Hoffmann
1964, 114-140).

Among the details recorded by Icelandic sources
were several important elements for weaving 2/2
twill. Similar to the method documented for plain
weave, the loom was set up with a “natural shed”,
composed of two consecutive warp threads in front
of the fixed shed rod (the forward layer), followed
by two consecutive warps behind the shed rod (the
back layer), thus creating one of 2/2 twill’s four sheds.
The remaining three sheds were each controlled by
one of three heddle rods, with each heddle pulling
forward two neighbouring warp threads. The setup
of the Icelandic loom further differed from those
Hoffmann had observed in Norway in the type of
slanted brackets (meidmar) that held the heddle rods in
the open position to form a shed. Whether all of these
elements were unique to Iceland or had once been
common elsewhere in Europe is not known.

Over the years several methods other than that
reported in Icelandic sources have been proposed
for how 2/2 twill may have been woven on the
warp-weighted loom. These methods fall into two
basic categories: those that break completely with
the Icelandic method by dispensing with the shed
rod and the natural shed it creates, enclosing a

A T P Bag

P Bl el e

single warp thread in each heddle, and dividing the
warp into four layers that are separately weighted
(Schlabow 1952; 1976; Schierer 2005; Gromer 2016)
(fig. 3a); and those that follow part of the Icelandic
method by utilising the natural shed formed by
the shed rod and enclosing two warp threads in
each heddle, but employing heddle-rod supports

: X .
Y 0 36% ¢

Fig. 3: Methods for weaving 2/2 twill using one or two warps per heddle and a varying number of single-notched support pairs: a) pro-
posed method for weaving the Thorsberg mantle: one warp per heddle, four support pairs, four heddle rods (after Schlabow 1952); b)
weaving sailcloth at the Viking Ship Museum: two warps per heddle, three support pairs, three heddle rods (Image: Werner Karrasch, ©
Viking Ship Museum, Roskilde); and c) weaving diamond twill at the Lendbreen tunic exhibit, Norsk Fjellmuseum: two warps per heddle,
two support pairs, three heddle rods (Image: Randi Andersen, Ostergy Museum)
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with single notches similar to those that survived
in Norway and Finland, using variously one, two
or three pairs of supports (Hoffmann 1964; Hansen
1978; Neorgard and Ostergard 1994; Walton Rogers
2007; Hakonardottir et al. 2016) (fig. 3b and fig. 3c).
In the 1970s, the discovery of five small wooden
artefacts in the medieval layers of Trondheim
(Norway) made a further contribution to the question
of how twill was woven. These implements, 30-34 cm
in length with a notch at both the midpoint and one
end, were interpreted as attachments for the warp-
weighted loom (Nordeide 1994, 230) (fig. 4). Such
implements, for which a use was theorised even before
their discovery (Haynes 1975), formed the basis for a
third twill-weaving method that combined elements
from both of the above-mentioned schools of thought.
After further refinements (Batzer and Dokkedal 1992),
this method, often identified as the four-weight-row
method, has been included in numerous studies
describing how twill was woven on the warp-weighted
loom (Staermose Nielsen 1999; Andersson Strand 2010;
2015; Olofsson and Nosch 2015; Ulanowska 2017;
Andersson Strand and Demant 2023).

The current research reconsiders this third method for

e ——

Fig. 4: Four double-notched heddle-rod supports (museum num-
bers N31160, N37223, N33146, N33433) discovered in medieval
layers in Trondheim (Norway), now in the collection of NTNU Uni-
versity Museum, Trondheim (Image: Katherine Larson)

weaving twill, specifically its use of double-notched
heddle-rod supports, and suggests an alternative
interpretation for how these implements may have
been used. It is based on the Icelandic method of
enclosing two warps per heddle but utilises heddle-
rod supports as attested in the Norwegian tradition
rather than the slanted supports reported from
Iceland. In the proposed method, double-notched
supports solve a problem concomitant with enclosing
two warp threads per heddle, namely occasional
heddle jamming when opening a shed, and result in
a weaving procedure that is both effective and more
straightforward for 2/2 twill than that proposed. A
comparison of these very different uses of double-
notched supports follows.

It should be noted that the incorrect understanding
of double-notched supports as an innovation that
allowed the weaving of 2/1 twill on the warp-weighted
loom (Crowfootetal. 1992, 21; Nordeide 1994, 230; Oye
2016, 37) appears to have resulted from a conflation of
experimental results presented in the seminal article
on the four-weight-row method (Batzer and Dokkedal
1992 ). Both 2/2 and 2/1 twill methods are mentioned
in that article, but as described there, 2/2 twill utilised
double-notched supports, while 2/1 twill required
only single-notched supports.

The four-weight-row method and double-notched

supports

A review of how the four-weight-row method

developed is instructive. The impetus for devising this

new approach to twill was the observation of uneven
warp tension when using the Icelandic two-weight-
row system (Haynes 1975, 156). Haynes proposed

a different system with changes to several main

elements:

*  Where the Icelandic method divided the warp
evenly over the fixed shed rod, thereby creating
one of 2/2 twill’s four weaving sheds (the natural
shed), Haynes divided the warp into four layers,
with one placed in front of the shed rod and three
behind.

*  Where the Icelandic method included two warp
threads in each heddle, Haynes suggested single
warps per heddle, requiring the coordination of
two warp groups to form each shed.

¢  Where the Icelandic method formed all but the
natural shed in front of the forward-layer warp
threads, Haynes proposed forming two sheds
in front and two sheds behind the forward layer
warp threads.

*  Where Hoffmann’s description of the Icelandic
method indicated a row of weights tensioning
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Fig. 5: Weaving twill with the four-weight-row method requires
two pairs of double-notched supports, with sheds formed by com-
binations of two heddle rods or one heddle rod plus the fixed shed
rod: a) heddle rods at rest; b) shed 2 formed with heddle rod IlI
in inner notch; and c) shed 3 formed with heddle rods Il and Ill in
outer notches (Image: Anne Batzer, after Steermose Nielsen, 1999)

each of these two layers, Haynes proposed four

separate weight rows that would provide equal

tension to all warp layers.
Thus, Haynes combined elements from the two
divergent approaches to twill weaving described
above by dividing the warp into four separately
weighted layers yet using the shed rod to hold forward
only one of those layers. Haynes also added a further
element to this proposed method. In forming two
of the four sheds in this revised system, specifically
those combining one of the back-layer warps with the
single layer in front of the shed rod, Haynes noted that
the back-layer warps only needed to be brought into
alignment with the forward layer to open a shed at
the back of the loom, and for this purpose a heddle-
rod support fitted with a notch at midpoint would
suffice. In addition, these midway notches reduced
the tendency for back-layer weight rows, when pulled
forward, to diminish shed sizes by pushing forward on
neighbouring weight rows. Double-notched supports,
with a notch at one end and in the middle, were thus
envisioned as a way to address these two issues in the
proposed new method.

Further experimentation with Haynes’ proposed

method by the Historical-Archaeological Research

Centre in Lejre (Denmark) resulted in a slightly

modified version of Haynes’ method, with several

refinements that are now considered standard (Batzer

and Dokkedal 1992) (fig. 5):

*  Where Haynes had used three pairs of heddle-
rod supports (two with double notches), it was
realised that only two pairs were required (both
with double notches).

*  Where Haynes had suggested a revision of the
top-to-bottom order in which heddle rods were
arranged (L, III, II rather than the more intuitive I,
II, III), the revised order called for the upper pair
of supports to hold heddle rod II and the lower
pair to hold heddle rods I and IIL

¢  Where Haynes made no mention of heddle size,
varying heddle sizes were suggested to improve
shed formation: heddle rod I — 5.5 cm; II — 8 cm;
I-7 cm.

e In a later description of this method, a further
refinement was noted: the importance of sloping
the height of weight rows in the back three layers
to keep them from riding up on each other as they
were pulled forward (Olofsson and Nosch 2015,
124).

Reimagining the purpose of double-notched
supports

In comparing a twill method that proposed dispensing
with the shed rod (Schlabow 1952), with that recorded
for weaving twill in Iceland, Marta Hoffmann noted:
“...thelcelandicmethod isboth simpler and much more
ingenious. It bears the mark of long use, and shows
that this had reached a point of technical perfection
that could hardly be improved upon” (Hoffmann
1964, 139). This statement must be taken to include all
aspects of the Icelandic method, with the most obvious
elements being the long warp and the unique method
for supporting the heddle rods with slanted sticks. Yet
despite these noticeable aspects, those features would
seem to represent practical solutions when weaving
twill. The less visually obvious, but possibly more
important feature of the Icelandic twill method may be
the practice of including two warp threads per heddle.
The current research is based on the idea that enclosing
two warp threads per heddle is an important element
for weaving 2/2 twill, and in fact one uniquely suited
to the warp-weighted loom’s divided warp. The
archaeological find of double-notched heddle-rod
supports, interpreted as implements for the warp-
weighted loom, implies that weave structures more
complicated than plain weave were being woven, with
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twill a likely candidate. From this it would follow that,
at least in Trondheim, weavers may have controlled
their twill shedding differently than in Iceland, using
heddle rod supports with double notches rather
than the Icelandic slanted supports. Accordingly,
experiments in the current research were designed to
determine how double-notched supports have been
used to facilitate the weaving of 2/2 twill.

Experimental methods

Study design

The central problem addressed by this research was
heddle jamming noted in specific circumstances when
weaving twill with two threads per heddle. Heddles
on the warp-weighted loom are only secured at the
forward end, where they are attached to the heddle
rod. The other end of the heddle is held more or
less taut by tension on the weighted warp threads,
but that tension changes as various heddle rods are
pulled forward. In the current research, which utilised
heddles tied in an open loop, heddle jamming was
especially notable in the case of the middle heddle rod
that controls all back-layer warp threads. When this
heddle rod was pulled forward, heddles on the upper
and lower heddle rods, each of which also contained
one back-layer warp, no longer had warp tension
holding them back and therefore became slack. Pulling
forward heddle rod II past these now slack heddles led
to heddle jamming as the back-layer warps attempted
to pass through the forward layer, and sometimes
to tangles between heddles and neighbouring warp
threads when releasing the heddle rod. While these
problems could be resolved by plucking apart tangles
and tugging on the heddle rods to relieve jamming,
this constant effort took time and could cause wear on
the heddles and warp threads involved.

The current research therefore concentrated on
the problem of heddle function as it might relate to
double-notched heddle-rod supports. It should be
noted that aspects of the warp itself, such as the use
of sizing to improve heddle passage or the potential
for achieving a suitable fabric density through fulling
a less dense web, were not considered. Instead, a
method for avoiding slack heddles was envisioned by
using double-notched heddle-rod supports to provide
amidway return point for the upper heddle rod after it
opened a shed. The intended purpose was to hold these
warps and their heddles taut to facilitate the passage of
the middle heddle-rod warps. However, a preliminary
assessment indicated that similar problems arose
during the transition between the middle and lower
heddle rods. Therefore double-notched supports were

Fig. 6: Test loom with three pairs of heddle-rod supports: two
upper pairs had experimental double notches, lower pair had
single notches; holes for moveable pegs in the experimental
heddle-rod supports allowed flexibility in finding a suitable dis-
tance from the uprights for both inner and outer notches (Image:
Monika Ravnanger, Ostergy Museum)

chosen for both the upper and middle heddle rods to
test whether keeping each group of heddles taut after
opening their respective sheds would improve the
passage of subsequent groups of warp threads.

Materials

Experiments were carried out using Hoelfeldt Lund
single-ply wool yarn from the Nordic short-tailed
sheep (spaelsau). Two warps with different properties
were tested at different warp densities. The first warp
was z-spun, 4,500 m/kg, a mixture of underwool
and outer wool (hair), with a higher percentage of
underwool; it was woven at a density of 8 threads/
cm and a weaving width of 60 cm. The second warp
was s-spun, 5,250 m/kg, also a mixture of underwool
and outer wool, with a higher percentage of outer
wool. It was woven at a density of 12 threads/cm and
a weaving width of 66 cm. Both warps were weighted
on the loom at approximately 50 g/thread to provide
sufficient tension.

Loom setup and warping procedures
Experiments were conducted at Osteroy Museum
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(Norway) and at a weaving studio in the Seattle area
(United States). The looms were set up as follows:

The warp was arranged in two evenly divided
rows, with alternately two warp threads in front
of the shed rod and two behind.

Experimental “double-notched” support pairs
were created with holes at 2 cm intervals to receive
small pegs, thus permitting heddle rod placement
to be calibrated to heddle length and shed size.
Three pairs of heddle-rod supports were used,
ordered [, II, III from top to bottom; the two upper
pairs (heddle rodsIand IT) utilised the experimental
double-notches, the lower pair (heddle rod III)
required only single notches (fig. 6).

Both forward and back warp rows were divided
into bundles and weights were attached to each
row, providing a tension of 50 g/thread.

Heddles were tied to create the 2/2 twill structure,
with two neighbouring warp threads enclosed
in each heddle: heddle rods I and III were tied
concurrently, each containing one forward- and
one back-layer warp thread; heddle rod II was
then tied between I and III, enclosing pairs of
back-layer warps.

¢ All heddles were of equal length.

e After heddle tying, warp threads in the back
weight row were divided into two rows based on
the warp division established by the heddles; the
newly divided bundles in these rows were then
tied with halved weight amounts to maintain the
tension of 50 g/thread (this and the following point
are elements of the Icelandic method described in
the discussion section below).

® The two back weight rows were joined together
with a spacing chain that included four warp
threads per loop, two from each row of weights.

e All weight rows were tied at approximately the
same height.

e The front weight row was also divided into two
rows, each with halved weight amounts, and
warps were chained together in the same manner
as the back row.

In determining appropriate notch distances on the

experimental supports, the placement of heddle rod I

was adjusted so that when held by the inner notches,

the affected warp threads were slightly in front of the
forward warp layer. This ensured that these heddles
were taut for the passage of heddle rod II. For heddle

Fig. 7: Placement of the heddle rods to form the four 2/2 twill sheds, using double-notched supports for the upper two support pairs:
a) shed 0 is open, all heddle rods at rest against the uprights; b) shed 1 is open, heddle rod I in outer notches; c) shed 2 is open, heddle
rod | in inner notches and heddle rod Il in outer notches; and d) shed 3 is open, heddle rods | and Il in inner notches and heddle rod Ill in
single notches (Images: Katherine Larson)
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rod II, an inner notch distance that held affected warp
threads approximately even with the forward warp
layer was found to be sufficient (fig. 7). The distance
to the outer notches of both pairs was determined by
the desired shed size of approximately 6 cm. Thus,
the upright-to-notch distances for the two pairs
of supports were not the same, with heddle rod I
notches being somewhat closer to the uprights than
those of heddle rod II.

Weaving procedures and findings

Weaving followed a regular pattern: a shed was
opened to insert the weft, the shed was changed, the
weft was beaten in, and the following weft inserted.
Weaving order progressed from shed 0, the natural
shed, through sheds 1, 2 and 3 by accessing heddle
rods I, Il and III. All heddle rods were pulled forward
to the outer notches of a support pair to open their
respective weaving sheds, but after use, heddle
rods I and II were returned to the inner notches of

shed 1

their supports before the next shed was opened. In
contrast, after the weft was inserted in shed 3, heddle
rod III was returned to rest against the uprights,
followed by heddle rods II and I, thus again forming
shed 0 with all three heddle rods at rest against the
uprights (fig. 8).

Results were consistent when weaving at both 8
threads/cm and 12 threads/cm: the steps in weaving
were straightforward, heddle jamming was not a
factor, and sheds were clear, with the exception of
several sticky warp threads evident in every shed,
which required minimal clearing. There were no
problems with uneven tension since both front
and back layers were divided, thereby adequately
tensioning the warp threads controlled by heddle
rods I and III, and the spacing chain held the divided
back weight rows together so that they travelled as
one, causing no interference with each other.
Weaving twill in reverse order was also
straightforward if slightly less intuitive. Accessing

Fig. 8: Simplified view showing movement of the warp layers as heddle rods are manipulated to form sheds: a) all heddle rods at rest
against the uprights for shed 0; b) heddle rod | placed in outer notches for shed 1; c) heddle rod | placed in inner notches, heddle rod
Il placed in outer notches for shed 2; and d) heddle rod Il placed in inner notches and heddle rod Il placed in single notches for shed 3

(Image: Katherine Larson)
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sheds in the order 0, 3, 2, 1 required placing heddle
rods I and II in their inner notches following the
0 shed, from which point these two heddle rods
operated normally, that is they were pulled to their
outer notches to open their respective weaving sheds.

Comparison of single-notched support options with
double-notched supports
The use of single-notched supports for weaving twill
likely represented a departure point from which
the use of double-notched supports evolved. As
noted above, the use of one, two and three single-
notched support pairs had been suggested by past
research, and therefore support-pair conformations
were altered on the test warps to compare these
combinations to each other and to the use of double-
notched supports as proposed in the current research.
Four options using single-notched supports were
tested:
* Three pairs of single-notched supports, each pair
holding a single heddle rod.
¢ Two support pairs holding two rods on the upper
supports and one rod on the lower supports.
¢ Two support pairs holding one rod on the upper
supports and two rods on the lower supports.
®  One support pair holding the middle heddle rod
and two pairs of pegs (above and below) holding
the upper and lower heddle rods. All three
heddle rods utilised the middle support pair’s
notches to open a shed.
It should be noted that the use of one pair of supports
was the basis for Marta Hoffmann’s twill experiment,
referred to but not fully described in her book
(Hoffmann 1964, 131-136). However, this method
was clearly documented in her unpublished research
notebook and therefore was included in these tests
(Hoffmann 1952-1953) (fig. 9).
Problems were found across all four options upon
opening and closing shed 2, in other words when
bringing forward and releasing heddle rod II, which
controlled pairs of back-layer warp threads. As noted
above, when heddle rod II was pulled forward,
heddles on rod I became slack and jammed when
back-layer warp threads encountered the forward-
layer warp, thereby blocking shed formation. After
heddle rod II was placed in its notches, tugging on
heddle rod I usually cleared these jams, and a shed,
albeit obscured by many residual sticky warp threads,
began to form. Shed 2 could then be fully cleared by
pulling on heddle rod II again, or “overpulling” it
from its already open position, to separate the sticky
warps that remained. Although the slack heddles
attached to heddle rod III, located below heddle rod

II, did bunch slightly in front of the forward warp
layer, they usually did not jam or require tugging
on that heddle rod to facilitate the clearing of shed
2. Upon closing shed 2 similar problems were
experienced, with heddles attached to heddle rod I
again becoming jammed or sometimes tangled with
neighbouring warps, blocking the warp threads from
assuming their at-rest positions. Tugging on heddle
rod I cleared most of these jams, but occasional
tangles between heddles and neighbouring warp
threads had to be plucked apart by hand.

In contrast to the significant problems experienced
with shed 2, in all four single-notched support-pair
setups the opening and closing of sheds 1 and 3 was
relatively trouble free. However minor heddle jams,
especially in the transition between sheds 2 and 3,
occasionally required tugging the heddle rods, and
all sheds required clearing of sticky warp threads
through a combination of overpulling the open
heddle rods, strumming the warp threads and/or
hand clearing individual sticky warps.

In comparison to all options using only single-notched
supports, the use of double-notched supports for
heddle rods I and II resulted in a weaving cycle with
no heddle jamming or tangling with neighbouring
warps. However, similar to all single-notched
options, weaving with double-notched supports still
required the clearing of a limited number of sticky
warp threads in all sheds.

Discussion

Questions regarding the four-weight-row method
The perceived uneven tension in the Icelandic
method, which was the instigating factor in Haynes’
original proposal for using double-notched supports,
was unfortunately based on incorrect information
reported by Hoffmann. Her twill experiments, which
were partially based on the Icelandic method, were
performed several years before a discrepancy was
noted in the original Icelandic source documents.
In 1979, a careful rereading of the original Icelandic
sources by weaver Sigridur Halldorsdottir revealed
that two details in the loom’s setup had been
overlooked: a division of the back weights into two
rows that were then chained together, and the use of
an additional floating rod to assist in separating the
sheds (Guodjonsson 1985, 121). These elements resolved
the tension problems noted by Haynes. Without
knowledge of these refinements to the Icelandic
method, Haynes’ revisions represented effective,
logical choices.

However, it should be noted that the newly designed
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system addressed a difficulty in the Icelandic
method that did not actually exist, and envisioned
double-notched supports as a means to facilitate the
functioning of this new system. Moreover, in solving
the perceived tension problem and devising a new
implement as part of that system, no consideration
was given to the accompanying major changes from
a known method, primarily dispensing with both the
natural shed and the practice of enclosing two warp
threads per heddle. Regarding possible methods for

a

weaving twill on the warp-weighted loom, Marta
Hoffmann remarked: “everyone concerned with the
technical aspects of textile production is well aware...
that the same result can be achieved by various
methods” (Hoffmann 1964, 139). It would seem that
the system proposed by Haynes and the method that
evolved from it underscores this statement.

An important element in the positive reception of
the four-weight-row method has been the greater
flexibility it affords in weaving a variety of different

Fig. 9: Twill experiment on the warp-weighted loom conducted by Marta Hoffmann in 1952—-1953: a) three heddle rods were held sepa-
rately; and b) (detail) one pair of single-notched supports held the central heddle rod, upper and lower heddle rods rested on pegs, and
all three heddle rods used the central pair of single-notched supports to open a shed (Image: Norsk Folkemuseum)
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fabric structures, including “tabby, basket-weave,
2/2 and 3/1 twill and different floating lacings and
pattern effects” (Batzer and Dokkedal 1992, 234). Such
an expanded flexibility introduces the intriguing
possibility that textiles once interpreted as coming
from a more sophisticated production setting may
have in fact been woven on the warp-weighted loom
(Steermose Nielsen 1999, 96). Clearly the advantages
derived from the four-weight-row method doincrease
the warp-weighted loom’s capability, especially when
viewed with an inherent understanding of modern
loom technology. As noted by Haynes, “Using the
principles propounded in this article, with four warp
systems and three heddle rods, all the weave plans
which are possible on a modern four-shaft loom are
technically feasible” (Haynes 1975, 164). In essence,
this new system mirrors the flexibility of the modern
treadle loom transferred into a system that utilises a
divided warp.

The factor of warp separation may have a bearing
on a further perceived advantage of the four-weight-
row method: the capacity for weaving dense twills
(Batzer and Dokkedal 1991, 151; Olofsson and Nosch
2015, 122). The separate layers of the four-weight-
row method are theorised to confer this advantage,
especially when the warp-weighted loom is compared
to other early looms such as the two-beamed vertical
or ground loom, both of which function with the
warp in a single plane (Andersson Strand 2015, 54).
However, concerning the issue of warp separation
at the centre of this argument, the four-weight-row
method is often distinguished from the Icelandic
“two-weight-row” method (Olofsson and Nosch
2015, 120; Andersson Strand 2015, 54). On face value
this appears to be an accurate distinction: the divided
back weight rows of the Icelandic method are joined
together by a spacing chain, visually forming a single
back row of weights. But the chained-together weight
rows nonetheless transmit their divided effect up the
warp threads, providing tension results similar to
completely separate rows. It is possible, then, that the
four separate layers of the four-weight-row method
are not necessary to achieve this density advantage.
With elements of the Icelandic twill-weaving method
as a basis, the loom’s characteristic two layers,
divided but chained together, may confer a similar
benefit from separation when weaving a denser twill
warp, especially if that weaving is facilitated by the
use of double-notched supports as proposed in the
current research.

Despite the perceived advantages of the four-weight-
row method, it is significant to note that problems
with both heddles and shedding have been noted in a

recent comprehensive study employing this method
(Andersson Strand and Demant 2023). For example,
after attempts to stiffen the heddle material with wax,
heddles still had a tendency to “curl against the layers
of warp which they have to pass through when the
shed was changed” (Andersson Strand and Demant
2023, 41). It was also noted that although weaving
went “relatively smoothly,” finding a proper shed
required “practice and attention... [since] each shed
had to be worked differently”. This resulted from the
need to coordinate two heddle systems to create each
shed. It was further noted that shed openings, two of
which were formed in front of the forward warp layer
and two behind, appeared variously below, between
and above the rows of heddles, and once identified,
in some cases had to be pressed open and up into
the weaving area (Andersson Strand and Demant
2023, 41-42). Aside from the “practice and attention”
required to use this system, the four-weight-row
method appears to suffer from the same problem as
that addressed in this research, namely the impact
on shedding by heddles held securely at only one
end within the inherently mobile warp layers of the
warp-weighted loom.

Advantages of the proposed use of double-notched
supports

The use of double-notched supports proposed by
the current research holds several advantages over
the use of those implements in the four-weight-row
method. First, the loom setup adheres to the only
known practice for weaving twill, enclosing two warp
threads per heddle, a system that ensures uniform
alignment of warp threads for shed openings. It also
uses three pairs of heddle-rod supports rather than
two, a practice possibly supported by evidence of
wear in three closely set holes on a surviving warp-
weighted loom (Hoffmann 1964, 134). Furthermore,
the simplicity of the proposed system contrasts
markedly with the complexity of the four-weight-
row method. In the proposed system, heddle rods
are ordered and employed in a logical progression;
heddles do not need to be of different lengths to form
effective sheds since each shed is controlled by one
heddle rod; there is no need to tie weight rows in a
sloping orientation to avoid riding up on one other;
and all sheds except the natural shed, which is clearly
formed behind the shed rod, are unambiguously
formed above the heddles at the front of the loom.

A recognised limitation of the current study regards
the accuracy of materials, which can be a significant
factor in attempting to replicate processes and
products that were once woven on the warp-weighted
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loom. This suggests that further experimentation
is needed, similar to the study mentioned above,
which was designed to meticulously replicate
selected archaeological textiles (Andersson Strand
and Demant 2023). With notable attention devoted
to appropriate fibre selection, yarn spin and weight-
row conformation, the 2/2 twill textile produced in
that study closely resembled the original artefact.
However, the weaving process that utilised the
four-weight-row method seems to have been less
successful. It is possible that revising the weaving
method to the one suggested by the current research
would facilitate similar future investigations,
advancing the understanding of how twill may have
been woven on the warp-weighted loom.

In assessing the two possible uses of double-notched
supports under consideration, the more complicated
four-weight-row method seems unlikely to have
had very wide use. Supporting this suggestion is a
comparison between two forms of diamond twills
present in the archaeological record: those with
symmetrically formed diamonds, often referred to
as goose-eye twill, which may be taken to represent
the greater flexibility in weave structures that the
four-weight-row method makes possible, and those
that are asymmetrical, typically referred to as broken
diamond twill, in which the points of reversal are
staggered (Emery 1966, 98). The broken diamond
structure flows naturally from a warp that is divided
into two equal parts, which is the basis for the two
threads per heddle of the Icelandic method. This
heddle-tying order can easily be altered to produce
a broken diamond twill by tying two single-warp
heddles at the points of reversal without disrupting
the system in which single heddle rods open a shed,
but it is not suited to tying heddles that enclose three
neighbouring warps as required for a symmetrical
diamond twill.

After evaluating perceived problems with the
Icelandic method for weaving 2/2 twill, and describing
how the newly envisioned four-weight-row method
was capable of weaving a symmetrical, or regular
diamond twill, Haynes remarks on this very issue,
seemingly missing the point: “During the very long
period over which diamond-patterned cloths were
produced, the ‘broken’ form appears to have been
of considerable importance; but evidence of the
‘regular’ version is extremely rare. The very length
of time seems to discount fashion as the reason for
this apparently overwhelming preference; although
almost certainly related to the technology of the loom
employed, the explanation remains obscure.”

If the single-warp-per-heddle system of the Haynes

method had been widespread, would broken
diamond twill have remained the norm for such a
“very long period”?

A lack of uniformity in weaving practices?

A Faroese expression, “Nu er ikki beint a midskaftid”
(now it’s not right with the middle shaft),
likens problems with the middle heddle rod to
disagreements arising between people (Broholm and
Hald 1935, 305). This saying has been taken to mean
that, “the most difficult shed to get right was the
one controlled by the middle rod” (Hoffmann 1964,
150). The jamming and tangling noted in the current
research when weaving solely with single-notched
supports bears out this analogy. This expression,
then, may be taken to indicate two things: first,
that twill was warped with two threads per heddle,
a practice entirely in keeping with the extensive
presence of broken diamond twill in archaeological
textiles; and second, that use of solely single-notched
supports, with their concomitant heddle problems,
was a common practice.

Marta Hoffmann documented different practices
among warp-weighted loom weavers in various
cultural settings: use of a woven starting border
among the Sami in north Norway, use of a weaving
sword to beat in the weft in southwest Norway, and
weaving from the back of the loom among the Sami
in northern Finland, to name a few. Given this lack of
uniformity, it is possible that when weaving twill, the
solution to slack heddles proposed in this research
may have been limited to medieval Trondheim. Or
instead, it may indicate that innovations in weaving
techniques were slow to spread and/or did not
spread evenly. Medieval Trondheim offers one small
window into past twill weaving practices, as does
the saying from the Faroe Islands. The purpose of
this research has been to interpret the possible use of
double-notched supports found in Trondheim. How
widespread such usage may have been is an open
question.

Conclusion

Enclosing two warp threads per heddle is an
intriguing aspect of the Icelandic method, allowing
each of 2/2 twill’s four sheds to be formed easily
and evenly, with one heddle rod or the fixed shed
rod controlling each. However and whenever this
idea arose, it is uniquely suited to weaving this
important type of cloth on the warp-weighted loom,
and it represents a significant departure from the one
thread per heddle method employed in plain weave.
This research, based on the premise that such a warp
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treatment may have been foundational to the 2/2
twill weave structure, focused on what appeared to
be an obvious problem when using the heddle-rod
supports as they survived in Norway, namely heddle
jamming. The resulting method presents a solution
that includes several attested aspects of the warp-
weighted loom tradition: the use of two threads per
heddle for weaving twill, as reported from Iceland;
the use of double-notched supports as documented
from medieval finds in Trondheim; and the use of
single-notched heddle-rod supports based on those
in surviving Norwegian weaving traditions. The
blending of these factors to devise a method for
weaving twill stands in contrast to the basis for the
four-weight-row method: a new device envisioned to
facilitate a novel approach.

It seems likely that over time a variety of methods
were employed to weave twill on the warp-weighted
loom, perhaps including all of those described in
this article. This was, after all, an important fabric
and weavers are endlessly inventive. Those using a
loom similar to the one that survived in Norway may
well have worked with an imperfect system, clearing
heddle jams and occasional tangles while using one,
two or three pairs of supports, until a solution such
as the double-notched supports presented itself. It is
possible that some weavers experimented with loom
refinements that allowed more flexibility in what
fabrics could be woven, and if so, they may have come
upon the idea of using double-notched supports in
a four-weight-row system, just as Haynes did. But
given the problems inherent with that system, such a
method was probably never widespread.

Without a living tradition to provide evidence, the
manner in which twill was woven on the warp-
weighted loom remains open to conjecture. However,
if double-notched supports were a part of that
method, the use suggested by the current research
seems the most likely.
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