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Dyeing, especially in bright, intense colours, has been one of the methods used to embellish
textiles and add to their value. A considerable dyeing industry can be shown to have existed
in Pompeii. The city of Pompeii was destroyed in a volcanic eruption in AD 79, but its remains
were preserved in situ (after Allison 1992). This includes six dyeing workshops (Moeller 1976).
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The six workshops, together contained between them, forty apparatus consisting of a kettle in
a brick or rubble and mortar surround to house a fire for heating the kettle (A survey was
undertaken in 1994; Robinson and Janaway, unpublished). The kettles were supported by a
ring of material which their bottom edge rested on; thereby leaving most of the kettle bottom
unsupported. The dyeing apparatus were extensively researched by Hopkins (2007, 2008) to
gain a better understanding of the scale of industry.
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“ The results of yeIng app o 8 ,
_ , all the workshops and the individual apparatus, as well as their
any dyeing process will o _ _
, context. The surviving kettles, whose size varied between 90
vary a lot, depending

and 900 litres, were cylindrical with flat bases and they were all
on the mordant, plants

_ made of lead. The use of lead provoked fundamental
used for dyeing, the

. uestions about the process of dyeing in Pompeii.
raw material, the 9 P yeing P

. Experiments undertaken at Textilforum 2012 explored the use
thickness of the yarn or

the cloth, the twist of
the yarn and even the

of different metals in the dyeing process and explained why
lead had been chosen by the dyers.

quality of the wool
itself. (...) Above all
even the quality of

Preliminary research

For Hopkins' work on the Pompeii dyeing industry, a replica
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dyeing apparatus was constructed. This was based on
apparatus five in property VIl ii 11 (See Figure 1), with a
capacity of 130 litres.

The use of lead in the original kettles, however, could not be

weld or madder. reproduced in Hopkins' experimental replica due to health and
safety considerations. A thermal and physical match had to be
substituted. Stainless steel was such a close comparison that
this was used instead for Hopkin's replica apparatus. Other than its thermal conductivity

properties, though, the kettle material remained largely unconsidered.

The replica apparatus was used to evaluate the possible output of the Pompeii dyeing
industry.

Questions regarding the dyeing process and the kettle material

The findings regarding the possible output of the Pompeii dyeing industry, based on
experimental dyeing runs with the replica apparatus, were presented at the first European
Textile Forum (Textilforum) in 2009. At this conference, it was found that although the science
and archaeology were valid, the dyeing was not in keeping with a modern understanding of
historic dyeing. The understanding of the dyeing process used for the study, including
experiment design and setup, had been gained from reputable academic sources, but had



been restricted to those available in Britain at the time of study. This problem had been
touched on by Hopkins (2007) who noted that Monaghan's thesis on Greek dyeing (Monaghan
2001) stated that no written recipes survived, yet Hopkins cited the early modern German
source Lagercrantz (1913) who translated the Greek recipe to modern German. This
unfortunate omission is part of the wider problem of missing sources when undertaking
archaeological research.

Two questions were considered especially interesting during this conference: whether the
textile material was dyed in the fleece, in the yarn or in the cloth; and why lead was chosen as
the kettle material for all the surviving vats.

Hopkins, after extensive study of the available literature (for example Wild 1970, Frayn 1984,
Ryder 1990), had used the dyeing of fleece as the basis for calculating the output of the
dyeing industry. It is theoretically possible to dye fleece (unspun fibre), yarn, or cloth, though
every material poses its own challenges to the dyer.

It is commonly assumed that examples showing no white core inside the fibres would have to
be dyed in the fleece, before combing, spinning and weaving the cloth (after Wild 1970, after
Ryder 1990). However, this can result in a large amount of waste in raw material since fleece
is very sensitive to movement in hot liquid, especially in alkaline liquid, factors that are
essential to the dyeing of mordanted colours such as yellow, green and red. Moving the
textile material is essential for an even outcome of the dyeing in a hot dye bath. Blue,
achieved with either indigo or woad, is not dyed hot and the material is not moved much
during the dyeing process. Therefore, to dye a fleece blue without significant loss of material
is possible. Similarly, a cold mordanting and dyeing process suitable for dyeing fleece may be
feasible for different colours; however, this is not plausible in the case of the Pompeii
workshops - these contained heating apparatus. Although it is possible to dye cold by simply
not heating the apparatus, all the apparatus found were heatable, suggesting limited need for
cool apparatus. Furthermore, keeping them cool would have been problematic due to
conduction and ambient temperature. For mordanting colours, dyeing a fleece would mean
dyeing fibres that would be sorted out as waste during fibre preparation for spinning. As
frequent movement of the material to be dyed is necessary for an evenly dyed result, and
fibres felt together easily when agitated in a hot alkaline solution, this might reduce
considerably the output of spinnable fibre after dyeing.

The results of any dyeing process will vary a lot, depending on the mordant, plants used for
dyeing, the raw material, the thickness of the yarn or the cloth, the twist of the yarn and even
the quality of the wool itself. This is the case even if the same technique, apparatus and
plants have been used, because all those factors influence the receptivity of the fibres. Above
all even the quality of water, the presence or absence of chalk/calcium, will influence the
colour, most visibly when using weld or madder. The intensity of the dye depends on all those



factors and defines the quality of the dyed material, fleece, spun yarn or cloth. It is, in any
case, possible to have yarn or fabric completely dyed through, even though it was dyed not in
the fleece, but as yarn or in the cloth. While a white core or white spots in yarn or fabric can
be seen as proof that something was dyed in the yarn or in the cloth, it is not possible to
assume that anything not showing a white core was dyed in the fleece, as complete dye
penetration is possible when dyeing yarn or cloth.

The last remaining important factor for the dyeing process is the kettle itself. The apparatus
in Pompeii vary in size, the largest one at 900 litres being almost a modern industrial size. The
form and height of the kettles, which are cylinders of varying height and diameter, suggest
the dyeing of spun yarn - from the dyers' point of view - since spun yarn can be dyed hanging
on racks in the pot. This would explain quite well the form of most of these kettles. This
method would of course enlarge the output of the industry enormously in comparison to the
theory of dyed fleece.

The original study calculated that Pompeii could have produced 48,972 - 53,106 dyed fleeces
annually. This appears a large figure, but if the population of Pompeii were approx. 12,000
people (Storey 1997), that would mean 4.1 - 4.4 fleece per person, 8.2 - 8.8 kg, which is the
equivalent to a large (laundrette) washing machine load (Hopkins 2007, 2008). Although not
every textile item was dyed and there was a trend for plain clothing with patterns (Bender
Jergensen and Mannering 2001; Pritchard and Verhecken-Lammens 2001; Cardon 2001), soft
furnishings tended to be dyed wholly in one colour. Ultimately, when the quantity required to
make a single pair of curtains is considered and it is remembered that the quantity per
person would also have to stretch to commercial, government and religious premises, 8.8kg
per person appears to be very small. Even with an output three times as large as the original
estimate (Hopkins 2013a, Hopkins 2013b), the dyeing industry would still have been relatively
small, certainly not large enough to be a centre of manufacture for export throughout the
empire as originally stated by Moeller (1976). However, there is still much wiggle room in
these estimates. For instance, if a workshop possesses two kettles, each with approx. 90 |
capacity, one of the kettles can be used for mordanting while the other, in parallel, can be
used to dye pre-mordanted yarn. In a kettle of this size, according to the practical experience
Sabine Ringenberg gained from more than ten years of dyeing, at least three kg of yarn can
be processed in one batch, possibly more if the yarn is hung on racks. With an estimated time
of about two hours per batch for restocking the pot with dyestuff and re-heating, this could
result in an output of at least 12 kg of dyed wool yarn per workday.

Apart from a lively discussion on the possible output of a dyeing workshop and the question
of whether yarn or fleece were dyed in the apparatus (reassessed findings in Hopkins 20133,
b, ), the kettle material of the original kettles roused much interest, finally resulting in an
archaeological experiment on the influence of metal vessels when dyeing.



During the survey it had been noted that all of the surviving dyeing vessels had been
constructed from lead, confirmed in a test undertaken in 2005 (Monteix and Pernot,
unpublished). This was noted as an archaeological curiosity, as it was known that the Romans
were aware of lead'’s toxic nature (Vitruvius VIII), but no further importance was attached to
the finding. During the reconstruction, other than its thermal conductivity properties, the
kettle material had been largely unconsidered.

Lead is a weak, malleable metal, properties that lend themselves to the physical manipulation
necessary to construct a water delivery network, but it had been chosen for use in
construction of a mostly unsupported kettle designed to be in direct contact with the flames
heating it. Even though the heat was drawn away by the water contained within it, limiting the
maximum temperature of the lead to about 100°C, the sheer weight of the water and the
fabric meant the kettle may have been unstable. Two findings shed light on this quandary.

Calculations showed that regardless of the size of each kettle, their design meant each was
exposed to the same amount of pressure on its bottom by the water it contained, so there
was no difference in stability between the larger and smaller kettles. The other finding was
that when the photos of the dyeing apparatus were re-examined, concentric circles were
noticed in the bases of the dyeing apparatus. This means that they had been subject to
‘creep’, a continous deformation during use resulting in a sunken, concave bottom instead of
the original flat bottom. So the lead kettles had in fact been structurally unstable, but not in a
way that would have heavily influenced their use in the workshop. The circles can be seen in
apparatus five in property VIl xiv 17 (See Figure 2). When a computer simulation was
constructed to test the outcome of heating the kettles during dyeing, it was discovered that
although they did develop deformations in their bottom part, they did not actually break. This
result could be seen in reality in apparatus six in property VIl xiv 17 (See Figure 3).

This instability during use raised the question of why lead had been used instead of copper or
iron, which had been available and would have been much more resilient materials. The most
obvious answer is that lead may have presented a chemical property beneficial to the dyeing
process, which outweighed the problems of physical instability. As it happens, copper and
iron are both known to be mordants that have significant influence on the colour outcome.

Experiment preparation

Since lead kettles are not commonly used in plant-dyeing any more, due to the toxicity of
lead, no comparison samples for textiles dyed in lead kettles or knowledge about this metal's
influence were available. To shed some light on the possible influence of the kettles in
Pompeii, an experiment to test their influence on the dyeing result for several different
metals was designed and undertaken.



There are such limited textile finds from Pompeii that information and finds of textile
processing during the Roman era have to be gleaned from other sites. Contemporary to
Pompeii, but at opposite ends of the Roman world, are textile finds from Masada in Israel
(Koren 1994, Sheffer and Granger-Taylor 1994) and Hadrian’s Wall in England (Taylor 1983).
Analysis of both of these showed that madder (rubia tinctoria) was the most commonly
identifiable surviving dye, alum was the most commonly used mordant (usually used in
conjunction with the madder) and the most commonly used textile was wool. Because of this,
the study chose to mimic the dyeing of wool with madder and an alum mordant to
understand the industrial process and output of Pompeii.

Other sources suggest the use of other dyes, even if for restricted use: Pliny’s Natural History
stated that although yellow dye was available, it was used specifically for bridal gowns (Pliny,
Nat Hist, XXI). This means that although restricted in use by social convention, the dyes were
actually used. To continue the earlier study’s experiments with consistency and to replicate
another dye used in the Roman world, dyeing with madder to result in a red colour sample
and dyeing with birch to result in a yellow colour sample were used in the Textilforum
experiment. Both of these are also sensitive to different mordants, and the authors hoped to
see considerable influences of the kettle material with these dyes.

There are, basically, two types of dye: mordant and vat dye. When using a vat dye, the
material to be dyed is submerged in the dye and it naturally adheres to the fibres. When
using a mordant dye, the material to be dyed must first be treated with a solution containing
a water-soluble metal salt, the mordant, which then binds to the fibre material. Following this,
the textile can then be submerged in the dye-bath and the dye will bind to the mordant and
therefore the material. The same dye can result in different colours due to the use of a
different mordant. This is called nuancing. Copper and iron are known to make the resultant
colour darker or ‘sadden’ it, that is make it ‘murky’. Lead is not known to be used as a
mordant, however (cf. mordants listed in Schweppe, Ploss).

But this raises a further question: As the mordant is dissolved in the water in which the
material is submerged, then metal salts are already bound to the material during dyeing.
Therefore, it should not be theoretically possible that the metal the dyeing kettle is
constructed from should heavily influence the dyeing outcome.

The Experimental dyeing process

The experiment to investigate this question was undertaken at Textilforum 2012. It was the
inaugural event hosted by the newly opened Labor fur Experimentelle Archdologie (LEA) in
Mayen, a satellite of the Rdmisch-Germanisches Zentralmuseum in Mainz. As the LEA has a
fully equipped laboratory, accommodation and conference premises, we were able to run the
experiment which required mordanting and dyeing procedures over the course of several
days.



The aim of the experiment was to see the difference in outcome of dyeing in different kettles.
Two experiments were undertaken: dyeing with madder and dyeing with birch leaf. These
were undertaken separately in succession. All heating took place in a water bath for
consistency. Tap water was used for dyeing as it was of a known content. Distilled water was
used for cleaning measuring equipment.

Identical skeins of wool were premordanted with alum in an inert glass vessel. The alum
weight was 25% of the wool weight. Each vessel contained a piece of metal 100mm? to
represent the dyeing apparatus consisting of different materials: copper, iron, lead and lead
with a superficial oxide layer (See Figure 4); one skein of wool was mordanted and dyed
without metal addition to serve as a reference. The wool was boiled in the containers for an
hour then left to stand overnight.

Following premordanting, the metal was cleaned and the skeins were then dyed in inert glass
vessels, each containing the same representative metal sample. Only half of the quantity of
madder usually used was added, as a subtler dye allows changes in colour to be seen easier
by the human eye. The mordanted wool was immersed in the vessels, heated up and boiled
for one hour, then left to cool for one hour. The pH and temperature were recorded at
several points during the experiment. Differences between the pH of the test vessels were
noticeable (See Tables 1 and 2).

MADDER MADDER MADDER MADDER MADDER

¢ lead lead )
reference ea copper iron
oxidised PP
wool weight dry before 11.3g 1M1.1g 1M1.1g 103 g 103 g
mordanting
alum added 28¢g 28¢g 28¢g 26¢g 26¢g
pH with alum added 4.18pH 4.16pH 4.18pH 4.18pH 4.18pH
19.7°C 19.5°C 19.5°C 19.5°C 19.6°C
pH before heating, wool and 4.21 pH 4.18 pH 4.18 pH 4.19 pH 4.19 pH
metal plates added 20.2°C 19.7°C 19.7°C 19.9°C 20.0°C
pH while heating
pH after boiling* 3.35pH 3.37 pH 3.34 pH 3.36 pH 3.67 pH
84.7°C 80.0°C 78.7°C 81.4°C 77.8°C
pH after cooling 4.04 pH 4.05 pH 4.05 pH 4.06 pH 4.20 pH
23.2°C 23.0°C 23.0°C 23.0°C 22.9°C
madder/birch leaf weight 57¢g 56¢g 56¢g 52¢g 52¢g
pH of dye liquid before adding  7.24 pH 7.19 pH 7.14 pH 7.06 pH 7.17 pH

metal 21.3°C 21.3°C 21.2°C 21.5°C 21.4°C



pH of dye liquid after adding 7.23 pH 7.18 pH 7.12 pH 7.12 pH 7.17 pH

metal 21.6°C 21.2°C 21.3°C 21.3°C 21.3°C
pH of dye liquid while heating 6.45 pH 6.35 pH 6.35 pH 6.45 pH 6.40 pH
63.0°C 65.8°C 66.5°C 67.7°C 69.0°C
pH of dye liquid after boiling 6.40 pH 6.32 pH 6.33 pH 6.44 pH 6.55 pH
80.9°C 80.7°C 82.7°C 80.6°C 78.2°C
pH of dye liquid after one hour  6.71 pH 6.58 pH 6.55 pH 6.66 pH 6.78 pH
of cooling 51.3°C 50.4°C 51.3°C 50.6°C 49.3°C

TABLE 1. CHANGES IN PH, MADDER DYEING.

BIRCH BIRCH BIRCH BIRCH BIRCH
reference lead lead copper iron
oxidised
wool weight dry before 11.0g 10.8¢g 10.8 g 10.7 g 105¢g
mordanting
alum added 28¢g 27¢g 27¢g 27¢g 26¢g
pH with alum added 4.27 pH 4.23 pH 4.27 pH 4.25 pH 4.28 pH
19.4°C 19.6°C 19.5°C 19.3°C 19.4°C
pH before heating, wool and 4.25 pH 4.25 pH 4.26 pH 4.25 pH 4.25 pH
metal plates added 20.0°C 20.0°C 19.8°C 19.6°C 19.7°C
pH while heating 3.56 pH 3.55 pH 3.54 pH 3.53 pH 3.54 pH
19.4°C 19.6°C 53.5°C 54.2°C 54.7°C
pH after boiling* 3.30 pH 3.37 pH 3.35 pH 3.34 pH 3.61 pH
82.6°C 82.6°C 80.0°C 80.3°C 79.6°C
pH after cooling 4.20 pH 4.20 pH 4.20 pH 4.18 pH 4.30 pH
21.4°C 21.3°C 21.3°C 21.4°C 21.3°C
madder/birch leaf weight 220¢g 216¢g 216¢g 214¢ 210g
pH of dye liquid before adding 7.00 pH 7.11 pH 6.85 pH 6.79 pH 7.10 pH
metal 21.4°C 21.5°C 21.7°C 22.3°C 22.1°C
pH of dye liquid after adding 7.01 pH 7.07 pH 6.99 pH 6.97 pH 7.08 pH
metal 20.7°C 20.7°C 20.7°C 20.9°C 21.0°C
pH of dye liquid while heating 5.98 pH 5.90 pH 5.83 pH 5.82 pH 5.89 pH
67.7°C 69.2°C 70.7°C 71.4°C 72.1°C
pH of dye liquid after boiling 5.45 pH 5.47 pH 5.35 pH 5.36 pH 5.69 pH
78.2°C 77.2°C 74.8°C 77.5°C 75.2°C
pH of dye liquid after one hour of = 5.53 pH 5.55 pH 5.41 pH 5.41 pH 5.72 pH
cooling 48.3°C 46.5°C 46.1°C 46.1°C 46.3°C

TABLE 2. CHANGES IN PH, BIRCH DYEING.



After cooling naturally, the wool was removed from the dye liquor and rinsed. The dyeing with
birch leaf followed the same methodology. Fresh birch leaf of 200% wool weight was used.
The birch leaf was first boiled in water to get a dye liquor; for this the birch leaf was cut into
pieces, then put into jars with water that were agitated and heated on hotplates until boiling,
then boiled for one hour before straining off the leaves. Samples of the mordant and dye
liquors were preserved to allow future chemical testing.

All of the equipment that the dye liquor and wool came into contact with was inert, so it can
be stated that the distinctive change in colour was caused by the metal plates added to the
dyeing vessels. It was predicted that the copper and iron would have a ‘saddening effect’ but
it was a surprise to see the brightness of the colour reached with lead, especially oxidised
lead (See Figure 5).

Experiment results

While the importance of different mordants to the outcome of dyeing has long been
recognised, the experiment showed that the dyeing kettle itself played a much greater role
than had previously been thought. The Roman dyers were evidently aware of this and chose
lead, which produced the desired and chemically predictable results such as a true yellow.
Lead is therefore the ‘neutral vessel’ available to the Roman dyer. This explains the
preference for lead kettles in the dyeing apparatus in Pompeii.

The different colours show that the metals were affecting the dye liquor, but as yet the
quantity of metal that had dissolved into the water is unknown; first tests on the samples
taken were unfortunately unsuccessful in determining this quantity.

Discussion

Before these experiments the importance of the choice of metal had not been fully
appreciated. This shows the importance of allowing for a broader understanding of factors
before making conclusions about an artefact - the choice of lead appears reckless from a
modern structural or safety viewpoint, but for a dyer it is logical as it performs best. If wider
factors are not allowed for, false beliefs develop based on flawed logic which eventually go
unquestioned. At the start of the original study there was even disbelief that the kettles were
made of lead as it appeared so unreasonable.

The original study investigated the structural stability of lead as it was believed that the lead
was unstable enough to affect the workshops' efficiency (Hopkins 2007, Hopkins 2008).
Warping or breakage could cause ‘downtime’ that would halt production and necessitate
repair, maintenance or replacement of vessels. The dyeing workshops would either have to
possess or buy in someone skilled in lead working. Each of these factors would increase the
costs the workshop would face. Lead was used, therefore the effect on dyeing was recognised



and so desirable that disadvantages were tolerated, or a way had been found to predict and
lessen then.

Where the dyers procured their lead is a wider question that could have larger economic
implications. Lead was a by-product of silver smelting. This should have meant that it was
relatively cheap. Despite some understanding that lead may affect dye colour, it had been
supposed that cost was a strong reason for lead to have been chosen for dyeing kettles
(Hopkins 2007, Hopkins 2008). It is now possible that lead could have been at a premium as it
would be in demand by the dyers. Transport costs could have added to the price of lead.
Dyers may have had to regularly replace vessels, through structural failure or tainting by dye,
the rate of which is unknown. This means that the original surmise that lead was cheap may
be incorrect, another factor that may have affected the dyeing workshops' costs.

Some dyeing workshops in Pompeii contained vessels that did not appear to have been
metal-lined. They were either ceramic, such as the dolium in | viii 19, or built from rubble and
apparently lined with opus signinum, such as the tanks in VIl xiv 17. It is possible that these
could have contained water or been used in the dyeing process, augmenting the vessels
available with others that were not metallic. Apparatus involved in dye processing and dyeing
may be ceramic or not metallic, such as those excavated at Sabratha, Libya.

The vibrant colours attained during the experiment show that the palette available to the
Roman dyers was far more varied from fewer elements than had been first thought. Each of
the metals caused a difference in colour to the control and to each other, ranging from bright,
clear hues to ‘saddened’ darker shades. This shows the possibilities for variations in colour
and demonstrates the subtlety required in the dyers' art to produce the colours required.

Further questions

Regarding the dyeing process in different material vessels, however, further questions can be
explored: is it the metal kettle wall that directly affects the colour, or does the metal merely
procure the change in pH that, in turn, affects the colour? Does this influence on the colour
happen during mordanting, during dyeing, or equally during both parts of the process? Does
the kettle wall also have an influence on the stability of the colour, such as its lightfastness?

The authors hope that these questions and others can be approached in the near future.
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Summary

The city of Pompeii was preserved in a volcanic eruption in AD79. Its manufacturing
apparatus survived in situ. The dyeing industry in Pompeii was the subject of an intensive
study. To understand the dyeing process, a survey and reconstruction of apparatus was
undertaken. This raised fundamental questions about the dyers’ choice of materials, which in
turn led to the experiment described here.

A survey of the 40 original apparatus showed that the kettles were made from lead. Lead was
cheap and available, but is weak with a low melting point. Consequently, the kettles had been
subject to creep (accumulated deformation with use). A computer simulation showed the
kettles did not break but had been physically unstable. The question remained: iron and
copper had been available, so why had lead been used?

Following review by a professional historic dyer, an experiment was undertaken to investigate
the effects of using an iron, copper or lead kettle on the dyed material, to determine if the
different kettle materials may have significantly influenced the dyeing outcome. Two Roman
dyes were used and both gave results with definite colour differences depending on kettle
material.
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Propetty: VI xiv17 [Vat: 5[Max Ext Height 86cm
Max Ext Diameter 89cm
Max Int Height 43+cm
[Max Int Diameter 60cm
Firebox Opening Ht _|42cm
Firebox Open’ Wdth  [3Bcm
Wall thickness
B kettle Support Ht
= ' & | |Ketile Depth 43+cm
' o] Step Dimensions ?
e Complete? MNearly. So is the vat.

1 =iy — Reslored? [Yes, neat top, 3x monar.

A |Flue? Present? Restored? incomplete Absent?
Yes, under bucket

Step? __|?
e 1 [Metal kettle? Details: [Well preserved. 90° bucket
< , : shape. Mot complete, but circular. 60cm wide.,
' - O lllustration

Stone. Brick shelf
Rubble blocks with mortar. Brick shelf.

Construction Material
Construct' technigue

Dirnen_s_!'nns

Martar Type 3x. With patching and smoothing layer on top.

Wall uniform width Yes, bul restored.

Firebox Lintel One large (cracked) stone, with mortar splodge (unknown age), cracks
unrepaired.

lintel dimensions 51 x26x11cm

Firebox Qrientation  |90° to back wall into middle of room.

Step Material ? Pile of rubble at back.

Restoration/repair. | Yes, Walls smooth, straight and too low. Vat cemented into place in its
warped slate.

Ancient repair? ?

Further Observations: |Vat is flush to side at one side and 8cm away at other therefore actual gap

unknown.
s I . I
[ ® e
g
& = ol o

Plan of VII xiv 17, vat 5 highlighted in red,
tables and tanks shown in blue.

Map of Pompeii showing the localion of workshop
VIl xiv 17, highlighted in red.

FIG 1. DOCUMENTATION PAGE FOR THE ORIGINAL DYE VAT THAT WAS USED AS BASIS FOR THE EXPERIMENTAL VAT
(HEATHER HOPKINS, UNPUBLISHED SURVEY RESULTS; MAP BASED ON LAURENCE, R. 1994. ROMAN POMPEIl SPACE
AND SOCIETY ROUTLEDGE, LONDON.).
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RESULTING CREEP. (PICTURE HEATHER HOPKINS)
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FIG 4. METAL PLATES BEFORE INSERTION INTO MORDANTING LIQUID. (PICTURE KATRIN KANIA)
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FIG 5. RESULTS OF THE DYEING WITH MADDER AND BIRCH LEAF. (PICTURE KATRIN KANIA)
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