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Textile in archaeology has long been seen as an unreliable source of data due to the lack of methods that deal with 
the processing of such findings. Only during the last couple of years, serious analyses have begun to take place. It was 
often possible to reconstruct the look of fabrics and decorative objects, while searching for color traces in fibers has 
rarely been done. Since the first traces of dyed textiles were found, the process itself had already been developed, yet 
the experimental stage of selection and development of the dyeing process stays unknown. In that case, answers to a 
variety of questions can be offered by experimental archaeology and interdisciplinary approach. As a starting point, 
some experiments that have already been done involving fabric dyeing will be used and mentioned later in work (Car-
don 2007; Vajanto 2011; Grömer 2016). It took several steps, such as collecting and processing wool, selecting natural 
dye sources, dyeing the wool and analyzing the obtained samples. In collaboration with other branches of natural and 
human sciences, information about the past becomes more complete, and the interpretation itself more accurate.
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Introduction 	  	

As an archaeological find, the textile is considered to be 
highly valuable because specific preservation conditions 
are required, which are almost never suitable for both 
plant and animal fibers (Sutlović 2008; Grömer 2016: 
23). Research is mostly focused on the finished product 
itself or fabric production technology after the fiber is 

already made, most notably weaving. The process of 
dyeing fabrics and substances needed for it were sel-
dom stressed although over the last decade there have 
been some significant papers considering the subject 
(Cardon 2007; Andersson Strand 2010; Vajanto 2011; 
Grömer 2016). Though most pigments and mordants are 
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defined by ethnoarchaeological and historical sources, 
the whole palette of colors and mordants used on ar-
chaeological textile remains unknown. The most inter-
esting aspect of the process which has not yet been 
fully discovered is the selection and development of the 
pigments and mordants. Each mordant is suitable for a 
particular type of fiber, and the choice and combination 
of mordant and pigment significantly affect the longev-
ity and durability of the dye (Schoeser 2009: 30; Vajanto 
2011; Grömer 2016: 23). In this experiment, green wal-
nut husks were used as a pigment source, since they are 
known as the source of pigments in the prehistoric times 
(Grömer 2016: 23). Second pigment source used were 
black elderberries, whose pigment is sensitive to sun 
exposure (Bechtold and Mussak 2009). The goal was to 
confirm the importance of plant selection and the use of 
mordants. The mordants used in the experiment were 
mainly produced by using metal residues and slag. The 
dyeing experiment was mostly based on oral ethnologi-
cal sources and modern literature, which is another indi-
cation of a strong tradition which is universal throughout 
the whole Europe (Cardon 2007; Schoeser 2009; Dean 
2010; Grömer 2016).

Textile in archaeology

Textile in archaeology has long been seen as an unre-
liable source of data due to the lack of methods that 
deal with the processing of such findings. Textile is a 
particularly sensitive archaeological find since it is rarely 
recovered because of its difficult preservation (Bender 
Jørgensen and Walton 1986; Grömer 2016). Conditions 
required for the preservation of textiles at a site include: 
stable pH, constant temperature, anaerobic or aerobic 
environment, and the presence or absence of certain 
bacteria and fungi (Grömer 2016: 25). Because fabrics 
of plant and animal origin require different preservation 
conditions, they are rarely preserved in the same con-
text. The degree of preservation may vary from partial to 
complete and depends on the combination of preserva-
tion conditions (Grömer 2016: 25). Since the first traces 
of dyed textiles date from the period when the process 
itself had already been developed, the experimental 
stage of selection and development of the coloring pro-
cess is still unknown (Grömer 2016: 25). Therefore, an-
swers to a variety of questions can be offered by experi-
mental archaeology guided by archaeological finds and 
ethnoarchaeology (Bender Jørgensen and Walton 1986; 
Schoeser 2009).

Methodology

The experiment consisted of several steps, such as col-
lecting and processing the wool, selecting the natural 
dyes based on ethnological and archaeological sources, 
dyeing the wool and analyzing the samples (Sutlović 
2008; Schoeser 2009; Andersson Strand 2010; Vajanto 
2011; Grömer 2016). The aim of experiment was to re-
construct the production process of collecting and treat-
ing the raw material and finally dyeing the wool for com-
parison with the archaeological material and the context 
in which it can be found (Bender Jørgensen and Walton 
1986). Pigments were extracted from the selected plants 
and mixed with metal or salt and vinegar-based mor-
dants (Dean 2010; Vajanto 2011). Color durability was 
tested on each sample to better understand the selec-
tive phases of the development of pigments and/or mor-
dants. Macroscopic and microscopic analyses were per-
formed on the obtained samples, color-code parameters 
were determined, and a map of colors was made for 
the samples dyed with a variety of mordants and dyes. 
The experiment was done in three phases: preparation, 
experimentation and analysis and processing of the col-
lected results. During the preparation, the first step was 
to collect and prepare wool by sorting, washing in pure 
natural water, and drying. In the experimental phase, 
the prepared wool was treated with the mixtures which 
contained naturally obtained dyes and mordants. The 
first group of samples was treated using metal-based 
mordants, while the other group was treated with a mix-
ture of salt and vinegar. The third control unit was dyed 
without presence of mordants for better understanding 
the importance and reasons for the development and 
use of mordants (Manlin and Xiaoming 2013: 596; Scho-
eser 2009: 30). Mordant is a substance that acts as fiber 
color fixator which in combination with pigments results 
in better colorfastness and it is used for obtaining differ-
ent hues in the production of colors. All of the used wool 
was dipped in plain water before soaking in mordants. 
Because they required certain preparation time (Bech-
told and Mussak 2009), the three used mordants were 
prepared a few months before the experiment. Two of 
the mordants used were metal-based and the main com-
ponents were iron and copper, the recipe that was based 
on the ethnoarchaeological studies (Manlin and Xiaom-
ing 2013: 594; Grömer 2016). These mordants were 
obtained by immersing metal waste (old nails or scrap 
metal) into a mixture of water and vinegar (Dean 2010: 
42; Grömer 2016: 154). The third type of mordant was 
made by adding 5 ml of vinegar and salt mixture per 100 
ml of water. To monitor the effect of acidity or alkalinity 
on the hue and saturation of the color obtained, each 
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pots pH value was measured. Black elderberries and 
green walnut husks were used as sources of pigments 
(Bechtold and Mussak 2009: 156). Because of the pres-
ence of tannins which may serve as a color fixator, wal-
nut husks were selected as they are a well known natural 
dye source (Grömer 2016). Because the elderberry dye 
is sensitive to the external influences (Dean 2010: 130-
131), it was possible to record the importance of vari-
ables such as choice of mordants and length of dyeing 
while using elderberries as the source of pigment. The 
collected data resulted in a better understanding of the 
selective phase of choice of mordants and plants suit-
able for pigment extraction.

Firstly, parts of the selected plants were crushed to form 
a paste and dipped in water for 24 hours. The next day, 
the mixture was boiled for 60 minutes and sifted through 
the cloth after cooling. The resulting color bath was ad-
ditionally diluted. Next, the wool was soaked in plain wa-
ter for 60 minutes and then additionally in mordants for 
another 60 minutes (Vajanto 2014: 65). For each color 
bath, 10 g of wool and 1000 ml of dye were weighed 
and measured. They were placed in the pot and gradu-
ally heated to the boiling point after which the dyeing 

continued for the 140 minutes with samples taken every 
30 minutes. The last samples were taken after cooling. 
The dyed samples were subsequently rinsed in water 
and dried (Table 1).

Results

All of the dyed samples were subjected to macroscopic 
and microscopic analyses (Vanden Berghe 2013: 58). 
The first and simplest was organoleptic analysis. Sam-
ples were examined and the subjective rating of hue/
color was made. The biggest change in hue and color 

saturation was noticed on samples treated with metal 
base mordants and on the same samples, change in 
fineness of fibers occurred. Samples treated with metal-
based mordants appeared coarser to touch than sam-
ples without mordant and with salt and vinegar as mor-
dant. The colors on the samples were subjectively evalu-
ated. Subsequently, an analysis was performed using a 
digital loupe with 90X magnification. On fibers soaked in 
metal base mordants, areas of larger color accumulation 
and stains of unknown origin were visible and further 

TABLE 1.Table of obtained colors and hues 
considering the use of pigment and mor-
dant  (Made by Ovčarić F. and Tomić B.)
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analysis with electron microscope and energy dispersive 
spectroscopy analyses were performed. For the electron 
microscope analysis, a sample of raw wool was taken, as 
well as samples dyed with elderberries and walnut husks 
soaked in metal-based mordants. After that, the samples 
were subjected to analysis through energy dispersive 
spectroscopy and it confirmed the inorganic nature of 
the material after treatment with metal salts. Copper 
presence of 1.58 wt.% and iron presence of 0.22 wt.% 
was shown in regards to other visible elements that are 
part of the wool fiber itself. Spectrophotometric analysis 
showed that the samples dyed with elderberries, both 
with and without mordant, belong to the orange-red 
part of the color spectrum. Samples soaked in metal-
based mordants had higher hue values and appeared to 
belong to the orange-yellow part of the color spectrum. 
A change of hue was not observed, and samples became 
black, in particular the iron mordanted samples. Sam-
ples soaked in vinegar and salt were red-hued, which 
could be seen organoleptically as these samples had the 
brightest hue of color. On the remissive spectrophotom-
eter, the coloristic parameters such as brightness, hue 
and chromaticity/saturation and the value of remission 
in the visible part of the spectrum were determined. On 

these graphs, we can see the remission curves which 
show that:

· On the samples dyed with elderberries and walnut 
husks but without mordants it can be seen that color 
depth is the largest on the sample that was thermally 
treated the longest (140 minutes).

· On the elderberry sample with the addition of salt and 
vinegar, highest color saturation is achieved at the 140th 
minute and on the walnut husk sample at the 120th min-
ute.

· All the samples dyed with the addition of copper gained 
the highest coloration at the 120th minute.

· Iron-treated samples have the highest color saturation 
in comparison to all others, maximum remission is seen 
after 90 minutes on the elder sample and after 120 min-
utes on the walnut sample.

To determine the stability of wool coloration, samples 
were exposed to sunlight and washed in order to deter-
mine if the fabric could have been worn in everyday life. 
(Vajanto 2014: 62-70). Previously prepared lye was ob-
tained by boiling wood ash in water to achieve a slightly 

FIGURE 1. Remission curve when dyed with black elderberries (B-elder, BM-without mordant, OS-vinegar+salt, Cu-Copper, Fr-Iron, Number-Duration 
of dyeing) (Made by Ovčarić F. and Tomić B.)
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alkaline pH. Using laboratory appliances adjusted to cer-
tain parameters, washing was simulated. To analyze the 
influence of sunlight, samples were put on the window 
sill for a month and exposed to sunlight. Afterwards, 
everything was subjected to spectrophotometric analy-
sis. The obtained results confirm that the color remains 
more stable on washed samples than on samples ex-
posed to sunlight. After exposure to sunlight, the color-
ing fades but the hue does not change and the samples 
dyed with both plant dyes have very poor stability with-
out the addition of metals(Vajanto 2014: 62-70).

Discussion

In the samples dyed with elderberries, it was observed 
that the coloration shows the highest value in the sam-
ple which has been thermally treated the longest (140 
minutes). Samples dyed with elderberries and bathed 
in a solution of vinegar and salt also showed the high-
est coloring depth value after 140 minutes. Wool dyed 
with elderberries and a copper-based mordant solution 
resulted in a deeper color tone than wool dyed without 
mordant and with the addition of vinegar and salt, which, 

according to previous sources, could have been expect-
ed (Bechtold and Mussak 2009). In this case, the highest 
color depth value was achieved after 120 minutes, while 
the sample dyed for 140 minutes has a lower coloring 
depth value than the sample dyed for 90 minutes. Sam-
ples dyed with elderberries and dyed in the iron-based 
mordant exhibited an even greater coloring depth value 
than those in the copper-based mordant solution since 
the iron-based mordant was the strongest and the most 
aggressive mordant used in the experiment (Bechtold 
and Mussak 2009). The remission maximum for this case 
was achieved after the 90th minute of dyeing and fur-
ther thermal treatment of the sample lowered the color 
depth value (Fig.1).

Samples dyed with walnut husks without the addition 
of mordants showed the same results as the samples 
dyed with elderberries. In both cases, the color depth 
value was increased by prolonging the dyeing process. 
For samples dyed in vinegar and salt-based mordant, the 
highest coloring depth value was recorded in the 120th 
minute of the dyeing process and the coloring depth 
value decreased with the prolonged dyeing. Samples 
dyed in a copper-based mordant solution showed the 

FIGURE 2. Remission curve when dyed with green walnut husks (O-walnut, BM-without mordant, OS-vinegar+salt, Cu-Copper, Fr-Iron, Number-
Duration of dyeing)  (Made by Ovčarić F. and Tomić B.)
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highest coloring depth value after 120 minutes of dyeing 
and further dyeing decreased this value. In this case, the 
coloring depth value of the sample dyed for 140 minutes 
was similar to the color of the sample dyed for 60 min-
utes. For samples dyed in a strong iron-based mordant 
solution, the greatest coloring depth value was achieved 
after 120 minutes of dyeing and the sample that had 
been dyed the longest exhibited a lesser color depth 
value, similar to the sample dyed for 60 minutes (Fig. 2).

According to the results obtained, it can be concluded 
that when dyeing fibers without mordants and with the 
vinegar and salt-based mordants, greater duration of the 
dyeing process results in a greater coloring depth value. 
Also, the samples dyed in elderberry water extract have 
a pronounced peak between 470 and 500 nm, consistent 
with the obtained red tones of wool. Wool samples dyed 
with green walnut husks extract were dark brown, and 
the remission curves had no pronounced peak. Patterns 
dyed with elderberries, with and without mordants, be-
longed to the orange-red part of the color spectrum. Dif-
ferences were observed between samples dyed with the 
metal-based mordant, and samples dyed without mor-
dants and in the vinegar and salt-based mordant solu-
tion. Samples dyed with a metal-based mordant showed 
a higher hue which approaches towards the orange-
yellow area of the color spectrum. However, due to the 
lower value of the chromaticity and the brightness, the 
change in the tones could not be observed, or rather, 
it was perceived as “black” in particular samples dyed 
in iron-based mordants. Samples dyed with vinegar and 
salt mordant solution showed a value of h * <45 which 
confirmed their red tone as it was seen organoleptical-
ly. These samples have the “brightest” color tones. The 
sample dyed for 90 minutes was perceived as darker. 
Samples dyed with walnut husks also belonged to the 
orange part of the color spectrum, with slightly yellower 
hue than samples dyed with elderberries. It was noted 
that samples dyed without mordants and samples dyed 
with vinegar and salt mordant solution exhibited similar 
chromaticity. Samples dyed in a copper-based mordant 
were more chromatic, whereas the samples dyed in an 
iron-based mordant were most saturated. When the 
samples dyed with plant-based dyes were compared, it 
is seen that a similar reaction occurred. Various sourc-
es (Dean 2010; Grömer 2016) mention that tannins in 
combination with iron give dark, almost black tones. In 
this experiment, samples dyed with elderberries and 
the iron-based mordant resulted in a noticeably darker 
coloration than samples dyed with walnut husks in the 
same iron-based mordant. Samples dyed with elderber-
ries in an iron-based mordant resulted in a very dark, al-

most black color, which was expected, but not achieved 
in samples dyed with walnut husks (Grömer 2016).

Conclusion

Some plants are more and some less suitable for dye-
ing, so there was a selection phase of suitable dyes. Due 
to the coloring and mordant conditions, a wide range of 
hues were obtained. The choice of mordant significantly 
affects the hue and colorfastness. Green walnut husks 
produce a more stable color due to the presence of tan-
nins. It has been confirmed that using metal salts as 
mordants can achieve significant coloration with shorter 
dyeing time. Instrumental methods in fiber analysis and 
metal presence can be made successful and determine 
the degree of damage and also indicate the traces of 
metals in fiber that can affect human health as well as 
the dyeing process. The development of the use of met-
als and the availability of metal ore may have been the 
key moments not only in metallurgy but also in textile 
production. Since archaeological research into prehis-
toric color remains is still developing, this experiment is 
intended to be repeated with other dyes with the goal of 
better future understanding and comparing the results 
within the archaeological context.
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