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Abstract
The main problem hindering proper analysis and documentation of archaeological and his-
torical textiles is the lack of co-operation between scientists dealing with different aspects 
of these objects – archaeological, artistic, historical and technological. The last one in-
cludes the examining of manufacturing methods and analysis of the raw material and dyes 
used by chemical and physicochemical analysis methods, which is fundamental for proper 
identification of the object, as well as its origin and dating. The methods include: SEM,
ICP, ATR/FTIR and AAS for determination of the raw material and other components of the 
object, the archaeological environment, analysis of the biodeterioration of archaeological 
textiles, as well as HPLC for analysis of the colour. This paper presents the methods and 
exemplary results of research conducted by the authors at the Technical University of Lodz, 
involving the analysing of archaeological textiles from the area of Poland and historical 
textiles from the collections of Polish museums.
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 Introduction
When compared with archaeological and 
museal objects of more a durable nature, 
such as ceramic or metal ones, textiles are 
very fragile, and in danger of deteriora-
tion everytime they are analysed. Grow-
ing awareness of their value for many 
different areas of science has resulted in 
increasing interest and numerous pub-
lications; however, there still exist old 
collections of archaeological and histori-
cal textiles only cursorily analysed. New 
standards of documentation with use of 
modern non-destructive analytical meth-
ods are necessary if we want to preserve 
them for the next generations. Proper 
documentation of these objects requires 
cooperation between researchers repre-
senting different areas of science, like ar-
chaeology, chemistry, textile technology, 
and the history of art [1]. 

There are several factors that make the 
analysis of archaeological and historical 
textiles especially difficult. One obvious
factor is fibre degradation. It can result
in a change of physical, chemical and 
structural properties, such as a decrease 
in the thread and fabric strength, or even 
in distortion of the whole object. Analy-
sis requires the application of special, 
less destructive testing methods, which, 

at the same time, are sensitive enough to 
determine the parameters or properties 
changed due to object ageing. 

From the point of view of identification
of textiles, the most important properties 
can be divided into three groups: the na-
ture of fibres, the colour and structure of
threads and fabric. The fabric structure in-
cludes the properties of threads used, the 
weave pattern, the number of wefts and 
warps per centimetre and the yarn crimp. 
The nature of fibres not only means the
kind and origin (wool, silk, flax, etc), but
also the fibre diameter and length. The
colour means the kind of dye. 
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Research undertaken by a research group 
from the Technical University of Lodz in 
co-operation with the Institute of Archae-
ology and Ethnology, the Polish Acad-
emy of Science and the National Muse-
um in Warsaw allowed to establish new 
standards of analysis and documentation 
of historical and archaeological textiles. 
They include some modern methods of 
chemical and physicochemical analysis. 

The aim of the paper is to present the 
methods applied and some exemplary re-
sults obtained by the group from its work 
on archaeological textiles from the area 
of Poland and historical textiles from the 

Figure 1. 18th century brocaded silk from the collection of Lowicz Cathedral.
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collections of Polish museums. This pa-
per presents the application of methods in 
three main areas – analysis of the raw ma-
terial, identification of dyes and analysis
of the biodeterioration of archaeological 
textiles. The methods include SEM (scan-
ning electron microscopy), ICP (induc-
tively coupled plasma mass spectrometry),  
ATR/FTIR (attenuated total reflection us-
ing infrared Fourier transform spectros-
copy), and AAS (atomic absorption spec-
troscopy) for determination of the raw 
material, some other components of the 
object, the archaeological environment 
and HPLC (high performance liquid chro-
matography) – for analysis of the colour.

 Biodegradation of textiles
Microbiological deterioration is one of 
the most important factors determining 
the durability of textile materials, which 
can be chemically assimilated (treated 
as a nutriment for microorganisms) or 
dissimilated (destroyed by metabolites 
produced by them). Most archaeological 
textiles stay in the soil, where a variety 

of microorganisms can be found, such as 
bacteria, actinomycetes, fungi, algae and 
protozoa. Microbes emit acid radicals 
causing chemical processes typical for 
corrosion. Very important factors are the 
properties of the environment in which 
decay takes place – humidity, pH, light, 
temperature, ventilation and material 
properties – the chemical constitution, 
structure and other compounds of the ob-
ject, such as mordants, dyes, adhesives 
and finishes, which can slow down or ac-
celerate the biodeterioration processes.

Natural fibres are especially susceptible
to bio-corrosion due to the content of 
chemical individuals being a nutrient for 
microorganisms, among which the most 
dangerous for textiles are fungi: Alter-
naria, Aspergillus, Fusarium, Memnon-
iella, Myrothecium, Neurospora, Peni-
cillium, Scopulariopsis, Stachybotrys, 
Stemphylium and bacteria: Cellvibrio, 
Cellfalcicula, Microspora, Clostridium. 

Celulosic fibres include cotton, flax,
hemp and other vegetable fibres. Cel-

lulose is decomposed in enzymatic hy-
drolysis by both fungi (Chaetomium, 
Myrothecium verrucaria, Memnoniella 
echinata, Stachybotrys atra, Trichode-
rma, Penicilium, Aspergillus and bacteria 
Cytophaga, Cellulomonas, Cellvibrio, 
Bacillus and Clostridium). Susceptibility 
to decay depends on the contribution of 
fibre compounds: cellulose, lignin, and
non-cellulosic compounds such as pec-
tines, hemicellulose and proteins [2].

Wool fibre consists of three types of
proteins called keratins, with chemical 
bonds that can be decomposed by en-
zymes (proteases) causing keratinase. 
Wool can be destroyed mainly by fungi: 
Trichophyton, Myrothecium, Aspergillus, 
Penicillium, Chrysosporium, Ctenomy-
ces, bacteria: Bacillus (Bacillus subtilis, 
Bacillus cereus, and Bacillus mycoides), 
Cytophaga, Pseudomonas aeruginosa 
Proteus vulgaris, Actiinomycetes, Alca-
ligenes brookeri; actinomycetes: Strep-
tomyces fradiae and others. The decay 
process, humidity and the presence of 
microbes also result in the yellowing 

Figure 3. Fragments of archaeological textiles. From the left: 17th silk fabric from Kostrzyn, Roman period wool fabric – Nowy Lowicz, 
medivial wool fabric – Elbląg. 

Figure 2. 12th century stole from Kruszwica with well preserved fabric under the metal thread embroidery [5].
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of wool. The basic factor determining 
the durability of wool is its alkalinity 
(pH: 8,0-8,5).

Raw silk consists of protein fibres called
fibroins combined with sericin, which
is responsible for the silk yellowing 
but, at the same time, increasing the 
durability of silk. Among the microor-
ganisms causing silk decay are the fol-
lowing bacteria: Bacillus megaterium, 
Pseudomonas cepacia, Serratia, Strep-
tomyces, Variovorax paradoux, and the 
fungus Aspergillus niger. The process 
of biodegradation can be accelerated 
by light, which is very important for 
historical textiles often exposed to it in 
museums [3]. 

In the case of historical fabrics, one of the 
most hazardous factors is UV radiation, 
resulting in a loss of fibre strength and
the photochemical degradation of dyes, 
which results in a change of colour [4]. 
Historical textile objects usually have the 
left side better preserved due to less ex-
posure to light, but also because of the 
lining. Thus to determine the original 
colour, the fragments which had not been 
exposed to light before used, like these 
under the lining, seams or fastening slats 
(Figure 1, see page 67).

The last cause of damage we would like 
to mention, especially in historical tex-
tiles, are insects. This mainly concerns 
textiles made from fibres containing ker-
atin, like wool. 

Despite the fragility of textiles, well pre-
served objects can often be found. Except 
for climate, the most important factor af-
fecting textile durability is contact with 
metal objects, for example, fabrics made 
with the use of metal threads (Figure 2) 
[5]. Textiles also survive when in contact 
with jewellery, pots, spurs, or in metal 
coffins [6].

ICP–AES (inductively coupled plasma 
– atomic emission spectroscopy)
ICP can be very helpful in the analy-
sis of the biodeterioration of textiles. It 
allows the identification of the atoms
of metals which were an integral part 
of the fabric as decorative elements 
– metal threads, sequins, or in chemi-
cal compounds used as dyes. The pres-
ence of some metals can slow the decay 
process down due to their antibacterial 
features. In this way the method can 
help in the analysis of some factors in-
fluencing the durability of textiles.

Figure 4. a) at the top – linen string form the 3rd century, b) at the bottom – medievial 
tablet-woven silk.

Figure 5. a) on the left – wool from the 2nd century – Nowy Łowicz, b) on the right – 
medievial wool –Elbląg.

Table 2. Content of metals in analysed 
samples of archaeological textiles.

Metal\
sample

A1,
mg/kg

A2,
mg/kg

A3,
mg/kg

Zn 171,82 140,47 56,22

Pb 10,68 18,33 83,37

Cu 412,73 6738,74 42,58

Ag 1115,91 514,92 4,42

Hg <0,004 <0,004 <0,004

Table 1. Range of UV radiation spectrum 
for exemplary elements.

Metals Absorption 
(max), nm

Detection 
limit, ppb

Ag (silver) 328.07 6

Cu (cuprum) 324.75 2

Mn (manganum) 257.51 1

Mg(magnesium) 279.08 0.5

Zn (zinc) 231.86 2

A sample in the form of a demineralised 
solution is put in a stream of ionised argon 
plasma of temperature 6000-10000 K. 
Inducted in this way, the elements emit a 
characteristic spectrum of the range giv-
en in Table 1. Using this method, one can 
determine dozens of  elements of concen-
tration 0.1-10 ppb (µg/dm3).

This method was used for analysis of the 
fragments of archaeological textiles pre-

sented in Figure 3. The aim was to deter-
mine the content of metal contaminants 
in the samples. Results of the analysis are 
presented in Table 1.

The content of specific metals in the sam-
ples is different. However, the content of 
copper and silver in samples 1 and 2 is 
considerably higher. The same concerns 
the content of lead in the latter sample. 
All these metals are known for their bac-
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tericidal and bacteriostatic properties, 
and their high concentration can result in 
higher durability of textiles. 

Another method that was recently used 
for a similar purpose is the Laser Abla-
tion Inductively Coupled Plasma Time 
of Flight Mass Spectroscopy (LA-ICP-
TOF-MS) [7]. It was applied to test the 

Wawel arrases in order to determine the 
content of metals in tapestry samples. 
The main advantage of the method is that 
the samples analysed do not need any 
preparation. However, with no standards 
available, it was only possible to deter-
mine the relative intensity of metal ions. 
For this reason the results obtained can 
not be used for comprehensive analysis. 

 Identification  
of the raw material

Simple physical tests such as burning 
quickly identify animal fibres, which do
not burn readily nor shrivel into a resi-
due of carbon. These fibres usually emit
the distinct odour of singed hair. Vegetal 
fibres burn easily to a fine ash. Many fi-

Figure 6. FTIR/ATR analysis – the spectra of three samples of wool 
– standard, medieval and from the 2nd century.

Figure 7. FTIR/ATR analysis – the spectra of three samples of silk 
– standard, mediavial and from the 18th century.

Figure 8. Fragments of chasuble found during the restoration of 
the Colegiate Church in Tum, Poland.

Figure 9. Wool fabric from the 2nd century from Gronowo and its 
reconstructed. 

a)

b)



71FIBRES & TEXTILES in Eastern Europe January / December / A 2008, Vol. 16, No. 5 (70)

that the linen fibre is as fine as the silk
one. It proves the high quality of linen 
clothes from the Roman period.

The next two figures present wool fibres
from clothes of the Roman (Figure 5.a) 
and medieval periods (Figure 5.b). Com-
prehensive analysis shows that medieval 
wool (15th century) was much thicker 
than that from the 2nd century. It confirms
the premise that there was a very high 
level of wool manufacturing in the Ro-
man period [8]. 

Infrared spectroscopy
Another method used for identifica-
tion of the raw material is FTIR spec-
troscopy. It allows identification of the
chemical structure of the material from 
which the sample was made . Compari-
son between the IR absorption spectrum 
of the archaeological fabrics analysed 
and reference fabrics allows to identify 
the nature of fibres, even if the fabric is
carbonated [9]. 

In the analysis of archaeological textiles 
by means of IR spectroscopy, an ATR 
attachment from the company PIKE 
was used. The basic element of ATR is 
a diamond prism of size 2x2 mm, which 
determines the minimum size of the sam-
ple. Based on the total reflection method,
ATR allows to analyse the surface of the 
sample totally non-invasively to a depth 
of 0.25 micrometers. The IR spectrum 
(range 7800-500 cm-1) allows the identi-
fication of organic compounds in the out-
er layer of the sample. Some problems in 

the measurement can be caused by dust, 
different types of dirt, mordants, decay 
products and metal particles accumulated 
on the surface of fibres.

Figure 6 shows the spectra for three 
samples of wool fabric – standard, and 
two archeological: medieval and from 
the 2nd century. Despite the peaks related 
to some other compounds of the sam-
ple mentioned above, the spectra show 
some characteristic features allowing to 
undoubtedly identify the raw material. 
The same concerns the spectra obtained 
for the three silks presented in Figure 7 
– standard, medieval archaeological silk 
and 18th century historical silk. Although 
both wool and silk are protein fibres, the
distinctions in the spectra characteristics 
are significant. It proves that ATR/FTIR
can be successfully applied in the identi-
fication of raw material. The small size of
the samples, the very quick analysis and 
non-destructive character are the main 
advantages of the method.

In future investigations we intend to use 
a FTIR spectrometer coupled with a mi-
croscopic hors-d’oeuvre. It will permit to 
preliminary study the surface of a sample 
and then to indicate the points of spe-
cial interest in which some features or 
particles are noticed, as well as to per-
form measurements in a precisely cho-
sen place on the surface of the object. It 
should allow to apply ATR/FTIR for the 
identification of finishing materials such
as dyes, or other specific compounds of
the sample.

bres and hairs can be readily identified by
microscopic examination. For instance 
many animal hairs can be identified by
their characteristic cuticle patterns and 
medullar cross-sections.

Scanning electron microscopy (SEM) 
To identify raw materials, there are more 
sophisticated methods. One is SEM by 
which we can analyse the morphology of 
fibre and fabric surfaces.

SEM was applied in the analysis of ar-
chaeological textile samples of finds
from the Roman period and the Mid-
dle Ages. Tests were performed using a 
JSM-5200LV JEOL scanning electron 
microscope with the use of a semicon-
ductor detector of backscattered elec-
trons, enabling observation of the sample 
without initial preparation (the samples 
were not coated with gold). The method 
applied is not destructive, enabling the 
re-testing of the same sample with an-
other method. Moreover, the use of the 
BEI-COMPO detector makes it possible 
to differentiate with respect to the bright-
ness contrast, and substances of different 
chemical structure covering the samples, 
resulting from pollution or the finishing
process of the textiles. The brightness 
contrast noticed in the image of an object 
of complex chemical structure depends 
also on the chemical constitution of the 
object – the higher the atomic number of 
the elements, the higher the emission of 
backscattered electrons is. Observations 
of fibres and other examined objects
were carried out using an accelerating 
voltage of 25 kV in a low vacuum (LV 
– air pressure in the specimen chamber 
of the microscope 1-100 Pa).with a mag-
nification from 50x to 2000x. The images
were registered with a SEMAFORE dig-
ital system. 

This method was used to identify the 
raw material of the decorative braided 
string shown in Figure 4.a. The string 
was found at the Wielbark graveyard, 
originating from the late Roman period 
(3rd century). Using an optical micro-
scope, the fibres were difficult to iden-
tify due to their very small diameter, 
and from the first sight they looked
like silk. However, SEM analysis al-
lowed to identify the material as flax,
due to “nodes” typical for linen, which 
can clearly be seen. In Figure 4.b one 
can see the SEM image of medieval 
tablet-woven silk fabric. Comparison 
of the two types of fibre allows to state

Table 3. Exemplary vegetable used for colouring textiles and chemical compounds [13].

Vegetable Dyes Colour

Acrotostaphy/os urae ursi gallic acid, ellagic acid yellow

Alchemilla herba ellagic acid quercetin campherol luteolinramnetyna yellow

Beroeris vu/garis berberin, quercetin yellow-brown

Betula alba myricetin, quercetin campherol, luteolin yellow-brown

Equiseli ellagic acid, luteolin,campherol yellow

Galium vemm purpurin red

Galla turbica gallic acid, ellagic acid brown

Hyperici herba quercetin green-yellow

Lawsonia intermis gallic acid, lawson yellow

Polygonum avicu/are luteolincampherol green-yellow

Quercus robur gallic acid, ellagic acid, campherol, quercetin brown

Rezeda luteo/a luteolin, quercetin, ramnetin, campherol yellow

Rllus coriaria ellagic acid quercetin graphite black

Rubia tinctorium alizarin, purpurin red

Salix gallic acid ellagic acid yellow

Sorbus aucuparia gallic acid brown

Vaccinium myrtillus quercetin, purpurin red
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This method can be used to analyse some 
other aspects of historical textiles. For 
instance, it was successfully applied to 
evaluate the state of degradation due to 
light-ageing in historical woollen threads 
from collections of Flemish tapestries by 
comprehensive analysis of some charac-
teristic features of IR spectra [10].

Atomic absorption spectroscopy (AAS)
Atomic absorption spectroscopy AAS 
can be used to determine metals (Zn, Cu, 
Ag, Au, As) and their concentration in 
samples. It is a cost – effective method 
for studying inorganic constituents and 
contaminations. The method can be ap-
plied to analyse the decorative metal 
threads often used in historical laces and 
embroidery. 

The AAS method uses a phenomenon 
discovered at the beginning of 19th cen-
tury by Fraunhofer. The radiation which 
is characteristic for elements is absorbed 
at the same rate as their emission. Sam-
ples (water solutions) are inducted at a 
low temperature (1000-4000 K) and illu-
minated by a lamp emitting resonant ra-
diation. There is a specific lamp for each
element (multielement laps are some-
times used, for instance [Ca,Mg,Al.], 
[Fe,Cu,Mn], [Ch,Pb,Zn,Sn]). This meth-
od is very sensitive, allowing the determi-
nation of minute quantities of elements: 
silver – 0.001 ppb; copper – 0.005 ppb; 
cadmium – 0.0002 ppb. 

The method was used to analyse chas-
uble found during the restoration of the 
Collegiate Church in Tum, Poland. Fig-
ure 8 presents fragments of preserved 
embroidery made with the use of differ-
ent kinds of metal-warped threads, pearls 
and sequins. While these elements were 
easy to determine, threads in the form 
of wire covered by the green rot, as pre-
sented in the figure, were more difficult
to identify. Because of green rot, they 
were initially identified as copper wire.
The thread sample was mineralisated 
(in a microoven) to remove all organic 
compounds and dissolved in concen-
trated acids (HNO3 and HCl). The sam-
ple was diluted in mineralised water of 
1/100 and analysed by means of atomic 
spectroscopy (ICP PE 400 Plasma). The 
results obtained showed that the sample 
contained silver (Ag) – 10 mg, copper 
(Cu) – 30 mg and gold (Au) ~860 mg 
per 1 gram.

The other techniques that can be ap-
plied in the analysis of the raw material 

of historical and archaeological textiles 
consist in examining the fibre by x-ray
analysis, allowing to obtain chemical 
and morphological information about 
the interior of a single fibre or yarn [11].
Data obtained provide significant infor-
mation about the area and conditions 
of fibre growth, the treatments applied
and storage conditions. Scientists also 
examine proteins, lipids, and even DNA 
extracted from degraded fibres, mainly
in the analysis of wild and domesticated 
silk [12].

 Identification of colour
Archaeological textiles are usually, with 
very few exceptions, in different shades 
of brown, resulting from many factors, 
like the immersion of dyes and the pres-
ence of tannin in the soil. The original 
colour, however, was different. They 
could have the original colour of the raw 
material used – flax or wool, but in many
cases they were dyed.

Analysing archaeological textiles with 
an optical microscope can sometimes no-
tice that some fibres have a different hue.
However, this way we can recognise the 
colour red, but we can’t determine what 
kind of dyes were applied in the fabric 
finishing. For this purpose the methods of
chemical analysis should be applied. 

Archaeological textiles were dyed using 
different mixtures of extracts of some 
vegetables and animals. All these dyes 
contain different chemical compounds, 
which we need to identify to determine 
the colour. 

Table 3 presents exemplary colouring 
vegetables, the chemical compound they 
contain, and the colour they give [13]. 
Among animal dyes one of the oldest is 
purple, which is obtained from types of 
crab (Murex brandaris, Murex trunculus) 
mainly found in Mediterranean coun-
tries. In Poland insects of the type Por-
phyrophora polonica and Porphyrophora 
hameli were commonly used, containing 
caramine acid and kermes vermilio.

Different analytical approaches are 
used to identify natural dyestuffs in ar-
chaeological textiles. The most popular 
methods are thin layer chromatography 
(TLC) and high performance liquid 
chromatography (HPLC). Liquid chro-
matography allows to determine the 
kind and concentration of the sample 
components.

The analysis starts from the preparation 
of a microextract, separating the mixture 
of the components analysed and impuri-
ties from the object. The extract is then 
subjected to microfiltration to separate
the fractions which can contaminate the 
HPLC column. The sample is injected 
through a special dosage valve. The liq-
uid is pressed through a pump under a 
pressure of 100-300 atmospheres. The 
separated mixture then reaches the de-
tector (for instance UV, refraction, MS). 
The basic parameter of identification is
the time of retention in the given sys-
tem of dissolvent polarity. Identification
of dyes consists in comparison between 
chromatograms of the mixture of chemi-
cal compounds, which we can use as the 
standard, and chromatograms obtained 
for extracts from archaeological fabric. 

This method can be applied in both his-
torical and archaeological textiles. HPLC 
was used in the analysis of the fabric 
presented in Figure 9a in order to recon-
struct its original appearance. Tannin was 
identified in darker threads, while in light
ones no dye was found [14]. It allowed 
to determine the woven pattern, as pre-
sented in Figure 9b. 

However, sometimes the absence of dyes 
which was stated during the test does not 
mean the fabric was not dyed. After exca-
vation, archaeological textiles need to be 
cleaned and are subjected to many con-
servation treatments to remove the soil, 
microflora and some products of decay.
The radical conservation process can 
easily remove surviving residues of dyes 
from the fabric. 

The other methods used to identify and 
analyse the colour of textiles are photoa-
coustic spectroscopy, laser-induced fluo-
rescence and reflection spectra.

While the colour of a large majority of 
archaeological textiles has completely 
changed, in the the case of historical tex-
tiles, it has usually only paled, and the 
original colour can still be found on the 
left side of the fabric or under the seam. 
It can then be determined using Munsell 
Colour Standards, established at the be-
ginning of 20th century. They can not only 
be applied for the assessment of the col-
our, but also in the calibration of printers, 
monitors or other devices [15]. This kind 
of data should be used in object docu-
mentation, but it can be also very useful 
in comprehensive analysis or in manu-
facturing a fabric replica.
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Analysis of dyes can also be very helpful 
in the reconstruction of textiles as well as 
in the identification of the origin of fabric
[16]. 

 Conclusions
The main problem hindering the proper 
analysis and documentation of archaeo-
logical textiles is a lack of co-operation 
between scientists dealing with differ-
ent aspects of these objects – archaeo-
logical, artistic, historical and techno-
logical. The latter includes the examin-
ing of manufacturing methods and raw 
material used, which is fundamental 
for proper identification of the object,
its origin and dating. One of the rea-
sons for such a situation is that there is 
relatively little knowledge about the re-
search potential of contemporary chem-
ical analysis that can be applied in the 
case of archaeological objects. There 
is also a lack of awareness that some 
conservation treatments, eliminating 
some substantial elements, make fur-
ther analysis of the object impossible. 
A good example is the identification of
dyes, or the analysis of archaeological 
context. Cleaning of a fabric can result 
in removing minute quantities of dyes, 
mordants, metals and their compounds. 
Thus a two-stage analysis is postulated 
– before and after the conservation. 

Proper and detailed analysis can be very 
helpful in the conservation of fabrics. The 
data obtained can be used in works on the 
reconstruction of archaeological textiles. 
In the case of historical textiles, it allows 
proper identification of the workshop
and, thus, can be very helpful in deter-
mining a fabric’s age and origin. 

Editorial note
 The string was found in Jartypory, pl. 2, 

by Jacek Andrzejowski form the Archae-
ological Museum in Warsaw in grave no 
269, inv.1534.

 The fabric was found in the male grave 
1 of mound 3, dated for B2/C1 phase of 
the roman period in Gronowo, Pomera-
nia.
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