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UNIVERSITY OF SOUTHAMPTON
ABSTRACT
FACULTY OF LAW, ARTS AND SOCIAL SCIENCES
SCHOOL OF ARTS
Doctor of Philosophy
EXPLORING THE APPLICATION OF INSTRUMENTAL ANALYSIS
FOR THE CONSERVATION OF TEXTILES EXCAVATED IN GREECE
by Christina Margariti
This thesis is one outcome of research aimed to raise the awareness of textiles excavated in Greece.
The inherently sensitive nature of excavated textiles accounts for the rarity and poor condition of the
finds, making them more often than not unidentifiable for the archaeologists, a conservation
challenge and a puzzle for textile historians/curators. Conservators are often the intermediary
between the objects they care for and the people for whom these objects are preserved. Analytical
methods of investigation provide a means of increasing understanding of excavated textiles, and in
this way enhance their conservation. Hence, it was decided to experiment with certain nondestructive, instrumental analytical methods of investigation, namely stereo, optical and electron
microscopy, coupled with energy dispersive spectroscopy (ESEM-EDS), FTIR and Raman
microspectroscopy, and XRF spectroscopy, with the aim of material characterisation and
identification. A survey through the Archives of the Hellenic Ministry of Culture revealed 65
different cases where textiles had been preserved in burial contexts. Four different environments
favorable for the preservation of textiles in Greece were identified and four finds representative of
these conditions were selected and subjected to instrumental analysis. The finds are the main case
study, ‘Argos’ (found in association with copper), and ‘Theva’ (found in a charred state), ‘Kalyvia’
(found impregnated with calcium salts) and ‘Nikaia’ (found in association with copper and in anoxic
conditions). The quality of the results varied according to the type of preservation and the condition
of the finds. The combination of stereomicroscopy, ESEM-EDS, XRF and FTIR gave the most
reliable results. The outcomes of the experimentation formed the basis for the development of
guidelines, designed to help archaeologists, conservators and textile historians/curators to
understand and thereby conserve excavated textiles in Greece.
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on the sample as a result of the pretreatment. The X-ray energy scale is
in keV.
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Fig. 4.34

EDS X-ray spectrum of the calcium phosphate treated wool 1. The
elements detected were oxygen, carbon and sulfur (from wool), and
calcium and phosphorous. The X-ray energy scale is in keV.
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Fig. 4.35

EDS X-ray spectrum of the copper oxohydroxide treated flax. Apart
from oxygen and carbon, possibly indicative of the organic nature of
the sample, copper, which was deposited by the method of
pretreatment, was also detected. The X-ray energy scale is in keV.
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Fig. 4.36

EDS X-ray spectrum of the copper oxohydroxide wool 1. Oxygen,
carbon and copper (which is a result of the pretreatment) were
detected. Sulfur, which is present in wool fibres, was also detected.
The X-ray energy scale is in keV.
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Fig. 4.37

The spectra of ‘fresh’ flax (top) and copper oxohydroxide treated flax
(bottom) showed very different Rh peaks as a result of a change in
autogain. The X-ray energy scale is in keV.
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Fig. 4.38

Ratios of the Ca to Rh counts (under the peaks) for each sample
spectrum. [Calculated background level and approximate sensitivity
(based on measurements on the background envelope under the peaks
and the noise): 0.4, 0.2].
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Fig. 4.39

Ratios of the P to Rh counts (under the peaks) for each sample
spectrum. [Calculated background level and approximate sensitivity
(based on measurements on the background envelope under the peaks
and the noise): 0.2, 0.1].
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Fig. 4.40

Ratios of the Cu to Rh counts (under the peaks) for each sample
spectrum. [Calculated background level and approximate sensitivity
(based on measurements on the background envelope under the peaks
and the noise): 1, 0.2].
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Fig. 4.41

Ratios of the S to Rh counts (under the peaks) for each sample
spectrum. [Calculated background level and approximate sensitivity
(based on measurements on the background envelope under the peaks
and the noise): 0.2, 0.1].
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Fig. 4.42

The FTIR spectra of ‘fresh’ flax samples: ATR (top), transmission
(middle) and reflectance (bottom).
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Fig. 4.43

The FTIR spectra of ‘fresh’ silk samples: ATR (top), transmission
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(middle) and reflectance (bottom).
Fig. 4.44

The FTIR spectra of ‘fresh’ wool 1 samples: ATR (top), transmission
(middle) and reflectance (bottom).
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Fig. 4.45

Five FTIR reflectance spectra along the same fibre of the cotton
copper oxohydroxide reference sample.
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Fig. 4.46

FTIR microscope reflectance spectra of the ‘fresh’cellulosic reference
samples. Literature values from e.g. Garside and Wyeth 2003: 270273; Skoog et al. 1998: 410-413; Derrick at al. 1994: 180.
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Fig. 4.47

FTIR microscope reflectance spectra of the ‘fresh’ proteinacous
reference samples. Literature values from e.g. Garside et al. 2005: 93;
Skoog et al. 1998: 410-413; Derrick et al. 1994: 18.
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Fig. 4.48

FTIR microscope reflectance spectra of ‘fresh’, charred, calcium
phosphate and copper oxohydroxide treated flax reference samples.
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Fig. 4.49

FTIR microscope reflectance spectra of ‘fresh’, charred, calcium
phosphate and copper oxohydroxide treated silk reference samples.
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Fig. 4.50

FTIR microscope reflectance spectra of ‘fresh’, charred, calcium
phosphate and copper oxohydroxide treated wool 1 reference samples.
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Fig. 4.51

Raman spectra of ‘fresh’ cotton (top spectrum) and flax (bottom
spectrum). Both spectra showed the characteristic peaks of cellulose at
2893 cm-1, 1382 cm-1, 1158 cm-1, 1122 cm-1, 1099 cm-1, 956 cm-1, 575
cm-1, 534 cm-1, 427 cm-1, and 397 cm-1.
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Fig. 4.52

Raman spectrum of ‘fresh’ silk. It showed the characteristic peaks of
silk proteins at 2987 cm-1, 2933 cm-1, 1669 cm-1, 1615 cm-1, 1454 cm-1,
1229 cm-1, 1086 cm-1, 1005 cm-1, 974 cm-1, 884 cm-1, 857 cm-1, 830 cm1
, 638 cm-1, 534 cm-1, 422 cm-1, 324 cm-1, and 243 cm-1.
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Fig. 4.53

Raman spectrum of calcium phosphate treated flax. It showed the
characteristic peaks for cellulose at 2893 cm-1, 1382 cm-1, 1158 cm-1,
1122 cm-1, 1099 cm-1, and the characteristic peaks of calcium
phosphate at 956 cm-1, 575 cm-1, 539 cm-1, and 427 cm-1.
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Fig. 4.54

Raman spectrum of calcium phosphate treated silk (top spectrum),
which gave the characteristic spectrum of silk (bottom spectrum).

155

Fig. 4.55

Raman spectrum of calcium phosphate treated wool 1. It showed peaks
at 1575 cm-1, 1458 cm-1, 1364 cm-1, 1310 cm-1, 1225 cm-1, 754 cm-1,
673 cm-1, 602 cm-1, 543 cm-1, and 248 cm-1.
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Fig. 4.56

Raman spectra of copper oxohydroxide treated silk (top spectrum) and
wool 1 (bottom spectrum).

156

Fig. 5.1

Map of Greece showing the location of the city of Argos.
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Fig. 5.2

Drawing of the Argos vessel.
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Fig. 5.3

The Y1 textile. The mass of Y1 has been preserved in a unified, folded
mass. Scale bar 50mm.
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Fig. 5.4

Detail of the Y2 textile. Y2 has been preserved in multilayered
fragments. Scale bar 10mm.
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Fig. 5.5

Detail of the Y3 textile. Y3 has been preserved in multilayered
fragments. Scale bar 10mm.
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Fig. 5.6

The contents of Tray I.
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Fig. 5.7

The contents of Tray II.
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Fig. 5.8

The contents of Tray III.
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Fig. 5.9

The contents of Tray IV.
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Fig. 5.10

Textile Y1 is a balanced plain-weave fabric (16 warps x16 wefts / cm2)
with 2-ply, S-twist warps and wefts and average yarn diameter 0.8±
0.2mm. Scale bar 1mm.

172

Fig. 5.11

A selvedge identified in Y1 (22 warps x 7 wefts / cm2) with 2-ply (?),
S-twist warps and wefts and average thread diameter 0.8± 0.2mm.
Scale bar 1mm.
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Fig. 5.12

A starting and/or ending border used in Y1 in a plait shape (6
turns/cm). The threads used are 2-ply (?), S-twist, 1.5± 0.2mm
diameter. The weave changes from balanced plain-weave to weftfaced plain weave (13 warps x 13 wefts / cm2) for 1cm width before
the plait. Scale bar 1mm.
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Fig. 5.13

An example of a Y1 fragment where stitching holes are clearly evident
6 holes /cm, 1mm hole diameter). Scale bar 1mm.
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Fig. 5.14

Another example of a Y1 fragment where stitching is shown
connecting two selvedges (stitching thread S-twist, 1± 0.2mm
diameter). This could indicate that narrower strips of fabric were
connected to produce a larger piece. Scale bar 1mm.
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Fig. 5.15

Textile Y2 is a very fine fabric of possibly open plain-weave (16
warps x 48 wefts / cm2). Warps are single ply, Z-twist yarns with 0.3±
0.1mm diameter. Wefts are single ply, lightly Z-twist yarns with 0.1±
0.05mm diameter. Scale bar 1mm.
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Fig. 5.16

Textile Y2 has a selvedge (16 warps x 48 wefts / cm2) with single-ply,
Z-twist warps (0.4± 0.1mm diameter) and wefts (0.2± 0.1mm
diameter). Scale bar 1mm.
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Fig. 5.17

A detail of the edge of Y2 selvedge. The enlarged image provided by
the stereomicroscope showed that the thinner yarns were looping
around the vertical edge of the selvedge, hence the thinner yarns were
the wefts of Y2. Scale bar 1mm.
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Fig. 5.18

Textile Y3 is a weft-faced plain weave fabric (7 warps x 27 wefts /
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cm2) with single ply, Z-twist warps (0.8± 0.1mm diameter) and wefts
(0.4± 0.1mm diameter). Scale bar 1mm.
Fig. 5.19

Textile wefts from the starting/ending borders (top row) and the main
body of the textile (bottom row). Scale bar 10mm.
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Fig. 5.20

There was a starting and/or ending border identified, where 6 warps
are wrapped by a weft (both single ply, Z-twist). The warps have the
characteristic green colour of copper oxidation products, whereas the
wefts have a brown colour. Scale bar 1mm.
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Fig. 5.21

Several Y3 fragments are covered with an approximately 1mm thick
layer of tangled, loose fibres, adhered to both surfaces. Scale bar 1mm.
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Fig. 5.22

Textile Y1 fibres were so heavily masked by foreign matter that fibre
identification was not possible. Scale bar 1mm.
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Fig. 5.23

The fibres of the white Y1 fragments are additionally masked by white
deposits. Scale bar 1mm.
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Fig. 5.24

A view of textile Y2 fibres is generally obscured by a significant
amount of deposits. In cases where a view of a fibre is afforded
(bottom of the image) the magnification is not enough to enable
identification. Several fibres seemed to have a black colour. Scale bar
1mm.
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Fig. 5.25

Y2 fibres of the green fragments are almost completely masked by
green deposits. Scale bar 1mm.
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Fig. 5.26

Y2 fibres of the white fragments are covered by white crystalline
deposits. Scale bar 1mm.
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Fig. 5.27

Again, Y3 wefts fibres were obscured by deposits. Similarly to Y2,
they seemed to have a black colour. It was not possible to get an image
of Y3 warp fibres without damaging the sample. Scale bar 1mm.

176

Fig. 5.28

Y3 warp fibres from green coloured samples seemed to be almost
completely covered by green deposits, similar to Y2 green fragments.
The Y3 green sample was thicker than the rest of the samples so it was
not possible to fit it under the 20x objective in order to get an image of
the weft fibres. Scale bar 1mm.
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Fig. 5.29

Y3 black weft fibres were less masked by deposits but their dark
colour did not allow identification. Again, it was not possible to get an
image of the warp fibres without destroying the sample. Scale bar
1mm.
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Fig. 5.30

Scanning electron micrograph of Y1 fibres. Fibre diameter ranges
from 15 to 20µm. There is a significant amount of deposits masking
the morphology of the fibres. The morphological characteristics of the
unmasked fibres cannot be identified with certainty.
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Fig. 5.31

Y1 fibres imaged in the ESEM. There were numerous areas identified
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where the fibres seemed to have ruptured.
Fig. 5.32

Y1 white fibres imaged in the ESEM. The fibres seemed to be
completely masked by deposits.
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Fig. 5.33

Scanning electron micrograph of Y2 fibres. They seem to be
completely masked by deposits so that neither their morphological
characteristics can be viewed nor their dimensions measured.
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Fig. 5.34

Y2 green fibres imaged in the ESEM. Although a significant amount
of deposits masks the majority of the sample, there are some fibres
free of deposits which have an intensely striated surface and diameter
8-10µm.
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Fig. 5.35

Y2 white fibres imaged in the ESEM. The fibres seemed to be almost
completely covered by crystalline deposits.
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Fig. 5.36

Y2 white fibres imaged in the ESEM. Again, there is a fibre
protruding from the degradation products with pronounced striations
along its length and a seemingly triangular, compact cross-section.
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Fig. 5.37

Scanning electron micrograph of the Y3 warp fibres. The fibres seem
to have formed a compact mass. The condition of the fibres did not
allow for their morphology to be viewed or measurements to be taken.
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Fig. 5.38

Y3 warp fibres imaged in the ESEM. It seemed as though negative
casts of the fibres have formed. However, no characteristic
morphological features were identified in the casts.
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Fig. 5.39

Scanning electron micrograph of the Y3 weft fibres. Again, negative
casts of the fibres seemed to have been preserved. A pattern indicative
of the epithelial scales of wool fibres was observed.
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Fig. 5.40

Y3 black weft fibres imaged in the ESEM. There is evidence of the
presence of fibres, but their morphology is not discernible and
measurements cannot be taken, since the fibres seem to have formed a
compact mass.
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Fig. 5.41

Y3 green weft fibres imaged in the ESEM. They are completely
covered by deposits.
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Fig. 5.42

Scanning electron micrograph of a metal particle from the copper
funerary vessel. The surface is covered with granulated formations
similar to the deposits on the textile fibres.
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Fig. 5.43

Scanning electron micrograph of debris collected from the aluminium
trays. ESEM examination revealed that the debris consisted of
fragmented fibres and other particulate matter.
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Fig. 5.44

EDS X-ray spectrum of Y1 (top) and Y1 white (bottom) fibres. The
elements detected were copper, possibly from the copper vessel;
calcium, possibly from the bones present in the burial; iron, which
could also be from the funerary vessel; and aluminium and silicon,
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from the debris. Carbon and oxygen were also detected, which could
be an indication that some fibres were still organic. The X-ray energy
scale is in keV.
Fig. 5.45

EDS X-ray spectrum of Y2 (top), Y2 green (middle) and Y2 white
(bottom) fibres. For Y2: copper and iron were detected, suggesting the
presence of both metals at the funerary vessel. For Y2 green: copper
was mainly detected. For Y2 white: calcium was mainly detected.
Carbon, oxygen, aluminium and silicon were detected in all three
samples. The X-ray energy scale is in keV.
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Fig. 5.46

EDS X-ray spectrum of Y3 warp (top), Y3 black warp (middle) and
Y3 green warp (bottom) fibres. Copper and iron were detected,
suggesting the presence of both metals at the funerary vessel. Carbon,
oxygen, aluminium and silicon were detected in all three samples. The
X-ray energy scale is in keV.
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Fig. 5.47

EDS X-ray spectrum of Y3 weft fibres. In general, the same elements
as in the case of Y3 warp fibres were present (copper, iron, carbon,
oxygen, aluminium and silicon). However, sulfur was also detected,
which could be indicative of wool fibres. The X-ray energy scale is in
keV.
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Fig. 5.48

EDS X-ray spectrum of the vessel fragment. Copper, and oxygen were
mainly detected. The X-ray energy scale is in keV.
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Fig. 5.49

EDS X-ray spectrum of the debris. Phosphorus and calcium were
mainly detected, indicating that bone fragments are present in the
debris. Carbon was also detected indicating the presence of fibres in
the debris. Finally, aluminium, silicon and iron were detected,
suggesting the presence of soil in the debris and the presence of iron in
the find. The X-ray energy scale is in keV.
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Fig. 5.50

Normalised calcium spectral counts for the various Argos samples.
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Fig. 5.51

Normalised iron spectral counts for the Argos samples.
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Fig. 5.52

Normalised copper spectral counts for the Argos samples.
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Fig. 5.53

FTIR microscope reflectance spectra of Y1 (top) and Y1 white
(bottom).
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Fig. 5.54

FTIR microscope reflectance spectra of Y1 (top), copper
oxohydroxide treated flax (middle) and ‘fresh’ flax (bottom).

191

Fig. 5.55

FTIR microscope reflectance spectra of Y1 white.
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Fig. 5.56

FTIR microscope reflectance spectra of Y2 (top), copper
oxohydroxide silk (middle) and copper oxohydroxide wool 1 (bottom).
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Fig. 5.57

FTIR microscope reflectance spectrum of Y2 white.

193

Fig. 5.58

FTIR microscope reflectance spectra of Y2 green (top) and the vessel
fragment (bottom).
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Fig. 5.59

FTIR microscope reflectance spectra of Y2 green (top), Y2 white
(middle) and ‘fresh’ silk (bottom).
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Fig. 5.60

FTIR microscope reflectance spectra of Y3 (top), ‘fresh’ silk (middle)
and ‘fresh’ wool (bottom).
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Fig. 5.61

FTIR microscope reflectance spectra of Y3 (top) and Y3 green
(bottom).
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Fig. 5.62

Raman spectra of Y1 (top), Y2 (second from top), Y3 (third from top)
and debris (bottom) samples.
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Fig. 5.63

Raman spectrum of the Y1 white sample.
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Fig. 6.1

Map of Greece showing the location of the city of Theva.
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Fig. 6.2

The Theva textiles still remained in the block of soil, as they were
lifted from the excavation. Scale bar 100mm.
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Fig. 6.3

Textile Y1 is an open balanced plain weave fabric (12 warps x12 wefts
/ cm2) with 2-ply, S-twist warps and wefts and average yarn diameter
0.4± 0.1mm. Scale bar 1mm.
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Fig. 6.4

Textile Y2 is an open balanced plain weave fabric (17 warps x17 wefts
/ cm2) with single-ply, S-twist warps and wefts and average yarn
diameter 0.2± 0.1mm. Scale bar 1mm.

208

Fig. 6.5

Y1 warp yarn under the optical microscope. The smooth surface and
cylindrical shape indicates the presence of cellulosic bast fibres. Scale
bar 1mm.
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Fig. 6.6

Y2 warp and weft yarns under the optical microscope. The smooth
surface and cylindrical shape indicates the presence of cellulosic bast
fibres. Scale bar 1mm.
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Fig. 6.7

Scanning electron micrograph of textile Y1 fibres. Fibre diameter
ranges from 7 to 20µm. The fibres have a smooth surface, cylindrical
shape and the characteristic nodal thickening of cellulosic bast fibres.
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Fig. 6.8

Y1 fibres in cross-section imaged in the ESEM. The fibres appeared to
occur in bundles, each with a polygonal cross-section, narrow lumen
and thick cell walls, characteristic features of bast fibres.
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Fig. 6.9

Y1 fibres imaged in the ESEM. Fibres were dotted with particles
deposited on their surface. Transverse cracks run across them.
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Fig. 6.10

Soil sample imaged in the ESEM. It does not contain fibre fragments.

211

Fig. 6.11

Plaster of Paris fragment imaged in the ESEM. The plaster of Paris has
a distinct crystalline microstructure.
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Fig. 6.12

EDS X-ray spectrum of Y1 fibres. The elements detected were organic
fibre (C, O) and soil (Al, Si, Ca) associated. The X-ray energy scale is
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in keV.
Fig. 6.13

EDS X-ray spectrum of the soil. Aluminum and silicon were the main
elements detected consistent with the presence of aluminosilicates.
The X-ray energy scale is in keV.
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Fig. 6.14

EDS X-ray spectrum of the plaster of Paris confirmed it is calcium
sulfate. The X-ray energy scale is in keV.
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Fig. 6.15

Normalised spectral counts of the elements present in the Theva
textiles.
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Fig. 6.16

Normalised spectral counts of the elements present in the plaster of
Paris and soil samples.

215

Fig. 6.17

FTIR microscope reflectance spectra of Y1 warp (top) and Y1 weft
(bottom).
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Fig. 6.18

FTIR microscope reflectance spectra of Y1, 2 (top), charred flax
(middle) and charred wool 1 (bottom).

217

Fig. 6.19

FTIR microscope reflectance spectra of Y1, 2 (top) and soil (bottom).
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Fig. 6.20

FTIR microscope reflectance spectra of Y1, 2 (top) and plaster of Paris
(bottom).
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Fig. 6.21

Raman spectrum of Y1 sample.
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Fig. 6.22

Map of Attica, Greece, showing the location of Kalyvia Thorikou.
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Fig. 6.23

The Kalyvia textile had been preserved on a ceramic urn inside a
marble vessel. Scale 150mm.
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Fig. 6.24

The Kalyvia textile fragments are kept in two wooden boxes with
transparent glass lids. Scale 150mm.
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Fig. 6.25

It is an open plain weave fabric (22 warps x 80 wefts / cm2) with
single-ply, Z-twist warps with average yarn diameter 0.10± 0.2mm,
and single-ply, lightly Z-twist (?) wefts with average yarn diameter
0.4± 0.1mm. Scale bar 1mm.
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Fig. 6.26

Higher magnification (60 times) revealed that the yarns were covered
with white crystalline deposits. Scale bar 1mm.
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Fig. 6.27

The Kalyvia sample under the optical microscope. The fibres were so
heavily masked by deposits that their morphological characteristics
were not visible. Scale bar 1mm.
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Fig. 6.28

Scanning electron micrograph of the Kalyvia sample. The fibres have
homogenised to a compact mass by the deposits.
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Fig. 6.29

The Kalyvia sample imaged in the ESEM. The cross-section detected
is not indicative of a specific type of fibres.

227

Fig. 6.30

EDS X-ray spectrum of the warp fibres completely masked by
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deposits. The main element detected was calcium, which is probably
the main component of the white deposits, and also sodium,
magnesium, aluminium, silicon, sulfur and iron, which are possibly
debris contaminants. Carbon was also detected, suggesting that there
was organic matter left in the fibres. The X-ray energy scale is in keV.
Fig. 6.31

Normalised element spectral counts for the Kalyvia textile.

229

Fig. 6.32

FTIR microscope reflectance spectra of the warp (top) and weft fibres
(bottom).
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Fig. 6.33

FTIR microscope reflectance spectra of the Kalyvia textile (top), the
calcium phosphate treated flax (first from the top), the calcium
phosphate treated silk (second from the top), and the calcium
phosphate treated wool 1 (bottom).

230

Fig. 6.34

FTIR microscope reflectance spectra of the Kalyvia textile (top) and
the calcium phosphate reference sample (bottom).
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Fig. 6.35

Map of Attica, Greece, showing the location of Nikaia.
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Fig. 6.36

The Nikaia textiles were kept in a cardboard box lined with tissue
paper. Scale bar 100mm.

234

Fig. 6.37

Textile Y1 is a plain open weave fabric (15 warps x 15 wefts / cm2)
with single-ply, Z-twist warps and wefts and average yarn diameter
0.2± 0.1mm. Scale bar 1mm.

236

Fig. 6.38

Textile Y2 is a plain open weave fabric (25 warps x 25 wefts / cm2)
with single-ply, Z-twist warps and wefts and average yarn diameter
0.08± 0.03mm. Scale bar 1mm.

236

Fig. 6.39

Textile Y3 is a plain open weave fabric (22 warps x 22 wefts / cm2)
with single-ply, Z-twist warps and wefts and average yarn diameter
0.1± 0.1mm. Scale bar 1mm.

236

Fig. 6.40

Examination of textile Y1 with the optical microscope revealed that
the fibres were masked by a significant amount of deposits. Scale bar
1mm.
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Fig. 6.41

Similarly, examination of textile Y2 with the optical microscope
revealed that the fibres were masked by a significant amount of
deposits. Scale bar 1mm.
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Fig. 6.42

Again, the textile Y3 fibres seemed to be masked by a significant
amount of deposits when examined with the optical microscope. Scale
bar 1mm.
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Fig. 6.43

Scanning electron micrograph of Y1 fibres. They have smooth
surfaces, cylindrical shape and exhibit nodular thickening across their
length, all of which are characteristics of cellulosic bast fibres.
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Fig. 6.44

Y2 fibres at the ESEM. Their surface was ribbed.
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Fig. 6.45

Y2 fibres at the ESEM. The cross-sections of the fibres showed thick
cell-walls and medium sized lumen, possibly indicative of cellulosic
bast fibres.

239

Fig. 6.46

Y3 fibres at the ESEM. The fibres seemed to occur in bundles, which
is a feature characteristic of cellulosic bast fibres.
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Fig. 6.47

Scanning electron micrograph of Y1 fibres. Their diameters range
from 10 to 20µm and nodular thickening occurs every 40µm.
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Fig. 6.48

Y2 fibres at the ESEM. Their diameters range from 15 to 20µm.

239

Fig. 6.49

Y3 fibres at the ESEM. Their diameters range again from 7 to 20µm
and nodular thickening occurs every 60µm.
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Fig. 6.50

Scanning electron micrograph of Y2 fibres. Fibres exhibited ‘bursts’
along their length, similar to those detected in the Argos Y1 textile.
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Fig. 6.51

Y1 fibres at the ESEM. The deposits were mainly concentrated on the
outer surface of the yarns. The inner fibres of the twisted yarn still
retained their morphological characteristics.
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Fig. 6.52

Scanning electron micrograph of the debris sample showed it consists
mainly of particulate matter (soil? Museum dust?), and fractured
yarns.
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Fig. 6.53

Scanning electron micrograph of the vessel fragment showed that
textile fibres were attached to it.

240

Fig. 6.54

EDS X-ray spectrum of Y1 fibres (top) and Y1 fibres masked by
deposits (bottom). For the Y1 fibres: the carbon detected suggested the
fibres were still organic; the copper peak was very low suggesting the
fibres were not impregnated; while the presence of aluminium, silicon,
potassium and calcium could be attributed to contamination from soil
and/or museum dust and the bones of the deceased (calcium). The Xray energy scale is in keV.
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Fig. 6.55

EDS X-ray spectrum of Y3 fibres suggested the fibres were organic
(carbon peak) and impregnation by copper was minimal (copper peak).
The X-ray energy scale is in keV.
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Fig. 6.56

EDS X-ray spectrum of the fibres attached to the vessel fragment. The
main element detected was copper; the Ca peak was coincident with a
significant Cl peak. The X-ray energy scale is in keV.
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Fig. 6.57

Normalised calcium spectral counts for the Nikaia samples.
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Fig. 6.58

Normalised copper spectral counts for the Nikaia samples. The
anomalous value for the vessel fragment may reflect the stronger of
the Rh X-rays by the dense metal.
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Fig. 6.59

FTIR microscope reflectance spectra of Y1 warp (top) and Y1 weft
(bottom).
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Fig. 6.60

FTIR microscope reflectance spectra of Y1 (top), ‘fresh’ flax (middle)
and ‘fresh’ wool 1 (bottom).
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Fig. 6.61

FTIR microscope reflectance spectra of Y1 (top), debris (middle) and
vessel fragment (bottom).
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Fig. 6.62

Raman spectrum of the Y1 sample.
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Fig. 7.1

Argos Y1 (top left), Nikaia Y2 (top right) and
Nikaia Y3 (bottom left) fibres suffered from ruptures along the
longitudinal axis.
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Fig. 7.2

The selvedge documented in Argos textile Y1, known as hollow is
typical of textiles executed on warp-weighted looms. Scale bar 1mm.

264

Fig. 7.3

The selvedge documented at the Nikaia Y1 textile. This type of
selvedge, known as hollow, is typical of textiles executed on warpweighted looms. Scale bar 10mm.
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Fig. 9.1

Fresh flax under the AZ100 microscope, nominal 20 times
magnification. Scale bar 1mm.
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Fig. 9.2

Fresh flax under the AZ100 microscope, nominal 400 times
magnification. Scale bar 1mm.
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Fig. 9.3

Fresh wool under the AZ100 microscope, nominal 400 times
magnification. Scale bar 0.5mm.
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Chapter 1

Introduction

1.1 Textiles. The Fabric of Human Culture.
Textiles have been indissolubly connected with numerous aspects of human life and culture, used
from birth through life to death. In everyday life, textiles are a necessity for the exposed human
body to cover it from view and protect it from the surrounding environment and prevailing climatic
conditions. Textiles are also used to furnish homes, to cover furniture, to drape over windows, to
hang on walls and throw across floors. Nomadic tribes, might actually construct their houses with
textiles, in the form of tents. As time progressed, people started manifesting personal taste and
choice on their clothing and furnishing textiles. This preference translated into fashion dictates in
urban environments and tradition in rural ones.
Textiles are made of fibres, either natural or synthetic. The types of natural fibres in any different
area came from the indigenous plants, insects and animals, hence textiles bear evidence of local
agriculture and stock-breeding and the climate in which these were grown and bred.
Different methods have been applied to construct textiles over the years and around the world. They
have been felted, woven on a body-tension loom, a horizontal ground-loom, a warp-weighted loom,
a vertical two-beam loom, or a band loom, tablet-woven, sprung, knitted, knotted and crocheted
(Barber 1991: 79-125; Harris 1993: 16-19, 46, 49). Similarly, fibres have been spun to threads using
different spindles and whorles (Barber 1991: 51-65). The Industrial Revolution1 greatly affected
textile production by introducing more sophisticated machine-operated looms and the use of
synthetic fibres. Therefore, textiles bear evidence of technological and scientific advances.
Textiles have not only been used to serve the needs of everyday life. Their role has been essential in
social ceremonies, such as births, christenings, marriages and funerals. They have been offered as
gifts of political power and passed down to future generations as heirlooms (Harris 1993: 12). They
have been connected with religion, in the form of ecclesiastical vestments, praying carpets and
offerings to deities. Therefore, textiles bear evidence of social and religious manifestations.
Their significance has also been symbolic. Flags symbolise national identity. Specially made
clothing and/or uniforms have been worn by Emperors, Kings and Queens and high-ranking officials
to symbolise their status in society. They have also been used in clothing and uniforms to
differentiate gender and occupation. Therefore, textiles have had the role of cultural symbols.
Textiles are easily transportable artefacts and have traveled along the endless string of diverse
1

Late 18th early 19th century, Britain.
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cultures of the Silk Road and other trade routes. They have been appreciated as important
commodities, Byzantine Emperors offered textiles as presents to foreign high-ranking officials.
Along their way, textiles influenced different civilisations, with their patterns, technological
advancements and materials. Therefore, textiles have been carriers of cultural identity.
Textiles also exist in the form of painstakingly produced laces, admirably made tapestries,
rhythmically stitched embroideries and inspirationally created haute couture items. Hence, they
express advances in craftsmanship and the arts.
Consequently, textiles have been records of everyday life conditions, products of technology, social,
religious, and cultural symbols, exchangeable commodities, and works of art and crafts, and hence
worth conserving as evidence of the evolution of human culture.

1.2 What is Conservation?
Muñoz Viñas (2005: 2) writes that conservation began when it became clear that the approaches and
skills required to treat a recognised cultural property object were different from those necessary to
treat a common household object. The beginning of conservation as a profession could be traced
back to 1853 when the National Gallery in London, UK, recognised the need to clean the paintings
affected by nineteenth century industrial and urban air-pollution. Still in the UK, a certain John
Doubleday was employed by the British Museum in 1845, to work on ivory objects from Nineveh
and restore the Roman cameo glass Portland vase (Pye 2001: 44). In 1888, a scientist was appointed
at the Königlichen Museen in Berlin, Germany, to establish a laboratory for the investigation and
restoration of objects. A conservation laboratory was also established at the British Museum,
London, UK, to care for the objects affected by storage in the London underground railway during
the First World War (Pye 2001: 45).
Ruskin2 and Viollet-le-Duc3 are considered to be the first conservation theorists, representing two
opposite attitudes for conservation (Muñoz Viñas 2005: 4). Ruskin endorsed the idea of no alteration
to cultural property, thus retaining its originality, whereas Viollet-le-Duc maintained the idea of
extensive alteration in an attempt to return cultural property to its original state (Muñoz Viñas 2005:
5). It was in the International Conference held in Rome, Italy in 1930, under the auspices of the
League of Nations that the term ‘conservation’ was distinctively differentiated from that of
‘restoration’ (Pye 2001:49). In 1931, the Athens Charter, the published product of the International
Congress in Athens, Greece, included concepts such as the preservation of evidence of the history
and development of monuments (Muñoz Viñas 2005: 6; Pye 2001: 49). In 1950 the International
2
3

Ruskin, John 1819-1900, English art writer.
Viollet-le-Duc 1814-1879, French architect.
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Institute for Conservation was founded in London, UK (IIC 2008) promoting the development of
conservation principles such as minimum intervention, preventive conservation and preservation of
both the physical integrity and significance of cultural property (Pye 2001: 54-55). The introduction
of science to the services of conservation also took place in the latter part of the twentieth century
(Muñoz Viñas 2005: 6) and was embraced by the conservation world due to its objectivity (Muñoz
Viñas 2005: 88). The aforementioned steps consequently led conservation to become a profession
with its own code of ethics and professional associations (Pye 2001: 9).
Conservation is the comprehensively documented action taken by adequately qualified
professionals, to diagnose the condition of cultural property in order to retard or prevent
deterioration or damage, and to retain its significance as primary evidence, by control of the
environment, whether in store, display or transport, and/or treatment of the structure, and/or research
that conforms to established legal, ethical and academic practices, in order to maintain it as nearly as
possible in an unchanging state, accessible to present and future generations (ECCO 2008; IIC 2008;
ICOM 1984).
The conservation process could be broken down to three stages. At first diagnostic examination
should take place to determine the composition, to evaluate the condition and to inform the selection
of the appropriate method of treatment for an object. Subsequently, preventive and/or interventive
action should be taken to ensure preservation of both the physical integrity and aesthetic and historic
significance of the object, by the means of preventing further destruction by external causes and
retarding further deterioration by inherent properties. Finally, action is taken to make the object
accessible and disseminate the information it contains by projecting and promoting its significance
to the present and future public. These actions should be taken by a trained and adequately qualified
professional complying with certain standards of practice as these are set by the relevant Institutions
and/or Organisations.

1.3 The Conservation of Excavated Textiles
According to Brooks et al. (1996: 16), there are certain characteristic properties that define an
archaeological textile. The fact that the textile has been buried or entombed at some point in its
history accounting for an inherent fragility and incompleteness that explains an acceptance of
evidence of deterioration as potential sources of contextual information, which finally points to
non-interventive conservation approaches. On the other hand, an unburied object of a similar date,
would be characterised as historical, or anthropological and ethnographical (Brooks et al. 1996: 16;
Jaeschke 1996: 86). Nevertheless, the term ‘archaeological’ has a more specific connotation in
Greece, reflecting the date of the find, including only those dated up to the end of the Hellenistic
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period (before the Roman conquest - 100 BC approximately). More recent finds, especially those
dated in the AD era, are not generally characterised as ‘archaeological’, regardless of the fact that
they might have been buried at some point in their life. Therefore the term 'excavated' rather than
'archaeological' was thought to be more appropriate for this research. Similarly, the term 'historical'
was equally thought not to be the most appropriate, since it relates to a time period rather than an
activity (as 'excavated' does). Consequently, the terms 'excavated' and 'non-excavated' are used to
differentiate these two major groups of texties throughout this research.
Excavated textiles conservation differs from non-excavated textiles conservation, in two main areas:
1) The original physical and chemical properties of the fibres have probably changed more
dramatically and are not known. 2) Certain treatments take place partly in situ (at the excavation
site), and need to be applied promptly, within very tight time limits. On the other hand, there are
certain principles applicable to both excavated and historic textiles conservation, such as identifying
the significance and future role of the object; retaining and interpreting evidence; and opting for
minimally or non-interventive treatments that would enable re-treatment and/or reversibility of past
treatment and safeguard the potential for future analysis. Throughout the whole process, the
application of instrumental analysis seems to be necessary.
Textiles are generally made of organic material (such as plant and/or animal fibres, although metal
threads could also be incorporated), which is sensitive to the aggressive process of burial.
Nevertheless, there are cases where certain conditions prevail that considerably decelerate
deterioration (such as the arid conditions in Egyptian or Middle Eastern desert areas, and
waterlogged environments in Northern and Central Europe). However, these conditions might
greatly affect both the physical and chemical properties of the buried textiles, puzzling conservators
as to the appropriate action to be taken. Moreover, the existing environmental parameters, that have
preserved the textiles, are usually not known.
In addition, the action of excavation brings about radical changes to the established situation, hence
a considerable acceleration of deterioration (Pye 2001: 23). The effects of the changes in the burial
environment occur rapidly. Therefore, any action taken to retard deterioration needs to take place
promptly and in situ (Cruickshank 2002: 45; Tuck and Logan 1987: 57; Adrymi-Sismani 1983: 32;
Dowman 1970: 4).
So what should the conservator do? Cruickshank (2002: 45), stresses the importance of instantly
documenting the finds. Often, due to time restrictions documentation may be mainly photographic.
The importance of documentation is further intensified by examples where sensitive textile finds
disintegrated when in contact with the environment (Adrymi-Sismani 1983: 31). Measurements of
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the environmental conditions (mainly RH4, temperature and pH5) should then follow. Therefore,
very early in the process of retrieving an excavated textile, the conservator needs to turn to the
application of instrumental analysis.
Another action conservators might take for the protection of fragile and vulnerable textile finds is
consolidation, whereby the appropriate consolidant is applied on the textile in solution to strengthen,
support and hold together the degraded fibres (Horie 1998: 78; Dowman 1970: 61-62, 64). Opinions
though, are divided on whether the use of consolidants is acceptable. One side suggests that properly
carried out lifting of the object from the ground, using the appropriate lifting materials, provides
enough support and protection during transport to the laboratory (Jones 1992: 27; Payton 1992: 31;
Watkinson 1987: 71). The other side accepts the use of consolidants in the smallest possible amount
and only when absolutely necessary (Cruickshank 2002: 44; Horie 1998: 78; Dowman 1970: 139).
However, even the latter side raises several concerns about the use of consolidants. The first concern
is the reversibility of the treatment, since an object fragile enough to require consolidation could not
withstand the procedure necessary for the removal of the consolidant (Cruickshank 2002: 44-45;
Horie 1998: 78; Jones 1992; 27; Payton 1992: 31; Dowman 1970: 139). The second concern is the
efficacy of the consolidant in extreme climatic conditions, such as very dry and hot or very damp
and cold climates. For approved and general use by the conservation community, consolidants
should perform equally well in the variety of climatic conditions (Cruickshank 2002: 45; Jones
1992: 27). Yet again, the application of instrumental analysis through experiments and testing would
give answers to these concerns.
Subsequently, excavated textiles need to be lifted from the excavation site. Lifting, is a very delicate
procedure, which involves undeniable risks to the artefacts. The precarious state in which they are
found, demands a cushioned and stable support (Payton 1992: 5). Attempts should be made to keep
their condition as stable as possible, hence wet textiles should be kept wet, whereas dry textiles
should be kept away from moisture. It is of crucial importance to keep them away from sunlight and
move them to a confined space (preferably an equipped laboratory) at the earliest opportunity
(Payton 1992: 7).
Once the textiles have been lifted, transport to the laboratory should follow, as soon as possible.
Textiles should be adequately protected to withstand transport without damage. While in transport
they should be kept in conditions similar to those in which they were discovered. Hence, measures
should be taken to control and monitor the temperature, moisture, oxygen, and other gases (BocciaPaterakis 1996: 147; Watkinson 1987: 24, 71; Sease 1984: 31; Dowman 1970: 139). Packaging
materials should be carefully chosen to comply with conservation standards, although this is not
4
5

Relative Humidity.
The concentration of hydrogen ions.
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always viable (Peacock 1997: 18) and local materials may need to be incorporated, especially in
remote excavation sites (Cruickshank 2002: 45).
Therefore, the application of instrumental analysis is necessary both to the lifting and transportation
procedures to ensure the right conditions are kept and appropriate materials are used.
From the point at which the object reaches the conservation laboratory, another set of procedures
begins. Detailed examination and documentation should first take place, as it affords the retrieval of
information (Hillyer 1990: 18), hence the creation of a record, which will be ‘acting as a surrogate
object’ in the future, minimising handling (Brooks et al. 1996: 17). In addition, in depth examination
and analyses will lead the way to the choice of appropriate treatment (Cruickshank 2002: 45). Once
again, the incorporation of analytical methods of investigation to the conservation of excavated
textiles is imperative.

1.4 The Principles of Excavated Textiles Conservation
As mentioned before, there are certain principles according to which decisions are taken when
conserving an excavated textile6.

1.4.1 Identifying the Significance and Future Role of the Object
The significance of the object plays an integral role in the conservation decision-making, since it
indicates the amount of time and money invested to the conservation of the find (Brooks et al. 1996:
16). Hann and Janaway (1990: 32) describe an astonishing case of the unwrapping of two Egyptian
mummies, which took place in 1908 in the Chemistry Lecture Theatre of Manchester University,
before a five hundred people audience. ‘Members of the audience who wished to have ‘a piece of
the mummy wrappings as a memento’ were invited to leave their names and addresses’. However, as
interest has gradually developed, textiles are respected objects and generally no longer mutilated,
and even minute and obscured mineralised remains are retained (Brooks et al. 1996: 16; Jaeschke
1996: 87).
The future role of the find has similarly a considerable impact on the conservation decision-making.
Minimal or even non-intervention techniques would be appropriate for objects intended to enter a
study collection (Janaway 1990: 37; Peacock 1987: 200), whereas more interventive techniques
would be necessary for objects to be displayed to the enquiring mind of the museum visitor
(Cruickshank 2002: 46; Rogerson 2002: 741).

6

The same principles may apply to the conservation of historic textiles.
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1.4.2 Retaining and Interpreting the Evidence
Retaining the evidence enclosed in the object even the evidence of decay is a priority for excavated
textiles conservators (Brooks et al. 1996: 16; Jaeshke 1996: 86; Boccia-Paterakis 1996: 147; Glover
1990: 53; Wild 1990: 8).
Interpretation of the object plays an important role in recognising the evidence to be retained, and is
influenced by the contemporary taste prevailing, which changes according to time (Sease 1987:
157); the rarity of the object interpreted, which increases its value, but also the risk of it being an
unrepresentative source (Rogerson 2002: 741; Brooks et al. 1996: 16-17); the development of
analytical techniques, which may reveal new information; and the prevailing notion of the object as
this has been recorded in folklore, literature or art (Jaeschke 1996: 87).

1.4.3 Minimal or Non-intervention
Deciding on treatment, has occasionally proved overwhelming for excavated textiles conservators,
since any treatment would leave its mark on the recipient object (Jaeshke 1996: 86). Certain
professionals tend to adopt the principle of minimal or non-intervention, by inhibiting deterioration
through the use of proper storage and environmental control (preventive conservation) (BocciaPaterakis 1996: 147; Peacock 1990: 195), since they believe that any treatment, however minimal,
may cause undesirable changes and information loss (Mathias et al. 2004: 31; Brooks et al. 1996:
16).

1.4.4 Past Treatments and Re-treatment. Reversibility.
Excavated textiles conservators can never be sure about the ‘true nature’ of the object they are
treating (Lewis 2006: 93) therefore they should ensure the treatments they apply are not definitive
and easily altered without causing damage to the object (Rogerson 2002: 745). An early
conservation treatment may be considered misleading and unsatisfactory at a later date (Rogerson
2002: 741-742; Jaeshke 1996: 86). Nevertheless, it would still be representative of its time (Jaeshke
1996: 86) and since conservators believe the life of excavated objects does not end at the point of
excavation but continues in a different form, evidence of past treatments should be kept.

1.4.5 Potential of Future Analysis
Decision-making in conservation treatments should always take care not to introduce contaminating
materials to the object (Wild 1990: 8). Apart from disturbing the contextual integrity of objects,
interventive treatments, may also affect the materials of the object, hence inhibiting any further
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analytical examination (Oudemans and Erhardt 1996: 140; Boccia-Paterakis 1996: 143; Sease 1987:
3). Representative samples of untreated material and any residues to be removed, should always be
kept (Sease 1987: 3).
Finally, storage and display methods have also developed under the scope of retaining and
disseminating information held within an excavated textile and ensuring its long-term preservation.
Soiling and any body decomposition products may be retained both in storage and display systems
(Cruickshank 2002: 52; Glover 1990: 53). Glover (1990: 53) characteristically writes on the
conservation of the shrouds excavated at St. Bee’s priory in Cumbria, ‘it was also important not to
remove so much of the impregnants (body decomposition products) that the shrouds became
featureless sheets of linen’. The three-dimensional character of the finds is nowadays preserved in
contrast to the traditional notion of flat archaeological textiles (Cruickshank 2002: 52; Peacock and
Griffin 1998: 68). Diagrams, photographs, explanatory leaflets, and even replicas have been used to
aid the visitor in understanding the exhibited find (Glover 1990: 51). Again, only conservation
standard materials should be used (Boccia-Paterakis 1996: 145). Instrumental analysis will help
retrieve the information to be retained and set the standards for properly storing and displaying both
the artefact and the information.
In conclusion, excavated textiles conservation may be challenging because the physical and
chemical properties of the artefacts are probably unknown and certain parts of the process need to
take place in situ, within limited amounts of time. However, the application of instrumental analysis
seems to be the means to overcome the challenge. In addition, the disciplines applying to historic
textiles conservation also apply to the excavated textile finds, and these are: identifying the
significance and future role of the object; retaining and interpreting the evidence; and opting for
minimal or non-intervention techniques, thus ensuring reversibility and/or re-treatment and future
analysis.

1.5 Textiles Excavated in Greece. The Context.
Greece is a country still entangled, nourished and identified by its past. Greeks feel the country's
past was so important that it is necessary to lean on it to take steps into the future. Occasionally
though they may think that its past had reached such high levels of excellence that this justifies the
deficiencies of the present. Greeks are immensely proud of ‘their ancient ancestors’ as they refer to
the people that lived in the areas where ancient Greek and Byzantine civilisations thrived. They are
proud of still speaking the Greek language and enjoy the freedom of Democracy, the system of
government their ancestors invented. For generations, Greek children fall asleep dreaming of the
labours of Hercules, fearing to escape the wicked Minotaur, enduring all hardships of Odysseus to
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return to Ithaca, conquering faraway mysterious lands of realms by the side of Alexander the Great,
sympathising with the last Emperor who froze into marble and fell to eternal sleep at the walls of
Constantinople when the city fell to the Ottomans. People still enjoy ancient Greek plays performed
at ancient Greek theatres. The Archaeological Museum of Athens, the capital of Greece, is known as
the National Museum. The promoted symbol of the contemporary country is the Parthenon, an
example of architectural excellence and symbol of ideals reached thousands of years ago.
Archaeology is a highly esteemed, prolific science, in Greece. The country is dotted with numerous
archaeological sites, palaces, castles, ancient temples, and Byzantine churches. The Museums are
full of exquisitely sculpted statues, overwhelming amounts of ceramic vessels, fearsome weaponry,
fine jewellery, painstaikingly produced mosaics and icons painted in devoutness. Extensive research
has been and still is conducted on past architecture and the way monuments were constructed.
Detailed information on the way sculptures were cast or sculpted and ceramics were fired has been
made available. We know how tesserae was produced, cut and inlaid and have detailed accounts of
the recipes and pigments used to paint.
Metal and marble have frozen the pleats of fine textiles on some of the statues, ceramic vessels
depict warp-weighted looms, carved stelai show stacks of folded textiles offered to the beloved
deceased, luxurious garments of long lost Emperors and humble clothes of sorely tried Saints gleam
under candlelight in churches. Where are these textiles? Why are there only five excavated textiles7
that have found their way in Museum exhibitions around the country? Why is knowledge of how
they were produced, used and decorated so limited? Since Greece highly values its past cultural and
technological advancements and archaeological research is prolific in all other domains, why have
textiles been left out? Is it because their sensitive nature has inhibited survival in the conditions
prevailing in a burial context in Greece? Is it because the awareness of the significance of textiles is
low, and if that is the case, why is this happening and how should it be confronted?
Working for the Hellenic Ministry of Culture as a textile conservator for the past three years before
this research project commenced, afforded the author the opportunity of getting in contact with the
previous generation of archaeologists and conservators. They recalled the following cases of textiles
retrieved in excavations in Greece, but which were ‘lost’ again because they were neglected. The
Neolithic textile, excavated sometime before 1954, moved probably to the Museum of Greek Folk
Art in Athens but still remains untraced. The Mycenaean veil from Theva that was excavated in
1985 by the local Ephorate (Θ’ EPCA) was moved to Athens to be conserved and properly stored
but this had yet to take place and its location in Athens was unknown, up to the beginning of this
7

A gold-woven burial cloth and fragments of a carbonised textile at the Great Toumba Exhibition in Vergina, a burial
cloth at the Archaeological Museum of Elefsina, remains of yet another burial cloth at the Archaeological Museum of
Kifissia, and the garments of a Byzantine princess at the Mystra Museum.
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project. The funerary textiles from Nikaia in Piraeus, that were found in an excavation conducted by
the local Ephorate (B’ EPCA) in 1983. They had been enclosed inside a copper vessel. The whole
find was transferred to the National Archaeological Museum at Athens to be conserved. The copper
vessel was conserved and returned to the Ephorate. The Ephorate repeatedly asked the conservators
to deal with the textiles, which were however left untreated, due to lack of specialised personnel, and
at the beginning of this project could not be located within NAM’s store-rooms. Finally, the location
of the Vianno textile that was excavated in Crete sometime in the past still remains unknown; the
only record that the Painted Linen textile ever existed are those of the conservator who lifted it from
the excavation site.
The cases presented above indicate that more than the five known textiles have survived in a burial
context in Greece. Therefore, this was probably not the reason why awareness of excavated textiles
was low. In all cases discussed above, both the sensitive nature of the finds and the pressing need to
care for them was appreciated. Conservators had been called to safely lift them from the excavation
site and subsequently move them to better-equipped laboratories to be treated, but none were treated.
The copper vessel, associated with one of the textiles (Nikaia) was treated and returned to the
Ephorate it belonged, but not the textile. Is an excavated copper vessel so much less sensitive than
an excavated textile, that a conservator might not feel challenged to treat it? The copper could have
corroded to such an extent that no metal core was present under the oxidation products. But that was
something the conservator would know to expect. Probably because numerous copper artefacts had
been studied and analysed in the past. However, the conservator did not know what to expect with
the textiles. They refused to treat them because of lack of specialisation. In general, excavated textile
finds were both very sensitive and rare, setting a challenge that probably seemed impossible.
Therefore, in all cases discussed above, they were left untreated and consequently neglected and
forgotten.
The reason then for the poor awareness of excavated textiles seemed to be the lack of knowledge of
their probable nature and properties, and the fact that it was not known how to retrieve that
information from these sensitive objects. For as Aesop pointed out in the fable with the thirsty fox
who failed to reach the ripe high-hanging grapes and denounced them as sour, it is easy to pour
contempt on what you cannot have.

1.6 The Research Question
It was decided therefore, to embark upon this investigation in order to raise the awareness of textiles
excavated in Greece, and aid their conservation. Much consideration was put into framing and
refining the research question, which was: ‘What is the role of instrumental analysis for the
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conservation of textiles excavated in Greece?’.
As shown before, instrumental analytical methods of investigation seem to be the key to unlocking
the secrets and inform the conservation of the sensitive and usually obscured excavated textiles. As
already discussed previously, characterisation of the constituent material and properties of an object
is part of conservation, which takes place initially and informs conservation decision-making.
Therefore, the term ‘conservation’ instead of ‘characterisation’ better fitted within the scope of this
research project.
The term ‘textiles excavated in Greece’ rather than ‘Greek excavated textiles’ was preferred since,
not all textiles excavated within the Greek territory would have been produced in Greece. Some of
them would have been imported from foreign lands through the well-established trade routes and
ongoing commerce and/or military expeditions.
Finally, the adjective 'excavated' rather than 'arcaheological' was used, for the reasons already
discussed in section 1.3.

1.7 Aims and Objectives of the Research Project
The primary aim of this research project was to raise the awareness of the significance of textiles
excavated in Greece. The project would afford the opportunity of identifying the majority of the
textiles excavated in Greece, and gathering any information available on them; of reviewing the
analytical methods of investigation applied to excavated textiles; and of experimenting with certain
instrumental analytical methods of investigation and applying them to selected case studies. The
ultimate objective of this research project was to develop guidelines for the application of
instrumental analytical methods of investigation to textiles excavated in Greece, designed to be used
by conservators, archaeologists and textile historians alike.

1.8 Methodology Followed in this Research Project
The methodology of this project evolved from its primary aim, which was to raise the awareness of
textiles excavated in Greece. Therefore, a ‘tool’ (instrumental analysis) had to be chosen (since
background research showed instrumental analysis goes hand-in-hand with the conservation of
excavated textiles) with which the ‘object’ (textiles excavated in Greece) would be studied.
Subsequently, the chosen ‘tool’ had to be proven (through experiments and testing) appropriate.
Finally, a ‘method’ (guidelines for the application of instrumental analysis on textiles excavated in
Greece) should be presented, that would help all professionals (conservators, archaeologists ad
textile historians) to contribute and gain from the knowledge enclosed within these finds (textiles

49

excavated in Greece).
Therefore, right at the beginning of this project, it was felt necessary to identify the ‘object’ of the
research, i.e. the textiles that had been excavated in Greece. Searching through the Archives of the
Hellenic Ministry of Culture, enabled the compilation of a chronological table of textiles excavated
in Greece, including information on the date, material composition and type and state of
preservation of the finds, and whether they had received treatment. Preliminary statistical analysis of
this information provided an overview of the situation of textiles excavated in Greece.
Subsequently, the ‘tool’ with which the ‘object’ of this research would be examined was selected,
and it was instrumental analytical methods of investigation applied on excavated textiles, which
were reviewed, according to their applicability, potential and limitations. Having selected the
methods, it was necessary to first apply them to reference samples in order to set the experimental
parameters. The choice of materials (type of fibres) used and treatment applied to prepare the
reference samples was informed by the results of the preliminary statistical analysis of the relevant
information as these were presented in the chronological table of textiles excavated in Greece.
At an early stage of this research project, a new textile find was excavated in Greece, the Argos find.
Because of this research project, the author was involved in the conservation of this find. Both the
timing of its excavation (during the research project) and its significance (representing the optimum
method of preservation of textiles excavated in Greece, a complex object, and a good example of
collaboration between the professionals involved in its preservation – further explained in Chapter
5) made the Argos find an ideal choice as the main case study of this research project.
Therefore, the selected techniques were applied to the main case study (the Argos find) to test their
performance and explore the potential and limitations. Not all the methods applied were successful,
in that they did not provide conclusive results. Bearing in mind the primary objective, which was the
production of guidelines, it was decided to further apply the techniques on three additional case
studies selected according to their type of preservation and as different examples of the collaboration
between the professionals involved with them. This further elucidated conclusions on the
applicability, potential and limitations of the analytical methods. Evaluation of the results and the
techniques informed the guidelines for the application of instrumental analysis for the conservation
of textiles excavated in Greece, and provided the answer to the research question.

Consequently, this thesis consists of the following eight chapters: Chapter 2- Textiles Excavated in
Greece, where the preliminary statistical analysis of the collected data gives an overview of the
situation on textiles excavated in Greece up to the beginning of this project; Chapter 3-Instrumental
Analytical Methods of Investigation in the Conservation of Excavated Textiles, where the relevant
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literature was reviewed in order to identify the instrumental analytical methods that have been
proved useful in the conservation of excavated textiles in general, and to select the ones most
appropriate for textiles excavated in Greece; Chapter 4-Experimenting with the Selected Methods of
Analysis Using Reference Samples, where the experiments set the parameters for the application of
the techniques to excavated textile samples and the results were used as references; Chapter 5-The
Argos Case Study, which was the main case study of this research project that also informed the
specific questions to be answered by the application of instrumental analysis; Chapter 6-Three
Further Case Studies, to further test the applicablity of the selected techniques to other finds,
representative of different types of preservation; Chapter 7-Evaluation and Interpretation of the
Results of the Analyses, where the experimental results were evaluated according to their
significance, the techniques according to their applicability, and the former interpreted according to
the findings of the literature review; Chapter 8-Guidelines for the Application of Instrumental
Analysis for the Conservation of Textiles Excavated in Greece, which were informed by the
experiments and aimed to be used by archaeologists, conservators and textile historians/curators,
and; Chapter 9-Conclusion, where the research question is answered and future work presented.
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Chapter 2

Textiles Excavated in Greece

Research through the General and Sampling Archives of the Directorate of Conservation of Ancient
and Modern Monuments / Hellenic Ministry of Culture (DCAMM/HMofC), the literature and
personal communication with conservators, archaeologists and textile historians was conducted in
order to identify the textiles excavated in Greece. Information on the finds was collected with the
aim of providing an overview of their current condition. The fields recorded were: reference name
of the find; date and area of origin; date and type of excavation; type and state of preservation;
fibre and dye identification; conservation; present location; study; publication; and source of
information. A preliminary statistical analysis followed, the results of which, would inform the
experimental procedure (i.e. the selection of the instrumental analytical techniques to be tested, the
choice of the types of fibres and the methods of pretreatment for the reference samples, and the
selection of the case studies). The preliminary statistical analysis identified four types of
preservation: 1) in association with a metal present (which for the vast majority of the finds is
copper); 2) in association with salts (such as calcium salts); 3) incomplete burning (charring); and
4) absence or elimination of oxygen. It also showed that although fibre identification was often
suggested it was not always conclusive, and the application of instrumental analysis was limited. It
was also found that less than 40% of the finds have received a conservation treatment. In addition,
there was only one case where conservators, archaeologists and textile historians had produced a
common publication, indicating that collaboration between them was limited. In general, this review
showed that although a considerable number of textiles have been preserved, the finds have not been
studied and/or treated comprehensively.

2.1 Chronological Table of Textiles Excavated in Greece
The aim of collecting information on textiles excavated in Greece was to document their extent and
condition at the beginning of this research project. The term ‘condition’ is more generally used here,
to include the physical condition of the finds as this has been recorded, and the general situation
concerning these textiles on issues such as, location, analysis, conservation and publication.
Therefore, the survey served to determine their present location and storage and/or display
environments, whether they have been conserved, whether the finds have been published, and finally
it provided the approximate number of excavated textiles retrieved within Greece.
The information was collected from several different sources such as, the General and Sampling
Archives of DCAMM, the literature, archaeological journals, symposia and conferences, personal
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communication with conservators, archaeologists and textile researchers and visits to Museums and
Ephorates.
At first, the fields to be included in the table were determined, and these were: 1) Reference Name,
according to which the finds are known, for easier reference; 2) Period and Area of Origin, to
achieve a chronological order and place the finds on the map (Table II, Fig. 1); 3). Type and Date of
Excavation, to record whether the finds were from a recent or old and a systematic or rescue
excavation; 4) Type and State of Preservation, to identify how textiles have been preserved in
Greece, in an excavation context; 5) Type of Fibre/Dye/Other Decoration, to record any information
on previous analyses of the finds; 6) Conservation, to present an overview of the conservation of
excavated textiles in Greece; 7) Present Location, to locate the finds; 8) Study, and 9) Publication
Conservation/Archaeological/Technological, to determine the level of collaboration between
conservators, archaeologists and textile researchers in Greece; and 10) Source, to indicate the source
of the information provided.
Subsequently, a decision had to be made on choosing the field according to which the finds would
be put in order. Using the period of origin, thus putting them in a chronological order, was thought
to be the simplest and most objective way.

Note that two textile finds identified through this research are not included in the following table due
to restricted access reasons.

All abbreviations are given in the column headings, and acronyms are listed at the end of
the table.
Table I Chronological Table of textiles excavated in Greece.

No

1

Refe
renc
e
Nam
e

Perio
d&
Area
of
Origi
n

Type &
Date of
Excava
tion

Neoli
thic
MGF
A

Neolit
hic

Unkno
wn

Type &
State of
Preserv
ation

In
associat
ion with
copper?

Type of
Fibre,
Dye &
other
Decoratio
n

Conserva
tion:
First Aid
(FA),
Preventiv
e (P),
Interventi
ve (I),
Restorati
on (R)

Present
Location

Cellulosic
?

Unknown

MGFA?

Study

Publi
catio
n

Sourc
e

Conservation
(C)
Archaeologica
l (A)
Technological
(T)
A

A

Zissis
1954:
587

Unkno

53

wn
2

Spea
rhead
NA
M

Bronz
e Age
Cycla
des

Unkno
wn

In
contact
with
copper

Linen

Unknown

NAM on
display

A

A

Zissis
1954:
587

Wool

-

Akrotiri
archaologi
cal site in
Thera

T

T

Spant
idaki
2004

Cellulosic

-

Akrotiri
archaologi
cal site in
Thera

T

T

Spant
idaki
and
Moul
hérat
2004b
: 17

Cellulosic

-

Akrotiri
archaologi
cal site in
Thera

T

T

Cellulosic
Proteinace
ous

FA?

AMCh

A
T

A
T

Spant
idaki
and
Moul
hérat
2004b
: 16
Mölle
rWieri
ng
2006

Cellulosic
?

FA?

AMCh

A
T

A
T

Fragme
nt/s
3

Ther
a net

Bronz
e Age
Aege
an

HMofC
System
atic
In
progres
s

4

Ther
a pin

Bronz
e Age
Aege
an

HMofC
System
atic
In
progres
s

5

6

7

Ther
a
chise
l

Chan
ia,
Crete

Moc
hlos,
Crete

Bronz
e Age
Aege
an

Bronz
e Age
Crete

Bronz
e Age
Crete

HMofC
System
atic
In
progres
s
FSA
HMofC
System
atic

FSA
HMofC
System
atic

Carboni
sed by
volcano
lava
Fragme
nt/s
In
contact
with
copper
Remain
s

In
contact
with
copper
Remain
s
Carboni
sed
Fragme
nt/s

Unkno
wn
Fragme
nt/s

Mölle
rWieri
ng
2006
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8

9

Myc
enae
an
veil,
Thev
a

13th
BC
Myce
naean
Theva

HMofC
Rescue

Myc
enae
an
Patra

Myce
naean
Pelop
onese

HMofC
Rescue

Carboni
sed

Proteinace
ous
(Wool)

FA?
Consolida
tion

Unknown8

-

-

Perso
nal
comm
unicat
ion9

Unknown

P

AMPa

C

-

Perso
nal
comm
unicat
ion10

Unknown

-

NAM

A

A

Mylo
nas
1973:
22

Linen

FA
consolidat
ion,
I

NAM
on display

A
C

A

Mylo
nas
1973:
172

Linen

-

NAM

A

A

Mylo
nas
1973:
88

Unknown

-

NAM

-

-

Perso
nal
comm
unicat
ion11

1985
Fragme
nt/s

2002

Wrappe
d
around
a
ceramic
vessel
Remain
s

10

Tom
b A,
Myc
enes

Myce
naean
Pelop
onnes
e

FSA
HMofC
System
atic

Wrappe
d
around
a silver
vessel

1951?
Fragme
nt/s
11

Tom
b
NY,
Myc
enes

Myce
naean
Pelop
onnes
e

FSA
HMofC
System
atic
1951?

In
contact
with a
copper
spearhe
ad
Fragme
nt/s

12

Tom
bΔ
(D),
Myc
enes

Myce
naean
Pelop
onnes
e

FSA
HMofC
System
atic

In
contact
with
copper
arrows

1951?

13

Aghi
a
Triad
a,
Oly

Myce
naean
Pelop
onnes
e

HMofC
Rescue

Fragme
nt/s
On a
ceramic
vessel

1991
Fragme

8

Location was unknown at the time this table was compiled. At the time of writing the find had been located at DCAMM
building.
9
Personal communication with Mr Tasos Margaritof, Conservator at DCAMM, now retired, on 12 April 2006.
10
Personal communication with Ms Tatiana Kousoulou, Conservator at DCAMM, on 25th April 2006.
11
Personal communication with Ms Xeni Arapogianni, Archaeologist at Z’ EPCA, on 24 May 2005.
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mpia
14
Lefk
andi
Chet
on
and
decor
ative
wove
n
band
15

16

Lefk
andi
frag
ment
s

Eretr
ia

nt/s
Proto
geom
etric,
11th c.
BC,
Euboi
a

FSA
HMofC
System
atic
1981

Eretr
ia
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ment
s

Cellulosic
(Linen)

NAM
1982
FA
consolidat
ion?
P, I, R

NAM in a
custommade
display
case
(IA’
EPCA)

A
T
C

A

Barbe
r
1991:
197

Unknown

-

Unknown

A
T

A

Barbe
r
1991:
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Linen?

FA
consolidat
ion?,
I

NAM,
stored in a
wooden
tray

-

-

NAM
7918/
10648

Linen?

FA?

IA’ EPCA

A?

A

Bloes
ch
and
Mühl
etaler
1967:
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Unknown

-

Knossos
Stratigrap
hic
Museum

-

-

DCA
MM
Φ44/
32936
/421

Unknown

-

-

-

-

DCA
MM
Φ44/
32936
/421

Unknown

FA
consolidat
ion

AMH

-

-

DCA
MM
Φ37/

Object

Geom
etric,
10th c.
BC,
Euboi
a

FSA
HMofC
System
atic

In
contact
with
metal

1979

Geom
etric,
Euboi
a

FSA
HMofC
System
atic

Fragme
nt/s
Inside a
copper
vessel
covered
with
another
copper
vessel

1886

17

Inside a
copper
vessel
covered
with
another
copper
vessel

Geom
etric
Euboi
a

FSA
HMofC
System
atic
1967

Object/s
Inside a
copper
vessel
covered
with
lead
Fragme
nt/s

18

19

20

‘Met
allise
d’
Knos
sos

Geom
etric,
Crete

‘Met
allise
d’
Forte
zza

Geom
etric?
Crete

Eleft
herna
,

Archa
ic,
Crete

FSA
System
atic

Inside a
copper
cup

1978

Fragme
nt/s

FSA?

Inside a
copper
vessel
Fragme
nt/s

Univers
ity
of

On a
copper
vessel
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Crete

Crete,
System
atic

1794
Fragme
nt/s

1993
21

22

Arch
aic,
Verg
ina

Pepe
ria,
Verg
ina

Archa
ic,
Mace
donia

Archa
ic,
Mace
donia

HMofC
Rescue
1995

HMofC
Rescue

Inside a
copper
vessel
covered
with
another
copper
vessel

Cellulosic
?

FA
consolidat
ion,
P

IZ’ EPCA

A
Τ
C

A

Morai
tou
2001

Unknown

-

IZ’EPCA

-

-

Perso
nal
comm
unicat
ion12

Wool?

-

H’ EPCA

T?

-

DCA
MM
Φ44/
1740

Carboni
sed?
Fragme
nt/s

Unknown

-

Museum
of Tegea
(ΛΘ’
EPCA)

-

-

DCA
MM
589/1
0-1105

Inside a
sealed
copper
vessel

Unknown

-

Unknown

-

-

DCA
MM
Φ16/
1099

A
T
C

A
T

Beck
with
1954b

Fragme
nt/s
On a
copper
vessel
Fragme
nt/s

23

Garit
sa,
Corf
u

Archa
ic,
Corfu

HMofC
Rescue
1992

Inside
five
copper
vessels
Remain
s/
Traces

24

25

Prop
het
Elias
,
Asea
,
Arka
dia
Nikai
a,
Thev
on

Early
Classi
cal
Pelop
onese

FAS
System
atic

Classi
cal
Attica

HMofC
Rescue

1997

1983

13

Object

26

Koro
pi,
Attic
a

Classi
cal,
Attica

Illegal
Excavat
ion

Inside a
copper
vessel

1931

Fragme

Embroider
ed Linen
Metal
threads

I

VandA
Museum,
London
sandwiche
d between

12

Personal Communication with Ms Georgianna Moraitou, Head of Conservation at B’ EPCA, on 30 November 2006.
Location was unknown at the time this table was compiled. At the time of writing the find had been located at NAM
storage.
13

57

nt/s

27

28

29

Koro
pi,
Attic
a

Koro
pi,
Attic
a

Trac
hone
s,
Attic
a

Classi
cal,
Attica

Classi
cal,
Attica

Classi
cal,
Attica

Illegal
Excavat
ion

Inside a
copper
vessel

1931

Fragme
nt/s

Illegal
Excavat
ion

Inside a
copper
vessel

1931

Fragme
nt/s

Archae
ological
Service
System
atic

Inside a
copper
vessel

glass
sheets
Embroider
ed Linen

I

V&A
Museum,
London
sandwiche
d between
plastic
sheets

A
T
C

A
T?

Perso
nal
Com
munic
ation
14

Linen

I

V&A
Museum,
London
sandwiche
d between
plastic
sheets

A
T
C

A
T?

Perso
nal
comm
unicat
ion15

Cannabis

I

NAM
sandwiche
d between
glass
sheets

A
T
C

A
T
C

Zissis
1954

Cotton

I

NAM
sandwiche
d between
glass
sheets

A
T
C

A
T
C

Zissis
1954

Cellulosic
?

I

NAM
sandwiche
d between
glass
sheets

A
T
C

A
T
C

Zissis
1954

Linen

I

AME
on
display,
sandwiche
d between
glass
sheets

A
T
C

A

Mylo
nas
1954

Fragme
nt/s

1950
30

Trac
hone
s,
Attic
a

Classi
cal,
Attica

Archae
ological
Service
System
atic

Inside a
copper
vessel
Fragme
nt/s

1950
31

Trac
hone
s,
Attic
a

Classi
cal,
Attica

Archae
ological
Service
System
atic

Inside a
copper
vessel
Fragme
nt/s

1950
32

Elefs
ina,
Attic
a

Classi
cal,
Attica

Archae
ological
Service
System
atic
1953

Inside a
copper
vessel
covered
with
another
copper
vessel
Object

14

Personal communication with Dr Lesley Miller, Curator at the Victoria and Albert Museum, London UK, on 8
November 2005.
15
Same as footnote 14
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33

34

35

Sala
mina
,
Attic
a

Classi
cal,
Attica

Alki
viade
’s
silk
Kera
meik
os
Athe
ns

Classi
cal,
Attica

Kaly
via,
Pirae
us

Classi
cal,
Attica

HMofC
Rescue

Inside a
copper
vessel

Wool
Linen

-

KΣT’
EPCA

A
T

A
T

Spant
idaki
2006

Silk
Purple dye

-

Γ’ EPCA

A

A

Linen
Silk?
Murex
purple

FA
consolidat
ion

KΣT’
EPCA

A
T
C

A
T

Barbe
r
1991:
32
DCA
MM
Φ44/
1534
ΠE/1
1564
Spant
idaki
and
Moul
hérat
2003:
2, 3
DCA
MM
Φ69/
5293

Linen

FA
Consolida
tion

AMK
on display

A
T
C

A
T

Spant
idaki
and
Moul
hérat
2004a
: 5, 6

Linen
Murex
purple

FA
Consolida
tion

AMK
on display
in a
perspex
box

A
T
C

A
T

Spant
idaki
2004a
: 69

Linen

FA
Consolida
tion

AMP

A
T
C

A
T

Spant
idaki
and
Moul
hérat
2004a
:6

2005?
Fragme
nt/s

FSA
System
atic

Inside a
copper
vessel

1930s

Fragme
nt/s

HMofC
Rescue

On a
ceramic
vessel.
Inside a
marble
urn

1999

Fragme
nt/s

36

Mara
thon,
Attic
a

Classi
cal,
Attica

HMofC
Rescue
1999

Inside a
copper
vessel
covered
with a
ceramic
bowl
Fragme
nt/s

37

Maro
ussi,
Attic
a

Classi
cal,
Attica

HMofC
Rescue
2001

Inside a
copper
vessel.
Inside a
stone
urn
Fragme
nt/s

38

Ellini
ko,
Attic
a

Late
Classi
cal,
Attica

HMofC
Rescue
1997

Around
a copper
vessel,
inside a
stone
urn
Remain
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s
39

Iera
Odos
,
Athe
ns

Classi
cal?
Attica

HMofC
Rescue
1979

On a
marble
urn,
inside a
stone
case

Unknown
Metal
threads

-

Γ’ EPCA

A

-

Perso
nal
comm
unicat
ion16

Wool
Linen

FA
consolidat
ion

IΓ’ EPCA

A

A

Cellulosic
?

P

Archaeolo
gical site
of
Voudena

C

-

Adry
miSisma
ni
1983
DCA
MM
Φ27/
585/7
-6-91
Perso
nal
comm
unicat
ion17

Wool ?

FA?

KΣT’
EPCA

A
T
C

A
T

Spant
idaki
and
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AME Archaeological Museum of Eleusis,
Attica

2.2 Preliminary Statistical Analysis of Textiles Excavated in Greece
As shown in the Chronological Table (Table I), the total number of textiles excavated in Greece is
sixty-five (65), hence a considerable number of textiles have been excavated, which is in contrast to
the general notion, shared by the majority of archaeologists and art historians in the country, that
textiles do not survive in an excavation context in Greece. Moreover, the number 65 is not
representing the actual number of textiles preserved, but the homogeneous groups of textiles that
have survived under certain conditions. More often than not, there are indications that the fragments,
though numbered as one, come from different textiles. Within the framework of this research
project, these have not been registered as different objects, for two reasons. First, they have not been
adequately researched and investigated to provide a definite answer as to how many different
textiles are present. Second, one of the aims of the table was to identify the different cases where
textiles have been preserved, rather than the actual number of different textiles.
The choice of the reference name is arbitrary rather than official. It is actually the name used by
professionals in Greece to refer to the finds. General periods of the Greek history and prehistory,
such as Neolithic, Mycenaean, Geometric, Classical, Hellenistic, Roman, Early Christian, Byzantine
and Post-Byzantine, are used to date the finds, again for easier reference.

The chronology of ancient Greece has become a controversial issue (Whitley 2001: 57; Snodgrass
1987: 2). Since it was founded, in 1834 29, the Modern Greek state promotes the idea of a continuum
from the Neolithic to the Minoan, Mycenaean, Archaic, Classical, Hellenistic, and Byzantine to the
Modern times, excluding the centuries under the Ottoman Occupation, as the Greeks refer to that
period, or part of the Ottoman Empire, as foreigners refer to the same period. This continuum model
has been taught at schools and universities, thus forging a powerful national conscience. This
conscience informs the national identity subsequently projected abroad, to define the Greek state.
Recent archaeological texts (Damaskos and Plantzos 2008; Whitley 2001) doubt this continuum
model and even reject the terms used for certain periods. For example, the term Geometric, as it
refers to a pot style of a specific region of Greece and not a period (Whitley 2001: 61). Nevertheless,
the Hellenic Ministry of Culture is still structured according to that older model of ancient Greek
29

The Hellenic Archaeological Society was founded in 1987.
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chronology (Table II) and the more ‘traditional’ terms to describe periods are generally used.
Therefore, it was decided to follow this chronology and use these chronological terms for Table I.

Again for easier reference, the general geographical regions of the country are used, such as Attica,
Aegean, Peloponnese, Macedonia, Thrace and Crete (Fig. 2.1). Under the Present Location section,
the place where the artefacts are currently stored or displayed is recorded.

Table II Chronological periods relevant to the different types of Ephorates of the Hellenic Ministry of Culture
As at 2009.
Type of Ephorate

Chronological Periods

Ephorate of Prehistoric and Classical

Neolithic, Bronze Age, Dark Ages, Iron Age

Antiquities

(e.g. Minoan, Mycenaean, Geometric, Archaic,
Classical, Hellenistic, Roman)

Early Christian, Byzantine, Post-Byzantine

Ephorate of Byzantine
Antiquities
Ephorate of Modern Monuments

Post 1834 AD.
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Fig. 2.1 A map of Greece showing the places where textile finds have been excavated.

In the following sections approximate percentages are used to present the preliminary statistical
analysis results. The percentages are calculated and quoted to the nearest integer according to the
ratio of the number of finds falling under the same category to the total number of finds present in
the table.
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2.2.1 Types of Preservation of Textiles Excavated in Greece
Four types of preservation were identified: 1) in association with a metal present (61%); 2)
carbonisation (9%); 3) in association with salts from a ceramic and/or stone container (8%); 4)
elimination of oxygen (8%). Elimination of oxygen may be achieved in combination with any of the
three aforementioned types (e.g. sealed copper vessel). For 14% of the finds the type of preservation
is unknown. Inhumation burials were included in the unknown types, since it was not known what
preserved the textiles in the burial. Note that these are the types of preservation as recorded in the
sources. The condition of several of the finds has never been comprehensively studied and assessed.
The results are better illustrated in the following pie chart (Fig. 2.2).

Fig. 2.2 Pie chart showing the percentages of the types of preservation of textiles excavated in Greece.

2.2.1.1 Different Metals Responsible for the Preservation
of Textiles Excavated in Greece
The cases where textiles have been preserved in association with metals can be further analysed
according to the type of metal present. Copper was the metal present in 85% of the cases, lead 5%,
silver 2%, gold 2%, iron 1.5%, combination of metals 3%, unidentified metal 1.5% (Fig. 2.3).
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Fig. 2.3 Pie chart showing the percentages of the different metals responsible for the preservation of textiles
excavated in Greece.

A considerable amount of textiles (85%) have been preserved due to the presence of copper in their
burial environment. This may indicate that if copper was present in a burial environment there is
high likelihood that any textiles in its proximity would be preserved.

2.2.1.2 Textile Preservation in Association with Metals
The preservation of textiles in association with metals is one of the most important methods of
preservation with abundant examples worldwide. Textiles have been recovered from sites all over
the world, which have been preserved through their association with metals such as copper, iron,
silver or lead (Chen et al. 1998:1015). Of particular interest is the fact that these textiles may have
been preserved under conditions which would otherwise have detrimental effects on them (Janaway
1983: 48). The exact mechanisms of textile preservation in association with metal are not yet
understood (Mannering and Peacock 1998: 9).
The process of textile preservation in association with a metal is known as mineralisation. The
process of mineralisation begins when the organic fibres of a textile, which is in close contact with a
metal object, are gradually replaced by the metal corrosion products (Anheuser and Roumeliotou
2003:24). At a molecular level, it means that the atoms of the fibres are replaced by metal ions or the
spaces between the molecular chains are filled with metal ion complexes (Chen et al. 1998: 1016).
The progress of this process may terminate at any time or continue until the replacement is complete
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(Chen et al. 1996: 219). In any case, the physical shape of the fibre is preserved (Gillard et al.
1994a: 132).
The mineralisation process could be broken down into three stages: 1) the corrosion of the metal,
which is dependent on factors such as, the amount of water, oxygen, carbon dioxide, microorganism and organic matter, temperature, salts, acids, and soil porosity. Corrosion is an
electrochemical reaction, that is a reaction between negatively (organic fibres) and positively (metal
ions) charged atoms (Coho 1996: 71); 2) the migration of the metal ions, when they move towards
the organic fibre, and; 3) the precipitation of the metal ions on the textile fibre. For precipitation, and
finally replacement, to occur the organic fibre must be preserved. Certain metal ions, such as copper,
nickel, mercury and lead, act as micro-organisms inhibitors, hence the fibres are not attacked by
bacteria (Turgoose 1989: 30; Chen et al. 1998: 1016).
The environmental factors prevailing, the amount of textile fibres and metal present, even the
position of the textile in relation to the metal are of crucial importance to the mineralisation of the
fibres. Hence, not all fibres, or even the whole fibre, of a textile may be mineralised, if at all, at the
same stage. Indeed, Mannering and Peacock (1998: 8) when analysing mineralised samples, found
that in several cases, areas of the same object had reached different stages of mineralisation. It is
possible that the partially replaced fibres are at an intermediate stage of being fully replaced by the
corrosion products (Chen et al. 1996: 223).
The total replacement of the organic matter of the textile fibre by the metal corrosion products
results in the formation of a pseudomorph. The term literally describes the formation of an object,
which looks like a fibre but chemically speaking, it is not a fibre. Meaning that it retains all the
morphological characteristics of the fibre, and in consequence of the textile, but none of the original
constructive organic elements is present, since they have been replaced by the inorganic metal
corrosion products. The fibre formations in pseudomorphs are solidly filled with inorganic material
and have bigger dimensions than their organic predecessors (Chen et al. 1998: 1016; Jakes and
Sibley 1989: 240-241). Nevertheless, Gillard et al. (1994a: 132, 138) when reporting the results of
the experiments they conducted indicate that total replacement is rarely achieved and that true
pseudomorphs are uncommon.
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In spite of the fact that the mineralisation process is not fully understood, thus not providing an
adequate answer as to why the textiles have been preserved, the excavated finds are evidence of how
textiles have been preserved. There is a marked difference in the preservation of textiles in
association with metals. There are either positive casts formed, where the metal corrosion products
precipitate within the fibre, and negative casts, where metal corrosion products deposit on the fibre
surface (Chen et al. 1998: 1016; Gillard et al. 1994a: 133; Wild 1988: 11).
In order for a positive cast to be formed, the concentration of the metal ions needs to be high enough
for its biocidal action to be effective, yet low enough for the ions to penetrate the fibre rather than to
deposit on its surface in the form of encrustations. Copper has biocidal properties, because of the
toxicity of its salts to micro-organisms (Anheuser and Roumeliotou 2003: 23), hence the fibre is
preserved long enough to be impregnated by the copper corrosion products. Even small-scale
degradation, other than that occurring by micro-organisms, promotes mineralisation, since even the
crystalline regions of the fibres are more susceptible to impregnation by copper corrosion products
(Gillard et al. 1994a: 136). Thus copper is commonly associated with the formation of positive casts.
In certain cases even evidence of the original colour of the fibre has been preserved (Edwards 1989:
5). Although copper has been found to act as a catalyst in cellulosic degradation, it also forms a
barrier around and/or within the fibre, which protects it from the micro-organisms. The kinetics of
these contradictory actions of copper have not yet been identified. Nevertheless, it has been
suggested that when the biocidal action of the copper corrosion products is predominant, then
partially mineralised fibres are formed. In contrast, when the catalysis of cellulose hydrolysis by
copper corrosion products is predominant, then pseudomorphs are formed (Chen et al. 1996: 223;
Chen et al. 1998: 1019).
Lead and silver have been reported to have a similar action to copper in the process of
mineralisation. Meaning that the corrosion products of these two metals have biocidal properties and
are able to impregnate the textile fibres to form positive casts (Wild 1988: 11; Edwards 1989: 5;
Mannering and Peacock 1998: 9).
Iron on the other hand, does not have marked biocidal properties and its rate of corrosion is much
faster than that of copper. As a result, there is not sufficient time for the iron corrosion products,
which are readily formed, to penetrate the fibre before this is degraded by micro-organisms. In
addition, Iron(III), which is one of the main forms of iron corrosion products is highly insoluble,
thus even harder to penetrate the fibre. Nevertheless, due to the fast rate of iron corrosion there is
plenty of time for the corrosion products to precipitate on the surface of the fibre before this is
perished due to the action of micro-organisms. Hence iron corrosion products precipitate on the
fibre’s surface, forming negative casts (Gillard et al. 1994a: 133, 137-138; Coho 1996: 70; Janaway
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1989: 21). The fibre inside the cast could be either totally perished or preserved in varying stages of
degradation (Edwards 1989: 5). Whether the imprint on the cast is recognisable depends on the rate
of fibre degradation compared to the rate of metal corrosion. In essence, it depends on whether there
was sufficient time for the metal corrosion products to encapsulate the fibre before this had decayed
to an unrecognisable degree (Janaway 1989: 21).
Only rarely casts which are partly positive and partly negative have been detected on the same
object (Chen et al. 1998: 1020; Mannering and Peacock 1998: 9).

2.2.1.3 Textile Preservation by Carbonisation
In carbonisation, similarly to mineralisation, the nature of the textile fibres changes irreversibly,
though not from organic to inorganic, but from cellulosic or proteinaceous material to carbon. It is
the irreversible chemical reaction of incomplete burning, similar to that of wood becoming charcoal.
The carbonised textiles are black and very brittle, but short lengths of fibre may remain virtually
intact (Ryder 2000: 2).
Several articles have been found in the literature review, where carbonised textiles are reported.
Nevertheless, none of them offers an explanation or even raises hypotheses as to why these textiles
have been preserved. Wild (1988: 11) presents the case of a 60 AD Roman legionary base in
Colchester, where the rebel forces set fire to timber buildings. A mattress was not consumed by the
heat, but carbonised. The diamond twill weave is still recognisable, although the fibres are distorted.
Excavations at the cities around Vesuvius, buried by the eruption of the volcano in AD 79, have
brought many textile fragments to light. These have been preserved in various degrees of
carbonisation (D’Orazio et al. 2000: 745).

2.2.1.4 Textile Preservation in Association with Salts
Sodium chloride (common salt) has been reported to preserve skin and cloth from the Iron Age salt
mines at Halstatt in Austria due to its property of inhibiting the growth of micro-organisms (Ryder
2000: 2). Calcium salts from sources such as limestone, shell and bone have been reported to be
responsible for the preservation of plants and invertebrates by mineral replacement (McCobb et al.
2004: 157-158, 166-167).

2.2.1.5 Textile Preservation under Anoxic Conditions
The growth of micro-organisms is a major factor for the destruction of textiles in burial
environments. Low oxygen levels inhibit the growth of micro-organisms providing a favourable
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environment for the preservation of textiles, and organic materials in general (Cronyn 1990: 24). In
Northern and Central Europe, textiles are usually preserved due to the combination of high moisture
and low oxygen levels (Ryder 2000: 2; Wild 1988: 7-8). In Greece, the low oxygen levels have
usually been achieved in combination with a metal present, in the form of a sealed metal vessel that
had been preserved intact (see Table I, find no. 14, 16, 17, 21, 25, 32, 43, 56), and in sealed
inhumation burials (see Table I, find 40, 59).

Conclusions
Four main types of preservation were identified: 1) in association with a metal present; 2)
incomplete burning; 3) in association with salts; 4) and absence or elimination of oxygen. The vast
majority of textiles were preserved in association with copper.

2.2.2 Date of Origin
The majority of the textiles (85%) on the Chronological Table are Archaeological, rather than
Roman and/or Byzantine. According to the previous section, the greatest danger for buried textiles
within Greece would be the growth of micro-organisms, since in most of the cases where they have
been preserved microbial action is inhibited, either by the presence of a metal (the degradation
products of which have biocidal effects), salts (which also have biocidal properties) or by the
exclusion of oxygen (anaerobic). Carbonised fibres are also not readily attacked by microorganisms, since the vast proportion (or even total amount) of cellulose and/or proteins have
changed into carbon. A brief review on the burial customs in Greece (Appendix A) revealed that
throughout antiquity, up until the change in religion (hence change in the burial customs practiced)
the burial environment provided favourable conditions for the preservation of textiles. Metals were
present either in the form of the recipient vessel and/or the grave offerings. The anaerobic
environment was achieved either by the use of stone sarcophagi or the fact that pit graves were
carved out in the soft rock bedding – common in Greece since it is a mountainous country, or the
fact that graves were inlaid with tiles or its walls plastered with lime. Finally, carbonisation of the
fibres was achieved by cremation burials, known as pyres.
During the Byzantine period, burial customs changed considerably, as far as achieving a favourable
environment for the preservation of textiles was concerned. The presence of metals was rare, since
grave offerings were uncommon and wooden coffins were preferred to metal ones. Achievement of
an anaerobic environment would not be easy since only very rarely stone/marble sarcophagi were
used. It would be rare to retrieve carbonised fibres, since cremation burials were not practiced.
Wooden coffins would degrade in a similar way to that of textiles, since they are both organic
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materials susceptible to the surrounding environment, thus not providing an adequate barrier from it.
As a consequence, several factors, depending on the natural environment and the geology of each
region, could have an influential effect on the buried textiles. Factors, such as temperature, humidity
levels, pH and texture of the surrounding soil. There was not enough data to draw conclusions on the
preservation of textiles in inhumation burials, since they have not been recorded in any case.

Conclusions
The majority of the textiles preserved are Archaeological rather than Roman and/or Byzantine. A
possible reason could be the change from the Dodecatheon to the Christian religion burial customs.
Christian burials are inhumations and generally no offerings, such as vessels or other objects, are
placed in the grave, hence the chances of an association with a metal for example, which might
convey some protection, are limited. In Christian burial customs, the deceased is usually placed in a
wooden casket, which is also susceptible to deterioration, therefore limiting the chances of textile
survival. In addition, pyre, the custom of burning the deceased, that might enable textile preservation
due to carbonisation, ceased to exist in the Christian times.

2.2.3 States of Preservation of Textiles Excavated in Greece
Four states of preservation have been identified: 1) object/s 15% (a complete or incomplete find
with a defined shape, even if there are numerous areas of loss); 2) Fragment/s 63% (one or more
loose parts of one or more textiles, with no attachment between them); 3) Remains 18% (textile
yarns/threads/fibres that are loose and/or deposited on a foreign surface); 4) Traces 2% (imprint
of a textile and/or yarns/threads/fibres on another surface); and unknown 2% (Fig. 2.4).
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Fig. 2.4 Pie chart showing the percentages of the states of preservation of textiles excavated in Greece.

The vast majority of the finds have been preserved as fragments. Whole objects are fewer than
fragments, but almost equal to the remains. In addition, preservation in the form of traces, is
extremely low. An obvious question is whether the recording methods traditionally used and the
tight time limits of especially rescue excavations, are inadequate for the salvation of obscured
and extremely vulnerable remains and traces.

2.2.3.1 Textile Finds Preserved as Complete Objects
In the case of textile finds preserved as complete objects, the percentage (15%) represents nine
case studies, shown in the following table.
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Table III Textile finds preserved as complete objects.

Table
I No.
14

Reference name

Type of
preservation
Inside a copper
vessel covered
with another
copper vessel

State of
preservation
Object/s

16

Eretria

Inside a copper
vessel covered
with another
copper vessel

Object/s

25

Nikaia

Inside a copper
vessel

Object/s

32

Elefsina, Attica

Object/s

41

Stamna,
Aitoloakarnania
Gold-woven, Tomb
II, Vergina

Inside a copper
vessel covered
with another
copper vessel
Covering a
copper vessel
Inside a golden
larnax enclosed in
a marble urn

Mummy goldwoven
Painted linen

Inside a lead
sarcophagus
Unknown

Object/s

Princess garments,
Mystra

Inside an arched
tomb, inhumation
burial

Object/s

43

56
57
61

Lefkandi cheton
and woven band

Object/s

Image

Photography permission was not
granted

Object/s

Object/s

Photography permission was not
granted
Not located
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Four (Table I no. 14, 16, 25, 32) of the finds have been preserved enclosed in copper vessels,
one (Table I no. 56) enclosed in lead, one (Table I no. 43) in gold, two (Table I no. 25, 41) in
contact with a copper vessel, whereas for two finds the type of preservation is unknown (Table I
no. 57, 61-which is an inhumation burial). The types of preservation identified on Table III are:
1) in association with a metal the decomposition products of which have biocidal effects, such
as copper (no. 14, 16, 25, 32, 41) and lead (no. 56); 2) anaerobic conditions (no. 43). It is
interesting that the aforementioned finds cover a wide date range from the Geometric (no. 14,
16) to the Classical (no. 25, 32, 41) to the Hellenistic (no. 43) to the Roman (no. 56) to the Early
Christian (no. 57) up to the Byzantine (no. 61) periods. Find no. 14 is approximately 2,400 years
older than find no. 61. Hence, the time length of the burial does not correspond to the condition
of the find. Achievement of favourable conditions is far more important.
Find 14 was conserved in 1982 by Mr. T. Margaritof, one of the first conservators of the Hellenic
Ministry of Culture, and is now found at the National Archaeological Museum in Athens, in a
custom-made display case, but not officially on display (Chanialaki 2001; Margariti 2001). It is an
ankle-length robe consisting of two sheets of linen sewn up the sides (Popham et al. 1982: 173).
Find 16 was unfolded and flattened in the 1950’s by Mr. B. G. Zissis (1954), chemist at the National
Archaeological Museum in Athens, and is now stored there lying in an open wooden tray. Find 32 is
the largest classical linen cloth measuring 2.2 by 0.5m (Barber 1991: 197n). It has been conserved in
the 1950’s by Mr. Zissis (?) and is now on display at the Archaeological Museum of Elefsina,
sandwiched between and adhered on glass. None of the conservation reports have ever been
published. Enclosure in copper has been responsible for the preservation of three of the largest
Greek excavated textiles, all of which were able to withstand interventive conservation treatment.
Possibly due to the combination of the biocidal effects of copper degradation products and the
exclusion of oxygen, the physical and chemical properties of the textiles had been retained to a
degree that allowed interventive conservation treatment.
Find 56 has been conserved by a team of Swiss conservators and is now framed on display at the
Archaeological Museum of Thessaloniki. The conservation report has not been published. Enclosure
in lead has also been responsible for the preservation of a considerably large object, which withstood
interventive conservation treatment. Possibly due to the combination of the biocidal effects of lead
degradation products and the exclusion of oxygen. Only the part of the object decorated with golden
threads had been conserved and displayed in a pressure mount. The rest of the find was rediscovered by the author in the storeroom of AMTh in 2006.
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Find 43 is a Murex purple dyed gold-woven textile attributed to a Macedonian Queen of the family
of Alexander the Great. Its conservation/restoration, which lasted for several years in the 1980’s and
executed by Mr. Margaritof, has raised several controversial issues (Flury-Lemberg 1988: 234-237).
It is now on display at the Exhibition of the Great Toumba in Vergina. The object was found in an
intact golden larnax enclosed in a marble urn folded in four. Only the two parts have been retrieved.
The interwoven gold strips creating the design remain intact, whereas the woollen, purple dyed
background was pasty and crumbling to dust upon exposure. The dust was impregnated with
Mowlith 50 and in-filled the gaps between the golden strips30. Hence, the exclusion of air retained
only traces of the organic component of the textile, since gold has neither biocidal properties nor
degradation products.
Find 25 was found folded at the bottom of a copper vessel possibly wrapping the bones of the
deceased. There is evidence that there are at least two different textiles present, one of them possibly
holding evidence of embroidery holes. The folded mass measures 24x16x4cm approximately. It has
not been conserved nor examined. In fact, both the textile/s and the copper vessel had been moved to
the National Archaeological Museum in 1988 to be conserved. The vessel was conserved and
returned to the KΣT’ (Kappa Sigma Taf) EPCA, where it belongs, in 1994. The textile/s remained in
the storeroom of NAM until they were actually re-discovered in 2006. They are still in the NAM
storeroom lying on the lid of a non-archival carton box.
Find 41 consists of at least four (4) different textiles. Since its excavation in 2003 it has been kept in
a controlled environment at the Archaeological site of Voudena. Four alternating textiles are
covering a copper vessel of approximately 60cm, standing on a tripod. The find has neither been
studied nor conserved.
Find 61 is from an inhumation burial of a Byzantine princess. Apart form her garments, the plait of
her hair also survived. It was an arched tomb burial close to the surface (1m approx.). Only the
upper part of her body and garments have survived. The part below the waist has totally perished
leaving traces of a white, chalky substance. Although the humidity levels upon excavation were not
measured, there is no record of the presence of water in the grave (Martiniani-Reber 2000: 29-33).
Possibly water was passing through the lower part of the grave at some point, leading to the total
destruction of the skeleton and clothing, leaving behind only white/chalky traces of the dissolved
bones.

30

Personal communication with Mr. T. Margaritof on 12 April 2006.
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Find 57 has not been located. Only oral evidence testifies its existence. Mr. Margaritof mentioned it
at the Meeting of the Conservators of the Greek Ministry of Culture (PESA) in 1985 31.
Unfortunately, the talk is not included in the Meeting’s Postprints.

Conclusions
The majority of the textiles have been preserved as fragments. The number of textiles preserved as
whole objects is almost equal to that preserved as remains. There are very few cases recorded where
traces of textiles have been preserved, possibly because of limited documentation during
excavations. Six out of the nine finds that have been preserved as whole objects were found inside
sealed metal containers, i.e. in association with a metal in combination with limited amounts of
oxygen present. Four out of these six containers were made of copper. Therefore, the combination of
copper with oxygen elimination provides the most favourable environment for the preservation of
textiles.

2.2.4 Type of Fibre
Both cellulosic and proteinaceous fibres have been identified in textiles excavated in Greece. In
most of the cases fibre identification has been achieved by the means of an optical microscope or a
Scanning Electron Microscope. In the case of find 43 (Vergina gold-woven, Tomb II) TLC analysis
confirmed by HPLC analysis identified the pasty remains as wool. Analysis took place at the
Netherlands Institute for Cultural Heritage in 1977 and 1997 respectively, by Ms J. Hofenk de
Graaff (protocol number of the relevant document: ΔΣΑΝΜ (DCAMM) 1070KA/25-6-1997).
In more detail, fibre analysis identified: cellulosic (15%), linen (25%), cotton (3%), hemp (2%),
silk (10%), wool (10%), combination of fibres (7%) and unidentified fibres (28%). These results
are better illustrated in the following pie chart (Fig. 2.5).

31

Personal communication with Ms G. Moraitou on 25 November 2005, Ms D. Moschona on 5 April 2006 and Ms K.
Kavassila on 17 July 2006.
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Fig. 2.5 Pie chart showing the percentages of the types of fibres found in textiles excavated in Greece.

The largest percentage represents unidentified fibres. This indicated that either the majority of
the finds have not been adequately analysed or their condition does not allow for conclusive
fibre identification.

2.2.4.1 Associating the Type of Fibre with the Type of Preservation
Some observations were made according to the type of fibre and the type of preservation, and are
presented below (Table IV).
Table IV Preservation of certain types of fibres according to the type of preservation.
Percentage

Number of finds

Type of Preservation

Cellulosic

15%

9

8 – in association with copper
1 – unidentified

Linen

25%

15

13 – in association with copper
1 – in association with combination of metals
1 – unidentified

Cotton

3%

2

1 – in association with copper
1 – carbonisation

Hemp

2%

1

1 - in association with copper

Silk

10%

6

4 – inhumation burial
1 – in association with copper
1 – unidentified

Wool

10%

6

2 - inhumation burial

Type of fibre
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2 – carbonisation
1 – in association with copper
1 – in association with gold
Combination of
fibres

7%

4

2 – anaerobic conditions (linen & wool, linen & silk)
1 – in association with copper (linen & wool)
1 – carbonisation (cellulosic & proteinaceous)

Unidentified
fibres

28%

17

6 – in association with copper
3 – inhumation burial
2 – in association with a combination of metals
2 – inhumation burial
1 – in association with lead
1 – in association with silver
1 – in association with gold
1 – carbonisation

There are twenty-seven (27) cellulosic finds, representing the 45% of the total. Twenty-three
(23) of them have been preserved in association with copper and thirteen (13) of them are linen.
There are three possible explanations. First, linen is more resistant than cotton due to its higher
proportion of crystalline regions within the fibre. Hence, it has greatest chances of survival in an
excavation context (Tímár-Balázsy and Eastop 1998: 36). Second, cotton cultivation is believed
to have reached Greece in the Hellenistic period, when Alexander the Great conquered India,
hence the use of cotton textiles in ancient Greece was anyway rare (Mauersberger 1954: 103).
Third, linen is a cellulosic bast fibre. Fibres belonging to that type, such as hemp and nettle,
share common morphological characteristics, such as nodular thickening along their length,
polygonal cross-sections, thick cell walls and narrow lumens and they occur in bundles (Hall
1963: 29, 31; Hearle and Peters 1963: 422; Hudson et al. 1993: 51; Mauersberger 1954: 257). It
could be possible that some of the fibres identified as linen were other cellulosic bast fibres.
As far as proteinaceous fibres are concerned, they are equally divided in silk (10% - 6 finds) and
wool (10% - 6 finds). Four (4) of the silk finds have been preserved in inhumation burials.
Inhumations are in general alkaline environments due to the body decomposition products. Silk is
relatively resistant to alkalis (Tímár-Balázsy and Eastop 1998: 47), due to the absence of disulphide
bonds in its proteins and high crystallinity, i.e. decreased accessibility (Gillard et al. 1994a: 132-3).
Wool on the other hand, is markedly affected by alkalis32 (Tímár-Balázsy and Eastop 1998: 53),
because they are responsible for the breakdown of the disulphide bonds within the wool proteins
(Gillard et al. 1994a: 132-3). Indeed, only two (2) of the woollen fibres identified have been
preserved in an inhumation burial.

32

Cellulosic fibres are also markedly unstable in extreme alkaline conditions.
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Conclusions
The number of cellulosic fibres identified (45%) is more than double to that of proteinaceous (20%).
A possible reason could be that the burial conditions prevailing were more favourable to the
preservation of cellulose rather than proteins. Different cellulosic fibres, such as linen (flax), cotton
and cannabis (hemp) have been identified. As far as proteinaceous fibres are concerned, both silk
and wool, have been identified. However, the fibres in 28% of the finds remain unidentified,
suggesting that either instrumental analysis was limited or that the condition of the finds prohibited
fibre identification.

2.2.5 Conservation
Five methods of treatment were identified: 1) First Aid (FA – 32%, of which 15% is consolidation);
2) Preventive (8%); 3) Interventive (15%); 4) Restoration (-)33; 5) Combination of treatments
(12%). In 33% of the cases no treatment has been applied or this has never been recorded. These
results are shown in the pie chart below (Fig. 2.6).

Fig. 2.6 Pie chart showing the percentages of the types of conservation treatments applied to textiles
excavated in Greece.

A preliminary observation of the type of treatment applied to the finds, according to the date when
this was applied and the dates (middle 1990’s) when a more systematic technical examination
initiated, revealed the following. Consolidation has been traditionally used as means of First Aid
treatment from the first half of the 20th century until the end of the 1990’s. At this point the results of
33

Restoration has been identified in combination with other treatments, but not on its own.
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technical examination started being published either by the Hellenic Ministry of Culture or
ARTEX34 (e.g. Moraitou 2001; Spantidaki 2004; Spantidaki and Moulhérat 2004a). Consolidants
have been found to obscure and confuse the results of such investigations35, and this may have
prompted the coincidental change in conservation approach.
The first interventive treatments recorded, took place in the first half of the 1950’s. The Koropi finds
(Table I no. 26-28) were conserved at the Victoria and Albert Museum in London. The Trachones
(Table I no. 29-31) and Elefsina (Table I no. 32) ones were conserved at the National
Archaeological Museum in Athens by Zissis (chemist at NAM). All finds received similar treatment:
cleaning, flattening, and mounting with adhesive between either glass or plastic. Still in the 1950’s
the Mycenaean fragment from Tomb A (Table I no. 10) was conserved (consolidation, cleaning) at
NAM (Zissis?) and is now on display still adhered to the copper spearhead. The Eretria find (Table I
no. 16) was also conserved (consolidation (?), cleaning, unfolding) at NAM (Zissis?) and is now in
the storeroom in an open wooden tray. In 1955, the Byzantine princess’s garments (Table I no. 61)
were consolidated without removing the soil and put on display pinned on a non-conservation
quality mannequin.
No interventive conservation treatment has been recorded for the next two decades, until the late
1970’s when the painted linen (Table I no. 57) was conserved by Mr T. Margaritof. Also in the
late 1970’s the mummy gold-woven find (Table I no. 56) was conserved to be framed on display
at the Archaeological Museum of Thessaloniki. In 1982, the Lefkandi cheton and woven band
(table no. 14) were conserved at NAM by Margaritof and Asimenos (chemist NAM). A custommade display case was created hence, the need of a controlled environment was appreciated. In
the 1980’s, the Gold-woven, Tomb II, Vergina find (Table I no. 43) was conserved by
Margaritof with the assistance of Asimenos. In the first half of the decade, conservation took
place in Vergina (at the laboratory set up at the excavation site) and then moved to Athens in the
second half of the 1980’s.

In 2000 the St. Achille’s gold-woven artefact (Table I no. 59) was conserved by Kavassila
(conservator HMofC). Again in 2000, the Byzantine princess’s garments (Table I no. 61) were
moved to the Museum of History and Art in Geneva to be conserved by Fiette (textile conservator –
Martiniani-Reber 2000).

34

Hellenic Centre for the Research and Conservation of Archaeological Textiles founded by E. Polychroniadou
(Conservator), Y. Spantidaki (Textile Researcher) and I. Tzahili (Archaeologist). It is a privately run organisation
occasionally commissioned by the HMofC to perform analyses of excavated textiles.
35
Personal communication with G. Moraitou on 25 November 2005 and Spantidaki on 1 December 2005.
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Preventive conservation, i.e. the provision of a controlled environment and/or appropriate storage,
started being applied in the second half of the 1990’s – beginning of 2000’s, on the Mycenaean Patra
find (Table I no. 9 by Koussoulou conservator DCAMM in 2002), the Archaic Vergina find (Table I
no. 21 by Moraitou conservator DCAMM in 1997), the Stamna Aitoloakarnania find (Table I no. 41
by Kousoulou conservator DCAMM in 2003), the Andritsa Cave find (Table I no. 63 by Margariti
conservator DCAMM in 2006) and the Pantanassa find (Table I no. 64 by Margariti conservator
DCAMM in 2005). The aforementioned observations are summarised in the diagram below (Fig.
2.7).

1900

1950’s

1980’s

1990’s / 2000

Consolidation
FA

Interventive

Interventive

Preventive
Interventive

Fig. 2.7 Change in attitude towards the conservation treatments applied to textiles excavated in Greece
in the 20th century.

Conclusions
In general, the conservation of excavated textiles in Greece, is limited to First Aid treatments, such
as consolidation. Certain interventive treatments took place in the past, but they tend to be replaced
by more preventive practices at present, possibly due to the increased interest in the technological
and material identification analysis of the finds.

2.2.6 Collaboration Projects
Recording the studies and publications of the analysis and/or conservation of the finds afforded the
opportunity to make observations on the collaboration between conservators, archaeologists and
textile historians, in Greece.
Forty-six (46) of the finds have been studied by archaeologists and/or textile historians. Twenty-four
(24) finds have been studied by conservators in the process of treatment. Eighteen (18) of the
twenty-four (24) conservators, were specialised textile conservators.
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As far as publications are concerned, there have been recorded thirty-seven (37) archaeological
publications, twenty-one (21) technological and only five (5) conservation publications. The
majority of the archaeological publications are found in the Archaeological Journal 36. Zissis and
Mylonas (chemist and archaeologist respectively, HMofC) and Moutsopoulos (archaeologist,
HMofC) are the only professionals employed by the Hellenic Ministry of Culture to have published
a technological analysis of an excavated textile (4 publications: Zissis 1954; Mylonas 1973;
Mylonas 1954; Moutsopoulos 1969). ARTEX is a private Greek Institution commissioned
occasionally by the Ministry to perform technological analysis of excavated textiles, and they have
produced numerous publications (6 publications: Spantidaki 2006; Spantidaki 2005; Spantidaki
2004; Spantidaki and Moulhérat 2004a; Spantidaki and Moulhérat 2004b; Spantidaki and Moulhérat
2003). The rest of the technological publications have been executed by Foreign Schools of
Archaeology (1 publication: Möller-Wiering 2006), conducting excavations in Greece, the Victoria
& Albert Museum in London (1 publication: Beckwith 1954b), the Museum of History and Art in
Geneva (1 publication: Martiniani-Reber 2000) and the Abegg Stiftung (1 publication: Flury
Lemberg 1988: 234-237). There are only three associated conservation publications: one (1) by
Zissis (Zissis 1954) on the three Trachones finds (Table I no. 29-31), one (1) by Moutsopoulos
(Moutsopoulos 1969) on the St. Achilles find (Table I no. 59) and one (1) by Fiette37 (Table I no.
61) (Martiniani-Reber 2000: 35-51).
Apart from the project on the analysis and conservation of the Mystra princess garments, there are
no joint publications and/or projects between conservators, archaeologists and textile historians.
Hence, collaboration appeared to be limited between these professionals in Greece.
It is in the author’s belief that the educational background of a professional is reflected in their
conduct. In Greece, archaeology is a highly esteemed science and has been taught at a University
level since 1837. On the other hand, the National School of Conservation was founded in 1985 at a
Technological and not a University level. Even today this School has not been upgraded to a
University level 38. Moreover, Art History studies have only been available in Greece, at a University
level, since 2006. Consequently, in Greece, archaeologists are always in charge of any potential
collaboration between these professionals, conservators are more often than not considered to be
technicians, and art historians are rare and usually their role is taken by the archaeologist. As a
result, collaboration between them becomes a thorny issue.

36

It is the journal published by the Archaeological Service in Greece, where all the finds of all excavations conducted in
the country are recorded.
37
Alexandre Fiette, textile conservator at the Museum of History and Art in Geneva, Switzerland.
38
The National School of Conservation belongs to the Technological Educational Institution of Athens (TEI) the diploma
of which is considered to be of a University level throughout the European Union, but not in Greece.
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2.2.6.1 Collaboration between Conservators, Archaeologists and Textile
Historians
Archaeology is the science that studies the material culture of the past, in order to reconstruct it.
Studying the material culture means interpreting the evidence held within objects (Lewis 2006: 87,
92). In the past, the predominant notion was that very rarely textiles survive in a burial context,
therefore archaeological interest in them was limited (Jakes and Howard III 1986: 227). At present
this situation has changed. An interest of the archaeologists in more social and economic questions
along with the fact that a considerable amount of textile finds has been retrieved, has raised the
awareness of archaeologists about excavated textiles (Wild 1990: 3).

Conservators are the professionals responsible for the long-term preservation of objects. To them,
the object’s life continues after excavation, it just changes form. It is still considered to be an
information recipient and care is taken not to undertake a treatment that would interfere with its new
history. Conservation goes beyond the application of the appropriate treatment. The presence of a
specialised conservator would not only ensure the welfare of the finds but also aid the yielding of
information held within them. Conservation enables, increases and clarifies the interpretation of
objects, and this is attributed to two main reasons:
One reason is the examination methods used in conservation, which can unlock information held
within a degraded object. Odegaard (2002: 18) presented a case where the application of technical
analysis used in conservation, on extremely fragile, fragmentary painted clay-covered basketry, lead
to the recovery of important ethnological information.
The second reason lies with the fact that the close contact and continuous observation of the find
afforded by the conservation process allows for a level of study otherwise inaccessible. The
conservator has the opportunity to analyse and understand the characteristics of the constituent
materials of the object and to reveal details in its construction that would otherwise remain
concealed. When that is combined with the conservator’s knowledge of the archaeological/historical
context of the object it ensures a justified interpretation (Lewis 2006: 92; Lochhead 1990: 48).
The earlier a conservator is involved in an excavation project the better, both for the preservation
and the interpretation of the finds. Since the conservator is the one responsible for treating and
examining, hence interpreting, the fragile excavated finds, it would be of utmost importance for
them to have been present at the time when the find was first brought to light. In that way they
would be able to record evidence such as, the exact positioning of the find, its condition and the
environmental parameters prevailing. Cruickshank et al. (2002: 44, 46, 52) argued that considerable
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information was retrieved by the conservator (Cruickshank) involved in the excavation project of the
1st-3rd century AD Nabataean/Roman cemetery in Jordan, from the initial stage of planning. For the
conservator was able to observe the undisturbed graves and textiles within them in-situ, hence a
significant amount of information on burial practices was transported back to the conservation
laboratory to be combined with the analytical examination results and provide guidance to the
treatment decision-making.
One could argue that archaeologists are adequately trained to record in detail the way an object was
found and its exact position. Nevertheless, the conservator still has to offer additional input. First,
they would be able to record the environmental parameters, which would provide necessary
evidence for the future treatment and preservation of the actual object. Second, archaeological
conservators are trained in lifting the objects in a way that they are safe for transport to the
laboratory and all information is retained. Third, the combination of the expert knowledge of the
archaeologist on the context of the find, with that of the conservator on its materials and condition
would ensure the correct completion of the archaeological record, which is the first and very
important stage of its interpretation (Odegaard 2002: 13).
Mathias at al. (2004: 33, 38) added that the examination of the Ferryland site in Newfoundland
would be incomplete without the combined input of a conservator, conservation scientists and
archaeologists in researching the excavated finds, original documents of the period and other
contemporary costumes.
As far as the preservation of the finds is concerned, archaeologists do not usually appreciate the
sensitivity of their nature, and the fact that although they may have been preserved for thousands of
years in burial, the extreme changes in the environmental conditions could lead to their complete
destruction in less than a few days even hours. Hence, the services of the conservator are essential
when the object is to be treated for either storage or display.
Rotroff (2001: 143) presented the case of the Agora excavations, conducted by the American School
of Classical Studies in Athens (ASCSA). As time passed, the accumulated finds (mainly ceramics
and stone) started to deteriorate. This alerted the archaeologists to the involvement of trained
conservators at the excavation project, which in Rotroff’s words: “meant profound changes in the
attitude of archaeologists toward the objects of their study: a sharper awareness of their fragile
nature and our responsibility, and ability, through collaboration with conservators, to take decisive
action to pass these objects on to future generations intact” (Rotroff 2001: 143).

In the case of excavated textiles, the need for a conservator to be involved in their retrieval is even
more pressing. The sensitive, unique, and sometimes obscured nature of excavated textiles are the
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main reasons for seeking the assistance of a specialist conservator. Textiles preserved in either
damp, or very dry and anaerobic conditions are susceptible to rapid deterioration from the moment
they are brought to light. As Glover (1990: 56) wrote, the only way to suspend deterioration and to
retain the value of textiles as archaeological/historic documents, is to seek advice and practical
assistance from a specialist textile conservator as soon as possible.
There are similar considerations for mineralised textiles, which especially in the form of
pseudomorphs, are not only very sensitive to handle, but often not recognisable to the untrained eye
of the archaeologist. An adequately trained conservator should be present to identify the mineralised
textile, hence preventing its accidental removal from the metal/host object and finally to ensure its
safe retrieval and transport to the laboratory (Chen et al. 1996: 219; Wild 1990: 4; Sibley et al.
1989: 479).
Glover (1990: 49-50) presented two case studies to illustrate how the prompt contribution of a
specialised textile conservator would have improved the condition of textile finds dramatically. The
first one is that of an excavated burial, where deleterious interventive action was taken by nonspecialists. Once lifted, the damp textile was transported to the local Museum to be examined by
archaeologists and other specialists. Two weeks passed before it was assigned to a specialist textile
conservator (Glover). By that time it had dried and to the conservator’s astonishment it had not only
been washed but two quite large triangular pieces had been cut off from its corners for the sake of
analysis. One of the pieces bore evidence of selvedge while the other a section of braided edge.
Without the removal of these pieces, the outline of the object would have been complete. A textile
conservator would have not washed the find unless absolutely necessary, and in that case they would
have kept a detailed record of the characteristics (such as dimensions and weave count) of the object
before treatment. In the case of analysis a textile conservator would be aware of the fact that the
same information could be extracted from already detached fragments and/or other damaged areas,
and would have never cut pieces from the object.
The second case study presented is that of another inhumation burial where the damp textiles
excavated were moved to the Conservation Department of the local University for storage. They
were folded, wrapped in polythene and refrigerated without first seeking the advice and guidance of
a textile conservator. Eight months later, when the textiles were removed from the refrigerator to be
opened at the presence of the textile conservator (Glover) they had been extensively attacked by
‘green and fluffy white mould’. A textile conservator would have been prompt in freezing the objects
before mould growth; they would have made sure the textiles were not so tightly folded for the
centre to cool at very slow rates (Glover 1990: 51), and would have ensured that a sufficiently low
temperature was reached to prevent mould growth.
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Textile historians are the professionals primarily interested in the analysis and research of textiles.
They constantly compare and evaluate the results of the analysis on one object with these from other
groups of objects, seeking to create an all round body of knowledge. Hence, they have adapted an
inherent hesitation towards conservation remedial treatments, which they, more often than not,
consider them to be an obstacle to this retrieval of information. Objects on display in a museum need
to be accessible and unaltered, even after conservation treatment, for a textile researcher to be able
to retrieve information (Wild 1990: 3). Although recording and analysis ideally takes place before
conservation, this is not always the case (Boccia-Paterakis 1996: 147) and in addition there are still
many questions to be answered in the future, hence an object needs to remain accessible (Wild 1990:
4).
Excavated textiles, even those in the poorest condition or obscured state of preservation, can yield a
substantial amount of valuable information. A specialised textile conservator is the one entrusted
with preserving both the tangible and intangible evidence of past history and technology enclosed in
textile finds. Archaeologists should appreciate that the sooner a conservator is involved at an
excavation the better for the welfare of the finds. Conservators, in turn, should always take care not
to inhibit the work of textile analysts and historical researchers by using inappropriate treatments
and materials.
Apparently good collaboration between conservators, archaeologists and textile researchers is of
crucial importance to the welfare, long-term preservation and understanding of excavated finds.
There are four ways to aid a successful collaboration between representatives of the three
aforementioned professions: the use of a common ‘language’ and terminology, which would enable
better understanding between them; joint publications in journals of interest to their professions,
which would promote the fact that they are all partners sharing the common goal of preserving
material culture and its evidence for future generations; close contact, which would enable the
appreciation of each profession’s contribution and restrictions; and continuous dialogue, which
would secure the transfer of information between them (Cruickshank 2002: 44, 52; Rotroff 2001:
144; Boccia-Paterakis 1996: 147; Wild 1990: 4).

Conclusions
Although examples from around the world showed that the collaboration between conservators,
archaeologists and textile historians is of vital importance to the preservation of excavated textiles,
the preliminary statistical analysis results indicated that this is limited in Greece. There are two
possible reasons for that: either the interest in excavated textiles is generally low, or these
professionals lack a common ground. Open communication, continuous dialogue using a common
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‘language’ and joint publications from excavation to conservation, storage, display and analysis, is
required between conservators, archaeologists and analysts to secure a successful collaboration. As
Brooks et al. (1996: 17) wrote: ‘an effective relationship between conservators, archaeologists and
custodians is crucial to ensure that vulnerable textiles and information are both safely preserved’.

2.3 Discussion of the Results
According to the information in Table I and the results of the preliminary statistical analysis, textiles
can survive in a burial context in Greece, should certain conditions prevail. A significant number of
textiles were recorded (65). The types of preservation identified were: in association with metals; in
association with salts; carbonisation; and oxygen elimination, which are not unique to Greece (e.g.
For metal association: Chen et al. 1998; Mannering and Peacock 1998; Gillard et al. 1994a; Jakes
and Sibley 1989; Janaway 1989. For salt association: McCobb 2004; Ryder 2000. For carbonisation:
D’Orazio et al. 2000; Wild 1988. For anoxia: Ryder 2000; Wild 1988).
Different cellulosic and proteinaceous fibres have been reported. However, in many cases (28%)
fibre identification was not achieved, suggesting that the application of instrumental analysis was
limited.
In addition, only 23% of the finds have received conservation treatment (both preventive (8%) and
interventive (15%)). Moreover, only 30% of these treatments have been published. Similarly, 70%
of the finds have been studied by either an archaeologist or a textile historian and only 31% by a
conservator. There is only one joint publication (and that was made in collaboration with a Museum
abroad (Martiniani-Reber 2000). However, as previously discussed, collaboration could only favour
the preservation of excavated textiles, but in Greece collaboration is very limited. As a result, the
knowledge on textiles excavated in Greece is poor, creating a gap both in the Greek and
International bodies of knowledge concerning our Heritage. In addition, the environmental
conditions under which the majority of the finds is kept are not appropriate. Consequently, although
conditions during burial, had been favourable to the preservation of textiles, conditions after burial
were not. This illustrates the challenges concerning textiles excavated in Greece, which this project
was designed to overcome.

Chapter Conclusion
Compiling a chronological table of textiles excavated in Greece and analysing the information
gathered, provided an overview of the condition of these finds at the beginning of this research.
Sixty-five (65) different finds were identified, which indicates that in contrary to the general notion,
textiles could survive in a burial context in Greece, should favourable environmental conditions
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prevail. These conditions were identified as: association with a metal present (61%), carbonisation
(9%), association with salts (8%) and anaerobic conditions (8%). In certain cases (14%) the method
of preservation was unknown, indicating the lack of comprehensive records of textiles excavated in
Greece.
The presence of a metal in a burial context was found to be primarily responsible for the
preservation of textiles. Different metals have been recorded in association with textiles: copper
(85%), lead (5%), silver (2%), gold (2%), iron (1.5%), and combination of metals (3%). The kind of
metal is unknown in very few cases (1.5%). The high percentage of copper showed that its presence
in a burial environment greatly increases the chances of textile preservation, which was in
accordance with the findings of the literature review. Excavated textiles in Greece have been found
in different states of preservation: object/s (18%), fragment/s (63%), remains (18%), and traces
(2%). In certain cases (2%) the state of preservation was unknown. The fact that few textiles have
been retrieved in the state of remains and/or traces could indicate a lack of experience in identifying
textiles in such a poor state of preservation during the excavation process. The actual number of
textiles found as whole objects is nine. Six of them have been preserved by the combination of a
metal present and elimination of oxygen. This could mean that the presence of a metal in association
with elimination of oxygen provides optimum conditions for the preservation of textiles in a burial
context in Greece.
Different types of fibres have been identified: cellulosic (45%), proteinaceous (20%), and
combination (7%). The majority of cellulosic fibres have been preserved in association with a metal
present (24 out of 27), whereas half of the proteinaceous fibres have been preserved in inhumation
burials (6 out of 12). This indicated that the former method of preservation is favourable to the
preservation of cellulosic fibres, while the latter is favourable to the preservation of proteinaceous
fibres, which was in accordance with the findings of the literature review. The small percentage of a
combination of different types of fibres preserved, futher indicated preferential preservation of
cellulosic and proteinaceous fibres under different conditions. The type of fibre was not identified in
certain cases (28%), indicating the lack of comprehensive analysis of textiles excavated in Greece.
As far as conservation of the finds is concerned, first aid treatment by the means of consolidation
was the usual conduct of practice (32%) up to the late 1990’s / beginning of 2000. The beginning of
a more systematic study and analysis of the finds at that period might have been responsible for the
discontinuation of this practice. Interventive treatment (15%) was similarly discontinued at the same
period, giving way to preventive conservation (8%). The employment of specialist textile
conservators by the Hellenic Ministry of Culture at that period, probably affected that change in
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attitude. In many cases (32%), the conservation treatment applied has not been recorded, pointing
out the lack of comprehensive records on excavated textiles.
The literature review showed that a good and continuous collaboration of conservators,
archaeologists and textile historians would be most beneficial to the preservation of the information
and physical existence of excavated textiles. Nevertheless, the small number of joint studies and
publications (21 out of 65) of the aforementioned professionals, indicated that their collaboration
was limited.
The preliminary statistical analysis provided information that informed later stages of this project
and afforded an overview of the current condition of excavated textiles in Greece. The types of
fibres and types of preservation recorded helped inform selection and methods of pretreatment for
the reference samples and the selections of the finds to be used as case studies. Observations such as
the limited application of instrumental analysis and conservation treatments and the lack of
collaboration between professionals indicated the direction towards which this research focused,
which was to produce guidelines for the application of instrumental analysis designed for all
professionals involved.
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Chapter 3
Instrumental Analytical Methods of Investigation
in the Conservation of Excavated Textiles
The findings of the preliminary statistical analysis of textiles excavated in Greece, presented in
Chapter 2, showed that material identification, conservation, and the collaboration between the
professionals in charge, were limited. The poor condition of excavated textiles, which often obscures
the constituent materials, form and decoration, points to the application of instrumental analytical
methods of investigation as one means to enhance their conservation, in the sense of preserving
information about them and understanding their condition. In addition, a science based approach
would increase the objectivity of the results, hence making collaboration between all professionals
easier. Selecting the most appropriate instrumental analytical methods of investigation for the
conservation of excavated textiles, is a three-step process. First, in this author’s opinion, the
information required should be identified, i.e. what questions are being asked, by whom and why;
second, the kind of analysis wanted and/or accepted should be decided, e.g. is some degree of
destructive testing acceptable; and third, the applicability of each available technique should be
considered. This chapter identifies the required information and considers the kind of analysis
appropriate for textiles excavated in Greece. It also reviews published reports on the application of
instrumental analytical methods of investigation for the conservation of excavated textiles,
highlighting their advantages and limitations. Finally, it concludes with the techniques that were
selected for the experiments and the sequence of testing followed: stereo, optical and scanning
electron microscopy, scanning electron microscopy coupled with energy dispersive spectroscopy,
XRF spectroscopy, and FTIR and Raman microspectroscopy.

Instrumental analytical methods of investigation have undergone major improvements over recent
years (after the 1980s), such as the diminishing size of sample required to give useful results and the
development of techniques where the sample is not consumed by/during the analysis. Moreover,
new techniques have been developed and/or adapted to fit the needs of the materials tested.

3.1 The Role of Instrumental Analytical Methods of Investigation
in the Conservation of Excavated Textiles
The characterisation (measurement and analysis) of the physical and chemical properties of cultural
material by the application of instrumental analytical methods is called archaeometry. The burial
process greatly affects textiles, which are generally found in very poor condition, usually
impregnated and/or heavily masked by foreign matter and degradation products. Knowledge of their
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physical and chemical properties is necessary for the effective conservation of excavated textiles,
and may be required for various reasons. For example, in order to: 1) characterise or identify the
constituent materials and to assess their condition. (The wide range of plant and animal fibres often
used in the textile production by past societies complicates this task (Janaway 1983: 48)); 2) inform
any intervention, such as remedial action to stabilise brittle material, and whenever possible improve
the condition of the find; 3) choose the appropriate conditions and materials for the immediate and
long-term storage and/or the display of the find; 4) reveal the technological and historical
information of the conserved objects to be presented to the public; 5) monitor the set standards of
care, ensuring they are already and will continue to be in effect.
Instrumental analytical methods would therefore seem to have a critical role to play in the
conservation of excavated textiles (Ambers and Freestone 2005: 3; Howell et al. 2005: 304;
Vandenabeele and Edwards 2005: 169; Kouznetsov et al. 1996: 23; Jakes et al. 1994: 648; Biek
1965: 70, 79, 115). However, their application is not a straightforward issue because there are
numerous techniques available, each one giving a different kind of information and each having its
own advantages and limitations. Therefore, in order to select the most appropriate technique(s), it is
necessary to form specific questions, to know what kind of analysis is wanted and/or allowed (e.g.
qualitative/quantitative, destructive/non-destructive), and to be aware of the advantages and
limitations of the available techniques.

3.1.1 Identifying the Information Required
Analyses will not necessarily give answers to questions about identity and condition, but will
provide results from which such information can be derived. There is a great variety of different
techniques available for object analysis. Each has its own advantages over the others in certain
applications, but none is without limitations and drawbacks. Hence, the choice of analytical
techniques should be based on the kind of information sought and/or the specific object analysed. It
would be time-consuming, confusing and most certainly fruitless to embark upon instrumental
analysis without first forming a hypothesis that could be tested with the specific technique/s chosen.
The hypotheses to be tested and questions to be answered can be either object- or problem-oriented
(Hofenk de Graaff 2002: 3). The former includes the examination of a specific object by a
conservator, a scientist and a researcher, with the purpose of gaining as much information as
possible about the object to inform its interpretation and preservation (Hofenk de Graaff 2002: 3).
The latter includes the examination of a group of objects or a specific problem with the purpose of
finding a solution or answer (Hofenk de Graaff 2002: 4). It should be mentioned that any
unexpected results may lead to the decision to apply additional techniques beyond those originally
planned (Tyas 1998) whereas, some particular points (e.g. contradictory results) may need repetition
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of the analysis (Biek 1965: 71). It is therefore of vital importance for the person in charge of the
analysis to identify the questions in order to decide the most appropriate analytical method(s) of
investigation for each object / set of objects and sequence of analysis.
The ultimate goal when conserving an excavated textile is to preserve both the information
‘contained’ within the object and the physical existence of the object itself (Brooks et al. 1996: 16).
As suggested in the first chapter, the conservation of an excavated textile is optimised by
collaboration of the conservator, the archaeologist and the textile historian. Therefore, when forming
the specific questions to be answered, the information sought by all three professionals should be
taken into consideration. That information is common between the three professions, as shown in
Table V, below.
Table V Information necessary for the conservation of excavated textiles.
Professional
Conservator

Archaeologist

Task
1. Documentation
2. Condition assessment
3.
4.

Textile Historian

5.

Historical and technological
analysis
Manners and customs
Historical and technological
analysis

Necessary information for each task
Tasks 1, 3, 5: Dating; Provenance;
Attribution; Method of construction; Fibre
identification; Decoration.
Tasks 2, 4: Type of preservation; Evidence of
deterioration; Identity of other materials
buried/found in association with textiles.

3.1.2 Deciding on the Kind of Analysis
The next step is to decide on the kind of analysis wanted and/or allowed. The technique chosen
could be destructive or non-destructive. Generally, destructive techniques are those where the
sample is destroyed during analysis, whereas non-destructive describes the ones where the sample
remains intact and can be further investigated by other techniques (Wess et al. 2001: 117). Even
techniques considered to be non-destructive by some, such as infrared spectroscopy and scanning
electron microscopy, may be destructive in the context of the analysis of excavated textiles, when
specimen preparation vitiates its further investigation, e.g. coating the fibres for scanning electron
microscopy analysis.
The removal of even a minute sample from an object may be viewed as a destructive procedure
(Low and Varlashkin 1986: 77) in the sense that the object’s integrity has been compromised. In
general, unnecessary damage to the material should be avoided (Ambers and Freestone 2005: 3).
Nevertheless, the importance of the information provided by analysis to the preservation and
interpretation of objects, may outweigh other considerations, even if that means destruction of the
sample. The decision should be based on the existing legislation and professional ethics together
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with an evaluation of the importance of acquiring the information, e.g. as compared to sacrificing
the sample (Brooks et al. 1996).
Analysis can either be qualitative or quantitative. Qualitative analysis provides information on the
type of substances/elements present, whereas, quantitative analysis provides additional information
on the amount of substances/elements present. Accurate quantification generally requires larger
amounts of sample with replicate analyses (Hofenk de Graaff 2002: 3), which stresses the
importance of the application of truly non-destructive methods to cultural heritage material.

3.1.3 Selecting the most Appropriate Technique(s)
Numerous different instrumental analytical methods have been used for the examination of excavated textiles.
They can be divided into three main categories according to the type of information they provide. There are
techniques used for:
1) the morphological analysis of textiles and textile fibres, such as X-radiography, stereomicroscopy, optical
microscopy, scanning electron microscopy (SEM) and environmental scanning electron microscopy (ESEM);
2) material identification of textile fibres, such as energy dispersive spectrometry (SEM-EDS), X-ray
diffraction (XRD), X-ray Fluorescence (XRF), staining tests (using a stereomicroscope to aid interpretation of
the results), Fourier transform infrared microspectroscopy (FTIR), Raman spectroscopy, High Performance
Liquid Chromatography (HPLC), and Mass Spectrometry (MS);
3) more detailed material characterisation of fibres and constituent material, such as energy dispersive
spectrometry (SEM-EDS), Fourier transform infrared microspectroscopy (FTIR), High Performance Liquid
Chromatography (HPLC), and Mass Spectrometry (MS).

The applicability of these techniques to textile specimens and the potential and limitations of the
techniques, especially in relation to the needs of excavated textiles, are discussed below, starting
from macroscopic analysis, moving to microscopic and concluding with elemental and substance
analysis.

3.1.3.1 X-Radiography
X-rays have the ability to penetrate deeply into materials, providing an image of areas otherwise
inaccessible (O’Connor 2007: 13). Recent developments in X-radiography of textiles have enabled
the examination not only of substructures but also the textile itself (O’Connor and Brooks 2007: 10).
The application of this technique may provide information on the method of construction, decoration
and condition of the find and elucidate otherwise obscured elements that could have an impact on
the development of an appropriate ethical conservation strategy. As was the case with a pair of
composite leather/textile shoes, excavated in Svalbard island in Norway, where X-radiographic
examination revealed human remains preserved inside the object (Peacock 2007). The technique
also proved useful in documenting the technology and evaluating the condition of the object
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(Peacock 2007: 298, 300). There have been two other published cases where X-radiography has
been applied to excavated textiles in order to get information on their method of construction,
decoration and condition. One was successful while the other was partly successful. In the case of an
inhumation burial from Prittlewell, Essex, UK, the application of X-radiography was successful in
recording the repeated pattern of two tablet-woven lengths, even though the organic components had
not survived and only the gold-threads incorporated in the textile had been preserved (Barham 2007:
304). In the second case, the gold-threads retrieved from an inhumation burial in Spitalfields,
London, UK, were also subjected to X-radiography in an attempt to visually reconstruct the pattern
of the organic parts of the textiles that had not survived burial, but this was not possible because the
scheme of the golden threads seemed to have already been disturbed during burial. Nevertheless, Xradiography revealed information on the orientation and condition of the gold-threads, which later
provided a guide to the conservation of the find and further investigation of the threads (Barham
2007: 304).
X-radiography is regarded as a non-destructive technique although irradiating a material with X-rays
may cause changes at a molecular level. The extent, type and rate of changes depend on the material
irradiated, and the energy range and intensity of irradiation applied. In general, X-radiography is
considered to be a low risk procedure for textiles (O’Connor 2007: 94). It is a technique that can
reveal information on the construction and potentially the condition of the find, hidden in otherwise
inaccessible layers and/or folds. It is also a truly non-destructive technique in the sense that no
sample needs to be removed, although as the instrumentation is laboratory-based, transporting a
fragile excavated textile for the analysis can present its own challenges.

3.1.3.2 Stereomicroscopy
The light stereomicroscope provides a magnification around 100x (although current high
specification microscopes can offer 10 times this39). Although stereomicroscopy (and optical
microscopy in general) may not appear amongst the list in typical Chemistry texts on instrumental
analysis (e.g. Skoog et al.1998; Getty Conservation Institute et al. 1996a, b), beyond simple
observation by eye, it is arguably the primary technique for investigating the construction and
decoration of excavated textiles.
Shishlina (2003: 333), using stereomicroscopy, determined the weave and yarn 40 formation, and
recorded the method of decoration of textiles excavated in the North Caucasus. Haerinck (2002:

39

40

e.g. the Nikon AZ100 multizoom at http://www.nikoninstruments.com visited on Thursday 30 October 2008.

The term yarn is usually used for the mass of fibres twisted to produce the weaving elements, whereas the term thread
used is usually applied to yarns produced for sewing or other needlework (Tortora and Merkel 2006: 576, 641; Emery
1994: 12-13). See also Glossary of Terms.
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248-252), studied tiny fragments of textiles that had been preserved in plaster and metal objects
within tombs excavated in the Eastern Arabian Peninsula. The fragments were in such a poor state
of preservation that it was not possible to isolate fibres from threads to study them with an optical
microscope. Nowik et al. (2005: 837-842) used a stereomicroscope for preliminary observations on
excavated textile samples from France, in order to get information on the colour and colour
distribution of the samples that could subsequently be used for dye analysis. Coho (1996: 73)
studied textile samples from an Indian burial site in North America, and was able to distinguish
corrosion agglomerates from fibres in the mineralised finds, extracting information on the condition
of the samples.
Besides helping to answer questions on the method of construction, yarn-making and decoration,
and perhaps the condition, stereomicroscopy combined with staining tests can also aid fibre
identification (Anheuser and Roumeliotou 2003). It is often the first step in a more comprehensive
analytical investigation.
One of the main advantages of stereomicroscopy is that it does not require a sample to be removed
from the object (for applications other than staining tests), since when equipped with an extending
folding arm, the microscope can be moved over the object. A possible disadvantage is the limited
depth of field, especially at higher magnifications (Coho 1996: 73). Textiles are not flat objects but
three-dimensional, usually woven, with yarns and fibres at different levels; in addition, excavated
textiles tend to follow the convolutions of the soil or associated finds. Therefore, the
stereomicroscope image may not capture the full depth of a cloth in focus. This limitation may be
circumvented, to some degree, by image processing with recently developed commercial software,
though applications to excavated textiles have yet to be reported.

3.1.3.3 Optical Microscopy
The technique can be referred to as optical or light microscopy. Typical magnification goes up
to x1000 (Cooke 1998; Tímár-Balázsy and Eastop 1998: 382). It can operate either in
transmittance (whereby the light passes through the specimen) or reflectance (whereby the light
falls on the surface of the specimen and is reflected back). For observation in transmission, a
fraction of a textile yarn is removed from the object, placed on a microscope slide, teased with a
pointed tool to expose the fibres, and then secured in place with the appropriate cover and
medium. The refractive index of the medium to that of the fibre is chosen so that the
characteristic external and internal morphology of the latter is discernible (The Textile
Conservation Centre 2001). Alternatively, fibres can be embedded in resin, and thin cross
sections (10-15µm) cut from the hardened block (Peacock 1996: 9). The sample secured on a
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slide can be kept for future reference. Observation at appropriate magnification reveals the
morphological features of the fibre, which, when compared with other known samples, leads to
its identification (Asderaki and Rehren 2003: 9; Tímár-Balázsy and Eastop 1998: 382;
Martoglio et al. 1990: 1124A). Different illumination modes (bright field, dark field, polarised
light, phase contrast and fluorescence) may serve to highlight specific features (Cooke 1998).

Joosten et al. (2006: 170) identified wool fibres from the Hallstatt mines in Austria and assessed
their condition by the use of optical microscopy. Müller (2003: 177) was also able to identify the
textile fibres excavated at Khirbet Qumran in Jordan as flax, cotton and other cellulosic fibres,
and wool and animal fur fibres, using an optical microscope. Bertrand et al. (2003: 387)
observed the fibre characteristics of human hair from Egyptian mummies. D’ Orazio et al.
(2000: 746) achieved fibre identification of carbonised fibres (cotton, hemp, sparto, coir, kapok,
wool and Angora wool) excavated in sites around Vesuvius, Naples, Italy. Moulhérat et al.
(2002: 1396) used optical microscopy in reflectance mode to measure the diameters of
mineralised cotton fibres excavated in Pakistan, which can also be characteristic.

These examples confirmed that the magnification afforded by the optical microscope is
sufficient to enable fibre identification for textiles that have been preserved in a variety of ways.
Of course, where mineralisation masks the fibres, observation of the true fibre morphology may
not be possible. As for stereomicroscopy, the restricted depth of field presents another limitation
(Moulhérat et al. 2002: 1395; Tímár-Balázsy and Eastop 1998: 382), but again digital imaging
coupled with image processing using the most recent software may overcome this. The
technique might only be considered non-destructive when there are adventitious loose fibres for
observation in transmission, or when a specimen can be observed in reflectance, although in the
latter case long working distance objectives are necessary for samples, which inevitably, are not
flat.

3.1.3.4 Staining Tests
This is a diagnostic technique, whereby a chemical reagent able to stain certain substances, is
dropped onto a sample to detect whether these substances are present. Due to the small size of the
sample, a stereo or optical microscope is necessary for observing the potential colour change.
Staining tests are used at their simplest for natural fibre classification, i.e. the differentiation of
proteinaceous and cellulosic fibres (Garside and Wyeth 2003: 271; Tímár-Balázsy and Eastop 1998:
385; Jakes and Sibley 1989: 238). They have been successfully applied in this way by Anheuser and

99

Roumeliotou (2003: 24) and Jakes and Sibley (1989: 238) to classify mineralised fibres. However,
staining is more frequently seen as a secondary technique for confirming other observations, e.g.
from optical microscopy (Tímár-Balázsy and Eastop 1998: 385).
With some experience and the use of a variety of stains narrower categorisation may be possible
(e.g. lignin stain may highlight plant bast fibres), and condition assessment, particularly of cellulosic
fibres is feasible. However, excavated textiles do not appear to have been subjected to such studies,
perhaps because of their condition and the destructive nature of the method: the sample tested is
permanently altered (by the staining which results in a colour change) and cannot be used for future
analysis (Anheuser and Roumeliotou 2003: 24). As excavated textiles are often darkly coloured (by
associated soiling or even dyes), this also mitigates against successful interpretation of the colour
changes on testing (Tímár-Balázsy and Eastop 1998: 385; Jakes and Sibley 1989: 238).
However, the technique is inexpensive and may be the only viable option in cases where access to
more sophisticated equipment and/or collaboration with a scientist is not available (Anheuser and
Roumeliotou 2003: 24), and when sacrificial sampling is not ruled out.

3.1.3.5 Scanning Electron Microscopy (SEM)
Scanning electron microscopy not only allows higher magnification (100,000x) than optical
microscopy (Watt 1997: 89; Getty Conservation Institute et al. 1996a: 3), but also gives a much
improved depth of field, of the order of 100 fold or more (Tímár-Balázsy and Eastop 1998: 388;
Getty Conservation Institute et al. 1996a: 2). Consequently it has been applied to the identification
of fibres according to their surface and/or cross sectional morphology. Even severely degraded
fibres may be identified by means of their fracture morphology studied at high magnification
(Garside and Wyeth 2006: 90; Cooke and Lomas 1990: 115).
Martoglio et al. (1990: 1127A) were able to identify cotton and wool fibres from excavated Paracas
Peruvian textiles by studying the morphological characteristics revealed by the enlarged images
afforded by the SEM. Bertrand et al. (2003: 388) analysed fibres from Egyptian mummies and were
able to identify them as human hair from cross-sectional views of the internal structure and
measurements of fibre diameters.
There have been numerous studies of mineralised textile fibres. Asderaki et al. (2004: 3, 4)
identified cellulosic bast and sheep wool fibres of two mineralised textiles found in a bronze urn in
Greece by observing their preserved morphological characteristics and measuring their diameters.
Although they had included examination with an optical microscope in their research, they state that
the SEM proved to be the most useful technique when it came to weave and fibre analysis (Asderaki
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et al. 2004: 5). Janaway explored the potential of SEM in fibre identification on both partially and
completely mineralised fibres, even in the form of negative casts, coming from graves in England
(1983: 48-50) and on fibres that were part of experiments on the decay of textiles in different burial
environments (1989: 22-27). Janaway (1989: 21) reports that optical microscopy was enough for
fibre identification in cases where fractions of the actual fibres had been preserved but SEM was
necessary in providing images of the morphological characteristics of fibres, when these were
preserved as positive or negative casts. Coho (1996: 73-76) studied mineralised wool fibres from
Indian burial sites in North America and similarly detected both positive and negative casts, which
were indicative of extensive mineralisation. She concluded that the high magnification provided by
the SEM was necessary for the identification of such heavily degraded fibres. Moulhérat et al.
(2002: 1396) used the SEM to study the morphology of mineralised cotton fibres excavated in
Pakistan and report that traditional methods such as a transmitted-light microscopy generally do not
permit identification of mineralised fibres (Moulhérat et al. 2002: 1395). Jakes and Sibley (1989:
239) were also able to study the morphology and condition of mineralised bast fibres from Etowah
in North America using an SEM. Müller et al. (2003: 178-179) identified various plant and animal
fibres excavated at Khirbet Qumran, Jordan by the use of an SEM; Mannering and Peacock (1998)
identified wool textile fibres at different stages of mineralisation excavated in Bornholm, Denmark.
The SEM has also been used to study the process of mineralisation of textile fibres (Coho 1996: 76).
Gillard et al. (1994a: 133, 136) conducted experiments on the mineralisation of textile fibres by
copper and the use of SEM allowed them to record both positive and negative casts formed. Chen et
al. (1996: 221) studied the formation of copper minerals in fibres excavated in Eastern North
America and found that they did not form shapes that duplicated the fibre structure.
D’Orazio et al. (2000: 746) have studied several cellulosic and proteinaceous carbonised fibres from
sites around Vesuvius, and commented on the value of SEM for identification, when no other
technique, such as chemical analysis, could be applicable due to the degradation effected by
carbonisation. Joosten et al. (2006: 170) used the SEM to study the deterioration patterns on wool
textiles recovered from the Hallstatt salt-mine in Austria. SEM analysis of excavated textiles has
also revealed evidence of the occupation of the wearer, for example metal splashes from smelting
(Cooke and Lomas 1990: 220).
While SEM examination seems invaluable, there are some drawbacks to the methodology. The
image is formed by detecting electron emissions while an electron beam is scanned across the
surface of the sample. Excess charge has to be led to ground so that the beam is not deflected.
Consequently non-conducting specimens such as fibres have to be coated with a thin metallic film
(e.g. gold-palladium or chromium for better quality images) before placing in the instrument (TímárBalázsy and Eastop 1998: 389; Janaway 1983: 49; Mannering and Peacock 1998: 9; Watt 1997: 165;
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Getty Conservation Institute et al. 1996a: 7). Furthermore, the sample (usually less than 10mm
across) must be adhered firmly to an aluminium stub (often with double sided adhesive tape). The
technique is therefore destructive, and all the more so since organic samples are easily damaged by
the high voltage electron beam (5-30 keV). In any case, the instrument operates at high-vacuum and
some fragile samples may not be able to withstand that (i.e. due to desiccation and gas currents).
Generally, the size of the specimen that can be accommodated may be limited (Getty Conservation
Institute et al. 1996a: 3; Watt 1997: 161), with samples up to 10mm being ideal, although some
microscope chambers can accept samples tens of cm across.
The SEM can provide valuable information for fibre identification and on the condition of excavated
textile fibres. The technique is destructive, but invaluable when heavily degraded fibres are studied,
and where sample preservation is not required, by virtue of the higher magnification and depth of
field available (Janaway 1983: 48), compared to the optical microscope.

3.1.3.5.1 Environmental Scanning Electron Microscopy (ESEM)
Low-Vacuum, Variable Pressure, WET-SEM, ECO-SEM are terms used to refer to this type of
scanning electron microscope (Watt 1997: 120). It differs from the standard, high-vacuum SEM in
that it operates at low to near atmospheric pressure, rather than a vacuum, in the sample chamber
(Watt 1997: 122).
For textile samples, the ESEM overcomes some of the disadvantages of the SEM, although sample
size may again be limited (Watt 1997: 161). Operation at near atmospheric pressures allows for the
safe analysis of vacuum sensitive and non-conductive materials (e.g. fragile, moisture containing
fibres) without the need to coat the sample with a conductive medium (Derrick et al. 1994: 171).
High resolution imaging and simultaneous X-ray analysis is possible. The disadvantages of the
ESEM compared to SEM are the slightly lower resolution and magnification achieved as well as a
limited working distance and less easily quantified EDS (Derrick et al. 1994: 175). Since nonconductive textile samples do not require coating, the technique is essentially non-destructive,
though the concerns about beam damage and adherence to the mounting stub still apply.
Although the SEM seems to have found widespread use, no reports on the examination of excavated
textiles by ESEM were found in the literature. This may reflect the relatively recent 41 introduction of
the low-pressure instruments, with most research laboratories already having more ready access to
high-vacuum SEM. The somewhat higher quality imaging afforded by the SEM may also have a

41

The first commercial ESEM was exhibited in New Orleans, USA by ElectroScan corporation in 1988 (Wikipedia 2009).
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bearing; for ESEM frequently backscattered electrons are used to produce the images, with
relatively poor resolution (~0.5µm).

3.1.3.6 Environmental/Scanning Electron Microscopy-Energy Dispersive
Spectroscopy (E/SEM-EDS)
Both the SEM and ESEM can support X-ray analysis when equipped with an X-Ray micro-analyser.
X-ray analysis performed in an E/SEM may be abbreviated in several ways: E/SEM-EDS (energy
dispersive spectroscopy), E/SEM-EDX (energy dispersive X-ray analysis), E/SEM-EDAX (energy
dispersive analysis by X-rays), or E/SEM-XES (scanning electron microscopy coupled with X-ray
energy spectroscopy (Mathias et al. 2004: 32; Getty Conservation Institute et al. 1996a: 6).
X-rays are produced when the atoms of the samples are bombarded by the high energy of the
electron beam. The wavelengths of the X-ray are characteristic of the particular elements, hence
elemental analysis is achieved (Tímár-Balázsy and Eastop 1998: 390, 397; Coho 1996: 74; Getty
Conservation Institute et al. 1996a: 2). Detection limits are of the order of 0.1 % by weight and even
light elements are amenable.
Mannering and Peacock (1998) used EDS analysis to study wool fibres at different stages of
mineralisation excavated in Bornholm, Denmark, and, as confirmation of the fibre classification,
reported the detection of sulfur (an element present in wool keratin) in the less mineralised fibres.
Chen and co-workers, were able to deduce the differential extent of mineralisation of excavated
fibres from Virginia, North America, by mapping the varying copper content both longitudinally and
in cross-section with SEM-EDS (Chen et al. 1998: 1017; Chen et al. 1996: 221-222). The results led
to the suggestion that internal fibre structures could be infiltrated by minerals before a fibre became
coated (1998: 1017). Jakes and Angel have used EDS to determine the elemental distribution in the
cross-sections of freeze-fractured and freeze-dried excavated fibres (1989: 454).
The presence of metal mordants, used to fix some textile dyes, has also been investigated by EDS,
with both successful and unsuccessful results. Martoglio et al. (1990: 1127A) report that although
EDS detected several heavy elements attributed to soil contamination, the presence of aluminium
throughout the whole surface of the analysed fibres indicated that a salt of this metal had probably
been used as a mordant in the dyeing process. On the other hand, Joosten et al. (2006: 171-172)
attempted to detect the mordants on textiles recovered from the Hallstatt salt-mine in Austria, but
contamination of the fibres from the mines did not allow for conclusive results. Similarly, Mathias et
al. (2004: 33) were able to detect several elements present in the textile fibres retrieved from a privy
in Canada, but it was not possible to exclude contamination from the surrounding soil.
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The same concerns for SEM apply to X-ray microanalysis in the scanning electron microscope. For
textiles, a carbon rather than a metallic conduction layer would be applied so as not to interfere with
the analysis; although once again for ESEM no such preparation is necessary (Derrick et al. 1994:
175). The non-destructive nature of ESEM-EDS may again make it more attractive for the study of
excavated fibres.
ESEM-EDS analysis can detect elements present in excavated fibres, which may help to confirm
identity in the case of wool, and provide information on the method of preservation (e.g.
mineralisation) and the type of dye, by identification of the mordant. Some caution needs to be
exercised however, as finds are generally contaminated by the surrounding soil and debris.

3.1.3.7 X-Ray Fluorescence (XRF)
Element-characteristic X-ray emission can also be induced by exposure of the specimen to higher
energy X-rays (hence the term X-ray fluorescence). Micro-XRF systems, in which the X-ray source
is usually a heavy metal such as rhodium, allow for a localised analysis of objects (Edwards and
Chalmers 2005: 56), with the X-ray beam focused to a few hundred microns or less. Detection is
generally limited to elements with atomic numbers greater than that of oxygen (>8) (Skoog et al.
1998: 278, 288). Sensitivity is similar to that for X-ray microanalysis in the SEM.
XRF has been applied to excavated textiles for much the same purposes as SEM-EDS such as, the
identification of foreign matter associated with the type of preservation, original use or processing of
the find. Skoog et al. (1998: 288) were able to characterise the metal degradation deposits on
mineralised excavated textiles using XRF analysis. Bertrand et al. (2003: 390) mapped elements
across hair strands from Egyptian mummies using micro-XRF. The heterogeneous elemental
distribution which was detected revealed identification information on the materials used in
mummification treatments as well as ancient cosmetic habits (Bertrand et al. 2003: 391). Nowik et
al. (2005: 842) experimented with XRF analysis to detect any mordants that might have been used in
the dyeing process of certain textiles excavated in France. However, conclusive results were
obtained for less than half of the samples due to contaminants on the fibres.
XRF provides similar information for textiles as E/SEM-EDS. The latter should obviously be used
as an adjunct in cases where the condition of the samples demands E/SEM analysis for fibre
identification. E/SEM-EDS may also be preferred when a better spatially resolved analysis is
required (~5 µm as opposed to ~300 µm for XRF). Under other circumstances, XRF offers the
advantage of being a non-destructive technique, requiring no special preparation of the sample
(Nowik et al. 2005: 842). An image of the sample can be recorded digitally with the analysis area
marked. One drawback though is that an evacuated sample chamber or helium flush (Smith and
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Clark 2001: 96) is necessary for efficient detection of light elements. The size of the chamber for
laboratory-based XRF spectrometers may present some limitations on sample size, but with the
recent advent of portable XRF instruments the non-invasive analysis of large artefacts has been
facilitated.

3.1.3.8 X-Ray Diffraction (XRD)
In X-ray diffraction a narrow beam of coherent X-rays is also directed at the specimen, but it is the
scattering of the primary X-rays that is monitored. The wavelength of X-rays is such, that they are
diffracted by ordered atoms within crystals (Tímár-Balázsy and Eastop 1998: 397; Skoog et al.
1998: 278). The diffraction pattern yields information on the size of crystals and their alignment, as
well as allowing material identification (Wess et al. 2001: 118).
The organic polymers (cellulose, fibroin, keratin) in natural fibres exhibit a high degree of
characteristic ordering. XRD has helped to identify and characterise the condition of fibres from
excavated textiles, by providing information on their crystalline structure, orientation, degree of
crystallinity, crystallite size and shape and mean percent crystalline component (Garside and Wyeth
2006: 79; D’ Orazio et al. 2000: 746; Tímár-Balázsy and Eastop 1998: 397). Müller et al. (2003:
181) studied fibres excavated at Khirbet Qumran, Jordan, and were able to distinguish between plant
and animal fibres and to identify the crystalline mineral deposits present on some of the samples.
Bertrand et al. (2003: 391) performed XRD analysis of hair strands from Egyptian mummies and
were impressed to find that keratin had been remarkably preserved. Jakes and Sibley (1989: 240)
applied XRD to textile fibres excavated at Etowah, North America, which had previously been
analysed with EDS. Although EDS analysis indicated total replacement of the organic matter by
inorganic products, XRD showed the presence of cellulose and the absence of malachite.
XRD has also been applied to date excavated fibres by determining orientation of the crystalline
structure within the fibres, which decreases with age (Wess et al. 2001: 128-129; Tímár-Balázsy and
Eastop 1998: 397). Chen et al. (1998: 1019) performed XRD analysis on excavated textile samples
from Virginia, North America, as well as prepared models and modern samples. Compared to their
modern counterparts, the degree of crystallinity had decreased for the excavated samples, indicating
deterioration. However, on this basis the laboratory aged samples were even more degraded,
highlighting the difficulty in modeling burial conditions in artificial, accelerated ageing. The
mechanism of pseudomorph formation, in the case of mineralised fibres, has also been studied
(Jakes and Howard III 1986: 277).
XRD may help in fibre identification, and can highlight residual ordered organic remnants in
mineralised fibres. It has particular application to estimating the state of deterioration of the organic
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fibres. Extraction of the more detailed information requires a small oriented fibre or yarn sample.
Where this is available, the technique can be considered non-destructive as the samples can be
recovered (Wess et al. 2001: 117; Coho 1996: 74). One drawback is the sensitivity of the technique
to the presence of the variety of crystalline compounds in a sample, as could be the case with
excavated textiles masked by foreign matter, which complicates matters and may make
interpretation of the results both difficult and time-consuming (Wess et al. 2001: 117; Coho 1996:
74).

3.1.3.9 Vibrational Spectroscopy
This category includes spectroscopic techniques, in which electromagnetic radiation falls on the
sample causing the atoms and characteristic groups within its molecules to vibrate in several
different but characteristic ways (Skoog et al. 1998: 375). Two such techniques have been used
extensively for the examination of excavated textiles, namely Fourier Transform Infrared
Spectroscopy (FTIR), and Raman Microspectroscopy (including Fourier Transform Raman
Spectroscopy).

3.1.3.9.1 Fourier Transform Infrared Spectroscopy (FTIR)
This is a vibrational spectroscopic technique, named after the Fourier transformation, the particular
mathematical operation invented by the French mathematician Fourier, involved in converting the
interferogram (signal) to an infrared spectrum (Low and Baer 1977: 119). Mid-infrared radiation
falls on the sample causing the bonds within its molecules to vibrate, e.g. bending, stretching. The
vibration energy (and hence frequency of the absorbed radiation) is characteristic of the specific
bond and/or group of atoms within a molecule (Derrick et al. 1999: 11; Baker et al. 1988: 1, 3;
Tímár-Balázsy and Eastop 1998: 393; Oudemans and Erhardt 1996: 138; Nyquist et al. 1990: 223R).
These characteristic absorbances, constituting the spectrum, are used for the identification of the
analysed materials (Derrick et al. 1999: 12; Nyquist et al. 1990: 223R). The frequency dependence
on the chemical environment and molecular specificity of more complex multi-atom vibrations leads
to ‘fingerprint’ regions within spectra, which can facilitate specific identification of organic
compounds (Skoog et al. 1998: 439). Frequently, for identification purposes, the spectra of
specimens are matched to spectra of known standards stored in a reference library (Baker et al.
1988: 3).
FTIR has found numerous applications to excavated textiles. Chen et al. (1996: 222) compared
FTIR spectra of cellulosic bast fibres excavated in Virginia, North America and modern fibres, and,
as well as being able to identify the fibres, they observed certain peak differences which they
suggested were indicative of the mineralisation of the historic samples. Bertrand et al. (2003: 391)
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report that FTIR microspectroscopy provided additional information on the condition of hair strands
from Egyptian mummies, since it showed a partial disorganisation of the keratin, which according to
XRD analysis appeared to have been preserved in pristine condition. Jakes and Sibley (1989: 240)
reported the identification of cellulosic mineralised fibres from Etowah, North America, and Gillard
et al. (1994a: 134) conducted both short and long-term experiments to study the mineralisation of
fibres, and reported that FTIR was able to detect the organic matrix left, even after long-term burial.
The mechanism of pseudomorph formation, in the case of mineralised fibres, can be studied with an
FTIR instrument (Jakes and Howard III 1986: 277). Jakes et al. (2007: 75) conducted experiments
on methods of preservation for model samples, and reported that FTIR could detect differences
between cellulosic and proteinaceous charred fibres and differences between partially mineralised
samples, that correlated to the method of formation. FTIR generally has revealed that textile fibres
characterised as pseudomorphs are rarely totally mineralised (Tímár-Balázsy and Eastop 1998: 394).
As a result identification in terms of proteinaceous or cellulosic fibres has proved possible even in
samples that would previously have been described as completely mineralised (Gillard et al. 1994b:
187). Although FTIR is usually considered relatively insensitive in detecting compounds in small
quantities (Withnall et al. 2005: 164). Gillard et al. (1993: 74) further reported that FTIR was not
only able to detect organic matter within mineralised fibres but also contributed to the preliminary
stages of dye identification. Mathias et al. (2004: 32), Gillard et al. (1994b: 187) and Martoglio et
al. (1990: 1127A) were able to positively identify dyes on excavated textile fibres. FTIR has even
been successful in the case of twelve natural dyes, which could not have been identified with
standard extractive techniques (Tímár-Balázsy and Eastop 1998: 394). In addition, the effect of a
mordant on the dye-fibre complex has been studied, as well as the changes in fibre and dye structure
following degradation in a burial context (Jakes et al. 1990: 312).
As reported, FTIR supports both fibre and dye identification, and can help characterise the condition
and type of preservation of finds. Fibre characterisation has proved possible even when there is little
residual organic material, although the poor quality of spectra obtained for severely degraded
excavated textiles may preclude this (Edwards and Wyeth 2005: 310). However, in some cases the
technique may offer supplementary information on condition to that acquired by the application of
XRD.
For successful identification by spectral matching a wide range of reference spectra and consistency
in collecting them, with a standardised protocol, are necessary (Chen et al. 1996: 220; Gillard et al.
1994b: 187-188; Shearer 1987: 253). FTIR can operate in transmission, reflectance or attenuated
total reflectance (ATR-FTIR) modes. Transmission requires the removal of a sample. In addition,
only very thin samples (around 20 microns) are suitable for transmission, so preparation of the
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sample by pressing or grinding may be necessary. This also helps to circumvent problems arising
from the lensing effect of fibres, due to their tubular shape. Nevertheless, this kind of preparation is
destructive to the sample, especially in the case of excavated textiles, which are generally too brittle
to withstand such processes. Reflectance may not require sample removal or preparation, and with
the installment of certain microscope attachments there is the potential for studying the surface of
large objects, making the method truly ‘non-destructive’ (Baker et al. 1988: 6; Lang et al. 1986:
321).
However, the reflectance mode can be problematic (e.g. Jakes and Sibley 1989: 240) with textile
fibres producing a mix of specular and diffuse reflectance, potentially diminishing the quality of the
spectra. ATR-FTIR might also obviate the need for the removal of a sample, but pressing against a
crystal window (e.g. diamond) is necessary, which can prove to be destructive for sensitive
excavated fabrics. It is minimally destructive though, in the sense that the sample area probed by the
infrared beam is relatively small (~1 mm for FTIR and ~0.1 mm for microspectroscopy) so that
quite small samples can be analysed (Martoglio et al. 1990: 1123A; Jakes et al. 1990: 312; Baker et
al. 1988: 5; Shearer 1987: 253).
Moreover, samples of extreme complexity, as is often the case with excavated textiles due to the
presence of extensive foreign matter deposits, can be analysed and results are obtained rapidly
(Oudemans and Erhardt 1996: 138; Low and Baer 1977: 126). Finally, since the data are digitised,
multiple spectra from the same sample can be added together, making it possible to obtain a good
spectrum from a weakly absorbing sample (Baker et al. 1988: 5).

3.1.3.9.2 Raman Spectroscopy
This technique was given its name by the Indian scientist C. V. Raman, who with K. S. Krishnan
first observed the phenomenon of scattering of radiation in liquids in 1928 (Long 2005: 18; Smith
and Clark 2001: 92; Skoog et al. 1998: 429). Raman spectra are acquired by irradiating a sample
with a monochromatic laser source of visible or near-infrared radiation (Skoog et al. 1998: 429).
The scattered radiation looses energy to vibrational excitation of molecules within samples, and a
characteristic spectrum appears at longer wavelengths (David at al. 2001: 463). This is a
complementary method to infrared spectroscopy (Cooke et al. 1998: 1). In general, molecular
vibrations which involve non-polar bonds are strong in the Raman spectrum, and those vibrations
involving polar bonds are strong in the infrared spectrum (Lang et al. 1986: 326). As a consequence,
Raman spectroscopy is particularly useful for the study of wool fibres, for example (Millington
2006: 182). Once again, ‘fingerprint’ regions that permit the identification of specific compounds
are often present (Skoog et al. 1998: 439). However, inorganic materials are better Raman scatterers
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and produce more intense spectra than organics (Tímár-Balázsy and Eastop 1998: 395; Lang et al.
1986: 327).
Nevertheless, Raman spectroscopy has been found effective in fibre identification and dye
analysis of excavated textiles (Tímár-Balázsy and Eastop 1998: 395). Vandenabeele and
Edwards (2005: 171, 174) reported on the application of Raman to fibre and dye identification
and on its potential for monitoring the degradation of fibres from a range of burial environments.
Withnall et al. (2005: 154, 164) successfully applied Raman to dye identification and
commented on its advantage over FTIR, since its detection sensitivity can be increased by
resonance and/or surface enhancement effects. Edwards and Chalmers (2005: 41) suggested that
since the Raman spectrum of water is weak, thus not confusing the resulting spectrum, the
technique is appropriate for the analysis of waterlogged excavated textiles.
The main advantages of Raman spectroscopy are that it is non-destructive, requires minimum or
no sample preparation, it is also able to analyse an area of the order of one micrometer in
diameter, and generally requires very short analysis times (Clark 2007: 74; Ambers and
Freestone 2005: 4; Edwards and Chalmers 2005: 41; Long 2005: 17; Vandenabeele and Edwards
2005: 174; Smith and Clark 2001: 92; Cooke et al. 1998: 1; Lang et al. 1986: 321). The
attachment of an optical microscope to the spectrometer, enables Raman spectra to be collected
from larger objects (Clark 2007: 74; Edwards et al. 2006: 1195; Edwards and Chalmers 2005:
47; Smith and Clark 2001: 92), while the introduction of portable instruments permits in situ
studies (Smith and Clark 2001: 96).
However, a major disadvantage of the technique is the production of fluorescence, which leads to
poor quality spectra and masking of information (Edwards and Chalmers 2005: 42; Burgio 2005:
181; Edwards et al. 1996: 663). In addition, there is a risk of organic materials, such as textile fibres,
being damaged under the focused laser beam (Edwards and Chalmers 2005: 42, 44; Howell et al.
2005: 304).
Raman has been applied to retrieve information on the identity of fibres and the type of decoration,
such as dyeing, but despite the apparent advantages of the technique, it seems to have been used far
less frequently than FTIR for studying excavated textiles. This may be due to the particular
disadvantages mentioned above.

3.1.3.9.2.1 Fourier Transform Raman Spectroscopy (FT-RS)
FT-RS is a Raman spectroscopic technique operating with a near-infrared excitation laser (at
1064nm). This reduces the major problem of fluorescence encountered with Raman. However,
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as Raman scattering is proportional to the excitation frequency raised to the fourth power, the
increase in wavelength decreases the sensitivity (Edwards and Chalmers 2005: 50; Barbillat and
da Silva 1997: 2411; Gerrard and Birnie 1990: 140R).
FT-RS may be more appropriate for the study of excavated textile fibres because of its ability to
overcome the fluorescence problem to some degree. However, because of the reduced
sensitivity, the acquisition of good quality spectra may require the accumulation of thousands of
repetitive scans, as was the case of the examples cited below. Vandenabeele and Edwards (2005:
170) reported that FT-RS enabled research on the degradation of buried textiles by linking
changes in peak positions and intensities to the effects of burial. Edwards and Wyeth (2005: 311312) reviewed studies on linen fibres excavated in Egypt and the Dead Sea region, and found
that FT-RS was able to detect differences in the condition of the fibres, attributed to their
dissimilar burial environments. In particular, the Egyptian linen seemed to be in a much better
state of preservation than the linen from the Dead Sea, which was of a much later date, the
results suggesting involvement of microorganisms in the process of deterioration via hydrolysis
of cellulose. FT-RS has also been reported to give very promising results for monitoring the
extent of textile deterioration, and in particular the degradation of excavated linen in other
published research (such as, Edwards et al. 2006: 1200; Smith and Clark 2001: 101; Edwards et
al. 1997: 664, 668). Edwards and Wyeth (2005: 323) also mention the application of FT-RS to
the identification of degraded woollen fibres and their distinction from silk proteins, in cases
where the wool has been preserved in a burial context by association with metals, which have
prevented attack on the fibres by microorganisms.
FT-RS can overcome the fluorescence problem encountered in Raman spectroscopy, which may
otherwise prevent its application to the identification and condition assessment of both
proteinaceous and cellulosic excavated textiles. However, as published reports show, its
performance is greatly affected by the condition of the samples. The better the condition, the more
informative the spectra.

3.1.3.10 High Performance Liquid Chromatography (HPLC)
This is a chromatographic method used to separate components of a mixture for material
investigation (Tímár-Balázsy and Eastop 1998: 391). The sample is dissolved in solvent pumped at
high pressure. As the dissolved constituents of the sample pass through a column filled with a solid,
the ‘retention time’ of each one is recorded on a graph, known as the chromatograph (Tímár-Balázsy
and Eastop 1998: 392). Comparison with reference chromatographs enables identification of the
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analysed material hence, a comprehensive reference library is essential to the success of this
technique (Nowik et al. 2005: 843).
HPLC has traditionally been used for the identification of dyes in both historic and archaeological
textiles (Joosten et al. 2006: 169-170; Skoog et al. 1998: 726; Tímár-Balázsy and Eastop 1998: 392;
Halpine 1992: 76; Wouters and Verhecken 1989: 189). Mathias et al. (2004: 32) used HPLC for the
analysis of the majority of the dyes present on textiles retrieved from a privy in Canada. For the blue
dyes (indicative of indigo) FTIR was used. Nevertheless, also in this case the technique proved to be
destructive since a liquid extract of the dye was analysed. Nowik et al. (2005: 842) successfully
applied it to dye analysis of textiles excavated in France, and point out that it was the last technique
in the analysis protocol since the sample is destroyed. A different, very useful application of the
technique is aminoacid analysis of proteins (Garside and Wyeth 2006: 90; Tímár-Balázsy and
Eastop 1998: 392; Skoog et al. 1998: 726). This is a quantitative method of examination (Oxford
University 2006; Palmero et al. 2006). It has been reported to have been successfully applied: in the
identification of proteinaceous fibres in an extremely poor state of preservation, such that all other
characteristics of the fibres had been irreversibly lost (Bartlomeo and Maisano 2006: 1; Vanden
Berghe and Wouters 2005: 151; Halpine 1992: 35); in detecting traces of amino acids, i.e. proteins,
in pseudomorphs (Vanden Berghe and Wouters 2005: 153); and in assessing the condition of
proteinaceous excavated fibres (Van den Berghe and Wouters 2005: 154).
The main advantages of the technique are: the extremely low amount of organic material necessary
(less than 1µg) (Keck Laboratory-Yale University 2006; Vanden Berghe and Wouters 2005: 157;
Halpine 1992: 22); the high reproducibility and accuracy of the results (Vanden Berghe and Wouters
2005: 157; Halpine 1992: 23); the fact that it is able to perform species identification of silk fibroin
and wool keratin (Vanden Berghe and Wouters 2005: 152); and its ability to be performed
quantitatively when known concentrations of reference samples are analysed (Withnall et al. 2005:
163).
On the other hand, the major disadvantage of the technique is that it is a destructive method of
analysis (Tímár-Balázsy and Eastop 1998: 392). In addition, it requires specialised equipment and
much experience (Bartolomeo and Maisano 2006: 131) and is very sensitive to any differences in
the experimental conditions used for the analysis of the original and the reference samples (Withnall
et al. 2005: 163).
HPLC provides information on the identification of proteinaceous fibres by aminoacid analysis and
on dye analysis, and hence the type of decoration. While FTIR and Raman may provide similar
information, that from HPLC can be far more detailed (e.g. species identification, minor dye
component analysis). However, in HPLC the sample, albeit very small, is destroyed in the analysis.
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3.1.3.11 Mass Spectrometry (MS)
The sample, after appropriate preparation, is subjected to fragmentation and ionisation. Introduction
of the ions into a magnetic field allows the precise measurement of their mass and hence
identification (Tímár-Balázsy and Eastop 1998: 396).
MS has been used for the identification of dyes in excavated textiles (Garside and Wyeth 2006: 90;
Withnall et al. 2005: 164; Tímár-Balázsy and Eastop 1998: 396) and the measurement of molecular
weights of proteins and peptides, and hence the characterisation of proteinaceous fibres (Garside and
Wyeth 2006: 79; Oxford University 2006; Edwards and Chalmers 2005: 60).
The main advantage is that it is a very sensitive technique (Edwards and Chalmers 2005: 60),
affording high resolution and accuracy of the results (Oxford University 2006) with only small
amounts of a material (0.1-1mg) necessary (Withnall et al. 2005: 164).
The major disadvantage is that it is destructive, since it involves either chemical (acid hydrolysis) or
thermal (pyrolysis) degradation of a sample. The thermal approach requires less sample, is faster and
no sample treatment is needed (Edwards and Chalmers 2005: 60). Other disadvantages are the
insensitivity of the technique when compounds with large molecules are tested (Oxford University
2006), and the fact that the instrumentation is not widely accessible (Withnall et al. 2005: 164).
MS and HPLC provide similar information on the identification of dyes (i.e. on the type of
decoration) and the characterisation of proteinaceous fibres (i.e. fibre identification). Both
techniques require the removal of a sample, which will be destroyed by analysis, and hence are
destructive.

3.1.3.12 Other Analytical Methods of Investigation Applied to Excavated
Textiles
The literature review revealed two more instrumental analysis methods that have been applied to the
investigation of excavated textiles. Applications are few, yet worth mentioning, since they produced
successful results. However, both these techniques are destructive.
Nuclear Magnetic Resonance (NMR) has clarified the correlation between the primary structure of
excavated silk fibres and the atmospheric temperature when the silk was produced (Chûzô et al.
1996: 3696).
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Capillary Zone Electrophoresis (CZE), which is an alternative separation technique to HPLC,
provides material identification when coupled with mass spectrometry (Kouznetsov et al. 1996: 23).
It has been successfully applied to the comparative study of the possible chemical modification of
cellulose from excavated textiles (Kouznetsov et al. 1996: 24).

3.1.3.13 Summary of Techniques
While some of the techniques are complementary, there are those that provide the same type of
information, e.g. both FTIR and HPLC can give answers on dye analysis, although the two differ in
the detail achievable and their destructive / non-destructive nature. Certain instrumental methods
may also give more than one type of information, e.g. condition as well as identity. The selection of
the technique will depend on the specific questions that need to be answered and the decision on
sampling. Collaboration between the professionals involved in the preservation of an excavated
textile would seem to be absolutely essential, so that all the requirements can be understood at the
outset and the protocol agreed by all.
Table VI compares the major techniques according to the specific questions they could answer, and
the kind of analysis they offer.
Table VI Major instrumental analytical techniques applied to excavated textiles.

Technique

ND/D/*

Sample size

Application

Stereo
Microscopy
Optical microscopy
Scanning electron
microscopy (SEM)
Environmental scanning
electron microscopy
(ESEM)
Environmental / Scanning
electron microscopy Energy dispersive
spectroscopy (E/SEM-EDS)
X-ray fluorescence (XRF)

ND

Any

Weave and yarn analysis

ND
D

1-2mm
1-2mm

Fibre identification and condition assessment
Fibre identification and condition assessment

ND

1-2mm

Fibre identification and condition assessment

ND

1-2mm

Elemental analysis of the fibre and other
material (e.g. mordants, encrustations).

ND

1-2mm

X-ray diffraction (XRD)

?

2-3mm

Staining tests
Fourier transform infrared
spectroscopy
(FTIR)

D
?

2-3mm
1-2mm

Elemental analysis of the fibre and other
material (e.g. mordants, encrustations).
Fibre identification and condition assessment
and detection of other material, e.g. pigments.
Fibre identification
Fibre identification, condition assessment, and
dye analysis

Raman spectroscopy

?

1-2mm

Fourier transform Raman

?

1-2mm
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spectroscopy
(FT-RS)
High performance liquid
chromatography (HPLC)
Mass spectrometry (MS)

D

0.1-1mg

Dye and proteinaceous fibre identification

D

0.1-1mg

Dye and proteinaceous fibre identification

*ND=non-destructive, D=destructive, ?=fragile textile samples may be damaged.

3.2 Selecting the Instrumental Analytical Methods to be Tested in this Project
As mentioned earlier in this chapter, when selecting the most appropriate instrumental analytical
technique(s), it is necessary to formulate specific questions. It is also important to know what kind
of analysis is wanted and/or allowed (e.g. qualitative/quantitative, destructive/non-destructive), and
to be aware of the associated advantages and limitations of the available techniques.
As discussed previously (section 3.1.1, Table V), there is certain information necessary for the
conservation of excavated textiles. This was used to formulate the questions that would need to be
answered in support of their conservation. The questions were:
1. How were the textiles and yarns (if present) constructed?
2. What type of fibres were present?
3. How have the textiles/fibres been preserved?
4. Are there organic remains still present within the fibres?
It was a fundamental prerequisite that the technique(s) chosen should be non-destructive. This is
because for excavated finds, this is enforced by a directive of the HMofC
(ΥΠΠΟ/ΓΔΑΠΚ/ΑΡΧ/Α2/Φ30/22268/778/05.03.2004), and in any case was considered essential
by the author from an ethical viewpoint. According to Conservation Codes of Ethics (e.g. The
National Trust of Australia 2007; CAC-CAPC 2003; AIC 1998) any destruction or alteration even to
minute parts of an object should be adequately justified and only chosen when other, non-destructive
ways cannot answer the research questions. Therefore, non-destructive techniques should first be
tested to see whether they would provide answers to the questions of this research.
Accordingly, of the techniques discussed above, the following were immediately ruled out because
of their destructive nature: Staining Tests, High Performance Liquid Chromatography (HPLC),
Mass Spectrometry (MS), Nuclear Magnetic Resonance (NMR), and Capillary Zone Electrophoresis
(CZE). For the same reason, Scanning Electron Microscopy (SEM), which requires sample
modification (coating), was also ruled out.
At the initial stage, it was also considered that X-ray Diffraction (XRD) was less appropriate as a
routine technique for answering the specific questions formulated. As noted above, it has found
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particular application in characterising the condition of preserved organic fibres (e.g. Wess et al.
2001; Chen et al. 1998; Jakes and Sibley 1989). While XRD might yield information about
preservation through mineralisation, other techniques, such as spectroscopy, could reveal this and
more besides.
Time and accessibility constraints inevitably ruled out X-radiography for this research. It would
have been ideal for studying the construction of the Argos find, which is essentially a mass of folded
textiles, and, it is in the future plans of the Δ’(Delta) EPCA and DCAMM for such study to be
carried out.
Seven analytical methods were selected. They can all be considered non-destructive, and require
minimum to no sample preparation. The questions that each technique might address are listed
below:

Technique

Question

Stereomicroscopy

1

Optical Microscopy

2, 3

ESEM

1, 2, 3

ESEM-EDS

3

XRF

3

FTIR

2, 3, 4

Raman Spectroscopy

2, 3, 4

Chapter Conclusion
The application of instrumental analysis would be an objective and reliable way to overcome the
challenging issues of the conservation of textiles excavated in Greece. As discussed in Chapter 2,
these issues were the limited material identification, conservation treatments and collaboration
between the professionals in charge. The survey of instrumental analytical methods of examination
showed that several techniques may be used for the characterisation and analysis of excavated
textiles, in order to enhance their conservation. Their application is necessary for the ‘retrieval’ of
crucial information, which would otherwise remain inaccessible. When deciding on the choice of the
most appropriate method of investigation, specific questions that analyses would answer should be
formed, and the applicability of the techniques, the need for sampling and the effect of the procedure
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on the specimen, should all be taken into consideration. Each technique has advantages and
disadvantages.
For this research, the techniques chosen would need to provide information on the method of
construction and yarn-making, fibre identification, and characterisation of the condition and the type
of preservation. The non-destructiveness and minimum to no sample preparation were major
prerequisites. On this basis the following seven techniques were chosen to be applied to the analysis
and characterisation towards informed conservation of textiles excavated in Greece:
Stereomicroscopy, Optical Microscopy, Environmental Scanning Electron Microscopy coupled with
Energy Dispersive Spectroscopy, X-ray Fluorescence, Fourier Transform Infrared
Microspectroscopy, and Raman Spectroscopy. More than one technique answering the same
questions was included, for purposes of comparison.
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Chapter 4
Experimenting with the Selected Methods of Analysis
Using Reference Samples
The selected methods of instrumental analysis were initially applied to reference samples. This
provided practice of the methodology for experimental design optimisation, and allowed generation
of reference data for subsequent comparative analyses of excavated/unknown samples. The choice
and preparation of the reference samples was based on the findings of the initial research, as these
were presented in Chapter 2. Therefore, four cellulosic textiles (cotton, flax, hemp and sparto) and
four proteinaceous textiles (silk and three different wools varying in colour and thickness) were
selected. Four sets of these eight textiles were prepared: 1) Scoured in deionised water; 2) Scoured
and charred in an oxygen depleted environment; 3) Scoured and further treated with calcium salts;
and 4) Scoured and further treated with copper oxides. The physical and chemical properties of the
fibres were assessed and the effects of the different preparation methods on the analytical results
considered. The application of the set of selected instrumental analytical methods was successful, in
that it enabled analysis of fabric construction (i.e. weave and yarn), fibre identification, and
differentiation of the methods of pretreatment.

4.1 Selecting and Preparing the Reference Samples
It was decided that the selected methods of analysis would be applied first to a set of non-excavated
textiles, where the type of fibre and methods of treatment used (to imitate types of preservation)
would be known in advance. The evaluation of the practical work would set the parameters for
further experimental design. Furthermore, the results would serve as references for fibre
identification and preservation type characterisation for the ensuing case studies. Hence, both the
types of fibre and fabric pretreatments should be representative of those in the finds (Chapter 2,
Table I).

4.1.1 Type of Fibre
According to Table I, the natural fibres supposedly identified in excavated textile finds in Greece are
the cellulosic fibres cotton, flax, and hemp, and the proteinaceous fibres silk and wool. In the case of
cellulosic fibres, conclusive identification seemed not to be straightforward, possibly because of the
great variety of plants and methods of preparation used since antiquity (Jakes et al. 1994: 641) and
the fact that many cellulosic or plant fibres have similar morphological characteristics and chemical
properties (see section 4.1.1.1). Although sparto is not specifically identified in Table I it was also
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included, since it is known to have been commonly used for textiles in Greece since antiquity
(Bradley-Foster 2006: 40-41). While proteinaceous wool is also a diverse fibre exhibiting various
morphological features depending on the source (see section 4.1.1.1) it was decided to use this fibre
to assess the effects of pigmentation on the analytical outcomes. Three different wool textiles were
included in the reference samples, differing in the natural pigmentation of the fibres (white, black
and brown) and thickness of the produced fabric. Otherwise undyed materials were used. Rather
than standard commercial test fabrics, reference samples were selected which might relate more
closely to excavated finds, these were obtained from the Peloponnesian Folk Art Museum, and
TSIAKIRIS a Greek silk supplier, and sparto fibres were harvested from the field (Table VII).

Table VII Reference Samples
No.
1
2
3
4
5
6

Type of Fibre
Cotton
Flax
Hemp
Sparto
Silk
Wool 1

7
8

Wool 2
Wool 3

Description
Plain weave, undyed
Plain weave, undyed
Plain, coarse, open weave, undyed
Undyed fibres *
Plain weave, undyed
Plain weave, undyed, black warps
and white wefts (medium)
Plain weave, undyed, black (light)
Twill weave undyed, brown (heavy)

Place of Origin
Peloponnesian Folk Art Museum
Peloponnesian Folk Art Museum
Peloponnesian Folk Art Museum
Peloponnesian countryside
‘TSIAKIRIS’ Silk Industry
Peloponnesian Folk Art Museum
Peloponnesian Folk Art Museum
Peloponnesian Folk Art Museum

*Sparto was collected in Spring 2007 in Peloponnesos. It is a plant growing abundantly in that region.

4.1.1.1 Morphological Characteristics and Chemical Structure
of Natural Fibres
Collecting information on the morphological characteristics and chemical structure of certain
cellulosic/plant and proteinaceous/animal fibres would enable verification of the analytical results
for the reference samples.

Cellulose
The main component of all cellulosic/plant fibres is cellulose (minor components include:
hemicellulose, lignin, pectin, fats and waxes) (Tímár-Balázsy and Eastop 1998: 19; Mauersberger
1954: 54). The general formula of cellulose is (C6 H10O5 )x (Hudson et al. 1993: 51; Hall 1963: 19),
where C6 H10O5 is the glucose unit, which has a hexagonal structure and is the structural unit of
cellulose (Tímár-Balázsy and Eastop 1998: 19; Mauersberger 1954: 61).
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Cotton
Cotton is a seed fibre from the cotton plant of the Gossypium family (Hudson et al. 1993: 51). It has
the characteristic shape of a flattened tube with convolutions both clockwise and anti-clockwise
along its length (Tímár-Balázsy and Eastop 1998: 33). It has fairly thin cell walls and a wide
continuous lumen (Mauersberger 1954: 152). The cross-section of the fibre has an elliptical U-shape
with circular ends (Mauersberger 1954: 154). Its main component, up to 99%, is cellulose (TímárBalázsy and Eastop 1998: 33).

Flax
Flax is a bast fibre from the Linum usitatissimum plant (Hudson et al. 1993: 59; Mauersberger 1954:
281). Even after processing the fibres mainly remain together in bundles (Hearle and Peters 1963:
423). Fibres are cylindrical with characteristic nodes along their length at regular intervals,
resembling a bamboo cane (Hall 1963: 27, 29; Mauersberger 1954: 297) and cross-markings and
small cracks across their width (Hearle and Peters 1963: 423). Their cross-section shape varies from
polygonal to oval and irregular with thick cell walls and narrow lumen (Mauersberger 1954: 297).
The diameter of the individual fibres may vary from 11-20µm (Hearle and Peters 1963: 423). The
term ‘flax’ is usually used to refer to the fibres of the plant, whereas the term ‘linen’ is used for the
yarns and fabrics produced (Tortora and Merkel 2006: 224).

Hemp
Hemp is also a bast fibre from the Cannabis sativa plant (Hudson et al. 1993: 64; Mauersberger
1954: 313). Fibres have a roughly cylindrical shape with nodes along their length and crossmarkings and irregularities and fractures across their width (Hearle and Peters 1963: 425). Their
cross-section shape is polygonal with thick cell walls and broad flat lumen (see opp. cit.). The
diameter of the individual fibres may vary from 16-50µm (see opp. cit.).

Sparto
Sparto is similarly a bast fibre from the plant Spartium junceum, more commonly known as broom
(D’ Orazio et al. 2000: 746) also known as Spanish and Weaver’s broom, native to the
Mediterranean region in Southern Europe (Wikipediea Encyclopedia 2008; Bradley-Foster 2006:
38). The fibres occur in bundles, they are cylindrical in shape, with a smooth surface (D’ Orazio et
al. 2000: 746).
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Silk
Silk is a proteinaceous/animal fibre from Bombyx mori (cultivated silk) or Antheraea pernyi or
Antheraea mylitta (wild silk) worms (Hudson et al. 1993: 44; Hearle and Peters 1963: 563;
Mauersberger 1954: 750, 758). Twin filaments, consisting of fibroin, are secreted from the mouth of
the moth larvae (silk worms) cemented together with a proteinaceous amorphous substance known
as sericin (Hall 1963: 39; Hearle and Peters 1963: 563; Mauersberger 1954: 790). Fibres have a
smooth surface, a triangular cross-section and no medulla (The Textile Institute 1975: 71). Fibroin
mainly consists of the amino acids glycine, alanine, serine and tyrosine (Hudson et al. 1993: 44); the
peptide chain has a high molecular weight (Mauersberger 1954: 794).

Wool
Wool is a proteinaceous/animal fibre taken from sheep, goats or other animals, hence morphological
characteristics and colour may vary accordingly. Wool fibres have an outer surface with epithelial
scales, the pattern of which varies according to the animals and species (Hearle and Peters 1963:
553-554). The main protein of sheep and goat wool fibres is known as keratin (Tímár-Balázsy and
Eastop 1998: 48; Hudson et al 1993: 32; Mauersberger 1954: 619). Unlike silk fibroin, wool keratin
has a significant sulfur content due to the presence of the amino acid cystine (Hall 1963: 31;
Mauersberger 1954: 627).

4.1.2 Preparation of the Reference Samples
Preliminary statistical analysis of the information in Table I showed that there are four factors
determining the preservation of textiles in a burial context in Greece, and these are: the elimination
or absence of oxygen in its burial environment; the incomplete burning of the textile; the
impregnation of the textile with salts, usually those of calcium; and the impregnation of the textile
with metal corrosion products, usually copper-based. Therefore, four sets of the 8 reference samples
were prepared, to represent each of the four types of preservation42.

Set 1 - Elimination or Absence of Oxygen - Fresh Samples
The samples were untreated, other than scouring with boiling deionised water to remove impurities
and leaving to air dry. These would show the complete characteristics of unaged fibres, and were the

42

In a burial environment there may be several factors responsible for the preservation of textiles. Temperature, moisture
content and pH of the soil are amongst the most important. These factors were not taken into consideration for the
preparation of the reference samples. The reason was to break down the complicated procedure of textile preservation in a
burial environment into simple parts that would be easily reproducible in the laboratory.
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standards for fibre identification. Excavated fibres preserved under an anoxic environment might
show similar characteristics, though inevitably some deterioration is likely to have occurred.
In the case of the sparto fibres, which were collected from the plant, the stem of the plant was cut
into pieces and soaked in deionised water for two weeks. The outer, green part of the stem was
peeled with a scalpel, which revealed the fibrous material embedded in an organic matrix. The
organic matrix was then scraped away with a scalpel and the fibres were beaten with a stone pestle
to be separated. Fibres were then removed with forceps, rinsed with deionised water and left to air
dry43.

Set 2 - Incomplete Burning - Charred Samples
Textiles that have been preserved by incomplete burning have been carbonised by heating in the
absence of oxygen (D’ Orazio et al. 2000: 745-746). A second set of the reference samples was first
scoured and subsequently charred in an oxygen depleted environment. This was achieved by halffilling a glass test tube with glass fibres, placing the sample on top and filling out the rest of the tube
with a glass fibre plug. Then the tube was held over an open flame until the sample was completely
charred (black).

Set 3 - Impregnation with Calcium Salts - Calcium Phosphate Treated Samples
‘Calcification’ occurs for example, when mobile calcium and phosphate ions combine to produce
insoluble calcium phosphate (McCobb et al. 2004: 158), which may deposit within and on the fibres.
Mineral replacement can, in due course, be total as the organic fibres decay (McCobb et al. 2004:
166). The source of the ions can be extraneous, e.g. limestone (Ca) and bone (Ca, PO4) (McCobb et
al. 2004: 166-167), although some phosphate may derive from the organic fibre itself besides other
organic matter. The majority of the excavated textiles retrieved in Greece are burial textiles, usually
in contact with the bones of the deceased; hence the choice of calcium phosphate for the preparation
of the reference samples.

The third set of reference samples was scoured and soaked in a solution of 1M calcium chloride for
1.5 h. This was followed by soaking in 1M di-sodium hydrogen orthophosphate solution for 0.5 h.
The samples were then removed, lightly rinsed in deionised water to remove loosely bound material
and left to air dry.

43

Sparto preparation was based on methods tested by Jakes et al. 1994: 645 for the preparation of plant fibre samples for
analyses.

121

Set 4 - Impregnation with Copper Oxides - Copper Oxohydroxide Treated
Samples
‘Mineralisation’ of textile fibres occurs when the organic fibres which are in close contact with a
metal object, are gradually replaced by corrosion products (Anheuser and Roumeliotou 2003:24;
Ryder 2000: 2). In the case of copper this may be the oxohydroxide, for example. A fourth set of
reference samples was scoured and further treated with copper oxohydroxide. The samples were
initially soaked in a 1M solution of copper sulfate (CuSO4) in deionised water for 1.5 h, and
subsequently soaked in a 0.05M solution of sodium hydroxide (NaOH) in deionised water for 0.5 h.
The samples were then removed, lightly rinsed in deionised water to remove loosely bound material
and left to air dry.
Past research on the staining of textiles by metal corrosion products (Margariti 2002: 22) identified
this method as the most appropriate, because oxohydroxides created are very similar to those that
might be found on objects impregnated with copper corrosion products.
An example of the flax reference samples, and how these were affected by treatment is given below
(Figs 4.1, 4.2, 4.3 and 4.4).

Fig. 4.1 The ‘fresh’flax reference sample. Scale
bar 10mm.

Fig. 4.2 The charred flax reference sample. Scale bar
10mm.
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Fig. 4.3 The calcium phosphate treated flax
reference sample. Scale bar 10mm.

Fig. 4.4 The copper oxohydroxide treated flax reference
sample. Scale bar 10mm.

4.2 Applying the Methods of Analysis
The selected techniques allowed examination of the samples through macroscopic to microscopic
(stereomicroscopy, optical microscopy and ESEM) to elemental (ESEM-EDS and XRF) and
molecular levels (FTIR and Raman microspectroscopy). The initial intention was to perform
replicate analysis on each specimen. However, for most techniques, only one analysis for each
specimen was performed, either because it was most appropriate (as was the case with
stereomicroscopy and optical microscopy) or because the time available was limited (as was the case
with XRF and Raman microspectroscopy). In any case, the quality of the results was sufficient to
meet the objectives.

4.2.1 Stereomicroscopy
The objective was to test whether the method of construction (i.e. weave) and yarn-making (i.e. spin
direction, ply) could be revealed, and whether the fabric treatments compromised the analyses.

Method
An OLYMPUS SZ61 stereomicroscope44 (magnification range with a 10x eyepiece 6.7 to 45 times)
with an OLYMPUS SP-500UZ digital camera, was used to examine the reference fabrics. Samples
were illuminated by a standard stereomicroscope light source, with two light beams falling on the
sample at 45º each. No sample preparation was necessary.

Results
Observations made are presented below together with some images, which were taken with the
highest magnification (45x).
In every case, stereomicroscopy of the ‘fresh’ samples clearly showed the required fabrication
information concerning the weave, the ply, twist and yarn diameter (e.g. Fig. 4.5). The colour of the
fibres could also be discerned for the wool samples (e.g. Fig. 4.6).

44

This stereomicroscope belongs to the Metals Conservation Laboratory / DCAMM which kindly gave permission to use

it.
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Fig. 4.5 The flax reference sample under the
stereomicroscope. It is a plain weave fabric, made
with Z- twist, single ply yarns with yarn diameter 0.3
± 0.1mm (both in the warp and weft directions). Scale
bar 1mm.

Fig. 4.6 The wool 3 reference sample under the
stereomicroscope. It is a twill-weave fabric, made
with Z- twist, single ply yarns with yarn diameter 1±
0.2mm (both in the warp and weft directions).
Stereomicroscopy also showed that the yarns were
made of different coloured fibres. Scale bar 1mm.

Pretreatment masked this information to varying degrees:
Charring darkened all the samples and conveyed a sheen, which made detailed observation difficult,
though the construction and yarn-making information could still de discerned (e.g. Figs 4.7, 4.8).
Images for all samples are given in Appendix B.

Fig. 4.7 The charred flax reference sample under the
stereomicroscope. The increased reflective glare
made observation difficult, although construction
and yarn-making information could still be
discerned. Scale bar 1mm.

Fig. 4.8 The charred wool 1 reference sample under
the stereomicroscope. The overall shine of the
sample, which was an effect of charring, was so
intense, that both the method of construction and
yarn-making information were difficult to view.
Scale bar 1mm.
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Treatment with calcium phosphate resulted in a white deposit across the specimens, which for the
three cellulosic samples and one of the wool samples hid the underlying fabrication details from
view (e.g. Fig. 4.9). For silk and the other two wool samples the required information was still
apparent, perhaps because of the smaller amount of adhering calcium salt (e.g. Fig. 4.10).

Fig. 4.9 The calcium phosphate treated flax
reference sample under the stereomicroscope. The
treatment deposited a large amount of salts on the
surface of the sample, which masked information on
the method of construction and yarn-making. Scale
bar 1mm.

Fig. 4.10 The calcium phosphate treated wool 2
reference sample under the stereomicroscope. The
treatment deposited a significant amount of salts on
the surface of the sample, but information on the
method of construction and yarn-making were still
discernible. Scale bar 1mm.

Copper oxohydroxide also coated the samples, but stereomicroscopy could still elucidate the
fabrication details for the three cellulosic fabrics and the three wool samples (e.g. Fig. 4.11). In the
case of silk the material acquired a purple hue on copper treatment, and the consequence of the
interaction between the metal and silk was obliteration of the weave and yarn details (Fig. 4.12).

Fig. 4.11 The copper oxohydroxide treated flax
reference sample under the stereomicroscope. The
treatment deposited a significant amount of oxides
on the surface of the sample, but information on the
method of construction and yarn-making were still
detectable. Scale bar 1mm.

Fig. 4.12 The copper oxohydroxide treated silk
reference sample under the stereomicroscope. The
treatment with copper affected the silk sample to such
an extent that neither the method of construction nor
yarn-making information were detectable. The sample
acquired an overall purplish hue. Scale bar 1mm.
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Conclusions
The stereomicroscope was successful in revealing information on the method of construction and
yarn-making in the case of the fresh reference samples. This information was obscured to varying
degrees by the methods of pretreatment, but it was generally still obvious, indicating that
stereomicroscopy would be sufficient to study similar features on the excavated specimens.
Nevertheless, even with these reference samples, which are simple models and not accurate
representations of excavated samples, there were cases where pretreatment obscured the fabrication
information.

4.2.2 Optical Microscopy
The objective of this examination was to test whether optical microscopy could provide information
on fibre identification and whether this information was affected by the pretreatments. Since the
decision had been made to pursue non-invasive investigations, a procedure was developed which
would be acceptable for the excavated samples. The ‘non-destructive’ requirement meant that fibre
samples would not be removed, but that the whole specimen would be examined. The necessity to
study the intact materials dictated the use of reflectance rather than transmission optical microscopy.

Method
A Zeiss Axiolab PM1 reflectance optical microscope (magnification range from 50 to 500 times
with a 10x eyepiece) was used for the analysis. Since the fabric samples were relatively thick only
long working distance objectives could be used; this limited the maximum magnification to 200x,
with a 20x objective lens (Zeiss Epiplan). Digital images were recorded with a Media Cybernetics
‘QICam’ digital camera, and processed with Image ProPlus 5.0 software.

Results
A single image recorded at sufficient magnification to reveal the characteristic morphology of a
fibre generally produced an unsatisfactory result, with much of the specimen out of focus (e.g. Fig.
4.13). Under normal circumstances this problem is resolved by mounting isolated fibres in the
horizontal plane. However, the nature of these samples meant that the fibres, as constituents of
fabrics, would not lie in a single plane. In an attempt to circumvent the problem successive images
of the specimen were recorded, raising the microscope stage (and hence the focal plane within the
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specimen) by 10µm each time45. The image processing software was then used to produce a
composite ‘z-stacked’ image in which only the in-focus parts of each image were added together.
This was successful in allowing clearer observation of the individual fibres (e.g. Fig. 4.14), and their
distinctive morphologies (described above).

Fig. 4.13 The fresh flax sample under the optical
microscope. Studying the characteristic morphology
of the fibres was difficult since much of the specimen
was out of focus. Scale bar 1mm.

Fig. 4.14 A composite z-stacked image of the fresh
flax sample, created from twenty-eight images. This
image processing allowed a clear view of the
characteristic nodular thickening of the flax fibres
and facilitated measurements of the fibres’ diameters
(15±5µm). Scale bar 1mm.

Pretreatment again masked the information to varying degrees:
Charring darkened all the samples and again conveyed a sheen, which made observation of the
morphological characteristics of the fibres difficult in all reference samples apart from the flax and
wool 3 samples (e.g. Figs 4.15, 4.16).

Fig. 4.15 The charred flax sample under the optical
microscope. The characteristic morphological
features of the flax fibres were still visible. Scale bar
1mm.
45

Fig. 4.16 The charred wool 3 sample under the
optical microscope. The epithelial scales,
characteristic of wool fibres were still clearly visible.
The different colours of the fibres were also

Trial and error showed that a step change of greater than 20µm resulted in a poor quality composite image.
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discernible. Scale bar 1mm.

The calcium phosphate deposit masked the morphology of the fibres in all such treated samples
apart from one of the wool fabrics (e.g. Figs 4.17, 4.18).

Fig. 4.17 The calcium phosphate treated flax sample
under the optical microscope. The fibres were almost
completely masked by the white deposits formed. As
a result no morphological characteristics were
visible. Scale bar 1mm.

Fig. 4.18 The calcium phosphate treated wool 3
sample under the optical microscope. Although the
majority of the fibres were covered by white
deposits, the epithelial scales were still discernible in
some areas. Scale bar 1mm.

Copper oxohydroxide treatment resulted in partial coating of the fibres by metal deposits.
Nevertheless, their morphology was still discernible (e.g. Figs 4.19, 4.20).

Fig. 4.19 The copper oxohydroxide treated flax
sample under the optical microscope. The
characteristic nodular thickening of flax fibres was
visible in areas where there was little oxohydroxide
coating. Scale bar 1mm.

Fig. 4.20 The copper oxohydroxide treated wool 2
sample under the optical microscope. The
characteristic epithelial scales of wool fibres were
still visible. Scale bar 1mm.
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Conclusions
The ‘non-destructive’ requirement restricted the maximum magnification available to 200 times, but
this proved quite adequate for viewing fibre morphology in the case of the untreated specimens. The
creation of a composite z-stacked image with much improved virtual depth of field made such
observation all the more easy. However, the treated samples were not so amenable. Charring altered
the surface and colour of the fibres to the extent that their morphology could not be readily
discerned. In the cases where the treatment resulted in the formation of deposits on the samples, the
fibre morphology was only observed in areas where the original fibre was not covered. It should be
noted that in the case of excavated samples ageing will introduce another complication, so that even
the morphology of unmasked fibres might not be evident.

4.2.3 Environmental Scanning Electron Microscopy (ESEM)
The objective of this examination was to test whether ESEM could provide information on fibre
identification and whether and how the latter was affected by the pretreatments. As indicated in the
previous chapter, ESEM is more appropriate for excavated textile specimens than standard high
vacuum SEM, since non-conducting samples can be studied directly. However, beam damage
caused by heating is still a concern, and the higher the accelerating voltage used, the greater the risk
of localised damage to the sample (Getty Conservation Institute et al. 1996a: 10). In order to
minimise the risk, a preliminary experiment was carried out to determine the lowest energy beam
that would afford an image of appropriate quality.

Method
A PHILIPS XL30 Environmental Scanning Electron Microscope (magnification up to 50,000) was
used for the analysis. The instrument uses water vapour as the chamber gas. 3x3mm samples of the
references were secured to aluminium stubs with double-sided adhesive tape and placed in the
sample chamber. Secondary electron images were generated. In the preliminary experiment flax and
wool 1 fibres treated with copper oxohydroxide were examined at a range of accelerating voltages
between 5 and 30 kV. Subsequently all the other specimens were imaged with a 15keV beam and at
a nominal magnification of 400 times.

Results
The outcomes of the preliminary experiment are presented in Table VIII. The optimum accelerating
voltage was 15kV, where the characteristic morphology of both fibre types was clearly seen, and
charging of the specimens was minimal.
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Table VIII Selecting the appropriate accelerating voltage for the ESEM electron beam.
Accelerating
voltage / kV

Observations (at nominal magnifications of 400 times)
Flax

Wool 1

5

The morphological characteristics were not clearly distinguishable, fibre dimensions could
not be measured and the effects of treatment were not detectable.

10

Some morphology was distinguishable, fibre dimensions could be measured but the effects
of treatment were still not clearly detectable.

12

The characteristic nodes of the flax fibres were clearly seen, while the epithelial scales of
the wool fibres were still not clearly distinguishable. Fibre dimensions could be measured
accurately and the effects of treatment were detectable.
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15

The morphology of both the flax and wool fibres was now clearly distinguishable.

20

The effects of treatment (particles formed) were better illustrated but charging (bright lines
along the edges of the fibres) was created around the edges of the fibres.

25

Charging effects increased to such an extent that the morphology of the fibres became
unclear.

30

As the charging effects increased the less discernible the fibre morphology became and
accurate measurement of fibre dimensions was difficult.
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As observed, higher beam energies, may not only have destructive effects on the sample, but also
mask information. Therefore, it was decided to image the specimens with a 15keV electron beam,
which provided useful information while minimising the risk of damage.
Very clear images of the morphological characteristics of all ‘fresh’ samples were afforded by
ESEM, as well as accurate measurements of their dimensions (e.g. Figs 4.21, 4.22).

Fig. 4.21 Scanning electron micrograph of ‘fresh’
flax. The characteristic nodes of flax fibres were
clearly detectable. Fibre diameters varied from
10µm to 30µm. Nodes were repeated every 20-40µm
along the fibres. The surface of the fibres was
smooth.

Fig. 4.22 Scanning electron micrograph of the
‘fresh’ wool 3. The characteristic epithelial scale
pattern of wool fibres was clearly detectable. It was
obvious that yarns consisted of different types of
wool fibres, exhibiting differences in diameters (from
50µm to 80µm approximately) and scale patterns
(regular mosaic and diamond petal, which are
indicative of goat and fur fibres respectively –
Hearle and Peters 1963: 553-554).

While observation of the charred samples was difficult with optical microscopy, ESEM imaging of
these samples was straightforward. The characteristic morphologies were still apparent (e.g. Fig.
4.23), although the treatment seemed to have caused loss of epithelial scales from the wool fibres
(e.g. Fig. 4.24).

Fig. 4.23 Scanning electron micrograph of the
charred flax. Charring has not affected the

Fig. 4.24 Charred wool 3 observed in the ESEM.
Charring did not seem to affect the dimensions of the
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morphological characteristics or measurements of
the fibres.

wool fibres, but the epithelial scales were
occasionally lost.

Treatment with calcium phosphate deposited such a large amount of byproducts on the fibres that
they could not be clearly observed and there was no characteristic information available (e.g. Figs
4.25, 4.26).

Fig. 4.25 Calcium phosphate treated flax observed
in the ESEM. Wherever fibres were covered with
deposits neither the morphological characteristics
could be detected nor could measurements be taken.

Fig. 4.26 Scanning electron micrograph of calcium
phosphate treated wool 3. Wherever fibres were
covered with deposits the epithelial scales were no
longer visible.

Copper oxohydroxide treatment seemed to have affected both the cellulosic and proteinaceous fibres
less than the calcium phosphate treatment, since the morphological characteristics of the copper
oxohydroxide treated fibres were more clearly detectable after treatment (e.g. Figs 4.27, 4.28).

Fig. 4.27 Scanning electron micrograph of copper
oxohydroxide treated flax. The morphological
characteristics could still be detected.

Fig. 4.28 Copper oxohydroxide treated wool 3 in the
ESEM. The fibres were covered with copper
oxohydroxide but the epithelial scales could still be
seen.
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Conclusions
The ESEM, using a 15keV beam, and secondary electron imaging at a magnification of 400 times
was able to provide information on fibre identification without causing apparent damage. This
information was compromised by the effects of pretreatment, so that charring affected wool, while
mineral coatings masked the morphological characteristics of fibres to different degrees.
Nonetheless, fibre identification was feasible in all cases.
The success of ESEM over optical microscopy relates to the method of image formation, and the
magnification range and depth of field advantages. It is possible to quickly view a relatively large
sample area at low magnification and select a region for more detailed imaging (at an inherently
good depth of field). Where the specimen is deteriorated or carries a significant deposit, it is then
much easier to find any remnant morphological evidence.

4.2.4 Environmental Scanning Electron Microscopy - Energy Dispersive
Spectroscopy (ESEM-EDS)
The objective was to perform qualitative elemental analysis of the samples that would provide
evidence of the method of pretreatment and/or enhance information on fibre identification.

Method
The PHILIPS XL30 ESEM was coupled with an X-ray microanalyser (EDAX CDU LEAP Detector,
using the eDX software), which allowed qualitative elemental analysis of the sample
simultaneously with the microscopic imaging. Three measurements were taken from different areas
of each sample, to detect any differences between areas with different amounts of coating, in the
case of the mineral treated samples. In order for the analysis to be performed, the working distance
was reduced to 10 mm. Spot analysis was carried out, and a minimum of 600 counts acquired. In
each case the X-ray spectrum between 0 and 14 keV was recorded.

Results
EDS analysis of the ‘fresh’ and charred samples detected oxygen and carbon in all cellulosic and the
silk samples (e.g. Figs 4.29, 4.30). Sulfur, along with oxygen and carbon was detected in all ‘fresh’
and charred wool samples (e.g. Figs 4.31, 4.32).
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Fig. 4.29 EDS X-ray spectrum of the ‘fresh’ flax sample. The main elements detected were oxygen and
carbon, indicating the sample was organic. Calcium was also detected. The X-ray energy scale is in keV.

Fig. 4.30 EDS X-ray spectrum of the charred flax sample. Similarly to the ‘fresh’ flax sample, mainly oxygen
and carbon were detected, and again a smaller amount of calcium. The effects of charring on the sample
were not detectable by EDS analysis. The X-ray energy scale is in keV.
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Fig. 4.31 EDS X-ray spectrum of the ‘fresh’ wool 1 sample. Apart from oxygen and carbon, sulfur, which is
an element found in wool keratin (at around 1% w/w), was also detected. The X-ray energy scale is in keV.

Fig. 4.32 EDS X-ray spectrum of the charred wool 1 sample. Sulfur, was again detected in the charred
sample. The X-ray energy scale is in keV.

In the case of the calcium phosphate treated samples, EDS detected oxygen and carbon, as well as
calcium and phosphorus (e.g. Fig. 4.33). Pretreatment did not inhibit the detection of sulfur in all
wool samples (e.g. Fig. 4.34).
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Fig. 4.33 EDS X-ray spectrum of the calcium phosphate treated flax. The elements detected were oxygen and
carbon, possibly indicative of the organic nature of the sample; and calcium and phosphorous, deposited on
the sample as a result of the pretreatment. The X-ray energy scale is in keV.

Fig. 4.34 EDS X-ray spectrum of the calcium phosphate treated wool 1. The elements detected were oxygen,
carbon and sulfur (from wool), and calcium and phosphorus. The X-ray energy scale is in keV.

EDS analysis of the copper oxohydroxide treated samples showed oxygen and carbon but also
clearly showed copper (e.g. Fig. 4.35). Similarly to the previous sets, sulfur was additionally
detected in all wool samples (e.g. Fig. 4.36).
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Fig. 4.35 EDS X-ray spectrum of the copper oxohydroxide treated flax. Apart from oxygen and carbon,
possibly indicative of the organic nature of the sample, copper, which was deposited by the method of
pretreatment, was also detected. The X-ray energy scale is in keV.

Fig. 4.36 EDS X-ray spectrum of the copper oxohydroxide wool 1. Oxygen, carbon and copper (which is a
result of the pretreatment) were detected. Sulfur, which is present in wool fibres, was also detected. The Xray energy scale is in keV.

Conclusions
EDS analysis clearly showed the elements expected to have been deposited on the samples by
pretreatment with calcium phosphate and copper oxohydroxide. In addition elements associated
with the organic fibres were also evident in every case. While secondary electrons, used for imaging,
only emerge from 50 nm or less below the surface of the sample, the X-ray sampling depth is a few
µm. In analysing an area of mineral coated fibres, the primary beam electrons may penetrate to the
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fibre in regions where there is minimal coating and hence generate fibre specific X-rays. This may
be of a particular value for confirming the presence of wool keratin, by the observation of a sulfur
signal (though of course extraneous sources of contamination would have to be considered in the
case of excavated specimens).

4.2.5 X-Ray Fluorescence Spectroscopy (XRF)
In comparison with EDS, the objective of this examination was also to confirm the method of
treatment and enhance fibre identification by qualitative elemental analysis of the samples.

Method
A BRUKER portable XRF (AXS Tracer III-V) was used for the analysis. This is a versatile
instrument that offers a specified elemental range of Z=19 and above in air (and Z=11 and above in
vacuum) with detection limits similar to SEM-EDS, using a rhodium anode operating at 40 kV.
Samples were placed on the window of the instrument in air, and each one analysed for 60 s 46. The
S1P-XRF© software was used to process the spectra, while MS Excel  was used to further process
the numerical data.
Although the hardware itself seems ideal for the convenient elemental analysis of all manner of
textiles, the associated software proved not so user friendly. An unspecified autogain varied amongst
spectra, so that the apparent counts registered for an element in one spectrum could not be compared
directly with that in a second spectrum (e.g. Fig. 4.37). In an attempt to normalise the data, the
spectral counts for each element were ratioed to that of rhodium in every spectrum47. The Rh peak
(Lα1 2.70 keV) arises from the primary X-rays, which are generated inside the X-ray tube and then
scattered by the specimen. While the effectiveness of scattering is dependent on the thickness and
density of the specimen, an assumption had to be made that the various specimens were reasonably
similar in this regard. This was borne in mind in assessing the results. The experimental error was
further compounded by the absence of a background correction feature in the software, however,
since the background envelope was generally small, this additional contribution to the error was
considered relatively minor. Despite the specifications of the instrument, peaks below 3.31 keV
(potassium Z=19 Kα1) were readily observed in the spectra, although some absorption of the lower
energy X-rays in air will add to the uncertainty for semi-quantitative analysis.

46

Analysis was performed with Naomi Luxford, PhD student, The Textile Conservation Centre /University of
Southampton, for Health & Safety reasons.
47
As advised by Mr Stefan Röhrs, Museum Scientist, Vitreous materials, British Museum, London, UK.
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Fig. 4.37 The spectra of ‘fresh’ flax (top) and copper oxohydroxide treated flax (bottom) showed very
different Rh peaks as a result of a change in autogain. The X-ray energy scale is in keV.

Results
Since the XRF spectra of the same types of fibre within each group (i.e. cellulosic, silk, wool) were
similar, the results for just one representative sample from each group are given here, i.e. flax, silk
and wool 2 (Figs 4.38, 4.39, 4.40, 4.41).

Despite the problems in extracting the comparative data, and the associated uncertainties,
nonetheless, the outcomes are quite clear.
Some calcium is present in all of the fresh fibres. This is expected for plant fibres (Sibley and Jakes
1986: 261) but may suggest contamination for silk and wool. The apparent level may be enhanced
by charring (up to around four-fold for flax and silk) (Fig. 4.38). Otherwise, high Ca values are
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associated with calcium salt laden fibres. As expected, the levels of phosphorus show a similar
behaviour, though for the fresh fibres they are below detectability levels (Fig. 4.39).

Fig. 4.38 Ratios of the Ca to Rh counts (under the peaks) for each sample spectrum. [Calculated background
level and approximate sensitivity (based on measurements on the background envelope under the peaks and
the noise): 0.4, 0.2].

Fig. 4.39 Ratios of the P to Rh counts (under the peaks) for each sample spectrum. [Calculated background
level and approximate sensitivity (based on measurements on the background envelope under the peaks and
the noise): 0.2, 0.1].
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While a small amount of copper is associated with all the fresh samples, too, the levels rise
dramatically for the copper oxohydroxide treated specimens (Fig. 4.40).

Fig. 4.40 Ratios of the Cu to Rh counts (under the peaks) for each sample spectrum. [Calculated background
level and approximate sensitivity (based on measurements on the background envelope under the peaks and
the noise): 1, 0.2].

The results for sulfur suggest, once more, that microanalysis might help confirm a fibre’s identity as
wool. While sulfur is found in all the fibres, the levels for wool are very significantly higher. The
exception is calcium phosphate treated wool, when the salt deposits are probably hiding the
underlying keratin. Both charring and copper treatment reduce the apparent S content, but the levels
are still indicative. Note that since the sulfur content of keratin is around 1%, this suggests an
absolute sensitivity of about 0.1% for the technique (Fig. 4.41).
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Fig. 4.41 Ratios of the S to Rh counts (under the peaks) for each sample spectrum. [Calculated background
level and approximate sensitivity (based on measurements on the background envelope under the peaks and
the noise): 0.2, 0.1].

Conclusions
The outcomes for XRF were very similar to those for EDS. Elemental sensitivity is around 0.1%, so
that elements (with Z≥ 11) comprising mineral coatings on fibres are readily identified. Again, wool
was clearly differentiated from the other fibres by its sulfur content, although such a distinction can
be inhibited by a coating.
The portability and ease of use of the handheld XRF spectrometer would provide a significant
advantage for investigating the elemental content of excavated textiles. The analysis would be truly
non-invasive and even large objects could be studied without intervention.
There are differences in the techniques though which might dictate their complementary use. For
example, ESEM-EDS allows precise, localised analysis (sampling volume ~5 µm diameter), while
the handheld XRF spectrometer samples a much larger area (a few mm) and probes to a ten-fold
greater depth.
The XRF data analysis was somewhat unsatisfactory, due to restrictions of the data processing
software, so that at best semi-quantitative data were obtained. The results also highlighted the need
to run reference samples at the same time as any unknowns, to check the validity of the data. The
value of a multi-element analysis was also emphasised.
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4.2.6 Fourier Transform Infrared Microspectroscopy (FTIR)
The main objective was to see if FTIR spectroscopy could aid in fibre identification, i.e. whether the
characteristic peaks for the major organic polymers were present in the spectra of the treated
specimens, using the spectra of the fresh fibres as references. The full spectral range of the technique
stretches in wavenumbers (cm-1) from 700 to 4000 cm-1 (Skoog et al. 1998, 404). The 1200 to 700
cm-1 region is called the ‘fingerprint’ region since within it the most characteristic peaks, hence
useful for identification purposes, of the analysed materials would appear (Skoog et al. 1998, 411).
As discussed in the previous chapter, FTIR spectra of textile fibres can be acquired by Attenuated
Total Reflectance (ATR), which applies a significant amount of pressure to the sample, or by using
an FTIR microscope in transmission (ideally with flattened fibres), or in reflectance modes. In the
context of excavated textiles, the last of these is the only non-destructive method, assuming that the
whole artefact can be brought under the microscope. Bearing in mind the ‘non-destructive’
prerequisite for textiles excavated in Greece only the latter method (reflectance mode) seemed
appropriate since it does not apply any pressure to the sample during analysis, and does not require
pressing for sample preparation. However, the drawbacks when using the FTIR microscope in
reflectance mode are that the infrared beam might be scattered due to the cylindrical shape of the
fibres, and that it does not penetrate the specimen in depth to perform bulk rather than surface
analysis. The former might diminish the quality of the spectra, while the latter might reduce the
reproducibility of the results, especially in specimens partially coated by deposits. Two sets of
preliminary experiments were carried out to assess these assumptions. The first was designed to
compare FTIR microspectroscopy in reflectance and transmission modes with ATR, while the
second would test the reproducibility of reflectance microspectroscopy.

4.2.6.1 Comparing Sampling Modes
The goal was to compare the quality of the spectra acquired by the three sampling modes, ATR,
transmission and reflectance. The initial intention was to include both ‘fresh’ and treated specimens.
However, the treated specimens were severely damaged both by the pressure of the ATR anvil and
during sample preparation for the transmission method, and could not be readily analysed.
Therefore, only ‘fresh’ samples were included in this preliminary experiment.

Method
‘Fresh’ flax, silk and wool 1 reference samples were studied using a Perkin-Elmer FTIR Spectrum
One instrument with a Universal ATR attachment (diamond window, single bounce at 45°), or an
Autoimage microscope. Spectra were acquired over the range of the instrument 4000 to 500 cm-1.
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For ATR spectroscopy a small piece of the fabric (or a bundle of fibres) was placed on the ATR
element and pressure applied with the sapphire anvil to ensure optical contact. To record spectra, 16
scans were accumulated with a spectral resolution of 4 cm-1.
For microspectroscopy 32 scans were accumulated with a resolution of 4 cm-1. For transmission,
individual fibres were removed from the samples and first flattened at 10 ton pressure between steel
plates using a Specac manual hydraulic press; the flattened fibres were then secured with selfadhesive tape across the central void of a microscope slide. For reflectance, the whole specimen was
placed on a small gold mirror inserted into the central hole of the microscope slide. In each case the
microscope aperture was adjusted so that an area of 70 x 100 µm was analysed at the centre of a
fibre.
Grams AI v8  software was used to process the spectra.

Results
The three absorbance spectra from each of the ‘fresh’ samples are shown in Figs 4.42, 4.43, 4.44.
The ATR spectra showed the characteristic peaks for the organic polymers, as quoted in the
literature (e.g. Tables IX, X). In the case of the FTIR microscope transmission mode some of the
characteristic peaks shifted towards the higher end of the spectrum (e.g. 1105 to 1124 cm-1 for flax;
1515 to 1528 cm-1 for silk and wool). More peaks shifted in the same direction in the spectra of the
uncompressed fibres examined in reflectance mode (e.g. 1155 to 1173 cm-1 for flax; 1235 to 1248
cm-1 for silk; 1235 to 1260 cm-1 for wool 1). Generally the reflectance spectra produced broader
peaks with different intensities, but they appeared nonetheless characteristic.
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Fig. 4.42 The FTIR spectra of
‘fresh’ flax samples: ATR
(top), transmission (middle)
and reflectance (bottom).

Fig. 4.43 The FTIR spectra of
‘fresh’ silk samples: ATR
(top), transmission (middle)
and reflectance (bottom).
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Fig. 4.44 The FTIR spectra of
‘fresh’ wool 1 samples: ATR
(top), transmission (middle)
and reflectance (bottom).

Conclusions
In general, the quality of the FTIR microscope spectra was similar to that of the ATR spectra,
although the bands in the reflectance spectra were rather broad. The band shifts were not considered
to be a major drawback since ‘fingerprinting’ was still possible, and positive identification of the
fibres viable.

4.2.6.2 Testing the Reproducibility of FTIR Reflectance Microspectroscopy
The objective was to test the consistency of the spectra produced by the FTIR microscope,
especially along the treated fibres, which would have been partially coated by minerals or charred to
different degrees.

Method
Five reflectance spectra were recorded for fibres from the four cotton reference samples (fresh,
charred, calcium phosphate and copper oxohydroxide treated). In each case the area probed was
moved across the length of the same fibre and spectra were collected from areas that had been
affected in different ways by the method of treatment (e.g. completely, partially, minimally or not
covered by deposits).
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Results
Results showed that spectra acquired from different areas on the fibres were consistent (e.g. Fig.
4.45), showing the same peaks although with occasional small differences in relative intensity.

Fig. 4.45 Five FTIR
reflectance spectra along the
same fibre of the cotton
copper oxohydroxide
reference sample.

Conclusions
For the reference samples, at least, a single spectral analysis seems representative. This is
encouraging for the analysis of excavated samples, where a minute fraction of the object is available
for analysis, although variations across such ‘non-ideal’ specimens is the more likely.

4.2.6.3 Main Experiment
The objective was to test whether the signature peaks for cellulose and the proteins fibroin and
keratin were still evident in the spectra of the treated reference samples.

Method
The preliminary experiments showed that spectra acquired by the FTIR microscope in reflectance
mode are of sufficient quality to allow fibre identification, and are reproducible. Moreover, this is
the only ‘true’ non-destructive method in FTIR analysis (assuming that samples will not be removed
from the artefact). Therefore, the FTIR microscope in reflectance mode was used for the Main
Experiments.
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Results
The signature peaks of cellulose showed in all ‘fresh’ cellulosic reference samples (Fig. 4.46),
although some of them had shifted towards the higher end of the spectrum (Table IX).

Fig. 4.46 FTIR microscope
reflectance spectra of the
‘fresh’cellulosic reference
samples. Literature values
from e.g. Garside and Wyeth
2003: 270-273; Skoog et al.
1998: 410-413; Derrick at al.
1994: 180.

Table IX Peak assignments for the ‘fresh’cellulosic reference samples.
Peak assignment

Wavenumber (cm-1)
/ Experimental
2900

Wavenumber (cm-1)
/ Literature
2900

Indicative of adsorbed water within the fibre

1635

1635

C-C ring, indicative of polysaccharides in cellulose

1173

1155

C-O-C glycosidic ether band, indicative of
polysaccharides in cellulose

1124

1105

C-H bond, indicative of the general organic
material content of the fibre

Similarly, the signature peaks of the proteins fibroin and keratin showed in all ‘fresh’ proteinaceous
reference samples (Fig. 4.47), although some of them had shifted towards the higher end of the
spectrum (Table X).
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Fig. 4.47 FTIR microscope
reflectance spectra of the
‘fresh’ proteinacous reference
samples. Literature values
from e.g. Garside et al. 2005:
93; Skoog et al. 1998: 410413; Derrick et al. 1994: 18.

Table X Peak assignments for the ‘fresh’proteinaceous reference samples.
Peak assignment

Wavenumber (cm-1) / Experimental

Wavenumber (cm-1) / Literature

N-H amide bond

3325

3275

C=O amide I bond

1690

1615

N-H amide II bond

1565

1515

C-N amide III bond

1248 (silk), 1260 (wool)

1235

The methods of pretreatment affected the quality of the spectra in the case of the flax fibres (Fig.
4.48). Upon charring the spectrum still suggests a cellulosic material (the 2900 cm-1, 1635 cm-1, and
1124 cm-1 signature peaks are apparent), with an additional absorbance at 1720 cm-1 indicative of
some oxidation to carbonyl moieties. However, both calcium phosphate and copper oxohydroxide
treatments appear to mask the cellulose spectrum, making fibre identification impossible.
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Fig. 4.48 FTIR microscope
reflectance spectra of ‘fresh’,
charred, calcium phosphate
and copper oxohydroxide
treated flax reference
samples.

The silk fibres were less affected by the methods of pretreatment since the signature peaks of fibroin
were still evident in all spectra, although much reduced in intensity in the case of the calcium
phosphate treated sample, where e.g. the 3325 cm-1 band was indistinct (Fig. 4.49). Similarly, the
signature peaks of keratin were still evident in all wool 1 spectra, although the 3325 cm-1 band was
broad in every case, and the spectrum of the calcium phosphate treated sample was of poor quality
(Fig. 4.50).

Fig. 4.49 FTIR microscope
reflectance spectra of ‘fresh’,
charred, calcium phosphate
and copper oxohydroxide
treated silk reference
samples.
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Fig. 4.50 FTIR microscope
reflectance spectra of ‘fresh’,
charred, calcium phosphate
and copper oxohydroxide
treated wool 1 reference
samples.

Conclusions
Reflectance microspectroscopy is a suitable approach to acquiring FTIR spectra from fabrics.
Informative spectra were obtained for all ‘fresh’ samples. However, pretreatment affected the
quality of the spectra, to varying degrees. In the case of flax treated samples, fibre identification was
only possible in the case of the charred specimen. However, in the cases of silk and wool fibres,
while the methods of pretreatment diminished the quality of the spectra, fibre identification was still
possible, although perhaps somewhat tenuous for the calcium phosphate treated samples. It is
apparent that FTIR microspectroscopy in reflectance mode could be potentially useful for the
identification of excavated fibres.

4.2.7 Raman Microspectroscopy
The objective was to test the potential of Raman microspectroscopy in showing the signature peaks
for cellulose and the proteins fibroin and keratin both at the spectra of the ‘fresh’ and the treated
reference samples. Testing would also afford the opportunity of comparing Raman with FTIR
microspectroscopy. Due to time and accessibility constraints not all samples were tested 48.

Method
As discussed in the previous chapter, there are higher (FT-RS, 1064nm) and lower (Raman, e.g.
785nm) wavelength laser beams, each having advantages and disadvantages. There is a trade-off
between reducing the underling fluorescence and working with a shorter wavelength excitation laser
48

All reference and excavated samples were run by Robert Alexander, Perkin-Elmer Life Sciences UK Ltd.
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to improve the sensitivity (i.e. signal to noise). A compromise, which avoids very long spectral
acquisition times and further risk to the sample, may be to use a laser operating at the red end of the
visible spectrum. Ideally, both Raman and FT-RS should be applied since these two techniques are
of similar value as far as applicability is concerned. Unfortunately, access to an FT-RS instrument
was not available.
Therefore, spectra were acquired on a Perkin Elmer Raman Station 400F: excitation laser
wavelength 785nm (maximum power at sample 100µW), laser spot diameter 100µm, number of
scans 10 to 100. To reduce underlying excessive fluorescence, in some cases samples were initially
photobleached by exposure to the laser for 0.5 to 15min prior to acquiring spectra. Grams AI v8
software was used to process the spectra. For the ‘fresh’ samples, cotton, flax and silk were tested.
Charred samples burned under the laser beam. For the calcium phosphate treated samples, flax, silk,
wool 2 and the calcium phosphate sample were tested. For the copper oxohydroxide treated samples,
flax, silk and wool 2 were tested.

Results
Raman gave good spectra, of the ‘fresh’ cotton and flax samples (Fig. 4.51). Silk gave also gave the
characteristic silk spectrum (Fig. 4.52). The black wool 2 burnt under the laser even at low powers
and gave no useful spectra.

Fig. 4.51 Raman spectra of
‘fresh’ cotton (top spectrum)
and flax (bottom spectrum).
Both spectra showed the
characteristic peaks of
cellulose at 2893 cm-1, 1382
cm-1, 1158 cm-1, 1122 cm-1,
1099 cm-1, 956 cm -1, 575 cm-1,
534 cm-1, 427 cm-1, and 397
cm-1.
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Fig. 4.52 Raman spectrum of
‘fresh’ silk. It showed the
characteristic peaks of silk
proteins at 2987 cm-1, 2933
cm-1, 1669 cm-1, 1615 cm-1,
1454 cm-1, 1229 cm -1, 1086
cm-1, 1005 cm-1, 974 cm-1, 884
cm-1, 857 cm-1, 830 cm-1, 638
cm-1, 534 cm-1, 422 cm-1, 324
cm-1, and 243 cm-1.

Similarly to the black wool 2, all charred samples burnt under the laser beam even at low powers
and did not give any useful spectra.
In the case of the calcium phosphate treated cellulosic samples, Raman analysis afforded a mixed
spectrum of the fibres and the inorganic deposits (Fig. 4.53). The reference spectrum for calcium
phosphate particles is given in Appendix B. The silk sample gave a spectrum characteristic of silk
(Fig. 4.54), whereas that for wool 1 gave good quality spectra, but reminiscent of that for a dye
rather than keratin (Fig. 4.55).
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Fig. 4.53 Raman spectrum of
calcium phosphate treated
flax. It showed the
characteristic peaks for
cellulose at 2893 cm-1, 1382
cm-1, 1158 cm-1, 1122 cm-1,
1099 cm-1, and the
characteristic peaks of
calcium phosphate at 956 cm1
, 575 cm-1, 539 cm-1, and 427
cm-1.

Fig. 4.54 Raman spectrum of
calcium phosphate treated
silk (top spectrum), which
gave the characteristic
spectrum of silk (bottom
spectrum).
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Fig. 4.55 Raman spectrum of
calcium phosphate treated
wool 1. It showed peaks at
1575 cm-1, 1458 cm -1, 1364
cm-1, 1310 cm-1, 1225 cm-1,
754 cm-1, 673 cm-1, 602 cm-1,
543 cm-1, and 248 cm-1.

The copper oxohydroxide treated cellulosic fibres did not yield useful Raman spectra. On the other
hand, copper oxohydroxide treated silk and wool gave similarly good spectra to the calcium
phosphate treated ones (Fig. 4.56).
Fig. 4.56 Raman spectra of
copper oxohydroxide treated
silk (top spectrum) and wool
1 (bottom spectrum).

Conclusions
The colour of the sample greatly affects the performance of Raman. The darker the colour, the
greater the risk of the sample being burnt by the laser beam. As a result, charred samples, did not
give any useful spectra. However, all of the ‘fresh’ samples gave good spectra. In the case of the
treated samples, the proteinaceous materials gave more useful spectra than the cellulosic ones. This
last result was also found for FTIR microspectroscopy.
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As discussed in Chapter 3, Raman is a complementary vibrational spectroscopic technique to FTIR
microspectroscopy. For excavated textiles it offers the potential, and advantage over FTIR, of noninvasive analysis, however, there is a risk of laser induced thermal damage, especially to darker
coloured specimens. Fluorescence interference is also a significant problem, and this might be
expected to be the more severe with deteriorated materials.
Raman analysis afforded fibre identification of the ‘fresh’ samples as was the case with FTIR
analysis. In the case of charred samples, none of the techniques were able to provide fibre
identification. In addition, the laser beam of Raman burnt the charred samples, even at low power.
Both techniques gave better fibre identification results for the proteinaceous calcium phosphate and
copper oxohydroxide treated samples.
As far as providing information on the method of pretreatment, neither Raman nor FTIR were able
to give any information for charred samples. However, Raman provided information on the
inorganic compounds deposited on the fibres, e.g. by the calcium phosphate pretreatment.

Chapter Conclusion
The stereomicroscope was successful in revealing information of the method of construction of the
fabric and yarns of both the fresh and treated reference samples. It also provided information on the
method of treatment, such as the colour of the fibres and/or deposits after treatment and the way
deposits have formed on the surface of the fibres. The restricted depth of field, which was also
mentioned in the literature reviewed, was not a problem in revealing this information.
The optical microscope provided similar information on the method of treatment of the samples but
enabled fibre identification by providing enlarged images, (at around five fold higher magnification)
of the morphological characteristics of the fibres, even in the case of treated samples. In accordance
to the literature review, the use of software to provide a composite ‘z-stacked’ image with greater
virtual depth of field proved especially useful.
The ESEM further elucidated fibre identification by providing higher magnification images of the
morphological characteristics of fibres. High magnification also afforded characterisation of the
condition of the fibres, by providing information on the effects of treatment on the samples. It was
shown that the use of a 15keV electron beam provided high enough energy to provide good quality
images and at the same time, low enough to prevent destruction of the sample due to the effect of
localised heating. The lower resolution and magnification of the ESEM compared to the SEM,
reported in the literature, affected the quality of the images produced only at very high
magnification, which was more than necessary for the desired information. The ESEM-EDS
provided information on the methods of pretreatment of the fibres by detecting the inorganic
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components deposited on the samples and enhanced fibre identification by detecting sulfur in the
wool fibres. These results are in accordance to the findings from the literature review.
XRF similarly afforded characterisation of the method of pretreatment by providing elemental
analysis of the inorganic components present within the samples fibres, which was also in
accordance to the literature review. The portability and ease of use of the Bruker instrument at the
site of an excavation could offer particular advantages, though there were drawbacks with the
current associated software. This was overcome to some extent by normalising the data for particular
elements to that of the scattered rhodium peak from the X-ray tube.
The application of FTIR microspectroscopy to the reference samples provided consistent and
conclusive results on fibre identification of the ‘fresh’ samples, although fibre identification results
were affected by the methods of pretreatment to varying degrees. The requirement for nondestructive application determined the acquisition of spectra in the reflectance mode. Such spectra
were shown to be sufficiently characteristic and reproducible to distinguish the fibre categories. In
addition, the FTIR microscope results were consistent when different areas of the fibres were tested,
which would be very important in the case of excavated fibres, where a minute sample from a whole
object would be tested. In general, experiments showed that FTIR microspectroscopy is a very
useful technique, as it was reported in the literature review.
Raman microspectroscopy provided similar information to FTIR on fibre identification. In contrast
to the FTIR, it was able to provide information on the methods of pre-treatment by identifying the
calcium phosphate deposited on the fibres. However, its applicability was limited by the colour of
the samples. Black coloured and charred samples could not be analysed as they were destroyed by
the heating effect produced by the laser beam. Therefore, experimenting with the reference samples
showed that Raman microspectroscopy is an informative technique, but some risks apply, as also
reported in the literature.
In general, the stereomicroscope was necessary to yield information on the fabrication of the sample
and preliminary characterisation of the method of treatment. The optical microscope afforded fibre
identification, which was nevertheless inhibited by the effects of pretreatment in certain cases. The
ESEM, on the other hand, enabled fibre identification of all samples, regardless of the method of
pretreatment. ESEM-EDS analysis gave information on the method of treatment and enhanced fibre
identification in the case of wool samples. XRF application had a similar performance. FTIR and
Raman also gave similar results on fibre identification of both ‘fresh’ and treated samples. Although
Raman was limited by the colour of the samples, it was able to provide information on the methods
of pretreatment. Raman microspectroscopy was the only technique tested that could potentially be
destructive to the samples and that should be borne in mind when excavated specimens are
examined.
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Chapter 5
The Argos Case Study
Applying the selected methods of analysis to the reference samples enabled the optimal
experimental parameters to be set for the further applications to excavated objects. The
Argos find was chosen to be the main applied case study in this research because it came
from a recent excavation, hence the collaboration between the professionals involved in its
preservation could be better studied. In addition, it was a complicated find with three
different textiles present, and potentially different types of fibres and states of deterioration.
It had been preserved in association with copper, hence it was representative of the vast
majority of textiles preserved in a burial environment in Greece. Producing a detailed
record of this find afforded the opportunity to closely observe the object, hence identifying
the areas most appropriate for further instrumental investigation. The application of
instrumental analysis proved more successful in construction analysis and characterisation
of the type of preservation. As far as fibre identification was concerned, the techniques gave
rather inconclusive results.

5.1 The Name ‘Argos’
The main case study of the research project was named after the originating place of the find, which
is the city of Argos in the NE Peloponnesus, Southern Greece (Fig. 5.1). The name Argos is preHelladic (Pelasgian 49) and has remained the same since the beginning of the city’s history, which
goes back to the Pre-Helladic period (2600-2000BC). According to mythology, Argos, the son of
Zeus and Niobe was the founder of the city. It reached its peak during the archaic period, under King
Feidonas (7th century BC) (Pomeroy et al. 1999: 87). During that time, Argos was the centre of
Argolis (today a prefecture), dominating the two major neighbouring cities, Tiryns and Mycenae. It
was one of the most powerful and important Greek cities rivalling Athens and Corinth. It was caught
in constant warfare with Sparta, which ended with Argos’s defeat in c. 494BC. Its refusal to fight in
the Greco-Persian Wars meant that Argos was shunned by most other city-states. It also remained
neutral during the Peloponnesian War (5th century BC) between Athens and Sparta. Homer mentions
Argos in the Iliad as the kingdom of Diomed and he frequently uses the alternate name Argives
49

The name Pelasgians (ancient Greek: Πελασγοί – Pelasgoí, s. Pelasgós) was used by some ancient Greek writers to
refer to groups of people who preceded the Hellenes (the Greeks). They also wrote that Pelasgians had spoken a ‘barbaric’
or ‘unsophisticated Greek’ language. Pelasgians still dwelt in several locations in mainland Greece, Crete and other regions
of the Aegean, into the 5th century BC (Pomeroy et al. 1999: 9-10).
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(inhabitants of Argos) for the Achaeans 50 or Greeks in general, thus signifying the great importance
the city had during that period (Columbia Electronic Encyclopedia 2007; Greek Texts 2007). The
modern city of Argos is built on the site of the ancient one, which is common for the majority of
Greek cities.

Fig. 5.1 Map of Greece showing the location of the city of Argos.

5.2 The Excavation
Nowadays, the Prehistoric and Classical antiquities of the city of Argos come under the auspices of
the Δ’(Delta) Ephorate of Prehistorical and Classical Antiquities, Hellenic Ministry of Culture. In
April 2007, a rescue excavation run by the Δ’(Delta) EPCA, archaeologist in charge Dr Alkistis
Papadimitriou, brought to light part of an Archaic cemetery (6th century BC), in a small plot of land
situated at the centre of the modern city. Among the oversized ceramic funerary vessels retrieved

50

The Achaeans (ancient Greek: Αχαιοί – Akhaioi) were one of the four main tribes occupying the ancient Greek
mainland (Achaeans, Aeolians, Ionians, Dorian). The name Achaeans came to mean all the Greeks at the time of the
Trojan War. Along with Atgives is one of the collective names for the Greeks, used by Homer in both Iliad and Odyssey
(Pomeroy et al. 1999: 25, 28).

160

there was a much smaller, though very significant, copper vessel of a very unique and rare capsule
shape (approx. 50cm across by 60cm high)51.

Fig. 5.2 Drawing of the Argos vessel.

The vessel had two symmetrical compartments, top and bottom, each with one hemi-spherical
closed end and one circular open end. The circular open end of the bottom compartment is smaller
than that of the top compartment, hence, when the top compartment is placed on the bottom, it acts
as a lid firmly sealing the vessel. Moreover, the seal is ensured by iron pins fixed where the two
compartments overlap (Fig. 5.2). The vessel was found in a poor condition; although the upper part
was almost intact, the lower suffered from severe degradation of the metal (oxidation?) and was in a
fragmentary condition. This, in combination with the increased hardness of the surrounding soil
made lifting of the find a challenging task for Mr Fotis Dimakis, conservator in charge. Although
protective measures were taken, the bottom of the vessel collapsed upon lifting and it was at that
moment that the archaeologist and the conservator realised that they had come across a rare case of
an excavated find with substantial amounts of organic artefacts. From that moment on, the pace of
51

The study of the finds has neither been completed nor published yet, hence permission to include photographs of the
excavation and the vessel was not granted.

161

work had to be fast. The Organic Excavated Finds Applied Research Department at DCAMM was
promptly contacted to provide advice and trained personnel (this is when the author became
involved). The find was transported to the Archaeological Museum of Argos, located close to the
excavation site. It was divided amongst four deep aluminium foil trays with aluminium foil lids and
stored in a refrigerator at the Conservation Laboratory of the Museum. The surrounding soil at the
excavation site was damp, and there was a concern that the find might dry out. Therefore, an open
250ml bottle was filled with mineralised water and placed inside the refrigerator, and a black plastic
sheet taped over the front of the shelves in an attempt to create a humidified chamber.
The copper vessel was also transferred to the Museum. It is a funerary vessel containing the
incinerated bones of the deceased. The deceased’s body would have been consumed in the pyre, the
remains of the incinerated bones cleansed wrapped in textile(s) along with fruit, and placed in the
vessel, which was subsequently sealed and buried in an upright position52. There are no other
funerary offerings present inside the vessel but according to Dr Papadimitriou this does not suggest
a deprived burial. On the contrary, the combination of the fact that this is a pyre burial, which was a
costly procedure, along with the copper vessel itself, which would have been very expensive to
produce, indicate that this would have been a rich burial of a possibly very prominent and/or wealthy
person53.

5.3 The Significance of the Argos Case Study
As noted before, this case study served as the model for the others presented in the next chapter. The
reasons for choosing this particular case study to enable the development of the most appropriate
research process and methodology are several as explained below.
The timing of the Argos excavation was crucial in establishing its significance for this research. It
came at an opportune point in the project when the preliminary outcomes could be tested. In
particular as an ongoing excavation, it facilitated critical interaction amongst the various
professionals involved. Collaboration between the archaeologist and conservators started from the
moment the find was retrieved, and continued throughout its study and conservation. Discussion
enabled both parties to establish their roles and express their needs and expectations, towards
developing the most appropriate conservation strategy and study methodology. Amongst the various
case studies it is the only one representing a find from a recent excavation.

52

53

Information provided by Dr A. Papadimitriou, archaeologist in charge.

Note that these are preliminary observations since the archaeological study of the find has not been
completed up to the time of writing.
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The preliminary statistical analysis of the textiles excavated in Greece had been completed and the
first outcomes reached. Besides seeing if data from the new find were consistent with these findings,
this study formed the basis for understanding how best to approach the issues and questions about
the characterisation and analysis of an excavated textile requiring immediate attention.
The Argos find appears to fit well with the results of the preliminary survey. 1) It is in a remarkable
state of preservation and 2) is characterised as a whole object; it was found in a firmly sealed copper
vessel. The vast majority of the textile artefacts excavated in Greece (80.5%, see Chapter 2, Section
2.2.2.1) were found in association with copper, and furthermore, most of the Greek textiles
preserved as whole objects (30%, see Chapter 2, Section 2.2.3.1), as opposed to fragments or
remains, were found in sealed copper vessels. The representative nature of the Argos find is another
virtue of this case study.
Another deciding factor in selecting the Argos find for the pilot case study is that in Greece the most
important excavated textile finds are considered to be whole objects. In addition, initial observations
had suggested that more than one textile was present in the Argos find with differential degradation
and mineralisation, so that research might reveal the effect of cloth structure on preservation and the
behaviour of different fibre types.

Consequently, Argos was chosen as the developmental case study for the project because of its
challenging and multifaceted nature.

5.4 Documentation of the Argos Textiles54
Visual examination revealed three different textiles present at the Argos find, based on weave
analysis. They were given the numbers Y1, Y2 and Y3 55 (Figs 5.3, 5.4, 5.5).

54

The Argos find consists of the copper vessel, the textiles, the fruit (possibly offerings to the deceased) and the remains
of the bones of the deceased. This research project only dealt with the textiles. The object record was prepared by the
author in June 2007.
55
The letter ‘Y’ was used since it is the initial letter for the word ‘Textile’ in Greek – Ύφασμα.
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Fig. 5.3 The Y1 textile. The mass of Y1 has been
preserved in a unified, folded mass. Scale bar 50mm.

Fig. 5.4 Detail of the Y2 textile. Y2 has been
preserved in multilayered fragments. Scale bar
10mm.

Fig. 5.5 Detail of the Y3 textile. Y3 has been
preserved in multilayered fragments. Scale bar
10mm.

Number: Y1, Y2 and Y3
Type: Excavated textiles
Date: 6th century BC
Date of Excavation: April 2007
Archaeologist in Charge: Dr Alkistis Papadimitriou
Attribution: Funerary textiles from a pyre burial
Provenance: Argos, Greece
Present Location: Δ’(Delta) Ephorate of Prehistoric and Classical Antiquities / Argos
Archaeological Museum
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Brief description: Y1: A mass of folded textile of a light brown colour and numerous 56 smaller
fragments, some adhered to Y3, the deceased’s bones and the fruit. Pieces of the deceased’s bones
and fruit have been found within the folds. The unified folded mass seems to be resting on a layer of
Y3 textile57.
Y2: Numerous brown coloured fragments. The majority of the fragments consist of multiple
successive layers. Single layered fragments adhered occasionally to the top surface of the unified
mass of Y1 and on Y3 fragments.
Y3: Numerous dark brown and black coloured fragments. The majority of the fragments consisted
of multiple successive layers.
Dimensions: Y1: 280x300x110(height) mm– maximum dimensions of the folded mass.
Y2: fragments from 50x50x50mm to 2x2x2mm approximately
Y3: fragments from 80x60x60mm to 2x2x2mm approximately
Method of Construction: Unknown 58
Type of Fibre: Y1, Y2, Y3: Unknown
Decoration: none evident
Type of Preservation: Y1, Y2, Y3: Preserved in association with copper.
Condition on Receipt59: Y1, Y2, Y3: The organic parts of the find were kept in aluminium foil trays.
The trays were four in total, labelled Tray I, II, III and IV, respectively. Tray I contained the main,
more unified, volume of Y1; Trays II and III contained numerous textile fragments (Y1, Y2 and Y3)
and a substantial amount of degraded organic material mixed with soil and debris from the
excavation; and Tray IV contained mainly the largest preserved parts of the deceased’s bones, the
remains of a mineralised fruit (pomegranate), a mineralised, multilayered fragment of textile (Y3),
and fragments of the degraded bottom of the copper vessel.
Tray I (40x30x10cm) (Fig. 5.6)
The main, unified mass is kept in this tray. This textile appears to have been used to wrap the
deceased’s incinerated bones and the fruit offered at the burial. It was given the number Y1. Closer
inspection revealed that this tray contains more than one textile. Around the bottom edges of Y1,
there are considerably sized three-dimensional fragments of two other textiles (Y2, Y3) arranged in
alternate layers. Single Y2 layers, both adhered and loose, were detected, on the upper surface of
56

The large number and small size of some of the fragments of the three textiles does not allow for accurate count.
Access underneath the unified Y1 mass had not been possible up to the time of writing.
58
As in June 2007, when this object record was prepared.
57

59

How the object arrived to the conservator/author.
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Y1. Multiple Y2 layers are discernible adhered to one of the sides of Y1. It is obvious that the folded
mass of Y1 is sitting on one or more layers of Y3. Two whole pomegranates and three smaller,
unidentified fruit, of rounded shape and each with one pointed end, are sitting loosely in the
convolutions of Y1. A substantial amount of degraded organic matter mixed with soil and debris
from the excavation is present on the surface and around the three textiles.

Fig. 5.6 The contents of Tray I.

Tray II (40x30x10cm) (Fig. 5.7)
The tray is filled with a mixture of degraded organic matter and soil and debris from the excavation.
There are numerous textile fragments, of various sizes, from all three textiles identified, either
sitting loosely on the surface of the mixture of the powdered organic matter, soil and debris, or
protruding from it. Towards one of the corners of the aluminium tray, there are seven matching Y3
fragments of various sizes, which seem severely compressed with what appeared to be a thick layer
of copper corrosion products covering their upper surface. It was decided (by the conservators,
including the author), therefore, to remove the powdered mixture, with air-brushes, spatulas and
spoons, in order to isolate the textile fragments, which would then be categorised according to
textile type60.

60

One of the Y1 fragments protruding from the surface of the powdered mixture proved to be a fairly large piece of folded
Y1.

166

Fig. 5.7 The contents of Tray II.

Tray III (40x30x10cm) (Fig. 5.8)
The contents and general appearance of Tray III are very similar to that of Tray II. The same method
of isolating and categorising the textile fragments present would be followed 61. Upon completion of
sorting Tray III, all the fragments from Trays II and III would be collected together, still categorised
according to the type of textile.

Fig. 5.8 The contents of Tray III.

Tray IV (40x30x10cm) (Fig. 5.9)
This last tray contains the largest parts of the deceased’s bones62 not consumed by the pyre, the
remains of a severely degraded pomegranate heavily impregnated with copper corrosion products, a
multilayered fragment of Y2, equally heavily impregnated by copper corrosion products and loose
fragments of corroded copper, possibly from the degraded bottom of the funerary vessel.

61
62

In this case, there were no pieces of large size revealed.
Up to the time of writing, the bones had not yet been studied.
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Fig. 5.9 The contents of Tray IV.

Analysis of the contents of the four trays suggests that when the bottom of the vessel collapsed, what
was clearly and immediately identified as textile (the folded Y1) was separated (Tray I), while the
fragments and debris around it were bulked (Trays II and III) and lastly, the large, identifiable pieces
of bones along with the corroded loose metal and heavily impregnated fragments were put in the last
tray (Tray IV).
After sorting through the trays and isolating the components, there was a clearer understanding of
the amount of textiles present. The textile part of the find consists of a main unified mass of folded
fabric, and fragments of this and two other different textiles, both flat and three-dimensional, of
various sizes. All fragments were collected, divided into three main categories (Y1, Y2 and Y3)
according to the different type of textile and further sub-divided into groups according to distinctive
technical characteristics, colour and state of preservation.
Condition63: Y1: The majority of this textile retained its unity. It retained some degree of flexibility,
folded parts could be partially unfolded, returning to their original place when force ceased to be
applied. It withstood minimum handling without breakage, but with fibre loss. There were fragments
with an off-white/greyish colour, which retained no flexibility but were very hard and withstood
handling with no fibre loss. Overall, the textile was covered with deposits of brown-coloured
particles (debris?), which seemed to be firmly adhered to its surface.
Y2: The textile had been preserved in fragments. It retained no flexibility, folded layers could not be
even partially unfolded and/or separated without damage. It did not withstand even minimum
handling without breakage and fibre loss. Several fragments had a bright green colour and were even
more fragile than the brown-coloured ones. There were fragments that had an off-white/greyish
colour, which retained no flexibility but were very hard and withstood handling with no fibre loss.

63

The physical and chemical properties of the textiles as these were assessed by visual examination.
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Overall, the textile was covered with deposits of brown-coloured particles (debris?), which seemed
to be firmly adhered to its surface.
Y3: The textile had been preserved in fragments. Both the dark brown and black coloured fragments
retained no flexibility, folded layers could not be even partially unfolded and/or separated without
damage. It withstood minimum handling without breakage, but with severe fibre loss. Several large
single layered fragments, which seemed to have been united originally, had a bright green colour
and were even more fragile than the dark brown to black coloured ones. In several fragments the
warps had a bright green colour, while the wefts had the dark brown to black colour. Many
fragments were covered with a unified layer, of the same colour as the fragment (either dark brown
or black), which could easily be lifted off their surface.

5.5 ‘Argos’: A Collaborative Project
As already mentioned in Section 5.2, collaboration of conservators with the archaeologist for the
Argos find started from the moment of excavation. The possibility of having a textile among the
finds64 within the vessel prompted the archaeologist in charge to contact DCAMM asking for help
from specialists. The excavation team members were first interested in confirming the presence of
textile material 65. When this happened, they were enthusiastic but also anxious, since they knew that
in the rare cases where textiles survived in a burial context in Greece, once exposed the artefacts
disintegrated rapidly and could be completely lost66. Hence, the specialised conservators were asked
to take action to help ensure preservation and to decide on the appropriate storage method and
conditions.
While at this stage the primary concern was not to lose the textiles, the archaeologists also expressed
keen interest in further interpretation of the find. They wanted to know how the textiles were made,
whether they exhibited a high level of craftsmanship, whether they had any unique characteristics
and/or decoration and whether they were representative of the time and place of origin, hence
whether they were produced locally or imported. In addition, they were interested to know whether
the textiles bear evidence of their use in a pyre burial, which would help them contribute to the
knowledge on pyre burial customs.
The challenge presented by the find threw up many questions for the conservators, many of which
would arise for all excavated textiles. What interventive action would be most appropriate? Should
mechanical surface cleaning of the object be attempted? What were the brown-coloured particles
64

Until DCAMM conservators confirmed it, there were only suspicions of the presence of textiles, whereas the fruit and
bones were positively identified from the beginning.
65
They did not expect more than one textiles would be present.
66
Such as was the case with the textiles revealed in the Ferres tomb in 1983 (Adrymi-Sysmani 1983).
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adhered to its surface? Should the object be consolidated? While it seemed necessary, due to the
poor mechanical strength of the find, there was no knowing how the fibres would react to
consolidation. And if it were decided to consolidate the find, what would be the most appropriate
medium and method, and what properties might be lost in the process? How should it be stored and
in what conditions? The textiles did not seem to retain their original physical properties (such as
flexibility and mechanical strength). Was that an indication of their chemical integrity having been
lost as well? Was there organic material left, or had the fibres had been totally replaced by copper
oxides? In essence, were they ‘organic textiles’ any longer?
The conservators were also interested in answering questions about the type of preservation and
condition of the textiles. All three textiles had been preserved in association with copper. Yet, textile
Y1 seems to retain a higher degree of flexibility and mechanical strength and certainly retains its
unity better than textiles Y2 and Y3. Would the method of construction (different type of weave) be
responsible for that phenomenon; or the different types of fibres (e.g. cellulosic or proteinaceous); or
the proximity of each textile to the copper vessel? Did the black colour exhibited in several
fragments of textile Y3 mean they were carbonised, hence charred in the pyre? In general, why did
fragments of all three textiles exhibit different colours and how did these correlate to their condition,
if at all?
There were further questions around storage and access for future historical research. How could
access to the find by researchers be allowed without compromising its welfare? Was there a storage
method that would allow physical access to such a fragile object that cannot withstand minimal
handling? If such access was impossible, should the researchers attempt to ‘extract’ all the necessary
information themselves in order to answer the questions raised by the archaeologist?
It was agreed between the professionals involved67 that the conservator should take an intermediary
role (between the archaeologist and the researcher68) in the research collaboration. Conservators
should extract information on the type of preservation and the condition of the object, on the method
of construction, and the type of fibres present, to aid conservation decision making, and inform the
archaeologist and the textile historian. The methods followed to extract this information should be
acceptable by the Heritage Community providing reliable results, while at the same time ensuring
they would cause minimum destruction, if any, to the object. This is entirely consistent with the
aims and objectives of the author’s research, and led to the application of the selected nondestructive, instrumental analytical methods to the Argos case study.

67
68

These were the conservator and the archaeologist.
Up to the time of writing, a researcher was not yet participating in this project, but would do in the future.
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5.6 The Application of Instrumental Analysis to the Argos Textiles
Stereomicroscopy, optical microscopy, ESEM and EDS, XRF, FTIR and Raman microscopy were
applied to the Argos textiles according to the parameters described in Chapter 4 (see Section 4.4).

5.6.1 Sampling
Samples were chosen among the numerous loose, small sized fragments present for each of the three
textiles. In total, nine (9) samples were removed from the find: 1) Y1 brown, 2) Y1 offwhite/greyish, 3) Y2 brown, 4) Y2 green, 5) Y2 off-white/greyish, 6) Y3 brown, 7) Y3 black, 8) Y3
green, and 9) Debris(?). Each of the nine (9) samples was used for all analyses and then returned to
the find intact. Visual observation revealed that some of the other fragments carried evidence of the
method of construction of the textiles. These were studied with the stereomicroscope but not chosen
for further analyses.

5.6.2 Stereomicroscopy
The aim was to record information on the method of construction and yarn making of the three
textiles. Since a stereomicroscope was available at the Museum in Argos, more than the nine
removed samples were examined to provide information on the method of construction of the
textiles.

Method
A NIKON stereomicroscope69 was used to examine the samples (magnification from 6.7 to 45 times
with a 10x eyepiece). No sample preparation was necessary.

Results70
Observations made are presented below together with some images, which were taken71
with different magnifications. In textile Y1, stereomicroscopy clearly showed the method of
construction of the fabric and the yarns (e.g. Fig. 5.10) and also revealed several
technological features, such as selvedges, starting edges and stitching (e.g. Figs 5.11, 5.12,
5.13, 5.14). Starting edge is the end of a woven fabric where weaving has commenced
(Hoffmann 1964: 420). There are two main methods used for starting edges: 1. Weaving,
where the band is first woven and then transferred to the loom when the wefts become the
69

This stereomicroscope belongs to the Argos Archaeological Museum, which kindly gave permission for its use. No
further information on the model is available.
70
All terms used to describe method of construction and yarn making are according to Emery 1994.
71
By the author.
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warps, creating a starting border (Hald 1980: 157-158; Hoffman 1964: 151, 154, 420), and
2. Sewing or other wise attached, where the warps are attached to the loom from the
beginning, creating a heading cord (Hoffmann 1964: 419).

Fig. 5.10 Textile Y1 is a balanced plain-weave fabric (16
warps x16 wefts / cm2) with 2-ply, S-twist warps and wefts
and average yarn diameter 0.8± 0.2mm72. Scale bar 1mm.

Fig. 5.11 A selvedge identified in Y1 (22 warps x
7 wefts / cm2) with 2-ply(?), S-twist warps and
wefts and average yarn diameter 0.8± 0.2mm.
Scale bar 1mm.

Fig. 5.12 A starting edge of Y1 in a plait shape (6
turns/cm). The yarns used are 2-ply(?), S-twist, 1.5±
0.2mm diameter. The weave changes from balanced plainweave to weft-faced plain weave (13 warps x 13 wefts /
cm2) for 1cm width before the plait. Scale bar 1mm.

Fig. 5.13 An example of a Y1 fragment where
stitching holes are clearly evident 6 holes /cm,
1mm hole max diameter). Scale bar 1mm.

Fig. 5.14 Another example of a Y1 fragment
where stitching is shown connecting two
selvedges (stitching thread S-twist, 1± 0.2mm
diameter). This could indicate that narrower
strips of fabric were connected to produce a
larger piece. Scale bar 1mm.

72

The average range was calculated by taking twenty measurements at different areas of Y1 textile.
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In textile Y2, stereomicroscopy revealed information on the fabrication of the yarns but the
magnification afforded in combination with the condition of Y2 was not sufficient for conclusive
results on the type of weave (e.g. Fig. 5.15). It did, however, enable the study of the selvedge of Y2,
which provided information on the method of construction of the textile (e.g. Figs 5.16, 5.17).

Fig. 5.15 Textile Y2 is a very fine fabric of possibly
open plain-weave (16 warps x 48 wefts / cm2). Warps
are single ply, Z-twist yarns with 0.3± 0.1mm
diameter. Wefts are single ply, lightly Z-twist yarns
with 0.1± 0.05mm diameter. Scale bar 1mm.

Fig. 5.16 Textile Y2 has a selvedge (16 warps x 48
wefts / cm2) with single-ply, Z-twist warps (0.4±
0.1mm diameter) and wefts (0.2± 0.1mm diameter).
Scale bar 1mm.

Fig. 5.17 A detail of the edge of Y2 selvedge. The
enlarged image provided by the stereomicroscope
showed that the thinner yarns were looping around
the vertical edge of the selvedge, hence the thinner
yarns were the wefts of Y2. Scale bar 1mm.

In textile Y3, the use of the stereomicroscope revealed information on the construction of the fabric
and yarn-making (e.g. Fig. 5.18) highlighting certain technological features such as starting edges
(e.g. Fig. 5.19). It also provided information on the condition of the textile (e.g. Figs 5.20, 5.21).
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Fig. 5.18 Textile Y3 is a weft-faced plain weave
fabric (7 warps x 27 wefts / cm2) with single ply, Ztwist warps (0.8± 0.1mm diameter) and wefts (0.4±
0.1mm diameter). Scale bar 1mm.

Fig. 5.19 Textile wefts from the starting edge (top
row) and the main body of the textile (bottom row).
Scale bar 10mm.

Fig. 5.20 There was a starting edge identified, where
6 warps are wrapped by a weft (both single ply, Ztwist). The warps have the characteristic green
colour of copper oxidation products, whereas the
wefts have a brown colour. Scale bar 1mm.

Fig. 5.21 Several Y3 fragments are covered with an
approximately 1mm thick layer of tangled, loose
fibres, adhered to both surfaces. Scale bar 1mm.

Conclusions
The stereomicroscope proved to be a useful tool (in general) in helping to reveal information on the
method of construction and yarn making of the Argos textiles (apart from the type of weave of Y2).
It also revealed information on the condition of textile Y3.
Textile Y1 is a balanced plain weave fabric (16 warps x16 wefts / cm2) with 2-ply, S-twist warps
and wefts and average yarn diameter 0.8± 0.2mm. Selvedges (22 warps x 7 wefts / cm2 with 2-ply,
S-twist warps and wefts and average yarn diameter 0.8± 0.2mm) and starting edges (in a plait shape,
6 turns/cm, the yarns used are 2-ply(?), S-twist, 1.5± 0.2mm diameter) have been kept. It is
constructed from more than one narrower pieces of textile, stitched together along their selvedges.
Textile Y2 is a very fine fabric of possibly open plain weave (16 warps x 48 wefts / cm2). Warps are
single ply, Z-twist yarns with 0.3± 0.1mm diameter. Wefts are also single ply, lightly Z-twist yarns
with 0.1± 0.05mm diameter. Selvedges have also been kept (16 warps x 48 wefts / cm2 with singleply, Z-twist warps, 0.4± 0.1mm diameter and wefts, 0.2± 0.1mm diameter).
Textile Y3 is a weft-faced plain weave fabric (7 warps x 27 wefts / cm2) with single ply, Z-twist
warps (0.8± 0.1mm diameter) and wefts (0.4± 0.1mm diameter). The starting edgess have similarly
been kept (6 warps wrapped by a weft, both single ply, Z-twist). No selvedges were identified. The
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warps seemed to be impregnated with copper oxidation products, whereas several Y3 fragments
were masked by tangled, loose fibres.

As discussed in the previous chapter, the application of stereomicroscopy to the treated
reference samples showed that this information was obscured to varying degrees by the
methods of pretreatment, but it was generally still obvious, indicating that stereomicroscopy
would be sufficient to study similar features on excavated specimens (Chapter 4, Section
4.2.1). In the case of the Argos find this assumption was generally proved to be true.

5.6.3 Optical Microscopy
The aim of this examination was to establish whether optical microscopy could provide
information on fibre identification and whether this information was affected by the type of
preservation and condition of the find. Similarly to the reference samples, the procedure
developed should be non-destructive. This meant that fibre samples were not removed, and
that the whole specimen was examined. Reflectance rather than transmission optical
microscopy was used.

Method
The procedure was the same as that given in Chapter 4, Section 4.2.2, for the production of
composite ‘z-stacked’ images.

Results
Perhaps due to the deteriorated state of the specimens together with the magnification
limitation, there was insufficient detail in the images to permit fibre identification in any of
the three textiles. However, the images did provide additional information on the condition
of the find, and suggested that the different colourations of the textiles, seen visually,
corresponded to different types and/or stages of preservation (Figs 5.22-5.29).
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Fig. 5.22 Textile Y1 fibres were so heavily masked by
foreign matter that fibre identification was not
possible. Scale bar 1mm.

Fig. 5.23 The fibres of the white Y1 fragments are
additionally masked by white deposits. Scale bar
1mm.

Fig. 5.24 A view of textile Y2 fibres is generally
obscured by a significant amount of deposits. In cases
where a view of a fibre is afforded (bottom of the
image) the magnification is not enough to enable
identification. Several fibres seemed to have a black
colour. Scale bar 1mm.

Fig. 5.25 Y2 fibres of the green fragments are almost
completely masked by green deposits. Scale bar 1mm.

Fig. 5.26 Y2 fibres of the white fragments are
covered by white crystalline deposits. Scale bar 1mm.

Fig. 5.27 Again, Y3 wefts fibres were obscured by
deposits. Similarly to Y2, they seemed to have a black
colour. It was not possible to get an image of Y3 warp
fibres without damaging the sample. Scale bar 1mm.
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Fig. 5.28 Y3 warp fibres from green coloured
samples seemed to be almost completely covered by
green deposits, similar to Y2 green fragments. The Y3
green sample was thicker than the rest of the samples
so it was not possible to fit it under the 20x objective
in order to get an image of the weft fibres. Scale bar
1mm.

Fig. 5.29 Y3 black weft fibres were less masked by
deposits but their dark colour did not allow
identification. Again, it was not possible to get an
image of the warp fibres without destroying the
sample. Scale bar 1mm.

Conclusions
The type of burial preservation resulted in the formation of a significant amount of deposits
on the fibres, which masked morphological detail almost completely. In the cases where
fibres remained uncoated (Y2, Fig. 5.24 and Y3, Fig. 5.29), both the restricted
magnification, and the dark colour of the fibres, together with their aged state, prevented
elucidation of the fibre morphology. Several samples could not be examined because of
their shape and the working distance restriction of the objective lens. Therefore, the
application of optical microscopy was not successful in fibre identification in this case.
Nevertheless, it afforded information on the characterisation of the condition of all samples
and the type of preservation of the different coloured samples. It revealed that all samples
are almost completely covered by foreign matter deposits and that the green and white
coloured samples are masked and/or impregnated by different deposits.

5.6.4 Environmental Scanning Electron Microscopy (ESEM)
The aim of this examination was to test whether ESEM was able to provide information for fibre
identification and characterisation of the textiles’ condition.
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Method
The instrumentation and operating conditions were the same as those described in Chapter
4, Section 4.2.3. All samples were imaged with a 15keV beam, and at different
magnifications.

Results
ESEM examination provided some indication of the morphology and dimensions of the
fibres of the three textiles (e.g. Figs 5.30, 5.34, 5.36, 5.39). It proved to be more useful in
providing information on the condition of the fibres (e.g. Figs 5.30-5.41) and how they have
been affected by the type of preservation. It also confirmed the view that it was copper
vessel corrosion products, which were deposited on the fibres (e.g. Fig. 5.42), and that the
debris present in large amounts in all three trays mainly consists of fragmented fibres (e.g.
Fig. 5.43).

Fig. 5.30 Scanning electron micrograph of Y1 fibres.
Fibre diameter ranges from 15 to 20µm. There is a
significant amount of deposits masking the
morphology of the fibres. The morphological
characteristics of the unmasked fibres cannot be
identified with certainty.

Fig. 5.31 Y1 fibres imaged in the ESEM. There were
numerous areas identified where the fibres seemed to
have ruptured.

Fig. 5.32 Y1 white fibres imaged in the ESEM. The

Fig. 5.33 Scanning electron micrograph of Y2 fibres.
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fibres seemed to be completely masked by deposits.

They seem to be completely masked by deposits so
that neither their morphological characteristics can
be viewed nor their dimensions measured.

Fig. 5.34 Y2 green fibres imaged in the ESEM.
Although a significant amount of deposits masks the
majority of the sample, there are some fibres free of
deposits, which have an intensely striated surface and
diameter 8-10µm.

Fig. 5.35 Y2 white fibres imaged in the ESEM. The
fibres seemed to be almost completely covered by
crystalline deposits.

Fig. 5.36 Y2 white fibres imaged in the ESEM. Again,
there is a fibre protruding from the degradation
products with pronounced striations along its length
and a seemingly triangular, compact cross-section.

Fig. 5.37 Scanning electron micrograph of the Y3
warp fibres. The fibres seem to have formed a
compact mass. The condition of the fibres did not
allow for their morphology to be viewed or
measurements to be taken.

Fig. 5.38 Y3 warp fibres imaged in the ESEM. It
seemed as though negative casts of the fibres have
formed. However, no characteristic morphological
features were identified in the casts.

Fig. 5.39 Scanning electron micrograph of the Y3
weft fibres. Again, negative casts of the fibres seemed
to have been preserved. A pattern indicative of the
epithelial scales of wool fibres was observed.
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Fig. 5.40 Y3 black weft fibres imaged in the ESEM.
There is evidence of the presence of fibres, but their
morphology is not discernible and measurements
cannot be taken, since the fibres seem to have formed
a compact mass.

Fig. 5.41 Y3 green weft fibres imaged in the ESEM.
They are completely covered by deposits.

Fig. 5.42 Scanning electron micrograph of a metal
particle from the copper funerary vessel. The surface
is covered with granulated formations similar to the
deposits on the textile fibres.

Fig. 5.43 Scanning electron micrograph of debris
collected from the aluminium trays. ESEM
examination revealed that the debris consisted of
fragmented fibres and other particulate matter.

Conclusions
The ESEM was able to provide images that informed fibre identification, but this was nonetheless,
compromised by the condition of the fibres. However, ESEM enabled the examination of the whole
surface of the sample, which identified areas that were not completely masked and/or altered by
deposits. Focusing on these areas provided information on the morphology of the fibres. Textile Y1
fibres are probably cellulosic bast fibres (possibly flax based on diameter measurements of 12µm
approximately), since ESEM examination revealed evidence suggestive of nodular thickening, a
characteristic feature of bast fibres (e.g. Fig. 5.30). Textile Y2 fibres could be raw silk, since they
seemed to have a striated surface and triangular cross-section, characteristics of raw silk fibres (e.g.
Figs 5.35, 5.36). Textile Y3 weft fibres are probably wool, since there was indication of the presence
epithelial scales (e.g. Fig. 5.39), whereas the warp fibres were probably made of a different material
which did not have any characteristic surface pattern (e.g. Fig. 5.38).
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In addition, the ESEM proved particularly valuable for characterising the condition of the textiles
and the fragment of the funerary vessel and in identifying the debris surrounding the find. The fibres
of all three textiles are almost completely masked and/or impregnated by deposits (e.g. Figs. 5.30,
5.32, 5.33, 5.35, 5.37, 5.40, 5.41). Moreover, Y3 fibres seemed to have completely perished and
only negative casts have been preserved (e.g. Figs 5.38, 5.39). The copper from the vessel has
oxidised and textile fibres have adhered to its surface (e.g. Fig. 5.42) and the debris mainly consists
of fragmented fibres (e.g. Fig. 5.43).

5.6.5 Environmental Scanning Electron Microscopy – Energy Dispersive
Spectroscopy (ESEM-EDS)
The aim was to perform qualitative elemental analysis of the samples that would provide
evidence of the type of preservation and/or enhance information for fibre identification.

Method
Details of the methodology are given in section 4.2.4. Three measurements were taken from
different areas of each sample.

Results
The elements detected by ESEM-EDS analysis are shown in Table XI, below.

Table XI The elements detected by ESEM-EDS analysis for the Argos samples.
Sample

Elements detected
(bold=intense signal)

Y1 textile

C, O, Al, Si, Ca, Fe, Cu

Y1 white textile

C, O, Al, Si, Ca, Fe, Cu

Y2 textile

C, O, Al, Si, Ca, Fe, Cu

Y2 green textile

C, O, Al, Si, Cu

Y2 white textile

C, O, Al, Si, Ca, Cu

Y3 textile warp

C, O, Al, Si, Ca, Fe, Cu

Y3 textile weft

C, O, Al, Si, S, Ca, Fe, Cu
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Y3 black textile

C, O, Al, Si, Ca, Fe, Cu

Y3 green textile

C, O, Al, Si, Ca, Fe, Cu

Vessel fragment

C, O, Al, Fe, Cu

Debris

C, O, Al, Si, P, Ca, Fe, Cu

Textile fragments Y1 and Y1 white gave similar X-ray spectra (e.g. Fig. 5.44). The calcium signal,
showing that Y1 textile was masked and/or impregnated by calcium. The bones of the deceased,
which were in contact with textile Y1, could be a possible source of calcium, although phosphorus
(an element expected in bones – Cronyn 1990: 275) was not detected in Y1. Copper was detected,
but its signal was not intense, suggesting that Y1 textile was more affected by the calcium source
than the vessel. Textile Y2, Y2 green and Y2 white gave different spectra (e.g. Fig. 5.45). Copper
gave an intense signal in the case of the former two samples, but was only detected in trace amounts
in the latter. Instead, calcium gave an intense signal in that sample. These results suggest that textile
Y2 was closer to the copper vessel than textile Y1. Textile Y3 (warp and weft), Y3 black and Y3
green gave similar spectra. The copper signal was intense in all samples (e.g. Fig. 5.46), suggesting
that textile Y3 was more in contact with the copper vessel than the other two textiles. Sulfur was
detected in the Y3 weft sample (e.g. Fig. 5.47), suggesting the presence of wool fibres. Carbon and
oxygen were detected in all textile samples, indicating the preservation of a detectable amount of
organic matter within the fibres (e.g. Figs 5.44, 5.45, 5.46). Iron was also detected in all textile
samples (e.g. Figs 5.44, 5.45, 5.46), suggesting they had been affected by the iron pins sealing the
vessel, and explaining the presence of the negative casts observed in textile Y3 by ESEM analysis.
Aluminium and silicon were also detected in all textile samples (e.g. Figs 5.44, 5.45, 5.46),
indicating the presence of soil particles on the textile fibres, as both elements are common soil
components. Copper and oxygen were mainly detected at the vessel fragment, as expected (e.g. Fig.
5.48). Aluminium and silicon were also detected in the debris sample, along with carbon, oxygen,
calcium and phosphorus (e.g. Fig. 5.49), suggesting that the debris consisted of soil, fragmented
fibres and bone particles.
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Fig. 5.44 EDS X-ray spectrum of Y1 (top) and Y1 white (bottom) fibres. The elements detected were copper,
possibly from the copper vessel; calcium, possibly from the bones present in the burial; iron, which could also
be from the funerary vessel; and aluminium and silicon, from the debris. Carbon and oxygen were also
detected, which could be an indication that some fibres retained their organic composition. The X-ray energy
scale is in keV.
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Fig. 5.45 EDS X-ray spectrum of Y2 (top), Y2 green (middle) and Y2 white (bottom) fibres. For Y2: copper
and iron were detected, suggesting the presence of both metals at the funerary vessel. For Y2 green: copper
was mainly detected. For Y2 white: calcium was mainly detected. Carbon, oxygen, aluminium and silicon
were detected in all three samples. The X-ray energy scale is in keV.
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Fig. 5.46 EDS X-ray spectrum of Y3 warp (top), Y3 black warp (middle) and Y3 green warp (bottom) fibres.
Copper and iron were detected, suggesting the presence of both metals at the funerary vessel. Carbon, oxygen,
aluminium and silicon were detected in all three samples. The X-ray energy scale is in keV.

185

Fig. 5.47 EDS X-ray spectrum of Y3 weft fibres. In general, the same elements as in the case of Y3 warp fibres
were present (copper, iron, carbon, oxygen, aluminium and silicon). However, sulfur was also detected, which
could be indicative of wool fibres. The X-ray energy scale is in keV.

Fig. 5.48 EDS X-ray spectrum of the vessel fragment. Copper, and oxygen were mainly detected. The X-ray
energy scale is in keV.
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Fig. 5.49 EDS X-ray spectrum of the debris. Phosphorus and calcium were mainly detected, indicating that
bone fragments are present in the debris. Carbon was also detected indicating the presence of fibres in the
debris. Finally, aluminium, silicon and iron were detected, suggesting the presence of soil in the debris and
the presence of iron in the find. The X-ray energy scale is in keV.

Conclusions
EDS analysis clearly showed the elements deposited on the surface of the samples (aluminium,
silicon, calcium, iron and copper). It showed that the different colours corresponded to different
concentrations of elements present (e.g. copper for the green and calcium for the white samples).
The localised analysis seemed to aid fibre identification. The sulfur detected inside the negative
casts of Y3 weft fibres is consistent with their assignment as wool fibres. Sulfur could, of course,
arise from a source of contamination, nevertheless, it was only detected in the Y3 weft fibres and in
no other fibres or the debris. The results also provided information on the different metals present in
the find (copper and iron), which probably explains the condition of the fibres (e.g. the presence of
negative casts, which are usually associated with iron).

5.6.6 X-Ray Fluorescence Spectroscopy (XRF)
As with EDS analysis, the objective of this examination was also to confirm the type of
preservation and enhance fibre identification by qualitative elemental analysis of the
samples.

Method
The protocol for XRF spectroscopy with the handheld spectrometer was similar to that for
the reference samples (Chapter 4, Section 4.2.5). The Argos textile samples were placed on
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the window of the instrument, and each one analysed for 60 s73. The debris and vessel
fragment samples were analysed on the laboratory bench. Similarly to the reference
samples, the spectral counts for each element were ratioed to that of rhodium in every
spectrum, in an attempt to normalise the data.

Results
Some calcium is present in all samples, though the values are notably high in the Y1 and Y2 white
fragments, confirming the EDS results that the white colouration corresponds to impregnation and/or
masking by calcium salts (Fig. 5.50). The phosphorus levels detected in the Argos samples by XRF
analysis were insignificant.

Fig. 5.50 Normalised calcium spectral counts for the various Argos samples.

Iron is also present in all samples, consistent with its presence in the funerary vessel, and further
indicating the preservation of the Argos specimens was also affected by that metal (Fig. 5.51).

73

Analysis was performed with Naomi Luxford, PhD student, The Textile Conservation Centre, University of
Southampton, for Health & Safety reasons.

188

Fig. 5.51 Normalised iron spectral counts for the Argos samples.

High amounts of copper are present in all samples, especially Y2 and Y3, consistent with their
preservation by copper impregnation and mineralisation (Fig. 5.52). Both white samples of Y1 and
Y2 appeared to have a lower copper content. This could be a result of subsequent masking of copper
impregnated fibres by calcium deposits, or inhibition of copper ingress by an adventitious calcium
deposit.

Fig. 5.52 Normalised copper spectral counts for the Argos samples.
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Conclusions
The outcomes for XRF were again very similar to those for EDS. XRF provided
information on the type of preservation and the composition of the debris and the funerary
vessel. However, it was unable to confirm fibre identification of the Y3 weft fibres (which
could possibly be wool fibres as ESEM indicated). This could be in part because a larger
area analysis was performed (so that a lower sulfur count would be expected), but more
likely relates to the altered autogain due to the high copper content, such that signals at low
energy were of much reduced intensity. Nevertheless, given the portability of XRF and the
similarity of the data from ESEM-EDS, the XRF technique seems very attractive.
Numerous areas of the Argos find could have been analysed without having to remove
samples. While the restrictions of the data processing software were evident in cases where
high amounts of an element were present, the problem could perhaps be resolved by
carrying out analyses for light and heavy elements separately.

5.6.7 Fourier Transform Infrared Microspectroscopy (FTIR)
The aim of this examination was to see whether FTIR could be used to detect any remaining
organic residues within the fibres and provide information on identity.

Method
Reflectance microspectroscopy was performed as detailed in Chapter 4, Section 4.2.6. Ten
different areas of each sample were analysed (five for the warps/elements in one direction
and five for the wefts/elements in different direction). Since these replicate spectra were
similar they were synthesised to give an overall average for the warps and wefts of each
sample. Grams AI v8 software was used to process the spectra.

Results
Illustrative examples of FTIR spectra arepresented below. Textile Y1 warp and weft fibres
gave similar spectra (Fig. 5.53), characteristic of an organic material. Comparison of Y1
spectra with those of the references suggests a plant fibre (Fig. 5.54), the signature peaks of
cellulose were evident, although somewhat shifted towards the higher end of the spectrum
(i.e. 2927 cm-1, 1657 cm-1, 1162 cm-1 and 1124 cm-1). While there was still evidence of
organic material in the spectrum of the white Y1 specimen, this also gave additional peaks
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(Fig. 5.55) which could be assigned to calcium carbonate (2550 cm-1, 1800 cm-1, 1400 cm1 74

) . There was no evidence for calcium phosphate. While not conclusive, the fibre category,

i.e. cellulosic as opposed to proteinaceous, still seemed to be apparent from the spectrum of
the coated fibre.

Fig. 5.53 FTIR
microscope
reflectance spectra of
Y1 (top) and Y1 white
(bottom).

Fig. 5.54 FTIR
microscope
reflectance spectra
of Y1 (top), copper
oxohydroxide treated
flax (middle) and
‘fresh’ flax75
(bottom).

74

75

http://aic.stanford.edu/sg/bpg/annual/v08/bp08-01.html, (30 November 2008).

FTIR analyses of all cellulosic reference samples gave almost identical spectra, hence one fibre type (in this
case flax) was sufficient for comparison purposes.
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Fig. 5.55 FTIR
microscope reflectance
spectra of Y1 white.

Y2 warp and weft fibres gave almost identical spectra, which were more suggestive of
proteinaceous than cellulosic fibres (Fig. 5.56). Although tentative, identification as silk
seems the more likely than wool as there are peaks in common with the copper
oxohydroxide treated silk spectrum (1663 cm-1, and 1260 cm-1), The spectrum of the Y2
white specimen again indicated that the coating was calcium carbonate (Fig. 5.57). The
sample Y2 green gave a distinct spectrum from that of the vessel corrosion fragment (Fig.
5.58). The latter may include basic copper carbonate (e.g. peaks around 1100 cm-1, 14001600 cm-1, 3300-3400 cm-1)76. Although the spectra of Y2 white and Y2 green are both
suggestive of the presence of organic material, tentative categorisation as proteinaceous can
only be made for the white specimen (Fig. 5.59).

76

http://journals.iucr.org/s/issues/2002/04/00/hi0106/hi0106.pdf (30 November 2008).
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Fig. 5.56 FTIR
microscope reflectance
spectra of Y2 (top),
copper oxohydroxide
silk (middle) and
copper oxohydroxide
wool 1 (bottom).

Fig. 5.57 FTIR
microscope reflectance
spectrum of Y2 white.
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Fig. 5.58 FTIR
microscope
reflectance spectra
of Y2 green (top)
and the vessel
fragment (bottom).

Fig. 5.59 FTIR
microscope
reflectance spectra
of Y2 green (top),
Y2 white (middle)
and ‘fresh’ silk
(bottom).

Once again, the warps and wefts of textile Y3 gave very similar spectra; the spectrum for
the black sample was also much the same. The patterns are once again indicative of
proteinaceous rather than cellulosic fibres, although the distinction between silk and wool is
not clear (Fig. 5.60). The spectrum of Y3 green was similar to that of Y2 green, and distinct
from the cleaner spectrum of the uncoated fibre (Fig. 5.61); once again fibre categorisation
(cellulosic or proteinaceous) was too uncertain.
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Fig. 5.60 FTIR
microscope reflectance
spectra of Y3 (top),
‘fresh’ silk (middle)
and ‘fresh’ wool
(bottom).

Fig. 5.61 FTIR
microscope reflectance
spectra of Y3 (top) and
Y3 green (bottom).

Conclusions
FTIR was able to provide some indication of the identity of the fibres. Although the results
were not conclusive, they are nonetheless valuable from a conservation viewpoint, since
they were indicative that organic matter was still present within the fibres. While
categorisation as cellulosic or proteinaceous fibres seemed possible more specific
assignments remain tentative. Mineral inclusions and coatings made such identification
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more difficult, and in the case of the green copper containing samples impossible. Better
spectral interpretation will require a more comprehensive library of spectra, particularly
including a set of aged references.
On their own the spectra may not be informative as far as suggesting the method of
preservation, but when coupled with visual clues and the results from other analyses more
detailed conclusions may be drawn. While the nature of the copper compounds that
impregnate the Argos textiles is still unclear, FTIR suggests that the white deposits are
carbonates.

5.6.8 Raman Microspectroscopy
The aim was to test the potential of Raman microspectroscopy for fibre identification and
for the characterisation of the type of preservation of the Argos specimens. Due to time and
accessibility constraints not all samples were tested.

Method
As with the reference samples, a Perkin Elmer Raman Station 400F, using the 785nm laser
beam, with laser spot diameter 100µm, was used for the analyses. The laser power was set
at 10% to reduce burning and fluorescence and spectra were acquired for 10 scans. No prior
photobleaching was undertaken in order to reduce the risk of damaging the samples. Grams
AI v8 software was used to process the spectra. Textile Y1, Y1 white, Y2 and Y3 samples
were tested.

Results
While the signal-noise ratio is rather poor for all the spectra two broad features are evident
in Y1, Y2 and Y3 (Fig. 5.62) at around 1350 and 1580 cm-1. These are also evident in the
spectrum of the soil sample and are characteristic of graphite. Note that for the soil sample
an additional intense peak is evident at 1084 cm-1, which can be assigned to a carbonate
vibration, from a calcitic or aragonitic mineral. The extra weaker bands at 705 and 202 cm-1
are indicative of aragonite (Edwards et al. 2005). The Y1 white sample gave similar spectra
to the other textile samples (Fig. 5.63).
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Fig. 5.62 Raman
spectra of Y1 (top), Y2
(second from top), Y3
(third from top) and
debris (bottom)
samples.

Fig. 5.63 Raman
spectrum of the Y1 white
sample.

Conclusions
The Raman spectra were generally poorer than the FTIR, hence did not provide any
information for fibre identification. Nevertheless, these spectra were more informative in
assigning the mineral type for the white coated specimen.
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Chapter Conclusion
The application of stereomicroscopy was useful in identifying the method of construction of the
three textiles and their yarns. Textile Y1 is a balanced plain-weave fabric (16 warps x 16 wefts /
cm2) with 2-ply, S-twist warps and wefts and average yarn diameter 0.6mm-1mm. Selvedges and
starting edges have been retained. It is constructed from more than one narrower pieces of textile,
stitched together along their selvedges. Textile Y2 is a very fine fabric of open plain-weave (?) (16
warps x 48 wefts / cm2). Warps are single ply, Z-twist yarns with 0.3mm diameter. Wefts are also
single ply, lightly Z-twist yarns with 0.1mm diameter. Selvedges have also been retained. Textile Y3
is a weft-faced plain-weave fabric (7 warps x 27 wefts / cm2) with single ply, Z-twist warps (0.8mm
diameter) and wefts (0.4mm diameter). There was evidence of starting edges, but no selvedges were
identified.

Although the application of optical microscopy showed promising results when applied to
the reference samples, it gave inconclusive fibre identification results for the Argos textiles.
The fibres were masked and/or impregnated by degradation products to such an extent that
their morphological characteristics were not visible at the magnification afforded by this
optical microscope. Nevertheless, it provided some indication on the condition of the
samples, as it showed that the different coloured samples were masked/impregnated by
different deposits.
The ESEM provided much higher magnification and allowed examination of the whole
surface of the samples. It therefore, provided some indication on fibre identification and
much information on the characterisation of the condition of the fibres. Textile Y1 is
possibly made of a cellulosic, probably bast fibres, textile Y2 could be made of wild silk
fibres, and textile Y3 was possibly made of cellulosic warps and wool wefts. A more
comprehensive reference collection would be necessary for conclusive fibre identification.
Similarly to the optical microscope, it revealed differences in the condition of the different
coloured samples. The high magnification afforded showed differences in the formation of
the white to the green and brown-coloured deposits.
The outcomes of ESEM-EDS and XRF were consistent and characterised the type of
preservation. Both techniques showed that iron along with copper was responsible for the
preservation of the Argos find. ESEM-EDS and XRF further elucidated the fact that the
differences in colour exhibited in the Argos textiles corresponded to differences in the
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method of preservation (e.g. white colour to calcium masking and/or impregnation and
green colour to copper masking and/or impregnation).
FTIR microscopy provided information on the characterisation of the condition of the
textiles by indicating that they were heavily masked and/or impregnated by degradation
products but there were organic remains still present. It showed that the white and green
deposits contained calcium and copper carbonate, respectively. Fibre identification results
were again inconclusive, yet consistent with the ESEM results, thus complementing fibre
identification conclusions. Raman microscopy did not allow fibre identification but offered
information on the type of preservation of the specimens, which was consistent with that
afforded by the FTIR.
In general, the results from all techniques were consistent since the optical microscope and
the ESEM both showed the different colours in the samples corresponded to differences in
the type of preservation. ESEM-EDS, XRF, FTIR and Raman results confirmed and
identified these differences. ESEM, ESEM-EDS, and FTIR indicated there was organic
matter remaining within the fibres. ESEM and FTIR gave consistent fibre identification
results. Consistency was very important since no one technique was sufficient to provide
reliable results, especially as far as fibre identification was concerned. For example, ESEM
analysis indicated textile Y1 was made of cellulosic, probably bast fibres, which was further
suggested by FTIR analysis. Similarly, ESEM revealed a pattern reminiscent of wool
epithelial scales in Y3 weft fibres, which was consistent with the detection of sulfur by
ESEM-EDS analysis.
It would be interesting at this point to use the information drawn from these analyses, to
better illustrate the way the Argos textiles had been placed in the funerary vessel. A
significant number of Y3 fragments are green coloured, which as analysis showed, means
that they are impregnated/masked by copper degradation products. In addition, Y3 fibres
seemed to be mainly preserved as negative casts. Iron, which was present in the vessel, is
generally responsible for the creation of negative casts of textile fibres. These results
indicate that Y3 was the textile most likely to have been in direct contact with the degrading
metals of the funerary vessel, and therefore it is reasonable to deduce it must have been the
textile laid at the bottom of the copper vessel.
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The main mass of Y1 consists of multiple layered folds of cloth, which also contain the fruit
offered and the bones of the deceased. There are very few Y1 fragments impregnated with
green copper degradation products, hence this textile must have not been in direct contact
with the funerary copper vessel. On the other hand there are several Y1 fragments with the
white colour, which corresponds to the presence of calcium. Therefore, Y1 is most likely to
have been the textile used to wrap the both the deceased’s bones remaining from the pyre
and the fruit offered at its funeral, and then placed on Y3, though it is perhaps surprising
that the deposit appears to be a carbonate salt rather than a phosphate.
Y2 single layer fragments were detected adhered to the top surface of the Y1 unified mass.
On the other hand, three-dimensional Y2 fragments, consisting of multiple single layers,
have been found around the edges of the Y1 unified mass. The bottom side of several of
them had a bright green colour, indicative of impregnation hence direct contact, with the
copper corrosion products. Several Y2 fragments had white colour, indicative of calcium.
Therefore, the fine, semi-transparent Y2 textile, may have been laid on top of Y1 to cover it,
the remaining width, gathered around the edges of the folded Y1, coming in contact with the
sides of the copper funerary vessel.
Although the quality of these analytical results might be hindered by the poor condition of
the specimen and/or a limited reference library, the combination of the results from all
techniques applied revealed information on the Argos find that should be useful both to the
conservator and the archaeologist and textile historian.
Argos was the main case study of this research. It was chosen for three reasons: 1) it has
been preserved in association with copper, which is the most representative type of
preservation of textiles excavated in Greece; 2) it is a find with more than one textiles
present, hence probably different types of fibres; 3) and, it comes from an ongoing
excavation, which facilitated interaction between the professionals involved.
Interactive collaboration enabled the formation of the specific questions to be answered by
instrumental analysis and an agreement on the kind of analysis chosen, which led to the
selection of the methods of instrumental analysis to be tested. Applying the selected
techniques according to the parameters set in the previous chapter, revealed information on
the condition of the textiles, which would be useful to the conservator; on the way the
textiles had been placed in the burial, which would be of interest to the archaeologist; and
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on material identification, which would be important for the textile researcher. In other
words, the application of instrumental analysis to the Argos textiles revealed crucial
information for the preservation of the physical integrity of the object and the information
contained within it, which as discussed in Chapter 1, is the purpose of conservation.
However, results on fibre identification were not conclusive, and this inconclusiveness
could be attributed to the type of preservation (in association with copper), hence two
additional case studies, representative of different types of preservation were also included
in this research; or the condition of the Argos textiles, hence a third case study of a textile
find preserved in association with copper, but in this case in an oxygen deprived
environment (in a sealed and undisturbed copper vessel) was also included77. An account of
the application of the selected techniques on the three additional case studies along with the
results reached and conclusions drawn is reported in the following chapter.

77

The absence of oxygen may be responsible for the better preservation of organic materials (Cronyn 1990: 24).
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Chapter 6
Three Further Case Studies
The overall objective of this research was to develop guidelines for the instrumental analysis of
textiles excavated in Greece, towards informed conservation. To fulfill this brief appropriately, it
was considered necessary to investigate finds representative of the variety of preservation types, as
described in Chapter 1. This led to the selection of the three further case studies, which are reported
in this chapter. Similarly to the Argos case study, in each case object records were produced,
facilitating the identification of sampling areas. As far as defining construction and characterisation
of the type of preservation, the application of instrumental techniques was again successful.
However, the outcomes of fibre identification results were variable and depended upon the type of
preservation and consequently the condition of the find.

6.1 Selecting Three Further Case Studies
The Argos case study showed that extracting information on the condition, method of construction
and fibre identity would be necessary in order to inform the conservation of the find. Analytical
results on the Argos find were conclusive as far as characterisation of the condition and
identification of the method of construction were concerned. However, results were inconclusive for
fibre identification and there are two possible reasons for this outcome. The first is the lack of a
comprehensive reference collection, which would need to be amassed over a longer time. The
second reason, could be the type of preservation of the find, which greatly affects its condition. As
far as developing guidelines for the instrumental analysis of textiles excavated in Greece, it is
therefore essential to consider finds representative of the three other preservation types revealed by
the initial research. The three further finds investigated were: the Theva textiles, preserved by
incomplete burning (charring); the Kalyvia textile, preserved by impregnation with calcium salts;
and the Nikaia textiles, preserved in association with copper in combination with elimination of
oxygen.

The Argos case study was useful in demonstrating the importance of collaboration between the
professionals involved. Such interaction was necessary in formulating the questions, which were to
be answered by the application of instrumental analysis. It also facilitated access to the find, and in
relation to answering the questions, the selection of the most appropriate specimens. The three new
case studies offered different situations, as far as collaboration and access were concerned, as all the
finds were excavated sometime ago.
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6.2 The Theva Case Study
This find had been preserved by incomplete burning (charring). Unlimited access to the find was
available but there was no collaboration between the conservator and the archaeologist in charge.

6.2.1 The Name ‘Theva’
This find also took its reference name from the place it was excavated. Theva, also known as
Thebes, is a city situated to the north of the Cithaeron range, which divides Boeotia from Attica
(Fig. 6.1). In ancient times it was the largest city of the region of Boeotia and the modern city still
contains the Cadmea (ancient citadel). In Greek mythology, Cadmea was founded by Cadmus, the
son of the king of the Phoenician city of Tyre, when he went to Greece in search of his sister Europe
who had been abducted by Zeus. Similarly according to Greek mythology, Theva was the birthplace
of Hercules. Excavations showed that the city was first inhabited in the 3rd millennium BC
(Symeonoglou 1985: 14). Linear B tablets of the Mycenaean period have been one of the most
important finds (Pomeroy et al. 1999: 21). It was one of the first fortified cities and major military
forces in Greece (Pomeroy et al. 1999: 127). Its rivalry with the city of Athens lead Theva not to
participate in the Persian Wars, and Athens to conquer Theva right after the victory against the
Persians in 479BC. Theva regained its power with the help of the Spartans during the Peloponnesian
War by 400BC (Pomeroy et al. 1999: 3185, 296, 319). In 335BC it was conquered and completely
destroyed by Alexander the Great and rebuilt in 315BC (Pomeroy et al. 1999: 388-389). Theva was
powerful again during the Byzantine period as it became a prosperous silk production and textile
dyeing centre (Symeonoglou 1985: 157). The modern city of Theva is built on the same location as
the ancient one.
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Fig. 6.1 Map of Greece showing the location of the city of Theva.

6.2.2 The Excavation and Current Condition of the Theva Textile Find
At the time when this research project commenced the location of the Theva find was unknown. The
only evidence of its existence was found in documents at DCAMM’s General Archive. Information
in these documents was used to trace back the history of the find, since it was excavated. In summer
1985, the Θ’ (Theta) Ephorate of Prehistoric and Classical Antiquities (responsible for all
Prehistoric and Classical monuments and/or finds of the city of Theva) conducted a rescue
excavation at St. George’s square, located at the city centre. Ms Betty Stasinopoulou was the
archaeologist in charge of the excavation. When the excavators reached the Mycenaean period
stratum, they found it was undisturbed78. Continuing the excavation through that stratum, they came
across the Theva textiles. At that point they sent a TELEX79 to DCAMM asking for a conservator to
organise the lifting of the find. DCAMM responded by sending a team of three headed by the
conservator Mr Tasos Margaritof. The find was lifted and transferred to the Archaeological Museum

78
79

Dating of the Theva find to the Mycenaean period was based on that evidence.
DCAMM General Archive Φ23/10-9-85.
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of Theva (AMT). Six months later, in December 1985, the Θ’ (Theta) EPCA sent a telegram80 to
DCAMM, asking for the find to be transferred to DCAMM’s laboratories because the conditions at
the AMT were ‘inappropriate and dangerous to the preservation of the find’. The last document81 in
DCAMM’s General Archive about the Theva find is the approval of the Hellenic Ministry of
Culture for the Theva textile find to be transferred from AMT to DCAMM. This transfer apparently
took place, and the find remained with the Department when this was transferred to its current
location in 1989.
In January 2007, Mr Margaritof and his main assistant82 Mr Iakovos Michaelides, were contacted by
the author, and both remembered the find. Mr Margaritof recalled that there were two textiles
present ‘one finer and another much coarser’83 and that both had been preserved by ‘burning without
fire’. Mr Michaelides kindly offered to help the author locate the find within DCAMM’s building.
Two blocks of soil containing the textiles (as well as charred wood fragments, bones, ceramic
fragments and a piece of flooring) had been lifted from the excavation, placed in wooden frames,
and the soil secured in place with gauze strips and plaster of Paris. Both frames were located at
DCAMM, with several textile fragments lying loose on the blocks of soil. The frames were
transferred to the Organic Excavated Finds Laboratory DCAMM. At that point the Θ’ (Theta) EPCA
was notified about the Theva find and asked about their intentions.
In March 2008, Ms Athina Papadaki, a recently appointed archaeologist at the Θ’ (Theta) EPCA,
responded to the inquiry, communicating the Θ’ (Theta) EPCA’s wish that DCAMM should prepare
the Theva find for exhibition at the refurbished Galleries of AMT. In May 2008, initial observations
on the application of FTIR microscopy to the Theva find and other case textiles excavated in Greece
was presented at the 10th Jubilee North European Symposium of Archaeological Textiles (NESAT
X) organised by the Centre for Textile Research (CTR) in Copenhagen (see Appendix F). The Theva
find caught the interest of textile historians at the CTR84. Although a collaborative venture has now
been established, involving the conservator, the archaeologist and the textile historian (CTR), this
commenced after the completion of the analytical work described below. For the purpose of this
research project, therefore, the Theva case study is considered to represent one for which access to
the find was unlimited, but there was no inter-professional discourse.
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DCAMM General Archive Φ23/61073/1101/16-12-85.
DCAMM General Archive Φ23/18/14-1-86.
82
Both now retired.
83
Personal communication with Mr Margaritof on 3rd January 2007.
84
Since CTR is conducting extensive research on European textiles of the period of the Theva textiles.
81
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6.2.3

Documentation of the Theva Textiles

Visual examination revealed two different textiles based on weave analysis. They were given the
numbers Y1 and Y2.
Number: Y1 and Y2
Type: Excavated textiles
Date: 13th century BC
Date of Excavation: 1985
Archaeologist in Charge: Ms Betty Stasinopoulou
Attribution: Unknown
Provenance: Theva, Greece
Present Location: Directorate of Conservation of Ancient and Modern Monuments
Brief description: Y1: black coloured fragments of various dimensions
Y2: also black coloured fragments of various dimensions
Dimensions: Y1: 3x3x1 mm (min), 100x70x10mm (max)
Y2: 3x2x1mm (min), 60x50x50mm (max)
Method of Construction: Unknown 85
Type of Fibre: Y1, Y2: Unknown
Decoration: Y1, Y2: none evident
Type of Preservation: Y1, Y2: Preserved by incomplete burning (charring).
Condition on Receipt86: Y1, Y2: The condition of the find had remained unchanged since it was
excavated. Textiles, charred wood, ceramic fragments, bones and a piece of flooring were still in the
blocks of soil, supported by gauze strips secured in place with plaster of Paris, as they were lifted
from the excavation. Each block was resting in a wooden frame, one covered with polythene

85
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As in March 2008, when this object record was prepared.
How the object arrived to the conservator/author.
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stretched over a second wooden frame, the other covered with bubble-wrap (Fig 6.2). The three
wooden frames had been broken.
Condition87: Y1, Y2: Both textiles had been preserved in fragments. They retained no flexibility, and
withstood minimum handling without breakage or fibre loss, but with severe distortion of their
construction, because of the small size and rigidity of the threads. The colour of all fragments was
black.

Fig. 6.2 The Theva textiles still remained in the block of
soil, as they were lifted from the excavation. Scale bar
100mm.

6.2.4 The Application of Instrumental Analysis to the Theva Case Study
Stereomicroscopy, optical microscopy, ESEM-EDS, XRF, FTIR and Raman microscopy were
applied to the Theva case study according to the parameters set by the reference samples and
confirmed by the Argos case study.

6.2.4.1

Sampling

Samples of each textile were taken from amongst the fragments for non-invasive analysis. Two
further samples were also removed, of debris and plaster of Paris. Each of the various samples was
subjected to the analyses and then returned to the find intact.

6.2.4.2

Stereomicroscopy

The aim of this examination was to extract information on the method of construction and yarn
making of the two textiles. Although access to the whole of the find was available, there were no
fragments identified with characteristic technological features (such as selvedges).

87

The physical and chemical properties of the textiles as these were assessed by visual examination.
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Method
An OLYMPUS SZ61 stereomicroscope88 was used to examine the textile fragments (magnification
from 6.7 to 45 times with a 10x eyepiece). More than one sample of each textile was examined to
provide comprehensive views of the methods of construction.

Results89
Observations made are presented below together with some images, which were taken with different
magnifications.
For both textiles, stereomicroscopy clearly showed the method of construction of the fabric and the
yarns and also revealed information on their state, such as partial masking of the fibres by white
deposits (e.g. Figs 6.3, 6.4).

Fig. 6.3 Textile Y1 is an open balanced plain weave
fabric (12 warps x12 wefts / cm2) with S-medium twist
(approx. 20° twist angle), 2-ply of several loose Ztwist (approx. 10° twist angle) warps (vertical). The
wefts (horizontal) are less twisted. Average yarn
diameter 0.4± 0.1mm. Scale bar 1mm.

Fig. 6.4 Textile Y2 is an open balanced plain weave
fabric (17 warps x17 wefts / cm2) with single-ply, Stwist warps and wefts and average yarn diameter
0.2± 0.1mm. Scale bar 1mm.

Conclusions
The application of stereomicroscopy was successful in revealing the information on the method of
construction and yarn-making of the Theva textiles. Textile Y1 is an open balanced plain weave
fabric (12 warps x12 wefts / cm2) with S-twist (approx. 20 degrees twist angle) 2-ply of loose Ztwist (approx. 10 degrees twist angle), warps and wefts and average yarn diameter 0.4± 0.1mm. The
wefts are more loosely twisted than the warps. Textile Y2 is an open balanced plain weave fabric

88

This stereomicroscope belongs to the Metals Conservation Laboratory / DCAMM which kindly gave permission for its
use.
89
All terms used to describe method of construction and yarn making are according to Emery 1994.
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(17 warps x17 wefts / cm2) with single-ply, S-twist warps and wefts and average yarn diameter 0.2±
0.1mm. No selvedges and/or starting edges were detected in any of the fragments examined.
The weave was distorted in the majority of the fragments, possibly as result of its nature (open
weave) and the type of preservation (charring). In addition, the majority of the fragments consisted
of multiple overlapping textile layers. Due to the fragile condition of the find, it was not possible to
isolate single layers without damaging them. A better study of the construction technology was
possible when isolated layer fragments were studied, which may not have been identified if access to
the whole find was not allowed.

6.2.4.3

Optical Microscopy

The aim of this examination was to test whether it aided fibre identification and how this might have
been affected by the type of preservation. Similar to the Argos case study, the prerequisite for ‘nondestructiveness’ meant that no fibres were removed from the specimens.

Method
The procedure was the same as that given in Chapter 4, Section 4.2.2, for the production of
composite ‘z-stacked’ images.

Results
The fibres in both textiles appeared to have a smooth surface and cylindrical shape, both features
indicative of cellulosic bast fibres (e.g. Figs 6.5, 6.6). In addition, there were other morphological
features discerned, indicative of nodal thickening, again suggesting cellulosic bast fibres. However,
higher magnification would be necessary for the results to be confirmed.
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Fig. 6.5 Y1 warp yarn under the optical microscope.
The smooth surface and cylindrical shape indicates
the presence of cellulosic bast fibres. Scale bar 1mm.

Fig. 6.6 Y2 warp and weft yarns under the optical
microscope. The smooth surface and cylindrical
shape indicates the presence of cellulosic bast fibres.
Scale bar 1mm.

Conclusions
The optical microscope was successful in providing an indication as to the identity of the fibres in
both textiles, as cellulosic bast fibres, although higher magnification would be necessary to confirm
the results.

6.2.4.4

Environmental Scanning Electron Microscopy (ESEM)

The aim was to test whether ESEM would provide information on fibre identification and
characterisation of the condition of the fibres.

Method
The instrument and procedure used were the same as those described in Chapter 4, Section 4.2.3. All
samples were imaged with a 15keV beam, and at different magnifications.

Results
ESEM examination provided very clear information on fibre morphology and also allowed width
measurements to be made. The fibres of both textiles were very similar (e.g. Fig. 6.7). Fortuitously,
it was possible to get images of the cross-sections of the fibres, which were equally similar (e.g. Fig.
6.8), and further confirmed fibre identification. ESEM also proved useful in providing information
on the condition of the fibres and the effects of charring (e.g. Fig. 6.9). It showed too that the soil
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did not contain fragmented fibres (e.g. Fig. 6.10). The plaster of Paris had a distinctive crystalline
structure (e.g. Fig. 6.11).

Fig. 6.7 Scanning electron micrograph of textile Y1
fibres. Fibre diameter ranges from 7 to 20µm. The
fibres have a smooth surface, cylindrical shape and
the characteristic nodal thickening of cellulosic bast
fibres.

Fig. 6.8 Y1 fibres in cross-section imaged in the
ESEM. The fibres appeared to occur in bundles, each
with a polygonal cross-section, narrow lumen and
thick cell walls, characteristic features of bast fibres.

Fig. 6.9 Y1 fibres imaged in the ESEM. Fibres were
dotted with particles deposited on their surface.
Transverse cracks run across them.

Fig. 6.10 Soil sample imaged in the ESEM. It does
not contain fibre fragments.

Fig. 6.11 Plaster of Paris fragment imaged in the
ESEM. The plaster of Paris has a distinct crystalline
microstructure.
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Conclusions
The ESEM gave clear results on fibre identification, since the morphology of the fibres was not
compromised by their condition nor the type of preservation. Both Y1 and Y2 textiles are were made
of cellulosic bast fibres. The diameters and cross-section of the fibres (see Figs 6.7, 6.8) are
suggestive of flax fibres. Fibre identification was further confirmed by the observation of the crosssections of the fibres, which was achieved due to the fact that the ESEM enabled examination of the
whole surface of the sample. The technique also proved valuable in characterising the condition of
the fibres, by revealing cracks and deposits. It also provided information on other material present in
the find (such as the soil and plaster of Paris).

6.2.4.5

Environmental Scanning Electron Microscopy-Energy Dispersive
Spectroscopy (ESEM-EDS)

The aim was to perform qualitative elemental analysis of the samples that would provide evidence
of the type of preservation and/or enhance information on fibre identification.

Method
Details of the methodology are given in section 4.2.4. Three measurements were taken from
different areas of each sample.

Results
The following results are for spot analysis on bare fibre and on particles and not for areas including
both. The elements detected are shown in Table XII.

Table XII The elements detected by ESEM-EDS analysis for the Theva samples.

Sample

Elements detected
(bold=intense signal)

Y1 textile

C, O, Al, Si, Ca

Y2 textile

C, O, Al, Si, Ca

Soil

C, O, Al, Si, Ca

Plaster of Paris

C, O, Al, Si, S, Ca
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In general, the EDS X-ray spectra of fibres from both textiles were similar (e.g. Fig. 6.12). The
deposits on the surface of the fibres seem to originate mainly from the soil (e.g. Fig. 6.13). Plaster of
Paris is a calcium sulfate, and no sulfur was detected in the fibres (e.g. Fig. 6.14). A full set of
spectra is included in Appendix D. A significant amount of calcium was detected in the textile
fibres, but no sulfur, to indicate that the plaster of Paris was the source of the calcium in the fibres.
In addition, as presented in Chapter 4 (see Figs 4.29, 4.30), calcium was also detected in both the
fresh and charred flax reference samples. This suggests that calcium is probably an element within
plant fibres detectable by ESEM-EDS, which was also reported by Sibley and Jakes (1986: 261).

Fig. 6.12 EDS X-ray spectrum of Y1 fibres. The elements detected were organic fibre (C, O) and soil (Al, Si,
Ca) associated. The X-ray energy scale is in keV.

Fig. 6.13 EDS X-ray spectrum of the soil. Aluminum and silicon were the main elements detected consistent
with the presence of aluminosilicates. The X-ray energy scale is in keV.
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Fig. 6.14 EDS X-ray spectrum of the plaster of Paris confirmed it is calcium sulfate. The X-ray energy scale is
in keV.

Conclusions
EDS analysis showed a high amount of carbon in the fibres, which may be suggestive of the type of
preservation, but it could be confused with any organic remains within the fibres. Comparison with
the elemental composition of potential candidates, allowed identification of the source of
particulates adhered to the fibres. The lack of sulfur in the fibres was also consistent with the bast
fibre categorisation, as opposed to wool.

6.2.4.6

X-Ray Fluorescence Spectroscopy (XRF)

As with EDS analysis, the objective of this examination was also to confirm the type of preservation
and enhance fibre identification by qualitative elemental analysis of the samples.

Method
The method followed for XRF spectroscopy was the same as that for the reference samples (Chapter
4, Section 4.2.5). The textile specimens were placed on the window of the instrument, and each one
analysed for 60 s 90. The soil and plaster of Paris samples were analysed on the laboratory bench.
Similarly to the reference and Argos samples, the spectral counts for each element were ratioed to
that of rhodium for every spectrum, in an attempt to normalise the data.

90

Analysis was performed with Naomi Luxford, PhD student, The Textile Conservation Centre, University of
Southampton, for Health & Safety reasons.
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Results
The main element detected was calcium (Fig. 6.15). Calcium was also detected in both the fresh and
charred plant fibres (see Fig. 4.38). Similar to ESEM-EDS analysis, it is suggestive of the presence
of calcium, in detectable amounts, within plant fibres, as also reported by Sibley and Jakes (1986:
261). Iron and other elements associated with soil particulates were also detected.

Fig. 6.15 Normalised spectral counts of the elements present in the Theva textiles.

Calcium and sulfur were detected in the plaster of Paris fragment, whereas calcium and iron were
dominant and there was but little sulfur evident in the spectrum of the soil sample (Fig. 6.16).

Fig. 6.16 Normalised spectral counts of the elements present in the plaster of Paris and soil samples.
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Conclusions
Again the outcomes of XRF were similar to EDS. In contrast to the EDS, the elemental information
cannot be specified to, for example, the surface of the fibre or a specific particle on it, since XRF
can only analyse a larger area (a few hundred µm), hence analysis cannot be focused on specific
particles. The sulfur peak detected in the Theva textiles was similar to that of the charred flax
reference sample, whereas the one detected at the charred wool specimen was double in intensity
(see Figs 6.15, 4.41). This further confirmed the categorisation of the Theva textiles as cellulosic
rather than proteinaceous. In addition, the Ca/S count ratios for the Theva textiles (Y1 44.5, Y2
41.1), suggest that the calcium in the Theva fibres is not associated with the calcium sulfate
(Ca/S=14.5) of the plaster of Paris, showing that the textiles are not contaminated by the method
used for lifting at the excavation. Thus, XRF analysis provided information on their condition.

6.2.4.7

Fourier Transform Infrared Microspectroscopy (FTIR)

The aim of this examination was to see whether FTIR could detect any remaining organic matter,
identify the fibres, and characterise their condition.

Method
FTIR microspectroscopy in reflectance mode was used as presented in Chapter 4, Section 4.2.6. Five
replicate analyses of the samples were synthesised to give an average spectrum. Grams AI v8
software was used to process the spectra.

Results
The warps and wefts of both textiles gave similar spectra (e.g. Fig. 6.17). There were no distinctive
bands indicative of organic material 91 (Fig. 6.18). The spectra indicated that the textiles were
contaminated by the soil (Fig. 6.19) since they showed similar peaks at 1650 cm-1 and 1400 cm-1, but
not by the plaster of Paris (Fig. 6.20).

91

i.e. cellulose or protein

216

Fig. 6.17 FTIR microscope
reflectance spectra of Y1
warp (top) and Y1 weft
(bottom).

Fig. 6.18 FTIR microscope
reflectance spectra of Y1, 2
(top), charred flax (middle)
and charred wool 1 (bottom).
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Fig. 6.19 FTIR microscope
reflectance spectra of Y1, 2
(top) and soil (bottom).

Fig. 6.20 FTIR microscope
reflectance spectra of Y1, 2
(top) and plaster of Paris
(bottom).

Conclusions
FTIR analyses did not enable fibre identification or help further characterise the type of preservation
of the samples. Comparison with a more comprehensive graded set of carbonised samples might
permit definitive conclusions.

6.2.4.8

Raman Microspectroscopy

Similarly to FTIR analysis, the aim was to test the potential of Raman microspectroscopy in fibre
identification and in the characterisation of the condition and the type of preservation of the
specimens. Due to time and accessibility constraints only the Y1 sample was tested.
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Method
The protocol followed was the same as the one described in Chapter 4, Section 4.2.7. The laser
power was set at 10% to reduce burning and fluorescence and spectra were acquired for 10 scans.
There was no prior photobleaching to reduce the risk of damaging the samples. Grams AI v8
software was used to process the spectra.

Results
Y1 gave some small peaks above a broad background, but these were not characteristic of a natural
fibre spectrum (Fig. 6.21).

Fig. 6.21 Raman spectrum of
Y1 sample.

Conclusions
As was the case with FTIR, Raman analysis using a 785nm laser beam, did not seem to be able to
provide information on fibre identification and characterisation of the type of preservation of the
Theva textiles.

Case Study Conclusions
Textile Y1 is an open balanced plain-weave fabric (12 warps x 12 wefts / cm2) with S-twist (approx.
30 degrees twist angle) 2-ply, loosely Z-twist (approx. 15 degrees twist angle) warps and wefts and
average yarn diameter 0.3-0.5mm. Textile Y2 is an open balanced plain-weave fabric (17 warps x 17
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wefts / cm2) with single-ply, S-twist warps and wefts and average yarn diameter 0.2-0.3mm.
Morphological analysis showed that the textiles are made of cellulosic bast fibres, possibly flax. The
fact that the type of preservation of the Theva textiles is not masking the fibres by deposits is
probably responsible for these results. The results of elemental analysis (ESEM-EDS and XRF)
were consistent. Calcium was detected in areas of the fibres where there were no particulates on the
surface; as the reference samples and the literature (Sibley and Jakes 1986: 261) showed, calcium is
a component of plant fibres. EDS analysis showed a high amount of carbon in the fibres, which may
be suggestive of the type of preservation (charring), but it could be confused with any organic
remains within the fibres. ESEM-EDS, XRF and FTIR analyses also showed that the textiles had not
been contaminated by the material (plaster of Paris) used to lift the find from the excavation.

6.3 The Kalyvia Case Study
This find has been preserved in association with calcium salts. The find has already been conserved
and its method of construction and identity reported following visual and SEM investigation
(Spantidaki and Moulhérat 2003: 2-4). Although access to the find and collaboration were limited, it
provided a valuable example of the preservation type.

6.3.1 The Name ‘Kalyvia’
This find also took its reference name from the place it was excavated. Kalyvia Thorikou is a
suburban town in the southeast of Attica (Fig. 6.22). Excavations showed that the area has been
inhabited from the 6th millennium BC until today. It reached its acme in the Archaic and Classical
periods (7th to 5th centuries BC) (Kalyviaonline 2008). The modern town of Kalyvia Thorikou is
built on the same location.
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Fig. 6.22 Map of Attica, Greece, showing the location of Kalyvia Thorikou.

6.3.2 The Excavation and Current Condition of the Kalyvia Textile Find
Nowadays, the Prehistoric and Classical antiquities of the town of Kalyvia Thorikou come under the
auspices of the B’ (Beta) Ephorate of Prehistoric and Classical Antiquities. In 1999, during a rescue
excavation run by the B’ (Beta) EPCA, Mr Alkiviades Tsaravopoulos archaeologist in charge,
brought to light part of a Classical cemetery (5th century BC). Among the finds was a closed marble
box with a ceramic urn inside. The urn had a lid and contained the remains of the bones of a man, a
woman and a child. A wreath of dried flowers, which did not survive, had been placed on top of the
bones. The textile was folded around the lid and upper sides of the ceramic urn 92, while a small
number of fragments were found lying at the bottom of the marble box.
The find was transferred to the Archaeological Museum of Piraeus (AMP) to be conserved and
stored93. The textile fragments were consolidated by impregnation with a solution of 5% polyvinyl
acetate (Mowilith 50)94 in ethanol95. The majority of the fragments were placed in two wooden
boxes, separated in compartments, lined with an undyed cellulosic coarse fabric, and protected by
glass sliding covers. The rest of the fragments remained attached to the ceramic urn and the bottom
of the marble box.
At the same time, sampling permission was given for fibre and dye analysis and access granted to a
textile specialist for analysis of the method of construction. Scanning electron microscopy of the
92

Personal communication with the archaeologist in charge Mr A. Tsaravopoulos on 24 June 2006.
DCAMM General Archive Φ16/3765/604/23-06-99.
94
Conservation Resources 2008.
95
DCAMM General Archive Φ16/702/3-2-05.
93
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fibres indicated that the warp fibres were flax96. Identification of the weft fibres was not possible
because they were heavily masked by deposits97. The dye was identified by High Performance
Liquid Chromatography to be murex purple (porphyra)98. The fabric was determined to be of open,
weft-faced plain-weave with around three times more wefts (60-100/cm2, 0.12mm diameter) than
warps (approximately 25/cm2, 0.05mm diameter) per cm2. The Kalyvia textile was possibly woven
on an upright warp-weighted loom. This deduction was based on the starting edge detected, where
two single-ply, S-twist yarns of average 0.3mm diameter, had been spun together (Z-twist) to secure
the warps on the loom, one warp secured at every twist of the yarns. The murex purple dye was
identified only on the wefts, not on the warps, indicating the decoration of the Kalyvia textile with
purple coloured stripes was executed during weaving. The purple coloured stripe consisted of seven
(7) rows of purple dyed wefts, beginning right under the twisted starting edge99.

6.3.3

Documentation of the Kalyvia Textile

Visual examination 100 revealed one textile was present at the Kalyvia find. This was given the
number Y1.

Number: Y1
Type: Excavated textile
Date: 5th century BC
Date of Excavation: 1999
Archaeologist in Charge: Mr Alkiviades Tsaravopoulos
Attribution: Funerary textile
Provenance: Kalyvia Thorikou, Attica, Greece
Present Location: Archaeological Museum of Piraeus
Brief description: Numerous fragments of white coloured textile. All fragments consist of folded
successive layers.
Dimensions: fragments from 5x4x3cm to 2x2x0.5mm approximately
Method of Construction: Plain weave, 22 warps x 80 wefts / cm2 approximately.
96

Moulhérat and Spantidaki 2007: 164; Spantidaki and Moulhérat 2003: 4.
See previous footnote.
98
See footnote no. 11.
99
Spantidaki 2004: 71-72.
100
Conducted by the author on 2 November 2006 at the Archaeological Museum of Piraeus.
97
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Type of Fibre: Warps flax 101, wefts unknown

Decoration: Dyed in strips with murex purple (porphyra), the part of the textile stretched across the
ceramic urn lid is dotted with holes of 1mm diameter approximately, but no pattern evidence was
detected.
Type of Preservation: Preserved on a ceramic urn inside a marble vessel hence, in association with
calcium salts (Fig. 6.23).
Condition on Receipt: The textile fragments had been conserved by consolidation (impregnation
with a polyvinyl acetate - Mowilith 50 – 5% in ethanol). Several fragments had been used to test the
consolidants. One untreated fragment, that was not used in the tests, was given to the author for
analyses.
Condition: The textile had been preserved in fragments folded in multiple, successive layers. Both
the consolidated and unconsolidated ones retained no flexibility, and did not withstand minimum
handling without breakage and with fibre loss. The colour of all fragments is off-white to light
brown (apart from the porphyra dyed areas which are purple). They are kept in two wooden boxes,
lined with a cellulosic fabric and sealed with glass sliding lids (Fig. 6.24).

Fig. 6.23 The Kalyvia textile had been preserved on a
ceramic urn inside a marble vessel. Scale 150mm.

101

Fig. 6.24 The Kalyvia textile fragments are kept in
two wooden boxes with transparent glass lids. Scale
150mm.

Spantidaki and Moulhérat 2003: 4.
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6.3.4 The Application of Instrumental Analysis to the Kalyvia Case Study
Stereomicroscopy, ESEM-EDS, XRF, FTIR and Raman microscopy were applied to the Kalyvia
case study according to the parameters set in Chapter 4 and tested in Chapter 5.

6.3.4.1

Sampling

The fragment that had not been consolidated was used as a sample for all analyses.

6.3.4.2

Stereomicroscopy

The aim of this examination was to test whether the stereomicroscope could give information on the
fabrication of the textile and the yarns.

Method
A LEICA MZ95 stereomicroscope102 with a LEICA DC300 digital camera attached was used to
examine the sample (magnification from 6.3 to 60 with a 10x eyepiece). No sample preparation was
necessary.

Results103
Observations made are presented below together with some images, which were taken with different
magnifications.
Stereomicroscopy clearly showed the method of construction of the fabric and the yarns (Fig. 6.25)
and also revealed information on the condition of the fibres, such as the white crystalline deposits
(Fig. 6.26).

102

This stereomicroscope belongs to the British School of Archaeology at Athens, which kindly gave permission for its
use.
103
All terms used to describe method of construction and yarn making are according to Emery 1994.
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Fig. 6.25 It is an open plain weave fabric (22 warps x
80 wefts / cm2) with single-ply, tight Z-twist (approx.
30° twist angle) warps with average yarn diameter
0.10± 0.2mm, and single-ply, lightly Z-twist (?) wefts
with average yarn diameter 0.4± 0.1mm. Scale bar
1mm.

Fig. 6.26 Higher magnification (60 times) revealed
that the yarns were covered with white crystalline
deposits. Scale bar 1mm.

Conclusions
The stereomicroscope was successful in providing information on the fabrication of the textile and
the yarns. The Kalyvia textile is an open plain weave fabric (22 warps x 80 wefts / cm2) with singleply, tight Z-twist (approx. 30° twist angle) warps with average yarn diameter 0.10± 0.2mm, and
single-ply, lightly Z-twist (?) wefts with average yarn diameter 0.4± 0.1mm.The higher
magnification afforded with this stereomicroscope (60 times), compared to that of the other
stereomicroscopes used in this research (47 times), enabled a clear view of the deposits present on
the sample, aiding characterisation of its condition.

6.3.4.3

Optical Microscopy

The aim of this examination was to test whether the optical microscope provided information on
fibre identification and how this information might have been affected by the type of preservation.
The fragment was examined as a whole, and the optical microscope used in reflectance mode.

Method
The method followed was the same as for the reference samples (Chapter 4, Section 4.2.2).
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Results
The fibres were completely masked by white crystalline deposits, hence fibre identification was not
possible (Fig. 6.27).

Fig. 6.27 The Kalyvia sample under the optical
microscope. The fibres were so heavily masked by
deposits that their morphological characteristics
were not visible. Scale bar 1mm.

Conclusions
Similar to the Argos textiles, the type of preservation resulted in masking the fibres, so that their
morphological characteristics (if retained) were not visible. As far as characterisation of the
condition is concerned, this examination confirmed the findings of the stereomicroscope, but added
no further useful information, other than that the fibres are completely masked by the white
crystalline deposits.

6.3.4.4

Environmental Scanning Electron Microscopy (ESEM)

The aim was to test whether the ESEM provided information on fibre identification and
characterisation of the condition.

Method
The procedure followed was similar to that described in Chapter 4, Section 4.2.3. The sample was
imaged with a 15keV beam, and at different magnifications.

Results
Even the high magnification of the ESEM (e.g. Figs 6.28, 6.29) did not enable identification of the
fibres, since these were completely covered by deposits. Measurements of fibre diameters could also
not be reliable. The cross-section of the fibre seems to be circular with a circular lumen (Fig. 6.27),
but the deposits might have altered the appearance of the cross-section.
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Fig. 6.28 Scanning electron micrograph of the
Kalyvia sample. The fibres have homogenised to a
compact mass by the deposits.

Fig. 6.29 The Kalyvia sample imaged in the ESEM.
The cross-section detected is not indicative of a
specific type of fibres.

Conclusions
The poor state of preservation of the fibres meant that the ESEM was not able to offer information
on fibre identification, or additional information on the characterisation of the condition.

6.3.4.5

Environmental Scanning Electron Microscopy-Energy Dispersive
Spectroscopy (ESEM-EDS)

The aim was to perform qualitative elemental analysis of the sample that would provide evidence of
the type of preservation and/or enhance information on fibre identification.

Method
The instrumentation and protocol used were similar to that described in Chapter 4, Section 4.2.4.

Results
Both the warp and weft fibres gave similar EDS X-ray spectra (e.g. Fig. 6.30). Several elements
were detected, but calcium seemed to be a major component of the masking material.
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Fig. 6.30 EDS X-ray spectrum of the warp fibres completely masked by deposits. The main element detected
was calcium, which is probably the main component of the white deposits, and also sodium, magnesium,
aluminium, silicon, sulfur and iron, which are possibly debris contaminants. Carbon was also detected,
suggesting that there was organic matter left in the fibre. The X-ray energy scale is in keV.

Conclusions
ESEM-EDS provided indicative information on the type of preservation by detecting calcium as the
main element present in the masking products. It did not provide any information on fibre
identification.

6.3.4.6

X-Ray Fluorescence Spectroscopy (XRF)

As with EDS analysis, the objective of this examination was also to confirm the type of preservation
and enhance fibre identification by qualitative elemental analysis of the samples.

Method
The portable XRF spectrometer as described in Chapter 4, section 4.2.5 was used for the analysis.
The textile sample was placed on the window of the instrument, and analysed for 60 s 104. Similarly
to the reference samples, the spectral counts for each element were ratioed to that of rhodium, in an
attempt to normalise the data.

Results
A high amount of calcium seemed to be present in the samples, copper and iron were also detected,
as well as a small amount of sulfur. However the relative amount of sulfur suggests that the deposit
is not calcium sulfate, nor is it calcium phosphate (Fig. 6.31).
104

Analysis was performed with Naomi Luxford, PhD student, The Textile Conservation Centre, University of
Southampton, for Health & Safety reasons.
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Fig. 6.31 Normalised element spectral counts for the Kalyvia textile.

Conclusions
XRF analysis revealed information on the condition of the textile, showing that the white deposit
that masked the fibres contained calcium. It did not provide information on fibre identity.

6.3.4.7

Fourier Transform Infrared Microspectroscopy (FTIR)

The aim of this examination was to see whether FTIR enabled fibre identification and subsequently
whether it could detect any remaining organic residues within the fibres, thus affording
characterisation of their condition.

Method
The method used was similar to that described in Chapter 4, Section 4.2.6. Ten different areas of the
sample were analysed (five for the warps and five for the wefts). Since these spectra were consistent
the Grams AI v8 software was used to synthesise them in order to give an average one.

Results
The warps and wefts of the Kalyvia textile gave very similar spectra (Fig. 6.32). Although both
spectra showed many signature peaks, none was suggestive of those of natural fibres (Fig. 6.33), nor
of the calcium phosphate spectrum (Fig. 6.34).
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Fig. 6.32 FTIR microscope
reflectance spectra of the
warp (top) and weft fibres
(bottom).

Fig. 6.33 FTIR microscope
reflectance spectra of the
Kalyvia textile (top), the
calcium phosphate treated
flax (first from the top), the
calcium phosphate treated
silk (second from the top),
and the calcium phosphate
treated wool 1 (bottom).
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Fig. 6.34 FTIR microscope
reflectance spectra of the
Kalyvia textile (top) and the
calcium phosphate reference
sample (bottom).

Conclusions
FTIR microspectroscopy did not provide any information on fibre identification or the condition.

6.3.4.8

Raman Microspectroscopy

There was insufficient sample for Raman analysis to be performed.

Case Study Conclusions
The textile is an open plain-weave fabric (22 warps x 80 wefts / cm2) with single-ply, Z-twist
(approx. 35 degrees twist angle) warps with average yarn diameter 0.10-0.12mm, and single-ply,
lightly Z-twist (?) wefts with average yarn diameter 0.03mm-0.05mm. None of the methods applied
was able to reveal information on the identity of the fibres. ESEM-EDS and XRF showed that the
fibres are completely masked by calcareous deposits, which are not calcium sulfate, nor calcium
phosphate.
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6.4

The Nikaia Case Study

This find had been preserved in association with copper in combination with oxygen elimination. It
presented the opportunity of collaborating with the archaeologist in charge but access to the find was
limited.

6.4.1

The Name ‘Nikaia’

This find also took its reference name from the place it was excavated. Nikaia is a municipality of
the city of Piraeus, the port of Athens and main port of Greece (Fig. 6.35). Piraeus has been
inhabited since the 3rd millennium BC but reached its peak after 493BC when Themistocles, an
Athenian general appreciated the strategic importance and built large fortification works turning
Piraeus into a military port (Whitehead 1986: 394). A move that proved to be wise during the
Persian Wars, after which Piraeus became a thriving port and city (Pomeroy et al. 1999: 185, 290).
After Athens’ defeat at the Peloponnesian War, Piraeus city was conquered by the Spartans
(404BC) and later by Alexander the Great (Pomeroy et al. 1999: 3, 9). Piraeus fell into decline under
the Romans, but was reused as a port by the Ottomans, to become the main port of the Greek state in
1834. The modern city of Piraeus is built on the same location as the ancient one.

Fig. 6.35 Map of Attica, Greece, showing the location of Nikaia.

6.4.2 The Excavation and Current Condition of the Nikaia Textile Find
At the time when this research project commenced the location of the Nikaia find was not known.
The only evidence of its existence was found in documents at DCAMM’s General Archive.
Information in these documents was used to trace back the history of the find, since it was
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excavated. In 1983, the B’ (Beta) Ephorate of Prehistoric and Classical Antiquities105 (responsible
for all Prehistoric and Classical monuments and/or finds of the city of Piraeus) conducted a rescue
excavation at a part of Thevon Avenue, located at the Nikaia area. Ms Elena Papastavrou was the
archaeologist in charge of the excavation. The excavation brought to light part of a Classical (5th
century BC) cemetery. Among the finds retrieved, was a copper funerary vessel containing the
Nikaia textiles. Neither the B’ (Beta) EPCA nor DCAMM had conservation laboratories at that time,
therefore both the funerary vessel and its contents were transferred to the Conservation Laboratory
for Copper Artefacts at the National Archaeological Museum (NAM) at Athens. In December 1983,
the B’ (Beta) EPCA sent a document106 to NAM, inquiring about progress of the conservation of the
Nikaia textiles. In July 1994, Ms Papastavrou, the archaeologist in charge of the Nikaia excavation,
sent a document 107 to DCAMM, asking for their help with appointing a specialist conservator for the
Nikaia textiles, since NAM lacked such personnel.
In 2006, NAM was contacted by the author about the whereabouts of the find. According to their
records, the copper vessel had been conserved and returned to the Archaeological Museum of
Piraeus (AMP) in 1994, but no reference to the vessel’s contents was found. Along with the help of
Ms Papastavrou, the find was relocated in NAM’s storage. Mr Margaritof, the conservator
responsible for lifting the Theva find, was also responsible for lifting this find from the excavation,
therefore he was also contacted. His recollection that the Nikaia find carried evidence of stitching in
an ‘apparently repeated pattern’108 was of crucial importance in relocating the find.

6.4.3

Documentation of the Nikaia Textiles

Visual examination revealed three different textiles present at the Nikaia find, based on weave
analysis. They were given the numbers Y1, Y2 and Y3.
Number: Y1, Y2 and Y3
Type: Excavated textiles
Date: 5th century BC
Date of Excavation: 1984
Archaeologist in Charge: Ms Elena Papastavrou
Attribution: Funerary textiles from a pyre burial

105

Nowadays, Piraeus belongs to the KΣT’ (Kappa Sigma Taf) EPCA, created in the 1990’s, caring exclusively for
Prehistoric and Classical Antiquities found within the city of Piraeus.
106
DCAMM General Archive Φ16/1099/21-12-83.
107
DCAMM General Archive Φ16/1213/2-8-94.
108
Personal communication with Mr Margaritof on 3rd January 2007.
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Provenance: Nikaia, Piraeus, Greece
Present Location: National Archaeological Museum (Athens)
Brief description: Y1, Y2, Y3: A unified mass of light brown coloured textiles folded together
around the remains of the deceased’s bones.
Dimensions: Y1, Y2, Y3: 24x16x4cm (maximum of the unified mass)
Method of Construction: Unknown 109
Type of Fibre: Y1, Y2, Y3: Unknown
Decoration: Y1, Y3: none
Y2: Embroidered (?). Y2 was studded with a repeated pattern of holes in a circular shape (floral?)
that could be indicative of embroidery, where the embroidery thread(s) had not survived. Diameter
of the holes was approximately 3mm; diameter of the circular form approximately 10mm.
Type of Preservation: Y1, Y2, Y3: Preserved in a sealed copper vessel hence, in association with
copper in combination with oxygen elimination.
Condition: Y1, Y2, Y3: The textiles had retained their unity and only a small number of fragments
were present. They retained a substantial amount of flexibility, whereby folded parts could be
unfolded without breakage and the textiles handled without breakage and fibre loss. There was
limited amount of debris on the textiles and inside the container.
Method of Storage110: Y1, Y2, Y3: The condition of the find had remained unchanged since it was
removed from the copper vessel. The unified textile mass has been turned upside down (the side in
contact with the bottom of the vessel was on top). It was kept inside the lid of a cardboard box, lined
with tissue paper, supported by a wooden tray (Fig. 6.36).

Fig. 6.36 The Nikaia textiles were kept in a cardboard box
lined with tissue paper. Scale bar 100mm.

109
110

As in June 2008, when this object record was prepared.
Up to the time of writing of this thesis.
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6.4.4 The Application of Instrumental Analysis to the Nikaia Case Study
Stereomicroscopy, optical microscopy, ESEM-EDS, XRF, FTIR and Raman microscopy were
applied to the Nikaia case study according to the parameters tested in the Argos case study.

6.4.4.1

Sampling

Textile samples were chosen among the fragments of the three textiles and the copper vessel. In
total, five samples were removed: 1) Y1, 2) Y2, 3) Y3, 4) Debris and 5) Copper from the vessel.
Each of the five samples was used for all analyses and then returned to the find intact. Visual
observation revealed evidence of the method of construction and type of decoration on the textiles
(such as selvedges and embroidery (?) holes). It was decided not to remove samples from these
areas, as this would be destructive to the object. These areas were not studied with the
stereomicroscope, since it was not available at the location where the find was kept.

6.4.4.2

Stereomicroscopy

The aim of this examination was to test whether the stereomicroscope provided information on the
fabrication of the three textiles and the yarns.

Method
An OLYMPUS SZ61 stereomicroscope111 was used to examine the textile samples (magnification
range from 6.7 to 45 with a 10x eyepiece). No sample preparation was necessary.

Results112
Observations made are presented below together with some images, which were taken with the
highest magnification (45 times).
In all three textiles, stereomicroscopy clearly showed the method of construction of the fabric and
the yarns (Figs 6.37, 6.38, 6.39). It also showed that fibres were not masked by degradation
products.

111

This stereomicroscope belongs to the Metals Conservation Laboratory / DCAMM which kindly gave permission for its
use.
112
All terms used to describe method of construction and yarn making are according to Emery 1994.
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Fig. 6.37 Textile Y1 is a plain open weave fabric (15
warps x 15 wefts / cm2) with single-ply, tight Z-twist
(approx. 30° twist angle) warps and wefts and
average yarn diameter 0.2± 0.1mm. Scale bar 1mm.

Fig. 6.38 Textile Y2 is a plain open weave fabric (25
warps x 25 wefts / cm2) with single-ply, tight Z-twist
(approx. 35° twist angle) warps and wefts and
average yarn diameter 0.08± 0.03mm. Scale bar
1mm.

Fig. 6.39 Textile Y3 is a plain open weave fabric (22
warps x 22 wefts / cm2) with single-ply, tight Z-twist
(approx. 30° twist angle) warps and wefts and
average yarn diameter 0.1± 0.1mm. Scale bar 1mm.

Conclusions
The stereomicroscope was successful in providing information on the weave and the yarns. Textile
Y1 is a plain open weave fabric (15 warps x 15 wefts / cm2) with single-ply, tight Z-twist (approx.
30° twist angle) warps and wefts and average yarn diameter 0.2± 0.1mm. Textile Y2 is a plain open
weave fabric (25 warps x 25 wefts / cm2) with single-ply, tight Z-twist (approx. 35° twist angle)
warps and wefts and average yarn diameter 0.08± 0.03mm. Textile Y3 is a plain open weave fabric
(22 warps x 22 wefts / cm2) with single-ply, tight Z-twist (approx. 30° twist angle) warps and wefts
and average yarn diameter 0.1± 0.1mm.
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Additional technological characteristics (such as selvedges and embroidered(?) decoration),
identified by visual observation were not studied, since the application of stereomicroscopy was
limited to the samples collected. The magnified images of the fibres suggested that they were not
masked by deposits.

6.4.4.3

Optical Microscopy

The aim of this examination was to test whether optical microscopy could provide information on
fibre identification and whether this information was affected by the type of preservation and
condition of the find. Again, the procedure adopted was non-destructive.

Method
A procedure similar to that described in Chapter 4, Section 4.2.2, was used to produce composite ‘zstacked’ images in which only the in-focus parts of each image were added together.

Results
In contrast to the stereomicroscope, the increased magnification achieved with the optical
microscope (200 times) revealed that the fibres of the three textiles had significant amounts of
adhering deposits, although they were not completely masked. However, the magnification afforded
was not sufficient for fibre identification (Figs 6.40, 6.41, 6.42).

Fig. 6.40 Examination of textile Y1 with the optical
microscope revealed that the fibres were masked by a
significant amount of deposits. Scale bar 1mm.

Fig. 6.41 Similarly, examination of textile Y2 with the
optical microscope revealed that the fibres were
masked by a significant amount of deposits. Scale bar
1mm.
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Fig. 6.42 Again, the textile Y3 fibres seemed to be
masked by a significant amount of deposits when
examined with the optical microscope. Scale bar
1mm.

Conclusions
The higher magnification afforded revealed information on the condition of the fibres, but did not
allow identification, which could perhaps be achieved if even higher magnification were available.

6.4.4.4

Environmental Scanning Electron Microscopy (ESEM)

The aim of this examination was to see whether the ESEM provided information on fibre
identification and characterisation of the condition.

Method
The instrument and method shown in Chapter 4, Section 4.2.3 was used for the analysis. All samples
were imaged with a 15keV beam, and at different magnifications.

Results
ESEM analysis provided clear views of the morphology of the fibres of the three textiles both along
the longitudinal and cross-sectional axes (e.g. Figs 6.43-6.46). It also allowed for accurate
measurements of the fibres (e.g. Figs 6.47-6.49). It revealed information on the condition of the
fibres (e.g. Figs 6.50) and the formation of deposits (e.g. Fig. 6.51). It also showed that the debris
consisted of particulate matter and fragmented fibres (e.g. Fig. 6.52) and that fibres were attached to
the fragment from the funerary vessel examined (e.g. Fig. 6.53).
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Fig. 6.43 Scanning electron micrograph of Y1 fibres.
They have smooth surfaces, cylindrical shape and
exhibit nodular thickening across their length, all of
which are characteristics of cellulosic bast fibres.

Fig. 6.44 Y2 fibres at the ESEM. Their surface was
ribbed.

Fig. 6.45 Y2 fibres at the ESEM. The cross-sections
of the fibres showed thick cell-walls and medium
sized lumen, possibly indicative of cellulosic bast
fibres.

Fig. 6.46 Y3 fibres at the ESEM. The fibres seemed to
occur in bundles, which is a feature characteristic of
cellulosic bast fibres.

Fig. 6.47 Scanning electron micrograph of Y1 fibres.
Their diameters range from 10 to 20µm and nodular
thickening occurs every 40µm.

Fig. 6.48 Y2 fibres at the ESEM. Their diameters
range from 15 to 20µm.
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Fig. 6.49 Y3 fibres at the ESEM. Their diameters
range again from 7 to 20µm and nodular thickening
occurs every 60µm.

Fig. 6.50 Scanning electron micrograph of Y2 fibres.
Fibres exhibited ‘bursts’ along their length, similar to
those detected in the Argos Y1 textile.

Fig. 6.51 Y1 fibres at the ESEM. The deposits were
mainly concentrated on the outer surface of the
yarns. The inner fibres of the twisted yarn still
retained their morphological characteristics.

Fig. 6.52 Scanning electron micrograph of the debris
sample showed it consists mainly of particulate
matter (soil? Museum dust?), and fractured yarns.

Fig. 6.53 Scanning electron micrograph of the vessel
fragment showed that textile fibres were attached to
it.
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Conclusions
The ESEM revealed useful information on fibre identification, showing that in cases where
excavated fibres are not masked by deposits, the magnification afforded by the ESEM enables
morphological identification and accurate measurements of their diameters, allowing categorisation
as cellulosic bast fibres. Also in this case the ESEM proved very useful in the characterisation of the
condition of the fibres, providing information on how they had been affected by the type of
preservation. It also identified the nature of the debris collected and showed that textile fibres were
still attached to the fragment that had collapsed from the vessel.

6.4.4.5

Environmental Scanning Electron Microscopy-Energy Dispersive
Spectroscopy (ESEM-EDS)

The aim was to perform qualitative elemental analysis of the samples that would provide evidence
of the type of preservation.

Method
The method followed was similar to the one presented in Chapter 4, Section 4.2.4. Three
measurements were taken from different areas of each sample, to detect any differences between
areas with different amounts of deposits.

Results
The elements detected are shown in Table XIII, below.

Table XIII The elements detected by ESEM-EDS analysis for the Nikaia samples.

Sample

Elements detected
(bold=intense signal)

Y1 textile deposits

C, O, Al, Si, P, S, Ca, Fe, Cu

Y1 textile

C, O, Al, Si, P, S, Ca, Fe, Cu

Y2 textile

C, O, Al, Si, P, S, Ca, Fe, Cu

Y3 textile

C, O, Al, Si, P, S, Ca, Fe, Cu

Vessel fragment

C, O, Al, Cl, Cu

Debris

C, O, Al, Si, Ca, Cu
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The EDS X-ray spectra from clean areas and those masked with deposits showed distinct differences
(e.g. Fig. 6.54), suggesting the fibres were not heavily impregnated by inorganic matter. In general,
the spectra of all three textiles indicated they were organic and only slightly impregnated by copper
compounds (e.g. Fig. 6.55). In contrast, the fibres attached to the vessel fragment were impregnated
to a higher extent by copper (e.g. Fig. 6.56).

Fig. 6.54 EDS X-ray spectrum of Y1 fibres (top) and Y1 fibres masked by deposits (bottom). For the Y1 fibres:
the carbon detected suggested the fibres were still organic; the copper peak was very low suggesting the fibres
were not impregnated; while the presence of aluminium, silicon, potassium and calcium could be attributed to
contamination from soil and/or museum dust and the bones of the deceased (calcium). The X-ray energy scale
is in keV.
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Fig. 6.55 EDS X-ray spectrum of Y3 fibres suggested the fibres were organic (carbon peak) and impregnation
by copper was minimal (copper peak). The X-ray energy scale is in keV.

Fig. 6.56 EDS X-ray spectrum of the fibres attached to the vessel fragment. The main element detected was
copper; the Ca peak was coincident with a significant Cl peak. The X-ray energy scale is in keV.

Conclusions
EDS analysis gave clear results on the characterisation of the type of preservation and the condition
of the fibres. It was able to differentiate between the condition of the clean fibres, the ones masked
by deposits and those attached to the vessel fragment. The localised analysis showed that the closer
the fibres were to the copper vessel then the more heavily impregnated they had become.

6.4.4.6

X-Ray Fluorescence Spectroscopy (XRF)

As with EDS analysis, the aim was to confirm the type of preservation of the samples.
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Method
The method and portable instrument described in Chapter 4, Section 4.2.5, was used for the analysis.
The spectral counts for each element were ratioed to that of rhodium in every spectrum, in an
attempt to normalise the data.

Results
Some calcium is present in all samples, though the values are high in the Y1 and Y3 textiles (Fig.
6.57). XRF analysis also detected calcium in the cellulosic Argos and Theva textiles, ESEM analysis
showed that the Nikaia textiles are made of cellulosic bast fibres.

Fig. 6.57 Normalised calcium spectral counts for the Nikaia samples.

Textile Y1 showed the highest amount of copper, possibly because it was the outer textile of the
folded mass, hence closer to the metal vessel (Fig. 6.58). The amount of copper in the Y1 textile was
similar to that in the copper oxohydroxide treated flax (see Fig. 4.40), whereas the amount in the Y2
and Y3 textiles was approximately four times lower.
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Fig. 6.58 Normalised copper spectral counts for the Nikaia samples. The anomalous value for the vessel
fragment may reflect the stronger of the Rh X-rays by the dense metal.

Conclusions
XRF enabled characterisation of the type of preservation of the textile. Although a precise, localised
analysis cannot be achieved with a portable XRF, it was also able to highlight that the proximity of a
textile to a metal greatly affects the amount of minerals deposited on the fibres.

6.4.4.7

Fourier Transform Infrared Microspectroscopy (FTIR)

The aim of this examination was to see whether FTIR could identify the fibres, hence whether it
could detect any remaining organic residues within the fibres, thus affording characterisation of their
condition.

Method
The procedure followed for the reference samples (Chapter 4, Section 4.2.6) was also followed for
the Nikaia samples. Ten different areas of each sample were analysed (five for the warps and five
for the wefts). Since these spectra were consistent they were synthesised to give an average one.
Grams AI v8  software was used to process the spectra.
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Results
The warps and wefts of all three textiles gave similar spectra (e.g. Fig. 6.59). In addition, the spectra
of the three textiles were similar, and showed all the signature peaks of cellulose (2900 cm-1, 1635
cm-1, 1173 cm-1, and 1124 cm-1) but none of proteins (e.g. Fig. 6.60), indicating both their warps and
wefts were made of cellulosic fibres. The general spectral pattern of the textiles was similar to that
of debris but not to that of the vessel fragment (e.g. Fig. 6.61). This seems to corroborate the results
of previous analyses (such as optical microscopy and ESEM-EDS), which were taken to indicate
that the fibres were not heavily masked/impregnated by copper compounds. The green coloured
copper corrosion product on the vessel fragment appears to be hydrated, as indicated by the peaks
from 3300-3500 cm-1, although there are no prominent anion associated bands below 1500 cm-1
ruling out a carbonate and sulfate and phosphate. The corrosion product may then be a mixed
oxohydroxide-chloride, like atacamite, since chlorine was detected in the EDS X-ray spectrum.

Fig. 6.59 FTIR microscope
reflectance spectra of Y1
warp (top) and Y1 weft
(bottom).
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Fig. 6.60 FTIR microscope
reflectance spectra of Y1
(top), ‘fresh’ flax (middle)
and ‘fresh’ wool 1 (bottom).

Fig. 6.61 FTIR microscope
reflectance spectra of Y1
(top), debris (middle) and
vessel fragment (bottom).

Conclusions
FTIR was successful in identifying the fibres of the Nikaia textiles as cellulosic, indicating that the
technique would be appropriate in cases where the fibres still exist and they are not completely
masked by deposits. It also confirmed results from previous analyses on the characterisation of the
condition of the textiles.
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6.4.4.8

Raman Microspectroscopy

The aim was to test the potential of Raman microspectroscopy in fibre identification and in the
characterisation of the condition and the type of preservation of the specimens. Due to time and
accessibility constraints only the Y1 and debris samples were tested.

Method
The method described in Chapter 4, Section 4.2.7, was used for the analysis. The laser power was
set at 10% to reduce burning and fluorescence and spectra were acquired for 10 scans. There was no
prior photobleaching to reduce the risk of damaging the samples. Grams AI v8  software was used
to process the spectra.

Results
Two peaks at 1350 and 1580 cm-1 were mainly evident, which were also present in the debris sample
and are characteristic of graphite (Fig. 6.62).

Fig. 6.62 Raman spectrum of
the Y1 sample.
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Conclusions
Raman analysis did not enable fibre identification or characterisation of the type of preservation,
only appearing to help characterise the condition of the sample by confirming the presence of debris
on its fibres. Therefore, it did not prove to be as successful as FTIR analysis.

Case Study Conclusions
Textile Y1 is an open plain-weave fabric (15 warps x 15 wefts / cm2) with single-ply, Z-twist
(approx. 30 degrees twist angle) warps and wefts and average yarn diameter 0.2-0.3mm. Textile Y2
is an open plain-weave fabric (25 warps x 25 wefts / cm2) with single-ply, Z-twist (approx. 40
degrees twist angle) warps and wefts and average yarn diameter 0.05-0.12mm. Textile Y3 is an open
plain-weave fabric (22 warps x 22 wefts / cm2) with single-ply, Z-twist (approx. 30 degrees twist
angle) warps and wefts and average yarn diameter 0.1-0.2mm. ESEM analysis showed that the
textiles are made of cellulosic bast fibres, which was consistent with the detection of calcium by
XRF, and was confirmed by characteristic FTIR spectra. More specifically, textiles Y1 and Y3 were
possibly made of flax fibres, whereas the ribed surface of textile Y2 fibres (Fig. 6.44) is indicative of
hemp fibres (Jakes et al. 1994: 646). According to Herodotus (4.74), hemp textiles were not yet
produced in Greece in the mid-5th century BC. According to Barber (1991: 17-18), the use of hemp
was spread from Thrace (north-east Greece at present) to Greece (then) and Italy in the late 5th to 4th
centuries BC.

ESEM-EDS and XRF showed different degrees of impregnation by copper products between the
three textiles, which seemed to depend on their proximity to the funerary vessel. However, FTIR
results showed that the Nikaia fibres were still organic.

Chapter Conclusion
The stereomicroscope analysis results were different in each case study. What differentiated the
level of success was the type of stereomicroscope used and the degree of accessibility available in
each case study. The application of optical microscopy afforded fibre identification in the Theva
case study. The fact that the fibres were not masked by deposits meant that the magnification
afforded was sufficient for fibre identification. In contrast, in the case of the Kalyvia and the Nikaia
textiles, the fibres of which were covered by deposits, the magnification afforded was not high
enough to enable identification of the morphological characteristics of the fibres. Therefore a
magnification of 200 fold is insufficient for fibre identification, in cases where the type of
preservation is such that byproducts are deposited on the fibres.
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The ESEM provided much higher magnification and allowed examination of the whole surface of
the samples. It provided therefore, information on fibre identification and on the characterisation of
the condition of the fibres. More specifically, it enabled fibre identification in the cases of the Theva
and Nikaia textiles as cellulosic bast fibres, but not on the Kalyvia textile (because the fibres were
completely masked by deposits). ESEM imaging at 15 keV and with a magnification of
approximately 700 times will enable fibre identification when fibre morphology is not masked nor
degraded.
The application of ESEM-EDS afforded the characterisation of the type of preservation of the
Kalyvia and Nikaia textiles (preservation in association with calcium and copper respectively). The
application of XRF further confirmed the characterisation of the type of preservation of these
textiles. However, calcium was detected in both the Nikaia and Theva textiles by ESEM-EDS and
XRF, but it was not calcium phosphate to suggest contamination from the bones (in the Nikaia
textiles) nor calcium sulfate to suggest contamination from the plaster of Paris (in the Theva
textiles), which seemed more obvious. Comparison of the ESEM-EDS and XRF results of the case
studies with the fresh and charred cellulosic reference samples, indicated that calcium is present in
plant fibres at a detectable amount, which seems to increase by charring. Therefore ESEM-EDS and
XRF results of unknown material need to be interpreted in comparison to reference samples.
FTIR microspectroscopy provided information on the characterisation of the condition of the
textiles. In the Theva case study it indicated there were no organic remains left in the fibres. In the
Kalyvia case study, it indicated that the fibres were totally masked and/or impregnated by calcium
salts. Fibre identification results were inconclusive in the Theva and Kalyvia case studies.
Nevertheless, FTIR microscopy enabled identification of the cellulosic nature of the Nikaia textile
fibres. Therefore, the success of the FTIR microscopy depends on the condition of the find, which is
directly affected by the type of preservation.
Raman microspectroscopy analysis of the Theva textiles was inconclusive. The small sample of the
Kalyvia find meant that Raman analysis could not be carried out. In the case of the Nikaia find,
Raman was only able to confirm the results from FTIR on the characterisation of the condition of
the textiles, although these proved to be in a quite good condition and FTIR analyses enabled fibre
identification. Therefore, when comparing FTIR and Raman microspectroscopies, according to the
results presented in this chapter, the former seems to be more appropriate for the analysis of such
finds.
Similarly to the Argos case study, the results from all techniques were consistent and more than one
technique was necessary to increase the reliability of the results. Techniques which are based on the
identification of the morphology of the fibres (such as the optical and environmental scanning
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electron microscope), performed better in the cases where the textiles were not masked by deposits
(e.g. the Theva case study). On the contrary, the techniques based on the detection of elements (such
as ESEM-EDS and XRF), were only able to provide information on the type of preservation in cases
where the fibres were masked by deposits (e.g. the Kalyvia and Nikaia case studies).
The application of the selected instrumental analytical methods of investigation on the three further
case studies, reported in this chapter, afforded a better understanding of the potential and limitations
of the techniques according to the condition, and consequently, the type of preservation of the
textiles.
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Chapter 7
Evaluation and Interpretation of the Results of the Analyses
As presented in the previous two chapters, the selected instrumental analytical methods were
applied to the main (Argos) and further three case studies (Theva, Kalyvia, Nikaia). Analysis results
were evaluated and interpreted according to: 1) their significance to the conservator, the
archaeologist and the textile historian; 2) the applicability and performance of the techniques; and
3) the findings of the literature review, which enabled further interpretation of the results.
Stereomicroscopy is a simple, straightforward technique providing information on the construction
of the finds. ESEM is the technique most likely to achieve fibre identification, since it affords high
magnifications, thus allowing observations on the fibres morphology. In more challenging cases,
where the morphology of the fibres is not retained, the combination of ESEM with FTIR
microspectroscopy proved to give the most reliable results. The better the condition of the finds (e.g.
fibres not completely masked/impregnated by deposits) the more reliable the FTIR
microspectroscopy results. Raman microspectroscopy was not successful in fibre identification but
provided information on the composition of inorganic deposits. ESEM and FTIR microspectroscopy
were also complementary in characterising the condition of the finds, in terms of identifying any
organic matter remaining within the fibres. ESEM-EDS and XRF provided similar information on
the type of preservation. Using a portable XRF means that samples are not necessarily removed,
hence the technique is truly non-destructive. On the other hand, ESEM-EDS analysis takes place
simultaneously with ESEM analysis, thus providing additional information. Overall, the results were
consistent, the combination of different techniques increased their reliability, and they were able to
reveal information that would contribute to the conservation of the finds.

7.1 Evaluation of the Results of the Analyses
Analyses results were evaluated according to their significance to the conservator, archaeologist and
textile historian, i.e. whether the information they revealed would be useful to these professionals.
As previously discussed, information on the construction of the object, fibre identification and
characterisation of its condition and type of preservation would be most useful. According to the
four case studies:

7.1.1 The Argos Case Study
The methods of construction of the three textiles of the Argos find, were investigated with the use of
stereomicroscopy and much information was revealed. Textile Y1 is a balanced plain-weave fabric
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(16 warps x16 wefts / cm2) with 2-ply, S-twist warps and wefts and average yarn diameter 0.8±
0.2mm. Selvedges (22 warps x 7 wefts / cm2 with 2-ply, S-twist warps and wefts and average yarn
diameter 0.8± 0.2mm) and starting edges (in a plait shape, 6 turns/cm, the yarns used are 2-ply(?), Stwist, 1.5± 0.2mm diameter) have been kept. It is constructed from more than one narrower pieces of
textile, stitched together along their selvedges. Textile Y2 is a very fine fabric of possibly open
plain-weave (16 warps x 48 wefts / cm2). Warps are single ply, Z-twisted with 0.3± 0.1mm diameter.
Wefts are also single ply, lightly Z-twisted with 0.1± 0.05mm diameter. Selvedges have also been
kept (16 warps x 48 wefts / cm2 with single-ply, Z-twist warps, 0.4± 0.1mm diameter and wefts,
0.2± 0.1mm diameter). Textile Y3 is a weft-faced plain-weave fabric (7 warps x 27 wefts / cm2) with
single ply, Z-twist warps (0.8± 0.1mm diameter) and wefts (0.4± 0.1mm diameter). The starting
edges have similarly been kept (6 warps wrapped by a weft, both single ply, Z-twist). No selvedges
were identified. The warps seemed to be impregnated with copper oxidation products, whereas
several Y3 fragments were masked by tangled, loose fibres.
Unlimited access to the whole of the find when using stereomicroscopy was essential in revealing
information on the method of construction.
The combination of ESEM and FTIR microspectroscopy provided some information on fibre
identification. Despite the fact that none of the results were conclusive, there was some indication as
to the types of fibres present. Textile Y1 seemed to be made of cellulosic bast fibres, possibly flax.
Textile Y2 could either be made of fibres similar to those of Y1 or proteinaceous, fibres, possibly
silk. Textile Y3 seemed to be made of proteinaceous wefts, possibly wool, and cellulosic warps.
ESEM-EDS detected sulfur in Y3 wefts, which is a constituent of wool keratin, consistent with the
ESEM results. Optical microscopy and Raman microspectroscopy did not provide any indication as
to the identity of the fibres.
The application of ESEM, ESEM-EDS, and FTIR microspectroscopy revealed information on the
condition of the Argos textiles. The fibres of the three textiles appeared to be heavily masked and/or
impregnated by a significant amount of copper and a smaller amount of iron degradation products,
calcium salts and debris (such as aluminosilicates). Y3 textile seemed to be mainly preserved in the
form of negative casts. The concentration of copper degradation products is much higher in the
green coloured areas of the textiles, possibly accounting for their increased fragility, whereas the
white areas are heavily masked and/or impregnated by calcium products, possibly accounting for
their rigidity. Nevertheless, ESEM analysis indicated that the fibres were not totally masked and/or
impregnated by degradation products and organic residues might still be present (ESEM-EDS,
FTIR).
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The type of preservation of the three Argos textiles was determined by the application of ESEMEDS and XRF. All three textiles had been preserved by impregnation and/or coating by a significant
amount of copper residues and a smaller amount of iron degradation products.

Conclusions
The selected techniques provided information on the method of construction and characterisation of
the condition and type of preservation, and some indication on fibre identification.

7.1.2 The Theva Case Study
The method of construction of the two Theva textiles, was investigated with stereomicroscopy and
its application revealed the following information. Textile Y1 is an open balanced plain-weave
fabric (12 warps x12 wefts / cm2) with 2-ply, S-twist warps and wefts and average yarn diameter
0.4± 0.1mm. Textile Y2 is an open balanced plain-weave fabric (17 warps x17 wefts / cm2) with
single-ply, S-twist warps and wefts and average yarn diameter 0.2± 0.1mm. No selvedges or other
construction characteristics were evident among the surviving fragments.
Fibre identification was based on the morphological characteristics and further confirmed by the
chemical composition of the fibres. Optical microscopy and ESEM analyses showed that both
textiles were made of the same cellulosic bast fibres, possibly flax. ESEM-EDS and XRF analyses
identified calcium, which according to the reference samples is a constituent of plant fibres, the
detectable amount of which seems to increase by charring.
As far as the condition of the fibres was concerned, results were indicative but not conclusive.
ESEM-EDS and XRF identified calcium but not sulfur, suggesting that the former was probably a
constituent within the fibres (plant fibres) rather than a contamination from the plaster of Paris. In
addition, it was not clear whether the condition (organic remains within the fibres) or the type of
preservation (charring) was responsible for the carbon detected by ESEM-EDS.
None of the techniques applied gave any conclusive results on the characterisation of the type of
preservation of the Theva textiles. The black colour and fragility of the fibres did not seem to be
indicative of charring. These properties are common with the Argos Y3 textile fibres, which have
not been preserved by charring. A mere indication of the type of preservation could be the increased
calcium values detected by ESEM-EDS and XRF, which as shown with the cellulosic reference
samples, is detected in cellulosic fibres and its value increases by charring.
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Conclusions
The techniques applied provided information about the method of construction, fibre identification,
and the condition of the Theva textiles, although the latter information was inconclusive, while they
were not able to characterise the type of preservation of the find.

7.1.3 The Kalyvia Case Study
The method of construction of the Kalyvia textile, was investigated with stereomicroscopy and its
application revealed the following information. It is an open plain-weave fabric (22 warps x 80
wefts / cm2) with single-ply, Z-twist warps with average yarn diameter 0.10± 0.2mm, and single-ply,
lightly Z-twist (?) wefts with average yarn diameter 0.4± 0.1mm. Limited access to the whole of the
find when using stereomicroscopy meant that additional information on the method of construction
of the textile could not be determined.
Fibre identification was attempted by the application of optical microscopy, ESEM, FTIR
microspectroscopy. None of the techniques applied provided any indication as to fibre type, since
the fibres’ morphological characteristics were masked and the chemical properties had altered to an
unidentifiable extent.
The condition of the Kalyvia textile was characterised by the application of stereo and optical
microscopy, ESEM, ESEM-EDS, XRF, and FTIR microspectroscopy. The textile fibres appeared to
be heavily masked and/or impregnated by a significant amount of calcium products. The fact that
these techniques are able to analyse up to a depth of a few microns meant that results were not
conclusive as to whether there were organic residues preserved within the fibres.
The type of preservation of the Kalyvia textile was determined by the application of ESEM-EDS
and XRF. The textile had been preserved by impregnation and/or coating by a substantial amount of
calcium products.

Conclusions
Identification of the method of construction and characterisation of the condition and the type of
preservation was achieved by the application of the selected techniques. However, fibre
identification was not possible.
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7.1.4 The Nikaia Case Study
The method of construction of the three textiles present in the Nikaia find, was investigated with
stereomicroscopy and its application revealed the following information. Textile Y1 is a plain open
weave fabric (15 warps x 15 wefts / cm2) with single-ply, Z-twist warps and wefts and average yarn
diameter 0.2± 0.1mm. Textile Y2 is a plain open weave fabric (25 warps x 25 wefts / cm2) with
single-ply, Z-twist warps and wefts and average yarn diameter 0.08± 0.03mm. Textile Y3 is a plain
open weave fabric (22 warps x 22 wefts / cm2) with single-ply, Z-twist warps and wefts and average
yarn diameter 0.1± 0.1mm. Access to the find was limited therefore, no further information on the
method of construction of the three textiles was extracted.
Fibre identification was achieved by the application of ESEM and FTIR microspectroscopy. The
cellulosic nature of the fibres of all three textiles was positively identified. More specifically, all
three textiles seemed to be made of cellulosic bast fibres.
The condition of the Nikaia textiles was characterised by the application of stereo and optical
microscopy, ESEM, ESEM-EDS, XRF, FTIR and Raman microspectroscopy. The fibres of the three
textiles appeared to be partially masked and/or impregnated by copper degradation products and
debris. The applied techniques clearly showed that textile fibres were still organic.
The type of preservation of the three Nikaia textiles was determined by the application of ESEMEDS and XRF. All three textiles have been preserved in association with copper degradation
products.

Conclusions
The application of the selected techniques to the Nikaia textiles enabled identification of the method
of construction and the fibres and characterisation of the condition and the type of preservation.

Results of the Analyses Conclusion
The kind of information provided by the application of the selected techniques to the four case
studies would be useful to conservators, archaeologists and textile historians, since it concerned
identification of the method of construction and the fibres and characterisation of the condition and
the type of preservation. In particular, the stereomicroscope was good at providing information on
the method of construction; the ESEM for fibre identification; the FTIR for characterisation of the
condition; and the ESEM-EDS and XRF for identifying the type of preservation.
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7.2 Evaluation of the Techniques
The instrumental analytical techniques applied were evaluated according to their applicability and
performance. In more detail:

7.2.1 Stereomicroscopy
The application of stereomicroscopy was successful in providing information on the method of
construction for the four case studies. The amount of information differed according to the access
afforded in each case study, the more access available the more information gained.
Stereomicroscopy also provided information on the condition of the Argos and Nikaia textiles,
revealing that fibres were masked by metal degradation products and debris; of the Theva textiles,
revealing deposits of white particles; and of the Kalyvia textile, showing the fibres were masked by
white crystalline deposits. It was a straightforward technique, whereby it provided a magnified
image elucidating the sample/area studied. In the Argos case study where the whole of the find could
be studied, stereomicroscopy was time consuming, each sample took a long time to study and
certainly studying the whole object needed ample time. However, it was indispensable in
categorising the numerous fragments according to the textile they originally belonged to and in
confirming that the different coloured fragments (black, green, and white) were indeed textile
fragments113.
Three different stereomicroscopes were used during this project due to constraints in moving both
the finds and the instruments. An OLYMPUS SZ61, with a digital camera adaptor, equipped with an
extending folding arm, providing magnification up to 45 times; a NIKON stereomicroscope, with no
camera attached to it, and not equipped with an extended folded arm, with magnification up to 45
times; and a LEICA MZ95 with a LEICA DC300 digital camera attached to it, with no extending
folding arm, providing magnification up to 60 times. The different features of the stereomicroscopes
used affected the performance of the technique: the digital camera and/or the adaptor attached to the
instrument reduced the time necessary; the extending folding arm enabled study of all the
fragments/areas in situ, without removing them from the find, hence making the technique nondestructive; and the higher magnification produced more informative images.

Conclusions
The stereomicroscope is a simple instrument to use, though time-consuming, which provides
information on the method of construction and characterisation of the condition of excavated

113

Especially the Y3 green warps fragments were initially thought to be copper beads because of their very tight twist
(which was not obvious by naked eye) and bright green colour.
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textiles. It also informs the sampling procedure, as it singles out different areas (e.g. different
textiles and/or types of preservation) of the find.

7.2.2 Optical Microscopy
The application of optical microscopy to the excavated samples confirmed the findings of
stereomicroscopy on the condition of the objects but did not add any significant additional
information, although it provided higher magnification (200 times). Moreover, optical microscopy is
a more time-consuming technique.

It enabled identification of the Theva fibres, which had been preserved by charring and their
morphology was not masked by degradation products. Nevertheless, the magnification provided by
the optical microscope was not enough to afford fibre identification of the fibres masked by foreign
matter. Higher magnification objectives could not be used due to the bulkiness of the excavated
samples. The generation of a composite ‘z-stacked’ image, while requiring even longer, facilitated
interpretation.

Conclusions
The application of the optical microscope was extremely time-consuming and the limited stage to
objective distance did not allow for a higher magnification than 200 times to be used, which seemed
to be necessary for the identification of the masked fibres. Image processing improved matters, but
use of long working distance, higher powered objectives would probably prove most efficacious.

7.2.3 Environmental Scanning Electron Microscopy (ESEM)
The application of scanning electron microscopy to the case studies afforded information on the
characterisation of their condition. It revealed the Argos textiles were heavily masked and/or
impregnated by metal degradation products and debris but indicated there were still organic fibres
present; the debris in the Argos find mainly consisted of minute fibre fragments; the Theva textiles
were not masked by degradation products and their morphological characteristics had been retained,
and could easily be studied; the Kalyvia textile was so heavily masked/impregnated by calcium
products that their morphology could not be studied; and the Nikaia textiles were masked and/or
impregnated by copper degradation products, but to a limited extent so that the morphology of the
fibres was still obvious.
Interesting features were observed for the Argos Y1 and Nikaia Y2 and Y3 textiles. The fibres
seemed to have ruptured occasionally along their longitudinal axes (e.g. Fig. 7.1). This phenomenon
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could be characteristic of the effects of impregnation of cellulosic bast fibres by copper degradation
products.

Fig. 7.1 Argos Y1 (top left), Nikaia Y2 (top right) and
Nikaia Y3 (bottom left) fibres suffered from ruptures
along the longitudinal axis.

ESEM also enabled fibre identification. In the Nikaia case study, the ESEM afforded positive
identification of the fibres as cellulosic bast fibres, since their morphological characteristics were not
covered by degradation products. In the Argos case study, where only small fractions and/or
negative casts of the fibres were visible, it indicated the presence of cellulosic bast fibres (possibly
flax), for textile Y1; cellulosic bast fibres or proteinaceous (possibly silk) fibres for textile Y2; and
cellulosic bast fibres for the warps and proteinaceous (possibly wool) fibres for the wefts of textile
Y3. In the Theva case study, where the type of preservation did not mask the fibres with foreign
matter deposits, it afforded fibre identification as cellulosic bast fibres (possibly flax).
ESEM was a totally non-destructive technique since the samples were not consumed and/or altered
in any way by analysis and for three further reasons. First, because it did not require coating of the
samples. Second, sample removal to fit into the sample chamber, was non-intrusive since in all case
studies there were loose fragments available to collect and use for ESEM analysis. Third, a piece of
double sided adhesive tape was necessary to secure the sample on the microscope stub, but practice
showed that by placing the samples at the edge of the double sided adhesive tape the grip provided
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was strong enough for the procedure, yet at the same time light enough to enable the safe removal of
the sample, thus avoiding as much as possible any damage to the fragile sample.
ESEM was a time-consuming technique requiring the presence of a conservator, who is aware of the
specific characteristics to be searched for, and an analyst trained in using the instrument and able to
achieve image optimisation. Establishing the appropriate pressure in the ESEM chamber (for the
study of each sample) required a significant amount of time. However, processing of the results is
quite fast and straightforward since it relies on the interpretation of images. A possible limitation
could be the restricted depth of field at very high magnification (over 10,000 times), which inhibits
very detailed study of the fibre surface, but this is beyond the magnification necessary to view fibre
characteristic morphology.

Conclusions
ESEM examination was time-consuming but it enabled detailed characterisation of the condition of
the fibres and also afforded conclusive fibre identification results, in cases where the morphology of
the fibres had been retained and was still visible. Interpretation of the results is straightforward.

7.2.4 Environmental Scanning Electron Microscopy-Energy Dispersive
Spectroscopy (ESEM-EDS)
The application of ESEM-EDS analysis on the case studies provided information on the
characterisation of the type of preservation and elucidated information on the characterisation of the
condition of the finds. It also added some confidence in fibre identification of the Argos Y3 weft
fibres as wool by detecting sulfur and of the Theva and Nikaia textiles as cellulosic by detecting
calcium.
For the type of preservation, it showed that the Argos textiles have been preserved in association
with copper and iron; the Kalyvia textile has been preserved in association with calcium; and the
Nikaia textiles have been preserved in association with copper. Therefore, it confirmed the type of
preservation of the calcium masked/impregnated Kalyvia find and the copper masked/impregnated
Nikaia find; it further informed knowledge on the type of preservation of the Argos find, by
identifying the presence of iron along with that of copper; but results were inconclusive on the type
of preservation of the charred, Theva find.
As far as characterisation of the condition was concerned, it showed that in general, the Argos find
had been masked/impregnated by copper and iron degradation products, and in particular, the green
coloured fragments were masked/impregnated by copper degradation products, while the white

260

coloured fragments were masked/ impregnated by calcium products; it detected calcium in the
Theva textiles but not sulfur, indicating that the fibres had not been contaminated by the plaster of
Paris; the Kalyvia textile was also masked/impregnated with calcium products; and the Nikaia
textiles were masked/impregnated by copper degradation products. It therefore provided information
on whether the textiles had been affected (masked, impregnated or contaminated) by foreign matter.
It was a totally non-destructive technique for the same reasons as the ESEM, since ESEM-EDS and
ESEM analyses work simultaneously. Equally, it was a time-consuming technique since a long time
was necessary to achieve the appropriate pressure in the chamber and to study each sample,
identifying the exact area to be analysed.
Nevertheless, one of the main advantages was that it afforded analyses of very small, hence
localised, areas of the sample. In this way, allowing analysis of specific particles and contributing to
fibre identification (e.g. by detecting sulfur at the negative casts of Argos Y3 weft fibres).

Conclusions
ESEM-EDS analysis provided information on the characterisation of the type of preservation. The
advantage of the very precise analysis offered, provided additional information on the condition and
fibre identification. It is equally time-consuming to ESEM since these analyses take place
simultaneously.

7.2.5 X-Ray Fluorescence spectroscopy (XRF)
The application of XRF analysis on the case studies provided information on the characterisation of
the type of preservation giving similar results to ESEM-EDS analysis. It showed the Argos textiles
have been preserved in association with copper and iron; the Kalyvia textiles in association with
calcium; and the Nikaia textiles in association with copper. XRF did not provide any conclusive
information on the type of preservation of the Theva find.
It was a totally non-destructive and non-intrusive technique since the samples were not consumed
and/or altered in any way by analysis and because it is a portable instrument hence analysis of any
area of the object could be performed in situ without having to remove samples. Analysing the
samples was fast and straightforward (although Health and Safety issues should be taken into
consideration), but interpretation of the results required particular experience and expert knowledge.
Another drawback was that it did not allow for analysis of very small, hence specific, areas of the
sample. However, XRF was able to detect differences in the copper values detected in the three
Nikaia textiles, correlating to their proximity to the copper vessel.
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Conclusions
XRF gave similar results to ESEM-EDS. XRF does not afford such a precise analysis as ESEMEDS, but using the portable instrument makes it a totally non-destructive technique, since sample
removal is not necessary. Analysing the samples was a quick and easy procedure, but interpreting
the results requires expert knowledge.

7.2.6 Fourier Transform Infrared Microspectroscopy (FTIR)
The application of FTIR microspectroscopy to the case studies afforded information on the
condition and fibre identification. More specifically, it revealed that the Argos textiles were heavily
masked and/or impregnated by debris but indicated there were still organic remains left in the fibres;
it also indicated that the different coloured fragments corresponded to differences in their condition;
and that the Nikaia textiles were masked and/or impregnated by metal degradation products, but to a
limited extent so that the organic components of the fibres were still detectable. However, it was not
able to confirm whether organic residues were still present in the Theva and Kalyvia textiles. As far
as fibre identification was concerned, in the Nikaia case study, where a significant amount of the
organic components of the fibres had been preserved, it afforded positive identification of the fibres
as cellulosic.
The main advantage of the technique when studying excavated textiles is its non-destructive nature,
since the sample can be retained for repeat analysis. In addition, sample removal to fit under the
microscope, was non-intrusive since in all case studies there were loose fragments available to
collect and use for FTIR analysis. The actual procedure was fast, since scanning accumulation to
produce a spectrum took little time. It was also straightforward and accurate, since the AutoImage
microscope afforded magnified live images of the sample and such a small beam aperture (70x100µ)
that it was possible to analyse separately the warps and wefts of each fragment.
Nevertheless, FTIR is not a technique without limitations. In the case of the more severely degraded
case studies (e.g. Theva, Kalyvia), analysis was hindered because the quality of the spectra recorded
was insufficient for fibre identification. In addition, processing of the results was time-consuming
and required a comprehensive set of reference samples, access to relevant literature and expert
knowledge and experience.
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Conclusions
FTIR enabled fibre identification of the better preserved fibres, but the quality of the spectra of those
in worst condition was very poor. Nevertheless, it provided information on whether the analysed
fibres retained organic matter, which is very important from a conservation viewpoint. In general,
analysis is fast and relatively easy, but a comprehensive reference library is necessary for the correct
interpretation of the results.

7.2.7 Raman Microspectroscopy
Raman microspectroscopy added to the characterisation of the type of preservation of the Argos
textiles, by providing additional information on the composition of the white coloured deposits.
However, it did not enable fibre identification for any of the case studies. Care had to be taken not to
damage the samples from the localised heating effects of the laser beam.

Conclusions
Although Raman is a complementary technique to FTIR microspectroscopy, it only provided very
limited information on the type of preservation of the finds. In addition, it was the only technique
that could potentially have destructive effects to the samples.

Instrumental Analytical Techniques Conclusion
More than one technique provided answers to the same questions, for example ESEM and FTIR
microspectroscopy both enabled fibre identification, and ESEM-EDS and XRF both afforded
characterisation of the type of preservation. In all cases, the results were consistent, for example
both ESEM and FTIR identified the Nikaia fibres as cellulosic, and ESEM-EDS and XRF both
confirmed the association with copper and iron in the Argos type of preservation. In addition,
complementary techniques were necessary to increase the reliability of the results, for example
ESEM revealed the presence of a pattern similar to that of epithelial scales on wool fibres and
ESEM-EDS detected sulfur on that surface, which is also indicative of the presence of wool fibres.
The stereomicroscope, optical microscope, XRF and FTIR are relatively easy to use. The ESEM and
ESEM-EDS require expert knowledge. In order to use the Raman, Health and Safety precautions
should taken into consideration. On the other hand, data interpretation from the stereomicrsocope,
the ESEM, and ESEM-EDS is straightforward. However, this is not the case with XRF spectra.
Similarly, successful interpretation of FTIR and Raman spectra relies on a comprehensive reference
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library. Finally, the stereomicroscope, the optical microscope, the ESEM, and the ESEM-EDS are
all very time-consuming techniques.

7.3 Interpretation of the Results of the Analyses According to the Literature
Review
The analysis results of the investigation of each case study were compared with the findings of the
literature review for further interpretation.

7.3.1 The Argos Case Study
The selvedges documented in textiles Y1 and Y2 (e.g. Fig. 7.2), indicated that the textile was woven
on a warp-weighted loom. This type of selvedge with the ribbed effect is known as hollow
selvedge114 and is typical of warp-weighted looms (Stærmose Nielsen 1999: 98). Y1 was identified
as a balanced plain (Emery 1994: 76) or tabby (Burnham 1980: 6) weave textile. Y2 was either an
open plain-weave textile with coarser warps and lighter wefts or a spaced weft-twined weave textile
(Emery 1994: 201; Burnham 1980: 186), where two weft units twined about each other enclosing
warp units one at a time. The poor condition of the textile and the fact that very few isolated layers
were available for study did not allow for more conclusive results on the identification of the method
of construction. Y3 is a weft-faced plain-weave textile (Emery 1994: 76).

Fig. 7.2 The selvedge documented in Argos
textile Y1, known as hollow is typical of
textiles executed on warp-weighted looms.
Scale bar 1mm.

ESEM and FTIR analysis results indicated that textile Y1 fibres were probably cellulosic. The
ESEM afforded images of the fibres nevertheless, the significant amount of copper and iron
degradation products and debris masking and/or impregnating the fibres did not allow for positive
identification. Yet, the FTIR spectra of textile Y1 fibres further indicated the presence of cellulose.
114

The word hollow is either the most appropriate translation of the Danish term or describes a hollow/tubular effect
possibly created by the wefts looping around the edge every two warps. By appearance, it could be named ‘warp-faced
selvedge’.
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According to Jakes et al. (1994), who performed experimental analysis on a comprehensive
collection of plant fibres used for textile production in Prehistoric Eastern North America, and
Janaway (1983), commenting on the finds of the Morden bog experiment, positive identification of
cellulosic (plant) excavated textile fibres is a difficult task. The vast array of plants used as fibre
sources, the variable conditions of plant growth and fibre processing and the effects of burial being
the main reasons (Jakes et al. 1994: 641; Janaway 1983: 48).
According to the Textile Institute (1975: 72), the triangular cross-section and striated surface of the
Y2 textile fibres shown by ESEM analysis is an indication that they might be Tussah wild silk
fibres. The pattern inside the negative casts (?) of textile Y3 fibres, was similar to the epithelial scale
pattern of wool fibres (Hearle and Peters 1963: 553), suggesting the lost fibres were wool. The
detection of sulfur, by EDS analysis of that area, further sustained that argument, since sulfur was
also detected by Joosten et al. (2006: 171) when analysing wool excavated textile samples from the
Hallstatt salt-mine in Austria and Peacock (1996: 11) when analysing wool excavated textile
samples from the Nørre Sandegård Vest cemetery in Denmark.
As ESEM-EDS and XRF analyses showed, the Argos textiles have been preserved in association
with copper and iron. The main differences between copper and iron as far as textile preservation in
their proximity is concerned is that copper tends to form positive casts of the textile by impregnating
them at slow rates (Anheuser and Roumeliotou 2003:24; Chen et al. 1998: 1016; Chen at al. 1996:
219; Gillard et al. 1994a: 132), whereas iron favours the formation of negative casts, by masking the
fibres at fast rates with iron oxidation products (Ryder 2000: 2; Coho 1996: 70; Janaway 1989: 21;
Janaway 1983: 48). Nevertheless, long-term experiments conducted by Gillard et al. (1994a: 136) on
the mineralisation of textile fibres at a burial context, revealed that should the concentration of
copper be high enough, negative rather than positive casts of the fibres will be formed. Hence, the
presence of negative casts at the Argos Y3 textile (which was in contact with the burial vessel),
could be explained, both by the presence of iron and the high concentration of copper.
ESEM-EDS and XRF analyses also showed that although all Argos samples contained a significant
amount of copper, that amount was increased in the case of the green coloured samples. As
Mannering and Peacock (1998: 8) report, mineralisation is a process that gradually takes place in
stages. It is an electrochemical reaction, and as for all such reactions the presence of favorable
conditions is of utmost importance. The environmental factors prevailing, the amount of textile
fibres and metal present, even the position of the textile in relation to the metal are of crucial
importance to the mineralisation of the fibres. Hence, not all fibres, or even the whole fibre, of a
textile may be mineralised, if at all, at the same stage. Indeed, when analysing mineralised samples,
Mannering and Peacock (1998: 8) found that in several cases, areas of the same object had reached
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different stages of mineralisation. Chen et al. (1996: 223) propose that it is possible that even the
partially replaced fibres are at an intermediate stage of being fully replaced by the corrosion
products. Therefore, the green coloured areas have probably reached a more advanced stage of
mineralisation than the rest of the textiles.
The possibility of textile Y1 fibres being cellulosic and Textiles Y2 and Y3 (weft) fibres being
proteinaceous, could be further sustained by the fact that cellulose and proteins react differently to
the same burial conditions because of their different chemical properties (Tímár-Balázsy and Eastop
1998: 3; Janaway 1983: 48). Vons-Comis (1990: 177, 180) commenting on the findings of Grave
579, at the excavation of the Arctic Centre Zeeuwse, Uitkijk in Spitsbergen, attributed the absence
of parts of a costume that had otherwise survived, to complete degradation because they were
probably made of different type of fibres. Textile Y1 has retained its uniformity and light brown
colour. The wefts in both Y2 and Y3, have a black colour (whereas the warps are brown and/or
green), possibly indicating that the burial conditions prevailing at the Argos burial were more
favourable to the preservation of cellulose (since only negative casts of the probably proteinacous
Y3 weft fibres have been preserved), e.g. copper ions may perhaps promote proteolysis
preferentially.

7.3.2 The Theva Case Study
According to Emery (1994: 76) Y1 and Y2 were identified as open plain-weave textiles.
Examination under the stereomicroscope of the surviving fragments showed that coarser yarns have
been used for textile Y1 compared to the thinner yarns used to make textile Y2.
ESEM analysis of the Theva textiles afforded fibre identification. This was based on the observation
of the morphological characteristics of the fibres, which apparently had been preserved by
carbonisation. As D’Orazio et al. (2000: 747-751) showed, the morphological characteristics of
carbonised fibres from textiles recovered in the cities around Vesuvius, had been preserved to such
an extent that enabled fibre identification by the application of SEM analysis, even to the distinction
between plant families and animal species.
Although the Theva fibres, showed the morphological characteristics of bast fibres (nodal
thickening, polygonal/circular cross sections with thick cell-walls and narrow/flat lumens, occuring
in bundles), they had very small diameters (approximately 5µ) compared to the values quoted in the
literature (approximately 11µ minimum, Hearle and Peters 1963: 423). Srinivasan and Jakes (1997:
520-523) who conducted carbonisation experiments on hemp fibres (which belong to the group of
cellulosic bast fibres), observed changes in the morphological characteristics of the fibres, effected
by carbonisation at different temperatures. Shrinkage of the fibres was detected both in the
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longitudinal and transverse directions, especially at the highest temperature applied (350CSrinivasan and Jakes 1997: 522). They report that all carbonisation treatments resulted in decreased
fibre diameter (Srinivasan and Jakes 1997: 523). Nevertheless, precise fibre identification was not
attempted because as Jakes et al. (1994: 641) and Janaway (1983: 48) point out, far too many types
of cellulosic fibres had been used for textile production in antiquity to allow for safe, precise
identification, especially without having compiled a comprehensive reference collection.

The Theva textiles have been preserved by charring, and as Jakes et al. (2007: 50) reported, it is
unlikely that fibres preserved by carbonisation have been exposed to such extreme temperatures to
have been completely reduced to carbonaceous network, but charring would make them less
susceptible to microbial degradation. Nevertheless, the techniques applied were not able to provide
conclusive results to establish the presence of preserved organic matter within the fibres.

7.3.3 The Kalyvia Case Study
Y was identified as an open plain-weave textile (Spantidaki 2004: 72; Emery 1994: 76) executed on
a warp-weighted loom (Spantidaki 2004: 72).
Fibre identification of the Kalyvia textile fibres was not possible due to the complete masking and/or
impregnation of the fibres by calcium products, as indicated by the application of ESEM-EDS, XRF
and FTIR analyses. Hence, neither the application of ESEM nor the application of FTIR and Raman
analyses afforded fibre identification. As McCobb et al. (2004: 158, 166) reported, when
investigating the preservation of invertebrates in 16th century cesspits at St Saviourgate in York the
formation of mineralised plant and invertebrate macrofossils was shown to be potentially very rapid
and the application of EDX analysis suggested total mineral replacement. Apparently, impregnation
by calcium is a rapid process, which deposits a substantial amount of calcium salts on the fibres.

7.3.4 The Nikaia Case Study
The selvedges documented in textiles Y1, Y2 and Y3, indicated that the textiles were woven on a
warp-weighted loom (e.g. Fig. 7.3). This type of selvedge with the ribbed effect is known as hollow
selvedge and is typical of warp-weighted looms (Stærmose Nielsen 1999: 98). The weave of Y1, Y2
and Y3 textiles was identified as an open plain (Emery 1994: 76) or tabby (Burnham 1980: 6)
weave.
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Fig. 7.3 The selvedge
documented at the Nikaia Y1
textile. This type of selvedge,
known as hollow, is typical of
textiles executed on warpweighted looms. Scale bar 10mm.

FTIR analyses of the Nikaia textiles strongly indicated both the warps and wefts were made of
cellulosic fibres. ESEM analysis provided additional information on the morphological
characteristics of the fibres, such as nodal thickening along their length and a ridged surface. The
nodal thickening is a common morphological characteristic between more than one type of cellulosic
bast fibres. The ribbed pattern (observed in fibres of the Y2 textile) has been reported in the
examination of hemp fibres of the Cannabis sativa and Apocynum cannabinum species (Jakes et al.
1994: 646).
The Nikaia textiles have been preserved in association with copper, similarly to the Argos textiles.
Yet, FTIR analysis of the Nikaia textiles showed that the fibres seemed to retain a significant
amount of their organic components, being therefore, in a different state of preservation than the
Argos textiles. Although mineralisation of fibres is not yet completely understood (Mannering and
Peacock 1998: 9; Gillard et al. 1994a: 132), it involves a process where the atoms of the fibres are
gradually replaced by metal ions or the spaces between the molecular chains are filled with metal
ion complexes (Chen at al. 1996: 219). The progress of this process may terminate at any time or
continue until the replacement is complete (Anheuser and Roumeliotou 2003:24; Chen et al. 1998:
1016). Therefore, the fibres of the Nikaia textiles, seemed to be mineralised to a lesser extent than
the Argos fibres. Nikaia has been preserved in association with copper in combination with low
oxygen levels, which according to Cronyn (1990: 24) may be responsible for the better preservation
of organic materials.

Visual observation of the Y2 Nikaia textile revealed evidence of stitching and/or embroidery holes.
Nevertheless, no physical evidence of the stitching and/or embroidery thread had been preserved.
This could be an indication that the textile and stitching and/or embroidery threads were different,
and since the textile yarns proved to be cellulosic, the stitching/embroidery threads could have been
proteinaceous. Vons-Comis (1990: 177, 180) commenting on the findings of Grave 579, at the
excavation of the Arctic Centre Zeeuwse, Uitkijk in Spitsbergen, attributed the absence of any
physical evidence of the sewing thread of an otherwise well-preserved costume made of
proteinaceous fibres, to the conditions prevailing in the grave, which were apparently not favourable
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to the preservation of the type of fibres of the sewing thread, which were possibly cellulosic. Glover
(1990: 55) reported a similar case where for the habit and cape of Mother Mary Joseph Prout,
foundress of the Sisters of the Cross and Passion, Bolton, Greater Manchester, only the silk sewing
threads were preserved along with the woollen clothing. The rest of the sewing thread had
completely perished, and the explanation probably rests with the fact that these were cellulosic
threads, which could not be preserved in the environment of the grave (Glover 1990: 55). Similarly,
the embroidery threads of the Nikaia Y2 textile could have been executed with proteinaceous thread,
which perished, since the burial conditions at Nikaia were apparently favourable to the preservation
of cellulose.

Interpretation of the Results of the Analyses According to the Literature
Review Conclusion
Information found in the literature enhanced the interpretation of certain analyses results.

Chapter Conclusion
In general, the application of instrumental analysis to the investigation of the case studies was
successful in providing information on the construction, fibre identification and characterisation of
the condition and type of preservation. In more detail, stereomicroscopy, was a simple to use
technique and enabled the examination of the method of construction and yarn-making of the
samples. Optical microscopy was a similarly straightforward technique but did not allow fibre
identification (except for the Theva textiles) and in general did not provide any additional
information to the stereomicroscope. The reason was the requirement for a long working distance
and limitation to using a 20x objective. The ESEM was time-consuming but provided magnified
images of the morphological characteristics of the fibres whenever these were visible, which enabled
identification but not to a specific species level. The magnified images also provided information on
the characterisation of the condition of the fibres. ESEM-EDS and XRF both gave qualitative
information on the inorganic elements present on/in the fibres, so enabling characterisation of the
type of preservation. ESEM-EDS was equally time-consuming to ESEM, since they were both
performed by the same instrument whereas XRF required significantly shorter period of time; FTIR
enabled fibre identification of the better preserved samples, still not to a specific species level, and
characterisation of the condition of the fibres. FTIR was a fast and straightforward technique, but
analysis of the results required long hours of data processing. As far as Raman microscopy was
concerned some data on the condition of the fibres was forthcoming, however, analysis was not
straightforward, since care had to be taken not to damage the sample and data processing proved as
equally time-consuming as for FTIR.
Whenever the morphological characteristics of the fibres had been preserved and were still visible,
the ESEM provided magnified images, but precise identification of the fibre species was still
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indefinite. The reason was the large number of different plant and animal fibre species that had been
used for textile production in the past in combination with the limited reference collection. To
overcome this difficulty a comprehensive reference collection of both commercial and noncommercial cellulosic and proteinaceous fibres should be compiled, processed and analysed to
create a reference collection. Fibres should then be treated with copper, calcium and by charring to
further expand the reference collection. Differences in the treatment procedure might affect the
appearance and properties of the fibres in different ways. Therefore, more variables (such as time,
concentrations and temperature) should be included in the treatment experimental process.
In the Argos case study, there were possibly three different types of fibres present, cellulosic, silk
and wool, as shown by the ESEM. A possibility which was further sustained by FTIR analysis,
which indicated a difference between the spectra of textile Y1 (possibly cellulosic) and textiles Y2
and Y3 (possibly proteinaceous). ESEM-EDS analysis indicated the presence of both copper and
iron in the inorganic deposits on the fibres, which was further confirmed by XRF analysis. FTIR and
Raman analyses indicated the presence of organic matter within the fibres, which was also illustrated
by the aid of ESEM analysis.
The type of preservation of the Theva textiles (charring), confused the ESEM-EDS and FTIR
analysis results as to whether organic matter had been preserved within the fibres. However, ESEMEDS and XRF results suggested the fibres were not contaminated by the plaster of Paris, but
contained calcium, which is expected in plant fibres. ESEM analysis further confirmed these results
by revealing morphological characteristics of cellulosic bast fibres.
Similarly, in the Kalyvia case study, FTIR analysis was not able to detect any organic matter
preserved within the fibres. In this case, even the high magnification provided by the ESEM was not
able to allow fibre identification, since the morphology of the fibres was completely masked.
ESEM-EDS and XRF analysis both showed the masking products were of calcareous composition,
thus providing information on the type of preservation of the find.
Finally, FTIR and ESEM analyses of the Nikaia textiles showed that the fibres were cellulosic and
still organic, providing information on the condition and identity of the fibres. ESEM-EDS and XRF
both showed a significant amount of copper was present on the samples, confirming also in this case
the characterisation of the type of preservation of the find.

In all case studies it was the combination of the application of more than one technique that enabled
conclusions from the analytical data to be drawn with some confidence.
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Both in the Argos and Theva case studies, where access to the find had been unrestricted, much
information on the construction of the textiles was recorded to enable the archaeologist and textile
historian to study the objects without putting them at risk of further handling. Similarly, in the
Argos, Theva and Nikaia case studies, where the condition of the find allowed fibre identification,
the data produced could afford the archaeologist and textile historian the opportunity to put the finds
in time and place context. This would contribute to the creation of a body of knowledge on textiles
produced and/or used in Greece in the past.
The information provided by the application of instrumental analysis would also benefit the
conservator in the decision-making process. In the Argos case study, no attempt should be made to
mechanically surface clean the textiles, since as analyses showed, the greatest part of the fibres is
masked/impregnated by metal degradation products and debris. These deposits would be removed
by mechanical surface cleaning, which would be destructive to the integrity of the object. Fibre
identification of the Kalyvia textile was not achieved. Sampling was limited to the only fragment
that had been left unconsolidated. It is possible that should more unconsolidated fragments of the
textile have been available, fibre identification could be achieved. Hence, in cases where it is
decided to consolidate an excavated textile, enough samples for future analysis should be left
unconsolidated for future research. Analyses were not conclusive as to whether organic remains
were present within the Theva textile fibres. This information should be kept in mind when deciding
on the appropriate conditions and materials to be used for the object’s display. Analyses showed that
the Nikaia textile fibres were still organic. In that case, consolidation should be avoided and the
conservator would need to focus on optimum environmental conditions and storage and/or display
materials for their long-term preservation. Mechanical surface cleaning could be attempted to the
extent where this would not disturb the fibres, thus removing an amount of deposited debris, which
if left would have deleterious effects both to their welfare and aesthetics.
In conclusion, commenting on the application of instrumental analysis to textiles excavated in
Greece, information on the method of construction and yarn-making could be accessed by the use of
a stereomicroscope. Fibre identification could only be achieved by the use of an ESEM and by
comparison with an extensive reference collection. FTIR and Raman microscopy would not provide
precise information on fibre identification, only an indication of the general type of fibres present.
Nevertheless, they would provide information about the condition of the fibres, which could be
further illustrated by ESEM. XRF would provide information on the type of preservation of the
finds, which could be further confirmed by ESEM-EDS. The aforementioned information would be
necessary for the completion of an informed and comprehensive archaeological study, textile history
research and conservation strategy plan.
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Chapter 8
Guidelines for the Application of Instrumental Analysis
for the Conservation of Textiles Excavated in Greece
The primary objective of this project was to develop guidelines for the application of instrumental
analysis for the conservation of textiles excavated in Greece. These guidelines are designed to be
used by all professionals involved with the preservation of textiles excavated in Greece. Good
collaboration between conservators, archaeologists and textile historians, strongly affects the
process of analysis. The success of analyses depends on proper sampling, sample storage and
handling. A combination of different instrumental analytical techniques affords the most conclusive
and reliable results. The sequence followed is very important to the integrity of the sample. The
interpretation of the results might not always be straightforward, and specialist advice should be
sought.
The following guidelines address five issues: collaboration between archaeologists, textile
conservators and textile historians; sample collection, storage and handling; the preparation of
reference samples; choice of the most appropriate technique; and sequence of the techniques
applied.

8.1 Collaboration between Archaeologists, Conservators and Textile Historians
The success of the analysis and the welfare of the object, both depend on the collaboration of the
archaeologist, the textile conservator and the textile historian. The knowledge and expertise each of
the aforementioned professionals has is necessary to form the questions to be answered by analysis
and to interpret the analytical results. Moreover, one technique might answer more than one
question, so saving the object from repeated sampling and analysis.
The archaeologist would be able to provide information on the excavation of the object. They would
have seen the object the moment it was found, would be able confirm its condition at the excavation
site and any association with other material and/or object in its vicinity and be able to detect any
disturbance and/or change incurred during the lifting of the object, as was the case with the Argos
find. Even in a case of an old excavation, where the archaeologist in charge may no longer be
available, the archaeologist responsible for the object would be more experienced in looking at the
excavation photographs and understanding the information recorded in the excavation diary, as
experienced with the Theva textiles. A good collaboration with the archaeologist would ensure
unlimited access to the find, which is of crucial importance to its comprehensive study and proper
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sampling. There was no collaboration with the archaeologist in the Kalyvia case study, which
resulted in limited access and only one sample to be collected. Consequently, the weave type was
the only construction feature to be studied, fibre identification was not achieved and Raman analysis
could not be performed. Moreover, the archaeologist’s knowledge on the history, technological
advances and customs of the find’s originating place and time period would be invaluable to the
correct interpretation of the analysis results. In order to complete their study, they would need to
have information on the type of fibres used and the construction of the textiles. They would also
expect guidance on the appropriate storage and/or display of the find.
The textile conservator would be able to handle the object safely and preserve it. They would also be
able to identify and collect the appropriate samples to be used for analyses. Textile conservators are
trained to look at objects and distinguish patterns and signs of degradation and areas that carry
evidence of characteristic construction features. In order to be able to do that, they would need
unlimited access to the whole of the find. They would be able to decide on the appropriate
conservation strategy plan and storage and/or display methods. To inform the decision-making
process they would need to know the type of fibres present, to be able to estimate the condition of
the find and identify the type of preservation.
The textile historian would be able to put the object into a time and place context. They would be
able to provide information on the method of construction of the textile and yarns and by
comparison with other contemporary textiles, possibly draw conclusions on the provenance of the
find. Therefore, they would need information on fibre identification and any characteristic
construction features present.
Therefore, the archaeologist should allow unlimited access to the find and sampling. Collecting
more than one sample of the same textile is necessary for the characterisation of its condition, which
in turn would be used to inform conservation decision-making. The archaeologist should be precise
concerning the questions they might have about the object and its future role (e.g. whether it would
be on display and/or storage or used as a study piece). The conservator should decide on the
appropriate methods of instrumental analysis to be used in order to answer the questions about the
object. They should study the object to remove the most appropriate samples. They should properly
handle and store the samples and ensure that all techniques used are non-destructive, hence all
samples removed could be returned to the object and be fit for future analysis. Even if a textile
historian is not currently collaborating with the team, the conservator should ensure that all
information necessary for the technological analysis of the find has been recorded in detail and is
accessible. The textile historian should be precise in collecting the information necessary for the
technological study of the object. In case a conservator is not currently collaborating with the team
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the textile historian should ensure safe removal and storage of the sample(s) collected, and the use of
non-destructive methods of analysis, so that samples can be further analysed and the results made
accessible.

8.2 Sampling
Sampling may be necessary to proceed with analyses. Removed samples are still part of the object,
therefore their non-destructive investigation and proper care are obligatory. Sampling is the process
of selecting and collecting the sample for analysis. Correct sampling and appropriate sample storage
to avoid destruction and contamination, are of crucial importance to successful analysis.
The four case studies showed that there are several issues that should be considered when designing
the sampling of an excavated textile: whether the object has been treated in the past (Kalyvia);
whether a sample can be removed (Kalyvia, Nikaia); the amount of sample that can be removed
(Kalyvia, Nikaia); the area the sample could be removed from (Argos, Nikaia); the kind of sample
necessary for the analysis to be performed; the uniformity of the find (Argos, Theva, Nikaia);
whether it consists of one or more different textiles (Argos, Theva, Nikaia); whether samples are
representative of any differences in the type of preservation and/ or condition of the find (Argos);
whether samples include both warp and weft fibres (all four cases studies); to collect samples from
any possible sources of contamination (such as metals, bones and soil) (Argos, Theva, Nikaia).
The issue of past treatment is particularly important in the case of excavated textiles. Frequently,
excavated textiles are consolidated, usually with a polymer, as a First Aid treatment prior to lifting
from the excavation site. Possible consolidation of the finds in the past raises concerns as to the
reliability of the analysis results. Consolidants are quite likely to obscure the evidence present in a
sample, hence, rendering it inappropriate for analysis.

8.2.1 Planning Ahead
It is necessary for the person who will perform the sampling to have studied the object and planned
the procedure in advance. In that first visit, certain issues should be addressed: accessibility to the
object and the samples, since it might be kept in a container which does not open easily; number and
size of samples to be collected, so that the right type and amount of sample containers will be
selected; appropriate tools and equipment; amount of time necessary for the sampling procedure.
Photographs should be taken of the areas from which samples will be collected, so that they can be
studied later in detail.
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8.2.2 Choosing Samples
Choosing samples may be difficult to the untrained eye, since the state of preservation of excavated
textiles may prove misleading in distinguishing them from secondary deposits, soil or other material
(e.g. the copper impregnated Argos Y3 warps were thought to be copper beads before the author
examined them). Moreover, fragments of more than one textile may be present. Therefore, samples
from the entire object/s should ideally be collected. Nevertheless, the amount of samples taken
should be limited so that their removal does not interfere with the integrity of the object. It is
ethically more acceptable to remove samples from the poorest preserved areas, to ensure minimum
destruction of the find. Mapping the sampling locations by photomicrography is necessary, for
documentation purposes and for enhancing the interpretation of the results.

8.2.3 Collecting Samples
Sampling should better be performed by a conservator who is able to handle both the object and the
samples safely. First, one needs to look at the whole of the object thoroughly to identify: how many
different textiles are present; differences in the condition of different areas of the same textile, e.g.
differences in colour, or the amount of deposits present, or in the integrity of the structure;
differences and/or similarities in the condition of the different textiles; characteristic construction
features. The use of a stereomicroscope is of vital importance to the success of the sampling
procedure. If a stereomicroscope is not available a thread-counter or other hand-held magnifying
lens should alternatively be used. If the find has been preserved in a fragmentary condition, all
fragments present should be grouped

according to the different textile they originate from and/or differences in their condition, as these
were stated above.

8.2.4 Sampling Area
In case there are loose fragments available, these should be preferred, instead of collecting samples
from more intact areas, in order to avoid further destruction. In case there are no fragments present,
samples should be removed from an already disturbed, i.e. more deteriorated area of the textile. In
that case, a scalpel rather than a pair of scissors should be used to remove the sample from the
textile, as happened with the Nikaia Y3 textile. The scalpel provides a clearer cut of the fibres
because it is finer and lighter, whereas the scissors may destroy the ends of the cut fibres, thus
inhibiting the study of the cross-section, as shown by the reference samples when studied at the
ESEM.
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Fragments and/or areas of the find carrying evidence of construction characteristics should be
avoided as they might be unique and sampling is an inherently destructive process, since it puts the
removed portion of the find at risk. Loose fibres and/or yarns should not be chosen because they
could be products of contamination and confuse the results. In ay case, the area of sampling must be
carefully recorded both visually and in writing.

8.2.5 Sample Size
In general the instrumental analytical techniques included in these guidelines, do not need a sample
larger than 2-3mm2. Therefore, fragments of that size should be collected as samples. In case no
such small fragments exist, then the smallest fragment available should be collected without
attempting to cut it or otherwise minimise its size, since this action could destroy it. In all cases
tested in this research (apart from the Kalyvia and Nikaia Y3 samples), larger samples were used,
but this was not a problem with any of the techniques applied.

8.2.6 Number of Samples
A different sample should be taken from each different textile present and each different condition
exhibited, as these were stated above. One sample (from each different textile and/or area) should be
used for all analyses undertaken. In addition, samples should be taken from any associated material,
(such as, soil and/or debris; deposits; bones; fragments from the container of the textile; any material
that has been used as an aid to lift the find from the excavation; any material, like consolidants, that
has been used as a first aid treatment) as they might have contaminated/affected the samples.

8.2.7 Tools and Equipment
Samples should be handled with spatulas rather than forceps, since the amount of pressure imposed
by the forceps is enough to destroy the samples. Vacuum tweezers (such as the DA7c-Charles
Austen Pumps 115) could also safely be used to pick up and handle samples, but this is not always
possible to have when samples need to be moved to the analytical instrument. Nitrile or nitrate116
gloves should be worn at all times when handling the samples to avoid contamination. Cotton gloves
are not suitable since the samples could get tangled with the fibres of the gloves (e.g. additional
manipulation may be necessary when using spatulas), or the latter could contaminate the samples
(e.g. when securing the sample on the double-sided adhesive tape during ESEM-EDS analysis).

115
116

(Online) www.conservationresources.com/Main/section_17/section17_02.htm (02 December 2008)
Nitrate gloves have an extra coating to nitrile ones, which seals the chlorides deposited during manufacture.
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8.2.8 Sample Storage
Samples should be stored in sterilised plastic containers labeled on the outside with permanent pen.
Plastic should be preferred to glass since it would be less susceptible to breakage. The build up of
static charge on plastics sometimes causes a problem with the handling of fine materials, but
antistatic containers are now available. There are two types of plastic containers, with a flat and
pointed bottom. The ones with the flat bottom are preferred since they can stand freely on the bench,
which allows use of both hands in handling the sample when that is necessary (e.g. when returning
the sample to the container after analysis). In addition, the decrease in the dimensions of the pointed
bottom container could become a problem as the sample may be small enough to fit in there but
there is no room for a spatula or other tool to be inserted and safely remove the sample from the
container. In case such containers are not available, samples should be carefully wrapped in
aluminium foil and then kept in a rigid container, such as a polysterene plastic box, to avoid
crushing the sample. Polethylene plastic sample bags should not be used, since the plasticisers may
contaminate the sample, the static electricity built up would make sample handling difficult, and
they are not rigid enough to protect the sample from crushing.
Information on the tools and equipment mentioned above is included in Appendix E.

8.3 Preparation of Reference Samples
It is very important to compare results from the specimens with those from reference samples. Both
cellulosic and proteinaceous fibres should be included in the reference collection. As far as the
cellulosic fibres are concerned, cotton and at least two bast fibre samples with similar morphology
and physical and chemical properties should be included (e.g. flax, hemp, sparto, nettle). As far as
the proteinaceous fibres are concerned, at least one silk and one wool fibre sample should be
included.

8.3.1 Provenance
Museums and/or other Institutions that have reference collections of folk art/handmade textiles
should be contacted to provide the reference samples to ensure they are as similar as possible to the
object in terms of production methods. Another method for collecting different fibre samples,
especially cellulosic, would be to collect the plants and remove the fibres (e.g. with the method used
to collect the sparto fibres from the stem of the plant, as described in section 4.1.2, Chapter 4).
Natural History Museums or Collections and Agricultural Cooperatives would be reliable sources.
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8.3.2 Treatment of the Reference Samples
The reference samples should be treated according to the method of preservation of the find, to
prepare appropriate models, for example using the procedures given in Section 4.1.2 of Chapter 4.
However, it should be borne in mind that it may not be possible to reproduce the effects of the burial
environment exactly, so that the extent of organic fibre deterioration, the degrees of extraneous ion
infiltration and surface mineral build up, and the particular salt or mineral deposits may differ. Prior
processing, such as initial scouring, should also mimic historic procedures.

8.4 Selecting and Applying the most Appropriate Instrumental Analytical
Technique
The following techniques are grouped according to the information they provide. They are all nondestructive, since the sample analysed is not consumed and/or altered in any way, and non-intrusive,
in case fragments are collected for samples. As shown below, there is more than one technique
under the different sub-headings (apart from the ‘Construction and yarn-making’). These should be
combined (if available), since this research proved in that way they provide complementary
confirmatory results. The same sample should be used for all analyses.

8.4.1 Construction and Yarn-making
8.4.1.1 Stereomicroscopy
It provides magnified images of the sample and can be used to record information on how the textile
is constructed and yarns are made. It is of crucial importance to be able to apply this technique on
the whole of the find rather than limit it to the samples chosen for further analysis. Information such
as the way the yarns are interconnected to create the textile; the twist, ply and diameter of the yarns;
the weave count (in case of a woven textile); dimensions and description of selvedges and/or starting
edges; stitching and/or embroidery; evidence of any decorative elements, should be recorded both
visually and in writing.
When observing by eye, the magnification is the product of that afforded by the objective and
eyepiece lenses. The overall magnification recorded through an attached digital camera may be
somewhat different, and it is essential to calibrate the images, for example, by the use of a
micrometer scale.
In case a stereomicroscope with a folding extending arm and attached digital camera is available it
should be preferred, since it affords the opportunity of studying all areas of the find in situ without
removing any samples and allows better focused images. If such a stereomicroscope is not available
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then samples need to be removed and a digital camera can be used to take an image through the
eyepieces. Securing the camera on a tripod in front of the eyepieces allows for better focused images
to be taken. In any case, the higher the magnification provided by the stereomicroscope the better
the result of the analysis.
In case a stereomicroscope with no extending folding arm is used, hence samples need to be
removed from the object to be studied, no sample attached to the object should be removed. A tripod
mounted digital camera having a CCD chip with a minimum 7.0 megapixels can be used to record
the information. The image can then be enlarged to provide a magnification close to that achieved by
the stereomicroscope. The samples that can be removed should be placed underneath the objective
on a piece of antistatic Melinex® since it is a smooth enough surface for fragile samples to be safely
turned and dragged on it without being damaged. A piece of white or black card (depending on the
colour of the samples – always choosing the opposite) could be inserted underneath the Melinex® to
further enhance the image produced. The samples should be photographed from both sides and
along their edges. Two spatulas with rounded tips should be used for sample manipulation. Samples
must not be hand-held as even minimum force applied might crush them. To support the samples in
upright positions to photograph their edges, forms made of white Blu-tack® covered with cling-film,
moulded into the desired shape, can be used.

Both images and a detailed written record should be kept to enable present and/or future
interpretation, without it being necessary to disturb the object again. All photographs should include
a metric scale. Photographs of numerous different areas of the textile should be taken. If possible, at
least one photograph of an isolated layer of the textile should be taken, in the case of multilayered
folded objects/fragments.

8.4.2 Fibre Identification
8.4.2.1 Optical Microscopy
An optical microscope with high magnification (500 times or higher) and long working distance
objectives (that accommodate whole fabric samples) is ideal for providing information on fibre
identification, especially if linked to a computer equipped with z-slicing software. The sample is
placed on a microscope slide without a cover and put on the microscope stage under reflected light.
Different consecutive planes of the image are focused and recorded by moving the microscope stage,
by 10-20µm at a time. Steps of greater than 20µm result in poor quality for the final composite
image. Comparison of the morphology of the unknown fibres with reference samples allows fibre
identification.
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8.4.2.2 Environmental Scanning Electron Microscopy (ESEM)
Only an ESEM should be used, which allows non-conducting samples to be observed directly
without the need for the application of a conductive surface coating, hence it is non-destructive. The
quality of the image produced is good enough, even at higher magnifications, to allow fibre
identification, hence there is no reason to use a conventional SEM where coating of the sample is
necessary. Similarly, no higher than a 15keV electron beam should be used, since it affords a good
quality image and the energy is low enough not to damage the sample.
No attempt should be made to remove fibres and/or yarns from the samples as they may be
destroyed. A small piece of double-sided adhesive tape should be placed on the centre of the
microscope stub and the sample lightly adhered to the edge of it. This would afford enough grip to
secure the sample in the chamber and at the same time be loose enough to be safely removed from
the stub.
Fibre identification is achieved by comparison of the morphological characteristics of the fibres of
the sample with those of known reference samples. Therefore, it is important to record qualitative
and quantitative information on the diameters and longitudinal and cross-sectional morphology of
fibres. For example, the dimensions and distances between nodular thickening in bast fibres and the
pattern and distances of epithelial scales in wool fibres.

8.4.2.3 Fourier Transform Infrared Microspectroscopy (FTIR)
An FTIR spectrometer attached to an FTIR microscope could be used for fibre identification. The
microscope should be used in reflectance mode since the samples are relatively thick and usually
masked and/or impregnated by foreign deposits, so that infrared light will not be transmitted through
them. No attempt should be made to prepare the samples by pressing as this would destroy them.
Good quality spectra can be acquired by accumulating e.g. 32 scans with a resolution of 4 cm-1 over
the range 4000 to 700 cm-1. At least five different areas of each sample must be analysed to ensure
consistency of the results. Spectra of both the warps and wefts of each sample should be taken to
detect any differences and/or similarities between them. This technique may not enable precise fibre
identification, but will allow differentiation between more general groups of fibres, such as
cellulosic, silk and wool. Interpretation of the results is based on comparison of the absorbance
peaks present in the fibre spectrum with those found in reference spectra. Impurities potentially
present in excavated textiles may generate a number of peaks that might mask underlying
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characteristic peaks of the fibres, so spectra of soil and debris should also be recorded. Apart from
the reference samples, comparison of the results with those cited in the literature is also valuable.

8.4.2.4 Environmental Scanning Electron Microscopy-Energy Dispersive
Spectroscopy (ESEM-EDS)
Localised analysis offered by the ESEM-EDS enabled the detection of calcium in the cellulosic
reference and certain cellulosic (as suggested by previous ESEM and FTIR analyses) excavated
samples; and sulfur in the wool reference and the negative casts of the wool (as indicated by ESEM)
Argos Y3 weft fibres. Therefore, ESEM-EDS is able to contribute to fibre identification results.

8.4.2.5 X-Ray Fluorescence Spectroscopy (XRF)
Similarly to ESEM-EDS, XRF was also able to detect calcium in the cellulosic reference and
excavated samples, further confirming fibre identification results.

8.4.3 Characterisation of the Condition
8.4.3.1 Environmental Scanning Electron Microscopy/-Energy Dispersive
Spectroscopy (ESEM/-EDS)117
An ESEM should be used in a similar way and taking the same precautions as for fibre identification
purposes. It allows characterisation of the condition of the sample by providing information on
whether the sample is masked and/or impregnated by foreign matter, whether fibres are still
preserved or whether positive and/or negative casts of the fibres are only present. Interpretation of
the results is based on observation of the effects of burial on the morphological characteristics of the
fibres and comparison with the effects of treatment on reference samples.
The ESEM used should be equipped with an energy dispersive spectrometer (ESEM-EDS), which
enables qualitative elemental analysis of inorganic matter present in the sample. While the surface of
the sample is being scanned, a specific area can be chosen to be analysed. It would be useful to
analyse areas such as the surface of fibres that do not appear to be masked but could prove to be
impregnated by foreign matter; areas of the fibre that appear to be masked to analyse the
composition of the masking products; any particles embedded in the matrix of the fibres; the inside
of negative casts of fibres, that could indicate traces of the fibre were still present. Since localised
spot analysis is possible, it should always be recorded whether a fibre or other material, such as a
foreign particle was analysed, to avoid misinterpretation of the results.
117

ESEM/-EDS stands for ESEM and ESEM-EDS.
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8.4.3.2 Fourier Transform Infrared Microspectroscopy (FTIR)
An FTIR spectrometer attached to an FTIR microscope should be used in a similar way to that for
fibre identification purposes and taking the same precautions. It allows characterisation of the
condition of the sample by providing an indication masking and/or impregnation by foreign matter,
and whether organic components of the fibres are still preserved.

8.4.4 Characterisation of the Type of Preservation
8.4.4.1 Environmental Scanning Electron Microscopy-Energy Dispersive
Spectroscopy (ESEM-EDS)
An ESEM-EDS should be used in a similar way and taking the same precautions as for fibre
identification purposes. It affords characterisation of the type of preservation of the sample by
providing qualitative elemental analysis. Therefore, it enables an indication of the inorganic
components responsible for the preservation of the textile.

8.4.4.2 X-Ray Fluorescence Spectroscopy (XRF)
An XRF could be used for the characterisation of the type of preservation. Similarly to the ESEMEDS, it affords characterisation of the type of preservation of the sample by providing qualitative
elemental analysis.
A portable XRF is preferable, in case it is available, since it affords non-destructive and nonintrusive analysis of any area of the find in situ. Normalisation of the data may be necessary.

8.5 Sequence of the Techniques Applied
The combination of more than one technique affords more precise and reliable results therefore, if
possible, the range of techniques listed below should be applied.
In theory, the ideal sequence of the techniques applied would be from a macroscopic to a
microscopic to a molecular and elemental analysis level. Meaning that stereomicroscopy should be
applied first for an overview of the find and the sample, followed by optical microscopy and ESEM,
that would provide increased magnification, moving to ESEM-EDS and XRF for elemental analysis
and finishing with FTIR microspectroscopy for more detailed information on the characteristic
groups and bonding within the molecules present. Experience from the current research suggests,
however, that the following is the more practical:
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8.5.1 Stereomicroscopy
It should be applied first to the whole of the find before samples are removed. Apart from revealing
information on the method of construction, it will also facilitate categorisation of any fragments
present according to the different textiles present and/or their states of preservation, so informing the
sampling procedure.
Stereomicroscope analysis should never be omitted.

8.5.2 X-Ray Fluorescence Spectroscopy (XRF)
A portable XRF should then be used. The fact that it is portable means that sample removal is not
necessary, so that information can be obtained across the whole of the object. It could confirm the
various states of preservation, in terms of highlighting the levels of minerals present, further
informing the sampling procedure.

8.5.3 Optical Microscopy
After the samples have been removed they should be investigated with an optical microscope for
fibre identification purposes.

8.5.4 Fourier Transform Infrared Microscopy (FTIR)
Reflectance FTIR microscopy should then be carried out to characterise the condition of the
samples. It would also confirm the fibre identification from optical microscopy, and might give a
clearer indication of fibre type where optical microscopy was inconclusive.

8.5.5 Environmental Scanning Electron Microscopy/-Energy Dispersive
Spectroscopy (ESEM/-EDS)
Although in theory, it should be applied after the optical microscope to provide higher magnification
if necessary for fibre identification, it should be last, on account of possible destruction of the
sample. ESEM-EDS would confirm the characterisation of the method of preservation, fibre
identification and characterisation of the condition results, reached by the application of XRF,
optical and FTIR microscopy analyses. Nevertheless, the ESEM-EDS analysis should be the last to
be applied, since although all precautions are taken, the sample may not be able to withstand
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removal from the microscope stub without destruction, hence it would be unsuitable for further
analyses. In that case, it should remain on the stub and be returned to the object.
In case funding, time and/or accessibility is limited to the application of one technique (other than
the stereomicroscope) then ESEM-EDS analysis should be preferred as it is the technique which can
provide most information, on the characterisation of both the type of preservation and the condition
of the find, and fibre identificaton.

Raman microspectroscopy is not included in this section, since the only additional information to the
FTIR provided was on the inorganic deposits on the surface of the fibres. That information can also
be provided by ESEM-EDS and XRF analyses. In addition, Raman was the only technique applied
that could potentially destroy the samples. Therefore, Raman microspectroscopy should preferably
not be performed.
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Chapter 9

Conclusion

It is widely understood within Greece that understanding of cultural heritage is of great
importance to the present and future identity and evolution of the country. Archaeology has
played an important role in establishing the Modern Greek state (Damaskos and Plantzos 2008;
National Institute of Research 2003; Veremis et al. 1999; Kakrides 1997). Although
archaeological research in Greece has been and remains prolific, it has yet to encompass the full
variety of heritage. It has focused primarily on the excavation and conservation of sites and on
artefacts made from stone, metals and ceramics; mosaics, icons and written records are also
highly valued118. Textiles have received less attention, despite bearing evidence of the evolution
of human culture. In many countries they are recognised as important sources of information,
e.g. about everyday life and technology, as social, religious, and cultural symbols; as well as
exchangeable commodities, and works of arts and crafts. Nevertheless, awareness of the
significance of textiles excavated in Greece as evidence of cultural identity is poor. Preliminary
investigation showed that a significant number of textiles (65) had been preserved in a burial
context. There were certain cases where these textiles were initially appreciated but subsequently
neglected. The poor condition and obscured nature of these finds, which result from the
degradation effects of burial in combination with the accelerated degradation brought about by
subsequent exposure upon excavation, were found to be responsible for the lack of awareness of
the textiles’ significance.
Conservation is a discipline that involves initial diagnostic examination of cultural property,
subsequent preventive and/or interventive action to arrest deterioration, and finally access,
making both the physical integrity and information contained in cultural property available. It
was therefore decided, that the conservation of the textiles excavated in Greece would be a
means to increase the awareness of their significance. Their poor condition and obscured nature
called for the application of instrumental analysis to unlock their secrets. This determined the
research undertaken ‘Exploring the Application of Instrumental Analysis for the Conservation of
Textiles Excavated in Greece’.
At first, it was necessary to compile a list of the textiles that had been excavated in Greece up to the
beginning of this research project. The General and Sampling Archives of the Directorate of
Conservation of Ancient and Modern Monuments / Hellenic Ministry of Culture
(DCAMM/HMofC), the literature and personal communication with conservators, archaeologists
and textile historians were used as sources. Compiling the list identified sixty-five (65) different
118

A comprehensive account of the archaeological research in Greece is presented by the Archaeological Society at Athens at
www.archetai.gr
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finds, that meant sixty (60) more finds than the five (5) finds that had been identified and found their
way into Museum exhibitions up to that point. Preliminary statistical analysis of the information
included in the list identified four types of preservation of textiles excavated in Greece: 1) in
association with a metal (which for the vast majority of the finds is copper); 2) in association with
salts (such as calcium salts); 3) incomplete burning (charring); and 4) absence or elimination of
oxygen (which may occur in combination with the others). In fact, copper combined with anoxia has
been responsible for the preservation of seven out of the nine whole textiles that have survived (as
opposed to fragments, remains and/or traces). Preliminary statistical analysis also indicated that
association of a textile with a metal favours preservation of cellulosic fibres, while inhumation
burials favour the preservation of proteinaceous fibres, which is in accordance with the findings of
the literature review. A change in attitude towards the conservation of excavated textiles was also
highlighted. There was a shift towards preventive rather than interventive measures in the last
decade. However, collaboration between conservators, archaeologists and textile historians is still
limited, yet crucial to the welfare of excavated textiles. The survey therefore gave an enlightened
overview of the current situation in Greece as far as excavated textiles were concerned.
Subsequently, the application of instrumental analytical methods to excavated textiles was
reviewed. This provided information on the applicability, potential, limitations, advantages and
disadvantages of each technique in different cases. It also showed that there is a plethora of
different techniques that could provide useful results for the conservation of excavated textiles.
Selecting the most appropriate technique is of crucial importance to the success of the analysis
process. The specific questions formed (namely identification of the method of construction of
the textile and yarns, fibre identification and characterisation of the type of preservation and the
condition of the find), and the prerequisite of non-destructiveness set by Greek Law, informed
the selection of the instrumental methods of analysis to be tested within the scope of this
research project. These were: Stereomicroscopy, Optical Microscopy, Environmental Scanning
Electron Microscopy (ESEM) coupled with Energy Dispersive Spectrometry (ESEM-EDS), Xray Fluorescence Spectroscopy (XRF), Fourier Transform Infrared microspectroscopy (FTIR)
and Raman microspectroscopy.
The selected methods of instrumental analysis were first tested on reference samples. Both the
choice of fibres used as reference samples and the methods of treatment applied to them were
informed by the findings of the initial research. Therefore, four cellulosic (cotton, flax, hemp and
sparto) and four proteinaceous (silk and three different in colour and thickness wools) textile
fibres were selected as reference samples. Four sets of these eight samples were prepared: 1)
Scoured in deionised water; 2) Scoured and charred in a reduced oxygen environment; 3)
Scoured and further treated with calcium phosphate; and 4) Scoured and further treated with
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copper oxohydroxide. Application of the selected techniques to the reference samples helped to
set the parameters for the experimental design and provided information that enhanced the
interpretation of the analytical results from the excavated / unknown samples.
Stereomicroscopy was useful in obtaining information on the method of construction of the
textiles and yarns and in informing the sampling process. Optical microscopy (magnification 200
times) enabled fibre identification by revealing the morphological characteristics of the fibres
tested. ESEM further enabled fibre identification by providing higher magnification and
affording examination of the whole surface of the sample, and characterisation of the effects of
the method of treatment of the reference samples, which corresponded to the condition of the
excavated samples. Using a 15keV electron beam meant that there was no risk of destruction of
the fibres due to localised heating effects.
ESEM-EDS and XRF provided qualitative information on the elements present on the samples
due to the method of treatment, which corresponded to the characterisation of the type of
preservation of the excavated samples.
FTIR and Raman microspestroscopy enabled fibre identification and characterisation of the
method of treatment of the reference specimens. Using the FTIR microscope in reflectance mode
without any special preparation of the samples enabled the collection of good quality spectra
from the samples and ensured the technique was truly non-destructive. Raman
microspectroscopy was not as straightforward as it raised issues on possible destruction of the
samples.
The selected methods of instrumental analysis were applied to the Argos excavated textiles,
using the aforementioned parameters. ‘Argos’ was chosen to be the main case study of this
research project as a model of collaboration between the conservator, archaeologist and textile
historian, since it was a complicated find with three different textiles present (namely Y1, Y2
and Y3) and because it had been preserved in association with copper hence, representative of
the vast majority of textiles excavated in Greece, as far as the type of preservation was
concerned. The Argos find is the product of a pyre burial. It consists of three textiles, the
funerary metal vessel, the remains from the pyre of the bones of the deceased and fruit offerings.
The application of instrumental analysis revealed that Y1 was a plain-weave textile, made of
cellulosic bast fibres (possibly flax), S-spun in 2-ply yarns, executed on a warp-weighted loom
(as was indicated by its selvedge). Y2 was either a twined-weft or plain-weave textile, made of
possibly wild silk fibres, with Z-spun warps. The very fine diameters and poor condition of the
wefts did not allow for conclusive identification of the spin direction (possibly lightly Z-spun).
Y3 was a weft-faced plain-weave textile, made possibly of cellulosic Z-spun warps and wool Z-
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spun wefts (as indicated by ESEM-EDS and XRF analyses). The three textiles had been
preserved because of their association with the metals copper and iron. They had not reached the
same degree of mineralisation in their entirety and the different colours exhibited proved to be
an indication of the different degrees of mineralisation (brown and green fragments) and types of
preservation (white fragments impregnated by calcareous deposits). There was still a small
amount of organic matter preserved in the textiles. The application of instrumental analysis on
the Argos find provided much information, though some was inconclusive, e.g. fibre
identification. This latter unsuccessful outcome was due to the condition of the find, perhaps
related to the type of preservation.
Therefore, the selected techniques were further applied to three additional case studies
representative of different types of preservation identified by the initial research, different
degrees of collaboration between the professionals responsible for them, and different levels of
accessibility to the find.
The Theva textiles had been preserved by charring, there was no collaboration between the
conservator and other professionals but accessibility to the find was unlimited. Two different
textiles were present in this find, namely Y1 and Y2. Instrumental analysis revealed Y1 was an
open plain-weave textile made of possibly flax fibres, S-spun into yarns. Y2 was a lighter, open,
plain-weave textile made of the same fibres as Y1, similarly S-spun into yarns. No selvedges or
other characteristic construction features were identified to enable additional information on the
method of construction. Results on whether organic matter had been preserved within the fibres
of the two textiles were inconclusive, possibly because of the specific type of preservation
(charring).
The Kalyvia textile had been preserved in association with calcium salts. It had been previously
studied and a report published by a textile specialist in collaboration with a textile scientist. The
report, afforded otherwise inaccessible information, since there was only limited access to the
find. There was only one textile present, named Y. Y was an open plain-weave textile with Zspun warps and indiscernibly spun wefts, decorated with woven Murex purple strips, executed
on a warp-weighted loom. The methods of instrumental analysis applied were not able to detect
any organic remains within the fibres, or any morphological characteristics of the fibres that
would enable fibre identification.
The Nikaia textiles had been preserved in association with copper in combination with oxygen
elimination. This combination meant that although the type of preservation was similar to that of
‘Argos’ the condition of the Nikaia textiles would be different. In this case, the conservator was
able to collaborate with the archaeologist in charge but access to the find was limited. There
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were three textiles present in this find, namely Y1, Y2 and Y3. Y1 was a plain-weave textile
with Z-spun yarns, made of cellulosic bast fibres, possibly executed on a warp-weighted loom,
as indicated by its selvedge. Y2 was a plain-weave textile with Z-spun yarns, made of the same
fibres as Y1. Y3 was similarly a plain-weave textile with Z-spun yarns, made of the same fibres
as Y1 and Y2. Although mineralised, the textile fibres were still organic and retained their
morphological characteristics, as shown by the applied methods of instrumental analysis.
Stereomicroscopy enabled identification of the method of construction and yarn-making in the
Argos and Theva textiles but results were inconclusive in the Kalyvia and Nikaia finds, because
collaboration between the professionals involved, and consequently accessibility to these finds,
was limited.
Optical microscopy was only successful in identifying the fibres at 200 times magnification in
the case of the Theva textiles, where the type of preservation did not deposit foreign products on
their surface masking their morphology.
ESEM was invaluable in providing high magnification images of the samples, enabling
characterisation of the condition in all four case studies and fibre identification in the Theva and
Nikaia case studies. The poor condition of the Argos textile, which was directly affected by the
type of preservation, and the lack of a comprehensive reference collection, accounted for the
inconclusive fibre identification results. Similarly, the poor condition and even more obscured
nature of the Kalyvia textile, which was also directly affected by the type of preservation, was
responsible for not acquiring any results on fibre identification.
ESEM-EDS and XRF were both successful in providing information on the type of preservation.
In the cases of the Argos, Kalyvia and Nikaia finds interpretation of the results was
straightforward by the means of qualitative elemental analysis of the inorganic components
introduced to the fibres by the type of preservation. In the case of the Theva textiles, ESEM-EDS
and XRF were able to detect calcium which is expected in cellulosic fibres, as the reference
samples and the literature showed, so contributing to fibre identification. Sulfur was not
detected, suggesting the calcium was not a contamination from the plaster of Paris, providing
further information on the condition of the textiles.
FTIR provided information on the condition of the textiles, mainly by indicating the presence or
absence of organic remains within the fibres and inorganic substances deposited on them. It only
enabled fibre identification of the Nikaia textiles, which were in better condition than the textiles
from the rest of the case studies. Raman microspectroscopy did not enable fibre identification in
any case, but was able to provide some more detailed information (to the FTIR) on the
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characterisation of the inorganic deposits present on the fibres. Nevertheless, Raman
microspectroscopy was the only technique applied that could potentially damage the samples
due to the localized heating effect of the laser beam.
In general all techniques are complementary to each other, since a combined application
increases the reliability of the results.
The success of the application of the selected methods of instrumental analysis on excavated
textiles greatly depends on the access allowed, which is directly affected by the collaboration of
the professionals involved, and by the condition of the textiles. The latter is subsequently
affected by the type of preservation. Applying the selected techniques on a diverse set of case
studies enabled the development of guidelines, designed to be used by conservators,
archaeologists and textile historians. Samples should be collected from any different textiles and
areas of the find, kept in sterilised containers and handled with special tools to avoid
contamination and/or destruction. A comprehensive reference collection, as far as type of fibre
and type of preservation are concerned, is indispensable to the correct interpretation of the
analysis results. The combination of more than one technique affords more reliable results. Great
consideration should be given to the choice of the most appropriate method of analysis according
to the information wanted.
The sequence followed in the application of multiple techniques is very important to the integrity
of the sample. Stereomicroscopy should be applied first to enable technological analysis of the
find and to identify the areas and number of samples to be collected. A portable XRF should
subsequently be used to identify different types of preservation present and further inform the
sampling process. Fibre identification should first be attempted by the use of an optical
microscope. Subsequent application of FTIR analysis would provide further information on the
condition of the finds and fibre identification. ESEM-EDS analysis, that would further elucidate
fibre identification and characterisation of the condition, should take place at the end. Since,
even in the case of the environmental SEM, where coating of the sample with a conductive
medium is not necessary, the sample needs to be secured on the microscope stub with double
sided adhesive tape, and the poor condition of the excavated samples may not allow removal of
the sample without destruction hence, the sample would be unsuitable for further analysis.
Nevertheless, the high magnification together with the opportunity to examine the whole surface
of a sample in the ESEM, coupled with qualitative elemental analysis by EDS, mean that if only
one technique could be applied, due to financial, time and/or accessibility constraints, then
ESEM/-EDS would probably give the most informative results.
In any case, interpretation of the results should be done with caution. Specialists should be
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consulted, whenever possible, and results should always be compared to those obtained from
reference samples.

9.1 What is the Role of Instrumental Analysis for the Conservation of
Textiles Excavated in Greece?
As this research project showed there is potential in the application of instrumental analysis for
the conservation of textiles excavated in Greece. A considerable amount of information has been
revealed on the technology of the finds used as case studies. In addition, the fibres of the Theva
and Nikaia textiles were identified and in the case of the Argos textiles their identity elaborated
upon. Instrumental analysis showed that there are organic remains preserved within the Argos
fibres but there are also negative casts of fibres preserved. This information would be used to
inform the decision regarding optimum storage and/or display conditions and materials and on
whether the textiles would and/or should be consolidated. The debris deposited on the yarns
mainly consisted of fractured fibres and degradation products and actually formed the shape of
the yarns, as further investigation indicated. The extent of mechanical surface cleaning applied
would then be decided according to that information.
Analysis also showed that the foreign matter heavily masking numerous of the Theva fragments
was soil from the excavation site and this would inform further cleaning treatments applied. The
application of instrumental analysis on the Kalyvia find gave a better insight on the way textiles
are preserved in association with calcium salts by indicating impregnation and/or masking of the
fibres by calcium salts is rapid with such a substantial amount of salts deposited on the fibres
that their morphological characteristics would probably not be preserved. Applying the
instrumental methods of investigation on the Nikaia find showed that the foreign matter masking
the textiles was contamination from previous inappropriate storage and this would inform further
mechanical surface cleaning methods applied. The fact that the majority of the textile fibres were
still organic, would enhance decision-making on further conservation treatments applied, such as
humidification and possibly partial unfolding of the textiles, in case that was considered to be
appropriate from an ethical point of view. In addition, it would inform decisions on the optimum
storage and/or display conditions and materials for the find.
Nevertheless, the application of instrumental analysis for the conservation of excavated textiles
has limitations, mainly attributed to limited collaboration of conservators, archaeologists and
textile historians, hence restricted access to the objects; inherent limitations of the techniques,
such as not being able to use as high a magnification as necessary in order to obtain the required
information; inability of the technique to provide conclusive results because of the poor
condition of the find or the non-destructive prerequisites; and inability of the analyst to provide
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conclusive interpretation of the results due to either a limited reference collection and/or limited
specialist knowledge.
Despite the possible limitations, the role of instrumental analysis to the conservation of textiles
excavated in Greece was proved to be informative and of vital importance to the decisionmaking process.

9.2 Raising the Awareness on the Significance of Textiles Excavated in
Greece
Preliminary investigation identified sixty-five (65) excavated textile finds in Greece. Also the
formerly unknown location of three of these finds, Theva, Nikaia and Mummy Gold-woven,
were traced. A review on the instrumental analytical methods of investigation applicable to
excavated textiles informed a set of experiments using selected techniques first on reference and
subsequently on excavated textile samples. The experiments revealed important information for
the conservation of the four finds used as case studies, which included nine different textiles in
total (Argos – 3 textiles, Theva – 2 textiles, Kalyvia – 1 textile and Nikaia – 3 textiles).
Evaluation of the experimental results led to the development of guidelines for the application of
instrumental analysis on textiles excavated in Greece, designed to be used by conservators,
archaeologists and textile historians alike.
The Argos find, which was retrieved when this project was already in progress, afforded the
development of a model for the collaboration between the conservator, the archaeologist and the
textile historian.
The Theva textiles, neglected and their location unknown at the beginning of this project, would
now be conserved and included in the refurbished Exhibition Galleries of the Archaeological
Museum of Theva. In addition, collaboration was established between the conservator, the
archaeologist currently in charge of the find, the scientist that would perform dating analysis on
the find and textiles historians from the Centre for Textile Research (CTR) in Copenhagen,
Denmark, who would include this find in their on-going project on European excavated textiles
contemporary to the Theva artefacts.
The Nikaia textiles, alienated from their place of origin, would now be transferred to DCAMM
to be conserved and eventually returned to the Archaeological Museum of Piraeus, where they
belong. In addition, collaboration was established between the conservator and the archaeologist
in charge. Undertaking the conservation of the Nikaia textiles, will prompt research on ethical
considerations in the conservation of excavated textiles, such as the extent of humidification and
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cleaning methods applied and whether the textiles should finally be presented unfolded or
remain folded as evidence of burial customs practices.
Apart from the finds used as case studies, other finds have already benefited, as an outcome of
this research. The archaeologist responsible for the Kerameikos textiles (Table I no. 34) applied
to DCAMM for the author to undertake their conservation with the aim of displaying them with
the funerary vessel that contained them, which was already on display at the Archaeological
Museum of Kerameikos.
The Archaeological Museum of Thessaloniki applied to DCAMM for the author to undertake the
conservation of the Mummy Gold-woven textiles (Table I no. 56) by improving their current
storage method and conditions.

Hence, four more finds would be conserved and their significance acknowledged and
communicated, and hopefully more will follow.
It was therefore considered that the primary aim of this project, which was to raise the awareness
on the significance of textiles excavated in Greece, was accomplished.

9.3 Future Work
The experiments showed that a comprehensive reference collection would be very important to
the interpretation of the analyses results. Therefore a wide range of both locally produced and
imported fibres should be collected and analysed in order to gather information on their physical
and chemical properties, such as morphological characteristics and elemental distribution.
Especially in the case of plant fibres different processing treatments should be applied when
acquiring the fibres from the plants, such as hammering and peeling, soaking and boiling (Jakes
et al. 1993: 160). Since the different methods might have different effects on the morphological
characteristics of the fibres, as Jakes (1996: 205) noted when developing a Comparative Plant
Fibre Collection for Prehistoric Native American textiles. Therefore, future research should also
focus on fibre processing practices in Ancient Greece.
Similarly, more extensive experiments should be conducted on the method of treatment of the
reference fibres, in an attempt to imitate the range of effects of burial on the fibres. In the case of
such experiments, it should be assumed that accelerated ageing has similar effects to the fibres as
long-term burial. In addition, degradation effected by burial is likely to have been a complex
procedure, but this process should be broken down for the experiments to enable correct evaluation
of the results (Jakes 2003: 99). Srinivasan and Jakes (1997) conducted experiments on charring of
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hemp fibres and found that different temperatures greatly affect the morphological characteristics of
fibres. Peacock (1996) conducted experiments on the effects of soil burial and water-logging of
cotton, wool, and flax and reported changes in the morphological characteristics and colour of the
fibres. Gillard et al. (1994a) developed an experimental protocol in order to examine the process of
fibre mineralisation. Fibres of different type and manufacture were tested at several burial
environmental conditions and it was reported that the woolen fibres reacted at a much faster rate
than either the silk or cellulosic ones. Janaway (1989) also conducted experiments in an attempt to
comprehend the mechanisms of mineralisation. The Overton Down experiment showed that dye
mordants had an effect on the preservation of fibres, possibly by inhibiting micro-organism growth.
The Morden bog experiment showed that only the fibres in direct contact with the metal present
were preserved. The observations from the Beeston experiment indicated that iron favours the
preservation of proteinaceous fibres, whereas copper enhances preservation of both proteinaceous
and cellulosic fibres. It will be necessary to conduct further research on the burial conditions in
Greece and subsequently design more comprehensive sets of experiments on the treatment and/or
burial of reference samples according to these conditions.
The experiments also showed that the magnification afforded by the optical microscope was
insufficient in identifying the fibres in the case studies where the type of preservation resulted in
masking deposits. Recent advances in optical microscopy, may help to resolve this problem. The
Nikon AZ100 is a multizoom microscope that can be used as a stereo and as an optical microscope,
though not providing stereo-views, it has a useful magnification range and a wide field of view. It
covers an extremely wide range of magnifications, depending on the combination of eyepiece lenses
and objective lens. It can continuously switch magnifications, extending from macro to micro
observation of the same specimen. It has a zoom ratio of 8:1 and 0.5x – 5x objectives, giving a
nominal magnification with a 10x eyepiece of 4x-400x. Focusing can be done using either the stand
or stage controls. The objective lenses have long working distances (e.g. 15 mm for the 5x
objective) with relatively wide field of view (0.37 – 3 mm for the 5x objective). Therefore, even
thick and convoluted textile samples can easily be observed119.
Some preliminary observations have been made on selected references. Images were recorded with
the AZ100 Nikon microscope and Nikon DS-Fi1 camera, and processed with NIS-Elements v3
software, courtesy of Spencer Smith, Nikon UK. The software includes a z-stacking option for
virtual high depth of field images.
Initially images were recorded with oblique illumination provided by a fibre optic light source.
Subsequently some specimens were studied with through the lens illumination. Z-stacks were only
119

www.nikoninstruments.com/products.php?n=az100&p=Key_Features (Online), 1 December 2008.
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recorded for the first series. The images for fresh flax illustrate the very useful magnification range,
which permits visualisation of the weave (Fig. 9.1) and observation of the characteristic fibre
morphology (Fig. 9.2) when z-stacking is included. The latter also permits ready identification of
fresh wool fibres (Fig. 9.3).

Fig. 9.1 Fresh flax under the AZ100 microscope,
nominal 20 times magnification. Scale bar 1mm.

Fig. 9.2 Fresh flax under the AZ100 microscope,
nominal 400 times magnification. Scale bar 1mm.

Fig. 9.3 Fresh wool under the AZ100 microscope,
nominal 400 times magnification. Scale bar 0.5mm

Amongst immediate future plans is further dissemination of the knowledge gained through this
research. Working for the Directorate of Conservation of Ancient and Modern Monuments /
Hellenic Ministry of Culture, affords the opportunity of circulating the guidelines produced to all
Regional Services (such as Ephorates and Museums) of the Hellenic Ministry of Culture
conducting excavations. During this project, contact was established with conservators and
archaeologists working for these Regional Services. Several have expressed the need to attend
and intention to contribute to such seminars on First Aid treatment, analysis, conservation and
proper storage of excavated textiles. The Archaeological Schools of Rethymno and Volos, might
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also be able to contribute to the organisation of these seminars. Publications in relevant journals
and/or conferences will be continued, in order to broaden the audience.
From a more personal viewpoint, this research managed to turn a rather intimidating issue, as
was the situation with textiles excavated in Greece at the beginning, into a clearly structured
picture. There were concerns along the way that collaboration with other professionals might
never work, access to objects might never be permitted, or that the poor condition of the textiles
might never allow for interpretable analytical results to be achieved. However, good
collaboration has been achieved in many cases, permission to study and sample objects was
granted and analyses afforded plenty of valuable information. Following a reasoned approach
proved that textiles excavated in Greece are not problems that should be left untouched, but
sources of information and creations of human culture that have a lot to contribute to present and
future generations. In other words, this research supports the argument that in conservation there
are no problems, just challenges.
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Appendix A
Burial Customs in Greece
Ancient Greeks believed that upon death, the psyche (soul), left the body to cross the river
Acheronas by boat, guided by Charon (Death) and Chthonic Hermes, to enter the kingdom of Hades,
king of the dead. They were very concerned about the welfare of the beloved deceased, and
hysteropheme (memory of the deceased), hence the rich assortment of grave offerings, burial rituals
and commemorative practices (University of Pennsylvania 2006). Burial customs were performed in
distinct methods. Omission to fulfil them would mean endless suffering and regression of the soul of
the deceased between the worlds of the living and the dead. The wandering psyche would appear to
the living as a ghost. Tomb desecration would equally mean torments by the spirit of the deceased
(Bagwell 2006).
Burial customs varied according to the time period, throughout the prehistorical and historical
periods of Greece. Nevertheless, there is a significant degree of continuity appearing in the burial
customs of ancient Greece throughout time.

Stone Age (up to 3000 BC)
Skeletons were deposited in shallow pits, covered by stones and probably accompanied by offerings.
Evidence of cremations also exists in several sites (Laboratory of Geophysical Satellite 2006).

Bronze Age (3000-1100 BC)
1. Early bronze age / Protohelladic period / Cycladic period (3000-1900 BC)
Inhumation was much more common than cremation. Burials with the following standard
characteristics have been excavated: 1) Intramural burials, mainly of infants, adolescents and
females. These were mostly pit-burials, located outside the houses or rarely under the house floor; 2)
Cremation burials, in special areas outside the sites. Grave offerings consisted of pottery, marble,
obsidian and copper tools (Laboratory of Geophysical Satellite 2006).

2. Middle bronze age / Mesohelladic period / Minoan period (1900-1600 BC)
In the Early Minoan period burials were inhumations mostly in collective tombs, which were used
over several generations and located close to the settlements. Cremations were rare, probably for
foreigners from places where that was the custom. Tombs were either carved in the limestone rock
or, when that was not possible, these were built. The body was placed either directly in the tomb, or
enclosed in a large storage vessel.
In the Late Minoan period the larnax burial became common. The larnax was an elaborately
decorated sarcophagus, usually made of clay or wood (although none of the latter have survived)
(Ancient Worlds-1 2006).
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3. Late bronze age / Hysterohelladic period / Mycenaean period (1600-1100
BC)
Inhumation was still the rule, although cremation also existed especially at later dates. Tombs are
impressive chamber and tholos (dome) constructions and grave offerings become even richer in
direct relation to the social status of the deceased. Tholos tombs contained multiple burials of males
and females. The dead were adorned with jewellery, and were accompanied by sealstones made of
precious stones, weapons (swords) and cups of gold and silver. Nevertheless, intramural inhumation
in pit and cist graves continues. Tombs were built outside the settlements (Laboratory of
Geophysical Satellite 2006; Schorr 2006; Tufts University 2006).

Geometric and Eastern period (1100-660 BC)
Single burials, either inhumation or cremation, became common. Inhumation cist or pit graves were
laid out in parallel rows. Stones heaped over the graves were used as markers in the early years.
Secondary cremation also existed, usually confined to adults, was not taking place in situ, but
probably in another place. In general, cremated remains were deposited in urns buried in chamber
tombs. Grave offerings were again simplified, ranging from miniatures for children in inhumation
burials, to pottery (oil flasks, stirrup jars and lekythoi), weapons and simple jewellery (dress
fastenings, spirals) in cremations. Burials were arranged in cemeteries outside the settlements.
In the 9th and 8th centuries, cremation ceased to be the dominant practice, and inhumation took
over, especially in Athens. After 700 B.C. cremation once again became the rule for the aristocracy
because of the conscious connection between this type of burial and traditional heroic and epic
elements, found in popular mythical epics, such as Homer’s Iliad.
In the later years, the heap of stones marking the tomb, was replaced by oversized ceramic vessels
decorated with geometric motifs and scenes and/or stone stelai (gravestones) with no decoration or
inscription (Hellenic Ministry of Culture 2006; Laboratory of Geophysical Satellite 2006; Themelis
and Touratsoglou 1997: 203-205; Toronto University 2006).

Archaic period (660-480 BC)
Inhumation and cremation burials were alternatively practiced. There existed the belief that burning
of the body would free the psyche. The ashes and remaining bones were covered in cloth and placed
in amphoras to be buried. Cremation took place in-situ and offerings, such as tools, vessels and
jewellery, were burnt as well. Horse skeletons have been found accompanying the deceased warrior
in their last journey. Multiple burials existed. Burials within the city limits were banned. Tombs and
stelai were built above the graves. The stelai were inscribed with the name of the deceased and their
family and the constructor of the monument (Bagwell 2006; Laboratory of Geophysical Satellite
2006; University of Pennsylvania 2006).

Classical period (480-330 BC)
Mainly inhumation burials took place. The ritual included: 1) prothesis (laying out the corpse),
which lasted for two days. Friends and family sung traditional laments. The corpse was cleansed,
rubbed with olive-oil, decorated with flowers, wreaths and jewelry and bandaged in linen, rested on
a thick mattress covered with epiblemata (covering fabrics). The mouth and eyes are shut to prevent
the pshyche from leaving the body before interment; 2) ekphora (carrying the corpse to burial),
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which took place on the third day before sunrise, when the deceased was transferred from the house
to the grave. It involved a procession that, by law, had to go noiselessly through the streets of the
city. The grave soil was purified by planting seeds or pouring choais (liquid offerings). After the
body was interred in the grave, the mourners would return to the deceased’s house to cleanse
themselves from the miasma (pollution) of death, with water brought from elsewhere, outside the
house;
3) perideipnon (the funeral banquet), which took place either at the home of the deceased or at the
cemetery. Burnt left-overs and broken, used pots were left on top of the grave. Excavated evidence
show that animal sacrifices also took place. Eight days after the burial, the relatives and friends
gathered at the tomb to perform the ennata (ninth day rites);
4) annual gatherings in memory of the deceased, which involved offerings to the grave such as
flowers and wreaths, and domestic gathering.
Cremation of the dead was of limited frequency, until the 4th century BC. Two types of cremation
can be distinguished: primary and secondary (which was the most common type). In primary
cremation, the corpse was reduced to ashes inside the grave. In secondary cremation the corpse was
incinerated on a pyre outside the grave and the ashes were then buried in a clay or metal urn.
According to custom, the clothes worn by the deceased had to be completely consumed by the fire,
so that they could be available in the next life for the relief and accommodation of the dead
(Kalogeropoulou 1969: 224, 226; Themelis and Touratsoglou 1997: 203-205). Normally the
cinerary urns were not purpose-made for burials, but had previously served as household utensils.
The urn was laid directly on the ground or placed in another protective vessel.
Graves were either pit-graves (pits dug into the ground, its walls plastered with lime) or tile-graves
(where the body was covered with a protected canopy of fired clay tiles). The bodies were either
placed directly into the grave or in a sarcophagus, made of marble, limestone or stone, according to
the financial status of the family. Cenotaphs were empty graves for people who had died in far away
lands or at sea and their bones could not be retrieved. Public graves of men fallen in battle were
common practice and always elaborately marked. Carved and inscribed stelai and tombs were used
to mark the graves. The amount of decoration was limited by law, except in the case of public
graves. Ostentatious show of wealth and luxuty in life or in funeral rituals entailed hybris (insult) to
the gods. Grave offerings consisted of stone, marble or alabaster vessels, favourite items, toys,
jewellery, clay miniature statuettes and figurines and funerary clay vessels, such as the painted,
white-ground lekythoi. Several lekythoi bear representations of a figure (usually female), who
approaches the funerary monument holding a rolled piece of textile in her hands as offering
(Kalogeropoulou 1969: 228).
Graves were marked by relief sculpture, statues, and stelai. Each funerary monument had an
inscribed base with an epitaph, often in verse that memorialised the dead. Reliefs depicted scenes of
the deceased’s life, often depicting a servant or pet. Later in the 4th century BC, relatives of the
deceased were also depicted on the reliefs. All graves were organised in cemeteries, which lay
outside the city walls along roads (Bagwell 2006; Laboratory of Geophysical Satellite 2006;
Metropolitan Museum of Art 2006; Tufts University 2006; University of Pennsylvania 2006).

Hellenistic period (330-100 BC)
Although both inhumation and cremation burials were in practice, children were not cremated.
Burial rituals and graves were similar to that of the classical period. Coins appear in the grave
offerings, as the ‘Charon’s fee’ to pass the psyche to the other side. Common became also the
wreathing of the deceased. Golden wreaths were used in both inhumation and cremation burials.
Inscribed plaques with katadesmoi (curses) or with Orphic or Pythagorean instructions for the dead,
have been found in Hellenistic graves.
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Cemeteries still lay outside the city walls along roads. Communal graves appear whereby members
of professional guilds, religious associations and other fellowship societies, were buried together.
There is such a great variety in the form and construction of Hellenistic monumental tombs, that
they cannot be classified.
Macedonian tombs are the most characteristic type of Hellenistic monumental tombs in Greece.
They consisted of a rectangular burial chamber and a shallow antechamber, connected with a door.
The roof was domed and a built passageway was leading to the entrance of the tomb. The whole
construction was covered by earth (Bagwell 2006; Laboratory of Geophysical Satellite 2006;
Themelis and Touratsoglou 1997: 203-205).

Roman period (100 BC-330 AD)
Throughout the Roman empire, cremation burials were the norm, until the 1st century AD.
Nevertheless, inhumation burials remained the common practice in Roman Greece. Burials took
place at night, always outside the city walls. Elaborate processions were held for the soldiers (funus
militare) and emperors (funus imperatorum) Holes were left on the grave, to pour liquid and solid
offerings directly into the grave.
Cemeteries were found outside the city walls along roads. Catacombs, a special type of underground
cemetery, was used by the Christian and Jewish members of the Roman Empire. The deceased were
buried in horizontal niches cut out in the walls of complicated, underground, intersecting galleries,
decorated with symbolic painted scenes and inscriptions (Ancient Worlds-2 2006; Laboratory of
Geophysical Satellite 2006).

Byzantine period (330-1453 AD)
Conversion to the new religion, Christianity, brought a change in the burial rituals. Inhumations
burials were the norm, since the body should return to earth, where it came from. A priest’s presence
during the burial ritual, was imposed by law. The body was cleansed, myrrhed and wrapped in cloth,
their eyes and mouth closed. An icon was placed on their crossed hands and this was the only
offering. The body was then placed into a wooden or metal coffin (common people) or marble
sarcophagi (emperors and patriarchs) decorated with reliefs of human figures, animals and plants
and interred into the ground, head towards the East. Emperors and patriarchs were buried inside
churches. A marble or stone cross or slab inscribed with the name of the deceased was placed on top
of the grave. Memorial ritual services were held on the third, ninth and fortieth day of death and then
annually. During these, relatives brought to the church and then to the grave, kolyva, roasted wheat
mixed with pomegranate, almonds, raisins and cones. The wheat is thought to be up to the present
day, a symbol of Resurrection, because the seed needs to dry and ‘die’ in order to vegetate again.
In the first years, cemeteries lay outside the cities, but this changed as they expanded extensively
and burial in churchyards became common. Other than Christian Orthodox believers, were buried in
special cemeteries (Byzantines 2006; Laboratory of Geophysical Satellite 2006).

Post-Byzantine period (post 1453 AD)
Burial customs remained the same as in the Byzantine period.
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Appendix B
List of Suppliers
Table A: Equipment
Equipment

Specification

Supplier
UK

Digital camera

no less than 7.0
megapixels
resolution and
2cm macro

GREECE
CANON

Canon Europe Ltd
6 Roundwood Avenue
Stockley Park
Uxbridge UB11 1JA
T. +44 (0) 208 5888 000
F. +44 (0) 208 5888 001
www.canon-europe.com

Intersys S.A.
7 Dion. Areopagitou street
117 42 Athens
T. +30 210 95 54 000
F. + 30 210 92 30 661
intersys@intersys.gr
www.intersys.gr

NIKON
Nikon United Kingdom
and Republic of Ireland
www.europenikon/home/en-GB

D & I Damkalidis S.A.
www.europenikon.com/home/el-GR

OLYMPUS
Olympus UK Ltd
Vision House
19 Colonial Way
Watford
Hertfordshire WD24 4JL
T. +44 (0) 1923 831100
F. +44 (0) 1923 201767
info@olympus.uk.com
www.olympus.co.uk

Environmental
Scanning
Electron
Microscope
(ESEM)

•

•

Fourier
Transform
Infrared
Spectrometer

•

•

Olympus Greece Ltd
64 Tsounta & Kourtidou
street
111 43 Athens
T. + 30 210 21 11 860
F. +30 210 21 11 850
sakis.ageridis@fotomatic.
gr
www.olympus.com.gr

coupled with
an Energy
Dispersive
Spectrometer
(ESEM-EDS)
low vacuum

FEI Company
Europe NanoPort
Achtseweg Noord 5, Bldg
5651 GG Eindhoven
The Netherlands
T. +31 40 23 56 000
F. +31 40 23 56 634
www.fei.com

attached to an
Autoimage
microscope
Thermo
Grams AIv8®

PerkinElmer
940 Winter street
Waltham
Massachusetts 02451
USA
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software

www.perkinelmer.com

Optical
microscope

•

long working
distance

Raman
spectrometer

•

excitation
laser no less
than 785nm
Thermo
Grams AIv8®
software

PerkinElmer

equipped with
a digital
camera

OLYMPUS

•

Stereomicroscop
e

•

Nikon United Kingdom
and Republic of Ireland

D & I Damkalidis S.A.

Olympus UK Ltd

Olympus Greece Ltd
ZEISS

Carl Zeiss Ltd
Welwyn Garden City
T. +44 1707 87 1200
F. +44 1707 33 0237
infor@zeiss.co.uk
www.zeiss.co.uk
X-ray
Fluorescence
Spectrometer
XRF

•
•

portable AXS
Tracer III-V
S1P-XRF
software

Antisel A. Selidis Bros.
S.A., Thessaloniki
T. +30 210 7795 980
F. +30 231 032 1912
antisel@antisel.gr
www.antisel.gr

Bruker AXS
www.bruker-axs.com/de

Table B: Materials
Materials

Specification
UK

Supplier
GREECE

Antistatic
Melinex®

no less than
75µm
thickness

Conservation-by-Design Ltd
5 Singer Way
Woburn Road Industrial Estate –
Kempston
Bedford MK42 7AW
T. +44 (0) 1234 846 300
F. +44 (0) 1234 852 334
info@conservation-bydesign.co.uk
www.conservation-bydesign.co.uk

ΕΞΑΙΡΕΤΟΝ
(EKSAIRETON)
18 Poulopoulou street
118 51 Thiseio, Athens
T. +30 210 34 53 254
www.exaireton.com

Calcium chloride
(CaCl2)

dried salt

VWR International
Hunter Boulevard
Magna Park
Lutterworth Leicestershire

IN SITU
3 P. Papageorgiou street
54 635 Thessaloniki
T. +30 2310 251 081
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LE17 4XN – ENGLAND
T. +44 1455 55 86 00
F. +44 1455 55 85 86
info@uk.vwr.com
www.uk.vwr.com

F. +30 2310 241 221
info@insituconservation.com
www.insituconservation.com

Copper sulfate
(CuSO4)

VWR International

IN SITU

Iron sulfate
(Fe2SO4)

VWR International

IN SITU

Sodium
hydroxide
(NaOH)

VWR International

IN SITU

di-sodium
hydrogen
orthophosphate
dihydrate
(Sørensen’s salt)
(Na2HPO4·2H2 O)

VWR International

IN SITU

Nitrate gloves

B&H (USA)
www.bhphotovideo.com

ΕΞΑΙΡΕΤΟΝ
(EKSAIRETON)
IN SITU

Nitrile gloves

Sample
containers

•
•

sterilised
plastic
flat
bottoms

Preservation Equipment Ltd
Vinces Road
Diss
Norfolk IP22 4HQ
T. +44 (0) 1379 647 400
F. +44 (0) 1379 650 582
info@preservationequipment.com
www.preservationequipment.com

ΕΞΑΙΡΕΤΟΝ
(EKSAIRETON)

Hanna Instruments Ltd
Eden Way
Pages Industrial Park
Leighton Buzzard
Bedfordshire LU7 4AD
T. +44 (0) 1525 850 855
F. +44 (0) 1525 853 668
sales@hnnainst.co.uk
www.hannainst.co.uk

ΕΞΑΙΡΕΤΟΝ
(EKSAIRETON)

IN SITU
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Table C: Tools

Tools

Specification

Supplier
UK

Forceps, spatulas,
tweezers
Vacuum tweezers

plastic or metal

GREECE

Preservation Equipment
Ltd

ΕΞΑΙΡΕΤΟΝ
(EKSAIRETON)

Conservation-by-Design
Ltd

ΕΞΑΙΡΕΤΟΝ
(EKSAIRETON)
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Appendix C
Relevant Publications

Margariti, C., Eastop, D, Moraitou, G. and Wyeth, P. 2008. The application of analytical methods of
investigation to textiles excavated in Greece towards the development of an informed conservation
strategy. In: 5th Symposium of the Hellenic Society of Archaeometry, 8-10 October 2008, Athens.
[in print]
Margariti, C, Eastop, D, Moraitou, G. and Wyeth, P. 2008. Potential and limitations on the
application of FTIR microscopy on the analysis and characterisation of textiles excavated in Greece.
In: 10th North European Symposium for Archaological Textiles, NESAT X, 13-18 May 2008,
Copenhagen. [in print]
Margariti, C. and Moraitou, G. 2007. Preserving ancient threads. Preventing conservation strategy
for Greek excavated textiles. In: Thomasen-Kraus, S. (ed.) 6th North American Textile Conservation
Conference, NATCC, 6-9 November 2007, Washington D.C., pp. 53-59.
Moraitou, G. and Margariti, C. 2008. Excavated archaeological textiles in Greece. Past, present and
future. In: C. Alfaro and L. Karali (eds) PURPURAE VESTES II, 2nd International Symposium of
Textiles and Dyes of the Ancient Mediterranean World, 24-26 November 2005, Athens, pp. 165167.
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Glossary of Terms
Calcium chloride
(CaCl2)

Calcium chloride is a common salt and it is solid at room temperature and
has low toxicity. It has been manufactured for over 100 years. Calcium
chloride dissociates easily in water to form calcium and chloride ions. In
the event of a spill, the focus is on containing the spill to prevent
contamination of soil, surface or ground water. It is considered to be
practically non-toxic to aquatic organisms and bioaccumulation is
unlikely.

Copper sulfate
(CuSO4)

Copper (II) sulfate is a salt that exists in a series of compounds that differ
in their degree of hydration. The anhydrous form is a pale green or greywhite powder, whereas the pentahydrate, the most commonly encountered
salt, is bright blue. Copper sulfate is a strong irritant. The usual routes by
which humans receive toxic exposure to copper sulfate are through skin or
eye contact, as well as by inhalation of powders and dusts. Copper sulfate
is very toxic to fish and aquatic invertebrates, such as crab, shrimp and
oysters. Due to its high water solubility, excessive amounts of copper
sulfate should not be disposed off in the sewer.

Crochet

From the French word for hook. Known in Europe as early as the 16th
century, apparently crochet was made at first in convents by nuns as a
rapid way of making fabrics that imitated lace. As a means of
supplementing their income, Irish women were taught to crochet by Irish
nuns during the potato famine of the 1840s. When these women
immigrated to America, they brought the skill with them and it spread,
initiating a vogue for crocheting during the late 19th century. Crochet
consists of a continuous series of loops of yarn made by a single hooked
needle. The resultant fabric can be made as both a narrow or broad fabric
or as an entire item of apparel.

Felt

Made since ancient times, felt is a non-woven sheet of matted material
made from wool, hair, fur, or certain manufactured fibres. True felting is
an entanglement of a mass of fibres that takes place by a combination of
heat, moisture, and pressure. No bonding adhesive is used. Uses: hats,
floor and table coverings, padding in apparel, furniture and mattresses,
insulators, industrial uses, and many other varied purposes.

Fibre

1. The fundamental component that is used in the assembly of textile
yarns and fabrics. 2. (Specific) A unit of matter characterised by having a
length at least 100 times its diameter or width and, with the exception of
noncrystalline glass fibre, which has a definite preferred orientation of its
crystal unit cells with respect to a specific axis. 3. (Textile) Fibres that can
be spun into a yarn or made into a fabric by interlacing in a variety of
methods, including weaving, knitting, braiding, felting, and twisting.

Iron sulfate
(Fe2SO4)

Iron(II) sulfate is a blue-green crystalline water soluble salt. It is known as
the monohydrate, the tetrahydrate, the pentahydrate, and the heptahydrate.
It is stable but harmful if swallowed.

Knitting

A method of constructing a fabric by interlocking series of loops of one or
more yarns. Derived from the original Anglo-Saxon word ‘cnyttan’,
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which means to weave threads by hand. Originally, knitting was done by
hand on straight or round needles by slipping stitches from one needle to
another, resulting in a new stitch with each change.
Knotting

A process of making a net-like fabric by tying knots in an array of yarns.

Loom

A machine that produces fabric by interlacing a series of lengthwise,
parallel yarns (warp) with a series of widthwise, parallel yarns (wefts).
Band loom Any special loom for weaving narrow bands, tapes, or
ribbons. Various devices for opening a shed may be used, including
tablets and rigid heddles. Pick-up is often used for patterning.
Horizontal ground loom The horizontal ground loom is a simple
arrangement of sticks and poles driven into the ground. The weaver
measures out the length and width needed for weaving the cloth and
drives the sticks firmly into the ground. The warp (vertical) threads are
wound onto the sticks and tied in place. The weaver works the weft
(horizontal) threads, by hand, through the stretched out warp. The ground
loom is still used today by the Bedouin weavers of the Near East.
Vertical two-beam loom The vertical beam loom was developed in Syria
or the region of the Caucasian Mountains around 2400 BC. This type of
loom is still used today for making rugs and tapestries. A weaver using
this type of loom sits and weaves from the bottom up. This loom can also
be used as a tapestry frame. Other types of vertical looms that are warpweighted are woven from the top down.
Warp-weighted loom Vertical loom where the warp is held taut by loom
weights, and with certain African looms, the warp is rolled in a ball and
the ball is tied to a weight.

Melinex®

A clear, polyester film made by DuPont.

Plain-weave

The simplest possible interlacing of warp and weft elements produces
plain weave. The principle of the interlacing is unvarying alternation.
Each weft unit passes alternately over and under successive warp units,
and each reverses the procedure of the one before it. The warps are
separated into only two groups. All warps that lie above one passage of
weft lie below the next, above the third, and son. It is possible to vary the
nature of the fabric by modifying the spacing, pliability, or size
relationships between warp and weft elements, or by grouping elements
into units, without varying the simple alternating order of interlacing
which constitutes plain weave. The obverse and reverse of plain weave
are structurally identical.

Ply

The number of single yarns twisted together to form a ply yarn; also the
number of ply yarns twisted together to form a cord.

Selvedge

Narrow edge portion of a fabric parallel to the length (warps) that often is
made with special stronger yarns in a closer construction than the body to
prevent damage.

Sodium
hydroxide
(NaOH)

Sodium hydroxide is a caustic metallic base also known as lye and caustic
soda. It forms a strong alkaline solution when dissolved in a solvent such
as water. It is a white solid available in pellets, flakes, granules and as a
50% saturated solution. It is corrosive and may be fatal if swallowed. It
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should not be disposed off in the sewer. In the case of leakage or spill, it
should be placed in a suitable container and protective clothing should be
worn at all times. The area should be ventilated.
di-sodium
hydrogen
orthophosphate
dihydrate
(Na2HPO4·2H2 O)

Di-sodium hydrogen orthophosphate dihydrate is a white powder that is
highly hygroscopic and water soluble. It is an eye and skin irritant and
may be harmful is ingested in quantity. Also known as Sørensen’s salt.

Spindle

An instrument used in hand-spinning, consisting of a slender stick
(usually of wood), tapering towards each end. It is made to revolve and
twists the fibres of wool, flax, cotton, or other material into yarn.

Spinning

The process of twisting together and drawing out massed short fibres into
a continuous strand.

Sprang

This method has been used since prehistoric times to make elastic,
generally open fabric structures for such objects as hairnets, stockings,
and other items where stretch was useful. This craft has been documented
as still being practiced in Scandinavia and the Galicia region of eastcentral Europe (now part of Poland and the Ukraine) during the 20th
century. A term applied to fabrics constructed by twisting yarns together.
The precise definition is uncertain, but it applies most frequently to
fabrics that are made by stretching yarns between two parallel beams, then
twisting the yarns together. The twists are pushed in opposite directions
until all the yarn has been twisted, and finally some yarn or cord is
inserted to keep the twists from unraveling. No filling yarns are inserted,
nor are yarns looped together as in knitting.

Tablet weaving

Method of hand weaving a narrow fabric in which the warp yarns are
threaded through the corners of small, angular tablets (cards). Rotating the
tablets, individually or together, changes the shed between picks. Can
produce twisted warp structures or normal weaves.

Textile

Derived from the Latin term textilis, which is based on the verb texere, to
weave. 1. A broad classification of materials that can be utilised in
constructing fabrics, including textile fibres and yarns. 2. Designates the
constructed fabric including woven, knitted, and nonwoven structures as
well as lace and crocheted goods. 3. Descriptive of processes,
organisations, personnel associated with the manufacture of products from
fibres and yarns.

Thread

1. Thin, continuous cord, especially one made by combing strands of
cotton, linen, silk, wool, or manufactured fibres. Specifically smooth,
compact yarn, generally plied, characterized by a combination of twisting
and finishing with solid or semi-solid, wax-like materials or resins to
secure a flexible strand. Chiefly used in sewing. 2. The term often is
applied loosely to yarn used for weaving and knitting, although properly it
applies only to yarns produced for sewing or other needlework.

Twist

The number of turns about its axis per unit of length observed in a yarn or
other textile strand. Generally, this is indicated as turns per inch, or tpi. It
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is expressed also in turns per centimeter or meter, or by helix angle in a
structure of known diameter.
Twist angle

The term refers to the angle that the slant of the twist makes with the
vertical axis of the yarns. Also known as tightness of twist. The twist
angle is determined by the number of twists per unit of linear
measurement. Emery (1994: 12) suggests the following grades for the
twist (or spin): loose up to 10°; medium 10°-25°; tight 25°-45°.

Warp

A yarn (end) that runs lengthwise in a woven fabric, parallel to the
selvedges. Warp ends interlace with the filling yarns (picks / wefts) in
different patterns to form different weaves. Warp ends are held in parallel
and under tension in the loom and certain ones are raised or depressed, to
form the shed, before the insertion of each pick. The warp yarn can be of
the same size as the filling or of higher or lower count.

Weft

In woven fabric, yarn that runs from selvedge to selvedge at right angles
to the warp.

Whorle

1. Base portion of spindle through which it is driven by a belt or rope. 2.
Weight at the base of a spindle used in hand spinning which, through the
production of centrifugal force, maximises the length of time a spindle
will rotate once it has been set in motion. Used since prehistoric times;
stone and ceramic spindle whorles are sometimes recovered in
archaeological excavations.

Yarn

A continuous strand of textile fibres that may be composed of endless
filaments or shorter fibres twisted or otherwise held together. Yarns may
be single or ply. They can be utilized in many such fabric-making
processes as weaving, knitting, crocheting, tatting, netting, or braiding,
depending on the result desired and the character of the yarn.
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