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Studies

ARCHAEOLOGICAL MATERIAL

IDENTIFICATION OF FIBERS
AND WEAVING TECHNOLOGY
IN THE REMAINS OF FABRICS
DISCOVERED FROM KUH-E
KHWAJA, A PARTHIAN
ARCHAEOLOGICAL SITE IN
SISTAN, IRAN

Abstract: The aim of this study is to characterize fibers, spinning and weaving
techniques of fabric remains found in Kuh-e Khwaja, a Parthian archaeological
site in Sistan, Iran. For this purpose, 26 samples, including fabric remains (17
cases) and separate yarns (9 cases), were examined. The fibers were identified
using light microscopy and FTIR spectroscopy, and the yarn twist directions,
the angle of pretwist of the fibers, and the weaving pattern of the fabrics
were examined by light microscopy. The results showed that a similar type
of fiber was used for both warp and weft in each fabric. Among the study, 12
cases (46%) and 14 cases (54%) have been characterized as wool and cotton
respectively, which indicates the prosperity of both agriculture and animal
husbandry in the Parthian period in the Sistan region. The yarn twist directions
in both warp and weft were the same in all fabrics and were Z/Z type, except
for one sample (Z/S). Also, single-ply (21 samples, 81%) and double-ply yarns
(5 samples, 19%) showed Z-twist and S(2z)-twist, respectively. Most of the
fabrics showed a plain weave; however, warp rib, irregular matt, twill, basket
weave, and also knitted fabric were observed among them. In addition, the
results showed that wool yarns have a lower angle of pretwist compared with
cotton yarns. Therefore, this issue can be used in the primary classification of
fabrics found from this archaeological site.

Keywords: Kuh-e Khwaja, Parthian, Archaeological textiles and fabrics, Ancient
weaving technology, Fibre identification.

INTRODUCTION

abrics have been considered as important evidence of the state of
agriculture, trade, migration, art, and everyday life and culture in
ancient time in different geographical areas. Study of fabrics and their

manufacturing process as an indispensable part of human culture, can provide
great information about in archaeological and anthropological researches.
These researches can provide important information about infrastructure and
resource management in ancient societies'. There is little information about
ancient fabrics due to lesser excavated fabrics in archaeological sites compared

1 LUKESOVA/PALAU/HOLST 2017
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Fig. 1. The geographical location of Kuh-e Khwaja.

with durable artifacts such as ceramics or metal?. Fabrics are
not very durable and usually have been affected by moisture,
high temperatures, fungi, and bacteria in underground
graves for thousands of years. Most archaeological textiles
are dry brittle wads, collapsed waterlogged masses, or damp
moldy bundles. In addition, there are the minute fragments
that are carbonized?. In fact, aridity, high concentration of
salt, waterlogging, freezing, charring, and mineralization
are among the most common conditions that lead to the
preservation of textiles*. Therefore, many ancient fabrics are
commonly found in hot and dry climatic zones.

Sistan is one of these regions in eastern Iran with
numerous ancient sites including Kuh-e Khwaja. Kuh-e
Khwaja, mount Oshida. It is located on the slopes of a black
basalt mountain rising from Lake Hamun in 30 km southwest
of Zabol (a city in northeastern of Sistan and Baluchestan
province, Iran) and is one of the most important tourist
attractions and ancient sites of the Sistan plain in eastern
Iran® (Fig. 1). This site has been considered in different
periods of history due to its special geographical and natural
location. Most studies to date show that the buildings on
this site date back to the Sassanid and Parthian periods®.

2 CYBULSKA/MAIK 2007; LIPKIN et alii 2021

3 PEACOCK 2005

¢ GLEBA/VANDEN BERGHE/ALDENDERFER 2016

°> GHANIMATI 2000; KAWAMI/BECKER/KOESTLER 1987; VASEGH
ABBASI/MEHRAFARIN/MOSAVI HAJI 2018; SARHADDI-DADIAN et alii
2021

5 KAWAMI/BECKER/KOESTLER 1987

Remnants of fabrics were found in Parthian clay bricks paste
in a survey at the surface of this site in 2012. There is small
number of Parthian fabrics discovered in archaeological
excavations. Therefore, study of manufacturing process as
well as the materials and applied techniques in the samples
from Kuh-e Khwaja, is very important in order to obtain
more information about Sistan region in the Parthian
period. But most of the studies on Iranian historical
fabrics have focused on artistic studies and their decorative
patterns’. Hence, there is a deep requirement for technical
examination of these fabrics. Therefore, the purpose of
this study is to investigate the techniques and materials of
discovered fabrics from Kuh-e Khwaja in the Sistan region.
These studies include identifying the type of fibers, yarn
twist directions, the angle of pretwist of the fibers, and the
weaving pattern.

METHODS AND MATERIALS

In this study, 26 samples of yarn and fabrics found
in 2012 from the archaeological site of Kuh-e Khwaja were
examined. These samples included 17 fabrics and 9 separated
yarns that were obtained among the Parthian bricks of this
area. To microscopically identify the fibers, the fibers were
first separated from each other and suspended in distilled
water. It was then placed as a drop on a microscope slide and
examined using an Olympus BX51 polarized light microscope

7 HEDAYAT SHENASA 2008; HOUGHTELING 2017; KATEB/MAFITABAR
2019; MORAVEJ 2016
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(Olympus Optical Co., Ltd., Japan). The morphological
properties of the fibers in the longitudinal view were
investigated with two magnifications of 200 and x400 in
transmitted light mode. Also, due to the surface degradation
of fibers as a result of their considerable antiquity, and
alteration of morphological and surface properties, their
chemical structure was investigated using Fourier transform
infrared (FTIR) spectroscopy. After removing the surface
sediments of the samples, FTIR spectroscopy was carried
out using a Nicolet 680Plus FTIR spectrometer (Jasco,
Japan) with KBr pellets. All Spectra were collected in the
range of 4000-400 cm™ at 4 cm™ resolution with 32 numbers
scans. Then, the spectral characteristics in the fingerprint
region were investigated using Omnic 9 software. The yarn
twist directions, the angle of pretwist (the angle of the
twisted fibers relative to the yarn axis), and the weaving
pattern of the fabrics were examined with an Olympus BX51
microscope. Two optical fibers with a radiation angle of 45
degrees were used as an incident light source. After capturing
the images, the pretwist angles were measured using ImageJ
1.44 software. Angle measurements were repeated 15 times
for each sample and the average was calculated.

RESULTS AND DISCUSSION

Fiber identification is One of the most important
measures in archaeological studies. It provides valuable
information about economic conditions, agricultural or
animal husbandry prosperity, contact and trade between
different regions, the prevailing cultural conditions in the
desired historical period, and sometimes the authenticity
of materials attributed to a region. The most common
natural fibers used for textiles are animal fibers like wool
and silk and plant fibers like cotton and flax®. There are
also small amounts of metal and mineral fibers®. Animal
and plant fibers are usually identified by touch and vision,
burning, solubility, microscopy, birefringence, spectrometry
methods'®. Microscopic examination of the morphological
properties of the fibers makes it possible to distinguish
between animal and plant fibers. On the other hand,
microscopic examination provides a better understanding
of the degradation and structural condition of the fibers, as
well as the penetration of dust and impurity into the fabric
and yarn structure'?.

In the longitudinal view, the cotton fibers are flat
and ribbon-like with convolutions®. Wool fibers also appear
with a scaly surface, which is one of the most important
characteristics of wool under a microscope™. Silk fibers have
a relatively smooth surface without special bulges, and a
cross-section similar to a triangle', and flax fibers can be
identified by their nodes'é.

8 BERGFJORD/HOLST 2010.

9 CAO et alii 2010.

10 CAO et alii 2010.

' BERGFJORD/HOLST 2010.

2. GARSIDE 2009; GOLDMAN et alii 2018; LIPKIN et alii 2021.

3 ANGIORAMA/LOPEZ CAMPENY/TABOADA 2020; BLATT et alii 2011;
HOUCK/SIEGEL 2015.

4 BERGFJORD/HOLST 2010.

5 GLEBA/VANDEN BERGHE/ALDENDERFER 2016; GOODWAY 1987.

' HAUGAN/HOLST 2014.
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Based on the microscopic examination shown in Fig.
2, only two different types of fibers have been identified
in the yarns and fabrics found from Kuh-e Khwaja.
Examination of 26 samples (including separate yarns and
fabrics) shows that 14 samples have cotton fibers (Fig. 2b)
and 12 samples have wool fibers (Fig. 2a). Also, in each
fabric, the warp and weft fibers were both of the same types.
The results of this microscopic examination for each sample
are presented in Table 1. The relatively uniform distribution
of wool and cotton fibers in the samples can be attributed
to the possibility of the prosperity of both agriculture and
animal husbandry in the Parthian period in the Sistan region
(Fig. 20).

Many ancient fibers are sometimes severely eroded

and carbonized due to prolonged burial conditions. This,

7Y

<\

)

3
<)

20

%%

<R

XN
<\
:0
X
20

00020,

o%
o
bode
bode
bode
X
<X
%

L5
35
3K
%5
x5

RHLRS
SRLXRS
5%

%5
35
35
5%
%%

o

R
X
oo
3RS
KRR

2555
35
5
255

2% %%

R KRR
LIRS
IRLEERLLILEELS
R
S RLLLLS
LISERLIRLIIELLS,
ZSREISILIIELIIKK
ZLRLLIIILIKKLS
RRRRRRRRRIRKRKS
RRRRRRRRRRIRRRKS
S RILLIILISLLLE
RRRILLLLIIKKS
QLRI
AL \\‘
\
o
-\
3 9
AN 2
S

55
2R
253588
252585
3RS
RS
Petotede
258
SIS
Petotede
KK
525358
RS
OREE

P

::
::
\X

X

Fig. 2. Optical microscope image of wool fibers in sample KhM-
19 (a) and cotton fibers in sample KhM-1 (b) and distribution of
these fibers in the studied samples (c).



along with the limitations of light microscopes, can lead to
misidentification of fibers in the laboratory. For example,
as Good (2001) points to the Catal Huyiik fabrics, an initial
microscopic examination of the fibers in 1963 showed that
they were wool, but two years later, in 1965, subsequent
analysis confirmed that bast fibers were used in these
fabrics'”. Therefore, due to the degradation of ancient
fibers that affect their optical properties, it is sometimes
necessary to use more accurate analytical tools along with
an optical microscope to study their chemical structure
or morphology. Therefore, to reduce the possibility of
misdiagnosis in microscopic examination of fibers, FTIR
spectroscopy was used to determine the plant or animal
nature of fibers. FTIR spectroscopy allows the determination
of a fiber constitution of textiles®. It also allows the study
of degradation in ancient fabrics'. The fingerprint region of
the FTIR spectra was selected for the study. Initial checking
of the absorption bands of the FTIR spectra of the samples
indicated two distinct categories. In Fig. 3, the spectra of
two samples KhM-3 and KhM-18 are presented as examples
of these categories. The spectrum of KhM-3 fibers indicates
vibrations related to polysaccharides. In this spectrum,
absorption bands at 1638cm™ (related to water molecules
adsorbed on cellulose), 1374cm™ and 1337cm? (related
to CH and CH2 symmetric bending vibrations), 1160cm™
(related to C-C stretching vibrations in glucopyranose ring),
1104cm™ (related to C-O-C vibrations) and 1030cm™ (related
to C-OH vibrations) represent polysaccharide structures®.

However, in the FTIR spectra of the second group and
the KhM-18 sample, clear differences can be observed with
the KhM-3 sample. The FTIR spectrum of KhM-18 fibers
shows C=0 stretching vibrations at 1640cm™ (amide I) and
N-H bending and C-N stretching vibrations at 1543cm™
and 1240cm™ (amide II and III), which are characteristic of
peptide bonds in proteins, such as wool*’. Accordingly, the
type of fibers can be identified more reliably, when using
FTIR spectroscopy along with microscopic examination.
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Fig. 3. FTIR spectra of wool fibers in sample KhM-18 (a) and cotton
fibers in sample KhM-3 (b).

7 GOOD 2001; HELBAEK 1963; RYDER 1965.

8 CAO et alii 2010; COLETTI et alii 2021; GARSIDE/WYETH 2003;
KRAMELL et alii 2016; MARGARITI 2019; PEETS et alii 2019.

19 COLETTI et alii 2021.

20 GARSIDE/WYETH 2003; MARGARITI 2019.

2 CAO et alii 2010; MARGARITI 2019.

The spectra of two different groups show a clear
difference of about 1540cm™®, which is related to the amide II
vibrations in protein fibers and is not seen in cellulosic fibers.
Therefore, the amide II adsorption band was selected as an
indicator for distinguishing protein and plant fibers from
each other. The results of examining the presence of this
peak, presented in Table 1, were consistent with microscopic
observations.

The yarn twist was also examined to better understand
the spinning and weaving process. In 9 specimens found as
separate yarns, all single-ply and double-ply yarns have Z
and S(2z) twists (Fig. 4b), respectively.

The size of the fabrics found is about 1 to 2 square
centimeters. Due to the lack of a clear edge in the fabrics,
it is difficult to accurately distinguish the direction of the
warp and weft. However, previous studies on archaeological
fabrics have shown if the twist direction differs, with one
system Z-twist and the other S-twist, the yarn with Z-twist
defined as the warp, in most instances?. Of course, this
may not be the case for all samples. However, all fabrics
found in Kuh-e Khwaja, except KhM-3, have Z-twist in both
directions (Z/Z). But in the example of KhM-3, which can be
seen in Fig. 4a, there are two S and Z-twist in two directions
of the fabric, which are probably the warp with Z-twist
and the weft with S-twist. Moreover, previous studies have
shown that warp yarns generally have a higher twist than
weft yarn®. Therefore, the angle of twist of the fibers with
respect to the central axis of the yarn was calculated and
their average presented in Table 1. In some cases, there is
a significant difference between the twist angles of the yarn
in the two directions of the fabric. Also, because of loom
tension, warp yarns are more parallel and straighter, and
weft yarns more waviness®. Therefore, three characteristics
including twist type, twist angle, and yarn waviness were
investigated to determine the direction of warp and weft in

fabrics (Table 1).

A noteworthy point based on the results is the
relationship between the twist angle of the fibers in the
yarns and the type of fiber. As can be seen in Fig. 5, the type
of fibers in the yarns and fabrics found in Kuh-e Khwaja have
a significant relationship with the angle of twist. As shown
in this figure, yarns with cotton fibers have a higher twist
angle. Therefore, according to the yarn strength classification
in terms of twist angle, cotton yarns are stronger than

1000 pm

Fig. 4. a: Different twist in warp (Z) and weft (S) in sample KhM-3
and b: S(22)-twist in sample KhM-22 as an example of 2-ply yarns.

22 HENRY 1994.
23 ISLAM/CHOWDHURY/AKTER 2018.
24 ISLAM/CHOWDHURY/AKTER 2018; NG/HU 2018.
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wool®. The twist angle in the cotton yarns is above 37° and
on average 46°. This angle is less than 35° and on average 31°
in the wool yarns which shows a significant difference with
the cotton yarns. Therefore, it seems that this index can be
considered as a primary criterion in the separation of wool
and cotton fabrics found from Kuh-e Khwaja.

The results are summarized in Table 1. In 17 examined
fabrics, nine samples have a 1/1 plain weave, structures with

1000 pm

single warps and wefts®, similar to the KhM-11 sample
shown in Fig. 6a. This study shows that most fabrics with a
plain weave have cotton yarns. Also, only samples KhM-10
and KhM-19 have 2/2 matt weave or 2/2 basket weave. Fig.
6c shows an example of this weave pattern in fabric KhM-10.
The examination of the fibers of these two fabrics under light
microscopy showed the using wool fibers in both.

The 2/2 warp rib weave has been used in KhM-5 and
KhM-13 fabrics (Fig. 6b). In addition, the 2/2 warp/weft
rib weave was also used in the KhM-26, due to the lack of
detection of warp and weft. Among the studied fabrics,
irregular matt weave can also be seen in the KhM-17 sample
(Fig. 6d). In all of these fabrics, the yarn twist in the warp
and weft was the same and of the Z type. However, in the
KhM-3 sample, where the warp and weft have different twist
types, 2/1 twill weave pattern was identified (Fig. 4a). Apart
from these samples, a simple knit-like pattern, with two
colors of brown and cream wool yarn, was also observed in
KhM-18 fabric.

CONCLUSION

In this paper, we presented an examination of
remnants of fabrics found in Parthian clay bricks paste of
Kuh-e Khwaja archaeological site with the aim of identifying
fibers and weaving techniques. The results showed that only
wool and cotton fibers were used for manufacturing of the

1000 pm

1000 pm

Fig. 6. Weaving patterns of the studied fabrics; a: plain weave in KhM-11, b: The 2/2 warp rib weave in KhM-13, c: 2/2 matt weave in

KhM-10, d: irregular matt weave in KhM-17.

% GLEBA/VANDEN BERGHE/ALDENDERFER 2016.
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% BONGERS/O’SHEA/FARAHANI 2018.



Table 1. Summary of the results obtained from the examination of yarns and fabrics found in the Parthian clay bricks paste of Kuh-e Khwaja.

Microscopic .
Sample observations of fibers {-\mid 1 Fiber Pretwist angle Warp/Weft
code cwisted in FTIR type” Seoarate twist Weave pattern
ribbon scales spectrum Warp Weft )lr)arn
KhM-1 v - - C 47.2 42.6 - Z/Z plain weave
KhM-2 - v v W - - 32.8 Z -
KhM-3 v - - C 48.2 44.6 - Z/S 2/1 twill weave
KhM-4 v - - C - - 45.5 Z -
KhM-5 v - - C 425 43.1 - Z/Z 2/2 warp rib
KhM-6 v - - C 56 43 - Z/Z plain weave
KhM-7 v - - C 49.4 46.1 - Z/Z plain weave
KhM-8 4 - - C 49.4 443 - Z/Z plain weave
KhM-9 v - - C 55.4 48.6 - Z/Z plain weave
KhM-10 - v v W 33.7 33 - Z/Z 2/2 basket weave
KhM-11 v - - C 47.8 47.1 - Z/Z plain weave
KhM-12 v - - C 45.5 45.9 - Z/Z plain weave
KhM-13 v - - C 46.4 38.2 - Z/Z 2/2 warp rib
KhM-14 - v v W - - 32 S(2z) -
KhM-15 - v v w - - 34.4 Z -
KhM-16 - v v W - - 33.1 S(2z) -
KhM-17 4 - - C 42.3 37.9 - Z/iZ irregular matt
KhM-18 - v v \\% 29.6 S(2z) Knitted fabric
KhM-19 - v v w 342 26.5 - Z/Z 2/2 basket weave
KhM-20 v - - C 48.1 434 - Z/Z plain weave
KhM-21 v - - C - - 454 Z -
KhM-22 - v v W - - 31.1 S(2z) -
KhM-23 - v v w - - 30.4 S(2z) -
KhM-24 - v v W - - 33.8 Z -
KhM-25 - v v \ 27 21.2 - Z/Z plain weave
KhM-26 - v v w 32.6 335 - Z/Z 2/2 warp/weft rib
* C: cotton, W: wool
fabrics and yarns, with an almost equal ratio. This could be REFERENCES
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