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Abstract

This paper reports the result of identification of pigments and binders used in wall painting fragments in
Bezeklik Grottoes (5th–14th ce), now housed in the Central Asian collection of National Museum, New
Delhi. The tiny pigment samples (100-200 𝜇m in size) extracted from some of the artworks have been
analyzed to gain information on the art materials and painting techniques. Analysis by Micro-Raman
spectroscopy, complemented with Scanning Electron Microscopy –Energy Dispersive X-ray Spectroscopy
(SEM–EDX) and Wavelength Dispersive X-ray fluorescence (WD–XRF) allowed identification of lamp
black, azurite, atacamite, gypsum, red lead and haematite as pigments and gypsum as a ground layer. The
unsaturated and saturated fatty acids and terpineol extracted from the micro sample were identified as
organic binders by Gas Chromatography-Mass Spectrophotometer (GC-MS) analysis. The multi-analytical
studies have allowed material characterization in terms of the elemental composition of pigments.
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1 Introduction

The investigations of decorative artifacts and wall paint-
ings are challenging and important to understand the ob-
jects’ history, ancient technology, conservation, restora-
tion, dating and authenticity of the artworks. One of the
tasks faced by the art conservators is to select the right
kind of materials for conservation interventions that de-
mand proper investigations of the original works of art. It
has been observed that several materials used in conser-
vation are in no way related to original one and also some-
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times cause damage to artworks (Pérez-Alonso, Castro
and Madariaga, 2006; Burgio, Clark, Rosser-Owen, 2007).
Most of the wall paintings in India have been executed
with inorganic pigments either pure or mixed which were
added in binding media mainly identified as animal glue
in tempera technique (Sharma, 2007, pp. 102–106). The
conservation of mural art is a very delicate operation that
demands the utmost dexterity and knowledge of each con-
stituent of the materials and painting technique (Mora,
Mora, Philippot, 1984). In many instances, it has been
observed that certain materials used in past conservation
are not at all suited for the original objects (Burgio, Clark,
Rosser-Owen, 2007). Several investigative studies have
been carried in the past to document information about
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the pigments (Burgio,Clark, Rosser-Owen, 2007; Colom-
ban, 2003; Ernst, 2010; Correia et al. 2007; Frausto-Reyes
et al. 2009), the authenticity of the work of art (Clark,
2007) and environmental degradation product (Smith and
Clark, 2002). Many of these studies have been carried
in-situ in non-invasive techniques (Burgio,Clark, Rosser-
Owen, 2007; Colomban, 2003; Ernst, 2010; Correia et al.
2007; Frausto-Reyes et al., 2009) while many others have
been performed on pigment fragments removed from ac-
tual works of art (Correia et al., 2007; Frausto-Reyes et
al. 2009; Smith and Clark, 2002; Clark and Curri, 1998;
Edwards et al. 2003). Raman spectra of a large number
of natural and synthetic pigments have been studied and
the results reported in the form of spectroscopic libraries
(Burgio and Clark, 2001; Bell, Clark and Gibbs, 1997). In
the last two decades Raman spectroscopy has increasingly
been applied to study historical pigment (Edwards et al.
2003; Coupry et al. 1994; David et al. 2003; Best et al.
1994; Schmidt et al. 2016; Zuo et al. 2003) because the
technique requires very minute quantity of sample and
is non-destructive. Raman spectroscopy has a weak re-
sponse to water molecules and therefore no desiccation of
samples is required. Extensive Raman spectroscopic stud-
ies on pigments have been published from many coun-
tries (Burgio,Clark, Rosser-Owen, 2007; Colomban, 2003;
Edwards et al. 2003; Burrafato et al. 2004; Tomasini et
al. 2012; Zumbuehl et al. 2009), but report on pigment
analysis from India and China are rather limited com-
pared to numbers of historical decorative arts. It is well
known that India and China are the home of several an-
cient civilizations from pre-historic to middle age that has
left its imprints in the form of works of arts and paint-
ings. In India, the pigments of famous Ajanta caves have
recently been investigated by multi-analytical techniques
(Singh, 2011). The pre-historic world heritage site pig-
ments of Bhimbetka were analyzed with portable Raman
spectroscopy and the fragments also investigated in the
laboratory (Ravindran et al. 2012). A few selected Indian
miniature paintings of medieval period have been studied
and pigments identified (Ravindran et al., 2010).

Organic additives (biopolymers) derived from plant
and animals are generally used as binder and waterproof-
ing agent for tempera paintings. These organic additives
not only decrease the cracking but also increase overall
binding capacity of pigment layer. The majority of adhe-
sive added are of natural origin, animal origin (beeswax)

or plant origin (soyabean, rapeseeds, calabar bean). Or-
ganic materials generally require special care and atten-
tion in the conservation of paintings, because of their
relatively increased tendency with reference to the inor-
ganic constituents to go through transformation, degra-
dation and oxidation processes (Grattan, 1979). In fact,
at a macroscopic level the paint layers may exhibit crack-
ing, yellowing, darkening, and loss of cohesion and sta-
bility due to the degradation of binding media. Drying
oils (walnut, linseed and poppy seed oils), plant resins
(e.g., sandarac, colophony, mastic, dammar), egg (yolk,
whole, or glair), animal glue, casein or milk, animal resins
(shellac), and waxes (beeswax) are the most common
organic materials historically used in wall paintings as
binders. These materials are complex mixtures of triglyc-
erides, organic species, consisting of proteins, terpenes
compounds, sterols, esters, hydrocarbons, free acids, al-
cohols, etc. (Mills and White, 1994). The physical proper-
ties and chemical composition of organic binders are con-
siderably affected by aging and environment (Sturman,
1980). These, Organic materials in paintings play an im-
portant role as constituents of the preparation and prim-
ing layers to reduce their water permeability and poros-
ity that also enhance the smoothness of the surface, and
avoid the penetration of fluid binding media from paint
layers (Cennini, 2003).

In the present study, we report the analysis of pig-
ments extracted from the fragments of painted plasters of
Bezeklik, China (5th–14th ce). The analytical investiga-
tions were performed by micro-Raman spectroscopy and
the data supported by WD–XRF and SEM–EDX measure-
ments. The organic binding media mixed in the pigment
was also analyzed through GC-MS analysis.

The Buddhist cave grottoes of Bezeklik (5th –14th ce)
were a Buddhist Centre of the ancient city of Gaochang
in the Uyghur region, about 50 kilometers east of Turpan
(Figure 1). The caves were excavated under the Gaochang
kingdom (499–640 ) and served as royal Buddhist temple
of Uyghur Gaochang kingdom. The royal family moved
east to Yongchang, Gansu province in the late 13th cen-
tury, which led to the decline of the status of Bezeklik
caves and its condition dilapidated during the 15th cen-
tury, with the spread of Islam from Mongolian expedi-
tions in the region (Wang, 2016, p. 297).

The Bezeklik caves were profusely decorated with mu-
rals and were rich repositories of manuscripts, paintings,
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Figure 1 Map showing location of Bezeklik, Thousand
Buddha Caves, Trupan, China

Figure 2 The general view of the painted fragment of
Bezeklik, China.

and other objects. In the late nineteenth century and early
twentieth century, a series of explorers and archeologists
uncovered and excavated the site. Many manuscripts, ar-
tifacts, sculptures, and wall painting fragments were re-
moved from the temples and sent to Germany, Japan,
Russia, UK, and India. Sir Aurel Stein removed a sig-
nificant number of fragments of painted plaster, embed-
ded them in Plaster of Paris, anchored with iron hooks
and transported to India during his three expeditions be-
tween 1900 and1916 and they are now one of the rare col-
lections of central Asian antiquities presently housed in
National Museum, New Delhi. The fragments of paint-
ings have much deteriorated during the detachment from
cave walls, natural aging of painted plaster, transportation
from China to India, inappropriate storage condition and
during past conservation. Conservation works in the form
of filling the gaps with Plaster of Paris and application of
aqueous dispersion of polyvinyl acetate (PVA) have been
carried for the fragments in the past (Figure 2).

2 Painting technique at Bezeklik

The wall paintings of Bezeklik have been executed on
earthen plaster ground, sourced from locally available
materials. Preliminary investigations under magnifying
lens show an inner rough earthen plaster layer contain-
ing 80% of silt, 20% of sand and devoid of any clay size
particles (Dighe et al., 2018). To increase the cohesive-
ness paddy stems and husk have been incorporated as
re-enforcement to impart strength and flexibility to the
plaster. On the earthen plaster layer, a thin white gypsum
layer has been applied on which the paintings executed
(Figure 3). The colors used in wall paintings of Bezeklik
are mainly red, white, green, blue, orange, black and red
ochre colors that were subjected to analysis in this work.
We have not observed any microbial activity or graying
of pigments during investigative studies as reported for
the fragments of central Asia housed in Berlin Museum
(Ellen and Simon, 2015, pp. 45–53).

3 Materials and methods

For investigation few tiny pigment samples (100-200 µm
in size) of seven different colors (white, black, red, blue,
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Figure 3 Stratigraphy of the painted plaster of Bezeklik,
China.

green, orange, ochre) were extricated from the loosely at-
tached fragmented portions of painted plasters. The sam-
ples were studied in the laboratory using Renishaw In
Via micro-Raman Spectrometer employing a 50𝑋 objec-
tive and 514 nm and 785 nm laser excitation. Around
1-micron area of the sample was targeted, and spectra
recorded with CCD detector. The resolution of the instru-
ment was 1.5 cm−1. We have used wire 3.2 software for
baseline correction and smoothing of the spectra for Ra-
man images in this work.

The composition analysis of the samples was also per-
formed under FEG-SEM, supra 55 Zeiss Scanning Elec-
tron Microscope coupled with 10 mm 2SDD EDS detector
(Oxford Instruments). The elemental composition of the
pigment samples was measured with Rigaku supermini-
200 high powder sequential wavelength dispersive X-ray
fluorescence (WD-XRF). The results of our analytical in-
vestigations are presented in this work.

The binding media of the pigment was analyzed under
Gas Chromatography coupled with Mass Spectroscopy.
The selected homogenized sample (25 mg) was dissolved
in 10 ml of methanol (HPLC grade) Sigma-Aldrich at 27
∘C for 24 hours. The sample was then filtered out us-
ing Whatman filter paper (Grade 1). The filtered sam-
ple was analyzed using GCMS-QP2010 Ultra instrument
(Shimadzu, Kyoto, Japan), equipped with an AOC-5000
plus autosampler, an OPTIC-4 injection system and a
nonpolar Restek Rxi-5 Sil MS column (5% diphenyl- 95%
dimethylpolysiloxane, 30 meters x 0.25-millimeter i.d., x
0.25-micron film thickness). Helium (99.999% Linde) was
used as the carrier gas with a flow rate of 0.9 millimeters
per minute. Split injection mode at 260 ∘C with split ratio

of 10.0 and sample volume 1.5 𝜇 l was employed. The col-
umn temperature was held at 60 ∘C for 2 minutes, ramped
at 10 ∘C per minute to 280 ∘C for 18 minutes (Total run
time was 55 minutes). The mass spectrometer was oper-
ated with electron impact ionization (70 eV) and in the
SCAN monitoring.

Interpretation of GC-MS chromatogram was conducted
using the database of National Institute Standard and
Technology (NIST) and Wiley having more than 62000
patterns. The spectrum of the unknown component was
compared with the spectrum of the known components
stored in either of the libraries.  

4 Results and discussion

4.1 Raman spectroscopy, SEM-EDX, and
WD-XRF of pigments

4.1.1 White pigment

For Raman spectroscopy, the white area of the pigment
was targeted, and the spectra recorded in the wave num-
ber regions 100 to 2000 cm−1 under 785 nm laser exci-
tation (Figure 4). The peaks at 178, 410, 492, 615, 665,
1002 and 1133 cm−1 can be assigned to gypsum. The
presence of gypsum has been inferred from its main band
at 1002 cm−1 (𝜈1 symmetric stretching of SO2−

4 – tetrahe-
dral) and minor bands at 410 and 492 cm−1 (𝜈2 symmet-
ric stretching of SO2−

4 ), 615 and 665 cm−1 (𝜈4 asymmetric
bending of SO2−

4 ) and 1133 cm−1 (𝜈3 asymmetric stretch-
ing) (Jehlička et al. 2009; Antunes et al. 2014; Prieto-
Taboada et al. 2014; Marszałek, 2016). The band posi-
tions of gypsum obtained in this study slightly vary from
the published literature (181, 415, 493, 617, 670, 1008,
1134 cm−1) (Bell, Clark, Gibbs, 1997; Prieto-Taboada et
al. 2014; Caggiani, Cosentino, Mangone, 2016) which is
generally be attributed to the spectral resolution of the in-
strument. The occurrence of gypsum as a white pigment
has also been noted in other studies on central Asian wall
paintings (Schmidt et al. 1997; Guoxin, Jiangquan, Huai-
wan, 1997). The whitewash stratigraphy layer also gave
similar spectra of gypsum under Raman spectroscopy.

All the pigments (except black) were also scanned un-
der SEM-EDX and the data were taken on 50-60-micron
sample area exposed for this purpose. The quantitative
EDX data of the pigments are shown in Table 1 with the
elements detected. From the EDX data of white spot, it
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Figure 4 White colour targeted area with Raman spectra
under 785nm laser and its EDX spectra.

is observed that there is a high content of calcium, sulfur,
and oxygen pointing towards the use of gypsum as a white
pigment. The presence of traces of iron in the EDX spectra
of white pigment (Figure 4) may be due to the migration
of ion from the surrounding red color pigments.

All the pigments (except black) were also observed un-
der highly sensitive WD-XRF and data presented in Ta-
ble 2. The WD-XRF of white pigment showed a typical cal-
cium sulfate composition with the calcium fluorescence
(Ca Kα lime) and Sulphur (S kα line) as the most intense
peaks and the least intense peak of Fe and Pb probably due
to the migration of ions from the surrounding red color.
The data confirms the use of gypsum as a white pigment
in accordance with Raman spectra results.

4.1.2 Black pigment

From the prehistoric times, carbon black has been the
most important black pigments produced by incomplete
combustion of lamp oil (lamp black), bone (bone black),
ivory (ivory black) and plants (charcoal black) etc. Previ-
ous studies on black pigments using Raman spectroscopy
have suggested that carbon-based reference pigments
show a range of Raman band positions (Tomasini et al.
2012; Coccato et al. 2015) depending on the source and
composition of black pigments. The G-band of black
pigment showed values from 1578-1603 cm−1 whereas
the D band position values were from 1345-1394 cm−1

(Tomasini et al. 2012).
The Raman spectra of black pigment under 785nm

laser excitation resulted in characteristic bands at 1314
cm−1 (D1 band) and 1593 cm−1 (G band) showing carbon

Figure 5 Black color targeted area with Raman spectra
under 785 nm laser.

as the principal constituents of the black pigment (Fig-
ure 5). The G band is assigned to the in-plane stretching
vibration of aromatic ring C-C band (𝐸2𝑔2 mode) whereas
the D band, known as discoloring band, occurs as a result
of in-plane defects and due to presence of heteroatoms
(A1g mode) (Coccato et al., 2015; van der Weerd et al.,
2004). The samples show D and G broad bands charac-
teristic of amorphous carbon. The relatively broad bands
suggest the low degree of crystallinity of the black pig-
ments.

4.1.3 Red pigment

The red area in the sample was targeted under 514 nm
laser excitation and the spectra were taken (Figure 6).
The peak obtained at 545 cm−1 is the very strong peak
of red lead. The peak at 475 cm−1 may be assigned to
the very weak peak of red lead. Originally, the peaks
at 480 and 548 cm−1 were assigned the most impor-
tant peaks of red lead but there is a slight shift in the
peaks due to the spectral resolution of the instrument.
From the Raman spectra of the sample, it is elucidated
that white gypsum layer has isolated inclusion of red lead.

The red pigment was also scanned under a scanning
electron microscope and EDX data taken, Table 1. It is
seen from the EDX data that the high concentration of
lead (12.75 wt. %) is present in the measured spots along
with traces of iron and copper pointing use of red lead as
a colorant. The EDX also showed the major concentra-
tion of calcium, sulfur, and oxygen from the gypsum base.
The high percentage of oxygen also originates from the
red lead composition (Figure 6).

From the WD-XRF of the red pigments (Table 2), the
high percentage of lead (25.10 wt. %) was detected in the
sample. The pigment also contains traces of Fe and Cu
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Table 1 EDX data of the various pigments of Bezeklik, China (Weight %).

Element White
pigment

Red
Pigment

Blue
pigment

Green
pigment

Orange
pigment

O 52.87 41.90 46.78 41.46 46.11
C – 10.14 – – –

A1 0.17 0.18 0.25 0.79 0.35
Ca 24.34 20.00 28.32 11.29 18.21
Fe 1.95 0.20 0.23 0.49 0.25
Si 0.41 0.51 1.0 1.80 0.97
S 19.98 13.99 22.70 9.86 14.07

Cu – 0.33 0.49 25.73 –
Pb – 12.75 – – 19.80
Na – – – – 0.24
Mg – – – 0.48 –
C1 – – – 8.11 –
P 0.28 – 0.31 – –

Mn – – 0.9 – –

Figure 6 Red color targeted area with Raman spectra un-
der 514 nm laser and its EDX spectra.

probably added to obtain the desired hue. The conclu-
sion of our SEM-EDX and WD-XRF analysis is compati-
ble with the Raman spectra of the sample indicating the
use of red lead as a pigment in Bezeklik artworks (Veiga
et al. 2004).

4.1.4 Blue pigment

The Raman spectra of blue pigment under 514 nm laser
excitation indicate the presence of Azurite [Cu3 (CO3)2
(OH)2], a monoclinic hydroxycarbonate of copper. The
characteristic Raman bands appear at 136, 175, 248, 330,
400, 764, 836, 1094, 1436 and 1578 cm−1 (Figure 7). The
azurite contains modes of three separate vibration group:
OH. CO3 and Cu–O and is characterized by several bands
that cover the spectral range up to 1600 cm−1. The bands
observed up to 600 cm−1 are assigned to vibrations of Cu-
O group and those observed up to 1600 cm−1 are assigned
to CO3 complex (Frost et al. 2002; Mattei et al. 2008). Azu-
rite has a characteristic intense band at 400 cm−1, which
represent CuO stretching, bands at 764, 836, 1094, 1436
and 1578 cm−1 are due to 𝜈4 asymmetric CO3 bending,
𝜈2 symmetric CO3 bending, 𝜈1 CO3 symmetric stretch-
ing, 𝜈3 asymmetric CO3 stretching and OH bending mode,
respectively (Frost et al. 2002; Mattei et al. 2008). Sev-
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Table 2 WD-XRF data of pigments of Bezeklik, China (Weight %).

Component White
pigment

Red
Pigment

Blue
pigment

Green
pigment

Orange
pigment

Red Ochre
pigment

A1 1.29 1.41 1.51 1.31 0.67 1.7
Mg – 0.141 0.06 0.14 – 0.17
Si 4.11 4.29 4.24 3.89 2.22 5.84
P – – – – – 0.08
S 21.3 19.4 16.1 11.5 13.9 10.5

C1 0.15 0.85 1.51 8.45 0.86 0.08
K 1.05 1.08 1.96 0.67 0.75 0.79
Ca 68.9 46.2 31.2 22.5 34.8 16.8
Ti – – – – – 0.26
Cr 0.79 0.06 0.14 0.1 0.05 0.02
Fe 1.27 1.12 0.63 0.71 0.05 62.9
Mn – – – – – 0.43
Cu – 0.35 41.3 49.5 – –
Zn – – 0.28 – – –
Pb 1.17 25.1 1.04 1.23 46.7 0.47

Figure 7 Blue color targeted area with Raman spectra un-
der 514 nm laser and its EDX spectra.

eral studies on wall paintings of central Asian regions sug-
gest extensive use of azurite as a blue pigment (Mazzeo et
al. 2010; Wainwright et al. 1997, pp. 334–340; Zuixiong,
2010).

The blue pigment was scanned under a scanning elec-
tron microscope and EDX data taken, Table 2. From the
EDX spectra, it is observed that the sample possesses a
high content of copper to impart blue coloration along
with traces of iron (Figure 7). From WD-XRF data (Ta-

ble 2) it is observed that the sample contains high quan-
tity of copper (41.3 wt. %) to impart blue coloration along
with traces of iron and lead probably mixed to obtain the
desired hue.

4.1.5 Green pigment

The Raman spectra of green pigment were obtained
under 514 nm laser excitation and the characteristic
Raman bands confirm the presence of Atacamite [Cu2
Cl(OH)3] a basic copper II chloride (Figure 8). Ata-
camite is a corrosion product of copper but has been
extensively used as coloring agent in paint, particularly
wall paintings (Mazzeo et al. 2010, pp. 275–85; Zuixiong,
2010; Naumova and Pisareva, 1994). The Raman spectra
of atacamite show three most intense bands at around
513, 821 and 912 cm−1. Bands of much lower intensity
are observed at 120, 149, 359 and 976 cm−1. In the
Raman Spectrum, bands less than 500 cm−1 indicate
Cu-Cl stretching vibrations, the Cu-O vibrations occur
around 513 cm−1 and hydroxy/ deformation modes are
observed at 976, 912 and 821 cm−1 (with a shoulder
around 827cm−1) (48,49). Raman band is also observed
at around 149 cm−1, which is attributed to the O-Cu-O
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Figure 8 Green color targeted area with Raman spectra
under 514 nm laser and its EDX spectra.

bending modes (Frost et al. 2002; Martens, Frost,
Williams, 2003).

The green color pigment was observed under a scan-
ning electron microscope and EDX data was taken, Ta-
ble 1. From the EDX data, it is observed that green pig-
ment contains about 25.73 wt. % of copper and 8.11 wt. %
of chloride indicating use of atacamite for green. The cal-
cium, sulfur, and oxygen presence are due to the gypsum
base used for painting works. There is the occurrence of
traces of iron (0.49 wt. %) probably mixed for the desired
hue as seen from the EDX spectra of the green pigment
(Figure 8).

The WD-XRF analysis of green pigment (Table 2)
shows that copper (Cu K𝛼 line) is the majority element
followed by calcium and a smaller percentage of lead and
iron. The lead and iron may correspond to pigments base
on iron and lead oxides that were mixed with the green
pigments base to obtain the wanted hue. There is also the
presence of chloride (8.45 wt. %) pointing towards the use
of atacamite for green color.

4.1.6 Orange pigment

The Orange spot was targeted under 785nm laser exci-
tation and the Raman spectra recorded (Figure 9). The
most intense peaks recorded at 117 and 545 cm−1 and
medium intensity peaks at 148 and 386 cm−1 correspond
to red lead. There is also a weak band of red lead at 310
cm−1 seen in the spectra. In the Raman spectra of orange
spot bands at 223 and 1307 cm−1 were also observed
which correspond to hematite. From the Raman data,

Figure 9 Orange color targeted area with Raman spectra
under 785 nm laser and its EDX spectra.

it appears that there is mixing of some percentage of
hematite in the red lead to obtain orange color. There is
also a small peak at 1593 cm−1 which may be assigned
to carbon black. This shows that orange color was
generated by mixing red lead, red ochre, and traces of
carbon black.

From the EDX data of orange pigment (Table 1), the
presence of a higher percentage of lead (19.80 wt. %) is
observed along with traces of iron. The presence of Ca,
S and oxygen can be traced back to the gypsum base on
which the color was applied. From EDX spectra of the
orange pigment (Figure 8), it is observed that there is mix-
ing of hematite in the red lead for the orange color. The
WD-XRF analysis of the sample (Table 2) detects the high
content of Pb (46.70 wt. %) indicating the use of red lead.
There is also the presence of iron detected through the
WDX data pointing towards the mixing of a small percent-
age of hematite in the red lead to obtain the orange color.

4.1.7 Red ochre

Another area of the sample targeted in this study is ochre
color. The ochre spot was targeted under 785 laser excita-
tions and the Raman spectra recorded. The Raman bands
of red ochre are mostly observed at 225, 290 and 405 cm−1.
From the Raman spectra (Figure 10) it is observed that
there is a strong band at 283 cm−1 and medium intensity
band at 402 cm−1 which may be assigned to red ochre.
There is a small shift in the peaks of red ochre due to the
spectral resolution of the instrument.

The ochre spot was also observed under WD-XRF (Ta-
ble 2). The data showed a high percentage of iron (62.9
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Figure 10 Red ochre color targeted area & its Raman
spectra under 785 nm laser.

wt. %) along with traces of lead for intense color. The
lead-in traces were probably mixed to obtain the desired
hue. The red ochre color differs from the orange spot on
account of the presence of iron and lead. There is a very
high percentage of iron in red ochre color with traces of
red lead whereas in the orange spot red lead is predomi-
nantly present in higher concentration with traces of iron
added for the desired hue (Balakhnina et al. 2011; Żmuda-
Trzebiatowska et al. 2015; Bikiaris et al. 2000).

5 GC-MS analysis of the binder

The GC-MS chromatogram of the sample is shown in Fig-
ure 11 with marked important peaks. The sample showed
the occurrence of fats, oils and resinous materials. The
presence of saturated and unsaturated fatty acids is typi-
cal of degraded oils as well as the use of drying oils, either
as an unsaturated plant-derived oil or more saturated an-
imal fat. The presence of long chain fatty acids with an
even number of carbons (palmitic acid and stearic acid)
indicated the occurrence of beeswax, however, there was
no evidence about the presence of long chain linear sat-
urated hydrocarbons with fatty acids that ruled out the
occurrence of beeswax. The presence of beeswax was doc-
umented in the earthen plaster of Bezeklik as a binder
(Sharma and Singh, 2019) for the sourced soil.

The possibility of unsaturated plant-derived oil could
be assigned as retention peak of unsaturated fatty acids
such as linolenic acid, erucic acid, and dihomo-gamma-
linolenic acid are showing at 𝑥, 𝑦, 𝑧. The source of erucic
acid is found mainly in the Brassica family of plants such
as canola, rapeseed, wallflower seed, mustard seed as
well as Brussels sprouts and broccoli. The linolenic acid
is found in Borage, also known as a starflower, is an
annual herb in the flowering plant family Boraginaceae,
unlike dihomo-gamma-linolenic acid found only in trace

Figure 11 GC-MS chromatogram of pigment-binder of
Bezeklik.

amounts in animal products.
The terpenoids are used as a general definition for the

composition of resin. This is present as lower molecu-
lar weight terpenoids in two (monoterpenoids) or three
(sesquiterpenoids) units. In the higher terpenoids (di-
and tri-terpenoids), it is present as four and six units.
Di- and tri- terpenoids are not found together in a sin-
gle resin source (Mills and White, 1994, 1995). The Ter-
pineol is monoterpene alcohol which is synthesized from
α-Pinene.

It is found in the oils of many species
of coniferous trees, notably the pine. Pines are con-
sidered to be the most likely source of resin from the
Pinaceae family. It is always the cheapest and the
most abundant resin producer (Mills and White, 1994).
Neophytadiene is a member of the class of compounds
known as sesquiterpenoids. Sesquiterpenoids are
terpenes with three consecutive isoprene units. The
presence of sesquiterpenoid resin shows the occurrence
of animal origin: shellac.

6 Conclusion

The laboratory analysis of painted fragments of Bezeklik
has demonstrated the use of gypsum, azurite, atacamite,
red lead, lamp black, hematite as pigments for artworks.
The results obtained through Raman spectroscopy have
been also corroborated by the data obtained from WD-
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XRF and SEM-EDX. The analytical results pointed out
that pigments used for Bezeklik artworks match to other
Grottoes like Dunhuang situated in the vicinity (Zhang et
al., 2015). However the organic binder used in Bezeklik
artworks identified as fatty acids and resins through GC-
MS analysis differ to neighboring artworks of Kezil, Dun-
huang Caves etc. where mostly animal glue have been
reported as an organic binder for pigments.
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