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Abstract

In this study, the colors used in the Inscription and mural paintings of tomb of Ghadmagah
in Neishabour were analyzed by instrumental analytical methods. Ghadmagah is located
in the center of the Zabarkhan section, on the Neyshabur-Mashhad Road. Ghadmagah
tomb-garden is located in the village of the same name 24 kilometers east of Neyshabur,
Iran, and was built in the early seventeenth century. According to historical sources
Ghadmagah was built in the early eleventh century AH (ca. 1600 AD), and the origin of
this site dates back to Islam. Some believe that the Ghadmagah monument was designed
by Sheikh Baha’i. The architectural decoration of this building is most importantly tiling,
plastering and mural paintings. Given that the building was built in different periods and
originally dates back to the Safavid period. The present study aimed to study the color
bedding and pigments in the Inscription and mural paintings of the building to find out
what period the mural paintings in the building belong to. Mural painting is one of the
Iran arts that based on the signs of old paint can be pursued to pre-history. One of the
most important issues in the study of historical paintings, especially mural paint, is the
identification of the nature of paintings used to decorate the walls. Identification of
pigments is also important not only from the perspective of archeology but also in terms
of the history of art and knowledge of degradation processes and the development of
monument conservation strategies is also important. In this study, instrumental methods
such as scanning electron microscopy with energy dispersive X-ray spectroscopy (SEM-
EDX), Fourier- transform infrared spectroscopy (FTIR), polarized light microscopy
(PLM), X-ray diffraction (XRD) and micro-Raman spectroscopy have been used for
elemental and compound microanalysis of the samples.
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Introduction

The use of physical and chemical analysis methods to identify the constituents of works
of art, before any intervention occurs, plays a key role; because the results of such an
analysis are very useful for deciding whether to conserve or regenerate these materials.
In addition, each of the different pigments can have a different regeneration process.
On the other hand, the analysis of ancient paintings may provide information about the
artistic techniques and visual materials used in the past and expand the knowledge of the
customs and techniques of ancient societies.

In fact, physical and chemical analysis provides useful information about the range
of pigments present in an area and knowledge of dye preparation techniques and
applications. In addition, the study of the originality and origin of pigments allows the
discovery of connections and trade lines. On the other hand, restorers need detailed
information about the chemical composition of the materials used in a work before
restoration work.

Identifying the materials and pigments used in this building is one of the most
important questions of this research, and then by considering the history of using
pigments, we can understand the dating of the paintings in this building. Do these
paintings belong to the period of construction of the building, ie the Safavid period, or
were they added to the building in later historical periods? Depending on the type of

painting pigments, the colors can be restored.

Materials and Methods

In this research, empirical and analytical methods have been used to achieve the goals.
Data collection is based on information from library studies and instrumental methods.
The complete information of the devices used in this research is fully described in the
Materials and Methods section.

In this study, instrumental methods such as scanning electron microscopy with
energy dispersive X-ray spectroscopy (SEM-EDX), Fourier- transform infrared
spectroscopy (FTIR), polarized light microscopy (PLM), X-ray diffraction (XRD) and
micro-Raman spectroscopy have been used for elemental and compound microanalysis

of the samples.

Data

The result of the analysis showed that the blue color was used in inscription was artificial
ultramarine (Na6-10A16S16024S2-4) on a gypsum layer (CaS0O4.2H20) also gold color
showed presence of copper and zinc alloy in the ratio of 10:1 in gold color. The blue
color used in the mural paintings was also artificial ultramarine on a red layer of ochre.
The result of micro-Raman showed that green pigment was copper phthalocyanine
(phthalocyanine green). The results of identification of the orange-red revealed the

presence of a mixture of red lead (minium) and red ochre (iron oxide) in the sample.
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Also, according to the obtained results, ochre and mixture of iron and manganese oxides

were used in red and brown colors.

Discussion
The inscription at the top of the building used two colors, blue and gold, the result of the
analysis showed that the blue color was artificial ultramarine (Na6-10A16Si6024S2-4)
on a gypsum layer (CaSO4.2H20). The absence of minerals such as pyrite and calcite
in the PLM images indicates that the ultramarine is synthetic. The blue color used in
the mural paintings was also artificial ultramarine on a red layer of ochre. The result of
micro-Raman showed that green pigment was copper phthalocyanine (phthalocyanine
green). A synthetic organic material composed of chlorinated copper phthalocyanine
(chlorinated Phthalocyanine blue). Phthalocyanine green was introduced as an industrial
pigment in 1938. This pigment is unaffected by light, heat, and chemicals the use of this
pigment showed that the mural paintings was restored in Contemporary period. The
results of identification of the orange-red revealed the presence of a mixture of red lead
(minium) and red ochre (iron oxide) in the sample. Also, according to the obtained
results, ochre and mixture of iron and manganese oxides were used in red and brown
colors. FTIR results showed the presence of organic material only in green, indicating
that it was the only reconstituted pigment, but no other organic material was detected in
other colors, which may be due to the instability of organic materials during the time.
Green phthalocyanine copper is a new pigment that may have been used to restore
painting. This pigment was first used in 1320 AD, but it is not clear on what date this
pigment was used to repair or reconstruct this paint. Due to the presence of oil in the
FTIR spectrum of this color, it seems that unlike other colors, oil has been used to close

this color, and the technique used in this color is different from other colors.

Conclusion

Identification of materials and pigments showed that the paintings are due to the presence
of artificial ultramarine, were done in the Qajar period (1789-1925) and presence of
phthalocyanine green in green color showed that this mural painting was restored in
Contemporary period.

The result of the analysis showed that the blue color was used in inscription was
artificial ultramarine (Na6-10A16S16024S2-4) on a gypsum layer (CaSO4.2H20). The
absence of minerals such as pyrite and calcite in the PLM images indicates that the
ultramarine is synthetic. The results of identification of gold color showed presence
of copper and zinc alloy in the ratio of 10:1 in gold color. The blue color used in the
mural paintings was also artificial ultramarine on a red layer of ochre. The result of
micro-Raman showed that green pigment was copper phthalocyanine (phthalocyanine
green). A synthetic organic material composed of chlorinated copper phthalocyanine

(chlorinated Phthalocyanine blue). Phthalocyanine green was introduced as an industrial
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pigment in 1938. This pigment is unaffected by light, heat, and chemicals the use of this
pigment showed that the mural paintings was restored in Contemporary period. The
results of identification of the orange-red revealed the presence of a mixture of red lead
(minium) and red ochre (iron oxide) in the sample. Also, according to the obtained
results, ochre and mixture of iron and manganese oxides were used in red and brown
colors. Identification of materials and pigments showed that the paintings are due to
the presence of artificial ultramarine, were done in the Qajar period (1789-1925) and
presence of phthalocyanine green in green color showed that this mural painting was
restored in Contemporary period. FTIR results showed the presence of organic material
only in green, indicating that it was the only reconstituted pigment, but no other organic
material was detected in other colors, which may be due to the instability of organic

materials during the time.
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Fig. 1. Plan of the Qadamgah monument (Rezazadah Ardebili & Fazelzadeh Tamam,
2017).
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Fig. 2. Entrance and interior decorations of Qadamgah monument (Abbasi, 2017).
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Tab. 1. Specifications of samples and analyzes performed on each sample (Authors, 2021).
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Fig. 30 A view of the colors used in Qadamgah monument: A: blue in inscription, B: golden
in inscription, C: blue, D: green, E: orange red, F: red, G: brown in mural paintings
(Abbasi, 2017).
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Fig. 6. FTIR spectrum of the blue color used in the inscription, which proved the presence

of gypsum in the substrate and lapis lazuli in the pigment (Authors, 2021).
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Tab. 2. The results of microraman analysis of the blue color of the inscription (Authors,
2021).
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Fig. 7. micro-Raman spectrum of blue color with L-Dual-G spectrometer using 785 nm

laser compared with standard Ultramarine spectrum (red color), (Authors, 2021).
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inscription (Authors, 2021).
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Fig. 10. Optical microscopy image of the cross- sectioned of blue sample showed two layers
blue and red color, 40X (Authors, 2021).
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Fig. 11. EDX spectrum with table of the semi-Quantitative analysis of blue color (Authors,
2021).
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Fig. 12: FTIR spectrum of blue sample shows gypsum, lapis lazuli and iron compound
(Authors, 2021).
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Fig. 13. PLM images of blue color, scattered Ochre particles between ultramarine particles
was clearly seen, in XPL 40X, 100X
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Fig. 14. FTIR spectrum of green color which shows the presence of gypsum and oil (Authors,
2021).

Jde 5390 oS ede s g wglise Loy dut L S5 ol e S5y (St Jdow
03553992 el (Sutmr Jody (Bbojl ol 5925 A50SS5l o (Lol (8ol g0
ool Judoas ol sliwd glaly 5;Sn LT 50 o Jgdn 40 a5 L 055 55 XRD 1)Ul
Y cdls o as Ly olely sleolarwl b baid 59,55 Slwlis ) 5105y (ol (uiluyeidd 3o,
1085y oyl 3l ooliiul g gy cas  olwlis a5l S5, (ol YA M y3) S8 L 5 0105 1y jxaas
el 00t (g5Luib yolre ()lygd 30 jamw S5y ddd o Lt AS ol (5. 2IYYe) L p)AFe dnd
ol 390 o o0litwl ()] 51 35yl Jloys 48 ol ¢yae g dods B10E5) 51 ibiwgllid o
ol ano K5y S 5 0aio S pslowgdlid o 45 ol (giw Jbole G b K,
clmglid e cojgpal ait L )ly LI 3l 0] K55m0 Giio L 5. pAY0 )3 (A Sy L 48
g ldcieyin By ommwVgeyd 55 45 Witwd (ydo Soian I cLadsloSly yoyinte 5|
5 s ey 5l gyl bawsg s il gl Lo ail K 058 oo )8 oolazl
rolre gy slaylS )5 SISy ol (Defeyt et al., 2012) cowl o o3lasw! (3% e piu
s plawgllid . (Rodriguez-Gacitua et al., 2016) cowl odis  olwlis ¢lely 95K Ay
3980 00l 5 pulSe 9 (K5) sladlie oy (@S Ly 5o 53 000205 plgie
a2 ol (Bl glaoyK5)lens 1o 1o KS) (ol 08 o guas s (558 . (Eastaugh, 2007)
ol 00 e ladlio

(E &903) (26,0 50,8 Sy llidh
oboslo a1 L gl s 453, XRD i 655y Ligas 31 iS5y  lolis (glyo
K5y o2l 5o (Ref Code:01-033-0311) 5 9 (Ref Code:01-071-561) giyus Ly opus 30,8 5]
4)_/:).9 &_3) XRD l_é_ﬁb).) (VY )_,9.\4_:) \)‘.)OL&J (o] 65&9_?9 u_l.cdu ASMM.Kg J)gsfd_.uo



iohian g ol

.(\\"ao ‘ulg..\.’)‘g.’)).u» &gé) UL«O‘)?)&.@HL"’@&J .fd5|-\>

Tab. 4. Results of micro Raman analysis of green color (Authors, 2021).
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Fig. 15. micro-Raman spectra is shown and compared with the reference spectrum of a
copper phthalocyanine (CuPc) green, given in red. The general structure of the complex of

copper (II) with chlorinate phthalocyanine is also represented (Authors, 2021).
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Fig. 16. X-ray diffractogram of orange-red sample, which shows the presence of red lead

and gypsum (Authors, 2021).
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Fig. 17. EDX spectrum with the semi-quantitative analysis of orange-red color (Authors,
2021).
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Fig. 18. PLM images of red-orange in which ochre (dark red particles), red lead (light red
particles) and gypsum (white particles) are seen, )right(- - in polarized cross light, )left(- in
cross reflective light XPL (Authors, 2021).
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Fig. 19. EDX spectrum with red semi-quantitative analysis table (Authors, 2021).
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Fig. 20. PLM image of red, that ochre is seen in dark red and gypsum in white. XPL
(Authors, 2021).
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Fig. 21. EDX spectrum with semi-quantitative analysis of brown color (Authors, 2021).
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Fig. 22. PLM image of Brown color 40x XPL (Authors, 2021).
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