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Abstract

There are many art works of the Mongol Ilkhans period in Iran that are unique in architecture and
decor. Zanjan Soltanieh Dome is one of the most important monuments of this era that has various
decorations. One of the most beautiful and unique examples of decorations in this building is the
special art of painting, which is decorated with colored layers and in the thin layer on the brickwork
on the outer porch of this dome and on the plain of Soltanich. Although in the preceding Seljuk
period, the use of gypsum as a lime was relatively common and customary, this type of arrangement
reached to its perfection in the period of the llkhani. Hence, one of the most prominent features of
the Ilkhani architecture was the superb skill in casting of gypsum and its manipulation in many
different ways. With the spread of gypsum in the 8" century AH, this method has been used to
cover the walls with decorative designs. In the period of the Ilkhani, white dressing usually came
with tiny levels, so they kept these smooth surfaces rarely completely white and simple. In general,
the use of color is more common in this period, as in all kinds of practices, staining of motifs and in
flat surfaces, the use of illuminated paintings of the species was common with a wide range of
colors. Soltaniyeh domes include various black, white, red, yellow and gray colors, which have not
yet been studied in terms of color combinations to identify the pigments and substrates used in
them. The questions are about their color combinations and certain features that have been
remained untouched by environmental factors. Identifying this sample of colors has a significant
impact on creating their proper protective conditions. Since this dome is in open-air environment,
it has been affected by the environmental degradation factors. The purpose of this study was to
identify the color combinations of these decorations, which were used for the identification of
elemental and combination of color ingredients using FT-IR and XRF analysis techniques. Today,
the use of various laboratory techniques for the recognition of compounds in the field of
restoration and protection of historical works is routinely practiced. A remarkable contribution to
better understanding and better studies has been made. Using the instrumental techniques is an
appropriate step to improve the selection of therapeutic effects. Based on the results obtained, the
pigment compounds were red, yellow, black bone and calcium carbonate, which have been used on
the plaster bed. These pigments have a mineral structure and therefore, have a longer shelf life than
organic pigments against environmental degradation factors. This has led to their long-term survival
in the external environment. It is also noteworthy that there is no protective layer on them.
Nevertheless, their resistant structure is the main reason of surviving these works.

Keywords: Soltaniyeh Dome, Gypsum, Color Enhancement, FT-IR, XRF

* Cortesponding author: m_shirvani@shirazartu.ac.ir


https://jra-tabriziau.ir/
http://dx.doi.org/10.29252/jra.5.1.129
http://dx.doi.org/10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129

1EP-119 :(1)0 AW9A aiwolml aog))

LSk DOT: 10.29252/jra.5.1.129 URL: http:/ /jra-tabriziau.it/

VPVA

Litaohy Qs

@ &9 Olgel ‘_;6' dlmul)l 3 [FYH KU KUSH) e Lo
oL adlalw WS ()€ Cga @l
PRI INEY

109V /16 /P 2ibysdy 436 1WQV /AW by 43)6

R
3 e o5 a5l 15 5 009 I (s ams (sl Sizg s ol > Jsio Bl o 3 51 sila Bl 581
el 58 laall dadiges ol 5l (SG cawl oabgls 393 5 1) S55UsS (gloxe (slaal)] aS sl lyed ol pae slaly
Sl o ol oS e 5y S b 05 ol gy sl 5 sl sloiibs 53y 2 (S35 Y 0 oS
azbypis )90 Glbeslitulyyge (slo g g ol (Lol (sl ole Clllas (ST &S conl (S5 (15U bS5 Jals
9ol 40 U5 aS st ol cla S )y Ll g oad)lS S5y bS5 s b )BT ol a8 conl ol oddip oo e ol
sl (S5 S 5 olid b g cul 3 sslite o & o b SWlen S5 o5 amo Jele 51 5 5 ol Bl
Slgs uS g symaie olwlis (ly XRE g FT-IR alKiwd clailil g o) LS540y 59, 5l edliwl b a8 29 (5
50393 y5 syl 08 (g3 Lol LallSS ) GleS 5 oads Jols (slaaial ulwl ol sadedlainl LSS saims JuSuis
e Ay g 039 Sdome il gh> LailiS, sl 48,5 )],8 03liuldjge S ji €9y 32 45 391 mrels Sligus Yioisl
Sde Ve b () Ba5ke o yol (pl g 1l Jame Gyse Jalge plp 50 JT cladiliSs) 4 cond ¢y ¢ Buile cle
ol BTl gyl 4 b il (Bl ol s )] polie bl g ol 039y (S Lo ;> v

oSl il il )l 98 s o8 (gl (i i Sy Slin B o 28 slal) sllale 15 1 sS4 5l

Sy olSetls pli e ol s solosl ol lag ol 1olSn Jyte

m_shirvani@shirazartu.ac.ir 1 S Sl oy

ol ol dllie wad o 0l aloxs &y Creative Commons Attribution License jgore ot sdiuwgs 5 Cawl (8o 4y 3leite pui 3> @
g 0,ll doee (pl )> dllde adgl Ll 4 g ot 31 5o o> 4yl bgie 5,08 STail 4 o, L1,


https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://jra-tabriziau.ir/
http://dx.doi.org/10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129
https://crossmark.crossref.org/dialog/?doi=10.29252/jra.5.1.129

g

Ol elblu S8 e Lgw> @lid 39w Uledl G2S Blwosl T 43 loslsSs Sl / gy mﬂ\ﬁwgbwb
- 2

Sl awd o) e Sldlas g CEl e ble
L5 K sla g, 5l odliul .ol 03905 ]
L] )Lj loyd (cogus Ol day cas sl
9 OlSeye sl (Aol Jdb 93 (SS9 boasy
Jol )1 093 LailSS ) olulids aie) o o Sibles
Logd opiSls )8 50 cul 8 & (eSS, asis)
sla S5 yldlw Sales Lol sl
4565y 4 Sl pgd 5 il sy (wlie awlid)lis b
Sler P9y 9395 (alwlid Laaslsss) ) o 55
131 25 Jlesl awlis

SR ()l ) 5 555U s 558
9 oy e (SKdnghy g 4y Ojgo
S ilos S cuon ol Gl g (golome LS
osliul 5 g o Slnp cul cnplas g e
4 cenlagl 55 Ce 40 o SUS (lass,
Sygo Lol cals cogs 1 555U cllbs
by o oadipll Glalllas jd diged (gl ol @b pdy
(Lol 0)93 ST 3l oSl g e 1y
el oI55 5 sl s )54 slaailis,
0393 § CSVlo ¢y s3] g3l ol s IS
Oldol Sy aniy 4B dlx (gl )3 [4] Cosl 035
2 a8y 54 S j S o9 ol )05
= SVl s d 3 50,8 s IS Jold i
Olymo 35 53 5] ol 039 0393 oluw gy
o8 SlB g b S Grw Al Sl g gnledyl
2 48 Cowl ool ol Sledllas L[6] Cuwl sadoslwl
eSVlo o d 31 50,8 S SS) 5l 40y dwple sl
By ja B g s s b 9 ol
2 dsy B cdlSS) yuoed |[7] Cwl sidoslal
Mo 35 31 S5, ol asllab 108 sl iy 5
o o 51355 5o sy S g J5 a3
s ele Mlan (55T Jln gl (8] €l 0

Aodde .Y
Ol g 53 s)lens 1 (35U BT Sl puas >
syl glaasll 5l 5SUeS elgil b g s asle
= cpaoplyd B )T pie g g (5 S (S5
.59_5- 4 1) dloj_w ol_ﬁil; u_,l_'x.bl y—as d)_..xf
;T el ool el ey g osly olassl
@l 903 (e eSS, gl b oni s
S5, g S (izped 5 (25 Sl 9)
Gl 053,35 odlaiwl e qito

2)53 ) (5 yiow 89y LSS A
(Sl 0)93 (Ml (gylore QLS )3y (SLL
Wb 1S o Byre digS oyl ) Lta[j JolS" o 48
¢S5 35 Iy 08 oo s 2l 5dgy
Slallles Jols jiin aliSS) (g5, p 4 pdy &5
ol 3)lge pliny )3 LSS, GlS 5 g 0392 (6 pa
.AjloAib)iS
slaolBasd jl ksw yolie cpl ololid .cul cuonl
Aolyd Al gy oyl ol asily ¢ ol bl
s (Zo,l Ul bl (la g, anwgi g o 59
2] ol Cuonl

slaly jl (S5 5 aslblw 0iS So)b sl
obiwl asllale ob ) &S cunl Sl e (a3 ls
2l 1S 5 S)5  nl el onbgdly s
) este (215 9 I3 oyl 5 i | e
2 Lagl ol g ot )l (S S o 2
L &S 43508 cubs bl 9 15 Sgpm slagly
8 555y TS e, b o238
Logl 59y y= oy 9 iblin lalllas (15515
@3 ol 15 I3 claalyl blis 5wl
call Giagh copl bl 5l Gan Dl o plosl Cul
S slall 4, I (o) gy g Y
sbise o Olgn U sl (0)8 Cogiz dis Sosm o3
33,5 oy bl B le s oyl lallias

IPAA Gl 9 Jlg «Jgl olais qoaio Juw | 110



LU ; .
wuwb’ 2w Lwb o9 ju owlilad g>

£35 ol slmadly o | i PR JySge
L pdy &0 Omnic ljdle s bawgs (Seiwcisl
(XRE) Sl 595 0 ibonysl ()0 (129,
Sgo & & Sl (5 pais U sl g ) (S 5
g2y da pY W] 05l (o Jilod 4 (o5 40y
=il dae jledgaoe S o yolie olulid o« cul
Sl (2glis Jod )3 29290 yuolic ay byye
£9) XRE oSiws b (23555 g (yinlojl .5l ololis
HandHeld wSiwd Glasuie g Cdpdy pbol (b
ol&_isly )OXRF / S1 Tracer 3 / BrukerCompany

Gl lye5 yi

2,93 (5 lome SN, 13 &5 5 sl £
Y

Owj= > dshie glas 5l (S @ (Ml g
oalas cwwd 1) 293 358 5,8 oled j3 g 009 Lo
st BB il pin cpl (Beere (e 3 ]
9 LaS g oad (5w )i (slao)lgd g 3903
$9) = eSS el L ()8 2l adis &4 ol yoxe
[8] 8505 oxiligy (2 (ol yiaan

&5 Jlosiml Bl 5l 8 )l 5 a5
ol 292 pgwyan 5 cals gl T L 53 29 lgie &
1] ey JLoS a2 )3 4 ST 093 53 )9, €58
Solose Clinf diue p Slogad Sl (S 5)00l5)
oolaiwl 5 (658 > o3ll 358 O yle (Sl 090
sool o o dy oo glgil 4y ol ) 48 092 (o005
13]

Fdar 090 cpl 3l B0k 08 53 625 gy L
oabodlitl iy slogyb b ol ilie cas

11 1A Yliwwls g ylgs «Jgl 6l iy Jlw

slalyl o8 L;Lm:glj 5 LAl calis cas 4
S L8 sl iagh alecuwd

BaoT (Rg) 9 dlge Y
P55 g S «6r55 P95 )See | Gl (s)loxe
551 028y dy jaome (SEM) (g (559
933 wilowygld (XRD) SOl asil ily (EDS)
aygh ol jo ) ) (Priwiil o (XRT) LS
19,10] 3905 o3lisl (FTIR)

Aaidyge Bup & by Cax gk ol
claasl)l 5l coga pan el 2K O )pod
FSaeS laan g oad (5l pdiges () p2)50
gl 5 45005 M (25 yiw I LaSS,
FT- ) anyh s joBogole (2l slaginlesl
PsS—gySee 9 (XRE ) uSol (g5 ilysls — (IR
Cdpdy ©ypo aige 59y p Clllas (SISl

Py Sue Lagi diged I oS Se pgal
oA_Ba3 oyls 598 o MRT Juo by L3l Sellio
L]

7 (FTIR) 498 bt ja 3090l (il
@ &S ol 2B gy 4 il S5 S
ol DNVT ooy (oo digod oy 0 (S U5
Ly (550 95 £95) FT-IR olSiwd b (oriwcislo
Sluasuine g Cd iy plosl MIR (godgi5w 45 zlgel
) Tensor 27-mid FT-IR/BrukerCompany 05w
—Feremt a sl o Lacab .l s i oKl

ewaab Giolosl > .0a b o, Sojlasl ¥



agllabs 15 515 clib o (300l S5y S el 5 oayl)1 ) S5

Fig. 1: Decorative gypsum inscriptions with colorful decorations
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Fig. 2: Soltanieh dome complex from above
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Fig. 5: Gypsum decoration on the outer southwest of the
Soltaniech Dome
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Fig. 9: Sampling of colors
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The Result of the Data XRF The Result of the Data FT-IR Unknown Sample
eelS 9 ol pate JUb > jo R sl el 8 )

Active Presence of Iron and Calcium Red Pigment Red Color
prdS g ool paie Jlb jol> 3,5 gl G, 2y )
Active Presence of Iron and Calcium Yellow Pigment Yellow Color
M{WJL‘B )9.2:> ”5390.':“5@&9“’ Dl,\..w k_ij)
Active Presence of Calcium Calcium sulfate and Carbon Black Color
pelS puaie Jlad joas Ml aes &5 AWIRNE V)
Active Presence of Calcium Plaster With Color
oS Jlad jgua 0353 g podS Ol guo SruSE K,
Active Presence of Calcium Calcium sulfate and Carbon Gray Color
b 0S5 diges aEawd slo Ul guls ¥ Jga
Table 2: Pigment Sample Device Analysis Results
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Table 3: Studies of pigments used in some of the Ilkhani buildings

White soil and plaster

Red cyan, azure blue, silo green, malachite green, soot

Hosseinian School of Yazd

[XWie £y 4\:\1 9y DJ.A:JL;\J))){ d‘.ﬁﬁﬁ‘&) Lu rbb o)l‘w’é
Layer and canvas layer Checked pigments Name of the building
& 9 i S 0393 S Vo &y gl BT sl (o 095yl g 030> \
White soil and plaster Azurite blue, red ocher, malachite, soot Old Hamza Sabzpush
Abarkuh
afa.\MJf b.)s.) ;w)9)-l LS”‘ ‘W.{YLO)W“P‘)A)B ULQ(OJ@I u])s.v).u A
White soil and plaster Red ocher, green malachite, azurite blue, soot Isfahan PIR BAKRAN
&S 9 b 5 CaSYlo juw 31 50,8 Oledal ) gilodsl Clyes Y
White soil and plaster Red ocher, malachite green Oljaytu altar in Isfahan
= B, 30,8 cglaw jaww «Cayoil (ol «aS Yo juus B 50,8 Sj 4y duwydo ¥
plaster Red ocher, green malachite, azurite blue, green silo, red Raknye School of Yazd
vermilion
&S 9 haw J5 0350 31 05 (e < 30,8 (gl B aglale 058 b oly s I
White soil and plaster Red, green, yellow, soot Soltanieh dome intetior
decoration
& 5 %he S5 8,80 a8 d 31 508 SV S cygil ol gl a0 332 ol 0 ) s sl 4
White soil and plaster 039> Tomb of Sayed Rakneddin
? Yazd
Silo Green, Azurite Blue, Malachite Green, Ultraviolet a
Red, Viscous Red, Soot
&S 9 haw J5 0393 S Yo o cglow jauw «Cuyg3l (ol @iy 50,8 Ol desl Fnds dxiy \4
White soil and plaster | Red cyan, azurite blue, silo green, malachite green, soot The tomb of Sheikh
Ahmad Fahadan
&S 9w J5 0393 S Yo o colow jauo )9 Y ol g0y 50,8 35 Ol dusylo A
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