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Multi-Analytical Investigation of Gilding Techniques in Zand Dynasty
Mural Paintings: A Case Study of Karim Khan Castel and Divankhaneh

Mansion in Shiraz

Maryam Shirvani*?, Saeedeh Rafiei?
1- Department of Restoration of historical buildings, Faculty of Architecture and Restoration, Shiraz University of Arts, P.
0. Code: 7146696989, Fars, Iran.
2- Department of Carpet, Faculty of Applied Arts, Shiraz University of Arts, P. O. Code: 7146696989, Fars, Iran.

Abstract

This study represents the first comprehensive structural analysis of gilding layers in Zand-era mural paintings.
Employing a multi-analytical approach including FTIR, XRD, SEM-EDS, and CIELAB, the chemical
composition, structure, and degradation mechanisms of these decorative layers were investigated. The findings
reveal significant differences between the two sites: in the Karim Khan Citadel, the gold layer primarily consists
of high-purity gold foil (approximately 70% Au) applied over a gypsum-based substrate (CaSO,-2H,0 and
CaSQ,) with proteinaceous binder (likely animal glue) and oil, exhibiting a smoother surface and higher
brightness (L* = 63.13). In contrast, the Divankhaneh Mansion utilized gold amalgamtechnique (with about 70%
Hg and 20% Au), incorporating secondary metallic elements such as copper (Cu), silver (Ag), zinc (Zn), nickel
(Ni), and iron (Fe), characterized by surface irregularities and lower brightness (L* = 57.55). FTIR confirmed the
presence of proteins and oils, XRD identified dominant mineral phases (gypsum and huntite), and SEM-EDS
highlighted elemental variations. These results provide a scientific foundation for sustainable conservation
strategies.

Keywords: Zand era, Gold leafing, Fourier-Transform Infrared, X Ray Diffinition, Scanning Electron

Microscopy, Colorimetry

Method for identifying gold pigment in
Zandieh murals
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Figure 1; Karim Khan Castel



Figure 2: Divankhaneh Mansion
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Figure 3: Sampling location in Karim Khan Castel and Divankhaneh Mansion
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Table 1: Comparison of color parameters (a*b*L*) gold color in Khatim Khan Castel and Divankhaneh Mansion

(K/S) b * a* L* Sample Color
1/92 26.02 6.67 63.13 Sample Kharim Khan Castel
2/56 16.29 5.30 57.55 Sample /Divankhaneh Mansion
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Figure5: Microscopic image of the substrate and gold layer in Karim khan Castel and Divankhaneh Mansion
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Figure 7: FTIR spectrum of the gilded sample of Karim Khan Castel



2
4

98

98
1
—

Transmittance [%]
g2
1

a0
I

86

@ & g oo = @ & 855 % £3 uwsuzsrosx
n o= a Bo o T 8mes g g oDfu@maxae
8 3 &8 - E @giby 8 £ g BEIREENT
T T T T T T T
3500 3000 2500 2000 1500 1000 500

Wavenumber cm-1

G5 Hlgo s b aiges FTIR cils 8/ S

Figure 8: FTIR spectrum-of the gilded;sample of Divankhane Mansion

XRD U7 gl Y'Y

e ol linly 5 olge pale 0355 10 died 08 g (o 50l Ludod SIST S leie 4 (X-ray Diffraction; XRD) uSof axsl ol
Jos (Pl S sloasls bawgs S0l slogin (3l a2 Ghs)y (nl 090 LI & sl Gladigad )0 (Jl S slols olulids 6l
Slalllas 555,51 g0 pal 1) (538 5 (Fame DLuS 5 BB (antets el (il (glaSiy) 0 B pamie (bl (slasSIl a5 L g oS e
(Gias | ledol Wilgi o 125 S o sl (135 sl 5 ailaSs i olgo ,lidlos pani 40 (594l (285 XRD ( Sio )b &l e
005 09 sdiges 59, 2 XRD Julow jingh ol 5o [VF VY] s 1) 156 slapmslSis 5 algs (slooy ], colge Liio 8 90 40
5 A USE) wed slelis Lol Js S slajs b as abl aus) ablys Ojlee 5 GBS )l 5l sndizl Sl 6,5 4y
ool 5 4055 0)90 6 ST )50 50 (et Ak WS oo ez | L Gane DS 5 g & laasdly ! ()

y5lse @l p ol b b e bl



ot 49 1434 40184

K

ngLé @m 6&}@ @Lul.a.w -\-Y-y

395 4 ) b lacly fnptie o5 ool diged 93 0 53 Slilpe medS (e Sl 03 S i ouiasLas XRD s
Slidgs pnndS 3 GYPSUM L 451,000 5 &0 By pme « (CaS04-2H,0) &l jamiss Slilgms pdS Jalis bajls ol ailosls ol
Js5e 52 & T Js8ge 55 0l 50 a5 conl (ornb (ploord oS 5 S Siaepis0 @5 igdise (f s ) « (CSOsy o]
Loy 50 a5 Cesl (S sdon &5 (ol by 00le (l 09 o0 SBL Sl 3 (SUjihor Ko Sj90 4 g 0 Juate Sl g el
QB 4 09 g0 Ll oyl &5 Olsie 4 CAS0L S0 g 3l 09500 5 4 Sz g s SAY 4d lp Gl jlers
D9 gn Fuien 100 03 51 (oS L Lo S asle) e Jalge 3l o b glanSlas (glaunl b 0 el Col Jliy 5 ]
=V L VAV=rAeoe) 5 gYPSUM (sl « STV TP v a0 slaaS L) Ly 59 50 650 sladiges )3 038 95 o (lojon j5a>
3 s ol ool Glyie a4 &5 5l solitul saimslis ol cpl a5 Wi agl (F 5 ¥ slasas b o ougdl slp +VY-+0-Y

IVY] el 4035 5590 6 ML (slacSuss

Gl (F2= 1 Fo o x> 0 05 (MP5CA(CO3) 4 culile ot slulid aiges 9 10 1385 @500 Sone 3B iy qunndS 5 ogdle
5 g ol (25 slaY o LBl L 0aiS y lyie 4 il o5 Gl gaell ke eSSl )S S Soliila (Y 5 ¥ Jgaz)
AN oS Slnl slayie (LS Slalllas ;5 45 S 5 cnl jede 098 (B0 (5l SLbI olae aile) (o (Gane mlis I wlgi oo
e il aile) Y (Slse olys Sgnte 4 sl 5Sas 5 A0S oo ST 4055 0,90 10 ooliinl 590  Sone Slge Eoi5 p o
@3 slolg 4 ol il Slsseen FTIR asle oS sl o zols b laazdly cpl .aily 05,5 oS (53,555 5 2als b
s Lol T 59, 5 odb Y a5 canl soummn (Some yias o saamsplis g wiad saalive Slu)S 5 Slilga slaog, S L as ye

Ivel

s e 3 O (5lalaz (51550 5 (5eg S > 50) Mo Y 03lall 398 (S3L  XRD gl ;0 &5 03,558 9> Lol Jo
diges ol yod 35 &5 3 (S aY ()8 Bl sla Sogll (e (Db laaY S 05 L) (6l paiges 10 Vb B3 o) e
e 5Ll 4y bgs e oSy sl (ol 45 il y3gs & o ol XRD (gys aigas (s3luoslel ol ol ogdle s il
ol ptigas CSSS 45 3 A5 oo oS 5 el mly o3 T3U oy s s Ll i S e Casi ) oy

IVYT oatyT Sligios 1o es )5 (6 10 paigaimg ,Sm aiilo ¢ iy

b yo LS 3 9 318 o318 (o Lwlil-Y-Y-Y

&> o sloas) Silver3C e, S p 8 &g 4 a8 il lolid digel 99 12 10 (AQ) 0,8 5l (5 ,5eS polie o Soxe slojls s ogdle
O 0,85 035lg0 S ;0 (Y g ¥ Joux) Cawl ool jalls (albxless digas gl < VI AV-2) 5 S| digai (sl + V-2 AY=-YIA
Jeloe 5 Dl o T8 il 10 355 (GYL Caglie Judo 4y oS 5 ol a8 il axils ss3g (AG2C32) viile an)lS & e 4y ol
WY 50 oyi i [YY] cul ons o ooliinl Slaxslo mobaw (59, » plaol osis sl slp (i (5 loxe Sl o o dasme

(6 i Blhan! sile) (SilSe Lolgs g b loaisso zals (gl a5 ol (o,a-Mb 5LIT 0l (6308 5LIT 5l isu Wl o (5,5



& g5 T ®
@MMJ;%@@

&S olx @)l Slssens SEM-EDS gl b adly cpl .aib b slag,g o (crmb o oallBl 5l Lol canl (Sow b aid, IS 4
Jlo lp — el Ly 90 (o dlge coaS 0 Jloix! glacglas saumsjli 5 il oaslive (g pdiws 5 jsb 4y ailsuleys diges ;5 0,a

(S Sl 50 5Yb osls b slaslT 5l sl

Gk 3l ol jeas Ll sl Some clajls ade g ¥ S50 Js 4 wilg o XRD slagsl )0 (AU) b auiites olulids pas
@z p 1y 2ilesTais 3,50y, Coenl «S3L Sl askis ;0 XRD cusgame ol ol oo 0l EDS asile oS (sla il

S e

a2l 4055 0,90 b claay 3 1) (0,8) 538 5 (Culiile 5 o yonpil wilyoee &) e Saxs LS 5 XRD mls g gazms 40
S e,S Sl diges a5 a2 s ylis Ly 90 (o denlie ol SV 0,90 (pl oy (o g gk Slge leolaul el plaS o S
Bl Jsbo 5o L ol yige Silis 4y Sl (Son oF dla ol e 55 5 5mily oS b) Sl 5,555 55l ek
o2l ablas slagiil il gl sade olie aSL i oo oS a005 (5 0 L SEST Syoldy s a5 laaidly pl ogd osly Copd
WS o 0SB, (0 5 (s Cashoy orksss wiile) Jaoma J 7S 4 jls s, & i @il o5 jpi> Jlie o1 5] o
23,5 Mo Y (St (528 Cewd Sl L (59558 5 4y e Wl s 8 098 (5525 5l (ogealil 9000 (pgealil i slao] 351
Slalllae b mls Gol dlie 25 st Gl 5 aeky sloarY ale) Ll sl itigy (b o Wlgi oo poliie 0 )85 3525 cuiznon
Sl 4055 0550 30 3z slacs 51 L Lol pglas sasas gl (wloosST 5,155 ol s plgie a1, @ lél 45) 2B L aysio (90

by drwgl (65 580 s o LgLa:JSjjﬁ b auS 35S 0d Laools Q....I A..o.lg: JURUTRC Ry WO KO ..\5‘9360 o..\.ujl Slagsss Ive ,Y\‘]

Peak List

e
1000
950
900 -

50 00-036-0433
8004
7504

1 L L it T
8504 = T

8004
550 -
500

450
4004

350 4 \‘

200 -

250 \‘ 01-080-0787

200 Wy,

150} \‘\'@ ljl J‘

1004 B L S S e I e o T = AR L EEEEEEE
- w ULMM“M*M“M:M-«W«MH%, e T T T T T T T

- S secenme 10 20 30 40 50 60 70 &0 90

10.00 2000 3000 000 000 5000 7000 3000 90.00 Position [2Theta] (Copper (Cuj)
UK (1.541874.4) 2heta

OB 01,5 ) 6,5 4503 XRD il A S

Figure 9: XRD spectrum of the gilded sample of Karim Khan Castel
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Table 2: XRD elemental analysis results of gold sample in Karim Khan Castel
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00-036-0432 Calcium Sulfate Hydrate Gypsum CaS04.2H,0

00-014-0409 Calcium Magnesium Carbonate Huntite MgsCa(COs)4
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Figure 10: XRD spectrum of the gilded sample of Divankhane Mansion
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Table 3: XRD elemental analysis results of gold sample’in Divankhaneh Mansion

&z e NS Sy pb | G oole b lasds Joo,8
00-036-0432 Calcium Sulfate Hydrate Gypsum CaS04.2H,0
00-014-0409 Calcium Magnesium Carbonate Huntite MgsCa(COs)4
01-087-0719 Silver Silver 3C Ag
01-072-0503 Calcium Sulfate - Ca(S0s)
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Figure 11- SEM Picture of Gold Sample in Karim khan Castel
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Figure 13. EDX spectrum of gold color used in Karim Khan Castel
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Figure 14. EDX spectrum of gold color used in Divankhane Mansion

Table 5- semi-quantitative analysis of gold

color used in Divankhane Mansion

TS Line W% A%
C Ka | 0.001 0.9
Ka 0.08 0.61

Si Ka 0.41 0.21
Cr Ka 0.00 0.00
Mn Ka 0.00 0.00
Fe Ka 0.95 2.99
CO Ka 0.85 2.51
Ni Ka 1.13 3.35
Cu Ka 3.75 4.81
Zn Ka 1.62 4.34
Ag la 0.45 0.51
Au la | 2027 | 17.99
Hg | Ma | 70.64 | 64.00
10000 | 10000

FeKa NiKo AulLl
MnKa . CoKa ZnKou
Crkp FeKB  CuKo HgLl
CrKa MnKp CoKB NiKB CuKB | kev
9.465
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Table 4- semi-quantitative analysis of gold

color used in Karim Khan Castel

ol Line W% A%
Ca Ka 3.01 29
(@) Ka 6.48 0.61
Si Ka 0.41 0.21
Cr Ka 1.28 0.43
Mn Ka 1.91 2.38
Fe Ka 0.84 2.13
CcO Ka 2.24 2.44
Ni Ka 1.48 2.13
Cu Ka 2.11 9.74
Zn Ka 3.68 8.62
Ag la 3.04 5.62
Au la | 69.50 | 58.50
Hg la 214 0.34
10000 | 10000
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