Journal of Research on Archaeometry, 2017; 3 (1): 29[46

DOT: 10.29252/jra.3.1.29 URL: http:/ /jra-tabriziau.ir/

Original Paper

Identification of Materials and Colorants in Decorative
Mosaic Tiles of Musalla Historical Building in Mashhad

Masoud Bater!*, Maliheh Saberniya?, Hossein Ahmadi?

!Assistant professor, Department of Conservation and Restoration of Cultural Properties, University of
Zabol, Zabol, IRAN
2BA in Conservation and Restoration of Cultural Properties, Organization of Libraries, Museums and
Document Center of Astane Qudse Razavi, Mashhad, IRAN
’Associate professor, Department of Conservation and Restoration of Cultural Properties, Art University of
Isfahan, Isfahan, IRAN

Received: 31/03/2017 Accepted: 15/06/2017

The Mashhad Musalla is one of the largest and most beautiful historic musallas in Iran. Mashhad
Musalla has been built during the Safavid Empire, ordered by Suleiman I. Tile's inscription on the
Iwan of Musalla gateway gives the date of the end of construction, in the year 1087 AH. This monu-
ment is located at the east of Mashhad. The building has a high porch and two porticoes on both
sides. Musalla of Mashhad is constructed of bricks and it was previously using for prayers of the two
Eids. The building has been decorated with stucco decoration, tile-working, wall painting and
Mugqarnas. The building is decorated with stucco decoration, tile-working, painting and Mugqarnas.
The glazed tile decorations of the Mashhad Musalla include glazed haft-rang and mosaic tiles. During
Safavid period, all religious buildings were embellished with tiling decorations. The most prominent
decorative element in Mashhad Musalla is tile-working. The tiles in the Mashhad Musalla are pre-
dominantly white, black, blue, turquoise, green, yellow and brown. The subject studied in this paper is
the creating colorants elements and identification of the chemical composition of the glazed tiles in
Mashhad Musalla. Scientific and analytical research was done by Scanning electron microscopy in
combination with energy dispersive X-ray microanalysis (SEM-EDX) and Polarized light microscopy
(PLM). Scanning electron microscopy (SEM) and energy dispersive X-ray spectroscopy (EDX) were
used to determine the elemental compositions of the tile glazes. According to the results obtained, tin
(D) oxide together with lead glaze has yielded white color, manganese oxide had been responsible for
black color, cobalt (II) together with magnesium oxide and fluorine has yielded blue color, copper
oxide was responsible of the turquoise colot, lead glaze with the low content of iron oxides has
yielded a brown hue, yellow color is attained by lead antimonite and copper oxide together with lead
glaze had been responsible for green color. The comparison of the results of the chemical analysis of
the Safavid glazed tiles in historic Musalla of Mashhad and results obtained by other scholars who
have worked on the identification of the elemental composition of the glaze of Safavid tiles in the
other monuments of Iran, indicated that the creating colorant elements were the same, with a little
difference, during the seventeenth century and over the Safavid period in Iran. Finally, thin-section
analysis under a polarizing microscope was applied to study the petrographic composition on the tile
samples. The results of structural study and mineralogical composition of the body mosaic tiles of
Mashhad historical Musalla by petrography method showed that the presence of Muscovite,
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Hornblendes, Biotite, Quartz and Feldspar minerals as the main crystalline phases within the samples.
Based on the applied methods, the mineralogical analysis of tile bodies has revealed some
considerable results on the composition of this kind of tiles. Apart from minor differences related to
the groundmass composition, all the tile bodies examined by thin-section analysis show similar micro-
structure characteristics and analogous petrographic compositions. On the other hand, the results of
the elemental analysis of the glaze of Safavid tiles and considering little difference between chemical
composition of the Safavid glazed tiles of the Mashhad historical Musalla and the elemental composi-
tion of the glaze of Safavid tiles in the other regions of Iran, it can be deduced that the raw materials
used have probably been provided from the local resources.
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Fig; 4: Mihrab tile in the middle of the central porch with a
pentagon plan
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slely jl (B gl B Gl S 5 g

925 U 5 3 53 995 domas) Gl soho pae
5 gy a (Oledeel 3 Ebylee dw)de g plol dons
aS oy ol 5l S (PIXE) 55, oWl WSS dndl
g9 3 ()b adl opl 3 g9t pac o B Gl
larusT dLapl > S5, slogl Jole 5 (oWB oy
Y| VP S | SN N P v O S
Ol 4 el ooy ol wasplul 2Kl
SO sbml (sl LSl (Bl sl ool sl oS
&5 S5 3l eglojond Ky sl e sy
o3li] ol (5 (5l 5550 § 5 35 S5y sl o
Soimo S)dn Gla S QU (g [T] ol 00
e jrme (=g (9 Sy S g, 4
(SEM-EDX) (uSul 555 5551 J3iS 1y ol

Ao (Zu,l0 (eMas g3 4 Sy Gyme sluj s o B 5 sl Y S
Fig; 7: A view of the absolutely beautiful of mosaic tiles used in Mashhad historical Musalla

P95 liusl g Jlgs «Jgl o lais qogus Juw [ pp



R ) .
&uuwb 2w Lwb o9 ju owlilad g>

Soio yuas ) (abds dil (i ogud oy P o]
sl 8Bl Gl p 590y Gimgin di el
Sladn dsei (ke lyisd Sgedo Dlae (o)l
JaS gl e (Bl ol jlog )5 cul 5l oo
izl b 205 by & Sl (900 pas a3l U]
o ol 05l g Cunal | 2L}l cla )

el 15)55 3 i ol 5 pliolge alllas Llod

L@bdﬁs )9 .5‘54 Y’
gt sla by, il oslaiwl b g,)8 Liagd ol

Laoald LS)?TC‘"? d'ﬁ Gl 045 Fbul u.L.l?u —u.:).’>u
allas (g aalllan : Jol ilise (sla s,

) 015 o3l ( UKetle]] gy g (e
dlas golpo cold g (il jo-lateasy

il sy o ol calw ogis g 4d),Sa
CSlid 5 ddio (SHae by 3 Goho pas Gyre
Fa i Gl 3 ) obml Jelgs oliond oS 5
=9) (95 CgS g Sen (AR 45 b
SEM-(pSol (550 6551 (S| il & jaone
o 2Blilejl adllas oyl i edliwl EDX)
ol Jelge 5 ol oximy JoSuis polis oo 5 colid
Ui (508U S g S 3 o3lital L ) 3 o5,
2 S @yste> TESCA ¢85 céls VEGW2
aslllas (gl b plomil g sl (65rgllie 0aSiimg
595 b9y Jl 35 e ol B ()l L
Sl )8 odlatul (9Sg See g 4 SiL glaile
Olympus ¢ Jae o572, ©y5wgSee il jslaio ol
S B
oSl |l St oS tle]] > oS g s
s g a5 b (bl 3 35 plol s (w923
hie clialie (glalbuls adllas jI ol sbaodls

23,5 )] 5o ol o 2R}l sy g

waidly )3 Eovy g b F

&> dig0 9 (50 Olaalin V¥

OLSH Goy p Spar Slialie C)god & Slllae
ol 5 (Sl i plosl agiie (sMaa (Sl (sl

pe L mas gl g e «Jgl o)l (ogus Juw

o ol olowd e85 a5 el i oo
euS1 2929 5l (S 55 Lo cal (3 48 53 (92,2 Y
ol S5 ol S5y sl bele lsieay LS
sl il Ol a8l adllas [9]cunl 034 csle
W2 5 olpl Gilisee gblie slaly ) (s500 jas
sbalS (plie ol s 159500 30 V) ()8)
9 295 ol domwe olaial B Jle g pordllcn
o Mo B ke dwjde 5 jpdiny O jlos doudn
Twciib 4 aone (odug) (S9rS ©SwgSee b
by (SEM-EDX) oSl (535 5503 G5
e sla B )3 &S sl 390 o ) (S oS Hn
I e S5 6l 393 (o) slaly 9o
3 g S5y Sl oy ST oo 4 &S 251
IS 381 ) sny9Y o ) sl pme denS]
Sl el 2081 g g ST S 5 105 ) ol
Sl 2l o Sl 53 o 20815l lojg 8 S
ST ) logrd S5y sl g9 5% ST S ol ST
adllas [10]ceuwl oas odliiwl oyal 4usl g 5K
sla il Glacld 59y p (295 V9» 9 Cume e
S § Gpaie 45 g (09 Jeslowl odljalel (900
(BEPMA) ©oy 9,50 G978 (hg) 4 da 88 ol
Sl )3 (03,95Y (] S5 slsul (gl a8 ol lss
3 i S35 3bol (gl g LSSl cnl sl 38
o3l ey 5 8 51 Y Loy b ol oy

[] el 0ad

5 = Sl o Ssho jmas sla K

5 Slome g0 yidy )3 g Cunl 005 plol 2 Lol
ke jloyes ol Pyl slaly o ) Sa wlisp
3 p g 4l 3)90 (5 g (solone (Su)b
Blas g olg o CAld 3)50 0 Tyl a i8S
ool Glsp g oo pac slaly colo ) ab))a,
oas plol ()55 05ed 4 (Sl gla gy ()9S
oo sl )3 6Kl Sl &S o sl el
L e e =
9 Ot 2 e (Foyls (Has @ler



g0 sWiao (3l 5Ly § 0 (5B Sl j5 55 8385 IS 0y (5l S3 g S1go ubwliuls /¢yl ySes g 45l Sgeuo

Yy

5 SLehl 0)9d 31l jl (o8 Lacaa jl 5 355 (5900
JolSS Jg 09 S Sl o] 6 USS oy (65908
Gime (590 0)93 ;3 ol edlatl S g Al
S 5 Gyme oSl ooliul cle [12,13]0d
0399 1 Az 45 Cl o saio (S5 (Mae
o=l Al > (IS SLLS T pousye by «s5h0
SIS gy (g sl 0392 SSycain (B ¢ly9
g s 339y 5 ]y Brme (I 35 ,m (ST ycin
Ssho pas Gilame Siduciy) olizes «gyme (S
Gl 03
Py D 3 01 ol (clacaye b)l5S
59 Sle (o p g (SHse Clialdo g
Ol o canl ol odimalis o cpl Byre o S
L sblie 5l (B 3«55 o O3l o )5S
Gl sla 3 Jg oad (5ilusl 9 Cunpe (390>
il 3 0as plosl MBIIe g ol 0390w
Lo il 0500 § 3290 @dg Gl wblis 4 39100
o] Mol by oo gl o518 (ot plis sl 0393
Gl glacss) ISyl ) ol s
Sy plaslid sl L Ol 5y slay S
0 Ly i b5 Lo adllas gl 51 ol oo

i jlas Lo ol gleme S5 sk o iete &S
il L oS ol ()53 clisp (S 45 9 (oS
ol g ol s cauj 1y W opl dny plael isu ol
SLass) jl (egtie b )3 (I glaanS g 2l
u_:‘ ewlio a3 .cuol ol s3] d|°9%¢§ 9Dy ¢ s
@www?u@_bdwl ol e go ST,
Wy a0 g 095 00y da B
VoAV JLa 53 oo Jol loshus ol (loj 1> s g0u0
SUSH ) r e (Hy Gl 0ad a3l (50
el 0ad 585 ol b L a plael Lis &S 6lese
9 00 By (I A5 Jop> sl By ()83
25 Cl Gpgos jae P L 055 @l 5 i U
ul_....ﬁ).» LS‘)—?" 0ga—s yd J9| u__;9j91 (99— 093
Jol 1) Li_))k.a._.o‘h (.S)K“""’K C)L.oj)) )‘ odl&iuw! LJ‘QJ)

oS (Slaxa )BT (938l39) b yEaS (ko pas
LSDLAA‘@‘ JiL.w.a 9 Ol{,&..wl 2 J91 wL.:.coLfB Ol.a)' )2
mas Glie s gyl (SSycan (Bl a3 lasly

PRV &) (A ol 0A URSe L—i’)DLAM b)ﬂ‘.) LS Apelee L;v)b 2 (9 ul).’xo J,Jol By Lgl.&a@.o‘s )‘ 6)13)343595 J?w A Jim
Froo S5 (G 235 S5 (F slogad 5, (E ecslojgd ) (D esnynY o] ) (C ol 5, (B
Fig; 8: Sampling location of original mosaic tiles of the mihrab of Mashhad historical Musalla is marked with a black circle,
A) White color, B) Black color, C) Blue color, D) Turquoise color, E) Brown color, F) Yellow color, G) Green color

P95 liusls g Jlgs «Jgl o lais qoguw Juw [ pee



R ] .
&uuwb 2w Lwb o9 ju owlilad g>

(Fig; 9-8 JSi) L cnl Gyre sl olS )0 ST duies
a$ sl L (Table 1-Y Jodo) of 5l Jeols ol o
YAV L olyon @B 559 Aoy V¥ jois 4y asgi by
Ol 5% b SOy Sl digad pl )3 o pe (B9 Moy
oy ST o]y o dy 218 STl S 5 o S
Gy Ol 9 Gl opl plosd CuS 4 dn g Ll

SEM- gy 4 Lis (=l 320 (sl o8 55 S5 polius

Sy (B Ol diges (5 yais 4o gls N Joio
Table 1: Elemental analysis results of the white glaze

dy90 (sladises U a6 pdiges ¢ Sl jluus jlads
a0 slagsbyy jl osliiwl L oo 09 4 )l
e 35 )8 adlae 5 (yp 3)90 ¢ B
2 Bre G S (b S) I S 2l )b pdiges

Wl 005 asuie A S5

iy b o305 G syt U1 YF
SEM-EDX

b 5 ales 1 bl Jlaw )bl P ol e Cuxsg
A OaBan W e Jep 9 Jl Gl &S Sluogad
sotatodny cplpliy [14]canl diudly o olosd oS5
Sl ) Ol obewd (S 5 (S g (o ololid
solis (s g oo (F )b (e 5 (Soho 5y
ol 20 S5y ol Jolss whig 4 da oyl onimd JSis
ol Ay 0% ¢ gy (F9 S oS S b
ool w! (SEM-EDX) sudioniSly Sl (g935 320

51 do yd 359 Juoyd e ol
! o) )9 M2y s p . e a . S .
Atomic percent weight percent Element LSLQL;“) ¥ LSLQN'JU 819’ ! )‘ 29 U"’l LS‘)% e
5.06 3.51 Na
10.03 7.35 Mg Ol 40 3w 5 )5 ¢ slogtd ¢ slojg b (53y55Y ol
10.84 8.82 Al
59.42 5.37 Si 099y 4 LadSges w9 b (5,5 pdiged ¢ oS jluus
4.49 4.35 S Loy . LT L. .
157 1.59 K @l &S <85 48 ajes 5 lalejl )90 ¢35 (2K
5.72 6.95 Ca s oo . g
0.66 2.40 Sn el )T NG
2.32 14.61 Pb ‘?u < s an s )’l ohjwb‘\é al e
cpafel
8_
| Sn
57 Ice
7 K Zn sn
B Qo Mg Si[Fb Ca
C o Ma Al 5 b n Pk
4_
27
1 .4| |Jl |miy‘u m L\.l . | . A ‘
01— ‘ ; ‘ . | ; ; ; ; | ; ; . ;
il 5 10 15
SEM-EDX yb5) 4 S0 ydutuo (o8 Ol (g paic 4 jo0 o A S
Fig; 9: Elemental analysis spectrum of the white glaze by SEM-EDX method
ro L 1mas gliuwt g lg (Jgl o)l ogas Juw



g0 sWiao (3l 5Ly § 0 (5B Sl j5 55 8385 IS 0y (5l S3 g S1go ubwliuls /¢yl ySes g 45l Sgeuo

Yy

cpsiey
8_
Eh hin
7 Ca
i K
(Fe Mg Si Pb Ca
7 C  Na Al S K Wn [Fe Pb
4_
27
0 ‘“ JX”’L[IA L | I ; ; ; I | el I‘u ; |
0 5 10 15

SEM-EDX yog 4 Sjobus (oblS Ol (g puais 4jo0 b Ve S
Fig; 10: Elemental analysis spectrum of the black glaze by SEM-EDX method

o ool da 5l 5 (63,0Y o S5y sl sl
oyt (! 4l 5 (gl y580l8 5 ke ST 5l
F S5 2,2Y ol S cnlplls el oad 4B S
Sl 3 ol 935l 5 mjste duSTL LS 215
SliS 5 3l Jol Gl ol ) psto 10081 5l
D9 e Jlote (55 A g G S 4 Gl
g oS0y 31y G5 Sl ) 59596 LS 5
o O B )3 S (e )3 51 oS g
SIS (ol S 59y 32 (SIS0 3l 5550l
digel (g pmals 45 iyl ) b nes 4 [16]5,)
P L e sl 8 (63)92Y (o O
9 ol oy 1081 086 Ol S5 55 dpedio (Do

@Y o (B Ol digel (spaie 428 @ls ¥ Jp
Table 3: Elemental analysis results of the blue glaze

ol oy g e yais pb
Atomic percent weight percent Element
A% w %
14.52 12.11 Na
8.22 7.27 Mg
6.74 6.62 Al
53.07 54.24 Si
7.62 8.90 S
2.29 3.27 K
2.22 3.23 Ca
0.27 0.54 Fe
0.21 0.44 Co
4.75 3.29 F
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Table 2: Elemental analysis results of the black glaze

ol 2oy iy ey paie pb
Atomic percent weight percent Element
A% w %

21.09 16.89 Na
8.09 6.83 Mg
8.34 7.81 Al

57.43 56.16 Si
1.77 1.95 S
0.16 0.20 K
0.45 0.61 Ca
1.32 2.50 Mn
0.53 1.16 Fe
0.82 5.82 Pb

3L ygas 4 degi b &S ol ] oaimd Lis (Table 2
el asges (12l 3 (3j5 20> V1B i & 535
i 3l O 5 ol (S5 sl (5l 5:520 S|
S Ol du dn gl b ol o odlaiiol Ly oyl 5y%e
Gl 5 (Gl solie YU e 5 Ml 3 oy
2i2 «SS ol (B ol Sl gl 3 39200 (S
[15]cal (2B oy sl
= ol WUl saslecwsdan b )y
5 (Fig; 11-)Y) JS_3) SEM-EDX s, 4 53,52 Y
sy s (Table 3-Y Jgis) o) 5l edelcamda gols
oly ot dy IS Sjg doyd +/FF dgng 4 s gi b oS
YV g (559 20 pd VIVY (ljse 4 i jl (0L jlade
IS 3Tl ol K905 cul )3 )53sls (359 Aoy

1#as Glinl 9 Jlgs «Jgl o laii qoguw Juw [ w5



R ] .
&uuwb 2w Lwb o9 ju owlilad g>

fel
8_cpse
6_
’ Co
B Ca [Fe
i K B Mg Si
C O MNa Al 5 K Ca Fe Co
4_
27
DfLML MoAk S I (Y N
0 2 4 5 8 10

SEM-EDX (59, & s3,53Y (o] ol Ol (gpaie 30T cabo )Y S5
Fig; 11: Elemental analysis spectrum of the blue glaze by SEM-EDX method
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Fig; 12: Elemental analysis spectrum of the turquoise glaze by SEM-EDX method
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Fig; 13: Elemental analysis spectrum of the brown glaze by SEM-EDX method
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Table 5: Elemental analysis results of the brown glaze

o3l oy ESTEEY yais pb
Atomic percent weight percent Element
A() 0 W 0 0
10.78 4.68 Na
6.27 2.88 Mg
6.55 3.33 Al
54.4 28.84 Si
3.24 1.88 P
4.54 3.43 Ca
0.18 0.20 Fe
0.01 0.02 Ni
13.99 54.71 Pb
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Table 4: Elemental analysis results of the turquoise glaze

o3l oy ST yais pb
Atomic percent weight percent Element
A% AY%AtY% w %
17.40 10.25 Na
4.06 2.57 Mg
3.05 2.06 Al
42.48 3.54 Si
0.67 0.64 K
2.48 2.52 Ca
29.03 47.24 Cu
0.79 4.13 Pb
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Fig; 14: Elemental analysis spectrum of the yellow glaze by SEM-EDX method
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Table 6: Elemental analysis results of the yellow glaze
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Fig; 15: Elemental analysis spectrum of the green glaze by SEM-EDX method
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Table 7: Elemental analysis results of the green glaze

ol 2oy (59 ey yais pb
Atomic percent weight percent Element

A% w¥%

1.98 0.83 Al
43.58 19.02 Si
20.47 10.20 S

5.70 3.14 Cl

1.62 1.01 Ca

1.41 1.22 Fe

3.02 2.98 Cu

7.11 13.13 Sn
15.03 48.43 Pb
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Table 8: Comparison of Elemental analysis results of tile-making in the Safavid era of Mashhad historical Musalla with the
results obtained by other scholars on the identification of the elemental composition of the glaze of Safavid era tiles in the
monuments of other regions of Iran.

This study, | Mishmastnehi | Holakooei, | Soltanzadeh, | Abed Esfahani & |Lamehi-Rachti, et ol cladises
2018 & Holakooei, 2013 etal, 2009 | Zahedian, 2007 al, 2001 .
Glaze samples
2015
Crogdl | oyl oy gl S
Tin & lead Tin & lead Tin & lead the white glaze
e Jroen e S jobu (i8S Sl
Manganese Manganese Manganese the black glaze
clls clls clls clls ds | SnmY 26 Ol
cobalt(II) cobalt(IT) cobalt(IT) cobalt(IT) cobalt(Il) the blue glaze
e e e oo SSyslojord (A W
Copper Copper Copper Copper the turquoise glaze
ol ol g S Kysloged b Ol
Iron Manganese & the brown glaze
Iron
e 9 Olgess] Crogdh | oyl @y ey &8 S5y2)5 A QW
Lead & Tin & lead | Lead & Iron lead Tin & lead the yellow glaze
Antimony
o e Sy (3 Sl
Copper Copper the green glaze
PRNARTE PRNARTE PRNIUTCIEN PR VR N AR p Y )8 p VOV ()3 adllaedyge BT Caots
17t century | 17t century 17t century 16th- 17t 17t century 15th- 18t Date of the sample
century century
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Table 9: The results of structural study and mineralogical composition of the body mosaic tiles of Mashhad historical Musalla

by petrography method
(295w S Slasule Lo et 09,5 pb gl 0)lod
Microscopic specification Percent Mineral name Group name Sample number
PPLEJ 55 sy ) . B Mo (e )
White spot in PPL. mode Muscovite White mica
SPLeJ 3 (cloged 4S - KU Jomiel 5
Brown spot in SPL. mode Hornblende Amphibole
SPLoVl » ostd 1y b | e Slogtd 5 S
Tiny brown spot in SPL. Biotite Brown mica
PPLel 5> SGj6 s 60-65 P Pl 4
Gray color in PPL. mode Quartz Quartz
PPLCIL > S5y 6 inss 95 30 Hlwald Hhwald 5
Gray color in PPL mode Feldspar Feldspar
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Fig; 17: Recrystallized quartz, 100x, PPL mode
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Fig; 19: Muscovite mineral, 100x, PPL. mode
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Fig; 16: The presence of quartz particles and fracture lines
among them, 100x, PPL. mode
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Fig; 18: The presence of iron oxide layer on the quartz
particles, 25x, PPL mode
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Fig; 21: Feldspar mineral in to form a Gray blemish, 25x,
PPL mode
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Fig; 23: Hornblende mineral and weathering around it, 100x,
XPL mode
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Fig; 20: Biotite mineral in to form a tiny brown spots, 100x,

XPL mode
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Fig; 22: Hornblende mineral, 100x, XPL mode
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