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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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Fig; 5: The main porch facade of Mashhad historical Musalla
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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
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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

polis (g 5 (Sjg Moy YOS w0l opl jo
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_ Atomic percent weight percent Element
[15]w1 e L;L&vuu £ 3> ch_i;) A% w %
. e (= . 7.90 4.15 Na
Sl yaie a0 5l sdelcanda i () 5.34 2.95 Mg
. . N e . 6.18 3.80 Al
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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

199 Glinwli g lgs «Jgl & loads cgan Jluw | Fo




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

ol y90 S Wao palo S (A 2,5 5 (S3jlsn
B a4 S 190l odgn Lo —ils iy célw j»
=l K S gl ple S oyl iy oo
Olj=e b (Rhyolite) g, Siww S b 5 (Granite)
4S8 25 (oo odaldie iy pds Cunl 039 YU 35,168
oalatwl Loy ilS a5 oSy lgisay 35)leS il
S igS g dsliy 3,)leS Gl i eolawl ol
B 2 g 5l et Sl 5 oy Lo G L ol o
5 [20]03,5 sloul da o5 asn 0 SNed g o510
03 ouSs 4 iy b el ity (Siwgn corge
§) (Figures 16,17, 18-VA 5 \V 08 J_sl) el
A S 5 53 (b 35 ollie 3529 503 (s
Ol 9 05 AN A Cow g Lo sl
S o o5 o b ol (60 IS
0 ( SiwSd bols ()l sladly o o
la 5 a5 calo loj 4 by Yiisl & 355 0
g bawst bglas cpl (Fig; 16—V JS3) conl
dSepge JB clalad il & e Slaclwals
S 4 losel )y oS bolad S5 4y g Silosds
)5 sl Gy oy Pl 3 & e
Coows & 5 Ol g 41 )3 39390 o] clanns)
Gl g o) CS e Ay 2 dee S slajsh
(SusSs bolad Gyaods 5 0l )] JB slalas
bglas pl aSepl b g Cunlodges dblsl 1) b SIS

B0 le.huuf}s Gy 5,l b axlllao Y-F
G595 o9, &

Ol 093l (81,95 by o edge (F0)6
Mol g plSosl e ] S 5 olwlis
bl g oLyl Jalge olie )3 50 ) s
9 Cdly oy jodaiody aad o i b 4 e
A5l Jeol diges i dlaed wgudio (Su,l (Mas
4 9 Ol e 9 0 QBRI L (B me sl S
sSg Sy 5 Lvaiges A 5l S o laie
o 9 adlaedyge 05y g 6yge yp b (SS90
sSsg San el 5 oy f Sl el 5 )5
T & Bl ok ey 4 Sshe Grme o B S
{(Table 9-2 Jgi) cuwl s

» odalie BB S oy esls (Quartz) 3l
e S Bl L sladiges | ordans Sib gblie
cslaysh JS5 4 G plcanl dgde (Sl (Ao
ul).) D)IA’] 9 L;“\“Sl)" LY .)9.«»640 oddlin )I.)dug]) 9 I
el G Ly Lo 3l asy b plos 5 o
Sl g, 5 b b oadid s cmndiw dulo ] NN
Jo—ame ¢55)lg S @l)d aS o)l Jlainl ool 5 ogde

SS9x Ohg) 4 Rebe (Hae Gpme la Bl L) LSS S5 5 ()l adlas B A Jo>
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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