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Abstract

Over a hundred pieces of luster (zarrin-fam) tiles were excavated in Qaleh Dokhtar, Kerman. This
article discusses the characteristic features of the luster tiles of Qaleh Dokhtar, and the origins and
sources of raw materials of these tiles. The tiles were classified in four groups: “octagonal star tiles”,
“crucifix tiles”, “square tiles” and “rectangle tiles”. Then, the relative chronology and dating was
carried out based on an inscription on a tile that reads: in 661 Hijri/1263 CE. The insctiptions of
the luster tiles of Qaleh Dokhtar also showed that they include poems. Eleven tiles have been
chosen for chemical and microscopic analysis by Micro-PIXE and SEM-EDX. The results
indicated that there were different elements in the luster and paste of the samples of Qaleh Dokhtar
and other regions of Iran. Magnesium is the element of which was detected only in the samples of
Qaleh Dokhtar at high weight percentages and likely its mines exist in Ashin Valley around Jiroft.
Keywords: Characterization, Chemical-Mineralogical Analysis, Luster Tiles, Pottery of Islamic
period, Qal’eh Dokhtar.

Introduction

Over a hundred pieces of luster tiles were brought to light in Qal’eh Dokhtar excavation and
restoration project, Kerman, during 2016-2018. A preliminary study of these tiles raised different
questions about them. The first question is what are the characteristic features of these luster tiles?
The second is where is the origins and sources of raw materials of these tiles? The importance of
the study is to gain more information about the typology and characteristics of local productions of
luster tiles in Kerman, Southeast Iran.

Materials and Methods
Case study
The luster tiles of Qaleh Dokhtar were classified into four groups: “octagonal star tiles”, “crucifix
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tiles”, “square tiles” and “rectangle tiles” (Figs. 2, 3). Some poems are written in the frame of some
tiles. Including:
— The creator of the world will be the protector everywhere. Such a poem has been written on
the tiles of Takht-e Soleyman from 1272 and 1276 AD [19].
= You valued flowers and adorned your face with them. This poem was written by Ferdowsi [20].
— Itis better to be patient in everything than to store a lot of gold.
— My beloved, your hair is a snare to my heart, and the world is not to my liking.
—  Wine always triumphs over intellect and it is always the friend of the wise. Although wine is
made in a jar, it is effective when it is in a glass. This poem was written by Zahir al-Din Faryabi
22].
([:or]lsidering that the date 1263 was written on one of the luster tiles of Qaleh Dokhtar (Fig. 2,
No. 3) we can consider the other tiles to be related to the same period. Because all of them have
been excavated from the same archacological context.

Methods

Microscopic studies on the 11 luster tiles were performed to investigate the sinter structure and
chemical composition of the samples using an EDX-SEM scanning electron microscope with an X-
ray spectrophotometer while accelerating voltage was kept at 20 kV. In addition, the measurements
of the elemental composition of the glazes and paste were performed by the micro-PIXE method.
The samples were analyzed using a beam of 2.5 MeV protons with the beam current in the range of
30-50 pA [35]. GUPIXWIN software is also used to calculate the concentration of the constituent
elements [37]. The spot size of the proton beam is about 10 pm. A Si (Li) detector was used to
detect X-rays at an angle of 135°relative to the incident proton beam direction with an energy
resolution of 150 eV. Corning glasses as appropriate glass standard samples were analyzed in the
same conditions of our samples in order to measure the accuracy of our measurements [38] (Table

1).

Results

The results of microscopic studies show a very good bond between the paste and the glaze of the
tiles (Fig. 6, Table 2). The paste also has a cohesive and vitrified structure. Large cavities in the
paste indicate that sintering has occutred at high temperatures (above 850 ° C) (Fig. 7). All of the
samples have been characterized as the high calcareous body. The elemental composition of the tile
bodies is plotted on a ternary diagram of system SiO2 — ALO3; — (CaO + MgO). The uniformity of
the Sn throughout the glaze section indicates a specific instruction for the production of the glaze.
Sn is a geochemical fingerprint and important substance in the chemical composition of glazes. Sn
in the form of oxide or cassiterite depends on the silicate network and is manifested along with
calcium. Such minerals are found in Kerman in abundance along with some other metal minerals
such as Cu-Zn-Pb-Au-Ag [47, 48, and 49]. Furthermore, different compounds of Si, Ca, and Mg are
seen in the form of very fine crystals in the glaze. There are NaxO, MgO, and Al,O3; with minor
modifications and Si as the main materials in the glaze [52] (Table 4).

Discussion

Production Center

Comparison of the above results with the luster tiles of Kashan, Rey, Gorgan, and Takht-e
Soleyman [11] shows different instructions in the glaze compositions of the Luster tiles of Qaleh
Dokhtar (Table 5). Phosphorus is present only in the samples of the Qaleh Dokhtar. Furthermore,
the average percentage of Si in Qaleh Dokhtar samples is 10% lower than other specimens in Iran.
The presence of MgO in the glaze shows its dolomitic origin and it indicates that the mines used to
produce these luster tiles have been geologically a metamorphic region. The existence of
metamorphic formations in Kerman province is very significant. Mg is exposed in the Ashin Valley,
Jiroft region [49].

The use of the Luster Tiles
The structures of the third floor in the corridor of Qaleh Dokhtar were built during the Qajar
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period and there is no sign of connecting the tiles to its architectural surfaces. It seems that the tiles
were used secondarily in Qaleh Dokhtar, and they were applied as wasters to fill the floor (Fig. 4).
They were probably employed for the first time to decorate a seventh-century AH building such as
the Qobbeh Sabz (green dome) of Kerman, and then the rubble of the Qobbeh Sabz was also
transferred to Qaleh Dokhtar. Valuable tiles in the Qobbeh Sabz were mentioned in the book
“royal history of Qara Kitai” [25]. But the stuff of the Qobbeh Sabz was used in the construction
of other buildings [27] and the tiles were moved [25] after the Qobbeh Sabz was destroyed by an
earthquake in Qajar period.

Conclusion

The Luster tiles of Qal’eh Dokhtar belong to the Qara Khitai government. These tiles were
probably transferred from another building in Kerman to the Qal’eh Dokhtar. The analysis shows
that the raw materials of these tiles were prepared from Kerman and Jiroft mines, especially Ashin
valley. But the motifs and poems on these tiles are similar to the other tiles of Iran. Therefore, the
tiles of Qal’eh Dokhtar were influenced by the general style of Luster tiles in Iran.
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Fig. 3: The Luster tiles of Qal’eh Dokhtar
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Fig. 4: The archaeological context of the luster tiles, A: the 3t floor of Takht-Gah in Qal’eh Dokhtar, B: the collapsed floor,
C: the debris of 31 floor and the location of the founded tiles.

95 Sy Se Sl ool Ly Landigal (ol
4 Quanta von FEI 250 Jas EDX-SEM _.iug,
5Pl Sl anitl jtegighg Sl olKiw oo
Oygaods gy Ol 50 bdiged duwy pb] & 20keV
09 9 B bodld 8 olKiwd 3 )5S e MlS
i8S 158 talojl 3)90 Mo by g )8 by
Srais Ol ddlle sl ) 2 o958
Sl b (S99 1 o 3 &y g ool
39> ) 1Sk by 9 MeV25 (655l (9590
od_adlid bwgy 48 Cuwl sadoslaiwl 30-50 pA
1,5 9usly oBinlojl ,d i e IMV G5 4a g
[35] colplonil LB et (58 5 psle olSiingsy
O (R oy b (o) o S9 S 09
Sl F)5 sladigai s paie 3T 3 @l 5 (s pais
o= L pasiligl U s Sl (g paie 54U IS
A g LSl egy 0l L [36] )15 3925 (329,
Db e wal )8 (98 Sl 3 Bged g pate @iy
50- jl yaie g9 o Ly (bgy ool Gl 9 B
cdale dwbre (gl picred Cwl pxie 1000ppm

| 199 glwo] 9 jul g 6l ity Jlus

e b sl Jlenlay s oS sum o8 5l plocy; (A D S
Ly Ojgo 4 «J» L« By @1595

Fig. 5: The luster tile excavated from Qobbeh Sabz in
Kerman; Probably including the upper part of Alef (A) or

Lam (1)
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Table 1: Measured and reported elemental composition and standard deviation in weight percent (wt%), relative analytical

errors in percentage (%), as well as the minimum detectable level (LOD) for all elements in ppm in Corning Standard
glasses A and C.

Standard samples Na20 [MgO |AlLOs [SiO2 |P205 [SOs [Cl - [KoO [CaO |TiO2 |MnO |FexO3 [CoO [NiO [Cu0 [ZnO |StO [SnO;2 [SboOs [BaO |PbO

Measured |14.21 [2.69 |1.12 |67.52 [0.16 |0.12]0.13 |2.69 [4.71 |0.77 |1.02 [1.12 ]0.19 |0.03 [1.19 [0.07 |0.12 |0.51 |1.20 [0.49 |0.09
Quoted |14.30 [2.66 |1.00 |66.56 [0.13 0.10|0.10 |2.87 [5.03 [0.79 |1.00 [1.09 [0.17 |0.02 [1.17 [0.04 |0.10 |0.19 |1.75 |[0.56 |0.12
Corning [St.dev. 0.19 0.12 |0.10 |0.16 |0.08 |0.02 {0.01 {0.02 [0.03 |0.01 [0.01 |0.02 [0.01 |0.01 |0.02 |0.01 |0.03 [0.12 {0.21 ]0.05 |0.02
A Relative 1.2 1.1 (120 |1.4 |23.0 (20.030.0]6.2 |63 (25 |20 |27 12.0 |50.0 (1.7 [50.0 [20.0 |- 314 (125 |25
Error
L.OD 289 1238 |270 |70 230 199 |75 |80 244 108 |28 107 |89 |45 [57 44 1205 [1537 [3585 969 [150

Measured [0.79 2.05 [0.89 (3422 [nd [nd |nd [2.53 [4.67 |0.58 |nd 0.29 [0.19 [0.02 {1.35 |0.05 |0.21 [0.17 |nd [11.80|37.88
Quoted  [1.07 276 (0.87 |[34.87 [0.14 [0.10]0.10 {2.84 {5.07 |0.79 |0.82 0.34 [0.18 [0.02 {1.13 [0.05 |0.29 [0.19 ]0.03 [11.40|36.70
Corning [St.dev. 0.09 [0.11 [0.05 [0.11 |nd |nd |nd ]0.03 |0.04 |0.07 |nd [0.01 |0.01 {0.01 |0.02 [0.01 [0.04 [0.06 [nd 0.11 10.26

C Relative  26.16 |25.72|2.30 |1.86 |nd |[nd |[nd [10.91]7.89 |26.58|nd  [14.70 |5.55 [0.0 |19.47 (0.0 [27.58 [10.53 [nd 351 |3.21
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Fig. 6: A- The structure of the glaze layer and the body on the ceramic parts of the body. B- micro-crystals of Mg-diopside,
C- glassy structure of glaze including the micro-crystalites within it. D- Vitreous fabrication of the body. E- The bubbles
within the glaze layer.
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Table 2: Point and area analysis of the glaze and body of samples obtained by EDX, as well as the structural properties of the

body-glaze phase interphase areas.

Status: Aufnahme CPS

0,0

DT

Lsek: 30.0 0 Cnts

Analyze area NaO | MgO | ALOs | SiO2 | Ag | SO; | KO | SnO2 | CaO | TiO; | Fex0s3 | PbO | CuO

Fig. 7A; area 1 538 | 497 | 15.66 | 36.25 022 | 347 25.80 | 0.63 747
Fig. 7A; area 2 13.81 3.29 6.06 | 31.56 | 0.40 1.71 | 3099 | 429 7.85
Fig. 7A; area 3 1339 | 2.67 | 10.65 | 41.64 311 | 13.63 | 443 0.81 | 12.73
Fig. 7B; area 1 4.21 | 13.86 1.96 | 45.46 491 | 21.78 1.15 45 | 217
Fig. 7C; area 1 217 | 1.03 1.30 | 16.93 67.82 | 331 0.68 | 6.10 | 0.61
Fig. 7C; area 2 438 | 087 3.60 | 10.89 330 | 1.27 46.59
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Fig. 7: SEM-EDX spectrum obtained from the sample (?)which has shown high levels of tin, lead, and calcium. The tin, lead
and calcium have used as an opacifier, flux to reduce firing temperature and networker in the glaze, respectively
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Table 3: Chemical composition of the studied tiles in oxide a5, and in terms of weight percent (wt%) by Micro-PIXE (nd=
not detected)
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Sample | Na2O | MgO | ALOs SiO, P,05 SOs3 Cl KO CaO TiO, | MnO | Fe,O3; | PbO
10 1.44 6.16 15.70 | 50.49 0.52 0.62 0.08 1.39 18.80 0.50 0.05 4.21 0.11
12 1.37 6.00 15.43 50.60 0.40 0.08 0.03 1.91 17.59 0.62 0.10 5.79 0.06
14 1.37 5.88 15.24 53.75 0.56 0.18 9.12 1.97 14.78 0.56 0.07 5.40 0.14
15 342 1.98 8.74 79.09 1.86 0.12 0.07 0.83 2.09 1.12 0.02 0.54 0.12
19 1.91 6.59 16.61 49.82 0.49 1.40 0.04 1.38 16.61 0.44 0.08 4.57 nd
20 3.47 1.84 9.52 74.24 1.38 1.52 0.07 1.09 4.83 0.68 0.04 0.96 0.38
22 1.51 6.45 16.27 52.03 1.25 0.18 0.12 1.71 15.30 0.48 0.07 4.63 0.19
24 1.66 6.39 16.33 50.94 0.77 0.54 0.05 1.58 16.44 0.51 0.10 4.67 nd
28 1.70 5.38 13.91 50.89 0.42 1.07 0.13 1.44 19.75 0.55 0.09 4.60 0.21
29 1.94 5.29 13.69 52.36 0.35 0.31 0.08 1.83 18.72 0.53 0.08 4.79 nd
39 1.49 6.49 15.23 53.41 0.41 0.15 0.14 1.63 16.37 0.52 0.04 411 0.27

S102
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Fig. 8: Representation of the studied samples in the SIO2—Al203—-CaO ternary diagram, as obtained by micro-PIXE
measurement.

1199 Glisso ] g july 93 ojladk mitns Juw | 1


http://jra-tabriziau.ir/article-1-221-fa.html
http://dx.doi.org/10.52547/jra.6.2.1
http://dx.doi.org/10.52547/jra.6.2.1
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.4.0
http://jra-tabriziau.ir/article-1-221-fa.html
http://dx.doi.org/10.52547/jra.6.2.1
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.4.0
http://jra-tabriziau.ir/article-1-221-fa.html
http://dx.doi.org/10.52547/jra.6.2.1
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.2.4.0
https://jra-tabriziau.ir/article-1-221-fa.html

[ Downloaded from jra-tabriziau.ir on 2028-08-13 ]

[ DOR: 20.1001.1.24764647.1399.6.2.4.0 ]

[ DOI: 10.52547/jra.6.2.1]

s . :
\—smu[:wb Ry liwl 0 jy swoliliad g

baims L g 50 g (sl shas 35 ol S
o o laaded 5 Gileold & dalio py
[44-46] At Bgyro Camlio jlums (gl jluoasis»

9 w8 ol 5 (Sgliste LS 5 (ppiomen
2 5 oo LS (gL Jiws S Cppots miste
e 03 Ol gladnd <8l ) sl (sl jlul
S gy 4 S9335 b Jlia )8 ol (o3le S 5 g
Job> ¢35 Sl 5 & oo ol Lol sl dpgud b
2 e sl BASIS 3 )lge I ilodgy f o
&ty o a bl ol Canline;
Lol ol oliassd S5l 15 pge (slodle lgica,
o) CaiSil S g g cunl oad palls
9y 7 palls gl &ysumdy &8 ) Cuonl
A5 el iy e 4555 sl 505 Il ks
Copls Ly g dS] Oppo LS 5 cnl 3 o8
Al O ASd & 3)lg0 5l ()l pd 9 ol
LS5 iy 9 NI S L olem 5 col
2989 9 Olo)S (olidme) Cusbge & d2g b (Sne
S ge CBb Hedods NS LS 55 (556 S v
47,48, ] At Cu-Zn-Pb-Au-Ag yolic (ol o
[49

9y s Laigad ol 3 o (syamic Sl
15 Sl (F Jyicn) s 50T 35 S S
Colgye yio uo VIO 391> 3JUI oy onis 3L
(oSl ds U ol ol (oo jolaio cpy (R JS5)
5 P05 L 5 4ol e sl (slaSples
3 585 U iz B 298 BT (a5 Sl
55 biimd S5 _dxe Slga 5 T dacld oyl
iilato pplas U s lgo ) Jleis) bl 5 asld
Gl o yS

L AbOs s MgO N2:O glass LS 5
e Wod o oLl B Jodn 3 S Ol
Lyl 1) oo i izej Ol S 5 5 yoliliS iy
L g aslalsT ooty oS5 ol oy o Jlas 40 5 45 o0
Ao ¥oge b))l e 5l ol Ly yd5 o yd
Sl aseed i 0 yaie ol al il iyl Ol

D gad 0dliie 0y (gloged (S,

1w | I}”‘i‘iuthm_jg_j#l:ggpg)oJLo.&gpﬂu:bdbu

Smais oS 5 Sloaddly abge 4 (65503
SiO2 — i jd Job cdin Jlages jo o b8 6 puos
4SS 455 e 9 Adodly )13 ALO; — CaO+MgO
83900 ;0 L bl 5y ad Sy 8y o lla]
L olodiged 40,05 )15 5,158 sl - dggeod
[41] 595 o 4888 YU Sl (sladigns ol 5 ol
(A Js2)

MolS' 803 3929 U] ol (JS" o el
olis YL @jlys as 0 b bl coy g (gladid
(lond yolie @S g o817 ) (pizmen a0
2 HelS iz g3 e 0 550 4l plicyj sla IS
Ladigas oy oyl 4 cplply Saian ot 0050
L aste ol e g 0392 Coglite gl dlgo o> L]
Alas S5 cats pls Slge £y S ) (b oS 5
Sl isd & pgd 09,5 5 Yo urlyes 4> &4 Jgl 09,5
Higd s (Sl YU

P el 3929 (agSwg S pglai 4L »
Oyl doyd 5l Sb dadiges Ol jd glite (sl
L ol el 38 &y (g9) Sl dlml (6l YL
oSyt SO eglind sl (49 gy K,
JS) sl o] 5 50> G S 2929 9 M 005,
oSy )Sun pgloal (oS gl (eizmen [42] (V
bl polis line oyt & Aimd 0o (UtS (59l
Gl g8 g 0 o cponlS e Jol O
2 (Sn) & gy (M iy e &S5V o)
ol stass S S 48 el ol paio plos
Olo=sdn 8 @y Sl QU cdlo gy aseie
oS 0939 [43] 25 jeis Ol > S seie (6 puais
P Ay madS Gol (alend S 5 bS]
lowd oS 5 cdaly ol 3 ol O g9 nl S
bLE jl o)k 0 s 5 &8 e po gl (g5l
ahae > ()b s sla SaSy O g0 S0
Ol 4 28 5 Gy D939 Cuwl s liio B bl
ol jloasids plgieas ool (glaiud cél » culio
ol b connalS” g0l b iy copu 395 0 2l
) sl ol ams o ST St ol8 5 posisogl] -
el (Sis Ly Eoes 0y o Jgmonoyglody


http://jra-tabriziau.ir/article-1-221-fa.html
http://dx.doi.org/10.52547/jra.6.2.1
http://dx.doi.org/10.52547/jra.6.2.1
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.4.0
http://jra-tabriziau.ir/article-1-221-fa.html
http://dx.doi.org/10.52547/jra.6.2.1
https://dorl.net/dor/20.1001.1.24764647.1399.6.2.4.0
http://jra-tabriziau.ir/article-1-221-fa.html
http://dx.doi.org/10.52547/jra.6.2.1
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.2.4.0
https://jra-tabriziau.ir/article-1-221-fa.html

[ Downloaded from jra-tabriziau.ir on 2028-08-13 ]

[ DOR: 20.1001.1.24764647.1399.6.2.4.0]

[ DOI: 10.52547/jra.6.2.1]

Olo)S g i3 00l8 1 o5l ey S Gl Sl 9 535v0dib 800 / Ol S0 g 9oyl uoilaly

ool ol €Ol o5 il Ly (glad sla Jlaw»
P i e St g e bl b caslite plocn);
sl Lm(j oM bl g 0,8 e ol ot 4 Ol by
SOy olonl i &S casl Jb > opl [53] 295 0
[38] ¢l

5 S A uS) (FerOs) oyl sl oS 5
e g 2l SOy Mg e lgisas (CuO) Lo oS ]
Sors G318 sl Slpsd ) 55 Ay oW
Aoy VY i3 < uL.A 3.)9..\?!.9 » Lbu] o)l g AMS@
P e ST o2 ¥ U pdlde 3959 ] jusio
.A.._M.S‘ REO P L5|°)9)"3 n_i’) bl?u‘ o o ) uu
).) ‘_5_’] (_i_;) .)l.?u‘ o KM).) Y l) ..\4.0).) ’,\ )‘ )4-05
Do ol 0130 500 slald > 500 Ll 5 ol
181 31 2T Mol osliil il SUs o ol
» (AZ20) 0,85 1S .ol T 55 sbm) (4l LS
- 2 L.Q(u Ll )K.w] 045 L51°9Q§ L;Lm&) uaol.o)
s Mo e 53 0,85 (S9j S5k Sl | g
Yhaisl S5y S 5 o) 48 ookl doyd ¥ gds
SlaS 5 )3 el AbSS) 3 w2 g Sl 3 o2 (ST
& 281 9 (PBO) oy ST (VL olis 4 5
ol t.i_.:)pb 9 Slodds Cudlad o N MS‘ 9 L)"
[47] 5lo3ls 595 (xllaw &y 59y st |y Pl

SLaashb SO, pas s josad S5 Heba
ol 48 0,8 ploe nia b ey 5 bS]
dj9 S > 9 o-byy Slogod @y Slogd ST
Ol 0 At By 5 (M (g s 5 o8 (g
Pl o8 ;YL e g o) S8 5 plie (Sl
Gmais oS 5 Ol [17] 850 pla 5 &Y sl
OlaS 5 3l (B g 3 diej Sl g By )5 Ol
P S Oygod polie (Jig doyd g pre g el
Lgas o omlidie Vo JSS

g3 > oSy sSn gy b os 3T Gl ol A IS5
783 4l placy)j sla B
Fig. 9: The analysed areas on the lustre tiles by micro-
PIXE
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Table 4: Chemical composition of the glaze of luster tiles in terms of weight percent (wt%) by micro-PIXE (L= luster
pigment, G=base glaze, nd=not detected)

Lo pd Olyss D i O (imen 5 pBcy 5 Calisee S, (s

Sample Color G/L | NaxO | MgO | ALOs [ SiO2 | P:Os | SO3 Cl K0 | CaO | TiOz | MnO [ Fe;O3 | CuO [ ZnO CoO| Ag(y SnOy PbO
15 Light brown L 1.78 2.07 3.20 | 54.52 Nd 0.78 | 030 | 2.62 4.78 0.10 0.02 1.08 141 nd nd 0.75 8.87 | 17.56
15 Cream G 3.21 212 2.72 | 56.98 Nd Nd 0.21 3.18 3.92 0.11 nd 0.93 0.42 nd nd Nd 7.81 | 17.50
29 Light brown L 0.09 1.32 1.7 50.49 Nd 1.18 [ 0.23 3.05 4.20 0.11 nd 0.56 0.88 nd nd 0.77 | 472 | 29.68
29 Cream G 3.20 0.90 239 | 49.25 Nd Nd 0.54 | 342 3.59 Nd nd 0.54 0.22 nd nd nd 531 | 30.25
29 Blue G 1.44 1.13 263 | 5244 | Nd 0.73 | 043 3.39 4.35 Nd 0.05 0.60 0.39 nd 0.20 nd 442 | 27.11
28 Light brown L 2.25 2.53 4.15 | 6415 | 0.95 0.33 | 0.07 4.24 6.06 0.13 0.05 0.86 0.81 0.05 nd 0.83 | 438 8.17
28 Cream G 3.78 227 4.01 63.56 | 0.78 0.37 | 0.15 4.68 6.10 0.12 0.04 0.93 0.25 0.05 nd Nd 4.73 8.01
28 Green L 2.09 1.74 3.52 [ 60.99 [ 0.52 Nd 0.21 4.74 5.73 0.10 0.05 0.85 2.60 0.22 nd 0.64 | 555 [ 10.27
12 Dark brown L 1.13 143 2.53 | 66.60 | 0.85 Nd 0.19 3.64 2.96 0.09 0.03 0.49 0.66 Nd nd 1.11 4.99 | 1325
12 Cream G 2.07 1.59 2.51 66.83 | 0.81 Nd 0.28 | 421 3.06 0.12 Nd 0.51 0.10 Nd nd Nd 4.67 | 12.87
12 Blue G 297 | 117 | 266 | 6831 | 0.67 | Nd [ 020 [ 408 [ 339 [ 012 | 004 | 052 | 009 | 004 [ 007 | Nd | 488 | 10.25
10 Dark Brown L 086 | 143 | 401 | 61.27 | 0.53 nd | 019 | 341 | 284 | 0.09 Nd 052 | 0.67 nd nd | 063 | 508 | 18.48
10 Cream G 3.13 1.70 4.28 | 60.72 | 0.74 Nd 0.15 3.98 2.87 0.05 nd 0.54 0.15 nd nd nd 3.51 | 18.16
20 Dark Brown L 2.56 1.67 291 61.47 | 0.68 Nd Nd 1.78 1.89 Nd Nd 0.55 1.07 nd nd 0.89 | 417 | 20.20
20 Olive L 1.03 0.77 271 59.55 Nd Nd 0.33 2.01 2.13 Nd Nd 0.62 0.71 nd nd 3.41 4.83 | 21.12
20 Cream G 384 | 148 [ 244 | 61.65 [ 095 | Nd Nd [ 1.88 | 1.94 | 0.07 Nd 057 | 027 nd nd nd | 443 | 2032
20 Blue G 3.64 | 244 | 377 | 5870 [ 074 | Nd | 017 | 1.68 | 3.66 | 012 | 0.03 | 0.83 1.07 | 005 [ 029 nd 523 [ 17.32
19 Dark Brown L Nd Nd 3.07 | 65.35 Nd Nd 0.18 | 4.04 2.59 Nd Nd 0.35 0.81 Nd Nd 138 | 492 | 16.56
19 Cream G 1.02 0.78 3.40 | 66.05 | 0.58 Nd 017 | 411 2.17 0.07 0.33 0.15 nd nd Nd 4.59 | 16.25
14 Dark Brown L 065 | 125 | 179 | 6631 | 082 | Nd [ 025 | 395 [ 250 [ 005 | 002 | 033 | 046 nd nd 1.36 | 5.08 | 14.99
14 Blue G 230 | 156 | 209 | 6812 | 0.83 | Nd | 036 [ 442 | 282 | 0.05 nd 037 | 007 nd 0.03 nd 5.63 [ 11.15
14 Cream G 230 | 157 | 197 | 6665 | 057 | Nd [ 021 [ 409 | 243 | Nd Nd 032 | 011 nd nd Nd | 496 | 14.27
22 Dark brown L 1.11 1.58 3.42 | 59.66 Nd Nd 0.19 3.95 3.39 0.08 Nd 1.09 1.20 nd nd 0.91 7.97 | 15.00
22 Blue G 3.66 3.83 4.63 | 57.48 | 0.54 Nd 0.27 3.46 3.63 Nd Nd 0.89 0.40 nd 0.05 nd 8.04 | 12.93
22 Cream G 3.67 | 1.80 [ 327 | 58.64 | Nd Nd | 016 | 386 | 331 | 0.07 Nd 094 | 0.19 nd nd Nd | 7.06 | 16.18
24 Dark brown L Nd 117 | 320 | 63.69 | 077 | Nd Nd [ 292 | 285 | 0.05 Nd 0.41 0.69 nd nd 1.10 | 478 | 17.99
24 Blue G 1.13 2.20 3.83 | 64.22 Nd Nd 0.27 3.11 3.04 nd nd 0.43 0.15 nd 0.09 nd 4.18 | 17.03
24 Cream G Nd 0.85 290 | 6451 Nd Nd Nd 3.37 2.95 0.07 0.04 0.37 0.34 nd nd Nd 4.58 | 18.64
39 Red L 2.59 1.58 2.38 | 6629 | 0.53 Nd 0.23 3.43 3.36 0.05 Nd 0.46 0.27 nd nd 0.74 | 381 [ 14.19
39 Cream G 256 | 138 | 238 | 6681 | 035 | Nd | 017 | 338 | 323 | Nd Nd 044 | 0.14 nd nd Nd | 405 | 1451
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Fig. 10: a - Changes in weight percent of copper oxide in terms of silver oxide for different colors of luster as well as base
glazes, b- the variation of weight percentage of silicon oxide in terms of the total weight percent of lead oxide and tin oxide in
the base glazes and luster, c- changes in the percentage of lead oxide in terms of tin oxide for base glazes and luster, d-
changes in weight percentages of total sodium and potassium oxides in terms of weight percent of total copper and silver
oxides in the ion exchange in the process of making luster layers.
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Fig. 11: The changes of the elemental composition of the glaze in the analysed samples
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Table 5: Mean weight percent of elements present in luster glaze of tiles from Qal'eh-e-Dokhtar in comparison with other

areas

Mg[AI [ Si [ s [d][K

Ca

Ti | Mn Fe Cu Zn Co Ag | Sn | Pb

Qal’eh Dokhtar 1.57 | 3.01 | 61.70 | 0.11 | 0.203 | 3.46

3.39

0.06 | 0.012 | 0.607 | 0.55 | 0.013 | 0.024 | 0.484 | 5.24 | 16.67

Nishabur-Kashan[54] | 2.50 [ 2.65 | 70.62 | 0 1.6 | 1.79

2.24

0.05] 0.02 | 043 | 057 | 0.01 0.3 0.81 | 4.08 | 18.72

Ray [7] 250322 | 69.82 | 3.61 | 143 [2.08] 22 | 0.1 ] 0.042| 0.72 | 0.99 [ 0.085| 0.18 1.6 | 4.11[1593
Gorgan [7] 0 0 | 7247 0 1.72 |2.25| 3.56 | 0.07 | 0.04 | 0.62 | 0.68 0 0 046 | 5.02 | 15.12
Takht-e- Soleiman [7] | 0 | 3.93| 71.09 0 1.33 11.36] 2931 0.06| 0.02 | 0.63 ] 0506 | 0 0.21 1.78 | 4.54 [ 16.62
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