ournal of Research on Archaeometry, 2021; 7 (1): 81-101

DOI: 10.29252/jra.7.1.81 URL: https://jra-tabtiziau.ir/

Lustre Production in Kerman; Typology and
Elemental analysis of Lustrewares of Exhibition
and Pottery Bank of Arg-e Bam

Neda Kameshkil, Saeed Amirhajloo?’, Davoud Agha-Aligol3, Meisam Shahsavari¢,

Leiyla Fazels
1. M.A in Archaeology, the Employee of the Bam world heritage site, Bam, IRAN
2. Assistant Professor, Department of Archeology, Tarbiat Modares University, Tehran, IRAN
3. Physics and Accelerators Research School, Nuclear Science and Technology Research Institute,
Tehran, IRAN
+ Assistant Professor, Department of Archaeology, University of Jiroft, IRAN

5. PhD student in Archaeology, Bu-Ali Sina University and the Employee of the Bam World Heritage

Site, Bam, IRAN

Received: 19/04/2021 Accepted: 21/08/2021

Abstract

Significant evidence of the lustre has been discovered during the excavation and restoration of the
historical Arg-e Bam. 24 samples of these lustres are kept in the pottery bank and Exhibition of the
Arg Bam. There are the following questions about them: what are the characteristic features of the
lustrewares in the pottery bank and exhibition of the Arg-e Bam? Where is the production center of
these lustrewares based on laboratory results? What local pottery traditions have existed in the
production of lustreware in Kerman? After classification and typology of the lustrewares, 10 pieces
have been chosen as the samples to perform elemental analysis of the body and glaze by the micro-
PIXE method. The results of the elemental analysis of the paste and glaze indicated that these
samples are of local origin and their raw materials are supplied from mines in Bam, Jiroft, or
Kerman and produced in the same area. Therefore, the variety that can be seen in the color,
pattern, and paste of these lustrewares is not due to their production in several centers in Iran, but
due to production in different periods from the early to the late Islamic centuries in several local
workshops in Kerman, Jiroft, or Bam.

Keywords: Elemental analysis of pottery, Micro-PIXE, Arg-e Bam, Lustreware, Luster Glaze.

Introduction

The studies on the origin of lustre found in Jiroft and Qal’eh Dokhtar of Kerman shows that
Kerman region was one of the centers of lustre production in the middle Islamic centuries.
Significant samples of lustre ceramics and tiles have been obtained from Arg-e¢ Bam, which were
considered in this article. The purpose is to classify the lustrewares of pottery bank and exhibition
of the Arg-e Bam in order to explain the stylistic and chronological features, the origin of
lustrewares based on laboratory analysis, and to explain the characteristics of local products. The
study of these samples clarifies the diversity and distribution of lustrewares in the Jiroft-Bam-
Kerman zone.

*Corresponding Author: s.amirhajloo@modates.ac.ir
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Materials and Methods

Arg-e Bam is located in the northeast of the modern city of Bam, in the southeast of Kerman
province (Figure 1). Numerous archaeological data have been discovered in the archeological and
restoration activities of Arg-e Bam, including pieces of lustrewares. Currently, 24 pieces of these
lustres are kept in the Pottery Bank and the Exhibition of the Arg-e¢ Bam (Figure 2).

These lustrewares includes plates, bowls, cups, and closed-mouth containers, and based on the
paste, they include clay, stone-paste, and porcelain. Depending on the color of the lustre layer, there
are different colors of pale gold, olive gold, reddish gold or jujube, and brownish gold in Arg-e Bam
samples (Figure 3). Also, based on the pattern, the studied lustrewares are divided into the
monumental and miniature style. Vatious linear and doted motifs, linear and radial branching from
the center of the vessel, realistic plant shapes, Khitai flowers, arabesque and pseudo-arabesque
forms, Toranj, inscriptions of Naskh and Taliq or pseudo-inscriptions, geometric patterns,
Mongolian faces, birds such as ducks and animals such as horses can be seen on the lustrewares of
Arg-¢ Bam (Figure 4). Most of them are belong to the early and middle Islamic centuries, and one
sample belongs to the late Islamic centuries (probably Safavid) (Table 1).

In this study, a proton beam with an energy of 2.2 MeV with an intensity of about 50 pA was used
for micro-PIXE analysis, which is produced by 3 MV Van de graaff accelerator at the Nuclear
Science and Technology Research Institute of Iran in Tehran. The diameter of the proton beam in
these experiments is set to less than 10 microns. The characteristic X-rays were detected using a Si
(Li) detector at an angle of 135° relative to the incident proton beam direction with an energy
resolution of 150 eV.

Results

The results of paste analysis by micro-PIXE method indicate the presence of Na20, MgO, Al203,
Si02, P205, SO3, Cl, K20, CaO, TiO2, Cr203, MnO, Fe203, StO, PbO in the paste of
lustrewares of Arg-e Bam (Table 2; Figures 6 to 8).

Also, based on the test results of the base glaze and lustre layer, in addition to sodium, magnesium,
aluminum, silica, phosphorus, sulfur, chlorine, potassium, calcium, titanium, manganese, chromium,
iron, strontium, and lead, there is also copper, zinc, cobalt, silver, and tin (Table 3).

Discussion

Micro-PIXE analysis of the samples indicates the presence of magnesium in the elemental
composition of these lustrewares, as in the samples of Qal’eh Dokhtar in Kerman [10]. While the
presence of magnesium in the lustre glazes in the samples of Kashan, Rey, Takht-e-Soliman,
Gorgan, and Alamut has not been reported so far and the only exception is the lustrewares of the
underground complex of Tappeh Ghaleh in Khomein [36]. But magnesium is less present in
Khomein's lustrewares. As this element in Khomein samples, on average, 1.22% by weight of glaze
and in Arg-e Bam samples, on average, 2.12%.

Based on geological studies, magnesium mineral has been identified in Kerman province, especially
Ashin valley around Jiroft. The presence of magnesium in the body of the lustrewares of Qal’eh
Dokhtar in Kerman indicates the dolomitic origin and extraction from metamorphic areas, and
such a situation exists in the Kerman province [37]. Previous studies showed that Jiroft and
Kerman region were producing centers of lustreware [0, 8, 9]. Lustre production in these regions in
the neighborhood of Bam, is important in explaining the local production of lustrewares in Arg-e
Bam.

Also, the comparison of the compounds in the paste and lustre layer in Arg-e Bam samples with
other regions of Iran including Kashan, Susa, Gorgan, Takht-¢ Soleiman, and Reyy show many
differences, while compared to Qal’eh Dokhtar samples, There is the most similarity (Tables 4 and
5). Elements such as phosphorus, sodium, and sulfur are present in the glaze of Arg-e Bam and
Qal’eh Dokhtar in Kerman. While samples from other regions of Iran do not have these elements.
Therefore, the difference between the raw materials of Arg-e Bam samples and Kashan, Reyy, and
Takht-e-Soliman samples can indicate a different production formulation.

Also, the local characteristics of the lustrewares of Arg-e Bam are:
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A) Various colors of lustre glaze,

B) Various patterns; including monumental and miniature style,

C) Existence of abstract motifs, realistic and khitai plants, arabesque and pseudo-arabesque, Toranj,
animal and human, geometric, inscriptions of Naskh and Talliq or pseudo-insctiptions, and
combined motifs.

Conclusion

The results showed that the lustrewares of the Arg-e Bam have some magnesium and the presence
of this element in the metamorphic region of Kerman, Jiroft, and Bam is definite. While in the
lustrewares of Kashan, Reyy, Gorgan, and Takht-e-Soliman as important centers of lustre
production, magnesium has not been reported. In addition, there are elements such as phosphotus,
sodium, and sulfur in the glaze composition of Arg-e Bam and Qal’eh Dokhtar in Kerman. While
samples from other regions of Iran do not have these elements. Therefore, it seems that the origin
of the lustres of Arg-e Bam is different from the origin of the lustres of Kashan, Reyy, Takht-e-
Soliman, and Gorgan. Probably the raw materials of Arg-e Bam samples were supplied from mines
in Bam, Jiroft, or Kerman, especially Ashin Valley in Jiroft. Accordingly, the variety that can be
seen in the color, pattern, and paste of the Arg-e Bam lustrewares have not been due to their
production in several centers in different parts of Iran. Rather, it has been due to production in
different periods from the early to the late Islamic centuries, in several local workshops in Kerman,
Bam, and Jiroft.
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Classification of the Lustrewares of Arg-e Bam
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Fig. 3: Classification of the lustrewates of Arg-e Bam based on the form, paste, and color of lustre layer
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Classification of the Lustrewares of Arg-e Bam based on the motifs
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Fig. 4: Classification of the lustrewares of Arg-e Bam based on the motifs
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Table 1: Relative chronology of the lustrewares of Arg-e Bam

Code of the Paste Thickness | Color of the Lustre glaze | Relative dating | Referenc | Location of Excavation
Sample 0303 (mm) plo); &Y S, e )5l e s S
dalad o jladds Cuolus &
1 021571 Stone-paste 3 Olive gold 6-7AH/ 12- | [17-18] Aeg-e Bam
S JY w9 & bl oMb 13AD (Western Wall)
T )l 2t o> ¥F
2 000524 Stone-paste 3 Brownish gold 6-7TAH/ 12- | [17,19] | Aeg-e Bam (Western
e Ju Sloged 4 Jilo (oMb 13AD wall)
(= so) m S5)
3 018128 Stone-paste 5 Olive gold ? ? Aeg-e Bam (In front of
e J 9 4 e (Db the bakery)
el Jlis) o 5 )
4 000825 Stone-paste 6 Olive gold 6-7TAH/ 12- [19] Aeg-e Bam (Northern
e Ju Ssas 4 Jle oMb 13AD wall)
(e s9)b) 2 S )
5 001367 Stone-paste 5 Reddish gold or Jujube 6-7TAH/ 12- [17] Aeg-e Bam (The ruler
e Ju Glie b joyd a4 blo oMb 13AD residence)
(oS> oSz0l8l) 0y 5
6 004707 Stone-paste 4 Reddish gold or Jujube 6-7TAH/ 12- [20] Aeg-e Bam
] e b se b 4 bl (2o 13AD = S))
7 003548 Stone-paste 6 Brownish gold 6-7TAH/ 12- [21] Aeg-e Bam (The old
e Ju Sloged 4 ilo (oMb 13AD Bath)
(2 plo>) o S
8 004253 Stone-paste 3 Olive gold 6-7TAH/ 12- 2] -
S S5 4 bl oMb 13AD
9 002724 Stone-paste 2 Brownish gold ? ? -
] Slogrd & plo oo
10 017445 Porcelain 7 Pale gold Safavid [1-2,17] | Aeg-e Bam (People's
e Ju gy b residence, between 5%
and 6™ alleys)
ol sgmditle 3 g
50 pee
11 002024 Stone-paste 3 Brownish gold 6-7AH/ 12- [22] Aeg-e Bam (the
e Ju loged 4 ol oMb 13AD sondage between 8t
and 9" towers)
A sy on 8lS) @ S
@
12 021638 Stone-paste 2 Brownish gold 6-7AH/ 12- [21] Aeg-e Bam (tower no.
AY 1foo UUJ.M.}USJL&:gdgl OJLQ.L"L'Js[DJ.é.mdLm




.. 9 ol8uulos P j sl b (5 juaie JIUT g LuwliuiesgS ¢lo S 6usb s pPBe ) Jliw Sugi Cusiuo - Ut‘wb

R St % o 13AD D
(Ver)mS)
13 004070 Stone-paste Pale gold 6-7TAH/ 12- [23] Acg-e Bam
S dy o) 2o 13AD - S
14 001550 Stone-paste Olive gold 6-7AH/ 12- [19]
e Ssij & Jlo Mo 13AD
15 007996 Clay Pale gold 3-4AH/ 9- [3, 19, |Aeg-e Bam (west of the
) ey Mo 10AD 23-25] Sistani house)
(P & ©2) @ S
16 2679 Clay Olive gold 3-4AH/ 9- [3,19, [Aeg-e Bam (North-west
=) o) 4 Jole oMb 10AD 23-25] wall)
(s k) o S
17 003892 Clay Olive gold and Reddish 3-4AH/ 9- [26] Aeg-e Bam (Western
) gold 10AD wall, Konari Mahhaleh)
89 Setj e dle Mo S @t k) m S
(oo
18 000651 Clay Pale gold 3-4AH/ 9- ? Aeg-e Bam (Western
=) gy oMb 10AD wall)
(2 so)b) 0 S
19 018457 Stone-paste Brownish gold ? ? Aeg-e¢ Bam (Mir Akbar)
] slosid 4 bl 2 (Sl 2 S )
20 015201 Stone-paste Brownish gold 6-7TAH/ 12- [22] Aeg-e Bam (North of
s o loged 4 hle oMb 13AD tower no. 7)
(Y &r Jlod) » S
21 016997 Stone-paste Pale gold ? ? Aeg-e¢ Bam (Tower 7,
o Je gy 2o Sondage A)
(A 4l ¥ ) 2 )
22 010172 Stone-paste Olive gold 6-7TAH/ 12- [17] | Aeg-e Bam (Mir house)
o J S & e D 13AD (e 4) 2 5]
23 009390 Stone-paste Reddish gold or Jujube | 5 AH/ 11 AD 9] Aeg-e¢ Bam (North of
e Ju Glie b o8 a4 blo oMb Mir house)
(0 98 Jlo) g 5
24 013488 Stone-paste Olive gold 6-7TAH/ 12- [27] Aeg-e Bam (Stable)
o J S & e (D 13AD (Hacl) 2 5
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Jble s 5l bl Ly (oS &ygio Ay (¢ yamic
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oty opl 90 [30-28 ,14] 355 oo edlatwl wSe
L osan A5l 5l (meSiag Sen U1 ol (o
odlawl pA50 dgd> 3 Jab b g MeV 2/2 (45,
MV 3 d‘;}é_,b aJ&ngu Ja_.wy &S Gl 044
Loptalesl (3l 53 (i A5k b 25 00 355
Lg)’h»)lfdi Gyl onds ol 9,80 Vol S
534S ol o odlamal (Si(Li jlo, sl 51 X dnitl
O35 sLdgs A o 423 WO &g
pie o Uad jlads o, Sojlul gly puiren .l

Raigos 2R lo;l Wldlao £-Y
d—d-s-) u‘“"% Micro-PIXE L)"’9) l._J S pais ,Jlj
sl o jladenS ¢ Jool polie 8ol 4y
A Vb G o 5 Cawlas Gl (Sinyd g (o)l
o9y ol Lo jl g oy Frept 9 5 maie
L 2o gune (Sl sludl ddlllas )5 Sy
&9 Aid (lgi o Micro-PIXE g, jl eoliwl
(_,’_’5).§~o :\_i’)l.: )] ool L 1)_’) c.))_§ PR
Sps=aS 935 oSl | diged o (g0 (90
13 D)5l S A diged )3 dg3ge polie 5l gam 93
M8 OFan b Cod oy 3)90 Bged b9y (x]
Sl sl S L ogign 398 Sl > S
slaX ol g diged o ybbs juaic g9 X iy
ly asged yd yuolie clalé cpmo (g5l b dasuine
oSl 950 ey =l 3 cnlpls S (e pade
dllan 3)90 oS 5 )3 35290 polic @il jload oS
ol 00 .)l_’>u] U999y L Mlﬁ );‘ Il LY

1Eoo glissls g jlg «Jgl ol ias Jw | AA



i ] .
3 uwb’ 2w Lwb o9 ju owlilad g>

ey yoba 3 028 Ol (Sb)lime olul y addad

ol 0 Gl LT gl
S L oylecd len i wnlalad 6,508 ¢l
O o Sl olKiles 9 Jlbw SSL o 45 w5 oaliul
plas v o 0 S plpls g odd edly olaidl Lmj
G WEFD - 2a¥ 3l ol o)l 0 Ul lala
< YOFA e VARS e NDB+ e cAVD (o nFVLY
3 lSe s OV g VAFAY o+ APV
o9os BB SRy 9 (O JSB) 85 g0 Ladiges
@Y b el Jlhe (38 Clasude Joio > bag)]
35 U S slasks dadsges 1 Sy 5l a8 conl (S5

A gl (gt Bl

Sa9ySen Lialejl ploc]

Fig. 5: Selected samples and the cutted sections to
Micro-PIXE analysis
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Table 2: The analysis results of the paste of samples by Micro-PIXE

sample Na | Mg | Al Si P S |C| K Ca Ti Cr | Mn Fe Sr Pb
000825 | 4.96 | 1.18 | 8.05 |72.31(0.94 |0.32]0.34| 427 | 3.89 | 1.65 | 0.04 | 0.03 | 138 | 0.39 nd
003543 | 4.33 | 1.02 | 7.54 |73.02| 244 | nd [ 037|299 | 413 | 1.75 | nd nd 1.30 nd nd
004707 | 4.61 | 129 | 7.28 |71.86|2.51 |0.280.41 | 3.23 | 4.63 | 1.58 | nd nd 1.84 nd nd
007996 | 2.98 | 6.95|12.71|36.70| nd | nd [0.25| 1.31| 26.52 | 0.91 | 0.21 | 0.30 | 10.28 | nd nd
017445 | 520 | 0.91 | 6.17 |79.78|1.05|0.18|0.84 | 2.16 | 2.41 | 0.37 | nd nd 0.87 nd nd
018457 | 4.86 | 1.51 | 5.64 |71.41|0.970.50|0.34| 3.75 | 6.17 | 1.38 | 0.04 | 0.06 | 2.89 nd 1.02
001367 | 4.62 | 1.41 | 7.27 |71.92| 1.43]0.18|0.68| 3.41 | 452 | 1.38 | nd | 0.06 | 2.54 nd 0.85
015201 | 5.78 | 1.34 | 10.91|68.71| 1.32 [ 0.39|0.48 | 437 | 3.54 | 1.42 | nd nd 1.24 nd 0.25
009390 | 4.99 | 1.02| 890 |72.26|1.88 |0.32| nd | 3.72| 347 | 1.62 | nd | 0.06 | 1.05 nd nd
001550 | 4.16 | 1.26 | 7.98 |71.41|1.290.25|0.51 | 6.26 | 3.40 | 1.38 | nd nd 1.46 nd 0.46
oo Glingli g jlgs gl ojlod ids Juw | 90
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Fig. 6: The weight percentage (Wt.%) of SI02, A203, Na20, CaO Mg in the paste of the samples
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Fig. 7: The weight percentage (Wt.%) Cl, TiO2, P205, $1O, PhO in the paste of the samples
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Fig. 8: The weight percentage (Wt.%) of SO3, Cr203, MnO, Fe203, K20 in the paste of the samples
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Table 3: The results of the analysis of lustre and other glaze layers in the samples by Micro-PIXE
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sample | Color G/L| Na|Mg| Al | Si| P | S |Cl| K |[Ca| Ti |[Mn| Cr | Fe |Cu|Zn| Co | Ag | Sn | Pb | Sr
000825-B|Cream| G | 7.42 | 2.51 | 4.64 |58.19| 1.44 | 0.34]0.97| 5.74 [12.10] 0.64 | 0.10| 0.04 | 2.14 | 0.06 [0.07| nd | nd | 0.91 | 2.18 | 0.21
000825-F |Cream| G | 7.33 | 1.28| 2.17 |35.41| nd | nd [1.07| 2.06 | 3.25] 0.09 | nd | nd | 1.00 | 0.06| nd | nd | nd |10.46|35.15| nd
000825-F | Olive | L | 3.24 | 1.46| 2.25 |37.02| nd | nd [0.79| 3.11 | 3.42| 0.07 | 0.03| nd | 1.08 | 3.32| nd | nd | 2.06 | 5.78 |36.22| nd
003548-B|Cream| G | 8.01 | 2.42| 4.90 |62.55| 1.61 | nd |0.54| 413853 | 0.72 [ 0.08 | nd | 1.99 | 0.13 0.06| nd | nd | 1.00 | 253 | nd
003548-F |Cream| G [10.00| 2.30 | 2.97 {40.70| nd | nd [0.36| 2.27 |806| nd | nd | nd | 1.65| nd | nd | nd | nd |11.40|18.31| nd
003548-F| Olive | L | 5.03 | 2.10| 2.81 [42.24| 0.47 | nd |0.49| 3.60 | 8.65]| 0.18 | 0.08 | nd | 1.61 | 220| nd | nd | 1.57 |11.75|17.00] nd
004707-B|Cream| G | 6.16 | 1.47 | 2.43 |55.60| 1.05 | nd |0.46] 3.45|3.86| 0.11 [ 0.03| nd | 1.05|0.08| nd | nd | nd |5.2416.25] nd
004707-F |Cream| G | 6.35 [ 1.11| 2.26 {4512 nd | nd [1.00| 3.38 | 3.30 | 0.08 | 0.04| nd | 0.96]020]| nd | nd | nd |6.08]29.54] nd
004707-F| Red | L | 575]0.98] 2.10 {44.83| nd | nd |0.66]| 3.01 |322] nd | nd | nd | 094 ]|1.10] nd | nd | 0.71 | 5.95]30.02] nd
007996-B Front and back have same color and form, so we did not any analysis from back glaze.

007996-F |Cream| G | 3.32 | 2.14| 2.74 |45.88| nd | nd |0.31| 6.24 | 539 | 0.11 | 0.18| nd | 0.73 {011 | nd | nd | nd |10.44|21.21| nd
007996-F| Olive | L. | 232 [1.99] 2.51 [45.89| nd | nd |0.50{ 6.46|5.29 | 0.10 {0.17| nd | 0.71 [ 0.16 | nd | nd | 2.96 {10.03|20.77| nd
017445-B|Cream| G | 442 | 1.43| 2.81 [73.14| 0.84 | 0.19]2.02| 4.83 | 7.52 | 0.19 [ 0.08 | 0.14 | 1.56 | 011 | nd | nd | nd | nd | nd | nd
017445-F |Cream| G |11.85]| 2.69 | 2.83 |65.29]| 1.37 | 0.44]0.47] 3.06 | 7.87 | 0.26 | nd nd | 120 /042 nd | nd | nd | nd | nd nd
017445-F | Light | L [11.31]|2.96| 2.66 |62.64| 1.06 | 0.30 [0.43| 2.83 | 7.17 | 0.17 | 0.05| nd | 1.04 [712| nd | nd | nd | nd | nd | nd

brown
018457-B|Cream| G | 4.01 | 2.01 | 8.65 [51.83] 0.97 |0.85]1.79] 6.19 | 8.94 | 0.98 | 0.07 | 0.04 | 3.33 | 0.17]0.10| nd | nd | 1.46|8.18 | nd
018457-F [Cream| G | 649 | 1.69 | 2.58 |39.37| nd | nd [0.90| 2.36]|6.42| 010 | nd | nd [ 098 032| nd | nd | nd | 7.02|31.35] nd
018457-F | Light | L | 448 | 1.39| 251 |38.31| nd | nd [0.74| 2.44|6.59 | 0.08 | 0.03| nd | 092|224| nd | nd | 1.56 | 6.52 [31.92] nd
brown

001367-B|Cream| G | 8.10 | 1.39 | 2.87 [39.40| nd | nd [1.77{2.53|4.15| 020 | nd | nd | 0.76 |0.08| nd | nd | nd |7.45]|30.72| nd
001367-F |Cream| G | 571 |1.42| 1.82 |42.58| nd | nd [0.69] 443 |3.77| 0.06 | 0.03| 0.04 | 0.70 | 0.14| nd | nd | nd |[5.49|32.81| nd
001367-F [Brown| L |4.93|1.17| 149 |41.71| nd | nd |0.59] 4.69]|3.80| 0.07 | 0.02| nd | 0.70 {0.52| nd | nd | 0.90 | 5.51 33.59] nd
001367-F | Blue | G | 5.39 | 1.57 | 227 |42.76] nd | nd [0.79| 4.71 | 4.70 | 0.08 | 0.06| nd | 0.89 | 0.13]| nd | 0.09 | nd |4.90|31.25| nd
015201-B | Blue | G | 7.85|2.06 | 247 |64.61{ 0.74 | 0.17|0.48| 6.06 | 7.68 | 0.22 | 0.12| nd | 3.98 037 | nd | 032 | nd | nd | 250 | nd
015201-F |[Cream| G [14.39]2.96 | 3.42 |55.23| 0.87 | nd |1.47] 4.62|7.11| 0.14 | 0.04]| 0.06 | 1.67 {0.04| nd | nd | nd | 1.65|5.89| nd
015201-F [Brown| L | 6.51 | 2.45| 2.23 |56.05] 0.47 | 0.32]0.49] 5.21 | 7.36 | 0.13 | 0.05] nd | 1.66 | 6.55| nd | nd | 3.17 | nd | 7.12| nd
009390-B Without any glaze, so it did not analyzed.

009390-F |Cream| G | 7.49 | 3.01 | 2.54 [62.76] 0.96 | nd |0.59| 5.85]6.48 | 0.13 | nd | nd | 232|087 | nd | nd | nd | nd |555| nd
009390-F |Brown| L | 596 | 2.74| 2.14 {60.45| nd | nd |0.54{ 578 | 6.64 | nd [0.07| nd | 236 [422| nd | nd | 1.68 | 146|540 | nd
001550-B | Cream| - | 5.85 | 2.04| 6.69 [45.90| 0.41|0.21|1.20 498 | 7.64 | 0.59 | 0.07 | 0.03 | 1.55 | 0.27|0.03| nd | nd |5.85|16.39| 0.17
001550-F | Cream| G | 5.64 | 1.69 | 1.64 [40.03| nd | nd [0.77| 2.51 |424| 024 | nd | nd | 072 |124| nd | nd | nd [10.16/30.28| nd
001550-F | Olive | L | 479|193 | 1.93 |39.69| nd | nd [0.77| 2.39 | 409 | 0.18 | 0.03| nd | 0.70 | 442]0.03| nd | 0.53 [ 9.42]28.82| nd
001550-F |Brown| L | 5.54 |2.01| 2.08 [40.99| nd | nd [0.72]| 2.56 | 4.35| 0.17 | 0.05| nd | 0.69 | 249 | nd | nd | 0.33 | 6.39 |30.27| nd

L= Lustre Glaze; G= Ground Glaze; B= Back of Ceramic; F= Front of Ceramic; nd= not detected
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Table 4: The average amount of elements in the glaze of the lustrewares of Arg-e Bam and other sites of Iran

Number
Site of |Na|Mg| Si | P| S [Cl|K |[Ca|Ti|Mn|Cr|Fe|Cu|Zn|Ag |[Sn| Pb |Sr
Samples
Bam 10 |5.44(1.92]46.34|0.18] 0.05 [0.61]3.82]5.50]0.10{0.05] 0 |1.12|{3.12] 0 |1.40[5.71|21.92] 0
Qal’eh
Dokhtar 11 1.17]|1.40{61.60/0.42| 0.19 {0.18|3.25|3.29|0.06|0.01| 0 |0.61{0.80| 0 |1.15|5.29|17.26 | O
Kerman
Kashan 7 0] 0 |7099] 0 | 0 |1.60{1.85]|2.17]0.06/0.01] 0 ]0.48|1.07| 0 |0.70[3.87|18.97 | O
Susa 3 0 ] 0 [81.15] 0 [12.40{1.58]2.98|2.65|0.09]0.68]|0.01]|0.77]0.60(0.03| 1.66 [1.81] 3.61 | O
Gorgan 4 0 | 07092] 0 | 0 |1.62]|2.15]2.80.07]0.03] 0 [0.62{1.09] 0 |0.39[5.00|16.27 | O
Reyy 9 0 | 0 [70.82] 0 | 0 |0.72|1.95]1.99|0.09/0.01] 0 |0.57|1.18|0.01]0.72 |3.85|16.73 | O
Takh-e 5 0] 0 (7147 0 | 0 |0.37|1.54|2.64|0.05|0.01] 0 0.90|0.84 0 |0.23|4.02|15.66| O
Soleyman
Ol @bbie 503 9 @ Sl slaplicn ) B 8yed 53 polie lime :S0la D Jgior
Table 5: The average amount of the elements in the paste of the lustrewares of Arg-e Bam and other sites of Iran
Number
Site of |Na|Mg| Al Si | P| S |Cl|K| Ca|Ti|Mn|Fe|Sr|Pb|Cr |Ni|As
Samples
Bam 10 4.64|1.78] 8.24 [68.93|1.38|0.24|0.42|3.54| 4.01 |1.34/0.05|1.61|0.03]0.25/0.02| O | O
Qal’eh
Dokhtar 11 ]1.93|5.31| 14.24 |56.14|0.76|0.56|0.90{1.52|14.66|0.59]0.06{4.02| 0 |0.18 O | O | O
Kerman
Kashan 7 0] 0 | 583 190.63] 0 | 0 ]0.83]1.92|1.88 |0.5(0.02|1.07] 0 [0.79] 0 [0.2] O
Susa 3 0 | 0 |peieals|66.67 O | O 0.98(15.25|0.37|0.10/4.18| 0 | 0 |0.03| O | O
Gorgan 4 0] 0| 805|827 0 | 0 ]0.84/1.61| 5.12]0.59|0.05|2.12] 0 [0.2]0.04] 0 | 0.1
Takh-e 5 0] 0 |10.06 |85.49] 0 | 0 |0.82]0.82|2.16 |0.49|0.01|0.50| 0 [0.30] O [ O | O
Soleyman
Reyy 9 0] 0| 868 |87.05] 0 | 0 ]0.76]1.19| 1.35 ]0.31]0.23|0.54] 0 [0.72] O | 0 | O
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