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Abstract

The measurement of the elemental composition of historical pottery
is of particular importance. By examining the elemental composition
of the body and glaze of historical pottery, one can obtain valuable
information regarding the determination of raw materials and their
diversity, as well as techniques employed in the manufacturing of these
historical objects. In this research, 12 samples of the mina'i pottery from
Alamut Castle, dating back to the 11th to 13th centuries AD, have been
studied using ion beam analysis techniques. In this study, the elemental
composition of the body, various pigments used in the paintings, and also
the baseglaze have been measured using the micro-PIXE. Additionally,
the thickness of the gold layer applied on the surfaces of some of
these potteries has also been studied using the micro-RBS method. The
purpose of conducting this rescarch is to provide appropriate answers
to the following questions: What raw materials have been used in the
manufacturing of the body and glaze of these objects? What sources
have supplied the raw materials used as fluxes? Also, what coloring
agents and elements have been used to create different colors in the
baseglaze and decorative paintings? Measuting the thickness of the gold
layer used in these decorations is also one of the goals of this research
work. Based on the results obtained from the elemental composition of
the body and glaze of these potteries, it can be concluded that different
sources of silica and fluxes have been used in the manufacturing of
Alamut Castle mina'i potteties. Also, the coloring agents in producing
red, white, blue, and turquoise pigments have been identified as Fe, Sn,
Co and Cu elements, respectively. Moreover, the micro-RBS shows that
the thickness of the gold layer used in decorations varies from 300 to
800 nanometers in the samples.
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Figure 1. Images of the samples under investigation and the various analysis areas,

which are indicated using squares in the sample images.
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Table 1. Elemental compositions of the body of Mina'i and Lajvardina pottery from Alamut Castle in the form of

oxides and in terms of weight percentage (wt%) using the micro-PIXE method.

PbO | StO | CupO | FepO3 | MnO | TiOp | CaO [ K0 | Cl | SO3 | SiOp | AlpO3 | MgO | NayO | Sample
- - 0.13 2.8 0.09 | 0.37 | 4.88 | 0.74 - - 80.2 536 | 3.28 | 2.15 Al
- 0.06 | 0.09 411 | 0.06 | 0.42 | 11.32 | 1.39 | 0.16 | 18.4 | 52.06 | 8.63 2.5 0.76 A2
- - 0.09 1.17 | 0.03 | 0.18 | 2.64 | 1.05 - - 86.13 3.6 3.1 2.01 A3

0.79 1 0.17 | 0.02 1.26 | 0.02 | 0.81 | 2.01 | 0.95] 0.23 - 84.83 54 0.72 | 2.79 A4
- 0.16 | 0.08 229 1 0.05] 0.3 | 449 | 0.69 | 0.11 - 1 80.69 | 5.17 34 | 251 A5
- - 0.02 1.31 [ 0.03 | 0.2 | 292 | 0.94 | 0.07 - 83.67 | 534 | 291 | 259 A6
- - 0.03 1.74 | 0.05 | 0.17 | 3.05 | 1.11 - - 83.8 491 295 | 2.19 A7
- 0.11 | 0.07 1.55 [ 0.03 | 0.17 | 3.81 | 0.75 | 0.11 | 0.72 | 80.66 | 5.93 | 3.34 | 2.75 A8
- - 0.03 1.19 | 0.03 | 0.12 | 3.2 | 1.39| 0.14 - 83.21| 5.14 | 3.15 2.4 A9

0.31 - - 1.38 | 0.02 | 1.04 | 1.63 | 1.47 | 0.33 - 83.27 6.7 0.9 2.95 A10
- - - 1.57 [ 0.02 | 0.17 | 3.2 | 1.37 - 0.27 | 82.1 5.33 | 3.67 2.3 All
- - 0.04 1.09 | 0.02 | 0.12 | 2.26 | 0.75 | 0.09 - 85.17 | 4.56 | 3.42 | 248 Al12
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Figure 4. Variations in the weight percentage of calcium oxide, aluminum oxide, and titanium oxide based on weight
percentage in the body of the analyzed samples from Alamut Castle.
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Table 2. Elemental compositions of the glaze of Mina'i and Lajvardina pottery from Alamut Castle in the form of
oxides and in terms of weight percentage (wt%o) using the micro-PIXE method (nd= not detected, = front, b= back).

KO Cl SO3 P05 SiOp AlpO3 MgO NapO | Color glaze | Sample
2.06 1.47 0.56 nd 74.64 5.85 1.57 nd Green Alf
1.71 0.31 nd nd 76.59 7.69 0.94 nd Turquoise A2f
2.89 0.30 nd nd 71.80 4.02 1.43 1.34 Green A3f
1.85 0.18 nd nd 77.70 5.92 0.47 0.40 Green A3b
1.61 0.26 5.55 nd 43.26 5.28 0.76 nd Cream A4f
1.98 0.45 0.28 nd 47.73 341 nd 0.32 Blue A4b
2.40 0.37 0.32 nd 73.14 5.76 1.02 1.74 Green AS5f
2.92 0.19 nd nd 74.47 1.40 1.13 2.11 Azure AGf
2.37 0.65 3.80 nd 71.04 4.82 1.20 1.42 Green AGb
2.00 0.70 473 nd 61.63 6.54 1.81 nd Azure AT
2.36 0.51 0.66 nd 73.48 4.27 1.78 3.81 Green AS8f
217 0.33 nd nd 54.12 1.41 1.28 2.93 Cream A10f
2.34 1.32 nd nd 271 L7912 | 243 | Vij;f;e) A10b
2.52 0.36 nd nd 60.05 1.17 1.50 3.26 Cream A10b
1.79 0.15 0.49 nd 82.18 6.69 0.33 nd Cream Al1f
3.72 0.54 0.89 nd 59.44 5.02 0.89 0.94 Blue Al2f
PbO | SnOp | CoO | ZnO | CupO | FepO3 | MnO TiO» CaO | Color glaze | Sample
0.66 nd nd nd 2.07 2.4 nd 0.16 8.58 Green Alf
0.65 nd nd nd 2.43 1.75 0.05 0.11 7.80 Turquoise A2f
4.33 nd nd nd 4.62 1.57 0.09 0.13 7.51 Green A3f
2.63 nd nd nd 1.77 2.74 0.05 0.23 6.10 Green A3b
10.48 | 22.48 nd nd nd 1.57 nd 0.19 8.56 Cream Adf
28.41 10.77 0.22 nd 0.19 2.00 0.03 0.12 4.09 Blue Adb
2.42 nd nd 0.14 3.20 1.41 nd 0.10 7.34 Green A5f
4.04 nd 1.04 nd 1.44 3.31 0.09 nd 7.65 Azure AGf
0.36 nd nd nd 1.06 2.35 0.07 0.19 10.68 Green AG6b
1.10 nd 1.33 nd 0.28 9.56 1.00 0.39 10.85 Azure AT
1.74 nd nd nd 3.04 1.40 0.05 0.11 6.70 Green A8f
24.26 8.09 nd nd 0.10 0.92 0.05 0.12 4.11 Cream A10f
22.87 | 10.40 2.79 0.05 0.43 2.08 0.07 0.17 5.89 (oiiglraeze) A10b
19.89 5.68 nd nd 0.13 0.79 0.04 0.12 447 Cream A10b
nd nd nd nd nd 2.53 nd 0.17 5.68 Cream A11f
212 1.23 nd 0.16 7.79 3.42 0.12 0.20 8.69 Blue Al2f
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Figure 5. Micro-PIXE spectra obtained from the analysis of two different areas in sample A3, as shown in Figure 1.
Area 1 is outside the gilded layer, and Area 2 includes the gilded layer.
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Figure 6. Elemental distribution
of some elements in two
different areas of sample A3,
shown in the optical image with
Area 1 marked by a red square
and Area 2 marked by a blue
square. The dimensions of the
analyzed areas in the sample are
approximately 2.5X2.5 mm.
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Table 3. Weight percentage of elements present in the red, white, and gilded areas in Areas 1 and 2 of sample A3.

Additionally, the elemental compositions of the glaze on the front, back, and body of sample 3 are presented in this

table for comparison.

e (Cudy ) QW1 (5) slojgrd W | s &S o B gl G T Elemenis
Jio Green glaze Turquoise White e df’lé&) > Wi 0
body . Red pigment | Gilded area (Wt%o)
(back) glaze (front) pigment
2.01 0.37 1.34 - 0.56 - NapO
3.1 0.47 1.43 - 1.63 0.96 MgO
3.6 5.92 4.01 1.55 3.53 1.2 AlpO3
86.13 77.69 71.80 15.57 05.76 39.99 SiO2
- - - 2.32 0.62 - SO3
- 0.18 0.30 0.54 0.51 0.38 Cl
1.05 1.84 2.90 - 1.69 2.13 KO
2.64 6.11 7.51 4.72 9.67 8.03 CaO
0.18 0.23 0.13 0.19 0.20 0.15 TiOp
0.03 0.05 0.09 - 0.07 0.079 MnO
1.17 2.76 1.55 0.97 7.56 1.63 FepO3
0.09 1.77 4.62 1.05 3.78 4.88 CupO
- - - 61.13 - - SnOp
- - - - 36.53 AupO3
- 2.63 4.33 4.41 4.00 PbO
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Figure 7. Variations in the weight percentage of calcium oxide and lead oxide present in the glaze of the analyzed

samples.
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Figure 8. Elemental distribution of some elements in the body and glaze of sample A12 from the cross-section.
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Figure 9. Comparison of micro-RBS spectra obtained from the gilded layer in three different samples.
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Table. Measurement results and calculation of the thickness of the gold layer and its penetration into the glaze for
two samples, A8 and A2.

(o3l Ao ) Y siad S polis
Elements forming the layer
(atomic percentage).
Ao Y coles Y ol
- (2e9b) 15 2 o digai IS
olsilprlc A (X10"” atom/cm?) Y iy
" . Go%d Layer Layer Thickness Layer Order, Sample
Thickness 5 Code.
(nanometers), (x10°" atom/cm?).
- -] - 100 320 1900 Pl palls &Y) Jyl Y
First Layer (Pure Gold Layer),
(o 55 | sigej o) pyo &Y
40 | 18 2 24 16 - 3200 Second Layer (Base Glaze with
Gold Impurities).
A8
(Mo 2BL L aie; GlW) pow Y
64 | 13 2 11 10 - 2500 Third Layer (Base Glaze with
Gold Impurities).
64 (36 [25] 2 | 0 h 130000 (40 ) p oy Y
Fourth Layer (Base Glaze).
- - | - ] 100 560 3000 (o palle 4Y) Jgl Y
First Layer (Pure Gold Layer).
Ol alSb s L) oy &Y
20 | 18 2 30 | 30 - 3300 Second Layer (Base Glaze with A2
Gold Impurities).
60|35 4 | 1|0 - 130000 (siej oldl) py Y
Third Layer (Base Glaze).
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