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Abstract

Studying the eclemental composition of glass objects provide a lot of information about the
manufacturing technique, the determination of the raw materials and the pigments were used to create
different colors. In this study, 19 samples of glass objects obtained from the archaeological site of
Jahangir Dome and Gouriyeh hill were analyzed by the micro-PIXE technique to measure the
constituent elements. The Jahangir Dome and Gouriyeh hill are located 50 km northwest of Ilam on
either side of the Kangir River. These sites excavated in three seasons by Leyla Khosravi from 2015 to
2017 and layers related to the Sassanid and the Fatly Islamic periods have been identified. In the
layers of the Sassanid period a considerable amount of glass has been recovered that no
comprehensive research has been done on them so far. The main purpose of this article is to study
the glass industry of the Sassanid period and evaluate the raw materials were used in the manufacture
of glass artifacts by micro-PIXE technique that followed by questions about the elemental
composition of the glasses, identifying and examining sources of silica and flux raw materials, colorant
and decolorant agent. The most important questions raised in this reach are:1- What kind of flux
materials have been used in the glassware manufacturing process? 2- The colorant and decolorant
materials used in the manufacturing process are deliberately added to the bath or are due to the iron
oxide and manganese oxide existing in silica raw materials? The micro-PIXE analysis was performed
with microprobe system manufactured by Oxford Instruments using the 3 MV Van de Graaff
accelerators at the Nuclear Science & Technology Research Institute (NSTRI) in Iran. The samples
were analyzed in a vacuum chamber using a beam of 2.5MeV protons focused to a diameter less than
10 pm. The beam current was in the range of 30 to 50 pA. Characteristic X-rays were detected using a
Si(Li) detector with an active area of 60 mm? positioned at an angle of 135¢ relative to the incident
beam direction and with an energy resolution of 150 eV for Fe-K,. The results of elemental
composition show, the weight percentages of SiOz (60-71wt.%), Na,O (11-20wt.%) and CaO (4-
8wt.%) have the highest proportion of elemental composition in the samples. Also, the weight
percentage of MgO (3-6 wt.%) and KO (2-5 wt.%) in the analyzed glasses are greater than 1.5wt.%.
Therefore, it can be concluded that the glass artifacts of these sites are silica-soda-lime glasses type,
which is used the plant ashes as a flux. Furthermore, wide variations in the weight percentage of SiO»,
Na,O, KoO and MgO indicate that silica and flux raw materials obtained from various sources. The
comparison of these data by the literature data shows the raw materials used in these sites are different
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from those were used in glasses excavated in Sassanid sites in Iraq. In addition, the elemental
composition of these samples show that Fe;O3 and CuzO are the colorant agents and MnO has been
used as a decolorant element in the samples. However, in Jahangir Dome, these oxides were used
unintentionally, but in the Gouriyeh, MnO is added deliberately to the bath.
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Fig. 2: Plan of the Dome of Jahangir (left plan) and Gouriyeh (right plan)
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Table 1. Characteristics and optical photo of Sassanid glass in the Dome of Jahangir and Gouriech
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Fig. 3: Right: The image of a fragment of the body of the container in the Jahangir Dome and Gouriyeh, Left: the image
of a cup with a rhinestone in Gilan Province, 5% to 7% century
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Fig. 4: Right: The image of a fragment of glass belongs to the Jahangir Dome and Gouriyeh, Left: image of the cupola
with concentric circles, Gilan, 6% century AD
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Table 2: Chronology of the potteries and bricks of the Gouriyeh and Jahangir Dome
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Table 3: The elemental composition of analyzed samples in weight percent (wt.%0) in the oxide form

LS| S| KWy S| WY Ry Ry Ry eS| eS| eS| eS|
g | el 5y | dogre | e | prie | peed] | ek | it | 085 | 5 | el | el | posis | 5S%n | gl | e
Samples Main color Site NaO MO AlLO;3 SiO» P05 SOs Cl KO CaO TiO2 MnO Fe:O; | Cu2O
E1 o e 12.85 3.04 3.40 71.07 1.00 0.23 0.38 2.43 4.49 0.09 0.04 0.97 nd
Dark Green Goutryeh
e w55 45
E2 13.82 4.63 2.57 70.36 1.20 0.23 0.47 2.20 4.08 nd 0.03 0.40 nd
Green Gouryeh
o w55 4
E3 13.50 3.37 2.29 69.21 0.81 0.31 0.72 3.43 5.47 0.08 0.08 0.71 nd
Green Gouryeh
e 455 4
E4 * 11.97 5.74 2.40 71.01 1.11 0.30 0.52 1.77 4.56 0.03 0.33 0.25 nd
Green Gouryeh
o = 455 4
E5 12.25 5.74 2.85 68.90 1.04 0.21 0.44 1.99 5.42 0.06 0.53 0.53 nd
Blue- Green |  Gouryeh
‘ 250l A5
E6 e Jahangir 13.96 4.64 4.00 66.71 0.88 0.30 0.77 2.06 5.45 0.12 0.04 1.07 nd
Green
Dome
E7 o g 48 12.17 4.20 3.48 69.19 1.26 0.31 0.53 4.15 3.68 0.07 0.16 0.72 0.04
Blue Gouryeh
B 455 4
E8-1 14.23 4.46 3.66 64.06 1.09 0.36 0.55 223 8.12 0.16 0.04 0.98 nd
Green Gouryeh
s o w55 4
E8-2 14.42 4.23 3.58 63.97 1.14 0.45 0.56 2.28 7.96 0.13 0.32 0.90 0.03
Green Gouryeh
B 455 4
E9 16.21 3.93 2.37 62.81 1.05 0.68 0.94 3.54 7.61 0.08 0.03 0.72 nd
Green Gouryeh
E10 s Jahangir | 1820 | 512 2.67 6225 | 1.14 062 | 047 | 401 | 486 0.06 002 | 057 nd
Green ©
Dome
L—i;) u5"“ & ; &
El1 Without P % 1311 | 634 | 276 | 6850 | 086 | 035 | 052 | 223 | 4.68 0.06 032 | 025 | nd
Gouryeh
color ’
L—i;) u5"“ & ; &
E12 Without Sy 12.44 6.00 2.76 69.18 1.06 0.39 0.53 2.14 4.98 0.02 0.27 0.22 nd
Gouryeh
color
‘ 25k A5
E13 e Jahangir 16.62 4.52 3.34 62.96 1.10 0.60 0.54 3.61 4.87 0.08 nd 0.86 nd
Green
Dome
E14 e Jahangir 19.63 4.88 2.74 60.41 1.08 0.48 0.66 4.19 4.78 0.11 0.02 0.66 0.03
Green
Dome
‘ PAMIE N
E15 e Jahangir 15.26 4.74 4.64 64.22 0.89 0.38 0.64 2.53 5.33 0.16 0.03 1.09 nd
Green
Dome
. PANIE N
E17 e Jahangir 16.57 6.38 2.85 64.22 0.44 0.13 0.79 2.19 5.88 0.02 0.22 0.31 nd
Green
Dome
Sy sk | A e
E18 v 11.48 5.01 2.72 71.02 0.43 0.16 0.62 1.83 5.58 0.06 0.68 0.34 nd
Colotless Gouryeh
S ey, | PN S
E19 2O hangir | 1573 | 5.8 3.59 60.71 | 0.59 037 | 068 | 513 | 620 0.06 0.33 090 | nd
Colotless Dome
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Fig 5: Scatter plot in wt.% of (a): magnesium oxide(MgO) versus potassium oxide(iK20), (b): calcium oxide(CaO) versus

sodium oxide (Na20) in analyzed samples from Jahangir Dome and Gouriyeh
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Fig 6: Scatter plot in wt.% of (a): calcium oxide(CaO) versus silicon oxide (SiO»), (b): sodium oxide (Na2O) versus silicon
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Table 4: The mean elemental composition in three identified groups in weight percent (wt.%) in the oxide form

Group NazO MgO A1203 SiOz P205

SO;

G1: Gouriyeh- | 12.62 | 4.90 2.80 69.83 0.97
main group

0.28

Cl Kzo CaO TiOz MnO F6203 Cuzo
0.53 2.46 4.77 0.05 0.27 0.49 -

G2:Jahangir 16.57 | 5.07 3.40 63.07 0.87

0.41

0.65 | 3.39 5.34 0.09 0.09 0.78

G3: Gouriyeh- | 14.95 | 4.21 3.20 63.61 1.09
outliers

0.50

0.68 | 2.68 7.90 0.12 0.13 0.87 0.01
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Fig 7. Scatter plot in wt. % of (a): silicon oxide (§iO2) versus aluminum oxide (Al,O3), (b): iron oxide(Fe,O3) versus

aluminum oxide(Al,O3)in analyzed samples from Jahangir Dome and Gouriyeh
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Fig. 8: Scatter plot in wt. % of (a): manganese oxide (MnO) versus iron oxide (Fe2O3) based on excavated sites, (b):

manganese oxide (MnO) versus iron oxide (Fe;O3) based on the main color of analyzed samples
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Fig. 10: Comparison of the analyzed samples in this study and the analyzed samples from Iraqi Sassanid sites
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