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Abstract

In this study, a sample of 39 excavated glass pieces from the archaeological sites of Bandar Kong and
Shamd-e Dideban on the western part of the northern Persian Gulf littoral was analyzed by micro-
PIXE. The sample consisted of 30 black bracelets, four vessels in green, blue, brown, and white
colors, and five pieces of production wastes and unused raw materials. The main objective was to
specify the manufacturing techniques, the type of glass and raw materials, and the colorant and
decolorant agents of the glassware used at Bandar Kong and Shamd-e Dideban in the middle Islamic
period. Moreover, the differences and similarities of glass compositions between these two sites were
examined through elemental analysis. The results of this study showed that all the analyzed glasses
from the two sites are of the plant ash silica-soda-lime type. Furthermore, the results of elemental
composition” indicated the use of different fluxes in the vessels and bracelets. Moreover, the
elemental analysis showed a marked difference between the silica raw materials used in the bracelets
at the two sites, evincing that they were procured from different impure sand resources.
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Introduction

While black glass comprises merely a very small percentage of the entire archaeological glassware
assemblages, it was favored in certain historical periods and its distribution shows that it was an applicable
category within the archaeological assemblage [1,2]. Excavations at the archacoloigcal sites in Hormozgan
province on the northern Persian Gulf littoral have yielded an abundant of glass artifacts. A common
category in the related assemblages are bracelets in black glass. The main objective of the present study is to
evaluate the elemental composition of the glass pieces to pinpoint the raw materials used in manufacturing
glass artifacts in the middle Islamic centuries on the coasts of the Persian Gulf. The main question is whether
there is any evidence for the import of glassware and jewelry items like bracelets from the Mediterranean
region ot the Indian Ocean through the Persian Guilf.

Materials and Methods

A sample of 39 glass artifacts excavated at the sites of old Bandar Kong and Shamd-e Dideban on the western
part of the northern Persian Gulf coasts was subjected to analysis by the Micro-PIXE technique. The study
sample includes 30 black glass bracelets, 4 glass vessels in different colors, and 5 pieces of manufacturing
wastes or remaining raw materials. The sample is divided between 16 instances from the historical site of
Bandar Kong and 23 specimens from Shamd-e Dideban.

Micro-PIXE or “Particle Induced X-ray Emission in Micron-scale” was performed with a Van de Graaff
accelerator. The analysis involved bombarding the specimens in a vacuum chamber using a high-energy
proton beam in the range of 2-3MeV. During the interaction of the high-energy proton with the samples,
the characteristic X-rays of the constituent elements are emitted from the specimens. Fach element has a
specific energy of X-rays, which can be used to identify the types of elements that are present. Also, the
number of X-rays with specific energy is used to determine the concentration of the elements within the
specimen [3]. The concentration of Na (sodium) to U(uranium) can be detected by the Micro-PIXE
technique with an accuracy in the range of 50-500 ppm [4]. In the present study, the micro-PIXE analysis
was performed with an Oxford Instruments microprobe system [5] using the 3 MV Van de Graaff
accelerators in NSTRI in the Atomic Energy Organization of Iran. The samples were analyzed using a beam
of 2.2MeV protons focused to a diameter less than 10 um. 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.
Samples were scanned over a maximum area of 2.5 mmX2.5 mm, and digitized signals were recorded in the
list-mode using the OM-DAQ data acquisition system. Moreover, the spectra were processed using the
GUPIXWIN package to obtain the elemental composition of the glass objects [6].

Results and Discussion

The micro-PIXE results show the presence of the following elements in all 39 glass pieces from the two site
of old Bandar Kong and Shamd-e Dideban: sodium oxide (Na,O), magnesium oxide (MgO), aluminum
oxide (ALO3), silicon oxide (SiOz), phosphorus oxide (P20s), sulfur oxide (SO3), chlorine (Cl), potassium
oxide (K;0), calcium oxide (CaO), titanium oxide (T1i05), manganese oxide (MnO), and iron oxide (Fe;O3).
Chromium oxide (Cr203), copper oxide (CuzO) and strontium oxide (SrO) were also detected in a small
number of the specimens. The constituent elements of the analyzed glasses are presented in Table 1.

As shown in Tablel, the main constituents of Bandar Kong and Shamd-e Dideban glasses are SiOzin the
range of 58.72-67.19wt.%, Na,O in the range of 13.60-21.45wt.% and CaO in the range of 3/62-7.79wt.%.
Therefore, it is safe to conclude that all the analyzed pieces from these two sites are silica-soda-lime glasses.
On the other hand, as shown in Fig.la, the amount of MgO varies between 2.40-4.94wt.%, and the
concentration of KyO varties between 1.66-6.54wt.%. Hence, it is clear that the ashes obtained from
halophytic plants are considered as supplying source for sodium oxide in the manufacturing the glasses.
Therefore, all the analyzed glasses were classified as the plant ash silica-soda-lime glass type [7]. Moreover,
according to the variations of NayO versus KO, as shown in Fig. 1b, different plant ashes can be identified
in the sample. As can be seen in the Fig. 1b, the variation of these two oxides are very useful in distinguishing
not only between the analyzed glass vessels and glass bracelets but also between the glass bracelets from
Bandar Kong and Shamd-e Dideban.
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Table 1: The elemental composition of analyzed sampes in weight percent (wt.%) and oxide form in Bandar Kong and
Shamd-e Dideban (nd= not detected).

Sample code | NaxO | MgO | ALOs SiO2 P05 | SOs Cl K0 CaO TiO2 | Cr2Os | MnO | FeOs | CwO StO
Kong-1 16.28 4.42 2.69 61.99 0.25 0.55 | 0.80 5.11 6.53 0.14 nd nd 1.09 nd nd
Kong-2 20.21 4.09 3.59 60.42 0.51 042 | 1.04 311 5.21 0.17 nd 0.03 1.11 nd nd
Kong-3 19.67 3.07 2.88 59.69 0.58 0.75 | 0.94 5.31 5.67 0.18 nd 0.02 1.10 nd 0.13
Kong-4 14.50 2.40 2.57 6791 nd 0.24 | 0.84 6.54 4.34 0.07 nd 0.02 0.50 nd nd
Kong-5 2145 3.07 312 59.74 0.41 0.82 | 115 4.36 4.65 0.16 nd 0.03 0.94 nd nd
Kong-6 18.16 4.53 3.61 60.88 0.42 0.61 | 0.80 3.82 5.44 0.18 nd 0.04 1.44 nd nd
Kong-7 19.11 3.55 3.28 61.55 0.50 044 | 1.04 3.20 5.95 0.19 0.03 0.02 1.08 nd nd
Kong-8 17.22 4.29 341 59.00 0.45 049 | 0.68 572 6.94 0.19 0.02 0.04 1.35 nd 0.17
Kong-9 17.03 4.25 2.46 64.04 0.38 0.16 | 1.03 3.18 6.27 0.09 nd 0.02 0.37 nd 0.13
Kong-10 16.68 4.77 3.58 61.10 nd 0.33 | 0.66 4.17 7.01 0.22 nd 0.03 1.35 nd nd
Kong-11 21.18 311 3.53 61.88 nd 0.10 | 1.27 2.52 4.95 0.19 0.02 0.03 1.18 nd nd
Kong-12 15.10 2.59 2.72 67.75 0.40 032 | 093 4.96 4.59 0.07 nd 0.02 0.48 0.02 nd
Kong-13 18.53 3.80 2.84 61.80 nd 0.51 1.00 6.21 4.46 0.09 nd 0.03 0.64 nd nd
Kong-14 1.82 6.37 7.27 42.25 0.91 0.20 nd 1.00 20.93 0.33 nd 0.05 18.52 nd nd
Kong-15 19.60 3.35 2.54 62.40 0.46 0.61 1.07 5.14 4.02 0.09 nd 0.03 0.65 nd nd
Kong-16 16.98 4.04 3.07 61.21 nd 034 | 1.01 5.83 6.15 0.18 nd 0.04 1.04 nd 0.10
Shamad-1 18.38 4.88 348 59.00 0.77 044 | 098 4.92 5.37 0.11 nd 0.03 0.70 nd 0.11
Shamad-2 17.71 4.76 2.77 59.87 0.64 042 | 0.96 5.31 525 0.09 0.08 0.03 0.75 nd nd
Shamad-3 18.83 3.95 322 59.66 0.65 0.54 | 0.86 5.51 5.67 0.11 0.03 0.02 0.79 nd nd
Shamad-4 16.17 3.56 1.62 67.81 1.10 0.30 | 0.81 1.76 5.74 nd 0.11 0.21 0.23 nd nd
Shamad-5 20.73 4.68 3.36 58.72 0.84 0.77 | 091 413 4.67 0.12 nd 0.02 0.74 nd nd
Shamad-6 14.84 2.99 347 66.71 0.71 031 | 0.81 5.99 3.62 0.03 nd 0.02 0.34 nd nd
Shamad-7 17.30 411 4.10 61.36 0.66 036 | 1.01 4.83 4.87 0.08 0.03 0.03 0.71 nd nd
Shamad-8 17.43 3.63 2.76 64.48 0.90 028 | 092 4.97 4.02 0.05 nd 0.02 0.34 0.04 nd
Shamad-9 18.41 4.42 3.70 60.82 0.81 0.66 | 0.87 3.94 4.97 0.17 nd 0.02 1.06 nd nd
Shamad-10 17.25 4.58 3.04 61.36 0.63 042 | 092 5.86 4.91 0.07 0.02 0.02 0.67 nd nd
Shamad-11 17.81 4.24 4.14 60.85 0.79 0.70 | 0.71 371 4.87 0.15 nd 0.02 1.66 nd nd
Shamad-12 14.96 3.07 1.90 65.45 0.46 0.21 0.60 1.66 7.74 0.36 nd 1.90 1.09 nd 0.17
Shamad-13 17.63 3.68 2.58 63.24 nd 029 | 1.09 4.83 4.88 0.08 0.02 0.02 0.76 nd nd
Shamad-14 17.66 3.87 3.07 61.19 nd 0.34 | 1.06 543 5.21 0.10 nd 0.04 0.74 nd 0.17
Shamad-15 16.98 4.26 2.77 62.34 nd 022 | 0.84 541 5.02 0.07 nd 0.03 0.66 nd nd
Shamad-16 17.70 4.94 3.16 60.27 0.54 0.39 | 0.98 5.16 5.04 0.10 nd 0.03 0.63 nd nd
Shamad-17 18.11 4.14 2.57 61.34 0.54 040 | 1.06 4.83 4.77 0.12 nd 0.02 0.75 nd nd
Shamad-18 17.76 3.53 2.06 61.58 nd 0.30 | 1.09 5.66 4.66 0.08 nd 0.02 0.83 nd nd
Shamad-19 19.60 3.15 1.68 62.71 0.39 070 | 1.12 5.25 4.50 0.11 nd 0.04 0.75 nd nd
Shamad-20 17.37 3.83 2.88 63.67 0.70 045 | 0.89 3.83 4.69 0.09 nd 0.03 0.47 nd nd
Shamad-21 13.83 3.74 3.39 66.57 0.77 0.18 | 0.62 6.05 3.77 0.10 nd 0.02 0.80 nd nd
Shamad-22 13.60 2.60 1.90 66.06 0.34 012 | 0.57 2.50 7.79 0.27 0.03 2.27 1.01 0.08 0.17
Shamad-23 17.58 4.36 2.40 64.37 nd nd 0.49 1.91 7.28 0.08 nd 0.26 1.15 nd 0.10
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Fig. 1: Bi-scatter plot in wt.% of (a): MgO versus KO, (b): Na,O versus K0, in analyzed sample from Bandar Kong and

Shamd-e Dideban.

Conclusions

Based on the measurement of the elemental compositions of the analyzed glasses it can be concluded
that the glasses recovered at the considered sites are of silica-soda-lime type. The source of its flux
supply was the ash obtained from halophytic plants. Also, it is clear that in manufacturing the glass
bracelets from these two sites different fluxes were used. On the basis of the impurities of silica raw
materials and fluxes, the use of different sources of silica and soda in the bracelets of the two sites as
well as the glass vessels from Shamd-e DideBan is cleatly evident. Moreover, the chemical
composition shows that iron oxide was unintentionally introduced into all glasses. The concentration
of Fe;Os3 is in the range which can originate from impurities in silica sources.
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Fig. 1: ()A map of Iran showing the geographical location of Bandar Kong and Shamd-e-Dideban archaeological sites,
(b) a view of Shamad-e Dideban, (c) a view of old Bandar Kong.
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Table 1: Morphological information and some appearance characteristics of the analyzed glass fragments from the
historical sites of Band Kong and Shamd-e Dideban.

Sample code Form Color Opacity Cross-section/Radius(mm) Site

Bracelet Black Opaque semi-circle/25 Bandar-e Kong

Kong-1 S ol lo o ol3pos g
Bracelet Black | Transparent semi-circle/25 Bandar-e Kong

Kong-2 Sl ol Gl ol g
Bracelet Black Opaque semi-circle/25 Bandar-e Kong

Kong-3 S ol o ol g
Bracelet Black Opaque semi-circle/25 Bandar-e Kong

Kong-4 K olies ol o1l g
Bracelet Brown | Transparent semi-circle/25 Bandar-e Kong

Kong-> S ogd | las ool S i
Bracelet Brown | Transparent semi-circle/25 Bandar-e Kong

Kong-6 S ogd | las ool S i
Bracelet Brown | Transparent semi-circle/25 Bandar-e Kong

Kong-7 oS ogd | las o2l S i
Bracelet Brown | Transparent semi-circle/25 Bandar-e Kong

Kong-8 oS ogd | las o2l S i
Bracelet Brown | Transparent semi-circle/25 Bandar-e Kong

Kong:9 S Sogd | s ol g
Bracelet Brown | Transparent semi-circle/20 Bandar-e Kong

Kong-10 Sl elogy3 Gl o1l S
Bracelet Brown | Transparent semi-circle/25 Bandar-e Kong

Kong-11 Sl elogy3 Gl o1l S 3
Bracelet Brown | Transparent semi-circle/25 Bandar-e Kong

Kong-12 S ogd | las o el3pos S5
Bracelet Black | Transparent semi-circle/20 Bandar-e Kong

Kong-13 oS ol Glas o I3y g
Cylindrical Rod Orange Opaque Citcle/50 Bandar-e Kong

Kong-14 lWla: E . g5 .5

3 4)‘9;..\»‘ d.lm L;?U)L ole o)g.‘.) XS g
Waste Black Opaque unknown Bandar-e Kong

Kong-15 . . S e
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Waste Black Opaque unknown Bandar-e Kong
Kong-16 oy ol oo R S5

Bracelet Black | Transparent semi-circle/25 Shamad-e Dideban
Shamad-1 - ote o R N
el olwo Blas 030 Ol dadd

Bracelet Black | Transparent semi-circle/25 Shamad-e Dideban
Shamad-2 =, e . N
9SJ| alﬁw alads o)'{l.)ﬂ,ﬁ; L')Lgo.\'{.) Sowd

Bracelet Black | Transparent semi-circle/25 Shamad-e Dideban
Shamad-3 =, TN R N
9SJ| alﬁw alas o)'{l.)ﬂ,ﬁ; L')Lgo.\'{.) Sowd

Vessel White | Transparent semi-circle/20 Shamad-e Dideban
Shamad-4 . . T R .
b KV Glad 00 Oledd dad

Bracelet Black | Transparent semi-circle/25 Shamad-e Dideban
Shamad-5 =. e . .
&S| oluws alas 00 Ol dadd

Bracelet Brown | Transparent semi-circle/25 Shamad-e Dideban
Shamad-6 =, N T . .
&S| Slosed alas 00 Ol dadd

Bracelet Brown | Transparent semi-circle/25 Shamad-e Dideban
Shamad-7 -. N e . .
&S| Slosed alas 00 Ol dadd

Bracelet Brown Opaque semi-circle/25 Shamad-e Dideban
Shamad-8 - N . . N
9iJ| LS“’?-?? Slo oﬁlbma Olgo.\gg Sowd

Bracelet Black Transparent semi-circle/25 Shamad-e Dideban
Shamad-9 - T . N
9SJ| ol,'.w Blas o)il.)&g Olgo.\g) Souds

Bracelet Black | Transparent semi-circle/25 Shamad-e Dideban
Shamad-10 - e .
9SJ| ol,'.w alas o)il.)&g Olgo.\g) Souds

Bracelet Black | Transparent semi-circle/20 Shamad-e Dideban
Shamad-11 . e .
&S| oluws alas 00 Ol dadd

Vessel Green Opaque unknown Shamad-e Dideban
Shamad-12 L . . C
] )Jo oy le WL Qlf""\i D Jowd

Bracelet Brown | Transparent semi-circle/30 Shamad-e Dideban
Shamad-13 =, .. e . .
9§.Jl dl"w e °)3.|3rv.‘9 Olf""\iJ Lo

Bracelet Black Transparent semi-circle/30 Shamad-e Dideban
Shamad-14 - G . N
9SJ| o[:m Blads o)g'bm.: Ol.ga_\,{.! Lo

Deformed Bracelet Black Transparent semi-circle/25 Shamad-e Dideban
Shamad-15 aBly S s gsS) oluws lads 0> Olodd dad

Bracelet Brown | Transparent semi-circle/35 Shamad-e Dideban
Shamad-16 - . g R
9SJ| Lglo}gﬁ Blads o)g'bm.: Ob.a.\g,a Lo

Bracelet Brown | Transparent semi-circle/35 Shamad-e Dideban
Shamad-17 -. . e R
9§.Jl dl"w e °)3.|3rv.‘9 Olf""\iJ Lo

Bracelet Black | Transparent semi-circle/35 Shamad-e Dideban
Shamad-18 - e R
9iJl blﬁ.w e o)'{l.)mg OL}O.\J”.) Sowd

Bracelet Black | Transparent semi-circle/35 Shamad-e Dideban
Shamad-19 =, e . .
9iJl blﬁ.w e o)'{l.)mg OL}O.\J”.) Sowd

Waste Black | Transparent unknown Shamad-e Dideban
Shamad-20 X G C Al .
Slowsy ol Blads oasuiels Ol dad

Waste Green | Transparent unknown Shamad-e Dideban
Shamad-21 . . o C .
Slowsy gt &b oasuiels Ol dad

Vessel Blue Transparent unknown Shamad-e Dideban
Shamad-22 . 1. i YN C .
Bk « olas oasuiels Ol dad

Vessel Brown | Transparent unknown Shamad-e Dideban
Shamad-23 L. . e C
b loged Gl oAl Ol S
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Fig. 2: Optical photo of all analyzed samples from Band Kong sites
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Fig. 3: Optical photo of all analyzed samples Shamd-e Dideban sites
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Table 2: The mean value of 4 different measurements in Corning glass standard A, the quoted value for all elements,
uncertainty and Limit of Detection (LOD).

Standard

Sample A Na;0 MgO ALO; Si0: P05 SO; Cl K0 CaO TiO; MnQO Fex03 CoO NO Cu0 ZnO SrO SnO: Sh0s BaO FPbO
Test 1(wt.%) 1451 269 099 6677 017 013 014 269 450 073 099 106 017 003 110 005 013 079 162 046 009
Test 2(wt.%) 1485 275 124 6687 015 015 013 276 463 080 098 110 017 002 109 007 007 083 136 041 008
Test 3(wt.%) 1416 267 112 6669 016 013 014 269 463 077 102 111 019 002 118 007 012 039 119 049 010
Test 4(wt.%) 1483 263 LI 6631 014 014 013 267 454 076 103 LI 017 002 116 006 013 020 201 043 009
Mean(wt.%) 1459 269 112 6666 016 014 014 270 458 077 101 110 018 002 113 006 011 060 155 045 009
Quoted(wt.%) 1430 266 100 6656 013 010 010 287 503 079 100 109 017 002 117 004 010 019 175 05 012
Relative Error(%) 2.0 10 115 02 200 400 400 60 90 30 05 035 30 00 30 500 120 - 120 200 250
Stand.dev.(%) 019 012 010 016 008 002 001 002 003 001 001 002 001 001 002 000 003 012 021 005 002
LOD(ppm) 30 269 23 70 231 142 88 77 84 S0 22 49 50 40 41 70 160 2620 3821 969 196
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Table 3: The elemental composition of analyzed samples in weight percent (wt.%) and oxide form in Band Kong and
Shamd-e Dideban.

Sample code Na20 MgO A1R03 Si02 P205 S03 Cl K20 CaO TiO2 Cr203 MnO Fe203 Cu20 S$tO
Kong-1 16.28 4.42 2.69 61.99 0.25 0.55 0.80 5.11 0.53 0.14 nd nd 1.09 nd nd
Kong-2 20.21 4.09 3.59 60.42 0.51 0.42 1.04 3.11 5.21 0.17 nd 0.03 1.11 nd nd
Kong-3 19.67 3.07 2.88 59.69 0.58 0.75 0.94 5.31 5.67 0.18 nd 0.02 1.10 nd 0.13
Kong-4 14.50 2.40 2.57 67.91 nd 0.24 0.84 6.54 4.34 0.07 nd 0.02 0.50 nd nd
Kong-5 21.45 3.07 3.12 59.74 0.41 0.82 1.15 4.36 4.65 0.16 nd 0.03 0.94 nd nd
Kong-6 18.16 4.53 3.61 60.88 0.42 0.61 0.80 3.82 5.44 0.18 nd 0.04 1.44 nd nd
Kong-7 19.11 3.55 3.28 61.55 0.50 0.44 1.04 3.20 5.95 0.19 0.03 0.02 1.08 nd nd
Kong-8 17.22 4.29 3.41 59.00 0.45 0.49 0.68 5.72 6.94 0.19 0.02 0.04 1.35 nd 0.17
Kong-9 17.03 4.25 2.46 64.64 0.38 0.16 1.03 3.18 6.27 0.09 nd 0.02 0.37 nd 0.13
Kong-10 16.68 4.77 3.58 61.10 nd 0.33 0.66 4.17 7.01 0.22 nd 0.03 1.35 nd nd
Kong-11 21.18 3.11 3.53 61.88 nd 0.10 127 2.52 4.95 0.19 0.02 0.03 1.18 nd nd
Kong-12 15.10 2.59 2.72 67.75 0.40 0.32 0.93 4.96 4.59 0.07 nd 0.02 0.48 0.02 nd
Kong-13 18.53 3.80 2.84 61.80 nd 0.51 1.00 6.21 4.46 0.09 nd 0.03 0.64 nd nd
Kong-14 1.82 6.37 7.27 42.25 0.91 0.20 nd 1.00 20.93 0.33 nd 0.05 18.52 nd nd
Kong-15 19.60 3.35 2.54 62.40 0.46 0.61 1.07 5.14 4.02 0.09 nd 0.03 0.65 nd nd
Kong-16 16.98 4.04 3.07 61.21 nd 0.34 1.01 5.83 6.15 0.18 nd 0.04 1.04 nd 0.10
Shamad-1 18.38 4.88 3.48 59.00 0.77 0.44 0.98 4.92 5.37 0.11 nd 0.03 0.70 nd 0.11
Shamad-2 17.71 4.76 2.77 59.87 0.64 042 0.96 5.31 5.25 0.09 0.08 0.03 0.75 nd nd
Shamad-3 18.83 3.95 3.22 59.66 0.65 0.54 0.86 5.51 5.67 0.11 0.03 0.02 0.79 nd nd
Shamad-4 16.17 3.56 1.62 67.81 1.10 0.30 0.81 1.76 5.74 nd 0.11 0.21 0.23 nd nd
Shamad-5 20.73 4.68 3.36 58.72 0.84 0.77 0.91 413 4.67 0.12 nd 0.02 0.74 nd nd
Shamad-6 14.84 2.99 3.47 66.71 0.71 0.31 0.81 5.99 3.62 0.03 nd 0.02 0.34 nd nd
Shamad-7 17.30 4.11 4.10 61.36 0.66 0.36 1.01 4.83 4.87 0.08 0.03 0.03 0.71 nd nd
Shamad-8 17.43 3.63 2.76 64.48 0.90 0.28 0.92 4.97 4.02 0.05 nd 0.02 0.34 0.04 nd
Shamad-9 18.41 4.42 3.70 60.82 0.81 0.66 0.87 3.94 4.97 0.17 nd 0.02 1.06 nd nd
Shamad-10 17.25 4.58 3.04 61.36 0.63 042 0.92 5.86 4.91 0.07 0.02 0.02 0.67 nd nd
Shamad-11 17.81 4.24 4.14 60.85 0.79 0.70 0.71 3.71 4.87 0.15 nd 0.02 1.66 nd nd
Shamad-12 14.96 3.07 1.90 05.45 0.46 0.21 0.60 1.66 7.74 0.36 nd 1.90 1.09 nd 0.17
Shamad-13 17.63 3.68 2.58 63.24 nd 0.29 1.09 4.83 4.88 0.08 0.02 0.02 0.76 nd nd
Shamad-14 17.66 3.87 3.07 61.19 nd 0.34 1.06 543 5.21 0.10 nd 0.04 0.74 nd 0.17
Shamad-15 16.98 4.26 2.77 62.34 nd 0.22 0.84 5.41 5.02 0.07 nd 0.03 0.66 nd nd
Shamad-16 17.70 4.94 3.16 60.27 0.54 0.39 0.98 5.16 5.04 0.10 nd 0.03 0.63 nd nd
Shamad-17 18.11 4.14 2.57 61.34 0.54 0.40 1.06 4.83 4.77 0.12 nd 0.02 0.75 nd nd
Shamad-18 17.76 3.53 2.06 61.58 nd 0.30 1.09 5.66 4.66 0.08 nd 0.02 0.83 nd nd
Shamad-19 19.60 3.15 1.68 62.71 0.39 0.70 1.12 5.25 4.50 0.11 nd 0.04 0.75 nd nd
Shamad-20 17.37 3.83 2.88 63.67 0.70 045 0.89 3.83 4.69 0.09 nd 0.03 0.47 nd nd

Shamad-21 13.83 3.74 3.39 66.57 0.77 0.18 0.62 6.05 3.77 0.10 nd 0.02 0.80 nd nd
Shamad-22 13.60 2.60 1.90 66.06 0.34 0.12 0.57 2.50 7.79 0.27 0.03 2.27 1.61 0.08 0.17
Shamad-23 17.58 4.36 240 64.37 nd nd 0.49 191 7.28 0.08 nd 0.26 1.15 nd 0.10
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Fig 4: Bi-scatter plot in wt.% of (a): MgO versus K20, (b): Na20 versus K20, in analyzed samples from Band Kong and
Shamd-e Dideban.
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Fig 5: Bi-scatter plot in wt.% of (a): Na20 versus MgO, (b): Na20 versus CaO, in analyzed samples from Band Kong
and Shamd-e Dideban
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Fig 6: Bi-scatter plot in wt.% of (a): AI203 versus SiO2, (b): Fe203 versus SiO2, in analyzed samples from Band Kong
and Shamd-e Dideban
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