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Abstract

Investigation of scientific archaeological excavation reports in Iran indicated that these excavations
yielded a large number of fragments of glass objects from many archaeological sites, but a very limited
number of preliminary studies on elemental analysis of a few Iranian glass objects have been
published. Also, a literature survey on pre-Islamic glass objects (especially from Parthian and Sasanian
epoch) indicates that there are only a few studies on a limited number of Sasanian and Parthian glasses
from Iraq, too. However, a systematic analysis of the Parthian glasses artifacts from Iran is still
missing and until now, no reports has been reported about the chemical composition of Parthian
glasses from Iran. Therefore, for the first time, the chemical composition of Parthian glass objects
from the Shaur Palace at Susa in Khuzistan Plain have been consideted. Shaur Palace locates at the
west of the ancient site of Susa, next to Shaur River, Khuzestan province, south-west of Iran. It has
been excavated by a joint French-Iranian team since 1970 to 1976. There were recognized three
Islamic, Parthian, and Achaemenid strata. In this work, 21 glass objects date back the Parthian period
were analyzed by Micro- PIXE technique in order to measure the constituent elements and to
investigate the types of glass and raw materials used in the manufacturing recipe. The micro-PIXE
measurement was performed with scanning proton microprobe system manufactured by Oxford
Instruments using the 3 MV Van de Graaff accelerators at the Nuclear Science & Technology
Research Institute in Atomic Energy Organization of Iran. The samples were analyzed in a vacuum
chamber using a beam of 2.5MeV 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-Ka. Analyzed samples were fragments of the body, rim,
bottom, and handle of vessels such as bowls, bottles and beakers. They were generally green with a
nacreous coating, resulted from surface corrosion due to long-term burial in the soil. Also, 90% of
glass objects manufactured at Shaur Palace were manufactured on free blowing method and most of
them were plain and undecorated. Elemental analysis of the glass artifacts by micro-PIXE indicated
that the constituent elements of the samples are sodium, magnesium, aluminum, silicon, phosphor,
sulfur, chlorine, potassium, calcium, titanium, manganese, and iron, with different concentration and
weight percent percentage (wt%o). Determination and measurement of each of these elements respond
to questions raised about the technology, type of the glass and raw materials of manufacturing recipe.
The micro-PIXE analysis showed that these samples are mainely composed of SiO2 (63-65 wt %),
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NayO (13-18 wt %) and CaO (6-8 wt %). Consequently, all these samples are Silica- Soda- Lime glass
type. However, the amounts of magnesium oxide (MgO) and potassium oxide (KoO) in all analyzed
samples were more than 2.5wt%, where their contents vary between 2.5 to 5wt%, and 2.5 to 4.5wt%,
respectively. Therefore, it is was clear that the ashes obtained from halophytic plants are considered as
supplying source for soda in these glasses, so these glasses are Plant ash Silica- Soda- Lime type.
Morteover, the micro-PIXE results clearly revealed that in the manufacturing of all shaur glass objects
the same sources of silica and plant ashes have been used. In addition, the strong linear correlation of
minor elements in the samples indicated that colorants and decolorizing agents have not been
intentionally added in the manufacturing process.
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Fig. 1a: Map showing the location of the historical sites in Iran, Mesopotamia, and western territories
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Fig. 1b: Location of Shaur Palace at Susa with more details|[14]
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Fig. 1c: View of Shaur palace after excavation
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Table 1: Technical features of Parthian glasses of Shaur Palace

tall body

3y ) o3l 55 S8 Ggaiofes | NoO
Decoration Manufacturin Size (cm) Color Form Samples
g method Namber
ool 3T oased Y0 ks jlad & il Saw B 03,955 (59,0 4 A gk CH.71-897.9 1
Plain Free Blowing ¥ s Green Jsis
Length: 9, Opening Bottle, outward beveled
Dimension: 2.5 rim, peatl-like body
Based Dimension: 3
29% 039381 5ol SHEXW VI¥ g0 slatl Joo | TSy g 4 &d g | CHLTLT821 | 2
oS Free Blowing Y ialas o Green &owd
Augmented strips Length: 2.4 Bottle, beveled rim, traces
around neck Opening Diameter: 7 of handles
o2l R ¥ g0 (sl oo | % ome g o 4 & syl | CHL74-2081-61 3
Plain Free Blowing PIY by jlad Green | S JS Y8 sy aniS y y9
Length: 4.3 a
Opening Diameter: 3.2 Bottle, outward then
inward rim, pearl-like
body, traces of handle
oslw 53T e YIY 990 (gliidy jom 83505 (PS5 (5ol CH.76- 4
Plain Free Blowing Length: 3.3 Green Bottle, neck, vertical 2902.18
o3l A oaged VIA 2990 stk s | 0xSly sl hygp ol is | CHLTO- >
Plain Free Blowing YI0 S b Green JSs M5 ay 290214
Length: 2.8 Base, deep, trace of clamp,
Based Dimension: 3.5 pearl-like body
o3lw .»l)"l 0ds0d V¥ 29250 (laidy jo Sy gl caidyg 8 ¢ g jkay S CH.76-2883.1 6
Plain Free Blowing YI0 S b Green JSis oM wiy
Length: 1.4 Base, deep, trace of clamp,
Based Dimension: 3.5 pearl-like body
sl 03938 claly | oljT eaed V¥ 9290 il e | exSly sl sl gl is | CHIT3-1142214 7
Augmente.d Free Blowing YI0 S b Green Al b 4 03938l lgs
circular strips Length: 1.4 Base, deep, trace of clamp,
Based Dimension: 3.5 augmented strip as leg
L;9.'oll> mj)‘él dl.a:)ly bl)‘] XS V¥ D> g0 sk jo ‘o);|9 sl dl)b ‘d)la.g S CH.70-273.1 8
S g & () Free Blowing F/0 S b Green Al b 4 03938l lgs
Augmented Length: 1.4 Base, trace of clamp,
circular strips on Based Dimension: 4.5 augmented strip as leg
body and base
n\;l;) dL} L 039)‘51 )195 bl)-l 0440 ¥ s )ld: Al D9>g0 dL\J.a s ‘o);|9 ‘_51> ‘_51)‘3 (‘5)]0). S CH.70-187.1 9
Augmented strip as | Free Blowing Length: 1 Green ab sl 4 03938l s
leg Based Dimension: 4 Base, trace of clamp,
augmented strip as leg
b sl 4By | ol e VP t3g2ge ol b | oxSly sl b ey is | CHT3-TIBO.T | 10
Augmented strip as | Free Blowing AR Green ab b 403958l g
leg Length: 1.6 Base, trace of clamp,
Based Dimension: 3.3 augmented strip as leg
ol 33T e FIN 3550 (glids S| @Sy e 4 Sulad @wls CH.71-820.1 | 11
Plain Free Blowing V[0 :ailns ylad light 04l (g9 o Ay
Length: 6.8 buff Bowl, semi internaly
Opening Dimension:10.5 curved rim, semi round

e dodio 40 ol dold]

or |

19V gliwwli g ylgr «Jgl 0loshs (o lg2 JLw




oS5 b b, ol 5, Jss Lgei oyless | NO
Decoration Manufacturin Size (cm) Color Form Samples
g method Namber
o3l 3T osed FIV dgg0 gliily e | A e 4 odyes b ad wuls | CH76-29024 | 12
Plain Free Blowing V0 el las Green Ll
Length: 4.3 Bowl, outwardly curved
Opening Dimension:11.5 rim, oblique body
4 p; (goils 0343l)l5 3T osed FI0 deg0 gliily g B gy 4 0dyes U ad wly K\IRYRY 13
Augmented Free Blowing V- /0 il lad Green Jblo
circular anp under Length: 4.5 Bowl, outwardly cutved
fam Opening Dimension:10.5 rim, oblique body
4 5 gl o3g38lls5 | Sl e B 390 sliil Jeo | S eoem 4 on badally | CH76-2905 1 14
Augmented Free Blowing Ve calns o Green e
circular strip under Length: 5 Bowl, outwardly curved
fm Opening Dimension: 10 rim, oblique body
4 p; goils 03538l)l5 35T oased ¥IY 2490 (gliids g B gy 4 odyes U ad wly CH.76-2902.9 | 15
Augmented Free Blowing V5 cailes Lo Green Lo
circular strip under Length: 4.7 Bowl, outwardly curved
fm Opening Dimension: 16 rim, oblique body
aJ 5 ol 034381155 53T oo O/V:d93 50 (gliidy g QLS 5y 90 4 (Sl ad cawls’ CH.76-2902.2 | 16
Augmented Free Blowing V)il o Green Llo iy
circular sFrlp under Length: 5.2 Bowl, inwardly curved
fm Opening Dimension: 11 rim, oblique body
4 03938 (sl Saal 35T oo NY:Ik o IS (K55 4% (a4 cwls’ CH.71-781.1 | 17
ale #5315 iy y90 Free Blowing VV/0:alas jlad Green | Bowl, outwardly curved
. .. . . rim, bell-like body
ool S yed (S8l Y0 s jlas y
A ;5 ssils o> ' Length: 8.?)
Augmented knobs Opening Dlmen.slon:l 1.5
around the body, Based Dimension: 3.5
and pinched
hachures around
base, linear cuts
under rim
ol 33T e AY 239550 (slaily e oduad g lo a5y cally CH.76- 18
Plain Free Blowing Length: 8.2 Green | Bowl, oblique and curved 290217
body
whatel 03938 clalgs 313l odge 8023590 (sl J S5 43 Sally CH.70-345.1 | 19
Irregular Free Blowing Length: 5.5 Green | Bowl?, semicircular body
augmented sttips
o3l 33T e Vo /Diailndylad Didgmge ghily | g | RISy yopm 4 Sl ad (e | CH71-8121 | 20
Plain Free Blowing Length: 5 Green S3gas By
Opening Dimension:10.5 Beaker, little outwardly
curved tim, vertical body
55 goils 03938 Jlgi | il oased B/F:395 g0 (sl Sl | sy e & Sulad oled | CH71-817.1 1 21
ad Free Blowing V[0 a5l lad light odal y &y
Circular augmented Length: 5.6 buff Beaker, little outwardly
strips under rim Opening Dimension:10.5 curved 1im, knob body
179V gLl g ylg «J9l 6 losh «oylg2 Jlw | o
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Fig. 2: Photos and drawing of analyzed samples (continued)

ol ey g 70 51 a8 Lol polie (35 o)l s
Ol 4 a2 b onlple sl 70 Ve gy oS
(standard  )Luxe B8lyzl da 5 ,u503l0] 40 39590 (sllas
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Fig. 2: Photos and drawing of analyzed samples (continue)
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Table 2: The results of elemental composition in analyzed samples in weight percent (wt. %) as oxides form

Samples Nazo IVIgO A_1203 Si02 PzOs SO3 Cl I{zo CaO TiOZ Cr203 MnO F€203
S1 1712 254 3.22 69.17 053 030 075 249 280 014 nd 0.04 0.91
S2 1627  3.77 3.32 63.00 037 026 078 397 697 017 nd 0.05 1.01
S3 15.54  3.86 3.59 6299 040 016 0.88 356 758 017 0.03 0.04 1.11
S4 16.06 498 2.07 63.68 041 018 092 3061 697 006 004 0.04 0.64
S5 14.88 438 3.2 6441 042 024 087 394 0673 007 0.02 0.03 0.68
S6 16.03 498 2.89 63.37 050 028 088 3060 646 010 nd 0.04 0.83
S7 17.31 410 2.65 6346 062 023 110 302 0664 013 nd 0.03 0.65
S8 15.74 450 2.78 6345 040 030 086 343 715 0.1 n.d 0.06 0.74
S9 13.79  2.60 6.01 6420 038 032 091 350 o646 011 0.14 0.05 1.34
S10 1531  3.27 3.25 6445 042 023 093 404 0687 016 nd 0.04 0.93
S11 15.65  4.50 3.43 63.66 048 023 076 223 738 013 nd 0.65 0.83
S12 1649  4.88 2.58 6342 051 021 0.82 380 653 005 0.04 0.03 0.61
S13 15.83  4.62 3.44 6292 026 025 089 3.63 703 007 nd 0.06 0.79
S14 14.85 496 2.51 6481 072 028 0.85 390 0644 007 nd 0.03 0.57
S15 16.57  4.82 2.95 63.13 045 031 0.77 359 657 007 004 0.03 0.63
S16 15.77  4.64 2.87 6452 048 028 0.83 374 0612 006 0.02 0.02 0.54
S17 13.77  3.86 6.90 64.09 nd 024 0.68 285 521 018 nd 0.06 1.52
S18 15.80  4.83 2.18 6420 036 026 0.87 392 0682 007 nd 0.03 0.66
S19 15.66  3.27 3.36 6508 038 022 082 362 646 016 003 0.03 0.86
S20 1541 333 3.45 6374 051 027 0.87 351 759 018 nd 0.04 1.05
S21 n.d 0.96 6.37 81.55 0.76 0.72 076 478 077 038 nd 0.09 2.19
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Fig. 3: Scatter plot of wt. % of SiO; versus Al,O3 in analyzed sample from shaur
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Fig. 4: Scatter plot of wt. % of Fe2Oj3 versus Al,Oj3 in analyzed sample from shaur
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Fig. 5: Scatter plot of wt% of NaxO versus KO in analyzed sample from shaur
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Fig. 7: Scatter plot of wt. % of MgO versus CaO in analyzed sample from shaur
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