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Abstract
strac \

Glass can be defined as an inorganic melted product that has solidified without crg:aﬁzation. Glass-
making industry has an ancient history and background in Iran. In Sasamian petiod;*this industry along
with other industries attained a considerable development in manufacturing gechniques, designs and
decoration methods. Surprisingly, little has been published on the'detail of tec}}lologies they employed,
studies which have been accomplished are restricted to classification and typology of objects and artifacts
therefore this research tries to illuminate the unknown patts ofpthis industry by using archaeological
sciences and variation of statistical studies The particle indused \&sfay emission (PIXE) method is a
remarkable tool for the scientific investigation of cultural“heritage. Study of) glass-making structures in
Sasanian period at Tal-i Malyan -considering manufactuting techniques and raw materials- is the main
purpose of this research. Tal-i Malyan is locatednin Baiza)district of Fars province in Iran. It lies 43
kilometers west of Perspolis, near the western edge ofia arée intermontane valley system drained by the
Kur River, at an elevation of 1500 meters. Although firstjoccupied in the Jari period (5500 B.C.) or eatlier,
evidence of later occupation such as Sasaniafy, pottety kiln and coins found in burials demonstrate
Parthian and Sasanian settlement®s in Malyamy, Hetace a group of 26 glass object fragments from Tal-i
Malyan were selected as a case study in ord{r to analyze using PIXE method to determine the raw
materials and techpological aspects «of\ytheir pféduction and use. In addition, scanning electron
microscopy in combifation with enctgy dispersive Xtray microanalysis (SEM-EDS) images was used to
gain a better understanding about the Wweathering process and decoration details. Applying statistical
analysis such as cluster analysis has led to identify two glass recipes, different source of raw materials and
different produ€tion technolegies for manufacture of glass frit. The analytical data suggest that both soda-
lime-silicate and“potashslimessilicate were produced in this area. Furthermore iron and manganese
corltents show that the fu(nace temperature was mainly responsible for the development of green, blue
and bBlue-green“ucs, Also the presence of glass frits, quartz crystals and milky quartz indicate that the
glassmaking mapufagfuring was a common and domestic industry in Malyan.

Keywords: Glass, Sasanian Period, Tal-i Malyan, Archacometry, PIXE, SEM.
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Malyan Radiocarbon and Thermo luminescencegDates, 1971-1975(
Estimated Radiocarbon or Materiad Dates Operation
Dates Thermoluminescence Dates
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Table 2: The Descrigtio%f Malyan Analyzed Glass fragments
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Table 3: The soda-lime-silica fragments, first group, Malyan\Sife AN

samples Type Na,0 MgO Al,0; SiO, SO, Cl KO a0 TiO, Cr,0; MnO Fe,0O4
1 base 16.37 9.54 8.11 51.50 bd 0.48 347 9.16 0.15 bd 0.05 1.17
2 rim 11.33  7.45 6.74  60.08 bd 0.85 M50 67 0.16 bd 0.06 1.16
4 rim 9.39 5.65 6.93  59.27 bd 0.60 3.20, 11.6%, 0.6 bd 0.16 297
10 rim 16.30 5.38 484 55.80 bd 0%9 4.84 7.81 0.13 0.14 0.16 4.01
13 rim 1155 6.30 86  63.35 bd 0.34 3.25 4.52 0.12 bd 0.40 141
14 rim 7.47 4.13 9.71 70.50 bd hd N\ 2.93 2.62 0.36 bd 0.06 2.22
16 rim 1523  6.42 5.94 5986 bd 0}8 236 5.98 0.09 bd 0.20 3.64
17 rim 6.55 3.56 8.89 73.22 bd bd 4.80 0.86 0.24 0.05 0.02 1.81
19 body 16.26  5.19 414  60.84 hd 0.81 4.30 7.71 0.07 bd 0.04 0.64
20 body 12.60 7.17 6.81 61.3K bd 0.65 2.39 7.60 0.15 bd 0.05 121
22 rim 7 3.46 5.57 6&82 bd 1.05 339 1001 0.14 bd 0.04 1.52
23 rim 7.4 5.85 1N64) “63.47 bd bd 5.73 1.58 0.43 0.07 0.03 3.8

0 D (IS ol — s (gladind iladad ¢Lle dbgzes :F Jol>
T\hb} 4: The soda-lime-silica fragments, second group, Malyan Site

samples Type\ Na,0O MgO AlLO; SiO, SO Cl KO CaO TiO, Cr,0; MnO Fe)0O3

3 rima®y) 5.96 5.54 6.90 75.89 bd bd 3.24 0.78 0.19 0.02 0.08 1.40
5 base 4.93 4.98 740  69.19 bd bd 3.06 7.09 0.28 bd 0.04 3.03
6 rim 5.12 4.63 820 69.94 133 0.50 5.63 0.71 0.58 0.02 0.96 2.38
11 Fim 5.01 4.74 9.77 70.63 0.36 0.55 2.88 4.87 0.16 0.04 0.03 0.96
12 rim 5.21 bd 165 77.55 bd 1.15 2.85 7.72 0.11 bd 0.16 3.60
21 base 5.92 4.28 458 80.31 bd 0.14 2.15 181 0.11 bd bd 0.70

=5 sl 9 A=/ o 5 Jold [4,25] Yb Mg aojuie Lo pd b (sladins HMG @laad ,505 VY o)lasd dshad joa
3 9 AYIND oS5 awd 4D posuegl lise pSke (Figs 4-F JSi5) st 7+ /VF=Y o MgO/K20 s hyld o Y
LS Hsbds 3905 osalie HMG (slaains )3 |y puadS e )3 cglite ditwd 93 g5 0 & S5 p> ol Z8/F pg> atand
S sladiid 4 olesd Sl 508 w50 ()l g pled uaglie 350 yolaiads TN liee 4 postiagl]
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Table 5: The composition of Malyan samples in weight percent of the oxid

Samples Type $i0, Ti1,03 » ALO; Fe,0; MnO MgO CaO Na,O K,O SO, Cl Cr, 05
1 base 51.50 015 8.11 1.17 0.05 9.54 9.16 16.37 3.47 bd 048 bd
2 fm 60.08 0.16 6.74 1.16 0.06 7.45 7.67 11.33 4.50 bd 0.85 bd
3 fm 75.89 0.19 690 1.40 0.08 5.54 0.78 5.96 3.24 bd bd 0.02
4 fim 59.27 0.16 6.93 \N.c.w 0.16 5.65 11.67 9.39 3.20 bd 0.60 bd
5 base 69.19 0.28 740 3.03 0.04 4.98 7.09 4.93 3.06 bd bd bd
6 fim 69.94 0.58 8.20 2.38 096 4.63 0.71 5.12 5.63 1.33 0.50 0.02
7 fm 75.10 023 7.09 1.36 0.04 2.56 6.88 bd 5.84 bd 090 bd
8 body 84.85 0.30 3.95 1.91 0436 bd 0.65 bd 5.60 1.70 0.68 bd
9 base 81.29 022 6.32 1.61 0.15 1.82 2.66 bd 5.05 0.60 0.28 bd
10 fm 55.80 0.13 4.84 4.01 046 538 7.81 16.30 4.84 bd 0.59 0.14
11 fm 70.63 0.16 977 0.96 0.03 #..NA 4.87 5.01 2.88 0.36 0.55 0.04
12 fm 77.55 0.11 1.65 3.60 0.16 bd 7.72 5.21 2.85 bd 1.15 bd
13 om 63.35 0.12 8.76 1.41 0.40 6.30 4.52 .55 3.25 bd 0.34 bd
14 m 70.50 0.36 9.71 2.22 0.06 4.13 2628 747 2.93 bd bd bd
15 fit 72.10 0.50 9.7 544 0.53 2.30 4194 y bd 4.43 bd bd 0.06
16 im 59.36 0.09 5.94 3.64 0.20 6.42 5.98 15.23 236 bd 0.78 bd
17 im 73.22 0.24 8.89 1.81 0.02 3.56 0.86 6.55 4.80 bd bd 0.05
18 quratz pebble  95.02 003 2.04 0.31 bd 1.3 104 bd 0.26 bd bd bd
19 body 60.84 0.07 4.14 0.64 0.04 5.19 7.71 16.26 #.WO\ bd 0.81 bd

20 body 61.37 0.15 6.81 1.21 0.05 717 7.60 12.60 2.39 bd 0.65 bd
21 base 80.31 0.11 4.58 0.70 bd 4.28 1.81 592 2.15 bd 0.14 bd
22 fm 67.82 0.14 557 1.52 0.04 3.46 10.01 7 3.39 TK 1.05 bd
23 m 63.47 043 11.64 3.8 0.03 5.85 1.58 7.4 5.73 bd bd 0.07
24 base 27.43 025 3.46 2.36 bd bd 64.65 bd 1.49 bd 0.36 bd
25 m 84.28 0.28 5.78 1.55 0.31 1.31 047 bd 5.31 043 0.28 bd
26 crystal 99.70 bd bd bd bd bd bd bd 0.30 bd bd bd

“bd (below detect) obsb s> 5 5wl

" tim 4J, base S, body.aiu
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CaO TiO, Cr,0; MnO Fe,0O3

7 rim bd 2.56 7.09 .10 bd 6.88 0.23 bd 0.04 1.36
8 body bd bd 395 84 1.70 .68 5. 0.65 0.30 bd 0.36 191
9 base bd 1.82 6.32  81.29 "3,0.60 0.28 5.05 2.66 0.22 bd 0.15 1.61
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