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Abstract

Glass can be defined as an inorganic melted product that has solidified without crystallization. Glass-
making industry has an ancient history and background in Iran. In Sasanian period, this industry along
with other industries attained a considerable development in manufacturing techniques, designs and
decoration methods. Surprisingly, little has been published on the detail of technologies they em-
ployed, studies which have been accomplished are restricted to classification and typology of objects
and artifacts. Therefore, this research tries to illuminate the unknown parts of this industry by using
archaeological sciences and variation of statistical studies. The particle induced X-ray emission spec-
troscopy (PIXE) is a remarkable tool for the scientific investigation of cultural heritage. Study of glass-
making structures in Sasanian period at Tal-1 Malyan -considering manufacturing techniques and raw
materials- is the main purpose of this research. Tal-i Malyan is located in Baiza district of Fars prov-
ince in Iran. It lies 43 kilometers west of Persepolis, near the western edge of a large intermountain
valley system drained by the Kur River, at an altitude of 1500 meters. Although first occupied in the
Jari period (5500 B.C.) or earlier, evidence of later occupation such as Sasanian pottery kiln and coins
found in burials, demonstrate Parthian and Sasanian settlements in Malyan. Hence, a group of 26 glass
object fragments from Tal- Malyan were selected as a case study in order to analyze them using PIXE
method to determine the raw materials and technological aspects of their production and use. In ad-
dition, scanning electron microscopy in combination with energy dispersive X-ray microanalysis
(SEM-EDS) images was used to gain a better understanding about the weathering process and deco-
ration details. Applying statistical analysis such as cluster analysis has led to identify two glass recipes,
different source of raw matertials and different production technologies for manufacture of glass frit.
The analytical data suggest that both soda-lime-silicate and potash-lime-silicate were producing in this
area. Furthermore, iron and manganese contents show that the furnace temperature was mainly re-
sponsible for the development of green, blue and blue-green hues. Also, the presence of glass frits,
quartz crystals and milky quartz indicates that the glassmaking manufacturing was a common and
domestic industry in Malyan.
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Fig; 1: Aerial view of Malyan (Anshan) in relation to other
ancient sites of the region (www.archatlas.dept.shef.ac.uk)
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Table 1: Radiocarbon Dating of Sassanian Kiln, Tal-i-Malyan

Malyan Radiocarbon and Thermo luminescence Dates, 1971-1975

Estimated Radiocarbon or Materiad Dates Operation
Dates Thermoluminescence Dates
A.D 300 SASANIAN Charcoal X65
P2185 1690150 Kiln Floor X65
(PT 359.C A.D 290%150) Brick from kiln X65
(PT 359.D A.D 380£150) Sherd X065
(PT 359.E A.D 250+175)
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Table 2: The Description of Malyan Analyzed Glass fragments

ak

No.| Type |Munsell Colour| No. of Bubbles Descriptions Drawing Photo
1] base | GLEY17/2 30- medium and 'Black impurities \ 5 Y
large in shape of spots _ '
[
Black impurities — —
2| rim | GLEY18/2 4-large in shape of \ }
spots e 3=
3| tfim | GLEY17/2 | wasnotobserved _ ! !
4 | tim GLEY17/1 was not observed '
BG - sl
Black impurities :
5 | base | GLEY15/2 | was not observed in shape of \ :5 /
spots . o e
h
6 | rim GLEY1 7/2 | was not observed B \ i '
[ 1 2em
Black impurities .
7| tm | GLEY17/2 7- large in shape of . !
spots —
s
/ ) [
8 | body | GLEY18N | was not observed _ / | |I|
—_ II|II|
9 | base | GLEY17/2 | was not observed B d
10 | rim _ was not observed _ A
e
11| tim 5Y7/8 | was not observed B \ : I
. % e
12 T
base | GLEY1 7/2 | was not observed _ \ i ,
° 1 2cm
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No.| Type |Munsell Colour| No. of Bubbles Descriptions Drawing Photo
13| fim 5Y 8/2 was not observed _ \ :
\ : ]
14| rim GLEY1 8N | was not observed |
° i e
15 g;:ists GLEY17/2 | was not observed
16 | rim _ was not observed " ' i
—_ )
17| tim 5Y 7/8 was not observed E /
[ 1 2am
18 | crystal | GLEY17/2 | was not observed
19 | body 5Y 8/2 was not observed |  relief pattern
. ) Yem
10 —large
20 | body | GLEY18N and reh.ef pattern
many ultrafine | cutting pattern
bubbles : v T
21| base | GLEY1 8N | was not observed _ !
o 1 lom
22| rim | GLEY18/2 | was not obsetved _ i
o 1 2em
23| rim GLEY1 7/2 | was not observed .Black Impuritics
in shape of spots
L e
24| base | GLEY17/2 | was not observed _ u
e R
25| rim 5Y 8/2 was not observed _ n
' 1 lsm
26 | crystal _ was not observed _
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Table 3: The soda-lime-silica fragments, first group, Malyan Site in in weight percent wt%

samples Type Na,0O MgO AlLO; SiO, SO, Cl KO CaO TiO, Cr,0; MnO Fe,0,4
1 base 16.37 954 811 5150 bd 048 347 916 015 bd 005 117
2 rim 1133 745 6.74 60.08 bd 085 450 767 0.16 bd 006 116
4 rim 939 565 693 59.27 bd 060 320 11.67 0.16 bd 016 297
10 rim 16.30 5.38 484  55.80 bd 0.59 4.84 7.81 0.13 0.14 0.16 4.01
13 rim 1155 630 876 63.35 bd 034 325 452 012 bd 040 141
14 rim 747 413 971 7050 bd bd 293 262 036 bd 006 222
16 rim 1523 6.42 594  59.36 bd 0.78 2.36 5.98 0.09 bd 0.20 3.64
17 rim 655 356 889 7322 bd bd 480 086 024 005 002 181
19 body 1626 519 414 60.84 bd 081 430 771 007 bd 004 064
20 body 1260 717 6.81 61.37 bd 065 239 760 015 bd 005 121
22 rim 7 3.46 557 67.82 bd 1.05 339 1001 0.14 bd 0.04 1.52
23 rim 7.4 585 11.64 63.47 bd bd 573 158 043 007 003 3.8
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Table 4: The soda-lime-silica fragments, second group, Malyan Site in in weight percent wt%

samples Type Na,0O MgO AlL,O; SiO, SO; Cl KO CaO TiO, Cr,0; MnO Fe,0;4
3 rim 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 rim 5.01 474 9.77 70.63 0.36 0.55 2.88 4.87 0.16 0.04 0.03 0.96
12 rim 521 bd 165 7755 bd 1.15 2.85 7.72 0.11 bd 0.16 3.60
21 base 5.92 4.28 458 8031 bd 0.14 2.15 181 0.11 bd bd 0.70
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Fig; 3: NaxO vs. CaO concentartion in soda-lime-silica glasses
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Table 6: The potash-lime-silica fragments, Malyan Site in weight percent wt%o

samples Type Na,0O MgO Al,O; SiO, SO, Cl KO CaO TiO; Cr,0; MnO Fe,0,

7 rim bd 2.56 7.09 75.10 bd 0.90 5.84 6.88 0.23 bd 0.04 1.36
8 body bd bd 395 8485 170 0.68 560  0.65 0.30 bd 0.36 1.91
9 base bd 1.82 6.32 8129 0.60 0.28 5.05 2.66 0.22 bd 0.15 1.61
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