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Abstract

Exploring the Biregan is part of the rescue stage of the ancient sites behind the dam and Kouhrang
third tunnel. Several exploration stages have been conducted in this area, that excavated in 2012 by
Ahmed Azadi, an archacologist at the Archeological Institute, and one of the ancient sites in the
region is named KR385, attributed to the late Bronze Age and FEarly Iron Age. Archaeological
investigations in this region were began in 2007 and during which Tens of ancient sites and
numerous historical objects were discovered. The enclosure KR385 in the region of Biregan in the
Kouhrang city of Chaharmahal and Bakhtiari province was identified in the third season of the
archaeological survey of Kouhrang city in 2010, and a number of metallic and clay works were
obtained from graves no 1 and 2. The metalwork obtained from this ancient site from ancient
archacological and metallurgical point of view is an interesting example. In this paper, five metallic
objects of copper - alloy included pendants in the form of bird, pendants and stamped stamps in
the form of headdresses, decorative pendants, arrowhead and pins are investigated. In this study,
experimental tests and instrumental analyzes including radiography, metallography, SEM-EDS,
Micro-PIXE were used to determine the type of alloy, chemical composition and manufacturing
technique of objects. The alloy composition of the objects obtained according to the elemental
analysis showed that the main elements in the KR-1, KR-2, KR-4 and KR-5 samples include copper
and tin (tin with different percentages), and the main elements of the KR-3 sample contains copper
and arsenic, which represents the construction of these objects from bronze and arsenic copper.
According to the results of the analysis of inclusions and phases, the main elements of dark gray
phases, i.e., points A, include copper and sulfur, and significant amounts of lead, especially in KR-1,
KR-2, and KR-5 samples, followed by oxygen has it. Other elements with a low percentage
(between 1 and 3%) are identified at these points. The result is that these points A are sulfide
inclusions. the main elements black dots (points B), are copper, oxygen, sulfur and tin. Due to the
high oxygen content, these points are copper oxide. Regarding to the micrograph in as polished
samples, in some places the pseudo-structure of the dendrites was seen in black, this type of
structure is known as a trace-structure or ghost-structure that in patina layer many of ancient
bronzes are in the form of dendrites or corrosion grains has been seen. The dendritic structure and
o + & eutectic in KR-1 and KR-2 samples, and the presence of strain lines, grains crystallized and
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the twin lines in KR-3 and KR-4 samples showed that the formation of the objects of this ancient
site of operations Metalworking including casting and hammering are used. Radiographic results
show that these objects lack decorative and attach, and the absence of the connection represents an
integrated construction. The X-ray radiography of the studied objects shows no evidence of joining
or welding of different parts on them.

Keywords: Biregan of Kouhrang, Tin bronze, Arsenical copper, Metallography, Hammering,
Casting
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Fig. 2: Metal objects studied, from right to left and from top to bottom: samples KR-1, KR-2, KR-3, KR-4 and KR-5
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Fig. 3: Radiographic image of samples: a) KR-1, b)KR-
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Table 1: Results of micro-PIXE analysis of samples in term (Wt%)

Element Cu Sn As Pb Fe P Ag S Cl Si Zn Al
KR-1(unpolished) | 36.55 | 55.84 | 0.13 | 0.39 | 2.63 | 0.68 | 0.27 | 0.35 0.33 324 | 022 | 0.36
KR-2(unpolished) | 39.43 | 48.62 | 0.25 | 0.00 | 6.15 | 1.05 | 0.00 | 0.15 0.35 314 | 034 | 0.52

KR-3(polished) 96.08 0.00 | 1.75 | 0.00 | 0.24 | 0.00 | 00.0 | 1.08 0.08 0.53 | 0.24 | 0.00
KR-4(polished) 82.02 | 14.62 | 0.00 | 0.00 03 | 058 | 02 | 0.16 0.16 1.59 | 037 | 0.00
KR-5(polished) 87.38 936 | 031 | 029 | 012 | 0.66 | 0.11 | 0.21 0.06 1.2 0.3 | 0.00
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Fig. 4: optical microscopy micrography of the samples before etching. A and B: sample KR-1, C and H:sample KR-2
containing sulphide inclusions and Ghost Structure, D: sample KR-3, KR-4, KR-5 sample including sulphide inclusions
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Fig. 5: Optical microscopy micrography of samples after etching. a) Sample KR-1; b) sample KR-2 (x + & eutectic
structure); ) sample KR-3; d: sample KR-4; sample KR-5 (grains crystallized and the twin lines)
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Fig. 6: SEM-BSE micrograph of inclusions in the studied samples. A and B are different impurity particles whose

chemical composition is presented in Table 2 The samples from right to left and top to bottom, respectively: KR-1 (A
and B), KR-2 (C), KR-3 (T and E, KR-4 (C), KR- 5 (d and ¢)

39 2oy 4l adllasdyge (5316 bl sla JBT SEM-EDS 3JUT ol ¥ Jgu
Table 2: Results of SEM—EDS analysis of inclusions in studied samples (wt%o)

Element O Al S Cl Fe Cu 7Zn As Sn Sb Pb Bi

KR1-A 13.8 3.64 | 29.78 | 2.48 0.38 27.83 | 0.00 | 2.42 3.14 1.48 | 20.72 | 0.00
KR1-B 2513 | 875 | 13.72 | 4.84 9.98 9.71 0.00 594 | 1524 | 2.14 0.29 4.26
KR2-A 5.79 273 | 29.54 | 2.30 1.04 30.19 | 0.00 | 1.94 2.49 1.44 | 2254 | 0.00
KR2-B 1829 | 4.09 | 1225 | 2.32 0.00 4482 | 0.85 | 3.29 6.79 1.20 6.10 0.00
KR3-A 9.07 535 | 1257 | 3.61 0.69 45.65 | 0.00 | 7.74 3.36 2.15 6.51 3.00
KR3-B 31.83 | 5.56 8.00 3.59 0.11 3747 | 0.00 | 4.44 3.14 1.77 1.07 3.02
KR4-A 4.99 242 21.08 | 1.25 0.69 57.51 | 0.00 | 1.85 2.11 0.79 5.85 1.46
KR4-B 9.27 5.76 2.26 2.25 0.19 66.82 | 0.00 | 4.81 5.96 0.79 0.00 1.89
KR5-A 6.18 327 | 29.67 | 2.26 0.00 30.73 | 0.00 | 2.32 2.32 1.40 | 21.85 | 0.00
KR5-B 27.20 | 3.05 2.49 210 | 3724 | 1791 | 0.00 | 253 4.44 1.09 0.00 1.95
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Fig. 7: SEM-BSE micrograph of analyzed samples and layers. The samples from right to left and top to bottom,are respectively: KR-1(a), KR~
2(b), KR-3(c), KR-4(d), KR- 5(e)
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Table 3: Results of SEM—EDS analysis of corrosion layers in Biregan Kouhrang studied samples (wt%o)

Element O Al S Cl Fe Cu Zn As Sn Sb Pb Bi
KR1-A1 | 2.01 | 0.04 | 0.00 | 0.00 | 47.38 | 32.12 | 541 | 0.04 | 12.73 | 0.27 | 0.00 | 0.00
KR1-A2 | 594 | 0.00 | 0.52 | 1.32 | 4.05 521 | 0.00 | 0.00 | 81.29 | 0.98 | 0.00 | 0.78
KR1-B | 1520 | 2.65 | 2.69 | 3.70 | 0.00 | 51.74 | 0.00 | 1.30 | 20.32 | 1.95 | 0.00 | 0.45
KR1-C | 1632 | 0.18 | 0.00 | 0.13 | 27.11 | 4597 | 9.27 | 0.24 | 045 | 0.18 | 0.00 | 0.15
KR1-D 281 | 1.03 | 346 | 147 | 0.00 | 59.85 | 0.00 | 1.02 | 28.94 | 1.29 | 0.00 | 0.13
KR2-A1 | 1520 | 1.06 | 1.95 | 1.93 | 0.07 | 26.79 | 0.00 | 1.71 | 48.34 | 1.37 | 0.00 | 1.85
KR2-A2 | 36.28 | 1.24 | 241 | 213 | 0.00 423 | 0.00 | 2.71 | 4894 | 0.82 | 0.00 | 1.23
KR2-B 9.01 | 1.31 | 3.18 | 3.28 | 0.00 | 42.24 | 0.00 | 3.44 | 35.12 | 1.34 | 0.00 | 1.08
KR2-C | 7495 | 1.81 | 429 | 2.71 | 0.19 6.04 | 037 | 249 | 557 | 1.38 | 0.00 | 0.20
KR2-D 577 | 1.53 | 338 | 460 | 0.00 | 59.87 | 0.00 | 1.46 | 20.40 | 1.98 | 0.00 | 1.01
KR3-A | 3218 | 2.07 | 472 | 3.37 | 0.00 | 46.57 | 0.00 | 5.64 | 2.78 | 1.82 | 0.00 | 0.85
KR3-B | 4451 | 1.60 | 538 | 549 | 0.52 | 31.57 | 0.00 | 4.42 | 3.30 | 1.90 | 0.00 | 1.31
KR3-C | 38.73 | 3.35 | 550 | 4.01 | 0.00 | 37.70 | 0.00 | 6.69 | 2.61 | 0.65 | 0.00 | 0.76
KR3-D | 29.03 | 1.68 | 6.00 | 6.26 | 0.12 | 46.69 | 0.00 | 418 | 1.59 | 1.73 | 0.85 | 1.87
KR4-A | 40.37 | 392 | 205 | 1.68 | 0.11 | 32.16 | 0.00 | 2.76 | 16.26 | 0.26 | 0.00 | 0.43
KR4-B | 30.36 | 2.69 | 3.61 | 2.14 | 0.06 | 45.83 | 0.00 | 3.57 | 10.30 | 0.36 | 0.00 | 1.08
KR4-C | 47.20 | 212 | 4.06 | 2.03 | 0.00 | 28.21 | 0.00 | 0.01 | 1611 | 0.15 | 0.00 | 0.11
KR4-D 3.05 | 1.02 | 2.88 | 2.80 | 0.00 | 79.06 | 0.00 | 2.38 | 6.42 | 0.72 | 0.00 | 1.67
KR5-A | 27.89 | 295 | 292 | 290 | 0.00 | 28.45 | 0.00 | 0.53 | 33.32 | 0.32 | 0.00 | 0.72
KR5-B | 1559 | 1.88 | 355 | 3.17 | 0.04 | 54.60 | 0.00 | 1.44 | 17.09 | 1.84 | 0.00 | 0.80
KR5-C | 3592 | 293 | 3.04 | 228 | 0.19 | 19.75 | 0.00 | 2.91 | 30.56 | 1.08 | 0.00 | 1.34
KR5-D | 11.95 | 2.07 | 3.76 | 3.97 | 0.05 | 58.72 | 0.00 | 1.25 | 16.15 | 1.81 | 0.00 | 0.32
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1. Noble Patina

2. Micro-PIXE= Proton Induced X-ray
Emission spectroscopy in micron scale
3. Leaching

4. Backscattered Electron
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