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Abstract

There are remains of an ancient city-state at a valuable site from the Bronze Age in Shahr-e Sukhteh, in, 56 km
from Zabul in Sistan Baluchistan province. In the excavations of the cemetery of this area, which was carried
out under the supervision of SeyedSajjadi in Shahr-e Sukhte base, metal artifacts were found. During
excavations, 13 metal samples were obtained from one of the graves, four of which were examined and studied
in this research. The goals of this research include the study and investigation of the manufacturing methods,
microstructure, and composite elements, as well as identifying the corrosion process and investigating the
presence of active corrosion on the obtained artifacts. For this purpose, Scanning Electron Microscopy /
Energy Dispersive Spectroscopy (SEM-EDS) and X-ray diffraction (XRD), Metallography, Radiography, were
used. Arsenic was detected in the results, along with zinc and lead. It can be inferred that, based on the elemental
composition, the studied samples are relatively similar and probably originated from the same source. However,
due to relatively high corrosion, this conclusion cannot be confirmed with certainty. The microstructural
examination showed fine grain size and signs of hammering and annealing. Additionally, pathological
investigations revealed holes and inclusions, and corrosion products such as Cuprite, Malachite, Paratacamite,
and Atacamite were identified using XRD.
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Cu Pb Zn Si S As (@] Cl Al Fe K C Ca

A 96.01 0.00 0.64 0.24 0.36 2.49 0.00 0.46 0.00 0.00 | 0.00 0.00 0.00

B 54.99 1.18 0.82 | 0.21 0.76 | 24.62 | 16.93 0.49 0.00 0.00 | 0.00 0.00 0.00

C 7.18 63.16 | 0.25 0.27 0.40 | 1544 | 12.81 0.49 0.00 0.00 | 0.00 0.00 0.00
D 80.67 1.25 0.89 0.09 0.07 0.18 15.13 1.71 0.00 0.00 | 0.00 0.00 0.00
E 79.03 1.25 0.78 | 0.00 | 0.00 0.27 16.27 0.79 1.62 0.00 | 0.00 0.00 0.00

F 51.97 1.57 0.57 | 0.08 | 0.09 0.53 29.03 | 16.10 0.07 0.00 | 0.00 0.00 0.00

G 34.43 1.83 0.34 | 495 0.06 6.50 36.69 | 10.32 1.79 0.45 | 0.61 0.00 2.03
H 0.62 0.00 0.38 | 33.84 | 0.00 1.02 57.34 0.00 4.64 0.74 | 143 0.00 0.00

1 4.06 0.00 | 0.00 | 0.00 | 0.00 0.00 19.61 0.24 12.82 | 0.77 | 0.00 | 62.49 | 0.00
BULK | 82.47 1.49 0.36 0.12 0.09 1.24 12.60 1.17 0.00 0.00 | 0.00 0.00 0.00
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SEM MAG: 300 x
WD: 14.88 mm
Date(ml/dly): 05/24/21 | View field: 482 pm

SEM HV: 15.0 kV
Det: BSE

100 pm

MIRA3 TESCAN

RAZI FOUNDATION
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SEM MAG: 1.50 kx
WD: 14.79 mm

Date(ml/dly): 05/24/21 | View field: 96.3 pm

SEM HV: 15.0 kV
Det: BSE

20 pm
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RAZI FOUNDATION
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Cu Pb 7Zn As Si S O Cl Al K Mg Ca Fe
A 8399 | 0.00 | 0.65 | 000 | 005 | 015 | 1505 | 0.0 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
B 5165 | 231 | 054 | 055 | 015 | 0.00 | 29.69 | 1511 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
C 1520 | 5229 | 044 | 1175 | 017 | 0.00 | 1578 | 430 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
D 5184 | 219 | 052 | 112 | 010 | 024 | 2929 | 1471 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
E 136 | 000 | 034 | 084 | 2567 | 037 | 49.82 | 030 | 937 | 11.92 | 0.00 | 0.00 | 0.00
F 2541 | 000 | 048 | 1.19 | 13.64 | 045 | 4287 | 669 | 1.57 | 412 | 0.83 | 1.74 | 1.01
G 116 | 000 | 0.00 | 000 | 39.90 | 0.00 | 5894 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00
BULK | 7412 | 118 | 091 | 020 | 0.06 | 0.0 | 1831 | 3.21 | 1.91 | 0.00 | 0.00 | 0.00 | 0.00
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SEM MAG: 40 x \ SEM HV: 15.0 kV I MIRA3 TESCAN SEMMAG:500x | SEMHV:15.0kV MIRA3 TESCAN

WD: 14.31 mm \ Det: BSE 1mm 'WD: 14.30 mm Det: BSE 50 pm
Date(m/dly): 05/24/21 | View field: 3.61 mm RAZI FOUNDATION Date(midly): 05/24/21 | View field: 289 ym RAZI FOUNDATION
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Cu Pb Zn Si S O As Al Ca Cl Fe K
A 95.70 0.00 0.88 0.33 0.26 0.00 2.59 0.00 0.00 0.24 | 0.00 | 0.00
B 95.99 0.00 0.74 0.30 0.39 0.00 1.21 0.00 0.00 1.38 | 0.00 | 0.00
C 4.76 69.36 0.23 0.19 0.00 10.93 0.00 0.00 0.00 1.98 | 0.00 | 0.00
D 75.74 1.42 0.70 0.04 0.00 16.95 2.60 0.53 1.00 1.02 | 0.00 | 0.00
E 53.55 0.00 0.50 0.09 0.24 | 2858 0.40 052 | 0.00 | 16.12 | 0.00 | 0.00
F 39.05 0.00 0.56 5.13 0.17 35.88 2.81 2.13 242 | 10.64 | 044 | 048
G 0.00 0.00 0.00 40.21 0.00 59.79 0.00 0.00 0.00 0.00 | 0.00 | 0.00
BULK 78.41 2.25 0.83 0.29 0.10 12.82 1.06 3.23 0.00 1.00 | 0.00 | 0.00
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£ 15. MIRA3 TESCAN SEM MAG: 1.50 kx SEM HV: 15.0 kV I MIRA3 TESCAN
WD: 14.93 mm 2 WD: 14.93 mm Det: BSE 20 pm
Date(midly): 05/24/21 | View field: 1.44 mm RAZI FOUNDATION Date(midly): 05/24/21 | View field: 96.3 ym RAZI FOUNDATION
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Cu Pb Zn As Si S Cl Al Ca (@] K Fe
81.90 0.00 0.79 0.65 0.25 0.31 0.57 0.00 0.00 15.52 0.00 0.00
8.15 66.55 0.47 14.64 0.09 0.00 0.00 0.00 0.00 10.10 0.00 0.00
31.14 0.72 0.30 1.71 0.00 0.0 8.47 0.00 0.00 57.66 0.00 0.00
68.57 0.98 0.71 2.79 1.52 0.15 1.76 1.13 1.54 20.86 0.00 0.00
37.67 2.02 0.43 4.06 4.06 0.19 10.23 1.76 2.81 35.70 0.55 0.53
F 0.55 0.00 0.28 0.57 25.16 0.32 0.29 9.17 0.09 52.04 | 11.44 | 0.09
BULK 72.32 1.00 0.93 0.40 0.24 0.20 2.39 3.78 0.00 18.73 0.00 0.00
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