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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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WD: 13.19 mm Det: BSE 200 pm WD: 13.31 mm Det: BSE 20 pm
Date(midly): 05/24/21 | View field: 963 pm RAZI FOUNDATION Date(midly): 05/24/21 | View field: 96.3 ym RAZI FOUNDATION
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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(m/dly): 05/24/21

oz
SEM HV: 15.0 kV
Det: BSE
View field: 482 pm

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

MIRA3 TESCAN

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 | 0.17 | 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 | 010 | 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 I MIRA3 TESCAN SEM MAG: 500 x SEM HV: 15.0 kV 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

PO | ) d ULuu._Jng Jl.e..l ‘LJQI OJLO.A'.;:J (OS> dLuJ


http://dx.doi.org/10.66224/jra.10.1.375
http://jra-tabriziau.ir/article-1-375-en.html

[ Downloaded from jra-tabriziau.ir on 2026-08-26 ]

[ DOI: 10.66224/jra.10.1.375 ]

cee BHS Lol (55595 b 9 Sl 0925 (g0l sy 18 Swllao ety

VIVY g YI0A Siiawy) (a0 9 o puaic 20> AD/AR 5 /Y- b iy B g A (sle BM3 (sdiged (o 50
axg8 BB l5ae youas (Y Jodn) Mo )0 VYA 5 0o )d /Y L ey dy JIS jois e (g5l )0 b o> do
C il > op Vb Glie Coa 4 (2w 5l (53)8 20l I 4 basl plo ) jas] paie
VI8 g VWS 0 F g B dai 5 e oy s a5 3)0 0959 (iw 5 o5 & olod )0 ,IS 300 0 saalice
FoIVV L agl (55)58 OV game 4l )0 lise o i 45 Cauds diges plod )0 paliw joud> Cpined (Cowl Aoy
adeg b)) JS8) 08 o1 ralS g minagll (0] (g2 (s polie gl (F2)5 SV guazme 4l )3 sl Loy
Piccardo et al., ) cawl o (535 j Slis €S g aunl YU Lond lpse 4y >lg5 dan 55 ] aSiy]
Juopd FEIO0 i cpl > a5 odd o> VF/FF Ao b B dad (0 Syl ol cp it (2013, p. 1039-1047
Gy [ Gy cdio )3 FMOY b o Cannl o s 4565 000 )L S Dgus oo 0103 (paigy SOy & (658 b pwo
QoD YONE g ¥/+5 iy & Gl jolis cpinpd b o3 D asl o 0o YIVA L Syl g aopd +/YV L

25 oad F g B bl )3 suoy> +/+8 o +/0F syl o )d VW/FY g +/00 nuieg)]
Y game g 38 k3l BSE jLu, Sl L SEM-EDSBMA (caiges ;5 (598 oSy Suo bawgs o oy p 2ol
2o SNOY LD asb ) o1 5l G g A 4l ) e 2o y)d AV/A+ Jolee lime o 5V dd o oyl bl LT 4

Y JSs) cul

S 4 : ~ 3 ¥
S| - 15. 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 um RAZI FOUNDATION

Ll 5JUT g &Y guame ¢ jlé ks Loy ) BSE jlo lSs1 L SEM-EDSBMA4 (gdiges VY JSis

55 1808 000 oy do ) VF/EY L Si)] juais 5 g 0o )d SO/ (500 LB asl )3 0w o065 puizpn
2 35 OS] 5l as e LB i D)l 3959 o d AFY LC anl 3 g dod VoWl bcw g 0 E sl o
YL s gl oyl 45 05 odlive BV /55 L C 5 0o pd YOIV-L E o s OY/+F L iy & FCE saansl
oy bl&5 3JUT g leMbl (¥ Jgas) .(Mortazavi et al ., 2011, p. 49-59) Cawl o (53,95 j (LS y50mS]

W odalie oy YOS e 4 B sl )0 udiw jais w0 L ) (Sj9 Ao )yd

1E o olinsls g jlgs «Jgl olosis spads Juw | ps


http://dx.doi.org/10.66224/jra.10.1.375
http://jra-tabriziau.ir/article-1-375-en.html

[ Downloaded from jra-tabriziau.ir on 2026-08-26 ]

[ DOI: 10.66224/jra.10.1.375]

i . .
= uwb. Ry liwl s g ju swliliad g

(559 Moy oy (lodg bl LT il BM4 (caiges F Jodo

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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