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Ag Al As Bi Ca Co Cu Fe Li Mg Ni P Pb S Sb Sn Zn

M-72/1 | 0.07 0.00 0.04 0.00 0.00 0.00 9021 0.03 0.00 0.00 0.01 0.00 0.03 0.17 0.01 937 0.11
M-75/1 | 0.10 0.00 0.00 0.00 0.00 0.00 9135 0.03 0.00 0.00 0.00 0.00 0.07 0.10 0.00 826 0.11
M-75/2 1001 0.00 0.52 0.00 0.00 0.00 8818 029 0.00 0.00 0.08 0.02 0.06 0.12 0.02 10.58 0.12
M-79/1 | 0.15 0.00 0.07 0.00 0.00 0.00 94.60 0.22 0.00 0.00 0.03 0.00 0.17 035 0.03 424 0.13
M-82/1 | 0.08 0.00 0.02 0.00 0.00 0.00 9534 0.08 0.00 0.00 0.00 0.00 0.16 029 0.01 4.00 0.11
M-82/2 | 0.16 0.00 0.03 0.00 0.00 0.00 9272 0.07 0.00 0.00 0.00 0.01 0.04 0.03 0.00 692 0.11
M-85/1 | 0.10 0.00 0.06 0.00 0.00 0.00 92,51 0.07 0.00 0.00 0.02 0.00 031 0.14 0.03 6.72 0.12
M-86/1 | 0.10 0.00 0.12 0.00 0.01 0.00 9344 0.07 0.00 0.00 0.01 0.05 0.13 034 0.02 566 0.12
M-275/1 | 0.07 0.00 0.03 0.00 0.00 0.00 93.81 0.04 0.00 0.00 0.03 005 0.18 023 006 543 0.12
M-275/2 1 0.17 0.01 0.00 0.00 0.11 0.00 9460 0.04 0.00 0.01 0.00 0.00 001 005 001 495 0.12
M-276/1 | 0.18 0.01 0.09 0.01 0.01 0.00 9451 0.07 0.00 0.00 0.07 003 0.12 026 002 460 0.13
M-279/1 | 031 0.00 0.00 0.00 0.00 0.00 9129 0.01 0.00 0.00 0.00 0.09 1.11 0.04 001 7.08 0.12
M-282/1 | 0.08 0.00 0.02 0.00 0.00 0.00 9239 0.00 0.00 0.00 0.00 0.00 0.13 002 000 726 0.12
M-284/1 | 0.04 0.00 0.03 0.00 0.00 0.00 9331 0.05 0.00 0.00 0.02 000 002 015 001 631 0.12
M-284/2 ] 0.07 0.00 0.12 0.00 0.00 0.00 9320 0.06 0.00 0.00 0.03 000 002 011 001 631 0.12
M-288/2 | 0.12 0.00 0.11 0.00 0.03 0.00 9031 0.10 0.00 0.00 0.00 0.00 0.74 0.07 001 840 0.12
M-289/1 | 0.05 0.00 0.12 0.00 0.01 0.00 93.77 0.05 0.00 0.00 005 000 003 002 001 585 0.11
M-289/2 ] 0.07 0.00 049 0.01 0.00 0.00 90.16 0.06 0.00 0.00 003 000 012 0.12 003 886 0.11
M-290/1 | 0.04 0.00 0.02 0.00 0.03 0.00 91.08 0.08 0.00 0.00 0.00 0.00 0.00 002 000 871 0.12
M-290/2 | 0.04 0.00 0.02 0.00 0.00 0.00 90.56 0.04 0.00 0.00 0.00 0.00 0.00 0.02 001 926 0.12
M-291/1 | 0.04 0.00 0.03 0.00 0.00 0.00 9238 0.04 0.00 0.00 000 000 000 001 001 743 0.11
M-291/2 ] 0.09 0.00 033 0.00 0.00 0.01 8812 0.28 0.01 0.00 0.03 0.00 0.07 0.13 001 10.83 0.12
M-331/1 | 0.12 0.00 0.08 0.00 0.00 0.00 9050 0.11 0.00 0.00 0.01 000 021 024 0.02 861 0.12
M-331/2 | 0.12 0.00 0.01 0.00 0.00 0.00 91.68 0.04 0.00 0.00 0.00 000 000 0.15 005 788 0.11
M-332/1 | 0.04 0.00 0.02 0.00 0.00 0.00 91.50 0.08 0.00 0.00 0.00 0.02 0.00 0.01 0.01 831 0.12
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s o £ Ag As Bi Co Cu Fe Ni Pb Sb Sn Zn
Jecgow 0.021 1.17 0.01 0.00 95.33 0.12 0.086 0.073 0.014 3.26 0.00
e 0.02 0.076 0.022 0.00 90.06 0.094 0.00 0.092 1.45 8.18 0.00
oo 0.038 2.64 0.026 0.00 90.00 0.047 0.021 0.023 0.24 6.92 0.00
oise 0.07 0.70 0.00 0.00 84.72 0.068 0.00 0.76 0.16 13.50 0.00
505 0.012 0.50 0.03 0.051 90.27 0.087 0.041 0.13 0.067 8.50 0.00
0345y 0.045 0.27 0.00 0.052 95.72 0.12 0.038 0.25 0.00 3.50 0.00
0525 g 0.13 0.13 0.00 0.00 96.00 0.11 0.015 0.18 0.00 3.49 0.00
O35 pw 0.95 0.26 0.0108 0.00 93.96 0.038 0.022 0.40 0.025 523 0.00
0549 g 0.108 0.095 0.019 0.00 87.42 0.045 0.00 223 0.035 9.98 0.01
0545 g 0.29 0.06 0.00 0.00 90.80 0.12 0.029 0.82 0.17 7.70 0.027
D pow 0.12 0.029 0.03 0.00 92.42 0.39 0.00 0.029 0.00 7.00 0.00
835 o 0.13 0.00 0.036 0.00 89.33 0.108 0.00 0.081 0.028 10.31 0.00
0345y 0.11 0.00 0.025 0.00 89.42 0.062 0.00 0.063 0.058 10.23 0.014
0549 g 0.081 0.00 0.02 0.00 89.41 0.049 0.013 0.16 0.042 10.21 0.015
0545 g 021 0.00 0.018 0.00 87.66 0.076 0.00 0.31 0.045 11.68 0.041
0 529 g 0.00 0.065 0.012 0.00 98.56 0.86 0.00 0.01 0.00 0.065 0.00
Oy 0.017 0.00 0.018 0.00 92.35 0.058 0.00 0.16 0.00 7.23 0.00
035 g 0.061 0.00 0.00 0.00 93.74 0.082 0.037 0.14 0.077 5.86 0.00
O g 0.032 0.26 0.013 0.00 91.60 0.086 0.021 0.15 0.013 7.80 0.00
JESES 0.059 0.046 0.00 0.00 94.49 0.15 0.015 1.056 0.018 4.16 0.00
yaiowd 0.11 1.28 0.00 0.00 90.76 0.00 0.021 0.064 0.00 7.60 0.00
JUI 0.042 0.068 0.00 0.00 92.20 0.17 0.019 0.055 0.00 741 0.00

P xS 0.15 0.69 0.00 0.00 88.75 0.13 0.00 1.17 0.056 9.10 0.00

JESTOPER, 0.056 0.00 0.025 0.00 89.30 0.044 0.00 1.11 0.00 9.47 0.00

o Ay 0.19 0.68 0.00 0.00 93.56 0.055 0.039 1.75 0.00 3.70 0.00

Oyt 0.12 0.12 0.00 0.00 93.50 0.34 0.00 0.17 0.00 5.72 0.00

O s 0.042 0.10 0.015 0.00 94.25 0.15 0.017 0.11 0.00 5.32 0.00

O g 0.016 0.00 0.022 0.00 97.20 0.118 0.013 0.12 0.10 2.36 0.00

O gt 0.10 0.064 0.00 0.00 97.10 0.077 0.014 0.12 0.046 2.50 0.00

Oyt 0.036 0.10 0.00 0.00 94.88 0.12 0.018 0.096 0.036 471 0.00

Oyt 0.04 0.15 0.00 0.00 96.25 0.108 0.032 0.10 0.04 327 0.00

O gt 0.041 0.00 0.00 0.00 94.80 0.12 0.02 0.10 0.00 491 0.00

O] downmo 0.029 0.94 0.019 0.00 95.44 0.11 0.01 0.19 0.38 2.86 0.00
g dowee 0.082 0.14 0.00 0.00 91.32 0.043 0.022 0.33 0.00 8.04 0.00
T 0.13 0.18 0.012 0.00 95.15 021 0.00 0.052 0.016 424 0.00
ails 0.067 0.063 0.01 0.00 92.66 0.092 0.01 0.17 0.019 6.92 0.00
adls 0.038 1.16 0.00 0.00 93.00 0.10 0.00 0.11 0.012 5.50 0.014
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on other bronze objects from Marlik. Based on the comparative stud-
ies, the variable tin amount was observed in all analysed samples;
further, Arsenic has detected as a major element in some previously
analysed samples while the recent results showed that Arsenic is a
minor/trace element in the composition of bronze objects. Also, the
composition on the previous and new analysed objects was com-
pared on the basis of some trace element contents and some differ-
ences which were observed in the composition of objects especially
because of their arsenic content. These differences may be due to
using different metal resources to produce some objects of Marlik or
these objects may be manufactured in another place with a partially
different technology and imported to Marlik as votive objects.
Keywords: Marlik, Archaco-Metallurgy, Bronze, Tin, Co-Smelting,
Minor Elements, ICP-MS.
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Abstract

The emergence of copper production on Iranian Plateau goes back
to about 7™ Millennium B.C. This technology was continued till late
4%/early 3 millennium B.C. when the bronze (copper-tin alloy) was
raised as a new product to make different objects and was devel-
oped during the Bronze Age. The bronze production was the main
archaeo-metallurgical activity even in the Iron Age of Iranian Pla-
teau. Many bronze objects were discovered during different archae-
ological excavations from various Iron Age sites of Iran. Archaeo-
logical excavations at Marlik graveyard, Northern Iran was carried
out by late E.O. Negahban in 1961-62 lead to reveal some important
archaeological remains from Iron Age I and II. The metal collec-
tion of Marlik including various gold, silver and bronze artefacts
is consisting of one of the significant metal finds from prehistoric
Iran. Many of these objects are produced by tin bronze alloy and
study on bronze technology of Marlik metal collection may lead to
identify bronze technology during the Iron Age. This paper consti-
tutes an analytical investigation on some bronze alloy from Marlik
which are preserved in the National Museum of Iran now. Chemical
composition of 25 artefacts is determined to reveal the metallurgical
processes in Northern Iran by the 2"Y/1%" millennium BC. Analytical
studies were carried out using [CP-MS quantitative method; The re-
sults proved that the samples have been manufactured with a binary
copper-tin alloy with a variable tin content from 4 to 11 percents in
weight. Other elements such as, As, Ni, Pb, Zn and Sb are detected
as minor/trace amounts. Variable tin content which may relate to ap-
plication of an uncontrolled procedure of bronze alloy production
(i.e. co-smelting or cementation). On the other hand, the results were
compared with the results of previously performed analytical studies
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