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Abstract

During an archaeological survey in the area known as Halil River cultural district, a large number of
metallic slag and crucibles were found which have been scattered as residues over the surface of the
site, called Chayiro II. The study on the melting slags and crucibles help to know about the
metallurgical processes and the presence of copper as the main metals in this region. 10 samples
have been selected for mineralogical investigations for identifying the crystalline phases, X-ray
fluorescence analysis for better clustering the chemical composition as well as microscopical
investigations. Copper droplets in the microscopic textures of the slags indicate the extraction of
copper at this time in this region. Copper droplets have been dispersed as the crystalline form and
are useful as a factor to estimate the melting temperature. The parts of the melting copper droplets
found in this range also show copper casting. The igneous minerals found in the texture of
crucibles show the use of an igneous source for their production as the main metallurgical vessels
for purification as well as casting. Copper oxide minerals are mainly consisted of cuprite (Cu20)
and delafossite (CuFeO>) in the investigated samples. The existence of oxide minerals as melts
residues indicates the melting of copper oxide in the region. Indeed, the accumulated of residues of
oxide compounds are mainly the remains of an incomplete process of extraction or casting, which
results in the formation of oxide copper at the last casting stage. It seems that copper oxide
components are used for the production of matte or copper ingots. Based on the investigations,
Kahiro II can be introduced as one of the focal points about the further consideration in this
region. Copper oxides are the one of the oldest copper components that used for metal casting and
extraction, via direct reduction.
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Introduction

Mineralogy and ore petrology were the essential interdisciplinary investigations for solving the
archaeological questions. The questions in this regard go to the metallurgy and metal’s
manufacturing processes. The metallurgy of south east of Iran had a very long evidence based on
the previous investigations carried out by Iranian as well as European archaeologists and scientists
[8]- The emergence of metallurgy in this region is of great interest, because of the huge number of
archaeological sites which have been excavated there. Metallurgical background in south east of
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Iran goes back to 6" millennium BC forward. The process is done practically and experimentally. In
this manner, this district is well known as the birth place of metallurgy in the Iranian plateau [11].
Kabhiro 1II is one of the places which located in the north east of Kerman province. This place is
highlighted based on different metallurgical residues which are scattered on the surface. The objects
are ores, slags and crucibles. All of these remains can be focused for interpreting the metallurgical
features in this region. The use of copper as main metal is proven based on the macroscopical
obsetvation, but it is still not enough for further assumption. On the other side the importance of
metallurgy in this region will be focused on the #n-sitn metallurgy of imported facilities [42]. In this
regard Kahiro II is located in a logistic location. Based on the archaeological survey in this site,
many objects were found such as flint, ceramics which were helpful to have estimation on the
chronology of this site.

The question regarding Kahiro II is concentrated on the kind of metal which has been
excavated, and the metallurgical characterization of the slags as well as crucibles, for estimating the
manufacturing temperature. The metals can be very important because the evidence of copper
oxide extraction in Iran is few, and this point can lead us to a very long tradition of melting. Copper
sulphide is used approximately at the end of chalcolithic period.1.

Material and methods

10 samples from slags and crucibles were selected for mineralogical chemical analysis. In this regard
polarization light microscopy carried out in order to describe the crystalline phases as well as
pterologically interpretation of the phases occurred in the texture of the objects. Mineralogical
observation is done via an Olympus B51, microscope at the department of building material
chemistry of University Siegen, Germany. X-ray fluorescence analysis was carried out for
determining the bulk chemical composition of the materials with a Spectrum P instrument at the
same institute in Germany [10].

Discussion
The important highlights which were essential for considering the samples here was the existence
of different mineralogical decompositions based on copper oxide phases.

Observations via optical microscopy of the slag samples suggest the tiny droplets of copper
within the glassy matrix. This condition is occurred thermodynamically if the silica and copper
come to the equilibrium together [33]. Therefore, copper cannot be re-melt and the temperature is
around 900°C to 1200°C. The occurrences of malachite as carbonate exactly on the surface of the
slags indicated the rapid cooling as well as oxidation condition. In this proposes any copper
sulphide or sulphidic rims were seen around the copper droplets [38]. This suggests the use of
copper oxide as direct reduction process. In contrast we have to identify copper sulfide within the
melt. This came to understanding, because ancient metallurgy was not carried out completely.

Crucibles show also the use and forming of copper oxide with respect to the occurrence of
delafossite within the texture. Delafossite is a typical coppet-iron bearing minerals divided from the
extraction of copper oxide in high oxygen fugacity [16, 44]. This phase including the iron oxides in
the crucible also suggests the extraction of cooper oxide using in this site.

Results

Kahiro II is a very logistic site for investigation the region based on the materials which have been
found there. Archaeological context of Kahiro II shown that this site chronologically belongs to
chalcolithic period, based on ceramic and flint objects. 20 20 samples were selected based on the
tield survey of Kahiro II. The samples are mainly residual of metallurgical processes such as slags
and crucibles. Mineralogical- chemical investigations suggested that the copper oxide were extracted
in 4% millennium BC and this process went ahead via direct reduction of copper ore.
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Fig. 8: One typical copper slag from Kahiro II in cross section and all discussion of phase constituents
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Table 1: Chemical composition of the samples as bulk in W%.

P19 o ©ygody badises (N olesd oSyl ) Jgi

Sample MgO AI203 Si02 P205 K20
S.1 0.8 3 20.8 4.4 0.14
S.2 1.7 4.7 21.6 5.2 0.22
S.3 1.7 15.7 30.1 0.2 0.71
S.4 13 5.5 25.3 2.8 0.31
S.5 1.8 3.8 1806 3.7 0.31
S.6 3.6 19.1 18.9 0.18 0.75
S.7 14 3.6 20.6 33 0.55
S.8 1.7 5.7 28.9 33 0.2

Ct.9 21 3.7 14.7 4 0.18
Cr.10 14 2.3 13.7 2.8 0.25

ol
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CaO FeO TiO2 MnO CuO SrO
17.8 1.11 0.11 0.18 51.2 0.041
19.1 1.02 0.14 0.41 45.3 0.12
11.9 1.66 0.21 4.7 31.8 0.25
16.6 1.33 0.13 0.43 46.1 0.059
17.2 1.45 0.11 0.38 52.7 0.051
10.3 0.98 0.17 1.8 43.5 0.12
12.4 1.01 0.19 0.39 55.9 0.12
14.7 1.87 0.1 0.46 57.6 0.09
17.6 21 0.1 0.3 54.8 0.09
19.3 35 0.14 0.72 39.7 0.073
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