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Abstract: Metal objects and findings that suggest metallurgy activities were discovered in the Early Bronze
Age architectural layers of Mezraa Hoyiik in the Birecik region. Among the finds were two crucible fragments
and a casting mould. Analysis of the metal fragments preserved on the crucible parts revealed the presence
of arsenical copper. Pins in well-known forms in the Middle Euphrates Region during the Early Bronze Age
make another group of findings. According to the analysis, one pin was produced by arsenical copper alloy
and the other one by tin-copper alloy. This data proves the existence of metallurgical activities in the second
half of the Early Bronze Age, and the production of arsenical copper alloy.

ERKEN TUNC CAGP’NDA MEZRAA HOYUK’TE
METAL URETIMI

Anahtar Kelimeler: Mezraa Hoyiik ® Erken Tung Cag1 @ Firat Nehri ® Metal Uretimi ® Pota & Kalip.

Ozet: Sanlrfa ili, Birecik ilgesinde bulunan Mezraa Hoyiik, Firat Nehri’nin dogu kenarinda yer almaktadir.
Mezraa Hoyik’in en uzun yerlesim siirecini Erken Tun¢ Cagt temsil etmektedir. Bu stirece ait ele gecen bir
grup buluntu merkezde madencilik faaliyetlerinin yapildigini kanitlamaktadir. S6z konusu buluntular arasinda
iki adet potaya ait parcalar ve bir adet dokim kalibt yer alir. Erken Tung Cagr’nin ilk yarisina tarihlenen pota
patcalarinin Uzerinde korunan metal parcalarinin analizinde arsen-bakir alagiminin varligi saptanmustir. Kalip
sayesinde de Erken Tung¢ Cagt ikinci yarisinda madencilik faaliyetlerinin devam ettigi anlagilmaktadur.
Mezraa’da diger bir buluntu grubunu ise bolgede Erken Tun¢ Cagi'nda taninan formlara sahip ignelerden
olusan iriinler olusturur. Ignelerden bir tanesinin analizinde arsen-bakir, digerinin ise kalay-bakir alasimi
oldugu saptanmustir. Bu veriler, Mezraa’da Erken Tung¢ Cagrnin ilk yarisinda arsen-bakir alagimindan
tretiminin yapildigim ve bunun yami sira Erken Tun¢ Cagr'nin ikinci yarisinda ise kalay-bakir alasimindan
tretilmis nesnelerin kullanildigini  g6stermektedir. Kisith alanlarda sirdirdigimuiz ¢alismalardan elde
ettigimiz bu veriler, Mezraa’nin Erken Tun¢ Cagt boyunca ihtiyaglarini kargilayacak boyutta bir metalisji
teknolojisine ve iretim yapabilecek ekonomik giice sahip oldugunu kanitlamaktadir.
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Metal Production in Mezraa Hoyiik in the Early Bronge Age

Introduction

Mezraa Hoytik in the Birecik district
of the Sanlurfa province, Turkey, is
located on the eastern bank of the
Euphrates River (Fig. 1). Excavations
were conducted across three separate
areas: the east slope, the southeast slope,
and the northeast sector between 2000
and 2007. The Early Bronze Age
architectural levels, which were covered
by layers of Middle Bronze Age, Iron
Age, and Middle Age, represent the
largest and longest period of Mezraa
Hoyuk. The architecture and the small
findings recovered from the building
layers that represent this period give
detailed insight to the Early Bronze Age
in the northern part of the Middle
Euphrates Region. A remarkable group
of findings among these consist of metal
artefacts and the evidence of metal
production.

Crucibles and Moulds

The findings indicating metallurgical
activities carried out in Mezraa Hoyik
were found in the building levels dating
back to the Early Bronze Age. Among
these findings, there are two crucible
fragments and a casting mould. The
findings were recovered from different
levels of the building and different
locations; so, these were not found in a
workshop context. The first crucible
fragment (Fig. 2.1, 4.1) was found on the
stone floor, named T125, of the structure
unearthed in Level IV in Trench P/15 on
the southeast slope, dating back to the
Eatly Bronze Age I'. No other items

! Finkbeiner et al. 2015, 432-433: EME 2.
2 Finkbeiner et al. 2015, 432-434: EME 2-3.
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related to metallurgy were found in the
structure. The baked clay crucible
fragment is formed as a round based
bowl. The deformation of the porous
structure on the inner and outer surfaces
of the crucible reflects exposure to high
temperatures. Small metal residues
adhering to the pouring lip of the crucible
fragment were preserved.

Fragments of the second crucible
(Fig. 2.2, 4.2) were found on the floor,
named A1029, of a structure located at
the southern patt of Trench R/15 on the
South-eastern Slope. Due to intense
corrosion, only a small part of this floor
was preserved and the pottery fragments
belonging to the Early Bronze Age 11
were found on this layer and in its
immediate vicinity”. Many large and small
fragments of a baked clay crucible were
found, and its pouring lip was partially
restored. The crucible had a trough-like
spout; however, the shape of the bowl
could not be determined According to
the section of the connection of the
pouring lip, the bowl seems to have a
rounded base. The interior of the pouring
lip shows a porous deformation due to
high temperatures.

Small metal residues are preserved
on the inner surface of the fragments of
the crucible (Fig. 2.2). Similar examples
of bowl-shaped crucibles with pouring
lips and round-bases are found in the
Late Chalcolithic levels at Tepecik’ and
Tilintepe’ in the Upper Euphrates
Region, and Kurugay in the Lakes

3 Miller-Karpe 1994, PL. 8.4.
4 Miiller-Karpe 1994, P1. 9.8.
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Region®. Similar crucibles can also be
dated back to the Early Bronze Age in
Troia® in Western Anatolia, and Ikiztepe’
in Northern Anatolia. Similar simple-
shaped crucibles are also found in
Arslantepe dating back to the Early
Bronze Age III%, and this crucible type
was still in use during the Middle Bronze
Age in Central Anatolia’. Whether both
bowls had handles in the form of pan or
ledge handles is not known.

The mould from Mezraa Hoyik
(Fig. 3, 5) was recovered from the mixed
debris from Trench S 12 on the East
Slope, also containing other pottery
fragments from architectural layers dated
to the Early Bronze Age 111" which were
destroyed in the medieval (11-13.
centuries)' period.

It would be appropriate to date the
mould back to the second half of the
Early Bronze Age, considering the
ceramic fragments obtained from the
context. The baked clay mould is broken,
and considering the preserved part, it was
formed as a square prism. The preserved
length of the mould was 10.2 cm with a
width of 6.85 cm and a thickness of 6.62
cm. On four wide lateral faces of the
prism, negative spaces for items to be
produced had been shaped. The square-
shaped base is flat. One of the faces bear
the casting of a flat axe, possibly a chisel
ot rod-shaped ingot on the second face, a
flat axe on the third face, and a dagger on

5Duru 1996, 52 Fig. 146/7,149/6,147/1, 149/7.
¢ Blegen et al. 1951, 34, 53-54 PL 80.33.1263-
1265.

7 Miller-Karpe 1994, P1. 10.2.

8 Di Nocera 2013, Fig. 15.2.

9 Ozgiic 1955, 74.

10 Finkbeiner et al. 2015, 436-438: EME 4-5.
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the fourth face. If the items to be
produced using the casting technique had
simple and massive shapes. This mould,
which might have been among the
preferred one-piece moulds, was used by
pouring smelted metal into a cavity that
had the shape of the product. can be
assumed that the mould was used many
times, since the colour changes indicate
that it was exposed to high temperatures.
One of the most important features of
the mould was a round bore (Fig. 5.
section B) located on the rear end of the
flat axe on the first face. This bore was
opened to easily create a hole that would
be formed as a result of the removal or
breaking off a cylindrical clay core of the
same diameter placed vertically in it after
casting. Accordingly, these holes were
placed in the rear side of a part of the flat
axe'” in order to facilitate the attachment
of the axe head to the shaft that were
created during casting.

In the Middle and Upper Euphrates
regions, the number of sites with strong
evidence of Early Bronze Age metal
production has gradually started to
increase, and a considerable number of
furnaces, ctrucibles, moulds, and similar
items used in metal production have been
uncovered. A one-piece mould at
Hacinebi Tepe", a crucible and a mould
in Arslantepe'?, a smelting furnace, a one-
piece mould and a copper slag in

1 Yalcikli — Tekinalp 2002, 172 Fig. 10d.
12Woolley 1914, PL. XXIV; Bittel 1940, Fig. 13 PL
V. §3448, S3446.

13 Stein 1997, 101.

14 Di Nocera 2013, 115, 121 Fig. 3.12-13, 5.14-15;
Frangipane 2017, Fig. 15.1a, c.
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Norsuntepe”, a slag in Fatmali-Kalecik',
a furnace, a crucible, a slag in
Degirmentepe'’, a slag in Tiilintepe,
Tepecik'®, and the mould in Pulur-
Sakyol" can be considered as examples
from the Chalcolithic period.

In the Early Bronze Age, an increase
in the number of settlements where metal
production activities were carried out in
the Middle and Upper Euphrates regions
was observed. Among the findings dating
back to the beginning of the Farly Bronze
Age, the presence of workshops in Tell
Chuera®, Tell Bderi”', and Arslantepe™
draws attention. The following may be
considered evidence of production of
metal in addition to the workshops: an
axe mould in Halawa®™; a one-piece axe
mould in Chagar Bazar™; a crucible
fragment preserved in the pouring lip in
Tell Shioukh Fawqani®; crucibles in
Zeytinli Bahce Hoyiik™; a slag in Tilbes
Hoyiik™; a slag in Lidar Héyiik®; a mould
in Hassek Hoyiik*; 2 mould in Tepecik’m;
and a crucible, a mould, and slags in

15 Hauptmann 1982, 31; Schmidt 2002, 40, 549-
550, 41.547.

16 Hess et al. 1998, 59.

17 Kung et al. 1983; Esin 1986, 145.

18 Ozbal 1983, 210; Esin 1987.

19 Kosay 1976, 33, 72, 193, PL. 110.425.

20 Pfalzner 2001, 342 PL. 63.

21 Pfilzner 2001, 286.

22 Di Nocera 2013, 124 Fig. 9.

2 Orthmann 1989, 107 Fig. 70.

24 Mallowan 1937, 153 PL. XVIILB.

25> Bonacossi 2005, 63 PL 52.

26 Palmieri — Di Nocera 2004, 377.

27 Gil et al. 2000, 27.

28 Hauptmann 1985, 205.

29 Behm-Blancke 2003, 483.

30 Esin 1982, 92, 65.7, 78.16 'T74-145.

3 Hauptmann 1982, 21; Schmidt 2002, 40 PL
41.549.
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Norsuntepe’. Among the centres with
metal workshops dating to the latter part
of the Early Bronze Age take place
Jerablus Tahtani”, Habuba Kabira®™,
Chagar Bazar™, Tell Brak”, Tell Qara
Quzaq®, and Arslantepe’. An important
group of metal producing tools belonging
to this period are moulds® in Tell
Ahmar”, a one-piece mould and an ingot
or chisel mould in Tell Beydar®, the
mould of the lead figure in Titris
Hoyuk", and a two-piece mould in
Norsuntepe®™. These moulds appear as
findings representing different
technological ~ developments. ~ While
examples with a single or a few castings
on one face were common among mould
shapes, also multiple moulds with multi-
faced castings appear, of which four
lateral faces, as well as rare top and
bottom base faces were used. The mould
from Mezraa Hoytk is a multiple-faced
mould type. Similar moulds are found in
many sites; an early example is the Pulur-
Sakyol mould dating back to the Late
Chalcolithic Age®. Similar moulds are

32 Peltenburg — Wilkinson 2008, 28, 30.

3 Stromenger 1980, 78-79 Fig. 81.

3 Mallowan 1937, 158 PL. XVIILB; 1947, 160 PL
XXIXA.

% QOates et al. 2001, 247-248 Fig. 268.

3 Montero Fenollos 1999, 452 Fig. 1.

37 Di Nocera 2013, 133 Fig. 15.1, 2; Frangipane
2017, 172 Fig. 15.1d.

38 M. Fenollos (1999, 451-452) suggests the late
stage of the Early Bronze Age for the dating of
the moulds unearthed under the Aramaic
structure.

3 Thureau-Dangin — Dunand 1936, 87 Fig. 26.
40 van der Stede 2005, 36 Fig. 183.

# Matney et al. 1997, 68-69 Fig. 19-20.

#2 Hauptmann 1979, Fig. 32.4; Schmidt 2002, 40
Pl 41.552.

# Kosay 1976, 33, 72, 193, PL. 110.425.
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known from the Early Bronze Age
settlements at Tell Brak*, Tell Tayinat®,
and Arslantepe®. It is also evident that
this type of mould was used extensively
around second millennium BC"".

Toggle-Pins

The second artefact group consist of
metal pins. Three of the four toggle pins
dating back to different stages of the
Early Bronze Age were found in
settlement layers, and one was found on
the surface. Considering their shape,
these toggle pins on three different types.
The first type is characterized by a toggle
pins with a body with grooves and a
conical head, found in the structure
located in Trench P 14 of the southeast
slope, dating back to Early Bronze Age
I1* (Fig. 2.3a, 4.32).

The current length of the toggle pin
bent in a “U” shape was 3.43 cm, the
actual length is calculated as 6.8 cm, and
body diameter is 0.3 cm. The head of the
toggle pin had a small pyramidal
structure, and the join of the head to the
body is decorated with four evenly
spaced horizontal grooves. The pin body
has a rounded cross section and a
tapering shape.

There are two toggle pin of the
second type with a conical head and a
needle’s eye (Fig. 2.3b, c, 4.3b, ¢). One of
these was obtained from a context
destroyed by the Middle Ages on
architectural levels dating back to the
Early Bronze Age I11* in Trench S/13 on
the east slope (Fig. 2.3b, 4.3b) and can be

# McDonald et al. 2001, 247-248 Fig. 267-269.
# Braidwood — Braidwood 1960, 450-451 Fig.
350.1, PL. 49.5.

4 Di Nocera 2013, Fig. 15.2.
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dated to the late phase of the Early
Bronze Age, according to pottery
assembalges. The toggle pin with a
pyramidal head is 8.3 cm long and 0.7 cm
in diameter. The needle’s eye on the body
with circular cross section, tapers towards
the end.

The second toggle pin was found
broken on the surface of the southeast
slope. According to its shape, the toggle
pin can be dated back to the Early Bronze
Age (Fig. 2.3c, 4.3¢). The preserved part
is 7.2 cm long. The toggle pin with a body
with 0.6 cm in diameter, has a conical
shaped headand a needle’s eye.

The toggle pin of the third type is
shaped by a bend looped head with a
needle's eye and spherical head. The
toggle-pin is found in Trench M/12 of
the northeast section on the summit in
connection with structures dating back to
the Eatly Bronze Age HI/IVA™ (Fig.
2.3d and 4.3d). Some parts of its body
was broken, and the survived part is 5.1
cm long. The toggle pin had a curved
body and a spherical head, 0.8 cm in
diameter. The body with a needle's eye is
0.4 cm in diameter.

In the Middle and Upper Euphrates
regions, ornamental metal toggle-pins are
dated to the Chalcolithic Age. A toggle-
pin of this type without a a needle's eye
and with simple decoration is found in
the Uruk-period contexts of Tell Sheikh

47 Miller-Karpe 1994, 200-205 PI. 22-36.

48 Finkbeiner et al. 2015, 432-434: EME 2-3.
4 Finkbeiner et al. 2015, 434-436: EME 4.
50 Finkbeiner et al. 2015, 434-437: EME 4-5.
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Hassan®, and another one with a needle's
eye and conical head in Tepe Gawra™.

An early example of toggle-pins with
conical head and grooves (Fig. 2.3a, 4.3a)
is found in Zeytinli Bahge Hoyik™,
located close to Mezraa Hoytk, dating
back to the Late Uruk Period. Similar
toggle-pins are also known from
Hacinebi Tepe™, Birecik Cemetery™,
Carchemish®, Hassek Hoyik”,
Arslantepe™, Samsat™, Norsuntepe®, and
Taskun Mevkii®, dating to the Early
Bronze Age.

Similar conical headed toggle-pins
with conical toggles and needle’s eyes are
found (Fig. 2.3b, c, 4.3b, c) in Birecik
Cemetery® and Carchemish® in contexts
dating to the first half of the Early Bronze
Age, and in Tell Brak®, Halawa®,
Qatna®, Wreide”, Tell Qara Quzaq®,
Dibecik Tombs®, Gedikli-Karahoyiik™,

51 Boese 1995, 60 Fig. 11.d.

52 Rothman 2002, 64 PL. 77.2730.

53 Frangipane et al. 2002, 44 Fig. 12.

54 Stein 1997, 130 Fig. 4.H.

% Sertok — Ergeg 1999, 93 Fig. 9.D; Spuadrone
2007, Fig. 13.1.1-2; 2015, 312-313 PL 2.21, 22
Type B10.

36 Woolley 1954, PL. 60.b, 61.b.

57 Bhem-Blancke 1984, 50 Fig. 8.4.

58 Palmieri 1981, 118 Fig. 10.5,6; Di Nocera 2013,
Fig. 8.1-2.

59 Ozgiic 2009, 80.

%0 Hauptmann 1982, Fig. 26.6.

61 Sagona 1994, 9 Fig. 68.5, 9.

62 Spuadrone 2007, Fig. 13.4.2; 2015, 318 PL. 2.17-
20 Type A10.

0 Woolley 1921, 133,134 PI. 27.a8.

64 McDonald et al. 2001, Fig. 257.54.

% Orthmann 1981, 55-57 PL 68.100-111; Novak
1994, 240 Fig. 72.18.

% Lamoni 2012, 352 Fig. 2.6-10, 4.

67 Orthmann — Rova 1991, Fig. 26.W66:32.

% Montero Fenollos 1999, 454 Fig. 3.

9 Spuadrone 2007, Fig. 13.9.13.
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Oylum Héyiik”, and Titris Hoyik™ in
context dating to the the second half of
the Early Bronze Age.

Toggle-pins  with bent spherical
toggles and needle’s eyes (Fig. 2.3d, 4.3d)
were found in Halawa™, Tell Chuera™,
Tell Banat”™, Tell es Sweyhat®, Wreide”,
Umm el-Marra™, Tawi”, Ayyildiz and
Dibecik tombs*, Gre Virike®, and Titris
Hoyiik™ dating back to the middle and
late phases of the Early Bronze Age.

H.G. Egeli®, F.F. Squadrone* and
L.A. Stork™ conducted detailed studies
on toggle pin dating back to the Early
Bronze Age found in the Middle and
Upper BEuphrates regions. Squadrone®
stated that, among the toggle pin found
in the Carchemish region, conical-headed
toggle pin was common in the early
period and that this refers to the intensity
of the relations between the Carchemish-

70 Alkim — Alkim 1966, 17 Fig. 36.

1 Ozgen et al. 1997, 60 Fig. 12.2.

72 Nishimura 2015, Fig. 5.1

73 Orthmann 1981, 57 PL. 71.10-11, 54-55, 63.40-
48.

7 Moortgat 1965, 43, Fig. 30; Orthmann et al.
1995, 128 Fig. 73.73.

75 Porter 1995, 8, 21 Fig. 5; Porter — McClellan
1998, 33-34 Fig. 23.5-6.

76 Zettler 1997, 56 Fig. 3.20.

77 Orthmann — Rova 1991, Fig. 18.W54B:08,
26.W66: 34-39.

8 Schwartz et al. 2006, 607-608 Fig. 8.

7 Kampschulte — Orthmann 1984, Pl 1.6-7,
16b.14.

80 Spuadrone 2007, Fig. 13.9.3,10-11; 2015, 319-
320 PL 4.9-15 Type Al7.

81 Okse 2006, 24-25 Fig. 29.

82 Algaze et al. 1995, 28 Fig. 34.

83 Egeli 1995.

84 Spuadrone 2007; 2015.

85 Stork 2014, a, b; 2015.

86 Spuadrone 2007, 210.
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Karababa regions and the Habur-Old
Mosul-Dam regions. She considered
spherical headed toggle pin, which make
up a remarkable group, among the new
types found in the middle of the Early
Bronze Age. According to the study of
Stork, on the distribution area of toggle
pins*’, most of the toggle pin unearthed
in the Middle Euphrates region were
found in graves. Although the toggle pins
obtained from Mezraa Hoytk are few in
number, their presence in the habitation
levels and the existence of examples of
different types indicate that toggle pins
were widely used in daily life apart from
tombs.

Analyses

The crucible fragments and
preserved metal residues on crucibles and
toggle pins were provide evidence of
metal production in Mezraa Hoéyuk. X-
ray fluorescence (XRF) spectroscopy
analyses were performed on preserved
metal residues in one fragment of one of
the crucibles and on two different
fragments of another crucible (Table 1).

According to the analysis, 95.15%,
88.34%, and 78.45% copper oxide and
3.265%, 2.585%, and 1.80% atsenic
trioxide have been observed on the first
mentioned crucible (Fig. 2.1). One of the
fragments of the second crucible (Fig.
2.2) includes 57.93%, 52.765%, and
50.85% copper oxide and 1.05%,
0.485%, and 0.43% arsenic trioxide. Tin
is observed in none of these fragments.

Two toggle-pins (Fig. 2.3a, b, 4.3a, b)
could not be analysed, since these are
inventarized in the Museum. Only

87 Stork 2014b.

D. Yalgikls

portable X-ray fluorescence (XRF)
spectroscopy analysis was performed on
two toggle pins (Fig. 2.3c, d, 4.3c, d)
toggle pins (Table 1) The analysis on two
toggle pins (Fig. 2.3c, 4.3c) revealed
93.8% copper and 2.25% arsenic
indicating arsenical copper alloy. The
other toggle-pin (Fig. 2.3d, 4.3d), includes
92.7% copper and 3.86% tin, indicating a
copper-tin alloy. Unlike other analysed
examples, this toggle pin was the only
example  with  copper-tin  alloy.
Considering the low content of tin in its
body, it is difficult to talk about the
existence of bronze in the proper sense.
The question is, whether the ratio of the
alloy is sufficient for the hardness aimed
for a qualified product.

The first toggle-pin had a shape
characteristic for the early stage of the
Early Bronze Age, and its alloy ratios are
in harmony with the values obtained
from the crucible fragments. The second
pin found in a context dating to the Early
Bronze Age III/IV proves the existence
of tin-copper alloy products in this
period. In Mezraa Hoyuk, no evidence
indicating the presence of tin was found
in the late phase of the Early Bronze Age.
The existence of a casting mould at the
mound  indicates  continuity  of
metallurgical activities in this period.
There is an important point to be
emphasized: Although the toggle-pin was
found in Mezraa Hoyuk, it might have
not been produced there. This type of
toggle-pins are extensively used in this
period; so, it is possible that this artefact
might have been produced in another site
and imported to Mezraa Hoytik.
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Arsenical Copper Metallurgy in
Anatolia

Our  knowledge  about  the
development of Anatolian metallurgy
comes mostly from the data obtained
from the analysis of metal artefacts. In
the studies conducted on metal findings
dated to the Chalcolithic Age and Early
Bronze Age I-11, a significant part of the
technological development was the
hardening of copper. According to the
analyses, arsenic and tin wused for
hardening  copper  had  different
development paths in technological
processes. In the Chalcolithic Age, the
processes of copper smelting and copper
hardening with arsenic has an almost
parallel development. This technological
development can be observed over a
wide geography including Anatolia, Iran,
Palestine, and Syria from the late sixth
millennium BC to the eatly fourth
millennium BC®. Among the arsenical
copper-products, the finds from
Palestine have an important place among
the early examples®. A similar item from
Habuba Kabira-South in Syria dates back
to mid fourth millennium BC”. Hacinebi
Tepe”, Hassek Hoytik”, and Arslantepe™
are among the settlements revealing items

8 Hauptmann 2007, 295-296; Neukirchen 2016,
33,

89 Shalev — Northover 1993; Tadmor et al. 1995,
Tab. 2.

9% Montero — Fenollos 1999, 453.

91 Ozbal et al. 1999, 43.

92 Behm-Blancke 1984.

93 Palmieri — Di Nocera 2000, 181; Di Nocera
2010, 256-257; Frangipane 2017, 193.

9 Moorey — Schweizer 1972, 186.

% Mootey — Schweizer 1972, 187.

96 Palmieri — Di Nocera 2004.

97 Ozbal — Turan 2002, 62.
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produced with arsenical copper during
the Late Chalcolithic Age in the Middle
and Upper Euphrates regions.

Arsenic was used in Tell Brak™
and Chagar Bazar” in Syria during the
Early Bronze Age. Arsenic was also
present in the metal findings dating back
to the Early Bronze Age I-1I in Zeytinli
Bahce Hoyuk in the vicinity of Mezraa
Hoyuk, and nickel was also found in this
alloy. Arsenic and nickel were determined
in slag fragments, probably occured
during the production of copper in the
Early Bronze Age I in the Tilbes Hoyiik
Similar items are also found in the middle
and late phases of the Early Bronze Age
at titris Hoyiik”. Moreover, Ozbal and
Turan”’, determined 3.74% of arsenic in a
piece of metal dating to the end of the
Early Bronze Age; suggested that arsenic
was added intentionally™.

As a result of the analysis of metal
residues found in Mezraa Hoyuk
crucibles, differenceshave been
determined in the copper and arsenic
ratios of three different examples. While
this result may indicate smelting
processes performed in different time
periods, it may also suggest the presence
of an alloy without homogeneous

% Pernicka et al. (1990, 268) argue that the
presence of arsenic in the copper alloy content of
more than 2% indicates the existence of a
deliberate alloy production. Although the
determination of this ratio as a definite limit for
differentiation is discussed by many scientists, this
ratio is important because it represents the
amount required for the hardening of copper. The
mixture ratio, which is considered necessary to
determine the differentiation of naturally arsenic-
containing copper with the deliberate production
of arsenical copper, is a topic that has long been
discussed by scientists (Hauptmann 2020, 385-
393).
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distribution, since it was not mixed well.
Tin was not used for hardening copper in
the crucible examples. On the other
hand, it is wunclear whether the
determined amount of arsenic was in the
aimed ratio or whether a conscious
hardening process was carried out, since
the samples taken from the crucible
fragments may indicate any phase of the
preparation stage. Among the arsenic
trioxide value above 1.8% taken from
different residues of the first crucible,
3.2% is a remarkable value. Considering
that the targeted amount of arsenic in
copper to provide hardness is 2%, this
amount is above the limit. The samples
taken from the second crucible, the ratio
of arsenic trioxide is around 1% and
lower (except for one value); so, the
analyses on samples taken from different
parts indicated the existence of arsenic in
the copper content of the crucible.

Nickel that was evidently found in a
proportion of 1.35-2.79% on the second
fragment of the second crucible and in
smaller amounts in toggle-pins. The
existence of nickel in one of the two
samples taken from the crucible and its
absence in the other sample suggests
metal residues from different raw
material sources or coating of the crucible
in different processes.

Metal finds in the region including
copper, arsenic, and nickel are dated to
the Chalcolithic Age in Hassek Hoyiik”
and Hacinebi Tepe'”. To the north of the
region, arsenic and nickel at slags from

99 Schmitt-Strecker et al. 1992, 111.

100 Ozbal 1996, 109-110.

101 Frangipane 2017, 193.

102 Palmieti — Di Nocera 2000, 182.

103 Palmieri — Di Nocera 2004, 377-379.

104 Gil et al. 2000, 27; Ozbal - Turan 2002, 63.

D. Yalgikls

Arslantepe'”’. Palmieri and Di Nocera'”
suggested that the findings indicate
interactions of Arslantepe with the
aforementioned settlements. Palmieri
and Di Nocera'” stated that the
metallurgical activities carried out in
Zeytinli Bahce Hoytlik were limited to the
first half of third millennium BC;
moreover, coppet, arsenic, and nickel
were found together in Zeytinli Bahge
Hoytk and Titris Hoytk. Slag samples
dating the Early Bronze Age I in Tilbes
Hoytk and were determined to have been
used in the production of copper
artefacts'”. From late Chalcolithic/Eatly
Bronze Age, metal artefacts containing
copper, arsenic and nickel have been
recovered in Tiilintepe and Tepecik'”.
These samples contain coppet,
arsenic and nickel all in together. E.
Pernicka'” points out the ores containing
Cu-Ni-As and focuses on this property as
an indicator for determining the source
of the raw material. U. Yalcin, G.
Yal¢in'"” and H. Hauptmann'”® indicated
the Cu-Ni-As contents in these materials
as characteristics linked to the ores with
ophiolite. They suggested the sources of
findings recovered in Anatolia might
have brought from orpiolite ores either in
Anatolia or Northern Iran. Yalcin and
Yalcin assessed the previous researches
on ophiolite ores in Eastern Anatolia, and
drew the attention to some of the
important  ophiolite  ores  those
discovered close to Tunceli-Ovacik,
Pancarli and Kakbil as well as the cedac-

105 Yal¢in — Yalcin 2008, 106 Tab. 1; 2009, 128-
132 Tab. 1,3.

106 Pernica 1995.

107 Yal¢in — Yalgin 2008, 106, 120-121.

108 Hauptmann 2007.
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sulfate ores near Elazig-Guleman, Palu
and Hagan, and with small copper ores
located between Malatya and Siirt. They
also pointed out that these ores contain
As-Ni, being the potential source of the
copper used in the aforementioned
sites'”. The ore resources containing
copper, arsenic, and nickel are spread
over a wide area extending from
Caucasus, and Iran to Palestine; so, it is
difficult to determine the sources of raw
materials used for production of metal
findings discussed here'"’.

The discovery of iron components
in toggle-pins and crucibles appears as a
significant outcome relating to ore
sources. Hauptmann''! who points out to
the iron content in the ores of Cyprus as
an indicator of copper mines with similar
contents, obstructing the distinguishing
of ores from each other. In their research
on the Ergani ore deposits Ozbal et al.'"?
found nickel in the ore content along
with copper at Hacinebi Tepe findings,
indicating the probable raw material
source of the Ergani deposits. This
estimation may be valid for the Mezraa
Hoyuk located near Hacinebi Tepe and
other settlements in the region.

Conclusions

Evidence of metallurgical activities
in the region, started in the Chalcolithic
Age and increased by diversifying in the
Early Bronze Age, revealed also
technological ~ developments.  Ore,
furnace, slag, crucible, and one-piece

109 See Yalcin — Yalcgin 2008 for resources and
more detailed information focusing on the
researches on ophiolite included ote beds located
in Eastern Anatolia.

110 Frangipane 2017, 193; Hauptmann 2007, 297-
301 Fig. 8.19-20; Yalgin — Yalcin 2008, 116 Fig.
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moulds among the archaeological
findings have been obtained from the
Chalcolithic settlements in the Middle
and  Upper  Buphrates  regions.
Technological developments joined to
the existing production system in the
Early Bronze Age show that the metal
production had been accelerated and
diversified in a short time. The data
reflects advanced technological
knowledge. For example, one-piece
moulds began to be wused in the
Chalcolithic Age and developed in
accordance with the needs occurred in
the first half of the Early Bronze Age, and
complex types began to be used. Findings
related to metallurgy, consisting of
crucible fragments and moulds from
Mezraa Hoytk, indicate that the mound
had an important place in the
development of metallurgy. We are
familiar with the pouring lips and similar
examples of the small-volume bowls of
the crucibles dating to the first half of the
Early Bronze Age in the region. These
findings have parallel features with the
metallurgical activities carried out in the
region. The products were obtained from
different levels and contexts in Mezraa
Hoyuk, indicating metallurgical activities
carried out in the first half of the Early
Bronze Age and the economic power and
metal technology performed in the
settlement. It is certain that the
technology of arsenic-copper alloy in the
first half of the Early Bronze Age
continued until the middle of third

17 for the distribution of similar raw material
resources.

11 Hauptmann 2007: 61.

112 Ozbal et al. 1999, 59, 61, 65 Tab. 1.
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millennium BC. The tin-copper alloy is
detected only at a toggle-pin with a
spherical head, from the to the second
half of third millennium BC. Similar
toggle-pins were used extensively in the
region during this period. Considering
the toggle-pin, the use of tin-copper alloy
is determined at this period; however, no
data indicating that the pin was produced
in the settlement could be obtained.
Possibly, some of the needs were met by
local producers and metal products as
well as pottery might have been produced
in certain workshops and distributed in
the region as a commercial material. The
mould indicates metal production at the
site in the first half of third millennium
BC and continued in the second half.
This data is obtained from the studies we
carried out in limited areas; on the other
hand, this data shows that the settlement
performed metallurgy that met the needs
throughout the Early Bronze Age.

D. Yalgikls
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Figure 2.1, 4.1. Crucibles, P/15, 0082V04,
context: T'125.

Baked clay, L 6,4 cm, W 3,6 cm, H 1,4 cm.
color: external: 2,5YR5/8-5YR5/1 gray,
internal:  2,5YR6/1 reddish gray, core:
5YR5/1 gray

Figure 2.2, 4.2. Crucibles, R/15, 7034V11,
context: A1029.

Baked clay, L 7,1 cm, W 5,5 cm, H 2 cm.
color: external: 10R5/4 weak red-10YR7/8
yellow, internal: 10R3/1 very dark gray, core:
10R3/1 very dark gray.

Figure 3, 5. Mold, S/12, 448VO01.

Baked clay, L. 10,24 cm, W 6,85, H 6,62 cm.
color: 10R4/6 red-10YR2/1 black.
Published: Yalciklt — Tekinalp 2002: 172 Fig.
10d

Figure 2.3a, 4.3a. Pin, P/14, 5006V15,
context: A802

L 3,43 cm dia. 0,3 cm, open state 6.8 cm
Figure 2.3b, 4.3b. Pin, S/13, 6012V04,
context: AG11

L 8,3 cm, dia. 0.7 cm.

Figure 2.3c, 4.3c. Pin, S/15, 5500V02,
context: Surface

L 7,2 cm, top 1,9-1,5 cm, dia. 6 mm.

Figure 2.3d, 4.3d. Pin, M/12, 4550V01,
context: A750

L 5,1 cm, top dia. 0,8 cm, body dia. 0,38 cm

List of Figures and Table

Table 1. Analyses of crucibles and pins.
Figure 1. Map showing sites.

Figure 2. Crucibles and pins.

Figure 3. Mould.

Figure 4. Crucibles and pins.

Figure 5. Mould Drawing,.
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