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~ABSTRACT

The ObJeCt of this study was to determine the trace and a110v1nq elements
of the meta] art1facts recovered from ued1k11 dur1nn excavation between 1964-
1967 Most of the artifacts were from a Cremation buria] siaht. dated to Early

Bronze Age, which includes nins, aw1s, rings, bracelets etc,

bAboutv20v25 mg. samples, obtained from over 100 artifacts by dr1]11nq,
are ana]ysed using atomic absorntion snectroscoov. The results showed that most
of the samples were copper and conper alloys, Both tin and arsenic were present
as an a]]ov1na e]ement in some samples at about 7A and 5% respectivelv, Near]y
half of the objects had both tin and arsenic together but at about 1% or less,
Silver and 1ron were the other two elements that were present in almost all
samn]es at trace 1eve]s. Zinc and lead concentrations were quite variable from

trace 1eve1s to UD to 27.4% and 15.5% respectively,

Artifacts are classified according to tyve, shape and to presence or
absenée of certain elements, Histograms, correlations and c1uster analysis
were carried out on the trace element d1str1but1on of. these groups to determine
part1cu1ar trends, manufactur1nq technlaues and common are sources., The-results
showed that, there was no aenera] trend in the trace element distribution in
aenera] for all art1facts However, certain trends could he observed when
art1facts are arranaed 1nto subgrouos. Umbrella héaded nins were all tin ‘
bronzes with similar trace metal distribution, Two clusters were also observed
between artifacts having tin, arsenic, lead and nickel elements which may |

indicate two different opre sourcés.



| | | o S .
‘Even though the artifacts recovered, cover a relatively short time
" span, the heterogeneity ofkthéwtrace‘e]emént distribution coyld be an indica~ _

tion of different ore sources;'manufactUring techniques and trade routes,

A cdmplete examination of the sight wi]1bshow if the objects are’]oca11y
manufactured or not. Chrono]Ogica] arrangément of the artifacts woﬁ]d yield
information on the technological develooment as well as. on trade relationshins.
This: preliminary study shows that comp1ete excévatjon of Gedik1i cou]d bring

light to the metallurgy of the Bronze Agé.in the area,
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UZET

Bu calismanin amaci, 1964-1967 fedikli kazilarinda elde edilen metal
bulaqularin icerdikleri alasim ve eser e]ement]erin tesbitidir. Incelenen idne,
b1z, kiipe ve bilezik qibi Srneklerin biiviik bir codunludu, Erken Bronz Cagdina

rastlayan kremasvon mezarlidinda bulunmustur.

100 kadar madeni bulgudan matkap ile talas halinde alinan 20-25 ma,
miktarindaki ornekler atomik absorﬁsiyon'yﬁntemi ile analiz edildi. Sonuclar,
orneklerin cogunun, bakir veya bakir alasim o]duﬁunu gisterdi, Bazi Arneklerde
kalayin (%7 dolayinda) bazilarinda da arsenidin (%5 do]ayinda) alasim elementi
olarak kullan11d1§1 gdzlendi, Urneklerin hemen hemen varisinda hem arsenik hem
de ka]ay‘%i miktarinda eser element olarak bulundu, Demir ve gﬁmﬂs hemen hemen
tiim orneklerde eser miktarlarda gszlenen diger iki element oldu. Kursun ve
¢inkoda f%nemli degiskenlik g621endi. BunTardan\kursun en fazla %27;& civarin-
~ da, cinkd ise en fazla %]5,5 olarak bulundu.

‘Urnek]ef tiirlerine, seki]]erine ve belirli eser element iceriklerine
qﬁke gruplandirildi. Eser element sonuglarinda histogram]ar;~koro1asyon1ar ve
kime analizleri uyaulanarak, belirain dedisimlerin saptanmasina calisildi.

, Sonuc1arda;~tUm drnekleri kapsayan belirgin bir eser element dagdilimnin

mevcut . olmad1§1 gszlendi, Ancak, bazi kiimelerde bir takim ayricaliklar izlendi.

Uzellikle semsiye basly idnelerin tiimiiniin kalayli bronz o]duk]ari aoriildii, Bu
Grneklerdeki dﬁger eser e]ement]erih dagiliminda da benzér]ik mevcutty. Ayrica,

| kalay, arsenik; kupsun ve nikel e]ememtleri;jceren drnekler arasinda iki belipr-

gin kilme ghzlendi, Bu kilmeler farkli iki maden kaynagini yansitabilir,
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Brneklerin bulunduju zaman arali§1 fazla olmamakla heraber qszlenen
heterojenlik, Srneklerin degisik‘maden"kaynak1ar1hdan geldiklerini, fark1s
iha]at.yﬁntem]erinin uyqulandigini veva degisik ticaret merkezlerinden elde

edildigini gbsterebilir.

.Gedikli'de yap11acak avrintili bir kazi calismasi, bu Srneklerin yerel
olarak imal edilip edilmedijini ortava c1karécakt1r; Urnéklerin_ayr1ca krono-
lojik olarak siralanabilmesi tekno]ojik qelismevi veva ticari iliskileri ortaya
cikarabilecektir. Bir on calisma niteliginde olan sonuclar, Gedikli'de vapilacak "
ayrintili kazilar bﬁ]gehin maden fekno]ojisinin ac1k1anabi1mesindea5nem1i.ola-

“caktir. ’ . | -
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CHAPTER I

INTRODUCTION



1. INTRODUCTION

The metals which have given their names to various Periods in
human history have been analysed by physical‘(opficaT microscope, X-ray
fluorescence, neutron activation etc.) and chemical (trace element analysis)
methods. These analyses unfold the structure of the artifact such that where,
how, from which metal 1£ was made or even the ore source used in it. (1)

As a result, the technological and cultural stage of that ancient soéiety
which manufactured the artifact could be discovered.

| | In recent years (2) beside the chemical and physical methods, new
techniques including isotopic analysis, age determination and others are
appiied in archaeology, in order to accurately date antiquities and locate
ancient raw materials. The term "Archéeometry" has'been ‘coined  for this
new discip]ine. The physica] and chemical study of a meta111c'artifact
inform us about the,fd]lowing‘questio;;: (3)

1. From which metal ft wds made?

2.iWhere was it made? |

3. How was it made

4. YWnich Ope sources were used?

5. Was it artificial or not?

Indeed archaeology provides us a history of prehistoric man, his
way of life, customs and environment. The more one sees and learns of his
utehéi]s, jewellery and weadpons , the more pressing becomes the question of
how 511 these objects were made (4).»In other words, the technology, |
manufacture and the metallurgical skill of prehistoric men are the main
focus of attention. For this purpose there must be a close cooperation

between archaeologists and scientists. When metals are reduced from their



ofes, the traéé elements present in the ore are also reduced. The trace
e]emeht distribution in the metal and the slag is very useful for the
determinatidn of the ore source. Thét's why a chemical (trace element)
analysis is necéssary in ordervto'find the compo%itjon of ancient finds and
to trace the séurces of the objects. Sdch ana]yseska]so lead to information
about the determination of metallurgy, technique of manufacture, culture,
the commercial re]ationshibs between societies, trading routes and connections
between prehistoric cultures. It is easy to distinguish betWeen metallic
materials of different origin, according to the various constituents present
and to recognize historical and geOgraphicallboundaries. Such chemical.éna1yse3
- are practical and promising. (5) .

In this paper 106 samples from Gedikli, situated in the South-eastern
Anatolia, are analysed by the Atomic Absorption Spectrography  (AAS) method.
Thesé samples are taken from different objects, which are: Pins, awls, brace]ets,‘
“rings and various iron.samp1es.These objects are obtained from an excavation -
made in 1964 in Gedikli by Prof. U.B. Alkim. They belong to the end of the
Early Bronze Age (EBA) and to the beginning of the Middle Bronze Age. (MBA)



CHAPTER II
HISTORICAL BACKGROUND



IT. HISTORICAL BACKGROUND
2.1. Methods of Determihing the Composition of Metal Objects

The properties'and'manufacturing technology of metals vary considerably
depending upon‘which metal or alloy it is made out of. Therefore it is extremely
important to know its constituents. There are many techniques for the

‘qualitative determination of the metals.'(2) Chemical methods can be applied
on a micro—sca}e to small samples and constituent elements can be identified
by their characteristic chemical reactions. Spectrographic methods, however,
are more accurate, fast and relijable and the'fo]]owing techniques are aﬁp]ied

in this field (6) (Table 2.1.)
2.1.1. Optical Emission Spectroscopy

In the fiprst stage;ofthisrmethod, the metal atoms must be activated
byrf]ame, eléctricity or arc. The activated metal atbms'emit rays, characteristic
of their electronic structure. It is'very easy to determine the intensity and
'wavelgngth of these rays. This method is sensitive and accurate. One can
analyse as much as 39 métals simultaneously. Five to 100 mg.vsample is

needed for the analyses. (7)

2.1.2. X-ray Fluorescence Technique

In this method, a specimen is irradiated first with a beam of
sufficiently short wavelength x-radiation, which céuses the elements present .
to emit their characteristic fluorescence lines. The fluorescence emission
is dispersed and characteristic lines of the e]ements'present are detected. (8)
It is a non destructive method, because there is no need to take any sampTe

from the artifact, however, one can analyse only the surface characteristics
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of that artifact (7)

2.1.3. Neutron Activation Analysis

~ The sample ‘is exposed to neutron for a long time, during which the
nucleus of the atoms becomes radioaétivated.'Then the radioactive desintegration
of thesé samples is measured. The spectrum obtained shows the characteristics

~of elements present in the sample.(8)
2.1.4. X-ray Diffraction Method

It is useful to study the sample at atomic level. The crystal
structure of the atoms diffract the x-rays. As a result the crystalline

- structure of the sample can be determined by examining these dfffractions.

2.1.5. Atomic Absorption Method

AAS is one of.the most common techniques applqéd for the analysis
of metal objects in archaeology. It is used in wide variety of scientific
;ffelds. (Table 2.2.) This method depends upon the absorption by atoms (present
in a sample of a metal object) of light emitted from a hollow cathode lamp of
the element being analysed. By this method, the qualitative and quantitative
“analysis of most elements can be determined with great‘ease. First, the
samp]e is dissolved in an appropriate solvent. The solution is then sprayed
into a flame to atomize the elements present. The interaction of these atoms
With the characteristic lights emitted from the sdurce (hollow cathode Tamp)
is ﬁéasured for quantitative and/or aqualitative analysis. (9) In atomic
‘ absorbtion, the wavelengths and energy levels of different elements shou]dk
| be calculated in order to make the analysis reliable, because due to electron

spin effect, lots of variations in the energy levels are observed. In fact,



* TABLE 2.2. Application of AAS |

 I. Biological sampTes
a. in the fields of bio and medical chemistry
b. in the field of agriculture
Cc. in the fié]d of food technology.
II. Industrial samnles
a. in metallurgy
‘b. for the petrolium product analysis
c. in glass and ceramic industry
d. 1in geo]dgica] researches
e. in metal industry
f. in every type of water analysis
g. in geochemical mineral analysis

h. for controlling the purity of chémica] substances




complex line ‘transitions may be obtained during atomic absorption, and the
best transitioné are the ones which terminate in the greﬁnd state. Light is
emitted and sharp lines are observed during these transifions. (9)

| Absorption.is dependent.on the inteneity of light. Meanwile, intensity
is 1inearly depengentupon the atomic concentration of the solution:

I = KN®

Where I = intensity

K = constant
N = atomic concentration
X = a constant aoprox1mate1y equa] to one.

In practice it is d1ff1cu1t to find K and x dur1ng the analysis,
therefore, the same concentration is calculated using the linear dependence
of the intensity of 1light which belongs to the so1ut1on

The Beer—Lambert equat1on (Beer s law) which is used in the mo]ecu]ar

absorption spectroscopy can be written as,
. - T30
109-—1— = 19910(—1—) = -ELC
. S 1, o

A .

or

-ELC
I= Io 10

| Where, E = molar absorptivify
L
K

path length of the cell

concentration of the solution which absorbs the 1light.

It is observed that there is a direct propertiona]ity between
absorbance and concentrations, and the absorbance is given:

A = -ELC



~ Atomic Absorption spectrometer has five major componenté as is
~il1lustrated in Fig. 2.1. These are:1light source, ontical part, detector and
‘ ahpTifier, recorder and flame systehs. Different hollow cathode lamps are
used as 1ight source for different atoms (Fig. 2.2.). These 1amp§ are filled
with Neon or Afgon gases, electrodes are sealed in one end, a window of
glass or silica is sealed on the other hand. |
The cathode is a hollow cylinder with an internal diameter of less

than ten mm. If sufficient voltage is applied between the two electrodes
(400 velts), electrons start leaving the»cathode, collide with atoms of neon
or argon and cause them to onize. The positively charged,ions‘gain kinetic
energy'from the potential difference, strike thevcathode surface (ground
state) and eject atoms from its crystal lattice to the quartz window (9).
The opticé] part of the spectrometer is made up of monochromator, chopper,
mirrors and prisms. |

- During Atomic absorption analysis, a_%ine spray of the sample
solution is introduced into a flame where it is desolvated, vaporized}and
atomized. Such solution sprey permits a uniform distrubution of sample
throughout the body of the flame and the introduction of a representative
_ portion df:each samb]e into the flame. (8) In atomic absofbtioh spectrometry

external light source emits the spectral 1ihes. That correspond to the energy

required for an electronic transitioh from £he ground state to excited
states of the element ané]yzed. The flame gases contain free, unexcited atoms
capéb]e of absorbing radiation from an external soerce, when the radiation
corresponds exact]y to the energy required for a transition of an electron.
Unabsorbed radiation passes through a monochromator that isolates the

exciting  spectral Tine of the light source and into a detector. The

absorption of radiation from the ]ight source depends on the population of
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the ground state, wﬁich is proportional to the solution concentration sprayed
. into fhe flame. Absorption is measured by the differenqe 1h»transmitted signal
in the presenée and absence of the element to be analysed. The resonance .
spectral 1inés should be narrbw as'compared with the width of the absorption
line to be measured. |

During f]ame_Spectrdmeter, gas pressukes and gas flows must be held
“constant to maintain a constant thermal environmeﬁt. For this‘reason double
beam instruments are used. The most imporfant_component of atomic absorption
 spectrometer is the nebuliief—burner system. This systemvconverts the test
ions 1n‘the sample so]utioh td atomic vapor. However, such system Wastes
sample, since the residence time of metal atoms in the 1ight part of a
conventional flame is very short (on the drder of milliseconds) (8). For these
reasons non flame atomization devices are also useful when the sample is
Timited or is in the solid state. Thg_heated graphite (Massmann) fdrnace
coﬁsists of a HoT]ow graphite cylinder 50 i long’and 10 mm in diameter
placed so that the sample beam passes through it. In the middle of tﬁe
- cylinder topbthere is a hole about 2 mm in diameter through which th;>samp1e
is pipetted. The cy]ihder is purged with an inert gas, either nitrogeh or
argon. An electric current, in three stages, is passéd through the cylinder
walls to evaporate the so]veﬁt, to ash the sample and fiha]ly to raise the
unit to incandescence to atomize the sample. WHen the metal is atomized, a
transient absorption signal is measured on a fegorder. The time spent by atoms
in the 1ight‘path as they diffuse down the graphite tube is on the order
of 2-3 sec. Very smaT] amount of samples can be analyzed by Carbon Rode

Atomizer (Fig. 2.3.). CRA technique is a very quick and sensitive method. (8)
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~ Atomic Absorptidn speétroscogy has important characteristics which
‘make it.suitable for trace element analysis. Versati]ity is an important‘
feature which makes it parficu]ar]y‘suited for the aha]ysis of aréhaeo1ogica1
objects. Lists of avaiiéb1e hollow cathode famps for AAS}shOW over 65
elements available (9). Thfs method is a}so,high]y sensitive, because for the
majority of the elements amenab]é to AAS, the analytical sensitivity is high
~and. concentrations in the parts per million (ppm) range in solution can be
readily determined. Alloys of copber,tin. Tead, silver, go]d, silicate
.mater1a1s comprising clays, ceramics, glass, glazes and minera1s are all
sensitive to this method. Typica1 sample requirements are two to ten mg. In
order to indicate the sensitivity of atomic absorption methods, the minimum
measurable concentrations in so]uiion for typical elements which are important
in archaeology are listed in Table 2.3. With a flameless atomizer,bthére are
dramatic improvements in defection Timits and thfs option is particularly
“useful in the analysis of bronze, (for e.g.) for arsenic, antimony, bismuth,
cobalt and so on. For this purpose it is assumed that the amount of sample
from an object aVai]ab]e for analysis is 10 mg. and the dilution is 25 ml. (9)

The accuracy a1so'is verykhigh; even with quite small sample (10 mg)

accurate results can be obtained. Each element is detefmined separately; for
major»e]emehts an accuracy of + one percent can be expected. In the case of
minor and trace elements, for elements present at concentrations between 0.5
and 0.05 wt. percent, the accuracy can be + five percent, and fdr élemehts
~at concentrations below 0.05 Wt. percent, the accuracy can be 3 15 percent.
- However, for elements present below 0.05 wt. percent an accuracy of + five
percent can be maintained, even down to relatively low concentrations, with

the use of a flameless atomizer unit. (9) This is also a very quick method.
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TABLE 2.3. Typical Atomic Absorption Detection Limits of Archaeologically

Important Metals

Element
Antimony
Arsenic
Bismuth
Copper
Gold
Iron
Lead
Nickel
Silver
Tin
Zinc

HGA : Granhite furnace

HGA (ppm)

0.5
0.25
0.25
0.125
0.25

o

.125

0.0125

o

.0025

Not : Typical sample is 10 mg in 25 ml

~ Flame (%)

0.01
0.025
0.006
.00025
.0025

o O O

.0013
.0025
.0005
.0005

o O o o

.0025
0.00025

~ -
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‘The time taken to obtain a concentratibn reading for d solution is usually
under 20 sec. inc1uding Samb]ing of the objects concerned, one operator can
analyse over 20 bronze samples in five days for ten diffekent elements. (9)
| This method can be readily applied to copper alloys. Pure copper,

arsenical copper, bronze (including leaded bronze) and brass are all included
in this category and dissolve readily in dqua regia(one vol.conc.nitric acid:three
vols conc. HC1) including even trace metals as silver, because of the small
weight (ten mg.) and ré]ative]y high acid concentration. Care must be taken
to ensure that tin has dissolved completely in the acid mixture, a gentle
heating of the acid (60°C) has been found to bringvtin into solution in:a
very short time. Tin can be 10st by evaporation if the acid solutions are -
heated to dryness. After disso1ution and'éppropriate dilution to Oo]umé the
so]hfions can be transferred to polythene screw -cap bottles for storage.

When experiments were carried out on standart so]qtidns of several
metaliic e]ements_containing known concentraﬁtonrof metals, it was found
that the‘presence of copper enhanced the atomic absorption signals of the
other elements (9). This enhancement is approximately in the drder of eight
to ten percent.

SeVefal years experience of the application of AAS to the analyses
of ancient materia]g—for archaeology has shown that it is a valuable technique
for analysing with good accurécy, a range of different materials. The
technique complements others a]feady in use for either analysis or examination
in thét AA analysis provides the internal composition of an object rather
than an aha]ysis of its surface (9). Thus internal and surface analysis
comp]emént each other, and both are of value in interpretjng the structufes
of materials as seen with the various forms of microscopy. With AA it is

possible to detect very small quantities of elements, and the range of a
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'spectrometer can be greatly extended with one of the recently introduced
flameless atomizers. Techniqhes have been worked out, tested and checked
by analysis of standart materials of known composition. Ancient copper a]ioys,

ceramics, a range of other metals and non-metals can be analysed by this

method.
2.2. 'Cobper

2.2,1. Native Copper

Various archaeological finds have shown that copﬁer and copper
alloys had a specié] place in human histdry. It is a‘metallic body, 1ivid, with
a dusky redness, 1gnitbb1e, fusible, exten;ib1e under hammer. It is the earliest
- useful metal of mankind and its production is’the earliest branéh of metallurgy.
It was with it that the éar]y man learnt to discover the changes that fire
works on it.

Copper occurs in the native state in many places of the world. In
the native form it is known to man since 8000 B.C. First man treated it like
any other stone (10, 11),‘but later when‘copper technology began between the
years of 5000-2000 B.C., this metal was used as a commercial good and gained
economic importance. The most important step in copper technology—is fhe
smelting process, because after this}step, meiting, casting and alloying
processes déve1oped and copper. became widespread in human life, so became
important commercia]ly. | (

There are three ways one can transform natiVe copper into useful
artifacts (12). |

1. The cold hammering; which fs to hammer a branch of native copper

into the desired shape.
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2. Annealing and hammering; which 15 shaping with heat

3. Me1t1ng of native copper fallowed by casting to give the.
deSJred shape ‘

ObJects made from unworked native copper and refined copper may
‘show unique differences (13). The degree of purity and the hardness cannot
be used in the identification of unworked native copper, because impurities
depehd on geological origin varying from area to area, whereas the hardness
- is affected by the nature, amount, size and distribution of impurities.
Hdwevef, copper oxide particTes, grain size and twins, which appear as
paré]]e] bands within a single grain are distinctive indication of native
copper. In fact, native copper\which has not been melted or smelted can be
free of copper oxide. The size of a grain may also be used to identify
unworked or cold hammered native copper from that which has undergone heat
treatment, in fact_grain size is a function of heat, pressure and time.
Large grains indicate unworked native ccpper. Lastly long and thin twins which
-are produced by ged1ogica1 phenomena at low temperature and over great

period of time are the most distinctive indication of native copper. (12)

2.2.2. Copper Ores

Copper is found native, but most of it is smelted from various ores,
among which are: The oxide, the carbonates, the sulphides and ores containing
arsenic. Different copper ores are given with their formula and common
impurities in Table 2.4. (13)

Nearly all copper ores conta1n sulphur, antimony, arsenic or lead
and a small percent of zinc. Nickel is very rare because it is not genet1ca11y

connected with copper ores. The three nickel bearing copper ores Algodonite,
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Whitneyite and Mohawhite are véry rare. The sulphi de ores whfch are in the
Tower pért of Table 2.4 contain hiaher percentage of iron as well. as arsenié,
antimony, zinc, nickel and silica which enter the éopper métal in proportions
dehending’on smelting conditions.

The diagrammatic section aécross a cqpper Jode is shown is Fig. 2.4.
(14). Copper weins are found in regions of hydrothermal activity, suéh as
“contact metamorphic zones. In tﬁe copper lode four narté are seen. The
pr1mary enr1chment zone, the secondary enr1chment zone, the leached zone and
the upper capn or gossan. The primary sulphides of copper and iron; bornite
and cha1copyr1te‘associated with pyrite, are situated in the primary
‘enrichment zone. Copper §u1phides are vefy unstable and are oxidized. The
oxides and_carbonates of copper are leached  1n the secondary enrichment
zone where native conner is also found. If this enriched zone lies below the
water table, the oxides are replaced by enriched sulphides of copper; cove111te,
and chalcocite. The upper cap or gossan, which consists of oxidized iron ores
‘such as limonite, is seperated from the enr1ched zone by a sterile Teached
zone having so1ub1e minerals in it.

The physical character13£ics of native copper and various copper

ores, observed in the copper lode (Fig. 2.4.) are as fallows:

a. Native Cbpper: It is copper-red with a metallic lustre, the |
surface may be tarnished and dull, somefimes with a black or a greenish colour.
The épecifié qravity is 8.8 and its hardness ranges from 2.5 to three (14).

It is malleable and ductile, can be hammered into shape. Repeated hammering
hardens the metaT and renders it brittle. On reheating it becomes malleable
again. The m.p is 1100°C. Hammering copper brings Bfine]] hardness from 87 to
135, that is more than is achievéd by the alloying wfth the normal ten percent

of tin to make bronze and it approaches the hardness of mild steel.
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This hardness is temporary and the operation must be repeated regularly.(14)
' b. Cuprite: Cu,0, 89 percent Cu. It is bright and dark red. The
~specific gravity is 5.8 to six. The hardness 15‘3,5 to four.

c. Melaconite: It is a black copper oxide, has 89 percent Cu. It's
specific gravity is 6.3 and its hardness is‘three to four (14). They occur
as a dull black mass or as a fire black nowder.

d. Malachite: Hydrated carbonate of copper CuCO Cu(OH) ‘has 56
percent Cu (13). It is brilliant green, has a specific gravity of four (14).
The hardness is 3.5 to four.

e.Azurite: Less hydrated form of copper carbonate. ZCuCO Cu(OH)
It is bri]]iant blue. It's snecific gravity 15.3.7. It is less common than
malachite, has 55 percent of Cu.

f. Chalcopyrite, Conner Pyrite:,CuFeS2 With 34.5 percent Cu (13).

It is brass vellow with a metallic lustre. It s specifjf gravity is four to
- 4.3. The hardness isvfour.

g. Bornite: A sulphide of copper and iron. Its composition being
variable has no chemical formula. It is richer in copper and poorer in iron
than chalcopyrite. It has a reddish golden colour with a high metallic
1ustre,—butlon exposed surfaces it tarnishes to green and blue. It's specific
_E}avity varies from five to 5.5. The hardness is 3.3. It has 55.5 percent Cu. (13

| h. Chalcocite: Rich copper sulphide, Cu,S with 80 percent Cu. Fe is
present in it as an impurity. The co]our is black or lead grey. The spetific

grav1ty is 5.5 and the hardness is 2.5 to three (14).

. Covelline, covellite: CuS, a sulphide with 66.5 percent copper (13).

It's dark-black in colour with a high metallic lustre and slight irridescence

The hardness is 1.5 to two and the specific aravity is 4.5.
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J. Chrysoco11a‘ It has a variable composition containing a hydrated

silicate of copper. CuS103 2H20 It varies in colour from bluish green or

turquoise to sky blue. The specific gravity is two to 2.2. The hardness

varies from two to four. The copper content is variable but may yield up to

ten percent on smelting, using 1imestone as a flux to melt the silica (14).
As a summary, the physical properties of copper ores and native

copper are grouped in Table 2.5,

2.2.3. Stages of Early Copper Metallurgy

Staces of early copper metallurgy ti11 Bronze Age are illustrated
in Table 2.6 where five major stages can be classified.

a. Shaping of native copper

This stage is fixed at the seventh or eighth millennium B.27 (11).
Hammering,’cutting, bending, grinding and polishing all belong to this stage.
Shaped native copper is not useful because it is soft, with poor ductility.
It‘can-embrittle and cause cracks.

b. Annealing of native copper

It consists of alternately heating and hammering native copper. Hntj]
this discovefv cooner was used for small orhaments; but-by annegling it was .
nossible to shane it into further forms withoué makina it ton brittle. Both
discoveries; the malleabilitv and the fusibility of cooner 'are done in this
stace. The fusib111tv 0of conner made the meltina and castina. “nf metal

nossible (15, 16).
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 TABLE 2.6, Stages of Early Copper Metallurgy

[ ;
a. Shaping of native copper (hammerﬁng cutting, bending, grinding po]iéhing)'
b. ‘Annealing of nativeutopper (heating and hémmering)
C. Smelting oxyde and carbonate ores
Smelting ore |
requld slag (thrown away)
d. Melting and Casting Copper
e. Smelting Sulphide Ores

1. Roasting the ore
2. Smelting roasted ore
copper matté’(COppek-iron sulphide) . slag
3. Roasting copper matte
4. Smelting roasted matte

blue metal™(rich is copper) slag (rich is Fe and Cu)

5. Roasting blue metal

6. Sme]tingkroasted blue metal

black copper rich copper matte slag (rich is copper)

- \
7. Melting black copper

refined coppef slag (rich is copper)

Fashioning refined copper by casting etc.
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c. Smelting of OXyde'and Carbonate Ores

Together with the melting and casting of copper, this stage forms
the beginning of individual copper metallurgy. The reduction temperature of
oxyde and carbonate wasffairly high (1085°C)'-

d. Melting and Casting Copper

This stage became widespread about 4000-3500 B.C. Unsuitable
old tools were remoulded, so recasting process was realized. (15, 16).

e. Smelting of Sulphide Ores

The preliminary roasting is carried out priok to the smelting process.
The principles of roasting are connected with the production of lead and
silver from galena. The smelting operatidn is conducted in three stage§ (13)

1. To produce a copper matte of 30-40 percent Cu content.

2. To make a blue metal of 65 percent Cu content.
. 3. To make a black topper of 95-96 peréent Cu content.

~After having produced a copper matte with 30-40 percent copper
content the blue metal is smelted. The smelting of blue metal is genera]]y
done is "blast furnace” and in-;n oxidative medium which is coal and silicate.
Coa] reduces the Cu0 in order to form "Black Copper" with 95-97 percent
copper content. At this stage certain amount of Au, Ag, Fe, Pb, As, Sb, Ni,
Co, Zn and Sn may still remain as trace elements in copper metal. (17)
During fhe final smeiting'with charcoal and blast air the final product,
“tough-pitch copper" of over 99.5 percent purify is obtained. Howéver, part
of the ‘air used in smelting may form CuO which makes copper brittle (13).
The copper oxide is reduced by inéerting greenwood in it. The slag which is
formed is called "melting slag" and may have as high as 20-28 percent copper
in it. Because of this, the ané]ysis 6f trace elements in slag can help to

find.out the ore source.

B0EAZICH TINIVERSITES] KOTOPHANESI



26

‘ The refining process discovered in Antiquity was very gradually
deve]oped until’  the twentieth century. New methods were introduced, among
which the following can be observed concentration of the ore by flotation,
furnace treatment, combination of roasting and smelting in the convertor
process, hydrometallurgical treatment, and electrical refining (17 ). But
still there is always a tendency to return to older methods because the copper
produced by  modern mass methods is not always of the quality required.

In its simplest form, the operation eonsists of a series of roasting
and smelting followed by refining. People of antiquity used different
metallurgical techniques for their daily and long-term needs. Today
technological data are easily obtained by using different methods of chemical
analysis. It must be noted that, these meta]lurgicél studies whicﬁ have been
used, are developed and are being used in a]]yregions of the world. With
minor technical improvements, ancients could obtain a good anq_pure copper
alloy Without too much difficulty, hoWever, too much copper was left in the

slag compared to modern methods. (13)
2.2.4. Smelting Process

The smelting process is the reduction of an ore body to metal in an
‘atmosphere of carbon monoxide. Fuels and fluxes are used besides the minerals
as is illustrated in Fig. 2.5.

The essential component of the fuel {s carbon which creates the
~atmosphere of carbon monoxide. Carbon monoxide reduces the metal ore via the
reacfion: (14)

MO+ CO —nu M 4 co,
where M = metal

MO = The oxide of that meta1
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The ;arbon dioxide so created is converted back to carbon: monoxide

via the reaction. T

2C0

C02 +C ‘

Ores are mixtures of the desired mineral énd the unwanted mineral
or "gangue"‘high in silica. The 80 pércent of gangue has to be fluxed and
removed from the copper as a 1iquid "slag".

Fluxing was known since fourth millennium B.cC. (18) Pure minerals
such as cuprite (with 89 perceqt Cu)glmelacqnite (with 89 percent Cu) and
chalcocite (with 80 percent Cu) cén be smelted without fluxing, because there
are sufficient quantfty of minerals in these ores and they can be readily
Teached. On the other hand, siliceous (oxide)bores, which have excess éi]ica, |
need to be fluxed with FeQ and the ferkdginous ores (sulphides) which have exces!
iron, need to be fluxed with silica, SiO2 (18). In both cases the liquid slag
will be the same: fayalite (2 FeO.SiOZ)'with a free rhnning temperature of
1150°c-1250°C. |

Slags obtained by this process can be characterised by their high
viscocity, (500-2000 cP) as compared to that of mattes (ten cP) and liquid

copper (three cP). The presence of solid magnetite or excess solid silica

increases slag viscosity even further (17). Liquid slags are ionic. They are
‘ 2 3¢

made of cations (e.g. Ca ¥, Fe2+; Fe™ , Mng) and anions (02-, S1‘O44 , and
large silicate chains and rings). Smelting siags are classified in three
groups: acidic, basic and neutral according to their silica content. Basic
slags are simple in structure and are fluid whereas acidic slags have‘high_
viscosity (17). Slags can be classified according to thefr types in the
following ménner (19): a. Glassy slags, black and obsidianlike, uniform

b. prp]e slags, less uniform than the former, can vary in colour ffom'grey

to black c¢. Chunky slags, not homogeneous, may contain bits of ore, charcoal
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and also copper pri]ls,}some areas may have a rusty appearance due to oxidation
of some of the iron percent. It ig vefy brittle, a freshly broken surface may
show some matte areas (19). v
There are two techniques for reduct1on of an ore body to metal.

a. Hydrometa]]urgy

If the oxidized minerals are too Jean in e copper ore, they are
treated by hydrometallurgical techniques. It is the Teaching of the ore with
sulphuric acid, followed by precipitatioh or e]ectrowinning of the copper from
- -solution. The overall reaction for copper e]ectrow1nn1ng is-as fallows (17).

Cuso cu® + }502 + H, SO

+ H,0 250,
cathode anode

4 2

The copper is not very pure because of the contamination from the
Tead anode which is not completely inert.

~b. Pyrometallurqgy

When the oxidized minerals are present in suff1c1ent quantity in the
ore, tney can be reduced pyrometa]]urq1ca11y to 1mpure copper (20).

Pyrometa]]urgy consists of three stages: (]7),1.vRoasting 2. Matte
smelting 3. Converting to blister copper-.

The copper ores mined today are too Tean in copper (one percent
copper) to be smelted directly. For economical smelting, copper minerals in
the ore must be concentrated by "froth flotatdon" technique (17). Copper
‘minerals are rendered hydrophobic and are removed mechanically from the top
_of fhe flotation cell. The”gangue minerals are 1eft in water avid at the bottom

of the pulp. Typical concentrates contain 20-30 percent Cu.
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1. Roasting
~'Roasting is a partial oxidation of copper sulphides with air. It is
carried out for two main reasons dependinq’Upon the method of copper extraction.
First in hydrometa]]urg1ca1 extraction, roasting is necessary because copper
minerals are not easily leached, whereas their sulphates are soluble 1in water
and their oxides are soluble in dilute sulphuric acid. Thus a contro]]ed
roasting of sulphides can produce a readily leachable calcine. Second in
: pyrometa]1urgica1 extraction, roasting is done prior to matte smelting in
order to ut111ze the heats of roasting, to dry and heat the charge before 1t |
is added to the smelting furnace, and a]so in order to increase the
concentration of copper in the sme]ting product j.e. in the Tiquid matte (21).
During this process temperature must be between 500- 700°¢C (17).
Some examples of the roastlng reaction are as fallows:
CuFeS2 + 402‘-——~> Cu504 + FeSO

4
2CuS + %02 ——> Cu0.Cus0, + S0,t

2CuFes, + ;3 0, —— 2Cu0 + Fe,0, + 450, 1
7 In the roasting reactions sulphur is eliminated in the form of S0,
and also, volatile elements 1ike As, Sb are decreased if preseht in the
medium. The roaster product “"calcine" is a mixture of'oxides, sulphates and
sulphides. Oxidationvreactioﬁg-are exothermic, so once ignition takeé'place

the roaster operates autogenously ( 20).

2. Matte Sme]tinq

It consists of melting concentrates or part1a11y roasted concentrates
at ]1500»- 1250°C to produce two immiscible Tiquid phase (17): the f1rst phase
is a copper—r1ch matte, (sulphide, containing all the copper) and the second
phase is the slag (oxyde, free of copper). The main disadvantage of the‘method

is its eontamination with SO2 gas.



31

The matte phase consists pr1nc1pa11y of Cuzs .FeS matte (35- 65 percent
| Cu). Beside these two sulphides, the matte phase also contains sma]] amount
of Co352, N13SZ, Pbs and ZnS. The matte is also an excellent solvent for
precious metals 1ike Ag, Au, Pt which enter the phase along with As, Sb,
Se, Te (17). |

The slag confains mainly copper and ijron oxides (FeO Fe304) and
| also other oxides 1ike A1203, Ca0, Mgo, 5102. These are added as flux or are
présent in the original concentrate. It is the iron, copper, sulphur, oxygen
and these oxides which control the chemistry and physical constitution of
the matte slag systém.

The first purpose of matte smé1ting is to transform all forms of
cqpper into Cuzs and fhis is ensured by FeS, which tendé to su]phidize the
" non su]bhidic copper (17). 7 | _

FeS(1) + Cu,0(slag) =—= FeO(slag) + Cu,S(1)

Ox{dized copper may be present in yarious forms as: Ca0, CuSO4,
CuO.CuSO4 or Cu0.Fe,05. A1l of them form CupS at the end. So it's impossible
to smelt copper metal without having iron in the medium. Iron regulates also
the diétribution of ‘heat at microscobic level.

The second important thing is the silicated flux (13). The smelting
operation must be carried out by bringing the slag to near saturation with
510, (35-40 percént silica). When silica is absent it is impossible to

kseperéte the matte from slag, because they form a miscible system together (17).
In such a system the oxides and sulphides combine into one covalently bonded,
semiéonducting phase Cu-Fe-0-S phase. But when silica is present, it combines

.with the oxides to form strongly bonded si]icéte pb]ymer anions: (17)

2+ 4-

+ S5i.0

2Fe0 + 35102.,___. 2Fe 30g
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A1l these, group together to form the slag ohase. The sulphides show
.no tendency to form these anions and hence remain as a distinct covalent .
matte phase. Thus two immiscible layers are created. Lime and alumina can
stabilize matte-slag fhmiscibi]ity. They are beneficial up to about ten

- percent concentration.

3. Converting to Blister Copper

It consists of oxidizing (with air) the Tiquid matte from smelting
stage. It removes the iron and sulphur from the matte and yields the crude
| (99 percent Cu) blister copper. This operation is accomplished at 1100°¢.
| This conversion is carried out in two sequential stages: The first
stage is the FeS elimination or s1ag forming stage, i.e.

2FeS + 30, + Si0, ——s 2Fe0. Si0, + 2%
2 2 2 2

air  flux
whereas the second is the blister c0pper forming stage, i.e.

CU2S + 02 ——— 2CU + SOZ
(air)

The second stage begins when the matte contains less than about one
bercent Fe, SO that almost all of the iron is removed as slag before the
beginning ofvcopper production (17). |

The.product of the converting process is blister copper which
contains 0.02-0.1 percent sulphur. Oxidation df the copper is not a problem
because.copper oxide occurs when the sulphur content is below 0.02 percent (17).
| Most of the nickel and precious metal, which were invthe matte enter
the blister copper. Iron and zinc are oxidized into the slag, while antimony,
arsenic, cadmium, and Tead tend to vaporize.~SO2 is a by-product and can be
removed as H2504 because 1its concentration is high (gréater than five percent

50,).
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~ The b]ister’copper is then e]ectkochehicé]1y refined to produce’high
- purity (99.99 perCent'Cu)-cathode copper. Electrorefining consists of the
electrochemical d1sso]ut1on of copper from the 1mpure anodes, and the plating
of pure copper (w1thout the anode 1mpur1t1es) into copper cathodes. The

electrolyte is an aquous solution of HZSO4 (200 kg/m3) and CuS0, (50 kg/m%)

4
usually with a trace amount of chlorine.

| After the development of the five’stages in copper metallurgy,
(Table 2.6) Bronze Age began;vEspecially in the Anatolian sites arsenical
bronze is seen earlier than tin bronze, so alloying copper with tin indicates
a more advance in metallurgical evaluation. Then man began to add trace

elements into copper, in order to obtain superior properties as compared to

~copper. Thus alloying process began after the development of the smelting

process.

2.2.5. Alloys

Over 50 percent of the wor]d production of copper is used in the
electrical industry, nine pércent in thé automobile industry and 11 percent
for bui]ding and akchitectura] purposes. The e]ettrica] industhy uses either
pufe‘copper or copper é11oys, so the greater part of the produced copper
is used in the”form of alloys with other meta]s. Alloys replaced native
copper in many areas because they have super1or propert1es compared to pure
copper. Many specific a]]qys are developed for spec1a1 applications.

a. Copper Arsenic Alloy

Many researches showed that in the Ear]y'and Middle Bronze Age,
arsenic was intentionally added to copper to produce an alloy with superior

césting and mechanical properties'('21, 22, 23). Arsenic reached from 0.25
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percent to as high as ten percent in the alloy and diminished in bronies
- when tin gained more import;nce in later periods.

| Arsenic bearing minerals can be identified by the garlic odour
given off when strucklﬁy’a hard implement 6r stone (15). If an artifact
-is found to contain an appreciable amount of arsenic (more than about three
peréent) then the arsenic is said to be intentionally added as an alloying

element (20). It is thought that the ancients mixed enargite (Cu Ass4) or other

3
arsenica] minerals with copper pyrites and preparéd a metal rich in arsenic,
then‘they noticed that the alloys prepared in this manner, were taugher and
stronger than usual. i

Arsenical copper has superior properties than copper: It is a good
deoxidant and has a greater affinity for oXygen, hence, it renders copper
suitable for casting. Even one percent of afsenic functions as a mild 7
deoxidant. In the cold working conditions, arsenic increases the strength and
hardness of copner, however, in the hot workihg conditions such as annea]ing
at 700°C, it softens fhe metal, thus copper can be worked without difficulty.
Thg.effects of work hardehing process_i.e; cold working by hammering and
“annealing on arsenical ébpper are‘i11ustrated in Table 2.7. As is observed
on the table, an arsenical copper a]ioy with 7.92 percent As content could
crack when it is compressed by work hardeningfprocess, however, agéa1ing it
at 700°C would soften the metal, thus{copper could be worked more easily. ( 20)

It is also obéerved that alloys with seven percent As bosess
remarkable ductility and have corrosion and erosion resistance (20).

Cu-As alloys are fokmed with the association of sulphide copper

minerals and some other complex minerals containing As (24;. These are given

in Tab]e 2.8.
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Among these minerals orpiment and réa]gar are non cupriferous
'_arsenic which form afsenica1 copper alloy when they are simultaneously smelted
~ with copper ore (24).. - |

Afsénic minerals can also provide silver ¢oloured coatings on copper, .
producing an artificial silver. This kind of luster tarnishes less rapidly
than silver. The silver éo]our is due to a copper-arsenic alloy ¢ontaininq at
least 12 percent of arsenic. It has been shown that the Ahcient Egyptiens
‘prepared si]ver’coloured coatings on coppoer and used fhis high arsenic copper
alloy as a mirror (25). Also in Turkey, arsenical copper objects conta1n1ng
up to 12. 6 percent arsenic are found at Tk1ztepe and are analyzed by Doc Dr.

Hadi Uzbal from Bogazigi University (26).

Later, however, The Early Man began to use tin instead of arsenic,
because of the high risk - of poisoning due to As and its high volatility (27)
which Tead to uncertain metal composition. -

b. Coppér—Tin Alloy (Bronze)

Stannite (tinsulphide) or cassiterite (tinoxide) were used for the
production of copper-tin alloy. The early bronzes contain all kinds of
contamination, because matte or black copper is smelted with tin ore, but
later bronzés avoid contamination because they are prepared by smelting pure
copper with tin ores. _ "

Tin-bronze is the most suitable metal for casting. In fact closed
moulds are one of the consequence of the development of bronze metallurgy,
because the addition of tin checks the absorption of oxygen and other gases,
acting as a deoxidizing agent. The strength and hardness of this alloy are
very improved, only steel and iron can surpass tin-bronze in many physical
properties (4°). The physical properties of bronze are illustrated in Table

2.9.



37

£9¢
g€l
0EL-0clL

08

(4aqunu | [autug)
SSARGYVH

paJaliey usym
ULl 4o %1€°6 YaLm azuouq uLg

paJauiey uaym
_ 51 | ULY O %00 Y2iM 9ZUOdq ULy
ol ,v _ 48ddoy 35e)

(yosut auenbs uad suoy)
AL1JVN3L

9ZUOJg JO sBLIUBUOUd [BILSAYd *6°Z IT4VL




38

As is observed in Table 2.9., the addition of 10 percent of tin to
‘the cast copper, brings the tenacity from ten to 15 tons per square inch,
whereas the addition of 9.31 percenf of tin on copper brings the hardness
| from. Brinell number 80 to 136. It is also observed that hammering increases
further the nardness of tin bronze to the figure of Brinell number 257 (1).
As an alloying element tin is superior to arsenic and zinc. All
three make copper more fluid and thus easier to cast, but tin‘in a quantity
of about ten percent makes copper hérder and stronger and brings greater
corrosion resistance to copper than zinc and arsenic. It also reduces the m.p.
of copper from 1085°C to 1020°C by addition of about ten’percent, while five
percent arsenic reduces the m.p. by about 25°C and adding ten percent zinc
Towers by about 30°C (10).
In the earlter period the tin content was betwéen five and 15 percent
(10), but later bronies contain anywhere from eight percent up to 33 percent
of tin. The most widely used of the modefn bronzes is “gunmeta]" containing
~teh percent of tin (10). |
There are two general methods of producing copper-tin alloys (28).
In the first case tin is smelted from the oxide cassiterite with charcoal
which is vefy simnle becausé of its Tow m.n. (2320C) (21). This smelted tin
is added to smelted copper to produce bronze. In the second case, copper ores
and cassiterite ores are mixed before smelting and are smelted together.’
The second method produces alloys with variable tinpercentages, but it is not
likely because it requires shinning tin ores to copper sources. It is
unlikely because ow has a areater bulk than a smelted metal, therefore the
Firstlﬁethod swas perhaﬁs wide1y,u§ed (21).
In Ancient Anatolia tin was used for bronze manufacture, despite the
fact that Anatolia was believed to-have very Tittle tin denosits. In the

beginning of the second millennium, B.C., it is believed that t#n was imported
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in exchange of copper, gold and s11Ver (29). Examo]es of even ‘an eaf11er
period are found at A]acahoyuk (Gorum, Sungurlu) and Horoztepe (Tokat-Erbaa)
lyn-the third millennium B.C. (28). Sometimes thg surface of bronzes are phtated
and inlayed with electrdm:(gold- -silver) and also in]ayed with afsen1c This
1nd1cates the perfection of the technical sk111 in metalluray (28, 15, 18).

c. Copper-Zinc Alloy "Brass"

Brass is a yellow alloy of a more golden colour than bronze. It can
be manufactured by melting copper together with calamine (zinc carbonate),
cadmia (zinc oxide) and also by simply using metallic zinc’(30).‘But calamine
brass is believed to be sunerior in mechahica] propertieé to brass made by
using metallic zinc (4). | | |

Brass which contain from 15 percent to 20 percent of zinc possess
the greatest ductility. Such an alloy was also used in jewe]Tery. Thin
sheets of brass were used in the imitation of gold. (2). Also in ancient
times brass was used for ornamental purposes (4). B

 The method used in the preparation of calamine brass is very simple.

The calamine is grounded andkmixed with charcoal and conper, in granules or
smé]] fragments. This mixture is pTéced in a crucible . and is carefully
heated to a temperature sufficient to reduce the zinc in the ore to the

~metallic state, without melting the copper. The zinc being volatile, its
vapor permitted the conper to be converted inéo brass. The tehperaturé was
then raised and the mo]teh brass was poured out of the crucible into moulds.
The alloy obtained is called "calamine brass".'Lafer,,copper used in the
manufacture of calamine brass for Objects of art is purified (2). This
puriffcationvwas especially necessary to remove lead, because lead is found
to be contaminating brass.

" Beside arsenic, tin and zinc, other trace elements also are added
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into copper. These trace e]ements have some un1que effect on the propert1es‘
of copper (37) Bismuth, hav1ng a very Tow so]ub111ty in copper, forms
1nc1us1ons in. copper and coppera]]oy casting and causes brwtt]eness Lead,
~at a sma]] amount, aids in effect1ve cast1ng and reduces the br1tt1eness of
t1n -bronze and arsenical copper alloys. However at higher concentrat1ons,
1ead behaves 1ike bismuth and renders copper brittle (31). The concentration
of nickel on the other hand, generally does not exceed one percent. It is

less common in copper and hardens without causing brittleness.

2.2.6. Variation and Partitioning of Trace,Elements Between the Ore, Flux,

STag and Metal

It s not easy to d1st1ngulsh nat1ve conper from smelted copper.
Nat1ve copper has in many cases the properties of the smelted meta], it can\
| be as pure as smelted copper or c0n51derab1y less pure. In certain cases a.
]arge percentage of gold, silver, 1ron and antxmony indicates a nat1ve
origin and somet1mes the presence of arsenic, 1ead zinc, tin, n1cke] and
sulphur 1nd1cate that the meta] in quest1on is a smelted copper (10).
Copper whether native or smelted has a percentage of 1mpurities.'
‘Trace impurities can serve as clues to the possible ore sources of the
metal. Metals 1ike iron, manganese, zinc, aluminium, chromium pass to the
slag,- thus mtnbr quantities remain in metallic copper (13) Upon smelting,
arsenic and ant1mony present in the ore, ma1n1y remain 1in meta111c copper,
but since arsenic 1s very volatile, its concentrat1on in the ObJECtS varies

“widely.. Zinc and cadmium are also vo]at1]e, the1r occurence in copper varies
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according to the smelting method used. Tin has a high so1ub1]1ty is copper and
~ nasses 1nto the meta] during sme1t1na Other e]ements such as "phosphorous,
~silicon, calcium, arsenic, sulphur and antimony have a tendency to pass on to
the reduced metal if they are present in.the ore (13).
 The proportion of impurities present in the ore is not constant and
varies with particular smelting conditions.kSimi1ar1y, the same ore source
may show wide differences in the trace element distribution. During smelting,
_for'examp1e, arsenic»and antimony can dimintsh_since they are highly volatile.
On the other hand, the presence of nickel may indicate that the metal in
question is a smelted copper, because nickel is not seen in the netive,copper.
| ‘Trace elements in the ore, partttjone between the flux, slag and
metal during the smelting process, Tylecote and Boydell carried out eXperimente'
to show that the conditions of smelting, melting and refining processes, (32)
changed the distribution of trace e]ements._Eor this purpose, they have
smelted different types of ores inva primitive sme1ttng furnace ahd studied
the effect of the_changes in}the 1abbratofy conditions on the trace element
distributions | | |
It is evident that iron a1ways can be found in impure conoer. It can
vary from less than 0.2:percent to over 24 percent due to ferruainous
slag, but can be refined out. It s so]ub111ty in copper is very Tow. If there
is more than one percent of Fe in-the conper, it becomes ferromagnet1c Iron
is seperated from the copper as fayalite, (FeO.S}OZ) which is the slag.
MahganeSe and coba]t are related to iron and also pass ﬁnto s]ag-and are
eaeily seperated. Nickel and}zinc are related both to iron and copper so
they are equally distributed between the iron and the copper. Si]ver, is
copper re]ated and mainly rema1ns in copper. Arsenic, antimony, bismuth and
1ead are a]] highly volatile and their proportion varies accord1nq to theA

temperature used dur1ng smelting.
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The trace element part1t1on1ng of a synthet1c copper ore between

- slag and metal after a primitive smelting procedure is shown in Table 2.10.

~ From this study (32) some important conclusions were made:Amona the
oxides, Ca0, Na20'and'K20 are found to come from the charchoal ash, whereas'
As and Mn are introduced into the metal from the fluxes. The principle
impurities are S, O2 and Fe. As for Ni énd Ag, they are observed in copper
from oxidized ores. When two tuyeres are used, such high smelting temperature
can cause a reduction in the level of Zn, Sb Pb and B1 in the copper. A
roast1ng process is necessary for su]ph1de ores at 850°C before the smelting
process. Slags obtained after the smelting process can contain up to 40-50

percent of Fe0 and their analysis can give clues about the source of an ore.

2.2.7. Heterogeneity and Sampling Problem

The purpose of-trace element analysis is to determine possible ore
sources. Especially some of the elements found in the ore remain in copper,
alter the smelting. However, as mentioned before, different parts of a given
ore source may show wide differences in trace element distributions. Thus
such applications should be done with care; A]ong with this problem, the
distributien‘of the trace element in—a given piece of metal may not be
uniform as well. Taking 25 mé. sample from aﬁ_artifact, which weighs a few ki-
Tograms may not give the overall distribﬁtioh of the trace elements. (33, 34)

| ‘Trace element distribution may change during smelting, melting,
alloying and casting processes (33). It is‘obséib]e’that in the' nast new
artifacts were also made by me]tfng the older ones. These artifacts showed

neithérithe real distribution nor the ratio of the.ore sources.
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- Researches done show that, there isn't a homogenebus:distribution

- of trace e]ements in metallic art1facts (33) Precious meté]s and their

f1ne alloys are homogeneous, but more common metals 1ike copper are not.
Thus, a sma]J sample taken from an object will not give the complete distribution
fof trace elements. Some of the investigators haVe.suggested that the greatest
heterogeneity may be due in part to the segregation of components on ageing,
_ by reason of diffusion, crystal growth or phase'chaﬁgeQ However, investigation
showed that such events happened with silver-Tlead or silver-copper, lead alloys
and lead precipitated even at robm temperature. Such segregation is found to
be neglig ible (33). | |

There are several reasons‘for the heterogeneous distribution of
trace e]ements in metal objects (33) F1rst of -all phase of low solubiljty
may precipitate out during manufacture. Th1s problem is-observed in bronzes
which contajn_high proportion of lead, where lead forms a seperate phase in
the form of globules of different ;;ze. LikeWise,then an alloy 1sAnot
pfépared at a high temperature or when melting is done under unsufficient
~heat, some trace elements are distributed as bulky groups at.varioﬁﬁ regions.
Guilding artifacts with some vaTuab]e metals can effect the homogeneity.
‘Objécts can be manufactured fn the form of a_p]éting/of a precious metal
ona core of base metd}.vThUS, a sample from the surface of such an object -
can{t reflect the composition of the whole. )

OXides and slag can also be introduced into an alloy during smelting
and me1t1ng processes. This is the main cause fof the beginning of corrosion, .
wh1ch is one of the main causes of heterogeneitv. Espec1a]1y erratic and
extensive 1ntergranu1ar corrosion effects the trace e]ements distribution
in great proportion. The pércehtage of’afsenic_and antimbny are generaT]y

highéf in a corroded portion of an object as compared to non-corroded parts(33).
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As the-dbject gets bigger,vthe heterogeneity similarity increases.

The analysis of a single sample taken at random is not,suffiéient
"_ for a good result. Samples shou]d be takén systematica]ly from various parts
and efther analyzed sépérate]ykor éombined'ihto,one representative_samp]e to
determine the average compositon (33). |

 Sometimes the metal is so corroded that samples of unaltered metal

cannot be obtained. The results of analysis of such objects will not édd‘up
to}]OO percent. The visible surface corrosion products should be just removed
- by mechanical treatment. Then the clean metal shou]d be‘washed with alcohol. |
and dcetone to remove possible 0il and grease contaminanté. After metal is
dried in an oven and accurately wejghéd; it is pTaced in a §o1ution of one
to one nitric acid.‘After_five minutes it is removed, washed successive1y |
with water ethanol and acetone, dried and reweighed. The difference between
: mass is the amount of méta] dissolvéd‘ih‘the acid. Thisyéou]d be a useful
sampling method for sma11 objects'like coins. However, the major problem of
this method is that only samples from the surface are taken for ané]ysis.‘
g Also if the object is highly corroded the acid solution may demage the who]e
specimen. | _ |

The best way to obtain samp]és fkom a metal dbject is by drilling
method. Iﬁ_brder to avoid necessary demage to the appearance of objects,
dri11 bits of small diameter are used. Drilling takeh from different points

are combined into one'representative sample (33),

2.2.8. Types of Smelting Furnaces

Detailed information cannot be given for the earliest smelting .
furnaces in which copper oxide ores were smelted, because these furnaces when

cooled down were destroyed, in order to extract the copper (35, 35).
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The furnace shown in Fig. 2.6. which the excavator, Rothenberg,_dates'to the
, Chalcolithic period,can give an ideajabout the furnaces used in ancient times.’
This is modelled on the type of furﬁace found on Site 39 at Timna, Israel, at
about 3300;B,C.'(32; 37); The model consists of a cylindrical hollow hole with
- 23 cm. diameter and 30 cm.'depth.It is mede from fire bricks, surrounded by |
sand and insulating brick. First, a single tuyere was used, then a second one
wae added. With the intention of burning the unburnt carbon ‘monoxide given off
at the.toé. Both‘tuyeres were supplied with air at a rate of 150 1/mn. The
mixed ore, flux and charcoal were added to the furnace in 200 gr. charges
; maintaining a (flux ore)/ fuel ratio of one to two.

| Today,. however, smelting is ﬁnst.often performed in
‘conventiona] reverberatory furnaces. Blast furnaceé are also used in locations,
where Tump ores are available and e]ectricaT furnaces are used in locations,
where}power}is inexpensive (11). A newer process "flash smelting" replaces
the other processes for its low fuel requirement.

Blast furnaces were usedvin thevpast for producing 1arge‘quantities
_Of_matte for Tump sulphide ores. They ere unable to treat finaly grounded
flotation concentrates directly because the cembustion gases below the
particles ouf of the furnaces (17). Reverberatory fUrhaces, however, were
‘the most widely used method for producing copper métte. [ts virtues are {Z;
simplicity and versatility. The greatest problem is the production of large
volumes of gases with 1ow’¢oncentra£ions of’SOz.)The'use of such furnaces
dec]ines gradually beCaﬁse of the big air pe1ution caused by 502 gas.
E]ectric furnace system, has the advéntage of good ﬁemperature flexibility
and control, and because there are no combustion gaees, good control over

oxidation conditions is possible. Consequently low losses of copper occur in

the smeltﬁng slags and there is an excellent control of slag properties.
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'aSince}sma11 quantities of gas‘and_SO2 are produced(in this type of furnace,
electric furnaces replaced revérberatory fufnace in‘régions where electrical
energy is inexnensive.

THe first three types of furnaces use hydrocarbon fue] or electrical
'energy, flash furnace on the other fiand uses the energy obtained in the
oxidation of its su1ph1de charges (17). This liberated heat is also used
for the me]tinq of matte and slag. The cambuétion reaction ié -as fallows:

2CuFe52 + 50 + S1O2 — CUZS FeS + FeO. 510, + ZSO + heat
(Cha]copyr1te) flux '

This reaction providéS'mucH or all ofthe.heat required for heating
- and melting. A considerable quantity of 502 is>produced’by this furnacé.
Its concentration is high enough (greater than ten percent'SOZ);to be
removed as H,S0,. |

The main advantaqes of th1s kind of furnace are: its law hydrocarbon
fuel requ1rement and the ease and efficiency with which the SO2 can be —

removed from their effluent gases. However, high locs of copper may occur .

in slag which can be recovered by recyc]ing.

12.2.9. Metallurgy in Turkey

Copper O;E is relatively abundantvinnTurkey. It occurs in various
form and its . distribution encompasses a large area of the country (19).
The most preva]ent type of copper mineral avai]ab]e today is chalcopyrite.
It is offeh associated with lead and zinc to the extent that all three metals
(]ead, conner and Zinc) can be mined and smelted from the same ore body.
Although copner ore is widelv distributed (F1g 27) only a few areas in Turkey
today are mined for it. There are six suggested areas of intensive copoer

B exp101tatjon in the nast (19, 38, 39).
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1. Kire group (Middle nf Black Sea region int]uding Sinop)

2.’Yaprak11 group (Middle Anatolian side, figar Yozgat and Ankara)

3. pbntic'group(Area'iné]uding Tokat and Erbaa)

4.1Giresun-Trabzon group (Aréa:inc1ud{ng Giresun, Trabzon and Qrdu)

5.‘Efgani group (South eastern part bvanato1ia:.inc1uding Diyarbakir)

6. Murgul-Kuvarshan group (East of Black Sea Region includina Artvin)

The Ergani groun is the most famous'deposit'because it has been
exploited for a Tong time. In antiquity a certain amount of oxidized ore was
-available at Ergani, judging from present remains. The Ergani copper deposit
has always maintained a special interest for archaeo]ogists, because of -its
strategic location in eastern Anatolia on the main route between Central

Anatolia ‘and Assyria, and also begause of its continued wealth. (11, 15).
| " The Kiire mining area cohtihues to be an important source of copper
today. Copper ore is no longer extracted at the Kiire mine itself but at
the,near by sit;.of Asikéy (9, 36). Thevore‘here is chalcopyrite with pyrite
and some bornite.

| | Near.Artvin, the Murgul-Kuvarshan Mines“aré also important. (39) Minina
at Kuvarshan Maden has céased, but Murgul is still in operation. Chalcopyrite
is the‘principal mined ore, but theké areFSecondéry mineralizations of
bornite, chalcocite, cbve]]ite as well as cha150pyrite.

The Pontic mining area was a1so an 1ﬁportant source of copper. The
6res were noted as malachite, azurite, ché1copyrite, cuprite and native
copper. The : prehistoric smelters prbbab]v sme]fed ores- of ‘carbonates and oxides
which were the easiest to treat and were the nearest to the surface (19).
’During‘their work Enargite (Cu3AsS4) has been found near Glimiishane (19).

There are also arsenopyrite deposits in the West of Turkey often associated

with gold.
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In Antiquity native copper was .probablv much more .abundant in

surface outcrops than it is today (10), although Cnpper nodules can still

be picked up in a number nf c0ppef producing areas in Turkev.
The distribution of copper'deposits a¢cross Turkey from the Caucasus

to the Trpad nrovides a number of onnortunities for conner eXp]oitation by earlie
periods neenle. Two tvpes bf mihing activities have been practiced in historic
Turkey. Cne was the intensive exploitation of a particular site, such as at
Ergani and at MurguTVand the second was small-time exploitation along the
Black Sea Coast in GUmUsHane, Giresun and Trabzon Provinces (19). Most of fhe
mines "however have caved inaéndvWEre covered with rubble and top soil,
leaving behind only slag dumps. Possible ancient copper mines a;é shown in

Fig. 2.8.
| Copper deposits are found on the-bahks of thé COpper Stream (Bakir
Cay) in Amasya Province (Site'17). A]éo at Adaca Aéac11, south of Artova in
- Tokat Province (Site B) a mine éovered with ruEb]e has been e;;osed (3%).
| The Kozlu mine south of Erbaa in Tokat Province (Site C) which was -
an important source of éonpek ore, was aiso filled. Hordztepe; 15 km north

of Kozlu was an important site for copper:objeéts(19). In Kastamonu Province
near Taskopri (Site D) several tons of slag attést’to éctive copper smelting
in the past. Karaeli, 60 kms. southeast‘df Ankara (Site E) and Hisarcikkaya
near E]divan in Cankiri Province (Site F).ghéwed the remains of smelting
'furnaces, and lastly (Sité G) showed two neighbouring smelting sites in the
E1d1van Mountains to the west of H1sarc1kkaya

The most spectacular smelting site was that of Gumus (Site A). A

large sector of -the v111age is built on the slag layer. The area is known for

its lead deposits, but upon analysis the slag showed upto 30 per@ent of

arsenic (]9); Appreciable quantities of iron and lead were also present.
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These copper slag dumps giye and idea of the extent of ancient Metallurgical

production in Turkey.
~ The term:“Stone Age“ and "Cbpper", l‘vBrcg’nze“, and "Iron" Ages are used
in archaeo]ogfca] Titerature to distinguish periods before and after the
diécovery of metal. In Copper, Bronze and Iron Ageé, metals became available
‘and proved superior to stone for many purposes. The use and manufacture of
metal marked advances in technology. It is diffiéu]t t0‘se£ a fixed date
for the first extraction of metal from ores, but every néw discovery pushed
tﬁé event farther back in time. | |
An archaeological site in Anatolia called Catal Hsyiik dated to 6000 B.C.
has yielded a meta]}which did not occur in the natiVe state,this metal found - B
at Catal Hoylik was lead (15; 16 ). Léad is rarely found}in-nature, in native
state. Native Tead is extremely rare and»onTy tiny paktic]es in fock'haVe
| ever been found in Sweden (_4®. In general, the metals found in the native
state-are copper, gold, somefimes si1§er, platihum and a meteoric iron-
1 nickel alloy. In early times, pure native copper as huge ‘boulders as well

as small pieces were very abundant.

Earliest use of metal was simply hammered rative copper(31,18)to shape -
needed articles, but too much- hammering caused the metal first to harden

and then to crack. The problem could be remedied by warming, because heat
 softened the metal so that it could reworked. This change With heat encouraged
man to apply the same treatment to other stones. Most stones cracked and
broke apart, but when galena (lead sulphide) was put in the fire, a new
subséance "lead" formed at the end. This extraction of lead from galena was
the basis of all pyrometa11ﬁrgica1 nrocesses. |

Metal ores were also “apundant in prehistoric times, but Galena

requifed the simplest treatment to extract lead from it and was reduced at a
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much 1OWerAtémperature than copper ores. Thus, lead can betsaid tn be the father
ofva11 metals and was the starter of the Meta11otechnologica1‘Age. However
‘ lead did‘not play anvimportant”roleiin the’dev§1opment of ancient metalluray.
hut thérmOre functional ones such as coppér d1d. Lead was smeTted'for its by
“products whiéh were 1itharge as a glaze and silver as a metal. Lead-glazed
artifacts have been found dating from 5000 B.C. (40)’and the number of
excavated silver artifacts rapidly 1ncfeases from this date on. During the
third mi]]enium B.C. in the Black Sea Region at Mahmatlar, the process known
as cupellation wés used to obtain the silver from the lead sulphide are
"galena" (14).
COpper,'was first used for orn&ménta] purposes because When rubbed

it showed a bright colour. All extremely old copper articles are co1d. worked
or hammered because they are free of copper'oxides which are formed only

when copper is melted and absorbs oxygen from the air (40). Thevear1ie$t |
'.fihd of copper 1is from én excavation at Qaybnﬁ'in fa}key dating to 7000 B.C.
TEe éme]tinq of copper from ore is believed to be first accomplished at about
6000 B.C. at Qafa]iHﬁyUk (31). Tin bronzé artifacts with 11,5 percent tin were
- first made by about 3500 B.C. and tin objects apoeared 500 yeérs later.

k‘ Ear]y'sett1ements‘appear to have evojved in the regions of Anatn1ia
and the surrounding areas, and in these areasvthé gheatest numher of stone,
ceramic and metal objects have been‘found toééther; Three tiny copper pins
were found atkCayﬁnU Tepesi dated from 7000‘B.C. (31) The source of this
nafive cdpper is considéred'to be the Ergani miné regidn'(4]) which is at about
: twent& kilometers from Cayoni Tepesi. Another important site for ear1y metal
working was'Catal Hoyiik. Copper objects mainly beads, tubes, fings and small
tools were found in that region located in the Konya plain, most1y in the

graves of women (around 6400 B.C.) (31, 16). Beycesultan and €edik1i Hoyiik are
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.kintéresting éites‘qiving information about the thifd-mi]]enniUm metallurgy
of Anatolia (29). In addition, many spectrocraphic:ana1ysis were executed
band statistically tested on ob1ects found in the "Royal. Bur1als" at Alaca - -
Ho ik, Horozteoe Mahmut]ar Troy, Tarsus,and Alishar Havuk 911 these are
magor'th1rd Millennium sites in Anato11a (31). Spectrographic analvsis on

diverse objects from these Anatolian sites are executed by Prof. Ufuk Esin from
Istanbu1 University (42).

2.2.10. . Gedikli Excavation

Gedikli Hoylk is located in the South eastern Anatolia, 23 km. west
of Gaziantep on the plain of Sakcagizii. The analyzed materials are from_an
excavation made by Professor U. Bahadir Alkim in 1964. (43). The excava%fon had
lasted for 3 years between 1964-1967'(44).

' This excavation showed very rich findings Ee]onging to the Early Bronze
Age and according to these finds it can Be safd that a very rich culture waé
present in Gedikli. This period is characterized by an drange red wére (43).
In addition to this special pottery called Buttle Orange ware, metallic
' objécts and especia11y~pin§ were discovered among the finds.
.~ The analyzed objects belong to the Cremation buria]s dated to the
‘end of4Ear1y Bronze Age and the beainning of Middie Bronze Age. Cremation
‘was prevalent in the Gédik]i Tombs and burnt areas Were very important and were
separated with a stone division in the cemetary.Corpses were burnt ih a
special place in a tomb. (4?) Without waiting to the end of this procedure
the firevwas extinguished with a special liquid. The bones remainina behind
“were , wrapped into a cloth and this cloth was held together bv different
kinds of pins (kefen ignesi) and then they werevplaced in pots. These pots
were buried with the gifts given to the dead person.
| | 106 samp]es are taken from the d1fferent types of objects found in

the.cremat1on burial -site of Gedikli. Among these objects, which are mainly



56

pins, are also different kinds of;gifts given to the dead

~ person, such as QW]S, rings, bracelets, and axes. %heAtrace element
analysis of these samples werekmédé to ?ind the compbsition of these dbjects.
and to,trace‘the pqssib]e ore sources, from which these objects are made

gnd a]so to estimate possible date. In addition to ths such analysis wi11
give light about the technique of manufacture, the commercial relationship,

the culture and meta11urgica1 skill of Gedik]iksitEQ
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III. MATERIALS AND METHOD
3.1. Material

3.1.1. Context

GEDIKLI, 1964 Season. Cremation Burials

3.1.2. Chemicals

Chemicals used in this experiment were obtained from: Fisher and Merch

3.2. Method

Atomic Absorption Specfrometry and carbon rode atomisation are used
for‘the defermination bf trace elements. Ten to twenty mg. of copper alloy
drillings are wéighed to'an_accuraCy of 30.02 mg. and transfered to a 25 mi.
pyrex beakér. In a fume cupboard one ml. (iQ?T ml.) of aqua regia is added,
~ and the beaker is placed on a hot'plate‘(GOOC)runti1"solution is complete
(There is no need to boil the solution and to prevent loss of tin, proTonged
heating is inadvisable). The beaker is removed, 6110wed to cool and an
‘addiﬁiona] one ml.'aqué regia and ten ml. distilled water are added. The |
solution is-quantitatively transfered to 25 ml. volumetric flask and is diluted
to volume with diéti]]ed water. It is mixed and transfered to a screw-cap

_polythene bottle. (9)
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| Before the analysis of the samples, a series of concentrated standart
,AsolhtiOns~contaih§ng 1000 ppm of each element to be measured are prepared.
v The'standaft solutions arevdiluted Witﬁ water to brepare the desired concentratio
Di]ute'standgrts are made up‘relatively frequently. Four standarts for each
element was usua]lyvsufficient, the samples are kept within their range, i.e.
the calibration graphs were not extrapolated. Conditions and AA parameters
for the analysis of all trace elements used in this,study’are illustrated
in Table 3.1. |
. Once therconcentration of the element has beeﬁ determined on a sample
‘solution, in térms of ppm; Qf the'e1ement in solution, tﬁe weight perceﬁtage
in the_object itse]fjis calculated as fallows (9).
‘ cv

weight % in the original alloy = ——
o S W

where C = concentration of element in so]ution (in ppm)

- W= weight of'samp1e (in mg)

V.

L1

volume of original solution (in mls)

" The cé]ibrafibn curve is prepared by using the least square method

and concentrations of the samples arevobtaihed from the calculator. Results
are also compared with a reference sample wfth known trace element distribution
and concentfation. Two samples from the reference are takén fo} each set

of eiementa] analysis.
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CHAPTER IV
RESULTS AND EVALUATION
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IV.  RESULTS AND EVALUATION

Among the 106 samples takenlfrom the Cremation Burial sight of -
Gedik1i Hoarq diverse -objects are seen. They can be classified according to
their types as: pins, awls, kings, bracelets, iron samp]es; a silver ring
and others, The pins are classified according to their shape as: headed
pins with hole, headed pins, spiral headed pins and umbrella headed pins.
Theée are listed in Table 4.1.
| Also various shapes of each type of artifactsrare iflustrated in
Fig. 4.1. - Fig. 4.8. | | .
| Samples are tried to be taken from the uncorroded side of metallic
artifacts, but sometimes it was~no£'possjb1e. Since the objects were very
smaIT and thin, only single sample is obtaihed by drilling from each object
due to possibility of breékage.'It fs known that the best way of sampling is
to take two or more samples by the drilling method from different
parts of a single object and then mix these to make a compdsite sampTe.vSome
of the pins and awls being very delicate and thin broke down during dri]]iﬁg.
Generally drilling bids of 1.0 mm or smaller are uéed. Thus only a sing]e
sample was taken from each artifact at the mbst‘convenient place. Dots on

the objects in Fig. 4.1. - Fig. 4.8. indicate places where samples are taken.

4.1. RESULTS

Copper, tin, arsenic, lead, zinc¢, antimony, nickel, cobalt; silver
an iron content of the samples are determined'by the methods described in
section 3.2. As can be seen from Table 4.1. 95 of the 106 samples are copper

and copper alloys.. The number of samples of the other types were not large
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Fig. 4.2 Shapes of Type B (headed pins) samples
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Fig. 4.3 Shapes of Type C (

SpiraT headed pins) samples

TYPE D

SIGHI FROM THE
' TOP

' |

‘

3

Fig. 4.4 Shapes of Type D (Umbrella headed pins) samples
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S

Fig. 4.5 Shapes of Type E (Awls) samples

Fig. 4.6 Shapes of Type F (Rings and bracelets) samples
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TYPE 6

- -ARROWTIP

SPEARTIp

FIBULA

(:;;__"_‘;,~_\ (/__\_~_____‘:::) ~ SILVER RING

Fig. 4.7 Shapes of Type G and H (Iron samples and a silver ring 3y ecamnlae



FLAT AXE

Fig. 4.8 Shapes of Type I (others) samples

65



enough to make any staSiticaT evaluation. Results of the trace e]ement'

.distribution of all samp]es are g1ven in Table 4.2. - Table 4 9,, and the

. stat1st1cs are 111ustrated in Tab]e 4.10.

TABLE 4.1. Classification of Samples According to Their Types

| Type of Sample | _ Number
o | 1. pins
Headed pins with hole  ~Type A 35
Headed pins Type B 18
Spiral Headed pins Type © 10
Umbrella Headed pins - Type D 5
IT. Awls Type E 14
vIII. Rings an Bracelets Type F 11
- IV. Irdn Samples Type G 10
-V, A silver ring ; Type H - 1
VI, Others | Type I 2

TOTAL ’ 106




TABLE 4.2. Trace Element Distribution of Type A Samples (%)

Sample No  Cu  Sn Pb As Sb Ag Ni In

) Fe -
6/541 . 68.3 0.92 < 0.4 - - 0.41 . - 0.29
~ G/537 93.1 - - - 1.03 0.6 0.08 0.12 - 0.76-
G/882  65.2 7,99 0.43 0.69 - 002 - - Q.2
6/701  73.4 2.3 - 1.86 0.43 - 0.29 6.37 0.74
Ga-K/211 77.9 0.67 0.06 0.9 0.3 0.02 0.05 -  1.24
G/891 = 8.2 - - 0.5 0.07 0.04 0.02 -  0.46
- 6/588 67.5 4.69 -  0.68 0.02 0.07 - - 0.25
G/201 83.6 0.35 -  1.07 0.13 0.09 0.24 - 0.8
G/310 84.7 - = 1.02 0.2 0.16 0.06 -  1.03
G/183 9.9 -  1.15 0.5¢ - - - 0.72 0.3
G/189 89.1 - - 1.4 0.08 0.01 - - 0.63"
1 6/620 89.9 - - 0.8 - 0.02 0.2 -  0.94
G/190  83.8 - - 105 - 0.0 0.21 -  0.m
G/371 87.2 0.11 - 0.91 0.1 0.19 0.03 - 0.8
G/93 8.5 0.05 0.49 0.91 Q.11 0.09 - - 0.26
G/245 77.4 8.4 0.8 0.77 -  0.04 - 0.3 0.29
G/828 82.9 5.3 1.75 0.74 -  0.18 0.75 -  0.34
/891 8.9 0.3 - 0.7 0.09 0.07 0.04 -  0.42
6/193 89.2 -  0.03 0.87 0.09 0.04 0.51 - 0.2
G/913 90.1 0.14 - 1.31 0.07 0.06 0.25 - 0,43
6/206 81.3 - - 0.65 0.09 0.08 0.01 - 0.3
G/627 75.7 6.93 0.11 0.74 0.08 0.05 0.13 2.3 0.18
 6/622 81.6 8.41 2.39 0.75 -  0.03 0.41 - _ 0.18
6/192 78.8 N - 0.6 - - 0.23 - 0.21
G/925 77.3  8.41 0.23 0.1 - . - 0.05 - 0.38
G619 82.3 - 0.52 0.81 - 0.01 - - 0.47
G/250 41.6 2.24 - .21 - 0.04 0.4 1.9 0.26
G-K/195  61.7 0.91 - 0.6 0.45 0.01 - - 0.42
6/893 80.7 8.19 0.6 0.38 - Q.02 0.3 -  0.15
/887 76.9 7.3 0.14 0.6 0.07 0.04 0.01 -  0.33
6/187. 75.9 -  0.04 0.52 0.02 0.04 - - 0.56
6/623. -~ 87.5 -  0.98 0.76 0.07 0.07 - 0.8 0.54
G/222 836 1.3 - 0.8 0.12 0.01 0.06 1.49 1.21
6/532 8.3 - - 0.7 0.6 _0.06 - _ 078 0.54
S G/224._ . 86.9. 0:13 - 0.5 0.3 0.07 - - -  0.97




;TABLE»4.3. Trace Element Distribution of Type B Samples (%)
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Sample No Cu

Sn

Sb

Ag

Pb As Ni In Fe
6/393 89.4 0.05 - 0.61  0.05 0.16 - - 0.53
G/520 85.1 0.24 - 0.51  0.02 0.09  2.09 - 0.15
622 9.8 - - 073 - 059 - - 062
G/699 84  0.05 - 0.82 0.51 0.17 0.0l 0.5 1.5
G/609 38 0.24 - 0.4 0.19 0.12  0.02 - 0.46
6921 86.1 - - 0.89  0.49 0.09 1.27 - .0.29
6/920  93.5 - ; 0.61 -  0.01 0.15 0.8 0.18
GK/148 91.4 - 0.74  0.56 - 0.19 : - 0.42
6/549  82.3 1.06 - 0.7 092 0.05 - 1.4 0.3
/699  78.9 - - 661 0.09 0.03 0.22 1.6  0.19
6/492  82.7 2.18 0.07 0.4  0.22 0.02 0.03 1.66 0.35
6/883  72.1 0.69 - 0.9 009 - 0.8 0.2 0.24
G/403  84.1 - . 1.6 014 - 022 1.3 111
6216 83 0.5 - 0.3 024 0.03 0.04 1.02  0.27
6/217 849 - - 1.29  0.09 0.05 0.04 1.65 0.7
/215  82.3 0.95 0.5 1.53 0.05 0.02 2.34 -  0.42
G/885  89.2 - - 0.8 0.03 0.4 0.09 - 0.74
/241 86.6 - _ 0.57  0.22 014 - 0.4

0.08




TABLE 4.4. Trace Element Distribution of Type C Samples (%)

2.04

'SampleNo’Cu ~Sn Pb As . sp Ag Ni In - Fe

6/215 75.4 858 0.05 0.%6 0.08 0.29 0.22 - o4
G/372 80.9 0.89 - 073 0.12 0.01 0.05 - 0.6
6/231 85.1 1.8 0.27 0.64 0.04 0.06 0.08 1.23 0.23
G/818 82.3 3.69 0.28 1.95 0.05 0.03 0.17 1.26 0.15
G/668 95.6 - - 0.04 0.08 0.01 - 1.58  0.56
/880 82.5 - - 0.63 0.11 0.13 0.1 1.5 0.7
6/539 82.4 0.74 - 0.83 0.1 0.04 0.45 1.3 0.6]
G/378 _86.1 1.43 -  0.78 0.1 0.03 0.04 1.2 0.3
6/240 81.4 8.76 0.3 0.48 0.16 0.01 0.33 1.19 0.23
G/23¢ 81.9 - _ 072 0.14 0.004 0.08 1.6 0.75
TABLE 4.5. Trace Element Distribution of Type D Samples (%)

Sample No  Cu Sn . Pb As Sb Ag Ni In Fe
6C-K/933 81.3 7.11 -  4.78 - 0.03 0.4 -  0.23
6C-K/934 67.6 9.92 - — 0.33 -  0.01 0.05 - 0.1

GC-K/935 85.8 5.5 0.7 1.3 - 0.06 0.29 1.87 0.15
6/22 80.9 7.21 0.13 0.63 -  0.02 0.24 -  0.73
Ga-K/235 81.1 5.31 0.06 - 0.07 0.3 0.4 0.15
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"TABLE 4.6. Trace

ETement Distribution of Type E Sample (%)

Sample No

" Cu Sn

Sb

Ag NP

85.8 1.24

Pb As In Fe
6k/179  70.9 - 6.72 0.0 0.1  0.04 0.02 27.4 0.45
6C-K/927 95.6 - - 0.09 - 0.001 - - 0.48
- 6/917 87,7 - - 0.55 0.1 0.01 0.2 1.21 0.66
6/919 87.6 -  0.81 1.3 0.12 0.16 - - o
Ga-K/402 889 152 - 1.5 - 002 - - 0.6
6C-K/937 89.7 - - 0.7 - 0,005 1.17 - 0.2
6C-k/926 90.3 - - - - - . 0.25 -
Gb-K/714 91.5 - - 4.8 - 0.04 - - 0.66
Gb-K/556 91.2 0.65 -  0.24 0.22 0.23 0.0l - 0.05
6K/47 78.8 7.3 0.31 0.62 -  0.05 0.14 -  0.23
6-K/530 86.5 - - 0.62 0.74 007 - - 0.6
Ga-K/311  88.6 0.91 0.18 0.99 0.3 0.20 0.15 1.83 0.3
GA¢K/368 88.6 - - 025 - 0.02 0.3  1.62 0.63
Gb-K/533 017 1.3 - 003 - - 1.5
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TABLE 4.7.

Trace Element Distribution of Type F Samples (%)

Sample No

Cu__ Sn  PbAs  SbAgNi_Zn  Fe
GK/17 729 -. - 0.08 0.15 0.09 -  19.3 0.7
Gb-K/709  85.8 1.44 0.5 0.32 0.09 0.09 0.33 -  0.4]
Ga-K/315  95.1 10.6 - 0.1 -  0.02 0.29 - 0.2
G-24 86.9 - - 09 0.07 0.05 - - 0.53
eaéK/357 88.7 - - 0.5 0.3 0.1 - - 0.4
Ga-K/373  84.9 1.76 0.02 0.75 -  0.12 0.1  1.64 0.32
GK/56 75  0.26 15.5 0.25- 0.19 0.16 -  11.5 0.87
Gb-K/542  93.4 5.53 0.14 6.21 - 0,08 0.33 -  0.43
Ge-K/930 1151 - - 0.23 - 0.01 - - 0.1
6-8 94.8 0.39 -  0.16 0.19 0.08 0.23 - 0.1
G-K/178 72,7 2.9 9.04 - 0.24 0.08 - 2.07 0.34
TABLE 4.8. Trace Element Distribution of Type'G and F Samples (%)
Sample No Cu Sn Pb As Sb Ag N1 In Fe
Ga-K/405 - - - - 0.1 0.3 - - 98,7
| Ga-K/406 - - - 0.004 0.07 - - 0.24  g87.9
‘Ga-K/404 - - - 0.007 0.04 - - 027 73.9
Ge-K/36 - - - - 0.5 - 0.2 - 102
6-K/179 - - - 0.002 - - - - on7
G-9 - - - 0.006 0.07 0.004 - - 85.9
GK/24 - 0.62 - 0.06 - 0.35 - - 77.7
G-K/29 - 042 - - - - - - 51_05
| sk/e3 S - 006 - - - 0.68 60.91
Gb-K/654 - - - 0.05 - - - - 103
Ge-K/932 32.2 4.77 0.73 0.2 - 819 -  0.76 0.2




TABLE 4.9. Trace Element Analysis of Type I Samples (%)
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Sample NoO Cu Sn Pb As Sb Ag Ni Zn Fe
GC-K/939  89.9 - - 0.09 -  12.6 0.12 1.46 0.05
GC-K/940  88.6 - - 4.4 0.07 0.006 1.3 - 0.04
TABLE 4.10. Statistical Findings for A1l Trace Elements

Cu'  Sn Pb- As  Sh  Ag  Ni In Fe
J of samples 95 55 3 93 61 87 65 3 94
% sample Wwr s 37 9% 67 91 68 39 98
mean 836 343 1.31 1.49 0.18 0.07 0.28 2.86 0.

5.42 0.

st. deviation - ~8.81 3.44 3.08 4.29 0.18 0.08 0.42
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In the analyzed samples, no Cobalt has been détected. This is unique

~ because, cobalt has been reported tb'be a characteristic tface element of
Anatolian gopper artifacts (19). Tin was observéd {n abodt half of the
samples with an average of 3.43 percent. This is too high to be an impurity »
yet too low to be considered as a tin bronze. Many of the samples had tin
content less than one percent which may~come‘as an impurity rather than
intentionally prepared alloys. As will be noted in Fig. 4.9., tin content in
copper increases gradually in Anatolian culture and reaches ﬁo about ten
percent by the end of Bronze Age. The answers to this question, however#
can be found after a complete excavation'at the site. | |

Almost all samples showed some amounts of arsenic, however mostly
less than one percent (aven‘1.49 percent). This is a good indiéation that
arsenic is introduced into copper mainly, during the smelting of arsenic
~ cdntaining copper ofes. Lakge standart deviation (’= 4.29) also indicates
that it is difficult to maintain arseriic concentration constant at some
desired 1eve1. - | |

Lead is fdund in 37 percent of the samples, generally at 1owb
concentrations. Except in few samples, lead is also an inpurity, and may
{ndicate a barticu]ar ore source. Similarly 39 percent of the sémp]es
}confained zinc (an average of 2.86 percent) héwever, variation of zinc
content was quite large (G‘: 5.42) zinc and lead are generally associated in
nature and 15 samples contain both of these elements. On the other hand,
38 sahp1es had both no zinc and lead. Analysis of the surrounding copper

ores for trace elements may lead to possible source identification.
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S11ver is another element that was observed at high percentage,
4(Tab1e 4.10). It is related to copper and has. atendency to accumu]ate in

the molten copper during melting. A1l the ore sources therefore must contain
some si]verk '

Antimony is also observed‘at Tow concentration (average of 0.18
percent) in 67 percent of the samples. Like silver and lead, it is related

to copper and tendsto accumulate in it.

 Nickel is observed in 68 percent of the samples at rather low

(average of 0.28 percent)4concentrations Since it is mainly introduced to
copper dur1ng smelting from the flux, it cannot be used as a source indicating .
element.

Finally iron is observed jn almost all samples at trace amounts.

It s introduced into copper from flux and can be easily removed in
"purification methods with the slag. Lower iron contents, indicate better
purification and refining techno]ogy Small amount of iron percent in Ged1k11
1samp1es reflect an advanced metal techno]oqy

The—use of copper and copper a11oys in Anatolia has a Tong history.

The development in metal techno]ogy can be ass1gned to specific ages.
‘Analysis of large number of metal artifacts carried out in Anatolia (45) shows
that older samples were arsenical copper and later tin replaced arsenic as
an alloying e]ement F{g. 4.9.

| Arsenic is generally observed in copper artifacts at concentrations
of aoput'one'percent or lower. This is 5certain1y not an intentionally prepared
alloy- but - a result of impurities left from smelting,_arsenic containing
copper ores. However, the arsenic content of artifacts found during the |

Early Bronze Age‘II, reachee upto about five percent. At this time‘ft ie

difficult to specify if metallic arsenic is added to refined copper or
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arsenic and copper ores were smelted togethek, however, latter seems to be

; more probable.

Since tin is be]ieved to be 1acking in_Anatolia, development of
arsenical copper technology is quite understandable (é9). However, by early
bronze age III and middle bronze age, the f1rst>examp1es of tin bronzes are
also seen in Anatolia. Origin of tin in these artifacts are still quite
debatable. However, it should be emphasized that the metal technology in
Anatolia was very advanced. By late bronze age, tin content of bronzes has
reached around ten percent in many cases, with still trapes of arsenic present.

At times, cobber artifacts with high concentration of 1éad and zinc
are also observed. However, the number of such objects are small to make
satisfactory historical pattern.

Within this broad perception of the historical development of metal
technology in Anatolia one may attempt to place Gedikli Hoard to its |

historical niche.

4.2. HiStograms

The main purpose of this section is to find the distribution of
the trace é]ements determined in the metallic objects, obtained from Gedikli.
Thus histograms of the five major trace elements mainly As, Sn, Pb, Zn, and

Sb are prepared for all copper samples. Fig. 4.10 - Fig. 4.14. |
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4.2.1. Arsenic

O0f all the copper artifacts, 93 (95 percent) cdnfained arsenic

(Fig. 4.10) however, majorify of the samples (78 percent) had arsenic less
than one percent. The origin of the argenic observed at such concentration
must be coming from the arsenic content of the copper ore. Only four samples,
an umbrella headed pin, an awl, a bracelet and a sickle +had over foﬁr
percent arsenic. Since addition of about five percent arsenic 1mbroVes the
strength and’casting properties of copper the awl in Type E (Gb-K/714) and
the - sickle in Type I (G6C-K/940) are samples which are expected to have

high As content. UmQre]]a headed pin in Type D samples (GC-K/933) nof only

contains 4.78'percent arsenic, but 7.11 percent tin. In fact all pins of
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~ this type have over fiVe pekcent tin content. It is difficult to estimate
if these samples are manufactured by casting or by hammering. Due to their
-unique design, the umbrella headed pins may be manufactured by casting in
which case it is expected to be an alloy of copper The bracelet, Gb- K/542

containing 6.21 percent As also contains 5.53 percent tin. It is unique

from other rings and brace]ets.

4.2.2. Tin

Fifty five (58 percent) of the samples contained tin, from trace

|
|
|
|
|
%
|
amounts to as high as over 11 percent. Majority of the séhp]es (30 in Table :
4.11.) has Sn less than two percént,-19‘samples,‘however, have Sn content |
over five percent indicating specially prepafed bronzes. Except all the
umbrella headed pins (six samples) tin BronzéS are randomTyvdistributed
among other types of,objects.-Asfdiscussed ih'éection 4.2.1., all uhbre]]a _>§
headed pins contain high percéntage of tin. It is difficult to rationalize |
the distribution of tin bronzes among other samples, because as discussed i

in section 4.1. tin is believed to be lackina 1in Anato]ia.vThen samples may }
belong toaslightTy different time scale, for examp%e -objects with higher percent‘
of tin are the ones which be]ong to the later transition per1od (F1g. 4.9), or per
haps @ special alloy mixture may be used by a.;ert§1n metal smith. Likewise, ,
'sampTes may be obtained from other cultures through trade. For these reasons

it is difficult to rationalize the distribution of tin among these samples.
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4.2.3. Lead

t

Of all the copper artifacts, 35 (37 oercent) contained Tead. ‘Majority
of the samples (31 on.Fig 4.12) had lead 1ess than two percent ~ three
samp]es however have 1ead content over six percent, indicating an 1ntent1ona11y
addition to reduce brittleness and for better casting properties. The samp]es
with high lead content are two bracelets and an awl. The owl GK/179 containing
6.72 percent Pb (Type E) and the bracelet GK/55'wjth 15.5 percent Pb (Type F)
have no or trace'amount of Tin, however the bracelet G-K/178 in Type F, not
only contains 9.04 percent Pb but also 2.9 percent Sn'indicating that it may
- belong to a later period of the early bronze age..

4.2.4. Zinc

Thirty seven (39 percent) of the samples contained zinc. Majority
(33 on Fig. 4.13) contains less than three percent of zinc, however in four

examples zinc is found at a higher concentration (above six percent). It is

known that the addition of ten (or more) percent of zinc improves the ductility

df copper alloys, thus they can be worked with greater ease. A pin, an awl,

a ring and a brace]et are found to contain high percent of zinc. Pin, G/701
in Type A has 6.37 percent of Zn, owl, GK/179 in Type E has 27.4 percent

| zinc, and ring, GK/56 in Type F nas 11. 5 percent of Zn. In these samples

zinc may be added to improve ductility. But in the fourth sample which js

from a decorated bracelet, GK/17 with 19.3 percent‘zinc content, zincvmay be

_obvicusly intentionally added for working more easily on its decorations.
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4.2.5. Antimony

'
+

61 (67 percent) samples have antimony, all are less than one percent
(F1g 4.14). Ant1mony qenera1]y occurs with copper and 1ead ores and is not
used as an‘aIloy1ng element. It is somewhat volatile and its concentration
in the refined copper dependsvon sme]tihg and purification conditions. Its
presence or absenee could be more fmportant for source identificafion rather
than how'much is present in an object. Gedikli Hoard contains objects with

and without antimony indicating that there are different sources for them.

4.3. Linear Regression Analysis for A1l Copper Samples

It is assumed that if the ore source used in the manufacture of these
obJects are the same, the var1at1ons in the concentration of some of the
trace elements should be due to variations during smelting operation. Since
the sme1t1nq Darameters dur1ng ear]y sme1t1ng operation cannot be accurately
controlled, w1de distribution in the trace element concentration is expected.
However, if the trace elements are correlated among’eech—other, it is possible
to see some similar trends. |

Linear regression analysis carried out between each pair of trace
elements for all the samples determine the correlation coefficient for each
pair. Accordingly, a correlation coefficient close to 41, indicates a direct
re]étionship between the nair of_particu]ar elements, whereas correlation
coefficient of -1 indicates an inverse relationship. Correlation coefficient
around zero, however, indicates that the concentration of the two elements
are not at all related. Such linear regressipn analysis are carried out

among all the copper and copper alloy samples as well as‘according to

particular types of objects and selected groups.
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The“correlation coefficients of the Tinear regression analysis on the
trace element pairs of all copper and copper alloys are given in Table 4.11.
AIn Table 4.11 pairs without any relationship are not included. The results
show that when all the samples are considered together, of the possible 28
pairs, only 6 pairs have same re1ationship to a certain.degree. A fairly good-
correlation is observed between Ni and zinc. Generally nickel is introduced
into copper through flux since it is not associated with copper ores. Once
introduced, it is a trace element, like zinc, it is difficult to eliminate.
There are 25 objects which contained the two elements thch may indicate
possible ore source or manufacturing similarities.

Correlation, coefficients of about 0.4-0.5 are observed between Zn
and As, Ag and Sb , and Fe and Pb. Among these three pairs Ag and antimony
together with lead are generally associated with each other 1in nature. However,
among the samp]és it may not be statistically significant. _
Since the corre]étion coefficients including all the samples did not
-yield any significant result, objects are devided into subgroups according
~ to types, and according to the presence or absence, or high concentration
"of a certain element.

4.4. Linear Regression Analysis Between Subgroups

4.4.1. According to types

The total objects as seen in Fig. 4.1.-Fig. 4.8., are devided into
subgroups according to shapes and intented use. Among the types classified
as A to F, only type D samples, classified as umbrelia headed pins were
significant. (Table 4.5) Even though there are five objects of this type,

similarities of trace element analysis are significant. As mentioned before,
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they are all tin bronzes with tin content between 5.15-9.52 percent. Like wise
‘ho antimony is obéerved for all of them. Lead was either absent or was

present at trace amounts we]} below the average,observed for all the samples.
Zinc 1in these samp]es were also either absent or well beiow the’average.
‘Just simple exam1nat1on of Table 4.5 shows that all the samples are very
closely related. They may be]ong to the same age, be manufactured by the

same metg] smith or the same ore source is used. Even though there were only
five samples present in this group, linear regression analysis is carried

out between Sn, As, Ag, Ni and Fe as pairs. Among'the bossibi]ities only

th; between Sn vs Ag (corr. coef.z- 0.91) and As vs Ni (éorr. coef. =‘0.77)
showed some correlations. There is an inverse relation between Sn.and Ag,

e{j. as tin content increases, the Ag content decreases. It is surprising
to‘find such a re]atiohship since Ag is associated with copper ofe, and tin

is introduced by itself as an a11oyiﬁg element, especially in these tin
bronzes. Nickel and arsenic have direct correlations. However, in both céses
due to overall number of samples, correlations may be statistically insignificant:

4.4.2. According to Presence or Absence of Certain Trace E]emenf

a) 40 samples containing no Sn, showed tHree.e1ement pair with high
“correlation coefficient. (Table 4.12) |
~ Pb and As arevinvers1y related which is unexpected, because both
elements have relatively high volatility. Thus if As decreases Pb should
also decrease. There is a]so good direct relationship between Pb and Zn as
we would expect. However among the samples without any tin, only three had
both Pb and Zn and the result has no statisfica] significance. Relatively

-good relationship is seen between Antimony and ‘Iron,in this group however,
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again since iron may be also introduced from the f]ﬁx,.thé ré]ationship may |
not be used for souréé identification. - | | -

. b) 58 samples containing no zinc showed only relatﬁonShip between Pb
and Sb. (corr. coef.z- 0.58). Even though thefe wére‘on1y nine such sampieé,
since Pb and $b may be re]éted as possib1e ore source, this group can be
significant. | |

v ¢) 25 samnles containing Sn above two percent yielded several

re]ationshipS_-which may béisignificant(fable 4.13)

Ofvthe element pairs listed in Table 4.13, only three pairs had
enough samples to have statistical significance. An inverse relationship
between Sn and Fe is unique. Iron is an unwanted impurity’in copper and as
smelting and refining te;hno]ogy is improved, its concentration in copper
vdecreased. Likewise tin content of éobper-objects generally increased as
meta]}urgy advanced. In this case it is seen that as Sn content increaseé,

. Fe decreases, which colud be reflecting this—ﬁetallurgica1 development. An ,’
.important direct relationship is seen between Ag and Ni. Thése two elements
have tendency to accumﬁ]atevin copper in smelting operations. For this réason‘_
- these two samples have high probabi]ity'of being from the same ore source.

d) 23 samp]es contained Zn between 1.00 -~ 2.00 percent, and yieided

| sévéraT re]étionships (Table 4.14). There were only four pairs with

relatively high correlation coefficients, however, since the ﬁumber of samples
were small, the resﬁ]fs cannot be statistica]]y»significant. |

é) There were five samples with Ni ¢ontent ovek 1.0 percent. Since
Ni is not associated with the copper ofe and is intfoduced by the fluxing
agent, these samples are‘expected to show.some similarities. Since no
Statistica11y.significaht correlation can be made among five samples, general

trace element distributions are considered (Table 4.15).

e



_TABLE 4.12. Correlation Cofficients of the Linear‘Regression Analysis of

Samples Containing no Tin.

87

Elements Pair - Sample ~~ Correlation Coefficient |
Pbvs As h s | -0.64
Pbvs In 3 0.99
Sb vs Fe 27 | 0.78

TABLE 4.13. Correlation Coefficients of the'Linear Regression Analysis of

Samples Containing Sn Above Two Percent

Elements Pair : Sample Correlation Coefficient
Sn vs Sb 9 o . -0.54

Sn vs Fe 5 o -0.53
Pb Vs Sb SR 7 0.63

Pb vs Ni | | 16 0.57

Sbovs Ni T 7 $0.59

Sb vs Zn 6 0.84

Sbvs Fe 9 0.89

Ag 'vs Ni 19 — 0.96
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TABLE 4.14. Corre]at1on Coefficients of the Linear Regre551on Analysis of

- Samples Conta1n1ng In between 1. 00 - 2 00 percent

Element Pair | Sample Correlation Coefficient
Zn vs Pb 7 . -0.69
Sn vs Pb 8 0.59
Pb vs Ni 8 0.57
Pb vs Fe 8 ~0.51

TABLE 4.15. Trace Element Distribution of Samples with Ni above 1.0 pércent (%)

“Sample No Cu Sn Pb - . As Sb Ag Ni In - Fe

@520 85.1 0.4 - 051 0.02 0.09 2.0 - 0.15
G/921 8.1 - - 0.89 0.49  0.09 1.27 - 0.29
G/215 82.3 0.95 0.58 1.58 0.05 0.02 2.3% - 0.42

G-k/221 8.7 - - 037 - 0.01 1.69 -  0.21
GC-K/940 88.6 - . 14 007 001 1.3 - 0.04
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Striking]y none of the samples have zinc. Lead is non existent except
in one. Tin is also quite Tow or non existent. Antimony 1is present in four
and sj]ver in all. Such simi]arities may be an evideﬁce that these objects
»are made from the same ore source, using very sfhi]ar smelting procedures.

f) There were eight samples with As content over 1.5 percent. Again
11near regression analysis was 1ns1gn1f1cant thus trace element distribution
are cons1dered. (Table 4.76)

 These samples have also some trends. Except one sample, all have
none or very little antimony. Most of them also have high tin content
(between 095 - 7.1 percent). However, there were large variation in lead,
nickel and zinc content. Since arsenic is such a vo1atile;e1ement, it is

~difficult to suggest particular trend in this group.

4.5. Cluster Analysis

The main purpose of this section is to find clusters containing groups
of samples having similar composition. Therefore, such an analysis is made \
in order to find clusters cominé from the same ore source, or clusters
vprepared by the same metalsmith or by simi]arbsme1ting protess conditioné.

In this analysis, all the trace element percentages are plotted
against each other in pairs. The object was to see if there were main clusters
of data points. Most of the element pairs yielded a very random distribution.
However, graphs of e]eménts.of tin versus nickel, of arsenic and lead

yielded two major clusters Fig. 4.15, Fig. 4.16 and Fig. 4.17 respectively.
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The two clusters, (Cluster I) for low coﬁcentration of tin and
(C]uster IT) for high concentration of tin are observed with some data
randomly distributéd in between. The number of data points‘ih each of the' 
c1Usters-in;the three graphs are given in Table 4.17.

The next quéstion was to‘fihd,how many samples yielded the data
pointsvin the same cluster, in all three graphs. Similar numbers are a]sov-
determined for samples yielding data points in the same cluster in pafrs -
of graphs. The results are summerized in Table 4.18. |

» It can be seen from Table 4.18 that there are fiversamples in Cluster I
(Group 1) and six samples in Cluster IT (Group 2) that belong to thé same
~cluster in all three graphs. Groups 3-8 ih Table 4.18 give the number of‘

samples belonging to c]uster [ and cluster II_in pairs of graphs, e.i.

A and B, A and C, and B and C. |
7 The trace element distribution of samples fhat belong to Group ]
~and Group 2 are given in Table 4.19 and Table 4.20 respectively.

' Since there are only five samples in Group 1, the results cannot be
statistically very significant. Likewise the members of this group belong to
four differeht sample types; In this group Sh, Pb, As and Ni are expected
to’be similar since they belong to the same c]ustér. However, the other
trace e]eménts (Sb, Ag, Zn and Fe)—;how large deviation relative to average
values. Thus it is difficult to relate these samples to the same source.

» Groﬁb 2 has also small number of samples (5), however, examinationv
of TabTe 4.20 shows that the Samp]es are closely related. First of all, the
samp]és afe pins, with four of them of the same type.nElements other than Sn,
Pb, As and Ni are also closely related. Sb is not preéent,
and those that have are well below average; Zinc is absent except in two
jsamp]es; Fe is present in all without much varfations.,The samples in this

group may have some possibility of coming from the same source,
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TABLE 4.16. Trace Element Distribution of Samples with As abve 1.5 nercent (%)

Sample No Cu  Sn  pp As-  sb Ag Ni In  Fe
6/701  73.4 2.32 - 1.90 0.43 - 0.29 6.37 0.73
6/215 82.3 0.95 0.58 1.60 0.05 0.02 2.3 - 0.4
6/818 82.3 3.69 0.58 2.00 0.05 0.03 0.17 1.26 0.16
GC-k/933 81.3 7.11 - 478 -  0.03 0.44 -  0.23
Ga-K/235 81.1 5.31 0.06 2.04 -  0.07 0.13 0.48 0.5
Gb-k/714 91.5 - - - 4.8 - 0.0 - - 0.66

Ga-K/402 88.9 1.52 - 150 - 0.02 - _ - 0.2
Gb-K/542 93.4 5.53 0.14 6.20 -  0.08 0.33 -  0.43

Table 4.17. C1ustérs'with the Number of Their Data Points in Three Graphs

Graph ~ Cluster Data Points
Graph A (Fig. 4.15Y | I 21
SR o 10
Graph B (Fig. 4.16) T 36
| | o - 9
Graph C (Fig. 4.17) | 1 " 10
| 11 10




TABLE 4.18. Number of Samples in Various Groups Obtained from the Cluster

‘Ana1y3i$
Groupr ' Numbér of Samples
1. Samples belonging to Cluster I in A¥B+C 5
2. Samples be1bnging'td Cluster II in A+B+C | v 6
3. Samples belonging to Cluster I in A+B ,7 13
4. Samples belonging to Cluster I in AC - 5
5. Samples belonging to Cluster T in B+C o . 4
6. Samb]es belonging to Cluster II in A+B , 6
7. Sahp]es belonging to C]uster II in A+C | | ,’ 7
8. Samples belonging to C1ustervIIkin B+C , 8




TABLE 4.19. Type and Trace Element Distribution of}Group 1 (%)
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Sample No Type.  Cu Sn Pb As b Ag N{ In Fe
Ga-K/211 A 77.9 0.67 0.06 0.9 0.3 0.02 0.05 - 1.2
6/492 B 82.7 218 0.07 0.4 0.22 0.02 0.03 1.66 0.35
6/231 c 85.1 1.89 0.27  0.64 0.04 0.06 0.08 1.23 0.23
Gb-K/709  F 85.8 1.44 0.56  0.32 0.0 ° 0.09 0.33 -  0.4]
Ga-K/373 F 84.9 1.76 0.02 0.75 -  0.12 0.1 1.64 0.32
TABLE 4.20. Type and Trace»E]ement Distribution of Group 2 (%)

Sample No Type Cu Sn Pb As Sb ~ Ag Ni  Zn Fe
6/627 A T75.7 6.93 0.11 0.74 0.08 0.05 0.13 2.3 0.18
6/925 A 77.3 8.41 0.23 0.1 - - 0.05 - 0.3
6/893 A 80.7 8.9 0.6 0.3 - - 0.02 0.3 - 0.1
6/887 A 769 7.3 0.4 0.6  0.07 0.04 0.01 -  0.33
G/ 240 C 81.4 8.76 0.3 0.48 0.16 0.01 0.33 1.19 0.23

D 8.9 7.21 0.13 0.63 - 0.2 0.24 -  0.73

G/22
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~Even though only three elements (Sn, Ni and As) are related, group 3
<(Tab1e 4.18)vhas the largest number of samples, 13 in all. List of type and
trace element distribution of Group 3 elements are shown in Table 4.21.

Strikingly lead is absent in all of them. Zn is also either absent
or present at concentrations well below thé general average. In all samples,
since only 67 percent (Table 4.10) contained Sb, in this group only 2ne out
of 13 has no Sb.

The distribution of Ag and Fe is similar to those observed for all
the samples. Again it may be possi51e to conclude that these samples may

- originate from the same source.

Group 4 and Group 5 belonging to cluster I have only five and four

samples respectively. These groups have certain similarities, however, the

number of elements are small to reach any statisti¢a11y important conclusions.

Since group 6 has the same elements as those of group 2 (Table 4.20), the
discussions that apply to group 2 can be also applied to group 6.

Gfoup 7 which has 7 samples is Tisted in Table 4.22.

In this group Sn, Pb and Ni are’expected to be similar. Arsenic is
present in all members with similar values averaging around 0.6 percent.
Si]ver>is generally lower than observed for all samples. Iron as expected,
varies withih normal 1imits. Sb and Zn are either present or absent without
ahy particular trend. Samples in all can be considered to be c]ose]y related.

The trace elements of Group 8 which involves elements Sn, Pb and As
are }isted in Table 4.23.

There are good similarities between Group 7 and Group 8. Silver is
present in the samples, but at 1qwer_concentration compared to general

average. Zn is present only in three samples with COncentration lower than



~ TABLE 4.21. Type and Trace Element Distribution of Group 3 (%)
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Sample No Type  Cu __Sn  Pb As Sb . Ag NI In  Fe
6/541 A 683 092 - 0.9 - - 04 -  0.29
6/201 A 83.6 0.3 -  1.07 0.13 0.09 0.24 -  0.86
/371 A 87.2 0.11 - 0.91 0.1 0.19 0.03 - 0.8
6/891 A 8.9 0.3 - 0.7 0.09 0.07 0.04 -  0.42
6/913 A 90.1 0.14 - 131 0.07 0.06 0.25 -  0.43
6/222 A 8.6 1.3 - 0.8 0.2 0.01 0.06 1.49 1.21
' 6/699 B 8  0.05 - 0.8 0.51 0.17 0.01 0.5  1.57
6/609 588  0.24 - 0.4 0.19 0.2 0.02 -  0.46
G/883 B 72.1 0.69 - 0.9 009 -  0.08 0.12 0.24
6/216 B 88 0.75 - 0.9 0.24 0.03 0.04 1.02 0.27
| 6/539 c 82.4 0.74 - 0.83 0.1 0.04 0.45 1.3 05]
6/378 > 86.1 1.43 - 0.78 0.1 "0.03 0.04 1.2 0.3
Gb-K/556  E 91.2 0.65 -  0.24 -0.22 0.23 0.01 - 0.05




TABLE 4.22. Type and Trace Element Distribution of Group 7 (%)
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Sample No  Type

Cu

Sn

Pb

S5 © Ag  Ni

- Fe

G/240

As Zn

G/627 A 75.7 ©6.93 0.11 0.74 '0.08 0.05 0.13 2.3  0.18
G/925 A 77.3 0 8.41 0.23 0.1 - - 0.06 - 0.38
6/893 A 80.7 819 0.6 0.3 -  0.02 036 - 0.5
G/887 A 76.9 7.3 0.14 0.6 0.07 0.04 0.01 -  0.33
G/240 C 8.4 8.76 0.3 0.48 0.16 0.01 0.33 1.19 0.23
G/22 D 8.9 7.21 0.13 0.63 - 002 0.246 -  0.73
G-K/47 E 78.8 7.38 0.31 0.62 -  0.05 0.14 -  0.23
TABLE 4.23. Type and Trace Element Distribuinn of Group 8 (%)

Sample No Tyre Cu  Sn Pb As  Sb  Ag  Ni_ Zn  Fe
/245 A 77.4 8.4 0.8 0.77 -  0.04 - 0.3 0.29
G/627 A 75.7 6.93 0.11 0.74 0.08 0.05 0.13 2.3 0.18
6/925 A 77.3 8.41 0.23 0.1 - - 0.05 - 0.38
G/8Y3 A 8.7 8.19 0.6 0.38 - 0.02 0.36 - 0.15
6/887 A 76.9 7.3 0.14 0.6 0.07 0.04 0.0 -  0.33

- 6/882 A 65.2 7.99 0.43 0.69 -  0.02 - - 0.2
o/22 D 8.9 7.21 0.13 0.63 -  0.02 0.24 -~ -  0.73

C 8.4 8.76 0.3% 0.48 0.16( 0.01 0.33 1.19 0.23
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the average. The other elements e.i., Sb, Ni and Fe, however, are withing the
ranges observed for all the samples, no particular pattern can be deduced.

4 Cluster analysis unfortunately didn't yie]d too many possible
‘corre1at1ons with Targe.number of samples. This may be ma1n1y due to limited
’member of s1m11ar samples analyzed. However, the patterns of trace elements
observed for Groups 2, 3, 6 and 7 can be considered to come from same period

or ore source or metalsmith workshop.



CHAPTER V

CONCLUSION
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V.. CONCLUSION

The résults obtained from the analysis of Gedikli copper samples have

shown great d1vers1ty Majority of the samples were smelted copper with few
- percent impurities of arsenic, iron, nickel and other trace elements. There
were also samp]es which can be cons1dered pure arsen1ca1 bronze and pure tin
bronzes. Few samples were a]so very rich in lead and zinc.

Since all these objects were found from a particular burial sight,
with about 250 bur j31s, the tihe spanvis not expected to be very long. If
this assumption is true, this may indicatekthat the society used different
quality metal objects at about the same:time. Since complete archae ological
excavation of Gedikli has not been done, we do not have any evidence that
these objec%s are-actua11yvmanufactUréd there, If they were the smelters and
;meta] smiths, it is certain that they used different ore sources. To see both
arsenical and tin bronzes together as well as copoer with high lead and Zinc.
content may indicate that their supp1y of raw materials varied from time to
time. They may hévé used whatever new material aVai]éb]e;

-Again if these objécts were manufactured by the local population,

- their meta]]uhgical technd]ogy can be considered to be quite advanced. First
of a]];-Ehe qUa]ity of the métal'artifacts,showeq excellent workmahship.
Whether_shaped by castinq.or hammering, the delicate skill in the manufacfure
of:thése small objects is clearly visible.

Second]y the quality of the metal chanqed among different types. High
tin content of all the umbrella headed nins is an excellent indication that
they knew all about copper alloys.

Their smelting and purification technoloay is also quite advanced..The

average Fe content of all samples was about 0.46 percent. Low iron content
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indicates the broper ratios of f]ux components as well controlled smelting
~and purification temperatures.
The distribution of trace e]ements 1nd1cates that different ore sources
were available for them. ppsenic and silver.were the most common trace elements,
and were introduced most likely from the ore. Likewise no trace of coba]t could

be detected. These three elements should renresent the neneral character of the

majority of the local ore sources.

On the other hand, 1eadvand zinc were present only inbsome of the

objects and ﬁhey are also contam1nants from the ore. Th1s 1nd1cates that some
of. the Tocal copper deoos1ts were r1ch in lead and zinc while others had none.

Tin s qenera]]y an-alloying element and is exnected to be present at
levels over five bercent for‘true bronzes. If it is present at levels about
twokpercent or Tess, this may indicate a copper source.with some tin as trace
element. It may also mean that copper and copper alloys from different sources
were melted and a composite metal is obtained. The ana]ys1s of the poss1b1e \
ore depos1ts of the area is necessary to obtain the true picture:.

If these objects were not locally manufactured, the overall nicture
should be further extended to tha neignbours nf the community and look for
peSSible trade re]ationshins}

The results obta1ned from the 106 objects from the cremat1on cemetary
in Fed1k]1 can be considered only as a pre11m1nary work on this 1mportant
h1stor1ca1 center Comnlete archaeological excavation of Gedik1i,will give the
true p1cture. In such an excavation it may be nossiblé to find furnaces for
sme]tinq, s]ags,.ore samples as well as other meta] artifacts. Complete

analysis of these materia]s}will yield the true picture of Gedikli culture.
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