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ABSTRACT 

Twenty-eight copper-based artefacts, including unworked lumps, ornaments, and tools, recovered from Pre-
Pottery Neolithic B layers of Gre Fılla, located in the southeast of Anatolia, were analysed by hand-held, 
portable X-ray fluorescence spectrometer to understand the feasibility of instrument in identifying the type of 
copper minerals available at the settlement. The bulk analysis of eight lumps was further performed by 
inductively coupled plasma atomic emission spectroscopy and inductively coupled mass spectrometry. The 
results revealed important differences between the two approaches. According to the elemental composition 
obtained by bulk analysis, the lumps appeared to be malachite. The presence of lumps suggests that 
manufacturing of the objects was achieved at the site. The chisel axes, one with a bone handle, present the 
earliest examples of metal axes, although they reflect lithic manufacturing technology in contrast to postdated 
axes. A comparison with the contemporary settlement at Çayönü, Aşıklı, and Tel Halula reflects the model of 
copper metallurgy in the region at the beginning of pyrotechnology. 
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1. INTRODUCTION 

The emergence of copper-based metallurgy in An-
atolia during the Neolithic Period has been exten-
sively studied through archaeological studies and ar-
chaeometric analysis in the last decades. We know 
that the earliest evidence of using copper from Ana-
tolia dates to around the late ninth millennium 
(Yalçın 2008; Nordqvist et al. 2012). It is not surprising 
that Neolithic settlements in Anatolia, where copper 
resources were relatively abundant, present the earli-
est metallurgical activities, although the proximity to 
sources does not ensure technological development 
(Yener 2000; Muhly 2011).  

Chemical analysis, in conjunction with microanal-
ysis, can reveal information on the production and 
provenance of copper-based objects. The technology 
for producing copper through annealing or smelting 
can be best observed by metallography, exposing the 
microstructure of artefacts. However, because of the 
rarity of earlier metal finds and local regulations, it is 
not always possible to analyse metal artefacts using 
Scanning Electron Microscope- Energy Dispersive X-
Ray (SEM-EDX).  

Since the 60s, various scholars have discussed the 
problems of archaeometallurgy on the reconstruction 
of ancient metallurgical activities. Hauptmann (2000) 
described the metallurgical chain from ore to metal, 
including mining, smelting, trade, and use. Different 
factors controlled each step of manufacturing, and 
chemical analysis aims to detect the elemental frac-
tionations associated with these factors. The con-
sumption of copper, the possible source, and techno-
logical procedures applied during the manufacturing 
were dependent and associated with the regional or-
ganization and technological innovations (Bourgarit 
and Mille 2003). Obsidian characterization studies 
have suggested the modelled pathways for obsidian 
supply to the settlements (Chataigner, Barge and 
Hansen 2010; Barge et al. 2018; Frahm and Tryon 
2018; Abedi et al. 2018; Orange et al. 2021) and models 
of exchange systems in Anatolia and the Near East 
(Carter et al. 2015; Ibanez et al. 2016; Campbell and 
Healey, 2018). Likewise, understanding the chemical 
properties of the metal finds and technological as-
pects of production will eventually lead us to identify 
the social and economic dynamics within the settle-
ment and the settlement’s role between the trade 
routes and cultural interaction in the area.  

The beginning of pyrotechnology (Period II) in the 
development stages of metallurgy suggested by 
Yalçın (2008) can be described as applying annealing 
to the metal in the form of malachite or native copper. 
Studies on the copper objects found at Aşıklı Höyük 
(Esin 1995; 1999), Çayönü (Maddin et al. 1999; 
Özdoğan and Özdoğan 1999), Çatalhöyük (Birch et al. 

2013), and Tell Halula (Molist et al. 2009) indicated 
that native copper was heated up to a few hundred 
degrees Celsius, and then shaped by hammering at 
this stage (Yalçın 2000; 2017, Radivojević et al. 2010). 
The cold hammering and annealing of copper miner-
als are considered as the processes similar to the heat 
treatment of lithic objects, therefore this phase is also 
described as an experimentation stage prior to the 
metallurgical activities (Siklósi et al. 2012, 57; 
Radivojević et al. 2010, 276; Lehner and Yener 2014, 
538).  

Native copper could be best identified by its dis-
tinctive metallographic structure (Wayman and Duke 
1999; Craddock 2000; Wayman 2004). When such 
analysis is impossible to perform, native copper can 
be characterized by its high purity and easy to detect 
by chemical analysis. However, copper's smelting 
process from malachite or other copper ores produces 
copper metal as pure as native copper (Maddin et al. 
1980, Kuleff and Pernicka 1995; Pernicka 1999, Per-
nicka 2014). It was also suggested that “ancient low-
volume smelting of highly enriched copper ores that 
may also contain low concentrations of impurities” 
(Kuleff and Pernicka 1995). Consequently, it could be 
challenging to distinguish native copper from metal 
smelted from copper ores by elemental analysis. Per-
nicka (1999) suggested that some trace elements could 
be used as provenance indicators, while those af-
fected by copper-alloys and technological processing 
are useful for interpreting technology such as smelt-
ing. He pointed out that trace elements including Fe, 
Sn, Zn, Mg, Nb, Ti, and Zr reflect the efficiency of 
smelting and Au, Ag, Ni, Os, Pd, Pt, Rh, Ru may act 
as indicators of provenance (Pernicka 2014). The ear-
liest cast copper objects produced by controlled heat 
treatment - smelting- in Anatolia were known at Yu-
muktepe in the early 5th millennium BC (Yalçın 2000). 
Following the above stated explanations by Pernicka, 
the elevated Sn, Ni, Sb, Fe, As, and Ag contents com-
pared to main values of Anatolian copper indicated 
the smelting technology for Yumuktepe artefacts.  

Trace element analysis by various techniques, in-
cluding Atomic Absorption Spectrometry (AAS), 
Neutron Activation Analysis (NAA), Inductively 
Coupled Mass Spectrometry (ICP-MS), and LA-ICP-
MS (Laser ablation Inductively Coupled Mass Spec-
trometry) can reveal information on ancient metal-
lurgy and the provenance, based on chemical compo-
sitions. The popularity of portable X-ray Fluorescence 
(pXRF) has increased in archaeometallurgical studies 
in recent years, mainly because it provides non-de-
structive in-situ analysis for various archaeological 
and historical periods (Liritzis et al. 2020; Kousouni et 
al., 2021; Helmi et al., 2019). The main limitations of 
the technique are the lower sensitivity for some ele-
ments that could be helpful as provenance indicators, 
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and because pXRF measures the surface of artefacts, 
the elemental distribution on the surface, which may 
differ from that of bulk composition, or layers of sur-
face corrosion may give misleading results (Lutz and 
Pernicka 1996; Martinón-Torres et al. 2014; 
Dussubieux and Walder 2015). Although the accuracy 
and the precision of the measurements can be im-
proved using certified reference materials or second-
ary standards (Ferguson 2013) and surface treatment 
to remove corrosion, it is important to understand 
how surface analysis contribute to the identification 
of the copper minerals used in the production of ar-
chaeological objects. Therefore, the question for this 
study is, what we can detect with pXRF analysis for 
copper-based objects dated to the Neolithic period re-
covered from Gre Fılla: 

 Surface analysis: Identification of cold/warm 
hammered native copper or smelting based on 
element composition. Maybe not suitable for 
precise comparison for sourcing, but pXRF 
could be considered as a tool to simply differen-
tiation between native copper and smelted cop-
per artefacts. 

 The corrosion layer on the surface: Due to the 
size of copper artefacts, the chemical properties 
of copper and the burial conditions of the ar-
chaeological settlement, the thickness and the 
distribution of oxidized material could vary. 
The element composition of the corrosion layer 
is usually depleted in copper and could be en-
riched in some trace elements when compared 
to core metal (Dussubieux et al. 2008; Fernandez 
et al. 2013; Orfanou and Rehren 2015; 
Dussubieux and Walder 2015). Similar burial 
environments have similar effects on copper ar-
tefacts leading to similar corrosion mechanisms 
(Oudbashi 2018; Li et al. 2019). Therefore, ele-
ment variability on the surface is a quantitative 
problem, although the corrosion products still 
carry archaeological information. 

In this study, the elemental compositions of 28 cop-
per-based artefacts are presented, including lumps, 
ornaments, and tools found at Gre Fılla. The objects 
recovered from levels dated to PPNB are among the 
earliest metal finds in Anatolia and the Near East. Be-
cause of the location of the settlement, approximately 
90 km to the east of Çayönü, the Neolithic site yielded 
the earliest metal objects and lumps in the form of 
malachite and native copper, Gre Fılla metal finds are 
of particular significance. Identifying copper minerals 
and potential pyrometallurgical activities could im-
prove our knowledge relating to the stages applied 
during the manufacturing of the copper from raw ma-
terial to the final object during the PPNB phase for 
this region. Archaeological evidence and contextual 
information contributing to the analysis provide a 

more holistic understanding of the results. The study 
also evaluates the applicability of pXRF to the non-
destructive surface analysis of copper-based finds 
and the impacts of corrosion layers.  

2. MATERIAL AND METHODS 

2.1. Archaeological Site and Metal Finds 

Gre Fılla, located in the Kocaköy district of Diyar-
bakır, has been excavated under the direction of A. 
Tuba Ökse and Diyarbakır Archaeological Museum 
as part of the archaeological salvage project of the 
sites to be affected by the Ambar Dam, including Am-
bar Höyük and Kendale Hecala since 2018. The 
mound is over 10 m high and about 0.5 ha in extent. 
Excavations have revealed a settlement occupied 
from the Pre-Pottery Neolithic (PPN) to Pottery Neo-
lithic (PN). The PN levels were destroyed by a Late 
Antique and Medieval Cemetery (Ökse 2021). The 
cultural sequence classified for Gre Fılla is given in 
Table 1. Archaeological studies revealed the superim-
posed rectangular or cell plan buildings and oval 
structures in the mound's northern slope (Fig. 1). Cal-
ibrated 14C dates for an oval subterranean structure 
(Building 8) and two rectangular buildings (Building 
5 and 2) suggest they had been contemporarily used 
during the PPNB (Table 2). 

Table 1. Occupation periods of Gre Fılla 

Gre Fılla Periods Archaeological Periods 

GF I Late Antique-Medieval Cemetery 

GF II Medieval Levels 

GF III Destroyed Pottery Neolithic Levels 

GF IV Pre-Pottery Neolithic B Levels 

GF V  Pre-Pottery Neolithic A Levels 

 
Figure 1. Arial photograph of the northern operation of 

Gre Fılla (excavation archive, 2020). 
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The metal artefacts, including unworked lumps, 
ornaments, and tools, were found during the 2020 ex-
cavation season (Table 2). Copper-based lumps with 
a total weight of 139.48 gr were more frequently dis-
covered in the rubble deposits (N8/064/M) of Struc-
ture 8, along with animal bones, obsidian, and flint 

tools (Fig 2). The archaeological data indicates that the 
structure could have been buried with rubble, 
"sealed," and finally abandoned after being re-used 
for a long time period between 8349-7599 cal. BC. 

   

a  b 

   

c d 

Fig 2. Different layers of the filling debris of Structure 8 (N8/064/M) where the lumps were recovered (a-c) 
Lump samples found in the filling debris (d) (excavation archive).  

 

Table 2. Contextual information for the analysed finds from Gre Fılla, sorted by contextual unit. 

Sample Nr. Period Trench Building - Level Context Description 
Calibrated 

Dates (BC) 

GRE-C001  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

8349-8242 

GRE-C002  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C003  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C004  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C005  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C006  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C007  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C008  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C009  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C010  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C011  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C012  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C013  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C014  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C015 GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 

GRE-C016  GF IV N8 Oval Structure 8, Level 3 O8/064/M Small irregularly shaped 
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GRE-C018 GF IV O8 Rectangular Building 2, Level 8 N8/115/M Chisel-Axe 
7586-7502 

GRE-C019 GF IV O8 Rectangular Building 2, Level 8 N8/115/M Chisel-Axe 

GRE-C020  GF IV O8 Rectangular Building 13, Level 2 O8/153/M (exterior) Pendant  

GRE-C021  GF IV O8 Rectangular Building 13, Level 2 O8/174/M Folded sheet  

GRE-C023 GF IV O8 Rectangular Building 2, Level 8 N8/115/M Small irregularly shaped  

GRE-C024 GF IV O8 Rectangular Building 14, Level 2 O8/176/M Small irregularly shaped  

GRE-C025 GF IV P9 Rectangular Building 5, Level 1 P9/042/M (exterior) Chisel-Axe 
8296-8197 

GRE-C026  GF IV P9 Rectangular Building 5, Level 1 P9/042/M (exterior) Fishhook 

GRE-C027 GF IV N9  Cultural Fill Ear-labret  

GRE-C028 GF V? P8  Burial P8/607/G  Bead   

The rectangular Building 2, Level 8, Room 
O8/115/M revealed two copper chisel-axes, one of 
which was hafted into a well-preserved bone handle 
(Fig. 3). The chisel-axes were uncovered along with 
flat stone axes; one was fixed into a similar bone han-
dle as the copper axe (Fig. 4). The fishhook and the 
third chisel-axe were found in an area by the rectan-
gular Building 5, Level 1, Room P9/042/M (Fig. 5). 

Two more unworked lumps were recovered from 
Building 2, Level 8, Room O8/119/M and Building 
14, Level 2, Room O8/176/M. An oval-shaped pen-
dant and an ear-labret were uncovered from Building 
13, Level 1, Room O8/153/M and cultural fill respec-
tively (Fig. 6). The folded sheet copper-based artefact 
was found in the rectangular Building 13, Level 2, 

Room O8/174/M (Fig. 7). Underneath the PPNB lev-
els in Trench P8, in burial P8/607/G dug into the low-
est debris on the virgin soil, dating to PPNA (GF Pe-
riod V), a copper bead has been found (Fig. 8). In gen-
eral, the metal artefacts from Gre Fılla could be classi-
fied as unworked raw material, tools, and ornaments. 
Although they have been found in well-defined con-
texts, so far, the spatial distribution of metal finds 
does not reveal a clear relationship between the struc-
tures relevant to metal manufacturing or usage. 
Whereas the number of untreated lumps along with 
the lithic material and bones suggest, the function of 
the Oval Structure 8, Chamber N8/064/M was dis-
tinctive, in comparison with rectangular planned 
buildings. 

a  b  

Figure 3. Chisel-axes from Building 2, Room O8/115/M a) GRE-C018 and b) GRE-C019 (excavation archive). 

 

Figure 4. The archaeological context of GRE-C018 and GRE-C019 (excavation archive). 
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Figure 5. The fishhook and the chisel-axe recovered from the northern side of Building 5, Room P9/042/M 
(excavation archive). 

   

Figure 6. The oval-shaped pendant and the ear-labret from Rectangular Building 13and Cultural Fill, respectively 
(excavation archive). 

 

Figure 7. The folded sheet artefact and the bead recovered from Burial P8/607/G (excavation archive). 

 

Figure 8. Burial P8/607/G, placed in hocker position (excavation archive). 
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2.2. Analytical Methods 

Elemental analysis of the metal samples was con-
ducted with a handheld EDXRF; The Olympus Innov-
X Delta model analyzer. The apparatus was equipped 
with a silicon-drift detector (SDD) and an excitation 
source of X-ray tube Ta target.  

Although pXRF is a non-destructive analysis and 
requires little sample preparation, in the case of cop-
per-based artefacts, many researchers suggest ele-
mental analysis should be applied on cleaned sur-
faces because of the corrosion layer (Lutz and Per-
nicka 1996; Martinón-Torres et al. 2012; Charalam-
bous et al. 2014; Radivojevic et al. 2019). However, 
such cleaning is not always appropriate if the finds 
are too small or display any decoration or paint. 
Moreover, the corrosion layer may contribute to met-
alwork wear analysis (Dolfini and Crellin 2016). 
Other papers discussed the feasibility of using pXRF 
without any sample preparation and its ability to dis-
tinguish native copper (Dussubieux 2008; Martinón-
Torres et al. 2014; Fernandez et al. 2013; Orfanou and 

Rehren 2015; Dussubieux and Walder 2015). There-
fore, even though the unprepared surface measure-
ments indicate the results cannot be considered fully 
quantitative and cannot be compared to the other 
bulk analysis results, we decided to use pXRF meas-
urement on the surface mechanically cleaned to in-
vestigate the feasibility of the measurements in order 
to determine nature of the raw material, i.e., native 
copper or malachite.  

The instrument was adjusted to alloy plus mode 
and was set to 8, 13, and 40 kV for 35 s after testing for 
60 s, 120 s, 180 s, and 300 s. The measurements were 
performed on the flattest spots to ensure the direct 
contact of the instrument probe with the sample to 
minimize air space. To prevent effects of soil contam-
ination of copper objects, a silicon filter was used dur-
ing analysis. The data was calculated using funda-
mental parameters included in the instrument’s soft-
ware. The precision and accuracy of the method in-
volved analysing a certified reference materials CDA 
314/UNS C31400 (Table 3). 

Table 3. The results for CDA 314/UNS C31400 obtained in this study (n.d. not detected, n.a. not available). 

Constituent 

mean values 

Certified Values* Found* 
(pXRF) 

Found 
(ICP-OES and ICP-MS) 

Ag 0.002  n.d. 15.7±0.4 † 

Sb 0.006±0.002 n.d. 41±1 † 

As 0.003 n.d. n.d. 

Cu 90.08±0.06  90.11 89* 

Fe 0.007±0.001 n.d. n.d. 

Ni 0.004 ±0.002 0.019 21±1 † 

Pb 1.99±0.06 1.7 2.2±0.1* 

Si 0.002 0.01 n.a. 

Sn 0.029±0.005 n.d. 226±5 † 

Zn 7.81±0.05  7.89 7.9±0.2* 

* w/w %, † mg/kg 

ICP-MS analyses were carried out by Perkin Elmer 
SCIEX ELAN DRC II for the trace elements, As, Pb, 
Sb, Sn, Zn, Ag, Au, Bi, Ni, P, Cr, Co. Additionally, 
major element contents were determined by means of 
Perkin Elmer Optima 4300DVmodel ICP-OES at 
METU Central Laboratory. The powdered samples 
were taken by a diamond drill from the cores of the 
unworked lumps, which had appropriate 
dimensions. The drillings obtained from the patina 
were discarded during the sampling to prevent 
possible contamination. 10 mg of drillings were 
weighed, and 5 ml of hydrochloric acid (HCl) and 
nitric acid (HNO3) mixture were added to the 
samples. This mixture was placed in a PTFE vessel 
and digested by microwave heating. The efficiency of 
the digestion procedure and accuracy were checked 
by the certified reference material, powdered CDA 
314/UNS C31400. Some authors also mentioned the 

effect of hydrochloric acid (HCl) and nitric acid 
(HNO3) mixture on the precipitation of silver chloride 
from aqueous solutions (Mille and Bourgarit 2000). 
However, the concentrations of elements in CRM 
measured by ICP-MS were in agreement with the 
certified values (Table 3). 

3. RESULTS AND DISCUSSION 

The surface elemental composition of the metal ar-
tefacts from Gre Fılla indicates the high purity copper 
having Fe, Si, and P as the major impurities (Table 4). 
Although the trace elements including Hg, Sb, As, Ag, 
Zn, Pb, Ni, Co were measured, they were found to be 
below the instrument's detection limit. The average 
copper concentration for the unworked lumps was 
96.4 (wt. %), with a standard deviation of 3.09. The 
lower copper contents of two lumps (GRE-C001 and 
GRE-C010) were observed by pXRF analysis. On the 
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other hand, the mean of the copper for the chisel axes 
and the other objects was 97.8 (wt. %), and the stand-
ard deviation 2.03. Iron concentration of the un-
worked artefacts varied significantly from 0.32 to 9.36 

(wt. %). Likewise, iron was present in variable con-
centration, between 0.12 and 4.73 (wt. %) for the ob-
jects. 

Table 4. Elemental compositions of Gre Fılla metal artefacts by pXRF (w/w %). 

Sample Cu Fe Si P Type 

GRE-C001 87.8 9.36 0.91 1.12 

Lump 

GRE-C002 98.2 1.19 0.28 0.32 

GRE-C003 97.3 1.52 0.37 0.72 

GRE-C004 94.9 4.24 0.44 0.36 

GRE-C005 97.6 1.48 0.33 0.55 

GRE-C006 99.2 0.32 0.22 0.29 

GRE-C007 98.6 0.48 0.50 0.44 

GRE-C008 97.0 2.29 0.21 0.42 

GRE-C009 97.4 1.85 0.28 0.50 

GRE-C010 88.9 8.47 0.91 1.68 

GRE-C011 99.1 0.49 0.21 0.25 

GRE-C012 96.4 2.09 0.41 0.54 

GRE-C013 97.5 1.74 0.44 0.34 

GRE-C014 96.7 2.56 0.38 0.38 

GRE-C015 96.9 0.88 0.23 0.29 

GRE-C016 96.54 2.71 0.27 0.36 

GRE-C023 95.9 0.86 0.16 0.27 

GRE-C024 98.5 0.87 0.22 0.30 

GRE-C018 99.1 0.12 0.51 0.31 

Chisel-axe GRE-C019 98.6 0.66 0.34 0.41 

GRE-C025 93.5 4.73 0.56 0.74 

GRE-C020 98.5 0.67 0.28 0.52 Pendant 

GRE-C026 99.2 0.84 0.46 0.34 Fishhook 

GRE-C027 99.3 0.19 0.21 0.28 Ear-labret 

GRE-C028 95.9 3.02 0.39 0.38 Bead 

GRE-C021 98.4 0.84 0.27 0.32 Folded sheet 

 
The concentration of elements silicon and phos-

phorous were determined to understand the effect of 
soil contamination during the burial. The computa-
tion of Pearson's correlation coefficients between Cu, 
Fe, Si, and P identified a positive correlation between 
Fe and Si (Table 5). An inverse correlation between Cu 
and Fe was also present. Although the discrepancies 

detected in the concentration of iron in the lump sam-
ples could depend on the different behaviour of the 
original copper material during corrosion, surface po-
rosity or material heterogeneity (Orfanou and 
Rehren, 2015); the significant positive correlation be-
tween Si and Fe suggest the effect of environmental 
contamination consisting of iron-bearing clay miner-
als on the surface of the sample. 

Table 5. Pairwise Pearson Correlations for the data obtained from metal finds.  

Sample 1 Sample 2 N Correlation 95% CI for ρ P-Value 

Fe Cu 26 -0.974 (-0.989; -0.943) <0.001 

Si Cu 26 -0.796 (-0.904; -0.590) <0.001 

P Cu 26 -0.836 (-0.924; -0.664) <0.001 

Si Fe 26 0.828 (0.649; 0.920) <0.001 

P Fe 26 0.837 (0.666; 0.925) <0.001 

P Si 26 0.829 (0.650; 0.921) <0.001 

Principal component analysis (PCA) was applied 
on the data set of twenty-six artefacts and four varia-
bles using a correlation matrix with no rotation axis. 
The first two principal components explain around 
95% of the cumulative variance. We observe a large 

positive loading for Si, P, and Fe in the PC1 in Fig. 9. 
Therefore, especially GRE-C001 and GRE-C010 are 
distinguished from the remaining by the higher Fe 
contents. PCA confirms that Fe variation is mostly 
due to the corrosion that occurred on the samples. 
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Table 6. The element compositions of lump samples measured by ICP-OES (Cu and Fe) and ICP-MS (trace elements) 
and LOD are presented. Results in *wt %, otherwise mg/kg (n.d. not detected, n.a. not available).  

Sample Cu* Fe* Zn* Cr Co Ni As Ag Sn Sb Pb 

GRE-C001 54 0.40±0.01 0.24±0.01 24±2 12.3±0.5 21±1  n.d. n.d. 226±5 1.56±0.04 32±1 

GRE-C002 55 0.36±0.01 0.30±0.01 22±2 48±1 16±1 n.d. 1.9±0.1 0.59±0.05 n.d. 69±2 

GRE-C003 38 0.63±0.01 0.17±0.01 47±3 6.4±0.6 47±4 n.d. 34±1 n.d. n.d. 13.9±0.6 

GRE-C004 49 1.89±0.01 0.26±0.01 110±3 17±1 64±1 56±5 63±2 n.d. 0.85±0.05 195±3 

GRE-C008 45 2.9±0.01 0.82±0.01 74±3 675±20 217±12 197±16 6.7±0.3 0.51±0.04 6.4±0.4 136±2 

GRE-C010 37 1.18±0.01 0.17±0.01 52±1 n.d. 29±1 10.1±0.4 n.d. n.d. 0.36±0.02 6.8±0.4 

GRE-C012 45 0.77±0.01 0.43±0.01 143±1 475±22 0.16±0.01* n.d. n.d. 1.4±0.1 0.69±0.02 117±2 

GRE-C013 55 0.38±0.01 0.24±0.01 22±2 n.d. 125±5 n.d. 18±1 2.3±0.1 0.44±0.04 24±1 

LOD n.a. 0.003 n.a. 0.2 0.1 n.a. 0.7 0.02 0.1 0.03 n.a. 

 
The elemental compositions of the eight lump sam-

ples analysed with ICP-OES and ICP-MS are com-
piled in Table 6. Although fourteen elements regu-
larly used in analysing ancient copper finds were 
measured, eleven of them are reported. Bismuth, 
phosphorous, and silver concentrations were found 
below detection limits, while copper values are given 
for informational purposes by METU Central Labor-
atory. Bulk analysis of the lumps revealed malachite 
with varying amounts of iron, zinc, and other trace 
elements. Malachite minerals are known to be more 
heterogonous in chemical compositions. Therefore, a 
larger amount of sampling or drilling is suggested for 
analysis to represent the chemical characteristics of 
the material (Pernicka and Begemann 1993 23). How-
ever, the lumps from Gre Fılla are not suitable for 
such sampling because of their dimensions. There-
fore, it is not clear whether the lumps have a common 
origin or not.  

When the results obtained from the surface by 
pXRF are compared to the values of drillings meas-
ured by ICP-OES and ICP-MS, important differences 
are observed (Table 4 and 6). There was a copper en-
richment in the surface analysis for all the samples, 
while trace elements were found below the detection 
limits of pXRF device. The iron values on the surface 
were defined as related to corrosion processes, and 
chemical analysis also revealed a non-systematic iron 
enrichment on the surface. The elemental composi-
tion determined by pXRF is influenced by the effects 
of corrosion, heterogeneity of copper mineral, surface 
geometry, and porosity (Dussubieux et al. 2008; Oud-
bashi 2015; Nicholas and Manti 2014; Nørgaard 2017). 
The calibration and data processing methods of pXRF 
could also impact the measured values.  

The presence of the raw material in the form of 
lumps at the site designates that the production pro-
cess should have been completed at the site; however, 
a workshop has not been identified so far. The archae-
ological data also shows no trace of activity relating 
to smelting or casting. Previous studies on the stone 
materials showed the differential distribution of ob-
sidian tools based on their provenance among the 

structures. Still, an apparent reason for the differenti-
ation is not yet apparent (Muşkara and Konak 2021). 

Unworked lumps of malachite were found at 
Çayönü from the Grill-Planned Buildings’ sub-phases 
(PPNA) and workshops for manufacturing various 
types of native copper and malachite objects dated to 
the PPNB (Table 7, Fig. 10). We know that copper 
beads were produced by hammering unworked cop-
per lumps into thin foils that were rolled up and cut 
(Özdoğan and Özdoğan, 1999; Esin 1995; Pernicka, 
2014). In comparison, Franklin (1982) proposed a 
folding technique, which involved beating unworked 
lumps into sheets then folded into the bulk material 
for native copper production in the North American 
Arctic. The folded sheet artefact (GRE-C021) seems to 
belong to a similar manufacturing technique. Conse-
quently, GRE-C021 implies the presence of metal pro-
duction at the settlement. 

Three chisel-axes are the most peculiar objects 
among the copper artefacts recovered at Gre Fılla. Ar-
chaeological and archaeometallurgical studies pre-
sent numerous small objects, mostly beads, pins, and 
basic tools, including fishhooks found at Çayönü and 
Aşıklı Höyük, made of native copper and malachite 
at the beginning of the pyrotechnology during the 
PPNB (Table 7, Fig. 10). Whereas the half-moon (lu-
nula) pendant recovered in a burial as a part of a neck-
lace at Tell Halula, dated to the late PPNB phases of 
occupation, is unusual for its large size (9 cm long, 
1.01 cm wide, and 0.2 cm thick, Molist et al., 2009).  

The size of chisel-axes of Gre Fılla is compatible 
with the lunula pendant, which was shaped from na-
tive copper by alternating treatments of cold ham-
mering and annealing. Although drillings were not 
taken from chisel-axes and only surface measure-
ments were performed by pXRF, it can be concluded 
from the pattern of the major elements that they were 
also made of malachite mineral (Table 4 and 6). How-
ever, further analysis is required. Besides the dimen-
sions, the function of the chisel-axes as a tool also 
makes them significant for this period. While the con-
temporary metal objects formed by annealing were 
mainly ornaments and basic tools, chisel-axes from 



10 Ü. MUŞKARA & M. AYDIN 

 

Mediterranean Archaeology and Archaeometry, Vol. 22, No 1, (2022), pp. 1-14 

Gre Fılla were made with a different purpose and im-
itated the stone industry, as is evident from their con-
text (Fig. 4). According to the in-situ chisel-axe found 
attached to a horn handle, indicate that such objects 
were used as tools. Five axes made of malachite and 
recovered from the PPNB levels of Yiftahel in Israel 
were classified as prestigious items used as votive of-
ferings (Khalaily, Milevski, and Barzilai 2013, 226). 
The archaeological context suggested that these vo-
tive objects were stored together at roof level. The 
axes ranging in size from 1 to 5 cm long have similar 
dimensions with Gre Fılla chisel axes; on the other 
hand, they have an elongated trapeze shape. The 
metal axes found at Yumuktepe dating to c. 5000 BC 
present the earliest examples of cast objects produced 
from smelted copper (Yalçın 2000). Kuruçay (Duru, 
1983; Umurtak 1996), Barçın Höyük (Gerritsen et al., 
2010), Ilıpınar (Begemann et al., 1994) and Bakla Tepe 
(Şahaoğlu and Tuncel, 2014) are the other late Chalco-
lithic settlements in Anatolia yielding flat axes with 

flared cutting edges manufactured from smelted cop-
per. So far, the chisel-axes uncovered at Gre Fılla ap-
pear unique for being made of malachite as a tool.  

The earliest stage of copper metallurgy is generally 
associated with changes in early Neolithic, PPNB, 
whereas the metal finds of previous periods are con-
sidered mainly as luxury items (Yener 2000; Muhly 
2011). Yalçın (2003, 2017) proposed a model of the de-
velopment of metallurgy in five stages for Anatolia. 
The metal finds dated to the PPNB from various sites 
correspond to his Phase II or Beginning Phase (8200–
7300 BC). The beginning phase is characterized by the 
use of native copper and malachite and shaping by 
cold and hot/warm working (annealing). A compar-
ative list of metal finds of the Beginning Phase given 
in Table 6 presents the artefacts from Gre Fılla, which 
fit well into this stage, although we were not able to 
determine the methods of treatment yet. The time-
scale sets Gre Fılla among the earliest settlements as 
examples of the emergence of copper metallurgy in 
Anatolia (Fig. 10). 

Table 7. A comparative analysis of early metal finds represents the early stage of copper metallurgy 
(n.d. not determined). 

Settlement (14C dates) 

Metal finds 
Çayönü 

8200-7500 BC 
(Yalçın 2000) 

Aşıklı 
7800-7600 BC 
(Muhly 2011) 

Tel Halula 
7580-7320 

cal. BC 
(Molist et al. 2009) 

Gre Fılla 
8349-7502 

cal. BC 

Anatolia, SE Anatolia, Central Syria, Euphrates Valley Anatolia, SE Location 

Native copper 
Malachite 

Native Copper 
Malachite 

Native Copper 
Galena 

Malachite Copper form 

Annealing, cold-
working 

Annealing, cold-
working 

Annealing, cold-working n.d. Treatment 

Status/cult area, 
workshops, burial 

Burial, residential 
structures 

Burials 
Oval structures and 

rectangular buildings 
Context 

Lumps, beads, pen-
dants, awls, hooks, 

borers, inlays 
Beads Pendant, beads 

Lumps, bead, pendant, 
fishhook, labret, chisel-

axes 
Type 

 
Figure 9. Principal components 1 and 2 of the dataset a) bivariate plot and b) score and loadings plot. 



ELEMENTAL ANALYSIS OF PRE-POTTERY NEOLITHIC B COPPER FINDS FROM GRE FILLA 11 

 

Mediterranean Archaeology and Archaeometry, Vol. 22, No 1, (2022), pp. 1-14 

 

Figure 10. Map showing the locations of Gre Fılla, Çayönü, Tell Halula and Aşıklı Höyük (Google Earth image). 

 
4. CONCLUSION 

The element composition of artefacts by pXRF in-
dicated the copper content with some impurities in 
variable amounts, including Fe, Si and P. Statistical 
analysis with PCA shows a strong correlation be-
tween Fe and Si; therefore, we conclude that the im-
purities occurred as a result of soil contamination con-
taining iron bearing minerals during the burial. The 
trace elements accompanying the smelting process 
and considered as indicators of casting were found 
below the detection limits. However, significant dif-
ferences in element values were observed when drill-
ings obtained from some lumps were analysed by 
ICP-OES and ICP-MS. The bulk analysis of unworked 
lumps revealed that the malachite is the single form 
of mineral available during the PPNB. The result also 
indicates that even though pXRF is not a suitable 
method for corroded malachite artefacts, it could give 
informative results which contribute to the data ob-
tained by bulk analysis. The calibration method 
should also be improved using similar secondary 
standards and application of corrections; on the other 
hand, qualitative data produced by net peak areas 
could be effective in defining the copper mineral or 
copper alloy (Nicholas and Manti 2014). 

The settlement at Gre Fılla is located in south-east-
ern Anatolia, approximately 90 km to the east of 
Çayönü. The archaeological studies at Çayönü, an im-
portant site for the PPNA and PPNB, provided in-
sights into the emergence of the copper industry for 
the region. During the Round Building phase dated to 
the PPNA, only a few unworked lumps of malachite 
were recovered, whereas worked metal was found 
abundantly in the PPNB phases of Grill-Planned and 
Cell-Planned Buildings. The amount of malachite, 
along with bone ornaments and stone found in a 
courtyard, is suggested a possible crafting activity 
(Yener 2000). The types of metal finds were also in-
creased, including tools such as awls and hooks. 
However, the temporal distribution suggested that 
most of the metal finds came from the intermediate 
sub-phases. Yener (2000) proposed, "The implication 
is that the utilization of copper did not develop stead-
ily, progressively or continuously."  

Unworked lumps of Gre Fılla indicate that, as at 
Çayönü, the manufacturing of copper was performed 
at the settlement. The unfinished folded sheet sample 
could be an indication of such activity. Even though 
the majority of the lumps were found within the oval 
building's deposits, chamber N8/064/M of Structure 
8, which is distinctive due to its plan and the timespan 
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of use, a definite indication of a workshop is not de-
tected. Ökse (2021, 9) defined the oval subterranean 
structures as public areas surrounded by quadrangu-
lar buildings and described, “The grouping of quad-
rangular structures around each oval structure left the 
impression of subgroups, each making use of the sub-
terranean structure in the middle of their residential 
circle.” The archaeological context of the lumps sug-
gests that they were used as offerings during burial 
activities of the chamber with rubble along with other 
items (Fig. 2). The layout of the settlement and the 
context of the lumps implies that, if metal manufac-
turing was achieved at Gre Fılla, it should have been 
located in one of the quadrangular buildings.  

While lithic tool manufacturing was still abundant 
at Gre Fılla during the PPNB (Muşkara and Konak 

2021), the copper industry reflects the lithic tradition. 
GRE-C018 is especially significant evidence for this 
type of manufacturing. This chisel axe hafted into a 
bone handle resembles the flat stone axe with a bone 
handle, which were found together. Even though the 
number of tools and ornaments at Gre Fılla are not 
comparable to Çayönü, the diversity of types and the 
presence of chisel-axes may be related to a continuous 
process of the copper industry and reflect interaction 
for technology between settlements.  

The chemical composition determined in this study 
is not sufficient for sourcing. Likewise, it is not appar-
ent yet, how malachite materials reached Gre Fılla. 
Future work will focus on lead isotope analysis to 
identify provenance and metallurgical analysis to un-
derstand the method of treatment.
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