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Abstract

The purpose of this paper is to present a summary of the application of non-destructive tech-
niques used in a comparative study of eighty pottery fragments of the Chalcolithic period (5000 BC
ca.) and Late Bronze Age (1650 - 1200 BC ca.), found in Mersin-Yumuktepe (Southern Turkey) and
Arslantepe (Malatya, Eastern Turkey). The use of a scanning electron microscopy, equipped with a
system of energy dispersive X-ray spectroscopy (SEM-EDX), has allowed determining their mor-
phology, the main inclusions and the elemental composition of ceramic mixtures of each artifact.
Moreover, the determination of majority and trace elements has revealed various information,
such as the origin of raw materials or the contamination that occurred in the manufacturing phase.
The multivariate statistical method has allowed highlighting similarities and/or differences among
the ceramics.
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1. Introduction

Since pottery, in all its shapes, has always followed through man’s life, today the study of ceramic fragments
found during excavations is, to an archaeologist, the key point of a careful historical reconstruction, useful to
provide knowledge, which otherwise would have gone lost.
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Each artifact of historical, archaeological and artistic interest contains, in fact, hidden information about its
origin and its history, that can’t be entirely learned only through the senses, needing instead an interdiscipli-
nary approach (Rehren & Pernicka, 2008; Moropoulon & Polikreti, 2009). In particular, the use of structural
and compositional analysis allows to study in detail the chemical composition of the artifacts and to achieve
knowledge about the identity and origin of the raw materials, in some cases corresponding to their areas of
production (Romich & Weinmann, 2000; Faella et al., 2012), and to increase our understanding of the eco-
nomic-political organization and of the cultural changes of an ancient people (Grave et al., 2008; Grave et al.,
2009; Bong et al., 2010). These data may help to assess, where possible, the extent of the trade and/or the ex-
change of artifacts among cultural groups, including information on their technological capabilities and de-
velopment, their work and life conditions, social differentiations and on the functional purposes of the prod-
ucts.

This methodological approach was used in the present study for the analysis of eighty pottery fragments
found in Mersin-Yumuktepe (Southern Turkey) and Arslantepe (Malatya, Eastern Turkey), which cover a time
span that ranges from the Chalcolithic period (5000 BC ca.) to the Late Bronze Age (1650 - 1200 BC ca.). Be-
sides, both Anatolians sites, at a given time of their existence, were part of a common cultural-political frame-
work that during the Late Bronze Age saw the expansion of the Hittite civilization in these territories (Ertem &
Demirci, 1999; Angle et al., 2002; Glatz, 2009).

Given that the use of non-destructive techniques is fundamentally important for archaeologists and, in general,
for an archaeometric study (Bonissoni & Ricci Bitti, 1988; Amelinckx et al., 1997; Ciliberto & Spoto, 2000;
Poupeau et al., 2010), in this chemical-physical and morphological analysis of the ceramics a central role has
been given to a non-destructive analytical technigue-the scanning electron microscopy-equipped with a system
of energy dispersive X-ray spectroscopy (SEM-EDX).

The experimental results obtained have been later processed by using multivariate statistical techniques (Bax-
ter, 1994; Frank & Todeschini, 1994; Baxter, 1995; Lomiento, 2004; Varmuza & Filzmoser, 2009), such as the
Principal Component Analysis (PCA), in order to identify any similarities and/or differences among the ana-
lyzed samples; starting from an exhaustive list of chemical-physical data specific to each sample, we also fo-
cused on an integrated interpretation, consistent with an archaeological study. Finally, the statistical data
processing has allowed the comparison between the material culture of two realities, geographically far away,
but culturally close to each other.

2. Materials and Methods
2.1 Sites and Samples

Eighty pottery samples from the Anatolian peninsula were analyzed by using non-destructive techniques. These
fragments are representative of some of the pottery classes found during the excavations of the sites of Mersin-
Yumuktepe (Caneva & Sevin, 2004) and Arslantepe (Frangipane, 2004), two multi-layered settlement that go,
roughly, from the Neolithic to the Middle Ages (Figure 1). In particular, the site of Yumuktepe is situated near
the port city of Mersin, on the southern coast of Turkey. This area, located in a strategically important geo-
graphical position, that from the valleys of the Anatolian plateau leads to the coast and the Syro-Mesopotamian
plain, has always been a nodal point for commercial traffics. The site of Arslantepe, instead, also called “the hill
of the lions”, is located in the village of Orduzu, in the southeast of the large and fertile Malatya plain (Eastern
Turkey), an oasis in the chain of the Anti-Taurus, about fifteen kilometers from the right bank of the Euphrates
and not far from the modern city.

The samples investigated come respectively from the levels of the Chalcolithic period and the Late Bronze
Age of the two sites. In specific, they were classified as follows: 28 finds of the Late Bronze Age from site Ar-
slantepe (in this paper indicated as Arslantepe LBA), 11 finds of the Late Bronze Age from site Mersin-Yu-
muktepe collected during the sampling of 2009 (in this paper indicated as Mersin LBA 2009), 16 finds of the
Late Bronze Age from site Mersin-Yumuktepe from the sampling of 2008 (in this paper indicated as Mersin
LBA 2008), 13 finds of the Chalcolithic period from site Mersin-Yumuktepe sampled in 2009 (in this paper in-
dicated as Mersin C 2009) and 12 finds of the Chalcolithic period from site Mersin-Yumuktepe collected during
the sampling of 2012 (in this paper indicated as Mersin C 2012).

2.2 Methodologies

A scanning electron microscope with X-ray microanalysis of the JEOL (JEOL Ltd., Tokyo, Japan), model
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Figure 1. Map of the two excavation sites, Mersin and Malatya (Arslantepe).

SEM-EDX JSM-5410LV was used for archaeometric investigation. It has provided very useful data about the
morphology, particle size and chemical composition of main and minority elements. In particular, the determi-
nation of majority and in trace elements has revealed information about the origin of raw materials and the con-
tamination occurred in the manufacturing phase, being helpful to understand the manufacturing technology used
in that period and the economic development of the sites.

The SEM was used at a pressure of 30 Pa with a 20 kV accelerating voltage, which is the usual voltage for
ceramic analysis. To ensure a good homogeneity and statistically significant results concerning the elemental ana-
lysis, for each sample were chosen regions with dimension equal to 150 x 100 um?. Measurements were made at
various working distances to cover the range of possibilities that might be used in future examinations of frac-
tured objects. All internal and external surfaces and sections of the samples have been treated pre-emptively
through a mechanical cleaning before analysis.

Na, Mg, Al, Si, S, K, Ca, Ti, Mn and Fe were calibrated using default calibrations generated by the Oxford
Instruments EDX INCA Analyser software. The results were converted into oxide percentages, which were
normalized (oxygen by stoichiometry) to account, due to the fact that oxygen and carbon were not measured. All
analyses were carried out on unprepared surfaces and not polished samples and the results are regarded as semi-
quantitative (Spataro et al., 2009; Spataro et al., 2013). Then, it was determined the relative concentration of the
oxides by recording the EDX spectrum (with an acquisition time equal to three minutes) on forty regions ran-
domly selected. The SEM images were obtained without pretreatment of the samples and by using backscattered
electrons in a condition of low vacuum. The vacuum is indispensable in order to prevent possible phenomena of
loading surface that can complicate the morphological analysis (\VVon Zglinicki, 1993).

Experimental results of chemical composition obtained by SEM-EDX were processed with multivariate sta-
tistical method by using the software STATISTICA® (StatSoft Inc., Tulsa, OK, USA), in order to identify possi-
ble similarities and/or differences among the analyzed samples.

3. Experimental Results and Discussion

The scanning electron microscopy has enabled a morphological and compositional analysis of the internal and
external surfaces and of the sections of the eighty samples analyzed. Figure 2 and Figure 3 show two typical
SEM images, respectively of the surface (sample n. 11 Arslantepe LB) and of the section (sample n. 4 Arslan-
tepe LB) of the pottery object of this study.

The morphological analysis has allowed to obtain a complete examination of the grain size of the ceramic bo-
dies and, in addition, the identification of the shape and the composition of the present inclusions such as, for
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example, crystallites of various nature. Table 1 summarizes main inclusions highlighted in the analyzed sam-
ples.

Overall, in the samples, it has been revealed a hiatal granulometry (with granulometric phases of various sizes)
consisting of a basic binder phase with fine grain. In particular, it has a clayey material to which has been added
a temper fraction coarser and in variable quantities, consisting of sand, inclusions and fossil of several origins.

Table 2 summarizes the semi-quantitative values of the concentration (% w/w) of Na,O, MgO, Al,O3, SiO,,
S0;, K,0, Ca0, TiO,, MnO and Fe,O5 for each sample, the results of which are reported as normalized% oxides.
Each value represents the average of five measurements obtained by using the EDX analysis performed on the
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Table 1. Main inclusions present in analyzed samples.

Sample Kind of the crystallites (inclusions)
1 Fe and Ca
2 Fe and Ca
3 Fe, Caand S
4 Crystallites of different kinds
5 Fe
6 Fe
7 Fe
8 Ca
9 Fe
10 Caand P
11 Ca
12 Pb, Feand C
13 Fe and Mn
Arslantepe LBA 1 TiandFe
15 Tiand Ca
16 Ca, Cand Fe
17 Tiand Fe
18 Crystallites of different kinds
19 Fe, Ca, Ti, Mg, Kand S
20 Crystallites of different kinds; Fe and Ti
21 Caand S
22 Fe
23 Fe, Caand S
24 Fe, Ti, Ca, Siand Al
25 P, Ca, Fe and Mn
26 Ca
27 Sand Ca
28 Feand S
1 Crystallites of different kinds
2 Cr
3 Crystallites of different kinds
4 Crystallites of different kinds
5 Si, Caand Fe
6 Crystallites of different kinds
7 Crystallites of different kinds
Mersin C 2009
8 Crystallites of different kinds
9 Cu, Zn and Na
10 Cu, Zn, Caand Na
11 Crystallites of different kinds
12 Cr, Fe and Mn
13 Crystallites of different kinds
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Continued

1 Caand Fe
2 Crystallites of different kinds
3 Ca, Tiand Fe
4 Crystallites of different kinds
5 Crystallites of different kinds

Mersin C 2012 6 Caand Fe
7 Crystallites of different kinds
8 Ca, Siand Fe
9 Ca, Feand Cr
10 Fe and Ti
11 Ca, Fe and Ba
12 Ca, Feand Ti
1 Shells and fragments of wood
2 Shells
3 Fe and Zn
4 Crystallites of different kinds
5 Crystallites of different kinds
6 Crystallites of different kinds
7 Mg, P, Fe, Mn and Cr, Radiolaria
8 Shells

Mersin LBA 2008
9 Crystallites of different kinds
10 Crystallites of different kinds
11 Crystallites of different kinds
12 Fe, Cr, Ti and Mg
13 Crystallites of different kinds
14 Crystallites of different kinds
15 Shells, Ca
16 Fragments of bone and wood, Fe
1 Crystallites of different kinds
2 Al, Ca, Fe and Si
3 Crystallites of different kinds
4 Crystallites of different kinds
5 Crystallites of different kinds
Mersin LBA 2009 6 Si, S, calcium carbonate, bone fragments

7 Ca, straw
8 Crystallites of different kinds
9 Crystallites of different kinds, radiolaria carbonatic composition
10 Crystallites of different kinds
11 Crystallites of different kinds
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Table 2. Semi-quantitative values of Na,O, MgO, Al,O;, SiO,, SO;, K,0, Ca0, TiO,, MnO and Fe,O5; concentrations (%
w/w) obtained by SEM-EDX. The results are reported as normalized % oxides.

Sample Na,O MgO Al,O3 SiO; SO; K;0 CaO TiO, MnO Fe,05
1 351 294 2083 5853 004 286 224 052 003 850
2 291 493 1745 4610 026 291 1151 113 019 1261
3 348 368 1354 5571 050 407 1237 075 029 562
4 251 598 1304 4690 018 242 1876 074 013 934
5 2890 564 1292 5124 059 266 1426 078 012  8.89
6 28 607 1238 4611 075 293 1828 085 015 962
7 232 846 1249 4649 028 268 1779 078 010 861
8 286 68 479 1870 941 181 5120 011 032 301
9 448 601 1531 4683 058 181 1841 015 012  6.30
10 359 430 1229 4852 030 255 2272 015 006 553
11 237 353 2019 5140 008 326 1046 093 000  7.94
12 492 267 2009 5823 015 298 298 038 019 741
13 339 405 2032 5260 020 367 320 123 019 1115
14 363 383 1286 5386 039 384 1603 061 017 477

Avrslantepe LBA 15 323 401 1236 4461 546 262 2273 050 010 438
16 309 553 1233 4509 035 266 2298 075 000  7.30
17 329 529 1428 4585 059 273 1990 057 002 750
18 230 725 1189 4611 007 345 2135 053 013 694
19 309 951 1063 4144 096 326 2347 041 000  7.22
20 302 824 851 4158 045 339 2838 051 053  5.40
21 240 349 593 2753 086 380 4953 059 108  4.80
22 233 355 1009 4953 057 330 1226 112 017  8.06
23 281 558 781 3179 1287 210 3064 039 024 576
24 285 756 1201 4613 045 307 1984 042 020 747
25 331 440 1217 4764 033 299 2300 019 034 564
26 230 569 1076 4462 223 280 2527 037 031 566
27 255 280 1966 4653 070 351 914 099 021 1390
28 196 323 2052 5208 036 313 943 089 000 850

1 101 376 1228 4670 044 285 2422 08 020 808
2 101 492 1363 5538 049 324 1231 091 025 934
3 101 470 1350 4784 034 380 2023 055 025 = 7.82
4 101 442 1047 4452 054 338 2554 077 011 738
5 101 712 1180 5094 019 276 1860 039 006  7.73
6 101 357 884 3385 097 247 4029 064 057 730
Mersin C 2009 7 101 446 1144 5079 027 312 1834 056 064 977
8 101 381 1348 5161 048 331 208 051 022 673
9 181 408 1220 4427 024 268 2751 063 023 716
10 101 457 1290 4953 040 323 1917 054 045 809
11 129 426 1436 4795 014 205 1935 077 011 1045
12 101 531 1148 4939 020 336 1794 059 035  11.00
13 112 326 1313 4939 047 387 2066 062 020 778

O,
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internal section of each sample.

Although the results show a substantial homogeneity among different samples, it is possible to highlight a
difference between the two pottery productions. The mean value of the concentration of Na,O, MgO, Al,O;,
Si0,, SO;, K,0, Ca0, TiO,, MnO and Fe,0; are equal respectively to 2.23% + 1.09%, 4.93% + 1.25%, 12.61%
+ 3.05%, 46.24% + 6.24%, 0.83% + 1.83%, 3.34% + 0.70%, 21.08% + 8.68%, 0.66% + 0.25%, 0.25% + 0.21%
and 7.73% * 1.86%. Therefore, for each sample, silicon, calcium, aluminum and iron are majority elements,
while titanium, manganese, potassium, sulfur, magnesium and sodium are minority elements and/or trace ele-
ments.

The average concentrations of the oxides, determined on the internal section of each ceramic object, were
further processed by using the multivariate statistical method of the Principal Component Analysis (PCA). For
this purpose we used a matrix consisting of eighty cases (analyzed samples) and ten variables (determined
oxides) and the first four main components have been extracted, obtaining a coverage of the total variance equal
to 75%.

Figure 4 shows the loading of variables on the first two main components, which separate the concentrations
of the oxides along the two factors (Factor 1 and Factor 2). The graph allows discriminating the concentration of
oxides detected, more specifically SiO, and Al,O3; have negative values of the first principal component, while
CaO and SOj; have positive values of it. MnO has negative values on the second principal component, while
Na,O has positive values on the second principal component.

Figure 5 summarizes the results obtained with the PCA method and it allows making some important consid-
erations.

Firstly, it is possible to demonstrate among the analyzed findings, a difference between the two pottery pro-
ductions: in fact, all the samples of Arslantepe except three (n. 2, n. 21 and n. 27 Arslantepe LB) have positive
values on the PC2, while the samples from Mersin-Yumuktepe have almost all (45 out of 62 ceramics, approx-
imately 73%) negative values on the same component. Seventeen ceramics from Mersin-Yumuktepe, instead,
have a positive value on the PC2 and they overlap with the group of Arslantepe.

The percentages of the oxides detected, therefore, let us infer that the material used for the manufacturing of
the finds from Mersin-Yumuktepe have a common origin, as well as substantially common seems to be also the
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Figure 4. Loading of variables on the first two principal components.
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Figure 5. Scatter plot of the scores for the first two principal components.

origin of the raw material used for the production of the finds of Arsalentepe. However, these two types of ma-
terial are different from each other.

An important element is then given by samples n. 8 and n. 23 (Arslantepe LB) which significantly deviate by
the general trend for higher concentrations of CaO, the first, and especially of SO;, the latter. The same applie-
salso to samples n. 15 (Mersin LB 2008), n. 21 (Arslantepe LB) and n. 6 (Mersin C 2009), which have higher
average concentration of CaO and MnO, but scarce of SiO,. The samples n. 1 and n. 12 (Arslantepe LB) have,
instead, high concentration of SiO, and Al,Os, but low concentration of CaO, while the samples n. 9 (Arslantepe
LB), n. 9 (Mersin C 2012) and n. 13 (Arslantepe LB) show, respectively, the highest average concentration of
Na,O and Fe,0s (the first two) and of Fe,0; compared to the rest of the finds analyzed. This can be substantially
attributed to the use of clays from different sources, which let us assume a non-local production of some of these
ceramics.

Nonetheless, our hypothesis must consider that the various qualitative and quantitative composition of pottery
mixture may respond to different uses of the finished products. Overall, the differences observed in the ceramic
mixture take into account the heterogeneity of the considered context.

The maximum output to this work is given, however, only by the results of the samples of Mersin-Yumuktepe.
In fact, almost all samples from the latter show values that fall within —1 and 1 of the PC1 and PC2. This indi-
cates a considerable homogeneity from the compositional point of view of the pottery production. The popula-
tion of Mersin, in fact, from the Chalcolithic period (5000 BC ca.) until the Late Bronze Age (1650-1200 BC ca.)
and, therefore, for more than 3500 years, has allegedly used the same techniques and the same raw materials for
the realization of pottery.

This observation probably indicates the use of the same technology for firing the pottery, but this does not prove
that all materials investigated were produced by the same furnace.

4. Conclusion

The archaeometric method used in this work has allowed us to learn important information on the morphology,
particle size and chemical composition of the studied ceramic objects.

The simultaneous use of non-destructive techniques, relatively quick and inexpensive, and the subsequent sta-
tistical processing of the experimental results obtained made it possible to suggest some important assessments
and to highlight some key elements, such as the difference between the pottery production of Mersin-Yumuk-
tepe and Arslantepe and the probable millenary productive continuity only of the pottery of Mersin-Yumuktepe.
This result is fundamental in the determination of a historical/archaeological framework of these two sites.

The methodology followed in this study can certainly be applied to other archaeological contexts and to other
artifacts of historic and artistic interest such as, for instance, glass, sediments and coins.
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