Int. J. Mod. Phys. Conf. Ser. 2013.22:103-111. Downloaded from www.worldscientific.com
by 193.140.54.155 on 06/09/20. Re-use and distribution is strictly not permitted, except for Open Access articles.

World Scientific

International Journal of Modern Physics: Conference Series
www.worldscientific.com

Vol. 22 (2013) 103-111
© World Scientific Publishing Company
DOI: 10.1142/S2010194513009987

International Conference on Ceramics, Bikaner, India \\’

FT-IR SPECTROSCOPIC ANALYSIS OF POTSHERDS EXCAVATED FROM
THE FIRST SETTLEMENT LAYER OF KURIKI MOUND, TURKEY

MURAT BAYAZIT

Ceramics, Batman University, Central Campus,
Batman, 72100, Turkey
m.bayazit@hotmail.com

ISKENDER ISIK

Materials and Ceramics Engineering, Dumlupinar University, Evliya Celebi Campus,
Tavsanli Road, Kiitahya,43100, Turkey
is4326 @ gmail.com

SEDAT CERECI

Cinema and Television, Batman University, Central Campus, Batman, 72100, Turkey
s.cereci@gmail.com

ALIISSI

Materials and Ceramics Engineering, Dumlupinar University, Evliya Celebi Campus,
Tavsanlt Road, Kiitahya,43100, Turkey
aliissi@hotmail.com

ELIF GENC

Archaeology, Cukurova University, Balcali,
Adana,01330, Turkey
egenc@cu.edu.tr

The region covering Southeastern Anatolia takes place in upper Mesopotamia, so it has numerous
cultural heritages due to its witness to various social movements of different civilizations in
ancient times. Kuruki Mound is located on the junction point of Tigris River and Batman Creek,
near Oymatas village which is almost 15 km to Batman, Turkey. The mound is dated back to Late
Chalcolithic. Archaeological excavations are carried out on two hills named as “Kuriki Mound-1"
and “Kuriki Mound-2” in which 4-layer and 2-layer settlements have been revealed, respectively.
This region will be left under the water by the reservoir lake of Ilisu Dam when its construction is
completed. Thus, characterization of ancient materials such as potsherds, metals and skeleton ruins
should be rapidly done. In this study, 12 potsherds excavated from Layer-1 (the first settlement
layer after the surface) in Kuriki Mound-2 were investigated by FT-IR spectrometry. Energy
dispersive X-ray fluorescence (EDXRF) and X-ray diffraction (XRD) analyses were used as
complementary techniques in order to expose chemical and mineralogical/phase contents,
respectively. Obtained results showed that the potteries have been produced with calcareous clays
and they include moderate amounts of MgO, K20, Na20 and Fe203 in this context. Additionally,
high temperature phases have also been detected with XRD analyses in some samples.

Keywords: FT-IR spectroscopy; Archaeometry; Characterization; Kuriki Mound (Turkey).

103


http://dx.doi.org/10.1142/S2010194513009987

Int. J. Mod. Phys. Conf. Ser. 2013.22:103-111. Downloaded from www.worldscientific.com
by 193.140.54.155 on 06/09/20. Re-use and distribution is strictly not permitted, except for Open Access articles.

104 M. Bayazit et al.

1. Introduction

Southeastern Anatolia has witnessed crucial changes, innovations and developments
throughout the history mostly due to its location in upper Mesopotamia where is created
by two important rivers; Tigris and Euphrates. As a consequence of this, there are
numerous ancient settlements and materials waiting to be investigated. The most
remarkable materials of such relics are potsherds which are the most common artifacts
encountered in archaeological excavations, hence archaeologists and others who are
interested in archacometry have a special attention for pottery fragments [1].

In archaeometric researches, there are many various characterization methods applied
on especially ancient ceramic materials in order to investigate the specific characteristics
of their structural features. In this sense, some of the conventional characterization
techniques are X-ray fluorescence (XRF) and X-ray diffraction (XRD), scanning electron
microscopy (SEM) with wavelength or energy dispersive X-ray spectrometry
(WDX/EDX), Mossbauer, Fourier transform infrared (FTIR) and Raman Spectroscopy
[2-8]. These techniques provide identification of mineralogical/phase composition which
initially depends on raw materials, production technologies and burials conditions.
Additionally, since the minerals are evidences of formation and decomposition of solid
phases occurred during firing, duration of firing, maximum temperature reached and
atmospheric conditions of firing process are the significant parameters in estimating and
considering the changes in ceramic fabrics which will then enlighten the secrets about
ancient samples [9, 10].

While investigating ancient artifacts, one of the most important subjects is mineral
identification. In this sense, minerals which are expected to be defined in archaeological
ceramic residues can be considered in three stages, namely; “primary minerals” that are
already present in used raw materials, “secondary minerals” that occur during use and
burial of historical findings, and “firing minerals” that are formed during firing process
[10-13]. This approach would be directive to reach proper results in terms of estimating
provenance and production techniques of potsherd samples uncovered from
archaeological excavations. The aim of this study is to characterize ancient potteries
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Fig. 1. Location of Kuriki Mound (almost 15km to Batman city).
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found in the first settlement layer encountered in archaeological excavations in Kuriki
Mound-2 (Turkey) (Fig.1) by using Fourier transform infrared (FTIR), X-ray
fluorescence (XRF) and X-ray diffraction (XRD). The last two analyses are used as
complementary techniques to define chemical and mineralogical/phase contents,
respectively. After gathering all the results obtained by these techniques, it would be
possible to reveal production technology (especially firing techniques) and mineralogical
components of potsherds of the mound which is dated back to Late Chalcolithic
(approximately from half of the 4™ millennium BCE).

2. Metarials and Methods

2.1. Archaeological Samples

Twelve potsherds from Kuriki Mound-2 which belong to the first settlement (the layer
after surface) were selected for the study. Images of potteries are given in Fig. 2. These
samples have the colors of buff, brown, black and red. Some of them have traces of
ornamentation including floral or figurative decorations. Types of the samples are rim,
edge, neck and handle of the ceramic wares.

rA®

KREK-1 KREK-2 KRK-3 KRE-4

KRE-10 KRE-11 KRE-12

Fig. 2. Images of potsherds

2.2. Methods

The samples were ground in an agate mortar into fine powder for FT-IR, XRD and
EDXRF analysis. Spectro X-Lab 2000 instrument was used for chemical analysis of
major and minor elements. Tablets consisting of 4gr sample powder and 0.9gr binder
(HWC) were prepared by pressing process with a pressure value of 10° N. Rigaku
Miniflex powder diffractometer with Cu Ko radiation and Jade software were used for
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the mineralogical analysis. The patterns of XRD were obtained by scanning 2-70° 26,
with a goniometer speed of 2°min. Perkin Elmer Spectrum-100 (ATR) FT-IR
spectrometer (with 4 cm™ resolution) possessing KBr beamsplitter was used to collect IR
spectra of the samples. The scan range was 4000-400 cm™ and wave number of IR-Laser
was 15798.00 cm™.

3. Results and Discussions

3.1. EDXRF and XRD Results

When EDXREF results are examined from Table.1, CaO quantities change between 8.97
and 43.2 wt.%. So, this indicates that the potteries may have been produced by using
calcareous clays. This is also related with burial duration and conditions, because
secondary calcite may occur in ancient potteries due to recarbonation of lime (depending
on post-burial deposition processes) [14]. MgO and K,O quantities are in moderate range
of 3.43-6.47 and 1.27-3.25 wt.%, respectively. Na,O quantities change between 0.1 and
2.67 wt.%. Iron oxide (Fe,O3) quantities change between from 5.05 to 9.13 wt.%. In
context of mineral diversity; Quartz (SiO,), calcite (CaCaQ3), dolomite [(Ca,Mg)(COs3),],
feldspars [K-feldspar (KAISi308), and plagioclase [(Na,Ca)AlSi308]], gehlenite (Ca,Al
[AISiIOf]), illite (K,H30) (AlMg,Fe), (Si,Al)40,0 [(OH),,(H,O)], muscovite (KAl,
(AlSi304y) (F,OH),), augite [Ca (Mg,Fe) Si,0¢] were identified from XRD spectra of
potsherds (Table.2).

Table 1. EDXREF results of potsherds (K represents KRK; i.e. KI=KRK1).

Oxide Sample Code
(wt. %)

KI K2 K3 K4 K6 K7 K8 K9 KI0 KIl1 KI2 KI3
SiO, 42 51,8 56,5 573 56,3 60,2 54,7 56,3 544 56,7 36,7 523
AlLO; 9,95 13,5 152 13,6 153 14,6 13,8 154 15 13,5 853 114
CaO 32,5 195 9,13 122 949 897 12,6 9,11 943 124 432 19
Fe,03 5,67 799 891 8,64 897 7,78 799 9,13 87 8,19 505 749
K>,O 1,89 2,04 3,25 235 3,07 2,57 2,55 3,1 294 2,77 127 1,7
MgO 6,47 3,78 531 3,82 531 437 459 533 5,62 429 343 6,28
Na,O 0,12 o,11 o,12 0,12 0,1 0,12 223 0,11 2,67 0,13 0,66 0,12
P,0s 042 028 029 051 026 024 03 023 0,19 042 021 0,2

SO3 0,17 0,09 022 0,12 0,15 0,1 0,09 0,15 0,13 035 0,24 047
Cl 0,03 0,02 0,07 0,15 0,03 0,07 0,03 0,07 0,02 0,06 0,04 0,2
TiO, 0,64 0,73 082 1,11 084 0,81 096 086 082 098 051 0,7
V05 0,01 0,02 0,02 002 002 002 002 002 002 002 - 0,02

MnO o,11 o,12 0,13 0,13 0,13 0,12 0,12 0,13 0,12 0,13 0,07 0,13
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Table 2. XRD results of samples.

Sample Code Minerals/Phases
KRK-1 Quartz, Calcite, Dolomite, Feldspar, Plagioclase, Illite/Muscovite
KRK-2 Quartz, Gehlenite, Feldspar, Plagioclase
KRK-3 Quartz, Calcite, Feldspar, Plagioclase, Illite/Muscovite
KRK-4 Quartz, Calcite, Feldspar, Plagioclase, Illite/Muscovite
KRK-6 Quartz, Calcite, Feldspar, Plagioclase, Illite/Muscovite
KRK-7 Quartz, Calcite, Feldspar, Plagioclase, Illite/Muscovite
KRK-8 Quartz, Calcite, Feldspar, Plagioclase, Illite/Muscovite
KRK-9 Quartz, Calcite, Feldspar, Plagioclase, Illite/Muscovite
KRK-10 Quartz, Calcite, Feldspar, Plagioclase, Illite/Muscovite
KRK-11 Quartz, Calcite, Feldspar, Plagioclase, Illite/Muscovite
KRK-12 Quartz, Calcite, Illite/Muscovite
KRK-13 Quartz, Augite, Feldspar, Plagioclase

3.2. FT-IR Results

FT-IR analyses were carried out in range of 4000-400 cm™. Results are given between
1800 and 400 cm’, because this range is the finger-print area indicating the required
information for archaecometric evaluations. FT-IR spectra (1800-400 cm) of KRK-1,
KRK-2, KRK-12 and KRK-13 (selected representative potsherd samples) are given in
Fig. 3-6, respectively. These specimens have been chosen according to diversity of their
XRD phases.

The spectrum of KRK-1 indicates to quartz (776 cmh), calcite (873 cm’! and
711cm™), calcite/dolomite (1433 cm™), illite/muscovite (456 cm™) and muscovite
(551 cm™ and 1021 cm™) [10, 15-19] (Fig. 3). XRF analysis of KRK-1 revealed moderate
amounts of SiO,, Al,O3 and Fe,03, and high amount of CaO, so these results have been

0.190 456.45

0.15

(Absorbance

0.10

551.60

1 —
N /\\/ o

1800 1600 1400 1200 1000 800 600 400

Waveoumber cio -1

Fig. 3. FT-IR spectra of KRK-1 (% Absorbance).
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related with FT-IR results. Additionally, XRD pattern of KRK-1 has also revealed the
presence of calcite, dolomite, quartz and illite/muscovite. Consequently, absence of high
temperature phases and presence of calcite and illite/muscovite allow us to estimate the
firing temperature not higher than 600-850°C, because structural decomposition of calcite
and dolomite is completed at this temperature range [14, 20, 21].

According to FT-IR results of KRK-2 (Fig. 4); the most obvious peaks belong to
quartz (776 cm’ and 693 cm'l) [10, 15-19]. In accordance with the references, spectrum
of KRK-2 indicates to ankerite/huntite (1453 cm™), kaolinite (1001 and 914 cm™),
illite/oligoclase (1001 cm’™), albite (600 cm'l), magnetite (558 cm'l), muscovite/anorthite
(484 cm'l) [10, 15-19]. But, these results are considered by only characteristic band
ranges of the minerals that take place in literature. Thus, they should be interpreted with
contribution of chemical and mineralogical analysis. In this sense, as the XRD pattern of
this pottery points to existence of quartz, gehlenite, feldspar and plagioclase minerals;
1453 cm™ is likely to indicate to presence of trace amounts of MgCO; and CaCOs,
because ankerite and huntite are related with formation/decomposition reactions of these
carbonates, and gehlenite is formed at 850°C with the reaction of CaO and illite structure
[22]. Bands at 1001 cm™ (600 cm™, 484 cm™) and 914 cm™ are considered as signs of
feldspar and aluminosilicates, respectively [19, 23].

0 360 -
484.09
0.30

|

145314 -

Wavenumber cm -!

Fig. 4. FT-IR spectra of KRK-2 (% Absorbance).

FT-IR spectrum of KRK-12 (Fig. 5) is dominated with calcite bands (1426 cm,
872 c¢cm’, 703 cm'l) [15, 16] (Fig. 5). The results also include quartz (780 cm'l),
illite/muscovite (496 cm and 1021 em™, respectively), albite (645 cm™, 602 cm™! and
454 cm™) and magnetite (559 cm™) [10, 15-19]. XRD pattern of KRK-12 approves the
existence of high amount of CaO and chemical analysis of the potsherd also shows that
the highest amount of CaO takes place in this specimen. Consequently, all results of these
characterization techniques have suggested that this pottery has been produced by
calcareous clay and this raw material may include low amount of feldspar/plagioclase
and illite/muscovite.
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Fig. 5. FT-IR spectra of KRK-12 (% Absorbance).

The infrared spectrum of KRK-13 is given in Fig.6. It indicates to calcite (1429 cm™ and
874 cm™), feldspar/plagioclase (1029 cm™ and 540 cm™), pyroxene (diopside: 962 cm’
and 626 cm™") and kaolinite/hematite (540 cm™) [10, 15-19, 24]. XRD pattern of KRK-13
clearly shows the presence of augite, but in FT-IR spectrum, due to absence of any band
reference for augite in literature, it is not possible to consider this mineral through
infrared spectrum. Nevertheless, bands at 962 cm™ and 626 cm™ in the spectrum may be
attributed to existence of augite which is another member of pyroxenes. But, this
estimation may be accurate after gathering chemical and mineralogical analyses with
infrared spectra. As a result of these data; sintering temperature of this ceramic sample is
likely to be at least 800-900°C at which augite occurs with the reaction of dolomite and

quartz [25].
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Fig. 6. FT-IR spectra of KRK-13 (% Absorbance).
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4. Conclusions

This study, in which infrared spectroscopy is used together with XRD and EDXRF to
characterize the samples of ancient potsherds found in the first archaeological layer of
Kuriki Mound (Batman) Turkey, gives the opportunity to determine technological
conditions of pottery production in the region in ancient times. The obtained results
indicate that potsherds from the first archaeological layer of Kuriki Mound-2 were
primarily produced with clay deposits rich in calcareous materials. Mineralogical
compositions of the potsherds suggest that potteries should have been exposed to
different firing temperatures during sintering process. Presence of gehlenite (in KRK-2)
and augite (in KRK-13) allows us to make an interpretation that the firing temperature of
these two samples should not be less than 800-850°C and 800-900°C, respectively, due to
formation conditions of aforementioned high-temperature phases. Firing temperature of
other potteries should not be higher than 650-800°C due to presence of mainly calcite and
illite/muscovite minerals. Although any ceramic kiln has not been recovered in the
excavation area so far, it is not exactly precise that there is not a firing place in the
settlement layers, because reconnaissance studies are still ongoing in the region.

Except from KRK-2 and KRK-13, other ten potsherd samples mainly include quartz
and calcite together, and KRK-12 is dominated with the highest calcite content. All these
information have also been detected by infrared spectroscopy by comparing characteristic
band ranges of the minerals. This provide us to draw a conclusion that people have used
calcareous clays as their raw materials, since this type of materials could provide them
the opportunity of keeping shape of the product [26] after forming process and were
abundant in the region.
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