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Abstract

This study focuses on the archacometrical characterization of the potteries belonging to the First Millennium AD from the Kuriki Mound using
thermal, mineralogical, microscopic and spectroscopic techniques. The excavation area takes place at the intersection point of the Tigris River and
the Batman Creek near the village of Oymatag in Batman city (Turkey). Since this region is located at Upper Mesopotamia, it is one of the
important ancient sites in southeastern Anatolia and represents the cultural heritage of the civilizations that lived there. In the framework of the
present study, thermogravimetric—differential thermal analysis (TG-DTA) and ceramic petrography were employed to characterize the potsherds.
X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS), micro-Raman spectroscopy and
colorimetric analyses were also performed as complementary techniques. The results showed that the mineralogical composition of the pottery
consists mainly of quartz, feldspar and plagioclase. Clay minerals (mainly illite) and organic materials were identified as the minor phases, while
carbonated materials (mainly calcite) were seen as major and minor phases in different samples. Iron minerals were also detected by XRD and
micro-Raman analyses. A relatively low vitrification degree along with the poor sinterization behavior defined in SEM/EDX analysis and the
absence of any prominent endothermic or exothermic effects on DTA curves up to 10001100 °C suggested that the firing temperature of the

potteries did not exceed this range. The main reason for such characteristics is thought to be a non-advanced firing technique.

© 2014 Elsevier Ltd and Techna Group S.r.1. All rights reserved.
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1. Introduction

Being one of the most abundant and stable products, ceramic
wares have a great importance in terms of enlightening the history
of human [1]. Especially identification of the production techni-
ques of ancient potteries provides a substantial knowledge with
respect to the technological aspects of the past civilizations [2].
The initial raw materials, coloring agents, temper materials and
other additives for various purposes, and also the firing conditions
such as maximum firing temperature, soaking time and firing
atmosphere, all of which depend on the firing technique (pit,
bonfire or kiln firing), allow us to estimate the status of the human
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being in ancient times [3]. In last decades archaeometry, which
gathers various branches of the science like archeology, engineer-
ing sciences, art history, physics, chemistry, biology etc., is
widely exercised in all over the world much more than what is
done for preservation and conservation of cultural heritages.
Since the Kuriki Mound (Fig. 1) is located in Upper Meso-
potamia, the data obtained within the archaeometrical researches
carried out both in this region and the vicinity will provide a
substantial knowledge of social and cultural aspects of the
territory. With this intention, the potsherds were investigated
using thermal, mineralogical, microscopic and spectroscopic
techniques. Thermogravimetric—differential thermal analysis
(TG-DTA) was performed to observe the thermal behaviors of
the samples and to predict the maximum firing temperatures.
Petrographic analysis was applied using polarized-light optical
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Fig. 1. Representative image of the location of Kuriki.

microscopy to define the starting raw materials of the ceramics.
Other methods used as complementary techniques in this work
were: X-ray diffraction (XRD) for identification of mineral/
phases, scanning electron microscopy (SEM) and energy dis-
persive spectroscopy (EDS) for microstructural and microchemi-
cal properties, micro-Raman spectroscopy for determination of
mineral compositions (particularly the coloring agents) and
colorimetric analysis for measuring of the colors of the potsherds.

2. Sampling and experimental
2.1. Samples

In the present work 14 representative potsherds (Fig. 2) of the
Ist millennium AD from Kuriki (Turkey) were studied. The
samples were selected from the first archeological settlement layer
which comes after the Part-Roma period (end of the Ist
millennium BC and the beginning of the 1st millennium AD).
The fundamental criteria in selection process of the potsherds was
to find the most appropriate fragments which are able to represent
the whole of the other similar products found in the same
archeological settlement layer of the mound. With this aim, the
sampling group consisted of the potsherds including handle, rim,
neck and edge of the wares with the red, brown, buff and gray
colors. By macro observation of the samples it was seen that the
samples of S2, S3, S6, S7, S9 and S12 contain traces of wheel-
made production. It was also observed that some of the samples
(S4, S5, S7, S8, S11 and S14) have red-brown margin with black-
gray core implying a sandwich structure probably indicating a
variation of atmosphere conditions from reducing to oxidizing in
the last step of the firing. It was also seen that the samples of S1,
S7, S8, S11 and S14 have elongated signs on their surfaces. The
samples of S4 and S11 have smoke stains indicating traces of an
over-burned body or probably of use as cooking ceramics. A thin
off-white layer was observed on the surface of the sample S13,
probably indicative of a slip layer/glaze-like structure. Finally the
samples do not include any apparent decoration or figure which is
attributed to a purpose of simple use.

2.2. Experimental

After the purification process of the potsherds, an agate
mortar was used to grind the samples so as to be analyzed by
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thermal gravimetric-differential thermal analysis (TG-DTA)
and X-ray diffraction (XRD) techniques. Netzsch STA 449F3
instrument supported with Netzsch Proteus software was used
for TG-DTA analyses. A heating rate of 10 °C/min was
performed in oxidative atmosphere from room temperature to
1100 °C. Leica Research Polarizing Microscope (DMLP
Model) with top and bottom illumination was performed for
the petrographic investigations in which the thin sections of the
samples were used in order to observe all outer and inner
layers. Leica DFC280 digital camera (single and double nicol)
with x 25 magnification was used to obtain the images. Leica
Qwin digital imaging program and Point Counting method
were used in assessment process of the results of petrographic
analysis.

Colorimetric analysis of the potsherds was performed using
a portable colorimeter with ColorQA Pro System III program.
For the identification of the shades CEI (Commission Inter-
nationale de L’Eclairage) L-a-b color system was used.
Determination of mineral/phase content of the samples was
carried out using Rigaku Miniflex powder diffractometer with
Cu Ko radiation. A goniometer speed of 2°/min and the
scanning range of 2-70° 20 were used to obtain the XRD
patterns. Jade was used as the software in assessment process
of the XRD results. The microstructural and microchemical
aspects of the representative potsherds were investigated using
the Zeiss Supra 50VP SEM which also includes the EDS
detector of Oxford Instruments INCA Energy. Raman spectra
of the representative samples were obtained using Horiba Jobin
Yvon LabRam confocal Raman spectrograph equipped with
the Olympus BX41 microscope and Peltier cooling CCD
(1024 x 256 pixels) detector. He/Ne laser (632.8 nm) with a
power limit of 700 pW was used for the Raman excitation
in order to preserve the sample. At least 20 spectra were
recorded for each representative sample. Raman PCI model
video camera was used to obtain the microscopic images of the
samples.

3. Results
3.1. Mineralogical analyses

3.1.1. Ceramic petrography

Thin sections of the samples were prepared for the petro-
graphic micro morphological investigations of the potsherds
and then were observed under the polarizing microscope with
top and bottom illumination. Table 1 shows the total aggregate
amount, grog content and mineralogical assemblages together
with the clay and rock types identified in the potsherds.

According to the results obtained by the ceramic petrogra-
phy it was seen that the illitic clay type has particularly been
used in manufacture of the ceramics. Little smectitic and
kaolinitic clay types were identified in few samples (illitic+
smectitic: S2; smectitic: S10; illitic 4 kaolinitic: S14). Opaque
minerals (hematite, magnetite) and quartz were present in all
samples. Plagioclase, chert and sericite were identified in most
of the samples. Biotite, chalcedony, muscovite and quartzite
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the blue intensity is represented by the negative values of “»” from (0 to —60) (for interpretation of the references to color in this figure legend, the reader is referred

to the web version of this article).

were the less abundant minerals found in the potsherds. Basalt
(effusive igneous rock formation) and limestone were assigned
as the rock types which are thought to be the main sources for
the minerals specified in the ceramic fabrics. Total aggregate
content of the samples is relatively high and changes between
13 and 58 vol% (in cross-sectional area) probably indicating a
poor selection of the starting raw materials. Some grog
fragments were also detected in cross-sectional areas of almost
half of the samples (S1, S3, S6, S8, S9 and S11) suggesting a
possible recycling process of the worn-out and/or faulty
products (Fig. 3(a)).

From the microphotographs of the representative samples
we may classify the samples into two groups according to the
size and distribution of the grains forming the ceramic fabrics.
The first group possesses an inhomogeneous paste with high
non-plastic material/matrix ratio and with relatively coarse
grains advising a poor refining of the raw materials (Fig. 3(b)).
The second group consists of relatively fine grains which are
well-dispersed into the matrix of the sample (Fig. 4(a)). It was
also seen that some of the potsherds have color and contrast
transitions suggesting that they were presumably subjected
to an uneven firing process due to lack of homogeneity of
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temperature distribution (Fig. 4(b)). These directive results will
provide a basis for further analyses especially for XRD.

3.1.2. X-ray diffraction

Identification of mineral/phase contents of the ancient
ceramic wares provides a substantial knowledge which will
allow revealing the production techniques and estimating the
firing conditions such as maximum temperature reached, firing
atmosphere and the firing techniques used by the potters [4].
Depending mainly on the composition of starting materials,
interactions between grains and clay matrix would be seen
through a heat treatment in production of clay based traditional
ceramics [5]. For instance, the firing minerals such as gehlenite
(Ca,Al,Si05), anorthite (CaAl,Si,Og) and pyroxene (diopside
[Ca(Mg,Al) (Si,Al),Og], augite [Ca(Mg,Fe)Si>Og]) occur due
to the reaction between CaO derived from the carbonates

Table 1
Ceramic petrography results of the samples.

Sample Aggregate Clay type Mineral* Rock” and
code (vol%) Grog (%)
S1 31 Mlitic Q.PLSr,Op Grog (%1,5)
S2 18 Tllitic + Smectitic  Q,P1,Ch,Bi,Op -

S3 31 Tllitic Q.PLSr,0p Grog (%1.,5)
S4 43 Tllitic Q,P1,Ch,Bi,Op,Ms L

S5 58 Tllitic Q,P1,Ch,Op B

S6 31 Tllitic Q,PL,Sr,Op Grog (%1,5)
S7 13 Tllitic Q,P1,Ch,Op, -

S8 31 Tllitic Q.,PLSr,0p Grog (%1.,5)
S9 31 Tllitic Q,P1,Sr,Op Grog (%1,5)
S10 29 Smectitic Q,Ch,Ms,Qs,Bi,0Op -

S11 31 Tllitic Q,P1,Sr,Op Grog (%1,5)
S12 13 Tllitic Q,Ch,Bi,Op -

S13 43 Mlitic Q,P1,Ch,Bi,Op,Ms, L

S14 23 Tllitic 4 Kaolinitic Q,P1,Ch,Op,Cy -

—: not defined

“Bi: biotite, Ch: chert, Cy: chalcedony, Ms: muscovite, Op: opaque
minerals (e.g. hematite, magnetite), Pl: plagioclase, Q: quartz, Qs: quartzite,
Sr: sericite.

°B: basalt, L: limestone.

M. Bayazit et al. / Ceramics International 40 (2014) 1476914779

decomposition and the amorphous material from the destruc-
tion of the clay mineral crystalline structure [5,6]. Gehlenite
and anorthite-pyroxene were distinctly identified in the XRD
spectra of the samples of S2 and S13, respectively, suggesting
firing temperatures from a minimum of 800 °C to 900 °C.

Table 2 shows the mineral/phases identified in the samples.
As seen from the table quartz, plagioclase ((Na,Ca)AlSi;Og)
and feldspars (K-feldspar (KAIlSiz;Og)) were the dominant
phases while carbonates (mainly calcite) were generally the
minor phases and occasionally major phases in some of the
samples (S1 and S12). The simultaneous existence of the neo-
formations and calcite were furthermore assigned to probable
appearance of secondary calcite which was also seen in the
microphotographs of some samples (Fig. 3 and Fig. 4). Trace
amounts of pyroxene and gehlenite minerals (for S5, S6, S7,
S10 and S14) allowed us to assume that although such samples
were fired up to the required temperature for the formation of
new minerals, heating process did not exceed definitely the
temperature threshold for the maturation. Besides, the presence
of clay minerals (illite/muscovite) suggested a firing tempera-
ture not higher than 800-950 °C at which the structural
decomposition of these raw materials is completed [7,8].

Hematite was identified in most of the samples pointing
out that iron minerals were presumably the main coloring
agents for the potsherds. Micro-Raman analysis of some
selected representative samples also revealed the presence of
iron minerals (i.e. hematite, magnetite) supporting the effect of
these minerals in coloration (Fig. 5). In case of reducing
atmosphere (absence of oxygen during the firing process)
magnetite occurs resulting in dark shades while hematite
causes the red, brown, and occasionally buff colors [9]. Having
red-brown margin with black-gray core, the sandwich struc-
tured samples of S4, S5, S7, S8, S11 and S14 are believed to
be subjected to both reducing and oxidative atmospheres
during the firing process. Furthermore, as the outer layers of
such samples are in reddish colors, it may be considered that
the firing process of these samples has presumably ended in
oxidative environment, but the oxidation did not reach the core
of the bodies.

Fig. 3. (a) Grog fragment situated into the matrix (microphotograph of the sample of S11); (b) Inhomogeneous paste with high non-plastic material/matrix ratio

(microphotograph of the sample of S5).
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Fig. 4. (a) Microphotograph of the sample of S10 exhibits a matrix having relatively well-dispersed grains (containing probable secondary calcite formations with
high birefringence) and also some salient traces demonstrating the gaps presumably occurred due to organic temper materials included in the initial raw materials;
(b) Microphotograph of the sample of S2 shows the matrix with different shades of gray, red and brown probably indicating an uneven firing process and/or a poor
raw material preparation (for interpretation of the references to color in this figure legend, the reader is referred to the web version of this article).

Table 2
XRD results.

Sample code Mineral/phase

Q Fs/Pl Cc I'M Do Pr Gh H
S1 ke * sl sk — - -
S2 sl kel tr - - ek sl ok
S3 sefokseok  dekk ckek * - - - *
S4 sefelolel kel selek tr - - - *®
S5 sefelolek kel tr - - tr tr *
S6 selelelel kel siesleske *® - tr tr -
S7 sefejolek kel * * - tr tr -
S8 selefelel skl skesleslek *® . - - *®
S9 sefefolek kel ki *k - - - *
S10 sefelelel kel ek * - *® tr *®
S11 sefekseok ek sesfek * - - - *®
S12 sk - sl sk . - - -
S13 skefesksk * - - - ek — -
S14 selefelel kel ek tr . tr * -

* Relative abundance, tr: trace amount. Q: quartz, Fs/Pl: feldspar/plagioclase,
Cc: calcite, I/M: illite/muscovite, Do: dolomite, Pr: pyroxene (diopside/augite), Gh:
gehlenite, H: hematite. The double, trible and four stars indicate to the abundance of
the mineral/phase identified after the major ones in terms of their intensity (counts).

3.2. Thermogravimetric—differential thermal analysis
(TG-DTA)

TG-DTA is one of the convenient methods preferred in
characterization of ancient ceramics. This technique allows the
examination of changes occurred due to the decomposition,
transformation and formation reactions during a controlled
heating process [10]. Samples were heated from room tem-
perature to 1100 °C with a heating rate of 10 °C/min in order
to expose the enthalpy changes (plotted by DTA curves with
endothermic and exothermic effects) and weight loss/gain
(plotted by TG curves). Characteristic enthalpy changes at
specific temperature ranges are given in Table 3.

The endothermic effect from room temperature to 200 °C,
which was identified in all of the samples, is due to the

release of hygroscopic water [6]. At higher temperatures of 200—
300 °C the endothermic effect depicts the removal of the
chemically bound water, but not met in the present study [11].
Depending on the area of the peaks observed in the range
of 200-650 °C, the exothermic effect identified within these
temperatures was attributed to the combustion of organic materials,
not completely burnt during firing in reducing condition and
transformed into carbonaceous particles, which are thought to be
deliberately added into the ceramic paste to increase its plasticity or
were contained in the clay utilized in the manufacture [12,13].
The endothermic effects observed at 700-875 °C indicated
the decarbonation reactions of mainly calcite and dolomite [13].
The highest endothermic effect at this range was seen on DTA
curves of the samples of SI1 and S12. Considering the XRD
results of these two samples from Table 2, the presence of calcite
and dolomite in the sample of S1 and the dominant existence of
calcite along with lesser amounts of quartz and clay minerals in
the sample of S12 were clearly confirmed by the DTA and TG
curves of the samples (Figs. 6 and 7). The endothermic effect at
this region was relatively low for the other samples. The lowest
effect at the temperature range of decarbonation reactions was
observed on DTA curves of the samples of S2, S5 and S13.
Fig. 8 shows the TG-DTA curve of the sample of S2 in which
the pyroxene and gehlenite were identified by XRD. These results
allowed us to draw a conclusion that the weak endothermic effect,
which is assigned to the removal of carbonated materials, may
presumably be attributed to secondary calcite. This was also
evidenced by the low abundance/intensity of calcite identified
thorough the XRD results of some samples (S5, S7, S10 and
S14). High temperature minerals (gehlenite and anorthite-pyrox-
ene) and calcite were simultaneously identified for these samples
and calcite was relatively low with respect to the primary calcite.
The formation of calcium silicates at higher temperatures
(i.e. 850-950 °C) may be limited because of mainly three
parameters; (i) grain size of calcite (coarse grains may expand
the transition time/temperature), (ii) insufficient soaking time
and peak temperature can bring incomplete transformation
reactions, and (iii) the amount of calcite (large amounts of
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Fig. 5. Representative Raman spectrum of the sample of S2 (H: Hematite, M: Magnetite).

Table 3
TG-DTA results (enthalpy changes).

Sample code Peak temperatures of enthalpy changes

Dehydration® (25-200 °C)

Decarbonatization® (700-875 °C)

Polymorphic transformation™” ( > 875 °C)
and Sintering behavior™” (> 1000 °C)

772.5°C (—0.361 pV/mg)
811.9 °C (—0.483 uV/mg)
723.6 °C (—0.066 pV/mg)

753.0 °C (—0.118 pV/mg)

765.2 °C (—0.155 nV/mg)

761.8 °C (—0.170 nV/mg)
744.4 °C (—0.119 pV/mg)

800.3 °C (—0.112 pV/mg)
847.5 °C (—0.011 uV/mg)
750.6 °C (0.296 pV/mg)
776.8 °C (0.025 pV/mg)
798.9 °C (—0.015 uV/mg)
852.5 °C (—0.211 uV/mg)
719.0 °C (0.106 pV/mg)

742.0 °C (—0.007 pV/mg)
818.0 °C (—0.013 pV/mg)

1035.0 °C (—0.431 pV/mg)
1060.8 °C (— 0456 1V/mg)
1037.0 °C (—0.333 pV/mg)
1065.0 °C (—0.359 pV/mg)
880.9 °C (—0.124 uV/mg)

1043.0 °C (—0.359 wV/mg)
1067.0 °C (—0.399 pV/mg)
1049.0 °C (—0.371 wV/mg)
1073.0 °C (—0.406 pV/mg)
1050.9 °C (—0.414 wV/mg)
1079.0 °C (—0.439 pV/mg)
1064.0 °C (—0.468 wV/mg)
890.1 °C (—0.166 pV/mg)

876.8 °C (0.290 uV/mg)
1036.0 °C (—0.027 uV/mg)
1061 °C (—0.090 pV/mg)
1046 °C (—0.094 pV/mg)
1072.0 °C (—0.122 pV/mg)
1043.0 °C (—0.079 uV/mg)
1068.0 °C (—0.103 uV/mg)
1046.1 °C (—0.028 uV/mg)
1068.8 °C (—0.047 uV/mg)
1044.0 °C (—0.044 pV/mg)
1032.0 °C (—0.287 uV/mg)
1051.9 °C (—0.325 uV/mg)

S1 83.7 °C (—0.079 uV/mg)
127.4 °C (—0.076 pV/mg)
S2 83.4 °C (—0.027 uV/mg)
S3 83.4 °C (—0.027 uV/mg)
S4 80.5 °C (—0.016 pV/mg)
S5 82.7 °C (—0.026 pV/mg) -
S6 85.5°C (—0.031 pV/mg)
S7 83.8 °C (—0.050 uV/mg)
142.7 °C (—0.052 pV/mg)
S8 90.3 °C (—0.215 uV/mg)
139.7 °C (—0.226 pV/mg)
S9 74.1 °C (—0.198 uV/mg)
S10 73.9 °C (—0.118 uV/mg)
S11 77.1 °C (—0.128 uV/mg)
S12 78.6 °C (—0.145 uV/mg)
S13 74.0 °C (—0.131 pV/mg)
S14 74.1 °C (—0.066 uV/mg)
-2 not defined.
“Endothermic.
"Exothermic.

calcite may require higher temperature ranges along with a
prolonged firing process) [14]. Thus, the minimum firing
temperature range of such samples was considered as 800-
850 °C. Finally, the negligible effects of endothermic and
exothermic enthalpy changes observed above 875 °C and
1000 °C suggested that the polymorphic transformations and
the sintering behavior were pretty low, respectively [3].

The values of weight loss/gain, which occur owing to the
reactions of dehydration, decomposition of hydroxyls and

decomposition of carbonated minerals, are the main stages in
assessment process of TG curves [13]. The weight loss
(Table 4) from room temperature to 200 °C, changing between
0.02 and 2.57%, was attributed to the removal of hygroscopic
water and the weight loss at 400-600 °C, changing between
0.10 and 1.84%, was assigned to the decomposition of
hydroxyls [10]. The hygroscopic water was assigned to
burning of carbonaceous particles, if present, and loss of
hydroxyls from rehydrated amorphous clay relicts during
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Fig. 7. TG-DTA curve of the sample of S12.

burial conditions (re-hydroxylation process). Also the hygro-
scopic water, loss at lower temperature, came from the
humidity in the burial conditions.

The decomposition reaction of carbonates, which emerged at
the temperature range of 600-850 °C, was identified with the
weight losses changing between 0.56 and 22.73%. The
existence of calcite—dolomite and the dominant presence of
calcite in the samples of S1 and S12, respectively, were
previously revealed by XRD (Table 2) and DTA (Fig. 6 and
Fig. 7). These results showed that the sample of S1 was
exposed to the lowest firing temperature (600-700 °C) due to
the simultaneous existence of dolomite and calcite.

Considering the weight loss together with the enthalpy
changes, it was concluded that the firing temperature of the
samples changes from 600 °C to almost 950 °C. For some of
the samples (i.e. S2, S5 and S13), the poor endothermic/
exothermic effects supported with the low weight loss
values belonging to the decarbonation reactions allowed us to

predict that such potsherds presumably include calcite from
re-carbonation process which might occur due to the burial
conditions. For instance; when the free-lime contacts with the
moisture it tends to form calcium hydroxide and this formation
then reacts with CO, resulting in re-carbonated calcite [15].
Another possible way is the alteration of gehlenite that firstly
generates calcium hydroxide which then reacts with CO, to
form secondary calcite [14]. Secondary calcite can originate by
precipitation from solution circulating in the burial soil.

3.3. SEM/EDS Results

Microchemical characteristics of the ceramics were studied
in order to reveal the structural aspects which may vary mainly
due to the raw materials and the firing conditions. With this
aim, the representative samples of S1, S2, S6, S8, S12 and S13
were investigated using Zeiss Supra S0VP scanning electron
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Fig. 8. TG-DTA curve of the sample of S2.

Table 4
TG-DTA results (weight loss per temperatures).

Sample Weight loss (wt. %)
code

Dehydration Decomposition of Decomposition of Polymorphic transformation Total

(25-200 °C) hydroxyls carbonated of crystalline or amorphous (25-1100 °C)

(400-600 °C) materials (600-850 °C) phases (> 850 °C)

S1 2.57 1.84 21.22 0.27 27.77
S2 1.19 0.61 1.29 0.02 3.76
S3 1.08 0.83 3.72 0.22 6.62
S4 0.78 0.42 3.63 0.45 5.68
S5 0.02 0.50 0.56 0.08 1.72
S6 0.88 0.65 4.20 0.09 6.52
S7 0.66 0.51 2.04 0.36 4.22
S8 2.13 1.17 6.86 0.16 11.71
S9 1.30 0.96 4.40 0.65 8.26
S10 0.58 0.63 4.05 0.29 6.06
S11 1.43 1.17 591 0.54 10.01
S12 1.99 1.45 22.73 0.20 27.37
S13 0.57 0.10 1.27 0.27 2.72
S14 0.56 0.44 2.66 0.22 4.24

microscopy equipped with the energy dispersive spectroscopy.
Considering the mineral/phase contents of the potteries, the
samples of S2 and S13 were selected owing to the obvious
presence of new calcium silicates (gehlenite and anorthite-
pyroxene, respectively) occurred at higher temperatures. From
the back scattered electron (BSE) images of these samples
(Fig. 9), a matrix with poor vitrification was observed. The
absence of any smooth glassy structures and the presence of
relatively coarse grains indicated a limited vitrification which
probably occurred due to an uneven firing process (e.g.
inadequate peak temperature, insufficient soaking time) along
with a poor preparation process of raw materials (e.g.
inhomogeneous grain distribution). The sample of S6 was
chosen for it includes calcite, clay minerals and also high
temperature minerals (in trace amounts) (Fig. 10). It was seen
that this sample has preserved the laminar structure of the

muscovite. The existence of this structure and also the high
temperature minerals (in trace amounts) can be attributed to a
firing temperature range of 800-850 °C at which new calcium
silicates emerge and muscovite may persist.

The evident presence of carbonates was the main reason to
study the samples of S1 and S8 which clearly include calcite-
dolomite and calcite, respectively (Fig. 11). The BSE image
of the sample of S1 indicated a ceramic paste with no vitrifi-
cation and suggested a relatively low firing temperature. This
prediction was also proved mainly with the presence of
dolomite. An initial vitrification of sample S8 was observed
in spite of the high calcite content. Finally, the sample of S12
was investigated due to the dominant existence of calcite.
A relatively compact structure was seen from the BSE image
of the sample of S12 (Fig. 12). This texture was also observed
in the microphotograph of the same sample (Fig. 13).
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Fig. 10. Representative BSE image and EDS spectrum of the sample of S6.

4. Conclusions

The present study dealt with the characterization of the
potsherds belonging to the First Millennium AD from the
archeological site of Kuriki in southeastern Turkey. The
mineralogical analyses suggested that the clay type used in
manufacture of the potsherds was illitic, and slightly smectitic
and kaolinitic for only few samples. The results of ceramic
petrography analysis showed that basalt and limestone were
the rock types which are thought to be the main sources for the

minerals identified in the ceramic wares. Changing up to
58 vol%, the high total aggregate content of the samples
suggested a poor raw material preparation process and also
brought the question of probable use of aggregated minerals
from the river bed formed at the intersection point of the Tigris
River and the Batman Creek. The presence of grog fragments
in some of the samples denoted that a recycling process may
have been used by the potters in order to recover ceramic
scraps and production rejects. The microphotographs of the
representative samples showed that the samples may be
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Fig. 13. Microphotograph of the sample of S12.

classified into two groups due to the size and distribution of the
grains forming the paste; i: inhomogeneous paste with high
non-plastic material/matrix ratio and with relatively coarse
grains, ii: consisted of relatively fine grains well-dispersed into
the matrix. This may allow us to draw a conclusion that the
ceramics were presumably produced in two different ways
depending on may be the purpose of use.

M. Bayazit et al. / Ceramics International 40 (2014) 14769—-14779

According to the XRD results quartz, plagioclase and
feldspars were found as the dominant phases. Carbonates were
found as the minor phases and occasionally as major phases in
some of the samples. Hematite was identified in most of the
samples indicating that the iron minerals were the natural
coloring agents of the potsherd bodies. It was also concluded
that the sandwich structured samples with red-brown margin
and black-gray core have probably undergone both reducing
and oxidative atmospheres during the firing process. The
exterior colors of reddish and brownish observed in some
samples suggested a firing process which has ended in an
oxidative environment. While the evident presence of gehlenite
and anorthite-pyroxene suggested a minimum firing tempera-
ture of 850-900 °C, the absence or scarce occurrence of these
minerals in some of the samples indicated an incomplete firing
process with insufficient soaking time required for the matura-
tion of the ceramics. SEM/EDS analysis confirmed the results
of the diffractometric and thermal analyses. From the back
scattered electron (BSE) images of such samples it was seen
that most of the potsherds have been subjected to firing
temperatures not higher than 950 °C due to relatively low
vitrification degree.

Carbonates (calcite and dolomite) were well identified by
TG and DTA curves. The poor effects observed in temperature
range of decarbonation in some samples, fired at relatively
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high temperature, were thought to be the formation of
secondary calcite and were attributed to the burial conditions.
The results of this study are believed to provide a convenient
knowledge for the ceramic production in the region of south-
eastern Turkey (Upper Mesopotamia) and also to ensure a
basis for the researchers to have collaborative and comparative
investigations.
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