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In this study, potsherds belonging to the Late Chalcolithic-Early Bronze Age I and the second half of the 2nd mil-
lennium BCE-beginning of the 1st millennium BCE from Kuriki (Turkey) were investigated. Energy dispersive X-
ray fluorescence and X-ray diffraction were performed for chemical and mineral/phase analysis, respectively.
Micro-Raman spectroscopy, optical microscopy and thermal gravimetric-differential thermal analysis were
used as complementary techniques. Scanning electron microscopy and energy dispersive X-ray spectrometry
were also performed for micro structural and micro chemical characterization. Results showed that mainly illitic
and occasionally smectitic type of clays were used. Andesite, basalt, granite and limestone were found as the main
sources of the minerals identified in the samples. Considering the decomposition and formation of the minerals,
the results showed that potsherds were exposed to firing temperatures changing between 750 °C-950 °C. SEM
images showed that the potsherds have a quite poor vitrification degree and heterogeneous grain distribution
suggesting a simple firing technique. The results of this study suggested that despite a long time vacancy from
the Late Chalcolithic-Early Bronze Age I to the second half of the 2nd millennium BCE, the ceramic production
technology was presumably not changed drastically in Kuriki.
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1. Introduction

Being the most encountered materials in excavations, ceramics have
a substantial importance in enlightening the history of humanity and
are frequently used in archaeometry which has a wide range of use in
characterizing ancient materials in order to reveal their chemical, phys-
ical, optical, thermal or other specific properties (Krapukaityté et al.,
2008). Thus, it provides information regarding the characteristics of an-
cient civilizations. Having a multidisciplinary study, archaeometry
gathers different branches of the science, and commonly uses elemen-
tal/chemical analyses, thermal analysis methods, electron microscopy
techniques, vibrational spectroscopy and dating methods (Striova
et al., 2006; Mangone et al., 2009; Issi et al., 2011).

Surrounded by two important rivers (Euphrates and Tigris), Meso-
potamia has been the homeland for numerous civilizations thanks to
its fertile nature and has witnessed significant cultural interactions
among the communities throughout the history (Postgate, 1994).
Dated back to the Late Chalcolithic period, the Kuriki Mound is one of
the ancient residential sites in upper Mesopotamia (Genc, 2013). The
mound is located approximately 15 km far away from the city of Batman
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in southeastern Anatolia (Fig. 1). Today, the Ilisu Dam will flood the
mound as soon as its construction is completed. Consequently, many
ancient materials and architectures will be lost by the time. In archaeo-
logical excavations carried out in Kuriki since 2009, a great number of
ceramics (potteries), metal goods and skeleton ruins, also some graves
in various sizes have been unearthed mainly from four different settle-
ment layers (i: the Late Chalcolithic-Early Bronze Age I; ii: after a long
period of abandonment, the second occupation occurred from the sec-
ond half of the 2nd millennium BCE to beginning of the 1st millennium
BCE; iii: from the 1st millennium BCE (particularly towards the end of
it) to beginning of the first millennium CE; iv: the first millennium CE,
respectively) (Genc, 2013). As seen from the chronological order of
the mound there is a significant undefined gap (about 1500 years)
after the Late Chalcolithic-Early Bronze Age I period which would sug-
gest that people have abandoned the region due to unknown reasons
(i.e. natural disaster, war, invasion). The second archaeological layer
representing the re-settlement evidences of the residents may imply
that people have not left their land voluntarily, because in case of that
they would not return. Today, the agricultural activities carried out by
the villagers around Kuriki may support this prediction indicating that
the territory was probably convenient for agriculture at that time and
there was not any acceptable reason to leave. Furthermore, the location
area of Kuriki covering the intersection point of the Batman Creek and
the Tigris, which would be used for various purposes (i.e. fishing,
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Fig. 1. A representative map showing the location of the mound.

transportation, irrigation), may also imply such interpretation. In brief,
the replacement of the residents would be attributed to two main rea-
sons; i: flooding of the territory by the creek and/or river would have
made the area uninhabitable; ii: the presence of Mitanni and the middle
Assyrian, which were two of the political powers in the upper Tigris re-
gion at certain intervals, would have forced the people to move through
more secured residential areas (Wilhelm, 1989).

In addition to the previous archaeometric studies (Bayazit et al.,
2014; Bayazit et al., 2015) applied for the ancient ceramics belonging
to different periods of the mound, this study aims to elucidate the pro-
duction technologies (i.e. maximum firing temperature, firing atmo-
sphere, raw materials) of some representative potsherds from
different archaeological settlement layers of the Kuriki Mound (Late
Chalcolithic-Early Bronze Age I and the second half of the 2nd millen-
nium BCE-beginning of the 1st millennium BCE). The results will also
be evaluated by means of archaeometric approach in order to reveal
whether the ceramic technology has changed after about 1500 years
or continued as it was.

2. Materials and methods
2.1. Samples

The representative samples were selected from the third (K1-K5;
between the second half of the 2nd millennium BCE and beginning of
the 1st millennium BCE, abbreviated as “MBC”) and fourth (K6-K10;
the Late Chalcolithic, abbreviated as “LC” — K11-K12; Early Bronze
Age |, abbreviated as “EBA1”) archaeological settlement layers of the
mound, respectively (Fig. 2a-b). In selection process of the potsherds
it was aimed to choose the most suitable fragments which would repre-
sent the whole ensemble of pottery unearthed in the related archaeo-
logical settlement layers of the mound. The decisive parameters in this
stage were the colors (including the interior-exterior layers and the
core), corresponding forms (i.e. bowl, pitcher, plate, cup, vase, casse-
role) and the macro structural properties (i.e. inclusions, gaps, grain
and pore size/distribution, thickness, characteristic evidences of pro-
duction; wheel or handmade) of the ceramic findings. Sample types in-
vestigated in this research are handle, rim, bottom, neck and edge of the
wares. Potsherds have the colors of grey, buff, light reddish and brown.
There is no figure or coloring on the samples. So, it can be assumed that
these wares have been produced for simple purposes and daily use. The
description of the samples is given in Table 1.

2.2. Methods

Potsherds were firstly purified from their contaminations which
were thought to be occurred mostly due to the burial conditions. Sam-
ples were ground in an agate mortar to be analyzed by energy disper-
sive X-ray fluorescence (EDXRF), X-ray diffraction (XRD) and thermal
gravimetric-differential thermal analysis (TG-DTA) techniques.

By using the mixture of sample powder (4 g) and binder (0.9 g HWC:
Hoechst Wax C), tablets were prepared under the pressure of 10° N in
order to utilize for chemical analysis of major and minor elements.
EDXRF was carried out by Spectro X-Lab 2000 instrument. Rigaku
Miniflex powder diffractometer with Cu Kot radiation was used for the
mineralogical analysis. XRD patterns were obtained with a goniometer
speed of 2/min and by scanning 2-70° 26 values. Jade software was
used for the assessment process of XRD patterns.

A Leica Research Polarizing Microscope (DMLP Model) was per-
formed in optical microscopy analysis to investigate the outer and
inner layers of the samples using top and bottom illumination. Having
% 25 magnification with single and double nicol, a Leica DFC280 digital
camera was utilized for the thin section images of the samples. Assess-
ment of the results was carried out through a Leica Qwin digital imaging
program. The Point Counting method was used for the identification of
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Fig. 2. Representative images of the potsherds belonging to (a) the second half of the 2nd millennium BCE-beginning of the 1st millennium BCE, (b) the Late Chalcolithic-Early Bronze Age I.
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Table 1
Definition of the samples.?

Sample code/type: K1 [ handle, rim.
Maximum thickness: 9.89 mm
Body color: buff/grey.

Equivalent color:

L: 33.30,a: 11.07, b: 23.12

Small inclusions and gaps.

Sample code/type: K7 / rim.

Maximum thickness: 8.60 mm

Red exterior layers with a black core.
Equivalent color: mms

L: 41.93, a: 15.29, b: 42.45

Elongated gaps in various sizes.
Off-white inclusions

Visible cavities on the surface (~0.5-1 cm)

Sample code/type: K8 / rim.

Maximum thickness: 6.36 mm

Light greenish exterior layer and red/brown
interior layer.

Equivalent color: mmms

L: 43.14, a: 14.07, b: 33.53

Small gaps.

Visible inclusions.

= Sample code/type: K2 [ rim.

= Maximum thickness: 5.91 mm

= Dark grey/black core with brownish-red
exterior layers.

= Equivalent color: mmmm

= L:39.93, a:8.28,b: 31.47

Visible off-white inclusions.
Small elongated gaps on the surface.

Sample code/type: K9 / edge, rim.
Maximum thickness: 3.75 mm

Body color: buff/light brown.

Equivalent color: i

L: 47.76, a: 4.74, b: 34.60

Small inclusions.

Evident traces of a possible wheel-made
production. Thought to be Ninevite 5 sherd

= Sample code/type: K3 [ handle, rim.

= Maximum thickness: 11.86 mm

= Grey core with brownish-red exterior
layers.

= Equivalent color: s

= L:38.85,a:10.68, b: 30.22

= Small inclusions and elongated gaps.

Sample code/type: K4 | rim. -
Maximum thickness: 13.59 mm -
Body color: buff/black. .

. Sample code/type: K10 / rim.
.

= Equivalent color: mmmm

.

.

.

Maximum thickness: 17.59 mm
Greenishbrown exterior layer, brown
interior layer and red core.

Equivalent color:

L: 40.95, a: 17.79, b: 39.76

Evident presence of irregular shaped gaps.
Ignorable amount of visible inclusions.

L: 19.86, a: 2.68, b: 15.72
Small inclusions and gaps.
Seems like directly exposed to fire.

= Sample code/type: K5 [ rim.

» Maximum thickness: 8.43 mm

= Red-brown exterior layer and black-grey
interior layer.

Equivalent color: mmmm

L: 44.02, a: 16.80, b: 43.09

Visible burial contaminations.

Traces of a possible wheel-made

Sample code/type: K11 [ rim.

Maximum thickness: 10.43 mm
Brownish-red exterior layers with a black
core.

Equivalent color: s

L: 34.76,a: 15.77,b: 32.53

Clear appearance of shapeless gaps.
Ignorable amount of visible inclusions.

production.
= Sample code/type: K6 | bottom. = Sample code/type: K12 [ rim.
= Maximum thickness: 18.73 mm = Maximum thickness: 10.85 mm

= Red-brown interior layer and black-grey =
exterior.

Brownish-red exterior layer and black-grey
interior layer.

= Equivalent color: mmmm = Equivalent color:
= L:34.74,a:26.11,b: 35.19 = [:27.55,a:9.25,b:23.42
= Visible off-white inclusions. = Evident existence of elongated gaps (up to

around 2-2.5 cm).
= Very small inclusions.

: (K1-K5: MBC; K6-K10: EBA1; K11, K12: LC)

The chromametrical analysis of the potsherds was carried out by
Commission Internationale de L'Eclairage (CEI) color system (l: white/
black; a: red/green; b: yellow/blue intensities) using a portable colorim-
eter equipped with ColorQA Pro System III.

Horiba Jobin Yvon LabRam confocal Raman spectrograph equipped

(1024 x 256 pixels) detector was used to obtain Raman spectra of rep-
resentative potsherds. 632.8 nm laser line of a He/Ne laser was
employed for Raman excitation by also keeping the laser power below
700 W using density filters to avoid sample degradation. The samples
were analyzed in situ without pre-treatment. Raman spectra were ob-
tained with 10x and 100 x objectives which allow 65 and 4 mm work-
ing distance, respectively and the corresponding effective powers
measured at the sample position were 315 and 286 UW respectively.
The spectrograph had a focal length of 800 mm, a grating of 1800
grooves mm~ !, and confocal pin hole was set at 100 um. This condition
and excitation at 632.8 nm gave an average spectral resolution of
2 cm™ ! over the range 50-3000 cm ™~ !. The sample spot size was of
the order of about 0.2 um, in accordance with objective used. At least
20 spectra were recorded for each specimen, focusing on different
points of the sample surface for each detected component. Polarization
of the incident laser beam was selected parallel to the preferential do-
main orientation of samples (y) and spectra were collected in a strict
backscattering geometry. Microscopic images of the sample area ob-
served prior to the spectral collection with the position of focal point
for each spectrum were taken by a Raman PCI model video camera.

Thermal gravimetric and differential thermal analyses (TG-DTA)
were simultaneously performed by Netzsch STA 449F3 instrument sup-
ported by the Netzsch proteus software. Samples were heated from
room temperature to 1100 °C in oxidizing atmosphere with 10 °C/min
heating rate. Zeiss Supra 50VP SEM, equipped with Oxford Instruments
INCA Energy EDS detector, was used to investigate micro structural and
micro chemical features of the representative potsherds and to obtain
backscattered electron (BSE) images in which the contrast difference
is obvious.

3. Results
3.1. Chemical and mineralogical analyses

3.1.1. XRF results

Since the minerals are the fingerprints identifying both the current
and neo-formation phases in ceramics, determination of chemical and
mineralogical contents of the potteries allow reaching the details of
raw materials used in the production processes (Perez-Arantegui
et al,, 2004). According to the EDXRF results (Table 2), it was seen that
some of the samples belonging to both periods have relatively high
amounts of CaO up to 22.63 wt.% (for the LC-EBA1 potteries) and
22.44 wt.% (for the MBC potteries). Samples have the amounts of MgO
varying between 3.20 and 7.04 wt.% (LC-EBA1) and 3.60-4.97 wt.%
(MBC). The MgO content would be originated from dolomite [CaMg
(CO3),] and/or the clay deposit (probably containing chlorite or Mg
bearing minerals). The vicinity of Kuriki is surrounded by mine deposits

with Olympus BX41 microscope and Peltier cooling CCD rich in calcareous raw materials (MTA Turkey, official website, 2013a;

Table 2

EDXREF results of the samples.

MBC samples EBA1 samples LC samples
Oxide (wt.%)
K1 K2 K3 K4 K5 K6 K7 K8 K9 K10 K11 K12

Si0, 59.24 55.39 52.08 48.18 4923 64.48 50.12 57.63 49.63 55.48 55.25 54.06
Al,03 13.65 13.81 12.25 12.33 11.61 16.40 11.30 13.59 12.72 14.67 12.81 13.35
Ca0 10.97 12.52 17.83 2244 21.92 3.55 22.63 12.22 14.94 7.20 14.01 13.49
Fe,03 8.22 7.57 7.25 7.25 7.12 7.86 7.53 8.06 8.76 8.75 8.75 7.27
K,0 2.39 2.16 2.37 2.14 2.03 2.03 2.72 2.22 2.23 327 3.16 2.96
MgO 3.60 4.79 497 451 488 3.20 4.11 4.06 7.04 5.76 3.89 471
Na,0 0.13 2.44 1.90 1.76 1.90 1.01 0.13 0.70 293 2.91 0.12 2.55
P,0s 0.47 0.20 0.25 0.17 0.19 0.25 0.19 0.31 0.38 0.45 0.42 0.25
SO3 0.08 0.15 0.17 0.20 0.11 0.12 0.29 0.08 0.26 0.24 0.14 0.24
- 0.02 0.04 0.02 0.06 0.05 0.03 0.09 0.03 0.16 0.14 0.06 0.18
TiO, 1.04 0.77 0.77 0.79 0.78 0.87 0.75 0.89 0.73 0.92 1.24 0.77
V505 0.02 0.02 0.02 0.01 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.02
Cry03 0.03 0.03 0.03 0.05 0.03 0.05 0.03 0.06 0.04 0.04 0.03 0.03
MnO 0.14 0.1 0.09 0.1 0.13 0.13 0.09 0.12 0.15 0.14 0.09 0.12
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Table 3
XRD results and estimated maximum firing temperatures of the potsherds.
Sample Mineral/phases Estimated
code maximum firing
temperature (°C)

K1 Quartz, feldspar, plagioclase, calcite, pyroxene, 850-950
gehlenite, hematite

K2 Quartz, feldspar, plagioclase, calcite, pyroxene, 850-950
gehlenite, hematite

K3 Quartz, feldspar, plagioclase, calcite, 750-850
illite/muscovite

K4 Quartz, feldspar, plagioclase, calcite, 750-850
illite/muscovite

K5 Quartz, feldspar, plagioclase, calcite, 750-850
illite/muscovite

K6 Quartz, feldspar, plagioclase, pyroxene, gehlenite, =~ 850-950
hematite

K7 Quartz, feldspar, plagioclase, calcite, 750-850
illite/muscovite

K8 Quartz, feldspar, plagioclase, calcite, pyroxene, 850-950
hematite

K9 Quartz, feldspar, plagioclase, pyroxene, hematite 850-950

K10 Quartz, feldspar, plagioclase, calcite, 800-900
illite/muscovite, pyroxene, hematite

K11 Quartz, feldspar, plagioclase, calcite, 750-850
illite/muscovite, hematite

K12 Quartz, feldspar, plagioclase, calcite, 750-850

illite/muscovite

2013b; 2013c). For the samples having high amount of CaO (210 wt.%),
it may be considered that the most probable origin of CaO was particu-
larly the calcareous materials (i.e. calcite or dolomite).

K,0 quantities change between 2.03 and 3.27 wt.% for the LC-EBA1
potteries and 2.03-2.39 wt.% for the MBC potteries. Na,O quantities
change between 0.12 and 2.93 wt.% (LC-EBA1) and 0.13-2.44 wt.%
(MBC). It is thought that K;0 and Na,O might have been originated
from clay minerals such as muscovite and illite or from potassium feld-
spars and plagioclases, respectively. Fe,05 content of the samples varies
between 7.27 and 8.76 wt.% for the LC-EBA1 potteries and 7.12-
8.22 wt.% for the MBC potteries. Considering the chemical analysis re-
sults of the potsherds belonging to two different periods, it was pre-
dicted that while the MBC and LC potteries would have been
produced using similar clay deposits, the EBA1 potteries showed an ev-
ident variety in amounts of CaO (3.5 and 7.20 wt.% for the samples of K6
and K10, respectively) and MgO (7.04 wt.% for the sample of K9)

indicating that different clay deposits (one of which resembles to that
of MBC and LC groups) were probably used for the samples.

3.1.2. XRD results

XRD results showed that the samples have similar mineralogical and
phase contents with few differences (Table 3). According to the results
quartz, feldspar (K-feldspar and plagioclase) were established in all
samples. Calcite, iron mineral (hematite), clay minerals (illite/musco-
vite), pyroxenes (diopside/augite) and gehlenite (a member of melilite
group) were also identified from XRD patterns of the samples.

As minerals are the evidences for stable and metastable solid phases,
the determination of these compositions and the neo-formations is the
keynote for archaeometric investigation of ancient ceramics
(Krapukaityteé et al., 2008). Thus, knowledge of decomposition of pres-
ent minerals and formation of new phases allow us to estimate the firing
temperatures of the potteries. This information will also assist to unveil
the production techniques and technologies of the ancient civilizations.
For instance, calcite begins to decompose at 650 °C and calcium oxide
(Ca0) is formed while carbon dioxide (CO,) is released (Shoval,
2003). Decarbonation of calcite may extend to 1000-1100 °C for calcite
rich systems and/or in case of the grains of the mineral are coarse and
the heating rate is rapid (Trindade et al., 2009). Moreover, depending
on burial conditions, calcite may exist as secondary calcite in ancient ce-
ramics due to the gradual interactions of hygroscopic lime (CaO)-mois-
ture and calcium hydroxide [Ca(OH),]-atmospheric CO,, respectively
(Shoval et al., 2003). Illite/muscovite structure begins to lose its hy-
droxyl group at around 700 °C, and complete breakdown of the
dehydroxylated illite/muscovite occurs about 850-950 °C (Maritan
et al., 2005). Thus, the presence of these minerals indicates a maximum
firing temperature of 900-1000 °C. After the collapse of illite structure,
an intermediate phase between hercynite (FeO-Al,03) and spinel
(MgO-Al,03) occurs (Jordan et al., 1999). Quartz and feldspars can per-
sist above 1000 °C (lordanidis et al., 2009). Gehlenite appears as a result
of reaction of illite and CaO at around 800-850 °C (Cultrone et al., 2001).
Pyroxenes (e.g. augite and diopside) and anorthite (CaAl,Si;Og) may be
formed at 850-950 °C through the reaction between silica and carbon-
ated materials (Issi, 2012). Constitution of all these neo-formations
may also be affected by firing types used in the production. Maritan
et al. (2006) concluded that while calcite decomposition ends around
875 °Cin pit firing, it is completed about 825 °C in kiln firing conditions.
Apart from the firing technique, type of mineral/phases and their
amounts, firing atmosphere, soaking time and maximum firing
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Fig. 3. TG-DTA curve of the sample K4.
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Fig. 4. TG-DTA curve of the sample KO.

temperature are thought to be the other key factors leading the decom-
position and formation reactions.

One of the most remarkable results of XRD analysis is that calcite and
pyroxenes were found together in some potsherds (K1, K2, K8 and K10)
(Table 3). Samples of K1 and K2 also have gehlenite in addition to py-
roxenes. K1, K2, K6, K8 and K9 do not include clay minerals. The samples
of K6 and K9 do not include calcite. Thus, these two samples were
thought to be fired at the highest temperature (~850-950 °C). As the
samples of K3, K4, K5, K7, K11 and K12 include both calcite and clay
minerals, it is considered that these samples should have been subjected
to a firing temperature not higher than 750-850 °C.

The calcite content of the samples was also confirmed by TG-DTA
curves. Endothermic peak around 800 °C indicated to decarbonation oc-
curred in the sample K4 (Fig. 3) (Leach et al., 2008; Moropoulou et al.,
1995). This endothermic effect was not observed on the DTA curve of
the sample K9 (Fig. 4) which does not include calcite and distinctly
have characteristic pyroxene (augite) peaks in its XRD pattern (Fig. 5).
According to the detailed TG-DTA results given in Table 4, the weight
loss values in the range of 400-600 °C and 200/300-500 °C were
assigned to the dehydroxylation of clay minerals (from 0.16 to 2.97%)
(Meyvel et al., 2012). The weight losses varying from 0.27 to 13.87% at

500/600-800 °C were attributed to the decomposition of carbonated
materials (mainly calcite and then dolomite; the most preferred carbon-
ated temper materials in ancient pottery production) (Meyvel et al.,
2012; Drebushchak et al., 2005; Carretero et al., 2002). The negligible
fluctuation on TG curves above 850 °C (>800 °C for the sample K7) sug-
gested that the reactions, which would indicate a transformation and/or
decomposition in ceramic matrix, were limited (Krapukaityté et al.,
2008; Meyvel et al., 2012). The enthalpy changes at 700-825 °C (endo-
thermic effects on DTA curves) indicating to decomposition of carbon-
ated materials such as calcite and dolomite were compatible with the
XRD results (Moropoulou et al.,, 1995).

Another decisive phase found in the samples is iron minerals which
allow us to estimate the firing atmosphere (Van der Weerd et al., 2004).
The presence of hematite in the samples of K1, K2, K6, K8, K9, K10 and
K11 suggested that the firing process of these samples have presumably
been ended in oxidizing atmosphere. It is also known that sandwich
structured samples (red/brown exterior layer with black/grey interior
layer or red/brown margin with a black/grey core) would appear in
two ways; i: firing in reducing atmosphere and then cooling in oxidizing
atmosphere, ii: firing in oxidizing atmosphere with high amounts of or-
ganic materials (Bong et al., 2008). Organic material contents of some

1000
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800 Pr: Pyroxene (Augite)
&+ 700 Fs: Alkali Feldspar
'z Pl: Plagioclase
E 600 - Pr )
] — H: Hematite
g ol
= 400 - Q
3 300 A Pr
200 1 SR B B oo T
Pl Pl Pr Pr Q
100 4 Pl ) Q H Q Q

0 5 10 15 20 25 30
Diffraction Angle (20)

35 40 45 50 55 60 65 7T0

Fig. 5. Representative XRD diffraction pattern of the sample K9.
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Table 4
TG-DTA results.

Weight loss (wt.%) Enthalpy change Weight loss (wt.%)
Sample ) - - Transformation and/or Total
code Dghydroxylatlon of oclay Decorpposmon of ca:bonated Decomposntl.on of carbon.:tes decomposition (25-1100
minerals (400-600 °C) materials (600-800 °C) (endothermic)(700-825 °C) reactions (>850 °C) °0)
K1 0.36 1.28 723.6 °C (vw) 0.19 3.15
—0.040 nV/mg
K2 1.17 293 701.3 °C (vw) 1.22 7.70
0.001 uV/mg
K3 1.69 9.62 786.3 °C (m) 0.29 14.99
—0.169 uv/mg
K4 297 13.87 804.1°C (s) 0.32 20.06
(200-500 °C) (500-800 °C) —0.268 uV/mg
K5 0.91 9.39 787.2 °C (m) 0.28 13.26
—0.215 pwV/mg
K6 0.16 0.35 - 0.16 1.26
K7 147 7.42 763.6 °C (m) 2.46 13.29
(200-500 °C) (500-800 °C) —0.126 uV/mg (>800 °C)
K8 0.44 1.02 739.0 °C (vw) 0.22 2.88
0.016 pv/mg
K9 0.37 0.27 - 0.32 2.34
K10 0.62 1.73 705.5 °C (w) 0.16 343
(300-500 °C) (500-800 °C) 0.046 uV/mg
K11 1.74 7.53 768.8 °C (m) 0.14 12.92
—0.180 uV/mg
K12 1.18 6.07 750.8 °C (m) 0.40 10.78
—0.082 uv/mg

samples have been revealed through the DTA curves by the characteris-
tic broad exothermic effects (Figs. 3-4) in the range of 200-600 °C
(Leach et al., 2008; Moropoulou et al., 1995). Therefore the samples of
K2, K3, K4, K5, K7, K8, K11 and K12 are believed to be fired in an
open-air environment instead of a stable firing technique such as kiln
firing. It is thought that these samples, most likely, have been subjected
to both reducing and oxidizing atmosphere during the firing process.
Absence of any ceramic kiln in the mound so far supports this
prediction.

Iron mineral content of the samples was also confirmed by micro-
Raman analysis. Magnetite, hematite and quartz were detected from
the micro-Raman spectrum of the representative sample K2 (Fig. 6). It
is known that the type and amount of iron in raw material, and also
the firing conditions are the decisive parameters in clarifying the color
of the potsherds (Nodari et al., 2007). Since hematite was detected by
both XRD and Raman spectroscopy of this sample (K2 ), and additionally
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-
bred .
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due to its buff color, its firing process would presumably be ended in an
oxidizing atmosphere.

3.1.3. Optical microscopy results

Petrographic investigation was carried out as a complementary
technique in the present work in order to reveal the clay type used in
the manufacture of the potteries and also to investigate the macro struc-
tural features of the shards (i.e. porosity, aggregate content). The results
showed that the potsherds were mainly produced with illitic and occa-
sionally with smectitic clay types (Table 5). Quartz was identified in all
samples. Opaque minerals (hematite, magnetite), plagioclase and chert
were identified in most of the samples. Other minerals occasionally
found were biotite, chalcedony, muscovite, opal and sericite. Andesite
(extrusive igneous rock), basalt (effusive igneous rock), granite (felsic
intrusive igneous rock), quartzite and limestone (sedimentary rock)
identified in some of the samples suggested that such rock types were

800 600 400

Raman Shift (cm™1)

Fig. 6. Raman spectrum of iron oxides identified in the representative sample of K2 using 10x magnification. H: hematite, M: magnetite and Q: quartz.
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Table 5
Petrography results of the potsherds.
Sample  Aggregate Porosity Clay type Mineral® Rock® and
code (vol.%) (vol.%) grog (%)
K1 21 7 Ilitic + Q Pl Ch AB,G L
smectitic
K2 21 7 Mllitic + Q, Pl Ch A B,G,L
smectitic
K3 17 9 Mlitic Q, PI, Ch, L
Op
K4 10 4 Ilitic Q, Pl Ch, L
Op
K5 21 7 Mllitic + Q Pl Ch A BG,L
smectitic
K6 31 7 lllitic Q,Pl,Op, Sr Grog (%1,5)
K7 18 3 Smectitic Q, P, Op, G
Ch
K8 31 7 Mlitic Q, Pl Op, St Grog (%1,5)
K9 3 4 [llitic QOp,Ch, -
(o]
K10 20 5 Tlitic Q, Pl Ch,Bi, -
Ms
K11 23 5 Ilitic + Q Pl Ch, -
kaolinitic Op, Cy
K12 45 12 Mllitic Q, Pl Ch, Qs
Op
-: not defined.

2 Bi: biotite, Ch: chert, Cy: chalcedony, Ms: muscovite, O: opal, Op: opaque minerals
(e.g. hematite, magnetite), Pl: plagioclase, Q: quartz, Sr: sericite.
b A: andesite, B: basalt, G: granite, L: limestone, Qs: quartzite.

presumably the main sources of the minerals characterized in the pot-
tery samples.

The aggregate content of the samples changes from 3 to 45 vol.%, but
averagely around 20% (excluding K9; 3%), probably indicating a rough
preparation process for the raw materials chosen within the pottery
production. The very low aggregate content of the sample K9 might be
attributed to a different production technology which may refer to a
non-local product (most likely transferred through the commercial
links). The form (Fig. 2b) and thickness (Table 1) of the sample K9,

and the evident presence of the pyroxene together with the absence
of carbonates and clay minerals (indicating relatively a higher firing
temperature range in comparison with the most of the samples; see
Table 3) might also be confirmative for such prediction.

Thin section images (Fig. 7) were considered to assess the structural
integrity of the samples (i.e. grain/pore size and distribution) and also to
investigate the matrix (i.e. secondary calcite, grog, color transitions).

It is known that clay deposits may contain non-plastic materials (i.e.
quartz, feldspars and iron compounds) and in addition to that content
some calcareous or organic materials (plant residues, shells etc.) can
also be used as temper materials in order to strengthen the structure
of earthen wares during shaping, drying and firing processes
(Carretero et al., 2002; Shepard, 1985). Grog, which can be defined as
ground/crushed fragments of the residual ceramic wares, and dried/
fired clay may also be used as temper materials in order to control the
evaporation during the drying and firing processes (Loftfield, 1976;
Rice, 1987). In some cases, dried or fired clays may turn into a compact
mass, which is hard to pulverize, and tend to create “clay lumps” in ce-
ramic paste which is thought to be occur especially due to an inattentive
raw material preparation process (i.e. insufficient grinding) (Saffer,
1979). This phenomenon may generally happen for the clays which
get so tough after drying and then become very hard to grind (i.e.
coastal clays), thus they might be used without any refinement
(Saffer, 1979). Although the discrimination of grog and clay lumps
would be occasionally difficult due to some of their common features
(i.e. internal microstructure, particle size and distribution), color and
particle angularity can be used to differentiate such materials (Cuomo
di Caprio and Vaughan, 1993; Herbert and Smith, 2010). In the present
study, the probable existence of such temper materials was observed in
most of the samples; K1 (Fig. 7a), K2 (Fig. 7b), K4 (Fig. 7d), K5 (Fig. 7e),
K6 (Fig. 7f), K7 (Fig. 7g), K8 (Fig. 7h), K10 (Fig. 7j) and K12 (Fig. 71). The
presence of grog/rock fragments and clay lumps may be assigned to
recycling process of manufacture errors and use of gravel/sand (or
coastal clay) probably supplied from the rivers' bed (Tigris and Batman
Creek), respectively. These results would indicate that the raw materials
have presumably not been exposed to any further process (i.e. refining
or enrichment) in addition to the arrangement process of the starting

Fig. 7. Microphotograph of the sample of (a) K1, (b) K2, (c) K3, (d) K4, (e) K5, (f) K6, (g) K7, (h) K8, (i) K9, (j) K10, (k) K11 and (1) K12. (For interpretation of the references to color in this

figure, the reader is referred to the web version of this article.)
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Spectrum 1a

Spectrum 2b

Fig. 8. Representative BSE images and EDS spectra of the samples of (a) K2 and (b) K9.

materials. Finally, it was also macroscopically identified that some of the
samples (i.e. K7,K10) have elongated gaps on their surfaces which were
again attributed to use of non-plastic materials (i.e. straw, grass).
Opposite to such kind of macro structures there are also some sam-
ples having low non-plastic/matrix ratio (Fig. 7c, d, i, j, k) suggesting a
well condensed structure which might be assigned to; i: well fired

body, ii: refined raw materials, iii: use of materials which may react as
flux during the firing process resulting in occurrence of a compact struc-
ture (Hajjaji et al., 2002).

The black/dark grey matrix observed in the microphotographs of the
samples of K1 (Fig. 7a), K2 (Fig. 7b), K5 (Fig. 7e), K7 (Fig. 7g), K8
(Fig. 7h) and K10 (Fig. 7j) suggested that these samples have

Fig. 9. Representative BSE images of the samples of (a) K1, (b) K2, (c) K3 and (d) K6.
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Fig. 10. Representative BSE images of the samples of (a) K7 and (b) K11.

presumably been fired in a reducing atmosphere in which oxygen pen-
etration would drastically been limited most likely due to the firing
technology used by the potters. The color transition from dark to light
shades of red/brownish colors seen in the microphotographs of the
samples of K3 (Fig. 7c), K4 (Fig. 7d), K7 (Fig. 7g) and K8 (Fig. 7h) was at-
tributed to an inhomogeneous firing environment resulting in fluctua-
tion in oxygen diffusion into the ceramic fabrics which would occur
due to firing technique (i.e. pit firing, kiln firing) directly affecting the
ultimate color of the product (Van der Weerd et al., 2004; Issi, 2012).
The position of ceramic body during the firing process (i.e. closeness
to the flame) might also be the other decisive factors for such
formations.

Finally the potential existence of secondary calcite (with an irregular
distribution throughout the ceramic fabric) was observed in micropho-
tographs of some samples (Fig. 7a, b, c, e, h, j, 1). Considering the decom-
position of carbonates and formation of new phases, the simultaneous
presence of neo-formations (pyroxenes and gehlenite) and calcite iden-
tified by XRD analyses of the samples of K1, K8, K10 (Table 3) suggested
that the secondary calcite have probably occurred due to the precipita-
tion of calcium carbonate from the solution flowing in the burial envi-
ronment or decomposition of gehlenite during the burial time (Fabbri
et al., 2014). The latter possibility (though it is a rare or less probable
phenomenon) may be valid especially for the samples of K1 and K2 in
which gehlenite - inclined to transform into calcite and/or wairakite
(Fabbri et al., 2014) - was identified (see Table 3).

3.2. Micro structural analysis

It is known that, in clay based ceramics, as the temperature in-
creases; grains change their shapes due to the interactions with clay
matrix, then aggregation rate increases with the generation of second-
ary porosity, and finally intergranular bonds occur (Issi, 2012). Thus,
some mineralogical, structural and textural changes happen during
the firing process particularly in case of existence of carbonates
(Riccardi et al., 1999). XRF and XRD results showed that most of the
samples include relatively high amounts of CaO and calcite, respectively.
Especially considering the XRD results, aluminum silicate assemblages
rich in Ca and Mg, which were identified by EDS (Fig. 8), are thought
to be the formation of anorthite, pyroxenes (augite/diopside) and/or
melilite minerals (gehlenite).

It is figured out from backscattered electron images (Fig. 9a, ¢, and
Fig. 10a) that some of the samples include pores in variable dimensions
(up to 10-15 pm) depending on starting materials and firing conditions
(i.e. peak temperature of firing, soaking time and firing atmosphere). It
should also be noticed that most of the samples have shapeless and un-
even pores bringing the thought of uncompleted densification of the
bodies (Fig. 9a and Fig. 10a). Supporting this prediction, the quite poor
vitrification degree of the representative samples belonging to both pe-
riods indicated that a simple firing technology would be used (Fig. 9b, d
and Fig. 10b). In the present work, it would be expected for some of the

representative ceramics containing relatively high amount of carbon-
ates to have more extended or continuous vitrification degree at lower
temperatures (750-850 °C) than the ones produced with Ca-poor
clays, but this was not observed most probably due to an uneven firing
environment which is one of the most decisive factor controlling the re-
action kinetics and therefore the formation of new phases (Trindade
et al., 2009).

Conclusions

Chemical analysis showed that most of the potsherds investigated in
this study have similar chemical compositions except few of the sam-
ples which have relatively lower amounts of CaO and higher amount
of MgO. This result was attributed to probable use of different raw ma-
terial sources and/or import of the wares. Considering the mineralogi-
cal/phase analysis, it was concluded that the samples belonging to
both periods include quartz, feldspars and plagioclase as major phases,
clay minerals as minor phases, and calcite occasionally as a major and
minor phase. It should also be noticed that most of the samples were
produced using the illitic clay deposits rich in calcareous materials.

The simultaneous presence of calcite and pyroxenes (diopside/au-
gite) identified by XRD in some potsherds indicated two possibilities;
i: such kind of samples were produced with an unstable firing technique
(such as pit firing or a simply designed single chambered kiln having in-
homogeneous heat distribution) which was not able to provide the
maximum temperature and the appropriate soaking time required for
the completion of decomposition and formation reactions; ii: deposi-
tion/formation of secondary calcite have occurred during the burial
time. While the former one is thought to be more valid for such samples,
the optical microscopy and SEM images suggested that the latter one
also seems as an acceptable reason for those potsherds (especially
when the geological features of the region and the existence of a joint
point of the river and creek in the immediate vicinity of the mound
were considered).

The results obtained through the XRD and TG-DTA analyses indi-
cated that the maximum firing temperature of all samples did not ex-
ceed 950-1000 °C. The presence of characteristic augite (pyroxene)
peaks along with the absence of calcite and clay minerals on XRD pat-
tern of the sample of K9 concluded that this sample has a firing temper-
ature range of 850-950 °C. This sample, which is thought to represent
the Ninevite-5 culture (the 3rd millennium BCE), was also differentiated
from other samples with its form and design. Thus, due to its character-
istic discriminating features (visual, mineralogical, micro/macro struc-
tural), it was concluded that this sample might be brought by
commercial relationships, probably from the neighboring territories in
Mesopotamia.

The results suggested that the firing technique used by the potters
brought a limited and uneven oxygen penetration resulting in appear-
ance of different colored layers. Such kind of samples is believed to be
exposed to both oxidizing and reducing atmosphere, and it is estimated
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that the firing process has presumably ended in oxidizing atmosphere.
This prediction was also confirmed by the Raman analysis, in which he-
matite and magnetite were clearly detected in a representative sample.

Although a number of base structures (probably used for firing)
were found in the mound, these residues could not be specified due to
the absence of any fired and/or amorphous potsherds, or carbonized nu-
trition (plant or seed) around. It was difficult to clarify if these units
were used for pottery production or cooking. Being similar to the results
of the previous archaeometric studies carried out for different aged pot-
tery samples from Kuriki, the results represented in this paper showed
that the potsherds belonging to both periods were presumably pro-
duced using a simple firing technique which was not qualified to
reach higher temperatures and to provide a homogenous/regular
heating. Considering these results, it is thought that the fireplaces
used in ceramic production would be unearthed till the mound is
flooded by the dam.

The results suggested that despite a long time vacancy from the Late
Chalcolithic-Early Bronze Age I to the second half of the 2nd millennium
BCE, the production technology of pottery (selection and preparation of
starting raw materials, firing techniques etc.) was presumably not
changed drastically in Kuriki, and probably continued locally excluding
some exceptional products (i.e. Ninevite-5 ceramics). Such non-local
products would be indicative of socio-cultural interactions and com-
mercial links between Kuriki and the neighboring settlement areas in
upper Mesopotamia region.

The main archaeological settlement layers of the mound has been
uncovered so far, yet the further findings (i.e. ancient materials, residen-
tial structures; if exist) would also be valuable and complement for the
ultimate characterization of Kuriki.

It is believed that the results of this paper would be directive and
useful in terms of enlightening and comparing the ceramic production

technologies in both south-eastern Anatolia and northern
Mesopotamia.
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