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ABSTRACT

Ceramic and soil/clay samples obtained from three different areas of the Hasankeyf
(Batman, Turkey) archaeological site and the near vicinity of river bank Dicle were inves-
tigated archaeometrically. The petrographic characteristics of the samples were deter-
mined by thin section optical microscopy analysis, furthermore the chemical structures
were determined by XRF, SEM-EDS and TGA analyses. According to their ma-
trix/aggregate content, aggregate type/distribution/dimension, porosity, and the prop-
erties of clay (matrix) structure of ceramics were classified. The clay types of the samples
are mainly illite, smectite and kaolinite. The samples have similarities with the soil of the
region and they are also similar to each other in terms of both chemical compositions and
petrographic characteristics. According to their Sr and Zr content, the samples must have
been manufactured mainly by using local clay with terrigenous origin as raw materials.

KEYWORDS:Hasankeyf, Medieval ceramics, ceramic analysis, petrographic analysis,
SEM-EDX, PED-XRF
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1. INTRODUCTION

Most of the ceramic objects found in arc-
haeological excavations in Anatolia are
made of unglazed ceramics. The excava-
tions which revealed a great number of
glazed or unglazed ceramic pieces in addi-
tion to architectural ruins have necessitated
both archaeological and archaeometric ana-
lyses.

Hasankeyf is an important medieval
town located in the southeast of Turkey
(Fig.1). Its existence is currently threatened
by the Ilisu Dam, whose construction is
continuing in the region. Excavations for
the documentation, conservation and pro-
tection of the natural and historical assets
in Hasankeyf, most of which will be
flooded by the dam when completed, has
been going on systematically since 1998.
Defining the ceramics in terms of history
and region, and determining their mutual
or different physical structures will surely
provide valuable knowledge about the dai-
ly lives and production technologies in the
medieval Hasankeyf and its near vicinity
bank of river Dicle (ancient named Tigris).

Hasankeyf, which is situated in the area
called Al Jazeera, or Mesopotamia, (be-
tween the Tigris and the Euphrates rivers),
is a medieval town constructed on both
banks of the Tigris River and that remains
within the borders of the province of Bat-
man in the Southeast Anatolia Region of
Turkey today. The town has been a settle-
ment area since prehistoric times. It func-
tioned as a strategically important castle
throughout the rule of the Roman Empire
(IInd Century, AD). Starting from the VIIth
Century AD, the Ayyubids, the Abbasids,
the Hamdanis and the Mervanis, all with
Muslim conquerors, ruled the area. In 1101
AD, the Hisn-1 Keyfa Artukids State was
established by Artukoglu Sokmen, one of
the commanders of the Seljuq Dynasty.
After being ruled by the Ayyubids in 1232
AD, and then by the Akkoyunlu State
(1461-1482 AD), the region was included in
the Ottoman property in 1517 AD.

The excavations and research in the area
have been continuing since 2004 within the

scope of the Research, Excavation and Res-
cue Project for the Hasankeyf Historical
and Archaeological Protection Area
(Ulugam, 2007: 681-710). In excavations
carried out at different regions of the town,
many architectural works of art, such as
mosques, tombs, madrasahs, palaces,
houses as well as ceramics, metal objects
with gypsum ornaments and coins from
the Roman Empire, the Artukids, the
Ayyubids, the Akkoyunlus and the Otto-
man Empire were obtained. Furthermore,
two ceramic ateliers in the region, namely,
the Salahiye Gardens (Salahiye Bahgelersi)
and the Beach Palace (Sahil Saray1) in the
east of the town, were also found in the
excavations (Fig.1). The findings show that
ruins from the Roman period are present in
the foundations of the Beach Palace, fol-
lowed by a civilian building used as a pa-
lace or a mansion in the Artukids era, and
finally an Ottoman cemetery is found in the
same area. In the Beach Palace excavations
performed between 2008 and 2010, many
pieces of kiln materials, broken ceramic
pieces, and kiln ruins were revealed. The
kilns found in the other atelier in the Sala-
hiye Gardens, which was revealed between
2001 and 2003 in the southwest of Hasan-
keyf, have an oval or circular plan
(Ulugam, 2007: 681-710; Gogmez, et al,
2004: 2407-2410; Ceken, 2007: 469-488).
Glazed and/or unglazed ceramics were
manufactured in this atelier in the XIVth
and XVth centuries AD.

1

Figure 1. Hasankeyf archaeological area and ex-
cavation regions

Most of the unglazed ceramics found in
Hasankeyf were produced by using a lathe



ARCHAEOMETRIC ANALYSES OF HASANKEYF UNGLAZED CERAMICS

263

and some were manufactured by means of
mould and press techniques. Earthen
pitchers are most intensely found objects in
the group, followed by pieces of jugs, large
earthen jugs, canteens, mugs, bowls, jars,
pots, plates and other pottery. Large ear-
then containers, which are deep, have
semi-spherical bodies and which have nar-
row or wide mouths, were used for the
storage of food such as butter, oil, mo-
lasses, jam and cheese. Jugs acquired usual-
ly have one handle and a cylindrical neck

(Fig.2).
¢

il 1Y

BH-B6 BH-B7
%

BR-B9 BH-B1D BH-EL1 BH-BLZ
fieioieieidie|
G @ R T IR 3|
e . . . . . B
B3 BH-01 BH-02 BH-U3 8R4 BH-05 BH-06

Figure 2. Hasankeyf excavations ceramic and
soil/sediment samples.

The body section is commonly frusto-
conical at the bottom and half spherical at
the top. Few half spherical body forms both
at the bottom and top were determined
(Findik, 2009: 109-110). The molds used in
the production of the containers formed by
means of the printing and molding tech-
nique were found as whole or nearly-
whole pieces. Animal figures and floral
and calligraphic compositions consisting of
palmet and rumi motifs, which were made
by means of the printing and molding
technique, are notable. The containers were
shaped by means of lathes, and then deco-
rated by different techniques such as scrap-
ing, dredge printing, roulettes, etc. Few
body pieces involving the barbotine tech-
nique were also found.

The purpose of this study is to conduct
archaeometric analyses of the ceramics
found in the Hasankeyf excavations (Fig.2)
and the clay specific to the region in order
to determine whether they have been pro-

duced locally or not. Thus, the historical
and cultural assets of Hasankeyf, most of
which will stay under the Ilisu Dam waters
when it is completed, will have been do-
cumented.

2. MATERIALS AND ANALYSES

Ceramic pieces obtained from different
areas of the Hasankeyf archaeological site
and soil/clay samples taken from the near
vicinity (south hill cult place and the river
bed) were investigated archaeometrically.
The samples were first evaluated visually
and grouped, and accordingly, they were
photographed (Canon Digital IXUS 870 IS
10 Mp), documented and coded. The phys-
ical properties (their color and thickness)
and the dynamic characteristics of the
samples were determined by means of an
ultrasonic velocity (SV) measurement test
(Table 1). The clay color of the ceramic
pieces was defined by means of a portable
Chroma Meter that involved the ColorQA
Pro System III software. Because colors
could not be defined exactly as the visible
colors were only defined as prima-
ry/secondary or light/dark, in determin-
ing the colors, various color systems were
formed for different areas. CEI L*a*b*
(Commission Internationale de L’Eclairage)
color system is one of the most used and
most detailed standard color systems. The
(L), (+a), (-a), (+b) and (-b) values represent
the lightness/darkness, the intensity of red,
the intensity of green, the intensity of yel-
low and the intensity of blue, respectively.
The dynamic characteristics of materials
were determined by using a Matest C372N
Model High Performance Ultrasonic Test
Instrument. Ultrasonic velocity (SV) mea-
surements were performed on the ceramics
(Table 1). The petrographic texture (matrix)
and aggregate (rock and mineral content)
characteristics of the ceramic and clay
samples were determined by thin section
optical microscope analysis. To make opti-
cal microscope analysis possible, samples
were cut by using a proper cutter, placed
on a slide, thinned and their thin cross sec-
tions were prepared (Whitbread, 1995: 365).
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The thin cross sections of the samples were
examined by using a LEICA Research Pola-
rizan Microscope DMLP Model optical
microscope with light from beneath and
above. Photographs were taken by the digi-
tal camera Leica DFC280, connected to the
microscope with proper magnifying and
assessments were made by using the “Leica
Qwin Digital Imaging Program”. In the
samples, the matrix and the clay, rock and
minerals that make up the matrix were
defined by using the “Point Counting Me-
thod” (Table 2a-2c and Fig.3).

X-rays work in the Polarized Energy
Dispersive (PED-XRF) system that is used
in Fluorescence analysis. In this study, a
SPECTRO X-Lab 2000 PEDX model spec-
trometer was used to determine the chemi-
cal compositions of ceramic and clay sam-
ples (Table 3 and Fig.4). This spectrometer
can analyze elements from sodium (Na)
with atom number 11 to uranium (U) with
atom number 92, and it can accurately
measure heavy elements up to 0.5 ppm and
light elements up to 10 ppm (Shackley,
2011, 7-44; 127).

To determine thermal deterioration and
mass losses of the samples, their thermal
changes were investigated by using a Seta-
ram model Simultaneous TG/DTA device
at an interval of 25°C - 900°C, at
10°C/minute heating speed and Ny at-
mosphere (Table 3 and Fig.5). Furthermore,
surface morphologies and element analyses
were determined by means of a SEM-EDX
analysis by using a QUNTA 400F Frield
Emission SEM device (Fig.6).

3. RESULTS OF ANALYSES & DISCUS-
SION

In the ceramic samples, the (L) color code
values range between 43.33 and 73.45; the
(@) color code values range between -8.62
and 11.73; and the (b) color code values
range between 20.90 and 43.86. In the clay
samples, the (L) color code values range
between 5.68 and 12.52; the (a) color code

values range between 6.07 and 8.90; and
the (b) color code values range between
5.38 and 13.74 (Table 1).

The body thickness of the ceramic pieces
that make up the sampling is between 2.67
and 7.18 mm (mean 5.10) (Table 1). The SV
values of the ceramic samples vary be-
tween 531 and 1243 km/s (mean 7.70
km/s) (Table 1). Factors such as deteriora-
tion, disintegration and porous/cavernous
structure are important parameters that
affect the SV value. Higher SV values indi-
cate that ceramics have a more durable and
more homogenous petrographic structure.
The petrographic texture and aggregate
characteristics of the Hasankeyf ceramic
samples - i.e. clay matrix type, matrix ag-
gregate content, aggregate type, aggregate
distribution, and aggregate dimensions -
were determined by thin cross section opti-
cal microscope analysis (Table 2a-2c and
Fig.3). The samples that have been investi-
gated petrographically were classified into
7 different groups considering their matrix
(clay) structure, aggregate type and distri-
bution, firing temperature and porosity.
Accordingly, it was determined that the
samples that were taken from different
areas of the Hasankeyf archaeological site
were produced by using different construc-
tion technologies (Table 2a-2c). The firing
temperature of the ceramic samples from
different areas of the Hasankeyf archaeo-
logical site was estimated to be between
850°C - 950°C when assessed in terms of
their matrix limes-
tone/ calcitecontent,deterioration/ vitrificati
on of the clay structure, matrix porosity
ratio and aggregate type phase changes.
During firing at and above 900°C, the clay
structure of ceramics deteriorate and vitri-
fication starts (Table 2a and Fig.3). Vitrifica-
tion is also supported by SEM photographs
(Fig.6).Moreover, the carbonate, calcite and
limestone in the structure are indicators of
firing temperature (Rice, 1987, 54) (Table2a,
Fig.4).
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Table 1.Hasankeyf Excavation ceramic and soil samples descriptions and physical

properties.
Sg::il;lse Descriptions M;;?;al Th(llill::)ess Colour Codes
BH-B1 Neck part of printed patterned jug Ceramic |2,98 (4,79)* L a b
BH-B2 Body of printed patterned jug Ceramic |4,50(5,15) | 65,81 | -8,62 | 28,12
BH-B3 Bottom part of wheel-made jug Ceramic |6,16 (14,65)| 57,83 | -1,31 31,17
BH-B4 Neck part of jug Ceramic |2,67 (3,80) | 43,33 | 8,68 29,12
BH-B5 Body part of jug Ceramic | 6,06 61,56 | -5,75 | 33,79
BH-B6 Fragment of handled jug Ceramic |3,61(14,83)| 51,97 | -4,25 | 20,90
BH-B7 Body part of animal patterned jug Ceramic |4,02 64,35 | -2,04 | 42,18
BH-BS Shoulder pice of animal fight scene Ceramic | 6,14 (10,69) | 60,47 | 3,37 | 34,80
patterned jug
BH-B9 Neck part of handled jug Ceramic |5,04(6,70) | 64,18 | -2,10 | 30,95
BH-B1o |  Neckpartof W;‘l"'jfg’“thed pottery Ceramic | 6,60 46,74 | 7,49 | 30,69
BH-B11 Neck part of jug (from ceramic kiln) Ceramic |7,18(9,52) | 55,23 | 8,74 43,86
BH-12 | Body part of wave shape printed patterned | o i | 6,70 50,54 | 3,09 | 31,04
jug (from ceramic kiln)
BH-B13 Bottom part of jug (from ceramic kiln) Ceramic |4,68 (7,61) | 40,92 | 11,73 | 39,37
BH-D1 Ankenki (water reservoir) soil deposit Soil/Clay 73,45 | -2,37 | 30,15
BH-D2 Hevsel region river bank Soil/Clay 8,70 7,00 9,89
BH-D3 Cami-u Mardinike region river bank Soil/Clay 8,07 6,61 8,93
BH-D4 Hevsel region river bank Soil/Clay 11,23 | 8,55 13,65
BH-D5 Hevsel region river bank Soil/Clay 5,68 8,90 5,38
BH-D6 Zeynel Bey region river bank Soil/Clay 12,52 | 6,07 13,74

Sample Codes: BH (= Batman Hasankeyf Excavation); BH-B1; ceramic sample number 1
(*) Maximum thickness of amorphous sample

Table 2a. Petrographical thin section optical microscopy analysis of ceramic samples

Ceramic Samples T (°C) P (%) | MA (%) Clay Type Rocks & Minerals*
BH-BI1 ~950 4 13 illite+smectite Q,P1,C,By,Op
BH-B2, BH-B3 850-900 4 14 illite Q,P1,0p,A
BH-B4 ~950 1 2,5 kaolinite Q,By,0p,C
BEI__E?S: 311}1133 16 iBé—IHBI; i 3 ~950 4 25 illite+smectite Q,P1,By, TK(%]1)
BH-B8 850-900 6 25 smectite Q,P1,C,By,Py,Op
BH-B9 ~950 5 14 illite Q,P1,By,Op,TK(%1)
BH-B11 850-900 5 8 illite Q,P1,.By

(*) A: Andesite, By: Biotite, C: Calcite, C: Chert, G: Granite, K: Limestone, MA: Matrix Total Aggregate
Ratio, Op: Opaque Minerals, P: Total Porosity, Pl: Plagioclase, Py: Pyroxene, Q: Quartz, T: Firing
Temperature, TK: Brick Particles Ratio

Table 2b. Petrographical thin section optical microscopy analysis of soil / clay samples

Seil / Clay . Particle Size (%) o . %
Sample Group Soil / Clay Samples Clay | Silt Sand MA (%) Rocks & Minerals
BH-D1, BH-D2,
Group 1 BH-D3.BH-D4,BH-D6 20 45 35 12 Q.K,C,A,G,C
Group 2 BH-D5 20 30 50 10 Q,P1,0p,By,C,Py
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Table 2c. Matching of the groups of ceramic and soil samples by petrographical thin

section optical microscopy analysis.

Ceramic Samples | Clay Group | Rock Type Descriptions
BH-BI Group 1 Andesitic
BH-B2, BH-B3 Group 1 Ceramics fired undried (oriented aggregate in matrix)
BH-B4 Group 2 Andesitic | Ceramics fired undried (oriented aggregate in matrix)
BH-B5, BH-B6,
BH-B7, BH-B10, Group 1 Andesitic
BH-B12, BH-B13
BH-BS Group 1 Andesitic | Having coarser and mixed sized particle
BH-B9 Group 1 Andesitic | Ceramics fired undried (oriented aggregate in matrix)
BH-BI11 Group 1

Table 3. Hasankeyf Excavation ceramic and soil sample 2 PED-XRF and PEDX analyses.

Element MgO A1203 SlOz KQO CaO F6203 LOI*
36 | 1058 | 41.97 1.36 16,54 6.43

BH-BL | o9y | 1325 | 3976 0.96 15.32 6.50 17.47
479 | 1099 | 4458 1.68 15.17 6.96

BH-B2 | 70 | 1359 | 46.60 1.56 14,09 6.97 12,58
479 | 1143 | 4590 1.81 13.69 7.07

BH-B3 | 530 | 1160 | 3642 1.54 12,36 6.12 12,68
500 | 1117 | 44.74 1.2 16.16 7.00

BH-B4 | 'oc | 10,07 | 31.50 0.64 13.44 5.26 12,86
437 | 1117 | 45,00 131 13.98 6.90

BH-BS | 550 | 708 27.52 1.44 21.69 7.18 15,79
473 | 1096 | 45.13 1.94 12.56 6.88

BH-B6 | ;43 | 1022 | 3948 1.45 16.93 5.8 14,86
441 | 11.02 | 43.68 1.23 16.47 6.81

BH-B7 | 511 | 1338 | 4654 0.79 12,53 5.43 12,22
400 | 1124 | 4542 1.42 17.05 6.95

BH-B8 | -'sc | 1000 | 4008 121 13.42 521 8,74
411 | 1041 | 44,00 2.44 11.89 6.45

BH-BY | o3 | 1239 | 4044 1,79 12,10 5.28 18,75
578 | 1075 | 44.30 2.60 16.28 7.09

BH-BI0 |\ "sc | 679 22.86 1.96 1431 7.73 11.47
539 | 1122 | 4587 1.64 13.75 711

BH-BI1 |\ 55 | 5 43.68 1.43 12,56 711 13,57
4.05 | 1028 | 40.99 1.40 17.11 6.57

BH-BI2 |\ 5'cc | 1212 | 3620 1.23 13.33 6.03 12,55
4.63 | 1095 | 4462 1.49 16,03 6.82

BH-BI3 |\ 53 | 1273 | 44.04 1.39 15.73 5.97 13,55

Average | 4,66 | 1094 | 4433 1,66 15,13 6,86 13,62

SD** | 051 | 0,34 1,43 0,44 1,76 0.23 2,61

BH-DI | 508 | 11.84 | 4494 1.90 7.20 7.14 19.44

BH-D2 | 457 | 10.60 | 4330 1.56 8.49 6.49 23.68

BH-D3 | 4.68 | 1091 | 4536 1.64 7.07 7.03 21.57

BH-D4 | 4.02 | 946 37.89 1.36 13.83 5.89 26.97

BH-D5 | 398 | 9.67 38.03 1.40 13.08 5.81 26.85

BH-D6 | 353 | 38.73 36.29 1.16 12.42 5.59 3147

Average | 431 | 1020 | 40,97 1,50 10,38 6,33 25,00

SD** | 056 | 1,13 4,01 0.26 3.13 0.66 433

(*) LOI: Loss on Ignition at 950°C, (**) Standart Deviation
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This situation is also supported by SEM
photographs.

The results of TGA analysis reveal that
samples contain limestone and calcite. In
the thermal analysis conducted, the TGA
curves were examined and a distinct dif-
ference was observed in the structure of 4
findings between 107°C - 112°C (Fig.3). As
it is known, gypsum (CaSO; . 2H>O) is a
common compound used in making ce-
ramics. At the temperatures between 100 oC
- 115°C, H,O is released and CaSO; is
formed. This change is clearly observed in
TGA curves. The TGA curves of the find-
ings indicate such a change clearly. There-
fore, it can be established that the structure
of the BH-B3, BH-B6, BH-B8 and BH-B11
samples include gypsum.
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Figure 3.Thermogravimetric analysis (TGA) of
ceramic samples (Numbers 1-13 in graphs
represents the samples from BH-B1 to BH-B13).

It can be asserted that BH-B1, BH-B2,
BH-B4, BH-B5, BH-B7, BH-BY, BH-B12, and
BH-B13 samples contain Calcite (CaCO:s)
because these findings have TGA curves
that indicate a decrease in mass and then a
clear mass loss between 700°C - 800°C. It is
known that calcite (CaCOs) is a common
compound used in making ceramics. At
temperatures between 700°C - 800°C, CO:
is released and CaO is formed (Fig.5).

The Hasankeyf ceramic samples have a
porosity that vary between the ratios 1% -
6%. In the samples, the clay group is gen-
erally represented by illite and smectite
(Pollard and Heron, 1996: 121) and some
(BH-B4) contain kaolinite (Table 2a). When
the samples are assessed in terms of aggre-
gate/matrix ratios, the matrix aggregate
content is found to be between 2.5% and
25% (Table 2a). All the ceramic samples are

original. Their raw material contains
crushed pieces of local rock used without
any screening (broken pieces of angular
aggregates) at different sizes and that have
a heterogenic distribution (Fig.3). Some
samples contain aggregates with quite fine-
sized grains (silt-sized; <63 pm) with ho-
mogenous distribution while other samples
include large sand-sized (>1000 um) aggre-
gates (Table 3a and Fig.3). The clay samples
were grouped into two (Table 2b). Except
for one of the ceramic samples (BH-B4), all
other samples have a petrographic struc-
ture similar to the clay content of the same
group (Group 1) (Table 2c).

The aggregate structure of the two of the
seven groups of ceramic samples included
some broken bricks (1% of the total aggre-
gate ratio), which requires questioning the
originality of adding broken bricks in ce-
ramic clay. It is known that broken bricks
have been knowingly added into ceramic
clay in ateliers with the purpose of increas-
ing its fragility and regulating the moisture
of the paste (Table 2a and Fig.4).

The chemical compounds of 13 ceramic
and 6 clay samples were examined by
means of a PED-XRF analysis (Table 3 and
Fig.4).

When the chemical compositions used in
ceramics production are evaluated in ac-
cordance with the TGA analyses, the main
structure can be described by the presence
of SiO,, and carbonate (soil alkalis) and
clay play the role of melting down and in-
creasing durability. The chemical and pe-
trographic characteristics of clay which are
obtained from local riverbeds in a refined
form and provide durability through their
various properties - such as plasticity, fir-
ing/production ease, coloring properties,
etc. - are important for ceramic production.
The aggregates that form the clay structure
provide important information about the
origin of the manufacturing centers as they
naturally involve the local rock compounds
in them (Hodges, 1964: 19-41; Demirci et al,
1999: 53-62; Akyol, 2007: 99-114; Tekkok et
al, 2009: 101-121; Aygiin et al, 2010: 411-
429). Among all the samples, BH-B4 has a
different petrographic aggregate content.
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Figure 4. Thin section optical microscopy micro-photographs of ceramic and soil samples
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Figure 5. Hasankeyf Excavation ceramic (on left)
and soil samples PED-XRF analysis -Triangle Plot-
ting (Si0,-CaO+LOI - A1203+Fe203+MgO+K20)

Both optical microscope analysis and
SEM-EDX analyses comparatively deter-
mined that (Table 3 and Fig.6) Hasankeyf
ceramic samples contained SiO. (44.33%),
CaO (1513%), ALOs (10.94%), FexOs
(6.86%), MgO (4.66%), K:O (1.66%) and
total carbonate content (13.62% LOI)
(Tables 3,5).

The main element (>1%) contents of the
examined soil/clay samples consisted of
Si0,, Ca0, AlLOs, FexOs, KO and total car-
bonate content (LOI) (Table 4). The main
element contents of the clay samples form
two groups (first group: BH-B1, BH-B2 and
BH-B3 and second group: BH-B4, BH-B5
and BH-B6 samples). The first group sam-
ples (BH-B1, BH-B2 and BH-B3) contain
silica (5i02) more densely, and other group
samples have a content of richer lime
(CaO) and carbonate (LOI). The element
contents of the ceramic samples that are
similar with clay samples can provide the
address for the probable clay bed (Table 3).

Strontium (Sr) is similar to Ca geochemi-
cally and it is found in substances that con-
tain lime (seashells, limestone, etc.). As the
sand used in the making of the ceramics
contains more than 400 ppm Sr, it can be
asserted that clay obtained from marine
sediments was mostly used in production.
In addition, in inland sand that contains
limestone, the amount of Sr is usually less
than 150 ppm. What’s more, if inland sand
had been used in production, Zirconium
(Zr) would be expected to be more than 160
ppm (Freestone et al, 2003: 19-32). Of the
soil/clay samples, the Sr and Zr contents of
BH-D1 sample are 247.6 and 87.6 ppm, and
those of BH-D2 sample are 130.9 and 266.9

ppm, respectively. Whereas marine effects
are partially observed in the BH-D1 sam-
ple, the BH-D2 sample has intense inland
properties (Table 3). The Sr content of two
of the 16 ceramic samples taken from three
regions (BH-B3a and BH-B3b) is below 150
ppm (inland origin), and the Sr content of
two samples (BH-B2a and BH-B3f) is above
400 ppm so they must have a marine origin
(Table 3). Similarly, the Zr value of seven of
the ceramic samples (BH-B2a, BH-B2b, BH-
B2c, BH-B2d, BH-B2f, BH-B3d, BH-B3e) is
above 150 ppm so they should most proba-
bly have an inland origin (Table 3). When
the samples are evaluated generally, it can
be asserted that they are produced by us-
ing inland origin clay, except for the BH-
B3f sample. The BH-B2a sample must have
been produced by using a mixture of in-
land and marine clays; not one of them
alone (Table 3). The fact that clay from in-
land, i.e. belonging to a riverbed in the near
vicinity, was used is also supported by the
thin cross section analyses which did not
reveal any fossil contents.

4. CONCLUSION

Thirteen ceramic and 6 soil/clay samples

acquired from different regions of the Ha-
sankeyf archaeological site were examined
archaeometrically.
The matrix/aggregate content, aggregate
type, aggregate distribution, and aggregate
dimensions, porosity and clay structure of
the samples were determined by thin cross
section optical microscope analysis and the
samples were classified into 7 different
groups. The firing temperature of the ce-
ramic pieces must be mainly between 800-
950°C. Moreover, TGA curves indicate de-
terioration temperatures between 750-
850°C, which support the suggested tem-
perature range.

The clay types of the samples are mostly
illite and smectite, as well as kaolin. Broken
brick pieces (1%) were observed in the ag-
gregate contents of most of the samples (7
samples). The petrographic characteristics
of the ceramic samples comply with local
formation. The raw material content of the
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ceramic samples, all of which are original,
contains crushed pieces of local rock at

TR e
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BH-El11

BH-B12

different sizes, used without any screening
and has a heterogenic distribution.

BH-B13

Figure 6. SEM analysis microphotographs of ceramic samples

The samples have similarities with the soil
of the region and they are also similar to
each other in terms of both chemical com-
positions and petrographic characteristics.
The source of raw material must usually
have been clay from inland soil and river-
beds in the near vicinity.

The ceramic samples that were grouped
according to their petrographic structures
were examined in more details by means of
a PED-XRF analysis. The ceramic samples
reflect local rock formation; the ceramic
samples and clay samples from the nearby
riverbed have similar chemical structures.
Furthermore, the results of the SEM-EDX
and PED-XRF analyses are generally com-
pliant, which is important evidence that

assessments can be made based on EDX
analyses on various ceramic samples.

The archaeometric studies on a limited
number of ceramic samples acquired from
different regions of the Hasankeyf archaeo-
logical site have revealed important infor-
mation. By considering the Hasankeyf ce-
ramics in a local and regional context, and
increasing the number of studied pieces
and diversifying them, it will be possible to
provide more comprehensive knowledge.
Thus, Hasankeyf can be studied as a local
ceramics manufacturing center, and data
such as production diversity, production
technologies, relations with other manufac-
turing centers, trade paths, etc. can be ac-
quired.
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