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Same or different? Interdisciplinary analyses on the Costisa and Monteoru pottery

from Silistea-Pe Cetdtuie settlement

Ana DROB!, Neculai BOLOHAN?Z, Bogdan RATOI?, Sebastian DROB*

Abstract: The archaeometric study of prehistoric pottery is an effective tool for investigating this abundant category
of artifacts from an archaeological site. In this study, the physicochemical analyses used are optical microscopy (OM),
scanning electron microscopy (SEM), coupled with energy dispersive X-ray analysis (EDX) and Micro-Fourier
Transform Infrared Spectroscopy (UFTIR). Through these techniques were studied 48 ceramic fragments belonging to
the Costisa and Monteoru ceramic groups from the Middle Bronze Age settlement from Silistea-Pe Cetdtuie. Also, the
ceramic fragments were investigated macroscopically, using criteria such as color, production technique, type, size,
functionality and category of the vessel. The obtained results provided important data related to the ceramic

technologies of the two communities from the studied settlement.

Rezumat: Studiul arheometric al ceramicii preistorice este un instrument eficient pentru investigarea dcestei
abundente categorii de artefacte dintr-un sit arheologic. In acest studiu, analizele fizico-chimice utilizate sunt
Microscopia Opticd (OM), Microscopia Electronicd de Scanare (SEM) cuplatd cu analiza de raze X cu Dispersie de
Energie (EDX) si Spectroscopia in Infrarosu cu Transformata Fourier (uFTIR). Prin aceste tehnici au fost studiate 48
de fragmente ceramice apartindnd grupurilor ceramice Costisa si Monteoru din asezarea de bronz mijlociu de la
Silistea-Pe Cetdtuie. De asemenea, fragmentele ceramice au fost investigate macroscopic, folosind criterii precum
culoarea, tehnica de realizare, tipul, dimensiunea, functionalitatea si categoria vasului. Rezultatele obtinute au

furnizat date importante legate de tehnologiile ceramice ale celor doud comunitdti din asezarea studiatd.

Keywords: pottery, archaeometric analysis, Middle Bronze Age, OM, SEM-EDX, uFTIR
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Introduction

Silistea-Pe Cetdtuie site is located in the south-eastern extremity of the Craciu and Bistrita
rivers watersheds (Map 1), in the southern part of the former village of Barjoveni, today unified
with Silistea (Romani administrative unit, Neamt county-GPS: N 46°47°43.81”; E 26°4333.00”).
The settlement is located on a high area, with good visibility, situated near the confluence of
the Bistrita and Siret rivers, both hydrographic arteries being important communication
routes in the eastern Carpathian area. In the fortified Middle Bronze Age settlement from
Silistea was identified a single level of habitation in which Costisa and Monteoru Ic3-Ic2
archaeological materials were discovered, without a stratigraphical difference (1955/1739-
1614/1773 BC)s.

The Cetdtuia plateau from Silistea has an altitude of 448.66 m and an NNW-SSE orientation.
The settlement is naturally defended from three directions (N, E, W) by steep slopes, with an
inclination of 25-37°, which creates accessibility difficultiess. The defensive system was
completed by an anthropic ditch, with a depth of 3.20 m and an opening of 15 m, that was
covered with sandstone from the geological structure of the hill. Following the non-invasive
research carried out in the Silistea-Pe Cetdtuie site were identified two more defensive
structures, such as ditches, which are located inside the settlement and were covered from
antiquity, leaving no elevation markss.

During the archaeological researches from the Silistea-Pe Cetdtuie settlement, were
discovered several rectangular, unburned housing structures, represented by large sandstones
that formed the basis of support pillars, as well as red-burned sandstones, adobe and ceramic
fragments. Also, there were identified and some elements that indicate the practice of a
foundation ritual of these constructions, being discovered four such situations in which, under
the large sandstones, were discovered whole or broken vessels, as well as animal bones that
represented meat offeringss.

Regarding the archaeological materiality of this settlement, in addition to the multitude of
bone (pointed bone tools, pendants, arrowheads), stone (axes, curved knives, arrowheads,
grinders) and clay artifacts (spindle whorls)s, were discovered several bronze objects
represented by six Noppenringe, a simple ring, bracelet and a small circular ringio. The metal
objects have analogies in Central Europe, illustrating the existence of contacts or relations of
the communities from Eastern Carpathians with the Middle Danube area.

5 BOLOHAN, 2010, 238-239.

6 BOLOHAN, GAFINCU, 2018, manuscript; BOLOHAN et al., 2019, manuscript.

7 BOLOHAN, 2016, 75-78.

s BOLOHAN, MUNTEANU, 2001, 46; BOLOHAN, CRETU, 2004, 57-58; BOLOHAN, GAFINCU, 2018, manuscript.

9 BOLOHAN, GAFINCU, 2017, manuscript; BOLOHAN, GAFINCU, 2018, manuscript; BOLOHAN et al., 2019, manuscript.
10 BOLOHAN et al., 2019, manuscript.

11 BOLOHAN, 2003, 197; BOLOHAN, CRETU, 2004, 59-60.
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The special relations that the two communities from the Silistea-Pe Cetdtuie site had,
constitutes a point of particular interest of this approach. If in some settlements the
stratigraphic report is not known, and in others it is unclear, the housing situation from Silistea
can be a clarifying element in this regard. Thus, the study of the pottery of the two ceramic
groups by analytical methods can provide important information on the nature of the relations
between these communities by means of technological knowledge involved in pottery
manufacture. So far, interdisciplinary analyses have been performed before for the ceramics
of these two communities from several settlements in the Bistrita River basin, which represent
a database for Middle Bronze Age pottery in this microzonez.

Methodology

In this paper will be analysed 24 Monteoru ceramic fragments Monteoru (1-24M) and 24
Costisa pottery fragments (1-24C), marked Sls. (Silistea), for which will be performed macro-
and microscopic observations, as well as scanning electron microscopy (SEM) coupled with
energy-dispersive X-ray analysis (EDX) and micro-Fourier transform infrared spectroscopy
(UFTIR)1s. Also, the statistical representation of the functional classes was transposed in the
selection of the samples for analysis. Thus, we tried to keep the proportions, but on a small
scale, selecting a representative number of ceramic fragments from each functional category.
The macroscopic analysisis was performed for each functional category of vessels identified in
the settlement, both for Costisa and Monteoru pottery, considering information such as color,
wall thickness, hardness, surfaces and applied treatments, firing type, kneading and inclusions
(type, size, shape, frequency, sorting).

The microscopic analysis of the fragments was performed with a Zeiss Imager.alM
microscope with a built-in AXIOCAM camera, which uses AxionVisionRelease 4.7.1 software.
The samples were sanded with a Stroers LaboPol device using discs with different granulations.

In the current analyses was used an electron microscope with SEM scan, model VEGA II LSH,
produced in the Czech Republic by TESCAN, coupled with an EDX detector type QUANTAX QX2,
produced in Germany by BRUKER/ROENTEC. The SEM micrographs consisted of backscattered
electrons (BSE) at 200x magnifications for ceramic paste and surfaces, and the samples were
not covered with metal or graphite.

The spectra were recorded with an FTIR spectrophotometer coupled with a HYPERION 1000
microscope, both equipment from Bruker Optic, Germany. The FTIR spectrophotometer is of

12 BOLOHAN, 2013a, 199-239; BOLOHAN, 2013b, 33-56; DROB, 2019, 197-214; DROB, 2021, 251-275; DROB et dl., 4885, 1-17;
DROB, 2021.

13 The analyses presented in this paper, as well as the illustration, are found in another, more extensive form in DROB,
2021.

14 SHEPARD, 1954; RYE, 1981; RICE, 1987; ORTON et al., 1993; GOFFER, 2007; PREHISTORIC CERAMICS RESEARCH GROUP,
2010.
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the TENSOR 27 type, which is predominantly suitable for measurements in close IR. The
standard detector is DLaTGS covers the spectral range 4000-600 cm™, and works at room
temperature. The resolution is usually 4 cm™ but can also reach 1 cm™. The detector is of the
MCT type cooled with liquid nitrogen (-196°C) and the measured area is optimized to a
diameter of 250 um, reaching a minimum of 20 pm.

Results and Discussions
A. Macroscopic analysis

The studied Costisa ceramic fragments come from four cooking vessels, from seven food
preparation, serving and consumption vessels, from six solid and liquid storage vessels and
from five storage and transportation liquids vessels. Also, one ceramic fragment was selected
from a special purpose pot and one from a multi-purpose vessel.

Regarding the colors of the ceramic fragments, in the case of Costisa pottery, the outer
surfaces are mostly brown, light brown and reddish yellow, but there are also colors such as
intense brown, yellowish brown, gray, dark gray and very dark gray. Inner surfaces, generally,
have the same colors but with fewer shades, and in this case, brown is the main color, followed
by reddish yellow, light yellowish brown and very dark gray, but also some fragments that have
dark gray and yellowish-brown interiors (Munsell Soil-Color Charts). The vessels color variety
indicates an uncontrolled firing, which did not allow to obtain unitary chromatic pots.

Pots from the cooking functional category (Sls.C1-PL1/1; Sls.C2-Pl.1/2; Sls.C3-Pl.1/3;
Sls.C4-P1.1/4) were burned in a reducing (Sls.C1, Sls.C3, Sls.C4) and incomplete oxidizing
(Sls.C2) atmosphere, resulting in hard vessels, with a semi-fine surface and a very well finished
exterior, with no treatment applied, only two pots (Sls.C1, Sls.C4) having incised decoration at
the top. Also, the interior surfaces are well smoothed and finished. The wall thickness is
between 7.35-12.59 mm, and the macroscopically visible inclusions are the ceramoclasts, of
medium size and a distribution of 10-15%, all having a rounded shape and being well sorted. In
the case of the Sls.C2 fragment, three large lithoclasts are also visible, these being considered
accidental, and are also visible large cracks on the inner surface produced by heat exposure.
Another proof in this sense is represented by the smudging traces in area between upper
volumes (Fig.1).

—-— -
0 3

m

Fig. 1. Sls.C2 fragment with cracks caused by heat exposure and smudging traces (Own archive image)
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The functional class of food preparation, serving and consumption is represented by seven
vessels (Sls.C8-PL1/5; Sls.C11-Pl.1/6; Sls.C5-PL.1/7; Sls.C9-Pl.1/8; Sls.C10-Pl.1/9; Sls.C6-
Pl.1/10; Sls.C7-PL.1/11) which were fired in a reducing environment, with two exceptions, fired
in an oxidizing atmosphere (Sls.C5, Sls.C6). The exterior surfaces are well smoothed (Sls.C5,
Sls.C6-C9), being identified the application of a ceramic slip (Sls.C10, Sls.C11). The inner
surfaces are well and very well finished, some with fine cracks caused by inclusions. In the case
of the Sls.C6 fragment, strong smudging traces are visible on the inside (Fig.2/a), and the Sls.C8
vessel exterior shows secondary firing spots that have penetrated the vessel wall, being
observable also on the inner surface (Fig.2/b). These traces indicate the use of these pots for
cooking, suggesting food preparation with fire. One of the vessels was decorated entirely
(Sls.C10) and four other have only auxiliary elements (handles) in the opening area. The
fragments are hard, with a fine (Sls.C8, Sls.C9, Sls.C11) and semi-fine surface. In the paste, but
also on the surfaces, are visible the ceramoclasts and in four samples the carbonates (Sls.C7,
Sls.C9-C11). The wall thickness of these vessels is between 7.45-13.20 mm, the inclusions having
medium size, sub-rounded shape and a frequency of 15-20%, being well integrated in the clay
mass.

The category of vessels for storage of solid or liquid goods includes six containers (Sls.C15-
PL2/2; Sls.C13-PL.2/1; Sls.C14-PL.2/5; Sls.C16-PL.2/3; Sls.C17-PL.2/4; Sls.C12-PL.2/6). They were
fired in an oxidizing (Sls.C12, Sls.C13, Sls.C17), reducing (Sls.C14, Sls.C16) and mixed (Sls.C15)
atmosphere, resulting in hard vessels with semi-fine and semi-coarse (Sls.C12, Sls.C15)
surfaces. Some pots have a carelessly finished (Sls.C12) or only smoothed (Sls.C13, Sls.C15,
Sls.C16) exterior, being identified also well-finished and very well-finished specimens (Sls.C14,
Sls.C17). The applied decoration is found on a single vessel (Sls.C15), with its finishing traces,
and the auxiliary elements (handles) are found on two other containers (Sls.C13, Sls.C14). The
inner surfaces are well finished and in most specimens are visible fine cracks produced by
inclusions. The wall thickness is between 7.93-13.09 mm and in the paste of the vessels are
visible ceramoclasts and carbonates (Sls.C13, Sls.C16). The inclusions have medium dimensions,
sub-rounded and sub-angular shape and a distribution of 15-20%, being, in general, well
integrated in the clay matrix.

The functional class for storage and transportation of liquids is represented by five vessels
(Sls.C19-PL.2/7; Sls.C24-P1.2/9; Sls.C23-P1.2/8; Sls.C18-P1.2/10; Sls.C20-P1.2/11), these being
fired in a reducing (Sls.C20-C22, Sls.C24), mixed (Sls.C18, Sls.C23) and incomplete oxidizing
(S1s.C19) atmosphere. The fragments are hard with a semi-fine surface (Sls.C18-C20, Sls.C22)
and very hard with a fine surface (Sls.C23, Sls.C24), and have a very well finished exterior or an
exterior ceramic slip ( Sls.C20, Sls.C24). The inner surfaces are well smoothed and rarely well
finished. The wall thickness is between 7.80-13.02 mm and the main inclusions are medium size
ceramoclasts, sub-rounded shape with a frequency of 10-15%.
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Fig. 2. Smudging traces (a-Sls.C6) and secondary firing spots (b-Sls.C8) identified on the preparation, serving and

consumption vessels from Silistea-Pe Cetdtuie settlement (Own archive images)

The special purpose pot (Sls.C22-P1.2/12) represents a miniature of the storage and
transportation liquids vessels, being fired in a reducing environment, resulting in a hard vessel.
The outer surface was covered with a ceramic slip and the interior was well finished. In the
upper part, in the opening area, the vessel still keeps the trace of a handle that was broken
from antiquity, this being doubled, most probably, by the existence of a second handle. The
wall thickness is 5.10 mm and in the paste were identified small ceramoclasts, with rounded
shape and a low frequency of 5-10%. The clay matrix and the constituent elements were well
kneaded and homogenized, being visible only the secondary pores.

The multi-purpose vessel (Sls.C21-P1.2/13) was fired in a reducing atmosphere, is very hard
and has a semi-fine surface, being very well finished. The pot was decorated in the opening
area with incised motifs, these being very carefully made. The wall thickness is 4.20 mm, and
the paste from which it was manufactured contains small, rounded ceramoclasts, with a
distribution of 5-10%. These inclusions are very well integrated into the clay mass, indicating
very good kneading.

The Monteoru fragments come from two cooking vessels, from five food preparation,
serving and consumption vessels, from eight solid or liquid goods storage containers, from six
storage and transportation liquid vessels and from three multi-purpose pots.

The colors of the Monteoru analysed vessels indicate a greater variety of shades than in the
case of Costisa ones. Thus, the main exterior color is reddish yellow, followed by brown, strong
brown, light reddish brown, reddish brown, gray, pinkish gray, dark reddish gray, dark gray
and very dark gray. The inner colors are characterized by a greater variety of shades, but most
of them are brown, followed by strong brown, reddish yellow, light brown, reddish brown, light
reddish brown, light yellowish brown, gray, dark reddish gray, reddish gray, pinkish gray, very
dark gray and a fragment with a yellowish red interior (Munsell Soil-Color Charts). Therefore,
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as in the case of Costisa, Monteoru pottery also shows chromatic clues that suggest an
uncontrolled firing of the vessels.

The category of cooking vessels is represented by two pots (Sls.M1-P1.3/1; Sls.M2-P1.3/2),
which were fired in a reducing atmosphere followed by an oxidizing one (Sls.M2) and in a mixed
environment (Sls.M1), being hard, with semi-fine and very well finished surfaces. Also, the
interior of the vessels is well finished, being observed fine cracks on one of the containers
(Sls.M1). As regards the decorative elements, only one container shows embossed motifs in the
supramedian area. The wall thickness is between 5.90-6.59 mm, being visible medium-sized
ceramoclasts, sub-rounded shape, with a distribution of 10-15%. They are well integrated in the
clay matrix, which indicates a good kneading, resulting only secondary pores.

The functional category of food preparation, serving and consumption is represented by
five vessels (Sls.M6-PL3/6; Sls.M7-P1.3/7; Sls.M3-P1.3/3; Sls.M4-P1.3/4; Sls.M5-PL3/5), these
being fired in a reducing (Sls.M3, Sls.M4, Sls.M7), mixed (Sls.M5) or incomplete oxidizing
(Sls.M6) atmosphere. The fragments are hard, with a semi-fine and fine surface, being well
finished (Sls.M4, Sls.M5), very well finished (Sls.M3, Sls.M6) or having applied an exterior
ceramic slip (Sls.M7). The interior of the vessels is well smoothed and finished, being identified
two pots (Sls.M3 and Sls.M5) with secondary firing spots that penetrated the vessel’s wall
(Fig.3/aand b), indicating the use of these containers in food preparation with a source of heat.
Two of the vessels have a decoration applied in the upper part, being visible also the traces of
smoothing and finishing of these elements. The wall thickness varies between 7.20-10.02 mm
and the inclusions identified in the ceramic paste are the ceramoclasts, of medium size, with
sub-rounded shape and a frequency of 10-15%.

The category of vessels intended for storage of solid or liquid goods is represented by eight
pots (Sls.M12-P1.3/8; Sls.M8-P1.3/10; Sls.M10-PL3/9; Sls.M13-P1.3/11; Sls.M14-Pl.3/12;
Sls.M15-P1.3/13; Sls.M9-P1.3/15; Sls.M11-PL.3/14) fired in an oxidizing (Sls.M9, Sls.M10,
Sls.M12-Sls.M14) and incomplete oxidizing (Sls.M8, Sls.M11, Sls.M15) atmosphere, resulting in
hard containers. The surfaces of the vessels are semi-fine and very well finished (Sls.M9-
Sls.M11, Sls.M15) or with external ceramic slip (Sls.M8) and semi-coarse that are only well
smoothed (Sls.M12, Sls.M13, Sls.M14). Most of the pots have a decoration applied in the
supramedian area, one of them also having auxiliary elements such as handles (Sls.M10), and
two other vessels are undecorated (Sls.M9, Sls.M11). The wall thickness is between 9.37-12.73
mm and in all fragments are visible ceramoclasts, with medium and large dimensions, sub-
rounded and sub-angular shape, with a distribution of 15-20%. All identified inclusions are well
sorted and homogenized in the clay paste.

From the category of vessels intended for storage and transportation of liquids were
selected six fragments (Sls.M16-P1.4/1; Sls.M19-PL.4/3; Sls.M20-Pl.4/4; Sls.M17-PL.4/2;
Sls.M18-P1.4/6; Sls.M21-PL4/5). Of these, four pots were fired in a reducing environment
(Sls.M16, Sls.M18-M20), one was fired oxidizing (Sls.M17) and one in an incomplete oxidizing
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(Sls.M21) atmosphere. Some of the containers are hard with a fine (Sls.M17, Sls.M21) and semi-
fine (Sls.M19) surface and some are very hard with a semi-fine surface (Sls.M16, Sls.M18,

Sls.M20).

0

Fig. 3. Monteoru vessels from the preparation, serving and consumption functional class with secondary firing
spots from Silistea-Pe Cetdtuie settlement: a-Sls.M3; b-Sls.M5 (Own archive images)

The outer surfaces are very well finished or have applied a ceramic slip (Sls.M18, Sls.M21),
while the interior is finished more carelessly, but well smoothed. The vessels of this functional
category are also decorated by incision (Sls.M16, Sls.M17), but most of them have applied
decoration in the area between the upper volumes (Sls.M18-M21), as well as auxiliary elements
(handles) in the submedian area (Sls.M18, Sls.M21). The wall thickness is between 6.00-7.81 mm,
and the used inclusions are medium-sized ceramoclasts, sub-rounded shape and a distribution
of 10-15%, being well integrated in the clay mass.

The category of multi-purpose vessels is represented by three containers (Sls.M22-P1.4/9;
Sls.M23-P1.4/7; Sls.M24-P1.4/8), these being fired in an oxidizing (Sls.M22) and reducing
(Sls.M23, Sls.M24) environment, resulting in hard vessels. The surfaces of the fragments are
semi-fine and very well finished (Sls.M22, Sls.M23) and fine having applied an exterior ceramic
slip (Sls.M24), the interior being well smoothed and finished. Two of the containers were
decorated in the supramedian area, one with incision (Sls.M23) and the other with embossed
motifs (Sls.M22). The wall thickness is between 5.15-7.70 mm, being visible the medium-sized,
sub-rounded ceramoclasts, with a frequency of 10-15%. Kneading and homogenizing the paste
is very good, resulting only secondary pores.

The macroscopic analysis performed for the two ceramic groups from the Silistea-Pe
Cetdtuie settlement highlighted a series of common aspects related to the pottery
manufacturing in this site. Thus, it was noted that all the vessels were made by the coiling
technique, identified by means of the fine bumps on the inner surfaces or by the joining marks
on the edges of the ceramic fragments. The auxiliary elements (handles) that appear on some
pots were made by modeling and, most of the time, are visible the finishing traces.

The outer and inner surfaces of the vessels are generally very well finished, with no traces
of burnish. In some cases, the ceramic slip appears as an exterior treatment, which has been
identified in all the functional categories of both pottery ensembles. Also, on the cooking pots
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and on the preparation, serving and consumption vessels are visible smudging traces on the
inside, as well as secondary firing spots on the outside, which penetrated the containers wall,
indicating the use of these pots in hot food preparation.

The colors and shades of the vessels are mostly different, but they seem to be more unitary
in the case of Costisa. The chromatic variety of the containers may indicate a poorly controlled
firing which does not allow homogeneous colors. The fact that in no functional class of pottery,
both Costisa and Monteoru, seems to be no connection between the type of vessel and color,
can indicate a firing of the pots together, without preferring a special treatment for certain
functional categories.

In all the studied fragments the ceramoclasts are present as intentional inclusions, and thus
were identified three types of paste for both communities pottery, differentiated according to
their quantity, shape and distribution. Regarding Costisa pottery, the first category, marked
SCCP1 (Silistea-Costisa Paste Category 1) defines a paste with small ceramoclasts, rounded shape
and with a reduced distribution of 5-10%, this being used in the manufacturing of special and
multi-purpose vessels. The second category, SCCP2, includes medium-sized, sub-rounded and
sub-angular ceramoclasts, which have a frequency of 10-15%, being found in the paste of
cooking vessels and in those for transporting and storing liquids. The third category, SCCP3, is
characterized by medium and large ceramoclasts, sub-rounded and sub-angular, with a
distribution of 15-20%, being characteristic for the preparation, serving and consumption
vessels and for the storage of solid and liquid goods pots. In the case of Monteoru pottery, the
first category, marked SMCPI1 (Silistea Monteoru Pasta Category 1) includes small, rounded
ceramoclasts, which have a distribution of 5-10%, being characteristic for the multi-purpose
vessels. The second category, SMCP2, includes medium-sized, sub-rounded and sub-angular
ceramoclasts, with a frequency of 10-15%, being used to make cooking, preparation, serving
and consumption vessels and for those of transportation and storage of liquids. The third
category of paste, SMCP3, is characterized by medium and large ceramoclasts, sub-rounded and
sub-angular, with a frequency of 15-20%, specific to storage vessels.

B. Interdisciplinary analyses

B.1. Microscopical and mineralogical analysis

Optical microscopy performed on Costisa samples (Fig.4/left) showed the presence of
natural minerals from the used clay, such as quartz and mica, but also of intentional inclusions,
such as ceramoclasts. The reused ceramoclasts were also identified in 13 fragments (S1s.C1-C6,
Sls.C9, Sls.C12, Sls.C13, Sls.C15, S1s.C17-C19). The carbonates are visible in five samples (Sls.C9,
Sls.C11, Sls.C13, Sls.C16, Sls.C18) suggesting a low firing temperature that did not allow their
decomposition. Another indication of relatively low firing temperatures is represented by the
traces of organic matter identified in six samples, visible in the form of pores or black lamellae
(S1s.C13-C15, Sls.C17, Sls.C20, Sls.C23). Also, other natural inclusions observed in the ceramic
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paste are represented by iron oxides, that are visible in all fragments, having appreciable
dimensions or being discrete presences.

The Monteoru fragments analysed by optical microscopy (Fig.4/right) contain, as in the
case of Costisa, minerals specific to the raw material, such as quartz, mica and iron oxides,
which in some samples have great dimensions. The ceramoclasts are also present in the paste
of Monteoru pottery, being also identified 14 fragments that contain reused ceramoclasts
(Sls.M1-M3, Sls.M5, Sls.M8-M12, Sls.M14, Sls.M16, Sls.M21, Sls.M23). The organic matter is
observable in six samples (Sls.M2, Sls.Ms, Sls.M9, Sls.M10, Sls.M14, Sls.M22), and the carbonates
in seven fragments (Sls.M5-M7, Sls.M13, Sls.M16, Sls.M19), which suggests relatively low firing
temperatures.

For mineralogical information were made four thin sections, two for Costisa pottery (Sls.C9
- Fig.5/left; Sls.C23 - Fig.5/right) and two for Monteoru pottery (Sls.M2 - Fig.6/left; Sls.M15 -
Fig.6/right). From a geological point of view, on the plateau of the settlement are Quaternary
deposits belonging to the Middle Pleistocene, represented by sands, gravels, boulders and
loessoid deposits. Near the settlement are found Neogene Tortonian sedimentary deposits

made up of sands, marly clays, gypsum and tuffs:s.
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Fig. 4. Optical microscopy for the Costisa (left) and Monteoru (right) ceramic fragments from

Silistea-Pe Cetdtuie settlement (50x magnifications)

15 Geological Map of Romania, Scale 1:200000.
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For all the samples, was highlighted the presence of subangular monocrystalline quartz and
polycrystalline quartz crystals, resulted from pottery firing. In addition, muscovite, plagioclase
feldspars, and hematite aggregates were identified. Moreover, in both samples the presence of
ceramoclasts and main pores resulting from clay kneading is noticeable. In addition, a
limestone lithoclast (S1.C9) and a sandstone (S1.C23) were also identified, all these minerals
corresponding to the geological features of the studied fragments area of provenance.

Following the mineralogical analysis performed for the four pottery fragments, were
obtained some information regarding the clay used in the pottery manufacture. Thus, in this
process was used a local quartz clay with amorphous appearance and semi-oriented texture,
indicating a semi-fine to fine ceramic, in which were added intentional inclusions of

ceramoclast type.

b .‘\ o N S
ion of the Sls.C9 fragment (left): Q-q
plagioclase; L-Limestone lithoclast; Pp-primary pores (a-parallel nicols; b-crossed nicols); Mineralogical section of the

Fig. 5. Mineralogical sect uartz; Mu-Muscovite; Cc-Ceramoclast; Fp-Feldspar

Sls.C23 fragment (right): Q-quartz; Qp-polycrystalline quartz; Mu-Muscovite; Cc-Ceramoclast; Fp-feldspar plagioclase;
Lc-sandstone lithoclast; Pp-primary pores (a-parallel nicols; b-crossed nicols)

Microscopic analysis performed for all ceramic fragments showed the presence of minerals
specific to the raw material, such as quartz, mica and iron oxides. These results were also
confirmed by mineralogical observations, which also highlighted the presence of feldspars and
indicated the use of a local quartz clay. By optical microscopy were identified the reused
ceramoclasts, both in the paste of Costisa and Monteoru vessels. This may indicate an interest
about the integration of broken ceramics in the paste of the new pots, action that could
represent a "recycling mechanism", which also has important technological effects on pottery,
as well as a specific role, representing a way of perpetuating cultural identities and ideas. The
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presence of carbonates and organic matter, which may or may not be intentional, is an
important clue of the obtained firing temperatures, which did not exceed 700-750°C, when the
carbonate type compounds are completely removed from the ceramic paste.

{ ; . =
L 5 o'y Z ] .

Fig. 6. Mineralogical section of the Sls.M2 fragment (left): Q-quartz; Mu-Muscovite (a-parallel nicols; b-crossed
nicols); Mineralogical section of the Sls.M15 fragment (right): Q-quartz; Qp-polycrystalline quartz; Mu-Muscovite;
Ah-hematite aggregates; Cc-ceramoclast; Fp-feldspar plagioclase; Pp-primary pores
(a-parallel nicols; b-crossed nicols)

B.2. SEM-EDX Analysis

The SEM results obtained for the Costisa sample surfaces showed the presence of three
types of microstructural finishes (Fig.7). In the first type were identified a series of very well
finished but not burnished fragments, that have closed pores and mineral granules fully
integrated into the clay mass, having a compact and smooth appearance (Sls.C11+E, Sls.C3I,
Sls.C5I+E, Sls.C6E, Sls.C71, Sls.C8I, Sls.COE, Sls.C11l, Sls.C12E, Sls.C14I+E, Sls.C16l, Sls.C17I+E,
Sls.C21E+1, Sls.C22E, Sls.C23E), belonging to all functional categories. The second type is less
well finished, with relatively smooth surfaces, but where the microgranules are partially
integrated in the clay mass, being visible uneven surfaces. Also, this type of finishing also has
very fine cracks or larger pores resulting from the dislocation of minerals during smoothing.
This category includes most of the fragments analyzed except for the very fine or coarse ones.
Thus, the coarse finish is visible only in three samples (Sls.C2I+E, Sls.C41+E, Sls.C10I+E), where
the surfaces are irregular and the microgranules very well individualized. Also, on the outer
surface of three pots (Sls.C1, Sls.C5, Sls.C17) are visible small black spots associated with carbon
deposits resulted during vessel use near a heat sources.

16 LACIAK et dl., 2019, 427, fig. 4/g-1, 473.
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SEM micrographs for the paste of Costisa fragments showed a good homogeneity, with
microstructural elements incorporated in the clay matrix (Fig.7). In several samples (Sls.C7,
Sls.C9-Sls.C11, Sls.C13, S1s.C16, Sls.C18) the homogeneity is lower, being present large pores and
microgranules that are very well individualizeds. In other two samples (Sls.C15, Sls.C17) are
visible traces of burnt vegetal remains. Also, in some samples are visible compact lamellar
structures, with elongated pores that point out the use of the coiling techniques in vessels
manufacturing (Sls.C4, Sls.C7, Sls.C13, Sls.C17, Sls.C22). However, the vitrification processis was
not identified in any of the samples, indicating that the firing temperatures did not exceed 800-
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Fig. 7. SEM microaphs of the Costisa ceramic fragments (Sls.C1-Sls.C24) from Silistea-Pe Cetdtuie settlement
(200x BSE)

Chemical composition of the Costisa paste samples (Table 1) contains elements specific to
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the raw material, such as silicon, aluminum, phosphorus, magnesium, calcium, potassium,
sodium, iron, titanium, oxygen or carbon, attributed to aluminosilicates, quartz, oxides iron,
feldspars and other mineral components present in clay. The elements that have
archaeometric value and provide a series of data about the nature of the clay used, the firing
temperature and the functionality of the vessels are iron, calcium, phosphorus and carbon. In

17 MANIATIS et al., 1983, 777-778; PALANIVEL, MEYVEL, 2010, 340.

18 PALANIVEL, MEYVEL, 2010, 340.

1s MANIATIS, TITE, 1981, 61; MANIATIS et al, 1983, 777-778; KARAPUKAITYTE et al. 2006, 386-387, Fig. 7-8; VELRAJ et al.,
2009, 731; AMICONE et al., 2020, 14, Fig. 6/f-g.
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connection with the compositional analysis of the ceramic fragments, were investigated four
soil samples from the settlement, two (P1, P2) from the research unit Cas.C 2017-2019 and two
(P3, P4) from the research unit SI11/2017-2018, being used as control samples, representing the
basis for comparison and interpretation of the results obtained following the EDX analysis.

Table 1. The elemental composition of the Costisa ceramic paste from Silistea-Pe Cetdtuie settlement

Elemental Composition in Weight Percent (%)

Costisa  Si Al Mg P Ca K Na Fe Ti o] C Total
Samples

Sls.c1 2355 1028 134 224 251 241 059 500 067 5135 0 100
Sls.C 2 19.29 10.25 149 522 401 176 055 495 066 5182 0 100
Sls.c3 21.81  8.19 1.39 370 288 212 0.74 461 060 5396 0 100
Sls.C 4 2219 9.77 072 299 284 302 041 516 092 5198 0 100
Sls.C5 2136 10.76 1.28 2.77 245 242 056 531 139 5170 O 100
Sls.C6 20.61 8.24 095 3.14 330 345 049 465 139 5377 0 100
Sls.C7 2339 8.87 091 176 2.09 240 059 415 0.65 5458 0.61 100

Sls.c8 16.78 1111 059 636 3.75 2.68 0.29 543 095 5206 O 100
sls.c9 23.45 8.83 .01 259 311 317 0.64 393 087 5200 0.40 100
Sls.c 10 18.09 1040 0.90 491 260 159 0.68 517 055 51.90 3.21 100
sls.c11 20.22 9.96 1.06 346 235 240 042 490 0.72 5275 176 100

Sls.C 12 16.87  9.56 1.26 547 262 2.06 0.67 4.64 043 5642 0 100
Sls.C 13 2191 931 097 246 3.65 258 036 511 082 51.09 175 100
Sls.C 14 2534 8.81 1.38 1.27 523 253 071 397 081 4995 O 100
Sls.C 15 2290  8.27 117 2.07 559 292 066 424 0.76 5142 O 100
Sls.C 16 27.21  9.17 118 070 1.67 235 071 384 073 51.26 118 100
Sls.c17 2595 9.59 1.05 189 133 269 0.80 522 072 5076 O 100
Sls.c 18 16.87 8.80 0.70 1.02 734 243 031 529 0.64 5479 181 100
Sls.c 19 2514 1055 1.82 112 195 2.04 096 487 1.02 5053 0 100
Sls.C 20 2036 9.29 093 350 443 289 036 420 086 5318 0 100
Sls.C 21 22.28  9.69 081 4.26 284 201 055 585 085 5086 0 100
Sls.C 22 2395 10.04 114 114 252 246 057 484 086 5248 0 100
Sls.c 23 1950 1116 0.75 519 167 217 045 567 096 5248 0 100
Sls.C 24 2319  9.60 1.26 162 164 243 0.68 6.18 0.74 5266 O 100

Therefore, the soil analyses will contribute significantly to the interpretation of the results
obtained for the ceramic fragments. Archaeometric elements such as iron, calcium,
phosphorusz and carbon have unitary concentrations (Table 2), which do not exceed 2% in the
case of phosphorus and 3.73% in the case of calcium. The concentration of iron is relatively
constant, between 4.15-5.80%, and that of carbon between 1.07-1.78%.

The iron concentration in the analyzed samples is equal to or exceeds the 4% in all
fragments, suggesting the use of a ferruginous clay, with many iron oxides, visible in macro-

20 BAKKEVIG, 1980, 73-100; KEELEY, 1981, 89-95; KSHIRSAGAR, 1991, 497-500; GOLYEVA et al., 2018, 313; SALISBURY, 2020,
199-211.
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and microscopic analyses. Also, for three fragments (Sls.C14, Sls.C15, Sls.C18) the concentration
of iron is exceeded by that of calcium, which reaches up to 7.33%, an aspect that may indicate
the use of a calcareous clayx or the presence of carbonates. The origin of the calcium
concentration will be investigated by puFTIR analysis.

Table 2. The elemental composition of the soil samples from Silistea-Pe Cetdtuie settlement
(P1, P2-Cas.C 2018/2019; P3, P4-SI112018/2019)
Elemental Composition in Weight Percent (%)

Soil Samples  Si Al Mg P Ca K Na  Fe Ti o] C Total
Soil/P1 2124 9.02 172 080 3.73 250 139 465 095 5293 1.07 100
Soil/P2 22.05 6.67 130 057 372 165 1.02 4.45 045 56.34 1.78 100
Soil/P3 2315 675 1.09 053 372 197 092 416 055 56.74 141 100
Soil/P4 2338 672 115 062 355 1.88 1.00 580 0.67 5392 131 100

The carbon is present in the paste of seven vessels (Sls.C7, Sls.C9-Sls.C11, Sls.C13, Sls.C16,
Sls.C18) indicating a firing temperature that did not exceed 700°C, when this element
disappears from the clay matrix. This aspect was also noticed from the SEM analysis of these
fragments that have a low homogeneity and individualized mineral particles. However, the
firing temperatures will be verified and completed by infrared spectroscopy analysis.

Phosphorus was identified in all fragments, but the 2%2; limit was exceeded in 16 samples,
that have values between 2.06-6.36%. In the category of cooking vessels, phosphorus is present
in all four samples, with values of 2.23% (Sls.C1), 5.21% (Sls.C2), 3.69% (Sls.C3) and 2.90% (Sls.C4),
thus supporting the use of pots in food preparation by boiling. Vessels intended for the
preparation, serving and consumption of food contain, with one exception (Sls.C7), appreciable
phosphorus concentrations starting from 2.59% (Sls.C9), 2.77% (Sls.C5), 3.14% (Sls.C5) .C6),
3.45% (Sls.1), 4.19% (S1s.C10) and reach up to 6.36% (Sls.C8), an aspect that suggests also the use
of these vessels in the food preparation, most likely by boiling. Three storage solid or liquid
goods vessels have in the ceramic paste a phosphorus content of 2.06% (Sls.C15), 2.46% (Sls.C13)
and 5.47% (Sls.C12), which may suggest their use for food boiling, as well as for storage
phosphorus-rich substances. Also, the storage of phosphorus-rich liquids, such as milk or wine,
could also be done in vessels for storage or transportation of liquids, two of the samples from
this functional class having an appreciable concentration of phosphorus, with values starting
from 3.49 % (Sls.C20) and up to 5.19% (Sls.C23). A high concentration of phosphorus was also
identified in the case of the multi-purpose vessel, where the value of this element is 4.26%
(Sls.C21). Also, appreciable concentrations were identified in another study performed for

21 MANIATIS, TITE, 1981, 61; RAVISANKAR et al., 2011, 374.

22 PAPACHRISTODOULOU et al., 2006, 352; NODARI et al., 2007, 4669-4670; RAVISANKAR et al,, 2010a, 189; RAVISANKAR et al,
2010b, 861; VASILACHE et al., 2020, 6.

23 DUMA, 1972, 128; BEARAT, 1994, 67; FREUDIGER-BONZON, 2005, 39; SANTOS RODRIGUES, LIMA DA COSTA, 2016, 297-298.
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Costisa and Monteoru pottery from the Silistea-Pe Cetdtuie site, where important phosphorus
content is present in the case of some preparation, serving and consumption vessels, in a
storage pot, as well as on a multi-purpose container.

The EDX analysis of Costisa vessel surfaces illustrated the presence of elements specific to
the raw material, but also elements resulted from the vessels use. For the containers that have
a ceramic slip (Sls.C10, Sls.C11, Sls.C20, Sls.C22, Sls.C24) were not observed compositional
differences that could indicate the use of other clays for these treatments.

Carbon is an important element that determines the interpretation of vessel functionality.
Since for the Silistea-Pe Cetdtuie settlement we benefit from a series of compositional soil
analyses, and the carbon concentration is on average 1.39%, we take into account the values
which exceed 2% for the ceramic fragments, thus reducing the risk of contamination. Also,
carbon values that are lower than 2%, but have traces of manganese, will be considered, the
combination of elements indicating soot depositszs. Moreover, manganese was not identified
in the soil samples analyses from the settlement, indicating the origin of this element from
vessels use. Manganese has previously been found on the outer surface of three Monteoru
vessels for storage solid or liquid goodszs.

Therefore, carbon is present on the outer surface of the Sls.C1 sample with values of 1.67%.
Although the concentration is below the set limit, the existence of black deposits visible in SEM
micrographs suggests the use of this vessel near a heat source. In the case of Sls.C4 sample, the
2.31% value of carbon was identified on the inner surface, indicating its origin from organic
residues, idea also supported by a series of studieszs that showed the fact that in over 80% of
the cases, ceramic vessels contain organic residues absorbed in the paste.

Both samples (Sls.C1, Sls.C4) are part of the cooking category, and the results obtained
through chemical analysis confirm the use of these vessels for food preparation with a heat
source. From the category of preparation, serving and consumption vessels, carbon was
identified only for the outer surface. The Sls.C5 sample has a carbon content of 10.63%, being
also identified a stain deep in the ceramic surface, which has values of 39.12%, illustrating
certain deposits caused by an organic fuel. The Sls.C7 sample has carbon values of 2.73%, and
Sls.C11 has 0.40%, supplemented by 0.97% manganese, and thus, in this functional class, is
highlighted the use of pots in food preparation with heat source. Also, the presence of carbon
in association with manganese was identified in the category of solid or liquid goods storage
vessels. These elements were identified on the samples Sls.C13 (2.32% C and 1.02% Mn) and
SIs.C17 (0.37% C and 0.51% Mn), which show in the SEM micrographs black spots, indicating,

24 BOLOHAN, 2013b, 41, 53/Annexes 7-8.
25 LACIAK et al., 2019, 427, fig. 4/g-1, 473.
26 BOLOHAN, 2013b, 40, 53/Annexe 7.

27 EVERSHED, 2008, 904.
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also in this case, that some of the containers from this functional class could have been used to
food preparation, most likely by boiling.

Scanning electron microscopy used to study the surfaces of Monteoru ceramic fragments,
highlighted, as in the case of Costisa, three types of finishing (Fig.8). The vessels that have
closed pores, mineral granules fully integrated in the paste with a smooth and compact
appearance, present this treatment exclusively on the outer surfaces (Sls.M2E, Sls.M3E,
Sls.M6E, Sls.M10E, Sls.M19E, Sls.M21E) a characteristic explainable by the accessibility to the
external part of the pots. Coarse finishes give an irregular appearance, having individualized
microgranules and are found mainly on inner surfaces that are more difficult to finish in the
case of storage or transportation liquids vessels (Sls.M16E, Sls.M18E) or have been intentionally
neglected in the case of preparation, serving and consumption vessels (Sls.M4I, Sls.M51). The
rest of the surfaces are semi-fine, well finished, relatively smooth, but with microgranules
partially integrated in the clay matrix, being found in all functional classes. SEM micrographs
for surfaces led to the identification of black spots on the outside of a preparation, serving and
consumption vessel (Sls.M3E), representing a result of carbon deposits caused by the use of the
container near firezs.

Scanning electron microscopy performed on the Monteoru ceramic paste showed a good
homogeneity, with mineral microstructural elements well integrated in the clay mass,
indicating a firing at quite high temperatures (Fig.8). However, no vitrificationz has been
identified in any sample. A low homogeneityso was observed in seven samples (Sls.M5-M7, M13,
M14, M19) where the mineral components are individualized, and in addition, in one sample
(Sls.M16) were visible traces of burnt vegetal fibers. The compact lamellar structures with
flattened pores, which indicate the use of the coiling technique, are visible in seven samples
(Sls.M1, Sls.M2, Sls.M4, Sls.M5, Sls.M11, Sls.M20, Sls.M21), showing also at the microscopic level
the use of this manufacturing pottery method.

As in the case of the Costisa, the chemical composition of the Monteoru samples contains
the same elements specific to clay, such as aluminosilicates, quartz, feldspars, mica and iron
oxides (Table 3).

Iron is present in all analysed samples with values between 3.83% and 11.35% indicating the
use of a ferruginous clays in vessels manufacturing. Also, as in the case of Costisa, were
identified four samples that also have a high calcium content (Sls.M12, Sls.M13, Sls.M17,
Sls.M21) with a maximum value of 6.91%, which may indicate the presence of calcareous clays
or carbonates.

28 LACIAK et al., 2019, 427, fig. 4/g-1, 473.

29 MANIATIS, TITE, 1981, 61; KARAPUKAITYTE et al,, 2006, 386-387, Fig. 7-8; AMICONE et al., 2020, 14, Fig. 6/f-g.
30 MANIATIS et al.,, 1983, 777-778; PALANIVEL, MEYVEL, 2010, 340.

31 MANIATIS, TITE, 1981, 61; NADEAU, TITE, 1987, 242-243.

32 MANIATIS, TITE, 1981, 61; RAVISANKAE et al., 2011, 374.
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The carbon is detected in seven samples (Sls.M5-Sls.M7, Sls.M13, Sls.M14, Sls.M16, Sls.M19)
indicating a firing temperature lower than 700°C, aspect that will be clarified through uFTIR
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Flg 8. SEM mlcrographs for Monteoru ceramic fragments (Sls.M1-Sls.M24) from
Silistea-Pe Cetdtuie settlement (200x BSE)

Phosphorus concentrations exceed 2% in 15 samples, with values between 2.49-5.38%. These
are present in the case of cooking vessels where they have values of 3.53% (Sls.M1) and 2.85%
(S1s.M2) supporting the use of these pots in food preparation by boiling.

The same results were obtained for the vessels intended for preparation, serving and
consumption of food, with the exception of Sls.M5, all other samples having phosphorus values
of 2.59% (Sls.M3), 3.89% (Sls.M4), 4.27% (S1s.M7) and 5.38 % (Sls.M6). In the functional class of
storage solid or liquid goods, are present, statistically, the most numerous representations of
phosphorus. The values start from 2.49% (Sls.M14), 2.81% (Sls.M13), 3.08% (Sls.M11), 3.44%
(Sls.M12), 4.24% (S1s.M9) and reach up to 5.28% ( Sls.M15) suggesting, as in the case of Costisa,
their use both in food preparation and in the storage of phosphorus-rich products. In the case

33 PAPADOPOULOU et al. 2006, 44; PAPACHRISTODOULOU et al,, 2006, 352; NODARI et al., 2007, 4669-4670; BONG et al., 2008,
304; RAVISANKAR et al., 2010a, 189; RAVISANKAR et al., 2010b, 861; AMICONE et al. 2020, 13; VASILACHE et al., 2020, 7.
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of vessels for storage or transportation of liquid, phosphorus was identified in two samples,
having concentrations of 4.44% (Sls.M16) and 5.11% (Sls.M18). These values may be a result of
using these containers to store liquids that are high in phosphorus, such as milk or wine. Also,
this element was identified in the paste of a multi-purpose vessel, with a value of 4.99%
(Sls.M22), indicating a possible cooking function of this container.

Table 3. The elemental composition of the Monteoru ceramic paste from Silistea-Pe Cetdtuie settlement

Elemental Composition in Weight Percent (%)

Monteoru Si Al Mg P Ca K Na Fe Ti 0 C Total
Samples

Sl§. M1 24.59 9.26 132 353 3.06 259 0.71 3.90 0.75 5029 O 100
Sl§. M2 23.79  9.63 0.97 285 236 262 053 4.24 0.73 5228 O 100
Sl§. M3 25.26  9.78 138 259 3.63 3.00 0.66 4.36 0.71 48.63 0 100
51§. M4 2333 9.42 1.01 390 3.04 245 053 437 0.76 5119 O 100
S]§, M5 1556  7.74 1.39 155 278 172 094 4.14 0.68 59.51 3.99 100
S]§, M6 17.17 1086 1.13 538 2,99 233 0.61 4.82 0.82 52.64 125 100
51§. M7 18.86  8.97 0.75 427 3.00 244 040 5.16 0.80 54.60 0.75 100
S]§, M8 25,72 9.62 1.30 155 231 270 0.69 4.27 0.67 5117 O 100
Sl§. M9 20.38  9.79 212 424 272 242 0.63 430 0.70 5270 O 100
S]§, M 10 2453 957 1.30 113 214 2.63 0.79 4.45 0.67 5279 0 100
51§. M11 18.82  8.34 1.34 3.08 319 247 1.00 1135 055 4986 O 100
51§. M12 16.75  8.52 111 345 615 232 0.27 6.49 0.94 54,00 O 100
Sl§. M13 15.36  9.07 1.23 282 505 321 0.67 511 0.74 54.26 2.48 100
51§. M 14 23.47  9.28 1.48 249 285 3.09 0.73 4.56 0.77 51.15 0.13 100
S]§, M 15 17.26 1111 152 528 2.86 1.74 0.47 5.33 1.02 5341 O 100
Sl§. M 16 22.61 8.67 153 444 347 176 0.53 6.48 1.26 48.24 1.01 100
Sl§. M17 25.10 9.47 191 0.78 6.92 2.72 0.70 3.83 0.58 4799 0 100
Sl§. M18 19.62  9.59 0.78 5.12 337 257 047 4.25 0.99 5324 O 100
Sl§. M19 2113  9.82 144 174 1.05 2.00 0.82 4.35 0.58 56.83 0.24 100
Sl§. M 20 25.76  8.89 0.96 1.08 246 240 0.44 4.94 0.77 5230 O 100
51§. M21 22.03 9.87 1.70 156 543 2.43 0.66 4.77 093 5062 O 100
51§. M 22 20.41 10.23 115 499 3.77 259 051 4.80 0.71 5084 0 100
S]§, M 23 22,76 1015 1.47 170 217 2.60 0.60 4.90 0.64 53.01 O 100
Sl§. M 24 24.17 1035 1.08 1.06 195 3.20 0.59 4.87 1.09 5164 O 100

The chemical composition of the surfaces of Monteoru vessels is specific to the raw material
and the vessels that have a ceramic slip (Sls.M7, M8, M18, M21, M24) do not show significant
compositional differences compared to the ceramic paste, indicating the use of the same clay.

Also, as in the case of Costisa, some elements with archaeometric value were highlighted
on the surfaces of Monteoru pottery. Thus, carbon was identified on the exterior of three
samples, having values from 2.50% (Sls.M1), 2.96% (Sls.M11) reaching 4.37% (Sls.M5), as well as
on the inside of the Sls.M13 sample where its values are 2.20%. Carbon and manganese were
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identified on the outer surface of three samples, Sls.M2 (0.32% Mn), Sls.M3 (2.91% C and 0.56%
Mn) and Sls.M14 (0.40% C and 0.63% Mn). These elements have been identified on the surfaces
of cooking pots (Sls.M1, M2), preparation, serving and consumption vessels (Sls.M3, M5) and
on storage solid or liquid goods containers (Sls.M11, M13, M14), used, like the Costisa ones, near
fire.

B.3. uFTIR Analysis

The results obtained with the infrared spectroscopic analysis highlighted the existence of
important similarities in terms of chemical compounds present in the 24 Costisa samples, being
identified some exceptions that will be discussed in detail later (Fig.9).
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Fig. 9. FTIR spectra for the ceramic paste of the Costisa fragments from Silistea-Pe Cetdtuie settlement

The group of Costisa pottery fragments presents in the water region, between 4000-3000
cm™, peaks attributed to OH group (hydroxyl)s: visible between 3405-3120 ¢cm™, and OH
deformationsss at 1513 cm™ and 1630 cm™, resulted from water absorption in the ceramic
samples following the deposition processes or as a result of cleaning the ceramic fragments.

In all analysed samples, kaolinitess (Al,Si,05(0H),) was identified by the small peaks in the
3500-3750 cm™ region. The absence of the ~3700 cm™ peakss and that of the 915 cm™ doubletss
indicate that the vessels were fired at temperatures that exceeded 500-550°C.

31 AROKE et al,, 2013, 45; FORTE et al., 2018, 135.

35 FROST, VASSALLO, 1996, 639; DAMJANOVIC et al., 2011, 826; MANOHARAN et al., 2015, 42; OANCEA et al., 2017, 5085; COSTA
etal., 2017, 563.

36 FROST, VASSALLO, 1996, 639; TIRONIA et al., 2012, 346; CHEN et al., 2015, 30228; OANCEA et al., 2017, 5085.

37 VELRAJ et al., 2009, 731; PALANIVEL, KUMAR, 2011, 201-202; MANOHARAN et al., 2015, 42; Velraj et al., 2015, 936-937.

38 FROST, VASSALLO, 1996, 640; VELRAJ et al., 2009, 731; RAVISANKAR et al., 2010a, 189; MANOHARAN et al., 2015, 42.
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Intense peaks from 2928 cm™ and 2861 cm™ are attributed to organic carbonss, present only
on the inner surfaces of some vessels (Sls.C1, Sls.C3, Sls.C4, Sls.C7, Sls.C9, Sls.C10, Sls.C14,
Sls.C19, Sls.C21). Organic carbon cannot be confused with organic matter which disappears
after 250-300°C40, when carbon dioxide is removed, so its presence is determined by the use of
containers. The burning of organic matter was also highlighted by SEM analysis, where were
visible only traces of vegetal fibers.

The intense peaks in 1300-1500 cm™ region show the presence of carbonatessi, which
indicates that the firing temperatures did not exceed 700-750°C2, above this limit the calcite
decomposess into gehlenite (CaAl,SiO,), diopside (CaMgSi,0s) and anorthite (CaAl,Si,05).
Moreover, in two samples (Sls.C3, Sls.C18) the presence of calcitess was also noticed through
the 2516 cm™ and 884 cm™ peaks. The different appearance of the two samples and the
appreciable calcite content could indicate the use of another source of raw material in the
manufacturing of these containers, aspect partially suggested by the EDX analysis. The lack of
carbonates was noticed in the Sls.C11 and Sls.C24 samples, indicating higher firing
temperatures.

The silicates are very well represented in the 2200-1870 cm™ region attributed to the Si-O
stretchesss of quartz, and the intense peaks from 1983 cm™ and 1869 cm™ are visible in all
samples. Furthermore, the presence of quartzss was also highlighted by the 2219 cm™, 2127 cm”
%1167 cm™ and 1165 cm™ peaks. Another silicate identified in all samples is muscovites
(KALSi,0,,(0H),), visible at 1190 cm™ and 812 cm™. Diopsidess (CaMg[Si,O¢]) is present in all
samples at the 631 cm™ peak. These aluminosilicates are present in the raw clay used for the
pottery manufacture, being also identified through mineralogical analysis.

Other siliceous minerals identified in all samples are represented by feldsparsas at 1784 cm™
' and 1287 cm’, their presence being established by mineralogical investigations. Also, in all

39 COLUMBINI et al., 2005, 85-36; MARITAN et al, 2005, 42; VELRAJ et al., 2009, 731; DAMJANOVIC et al., 2011, 862; KUMAR,
RAJKUMAR, 2014, 35-36; VELRA]J et al., 2015, 936; COSTA et al., 2017, 573.

0 HULAN et al., 2017, 83; ZUMAQUERO SILVERO et al., 2020, 824.

41 NODARI et al., 2007, 4669; RAVISANKAR et al., 2010a, 187; BERZINA-CIMDINA, BORODAJENKO, 2012, 127.

42 MILLER, WILKINS, 1952, 1255; RAVISANKAR et al., 2010a, 189, Table 2/2.

43 PAPACHRISTODOULOU et al., 2006, 352; NODARI et al., 2007, 4669-4670; RAVISANKAR et al., 2010a, 189; RAVISANKAR et
al., 2010b, 861; VASILACHE et al., 2020, 7.

1 KUMAR, RAJKUMAR, 2014, 32.

15 AROKE et al., 2013, 49.

16 VELRAJ et al., 2009, 731; NICULAE, 2011, 38, Table 5.1; PALANIVEL, KUMAR, 2011, 201-202; KUMAR, RAJKUMAR, 2014, 30-
41, Table 2/1; CHEN et al., 2015, 30228 /Table.1.; VELRA] et al., 2015, 936-937; OANCEA et al., 2017, 5085.

47 BARILARO et al., 2008, 273, Table 1; VASILACHE et dl., 2020, 12.

18 NICULAE, 2011, 38, Table 5.1/16; OANCEA et al., 2017, 5085.

19 OANCEA et al., 2017, 5085.
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spectra, the presence of iron oxidesso was showed by the 667 cm™ peaks, coming, like the other
microstructural elements, from the raw material.

The FTIR spectra for the 24 Monteoru fragments have the same bend, showing the presence
of the same chemical compounds in all samples (Fig.10). As in the case of the Costisa samples,
the water region, between 4000-3000 cm™, is well highlighted by the 3424-3236 cm™, 1521 cm™
and 1644 cm™ peaks.
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Fig. 10. FTIR spectra for the paste of Monteoru ceramic fragments from Silistea-Pe Cetdtuie settlement

In all analysed samples was identified the kaolinites: by the 3500-3750 cm™ peaks, most of
the samples being fired at temperatures above 500-550°C. In this regard, were identified two
exceptions (Sls.M3, Sls.M12) where the presence of ~914 cm™ the doublets: indicates a firing
temperature lower than 500-550°C.

Also, in the case of some Monteoru samples, was identified the presence of organic carbonss,
through the small, but intense, peaks at 2948 cm™ and 2856 cm™, visible on the inner surfaces
of seven vessels (Sls.M3, Sls.M4, Sls.M10, Sls.M11, Sls.M12, Sls.M17, Sls.24).

The carbonatess are visible in all samples in the 1300-1500 cm™ region, with one exception
(Sls.M17), indicating firing temperatures below 700-750°Css.

50 RAVISANKAR et al., 2010a, 188; NICULAE, 2011, 38, Table 5.1.

s1 FROST, VASSALLO, 1996, 639; TIRONIA et al., 2012, 346; CHEN et al., 2015, 30228; OANCEA et al,, 2017, 5085.

s2 FROST, VASSALLO, 1996, 640; VELRA]J et al., 2009, 731; RAVISANKAR et al., 2010a, 189; MANOHARAN et al., 2015, 42.

53 COLUMBINI et al., 2005, 85-36; MARITAN et al, 2005, 42; VELRAJ et al., 2009, 731; DAMJANOVIC et al., 2011, 862; KUMAR,
RAJKUMAR, 2014, 35-36; VELRA]J et al., 2015, 936; COSTA et al., 2017, 57.

sa NODARI et al., 2007, 4669; RAVISANKAR et al., 2010a, 187; BERZINA-CIMDINA, BORODAJENKO, 2012, 127.

ss PAPACHRISTODOULOU et al., 2006, 352; NODARI et al., 2007, 4669-4670; BONG et al., 2008, 304; RAVISANKAR et al., 2010a,
189; RAVISANKAR et al., 2010b, 861; AMICONE et al. 2020, 13; VASILACHE et al., 2020, 7.
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Asin the case of the Costisa samples, the silicates are well represented in the specific region,
between 2200-1870 cm™, and through the intense peaks from 1971 cm™, 1868 cm™, 2222 cm™,
2139 cm™ and 1157 cm™. Other silicates identified are muscovite (815 cm™) and diopside (625
cm™). Feldspars were identified at 1786 cm™, 739 cm™ and 672 cm™, and also in all the Monteoru
fragments, are present iron oxides by the 648 cm™ peak.

The SEM-EDX analyses performed enable to highlight some similar characteristics for the
pottery of the two communities. The SEM analysis for the vessel’s surfaces showed the presence
of three finishing types, fine, semi-fine and coarse. Every one of them are found in all functional
categories, both Costisa and Monteoru, aspect noticeable only at the microscopic level,
reflecting partially the macroscopic observations on surface treatments. From a chemical point
of view, no compositional differences were identified between the treatments applied to the
surfaces and the paste, which suggests the use of the same type of clay in the preparation of
the ceramic body and slip, a valid remark for the pottery of both communities. Thus, the
homogeneity of the pasta is in most cases good, with a few exceptions. Also, through the
scanning electron microscopy was confirmed the coiling technique of vessels manufacturing.

On the outer surfaces of some Costisa and Monteoru pots were identified carbon and
manganese deposits. Thus, with the exception of cooking vessels, it appears that certain types
of containers from other functional classes, such as those for preparing, serving and
consumption and those for storage solid or liquid goods, could also be used for food heating or
boiling. Traces of organic carbon were also discovered, showing the presence of absorbed
residues in the ceramic paste as a result of vessels use.

The Costisa and Monteoru ceramic samples analysed through interdisciplinary methods
have important compositional similarities, with some exceptions. Thus, the elements such as
silicon, aluminum, potassium, magnesium and titanium identified by the EDX elemental
analysis come from the aluminosilicates present in the FTIR spectra, which also represent a
confirmation of the mineralogical observations. The analytical results of the Costisa and
Monteoru samples showed that they were manufactured from a ferruginous clay. Regarding
the identified exceptions, the Costisa Sls.C3 and Sls.C18 samples, they suggest the use of a
calcareous clay, indicating as possible the usage of another source of raw material.

Phosphorus is present, in different amounts, on vessels of all functional categories, both
Costisa and Monteoru. The identification of this element indicates the use of vessels for food
preparation or for goods storage, either solid or liquid, that have a high phosphorus content,
which argues and supports the proposed functionality of these containers. The high
concentration of phosphorus in the EDX analyses and the lack of phosphates in the FTIR
spectra, support the provenance of this element from the use of vessels. Moreover, the
secondary firing spots, soot traces and carbon deposits on the surfaces of the pots indicates the

use of these containers near fire.
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By combining of the EDX with FTIR results was highlighted the presence of carbonates in
almost all samples, indicating firing temperatures about 700-750°C. Moreover, for the
Monteoru pottery were identified two samples that were fired at below 500-550°C, and other
four samples (Sls.C11, Sls.C24, Sls.M6, Sls.M17) showed higher temperatures than 700-750°C. In
this respect, the statistical representation of these temperature indicates some accidental
exceptions, most likely caused by the vessels arrangement during firing and do not represent
defining elements in determining temperatures ranges.

Therefore, through the EDX and pFTIR analyses, it was established the use of a local
kaolinitic clay, with a high iron content, which has the same mineralogical and
physicochemical characteristics. Regarding the elements of pyrotechnology, through
interdisciplinary studies it was possible to determine that the pottery of both communities was
generally fired at temperatures between 500/550°C-700/750°C. The various colors of the pots,
the different firing atmosphere and the temperatures reached in this process show that the
vessels firing was most likely done in open fire.

Conclusions

Based on the interdisciplinary analysis, it was possible to obtain important information
about the Middle Bronze Age communities that made and used this pottery. The corroboration
of the data obtained from the macroscopic and physicochemical analyses helped to partially
reconstruct some ancient human behaviors related to the production and use of ceramic
vessels.

The archaeometric analysis performed on the pottery from Silistea-Pe Cetdtuie settlement
led to the identification of some general and particular aspects related to the ceramics of the
two communities from here. The vessels of both ceramic groups were made using the same
technique, being used mainly a local ferruginous clay extracted from the immediate proximity
of the settlement. Moreover, ceramoclasts were used in both pottery assemblages, identifying
three paste categories specific to certain functional classes, both for the Costisa and Monteoru
vessels. Also, in the case of both communities were identified reused ceramoclasts, which could
have a double role, one of a practical and technological nature, as well as a special one, of a
socio-cultural nature.

The macroscopic and compositional results led to the confirmation of some vessels
functionality, such as the cooking ones, as well as to the identification of multiple uses in the
case of preparation, serving and consumption pots and of those for storage solid or liquid
goods.

Regarding the pyrotechnology elements, through interdisciplinary studies it was
established that the Costisa and Monteoru pottery from Silistea-Pe Cetdtuie settlement was fired
at temperatures between 500/550°C-700/750°C. The fact that these temperatures do not
correspond to certain types of vessels, the firing atmosphere is not uniform and the colors of
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the vessels are relatively different, suggests that the vessels of both communities were fired in
pits or on ground.

To conclude, by using the interdisciplinary methods applied in this paper we were able to
demonstrate that no notable differences were found between the pottery of the two
communities. Manufacturing techniques, including the use of the same source of raw material,
finishing treatments and firing technologies are the same, suggesting ordinary contacts
between the Costisa and Monteoru ceramic groups in Silistea-Pe Cetdtuie settlement. Macro-
and microscopic observations, pottery typology, physical characteristics and elementary
compositions suggests the usage of the same technological skills, in order to produce the
pottery needed by the Middle Bronze Age communities from Bistrita river’s basin.

182



Ana DROB, Neculai BOLOHAN, Bogdan RATOI, Sebastian DROB

References

AMICONE, S., RADIVOJEVIC, M., QUINN, P.S., BERTHOLD, C., REHREN, T., 2020.
Pyrotechnological connections? Re-investigating the link between pottery firing technology
and the origins of metallurgy in the Vinca Culture, Serbia. Journal of Archaeological Science 118
(105123), 1-19.

AROKE, U.0., ABDULKARIM, A., OGUBUNKA, R.O., 2013. Fourier-transform Infrared
Characterization of Kaolin, Granite, Bentonite and Barite. Abubakar Tafawa Balewa University
Journal of Environmental Technology 6 (1), 42-53.

BARILARO, D., BARONE, G., CRUPI, V., MAJOLINO, D., MAZZOLENI, P., TIGANO, G., VENUTIL V.,
2008. FT-IR absorbance spectroscopy to study Sicilian “proto-majolica” pottery. Vibrational
Spectroscopy 48, 269-275.

BAKKEVIG, S., 1980. Phosphate analysis in archaeology - problems and recent progress.
Norwegian Archaeological Review 13 (2), 73-100.

BEARAT, H., DUFOURNIER, D., 1994. Quelques expériences sur la fixation du phosphore par les
céramiques. Revue d’archéométrie 18, 65-73.

BERZINA-CIMDINA, L., BORODAJENKO, N., 2012. Research of Calcium Phosphates Using Fourier
Transform Infrared Spectroscopy. In: Theopanides T., (Ed.), Infrared Spectroscopy: Materials
Science, Engineering and Technology, IntechOpen, 123-148. London.

BOLOHAN, N., 2003. Recent Discoveries Belonging to Early/Middle Bronze Age in Central
Moldavia. Arheologia Moldovei XXV1 (2003-2004) 195-206.

BOLOHAN, N., 2010. “All in one”. Issues of Methodology, Paradigms and radiocarbon Datings
Concerning the Outer Eastern Carpathian Area. In: Bolohan, N., Matau, F., Tencariu, A.-F. (eds.),
Signa Praehistorica. Studia in honorem magistri Attila LdszI6 septuagesimo anno. Honoraria, 9, Editura
Universitatii ,,Alexandru loan Cuza” din lasi, 229-244. lasi.

BOLOHAN, N., 2013a. Preliminary notes concerning Middle Bronze Age analysis from Costisa-
Cetatuia, Neamt County. Studia Antiqua et Archaeologica XIX, 199-239.

BOLOHAN, N., 201b3. On clay and pots in the Middle Bronze Age. A case study from Silistea-,,Pe
Cetdtuie”, Neamt County. In: Rezi, B., Németh, R.E., Berecki, S. (Eds.), Bronze Age crafts and
craftsmen in the Carpathian Basin, Proceeding of the International Colloquium from Tdrgu Mures, 5-7
October 2012, BMM V1, Editura Mega, 33-56. TArgu Mures.

BOLOHAN, N., 2016. Settlement system during Middle Bronze Age in the south-western area of
the Cracidu-Bistrita basin, eastern Romania. In: Gogiltan, F., Cordos, C. (eds.), Prehistoric
Settlements: social, economic and cultural aspects. Seven studies in the Carpathian area, Editura Mega,
73-86. Cluj-Napoca.

183



Same or different? Interdisciplinary analyses on the Costisa and Monteoru pottery from Silistea-Pe Cetdtuie settlement

BOLOHAN, N., MUNTEANU, R.E., 2001. Sat Silistea, com. Romani, jud. Neamt. In: Cavruc, V.,
Dumitroaia, Gh. (Coord.), Cultura Costisa in contextul Epocii Bronzului din Romdnia, Editura

=7

,Constantin Matasa”, 47-50. Piatra-Neamt.

BOLOHAN, N., CRETU, C., 2004. Recent discoveries belonging to Early/Middle Bronze Age in
Central Moldova. In: Niculit3, 1., Zanoci, A., Bit, M. (eds.), Thracians and Circumpontic World, 1,
Cartdidact, 55-76. Chisindu.

BOLOHAN, N., GAFINCU, A., 2017. Raport de cercetare arheologica sistematicd. Santierul
arheologic Silistea-Pe Cetdtuie, jud, Neamt. Campania iulie 2017, Manuscript.

BOLOHAN, N., GAFINCU, A., 2018. Raport de cercetare arheologica sistematicad. Santierul
arheologic Silistea-Pe Cetdtuie, jud, Neamt. Campania 5-19 iulie 2018, Manuscript.

BOLOHAN, N., GAFINCU, A., DROB, A., 2019. Raport de cercetare arheologicd sistematica.
Santierul arheologic Silistea-Pe Cetdtuie, jud, Neamt. Campania 13-27 iulie 2019, Manuscript.

BONG, W.S.K., MATSUMURA, K., NAKAL I., 2008. Firing Technologies and Raw Materials of
Typical Early and Middle Bronze Age Pottery from Kaman-Kalehdyiik: A Statistical and
Chemical Analysis. Anatolian Archaeological Studies XV1I, 295-311.

CHEN, Y., ZOU, C., MASTALERZ, M., HU, S., GASAWAY, C., TAO, X., 2015. Applications of Micro-
Fourier Transform Infrared Spectroscopy (FTIR) in the Geological Sciences—A Review.
International Journal of Molecular Sciences 16, 30223-30250.

COLUMBINI, M.P., GIACHI, G., MODUGNO, F., RIBECHINI, E., 2005. Characterisation of organic
residues in pottery vessels of Roman age from Antinoe (Egypt). Microchemical Journal 79, 83-90.

COSTA, T.G., CORREIA, M.D. DE M., REIS, L.B., DOS SANTOS, S.S., MACHADO, ]J.S., BUENO, L., DA
SILVA MULLER, 1., 2017. Spectroscopic characterization of recently excavated archaeological
potsherds of Taquaea/Itararé tradition from Tobias Wagner site (Santa Catarina-Brazil). Journal
of Archaeological Science: Reports 12, 561-568.

DAMJANOVIC, L., HOLCLAJTNER-ANTUNOVIC, 1., MIOC, U.B., BIKIC, V., MILOVANOVIC,
RADOSAVLKEVIC D., EVANS, 1., 2011. Archaeometric study of medieval pottery excavated at
Stari (old) Ras, Serbia. Journal of Archaeological Science 38, 818-828.

DROB, A., 2019. Analiza arheometrica a unui lot de olirie din epoca bronzului. Studiu de caz:
Silistea-Pe Cetdtuie. Analele Stiintifice ale Universitdtii ,,Alexandru Ioan Cuza” din lasi-Seria Istorie
S.N., Istorie LXV, 197-214.

DROB, A., 2021. Studiul interdisciplinar a unor fragmente ceramice din epoca bronzului. In: 1.
G. Sandu, I. Sandu (eds.) Euroinvent International Workshop 13th edition, Scientific, Technological and
Innovative Research in Current European Context. Scientific Inquiries through Elective Elaborations, 21
May 2021, Editura Pim, 251-275. Iasi.

184



Ana DROB, Neculai BOLOHAN, Bogdan RATOI, Sebastian DROB

DROB, A., VASILACHE, V., BOLOHAN N., 2021. The Interdisciplinary Approach of Some Middle
Bronze Age Pottery from Eastern Romania. Applied Sciences 11, 4885.

DROB, A., 2021. Analiza interdisciplinard a oldriei din asezirile bronzului mijlociu din bazinul
Bistrisei. PhD Thesis, Faculty of History, ”Alexandru loan Cuza” University of Iasi. Iasi.

DUMA, G., 1972. Phosphate Content of Ancient Pots as Indication of Use. Current Anthropology
13 (1), 127-130.

EVERSHED, R.P., 2008. Organic residue analysis in archaeology: The archaeological biomarkers
revolution. Archaeometry 50 (6), 895-924,

FORTE, V., CESARO, S.N., MEDEGHINI, L., 2018. Cooking traces on Copper Age pottery from
central Italy: An integrated approach comparising use wear analysis, spectroscopic analysis
and experimental archaeology. Journal of Archaeological Science: Reports 18, 121-138.

FREUDIGER-BONZON, ]., 2005. Archaeometrical study (petrography, mineralogy and chemistry) of
Neolithic Ceramics from Arbon Blieche 3 (Canton of Thirgau, Switzerlnad), Thése, Faculté des Sciences
de I"Université de Freibourg. Suisse.

FROST, R.L., VASSALLO, A.M., 1996. The dehydroxylation of the kaolinite clay minerals using
infrared emission spectroscopy. Clays and Clay Minerals 44 (6), 635-651.

GASAWAY, C., MASTALERZ, M., KRAUSE, F., CLARKSON, C., DEBUHR, C, 2017. Applicability of
Micro-FTIR in Detecting Shale Heterogenity. Microscopy 265(1), 60-72.

GOFFER, Z., 2007. Archaeological Chemistry. Second Edition, A John Wiley & Sons INC. New Jersey.

Geological Map of Romania, Scale 1:200000. Editura Institutului Geologic al Roméaniei, Romania,
1968. Bucuresti.

GOLYEVA, A., KHOKHLOVA, 0., LEBEDEVA, M., SHCHERBAKOV, N., SHUTELEVA. I., 2018.
Micromorphological and Chemical Features of Soils as Evidence of Bronze Age Ancient
Anthropogenic Impact (Late Bronze Age Muradymovo Settlement, Ural Region, Russia).
Geosciences 3, 313.

HULAN, T., TRNIK, A., KALJUVEE T., UIBU, M., STUBNA, L., KALLAVUS, U., TRAKSMAA, R., 2017.
The study of firing of a ceramic body made from illite and fluidized bed combustion fly ash.
Journal of Thermal Analysis and Calorimetry 127, 79-79.

KARAPUKAITYTE, A., PAKUTINSKIENE, I., TAUTKUS, S., KAREIVA, A., 2006. SEM and EDX
characterization of ancient pottery. Lithuanian Journal of Physics 46 (3), 383-388.

KEELEY, H.C.M., 1981. Recent work using soil phosphorus analysis in archaeological
prospection. ArchéoSciences 5, 89-95.

185



Same or different? Interdisciplinary analyses on the Costisa and Monteoru pottery from Silistea-Pe Cetdtuie settlement

KSHIRSAGAR, A., 1991. Soil Phosphorus Distribution Within Human Activity Areas At Kuntasi.
Bulletin of the Deccan College Research Institute 51-52, 497-500.

KUMAR, R.S., RAJKUMAR, P., 2014. Characterization of minerals in air dust particles in the state
of Tamilandu, India through FTIR Spectroscopy. Infrared Physics & Technology 67, 30-41.

EACIAKA, D., BOROWSKIB, M.P., EYDZBA-KOPCZYNSKAC, B., BARONA, J., FURMANEKA, M.,
2019. Archaeometric characterization and origin of black coatings on prehistoric pottery.
Geochemistry 79 (3), 453-466.

MANIATIS, Y., TITE, M.S., 1981. Technological Examination of Neolithic - Bronze Age Pottery
from Central and Southeast Europe and from the Near East. Journal of Archaeological Science 8,
59-76.

MANIATIS, Y., SIMOPOULOS, A., KOSTAKIS, A., PERDIKATSIS, V., 1983. Effect of reducing
atmosphere on minerals and iron oxides developed in fired clays: the role of Ca. Journal of the
American Ceramic Society 66 (11), 773-781.

MANOHARAN, S.P., VENKATACHALAPATHY, R., VASANTHI, S., DHANOPANDIAN, S.,
VEERAMUTHU, K., 2015. Spectroscopic and rock magnetic studies on some ancient Indian
pottery samples. Egyptian Journal of Basic and Applied Sciences 2, 39-49.

MARITAN, L., MAZZOLI, C., NODARI, L., RUSSO, U., 2005. Second Iron Age grey pottery from Este
(northeeastern Italy): study of provenance and technology. Applied Clay Science 29, 31-44.

MILLER, F.A., WILKINS, C.H., 1952. Infrared Spectra and Characteristic Frequencies of Inorganic
Ions. Their Use in Qualitative Analysis. Analytical Chemistry 24 (8), 1253-1294.

NADEAU, P.H., TITE, J.M., 1987. Transmission electron microscopy. In: M.J. Wilson (Ed.) A
handbook of determinative methods in clay minerals, Blackie & Son Ltd, 209-247. New York.

NICULAE, M.D., 2011. Sistem integrat pentru stabilirea identitatii probelor ceramice. PhD
Thesis, ,,Dunidrea de Jos” University of Galati, Galati.

NODARI, L., MARCUZ, E., MARITAN, L., MAZZOLI, C., RUSSO, U., 2007. Hematite nucleation and
growth in the firing of carbonate-rich clay for pottery production. Journal of the European
Ceramic Society 27, 4665-4673.

OANCEA, A.V., BODI, G., NICA, V., URSU, L.E., DROBOTA, M., COTOFANA, C., VASILIU, A.L.,
SIMIONESCU, B.C., OLARU, M., 2017. Multi-analytical characterization of Cucuteni pottery.
Journal of the European Ceramic Society 37, 5079-5098.

ORTON, C., TYRES, P., VINCE, A., 1993. Pottery in archaeology. Cambridge University Press.
London.

186



Ana DROB, Neculai BOLOHAN, Bogdan RATOI, Sebastian DROB

PALANIVEL, R., MEYVEL, S., 2010. Microstructural and microanalytical study - (SEM) of
archaeological pottery artifacts. Romanian Journal of Physics 55 (3-4), 333-341.

PALANIVEL, R., KUMAR, U.R., 2011. Thermal and spectroscopic analysis of ancient potteries.
Romanian Journal of Physics 56 (1-2), 195-208.

PAPACHRISTODOULOU, C., OIKONOMOU, A., IOANNIDES, K., GRAVANI, K., 2006. A study of
ancient pottery by means of X-ray fluorescence spectroscopy multivariate statistics and
mineralogical analysis. Analytica Chimica Acta 573-574, 347-353.

PAPADOPOULOU, D.N., LALIA-KANTOURI, M., KANTIRANIS, N., STRATIS, J.A., 2006. Thermal
and mineralogical contribution to the ancient ceramics and natural clays characterization.
Journal of Thermal Analysis and Calorimetry 8 (84) 1, 39-45,

POPESCU, A.D, BAJENARU, R., 2008. Rivalries and conflicts in the bronze age: two contemporary
communities in the same space. Dacia N.S. LII, 5-22.

PREHISTORIC CERAMICS RESEARCH GROUP, 2010. The study of prehistoric pottery: General policies
and guidelines for analysis and publication. 3" Edition Revised. Wessex.

RAVISANKAR, R., KIRUBA, S., SHAMIRA, C., NASEERUTHEEN, A., BALAJI, P.D., SERAN, M., 2011.
Spectroscopic techniques applied to characterization of recently excavated ancient potteries
from Thruverkadu Tamilandu, India. Microchemical Journal 99, 370-375.

RAVISANKAR, R., KIRUBA, S., CHANDRASEKERAN, A., SENTHILKUMAR, G., MAHESWARAN, C.,,
2010b. Analysis on ancient potteries of Tamilandu, India by spectroscopic techniques. Indian
Journal of Science and Technology 3 (8), 858-862.

RAVISANKAR, R.,KIRUBA, S., ESWARAN, P., SENTHILKUMAR, G., CHANDRASEKARAN, A., 2010a.
Mineralogical Characterization Studies of Ancient Potteries of Tamilnadu, India by FT-IR
Spectroscopic Technique. E-Journal of Chemistry 7(S1), S185-S190.

RICE, P.M., 1987. Pottery Analysis: a Sourcebook. University of Chicago Press, Chicago.

RYE, 0.S., 1981. Pottery Technology. Principles and reconstruction. Manuals on Archaeology,
Taraxacum. Washington.

SANDU, L., COTIUGA, V., SANDU, A. V., CIOCAN, A.C., OLTEANU, G.I., VASILACHE, V., 2010. New
archaeometric characteristics for ancient pottery identification. International Journal of
Conservation Science 1 (2), 75-82.

SANTOS RODRIGUES, S.F., LIMA DA COSTA, M., 2016. Phosphorus in archaeological ceramics as
evidence of the use of pots for cooking food. Applied Clay Science 123, 224-231.

SALISBURY, R.B., 2020. Advances in Archaeological Soil Chemistry in Central Europe.
Interdisciplinaria Archaeologica XI (2), 199-211.

187



Same or different? Interdisciplinary analyses on the Costisa and Monteoru pottery from Silistea-Pe Cetdtuie settlement

SHEPARD, A. 0., 1954. Ceramics for archaeologists. Carnegie Institution of Washington.
Washington DC.

TIRONIA, M.A. TREZZA, IRASSARA, E.F., SCIANB, A.N., 2012. Thermal treatment of kaolin: effect
on the pozzolanic activity. Procedia Materials Science 1,343 - 350.

VASILACHE, V., SANDU, L, ENEA, S.C., SANDU, L.G., 2014. Determindri ceramografice pe loturi
din siturile Costesti si Giurgesti. In: Boghian, D., Enea, S.C., Igndtescu, S., Stanc, S.M. (eds.),
Comunitdtile cucuteniene din zona Targului Frumos: cercetdri interdisciplinare in siturile de la Costesti
si Giurgesti, Editura Universitatii ,,Alexandru loan Cuza”, 138-147. lasi.

VASILACHE, V., KAVRUK, V., TENCARIU, F.A., 2020. OM, SEM-EDX, and micro-FTIR analysis of
the Bronze Age pottery from the Bdile Figa salt production site (Transylvania, Romania).
Microscopy Research and Technique 83 (6), 1-14.

VELRAJ, G., JANAKI, K., MUSTAFA, A.M., PALANIVEL, R., 2009. Estimation of firing temperatures
of some archaeological pottery sherds excavated recently in Tamilandu, India. Spectrochimica
Acta A 72, 730-733.

VELRAJ, G., TAMILARASU, S., RAMAYA, R., 2015. FTIR, XRD and SEM-EDS studies of
archaeological pottery samples from recently excavated site in Tamil Nadu, India. Material
Today: Proceedings 2, 934-942.

ZUMAQUERO SILVERO, E., GILABERT ALBIOL, J., DIAZ-CANALES, E.M., VENTURA VAQUER, MJ.,
GOMEZ-TENA, M.P., 2020. Application of Evolved Gas Analysis Technique for Speciation of
Minor Minerals in Clays. Minerals 10 (9), 824.

© 2022 by the authors; licensee Editura Universitatii Al. I. Cuza din Iasi. This article is an
@ @ @ open access article distributed under the terms and conditions of the Creative Commons by

Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

188



Ana DROB, Neculai BOLOHAN, Bogdan RATOI, Sebastian DROB

N

a R b
PE “’\f’f\

\2 HARGIITA

Vs - zﬂ \
\\C,/\\_m)v P \\flvf/\ﬂ ‘KJMNJW

BACAU

N

C ks 027555 1 165 22

A Silistea, Pe Cetituie
Hidrography of Bistrita catchment
~~— Tributary rivers
A~ Bistrita
(7% Limits of Bistrita river basin
DEM (m)

- High" 1864

- Low : 137
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the Digital Elevation Model (SRTM 90, ARCGIS 10.6.1)

189



Same or different? Interdisciplinary analyses on the Costisa and Monteoru pottery from Silistea-Pe Cetdtuie settlement

/& I8 v
W /s®\

Q4 @ H,A Q@ /s

\N® /] Ve 1,
\@ /.

Pl. 1. Costisa pottery from Silistea-Pe Cetdtuie settlement: 1-4 Cooking vessels;

5-11 Preparation, serving and consumption vessels (Own archive images)
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Pl. 2. Costisa pottery from Silistea-Pe Cetdtuie settlement: 1-6 Storage solid and liquid goods
vessels; 7-11 Vessels for storage and transportation of liquids; 12 Special purpose vessel; 13

Multi-purpose vessel (Own archive images)
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Pl. 3. Monteoru pottery from Silistea-Pe Cetdtuie settlement: 1-2 Cooking vessels;
3-7 Preparation, serving and consumption vessels;

9-15 Storage solid and liquid goods vessels (Own archive images)

192



Ana DROB, Neculai BOLOHAN, Bogdan RATOI, Sebastian DROB

\Nw /)

—
0

3em

o /X

—_—
3em 0 3em

a» aw

1 ¢
9 1

Pl. 4. Monteoru pottery from Silistea-Pe Cetdtuie settlement: 1-6 Vessels for storage and

transportation of liquids; 7-9 Multi-purpose vessels (Own archive images)
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