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ABSTRACT  

The technological parameters of representative pottery  samples attributed to Precucuteni (5050-4600 cal BC) 
and Cucuteni (4600-3500 cal BC) cultures identified at T©rpeἨti (NeamἪ County, Eastern Romania) were 
determined using a complex archaeometric approach. The site is located in the north -eastern part of the 
present-day Romania occupying a small plateau situated in a hilly region.  In order to evaluate the raw 
materials and the firing process we have used optical microscopy (OM), X-ray powder diffraction (XRPD)  
and magnetic measurements. Further on, the XRPD data were statistically treated using hierarchical cluster 
analysis (HCA) taking into account po sition and peak intensity, the Euclidian distance as metric and the 
average linkage method as a linkage basis for gaining  a more refined estimation  of the mineralogical 
transformations induced by the firing process and for defining homogenous group of samp les. Based on the 
multivariate statistical analysis we could determine the most representative sample from each group, which 
was disccussed separately in order to identify  the specific mineral phases responsible for the separate 
grouping.  In addition, the mineralogical tran sformation s were investigated by measuring the magnetic 
properties, especially the major hysteresis loop (MHL) of the pottery samples. All  the Precucuteni pottery 
falls within the same group with some of the Cucuteni pottery samples due t o the similar firing temperature 
range, while the other group containes only Cucuteni A  pottery which were exposed to a higher 
temperature. Besides the similarities in the firing regime, our results revealed afinities in the raw material 
selection and processing between the Precucuteni pottery and some of the Cucuteni samples. 
 
 
 
 

KEYWORDS: pottery, Cucuteni , Precucuteni, firing technology, optical , XRPD, magnetic properties 



94 F. MŃ§ŃU et al. 

 

Mediterranean Archaeology and Archaeometry, Vol. 19, No 3, (2019), pp. 93-104 

1. INTRODUCTION  

The technological choices made by the potters are 
not only reflecting the various sequences involved in 
the vessel manufacture, but also helps to further a s-
sess the cultural and social milieus.  Therefore, the 
material qualities of potteries like color, texture,  clay 
processing, and the addition of various inclusions or 
the estimation of firing temperature can be used to 
infer the technological abilities of the prehistoric ar-
tisans. 

For determining the technological features like 
porous, mineral and amorphous pha ses, texture and 
the orientation of grains and aggregates various 
combinations of analytical techniques such as optical 
microscopy (OM), Scanning Electron Micro scopy 
(SEM), Raman Spectroscopy, X-ray Powder Diffra c-
tion (XRPD), thermal analysis (TGA), Fourier trans-
formed infrared sspectroscopy (Ibrahim, Mohamed, 
2019; Antonelli et al., 2018; Panagopoulou et al., 
2018; Javanshah, 2018; Abdel Rahim, 2016) or the use 
of magnetic methods (Chudin et al., 2019) are availa-
ble.  

The investigation of the pottery assemblages rep-
resents a focal point  in the archaeological debate re-
garding the social, economic and symbolic transfor-
mations specific to the Chalcolithic period in South -
Eastern Europe. One of the most intriguing subjects 
when analysing European prehistor y is perhaps the 
Cucuteni-Trypillia civilization (5 th ð 4th millennia BC) 
which extended over the present-day eastern part of 
Romania, Republic of Moldavia, to the south of 
Ukraine. It displays features common to Chalcolithic 
period in South -Eastern Europe, such as layered 
sites, long-term settlements, large dwellings with 
abundant inventories, as well as richly and specif i-
cally decorated pottery.  

The present study aims to identify the main tec h-
nological parameters of the Precucuteni and Cu-
cuteni A pottery identified at T©rpeἨti -R©pa lui Bodai 
in order to assess the degree of variability manifest-
ed between Precucuteni and Cucuteni ware and 
among various production sites. We infer the main 
characteristics of the raw materials used, and show a 
correlation betw een pottery composition and the 
estimated equivalent firing temperature, combining 
macroscopic observations with mineralogical and 
petrographic analysis using polarized light micro s-
copy (OM), X-ray powder diffraction (XRPD) and 
magnetic properties analysis. This research is part of 
a more systematic archaeometric study focused on 
identifying the technological features of the Cucuteni 
pottery  (Matau et al., 2013a; 2013b; Salaoru et al., 
2013; Matau et al., 2014; Tencariu et al., 2018).  

OM is very useful for  evaluating the type of raw 
materials used and for dif ferentiating between vari-

ous technical recipes followed to make the ceramics 
(from shaping to firing) (Degryse, Braekmans , 2017). 
Among the numerous techniques used to determine 
the firing temperature, X-ray powder diffraction 
(XRPD) occupies a forefront position due to its abi l-
ity to identify the newly formed crystalline phases in 
the ceramics (Heimann , 2017). Although not yet e x-
tensively used for evaluating  the mineralogical 
transformations induced by the firing process, the 
hysteresis measurements are very suitable for infer-
ring the magnetic domain state and related grain 
size of the magnetic minerals (Jordanova et al., 2019 
with references therein). 

When trying to reveal the firing process of the 
prehistoric  pottery the most important parameters 
are the heating rate and the length of exposure time 
to heat (soaking time). Accordingly, the evaluation 
of the firing temperature is considered as the equiva-
lent firing temperature, which may not correspond 
exactly with the firing temperature set initially 
(Gosselain, 1992; Livingstone Smith, 2001). 

2. ARCHAEOLOGICAL BACKG ROUND  

The terminology used to designate this civiliz a-
tion is influenced by different research traditions 
which tends to follow modern regiona l traditions 
and political divisions ð Ariuѽd for the Transylvanian 
variant (in Hungarian, Erºsd), Cucuteni for the pr e-
sent-day eastern part of Romania, Trypillia for the 
sites located in Ukraine (in Russian, Tripolye). Rus-
sian and Ukrainian archaeologists considers 
Trypillia as one culture with several phases, while 
Romanian archaeologists describe Precucuteni, Cu-
cuteni, and HorodiἨtea-Erbiceni as three different 
civilizations with various phases: Precucuteni is 
equivalent to Trypillia A, Cucuteni (A, A -B, and B) 
to Trypillia BI -CI and Horodi Ἠtea-Erbiceni to 
Trypillia CII (Lazarovici , 2010 with references there-
in). Radiocarbon dates for settlements attributed to 
Precucuteni and Cucuteni communities located in 
the eastern part of present-day Romania covers a 
large timespan from c. 5050-3500 cal BC (Mantu, 
1998; Lazarovici, 2014). 

Most of our knowledge concerning the Precu-
cuteni and Cucuteni ware is based on stylistic and 
typological analysis, while the pottery funct ion (Bodi, 
Solcan, 2010) was only recently  addressed. The tech-
nological characteristics of the Cucuteni pottery 
were evaluated for inferring the firing process and 
the related mineralogical transformations (Ionescu, 
Hoeck, 2011; 2012; Matau et al., 2013a; 2013b; Matau 
et al., 2014; Oancea et al., 2017), the type of pigments 
(Stos-Gale, Rook, 1981; Niculescu et al., 1982; P©ntea, 
1984; Burghelea et al., 2003; Constantinescu et al., 
2005; 2007; Bugoi et al. 2008; Olaru, 2008; Buzgar et 
al. 2010a; 2010b; Grńmńticu et al., 2010; Boldea et al. 
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2013; Buzgar et al., 2013), or the composition of the 
raw materials (Chiribu Ἢń, 1979; Sandu et al., 2010; 
G©Ἢń, 2000; Boghian et al., 2015a; 2015b; Bodi et al., 
2015). The cha´ne op®ratoire of the Cucuteni pottery 
and the relationship between pottery production and 
the development of social complexity was invest i-
gated in the seminal work of L. Ellis (1980; 1984). In 
comparison, only one study was dedicated to the 
archaeometrical analysis of the Precucuteni pottery 
(Ellis, 2005). 

T©rpeἨti is the only site comprising successive 
habitation layers of Precucuteni and Cucuteni A 
phases that was entirely investigated (Marinescu-
B´lcu, 1981). The site is located in north-eastern Ro-
mania, in a hilly region, on the middle  terrace of the 
left shore of TopoliŤa River (Fig. 1). The small plat-
eau (about 5000 sqm) inhabited in prehistory ove r-
looks the valley above the southern stepped slope 
and has a slow descent towards north (Marinescu-
B´lcu 1962, p. 235). 

 

Figure 1. Map showing the spatial distribution of the Cucuteni -Trypillia civilization with location of the T©rpeѽti site  
(Map image is the intellectual property of Esri and is used herein under license. Copyright É 2019 Esri and its licensors. 

All rights reserved)  

Systematic researches, conducted in 1959-1965 
and in 1968, were initiated by  Vladimir Dumitrescu 
and were continued  by Silvia Marinescu -B´lcu. The 
later processed the field data and published a con-
sistent monograph of the site (Marinescu-B´lcu, 
1981). With th e 3200 sqm excavated during the seven 
years of systematic investigations, T©rpeĺti stands 
out as one of the largest and best-documented ar-
chaeological project on a Chalcolithic site of the area 
(Marinescu-B´lcu, 1981). The archaeological data is 
complemented by the interdiscipli nary approach 
offering valuable paleo -environmental insights  
(Marinescu-B´lcu et al., 1981). 

The span of time documented by the archaeologi-
cal deposit is rather impressive: the oldest horizon is 
attributed to the Linear pottery culture, followed by 
two Precucuteni occupation layers, one Cucuteni A, 
scarce Cucuteni A-B, and Cucuteni B remains. Later 
on, the site was used as a cemetery, several Early 
Bronze Age tombs being unearthed during the sys-
tematic research; another settlement existed here 
during the 2 ndð 3rd centuries AD, while the latest m a-
terials dates to the 6th -7th centuries AD (Marinescu -
B´lcu, 1974). For one of the Precucuteni occupational 
layers (Precucuteni III) one radiocarbon date is 
available which falls within 4376  Ñ80 cal BC (Mantu, 
1998). 
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The cultural layers of interest - Precucuteni and 
Cucuteni - constitute the most consistent deposits. In 
the first Chalcolithic layer, several hearths and pits 
were discovered, while in the second layer (also 
Precucuteni) ten wattle-and-daub structures and a 
defence ditch were outlined. Most of the ceramics 
from the Precucuteni layers is in fragmentary state, 
collected usually from the outer area of the stru c-
tures. Among the identified shapes there are globu-
lar vessels, stemmed bowls, standing pots, orna-
mented with a wide variety of techniques: notches, 
impressions, grooves, projections, incision, excision 
and rarely the red paint applied before burning 
(Marinescu-B´lcu, 1974). 

As regards the Cucuteni A layer, another 17 
dwellings and a ditch delimiting the settlement were 
investigated. The ceramic inventory is qui te impres-
sive, containing the usual earthenware characteristic 
to this period: from the simplicity of cups, pedes-
taled bowls, lids, biconical vessels, to the complex 
form of wide opened stemmed bowls, sup ply vessels 
or clay spoons. A wide variety of decoration tech-

niques were in use: by incision, painting, projections, 
impressions, and sometimes combinations between 
these decorative styles (Marinescu-B´lcu, 1981). 

The impressive stratigraphic sequence with sever-
al layers dating from the Neolithic to the  Early M e-
dieval Period, as well as the wide area of the excava-
tions and the thorough publication transformed this 
site in an important marker for evaluating the cul-
tural interactions and technological abilities of var i-
ous communities, which settled  in the eastern part of 
Romania throughout this timespan . 

3. MATERIALS AND METHOD S  

For the present study,  we have selected 17 pottery 
samples (Figure 2) which are typologically and st y-
listically representative for the Precucuteni (11 sam-
ples labelled TRP_PREC) and Cucuteni A  ware (6 
samples labelled TRP_CUC-A) identified within the 
site. All the pottery fragments were chosen from 
known stratigraphic units.  

 

 

Figure 2. Precucuteni and Cucuteni pottery samples selected from T©rpeѽti archaeological site  

 

The pottery samples were cleaned with distilled 
water in an ultrasonic bath, and then we have cut 
small slices across the ceramic wall for petrographic 
thin -section analysis using a Meiji ML9430 micro-
scope and following the description system suggest-
ed by I. Whitbread (Whitbread , 2017 with references 
therein) and modified by P. S. Quinn (Quinn , 2013). 

The phase composition was determined using a 
Shimadzu XRPD 6000 diffractometer using CuKȀ 
radiation (Ȋ=1.54059 ¡) in reflection mode. A small 
quantity of each pottery sample (2 g) was powdered 
using an agate mortar and then side-pressed into a 
top-loaded holder in order to minimize the preferred 
orientation and analysed in  the range of 2ȇ=4o-70o 
with a scan rate of 0.02o and 1s/step.  For all the 
samples, we have carefully avoided the temper and 
sampled only the clay matrix , while for sample 
TRP_CUC-A_08 we have prepared one sample from 

the matrix (TRP_CUC-A_08a) and one from a frag-
ment of grog temper (TRP-CUC-A_08b). Two sam-
ples were prepared, also, for samples TRP_PREC_09 
(TRP_PREC_09a from the darker region and 
TRP_PREC_09b from the more reddish one) and 
TRP_PREC_13 (TRP_PREC_13a from the darker re-
gion and TRP_PREC_13b from the more reddish 
one). For the identification of the mineral phase s, we 
have compared the samples with the reference pow-
der patterns included in ICDD Powder Diffraction 
Files (PDF-4). The XRPD data were then statistically 
treated with the hierarchical cluster analysis (HCA)  
function of the X'Pert HighScore PlusÈ software 
(PANalytical) using the protocol advanced by Mar i-
tan et al. (2015). For the HCA analysis, we have used 
the average linkage method and, then, we have sep-
arately evaluated the most representative sample of 
each cluster. 
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The magnetic properties of the pottery samples 
were determined with a vibrating sample magn e-
tometer (Princeton Measurements Co. MicroMag 
VSM&AGM 2900-3900). The maximum field applied 
was 1.2 T. Measurements were carried out at room 
temperatures with less than 1 s averaging time per 
point.  

4. RESULTS AND DISCUSSI ON  

Eight of the analysed Precucuteni pottery samples 
listed in Fig. 2 presents various patterns of incised 
decoration (TRP_PREC_03, TRP_PREC_04, 
TRP_PREC_05, TRP_PREC_06, TRP_PREC_07, 
TRP_PREC_08, TRP_PREC_09 and TRP_PREC_13), 
one of them being slightly burnished 

(TRP_PREC_03). Samples TRP_PREC_10 and 
TRP_PREC_11 shows a rough treatment of the outer 
surface, while one sample show no traces of decora-
tion (TRP_PREC_12). Five of the selected Cucuteni 
pottery samples presents various combinations of 
painted decoration, while one sample show no tr aces 
of decoration (TRP_CUC-A_08). 

Two of the Precucuteni pottery samples 
(TRP_PREC_09 and TRP_PREC_13) exhibits a dif-
fused sandwich structure ranging from greyish hues 
on the outer surface to darker hues in the core in 
sample TRP_PREC_13, while sample TRP_PREC_09 
displays reddish hues on the outer surface and dark-
er hues in the core. 

 

Figure 3. Figure 4: Polarized light microphotos of representative Precucuteni and Cucuteni A ware from T©rpeѽti (a ð 
TRP_CUC-A_03, b ð TRP_PREC_10, c ð TRP_CUC-A_04, d ð TRP_PREC_13; Images a and c with cros sed polarizers at 

4Į and images b and d with plane polarizers at 4Į) 

The Precucuteni and Cucuteni pottery samples 
analysed in this study were made from a micaceous 
clay. All the Precucuteni sherds have various 
amounts and sizes of grog as added temper (Fig. 3). 
Four of the Cucuteni A ware samples (TRP_CUC-
A_02, TRP_CUC-A_04, TRP_CUC-A_05, and 
TRP_CUC-A_08) were also grog-tempered, while the 
other two  samples (TRP_CUC-A_01, TRP_CUC-
A_03,) have no temper at all. The matrix of the 
Precucuteni pottery samples is homogenous with 
various colours ranging from greyish hues 

(TRP_PREC_03, TRP_PREC_13, TRP_PREC_12, 
TRP_PREC_13), light brown ( TRP_PREC_04, 
TRP_PREC_05, TRP_PREC_06, TRP_PREC_07, 
TRP_PREC_08, TRP_PREC_10, TRP_PREC_11) to 
dark brown in sample TRP_PREC_09. The colours of 
the Cucuteni pottery matrix displays more reddish 
hues in samples TRP_CUC-A_01, TRP_CUC-A_02, 
TRP_CUC-A_03, TRP_CUC-A_05 and TRP_CUC-
A_08 while sample TRP_CUC-A_04 has a light 
brown matrix.  
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Most of the grog fragments identified in the Pr e-
cuteni and Cucuteni pottery fragments fall  into  the 
medium -sand category with sizes no larger than 0.6 
mm and with sub-rounded to rounded morphology 
(Druc, 2015). The percentage of the grog temper in 
the Cucuteni and most of the Precucuteni samples is 
around 10%, while for sample TRP_PREC_07 is less 
than 5%. Mainly sub -angular and sub-rounded 
quartz grains represent the main mineral inclusions 
present in the matrix and in the added temper. In 
addition, all the samples contain feldspars and mica-
flakes grains. Different amounts of small red grains, 
evenly distributed throughout the matrix a nd the 
grog temper, are representative for the amorphous 
iron oxide content. Small grains of calcite showing 

traces of intense thermal transformation were ident i-
fied in samples TRP_PREC_04, TREP_PREC_05, 
TRP_CUC-A_01 and TRP_CUC-A_02, while sample 
TRP_CUC-A_05 exhibits recarbonatation around the 
rims of some of the largest grog fragments caused by 
soil contamination ( Fabbri et al., 2014). 

Cluster analysis performed on the XRPD data (Fig. 
4) showed that the samples grouped into two main 
clusters: one containing only Cucuteni A samples 
(TRP_CUC-A_03, TRP_CUC-A_05 and TRP_CUC-
A_08) and the other comprising all the Precucuteni 
samples and three samples attributed to the Cu-
cuteni A chronological sequence (TRP_CUC-A_01, 
TRP_CUC-A_02 and TRP_CUC-A_04).  

  

Figure 4. Dendrogram from the HCA of XRPD patterns of Precucuteni and Cucuteni ware from T©rpeѽti (TRP_CUC-
A_03z  and TRP_PREC_10z  zare the most representative sample within each cluster)  
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Figure 5. XRPD patterns of the most representative pottery samples for the HCA groups (a, b), for the matrix (c) and 
grog temper (d) identified in sample TRP_CUC-A_08, and for the sandwich structure identified in sample TRP_PREC_09 
(e-black core, f-reddish outer surface) (Abbreviations : Qtz-Quartz, Ill/Ms -Illite/Muscovite, Fsp -Feldpars, An-Anorthite, 

Di -Diopside, Aug-Augite, Mc-Microcline, Hem -Hematite, Mag -Magnetite, Ab -Albite  (Whitney and Evans, 2010) 

Detailed analysis of the most representative sam-
ple from each group  (Fig. 5/a, b)  showed substantial 
mineralogical variation between samples forming 
the two clusters. The Cucuteni A pottery samples, 
which forms a separate cluster, exhibits the presence 
of high -temperature newly formed phases like ano r-
thite and augite, besides albite and quartz, which 
rests as the dominant mineral phase for all the sam-
ples (Fig. 5a). The other Cucuteni and Precucuteni 
sherds, which fall  into several separate subgroups, 
have lesser amount of newly formed mineral phases. 
The most representative sample, presented in Fig. 5b, 
displays the persistence of illite/muscovite diffra c-
tion peak in association with feldspar and microcline. 
The different types of iron bearing minerals dete r-
mine the several subgroups that are visible for this 
group (Fig. 5 /e, f).  

The structural transformation of the illite clay 
minerals are almost absent up to temperature of 
800ÜC (Murad, Wagner, 1996). Under reducing con-
ditions,  its decomposition starts at 820ÜC (Heimann , 
2017), while in an oxidizing atmosphere its decom-
position evolves between 850-1000ÜC (Nodari et al., 
2007). The presence of albite in the pottery samples 
indicates a temperature around 900ÜC (Javanshah, 
2019). Anorthite appears due to the Ca incorporation 
in the newly formed silicate phases at a temperature 
higher than 850ÜC (Cultrone et al., 2001). Another 
product of the thermally induced reactions is augite, 
a member of the pyroxenes mineral group with d i-

opside as one of the endmembers (Grammatikakis et 
al., 2019). The increase of the augite content enhanc-
es the vitrification process and is responsible for the 
buff colour of the pottery sample (TRP_CUC-A_03) 
caused by the trapping of iron in the augite lattice 
(Moropoulou et al., 1995). Diopside is a member of 
the single chain silicate minerals (clinopyroxenes) 
(Grammatikakis et al. , 2019) which forms at te m-
peratures above 900ÜC (Trojsi et al., 2002).  

Hematite nucleates between 700-750ÜC in oxidi z-
ing firing conditions , mainly in relation to the  mas-
sive chlorite and illite decomposition , and is the 
main pigmentation mineral present in the ceramic 
body (Nodari et al. , 2007). Magnetite appears due to 
the Fe2+ release caused by the breakdown of chlorite 
(Rathossi, Pontikes, 2010), its presence being a relia-
ble indicator for the reduced firing conditions. When 
firing under reducing atmosphere, the reduction of 
Fe3+ in the clayey material starts at 400ÜC and the 
Fe2+ content continue to raise until reaching 800ÜC 
(Manoharan et al., 2015). Due to the reduced possi-
bility of oxidizing gases to penetrate the ceramic 
body, the maintenance of Fe2+ in oxidative conditions 
was noticed for temperature above 800ÜC (Rathossi, 
Pontikes, 2010). Also, the presence of small amounts 
of Fe3+ at temperatures between 600-650ÜC (Mano-
haran et al., 2015), or even above 850ÜC (Rathossi, 
Pontikes, 2010) were determined , caused by the re-
verse phenomena. 

 


