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ARTICLE INFO ABSTRACT

Twenty-two Late-Copper-Age decorated cross-footed bowls from the Trieste Karst (north-eastern Italy) and the
Deschmann's pile dwellings (Ljubljansko barje, Slovenia), recently investigated using X-ray computed micro-
tomography (microCT), have been studied and chemically analysed using non-destructive prompt gamma ac-
tivation analysis (PGAA). The main aim of our research was to determine whether the cross-footed bowls found
in the Trieste Karst were locally produced or if they might have been imported from central Slovenia or even
from more distant regions. The PGAA results, combined with the microCT ones, have shown that only 1 bowl
from the Karst might have been imported from Ljubljansko barje, while other 4 Karst vessels were most probably
imported but not from central Slovenia. In more detail, K,O contents, higher than values reported from local
Karst and Slovenian soils, have been recorded in two of these Italian bowls. The Karst bowls represent, according
to their morphology and rich ornamentation manly consisting of cord impressions, a special variant of cross-
footed bowls with relevant typological comparisons in the Carpathian basin (Hungary, Slovakia and the Czech
Republic). A possible central European origin of some Karst bowls would be in agreement with high K»O soil
contents in some areas of the Czech Republic. Cross-footed bowls from the Trieste Karst might be considered as
evidence of long distance connections, movements of ideas, artefacts and/or even movements of people, trig-
gered by large-scale migrations from the north Pontic steppe region to central Europe, revealed by recent genetic
studies.
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1. Introduction

Numerous caves and rock shelters of the Trieste Karst (north-eastern
Italy) had been used by man since prehistoric times onwards. Many
sites were discovered and excavated already at the end of the 19th
century, while others in the last century, mainly from the late 1950s to
the 1980s (Montagnari Kokelj, 2015). All these investigations produced
a large quantity of data, revealing that human groups lived in this
territory, more or less discontinuously, from the Lower Palaeolithic to
the Iron Age (historical periods are out of scope in this paper).

However, the quality of these data is variable due to the combination of
different factors, from the state of preservation of the deposits to the
expertise of the researchers, and this situation applies also to the caves
with materials datable to the Copper Age that are discussed here.

In the Karst there are c¢. twenty caves with findings assigned to the
Copper Age: richly decorated bowls on foot in different state of pre-
servation — from intact or almost intact vessels to small fragments —
have been found in six of them: Ciclami/Orehova pejca (Fig. 1: 1; Gilli
and Montagnari Kokelj (1993) - complete revision of findings; Cotar-
iova/Cotarjeva jama (Fig. 1: 3; Montagnari Kokelj et al.,, 2002 -
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Fig. 1. Position of the archaeological sites where the investigated bowls have been discovered. 1: Ciclami cave; 2: Zingari cave; 3: Cotariova cave; 4: Pettine cave; 5:
Edera cave; 6: Pettirosso cave; 7: Deschmann's pile dwellings. All the cave sites are located in the Trieste Karst (map prepared by M. Belak, ZRC SAZU).

complete revision of findings); Pettine/jama Pecinka (Fig. 1: 4;
Marzolini, 1983- original publication); Edera/Stenasca (Fig. 1: 5;
Marzolini, 1970 - complete revision of findings); Zingari/Ciganska jama
(Fig. 1: 2; Gilli and Montagnari Kokelj, 1996 - complete revision of
findings); Pettirosso/Vlaska jama (Fig. 1: 6; Moser, 1899; Flego and
Zupanéi¢, 2012 - complete revision of literature). Unfortunately the
stratigraphic data, when available, just allow a broad chronological
attribution within the 3rd millennium BC but their typology suggests a
chronology within the first half of the same millennium. In fact, already
in the 1950s P. Korosec (1956) — as well as other scholars afterwards
(e.g. Dimitrijevi¢, 1967; Govedarica, 1989a, 1989b) — indicated the
possible connections between these few bowls and other scarce findings
from Karst caves and similar vessels found in much greater number in
the Deschmann's pile-dwellings near Ig (DeZmanova kolis¢a pri Igu) in
the Ljubljansko barje, close to Ljubljana, the most famous site of the 3rd
millennium BC in south-eastern Alpine region (Fig. 1: 7). Numerous
scholars identified two main phases in the life of the Ig pile-dwellings
(e.g. Korosec, 1959; Dimitrijevi¢, 1961, 1979a; Parzinger, 1984). Ac-
cording to the latest study (Leghissa, 2017), the older phase (28th —
26th century BC) is characterised by pottery of the so-called Ljubljansko
barje variant of the Vudcedol Culture (redefinition of Phase Ig I after
KoroSee, 1959 and of Late Vucedol period-Vuéedol C after Dimitrijevic,
1979a), while the younger one (26th century BC to 25th century BC)
has been named Ljubljana Culture (redefinition of Phase Ig IT of Korosec,
1959 and of Alpine variant of the Ljubljana Culture of Dimitrijevi¢, 1979a
and of Classical Ljubljana Culture of Govedarica, 1989a). The recently re-
defined Ljubljana Culture includes fine-grained vessels decorated with
impressions of cord wrapped around a plate (see Leghissa, 2015) and
mostly non-decorated fine and coarse wares, sharing numerous simi-
larities with the pottery of Somogyvar-Vinkovei and Maké-Kosihy-Caka
cultures (last Leghissa, 2017, pp. 278-286).

In the light of the recent revision of the 3rd millennium cultural
evolution in the Ljubljansko barje, and thanks to the possibility of car-
rying out non-destructive analyses — X-ray computed microtomography
(microCT) and prompt gamma activation analysis (PGAA) -, in our

study we have combined typological, technological and chemical ap-
proaches to determine whether the cross-footed bowls from the Trieste
Karst were locally produced, or, if not, they might have been imported
from the Deschmann's pile dwelling or even from more distant regions.

2. Materials
2.1. Cross-footed bowls

In this research we have studied 10 bowls from the Trieste Karst and
14 from the Deschmann's pile dwellings (Table 1). Most of them show
rich decorations, sometimes filled with a whitish material.

Eight of the ten bowls recovered in the Karst were found in the
1970s-1980s; they have been studied with a traditional, typological
and comparative approach as well as with analytical techniques.

Two cross-footed bowls come from the Ciclami cave (Gilli and
Montagnari Kokelj, 1993, Fig. 37: 355; 51: 497). One of them, from
layer 4 (Fig. 2: 1), is completely preserved and shows a low, solid cross-
shaped foot; its surface is light brown and almost without visible lithic
grains. Impressions of twisted double cords create different designs over
the whole surface, including the foot: the decoration of the exterior,
consisting of hatched triangles and star motifs, is nearly unique (Fig. 2:
1a, c). The other cross-footed bowl from the Ciclami cave, found in
layer 5, is almost complete but composed of several glued fragments
(Fig. 2: 2); its solid foot is peculiar, as it resembles a star with seven
points (Fig. 2: 2¢): it is richly decorated with stab-and-drag technique
(Furchenstich) and incisions on the rim, interior and exterior.

A large fragment including a solid cross-like foot and the lower part
of the body is reported from the Cotariova cave (Fig. 2: 3). Incised
geometric decoration covers all the surfaces, while a motif resembling
flower petals on the standing part of the foot is obtained with im-
pressions of twisted double cord. A small rim fragment decorated with
incised hatched triangles, possibly belonging to a footed bowl, was also
found in the same cave (Fig. 2: 4).

The other bowls from the Karst show different designs, but these are
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List of the studied Copper Age bowls from Trieste Karst (north-eastern Italy) and central Slovenia. pCT: X-ray computed microtomography; PGAA: prompt gamma activation analysis; OM: optical microscopy.
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all obtained with impressions of twisted double cord, the same tech-
nique used on one of the bowls from the Ciclami cave. Two rather big
fragments — that might belong to one single bowl (see below) — are
reported from the Pettine cave (Fig. 2: 7a-c; 8a-c), while two smaller
ones come respectively from the Edera (Fig. 2: 5) and the Zingari caves
(Fig. 2: 6).

Two more bowls (Fig. 2: 9, 10) were found in the Pettirosso cave
between the end of the 19th century and the beginning of the 20th
century (Moser, 1899, 64, Tab. II; Flego and Zupanéi¢, 2012, pp.
147-149). They were not available for direct observation and for mi-
croCT and PGAA analyses, consequently our considerations are based
on the literature. One stands on a cross-shaped foot similar to that of
one of the bowl fragments from the Pettine cave: also the decoration
with hatched triangular and lines of ladder motifs is comparable (Fig. 2:
9 vs Fig. 2: 8). The second apparently shows a decoration simpler than
that of all the other bowls, but it is peculiar for its base, on four small
separated foots, and the presence of two (maybe four?) coupled per-
forated lugs (Fig. 2: 10).

The bowls discovered in the 1870s in the Deschmann's pile dwell-
ings are very numerous, although their precise number is currently
difficult to determine, since the findings are kept in several museums:
the National Museum of Slovenia, for example, holds about 100 frag-
ments of bowls with a cross-shaped or round foot. Most of the cross-
footed bowls are dated to the earlier phase of the Deschmann's pile
dwellings and are attributed to the Ljubljansko barje variant of the
Vucedol Culture. This type of vessels persists also during the second
phase of the pile-dwellings, where it is considered a traditional element
developed from the previous Vucedol Culture (Leghissa, 2017).

Some bowls are almost complete but many others are fragmented;
altogether, they show variable shape and decoration. The best-pre-
served one has a solid low cross-shaped foot, slightly curved inwards at
the bottom, and a broken small handle. It is decorated with stab-and-
drag technique and incisions on the rim, interior - where four lozenges
create a unique cross-like motif —, exterior and on the standing surface
of the foot too (Fig. 3: 1).

Most of the other chosen fragments are also decorated with stab-
and-drag technique and/or incisions. In five cases the syntax of the
decoration, inside and outside, is very similar, in spite of minor dif-
ferences (Fig. 3: 2, 3, 4, 6, 7, 8). Two pieces are decorated only inside:
one shows motifs similar to those described above, but the quality of
the engravings is poorer (Fig. 3: 9), while the second is particularly
interesting as its style is very similar to that typical of the Ljubljana
Culture pottery (Fig. 3: 10; see Leghissa, 2017, p. 169).

Three bowls are non-decorated: one is almost entirely preserved and
has a conical shape and a small low solid cross-shaped foot (Fig. 3: 5);
the other two are fragments of cross-shaped foots with a small hollow in
the middle of the lower part (Fig. 3: 12, 13).

The last two examined bowls (Fig. 3: 11, 14) are differentiated by
the decorative technique, i.e. impressions of cord wrapped around a
thin plate, as well as by the syntax, which — like in one of the bowls
above (Fig. 3: 10) - is that typical of the Ljubljana Culture pottery (see
Leghissa, 2015).

2.2. Natural clay samples

Four natural clay samples have been collected from cores or ar-
chaeological trenches of the Ljubljansko barje area, quite close to the
Deschmann's pile dwellings, and have been analysed by PGAA (see
below). Two of them are from the area of the Neolithic site of Resnikov
prekop (Veluscek, 2006) and come from a depth of 240-250 and
250-260 cm respectively. Other two are from the site of Bevke and
were taken from a depth of 540-550 and 680-690 cm.

3. Methods

Almost all the archaeological samples selected for our study are
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Fig. 2. Drawings of Copper age bowls from Trieste Karst. 1la—c: Ciclami cave 20591; 2a—c: Ciclami cave 20592; 3a—c: Cotariova cave 20419; 4: Cotariova cave
139461; 5: Edera cave 139464; 6a-b: Zingari cave 3469; 7a—c: Pettine cave 139463; 8a—c: Pettine cave 139462; 9a-b: Pettirosso cave 1; 10: Pettirosso cave 2.1-8, 10
— scale 1:4; 9 — approximate scale 1:4. For the references see Table 1 (num. 10: new drawings by T. Korosec).

valuable artefacts, which cannot be sampled for destructive analysis.
For this reason we have decided to combine mainly non-destructive
methods, in particular X-ray computed microtomography (microCT),
whose results have been recently published (Bernardini et al., 2019b),
and prompt gamma activation analysis (PGAA). These techniques have
been applied to 22 bowls with cross-shaped foots, 8 from the Trieste
Karst and 14 from the Deschmann's pile dwellings (Table 1).

3.1. X-ray computed microtomography

The microCT analyses had been carried out at the Multidisciplinary
Laboratory of the “Abdus Salam” International Centre for Theoretical
Physics (Trieste, Italy), using a system (Tuniz et al., 2013) specifically
designed to study archaeological and paleoanthropological materials
(e.g- Bernardini et al., 2012, 2016, 2018, 2019a, 2019b; Tuniz et al.,



Fig. 3. Drawings of Copper age examined bowls from Deschmann's pile dwelling: 1 — B1482; 2 - B1963; 3 — B1505; 4 — B1965; 5 — B1479; 6 — B1984; 7 - B1939; 8 -
B1994; 9 — B1972; 10 - B1973; 11 — B1490, 12 — B5009, 13 — N19, 14 — B1497. Scale 1:4. For the references see Table 1.

2013; Duches et al., 2018). Since the results of microCT analysis have
been already published (Bernardini et al., 2019b), in the present paper
they have mainly been used to interpret the PGAA results.

Many techniques, including non-destructive ones, can reveal the
chemical composition of pottery, which often provides useful in-
formation for provenance studies. However, the pottery forming

techniques are generally studied by destructive optical microscopy (e.g.
Lindahl and Pikirayi, 2010; Ther, 2015) or 2D radiography. Contrary to
optical microscopy, microCT can provide information about prove-
nance and production technology of the artefacts, in terms of local vs
non-local raw materials and manufacturing (Kahl and Ramminger,
2012; Bernardini et al., 2016, 2019a, 2019b), without damaging the



samples. MicroCT allows the 3D fabric characterization of pottery
thanks to the quantification of clay material, lithic inclusions and voids,
which can be the result of either the loss of organic temper mixed to the
paste or pottery forming techniques. The mineralogical classification of
lithic temper is often difficult, since different minerals can show small
density variations, but their habitus and morphology can give some
clues for their identification. Despite the inability to provide a direct
mineralogical and chemical classification of pottery components, mi-
croCT can be useful to target chemical analysis, so as to avoid selecting
or sampling paste areas unrepresentative of the whole specimen. Even if
the recent microCT analyses have given a good indirect fabric and
technological characterization of the investigated vessels (Bernardini
et al., 2019b), PGAA geochemical data have been considered necessary
to obtain an average bulk geochemical composition of the samples
useful to detail, confirm and/or correct the microCT results. The mi-
croCT data have been used to target the PGAA analysis, selecting paste
areas representative of the whole specimen and avoiding any large-
sized inhomogeneity.

3.2. Prompt gamma activation analysis

The quantitative analysis of major elements and a few trace ones of
all archaeological pottery and natural clay samples have been carried
out by PGAA at the Budapest Neutron Centre. The PGAA instrument
operates at the 9.6108 em~2 s~ intensity horizontal cold neutron
beam (for the detailed description, see Szentmiklési et al., 2010). PGAA
is a non-destructive nuclear analytical method for quantitative de-
termination of all major and some trace elements in samples of various
physical and chemical forms. The method is based on the detection of
characteristic gamma photons, emitted by atomic nuclei following
neutron capture (Belgya and Révay, 2004). Since neutrons can pene-
trate deep into the sample material, PGAA provides an average bulk
composition for the irradiated volume of a few cm®. The prompt gamma
spectra were collected by a Compton-suppressed HPGe detector, which
has been accurately calibrated. The acquisition times have been set
between 1900 s and 5400 s, in order to achieve the statistically suffi-
cient counts in the characteristic spectrum peaks for the determined
elements. The gamma-ray spectra were evaluated using the Hypermet-
PC program (Révay et al., 2005). The quantitative analysis is based on
the kg principle (for a detailed description see Révay, 2009), using the
spectroscopic data libraries developed at the Budapest laboratory (Choi
et al., 2007). Both the self-absorption of prompt-gamma photons due to
the 20-30 cm thickness of the samples and the background from the
blank measurement have been taken into account. The accuracy of the
results is lower than 3 and 10% for major and trace elements respec-
tively (Révay, 2009).

PGAA has been applied successfully to the characterization of var-
ious archaeological objects, including stone artefacts (Bernardini et al.,
2014a, 2014b; 2018, 2019a; Kasztovszky et al., 2008, 2018; Szakmany
et al., 2011) and pottery (Kasztovszky et al., 2004; Kasztovszky, 2007;
Szilagyi et al., 2012).

4. Results

The results of PGAA analysis, recalculated on a volatile-free basis,
are reported in Tables 2-4 for the Italian and Slovenian bowls and
natural clay samples, while the data including LOI are reported in
Supplementary Tab. 1. Some of the Slovenian samples show relatively
high percentages of P2Os (from about 2 to 7 wt%), probably due to the
presence of bone material within the paste. However, microCT data
have revealed macroscopic bone remains in just one of the P;Os-rich
samples, that is bowl B1939 (Bernardini et al., 2019b).

Considering the K30 and Al;05 contents in the investigated vessels,
which can be mainly correlated to the chemistry of the clay raw ma-
terials (Fig. 4), the Italian and most of the Slovenian samples fall in
different areas of the diagram. The relatively high K;O content (about

3.5 wt%) of the Karst sample 20591 (from Ciclami) distinguishes it
from all the other bowls, with the exception of another Karst vessel,
20419 (from Cotariova) (K5O content about 3 wt%). These high K;0
values are more probably due to a prevalence of the illitic component in
the clay raw materials and/or the occurrence of K-rich minerals, such as
muscovite. Such mineral phase, probably originated by the weathering
of metamorphic rocks, is abundant in the paste of bowl 20591
(Bernardini et al., 2019b).

According to the Geochemical Atlas of Europe (http://weppi.gtk.fi/
publ/foregsatlas/) and the Radioactivity Environmental Monitoring
group of the Joint Research Centre of the European Commission
(https://remap.jrc.ec.europa.eu/Atlas.aspx?layerld = 9), in Europe the
median K;0O content is 2.02% in subsoil and 1.92% in topsoil, with a
range between < 0.01 and 6.05% K,0 in subsoil and 0.026 and 6.13%
K0 in topsoil. High K50 values are reported neither from the Karst area
nor from central Slovenia, while they reach high concentrations in the
Alps at the Austrian-Italian border, central Germany, the Czech
Republic and elsewhere.

In order to compare the bowls’ chemical composition among each
other and between Slovenian and Italian groups, we have selected some
of the most significant major and trace elements (K50, TiO5, CaO, MnO,
Fe;05, Sm and Gd) to produce spider diagrams (Figs. 5 and 6). Such
elements have been normalised using the Upper Continental Crust
composition (Rudnick and Gao, 2004), in order to enhance their pos-
sible different geochemical features; additionally, the contents of trace
elements have been multiplied by 10 to better visualize the data in the
diagrams.

As to the Karst bowls, chemical analysis confirms their considerable
heterogeneity, already indicated by both typology and microCT data.
One group (3469, 20592, 139464 — from Zingari, Ciclami and Edera
respectively), perfectly corresponding to the samples with the highest
lithic inclusion/clay ratio based on microCT results (Bernardini et al.,
2019b, Fig. 2), have Ca-rich pastes (CaO from about 12 to 26 wt%)
mainly due to the presence of abundant calcite, well visible in microCT
images. Their patterns are not identical but they share a quite high CaO
concentration followed by a decrease in MnO, Fe;03 and Sm in all
samples (Fig. 5A). Bowl 139461 has a Ca-rich paste too, but its pattern
is slightly different mainly due to lower K;0, MnO and Fe;O5 contents
(Fig. 5B).

Other 2 groups from Trieste Karst are characterised by flatter pat-
terns with a lower amount of CaO (Fig. 5C-D). The first group includes
samples 20591 (from Ciclami cave) and 20419 (from Cotariova cave)
(Fig. 5C). Macroscopic observation and microCT results showed that
bowl 20591 is different from all the investigated Slovenian and Italian
samples for its very dense and fine-grained paste with abundant white
mica and almost absent lithic inclusions, and its chemical composition
confirms its peculiarity. In fact, its pattern is well different from all the
others, with the exception of bowl 20419. Both of these Karst vessels
are characterised by a high K;O values and a quite flat pattern, but one
of them (20419) shows a higher CaO content (Fig. 5C), as expected
from the probable presence of calcite well shown by microCT data
(Bernardini et al., 2019b).

The second group includes samples 139462 and 139463 from
Pettine cave, which show a very similar pattern with small differences
in the TiO; and CaO contents (Fig. 5D). As such a strong similarity was
already highlighted by optical microscopy, microCT data and their
statistical analysis (PCA), the new results would further support the
hypothesis that the two fragments originally belonged to one single
bowl. The microCT data and petrographic features of the Pettine vessels
indicated a similarity also with the fine-grained vessels from the
Deschmann's pile dwellings (Bernardini et al., 2019b, Figs. 2, 8, 13), in
spite of differences in the decoration technique (Bernardini et al.,
2019b).

When the Slovenian bowls are considered, the first important ob-
servation is that their patterns are different from those of the Italian
ones (Fig. 6) with the only exception of sample 139461 from Cotariova



Table 2

Major (wt%) and some trace (ppm) elements of the bowls from the Trieste Karst analysed by PGAA. Fe,0a3: total Fe content. Data recalculated on a volatile-free basis.

Samples 3469 20591 20592 20419 139461 139462 139463 139464
Si0, (Wtd%) 45,84 61,85 44,27 56,59 60,47 66,44 67,75 55,99
TiO; 0,95 0,71 0,67 0,91 1,08 0,97 0,00 1,06
Al,03 18,96 21,63 17,40 22,38 15,86 17,68 16,86 19,70
Fe,03 8,03 6,26 5,78 8,55 3,39 7,68 7,71 7,24
MnO 0,39 0,05 0,11 0,06 0,08 0,11 0,12 0,19
MgO 0,00 3,60 2,87 3,37 0,99 1,54 1,53 1,00
Ca0 23,60 1,82 26,17 4,81 16,61 2,97 3,90 12,56
Na,O 0,00 0,53 0,20 0,29 0,12 0,43 0,30 0,00
Kz0 2,23 3,56 2,52 3,05 1,41 2,19 1,83 2,25
P05 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
Sum 100 100 100 100 100 100 100 100
B (ppm) 43 68 42 64 49 63 47 61

cl 304 38 186 51 28 76 45 82

Sc 10 0 0 0 10 23 13 28

cr 0 0 0 0 279 0 0 356
Ni 0 0 0 0 0 0 0 253
Nd 33 48 0 0 36 0 0 46
Sm 4 3 3 6 5 4 3 5

Gd 5 4 3 5 6 5 4 6

cave (see below).

One group including bowls B1482, B5009 and B1497 (Fig. 6A)
shows the highest CaO contents (from about 14 to 30 wt%), and cor-
responds well to the Slovenian samples with the highest lithic inclu-
sion/clay ratio as indicated by the microCT analysis (Bernardini et al.,
2019b, Fig. 2). As it can be seen in Fig. 6A, their pattern is different
from that of the CaO-rich Karst samples (Fig. 5A), with the exception of
sample 139461 (Fig. 5B) that, however, shows a bit higher MnO con-
tent. According to the available chemical data, this Italian vessel is the
only one that might have been imported from the Deschmann's pile
dwellings to north-eastern Italy.

Other two groups with a moderate CaO content have been re-
cognised. Both differ from the Karst bowls too, and include samples
with very similar patterns that suggest the use of almost un-
distinguishable raw materials as well as similar technological processes
(Fig. 6B-C). This is confirmed by the microCT data, and in particular by
the lithic inclusions/clay ratio and PCA of the same microCT data,
considering length, width and area of lithic inclusions and lithic in-
clusions/clay ratio as variables (Bernardini et al., 2019b, Fig. 13). The
lithic inclusions/clay ratios of the group 2 samples are very similar,

Table 3

ranging from about 0.02 to 0.04 (Bernardini et al., 2019b, Fig. 2), and
they all fall very close in the bottom right quadrant of the PCA plot
(Bernardini et al., 2019b, Fig. 13).

The last group of Slovenian bowls includes samples showing low
CaO values. Their patterns are quite similar to the CaO-rich group, and
in particular to sample B5009, but with a much lower concentration of
CaO. The CaO-rich and the CaO-poor groups have been probably pro-
duced by using the same or similar clay raw materials, but abundant
calcite temper was added to the vessels of the first group causing a
considerable increase in their CaO concentration.

The composition of the natural clay samples from the Ljubljansko
barje area (Table 4; Supplementary Tab. 1), particularly rich in CaO
(values from 47 to 79 wt%), is different from that of the 4 main groups
that have been identified on chemical basis (Fig. 6). Further sampling of
local clay deposits is necessary to understand where the prehistoric
potters collected the raw materials for pottery production.

5. Discussion and conclusions

Cross-footed bowls, also known as “bowls on cross-shaped foots” or

Major (wt%) and some trace (ppm) elements of the bowls from Deschmann's pile dwellings analysed by PGAA. Fe,0s: total Fe content. Data recalculated on a

volatile-free basis.

Samples B1482 B1963 B1984 B1965 B1939 B1994 B1505 B5009 NI19 B1479 B1972 B1973 B1490 B1497
5i0; (wi%) 53,19 43,65 59,89 59,29 58,03 54,85 58,52 41,03 69,14 63,04 55,99 57,85 56,41 53,18
TiO, 0,90 1,36 1,45 1,05 1,30 1,16 1,10 0,92 0,76 1,09 1,17 1,19 1,18 1,23
Al,04 25,90 31,88 21,42 24,55 24,08 27,66 20,23 19,90 17,95 21,79 20,57 22,88 25,28 19,86
Fey,04 2,22 5,16 8,69 8,00 4,48 8,46 6,06 5,65 3,10 3,06 5,24 4,19 4,97 5,10
MnO 0,03 0,10 0,02 0,04 0,05 0,02 0,06 0,02 0,07 0,04 0,06 0,05 0,10 0,05
MgO 1,79 0,00 0,00 1,93 0,00 1,12 3,38 1,57 0,00 1,46 2,50 2,14 0,00 2,79
Ca0 14,24 9,58 2,66 2,03 6,47 1,54 4,57 29,88 7,20 6,88 7,95 8,86 10,18 16,80
Na,O 0,44 0,00 0,69 0,51 0,66 0,57 0,87 0,13 0,27 0,52 0,72 0,87 0,00 0,46
K0 1,29 1,59 1,14 2,58 2,36 2,38 2,39 0,90 1,52 2,12 2,22 1,95 1,87 1,29
P,0s 0,00 6,68 4,05 0,00 2,58 2,25 2,80 0,00 0,00 0,00 3,57 0,00 0,00 0,00
Sum 100 100 100 100 100 100 100 100 100 100 100 100 100 100

B (ppm) 49 44 51 51 67 50 65 28 43 58 62 51 56 41

Cl 48 43 535 46 95 73 39 15 39 34 144 118 55 0

Sc 0 0 22 26 24 29 0 11 27 0 0 24 0 0

Cr 0 0 497 814 0 218 1076 0 0 0 704 0 0 0

Ni 0 0 2037 0 0 126 0 0 564 0 389 264 0 0

Nd 62 0 52 67 51 0 58 42 78 41 59 54 0 44
Sm 7 27 6 6 8 4 7 4 10 4 7 5 13 6

Gd 7 42 7 7 8 4 7 4 11 5 8 6 16 6




Table 4
Major (wt%) and some trace (ppm) elements of clay samples from the
Ljubljansko barje area. Data recalculated on a volatile-free basis.

Samples Resnikov p. Resnikov p. Bevke Bevke
depth 240-250 250-260 540-550 680-696
Si0, (wit%) 13,16 11,00 14,25 30,42
TiO, 0,19 0,16 0,20 0,51
Al,04 5,20 4,73 6,06 12,07
Fe,0s 2,27 1,72 2,31 461
MnO 0,06 0,05 0,06 0,08
MgO 1,79 2,07 1,81 2,76
Ca0 76,33 79,41 74,21 47,08
Na,O 0,13 0,12 0,10 0,40
KO 0,87 0,74 1,00 2,07
P,0s 0,00 0,00 0,00 0,00
Sum 100 100 100 100
B (ppm) 13 11 17 38
Cl 11 11 15 17
Sc 0 0 0
Cr 0 0 0
Ni 0 0 0 0
Nd 8 0 8 10
Sm 1 1 1 3
Gd 1 1 1 3
4,00 1
K20
3,50 A 20591
3,00 A A 20419
20592 Gikoe & Biess
2,50 A A
3699 gig7z @ B1939 P Bioss
1304624 AA G PY
2,00 139464
A 139463 ki ¢ B1490
1,50 A @ Nie @ B1963
@ B1497 @ B1482
139461 & B1oe4
1,00 1 @ B5009
0,50 1
Al203
0,00 T T T T ]
10 15 20 25 30 35

Fig. 4. K20 vs. Al;O3 bivariate diagram of the Italian (black triangles) and
Slovenian (grey diamond) bowls.

“interior decorated footed bowls”, represent one of the most char-
acteristic vessels of the 3rd millennium BC (Kulcsar, 2009; Kaiser, 2013;
Leghissa, 2017). They are particularly abundant in Vudedol sites of
south-eastern Europe, dating back to the first half and the middle of the
3rd millennium BC. The Vu¢edol Culture formed in the southern Car-
pathian basin (Slavonia, Croatia). According to Dimitrijevié (1979a), it
spread to the northern Carpathian basin (Czech Republic, Slovakia,
Hungary), to the south-western Balkan peninsula (Serbia and Mon-
tenegro) and to north-eastern Italy (e.g. Bianchin Citton et al., 2015).

Cross-footed bowls appear also in other closely related con-
temporary or partly contemporary cultures, such as the JeviSovice one
in southern and central Europe, Maké-Kosihy-Caka and Somogyvir-
Vinkovci in the Carpathian Basin. Similar vessels are also known in the
Yamnaya (or “Pit Grave”) and Catacomb Culture in the southern
Ukraine and southern Russia, where they are defined as censers
(Kulcsér, 2009; Kaiser, 2013).

The bowls from the Trieste Karst represent, according to their
morphology and ornamentation, a special variant of cross-footed bowls.
The exact chronological definition of these bowls is problematic, since
they have been found in layers containing finds assignable to the
Copper/Early Bronze Age on typological grounds only, as no C14 dates
are available. They are mostly associated with Vucedol Culture but

often referred to as an individual type (e.g. Burger, 1980; Kulcsar,
2009). The influence of the Vu¢edol Culture should have reached the
Trieste Karst through central Slovenia, precisely through Ljubljansko
barje, where the Vucedol Culture is well represented by abundant
pottery attributed to the recently re-defined Ljubljansko barje variant
(Leghissa, 2017). As already mentioned, cross-footed bowls are very
numerous and stylistically various at the Deschmann's pile dwellings,
mostly during the first phase. They are still present during the second
phase probably as a heritage of the Vu¢edol Culture, but in a smaller
number and with a simpler decoration (Leghissa, 2017, pp. 166-173).
Despite their abundance at the Deschmann's pile dwellings, apparently
they do not offer precise analogies for the bowls of the Trieste Karst, but
only generic similarities in some of the decorative compositions, such as
the hatched triangles on the rim (e.g. see Leghissa, 2017, P1. 93: 1, 2;
94: 1-4), triangular motifs trimmed with hatched triangles (e.g. see
Leghissa, 2017, PL. 105: 1; 106: 1-4) or hatched triangles on the ex-
terior of the vessel (e.g. see Leghissa, 2017, P1. 92: 1; 107: 4, 5; 108: 3).
Similarly, in Hungarian sites of Vu¢edol culture, where numerous cross-
footed bowls were discovered, bowls well comparable to those from the
Karst have not been identified (e.g. see Patay, 1940, Pl. I: 5; Ecsedy,
1982, PL. II, III).

According to the chemical composition of the analysed artefacts, we
can distinguish four different groups of bowls from the Deschmann's
pile-dwellings, that are a CaO-rich one (Fig. 3: 1, 12, 14; Fig. 6A), two
with a moderate CaO content (group 1, Fig. 3: 5,7, 9, 10, Fig. 6B; group
2, Fig. 3: 2, 11, 13, Fig. 6C) and a last group including samples with a
pattern similar to the CaO-rich group 1 but showing low CaO values
(Fig. 3: 4, 6, 8, Fig. 6D). The vessels of the two groups with a moderate
CaO content include samples with very similar patterns, suggesting the
use of almost undistinguishable raw materials for each group and si-
milar technological processes. In addition, it is worth noting that some
bowls of different chronological and cultural attribution have been
modelled using similar recipes and clay raw materials. For example the
CaO-rich group (Fig. 6A) includes bowls B1482 (Fig. 3: 1) and B5009
(Fig. 3: 12), dated to the first phase of the pile-dwellings and attributed
to the Vucedol Culture, and bowl B1497 (Fig. 3: 14) attributed to the
later Ljubljana Culture. Furthermore, we can see that similar recipes
and raw materials have been used for both decorated and undecorated
bowls. From this, it follows that the potters from the Deschmann's pile-
dwellings probably used in both periods a few clay raw materials
sources, most probably located close to the settlement, and similar re-
cipes, adding in some cases crushed calcite and/or limestone as in-
organic temper.

In the case of the bowls from Trieste Karst the PGAA results have
been important to show that four of the eight analysed bowls are most
probably imported to the Trieste Karst (Ciclami 20591, Fig. 2: 1; Co-
tariova 20419, Fig. 2: 3; Pettine 139462, Fig. 2: 8; Pettine 139463,
Fig. 2: 7; Fig. 5C-D), but not from the area of Ljubljansko barje. Che-
mical data has revealed a similarity between bowl 20591 from Ciclami
cave (Fig. 2: 1) and vessel 20419 from Cotariova cave (Fig. 2: 3), not
recognised on the basis of microCT data. Additionally, the two bowl
fragments from Pettine cave (139462 and 139463, Fig. 2: 7, 8) do not
find a good chemical comparison with the Slovenian analysed vessels,
even if microCT data showed a strong technological similarity
(Bernardini et al., 2019b).

One Karst bowl could have been imported from Ljubljansko barje
(139461 from Cotariova cave, Fig. 2: 4, Figs. 5B and 6A) and other
three have Ca-rich pastes that could have been locally produced but this
cannot be demonstrated without a chemical comparison with local soil
and clay deposits.

The main characteristic of the Trieste Karst bowls is above all the
decoration technique: with the exception of three cases (one bowl from
the Ciclami cave — 20592, Fig. 2: 2 — and two bowls from the Cotariova
cave — 20419 and 139461, Fig. 2: 3, 4 ) they are all decorated with
impressions of a twisted double cord (the so-called cord impressed or-
namentation). In Ljubljansko barje such decoration is known only on
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few vessels of other types (see e.g. Leghissa, 2017, Pl. 65: 1). The cross-
footed bowls from the Ljubljansko barje and from Vuéedol sites are
decorated mostly with “stab and drag” technique and/or incisions:
decorations with impressions of a twisted double cord are almost un-
known in the context of the Vucedol Culture.

So, where would the Trieste bowls, especially those without che-
mical comparisons in central Slovenia, have been imported from?

Ca0 MnO Fe203 Sm Gd

Ceramic finds decorated with impressions of double twisted cord are
known in other contemporary cultures in central Europe, for example in
the Corded Ware Culture (Schnurkeramische Kultur), where, however,
there are no cross-footed bowls (see e.g. Buchvaldek, 1967; Furholt,
2003).

Cross-footed bowls decorated with cord impressions represent a
specific type of vessels of the 3rd millennium BC, which are known from
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Fig. 7. Positions of sites with bowls and censers, decorated with impressions of double twisted cord, mentioned in the article. The distribution of the censers of the
Early Catacomb culture and the censers of the Yamnaya culture (after Kaiser, 2013, Fig. 6) is marked with hatched pattern (map prepared by M. Belak, ZRC SAZU).

1 - Melk-Pielachmiindung (Austria), 2 — Praha VIII Bohnice (Czech Republic); 3 —

Vysocany (Czech Republic); 4 — Brno-LiSefi (Czech Republic); 5 — Havfice (Czech

Republic); 6 — Podolie (Slovakia); 7 - KriZzovany nad Dudvidhom (Slovakia); 8 — Bran¢ (Slovakia); 9 - IZa (Slovakia); 10 — Velka Lomnica (Slovakia); 11 — Zehra-
Drevenik (Slovakia); 12 - Nagyhaldsz-Kirdlyhalom (Hungary); 13 — Ruma (Serbia); 14 - Corldteni (Romania); 15 - Valea Gerului (Romania); 16 - Mihajlivka
(Ukraine); 17 - Skadovsk, Region of Kherson (Ukraine); 18 - Zunda-Tolga, Kalmykia (Russia); 19— Trieste Karst (Italy).

several different sites in a very wide area in central and south east
Europe (Fig. 7). Among them, completely preserved vessels but also
fragmented ones, only hypothetically attributed to cross-footed deco-
rated bowls, are reported. Some of them were found without context,
which makes their exact chronological and cultural definition still an
open question. Each of these bowls represents a unique product. Despite
this, according to their morphological characteristics and type and
syntax of decorations three groups of bowls decorated with cord im-
pressions have been recognised.

In the first group, bowls decorated on the interior with concentric
circles or lines are included. Such bowls have been discovered at
Havfice (Czech Republic) (Fig. 7: 5; 8: 8; Brni¢, 2011, PL 5: 7), KriZo-
vany nad Dudvdhom (Fig. 7: 7; 8: 13; Tocik, 1963, Fig. 9: 7a-c), Bran¢
(Fig. 7: 8; 8: 12; Brni¢, 2011, PL 5: 6) and IZa (Fig. 7: 9; 8: 11 a, b;
Némejcova-Pavilkova, 1968, Fig. 22; Brni¢, 2011, Fig. 1) (all Slovakia)
and Nagyhaldsz-Kirdlyhalom (Fig. 7: 12; 8: 15; Kalicz, 1968; Pl. 1: 18)
(Hungary). The bowls from Nagyhaldsz, Bran¢ and KriZzovany are de-
corated also on the rim with zig-zag lines, the last has semi-circular
garland motifs on the exterior. The bowl from IZa has on the rim incised
lines, while on the foot is decorated with cord impressed parallel
straight lines. The chronological attribution of the bowl from IZa (and
the others here mentioned bowls with similar decorations) varies from
author to author. According to some of them it is attributed to the
Kostolac period (e.g. Toclik, 1963; Némejcovi-Pavikova, 1968), to
others it should be referred to the transitional period between the
cultures of Kostolac and Vuéedol (Burger, 1980; see also Kulesar, 2009).
Brni¢ in his doctoral thesis (2011) attributed the bowl from IZa to the
post-Kostolac period (precisely to the late Vucedol period) (Brnic, 2011,
pp. 36-40) and defined it as an indicator of the influences and/or mi-
grations of the Yamnaya group into the Carpathian basin (as it has al-
ready been mentioned by various authors; see Kulcsar, 2009, pp.
123-124 and the literature quoted there).

The second group comprises bowls decorated with cord impressions
with more elaborated concentric motifs on the interior, for example in

combinations with hatched triangular motifs or clepsydra motifs, and
hatched triangular motifs on the exterior. Bowls with this kind of or-
namentation are known from Melk-Pielachmiindung in Upper Austria
(Fig. 7: 1; 8: 1 a, b; Pittioni, 1954, p. 238, Fig. 160, Praha-VIII Bohnice
(Fig. 7: 2; 8: 2 a-c; Novotny, 1955, PL. II: 2a-c) and another unknown
site in the Czech Republic (Fig. 8: 7 a, b; Novotny, 1955, Fig. 2: 2a, b),
Zehra-Drevenik (Slovakia) (Fig. 7: 11; 8: 14; Novotny, 1955, Fig. 8: 2)
and Podolie (Slovakia) (Fig. 7: 6; 8: 9 a-c; Sutekovd, 2010, Fig. 6: 2).
The latter site is attributed to the BoSaca culture, dated at the turn of
the 4th and the 3rd millennium BC (Sutekova, 2010), but among the
finds two “Slavonian” (i.e. Vucedol) bowls, knowns as Podolie type (see
e.g. Kulesar, 2009; Brni¢, 2011), are reported too. In Slovakia at the site
of Vel'ka Lomnica (Fig. 7: 10), a bowl with four small unconnected feet
was found too (Novotnd, Stefanoviova, 1958, 270, PL I: 9). It is
comparable to one of the bowls from Pettirosso cave (Fig. 2: 10 — num.
Petirosso cave 2).

The third group consists of bowls with a cord impressed decoration
on the interior arranged in a cross (or star) motif, similar to the typical
ornamentation on the bowls of the Vudedol Culture. Four bowls with
this kind of decoration were found in the Czech Republic, at the site of
Brno-LiSeni (Fig. 7: 4) and Vysofany (Fig. 7: 3). Another one is known at
the site of Podolie in Slovakia (Fig. 7: 6) and Ruma in Serbia (Fig. 7:
13). The bowls from Brno-Liseii and Vysocany are attributed to the
JeviSovice Culture, dated to the first half of the 3rd millennium BC. The
first one from the site Brno-LiSen, a small fragment (Fig. 8: 4 a, b; Brnic,
2011, PL 3: 1), is decorated on the interior with triangular motifs and
hatched bands, comparable to the decorations on the bowls from Pet-
tine 139463 and 139462 (Fig. 2: 7b, 8b) and Pettirosso cave (Fig. 2: 9a
— num. Pettirosso cave 1), while two zig-zag hatched bands cover the
exterior, such as in the bowl from Zingari cave 3469 (Fig. 2: 6b). An-
other bowl from Brno-LiSen, also fragmentarily preserved (Fig. 7: 6;
Novotny, 1955, Fig. 1: 6) shows transverse lines on the rim and part of
hatched triangular motifs and lines on the interior. The last bowl from
the same site (Fig. 7: 5 a, b; Brni¢, 2011, PI. 3: 2) is decorated on
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exterior with semi-circular garland motif and on the interior with
horizontal and vertical lines, similar to the decoration on the already
mentioned bowl from KriZovany (Fig. 7: 13). The best analogy for the
bowl 20592 from Ciclami cave (Fig. 2: 2) comes from the site Vysofany,
where was discovered a bowl with a foot resembling a star with six
points (Fig. 8: 3 a-c; Medunova-BeneSova, 1977; Pl. 48). Hatched tri-
angles cover the rim and the upper part of the exterior, while on the
interior hatched triangles and rectangles form a star motif (Fig. 8: 3a).
The bowl from Vyso€any is not the only analogy for the specific shape
of the foot of Ciclami bowl 20592. In fact, in the Czech Republic,
especially nearby Praha, a few bowls with a similar foot have been
found, but decorated with “stab and drag” technique and/or incisions
(e.g. Novotny, 1955, Fig. 6: 9, 10; 8: 4; Turek, 2012, Fig. 10 attributed
by Dimitrijevi¢ (1979b, pp.45-46) to the oldest period of the Vuéedol
Culture and together with the bowls from Melk, Nagyhalasz and IZ7a was
interpreted as an indicator of influences of the steppe populations from
the east to south east Europe.

As we already mentioned in the introduction, bowls on a cross-
shaped foot or on several small round feet, known as censers, are also
found in the sites of the Yamnaya and Eastern Catacomb Culture in the
Pontic-Caspian steppe region, dated to the 3rd millennium BC (e.g.
Kaiser, 2013) (Fig. 9). Since the 1960s, several authors have extensively
treated cross-footed bowls as potential indicators of connections be-
tween the areas of the Eurasian steppe (Ukraine and southern Russia)

Fig. 8. Drawings of selected bowls from central and
south-eastern Europe. 1 a, b - Melk-
Pielachmiindung (Austria), 2 a-c - Praha VII
Bohnice (Czech Republic); 3 a-c — Vysofany (Czech
Republic); 4 a, b, 5 a, b, 6 — Brno-LiSen (Czech
Republic); 7 a, b — unknown site (Czech Republic); 8
— Havfice (Czech Republic); 9 a-c, 10 a-c — Podolie
(Slovakia); 11 a, b — IZa (Slovakia); 12 - Brand
(Slovakia); 13 - KriZzovany nad Dudvdhom
(Slovakia); 14 — Zehra-Drevenik (Slovakia); 15 —
Nagyhalasz-Kirdlyhalom (Hungary); 16 a, b — Ruma
(Serbia). (after Brni¢, 2011, 36, Fig. 1; PL. 3: la-c,
2a, b; 5: 6, 7; Dimitrijevi¢, 1979b, P1. 17: 6; Kalicz,
1968, PL. 1: 18; Medunova-BeneSova, 1977, Pl. 48;
Novotny, 1955, Fig. 1: 6; 2: 2a, b; 8: 2; P1. II: 2a-c;
Pittioni, 1954, 238, Fig. 160; Sutekovd, 2010, Fig. 6:
1, 2; Tocik, 1963, Fig. 9: 7a-c). Not in scale.

and south-eastern Europe, i.e. the Carpathian basin and the Balkan
Peninsula (a general overview of the various theses on cross-footed
bowls is provided by G. Kulesar, 2009, pp. 121-124, 308-314). Like the
cross-footed bowls, censers are very heterogeneous as to their shape
and decoration. Among the similarities between the censers and cross-
footed bowls it is worth mentioning the decorative technique, including
cord impressions, comparable ornamentations motifs, such as for ex-
ample concentric circles on the interior, and even the shape of the foot
or of the small feet (Fig. 9).

If the question whether the bowls of the Eurasian steppe area in-
fluenced the emergence and the development of similar bowls in the
Carpathian basin and western Balkan or vice versa (see among the last
Kaiser, 2013) remains open, it is undeniable that strong interactions
between the two areas occurred. In the last decade several publications
have presented scientific data, including very recent genetic results,
proving large-scale migrations from the north Pontic steppe region to
central and south east Europe during the 3rd millennium BC (see e.g.
Harrison, Heyd, 2007; Allentoft et al., 2015; Haak et al., 2015;
Kristiansen et al., 2017; Heyd, 2017; etc.).

Cross-footed bowls, decorated with cord impressions, can be prob-
ably considered as evidence of these interactions, movements of ideas,
artefacts and/or even migrations of people, in agreement with recent
genetic studies. Unfortunately, detailed chemical and technological
data are not yet available for most of the cross-footed bowls from the
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Fig. 9. Drawings of selected censers attributed to Yamnaya (la-c - Valea
Gerului, Romunia; 2 a-c — Corldteni, Romunia); 3 — Mihajlivka, Ukraine; 4 a, b -
Skadovsk, Region of Kherson, Ukraine) and Eastern Catacomb cultures (5a, b -
Zunda-Tolga, Kalmykia (Russia) (after Roman et al., 1992, Pl. 59.12a—d; Brnic,
2011, Pl 4: 9; 5: 1 a-c; Kaiser, 2013, Fig. 1; 8). Not in scale.

large area where they have been found (Fig. 7). However, the analytical
results presented here are an exception and show that at least four Karst
bowls (20591, 20419, 139462 and 139463) were probably imported to
the Karst from a distant area, as indicated by the difference with
Ljubljansko barje finds and high K5O content in the vessels from Ci-
clami and Cotariova caves. High K;O concentrations in soils, as men-
tioned above, can be found in the Czech Republic, where the best ty-
pological comparisons have been identified. The possibility that these
connections are due to movements of people triggered by migrations
from the north Pontic steppe region to central Europe is certainly ap-
pealing, but only future dedicated analyses and studies might confirm
it.
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