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Abstract: Investigations have been undertaken to assess
the extent to which compositional analysis can be used
to determine trade and interaction on the Great Hungar-
ian Plain during the Late Neolithic. Ceramic and clay sam-
ples in the Kords and Berettyd River Basins were analyzed
at the Elemental Analysis Facilities (EAF) at The Field Mu-
seum of Natural History in Chicago, IL, USA. With the use
of laser ablation-inductively coupled plasma-mass spec-
trometry (LA-ICP-MS), the aim of the project was to ascer-
tain if micro-regional or site-specific compositional signa-
tures could be determined in a region that is typically char-
acterized as highly geologically homogenous. Identifying
site-specific signatures enables archaeologists to model
prehistoric interactions and, in turn, determine the rela-
tionship between interaction and various socio-cultural
changes. This paper focuses on the preliminary compo-
sitional results of materials analyzed from three different
sites across the Plain and the methodological implications
for future anthropological research in the region.

Keywords: Geochemical variation; Compositional analy-
sis; Clay and ceramic materials; Eastern Europe; Prehis-
toric exchange

1 Introduction

Research on the Neolithic period of the Great Hungarian
Plain has centered primarily on understanding how in-
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dividual sites developed independently over time [see 1-
8] and less on the impact that human interaction may
have had on social developments in the region [e.g. 9—
18]. In this article, we investigate the potential application
of compositional analysis to identify chemical variation
in clays and ceramics from Late Neolithic sites across the
Great Hungarian Plain. By determining the source of mate-
rials and the places were produced and consumed, we can
begin to model interactions — namely, those interactions
involving exchange of ceramics — between people living
on the Plain in the Late Neolithic period (ca. 5000-4500
BCE).

Towards the end of the Late Neolithic, three archae-
ologically distinct groups cohabited the Plain—the Tisza,
Herpaly, and Csészhalom. Sites identified as Tisza are re-
stricted to the southern portion of the Plain along the
Tisza, Koros, and Maros Rivers; Herpaly sites are lo-
cated directly to the north along the Berettyd River; and
Cs8szhalom sites are distributed in the northernmost part
of the Plain along the Tisza River (Figure 1) [17, 19-30]. Tra-
ditionally, these groups have been characterized by differ-
ences in ceramic decoration, domestic architectural style,
site location, settlement layout, and subsistence practices.
Sociocultural changes at the end of the Late Neolithic ap-
pear to have led to the homogenization of material culture
over the Plain and the surrounding areas during the Early
Copper Age (ca. 4500-4000 BCE) [31-39].

The decorations found on Tisza and Herpaly ceram-
ics traditionally have been used to reconstruct interactions
between these archaeological groups, with Tisza ceram-
ics characterized primarily by incisions and Herpaly ce-
ramics by painted motifs (Figure 2) [2]. However, this ap-
proach not only dismisses the possibility of diffusion, imi-
tation, and independent social development of decorative
styles, it also hinders an understanding of the interactions
that occurred between peoples who used similar decora-
tive styles.

To model interaction within and between Neolithic
sites on the Great Hungarian Plain, geochemical analy-
sis was implemented. Specifically, we used laser ablation-
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Figure 1: Map of the three sites included in this project. The rivers are reconstructed waterways for the Holocene period prior to the imple-
mentation of the Austro-Hungarian water regulation of the 19t" century. The dashed line represents the presumed extent of the Herpaly
territory and the dotted line represents the presumed extent of the Tisza territory.

Figure 2: Images of ceramics with characteristics typically used to
classify a) Herpaly sites (both painted sherds (bh4 and bh3) from
Berettyddjfalu-Herpaly and b) Tisza sites [incised sherd (vm12) on
the left is from Vészt6-Magor; incised sherd (ok2) on the right is
from Ocséd-Kovashalom.

inductively coupled plasma-mass spectrometry (LA-ICP-
MS) to analyze clays from Late Neolithic sites to identify
the chemical signatures at various sites. These local ele-
mental signatures were then compared to ceramic com-
positional results in order to distinguish locally-produced
pottery versus imported wares. The tell sites (artificial hills

created through the continual habitation at a single lo-
cation over thousands of years and other anthropogenic
processes) of Vészté-Magor [1, 40, 41] and Beretty6tjfalu-
Herpaly [4, 5, 42], as well as the tell-like settlement of
Ocstd-Kovashalom [6, 7, 14] are included in this study (Fig-
ure 1). Previous research in the Kor6s region attempted
to utilize petrographic analysis in order to examine trade
in the region; however, the results indicated that petro-
graphic analysis was not useful in identifying traded (vs.
locally-made) materials due to the homogeneity of the ce-
ramics [43, 44]. For the present study, it was therefore nec-
essary to focus on other methods of analysis. The LA-ICP-
MS equipment is capable of measuring a large number of
elements and generating precise and accurate data [see
45), and therefore it is deemed a technique well-suited
for assessing micro-regional geochemical variation in ar-
chaeological ceramic materials from the Great Hungarian
Plain. This paper details the results of LA-ICP-MS analysis
to identify site-specific signatures in an exploratory man-
ner in order to model interaction during the Late Neolithic.

1.1 Previous Investigations

In 2006, Samuel Duwe conducted similar investigations
that sought to model prehistoric trade via ceramic analy-
sis of pedestaled vessels from six Early Copper Age Tisza-
polgar (ca. 4500-4000 BCE) sites on the Plain [43, 44, 46].
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During these investigations, Duwe incorporated both pet-
rographic and geochemical analyses. According to Duwe et
al., “Petrographic analysis did not reveal any significant
distinctions between ceramic samples taken from the
four sites [Korosladany-14, Vészt6 20, Orménykt 13, and
Vészt6-Magor] in the study region, and [there is] little sup-
port for mineral and clay compositional variability across
the region” [44]. Moreover, the authors go on to note that,
“all of the petrographic samples fit within a certain, rela-
tively narrow range of similar characteristics. The matrix
is relatively fine and very homogenous, containing very
little sand and only moderate amounts of silt. Based on
these results, petrographic analysis does not provide di-
rect, unambiguous evidence for the existence of an ex-
tensive pottery trade network. ..” [44]. The lack of infor-
mation provided by the petrographic analysis encouraged
Duwe to incorporate geochemical analysis as a way of dis-
tinguishing variation in ceramics and clays from sites on
the Plain. Specifically, Duwe used time-of-flight (TOF) LA-
ICP-MS at California State University, Long Beach, to an-
alyze Early Copper Age ceramics from the sites of Endrod
108, Gyula 486, Kérosladany 14, Vészts 20, Orménykit 13,
and Battonya-Vertan [see 47]. The distance between the
sites varied, ranging from 60 meters to 80 kilometers. Al-
though he was unable to identify site-specific composi-
tional signatures, he did discern chemical variation be-
tween materials from Battonya-Vertan and all other sites.
Duwe concluded that this distinction was due to the site’s
location on a different waterway, the Maros River, while
the other sites are located on the Koros River or its tribu-
taries [43, 44].

Building on Duwe’s research, in spring 2011 Riebe re-
analyzed a subsample of Tiszapolgar ceramics using LA-
ICP-MS at The Field Museum’s Elemental Analysis Facility
(EAF). The analysis confirmed the pattern that Duwe had
noted, but by concentrating on some of the trace elements
not used in the TOF-LA-ICP-MS analysis, such as molybde-
num (Mo), additional micro-regional differentiation was
perceived. In total, Duwe’s project included the concentra-
tions of 42 elements measured by TOF-LA-ICP-MS [44]; for
the present analysis, the concentrations of 58 elemental
isotopes were determined using LA-ICP-MS, 49 of which
were used in the statistical analysis for this study. Us-
ing trace elements—including hafnium (Hf), thorium (Th),
nickel (Ni), lanthanum (La), sodium (Na), lithium (Li),
beryllium (Be), boron (B), scandium (Sc), tungsten (W),
and molybdenum (Mo)-and a high degree of precision
and accuracy of the LA-ICP-MS equipment [see 45, 48-50]
proved critical in determining geochemical variation in the
ceramic and clay materials from across the Plain.
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Current Project

Duwe’s success in identifying compositional variation be-
tween sites on different river drainages set a precedent for
studying the ceramic materials and clays from Late Ne-
olithic sites on the Plain. To test Duwe’s river hypothesis,
the Late Neolithic study area was expanded north of the
Kor6s River to include the Beretty6 River (Figure 1). Impor-
tantly, the inclusion of the Beretty6 River allowed for the
analysis of material from sites traditionally classified as
being culturally Herpaly and Tisza. Specifically, ceramics
and clays from three major Late Neolithic sites on the Plain
were analyzed in order to assess the feasibility of isolating
micro-regional, or site-specific, compositional signatures.
The sites included in the study were two Tisza sites, Vésztd-
Magor and Ocs6d-Kovashalom, and the eponymous Her-
paly site, Berettyonjfalu-Herpaly (Figure 1). The results
generated from the project are preliminary, but the initial
success encourages additional research using elemental
analysis.

2 Materials

The ceramic samples from Vészt6-Magor, Ocsod-
Kovashalom, and Beretty6tjfalu-Herpaly came from ex-
cavated collections stored at various county museums
in Hungary, including the Mihaly Munkacsy Museum
(Békéscsaba), the Janos Damjanich Museum (Szolnok),
and the Déri Museum (Debrecen). Ceramics were collected
and prepared for shipment by Riebe and Drs. Zsuzsanna
Sikloési (E6tvos Lorand Science University) and Attila
Gyucha (Hungarian National Museum). A total of 59 ce-
ramic samples were sent to The Field Museum for LA-ICP-
MS analysis at the EAF. For each sample, a small fragment
was removed from the body of the sherd with a pair of pli-
ers, and the exposed paste on the freshly broken edge was
targeted for spot ablations. This method minimizes poten-
tial error in compositional measurement due to surface
contamination and post-depositional alterations.

In April 2011 and 2012, Riebe and Gyucha collected
soil samples around the sites of Ocsdd-Kovashalom,
Berettyoujfalu-Herpaly, and Vészt6-Magor. Soil samples
were extracted with an Oakfield Soil Sampler from the
plow zone, the cultural level, and the subsoil level at
points located in the major cardinal directions at each
site. However, only soil from the subsoil level was pro-
cessed and analyzed since it was the material most likely
available to prehistoric peoples for ceramic production.
Moreover, the materials from this level are typically clay-
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like in consistency (e.g., plasticity) and were presumably
used in the local production of ceramics in prehistoric
times, thus these samples will be referred to as “clay sam-
ples” throughout the duration of this paper. In the fall of
2011 and 2012, small briquettes were prepared from each
collected sample. After drying the soil sample, the mate-
rial was pulverized using an agate mortar and pestle and
slowly mixed with deionized water until a thick paste was
achieved. Small pellets, measuring approximately 1 cm in
diameter and 3 mm in thickness, were hand formed. In to-
tal, 24 briquettes were created and fired for three hours
at a temperature of 800 degrees Celsius. Only the 12 bri-
quettes formed from subsoil samples were analyzed us-
ing LA-ICP-MS—four from Ocsdd-Kovashalom, four from
Berettydujfalu-Herpaly, and four from VésztG-Magor. To
minimize any potential surface contamination, the bri-
quettes were broken prior to ablation, revealing a freshly
fractured edge for the LA-ICP-MS analysis. Each ceramic
and local clay sample was given a unique identifier or sam-
ple ID, which will be referenced throughout this report (Ta-
ble 1).

3 Methods

Procedures followed were based on the standard protocol
of the EAF laboratory (for more information see [45, 49, 51—
53], all based on [54]). The ceramic and clay samples were
analyzed using an ICP Bruker quadrupole mass spectrom-
eter coupled with a New Wave UP213 system. Material was
ablated from each sample using a 213 nm wavelength laser
set at 70% energy (0.2 mJ) and a pulse frequency of 15 Hz.
Clay material was removed from 10 locations on each sam-
ple using a laser spot size of 100 pm and a dwell time of
90 seconds. The ablated material was carried by helium
gas from the laser chamber to the argon plasma, where the
material was ionized and then delivered to the mass spec-
trometer.

When selecting the location for each ablation spot,
visible temper was avoided as much as possible because it
was the paste itself that we were most interested in analyz-
ing in order to determine “local” vs. “non-local” elemental
signatures. It is more likely that people in the past did not
transport clays over long distances, whereas temper could
be transported over greater distances (see [55, 56]). Assum-
ing the composition of a piece of ceramic reflects the com-
position of the clay from which it was made (based on the
Provenance Postulate [57, 58]), it was more important to
target the paste component of each sample in order to as-
certain an elemental profile most closely linked to its place
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of origin. From there, we were able to use the material ob-
ject as a proxy for understanding the movement of goods
and, subsequently, social interactions.

Standards

To calculate elemental concentrations and account for in-
strument drift over the course of analysis, standard refer-
ence materials (SRM), which have known ranges of ele-
mental concentrations, were obtained from the National
Institute of Standards of Technology (NIST) and Missouri
University Research Reactor Center (MURR) and analyzed
in conjunction with the samples. The glass standards used
were NIST SRM 612 and NIST SRM 610 and the clay stan-
dards were NIST SRM 679 (brick clay) and New Ohio Red
Clay (NORC) from MURR. Specifically NIST 612, 610, and
679 were used to calculate elemental composition, while
NORC was used to correct for instrument drift over time.
With all of the standards and the ceramic and clay sam-
ples, ablation of the material did not occur until the signal
was stabilized as indicated by the chamber’s blank record-
ing a relative standard deviation (RSD) % level below 5%
for silicon (*°Si). Standards were ablated 10 times each in
different locations, avoiding visible temper in the case of
the clay standards as much as possible. After running a
complete series of standards, the first five ceramic or clay
samples were placed into the chamber, the chamber was
purged of residual ablated material, and each sample ab-
lated. Following the ablation and removal of each set of
samples, the standards NIST 610, NORC, and NIST679 were
again placed in the chamber. After purging the chamber
once again, the standards were ablated 10 times each. This
pattern continued until all the samples were run.

Data Processing and Statistical Analysis

Methods for processing the raw data prior to statistical
analysis of materials analyzed at the EAF are fully de-
scribed by Dussubieux et al. [45], but the section below
outlines the processing that occurred (for more in-depth
descriptions of the processing, see also [49, 51]). During
the ablation process, the instrument recorded nine repli-
cates of the elemental data for each of the 10 spots tar-
geted. During data processing, the first three replicates
were removed from the final signal average to account for
signal stabilization over time and to limit the introduction
of values reflecting surface contamination into the data.
Using silicon (?°Si) as an internal standard, concen-
tration values for the samples and standards were cal-
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Figure 3: A) R-Q mode bivariate plot of principal component 1 (accounting for 28.30% of the variance) and principal component 2 (account-
ing for 15.37% of the variance) illustrating the compositional distinction between the Herpaly ceramic group (Group 1, circles) and the re-
maining ceramics (Groups 2, 3, 4, and 5, squares). B) Bivariate plot of log base-10 concentrations of iron (Fe) and beryllium (Be) showing
the compositional difference between the identified core ceramic groups: Group 1 (circles), Group 2 (squares), Group 3 (triangles), Group 4
(crosses), Group 5 (stars). C) Bivariate plot of log base-10 concentrations of nickel (Ni) and tin (Sn) depicting the clays from Berettyéijfalu-
Herpaly (solid circles), Vésztd-Magor (solid squares), and Ocséd-Kovashalom (solid stars). D) Bivariate plot of log base-10 concentrations
of nickel (Ni) and thorium (Th) illustrating clays (solid shapes) and ceramics from Berettyddjfalu-Herpaly (circles), Vészt6-Magor (squares),
and Ocsdd-Kovashalom (stars). Ellipses represent 90 % confidence intervals in all figures.

culated by subtracting the blank value and then divid-
ing the result by the internal standard value. All values
were then converted from counts-per-second to parts-per-
million (ppm). Other elements [e.g., lead (Pb), chlorine
(C1), arsenic (As), silver (Ag), indium (In), bismuth (Bi),
terbium (Tb), holmium (Ho), thulium (Tm), and lutetium
(Lu)] were later removed because the values for these el-
ements are often imprecise due to high background lev-
els [59, 60].

Ceramics

Raw ceramic data was processed using Microsoft Excel. For
each sample, no more than three outliers were removed
for each recorded element. The outliers were identified
as having measurements not consistent with a majority

of the readings in a set, which could have occurred from
the laser hitting temper or other contaminants during ab-
lation, though steps were taken to minimize these inci-
dents. Once this data processing was completed, the re-
sults of the ceramic analysis were imported into GAUSS, an
Apetch Systems, Inc. program with routines developed by
Hector Neff and Michael Glascock for examining compo-
sitional data at MURR. Using GAUSS, ppm concentrations
were transformed to log base-10 values in order to mini-
mize gross variations between major, minor, and trace ele-
ments [4, 61-63]. Principal components (PC) analysis was
conducted on the logged data using an R-Q factor analy-
sis based on the correlation matrix, and it was determined
that there were 10 principal components with eigen values
greater than one, often considered a cut-off point for de-
termining which principal component values to use [64]
(also see [49, 51-53]). These 10 principal components ac-
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counted for 84.12% of the compositional variance in the
ceramics; however, due to the limited overall sample size
and because some statistical procedures require there to
be at least two more samples than variables (including Ma-
halanobis distance probability calculations), it was neces-
sary to decrease the number of principal components used
from 10 to eight.

Having completed this step, GAUSS was used to iden-
tify potential sample groupings in the compositional data,
which can be accomplished using several methods. The
first method employed generated a dendrogram [62, 63]
based on the hierarchical cluster analysis using the first
eight principal components (see also, [64—67]). The den-
drogram used the Euclidean distance for the distance mea-
sure on the x-axis and the average linkage for the clus-
tering algorithm for the y-axis, and it was used only as
an exploratory method of analysis [68]. Principal compo-
nent values also were used to generate bivariate plots illus-
trating the compositional values and potential groupings,
which were useful in the first stages of analysis [61, 69].

Secondly, Mahalanobis distance probability calcula-
tions [63, 70] were carried out using the values of the
first eight principal components to identify a core refer-
ence group and refine ceramic chemical groups [63, 64,
66, 71]. This process evaluates hypothetical group assign-
ments [72] and shows the statistical likelihood of chemical
group membership for each sample. A total of five outlier
samples were removed from the original ceramic dataset
because the probability that they belonged to the core ref-
erence group was less than 5%. Bivariate plots were used
to graph the remaining 54 ceramic samples, and five po-
tential ceramic groupings were identified. These results
were mapped on a bivariate plot of PC1 and PC2, with PC1
accounting for 28.30% of the variance and PC2 for 15.37%.
Within this bivariate plot (Figure 3), it was evident that
one particular group of ceramics—Group 1 consisting of
bh4, bh5, bh6, and bh7—was compositionally distinct from
the other ceramic groups, which are more compositionally
similar to each other than they are to Group 1. While the
remaining four groups are broadly similar composition-
ally, they can still be differentiated from one another when
graphed on bivariate plots with Group 1 removed.

Due to the homogenous nature of the clay on the Great
Hungarian Plain, PC analysis and dendrograms were use-
ful as exploratory tools, but differences identified through
elemental bivariate analyses and mahalanobis distance
measurements proved far more useful for discerning site-
specific signatures. Therefore, to further refine the five
groups, the 54 samples were re-projected using various el-
emental bivariate graphs. It was determined that an ad-
ditional 27 samples were outliers and did not properly
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match the compositional profiles of any of the main groups
identified through analysis. The remaining 27 samples
could be projected using various elements to illustrate dis-
tinct core groups as reflected through iron (Fe) and beryl-
lium (Be) (Figure 3). Moreover, when Mahalanobis dis-
tance calculations were performed on the remaining 27 ce-
ramics, two major compositional groups were identified —
Berettyodjfalu-Herpaly and Tisza River materials (the re-
sults are recorded in Supplemental Table S1).

Clay Samples

Due to the small number of clay samples (n = 12), sta-
tistical analysis of the clay compositional data was lim-
ited. As with the ceramics, the raw data was processed
and imported into GAUSS and then converted from ppm to
log base-10 values. GAUSS was then used to construct ele-
mental bivariate plots of the results. Based on these plots,
the clays from Berettyoijfalu-Herpaly, Vészt6-Magor, and
Ocsod-Kovashalom were compositionally different from
one another in their concentrations of elements such as
nickel (Ni) and tin (Sn) (Figure 3). This is likely due to the
sites being located on different waterways, the Beretty6
River for the former site and the Koros River for the lat-
ter two sites. When the clay results are graphed with the
ceramic compositional groups on an elemental bivariate
plot, the groups representing locally-made wares from
the sites of Berettyonjfalu-Herpaly and Ocsdd-Kovashalom
can be differentiated based on their chemical composi-
tions (Figure 3).

4 Results

The analyzed ceramic samples can be separated into five
geochemically distinct groups. As mentioned before, al-
though principal components analysis was less helpful in
identifying groups, selecting specific elements proved very
useful in determining group membership (Figure 3). Ele-
mental concentrations (including major elements and ox-
ide %) for each sample are listed in Supplemental Table S2,
while Table 2 displays a select number of elemental con-
centrations that were critical for group differentiation (dis-
cussed below).

Group 1(n = 4) is represented by the samples bh4, bh5,
bhé6, and bh7, all from the site of Beretty6tjfalu-Herpaly.
When compared to the clay samples in an elemental bi-
variate plot, they are found to be compositionally similar
to the Beretty6idjfalu-Herpaly clays (Figure 3). Therefore,
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Figure 4: A) Box-and-whisker plot of log base-10 concentrations of thorium (Th) to highlight the variation in the ceramic groupings. Specifi-
cally, this element helps to distinguish Groups 1 from the remaining groups. B) Box-and-whisker plot of log base-10 concentrations of scan-
dium (Sc) to highlight the variation in the ceramic groupings. Specifically, this element helps to distinguish Groups 2 and 3 from the other
groups. C) Box-and-whisker plot of log base-10 concentrations of cobalt (Co) to highlight the variation in the ceramic groupings. Specifi-

cally, this element helps to distinguish Group 4 from the other groups.

D) Box-and-whisker plot of log base-10 concentrations of nickel (Ni)

to highlight the variation in the ceramic groupings. Specifically this element helps to distinguish Group 5 from the other groups.

these samples are presumed to represent pottery made at
or near Berettyodjfalu-Herpaly. Group 1 is characterized
by lower concentrations of thorium (Th) and scandium
(Sc) (Figure 4), iron (Fe), neodymium (Nd), and gadolin-
ium (Gd), and higher concentrations of lithium (Li), beryl-
lium (Be), boron (B), lanthanum (La), molybdenum (Mo),
hafnium (Hf), and manganese (Mn) compared to the other
groups.

Group 2 (n = 6) includes samples vm12, vm15, vmi7,
vm19, vim20, and vm?21 from the site of Vészt4-Magor (Ta-
ble 2 and Figure 3). Though this group is compositionally
more similar to Groups 3, 4, and 5 (which may be because
these groups are all representative of material made at lo-
cations along the same river) than to Group 1, it appears
more compositionally similar to Group 3 than to Groups 4
and 5. Compared to the other compositional groups, Group
2 can be distinguished by relatively higher concentrations
of scandium (Sc) (Figure 4) and lower concentrations of
lithium (Li), iron (Fe), and molybdenum (Mo). Based on
the compositional analysis of the clays, it appears that

the materials from Group 2 are representative of locally-
produced ceramics from Vészt3-Magor and this can be fur-
ther illustrated in a bivariate plot of the clays and ceramics
with nickel (Ni) and thorium (Th) (Figure 3).

Group 3 (n = 5) consists of vm22, vm23, vm26, vim29,
and vm30 from the site of Vészt6-Magor (Table 2 and Fig-
ure 3). This group is compositionally less similar to Groups
4 and 5 and shares similarities in distinguishing elements
with Group 2, including scandium (Sc) (Figure 4), iron (Fe)
molybdenum (Mo), and thorium (Th). However, Group 3
is distinctive from Group 2 due to higher concentrations of
nickel (Ni) and cobalt (Co) (Figure 4). A clay match was not
identified for this group.

Group 4 (n = 5) is comprised of ok1, ok4, ok7, ok11, and
ok12 from the site of Ocséd-Kovashalom (Table 2 and Fig-
ure 3). This group, while broadly compositionally similar
to Groups 2, 3, 4, and 5, is most similar to Group 5. This
patterning suggests that the location where Group 4 clay
materials originated may be located near that of Group 5
(compositionally identified as Ocséd-Kovashalom). Com-
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pared with all the groups, Group 4 is characterized by
higher concentrations of iron (Fe), cerium (Ce), samarium
(Sm), and thorium (Th). It also has lower concentrations of
cobalt (Co) (Figure 4), manganese (Mn), and molybdenum
(Mo). A clay match was not identified for this group.

Group 5 (n = 7) is made up of samples bhi2,
vm2, vm5, vm7, vimll, vim26, ok10, and okl4 from the
sites of Beretty6ijfalu-Herpaly, Vészt6-Magor, and Ocsod-
Kovashalom (Table 2 and Figure 3). Based on the similar-
ity of signatures between the clay collected from Ocsod-
Kovashalom and samples ok10 and okl4, the latter two
sherds are representative of locally-produced materials,
while the remaining “vm” and “bh” ceramics are pre-
sumed to have been produced at Ocsdd-Kovashalom and
transported to Vészt6-Magor and Berettyoijfalu-Herpaly,
where they were recovered during excavations. The mate-
rials from Group 5 are identified by higher concentrations
of nickel (Ni) (Figure 4), magnesium (Mg), beryllium (Be),
iron (Fe), molybdenum (Mo), and thorium (Th). Moreover,
the geological clay data aids in identifying Group 5 as ma-
terial from Ocséd-Kovashalom (Figure 3).

5 Discussion

Based on the patterns identified in the preliminary ceramic
elemental data thus far, we can offer a brief discussion
regarding how this project can help researchers to infer
trade and interaction on the Great Hungarian Plain dur-
ing the Late Neolithic. Five main geochemical groupings
were identified based on the ceramic materials. When the
data from the ceramic analysis are plotted with the clay
analysis data, Group 1 ceramics can be identified as ma-
terial locally-produced at Berettyotjfalu-Herpaly; Group
2 represents locally-made ceramics from Vészt6-Magor;
and Group 5 is representative of local ceramic material
from Ocsdd-Kovashalom. The general similarity in compo-
sitional signatures between Groups 2 through 5 compared
to Group 1 suggests that these ceramic materials are pro-
duced from clays found along the Kéros River and its tribu-
taries. The inclusion of additional clay samples from other
Late Neolithic sites along the Koros Rivers would help to
identify the places of production for materials from Groups
3and 4.

Four of the seven samples that are composition-
ally representative of locally-made ceramics from Ocsod-
Kovashalom (Group 5) were recovered at Vészt6-Magor,
which may be indicative of some form of trade or exchange
between Tisza sites in the period investigated. No ceram-
ics from the Herpaly compositional group have been iden-
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tified in any of the Kords River basin groups. However,
one ceramic collected from Beretty6ijfalu-Herpaly—bh12
(Group 5)—matches the local signature of materials (clay
and ceramics) from the site of Ocstd-Kovashalom, which
suggests the occurrence of exchange between Tisza and
Herpaly sites during the Late Neolithic.

6 Conclusion

Based on the preliminary LA-ICP-MS analysis of ceram-
ics and clays from three Late Neolithic sites, it appears
possible to discern different elemental signatures for ce-
ramics and clays from the Great Hungarian Plain on a
micro-regional scale. While previous studies examined
macro-regional variation, this study demonstrates that
site-specific compositional signatures appear to be distin-
guishable across the Plain by focusing on the major, mi-
nor, and trace elements detected by LA-ICP-MS. One im-
plication of these findings is that archaeologists should be
able to begin reconstructing ancient exchange networks
in the region and in turn, be able investigate interaction
from an anthropological perspective. Specifically, a de-
tailed model of Late Neolithic interactions can be created
by increasing the ceramic sample size, including addi-
tional clay samples from the region, and adding more sites
to the analysis. This method of analysis is not only applica-
ble for materials from the Plain, but also can be adapted for
research on ceramic materials and exchange around the
world.

Furthermore, the results generated from this study
also have implications for future geoscience research in
Eastern Europe. Having identified a geochemical differ-
ence that appears to be related to different river ways, it is
critical to expand this research to determine the source of
the compositional variation. Investigations into the head-
water sources for each of the rivers that traverse the Plain
will help to elucidate the difference in elemental concen-
trations both at the source and across the Plain. In turn,
this will generate a more nuanced understanding of the
extent to which elemental concentrations change from
the source to the Plain. Research of this nature is inno-
vative, informative, and cross-disciplinary. As LA-ICP-MS
becomes more affordable, the technique will increase in
use and application for researchers in various disciplines
around the world. In particular, this study has shown that
by using LA-ICP-MS to analyze the compositional variation
of ceramics and clays, researchers can begin to reconstruct
prehistoric interaction — and thereby model the prehistoric
human experience.



DE GRUYTER OPEN

Acknowledgement: This research was completed as pilot
research for Riebe’s PhD dissertation, and the results will
be used to direct future dissertation research. This arti-
cle is based on a report submitted to the The Field Mu-
seum of Natural History in Chicago, IL, USA. Archaeologi-
cal materials were acquired with assistance from Hungar-
ian colleagues Drs. Zsuzsanna Siklési, Pal Raczky, Nan-
dor Kalicz, and Attila Gyucha. Student volunteers from
the Department of Anthropology at the University of Illi-
nois at Chicago, Barbara Posinger and Kaitlyn Peterson,
helped to prepare the clay samples for analysis. Drs. Laure
Dussubieux and Mark Golitko provided access to the in-
strument and were always willing to assist in any way
possible. Additionally, Dr. William Parkinson exercised a
great degree of patience and provided extensive critiques
as the materials were analyzed. Finally, Rebecca Seifried,
William Patrick Ridge, and Rick Yerkes were kind to edit
drafts of this article and offer suggestions. This project
was conducted with support from the National Science
Foundation International Research Experience for Stu-
dents (NSF OISE-1030436), The Field Museum Anthropol-
ogy Collection’s Fund, and The Field Museum Women’s
Board Field Dreams.

References

[1] Hegedlis K., Makkay )., Vészt6-Magor: a settlement of the Tisza
Culture. In: Talas L., Raczky P. (Eds.), The Late Neolithic of
the Tisza Region. Szolnok County Museums, Budapest-Szolnok,
1987, 85-103

[2] HorvathF.,Hédmez8vasarhely-Gorzsa: a settlement of the Tisza
Culture. In: Talas L., Raczky P. (Eds.), The Late Neolithic of
the Tisza Region. Szolnok County Museums, Budapest-Szolnok,
1987, 31-46

[3] Horvath F., Gorzsa. El6zetes eredmények az Gjkdkori tell 1978
és 1996 kozotti feltarasabél (Gorzsa. Preliminary results of
the excavation of the Neolithic tell between 1978 and 1996).
In: Bende L., L6rinczy G. (Eds.), Hétkéznapok Vénuszai (Every-
day Venuses). Mofa Ferenc Muieum-Csongra& Megyei Onkor-
mafyzat Muzeuma, Ho&mezc’ﬁvaéafhely, 2005, 51-83 (in Hungar-
ian and English summary)

[4] Kalicz N., Raczky P., Preliminary report on the 1977-1982 ex-
cavations at the Neolithic and Bronze Age tell settlement of
Beretty6djfalu-Herpaly. Acta Archaeologica Academiae Scien-
tiarum Hungaricae, 1984, 38, 85-136

[5] Kalicz N., Raczky P., Berettyddjfalu-Herpaly: a settlement of the
Herpély culture. In: Talas L., Raczky P. (Eds.), The Late Neolithic
of the Tisza Region. Szolnok County Museums, Budapest-
Szolnok, 1987, 105-126

[6] Raczky P., Ocséd—-Kovashalom: a settlement of the Tisza cul-
ture. In: Talas L., Raczky P. (Eds.), The Late Neolithic of the Tisza
Region. Szolnok County Museums, Budapest-Szolnok, 1987, 61-
84

Investigating Compositional Variation of Ceramic Materials...

[71

(8]

9]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

— 433

Raczky P., Archaeological data on space use at a tell-like settle-
ment of the Tisza culture (new results from Ocséd-Kovashalom,
Hungary). In: Drasovean F., Ciobotaru D. L., Maddison M. (Eds.),
Ten Years After: The Neolithic of the Balkans, as uncovered by
the last decade of research. The Museum of Banat, Timisoara,
2009

Whittle A. (Ed.), The Early Neolithic on the Great Hungarian
Plain, investigations of the Koros culture site of Ecsegfalva
23, County Békés. Archaeological Institute of the Hungarian
Academy of Sciences, Budapest, 2007

Horvath F., A Survey on the Development of Neolithic Settle-
ment Pattern and House Types in the Tisza Region. In: Bokonyi
S. (Ed.), Neolithic of Southeastern Europe and its Near Eastern
connections. International Conference 1987, Szolnok-Szeged.
Varia Archaeologica Hungarica 2, Budapest, 85-101

Horvath F., Similarities and differences in the cultural changes
and interrelations during the Early and Middle Neolithic of the
Southern Alféld in comparison with the Middle Tisza-Region in
Hungary. In: Drasovean F. (Ed.), The Vinca Culture, its role and
cultural connections. The Museum of Banat, Timisoara, 1996,
125-140

Horvath F., Gorzsa and Gradeshnitsa: South meets North in the
Maros and Tisza Valley. In: Hiller S., Nikolov V. (Eds.), Karanovo.
Band Ill. Beitrdge zum Neolithikum in Stidosteuropa (Karanovo.
Volume Ill. Contributions to the Neolithic in Southeastern Eu-
rope). Vienna, 2000, 359-373

Horvath F., Drasovean F., Remarks on the connections between
the Banat and the Great Hungarian Plain at the beginning of the
Middle Neolithic (Satchinez-Alfold Linear Pottery-Esztar-Vinca).
In: Anders A., Kulcsar G. (Eds.), Moments in time, papers pre-
sented to Pal Raczky on his 60th birthday. L’Harmattan, Bu-
dapest, 2013, 113-131

Price D., Europe’s first farmers: an introduction. In: Price D.
(Ed.), Europe’s first farmers. Cambridge University Press, Cam-
bridge, 2000, 1-18

Raczky P., The cultural and chronological relations of the Tisza
region during the Middle and the Late Neolithic as reflected
by the excavations at Ocsod-Kovashalom. A Béri Balogh Addm
Mizeum Evkonyve 13, 1986, 103-125

Raczky P., Chronological framework of the Early and Middle
Neolithic in the Tisza region. In: Bokdnyi S. (Ed.), Neolithic in
Southeastern Europe and its Near Eastern connections. Insti-
tute of Archaeology of the Hungarian Academy of Sciences, Bu-
dapest, 1989, 233-251

Raczky P., The Neolithic of the Great Hungarian Plain and the
Vinca complex (new archaeological evidences for the relations).
Balcanica 23, 1992, 147-165

Raczky P., Domboréczki L., Hajdi Zs., The site of Polgar-
Cs@szhalom and its cultural and chronological connections
with the Lengyel culture. In: Koztowski J. K., Raczky P. (Eds.),
The Lengyel, Polgar and related cultures in the Middle/Late
Neolithic in Central Europe. Polska Akademia Umiejetnosci,
Krakéw, 2007, 49-70

van Andel T. H., Runnels C. N., The earliest farmers in Europe.
Antiquity, 1995, 69, 481-500

Chapman )., Social power in the early farming communities of
Eastern Hungary - Perspectives from the Upper Tisza Region. In:
Németh P. (Ed.), J6sa Andras Mizeum Evkonyve, 1994, 79-99
Chapman J., The origin of tells in Eastern Hungary. In: Topping
P. (Ed.), Neolithic landscapes: Neolithic studies group seminar



434 —— D.).RiebeandL.C. Niziolek

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

31

[32]

[33]

[34]

[35]

[36]

[37]

papers 2. Oxbow Monograph Series, Oxford, 1997, 139-164
Horvéath F., Aspects of Late Neolithic changes in the Tisza—
Maros region. A Béri Balogh Adam Mdizeum Evkonyve 13. 1986,
89-102

Horvath F., The Neolithic in the Southern part of the Great Hun-
garian Plain. In: Visy Zs. (Ed.), Hungarian Archaeology at the
Turn of the Millennium. Ministry of National Cultural Heritage,
Budapest, 2003

Kalicz N., Clay Gods: The Neolithic Period and Copper Age in
Hungary. Athenaeum Printing House, Budapest, 1970

Kalicz N., Neolithic settlement patterns in the Tisza region of
Hungary. In: Aspes A. (Ed.), Settlement patterns between the
Alps and the Black Sea 5th to 2nd Millennium B. C. Memorie
del Museo Civico di Storia Naturale di Verona, Sezione Scienze
dell’Uomo, Verona-Lazise, 1995, 77-86

Kalicz N., Das Frithneolithikum im Karpatenbecken (The Early
Neolithic in the Carpathian Basin). In: Preuss J. (Ed.), Das Ne-
olithikum in Mitteleuropa. Band 1-2 (The Neolithic in Central Eu-
rope. Volume 1-2). Beier and Beran, Weissbach, 1998, 257-262
(in German)

Kalicz N., Raczky P., The Late Neolithic of the Tisza region: A
survey of recent archaeological research. In: Talas L., Raczky P.
(Eds.), The Late Neolithic of the Tisza region. Szolnok County
Museums, Budapest-Szolnok, 1987, 11-30

Makkay J., A magyarorszagi neolitikum kutatasanak (Gj ered-
ményei. Az idérend és a népi azonositas kérdései (New results
of research on Hungarian Neolithic. The question of chronology
and cultural identification). Akadémiai Kiadé. Budapest, 1982
(in Hungarian)

Raczky P., The Tisza culture of the Great Hungarian Plain. Stud.
Praehis., 1992b, 11, 162-176

Sherratt A., The development of Neolithic and Copper Age set-
tlementinthe Great Hungarian Plain, Part I: the regional setting.
Oxford J. Archaeol., 1983, 1, 287-316

Sherratt A., The development of Neolithic and Copper Age set-
tlementinthe Great Hungarian Plain, Part Il: site survey and set-
tlement dynamics. Oxford ). Archaeol., 1984, 2, 13-41
Bognar-Kutzian 1., The Copper Age cemetery of Tiszapolgar-
Basatanya. Akadémiai Kiad6, Budapest, 1963

Bognar-Kutzian I., The Early Copper Age Tiszapolgar Culture in
the Carpathian Basin. Akadémiai Kiad6. Budapest, 1972
Gyucha A., Parkinson W. A., Archaeological “cultures” and the
study of social interaction: the emergence of the Early Copper
Age Tiszapolgar Culture. In: Anders A., Kulscar G. (Eds.), Mo-
ments in time: papers presented to Pal Raczky on His 60th birth-
day. U'Harmattan Kiad6. Budapest, 2013, 521-538

Gyucha A., Parkinson W. A., Yerkes R. W., A multi-scalar ap-
proach to settlement pattern analysis: the transition from the
Late Neolithic to the Early Copper Age on the Great Hungarian
Plain. In: Thurston T. L., Salisbury R. B. (Eds.), Reimagining re-
gional analyses: the archaeology of spatial and social dynam-
ics. Cambridge Scholars Press, Newcastle, 2009, 100-129
Kalicz N., Makkay )., Die Linienbandkeramik in der Gro3en Un-
garischen Tiefebene (The Linear Pottery on the Great Hungarian
Plain). Akadémiai Kiad6, Budapest, 1977 (in German)
Parkinson W. A., The social organization of Early Copper Age
tribes on the Great Hungarian Plain. Ph.D. thesis, University of
Michigan, USA, 1999

Parkinson W. A., The social organization of Early Copper Age
tribes. BAR, Oxford, 2006

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

DE GRUYTER OPEN

Parkinson W. A., Gyucha A., Yerkes R. W., Hardy M., Morris M.,
Settlement reorganization at the end of the Neolithic in Central
Europe: recent research in the Kéros River Valley, Southeastern
Hungary. ). Eur. Prehistory, 2004, 2, 57-73

Sherratt A., The development of Neolithic and Copper Age set-
tlementinthe Great Hungarian Plain, Part Il: site survey and set-
tlement dynamics. In: Sherratt A. (Ed.), Economy and society in
prehistoric Europe: changing perspectives. Edinburgh Univer-
sity Press, Edinburgh, 1997

Hegedlis K., A Vészt6 Magori-dombi ajkGkori és rézkori
temetkezések (The Neolithic and Copper Age Burials at Vésztd
Magori-domb). Doctoral thesis, E6tvds Lorand Science Univer-
sity, Hungary, 1977 (in Hungarian)

Makkay )., Vészt6-Magor: Asatés a sziilofoldon (Vészt-Magor:
excavations in the homeland). Vészt§ Varos Onkormanyzata,
Békéscsaba, 2004 (in Hungarian)

Kalicz N., Raczky P., Anders A., Kovacs K., Preserved by an-
cestral fire: pictures of an excavation — The Neolithic village
at Berettyddjfalu-Herpaly. Pytheas Printing House, Budapest,
2011

Duwe S., Pondering provenance and technology: chemical char-
acterization of Copper Age daub, ceramics, and raw material
sources in the Kéros Region, Hungary. Paper presented at the
71st Annual Meeting of the Society for American Archaeology
San Juan, PR, 2006

Duwe S., Parsons T., Galaty M., Mineralogical and chemi-
cal characterization analyses. In: Parkinson W. A., Gyucha A.,
Yerkes R. W. (Eds.), Bikeri: Two Early Copper Age villages on
the Great Hungarian Plain. Cotsen Institute Press, Los Angeles,
2015 (in press)

Dussubieux L., Golitko M., Williams P. R., Speakman R. J., Laser
ablation-inductively coupled plasma-mass spectrometry anal-
ysis applied to the characterization of Peurvian Wari ceram-
ics. In: Glascock M. D., Speakman R. J., Popelka-Filcoff R. S.
(Eds.), Archaeological chemistry: analytical technique and ar-
chaeological interpretation. American Chemical Society, Wash-
ington, D.C., 2007, 349-363

Hoekman-Sites H., Parsons T., Duwe S., Elemental interaction:
stylistic, compositional, and residue analyses of Copper Age ce-
ramics on the Great Hungarian Plain. SAS Bulletin, 2006, 29 (4),
12-13

Gyucha A., A Koros-vidék kora rézkora (The Early Copper Age
of the Koros region). PhD thesis, E6tvos Lorand Science Univer-
sity, Hungary, 2009 (in Hungarian)

Bishop R. L., Canouts V., Crown P. L., De Atley S. P., Sensitivity,
precision, and accuracy: their roles in ceramic compositional
data bases. Am. Antiquity, 1990, 55, 537-546

Golitko M., Warfare and alliance building during the Belgian
Early Neolithic, Late Sixth Millennium BC. Ph.D. thesis, Univer-
sity of Illinois at Chicago, USA, 2011

Sharratt N., Golitko M., Williams P. R., Dussubieux L., Ceramic
production during the Middle Horizon: Wari and Tiwanaku clay
procurement in the Moquega Valley, Peru. Geoarchaeology,
20009, 24,792-820

Niziolek L. C., Ceramic production and craft specialization in the
Prehispanic Philippines, A.D. 500 to 1600. Ph.D. thesis, Univer-
sity of Illinois at Chicago, USA, 2011

Niziolek L. C., Earthenware production and distribution in
the Prehispanic Philippine polity of Tanjay: results from laser
ablation-inductively coupled plasma-mass spectrometry (LA-



DE GRUYTER OPEN

(53]

(54]

(55]

[56]

(571

(58]

(591

[60]

[61]

[62]

ICP-MS). ). Arch. Sci., 2013, 40, 2824-2839

Niziolek L. C., Examining changes in the organization of earth-
enware production in a Prehispanic Philippine polity using LA-
ICP-MS. Open ). Archaeometry, 2013, 1, 1-15

Gratuze B., Obsidian characterization by LA-ICP-MS and its ap-
plication to prehistoric trade in the Mediterranean and the Near
East: sources and distribution of obsidian within the Aegean
and Anatolia. J. Archaeol. Sci., 1999, 26, 869-881

Arnold D. E., Ceramic variability, environment and culture his-
tory among the Pokom in the Valley of Guatemala. In: Hodder
I. (Ed.) The spatial organisation of culture. University of Pitts-
burgh Press, Pittsburgh, 1978, 39-59

Arnold D. E., Does the standardization of ceramic pastes really
mean specialization?, J. Archaeol. Method Th., 2000, 7, 333-375
Speakman R. )., Glascock M. D., Tykot R. H., Descantes C.,
Thatcher].)., Skinner C. E., Lienhop K. M., Selected applications
of laser ablation-inductively coupled plasma-mass spectrome-
try to archaeological research. In: Glascock M. D., Speakman
R.J., Popelka-Filcoff R. S. (Eds.), Archaeological chemistry: ana-
lytical techniques and archaeological interpretation. American
Chemical Society, Washington, DC, 2007, 275-296

Weigand P. C., Harbottle G., Sayre E. V., Turquoise sources and
source analysis: Mesoamerica and the Southwestern U.S. In:
Earle T.K., Ericson ). E. (Eds.), Exchange systems in prehistory.
Academic Press, New York, 1977, 15-34

Gratuze B., Blet-Lemarquand M., Barrandon J. N., Mass spec-
trometry with laser sampling: a new tool to characterize archae-
ological materials. J. Radioanal. Nucl. Ch., 2001, 247, 645-656
SpeakmanR.J., Neff H., The application of laser ablation ICP-MS
to the study of archaeological materials — an introduction. In:
Speakman R. ). (Ed.), Laser ablation-ICP-MS in archaeological
research. University of New Mexico Press, Albuquerque, 2005,
1-15

Baxter M. J., Archaeological uses of the biplots - a neglected
technique? In: Lock G., Moffett J. (Eds.), Computer applications
and quantitative methods in archaeology. Tempus Reparatum,
Oxford, 1992, 141-148

Baxter M. J., Multivariate analysis in archaeology. In: Brothwell
D.R., Pollard A. M. (Eds.), Handbook of archaeological cciences.
John Wiley & Sons, Ltd., Chichester, 2001

Investigating Compositional Variation of Ceramic Materials...

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

— 435

Glascock M. D., Characterization of archaeological ceramics at
MURR by neutron activation analysis. In: Neff H. (Ed.), Chemi-
cal characterization of ceramic pastes in archaeology. Prehis-
tory Press, Madison, 1992, 11-26

Kennett D. J., Anderson A. )., Cruz M. J., Clark G. R., Summer-
hayes G. R., Geochemical characterization of Lapitia Pottery via
inductively coupled plasma-mass spectrometry (ICP-MS). Ar-
chaeometry, 2004, 46, 35-46

Cecil L. G., Inductively coupled plasma emission spectroscopy
and Postclassic Petén slipped pottery: an examination of pot-
tery wares, social identity and trade. Archaeometry, 2004, 46,
385-404

Eerkens ). W., Neff H., Glascock M. D., Ceramic production
among small-scale and mobile hunters and gatherers: a case
study from the Western Great Basin. ). Anthropol. Archaeol.,
2002, 21, 200-229

Gliozzo E., Turbanti M., Black gloss pottery: production sites
and technology in Northern Etruria, part I: provenance studies.
Archaeometry, 2004, 46, 201-225

Baxter M. )., Exploratory multivariate analysis in archaeology.
Edinburgh University Press, Edinburgh, 1994

Neff H., RQ-mode principal components analysis of ceramic
compositional data. Archaeometry, 1994, 36, 115-130

Manly B. F. J., Multivariate statistical methods: a primer. Chap-
man & Hall/CRC, Boca Raton, 2005

Little N. C., Kosakowsky L. J., Speakman R. J., Glascock M. D.,
Lohse J. C., Characterization of Maya pottery by INAA and ICP-
MS. ). Radioanal. Nucl. Ch., 2004, 262, 103-110

Hill D. V., Speakman R. ., Glascock M. D., Neff H., The tech-
nology of Mesopotamian ceramic glazes. In: Glascock M. D.,
Speakman R. J., Popelka-Filcoff R. S. (Eds.), Archaeological
chemistry: analytical techniques and archaeological interpreta-
tion. American Chemical Society, Washington, D.C., 2007, 422-
446



436 =—— D.].RiebeandL.C. Niziolek

Supplementary Materials

DE GRUYTER OPEN

Table S1: Table listing geochemical group membership probabilities based on Mahalanobis distance calculations for the final core group of
27 ceramics using principal component 1 (accounting for 28.3% of the total variance) and principal component 2 (accounting for 15.37% of
the total variance). Two main groups are noted, Herpaly and Tisza, corresponding to the different waterways on which the sites are located.

Sample ID

Prob. in
Groups 2, 3, 4,
and 5

Prob. in
Group 1

Samples in Geochemical Group 1 (Herpdly)

bh4
bh5
bhé
bh7

Samples in Geochemical Groups 2, 3, 4,

bh12
ok1
ok10
ok11
ok12
ok14
ok4
ok7
vm1l1l
vm12
vm15
vm1l7
vm19
vm2
vm20
vm21
vm22
vm23
vm26
vm29
vm30
vm5
vm7

0.044
0.009
0.010
0.029

and 5 (Tisza)
13.748
48.739
55.441
91.081
75.507
7.574
23.714
48.036
5.261
8.325
46.560
96.285
62.707
89.447
71.802
2.234
14.703
60.035
96.603
60.994
38.378
70.995
66.418

30.298
25.138
43.861
99.296

4.482
4.179
1.810
2.248
2.026
2.091
1.640
1.655
2.395
4.284
4.192
2.260
3.589
2.272
3.516
1.292
6.154
2.979
2.723
1.901
1.561
1.951
3.143
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