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Ceramic petrography can be an effective method for studying demographic shifts and the possibility of
migration into a region. This is based on the principle that ceramic manufacturing technology is resistant
to change over time, while form and decoration can change quickly even in times of demographic
continuity. As such, sudden shifts in raw material preparation and methods of pottery manufacture may
be indicative of the arrival of new people in a region. The manufacturing characteristics indicative of such
a demographic change are observable and measurable microscopically. Petrography was used to describe
and measure paste characteristics of 114 Middle Copper Age, Late Copper Age, Early Bronze Age, and
Middle Bronze Age sherds from the Kords region of the Great Hungarian Plain to determine if changes in
manufacturing techniques accompanied changes in ceramic form and decoration at the beginning of the
Late Copper Age Baden period (ca. cal. 3500 B.C.). A comparison of the petrographic results from the
cultural phases showed that little manufacturing and technology change occurred during the time period
covered by the study. Migration of new people into the region is therefore not supported, and changes in
ceramic form and decoration associated with the Late Copper Age occurred during an extended period of

demographic continuity.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

This study demonstrates the utility of ceramic petrography for
the synchronic and diachronic study of ceramic technology, and for
testing the migratory or indigenous origins of a regional archaeo-
logical culture traditionally defined by its ceramic design. In a wider
methodological sense, it utilizes a “technology of style” approach
(Stark, 1998a, b) to measure changes in pottery manufacturing
techniques in a geographically bounded area over the long-term.

Traditional petrographic studies address issues of compositional
grouping (see Day and Kiriatzi, 1999) and provenance (see Ferring
and Perttula, 1987), often to assess pottery produced locally
versus imported ceramic material (Jordan and Schrire, 1999). The
method utilized here differs in that it diachronically measures
change in ceramic production technology in a spatially bounded
study region. The analytical focus includes the observation of
sudden changes in manufacturing behavior at specific points in
time, rather than focusing solely on identification and character-
ization of unique ceramic fabrics at the synchronous geographic
and cultural level.

* Tel.: +1 (850) 766 4088; fax: +1 (850) 580 2884.
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A combined synchronous and diachronic approach to ceramic
compositional variability allows for the assessment of the indige-
nous or migratory nature of material culture change. Pottery form
and decoration can change quickly even in times of population
continuity, while production technologies are highly resistant to
change (Lemmonier, 1992). In this case study, a shift in production
methods at the beginning of the Late Copper Age would suggest
a migratory origin for the Baden material culture on the Great
Hungarian Plain, while continuity in production methods would
suggest population continuity in the region at this time. Similarly,
contemporaneous compositional variability within the Koros
region during the Late Copper Age could indicate multiple pop-
ulations creating pottery of similar form and decoration.

2. Archaeological background

The Holocene prehistory of the Great Hungarian Plain is tradi-
tionally divided into three phases: The Neolithic (ca. 8000—4600 cal.
B.C.), Copper Age (ca. 4600—2800 cal. B.C.), and the Bronze Age (ca.
3000—-1400 cal. B.C.) (Duffy, 2010; Gyucha, 2010; Parkinson, 2006)
(Fig.1). The Copper Age, of particular interest in this study, is a period
uniquely delineated in the relative chronology of the Carpathian
Basin. Whereas most European chronologies include only general
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Fig. 1. Prehistoric chronology of Europe and the Great Hungarian Plain (after Parkinson, 2006; Gyucha, 2010; Duffy, 2010).

characterizations of a Chalcolithic period, archaeologists working in
Eastern and Central Europe — and the Hungarian Plain in particular —
have seen fit to recognize a Copper Age distinct from the preceding
Neolithic and subsequent Bronze Age. This is due to differences in
ceramic design and settlement patterns between the Late Neolithic
Tisza-Herpaly-Cs6szhalom complex and the Early Copper Age Tis-
zapolgar phase, in addition to the more frequent appearance of
copper in the material record (Kalicz and Raczky, 1987; Parkinson,
1999). Despite this material and settlement discontinuity, Sherratt
(19974, b), Parkinson (2002) and Gyucha (2010) have demon-
strated that archaeological cultures on the Hungarian Plain, from the
Neolithic to the Copper Age, possessed material culture and settle-
ment characteristics indicative of long-term continuity in the region.

The Late Copper Age Baden phase (ca. 3500—2800 cal. B.C.) on
the Great Hungarian Plain experienced a more severe discontinuity
in the archaeological record, evidenced by dramatic changes in the
way that local populations decorated pottery and organized their
settlements. At this time, the entire Carpathian Basin was inte-
grated into the wider Baden material culture horizon that stretched
from eastern Austria to the central Balkans (Fig. 2). This is most
clearly illustrated in the archaeological record by an abrupt shift in
the form, design, and decoration of ceramics, which are superfi-
cially similar throughout the Baden distribution (see Furholt, 2008).

[ i extent of Baden in the Carpathian Basin

Fig. 2. Map of the Carpathian Basin, depicting the approximate extent of Baden
material culture distribution during the Late Copper Age, the modern Hungarian
political boundary, and the boundary of the Koros River watershed study region.

The region’s archaeological palimpsest is complicated by the
appearance of thousands of kurgan burial tumuli almost simulta-
neously with the Baden horizon around 3500 B.C. The timing of the
kurgans’ construction has long been a question of interest to
archaeologists working in the region (see Ecsedy and Bokonyi,
1979; Gimbutas, 1977, 1979, 1980). Sherratt (1997a, b) noted that
Late Copper Age archaeological sites and kurgans occur in
a complementary distribution on the Hungarian Plain. This led him
to suggest that two separate populations occupied the region
simultaneously, largely avoiding each other and exploiting different
characteristics of the local environment. Recent research (Parsons,
2011) supported Sherratt’s conclusions regarding the distribution
of kurgans across the landscape, though lack of extensive strati-
graphic evidence or radiocarbon dates means that exact temporal
and social affiliations remain uncertain.

2.1. Baden and the “culture concept”

Due to their contemporaneity, kurgan builders and the makers
of Baden pottery remain linked in the archaeological record. The
apparent collision of interaction spheres and their presumed
coexistence on the Hungarian Plain led to a great deal of discussion
on the origins of both Baden and the kurgans. For decades
a monolithic foreign origin for Baden was standard fare
(Némejcova-Pavukova, 1981, 1984; see Sochacki, 1985), and inva-
sions and migrations were used as explanatory mechanisms for the
co-development of Baden and the “kurgan culture” (Gimbutas,
1963). Despite the fact that most archaeologists have eclipsed the
presumption that pottery styles correspond to distinct social or
ethnic groups, the “traditional concept of Baden culture” (Furholt,
2008: 617) has remained entrenched in Childe’s so-called “pots
equals people” culture concept (see Childe, 1950). Indeed, the
stylistic similarity of Baden ceramic assemblages throughout
central Europe led few to question the existence of a Baden
archaeological culture, and a generalized Baden culture played
a key role in connecting central Europe to the Aegean and Anatolian
Bronze Age (Kalicz, 1963) and in Sherratt’s “secondary products
revolution” (1981, 19974, b).

Recent research demonstrated that Baden pottery does not have
a discrete distribution with sharp boundaries (Furholt, 2008). Nor
does Baden pottery distribution correspond to the distribution of
other categories of material culture or cultural practice. For
example, flint industries throughout the Baden pottery distribution
lack uniformity (Balcer, 1988; Pelisiak, 1991), and burial customs,
including cremation and inhumation, vary throughout the Baden
pottery region (SachRe, 2005). In citing several other examples,
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Furholt (2008: 619) stated, “it is impossible to find any sphere of
[Baden] material culture that shows a distribution corresponding to
that of the pottery style.” Furthermore, recent studies in neigh-
boring regions identified regional variability in Baden pottery that
suggests the retention of earlier local design characteristics
(Furholt, 2008; see also Roman and Diamandi, 2001), and de
Capitani (2002) noted the coexistence of “local” coursewares and
Boleraz (early Baden) fine wares in the Lake Constance area. These
studies call into question two common assumptions: first, that
Baden constitutes a homogeneous cultural unit, and second, that
migratory population groups produced Baden ceramics.

2.2. A tale of two models: migration versus economy

Much like the traditional idea of Baden itself, models developed
to explain the appearance of the regionally similar Late Copper Age
horizon remain heavily dependent on the overly simplified culture
concept, and ultimately form a much too simplistic dichotomy of
local versus foreign influence. Though one goal of this study is to
advance the discussion beyond the archetypical definition of
archaeological culture, the research must be properly contextual-
ized in light of previous work.

Two primary models have explained the appearance of the
Baden material culture on the Hungarian Plain, and its ubiquity
throughout the Carpathian Basin. The model for migratory origins
of Baden on the Plain draws heavily from the work of Gimbutas
(1963, 1977, 1979, 1980), and posits a scenario by which indige-
nous populations were replaced by a migratory one carrying the
Baden ceramic tradition with them. The economic model, most
closely associated with Sherratt (1997a, b), suggests that interplay
of indigenous social trajectory and pan-eastern European economic
interaction led to Baden’s ubiquity throughout the Carpathian
Basin. Though both perspectives largely ignore the possibility of
material culture variability on the local level, they form the foun-
dation of Late Copper Age knowledge on the Hungarian Plain and
serve as testable models for the present study.

2.3. The migration hypothesis

Gimbutas’ (1963, 1970, 1977, 1979) model for social change on
the Hungarian Plain focused on the appearance of thousands of
kurgans in the region during the Middle and Late Copper Age, and
drew upon her encyclopedic knowledge of little known Pontic
Steppe and Black Sea regional chronologies. It can be summarized
in three points: 1) Yamnaya pastoralists from the Pontic Steppe
arrived on the Hungarian Plain ca. 3000 B.C,, 2) the kurgan builders’
entrance marked the arrival of the Indo-European language,
culture, and religion in Europe, and 3) the arrival brought about
sudden, drastic culture change.

Gimbutas’ argument is appealing, as kurgans on the Hungarian
Plain are identical to Yamnaya burials on the Eurasian Steppe.
Indeed, kurgan burial tumuli stretch from the steppe near the
Dnieper River west into the Hungarian Plain, and even further into
central and western Europe (Anthony, 1986). However, it remains
unclear how the tumuli developed across the landscape of the
Plain. Though many kurgans have been excavated (see Ecsedy and
Bokonyi, 1979), no radiometric data exist to accurately describe
their spread or the nature of their relationship with indigenous
cultural phases.

2.4. The economic hypothesis
Sherratt (1997b: 292) emphasized a “considerable measure of

continuity” on the Hungarian Plain between the Neolithic and the
Early Bronze Age. His analysis of site distribution on the eastern

Hungarian Plain led him to argue for a depopulation event around
4000 B.C. during the Middle Copper Age due to a shifting emphasis
on the importance of goods and raw materials from outside of the
Plain. This may have opened a niche for the pastoral kurgan
builders to move into the now less densely occupied region.
However, it was the Plain’s incorporation into a broader economic
sphere that ushered in the appearance of Baden in the region, and
not the influence of a migratory population.

3. Research design

Lemmonier (1992) described how characteristics of material
culture can quickly change during times of population continuity as
well as during times of rapid social, economic, or political change.
The technology that produces material culture, however, is more
conservative and is less prone to sudden changes. As such,
approaching culture change through pottery typologies empha-
sizing formal variation is not the most reliable method by which to
model migration or other demographic shifts. Archaeologically,
Lemmonier’s perspective is well suited to petrographic pottery
analysis, which is uniquely able to describe methods of ceramic
production technology — including raw material preparation, the
addition of tempers, and firing techniques — in the context of
broader geographic and diachronic comparison.

Although the goal of petrographic analysis is often the charac-
terization of contemporaneous sherds or wares and their classifi-
cation into fabric types to address issues of provenance (Reedy,
2008: 151; see Chandler, 2001; Freestone, 1995; Peacock, 1968),
several studies have illustrated the utility of petrography for
investigating questions of manufacture, technology, and cultural
implications of varying methods of vessel construction (see Beynon
et al., 1986; Kreiter, 2005).

This study tests the migration hypothesis of Baden material
culture origins on the Great Hungarian Plain during the Late Copper
Age. Rather than approaching the question of migration through
analysis of ceramic form and decoration, ceramic petrography is
used to compare ceramic paste and body composition in two ways:
1) a synchronic geographic analysis of Late Copper Age composi-
tional variability in the 3000 km? Kéros River study region of the
southeastern Hungarian Plain (see Fig. 2), and 2) a diachronic
petrographic study of Middle Copper Age, Late Copper Age, Early
Bronze Age, and Middle Bronze Age ceramics from within the study
area to observe changes in compositional variability over time. The
study focuses on petrographic characteristics indicative of raw
material preparation, vessel forming, and firing technologies, as
well as identifying changes in clay preparation and ceramic
manufacturing technology.

This research design serves two main purposes: 1) to identify
geographic compositional variability that could indicate the pres-
ence of more than one ethnic group in the region producing similar
styles of pottery during the Late Copper Age, and 2) to identify
diachronic compositional variability that could indicate the arrival
of a foreign population on the Plain. Since manufacturing tech-
nologies are both resistant to sudden change and often differ
between discrete populations, any notable variability in vessel
composition related to manufacturing techniques might suggest
the presence of a migratory population producing pottery using
different methods. Such a pattern could also indicate the adoption
of foreign techniques by the region’s indigenous population, or if
observed synchronously could indicate a high degree of localized
technique in ceramic production (including the collection of clay
from geologically distinct sources, see Frolking, 2009). Though not
impossible, the latter possibility seems unlikely due to the homo-
geneous geology of the eastern Hungarian Plain (Frolking, 2009;
Hoekman-Sites et al., 2007).
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4. Sample selection and analytical procedures
4.1. Samples

Ceramic samples for this study came from two sources: 1)
a sample of the ceramic material collected from the surface of
archaeological sites in the Koros River valley study area during
the Hungarian Archaeological Topography surveys of the 1970s,
1980s and 1990s (Ecsedy et al., 1982; Jankovich et al., 1989, 1998),
and 2) surface collections conducted at Late Copper Age archae-
ological sites in the Kéros River valley in the autumn of 2009 by
the Late Copper Age Koros Archaeological Project (Parsons, 2011)
(Fig. 3).

A total of 114 sherds from 28 sites in the Kords region were
selected for petrographic analysis (Table 1). Since all ceramics in the
study originate from surface contexts, samples were chosen based
on diagnostic characteristics — primarily incised decoration and
patterns of punctuation — that unambiguously assigned them to
known chronological phases. Although the use of only stylistically
diagnostic material limited sample size, this criterion was neces-
sary to ensure chronological control. Ideally, the study would have
included ceramic samples from Yamnaya-style kurgan interments.
Unfortunately, the destructive nature of petrographic ceramic
analysis precluded such materials from inclusion.

4.2. Sample preparation

Sherds were thin sectioned at the laboratory of the Field Service
for Cultural Heritage (KOSZ) in Budapest, Hungary. Thin sectioning
involved removing a small fragment from the sherd, polishing the
fresh break, and mounting the fragment onto a glass slide using an
impregnative epoxy. The samples were then ground to a thickness
of 0.02—0.03 mm, the point at which light characteristically passes
through clay groundmass and mineral inclusions, allowing for their
specific description and identification.

4.3. Petrographic analysis
Thin sections were analyzed under a polarizing light microscope

under plane polarized light and with crossed-polars. Counts were
made at 2 mm intervals as per Stoltman’s (1989, 1991, 2001)

N
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Fig. 3. Locations of archaeological sites within the Kéros River watershed study region
from which petrographic samples were collected.

Table 1

Provenience of petrographic ceramic samples, and sums of samples from each site
and chronological phase. Letters next to site names correspond to the plotted
samples in Figs. 4 and 5.

Site Middle Late Early Middle Total

Copper Copper Bronze Bronze

Age Age Age Age
Békés178 (a) -
Békés26 (b) -
Békés39 (c) —
Békés75 (d) -
Bélmegyer56 (e)
Bélmegyer82 (f)
Biharugra33 (g) 3
Biharugra53 (h) -
Buscal3 (i) —
Dévavanyal66 1
Fiizesgyarmat97 (j) -
Gerla64 (k) -
Korosladany16 2
Korosladany21 (1) —
Korosladany33 (m) -
Mezéberény34 (n) -
Okény43 (o) -
Szeghalom112 (p)
Szeghalom168 (q)
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methodology. Between three and five transects and as many as
150, but never fewer than 100, points were counted per slide. A
critical aspect of this method of petrographic analysis is the
differentiation between a ceramic’s paste (the aggregate of natural
minerals) and body (the bulk composition of a vessel). Comparison
of paste values over space and time can shed light on raw material
preparation techniques that result in the removal of large naturally
occurring mineral grains, while body values account for temper
materials intentionally added to the paste by the potter during the
production sequence.

Recorded quantitative data included point counts for matrix,
void space, natural mineral inclusions, and intentionally added
temper inclusions. Both natural and temper inclusions were tallied
by size: ranging from silt at <0.25 mm, fine sand from 0.25 mm to
1 mm, and medium sand from 1 mm to 2 mm. No inclusions larger
than 2 mm were observed in any of the samples. These data were
used to generate ratios of matrix, sand, and temper for body and
paste compositions of the samples. Qualitative description followed
Whitbread’s (1989, 1995) methodology and classification scheme.
General qualitative description included characterization of void
shape and size, kneading, sorting of natural mineral inclusions,
groundmass description (including crystallitic birefringence and
birefringent fabric description, or inactive groundmass descrip-
tion), and color.

For synchronous analysis of all Late Copper Age sherds (n = 75),
paste and body compositions of each sample were calculated and
plotted to measure geographic compositional variability. For the
diachronic analysis, compositions were similarly calculated and
plotted. Body and paste compositional variability of Middle Copper
Age, Early Bronze Age, and Middle Bronze Age samples were then
compared with the Late Copper Age samples to observe any
possible changes in composition through time.
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5. Results

Both Late Copper Age synchronous and multi-period diachronic
analysis failed to identify anything beyond modest compositional
variability (Tables 2 and 3). Though no dramatic changes in paste or
body composition were identified geographically or temporally,
long-term trends in body composition indicate some level of
manufacturing change in the Koéroés region during the period
covered by this study.

5.1. Late Copper Age variability in the Kords region

No discrete geographic patterning in paste or body composition
was observed in the Late Copper Age samples. Although the
samples expressed a range of variability in paste composition
(specifically the percentage of silt-sized mineral grains, which
ranged from 5% to 23%), none of the samples clustered in a way
indicative of a relationship between geography and ceramic paste
composition (Fig. 4). Only one site — Tarhos67 — clustered
discretely from the other samples, with 11 of 12 samples containing
silt in amounts greater than 15%. The ceramics from this site could
generally be described as slightly sandier than most other samples.
However, the size of the mineral grains (<0.25 mm, predominately
monocrystalline quartz) and their shape (rounded, rather than with
the sharp edges indicative of intentional crushing) point to their
unintentional inclusion in the clay. No such clustering of samples
from Tarhos67 or any other site was inferred in the body compo-
sition of Late Copper Age sherds (Fig. 5).

All Late Copper Age samples shared qualitative characteristics
indicative of similar raw material processing and vessel firing
techniques. All exhibited an optically active birefringent ground-
mass and all contained calcite as angular grit, indicating low firing
temperatures of <800 °C (Barone et al., 2003; Damjanovi¢ et al.,
2010). Void space was characterized similarly in all Late Copper
Age samples. Large and small vughs (irregular voids) were ubiqg-
uitous, planer voids (thin, linear voids that formed as the pot dried)

Table 2
Summary statistics of point counts from Late Copper Age archaeological sites.
Paste Body
% Matrix % Sand % Silt % Mat/Silt % Sand % Temp

Site
Békés178 Average 80.78 0.75 18.48 93.55 570 0.75
(n=4) Std. dev. 5.93 1.50 598 6.14 6.69 150
Békés39 Average 88.26 000 11.74 97.24 276 0.00
(n=15) Std. dev. 5.44 0.00 544 257 2,57  0.00

Bélmegyer56
(n=6)

Average 84.17 192  13.92 9542 217 192
Std. dev. 5.18 2.68 461 4.81 4.05 2.68

Biharugra33
(n=6)

Filizesgyarmat97 Average 82.46 0.00 17.54 97.24 2.76  0.00

Average 86.58 0.00 13.42 94.53 547 0.00
Std. dev. 3.39 0.00 339 494 494  0.00

(n=5) Std. dev. 3.43 0.00 343 292 292 0.00
Szeghalom168 Average 88.83 0.00 11.17 95.37 4.63 0.00
(n=3) Std. dev.  7.09 0.00 7.09 439 439  0.00
Szeghalom60 Average 87.98 0.00 12.03 97.25 2.75 0.00
(n=4) Std. dev. 6.20 0.00 6.20 1.85 1.85 0.00
Szeghalom80 Average 80.51 0.14 1935 92.25 7.50 0.13
(n=28) Std. dev. 5.84 0.39 5.77 5.95 587 035

Szeghalom89 Average 79.13 0.30 20.57 96.17 3,53 030

(n=3) Std. dev. 14.62 0.52 1494 588 6.12  0.52
Tarhos67 Average 74.81 095 24.24 95.21 3.87 093
(n=12) Std. dev. 9.09 1.83 935 3.13 316 178

Table 3

Summary statistics of Middle Copper Age (MCA), Late Copper Age (LCA), Early
Bronze Age (EBA), and Middle Bronze Age (MBA) petrographic point counts. The
more restricted compositional variability of MBA samples is reflected in the varia-
tion from the mean, and may be an indicator of increased specialization in pottery
production by the middle of the Bronze Age (Budden and Sofaer, 2009).

Paste Body
% Matrix % Sand % Silt % Mat/Silt % Sand % Temp

Period

MCA Average 8542 0 14.58 98.4 0 2.6
(n=14) Std.dev. 6.16 0 6.16  2.65 0 2.75
LCA Average 83.14 0.54 1632 94.21 0.53 41
(n=175) Std.dev. 8.67 1.67 8.55 11 4.01 1.65
EBA Average 82.12 0.13 18.75 91.57 0.11 6.52
(n=15) Std.dev. 6.42 0.35 642 833 0.29 421
MBA Average 84.2 0.61 15.19 89.29 1.61 9.1
(n=10) Std.dev. 292 1.29 286 5.63 3.26 6.12

were nearly universal, and vesicles and channel voids (evidence for
organic materials burned away during firing) were extremely rare.
Muscovite mica lathes were present in all samples, and nearly
always expressed a preferred orientation of between 25° and 45° to
the surface of the sherd. The universal presence of vughs indicates
a moderate level of raw clay kneading, while planar voids
commonly indicate folding and pressing of the clay before forma-
tion of the vessel (Whitbread, 1995).

5.2. Diachronic variability in the Kords region

Middle Copper Age, Late Copper Age, Early Bronze Age, and
Middle Bronze Age ceramic samples were all compositionally
similar. Most petrographic characteristics were ubiquitous
throughout the four phases, with nearly all samples possessing
a mosaic-speckled and striated optically active birefringent fabric.
Void spaces were characterized primarily as large irregular vughs,

Silt Matrix

100%

20% 10%
Sand

40% 30%

Fig. 4. Ternary plot of paste compositional variability in Late Copper Age samples.
Letters correspond to the sample’s provenience: Békés178 (a), Békés26 (b), Békés39 (c),
Békés75 (d), Bélmegyer56 (e), Bélmegyer82 (f), Biharugra33 (g), Biharugra53 (h),
Buscal3 (i), Flizesgyarmat97 (j), Gerla64 (k), Korosladany21 (1), Kérosladany33 (m),
Mezéberény34 (n), Okany43 (o), Szeghalom112 (p), Szeghalom168 (q), Szeghalom60
(r), Szeghalom80 (s), Szeghalom89 (t), Tarhos67 (u), Vészt6119 (v), Vészt617 (w),
Vészt649 (x).
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20%, 207

Sand Matrix + Silt

10% 90%

a

10%
Temper

20%

Fig. 5. Ternary plot of body compositional variability in Late Copper Age samples.
Letters correspond to the sample’s provenience: Békés178 (a), Békés26 (b), Békés39 (c),
Békés75 (d), Bélmegyer56 (e), Bélmegyer82 (f), Biharugra33 (g), Biharugra53 (h),
Buscal3 (i), Flizesgyarmat97 (j), Gerla64 (k), Kérosladany21 (1), Kérosladany33 (m),
Mezéberény34 (n), Okany43 (o), Szeghalom112 (p), Szeghalom168 (q), Szeghalom60
(r), Szeghalom80 (s), Szeghalom89 (t), Tarhos67 (u), Vészt6119 (v), Vészt617 (w),
Vészt649 (x).

with planar voids less common. Vesicles and channels were
extremely rare across all phases. Naturally occurring mineral
inclusions in the clay paste were consistent throughout all phases,
and consisted primarily of monocrystalline quartz, potassium
feldspar, and muscovite mica. Angular grits of calcite were almost
ubiquitously observed. Plagioclase feldspar, calcite, pyroxene, and
amphibole were less common, while epidote, olivine, chlorite, and
serpentine were observed very rarely. These general characteristics
indicate that ceramics from all temporal phases were produced
using similar raw material processing, vessel forming, and firing
techniques (described above).

Quantitative results largely reinforce conclusions drawn from
the qualitative diachronic petrographic characteristics. Only
modest variability was observed in paste and body composition
within and between phases (Figs. 6 and 7). Samples did not cluster
by site in terms of paste composition. Samples from no period
existed outside of the range of variability expressed by Late Copper
Age samples, and no clustering indicative of discrete fabric types
was observed. However, Middle Bronze Age ceramics existed
within a restricted range of variability compared to all other phases,
and deviated less from the mean than samples from other periods
(see Table 1). In other studies, similar patterns have been inter-
preted as a sign of specialization in pottery manufacture (see
Budden and Sofaer, 2009). Middle Bronze Age samples are also
differentiated by the more frequent relative occurrence of grog
(crushed pottery) temper (n = 6 of 10, 60% of the samples).

5.3. Long-term trends in Kords region ceramic compositional
variability

Despite the relative homogeneity in diachronic paste and body
composition, and the lack of discrete ceramic fabrics both
geographically and temporally, subtle long-term general changes in
composition were observed. The general trend of the approxi-
mately 2000 years encompassing the temporal phases included in

30% 0%
O Middle Copper Age
X Early Bronze Age

% Middle Bronze Age

80%

Matrix

10%

100%

30% 20% Sand 10%

Fig. 6. Paste composition ternary plot of Middle Copper Age, Early Bronze Age, and
Middle Bronze Age ceramic samples. Note the restricted range of compositional vari-
ability in the Middle Bronze Age samples.

this study is a subtle, but steady increase in the presence of grog
temper (Fig. 8). However, grog must compose 20%—50% to enhance
the physical properties of a vessel (Rye, 1981: 39). None of the
ceramics in this study consisted of greater than 20% temper
material, so grog did not play a functional role during the produc-
tion sequence. Though unusual, Kreiter (2005) noted a similar
phenomenon in Transdanubian Bronze Age ceramics. While it is
possible that grog in such small amounts resulted inadvertently as
a byproduct of the production sequence, this seems doubtful since
the presence of grog increases steadily over time. Similarly, the
presence of sand-sized unintentional mineral inclusions increases
slightly between the Middle Copper Age and Middle Bronze Age
(Fig. 9), suggesting slight changes in the processing of raw clay
through time.

0,
20% 80%
O Middle Copper Age
X Early Bronze Age
% Middle Bronze Age
Sand Matrix + Silt
10% Y 90%

O < 0 B
20% 10%
Temper

Fig. 7. Body composition ternary plot of Middle Copper Age, Early Bronze Age, and
Middle Bronze Age ceramic samples.
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Fig. 8. Body composition of Middle Copper Age, Late Copper Age, Early Bronze Age,
and Middle Bronze Age ceramic samples. A steady shift in the ratio of temper
(including grog) to sand and matrix plus silt is observable over time. This shift is subtle,
but important, as it indicates minor, continuous change in vessel manufacturing rather
than an abrupt change. Such a trend indicates continuity in manufacturing technology
over the long-term.
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Fig. 9. Percentage of temper and sand observed in point counted Middle Copper Age,
Late Copper Age, Early Bronze Age, and Middle Bronze Age ceramic samples. Note the
marked trend of an increased appearance of temper (especially grog) over time.

6. Discussion and conclusions

6.1. Discussion: implications of the results for modeling the Late
Copper Age

The results of the petrographic analysis point to continuity in
ceramic production technology during the time period covering the
Middle Copper Age, Late Copper Age, Early Bronze Age, and Middle
Bronze Age. A migratory explanation for the appearance of the Baden
material culture on the Hungarian Plain is therefore not supported.
Although long-term shifts in body composition were noted, and
limited clustering was observed in Late Copper Age samples, the
abrupt changes in compositional variability that might result from
migratory influence were not observed (Stark, 1998a, b). The modest
diachronic compositional shift and very slight synchronic geographic
compositional grouping observed in this study dovetail well with
Furholt’s (2008) belief that Baden pottery consisted of regionally
diverse fabric types that shared certain common design motifs. In this
sense, Furholt’s use of the term material culture “coherence” seems
more appropriate than material culture homogeneity. In the Koros
region during the Late Copper Age, an argument can be made for
coherence within the region given the limited range of synchronic
compositional variability. Similarly, measured, rather than abrupt,
diachronic change points toward population continuity over the time
periods covered in this study.

Ultimately, Sherratt’s (1997a, b) contention that a population of
Yamnaya kurgan builders co-existed with the indigenous Middle
and Late Copper Age population in the region is more tenable than
Gimbutas’s (1970) scenario of invasion, subjugation, and replace-
ment. That said, the physical evidence for migration onto the
Hungarian Plain should not be ignored. The presence of Yamnaya-
style burial tumuli and inhumations in the study region is a strong
indicator of a foreign presence. Stratigraphic data indicate that at
least some of the kurgans were constructed around the time of the
Middle/Late Copper Age transition (Ecsedy and Bokonyi, 1979),
though a lack of radiometric dates for the tumuli makes their
association with specific temporal phases impossible. Furthermore,
no archaeological evidence other than kurgans exists to indicate
Yamnaya presence on the Plain. In spite of this, it is reasonable to
suggest that immigrants were quickly incorporated into indigenous
populations and had a negligible impact on the material record
(Snow, 2009; Thompson, 1996). So, while the kurgans themselves
may have left a significant impression on the landscape of the Plain,
it is possible that the people that created them did not (Parsons,
2011: 196).

The results of this study show that the migration/economy
dichotomy is too simplistic a framework in which to discuss the
material culture changes that occurred during the Late Copper Age
on the Hungarian Plain. Though a migration into the Plain likely
began around 3500 B.C., the material culture changes observed at
the advent of the Late Copper Age are more likely a conscious or
unconscious adaptation on the part of the people of the Hungarian
Plain to align themselves economically and socially with their
trading partners beyond the Carpathian Mountains. As the acqui-
sition of raw materials and finished goods (especially metals)
became more common in the Late Copper Age and Early Bronze Age
(Bdéna, 1975; O’Shea, 1978; Sherratt, 1997b), inhabitants of the Plain
might have adopted one of the most visual expressions of cultural
or economic identity — pottery form and decoration — while
retaining local traditions of ceramic manufacturing process,
mortuary practices, and house construction. Although further
research into Baden social organization on the eastern Plain is
necessary to fully support this hypothesis, Sochacki (1985) and
Furholt (2008) made similar arguments for regions outside of the
Carpathian Basin.

6.2. Conclusions

The framework presented here places Baden firmly within
established diachronic models of change for the prehistory of the
Hungarian Plain. A social trajectory featuring population continuity
and increasing importation of raw and finished stone and copper
items existed as far back as the Middle Neolithic, continuing
through the Middle Copper Age Bodrogkeresztir phase (Gyucha,
2010; Parkinson, 2006). This study concludes that the Late Copper
Age Baden phase is part of this continuous social and economic
trajectory, and that migration and invasion scenarios for the
appearance of Baden ceramics on the Hungarian Plain are not
tenable.

Methodologically, this study illustrates how ceramic petrog-
raphy remains useful for the geographic synchronic and diachronic
study of changes in ceramic manufacturing technology. Further-
more, the results demonstrate how ceramic types must be viewed
independently of cultures or ethnicities in the prehistory of eastern
and central Europe. Though it remains temping to equate material
culture assemblages with overly simplistic conceptualizations of
cultural affiliation, such assumptions contribute to equally
simplistic deus ex machina models of change. Technological
approaches to material culture change, and ceramic petrography in
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particular, have a role in clarifying the nature of stylistic coherence
and can contribute to refining the culture concept in archaeology.
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