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Abstract

Inlaid ceramics belonging to the Encrusted Pottery Culture and dated to the Middle Bronze Age (2000—1500 BC) are highly distinctive ves-
sels with complex decorative motifs found in large numbers in the Transdanubia region of Hungary. Despite this considerable corpus of material
there has been little systematic investigation of the composition of the inlays. Micro-analysis of Transdanubian inlaid wares by X-ray diffraction
(XRD), micro-Fourier transform infrared microscopy (FT-IR), and scanning electron microscopy (SEM) provides new compositional, structural
and textural information on the inlays. In contrast to common statements in the literature regarding the materials used to make inlays, these new
data show that the majority of inlays are composed of hydroxyapatite (bone) that was previously ashed, although some of the inlays are com-
posed of calcium carbonate. Additional compositional and textural variation in the bone inlays suggests that bone material from different skeletal
elements and/or of different age may have been used, and that contrasting recipes for inlay preparation were employed during fabrication. These

results suggest that the production of inlaid vessels of the Encrusted Pottery Culture was more complex than has hitherto been thought.

© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

The Middle Bronze Age Encrusted Pottery Culture in Trans-
danubia, Hungary (2000—1500 BC) is named after the highly
distinctive inlaid ceramic vessels that are found in large num-
bers in this region. The vessels have a range of complex deco-
rative motifs including rouletting, zigzags, combing, hashing,
lines, dots, circles, banding and herringbone patterns that
may occur either singly or in combination, and that are typi-
cally filled with white inlay (B6na, 1975).

Despite the large quantity of available material and its visu-
ally striking nature, little attention has previously been paid to
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the composition of Encrusted Pottery Culture inlays or the
technologies involved in their production. Previous studies of
the ceramics of the Encrusted Pottery Culture and its imme-
diate precursor the Early Bronze Age Kisapostag Culture
(2100—2000 BC), as well as of other contemporary Bronze
Age cultural groups in Hungary, Croatia, Slovakia, and Roma-
nia where inlaid vessels have also been found, have focussed on
shape and decoration in the construction of local chronologies
(Bona, 1975; Kiss, 2003; §imic’, 2000). This has formed the
basis for the division of inlaid vessels into typological groups.

In Transdanubia, Kisapostag ceramics, have a typical
‘rolled-stick’ decoration (Torma, 1978). Subsequent develop-
ments see the emergence of a northern Encrusted Pottery
group along the shores of Lake Balaton and to the north of
the lake, while southern Encrusted Pottery Culture types are
found in the region bordered by the rivers Si6, Kapos and
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Danube, and by the Mecsek hills (Kiss and Somogyi, 2004)
(Fig. 1). Northern types have shallow inlays without a distinct
bed prepared for the decoration. The decoration is placed on
the belly or neck of vessels and is rather simple in form, the
most common patterns being dashed lines, horizontal ribbing,
dots, and dots within circles. The latter may be arranged into
a flower motif. Southern types are characterised by deeper in-
lays placed in a broad bed. Complex decorative elements cover
most of the surface of the vessel and are arranged in a vertical
and horizontal system. Motifs include zigzags, corded decora-
tion, combed decoration in the form of arches, hashing, and
incised M-patterns (Béna, 1975). On the grounds of their elab-
oration and fineness, inlaid vessels of the Encrusted Pottery
Culture are commonly suggested to have been manufactured
in a restricted number of workshops that mass-produced ves-
sels (Bona, 1975), their wider distribution outside Transdanu-
bia occurring as a result of utilization in regional exchange
systems (Bona, 1975; Fischl et al., 1999; Kiss, 2002). How-
ever, no such pottery workshops have yet been located and
excavated. North and south groups of the Encrusted Pottery
Culture also display differences in burial tradition. While the
predominant rite in both groups is cremation, in the north
they are frequently placed in urns, while in the south they
are commonly un-urned deposits placed directly in the ground
(Bona, 1975).

The literature on Encrusted Pottery Culture vessels com-
monly refers to the inlays as being made of lime or powdered
shell (Bona, 1975; Kiss, 2003). To date there has been little
systematic investigation of inlay composition and none of in-
lay texture. Nonetheless, the few studies of individual prehis-
toric inlaid sherds dating from the Neolithic to the Iron Age in
Hungary and elsewhere in Central Europe indicate a range of

possible inlay materials including birch bark, bone, plant fi-
bres, shell (calcite), gypsum, kaolin and chalk (Csengeri,
2001; Gherdan et al., 2003; Sziki et al., 2002; Trachsler,
1966; Uzsoki, 1959; Wosinsky, 1904). Using electron micro-
probe analysis Gherdan et al. (2003) found that inlay sampled
from the Kisapostag site of Vors had a high calcium and phos-
phorous content which under further inspection, using XRD,
proved to be hydroxyapatite (bone). Recent research on En-
crusted Pottery Culture material using p-PIXE described the
inlay in a sherd from the site of Balatonfiizfo, a site in the
northern group of the Encrusted Pottery Culture, as having
a high calcium and carbon content (Sziki et al., 2002). Earlier,
Uzsoki (1959) compared the chemical composition of poten-
tial inlays including calcined bone and shell to suggest that in-
lay from the Mosonszentmiklos cemetery, also in the northern
group, was composed of a mixture of shell and ashed bone.

Here we present new X-ray diffraction (XRD), Fourier
transform infrared (FT-IR) microscopy, and scanning electron
microscopy (SEM) data on the compositional, structural and
textural characteristics of Transdanubian Encrusted Pottery
Culture inlays. These new data suggest that techniques used
to make Middle Bronze Age Transdanubian inlays are variable,
involving substantially different recipes and inlay preparation
techniques, with different chemical composition and textural
characteristics.

2. Materials

Samples were analysed from five settlements and one cem-
etery site in Transdanubia, Hungary, including material from
the Kisapostag phase and both northern and southern groups
of the Encrusted Pottery Culture (Table 1; Fig. 1). Kisapostag
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Fig. 1. Topographic map of Hungary with locations of major cities and sites for the inlaid pottery investigated in this study.
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Table 1

Summary of sample sites, number of samples analysed, site type (settlement or
cemetery) and Encrusted Pottery Culture phase and group (Kisapostag, north
or south)

Site No. of Site type Phase and group
samples
Bonyhad 1 Settlement Kisapostag
Ordacsehi 1 Settlement Kisapostag
Mucsfa 2 Settlement South Encrusted
Pottery Culture
Lengyel-Sanc 3 Settlement South Encrusted
Pottery Culture
Kaposvar 6 Settlement North Encrusted
Pottery Culture
Ménf6csanak 1 Cemetery North Encrusted

Pottery Culture

material came from the settlement sites of Bonyhad in the
southern part of the region and Ordacsehi in the northern part
of Transdanubia. The southern group of the Encrusted Pottery
Culture was represented by sherds from settlements at Mucsfa
and Lengyel-Sanc, while the northern group was represented
by material from Kaposvar and Ménfocsanak. Kaposvar is
the largest excavated settlement of the northern group. It is sit-
uated close to the typological border with the southern group
and yielded sherds belonging to both northern and southern
types (Kiss and Somogyi, 2004). Ménfocsanak is one of the
largest cemeteries of the northern Encrusted Pottery group
with over 140 cremations known from the site (Kiss, 2004).
Examples of the inlaid sherds analysed are shown in Fig. 2.

The surface geology at all sites is very similar, reflecting
the relatively homogenous surface geology of Transdanubia,
with deposits of loess found at all sites investigated. Outcrops
of Jurassic-Triassic limestones occur 20 km S of Kaposvar and
along the northern shores of Lake Balaton. There are, how-
ever, differences in the vegetation zones between north and
south Encrusted Pottery groups. The northern group is in a re-
gion of central European mixed woodlands, while the southern
group lived among sub-Mediterranean oak woods (Siimegi and
Bodor, 2000).

3. Methods
3.1. X-Ray diffraction

Individual samples of inlay were liberated using a scalpel to
avoid contamination by the host paste and typically 40 mg of
inlay were powdered in an agate pestle and mortar, loaded on
asilicon disc holder and analysed on a Philips XPert Pro diffrac-
tometer using a cobalt tube powered at 35 kV and 35 mA from 2
to 75 degrees 28. This procedure was then repeated for separate
samples of the host paste. The diffractograms were interpreted
using Philips software and the JCPDS-International Centre for
Diffraction Data Library.

3.2. Fourier transform infrared microscopy

For FT-IR analyses a few milligrams of inlay was liberated
from each sample using a scalpel blade, to ensure that only

Fig. 2. Examples of fragments of encrusted wares analysed for this study. Black bar indicates 1 cm scale in all illustrations. (A) Kaposvar-61 (98.101.397/395),
(B) Lengyel-Sanc (Sanc 3), (C) Lengyel-Sanc (sr-1s-feb2006), (D) Lengyel-Sanc (Sanc 8).
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inlay material was liberated, mixed with KBr and pressed into
a 3 mm diameter micro-pellet. Micro-FT-IR spectra were ac-
quired for each sample in the region 600—4000cm™' at
room temperature and a resolution of 8 cm™ ', using a Nicolet
Protégé 460 FT-IR spectrometer attached to a Nic-Plan™ IR
microscope. Within this system the IR beam is reflected by
a KBr beamsplitter and focused through the sample onto a lig-
uid nitrogen cooled mercury—cadmium—telluride (MCT) de-
tector; a typical aperture of 100 pm x 100 pm was used to
collect spectra. To secure information in the 400—600 cm ™"
region additional 8 mm diameter KBr pellets were prepared
and analysed in the macro chamber of the main bench Nicolet
Protégé 460 FT-IR. After a baseline correction the crystallinity
of reported apatite spectra was estimated using CL =
(Ases + Acos)/Asos, where Ay is the absorbance at wavenumber
x (Termine and Posner, 1996; Shemesh, 1990; Wright and
Schwarc, 1996). Carbonate content of measured apatites was
calculated using the ratio of the CO; (1415 cmfl) and PO,
(1035 cm™") peaks in the sample spectrum and established
correlations of CO5/PO, absorbance to weight %CO; for
human skeletons, with a best fit line of C/P =0.025 +
0.039(%CO0O;5) (Wright and Schwarc, 1996).

3.3. SEM

In this study SEM was used to examine the texture of inlay
samples. Backscattered electron microscope images of pot in-
lays were completed on a LEO1450 variable pressure SEM
equipped with a Princeton Gamma Technology (PGT) energy
dispersive X-ray microanalysis system. The SEM operating
conditions were 30 kV, with a nominal probe current reading
of 600 pA, and a working distance ranging from between
11 mm to 19 mm. The pot fragments were left uncoated and
the SEM was operated in variable pressure mode (chamber pres-
sure 1 x 107 mbar), using an atmosphere of dry nitrogen gas.

4. Results
4.1. XRD analysis

X-Ray diffractograms of the white inlay materials from
most samples show well-defined and narrow diffraction max-
ima which correspond to the d-spacing of hydroxyapatite,
with some low intensity extraneous peaks attributed to calcite
and quartz (Fig. 3, Table 2). As bone mineral is considered to
resemble an impure and poorly crystalline form of hydroxyap-
atite (HAP), with unit cell contents Ca;o(PO4)s(OH), (Mku-
kuma et al., 2004), these XRD spectra suggest that the inlay
material is for the most part mammal bone. Recent studies
of the progressive heating of human bone show that the
XRD trace shows a marked decrease in band widths between
400 and 600 °C (Rogers and Daniels, 2002). Similar results
were obtained following the progressive heating and XRD
analysis of deer antler, with diffraction maxima also becoming
significantly more intense and narrow above 600 °C (Mku-
kuma et al., 2004).
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Fig. 3. Examples of XRD spectra determined for white inlay material. Bands
attributable to hydroxyapatite and calcite indicated by vertical bars.

In contrast to the XRD traces showing hydroxyapatite, two
samples—one analysed from Lengyel-Sanc (Sanc 8) the other
from Ménfocsanak—show XRD diffraction maxima which
correspond to calcite with traces of dolomite/ankerite
(Fig. 3, Table 2). Notably there is no trace of hydroxyapatite
in these samples.

XRD traces of the pottery paste show a near uniform com-
position with maxima attributed to quartz, illite and feldspar,
with minor calcite and dolomite (Table 2). This suggests that
the clays used in pot fabrication were of near uniform compo-
sition. The presence of illite, calcite and lack of calc-silicates
or spinels are consistent with firing temperatures of between
600 and 825 °C (Maritan et al., 2006).

The XRD analyses of inlays and associated pottery paste
suggest that although the pot fabrics have a similar mineralog-
ical composition (in line with relatively homogenous surface
geology of Transdanubia), and indicating comparable source
materials and firing conditions, the inlays show variable com-
position and comprise either bone apatite or calcium carbonate.
These data also show that material collected from the same site
can show inlays of contrasting composition.
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Table 2

Summary of mineral species present within inlay and pot matrix following XRD analyses

Sample Col Inlay

Pot Paste

Apatite Quartz Calcite

Dol/Ank

Quartz Illite Calcite Dolomite Plag-Spar Clinochl.

Bonyhad

Ordacsehi (1489/2148)
Mucsfa A

Mucsfa B

Lengyel-Sanc (Sanc 3)
Lengyel-Sanc (Sanc 8)
Lengyel-Sanc (Sanc 06)
Kaposvar-61(98.101.397.33)
Kaposvar-61(98.101.397.25)
Kaposvar-61(98.101.378.58)
Kaposvar-61 (98.101.397.607)
Kaposvar-61 (98.101.322.18)
Kaposvar-61 (98.101.397.395)
Ménfocsanak (0bj23)
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Closed circles represent a strong affirmative XRD response, open circles correspond to a weak potential XRD response.

4.2. FT-IR

FT-IR analyses of inlays confirm the XRD analyses and in-
dicate that the majority of inlays show hydroxyapatite spectra,
with strong PO, group bands at 1087 cm ™', 1050 cm™" (v3),
604 cm™ ! and 565 cm™! (v4) and weak bands at 961 cm ™!
(vl) and 472 cm ™! (v2) (Michel et al., 1996) (Fig. 4). The
structure of hydroxyapatite permits extensive substitution and
non-stoichiometry in the Ca, P and channel anions (X) posi-
tions (Mackie and Young, 1973; Elliott, 1994; Fleet and Pan,
1995). Carbonate ion located in the apatite channel is referred
to as Type A (CAp) whereas carbonate ion substituted for the
phosphate ion is Type B (CAp) and each show characteristic
IR signatures; Type A has a doublet band at ~ 1540 and
1450 cm ™! and a single at 880 cm ™', whereas Type B (CAp)
shows bands at 1455+, 1410 and 873 cm™! (Fleet et al.,
2004). In this study CO5 bands at 1456, 1413 and 873 cm !
suggest that the carbonate ion typically replaces the phosphate
ion. The carbonate content for the hyroxyapatite was estimated
from the ratio of the absorbances of CO5 at 1413 cm ™' and PO,
at ~1052 cm ™! (Wright and Schwarc, 1996). These data show
carbonate content varies between 1.2 and 11 wt% COs;.

To estimate the crystalline structure of the bone material the
crystallinity index (CI) was calculated for each sample. Values
range between 2.07 and 3.3 with a strong mode at 2.9 (Fig. 5).
These values are towards the high end of those anticipated for
fresh bone (SF 2.5—2.9) but are consistent with burned bone
(Stiner et al., 1995). Recent measurements of CI with temper-
ature (Surovell and Stiner, 2001) suggest that significant in-
creases in CI of bone (to a CI >4) only occurs after the bone
has been subject to temperatures in excess of 600 °C.

Consideration of hydroxyapatite spectra in the 3400 cm™
region shows contrasting spectra (Fig. 4). Although the major-
ity of spectra show only limited development of bands consis-
tent with the presence of OH and H,O species, other samples
(Kaposvar 98.101.322.18), and Lengyel-Sanc (Sanc 3) show
bands attributed to OH species and in the case of sample
98.101.322.18 from Kaposvar additional bands in the 3400—
3600 cm™' region typically attributed to the presence of

1

OH-CI and OH-F species (Dahm and Risnes, 1999; Tacker,
2004) (Fig. 4). One spectra determined from a sample from
Lengyel-Sanc (Sanc 3) showed a broad absorption centred
on 3400 cm ™' with a strong band at 2900 cm ™' consistent
with the presence of molecular OH and organic material.

The infrared spectra confirmed earlier observations that in
two of the samples analysed, Lengyel-Sanc (Sanc 8) and Mén-
focsanak (obj23), the inlay appears to solely comprise calcium
carbonate with strong bands at 1436, 876 and 714 cm L

To aid in the interpretation of the inlay spectra a local sam-
ple of Bronze Age cremated human bone was analysed by FT-
IR (Sample G269). This sample shows strong absorptions in
the region 1087 and 1050 cm™", consistent with hydroxyapa-
tite. Notably, the majority of samples from Kaposvar (e.g.
98.101.397.25 and 98.101.397.395) are highly comparable to
the cremated bone sample G269 (Fig. 4). However, other
samples show contrasting carbonate contents and significant
absorptions of energy in the molecular water region, which
is not observed in the cremated bone sample. The variable
spectral response from the hydroxyapatities may reflect either
contrasting starting materials or manufacturing processes.

The FT-IR data confirm that the inlays are predominantly
cremated bone, but on occasion calcium carbonate is the prime
material used in the inlay.

4.3. SEM

Backscattered electron microscope images of selected pot
inlays are shown in Fig. 6. Sample (Sanc 3) from the site of
Lengyel-Sanc shows an inlay that comprises randomly orien-
tated angular grains of hydroxyapatite, up to 70 pm in long di-
mension (Fig. 6a—c). The grains tend to show a flake-like
appearance and are set in a finer grained groundmass, with
the local development of cavities within the inlay structure,
up to 40 um in long dimension. Spot analysis of grains and
groundmass show that both comprise apatite. The high magni-
fication image (Fig. 6¢) shows that the groundmass comprises
finer fragments of apatite, <1 pum in long dimension, set in
a matrix, which is unresolved. Notably, sample Mucsfa B,
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Fig. 4. Examples of FT-IR spectra (600—4000 cm™") determined for white
inlay material. Sample numbers as outlined in Table 2 except G269, which
is a sample of Bronze Age cremated human bone.

also shows an hydroxyapatite inlay (Fig. 6d), however, there
are notable textural contrasts to the previous sample. In this ex-
ample the apatite grains are coarser grained and show a blocky
appearance, up to 100 um in long dimension (Fig. 6e,f). The
matrix to the coarser grains is also less well developed than
in the previous sample, but again is composed of apatite, al-
though occasional fragments of a Ca, Al, Fe, Mg silicate is ob-
served. These contrasting textures suggest that although the
inlays are of similar chemical composition, some variations
in the initial bone material or sample preparation of the inlay
material occurred prior to firing of the vessels.

The sample of carbonate inlay from Ménfocsanak (obj23)
is illustrated in Fig. 6g. The sample comprises angular frag-
ments of calcite up to 60 um in long dimension, although
the norm is closer to 15 um, set in a matrix of finer calcite
fragments, with the development of small cavities (Fig. 6h,i).
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Fig. 5. Examples of FT-IR spectra (400—1800 cm ') and calculated crystallin-
ity index determined for white inlay materials.

5. Discussion

High resolution sampling of inlays followed by XRD and
FTIR and SEM analyses confirm that contrasting materials
were used in the preparation of the inlays. In the majority of
the samples the material employed was hydroxyapatite
(bone), while calcium carbonate is present in inlays from con-
trasting sites and also from sites that also report bone inlays.
There is no evidence for the use of birch bark, plant fibres
or other materials, nor are the inlays presently composed of
lime (CaO), which is a widespread assumption prevalent in
the literature (Bona, 1975; Kiss, 2003). However, given the
predicted temperatures of firing (600—825 °C) the presence
of calcium carbonate suggests that the inlays were either filled
post firing or recarbonated during cooling and subsequent
burial. Furthermore, although some of the inlays are calcium
carbonate these are not in the majority and the common asser-
tion that inlays are made from crushed shell does not reflect
the composition of the inlays analysed for this study.

Despite the relatively small number of samples analysed in
this study, both bone and carbonate inlays were found on sherds
from sites belonging to northern and southern groups of the En-
crusted Pottery Culture. Use of a specific inlay type does not
therefore seem to be related to established spatio-typological
divisions. Nor is it related to differential access to local re-
sources since the local surface geology of all the sampled sites
is very similar, and the composition of the vessel pastes of all
the samples are similar. FT-IR and SEM analysis of the inlays
also revealed intriguing spectral and textural variation in
hydroxyapatite spectra suggesting potential differences in
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Fig. 6. Examples of pottery sherds with inlays SEM images of white inlay material. (A—C) Sherd with apatite inlay from Lengyel-Sanc (Sanc 3). (D—F) Sherd
from apatite inlay from Mucsfa B. (H—J) Sherd with carbonate inlay from Ménfocsanak.

methods of preparation for the bone inlays. While some sam-
ples appear to accurately reflect the FT-IR spectra of the control
sample of cremated bone from the same area, other samples
show significant variations, in particular the absorption of
energy in the hydroxyl region of the infrared.

SEM analyses of the bone material recognised contrasting
textures in the two hydroxyapatite samples investigated. This
variation may be the result of the use of different species or skel-
etal elements (diaphyseal vs non-diaphyseal bone) with differ-
ing proportions of cortical or cancellous bone (Boskey, 2001;
Cattaneo et al., 1999; Jee, 2001; Mayne Correia, 1997). Alterna-
tively, the age of the bone material prior to cremation may have
varied. Holden et al. (1995) suggest that the age of the bone on
heating (as well as temperature and duration of heating) can in-
fluence the morphology of crystals formed and ultrastructural
changes, since bone tissue of persons aged between infancy
and young adulthood is thermodynamically more unstable
than mature bone. At 600 °C the diameters of spherical-type
crystals are significantly smaller in those persons ranging in
age from mature adult to old aged, compared with those aged

between infancy through to young adult (Holden et al., 1995).
This may result in the contrasting textures observed in this
study. It is, however, difficult to definitively attribute the differ-
ences in the SEM results to either of these explanations. Nor is it
currently possible to say whether the bone comes from humans
or animals, although given that the most common burial rite of
the Encrusted Pottery Culture is cremation our findings raise
some intriguing possibilities.

The variability seen in our results suggests that the produc-
tion of inlaid vessels in Transdanubia during the Middle Bronze
Age does not accord with suggestions of the centralised mass-
production. Instead it may reflect the existence of a larger num-
ber of local workshops and craftspeople and a more fragmented
model of production.

6. Conclusions
The initial results presented here indicate variability in the

characteristics of Middle Bronze Age Transdanubian Encrusted
Pottery Culture inlays. By contrast, the pastes used to make the
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vessel walls are very similar in clay, temper and firing temper-
ature. In summary, it has been observed that:

e In contrast to assumptions in the literature that the inlays
of the Encrusted Pottery Culture are made of lime, XRD
and FT-IR analysis of inlays shows that the most common
material used to make inlays is mammal bone, although
carbonate-based inlays and mixtures of bone and carbon-
ate were also used.

e There is no evidence for preference for a particular inlay
type (either bone or carbonate) in either northern or south-
ern groups of the Encrusted Pottery Culture. Both inlay
types can be found in contemporary deposits at individual
sites.

e Analysis of bone inlays using SEM revealed variation in
the texture of inlays. This may be related to different skel-
etal elements used to make the inlay and / or the age of
bone that was used.

The variability in inlay materials and composition revealed
by this study casts doubt on suggestions that Encrusted Pottery
Culture vessels were made in centralised workshops situated
in well-defined typologically distinct territories of northern
and southern groups, and suggests that the production of inlaid
vessels was more complex than has previously been assumed.
This study is the first step of a wider research programme that
will concentrate on obtaining a larger sample of inlays with
the aim of exploring the extent of variability, the mode of pro-
duction, and the basis for technological choices in the produc-
tion of inlaid vessels in Central and South-East Europe.
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