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The Consumption of Bone Powder in the Early Neolithic
Societies of Southeastern Europe: Evidence of a Diet Stress?

Julien Vieugué, Laure Salanova, Martine Regert, Sigrid Mirabaud,
Anne-Solenn Le H & Eric Laval

Research performed on Early Neolithic ceramic assemblages from southwestern Bulgaria
has revealed that several categories of pottery were used for the preparation of foodstuffs.
One particular type of beige residue has been identified on the inner surface of ceramic ves-
sels from several sites. Chemical analyses of mineral residues, combined with the stylistic
characteristics of ceramic vessels, have shown the consumption of bone powder. This con-
sumption, far from being anecdotal, raises several questions regarding the diet behaviour of
the earliest Neolithic communities in the Balkans, which have obviously sought a comple-
mentary source of calcium. Would the dietary transition at the beginning of the Neolithic

period correspond to a diet stress?

Introduction

The Neolithic introduces new dietary practices, re-
lated to the development of agriculture and animal
husbandry, as well as the emergence of pottery. This
transition occurs gradually in the Near East between
the ninth and the seventh millennia cal. Bc. From this
region, new culinary habits — namely the consump-
tion of domesticated animal and plant species in or on
ceramic plates — will spread into Europe during the
seventh and sixth millennia cal. Bc.

The factors which are the cause of these changes
remain to be identified. As climatic and environmen-
tal variations could not have been the only factors
to explain such a human evolution, several scholars
have oriented the debate to other directions: change in
symbolic, cultural and cognitive values (Cauvin 1997;
Jongsma & Greenfield 2002; Watkins 1992;); new tech-
niques of storage and of accumulating wealth (Testart
1982); new tradition of food production (e.g. Helmer
et al. 2005; Larson et al. 2007; Vigne 2008; Evershed
et al. 2008; Marom & Bar-Oz 2009; Tresset et al. 2009;
Edwards et al. 2011).

Research performed on the main Early Ne-
olithic pottery assemblages from southwestern Bul-

garia (6100-5600 cal. BC) has revealed that a diversity
of manufacturing techniques, decorative traditions
and functions were present since the very onset of the
Neolithic in the region (Salanova 2009; Salanova et al.
2010; Salanova et al. in press). Use-wear and residue
analysis has demonstrated that several categories of
vessels were used in the preparation of foodstuffs
(Vieugué et al. 2008; Vieugué 2014; forthcoming). One
particular type of beige residue has been found on the
ceramic vessels from several sites, providing evidence
for the consumption of bone powder. This prepara-
tion, far from being anecdotal within the pottery as-
semblages, bears many implications with regards to
the diet patterns of the earliest Neolithic communi-
ties in the region. More generally, it raises questions
whether the Neolithic way of life was adopted due to
a diet stress.

The first Neolithic communities from Bulgaria

Context of emergence

In the debate concerning the emergence of the Ne-
olithic in Europe, Bulgaria has an essential role, lo-
cated at the centre of three zones where the Neolithic
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appears previously — Anatolia, Greece and the Pon-
tic Steppes (Perlés 2001; Reingruber & Thissen 2005;
Kotova 2009) — and of a fourth in which the Ne-
olithic appears shortly afterwards — the Italo-Adriatic
region (Guilaine & Cremonesi 2003; Forenbaher &
Miracle 2005; Tiné 2009). The collection of data on
the evolution of ecosystems is still weak in Bulgaria,
and generally absent from syntheses that concern the
whole of Europe, whether they be economic (for ex-
ample Vigne 2003), climatic (Berger & Guilaine 2009)
or bio-anthropological (Deguilloux et al. 2012). The
processes that drove the spread of the Neolithic and
the transformation of local communities remain little
discussed, but some recent researches have proposed
amodel from pottery analysis (Salanova et al. in press).

These researches have begun within the frame-
work of a French-Bulgarian programme started in
1986 on the site of Kovatchevo (southwestern Bul-
garia). The excavations have allowed the discovery
of the most complete stratigraphical sequence (3 m
of thickness) for the Early Neolithic of the Southern
Balkans while revealing the age of the first Neolithic
occupations in the region (c. 6100 cal. Bc) (Lichardus-
Itten et al. 2002). Within this programme, pottery held
an important role as it makes up 23 out of the 45
tonnes of all artefacts recorded during the excavation.
The complete analysis of pottery was performed by
one of us who has developed a study method of huge
ceramic assemblages (Salanova 2009; Salanova et al.
2010). The assemblage is characterized not only by its
size, but also by a good state of preservation of the
vessels and an important diversity of fired clay con-
tainers (Salanova et al. 2010; in press). It is composed
of every type of vessel that one could expect to find
at the Neolithic period, from very small pots to large
storage vessels (Salanova 2009). A limited quantity (3—
4%) of decorated pottery, mainly painted in white on
red, as was usual during the Balkan Early Neolithic,
has also been discovered (Salanova 2009). The quality
of the vessels, as well as their huge quantity, demon-
strates that they were the products of experienced pot-
ters and without a doubt would have been integrated
into the activities of everyday life. Such a statement is
equally valid for the other Early Neolithic sites stud-
ied (Fig. 1).

Concerning the methods for pottery analyses,
stylistic approaches have been used to create the
chronological framework from decorative patterns,
which evolves quite rapidly over time, particularly
with regards to synchronising the periodization of
pottery assemblages at the scale of the Struma River
Valley as a whole (Salanova 2011). However, tech-
nological and functional approaches have been per-
formed in order to identify accurately the different
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social and cultural groups who lived in southwestern
Bulgaria during the Early Neolithic (Salanova et al.
2010; Vieugué 2010). The functional analysis of pot-
tery has consisted in combining the typometric char-
acteristics (shape, size, and volume) and the use-wears
(residues and attritions) of ceramic vessels (Vieugué
2010; 2014). The study was carried out on a statisti-
cally significant number of artefacts from the ceramic
assemblages of each settlement. The sampling was
defined from the general characterization of pottery
productions that has allowed us to determine the most
diagnostic remains regarding the function of ceramic
vessels (Salanova et al. 2010; in press). The research
has thus taken into account: (i) all the pottery that has
at least a half profile; (ii) a group of pottery sherds
selected according to chronological and spatial issues.
In total, 1696 ceramic vessels and 192,616 sherds were
the subject of thorough examination. The detailed ob-
servation of use-wears has particularly revealed the
recurrent presence of residues adhering to the inner
surface of ceramic vessels.

From pottery function to culinary habits of first farmers
from Bulgaria

The thorough study of the residues identified on the
surface of the earliest ceramic vessels from Bulgaria
had two main objectives. The first was to obtain infor-
mation about the foodstuffs consumed by the first Ne-
olithic people of the region. With some exceptions, the
mineral and organic residues represent the remains of
the original content of fired clay containers (Evershed
2008; Regert et al. 2008). Through various analytical
techniques, it is possible to identify different chemi-
cal compounds whose association is characteristic of
the natural origin of substances processed inside the
ceramic vessels (Heron & Evershed 1993; Evershed
et al. 1997). Subcutaneous animal fats (for example
Evershed et al. 1997; Salque et al. 2012), dairy products
(Copley et al. 2005; Mirabaud et al. 2007), beeswax
(Regert et al. 2001; Decavallas 2007), salt (Weller 2000;
Horiuchi et al. 2011), vegetable oils (Regert 2007) and
marine substances (Craig et al. 2013) can thus be found
inside Neolithic pottery. The presence of such raw ma-
terials within ceramic vessels allows the inference of
some of the foodstuffs consumed by the prehistoric
groups. If the identification of subcutaneous animal
fats proves the consumption of meat, that of beeswax
could suggest the consumption of honeys during the
Neolithic (Regert ef al. 1999; 2001).

The second objective was to obtain information
about the preparation of foodstuffs within the first
farming societies in Bulgaria. The visible residues
on the surface of archaeological ceramic vessels are
typically caused by carbonization of the original
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Figure 1. Location of the seven main Early Neolithic settlements in the Struma River Valley (southwestern Bulgaria).

content of fired clay containers (Skibo & Blinman
1999). This carbonization occurs during the cooking
of foodstuffs. Based on the distribution of residues
developed on the inner surface of ceramic vessels, it
is possible to specify the position of the pottery on
a fire. For example, the cooking pots placed at the
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centre of hearths can be distinguished from those put
at the periphery (Skibo 1992). This difference refers
to various methods of food cooking. In this case, it
lets us assume a faster or slower heating of food-
stuffs consumed by the prehistoric groups (Martinez
1993).
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Figure 2. (Colour online) Typology of residues preserved in the ceramic vessels: (a) black residues; (b) beige residues.

By informing the consumed foodstuffs and the
ways of food preparation, the analysis of the residues
was likely to increase our knowledge about culi-
nary practices within the first farming communities in
Bulgaria.

Materials and method: residues from the pottery
content

Typology of residues

The visible residues on the inner surface of the ear-
liest ceramic vessels from Bulgaria can be grouped
into two main categories (Fig. 2). The categories are
distinguished by their colour, surface regularity, com-
pactness, adherence, and specific extent.

The first category is composed of black pulveru-
lent residues. They weakly adhere to the inner surface
of ceramic vessels. Their upper surface is irregular and
their extent is relatively limited. In Kovatchevo where
the quantitative data are precise, carbonized residues
account for 0.3 per cent of all pottery sherds. This per-
centage corresponds to about 1024 vessels if it refers to
the counts that were performed on the decorated pot-
tery from the site (3 per cent of pottery sherds = 10,238
ceramic vessels) (Salanova 2009). These residues can-
not be considered as an inner coating of ceramic ves-
sels, because of their irregular surface and their lim-
ited extent (Mirabaud 2007). They obviously mark the
original content of fired clay containers. The deposits
from the first category correspond more to the archae-
ological food residues than adhesive substances, due
to their dark black colour, porous structure and their
limited adherence to the wall of the pottery (Regert
2007; Regert et al. 2008). They certainly result from
the cooking of prehistoric foodstuffs. Despite the poor
state of preservation of organic materials, animal fats
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have been identified from the residues of some ce-
ramic vessels (Vieugué et al. 2009).

The second category is composed of dense beige
residues that present a doughy aspect. These residues
adhere more strongly to the inner surface of ceramic
vessels. Their surface is generally smooth. They of-
ten cover a major part of the interior of ceramic ves-
sels. These beige residues were not initially identi-
fied in the pottery because of their strong similar-
ity to post-depositional calcareous concretions that
regularly cover the surfaces and the edges of ar-
chaeological artefacts. Two complete vessels, show-
ing beige residues that were confined to the inner
surface, caught our attention and drove us towards
conducting preliminary chemical analyses (Vieugué
et al. 2009). The specific macroscopic characteristics
(colour, adherence, density, surface regularity and ex-
tent) of beige residues found on the inner surface of
ceramic vessels allowed us to distinguish them from
taphonomic calcareous deposits. In Kovatchevo, such
beige residues were identified on around 2 per cent
of ceramic vessels (Table 1). Based on preliminary cal-
culations, this percentage corresponds to at least 6820
vessels. Unlike the residues from the first category,
the meaning of the deposits from the second class was
much more ambiguous: are they the remains of a coat-
ing or a content of ceramic vessels? Three observations
allowed us to rule out the first hypothesis. Firstly, the
best-preserved beige residues marked a clear limit lo-
cated toward the inner rim of ceramic vessels (Fig. 3).
Such an interruption makes it difficult tojustify the use
of bone powder as an inner coating, because water-
proofing would have been applied on all of the inner
surface of ceramic vessels. Secondly, several pottery
sherds showed superimposed layers of beige residues
(Fig. 4). On the contrary, the application of an inner
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Table 1. Pottery that presented beige residues in comparison with the total of studied ceramic vessels.

Sites Numbers of pottery examined | Numbers of pots with beige residues | %
Kovatchevo | 1079 vessels + 188,153 sherds | 32 vessels + 717 sherds 2.96
Ilindentsi | 68 vessels + 1654 sherds 2 vessels + 9 sherds 294
Brezhani 133 vessels + 2809 sherds 1 vessel + 15 sherds 0.75
Drenkovo | No quantitative study Presence indet.
Vaksevo 87 vessels 2 vessels 2.3
Krainitsi 48 vessels 1 vessel 21
Galabnik 281 vessels 8 vessels 2.8
Total 1696 vessels + 192,616 sherds | 46 vessels + 741 sherds 2.3

coating would have caused a unique layer inside the
ceramic vessels (Mirabaud 2007). Thirdly, the beige
residues were identified inside fired clay containers
that were carefully slipped and polished. Such pot-
tery was perfectly suitable for the storage of liquids
without such a coating. It is therefore unlikely that
the beige substance was applied to the inner surface
of ceramic vessels in order to improve their water-
proofing. While representing the content of pottery,
the residues from the second category were similar to
no type of deposits previously identified inside Ne-
olithic ceramic vessels. Their visual characteristics al-
lowed us to make no assumption as to the culinary or
technical activity that may have caused the formation
of beige residues on the inner surface of pottery.

This paper focuses on the second category of
residues. In order to identify the substances preserved
within the ceramic vessels, samples of pottery sherds
were carried out and analysed on the ceramic vessels
from the seven main Early Neolithic settlements of
southwestern Bulgaria.

Selection of archaeological samples

The huge quantity of pottery sherds showing beige
residues led us to select samples that were to be
analysed. Samples were, on the one hand, collected
on a group of encrusted fragments among the best
preserved from each site. In this case, the pottery
sherds, where the thick beige residue was not covered
in taphonomic carbonate concretions, were favoured.
The objective was to maximize the probability of iden-
tifying the materials that composed the archaeologi-
cal residues while minimizing the bias introduced by
post-depositional alterations. Samples were, on the
other hand, collected on a set of ceramic vessels that
present at least a half-profile. In this case, all the fired
clay containers that showed a visible beige residue
were sampled. The goal was to determine stylistic and
technical characteristics of ceramic vessels that are as-
sociated with this type of atypical residue. In total,
77 samples were taken of the archaeological remains

Table 2. Number of analysed samples from the seven main Early
Neolithic settlements in southwestern Bulgaria.

Sites Number of samples | Analytical techniques
Kovatchevo | 46 FTIR + SEM
Ilindentsi FTIR

Brezhani FTIR

Drenkovo FTIR

Vaksevo 12 FTIR

Krainitsi 1 FTIR

Galabnik 7 FTIR

Total 77

(Table 2). They were performed according to the pro-
tocols established for amorphous residues (Charters
et al. 1993; Regert 1998).

Analytical methods

The beige residues that adhered to the inner surface
of pottery provided no indicative morphology of their
natural origins. Their characterization therefore re-
quired chemical analyses (Evershed et al. 1992; Heron
& Evershed 1993). Chemical studies were carried out
at the C2RMF laboratory in Paris (France).

Having no prior indication as to the nature
of the beige substance that was preserved within
the ceramic vessels, preliminary analyses were first
carried out on all the archaeological samples using
Fourier Transform Infrared Spectroscopy (FTIR). This
analytical technique is particularly suitable for the
identification of a large range of mineral and organic
compounds (Regert et al. 2006a). The micro-samples
(2 to 3 mg of residue) were added to potassium
bromide powder (300 mg), before being ground and
compressed into small pellets. The analyses were
carried out by transmittance using a Perkin-Elmer
Spectrum 2000 IRTF spectroscope. The signal was
measured on a spectral range, from 4000 to 300 cm ™"
at a resolution of 4 cm~! and an accumulation of 15
scans. The preliminary characterization of 77 samples
using FTIR was completed by their study using Scan-
ning Electron Microscopy (SEM-EDS). This technique
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Figure 3. (Colour online) Outer surface (a) and inner surface (b) of a vessel containing bone powder. The clear limit of the
beige residue that stops just below the rim shows the presence of pottery content.

offers not only the possibility to observe the mineral
residues at a microscopic scale, but also to establish
their chemical composition (Regert et al. 2006b). The
samples were embedded in an Araldite resin, polished
and metallized. The analyses were carried out using
a JEOL JSM-840 type microscope equipped with an
EDS Oxford detector. Measurements were taken at 20
keV with a current that was around 1071°-10~? amps.
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These different analytical techniques provided
spectral imprints that were characteristic of either
the elementary or structural composition of the beige
substance preserved in the pottery. The identifica-
tion of the archaeological residues was established
by comparing their spectral imprints with those ob-
tained on artificially aged reference materials in the
laboratory.
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Figure 4. (Colour online) Superimposed layers of beige residue, bearing witness to the multiple use of a single vessel for

the consumption of bone soup.

Results: bone powder and Neolithic foodstuffs

Chemical identification of beige residues

The analysis of beige residues using FTIR provided
identical spectral imprints. These imprints show vi-
brational bands that are characteristic for carbonate
(CO3%7), phosphate (PO4*~), and carbonyl (CO) chem-
ical bonds. Such a structural signature was similar to
that obtained on prehistoric bones (Fig. 5) (Reiche et al.
2002). The characterization of the beige residues using
SEM-EDS also shows identical spectra. The samples
were mainly composed of Calcium (Ca) and Phos-
phorus (P). The association of these two compounds
and their relative concentrations are characteristic of
archaeological bone materials (Fig. 6) (Reiche ef al.
2002; 2003). While the elemental composition of beige
residues is extremely close to that of prehistoric bones,
it differs substantially from the chemical imprints
obtained on the carbonate concretions. Thus, Phos-
phorus (P) that is strongly present within the beige
residues is absent of taphonomic calcareous deposits.
Silicon (Si) and Aluminium (Al) that are absent in the
beige residues abound within carbonate concretions
(Fig. 7). Furthermore, the surrounding sediments ap-
pear poor in phosphorus elements (P), rich in Sili-
con (Si) and Aluminum (Al) (Brochier, pers. comm.).
Unlike the carbonate concretions, beige residues are
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not the result of crystallization of the various com-
ponents of archaeological sediments. They represent,
obviously, the presence of bone materials within the
earliest ceramic vessels from the Balkans.

Thorough observation of the beige residues us-
ing SEM-EDS revealed their strong homogeneity and
density. Even at a microscopic scale, no inclusion
is perceptible within the matrix (Fig. 7). The bones
that were recovered inside the earliest ceramic ves-
sels from southwestern Bulgaria were thus processed
as a very fine powder. The transformation of bones
into powder explains why the spongy structure that
is so characteristic of bone was not observed within
the archaeological samples. Here again, the beige
residues are clearly distinguishable from the tapho-
nomic carbonate concretions. They show a much
greater homogeneity due to the absence of sedimen-
tary particles trapped within the matrix. They also
appear much denser (Fig.7). Chemical analysis of
beige residues indicates, therefore, that the first pot-
tery from the Balkans contained a very fine bone
powder.

The FTIR spectra have allowed us to assess the
degree of crystallinity for the archaeological residues,
from which information was collected regarding the
anthropogenic working process of bones found in-
side the ceramic vessels (Vieugué et al. 2009). This rate
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Figure 5. Comparison of infrared spectra between a beige residue (a) and a bone sample (b). v (CO) around 1648 cm™1; v;
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Figure 6. Comparison of SEM-EDS spectra obtained on a beige residue (a) and a bone fragment (b).

of crystallinity, estimated from the phosphate dou-
blet using the method described by 1. Reiche and col-
laborators (Reiche et al. 2002; 2003), is around 2.6.
However, the latter is similar to that of fresh bones,
which is 2.5 (Reiche et al. 2002; 2003). The bones found
inside the earliest pottery from Bulgaria have, there-
fore, not been heated before being reduced to a very
fine powder.

The absence of thermal processing of the Ne-
olithic powder, as well as its extreme fineness, shows
the bones have not been reduced by grinding. The

crushing of fresh bones is nearly impossible. Further-
more, micro fragments of bones would have been
identified within the archaeological residues. The
characteristics of bone powder preserved into the ce-
ramic vessels are more consistent with the scraping or
the abrasion of prehistoric bones. Both of these tech-
niques do notrequire the preliminary heating of bones
in order to reduce them to a powder. They allow, in ad-
dition, the manufacturing of a very fine bone powder
which is comparable to that found inside the Neolithic
ceramic vessels.
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Figure 7. Back-scattered electron image and SEM-EDS spectra obtained on the post-depositional carbonate concretions

(a), the beige residue (b) and the pottery sherd (c).

The vessels containing bone powder

The vessels containing bone powder present various
shapes (Fig. 8). They are slightly opened or closed,
with either circular or square cross-section. Their
curved profile is mainly with one or two inflection
points. The pottery that is associated with bone pow-
der residues, however, demonstrates very similar di-
mensions. The volume of the ceramic vessels is sys-
tematically around 1.5 litres. Their wall is generally
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thin (4-7 mm, 33 per cent) or average (7—12 mm, 60
per cent). Their outer surfaces are usually slipped and
polished (88 per cent), but exceptionally slip trailed (1
per cent). At times, they are ornamented (10 per cent),
using painted (67 per cent) or incised (23 per cent)
decoration techniques (Fig. 8). The recurrence of in-
cised decoration is explained by the regular presence
of beige residues on the inner surface of square vessels
that are commonly ornamented using this technique.
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Figure 8. Example of ceramic vessels containing bone powder. (Drawing: I. Kulov.)

The ceramic vessels containing bone powder
show a range of shapes, dimensions and surface treat-
ment that is less diversified than those from the whole
pottery assemblage. This finding confirms the prefer-
ential choice of a certain type of fired clay contain-
ers for the activity that involved the use of such a
substance.
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Interpreting the use of bone powder

The identification of bone powder in the earliest ce-
ramic vessels from Bulgaria (6100-5600 cal. BC) im-
mediately raised the question of the use of this raw
material at the beginning of the Neolithic. The poten-
tial uses were numerous, due to its various physical
properties (Vieugué 2010). The bone powder could
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Figure 9. Potential uses of bone powder during the Neolithic.

thus have been used for several culinary or techni-
cal activities (Fig. 9). The characteristics of pottery on
which the beige archaeological residues adhered have,
however, allowed us to tighten the use range of bone
powder within the first farming societies of Bulgaria.

The use of this raw material for technical pur-
poses could be refuted on the basis of several pieces of
evidence. The first reason is related to both the quan-
tity and volume of the pots. If one refers to the most
complete vessels, pottery that contained bone powder
has systematically a capacity of about 1.5 litres. Know-
ing that the estimated number is about 6820 vessels
at the settlement of Kovatchevo, 10,200 litres of bone
powder have at least been prepared within the Ne-
olithic village. However, such a quantity of product is
much too high for the decoration of 6000 painted pot-
tery from the site. Motifs are generally not extensive
in the Early Neolithic of the Balkans (Salanova 2009).
They are, furthermore, performed on medium-sized
pottery. The first petrographic tests on the painted pot-
tery from Kovatchevo confirm that the bone powder
was not used for the decoration of fired clay contain-
ers; they show that the paintings were mostly made
using white clay (Niellini 2006).

The second explanation is connected to the use-
wears of archaeological pottery. The ceramic vessels
that contained bone powder do not present any soot-
ing deposit. This absence suggests that pottery from
this functional category was not used on the fire.
However, heating is necessary for the production of
prehistoric glues (Audry 1935; Connan 1996). Bone
powder found inside the ceramic vessels could, there-
fore, not have been used for these activities during
the Early Neolithic in the Balkans. The degree of crys-
tallinity from archaeological beige residues confirms
it. It shows that the bones were not the subjects of
thermal processing (Vieugué et al. 2009).
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Dye for the decoration
of ceramic vessels

If the bone powder has really not been used for
technical purposes, then it has been used for prehis-
toric dietary practices. In other words, the scraped
bones found inside the ceramic vessels are likely a ba-
sic ingredient for the preparation of some Neolithic
dishes.

Discussion: explaining the consumption of bone
powder during the Early Neolithic in southwestern
Bulgaria

Chemical analyses of beige residues preserved into
the earliest ceramic vessels from southwestern Bul-
garia showed the presence of bone powder whose
consumption was previously unexpected for the Ne-
olithic period. On the site of Kovatchevo and Gal-
abnik, pottery that contained such a substance comes
from stratigraphic layers dated to the whole Early Ne-
olithic sequence in southwestern Bulgaria (Salanova
2011; Salanova et al. in press). The characteristics of
pottery that presented beige residues change, how-
ever, significantly over time. During the first stages
(6100-5700 cal. BC), the shapes are only circular and the
decorations are mainly painted. At the final stage 3,
around 5700 cal. Bc, the incised square vessels appear
beside circular shapes. The diversification of pottery
shapes can testify an evolution regarding the signif-
icance of bone consumption on the Early Neolithic
settlements in southwestern Bulgaria.

In addition to the possible evolution of this culi-
nary practice, researches have shown its relative ge-
ographical extent. Bone powder was obviously con-
sumed in the seven main Early Neolithic settlements
in southwestern Bulgaria. Indeed, chemical analyses
of beige residues revealed the presence of this sub-
stance within several pots of each site. This Neolithic
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dish appears, therefore, to transcend the cultural and
social boundary that opposes the north and the south
of the Struma valley throughout the chronological se-
quence (Salanova et al. in press).

Outside southwestern Bulgaria, few data are
available. However, the expertise coming from other
ceramic assemblages dated to the seventh and sixth
millennium cal. BC in southeastern Europe leads us
to think that bone powder was also consumed by
the first Neolithic communities from the neighbour-
ing regions. Indeed, identical beige residues to those
thathave been characterized chemically have been ob-
served by two of us within the ceramic assemblages
of several sites located in Northern Greece (Giannitsa
and Nea Nikomedeia), Macedonia (Anzabegovo and
Govrlevo), Central Bulgaria (Rakitovo and Karanovo)
and Thessaly (Achilleion, Melissochori and Chalki).
Such findings suggest that the consumption of bone
powder was not an epiphenomenon that was con-
fined to a relatively limited region in the Balkans. It
was practised by all the Early Neolithic cultural enti-
ties that inhabited southeastern Europe.

The recurrent identification of bone powder
within the earliest ceramic vessels from southeast-
ern Europe raises the following question: why did
the first Neolithic societies consume this type of food-
stuff? Two hypotheses can be put forward, without
being incompatible. The first is that the consump-
tion of bone powder was an integral part of culi-
nary tradition. In that case, it could be performed
within the framework of the daily life of first farm-
ing societies in southwestern Bulgaria. The common
consumption of animal bones is supported by sev-
eral facts. In Kovatchevo, the ceramic vessels that
presented beige residues refer mostly to the classi-
cal shapes. They do not concentrate in a specific area
of the Neolithic village, whereas other decorated and
functional pottery categories show clear concentra-
tions in some houses (Salanova in press). They were
discovered in various archaeological contexts (settle-
ment layers, buildings, pits, etc.) and associated with
the wastes from domestic activities (faunal remains,
grinding tools, lithic and bone industries, etc.). There-
fore all the inhabitants of the village seem to be con-
cerned in this practice. The consumption of bones
from ancestors within the framework of funeral prac-
tices cannot, however, be completely excluded. Few
graves have been discovered for the beginning of the
Neolithic in southwestern Bulgaria (Cochadziev 2001;
Ganetsovski 2009). Human skeletal remains have fur-
thermore been found scattered on the site of Ko-
vatchevo (Demoule & Lichardus-Itten 1994), suggest-
ing alternative funerary practices to the inhumation in
tombs. The DNA analyses recently undertaken on sev-
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eral beige residues from the settlement of Ilindentsi by
M.-F. Degouilloux and her team (PACEA, Bordeaux,
France) will in particular allow us to determine the
exact origin of consumed bones.

Whatever the case, the consumption of bones
transcends the socio-cultural boundaries which are
perceptible through the styles, manufacturing tech-
niques and uses of ceramic vessels (Salanova et al. in
press). This finding suggests that such a practice em-
bodied more than a basic food choice.

The second assumption is that the consumption
of bone powder was a response to a lack in primary
dietary resources at the turn of the seventh/sixth mil-
lennium cal. Bc. In many archaeological contexts, the
consumption of bones or derived products (as mar-
row or fat) is often related to environmental and eco-
nomic constraints (Vehik 1977; Binford 1981; Lasota-
Moskalewska et al. 1997; Outram 2004; 2005). It may
also have been the case among the earliest farming
communities in southwestern Bulgaria. It is possible
that, as a new population arrived in the Balkans, they
had a significantly constrained number of livestock
at their disposal and may have had to forgo the con-
sumption of dairy products in favour of increasing
the fertility rate of the herd. Bone powder would,
thus, have been consumed as a dietary substitute.
The analysis of the huge faunal assemblage from Ko-
vatchevo, led by N. Benecke and his team (Deutsches
Archaologisches Institut, Berlin, Germany), should ei-
ther confirm or dismiss this possibility.

The consumption of bone powder could also be
linked to the degraded state of health of Neolithic
populations. It could be intended for a particular cat-
egory of individuals. We think of infants or the el-
derly. Regarding infants, we know for more recent
times in history cases of early weaning of children
due to unfavourable living conditions (malnutrition
and illness), to overburdened women or to reproduc-
tive choice (the halt of breast-feeding reducing the gap
between births and thus increasing the fertility rate
of women) (Hersscher 2005). This scenario has been
suggested to explain the emergence of dairy prod-
ucts in the Near East (Howcroft ef al. 2012). It could
also justify the preparation of dishes from finely pow-
dered bones digestible by the infants insofar as this
substance proves to be just as rich in calcium as milk
(Leechman 1951; Lupo & Schmitt 1997; Saint-Germain
1997). Regarding the elderly, the probable increase in
life expectancy at the time of the Neolithic (Bocquet-
Appel 2005) may lead us to imagine that new types
of food preparation would have been invented in or-
der to ease the process of consumption. This scenario
could here again explain the fineness of the powder
sought. Unfortunately, the scarcity of graves for the
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Early Neolithic in the southern Balkans does not cur-
rently allow for testing the validation of these two last
hypotheses.

The consumption of bone powder during the
Early Neolithic in the Balkans was probably caused
by both cultural and nutritional factors. Future re-
search will aim to understand the precise role of this
foodstuff within the first Neolithic societies of south-
eastern Europe, particularly in connection with dairy
products. Was the bone powder a substitute for milk,
as is testified in other societies (Binford 1978). Did it re-
place the dairy products in a systematic or occasional
way? If milk production is proved from the beginning
of the Neolithic in the Near East (for example, Vigne
& Helmer 2007; Evershed et al. 2008), Anatolia (Ev-
ershed et al. 2008; Cakirlar 2012) and Central Europe
(Craig et al. 2005; Salque et al. 2013), it remains very
much discussed in the Balkans (Greenfield 1988; 2002
versus Vigne & Helmer 2007). Analyses of residues
trapped within ceramic vessels (Craig et al. 2005; Ev-
ershed et al. 2008; Vieugué et al. 2009; Decavallas 2011),
as well as studies of faunal remains with the slaughter-
ing age profile of main domesticated species (Green-
field & Fowler 2005; Orton 2012), are still too scarce for
answering the questions previously raised. Only the
development of functional analysis of ceramic vessels
combined with faunal studies seems to be able to high-
light the causes for the consumption of bone powder
among the first farmers of Europe.
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