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ABSTRACT

The paper elaborates on the AMS dating results obtained for the Chalcolithic cemetery near Varna, located on
the western Black Sea coast in northeastern Bulgaria. The focus here is not on the comparison between absolute
dates acquired for various sites from the middle and late Chalcolithic period in the region. It is rather on the
examination of the main approaches towards suggested chronological frameworks. Divided into three parts,
the text reviews regional methods for proceeding conventional radiocarbon dates (I A) and such, related to the
later AMS measurement of bone collagen (II B). Both approaches are considered as deserving more attention
with regard to the problematic aspects that may affect the acquisition of reliable results. The 19 new AMS Varna
dates are found important for chronological revisions. However, at this stage they alone are not considered suf-
ficient for inarguable modifications of the schemes (III). Along with identification of major factors that should
be taken into account when dealing with the chronological debates in the specified region, strategies for solving
some of the issues are also suggested.

KEYWORDS
Radiocarbon dating, AMS, Varna, Chalcolithic period, Eastern Balkans

Introduction

Chronology is fundamental for the study and interpretation of past events or cultures.
However, attempts to establish precise dates or periodizations can prove to be extremely
difficult. The study of Balkan prehistoric societies from the Chalcolithic period (Eneolithic
or Copper Age) is built around the concept of archaeological cultures or cultural complexes.
Their internal periodization and relative chronology are based on typology (mainly stylistic
characteristics of the artefacts) and stratigraphic observations. This approach may result in
highly variable personal opinions, ranging from plain notional differences to major meth-
odological disparities. It remains uncertain to what extent such reconstructions of the past
are less unbiased and whether, despite their implementation for decades, they withstand
new scientific evidence.

Scientific dating methods, on the other hand, are sometimes considered as providing
reliable or “correct” absolute dates, sufficient for building chronologies. These approaches
also raise certain issues, starting with the collection and sampling of materials and extend-
ing to the implementation of statistical models for interpretation of results.

The application of novel scientific techniques in eastern Balkan regions, where the
main approaches hitherto have relied on relative chronology, can be problematic. Most
samples were dated by the conventional (beta counting) technique and the dates are
accepted or rejected depending on their correspondence to stratigraphy and currently
adopted chronological frameworks. Thus, the application of new AMS radiocarbon dates
becomes a real challenge: they are compared both to the relative chronology based on ty-
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Fig. 1. Map of prehistoric sites and cultures on the Balkans and the location of Varna
(after Anthony, Chi 2010, left). Cultural ranges according to earlier studies
(after Lichardus 1988, Abb. 43, right)
Oobp. 1. Kapma na npaucmopuuecku obexmu u kyamypu wa barxanume u mecmonoroxerue Ha
Bapta (asi60, no Anthony, Chi 2010). Kyamypet obxéam na KI'K VI 6 no-partu nybruxayuu
(0sicro, no Lichardus 1988, Abb. 43)

pological evidence, and to the absolute chronological frameworks established on the basis
of conventional (beta counting) radiocarbon dates. Often, because of discrepancies between
the two sets of dates, the new AMS dates are treated as unreliable and are therefore disre-
garded.

A good example of this tendency is the first AMS radiocarbon dating of the Chal-
colithic cemetery near Varna, Bulgaria (fig. 1). Released six years ago, it had not yet been
officially debated in published form by local researchers. This contrasts with the works of
foreign scholars, who already use the dates as a basis for modifications of the entire chro-
nology of the eastern Balkans and, therefore, of Southeastern Europe.

There is an urgent need to challenge both of these approaches — in terms of the revi-
sion of current chronological frameworks, as well as considering the importance of the site
in the context of major research problems related to the Chalcolithic period. This paper
aims at comprehensive examination of the main chronological approaches and details of
the dated samples, together with a clarification of discrepancies and an evaluation of the
reliability of the results. A number of factors that have not been considered hitherto will be
highlighted and the attention will be drawn to additional data that have a bearing on the
problem. Proposed recent modifications of the chronology will be evaluated according to
the availability and sufficiency of complex evidence. Finally, suggestions towards possible
solutions of the problem will be offered.

The lack of dialogue between the followers of the major approaches is certainly not
in favour of a solution. It calls for examination of the available data from a different per-
spective, along with identification of major factors that should be taken into account when
dealing with the chronological debates in the specified region.

32



Are the 'new’ AMS Varna dates older?

The ‘problem’ of the dating of Varna cemetery

The cemetery near Varna illustrates the complexity of the problem and the way local
archaeological and general scientific approaches may sometimes appear in conflict. In the
light of the new AMS dates, the following key questions need to be addressed:

— Could factors inherent to the site or the sampled material have caused the

discrepancy in dating?

— Could the methodological approach be the reason for the discrepancy between

the two chronological frameworks?

— Isthe further interpretation of the new results (cf. Chapman et al. 2006; Reingruber,

Thissen 2009) well founded and how can these results be confirmed?

As a complex process, starting well before the actual measurement of the sample ratio,
the radiocarbon dating procedure involves three basic steps — the history, the investigation
and the interpretation (Bronk Ramsey 2008, 266, fig. 2). This last mentioned consists of:
estimation of the uncertainties, characterization of the radiocarbon content, calibration
(which includes data about primary reservoirs, diet and lifecycle of the organism),
determination of the date of death, analysis of the archaeological information and definition
of the chronological framework. In the present paper — starting and concluding with the
Varna site — this is accepted as a logical structure to follow when examining dating results
and their implementation in building prehistoric chronologies.

|. Characteristics of the site

Significance and chronological position

The Varna cemetery was investigated between 1972 and 1991, revealing 310 graves
(Ivanov 1988, 49; Slavchev 2009, 105, 110). The generated enormous interest was primarily
because of the abundance and variety of the grave goods — only five of the graves con-
tained no finds at all. The site attracted international attention because of the very large,
and currently the earliest-known, assemblage of gold objects, suggestive of an unexpect-
edly advanced metallurgical technology and the high socioeconomic status of the popu-
lation in the region. Excavations have revealed more than 3,000 gold artefacts (the total
weight of which exceeds six kilograms), more than 160 metal artefacts, 230 flint tools, 650
vessels, 1,100 Spondylus and 12,200 Dentalium shell adornments and numerous other small
finds (Slavchev 2009, 113-115). On the basis of typology, the graves were attributed to the
late Copper Age Varna culture from the second half of the late Chalcolithic, chronologically
correspondent to the Kodzhadermen-Gumelnita-Karanovo VI (KGK VI) complex (Ivanov
1980, 28; 1983). The presented chronological framework, however, is ambiguous. It includes
a ‘conventional’” range, which spreads between ‘3500 and 3200 BC’, and ‘calibrated dating,
based on *C measurements” which covers the 46004200 BC period (Ivanov 2000, 12). Al-
though it is meant to be impartial, this indication is not based on radiocarbon dated materi-
als from the site. It conforms to the general periodization of the Chalcolithic period, while
the source of the chronological framework adopted is not indicated.

Regarded as a key site from the late Chalcolithic period in the region, the cemetery
not only allows for interpretations of mortuary practices and symbolic activities (VIBaHOB
1975; VMBanos 1979; Marazov 1988; Marazov 1991; Lichardus 1991; Nikolov 1994; Ivanov,
Avramova 2000), but the great interest in the production of metal and especially gold ob-
jects has also resulted in researches on the emergence of wealth and the significance of gold
as a central token of value. These studies examined the site in the context of early met-
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Fig. 2. Location of the site at
the lake-shore (after Ivanov
1988, Abb. 33, above and
Google Earth, below)
Oop. 2. Mecmonoaoxetiue
Ha obexma do Opeza Ha
esepomo (no Tvanov 1988,
Abb. 33, zope u Google
Earth, dory)

allurgy; ‘social power’; the organization of society and development of ‘cult centres’; the
significance of salt, and many other aspects (Pagynuesa 1986; Togoposa 1992; Ivanov 1983;
Renfrew 1978; 1986; Pearson 1993, 207).

Along with its importance for the characterization of the suggested Varna culture, the
cemetery may also have a bearing on the examination of certain concepts related to the un-
derstanding of the later, final Chalcolithic stages and the problematic ‘transitional period’
to the Early Bronze Age. These include suppositions about factors such as climatic changes;
‘cultural infiltrations” or later “migrations’ of ‘steppe population’; and results, such as the
abandonment of the settlement mounds and the eventual migration of the Varna popula-
tion to the south (see Togoposa 1986, 39; summary in Slavchev 2009, 120). Bearing in mind
the presumed retained old customs or continuation of elements of the Varna style, the pos-
sibility for precision of the cultural and chronological position of the site and the culture
would be of key importance, along with eventual clarification of the interrelations with
other contemporaneous “cultural complexes’.

A possible change to the dating of the site might affect the interpretation of the men-
tioned questions. Given the broad, overall time-range of the late Chalcolithic period in the
region set between 4500/4400 and 4100/3800 BC by Boyadziev (1995), the AMS radiocarbon
dating of human bones from the Varna cemetery suggests a somewhat earlier time range
between c. 4560 and 4450 BC (Taiaapcka 2011; Chapman et al. 2006; Honch et al. 2006;
Higham et al. 2007; Higham et al. 2008, Honch et al. in press/2007").

1 The publication in press, submitted in 2007, was kindly provided by the editor Dr L. Nikolova.
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Geographical characteristics of the region

Varna is located on the western Black Sea coast, in northeastern Bulgaria. The region
has been variously considered as part of the eastern Danube River plain (Credanos 2002,
30, 43), or as a separate coastal area influenced by the sea (Aunes, Mumes 1980, 27, 107-
108; Muxaiiaos et al. 1989, 31). The plain is connected to the Great Russian Steppes and
the Middle Danube region, and is widely open to the Black Sea (Annes, Mues 1980, 104;
Koaes 2002, 13; Credpanos 2002, 30). The coastal region is also viewed as a crescent-shaped
area between the Steppes and Anatolia, containing no geographical barriers to movement
of people or exchange of information (/lemaxos 2006, 144, 146). The relief is that of a plain,
with hilly and plateau-like areas nearer the sea. The area is either referred to the Temperate
Continental climate zone, with prevalent steppe characteristics to the east, or to the Black
Sea climate zone, which comprises a 20-40 km wide coastal strip (Aures, Mues 1980, 39;
VIOpAaHOBa et al. 2002, 391).

Location of the site

The archaeological site is located in the western industrial zone of the modern city of
Varna, ca. 400-600 metres to the north of the Varna Lake (fig. 2), which during the Chalcol-
ithic was a bay connected to the Black Sea (see below). The cemetery area occupied a terrace
at an elevation of 12.50 to 20 metres above present sea level that slopes down toward the
water’s edge (Ivanov 1988, 49; Slavchev 2009).

Archaeological characteristics

Since complete publication of the site is still in preparation, only general information
will be presented here. Of 310 Chalcolithic graves, 105 are disturbed (Slavchev, Boyadzhiev
2011). The graves (which probably were marked in some way) have a rectangular shape
with rounded corners and were dug deeper in the central area of the cemetery. Two ma-
jor groups are defined according to the presence or absence of human remains — common
graves (with male skeletons in an extended position on their back and female skeletons
in a contracted position lying on their right side) and cenotaphs (Slavchev 2009, 110-112).
Because of the absence of cremations and the presence of identical burial structures, the
definition of the cemetery as ‘bi-ritual’ (Ivanov 1980; Ivanova 2008) is not accepted here
(see Sprague 2005). The original position of the body is ascertained in 160 cases and the sex
and age of the deceased is determined for 62 individuals. With only eleven exceptions, the
heads face northeast (Slavchev 2009, 110-112).

Forty-seven graves contain no human remains and are interpreted as burials
dedicated to community members who perished far away (Best 1984, 150). Three such
cenotaphs included clay masks of human faces (suggested as female graves according to the
inventory). Some cenotaphs comprised half of the total weight of all grave goods recovered
from the cemetery (Slavchev 2009, 113). The pit shapes do not differ from those of the rest
of the graves, but some are deeper revealing remains of colouring or textiles and many
fragmented bones laid down prior to deposition of the grave goods (JIsanos 1979, 95).

The “Varna culture’

The site is among the main representatives of the Varna culture. Further to the small
number of sites and the state of the research, such characterisation may be problematic
bearing in mind the various interpretations of what an ‘archaeological culture” actually
constitutes, and the diverse descriptions of “cultures’, “cultural groups’, “pottery styles” and
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‘ethnocultural complexes’ in the region (see Ctamenosa 2003; ITanarioros 1985). However,
because of the many factors related to dating itself, this problem is only mentioned here.
Authors who consider Varna an independent archaeological culture, define its distri-
bution area as the littoral zone between the Stara Planina and the Danube River — a 30 km
wide strip (Toaoposa 1978, 9, map 1; Ivanov 1983, 158; Todorova, Tonceva 1975). Gener-
ally, the late Chalcolithic is characterized as a period presented in numerous stratigraphi-
cally verified contexts with consistent typological contents for each of the phases (Togoposa
1978, 8; Toaoposa 1986, 40). It is incorporated in the major periodization schemes for the
eastern Balkans, including the complexes of Kodzhadermen-Gumelnta-Karanovo VI (KGK
VI) in Thrace, Varna-Bolgrad in the western Pontic area and Krivodol-Salkutsa-Bubani in
the central Balkans (Togoposa 1986, 23). Whereas at the beginning of the late Chalcolithic
the classical KGK VI complex has developed in northeastern Bulgaria, the maritime region
represents the first phase of the Varna Culture. According to H. Todorova during the entire
Chalcolithic period in the region there are considerable differences between the high-quality
material culture of the coastal Varna and the inland KGK VI complexes (Togoposa 1986, 120-
121). The neighbouring cultures are Gumelnita (to the west) and Cucuteni-Tripolie (to the
north), defining the territorial range of Varna as limited (the land being restricted between
the mountains, the sea and the neighbours who experienced considerable demographic in-
crease [Slavchev 2009, 119]). It should be mentioned, however, that the culture is character-
ized on the basis of materials from very few sites, some of them — representing unique com-
plexes; and furthermore, other researchers do not accept the definition of the Varna culture,
suggesting that it is a coastal variant of the inland Gumelnita culture (cf. Simon 1983).

ll. Radiocarbon dates

A. Previously established chronological frameworks

The earliest results of the systematic work on the radiocarbon dating of Balkan pre-
historic sites of Yavor Boyadzhiev, published in the 1980s (bosiaxues 1984; 1986; 1987) are
considered fundamental for the researches on the regional chronology. The approach is
not modified in later works of the author (bosia>xnes 1997; Boyadjiev 1988; Bojadziev 1992;
Boyadziev 1995; Gorsdorf, Bojadziev 1996; Bojadziev 1998; Boyadzhiev, Aslanis, in press?).
Since the suggested chronological framework is broadly accepted in the Bulgarian bibliog-
raphy and is not reviewed in details in foreign studies, some basic statements will be briefly
presented below.

In the very early publications it is maintained that the calibration of radiocarbon dates
from eastern Balkan sites may be problematic. The specifics of the calibration curves and
the short-term variations of *C content in the atmosphere are seen as causing an irregular
zigzag distribution of the values. Whereas inconsistencies are not found in the major part
of the Neolithic sequences, considerable fluctuations are identified for the majority of the
dates that are attributed to the Chalcolithic phases. Thus, the calibration of radiocarbon
dates from certain periods is considered possible only in broad chronological ranges, their
application being reliable only when compared to the specific stratigraphic sequence and
depositions.

2 Y. Boyadzhiev kindly provided the quoted article in press (Boyadzhiev, Aslanis, in press) and com-
mented on his approach (personal communication, January 2012).
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The estimated similar values for chronologically different materials, or different val-
ues for synchronic materials are seen as a result of these variations (de Vries effects), suggest-
ing that considerable discrepancies are expected during the periods of shorter fluctuations.
Thus, although the calibration is acknowledged as absolutely necessary, and the use of
conventional dates is defined as misleading (bosia>xues 1984; 1987; 1997), the dating for
the periods with "*C variations (‘anomalies’) is suggested as applicable only in very wide
ranges (300-500 years), making it impossible to compare between single dates (or such from
just one settlement horizon) and values from other sites. Hence, the dating in the fluctua-
tion periods is defined reliable when limited only to the frameworks of a culture, whereas
internal separation of phases, sites or horizons is considered risky. The radiocarbon dating
results are recognised as valuable only in combination with traditional archaeological and
other scientific dating methods.

Suggested fluctuations and periods

The analysis of series of dates from Chalcolithic eastern Balkan multi-layered sites
made by the quoted author (bosiaxues 1987, 17-24) suggests discrepancies between the
radiocarbon dating results and both the relative chronology based on typological charac-
teristics and the stratigraphic sequence. This lack of correspondence (termed an ‘anomaly’
by Y. Boyadzhiev) is related to a possible decrease (or fluctuations) of "*C in the atmosphere
(Bojadziev 1986, 118-119).

The author assumes a number of such anomalies, that practically spread throughout
the entire Chalcolithic period and especially during its late phases (bosiaxues 1987,18-19;
Bojadziev 1986, 118-119; Boyadjiev 1988, 206):

The dates from the beginning of the early Eneolithic period are defined as stratigraphi-
cally consistent — being younger in comparison with the late Neolithic ones.

The first anomaly — a ‘continuous fluctuation of medium duration” is established in the
middle and in the second half of the early Eneolithic, with a peak at the beginning of the middle
Eneolithic period, where the *C ages are older than those from earlier periods.

In the second half of the middle Eneolithic the values decrease in correspondence to the
stratigraphic sequence, but are still identical to those from the first half of the early Eneo-
lithic.

The first half of the late Chalcolithic is included in the second type of registered ‘anoma-
lies” — the short-term variations — and is considered most problematic. It is suggested that the
sharp drops or peaks of values are not recorded in the current calibration curves. In the
beginning of the second phase of the late Chalcolithic complex they coincide with Early
Chalcolithic dates, and decrease again at the end of the culture. The dates for the middle
and late Chalcolithic periods vary considerably, overlaying those from the earlier periods
(the late Neolithic and the early Chalcolithic).

In general, the radiocarbon dates from the Chalcolithic period in South-Eastern Eu-
rope are seen as revealing considerable discrepancies in comparison to the relative chronol-
ogy, the latter — considered as founded on reliable stratigraphic contexts and sequences.

Thus, the Chalcolithic period is divided into three phases:

— Early Chalcolithic (4900/4850-4600/4550 BC)

— Middle Chalcolithic (4600/4550 — 4450—4400 BC)

— Late Chalcolithic — from 4500/4450 BC (in the areas of KGK VI and Varna) to 4100-

4050 BC, having different ranges in Western and Southern Bulgaria (bosaxxnes
1987, 17, 18-19, 20-24; Boyadziev 1995; 1997).
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Ovcharovo/Horizon 7  |BIn 1366 = =
5745+60 (3795)
Ovcharovo/Horizon 6  (BIn1367 - -
5775+ 60 (3825)
Ovcharovo/Horizon 5 |Bln 1493 - -
Start middle Chalc. 5940+80 (3990)
Ovcharovo/Horizon 3  |BIn 1368 Bln 1546 Bark. Rotten building
Very end early Chalc. |5795+60 (3845) 5990480 (4040) platforms. Beginning of
horizon 3.
Azmashka/Horizon 5 Bln 142 seeds barley Bln 137 oak Bln 147
5803+150 (3853) 5697100 (3747) 52194150 (3269)
Azmashka/Horizon 6 BIn 151 ‘annual plants’ BIn 148‘annual plants’ |-
58294100 (3879) 5760+150 (3810)
Azmashka/Horizon 7 BIn 143 seeds BIn 150 seeds BIn 13 6oak
57374150 (3787) 5630+159 (3680) 5840+100 (3890)
Azmashka/Horizon 8 - - -
First half early Chalc. |- = =
(4900-4550 BC)

Table 1. Example for the approach followed by Y. Boyadzhiev: distribution of dates from early and
middle Chalcolithic multi-layered settlements
Taba. 1. [Tpumep 3a nodxoda, caedsar om S1. bosdxues: damu 0m naacmose om parer u cpedem
XAANKOAUTN 6 CEAULUHU MOZUAU

Example for the approach

Since the use of radiocarbon dates is conditioned by their correspondence to the
stratigraphy, the relative chronology and typological characteristics, and the specifics of
the sampled material, the early-middle Chalcolithic dates from multi-layered sites (table
1) will be used here as an example of the traditional consideration of the values (based on
Boyadjiev 1988, 203-205).

In Azmashka tell there are no dates for the first half of the early Eneolithic. The earli-
est Chalcolithic horizon in the settlement mound (horizon 8), defined as belonging to the
second half of the early Chalcolithic, is not dated. The earliest three dates — two from seeds
and one from oak are obtained for the next early Chalcolithic horizon (horizon 7), resulting
in variable years BC. The figures for the later, 6™ Azmashka horizon (annual plant samples),
although being more consistent when compared to each other, are also considered gener-
ally problematic, showing an increase of the age instead of the expected younger values.
The same tendency is observed for the next, the latest early Chalcolithic Azmashka horizon
(horizon 5), the result from one of the samples (Bln 147), which differs from the rest, being
defined as incorrect. The other two dates from the 5™ horizon are found ‘close’ to those
for the sixth and ‘completely correspondent’ to those from the seventh. However, when
the specifics of the material are taken into account (oak and barley), the author sees the
distribution of the dates of the three early Chalcolithic Azmashka horizons as following
a tendency towards ageing. The latter is particularly evident with dated seeds. Again, the
observed tendency is related to decreasing concentration of atmospheric radiocarbon, seen
as supported by dates from other sites (Boyadjiev 1988, 203).

The arduous work for comparing every single result to the rest of the dates, the stratig-
raphy of each of the sites and the characteristics of the material culture is intended to follow
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very logical lines. It is combined with expert knowledge of the archaeological contexts and
sequences in the entire Balkan region, and careful consideration of the sampled materials.
The author is aware of the factors that may cause errors in the levels of precision and that
condition the interpretation of radiocarbon dates. However, deductions such as ‘it is quite
logical” or the date is ‘obviously wrong’ (Boyadjiev 1988, 203-204) represent personal ap-
proach which, given the current dating methodology, is unconvincing. Although the selec-
tion of dates that should be used in a way eliminates outliers, no other technique is applied
to verify the assumptions, the probability and the results (see Bronk Ramsey 1998). Such
deductions are made even in cases where three dates have been obtained for a horizon, one
of these being excluded as unreliable. Differences between dates from one and the same
horizon, or similarities between dates from various horizons, are explained in terms of the
specifics of the sampled materials. All discrepancies between the expected values — accord-
ing to their stratigraphic distribution — are considered a direct result of the shortcomings
related to the calibration curves and fluctuations of radiocarbon in the atmosphere (the
anomalies indicated above).

Sampled wood

Back to the general topic of beta counting radiocarbon dating, certain specifics should
be reminded. Apart from the ‘old wood effect’ that should be considered when sampling
charcoal, the reliability of the results, and especially those from construction elements, can
be problematic. Their direct influence on the interpretation, according the described ap-
proach, is crucial in building chronologies and establishing correspondence between strata
from different sites.

Factors such as stockpiling or seasoning (Miles 2006) are not considered as general
problems here. The major issues are related to preservation and possibly misleading attri-
bution of construction elements in multi-layered sites, as well as to analysis of individual
samples, wood from mixed fills, or randomly selected single lumps from large piles (see
Kuniholm 2001, 36).

The possible variations in making decisions about the characteristics of the sampled
wood — archaeological remains of beams or piles — are best demonstrated by some prin-
ciples of the dendrochronology. The examination of the degree of sapwood preservation,
used as a basis for precise felling dates, for estimated felling dates and ranges, or simply as
a terminus post quem (Baillie 1982; 1995, 23; Miles 1997, 42-45) again demonstrates the uncer-
tainty when exploring wood used in building constructions.

These data should also be interpreted with caution, because if the characteristics of
sampled materials are questionable, some of the horizons would not retain their position
in the proposed sequence of dates. More attention should also be paid to the materials
obtained from ‘rotten remnants of the bark of beams’ in the wooden dwelling platforms,
interpreted as presenting ‘the beginning of life in horizon 3’ in Ovcharovo (Boyadjiev 1988,
204). It should be mentioned that the survival of a complete sapwood piece in archaeology
is defined as ‘near-miraculous’ (Baillie 1995, 58) and the various possibilities for processing
wooden material should also be taken into account. The application of certain techniques for
splitting large trees (resulting in elements with completely preserved sapwood or without
any) reveals the great age differences between parts of one and the same construction (Bail-
lie 1995, 62). It should also be noted that small posts split from the centre of large timbers
resemble short-lived materials ideal for radiocarbon dating, but their dates are older by two
or three centuries. In this sense, although the major differentiation between sampled wood
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and seeds is well-founded in the longitudinal study of Y. Boyadzhiev, there are yet more
factors and resources to be considered in order to verify the proposed interpretations.

Stratigraphic frames and horizons

Traditionally, the relative chronological position of the archaeological strata is con-
sidered according to the main periodizations that divide the prehistoric periods (and the
development of the archaeological cultures) into three phases — early, middle and late
(Toaoposa 1986). Other approaches (Nikolova 1999; Parzinger 1993; Krauss 2008) suggest
certain revisions and, given the fact that the absolute dates are considered by Y. Boyadzhiev
in terms of the three-partite major chronological scheme, one may expect variations in the
chronological frameworks (see below).

Nikolova 1999 Final Copper age 4050-3700/3600 BC
Krauss 2008 Late Copper Age — Karanovo VI 4500-4000 BC
Parzinger 1993 Chronological horizons 8-9 Copper age, no absolute dates

Furthermore, there still are discrepancies in the methodology or nominalization, ap-
plied by the archaeologists in the region for definition of the stratigraphic levels, layers,
horizons or building phases. The latter may result in considerable differences in the de-
scription and interpretation of the sites. Currently, the Harris matrix is applied rarely, if
at all, and the presentation of the stratigraphy may be highly individualistic (especially in
older excavations). Such examples are presented in sites as Azmashka, where the partial
reconstructions are included in four main horizons, whereas in others (Golyamo Delchevo)
each reconstruction is defined as a new horizon. Yet others, despite their 1,20 m thick lay-
ers, are not subdivided into horizons (Cascioarele), (see Boyadjiev 1988, 202, 204-205). Such
discrepancies or the lack of commonly accepted approach hinder the attempts to distribute
dates in the horizons of a given site and to compare them to typologically similar materials
from archaeological strata of other sites.

Calibration and curves

A considerable amount of literature has been published on the need of calibration, the
most simple statement among others being that uncalibrated dates are wrong and mean-
ingless (Pollard 2009, 153-154). The researchers who analyse the radiocarbon dates from
Balkan prehistoric sites have also accepted the calibration requirement from the very begin-
ning of their studies (Togoposa 1986, 38; bosaxues 1987, 24). However, the calibration of
late Chalcolithic dates from the Balkans was defined as problematic — subject mainly to the
anomalies (see above). Given the number of calibration curves and the ‘equally confusing
number of statistical interpretations and compilations of the curves’ (Bowman 1995, 45),
one may ask whether a mistaken result may be caused by the applied personal approach or
by imperfections of the used calibration curves. Furthermore, it becomes harder to consider
the calibration curves as ‘truly definitive” — since revisions of previously established and
internationally agreed models are continuously offered (Baillie 1995, 72; see Stuiver et al.
1998).

When analyzing a series of 487 dates from 69 prehistoric Bulgarian sites Y. Boyadzhiev
and J. von Gorsdorf (1996) apply the calibration curve of B. Weninger, published in 1986.
On the other hand, the programme and the calibration curves applied for the new AMS
Varna dates are internationally approved later models. Differences may also be seen as
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resulting from the application of the precise, modern curve, which covers wider areas and
therefore leaves enough room to take into account possible regional anomalies that may not
be indicated in the general record (regional anomalies are considered possible also in recent
studies, Boyadzhiev, Aslanis, in press).

Interpolation

Since the coinciding values of dates from a number of chronologically different ho-
rizons are seen as evidence for radiocarbon fluctuations, resulting in impossibility to rely
solely on radiocarbon dating, the horizons dated out of the anomaly are used as chronologi-
cally wide frameworks, allowing an “interpolation” of the dates from the uncertain periods
(Bojadziev 1992, 393). The proposed sequences are conditioned by the thickness of the lay-
ers, which is used for verification of the estimated chronological ranges (bosaxxues 1986,
120; Boyadzhiev 1995, 170). Such an approach, however, is not counted reliable (Higham et
al. 2008).

Owing to the absence of precise definition of the specified term, certain clarifications
should be made. The ‘interpolation’ is intended as a shift of the late Chalcolithic set of dates,
in particular, towards the younger chronological frameworks®. As indicated above, Y. Boy-
adzhiev suggests that as a result of the postulated anomalies the middle and late Chalcol-
ithic dates fall within the ranges of chronologically earlier periods. Thus, they should also
be examined primarily as conventional values.

This peculiarity also explains certain misconceptions regarding the views on the gen-
eral chronological framework of the Chalcolithic period. Since the dates between 5500 and
5400 bp are considered typical for the final KGK VI and Varna cultures, and problematic
when calibrated (Boyadzhiev 1995, 170-171; Boyadzhiev, Aslanis, in press), the graph that
represents the chronological range of the Chalcolithic phases (Boyadzhiev 1995, table 4) is
introduced only provisionally.

Anomalies

Because of presumed geomagnetic anomalies, especially between 4250 and 4000 BC
the chronological internal separation of the Chalcolithic period in absolute dates is consid-
ered impossible also by other authors (Togoposa 1986, 38-39). However, there are no recent
studies confirming or rejecting such anomalies, at least at the regional level.

In this context the correlation between the radiocarbon dating, the relative chronolo-
gy and the stratigraphic sequence in multi-layered settlements, as well as the consideration
of dates from problematic periods in wide ranges only, may be determined as an adequate
approach for the available data. However, in addition to the great number of uncertainties
associated with the observations, the results are not comparable to those obtained by the
application of modern techniques for estimation of precise radiocarbon dates. The follow-
ing text will examine this very approach.

B. The new AMS Varna dates

More than 100 sampling materials for AMS dating (human and animal bones) are
reported as collected from the cemetery and 19 dates are published so far (see I'aiigapcka

3 Personal communication with Y. Boyadzhiev, who kindly clarified the commented term (January
2012).
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2011, 93). Not only are the dates obtained by the Oxford laboratory (ORAU) the first AMS
radiocarbon dates for the site, but also their publication introduces a methodology which,
if known at all, is not widely applied in the region (especially with regard to the series of
dates). The latter includes the creation of models, based on Bayesian statistics, by using the
program OxCal. Its major advantage is seen in handling the dates along with their highest
density probability — a statistical approach which shortens the ranges, provides for preci-
sion of dating and helps establish the presumptive duration of a phase (Bronk Ramsey
1998; Bronk Ramsey 2001).

The published new AMS Varna dates are claimed to be earlier than expected — falling
within the range 46004550 and 4500-4400 BC (Chapman et al. 2006), which is seen as cor-
responding to the Middle Copper Age according to the quoted graph (see Boyadzhiev 1995,
table 4). It is also maintained that the dates fit into the chronology accepted by the excavator
I. Ivanov, namely the 4600-4200 BC time span (Higham et al. 2007, 652).

The major results of the dating project (Chapman et al. 2006, 159, 175; Higham et
al. 2007, 649, 652; Higham et al. 2008, 109;) ascertain an advanced beginning of the late
Copper Age in the Black sea zone by one or two centuries, as well as an earlier start of the
burial practices in Varna and a variable pace for adoption of similar ceramic styles and
metal objects in the different zones of the culture. The use of the cemetery is indicated to
have lasted for over a century (83-178 years at 10), estimated as four prehistoric genera-
tions, with an average of three to four burials per annum. Spatial distribution is not de-
tected and presumably, there are clusters of burials implemented by several communities
in different areas of the cemetery, the ‘poorer” graves defined as being later. However, the
authors report that these dates refer to about 5 % of the graves. The start of the cemetery
is found to be earlier, its duration - short and its demise — rapid, which is used as evidence
that late Chalcolithic post-Varna materials continued to be used over 500 years (Chapman
et al. 2006, 159, 177).

The site has never been dated by radiocarbon measurements before and the dates
can be compared only to the general framework offered for the late Chalcolithic period in
the region. The excavator I. Ivanov refers to earlier chronologies when indicating absolute
ranges for the cemetery and Y. Boyadzhiev recommends consideration of the late Chalcol-
ithic radiocarbon dates in broad ranges only. Furthermore, the offered general range refers
to the cultural complex KGK VI (eastern Balkan inland area), whereas given the presumed
territorial distribution of the Varna culture (the littoral zone), its specific characteristics and
small number of sites, an absolute precision of such frameworks cannot be expected at this
stage. This is also highlighted by the fact that there is abundant room for further progress
in determining reliable synchronizations between the two cultures.

The main issue, however, relates to the further consideration of the new AMS dates.
Often, they are practically disregarded as not being ‘archaeologically acceptable’ (terminol-
ogy in Bowman 1995, 62), or are immediately used for modifications of the southeastern
European chronology (Reingruber, Thissen 2009; Reingruber et al. 2011).

If we go back to the previous chronological frames, it should be reminded that the
late Chalcolithic period was followed by a so called chronological hiatus, during which late
Chalcolithic materials were still produced. According to the recent revision of the dating,
the presence of post-Varna materials may also indicate production and exchange of objects
in the style of Varna (or post-Varna, Higham et al. 2007, 652). On the other hand, some exca-
vated sites revealing similar materials are interpreted as indicating continuity of life, with
no evidence of sudden cultural demise or abrupt invasions (Georgieva 2003, 2005; Ivanova
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2008). Admittedly, the interpretation of the end of the culture, the eventual continuity of
certain elements or styles and the reconsideration of the proposed sudden change deserve
more attention. However, it is not the aim of the present paper to discuss this issue.

In accordance with the structure of the dating process, the examination of the pos-
sible factors that may influence the AMS dating results, along with clarifications of the
comparisons with previously established dates, will be presented below.

Dated materials: AMS dating of bones

‘A more powerful telescope needs more careful handling” (Bronk Ramsey 2008, 266) is
a statement that refers to a comparison between conventional beta counting and AMS radi-
ocarbon dating. The efficiency of the AMS is greater, but there may be certain issues related
to the smaller size of the AMS samples (cf. Bronk Ramsey 2008, 258-259). Furthermore,
bone is considered a material that may be problematic to date (Walker 2005, 19, 31). The
radiocarbon date does not indicate directly the context (Bronk Ramsey 2009, 349; Bowman
1995, 12), it rather denotes an estimated time since death. In addition, there is a number of
issues related to the preservation and the characteristics of this type of dated material.

Radiocarbon primary reservoirs and reservoir effects

Since dating is based on measurement of the carbon isotope ratios (*C/*C and "*C/*C),
the ascertainment of the radiocarbon source is considered crucial and ‘any uncertainty of
the contribution of non-terrestrial food sources compromises our ability to get good chron-
ological resolution” (Bronk Ramsey 2008, 259-260). Therefore, some specifics of the region
and certain studies on the palaeoenvironment will be presented below.

Marine offset measurements and freshwater reservoir effects

The generated content of *C may fluctuate considerably over periods, depending
mainly on cosmic rays flux and the Earth’s magnetic field (Bronk Ramsey 2008, 250-251).
With regard to the oceans and seas the problem is even more complex because of the specifics
of oceanic circulation. Although there are attempts to establish the local variations of oce-
anic radiocarbon concentration, they are not considered sufficient for the suitable solution
of the problem (Bronk Ramsey 2008, 252). With regard to the Black Sea values, currently
there are few published measurements that may be related to the sea water values in re-
gions located near Varna (sample 247 from Cogealac, Romania; 246 from Tsarevo, Bulgaria
and 244 from Northern Turkey (represented in table 2 here; generated on http://calib.qub.
ac.uk/marine/, the main address of the CHRONO Centre being http://www.calib.org/, see
also Reimer, Reimer 2001 and). However, detailed studies are still expected.

Dating samples with ‘marine component’ (such as human bone from sites located
in coastal regions) require special attention. Although the preindustrial correction is es-
timated at about 400 years, the local differences may vary considerably according to the
specific features of the regions. The procedure for correction of the marine reservoir effect
includes a number of complex conversions (Reimer, Reimer, 2001, 461), which not only in-
volve considerable uncertainty, but also result in estimates, which are based on present-day
values (see above). The possible range of the Black Sea marine reservoir effect is suggested
between 380 (Higham et al. 2007, 643) and 410 years (Honch et al., in press). The Black Sea
however, is a relatively enclosed body influenced by modern factors, by variable C resi-
dence time and salinity. Furthermore, the properties of the fish environment (the surface
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’7 MapNo [Lon Lat DeltaR (DeltaRErr (Locality ReservoirAge |ReservourErr (Cldage |(Clderr LablD

[C[246  [28.0000[42.1700[-10  [40 BBlack Sea 1363 41 480 40 |[Gifa 96698
[C1[247  [28.5000[44.5000[126 [40 BBlack Sea 498 41 615 40 |Gifa 96701
[C1[244  [2s.5800[41.5000f01  [40 [Istanbul, Turkey, Marmara Sea [475 l41 545 40 |[Gifa 96713

Table 2. Measurements of sea water values (sample 247 from Cogealac, Romania; 246 from Tsarevo,
Bulgaria and 244 from Northern Turkey. The table is generated on http://calib.qub.ac.uk/marine/,
the main address being http://www.calib.org/, see Reimer, Reimer 2001)

TaoA. 2. Vismepearius na mopcka 6oda (npoda 247 om Pymorus, 246 om Llapeso, boazapus u 244
om cesepna Typuus. Tabauyama e cocmasena upes
http://calib.qub.ac.uk/marine/ (hitp://www.calib.org/, 6x Reimer, Reimer 2001)

water) are different from those of the other sea water levels*. There are no special studies on
the possible marine reservoir effect in the region and for that reason the AMS dating results
are difficult to verify.

Another challenging aspect is the freshwater reservoir effect, which depends on a great
number of factors, including modern conditions (Bronk Ramsey 2008, 252-253). For that
reason, the attempts to apply corrections to lake reservoirs shall take into account the spe-
cifics of each site (Reimer, Reimer 2001, 462). A recent study of Lillie et al. (2009) involves
correction of the possible freshwater reservoir in some areas along the Black Sea littoral
zone. However, such studies on the river/lake or marine reservoir effects are currently not
applied for Bulgarian regions.

It should be reminded, that the Chalcolithic Varna cemetery is located in the coastal
area, at the lake-shore, the Varna lake being connected both to the Provadiyska River and
the Devnya River (Ivanov 1988, 64-65), as well as to the sea. Many factors, among which
the lake salinity levels, demonstrate the complexity of the question whether a possible res-
ervoir effect should be more carefully considered and if so, is it marine, freshwater (either
river or lake) or even more complex one.

Palaeoenvironment and sea level

Sea level changes may have certain impact on the possible reservoir effect and the
water salinity. Although the major cultural changes at the end of the Chalcolithic period
in the region have been explained in previous studies as a consequence of sudden climatic
changes, current researches ascertain their gradual nature (Dolukhanov, Shilik 2007, 314). It
is suggested that the slow-rate shoreline migrations did not have direct effect on prehistoric
groups beyond the littoral zone (Dergachev, Dolukhanov 2007, 507). In the gradual Black
Sea Holocene transgression — the registered Dzhemetinian stage (5000-3000 BC) — there
were three major phases, at 4600, 4200, 3800 BC, which brought the sea level approximately
to the present-day level or slightly above, resulting in submergence of late Chalcolithic set-
tlements (4450-4200 cal BC), (Dergachev, Dolukhanov 2007, 493, 509; Filipova-Marinova
2007, 472).

The Black Sea Holocene transgressions were conditioned by glacio-eustasy, tecton-
ic effects, changes in the water balance and the freshwater river discharge (Dergachev,
Dolukhanov 2007, 508). The coastal lakes, such as Varna Lake, enlarged after the Chalcol-

4 A note made by Prof. A. Keenleyside, Trent University, personal communication (email from De-
cember 21%, 2011).
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ithic period and present estuarine-bays turned into a large embayment of the sea, reaching
the mouth of the rivers Provadiyska and Devnya. At the beginning and end of that event,
the natural reservoir was considerably fresher, but during the transgression maximum its
salinity was close to that of the sea (Filipova-Marinova 2007, 469). A complex factor that
may also influence the radiocarbon dating results is the fact that the Black Sea was a fresh-
water lake, which gradually filled with salty water.

Diet and fish consumption: how evident it is in the Chalcolithic?

Despite the archaeological evidence for fishing activities, in some cases marine or
freshwater fish consumption is not ascertained in the measured isotope ratios. For some
sites, however, 0N values between 10.5-11.8%0 and 11.4-13.0%o show strong influence of
river fish in the diet, but also — variability in consumption patterns.

The presence of freshwater reservoirs cannot be ascertained by AMS measurement
of human samples only. In order to refine the proposed chronologies and evaluate the res-
ervoir effect, fauna (including ichthyofauna) values shall be compared to the results from
human bone sampling (cf. Bonsall et al. 2009, Lillie et al. 2009, 258). Such an approach,
however, cannot be fully used in Varna — the excavations were in the 1980s and there were
no preserved fish-bones reported. It should also be noted that in certain periods the shift
in the hydrological regimes in the Black Sea region influences the reservoir effect and, at
least in Ukraine, for some Chalcolithic periods “the reservoir effect has all but dissipated’,
in contrast to the Neolithic (Lillie et al. 2009, 260-262).

Differences in marine-terrestrial isotope ratios: are there ‘hidden’ values?

Coastal populations are expected to have higher 5"°C collagen values. However, an
issue related to the Mesolithic-Neolithic transition in North-Western Europe regards the ex-
tent to which fish consumption (evidenced by fishbone residues found in modest amounts),
are (or actually are not) reflected in human bone collagen isotope values (Lee-Thorp, 2008,
936-938).

When consumed, freshwater or anadromous species ‘may represent foods low in **C,
rather than high, as is the case of marine fish” (Lee-Thorp, 2008, 938). The suggestion that
the combined intake of small amounts of marine and freshwater fish is not reflected be-
cause they neutralize each other (Fischer et al. 2008) is not accepted, due to the high 3N
of freshwater fish (Lee-Thorp, 2008). With this regard, it should be noted that anadromous
fish, such as eels (Anguillidae), although presently included in the list of threatened species,
lived in the Varna coastal lake up to the 1950s (UepBena xuura Ha Penybanka bearapus,
http://e-ecodb.bas.bg/rdb/bg/vol2/Ananguil.html). Another anadromous fish that is becom-
ing extinct is sturgeon (Acipenseridae), also known to be found in the Black sea coastal
zones and rivers (http://e-ecodb.bas.bg/rdb/bg/vol2/Huhuso.html).

When considering the impact of diet on the possible chronological estimates, it should
also be mentioned that, if the marine component consisted largely of shellfish, this could
also lead to a large reservoir effect, but to a very small increase in d"*C and 0N values (see
Bonsall et al., 2009)°.

Another view relates to the uncertainties resulting from the routing models. The 0"C
in marine organisms correlate with salinity and the dietary end members may exhibit ‘sus-
picious estimates of the proportion of marine protein in the diet’. Terrestrial diet, based on

5 Attention drawn by prof. C. Bonsall, whom I'm sincerely grateful.
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plant consumption mainly, could reduce the value of 5"°C in the bone collagen and thus
the dietary proportion estimates will be unreliable. In a plant dominated diet, up to 20%
of the protein could come from marine sources without shifting the 8"*C value from -21%o
(summarized in Pollard and Heron, 2008, 363). Thus, the question about the errors related
to “‘minor marine components” (Hedges 2004, 35) and their probable influence on the radio-
carbon date remains open.

Other isotope studies from the area

The first and yet single other dietary study from this Black Sea region is based on
analysis of human and faunal remains from the cemetery of Apollonia (present-day Sozo-
pol), dated from the 5th to 2nd century BC (Keenleyside et al. 2006). The diet is recognized
as mixed — consisting of predominantly terrestrial and some marine components. Com-
pared to herbivore ranges, the human values are enriched: the mean carbon values are 2%.
higher (between -19.5%0 and 17.8%o) and the nitrogen values are 5% higher (ranging be-
tween 8.5%o0 and 12.2%o) than those for the fauna (Keenleyside et al. 2006, 1209). Given the
year of release, coinciding with the first publication about Varna, and the chronological gap
between the sites, there are still no current comments on eventual comparison between the
sites. It should be noted, however, that despite the mentioned differences, the results about
the two sites can be considered close.

Diet in Varna: how much is enough?

Although the consumption of freshwater and marine fish can contribute depleted *C
and enriched 0N values (cf. Cook et al. 2001), the predominant diet in Varna is defined as
based on C, terrestrial animal protein, with ‘some evidence for a contribution to the diet of
marine foods amongst a minority of individuals” (Higham et al. 2007, 643). The 5"°C human
values range from -20.0 to -18.5%o (average -19.1 or -19.3%o) and the 8N ranges from 8.7 to
11.3%o (average 10.3 or 10.0%o). These values are higher than those registered in Duranulak
(Higham et al. 2008, 102), (fig. 3). The slightly enriched carbon values (compared to humans
from inland continental Europe (-20 to -21%.) are attributed to climatic variations (Honch et
al. 2006, 1497-1498). There is however, a recognized linear trend, similar to those of popula-
tions utilizing significant marine protein — nine individuals out of 55 have nitrogen values
close to or greater than 11%. (Honch et al. 2006). Although evaluated as minor in general,
among these there are dated graves containing bones enriched in both C and N (Ne 43). The
proposed conclusion, however, was that despite their coastal location the populations did
not utilize marine resources to any significant degree (Honch et al., in press, 87).

Nevertheless, it should be noted that fishing equipment, fish-bones and shells are
found in a number of sites, including Durankulak (Togoposa 1986, 143), where isotopic
studies of diet do not register the C- or N-values indicative of fish consumption. Further-
more, it is worth reminding that the Varna population exhibits higher isotopic values com-
pared to those of Durankulak individuals (Honch et al., 2006).

Three pairs of terrestrial animal and human bones are compared to assess possible
reservoir effect (sampled bones from grave 111, 117, 143), (Higham et al. 2007, 643). For two
of them the human bones are older, which may also indicate reservoir effect. The third pair
(grave 143) does not show an offset, but probably consists of two human bones (Higham
et al. 2008, 101) and therefore is not considered a valid comparison here. As mentioned
above, ‘small reservoir offsets amongst a minority of individuals” are allowed (Higham et
al. 2007, 646). Accordingly, a minority of individuals (including the well-known grave 43)
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that show enriched carbon and nitrogen values used marine resources in their diets (Honch
et al. 2006). Indeed, apart from the ambiguous human-human pair, the two pairs indicate
depleted 0°C values by one per mil (compared to animal bones), and for the two reliable
human-animal pairs the nitrogen isotopes are not measured for the animal bones (table 3).
Yet later (Higham et al. 2008), the probability of a substantial reservoir effect is considered
to be low, and the human sample, older by 200 years compared to the animal bone, is ex-
plained as resulting from the low collagen content (Higham et al. 2007, 464).

Important is the fact that certain individuals, including some from the dated graves,
may have utilized marine resources. Apart from the measurement of C and N in different
bones, further differentiation between terrestrial and marine diet could possibly be sug-
gested after measurement of sulphur (Privat et al., 2007) or stable isotope analysis of spe-
cific amino acids (Bronk Ramsey 2008, 261).

Application of amino acid stable isotope analysis for dietary reconstruction (Honch,
2008) indicates that — with regard to carbon — there are ‘few to no amino acid 5"*C differ-
ences between the selected individuals’, considered by the author as an expected result,
given the little variation of the bulk 5"*C values, i.e. further amino-acid differences were not
expected (Honch, 2008, 100, 305)°.

It should be mentioned that issues related to the samples are considered in the quoted
studies about the Varna dates. However, at this stage and according to the data published
so far, the question of a possible reservoir effect does not appear to be completely resolved,
because of the lack of a basis for direct comparisons in the region (including inland con-
temporaneous sites), and also due to the specifics of the cemetery, the number of sampled
pairs of human-animal bones and the registered marine component in the diet of some of
the dated individuals. Additional observations will be presented below.

Diagenesis and sediment contamination in the region

Radiocarbon data may be influenced by the changes occurring after burial, related
to specific modifications, uptakes, elements exchange or leaching. Collagen content and
histological index indicate the diagenesis effects, whereas porosity and crystallinity reflect
the response of bone to its environment (Hedges 2002, 319-320). Because of the possible
influence of the general context of the samples, ‘the ecological setting of an archaeological
sample’ should be considered along with its taphonomic and geochemical characteristics
(Hedges 2001, 7). The incorporation of earlier carbon (including petrochemicals), which
makes samples appear older (Buck et al. 1996, 217), provokes a reference also to the present-

6 Ithank the author who gave his permission to quote the unpublished DPhil thesis (Honch 2008).
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Radiocarbon Pretreat.
Burial no. OxA no. Bone age BP §“C (%c) 8°N (%) CN W1t% coll yld (mg) % carbon

111 13865 Human 5855434 —18.3 11.3 3.2 8.2 58.9 43.8
Ll 13846 Animal 5757 +34 —19.4 n.d. 3.2 2.4 16.5 42.8
117 13848 Human 5766 36 —19.0 10.2 3.2 2.7 18.6 42.4
117 13811  Animal 5530 £ 36  —20.2 n.d. 3.3 0.5 3.2 41.8
143 13689 Human 5690+ 32 —19.7 Y7 3.2 1.0 6.5 43.0
143 13690  Animal 5700 +30 —19.7 10.1 32 2.6 17.9 431

Table 3. Dated pairs of human/animal bones (after Higham et al. 2007, table 3)
Ta6x. 3. Cpasrerue na cmotinocmuy Ha 0amMupary KoCmu om Xusomnu u xopa
(no Higham et al. 2007, table 3)

day contamination of the sediments around Varna. Its bay is artificially linked by two ca-
nals to the Varna Lake (Trayanova et al. 2011, fig. 1) and water eutrophication and high
levels of pollution of the lake are acknowledged as considerable issues (Heaesa 2007, 427,
433). The two major factors for these conditions are the many years the lake has been used
for shipping of freights and the great number of “pollution sources’. The chemical, cement
plant and the steel works near the lake (Simeonov et al. 2000, 1414ff.) have resulted in the
concentration of heavy metals, biphenyls, pesticides, phenols and petroleum hydrocarbons
also in the sediments (Shtereva et al. 2004). Although there are strict laboratory protocols for
sample preparation and ultrafiltration (cf. Brock et al. 2010), aimed at the removal of con-
tamination, the samples from the Varna cemetery do not belong to favourable contexts that
consist of clean and non-aggressive soils.

Stratigraphy, disturbed contexts and materials preservation

With regard to stratigraphy, later researches (Slavchev, Boyadzhiev 2011) suggest a
complete sequence of six registered layers in the cemetery. Nevertheless, such sequence is
not established over the entire burial area. The horizontal stratigraphy does not facilitate the
determination of the chronological position of the graves and many graves are described as
disturbed (table 4). Often the fill of the graves has the same characteristics as the surround-
ing soil, thus making it impossible to mark the pit outlines (Slavchev, Boyadzhiev 2011, 75,
76-92). It is known that root penetration (Bronk Ramsey 2008, 256) may affect the quality of
sampled material and certain disturbances of that nature are recorded for some of the dated
graves (N 10 and N 94). Generally, the bones are poorly preserved — the highly acidic clay
has resulted in highly damaged, if preserved at all, pelvis and thinner bones. Furthermore,
according to the cited authors, in some of the graves the documented bones are identified
as belonging to more than one buried individual (Slavchev, Boyadzhiev 2011, 76; Higham
et al. 2007, 643).

Interpretation: models and statistics

The interpretation of the dates from Varna is based on the application of the INTCAL
98 and also the INTCAL 04 calibration curves, and OxCal 3.6 (Higham et al. 2007, 99),
OxCal 3.10 and OxCal 4.0.1 versions of the computer program (Higham et al. 2007, 643;
Higham et al. 2008, 99, 102).

It should be noted that the applied models and statistics are often questioned by the
supporters of the relative chronology — especially when the Chalcolithic period in the region
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Later Chalcolithic |Early Antiquity |Agriculture |Recent During Combination
graves Bronze structures |activities building |excavation | of factors
disturbed/disturbing | Age activities
structures

18 19 33 262 184 1 163 27
28 28a 64 77 193 9 223 50
29 29a 138 197 10 285 94
47a 47 148 198 17 289 103
58 58a 178 202 21 289
61 62 20 203 22
63a 63 27 206 62
67a 67 212 216 63
79 80 221 95
102a 102 229a 104
139a 139 248 106
166 166a 250 118
174a 174 251 123
222a 222 257 130
226 226a 265 133
229 229a 278 169

285 270

291 289

292 290

2587 295

44 297

Table 4. Varna graves defined as disturbed (see Slavchev, Boyadzhiev 2011, 76-92), some of which
(red-shaded cells) were sampled for AMS dating (see Higham et al. 2007)
Taoa. 4. I'pobose om Hexponora npu Bapra onpederenu kamo napyuienu (6x Slavchev,
Boyadzhiev 2011, 76-92), om xoumo ca é3emu npobu 3a damuparie (Homepa, oéemeHi 6 4epeeo)
(6>x Higham et al. 2007)

is considered as a time of atmospheric anomalies caused by natural events (Boyadzhiev,
Aslanis, in press). Still, if we intend to use radiocarbon dates, along with their uncertainty
ranges, we should also consider the main tools for placing the estimated series within cer-
tain frameworks.

Bayesian model

A positive example of the application of statistics relates to the standard deviations
of the radiocarbon values (Thomas 1978, 232). Although models provide ‘simplified view’
based on limited sample of information, they may be useful and not ‘importantly wrong’
(Bayliss et al. 2007, 6-7, 24). What is crucial is that uncalibrated dates have a Gaussian distri-
bution and when calibrated they lose the symmetrical connection between the central value
and the error values — entering irregular probability distribution (Pollard 2009, 154). Hence,
classical statistics cannot be applied and dates can be useful only when statistical methods
are employed for their calibration (Bronk Ramsey 2008, 264; Bronk Ramsey 2009, 1).

This statistical approach is based on a theorem elaborated by Thomas Bayes in 1763
(Buck 2001). It allows the information available before the research to be combined with the
results of the research, which facilitates the recognition of the most probable values for the
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General explanation | Notions “C dating related explanation Symbols Process
New data collected | STANDARDIZED | Scientific dating evidence - p(ylt) Measure-
about a problem LIKELIHOOD radiocarbon dates (calendar date) ments
Existing knowledge | PRIOR Relative dating evidence - p(t) Defined
about a problem BELIEFS stratigraphic relationships model

between contexts containing
samples or typology (relative date)

New understanding | POSTERIOR Quantitative estimates of p(tly) Posterior

of the problem BELIEFS dates of events/ posterior probabilities
(incorporates density estimates (probability calculation
existing and new distributions)

data)

P(tly) [the posterior probability] is proportional to p(ylt) [the likelihood] p(t)[the prior].

Table 5. Application of the Bayesian theorem in radiocarbon dating
(based on Buck et al. 1996, 203, 217; Buck 2001; Bayliss et al. 2007; Bronk Ramsey 2009)
Taoa. 5. Ipuroxerue na meopemama Ha beiic 3a yeaume Ha paduevzaepodomo damuparie
(mabAuya cocmasena no darnnu om Buck et al. 1996, 203, 217; Buck 2001; Bayliss et al. 2007;
Bronk Ramsey 2009)

consistent interpretation of the new complex information. The key concept — probability — is
interrelated with uncertainty and subjectivity, hence the theorem is used as a basis for crea-
tion of a probabilistic framework for the interpretations. This also results in transformation
of the present posterior data into future prior information (Buck 2001, 695-698; Bayliss et
al. 2007, 4).

With regard to chronology and radiocarbon dating, Bayesian statistics combine the
newly obtained radiocarbon data with the information from the calibration curve (Bronk
Ramsey 2009, 337). A mathematical model applied in the statistical analysis transforms the
chronology into ‘events’, or “single points on continuous timescale’ that help establish both
the dates and the intervals between them (Bronk Ramsey 2009, 338). The application of the
theorem in radiocarbon dating is represented in table 5 (based on Buck et al. 1996, 203, 217;
Buck 2001; Bayliss et al. 2007; Bronk Ramsey 2009), where:

P(tly) [the posterior probability] is proportional to p(ylt) [the likelihood] p(t) [the prior].

Importance of the archaeological data

The distribution noise is also included in the model under consideration. The prior
information (radiocarbon dates) is framed according to the stratigraphic sequence (the con-
text layers of the samples). The incorporation of the stratigraphic information into the cali-
bration and the model (the date from the lower layer expected to be earlier) considerably
narrows the limits of the posterior date distribution ranges. ‘Problematic pairs of dates’
become outliers and are excluded from the analysis, which reduces the distribution ranges
and raises the percentage of probability of the posterior chronological frames (Buck 2001,
698). The Bayesian model, however, offers accurate results only when the important prior
data (the archaeological information) is correct (Bayliss et al. 2007, 11, 14, 22), and is aimed
at obtaining reliable data from more sources (Pollard 2009, 152).

The OxCal model

In a very broad principle, the indicated above may be considered as somewhat corre-
sponding to the logic followed by Y. Boyadzhiev (see part II A). Completely incomparable,
however, is the quality processing of series of dates with high probability density, as well as
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the possibility of verifying the models generated. The program OxCal calculates probability
distributions according to the prior information by repeatedly sampling each distribution,
and thus the combinations of dates produce a narrow-range “posterior density estimate’
(Bayliss et al. 2007, 6). The application of two statistics — the index of agreement (posterior-
prior distribution agreement) and convergence (speed of the MCMC sampler) — is further
aided by sensitivity analysis and simulation (Bayliss et al. 2007, 6-7). However, in spite of
the possibility of dividing the prior information into formative and informative, general
problems may arise with 1) the model, 2) the measurement, or 3) the MCMC analysis itself
(Bronk Ramsey 2009, 353-358).

Interpretation of the Varna AMS dates

The archaeological materials from the cemetery near Varna are not seen as lagging be-
hind those registered in the settlements; just the opposite — in this case the burial inventory
is the one that is considered as better representing rapid changes (Slavchev 2009, 115-116).
The site was dated by the terrain researcher to the ‘second half of the Chalcolithic period’,
accepted as correspondent to the Russe-Kodzhadermen-Gumelnita-Karanovo VI complex
(Ivanov 1980, 28).

Later studies recognize that the youngest age-range proposed for the Varna II-III cul-
ture (4450/4400-4250/4150 cal BC) is found to be based on unreliable samples (Boyadziev
2002). The frequently quoted chronological scheme (Boyadzhiev 1995, 179, table 4) actually
indicates broad ranges and there is a continuing tendency to compare bp values (Boyadzhiev,
Aslanis, in press). The dates presented by Y. Boyadzhiev as typical for the final stage of KGK
VI and Varna culture are set between 5500 and 5400 bp (Boyadzhiev 1995, 170).

The OxCal model, on the other hand, indicates a terminus post quem at 4640 BC and
end of the cemetery at c. 4440 cal BC. The modelling of other sites also results in recognition
of earlier dates, but these settlements are accepted as having characteristics that are closer
to KGK VI (Honch et al. in press, 78-81, 95).

The archaeological information

The comparison with material culture types from other sites is essential, but in the
case of the unique Varna cemetery may also be quite problematic. Furthermore, some ves-
sels that belong to the dated Varna graves have no characteristics that are distinctive for
a specific phase’. It should be reminded that the complete publication of the cemetery is
still expected; hence, once it is released, the detailed typological observations will possibly
provoke further examination of the chronological aspects and the dating results. Although
the region is described as open, having no geographical barriers, presently there is no other
site that has similar characteristics (cf. Lichter 2008). Besides that, the specifics of the identi-
fied culture need to be detailed and the number and the type of sites included in the Varna
‘cultural range” need to be assessed.

AMS dates from other Chalcolithic sites

There are also other AMS dating results from the region that had not been analyzed
in details. Some of them fit in the previously established ranges. An end-date of oak from
the late Chalcolithic Sozopol (Black Sea coast) results in 4140 BC+19 (cal), (Kuniholm et al.

7 Owing to both the word limit of the essay and the present state of the publications about Varna,
certain aspects of the problem cannot be examined in details here.
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2007, 487) and late Chalcolithic dates from Djadovo (Upper Thrace) are placed in the ranges
between 4500 and 4300 cal BC (20), (Kamuro 2011). Admittedly, here it would be impossi-
ble to correlate various sites that are otherwise defined as containing Chalcolithic layers. A
further study with more focus on the variable typological and regional specifics is therefore
suggested.

On the other hand, other values that are closer to the Varna AMS ranges include the
dates from Pietrele (Romania, along the Danube River) (Reingruber et al., 2011, 119-123),
the range of which is set between 4400 and 4250 BC, in accumulations of 3 to 4m. Since life
in this settlement mound is claimed to have ceased after 4250 cal BC, the end of Gumelnita
culture is estimated as being earlier — in 4300/4250 cal BC.

Yet other late Chalcolithic dates from Drama (eastern Upper Thrace) (Gleser 2011)
are reported to tend towards the middle of the V millennium. The sampled animal bones,
however, may be problematic and, furthermore, Kraranovo V and the subsequent phase
Karanovo VI are not distinguished stratigraphically at the examined site.

As stated above, comparisons cannot be made on the basis of gained values only; they
should also be examined in line with the specifics of the material culture — which may be a
difficult task given their characteristics in the geographic and cultural areas under consid-
eration.

[Il. Discussion

Among the other factors, the main methodological approaches for processing abso-
lute dates in the region contrast radiocarbon dates to material culture characteristics; the
application of statistics to existing observations on stratigraphic sequences; and the de-
mand for probabilistic methods to the failure to apply them on account of suggested natu-
ral phenomena effects.

The otherwise acknowledged imperative use of calibrated values is neglected by some
researchers from the focal region because of the discrepancies in calibration curves. For that
reason, there is a tendency for application of uncalibrated values as reference points, along
with the so-called interpolation (see part II A).

The new AMS dates allow for evaluation of the previous researches, but nevertheless
these should be carefully considered before being immediately implemented in building
new chronologies. Specifics related to the sampled materials, the methodology and the reli-
ability of the results (see section II B) can affect the use of the dates from certain sites as basis
for further chronological modifications.

The site and sampled materials

The new AMS dates for Varna result from the most advanced techniques (Bronk Ram-
sey et al. 2004), implemented by leading experts in the field (Higham et al. 2007). Certain
issues, however, are related to the samples and the region and furthermore — the necropolis
under examination cannot be considered as the best source of sampling materials when
compared to settlement sites with reliable stratigraphic sequences.

Verification of the results according to the site information is impossible at this stage
— the sampled graves contain typologically different finds and no horizontal stratigraphy in
the flat cemetery can help distinguish chronologically between the dated burials.

The excavations are from the 1980s, a quarter of the site is still not explored, and the
storage conditions of the bones are unknown. The bones are considerably damaged due to
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highly acidic soils (a major issue according to the Waterbolk criteria, see Pettitt et al. 2003)
and thus the selection of bones depends on the extent of their preservation. Another nega-
tive statement relates to the terrain, which has been included in intensive agricultural and
building activities.

The site is unique, recognized as representing a specific coastal phenomenon that is
not registered in other cemeteries of this size or ‘importance’. Therefore it may be difficult
to make comparisons to other sites or materials. The AMS dating results are the first ra-
diocarbon measurements applied for the cemetery — they cannot be compared to previous
results, and besides, the sampled material may also cause certain problems.

The measurement of bone samples from coastal regions is related to many factors
that may result in ambiguities — from diagenesis to variations of the possible reservoir ef-
fect (both freshwater and marine, given the specifics of this coastal lake). In spite of the lack
of firm indications of a reservoir effect, the question cannot be considered resolved — at
this stage the measured human-animal pairs are only two, no fish-bones are preserved to
be examined, there are individuals with marine diet signal among the dated graves, and
many ambiguities are related to the question of how much of the consumed marine protein
is reflected in bone collagen. The latter, along with the possibility for freshwater reservoir
effect, may have a considerable influence on the chronological interpretation. Furthermore,
at this stage the values cannot be compared to those from contemporaneous sites in the
region, especially inland sites, representing populations whose diet consisted of mainly
terrestrial food. Some of the collected samples are from burial contexts that are disturbed,
there are graves containing bones from more than one individual and in general — there are
many issues related to high contamination in the region. With regard to the dietary study,
possible complications that may be carried by factors such as age and growth, routing and
turnover, various climate or stress effects are yet to be clarified along with the probable
reservoir effects.

With regard to certain issues with AMS dated animal bones that differ from the ex-
pected results or from those obtained by charcoal dating, it is worth mentioning Gobekli
Tepe (Dietrich 2011) — a chronologically different (Neolithic) site, which however, indicates
certain methodological problems. Along with the insufficient collagen, the AMS dated bone
there tends to indicate years, which are systematically younger compared to the charcoal
results.

Methodology

Among the major characteristics of dating results is their relativity, which necessi-
tates the application of statistical models and calibration programs. It cannot be predicted
whether future advanced techniques will confirm the current AMS dating. Yet, at the present
stage, the factors that may hamper the reliability of these results should be eliminated to the
greatest possible extent.

As there aren’t conventional dates from the cemetery near Varna, the difference set be-
tween the previous chronological frameworks for the Chalcolithic period and the new AMS
range to a great extend lies also in the converse general approaches. The regional conven-
tional dating is based mainly on measurements of charcoal and seeds found in settlement
mounds. Such dates were also processed according to assumed relation between the type
of the sample and the possible start- or end-date of a horizon (which cannot necessarily be
established as a rule). Generally, the review of the methodology indicates possible issues
with previous approaches and beta counting radiocarbon dating (related to the old-wood
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effect, the determination of “correct” dates, their distribution in horizons, applied calibra-
tion curves and interpolations). The differentiation between horizons at certain sites, some
conditional chronological frameworks and the lack of techniques for verification of these
approaches necessitate precisions and represent an important issue for future research.

Even when the possible complications with the applied methodology are all consid-
ered, and the defined chronological ranges are used as very broad reference points, there
also may be problems associated with synchronizations based on stratigraphy and un-
known actual durability of the cultural phenomena — especially with regard to the different
accumulation rates in various sites (see Reingruber et al. 2011).

Furthermore, there is still no evidence whether the suggested Chalcolithic variations
in the radiocarbon concentration are actually caused by natural phenomena. Some regional
variations reflecting local difference in *CO, uptake (although on a different scale) are also
indicated in chronologically later phases of Gordion (the ‘Gordion Young’ set of dates, indi-
cating regional radiocarbon offset during the 8" century [Manning et al. 2001, 2533-2534])
in Anatolia (which may be considered as not being too far away from Thrace). These may
have been caused not only by marked atmospheric cooling and reduced solar input, but
also by volcano eruption with great regional impact and short-term climate effect (Manning
et al. 2001). However, the quoted example refers to later periods and to application of com-
bined dating techniques (dendrochronology and wiggle-matching), which are not applied
in Bulgarian regions.

On the other hand, if there is no correspondence between the new AMS dates and
the material cultural characteristics, this cannot be explained simply by possible different
development pace of the cultural phenomena registered in this unique site. The ascertained
chronological ranges and the time-span of the cemetery containing 310 graves are based on
19 presently published samples from contexts located in different zones of the site. This also
relates to the estimated average of 4 burials per year — a suggestion which is not accepted
here as generally valid for the whole site. The possible use of the cemetery by several com-
munities, the presence of warrior graves or graves dedicated to people who died elsewhere,
renders the interpretation also of the isotope ratio studies on intra- or interpopulation diet
even more complex.

The differentiation between earlier lavish and later poor graves at this stage may also
be provisional — it depends on the data combined in the model and, probably, on the spatial
distribution of the sampled materials. The applied model that includes all graves belonging
to one phase is the most appropriate, but more combinations may also be possible in order
to establish clusters of burials across the cemetery area.

Certainly, the specifics of the two approaches may produce different results when
suggesting chronological frameworks, especially in the case of Varna, where the AMS
dates for human bones from a cemetery and the conventional dates from settlements in
the broader region cannot be directly compared. The main issue at present, however, is
how the results can be employed for further precision in dating or correction of chronolo-
gies or, in other words, has the collection of quality data reached a level that would al-
low us to modify the chronological frameworks. Additionally, the remainder of the new
AMS dates from the region continue to be processed by various calibration curves and
programmes, in accordance with the respective laboratory practices (in Germany, France,
Japan), and furthermore the relations between the sites, in terms of chronological or cul-
tural characteristics, are still not absolutely clear.

Results: effect and prospects
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The new AMS results are not applied in local studies, whereas other researches con-
sider the dating of Varna and Pietrele as a reason to rethink the beginning and the end of the
entire culture — making the late Chalcolithic period 200-250 years earlier. Since it is consid-
ered that life in Pietrele has ceased in 4250 BC, such modification would allow for the Varna
date (4550 BC) to be incorporated within the proposed framework (Reingruber, Thissen
2009, 763, 765; Reingruber et al. 2011, 119-123). It should be noted however, that the Pietrele
chronological models are still preliminary — the excavations are on-going, the base of the
cultural deposits has not been reached yet, and there are some complications regarding the
characteristics of the pottery (see Reingruber 2010). Compared to the Varna culture (seen as
coeval to the second part of Gumelnita), the Varna cemetery dates are considered to be 200
years older. The authors quoted above do not take into account even a minimal reservoir
effect. Furthermore, no explanation is offered for the overlap registered between Neolithic
and Chalcolithic dates, which reminds some of the observations of Y. Boyadzhiev. Finally,
a revision should not be based on results for two sites only — a settlement mound exceeding
5 metres from the inland Gumelnita culture and an exceptional cemetery from the coastal
“Varna culture’ that may differ even from the nearest sites in the region. The characteristics
that reflect the cultural attribution of these sites cannot be considered fully comparable in
terms of stratigraphy, materials and location.

The fact that there is no later horizon registered in Pietrele may not be a sufficient in-
dication of the end of the entire Gumelnita culture and the KGK VI complex spreading over
the eastern Balkans in general. New data about life in the coastal zone, after the abandon-
ment of the settlements around 4500 cal BC, demonstrate artefacts characteristic of the style
of KGK VI - Kableshkovo, Kiten, Sozopol (I'eopruesa 2003; 2005; Ivanova 2008). There are
no absolute dates for these settlements yet, although they can shed light on the problem of
the chronological position of the Varna culture and the later, “post Chalcolithic” processes.

The cemetery of Varna is still unpublished and the typology of the pottery or the
metal finds has still not been examined in great detail in a complex study. The entire set of
100 materials sampled for AMS dating so far, is not published either. Thus, chronological
modifications should be reconsidered after the results are completely published, especially
with regard to the specifics of the site and the suggested culture.

Conclusion

The AMS Varna dates may appear earlier, because of methodological differences be-
tween the accepted schemes and the new approach (i.e. between ‘interpolated” frameworks
based on conventional values and calibrated, statistically processed dates). They may also
appear somewhat earlier, because of factors such as reservoir effects — a possible issue,
which is not considered as convincingly solved at this stage, bearing in mind the available
number of verifications, the location of the site and the various factors that may influence
the results about chronology and diet. With this regard, apart from other sites that could
possibly provide reliable results, some artefacts or tools made of bone, found in the cem-
etery, could also be dated.

On the other hand, the assumption about local anomalies should also be based on
additional and more complex data, and a dialogue should be initiated between the follow-
ers of the different approaches. Therefore, further study with more focus on the indicated
aspects is suggested.

Before the final conclusions are made, additional research needs to be undertaken
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also to confirm whether the AMS dates are actually earlier. Thus, the verification of the
cemetery dating would help ascertain the reliability of both the previous schemes and the
new approaches.

The immediate resolution of the complex issues related to the chronology of the Chal-
colithic period in the eastern Balkans should not be the purpose of the new AMS dates
from this specific site. Considered cautiously, they are invaluable indicators of the revisions
required for the achievement of a new scientific level of prehistoric research in the region.
Their major effect will emerge when all the available archaeological data are considered in
terms of precision of methodologies and studies on the possible regional variations.

The need for a dating strategy is obvious: in this region of the eastern Balkans sin-
gle samples from distant sites with different characteristics cannot be considered sufficient
at this stage. A possible solution is the collection of samples from on-going excavations —
consecutive layers in newly excavated multi-layered sites, where the complete early-late
Chalcolithic development can be established. Another option could be the examination of
previously excavated and dated settlement mounds, the remaining sectors of which are
still to be explored, and to compare dating values from the corresponding strata. Dating
of recently investigated coastal late Chalcolithic settlements, where Varna style objects are
discovered, or wiggle-match dating of sites from the coastal area, are yet other options (for
wiggle-matching dated sites in the region see Weninger et al. 2010). The latter may also
establish eventual regional specifics or volcanic activities, resulting in narrow confidence
intervals (Baillie 1982; Blaauw et al. 2003, 1499).

Simply new or more dates are not necessary, rather the need is for dates from reliable
materials, distinct contexts and precise stratigraphic sequences related also to typologically
diagnostic finds. Currently, it may be appropriate to consider the Varna dates from another
perspective — not as means for immediate modifications of chronologies, but as important
data relating to the characteristics and development of this specific site.

Given the current tripartite general periodizations (early, middle and late phases), the
complete set of dates, along with recent AMS dates from the nearest sites, will prove invalu-
able for the precision of the local chronology. Consequently, they may allow reconsidera-
tion of the cultural interrelations within the applied major cultural ‘frameworks’, such as
the ‘cultural complexes’ that cover the entire eastern Balkans. The latter, however, would be
possible when complex data from a number of sources are all put together.
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[10-paHHW N ca HoBUTEe AMS aTh 3a BapHEHCKNA
XaNKOJINTEH HEKPOMON?

TaHsa [xaHpe3oBa
(pestome)

BbripochT e mocraseH nopagu HaAMYHNUTE CPaBHEHNS MEXAY IIPeAXOAHU XPOHOAO-
IMYeCKN paMKM 1 IT0-KbcHI AMS pesyaTtaTtu. Kato KOHKpeTeH npuMep e pasrae4aH XaaKo-
AUTHUAT HEKpo1104 40 Bapna, ciopea uneTo gatupane HAKOM aBTOpU ITpeAaaraT IPOMeHN
B XpOHOAOIM:ATaA 3a M3TOYHaTa 4JacT oT baakanure. HoBure gatn 3a Hekporoaa Ipejcra-
BAsiBaT AMS pesyatatu OT u3caeasaHe Ha KOCTEH MaTepuasd, KOUTO ca CpaBHEH!U C XPOHO-
AOTMYECKM CXeMM, OCHOBaH! Ha ,, KOHBEHIIMOHAaAHOTO” M3cAeABaHe Ha AbPBECHU U pacTu-
TeAHU BUAOBE: TOBa Ca I ABaTa OCHOBHU I104X04a, PasraejaHu B cTaTusATa. BHnmanuero e
Haco4YeHO MIMEHHO KbM IIpoOAeMITe 110 OIlpeleAsHeTO Ha BpeMeBl 00XBaT Bb3 OCHOBa Ha
KOHBeHIIMOHaAHU 1 AMS pagnoBbraepogHn 4aTi, a He BbPXY CpaBHsBaHeTO Ha €AVHIYHI
abCOAIOTHN CTOMHOCTH 3a OOeKTH OT paiioHa.

Tbi1 KaTO PagMOBBIAEPOAHOTO JaTUpPaHe e CAOXKEH IIPOIlec, 3aBUCell] OT MHOTO (ak-
TOpPH, TyK IIOAPOOHO ca pasriejaHM yCAOBUATA, KOUTO OOYCAABIAT KaueCTBOTO Ha pe3ya-
taTtuTe. ChoOpa3HO OCHOBHMTE KOMIIOHEHTM Ha TO3MU IIpoliec, paboTaTa ce ChbCTOM OT TPU
Asiaa. Te BKAIOUBAT XapakTepucTuKu Ha oOekTa (I), cmenuduky Ha pasuOBBrA€pPOAHOTO
aatupane (II) m auckycus (III). OcHoBHaTa yacT OT U3A0KEHMETO pasriexkia Bb3IpueTu
IIOAXOAY 3a aHaAu3 110 , KoHBeHUMaAHuA Metoa” (II A) n Hage>xAHOCTTa Ha MHTepIIpeTa-
nusta Ha pesyatatu or AMS aartupane (II B).

BB svsederiuemo ca mocouenu 1jeante Ha paboTaTa, yTOYHEHM ca I OCHOBHITE BBITPO-
cH, criope KOUTO e opraHmusupana napopmanusra. B nvpsama vacm (I) Hakpatko e mpea-
cTaBeH 0DeKThT — HeTOBOTO 3HaUeHIe I Bb3raeANTe 3a IIpeAliodaraeMara My XpOHOAOTI4Ye-
cka nmosunus. Ordeas3anu ca reorpapckuTe 0COOEHOCTU Ha palioHa ¥ MeCTOII0A0KEHUeTO
Ha Hekporoaa. Hapeg ¢ ocHOBHI apXeoA0rndecky XapakKTepUCTUKM ca 3acerHaTyl BhIIPOCHU
OTHOCHO KyATypa Bapna (00p.1).

BB 6mopama uacm, xosATO e chIlecTBeHa 3a paboTara, ca pasraelaHyt HAaKpaTKO ycTa-
HOBEHU IT0AXO0AY 3a aHaAU3 Ha paguoBbraepoann gatu ot bvarapms (II A), kakro 1 ripuH-
LIMIIN 3a U3I10A3BaHe Ha pedyatatu oT AMS gatupane (II B). Komentnpanm ca sasknu ¢ax-
TOPM, KOUTO BAMAAT Ha Ka4eCTBOTO Ha pe3yATaTUTe, a CbIO U A4aHHM, KOUTO 40 MOMEHTa
He ca pasraexxgaHu KputndaHo. ITocouenn ca ocobeHOCTH, CBBP3aHM C XapaKTepuCTIKaTa
Ha daTupaHuTe Matepuaan. Ilopaau obema Ha paboTaTa HaKOU (PpaKTOPU, HEOOXOAVIMM 3a
yCTaHOBABAaHETO Ha TOUHM Pe3yATaTl, ca caMO CIIOMeHaT.

ITo oTHOLIEeHNe Ha pe3yATaTuUTe OT , KOHBeHIIMOHaAHOTO” datupane (II A) ca moco-
9JeH! HAKOM BB3IPUETH OT CIIeIAANCTU IepUoAM Ha KOoAeOaHMsI Ha KOHIIeHTpalyATa Ha
BBIAepog B aTmocdepara. Te ca IIpeaa0>KeHN OT IIUTYPaHUTe aBTOPU 3a BpeMeTO Ha ITIOUTH
BCUYK!U XaAKOAUTHU Iepuoau (cpejaTa U BTopaTa II0A0BMHA Ha PaHHMS XaAKOAUT, Hada-
A0TO Ha CpeAHMsl XaAKOAUT 1 HeropaTa BTOpa IOAO0BMHA, ¥ Ha4aA0TO Ha KbCHUS XaAKO-
anuT). Otheas3aHo e, 4e Bb3rA1eAbT 3a HaAu4dle Ha aHOMaAuy U CpeAHOCPOYHM Bapualiumu
e B OCHOBaTa Ha JoceraiiHara pabora ¢ “C agatu, 1oaydyeHu BCAeACTBUE Ha aHAAM3VMPaHU
pactuteann sugose. [lopaau Te3su anomaanm goceraniHuTe XpOHOAOTMYECKN TPaHUIIN ca
IIpeAA0>KeH! YCAOBHO U ca ChbIIPOBOAEHM C peauiia yrouHeHus. [Tpnaosken e u konkpereH
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IIpUMep 3a CTOMHOCTUTE Ha JaTUTe OT CeAMIITHM MOTMAM U TexXHuTe Bapuauum (tada. 1).
KomenTtupann ca ¢pakropu, cBbp3anu nIpeiuMHO C AbpBeHNsl MaTepuasl, KOMTO Morar Aa
MOBAMSIAT Ha peayaTaTuTte oT mpooute. ChIIlo Taka € 00bpHATO BHMMaHIe Ha XapaKTeplic-
TUKNTEe Ha CbOMpaHM 3a JaTupaHe MaTepuaau. ITpodaemu oTHOCHO puaaraHeTo Ha Kaau-
Oparnus 1 M3N0A3BaHM KaAuOpaIMIOHHY KPUBY CBIIIO Ca IOCOYeHM KaTo acleKTy, KOUTO
3acay>kasaT BHMMaHMe. OrOeasdsaHy ca 0COOEHOCTM, CBbp3aHM C T.Hap. MHTepIIOAaliusl,
Iopaay KOsATO BCe OIlle MMa HAKOM HesCHOTU MeXXAYy IpPUBbP KeHUIINTe Ha KOMeHTupa-
HUTe ABa pa3AnyHU nogxoda. Ilocodyeno e, ge 3a ga 6baaT Oe3CIIOPHO JOKa3aHU IIpeAIIo-
AOXKeHNUTe aHOMaANM, ca HeOOXOAMMM AOITbAHUTEAHN AaHHU, KOUTO OMXa CIIOMOTHaAM 3a
U3sICHABaHe Ha MO3UIMATa OTHOCHO KaAOpUpaHNUTe CTOMHOCTIA.

Bos Bpp3ka ¢ AMS aatupanero (II B) ca otOeassann kakTo OCHOBHI pe3yATaTu OT-
HOCHO 4aTHpaHeTo Ha HeKpoIloaa, Taka 1 peauiia npodaemu. Te ca oOycaoBeHn oT ipuaa-
raHeTO Ha HOBaTa TeXHIKa, CrieruQUKNTe Ha KOCTTa KaTO MaTrepuad 3a JaTupaHe U yCAo-
BHOCTY, CBbP3aHM C HaulHa Ha XMBOT U XpaHeHe Ha HaceaeHueTo. CrieriaaHo BHUMaHNe
e 00OBpHATO Ha pesepBoapHIs e(PeKT, KOITO MOXKe Ja Cce OTpa3y B HepeaAH! CTOHOCTH 3a
BpeMeTO, OTMIHAA0 OT CMbPTTa Ha MHAMBUAA. BapHeHCcKmAT HeKpoI11o4 e pasraejaH AO0pu
KaTo I10-CAOXKeH IIpUMeP, Thil KaTo e pa3loA0KeH B 0A130cT 40 YUepHO MOpe, HO Cbhllle-
BpPeMeHHO — I 40 CAaAKOBOAHM n3TouHuIu (06p. 2). Koraro ce B3emaT mpe/Bi/ ChIIO Taka
0coDeHOCTM Ha ITaleocpejaTa, MOPCKOTO paBHUIIE, COA€HOCTTa Ha BOAMTE U Bb3MOKHOCT-
Ta Aa ca U3I10A3BaHM MOPCKM XpaH, pedH! puOM UAM TaKMBa, KOUTO OOUTaBaT U CAAAKM, U
COA€eHI BOAHM IIPOCTPaHCTBa, Ce M3sCHsABa HeOOXOAMMOCTTa OT CIleIlaAHN U3CAeABaHMs,
KOUTO Aa TTOAKPEILAT A OTXBBPAST BAUSHUETO Ha TO3U PpakTop. JOIMbAHUTEAHN KOMEeH-
Tapy ca BKAIOYEHM CBIIO IO BBIIPOCa 3a yCTaHOBsBAHETO I CuJaTa Ha I0AO0OeH CUrHas
IIpY Pa3ANMdHM OOCTOATeACTBa U B pa3dandHo speme. [locoyen e mpoGaemMbT 3a cTenieHTa Ha
IIPOY4eHOCT Ha paiioHa (OT raejHa TOYKa Ha U3CJejBaHeTo Ha IlaleojueTaTa) U AUIIcaTa
Ha ‘periepn’, yKasBpalllyl O4aKBaHMUTe MECTHM CTOMHOCTH, XapaKTepHI 3a IpeoOAajaBaliin
Turose xpaneHe. CriomeHat ca 1 pakTopu KaTO €KOAOTMYHaTa OOCTaHOBKa B paifoHa, ar-
pecBHOCTTa Ha ITIOYBUTE U AeTaliau OT cTpaTurpadcknure HabAoAeHus (Tada. 4). Pasraex-
AaHeTOo Ha BBIIpOca e MPUAPY>KeHO C IIpeACcTaBsHe Ha OCHOBHUTE CTaTUCTUYECKH II0OAXOAN,
3aserHaay B oOpaborsaHero Ha AMS aannm. Ilporpamara, nsnoassaHa 3a ‘cepusita’ OT
AaTy BKAIOUBa I10A3BaHe Ha CTOMTHOCTUTe CIIOpe/ IpaHMITUTe Ha TsIXHaTa Hall-roAsMa Bepo-
SATHOCT. B chBpeMeHHUTe 13cAeABaHNs TO3M II0AX0J, € YCTaHOBeH KaTO HOpMa 3a ITIOCTUTaHe
Ha AOCTOBEpHI pe3yATaTi, pa3raejaHu B paMKUTe Ha OOIINTe XPOHOAOTMYECKY TPaHUIIN
3a JajeH O0eKT, IepuroJ UAM A0pu chopbxeHne. OOsICHEHO e ITPIAOKeHIeTO Ha TeopeMa-
Ta, (KOSATO e B OCHOBaTa Ha MeT0Aa), 38 apXe0A0TMYeCK! 11eAM ¥ KOHKPETHO — 33 PaguiOBb-
raepoaHo gatupane (Tadba. 5). IToguepTano e 3HadyeHneTo Ha KaueCTBOTO Ha apxeoAoruye-
CKITe 4aHHU, KOeTO IIPsKO BANse I BbPXY pe3yATaTuTe OT IIp/AaraHeTo Ha CTaTUCTUYeCKN
obpabotenn cepun ot gatu. O6bpHATO € BHIMMaHIe Ha MOJeAa, U3I10A3BaH B KOHKPeTHILS
cAy4ail, KaKTO U Ha OCHOBHUTe CTaTUCTUYeCK!U I10AXOAM, Ype3 KOUTO Ce M3BbpIIBa IIPO-
BepKa Ha uapaboreHute modean. JOIbAHUTEAHO ca CIIOMeHaT! U IpoOAeMy, CBbp3aHu
C KAIOYOBITE KOMIIOHEHTH ITpu oA00Ha mpakruka. HakpaTtko ca mocouenn AMS aatu ot
APYTU XaAKOAUTHY OOeKTH, KOUTO oDade Ha TO3M eTall He MoTaT 4a CIIOMOTHAT 3a U3sCHsI-
BaHe Ha BBIIpOca.

B mpemama wacm (IlI) ca nadbpoenn nmpobaemute cBbp3aHy C XpOHOJAOIMATa Ha He-
Kkporoaa. Criopes OCHOBHIUTe BBIIPOCH, 3a4aAeHN BbB BbBeAeHIeTO, Te KacasT: (a) o0eKTa 1
uscaeJBaHuTe MaTepuaan, (0) moagxoaure 3a U3BeKJaHe Ha pe3yATaTu U (B) MHTepIIpeTa-
uysTa Ha gaHHuTte. OTOeAs3aHn ca HAKOM HEChOTBETCTBIS 1PV CPaBHEHMEeTO MeXXAy HOBU-
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Te pe3yATaTy U II0-paHo OIpejeleHnTe, yCAOBHM XpoHoAornmdecky rpanunn. [loguepranm
ca AgBeTe OCHOBHI OTAMYaBaIly ce TeHAeHIMM: 1) craHOBUINIeTO 3a A0KaJAHa aHOMaAus Ha
baakanckus 1moayoctpos, mopaau KOsITO pagOBbIAepOAHNUTE AaTU 3a HAKOU IIeproau He
MoraT Ja ce M3II0A3BaT KaTO 4OCTOBEPeH U3TOYHUK, U 2) 3a4bAKUTEeAHOTO KaaubpupaHe
U IIpUAOKeHNe Ha CTaTUCTUYeCKM MOJeAM 3a IoAydaBaHe Ha ChbraacyBaHU IIOMeXAY CU
CTOMHOCTH.

Criopea u3aoxkeHnTe HaDAIOAEHNs, B TpeTaTa 4acT OT paOoTara e II0COYeHO, Je 13-
110A3BaHeTO Ha JaHHUTe IIpM IPUAOKEHNEeTO U Ha JABaTa II0AX0Ja ce Hy>KJae OT Ipelu-
supaHe nan pesusus. Hosure gatm ca onpegesenn kato 6e3CIIOpHO BakeH 1 HEOOX0AUM
eTar OT paboTaTa IO OIlpejeAssHe Ha XpOHOAOTHUATa Ha pasraexkJanus nepuog. Iloguepra-
HI ca 0Daye yCAOBHOCTY, KOUTO HA 103U eman Bh3IPeIATCTBAaT Oe3KPUTUIHOTO IIpueMaHe
Ha 19-Te myOaukysanu 40 MomenTa AMS aatu ot Bapna xaTo ctabnana ocHOBa 3a 15140CT-
HO peopraHusupaHe Ha XpOHOAOTMYECKM cxeMM. 3a ga ObJaT yTBbPAEHU KaTO CUTYPHMU
AaTy, TIPeACTaBSIIM Bb3MOXXHO Hali-TOYHO BpeMeBIUs OTPA3bK, IIpe3 KOUTO € M3I10A3BaH
pasraeXAaHusT HeKpOIlo, ca He0OXOAUMM AOIbAHUTEAHM AaHHM. Te BKAIOUBaT I1yOAu-
KyBaHe Ha BCUYKU AaTH, ITOAYYE€HU IO TO3U METOA; IpeAcTaBsHe Ha IOoBeYe CpaBHeHNs
MeXKAY AaTUPaHU XMBOTUHCKIU VM YOBEIIKI KOCTV; U MPOBeXXAaHe Ha AOII'bAHUTEeAHN W3-
cAeABaHIs, KOUTO Aa IIOKaXKaT 4aAM pe3yATaTUTe He ca IOBAMSHM OT pe3epBoapeH e(eKT.
Or apyra crpaHa, mpeAcTosIaTa IbAHa MyOAMKAIMA Ha HEKpOIloAa Ou I103B0AMAa KOH-
KPeTHOTO pa3raeskJaHe Ha TUIIOBeTe HaXOAKM CIIPsIMO IIPeAA05KeHOTO JaTHpaHe Ha HIKOU
oT koHTekcTuTe. To OM crrIoMorHaA0 3a U3sCHABaHe Ha XapaKTePUCTUKNUTE Ha KyATypaTa B
palioHa 1 BpB3KUTE ChC ChCeAHNUTE KYATYPHU apeaant.

He na nocaeano mscTo e mogdyepraHa 1 HEOOXOAMMOCTTa 4a ce IIPeACTaBAT I10Be-
4e 4aHHM OTHOCHO ITpeAIIOA0KeHUTe aHOMaANN, KOUTO Aa U3SCHAT BhIIPOCa C A0KaAHOTO
pasraexgaHe Ha JaTuUTe OT U3TOYHaTa yacT Ha baakanure. Tosa Ou mo3poanao esenryaa-
HOTO IIpMeMaHe Ha IpeAJ0KeHUTe II0-paHo BpeMeBU paMKI 1A yOoeAUTeAHOTO IIpepas-
raexgJaHe Ha goceralHara XpoHoaorus. OT U3KAIOuMTeAHa BaXKHOCT 3a aHaAl3a Ha pesya-
TaTUTe e oIlpejeAeH KOMILAeKCHUAT II0AX0/ U ChueTaBaHeTO Ha MeTOAM 3a JaTupaHe.

B saxatouenue e mperopbpyaHo pa3BUTUETO Ha CTpaTerus 3a JaTupaHe, KoeTo Aa Obae
OCHOBAHO Ha M3CAeABaHe Ha KauyeCTBeH) IpoOu OT 00eKTHU C HajeXXAHa cTpaTurpadusi, 1o-
Beue HallAacCTsBaHU: U AeTailAHM HaDAI0AeHNs BbpXY XapaKTepUCTUKITe Ha MaTepualHa-
Ta KyATypa.
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